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D.  THE CHEMICAL, COAL AND PETROLEUM PRODUCTS, AND RUBBER 
      INDUSTRIES 
 
 
D01.  Introduction 
 
D01.01 The output data and estimates 
 The chemical, coal and petroleum products, and rubber industries are here considered 
together.  The group is here defined as in the 1911 Censimento demografico and Censimento 
industriale (categoria 7, consisting of the single classe 7.1), with the following exceptions:  
sotto-classi 7.12 (soda water), 7.14 (starch and derived products), 7.15 (sugar and glucose), 7.16 
(alcohol), 7.17 (fermented products), and 7.112 (tobacco products) are transferred to the 
foodstuffs and tobacco industry; 7.118 (other inorganic chemicals) is reduced by the exclusion 
of salt refining (also transferred to the foodstuffs group) and the initial processing of sulfur ore 
(considered part of the mining industry); and 7.119 (other organic chemicals) is expanded to 
include asphalt-working (part of sotto-classi 5.12 and 5.19).  So defined, the industry group 
corresponds very closely to ISIC division 35. 
 The Corpo delle miniere are by far the most important source of output data; but until 
1893 even they provided little more than occasional benchmarks (in the Statistica mineraria, the 
Notizie minerarie, and the Rivista mineraria 1887 and 1888).  The annual output and 
employment data in the Rivista mineraria 1893 ff. cover well over one hundred different 
“chemicals,” and a number of “mineralworking” products are also relevant here; even then, 
however, this source’s coverage of the industry remained far from complete, and its 1911 
labor-employment figures are far below the corresponding census data (Table D.01).  As 
detailed below, these late issues of the Rivista mineraria appear to cover the production of 
principal acids (7.11), fertilizer (7.113) explosives (7.114), electrochemicals (7.117), and other 
inorganic and organic chemicals (7.118, 7.119) well or very well; but other activity was covered 
badly or not at all, and only part of this omission is readily made good by other sources (tax data 
for matches, 7.13; raw material imports rubber, 7.111).  For an important residual that includes 
most fats (7.18-7.110), coloring materials (7.115) and pharmaceuticals (7.116), there appears to 
be no satisfactory direct evidence of production movements at all, and only a tentative series can 
be built up from the census data, consumption estimates, and international trade data. 
 Where output data are available, moreover, their significance is often uncertain.  The 
endemic problems of the figures’ geographic and chronological referents are particularly 
apparent when series appear or disappear; moreover, chemical technology is such that much 
output is consumed within the producing industry, and given products can be obtained in 
various grades and by various processes.  Some of this ambiguity is removed by the internal 
relations of the figures themselves (particularly when these are fairly disaggregated, as in the 
district reports through 1909); some by independent sources such as the 10 pamphlets of the 
Notizie chimiche published by the wartime Comitato nazionale per le tariffe doganali e per i 
trattati di commercio; and some of course by the notes and chronicles that accompany the tables 
in the Rivista mineraria.  These indicate, in particular, that some output figures include even the 
intermediate products of integrated firms (e.g., Rivista mineraria 1909, pp. XLV, 441; also 
1913, p. CLXXIV); but the extent of the practice remains unclear, and the most plausible 
assumption is surely that the Corpo delle miniere counted only the most readily identifiable 
intermediate products, whether they were sold to other concerns or not.  More often than not, 
then, the desired output series will be obtained from the sources through a series of corrections 
designed to eliminate gaps or heterogeneity; and the figures so obtained will at times be very 
tentative indeed. 
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D01.02  The employment data and value added estimates 
 The estimates of value added in 1911 are heterogeneous.  For large parts of the industry, 
the output of which was not documented, they are obtained directly from the census labor and 
horsepower data.  Where output figures are available, value added is instead estimated, on a per-
unit basis, from goods’ prices and technical coefficients.  Both sets of estimates are subject to an 
unusual degree of uncertainty. 
 The unit value added estimates are themselves heir to the uncertainty of the output data: 
in particular, the boundaries of the relevant stage of production depend directly on whether the 
output data for intermediate goods are gross or net of those consumed by the output at hand. 
 A further difficulty is caused by products obtained in various degrees of purity.  In some 
cases, these different grades are obtained by dilution of a relatively concentrated product; and 
since dilution is relatively costless value added per unit of pure product will be essentially 
independent of the variety of grades actually produced.  More often, however, the initial output 
is relatively diluted, and higher grades are obtained by concentration which involves significant 
activity; and (average) value added per unit of pure product will depend on the mix of goods 
actually produced.  The theoretically correct solution to this difficulty is of course to treat each 
different grade of a product as a different good; in practice, however, the number of products so 
defined would be too large to be managed in a study of this sort, and in any case the sources 
themselves often report output not as it was but in (chemically) equivalent amounts of a 
standard grade. 
 Further difficulties are encountered at the level of aggregation corresponding to the 
census categories.  One such problem is created by the sixty-odd products in the Rivista 
mineraria not mentioned in the legends to the census categories.  Only the legends to the two 
residual categories (7.118, 7.119) end the list of products with an explicit et cetera; but since it 
is difficult to believe that the other lists are all meant to be exclusive rather than representative, 
a number of products will here be attributed to the related specific category. 
 Yet another difficulty concerns the distribution of employment among the census 
categories.  Much of the Censimento industriale chemical employment is in the categories that 
straddle others:  even though ω.21 surely refers overwhelmingly to the extraction and initial 
processing of sulfur ore (here part of mining), and much of ω.51 and some of 7.1ω probably 
refer to the production of alcohol from marc, molasses, etc. (here part of foodstuffs), much of 
the industry as here defined is clearly missing from the specific categories (7.11 through 7.119, 
as in Table D.01).  At first blush, the ambiguity of the Censimento industriale appears to be 
resolved by the Censimento demografico:  the Censimento demografico figures in Table D.01 
sum to 43,600 blue-collar workers, against 33,300 in the corresponding specific categories of 
the Censimento industriale, and the difference is a plausible estimate of the corresponding 
residual in 7.1ω, ω.21, and ω.51.  On closer examination, however, further problems become 
evident. 
 On the one hand, the coverage of the Censimento industriale seems partial, even where 
the industry’s technology would seems to exclude artisanal operations.  This is evident in the 
case of the rubber industry (7.111), where the industrial census reports 2,720 workers, of whom 
only 223 in plants with no more than ten employees, against 4,370 reported by the Censimento 
demografico.  At the local level, the province of Milano included just 846 workers according to 
the Censimento industriale, and 2,162 according to the Censimento demografico; the 
discrepancy seems due primarily to the rubber workers of the Pirelli firm (where employment 
grew over 1911 from 3,000 to 3,400 workers, including the cable works that accounted for some 
42% of sales and appear to have been attributed to the engineering industry; see Confalonieri, 
1982, p. 406 and Table IV), apparently omitted by the industrial census because the Pirelli 
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complex included the owner’s residence and the factories in a single compound, with a common 
street address, and thus fell into the category of “domestic industry” (above, section A03.02). 
 On the other hand, the distribution of the labor force within the Censimento demografico 
itself seems biased in two distinct ways:  against intermediate products in favor of final ones (as 
acid producers in integrated fertilizer or explosives firms, for instance, considered themselves to 
be producing the firms’ final output); and against specific categories in favor of the residual 
groups 7.118 and 7.119 (which would tend to include the workers in integrated multi-product 
firms, on the logic of the preceding example, and any workers whose census returns were 
insufficiently specific).  The Rivista mineraria provides strong evidence of such distortion, at 
least in the case of inorganic chemicals:  even though the 1911 issue includes only the aggregate 
employment figures transcribed in Table D.01, the detailed district reports that appeared as late 
as 1909 provide provincial data that often indicate employment and output in very specific 
branches of the industry.   
 A more plausible set of employment estimates is presented in Table D.02.  The industry 
groups correspond to the census categories in Table D.01, with the exception of row 3, which 
groups census categories 7.18 and 7.19, and further includes beeswax-processing from category 
3.55; in addition, row 12 includes asphalt processing, which the census considered a mineral-
processing activity, and coking in integrated iron-works, which the census appears to have 
counted in metalmaking.  The disaggregated figures, derived in the appropriate sections below, 
are designed to be compatible with the output estimates and the detailed evidence of 
employment and factor productivities provided in particular by the census (allowing for likely 
biases) and the Rivista mineraria 1909.  The differences between the estimated industry and 
Rivista mineraria totals in Table D.02 reflect the estimates of the latter’s coverage; for equal 
coverage, moreover, horsepower in use (as in the Censimento industriale) and installed 
horsepower (as in the Rivista mineraria) are assumed to remain in the proportion 90:100 
(without regard to the industry’s past history:  note the rapidity with which the Rivista mineraria 
horsepower figures adjusted even to downward output movements, e.g., Rivista mineraria 1909, 
p. LIV, 1911, p. XC). 
 The aggregate estimates are reported in Table D.02, row 14; these are simple sums over 
rows 1 - 12 (save for col. 1, where the total is obtained directly from the underlying unrounded 
figures).  Row 13 reports particularly interesting subtotals, obtained from rows 1 - 12 and the 
corresponding notes.  The subtotals for the industry as a whole (cols. 1 - 3) exclude the activity 
presumably excluded (or, in the case of seasonal workers, missed) by the census counts.  On this 
narrower basis, total estimated employment (col. 2) is a reasonable 96% of the census labor 
force figure (Table D.01); like the corresponding horsepower figure (col. 3), it is also 
compatible with the industrial-census total (which missed some activity altogether, but included 
extraneous activity in 7.1ω; Table D.01).  The subtotals for the Rivista mineraria (cols. 4 - 6) 
correspond to the chemical industry as defined in the latter source; the employment and 
horsepower estimates are within acceptable error of the reported aggregate figures in Table 
D.01. 
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D02.  Principal acids 
 
D02.01  Introduction 
 The coverage of census category 7.11 is limited to the production of sulfuric, nitric, and 
hydrochloric acid by non-electrochemical means.  A separate time series is here constructed for 
each of these goods; rough estimates bridge the conspicuous gaps in the data, and an effort is 
made to approximate homogeneity over time. 
 Because the sulfuric acid figures appear to be comprehensive, the value added estimates 
for nitric and hydrochloric acid assume production from sulfuric acid.  The nitric acid figures, 
on the other hand, appear generally to exclude that obtained, and consumed, in the production of 
sulfuric acid (e.g., Rivista mineraria 1905, p. 364; compare Notizie chimiche, vol. 1, p. 16); the 
value added estimate for sulfuric acid accordingly assumes production from nitre. 
 The value added estimates are also mildly heterogeneous in their treatment of 
by-products.  The value added by the transformation of salt and sulfuric acid into salt cake and 
hydrochloric acid is here distributed over the two products, since salt cake is also represented by 
a time series (see chapter D11); the value added in the production of sulfuric or nitric acid is 
instead attributed entirely to the acid, since the by-products are not separately considered. 
 
D02.02  Sulfuric acid 
 The present sulfuric acid output estimates (Table D.03, col. 2) are calculated at a 
standard concentration of 52° Baumé (65% acid; e.g., Molinari, 1920, p. 286).  Before 1897, the 
data provided by the Corpo delle miniere were often far from this standard (and also, on 
occasion, less than complete); but the sources typically contain enough disaggregated 
information to allow these figures to be at least tentatively recalculated on the desired basis. 
 The present estimate for 1865 is obtained in four parts.  Of the 3,258 tons reported in the 
Statistica mineraria (pp. 47, 58-61), 800 tons were obtained from pyrite, in specified 
concentrations; they are equivalent to 1,121 tons of 52° acid.  Another 2,388 tons were 
produced from 694.5 tons of sulfur; 80 tons of sulfur are said to have yielded 440 tons of 40° 
acid, implying that this sulfur-based output was equivalent to 2,844 tons of 52° acid.  The 
remaining 70 tons were obtained from an unspecified amount of sulfur; in view of their high 
average value (230 lire per ton, suggesting 66° acid), they are here considered equivalent to 105 
tons of 52° acid.  Finally, the present estimate allows 400 tons of 52° acid as the output of the 
alum works in Civitavecchia, not yet part of the Kingdom of Italy; this figure assumes an alum 
output equal to its average for the 1860s and the same acid/alum ratio as obtained in 1879 
(Notizie minerarie, pp. 261, 264, 306).  The aggregate estimate so obtained is preferred to that 
of 7,500 tons offered by Maestri (1867, p. 262) and widely reproduced in the literature (e.g., 
Corbino, 1931, vol. 1, p. 105; Barberi, 1961, p. 235), as it is of less uncertain derivation, and 
agrees better with the later description of rapid growth from a very exiguous base in 1861 
(Notizie minerarie, p. 260). 
 The 1879 output estimate is calculated directly from the disaggregated data, of specified 
concentrations, in the Notizie minerarie (pp. 260-261). 
 The Corpo delle miniere output figures for 1886, 1887, and 1888 in Table D.03, col. 1 
are those reported in the Rivista mineraria 1888, p. CCXVII.  They are said to be reduced to 50° 
acid equivalents, but this does not appear to be the case:  while the (disaggregated) 1886 figures 
are mostly new, the Napoli district output (2,000 tons) is that quoted in the Rivista mineraria 
1886 (p. 123), at specified concentrations that reduce it to 2,110 tons of 50° acid; and the 1887 
and 1888 figures simply transcribe the sum of reported disaggregated data (Rivista mineraria 
1887, p. XXXVII, 1888, p. LVIII), at least some of which are known from the corresponding 
district reports to be of different concentrations. 
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 The reported total for 1888 is here corrected to 49,983 tons of 50° acid.  The latter figure 
reestimates those reported for Torino (from 9,755 tons to 12,875:  the Avigliana, Vercelli, and 
Pont St. Martin acids are taken to be at 66°, 50°, and 40°, respectively, and the rest as indicated 
on p. 393), Roma (from 1,040 tons to 1,112; p. 329), Napoli (from 2,200 tons to 2,321, by 
analogy to 1886), and Genova (from 1,500 to 1,875, assuming a 60° average, as in later years).  
The other data are accepted as 50° acid in the amounts specified in the national report; while the 
relevant district reports sometimes differ (compare pp. LVIII and 256), they are not as detailed 
and do not appear to be superior.  
 The reported total for 1887 is similarly corrected to 47,701 tons of 50° acid.  The latter 
figure reestimates those reported for Torino (from 7,895 tons to 11,006; Rivista mineraria 1887, 
p. 341), Roma (from 1,400 tons to 1,497, by analogy to 1888), and Napoli (from 2,600 tons to 
2,743, by analogy to 1886), and further allows Genova 1,500 tons of 60° acid (1,875 tons of 50° 
acid), as reported for 1886 and 1888 (compare Rivista mineraria 1887, p. XXXVII, 1888 pp. 
LVIII, CCXVII). 
 The aggregate 1886 figure in the Rivista mineraria 1888 (p. CCXVII) is rather lower 
than the sum of its elements (46,400 tons).  The present estimate accepts the latter figure as a 
valid measure of output in 50° acid, except for the minor corrections to the Genova and Napoli 
district figures noted above (375 and 110 tons, respectively).  The description of the Torino 
district figure (11,200 tons) appears accurate; if it were as concentrated as those for 1887 and 
1888, it would imply a boom-and-bust from 1885 to 1887 of which there is no mention in the 
district reports (Rivista mineraria 1885, p. 253, 1886, pp. 270 ff., 1887, pp. 341 ff.).  Similarly, 
the Roma district factory seems to have produced, in that year, only the 50° acid it consumed 
itself (Rivista mineraria 1886, p. 249, 1890, p. 669). 
 The present estimates for 1886, 1887, and 1888 are these corrected 50° acid figures, 
multiplied by .956 (to convert them to 52° acid) and inflated by 400 tons.  The latter figure is a 
rough allowance for the output of the Messina works which produced an estimated 550 tons of 
52° acid (370 tons at 75 lire each) in 1893.  These works, neglected by the aggregate output 
reports, are mentioned in the 1888 Caltanissetta district report and hinted at in that for 1887; 
neither suggests that they were new (Rivista mineraria 1887, pp. XXXVII, 67, 1888, pp. LVIII, 
CCXVII, 53, 1893, p. 45). 
 No use is made here of the 50,000-ton aggregate output figure in the Rivista mineraria 
1891 (p. LXXXI), as there is no evidence of the corresponding concentration. 
 The present 1893 output estimate is based on the disaggregated data in the district 
reports (Rivista mineraria 1893, pp. 45, 77, 102, 179-180, 182, 198, 223, 249, 270).  Where the 
concentration is not specified, the product is assumed to be 50° acid at prices up to 35 lire per 
ton, 60° acid at prices between 39 and 55 lire per ton, and 66° acid at prices above 75 lire per 
ton. 
 The 1894 output estimate is similarly obtained from the disaggregated district data 
(Rivista mineraria 1894, pp. 43, 76-77, 114, 193, 219-220, 238, 264, 286-287).  Where the 
concentration is not specified, the product is assumed to be 50° acid at prices up to 30 lire per 
ton, 60° acid at prices between 35 and 50 lire per ton, 64.4° acid at prices between 57 and 70 lire 
per ton, and 66° acid at prices from 75 lire per ton.  In addition, 800 tons of 64.4° acid are 
allowed for the plant at Lucca that produced twice that amount the following year (Rivista 
mineraria 1895, pp. 87, 106). 
 The 1895 estimate is based not on the district data, but on the aggregate estimate of 
117,000 tons of 50° acid given in the national chronicle (Rivista mineraria 1895, p. LXIX).  
Part of the increase over the sum of the district figures is attributed to an upward revision of the 
Torino district figure; reestimating the disaggregated data as was done for previous years yields 
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a total of some 104,000 tons of 50° acid, suggesting that the Torino district correction involved 
a near doubling of the district figure (from about 15,500 tons of 50° acid to 28,000 tons).  In 
addition to the 52° acid output figure (111,900 tons) so obtained, the present estimate allows 
600 tons for the unrecorded output of the Candiani plant at Barletta, which produced 1,200 tons 
of (apparently) 66° acid in 1897, when its output was first recorded (Rivista mineraria 1897, pp. 
235, 253). 
 The 1896 estimate is again obtained from the disaggregated district data (Rivista 
mineraria 1896, pp. 61, 99, 131, 211, 241, 269, 306, 330-331).  Where the concentration is not 
specified, the product as assumed to be 50° acid at prices up to 35 lire per ton, 55° acid at a 
price of 40 lire per ton, 60° acid at prices of 45 to 50 lire per ton, 64.4° acid at prices of 65 to 66 
lire per ton, and 66° acid at prices from 75 lire per ton.  The resulting figure (112,300 tons) is 
not, as such, significantly different from the reported one; but the Rivista mineraria 1896, p. 
LXXV notes that output was indeed higher than the previous year (when the equivalent of the 
reported output was 111,900 tons), so the present revision may be allowed to stand.  In addition 
to this quantity, the present estimate allows 1,200 tons of acid as the output of the Barletta plant 
that was omitted from the data until the following year. 
 In later years, the distribution of output remained much as it was in 1896:  large amounts 
were reported at 50°, some at 52°, and small quantities at higher concentrations; and a 
considerable share, in Torino and Vicenza especially, was reported at prices that suggest a 
product of 50° to 55° Baumé.  Since high transport costs complicate the pattern of prices across 
places and qualities, more precise estimates are difficult to obtain; and (in the absence of the 
special evidence available in 1896) there is no reason to abandon the reported figures for 
estimates that need not even be closer to the true figure in 52° acid.  Only two corrections are 
carried out.  The first, analogous to that to the nitric acid data below, adds 2.3, 1.8, and 1.9 
thousand tons to the reported figures for 1903, 1904, and 1905, respectively, as allowances for 
the acid apparently produced and consumed at the Caserta explosives-works and not included in 
the district report; these figures allow the same acid/explosives ratio as prevailed in 1906.  The 
second correction adds the 5,000 tons of “sulfuric anhydride” produced in the Roma district in 
1903, and apparently converted, as in later years, into fuming sulfuric acid (Rivista mineraria 
1903, pp. 333, 364, 1904, p. 341). 
 The present estimates for 1889-92 utilize the Napoli, Roma, Torino, and Vicenza district 
data available for those years (Rivista mineraria 1889, pp. 303, 331, 397, 430; 1890, pp. 579, 
669, 762, 853; 1891, pp. 251, 277, 316, 341; 1892, pp. 211, 228, 258, 283).  Assuming that the 
Vicenza district figures refer to 50° acid, and that the acid of unspecified concentration 
produced in Napoli and Torino averaged 60° Baumé, these data yield partial estimates for these 
four years of 15.5, 16.5, 21.9, and 27.8 thousand tons of 52° acid, respectively.  In addition, the 
Rivista mineraria 1892 (p. 91) reports a Firenze district output of 6,700 tons apparently of 60° 
acid, equivalent to some 8,000 tons of 52° acid; a geometric interpolation between that figure 
and the 4,000 tons apparently of 50° acid (3,800 tons of 52° acid) given for 1888 (see above) 
yields Firenze district estimates of 4.6, 5.5, and 6.6 thousand tons of 52° acid in 1889, 1890, and 
1891, respectively.  The output of the rest of Italy, as estimated above, was 30.7 thousand tons 
of 52° acid in 1888 and 33.3 in 1893; a geometric interpolation of these figures yields estimates 
of 31.5, 32.0, 32.4, and 32.8 thousand tons in 1889, 1890, 1891, and 1892, respectively.  The 
figures for 1889-92 in Table D.03, col. 2 are the sum of these three estimates for each of those 
years.  The 1891 estimate so obtained implies that the aggregate output reported for that year 
averaged close to 60° Baumé. 
 The 1866-78 and 1880-85 estimates are simple geometric interpolations of the 1865, 
1879, and 1886 benchmarks; and the first of those growth paths is extrapolated back to 1861, as 
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suggested by the above-noted evidence of rapid growth from the very formation of the Kingdom 
(Notizie minerarie, p. 260).  Evidence of short-term fluctuations does not appear to be available: 
 materials consumption, in particular, cannot be usefully estimated, principally because pyrite 
was being introduced in lieu of sulfur, and sulfur availabilities were dominated by inventory 
fluctuations (e.g., Rivista mineraria 1882, p. 82, 1884, p. 208, 1885, p. 191; also 1885, p. 251, 
Statistica mineraria, p. XXXVIII, and Notizie minerarie, p. 292). 
 The 1911 value added estimates are based on the yield data in the Rivista mineraria 
1888 (p. CCIII), and allow for a 60% drop in specific nitre consumption by 1911 (Molinari, 
1920, p. 312n).   According to these figures, a ton of sulfuric acid (worth 35.4 lire) consumed 
some 520 kg of pyrite (worth 19 lire per ton at the mine and perhaps 22 lire delivered, or 11.4 
lire per unit of output), 8.5 kg of nitre (imported at 250 lire per ton, and costing perhaps 2.2 lire, 
delivered, per unit of output), and 66 kg of coal (costing perhaps 2.8 lire).  These materials costs 
sum to 16.4 lire per ton of acid; letting the value of by-products (mainly burnt pyrite; Molinari, 
1920, pp. 291-292) offset that of neglected materials costs (mainly fuel to concentrate part of the 
acid beyond 52°), value added can be estimated at 19 lire per ton of acid, or 11.3 million lire for 
the amount produced in 1911. 
 
D02.03  Soda nitric acid 
 In 1893-1913, the present estimates of soda nitric acid output (Table D.04, col. 10) are 
the reported aggregate figures recalculated to approximate a consistent 40° Baumé (62% acid) 
basis, and to exclude the arc acid produced from 1910. 
 The recalculation is based on the province-specific information available in the district 
reports through 1909, and (in part) in the national reports after that.  In the first place, acid of 
specified concentration is transformed into 40° acid at the appropriate rate (.855 for 36° acid, 
1.1 for 42° acid, 1.5 for 48° acid, Molinari, 1920, p. 384), the result being then transcribed under 
the appropriate heading (Table D.04, cols. 2 - 5).  Secondly, local output mixes (or reporting 
conventions) are assumed to remain stable, at least in the absence of marked changes in average 
value; col. 2 thus includes the equivalent of the Firenze and Caltanissetta district figures in 
1910-13 even though the acid’s concentration is no longer explicit, and col. 3 similarly includes 
the Milano district figures in 1906-10 (in 1911-13, col. 3 includes their estimated equivalent, 
obtained from the gross value figures through a value per ton of 360 lire in 1911-12 and 400 lire 
in 1913).  Col. 4 includes the equivalent of the Carrara district figures from 1904; while these 
are reported as “40-42°“ acid through 1909, the specified unit values suggest that the higher 
figure is the appropriate one.  Col. 5 includes, in 1894 and 1897-98, the equivalent of the output 
whose value exceeded 600 lire per ton; in 1906-07, it includes 157 tons as the equivalent of the 
131 tons of 44° acid reported from the Napoli district (while the Caserta figures are 
disaggregated only in 1906, the 1907 aggregate output and value data are the same as the 
previous year’s).  The balance of reported output (col. 6) is estimated as the value of the residual 
output (as reported, except that value of the Vicenza province output in 1913 is taken to be 
432,000 lire, as in neighboring years, and not 342,000 lire, as printed), divided by 400 lire in 
1893-1912 and 440 lire in 1913.  This deflator is obviously crude; but the evidence for price 
stability is considerable (note, e.g., the Napoli province figures from 1893 to 1901, the Torino 
province figures from 1895 to 1900, the Milano district figures from 1900 to 1910, the 
Caltanissetta district figures from 1903 to 1912). 
 Col. 7 provides estimates of output omitted from the reported aggregate.  This series 
includes three components; the first, from 1893 to 1913, is estimated as the output of dynamite 
and other nitrated explosives reported by the Iglesias district, multiplied by 1.25 and 2.0, 
respectively (see below, section D07.06), on the assumption that the nitric acid input was locally 
produced (but not recorded) after 1893 as it was in that year (Rivista mineraria 1893, p. 135).  
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The second set of estimates in col. 7 (3 tons in 1902, 945 tons in 1903, 743 tons in 1904, 776 
tons in 1905) allows for unreported acid production at the Caserta powderworks in the years A. 
Baraffael drew up the Napoli district report.  The present figures keep the acid/explosives ratio 
as it was in 1906; the stability of explosives’ output and employment from 1905 to 1906 
suggests that acid production did not in fact begin when it was first reported.  The third 
component of col. 7 is an allowance of 1,040 tons of acid in 1905 and in 1906 for unreported 
production in the Torino district.  The 1905 and 1906 district output figures were far below 
those for neighboring years, and far too low to allow for the acid consumed in the manufacture 
of explosives; the present correction assumes the latter component was excluded from reported 
output, and estimates it once again as 1.25 times the output of dynamite and 2.0 times that of 
other explosives. 
 Finally, the aggregate estimates for 1893-1913 are the sum of the figures in cols. 2 - 7, 
less the output of arc nitric acid (500 tons in 1910, 900 tons in 1911, 1,100 tons in 1912, and 
1,700 tons in 1913) estimated in section D10.02 below. 
 Before 1893, the Corpo delle miniere provided only two aggregate output figures.  The 
first of these, from the Statistica mineraria, pp. 58-61, refers to the output of three plants, in 
Genova, Milano, and Torino.  The concentration of the product is never specified; the present 
estimate is obtained as follows.  At the Genova and Milano plants, the nitre absorbed by sulfuric 
acid production may be estimated at 5.5% of the sulfur input (as in the Napoli plants that 
produced sulfuric acid only), leaving 42.5 tons of nitre for nitric acid production; assuming the 
nitre was 95% pure (Lunge, 1913, pp. 1236-1237) and a 95% yield (against the 98% given by 
the Enciclopedia italiana, vol. 24, p. 846), these correspond to 45.9 tons of 40° acid.  These 
were worth 33,500 lire, or 730 lire per ton; aggregate output was worth 59,000 lire, suggesting a 
quantity equivalent to 81 tons of acid at 40° Baumé. This figure is presumably far below that of 
300 tons of acid (of unspecified strength) given by Maestri (1867), p. 243; but it does not appear 
to be incomplete, since even many years later nitric acid was produced by only four firms (in 
Genova, Milano, Novara, and Torino; Notizie minerarie, p. 261). 
 These four firms are said to have produced 610 tons of “48 to 52°“ acid in 1879; 
assuming a mean concentration of 95%, these are equivalent to 935 tons of 40° acid.  No use is 
here made of the figure of 850 tons of nitric acid, of unspecified concentration, given as the 
1875-79 average (Notizie minerarie, p. 36); it is clearly consistent with the present estimates. 
 Nitric acid output is here assumed to have remained constant, at the level estimated for 
1865, from 1861 through 1868, and then to have grown exponentially until 1879.  Output 
growth is assumed to date from the invention of the Kopp process for nitroglycerine 
manufacture, which increased construction-based demand for nitric acid; before that, demand 
appears to have been related in the main to silk-dyeing (Molinari, 1920, p. 401; Notizie 
minerarie, p. 37; Singer, 1954, vol. 5, p. 286; von Wagner, 1904, p. 394).  No index of 
short-term movements seems to be available:  sodium and potassium nitrate imports, at about 
4,000 tons p. a. in the 1870s, were dominated by other uses; nitric acid imports were also 
significant, at about 100 tons p. a. until 1872 and twice that in 1873-79 (but with pronounced 
peaks, e.g., 300 tons in 1874, 400 tons in 1877), but cast little light on output movements. 
 Between 1879 and 1893, output is separately estimated for the Torino district and for the 
rest of Italy.  Assuming that the Torino district (which included Novara) accounted for half of 
total output in 1879, the product of the rest of Italy is here assumed to grow smoothly from 468 
tons in 1879 to its calculated output of 517 tons in 1893 (Table D.04, col. 9); no use is made of 
the scattered output figures in various district reports (Napoli, 1886-92, with output growing 
from 20 tons to 55; Milano, 90 tons in 1887; and Firenze, 150 tons in 1892).  The Torino 
estimates (Table D.04, col. 8) instead utilize the relatively abundant, though not always 
unambiguous, information in the district reports.  In 1888-92, acid of specified concentration is 
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converted at the appropriate rates specified above.  In addition, the “strong” acid (600 lire per 
ton) reported in 1889 and 1891-92 is treated as 48° acid; the “weak” acid (350 lire per ton) 
reported in 1891-92 is treated as an equal mixture of 36° and 40° acid (equivalent to .93 times 
its weight in 40° acid).  In 1890, output includes 1,776 tons of “strong and weak” acid worth 
600 lire per ton; this is assumed to equal 2,500 tons of 40° acid.  In 1888, 1,005 tons are 
reported to be “monohydrate” worth 380 lire per ton (against 300 lire for 36° acid, 360 lire for 
40° acid, and, oddly, 358 lire for 42° acid at the other plant); the difficulty is that “monohydrate” 
should mean pure HN03 (N2O5 + H2O, as the tetrahydrate is N2O5 + 4H2O; von Wagner, 1904, 
p. 381), while the quoted price suggests a concentration of the order of 70%.  The present 1888 
estimate compromises on 78% acid, as if monoidrato meant HNO3 + H2O.  Earlier information 
is limited:  in 1887, the Rivista mineraria reports only tonnages (624 tons for Avigliana, 42 for 
Sclopis); the 1885 report (p. 253) quotes “over 600 tons” of monohydrate (at 380 lire per ton) 
for Avigliana and 50 tons for Sclopis; the 1883 report (p. 304) notes expansion plans at 
Avigliana; and nothing is available for other years.  The present estimates assume that output 
remained constant through 1883, and then rose to the level indicated for 1887 (counted as 78% 
acid at Avigliana and 40° at Sclopis); one notes that imports rose from 174 tons in 1880 to 356 
tons in 1883, but remained below 100 tons from 1884 on. 
 Value added in 1911 can be estimated from goods’ prices and technical information 
(Enciclopedia italiana, vol. 24, p. 846; Lunge, 1913, pp. 1236-1237; Molinari, 1920, p. 386).  
Assuming a 98% yield, production of a ton of 62% nitric acid (worth some 400 lire) would 
consume some 900 kg of commercial nitrate (worth perhaps 230 lire delivered, against an 
import price of 250 lire per ton), one ton of 66° sulfuric acid (worth perhaps 55 lire), and 180 kg 
of coal (8 lire), while yielding approximately 1.2 tons of nitre cake (sodium bisulfate, worth 40 
lire per ton); value added thus works out to 155 lire per ton, or 1.4 million lire for the amount of 
soda nitric acid produced in 1911. 
 
D02.04  Leblanc hydrochloric acid 
 The present estimates of non-electrochemical hydrochloric acid production are presented 
in Table D.05.  From 1893 to 1913, these reproduce the aggregate data published by the Rivista 
mineraria, with only two corrections: first, the addition to the data of 200 tons in 1895 and 400 
tons in 1896, as allowances for the unrecorded output of the Candiani plant at Barletta (against 
600 tons produced in 1897, when the plant was first included in the Napoli district data; Rivista 
mineraria 1897, pp. 235, 253); second, the exclusion of the Roma district output (95 tons in 
1910, 672 tons in 1911, 927 tons in 1912, and 749 tons in 1913), produced by the 
electrochemical works at Bussi (Molinari, 1920, p. 179; Rivista mineraria 1911, p. 151).  No 
corrections appear to be needed to reduce the data to a homogeneous unit:  while the 
concentration of the acid is rarely noted, only acid of 20° to 22° Baumé (approximately 33% 
acid) appears to have been placed on the market (Molinari, 1920, p. 175), and the available 
references (in the district report for Milano in 1887, Torino in 1890 and 1892, and Carrara in 
1904-09) are all to this type. 
 Before 1893, data are scarce.  The Statistica mineraria (pp. 60-61) lists a single plant, in 
Torino, producing a mere 19 tons of acid; the Notizie minerarie (p. 261) lists 1,900 tons in 1879 
from only three plants, two in Milano and one (opened in 1872, and expanded in succeeding 
years: Rivista mineraria 1877, p. 99), in Orbetello.  The present estimates simply assume a 
constant output until 1865, and then geometrically interpolate these two benchmarks.  A more 
refined index does not seem to be available, either from the consumption of raw materials (salt, 
sulfuric acid) or from that of the acid itself; acid imports (typically between 100 and 200 tons p. 
a. in 1861-76, rising to 300 to 400 tons in 1877-79) do not suggest when large-scale production 
may have gotten under way; and the 1875-79 averages in the Notizie minerarie (p. 36) appear 
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too uncertain to be taken as a guide (the figure of 2,200 tons of acid may refer to consumption 
rather than output; compare the soda figures on p. 36 with those on p. 262). 
 Another benchmark can be obtained for 1887; the present estimate includes the reported 
figures for Milano (730 tons) and Torino (730 tons), an estimated 20 tons for Napoli (against 40 
tons of nitric and hydrochloric acid together), and 800 tons for the Orbetello plant that closed 
the following year (Rivista mineraria 1887, pp. 199, 228, 341, 1888, p. 125).  The present 
output estimates for 1880-86 reflect two facts:  that imports remained high (500-700 tons p. a.) 
in 1880-86, and then dropped in 1887-88 (to 300 and 150 tons, respectively); and that the 
Avigliana plant, which produced 280 tons of acid in 1887, apparently started producing it that 
year (Rivista mineraria 1887, p. XCI). 
 Between 1887 and 1893, the Rivista mineraria reports only the Torino district figures, 
which remain in the range of 750-1,000 tons p. a.; the only other data refer to Napoli in 1888 
(14 tons) and Firenze in 1892 (950 tons).  In the absence of information on the timing of the 
output increase in the Milano district (from 730 tons in 1887 to 2,650 tons in 1893), or, 
secondarily, in the Firenze district (after the closing of the Orbetello works in 1888), the present 
estimates for 1888-92 are simple geometric interpolations of the figures for 1887 and 1893. 
 The full Leblanc process obtained hydrochloric acid and salt cake (sodium sulfate) from 
salt and sulfuric acid.  According to the data in Molinari (1920), p. 171, around 1911 the 
production of a ton of 20° acid and .7 tons of salt cake consumed .6 tons of salt, .6 tons of 60° 
sulfuric acid, 30 kg of sodium bisulfate, and .2 tons of coal.  In that year, the acid was worth an 
average of 56 lire; the salt cake, another 37 lire.  The salt input, presumably rain-washed sea salt 
available at cost (regio decreto 1 agosto 1901, n. 399), was worth perhaps 7 lire delivered; the 
sulfuric acid, 26 lire; the bisulfate and the coal, another 10 lire, for a total materials cost of 43 
lire and a value added of some 50 lire for one ton of hydrochloric acid and its salt-cake 
by-product.  Because the salt cake is here also considered a chemical product (see chapter D11 
below), this value added is here distributed over these two goods rather than attributed entirely 
to the acid; allocating it in proportion to value yields value added estimates of 30 lire per ton of 
Leblanc hydrochloric acid (about .5 million lire for the amount produced in 1911) and 28 lire 
per ton (19.7 lire for .7 tons) of salt cake.  The fact that some hydrochloric acid was most 
probably obtained directly from salt and sodium bisulfate (Rivista mineraria 1888, p. XCI; 
Molinari, 1920, p. 172) does not materially affect these estimates:  the higher materials cost 
(perhaps 60 lire for one ton of 20° acid, allowing 7 lire for .6 tons of salt, 48 lire for 1.2 tons of 
bisulfate, and 5 lire for fuel and other costs) are offset by the increased sodium sulfate 
by-product (1.3 tons, worth 68 lire), and for the process as a whole the ratio of value added to 
value is virtually unchanged (64 to 124, against 50 to 93). 
 
D02.05  Aggregate value added and employment 
 The above estimates of value added in the production of “principal acids,” as defined in 
the 1911 censuses, sum to 13.2 million lire; 86% of that is attributable to sulfuric acid alone. 
 Since acid production was so extensively integrated with that of other chemicals, there is 
little evidence on the factor employment corresponding to this value added.  Disaggregated 
output and employment figures for the production of nitric and hydrochloric acid do not seem to 
be available at all; as to sulfuric acid, the least indirect information appears to be that reported 
by the Rivista mineraria 1909 for numerous plants or provinces that produced sulfuric acid and 
superphosphate together.  Aggregating over the figures reported for the Bologna and 
Caltanissetta districts, plus the provinces of Lecce (Napoli), Perugia (Roma) and Ferrara, 
Mantova, Rovigo, and Treviso (Vicenza) -- in all of which the reported inputs produced acid 
and fertilizer only (the same is true of Livorno, but the employment figures appear out of date:  
Rivista mineraria 1909, p. 173, 1900, p. 159) -- one obtains totals of 143,000 tons of acid and 
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252,000 tons of fertilizer for 1,525 blue-collar workers and 2,524 horsepower; adding the 
figures for Grosseto (Firenze), Cuneo and Novara (Torino), and Padova and Udine (Vicenza) --
in which the reported inputs produced only small amounts of other goods -- raises these totals to 
238,000 tons of acid, 442,000 tons of fertilizer, 2,551 workers, and 4,339 horsepower. 
 These figures suggest that 1,000 tons of acid and about 1,800 tons of fertilizer were 
obtained in a year by about 10.7 blue-collar workers and 18.0 installed horsepower.  At the unit 
values added estimated in sections D02.02 and D06.02 (19 lire per ton of acid, 15.5 lire per ton 
of fertilizer), these correspond to a value added of 46,900 lire; allowing 1,250 lire per blue-
collar worker for wages and a pro-rata share of the corresponding salary bill, one obtains a 
residual equivalent to capital costs of just under 1,900 lire per horsepower. 
 These inputs must here be separately allocated to the two outputs.  A reasonable 
breakdown allots 3.8 blue-collar workers and 7.6 installed horsepower to 1,000 tons of acid and 
6.9 blue-collar workers and 10.4 horsepower to 1,800 tons of fertilizer; these incorporate the 
appropriate aggregate productivities, unit values added (assuming equal capital costs per 
horsepower), and relative horsepower/labor ratios (one third again as much in acid as in 
fertilizer, as suggested by the Censimento industriale data for categories 7.11 and 7.113; Table 
D.01). 
 These estimates yield total employment figures of 2,265 blue-collar workers and 4,530 
installed horsepower for sulfuric acid alone; inflating these figures in proportion to value added 
(i.e., by 13.2/11.3) to allow for nitric and hydrochloric acid yields an estimated aggregate 
employment of some 2,600 operai, and perhaps 3,000 total workers, with 5,300 installed 
horsepower (equivalent to 4,800 in use) in census category 7.11.  All of this industry is covered 
by the Rivista mineraria. 
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D03.  Matches 
 
D03.01  Output 
 The match industry (sotto-classe 7.13) was not considered by the Corpo delle miniere 
(with trivial exceptions: Rivista mineraria 1893, pp. 18-20, 179-181); but output statistics were 
generated by the production tax levied from 1895 (regi decreti 10 dicembre 1894, n. 532 and 8 
agosto 1895, n. 486). Though tax-based series are often untrustworthy (see above, section 
A02.04), these data appear to be relatively solid:  output figures were compiled daily (regio 
decreto 13 febbraio 1896, n. 45), the tax remained stable from its inception, and the rates 
(perhaps half of wholesale values gross of tax; Annuario 1905/07, p. 446, and Enciclopedia 
italiana, vol. 15, p. 195) were not so high as to warrant large-scale fraud. 
 The available data are transcribed in Table D.06, cols. 1 - 6.  Cols. 1 - 4 present the 
fiscal-year output and net import figures, in numbers of matches, reported by the Imposte di 
fabbricazione (e.g., 1895-96, pp. 50-53).  Cols. 1 and 3 refer to sulfur-tipped matches of wood 
or other materials (solforati); cols. 2 and 4 refer essentially to paraffined wood matches and wax 
matches (paraffinati, di cera), but include the separately reported, comparatively trivial numbers 
of “stair-climbing matches” (ascendiscale:  presumably matches with an unusually long burn 
time).  Cols. 5 and 6 present the net import figures obtained from the Movimento commerciale:  
match data appear in 1867, and from 1879 separately count wood matches on the one hand and 
“wax and similar” matches on the other.  In 1911 the former were valued at 700 lire per ton, the 
latter at 2,600 lire per ton. 
 The 1938 census data suggest roughly similar ratios of value added to value in wood and 
wax matches (Censimento i. e c., vol. 4, p. 46).  In the absence of better evidence, these 1911 
value figures are used to weight the fiscal-year output data as well.  Shifting the fiscal-year net 
import figures in cols. 3 and 4 six months backward to approximate calendar-year figures, and 
averaging over the five years from 1909 to 1913, one obtains annual averages equal to −4.96 
billion sulfur-tipped (wood) matches and −11.35 billion paraffined and wax matches.  The 
corresponding average tonnages from cols. 5 and 6 equal −1,381 tons of wood matches and 
−1,708 tons of wax (and similar) matches, respectively, pointing to some 3.68 million sulfur-
tipped matches per ton, and 6.84 million wax matches per ton (close to the figures suggested by 
weighing contemporary safety matches and cerini, with a reasonable allowance for crating).  
Inferior matches thus appear to have been worth some 700 lire for 3.68 million, or 190 lire per 
million, and superior matches some 2,600 lire for 6.84 million, or 380 lire per million. 
 Cols. 7 and 8 present the present estimates of consumption and output, respectively, in 
equivalent numbers of inferior, wood matches.  From 1896 to 1913 these are obtained directly 
from the fiscal-year data, doubling the figures for paraffined and wax matches, and shifting the 
result half a year backward to approximate a calendar-year basis.  In year t, therefore, col. 7 is 
the average of (col. 1 + 2col. 2 + col. 3 + 2col. 4) in years t and t + 1, and col. 8 is the average of 
(col. 1 + 2col. 2) in years t and t + 1. 
 The output figures for 1861-95 are obtained as the difference between separate estimates 
for consumption and net imports.  Net imports are estimated as follows.  Over the years 1896-
1900, the ratio of the inferior-match numbers exported (col. 3) to the wood-match tons exported 
(col. 5) equals 4.46 million matches per ton (against 3.68 in 1909-13), while the ratio of the 
superior-match numbers exported (col. 4) to the wax-match tons exported (col. 6) equals 5.40 
million matches per ton (against 6.84 in 1909-13), possibly because the small cerino was 
developed in subsequent years, while wood matches became somewhat larger.  Neglecting the 
impact of the latter change on unit value added, wood-equivalent net exports in 1879-95 are 
estimated, in billions, as 2(5.4) times col. 5 plus 4.46 times col. 6.  The resulting estimate for 
1879 equals −11.62 billion wood-equivalent matches, against an actual weight of −1,351 tons, 
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for an average of 8.60 million per ton; this coefficient is used to estimated the numerical 
equivalent of the all-match weight figures for 1867-78, and the resulting figure for 1867 (.16 
billion matches) is simply extended to the preceding year as well.  The resulting net import 
estimates for 1861-95 are not reported as such in Table D.06, but appear of course as the 
difference between col. 7 and col. 8. 
 Consumption is estimated directly.  In 1894 and 1895, allowing for the impact of the 
tax, the consumption estimates are, respectively, 5% and 2.5% above that for 1896.  Before 
1894, consumption is initially assumed to have grown at 1.8% p. a., that is, at some 60% of the 
growth rate over the upswing of the subsequent years.  These consumption estimates, and the 
resulting output estimates, are accepted as final, and presented in Table D.06, cols. 7 and 8, for 
the years 1861-84.  The estimates for 1885-93 are instead adjusted.  With steady growth in 
consumption, the decline and recovery of net exports between the early 1880s and the early 
1890s shows up as an output cycle; but the late 1880s were relatively prosperous, and 
consumption may have been relatively high.  An alternative, intermediate estimate of 
consumption is here obtained by geometrically interpolating the initial output estimates for 1884 
and 1894, and adding net exports.  The final estimates of consumption in col. 7 are the average 
of these two alternative estimates; the implied output figures appear in col. 8. 
 
D03.02  Value added and employment 
 Value added in 1911 is here approached both from the output side and from the input 
side; neither yields a firm estimate. 
 On the output side, the value of output implied by the present estimates equals 190 lire 
per million times 93.17 billion, or 17.70 million lire. 
 This figure is essentially confirmed by the tax receipts.  The Annuario 1905/07, p. 446, 
indicates that these were then almost equal to the value of output at producer prices.  Allowing 
for an increase in producer prices of some 20% (from 55 to 70 lire per quintal of exported wood 
matches, and from 230 to 260 lire per quintal of exported wax matches, with almost equal 
weights in value-of-output terms), tax receipts in 1911 were presumably between 75 and 80% of 
producer prices.  In 1911, tax receipts were near 11 million lire, implying a taxed output 
between 13.8 and 14.7 million lire; adding the value of exports (3.5 million lire), the value of 
output works out to 17.3 to 18.2 million lire. 
 The ratio of value added to value indicated in the Censimento i. e c. (vol. 4, p. 20) is 
42%; the industry had then roughly double the power per worker it had in 1911 (ca. .29, against 
.15 in the shops covered by the Censimento industriale), suggesting technical progress and, 
plausibly, a reduction in the ratio of processing costs to materials costs.  In 1911, value added 
was plausibly nearer 45 to 48% of value, or between 8.0 and 8.5 million lire. 
 On the input side, the Censimento industriale lists 414 white-collar personnel and 5,446 
operai (972 men, 414 boys, 3,272 women, and 789 girls), plus 900 horsepower, in category 
7.13.  Allowing 300 days per year and a daily wage of 5 lire per man, half that for women and 
boys, and half that again for girls -- a wage scale comparable to that of the tobacco industry 
(Annuario 1913, p. 273), the average annual wage works out to some 830 lire.  The Censimento 
demografico reports 6,186 operai and 6,775 total workers; with output somewhat reduced from 
the previous year actual employment may have been near 5,900 operai, and perhaps 6,600 total 
workers (with no more than the 900 horsepower indicated by the Censimento industriale, all of 
them in large shops).  The aggregate wage bill is thus estimated near 4.9 million lire. 
 The Censimento i. e c. reports a ratio of wages to value added equal to 41%; again, a 
rather higher figure may be attributed to the less capital-intensive industry of 1911.  Allowing 
wages 50 to 55% of value added, value added works out to 8.9 to 9.8 million lire. 
 The present compromise allows a value added in 1911 equal to 95 lire per million 
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wood-equivalent matches, or half the value of output at the prices derived from the Movimento 
commerciale, and 8.85 million lire in all.  This industry is not covered by the Rivista mineraria. 
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D04.  Fats and oils 
 
D04.01  Introduction 
 Census categories 7.18, 7.19, and 7.110 cover the production of soap, glycerine, and 
candles (other than wax candles); animal or vegetable fats and oils obtained with solvents, glue, 
bone black, and carbon electrodes for batteries and arc lamps; and essential oils.  The industry is 
here defined slightly differently:  as in the ISIC (and recent Italian practice) it includes the 
processing of beeswax, which the census includes with the processing of honey in category 
3.55, and excludes the production of carbon electrodes, which were produced in electric 
furnaces (Martin, 1918b, vol. 2, p. 404 ff.) and are here considered part of the electrochemicals 
group. 
 Output data are virtually nonexistent.  The Corpo delle miniere did not concern itself 
with such production (though it is mentioned for example in the Milano district report in the 
Rivista mineraria 1887, pp. 198-199).  The Rivista mineraria does include systematic output 
data for distilled glycerine, from 1895, but as noted below these do not appear to be national 
totals; the production of carbon electrodes (elettro-carbonium) was also recorded, but the Corpo 
delle miniere no doubt considered them an electrochemical product. 
 Other sources of output data provide no more than occasional partial estimates:  Maestri 
(1867, pp. 98-99) quotes regional candle output and value figures; 3,500 tons of glue and 7,000 
tons of stearine are quoted in the Annuario 1881 (p. 678), and 10 million lire for fats, animal 
products, ink, rubber, etc. in the Annuario 1892 (p. 420) and 1895 (p. 402); Molinari (1913, pp. 
188, 424) lists 180 tons of glycerine in 1890 and 150,000 tons of soap in 1905; and the Notizie 
chimiche (vol. 7, p. 5) mentions 100 to 150,000 tons of soap in 1911. 
 In the circumstances, the industry is represented by three series only, referred 
respectively to essential oils, beeswax products, and other fats, oils, etc. (mostly soap and 
stearine candles).  In all three cases, the only comprehensive evidence of production seems to be 
that on factor employment; but the three groups differ in their capital-intensity, and in the 
plausible indices of short-term movements. 
 
D04.02  Essential oils 
 According to the Notizie chimiche, vol. 10, p. 6, the output of essential oils consisted in 
the main of citrus derivatives produced in Sicily and Calabria for the world market.  The figures 
in the 1911 censuses (category 7.110) and their counterparts in the Censimento 1871 (category 
II.17.1), 1881 (II.XV.18), and 1901 (VII.15) are transcribed in Table D.07; these point to a 
much more complex picture, with significant production in other regions.  Curiously, the 1911 
industrial-census figures on the workshops’ period of activity (cols. 8 - 11) suggest that 
production was overwhelmingly seasonal only in Calabria (the center of bergamot production:  
Enciclopedia italiana, vol. 6, p. 705); peaking was much reduced in Sicily, perhaps because of 
the lemon’s much longer growing season, and in the other regions, which apparently processed 
herbs and berries (ibid., vol. 14, p. 385, vol. 21, p. 169).   
 Output of essential oils is here estimated, in citrus-oil-equivalent, as the sum of gross 
exports and domestic-oil consumption (Table D.08).  The gross export figures in col. 1 are taken 
from the Movimento commerciale (except in 1861, when exports are estimated equal to the 
following year’s; reported exports, a mere 7 tons, appear to omit those from the main producing 
centers in the Mezzogiorno). 
 In 1911, the export data yield an average value of 15,575 lire per ton of essential oils, 
obtained by hand-squeezing the peels of about 2.2 million lemons or oranges (Notizie chimiche, 
vol. 10, p. 10).  Since a skilled worker could squeeze about 400 fruit peels per hour 
(Enciclopedia italiana, vol. 14, p. 383), the corresponding unit labor inputs can be estimated at 
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about 550 man days per ton, worth some 2,100 lire at North Italian prices.  Neglecting both the 
reduction for the reduced earnings of the female component of the labor force on the one hand, 
and the offsetting increase for further processing, capital costs, and supervisors’ salaries (all of 
which appear to have been relatively unimportant), value added is here estimated at 2,100 lire 
per ton.  This figure leaves some 13,500 lire for raw materials.  Since the reported export value 
of fresh or dried citrus peels was 200 lire per ton, the implied input/output ratio is near 70 to 1; 
this figure is consistent with the 2.2 million-lemon figure cited above, allowing some 10,000 
lemons per ton, and allowing the peel near a third of the weight of the fruit.  A value added of 
1.38 million lire is accordingly attributed to the recorded exports of 657 tons, assumed to have 
been provided entirely by Calabria and Sicily. 
 The consumption of domestic oils in col. 2 is extrapolated from an initial benchmark 
estimate for 1911.  In 1911, Calabria and Sicily are allowed the equivalent of 10% of their 
citrus-oil exports, or 0.138 million lire of value added, for non-exported citrus and non-citrus 
oils.  In the rest of Italy, value added is estimated from the census data in Table D.07.  The labor 
force figures in col. 4 are normally taken to represent equivalent full-time workers, on the 
assumption that the seasonal unemployment of the counted workers offset the short-term 
employment of uncounted workers; excluding Calabria and Sicily, these sum to 1,084 workers.  
Inflating the Piedmontese and Ligurian figures by 30% to allow for significant seasonal 
employment (as suggested by cols. 5 and 8 - 11), that total increases to 1,120.  Allowing an 
average value added of 1,050 lire per worker (many of them women and youths, and most 
presumably not particularly skilled, as non-citrus oils were extracted primarily by distillation), 
the corresponding total works out to 1.176 million lire for Italy excluding Calabria and Sicily, 
and 1.314 million for Italy as a whole.  At an estimated 2,100 lire of value added per ton of 
citrus oils, that total for 1911 is equivalent to 626 tons of citrus oils. 
 The consumption of domestic oils in 1871, 1881, and 1901 is estimated by extrapolating 
the 626-ton estimate in 1911 in proportion to the sum of the labor force figures in cols. 1 - 3, 
again weighting the Piedmontese and Ligurian figures by 1.30, and again excluding Calabria 
and Sicily (in effect assuming that these two regions supplied a constant share of the domestic 
market); these weighted, partial labor force figures equal 279 in 1871, 311 in 1881, and 529 in 
1901, against 1,120, as calculated above, in 1911.  
 Since essential oils are presumably luxury goods, the time path of non-exported output 
is here indexed by the consumption of dyed silk (Table H.11, col. 7).  The latter series, which 
displays a sharp cycle with a peak in 1887 and renewed rapid growth during the pre-war boom, 
is an imperfect index of essential-oil consumption:  the ratio of the latter to the former slips 
from approximately .318 in 1871 to .312 in 1881, and then rises to approximately .406 in 1901 
and .489 in 1911; the implicit elasticity of essential-oil consumption with respect to silk 
consumption is approximately .852 in the first intercensal period, 1.941 in the second, and 1.305 
in the third.  In Table D.08, consumption estimate A (col. 2) is obtained from the silk-
consumption series through the ratio between essential-oil consumption and silk consumption; 
that ratio is here assumed constant before 1871 and after 1911, and geometrically interpolated 
between neighboring census years.  Consumption estimate B (col. 3) is instead obtained from 
the silk-consumption series through the implicit elasticities in the intercensal periods; the 
estimates for 1861-70 are calculated with the first intercensal elasticity, those for 1912-13 with 
the last. 
 In the event, the two series are very close, save over the 1880s, when the elasticity-based 
estimates naturally yield a much stronger cycle than the ratio-based estimates.  The present 
output estimates in col. 4 are obtained as the sum of the export figures in col. 1, and the simple 
average of the alternative consumption estimates in cols. 2 and 3. 
 Estimated value added in 1911 is of course 2.69 million lire for 1,283 tons of citrus-oil 
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equivalent at 2,100 lire per ton; the corresponding employment, allowing 1,050 lire per worker, 
is estimated at some 2,600 full-time-equivalent workers. 
 
D04.03  Beeswax products 
 In 1911, in the processing of honey and wax (3.55), the Censimento industriale lists 
1,512 workers and 112 unduplicated horsepower, against 2,417 workers, including 1,786 adult 
males, listed by the Censimento demografico; the earlier censuses list 1,641 workers, including 
1,351 adult males, in wax-processing in 1901 (category VII.10), 1,810, including 1,364 adult 
males, in 1881 (II.XV.13, against 101 processing honey, II.IV.27), and 1,011, including 941 
adult males, in 1871 (II.19.3, including some retailing).  The Riassunto industriale, vol. 1, p. 
102, lists 1,433 workers with 185 horsepower in specialized candle-making shops that mainly 
processed wax; as noted below, however, some of those workers and much of that power seem 
to have belonged to the non-wax sector.  Ellena (1880) considered soaps and stearic-acid 
candles, but seems to have ignored wax and wax candles (pp. 120-122). 
 An initial benchmark estimate is calculated for 1911.  Of the 2,417 workers listed by the 
Censimento demografico, 1,786 were adult males, and none were white-collar workers (though 
33 such were listed by the industrial census).  Given the industry’s very low power-intensity, the 
present estimates simply allow a value added of 1,200 lire per adult male, and half that for other 
workers, for a total of 2.52 million lire.  Assuming that some 5% of that referred to honey, as 
suggested by the separate figures available for 1881, value added in wax-processing is here 
estimated at 2.40 million lire in 1911.  The export value of processed refined (white) wax was in 
1911 1,800 lire per ton above that of crude virgin (yellow) wax; allowing a value added of 1,500 
lire per ton, output in 1911 is estimated at 1,600 tons. 
 Again given the industry’s low power-intensity in 1911, benchmark estimates for the 
preceding census years are obtained directly from the labor-force figures, with a double weight 
to adult males (and with the 1911 total reduced by 5% to allow for honey-processing); the 
output estimates so obtained equal 782 tons in 1871, 1,272 tons in 1881, and 1,199 tons in 1901 
(for 1,952, 3,174, and 2,992 weighted workers, against .95 times 4,203 in 1911).  This 
production cycle, with a minimum around the turn of the century, is not explained by trade 
movements, as from the early 1880s to c. 1900 net exports of processed wax rise from a few 
dozen tons p.a. to about 100, and then drop right back.  The production cycle thus appears as a 
slightly muted version of an underlying consumption cycle; and the latter is not itself visibly 
attributable to a strong price cycle (of which there is no sign) or to technical change (which 
would suggest a continued shift to more modern lighting right through the end of the century). 
 In the absence of further information, and neglecting the (minor) trade flows, the above 
benchmark output estimates are simply interpolated (and extrapolated to 1861-70 and 1912-13) 
in two alternative ways.  Table D.09, col. 1 (series A) is obtained by geometrically interpolating 
the benchmark output estimates themselves, and extrapolating them to 1861-70 and 1912-13 at 
the 1871-1911 growth rate.  The alternative estimates in col. 2 (series B) are instead obtained on 
the assumption that wax candles were, like silk and perfumes, a luxury good; the present series 
is obtained as the product of the silk-consumption-based index used above (the average of cols. 
2 and 3 in Table D.08) and its estimated ratio to wax-products output (itself obtained as a 
geometric interpolation of the four census benchmarks, and simply kept constant before 1871 
and after 1911).  Unlike series A, series B generates a peak in the 1880s. 
 The present final estimates appear in Table D.09, col. 3; this series is the average of the 
alternative estimates in col. 1, with a double weight, and col. 2.  The corresponding value added 
at 1911 prices is of course 1,500 lire per ton, for a total of 2.40 million lire in 1911; the 
corresponding employment estimate is 95% of the Censimento demografico figure for category 
3.55, or some 2,300 workers, with the ca. 100 horsepower listed by the Censimento industriale. 
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D04.04  Other fats, oils, etc. 
 The only systematic output figures appear to be those for distilled glycerine reported by 
the Corpo delle miniere and transcribed in Table D.09, col. 4.  These figures appear to refer to 
the output of the Torino district explosives manufacturers (Rivista mineraria 1895, p. 288, 
1911, p. LXXV); but these were surely not the only producers of this good.  The international 
trade data (available from 1907) indicate net exports of the order of 1,000 tons of glycerine p.a., 
well above reported output; and one can hardly accept the notion that the output data are 
comprehensive measures of refined glycerine output, while the export data refer to crude 
glycerine (Notizie chimiche, vol. 6, p. 33), as the export and output values are very close (1,600 
and 1,950 lire per ton in 1911, respectively), whereas crude glycerine cost less than half as much 
as the refined product (Molinari, 1913, p. 188). 
 In 1911, in the production of other fats, oils, etc. (7.18-7.19), the Censimento industriale 
lists 7,219 workers, including 5,587 blue-collar workers, 4,155 of them adult males, and 3,906 
unduplicated horsepower; the Censimento demografico lists 8,990 workers, including 6,857 
blue-collar workers, 4,882 of them adult males.  In 1909, the production of 1,700 tons of carbon 
electrodes, here considered a furnace product, employed 163 blue-collar workers, 146 of them 
adult males, with 180 installed horsepower (Rivista mineraria 1909, p. 393), all of them in the 
province of Perugia; in 1911 output had fallen to 1,476 tons (including 15 tons of artificial 
graphite, Rivista mineraria 1911, p. LXXV), suggesting an employment level nearer 127 adult 
male and 15 other blue-collar workers, and perhaps 156 installed horsepower.  Against this, the 
Censimento industriale lists two large shops in the province of Perugia in category 7.19, with 
just 100 blue-collar workers and 418 unduplicated horsepower in use -- suggesting that these 
refer to other activities, and that the production of carbon electrodes in electric furnaces, at least, 
was in fact counted, as would have been natural, as an electrochemical activity.  For present 
purposes, therefore, the census data are considered already net of this particular component, 
which is in any case relatively small. 
 Given the rapid growth of the labor force evident from the 1901 census data recalled 
below, actual employment in 1911 was presumably close to the numbers in the Censimento 
demografico.  Allowing 1,050 lire p.a. for 4,800 adult male blue-collar workers and half that for 
a further 1,950 blue-collar workers, the wage bill is here estimated at near 6.1 million lire in 
1911.  The Censimento industriale points to .224 unduplicated horsepower in use per total 
worker in the small shops in category 7.18, and 1.397 in category 7.19; applying these ratios to 
the total employment presumably missed by that census (the difference between industrial-
census employment and 98% of the labor force, or some 1,243 workers in 7.18 and 348 in 7.19), 
the omitted horsepower  in use are estimated at 278 in 7.18 and 486 in 7.19, for a total of 4,670 
horsepower in use; these correspond to perhaps 5,200 installed horsepower for some 8,800 total 
workers, or .59 horsepower per worker. 
 In 1937, summing over the relevant categories (173, 174, and half of the small numbers 
in 186, Censimento i. e c., vol. 4), one obtains 8,849 blue-collar and 11,662 total workers (a 
composition very similar to that of 1911) and 18,264 unduplicated horsepower, or 1.566 per 
worker; total value added and the wage bill equaled 267.344 and 31.700 million lire, 
respectively, for a wage share of value added of just 11.9%.  Allowing a further 85% of the 
wage bill as the return to white-collar and managerial workers and other employment-related 
components of value added, the return to capital-related components is estimated at (1 − 
1.85(.119)), or 78.0% of value added.  Indexing the latter by the horsepower/labor ratio, which 
in 1911 was just 37.7% of the 1937 figure, the wage share of value added in 1911 is estimated 
as .119/(.119 + .85(.119) + .377(.780)) = 23.1%, near twice that prevailing in 1937; the wage 
bill estimated above translates accordingly into a value added of (6.1/.231) = 26.4 million lire.  
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Of that, 6.1 million lire are attributed to wages and 5.2 million to salaries and other labor-related 
items, for a total of 11.3 million lire for 8,800 workers, or about 1,300 lire each, and 15.1 
million lire to capital-related items, or about 2,900 lire per horsepower. 
 The earlier censuses list 3,720 workers in 1901 (categories VII.9, 11-12), 2,377 workers 
(of whom just 1,678 blue-collar workers) in 1881 (all in the manufacture of soap and non-wax 
candles, category II.XV.17), and 1,867 workers in 1871 (in the analogous categories, II.17.3 and 
II.19.4).  The near-contemporary industrial-survey data are curiously higher:  the Riassunto 
industriale lists 1,224 workers and 765 horsepower in the chemical extraction of oils, which is 
reportedly a relatively new industry, and 4,645 workers and 1,350 horsepower in the production 
of soaps and the joint production of soap and (non-wax) candles (vol. 1, pp. 100, 102), for a 
total of 5,869 workers and 2,115 horsepower in 1903.  Moreover, among the regional figures for 
shops producing only candles, and typically wax candles, the Tuscan data appear exceptional, 
with 124 horsepower and 429 workers, against just 61 horsepower and 1,004 workers 
elsewhere.  Given the national average of some 3.25 workers per horsepower in the joint 
production of soap and non-wax candles, one can presume that some 350 workers and 110 
horsepower producing candles in Tuscany were not in fact processing wax; the industry totals 
suggested by the Riassunto industriale thus rise to 6,219 workers and 2,225 horsepower.  Ellena 
(1880), pp. 121-122, in turn reports 2,642 blue-collar workers and 301 horsepower in the 
production of soaps and candles; the ratio of total to blue-collar employment in the 1881 census 
suggests a corresponding total-employment figure near 3,743.  These discrepancies are 
puzzling, as there are no obvious reasons why the censuses should have undercounted the labor 
force (they often did so in the production of intermediate goods, where firms were vertically 
integrated, but soap and candles are final goods); nor can one imagine the surveys overcounting 
actual factor inputs.  The survey data would not appear to be biased upward, and they include 
more information than the censuses; using the 1911-price coefficients derived above, they point 
to a 1911-price value added of 14.54 million lire in 1903, and 5.74 million in 1876. 
   In 1911, category 7.18 seems virtually to exhaust the production of finished products:  
next to the production of soap and candles, judging from the structure of the industry in 1937, 
the production of glues and the like was relatively trivial.  Repeating the above procedure for 
that category alone, value added is estimated as 1,300 lire for 98% of the reported labor force 
(6,456 individuals), plus 2,900 lire for 111% of the horsepower in use (1,481 reported, plus an 
estimated 278), for a total of 13.89 million lire.    
 The primary product of category 7.18 was no doubt common soap; the unit values 
quoted in the Movimento commerciale and the technical coefficients reported in the Notizie 
chimiche (vol. 7, p. 20) suggest that a ton of common soap worth 650 lire consumed 645 kg of 
fats worth perhaps 568 lire (judging from the 88 lire per quintal quoted for exported chemically-
extracted olive oil) and 130 kg of caustic soda worth 34 lire (26 lire per quintal).  The crude 
glycerine by-product would be some 60 kg worth perhaps 40 lire (65 lire per quintal, against 
195 lire per quintal of refined glycerine; Molinari, 1913, pp. 185, 188); allowing for fuel and 
other costs, value added appears to have been close to 65 lire for ton of soap.  
 Together, these estimates of total and unit value added point to an output near the 
equivalent of 214,000 tons of soap.  In 1937, soap represented some two thirds of the industry’s 
value added; a similar proportion would represent an actual soap output just over 140,000 tons, 
in agreement with the contemporary estimates cited above.  Setting output in 1911 at 214,000 
tons of soap equivalent, and allowing for the value added in the intermediate (and other final) 
goods covered by category 7.19, unit value added works out to (26.4/.214) = 123.4 lire per ton.  
The corresponding equivalent-output benchmarks in turn work out to (14,540,000/123.4) = 
118,000 tons in 1903, and (5,740,000/123.4) = 47,000 tons in 1876.  The mean growth rates 
equal 3.5% p.a. in 1876-1903, and 7.7% p.a. in 1903-11; these are in turn consistent  with the 
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indication in the Notizie chimiche (vol. 7, p. 5) that the number of soap plants increased from 
300 in 1894 to 800 in 1911. 
 Shorter-term movements are not readily identified.  The international trade statistics are 
here of little help.  Output trade was relatively insignificant:  there appears to have been a shift 
in the soap trade from an import balance before 1875 to net exports after that, but the net flows 
were of the order of 2,000 tons p.a., or only a few percent of the output and consumption levels 
suggested by the available estimates, and the trade in candles was even smaller.  Trade in raw 
materials was altogether larger, with some 50,000 tons of vegetable oils and fatty acids, and 
over 60,000 tons of oil seeds (excluding linseed and linseed oil) imported in 1911; but once 
again the much larger final-output figure confirms that, as one would expect, the raw materials 
were predominantly domestic, and not of course documented.  Some ancillary inputs (soda, 
caustic) were also imported, but these goods were widely used in other industries, and readily 
replaced by a variety of substitutes (Notizie chimiche, vol. 2, pp. 12, 25; Molinari, 1913, p. 405 
ff.); once again, therefore, the import data cannot serve as indices of production. 
 Given the relative lack of useful information on the input side, and the relative 
insignificance of trade in output, production movements are here approached from the plausible 
path of consumption.  The stock of textiles to be maintained is calculated as a five-year 
cumulation of textile consumption (Table H.20, cols. 1 - 7), and extended from 1866 to 1861 on 
the basis of its average growth rate in 1866-71 (below, section H07.06); it equals 638,516 tons 
in 1876, 995,557 tons in 1903, and 1,328,223 tons in 1911.  The ratio of the present soap-
equivalent output estimates (respectively 47,000 tons in 1876, 118,000 tons in 1903, and 
214,000 tons in 1911) to that stock equals near .0736 in 1876, .1185 in 1903, and .1611 in 1911. 
Assuming that that ratio grew at a constant geometric rate from 1861 to 1903 and again from 
1903 to 1913, multiplying the resulting year-specific ratios by the corresponding stock of 
textiles, and neglecting the (minor) trade flows, one obtains the estimates of soap consumption, 
and production, transcribed in Table D.09, col. 5. 
 The above estimates for 1911 are 26.4 million lire of value added for some 8,800 
workers and 4,700 horsepower in use.  The Corpo delle miniere recorded only the output of 
some distilled glycerine, corresponding to a value added of some 300,000 lire (approximately 
50% of value), and an employment of perhaps 200 operai and negligible horsepower. 
 
D04.05  Aggregate value added and employment 
 The above estimates sum to 31.5 million lire of value added, 13,700 (full-time 
equivalent) workers, and 4,800 horsepower in use.  Of these,  2.4 million lire of value added, 
2,300 workers, and 100 horsepower are attributed to beeswax processing (which the census 
excluded from the chemical industry); 2.7 million lire of value added, 2,600 (full-time 
equivalent) workers, and 0 horsepower are attributed to essential oils (census category 7.110); 
and 26.4 million lire of value added, 8,800 workers, and 4,700 horsepower are attributed to 
other products (census categories 7.18 and 7.19 together).  The essential-oil full-time equivalent 
employment estimates significantly exceed the census labor force figures; this result is implied 
by the value of exports apparently generated by Calabria and Sicily. 
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D05.   Rubber products 
 
D05.01  Introduction 
 Census category 7.111 covers the production of rubber goods of all kinds (including 
those mixed with cloth or metal wires).  The Censimento demografico reports 4,370 workers, 
the Censimento industriale just 2,720 with 1,820 horsepower in use.  As recalled above (section 
D01.02), the discrepancy seems due not to omitted small-scale production, but to the omission 
of the main Pirelli works in Milano.  At the provincial level, even the 2,162 workers counted by 
the demographic census fall short of the 3,000-plus indicated by company records; the most 
plausible explanation, consistent with the data on the composition of Pirelli’s output, is that the 
census enumerators placed “cable manufacturing” in the engineering industry, rather than the 
rubber industry, simply because “rubber” was left unmentioned.  The practical result is that the 
measured industry corresponds to that of the ISIC, which includes insulated-cable 
manufacturing in the engineering group. 
 In the absence of (physical, or comprehensive) production data, output is represented by 
a single series that tracks raw material imports.  Value added in 1911 is estimated from the 
census data, supplemented by Pirelli company-record information provided by Confalonieri 
(1982); in practice, therefore, the industry is here defined by its census content rather than by the 
corresponding legend. 
 
D05.02  Output 
 The production of rubber goods does not appear to be covered by any output data; but its 
time path can readily be estimated from the Movimento commerciale figures for international 
trade in raw or scrap rubber.  On the assumption that rubber products and scrap contained, on 
average, half their weight in rubber, the present rubber products output estimates (Table D.10) 
are obtained as the sum of net imports of raw and scrap rubber with weights of 2 and 1, 
respectively; through 1906, imports are taken to consist of raw rubber only, and exports only of 
scrap. 
 
D05.03  Value added and employment 
 In 1911, averaging over the initial and final figures, Pirelli’s works in Milano employed 
3,178 blue-collar workers (Confalonieri, 1982, p. 406).  In that year, the production of those 
shops was worth 28.0 million lire, while the wage bill came to 3.6 million lire; raw material 
costs represented 71.3% of sales, wages and management fees 13.9%, the gross margin 
including taxes and interest costs 11.6% (ibid., p. 415 and Tables IV and X).  Including half of 
the residual 3.2%, value added works out to 27.1% of sales, or 7.59 million lire.  In large shops, 
nationwide, the Censimento industriale counted 2,720 total workers and 2,408 blue-collar 
workers; applying the corresponding ratio to the Pirelli Milano works total employment there 
can be estimated at 3,590 workers, for a value added per worker of 2,114 lire.  Applied to 98% 
of the 4,370 workers listed by the Censimento demografico, this figure yields an aggregate 
estimate near 9.1 million lire in 1911, and a unit figure of 1,780 lire per estimated ton of output. 
 In 1911, imported raw rubber was worth 12,500 lire per ton.  The prices of rubber 
products varied widely, depending no doubt also on their actual rubber content; exported 
generic rubber products were worth 10,000 lire per ton, but named items ranged from 4,000 to 
26,000 lire per ton.  Allowing 10,000 lire per ton of output, and deducting 6,250 lire for half a 
ton of raw rubber plus a further 2,000 lire for other raw materials and fuel (including, 
hypothetically, half a ton of grey cotton cloth worth perhaps 3,500 to 4,000 lire per ton), value 
added works out to 1,750 lire per ton, or 8.9 million lire for the estimated 5,090 tons produced 
in 1911.  Given the range of output prices, this figure does no more than loosely confirm the 
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employment-based estimate, which is accordingly retained. 
 Estimated employment, at 4,283 workers, is 1.72 times the 2,497 workers in large shops 
listed by the Censimento industriale; adding 72% of the large-shop horsepower in use (1,785) to 
the reported total, actual horsepower in use is estimated at near 3,100.  This industry was of 
course not covered by the Rivista mineraria. 
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D06.   Fertilizer 
 
D06.01  Output 
 In the 1911 censuses the fertilizer industry (category 7.113) is narrowly defined to 
exclude both the calcium cyanamide obtained by electrochemical processes and the ammonium 
sulfate obtained from coal-distillation plants.  So defined, the industry appears to be virtually 
exhausted by only two components:  a major one, corresponding to the production of (mineral 
and animal) “superphosphate and sundry fertilizer” documented in the Notizie minerarie and the 
Rivista mineraria 1893 ff.; and a minor one, consisting of the grinding of (imported) Thomas 
slag. 
 Output estimates are presented in Table D.11.  The superphosphate series (col. 1) 
transcribes the Rivista mineraria figures from 1896 to 1913 (also Sommario, p. 131), excluding 
the Milanese “poudrettes” counted in 1896 (an estimated 6,000 tons:  Rivista mineraria 1896, p. 
212, 1897, p. 209) and the Thomas slag counted in the Torino district in 1898 (1,200 tons) and 
1899 (1,000 tons).  In 1911, the reported total includes 914,300 tons of mineral and 30,000 tons 
of bone-based superphosphate, plus 400 tons of sundry fertilizer; the share of the latter is 
considerably higher before 1902, but much of it may have been superphosphate with minor 
additions of other substances (e.g., Rivista mineraria 1897, p. 16).  The 1893-95 output data are 
considerably weaker:  they include Milan’s poudrettes (at least in 1895: compare Rivista 
mineraria 1895, p. 204, 1896, p. 212, 1897, p. 209) and double-count some phosphate (Rivista 
mineraria 1895, p. XXXIV), they also omit some output by type (Rivista mineraria 1893, p. 77, 
1894, p. 16) or by source (Lucca and Roma through 1894, and probably Alessandria through 
1895; Rivista mineraria 1895, pp. 87, 106, 271, 288, 1896, p. 306), and even the reported output 
may be understated.  The Rivista mineraria 1895, pp. LXX-LXXI, thus argues that output was 
actually close to 155,000 tons (150,000 of that superphosphate), or 6.4% above the reported 
total obtained from the district reports; the present estimates incorporate this revised figure for 
1895, and inflate the reported totals for 1893 and 1894 by a similar amount. 
 The earlier estimates are obtained as follows.  Production is taken to have commenced 
in 1875 (Corbino, 1931, vol. 2, p. 128); the subsequent figures rise smoothly to interpolate the 
1879 output reported in the Notizie minerarie (p. 265).  From 1879 to 1893, output is estimated 
from the sulfuric acid output estimates (Table D.03, col. 2) on the assumption that the ratio of 
superphosphate to sulfuric acid production (i.e., superphosphate’s share of sulfuric acid use, 
times the output/input ratio) grew at a geometric rate (7.4% p. a., from 40.8% in 1879 to 111% 
in 1893); the partial (Napoli, Torino, Vicenza) regional output data available from 1886 are not 
utilized, as they sum to less than 4,000 tons of output. 
 The present Thomas slag output estimates (Table D.11, col. 2) incorporate those for 
1905-13 presented in Valenti (1918), p. 26. The industry is presumed to have begun operations 
in 1898 (Crema, 1901, p. 41), with the output reported for the Torino district in the Rivista 
mineraria 1898 (p. 318); the subsequent figures are simple interpolations of the 1898 and 1905 
estimates. 
 
D06.02  Value added and employment 
 Value added in superphosphate production in 1911 can be estimated from technical data 
and input and output prices.  A ton of output, worth 58 lire, was obtained from perhaps half a 
ton of 65% sulfuric acid (Rivista mineraria 1896, p. 231, 1903, p. 159) and (allowing for the 
loss in grinding) perhaps 560 kg of phosphate rock (Martin, 1918b, pp. 21 ff., and Grande 
dizionario enciclopedico, vol. 9, p. 963); these cost, respectively, about 18 and 23 lire (from the 
import price of 35 lire per ton of phosphate rock, and allowing for domestic transport charges).  
Allowing a further 1.5 lire for fuel (mainly to mill the rock) and other deductible expenses, 
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value added reduces to 15.5 lire per ton, or close to 14.65 million lire in all. 
 The corresponding figure for Thomas slag is not easily ascertained. In Italy, the 
production of Thomas slag consisted exclusively of the grinding of imported slag; and that 
grinding was so easy as to be worthwhile even though mere weathering would apparently 
achieve similar results (Crema, 1901, pp. 19-20, 36; Molinari, 1920, p. 648n).  In the absence of 
better evidence, value added per ton is here estimated at 2.5 lire, or close to the magnitude 
implied by the difference between the Caltanissetta district prices of ground and crude pumice 
(Rivista mineraria 1911, pp. XLII, LXXXII).  With peak output close to 20,000 tons, value 
added remains small (50,000 lire); but it raises the aggregate for the chemical fertilizer industry, 
as here defined, to 14.7 million lire in 1911. 
 The corresponding employment estimates are based on the Rivista mineraria 1909 
figures for superphosphate and sulfuric acid production, discussed in section D02.05 above.  
These suggest an average employment of 6.9 operai and 10.4 installed horsepower per 1,800 
tons of superphosphate, or a total of some 3,600 blue-collar workers, and perhaps 4,300 total 
workers, with 5,500 installed horsepower (equivalent to perhaps 4,900 in use) in 1911; while 
these estimates actually refer to the production covered by the Rivista mineraria, the balance of 
the industry is here too slight (under 1% of value added) to affect the results. 
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D07.  Explosives and munitions 
 
D07.01  Introduction 
 Census category 7.114 covers the manufacture of explosives and cartridges, and the 
completion of explosive munitions (much like the ISIC, which includes ammunition, as well as 
explosives, in category 3529, chemical products n.e.c.).  The Corpo delle miniere provided 
national explosives output figures for 1879, 1887-88, and 1893 ff., plus scattered district data in 
other years (Caltanissetta in 1884, Firenze in 1889, Torino in 1889-92).  The disaggregated data 
identify blasting, fire, anti-hail, sporting, and smokeless powders; fireworks; railway caps; 
fulopite, silurite, emilianus, lanite, baclenite, cheddite, solenite, kinetite, manlianite, antigorite, 
promethus; nitroglycerine, nitrocellulose, collodion cotton, dry nitrated cotton, guncotton, 
ballistite, dynamite; mercury fulminate, trinitrotoluene, various gelatines, and grenade and 
torpedo explosives.  The corresponding time series display considerable irregularity, which 
however normally disappears upon aggregation over very similar explosives (suggesting that 
most changes are within the product mix obtainable from a given capacity, if not mere 
reclassifications); more substantial discontinuities, in turn, are often explicitly tied to the idling 
or destruction of a major plant (e.g., Rivista mineraria 1894, p. LXIX, 1902, p. 300).  Overall, 
then, these data appear to be relatively reliable; but they are heir to a number of difficulties. In 
the first place, the aggregates presented in the national summary (Table D.12, cols. 1 - 3) are not 
always consistent: the gunpowder figures include only a small part of the smokeless powder in 
1893-1903, and all of it from 1904; they exclude silurite, emilianus, and railway caps in 
1907-10, but not in other years.  Second, the data base narrowed after 1904, and a large number 
of small fireworks shops (which had accounted for all but a trivial amount of total fireworks 
output) were no longer counted in subsequent years (Annuario 1905/07, p. 446n).  Third, the 
Corpo delle miniere data appear limited to the output of recognized workshops, to the exclusion 
of the explosives produced on site or in clandestine shops; the omission appears serious in the 
case of Sicilian blasting powder on the one hand (Rivista mineraria 1893, p. 64), and of nitrated 
organic compounds on the other (Singer, 1954, vol. 5, p. 286, and above, section D02.03). 
 Output data were also generated by the constant fiscal intervention in the production of 
explosives (Parravicini, 1958, pp. 347-348).  Most of the country inherited a public monopoly 
from the pre-1861 regimes; this system was extended to central Italy (but simultaneously 
withdrawn from Sicily) only in 1867 (decreto legislativo luogotenenziale 28 giugno 1866, n. 
3018).  The output of the State-owned shops was recorded, though not in such secondary public 
sources as the Annuario finanze; in the absence of the primary source material, output figures 
for 1863-68 were obtained from Maestri (1867, p. 247, 1868, p. 235) and Sachs (1885, p. 864).  
By the end of the decade, the monopoly system had been (permanently) abandoned in favor of a 
production tax (legge 5 giugno 1869, n. 5111); but that tax was not a proxy for output, as it was 
levied on capacity, and producers could bargain for an annual lump-sum payment (Sachs, 1885, 
p. 392; Einaudi, 1914, pp. 377-378).  The tax base gradually shifted over toward actual 
production (legge 10 luglio 1887, n. 4665; regio decreto 7 settembre 1887, n. 4934; legge 14 
luglio 1891, n. 682; regio decreto 17 dicembre 1891, n. 694), and tax-based output figures are 
available from fiscal 1890 (Table D.12, col. 5); but even the 1891 bills maintained a “capacity” 
base for gunpowder and fireworks, which (judging from the Corpo delle miniere data) then 
accounted for the bulk of output.  These fiscal data display an early rise that may reflect no more 
than an increase in administrative pressure; in later years, they underestimate the Rivista 
mineraria figures by varying but often considerable margins.  These discrepancies are puzzling: 
through the 1890s, they may reflect deliberately low capacity estimates (Einaudi, 1914, pp. 
383-384); but there is no apparent change after 1902, when the “actual output” tax base was 
generalized (legge 23 gennaio 1902, n. 25; regio decreto 2 marzo 1902, n. 56; regio decreto 9 
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marzo 1902, n. 85).  The gaps may be due to the fiscal figures’ exclusion of untaxed output 
(mostly production to government order; fireworks and exports were comparatively trivial); but 
untaxed output is explicitly counted from 1907, and the discrepancies remain (particularly if the 
lag between fiscal and calendar years is taken into account).  The most plausible explanation is 
that the reporting of untaxed output remained unsystematic; in any case, the tax-based data do 
not appear to add any output information to that provided by the Corpo delle miniere (on the 
other hand, the latter sometimes relied on the tax-collector for their information, particularly in 
early years: e.g., Rivista mineraria 1887, p. 100, 1893, p. 64). 
 The present estimates will thus be based in the first instance on the output data provided 
by the Corpo delle miniere; production in other years or from other sources (clandestine shops, 
consuming firms) will be gauged from the evidence of input consumption provided by the 
Movimento commerciale.  In order to improve the resulting series as proxies for value added, 
the output of explosives will be grouped into series for coarse powder (low unit value added), 
dynamite, cheddite, and promethus (medium unit value added), and other explosives (high unit 
value added); a further series for munitions production will be based on the estimated output 
(consumption) of the relevant military and sporting explosives. 
 
D07.02  Output:  coarse gunpowder 
 The output of coarse gunpowder is estimated in Table D.13.  Col. 1 transcribes 
gunpowder output as reported by Maestri (1867, p. 247, 1868, p. 235) and Sachs (1885, p. 864) 
for the public monopoly in 1863-68, by the Notizie minerarie (p. 36) for 1875-79 (here referred 
to 1879 only, by analogy to other such “averages”; compare, e.g., the fertilizer output data, pp. 
36 and 265), and the Rivista mineraria for 1887-88 and 1893-1913 (excluding fireworks output, 
as given in the national summary in 1893-99 and 1902-04, and in the district reports in 
1900-01). 
 Col. 2 includes the estimates of the output missed by those benchmarks. The 
complement to the Rivista mineraria figures is first of all an allowance for the powder 
consumption of Sicilian extractive industries, produced on site or in clandestine shops.  This 
omitted output was estimated at 1,200 tons in 1893 (Rivista mineraria 1893, p. 64); this figure 
is here extended to other years (when reported output was of the order of 1-200 tons, as in 1893) 
on the assumption of strict proportionality to Sicily’s production of sulfur ore (Table B.22, col. 
6, and Rivista mineraria 1896 ff.).  In addition, col. 2 allows for the replacement of the 1894-98 
Bologna data (171.9 tons, as in 1893, against 85.1 tons in 1899) with a linear interpolation of 
the 1893 and 1899 figures, for a (rounded) net decrease of 10 tons in 1894, 30 in 1895, 40 in 
1896, 60 in 1897, and 70 in 1898.  As to 1879, the Notizie minerarie figure is not broken down 
at all; on the assumption that it is comparable to the later figures published by the Corpo delle 
miniere, it too is augmented by a similar estimate of omitted Sicilian production.  In the 1860s, 
finally, the complements to the reported figures also assume that Sicily was little bound by the 
fiscal monopoly; again on the basis of sulfur ore production, output is there estimated at 600 
tons in 1863, 590 in 1864, 550 in 1865, 640 in 1866 and 1867, and 830 in 1868 (including 200 
tons for former monopoly output).  Legitimate production elsewhere (Toscana, Romagna, 
Marche, and Umbria through 1866, plus Veneto through 1866 and Lazio through 1868) is not 
readily ascertained.  The earliest breakdown (Rivista mineraria 1887, p. XXXVIII) suggests that 
output in the 1863-66 monopoly areas (excluding Sicily) accounted for two thirds the national 
total; of the rest, only some 7% came from Roma and its environs. These figures suggest that 
perhaps another 300 tons should be allowed for excluded Continental production in 1863, and 
80 in 1868; on the assumption that the intervening cycle in the public shops’ output reflects 
military demand that did not extend to the private works, the former figure is here applied to 
1864-66 as well, and the latter to 1867. 
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 The aggregate gunpowder output estimates in Table D.13, col. 7 are obtained as the sum 
of cols. 1 and 2 in 1863-68, 1879, 1887-88, and 1893-1913.  In 1861-62, output is estimated 
directly, on the assumption of an absolute decline after the first set of military operations similar 
to that which followed 1866; in 1869-78, 1880-86, and 1889-92, output is instead interpolated 
on the basis of the consumption of saltpetre by gunpowder works (col. 5), estimated as the total 
consumption of saltpetre equivalent (calculated from international flows of saltpetre and its raw 
material) less an allowance for non-gunpowder uses of saltpetre equivalent (col. 6). 
 Saltpetre (potassium nitrate) was both imported and produced domestically, mainly by 
the double decomposition of sodium nitrate and potassium chloride (Notizie minerarie, p. 263; 
one ton of potassium chloride yielded 1.34 tons of saltpetre).  Net imports of saltpetre (Table 
D.13, col. 3) are taken as reported by the Movimento commerciale through 1877 (assuming 
negligible trade in 1861-63, when none is reported) and from 1896; in 1878-95, they are 
estimated from the Movimento commerciale data for saltpetre and refined sodium nitrate 
together, on the assumption that the share of saltpetre in the net imports of that aggregate 
declined geometrically from 83% in 1877 (compare the Movimento commerciale 1877, pp. 211, 
233 and 1878, p. 172; the 1877 export figure of 111.8 tons in the 1878 volume is here taken to 
be erroneous, and replaced by the preceding volume’s figure of 151.8 tons for saltpetre alone, 
implying that no refined sodium nitrate was exported in 1877) to 3% in 1896 (e.g., Movimento 
commerciale 1896, p. 323).  In point of fact, the only saltpetre import figures relevant here are 
those for 1867-94; but earlier and later figures are also included, as they are relevant to later 
calculations (see below, section D11.15). 
 Net imports of potassium chloride (Table D.13, col. 4) are taken as reported in the 
Movimento commerciale.  Total net imports of saltpetre equivalent are here estimated as the 
sum (not shown) of saltpetre imports (col. 3) and the saltpetre equivalent of potassium chloride 
imports (1.34 times col. 4); to allow for inventory movements, actual consumption of saltpetre 
equivalent (not shown, but equal to the sum of cols. 5 and 6) is estimated as a three-year moving 
average of the corresponding net imports. 
 This estimated consumption of saltpetre equivalent is here distributed between 
gunpowder and other uses as follows.  In 1868, 1879, 1887-88, and 1893, the amount absorbed 
by gunpowder (col. 5) is estimated directly from the output figures in col. 7, allowing 750 kg of 
saltpetre per ton of powder (Thorp, 1920, p. 474), and that consumed in other forms (col. 6) is 
obtained as a residual.  Gunpowder was largely an input into the production of durable goods 
(buildings, tunnels, etc.), and can thus be expected to display the usual volatility of 
stock-adjusting flows, while other uses of saltpetre equivalent were largely directed to 
producing a flow of non-durable consumers’ goods (potassium chloride as fertilizer; Valenti, 
1918, p. 26), and can thus be expected to have remained relatively stable; accordingly, in 
1869-78, 1880-86, and 1889-92, the figures in Table D.13, col. 6 are linear interpolations of the 
available benchmarks (1868, 1879, 1887, 1888, 1893), and those in col. 5 are obtained as a 
residual.  The corresponding figures in col. 7 are those in col. 5 divided by the input/output ratio 
(.75). 
 As noted above, the aggregate gunpowder series so obtained is relatively heterogeneous; 
the next step is accordingly to exclude from this total the goods (other than fireworks, already 
excluded from col. 1) that involve a relatively high value added per unit.  This correction is 
most important, and most reliable, in 1902-13; for these years, the figures in col. 8 are obtained 
as the sum of the reported output of such goods (fuse, sporting, and smokeless powder, fulopite, 
silurite, emilianus, and railway caps, as identified in the district reports) counted as 
“gunpowder” rather than as “other explosives”.  In 1893-1901, the identification of the 
composition of output is far less thorough, and the reported amounts of fine (sporting or 
smokeless) powder must be complemented by estimates of their share of unspecified powders.  
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With the aid of the available evidence on the average values of such unspecified powders, the 
figures in col. 8 for 1893-1901 add the following allowances to the reported amounts of fine 
powder:  10% of the Carrara district output in 1897; 20% of the Milano district output in 1895, 
of the Napoli district output in 1895 and 1897-1900, of the Torino district output in 1895 and 
1897-99, and of the Vicenza district output in 1897; 50% of the Milano district output in 1894 
and 1897-1901, and of the Vicenza district output in 1893-95 and 1898; and (as a residual 
allowance) 10 tons in 1893, 5 in 1894, and 20 in 1896.  In addition, the present estimates 
replace the Bologna district reported output of fine powder for 1894-98, which simply repeats 
that for 1893 (25.8 tons) by a linear interpolation of the figures for 1893 and 1899 (11.8 tons).  
Before 1893, finally, the evidence appears limited to the breakdown of the public monopoly’s 
output in 1863, 1864, and 1864-67 given by Maestri (1867, p. 247; 1868, p. 235).  The present 
fine gunpowder figures for those years include the reported output of rifle and ordinary-or-better 
sporting powder, plus small allowances for the corresponding output from the private shops; 
output in other years (1861-62, 1868-92) is estimated at a round 100 tons p. a., doubled in 1861 
to allow for increased production of fine powder to military order. 
 The desired estimates of coarse gunpowder production (col. 9) are the difference 
between the aggregate (col. 7) and its fine gunpowder component (col. 8).  This residual refers 
in the main to blasting powder; it also includes some anti-hail powder (to 1906) and ordnance 
powder (apparently significant from the early decades to the turn of the century:  Maestri, 1867, 
p. 247, 1868, p. 235; Rivista mineraria 1898, p. 103).  
 
D07.03  Output:  dynamite, cheddite, and promethus 
 The output of dynamite, cheddite, and promethus is estimated in Table D.14.  In 1887, 
1888, and 1893-1913, the required total is obtained directly from the Rivista mineraria; in 
addition, the output reported in the Notizie minerarie (p. 36) as the average for 1875-79 is here 
referred to 1879.  Before 1887, output is estimated from the 1879 and 1887 output figures by 
means of a simple linear interpolation and extrapolation; the estimate that production began in 
1872, six years after the invention of dynamite, is not unreasonable (Notizie minerarie, p. 76; 
Singer, 1954, vol. 5, p. 285). 
 The dynamite output estimates for 1889-92 are obtained as the sum of two components. 
The output of the Torino district is taken as reported in 1889 and 1890 (134 and 313 tons, 
respectively) and estimated as 1.43 times the reported output of nitroglycerine in 1891 and 1892 
(426 and 336 tons, respectively); the output of the rest of Italy is estimated as a linear 
interpolation of the figures reported for 1888 (92 tons) and 1893 (378 tons). 
 
D07.04  Output: other explosives 
 The output of other explosives, produced at a high value added per unit, is estimated in 
Table D.15.  Col. 1 transcribes the aggregate output data for ballistite and other explosives 
reported in the Rivista mineraria, excluding the output of cheddite and promethus (considered 
above) and including the nitrocellulose produced in the Napoli district in 1894 and 1895 
(separately counted in the sources; e.g., Rivista mineraria 1895, pp. XXXI, XXXIV).  No output 
is reported for 1893; this is here taken as an indication that no such explosives were in fact 
produced in that year. 
 To the figures in col. 1 are to be added two sets of output estimates:  the first covers the 
production of fine powders excluded from the coarse powder series in Table D.13 above, plus 
fireworks, to obtain an estimate of total workshop production; and the second covers the 
production of explosives (other than blasting powder) at the mine or construction site, neglected 
by the available sources, and here estimated on the basis of nitric acid consumption. 
 The figures in Table D.15, cols. 2 and 3 are those in Table D.13, col. 8, disaggregated to 
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separate nitrated explosives (smokeless powder, silurite, emilianus) from fine gunpowder 
strictly defined (sporting and fuse powder, railway caps).  As noted above, these figures are 
obtained directly from the Rivista mineraria from 1902, but partly or largely estimated in earlier 
years; the present breakdown assumes that the nitrated-explosives component of reported 
gunpowder was restricted to the smokeless powder produced in the Bologna and Iglesias 
districts.  These are taken as reported, except that the Bologna output of smokeless powder is 
estimated in 1893-98; the 1893 output is set at 65% of the total reported output of fine powder 
(as in 1899), and the 1894-98 figures are linear interpolations of those for 1893 (16.8 tons) and 
1899 (7.7 tons).  The figures in col. 4, in turn, transcribe the reported output of fireworks 
through 1905, and then allow for steady, slow growth to 1913. 
 Total workshop output of these explosives (Table D.15, col. 5) is estimated, in 
1893-1913, as the sum of the above figures (cols. 1 - 4).  In 1861-92, the corresponding figures 
simply transcribe the fine gunpowder estimates in Table D.13, col. 8 plus an allowance of 10 
tons for fireworks, and an additional allowance for the explosives counted in col. 1 (10 tons in 
1882, 20 in 1883, and so on, to 50 tons in 1886; as reported in 1887 and in 1888; and 100 tons 
p. a. in 1889-92). 
 The on-site production of explosives other than gunpowder is assumed negligible until 
the invention of the Kopp nitration process (see above, section D02.03); in subsequent years, it 
is estimated as follows.  Table D.15, col. 6 reports total consumption of nitric acid by the 
explosives workshops, expressed in 62% acid; it is calculated (on the basis of the input/output 
coefficients developed in section D07.06 below) as 1.25 times the estimated output of dynamite 
(Table D.14) plus 2.0 times the estimated output of other nitrated explosives (Table D.15, col. 1 
plus col. 2 in 1893-1913; before that, output is estimated as noted in the preceding paragraph for 
the explosives counted in col. 1. and at 10 tons p. a. from 1885 for those counted in col. 2). 
Total nitric acid availabilities are estimated as the sum of output (Table D.04, not excluding arc 
acid) and net imports, as reported in the Movimento commerciale; deducting the acid consumed 
by the explosives workshops (Table D.15, col. 6) leaves a residual available for other purposes 
(col. 7).  To allow for inventory movements, this series is smoothed by taking a three-year 
moving average (and retaining the first and last entries as they are); the resulting figures are then 
reduced by a smooth trend (from .19 in 1869 to 1.07 in 1913, at 4% p. a.), and the residual is 
divided by 4, yielding the figures in col. 8.  The logic of this procedure is that explosives 
production can be presumed more volatile than that of other nitric acid-using goods; the trend 
growth (designed to all but absorb the estimated consumption exclusive of explosives 
workshops in 1869-70 and at the cyclical minimum in 1903-05) allows for the stable component 
of non-explosive nitric acid use.  The residual, in turn, is divided by twice the nitric acid-other 
explosives input/output ratio; this can be interpreted as a way of attributing part (up to half) of 
the variation in the residual to the variable component of non-explosive nitric acid use, or as an 
allowance for higher (up to 4.0) input/output ratios in the less efficient on-site installations, or 
any combination of the two. 
 The estimated aggregate output of high-value-added explosives (col. 9) is the sum of the 
estimates for workshop (col. 5) and on-site production (col. 8). 
 
D07.05  Output:  explosive munitions 
 Census category 7.114 further includes the completion of explosive munitions 
(cartridges, grenades, torpedoes, etc.).  Output of such munitions (Table D.16) is here tentatively 
estimated as thrice the workshop production of sporting powder and military explosives other 
than coarse powder.  This production corresponds to that recorded in Table D.15, col. 5, with 
the addition of cheddite (Table D.14, col. 2), and the exclusion of fireworks (as reported or 
estimated above), fuse powder (an estimated 10 tons p. a. in 1861-1901, and as reported in 
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1902-13), and railway caps (as reported); it is trebled to allow for the share of the explosive in 
the weight of the round (assumed to average one quarter, counting both propellant and bursting 
charge) on the one hand, and for the share of other uses of these explosives (assumed to average 
one quarter, counting both other military use -- e.g., separate propellants rather than cartridges -- 
and non-military use) on the other. 
 This series is of course extremely crude.  In the early decades, in particular, the present 
estimates compromise between two sources of error, as some coarse powder may then have 
been used as a bursting charge for grenades and the like, on the one hand, and cartridges had not 
yet replaced separate-loading ammunition, on the other (Sachs, 1885, p. 864).  In addition, the 
present estimates ignore international trade in explosives; but such trade was significant only 
rarely (net exports of the order of 100 to 300 tons in the late 1870s, early 1890s, and early l910s; 
comparable net imports in the later 1880s), and even then it probably consisted in the main of 
construction-related blasting material (e.g., Rivista mineraria 1900, p. 119). 
 
D07.06  Value added 
 In the absence of disaggregated value and tax or employment data, value added in 1911 
cannot be directly and independently calculated for each different type of explosive; on the other 
hand, only a narrow range of estimates will simultaneously satisfy the constraints imposed by 
technology and the available value, tax, and quantity information.  A suitable set of estimates, 
derived on the basis of the workshop production covered by the Corpo delle miniere, is 
presented in Table D.17.  Each column corresponds to a set of goods that are reasonably 
homogeneous with respect to materials, production techniques (value added), and fiscal 
treatment; they combine directly to yield either the present groups (col. 1; cols. 2 - 3; cols. 4 - 6) 
or those of the Rivista mineraria (cols. 1, 4, 5; col. 3; cols. 2, 6).  Row 1 contains the estimated 
unit raw materials costs; these are fairly solid estimates, obtained directly in the usual way. 
 Gunpowders are roughly 75% potassium nitrate, 15% charcoal, and 10% sulfur (Thorp, 
1920, p. 474).  In the absence of waste, these materials would have cost some 44 lire per quintal 
of gunpowder:  41 lire for the nitrate, at 55 lire per quintal, as quoted in the Rivista mineraria; 2 
lire for the charcoal, at 12 lire per quintal, as quoted by Cianci (1933); and 1 lira for the sulfur, 
at 13 lire per quintal of zolfo ventilato, as quoted in the Rivista mineraria.  The figures in row 1 
(cols. 1 and 4) allow another 6 lire for waste, fuel, and other charges. 
 Cheddite is about 80-90% potassium chlorate, 5-15% nitrated derivatives of aromatic 
hydrocarbons (naphthalene, toluene), and 5% castor oil; promethus is also mostly potassium 
chlorate, with admixtures of iron and magnesium oxides (Dizionario enciclopedico italiano, 
vol. 3, p. 136, vol. 9, p. 836).  The chlorate cost 90 lire per quintal (Rivista mineraria 1911, p. 
LXXVI); the nitration process consumed inputs probably costing some 200 lire per quintal of 
nitrated output (judging from the analogous processes discussed below).  Allowing for the cost 
of other inputs, a total materials cost of about 110 lire per quintal would seem to be appropriate 
(row 1, col. 2). 
 Dynamite, smokeless powder, and other explosives are nitrated organic compounds, 
mainly of glycerine or cellulose (Thorp, 1920, pp. 475-484).  A quintal of nitroglycerine was 
made from 113 kg of 98% nitric acid, 158 kg of 96% sulfuric acid, and 45 kg of glycerine 
(Thorp, 1920, pp. 479-80).  The nitric acid probably cost some 85 lire (75 lire per quintal), the 
sulfuric acid 9 lire (5.5 lire per quintal), and the glycerine 88 lire (195 lire per quintal, as quoted 
by the Rivista mineraria); allowing 41 lire for one ton of coal (compare Rivista mineraria 1896, 
p. 241), and 5 lire for other inputs, the cost of materials sums to 228 lire per quintal of 
nitroglycerine.  In turn, the nitration of a quintal of cotton consumed about 250 kg of pure nitric 
acid and 750 kg of pure sulfuric acid (Thorp, 1920, pp. 476-477); the cotton probably cost some 
85 lire (the export price of cotton waste), the nitric acid 200 lire (80 lire per quintal), and the 
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sulfuric acid 49 lire (at 6.5 lire per quintal, the price of Roma district oleum; Rivista mineraria 
1911, p. LXIV), for a total close to 335 lire.  The corresponding yield appears to have been close 
to 190 kg of output (approximately 173 kg of dry guncotton plus an average 10% moisture: 
Molinari, 1913, p. 238; Enciclopedia italiana, vol. 24, pp. 852-853), reducing the primary raw 
materials cost to 176 lire per quintal of output; allowing a further 42 lire for fuel and other 
inputs (46 lire per quintal of output excluding moisture, as for nitroglycerine), the total cost of 
materials sums to 218 lire per quintal of nitrocellulose. 
 Dynamite is made up of nitroglycerine and an absorbent, in varying proportions; a 
mixture of approximately 7 parts of nitroglycerine to 3 of sodium nitrate seems fairly 
representative of pre-war Italian practice (Molinari, 1913, p. 242).  The present figure of 175 lire 
of materials per quintal of dynamite (row 1, col. 3) allows 160 lire for the inputs into 70 kg of 
nitroglycerine, 11 lire for 30 kg of refined sodium nitrate (imported at 35 lire per quintal), and 4 
lire for sundry other costs incurred in mixing these components.  Smokeless powder and other 
explosives can be pure nitrocellulose (or trinitrotoluene, which appears to have a similar cost 
structure), but are more often a mixture of roughly equal parts of nitrocellulose and 
nitroglycerine (Molinari, 1913, pp. 240 ff.); the present materials cost figure of 225 lire per 
quintal of such explosives (row 1, cols. 5 - 6) allows an average of 60% nitrocellulose and 40% 
nitroglycerine (131 and 91 lire, respectively, plus 3 lire for other costs incurred in preparing the 
mixtures).  These coefficients imply that a quintal of dynamite absorbed the chemical equivalent 
of 1.25 quintals of 62% nitric acid; a quintal of smokeless powder and other explosives, 
approximately 2.0 quintals of 62% nitric acid. 
 The unit values added in row 2 are justified in the main by their congruence with the rest 
of the table.  In addition, their ratios are chosen to reflect the relative complexity of the relevant 
production processes; the sturdiest such ratio is that between the unit values added in dynamite 
and in other explosives, pegged at just over 70%.  In addition, the tax-free prices implied by 
rows 1 and 2 together agree well with the comparable values in the Movimento commerciale (90 
lire per quintal for blasting powder, 400 to 500 lire per quintal for sporting powder, 330 lire per 
quintal for other explosives). 
 The unit tax rates in row 3 are from the 1902 bills quoted in section D07.01 above.  
These distinguished between blasting black powder (50 lire per quintal), sporting black powder 
(125 lire per quintal), other blasting explosives (125 lire per quintal), and other sporting 
explosives (250 lire per quintal); military explosives, fireworks, and anti-hail gunpowder were 
tax-exempt. 
 The output figures in row 4 are as reported in the Rivista mineraria; those in row 5 
allow for exempt military production (no anti-hail powder being produced in 1911), reasonably 
assumed to comprise cheddite, some dynamite, some smokeless (sporting) powder, and 
essentially all the ballistite, nitrocellulose, and trinitrotoluene.  In addition, the figures in row 5 
sum to a total that is within negligible error of the total amount of taxed production in 1911 
(35,700 quintals, as estimated by averaging the reported figures for fiscal 1910-11 and 1911-12; 
Table D.12). 
 The figures in rows 6 - 9 are obtained in the obvious way (row 6:  row 1 times row 4; 
row 7:  row 2 times row 4; row 8:  row 3 times row 5; row 9:  sum of rows 6 - 8).  The total 
values in row 9 agree, within negligible error, to the corresponding figures in the Rivista 
mineraria (7.28 million lire for the sum of cols. 1, 4, and 5; 4.20 million lire for col. 3; and 8.47 
million lire for the sum of cols. 2 and 6). 
 Total value added in the production of explosives is of course estimated by applying 
these unit value added estimates to the total output figures estimated above.  At 500 lire each, 
3,100 tons of coarse powder correspond to 1.55 million lire; at 1,550 lire each, 1,194 tons of 
dynamite, cheddite, and promethus correspond to 1.85 million lire; and at 2,100 lire each, 3,530 



 38 

tons of other explosives correspond to 7.41 million lire, for a total value added of 10.8 million 
lire in the production of explosives. 
 Value added in the production of explosive munitions can be crudely estimated from the 
available price information.  The Movimento commerciale reports 1911 (import and export) 
prices of 380 lire per quintal for full cartridges and 315 lire for empty cartridges.  Allowing 435 
lire (the tax-free price of smokeless powder) as the average value per quintal of the explosive in 
these (internationally traded) cartridges, and assuming, as above, that the explosive accounts on 
average for one-fourth the weight of the full cartridge, the cost of materials for a quintal of full 
cartridges reduces to (.75(315) + .25(435)) = 345 lire.  With a small allowance for other costs, 
this yields a value added of the order of 33 lire per quintal of full cartridges, or 2.7 million lire 
for the estimated 8,100 tons of munitions completed in 1911. 
 These value added estimates for census category 7.114 -- the manufacture of explosives 
and the completion of explosive munitions -- sum to 13.5 million lire in 1911.  Of that total, 8.3 
million lire were contributed by activity monitored by the Corpo delle miniere (Table D.17, row 
7); of the residual, over 2.7 are attributed to other legitimate (fireworks, munitions) workshops, 
and over 2.4 million lire to clandestine or on-site production of coarse powder and other 
blasting explosives. 
 
D7.07  Employment 
 The corresponding employment can be assessed only with some difficulty, as none of 
the available sources is unambiguous.  The local data in the Rivista mineraria 1909 yield a wide 
range of horsepower/labor ratios and productivities, and the explosives employment data for 
integrated works may well cover the production of acid as well as of explosives proper (Rivista 
mineraria 1909, pp. 354-355, and especially 1908, pp. 325-326).  The census data may be 
distorted by the extent of small-scale, sporadic production (out of 333 shops, only 155 worked 
year-round, and only 53 used mechanical power), and the Censimento industriale may also 
count some integrated works in 7.114 rather than 7.1ω; in addition, the reported horsepower 
figures appear low, both in absolute terms and with respect to the corresponding labor data. 
 The Rivista mineraria 1909 figures for the Bologna, Caltanissetta, Carrara, Firenze, 
Napoli, and Roma districts yield totals of 855 operai and 2,734 installed horsepower engaged in 
the production of explosives equivalent to some 3.5 million lire value added (at 1911 prices); 
but local anomalies abound.  Productivity was unusually high in the Carrara district, where a 
mere 289 operai and 426 horsepower accounted for a value added of over 2 million lire; most of 
the recorded horsepower (2,113, of which perhaps 1,200 double-counted:  Rivista mineraria 
1905, p. 299, 1906, p. 317, 1907, p. 346, 1908, p. 325, 1909, p. 354) were concentrated in 
Caserta (Napoli), where 347 adult males (and an unspecified number of other workers) 
produced explosives worth some 730,000 lire in value added, and the acid input as well; and the 
small works of the other provinces and districts employed 219 workers and 195 horsepower for 
another 720,000 lire in value added.  In the face of such discrepancies, the 1911 employment 
estimate for the Rivista mineraria will naturally depend on the relative weights attributed to the 
various factor proportions and productivities; a not unreasonable procedure would assimilate the 
large Torino province works to those in the Carrara district, segregate Caserta as a special case, 
and estimate the residual from the small works in 1909.  On the basis of their 1911 value added 
(5.7 million lire, assuming the Torino powder was smokeless, as its average value suggests), 
employment in Torino and the Carrara district would appear to have been close to 800 workers 
and 1,200 horsepower; in Caserta, with a 1911 value added of 1.0 million lire, the number of 
adult male workers may have approached 500, and the corresponding horsepower (holding 
constant the power of the large water engines which ran the generators, as suggested by the 
1905-09 references above) perhaps 2,500; and the residual 1.6 million lire value added 
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corresponds to some 500 workers and 400 horsepower, for a total of 1,800 operai and 4,100 
horsepower.  As noted above, however, some of these were in fact engaged in producing acid 
rather than the explosives themselves; but their number should be relatively small, since most of 
the present totals are based on the Carrara works (whose high explosives productivity suggests 
that they were not vertically integrated).  Allowing 5% of the totals for such acid employment, 
the 1911 Rivista mineraria estimates for the explosives industry can be placed at some 1,700 
blue-collar workers and 3,900 installed horsepower (partly double-counted, as in the source). 
 The corresponding figure on the census basis would include all of the employment 
recorded by the Corpo delle miniere (corrected to perhaps 1,800 workers and 2,700 installed 
horsepower, equivalent to 2,400 in use, to allow for unrecorded female or young male workers 
in the Caserta works on the one hand, and for double-counted power on the other), plus 
whatever employment corresponds to the production of fireworks and munitions; the 
employment corresponding to on-site and clandestine production would instead be excluded.  
The Censimento industriale reports 3,000 operai and 1,900 horsepower in use in category 
7.114; perhaps 10% of those were mis-counted acid producers.  On the other hand, much of the 
industry -- perhaps 1,000 workers and 1,500 horsepower, including most of the large-workshop 
employment covered by the Rivista mineraria -- was probably counted in category 7.1ω, for a 
net census-basis (full-time-equivalent) employment estimate of 3,700 operai and perhaps 4,700 
total workers, with 3,200 horsepower in use, in the manufacture of explosives and munitions 
(beyond that, the excess of the labor force over recorded census employment would be 
attributed to the already noted discontinuity of production).  Deducting the blue-collar workers 
in shops covered by the Rivista mineraria leaves 1,900 such workers and 800 horsepower in use 
as the counterpart to a value added of over 2.7 million lire in the production of fireworks and 
munitions; these figures seem compatible, given that most of the residual workers appear to 
have been female (the census lists 1,200 female and 1,800 males in category 7.114, but the 
Rivista mineraria 1909 figures referred to above include only 11 women against 844 men).  On 
balance, then, the estimated census-basis employment figures do not seem unreasonable; 
allowing another 2,000 men and no horsepower as the full-time equivalent employment for 
on-site and clandestine production, the total effective employment in the manufacture of 
explosives and munitions in 1911 may be estimated at 5,700 blue-collar and 6,700 total 
workers, with 3,200 horsepower in use. 
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D08.   Coloring materials 
 
D08.01  Introduction  
 Census category 7.115 covers the production of coloring materials, including natural and 
artificial pigments and dyestuffs, paints, inks, artists’ colors, and sealing wax.  The exact 
definition of the industry is somewhat unclear; but it appears to be relatively narrow.  On the 
one hand, the grinding of coloring earths and the burning of ochre -- which essentially exhaust 
the processing of natural pigments (Furnas, 1942, vol. 2, pp. 964 ff.) -- are explicitly included in 
categories 5.12 and 5.19, respectively; on the other, the production of mordants and of dyeing 
materials with widespread other uses is explicitly attributed to other parts of the chemical 
industry (e.g., alum, iron sulfate, and sodium silicate, listed in 7.118, and tannins, listed in 
7.119; in addition, bone black is listed in 7.19 because of its animal origin). 
 This industry is here divided into three parts, covering the manufacture of pigments, 
dyestuffs, and paints, respectively.  The pigments considered in the first part are the principal 
artificial inorganic pigments monitored by the Corpo delle miniere:  lead white, minium, 
litharge, iron red, zinc white, zinc green, and chrome green (barium sulfate is included with 
other barium salts as an electrochemical product, section D10.06 below).  Only lead white, 
minium, and zinc white are mentioned in the legend to category 7.115; but the other, less 
important pigments of this type surely belong here too.  Other types of pigments are excluded:  
on the one hand, the production of artificial organic pigments, carbon black, and the like is 
considered negligible, in view of Italy’s comparative lack of fossil fuels; on the other, the 
preparation of natural pigments is taken to be covered, as noted, by the comprehensive 
mineral-processing series developed in section C above. 
 The dyestuffs considered in the second part are limited to natural dyestuffs (including 
writing inks: Brady, 1944, pp. 309-310).  Production is indexed by total cloth production, 
allowing for trade in cotton cloth; the scale of production is estimated on the basis of imports of 
wood for tanning and dyeing, as Italy did not have a coal-tar dye industry as such (Enciclopedia 
italiana, vol. 10, p. 875; Molinari, 1913, p. 652n; Rivista mineraria 1890, p. CXCII, 1891, p. 
233). 
 In the third part, the production of paints (including printing inks:  Brady, 1944, p. 310) 
in 1911 is estimated on the basis of pigment and color availabilities, as indicated by the 
production of chemical pigments, coloring earths, and calcium carbonate on the one hand, and 
the international trade in chemical pigments, coloring earths, prepared colors, and carbon black 
on the other; the series is extrapolated on the basis of construction movements. 
 Value added in 1911 is calculated from output and unit value added, estimated from 
goods’ prices and technical coefficients.  The total well exceeds that suggested by the census 
figures, suggesting widespread production by integrated product-users. 
 
D08.02  Inorganic pigments   
 Output series for the principal (artificial) inorganic pigments are presented in Table 
D.18.  All seven of these series are derived from the publications of the Corpo delle miniere; but 
most incorporate new estimates as well, particularly in early years. 
 The lead white, minium, and litharge series (Table D.18, cols. 1 - 3) incorporate the 
Rivista mineraria figures for 1893-1913 and 1887-88 (with the lead white data increased by 60 
tons in 1887, and 65 tons in 1888, to allow for the omission of one firm out of three in the 
Firenze district; Rivista mineraria 1887, pp. XXXVIII, 101, 1888, pp. LX, 126).  The jump in 
lead white output from 1893 to 1896, attributable to a 4,500 ton increase in the Carrara/Genova 
district, is somewhat surprising; but it is presumably factual, as the district reports contain no 
hint of administrative discontinuity, and the accompanying sharp increase in the average 
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productivity of labor and power was just a return to an earlier level (Rivista mineraria 1888, p. 
LX, 1893, p. 102, 1894, p. 75).  The Notizie minerarie (pp. 31, 36, 272) reports 1,400 tons of 
lead white in 1880, 1,600 tons of lead white and minium together (presumably in the same year, 
for a balance of 200 tons of minium in 1880), and 412 tons of litharge (presumably in 1879); the 
relevant figures are incorporated in the present series.  In addition, the Notizie minerarie (p. 284) 
reports the litharge output of the Bottino foundry in the Firenze district in 1861-79; the 1861-66 
figures are included in the present series, as the Statistica mineraria (pp. 44-45, 58-61) suggests 
that no other litharge works were active at that time.  The latter source also supplies the lead 
white and minium figures here attributed to 1865. These are again taken to be complete, as the 
high concentration of the industry would lead one to expect (Notizie minerarie, pp. 31, 37, 268); 
the high lead white figure offered by Maestri (1867, p. 245) -- which is, interestingly, exactly 10 
times that reported by the Statistica mineraria, p. 58, for the city of Genova alone -- is 
accordingly dismissed. 
 The estimates of lead white, minium, and litharge output in other years are obtained as 
follows.  Litharge production is assumed to have grown at a constant arithmetic rate between 
1866 and 1879, 1879 and 1887, and 1888 and 1893.  Lead white and minium production is 
assumed to have remained constant from 1861 to 1865.  In subsequent years, the growth that 
occurred between neighboring benchmarks (1865 and 1880, 1880 and 1887, 1888 and 1893) is 
again evenly distributed over the intervening period, with one exception:  to reflect the opening 
of the large Cogoleto (Genova) works, output of lead white and minium is assumed to have 
increased in 1885 by 2,000 tons and 200 tons, respectively, in addition to the annual increment 
of neighboring years (Rivista mineraria 1884, p. 136, 1885, pp. 123-24). 
 The iron red series (Table D.18, col. 4) is extremely weak.  Data are virtually 
non-existent before 1893; the Rivista mineraria iron oxide figures available from then on 
apparently refer to heterogeneous products, whose prices vary from 30 to 500 lire per ton before 
settling down to 190-200 lire per ton in 1900-04, declining to 150 lire per ton in 1905-09 and 
120 lire per ton from 1910; and rather different figures were published by Molinari (1920, p. 
838:  750 tons in 1905, but 1,630 tons in 1908, and zero in 1909, 1910, and 1912).  The present 
series transcribes the Rivista mineraria figures from 1900; in 1893-99, on the other hand, the 
available data are converted into their approximate equivalent in standard-grade iron oxide 
worth, at the time, about 200 lire per ton.  The 1893 and 1894 estimates accordingly allow the 
Firenze district 50 tons instead of 20 at 500 lire each; they exclude the 68 tons of ferrugine 
counted as oxide in 1893 (Rivista mineraria 1893, pp. XXXVII, 249), and ignore, as do the later 
ones, the trifling output of the Vicenza district (less than one ton p. a., at 160 lire per ton).  The 
1895 estimate allows the Milano district 70 tons, instead of 450 tons at 30 lire each.  The 1896 
estimate allows the Milano district 330 tons in lieu of an estimated 410 tons of black iron oxide 
at 160 lire per ton (82% of the reported 500 tons of black iron oxide and lead dioxide, worth on 
average 250 lire per ton, against specific values of 160 and 650 lire per ton, respectively, in 
1898); the 1897 estimate similarly allows the Milano district 270 tons (against a reported 410 
tons of black iron oxide and lead dioxide), and the Firenze district 10 tons (instead of 30 at 60 
lire each).  The 1898 and 1899 estimates allow the Milano district 100 tons and 320 tons, 
respectively, in lieu of the reported 120 tons and 400 tons, respectively, of black iron oxide 
worth 160 lire each.  Before 1893, the Corpo delle miniere appear to count iron red only three 
times:  in the Rivista mineraria 1892, p. 91, where the Ducco works (Firenze) are said to have 
produced 40 tons of iron oxide worth 500 lire per ton; in the Rivista mineraria 1887, p. 341, 
which lists 20 tons of “ochre” from Torino district chemical works (no value figures are given); 
and in the Statistica mineraria, pp. 60-61, which notes the production in the Torino district of 
150 tons of “English red,” worth 20 lire per ton.  The present estimates convert these 1892 and 
1865 figures to 100 tons (considered a national figure, given that none was noted in the Torino 
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district report, Rivista mineraria 1892, p. 258) and 15 tons of standard-grade iron red, 
respectively; as to other years, output is simply assumed to have remained constant through 
1865, and then to have increased by a constant amount through 1892. 
 According to Maestri (1867, p. 245), Italy produced some 140 tons of zinc white; but the 
Statistica mineraria does not mention it at all, and the Notizie minerarie (p. 267) mentions it 
only to indicate that none appeared to be produced.  Zinc white production is similarly absent 
from the Rivista mineraria 1887 and 1888, and does not appear until 1893 (pp. 102, 249), when 
195 tons were produced by the Cogoleto works and 180 tons in Torino.  Since none was 
mentioned in the apparently comprehensive Torino district report in the Rivista mineraria 1892 
(p. 258), it would appear that in Torino zinc white was first produced in 1893; in the case of the 
Cogoleto works, on the other hand, the terminus a quo is less clear, as the only evidence before 
1893 is provided by the Rivista mineraria 1888 (p. 152), where Cogoleto output appears limited 
to lead compounds.  The present zinc white series (Table D.18, col. 5) follows the evidence 
provided by the Corpo delle miniere:  output is assumed to have been zero through 1888, and 
the 1889-92 estimates interpolate the Cogoleto figures for 1888 (zero tons) and 1893 (195 tons). 
The present figures for 1893-95 and 1897-1907 are simply transcribed from the Rivista 
mineraria.  In 1896, however, the Rivista mineraria reports 2,130 tons, of which 1,700 from 
Torino, against 180 tons in 1893 and 1894, 270 tons in 1895, and 500 tons in 1896 and 1897.  
The movement of the corresponding labor and power figures, available only through 1896, is 
somewhat perplexing; in any case, it does not support that of the output figures as published.  
The present 1896 estimate is obtained on the assumption that the Torino district output was 
mistranscribed by a factor of 10, for a net reduction of 1,530 tons; among other things, this 
assumption eliminates what would otherwise be a surprising discontinuity in the apparent flow 
of ingot and scrap zinc to the metalworking industry (see below, section E03.10).  In 1908-13, 
the present series transcribes the current data from the Rivista mineraria, with an increment of 
46 tons in 1908, 2 tons in 1909, 31 tons in 1910, 112 tons in 1911, 122 tons in 1912, and 109 
tons in 1913.  These corrections are obtained by shifting the corresponding Iglesias district data 
for 1908-14 (0, 92, 95, 156, 380, 624, and 842 tons, respectively) half a year backward; they are 
warranted by the evidence that this output, obtained at the Monteponi foundry, was actually 
reported on the mines’ fiscal-year basis, so that the figure reported for year t actually refers to 
the second half of t − 1 and the first half of t (Rivista mineraria 1898, p. 199, 1902, p. 231; 
Società di Monteponi, 1952, appended output graph). 
 The zinc green and chrome green series (Table D.18, cols. 6 and 7) are simply 
transcribed from the Rivista mineraria.  Output data appear in the 1896 report for the Milano 
district; since these goods are not listed among the products that had previously been neglected 
(Rivista mineraria 1896, pp. 208, 230), it seems that production actually began in that year. 
 The corresponding 1911 values added are somewhat uncertain:  the degree of purity of 
these products is not made clear, and the unit values of the metal inputs are also somewhat 
ambiguous. 
 A ton of lead white was worth 487 lire in 1911; assuming traditional products and 
techniques (Molinari, 1920, pp. 789 ff.; Notizie minerarie, pp. 268 ff.; Rivista mineraria 1884, 
p. 137), a ton of output would consume approximately .71 tons of worked lead (worth 400 lire 
per ton, according to the Movimento commerciale), .14 tons of ground barite (worth 45 lire per 
ton, according to the Rivista mineraria), and .45 tons of coke (worth 40 lire per ton, according 
to Cianci, 1933).  These inputs would cost some 308 lire per ton of output; allowing a further 39 
lire for the other inputs (including 70 to 90 kg of acetic acid, worth from .25 to 1.1 lire each, 
according to the Movimento commerciale), value added reduces to 140 lire per ton, or 446,000 
lire for 3,187 tons. 
 Minium sold for 414 lire per ton.  Assuming a ton consumed .70 tons of bar or scrap 
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lead (Molinari, 1920, pp. 785 ff.; Rivista mineraria 1893, p. 117) worth perhaps 245 lire (350 
lire per ton delivered; Rivista mineraria 1911, p. XXXIV), 1 ton of coke (against 1.4 tons a 
generation earlier; Rivista mineraria 1885, p. LXXX), and other inputs worth 19 lire, value 
added is here estimated at 110 lire per ton, or 202,000 lire for 1,840 tons. Litharge sold for 435 
lire per ton; assuming it was crude litharge containing, on balance, .94 tons of bar or scrap lead 
(Molinari, 1920, p. 785), worth 330 lire, and allowing 35 lire for perhaps half a ton of coke and 
other inputs, value added is here estimated at 70 lire per ton, or 51,000 lire for 735 tons.  Given 
that the production of minium included that of litharge as an intermediate good (Molinari, 1920, 
pp. 785 ff.), the ratio of the corresponding unit values added appears very reasonable. 
 In 1910 and 1912, iron red sold for 120 lire per ton.  The immediate source of iron red 
was ferrous sulfate, itself obtained from pyrite (Molinari, 1920, pp. 836, 838); since the 
production of iron red and ferrous sulfate appears to have been integrated (Rivista mineraria 
1892, p. 91), and since the output data no doubt count only the sulfate sold as such, the value 
added attributable to the production of iron red spans the full transformation from iron pyrite.  A 
ton of pure oxide would consume 1.5 tons of ferric sulfide, or some 1.8 tons of commercial 
pyrite worth about 34 lire; assuming that the impurities of the commercial iron red offset the 
inefficiencies of the production process, and allowing another 16 lire for fuel and other charges, 
value added is here estimated at 70 lire per ton of output.  Of that value added, about 50 lire 
seem tied to the transformation of 1.8 tons of pyrite into sulfate (see below, section D11.12), 
and only 20 lire to the roasting of the sulfate into oxide. 
 Zinc white sold for an average 638 lire per ton.  Assuming this pigment was 75% zinc 
(against 80% for pure zinc oxide), and that it was obtained from bar or scrap zinc worth some 
700 lire per ton delivered (Rivista mineraria 1903, p. 164, and Cianci, 1933), metal costs come 
to 525 lire per ton of output; allowing 33 lire for fuel and other materials reduces value added to 
80 lire per ton, or 107,000 lire for 1,343 tons.  This unit value added figure is suitably close to 
that for litharge, which was obtained through a comparable process. 
 Zinc green was obtained through zinc white much as minium was obtained through 
litharge (Molinari, 1920, p. 682); by analogy, it is here attributed a unit value added of 125 lire 
(3,000 lire for 26 tons).  This figure is just 10% of reported value; the high incidence of 
materials costs appears due, in the main, to the consumption of salts of cobalt (a rare metal 
worth some 37,500 lire per ton:  Molinari, 1920, p. 847). 
 Chrome green sold for 140 lire per ton.  Since it was obtained by purifying the 
by-products of potassium or sodium dichromate (Rivista mineraria 1903, p. 165), and not from 
the dichromate itself (Molinari, 1920, p. 795), the principal raw material can be considered 
costless.  Value added is accordingly estimated at a round 100 lire per ton, or 7,000 lire for the 
72 tons produced in 1911. 
 These 1911 value added estimates sum to a total of .82 million lire. 
 
D08.03  Natural dyestuffs  
 The production of natural dyes (including writing inks) is estimated initially from 
imports of plants and woods for tans and dyes, reported in the Movimento commerciale; gross 
imports are used in preference to net imports, as the latter reflect the large amounts of sumac 
produced in Sicily for the world market.  Total availabilities are initially assumed to equal 1.2 
times reported gross imports; assuming, in addition, that half those materials were used for dyes 
(and half for tanning extracts, counted in category 7.119), and that three tons of material were 
consumed for each ton of extract, the resulting series (Table D.19, col. 1) is calculated as 20% 
of reported imports of materials. 
 The second estimate (col. 2), which is here preferred, assumes instead that the 
production of dyestuffs moved with the total cloth dyed (col. 3); the latter is estimated as the 
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sum of that consumed (itself the sum of cols. 1 - 7, Table H.20), corrected to allow for the 
roughly equal share of grey and dyed cloth in cotton imports, and for the predominance of dyed 
cloth in cotton exports (by deducting half the net imports in Table H.02, col. 6, to 1893, and all 
of them from 1894).  The final estimates in col. 2 are the series in col. 3, scaled to equal the 
import-based estimate of 9,900 tons in 1911, times 1.25; this final correction is introduced on 
the presumption that imported materials were in fact at most (1/1.2), or five sixths, of the actual 
total, and reached that level around the turn of the century, only to fall back again in subsequent 
years. 
 Loose evidence in favor of the present selection is provided by the census labor force 
data on the numbers of bleachers and dyers, which grow from 11,796 in 1871 (category II.1.31, 
probably undercounted, as that census grouped much unskilled labor in a broad residual 
category) to 14,250 in 1881 (category II.I.19), 16,325 in 1901 (category X.20), and 20,322 in 
1911 (categories 6.14, 6.24, 6.34, 6.44, 6.54, and 6.63).  The estimated output (consumption) of 
dyestuffs per dye-using worker rises slowly and very steadily from .41 tons in 1881 to .54 in 
1901 and .61 in 1911; the equivalent figure for 1871 is also .41, but as noted it may be 
overstated by the understatement of the labor force. 
 In 1911, according to the Movimento commerciale, plants and woods for tans and dyes 
were valued at approximately 200 lire per ton, and domestic coloring extracts at 900 lire per ton. 
At three tons of materials per ton of output and 50 lire for fuel and other deductible costs, value 
added is estimated at approximately 250 lire per ton of output, or 3.10 million lire for 12,380 
tons. 
 
D08.04  Paints 
 The production of paints (including printing inks) is estimated initially for 1911 alone, 
from the availabilities of raw materials, including domestic and imported natural and artificial 
pigments, colors, and black.  The relevant figures are highly uncertain:  output data for natural 
pigments (coloring earths, calcium carbonate, etc.) are relatively scarce or unreliable (see 
section B03.01 above), and the extent to which many natural pigments were actually used as 
such can only be guessed at.   
 In 1911, estimated pigment consumption works out to 25,136 tons.  This figure includes 
the 7,203 tons of pigments listed in Table D.18, plus 3,148 tons of corresponding net imports, 
calculated as the sum of net imports of lead oxide, zinc oxide, and lead carbonate, plus gross 
imports of iron oxide (iron oxide exports were burnt pyrite:  Molinari, 1920, p. 838); 559 tons of 
domestic barium sulfate (Table D.25, col. 1), plus 1,672 tons of corresponding net imports; 
2,235 tons of natural pigments, calculated as the reported output of coloring earths (6,896 tons:  
Table B.44, col. 33) less net exports (2,427 tons), halved to allow for their use in glass and 
ceramic instead of paint; 7,515 tons of calcium carbonate, calculated as aggregate reported 
output (30,060 tons:  Tables B.44, col. 32; C.10, col. 7, and D.30, col. 1) times .25 (to allow for 
other uses, including exports, not separately recorded, and taking into account the likely 
omissions of the ground marble data); 1,248 tons of prepared colors, calculated as the net 
imports of unspecified colors excluding coal-tar derivatives; and 1,556 tons of black, calculated 
simply as net imports.  The aggregate estimate assumes that the neglected other uses of these 
pigments (e.g., barium sulfate in paper, black in rubber) offset the use of pigments not included 
in the calculation (e.g., natural barite, domestic bone black).  Assuming that output was about 
65% pigment and 35% vehicle (the ratios given for paint in Brady, 1944, p. 443), the above 
estimates are transformed into a benchmark paint (and printing ink) output estimate of 
approximately 38,700 tons in 1911. 
 This benchmark is here tentatively extrapolated with a simple index, itself obtained as 
an unweighted average of two series, both rescaled to equal 1 in 1911.  One is the binder-based 
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index of urban construction (Table K.52, col. 32); the other tracks the aggregate stock of private 
buildings to be maintained (Table K.58, col. 8).  From 1861 to 1913, this series grows at some 
1.4% p. a., against 0.9% for the stock of buildings alone; the difference seems a reasonable 
allowance for the progressive upgrading of standards with rising incomes.  The cyclical 
movements introduced by the index of urban construction also seems justifiable, not least 
because rural structures seem less likely to have been painted at all. 
 Independent verification is difficult.  The census labor force figures for housepainters 
and the like fall from 6,552 in 1871 (category II.6.14, probably undercounted, as noted) to 5,513 
in 1881 (category II.V.15), then jump to 29,372 in 1901 (category VI.6), and finally rise slowly 
to 36,757 in 1911 (category 5.2-36); the relatively high growth rate to the end of the century 
presumably reflects the increasing specialization of the labor force, and overstates the rise in 
actual paint production and consumption. 
 An even higher growth rate is obtained by repeating in earlier years the procedure used 
to generate the 1911 output benchmark, taking advantage of the periodic surveys of quarry 
output.  In 1901, estimated pigment consumption is 19,661 tons, including chemical pigments, 
8,435 tons output plus 1,366 tons net imports; barium sulfate, 200 tons output plus 793 tons net 
imports; natural pigments, 3,151 tons (against coloring earths output and net exports of 8,350 
tons and 2,048 tons, respectively); calcium carbonate, 4,213 tons (against 16,852 tons reported 
output); prepared colors, 599 tons net imports; and black, 904 tons net imports. 
 In 1890, pigment consumption is estimated at 10,010 tons.  These include: chemical 
pigments, 6,214 tons from Table D.18, plus 876 tons of corresponding net imports (zinc oxide, 
other oxides, and lead carbonate); barium sulfate, 639 tons net imports; natural pigments, 608 
tons (against coloring earths output of 2,595 tons, Rivista mineraria 1890, p. CXVI, and net 
exports of 1,379 tons); calcium carbonate, 720 tons (against 2,880 tons reported quarry output, 
ibid.; Carrara ground marble output is assumed negligible, Table D.30, col. 1); prepared colors, 
494 tons net imports; and black, 459 tons net imports. 
 In 1880, pigment consumption is estimated at 6,295 tons, including: chemical pigments, 
2,072 tons output plus 2,225 tons net imports (oxides, lead carbonate); barium sulfate, 521 tons 
net imports; natural pigments, 1,016 tons (against coloring earths output of 2,500 tons, Notizie 
minerarie, p. 38, and net exports of 469 tons); prepared colors, 413 tons net imports; and black, 
48 tons net imports. 
 In 1865, pigment consumption is similarly estimated at 2,434 tons, including:  chemical 
pigments, 592 tons output plus 135 tons net imports; barium sulfate, 170 tons net imports; 
natural pigments, 546 tons (against coloring earths output of 829 tons, Statistica mineraria, p. 
70, and net imports of 262 tons); prepared colors, 636 tons net imports; and black, 355 tons net 
imports. 
 Again assuming that output was about 65% pigment and 35% vehicle, 443), these 
estimates yield paint (and ink) output estimates of approximately 3,700 tons in 1865, 9,700 tons 
in 1880, 15,400 tons in 1890, and 30,200 tons in 1901:  perceptibly above the present estimate 
in Table D.19, col. 4 in 1901, but increasingly below it as one moves back in time.  The 
corresponding growth rate (5.2% from 1865 to 1911) seems impossibly high, even allowing for 
the initial underestimate derived from the incomplete quarry survey in 1865; presumably, what 
these figures actually register is the progressive, though apparently not monotonic, substitution 
of modern pigments for traditional ones, largely missed by the early estimates. 
 Value added in 1911 output is estimated, again tentatively, from the unit values reported 
by the Movimento commerciale.  In 1911 export prices of 1,000, 1,500, and 2,000 lire per ton 
for paint (and 1,500 lire per ton for printing ink); but international trade in these products was 
relatively restricted (about 1,000 tons p. a. around 1911), and these values are most probably 
weighted towards atypical, expensive types.  A good but simple paint may have been worth 
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some 1,000 lire per ton; of that, 300 lire can be attributed to 650 kg of (simple) pigment, and 
400 lire to 350 kg of linseed oil (imported at 1,100 lire per ton).  Allowing another 50 lire for 
waste, fuel, and the like, value added can be estimated at approximately 250 lire per ton, or 9.68 
million lire for 38,700 tons. 
 
D08.05  Aggregate value added and employment 
 The above estimates of value added in 1911 sum to 13.6 million lire.  
 In category 7.115, the Censimento demografico lists 1,566 blue-collar workers and 550 
other personnel; the Censimento industriale lists 1,242 blue-collar workers, 453 owners and 
salaried personnel, and 1,632 unduplicated horsepower in use. 
 In 1937, summing over the relevant categories (184, 185, and 186, Censimento i. e c., 
vol. 4), one obtains a total wage bill of 21.2 million lire, or just 12.5% of the corresponding 
value added of 169.5 million lire; total workers and unduplicated installed horsepower equaled 
4,903 and 14,573, respectively, for a ratio of 3.0 horsepower per worker.  Allowing a further 
85% of the wage bill as the return to white-collar and managerial workers and other 
employment-related components of value added, the return to capital-related components is 
estimated at (1 − 1.85(.125)), or 76.9% of value added.  In 1911, the census figures yield a ratio 
of 1.0 horsepower in use, equivalent to perhaps 1.1 installed horsepower, per worker.  Indexing 
the capital-component of value added by the horsepower/labor ratio, the wage share of value 
added in 1911 is estimated as .125/(.125 + .85(.125) + .769(1.1/3.0)) = 24.4%, near twice that 
prevailing in 1937. 
 In 1911, the reported blue-collar labor force included 1,176 men, 68 boys, 303 women, 
and 19 girls.  Allowing for relatively high average wages (Notizie minerarie, p. 272), on the 
same scale as in the match industry (above, section D3.02), and deducting 2% of the labor force, 
the estimated wage bill equals 6,831 lire per day, or 2.05 million lire for the year; the implied 
total value added equals 8.40 million lire, or far below the estimate reported above. 
 The explanation, it would seem, is to be sought primarily in the quantitative importance 
of production by product users (paints prepared by house-painters and the like, who would be 
counted by the census only as paint-users rather than as part-time paint-makers, and similarly 
dyes extracted by dyers working directly from dyewoods; Molinari, 1913, p. 666).   Such 
production was presumably much more labor-intensive, and correspondingly less capital- and 
power-intensive, than that of specialized workers in specialized shops; assuming that wages 
represented 75% of the corresponding value added of 5.2 million lire, or 3.9 million lire, and 
allowing the average annual wage of (2,050,000/.98(1566)) = 1,336 lire obtained above, the 
full-time employment equivalent of product-user output comes to 2,920 workers, for an 
estimated total equivalent employment of (.98(1,566+550)) + 2,920 = 4,994 individuals.  Total 
horsepower in use is estimated simply by scaling up the industrial-census total by the ratio of 
98% of the demographic-census labor force to industrial census employment, for a total of 
1,632(.98(2,116)/1,695) = 1,997. 
 The corresponding figures for the Rivista mineraria are far lower.  The Corpo delle 
miniere monitored the production of pigments (value added: .8 million lire), but not that of 
paints or dyestuffs.  The employment corresponding to pigment production is difficult to 
estimate, since the producers of pigments were not separately identified after 1895; allowing for 
other products, the Carrara district data in the Rivista mineraria 1909, p. 122, suggest 
employment levels of the order of 150 blue-collar workers and 200 installed horsepower. 
 Over time, the census labor force figures grow from 684 in 1871 (category II.17.4) to 
2,116 in 1911 (category 7.115), through just 624 in 1881 (categories II.XV.8 and 9) and 918 in 
1901 (category VII.7).  The growth rate from end to end averages some 2.9% p. a.; as a measure 
of production growth it is biased downward by the industry’s increasing mechanization, and 
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upward, as noted, by the likely undercounting in 1871.  The present 1911-price value added per 
member of the labor force falls from between 9,000 and 12,000 lire in 1871, 1881, and 1901 to 
approximately 6,000 in 1911; this decline seems to reflect the declining share of output 
contributed by workers counted as consumers, rather than as (part-time) producers, of coloring 
materials, and, correspondingly, the growing concentration of production in specialized (power-
equipped) shops early in the twentieth century. 
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D09.   Pharmaceutical products 
 
D09.01  Introduction 
 Census category 7.116 covers the production of pharmaceutical products and laboratory 
supplies.  The Corpo delle miniere were not systematically concerned with such activity:  only 
the 1887 Milano district report provides a comprehensive measure of production (6,000,000 lire 
worth of pharmaceuticals; Rivista mineraria 1887, p. 199), and the available output figures 
(Table D.20) appear to be very incomplete.  With the exception of the trifling production of a 
two-man shop in Venezia from 1893 to 1900, the mercury and bismuth salt output data appear 
to cover only the production of Milano district firms that were already monitored for their 
production of other goods (Rivista mineraria 1893, p. 270, 1895, p. 204, 1897, p. 223, 1900, p. 
388); and their significance is further clouded by discrepancies in the figures’ labels and by the 
order-of-magnitude fluctuation in unit values from 1909 to 1912 (Rivista mineraria 1908, pp. 
LXVII, 279, 1909, p. XLV, 1910, p. LIX, 1911, p. LXXVII, 1912, p. XCI).  The magnesium salt 
output figures also refer to the Milano district only; in the absence of useful commentary in the 
Rivista mineraria, evidence of their incompleteness is provided by the Movimento commerciale, 
which lists net exports of “pure caustic and calcined magnesia” in excess of the (comparably 
priced) output recorded by the Corpo delle miniere. 
 This lack of meaningful output data is only partly overcome by indirect evidence of 
production.  Quinine output can be estimated, with fair confidence, on the basis of raw material 
imports; but the rest of the industry is represented by a single crude series built around the few 
census-year labor-force benchmarks. 
 
D09.02  Quinine 
 The quinine output estimates (Table D.21, col. 1) are obtained from estimates of raw 
material availabilities and the input/output ratio.  The former are identified with net imports of 
cinchona bark (plus occasional small quantities of extract, here considered equivalent to ten 
times its weight in bark), as reported by the Movimento commerciale; the latter is estimated to 
have equaled 16 to 1 (Molinari, 1913, p. 635).  The output estimate so obtained for 1876 agrees 
with the figure reported in Ellena (1880), p. 141. 
 In 1911, according to the Movimento commerciale, (exported) quinine was worth 36,000 
lire per ton.  The bark, imported at 1,800 lire per ton, absorbed nearly 29,000 lire of that; 
allowing a further 500 lire for other materials and fuel, value added is estimated at 6,500 lire per 
ton of quinine, or about 60,000 lire for the amount produced in 1911, against a peak of just over 
one million lire in 1881-82. 
 
D09.03  Other pharmaceutical products 
 In the absence of superior evidence, the production of other pharmaceuticals is estimated 
on the basis of the census-year labor force data. 
 In 1911, the Censimento industriale listed 2,864 blue-collar and 3,831 total workers in 
category 7.116, with 849 horsepower in use; the Censimento demografico listed 4,143 blue-
collar workers, of whom 2,490 were adult males, and 6,473 total workers.  Given the rapid 
growth of the labor force evident from the 1901 census data recalled below, actual employment 
in 1911 was presumably close to the numbers in the Censimento demografico.  Assuming 98% 
employment, an annual wage of 1,200 lire per adult male blue-collar worker and of half that for 
the residual, the estimated wage bill in 1911 is .98(1,200(2,490) + 600(1,653)) = 3.900 million 
lire. 
 The Censimento industriale points to .131 unduplicated horsepower in use per total 
worker in the small shops in category 7.116.  Applying this ratio to the total employment 
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presumably missed by that census (the difference between industrial-census employment and 
98% of the labor force, or some 2,513 workers), the omitted horsepower in use are estimated at 
329, for a total of 1,178 horsepower in use; these correspond to perhaps 1,309 installed 
horsepower for some 6,344 total workers, or .206 horsepower per worker. 
 In 1937, summing over the relevant categories (181 and 181bis, Censimento i. e c., vol. 
4), one obtains 9,252 blue-collar and 11,438 total workers and 7,581 unduplicated horsepower, 
or .663 per worker; total value added and the wage bill equaled 335.166 and 32.499 million lire, 
respectively, for a wage share of value added of just 9.7%.  Allowing a further 85% of the wage 
bill as the return to white-collar and managerial workers and other employment-related 
components of value added, the return to capital-related components is estimated at (1 − 
1.85(.097)), or 82.1% of value added.  Indexing the latter estimate by the horsepower/labor 
ratio, which in 1911 was just 31.1% of the 1937 figure, the wage share of value added in 1911 is 
estimated as .097/(.097 + .85(.097) + .311(.821)) = 22.3%, over twice that prevailing in 1937; 
the wage bill estimated above translates accordingly into a value added of (3.900/.223) = 17.489 
million lire.  Of that total, equivalent to 2,702 lire for each of the 6,473 members of the labor 
force, 3.900 million lire are attributed to wages and 3.315 million to salaries and other labor-
related items, for a total of 7.215 million lire, or 1,115 lire per member of the labor force, and 
10.274 million lire to capital-related items, or 7,849 lire per installed horsepower. 
 The Riassunto industriale, vol. 1, p. 92, lists 1,384 workers and 375 horsepower in the 
production of pharmaceuticals, excluding those produced by the pharmacies themselves.  The 
early censuses list 1,933 workers in 1901 (category VII.3), and 1,234 workers in 1881 (category 
II.XV.1).  The 1871 census reports 1,700 people in the residual “chemical products” category 
(II.17.5), which includes pharmaceuticals; allowing for the other minor industries separately 
counted in 1881 (II.XV.3-7, 10-11, totaling 1,900 people; 600 of these were in rubber and 
fertilizer, virtually non-existent in 1871), the pharmaceuticals labor force is here estimated at 
800 people in 1871.  The corresponding value added at 1911 prices is estimated for the census 
years on the basis of the reported (or estimated, in 1871) labor force, at 1,115 lire per person, 
and estimated horsepower, at 7,849 lire per horsepower.  Geometrically interpolating the 1901 
and 1911 census labor force figures, the labor force in 1903 is estimated at 2,462 workers; the 
375 horsepower reported by the Riassunto industriale yield a ratio of .152 horsepower per 
member of the labor force, against an estimated (1,309/6,473) = .202 in 1911.  Geometrically 
extrapolating these ratios to the census years one obtains horsepower-per-person ratios equal to 
.142 in 1901, .070 in 1881, and .049 in 1871, and, correspondingly, an estimated 274 
horsepower in 1901, 86 in 1881, and 39 in 1871.  The resulting estimates of value added equal 
1.198 million lire in 1871, 2.051 in 1881, and 4.306 in 1901, against 17.489 in 1911; the 
corresponding figure for 1861 is tentatively set at .700 million lire, assuming an equal growth 
rate in the first two decades. 
 These figures are to be integrated by estimates of the pharmaceuticals manufactured 
directly by the pharmacies (“chemists”) that sold them.  The corresponding labor force figures 
are 16,190 in 1911 (category 10.75), 16,772 in 1901 (XXVIII.5), 16,410 in 1881 (XII.2), and 
15,952 in 1871 (11.1).  The 1861 census (Censimento 1861, parte I, p. 98) reports 14,617 
pharmacists, excluding of course Latium and Venetia; these last accounted for 2,185 of the 
15,952 counted in 1871, suggesting a total of 16,937 in 1861.  The share of the chemists’ time 
devoted to the manufacture of drugs is very tentatively assumed to have equaled 30% in 1871 
and 1881, and to have declined, with the rise of specialized drug production, to 25% in 1901 
and 15% in 1911; in 1861, in view of their relatively larger numbers, it is set at 27.5%.  Further 
assuming an average value added per full-time equivalent worker of 1,600 lire per year, 
allowing on the one hand for the pharmacists’ skills and training and on the other for relatively 
insignificant returns to capital, this additional 1911-price value added is estimated at 7.452 
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million lire in 1861, 7.657 million in 1871, 7.877 million in 1881, 6.709 in 1901, and 3.886 in 
1911. 
 Summing over the pharmacies and the specialized shops, these estimates yield 
aggregates equal to 8.152 million lire in 1861, 8.855 in 1871, 9.928 in 1881, 11.015 in 1901, 
and 21.375 in 1911.  The estimated value added in quinine production equals .004 million lire in 
1861, .046 million in 1871, 1.004 million in 1881, .045 million in 1901, and .062 million in 
1911; the residual attributed to other products is accordingly equal to 8.148 million lire in 1861, 
8.809 million in 1871, 8.924 million in 1881, 10.970 million in 1901, and 21.313 million in 
1911. 
 The unit values in the Movimento commerciale 1911 range from 1,200 lire per ton for 
unspecified medical supplies to 2,500 and 5,000 lire per ton for unspecified liquid and solid, 
respectively, medicinal compounds.  Taking the average unit value of the medicinal compounds, 
and assuming that half of that was value added (as suggested by the 53% ratio in 1937), unit 
value added is estimated at 1,875 lire per ton; the above estimates of aggregate value added net 
of quinine thus yield medicinal-compound-equivalent output estimates of 4,346 tons in 1861, 
4,698 tons in 1871, 4,759 tons in 1881, 5,851 tons in 1901, and 11.367 tons in 1911. 
 Table D.21, cols. 2 - 5, derived from the Movimento commerciale, report the net imports 
of quinine (from 1877), of other alkaloids and their salts (including quinine, through 1876), of 
unspecified medical supplies, and of unspecified medicinal compounds.  In 1861, col. 4 is 
estimated directly, and set equal to the average over the following four years; the data for 1861 
yield small net imports (6.5 tons), but the most plausible explanation of this outlier is that the 
significant export flows originated in Sicily, and were thus excluded from the reported 
aggregate. 
 Trade in quinine and other alkaloids and their salts was ever minor, totaling only a few 
dozen tons.  Trade in unspecified medicinal compounds was very minor into the 1890s, and 
then slowly expanded to approach 1,000 tons of annual net exports at the end of the period at 
hand.  Trade in unspecified medical supplies was larger, and more variable, growing from low 
levels to some 4,000 tons of net exports around 1881, then swinging gradually over to some 
2,000 tons of net imports in 1901, and then contracting again to trivial net levels.  Col. 6 is a 
synthetic indicator of trade, again in medicinal-compound equivalent, obtained by adding 3.5 
times the sum of cols. 2 and 3, and one third of col. 4, to col. 5; the weights correspond 
approximately to value added (half of 1,200 lire per ton in medical supplies, and 6,500 lire per 
ton of quinine, extended by analogy to other alkaloids and their salts, against 1,875 lire per ton 
of medicinal compounds). 
 Output of other pharmaceuticals is here estimated by calculating consumption 
benchmarks in the census years, interpolating consumption, and deducting net imports.  The 
consumption benchmarks, in medicinal-compound equivalent, can be calculated gross, or net, of 
quinine production.  The gross benchmarks are the net-of-quinine output tonnages estimated 
above, plus total net imports (col. 6), plus 3.5 times quinine production (col. 1); they equal 
4,128 tons in 1861, 3,855 in 1871, 3,665 in 1881, 6,483 in 1901, and 11,132 in 1911.  The net 
benchmarks are the same net-of-quinine output tonnages, plus net imports excluding quinine 
and the like (instead of col. 6, one third of col. 4 plus col. 5, equal, within rounding error, to col. 
6 less 3.5 times the sum of cols. 2 and 3); these equal 4,119 tons in 1861, 3,818 in 1871, 3,228 
in 1881, 6,285 in 1901, and 10,901 in 1911. 
 If the output of pharmaceuticals other than quinine is estimated by interpolating these 
net-consumption estimates, and then deducting net imports net of quinine and the like, the 
resulting estimates do not reflect the quinine boom-and-bust; the latter is accordingly considered 
entirely without influence on the consumption, and output, of other pharmaceuticals, and the 
quinine boom becomes a boom in total pharmaceuticals.  If instead the output of 
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pharmaceuticals other than quinine is estimated by interpolating the gross-consumption 
estimates, and then deducting quinine output and net imports gross of quinine and the like, the 
resulting estimates do reflect, with an opposite sign, the quinine boom-and-bust; the temporary 
surge in quinine production and consumption is accordingly considered to have come entirely at 
the expense of the consumption, and output, of other pharmaceuticals.  Ellena (1880), p. 140, 
refers to quinine as something of a miracle drug, used to treat almost everything, so its 
substitution for other drugs would appear to be significant; but it is hard to believe that the 
diffusion of quinine did not lead to some increase in overall consumption. 
 Both estimates of output-net-of quinine are accordingly generated here.  Estimate A 
geometrically interpolates (and extrapolates, to 1913) the above net-consumption benchmarks, 
and deducts net imports excluding quinine and the like (as defined above);  estimate B 
geometrically interpolates (and extrapolates, to 1913) the above gross-consumption 
benchmarks, and deducts both gross net imports (col. 6) and equivalent quinine output (3.5 
times col. 1).  These of course return (within rounding error) the identical benchmarks, and are 
very close before 1871 and after 1901; in 1871-1880 and 1882-1900 estimate B is naturally 
somewhat higher, as the quinine boom reduces, and the quinine bust increases, residual output.  
The final estimates in col. 7 are an average of estimate A, with a weight of .25, and of estimate 
B, with a weight of .75. 
 
D09.04  Aggregate value added and employment 
 The above estimates allow 6,500 lire per ton for 9.5 tons of quinine, for a total of .062 
million lire, and 1,875 lire per ton for 11,367 tons of other pharmaceuticals, for a total of 21.313 
million lire, and an overall total of some 21.4 million lire.  Of that, some 17.5 million lire are 
attributed to specialized shops, and 3.9 million to the output of pharmacists.  Total employment 
is estimated as some 6,300 workers, with some 1,200 horsepower in use, in specialized shops, 
plus some 2,400 full-time-equivalent chemists, for a total of 7,700. 
 The output reported by the Corpo delle miniere was worth 263,000 lire, with a value 
added of perhaps half that, corresponding to a negligible share of the industry’s labor and 
power. 
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D10.  Electrochemicals and gases 
 
D10.01  Introduction 
 Census category 7.117 covers the production of electrochemicals and liquefied or 
compressed gases; the production of carbon electrodes, which the census placed in category 
7.19, is here included. 
 Such production was relatively localized (mainly in the Milano and Roma districts); 
plants were few and capital-intensive; and the industry was a recent one.  For all these reasons, 
the data provided by the Corpo delle miniere are unusually reliable and comprehensive, and the 
accompanying commentary is unusually rich.  Separate time series can thus be readily obtained 
for each of the industry’s products, which include electrochemical acids (nitric and 
hydrochloric), liquid or compressed gases (carbon dioxide, hydrogen, cell and Linde oxygen, 
nitrogen, chlorine, ammonia, and sulfur dioxide), other cell products (solid and liquid caustic 
soda, bleaching powder, sodium hypochlorite, potassium and sodium chlorates, carbon 
tetrachloride), and furnace products (calcium carbide, calcium cyanamide, carbon electrodes, 
barium salts, sodium sulfide, and ferrosilicon).  Most of the corresponding series are simply 
transcribed from the Rivista mineraria, and only a few need to be complemented with estimates 
of various types. 
 The estimation of value added, on the other hand, is complicated by the convention that 
defines industries to include the production of power by integrated firms.  In the present case, 
according to the census figures, internal sources accounted for some 70% of total power in use 
(22,000 electric horsepower out of 31,000); and since these were water-based the only 
significant energy cost to be excluded from value added is that of purchased electric power.  The 
share and unit cost of external power appropriate to each good is estimated from the 
disaggregated data and chronicles in the Rivista mineraria district reports; in general, the 
evidence suggests that plants in the Milano district operated on purchased power, while plants in 
the Roma district typically generated their own (Rivista mineraria 1901, p. 358, 1909, p. 393, 
1911, pp. XC, 129; Molinari, 1920, pp. 370, 397, 641).  A cost of under 25 lire per kilowatt for 
a year of perhaps 3,000 hours is quoted for purchased Milano power available only at off-peak 
times (10 night-time hours); this is equivalent to some 8 lire per thousand kilowatt hours (6 lire 
per thousand horsepower hours).  In the Roma district, power is said to have cost from 50 to 100 
lire per horsepower for a year of perhaps 6,000 hours, suggesting a mean of some 17 lire per 
thousand kilowatt hours (13 lire per thousand horsepower hours).  This higher rate, economical 
because continuous operation reduced unit capital costs, corresponds to the full (average) cost of 
electric power; given negligible materials costs, it will serve also as an estimate of value added 
in the production of electric power by electrochemical firms. 
 An exact measure of value added would thus require a plant-by-plant (and year-by-year) 
disaggregation to reflect the local (and possibly varying) mix of purchased and internally 
generated power.  Here, as usual, only product-specific estimates are generated and applied to 
total output; but the physical output series are unusually weak indices of real value added, as the 
possible distortions caused by changes in the power mix are here unusually severe. 
 Electrochemical processes often yield joint products.  The present value added estimates 
attribute zero value to secondary products:  at least the most important of these, chlorine gas, 
seems to have been in excess supply (Molinari, 1920, pp. 179, 566), and in any case any value 
added withheld from the byproduct is automatically captured by its immediate derivatives, 
which also are products of the industry at hand. 
 
D10.02  Electrochemical acids 
 The estimated output of arc nitric acid and synthetic hydrochloric acid is reported in 
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Table D.22, cols. 1 and 2. 
 The output of nitric acid is estimated from the description of the Rossi works at Legnano 
(Milano) provided in the Rivista mineraria (1910, pp. CXXXV, 126, 1911, pp. CLXIX, 129, 
1912, p. 136, 1913, p. 162).  These suggest that a plant consuming 4,000 hp. in 6 active Pauling 
furnaces (out of 9) came on stream in 1910, with a capacity of 1,000 tons of 36° to 42° acid, and 
operated unchanged in 1911.  The present figures allow 900 tons of 40° acid in 1911, as 
suggested by the reported 4,000-horsepower (3,000-kilowatt) capacity in use, a 10 hour working 
day (actually, night; Molinari, 1920, p. 397) 300 times a year, and a power input of 70 kilowatt 
hours per kilogram of fixed nitrogen (equivalent to 7.26 kg of 62% HN03; Enciclopedia 
italiana, vol. 24, p. 846); the 1910 output estimate simply assumes that the plant operated for a 
little over half the year.  In 1912, capacity was unchanged, but it was utilized Sundays and 
holidays as well as workday nights, suggesting an output increase of the order of 20%.  In the 
course of 1913, finally, capacity was doubled; the present estimates assume the increase came 
(on average) in the middle of the year, and imply that the Rossi works had by then virtually 
supplanted their local competitors (compare Table D.04, col. 3). 
 In the Milano district, nitric acid was worth perhaps 360 lire per ton in 1911 (see above, 
section D02.03).  On the basis of the above coefficients, power purchases per ton of output 
appear close to 10,000 kilowatt hours, worth some 80 lire; allowing 10 lire for other deductible 
costs (including power for ancillary equipment; Rivista mineraria 1910, p. 126), value added 
reduces to 250 lire per ton of output, or 225,000 lire in all. 
 The output of synthetic hydrochloric acid is estimated as that reported for the Roma 
district as the product of the electrochemical works at Bussi (in the province of Aquila; 
Molinari, 1920, p. 179, and Rivista mineraria 1911, p. 151).  The average value of this acid (53 
lire per ton) is well within the range of figures for the 20° to 22° Leblanc acid, suggesting that it 
was essentially similar stuff. 
 Since both the hydrogen and the chlorine were electrolytic byproducts, value added can 
be estimated as gross value less a small allowance; a 1911 figure of 50 lire per ton should not be 
far wrong.  This yields a value added estimate of 34,000 lire in the production of hydrochloric 
acid, and 259,000 lire in the two acids together; little of that seems attributable to the production 
of electricity. 
 
D10.03  Liquefied or compressed gases 
 The gas output data transcribed in Table D.22, cols. 3 - 10, refer to the quantities of 
carbon dioxide, hydrogen, cell oxygen, Linde oxygen, nitrogen, chlorine (including nitrosyl 
chloride), ammonia, and sulfur dioxide that were compressed or liquefied to be sold as such.  
They include neither gas that was generated to be consumed by the producer (electrolytic 
oxygen at metallurgical plants, Linde nitrogen at calcium cyanamide works), nor of course the 
by-product gases that were simply allowed to escape (Molinari, 1920, pp. 144, 344; Rivista 
mineraria 1910, pp., CXXXIV-CXXXV, 1911, p. 152). 
 The production of liquid carbon dioxide began at Avigliana (Torino) in 1889 (Rivista 
mineraria 1889, pp. CCXXI, 392); this apparently remained the only source until 1894 (Rivista 
mineraria 1894, p. 131).  The figures in Table D.22, col. 3 include an estimate for 1889 and the 
output figures reported for the Torino district in 1890-92; later data are from the national 
reports.  In 1911, liquid carbon dioxide was worth 381 lire per ton.  The major raw material 
appears to have been a half ton of coke, worth some 20 lire, whose combustion drove the 
compressor and provided the carbon dioxide where this was not already available (Rivista 
mineraria 1889, p. 392, 1894, p. 131; Molinari, 1920, pp. 476, 478); allowing for other 
deductible costs, value added can be estimated at some 355 lire per ton, or 556,000 lire in all. 
 The electrolytic production of hydrogen and oxygen seems limited to the province of 
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Roma, where these gases were obtained together.  Production began in 1897, but that year’s 
output was not recorded (Rivista mineraria 1897, pp. CXXII, 290; 1898, p. LXXXVIII); the 
series in Table D.22, cols. 4 and 5 accordingly begin with a suitable estimate.  This production 
peaked in 1907; in later years, most oxygen was obtained by the fractional evaporation of Linde 
liquid air.  In 1910, only the total Roma-district output is reported; Roma-province oxygen 
output is estimated at half the corresponding output of hydrogen. 
 In 1911, hydrogen and (Roma-province) cell oxygen sold for 1,000 and 5,000 lire, 
respectively, per thousand cubic meters.  The electrolytic production of 1,000 cubic meters of 
oxygen and 2,000 of hydrogen, worth 7,000 lire in all (Rivista mineraria 1911, p. LXXIV), 
consumed some 15,000 horsepower hours (Molinari, 1920, p. 344; Rivista mineraria 1897, p. 
290), worth perhaps 200 lire (above, section D10.01), of which maybe one third were internally 
generated (Rivista mineraria 1909, p. 394); distributing the cost of purchased power in 
proportion to sales value, and allowing for other deductible costs (including power to compress 
the gas), value added can be estimated at perhaps 95% of value, or 950 lire per thousand cubic 
meters of hydrogen and 4,750 lire per thousand cubic meters of cell oxygen, for totals of just 
8,000 and 19,000 lire, respectively, in 1911. 
 Cols. 6 and 7 refer to Linde oxygen and nitrogen.  Minor quantities of Linde oxygen 
were apparently obtained in the Roma district, outside Roma province, from 1907, as a 
by-product of nitrogen in the calcium cyanamide works (in Chieti province, 1907-09, shifting to 
Perugia province by 1911; in 1911-13, the attribution of the oxygen output to Chieti and then to 
Aquila, rather than to Perugia, is perplexing and probably erroneous; e.g., Rivista mineraria 
1911, pp. LXXIV, LXXV, 152).  Most Linde oxygen was however obtained in the large Milano 
works that opened late in 1910 (Molinari, 1920, pp. 343-44; Rivista mineraria 1910, p. 127).  
The latter were also the source of the liquid nitrogen produced from 1911, but recorded only 
from 1912 (Rivista mineraria 1912, p. 138); the corresponding output in 1911 is an estimate. 
 Linde oxygen sold in 1911 for an average 2,665 lire per thousand cubic meters, 
reflecting the low price of the large Milano output.  The latter output was apparently produced, 
with purchased power and only 2 workers on each shift, at a cost (excluding capital charges) of 
400 lire per thousand cubic meters (Molinari, 1920, p. 344; Rivista mineraria 1910, p. 127); 
with labor costs under 20 lire per thousand cubic meters, power and materials costs appear close 
to 380 lire per thousand cubic meters.  Applying this figure to the entire output yields an 
estimated value added of 2,285 lire per thousand cubic meters, or 853,000 lire in 1911. 
 In 1912 and 1913, liquid nitrogen sold for 1,000 lire per ton (Rivista mineraria 1912, p. 
LXXVII).  The gas itself was a by-product of oxygen manufacture; allowing 10% of sales value 
for the cost of power to compress the gas and other deductible expenses, value added is 
estimated at 900 lire per ton, for a total of just 9,000 lire in 1911. 
 Liquid chlorine was produced from 1907 at the Bussi works near Aquila (e.g., Rivista 
mineraria 1907, pp. CX, 418; the present figures include the 2 tons of nitrosyl chloride obtained 
in 1913).  In 1911, the product sold for 650 lire per ton, or 83,000 lire in all; since the chlorine 
gas was an electrolytic by-product, and the power used by the works (to compress the gas) was 
internally generated by hydraulic motors, these value figures are adopted as the estimates of 
value added as well. 
 The liquid ammonia was obtained in the Torino district, and sold for 2,000 lire per ton.  
Assuming it was recovered from ammoniacal liquor, raw materials and fuel costs are estimated 
at 600 lire for one ton of recoverable ammonia and 200 lire for other inputs, including 4 tons of 
coal to distil the liquor (Notizie chimiche, vol. 4, p. 23).  These figures yield a value added 
estimate of 1,200 lire per ton, or just 12,000 lire in 1911. 
 The sulfurous acid output data in the Rivista mineraria appear to be heterogeneous.  
Some of this acid (3 tons in the Torino district in 1890 and 1891, and 25 tons in the Carrara 
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district in 1906) appears to be a solution, and can thus be considered a negligible addition to the 
sulfuric acid production noted above; some is listed as “gaseous acid” (30 tons in 1894 and 14 
tons in 1895, both in the Torino district, and worth a mere 20 lire per ton); and some appears to 
be liquid sulfur dioxide gas.  The reported output of this “liquid acid,” worth 700 to 800 lire per 
ton, is transcribed in Table D.22, col. 9; output in 1897 may be only half a ton, as total value is 
reported at just 400 lire.  Allowing 800 lire per ton of output at 1911 prices, and perhaps 50 lire 
for materials and fuel (including about 20 lire for 1.5 times the pyrite and coal consumed by one 
ton of 65% sulfuric acid; see above, section D02.02), value added is estimated at 750 lire per 
ton; this yields an aggregate value added of just 11,000 lire at its peak in 1901 (and zero, of 
course, in 1911).  Molinari (1920, p. 278) reports 1,000 tons of liquid SO2 in 1910, but this 
probably refers to sulfur dioxide produced and converted into sulfuric acid (most of it in the 
Roma district; see section D02.02 above), rather than to liquid gas sold as such; the Notizie 
chimiche (vol. 1, pp. 12 ff.), though familiar with Molinari’s treatise, here abides by the figures 
in the Rivista mineraria. 
 The above figures yield an aggregate value added estimate of 1,540,000 lire in 1911; 
again, little of that seems attributable to the production of electricity. 
 
D10.04  Caustic soda and other cell products 
 The reported output of caustic soda and other cell products is transcribed in Table D.23. 
 Caustic soda and bleaching powder were produced at the Bussi works (Aquila) from 
1903, and at the Caffaro works (Brescia) from 1906; an additional plant (at Varallo) was 
announced in the Torino district report for 1904, but it appears never to have come on stream 
(Rivista mineraria 1903, p. 364, 1904, p. 452, 1906, p. 305).  The present output series (Table 
D.23, cols. 1 - 3) are transcribed from the Rivista mineraria, with the following modifications:  
first, the present series count all caustic soda worth 250 to 300 lire per ton as solid, and that 
worth 90 to 105 lire per ton as 38° Baumé liquid, whereas the source simply added the two 
through 1910, and misclassified the 3,341 tons obtained by the Bussi works in 1911 (Rivista 
mineraria 1910, p. XLVII, 1911, p. LXVI; Notizie chimiche,  vol. 2, p. 26); second, the 250 tons 
of sodium hydroxide (worth 65 lire each) separately reported in the Rivista mineraria 1910, p. 
LVII, are here considered equivalent to 155 tons of 38° liquid soda (worth 105 lire per ton), and 
counted with the latter; and third, all bleaching powder is here counted together, whereas the 
source counted part as cloruro di calce (Bussi, 1903-06) and part as ipoclorito di calcio (Bussi, 
1907-13; Caffaro, 1906-13; Rivista mineraria 1906, pp. XXXIX-XLI, and Notizie chimiche, 
vol. 2, p. 32).  Like the data in the Rivista mineraria, on the other hand, the present series 
neglect the small experimental production of caustic soda and bleaching powder in 1902, and 
include the 50 tons of solid caustic soda obtained in the province of Milano by an unidentified 
producer who may have done no more than dehydrate purchased liquid soda (Rivista mineraria 
1902, p. 343, 1913, pp. LXXIX, 163). 
 The other output series (Table D.23, cols. 4 - 7) are transcribed from the Rivista 
mineraria without modification.  The Bussi works produced sodium chlorate and carbon 
tetrachloride from 1907, and sodium hypochlorite in 1913; the Caffaro works produced sodium 
hypochlorite from 1909, and the Rossi works at Legnano produced potassium chlorate from 
1910 (Rivista mineraria 1907, p. 418, 1910, p. 126, 1913, pp. 163, 173). 
 Almost all of Italy’s output of solid caustic soda was obtained at the Bussi works, with 
internally generated, water-based electric power.  In 1911, one ton of Bussi soda sold for 260 
lire.  Its production consumed perhaps 1.8 tons of rock salt and an equal amount of coal 
(Molinari, 1920, p. 561n, Rivista mineraria 1904, p. 371, 1911, p. 151); since the industry 
obtained salt at cost (regio decreto 1 agosto 1901, n. 399), these materials together may have 
cost some 110 lire delivered, for a value added of 150 lire per ton, or 506,000 lire for the 
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amount produced (nationally) in 1911.  Power needs appear to have been of the order of 3,000 
kilowatt hours per ton of output (Enciclopedia italiana, vol. 32, p. 5, and Martin, 1918b, vol. 1, 
p. 370, confirmed by Molinari, 1920, p. 561n; the figures on p. 562 seem to err by a factor of 
10); at 17 lire per 1,000 kilowatt hours, one third of value added (51 lire per unit, out of 150) 
was actually contributed by the production of power. 
 Liquid caustic soda at 38° Baumé (32.5% NaOH) was obtained directly from Solvay 
mercury cells at the Caffaro works; the power was presumably purchased, but it was essentially 
hydroelectric and utilized around the clock (Rivista mineraria 1908, p. 312; Molinari, 1920, p. 
555; Enciclopedia italiana, vol. 32, p. 6).  The main deductible inputs may be estimated at 
approximately 1,000 kilowatt hours (worth 17 lire, at the full-cost rate noted in section D10.01 
above) and .6 tons of salt (worth perhaps another 11 lire delivered) per ton of output (worth 105 
lire); these suggest a value added of the order of 75 lire per ton, or 390,000 lire for the 5,200 
tons produced in 1911. 
 A ton of bleaching powder is obtained by chlorinating a slurry obtained from perhaps 
half a ton of quicklime (Martin, 1918b, vol. 1, p. 394). The output sold in 1911 for 136 lire per 
ton, and the lime input may have cost 10 lire delivered (Rivista mineraria 1911, pp. LXXVI, 
LXXXIX); since the chlorine was free, and the reaction exothermic, value added can be set at 
125 lire per ton of output, or some 1,130,000 lire for the amount produced in 1911. 
 A solution of sodium hypochlorite (NaOCl) is obtained directly by electrolysis of salt 
water:  it is produced instead of NaOH and Cl if the anode and cathode are not separated by a 
diaphragm (Martin, 1918b, vol. 1, p. 396).  The sources do not mention the strength of the 
solution produced at the Caffaro works; given that its value (130 lire per ton) was somewhat 
below that of the bleaching powder obtained at the same works (145 lire per ton), and that a 
given amount of active chlorine is more effective in sodium hypochlorite than in bleaching 
powder (Molinari, 1920, p. 574), it seems reasonable to assume a standard 30% solution, with 
15% available chlorine (Furnas, 1942, vol. 1, p. 455).  Salt and electric power inputs can thus be 
considered to have cost some 30 lire per ton of output, as for liquid caustic soda; allowing 
another 40 lire for close to a ton of coal to concentrate the weak hypochlorite solution obtained 
from the cells (Molinari, 1920, p. 574), value added reduces to 60 lire per ton, or 27,000 lire for 
the 450 tons produced in 1911. 
 Potassium and sodium chlorates are obtained instead of hypochlorites if the electrolytic 
bath is kept hot rather than cold (Martin, 1918b, vol. 1, p. 386).  Potassium chlorate, worth 900 
lire per ton in 1911, was produced by the Rossi works at Legnano; the unit inputs (Molinari, 
1920, p. 539) were 7,000 kilowatt hours, worth 56 lire, and 610 kg of potassium chloride, 
imported at 220 lire per ton and worth perhaps 140 lire delivered.  Allowing some 50 lire for the 
cost of recrystallization, value added appears close to 650 lire per ton of output, or 325,000 lire 
for 500 tons.  Sodium chlorate, worth 800 lire per ton, was instead obtained by the Bussi works. 
Allowing 10 lire for some 600 kg of rock salt, and 140 lire for the cost of fuel for repeated 
recrystallization (Martin, 1918b, vol. 1, p. 388), value added is again estimated at 650 lire per 
ton of output (128,000 lire for 197 tons); in this case, however, about 120 lire of that were 
contributed by the production of electric energy (7,000 kilowatt hours at .017 lire each). 
 Carbon tetrachloride is prepared by chlorinating carbon disulfide; the molecular weights 
suggest that a ton of tetrachloride, worth 600 lire, consumed half a ton of disulfide, worth 296 
lire (Molinari, 1920, p. 470; Rivista mineraria 1911, pp. LXXVI-LXXVII).  Allowing for the 
cost of fuel (to distil out the tetrachloride) and other deductible items, value added can be 
estimated at perhaps 275 lire per ton of output, or 6,000 lire for the 23 tons produced in 1911. 
 These (unrounded) value added estimates sum to 2,513,000 lire; of that, 194,000 lire 
were contributed by the production of electricity. 
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D10.05  Calcium carbide, calcium cyanamide, and carbon electrodes 
 The production of calcium carbide, calcium cyanamide, and carbon electrodes (Table 
D.24) was well covered by the Rivista mineraria, and only a few estimates appear to be 
necessary. 
 Most of the carbide was produced in the province of Perugia.  The first two plants were 
built there in 1896, and appear to have come on stream in 1897; a third (and rather smaller) 
factory was built in that year, and capacity was further expanded in 1899 (Rivista mineraria 
1896, p. 286, 1897, p. 290, 1899, p. 307).  Other plants opened in the province of Torino in 
1899, Brescia in 1904, Aquila and Livorno in 1908, Ascoli Piceno in 1911, and Verona in 1913 
(Rivista mineraria 1898, p. 347, 1904, p. 289, 1908, pp. 207, 387, 1911, p. 11, 1913, p. 199).  
The output data include the carbide that was converted into cyanamide, and apparently neglect 
only the Perugia output in 1897, and the increment in it in 1899 (Rivista mineraria 1898, p. 299, 
1899, p. 307, 1911, p. 152, 1913, p. CLXXIII); the present figures (Table D.24, col. 1) allow 
Perugia 500 tons in 1897 (reflecting the relative sizes of the first few plants, as described in the 
sources noted above), and 1,000 tons in 1899 (against 600 tons in 1898 and 2,500 tons in 1900). 
 Calcium carbide is obtained by heating coke and lime in an electric furnace.  According 
to Molinari (1920, p. 641), a ton of output consumed about 1 ton of lime, 670 kg of coal, and 20 
kg of electrodes, worth 61 lire in all; assuming that one sixth of the indicated packing cost (32 
lire) was for materials, aggregate materials costs sum to 66 lire per ton of output, or 2,162,000 
lire for the 32,750 tons produced in 1911.  Processing consumed 4,000 kilowatt hours per ton of 
output (Thorp, 1920, p. 267); virtually all the power consumed by the industry appears to have 
been hydroelectric, but only the Roma and Torino district firms appear to have generated their 
own electricity (Rivista mineraria 1908, p. 310, 1909, pp. 393, 441, 1911, pp. XC, 11).  At the 
usual full-cost rate of 17 lire per thousand kilowatt hours, these figures suggest an energy cost of 
68 lire per ton of output, or 2,227,000 lire in all, of which 752,000 lire (for the 11,063 tons from 
Bologna, Firenze, and Milano) are to be excluded from value added.  Added to the above 
estimate of materials costs, this figure yields a total deductible cost of 2,914,000 lire, or an 
average 89 lire per ton of output.  In 1911, output sold for 8,696,000 lire in all, or an average 
266 lire per ton; but that value appears to be inflated by the carbide cartel formed in 1910 
(Molinari, 1920, pp. 641-642; Rivista mineraria 1910, p. 145).  The monopoly surplus is of 
course difficult to estimate: but the rise in average value from 1909 to 1910 (from 235 to 295 
lire per ton, according to the Rivista mineraria) suggests that it may have been close to 20% of 
value, or over 50 lire per ton in 1911.  Industrial value added thus appears to have been of the 
order of 125 lire per ton of output at 1911 prices, or 4,094,000 lire for 32,750 tons; 36% of that 
(1,475,000 lire) were contributed by the production of electricity in the Roma and Torino 
districts. 
 Production of calcium cyanamide began at Chieti in 1905, but shifted to Perugia by 
1911; from that year, minor amounts were produced in Torino as well (Molinari, 1920, p. 370; 
Rivista mineraria 1904, pp. 371-372).  The data appear adequate through 1911; in 1912 and 
1913, however, the reported Perugia figures (9,339 tons and 12,676 tons, respectively) 
apparently refer to granulated cyanamide only, excluding the crude cyanamide that was 
converted into ammonium sulfate (Rivista mineraria 1911, p. 152, 1912, p. 149, 1913, p. 174).  
This omission is here made good (Table D.24, col. 2); the desired gross Perugia output figure 
for 1912 (11,730 tons) is quoted in the district chronicle (Rivista mineraria 1912, p. 149), and 
its counterpart for 1913 is similarly estimated as the sum of the reported figures for granulated 
cyanamide (12,676 tons) and ammonium sulfate (3,574 tons). 
 Calcium cyanamide is produced by heating powdered calcium carbide in an electric 
oven into which nitrogen is passed.  A ton of output appears to have consumed approximately .8 
tons of carbide, though the evidence is none too clear (the Rivista mineraria 1910, p. 146, 1911, 
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p. 152, 1912, p. 149, and 1913, p. CLXXIII suggest .9, .8, .7, and .8; since .8 is the theoretical 
ratio, moreover, it may have been assumed rather than observed).  In the Roma and Torino 
districts, carbide was valued at 250 lire per ton; excluding 82 lire for surplus and packing costs 
reduces its cost to 134 lire per ton of cyanamide.  The latter sold for an average 234 lire per ton; 
since (as seen above) both the power and the nitrogen were generated internally, there is little 
else to be deducted, and value added can be estimated at about 100 lire per ton.  Molinari (1920, 
p. 370n) suggests a value added (total cyanamide cost, less carbide cost) of 120 lire per ton, of 
which 40 for nitrogen, 6 for (other) power, and 60 for capital charges; but these may reflect 
historical cost, and neglect the impact of output decline on the value of capacity.  Assuming that 
the cost of nitrogen production was about evenly divided between power and capital charges, 
about 25% of total value added (112,000 lire out of 447,000) can be attributed to the production 
of electric power. 
 Carbon electrodes were produced in electric furnaces (Martin, 1918b, vol. 2, p. 404 ff.), 
and were no doubt considered an electrochemical product by the Corpo delle miniere.  The 
output of carbon electrodes is here identified with that of elettro-carbonium, as reported by the 
Rivista mineraria from 1903 (Table D.24, col. 3); the available output data refer to the output of 
a single firm (the long-lived Società dell’elettro carbonium), but appear to omit only the small 
amounts produced by some other firms for their own use (Rivista mineraria 1908, p. 311).  
Production, located in the Roma district, appears to have begun early in 1902 (Rivista mineraria 
1900, p. XCII, 1901, p. 357, 1903, p. 365); output for that year is estimated.  A small quantity of 
artificial graphite (15 tons), apparently from the same source, was separately reported in 1911 
(Rivista mineraria 1911, p. LXXV); it is included here. 
 Output in 1911 was worth some 819,000 lire, or nearly 555 lire per ton. Raw materials 
(97% coke and 3% ferric oxide; Martin, 1918b, vol. 2, p. 405) probably accounted for about 
10% of that value.  Judging by the roughly similar production process for calcium carbide, 
energy consumption may have amounted to some 4,000 kwh per ton of output (Thorp, 1920, p. 
267), worth perhaps 100 lire; all of these appear to be deductible, as the firm’s own recorded 
power (150 horsepower in 1903, 180 in 1909; Rivista mineraria 1903, p. 333, 1909, p. 393) 
appears to cover no more than auxiliary motors (perhaps to grind the coke, shape the electrodes, 
and the like).  These figures suggest a value added of the order of 430 lire per ton of output, or 
635,000 lire in all; with employment probably just under 150 operai (judging from the 163 
reported for 1909), most of that would be attributable to capacity costs. 
 These (unrounded) estimates yield a total value added in the production of calcium 
carbide, calcium cyanamide, and carbon electrodes of 5,175,000 lire in 1911; some 30% of that 
(1,587,000 lire) is attributable to electricity, and the rest to chemicals strictly defined. 
 
D10.06  Other furnace products 
 Electrochemical firms produced a variety of other furnace products, and many of these 
same goods were also obtained from other sources.  Because these products are all 
comparatively minor, the effort to distinguish between electrochemical and other varieties does 
not seem worth while; here, the (mostly electrochemical) production of barium salts, sodium 
sulfide, and ferrosilicon (including silicon and silico-manganese) will be entirely attributed to 
the electrochemicals industry, while the (mostly non-electrochemical) production of alkaline 
silicates will be entirely excluded. 
 The output data for barium salts, barium sulfate, sulfide, carbonate, carbide, 
sulfocarbide, hydroxide, peroxide, oxide, nitrate and chloride are collected in Table D.25, cols. 
1 - 6.  These series are relatively weak:  they are occasionally at variance with those in other 
sources (Notizie chimiche, vol. 5, pp. 5-15); they include heterogeneous products (e.g., the 
non-electrochemical chloride and sulfate produced in the Vicenza district, worth far less than 
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the corresponding salt obtained elsewhere); and they were compiled on heterogeneous criteria 
(e.g., the Rivista mineraria 1902, pp. 270, 388, indicate that the Milano figures count only 
output from natural barite, while others include that from sugar-mill carbonate).  On the other 
hand, the essential collective movements of the time series are no doubt valid:  the increases 
reflect the opening of new operations, and the declines the impact of changes in the 
administration of the sugar production tax (e.g., Rivista mineraria 1901, p. 357, 1904, pp. 373, 
452, 1905, p. 286, 1908, p. 387, 1913, p. 198).  In view of the above, and of the fact that the 
output data clearly count only the final products sold by the producing firms, it seems best to 
consolidate these data into a single series (Table D.25, col. 7; output was no doubt negligible 
before 1893). 
 In 1911, this output was worth 391,000 lire, or, on average, 146 lire per ton.  Natural 
barite was worth over 20 lire per ton at the source (Rivista mineraria 1911, p. LXXXV); and its 
processing consumed a good deal of coal (4 tons per ton of barium hydroxide, worth 240 lire in 
1909, obtained from barite through barium sulfide and then carbonate; Rivista mineraria 1909, 
p. 342) and electric power (1,250 kilowatt hours to obtain a ton of barium oxide from the 
carbonate; Rivista mineraria 1913, p. 199), which was presumably mostly purchased (since over 
80% of the output was obtained in the Milano district).  These data suggest that value added was 
of the order of 40 lire per ton of output, or 107,000 lire for 2,676 tons. 
 Sodium sulfide was obtained, with only trifling exceptions, in the provinces (Bergamo, 
Perugia), and presumably by the firms, that produced barium salts as well; this suggests that 
most sodium sulfide was in fact obtained electrochemically through barium sulfide (Molinari, 
1920, p. 589), and that production was accordingly negligible before 1905 (Table D.25, col. 8). 
 In 1911, sodium sulfide was worth 240 lire per ton; allowing for the value of purchased 
power and materials (natural barite, coal, sodium sulfate; Molinari, 1920, pp. 589, 687), value 
added appears to have been of the order of 55 lire per ton, or 22,000 lire for 404 tons. 
 Ferrosilicon was first produced in 1907, by the Bussi works (Aquila); in later years, it 
was obtained in Brescia and Torino as well.  The output figures in Table D.25, col. 1 include the 
small quantities of silicon and silico-manganese occasionally obtained at these works, and also 
the helianite obtained in 1913 by the Rossi works at Legnano; the data are obtained from the 
chemical reports of the Rivista mineraria through 1910, and the metallurgical reports from 1911 
(Rivista mineraria 1907, p. 418, 1909, p. 472, 1913, pp. XLII, 162). 
 In 1911, this output was worth 517,000 lire, or, on average, 277 lire per ton.  Martin 
(1918b, vol. 2, p. 407) suggests that a ton of output may have consumed (allowing for weight 
losses) perhaps 500 kg of quartz, 500 kg of iron turnings, and 250 kg of coal; these were 
probably worth some 10, 25, and 10 lire delivered, for a total materials cost of 45 lire per ton of 
output.  Assuming a power cost of 68 lire per ton of output, as for calcium carbide, and noting 
that in 1911 75% of the output was obtained in the Milano district (Rivista mineraria 1911, pp. 
XXX ff.), a further 51 lire are deducted from value; this yields a value added of the order of 180 
lire per ton of output, or 336,000 lire in all, of which 32,000 lire are attributable to the 
production of electricity. 
 These (unrounded) estimates yield a total value added in the production of other furnace 
products of 466,000 lire in 1911; under 10% of that (32,000 lire) is attributable to electricity, 
and the rest to chemicals strictly defined. 
 
D10.07  Aggregate value added and employment 
 The above value added estimates sum to 9.95 million lire, of which almost one fifth (an 
estimated 1.81 million lire) were actually contributed by the production of electric power.  The 
Censimento industriale lists some 1,700 operai and 1,900 total workers, with 40,800 
horsepower, in category 7.117 (Table D.01); these employment figures virtually coincide with 
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the labor-force figures in the Censimento demografico, and can be considered comprehensive. 
 The coverage of the industry by the Rivista mineraria is also essentially complete; but 
the corresponding horsepower figures (Table D.02) appear to be rather lower.  The discrepancy 
is in the treatment of purchased electric power:  where the census counts the power of the 
electric motors whose energy is consumed by the industry (whether for motive power or not), 
the Rivista mineraria counts the power of the industry’s own electric motors, to the exclusion 
therefore of the power rating of other electrical equipment such as cells and furnaces.  For 
example, in 1911 the Ascoli Piceno carbide works absorbed about 6,000 (purchased) 
horsepower in three electric furnaces; but the entire chemical industry in the Bologna district is 
attributed a mere 143 hydraulic and 151 electric horsepower (Rivista mineraria 1911, pp. XC, 
11).  As a rough estimate, then, the industry may be attributed some 33,500 horsepower in use, 
equivalent to 37,200 installed horsepower, on this narrower basis; one notes that this figure 
would have been a good deal higher two years earlier (Rivista mineraria 1909, p. LIV, 1911, p. 
XC). 
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D11.  Other inorganic chemicals 
 
D11.01  Introduction 
 Census category 7.118 covers the production of all inorganic chemicals not elsewhere 
classified.  No less than fifty-four of the chemicals listed in the Rivista mineraria appear to 
belong in this category; but many of these products are comparatively trivial, and are either 
omitted from the present estimates or combined into suitable subaggregates.  As a result of this 
simplification, the number of relevant series is here reduced to twenty-seven, covering the 
following goods:  alum, aluminum sulfate, arsenic anhydride, borax, refined boric acid, carbon 
disulfide, copper sulfate, hydrofluoric acid, hydrogen peroxide, ferrous sulfate, nitrated lead 
oxide, magnesium carbonate, magnesium sulfate, potassium dichromate, saltpetre, calcined 
soda, soda crystals, sodium dichromate, disodium phosphate, solid sodium silicate, liquid 
sodium silicate, sodium sulfate, Glauber’s salt, sodium bisulfite, sodium thiosulfate, pink salt, 
and zinc salts.  The ambiguities of the data, discussed in section D01.01 above, are here 
particularly severe, as most of the relevant production lacked the scale or capital-intensity that 
normally brought forth clarifying comments; and information of any kind is as usual particularly 
scarce before 1893. 
 In addition to the above, category 7.118 includes the refining of salt, here transferred to 
the foodstuffs groups, and the refining and grinding of sulfur, covered as a “mineralworking” 
industry by the Corpo delle miniere and also included here.  Some other, minor activities, not 
considered here, may also belong in this category; but by and large the coverage provided by the 
Corpo delle miniere appears to be substantially complete. 
 
D11.02  Refined sulfur 
 The output series for refined sulfur is presented in Table D.26.  The Rivista mineraria 
contains annual refined sulfur output data from 1887 (col. 4); these figures exclude the 
comparatively trivial quantities (40 tons p.a. or less) obtained at the Agordo copper works 
through the early 1890s (e.g., Rivista mineraria 1890, pp. CV, 830).  In earlier years, the present 
aggregate estimates are built up from separate series for Sicily, the Ancona or Bologna district, 
and the rest of Italy (Table D.26, cols. 1 - 3). 
 In Sicily, the refining industry appears to have been relatively insignificant through the 
mid-1870s.  The Statistica mineraria, pp. XLVIII, 47, reports a mere 221 tons from two firms. 
The Rivista mineraria 1879, pp. 149-150, refers to a large refinery, active for the two preceding 
years and grown to include six ovens (with two more under construction), as the first established 
in Sicily; a second one, with a single oven, was also being built.  These two plants appear to 
have been completed in 1880, and to have operated normally in succeeding years; in 1882, 
when annual output data first appear, they are credited with 17,750 tons of input, here taken to 
correspond to the slightly lower output figure quoted for 1883 (Rivista mineraria 1880, p. 82, 
1881, p. 108, 1882, p. 95, 1883, p. 71).  The present output series (Table D.26, col. 1) simply 
repeats the 1864 figure from 1861 through 1876; the 1877-81 output estimates reflect the 1882 
figure and the estimated or reported capacity increases (2 ovens p. a. in 1877, 1878, and 1879, 3 
in 1880, and none in 1881 and 1882, all assumed to have come on stream in the middle of the 
year); and the 1882-89 figures are transcribed from the Caltanissetta district reports. 
 In the Romagne (the Ancona district through 1885, and then the Bologna district), on the 
other hand, essentially all the local sulfur product was refined, along with a quantity of imported 
(Sicilian) sulfur that appears to have become significant by the later 1880s (Statistica mineraria, 
pp. 46-47, Notizie minerarie, p. 34, Rivista mineraria 1886, p. 22, 1887, pp. 22-23).  The 
present series (Table D.26, col. 2) incorporates the output data reported for 1864 (Statistica 
mineraria, p. XLVIII) and 1885 and 1886 (Rivista mineraria 1886, p. 22; the rather higher 
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figures in the Rivista mineraria 1885, pp. LXXXV ff., are not used here, as they appear to refer 
to capacity rather than output, and the output movements implied by the present figures are 
confirmed in the Rivista mineraria 1886, p. 22, 1887, p. 21).  In 1882 and 1883, the present 
estimates are the refining input figures reported in the Rivista mineraria 1883, p. 20 (25,206 and 
29,944 tons, respectively, against a fused sulfur output of 29,765 and 29,944 tons, respectively), 
less an allowance of 5% for weight losses.  In other years, for the sake of simplicity, imports and 
weight losses are assumed to be mutually offsetting, and output of refined sulfur is estimated to 
equal the reported output of fused sulfur (Notizie minerarie, p. 296, and the Ancona district 
reports); this agrees well with the available benchmarks, except, as noted, in 1882-83 (8,004 
tons of refined sulfur in 1864 against 7,992 tons of fused sulfur; 31,000 tons of refined sulfur in 
“1875-79” against 32,000 tons of fused sulfur p. a. in 1875-79, and 30,520 tons in 1880; and 
25,495 tons of refined sulfur in 1885, against 26,526 tons of fused sulfur:  Statistica mineraria, 
p. XLVIII, Notizie minerarie, pp. 34, 296, and Rivista mineraria 1885, p. 31, 1886, p. 22). 
 As to the rest of Italy, finally, pre-1887 output data are extremely scarce.  No production 
is mentioned either in the Statistica mineraria or in Notizie minerarie; while the latter omission 
is not necessarily significant in and of itself, its likely import is confirmed by the suggestion (p. 
67) that Sicilian sulfur was generally not refined.  On the other hand, the Relazioni minerarie, p. 
128, report 1861-65 output data for the Agordo copper works; these figures are transcribed in 
Table D.26, col. 3, and extrapolated at a constant 40 tons p. a. through 1880.  As noted above, 
this production did not actually disappear for another dozen years; but it becomes negligible at 
this point, as the later estimates are dominated by the much larger output of new, specialized 
producers.  The first evidence of this is in the Rivista mineraria 1885, p. LXXXVII, which lists 
firms producing some 19,000 tons of refined sulfur, plus others whose output may be estimated 
at perhaps 3,000 tons (mainly from the Padova works that produced 5,000 tons in 1887).  Most 
of this output, as in 1887, came from a single large plant in Murano (Rivista mineraria 1887, p. 
363); but the date of its construction is not reported, most probably because the Venetian 
provinces’ liberal, Austrian laws limited the official role of the Corpo delle miniere (Rivista 
mineraria 1883, pp. VII ff., XLV).  In the absence of the requisite evidence, then, the present 
series (Table D.26, col. 3) simply assumes that this production began after 1880, and grew 
steadily to the level estimated for 1885; the figure for 1886 is similarly obtained by simple 
interpolation between the neighboring years. 
 Sulfur refining is essentially a distillation process.  According to the Rivista mineraria 
1911 (pp. LIV-LV), this activity employed 492 adult male operai and no horsepower; output 
was worth an average 111.6 lire per ton, against 97.1 lire for crude fused sulfur.  Allowing 3% 
average weight losses (against the 5% estimated above for Romagne fused sulfur, which is less 
pure than the Sicilian product) and one quintal of relatively low-grade coal per ton of output 
(Rivista mineraria 1890, p. 64) value added appears to have been near 8.5 lire per ton of output, 
or 1.42 million lire for 166,802 tons. 
 
D11.03  Sulfur dust 
 Sulfur dust was obtained by grinding both fused and refined sulfur.  Production can be 
estimated only with some difficulty.  Virtually all the sulfur consumed in Italy was consumed as 
dust, to control grape mildew; but sulfur dust was not separately identified by the Movimento 
commerciale, and aggregate output cannot be calculated from consumption and trade.  The 
Rivista mineraria includes aggregate output figures from 1889 (Table D.27, col. 6); but these do 
not appear to cover the output of establishments normally devoted to grinding grain, olives, etc., 
and even the specialized mills in the Napoli and Genova-Carrara districts were covered only 
from 1897 and 1902, respectively (Rivista mineraria 1887, pp. 21, 23, 1888, p. 49, 1896, p. 
XXIX, 1897, pp. 233, 252, 1901, p. XXXIV, 1902, pp. XXVIII, 156). 
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 From 1889, then, the present estimates (Table D.27, col. 7) are obtained as the (rounded) 
sum of aggregate reported output, output estimates for omitted specialized mills (cols. 4 - 5), 
and an allowance for the output of non-specialized works.  That allowance, which appears in 
Table D.27 as the difference between col. 7 and the sum of cols. 4 - 6, is here set at a constant 
20,000 tons p. a.  This order of magnitude is suggested, in the 1880s, by the Bologna district 
estimate of 6,500 tons from non-specialized mills (against 15,524 in specialized ones) in the 
Rivista mineraria 1887, p. LXVIII on the one hand, and the ground sulfur shipment figures from 
the port of Catania (1,532 tons to Sicily, 28,216 tons to continental Italy, and 21,530 tons for 
export, totaling some 45% of sulfur shipments from that port) in the Rivista mineraria 1884, p. 
52, on the other.  Together, these figures suggest that non-specialized milling was particularly 
significant in the sulfur-producing areas, where the sulfur trade was more widely diffused; the 
present figure accordingly allows as much non-specialized milling in Sicily as in the Bologna 
district, and as much again for the rest of Italy. In the absence of further evidence, this figure is 
kept constant through 1913; the implication of a secular decline in the market share of 
non-specialized mills would appear to be a reasonable one. 
 The production of the Genova-Carrara sulfur mills is first reported at 11,080 tons in 
1902; since the survey of sulfur mills in the Rivista mineraria 1885 (pp. LXXXVI-LXXXVII) 
suggests that output was then in excess of 1,000 tons, production is here assumed to have grown 
by a constant 565 tons p. a. from an estimated 1,475 tons in 1885 to the reported amount in 
1902 (Table D.27, col. 4).  The output of the specialized mills in the Napoli district is reported 
at 7,700 tons in 1897; the partial evidence in the accompanying commentary suggests a rough 
halving in output from the previous year.  Given the indications that the industry was not a 
recent one, on the one hand, and the lack of Napoli district mills in the 1885 survey, on the 
other, production is here assumed to have grown over 10 years, by a constant 1,500 tons p. a., to 
an estimated 15,000 tons in 1896 (Table D.27, col. 5). 
 In 1885-88, the output of specialized mills in the Caltanissetta, Ancona-Bologna, and 
Vicenza districts is separately estimated to take advantage of the available partial evidence 
(Table D.27, cols. 1 - 3).  The Caltanissetta district figures for 1886-88 are those reported for 
Catania only, increased by 500 tons to allow for other mills (Rivista mineraria 1886, p. LXI, 
1887, p. 51, 1888, p. 49); that for 1885 is a rough interpolation based in part on the 1884 
shipment figures cited above.  The Ancona-Bologna district figures for 1887 and 1888 are those 
reported in the Rivista mineraria 1887, p. 23, and 1888, p. 18; the figures for 1885 and 1886 are 
rough extrapolations based on the district production of refined sulfur (Table D.26, col. 2), and 
broadly confirmed by the (capacity?) figures in the 1885 survey.  The Vicenza district figures 
for 1885-88 similarly extrapolate that reported for 1889 on the basis of (estimated or reported) 
refined sulfur production (Table D.26, col. 3); once again, the 1885 figure so obtained agrees 
well with the survey data in the Rivista mineraria.  Aggregate output in 1885-88 is estimated as 
the (rounded) sum of these three district estimates, plus those for Genova and Napoli, plus the 
usual 20,000 ton allowance for other output; this residual is here deemed to cover specialized 
mills in other districts as well (Brescia, 1,400 tons in 1885, and 210 tons in 1889; Rivista 
mineraria 1885, p. LXXXVII, 1889, p. CXV). 
 The estimate so obtained for 1885 equals 104,000 tons of sulfur dust, or 106.6% of the 
net domestic consumption of fused sulfur, itself estimated (taking seven-year, 1882-88 averages 
to offset inventory movements) as output (389,300 tons, Table B.10, col. 3), less exports 
(290,400 tons:  Sommario, p. 162), less the amounts consumed to manufacture carbon disulfide 
(another 1,300 tons, Table D.31, col. 1).  In 1865, domestic consumption of fused sulfur can be 
analogously estimated at 23,400 tons (185,600 tons of output less 162,200 tons of exports); 
allowing for a similar share of exports in sulfur dust production, sulfur dust output in 1865 is 
estimated at 106.6% of that, or, in round figures, 25,000 tons.  The (rounded) estimates for 
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1861-64 and 1866-84 are simple geometric interpolations, and extrapolations, of these estimates 
for 1865 and 1885; the series so obtained is in rough agreement with the very limited available 
evidence, including partial indications of grinding (Relazioni minerarie, p. 248, Notizie 
minerarie, pp. 67, 359), the growth of sulfur refining (Table D.26), and the growth of 
agricultural sulfur consumption (Enciclopedia italiana, vol. 3, p. 476, Larousse, 1866, vol. 14, 
p. 918; Relazioni minerarie, p. 266). 
 According to the Rivista mineraria 1911 (pp. LIV, LV, LIX), specialized sulfur mills 
employed 787 operai (all adult, and all but 11 male) and 1,679 horsepower (of which only 274 
hydraulic).  Output is reported at 158,977 tons (worth 19.93 million lire), of which 72,446 were 
ground fused sulfur and 86,531 tons ground refined sulfur.  Allowing 1,200 lire in wages and 
salaries per worker (including 2,000 lire for one manager per 10 blue-collar workers) and 500 
lire per horsepower (as in mining and sulfur-ore grinding), value added is estimated at 1.784 
million lire, or 11.22 lire per ton.  Allowing 1.04 tons of sulfur per ton of dust (Rivista 
mineraria 1911, p. 22), f.o.b. unit material values of 97.1 and 111.6 lire, respectively, and 
annual fuel costs of 100 lire per non-hydraulic horsepower, total materials and fuel costs are 
estimated at 17.50 million lire, for a margin of approximately 2.43 million lire, or 15.29 lire per 
ton; this can be considered consistent with a value added of 11.22 lire per ton, leaving some 4 
lire per ton for transport charges (compare Rivista mineraria 1911, p. 17).  Applied to the 
comprehensive output estimate of 179,000 tons, this figure of 11.22 lire per ton yields a total 
value added of 2.01 million lire; a similar inflation of the corresponding employment figure 
yields (full-time equivalent) employment estimates of approximately 900 blue-collar workers 
and 1,900 installed horsepower. 
 
D11.04  Alum and aluminum sulfate 
 The Corpo delle miniere provided alum and aluminum sulfate production figures in the 
Statistica mineraria, pp. 56-59, the Notizie minerarie, pp. 263-264, 306, and the Rivista 
mineraria 1880 ff. (e.g., 1880, pp. XXVI, XXVII, 272; 1883, p. LV; 1884, p. XXIII; 1888, p. 
LIV; also 1882, p. 281 and the relevant note, 1899, p. CV).  This data set appears to be 
complete, with two exceptions (Table D.28).  The first refers to alum production in the Napoli 
district, recorded only in the Statistica mineraria and from 1879; the present estimates attribute 
the early figure to 1861-65, and assume linear growth between 1865 and 1879.  The second 
refers to alum production in the Roma district.  From 1861 to 1873, it is recorded only as a 
global average, here attributed to each of those years; in 1874 and 1875 it is recorded only as a 
total, here distributed over the two years.  The present alum series includes the soda alum 
separately recorded in 1893; in other years the sources included this product in the alum total 
(e.g., Rivista mineraria 1890, p. CIV, 1891, p. XLIV, 1893, p. XXXVIII).  In addition, the 
chemical reports in the Rivista mineraria 1893 and 1894 include 3,700 and 650 tons, 
respectively, of powdered alunite; this product, worth less than one fifth as much as alum or 
aluminum sulfate, appears to be no more than the ground mineral, and is accordingly excluded 
from the present series. 
 Value added in the production of alum and aluminum sulfate is not easily ascertained, as 
a variety of technological processes appear to have been available (e.g., Molinari, 1920, pp. 731 
ff.; Rivista mineraria 1904, pp. 368-371).  The present estimates are based on the relatively 
detailed data for the Civitavecchia works in the Rivista mineraria 1902, pp. 341-342.  These 
figures suggest that a ton of alum and aluminum sulfate, in roughly equal proportions, was 
obtained from .52 tons of 52° sulfuric acid, .67 tons of alunite, and (allowing for the fuel needs 
of the sulfuric acid output) roughly 1 ton of coal.  At 1911 prices, these inputs were worth 18.4, 
9.4, and (given the role of port-city production) perhaps 40 lire, respectively, for an aggregate 
materials cost in the neighborhood of 70 lire.  Alum was worth 114 lire per ton, and aluminum 
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sulfate 86 lire per ton, for a value added/value ratio of roughly 30%; value added is accordingly 
estimated at 34 lire per ton of alum and 26 lire per ton of aluminum sulfate, or 93,000 and 
65,000 lire, respectively, for the amounts produced in 1911. 
 
D11.05  Arsenic anhydride 
 The Corpo delle miniere reported the production of arsenic anhydride in the Milano 
district in 1896-1900; batches of arsenic and arsenious acid (possibly the same product:  
Molinari, 1920, pp. 423, 425) were also recorded in 1895 (Milano) and 1908 (Vicenza), 
respectively.  Because this output appears to have been obtained by sulfuric acid-fertilizer 
producers working with arsenopyrite, and because arsenic anhydride is not listed among the 
products newly considered in 1896 (Rivista mineraria 1895, p. 204, 1896, p. 230), it seems 
reasonable to accept these data as a comprehensive output series (Table D.29, col. 1).  The 
possibility exists, of course, that arsenic compounds were also obtained from arsenic ore; but it 
seems unlikely, as that valuable ore (worth 50 lire per ton in 1908), like other metal ores, was 
probably exported to be processed where fuel was cheaper. 
 In 1896-1908, the reported value of arsenic anhydride (or other arsenic products) varied 
between 400 and 580 lire per ton.  Much of that appears to be value added:  while fuel costs 
may have been significant (Molinari, 1920, p. 423), raw materials costs are limited to the value 
difference between crude arsenopyrite and the residue consumed as ordinary pyrite -- which was 
surely small, since the arsenic recovery process was obviously of marginal profitability.  A value 
added estimate of 350 lire per ton, at 1911 prices, would appear to be appropriate; this yields a 
peak real value added of 70,000 lire in 1896. 
 
D11.06  Borax and refined boric acid 
 The Rivista mineraria reported borax production from 1890 (among mine products until 
1893) and refined boric acid production from 1893. The present series (Table D.29, cols. 2 - 3) 
incorporate these data, plus a few estimates to allow for output in earlier years. 
 Borax production appears to have been negligible at least through the 1870s: the Notizie 
minerarie, p. 262, notes that “at most” 10 tons a year were produced at that time.  The Rivista 
mineraria 1888, p. 118, and 1899, pp. LXXXIV, CIV, suggest that significant production began 
in 1888 or 1890; but the Movimento commerciale suggests a slightly earlier date, as small net 
imports gave way to rather larger net exports from 1886. The present output estimates 
accordingly begin in that year; through 1889, they are obtained as the (rounded) sum of net 
exports and a small allowance for domestic consumption (about 100 tons p. a., judging from 
pre-1886 imports). 
 The evidence on refined boric acid is instead limited to that provided by the Corpo delle 
miniere, who suggest that production began in 1888 (Rivista mineraria 1888, p. 118).  Output is 
here assumed to have been close to 50 tons p. a. from 1888 through 1892; it was still under 100 
tons, and growing, in 1893. 
 In 1911, a ton of borax was worth 390 lire per ton.  The corresponding inputs appear to 
have included some .6 tons of boric acid, worth 228 lire (see above, section B02.12) and as 
much sodium carbonate, worth another 72 lire (Molinari, 1920, p. 604); allowing 10 lire for fuel 
and other costs, value added reduces to 80 lire per ton, or about 59,000 lire for the amount 
produced in 1911. 
 Refined boric acid was worth 520 lire per ton in 1911.  A ton of refined acid was 
obtained from perhaps 1.2 tons of crude 82% boric acid, worth 456 lire; allowing 14 lire for fuel 
and other costs, value added reduces to 50 lire per ton, or 22,000 lire for the amount produced in 
1911. 
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D11.07  Calcium salts 
 The Corpo delle miniere included a variety of calcium salts in the chemical reports of 
the Rivista mineraria (Table D.30); but most of these do not appear to be legitimate chemicals 
at all, and the rest are obviously negligible. 
 The powdered calcium carbonate series counts ground limestone or marble (Rivista 
mineraria 1901, p. 290), worth just 5 lire per ton in 1909; other quantities of this good were 
counted as quarry products (powdered calcium carbonate, Table B.44, col. 30) or 
mineralworking products (ground marble, Table C.10, col. 7; these figures refer to the Carrara 
district, and continue the 1893-1901 figures in the present series).  In the same vein, the calcium 
oxide reported in 1906, worth 10 lire per ton, appears to be a batch of quicklime obtained 
experimentally at a calcium carbide plant (Rivista mineraria 1906, p. 356).  Both these products 
appear to be already counted among non-metallic mineral products (sections C01.02, C02.03), 
and are accordingly excluded from the chemicals group. 
 The “calcium and magnesium carbonate” obtained in the Milano district in 1911-13 was 
reportedly worth 250 lire per ton, suggesting that it was a bona fide chemical; on balance, 
however, the weight of the evidence is that it too was simply a mechanically processed mineral 
(dolomite:  Molinari, 1920, pp. 673).  In the first place, a precipitated salt would be unlikely to 
be a mixture of calcium and magnesium (Molinari, 1920, p. 673); in the second place, the 1911 
Milano district report does not mention this product at all, though the appearance of a new 
chemical industry worth over 1.1 million lire in sales would have been far more noteworthy than 
the events actually discussed.  The high unit value may be explained by a particularly pure, 
crystalline raw material; but it may also be a clerical error (chemicals were reported in quintals, 
mineral products in tons; the published unit value of 25 lire referred to a quintal may actually 
have been the value of a ton). 
 If this interpretation is correct, the only calcium salts actually obtained through chemical 
processes were the calcium sulfite produced in 1901-03 and the precipitated sulfate produced in 
1905-08.  The former, worth 300 to 350 lire per ton, was produced in utterly trivial quantities; 
the latter was produced on a larger scale, but its unit value (20 lire per ton) was so low as to 
keep total sales below 6,000 lire. 
 
D11.08  Carbon disulfide 
 The Corpo delle miniere reported carbon disulfide production in the Notizie minerarie 
(pp. 36-37) and the Rivista minerarie 1887 (p. XXXVII), 1888 (p. LVIII) and 1893 ff.  The 
present series (Table D.31, col. 1) includes these early benchmarks (with the Notizie minerarie 
figure referred to 1879), and assumes constant geometric growth in 1879-87 (34.9% p. a.) and 
1888-93 (−7.4% p. a.); the pre-1879 estimates assume that the industry first developed in the 
later 1870s, when the phylloxera first appeared in Italy (Enciclopedia italiana, vol. 15, p. 331; 
Notizie minerarie, p. 37). In later years, the present figures simply transcribe those reported in 
the Rivista mineraria 1893 ff., save for the addition of 500 tons to the figure reported for 1896. 
 This correction is a tentative solution to a problem that calls the entire 1888-97 output 
cycle into question.  That cycle is concentrated in the Napoli district figures, which drop from 
1,269 tons from four firms in 1888 to 850 tons from one firm in 1893, and then climb slowly 
back to 1,000 tons from one firm in 1896.  In 1897, however, output was reported at 2,000 tons 
from three firms; and the district report indicates that two of these had just come to the attention 
of the district office (Rivista mineraria 1897, p. 253).  Given the stability of output elsewhere, 
one might be tempted to assume that the 1893-96 Napoli district figures included only half of 
actual output, and conclude that production actually increased by some 15% between 1888 and 
1893. On the other hand, both the firms “newly discovered” by De Ferrari in 1897 (Lacquai, 
Oss-Mazzurana) were named in earlier reports, one as a producer of carbon disulfide in 1887 
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and 1888, the other as a producer of sodium silicate in 1887-88 and 1893-95 (e.g., Rivista 
mineraria 1888, p. 284, 1893, p. 198); and the Napoli district remained in the hands of O. 
Foderà without interruption from 1877 through 1895.  It is accordingly difficult to believe that 
the 1893-95 reports would have failed to record the carbon disulfide production of these firms, 
had there in fact been any; so the reported figures are here accepted as accurate.  The 1896 
report is less compelling, however, as it was produced by A. Rovello during what appears to be 
the troubled end of a long career:  after less than a year in Naples he was removed from his post 
and recalled to Rome, to retire voluntarily within a few months (Rivista mineraria 1897, p. 
CXLVI, 1898, p. CVI; no reasons are given, though reasons of health would have been noted).  
De Ferrari’s implicit criticism of earlier figures may thus well be valid in the case of his 
immediate predecessor’s; the 1896 figure is here accordingly increased from 1,000 tons to 
1,500, roughly to interpolate those for 1895 (950 tons) and 1897 (2,000 tons). 
 Carbon disulfide was obtained by heating sulfur and carbon together (Molinari, 1920, p. 
494).  In 1911, a ton of output was worth an average 296 lire per ton; unit values varied from 
270 lire per ton (Caltanissetta) to 330 lire per ton (Firenze).  Allowing about 100 lire for close to 
a ton of sulfur (including waste) and 40 to 50 lire for coal or coke for carbon, heat, and power, 
value added can be estimated at approximately 150 lire per ton, or 492,000 lire for the amount 
produced in 1911.  A relatively high share of this value added would appear to be attributable to 
the cost of maintaining the fixed capital, which tended to be rapidly corroded (Molinari, 1920, 
p. 494; note also the factor proportions implied by the employment figures in the Rivista 
mineraria 1909, p. 60). 
 
D11.09  Copper sulfate 
 Italy’s production of copper sulfate appears to have been insignificant before the spread 
of peronospora in the 1880s (Enciclopedia italiana, vol. 26, p. 787): the Corpo delle miniere 
counted only 6 tons around 1865 (Statistica mineraria, p. 61), and none in the late 1870s 
(Notizie minerarie, p. 267).  By 1889, however, the growth in demand had induced three Milano 
plants to equip themselves for “large-scale production,” and another 200 tons were produced by 
two firms in the Torino district (Rivista mineraria 1889, pp. CCXX, CCXXI, 272, 396, 397).  
The subsequent issues of the Rivista mineraria contain only general indications that the output 
of the major producers increased little if at all (1890, p. CXCII, 1891, p. LXXXI), plus 
occasional output figures from a variety of sources (Firenze, Napoli, Torino, Vicenza); but a 
national output figure of 2,660 tons in 1890 was reported by the Direzione di agricoltura 
(Annuario 1892, p. 420).  The Rivista mineraria includes national output figures from 1893; but 
the first of these (881 tons) does not appear to be complete, as it includes no output from the 
Milano district (the latter reported 1,050 tons in 1894; one notes also the increase in the 
corresponding number of plants producing chemicals other than matches and explosives, from 
18 in 1893 to 25 in 1894, Rivista mineraria 1893, p. 182, 1894, p. 193). 
 The present output series (Table D.31, col. 2) accordingly assumes that output was 
negligible through the 1870s, and incorporates the available data for 1890 and 1894 ff. 
(including the small amounts of fungicide powder and other copper salts separately reported in 
1905-08 and 1910).  Output is assumed to have roughly doubled every year from small 
beginnings in the early 1880s to 2,000 tons in 1889; this rapid growth to 1889 seems warranted 
by the suggestion that the “large scale” producers came on stream in or just before 1889, while 
the import surge in 1890 (from 3,400 tons in 1889 to 11,200 tons, against about 1,200 tons p. a. 
in 1884-88, and under 1,000 tons p. a. in 1880-83) suggests that at least the minor producers 
would have accounted for significant further growth (to 2,660 tons) in that year.  Imports 
remained high in 1891 (11,500 tons), then fell and recovered (to 3,400 tons in 1892, 9,000 tons 
in 1893, and nearly 17,500 tons in 1894); the present output estimates assume that production 
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movements were similar to, but less severe than, those of imports and consumption.  The 
estimate for 1893, in particular, implicitly allows a not unreasonable 800 tons for the Milano 
district in that year. 
 In 1911, copper sulfate was worth 498 lire per ton.  The crystalline product 
(CuSO4.5H2O) is obtained from copper, in a variety of forms, and sulfuric acid (Molinari, 1920, 
pp. 703-705); assuming that effective yields were 90% of the theoretical ones, a ton of sulfate is 
estimated to consume some 280 kg of copper and 660 kg of 52° sulfuric acid.  Since 
cementation copper appears to have accounted for no more than perhaps 1/6 of the industry’s 
copper consumption (2,000 tons out of 12,000; Rivista mineraria 1911, pp. LVIII-LIX), the 
copper input is here attributed its scrap value of about 1,340 lire per ton (Cianci, 1933), or 375 
lire for 280 kg.  The sulfuric acid was worth another 25 lire; and about as much again should 
probably be allowed for fuel and other materials.  Value added in 1911 thus appears to have 
been close to 73 lire per ton, or 3.185 million lire in all. 
 
D11.10  Hydrofluoric acid 
 The present hydrofluoric acid series (Table D.32, col. 1) transcribes the figures reported 
by the Rivista mineraria from 1906, plus an allowance of 4 tons in 1910 and 1911 as the 
hydrofluoric acid equivalent of the reported 30 tons of hydrofluosilicic acid (worth 120 lire per 
ton, against 800 lire per ton for hydrofluoric acid).  The Carlo Erba works (Milano), who used 
hydrofluoric acid to manufacture alcohol by the Effront process, appear to be the only 
significant source of output (from 1906); and they seem to have reverted to importing acid after 
only a few years (Rivista mineraria 1906, p. 305, Molinari, 1920, pp. 167-168).  The production 
of an unknown amount of acid is noted in the 1896 Milano district report (Rivista mineraria 
1896, p. 229); since none was recorded in the following years, that output appears to be just an 
experimental batch, and it is here considered negligible. 
 Molinari (1920, pp. 167-168) indicates that standard commercial hydrofluoric acid (60 
to 65% HF) sold for 550 to 600 lire per ton; in the absence of waste, a ton of 65% acid would 
consume about 2 tons of fluorspar, worth some 200 lire, and 2.5 tons of 66° sulfuric acid, worth 
another 140 lire or so (Molinari, 1920, pp. 168, 622).  Allowing for waste and fuel costs, value 
added appears to be of the order of 200 lire per ton.  This figure is here applied to the output 
data, for a peak real value added of just 14,000 lire in 1906.  Reported unit values were in the 
550-600 lire per ton range in 1906-08 (when output was significant) and again in 1912-13; the 
higher unit values in 1910-11 (800 lire per ton) may reflect unusually high fluorspar values, and 
even if they do not, output was then so low that the concomitant error is negligible. 
 
D11.11  Hydrogen peroxide 
 Hydrogen peroxide appears to have been first produced in Italy in 1889, by the Magni 
works in Vicenza; their output was reported as 11 tons in 1890, 15 tons in 1891, and 60 tons in 
1893 (Rivista mineraria 1889, pp. CCXXI, 430, 1890, p. 853, 1891, p. 341, 1893, pp. 277-78).  
The present output series (Table D.32, col. 2) includes these early data, and estimates for 1889 
and 1892 that fit the pattern of steady growth throughout this initial period; from 1893, the 
present figures simply transcribe the national output data in the Rivista mineraria, which appear 
to be essentially comprehensive.  The 1896 Milano district report indicates that hydrogen 
peroxide was counted only from that year (Rivista mineraria 1896, p. 230); but output was then 
only 10 tons, so the omitted output of earlier years can surely be neglected.  The appearance of 
output data in the Firenze district in 1895 (27 tons) is explicitly linked to the start-up of actual 
production (Rivista mineraria 1895, p. 140); their appearance in the Torino district in 1896 (150 
tons) is not discussed, but probably also corresponds to real output growth, particularly in view 
of that district’s decade-long experience in reporting chemical products.  In addition, the output 
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here appears to be relatively homogeneous:  though its unit value declined from 600 lire per ton 
in 1889 to 240 lire per ton in 1911, the concentration seems to have remained at a standard 3% 
(Rivista mineraria 1889, p. 430; Molinari, 1920, p. 267). 
 Hydrogen peroxide was obtained by the action of sulfuric acid on barium peroxide 
(Molinari, 1920, p. 268). The chemical reaction indicates that a ton of 3% output would 
consume about 133 kg of 65% acid (worth about 5 lire) while transforming some 150 kg of 
barium peroxide (worth 150 lire) into 200 kg of barium sulfate (worth 22 lire); allowing for 
waste and fuel costs, value added appears to be close to 90 lire per ton of hydrogen peroxide, or 
about 204,000 lire for the amount produced in 1911. 
 
D11.12  Ferrous sulfate 
 Ferrous sulfate was used, in dye-works, as a mordant; in addition, silk was weighted by 
passing it in a solution of ferrous sulfate (in sulfuric and nitric acids) known as ferrugine or 
rouille (Molinari, 1913, p. 694, 1920, p. 839; von Wagner, 1904, pp. 383-384).  This solution 
was generally prepared at the point of use (Notizie minerarie, p. 37), and its preparation is here 
considered part of the textile-finishing process, rather than the production of a distinct chemical 
product; but small amounts appear to have been mixed by the manufacturers of ferrous sulfate, 
and both products appear in the reports of the Corpo delle miniere (Table D.33, cols. 1 - 2).  
Since the ferrous sulfate output data are no doubt net of that reported as ferrugine, these two 
items must be combined in order to obtain a comprehensive estimate of ferrous sulfate 
production.  The composition of the ferrugine is not specified; given the prices of ferric sulfate, 
ferrugine, nitric and sulfuric acid (in 1911, 38, 63, 427, and 35 lire per ton, as reported), 
however, it seems likely that ferrugine was roughly 50% commercial sulfate (and, say, 5% 
commercial nitric acid and 10% commercial sulfuric acid). 
 From 1893 to 1913, then, the present ferrous sulfate output estimates are obtained by 
adding half the reported output of ferrugine to that of ferrous sulfate (Table D.33, col. 3; this 
series also includes the trifling quantities of ferric nitrate and ferrous sulfide separately reported 
in 1900-03 and 1905).  The data are not otherwise manipulated; in particular, no correction is 
made to allow for the fact that ferrugine was counted in the Milano district only from 1896 
(Rivista mineraria 1896, p. 230), on the presumption that in earlier years the ferrous sulfate it 
absorbed was counted in its own right. 
 From 1887 to 1892, the availability of output data from both major producers (Torino, 
Vicenza) makes it expedient to estimate output on the basis of the available partial reports 
(Table D.33, cols. 1 - 2).  These appear to omit only the production of the Firenze and Milano 
districts in 1887-91 and 1887-92, respectively: production in the Napoli district appears to have 
actually been suspended in 1888 (the Rivista mineraria 1888, p. 282, and 1889, p. 303, cover 
the same set of workshops), and the other omitted districts do not appear to have produced these 
goods until much later, if at all.  In the Firenze district, production is here assumed to have 
grown by 45 tons of sulfate p. a. from zero in 1887, when the Ducco works were set up, to the 
reported 200 tons of sulfate and 50 tons of ferrugine in 1892 (Rivista mineraria 1888, p. 125, 
1892, p. 91); in the Milano district, production is assumed to have grown by 25 tons of sulfate p. 
a. from 200 in 1887 (half the 400 tons of “other salts” reported in the Rivista mineraria 1887, p. 
199) to the reported 350 in 1893.  The 1887-92 figures in Table D.33, col. 3 are accordingly the 
sum of these estimates and the output data (with the ferrugine data decreased by one half). 
 In earlier years, the present series incorporates the comprehensive 1879 figure reported 
in the Notizie minerarie, p. 263, and early estimates obtained from the first available reports. 
The Statistica mineraria, pp. 47, 60-61, reports 785 tons of ferrous sulfate or green vitriol and 
13 tons of ferrugine (“nitro-sulfate of iron”) from chemical works, plus 50 tons of sulfate from a 
sulfur refinery, for a weighted total of 842 tons; the Relazioni minerarie, p. 128, reports the 
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ferrous sulfate obtained at the Agordo (Vicenza) copper works in 1861-65 (Table D.33, cols. 1 - 
2).  The present aggregate estimates for 1861-65 are these annual Agordo figures, increased by 
842 tons; the 1866-78 and 1880-86 estimates are geometric interpolations (at 1.12% and 6.23% 
p. a., respectively) of the figures for 1865, 1879, and 1887.  The 1886 estimate so obtained 
appears compatible with the partial figures available for that year. 
 In 1911, the ferrous sulfate reported by the Corpo delle miniere was worth, on average, 
38 lire per ton, against 50 lire per ton according to the Movimento commerciale; this suggests 
that the domestic product included a good deal of water of crystallization (Molinari, 1920, p. 
836).  Assuming an average 25% water, a ton of output would absorb about 700 kg of pyrite, 
worth 19 lire per ton at the source; allowing for transport costs, fuel, and other charges, value 
added may be estimated at approximately 50% of value, or 19 lire per ton, for a total value 
added of just 22,000 lire in 1911. 
 
D11.13  Nitrated lead oxide 
 The most important lead compounds are pigments, discussed in section D08.02 above; 
in addition to these, the Rivista mineraria 1887 ff. include output data for lead dioxide (brown 
lead oxide) and lead nitrate (Table D.34, cols. 1 and 2).   The technical evidence (Molinari, 
1920, p.787) indicates that these goods are very similar, and, in all probability, largely the same 
stuff.  Both are obtained by treating a lead oxide with dilute nitric acid, and both are used as 
oxidizers; and the dioxide appears to have been obtained with the nitrate (Pb3O4 + 4HNO3 
yielding PbO2 + 2Pb(NO3)2 + 2H2O), though the latter could be obtained alone (PbO+2HNO3 
yielding Pb(NO3)2 + H2O).  Since the dioxide and the nitrate were obtained in different places 
(Milano and Torino or Carrara, respectively), and their prices were in fact quite similar, there is 
every reason to believe that the reported dioxide included the (preponderant) by-product nitrate. 
 These two goods are here accordingly combined, ton for ton, into a single “nitrated lead 
oxide” series (Table D.34, col. 3). This series incorporates the reported figures; on the 
assumption that output was in fact negligible before 1887, the only estimates needed to 
complete it are those for 1889-92 (here estimated at 35 tons p. a., against 40 tons in 1888 and 30 
in 1893) and again for 1896-97, when the Rivista mineraria counted lead dioxide and black iron 
oxide together (the present lead dioxide estimates are 18% of the reported joint total, as implied 
by the separate prices of these goods in 1898 and their joint value in 1896-97; see above, section 
D08.02). 
 In 1911, commercial lead dioxide was worth 650 lire per ton.  Assuming it was an 
anhydrous mixture of dioxide and nitrate, a ton of output would absorb the equivalent of .76 
tons of minium, worth 414 lire per ton, and .45 tons of 62% nitric acid, worth 400 lire per ton, 
for a value added of about 150 lire per ton (allowing 5 lire for other materials and fuel); since 
the reported output was most probably obtained directly from lead, however, this figure is to be 
increased by the value added in .76 tons of red lead, or another 50 lire or so (see above, section 
D08.02), for a total value added of 200 lire per ton of output.  The corresponding aggregate 
value for 1911 is under 12,000 lire; but a peak of 92,000 lire was reached in 1898. 
 
D11.14  Magnesium carbonate and magnesium sulfate 
 Beyond the magnesium compounds here considered pharmaceutical products (Table 
D.20), the Rivista mineraria includes data on magnesium carbonate and sulfate, and, in 1910, 
magnesium oxide and magnesium-asbestos insulators as well.  The oxide (80 tons at 70 lire 
each) is here included with the similarly priced sulfate; the insulators are instead assimilated to 
magnesium carbonate, which seems to have been their primary component (Dizionario 
enciclopedico italiano, vol. 7, p. 261). 
 The present magnesium carbonate figures (Table D.35, col. 1) reproduce the Rivista 
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mineraria figures for 1893-96 (Vicenza) and 1901-13 (Milano, Vicenza); in 1897-1900, the 
present figures are one tenth the reported (Vicenza) data, as in those years quantities were ten 
times, and unit values one tenth, those of earlier years.  This series is completed by an estimate 
for 1892 equal to half that reported for 1893; output is assumed to be zero before then, as none 
is mentioned in the apparently comprehensive 1891 Vicenza district report (Rivista mineraria 
1891, p. 341).  The Notizie minerarie, p. 264, reports that 43 tons of calcined magnesia and 
magnesium carbonate were produced in the Milano district in 1879; but that carbonate would 
appear to be the medicinal basic (hydrated) carbonate, and not the neutral salt considered here.  
In the Milano district, production of the neutral carbonate would appear to have begun with the 
appearance of the first output figure (100 tons) in 1901; the accompanying commentary notes 
only that it was a novel item in the report (Rivista mineraria 1901, p. 290). 
 Magnesium carbonate appears to have been obtained from dolomite.  The dolomite was 
calcined, ground, hydrated, and saturated with carbon dioxide; the magnesium bicarbonate so 
obtained was reduced to carbonate by heating (Molinari, 1920, p. 673; Rivista mineraria 1901, 
p. 290).  In 1911, a ton of carbonate was worth an average 566 lire; its production probably 
consumed some three tons of dolomite (MgCO3,CaCO3, used as a source of MgO and possibly 
of CO2), worth perhaps 6 lire each (against 12 lire per ton for the less common magnesian earth 
reported in the Rivista mineraria 1911, p. LXXXV; Molinari, 1920, p. 673), and three tons of 
coal (for heat, power, and perhaps CO2), worth perhaps 43 lire each delivered.  With a small 
allowance for other deductible charges, value added is here estimated at 400 lire per ton, or 
160,000 lire for the 400 tons produced in 1911. 
 The present magnesium sulfate figures (Table D.35, col. 2) incorporate the circa-1865, 
1879, and 1893-1913 data reported by the Corpo delle miniere in the Statistica mineraria, pp. 
58-61, the Notizie minerarie, p. 264, and the Rivista mineraria 1893 ff.  As with the carbonate, 
the Milano district figures begin in 1901, probably but not certainly with production itself 
(Rivista mineraria 1901, p. 290); but the initial reported output is here sufficiently low (18 tons) 
that possible earlier omissions are unlikely to matter.  The Statistica mineraria figure is here 
applied to 1861-66; it is net of 150 tons of pure sulfate obtained in Sicily by recrystallizing 
crude sulfate, at a labor cost of under 400 lire.  The 1887-92 estimates reflect the available 
regional evidence from the three producing districts (Firenze:  150 tons in 1892, as in 1893; 
Vicenza:  100 tons in 1891, against 250 tons in 1893; Torino:  376 tons in 1887, 437 in 1888, 
688 in 1889, 742 in 1890, 815 in 1891, and 831 in 1892, against 706 in 1893).  The 1867-78 
and 1880-86 figures, finally, are linear interpolations of those for 1866, 1879, and 1887. 
 In 1911, magnesium sulfate was worth 86 lire per ton; this price suggests that the 
product was the crystalline Epsom salt, containing about 50% water (Molinari, 1920, p. 673).  A 
ton of salt appears to have been obtained from approximately one ton of magnesian earth 
(Statistica mineraria, pp. 60-61, Notizie minerarie, p. 264), and about 600 kg of 52° sulfuric 
acid (as suggested by the molecular weights); these were worth 12 and 21 lire, respectively.  
Allowing another 10 lire for fuel and other costs, value added reduces to 43 lire per ton (half of 
gross value), or 88,000 lire for 2,052 tons. 
 
D11.15  Potassium dichromate, saltpetre, and other potassium salts 
 The potassium carbonate, sulfate, sulfite, sulfide, bisulfite, dichromate, and nitrate 
(saltpetre) output data reported by the Corpo delle miniere are transcribed in Table D.36, cols. 1 
- 5.  The carbonate, sulfate, and sulfite are here considered negligible:  gross values peaked at 
about 7,000 lire (1910), 10,000 lire (1899), and 4,000 lire (1901), respectively, and even the 
combined value added is limited to a few thousand lire.  The sulfate, for example, appears to 
have been produced with hydrochloric acid from potassium chloride and sulfuric acid (Molinari, 
1920, p. 543); given the analogous Leblanc reaction described in section D02.04 above and the 
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relative atomic weights of potassium and sodium, a ton of hydrochloric acid (worth 55 lire) and 
800 kg of potassium sulfate (worth 208 lire) appear to have consumed some 770 kg of 
potassium chloride (worth 177 lire), 600 kg of sulfuric acid (worth 26 lire), and other inputs 
worth perhaps 10 lire, for a total value added of 50 lire.  Since 30 lire of that are already 
attributed to the hydrochloric acid, the residual value added attributable to the sulfate is only 20 
lire for 800 kg, or 25 lire per ton: about 10% of gross value, and just 1,000 lire at the 1899 peak. 
 The potassium sulfide and bisulfite, produced only in 1910 and 1911 but worth a total of 
about 23,000 lire, are marginal; the solution adopted here is to include them with the dichromate 
(Table D.36, col. 4).  The latter product, worth 400,000 lire in 1911, was obtained at the 
Cogoleto works (Genova) and later in Novara as well; the corresponding time series is here 
accepted as reported, on the evidence that the first appearance of the output data coincides with 
the actual beginning of production (Rivista mineraria 1898, p. 124). 
 The estimation of the corresponding value added at 1911 prices is facilitated by the 
abundance of available technical information (Molinari, 1920, pp. 796-797; Rivista mineraria 
1903, pp. 164-165).  These descriptions of the production process clarify the uncertain relation 
between the potassium and sodium dichromate output data (Notizie chimiche, vol. 3, p. 18): 
since imported chromite was worked into sodium chromate and thence into a sodium 
dichromate solution which was either concentrated into commercial sodium dichromate or 
heated with potassium chloride to yield potassium dichromate, the (commercial) sodium salt 
output figures surely exclude the dissolved product worked into the potassium salt; it follows 
that (to avoid reestimating sodium dichromate production on a gross basis) the value added in 
the production of potassium dichromate must here span the full process from the chromite 
through the intermediate sodium salts.  The equations of the chemical transformations suggest 
that a ton of potassium dichromate, worth 820 lire, was obtained (with about 400 kg of salt and 
500 kg of sodium sulfate, worth another 30 lire) from about one ton of 75%-pure Turkish 
chromite, whose value may be estimated at approximately 55 lire (United States Geological 
Survey, 1912, pp. 979 ff.); other inputs include some 750 kg of sodium carbonate, 400 kg of 
quicklime, 500 kg of 65% sulfuric acid, and 500 kg of potassium chloride, worth (delivered) 
perhaps 95, 10, 20, and 115 lire, respectively, or about 240 lire in all.  Allowing for minor 
energy costs (since most power, and much heat, were obtained from the works’ own 
hydroelectric generators), total materials costs sum to perhaps 305 lire, for a total value added, 
including by-products, of 545 lire.  Since sodium sulfate is separately counted below, at a value 
added of 28 lire per ton, value added net of by-products counted elsewhere reduces to some 530 
lire per ton of potassium dichromate; the 520 tons of dichromate (including sulfide and 
bisulfite) produced in 1911 accordingly yield an aggregate value added of 276,000 lire. 
 The Corpo delle miniere reported saltpetre output in the Statistica mineraria, pp. 58-59 
(200 tons, from sodium nitrate and potassium carbonate), the Notizie minerarie, p. 263 (1,680 
tons in 1879, apparently calculated from potassium chloride imports), and the Rivista mineraria 
1893 ff. (Table D.36, col. 5).  These figures measure (at best) the output of independent saltpetre 
works; but other saltpetre was no doubt produced at powder works, and it too must be counted 
here (recall that gunpowder was taken to be produced from saltpetre, section D07.02 above, and 
note that the share of integrated saltpetre-powder production cannot be considered constant).  
On the assumption that saltpetre consumption for purposes other than explosives can be 
neglected (Notizie chimiche, vol. 3, p. 20), output is here estimated from explosives production 
and saltpetre imports.  The total output of saltpetre-based explosives is obtained as the sum of 
estimated aggregate gunpowder output (Table D.13, col. 7), less nitrated explosives reported as 
gunpowder (10 tons p. a. in 1885-92, as estimated in section D07.04 above, and from 1893 as in 
Table D.15, col. 2), plus fireworks (10 tons p. a. in 1861-92, as estimated in section D07.04, and 
from 1893 as in Table D.15, col. 4).  This total is multiplied by .75, to approximate saltpetre 
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consumption, and then reduced by the estimated consumption of imported saltpetre (Table 
D.13, col. 3, smoothed by taking a three-year moving average; the first and last figures are kept 
as they are).  The resulting figures, rounded to the nearest 100 tons, are the desired estimates of 
domestic saltpetre production (Table D.36, col. 6); their relation to the reported output figures is 
quite reasonable (even in 1879: given the likely derivation of the Corpo delle miniere figures, 
the present estimates imply that about 35% of imported potassium chloride was not used to 
manufacture saltpetre). 
 The 1911-price value added in saltpetre production is based on the double 
decomposition of sodium nitrate and potassium chloride into saltpetre and common salt; this 
method appears to have supplanted  the traditional collection and recrystallization in the 1870s 
(Notizie minerarie, pp. 262-63; Molinari, 1920, pp. 540-42).  One ton of saltpetre, worth 550 
lire, and about 578 kg of salt, worth 6 lire, were obtained from 840 kg of sodium nitrate, worth 
perhaps 220 lire delivered, and 747 kg of potassium chloride, worth perhaps 170 lire delivered; 
assuming that fuel costs were offset by the salt by-product (not separately considered:  the 
Rivista mineraria reports 1,500 tons in 1905-09 and 1,200 tons in 1910-13), value added is here 
estimated at 160 lire per ton of saltpetre, or 336,000 lire for 2,100 tons. 
 
D11.16  Calcined soda and soda crystals 
 Sodium carbonate was traded, in the main, either as anhydrous “calcined soda” or as 
decahydrate “soda crystals” (Molinari, 1920, pp. 590 ff.).  Italy is generally said to have lacked a 
soda industry, and to have merely obtained soda crystals from imported anhydrous carbonate 
(Molinari, 1920, p. 601; Notizie chimiche, vol. 2, p. 12; Rivista mineraria 1889, pp. 273-274, 
1897, p. 222); but some calcined Leblanc soda appears to have been produced at the Orbetello 
(Firenze) works in the 1870s and 1880s (Notizie minerarie, pp. 260-262; Rivista mineraria 
1877, p. 99, 1888, p. 125). 
 The data provided by the Corpo delle miniere are collected in Table D.37, col. 1.  The 
earliest figure, from the Statistica mineraria, pp. 57-58, refers to the by-product of saltpetre 
obtained in Genova, by the double decomposition of sodium nitrate and potassium carbonate.  
The Notizie minerarie, p. 262, report 2,000 tons of sodium carbonate, 75% of it from Orbetello 
and the rest from Milano.  The accompanying value figures (allowing for the sulfate they 
include at the rate of 120 lire per ton, as in Civitavecchia; the cheaper sulfate obtained in Torino 
was actually bisulfate from the nitric acid works) yield unit values of about 230 and 160 lire per 
ton of carbonate in Orbetello and Milano, respectively; since in later years the prices of 
imported anhydrous soda and domestic soda crystals were in a similar ratio (120 and 80 lire per 
ton, respectively, in 1911), it seems fair to conclude that the Orbetello carbonate was in fact 
calcined soda, and the Milano carbonate soda crystals.  These crystals appear to have been 
obtained, as in later years, from imported soda:  the Candiani firm, named here by the Notizie 
minerarie, was certainly working imported soda some years later (Rivista mineraria 1888, p. 
257, 1889, pp. 273-274); and only the Orbetello works are referred to as a sodificio. 
 The Orbetello factory closed down early in 1888; its production in 1887 is said to have 
included 800 tons of hydrochloric acid, 700 tons of sodium sulfate, and 300 tons of sodium 
carbonate (Rivista mineraria 1888, p. 125).  While no value figures are given, it seems 
reasonable to assume that these output figures refer, as in 1879, to the net production of 
anhydrous sodium salts: the relatively low output of hydrochloric acid is not unreasonable for a 
secondary product (see above, section D02.04; the output proportions implied by the present 
interpretation are in fact close to those that prevail when only the pure HCl vapors from the 
initial low-temperature phase of the Leblanc process are captured:  Molinari, 1920, pp. 172-73). 
 The Rivista mineraria 1888 to 1892 also include soda crystal output figures for Firenze 
(1892), Milano (1888-89), Torino (1889-91; none is noted in the reports for 1887-88 or 1892), 
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and Vicenza (1891).  From 1893, the national chemical reports in the Rivista mineraria include 
ostensibly comprehensive “sodium carbonate” data (which actually refer to soda crystals:  e.g., 
Rivista mineraria 1905, pp. XXXIV ff., 134, 262, 340, 448).  These cover output from the 
Firenze district in 1893-95, Carrara in 1894 and 1905-13, Milano in 1895-96 and 1905-09, 
Roma in 1904-06, and Vicenza in every year save 1898, 1902, and 1909.  The significant 
variation in the series (Table D.37, col. 1) in the early 1890s is clearly due to the omission of the 
Milano district output after 1896 and, presumably, in 1893-94 as well (Rivista mineraria 1897, 
p. 222; the reason given is that the soda was just crystallized imported Solvay soda, and not a 
true domestic product).  The other major discontinuity, in 1905, is related to the reappearance of 
Genova production figures (1,500 tons, against just 30 for Milano); in the absence of indications 
to the contrary, this increase is here taken to correspond to actual production movements. 
 The present output estimates are obtained from these data through a variety of tentative 
interpolations, extrapolations, and corrections designed to remove their heterogeneity.  The 
production of calcined soda at the Orbetello works (Table D.37, col. 2) is estimated to have 
grown from 100 tons in 1872, when production began, by 200 tons p. a. to the reported 1,500 
tons in 1879, and then to have declined by 150 tons p. a. to the reported 300 tons in 1887, the 
last year of operations. 
 The estimated production of crystallized soda (Table D.37, col. 3) is estimated, in the 
early years, by assuming that output remained at the level reported in the Statistica mineraria in 
1861-65, and then rose by equal increments of 25 tons p. a. to the 1879 figure of 500 tons (this 
simple interpolation masks the technological and geographic heterogeneity of the first two 
benchmarks, but output levels appear to be too low to warrant more refined estimates).  In later 
years, the present estimates are obtained as the sum of the reported output of soda crystals 
(Table D.37, col. 1, from 1888) and district-specific estimates of omitted output for Firenze in 
1888-91, Milano in 1880-87, 1890-94, and 1897 ff., and Vicenza in 1889-90 and 1892 (the 
other district data are assumed complete as reported).  Firenze district production is assumed to 
have grown by equal increments of 160 tons p. a. from 1888 (the first year of operations by the 
Ducco works:  Rivista mineraria 1888, p. 125) to 1892, when output was reported at 800 tons.  
Milano district production is assumed to have remained at 500 tons p. a., as in 1879, from 1880 
through 1887 (when 1,150 tons of “soda salts” were produced:  Rivista mineraria 1887, p. 199); 
the implication that output more than doubled in 1888, to the reported 1,100 tons, agrees with 
the comments in the Rivista mineraria 1888, p. 257.  The Milano district estimates for 1890-94 
interpolate the figures reported for 1889 (1,300 tons) and 1895 (3,500 tons), for an annual 
increment of 366.6 tons p. a. between those benchmarks; in 1897 ff., output is assumed to have 
declined by 500 tons p. a. (from 3,500 tons in 1896 to zero in 1903, against a reported 30 tons in 
1905).  Finally, Vicenza district production is estimated at 90 tons in 1889, 180 tons in 1890, 
and 235 tons in 1892 (against 270 tons in 1891 and 200 tons in 1893). 
 The 1911-price values added in the production of calcined soda and soda crystals are 
very different.  Because the sodium sulfate output estimates derived in section D11.19 below are 
net of the amounts transformed into carbonate, the value added in the production of calcined 
soda must here cover both main phases of the Leblanc process.  The value added in the first 
phase, from salt to sodium sulfate (salt cake), was estimated in section D02.04 above at 28 lire 
per ton of sulfate; at approximately 1.34 tons of sulfate per ton of carbonate, this estimate is 
equivalent to 37.5 lire per ton of carbonate.  The value added in the second phase, from sodium 
sulfate to sodium carbonate, is difficult to estimate: at (Italian) 1911 prices, the value of the 
results of the primary inputs’ activity clearly falls well short of the value of that activity itself.  
For the sake of simplicity, the value added in the second phase is here assumed equivalent to 
that in the first, for a final value added estimate of 75 lire per ton of calcined soda.  This figure 
yields a total of 113,000 lire in 1879, or (for what the comparison may be worth) about a third of 
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the gross value of output reported in that year. 
 In 1911, soda crystals worth some 90 lire per ton were obtained from imported calcined 
soda worth 120 lire per ton at the border, or perhaps 130 lire per ton delivered.  Soda crystals are 
63% water, for a unit raw material cost of approximately 50 lire per ton; allowing for the 
probably significant fuel costs, value added is here estimated at 15 lire per ton of output, or 
33,000 lire for the amount produced in 1911. 
 
D11.17  Sodium dichromate and disodium phosphate 
 The later issues of the Rivista mineraria include output figures for sodium chloride, 
sodium dichromate, sodium nitrite, and disodium phosphate.  The sodium chloride (1,500 tons 
p. a. in 1905-09 and 1,200 tons p. a. in 1910-13, all from Genova) appears to have been a 
by-product of saltpetre production; since it is already counted in that context (above, section 
D11.15), it is not separately considered here. 
 Sodium dichromate was produced at the Cogoleto works (Genova) from 1898, and in 
1913 in Novara as well.  Like the parallel potassium dichromate output data discussed in section 
D11.15 above, the sodium dichromate data (Table D.38, col. 1) appear to be acceptable as they 
are.  In 1911, a ton of sodium dichromate was worth 700 lire; it was obtained with about 500 kg 
of sodium sulfate, worth another 26 lire.  The corresponding raw materials and fuel costs appear 
to have amounted to about 200 lire, of which 180 lire are for the same materials as were 
absorbed by a ton of potassium dichromate, excluding of course potassium chloride (above, 
section D11.15), and the balance for fuel (including the extra fuel used to concentrate the 
sodium dichromate solution). These figures yield a value added estimate of 526 lire for the 
dichromate and sulfate by-product together; deducting the value added attributed to the latter 
below (14 lire, at 28 lire per ton) leaves a 1911-price value added in the sodium dichromate 
alone of 512 lire per ton, or 216,000 lire for 422 tons. 
 Sodium nitrite was produced in small quantities (9, 7, 15, 12, and 3 tons per year from 
1897 to 1901, 1 ton in 1903, and 12 tons in 1904); but unit values were relatively high (700 to 
900 lire per ton).  Since unit value added was probably close to that estimated for sodium 
dichromate, this nitrite output is here simply added to the dichromate series (Table D.38, col. 1). 
 Disodium phosphate output was reported in the Vicenza district from 1895, and in the 
Milano district in 1896 and from 1906.  While the 1898-1913 figures seem to be acceptable as 
reported, the early data are relatively shaky.  The early Vicenza figures appear to be 
comprehensive but heterogeneous, as the 1895-97 outputs (10, 30, and 50 tons, respectively) are 
attributed unit values of about 100 lire per ton, rather than the 200 to 300 lire per ton that 
prevailed from 1898 to 1913.  In view of the prices quoted by Molinari (1920), p. 603 (200 lire 
per ton for commercial crystallized phosphate, 350 lire per ton for the refined product, and “four 
times as much” for the anhydrous salt), these early figures would appear to measure a disodium 
phosphate solution, rather than the ordinary crystals; they are accordingly replaced here by their 
estimated equivalent in crystallized phosphates (4, 12, and 20 tons, respectively).  The early 
Milano district data, on the other hand, appear to be incomplete:  while disodium phosphate 
does not appear to have been produced there in 1897-1905 (Rivista mineraria 1897, p. 222, 
1906, p. 305), there is evidence of production before 1896, and in fact as early as 1891 (Rivista 
mineraria 1891, p. 233, 1896, p. 230).  To allow for this, the present series assumes that 
production began in Milano in 1891 at 25 tons, and increased by 5 tons p. a. to the 50 tons 
reported for 1896.  This figure is accepted as is, even though it is labeled “anhydrous 
phosphate” (Rivista mineraria 1896, p. 211), because the corresponding unit value (300 lire per 
ton) suggests that the product was in fact anhydrous only in the loose, non-technical sense that it 
was a crystalline product rather than an aqueous solution. 
 The definitions and descriptions in Furnas (1942, vol. 2, p. 1588) and Molinari (1920, 
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pp. 415, 603, 643, 646) suggest that disodium phosphate was obtained from phosphorite (70% 
tricalcium phosphate), sulfuric acid, and sodium carbonate through a set of reactions that reduce 
to Ca3(PO4)2 + H2SO4 + 2Na2CO3 = 2Na2HPO4 + 2CaCO3 + CaSO4.  In 1911, one ton of 
commercial disodium phosphate, presumably in crystals containing 60% water, was worth 234 
lire; according to the above equation, it was obtained, along with essentially worthless 
by-products, from .62 tons of phosphorite worth perhaps 25 lire delivered (against an import 
price of 35 lire per ton), .21 tons of 65% sulfuric acid, worth perhaps 8 lire, and .30 tons of 
sodium carbonate, worth perhaps 39 lire delivered (against an import price of 120 lire per ton).  
Allowing 7 lire for fuel and other charges, value added reduces to 155 lire per ton of output, or 
104,000 lire for 669 tons. 
 
D11.18  Sodium silicate 
 The production of sodium silicate was reported in the Napoli district from 1887 and 
elsewhere from 1893 (Table D.39, cols. 1 - 4).  These data are far from satisfactory: the product 
is heterogeneous, as the data appear to cover a variety of different solutions of liquid silicate, 
and some solid silicate as well; some of the liquid silicate was produced through solid silicate 
from silica and a sodium salt, and some was obtained by dissolving imported solid silicate 
(these will henceforth be referred to as “synthesized” and “dissolved” liquid silicate, 
respectively); and some dissolved liquid silicate was not counted at all (Rivista mineraria 1893, 
p. 180, 1896, p. 286, 1901, p. 290, 1902, p. 157).  The present estimates attempt to remove at 
least the grossest discontinuities in the series’ coverage and in value added per unit of output; 
but the available information is very slight, and the present corrections must be considered 
tentative. 
 As in the analogous case of sodium carbonate (section D11.16), the structure of the 
industry warrants separate estimates for two distinct stages of production:  the manufacture of 
solid silicate (from silica and a sodium salt) on the one hand, and that of liquid silicate (from 
domestic or imported solid silicate) on the other.  On the assumption that the initial dissolution 
was the most costly, the different grades of liquid silicate will here be reduced to a standard 40° 
Baumé, containing some 62% water and worth about 80 lire per ton (Molinari, 1920, p. 608), 
through a simple division of gross sales by that unit value. 
 The time series are here reconstructed district by district.  The Carrara district data 
(Table D.39, col. 1) appear to refer exclusively to liquid silicate, albeit of unit values varying 
from 60 to 100 lire per ton (Rivista mineraria 1893, p. 103, 1900, p. 119, 1908, p. 126).  On the 
other hand, the jump in output from 1901 to 1902 is plausibly attributed to an expansion in the 
figures’ coverage to include dissolved as well as synthesized liquid silicate:  there was then a 
change in personnel, as Anselmo was replaced by De Castro; in his first report the latter noted 
that all the silicate producers just dissolved imported solid silicate, with the exception of one 
firm, in Vado, that synthesized its own (Rivista mineraria 1902, p. 157); and the 1893 output 
figure also refers to the product of a single firm (in S. Pier d’Arena; its activity may have 
overlapped with that of the Vado works, possibly in 1897-98, as the output data would suggest). 
 The corresponding liquid silicate output estimates (Table D.39, col. 10) are accordingly the 
reported gross value figures divided by 80 lire per ton, plus an allowance for the output of 
dissolved silicate neglected before 1902 (from zero tons in 1892 to 3,600 tons in 1901, by 
400-ton annual increments; the starting date is suggested by the Rivista mineraria 1894, p. 209) 
and an allowance for synthesized silicate neglected before 1893 (200 tons in 1891, 400 tons in 
1892).  The output of solid silicate (Table D.39, col. 6), in turn, is estimated as 38% of the 
output of synthesized liquid silicate, estimated through 1901 as the total in col. 10 less the 
allowance for dissolved silicate, and from 1902 as 10% of the total in col. 10. 
 The Milano district data (Table D.39, col. 2) are particularly uncertain in the early years. 
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Large-scale production of silicate (from internally obtained sodium sulfate) is said to have 
gotten under way in 1890-92, after suitable experiments in 1889; by 1892, the Candiani firm 
alone could produce 3 to 5 tons a day (Rivista mineraria 1889, p.273, 1890, pp. 554-555, 1891, 
p. 233, 1892, p. 198).  In 1894, the pressure of competition from German silicate dissolved in 
Italy is said to have induced the Candiani works to cut back from 1,450 tons in 1893 to just 60 
in 1894 -- clearly contradicting the 1893 district report, which counted only 500 tons of liquid 
and 160 tons of solid silicate in the district, apparently including the Candiani works (Rivista 
mineraria 1893, p. 180, 1894, p. 209).  In the following years, it would seem, the synthesizing 
of silicate was abandoned; and the publication of output data was suspended in 1901 precisely 
because the silicate was entirely dissolved rather than synthesized (Rivista mineraria 1900, p. 
261, 1901, p. 290).  The small amounts recorded from 1907 appear to have been synthesized, 
probably in an electric oven (Rivista mineraria 1905, p. 286).  The present estimates (Table 
D.39, cols. 7 and 11) begin with the 1894 figure.  Since the reported average value was then 
close to 90 lire per ton, as in 1893, the 1894 final output is distributed between liquid silicate at 
80 lire per ton and solid silicate at 120 lire per ton in the proportions reported for the previous 
year; this procedure yields estimates of 1,174 tons of liquid silicate and 376 tons of solid silicate 
(to which are added 38% of the liquid silicate, to allow for the solid silicate that was not sold as 
such, for a total of 822 tons).  On the assumption that the 1893 report in fact excluded the 
silicate obtained at the Candiani works, and that the 1893 output indicated for them in the 1894 
report was a liquid at 40° Baumé (Rivista mineraria 1891, p. 233), final output in 1893 is here 
estimated at 1,950 tons of liquid silicate and 160 tons of solid silicate (to which are again added 
38% of the liquid, for a total of 901 tons, including the intermediate product).  The 1889-92 
figures for both liquid and solid silicate are crude extrapolations of the 1893 estimates, with the 
growth path suggested by the comments cited above.  In 1895-1900, the average value of 
reported output was just 54 to 65 lire per ton, suggesting that it was all liquid silicate; as usual, 
the corresponding estimates are obtained by dividing the reported gross value figures by 80 lire 
per ton.  The transition from synthesized to dissolved liquid silicate presumably took place in 
those years; the output of solid silicate is estimated at 38% of the liquid output in 1895, 10% of 
it in 1896, and zero from 1897.  In 1901-13, the output of dissolved liquid silicate is assumed to 
remain constant at the level calculated for 1900; from 1907, the figures in Table D.39, col. 11 
also include the equivalent of the reported output (valued at 50 to 66 lire per ton) in 40° 
solution, calculated in the usual way.  Again as usual, 38% of that standard equivalent is also 
counted as solid silicate (col. 7). 
 The Napoli district product, obtained in Bari, appears to have been entirely synthesized 
(Notizie chimiche, vol. 3, p. 12; initially, at least, all the inputs were imported, Rivista mineraria 
1888, p. 284); but the product appears to have been sold sometimes as a liquid and sometimes 
as a solid.  The present estimates consider the output to be liquid if the average value is between 
50 and 75 lire per ton, and solid if the average value is between 90 and 115 lire per ton (Rivista 
mineraria 1897, p. 235, 1908, p. 325); both types of final output appear to have been produced 
in 1891 (600 tons of liquid output, 250 tons of solid) and 1892 (650 tons of liquid output, 240 
tons of solid).  The estimates of liquid output (Table D.39, col. 12) are accordingly the reported 
totals for 1887-88, 1890, 1893-94, 1901-02, and 1907-11, and appropriate subtotals for 
1891-92, reestimated in the usual way; the 1883-86 and 1889 estimates are the usual sort of 
crude extrapolation and interpolation.  The estimates of solid output (col. 8), in turn, include 
38% of the estimated liquid output at 40° Beaumé, plus the reported totals for 1895-1900, 
1903-06, and 1912-13, and appropriate subtotals for 1891-92. 
 The Roma district output appears to have consisted entirely of dissolved liquid silicate 
(Rivista mineraria 1896, p. 286); since unit values remained constant at 60 lire per ton, the 
present output estimates (Table D.39, col. 13) are simply 75% of the reported amounts. 



 78 

 The aggregate output estimates (Table D.39, cols. 9 and 14) are the rounded sums of the 
appropriate components (cols. 6 - 8 and 10 - 13, respectively). 
 Value added at 1911 prices is estimated as follows.  Assuming a typical silicate of 
composition Na2O,3SiO2 (Molinari, 1920, p. 606), and allowing for the SO3 lost by the sodium 
sulfate, one ton of solid silicate worth perhaps 110 lire would consume .77 tons of silica, worth 
perhaps 5 lire, .54 tons of sodium sulfate, worth about 28 lire, and perhaps .3 tons of coal, worth 
13 lire; allowing for minor inputs, these figures suggest a value added of the order of 60 lire per 
ton of output.  In addition, part of the sodium sulfate so consumed may have been obtained in 
Italy but excluded from the reported production of sulfate (particularly in the Milano district, in 
the early 1890s); this suggests raising the unit value added by perhaps 5 lire (as if about one 
third of the industry’s sulfate needs were thus satisfied from internal sources), for a final 
estimate of 65 lire per ton of solid sodium silicate, or 59,000 lire for the estimated amount 
produced in 1911.  In turn, one ton of 40° liquid silicate, worth some 80 lire, would absorb .38 
tons of solid silicate, worth about 42 lire, and perhaps another 13 lire of coal; these figures yield 
a value added of 25 lire per ton, or 175,000 lire for the estimated amount produced in 1911. 
 
D11.19  Sodium sulfate and Glauber’s salt 
 Sodium sulfate can be obtained both as an anhydrous salt (Na2SO4) and in crystals with 
10 molecules of water (Na2SO4.10H2O); in the latter form, it is known as Glauber’s salt.  The 
present time series for both these products (Table D.40) transcribe the Rivista mineraria figures 
from 1893, with two corrections:  first, 650 tons of salt produced in the Milano district in 1893 
are here properly counted as Glauber’s salt rather than as sodium sulfate (Rivista mineraria 
1893, pp. XXXIV, 182); second, both the sulfate and the Glauber’s salt data are increased by 33 
tons in 1895 and 67 tons in 1896, as allowances for the neglected output of the Candiani plant at 
Barletta (which produced 100 tons of each good when first counted in 1897; Rivista mineraria 
1897, pp. 235, 253).  Minor ambiguities abound:  some Glauber’s salt may have been counted 
as sulfate; some firms appear to have produced sodium sulfate, or hydrochloric acid, without the 
corresponding by-product (Rivista mineraria 1893, pp. 179, 249, 271); and so on.  By and large, 
however, these figures appear to count the output of ordinary Leblanc works (Molinari, 1920, p. 
580).  The relative tonnages of acid, sulfate, and Glauber’s salt suggest that the sulfate figures 
exclude, as a rule, the amounts recrystallized into Glauber’s salt; and the minor amounts of 
sulfate converted into other products without being traded (Rivista mineraria 1890, p. CXCII) 
were probably excluded as well.  Given the prevalence of vertical integration in the chemical 
industry and the prevalence of other industries (glass, textiles:  Molinari, 1920, p. 582) in the 
market for these goods, however, a net-firm-product count is here fortunately close to its 
equivalent on a consistent net-sector-product basis. 
 In earlier years, the available information is extremely limited; since it is too limited, in 
particular, to allow for a meaningful distinction between sodium sulfate and Glauber’s salt, the 
separate series in Table D.40 are obtained in that period by arbitrarily distributing the estimated 
aggregate output over its two components in the proportions 5:1 (as in 1893), and rounding.  In 
the 1860s, aggregate output appears to have been negligible: the Statistica mineraria (pp. 60-61) 
lists a mere 3 tons of Glauber’s salt.  The first significant observation is provided by the Notizie 
minerarie (p. 262), which lists 1,200 tons of sodium sulfate in 1879 (this figure includes 
perhaps 100 tons of bisulfate; but it probably counts about 100 tons of sulfate instead of its 
twofold yield in Glauber’s salt, so the corrections cancel).  This figure is here extrapolated to 
earlier years on the assumption that output grew (with hydrochloric acid, Table D.5 above) at 
39% p. a. until 1879. 
 The next benchmark is provided by the Rivista mineraria, which suggests an aggregate 
output of perhaps 1,800 tons in 1887 (700 at Orbetello, 467 in Torino, and 650 tons in Milano, 
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estimated as the reported 1,150 tons of “soda salts” less the 500 tons of soda crystals estimated 
in section D11.16 above; Rivista mineraria 1887, pp. 199, 341, 1888, p. 125).  In the absence of 
further information, the 1879 and 1887 benchmarks are simply interpolated on the assumption 
of a constant growth rate (5% p. a.; note that this is a growth in net output only, attributable to 
the decline in the consumption of sodium sulfate for sodium carbonate at the Orbetello works). 
 In 1888-92, the estimate of aggregate sodium sulfate and Glauber’s salt production is 
built up from four district-specific series that incorporate the available partial information.  The 
Firenze district reports indicate that 1888 marked both the closing of the old Orbetello works 
and the first year of operation, with 25 to 30 men, of the Ducco plant that produced 720 tons of 
these salts in 1892, when it employed 75 men (Rivista mineraria 1888, p. 125, 1892, p. 91).  
These figures suggest an output of perhaps 240 tons in 1888; it is assumed to increase by 120 
tons p. a. through 1892.  In the Milano district, there is no measure of output between the 
estimated 650 tons in 1887 and the reported 1,950 tons in 1893; these are here interpolated on 
the assumption of constant absolute growth (216.6 tons p. a.).  In the Torino district, output is 
reported as 973 tons in 1888, 1,111 tons in 1889, 1,045 tons in 1890, 1,713 tons in 1891, and 
2,001 tons in 1892.  In the Vicenza district, finally, output is assumed negligible through 1890, 
as none is mentioned in that year’s report of chemicals production (Rivista mineraria 1890, pp. 
853-854).  Output was reported as 320 tons in 1891 and 400 tons in 1893; it is estimated at 360 
tons in 1892.  These district series are aggregated into a national total; the figures in Table D.40, 
cols. 1 and 2, are once again 5/6 and 1/6 of that total, respectively, rounded. 
 The 1911-price value added in the production of sodium sulfate is estimated at 28 lire 
per ton in section D02.04 above; this figure yields a total of some 382,000 lire for the net 
amount produced in 1911. 
 Glauber’s salt is 56% water and 44% pure sodium sulfate; allowing for the impurities of 
commercial sodium sulfate (salt cake), the input/output ratio can be estimated at approximately 
50%.  In 1911, Glauber’s salt sold for 44 lire per ton.  A half ton of commercial sulfate was 
worth 26 lire per ton, leaving 18 lire as the cost of purifying it; given the simplicity of the 
process, and the fuel and other materials it absorbed, it seems reasonable to attribute perhaps 10 
lire of that to value added, and 8 lire to materials and fuel.  Since the Glauber’s salt appears to 
have been obtained in the main from domestic sulfate excluded from the sulfate output figures, 
the total value added in producing a ton of Glauber’s salt must here include the value added 
content of a half ton of sulfate (14 lire); this yields a final value added estimate of 24 lire per ton 
of Glauber’s salt, or 145,000 lire for the amount produced in 1911.  Value added in 1911 in the 
production of sodium sulfate and Glauber’s salt together thus appears to exceed 500,000 lire. 
 
D11.20  Sodium bisulfate, sodium bisulfite, and sodium thiosulfate 
 The chemical reports in the Rivista mineraria 1893 ff. include output figures for sodium 
bisulfate, sodium bisulfite, and sodium thiosulfate (Table D.41; sodium sulfide is considered in 
section D10.6 above).  In addition, some sodium bisulfate production is noted in the 1887 and 
1889 Torino district reports (55 and 146 tons, respectively; Rivista mineraria 1887, p. 341, 
1889, p. 397), the Notizie minerarie (p. 262; no quantity is given), and perhaps the Statistica 
mineraria (20 tons of “soda salts” at a nitre-purification plant, pp. 58-59). 
 The present output estimates include these sodium bisulfite and thiosulfate series as 
reported, but exclude sodium bisulfate altogether.  Sodium bisulfate is a by-product of nitric 
acid production; but it is not a valuable by-product, and it was often simply thrown away 
(Molinari, 1920, p. 583).  The available output figures appear to count only the bisulfate actually 
sold, to the exclusion both of that converted into sulfate (Rivista mineraria 1887, p. 334, 1888, 
p. XCI) and that not utilized at all (note, e.g., the absence of by-products in the data pertaining to 
the Caserta nitric acid and explosives works, Rivista mineraria 1909, p. 354).  When the 
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by-product was worthless, however, the entire cost of production would be covered by the 
principal product; so it seems best to ignore the bisulfate data, and attribute the entire value 
added by that process to the acid (see above, section D02.03). 
 In 1911, sodium bisulfite was worth on average 72 lire per ton; Molinari (1920, p. 585) 
indicates that this was the approximate value of a 30% solution of NaHSO3.  Molinari (1920, p. 
583) also indicates that this product was obtained from aqueous caustic soda and sulfur dioxide; 
since most of it was obtained in the Torino and Vicenza districts, it is reasonable to assume that 
the purchased materials were in fact anhydrous soda and pyrite.  In the absence of waste, a ton 
of output would absorb about 130 kg of NaOH (worth some 40 lire delivered) and 210 kg of 
45% pyrite (worth some 6 lire delivered) per ton of output; allowing a few lire for waste and 
other materials, value added reduces to 23 lire per ton of output, or 22,000 lire for the amount 
produced in 1911. 
 Sodium thiosulfate (Na2S2O3.5H2O)was worth about 200 lire per ton.  In the absence of 
Leblanc soda residues, it was probably obtained, through sodium bisulfite and sulfite, from 
caustic soda and pyrite.  Again in the absence of waste, a ton of output would absorb some 325 
kg of NaOH (worth about 100 lire delivered) and 570 kg of pyrite (worth about 15 lire 
delivered); allowing another 15 lire for waste and fuel, value added reduces to 70 lire per ton of 
output, or just 8,000 lire for the small amount produced in 1911. 
 
D11.21  Pink salt and zinc salts 
 Pink salt (stannic chloride) appears to have been produced only in the Milano district; 
output data are available in the Rivista mineraria from 1896, but production appears to have 
started some time before then (Rivista mineraria 1896, p. 230).  On the other hand, the Notizie 
minerarie, p. 267, indicates that no chlorides were then in production; and the Statistica 
mineraria, pp. 58-61  counts only 1.4 tons of “tin salt” (probably stannous chloride:  Molinari, 
1920, p. 779).  The present series (Table D.42, col. 1) accordingly assumes that output was 
negligible through the 1880s, and then increased by 50 tons p. a. to the 350 tons reported for 
1896; the data available from that year on are accepted as reported, on the presumption that the 
fluctuations in unit values (from 400 to 1,400 lire per ton) are attributable to movements in tin 
prices rather than to changes in the quality of the product (Molinari, 1920, p. 779). 
 The Rivista mineraria reports the zinc sulfate and zinc chloride figures transcribed in 
Table D.42 (cols. 2 and 3), plus 30 tons of scale remover (zincalite) in 1904.  The sulfate was 
produced, in the main, by the Ducco works (Firenze); production is here assumed to have grown 
to the 30 tons reported for 1892 in 3 annual 10-ton increments.  The chloride and scale remover 
were instead produced in Vado (Carrara) by a firm that started operations in 1904; the scale 
remover, obtained from zinc and soda, appears to have remained in production, even though 
output was not reported after the first year (Rivista mineraria 1904, p. 159, 1906, p. 186).  The 
present zinc salts series (Table D.42, col. 4) is the sum of reported or estimated output of zinc 
sulfate and chloride, plus 30 tons p. a. in 1904-13 as an allowance for scale remover.  Once 
again, production in earlier years appears to have been negligible:  the Statistica mineraria does 
not mention these compounds at all, and the Notizie minerarie (p. 267) mentions chloride and 
zinc sulfate only to note that none appeared to be produced. 
 Unit values added are difficult to estimate directly, since the quality of these tin and zinc 
compounds, and the nature of their raw materials, are both uncertain (Molinari, 1920, pp. 682, 
781).  Output prices were relatively high (1,100 lire per ton of pink salt and perhaps 300 lire per 
ton of zinc salt in 1911); but the prices of the corresponding metals were also high (5,000 lire 
per ton of tin and 700 lire per ton of zinc, as listed by Cianci, 1933), and most of the value of 
these compounds is plausibly attributable to the value of the metal they contain.  In the absence 
of better indicators, value added is here estimated by analogy to similar compounds of relatively 
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costly metals (pigments, copper sulfate); these suggest a value added of 100 lire per ton of pink 
salt and 75 lire per ton of zinc salts (for an aggregate value added of just 4,000 lire in 1911, but 
over 50,000 lire a few years earlier). 
 
D11.22  Aggregate value added and employment 
 The above estimates of value added in 1911 in the production of inorganic chemicals 
not elsewhere classified sum to 9.6 million lire.  Of that total, 3.4 million lire are attributable to 
the processing of sulfur, and 6.2 million to the production of various chemical compounds; the 
most important of these were copper sulfate (3.2 million lire) and carbon disulfide (.5 million 
lire), both used to protect the grape crop, the potassium group (a total of .6 million lire), and the 
sodium group (a total of 1.1 million lire).  The Rivista mineraria covered all of this production, 
with the exception of that part of sulfur grinding that was carried out in non-specialized mills 
(about 11%, for a value added of .2 million lire); other production omitted by this source, and by 
the present estimates, would appear to be negligible. 
 As noted above, the Rivista mineraria mineralworking reports list 1,300 blue-collar 
workers (suggesting some 1,500 total workers) and 1,700 installed horsepower (some 1,500 in 
use) in sulfur-processing works; the equivalent of another 100 workers and 200 horsepower 
appear to have been employed grinding sulfur in non-specialized mills.  The employment in the 
production of chemical compounds is difficult to estimate directly, since even the most 
disaggregated data in the Rivista mineraria tend to be dominated by the production of the more 
important items (acids, fertilizer, explosives); a reasonable estimate might allow some 1,200 
blue-collar workers (and near 1,400 total workers) and (using the proportions of the Censimento 
industriale figures for category 7.118, net of the workers and horsepower attributed to sulfur 
processing) some 1,500 horsepower in use (1,700 installed).  These figures yield an annual 
wages and salaries bill of about 1.6 million lire, and annual capital costs per horsepower in the 
neighborhood of 2,700 lire, which again appear reasonable next to the 1,900 lire estimated for 
acids and fertilizer in section D02.05 above. 
 These employment estimates yield totals for category 7.118, as here redefined, of 2,600 
blue-collar workers and 3,000 total workers, with 3,600 installed horsepower (equivalent to 
perhaps 3,200 in use); of these, 2,500 blue-collar workers and 2,900 total workers, 3,400 
installed horsepower (3,100 in use) were employed in specialized operations covered by the 
Rivista mineraria and, presumably, by the census (Table D.02).  The census lists a labor force of 
4,900 total workers, suggesting employment levels near 4,800 persons, and (scaling up the 
industrial-census figure) some 5,300 horsepower in use; as noted above (section D01.02), 
however, this residual category seems to have absorbed activity that properly belonged in the 
preceding, specific categories. 
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D12.  Other organic chemicals 
 
D12.01  Introduction 
 Census category 7.119 covers the production of all organic chemicals not elsewhere 
classified.  The corresponding legend mentions the distillation or refining of coal (except for 
illuminating gas, considered a utility), oil, tar, wood, and the like, including the preparation of 
such derivatives as ammonium sulfate and cyanogen compounds; other processing of petroleum 
and coal, such as the manufacture of briquettes (to which is here added, to conform to modern 
practice, the asphalt processing the 1911 censuses include in categories 5.12 and 5.19; see 
above, sections C01.06 and C02.03); the manufacture of organic (acetic, citric, oxalic, tannic, 
tartaric) acids and their compounds, including tanning extracts; and the preparation of 
photographic plates, film, and paper.  Separate time series are constructed here for briquettes, 
metallurgical coke, refined tar and petroleum products, artificial asphalt, asphalt mastic, paving 
stones, crude bitumen, refined bitumen, ammonium sulfate, aqueous ammonia, calcium 
ferrocyanide, acetic acid, lead acetate, citric acid, calcium citrate, concentrated lemon juice, 
tanning extracts, tartaric acid, cream of tartar, and photographic plates, film, and paper.  The 
series for the derivatives of mineral hydrocarbons are typically obtained, more or less directly, 
from the Corpo delle miniere surveys of mineralworking industries; those for organic acids and 
their compounds, and for photographic materials, tend instead to be rather tentative estimates 
based mainly on the international flows of inputs and outputs reported in the Movimento 
commerciale.  As usual, the present series incorporate minor amounts of closely related 
products (e.g., ammonium sulfate not recovered from coal gas, and other ammonium salts) 
mentioned in the sources, and altogether neglect what appear to be trivial items (e.g., 
chloroform, half a ton of which, worth 1,500 lire, was reported in the Rivista mineraria 1912 
and 1913, and oxalic acid and oxalates, apparently produced on a significant scale only in coal 
or wood-rich countries such as Germany or Russia:  Molinari, 1913, pp. 269, 307). 
 
D12.02  Briquettes 
 The present briquettes output series (Table D.43) includes the figures reported in the 
Rivista mineraria mineralworking reports from 1887.  These are disaggregated, in the source, 
according to the agglomerated fuel; bituminous coal usually represents about 95% of the total, 
with charcoal accounting for the rest (except for small quantities of lignite, peat, sawdust, coke, 
and anthracite in 1903-12).  These distinctions are here considered unnecessary, as most of the 
differences in the value of these products are plausibly attributed to differences in the unit 
values of the agglomerated fuel rather than in unit value added. 
 In 1861-65, the present figures reproduce the output figure reported, for a single plant in 
Genova, by the Statistica mineraria, pp. 54-55; the 1866-86 estimates are instead a simple 
geometric interpolation (at a growth rate of 15% p. a.) of the 1865 and 1887 data.  The 1879 
estimate so obtained (139,000 tons) appears readily compatible with the evidence that 
large-scale production was by then under way in four plants (Genova, Novi, Livorno, Ancona) 
which produced a total of some 214,000 tons in 1887 (Notizie minerarie, p. 107, Rivista 
mineraria 1887, p. XXXV).  The 1885 estimate (319,000 tons) is well below the corresponding 
estimate by the Corpo delle miniere (410,000 tons:  Rivista mineraria 1885, p. LXIX), but the 
latter was admittedly too high (Rivista mineraria 1886, p. LXXI).  Finally, the 1886 estimate 
(367,000 tons) is rather above the amount reported in the Rivista mineraria 1886, p. XXIX 
(325,000 tons); but a comparison of the list of works mentioned there to the corresponding 
information in the Rivista mineraria 1887, pp. XXXV, 24, 123, 201, 230 suggests that the 1886 
figure is less than complete (note the ambiguity surrounding the Brindisi plant, among the 
largest in 1887:  it was mentioned in 1885, but not in 1886). 
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 Value added in briquetting is difficult to estimate, since the price of coal or charcoal dust 
is unknown.  The Rivista mineraria 1911, p. XXXVII, reports an aggregate employment of 
1,220 blue-collar workers (all but 42 of them adult males) and 3,035 horsepower; these suggest 
a wage and salary bill of perhaps 1.5 million lire (assuming annual wages and salaries of 1,050 
and 2,000 lire, respectively, and 9 salary-earners per 100 wage-earners), and a capital bill of 
perhaps as much again (at 500 lire per horsepower, as in mining), for a total of approximately 
3.0 million lire, or 3.7 lire per ton.  This unit estimate is 11% of the mean output value of 
briquetted coal reported in the Rivista mineraria 1911, p. LIV; it seems compatible with the 
difference between the value of briquetted coal and that of the corresponding raw material 
reported in the Censimento i. e c., vol. 4, p. 43 (22.1 million lire less 18.5 million lire, or 16% of 
output value). 
 
D12.03  Metallurgical coke 
 Since the distillation of coal for illuminating gas is included in category 8.21 (utilities), 
the only coal distillation relevant here is that for metallurgical coke.  The Rivista mineraria 
1900 ff. reports the output data transcribed in Table D.44, cols. l and 2, plus minor amounts of 
other by-products (benzene, ammonium sulfate, etc.) considered below.  The tar figures appear 
to be net of the amounts distilled or otherwise transformed; gas production figures are similarly 
omitted, as the gas was all utilized in situ (Rivista mineraria 1908, pp. 202, 206, 1912, p. L; 
compare however Enciclopedia italiana, vol. 16, p. 422).  These output data cover the output of 
a coking plant at Savona (Genova) from 1900, the coke ovens at the Portoferraio (Livorno) and 
Piombino (Pisa) iron works from 1908, and the coke ovens at the Bagnoli (Napoli) iron works 
from 1910; in the case of Portoferraio and Piombino (but not Savona and Bagnoli), however, 
coke production appears to have begun well before it was recorded (Rivista mineraria 1900, pp. 
XXXIII, LXXXVII, 1901, p. 219, 1903, p. 205, 1908, p. XXXVI, 1910, pp. XLII, 132 ff.).  The 
coke and pig iron output figures for Portoferraio, Piombino, and Bagnoli in 1908-13 suggest 
that coke output in these integrated works was normally very close to pig iron output (the 
significant exceptions appear to be temporary aberrations due to major plant construction:  
Rivista mineraria 1907, p. 234); and these works were integrated from the start (Rivista 
mineraria 1901, p. 219, 1903, p. 205).  Coke production is accordingly assumed to have begun 
in Portoferraio and Piombino in step with pig iron production (in 1902 and 1905, respectively), 
and to have equaled their reported pig iron output through 1907; this correction is the difference 
between col. 1 and col. 3, Table D.44, in 1902-07. 
 No coke appears to have been produced in the decades preceding the turn of the century, 
since the Rivista mineraria 1900, pp. LXXXVII, 138 describes the coke industry as “altogether 
new”; and coke production does not appear to be mentioned either in the earlier issues of the 
Rivista mineraria or in the Notizie minerarie.  But one producer of coke (for locomotives) in 
San Pier d’Arena (Genova) is noted in the Statistica mineraria, pp. 54-55; in the absence of 
further information, this firm’s output is assumed to have remained at the reported level in 
1861-65, and then to have declined to zero over the next half-dozen years (Table D.44, cols. 1 
and 3).  The complete coke series is accordingly composed of two discrete subseries, separated 
by a long hiatus (1871-99) during which the industry does not appear to have existed in Italy. 
 This corrected coke output series is here taken to represent coking activity as a whole, 
including the recovery of the immediate by-products (gas, tar, ammonia) for which gross output 
figures are not available.  In any event, the relative proportions of potential by-products appear 
to vary relatively little; and while some available tar and ammonia may not have been recovered 
in the early years, the loss (and a fortiori the corresponding saving) appears to represent no more 
than a small fraction of the value of the coke and available gas (Martin, 1918b, vol. 1, p. 6; 
Rivista mineraria 1907, p. 234, 1911, p. XL ff.; Statistica mineraria, pp. 54-55). 



 84 

 Value added in coking is again difficult to estimate.  The Rivista mineraria 1911, pp. 
XL ff. reports coke values of 35 lire per ton at the Carrara and Firenze district works, and 30 lire 
at Bagnoli.  Recovered tar, worth 28 to 30 lire per ton, was just 3 or 4 % of the coke, by weight, 
and thus no more than that (say 1 lira) in value.  The value of the net gas by-product (consumed 
not by the coke-ovens but by the iron works, or the town:  Enciclopedia italiana, vol. 16, p. 
422) appears to have been close to 13 lire per ton of coke:  it was 68 lire per ton of coke at the 
gas works, but this figure must be multiplied by about .6 to allow for the lower gas productivity 
of coking coal (Martin, 1918b, vol. 1, p. 6), by perhaps .9 to allow for the relatively poor quality 
of coke-oven gas, by perhaps .7 to allow for its lower distribution costs (Martin, 1918a, p. 396), 
and by perhaps .5 to allow for the gas consumption of the coke ovens themselves, for a net 
reduction of over 80%.  The recoverable ammonia, finally, cannot have been worth more than 
another 2 lire or so, since no more than some 12 kg of ammonium sulfate (worth about 4 lire) 
were obtained per ton of coke (e.g., Rivista mineraria 1901, p. 144).  All in all, then, a ton of 
coke plus the corresponding by-products would appear to have been worth a total of perhaps 51 
lire (in the Carrara and Firenze districts); their production consumed perhaps 1.25 tons of coal 
(Rivista mineraria 1910, p. 134) worth maybe something less than the 36 lire per ton quoted for 
Cardiff coal, but surely significantly more than the 27 lire per ton quoted for New Pelton gas 
coal (Cianci, 1933).  Estimated as the value of the results of activity, then, value added appears 
to be towards the low end of a range from 6 to 17 lire per ton. 
 The corresponding estimate of value added as the value of the primary inputs’ activity is 
similarly shaky, but points to somewhat higher levels.  The integrated coke and iron works did 
not report coke employment; but the Carrara district works reported 200 adult male blue-collar 
workers and 449 horsepower, producing 60,000 tons of coke.  These figures suggest aggregate 
employment levels (for 363,493 tons of coke) of approximately 1,200 blue-collar workers and 
2,700 horsepower; at the usual wage rate, the wage bill may be estimated at 1.26 million lire.  In 
the Censimento i. e c., vol. 4, category 167 included coal processing in general, including the 
distillation of coal for gas as well as for coke (and the manufacture of briquettes, and other 
minor activities); 8,681 blue-collar workers earned 59.6 million lire, or just 14.6% of value 
added (408.5 million lire); the industry employed 53,506 unduplicated horsepower, or 6.16 per 
worker, against just 2.25 in 1911.  Allowing a further 85% of the wage bill for salaries and other 
labor-related components of value added, the capital-related share of value added in 1937 is 
estimated as (1 − 1.85(.146)), or 73.0%.  Indexing the latter estimate by the horsepower/labor 
ratio, which in 1911 was just 36.5% of the 1837 figure, the wage share of value added in 1911 is 
estimated as .146/(1.85(.146) + .365(.730)) = 27.2%.  The wage bill estimated above thus yields 
a value added in 1911 of 4.63 million lire, or 12.7 lire per ton of output. 
 In the face of these disparate estimates, value added is here set at the compromise figure 
of 11 lire per ton, for an aggregate of 4.0 million lire in 1911. 
 
D12.04  Tar and petroleum products 
 The Rivista mineraria 1890 ff. reported the output figures for hydro-carbon refinery 
products and by-products summarized in Table D.45 (the sources count over a dozen separate 
goods, but the distinctions are sometimes spurious:  Rivista mineraria 1903, pp. XXXII, 294, 
1904, pp. XXX, 368).  These data are relatively heterogeneous:  they cover, in principle, the 
products obtained by refining petroleum or distilling coal tar (plus small amounts of benzene 
and benzol from coal gas, and of oils from asphalt, bitumen or bituminous schist); but the 
coal-tar derivatives are counted only from 1897 (Rivista mineraria 1896, p. XXX, 1897, p. 
XXXII, 1899, pp. XCIV, CV), and the output figures for by-products and their derivatives 
appear to be incomplete, in part perhaps because they exclude unsold by-products, at least 
through 1909 (Rivista mineraria 1892, pp. XXX, 184, 197-198, 1897, pp. 205, 222, 1909, p. 
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XXXII, 1910, p. XXXVIII).  As to the rest, however, there is no clear evidence of systematic 
omissions, and the data can be considered essentially comprehensive.  For example, the output 
of petroleum products appear to follow, in the main, the domestic production of crude; and the 
initial absence of crude oil imports seems verified by the Movimento commerciale, at least in so 
far as the high unit value of (and tariff on) imported oils suggests that these were refined 
products (presumably suitable for lubrication or illumination).  In the same vein, the somewhat 
surprising output figures for petroleum products in 1894-96 can be explained by assuming that 
some 1,000 tons of domestic crude extracted in 1894 were refined in 1895, probably because of 
a refining tax imposed in 1894 (Rivista mineraria 1894, p. 206, 1895, p. 219).  Some question 
as to the completeness of the tar-products figures is similarly raised by the increase in the 
number of firms reported for Roma from 2 in 1907 to 8 in 1908; but since they all appear to 
have distilled tar (Rivista mineraria 1908, p. XXXVI) it is hard to see why they would have 
been omitted in previous years. 
 Earlier information is relatively scarce.  The Statistica mineraria, pp. 56-57, records two 
petroleum refineries (one of which worked imported crude) producing 757 tons of refined 
products and 90 tons of heavy by-products, and five asphalt works, three of which produced 850 
tons of artificial asphalt.  The Notizie minerarie, pp. 266-267, 366 note the existence of artificial 
asphalt producers in Roma and Napoli, and of a single coal-tar refinery; the latter, founded in 
Milano in 1867, is said to have produced 220 tons of refined products and 1,650 tons of 
by-products p. a.  In addition, the early issues of the Rivista mineraria (1880, pp. XLV, 
239-240, 1881, p. LXVII, 1882, p. 28, 1887, p. 226, 1890, p. LVI) contain references to 
artificial asphalt production and to the construction (in 1881 and 1885) of large petroleum 
refineries in anticipation of crude oil yields that in fact never materialized. 
 The production of tar and petroleum products (including the small amounts of similar 
goods from other sources) is here represented by only two series, the first measuring the 
distillation of oil and tar by the output of refined products, the second measuring the further 
processing of the by-products of that distillation by the output of artificial asphalt.  The refined-
products series (Table D.46, col. 1) includes benzene and benzol, light (and medium) oils, and 
heavy oils, aggregated on a simple tonnage basis; in 1897-1913, it is accordingly obtained as the 
rounded sum of the data transcribed in Table D.45, cols. 1 - 3.  In 1861-96, on the other hand, it 
is obtained as the rounded sum of separate estimates for petroleum products and coal-tar 
products.  Production of refined petroleum products is assumed equal to 767 tons, as reported in 
the Statistica mineraria, in 1861-66; it is estimated at 477 tons in 1879 (95% of the crude 
produced, on average, in 1878 and 1879); and it is taken as reported (Table D.45, cols. 1 - 2) in 
1890-96, except for the addition of 500 tons of benzene to the output reported for 1892 (Rivista 
mineraria 1892, pp. XXX, 184, 197; the figure of 900 tons of omitted benzene on p. XXX 
appears to be a misprint).  The other figures are estimated on the assumption of constant 
geometric decline, at 3.7% p. a. from 1865 to 1879, and 2.75% p. a. from 1879 to 1890.  The 
output of refined tar products is estimated at 1,572 tons in 1897 (aggregate reported output 
excluding 52 tons from petroleum or bitumen in the Roma district, 18 tons from petroleum in 
Parma, and the 1,750 tons of petroleum products at Piacenza:  Rivista mineraria 1897, pp. 
XXXII, 102, 205, 233, 264, 308); and the 220 tons reported in the Notizie minerarie are 
attributed to 1879.  The other estimates are obtained by interpolating these two figures, and 
extrapolating back to 1867 (when the industry first appeared), on the assumption of a constant 
growth rate (11.54% p. a.).  As can be seen from Table D.46, col. 1, these estimates imply that 
the expansion of coal-tar derivatives proceeded at the expense of their counterparts based on 
petroleum (and particularly imported petroleum) with virtually no effect on aggregate output 
until the late 1880s.  
 This series is taken to represent the distillation of tar and petroleum (and minor 
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analogous products) in its entirety, including therefore the other immediate products of that 
process (the solid residue, pitch).  As can be seen from the late figures in Table D.45, aggregate 
pitch production (which includes 1/3 of the reported artificial asphalt:  Rivista mineraria 1904, 
pp. XXX, 368) appears to move in step with the output of heavy oils, rather than 
benzene/benzol or light oils; the underlying technical reason, which warrants extrapolating this 
relationship to earlier years, is that tar yielded mostly heavy oils and pitch, while petroleum 
yielded mostly benzene/benzol and light oils.  Separate 1911-price value added estimates for 
petroleum and tar, presented below, suggest roughly equal values added per ton of refined 
petroleum products on the one hand, and refined tar products on the other (so long as that value 
added includes the value of the residue); this means that the present simple summation of 
refined product tonnages without regard to quality or origin is not significantly inferior to a 
more complex set of estimates that would distinguish between (light) petroleum products and 
(heavy) tar products, or separately consider the pitch by-product. 
 Much of this pitch was used in the manufacture of briquettes, considered above; but 
some was mixed with twice its weight of sand and stones to produce an artificial asphalt.  This 
independent transformation is here represented by a separate series (Table D.46, col. 2), which 
incorporates the available data from the Statistica mineraria (attributed to 1861-65) and the 
Rivista mineraria 1904 ff. (despite the misgivings about the Roma figures noted above); output 
in other years is calculated, very crudely, on the assumption of constant geometric growth (at 
3.0% p. a.) from 1865 to 1904. 
 Value added at 1911 prices is here separately estimated for the Piacenza refinery (which 
virtually exhausted Italy’s production of petroleum products) on the one hand, and for the other 
works (essentially coal-tar distilleries) on the other.  The Piacenza refinery produced a reported 
9,970 tons of oils and benzene, worth 2.69 million lire, or 270 lire per ton.  Allowing about 150 
lire for 1.05 tons of crude oil (Rivista mineraria 1892, p. 184) and perhaps 30 lire for fuel and 
other costs per ton of output reduces value added to an estimated 90 lire per ton of petroleum 
products.  The other works produced 22,223 tons of output (5,470 tons of refined products, 
excluding 300 tons of benzol from coal gas, and 16,753 tons of pitch, including one third of the 
reported artificial asphalt) worth 1.30 million lire (including .12 million lire for the pitch worked 
into artificial asphalt).  The tar input, assuming a 6% loss (Martin, 1918a, pp. 417, 419; also 
Rivista mineraria 1910, p. XLI) and a unit value of 29.5 lire per ton, was worth .70 million lire; 
and fuel costs (say 5 lire per ton of tar, given the relatively crude output mix) came to perhaps 
another .12 million lire.  These estimates yield a value added figure of .48 million lire, or 88 lire 
per ton of refined products.  For the sake of simplicity, the round figure of 90 lire per ton is here 
applied to the entire output of refined tar and petroleum products, for an aggregate estimate of 
1.41 million lire in 1911. 
 Artificial asphalt was worth 38 lire per ton.  Allowing 16 lire for one-third of a ton of 
pitch, 4 lire for two-thirds of a ton of sand and stones (delivered), and 3 lire for fuel and other 
costs, value added is here estimated at 15 lire per ton of output, or .11 million lire for 7,400 tons. 
 The tar and petroleum products industry as a whole is accordingly attributed a value 
added of 1.52 million lire in 1911.  The corresponding employment, as reported by the Rivista 
mineraria, included 269 blue-collar workers (almost all of them adult males) and just 148 
horsepower; these figures suggest an aggregate wages and salaries bill of perhaps .33 million 
lire, leaving 1.19 million lire for capital costs (just over 8,000 lire per horsepower, close to that 
in the distillation of coal for illuminating gas:  see below, section J03.04). 
 
D12.05  Asphalt products 
 Through 1889, the mining reports of the Corpo delle miniere counted asphalt rock and 
asphalt products together as “asphalt, mastic, and bitumen”; from 1890, the mining reports 
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counted only asphalt rock and crude bitumen, and the mineralworking reports included output 
data for asphalt powder, mastic, paving stones or tiles, and refined bitumen.  All of the latter 
group appear to have been counted on a net product basis:  the powder and refined bitumen data 
thus exclude the powder and bitumen combined into mastic, or the powder compressed into 
paving stones and tiles. 
 From 1890, the present asphalt products time series (Table D. 47, cols. 3, 7 - 10) simply 
reproduce the disaggregated data provided by the Corpo delle miniere, with only a few 
modifications.  Crude bitumen (obtained by liquating asphalt rock) is reclassified from a final 
product of the asphalt-mining industry to an intermediate product of the asphalt-working 
industry considered here (see above, section B02.11); in addition, the crude bitumen series here 
includes the oil obtained by liquating oil-bearing rock in 1892 (150 tons) and 1895-97 (38, 28, 
and 23 tons, respectively), and the refined bitumen series includes the “natural tar” obtained in 
1891-93 (65, 220, and 115 tons, respectively).  The only changes to the figures themselves refer 
to the allowances for Caltanissetta district production in the early 1890s.  The tables in that 
district’s report include disaggregated asphalt products (powder, mastic) figures only from 
1895; they include an aggregate figure in 1892-94; and they do not mention asphalt products at 
all in 1890 or 1891, though the chronicle in the Rivista mineraria 1890, p. 170 reports 2,100 
tons of powder and 1,500 tons of mastic.  The national disaggregated figures (which in 1890-91 
and 1893-97 appear only in the comparison of domestic production and international trade) 
allow the Caltanissetta district the reported amounts in 1890; in 1891, they repeat the 1890 
allowance; in 1892, they decompose the district total (1,800 tons) into 1,000 tons of powder and 
800 tons of mastic; in 1893, they count all the district’s output (1,300 tons) as mastic; and in 
1894, they count all the district’s output (1,300 tons) as powder.  The present estimates replace 
the 1891 allowance by an interpolation of those for 1890 and 1892 (thus reducing it by 550 tons 
of powder and 350 tons of mastic), and divide the output reported for 1893 and 1894 equally 
between powder and mastic (switching 650 tons from mastic to powder in 1893, and vice versa 
in 1894; note that in 1895 mastic was 60% of the total). 
 The 1890-1913 output data are not otherwise amended; but they are not altogether free 
of other problems.  The narrower issue concerns the crude bitumen figures, which are identified 
as “just the quantity passed on to the refineries” in footnotes to the Roma district report in 
1899-1901 (e.g., Rivista mineraria 1899, p. 286), and to the comparison of output and 
international trade in 1899-1913 (e.g., Rivista mineraria 1913, p. CVII).  The difficulty with the 
ostensible significance of these footnotes is not the varying ratio between crude and refined 
bitumen production (which reflects the influence of imports and inventories of crude bitumen 
on the one hand, and the absorption of bitumen by asphalt mastic on the other:  Rivista 
mineraria 1898, p. LIII, 1911, p. 151), but the suggestion that the mining output figures are 
incomplete (in that they would fail to count crude bitumen shipped out of Chieti to be refined 
elsewhere).  A more plausible interpretation is that essentially all crude bitumen was refined on 
site (e.g., Rivista mineraria 1884, p. 26), but not necessarily right away; and that the footnotes in 
question are meant to signify that these mining “output” data actually refer to shipments from 
the pitheads (where the crude bitumen was obtained) rather than to output strictly defined.  If 
this interpretation is correct, the output figures are not so much incomplete as net of inventory 
accumulation or gross of inventory decumulation; and the concomitant error is no doubt best 
taken in stride. 
 The broader problem concerns the geographic coverage of the asphalt products data:  
since these were obtained entirely from the districts that produced the asphalt rock, one must 
face the possibility that they were just partial figures collected on local initiative (see above, 
section A02.03).  The classification system of the Movimento commerciale (which includes 
asphalt rock with other non-metallic minerals:  Rivista mineraria 1899, pp. CIII-CIV) does not 
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allow one to estimate domestic availabilities of asphalt rock, with which to confirm or replace 
the asphalt products figures provided in the Rivista mineraria; but the weaker evidence that is 
available suggests that the data are essentially comprehensive.  Even though both rock and 
finished products were exported to foreign markets, shipments from the asphalt-mining areas to 
the rest of Italy appear to have consisted essentially of finished products, rather than of 
unprocessed rock (Rivista mineraria 1883, p. 20, 1905, pp. 57, 116, 363).  The reason for this 
pattern, one can surmise, is that economies of scale (suggested in part by the low annual 
utilization rates noted below), weight losses in processing (at least in earlier years, as noted 
below), and perhaps relatively inexpensive fuel (including asphalt and oil residues: Rivista 
mineraria 1882, p. 28) made centralized processing at or near the source more profitable than 
processing elsewhere in Italy, though not necessarily more profitable than processing in the 
cheap-coal, high-volume areas of Northern Europe.  Both the evidence and the proposed 
explanation are too tentative to settle the issue; but they do seem to justify at least provisional 
acceptance of the 1890-1913 asphalt products figures as they appear in the sources. 
 The output of these products in 1861-89 is here separately estimated for each producing 
center.  In the Caltanissetta district, the Siracusa mining output figures appear to refer 
exclusively to asphalt rock, as none was worked at the pit head; the Catania asphalt works of the 
Aveline company are said to have opened in 1882, and to have processed 1,250 tons of material 
in 1883, 1,500 tons in 1884, 2,500 tons in 1885, 1,600 tons in 1886, and 2,389 tons in 1887 
(Rivista mineraria 1882, p. 97, 1883, p. 71, 1884, p. 55, 1885, p. 66, 1886, p. 60, 1887, p. 58).  
The Catania product is referred to in 1883 as “artificial asphalt,” and in 1886 as “natural 
asphalt” mastic; in fact, it would appear to have been natural or semi-artificial mastic, obtained 
from rock rich enough to need at most a very small admixture of coal tar (Rivista mineraria 
1883, pp. 72, 255-256, 1886, p. 60).  Asphalt powder sold as such is first mentioned in 1887; it 
appears to have absorbed the best rock, increasing the proportion of binder added to the powder 
worked into mastic (Rivista mineraria 1887, p. 58, 1895, p. 72).  The present Catania figures 
(Table D.47, cols. 1 and 4) estimate total output in 1883-87 as 80% of total input (see below; 
also Rivista mineraria 1890, pp. 662, 668, 1895, pp. 56, 72); that output is assumed to consist 
entirely of mastic from 1882 (when output is set at half that estimated for 1883) through 1886.  
Mastic production is further assumed to have increased by 55 tons p. a. from 1886 to 1890; 
powder production is accordingly estimated at 576 tons in 1887 (given a total input of 2,389 
tons), and it is thence assumed to have grown by 508 tons p. a. to the 2,100 tons reported for 
1890. 
 The province of Chieti was apparently the sole producer of crude and refined bitumen 
(except for 4 tons in 1889), and of asphalt paving stones, tiles, and the like (with the early 
exception noted below); it also produced powder and mastic.  The present estimates for Chieti 
asphalt powder, mastic, paving stones or tiles, and refined bitumen (Table D.47, cols. 2, 5 and 
10, and col. 8 from 1876) are obtained first, utilizing the occasional disaggregated output and 
value figures included in the district chronicle both directly (for the years they refer to) and as 
guides to the disaggregation of the aggregate output and value figures for other years; the 
production of crude bitumen (Table D.47, col. 9) is then estimated from the mastic and refined 
bitumen figures on the assumption that crude bitumen imports, shipments, and inventory 
changes were all negligible at this time.  The earliest breakdown of Chieti output is that 
provided for 1878 by the Notizie minerarie, p. 365; values per ton are reported at 20 lire for 
asphalt rock, 47 lire for mastic, and 200 lire for (presumably refined) bitumen.  The aggregate 
output of asphalt, mastic, and bitumen reported in the first few years of operation (1869 and 
1871-75; Notizie minerarie, p. 302, and Table B.33, col. 4) was valued at 40 lire per ton, then 
30, and then 25; on the assumption that these actually reflect decreasing extraction costs with 
growing experience and investment in the mines, rather than changes in the product mix, all of 
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this output is here assumed to be simply asphalt rock. 
 In 1876, on the other hand, the Notizie minerarie, p. 302, reports 3,097 tons of output, 
worth an average 133 lire per ton and 412,750 lire in all; for the same year, the Rivista 
mineraria 1877, p. 169 reports the same aggregate value figure, but 14,594 tons of output.  The 
present estimates assume that the latter is the correct aggregate output figure, and that the 
Notizie minerarie output refers to worked products only; this implies rock shipments (Table 
D.47, col. 11) of 11,497 tons, worth some 230,000 lire.  This figure, in turn, leaves a net 
183,000 lire for 3,097 tons of mastic and bitumen; at unit values of 47 and 200 lire per ton, the 
implied breakdown is 2,852 tons of mastic and 245 tons of bitumen. 
 The 1877 estimates are based directly on the reported aggregate and its percentage 
distribution among rock, mastic, and bitumen reported in the Rivista mineraria 1878, pp. 169, 
173.  The 1879, 1880, and 1881 estimates disaggregate the reported aggregate output and value 
figures on the basis of the unit values (20, 47, and 200 lire per ton of rock, mastic, and bitumen, 
respectively) and the mastic/bitumen ratio (1.49) that prevailed in 1878; the reported average 
values (51.7, 69.6, and 54.7 lire per ton in 1879, 1880, and 1881, respectively) are thus used in 
the first instance to disaggregate total reported output into asphalt rock on the one hand, and 
asphalt products on the other. 
 The Rivista mineraria 1882, p. 29 indicates that 3,400 tons were exported (“esplorate,” 
for esportate) as rock -- leaving 262 tons for asphalt products -- and that about 9 times as much 
rock was worked for bitumen as for mastic.  Assuming that the rock “worked for mastic” is just 
the amount ground into powder, that mastic was 95% powder and 5% bitumen, and that average 
yields were a standard 80% in ground rock and 4% in bitumen (see above, section B02.11), the 
reported input ratio suggests that mastic output was about 2.6 times net bitumen output (say 190 
tons and 72 tons, respectively). 
 In 1883, the reported total of 2,156 tons (worth 178,000 lire) appears to include 300 tons 
of rock and 36 tons of oil from oil-bearing rock (included here with crude bitumen), leaving 
1,820 tons for mastic and bitumen (Rivista mineraria 1883, p. 20); at the values per ton that 
prevailed the following year (16 lire for rock, 280 for oil, 37 for mastic, and 200 for bitumen; 
Rivista mineraria 1884, pp. 27-28), these figures imply that the asphalt products were worth an 
average 89.5 lire per ton, and thus consisted of 1,234 tons of mastic and 586 tons o£ bitumen.  
The mastic estimate is about 80% of the reported 1,500 tons of rock worked for mastic; the 
latter figure no doubt excludes the rock liquated to obtain the bitumen included in the mastic. 
 The 1884 total of 9,100 tons is exhausted by the output reported for the Paparella and 
Anglo-Italian works (3,650 tons of rock, 5,000 tons of mastic, and 450 tons of bitumen; Rivista 
mineraria 1884, p. 27); these figures are here retained, despite some evidence of inaccuracy 
(note the suggestion that part of that rock may have been powder, that part of the mastic may 
have been tiles, and that some other net output may have been obtained from the Crocco mine). 
 The Rivista mineraria 1887, p. 261, and 1888, p. 313, detail the composition of those 
years’ output.  Those figures are accepted here, with the number of asphalt cubes reported for 
1887 replaced by their estimated tonnage (obtained by dividing their aggregate value in 1887 by 
the value per ton reported for asphalt tiles in 1888).  Since average values were very similar in 
1886 and 1887 (39.8 and 39.7 lire per ton, respectively) on the one hand, and in 1885 and 1888 
(43.7 and 44.3 lire per ton, respectively) on the other, the present estimates for 1885 and 1886 
assume the same distribution among products as in 1888 and 1887, respectively; given the 
reported totals, the 1886 estimates are 102.3% of the disaggregated figures for 1887, and the 
1885 estimates 65.8% of those for 1888 (with the 1885 bitumen estimate based on the sum of 
the 543 tons of bitumen and 4 tons of oil reported for 1888). 
 In 1889, finally, Chieti output is assumed to include powder, mastic, and refined 
bitumen in the proportions given by averaging the production reported in 1888 and 1890; the 
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distribution between asphalt rock and asphalt products is based on the 1889 average value 
(23.75 lire/ton) and 1888 unit values (19.8, 22.0, 32.2, and 196.0 lire per ton of rock, powder, 
mastic, and bitumen, respectively).  The 1889 refined bitumen figure in Table D.47, col. 10 
includes 71 tons attributed to Chieti and 4 tons reported for Frosinone (Roma). 
 On the assumption that the refined bitumen data refer to net output, the production of 
crude bitumen before 1890 is estimated, allowing for weight losses, as 1.07 times the sum of 
refined bitumen output and 5% of Chieti mastic output (Rivista mineraria 1886, p. 29, 1911, p. 
151).  In addition, the figures in Table D.47, col. 9 include the oil obtained from oil-bearing 
rock in 1882, 1883, and 1888 (44, 36, and 4 tons, respectively; note that the 1882 oil output was 
reported as crude oil rather than an asphalt product). 
 These Chieti estimates for paving stones and tiles, crude bitumen, and refined bitumen 
in 1876-89 (Table D.47, cols. 8 - 10) double as national estimates for those years (except for the 
4 tons of Frosinone bitumen noted above).  In earlier years, however, the paving stone series 
includes an allowance of 200 tons p. a. for cubes produced in Venezia from imported 
bituminous schist (Statistica mineraria, pp. LII, 56-57); this production is assumed to have 
continued from 1861 through 1875, i.e., until the appearance of substitute asphalt products from 
Chieti. 
 In 1861-89, the aggregate output of asphalt powder (Table D.47, col. 3) is obtained as 
the sum of the Catania and Chieti estimates (cols. 1 and 2); the aggregate output of asphalt 
mastic (col. 7) includes the Catania and Chieti estimates already discussed (cols. 4 and 5), the 
Napoli estimates (col. 6), and an allowance for mastic obtained elsewhere.  The Napoli mastic 
estimates are 80% of the Caserta “asphalt, mastic, and bitumen” reported in the Notizie 
minerarie, p. 302, and the Rivista mineraria 1880 to 1888:  the low unit value of this output 
(5-10 lire per ton) suggests that it was rock, and this rock appears to have been converted into 
semi-artificial mastic since before 1861 (Rivista mineraria 1880, p. 239, 1883, pp. 255-256).  
The interruption in the series between 1872 and 1877 is somewhat surprising; but it is at least 
partly confirmed by the Rivista mineraria 1878, p. 86. 
 The allowance for other mastic output includes two components.  The first is a constant 
allowance of 120 tons p. a. for Milano, from 1861 through 1875; once again, this North Italian 
production is noted only in the Statistica mineraria, p. 56 (which records l50 tons of asphalt 
input, presumed to have been imported), and is assumed to continue up to the appearance of 
Chieti asphalt products.  The second allowance is equal to the amounts of “asphalt, mastic, and 
bitumen” reported for Frosinone (Roma) in the Notizie minerarie, p. 303, and the Rivista 
mineraria 1880 to 1888 (in 1889, the only output was the 4 tons of bitumen already counted 
above), and varies between 35 and 520 tons (Table B.33, col. 3); the product is labeled “mastic” 
in the Rivista mineraria 1887 (p. 264) and 1890 (p. 668), and the unit values quoted in those 
and other years suggest that (to a negligible approximation) output was also mastic in other 
years. 
 The unit values added at 1911 prices are estimated from the Chieti asphalt and asphalt 
products data in the Rivista mineraria 1911, pp. XXVI, XL-XLI, 151.  The asphalt mines’ 
output is assumed to have consisted of three types of rock:  the best, at 16 lire per ton, exported 
and used for powder and paving stones and tiles; the intermediate, at 12 lire per ton, used for 
mastic; and the worst, at 8 lire per ton, liquated for bitumen.  These estimated unit values and 
the reported mix of products yield the reported value of asphalt rock of the top two grades, on 
the assumption of zero weight losses in processing that rock for powder, mastic, and paving 
stones and tiles:  while these weight losses seem to have been close to 20% in the 1880s, as 
noted above, they are down to 5% by 1905, and negligible by 1911, when 39,801 tons of 
powder, mastic, and paving stones and tiles and 268 tons of refined bitumen were obtained from 
39,292 tons of rock and 969 tons of crude bitumen (Rivista mineraria 1905, p. 363, 1911, p. 
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151).  In 1911, Chieti powder production is reported at 24,601 tons, worth 20 lire each; value 
added is estimated at 4 lire per ton (including the value of the relevant hydraulic power), and 
materials costs at 16 lire per ton.  Refined bitumen production is reported at 268 tons, worth 250 
lire each; 30 lire of that unit value are charged to value added, 214 lire to 1.07 tons of crude 
bitumen, and 6 lire to fuel.  Crude bitumen production is reported at 548 tons, worth 200 lire 
each; 30 lire of that unit value are charged to value added, 10 to fuel, and 160 to 20 tons of rock 
(at the 5% yield reported in the Rivista mineraria 1904, p. 364; as noted in section B02.11 
above, yields appear to have been rather lower in earlier years).  Mastic production is reported at 
13,756 tons, worth 34 lire each; since the output figures for crude bitumen appear to be gross, 
and those for refined bitumen net, of the amounts consumed within the industry, mastic is to be 
considered produced from asphalt rock and crude bitumen.  Unit materials costs are accordingly 
estimated at 11 lire for 950 kg of rock, plus another 11 lire for 53.5 kg of crude bitumen and the 
fuel used to refine it; this leaves a value added of 12 lire per ton of mastic, of which just under 
half are attributable to the preparation of powder and refined bitumen and just over half to the 
mixing of these ingredients to obtain mastic (including, once again, the production of the 
relevant hydraulic power).  Finally, the production of paving stones and tiles is reported at 1,444 
tons, worth 62 lire each; allowing 16 lire per ton for a ton of rock and 13 lire per ton for fuel and 
power, value added is estimated at 33 lire per ton.  The total fuel and power bill is thus 
estimated at about 24,000 lire:  half of that can be attributed to fuel burnt for heat, and half to 
the cost of operating 363 steam, gas, and electric horsepower over a relatively short year. 
 Applied to the national output figures in Table D.47, cols. 3, 7 - 10, the above unit value 
added estimates yield aggregate figures of 128,000 lire in powder, 199,000 lire in mastic, 48,000 
lire in paving stones and tiles, 16,000 lire in crude bitumen, and 8,000 lire in refined bitumen, 
for a total of close to 400,000 lire.  The corresponding employment (excluding crude bitumen) 
reported in the Rivista mineraria includes 366 blue-collar workers (329 of them adult males) 
and 732 horsepower.  At the usual wage levels, salary allowance, and capital-costs allowance 
for power-intensive industries (500 lire per horsepower), these inputs yield a total of about 
800,000 lire for a full year; this suggests that actual employment was close to half a year, 
yielding full-time equivalent estimates (including crude bitumen) of 183 blue-collar workers 
and 366 installed horsepower (348 in use). 
 
D12.06  Ammonium sulfate 
 Ammonium compounds were obtained, in the main, from the by-products of coal 
distillation for gas or coke (Molinari, 1920, pp. 356 ff., 608 ff.). For the sake of simplicity, the 
present discussion and estimates will cover the entire output of these products, including that 
minor part obtained from other sources and perhaps properly attributed to other census 
categories. 
 Ammonium sulfate appears to be the only ammonium salt produced on a significant 
scale.  Ammonium nitrate production is listed only by the Torino district (25 tons in 1887, 21 
tons in 1888 and in 1892, 3 tons in 1893); chloride production is mentioned in the Milano 
district report in 1889-91 (Rivista mineraria 1889, p. 274, 1890, p. 555, 1891, p. 233), but the 
only output figures refer to the Milano district in 1899-1902 (80 tons in 1899 and 1900, 120 
tons in 1901 and 1902) and the Torino district in 1910-13 (25 tons in 1910, 1912, and 1913, 15 
tons in 1911).  Milano district chloride output is here estimated at 20 tons in 1889 (when 
production is said to have begun), 80 tons p. a. from 1890 (when production is said to have 
increased substantially) through 1898, and then as reported through 1902 (when production 
apparently came to an end: Rivista mineraria 1903, p. 285).  The Torino data are instead taken 
to be complete as reported; production before 1887 is thus assumed negligible.  For the sake of 
simplicity, these nitrate and chloride figures are here incorporated into the ammonium sulfate 
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series (Table D.48, col. 8). 
 The ammonium sulfate data and estimates are usefully broken down into two 
sub-periods.  From 1902 to 1913, aggregate ammonium sulfate output data (Table D.48, col. 2) 
were included in the Rivista mineraria chemical reports, with a note attributing most of the 
product to the illuminating gas works.  These data appear to be complete, with one possible 
exception:  the Vicenza district reported 203 tons of sulfate (from 4 provinces) in 1909, and 250 
tons (also from 4 provinces) in 1913, but none in 1910-12.  The number of producers in 1909 
and 1913, and the fact that the 1910-12 Vicenza reports were the first produced by E. Oreglia, 
suggest that the hiatus was just an administrative oversight; on the other hand, the producing 
provinces listed in the national report in 1913 are rather different from those listed in the district 
report in 1909. Because the 1913 provincial attributions do not agree with the closest 
comparable illuminating-gas production figures (Rivista mineraria 1912, pp. LXVI-LXVIII), 
and because the provincial attributions in the national summaries appear questionable in other 
cases as well (above, section D10.03), the evidence of administrative oversight is here 
considered preponderant.  In addition to the small amounts of ammonium chloride noted above, 
then, the present aggregate output estimates for 1902-13 (Table D.48, col. 3) include an 
allowance for Vicenza district sulfate of 215 tons in 1910, 227 tons in 1911, and 238 tons in 
1912. 
 Before 1902, the data are much weaker.  In the early years, figures are very scarce:  
before 1893, the only data appear to be the 1887-92 figures contained in the Torino district 
chemical reports (Table D.48, col. 1), and the 155 tons listed for the Bologna and Caltanissetta 
district gas works in 1891 (reported as 55 tons in the Rivista mineraria 1891, p. XLVI; the latter 
figure is also implicit in the total given in the Rivista mineraria 1893, p. XLIII).  In 1893-1901, 
on the other hand, data are relatively abundant; but they present a somewhat confusing picture.  
In the first place, ammonium sulfate production is listed both in the mineralworking 
(illuminating gas) industry and in the chemical industry (Table D.48, col. 1), with incomplete 
cross-references; aggregate output (col. 2) is reported only in the comparison of domestic 
production and international trade (note that the figures in the Sommario, p. 131, correspond to 
col. 1 in 1893-94 and 1898-99, and to col. 2 in 1895-97 and 1900-01).  Second, the distinction 
between mineralworking and chemical production is essentially arbitrary, as most of the 
“chemical” output was itself obtained from the gas works’ ammoniacal liquor (e.g., Rivista 
mineraria 1899, pp. 114, 236), and it varies over time.  Third, the gas works’ output in a 
number of districts was measured only at intervals, particularly in early years (see below, section 
J02.02); in the interim, sulfate output was either not reported at all, or reported as equal to the 
latest available observation.  Fourth, the ammonium sulfate figures apparently exclude some 
output listed in the district reports as “ammoniacal liquor”:  some provinces’ “liquor” was worth 
close to 300 lire per ton (appropriate to sulfate, and far above the 1-10 lire per ton usually 
quoted for ammonical liquor), and was in fact referred to as sulfate in an earlier or later report 
(in other provinces, a small share of the reported liquor may similarly have been sulfate; there is 
no way to be sure).  Fifth, much of the early variation in the series is traceable to an apparently 
spurious Milano district series, which lists no output in 1893, 8,609 tons in 1894 (far more than 
the amount recoverable from the gas works), 8,300 tons in 1895 (corrected to 1,553 tons in the 
national summary), and 725 tons in 1896 (from which point the series behaves reasonably). 
 These early figures are here reconstructed as follows.  The Bologna district lists 90 tons 
of liquor (identified as sulfate in a footnote) in 1891, 112 tons of liquor (worth 300 lire per ton) 
in 1895, and 260 tons of sulfate in 1902; there are no independent observations in intervening 
years.  While the 1902 product is included in the aggregate, the earlier figures are not (except for 
the erroneous 1893 tally noted above); the present estimates (Table D.48, col. 3) include these 
early data, and arithmetically interpolated values for 1892-94 and 1896-1901. 
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 The Caltanissetta district reported 65 tons of sulfate in 1891, none in 1892-94 (though it 
was included in the erroneous total for 1893), 182 tons in 1895 (repeated in 1896-98), 211 tons 
in 1899 (repeated in 1900), and 256 tons in 1901; the present estimates (col. 4) include these 
independent observations, and arithmetically interpolated values for 1892-94, 1896-98, and 
1900. 
 The Firenze district reported sulfate output from both gas-works (175 tons in 1895, 200 
tons in 1896-1901, 20 tons in 1902) and the Maremman soffioni (46 to 95 tons in 1893-1902); 
the present estimates for 1893-1901 (col. 5) accept the latter as reported, and allow the gas 
works 50 tons in 1893 (assumed to be their initial production, as suggested by the very low 
ammoniacal liquor figures reported for 1891), 100 tons in 1894, the reported 175 tons in 1895 
and 200 tons in 1896, and interpolated values in 1897-1901 (declining by 30 tons p. a. to the 
reported 20 tons in 1902). 
 The present Milano district estimates (col. 6) transcribe the reported figures from 1896.  
The 1894 and 1895 estimates are 10% of the figures in those years’ district reports; one notes 
that those overlarge data probably had some empirical basis, that they are well above the sulfate 
equivalent of coal distilled in the district (approximately 1,500 tons of sulfate:  this would 
appear to account for the derivation of the “corrected” figures for 1894), that errors by factors of 
10 are relatively likely (particularly since chemicals tended to be counted in quintals, and other 
products in tons), and that the output movements implied by this correction are not 
unreasonable.  The 1893 estimate is 95% of that for 1894, against 98% for estimated gas 
production (Table J.01, col. 7). 
 The other districts’ output data appear to be acceptable as reported, with only a few 
corrections (Table D.48, col. 7).  Carrara/Genova reported output in every year save 1894; the 
present estimates include an allowance for 1894 of 315 tons, obtained by interpolating the data 
for 1893 and 1895.  Napoli district production was first recorded in 1898; the Rivista mineraria 
1896, p. 240 confirms that ammonia was not recovered up to that point.  Since the 1897 Napoli 
gas figures just repeat those for 1896, however, the present estimates assume a sulfate output in 
1897 equal to half that reported for 1898, or 168 tons.  Iglesias and Roma report no output in 
this period, nor indeed for years after it; and the Torino district figures, reported annually since 
1887, would appear to be valid as they stand.  Vicenza reports no output until 1901, when the 
gas works report that 177 tons were obtained from their liquor; this figure is excluded from the 
reported total (col. 2), but not from the present estimates (col. 7), on the grounds that 
interprovincial movement of raw liquor is relatively unlikely.  The lack of output data before 
that is taken to correspond to an actual lack of output; this hypothesis receives some support 
from the administrative side (the Vicenza district was headed by E. Gabet from 1900; he came 
there from Caltanissetta, where he counted the sulfate obtained from gas-liquor ammonia). 
 In 1893-1901, then, the present aggregate output estimates (Table D.48, col. 8) are the 
sum of these specific estimates (cols. 3 - 7), increased by the small amounts of ammonium 
chloride and nitrate referred to above (83 tons in 1893, 80 tons in 1894-1900, 120 tons in 1901). 
 Before 1893, as noted, the available partial information covers only the Bologna and 
Caltanissetta districts from 1891 (cols. 3 - 4) and the Torino district from 1887 (col. 1); but the 
failure of the Notizie minerarie, p. 267, to mention ammonium sulfate in its discussion of the 
uses of the gas works’ ammoniacal liquor can be taken as evidence that none was in fact 
produced until the 1880s.  The present estimates for 1861-92 assume that production began in 
1882, and grew by equal absolute increments to the first available independent estimate or 
observation.  In Bologna and Caltanissetta, then, output is assumed to grow by a combined 15.5 
tons p. a. to 155 tons in 1891 (jumping to 190 tons in 1892); in Torino, output is assumed to 
grow by 10 tons p. a. to 60 tons in 1887, and thence as reported in col. 1 (to 240 tons in 1893); 
in the rest of Italy, output is assumed to grow by 107.5 tons p. a. to 1,290 tons in 1893.  The 
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total estimates so obtained are then augmented by the small amounts of ammonium chloride and 
nitrate referred to above (25, 21, and 20 tons in 1887, 1888, and 1889, respectively, 80 tons in 
1890 and 1891, and 101 tons in 1892). 
 In 1911, ammonium sulfate was worth an average 319 lire per ton.  Unit inputs appear to 
have consisted of .25 tons of recoverable ammonia worth some 150 lire, 1.2 tons of 65% 
sulfuric acid worth 43 lire, .2 tons of quicklime worth 3 lire, and 1 ton of coal (to distil the 
ammoniacal liquor) worth perhaps 43 lire (Martin, 1918b, vol. 1, pp. 453 ff.; Molinari, 1920, 
pp. 356 ff.; Notizie chimiche, vol. 4, p. 23), for a total unit materials cost of 239 lire.  These 
figures yield a unit value added of 80 lire per ton, or 716,000 lire for 8,947 tons of ammonium 
sulfate (and other ammonium salts, obtained through a similar process, but with different acids: 
Molinari, 1920, p. 358). 
 
D12.07  Aqueous ammonia 
 The solutions of ammonia noted by the Corpo delle miniere include the ammoniacal 
liquor obtained at the gas works, concentrated ammonia or ammoniacal liquor, and aqueous 
ammonia (Table D.49, cols. 1 - 2.  Small amounts of liquid ammonia were also reported from 
1908 as “ammoniaca compressa”; see above, section D10.03).  The Rivista mineraria reports 
ammoniacal liquor output as a gas by-product in 1891 and 1895-1901, and in the chemical 
reports from 1902; in 1892-94, a liquor output figure can be calculated from the reported 
aggreggate output of gas by-products on the one hand and the disaggregated coke and tar output 
reported in the comparison of domestic output and international trade on the other.  The 
1891-94 figures in Table D.49, col. 1 are these reported or calculated liquor totals, less the 155 
tons of Bologna and Caltanissetta district ammonium sulfate counted as liquor (see section 
D12.06); note that somewhat higher liquor output figures are implied for 1892-94 by the series 
in the Rivista mineraria 1899, p. XCVI. 
 The weaknesses of these ammoniacal liquor data are numerous.  First of all, and like 
other gas-related series, these figures incorporate a number of repetitions of earlier observations 
in lieu of new ones, particularly in the 1890s (see below, section J02.02).  Second, they do not 
appear to have been recorded on a consistent basis, even apart from the obvious qualitative 
differences in the liquor obtained in different times or places.  From 1902, the data are said to 
exclude the liquor worked into sulfate; in 1891-1901, such liquor was counted in some districts 
and not in others (in particular, the declines in reported output in 1900 and 1902 correspond to 
the discontinuation of gross liquor output figures in the Milano and Carrara districts, 
respectively).  Third and perhaps most important, these figures do not appear to be complete.  In 
1891, for instance, the Vicenza district is credited with no ammoniacal liquor, although some 
was in fact distilled, apparently for ammonia (Rivista mineraria 1891, pp. XLVII, 336).  In later 
years, incomplete reporting is suggested by the number and distribution of provinces reporting 
ammoniacal liquor at all.  In 1912, for example, the Rivista mineraria lists illuminating gas 
production in 53 provinces (in all districts) and ammonium sulfate production in 21 provinces, 
but ammoniacal liquor only in Bergamo, Brescia, Milano, Roma, Alessandria, Cuneo, Novara, 
and Torino (in the Milano, Roma, and Torino districts); in fact, however, the liquor most likely 
to have been utilized directly as a low-grade fertilizer, without further processing to recover its 
ammonia, was rather that obtained in the gas works serving the small population centers in 
essentially rural areas (Notizie minerarie, p. 267).  No attempt is made here to recalculate a 
homogeneous liquor output series:  ammoniacal liquor is considered a gas by-product, and the 
recoverable ammonia that made it valuable is assumed to have varied in strict proportion to the 
gas from which it was obtained (see below, and section J02.02). 
 On the other hand, ammonia actually recovered as aqueous ammonia (or concentrated 
ammonia water; Martin, 1918b, vol. 1, p. 463) is analogous to that recovered as ammonium 
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sulfate, and must similarly be counted here.  The Rivista mineraria lists only small amounts of 
aqueous ammonia and what appears to be concentrated ammonia water, obtained in Torino 
from 1908 and 1912, respectively; unlike the ammoniacal liquor or ammonium sulfate that 
appear in the same table, the aqueous ammonia is not attributed to the gas works even in the 
district report (Rivista mineraria 1909, pp. 440-441; the district tables were not published in 
1910-13).  Molinari (1920, p. 376) accepts these aqueous ammonia figures as comprehensive 
measures of output; the present interpretation is that they are grossly incomplete.  According to 
the Notizie minerarie, p. 267, a total of about 1,500 tons of aqueous ammonia were then 
recovered each year from the liquor obtained in Italy’s large cities; and the accompanying 
details on the good’s production process, destination, and so on make this information 
impossible to dismiss.  It is similarly hard to believe that production (and consumption, given 
relatively insignificant international exchange) would have declined to a fraction of that level, or 
disappeared altogether, in ensuing years; given the choice, it is altogether easier to believe that 
the Corpo delle miniere failed to provide a complete record of gas by-products and their 
derivatives, that they normally ignored the recovery of aqueous ammonia (recall the Vicenza 
district report in 1891), and that the appearance of the Torino figures for 1908 ff. is to be 
explained by special considerations (one possibility is that these data refer to synthetic ammonia 
-- in which case the appearance a few years later of concentrated ammonia water, if that is what 
it is, is just a coincidence; another, that the Corpo delle miniere monitored the shops that 
produced liquefied gases, and that the producers of liquid ammonia also reported some aqueous 
ammonia and concentrated ammonia water). 
 The present estimates of aqueous ammonia output (Table D.49, col. 4) accordingly 
incorporate the Notizie minerarie figure (here attributed to 1879), and extrapolate it to other 
years on the assumption that a constant share of the available recoverable ammonia not 
recovered as ammonium sulfate was recovered as aqueous ammonia (or concentrated ammonia 
water, not separately considered here).  Total recoverable ammonia is estimated, for 
convenience, as ammonium sulfate (Table D.49, col. 3); these figures include the sulfate 
obtainable from the coke ovens, calculated as estimated coke output (Table D.44, col. 3) times 
12 kg of sulfate per ton of coke (section D12.03), and the sulfate obtainable from the gas works, 
calculated as estimated gas output (Table J.02, col. 13) times 44 tons of sulfate per million cubic 
meters of gas (equivalent to a sulfate yield per ton of distilled coal rising from about 10 kg in 
1865 to about 12 kg in 1911; Martin, 1918b, vol. 1, p. 453).  These estimates of total available 
coal-based ammonium sulfate are then reduced by the estimates of total ammonium sulfate 
actually produced (Table D.48, col. 8), corrected to exclude significant output from other 
sources (the ammonium sulfate apparently obtained from calcium cyanamide in Chieti and 
Perugia:  100 tons in 1908, 640 tons in 1909, 941 tons in 1911, 2,317 tons in 1912, and 3,574 
tons in 1913).  The estimated output of aqueous ammonia (Table D.49, col. 4) is 47.15% of this 
residual (yielding the reported 1,500 tons in 1879), rounded to the nearest 100 tons; in the 
absence of indications from the Corpo delle miniere, this solution is taken to contain an average 
20% NH3 (against standard commercial grades of 25% and, apparently less frequently, 10%:  
Molinari, 1920, p. 375).  The estimates for 1908 ff. are assumed to cover the output reported for 
the Torino district; the output of liquid ammonia, peaking at 10 tons in 1911, is considered too 
slight to affect the calculations. 
 These estimates of aqueous ammonia output are obviously tentative; but a number of 
their implications appear very reasonable.  First, the present estimates imply a total rate of 
ammonia recovery of 38% in the 1860s and 1870s, rising in later years (with the growth of 
sulfate production) to 64% in 1911.  Second, the present estimates suggest that Italy’s ammonia 
consumption around 1911 was about 6% of its consumption of the close but imperfect 
substitute, caustic soda, reduced to a comparable concentration (Molinari, 1920, p. 555); this 



 96 

ratio may be compared to the corresponding United States figure of 8% (calculated from the 
1909 output data in USHS, part 2, p. 692; note that the relative coal and hydroelectric power 
intensities of ammonia and caustic soda would make ammonia relatively more expensive in 
Italy).  Third, short-run swings in ammonia and ammonium sulfate production here tend to be 
mutually offsetting, as one would expect from goods obtained at relatively low marginal cost 
from a common fixed plant (Molinari, 1920, p. 360). 
 In the absence of clear evidence on the value in 1911 of aqueous ammonia of given 
strength, it seems best to estimate value added by analogy to ammonium sulfate:  the production 
process is essentially the same, save that the gaseous ammonia is passed through refrigerated 
water rather than sulfuric acid (Molinari, 1920, p. 360).  This suggests a unit value added of 
about 64 lire to recover 200 kg of ammonia (80% of the amount in one ton of sulfate), plus 
perhaps 4 lire to refrigerate the water (against a full cost of up to 10 lire to produce one ton of 
ice:  Molinari, 1920, p. 261n),  for a total of 68 lire per ton of aqueous ammonia, or 374,000 lire 
for the estimated 5,500 tons produced in 1911. 
 
D12.08  Calcium ferrocyanide 
 Illuminating gas was also the source of cyanogen, recovered as calcium ferrocyanide; 
treated with potassium chloride and carbonate, the latter was converted to yellow prussiate 
(potassium ferrocyanide; Molinari, 1920, pp. 840 ff.).  The Rivista mineraria 1893 ff. recorded 
the amounts of yellow prussiate (1893-95) and calcium ferrocyanide (1896-1913) transcribed in 
Table D.50, col. 1; in 1900 and 1901, these appear in the mineralworking reports.  Both 
products appear to be extremely heterogeneous, with unit values ranging from 60 to 600 lire per 
ton of ferrocyanide and 1,380 to 2,450 lire per ton of yellow prussiate.  Cyanogen recovery, for 
yellow prussiate, appears to have begun in 1891 (Rivista mineraria 1890, p. 555, 1891, p. 233); 
the transformation of calcium ferrocyanide into yellow prussiate appears to have ended in 1895, 
as it was found more profitable to export the intermediate for final transformation abroad 
(Rivista mineraria 1896, p. 230). 
 This short-lived production of yellow prussiate is here counted together with that of 
calcium ferrocyanide; to reduce the heterogeneity of the unit of measurement, the output of both 
goods is estimated by dividing the reported value figures by a standard unit value.  In 
1896-1913, the present estimates of calcium ferrocyanide production are the reported value 
divided by 400 lire per ton; in the absence of information on unit inputs, value added is 
estimated at half this figure, or 200 lire per ton (for a total 33,000 lire in 1911).  In 1893-95, 
output of yellow prussiate is estimated as reported value divided by 1,380 lire per ton, yielding 
200 tons in 1893 (as reported), 53 tons in 1894, and 80 tons in 1895.  This standard unit value is 
here distributed over the corresponding inputs as follows:  800 lire for 2 tons of standard-grade 
calcium ferrocyanide; 300 lire for .6 tons of potassium salts; 80 lire for fuel and other materials; 
and 200 lire for value added.  Total output of calcium ferrocyanide and yellow prussiate 
together, at equal unit value added, is thus estimated in 1893-95 at 3 times the estimated output 
of yellow prussiate alone; these figures are extrapolated to 1891 on the assumption of equal 
absolute increments in 1891, 1892, and 1893 (Table D.50, col. 2). 
 
D12.09  Acetic acid and lead acetate 
 High wood and coal costs, aggravated by fiscal interference, appear to have prevented 
the development of the wood-distillation industry; while some of its products were imported in 
finished form, in later years at least acetic acid and its derivatives appear to have been obtained 
in the main from imported calcium acetate (Molinari, 1913, pp. 280, 596n; Notizie minerarie, p. 
272; Rivista mineraria 1897, p. 223, 1903, p. 164). 
 The present acetic acid output estimates (Table D.51, col. 1) are obtained in 1896-1913 
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as the net imports of calcium acetate reported by the Movimento commerciale times .54 their 
unit yield in 98% acid (Molinari, 1913, p. 280n); these estimates of course include the 
equivalent of the acid recovered directly as acetone (Rivista mineraria 1903, p. 164).  In 
1891-95, the acetic acid output estimates are obtained from estimates of calcium acetate 
imports.  These appear to have been about 200 tons in 1895 (given their share in aggregate 
acetate imports in 1896, and aggregate acetate imports in 1895); this figure is extrapolated to 
1891 on the assumption of 40-ton annual increments. 
 The figures in Table D.51, col. 2 are instead transcribed from the Rivista mineraria; they 
refer to the lead acetate obtained from 1899 at the Cogoleto paint works, and include the output 
of sodium acetate produced in Milano in 1896 (Rivista mineraria 1896, p. 230, 1897, p. 223, 
1899, p. 135, 1903, p. 164). 
 The value added in the recovery of acetic acid from commercial calcium acetate can be 
calculated directly from the detailed cost and revenue figures in Molinari (1913), p. 280n.  
These yield a value added of 124 lire per ton of input, or 230 lire per ton of output, for a total 
254,000 lire in 1911.  Value added in the production of lead acetate is instead estimated at 100 
lire per ton, given an output value of 660 lire per ton, and allowances of 330 lire for .33 tons of 
acetic acid, 220 lire for .55 tons of worked lead, and 10 lire for fuel and other costs (see above, 
section D08.02).  These estimates yield a 1911 total of just 20,000 lire in lead acetate, and 
274,000 lire in the two products combined.  
 
D12.10  Citric acid, calcium citrate, and concentrated lemon juice 
 The legend to census category 7.119 mentions citric acid, calcium citrate, and 
concentrated lemon juice (agrocotto); the initial processing of lemons (for crude juice and peel) 
thus seems to be excluded from the industry.  Citric acid was obtained from crude lemon juice 
through the concentrate and calcium citrate; Italy exported both the intermediates, and imported 
the finished product. 
 According to both the Enciclopedia italiana (vol. 10, pp. 470-471) and Molinari (1913, 
pp. 347-350), Italy’s first citric acid works dated from 1910-11; but earlier production is noted 
in the Rivista mineraria 1887, 1888, and 1895 to 1903.  The 1897-1902 figures in Table D.52, 
col. 1 are transcribed from the Caltanissetta district reports; they refer to the output of a plant in 
Messina which also produced sulfuric and tartaric acids, and went out of business in 1903 (e.g., 
Rivista mineraria 1897, p. 61, 1902, p. 59, 1903, p. 116).  Production of sulfuric acid is reported 
at 350-370 tons p. a. from 1893 through 1897; in 1895-96, the sulfuric acid is said to have been 
used to manufacture citric and tartaric acids (e.g., Rivista mineraria 1895, p. 56).  The district 
reports for 1889-92 contain no information on these or other chemicals; but the Rivista 
mineraria 1887, p. 67, refers generically to the production of sulfuric, citric, and tartaric acids, 
and the Rivista mineraria 1888, p. 53, refers to an inactive citric acid plant in Siracusa, and to 
the production of sulfuric acid in Messina, where it was utilized “especially” for tartaric acid.  
This evidence suggests that citric acid had been produced in Sicily since the 1880s, and that it 
had reached the 1897 level at least by 1893; for the sake of simplicity, output is here assumed 
constant at 35 tons p. a. from 1883, when production is assumed to have begun, right to 1897, 
when this figure is first quoted by the sources (Table D.52, col. 1). 
 According to Molinari (1913, p. 350), the citric acid works set up in 1910-11 had a 
capital of one million lire; allowing for the plant’s minor other products and for the likely ratio 
of capital to labor costs, this figure suggests a value added of perhaps 125,000 lire p. a.  
According to Cianci (1933), a ton of citric acid was worth an average 3,564 lire in 1911; it 
consumed about 1.67 tons of (64% acid) calcium citrate, valued at 1,590 lire per ton by the 
Movimento commerciale.  Allowing a further 144 lire for the cost of the sulfuric acid, fuel, and 
other material inputs per unit of output, unit value added is estimated at 1,300 lire per ton of 
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citric acid.  These value added estimates suggest an output of about 100 tons p. a.; it is a 
reasonable output for a “large factory,” given that the “very large factories” in the United States 
produced on average about 3.5 times as much (Molinari, 1913, p. 350).  This output figure is 
here attributed to 1912 and 1913; half that amount is attributed to 1911 (Table D.52, col. 1). 
 For the sake of simplicity, the production of intermediates is here estimated on a net 
product basis, i.e., equal to exports (the present figures refer to gross exports; but the distinction 
between gross and net exports is here immaterial, as imports were virtually non-existent).  The 
present output figures for calcium citrate (Table D.52, col. 2) are transcribed directly from the 
Movimento commerciale in 1899-1913; in earlier years, they are estimated as 31% of the 
reported exports of chemicals not separately counted.  This is the ratio that prevailed in 1899; 
earlier changes in classification appear to have had an insignificant impact on this category 
(Movimento commerciale 1891, p. 615, 1897, p. 367, 1899, pp. 64-65, 429).  The corresponding 
figures for concentrated lemon juice (Table D.52, col. 3) are transcribed directly from the 
Movimento commerciale from 1867; in 1862-66, they are estimated as half the reported exports 
of crude and concentrated lemon juice together; and in 1861, when the reported figure appears 
to omit exports from Sicily (Movimento commerciale 1861, p. IX), output is simply set equal to 
the estimate for 1862. 
 Unit value added at 1911 prices is estimated as follows.  The Movimento commerciale 
1911 valued crude lemon juice at 100 lire per ton, concentrated juice at 820 lire per ton, and 
calcium citrate, as noted, at 1,590 lire per ton; the Enciclopedia italiana (vol. 10, pp. 470-71) 
suggests unit citric acid contents of about 7%, 40%, and 64%, respectively.  These figures 
suggest that a ton of citrate was obtained from about 1.6 tons of concentrated juice, for a value 
added of perhaps 230 lire (allowing 48 lire for lime, fuel, and waste), and that a ton of 
concentrated juice was obtained from about 6 tons of crude lemon juice, for a value added of 
perhaps 170 lire (allowing 50 lire for fuel and other costs).  Because the present output figures 
are net rather than gross, each value added coefficient must include the total transformation 
from crude lemon juice.  The value added of the first intermediate, concentrated juice, remains 
at 170 lire per ton, or 73,000 lire for 432 tons; the value added in one ton of calcium citrate is 
230 lire plus 1.6 times that in one ton of concentrated juice, for a total 500 lire per ton 
(4,075,000 lire for 8,149 tons); and the value added in one ton of citric acid is 1,300 lire, as 
estimated above, plus 1.67 times the total (chemical) value added in one ton of calcium citrate, 
for a total 2,000 lire per ton (100,000 lire for 50 tons). The total value added in 1911 by the 
citrus-based chemical industry is thus estimated at 4.25 million lire. 
 
D12.11  Tanning extracts 
 The production of tanning extracts, and their use as substitutes for the untransformed 
wood or leaves, appears to have become significant with the introduction of the Gondolo 
process in 1878 or 1879 and the Lepetit process in 1896 (Enciclopedia italiana, vol. 11, p. 63; 
Molinari, 1913, pp. 585, 589; Notizie chimiche, vol. 12, p. 5).  In Italy, before the First World 
War, some 12 plants produced extract worth 7 or 8 million lire (Notizie chimiche, vol. 12, pp. 
5-6); at the 1911 export value of 230 lire per ton of impure tannic acid, this sales figure suggests 
an annual output of about 32,000 tons.  Exports in 1911 amounted to 24,000 tons; imports, 
largely attributable to a border trade with France, to 8,000 tons (including 100 tons of pure 
tannic acid, which was not produced in Italy; Notizie chimiche, vol. 12, pp. 6, 8).  These figures 
suggest that the domestic market was roughly evenly shared between domestic and foreign 
extract, even as domestic output was largely exported; since this pattern appears to have been 
rooted in the distribution of forests and tanneries, it can be expected to have been relatively 
stable.  Italy’s production of tanning extracts is accordingly estimated as the sum of exports and 
imports (including pure tannic acid), as reported in the Movimento commerciale, rounded to the 
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nearest thousand tons (Table D.53; in the early 1880s, impure acetic acid is taken to represent 
10% of the reported combined imports of impure acetic and tannic acid and a negligible share of 
the reported combined exports, as in 1888).  These estimates display the expected insignificance 
before the early 1880s, and rapid growth from the late 1890s. 
 In 1911, as noted, tanning extracts were attributed an export value of 230 lire per ton; 
powdered sumac, one of the principal domestic sources of tannin, an export value of 200 lire per 
ton.  Allowing .8 tons of powdered sumac (containing 25-27% of tannin:  Furnas, 1942, vol. 2, 
p. 1668) and 20 lire for fuel and other costs per ton of extract, value added is here estimated at 
50 lire per ton of output, or 1.6 million lire for 32,000 tons.  The implied tannin content of the 
extract is at the lower end of the 20 to 50% range specified by Molinari (1913, p. 586); but a 
higher figure would reduce unit value added below the order of magnitude suggested by the 
complexity of the production process (Enciclopedia italiana, vol. 11, p. 63; Molinari, 1913, pp. 
585-586). 
 
D12.12  Tartaric acid and cream of tartar 
 There is little information on the production of tartaric acid and cream of tartar.  The 
Caltanissetta district reports in the Rivista mineraria 1888 and 1895-1903 mention tartaric acid 
from a plant in Messina that stopped producing it in 1901; output figures (ranging from 35 to 70 
tons p. a.) are given in 1897-1901 (e.g., Rivista mineraria 1888, p. 53, 1896, p. 61, 1902, p. 59). 
The Bologna district reports for 1904 and 1905 include 40 tons of tartaric acid and 100 tons of 
cream of tartar from a plant in Carpi (Modena), said to be one of the most important of the type 
in Italy; those for 1906-09 include 150 tons of tartaric acid and cream of tartar together (e.g., 
Rivista mineraria 1904, pp. 15, 29, 1906, p. 16).  Molinari (1913, p. 340) mentions that “very 
few” works manufactured refined cream of tartar, while “about 200” produced crude cream of 
tartar (by which he seems to mean the raw material utilized by the chemical works included in 
census category 7.119).  Molinari (1913, p. 343) also states that tartaric acid was produced in 
four factories, in Carpi, Agnano, Barletta, and Milano; “the more important” works, in Barletta 
and Milano, could produce 3,000 tons p. a. between them.  An output figure of 670 tons for 
1905 is also cited, apparently from a source estimating world production; but this figure appears 
to be too low, as net exports alone averaged close to that in 1904-06 (Table D.54, col. 1).  
Finally, von Wagner (1904, p. 501) attributes 200 tons of tartaric acid to Italy (presumably 
around 1886 or 1887); but this figure may include the acid equivalent of cream of tartar. 
 Tartaric acid production is here estimated at 2,800 tons in 1911: about 2,700 tons can be 
attributed to Barletta and Milano, as suggested by Molinari (90% of capacity, in the face of 
rapid export growth:  Table D.54, col. 1), and 100 tons to Carpi and Agnano, as suggested by 
the Rivista mineraria.  Given net exports of about 2,300 tons, domestic consumption is 
accordingly estimated at about 500 tons.  The full set of output estimates (Table D.54, col. 2) is 
obtained as the rounded sum of net exports and domestic consumption.  In 1878 ff. net exports 
(col. 1) are calculated directly from the Movimento commerciale import and export data for 
tartaric acid; in 1861-77, they are estimated from the trade data for tartaric and other organic 
(citric, phosphoric, oxalic) acids together, less an allowance for the likely import balance on 
these other acids that increases by 1 ton p. a. from 56 tons in 1861 to 72 tons in 1877 (in effect 
assuming no real change from 1877 to 1878, as suggested by the virtual constancy of aggregate 
net imports of tartaric acid, including other organic acids in 1877, and unspecified “other acids,” 
including other organic acids in 1878:  Movimento commerciale 1877, pp. 13, 97, 1878, pp. 8, 
76).  In turn, consumption is estimated to have grown at a constant 3% p. a. from 1861 (114 
tons) to 1913 (530 tons), through the 500-ton benchmark for 1911; these figures imply that 
output in 1886-87 was close to the (somewhat ambiguous) figure quoted by von Wagner. 
 The cream of tartar output estimates (Table D.54, col. 4) are even more tentative.  In 
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1888-1913, these figures are also obtained as the rounded sum of net exports, calculated from 
the Movimento commerciale, and consumption, estimated, in the absence of superior indicators, 
as twice that of tartaric acid (as appears to have been the case in England, judging from the 1910 
import and export figures reported in Martin, 1918a, p. 373).  One notes that the net export data 
suggest, and the present estimates imply, that short-run movements in the production of tartaric 
acid and cream of tartar were often mutually offsetting (particularly when one considers relative 
values added, as estimated below); this is not unreasonable, given that these products appear to 
have been obtained with much the same physical and human capital.  Before 1888, the 
Movimento commerciale apparently includes cream of tartar with the much larger amounts of 
crude tartar and wine lees, so that net exports are unknown; output is then estimated as follows. 
First, output is assumed to have grown to 700 tons in 1888 at a trend rate of 4.5% p. a., similar 
to that which obtained for tartaric acid and cream of tartar together (weighted by real value 
added) in the following decade and a half; this yields rounded trend-value annual output 
estimates of 200 tons in 1861-64, 300 tons in 1865-72, 400 tons in 1873-77, 500 tons in 
1878-82, 600 tons in 1883-86, and 700 tons in 1887.  Second, similar trend values are calculated 
for tartaric acid output, assuming growth at 4.5% p. a. to 300 tons in 1888; this yields rounded 
trend-value annual output estimates of 100 tons in 1861-72, 200 tons in 1873-83, and 300 tons 
in 1884-87.  Third, these tartaric acid trend-value estimates are subtracted from the estimates of 
actual output (Table D.54, col. 2), and the resulting magnitude is itself subtracted from the 
cream of tartar trend-value output estimates described above.  The resulting figures are the 
cream of tartar output estimates for 1861-87 (col. 4); since real value added per unit of cream of 
tartar is half that per unit of tartaric acid, these estimates in effect assume that half the deviation 
from trend in tartaric acid production was offset by a corresponding deviation in cream of tartar 
production.  The net export figures for cream of tartar in 1861-87 (col. 3) are the rounded 
difference between estimated output (col. 4) and estimated consumption (twice that of tartaric 
acid, as described above); the reasonableness of these magnitudes is somewhat reassuring. 
 In 1911, exports of tartaric acid, cream of tartar and crude tartar were valued at 2,750, 
1,800, and 1,000 lire per ton, respectively.  The tartar-content data in Molinari (1913), p. 337, 
suggest that one ton of tartaric acid and one ton of cream of tartar were obtained from 
approximately 1.7 and 1.3 tons of crude tartar, respectively, for gross margins of approximately 
1,050 lire per ton of tartaric acid and 500 lire per ton of cream of tartar.  In view of the 
considerable fuel requirements of the production process (Molinari, 1913, p. 337; also 
Enciclopedia italiana, vol. 33, p. 288), value added is here estimated at about 40% of that gross 
margin, or 400 lire per ton of tartaric acid and 200 lire per ton of cream of tartar.  The 
corresponding aggregate estimates are 1.12 and .18 million lire, respectively, for a total 1.3 
million lire in the two forms of processed tartar together. 
 
D12.13  Photographic plates, film, and paper 
 Census category 7.119 includes the preparation of photographic plates, film, and paper; 
but the available evidence is extremely limited.  In the absence of direct measures of 
employment, output, consumption, and even international trade in such materials, the present 
estimates (Table D.55) are tentatively built up from the limited evidence provided by the 
international trade figures for silver nitrate.  Silver nitrate imports were of the order of .5 tons p. 
a. in 1870, before the photographic materials industry came into existence (Enciclopedia 
italiana, vol. 15, p. 808); they rose to approximately 1.0 tons by 1875, and remained close to 
that level through 1885; they varied between 1.0 and 1.5 tons p. a. for the next ten years, then 
dropped to less than .5 tons by 1900, rebounded strongly to about 5 tons p. a. in 1903-05 and a 
peak of 6.3 tons in 1906, and then collapsed to 3.4 tons the following year and .6 tons by 1913.  
Exports were usually non-existent, but passed .1 tons in 1909 and .25 tons in 1900 and 1907; 
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they are nonetheless significant as limited evidence of domestic production, which can plausibly 
be assumed to account for the decline in imports after 1894 and 1906 (note also the rough 
doubling of imports of other silver salts, and of gold and platinum salts, from 1907 to about .25 
and .5 tons, respectively, in 1913).  Allowing for the increase in non-photographic uses of silver 
nitrate, for the likely reliance on imports to satisfy sudden increases in demand, and for the 
likely continuation of the amateur-photography boom (Singer, 1954, vol. 5, p. 728) after the 
import peak in 1906, the consumption of silver nitrate for photographic purposes is here 
assumed to have grown from zero tons in 1870 by .05 tons p. a. to .5 tons in 1880 and 1.0 tons 
in 1890, then by .1 tons p. a. to 2.0 tons in 1900, and then by 2/3 tons p. a. to 9.3 tons in 1911 
and 10.7 tons in 1913.  Finally, the output estimates in Table D.55 are obtained by converting 
these silver nitrate consumption estimates on the basis of 20 kg of silver nitrate per thousand 
square meters of photographic plates, film, and paper (Mack and Martin, 1939, p. 183).  No 
separate allowance is made for the fluctuating share of domestic silver nitrate, as the 
concomitant value added appears to be negligible (Molinari, 1920, p. 712). 
 Allowing for other uses of silver nitrate, these estimates suggest that the Italian 
photographic industry was perhaps 5% of the American one in 1899 and 1909.  The U.S. 13th 

Census X, p. 547 reports 1.6 million ounces of silver salts in 1899, equivalent to perhaps 40 tons 
for photographic use; the corresponding output figure for 1909 is barely more (2.0 million 
ounces), but probably excludes the silver salts produced by integrated firms (in particular 
Eastman Kodak, which began to make its own in 1898: Jenkins, 1975, p. 242).  A more 
plausible estimate of total photographic consumption in 1909 is about four times the output of 
1899, in proportion to the increase in value added (from 3.0 to perhaps 12.0 million dollars, 
allowing for the reclassification of the Kodak works:  U.S. 13th Census X, p. 496); this keeps the 
Italian industry in a constant 5% ratio to its American counterpart.  This figure appears to be 
reasonable, in terms both of the available literary evidence on the distribution of production 
(Enciclopedia italiana, vol. 15, p. 809) and of the comparable figures for other industries (e.g., 
1% for petroleum refining and 8% for rubber products, calculated as the ratio of estimated 
Italian value added in 1911 to reported American value added in 1909, at current exchange 
rates). 
 The estimate of value added in 1911 is as tentative as the output figures.  In the absence 
of information on output values or input/output ratios, the best guide to value added per ton of 
silver nitrate appears to be the American figure of perhaps $75,000 (in 1899 and 1909), 
estimated from the information cited above.  Given the high unit values of both inputs and 
outputs, the corresponding Italian figure can be estimated directly, on the basis of gold parities, 
at approximately 375,000 lire; but this is to be reduced to allow for the much narrower 
definition of the industry in question here (photographic plates, film, and paper only, as opposed 
to all “photographic materials” in the American census).  The estimate selected here is 200,000 
lire per ton of silver nitrate, equivalent to 4,000 lire per thousand square meters of photographic 
plates, film, and paper; this yields a total estimated value added of about 1.9 million lire in 
1911. 
 
D12.14  Aggregate value added and employment 
 The above 1911 value added estimates in the production of organic chemicals not 
elsewhere classified sum to 19.4 million lire; the most important of these are briquettes (3.0 
million lire), metallurgical coke (4.0 million lire), and calcium citrate (4.1 million lire). 
 The value added covered by the census is here estimated at 15.7 million lire.  The 
excluded items are the group of asphalt products (.4 million lire), which are not part of 7.119 as 
defined in the census, and metallurgical coke obtained at the integrated iron works (3.3 million 
lire, covering all but the 60,000 tons of the Carrara district works).  Since the iron works did not 
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report separate employment figures for their coke ovens in the Rivista mineraria, and since the 
census lacks a category straddling chemicals and metalmaking, the most likely assumption is 
that the Censimento industriale counted such coking as part of the metalmaking industry (as in 
the ISIC, category 3710).  The census similarly lacks a category straddling chemicals and 
utilities; but the extent to which the gas works’ ammonia was recovered by separate concerns 
that purchased the liquor (recall the considerable double counting of liquor and ammonium 
sulfate in the Rivista mineraria, and the increase in Milano district chemical works from 1893 to 
1894, when the major additions to the report were copper sulfate and ammonium sulfate) 
suggests that ammonia-recovery works were separately counted and included in 7.119. 
 The value added covered by the Rivista mineraria sums to 9.8 million lire; of that total, 
9.0 million were contributed by various mineralworking activities (briquettes, coke, tar and 
petroleum products, asphalt products), and just .8 million by chemicals (ammonium sulfate, 
calcium ferrocyanide, lead acetate).  The employment reported for these mineralworking 
activities (excluding the iron works’ coke ovens, and including less than full-time employment 
in asphalt products) sums to some 2,100 blue-collar workers and 4,400 installed horsepower.  
Since the Rivista mineraria chemicals relevant here are dominated by ammonium sulfate, which 
actually behaves as a compound of ammonium metal (Molinari, 1920, p. 608), the 
corresponding employment is here estimated by analogy to the group of inorganic chemicals 
(excluding sulfur processing) discussed in section D11.22 above.  These yield an estimate of 
about 200 blue-collar workers and 200 installed horsepower for .8 million lire, raising the 
Rivista mineraria figures for category 7.119 to 2,300 workers and 4,600 installed horsepower 
(Table D.02). 
 The corresponding census employment is difficult to estimate.  As a first approximation, 
and allowing for the upward bias in the census data for the residual categories (above, section 
D01.01), employment may be estimated as 80% of the reported labor force, or some 4,800 blue-
collar workers and 5,600 total workers, with some 5,900 horsepower in use (allowing 1.22 
horsepower per blue-collar worker, as suggested by the Censimento industriale figures for 
category 7.119, Table D.01).  The independent partial estimates obtained in sections 
D12.02-D12.05 above for briquettes, coke, tar and petroleum products, and asphalt products 
(from the Rivista mineraria data, with appropriate corrections), sum to 2,900 blue-collar 
workers and 6,200 installed horsepower (equivalent to 5,600 in use); of those, 1,700 blue-collar 
workers and 3,600 installed horsepower (3,200 in use) correspond to activity covered by the 
census, leaving 1,200 blue-collar workers and perhaps 1,400 total workers, with 2,400 
horsepower in use, for other activity (coking at iron works, asphalt processing).  These figures 
imply aggregate employment levels for category 7.119, as here redefined, of 6,000 blue-collar 
workers and 7,000 total workers, with 8,300 horsepower in use (Table D.02).  They also imply a 
residual 3,100 workers and 2,700 horsepower in use producing organic chemicals (other than 
briquettes, coke, tar and petroleum products, and asphalt products) attributed a value added of 
10.4 million lire, including an estimated 200 workers and 200 horsepower for .8 million lire 
covered by the Rivista mineraria; these yield a net residual of 2,900 workers and 2,500 
horsepower in use for 9.6 million lire, equivalent to 3.6 million lire in wages and salaries (at 
1,250 lire per worker) and a reasonable capital-cost figure of about 2,400 lire per horsepower. 
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Table D.01 

Reported Labor Force and Factor Employment in the M anufacture of Chemicals in 1911 

 

 

A.  Census data                                                                                 B. Cor po delle miniere data 

___________________________________________________ _________________________________________    ______ ___________________________________ 

 

                                  Censimento demogra-           Censimento industriale                  Rivista mineraria 1911           *  

Census                            fico (labor force)        Employment        Unduplicated                     Blue-    

cate-                                Blue-                Blue-                 HP in use                     collar      Installed HP   *  

gory   Industry group               collar     Tota l     collar    Total   Primary  Electric      Sect or      workers   Primary  Electric   

___________________________________________________ _________________________________________    ______ ___________________________________ 

                                                                                                             

7.11   Principal acids                650        75 3        390      451       95       742     Chemic als      11,677    38,979   16,794 

7.13   Matches                      6,186      6,77 6      5,447    5,861      524       376                  

7.18   Soap, glycerine, candles     4,853      6,45 6      3,819    5,084      899       582     Sulfur  ore      3,589       407        0  

7.19   Other fats, glue, etc.       2,004      2,53 4      1,768    2,135    1,923       502     proces sing                               

7.110   Essential oils               1,324      1,735        941    1,243       22        20                  

7.111   Rubber products              3,991      4,370      2,408    2,720      229     1,591     Fused sulfu r    1,279     1,406      273  

7.113   Fertilizer                   1,969      2,383      1,731    2,012    1,966       593     processing                               

7.114   Explosives, munitions        4,831      5,914      3,008    3,804    1,799       136                       

7.115   Coloring materials           1,566      2,116      1,242    1,695      859       773     Asphalt           366       464      268   

7.116   Pharmaceuticals              4,143      6,473      2,864    3,831      337       512     processing                               

7.117   Electrochemicals, gases      1,720      1,986      1,695    1,910   31,658     9,120                                  

7.118   Other inorganic chem.        4,315      4,938      3,005    3,383    1,577     2,145     Oil, coal         469       571       26  

7.119   Other organic chem. a          6,047      7,032      5,095    5,828    4,840      1,387     and tar                                 

7.1 ω   (7.1 - 7.119 )                                     10,652   12,2 38    9,381     4,494     processing b                               

Subtotal                           43,599     53,46 6     44,065   52,195   56,109    22,973                  

                                                                                                Brique tte       1,220     2,751      284  

ω.21     (2.1 c and 7.1)                                  20,640   21,999    5,029       423     making                                 

ω.51     (3 d and 7.1)                                     5,977     7,532    3,225     1,429                  

___________________________________________________ ___________________________________________________ ___________________________________ 

 
aexcludes gas works and asphalt processing. 
bexcludes gas works.          
cmining. 
dindustries processing agricultural products, exclud ing textiles. 

 

Sources:  Censimento demografico, Censimento industriale, Rivista mineraria 1911. 



Table D.02 

Estimated Value Added and Factor Employment in the Manufacture of Chemicals in 1911 

 

___________________________________________________ ___________________________________________________ ___________ 

 

                                     (1)          ( 2)          (3)            (4)          (5)          (6) 

                                             Indust ry totals                     Rivista mineraria totals        *  

                                    Value                  Unduplicated      Value        Blue-  

                                    added        To tal      horsepower       added       collar      I nstalled    

                                  (million      wor kers      in use        (million      workers     h orsepower 

Row    Industry group               lire)     (thou sands)  (thousands)       lire)     (thousands)  (t housands)  

___________________________________________________ ___________________________________________________ ___________ 

 

 (1)   Principal acids                13.2          3.0          4.8          13.2           2.6          5.3 

 (2)   Matches                         8.9          6.6           . 9            .0            .0           .0 

 (3)   Soap, candles, fats n.e.c. a   28.8         11.1          4.8            .3            .2           .0 

 (4)   Essential oils b                2.7          2.6           .0            .0            .0           .0 

 (5)   Rubber products                 9.1          4.3          3.1            .0            .0           .0 

 (6)   Fertilizer                     14.7          4.3          4.9          14.6           3.6          5.5 

 (7)   Explosives, munitions c        13.5          6.7          3.2           8. 3           1.7          3.9 

 (8)   Coloring materials d           13.6          5.0          2.0            .8            .2           .2 

 (9)   Pharmaceuticals e              21.4          7.7          1.2            .1            .0           .0 

(10)   Electrochemicals, gases f       10.0          1.9         40.8          10.0           1.7         37.2 

(11)   Other inorganic chem. g         9.6          3.0          3.2           9. 4           2.5          3.4 

(12)   Other organic chem. h          19.4          7.0          8.3           9.8           2.3          4.6 

(13)   Subtotal i                     146.2         51.2         74.5           54.3          11.4         55.5 

(14)   Total                         164.7         63.2         7 7.2          66.5          14.8         61.6   

___________________________________________________ ___________________________________________________ ___________ 



Table D.02 (continued) 

 

 
acols. 1 - 3 include 2.4 million lire of value added , 2,300 workers, and 100 horsepower in beeswax proc essing (category 3.55). 

 
bcol. 2 counts full-time equivalents, including seas onal workers; it exceeds the census labor force fig ure by 900 workers, 

corresponding to a value added of .9 million lire. 

 
ccols. 1 - 3 include 2.4 million lire of value added , 2,000 full-time equivalent workers, and 0 horsepo wer in clandestine or on-site 

production; the horsepower figures in col. 6 are pa rtly double-counted. 

 
dcols. 1 - 3 include 5.2 million lire of value added , 2,900 full-time equivalent workers, and 0 horsepo wer in production by product 

users. 

 
ecols. 1 - 3 include 3.9 million lire of value added , 2,400 full-time equivalent workers, and 0 horsepo wer in production by 

pharmacists. 

 
f col. 3 includes the power absorbed by cells and fur naces, col. 6 that of motors only. 

 
gexcludes salt refining and the initial processing o f sulfur ore; cols. 1 - 3 include .2 million lire o f value added, 100 full-time 

equivalent workers, and 200 horsepower in sulfur gr inding by non-specialized mills; cols. 4 - 6 includ e 3.2 million lire of value 

added, 1,300 workers, and 1,700 horsepower in miner al processing. 

 
hcols. 1 - 3 include 3.7 million lire of value added , 1,200 full-time equivalent workers, and 2,400 hor sepower in coking at iron and 

steel works and in asphalt processing; cols. 4 - 6 include 9.0 million lire of value added, 2,100 repo rted workers, and 4,400 

reported horsepower in mineral processing. 

 
i cols. 1 - 3 exclude activity not covered by census category 7.1, and cols. 4 - 6 activity not covered by the chemical reports, as 

per the preceding notes. 

 

 

Sources:  see text. 



Table D.03 
Estimated Output of Sulfuric Acid, 1861-1913 (thous and tons) 

 
___________________________________________________ ______________________ 
 
            (1)           (2)                     ( 1)           (2)  
                       Estimated                             Estimated  
         Reported      aggregate               Repo rted      aggregate 
         aggregate     output at               aggr egate     output at    
          output       52 ° Baumé                output       52 ° Baumé 
Year     1861-1896     1861-1913      Year     1861 -1896     1861-1913    
___________________________________________________ ______________________ 
 
                                      1890                     54.0 
1861                      3.2         1891       50 .0          60.9 
1862                      3.5         1892                     68.6 
1863                      3.8         1893       59 .4          69.6 
1864                      4.1         1894       71 .5          87.3 
 
1865        3.3           4.5         1895       95 .7         112.5 
1866                      4.9         1896      111 .5         113.5 
1867                      5.3         1897                    128.7 
1868                      5.8         1898                    139.3 
1869                      6.3         1899                    165.5 
 
1870                      6.9         1900                    229.6 
1871                      7.5         1901                    235.2 
1872                      8.1         1902                    252.1 
1873                      8.8         1903                    270.3 
1874                      9.6         1904                    279.6 
 
1875                     10.5         1905                    304.0 
1876                     11.4         1906                    364.8 
1877                     12.4         1907                    425.1 
1878                     13.5         1908                    524.2 
1879       12.9          14.7         1909                    589.7 
 
1880                     17.3         1910                    644.6 
1881                     20.3         1911                    596.1 
1882                     23.8         1912                    634.5 
1883                     27.9         1913                    644.7 
1884                     32.8                                 
 
1885                     38.5  
1886       43.3          45.2  
1887       42.5          46.0  
1888       46.3          48.2  
1889                     51.6  
                          
___________________________________________________ ______________________ 
 
Sources:  col. 1:  Statistica mineraria, Notizie minerarie, Rivista mineraria. 
          col. 2:  1861-1896, 1903-1905:  see text;   
                   1897-1902, 1906-1913:  Rivista mineraria. 



Table D.04 
Estimated Output of Soda Nitric Acid, 1861-1913 (to ns) 

 
___________________________________________________ ________________________________ 
 
           (1)        (2)        (3)        (4)        (5)        (6)        (7)      
        Reported           40 °-acid equivalent of reported output a         Omitted   
        aggregate  reported   reported   reported   reported               output,   
        output a     at 36 °      at 40 °b     at 42 °     at 48 °c     other     at 40 °   
Year    1861-1913  1893-1913  1893-1913  1893-1913  1893-1913  1893-1913  1893-1913  
___________________________________________________ ________________________________ 
 
1861                                                                          
1862                                                                          
1863                                                                          
1864                                                                          
 
1865          85                                                              
1866                                                                          
1867                                                                          
1868                                                                          
1869                                                                          
 
1870                                                                          
1871                                                                          
1872                                                                          
1873                                                                          
1874                                                                          
 
1875                                                                          
1876                                                                          
1877                                                                          
1878                                                                          
1879         610                                                              
 
1880                                                                          
1881                                                                          
1882                                                                          
1883                                                                          
1884                                                                          
 
1885                                                                          
1886                                                                          
1887                                                                          
1888                                                                          
1889                                                                          
 
1890                                                                          
1891                                                                          
1892                                                                          
1893       1,990                                                  2,266        138 
1894       2,380                                          60      2,221        138 
 
1895       1,105                    40                            1,234        113 
1896       1,663                    45                            1,915        125 
1897       2,274                   430                 1,289      1,207        156 
1898       2,421                   250                 1,844      1,109        157 
1899       2,337                   160                            2,729        170 
 
1900       2,071                   180                            2,326        191 
1901       2,069                   247                            2,179        156 
1902       1,725                   210                            1,492        135 
1903       2,087         34        130                            2,185        965 
1904       1,810         34        300        462                 1,137        845 
 
1905       1,455         40        310        330                   753      2,091 
1906       2,218         51        250        352        804      1,000      1,398 
1907       4,813         73        565        900        804      3,020        146 
1908       5,562        239      1,520      1,128        588      2,403         63 
1909       7,264        304      2,889        849      1,163      2,555         31 
 
1910       9,134        684      3,235        672                 5,464         28 
1911       9,000        847      1,478        840                 6,610         27 
1912       8,751        809      1,342      1,121                 5,753         76 
1913      13,611      1,560      1,855      2,460                 6,678        100 
                                                                              
___________________________________________________ ________________________________ 



Table D.04 (continued) 
 
 
___________________________________________________ ________________________________ 
 
           (8)        (9)       (10)     
         Estimated output of 40 ° acid   .  
          Torino              national 
         district    other    aggregate 
Year    1879-1892  1879-1892  1861-1913 
___________________________________________________ ________________________________ 
 
1861                                81  
1862                                81  
1863                                81  
1864                                81  
 
1865                                81  
1866                                81  
1867                                81  
1868                                81  
1869                               101  
 
1870                               126  
1871                               158  
1872                               197  
1873                               246  
1874                               308  
 
1875                               384  
1876                               480  
1877                               599  
1878                               748  
1879         467        468        935  
 
1880         467        471        938  
1881         467        475        942  
1882         467        478        945  
1883         467        482        949  
1884         827        485      1,312  
 
1885         827        488      1,315  
1886         827        492      1,319  
1887         827        495      1,322  
1888       1,313        499      1,812  
1889         671        503      1,174  
 
1890       2,625        506      3,131  
1891       3,012        510      3,522  
1892       2,197        513      2,710  
1893                             2,404  
1894                             2,419  
 
1895                             1,387  
1896                             2,085  
1897                             3,082  
1898                             3,360  
1899                             3,059  
 
1900                             2,697  
1901                             2,582  
1902                             1,837  
1903                             3,314  
1904                             2,778  
 
1905                             3,524  
1906                             3,855  
1907                             5,508  
1908                             5,941  
1909                             7,791  
 
1910                             9,583  
1911                             8,902  
1912                             8,001  
1913                            10,953                                   
___________________________________________________ ________________________________ 



Table D.04 (continued) 
 
 
 
aincludes arc nitric acid (1910-13). 
 

bin 1911-13, estimated Milano district output (see t ext). 
 

cin 1906-07, includes the equivalent of acid reporte d at 44 °. 
 
 
 
Sources:  col. 1:  Statistica mineraria, Notizie minerarie, Rivista mineraria. 
 
          cols. 2 - 10:  see text. 



Table D.05 
 Estimated Output of Leblanc Hydrochloric acid, 
 1861-1913 (tons) 
 
___________________________________________________ ______________________ 
 
              Estimated                             Estimated  
              output at                             output at 
              20 to 22 °                             20 to 22 ° 
                Baumé                                 Baumé 
Year          1861-1913               Year          1861-1913    
___________________________________________________ ______________________ 
 
                                      1890             3,238 
1861                19                1891             3,640 
1862                19                1892             4,091 
1863                19                1893             4,599 
1864                19                1894             5,570 
                                                       
1865                19                1895             5,950 
1866                26                1896             6,580 
1867                37                1897             6,882 
1868                51                1898             7,251 
1869                71                1899             7,444 
                                                       
1870                94                1900             7,276 
1871               137                1901             7,400 
1872               190                1902            10,144 
1873               264                1903             8,680 
1874               367                1904             9,530 
                                                       
1875               510                1905            11,170 
1876               708                1906            12,021 
1877               984                1907            14,162 
1878             1,367                1908            14,017 
1879             1,900                1909            14,892 
                                                       
1880             1,900                1910            18,917 
1881             1,900                1911            16,686 
1882             1,900                1912            20,727 
1883             1,900                1913            18,217 
1884             1,900                                 
                 
1885             1,900 
1886             2,000 
1887             2,280 
1888             2,563 
1889             2,881 
___________________________________________________ ______________________ 
 
Sources:  1893-1894, 1897-1909:  Rivista mineraria;  
          1861-1892, 1895-1896, 1910-1913:  see tex t. 
                    



Table D.06 
Estimated Output of Matches, 1861-1913 (billion uni ts) 

 
___________________________________________________ ____________________________________________ 
 
           (1)        (2)        (3)        (4)        (5)        (6)        (7)        (8)     
   
               Reported fiscal-year figures a                   Calendar-year figures           .  
             Production            Net imports          Reported net      Estimated wood-equiv. 
           (billion units)       (billion units)       imports (tons)       (billion units)   .   
        Inferior b   Superior c  Inferior b  Superior c    Wood d     Wax etc.  Consumption  Output 
Year    1896-1913  1896-1913  1896-1913  1896-1913  1866-1913  1879-1913  1861-1913  1861-1913 
___________________________________________________ ____________________________________________ 
 
1861                                                                        24.82      24.66 
1862                                                                        25.27      25.11 
1863                                                                        25.72      25.56 
1864                                                                        26.19      26.03 
 
1865                                                                        26.66      26.50 
1866                                                                        27.14      26.98 
1867                                                     19                 27.63      27.47 
1868                                                     48                 28.12      27.71 
1869                                                     39                 28.63      28.29 
 
1870                                                     28                 29.14      28.90 
1871                                                     13                 29.67      29.56 
1872                                                     53                 30.20      29.74 
1873                                                   -117                 30.75      31.76 
1874                                                   -196                 31.30      32.99 
 
1875                                                   -285                 31.86      34.31 
1876                                                   -264                 32.44      34.71 
1877                                                   -707                 33.02      39.10 
1878                                                 -1,076                 33.62      42.87 
1879                                                   -469       -882      34.22      45.84 
 
1880                                                   -595       -935      34.84      47.59 
1881                                                   -517     -1,264      35.46      51.42 
1882                                                   -830     -1,070      36.10      51.36 
1883                                                   -708     -1,228      36.75      53.17 
1884                                                   -734     -1,135      37.41      52.94 
 
1885                                                   -484       -745      40.67      50.87 
1886                                                   -569       -620      41.75      50.99 
1887                                                   -359       -607      42.90      51.06 
1888                                                   -262       -540      44.10      51.10 
1889                                                   -128       -413      45.71      50.74 
 
1890                                                   -384       -403      45.83      51.90 
1891                                                   -382       -342      46.81      52.21 
1892                                                   -343       -479      46.81      53.52 
1893                                                   -445       -729      45.91      55.76 
1894                                                   -552     -1,030      44.72      58.30 
 
1895                                                   -486     -1,260      43.65      59.42 
1896    32.04        11.75      -3.00      -5.53       -761     -1,303      42.59      57.96   
1897    34.99        12.70      -3.78      -6.44       -900     -1,300      43.80      60.85 
1898    33.61        13.85      -3.14      -7.15       -712     -1,273      43.76      60.58 
1899    34.90        12.48      -3.82      -6.19       -674     -1,113      43.95      60.15 
 
1900    34.05        13.20      -2.97      -6.61       -887     -1,217      45.92      65.04 
1901    38.11        15.77      -4.70      -8.68     -1,152     -1,471      50.11      71.99 
1902    43.21        15.56      -5.13      -8.29     -1,199     -1,398      52.55      76.10 
1903    41.61        18.13      -4.97     -10.21     -1,257     -1,609      53.64      80.21 
1904    43.17        19.69      -5.71     -11.02     -1,431     -1,829      53.67      83.25 
 
1905    41.28        21.33      -6.30     -12.54     -1,347     -2,005      53.57      85.64 
1906    40.84        23.25      -5.13     -13.81     -1,347     -1,951      55.00      87.29 
1907    40.20        23.52      -5.07     -13.38     -1,625     -2,083      58.09      90.92 
1908    41.00        26.80      -5.31     -14.26     -1,540     -1,876      60.92      93.32 
1909    44.47        23.78      -6.12     -12.43     -1,762     -1,910      65.07      97.08 
 
1910    45.83        28.14      -6.38     -13.33     -1,675     -1,851      68.81     101.07 
1911    44.22        27.90      -5.59     -12.94     -1,190     -1,707      68.02      93.17 
1912    42.26        22.03      -3.63      -7.61       -824     -1,027      68.23      89.77 
1913    41.77        25.72      -3.76     -10.23     -1,457     -2,048      70.23      97.60  
1914    41.55        30.22      -4.72     -12.90  
                                                      
___________________________________________________ ____________________________________________ 
 
 
afrom July 1 of the preceding year to June 30 of the  indicated year. 
bsulfur-tipped matches of wood or other materials. 
cparaffined wood matches and wax matches; "stair-cli mbing matches." 
d1866-1878:  all matches. 
 
Sources:  cols. 1 - 4:  Imposte di fabbricazione. 
          cols. 5 - 6:  Movimento commerciale. 
          cols. 7 - 8:  see text. 



Table D.07 
 Labor Force and Employment in the 
 Production of Essential Oils:  census data 
  
___________________________________________________ ___________________________________________________ ___ 
                                                 
                     (1)     (2)     (3)     (4)     (5)     (6)     (7)     (8)     (9)    (10)    (1 1) 
                         Demographic-census                Industrial-census data, June 10, 1911        .   
                          labor force data                  Unduplicated              Workshops          
                    Dec.    Dec.    Feb.    June            horsepower     active    inactive, annually:  
                     31,     31,     10,     10,   Employ-  Pri-    Elec-  all yr.   < 3    3 - 6    >  6 
                    1871    1881    1901    1911    ment    mary    tric    long     mos.    mos.    m os 
___________________________________________________ ___________________________________________________ ___ 
                                                 
Piedmont              36      42      35      65     156       0       5       7       2       0       9 
Liguria               13      28      15      54      35       1       1       4       0       1       3 
Lombardy              30      45     291     435     196       0       8      19       2       0       1 
Veneto                15      25      38      37      27       2       0       6       1       0       1 
                                                 
Emilia-Rom.           17      24      47      91      54       0       1       7       0       0       0 
Tuscany               25      32      19      73      39       0       0       5       0       0       0 
Marches                0       2       0       0       0       0       0       0       0       0       0 
Umbria                 0       0       1       1       1       0       0       1       0       0       0 
                                                 
Latium                 6      12      14     154       3       0       0       1       0       0       0 
Abruzzi-M.             2       0       0       0       2       0       0       1       0       0       0 
Campania             119      73      53      84      27       2       2       3       1       0       1 
Apulia                 0       7       1      90      84       8       0       3       0       0       0 
                                                 
Basilicata             0       0       0       0       0       0       0       0       0       0       0 
Calabria               0      52      12     429     407       9       3       1       3       3      53 
Sicily               123     180     469     232     212       0       0      11       9       0       1 
Sardinia               1       0       0       0       0       0       0       0       0       0       0 
                                                 
Total                387     522     995   1,745   1,243      22      20      69      18       4      69 
___________________________________________________ ___________________________________________________ ___ 
                                                 
Sources:  col. 1:  Censimento 1871. 
          col. 2:  Censimento 1881. 
          col. 3:  Censimento 1901. 
          col. 4:  Censimento demografico. 
          cols. 5 - 11:  Censimento industriale. 



Table D.08 
Estimated Output of Essential Oils, 1861-1913 

(tons of citrus-oil-equivalent) 
 
___________________________________________________ ____________ 
 
           (1)           (2)           (3)           (4) 
        Reported       Estimated consumption b     Estimated    
         exports a        (A)           (B)         output 
Year    1861-1913     1861-1913     1861-1913     1 861-1913 
___________________________________________________ ____________ 
                                                     
1861        305           150           151           456  
1862        305           152           153           458  
1863        337           159           158           496  
1864        383           157           157           540  
 
1865        306           152           153           459  
1866        392           134           137           528  
1867        249           125           130           377  
1868        299           130           134           431  
1869        335           156           156           491  
 
1870        321           138           140           460  
1871        321           156           156           477 
1872        397           159           159           556  
1873        335           153           154           489  
1874        308           148           150           457  
 
1875        344           159           160           504  
1876        396           151           153           548  
1877        374           153           155           528  
1878        326           146           149           474  
1879        315           147           150           464  
 
1880        283           155           158           440  
1881        409           174           174           583 
1882        395           172           166           564  
1883        380           190           196           573  
1884        325           193           197           520  
 
1885        289           219           247           522  
1886        295           230           265           543  
1887        296           255           317           582  
1888        322           225           241           555  
1889        399           210           204           606  
 
1890        347           211           201           553  
1891        309           222           216           528  
1892        376           231           227           605  
1893        408           237           234           644  
1894        586           239           232           822  
 
1895        507           248           243           753  
1896        548           257           253           803  
1897        629           260           253           886  
1898        509           273           272           782  
1899        631           282           283           914  
 
1900        547           283           277           827  
1901        525           296           296           821  
1902        661           285           276           942  
1903        566           325           319           888  
1904        652           327           313           972  
 
1905        593           361           348           948  
1906        651           404           394         1,050 
1907        734           456           451         1,188 
1908        754           478           469         1,228 
1909        713           554           557         1,269 
 
1910        647           547           534         1,188 
1911        657           626           626         1,283 
1912        670           654           665         1,330 
1913        607           634           638         1,243 
___________________________________________________ ____________ 
 
ain 1861, estimated:  see text. 
bof domestic oils. 
 
Sources:  col. 1:  Movimento commerciale. 
          col. 2 - 3:  see text. 
          col. 4:  col. 1 + .5(col. 2 + col. 3).  



Table D.09 
Estimated Output of Beeswax Products and Other Fats , Oils, etc., 1861-1913 

(tons) 
 
___________________________________________________ _____________________ 
 
           (1)          (2)          (3)          ( 4)          (5) 
                  Beeswax products             Reported     Estimated 
              Preliminary                      outp ut of    output of 
            output estimates      Estimated    distilled   other fats, 
         series A     series B      output     glyc erine    oils, etc. a   
Year    1861-1913    1861-1913    1861-1913    1861 -1913    1861-1913  
___________________________________________________ _____________________ 
 
1861         654          755          688                    33,000 
1862         667          766          699                    34,000 
1863         678          794          716                    34,000 
1864         690          786          722                    35,000 
                                                                     
1865         702          766          723                    36,000 
1866         715          680          703                    36,000 
1867         728          639          698                    37,000 
1868         741          662          715                    38,000 
1869         755          781          763                    39,000 
                                                                     
1870         768          697          745                    39,000 
1871         782          782          782                    40,000 
1872         821          827          823                    41,000 
1873         862          827          850                    42,000 
1874         905          837          882                    44,000 
                                                                     
1875         950          930          943                    45,000 
1876         997          920          972                    47,000 
1877       1,047          970        1,021                    49,000 
1878       1,099          962        1,053                    50,000 
1879       1,154        1,008        1,105                    51,000 
                                                                     
1880       1,212        1,101        1,175                    52,000 
1881       1,272        1,272        1,272                    53,000 
1882       1,268        1,198        1,245                    56,000 
1883       1,265        1,329        1,286                    58,000 
1884       1,261        1,302        1,275                    61,000 
                                                                     
1885       1,257        1,514        1,343                    65,000 
1886       1,253        1,561        1,356                    69,000 
1887       1,250        1,752        1,417                    72,000 
1888       1,246        1,386        1,293                    74,000 
1889       1,242        1,193        1,226                    76,000 
                                                                     
1890       1,239        1,154        1,211                    79,000 
1891       1,235        1,192        1,221                    80,000 
1892       1,231        1,210        1,224                    81,000 
1893       1,228        1,210        1,222                    82,000 
1894       1,224        1,175        1,208                    84,000 
                                                                     
1895       1,220        1,188        1,210          150       88,000 
1896       1,217        1,198        1,210          145       91,000 
1897       1,213        1,170        1,199           89       95,000 
1898       1,210        1,205        1,208           96      100,000 
1899       1,206        1,214        1,209           41      105,000 
                                                                     
1900       1,203        1,166        1,190          101      108,000 
1901       1,199        1,199        1,199           77      110,000 
1902       1,234        1,085        1,184          104      114,000 
1903       1,270        1,190        1,244          145      118,000 
1904       1,307        1,129        1,248          110      125,000 
                                                                     
1905       1,346        1,194        1,295          190      132,000 
1906       1,385        1,284        1,351          190      142,000 
1907       1,426        1,393        1,415          251      158,000 
1908       1,467        1,389        1,441          215      174,000 
1909       1,510        1,556        1,525          280      190,000 
                                                                     
1910       1,554        1,446        1,518          294      203,000 
1911       1,600        1,600        1,600          323      214,000 
1912       1,629        1,686        1,648          220      229,000 
1913       1,658        1,625        1,647          505      235,000 
___________________________________________________ _____________________ 
 
asoap-equivalent tons. 
 
Sources:  col. 1 - 3, 5:  see text. 
          col. 4:  Rivista mineraria. 



Table D.10 
 Estimated Output of Rubber Products,  
 1861-1913 (thousand tons) 
 
___________________________________________________ ______________________ 
 
              Estimated                             Estimated  
                output                                output 
Year          1861-1913               Year          1861-1913    
___________________________________________________ ______________________ 
 
                                      1890            0.62 
1861            0.00                  1891            0.34 
1862            0.00                  1892            0.52 
1863            0.00                  1893            0.65 
1864            0.00                  1894            0.89 
                                                       
1865            0.00                  1895            0.91 
1866            0.00                  1896            0.95 
1867            0.00                  1897            1.15 
1868            0.00                  1898            1.17 
1869            0.00                  1899            1.24 
                                                       
1870            0.00                  1900            1.32 
1871            0.00                  1901            1.18 
1872            0.00                  1902            1.35 
1873            0.02                  1903            1.27 
1874            0.07                  1904            1.27 
                                                       
1875            0.08                  1905            1.42 
1876            0.06                  1906            2.16 
1877            0.11                  1907            1.86 
1878            0.05                  1908            2.87 
1879            0.08                  1909            2.94 
                                                       
1880            0.07                  1910            3.72 
1881            0.13                  1911            5.09 
1882            0.16                  1912            7.21 
1883            0.20                  1913            5.17 
1884            0.23                               
                 
1885            0.35 
1886            0.26 
1887            0.41 
1888            0.40 
1889            0.61 
___________________________________________________ ______________________ 
 
Sources:  see text. 
                    



Table D.11 
 Estimated Output of Fertilizer, 1861-1913 (thousan d tons) 
 
___________________________________________________ ______________________ 
 
            (1)           (2)                     ( 1)           (2)  
         Estimated     Estimated               Esti mated     Estimated       
       superphosphate  output of             superp hosphate  output of       
          output a     Thomas slag               output a     Thomas slag 
Year     1861-1896     1861-1913      Year     1861 -1913     1861-1913 
___________________________________________________ ______________________ 
 
                                      1890         48             0 
1861          0             0         1891         59             0 
1862          0             0         1892         71             0 
1863          0             0         1893         77             0 
1864          0             0         1894         91             0 
 
1865          0             0         1895        1 55             0 
1866          0             0         1896        1 63             0 
1867          0             0         1897        1 82             0 
1868          0             0         1898        2 27             1 
1869          0             0         1899        2 76             3 
 
1870          0             0         1900        3 69             5 
1871          0             0         1901        3 79             7 
1872          0             0         1902        4 05             9 
1873          0             0         1903        4 52            11 
1874          0             0         1904        4 59            13 
 
1875          1             0         1905        5 12            15 
1876          3             0         1906        5 60            16 
1877          4             0         1907        6 51            17 
1878          5             0         1908        8 15            20 
1879          6             0         1909        9 37            20 
 
1880          8             0         1910      1,0 50            20 
1881         10             0         1911        9 45            20 
1882         12             0         1912      1,0 19            20 
1883         15             0         1913        9 72            20 
1884         19             0          
 
1885         24             0 
1886         30             0 
1887         33             0 
1888         37             0 
1889         43             0 
___________________________________________________ ______________________ 
 
aincludes small amounts of sundry fertilizers. 
 
Sources:  col. 1:  1861-1899: see text;  1900-1913:   Rivista mineraria. 
          col. 2:  see text. 
                    



Table D.12 
 Reported Output of Explosives, 1887-1913 (thousand  tons) 
  
___________________________________________________ _______________________ 
                                                 
             (1)      (2)      (3)      (4)      (5 )      (6)      (7)  
                  Corpo delle miniere            Ministero delle finanze a 
            Gun-     Dyna-                                Not    
Year      powder b    mite     Other    Total    Taxed    taxed    To tal 
___________________________________________________ _______________________ 
                                                     
1887        3.05      .20              3.25  
1888        3.07      .20              3.27  
1889                                    
 
1890                                            1.0 4 
1891                                            1.3 6 
1892                                            2.2 4 
1893        2.07      .98              3.05     1.6 7 
1894        1.25      .40      .10     1.75     1.1 2 
 
1895        1.11      .26      .20     1.57     1.0 8 
1896         .88      .40      .22     1.50     1.1 4 
1897         .83      .33      .47     1.63     1.4 1 
1898         .91      .40      .41     1.72     1.1 9 
1899        1.13      .42      .40     1.95     1.4 0 
 
1900        1.38      .48      .32     2.18     1.5 3 
1901        1.39      .42      .36     2.17     1.3 4 
1902        1.32      .34      .21     1.87     2.0 4 
1903        1.70      .63      .59     2.92     2.2 7 
1904        1.67      .50      .77     2.94     2.2 7 
 
1905        1.73      .66      .77     3.16     2.6 5 
1906        2.06      .43      .91     3.40     2.8 1      .38     3.19 
1907        2.18      .50     1.01     3.69     2.8 2      .42     3.24 
1908        2.30      .88      .86     4.04     3.3 5      .59     3.94 
1909        2.39      .85     1.12     4.36     3.1 6     1.16     4.32 
 
1910        2.48      .88     1.08     4.44     3.4 3      .98     4.41 
1911        2.82      .97     2.01     5.80     3.7 1     1.64     5.35 
1912        2.92     1.52     2.38     6.82     4.0 8     2.19     6.27 
1913        2.47     2.05     4.55     9.07     3.9 9     2.59     6.58 
___________________________________________________ _______________________ 
 
afiscal years, from July 1 of the indicated year to June 30 of the following year. 
bincludes fireworks. 
 
Sources:  cols. 1 - 3:  Rivista mineraria. 
          col. 4:  col. 1 + col. 2 + col. 3. 
          cols. 5 - 6:  Annuario. 
          col. 7:  col. 5 + col. 6. 



Table D.13 
 Estimated Output of Coarse Gunpowder, 1861-1913 (t housand tons) 
  
___________________________________________________ ________________________ 
                                                 
            (1)           (2)           (3)           (4)           (5)     
         Reported      Estimated                    Net im-      Estimated  
         aggregate       other        Net im-      ports of      saltpetre  
         gunpowder     gunpowder     ports of      potassium    consumed as 
          output a       output       saltpetre     chloride      gun powder  
Year     1861-1913     1861-1913     1861-1913     1867-1894     1868-1893  
___________________________________________________ ________________________ 
 
1861                                                                   
1862                                                                   
1863         .61           .90                                         
1864        1.18           .89            .29                          
 
1865        1.35           .85           1.12                          
1866        1.64           .94            .69                          
1867        1.43           .72            .69          .23             
1868        1.10           .91            .72         1.38          1.51 
1869                                     1.22          .00          1.46 
 
1870                                     1.08          .00          1.24 
1871                                     1.05          .79          1.54 
1872                                      .79         1.16          2.77 
1873                                     3.84          .85          2.48 
1874                                      .87          .43          2.64 
 
1875                                     1.84          .87          1.63 
1876                                      .90          .95          2.25 
1877                                     1.17         1.76          2.11 
1878                                     1.22         1.17          2.09 
1879        1.50          1.05            .64         1.26          1.91 
 
1880                                      .61         1.93          2.17 
1881                                      .53         2.55          2.79 
1882                                      .49         3.03          2.73 
1883                                      .45         2.22          2.89 
1884                                      .08         3.50          2.40 
 
1885                                      .17         2.47          2.59 
1886                                      .13         3.15          2.86 
1887        3.05           .92            .04         4.42          2.98 
1888        3.07          1.01            .05         3.11          3.06 
1889                                      .06         3.52          2.17 
 
1890                                      .04         2.68          2.22 
1891                                      .02         3.49          2.21 
1892                                      .01         3.78          3.00 
1893        2.06          1.20            .02         4.71          2.45 
1894        1.23          1.10            .01         2.52           
 
1895        1.10           .95            .01          
1896         .87          1.10            .01 
1897         .82          1.33            .20 
1898         .89          1.34            .17 
1899        1.10          1.57            .35 
 
1900        1.35          1.51            .18 
1901        1.36          1.55            .16 
1902        1.29          1.48            .10 
1903        1.68          1.53            .31 
1904        1.64          1.47            .37 
 
1905        1.73          1.57            .40 
1906        2.06          1.36            .22 
1907        2.18          1.15            .55 
1908        2.30          1.17            .29 
1909        2.39          1.16            .36 
 
1910        2.48          1.15            .76 
1911        2.82          1.09            .33 
1912        2.92          1.00            .46 
1913        2.47           .98            .45 
___________________________________________________ ________________________ 



Table D.13 (continued) 
 
  
___________________________________________________ __________ 
 
            (6)           (7)           (8)           (9) 
         Estimated     Estimated       Fine        Estimated 
         saltpetre     aggregate    gunpowder       output 
        consumed in    gunpowder    component      of coarse 
        other forms     output     of aggregate    gunpowder 
Year     1868-1893     1861-1893    1861-1913      1861-1913 
___________________________________________________ __________ 
 
1861                      2.08           .20          1.88 
1862                      1.65           .10          1.55 
1863                      1.51           .11          1.40 
1864                      2.07           .23          1.84 
 
1865                      2.20           .20          2.00 
1866                      2.58           .20          2.38 
1867                      2.15           .20          1.95 
1868         .09          2.01           .10          1.91 
1869         .16          1.95           .10          1.85 
 
1870         .23          1.65           .10          1.55 
1871         .30          2.05           .10          1.95 
1872         .37          3.69           .10          3.59 
1873         .44          3.31           .10          3.21 
1874         .51          3.52           .10          3.42 
 
1875         .58          2.17           .10          2.07 
1876         .65          3.00           .10          2.90 
1877         .72          2.81           .10          2.71 
1878         .79          2.79           .10          2.69 
1879         .86          2.55           .10          2.45 
 
1880         .99          2.89           .10          2.79 
1881        1.11          3.72           .10          3.62 
1882        1.24          3.64           .10          3.54 
1883        1.36          3.85           .10          3.75 
1884        1.49          3.20           .10          3.10 
 
1885        1.61          3.45           .10          3.35 
1886        1.74          3.81           .10          3.71 
1887        1.86          3.97           .10          3.87 
1888        1.93          4.08           .10          3.98 
1889        2.04          2.89           .10          2.79 
 
1890        2.15          2.96           .10          2.86 
1891        2.26          2.95           .10          2.85 
1892        2.37          4.00           .10          3.90 
1893        2.48          3.26           .12          3.14 
1894                      2.33           .08          2.25 
 
1895                      2.05           .11          1.94 
1896                      1.97           .05          1.92 
1897                      2.15           .11          2.04 
1898                      2.23           .08          2.15 
1899                      2.67           .20          2.47 
 
1900                      2.86           .08          2.78 
1901                      2.91           .09          2.82 
1902                      2.77           .13          2.64 
1903                      3.21           .25          2.96 
1904                      3.11           .35          2.76 
 
1905                      3.30           .33          2.97 
1906                      3.42           .43          2.99 
1907                      3.33           .47          2.86 
1908                      3.47           .44          3.03 
1909                      3.55           .49          3.06 
 
1910                      3.63           .72          2.91 
1911                      3.91           .81          3.10 
1912                      3.92          1.26          2.66 
1913                      3.45           .47          2.98 
___________________________________________________ __________ 



Table D.13 (continued) 
 
 
 
a1863-68, output of the public monopoly; 1879, avera ge output of 1875-79. 
 
 
Sources: col. 1:  Maestri (1867, 1868), Sachs (1885 ), Notizie minerarie, Rivista     
                    mineraria. 
 
          cols. 2, 5 - 6:  see text. 
 
          col. 3:  1861-1877, 1896-1913:  Movimento commerciale; 1878-1895, see text. 
 
          col. 4:  Movimento commerciale. 
 
          col. 7:  1861-1862:  see text; 1863-1868,  1879, 1887-1888, 1893-1913:  col. 
                   1 + col. 2; 1869-1878, 1880-1886 , 1889-1892:  1.33(col. 5). 
 
          col. 8:  1861-1901:  see text; 1902-1913:   Rivista mineraria. 
 
          col. 9:  col. 7 - col. 8. 



Table D.14 
 Estimated Output Dynamite, Cheddite, and Promethus , 1861-1913 (thousand tons) 
  
___________________________________________________ ________________________ 
                                                 
                (1)           (2)           (3)           (4)    
             Reported      Reported      Reported      Estimated 
             output of     output of     output of     aggregate  
             dynamite a     cheddite      promethus      output   
Year         1861-1913     1861-1913     1861-1913     1861-1913 
___________________________________________________ ________________________ 
 
1861                                                       .000 
1862                                                       .000 
1863                                                       .000 
1864                                                       .000 
 
1865                                                       .000 
1866                                                       .000 
1867                                                       .000 
1868                                                       .000 
1869                                                       .000 
 
1870                                                       .000 
1871                                                       .000 
1872                                                       .013 
1873                                                       .025 
1874                                                       .038 
 
1875                                                       .050 
1876                                                       .063 
1877                                                       .075 
1878                                                       .088 
1879             .100                                      .100 
 
1880                                                       .113 
1881                                                       .125 
1882                                                       .138 
1883                                                       .150 
1884                                                       .163 
 
1885                                                       .175 
1886                                                       .188 
1887             .200                                      .200 
1888             .196                                      .196 
1889                                                       .283 
 
1890                                                       .519 
1891                                                       .873 
1892                                                       .801 
1893             .978                                      .978 
1894             .397                                      .397 
 
1895             .260                                      .260 
1896             .396                                      .396 
1897             .334                                      .334 
1898             .395                                      .395 
1899             .422                                      .422 
 
1900             .475                                      .475 
1901             .422                                      .422 
1902             .341          .032                        .373 
1903             .629          .074          .001          .704 
1904             .499          .047          .012          .558 
 
1905             .655          .048          .049          .752 
1906             .426          .058          .055          .539 
1907             .500          .055          .067          .622 
1908             .875          .076          .056         1.007 
1909             .852          .104          .015          .971 
 
1910             .876          .169          .023         1.068 
1911             .972          .155          .067         1.194 
1912            1.519          .179          .127         1.825 
1913            2.047          .150          .133         2.330 
___________________________________________________ ________________________ 
                                 
a1879, average output, 1875-79. 
                                 
Sources:  cols. 1 - 3:  Notizie minerarie, Rivista mineraria.               
          col. 4:  1861-1892:  see text; 1893-1913:   col. 1 + col. 2 + col. 3. 



Table D.15 
Estimated Output of Other Explosives, 1861-1913 (th ousand tons) 

  
___________________________________________________ ________________________ 
                                                 
            (1)           (2)           (3)           (4)           (5)     
         Reported      Nitrated        Other                     Estimated  
         output of    explosives     reported      Estimated     aggregate 
         other ex-    reported as    output of     output of     workshop   
         plosives      gunpowder    fine powder    fireworks    production 
Year     1861-1913     1893-1913     1893-1913     1893-1913     1861-1913  
___________________________________________________ ________________________ 
 
1861                                                                 .21 
1862                                                                 .11 
1863                                                                 .12 
1864                                                                 .24 
 
1865                                                                 .21 
1866                                                                 .21 
1867                                                                 .21 
1868                                                                 .11 
1869                                                                 .11 
 
1870                                                                 .11 
1871                                                                 .11 
1872                                                                 .11 
1873                                                                 .11 
1874                                                                 .11 
 
1875                                                                 .11 
1876                                                                 .11 
1877                                                                 .11 
1878                                                                 .11 
1879                                                                 .11 
 
1880                                                                 .11 
1881                                                                 .11 
1882                                                                 .12 
1883                                                                 .13 
1884                                                                 .14 
 
1885                                                                 .15 
1886                                                                 .16 
1887         .061                                                    .17 
1888         .112                                                    .22 
1889                                                                 .21 
 
1890                                                                 .21 
1891                                                                 .21 
1892                                                                 .21 
1893                       .017           .104         .005          .13 
1894         .104          .015           .062         .017          .20 
 
1895         .198          .014           .092         .011          .32 
1896         .221          .014           .033         .008          .28 
1897         .471          .014           .098         .008          .59 
1898         .406          .013           .068         .014          .50 
1899         .408          .018           .183         .030          .64 
 
1900         .325          .017           .059         .026          .43 
1901         .356          .017           .074         .030          .48 
1902         .179          .032           .094         .029          .33 
1903         .516          .040           .207         .020          .78 
1904         .707          .030           .322         .027         1.09 
 
1905         .676          .051           .282         .030         1.04 
1906         .800          .079           .354         .031         1.26 
1907         .889          .085           .388         .032         1.39 
1908         .729          .082           .357         .033         1.20 
1909         .996          .091           .395         .034         1.52 
 
1910         .888          .418           .302         .035         1.64 
1911        1.786          .495           .310         .036         2.63 
1912        2.075          .705           .551         .037         3.37 
1913        4.272          .111           .358         .038         4.78 
___________________________________________________ ________________________ 



Table D.15 (continued) 
 
  
___________________________________________________ __________ 
 
            (6)           (7)           (8)           (9) 
        Nitric acid    Residual     Estimated      Estimated 
        consumed by   availabili-   aggregate       output 
        explosives      ties of      on-site       of other  
         workshops    nitric acid   production    e xplosives 
Year     1869-1913     1869-1913    1861-1913      1861-1913 
___________________________________________________ __________ 
 
1861                                     .00           .21 
1862                                     .00           .11 
1863                                     .00           .12 
1864                                     .00           .24 
 
1865                                     .00           .21 
1866                                     .00           .21 
1867                                     .00           .21 
1868                                     .00           .11 
1869         .00           .20           .00           .11 
 
1870         .00           .22           .01           .12 
1871         .00           .25           .01           .12 
1872         .02           .27           .02           .13 
1873         .03           .38           .05           .16 
1874         .05           .56           .06           .17 
 
1875         .06           .51           .08           .19 
1876         .08           .61           .11           .22 
1877         .09           .90           .13           .24 
1878         .11           .82           .16           .27 
1879         .13          1.02           .17           .28 
 
1880         .14           .97           .18           .29 
1881         .16          1.03           .18           .29 
1882         .19          1.07           .19           .31 
1883         .23          1.08           .19           .32 
1884         .26          1.13           .19           .33 
 
1885         .32          1.06           .18           .33 
1886         .36          1.06           .17           .33 
1887         .39           .98           .19           .36 
1888         .49          1.35           .15           .37 
1889         .57           .66           .25           .46 
 
1890         .87          2.22           .32           .53 
1891        1.31          2.28           .39           .60 
1892        1.22          1.46           .29           .50 
1893        1.26          1.12           .23           .36 
1894         .73          1.68           .16           .36 
 
1895         .75           .65           .16           .48 
1896         .97          1.12           .15           .43 
1897        1.39          1.70           .26           .85 
1898        1.33          2.03           .31           .81 
1899        1.38          1.68           .27           .91 
 
1900        1.28          1.43           .21           .64 
1901        1.27          1.33           .15           .63 
1902         .85          1.01           .14           .47 
1903        1.90          1.42           .08           .86 
1904        2.10           .69           .09          1.18 
 
1905        2.27          1.26           .10          1.14 
1906        2.29          1.58           .28          1.54 
1907        2.57          2.97           .47          1.86 
1908        2.72          3.57           .74          1.94 
1909        3.24          5.01          1.05          2.57 
 
1910        3.71          6.76          1.13          2.77 
1911        5.78          4.58           .90          3.53 
1912        7.46          2.37           .48          3.85 
1913       11.33          1.92           .21          4.99 
___________________________________________________ __________ 



 
Table D.15 (continued) 
 
 
 
Sources:  col. 1:  Rivista mineraria. 
 
          cols. 2 - 3: 1893-1901:  see text: 1902-1 913:  Rivista mineraria. 
 
          col. 4:  1893-1904:  Rivista mineraria; 1905-1913:  see text. 
 
          col. 5:  1861-1892:  see text; 1893-1913:   col. 1 + col. 2 + col. 3 + col. 4 
 
          cols. 6 - 8:  see text. 
 
          col. 9:  col. 5 + col. 8. 



Table D.16 
Estimated Output of Explosive Munitions 1861-1913 ( thousand tons) 

 
___________________________________________________ ______________________ 
 
                Estimated                             Estimated  
                 output                                output 
Year            1861-1913             Year            1861-1913 
___________________________________________________ ______________________ 
 
                                      1890                .6 
1861                .6                1891                .6 
1862                .3                1892                .6 
1863                .3                1893                .4 
1864                .7                1894                .5 
 
1865                .6                1895                .9 
1866                .6                1896                .8 
1867                .6                1897               1.7 
1868                .3                1898               1.4 
1869                .3                1899               1.8 
 
1870                .3                1900               1.2 
1871                .3                1901               1.3 
1872                .3                1902                .9 
1873                .3                1903               2.3 
1874                .3                1904               3.5 
 
1875                .3                1905               3.2 
1876                .3                1906               3.8 
1877                .3                1907               4.2 
1878                .3                1908               3.5 
1879                .3                1909               4.5 
 
1880                .3                1910               5.1 
1881                .3                1911               8.1 
1882                .3                1912              10.1 
1883                .3                1913              14.6 
1884                .4                               
 
1885                .4 
1886                .4 
1887                .5 
1888                .6 
1889                .6 
___________________________________________________ ______________________ 
 
Sources:  see text. 
                    



Table D.17 

Estimated Value Added in the Production of Explosiv es 

Recorded by the Corpo delle Miniere in 1911 

  

___________________________________________________ _______________________________________ 

                                                 

                             (1)        (2)        (3)        (4)        (5)        (6) 

                           Coarse    Cheddite,            Fine black  Smokeless  Other ex- 

Row                        powder    promethus  Dyn amite    powder a    powder    plosives 

___________________________________________________ _______________________________________ 

 

 

Unit values (lire/quintal) 

 

(1)  Materials cost           50        110        175         50        225        225 

 

(2)  Value added              50        155        155        210        210        210  

 

(3)  Tax                      50        125        125        125        250        250 

 

 

Quantities (thousand quintals) 

 

(4)  Total output           20.1        2.2        9.7        3.1        4.9       17.9  

 

(5)  Taxed output           20.1         .7        8.0        3.1        3.7         .0 

 

 

Total values (million lire) 

 

(6)  Materials costs        1.01        .24       1 .70        .16       1.10       4.03  

 

(7)  Value added            1.01        .34       1 .50        .65       1.03       3.76 

 

(8)  Tax                    1.01        .09       1 .00        .39        .92        .00 

 

(9)  Value of output        3.03        .67       4 .20       1.20       3.05       7.79 

 

___________________________________________________ _______________________________________ 

 
asporting powder, fuse powder, railway caps. 

                                                                

Sources:  see text. 



Table D.18 
Estimated Output of Inorganic pigments, 1861-1913 ( tons) 

 
___________________________________________________ ________________________________ 
 
           (1)        (2)        (3)        (4)        (5)        (6)        (7) 
          Lead                             Iron       Zinc       Zinc       Chrome  
          white      Minium   Litharge     red a       white      green      green 
Year    1861-1913  1861-1913  1861-1913  1861-1913  1861-1913  1861-1913  1861-1913 
___________________________________________________ ________________________________ 
 
1861         468         95         22         15          0          0          0 
1862         468         95         27         15          0          0          0 
1863         468         95         22         15          0          0          0 
1864         468         95         15         15          0          0          0 
 
1865         468         95         14         15          0          0          0 
1866         530        102         11         18          0          0          0 
1867         592        109         42         21          0          0          0 
1868         654        116         73         24          0          0          0 
1869         717        123        104         28          0          0          0 
 
1870         779        130        134         31          0          0          0 
1871         841        137        165         34          0          0          0 
1872         903        144        196         37          0          0          0 
1873         965        151        227         40          0          0          0 
1874       1,027        158        258         43          0          0          0 
 
1875       1,089        165        289         46          0          0          0 
1876       1,151        172        319         50          0          0          0 
1877       1,214        179        350         53          0          0          0 
1878       1,276        186        381         56          0          0          0 
1879       1,338        193        412         59          0          0          0 
 
1880       1,400        200        415         62          0          0          0 
1881       1,414        318        419         65          0          0          0 
1882       1,428        435        422         69          0          0          0 
1883       1,442        553        425         72          0          0          0 
1884       1,456        670        428         75          0          0          0 
 
1885       3,470        988        432         78          0          0          0 
1886       3,484      1,105        435         81          0          0          0 
1887       3,498      1,223        438         84          0          0          0 
1888       3,662      1,056        461         87          0          0          0 
1889       3,636      1,325        655         91         39          0          0 
 
1890       3,609      1,594        849         94         78          0          0 
1891       3,583      1,862      1,042         97        117          0          0 
1892       3,556      2,131      1,236        100        156          0          0 
1893       3,530      2,400      1,430         50        375          0          0 
1894       7,948      2,930      2,490         50        680          0          0 
 
1895       7,304      2,785      2,320         70        770          0          0 
1896       7,730      3,080      2,240        330        600         20        100 
1897       6,360      4,175      1,880        280        850         20        100 
1898       5,087      2,760      1,580        100        840         50        150 
1899       4,727      2,733      1,290        320        680         50        150 
 
1900       4,567      2,460      1,200        401        556          3         50 
1901       4,472      1,799        953        500        628          1         82 
1902       4,690      1,490        990        500        822          3        103 
1903       4,747      1,585        883        500         93          3        101 
1904       5,086      1,571        656        700        620          4         96 
 
1905       5,010      1,340        580        750        120          3         70 
1906       4,670      1,520        710        200        700         25        102 
1907       4,376      1,580        710         50        710         20        100 
1908       4,645      1,630        780         50        906         26         70 
1909       4,370      2,110        755         50        989         26         68 
 
1910       3,778      1,883        713         50      1,127         26         75 
1911       3,187      1,840        735          0      1,343         26         72 
1912       3,074      1,684        517        100      1,594         25         70 
1913       3,639      1,765        578          0      1,831         26         70 
___________________________________________________ ________________________________ 
 
ain 1896-99, includes an allowance for black iron ox ide. 



Table D.18 (continued) 
 
 
Sources:  cols. 1 - 3:  1861-1892:  see text; 1893- 1913:  Rivista mineraria. 
 
          col. 4:  1861-1899:  see text; 1900-1913:   Rivista mineraria. 
 
          col. 5:  see text. 
 
          cols. 6 -7:  Rivista mineraria. 



Table D.19 
 Estimated Output of Dyestuffs and Paints, 1861-191 3 (thousand tons) 
 
___________________________________________________ ___________________________ 
 
             (1)          (2)          (3)          (4)    
                 Dyestuffs      .              
            Trade-                    Total      Es timated 
            based      Estimated    textiles     ou tput of 
          estimate      output        dyed        p aints  
Year      1861-1913    1861-1913    1861-1913    18 61-1913 
___________________________________________________ ___________________________ 
 
1861         2.0          4.85        95.175       18.571 
1862         2.0          4.49        88.037       20.510 
1863         2.3          4.66        91.513       19.721 
1864         2.9          4.78        93.843       20.287 
 
1865         2.4          4.95        97.249       20.234 
1866         2.2          4.73        92.850       19.179 
1867         2.9          4.74        93.119       19.594 
1868         2.7          4.61        90.525       19.158 
1869         3.5          4.90        96.117       19.639 
 
1870         4.2          4.69        92.101       19.702 
1871         3.0          4.86        95.461       20.113 
1872         4.1          4.83        94.887       20.601 
1873         3.0          5.33       104.702       21.031 
1874         3.5          5.31       104.318       21.024 
 
1875         3.6          5.28       103.558       20.820 
1876         5.7          5.17       101.440       20.759 
1877         3.7          5.31       104.247       20.645 
1878         2.6          5.26       103.268       20.833 
1879         3.6          5.21       102.328       20.927 
 
1880         4.2          5.22       102.378       21.555 
1881         4.7          5.81       114.115       21.784 
1882         4.3          5.84       114.542       22.169 
1883         3.9          6.28       123.194       22.870 
1884         4.1          6.21       121.948       23.827 
 
1885         4.4          6.71       131.627       24.397 
1886         4.9          6.62       129.927       25.812 
1887         4.6          6.77       132.846       26.130 
1888         4.2          6.81       133.756       26.345 
1889         4.2          6.69       131.271       25.623 
 
1890         4.9          7.07       138.748       24.631 
1891         5.2          6.98       136.981       24.137 
1892         5.3          6.62       129.849       23.406 
1893         5.2          6.92       135.778       23.527 
1894         5.3          7.36       144.376       23.142 
 
1895         7.5          8.05       158.010       23.221 
1896         6.3          8.14       159.757       23.450 
1897         9.0          8.42       165.285       23.560 
1898         7.8          8.78       172.414       24.665 
1899         9.5          8.98       176.243       25.410 
 
1900         8.8          8.52       167.155       25.187 
1901         9.4          8.76       171.982       25.730 
1902         8.6          9.67       189.743       26.494 
1903         9.7          9.86       193.620       27.096 
1904        10.9         10.25       201.203       28.181 
 
1905         9.5         10.42       204.519       28.763 
1906         9.2         11.22       220.284       31.672 
1907         8.8         12.92       253.584       32.174 
1908        10.2         13.66       268.048       33.745 
1909        10.9         13.30       261.131       35.031 
 
1910        10.8         12.56       246.570       36.223 
1911         9.9         12.38       242.906       38.700 
1912         8.6         13.68       268.512       39.250 
1913         7.7         13.55       265.952       37.889 
___________________________________________________ ___________________________ 
 
ain 1896-99, includes an allowance for black iron ox ide. 



Table D.19 (continued) 
 
 
 
Sources:  cols. 1 - 3:  1861-1892:  see text; 1893- 1913:  Rivista mineraria. 
 
          col. 4:  1861-1899:  see text; 1900-1913:   Rivista mineraria. 
 
          col. 5:  see text. 
 
          cols. 6 -7:  Rivista mineraria. 



Table D.20 
Reported Output of Pharmaceutical Products, 1893-19 13 

(tons) 
 
___________________________________________________ __________________________________ 
 
           (1)          (2)          (3)          ( 4)          (5)          (6) 
                     Corrosive                                           Hydrated 
        Mercuric     sublimate     Bismuth     Calc ined       Fluid      magnesium 
Year      oxide     and calomel     salts      magn esia     magnesia     carbonate 
___________________________________________________ __________________________________ 
 
 
1893        .8           .4 
1894        .8           .4 
 
1895        .8         20.4              
1896        .8         34.4              
1897        .8         53.9          6.0 
1898        .9         49.0          6.0 
1899        .9         56.7          4.1 
                                         
1900       1.0         49.1          1.0 
1901                   51.3           .8 
1902                   64.5           .8 
1903       5.0         61.0              
1904       5.0         32.0              
                                         
1905       1.0         30.0           .5 
1906       1.0         66.5         10.0 
1907      25.0        100.0          3.0 
1908                   75.0          1.5 
1909                   91.0          1.5 
                                                                     
1910                   26.0                      60 .0                     110.0 
1911                   80.0                      80 .0         40.0        100.0 
1912                    9.0                      25 .0         10.0        158.0 
1913                   14.0                       5 .0         10.0        200.0 
___________________________________________________ __________________________________ 
 
Source:  Rivista mineraria. 



Table D.21 
Estimated Output of Pharmaceutical Products, 1861-1 913 

(tons) 
 
___________________________________________________ _________________________________ 
 
          (1)        (2)        (3)        (4)        (5)        (6)        (7) 
                                       Net imports                       Estimated 
       Estimated     Alkaloids and                                       output of 
       output of      their salts        Medical   Medicinal  Weighted     other 
        quinine    Quinine     Other a   supplies b  compounds    total    products c 
Year   1861-1913  1877-1913  1861-1913  1861-1913  1861-1913  1861-1913  1861-1913 
___________________________________________________ _________________________________ 
 
1861        0.6                   1.9     -652.2       -9.6     -220.4      4,346  
1862        1.3                   5.8     -902.0        7.3     -273.1      4,372  
1863        3.5                   0.2     -334.5      -22.1     -132.9      4,192  
1864        2.2                   3.5     -768.1       -2.5     -246.3      4,283  
                                                                             
1865        2.1                   2.6     -604.0       27.6     -164.6      4,173  
1866        1.7                   2.1     -860.6      -15.4     -294.9      4,276  
1867        1.6                   4.8     -887.1      -82.4     -361.3      4,317  
1868        2.7                   8.3   -1,444.6       -1.2     -453.7      4,382  
1869        3.0                   6.1   -1,748.7        4.7     -556.9      4,455  
                                                                             
1870        3.7                   4.6   -2,122.3      -33.4     -724.7      4,592  
1871        7.1                   3.3   -2,501.9      -45.6     -868.0      4,698  
1872        9.4                   4.2   -2,599.3      -18.4     -870.1      4,664  
1873       13.0                   6.1   -2,391.7      -44.6     -820.5      4,577  
1874       20.0                   5.6   -1,989.6      -22.1     -665.7      4,373  
                                                                             
1875       22.6                   5.5   -2,457.9      -149      -949.1      4,620  
1876       27.5                   2.0   -2,369.2      -39.5     -822.2      4,449  
1877       21.3       -4.9        0.7   -2,824.4      -32.1     -988.3      4,597  
1878       39.5       -6.1        0.7   -2,714.1      -79.7   -1,003.3      4,534  
1879       29.8       -8.1        1.6   -3,796.2      -53.4   -1,341.6      4,869  
                                                                             
1880       50.2      -12.0        1.9   -2,674.0      -46.4     -973.1      4,416  
1881      154.4      -28.9       -0.7   -4,367.8      -75.1   -1,634.6      4,759  
1882      154.7      -20.7       -5.5   -3,318.5      -23.9   -1,221.8      4,455  
1883      131.5      -24.1       -6.4   -3,341.5      -29.5   -1,250.1      4,651  
1884       97.5      -22.2       -1.2   -2,286.9      -34.6     -878.8      4,488  
                                                                             
1885       37.4       -1.9        2.9   -2,509.2        1.7     -831.2      4,737  
1886       33.4       -4.3        4.4   -1,894.0      -24.5     -655.5      4,691  
1887       55.6      -17.9        8.3   -1,589.1      -18.2     -581.5      4,674  
1888       43.8      -15.2        5.9   -1,600.9      -53.3     -619.5      4,871  
1889       37.4      -14.4        6.6   -1,246.0     -114.8     -557.4      4,959  
                                                                             
1890       59.6      -26.2        7.5   -1,380.2      -65.3     -590.8      5,060  
1891       12.1        3.9        7.4   -1,549.2      -39.9     -516.8      5,277  
1892        6.3       15.2        6.5   -1,532.9      -35.3     -470.3      5,399  
1893       15.7       10.8        6.0     -925.1      -73.1     -322.7      5,370  
1894        5.7       10.4        8.7     -960.6      -70.5     -323.9      5,552  
                                                                             
1895        8.8       14.6        5.7     -719.5     -114.4     -283.2      5,662  
1896        9.3       14.9        9.5     -561.3     -151.3     -253.0      5,796  
1897        8.3       16.3        9.1      124.1     -188.5      -58.2      5,772  
1898        9.3       12.6       12.5      783.7     -334.5       14.6      5,868  
1899       10.8       13.9       11.4      734.7     -354.3      -20.9      6,077  
                                                                             
1900        6.0       18.0       15.8    2,221.6     -329.3      529.5      5,730  
1901        6.9       35.6       13.9    2,407.1     -368.0      607.6      5,851  
1902       10.0       18.9       15.5      769.6     -289.5       87.4      6,709  
1903       10.2       39.9       13.1      369.3     -233.9       74.7      7,117  
1904        9.6       31.8       12.1      433.5     -257.9       40.3      7,545  
                                                                             
1905        7.3       21.0       11.4    1,103.1     -329.5      151.6      7,852  
1906        8.1       26.8       14.8      622.3     -425.1      -72.1      8,528  
1907        8.4       34.6       20.3     -467.6     -591.5     -555.2      9,493  
1908        8.3       68.1       13.8     -350.2     -319.3     -149.4      9,608  
1909        8.6       14.1       15.9     -673.2     -321.7     -441.1     10,379 
                                                                             
1910        8.5       25.4       17.1      -86.6     -589.8     -469.9     10,977 
1911        9.5       35.3       21.3      245.1     -547.6     -267.8     11,367 
1912        5.9       38.4       18.1        4.9     -834.8     -635.4     12,362 
1913        6.6       23.3       19.0      106.5     -770.7     -587.2     12,952 
___________________________________________________ _________________________________ 



Table D.21 (continued) 
 

 

ain 1861-1876, includes quinine. 
 
bin 1861, estimated:  see text. 
 
cin medicinal-compound equivalent. 
 
 
 
Sources:  cols. 1, 6 -7:  see text. 
 
          cols. 2 - 5:  Movimento commerciale. 



Table D.22 
Estimated Output of Electrochemical Acids and Lique fied or Compressed Gases, 1861-1913 a (tons) 

  
___________________________________________________ ___________________________________________________ __________________________ 
                                                 
            (1)         (2)         (3)         (4)          (5)         (6)         (7)         (8)         (9)        (10) 
         Estimated   Estimated   Reported                                                                            Reported 
          output     output of   output of               Estimated   Estimated   Reported    Reported    Reported    output of 
          of arc     synthetic    liquid     Report ed    output of   output of   output of   output of    output of    liquid 
          nitric     hydrochlo-   carbon     output  of     cell        Linde      liquid      liquid      liquid      sulfur 
           acid b      ric acid c    dioxide d    hydrogen e    oxygen f      oxygen f     nitrogen g    chlorine h    ammonia     dioxide 
Year     1861-1913   1861-1913   1861-1913   1861-1 913   1861-1913   1861-1913   1861-1913   1861-1913    1861-1913   1861-1913 
___________________________________________________ ___________________________________________________ __________________________ 
 
1889            0           0           1           .0         0.0         0.0           0           0            0           0 
                                                                                                         
1890            0           0           3           .0         0.0         0.0           0           0            0           0 
1891            0           0          10           .0         0.0         0.0           0           0            0           0 
1892            0           0          12           .0         0.0         0.0           0           0            0           0 
1893            0           0          13           .0         0.0         0.0           0           0            0           0 
1894            0           0          37           .0         0.0         0.0           0           0            0           0 
                                                                                                         
1895            0           0          90           .0         0.0         0.0           0           0            0           2  
1896            0           0         101           .0         0.0         0.0           0           0            0           1 
1897            0           0         105          6.0         3.0         0.0           0           0            0           5 
1898            0           0          88         1 0.9         5.6         0.0           0           0            0           6 
1899            0           0          99         1 0.9         5.6         0.0           0           0            0           7 
                                                                                                         
1900            0           0          94         1 0.9         5.6         0.0           0           0            0           1 
1901            0           0          99         4 0.0        20.0         0.0           0           0            0          14 
1902            0           0         174         4 0.0        20.0         0.0           0           0            0          13 
1903            0           0         183         4 0.0        20.0         0.0           0           0            0           0 
1904            0           0         196         4 0.0        20.0         0.0           0           0            0           0 
                                                                                                         
1905            0           0         308         4 2.0        21.0         0.0           0           0            0           0 
1906            0           0         469         4 2.0        21.0         0.0           0           0            0           0 
1907            0           0         660         4 3.0        22.0         7.0           0          75            0           0 
1908            0           0         657         3 8.0        19.0         7.0           0         102            4           0 
1909            0           0         778         2 5.5        13.6        11.2           0          60            0           0 
                                                                                           
1910          500          95       1,085          8.0         4.0        26.4           0         184            5           0 
1911          900         672       1,567          8.0         4.0       373.4          10         128           10           0 
1912        1,100         927       1,218          8.0         4.0       429.6          50         160            8           0 
1913        1,700         749       1,325          8.0         4.0       432.6          10         143            8           0 
___________________________________________________ ___________________________________________________ __________________________ 



Table D.22 (continued) 
 
 
 
 
anone appear to have been produced before 1889. 
 
bat 40 ° Baumé. 
 
cat 20 ° to 22 ° Baumé. 
 
din 1889, estimated:  see text. 
 
ethousand cubic meters.  In 1897, estimated:  see te xt. 
 
f thousand cubic meters.  In 1897 and 1910, estimated :  see text. 
 
gin 1911, estimated:  see text. 
 
hin 1913, includes 2 tons of nitrosyl chloride. 
 
 
 
Sources:  cols. 1 - 2:  see text. 
 
          cols. 3 - 9:  Rivista mineraria. 



Table D.23 
Estimated Output of Caustic Soda and Other Cell Pro ducts, 1861-1913 a (tons) 

  
___________________________________________________ _________________________________________ 
                                                 
            (1)         (2)         (3)         (4)          (5)         (6)         (7)      
                                             Report ed                            Reported    
               Estimated         Estimated   output  of   Reported    Reported    output of   
               output of         output of    sodiu m     output of   output of    carbon     
              caustic soda       bleaching     hypo-     potassium    sodium      tetra-  
           solid      liquid b     powder     chlorite    chlorate    chlorate    chloride  
Year     1861-1913   1861-1913   1861-1913   1861-1 913   1861-1913   1861-1913   1861-1913   
___________________________________________________ _________________________________________ 
 
1900            0           0           0            0           0           0           0   
1901            0           0           0            0           0           0           0   
1902            0           0           0            0           0           0           0   
1903        2,500           0       5,000            0           0           0           0   
1904        2,200           0       5,000            0           0           0           0   
                                                                                             
1905        2,200           0       5,000            0           0           0           0   
1906        1,700       1,500       4,900            0           0           0           0   
1907        2,300       1,500       5,700            0           0         220          50   
1908        2,715       4,197       9,129            0           0         217           8   
1909        2,709       5,500       9,580          265           0         147           0   
                                                                                           
1910        3,078       5,555       8,746          290         500         203          47   
1911        3,373       5,200       9,043          450         500         197          23   
1912        4,039       6,715       8,755        1, 047         581         183         123   
1913        3,970       6,878       8,234        2, 437         514         183          70   
___________________________________________________ _________________________________________ 
 
 
anone appear to have been produced before 1900. 
 
bat 38 ° Baumé; in 1910, includes an allowance of 155 tons for output reported as sodium 
hydroxide. 
 
 
Sources:  cols. 1 - 3:  see text. 
          cols. 4 - 7:  Rivista mineraria. 



Table D.24 
Reported Output of Calcium Carbide, Calcium Cyanami de, and 

Carbon Electrodes, 1861-1913 a (tons) 
  
___________________________________________________ _____ 
                                                 
               (1)           (2)           (3)     
            Reported      Reported      Reported     
            output of     output of     output of   
             calcium       calcium       carbon  
             carbide b     cyanamide c   electrodes d 
Year        1861-1913     1861-1913     1861-1913   
___________________________________________________ _____ 
 
1895               0             0             0  
1896               0             0             0  
1897             500             0             0  
1898             600             0             0  
1899           1,060             0             0  
                                                 
1900           2,800             0             0  
1901           9,600             0             0  
1902          15,425             0           400  
1903          16,245             0           600  
1904          27,315             0           292  
                                            
1905          28,214             3           850  
1906          28,357         1,200         1,095  
1907          30,562         1,500         1,276  
1908          35,756         3,000         1,610  
1909          43,133         5,300         1,700  
                                            
1910          36,515         3,715         1,635  
1911          32,750         4,470         1,476  
1912          37,293        12,695         1,520  
1913          49,118        18,556         1,860  
___________________________________________________ _____ 
                     
 
anone appear to have been produced before 1895. 
 
bin 1897 and 1899, estimated:  see text. 
 
cin 1912 and 1913, estimated:  see text. 
 
din 1911, includes 15 tons of artificial graphite; i n 1902, estimated:  see text. 
 
 
Source:  Rivista mineraria. 



Table D.25 
Estimated Output of Other Furnace Products, 1861-19 13a (tons) 

  
___________________________________________________ ___________________________________________________ _____________ 
                                                 
            (1)         (2)         (3)         (4)          (5)         (6)         (7)         (8)         (9)     
         Reported    Reported    Reported    Report ed    Reported    Reported    Estimated   Reported    Reported 
         output of   output of   output of   output  of   output of   output of   output of   output of    output of 
          barium      barium      barium      bariu m      barium      barium      barium      sodium       ferro- 
          sulfate     sulfide b    carbonate   hydroxide c   peroxide d   chloride e     salts      sulfide     silicon f  
Year     1861-1913   1861-1913   1861-1913   1861-1 913   1861-1913   1861-1913   1861-1913   1861-1913    1861-1913  
___________________________________________________ ___________________________________________________ _____________ 
 
1893            0           0           0           0           0          50          50           0           0 
1894            0           0           0           0           0          50          50           0           0 
                                           
1895          120           0           0           0           0          25         145           0           0 
1896          180           0           0           0           0          20         200           0           0 
1897          200           0           0           0           0          21         221           0           0 
1898          200           0           0           0           0           0         200           0           0 
1899          300           0           6           0           0           0         306           8           0 
                                                   
1900          304           0           0           0           0         700       1,004           6           0 
1901          200           0           0         7 50           0         300       1,250           0           0  
1902          230           0           0       3,6 15           0         400       4,245           0           0  
1903          220           0           0       3,2 18           0           0       3,438           0           0  
1904          250           0           0          70           0           0         320           0           0 
                                         
1905          375           0           0         5 00           0         490       1,365         140           0 
1906          340          14          80         6 60          60         690       1,844         450           0 
1907            2       1,965         455         6 13           0         802       3,837         486         175 
1908           56       2,261         650         4 50           0         950       4,367         470         808 
1909          225         601         180         2 65           0         630       1,901         385         628 
                                                     
1910          563       1,048          42           0          25         772       2,450         302       1,720 
1911          559       1,188           0           0          25         904       2,676         404       1,869 
1912          422         995           0           0           0         679       2,096         402       2,826 
1913           49       1,894           0          50       1,900         690       4,583         755       4,803 
___________________________________________________ ___________________________________________________ _____________ 
                                         



Table D.25 (continued) 
 
 
 
 
aproduction is assumed negligible before 1893. 
 
bin 1913, includes 500 tons of barium sulfocarbide. 
 
cin 1901, barium carbide (converted into hydroxide).  
 
din 1913, barium oxide. 
 
ein 1906, includes 90 tons of barium nitrate. 
 
f in 1910, includes 28 tons of silicon; in 1911, incl udes 60 tons of silico-manganese; in 1913, includes  103 tons of helianite. 
 
 
 
Sources:  cols. 1 - 6, 8 - 9:  Rivista mineraria. 
 
          col. 7:  sum of cols. 1 - 6. 



Table D.26 
Estimated Output of Refined Sulfur, 1861-1913 (tons ) 

 
___________________________________________________ ____________ 
 
           (1)           (2)           (3)           (4) 
        Estimated     Estimated     Estimated 
      Caltanissetta    Ancona a      output of     Estimated 
        district      district        other       a ggregate 
         output        output       districts      output 
Year    1861-1889     1861-1889     1861-1889     1 861-1913 
___________________________________________________ ____________ 
 
1861         221         5,829            30         6,080  
1862         221         5,461            36         5,718  
1863         221         7,571            59         7,851  
1864         221         8,004            68         8,293  
 
1865         221         8,682            40         8,943  
1866         221         8,081            40         8,342  
1867         221         9,339            40         9,600  
1868         221        11,971            40        12,232  
1869         221        17,114            40        17,375  
 
1870         221        19,655            40        19,916  
1871         221        18,208            40        18,469  
1872         221        13,774            40        14,035  
1873         221        19,796            40        20,057  
1874         221        28,717            40        28,978  
 
1875         221        25,497            40        25,758  
1876         221        28,520            40        28,781  
1877       2,000        34,118            40        36,158  
1878       6,000        39,017            40        45,057  
1879      10,000        32,973            40        43,013  
 
1880      15,000        30,520            40        45,560  
1881      17,550        31,679         4,400        53,629  
1882      17,550        23,946         8,800        50,296  
1883      17,550        28,447        13,200        59,197  
1884      24,750        27,575        17,600        69,925  
 
1885      37,346        25,495        22,000        84,841  
1886      31,000        20,494        23,600        75,094  
1887      25,501        24,010        25,175        74,686  
1888      32,435        28,579        13,460        74,474  
1889      21,988        22,728         8,600        53,316  
 
1890                                                50,537  
1891                                                59,396  
1892                                                59,370  
1893                                                70,707  
1894                                                71,295  
 
1895                                                75,329  
1896                                                71,072  
1897                                                85,872  
1898                                                99,494  
1899                                               110,213  
 
1900                                               157,957  
1901                                               141,431  
1902                                               127,483  
1903                                               139,464  
1904                                               163,695  
 
1905                                               180,774  
1906                                               170,990  
1907                                               160,617  
1908                                               156,995  
1909                                               144,579  
 
1910                                               169,093  
1911                                               166,802  
1912                                               168,514  
1913                                               151,713  
___________________________________________________ ____________ 
 
afrom 1886, Bologna. 
 
Sources:  col. 1:  1861-1882:  see text; 1883-1889:   Rivista mineraria. 
          col. 2:  1861-1884:  see text; 1885-1889:   Rivista mineraria. 
          col. 3:  1861-1886:  see text; 1887-1889:   Rivista mineraria. 
          col. 4:  1861-1886:  sum of cols. 1 - 3; 1887-1913:  Rivista mineraria. 



Table D.27 
 Estimated Output of Sulfur Dust, 1861-1913 (tons) 
 
___________________________________________________ _________________________________ 
 
           (1)        (2)        (3)        (4)        (5)        (6)        (7) 
             Estimated output of specialized sulfur  mills    .    
        Caltanis-   Ancona-               Genova-              Reported   Estimated    
          setta     Bologna    Vicenza    Carrara    Napoli    aggregate  aggregate 
        district   district   district   district   district    output     output  
Year    1885-1889  1885-1889  1885-1889  1885-1901  1885-1896  1889-1913  1861-1913 
___________________________________________________ _________________________________ 
 
1861                                                                        19,000 
1862                                                                        20,000 
1863                                                                        22,000 
1864                                                                        23,000 
 
1865                                                                        25,000 
1866                                                                        27,000 
1867                                                                        29,000 
1868                                                                        31,000 
1869                                                                        33,000 
 
1870                                                                        36,000 
1871                                                                        38,000 
1872                                                                        41,000 
1873                                                                        44,000 
1874                                                                        47,000 
 
1875                                                                        51,000 
1876                                                                        55,000 
1877                                                                        59,000 
1878                                                                        63,000 
1879                                                                        68,000 
 
1880                                                                        73,000 
1881                                                                        78,000 
1882                                                                        84,000 
1883                                                                        90,000 
1884                                                                        97,000 
 
1885      56,500     16,000     10,000      1,475                          104,000 
1886      60,500     13,000     10,000      2,040                          106,000 
1887      79,050     15,524     10,000      2,605      1,500               129,000 
1888      30,500     20,000      5,000      3,170      3,000                82,000 
1889      38,492     12,853      2,550      3,735      4,500     54,105     82,000 
 
1890                                        4,300      6,000     57,115     87,000 
1891                                        4,865      7,500     95,215    128,000 
1892                                        5,430      9,000    123,260    158,000 
1893                                        5,995     10,500     94,624    131,000 
1894                                        6,560     12,000     90,561    129,000 
 
1895                                        7,125     13,500     91,517    132,000 
1896                                        7,690     15,000     89,292    132,000 
1897                                        8,255               105,589    134,000 
1898                                        8,820               125,401    154,000 
1899                                        9,385               131,409    161,000 
 
1900                                        9,950               142,932    173,000 
1901                                       10,515               145,432    176,000 
1902                                                            125,620    146,000 
1903                                                            151,976    172,000 
1904                                                            164,366    184,000 
 
1905                                                            155,553    176,000 
1906                                                            147,699    168,000 
1907                                                            131,871    152,000 
1908                                                            141,783    162,000 
1909                                                            132,531    153,000 
 
1910                                                            150,273    170,000 
1911                                                            158,977    179,000 
1912                                                            164,864    185,000 
1913                                                            156,103    176,000 
___________________________________________________ _________________________________ 
 
 
Sources:  cols. 1 - 3:  1885-1888:  see text; 1889:   Rivista mineraria. 
          cols. 4 - 5:  see text. 
          col. 6:  Rivista mineraria. 
          col. 7:  1861-1884:  see text; 1885-1888:   sum of cols. 1 - 5, rounded, plus   
                  20,000 tons; 1889-1913:  sum of c ols. 4 - 6, rounded, plus 20,000 tons. 



Table D.28 
Estimated Output of Alum and Aluminum Sulfate, 1861 -1913 (tons) 

 
___________________________________________________ _____________________ 
 
           (1)          (2)          (3)          ( 4)          (5) 
        Reported     Estimated    Reported     Esti mated    Reported 
         Firenze      Napoli        Roma       aggr egate    output of 
        district     district     district       al um       aluminum 
       alum output  alum output  alum output    out put a      sulfate  
Year    1861-1879    1861-1879    1861-1879    1861 -1913    1861-1913  
___________________________________________________ _____________________ 
 
1861         150        1,280          575        2 ,005            0  
1862         130        1,280          575        1 ,985            0  
1863         137        1,280          575        1 ,992            0  
1864         137        1,280          575        1 ,992            0  
 
1865         138        1,280          575        1 ,993            0  
1866          68        1,306          575        1 ,949            0  
1867         105        1,333          575        2 ,013            0  
1868         137        1,359          575        2 ,071            0  
1869          85        1,386          575        2 ,046            0  
 
1870          77        1,412          575        2 ,064            0  
1871          70        1,439          575        2 ,084            0  
1872          92        1,465          575        2 ,132            0  
1873          94        1,491          575        2 ,160          275  
1874           0        1,518          401        1 ,919          437  
 
1875           0        1,544          401        1 ,945          485  
1876           0        1,571          129        1 ,700          592  
1877           0        1,597        2,050        3 ,647          237  
1878           0        1,624        2,930        4 ,554          841  
1879           0        1,650        2,100        3 ,750          720  
 
1880                                              4 ,385          808  
1881                                              4 ,679          966  
1882                                              4 ,225        1,430 
1883                                              3 ,425        1,270 
1884                                              3 ,115        1,780 
 
1885                                              2 ,950          630  
1886                                              5 ,320          440  
1887                                              2 ,260        1,980 
1888                                              1 ,380        2,825 
1889                                              1 ,380        2,667 
 
1890                                              1 ,294        2,553 
1891                                              1 ,029        1,777 
1892                                              1 ,695        1,890 
1893                                              1 ,745        2,050 
1894                                              1 ,065        2,480 
 
1895                                              1 ,115        2,950 
1896                                                850        2,390 
1897                                              1 ,030        2,310 
1898                                              1 ,165        2,915 
1899                                                945        2,330 
 
1900                                              1 ,097        2,403 
1901                                              1 ,075        2,260 
1902                                              3 ,995        2,420 
1903                                              3 ,980        2,210 
1904                                              2 ,490        2,210 
 
1905                                              2 ,975        2,740 
1906                                              2 ,878        2,800 
1907                                              3 ,175        3,010 
1908                                              2 ,875        2,100 
1909                                              2 ,580        2,750 
 
1910                                              2 ,510        2,773 
1911                                              2 ,725        2,493 
1912                                              1 ,299        2,727 
1913                                              1 ,009        3,308 
___________________________________________________ _____________________ 
 
ain 1893, includes 200 tons of soda alum. 
 
Sources:  col. 1, 3:  Notizie minerarie. 
          col. 2:  see text. 
          col. 4:  1861-1879:  sum of cols. 1 - 3; 1880-1913:  Rivista mineraria. 
          col. 5:  Notizie minerarie, Rivista mineraria. 



Table D.29 
Reported Output of Arsenic Anhydride, Borax, and 

Refined Boric Acid, 1861-1913 a (tons) 
  
___________________________________________________ _____ 
                                                 
               (1)           (2)           (3)     
            Reported                    Reported     
            output of     Reported      output of   
             arsenic      output of      refined  
            anhydride b      borax c      boric acid d 
Year        1861-1913     1861-1913     1861-1913   
___________________________________________________ _____ 
 
1885               0             0             0  
1886               0           400             0  
1887               0           600             0  
1888               0           700            50  
1889               0         1,100            50  
                                             
1890               0           950            50  
1891               0         2,056            50  
1892               0         1,471            50  
1893               0         1,099            87  
1894               0         1,141           170  
                                             
1895             100           944           253  
1896             200           944           253  
1897             100           990           260  
1898             100           702           166  
1899             120           710           129  
                                             
1900             120           858           284  
1901               0           544           347  
1902               0           375           239  
1903               0           377           187  
1904               0           569           314  
                                             
1905               0         1,007           749  
1906               0         1,062           562  
1907               0           881           466  
1908              16         1,025           429  
1909               0         1,110           578  
                                             
1910               0           912           695  
1911               0           738           444  
1912               0           813           760  
1913               0         1,071           743  
___________________________________________________ _____ 
                     
 
aproduction is assumed negligible before 1885. 
 
bin 1895, arsenic; in 1908, arsenious acid.  
 
cin 1885-1889, estimated:  see text. 
 
din 1885-1892, estimated:  see text. 
 
 
Source:  Rivista mineraria. 



Table D.30 
Reported Output of Calcium Salts, 1893-1913 (tons) 

  
___________________________________________________ _____ 
                                                 
               (1)           (2)           (3)     
            Reported      Reported      Reported     
            output of     output of     output of   
            powdered    precipitated      other 
             calcium       calcium       calcium 
            carbonate      sulfate        salts a 
Year        1861-1913     1861-1913     1861-1913   
___________________________________________________ _____ 
 
1893           1,400             0             0  
1894           4,270             0             0  
                                                
1895           6,840             0             0  
1896           3,630             0             0  
1897           2,100             0             0  
1898           3,800             0             0  
1899           5,000             0             0  
                                                
1900          13,500             0             0  
1901          12,802             0             5  
1902           2,500             0             2  
1903           2,400             0             2  
1904           2,400             0             0  
                                                
1905           2,600           200        28,000  
1906           2,500           263             0  
1907           2,500           263             0  
1908           2,000           270             0  
1909           2,000                           0  
                                 0              
1910               0             0             0  
1911               0             0         4,500  
1912               0             0           400  
1913               0             0           300      
___________________________________________________ _____ 
                     
 
ain 1901-1903, calcium sulfite; in 1905, calcium oxi de; in 1911-1913, calcium and 
magnesium carbonate. 
 
 
Source:  Rivista mineraria. 



Table D.31 
Estimated Output of Carbon Disulfide and Copper Sul fate, 1861-1913 a (tons) 

 
___________________________________________________ ______________________ 
 
            (1)           (2)                     ( 1)           (2)  
         Estimated     Estimated               Esti mated     Estimated 
         output of     output of               outp ut of     output of 
          carbon        copper                  car bon        copper   
         disulfide      sulfate b               disulfide      sulfate b  
Year     1861-1913     1861-1913      Year     1861 -1913     1861-1913 
___________________________________________________ ______________________ 
 
1875            0             0       1895        1 ,876         3,151  
1876           50             0       1896        2 ,398         4,756  
1877          100             0       1897        2 ,853         5,337  
1878          150             0       1898        3 ,083         6,364  
1879          200             0       1899        3 ,083         7,795  
                                                   
1880          270             0       1900        5 ,313        13,191  
1881          364             0       1901        2 ,956        15,374  
1882          491             0       1902        1 ,766        14,601  
1883          662             0       1903        1 ,998        18,164  
1884          892            50       1904        2 ,523        17,237 
                                                 
1885        1,204           100       1905        2 ,306        26,300  
1886        1,624           250       1906        2 ,256        34,368  
1887        2,190           500       1907        3 ,665        45,274  
1888        2,019         1,000       1908        3 ,550        42,608  
1889        1,881         2,000       1909        2 ,050        28,551  
                                                   
1890        1,752         2,660       1910        2 ,225        36,281  
1891        1,632         2,700       1911        3 ,280        43,626  
1892        1,520         1,300       1912        3 ,231        52,312  
1893        1,416         1,700       1913        3 ,320        44,497  
1894        1,693         2,981        
___________________________________________________ ______________________ 
 
aoutput is assumed negligible before 1875. 
 
bin 1905 and 1906, includes 88 tons of fungicide pow der; in 1906, 1907, and 1908, 
includes 10 tons of copper oxide; in 1910, includes  45 tons of copper chloride. 
 
 
Sources:  col. 1:  1861-1896:  see text; 1897-1913:   Rivista mineraria. 
          col. 2:  1861-1893:  see text; 1894-1913:   Rivista mineraria. 



Table D.32 
Reported Output of Hydrofluoric Acid and Hydrogen P eroxide, 1861-1913 a (tons) 

 
___________________________________________________ ______________________ 
 
                  (1)              (2)      
               Reported         Reported 
               output of        output of   
             hydrofluoric       hydrogen 
                 acid b          peroxide c 
Year           1861-1913        1861-1913   
___________________________________________________ ______________________ 
 
1885                  0                0  
1886                  0                0 
1887                  0                0 
1888                  0                0 
1889                  0                5  
                       
1890                  0               11  
1891                  0               15  
1892                  0               35  
1893                  0               60  
1894                  0               60  
                       
1895                  0              152  
1896                  0              460  
1897                  0              511  
1898                  0            1,050 
1899                  0            1,295 
                       
1900                  0            1,435 
1901                  0            1,330 
1902                  0            1,410 
1903                  0            1,370 
1904                  0              900  
                       
1905                  0            1,220  
1906                 70            1,500  
1907                 50            1,799  
1908                 35            1,469  
1909                  7            1,583  
                       
1910                 11            2,173  
1911                 11            2,266  
1912                  2            1,896  
1913                  2            1,216  
___________________________________________________ ______________________ 
 
aneither appears to have been produced before 1885. 
 
bin 1910 and 1911, includes 4 tons in lieu of 30 ton s of hydrofluosilicic acid. 
 
cin 1889 and 1892, estimated:  see text. 
 
 
Source:  Rivista mineraria. 
                    



Table D.33 
Estimated Output of Ferrous Sulfate, 1861-1913 (ton s) 

 
___________________________________________________ ________________________________________ 
 
           (1)         (2)         (3)                      (1)         (2)         (3)     
        Reported                Estimated                Reported                Estimated  
        output of   Reported    output of                output of   Reported    output of 
         ferrous    output of    ferrous                  ferrous    output of    ferrous 
         sulfate a   ferrugine b   sulfate c                 sulfate a   ferrugine b   sulfate c  
Year    1861-1913   1861-1913   1861-1913        Ye ar    1861-1913   1861-1913   1861-1913  
___________________________________________________ ________________________________________ 
 
                                                 18 90       1,452          80       1,902 
1861       1,249                   2,091         18 91       1,330          20       1,820 
1862         831                   1,673         18 92       1,328          75       1,691 
1863         651                   1,493         18 93       1,311          68       1,345 
1864         809                   1,651         18 94       2,402          30       2,417 
                                                                                     
1865       1,589          13       1,596         18 95       1,860          30       1,875 
1866                               1,614         18 96       1,470         150       1,545 
1867                               1,632         18 97       1,809         200       1,909 
1868                               1,650         18 98       1,738         270       1,873 
1869                               1,669         18 99       1,472         105       1,525 
                                                                                     
1870                               1,688         19 00       1,358         115       1,423 
1871                               1,707         19 01       1,161         118       1,233 
1872                               1,726         19 02       1,277         118       1,345 
1873                               1,745         19 03       1,141         110       1,198 
1874                               1,765         19 04       1,391         110       1,446 
                                                                                    
1875                               1,785         19 05       1,497         170       1,612 
1876                               1,805         19 06       1,571         115       1,629 
1877                               1,825         19 07       2,056         110       2,111 
1878                               1,845         19 08       2,111         100       2,161 
1879       1,866                   1,866         19 09       2,025         222       2,136 
                                                                                     
1880                               1,982         19 10       2,263         181       2,354 
1881                               2,106         19 11       1,076         173       1,163 
1882                               2,237         19 12       2,139         168       2,223 
1883                               2,376         19 13       1,480         168       1,564 
1884                               2,524       
                                    
1885         800                   2,682 
1886       1,630                   2,849 
1887       2,826                   3,026 
1888       3,366           3       3,638 
1889       1,484                   1,824 
___________________________________________________ _________________________________________ 
 
ain 1861-1864 and 1885, Agordo (Vicenza); in 1886, N apoli and Vicenza; in 1887-1888, Napoli, 
Torino, and Vicenza; in 1889-1891, Torino and Vicen za; in 1892, Firenze, Torino, and 
Vicenza. 
 
bin 1888 and 1890-1891, Torino; in 1892, Firenze and  Torino. 
 
cincludes ferric nitrate (7 tons in 1900, 13 tons in  1901, 9 tons in 1902, and 4 tons in 
1903) and ferrous sulfide (30 tons in 1905). 
 
 
Sources:  cols. 1 - 2:  Relazioni minerarie, Statistica mineraria, Notizie minerarie, 
                        Rivista mineraria. 
          col. 3:  1861-1892:  see text; 1893-1913:   col. 1 + .5(col. 2). 



Table D.34 
Estimated Output of Nitrated Lead Oxide, 1861-1913 a (tons) 

  
___________________________________________________ _____ 
                                                 
               (1)           (2)           (3)     
            Reported      Reported      Estimated 
            output of     output of     output of   
              lead          lead        nitrated 
             dioxide b      nitrate      lead oxide 
Year        1887-1913     1887-1913     1861-1913   
___________________________________________________ _____ 
 
1887               6                           6   
1888              40                          40  
1889                                          35  
                                               
1890                                          35  
1891                                          35  
1892                                          35  
1893              30                          30  
1894              50                          50  
                                               
1895              40                          40  
1896             500                          90  
1897             410             6            80  
1898             450            10           460 
1899              20            10            30  
                                               
1900              25            16            41  
1901               5            17            22  
1902               3                           3  
1903               2             9            11  
1904               3            22            25  
                                               
1905               1            53            54  
1906              15            53            68  
1907              20            86           106 
1908              20                          20  
1909              20                          20  
                                               
1910              58                          58  
1911              58                          58  
1912              27             2            29  
1913              27             6            33  
___________________________________________________ _____ 
                     
aproduction is assumed negligible before 1887. 
 
bin 1896-1897, includes black iron oxide. 
 
 
Sources:  cols. 1 - 2:  Rivista mineraria. 
          col. 3:  1887-1888, 1893-1895, and 1898-1 913:  col. 1 + col. 2; 
                   1889-1892, 1896-1897:  estimated ; see text. 



Table D.35 
Estimated Output of Magnesium Carbonate and Magnasi um Sulfate, 1861-1913 (tons) 

 
___________________________________________________ ______________________ 
 
            (1)           (2)                       (1)           (2)  
         Estimated     Estimated                 Es timated     Estimated 
         output of     output of                 ou tput of     output of 
         magnesium     magnesium                 ma gnesium     magnesium 
         carbonate a     sulfate b                  carbonate a     sulfate b 
Year     1861-1913     1861-1913        Year     18 61-1913     1861-1913    
___________________________________________________ ______________________ 
 
                                        1890            0           950 
1861            0           175         1891            0         1,050 
1862            0           175         1892           25         1,150 
1863            0           175         1893           50         1,106 
1864            0           175         1894           60         1,450 
                                                                 
1865            0           175         1895           60         1,305 
1866            0           175         1896           60         1,134 
1867            0           200         1897           60         1,370 
1868            0           225         1898           80         1,492 
1869            0           250         1899           63         1,524 
                                                                 
1870            0           275         1900           80         1,722 
1871            0           300         1901          185         1,718 
1872            0           325         1902          208         1,778 
1873            0           350         1903          210         1,370 
1874            0           375         1904          210         1,710 
                                                                 
1875            0           400         1905          210         1,878 
1876            0           425         1906          210         1,900 
1877            0           450         1907          210         2,335 
1878            0           475         1908          220         2,380 
1879            0           500         1909          210         2,400 
                                                                 
1880            0           500         1910          790         2,600 
1881            0           500         1911          400         2,052 
1882            0           500         1912          340         2,717 
1883            0           500         1913          210         2,257 
1884            0           500                   
                             
1885            0           500  
1886            0           500  
1887            0           500  
1888            0           600  
1889            0           850  
___________________________________________________ ______________________ 
 
ain 1910, includes 100 tons of magnesium and asbesto s insulators. 
 
bin 1910, includes 80 tons of magnesium oxide. 
 
Sources:  col. 1: 1861-1892, 1897-1900: see text; 1 893-1896, 1901-1913:  Rivista 
                  mineraria. 
          col. 2:  1861-1892:  see text; 1893-1913:   Rivista mineraria. 



Table D.36 
Reported Output of Potassium Salts and Estimated Ou tput 

of Saltpetre, 1861-1913 (tons) 
 
___________________________________________________ ________________________________ 
 
           (1)          (2)          (3)          ( 4)          (5)          (6) 
        Reported     Reported     Reported     Repo rted      
        output of    output of    output of    outp ut of    Reported     Estimated 
        potassium    potassium    potassium    pota ssium    output of    output of 
        carbonate     sulfate      sulfite    dichr omate a   saltpetre    saltpetre 
Year    1861-1879    1861-1879    1861-1879    1861 -1913    1861-1913    1861-1913   
___________________________________________________ ________________________________ 
 
1861                                                  0            0        1,600  
1862                                                  0            0        1,200  
1863                                                  0            0        1,000  
1864                                                  0            0        1,100  
 
1865                                                  0          200        1,000  
1866                                                  0            0        1,100  
1867                                                  0            0          900  
1868                                                  0            0          600  
1869                                                  0            0          500  
 
1870                                                  0            0          100  
1871                                                  0            0          600  
1872                                                  0            0          900  
1873                                                  0            0          700  
1874                                                  0            0          500  
 
1875                                                  0            0          400  
1876                                                  0            0        1,000  
1877                                                  0            0        1,000  
1878                                                  0            0        1,100  
1879                                                  0        1,680        1,100  
 
1880                                                  0            0        1,600  
1881                                                  0            0        2,300  
1882                                                  0            0        2,300  
1883                                                  0            0        2,600  
1884                                                  0            0        2,200  
 
1885                                                  0            0        2,500  
1886                                                  0            0        2,800  
1887                                                  0            0        2,900  
1888                                                  0            0        3,000  
1889                                                  0            0        2,100  
 
1890                                                  0            0        2,200  
1891                                                  0            0        2,200  
1892                                                  0            0        3,000  
1893                                                  0        1,000        2,400  
1894          12                                      0          800        1,700  
 
1895          12                                      0          750        1,500  
1896          12                                      0          800        1,400  
1897          12                                      0        1,500        1,500  
1898          12           30            2          170          850        1,400  
1899          12           40            2          195          900        1,800  
 
1900          12           15            3          175        1,500        1,900  
1901          12           17            6          262        1,600        2,000  
1902          12           15            1          290        1,000        1,900  
1903          12           20            4          260        1,200        2,100  
1904          12           15            5          303        1,500        2,000  
 
1905          12                         5          300        1,800        2,100  
1906          12           20            5          320        1,800        2,100  
1907          12           10                       210        2,000        2,100  
1908          12            2                       200        1,900        2,200  
1909          12                                    260        1,900        2,200  
 
1910          16                                    375        1,500        2,000  
1911          12                                    520        1,500        2,100  
1912          12                                    386        1,600        2,000  
1913          12                                    529        1,600        2,100  
___________________________________________________ ________________________________ 
 
ain both 1910 and 1911, includes 18 tons of potassiu m sulfide and 15 tons of potassium 
bisulfite. 
 
Sources:  cols. 1 - 4:  Rivista mineraria. 
          col. 5:  Statistica mineraria, Notizie minerarie, Rivista mineraria. 
          col. 6:  see text. 



Table D.37 
Estimated Output of Calcined Soda and Soda Crystals , 1861-1913 (tons) 

 
___________________________________________________ ________________________________________ 
 
           (1)         (2)         (3)                      (1)         (2)         (3)     
        Reported                                         Reported                 
        output of                                        output of    
         sodium     Estimated   Estimated                 sodium     Estimated   Estimated 
        carbonate   output of   output of                carbonate   output of   output of  
        and soda    calcined      soda                   and soda    calcined      soda 
        crystals a      soda      crystals                 crystals a      soda      crystals 
Year    1861-1913   1861-1913   1896-1913        Ye ar    1861-1913   1861-1913   1896-1913   
___________________________________________________ ________________________________________ 
 
                                                 18 90         500           0       2,827 
1861                       0         150         18 91         520           0       3,193 
1862                       0         150         18 92         800           0       3,435 
1863                       0         150         18 93         700           0       3,467 
1864                       0         150         18 94         700           0       3,833 
                                                                                     
1865         150           0         150         18 95       3,920           0       3,920 
1866                       0         175         18 96       3,600           0       3,600 
1867                       0         200         18 97         100           0       3,100 
1868                       0         225         18 98           0           0       2,500 
1869                       0         250         18 99         260           0       2,260 
                                                                                     
1870                       0         275         19 00         200           0       1,700 
1871                       0         300         19 01         150           0       1,150 
1872                     100         325         19 02           0           0         500 
1873                     300         350         19 03         150           0         150 
1874                     500         375         19 04         180           0         180 
                                                                                     
1875                     700         400         19 05       1,890           0       1,890 
1876                     900         425         19 06       1,860           0       1,860 
1877                   1,100         450         19 07       2,150           0       2,150 
1878                   1,300         475         19 08       2,100           0       2,100 
1879       2,000       1,500         500         19 09       1,225           0       1,225 
                                                                                     
1880                   1,350         500         19 10       1,720           0       1,720 
1881                   1,200         500         19 11       2,220           0       2,220 
1882                   1,050         500         19 12       2,400           0       2,400 
1883                     900         500         19 13       3,180           0       3,180 
1884                     750         500          
                                      
1885                     600         500  
1886                     450         500  
1887         300         300         500  
1888       1,100           0       1,260  
1889       1,800           0       2,210  
___________________________________________________ ________________________________________ 
 
ain 1887 and 1892, Firenze; in 1888, Milano; in 1889 , Milano and Torino; in 1890, Torino; in 
1891, Torino and Vicenza. 
 
 
Sources:  col. 1:  Statistica mineraria, Notizie minerarie, Rivista mineraria. 
          cols. 2 - 3:  see text. 



Table D.38 
Reported Output of Sodium Dichromate and Disodium P hosphate, 1861-1913 a (tons) 

 
___________________________________________________ ______________________ 
 
                  (1)              (2)      
               Reported         Reported 
               output of        output of   
                sodium          disodium 
              dichromate b        phosphate c 
Year           1861-1913        1861-1913   
___________________________________________________ ______________________ 
 
1890                                   0    
1891                                  25  
1892                                  30  
1893                                  35  
1894                                  40  
                                       
1895                                  49  
1896                                  62  
1897                  9               20  
1898                807              210  
1899                835              320  
                                       
1900                702              300  
1901                496              250  
1902                650              230  
1903                671              280  
1904                612              280  
                                      
1905                610              250  
1906                540              490  
1907                590              600  
1908                600              146  
1909                410               80  
                                       
1910                476              684  
1911                422              669  
1912                422              394  
1913                794              124  
___________________________________________________ ______________________ 
 
ano output was reported before 1890. 
 
bin 1897-1901 and 1903-1904, includes small amounts of sodium nitrite:  see text. 
 
cin 1891-1897, estimated:  see text. 
 
 
Source:  Rivista mineraria. 
                    



Table D.39 
Estimated Output of Sodium Silicate, 1861-1913 a (tons) 

 
 
___________________________________________________ _________________ 
                                                 
            (1)         (2)         (3)         (4)          (5)      
                    Reported output of sodium silic ate                .  
          Carrara     Milano      Napoli       Roma       national    
         district c    district    district    district    aggregate   
Year     1893-1913   1893-1913   1887-1913   1893-1 913   1861-1913   
___________________________________________________ _________________ 
 
1880  
1881 
1882 
1883 
1884 
 
1885 
1886 
1887                                  600                     
1888                                  650                     
1889                                                          
 
1890                                1,500                     
1891                                  850                     
1892                                   890                     
1893          600         660         870                   2,130  
1894          600       1,550         975                   3,125  
 
1895          200       1,100         600                   1,900  
1896          200       4,060         600         6 00       5,460  
1897          500       2,800         600       1,2 00       5,100  
1898          500       3,000         630       1,2 00       5,330  
1899          380       3,150         630       1,2 00       5,360  
 
1900          380       2,650       2,000       2,0 00       7,030  
1901          380                   1,650       2,0 00       4,030  
1902        5,500                   1,750       2,0 00       9,250  
1903        5,600                     675       2,0 00       8,275  
1904        5,600                     720                   6,320  
 
1905        3,000                     720                   3,720  
1906        3,000                     720                   3,720  
1907        3,000         450       2,400                   5,850  
1908        2,220         450       2,600                   5,270  
1909        2,900         450       2,200                   5,550  
 
1910        2,800         450       2,200                   5,450  
1911        2,200         450       2,030                   4,680  
1912        2,380         375         850                   3,605  
1913        2,650         525         850                   4,025  
___________________________________________________ _________________ 



Table D.39 (continued) 
 
  
 
___________________________________________________ _____ 
                                                 
            (6)         (7)         (8)         (9)       
           Estimated output of solid sodium silicat e     .  
          Carrara     Milano      Napoli     nation al    
         district c   district    district    aggregate   
Year     1861-1913   1861-1913   1861-1913   1861-1 913   
___________________________________________________ _____ 
 
1880            0           0           0           0  
1881            0           0           0           0  
1882            0           0           0           0  
1883            0           0          40           0  
1884            0           0          80         1 00  
 
1885            0           0         120         1 00  
1886            0           0         160         2 00  
1887            0           0         200         2 00  
1888            0           0         216         2 00  
1889            0          50         358         4 00  
 
1890            0         250         499         7 00  
1891           76         500         438       1,0 00  
1892          152         750         456       1,4 00  
1893          228         901         269       1,4 00  
1894          228         822         347       1,4 00  
 
1895           84         418         600       1,1 00  
1896           84         274         600       1,0 00  
1897          210           0         600         8 00  
1898          210           0         630         8 00  
1899          154           0         630         8 00  
 
1900          160           0       2,000       2,2 00  
1901          160           0         392         6 00  
1902          163           0         457         6 00  
1903          166           0         675         8 00  
1904          166           0         720         9 00  
 
1905          100           0         720         8 00  
1906          100           0         720         8 00  
1907          100         107         684         9 00  
1908          105         118         834       1,1 00  
1909          138         118         705       1,0 00  
 
1910          133         128         705       1,0 00  
1911          105         128         675         9 00  
1912           90         116         850       1,1 00  
1913           76         165         850       1,1 00  
___________________________________________________ _____ 



Table D.39 (continued) 
 
  
 
___________________________________________________ _________________ 
                                                 
           (10)        (11)        (12)        (13)         (14)      
                 Estinated output of liquid sodium silicate b          .  
          Carrara     Milano      Napoli       Roma       national    
         district c   district    district    district    aggregate   
Year     1861-1913   1861-1913   1861-1913   1861-1 913   1861-1913   
___________________________________________________ _________________ 
 
1880            0           0           0           0           0  
1881            0           0           0           0           0  
1882            0           0           0           0           0  
1883            0           0         105           0         100  
1884            0           0         210           0         200  
 
1885            0           0         315           0         300  
1886            0           0         420           0         400  
1887            0           0         525           0         500  
1888            0           0         569           0         600  
1889            0         100         941           0       1,000  
 
1890            0         500       1,313           0       1,800  
1891          200       1,000         495           0       1,700  
1892          400       1,600         569           0       2,600  
1893        1,000       1,950         707           0       3,700  
1894        1,400       1,174         914           0       3,500  
 
1895        1,421         825           0           0       2,200  
1896        1,821       2,741           0         4 50       5,000  
1897        2,553       1,925           0         9 00       5,400  
1898        2,953       2,063           0         9 00       5,900  
1899        3,204       2,166           0         9 00       6,300  
 
1900        3,620       2,153           0       1,5 00       7,300  
1901        4,020       2,153       1,031       1,5 00       8,700  
1902        4,297       2,153       1,203       1,5 00       9,200  
1903        4,375       2,153           0       1,5 00       8,000  
1904        4,375       2,153           0           0       6,500  
 
1905        2,625       2,153           0           0       4,800  
1906        2,625       2,153           0           0       4,800  
1907        2,625       2,434       1,800           0       6,900  
1908        2,775       2,462       2,194           0       7,400  
1909        3,625       2,462       1,856           0       7,900  
 
1910        3,500       2,491       1,856           0       7,800  
1911        2,750       2,491       1,776           0       7,000  
1912        2,380       2,458           0           0       4,800  
1913        1,988       2,586           0           0       4,600  
___________________________________________________ _________________ 
 
aproduction is assumed negligible before 1880. 
 
bat 40 ° Baumé. 
 
cthrough 1893, Genova. 
 
 
Sources:  cols. 1 - 5:  Rivista mineraria. 
          col. 6 - 14:  see text. 



Table D.40 
Estimated Output of Sodium Sulfate and Glauber's Sa lt, 1861-1913 (tons) 

 
___________________________________________________ ______________________ 
 
            (1)           (2)                       (1)           (2)  
         Estimated     Estimated                 Es timated     Estimated 
         output of     output of                 ou tput of     output of 
          sodium       Glauber's                  s odium       Glauber's 
          sulfate        salt                     s ulfate        salt 
Year     1861-1913     1861-1913        Year     18 61-1913     1861-1913    
___________________________________________________ ______________________ 
 
                                        1890        2,400           500  
1861            0             0         1891        3,500           700  
1862            0             0         1892        4,000           800  
1863            0             0         1893        4,270           850  
1864            0             0         1894        6,940         1,030  
                                         
1865            0             0         1895        6,798         1,043  
1866            0             0         1896        5,759         1,377  
1867            0             0         1897        5,546         2,463  
1868            0             0         1898        6,152         2,997  
1869            0             0         1899        5,355         1,940  
                                         
1870          100             0         1900        5,574         2,072  
1871          100             0         1901        5,359         2,486  
1872          100             0         1902        5,283         2,821  
1873          100             0         1903        5,915         3,429  
1874          200             0         1904        7,237         3,406  
                                         
1875          300           100         1905        8,812         3,648  
1876          400           100         1906        9,048         5,260  
1877          500           100         1907       10,592         6,175  
1878          700           100         1908       11,498         6,542  
1879        1,000           200         1909       11,107         6,910  
                                         
1880        1,100           200         1910       15,606         6,444  
1881        1,100           200         1911       13,632         6,038  
1882        1,200           200         1912       18,979         6,047  
1883        1,200           200         1913       16,802         5,798  
1884        1,300           300          
 
1885        1,400           300  
1886        1,400           300  
1887        1,500           300  
1888        1,700           300  
1889        2,100           400  
___________________________________________________ ______________________ 
 
 
Sources:  1861-1896:  see text; 1897-1913:  Rivista mineraria. 



Table D.41 
Reported Output of Sodium Bisulfate, Sodium Bisulfi te, 

and Sodium Thiosulfate, 1893-1913 a (tons) 
  
___________________________________________________ _____ 
                                                 
               (1)           (2)           (3)     
            Reported      Reported      Reported     
            output of     output of     output of              
             sodium        sodium        sodium 
            bisulfate     bisulfite b    thiosulfate 
Year        1861-1913     1861-1913     1861-1913   
___________________________________________________ _____ 
 
1893           1,950                              
1894           1,700                             
 
1895                                             
1896                                             
1897                            20               
1898             760            39               
1899             838            31               
 
1900           1,105            30               
1901             894            41               
1902             868            74               
1903           1,390           172               
1904           1,695           182               
 
1905             100           310            10  
1906             100           920           135  
1907           1,600         1,028           255  
1908                           809           215  
1909                           590           227  
 
1910                         1,369           289  
1911             617           978           121  
1912             300           643           201  
1913                           887           340  
___________________________________________________ _____ 
                     
 
aproduction is assumed negligible before 1893. 
 
bincludes sodium sulfite (1 ton in 1902-1903, 45 ton s in 1910-1911). 
 
 
Source:  Rivista mineraria. 



Table D.42 
Estimated Output of Tin and Zinc Salts, 1861-1913 a (tons) 

 
 
___________________________________________________ ____________ 
 
           (1)           (2)           (3)           (4) 
                      Reported      Reported      E stimated 
        Estimated     output of     output of     o utput of 
        output of       zinc          zinc          zinc 
        pink salt      sulfate b      chloride        salts c 
Year    1861-1889     1861-1889     1861-1889     1 861-1913 
___________________________________________________ ____________ 
 
1890          50            10             0            10  
1891         100            20             0            20  
1892         150            30             0            30  
1893         200            30             0            30  
1894         250            20             0            20  
 
1895         300             3             0             3  
1896         350             3             0             3  
1897         350             3             0             3  
1898         340             3             0             3  
1899         340            55             0            55  
 
1900         320            62             0            62  
1901         310            45             1            46  
1902         310            53             0            53  
1903         280            50             0            50  
1904         250             5           300           335  
 
1905         250             5           150           185  
1906         200             5           400           435  
1907         200                         400           430  
1908         195                         500           530  
1909         198                         300           330  
 
1910          76                         100           130  
1911          14                           0            30  
1912          14                          40            70  
1913          14                         250           280  
___________________________________________________ ____________ 
 
aoutput is assumed negligible before 1890. 
 
bin 1890-1891, estimated:  see text. 
 
cincludes zinc-based scale remover. 
 
 
Sources:  col. 1:  1861-1895:  see text; 1896-1913:   Rivista mineraria. 
          cols. 2 - 3:  Rivista mineraria. 
          col. 4:  see text. 



Table D.43 
Estimated Output of Briquettes, 1861-1913 (tons) 

 
 
___________________________________________________ ______________________ 
 
              Estimated                             Estimated  
               output                                output 
Year          1861-1913               Year          1861-1913    
___________________________________________________ ______________________ 
 
                                      1890           576,050 
1861            20,000                1891           644,005 
1862            20,000                1892           612,069 
1863            20,000                1893           559,990 
1864            20,000                1894           527,904 
                                       
1865            20,000                1895           451,470 
1866            23,000                1896           442,059 
1867            26,000                1897           567,000 
1868            30,000                1898           609,150 
1869            35,000                1899           585,350 
                                       
1870            40,000                1900           721,240 
1871            46,000                1901           754,800 
1872            53,000                1902           713,430 
1873            61,000                1903           724,993 
1874            70,000                1904           903,610 
                                       
1875            80,000                1905           842,250 
1876            92,000                1906           829,277 
1877           105,000                1907           787,087 
1878           121,000                1908           822,699 
1879           139,000                1909           925,497 
                                       
1880           160,000                1910           950,434 
1881           183,000                1911           818,976 
1882           211,000                1912           902,650 
1883           242,000                1913           921,286 
1884           278,000                 
 
1885           319,000            
1886           367,000            
1887           421,014            
1888           502,249            
1889           520,450            
___________________________________________________ ______________________ 
 
Sources:  1861-1886:  see text;  1887-1913:  Rivista mineraria. 
                    



Table D.44 
Estimated Output of Metallurgical Coke, 1861-1913 ( tons) 

 
 
___________________________________________________ ________________________________________ 
 
           (1)        (2)          (3)                      (1)        (2)          (3) 
        Reported   Reported     Estimated                Reported   Reported     Estimated 
        output of  output of    output of                output of  output of    output of 
        metallur-  by-product   metallur-                metallur-  by-product   metallur- 
       gical coke     tar      gical coke               gical coke     tar      gical coke 
Year    1861-1913  1861-1913    1861-1913        Ye ar    1861-1913  1861-1913    1861-1913  
___________________________________________________ ________________________________________ 
                                                                      
                                                 18 90                                   0  
1861                              11,300         18 91                                   0  
1862                              11,300         18 92                                   0  
1863                              11,300         18 93                                   0  
1864                              11,300         18 94                                   0  
 
1865      11,300                  11,300         18 95                                   0  
1866                              10,000         18 96                                   0  
1867                               8,000         18 97                                   0  
1868                               6,000         18 98                                   0  
1869                               4,000         18 99                                   0  
 
1870                               2,000         19 00      15,600        750       15,600  
1871                                   0         19 01      25,000      1,000       25,000  
1872                                   0         19 02      30,000      1,200       50,900  
1873                                   0         19 03      21,000      1,200       86,867  
1874                                   0         19 04      30,000      1,200      113,201  
 
1875                                   0         19 05      36,000      1,500      169,587  
1876                                   0         19 06      38,000      1,600      166,369  
1877                                   0         19 07      35,000      1,500      139,716  
1878                                   0         19 08     105,000      4,130      105,000  
1879                                   0         19 09     250,420      6,500      250,420  
 
1880                                   0         19 10     396,560      9,350      396,560  
1881                                   0         19 11     363,493      9,505      363,493  
1882                                   0         19 12     437,706      7,950      437,706  
1883                                   0         19 13     498,442     11,099      498,442  
1884                                   0          
 
1885                                   0  
1886                                   0  
1887                                   0  
1888                                   0  
1889                                   0  
___________________________________________________ ________________________________________ 
 
 
Sources:  col. 1 - 2:  Statistica mineraria, Rivista mineraria. 
          col. 3:  1861-1907:  see text; 1908-1913:   Rivista mineraria. 



Table D.45 
Reported Output of Tar and Petroleum Products, 1890 -1913 (tons) 

 
___________________________________________________ _____________________ 
 
           (1)          (2)          (3)          ( 4)          (5) 
        Reported     Reported     Reported                  Reported 
         output       output       output      Repo rted     output of 
       of benzene    of light     of heavy      out put      artificial 
       and benzol a      oils b         oils c      of pitch d      asphalt 
Year    1890-1913    1890-1913    1890-1913    1890 -1913    1890-1913  
___________________________________________________ _____________________ 
 
1890                      350                                        
1891                      813                                        
1892                    1,573                                        
1893                    2,613                                        
1894                    1,640                                        
 
1895                    4,191                                        
1896         829        1,903            3           12              
1897                    1,460        1,932           11              
1898         482        1,516        3,042        3 ,574              
1899         441        1,563        3,380        3 ,813              
 
1900         477        2,224        3,416        5 ,884              
1901         636        2,078        1,497        2 ,908              
1902         920        2,098        1,645        1 ,685              
1903         865        1,798        1,914        3 ,660              
1904         899        2,596        3,073        5 ,370        2,900  
 
1905       1,380        4,028        4,517        6 ,950        2,450  
1906       2,324        5,262        3,370        5 ,821        3,530  
1907       2,992        5,198        2,469        4 ,403        2,440  
1908       2,273        4,539        4,290        5 ,634        2,602  
1909       2,474        4,141        4,463        7 ,220        8,250  
 
1910       2,809        4,297        5,331       15 ,882        8,580  
1911       4,274        6,567        4,899       14 ,302        7,353  
1912       3,963        5,398        4,630       14 ,045        6,200  
1913       3,080        3,895        4,317       11 ,844        6,000  
___________________________________________________ _____________________ 
 
aincludes small amounts of phenolene and carbon blac k, oil distilled from bituminous 
schist, and benzene and benzol from coal gas; in 19 02, includes 250 tons reported as 
chemicals. 
 
bincludes "refined petroleum"; in 1890-1895, refers to aggregate reported output, 
including other products; in 1912, includes 560 ton s of medium oils and anthracene 
oil. 
 
cincludes small amounts of naphthalene and oil from asphalt or bitumen; in 1897, 
includes benzene and other by-products. 
 
dincludes small ampounts of tar and anthracene; in 1 900, calculated from the district 
reports. 
 
 
 
Source:  Rivista mineraria. 



Table D.46 
Estimated Output of Tar and Petroleum Products, 186 1-1913 (tons) 

 
___________________________________________________ ______________________ 
 
            (1)           (2)                       (1)           (2)  
         Estimated                               Es timated      
         output of     Estimated                 ou tput of     Estimated 
        refined tar    output of                ref ined tar    output of 
       and petroleum   articial                and petroleum   articial    
         products       asphalt                  pr oducts       asphalt 
Year     1861-1913     1861-1913        Year     18 61-1913     1861-1913    
___________________________________________________ ______________________ 
 
                                        1890        1,100         1,900 
1861          800           900         1891        1,600         2,000 
1862          800           900         1892        3,000         2,000 
1863          800           900         1893        3,600         2,100 
1864          800           900         1894        2,800         2,100 
                                         
1865          800           900         1895        5,500         2,200 
1866          800           900         1896        4,100         2,300 
1867          800         1,000         1897        3,400         2,400 
1868          800         1,000         1898        5,000         2,400 
1869          800         1,000         1899        5,400         2,500 
                                         
1870          700         1,000         1900        6,100         2,600 
1871          700         1,100         1901        4,200         2,700 
1872          700         1,100         1902        4,700         2,700 
1873          700         1,100         1903        4,600         2,800 
1874          700         1,200         1904        6,600         2,900 
                                         
1875          700         1,200         1905        9,900         2,500 
1876          700         1,300         1906       11,000         3,500 
1877          700         1,300         1907       10,700         2,400 
1878          700         1,300         1908       11,100         2,600 
1879          700         1,400         1909       11,100         8,300 
                                         
1880          700         1,400         1910       12,400         8,600 
1881          700         1,500         1911       15,700         7,400 
1882          700         1,500         1912       14,000         6,200 
1883          800         1,500         1913       11,300         6,000 
1884          800         1,600          
 
1885          800         1,600 
1886          900         1,700 
1887          900         1,700 
1888        1,000         1,800 
1889        1,000         1,800 
___________________________________________________ ______________________ 
 
 
Sources:  see text. 



Table D.47 
Estimated Output of Asphalt Products, 1861-1913 (to ns) 

 
___________________________________________________ _________________________________ 
 
           (1)        (2)        (3)        (4)        (5)        (6)        (7) 
                Asphalt powder                         Asphalt mastic               .   
        Estimated  Estimated             Estimated  Estimated  Estimated  
         Catania    Chieti    Estimated   Catania    Chieti     Napoli    Estimated  
        province   province   aggregate  province   province   province   aggregate 
         output     output     output     output     output     output     output 
Year    1861-1890  1861-1890  1861-1913  1861-1890  1861-1890  1861-1890  1861-1913 
___________________________________________________ _________________________________ 
 
1861           0          0          0          0          0      4,320      4,540  
1862           0          0          0          0          0      4,000      4,220  
1863           0          0          0          0          0      4,240      4,460  
1864           0          0          0          0          0      4,080      4,300  
 
1865           0          0          0          0          0      4,400      4,620  
1866           0          0          0          0          0      4,160      4,380  
1867           0          0          0          0          0      4,320      4,540  
1868           0          0          0          0          0      4,240      4,860  
1869           0          0          0          0          0      4,080      4,700  
 
1870           0          0          0          0          0      4,160      4,680  
1871           0          0          0          0          0      4,480      5,000  
1872           0          0          0          0          0      4,640      4,960  
1873           0          0          0          0          0          0        640  
1874           0          0          0          0          0          0        171  
 
1875           0          0          0          0          0          0        155  
1876           0          0          0          0      2,852          0      2,952  
1877           0          0          0          0        219      4,480      4,799  
1878           0          0          0          0        723          0        823  
1879           0          0          0          0      1,320      1,568      2,938  
 
1880           0          0          0          0        556        120      1,126  
1881           0          0          0          0        792      1,200      2,492  
1882           0          0          0        500        190      1,416      2,506  
1883           0          0          0      1,000      1,234      1,480      3,947  
1884           0          0          0      1,200      5,000      1,600      8,050  
 
1885           0        197        197      2,000      2,698      1,560      6,538  
1886           0        205        205      1,280      3,683      1,840      7,303  
1887         576        200        776      1,335      3,600      2,800      7,835  
1888       1,084        300      1,384      1,390      4,100      2,960      8,623  
1889       1,592        201      1,793      1,445        553          0      1,998  
 
1890       2,100      2,500      4,600      1,500      3,600          0      5,252  
1891                             3,550                                       4,450  
1892                             2,850                                       5,400  
1893                             2,250                                       5,750  
1894                             2,650                                       4,750  
 
1895                             6,638                                       7,102  
1896                             4,200                                       7,400  
1897                            10,320                                       7,547  
1898                             7,389                                       8,905  
1899                            25,744                                      12,526 
 
1900                            22,838                                       8,122 
1901                            16,743                                      12,750 
1902                            23,228                                       8,946 
1903                            25,565                                       8,406 
1904                            18,295                                      10,916 
 
1905                            15,298                                      10,137 
1906                            19,930                                      13,220 
1907                            23,950                                      13,024 
1908                            21,497                                      12,239 
1909                            26,588                                      11,375 
 
1910                            26,137                                      13,953 
1911                            31,912                                      16,555 
1912                            34,648                                      16,612 
1913                            40,573                                      13,961 
___________________________________________________ ________________________________ 
 



Table D.47 (continued) 
 
 
___________________________________________________ _________________________________ 
 
           (8)        (9)       (10)       (11) 
        Estimated                        Estimated 
        output of  Estimated  Estimated   Chieti  
         paving    output of  output of  shipments 
         stones      crude     refined    of rock  
        and tiles   bitumen a   bitumen b   asphalt  
Year    1861-1913  1861-1913  1861-1913  1861-1889 
___________________________________________________ _________________________________ 
 
1861         200          0          0          0  
1862         200          0          0          0  
1863         200          0          0          0  
1864         200          0          0          0  
 
1865         200          0          0          0  
1866         200          0          0          0  
1867         200          0          0          0  
1868         200          0          0          0  
1869         200          0          0      1,500  
 
1870         200          0          0          0  
1871         200          0          0      1,000  
1872         200          0          0      2,500  
1873         200          0          0      3,000  
1874         200          0          0        500  
 
1875         200          0          0      1,292  
1876           0        415        245     11,497  
1877           0        138        118      1,347  
1878           0        559        486      5,670  
1879           0      1,020        887      3,956  
 
1880           0        430        374        730  
1881           0        613        533      2,055  
1882           0        131        72       3,400  
1883           0        729        586        300  
1884           0        749        450      3,650  
 
1885          20        530        360        724  
1886         123        504        287        845  
1887         120        493        281        826  
1888          30        804        543      1,100  
1889           0        110         75     14,337  
 
1890           0        900        450           
1891           0        580        475  
1892         400        750        620  
1893         400        480        505  
1894         130        493        290  
 
1895         161        658        590  
1896         450        579        440  
1897         167        715        610  
1898         325        809      1,170 
1899         526        880      1,463 
 
1900         616        963      1,551 
1901         933        763      1,388 
1902         730        759        780  
1903       1,151        612        635  
1904         629        510        977  
 
1905         564        428        839  
1906         246        514        990  
1907         815        514        779  
1908         516        531        509  
1909         731        471        471  
 
1910         943        457        672  
1911       1,444        548        268  
1912       1,164        549        283  
1913       1,790        393        426  
___________________________________________________ ________________________________ 



Table D.47 (continued) 
 
 
 
ain 1882-1883, 1888, 1892, and 1895-1897, includes s mall quantities of liquated oil:  see 
text. 
 
bin 1891-1893, includes small quantities of natural tar:  see text. 
 
 
 
Sources:  cols. 1 - 2, 4 - 6:  1861-1889:  see text ; 1890:  Rivista mineraria. 
 
          col. 3:  1861-1889:  col. 1 + col. 2; 189 1-1894, see text; 1895-1913:  Rivista     
                    mineraria. 
 
          col. 7:  1861-1894:  see text; 1895-1913:   Rivista mineraria. 
 
          cols. 8 - 10:  1861-1889:  see text; 1890 -1913:  Rivista mineraria. 
 
          col. 11:  see text. 



Table D.48 
Estimated Output of Ammonium Sulfate, 1861-1913 a (tons) 

 
___________________________________________________ ____________________________________________ 
       
           (1)        (2)        (3)        (4)        (5)        (6)        (7)        (8)    
                                         Estimated 
        Reported              Estimated  Caltanis-  Estimated  Estimated  Estimated 
        chemical   Reported    Bologna     setta     Firenze    Milano    output of  Estimated 
          works'   aggregate  district   district   district   district     other    aggregate 
         output b     output c    output     output     output     output    dist ricts   output d 
Year    1882-1901  1882-1913  1891-1901  1891-1901  1893-1901  1893-1901  1893-1901  1861-1913 
___________________________________________________ ____________________________________________ 
 
1882                                                                                      133    
1883                                                                                      266  
1884                                                                                      399  
 
1885                                                                                      532  
1886                                                                                      665  
1887          60                                                                          823  
1888          60                                                                          942  
1889         180                                                                        1,184  
 
1890         160                                                                        1,347  
1891         140        295         90         65                                       1,450  
1892         200                    96         94                                       1,674  
1893         328        717        101        124        138        818        574      1,838  
1894       8,784      8,784        107        153        195        861        395      1,791  
 
1895       1,629      2,282        112        182        251        830        296      1,751  
1896         821      1,523        133        189        276        725        340      1,743  
1897         888      1,600        154        197        249        768        538      1,986  
1898       1,350      2,068        175        204        208        835        783      2,285  
1899       1,436      2,186        197        211        187        897        801      2,373  
 
1900         300      2,147        217        234        155      1,102        559      2,347  
1901         861      2,967        239        256        111      1,173      1,454      3,353  
1902                  3,440                                                             3,560  
1903                  3,686                                                             3,686  
1904                  3,837                                                             3,837  
 
1905                  4,124                                                             4,124  
1906                  4,820                                                             4,820  
1907                  4,592                                                             4,592  
1908                  5,347                                                             5,347  
1909                  6,864                                                             6,864  
 
1910                  7,172                                                             7,412  
1911                  8,705                                                             8,947  
1912                 11,113                                                            11,376 
1913                 13,428                                                            13,453 
___________________________________________________ ____________________________________________ 
 
aproduction is assumed negligible before 1882. 
 
bin 1887-1892, Torino district only. 
 
cfrom the Bologna, Caltanissetta, and Torino distric t reports. 
 
dincludes small amounts of ammonium chloride and nit rate:  see text. 
 
 
Sources:  cols. 1 - 2:  Rivista mineraria. 
          cols. 3 - 8:  see text. 



Table D.49 
Estimated Output of Aqueous Ammonia, 1861-1913 (ton s) 

 
 
___________________________________________________ ________________ 
          
               (1)           (2)           (3)           (4) 
            Reported      Reported      Available     Estimated 
            output of     output of    coal-based     output of 
           ammoniacal      aqueous      ammonium       aqueous  
             liquor a        ammonia b      sulfate       ammonia c 
Year        1861-1913     1861-1913     1861-1913     1861-1913 
___________________________________________________ ________________ 
          
1861                                       1,275           600  
1862                                       1,346           600  
1863                                       1,407           700  
1864                                       1,486           700  
          
1865                                       1,561           700  
1866                                       1,625           800  
1867                                       1,698           800  
1868                                       1,757           800  
1869                                       1,834           900  
          
1870                                       1,912           900  
1871                                       2,002           900  
1872                                       2,121         1,000  
1873                                       2,244         1,100  
1874                                       2,380         1,100  
          
1875                                       2,521         1,200  
1876                                       2,675         1,300  
1877                                       2,829         1,300  
1878                                       3,001         1,400  
1879                         1,500         3,181         1,500  
          
1880                                       3,366         1,600  
1881                                       3,573         1,700  
1882                                       3,784         1,700  
1883                                       4,022         1,800  
1884                                       4,264         1,800  
          
1885                                       4,506         1,900  
1886                                       4,765         1,900  
1887                                       5,042         2,000  
1888                                       5,306         2,100  
1889                                       5,588         2,100  
          
1890                                       5,883         2,100  
1891          34,109                       6,098         2,200  
1892          32,149                       6,406         2,200  
1893          33,778                       6,904         2,400  
1894          35,780                       6,710         2,300  
          
1895          33,214                       7,190         2,600  
1896          40,604                       7,669         2,800  
1897          37,371                       7,907         2,800  
1898          47,274                       8,532         2,900  
1899          48,232                       8,677         3,000  
          
1900          23,971                       8,842         3,100  
1901          24,354                       9,188         2,800  
1902          16,156                       9,873         3,000  
1903          12,214                      11,224         3,600  
1904          13,659                      12,130         3,900  
          
1905          13,935                      13,334         4,300  
1906          11,125                      13,982         4,300  
1907          15,116                      14,520         4,700  
1908          16,373           150        14,790         4,500  
1909          17,513           125        17,006         5,100  
          
1910          14,001           250        19,182         5,500  
1911          15,833           190        19,577         5,500  
1912          13,700           537        20,670         5,500  
1913           9,139           220        21,742         5,600  
___________________________________________________ ________________ 



Table D.49 (continued) 
 
 
          
ain 1891-94, calculated:  see text; in 1913, include s 300 tons of "concentrated 
ammoniacal liquor." 
 
bin 1912, includes 261 tons of "concentrated ammonia ." 
 
c20% NH3 
 
 
 
Sources:  cols. 1 - 2:  Notizie minerarie, Rivista mineraria. 
 
          cols. 3 - 4:  see text. 



Table D.50 
Estimated Output of Calcium Ferrocyanide, 1861-1913 a (tons) 

  
___________________________________________________ _____ 
                                                 
               (1)                (2)  
            Reported           Reported   
            output of          output of  
             calcium            calcium   
          ferrocyanide b       ferrocyanide c 
Year        1861-1913          1861-1913  
___________________________________________________ _____ 
 
1891                                200  
1892                                400 
1893             200                600 
1894              30                160 
 
1895              50                240 
1896             120                105 
1897             100                 88 
1898             115                 82 
1899             184                181 
 
1900             324                139 
1901             319                117 
1902             340                118 
1903             264                103 
1904             299                117 
 
1905             299                129 
1906             329                216 
1907             349                271 
1908             247                179 
1909             234                152 
 
1910             242                157 
1911             250                163 
1912             255                166 
1913             110                 69 
___________________________________________________ _____ 
                     
 
anone appears to have been produced before 1891. 
 
bin 1893-1895, yellow prussiate. 
 
cin 1891-1895, (2/3) calcium ferrocyanide and (1/3) yellow prussiate. 
 
 
Sources:  col. 1:  Rivista mineraria. 
          col. 2:  see text. 



Table D.51 
Estimated Output of Acetic Acid and Lead Acetate, 1 861-1913 a (tons) 

  
___________________________________________________ _____ 
                                                 
               (1)                (2)  
            Estimated          Reported   
            output of          output of  
           acetic acid b       lead acetate c  
Year        1861-1913          1891-1913  
___________________________________________________ _____ 
 
1891              22                    
1892              43                    
1893              65                    
1894              86                    
                                       
1895             108                    
1896             311                120  
1897             617                    
1898             400                    
1899             397                190  
                                       
1900             302                 95  
1901             264                157  
1902             198                135  
1903             219                 65  
1904             397                 45  
                                       
1905             683                 30  
1906             915                 80  
1907             590                130  
1908             735                140  
1909             861                110  
                                       
1910             713                164  
1911           1,103                200  
1912           1,209                204  
1913           1,256                141  
___________________________________________________ _____ 
                     
 
aproduction is assumed negligible before 1891. 
 
b98% acid; includes the acid equivalent of acetone. 
 
cin 1896, sodium acetate. 
 
 
Sources:  col. 1:  see text. 
          col. 2:  Rivista mineraria. 



Table D.52 
Estimated Output of Citric Acid, Calcium Citrate, a nd 

Concentrated Lemon Juice, 1861-1913 (tons) 
 
___________________________________________________ ________________________________________ 
 
           (1)        (2)          (3)                      (1)        (2)          (3) 
        Estimated  Estimated    Estimated                Estimated  Estimated    Estimated  
        output of  output of    output of                output of  output of    output of  
         citric     calcium   concentrated                citric     calcium   concentrated 
          acid      citrate    lemon juice                 acid      citrate    lemon juice 
Year    1861-1913  1861-1913    1896-1913        Ye ar    1861-1913  1861-1913    1896-1913  
___________________________________________________ ________________________________________ 
                                                                        
                                                 18 90          35        364        2,736 
1861           0        393          652         18 91          35        404        1,305 
1862           0        212          652         18 92          35        426        2,028 
1863           0        400          966         18 93          35        400        3,615 
1864           0        684        1,390         18 94          35        361        4,666 
 
1865           0        524          969         18 95          35        630        3,901 
1866           0        265        1,225         18 96          35        732        3,680 
1867           0         44        1,010         18 97          35        935        3,538 
1868           0        130        1,074         18 98          35        979        2,361 
1869           0         83        1,303         18 99          35      1,425        2,493 
 
1870           0        109        1,746         19 00          42      1,698        1,999 
1871           0        197        1,300         19 01          80      1,415        1,868 
1872           0        667        1,966         19 02          48      3,410        2,263 
1873           0        724        1,191         19 03           0      3,279        1,443 
1874           0        685        1,195         19 04           0      5,531        2,145 
 
1875           0        158        1,351         19 05           0      4,126        1,198 
1876           0        210        1,698         19 06           0      5,150          941 
1877           0        210        1,705         19 07           0      6,168          655 
1878           0        218        1,650         19 08           0      7,710          837 
1879           0        187        1,919         19 09           0      2,381          118 
 
1880           0        195          640         19 10           0      6,276          835 
1881           0        377        1,999         19 11          50      8,149          432 
1882           0        210        2,048         19 12         100      7,680          147 
1883          35        226        2,046         19 13         100      3,813          278 
1884          35        172        2,471          
 
1885          35        309        1,860 
1886          35        305        1,410 
1887          35        299        1,921 
1888          35        237        1,621 
1889          35        332        2,885 
___________________________________________________ ________________________________________ 
 
 
Sources:  col. 1:  see text. 
          col. 2:  1861-1898:  see text; 1899-1913:   Movimento commerciale. 
          col. 3:  1861-1866:  see text; 1867-1913:   Movimento commerciale. 



Table D.53 
Estimated Output of Tanning Extracts, 

1861-1913 a (tons) 
 
___________________________________________________ ______________________ 
 
              Estimated                             Estimated  
               output                                output 
Year          1861-1913               Year          1861-1913    
___________________________________________________ ______________________ 
                              
1880                 0                1900             7,000 
1881             1,000                1901             9,000 
1882             1,000                1902            10,000 
1883             1,000                1903            12,000 
1884             1,000                1904            17,000          
                                                        
1885             1,000                1905            19,000 
1886             1,000                1906            22,000 
1887             1,000                1907            23,000 
1888             1,000                1908            28,000 
1889             1,000                1909            33,000 
                                                        
1890             1,000                1910            31,000 
1891             1,000                1911            32,000 
1892             2,000                1912            34,000 
1893             2,000                1913            37,000 
1894             2,000                 
                  
1895             2,000  
1896             3,000  
1897             3,000  
1898             4,000  
1899             7,000  
___________________________________________________ ______________________ 
 
aoutput appears to have been negligible before 1880.  
 
Sources:  see text. 
                    



Table D.54 
Estimated Output of Tartaric Acid and Cream of Tart ar, 1861-1913 (tons) 

 
___________________________________________________ ____________ 
 
             (1)           (2)           (3)           (4) 
          Estimated     Estimated     Estimated     Estimated 
         net exports    output of    net exports    output of 
         of tartaric    tartaric      of cream      cream of 
            acid          acid        of tartar      tartar 
Year      1861-1913     1861-1913     1861-1913     1861-1913 
___________________________________________________ ____________ 
 
1861            10           100             0           200   
1862            12           100             0           200  
1863            -6           100             0           200  
1864            13           100          -100           200  
 
1865             2           100             0           300  
1866             7           100             0           300  
1867            22           200          -100           200  
1868             4           100             0           300  
1869           -24           100             0           300  
 
1870             9           200          -100           200  
1871             2           200          -100           200  
1872            60           200          -100           200  
1873           -48           100             0           300  
1874             7           200           100           400  
 
1875           -67           100           200           500  
1876           -99           100           100           500  
1877           -41           100           100           500  
1878           -41           100           100           500  
1879            61           300             0           400  
 
1880           184           400          -100           300  
1881            80           300             0           400  
1882            33           200           100           500  
1883           117           300           100           500  
1884           127           400           200           500  
 
1885          -100           100           300           800  
1886          -136           100           300           800  
1887            66           300           200           700  
1888            85           300           173           700  
1889            87           300           238           800  
 
1890           -56           200           544         1,100  
1891           196           500            58           600  
1892            64           300            29           600  
1893           214           500            18           600  
1894           325           600            77           700  
 
1895           166           500            61           700  
1896           322           600            55           700  
1897           254           600            44           700  
1898           495           800            96           800  
1899           332           700           324         1,000  
 
1900           225           600           278         1,000  
1901           325           700           582         1,300  
1902           492           900           116           900  
1903           533           900            53           800  
1904           686         1,100            14           800  
 
1905           456         1,000           -29           800  
1906           767         1,200           -16           800  
1907         1,541         2,000            -1           900  
1908         1,790         2,200           -50           900  
1909         1,346         1,800           -92           900  
 
1910         1,880         2,400           -30           900  
1911         2,315         2,800          -137           900  
1912         2,370         2,900           -92           900  
1913         2,806         3,300           314         1,400  
___________________________________________________ ____________ 
 
 
Sources:  col. 1:  1861-1877:  see text; 1878-1913:   Movimento commerciale. 
          cols. 2, 4:  see text. 
          col. 3:  1861-1887:  see text; 1888-1913:   Movimento commerciale. 



  Table D.55 
 Estimated Output of Photographic Plates, Film, 
 and Paper, 1861-1913 a (thousand square meters) 
 
___________________________________________________ ______________________ 
 
              Estimated                             Estimated  
               output                                output 
Year          1861-1913               Year          1861-1913    
___________________________________________________ ______________________ 
 
1870                 0                1895                75 
1871                 3                1896                80 
1872                 5                1897                85 
1873                 8                1898                90 
1874                10                1899                95 
 
1875                13                1900               100 
1876                15                1901               133 
1877                18                1902               167 
1878                20                1903               200 
1879                23                1904               233 
 
1880                25                1905               267 
1881                28                1906               300 
1882                30                1907               333 
1883                33                1908               367 
1884                35                1909               400 
 
1885                38                1910               433 
1886                40                1911               467 
1887                43                1912               500 
1888                45                1913               533 
1889                48                 
 
1890                50  
1891                55  
1892                60  
1893                65  
1894                70  
___________________________________________________ ______________________ 
 
aoutput is assumed to have been negligible before 18 70. 
 
Sources:  see text. 
                    



Summary Table D.1 
The chemical, coal and petroleum products, and rubb er industries: 

physical output, 1861-1913 
___________________________________________________ _________________________________________ 
 
             (1)         (2)         (3)         (4 )         (5)         (6)         (7) 
                                              Chemi cals                                    .   
                    Principal acids            Matches               Fats and oils         .   
             65%         62%     33% Leblanc  (bill ion                              Other 
          sulfuric    soda nit-  hydrochlo-     woo d-     Essential    Beeswax    fats and 
            acid      ric acid    ric acid   equiva lent     oils      products      oils 
           (tons)      (tons)      (tons)      unit s)      (tons)      (tons)      (tons)   
                                                                
code:       daa01       daa02       daa03       dab 01       dac01       dac02       dac03 
source:    d03c02      d04c10      d05c01      d06c 08      d08c04      d09c03      d09c05 
note:       (a,b)       (a,b)       (a,b)        (c )         (d)         (e)         (f) 
___________________________________________________ _________________________________________ 
 
1861         3,200          81          19       24 .66         456         688      33,000 
1862         3,500          81          19       25 .11         458         699      34,000 
1863         3,800          81          19       25 .56         496         716      34,000 
1864         4,100          81          19       26 .03         540         722      35,000 
                                                                                           
1865         4,500          81          19       26 .50         459         723      36,000 
1866         4,900          81          26       26 .98         528         703      36,000 
1867         5,300          81          37       27 .47         377         698      37,000 
1868         5,800          81          51       27 .71         431         715      38,000 
1869         6,300         101          71       28 .29         491         763      39,000 
                                                                                           
1870         6,900         126          94       28 .90         460         745      39,000 
1871         7,500         158         137       29 .56         477         782      40,000 
1872         8,100         197         190       29 .74         556         823      41,000 
1873         8,800         246         264       31 .76         489         850      42,000 
1874         9,600         308         367       32 .99         457         882      44,000 
                                                                                           
1875        10,500         384         510       34 .31         504         943      45,000 
1876        11,400         480         708       34 .71         548         972      47,000 
1877        12,400         599         984       39 .10         528       1,021      49,000 
1878        13,500         748       1,367       42 .87         474       1,053      50,000 
1879        14,700         935       1,900       45 .84         464       1,105      51,000 
                                                                                           
1880        17,300         938       1,900       47 .59         440       1,175      52,000 
1881        20,300         942       1,900       51 .42         583       1,272      53,000 
1882        23,800         945       1,900       51 .36         564       1,245      56,000 
1883        27,900         949       1,900       53 .17         573       1,286      58,000 
1884        32,800       1,312       1,900       52 .94         520       1,275      61,000 
                                                                                           
1885        38,500       1,315       1,900       50 .87         522       1,343      65,000 
1886        45,200       1,319       2,000       50 .99         543       1,356      69,000 
1887        46,000       1,322       2,280       51 .06         582       1,417      72,000 
1888        48,200       1,812       2,563       51 .10         555       1,293      74,000 
1889        51,600       1,174       2,881       50 .74         606       1,226      76,000 
                                                                                           
1890        54,000       3,131       3,238       51 .90         553       1,211      79,000 
1891        60,900       3,522       3,640       52 .21         528       1,221      80,000 
1892        68,600       2,710       4,091       53 .52         605       1,224      81,000 
1893        69,600       2,404       4,599       55 .76         644       1,222      82,000 
1894        87,300       2,419       5,570       58 .30         822       1,208      84,000 
                                                                                           
1895       112,500       1,387       5,950       59 .42         753       1,210      88,000 
1896       113,500       2,085       6,580       57 .96         803       1,210      91,000 
1897       128,700       3,082       6,882       60 .85         886       1,199      95,000 
1898       139,300       3,360       7,251       60 .58         782       1,208     100,000 
1899       165,500       3,059       7,444       60 .15         914       1,209     105,000 
                                                                                           
1900       229,600       2,697       7,276       65 .04         827       1,190     108,000 
1901       235,200       2,582       7,400       71 .99         821       1,199     110,000 
1902       252,100       1,837      10,144       76 .10         942       1,184     114,000 
1903       270,300       3,314       8,680       80 .21         888       1,244     118,000 
1904       279,600       2,778       9,530       83 .25         972       1,248     125,000 
                                                                                           
1905       304,000       3,524      11,170       85 .64         948       1,295     132,000 
1906       364,800       3,855      12,021       87 .29       1,050       1,351     142,000 
1907       425,100       5,508      14,162       90 .92       1,188       1,415     158,000 
1908       524,200       5,941      14,017       93 .32       1,228       1,441     174,000 
1909       589,700       7,791      14,892       97 .08       1,269       1,525     190,000 
                                                                                           
1910       644,600       9,583      18,917      101 .07       1,188       1,518     203,000 
1911       596,100       8,902      16,686       93 .17       1,283       1,600     214,000 
1912       634,500       8,001      20,727       89 .77       1,330       1,648     229,000 
1913       644,700      10,953      18,217       97 .60       1,243       1,647     235,000 
___________________________________________________ __________________________________________ 



Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
             (8)         (9)        (10)        (11 )        (12)        (13)        (14) 
                                        Chemicals ( continued)                              .  
               Fertilizer                          Explosives                    Col. mats.  
                                   Coarse     Dynam ite      Other                Inor. pig.   
            Super-     Thomas       gun-      chedd ite,    explo-     Explosive     Lead 
          phosphate     slag       powder     prome thus     sives     munitions     white 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons) 
                                                                
code:       dad01       dad02       dae01       dae 02       dae03       dae04       daf01 
source:    d11c01      d11c02      d13c09      d14c 04      d15c09      d16c01      d18c01 
note:       (a,b)        (g)       (a,b,h)      (a, b)      (a,b,i)       (j)        (a,b) 
___________________________________________________ _________________________________________ 
 
1861         0,000       0,000       1,880           0         210         600         468 
1862         0,000       0,000       1,550           0         110         300         468 
1863         0,000       0,000       1,400           0         120         300         468 
1864         0,000       0,000       1,840           0         240         700         468 
 
1865         0,000       0,000       2,000           0         210         600         468 
1866         0,000       0,000       2,380           0         210         600         530 
1867         0,000       0,000       1,950           0         210         600         592 
1868         0,000       0,000       1,910           0         110         300         654 
1869         0,000       0,000       1,850           0         110         300         717 
 
1870         0,000       0,000       1,550           0         120         300         779 
1871         0,000       0,000       1,950           0         120         300         841 
1872         0,000       0,000       3,590          13         130         300         903 
1873         0,000       0,000       3,210          25         160         300         965 
1874         0,000       0,000       3,420          38         170         300       1,027 
 
1875         1,000       0,000       2,070          50         190         300       1,089 
1876         3,000       0,000       2,900          63         220         300       1,151 
1877         4,000       0,000       2,710          75         240         300       1,214 
1878         5,000       0,000       2,690          88         270         300       1,276 
1879         6,000       0,000       2,450         100         280         300       1,338 
 
1880         8,000       0,000       2,790         113         290         300       1,400 
1881        10,000       0,000       3,620         125         290         300       1,414 
1882        12,000       0,000       3,540         138         310         300       1,428 
1883        15,000       0,000       3,750         150         320         300       1,442 
1884        19,000       0,000       3,100         163         330         400       1,456 
 
1885        24,000       0,000       3,350         175         330         400       3,470 
1886        30,000       0,000       3,710         188         330         400       3,484 
1887        33,000       0,000       3,870         200         360         500       3,498 
1888        37,000       0,000       3,980         196         370         600       3,662 
1889        43,000       0,000       2,790         283         460         600       3,636 
 
1890        48,000       0,000       2,860         519         530         600       3,609 
1891        59,000       0,000       2,850         873         600         600       3,583 
1892        71,000       0,000       3,900         801         500         600       3,556 
1893        77,000       0,000       3,140         978         360         400       3,530 
1894        91,000       0,000       2,250         397         360         500       7,948 
 
1895       155,000       0,000       1,940         260         480         900       7,304 
1896       163,000       0,000       1,920         396         430         800       7,730 
1897       182,000       0,000       2,040         334         850       1,700       6,360 
1898       227,000       1,000       2,150         395         810       1,400       5,087 
1899       276,000       3,000       2,470         422         910       1,800       4,727 
 
1900       369,000       5,000       2,780         475         640       1,200       4,567 
1901       379,000       7,000       2,820         422         630       1,300       4,472 
1902       405,000       9,000       2,640         373         470         900       4,690 
1903       452,000      11,000       2,960         704         860       2,300       4,747 
1904       459,000      13,000       2,760         558       1,180       3,500       5,086 
 
1905       512,000      15,000       2,970         752       1,140       3,200       5,010 
1906       560,000      16,000       2,990         539       1,540       3,800       4,670 
1907       651,000      17,000       2,860         622       1,860       4,200       4,376 
1908       815,000      20,000       3,030       1, 007       1,940       3,500       4,645 
1909       937,000      20,000       3,060         971       2,570       4,500       4,370 
 
1910     1,050,000      20,000       2,910       1, 068       2,770       5,100       3,778 
1911       945,000      20,000       3,100       1, 194       3,530       8,100       3,187 
1912     1,019,000      20,000       2,660       1, 825       3,850      10,100       3,074 
1913       972,000      20,000       2,980       2, 330       4,990      14,600       3,639 
___________________________________________________ _________________________________________ 



Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (15)        (16)        (17)        (18 )        (19)        (20)        (21) 
                                        Chemicals ( continued)                              .   
                                   Coloring materia ls (continued)                          .  
                           Inorganic pigments (cont inued)                     .  
                                    Iron        Zin c        Zinc       Chrome     Natural 
           Minium     Litharge       red        whi te       green       green    dyestuffs 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons) 
                                                                              
code:       daf02       daf03       daf04       daf 05       daf06       daf07       daf08 
source:    d18c02      d18c03      d18c04      d18c 05      d18c06      d18c07      d19c02  
note:       (a,b)       (a,b)       (a,b)       (a, b)        (a)         (a)         (k) 
___________________________________________________ _________________________________________ 
 
1861            95          22          15           0           0           0       4,850 
1862            95          27          15           0           0           0       4,490 
1863            95          22          15           0           0           0       4,660 
1864            95          15          15           0           0           0       4,780 
 
1865            95          14          15           0           0           0       4,950 
1866           102          11          18           0           0           0       4,730 
1867           109          42          21           0           0           0       4,740 
1868           116          73          24           0           0           0       4,610 
1869           123         104          28           0           0           0       4,900 
 
1870           130         134          31           0           0           0       4,690 
1871           137         165          34           0           0           0       4,860 
1872           144         196          37           0           0           0       4,830 
1873           151         227          40           0           0           0       5,330 
1874           158         258          43           0           0           0       5,310 
 
1875           165         289          46           0           0           0       5,280 
1876           172         319          50           0           0           0       5,170 
1877           179         350          53           0           0           0       5,310 
1878           186         381          56           0           0           0       5,260 
1879           193         412          59           0           0           0       5,210 
 
1880           200         415          62           0           0           0       5,220 
1881           318         419          65           0           0           0       5,810 
1882           435         422          69           0           0           0       5,840 
1883           553         425          72           0           0           0       6,280 
1884           670         428          75           0           0           0       6,210 
 
1885           988         432          78           0           0           0       6,710 
1886         1,105         435          81           0           0           0       6,620 
1887         1,223         438          84           0           0           0       6,770 
1888         1,056         461          87           0           0           0       6,810 
1889         1,325         655          91          39           0           0       6,690 
 
1890         1,594         849          94          78           0           0       7,070 
1891         1,862       1,042          97         117           0           0       6,980 
1892         2,131       1,236         100         156           0           0       6,620 
1893         2,400       1,430          50         375           0           0       6,920 
1894         2,930       2,490          50         680           0           0       7,360 
 
1895         2,785       2,320          70         770           0           0       8,050 
1896         3,080       2,240         330         600          20         100       8,140 
1897         4,175       1,880         280         850          20         100       8,420 
1898         2,760       1,580         100         840          50         150       8,780 
1899         2,733       1,290         320         680          50         150       8,980 
 
1900         2,460       1,200         401         556           3          50       8,520 
1901         1,799         953         500         628           1          82       8,760 
1902         1,490         990         500         822           3         103       9,670 
1903         1,585         883         500          93           3         101       9,860 
1904         1,571         656         700         620           4          96      10,250 
 
1905         1,340         580         750         120           3          70      10,420 
1906         1,520         710         200         700          25         102      11,220 
1907         1,580         710          50         710          20         100      12,920 
1908         1,630         780          50         906          26          70      13,660 
1909         2,110         755          50         989          26          68      13,300 
 
1910         1,883         713          50       1, 127          26          75      12,560 
1911         1,840         735           0       1, 343          26          72      12,380 
1912         1,684         517         100       1, 594          25          70      13,680 
1913         1,765         578           0       1, 831          26          70      13,550 
___________________________________________________ _________________________________________ 



Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (22)        (23)        (24)        (25 )        (26)        (27)        (28) 
                                        Chemicals ( continued)                              .   
         C. m. (c.)       Pharmaceuticals               Electrochemicals and gases          .   
                                    Other        Ar c     Synthetic     Liquid    
                                   pharma-     nitr ic    hydrochlo-    carbon     Hydrogen 
           Paints      Quinine    ceuticals     aci d      ric acid    dioxide     (thousand 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      cu. m.) 
                                                                         
code:       daf09       dag01       dag02       dah 01       dah02       dah03       dah04 
source:    d19c04      d21c01      d21c07      d22c 01      d22c02      d22c03      d22c04 
note:        (l)         (m)         (n)         (a )         (a)         (a)         (a) 
___________________________________________________ _________________________________________ 
 
1861        18,571         0.6       4,346           0           0           0          .0 
1862        20,510         1.3       4,372           0           0           0          .0  
1863        19,721         3.5       4,192           0           0           0          .0  
1864        20,287         2.2       4,283           0           0           0          .0  
                                                                                     
1865        20,234         2.1       4,173           0           0           0          .0  
1866        19,179         1.7       4,276           0           0           0          .0  
1867        19,594         1.6       4,317           0           0           0          .0  
1868        19,158         2.7       4,382           0           0           0          .0  
1869        19,639         3.0       4,455           0           0           0          .0  
                                                                                     
1870        19,702         3.7       4,592           0           0           0          .0  
1871        20,113         7.1       4,698           0           0           0          .0  
1872        20,601         9.4       4,664           0           0           0          .0  
1873        21,031        13.0       4,577           0           0           0          .0  
1874        21,024        20.0       4,373           0           0           0          .0  
                                                                                     
1875        20,820        22.6       4,620           0           0           0          .0  
1876        20,759        27.5       4,449           0           0           0          .0  
1877        20,645        21.3       4,597           0           0           0          .0  
1878        20,833        39.5       4,534           0           0           0          .0  
1879        20,927        29.8       4,869           0           0           0          .0  
                                                                                     
1880        21,555        50.2       4,416           0           0           0          .0  
1881        21,784       154.4       4,759           0           0           0          .0  
1882        22,169       154.7       4,455           0           0           0          .0  
1883        22,870       131.5       4,651           0           0           0          .0  
1884        23,827        97.5       4,488           0           0           0          .0  
                                                                                     
1885        24,397        37.4       4,737           0           0           0          .0  
1886        25,812        33.4       4,691           0           0           0          .0  
1887        26,130        55.6       4,674           0           0           0          .0  
1888        26,345        43.8       4,871           0           0           0          .0  
1889        25,623        37.4       4,959           0           0           1          .0  
                                                                                     
1890        24,631        59.6       5,060           0           0           3          .0  
1891        24,137        12.1       5,277           0           0          10          .0  
1892        23,406         6.3       5,399           0           0          12          .0  
1893        23,527        15.7       5,370           0           0          13          .0  
1894        23,142         5.7       5,552           0           0          37          .0  
                                                                                     
1895        23,221         8.8       5,662           0           0          90          .0  
1896        23,450         9.3       5,796           0           0         101          .0  
1897        23,560         8.3       5,772           0           0         105         6.0  
1898        24,665         9.3       5,868           0           0          88        10.9  
1899        25,410        10.8       6,077           0           0          99        10.9  
                                                                                     
1900        25,187         6.0       5,730           0           0          94        10.9  
1901        25,730         6.9       5,851           0           0          99        40.0  
1902        26,494        10.0       6,709           0           0         174        40.0  
1903        27,096        10.2       7,117           0           0         183        40.0  
1904        28,181         9.6       7,545           0           0         196        40.0  
                                                                                     
1905        28,763         7.3       7,852           0           0         308        42.0  
1906        31,672         8.1       8,528           0           0         469        42.0  
1907        32,174         8.4       9,493           0           0         660        43.0  
1908        33,745         8.3       9,608           0           0         657        38.0  
1909        35,031         8.6      10,379           0           0         778        25.5 
                                                                                     
1910        36,223         8.5      10,977         500          95       1,085         8.0 
1911        38,700         9.5      11,367         900         672       1,567         8.0 
1912        39,250         5.9      12,362       1, 100         927       1,218         8.0 
1913        37,889         6.6      12,952       1, 700         749       1,325         8.0 
___________________________________________________ _________________________________________ 



Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (29)        (30)        (31)        (32 )        (33)        (34)        (35) 
                                        Chemicals ( continued)                              .   
                               Electrochemicals and  gases (continued)                      .   
            Cell        Linde                                          Liquid       Solid 
           oxygen      oxygen      Liquid      Liqu id      Liquid      sulfur      caustic 
          (thousand   (thousand   nitrogen    chlor ine     ammonia     dioxide      soda   
           cu. m.)     cu. m.)     (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dah05       dah06       dah07       dah 08       dah09       dah10       dah11 
source:    d22c05      d22c06      d22c07      d22c 08      d22c09      d22c10      d23c01 
note:        (a)         (a)         (a)         (a )         (a)         (a)         (a) 
___________________________________________________ _________________________________________ 
 
1861            .0          .0           0           0           0           0           0  
1862            .0          .0           0           0           0           0           0  
1863            .0          .0           0           0           0           0           0  
1864            .0          .0           0           0           0           0           0  
 
1865            .0          .0           0           0           0           0           0  
1866            .0          .0           0           0           0           0           0  
1867            .0          .0           0           0           0           0           0  
1868            .0          .0           0           0           0           0           0  
1869            .0          .0           0           0           0           0           0  
 
1870            .0          .0           0           0           0           0           0  
1871            .0          .0           0           0           0           0           0  
1872            .0          .0           0           0           0           0           0  
1873            .0          .0           0           0           0           0           0  
1874            .0          .0           0           0           0           0           0  
 
1875            .0          .0           0           0           0           0           0  
1876            .0          .0           0           0           0           0           0  
1877            .0          .0           0           0           0           0           0  
1878            .0          .0           0           0           0           0           0  
1879            .0          .0           0           0           0           0           0  
 
1880            .0          .0           0           0           0           0           0  
1881            .0          .0           0           0           0           0           0  
1882            .0          .0           0           0           0           0           0  
1883            .0          .0           0           0           0           0           0  
1884            .0          .0           0           0           0           0           0  
 
1885            .0          .0           0           0           0           0           0  
1886            .0          .0           0           0           0           0           0  
1887            .0          .0           0           0           0           0           0  
1888            .0          .0           0           0           0           0           0  
1889            .0          .0           0           0           0           0           0  
 
1890            .0          .0           0           0           0           0           0  
1891            .0          .0           0           0           0           0           0  
1892            .0          .0           0           0           0           0           0  
1893            .0          .0           0           0           0           0           0  
1894            .0          .0           0           0           0           0           0  
 
1895            .0          .0           0           0           0           2           0  
1896            .0          .0           0           0           0           1           0  
1897           3.0          .0           0           0           0           5           0  
1898           5.6          .0           0           0           0           6           0  
1899           5.6          .0           0           0           0           7           0  
 
1900           5.6          .0           0           0           0           1           0  
1901          20.0          .0           0           0           0          14           0  
1902          20.0          .0           0           0           0          13           0  
1903          20.0          .0           0           0           0           0       2,500 
1904          20.0          .0           0           0           0           0       2,200 
 
1905          21.0          .0           0           0           0           0       2,200 
1906          21.0          .0           0           0           0           0       1,700 
1907          22.0         7.0           0          75           0           0       2,300 
1908          19.0         7.0           0         102           4           0       2,715 
1909          13.6        11.2           0          60           0           0       2,709 
 
1910           4.0        26.4           0         184           5           0       3,078 
1911           4.0       373.4          10         128          10           0       3,373 
1912           4.0       429.6          50         160           8           0       4,039 
1913           4.0       432.6          10         143           8           0       3,970 
___________________________________________________ _________________________________________ 
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            (36)        (37)        (38)        (39 )        (40)        (41)        (42) 
                                        Chemicals ( continued)                              .  
                               Electrochemicals and  gases (continued)                      .  
           Liquid                  Sodium                              Carbon  
           caustic    Bleaching     hypo-     Potas sium    Sodium      tetra-     Calcium 
            soda       powder     chlorite    chlor ate    chlorate    chloride    carbide 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dah12       dah13       dah14       dah 15       dah16       dah17       dah18 
source:    d23c02      d23c03      d23c04      d23c 05      d23c06      d23c07      d24c01 
note:        (a)         (a)         (a)         (a )         (a)         (a)         (a) 
___________________________________________________ _________________________________________ 
 
1861             0           0           0           0           0           0           0  
1862             0           0           0           0           0           0           0  
1863             0           0           0           0           0           0           0  
1864             0           0           0           0           0           0           0  
 
1865             0           0           0           0           0           0           0  
1866             0           0           0           0           0           0           0  
1867             0           0           0           0           0           0           0  
1868             0           0           0           0           0           0           0  
1869             0           0           0           0           0           0           0  
 
1870             0           0           0           0           0           0           0  
1871             0           0           0           0           0           0           0  
1872             0           0           0           0           0           0           0  
1873             0           0           0           0           0           0           0  
1874             0           0           0           0           0           0           0  
 
1875             0           0           0           0           0           0           0  
1876             0           0           0           0           0           0           0  
1877             0           0           0           0           0           0           0  
1878             0           0           0           0           0           0           0  
1879             0           0           0           0           0           0           0  
 
1880             0           0           0           0           0           0           0  
1881             0           0           0           0           0           0           0  
1882             0           0           0           0           0           0           0  
1883             0           0           0           0           0           0           0  
1884             0           0           0           0           0           0           0  
 
1885             0           0           0           0           0           0           0  
1886             0           0           0           0           0           0           0  
1887             0           0           0           0           0           0           0  
1888             0           0           0           0           0           0           0  
1889             0           0           0           0           0           0           0  
 
1890             0           0           0           0           0           0           0  
1891             0           0           0           0           0           0           0  
1892             0           0           0           0           0           0           0  
1893             0           0           0           0           0           0           0  
1894             0           0           0           0           0           0           0  
 
1895             0           0           0           0           0           0           0  
1896             0           0           0           0           0           0           0  
1897             0           0           0           0           0           0         500 
1898             0           0           0           0           0           0         600 
1899             0           0           0           0           0           0       1,060 
 
1900             0           0           0           0           0           0       2,800 
1901             0           0           0           0           0           0       9,600 
1902             0           0           0           0           0           0      15,425 
1903             0       5,000           0           0           0           0      16,245 
1904             0       5,000           0           0           0           0      27,315 
 
1905             0       5,000           0           0           0           0      28,214 
1906         1,500       4,900           0           0           0           0      28,357 
1907         1,500       5,700           0           0         220          50      30,562 
1908         4,197       9,129           0           0         217           8      35,756 
1909         5,500       9,580         265           0         147           0      43,133 
 
1910         5,555       8,746         290         500         203          47      36,515 
1911         5,200       9,043         450         500         197          23      32,750 
1912         6,715       8,755       1,047         581         183         123      37,293 
1913         6,878       8,234       2,437         514         183          70      49,118 
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Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (43)        (44)        (45)        (46 )        (47)        (48)        (49) 
                                        Chemicals ( continued)                              .   
                    Electrochemicals and gases (con tinued)            Other inorganic chem.   
                       Carbon                                        
           Calcium      elec-      Barium      Sodi um      Ferro-      Refined     Sulfur   
          cyanamide    trodes       salts      sulf ide     silicon     sulfur       dust 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dah19       dah20       dah21       dah 22       dah23       dai01       dai02 
source:    d24c02      d24c03      d25c07      d25c 08      d25c09      d26c04      d27c07 
note:        (a)         (a)         (a)         (a )         (a)        (a,b)       (a,b) 
___________________________________________________ _________________________________________ 
 
1861             0           0           0           0           0       6,080      19,000  
1862             0           0           0           0           0       5,718      20,000  
1863             0           0           0           0           0       7,851      22,000  
1864             0           0           0           0           0       8,293      23,000  
 
1865             0           0           0           0           0       8,943      25,000  
1866             0           0           0           0           0       8,342      27,000  
1867             0           0           0           0           0       9,600      29,000  
1868             0           0           0           0           0      12,232      31,000  
1869             0           0           0           0           0      17,375      33,000  
 
1870             0           0           0           0           0      19,916      36,000  
1871             0           0           0           0           0      18,469      38,000  
1872             0           0           0           0           0      14,035      41,000  
1873             0           0           0           0           0      20,057      44,000  
1874             0           0           0           0           0      28,978      47,000  
 
1875             0           0           0           0           0      25,758      51,000  
1876             0           0           0           0           0      28,781      55,000  
1877             0           0           0           0           0      36,158      59,000  
1878             0           0           0           0           0      45,057      63,000  
1879             0           0           0           0           0      43,013      68,000  
 
1880             0           0           0           0           0      45,560      73,000  
1881             0           0           0           0           0      53,629      78,000  
1882             0           0           0           0           0      50,296      84,000  
1883             0           0           0           0           0      59,197      90,000  
1884             0           0           0           0           0      69,925      97,000  
 
1885             0           0           0           0           0      84,841     104,000  
1886             0           0           0           0           0      75,094     106,000  
1887             0           0           0           0           0      74,686     129,000  
1888             0           0           0           0           0      74,474      82,000  
1889             0           0           0           0           0      53,316      82,000  
 
1890             0           0           0           0           0      50,537      87,000  
1891             0           0           0           0           0      59,396     128,000  
1892             0           0           0           0           0      59,370     158,000  
1893             0           0          50           0           0      70,707     131,000  
1894             0           0          50           0           0      71,295     129,000  
 
1895             0           0         145           0           0      75,329     132,000  
1896             0           0         200           0           0      71,072     132,000  
1897             0           0         221           0           0      85,872     134,000  
1898             0           0         200           0           0      99,494     154,000  
1899             0           0         306           8           0     110,213     161,000  
 
1900             0           0       1,004           6           0     157,957     173,000  
1901             0           0       1,250           0           0     141,431     176,000  
1902             0         400       4,245           0           0     127,483     146,000  
1903             0         600       3,438           0           0     139,464     172,000  
1904             0         292         320           0           0     163,695     184,000  
 
1905             3         850       1,365         140           0     180,774     176,000  
1906         1,200       1,095       1,844         450           0     170,990     168,000  
1907         1,500       1,276       3,837         486         175     160,617     152,000  
1908         3,000       1,610       4,367         470         808     156,995     162,000  
1909         5,300       1,700       1,901         385         628     144,579     153,000  
 
1910         3,715       1,635       2,450         302       1,720     169,093     170,000  
1911         4,470       1,476       2,676         404       1,869     166,802     179,000  
1912        12,695       1,520       2,096         402       2,826     168,514     185,000  
1913        18,556       1,860       4,583         755       4,803     151,713     176,000  
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Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (50)        (51)        (52)        (53 )        (54)        (55)        (56) 
                                        Chemicals ( continued)                              .  
                                Other inorganic che micals (continued)                      .  
                                                           Refined                         
                      Aluminum     Arsenic                  boric      Carbon      Copper  
            Alum       sulfate    anhydride     Bor ax       acid      disulfide    sulfate 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dai03       dai04       dai05       dai 06       dai07       dai08       dai09 
source:    d28c04      d28c05      d29c01      d29c 02      d29c03      d31c01      d31c02 
note:       (a,b)        (a)         (a)        (a, b)       (a,b)       (a,b)       (a,b) 
___________________________________________________ _________________________________________ 
 
1861         2,005           0           0           0           0           0           0    
1862         1,985           0           0           0           0           0           0  
1863         1,992           0           0           0           0           0           0  
1864         1,992           0           0           0           0           0           0  
 
1865         1,993           0           0           0           0           0           0  
1866         1,949           0           0           0           0           0           0  
1867         2,013           0           0           0           0           0           0  
1868         2,071           0           0           0           0           0           0  
1869         2,046           0           0           0           0           0           0  
 
1870         2,064           0           0           0           0           0           0  
1871         2,084           0           0           0           0           0           0  
1872         2,132           0           0           0           0           0           0  
1873         2,160         275           0           0           0           0           0  
1874         1,919         437           0           0           0           0           0  
 
1875         1,945         485           0           0           0           0           0  
1876         1,700         592           0           0           0          50           0  
1877         3,647         237           0           0           0         100           0  
1878         4,554         841           0           0           0         150           0  
1879         3,750         720           0           0           0         200           0  
 
1880         4,385         808           0           0           0         270           0  
1881         4,679         966           0           0           0         364           0  
1882         4,225       1,430           0           0           0         491           0  
1883         3,425       1,270           0           0           0         662           0  
1884         3,115       1,780           0           0           0         892          50  
 
1885         2,950         630           0           0           0       1,204         100  
1886         5,320         440           0         400           0       1,624         250  
1887         2,260       1,980           0         600           0       2,190         500  
1888         1,380       2,825           0         700          50       2,019       1,000  
1889         1,380       2,667           0       1, 100          50       1,881       2,000  
 
1890         1,294       2,553           0         950          50       1,752       2,660  
1891         1,029       1,777           0       2, 056          50       1,632       2,700  
1892         1,695       1,890           0       1, 471          50       1,520       1,300  
1893         1,745       2,050           0       1, 099          87       1,416       1,700  
1894         1,065       2,480           0       1, 141         170       1,693       2,981  
 
1895         1,115       2,950         100         944         253       1,876       3,151  
1896           850       2,390         200         944         253       2,398       4,756  
1897         1,030       2,310         100         990         260       2,853       5,337  
1898         1,165       2,915         100         702         166       3,083       6,364  
1899           945       2,330         120         710         129       3,083       7,795  
 
1900         1,097       2,403         120         858         284       5,313      13,191 
1901         1,075       2,260           0         544         347       2,956      15,374 
1902         3,995       2,420           0         375         239       1,766      14,601 
1903         3,980       2,210           0         377         187       1,998      18,164 
1904         2,490       2,210           0         569         314       2,523      17,237 
 
1905         2,975       2,740           0       1, 007         749       2,306      26,300 
1906         2,878       2,800           0       1, 062         562       2,256      34,368 
1907         3,175       3,010           0         881         466       3,665      45,274 
1908         2,875       2,100          16       1, 025         429       3,550      42,608 
1909         2,580       2,750           0       1, 110         578       2,050      28,551 
 
1910         2,510       2,773           0         912         695       2,225      36,281 
1911         2,725       2,493           0         738         444       3,280      43,626 
1912         1,299       2,727           0         813         760       3,231      52,312 
1913         1,009       3,308           0       1, 071         743       3,320      44,497 
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Summary Table D.1 (continued) 
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            (57)        (58)        (59)        (60 )        (61)        (62)        (63) 
                                        Chemicals ( continued)                              .  
                                Other inorganic che micals (continued)                      .  
            Hydro-                            Nitra ted   
           fluoric    Hydrogen     Ferrous      lea d     Magnesium    Magnesium   Potassium 
            acid      peroxide     sulfate      oxi de    carbonate     sulfate   dichromate 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dai10       dai11       dai12       dai 13       dai14       dai15       dai16 
source:    d32c01      d32c02      d33c03      d34c 03      d35c01      d35c02      d36c04 
note:        (a)         (a)        (a,b)        (a )         (a)        (a,b)        (a) 
___________________________________________________ _________________________________________ 
 
1861             0           0       2,091           0           0         175           0  
1862             0           0       1,673           0           0         175           0  
1863             0           0       1,493           0           0         175           0  
1864             0           0       1,651           0           0         175           0  
 
1865             0           0       1,596           0           0         175           0  
1866             0           0       1,614           0           0         175           0  
1867             0           0       1,632           0           0         200           0  
1868             0           0       1,650           0           0         225           0  
1869             0           0       1,669           0           0         250           0  
 
1870             0           0       1,688           0           0         275           0  
1871             0           0       1,707           0           0         300           0  
1872             0           0       1,726           0           0         325           0  
1873             0           0       1,745           0           0         350           0  
1874             0           0       1,765           0           0         375           0  
 
1875             0           0       1,785           0           0         400           0  
1876             0           0       1,805           0           0         425           0  
1877             0           0       1,825           0           0         450           0  
1878             0           0       1,845           0           0         475           0  
1879             0           0       1,866           0           0         500           0  
 
1880             0           0       1,982           0           0         500           0  
1881             0           0       2,106           0           0         500           0  
1882             0           0       2,237           0           0         500           0  
1883             0           0       2,376           0           0         500           0  
1884             0           0       2,524           0           0         500           0  
 
1885             0           0       2,682           0           0         500           0  
1886             0           0       2,849           0           0         500           0  
1887             0           0       3,026           6           0         500           0  
1888             0           0       3,638          40           0         600           0  
1889             0           5       1,824          35           0         850           0  
 
1890             0          11       1,902          35           0         950           0  
1891             0          15       1,820          35           0       1,050           0  
1892             0          35       1,691          35          25       1,150           0  
1893             0          60       1,345          30          50       1,106           0  
1894             0          60       2,417          50          60       1,450           0  
 
1895             0         152       1,875          40          60       1,305           0  
1896             0         460       1,545          90          60       1,134           0  
1897             0         511       1,909          80          60       1,370           0  
1898             0       1,050       1,873         460          80       1,492         170  
1899             0       1,295       1,525          30          63       1,524         195  
 
1900             0       1,435       1,423          41          80       1,722         175  
1901             0       1,330       1,233          22         185       1,718         262  
1902             0       1,410       1,345           3         208       1,778         290  
1903             0       1,370       1,198          11         210       1,370         260  
1904             0         900       1,446          25         210       1,710         303  
 
1905             0       1,220       1,612          54         210       1,878         300  
1906            70       1,500       1,629          68         210       1,900         320  
1907            50       1,799       2,111         106         210       2,335         210  
1908            35       1,469       2,161          20         220       2,380         200  
1909             7       1,583       2,136          20         210       2,400         260  
 
1910            11       2,173       2,354          58         790       2,600         375  
1911            11       2,266       1,163          58         400       2,052         520  
1912             2       1,896       2,223          29         340       2,717         386  
1913             2       1,216       1,564          33         210       2,257         529  
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            (64)        (65)        (66)        (67 )        (68)        (69)        (70) 
                                        Chemicals ( continued)                              .  
                                Other inorganic che micals (continued)                      .  
                                                                        Solid      Liquid 
            Salt-     Calcined      Soda       Sodi um     Disodium     sodium      sodium  
            petre       soda      crystals   dichro mate   phosphate   silicate    silicate 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dai17       dai18       dai19       dai 20       dai21       dai22       dai23 
source:    d36c06      d37c02      d37c03      d38c 01      d38c02      d39c09      d39c14 
note:        (o)        (a,b)       (a,b)        (a )         (a)        (a,b)       (a,b) 
___________________________________________________ _________________________________________ 
 
1861         1,600           0         150           0           0           0           0  
1862         1,200           0         150           0           0           0           0  
1863         1,000           0         150           0           0           0           0  
1864         1,100           0         150           0           0           0           0  
 
1865         1,000           0         150           0           0           0           0  
1866         1,100           0         175           0           0           0           0  
1867           900           0         200           0           0           0           0  
1868           600           0         225           0           0           0           0  
1869           500           0         250           0           0           0           0  
 
1870           100           0         275           0           0           0           0  
1871           600           0         300           0           0           0           0  
1872           900         100         325           0           0           0           0  
1873           700         300         350           0           0           0           0  
1874           500         500         375           0           0           0           0  
 
1875           400         700         400           0           0           0           0  
1876         1,000         900         425           0           0           0           0  
1877         1,000       1,100         450           0           0           0           0  
1878         1,100       1,300         475           0           0           0           0  
1879         1,100       1,500         500           0           0           0           0  
 
1880         1,600       1,350         500           0           0           0           0  
1881         2,300       1,200         500           0           0           0           0  
1882         2,300       1,050         500           0           0           0           0  
1883         2,600         900         500           0           0           0         100  
1884         2,200         750         500           0           0         100         200  
 
1885         2,500         600         500           0           0         100         300  
1886         2,800         450         500           0           0         200         400  
1887         2,900         300         500           0           0         200         500  
1888         3,000           0       1,260           0           0         200         600  
1889         2,100           0       2,210           0           0         400       1,000  
 
1890         2,200           0       2,827           0           0         700       1,800  
1891         2,200           0       3,193           0          25       1,000       1,700  
1892         3,000           0       3,435           0          30       1,400       2,600  
1893         2,400           0       3,467           0          35       1,400       3,700  
1894         1,700           0       3,833           0          40       1,400       3,500  
 
1895         1,500           0       3,920           0          49       1,100       2,200  
1896         1,400           0       3,600           0          62       1,000       5,000  
1897         1,500           0       3,100           9          20         800       5,400  
1898         1,400           0       2,500         807         210         800       5,900  
1899         1,800           0       2,260         835         320         800       6,300  
 
1900         1,900           0       1,700         702         300       2,200       7,300  
1901         2,000           0       1,150         496         250         600       8,700  
1902         1,900           0         500         650         230         600       9,200  
1903         2,100           0         150         671         280         800       8,000  
1904         2,000           0         180         612         280         900       6,500  
 
1905         2,100           0       1,890         610         250         800       4,800  
1906         2,100           0       1,860         540         490         800       4,800  
1907         2,100           0       2,150         590         600         900       6,900  
1908         2,200           0       2,100         600         146       1,100       7,400  
1909         2,200           0       1,225         410          80       1,000       7,900  
 
1910         2,000           0       1,720         476         684       1,000       7,800  
1911         2,100           0       2,220         422         669         900       7,000  
1912         2,000           0       2,400         422         394       1,100       4,800  
1913         2,100           0       3,180         794         124       1,100       4,600  
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            (71)        (72)        (73)        (74 )        (75)        (76)        (77) 
                                        Chemicals ( continued)                              .  
                          Other inorganic chemicals  (continued)                  Other org.  
                                               Sodi um   
           Sodium     Glauber's    Sodium       thi o-       Pink        Zinc      Ammonium 
           sulfate      salt      bisulfite    sulf ate      salt        salts      sulfate 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       dai24       dai25       dai26       dai 27       dai28       dai29       daj01 
source:    d40c01      d40c02      d41c02      d41c 03      d42c01      d42c04      d48c08 
note:        (d)         (e)         (a)         (a )        (a,b)        (a)        (a,b) 
___________________________________________________ _________________________________________ 
 
1861             0           0           0           0           0           0           0  
1862             0           0           0           0           0           0           0  
1863             0           0           0           0           0           0           0  
1864             0           0           0           0           0           0           0  
 
1865             0           0           0           0           0           0           0  
1866             0           0           0           0           0           0           0  
1867             0           0           0           0           0           0           0  
1868             0           0           0           0           0           0           0  
1869             0           0           0           0           0           0           0  
 
1870           100           0           0           0           0           0           0  
1871           100           0           0           0           0           0           0  
1872           100           0           0           0           0           0           0  
1873           100           0           0           0           0           0           0  
1874           200           0           0           0           0           0           0  
 
1875           300         100           0           0           0           0           0  
1876           400         100           0           0           0           0           0  
1877           500         100           0           0           0           0           0  
1878           700         100           0           0           0           0           0  
1879         1,000         200           0           0           0           0           0  
 
1880         1,100         200           0           0           0           0           0  
1881         1,100         200           0           0           0           0           0  
1882         1,200         200           0           0           0           0         133  
1883         1,200         200           0           0           0           0         266  
1884         1,300         300           0           0           0           0         399  
 
1885         1,400         300           0           0           0           0         532  
1886         1,400         300           0           0           0           0         665  
1887         1,500         300           0           0           0           0         823  
1888         1,700         300           0           0           0           0         942  
1889         2,100         400           0           0           0           0       1,184  
 
1890         2,400         500           0           0          50          10       1,347  
1891         3,500         700           0           0         100          20       1,450  
1892         4,000         800           0           0         150          30       1,674  
1893         4,270         850           0           0         200          30       1,838  
1894         6,940       1,030           0           0         250          20       1,791  
 
1895         6,798       1,043           0           0         300           3       1,751  
1896         5,759       1,377           0           0         350           3       1,743  
1897         5,546       2,463          20           0         350           3       1,986  
1898         6,152       2,997          39           0         340           3       2,285  
1899         5,355       1,940          31           0         340          55       2,373  
 
1900         5,574       2,072          30           0         320          62       2,347  
1901         5,359       2,486          41           0         310          46       3,353  
1902         5,283       2,821          74           0         310          53       3,560  
1903         5,915       3,429         172           0         280          50       3,686  
1904         7,237       3,406         182           0         250         335       3,837  
 
1905         8,812       3,648         310          10         250         185       4,124  
1906         9,048       5,260         920         135         200         435       4,820  
1907        10,592       6,175       1,028         255         200         430       4,592  
1908        11,498       6,542         809         215         195         530       5,347  
1909        11,107       6,910         590         227         198         330       6,864  
 
1910        15,606       6,444       1,369         289          76         130       7,412  
1911        13,632       6,038         978         121          14          30       8,947  
1912        18,979       6,047         643         201          14          70      11,376 
1913        16,802       5,798         887         340          14         280      13,453 
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            (78)        (79)        (80)        (81 )        (82)        (83)        (84) 
                                        Chemicals ( continued)                              .  
                                 Other organic chem icals (continued)                       .  
                       Calcium                                                   Concentra- 
           Aqueous      ferro-     Acetic       Lea d       Citric      Calcium    ted lemon  
           ammonia     cyanide      acid       acet ate      acid       citrate      juice    
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons)  
                                                                         
code:       daj02       daj03       daj04       daj 05       daj06       daj07       daj08 
source:    d49c04      d50c02      d51c01      d51c 02      d52c01      d52c02      d52c03 
note:        (p)        (a,b)        (m)         (a )         (q)         (r)         (r) 
___________________________________________________ _________________________________________ 
 
1861           600           0           0           0           0         393         652 
1862           600           0           0           0           0         212         652 
1863           700           0           0           0           0         400         966 
1864           700           0           0           0           0         684       1,390 
 
1865           700           0           0           0           0         524         969 
1866           800           0           0           0           0         265       1,225 
1867           800           0           0           0           0          44       1,010 
1868           800           0           0           0           0         130       1,074 
1869           900           0           0           0           0          83       1,303 
 
1870           900           0           0           0           0         109       1,746 
1871           900           0           0           0           0         197       1,300 
1872         1,000           0           0           0           0         667       1,966 
1873         1,100           0           0           0           0         724       1,191 
1874         1,100           0           0           0           0         685       1,195 
 
1875         1,200           0           0           0           0         158       1,351 
1876         1,300           0           0           0           0         210       1,698 
1877         1,300           0           0           0           0         210       1,705 
1878         1,400           0           0           0           0         218       1,650 
1879         1,500           0           0           0           0         187       1,919 
 
1880         1,600           0           0           0           0         195         640 
1881         1,700           0           0           0           0         377       1,999 
1882         1,700           0           0           0           0         210       2,048 
1883         1,800           0           0           0          35         226       2,046 
1884         1,800           0           0           0          35         172       2,471 
 
1885         1,900           0           0           0          35         309       1,860 
1886         1,900           0           0           0          35         305       1,410 
1887         2,000           0           0           0          35         299       1,921 
1888         2,100           0           0           0          35         237       1,621 
1889         2,100           0           0           0          35         332       2,885 
 
1890         2,100           0           0           0          35         364       2,736 
1891         2,200         200          22           0          35         404       1,305 
1892         2,200         400          43           0          35         426       2,028 
1893         2,400         600          65           0          35         400       3,615 
1894         2,300         160          86           0          35         361       4,666 
 
1895         2,600         240         108           0          35         630       3,901 
1896         2,800         105         311         120          35         732       3,680 
1897         2,800          88         617           0          35         935       3,538 
1898         2,900          82         400           0          35         979       2,361 
1899         3,000         181         397         190          35       1,425       2,493 
 
1900         3,100         139         302          95          42       1,698       1,999 
1901         2,800         117         264         157          80       1,415       1,868 
1902         3,000         118         198         135          48       3,410       2,263 
1903         3,600         103         219          65           0       3,279       1,443 
1904         3,900         117         397          45           0       5,531       2,145 
 
1905         4,300         129         683          30           0       4,126       1,198 
1906         4,300         216         915          80           0       5,150         941 
1907         4,700         271         590         130           0       6,168         655 
1908         4,500         179         735         140           0       7,710         837 
1909         5,100         152         861         110           0       2,381         118 
 
1910         5,500         157         713         164           0       6,276         835 
1911         5,500         163       1,103         200          50       8,149         432 
1912         5,500         166       1,209         204         100       7,680         147 
1913         5,600          69       1,256         141         100       3,813         278 
___________________________________________________ _________________________________________ 



Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (85)        (86)        (87)        (88 )        (89)        (90)        (91) 
                      Chemicals (continued)                  Coal and petroleum products   .  
                 Other organic chemicals (cont.)         Refineries      Other products     .  
                                            Photogr aphic   Tar and                  Metal- 
           Tanning    Tartaric    Cream of    mater ials   petroleum               lurgical  
          extracts      acid       tartar    (thous and    products   Briquettes     coke    
           (tons)      (tons)      (tons)    square  m.)    (tons)      (tons)      (tons) 
                                                                         
code:       daj09       daj10       daj11       daj 12       dba01       dbb01       dbb02   
source:    d53c01      d54c02      d54c04      d55c 01      d46c01      d43c01      d44c03   
note:        (s)         (t)        (t,b)        (m )        (a,b)       (a,b)       (a,b) 
___________________________________________________ _________________________________________ 
 
1861             0         100         200           0         800      20,000      11,300 
1862             0         100         200           0         800      20,000      11,300  
1863             0         100         200           0         800      20,000      11,300  
1864             0         100         200           0         800      20,000      11,300  
 
1865             0         100         300           0         800      20,000      11,300  
1866             0         100         300           0         800      23,000      10,000  
1867             0         200         200           0         800      26,000       8,000  
1868             0         100         300           0         800      30,000       6,000  
1869             0         100         300           0         800      35,000       4,000  
 
1870             0         200         200           0         700      40,000       2,000  
1871             0         200         200           3         700      46,000           0 
1872             0         200         200           5         700      53,000           0 
1873             0         100         300           8         700      61,000           0 
1874             0         200         400          10         700      70,000           0 
 
1875             0         100         500          13         700      80,000           0 
1876             0         100         500          15         700      92,000           0 
1877             0         100         500          18         700     105,000           0 
1878             0         100         500          20         700     121,000           0 
1879             0         300         400          23         700     139,000           0 
 
1880             0         400         300          25         700     160,000           0 
1881         1,000         300         400          28         700     183,000           0 
1882         1,000         200         500          30         700     211,000           0 
1883         1,000         300         500          33         800     242,000           0 
1884         1,000         400         500          35         800     278,000           0 
 
1885         1,000         100         800          38         800     319,000           0 
1886         1,000         100         800          40         900     367,000           0 
1887         1,000         300         700          43         900     421,014           0 
1888         1,000         300         700          45       1,000     502,249           0 
1889         1,000         300         800          48       1,000     520,450           0 
 
1890         1,000         200       1,100          50       1,100     576,050           0 
1891         1,000         500         600          55       1,600     644,005           0 
1892         2,000         300         600          60       3,000     612,069           0 
1893         2,000         500         600          65       3,600     559,990           0 
1894         2,000         600         700          70       2,800     527,904           0 
 
1895         2,000         500         700          75       5,500     451,470           0 
1896         3,000         600         700          80       4,100     442,059           0 
1897         3,000         600         700          85       3,400     567,000           0 
1898         4,000         800         800          90       5,000     609,150           0 
1899         7,000         700       1,000          95       5,400     585,350           0 
 
1900         7,000         600       1,000         100       6,100     721,240      15,600  
1901         9,000         700       1,300         133       4,200     754,800      25,000  
1902        10,000         900         900         167       4,700     713,430      50,900  
1903        12,000         900         800         200       4,600     724,993      86,867  
1904        17,000       1,100         800         233       6,600     903,610     113,201 
 
1905        19,000       1,000         800         267       9,900     842,250     169,587 
1906        22,000       1,200         800         300      11,000     829,277     166,369 
1907        23,000       2,000         900         333      10,700     787,087     139,716 
1908        28,000       2,200         900         367      11,100     822,699     105,000 
1909        33,000       1,800         900         400      11,100     925,497     250,420 
 
1910        31,000       2,400         900         433      12,400     950,434     396,560 
1911        32,000       2,800         900         467      15,700     818,976     363,493 
1912        34,000       2,900         900         500      14,000     902,650     437,706 
1913        37,000       3,300       1,400         533      11,300     921,286     498,442 
___________________________________________________ _________________________________________ 



Summary Table D.1 (continued) 
 
 
___________________________________________________ _________________________________________ 
 
            (92)        (93)        (94)        (95 )        (96)        (97)        (98) 
                         Coal and petroleum product s (continued)                   Rubber    
                               Other products (cont inued)                      .          
   
         Artificial    Asphalt     Asphalt     Pavi ng       Crude      Refined     Rubber 
           asphalt     powder      mastic      ston es      bitumen     bitumen    products 
           (tons)      (tons)      (tons)      (ton s)      (tons)      (tons)      (tons) 
                                                                         
code:       dbb03       dbb04       dbb05       dbb 06       dbb07       dbb08       dca01 
source:    d46c02      d47c03      d47c07      d47c 08      d47c09      d47c10      d10c01 
note:       (a,b)       (a,b)       (a,b)       (a, b)       (a,b)       (a,b)        (m) 
___________________________________________________ _________________________________________ 
 
1861           900           0       4,540         200           0           0           0 
1862           900           0       4,220         200           0           0           0 
1863           900           0       4,460         200           0           0           0 
1864           900           0       4,300         200           0           0           0 
 
1865           900           0       4,620         200           0           0           0 
1866           900           0       4,380         200           0           0           0 
1867         1,000           0       4,540         200           0           0           0 
1868         1,000           0       4,860         200           0           0           0 
1869         1,000           0       4,700         200           0           0           0 
 
1870         1,000           0       4,680         200           0           0           0 
1871         1,100           0       5,000         200           0           0           0 
1872         1,100           0       4,960         200           0           0           0 
1873         1,100           0         640         200           0           0          20 
1874         1,200           0         171         200           0           0          70 
 
1875         1,200           0         155         200           0           0          80 
1876         1,300           0       2,952           0         415         245          60 
1877         1,300           0       4,799           0         138         118         110 
1878         1,300           0         823           0         559         486          50 
1879         1,400           0       2,938           0       1,020         887          80 
 
1880         1,400           0       1,126           0         430         374          70 
1881         1,500           0       2,492           0         613         533         130 
1882         1,500           0       2,506           0         131          72         160 
1883         1,500           0       3,947           0         729         586         200 
1884         1,600           0       8,050           0         749         450         230 
 
1885         1,600         197       6,538          20         530         360         350 
1886         1,700         205       7,303         123         504         287         260 
1887         1,700         776       7,835         120         493         281         410 
1888         1,800       1,384       8,623          30         804         543         400 
1889         1,800       1,793       1,998           0         110          75         610 
 
1890         1,900       4,600       5,252           0         900         450         620 
1891         2,000       3,550       4,450           0         580         475         340 
1892         2,000       2,850       5,400         400         750         620         520 
1893         2,100       2,250       5,750         400         480         505         650 
1894         2,100       2,650       4,750         130         493         290         890 
 
1895         2,200       6,638       7,102         161         658         590         910 
1896         2,300       4,200       7,400         450         579         440         950 
1897         2,400      10,320       7,547         167         715         610       1,150 
1898         2,400       7,389       8,905         325         809       1,170       1,170 
1899         2,500      25,744      12,526         526         880       1,463       1,240 
 
1900         2,600      22,838       8,122         616         963       1,551       1,320 
1901         2,700      16,743      12,750         933         763       1,388       1,180 
1902         2,700      23,228       8,946         730         759         780       1,350 
1903         2,800      25,565       8,406       1, 151         612         635       1,270 
1904         2,900      18,295      10,916         629         510         977       1,270 
 
1905         2,500      15,298      10,137         564         428         839       1,420 
1906         3,500      19,930      13,220         246         514         990       2,160 
1907         2,400      23,950      13,024         815         514         779       1,860 
1908         2,600      21,497      12,239         516         531         509       2,870 
1909         8,300      26,588      11,375         731         471         471       2,940 
 
1910         8,600      26,137      13,953         943         457         672       3,720 
1911         7,400      31,912      16,555       1, 444         548         268       5,090 
1912         6,200      34,648      16,612       1, 164         549         283       7,210 
1913         6,000      40,573      13,961       1, 790         393         426       5,170 
___________________________________________________ _________________________________________ 



Summary Table D.1 (continued)                                                 
 
 
NOTES 
 
 
(a)  The series is derived from data reported by th e Corpo delle miniere. 
 
(b)  The figures for the early decades are extensiv ely interpolated. 
 
(c)  The series is derived, from 1896, from product ion-tax output data; in prior years, it is 
     estimated from trade flows and extrapolated co nsumption. 
 
(d)  Production is measured in citrus-oil equivalen t.  The series is estimated as the sum of 
     exports and domestic-oil consumption; the latt er is directly estimated in the census 
     years, and interpolated with a luxury-good con sumption index. 
 
(e)  Production is directly estimated in the census  years, and interpolated with a luxury- 
     good consumption index. 
 
(f)  Production is measured in soap-equivalent; it is directly estimated in three benchmark 
     years, and interpolated by the estimated stock  of textiles. 
 
(g)  Production is estimated from figures reported by contemporary experts. 
 
(h)  Production includes an allowance for clandesti ne output. 
 
(i)  Production includes an allowance for on-site p roduction. 
 
(j)  Production is estimated from that of the relev ant explosives. 
 
(k)  Production is estimated from raw material impo rts around 1900, and indexed by the 
     production of cloth. 
 
(l)  Production is estimated from raw material supp lies in 1911, and indexed by construction 
     movements. 
 
(m)  Production is estimated from raw material impo rts. 
 
(n)  Production is measured in medicinal-compound e quivalent; it is estimated as consumption, 
     interpolated from census-year benchmarks, less  net imports. 
 
(o)  Production is estimated from consumption for e xplosives, allowing for net imports. 
 
(p)  Production is estimated on the basis of coke a nd gas production. 
 
(q)  Production is estimated from scattered evidenc e. 
 
(r)  Production is estimated as the net output of i ntermediates, equal to net exports. 
 
(s)  Production is estimated from trade flows. 
 
(t)  Production is estimated as net exports plus a consumption trend. 



Summary Table D.2 
The chemical, coal and petroleum products, and rubb er industries:  value added in 1911 

 
 
1.  By product  
___________________________________________________ _______________________________ 
 
 (1)           (2)                               (3 )                (4)      (5) 
      Physical series                           Value            Total value ad ded 
series                                          add ed             million   series 
 code         product                          per unit            lire      code 
___________________________________________________ _______________________________ 
 
CHEMICALS 
 
Principal acids 
daa01    65% sulfuric acid                  19.000 lire/ton        11.326   daa01v 
daa02    62% soda nitric acid              155.000 lire/ton         1.380   daa02v 
daa03    33% Leblanc hydrochloric acid      30.000 lire/ton          .501   daa03v 
 
Matches 
dab01    matches                            95.000 lire/million     8.851   dab01v 
 
Fats and oils 
dac01    essential oils                  2,100.000 lire/ton         2.694   dac01v 
dac02    beeswax products                1,500.000 lire/ton         2.400   dac02v 
dac03    other fats and oils               123.400 lire/ton        26.408   dac03v 
 
Fertilizer 
dad01    superphosphates                    15.500 lire/ton        14.648   dad01v 
dad02    Thomas slag                         2.500 lire/ton          .050   dad03v 
 
Explosives 
dae01    coarse gunpowder                  500.000 lire/ton         1.550   dae01v 
dae02    dynamite, cheddite, promethus   1,550.000 lire/ton         1.851   dae02v 
dae03    other explosives                2,100.000 lire/ton         7.413   dae03v 
dae04    explosive munitions               330.000 lire/ton         2.673   dae04v 
 
Coloring materials 
daf01    lead white                        140.000 lire/ton          .446   daf01v 
daf02    minium                            110.000 lire/ton          .202   daf02v 
daf03    litharge                           70.000 lire/ton          .051   daf03v 
daf04    iron red                           70.000 lire/ton          .000   daf04v 
daf05    zinc white                         80.000 lire/ton          .107   daf05v 
daf06    zinc green                        125.000 lire/ton          .003   daf06v 
daf07    chrome green                      100.000 lire/ton          .007   daf07v 
daf08    natural dyestuffs                 250.000 lire/ton         3.095   daf08v 
daf09    paints                            250.000 lire/ton         9.675   daf09v 
 
Pharmaceuticals 
dag01    quinine                         6,500.000 lire/ton          .062   dag01v 
dag02    other pharmaceuticals           1,875.000 lire/ton        21.313   dag02v 
 
Electrochemicals and gases 
dah01    arc nitric acid                   250.000 lire/ton          .225   dah01v 
dah02    synthetic hydrochloric acid        50.000 lire/ton          .034   dah02v 
dah03    liquid carbon dioxide             355.000 lire/ton          .556   dah03v 
dah04    hydrogen                             .950 lire/cu. m.       .008   dah04v 
dah05    cell oxygen                         4.750 lire/cu. m.       .019   dah05v 
dah06    Linde oxygen                        2.285 lire/cu. m.       .853   dah06v 
dah07    liquid nitrogen                   900.000 lire/ton          .009   dah07v 
dah08    liquid chlorine                   650.000 lire/ton          .083   dah08v 
dah09    liquid ammonia                  1,200.000 lire/ton          .012   dah09v 
dah10    liquid sulfur dioxide             750.000 lire/ton          .000   dah10v 
dah11    solid caustic soda                150.000 lire/ton          .506   dah11v 
dah12    liquid caustic soda                75.000 lire/ton          .390   dah12v 
dah13    bleaching powder                  125.000 lire/ton         1.130   dah13v 
dah14    sodium hypochlorite                60.000 lire/ton          .027   dah14v 
dah15    potassium chlorate                650.000 lire/ton          .325   dah15v 
dah16    sodium chlorate                   650.000 lire/ton          .128   dah16v 
dah17    carbon tetrachloride              275.000 lire/ton          .006   dah17v 
dah18    calcium carbide                   125.000 lire/ton         4.094   dah18v 
dah19    calcium cyanamide                 100.000 lire/ton          .447   dah19v 
dah20    carbon electrodes                 430.000 lire/ton          .635   dah20v 
dah21    barium salts                       40.000 lire/ton          .107   dah21v 
dah22    sodium sulfide                     55.000 lire/ton          .022   dah22v 
dah23    ferrosilicon                      180.000 lire/ton          .336   dah23v 



Summary Table D.2 (continued) 
 
 
 
 
___________________________________________________ _______________________________ 
 
 (1)           (2)                               (3 )                (4)      (5) 
      Physical series                           Value            Total value ad ded 
series                                          add ed             million   series 
 code         product                          per unit            lire      code 
___________________________________________________ _______________________________ 
 
Other inorganic chemicals  
dai01    refined sulfur                      8.500 lire/ton         1.418   dai01v 
dai02    sulfur dust                        11.220 lire/ton         2.008   dai02v 
dai03    alum                               34.000 lire/ton          .093   dai03v 
dai04    aluminum sulfate                   26.000 lire/ton          .065   dai04v 
dai05    arsenic anhydride                 350.000 lire/ton          .000   dai05v 
dai06    borax                              80.000 lire/ton          .059   dai06v 
dai07    refined boric acid                 50.000 lire/ton          .022   dai07v 
dai08    carbon disulfide                  150 000 lire/ton          .492   dai08v 
dai09    copper sulfate                     73.000 lire/ton         3.185   dai09v 
dai10    hydrofluoric acid                 200.000 lire/ton          .002   dai10v 
dai11    hydrogen peroxide                  90.000 lire/ton          .204   dai11v 
dai12    ferrous sulfate                    19.000 lire/ton          .022   dai12v 
dai13    nitrated lead oxide               200.000 lire/ton          .012   dai13v 
dai14    magnesium carbonate               400.000 lire/ton          .160   dai14v 
dai15    magnesium sulfate                  43.000 lire/ton          .088   dai15v 
dai16    potassium dichromate              530.000 lire/ton          .276   dai16v 
dai17    saltpetre                         160.000 lire/ton          .336   dai17v 
dai18    calcined soda                      75.000 lire/ton          .000   dai18v 
dai19    soda crystals                      15.000 lire/ton          .033   dai19v 
dai20    sodium dichromate                 512.000 lire/ton          .216   dai20v 
dai21    disodium phosphate                155.000 lire/ton          .104   dai21v 
dai22    solid sodium silicate              65.000 lire/ton          .059   dai22v 
dai23    liquid sodium silicate             25.000 lire/ton          .175   dai23v 
dai24    sodium sulfate                     28.000 lire/ton          .382   dai24v 
dai25    Glauber's salt                     24.000 lire/ton          .145   dai25v 
dai26    sodium bisulfite                   23.000 lire/ton          .022   dai26v 
dai27    sodium thiosulfate                 70.000 lire/ton          .008   dai27v 
dai28    pink salt                         100.000 lire/ton          .001   dai28v 
dai29    zinc salts                         75.000 lire/ton          .002   dai29v 
  
 
Other organic chemicals  
daj01    ammonium sulfate                   80.000 lire/ton          .716   daj01v 
daj02    aqueous ammonia                    68.000 lire/ton          .374   daj02v 
daj03    calcium ferrocyanide              200.000 lire/ton          .033   daj03v 
daj04    acetic acid                       230.000 lire/ton          .254   daj04v 
daj05    lead acetate                      100.000 lire/ton          .020   daj05v 
daj06    citric acid                     2,000.000 lire/ton          .100   daj06v 
daj07    calcium citrate                   500.000 lire/ton         4.075   daj07v 
daj08    concentrated lemon juice          170.000 lire/ton          .073   daj08v 
daj09    tanning extracts                   50.000 lire/ton         1.600   daj09v 
daj10    tartaric acid                     400.000 lire/ton         1.120   daj10v 
daj11    cream of tartar                   200.000 lire/ton          .180   daj11v 
daj12    photographic materials              4.000 lire/sq. m.      1.868   daj12v 
 
 
COAL AND PETROLEUM PRODUCTS 
 
Refineries 
dba01    tar and petroleum products         90.000 lire/ton         1.413   dba01v 
 
Other coal and petroleum products 
dbb01    briquettes                          3.700 lire/ton         3.030   dbb01v 
dbb02    metallurgical coke                 11.000 lire/ton         3.998   dbb02v 
dbb03    artificial asphalt                 15.000 lire/ton          .111   dbb03v 
dbb04    asphalt powder                      4.000 lire/ton          .128   dbb04v 
dbb05    asphalt mastic                     12.000 lire/ton          .199   dbb05v 
dbb06    paving stones                      33.000 lire/ton          .048   dbb06v 
dbb07    crude bitumen                      30.000 lire/ton          .016   dbb07v 
dbb08    refined bitumen                    30.000 lire/ton          .008   dbb08v 
 
 
RUBBER PRODUCTS 
dca01    rubber products                 1,780.000 lire/ton         9.060   dca01v 
___________________________________________________ ______________________________ 



Summary Table D.2 (continued) 
 
 
2.  By industry 
___________________________________________________ _____________________________ 
 
   (1)           (2)                        (3)                  (4) 
                                        Value added   
  Code        Industry                 (million lir e)      Component series 
___________________________________________________ _____________________________ 
 
Chemicals 
daav    principal acids                    13.206          daa01v--daa03v 
dabv    matches                             8.851          dab01v 
dacv    fats and oils                      31.502          dac01v--dac03v 
dadv    fertilizer                         14.698          dad01v--dad02v 
daev    explosives                         13.487          dae01v--dae04v 
dafv    coloring materials                 13.588          daf01v--daf09v 
dagv    pharmaceuticals                    21.375          dag01v--dag02v 
dahv    electrochemicals and gases          9.953          dah01v--dah23v 
daiv    other inorganic chemicals           9.589          dai01v--dai29v 
dajv    other organic chemicals            10.412          daj01v--daj12v 
                                            
Coal and petroleum products 
dbav    refineries                          1.413          dba01v 
dbbv    other products                      7.538          dbb01v--dbb08v 
 
Rubber 
dcav    rubber products                     9.060          dca01v 
___________________________________________________ _____________________________ 
 
 
 
3.  By industry group 
___________________________________________________ _____________________________ 
 
   (1)           (2)                        (3)                  (4) 
                                        Value added   
  Code     Industry group              (million lir e)      Component series 
___________________________________________________ __________________________ 
 
dav     chemicals                         146.660            daav--dajv 
dbv     coal and petroleum products         8.951            dbav--dbbv  
dcv     rubber                              9.060            dcav 
 
dv      chemicals etc.                    164.671             dav--dcv 
___________________________________________________ __________________________ 
 
Note to Panel 1:  the disaggregated value added ser ies identified in col. 5 are the physical 
series identified in col. 1, weighted by by the uni t value added estimates in col. 3.  The 
latter are variously obtained from evidence on outp ut prices and per-unit raw material costs, 
or on (total or per-unit) labor and capital costs. 
 
Note to Panels 2 and 3:  the aggregate value added series identified in col. 1 are simple 
sums of the component series identified in col. 4. 



Summary Table D.3 
The chemical, coal and petroleum products, and rubb er industries: 

value added at 1911 prices, 1861-1913 (million lire ) 
 
___________________________________________________ __________________________________________  
 
          (1)        (2)        (3)        (4)        (5)        (6)        (7)        (8) 
                                              Chemi cals    _                                .   
         Princ.                Fats       Ferti-     Explo-   Coloring    Pharma-    Electr. 
         acids     Matches   and oils     lizer      sives    materials  ceuticals  and gases 
                                                                            
code:     daav       dabv       dacv       dadv       daev       dafv       dagv       dahv 
___________________________________________________ __________________________________________ 
 
1861       .074      2.343      6.061       .000      1.579      5.934      8.153       .000 
1862       .080      2.385      6.206       .000      1.105      6.329      8.206       .000 
1863       .085      2.428      6.312       .000      1.051      6.174      7.883       .000 
1864       .091      2.473      6.536       .000      1.655      6.345      8.045       .000 
                                                              
1865       .099      2.518      6.492       .000      1.639      6.374      7.838       .000 
1866       .106      2.563      6.606       .000      1.829      6.065      8.029       .000 
1867       .114      2.610      6.405       .000      1.614      6.183      8.105       .000 
1868       .124      2.632      6.666       .000      1.285      6.053      8.234       .000 
1869       .137      2.688      6.988       .000      1.255      6.258      8.373       .000 
                                                               
1870       .153      2.746      6.895       .000      1.126      6.233      8.634       .000 
1871       .171      2.808      7.111       .000      1.326      6.390      8.855       .000 
1872       .190      2.825      7.461       .000      2.187      6.516      8.806       .000 
1873       .213      3.017      7.485       .000      2.079      6.761      8.666       .000 
1874       .241      3.134      7.713       .000      2.225      6.766      8.329       .000 
                                                              
1875       .274      3.259      8.026       .016      1.611      6.719      8.809       .000 
1876       .312      3.297      8.408       .047      2.109      6.688      8.521       .000 
1877       .358      3.715      8.687       .062      2.074      6.707      8.758       .000 
1878       .413      4.073      8.746       .078      2.147      6.753      8.758       .000 
1879       .481      4.355      8.926       .093      2.067      6.776      9.323       .000 
                                                              
1880       .531      4.521      9.103       .124      2.278      6.945      8.606       .000 
1881       .589      4.885      9.673       .155      2.712      7.165      9.927       .000 
1882       .656      4.879      9.962       .186      2.734      7.284      9.359       .000 
1883       .734      5.051     10.290       .233      2.879      7.585      9.575       .000 
1884       .884      5.029     10.531       .295      2.628      7.822      9.049       .000 
                                                              
1885       .992      4.833     11.131       .372      2.771      8.407      9.125       .000 
1886      1.123      4.844     11.689       .465      2.971      8.753      9.013       .000 
1887      1.147      4.851     12.232       .512      3.166      8.886      9.125       .000 
1888      1.274      4.855     12.236       .574      3.269      8.956      9.418       .000 
1889      1.249      4.820     12.490       .667      2.998      8.788      9.541       .000 
 
1890      1.608      4.931     12.726       .744      3.545      8.678      9.875       .001 
1891      1.812      4.960     12.812       .915      4.236      8.575      9.973       .004 
1892      1.846      5.084     13.102      1.101      4.440      8.345     10.164       .004 
1893      1.833      5.297     13.304      1.194      3.974      8.504     10.171       .007 
1894      2.201      5.539     13.903      1.411      2.661      9.293     10.447       .015 
                                                               
1895      2.531      5.645     14.255      2.403      2.678      9.376     10.673       .039 
1896      2.677      5.506     14.731      2.527      2.741      9.559     10.928       .045 
1897      3.129      5.781     15.382      2.821      3.884      9.576     10.876       .132 
1898      3.385      5.755     15.795      3.521      3.850      9.583     11.063       .156 
1899      3.842      5.714     16.689      4.286      4.394      9.748     11.465       .223 
                                                               
1900      4.999      6.179     16.850      5.732      3.866      9.499     10.783       .462 
1901      5.091      6.839     17.097      5.892      3.816      9.607     11.015      1.429 
1902      5.379      7.230     17.822      6.300      3.182     10.042     12.644      2.474 
1903      5.910      7.620     18.291      7.034      5.136     10.193     13.411      3.624 
1904      6.029      7.909     19.338      7.147      5.878     10.647     14.209      4.710 
                                                               
1905      6.657      8.136     20.222      7.974      6.101     10.755     14.770      5.159 
1906      7.889      8.293     21.755      8.720      6.818     11.677     16.043      5.520 
1907      9.356      8.637     24.114     10.133      7.686     12.182     17.854      6.502 
1908     11.301      8.865     26.212     12.683      8.305     12.822     18.069      8.261 
1909     12.859      9.223     28.399     14.574      9.917     13.072     19.517      9.420 
                                                               
1910     14.300      9.602     29.822     16.325     10.610     13.086     20.637      9.249 
1911     13.206      8.851     31.502     14.698     13.487     13.588     21.375      9.953 
1912     13.917      8.528     33.523     15.845     15.577     14.029     23.217     11.917 
1913     14.494      9.272     34.080     15.116     20.399     13.761     24.328     14.703 
___________________________________________________ _________________________________________ 



Summary Table D.3 (continued) 
 
 
 
___________________________________________________ __________________________________________  
 
          (9)       (10)       (11)       (12)       (13)       (14)       (15)       (16) 
                  Chemicals              Coal and petroleum products      Rubber  .  
         Other      Other                                                             Group 
         inorg.      org.      Total    Refineries   Other      Total      Total      total 
                                                                            
code:     daiv       dajv       dav        dbav       dbbv       dbv        dcv        dv 
___________________________________________________ __________________________________________ 
 
1861       .639       .428     25.210       .072       .273       .345       .000     25.555 
1862       .574       .338     25.223       .072       .269       .341       .000     25.564 
1863       .579       .492     25.004       .072       .272       .344       .000     25.348 
1864       .613       .706     26.464       .072       .270       .342       .000     26.806 
                                                                                       
1865       .624       .574     26.157       .072       .274       .346       .000     26.503 
1866       .657       .495     26.350       .072       .268       .340       .000     26.690 
1867       .662       .368     26.061       .072       .260       .332       .000     26.393 
1868       .663       .402     26.059       .072       .257       .329       .000     26.388 
1869       .714       .424     26.837       .072       .252       .324       .000     27.160 
                                                                                       
1870       .710       .533     27.030       .063       .248       .311       .000     27.341 
1871       .803       .513     27.976       .063       .253       .316       .000     28.293 
1872       .858       .876     29.720       .063       .279       .342       .000     30.061 
1873       .936       .771     29.928       .063       .256       .319       .036     30.283 
1874      1.029       .820     30.257       .063       .286       .349       .125     30.730 
                                                                                       
1875      1.054       .582     30.351       .063       .322       .385       .142     30.879 
1876      1.242       .682     31.306       .063       .415       .478       .107     31.891 
1877      1.434       .695     32.490       .063       .473       .536       .196     33.222 
1878      1.647       .705     33.319       .063       .508       .571       .089     33.980 
1879      1.691       .814     34.525       .063       .628       .691       .142     35.358 
                                                                                       
1880      1.876       .635     34.620       .063       .651       .714       .125     35.459 
1881      2.132      1.006     38.243       .063       .764       .827       .231     39.302 
1882      2.181       .929     38.170       .063       .839       .902       .285     39.357 
1883      2.360      1.077     39.783       .072      1.005      1.077       .356     41.216 
1884      2.513      1.180     39.930       .072      1.185      1.257       .409     41.597 
                                                                                       
1885      2.778      1.114     41.524       .072      1.311      1.383       .623     43.530 
1886      2.948      1.055     42.861       .081      1.500      1.581       .463     44.905 
1887      3.272      1.230     44.421       .081      1.708      1.789       .730     46.940 
1888      2.792      1.172     44.545       .090      2.036      2.126       .712     47.383 
1889      2.575      1.486     44.614       .090      1.989      2.079      1.086     47.779 
                                                                                       
1890      2.706      1.518     46.332       .099      2.282      2.381      1.104     49.817 
1891      3.357      1.395     48.037       .144      2.512      2.656       .605     51.299 
1892      3.770      1.581     49.437       .270      2.425      2.695       .926     53.057 
1893      3.504      2.010     49.796       .324      2.224      2.548      1.157     53.501 
1894      3.633      2.155     51.257       .252      2.080      2.332      1.584     55.173 
                                                                                       
1895      3.686      2.178     53.464       .495      1.858      2.353      1.620     57.437 
1896      3.910      2.346     54.969       .369      1.821      2.190      1.691     58.850 
1897      4.186      2.518     58.286       .306      2.311      2.617      2.047     62.950 
1898      5.310      2.489     60.907       .450      2.496      2.946      2.083     65.936 
1899      5.562      2.957     64.879       .486      2.544      3.030      2.207     70.117 
                                                                                       
1900      6.935      2.968     68.272       .549      3.164      3.713      2.350     74.334 
1901      6.465      3.266     70.516       .378      3.424      3.802      2.100     76.418 
1902      5.961      4.465     75.500       .423      3.511      3.934      2.403     81.837 
1903      6.663      4.422     82.303       .414      3.959      4.373      2.261     88.936 
1904      6.967      6.204     89.037       .594      4.902      5.496      2.261     96.794 
                                                                                       
1905      7.811      5.653     93.237       .891      5.259      6.150      2.528    101.914 
1906      8.349      6.615    101.679       .990      5.242      6.232      3.845    111.756 
1907      9.267      7.547    113.279       .963      4.803      5.766      3.311    122.355 
1908      9.079      8.878    124.474       .999      4.519      5.518      5.109    135.101 
1909      7.534      6.496    131.010       .999      6.599      7.598      5.233    143.840 
                                                                                      
1910      9.089      8.881    141.602      1.116      8.345      9.461      6.622    157.684 
1911      9.589     10.412    146.660      1.413      7.538      8.951      9.060    164.671 
1912     10.243     10.721    157.517      1.260      8.649      9.909     12.834    180.259 
1913      9.533      9.510    165.195      1.017      9.395     10.412      9.203    184.810 
___________________________________________________ _________________________________________ 
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