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MISTS FROM STRONG INORGANIC ACIDS

Occupational exposures to mists and vapours from sulfuric acid and other strong inorganic
acids were considered by an IARC Working Group in 1991 (IARC, 1992). Since that time new
data have become available, which have been incorporated in this Monograph, and taken
into consideration in the present evaluation. A separate Monograph on ‘Isopropyl Alcohol
Manufacture by the Strong-acid Process’ — updating earlier evaluations on this agent (IARC,
1977, 1987) — appears elsewhere in this volume.

1. Exposure Data

1.1 Manufacturing processes

Major industries with exposure to strong
inorganic acid mists include those that manufac-
ture phosphate fertilizer, isopropanol (isopropyl
alcohol), synthetic ethanol (ethyl alcohol),
sulfuric acid, nitric acid, and lead batteries.
Exposure also occurs during copper smelting,
and pickling and other acid treatment of metals
(Suresh, 2009).

Minor uses of sulfuric acid include applica-
tions in petroleum refining, mining, metallurgy;,
and ore processing, in the synthesis of inorganic
and organic chemicals, synthetic rubber and
plastics, in the processing of pulp and paper, the
manufacture of soap and detergents, cellulose
fibres and films, inorganic pigments and paints,
and in water treatment. The use of sulfuric acid is
declining in some industries. For example, there
is a trend in the steel industry to use hydrochloric
acid instead of sulfuric acid in the metallurgic
process of pickling, and hydrofluoric acid has
replaced sulfuric acid for some applications in
the petroleum industry (IARC, 1992; ATSDR,
1998; NTP, 2005).

1.2 Human exposure

1.2.1 Occupational exposure

Strong inorganic acid mists may be produced
as a result of the use of inorganic acids, including
sulfuric acid, in various industrial processes, as
indicated in the previous section (IARC, 1992).
The amount of vapour or mist that is produced
varies with the process and the method. In pick-
ling, for instance, mist may escape from tanks
filled with acid, when hydrogen gas and steam
rise from the surface of the solution (NTP, 2005).

CAREX (CARcinogen EXposure) is an inter-
national information system on occupational
exposure to known and suspected carcino-
gens, based on data collected in the European
Union from 1990 to 1993. The CAREX database
provides selected exposure data and documented
estimates of the number of exposed workers by
country, carcinogen, and industry (Kauppinen
et al.,2000). Table 1.1 shows the results for strong
inorganic acid mists containing sulfuric acid in
the European Union by industry (CAREX, 1999).

From the National Occupational Exposure
Survey (1981-83) it was estimated that
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Table 1.1 Estimated numbers of workers exposed to strong inorganic acid mists containing

sulfuric acid in the European Union

Industry, occupational activity

Manufacture of industrial chemicals

Manufacture of fabricated metal products, except machinery and equipment

Construction

Wholesale and retail trade and restaurants and hotels
Medical, dental, other health and veterinary services
Iron and steel basic industries

Manufacture of other chemical products

Manufacture of electrical machinery, apparatus, appliances and supplies

Manufacture of machinery except electrical
Food manufacturing
TOTAL

78400
67800
63600
63300
58000
37100
33800
30800
29300
25300
700000

From CAREX (1999), see also Kauppinen ef al. (2000)

approximately 776000 workers (including
approximately 174000 women) in the United
States of America (USA) were potentially exposed
to sulfuric acid (NIOSH, 1990). [The Working
Group noted that these numbers do not specifi-
cally reflect exposures to strong inorganic acid
mists.]

Exposure to strong inorganic acid mists
containing sulfuric acid may occur by inhala-
tion, ingestion, and dermal contact. Exposure
depends on many factors including particle
size, proximity to the source, and control meas-
ures such as ventilation and containment. Data
on particle-size distribution of acid mists are
limited, and sampling methods have generally
not differentiated between liquid and gaseous
forms of the acids (IARC, 1992; NTP, 2005).

Sulfuric acid is used with other strong inor-
ganic acids in many manufacturing processes,
during which strong inorganic acid mists may
be generated. Data from studies on exposure to
inorganic acid mists published since the previous
IARC Monograph (IARC, 1992) are briefly
summarized below.

Sathiakumar ef al. (1997) reviewed and cate-
gorized 25 epidemiological studies on the basis of
high (> 1 mg/m?; 8-hour time-weighted average),
moderate (0.1-1 mg/m’) and low (< 0.1 mg/m’)
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exposure to sulfuric acid mists. Workers in the
production of sulfuric acid and isopropanol,
and in metal pickling were considered to have
potentially high exposure, while workers in the
production of soap and detergent, nitric acid,
and ethanol were assumed to have moderate
exposure. The lowest estimated exposures were
for workers in copper and zinc refining and in
the production of phosphate fertilizers and lead
batteries. This grouping generally applies to
exposures that occurred before 1970. In the early
1970s, the exposure started to decline due to
the use of lower concentrations of the acids and
improved industrial control measures.

Aerosol sampling was conducted at 24 loca-
tions in eight plants that manufactured phos-
phoric acid and concentrated fertilizer in Florida
(USA) and in two locations as control sites else-
where in Florida. In general, sulfate, fluoride,
ammonium, and phosphate were the major
chemical species found in the fertilizer plants.
At the sulfuric acid tank, sulfate was the domi-
nant substance, with a maximum PM, sulfate
concentration of 181 ug/m’®. The concentrations
of sulfate-containing PM, , including ammo-
nium sulfate, calcium sulfate, and sulfuric acid
were lower than 200 pg/m? at all locations (Hsu
et al., 2007a, b, 2008).




Inamultidisciplinary cross-sectional study of
22 galvanic plants in Sao Paulo, Brazil from 1993
to 1996, ambient air was collected and personal
exposure measurements were conducted on
five consecutive working days. The geometric
means for the concentration of sulphuric acid in
ambient-air samples from five anodising plants
varied from 34.7 to 2133.6 ug/m3 (total range,
7.2-2780.0 pg/m3); for personal samples, the
geometricmeansranged from12.7t0396.5 ug/m3
(total range, 5.3-865.6 pg/m3) (Grasel et al.
2003).

Steenland (1997) described a follow-up study
of a cohort of 1156 acid-exposed steelworkers
employed in the USA between 1940 and 1965. The
workers were followed until the end of October
1994. Historically, sulfuric acid was the most
common acid used for pickling, but in the mid-
1960s it was gradually replaced by hydrochloric,
nitric, hydrofluoric, and hydrocyanic acid, with
hydrochloric acid being the most common. For
two of the three plants, personal exposure levels
for sulfuric acid in air averaged 0.19 mg/m’ in the
period 1975-79 (time-weighted average, based on
15 samples) and the average concentration in the
work area was 0.29 mg/m’ (based on 34 samples).
Exposures in the third plant were estimated to
have been similar.

Exposure to mineral acid mists was assessed
at two battery manufacturers (factories A and B,
established in 1914 and 1929, respectively) and
two steel works (factories C and D, established
in 1948 and 1945, respectively) in the United
Kingdom. In both factories exposure to sulfuric
acid occurred principally during the forma-
tion and charging processes. Other exposures
included those to asbestos - crocidolite and
chrysotile -, lead, stibine, and pitch. Fixed-site
monitoring of sulfuric acid was conducted from
1970 onwards and showed concentrations in air
0f0.1-0.7 mg/m*in factory A, and 0.4-2.0 mg/m*
in factory B. In the steel works C and D, sulfuric
acid was used to clean steel before plating and
galvanizing. Although its use was phased out
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in favour of hydrochloric acid in both factories,
sulphuric acid continued to be used in the hot
sheet finishing and plating areas in factory C, and
in galvanizing processes in factory D. No occu-
pational hygiene measurements of acid mists
were available for either steel factory (Coggon
et al., 1996).

2. Cancer in Humans

Occupational exposures to mists from strong
inorganic acids (e.g. sulfuric, hydrochloric, nitric
and phosphoric acids) were last evaluated by a
previous IARC Monograph (IARC, 1992), which
concluded that there is sufficient evidence for the
carcinogenicity to humans of occupational expo-
sure to strong-inorganic-acid mists containing
sulfuric acid.

2.1 Cohort studies

Industries with exposure to strong inorganic
acids have been categorized with respect to
potential average exposure levels to sulfuric acid
mists: highest — metal pickling, sulfuric acid
production, isopropanol production; moderate
— soap and detergent production, nitric acid,
and ethanol production; and low — copper and
zinc refining, phosphate fertilizer production,
and lead battery production (Sathiakumar et al.,
1997).

2.1.1 Metal pickling

Sulfuric acid and other inorganic acids have
been used to pickle steel (i.e. remove scale and
oxides from the metal surface) as part of the
finishing process in the steel industry. Cohorts in
Sweden, the USA and France have been studied
(Mazumdar et al., 1975; Ahlborg et al., 1981;
Beaumont et al., 1987; Steenland et al., 1988;
Steenland & Beaumont, 1989; Steenland, 1997;
Moulin et al., 2000; see Table 2.1, available at
http://monographs.iarc.fr/ENG/Monographs/
vol100F/100E-28-Table2.1.pdf). Studies on cancer
of the larynx showed statistically significant
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excess risks in Sweden (Ahlborg ef al., 1981)
and the USA (Steenland, 1997), while in a study
from France non-significant excesses were found
(Moulin et al., 2000). In the US cohort, Steenland
& Beaumont (1989) found a significant excess
risk for cancer of the lung, considering a latency
period of 20 years.

2.1.2 Sulfuric and nitric acid manufacture

Englander et al. (1988) reported a non-
significant twofold excess of respiratory cancers
and increases in bladder-cancer mortality in a
Swedish sulfuric acid factory. Excesses of myeloid
leukaemia were noted in an Italian sulfuric acid
factory (Pesatori et al., 2006), and increased
risks for lung and pleural cancer were found in
a Norwegian nitric acid plant (SIR = 4.5; 95%CI:
2.6-7.2) (Hiltetal., 1985). Anelevated lung-cancer
mortality was observed among men working
with acid mixtures in an Italian factory, but the
increase was not statistically significant (Rapiti
et al., 1997). Likewise, at two US tanneries where
sulfuric acid was used in the de-liming, bating
and pickling subdepartments of the beamhouse,
an elevated lung-cancer mortality was found, but
the increase was not significant (Stern, 2003; see
Table 2.1, on-line).

2.1.3 Manufacture of isopropanol and
ethanol

See also the Monograph on Isopropyl Alcohol
Manufacture by the Strong-acid Process in this
volume.

In addition to acid mists, workers in isopro-
panol and ethanol production may be exposed
to alloy/sulfates and isopropanol oils. Cohort
studies in one factory in the United Kingdom
and four in the USA where isopropyl alcohol and
ethyl alcohol were manufactured by the strong-
acid process showed asignificant excess of cancers
in the upper respiratory tract — nasal sinus,
pharynx, larynx - and buccal cavity. Hueper
(1966) found significant excesses of nasal sinus
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and larynx cancers combined (SIR 21.9, 95%CI:
7.9-56.1) based on two cases each. In the same
facility, Lynch et al. (1979) reported significant
excesses for cancer of the larynx. Subsequently, a
nested case—control study among workers in the
same plant assessed 50 upper respiratory tract
cancer cases and controls with regards to expo-
sure to sulfuric acid and other agents. Those with
“high” sulfuric acid exposure had an increased
risk (OR, 5.2; 95%CI: 1.2-22.1) for pharyngeal,
sinus, or laryngeal cancer (Soskolne ef al., 1984;
see Table 2.1, on-line).

Excess risks for buccal cavity and pharynx
cancer were identified in an isopropyl alcohol
production unit in the USA, which began opera-
tion in 1941 and had employed 433 workers
through 1965 (Enterline, 1982).

Weil et al. (1952) reported a highly significant
risk for nasal sinus cancer, based on four cases,
in an isopropyl alcohol production facility in the
USA. A case-control study of lympho-haemato-
poietic malignancies at the same plant showed
an elevated risk for non-Hodgkin lymphoma
among workers ever exposed to alkyl sulfates,
including those in the isopropyl and ethyl alcohol
production units, where sulfuric acid was used
(Ottet al., 1989). In a subsequent mortality study
conducted in this facility, workers in isopropanol
and ethanol production had a statistically signifi-
cantly increased mortality risk for lympho- and
reticulosarcoma (Teta et al., 1992; see Table 2.1,
on-line). Mortality from upper respiratory and
lympho-haematopoietic cancers was also inves-
tigated in another isopropanol- and ethanol-
manufacturing facility in the USA, but significant
cancer excesses were not observed in this case
(Teta et al., 1992). In an isopropyl alcohol-manu-
facturing unit in the United Kingdom, nine
cancer deaths had occurred by 1980, including
one from nasal sinus cancer; this was statistically
significant (Alderson & Rattan, 1980).




2.1.4 Soap manufacture

The only study of soap-manufacturing
workers exposed to sulfuric acid vapours in
the hydrolysis and saponification areas, found
increased risks — not statistically significant -
for laryngeal cancer incidence and mortality
through 1983 (Forastiere ef al., 1987).

2.1.5 Manufacture of phosphate and nitrate
fertilizer

Sulfuric acid is used to convert phosphate
rock to phosphoric acid and superphosphate;
nitric acid is the precursor of nitrate fertilizers.
Many fertilizer plants manufacture these two
acids on site (Al-Dabbagh et al., 1986; Rafnsson
& Gunnarsdéttir, 1990; Hagmar et al., 1991;
Fandrem et al., 1993; Checkoway et al., 1996).
Several research groups studied phosphate-ferti-
lizer manufacturing in the USA (Stayner ef al.,
1985;Blocketal., 1988; Checkowayetal.,1996). All
found elevated lung cancer mortality, with higher
rates for those who had been employed longer.
Nitrate-fertilizer manufacture has been studied
in Iceland, Norway, the Russian Federation,
Sweden, and the United Kingdom (Al-Dabbagh
et al., 1986; Rafnsson & Gunnarsdottir, 1990;
Hagmar et al., 1991; Fandrem et al., 1993;
Zandjani et al., 1994; Bulbulyan et al., 1996).
None of these studies found statistically signifi-
cantly elevated risks among workers potentially
exposed to nitric acid mists except the study from
Sweden (Zandjani ef al., 1994), which showed a
standardized incidence ratio (SIR) for stomach
cancer of 1.50 (P < 0.05) for 27 men hired before
1960, and an SIR for testicular cancer of 3.33
(P < 0.05) for 5 men hired during or after 1960.
In a factory complex where both phosphate and
nitrate fertilizers were manufactured, Bulbulyan
et al. (1996) reported a statistically significant
increase in stomach-cancer mortality for men
in the sulfuric acid tower department (11 deaths,
SMR 2.04, 95%CIL: 1.02-3.66) (see Table 2.1,
on-line).
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2.1.6 Battery manufacture

Mortality for all cancers combined and for
various separate respiratory cancers has been
reported from four cohort studies of battery-
manufacturing workers (one including cohorts
from steel works as well) in the United Kingdom
and the USA (Malcolm & Barnett, 1982; Cooper
et.al.,1985; Coggonetal., 1996; Sorahan & Esmen,
2004; see Table 2.1, on-line). In two studies,
excesses of laryngeal cancer were found (Cooper
et al., 1985; Sorahan & Esmen, 2004). Within the
United Kingdom cohort, a nested case-control
analysis was carried out in two battery-manufac-
turing plants and two steel works, with respect
to exposure to acid mists. The study included 15
cases with upper aerodigestive cancers (ICD-9
140-141, 143-149, 160-161) and 75 controls. The
odds of cancer among those with high exposure
to acids, or among those with five or more years
of high exposure were increased compared with
those with no exposure to acids, but this was not
statistically significant (Coggon et al., 1996).

2.1.7 Other industries

Two nested case-control studies, one in the
Norwegian nickel-refining industry (Grimsrud
et al., 2005) and one in the chemical industry in
the USA (Bond et al.,1986;1991) werereviewed. In
the first study, a job-exposure matrix for sulfuric
acid mist was developed, the second study devel-
oped a job-exposure matrix for hydrochloric
acid; neither found an association between acid
mist exposure and lung cancer.

2.2 Case—control studies

Case—control studies of cancer of the upper
respiratory tract, larynx, lung, stomach, and
other sites have evaluated whether exposure to
acid mists affected the cancer risk (see Table 2.2,
available at http://monographs.iarc.fr/ENG/
Monographs/vol100F/100F-28-Table2.2.pdf).
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2.2.1 Cancer of the nasal cavity and sinuses

Incident cases of sinonasal (ICD-9 160) cancer
in Piedmont, Italy, were matched with hospital
controls from the ear/nose/throat and ortho-
paedics departments over a four-year period.
For those whose histology was basocellular,
mucoepidermoid, neuroendocrine, undifferenti-
ated, or unspecified, ever having been exposed to
acid mists at work was associated with a higher
risk for these cancers (OR, 7.5; 95%CI: 2.0-28)
(d’Errico et al., 2009).

2.2.2 Cancer of the larynx

In Uruguay, 112 men diagnosed with
laryngeal cancer between 1993 and 1995 were
compared with 509 controls with cancer at other
sites: there was an OR of 1.2 (95%CI: 0.6-2.5) for
those who had been occupationally exposed to
acid mists for up to 20 years, while the OR for 21
or more years of exposure was 1.8 (95%CI: 1.1-3.1)
(De _Stefani et al., 1998). Soskolne et al. (1992)
assessed the duration and intensity of exposure
to sulfuric acid among laryngeal cancer casesin a
case—control study in Canada and found a dose—
response progression from < 10 years of prob-
able exposure (OR, 1.97; 95%CI: 0.6-6.1) to > 10
years of substantial exposure (OR, 5.6; 95%CI:
2.0-15.5). Zemta et al. (1987) asked 328 men with
laryngeal cancer and 656 controls without cancer
about “constant exposure to vapours of sulfuric,
hydrochloric, or nitric acid” and reported a rela-
tive risk of 4.27 (P < 0.001). In five other studies
(Olsen & Sabroe, 1984; Cookfair et al., 1985;
Brown et al., 1988; Eisen et al., 1994; Shangina
et al., 2006) no increased risks, or elevations that
were not statistically significant, were found (see
Table 2.2, on-line).

2.2.3 Cancer of the lung

Risks for cancer of the lung in association
with exposure to acid mists, sulfuric or hydro-
chloric acid, or “any inorganic acid or base” have
been reported from six case-control studies
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(see Table 2.2, on-line). No increased risks were
found in three nested case—control studies (Bond
et al., 1986; Bond et al., 1991; Moulin et al., 2000;
Grimsrud et al., 2005) in the USA, France and
Norway, or in an ecological study in Lithuania
(Petrauskaite et al., 2002).

2.2.4 Cancer at other sites

Three studies compared information on
death certificates. The limitations of this type
of study include possible misclassification, e.g.
when the death certificate lists occupation and
industry only for the most recent job rather than
for the longest employment. Data on possible
confounders are often lacking as well.

In two studies from the USA an increased
risk for cancer of the stomach was found associ-
ated with exposure to sulfuric acid, which was
derived from a job-exposure matrix applied to
the occupation and industry indicated on the
death certificates (Cocco et al., 1998, 1999; see
Table 2.2, on-line). Nearly 42000 certificates for
deaths from stomach cancer were compared with
certificates for decedents from non-malignant
diseases. White men with low, medium, or high
exposures to sulfuricacid, showed increasing ORs
(p for trend < 0.01) for stomach cancer, compared
with those not exposed to sulfuric acid. For black
men the increase was more moderate, and for
women - among whom only 17 of 16864 were
rated as having high exposure to sulfuric acid -
the ORs were lowest for the high-intensity group
(Cocco et al., 1999). A smaller study of cancer
of the gastric cardia (ICD-9 151.0) compared
1056 men who died of this cancer with 5280
men who died of non-malignant disease. Men
ever-exposed to sulfuric acid showed an OR of
1.2 (95%CI: 1.0-1.4), and increasing probability
and increasing intensity of exposure were both
associated with a significant P for trend (< 0.05
for probability, < 0.01 for intensity) (Cocco et al.
1998).

Another US study based on death certificates
evaluated breast-cancer risk and exposure to




acid mists, comparing 33509 cases and 117 794
controls. Homemakers had been excluded, as
well as controls who had died of other cancers.
Thus excluding women with a low probability of
exposure, those with the highest level of expo-
sure to acid mists had statistically significantly
elevated ORs for breast cancer, i.e. 1.16 (for
whites) and 1.44 (for blacks), after adjustment for
age and imputed socioeconomic status (Cantor
et al., 1995).

3. Cancer in Experimental Animals

No data were available to the Working Group.

4, Other Relevant Data

See the Monograph on ‘Isopropyl Alcohol
Manufacture by the Strong-acid Process’ in this
volume.

5. Evaluation

There is sufficient evidence in humans for the
carcinogenicity of mists from strong inorganic
acids. Mists from strong inorganic acids cause
cancer of the larynx.

Also, a positive association has been observed
between exposure to mists from strong inorganic
acids and cancer of the lung.

No data on the carcinogenicity of mists from
strong inorganic acids in experimental animals
were available to the Working Group.

While it is plausible that areas of localized
low pH from inhalation of inorganic acid mists
could damage DNA and increase cancer risks,
the evidence supporting DNA-damage induc-
tion or any other mechanism as the cause of the
observed cancers due to the inorganic acid mists
is weak.

Mists from strong inorganic acids are carci-
nogenic to humans (Group 1).

Strong inorganic acid mists
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