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SIDSINITIAL ASSESSMENT PROFILE

CAS No. 7664-93-9
Chemical Name Sulfuric acid
Structural Formula H,SO,

RECOMMENDATIONS

The chemical is a candidate for further work.

SUMMARY CONCLUSIONSOF THE SIAR

Human Health

The LC50 values for sulfuric acid aerosol observed in acute inhalation studies conducted in different species
arelow and are most likely due to the corrosive/irritant effect of this chemical. For guineapigs, the LC50 (8
hours; particle size approximately 1um) ranges from 0.018 to 0.050 mg/l, depending on the age of the
animals. Depending on the duration of exposure, the LC50 ranges from 0.37 to 0.42 mg/l in rats, 0.6 to 0.85
mg/l in mice and 1.47 to 1.61 mg/l in rabbits. Only one acute oral toxicity study was available. This study
indicated an LD50 of 2140 mg/kg in the rat.

Sulfuric acid is corrosive to the skin, eyes and mucous membranes. 10% solutions of sulfuric acid appear
not to be irritating to the skin in difference species. Conflicting results (not irritating or severely irritating)
are observed in eyeirritation studies using 10% sulfuric acid, depending on the protocol used (OECD/EU or
US). Sulfuric acid is not considered as an allergen by skin contact in humans.

In numerous repeated inhalation studies with sulfuric acid aerosol, toxicity was confined to changes in the
structure and function of the respiratory tract, suggesting that it has a local effect and no systemic effects.
The observed changes are related to the irritant properties of sulfuric acid and are most likely due to the H+
ion. In a 28-day inhalation study in the rat exposed to sulfuric acid aerosol, minimal squamous metaplasia
was observed in the laryngeal epithelium following exposure to the lowest concentration used (0.3 mg/m3).
This effect was fully reversible. Exposure to 1.38 mg/m3 caused more severe metaplasia accompanied by
cell proliferation.

Sulfuric acid has been shown to be without effect in genetic toxicity studies in vitro (bacterial test). It has
been shown to cause chromosomal aberrations in a non-bacterial test in vitro. The chromosomal effects are
well known to be a consequence of reduced pH, being seen using any strong acid. There are no in-vivo
mutagenicity studies available.

No carcinogenic effect was observed in carcinogenicity studies conducted by inhalation with sulfuric acid
aerosol using 3 different animal species. Small increases in tumor incidence were reported in rats and mice
after chronic gastric intubation or intratracheal instillation of sulfuric acid solution, but no clear conclusion
can be drawn from these studies.

Severa epidemiologica studies have suggested a relationship between exposure to inorganic acid mists
containing sulfuric acid and an increased incidence of laryngeal cancer. IARC has concluded that
“ occupational exposure to strong inorganic mists containing sulfuric acid is carcinogenic for humans (Group
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1).” Concerns have been raised that confounding factors could not be fully excluded.

Because sulfuric acid is a direct-acting toxicant, and because it is unlikely to reach the reproductive organs,
reproductive effects in mammals are not likely to occur following exposure to sulfuric acid by any route. In
a developmental toxicity/teratogenicity study conducted by inhalation with sulfuric acid aerosol, the
NOAEL for maternal toxicity appears to be 20 mg/m3 in mice and rabbits. No evidence of foetotoxicity or
teratogenicity was seen in either species.

Environment

Sulfuric acid is a strong mineral acid that dissociates readily in water to sulfate ions and hydrated protons,
and is totally miscible with water. Its pKais 1.92 at 25 °C. At pH 3.92, for example, the dissociation is 99
%, and sulfate ion concentration is 1.2 x 10* moles = 11.5 mg/l. So a environmentally relevant
concentrations, sulfuric acid is practically totally dissociated, sulfate is at natural concentrations and any
possible effects are due to acidification. This total ionisation will imply also that sulfuric acid, itself, will not
adsorb on particulate matters or surfaces and will not accumulate in living tissues.

The NOECs selected were obtained on a natural (cold water) lake artificially contaminated by the
controlled addition of sulfuric acid:

o NOEC in phytoplankton community structure = pH 5.6 = 0.13 mg/l sulfuric acid
¢ NOEC in zooplankton population repartition = pH 5.6 = 0.13 mg/l sulfuric acid.
¢ NOEC in fish population recruitment = pH 5.93 = 0.058 mg/I sulfuric acid

Thereis only one validated NOEC available for warm water fish (Jordanella floridae), 0.025 mg/l, which is
derived from the LOEC/2.

Exposure

Estimated worldwide production of sulfuric acid is 160 million ton/year. The main uses are non dispersive
(industrial uses). In some countries, sulfuric acid is approved for agricultural use. The occurrence of sulfuric
acid in the environment comes mainly from the hydrolysis of sulfur oxides produced by combustion
processes (natural and anthropogenic), wet deposition, generally as a mixture with nitrogen oxides and nitric
acid and not from the manufacturing and use of the acid. The emissions to the aquatic environment
generally occur from manufacturing industrial locations after neutralisation and are mainly in the form of
sulfate ions. Alternatively, following manufacturing and use, it can enter the terrestrial environment as
stable gypsum (calcium sulfate).

NATURE OF FURTHER WORK RECOMMENDED

Environment: the collection of information about exposure during agricultural use should be considered.

Health: the collection of information about occupational exposure to sulfuric acid mist should be considered
due to the carcinogenic potential.
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FULL SIDSSUMMARY

CASN° 7664-93-9

SPECIES

|  PROTOCOL

RESULTS

PHYSICO-CHEMICAL

21

Melting point

10.4-10.5°C
(sulfuric acid 100 %)
3°C

(sulfuric acid 98 %)
-32°C

(sulfuric acid 93 %)
-38°C

(sulfuric acid 78 %)
-44 °C (sulfuric acid 74 %)
-64°C

(sulfuric acid 65 %)

2.2

Boiling point

290 °C at 1013 hPa
(sulfuric acid 100 %)
310-335 °C at 1013 hPa
(sulfuric acid 98 %)

2.3

Density

1.835a20°C
(sulfuric acid 93-100 %)

24

Vapour pressure

<0.001 hPaat 20 °C
0.004 hPaat 50 °C
1.3 hPaat 145.8 °C

2.5

Partition coefficient

Not relevant for ionisable
compounds

2.6

Water solubility

Miscible
pKa=1.92

2.7

Density

1.835at 20 °C
(sulfuric acid 93-100 %)

211

Oxidising properties

Powerful acidic oxidizer which
can cause ignition or

explosion in contact with many
materials.

212

Additional remarks

Vigorous reaction when water
added to sulfuric acid.

ENVIRONMENTAL FATE AND

PATHWAY

312

Stability in water

Strong acid : dissociatesin
water to sulfate and hydrated
proton

331

Transport between

Very mobilein soil. Mobility

environmental increases with the dilution in
compartments water.
Wet acidic deposition on soils
are 75 % sulfuric acid
ECOTOXICOLOGY
4.1 Acute/prolonged toxicity to | Lepomis macrochirus pH decreasing each | LC50 96h = 16-28 mg/I
fish 96 hours (pH 3.25t0 3.5)
Brachydanio rerio SO 7346/1 LC50 24h = 82 mg/l
4.2 Acutetoxicity to aquatic Daphnia magna SO 6341 EC50 24h =29 mg/l
invertebrates
4.3 Toxicity to aguatic plants | Epilimnetic Phytoplankton NOEC =0.13 mg/l (pH 5.6)
eg. agee phytoplanktonin a community structure
natural lake study
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4.4 Toxicity to micro- Pseudomonas Test solutions ECO = 6900 mg/l
organisms e.g. bacteria fluorescens neutralized
Protozoan community | Substrate NOEC = pH 6.61 (from
colonization origina pH 8.36)
4.5.1 | Chronic toxicity to fish Salvelinus fontinalis Embryo survival and | NOEC = 0.31 mg/I (pH 5.2)
Salvelinus fontinalis time hatching NOEC = 0.15 mg/l (pH 5.5)
Salvelinus fontinalis Weight of young NOEC = 0.13 mg/|
fish (pH 5.56)

Jordandlla floridae

L ake fish populations

26 °C, fry growth

Population decrease,
recruitment

LOEC 20 % = pH 6.0 = 0.049
mg/, NOEC = LOEC/2 = 0.025
mg/|

NOEC = 0.058 mg/l

(pH 5.93)

4.5.2 | Chronic toxicity to aquatic | Tanytarsus dissimilis Reproduction NOEC = 0.15 mg/I(pH 5.5)
invertebrates
Lake zooplankton Population NOEC = 0.13 mg/|
population repartition (pH 5.59)
TOXICOLOGY
5.1.1 |AcuteOra Toxicity Rat Other LD50 = 2140 mg/kg
5.1.2 | Acutelnhaation Toxicity | Guineapig Other LC50 = 0.030 mg/1/8h (particle
size: 0.8 )
LC50 > 0.109 mg/1/8h (particle
size:0.4 )
Guineapig Other LCO (old animal) = 0.020
mg/1/8h
LC50 (old animal) = 0.050
mg/1/8h
L CO (young animal) = 0.008
mg/1/8h
LC50 (young animal) = 0.018
mg/1/8h
Guineapig Other L C100= 0.087 mg/1/2.75
Rat Other LC50 = 0.375 mg/L/4h
LC50 = 0.425 mg/1/8h
Rat Other LCO=0.461 mg/1/7h
LC100 = 0.699 mg/L/7h
LC0=0.718 mg/1/3.5h
LC100 = 1.470 mg/1/3.5h
Rat Other LC50 = 0.510 mg/L/2h
Mouse Other LC50 = 0.850 mg/1/4h
LC50 = 0.600 mg/1L/8h
Mouse Other LCO = 0.461 mg/L/7h
LC40=0.699 mg/1/7h
Mouse Other LC50 = 0.320 mg/L/2h
Rabbit Other LCO=0.699 mg/L/7h

LC50 = 1.610 mg/1/7h
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LCO =0.718 mg/1/3.5h
LC50 = 1.470 mg/1/3.5h

5.2.1 | Skinirritation/corrosion Rabbit, Guinea-pig, FDA, FSHA, Not irritating
Human Federal Register
V37,1972
Rabbit, Human CFR, DOT 1986 Not irritating
(rabbit) and 1988
(human) + Hill top
Chamber
5.2.2 |Eyeirritation/Corrosion Rabbit OECD TG 405 Sulfuric acid 10%: not irritating
Rabbit Directive Sulfuric acid 10%: not irritating
79/83L/EEC, Annex
V, part B
Rabbit US, FHSA (CFR, Sulfuric acid 10% (0.01 ml):
1979) and NAS slightly irritating
1138 Committee Sulfuric acid 10% (0.05 ml):
(2977) severely irritating
Sulfuric acid 10% (0.1 ml):
severely irritating
Rabbit US.FHSA Fed. Reg. | Sulfuric acid 10%: severe
Vol 38 (187) Part Il | irritant
and 16 CFR 1500.42
(1973) and Draize Sulfuric acid 5%: moderate
method (1944) irritant
5.4 Repeated Dose Toxicity by | Rat (réf. 74) OECD TG 412 aNOEL/NOAEL can not be
Inhalation identified
Rat (réf. 106) Other NOEL/NOAEL not indicated
Rat (réf. 111) Other NOEL/NOAEL not indicated
Rat (réf. 26) Other NOEL/NOAEL not indicated
Rat (réf. 25) Other NOEL/NOAEL not indicated
Guineapig (réf. 111) Other NOEL/NOAEL not indicated
Guineapig (réf. 26) Other NOEL/NOAEL not indicated
Guineapig (réf. 25) Other NOEL/NOAEL not indicated
Guineapig (réf. 184) Other NOEL/NOAEL not indicated
Guineapig (réf. 168) Other NOEL/NOAEL not indicated
Guineapig (réf. 2) Other NOEL/NOAEL not indicated
Guineapig (réf. 3) Other NOEL/NOAEL not indicated
Rabbit (réf. 165) Other NOEL/NOAEL not indicated
Rabbit (réf. 64) Other NOEL/NOAEL not indicated
Rabbit (réf. 63) Other NOEL/NOAEL not indicated
Rabbit (réf. 155) Other NOEL/NOAEL not indicated
Rabbit (réf. 160) Other NOEL/NOAEL not indicated
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Rabbit (réf. 154) Other NOEL/NOAEL not indicated
Rabbit réf. 156) Other NOEL/NOAEL not indicated
Rabbit (réf. 167) Other NOEL/NOAEL not indicated

Repeated Dose Toxicity by

Inhalation (continued) Monkey (réf. 2) Other NOEL/NOAEL not indicated
Monkey (réf. 3) Other NOEL/NOAEL not indicated
Mouse (réf. 168) Other NOEL/NOAEL not indicated
Hamster (réf. 105) Other NOEL/NOAEL not indicated
Dog (réf. 110) Other NOEL/NOAEL not indicated

55 GENETIC TOXICITY INVITRO

A. | Bacterial test (Gene S. typhimurium Other - (with metabolic activation)
mutation) - (without metabolic activation)
E. coli Other - (without metabolic activation)
B. | Non-bacteria In Vitrotest | Developing embryosof | Other + (without metabolic
(Chromosomal aberrations) | Sphaerechinus activation)
granularis and

Paracentrotus lividus

Chinese hamster Ovary | Other + (with metabolic activation)
(CHO) K1 cells + (without metabolic activation
5.7 Carcinogenicity Rat (réf. 187) Other Local and weak carcinogen,

(gastric intubation)

Rat (réf. 187) Other Local and weak carcinogen,
(intratracheal instillation)

Mouse (réf. 187) Other Local and weak carcinogen,
(gastric intubation)

Hamster (réf. 105) Other No evidence of carcinogenic
potential (inhalation, mist)

Rat (réf. 55) Other No carcinogenic effect,
(inhalation, mist)
Guineapig (réf. 54) Other No carcinogenic effect
(inhalation, mist)
59 Developmental toxicity / Mouse Similar to OECD NOAEL maternal = 20 mg/m3
Teratogenicity TG 414 (inhalation)
NOEL teratogenicity = 20
mg/m3
Rabbit Similar to OECD NOAEL maternal = 20 mg/m3
TG 414 (inhalation)
NOEL teratogenicity = 20
mg/m3
5.10 | Other data 49 articles/reviewsincluded in the IUCLID dossier for additional information
5.11 | Experience with human 50 articles/epidemiological studiesincluded in the [IUCLID dossier

exposure
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SIDS Initial Assessment Report

1 IDENTITY

Name (OECD) : Sulfuric acid

CAS number : 7664-93-9
Molecular formula: H2SO,

Molecular weight : 98

Other names : Dihydrogen sulphate

Oil of vitriol

Sulfuric acid is a colourless and odourless viscous liquid crystallising at 3 to 10 °C depending on its
water content (from O to 2 %). Water content is generally up to 8 %. Other impurities (sulfur
dioxide, nitrogen compounds and heavy metals) are < 0.1 %. Itsdensity is 1.834 t0 1.836 at 20 °C

Sulfuric acid is a strong mineral acid that dissociates readily in water to sulfate ions and hydrated
protons, and is totally miscible with water. Its pKais 1.92 at 25 °C. So at pH 3.92, for example, the
dissociation is 99 %, and the sulfate ion concentration is 1.2 x 10* moles = 11.5 mg/l. So at
environmentally relevant concentrations, sulfuric acid is practically totally dissociated, sulfate is at
natural concentrations, and possible effects are due to acidification.

This total ionisation also implies that sulfuric acid will not adsorb on particul ate matters or surfaces
and will not accumulate in living tissues.

The dissolution/dissociation in water is strongly exothermic, so a vigorous reaction occurs when
water is added to sulfuric acid. It is apowerful acidic oxidizer which can cause ignition or explosion
in contact with many materials.

Sulfuric acid has alow vapour pressure (< 0.001 hPa at 20 °C). However mists and aerosols can be
formed in some industrial applications.

2. GENERAL INFORMATION ON EXPOSURE

Estimated world-wide production of sulfuric acid is 160 million tonnes/year. The continenta
repartition is 40 million tonnes/year in Europe, 60 in America and 60 in Asia-Pacific. The
production in the sponsor country (France) was 2.05 million tonnes/ year in 1999.

The main uses are non dispersive :

- 32 % for phosphoric acid and fertilisers production

- 58 % as basic chemical for chemical synthesis, pigment, oil industries
- 2% for metal extraction, refining and processing of metals

- 0.8 % batteries

- about 7 % for other industrial uses (pulp and paper ...)
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A very minor agricultural use (about 0.025 %) is as desiccant for potato crops.

In the workplace, sulfuric acid can exist as an acid mist. This situation can occur because sulfur
trioxide generates very dense sulfuric acid mists with atmospheric humidity. However, this occurs
only in the event of accidental leakage of sulfur trioxide, and is not aresult of normal activity.

Other sulfuric acid uses that are important sources of sulfuric acid mists in the workplace are:

- car and industrial batteries|oading

- metal sheets cleaning for surface treatment

- electro-chemical production of zinc and copper : sulfuric acid is driven off as fine droplets by
evolved hydrogen.

- Loading and discharging of sulfuric acid

Occupational exposure limit values for different countries are presented in Annex |. For most of the
countries (e.g. USA, France, Japan, Finland) the limit value for an 8 hour-exposure is 1 mg/m3
except for Germany : MAK value, 8 hours: 0.1 mg/m3.

Sulfuric acid occurrence in the environment mainly comes from hydrolysis of sulfur oxides
produced by combustion processes (natural and anthropogenic) wet deposition, generally as mixture
with nitrogen oxides and nitric acid and not from manufacturing. The emissions to the aquatic
environment generally occur from manufacturing industrial locations after neutralisation and are
mainly in the form of sulfate ions. Alternatively, following manufacturing and use, it can enter the
terrestrial environment as stable gypsum (calcium sulfate).

Sulfuric acid use in agriculture as desiccant for potato crops is reported in UK (Food and
Environment Protection Act, 1985, Part 111, Control of Pesticides Regulations 1986, Evaluation of
Fully Approved or Provisionally Approved Products, Evaluation on Sulphuric Acid, April 1998). In
1992, 90 685 ha of potato crops were treated with 77% w/w sulfuric acid. Doses ranged from 112
I/hato 335 I/ha, which means atotal consumption of about 40 000 t sulfuric acid in this agricultural
use.

3. ENVIRONMENT

3.2. Effects on the aquatic environment

Preliminary remarks

Quality criteriac The principal quality criteria for acceptance of data are that the test procedure
should be well described (with reference to an official guideline) and that the toxicant

concentrations must be measured with an adequate analytical method.

Four situations can be distinguished and are summarised in the following table according to criteria
defined in IUCLID system.

Table: Quality criteriafor acceptance of ecotoxicity data

Case Detailed description Accordance with M easured Conclusion:
of the test scientific guidelines | concentration | reliability level
[1] :
I + + + valid without
restriction
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[2] :
valid with
I + + + restrictions; to
be considered
with care
[3]:
1 insufficient or - - - invalid
v the information to give an adequate opinion [4] :
isnot available not assignable

Publications were assigned validity 4 when they could not be checked directly. Validity 3 was
assigned systematically when no clear description was given of the test substance. This approach is
important for sulfuric acid, as sources for sulfuric acid production can be recovery from many
processes leading to various impurities.

Analytical monitoring reported in the IUCLID file refers to pH measurements. At concentrations
reported in publications and study reports, the toxicity has been assumed to be due to acidity only,
because at these low concentrations, sulfate quantities added are below most of natural medium
concentrations. So the sulfuric acid environmental risk assessment isin fact acidity risk assessment.

3.2.1 Aquatic effects
3.2.1.1. Effectsin fish

The acute toxicity of sulfuric acid in fish has been reported in 10 different publications, leading to 8
LC50 vaues in 24, 48 or 96 hours duration. Only two references were assigned validity 2 : one
study performed according to the international standard 1SO7346/1, in a 24 hours static test in
Brachydanio rerio, not under GLP, giving an LC50 24 hours of 82 mg/l. The other one was
obtained in a study where Lepomis macrochirus were exposed successively 96 hours to each pH
tested (from pH 7.5 original water to pH 5.0, 4.5, 3.5, 3.25 and 3.0. However the LC50 48 hours
was retained as a worst case one and measured as being from pH 3.25 to pH 3.5, which gives a
value of 16 to 28 mg/l sulfuric acid. No LC50 was found lower than Lepomis macrochirus onein all
publications assigned validity 3 or 4.

The chronic toxicity of sulfuric acid in fish was assessed in 6 publications reporting laboratory tests.
5 validity 2 NOEC values were derived, 3 of them being in the same range: NOECs for embryo
survival and time for hatching of Salvelinus fontinalis (pH 5.2 and pH 5.5 giving substance
concentrations 0.31 mg/l and 0.15 mg/l), and a NOEC for weight of young Salvelinus fontinalis
produced in 10 month (pH 5.56, giving 0.13 mg/l). The fourth NOEC is far lower, being derived
from a LOEC on fry growth of Jordanella floridae in 45 days of pH 6.0 (0.049 mg/l) giving 20 %
inhibition, which, divided by 2 can give aNOEC of 0.025 mg/l.

The difference between Salvelinus fontinalis and Jordanella floridae is their optimal temperature :
Salvelinus is a cold water fish (Brook trout), and Jordanella a warm water fish. The difference in
physiology could explain the difference in sensitivity.
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Table of validated fish toxicity results
SPECIES PROTOCOL RESULTS
4.1 Acute/prolonged toxicity to | Lepomis macrochirus pH decreasing each | LC50 96h = 16-28 mg/I
fish 96 hours (pH 3.25t0 3.5)

Brachydanio rerio

SO 7346/1

LC50 24h = 82 mg/l

451

Chronic toxicity to fish

Salvelinus fontinalis
Salvelinus fontinalis

Salvelinus fontinalis

Jordanella floridae

L ake fish populations

Embryo survival and
time hatching

Weight of young
fish
26 °C, fry growth

Population decrease,
recruitment

NOEC = 0.31 mg/l (pH 5.2)
NOEC = 0.15 mg/l (pH 5.5)

NOEC = 0.13 mg/|

(pH 5.56)

LOEC 20 % = pH 6.0 = 0.049
mg/, NOEC = LOEC/2 = 0.025
mg/l

NOEC = 0.058 mg/I

(pH 5.93)

Remark : the original results as published are underlined. Other values were cal cul ated.
3.2.1.2. Effectsininvertebrates

The acute toxicity of sulfuric acid in aquatic invertebrates is reported in 8 different publications,
leading to 7 LC 50 values in 24, 48 or 96 hours duration. Only one reference describing a Daphnia
magna test in 24 hours was assigned validity 2. This test was performed according to the
international standard 1SO 6341, and gave a LC50 24 hours of 29 mg/l. It is the lowest LC50
published.

The chronic toxicity in invertebrates was assessed in 4 publications, one only giving a validity 2
result. It is a laboratory test in the midge Tanytarsus dissimilis giving a NOEC 35 days on
reproduction success of pH 5.5 (0.15 mg/l).

3.2.1.3. Effectsin aquatic plants/ algae

No standard algae growth inhibition study could be found. Nevertheless a NOEC in phytoplankton
is available from field studies with data on Chlorella mucosa (chlorophyte), Dinobryon sertularia,
Mallomonas sp., Stichogloea sp., Uroglena sp. (chrysophycean species), Asterionella ralfsii
(diatom), Gymnodinium sp., Peridinium inconspicuum (dinoflagellates) Chroococus minutus,
Merismopedia sp. (cyanophyte) (see chapter 3.2.1.4).

3.2.1.4 Studieson an experimentally acidified lake

The effect of sulfuric acid addition for several years (1976 to 1983) in a natural (cold water)
Canadian “Lake 223" was assessed in agquatic species populations. From an initial level of about
6.7, the pH was lowered at a pH rate of about 0.5 pH units ayear (6.49 — 6.13 - 5.93 — 5.64 — 5.59)
until it reached an average pH 5.1 and was held there for 3 years. This lake was one of the lakes of
“ELA” (Experimental Lake Area) in Canada, where a set of natural lakes was selected as
representative for a natural non-polluted environment.

Fish population was analysed during these years. A NOEC for the most sensitive fish species,
fathead minnow (Pimephales promelas) and slimy sculpin (Cottus cognatus) recruitment was pH
5.93, giving 0.058 mg/l. This NOEC in recruitment integrates not only reproductive success, but
also prey/predator relationships (presence/lack of suitable food as smaller fish, invertebrates or
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aguatic plants/algae, presence/lack of predators for smaller fish). Moreover it integrates effects of
successive one-year exposures to pH 6.49 and 6.13, which models a progressive acidification by
sulfuric acid deposition.

The zooplankton community study was also analysed by identifying the species and counting the
organisms. A NOEC for population repartition (from copepod to cladoceran dominance) was pH
5.59 (0.13 mg/l). This NOEC integrates not only reproductive success, but also prey/predator
relationships (presence/lack of suitable food as smaller invertebrates or aquatic plants/agae,
presence/lack of fish predators). Here also it integrates effects of successive one-year exposures to
pH 6.49, 6.13, 5.93 and 5.64.

The phytoplankton community structure was also studied, giving a NOEC of pH 5.6 (0.13 mg/l)
(chlorophyte increase and species shift to large inedible Gymnodium sp.). This NOEC integrates not
only algae growth rate, but also consumption by invertebrates and fish, and aso effects of
successive one year exposuresto pH 6.49, 6.13, 5.93.

3.2.1.5 Toxicity in micro-organisms

A multispecies-microcosm test was performed : the structure and function of naturally derived
periphytic communities on polyurethane foam artificial substrates were monitored. The artificial
substrates were suspended at 1m depth in a man-made outdoor ponds. After 21 days substrates were
collected. pH was set in different ponds to 8.34-7.61-6.90-6.61-5.34-3.33. The control pond was pH
8.36.

Significant effects on protozoan species richness were observed in this test at a pH = 5.33.
Therefore the NOEC for species richness was 6.61. In this experiment, the sulfuric acid
concentration calculation is more problematic, because the initial pH in the ponds is far from
neutrality, and akaline (pH 8.36). So the assumption that pH is only the result of sulfuric acid
dilution in water, which was an approximation in pH 6.7 Canadian Lake 223 experiments, is here
completely false. Ignoring the buffering capacity of the pond water, it is therefore impossible to
derive aNOEC as sulfuric acid mg/l.

Discussion

It is remarkable that sensitivity to pH is not universal among species and related ecosystems : for
example at pH 6.0, Jordanella floridae fry growth aready begins to be inhibited.

Some interesting examples are also salamanders : Ambystoma jeffersonianum eggs have hatching
success >90 % only at pH 6 at 10 °C, and at pH 5to 6 at 5 °C. Eggs do not hatch successfully
above pH 6. And Ambystoma maculatum eggs hatch only from pH 7 to 9.

The sulfuric acid hazard assessment is in fact hazard assessment of acidity. All the observations
made and the results derived would be the same for any strong acid, provided the anion has no
toxicity in any species at environmentally relevant strong acid concentrations.

4. HUMAN HEALTH

4.2 Effectson Human Health
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Preliminary remarks:

v' Reliability of the studies was evaluated using the criteria for reliability categories adapted from
Klimisch et al. (1997) and Rosner (1994). Reliability is differentiated and thus classified into 4
categories/codes as described below. In this scoring system, studies conducted and reported
according to internationally accepted test guidelines and in compliance with GLP have the
highest grade of reliability and should be used as reference standards.

= 1: Reliablewithout restriction :
la GLPguideline study (OECD, EC, EPA, FDA, €tc...)
1b Comparable to guideline study
1c Test procedure in accordance with national standard methods (AFNOR, DIN, etc)
1d Test procedure in accordance with generally accepted scientific standards and described in sufficient
detail

= 2. Reliablewithrestrictions
2a Guideline study without detailed documentation
2b  Guideline study with acceptable restrictions
2c Comparable to guideline study with acceptable restrictions
2d Test procedure in accordance with national standard methods with acceptable restrictions
2e Study well documented, meets generally accepted scientific principles, acceptable for assessment
2f  Accepted calculation method
2g Datafrom handbook or collection of data

= 3: Not reliable

3a Documentation insufficient for assessment
3b Significant methodological deficiencies
3c Unsuitable test system

= 4. Not assignable
4a Abstract
4b Secondary literature
4c Original reference not yet available
4d Original reference not translated (e.g. Russian)
4e Documentation insufficient for assessment

v’ Studies selected for discussion are identified in the following tables by a black bullet (o).
4.2.1 Mode of action of the chemical, toxicokinetics and metabolism

Sulfuric acid is corrosive and irritating and causes direct local effects on the skin, eyes and
gastrointestinal tracts after direct exposure to sufficient concentrations. Small droplets of sulfuric
acid (aerosol/mist) can also be inhaled and cause direct local effects on respiratory tract. The effects
of inhaled sulfuric acid aerosols will depend on many factors:. - exposure concentrations; - exposure
time; - particle size of the aerosol, which determines the location in the respiratory tract where
sulfuric acids aerosols will deposit; - humidity, both in the environment and in the respiratory tract,
which determines the particle size; - endogenous ammoniathat can neutralize sulfuric acid; - pattern
of respiration and the inhalation route (oral or nasal); - buffering capacity of the airways; - species
studied (e.g. respiratory tract dimension and architecture) (seeref. 10, 102, 144).

The effects of sulfuric acid are the result of the H+ ion (local deposition of H+, pH change) rather
than an effect of the sulfate ion. Sulfuric acid per se is not expected to be absorbed or distributed
throughout the body. The acid will rapidly dissociate and the anion will enter the body €electrolyte
pool, and will not play a specific toxicological role (102, 144). This is supported by experiments
which have studied the active component in inorganic acids on various endpoints, using different

102 UNEP Publications



OECD SIDS SULFURIC ACID

acids or salts (HCI, NH4HSO4, (NH4),S04, Na2S04). In these studies, the authors have concluded
that the observed effects seemed to be due to the H+ ion while the anion appeared to have no effect
(157, 161, 162, 166, 202). In an experiment studying the clearance via the blood of radiolabeled
sulfuric acid aerosol in different species, the authors have observed that sulfur from sulfuric acid
was rapidly cleared (from 2 to 9 minutes) from the lungs of animals into the blood following
inhalation exposure (45). Sulfate is a normal constituent of the blood and is a normal metabolite of
sulfur-containing amino acids, and excess sulfate is excreted in the urine. The body pool of this
anion is large, and it is therefore unlikely that occupational aerosol exposures significantly modify
the normal body load (102, 144).

4.2.2 Acutetoxicity

The acute toxicity studies conducted with sulfuric acid that could be checked are summarized in the
following tables. None of these studies have been carried out recently, under national or
international guidelines, and according to GLP. Collectively, however, these studies show effectsin
the similar range of doses for given animal species.

4.2.2.1 Acuteoral toxicity

Acute Oral Toxicity studieswith sulfuric acid
Species, strain Ref. Protocol Administration Endpoint Value
(year) (mg/kg)
e | RAT(NY) 172 Other Ora (Intubation) LDso 2140 mg/kg
(1969) 0.25 g/ml of diluted
sulfuric acid

Only one acute oral toxicity study is available. This study indicates an LD50 = 2140 mg/kg in the
rat. However, due to irritant and/or corrosive effects of sulfuric acid, the oral route of exposure is
not appropriate for testing possible toxic endpoints. Gavage dosing of animals will not represent
oral exposures in humans, which itself will be limited. Toxic signs of oral exposure in human are of
irritation/corrosion of the gastrointestinal tract.

4.2.2.2 Acuteinhalation toxicity

Acute Inhalation Toxicity studies with animals exposed to sulfuric acid aer osol/mist or oleum

Species Ref. Protocol | Sourceof | Exposure | Particle Endpoint Value
(strain) | (year) mists Time | size(um)
GUINEA PIG, | 200 |Inhalation, SO3 + 8h 0.8 LCs 0.030 mg/1/8h
e |(HARTLEY) | (1979) | whole body H20
8h 0.4 LCs >0.109 mg/1/8h
GUINEA PIG 9 Inhalation, NS LC, (old animal) 0.020 MG/L/8H
(NS (1952) | whole body
. LCs(0ld animal) 0.050 mg/1/8h
8h 1 LCo (young animal) | 0.008 MG/L/8H
LCs (young animal) | 0.018 MG/L/8H
Guineapig 185 |Inhalation, diluted 2.75h 1-2 LCio0 0.087 mg/1/2.75
(NS) (1950) | whole body | SA (10-
60% wiv)
e | (FISCHER- 150 |Inhalation, SO3 + 4h LCx 0.375 mg/l/4h
344) (1976) | whole body | humid air 1
8h LCs 0.425 mg/1/8h
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Rat 185 | Inhalation, diluted LCo 0.461 mg/l/7h
(NS) (1950) | wholebody | SA (10- 7h
-2 LCo 0.718 mg/l/3.5h
35h L Cao 1.470 mg/l/3.5h
RAT 93 |Inhalation NS 2h NS LCs 0.510 mg/1/2h
(NS) (1982)
e | MouseE 150 | Inhalation, SO3 + 4h LCs 0.850 mg/1/4h
(CD-1) (1976) | whole body | humid air 1
8h LCso 0.600 mg/1/8h
e |Mouse 185 | Inhalation, diluted LCy 0.461 mg/l/7h
(NS (1950) | wholebody | SA (10- 7h 1-2
60% w/v) LCuo 0.699 mg/l/7h
Mouse 93 |Inhaation NS 2h NS LCs 0.320 mg/l/2h
(N9 (1982)
Rabbit 185 | Inhaation, diluted LG 0.699 mg/l/7h
(NS) (1950) | wholebody | SA (10- 7h
12 LCo 0.718 mg/l/3.5h
35h LCs 1.470 mg/l/3.5h

NS: Not specified, SA: sulfuric acid

In rats, mice and rabbits, as well as in guinea pigs, concentration of acid aerosol, time of exposure
and particle size are important factors in determining lethality by inhalation. Among the different
species tested, the guinea pigs appear to be the most sensitive to the acute inhaation effects of
sulfuric acid mist/aerosol. For the guinea pig, the apparent LC50 for an 8 hour-exposure period to
sulfuric acid mist/aerosol with a particle size of about 1um, ranges from 0.018 to 0.050 mg/|
depending on the age of the animals. Y ounger guinea pigs seem to be more sensitive to sulfuric acid
aerosol than older animals.

According to the duration of exposure, the LC 50 appear to be about 0,375 - 0,425 mg/l in rats,
0.600 - 0.850 mg/l in mice, and 1.470 - 1.610 mg/l in rabbits, when taking into account the more
reliable/relevant studies.

The sensitivity of the guinea pig may be caused by its tendency for bronchoconstriction and
laryngeal spasm compared to other small laboratory animals.

The main macroscopic and/or microscopic alterations observed in respiratory tract after acute
exposure to sulfuric acid aerosol were hemorrhage, edema, atelectasis and thickening of the alveolar
wall in the lung of guinea pigs, hemorrhage and edema of the lungs and/or ulceration of the
turbinate, trachea and larynx in rats and mice. These lesions are related to the corrosive/irritant
effect of sulfuric acid.

No data are available on the acute dermal toxicity or on acute toxicity by other routes for sulfuric
acid.

4.2.3 Irritation and Corrosiveness

4.2.3.1 Skinirritation
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According to Annex | of the Directive 67/548/EEC, sulfuric acid is classified as C; R 35: Corrosive;
Causes severe burns. Specific concentration limits are: C; R35 for concentration > 15 % and Xi;
R36/38 when concentrations are > 5%, and < 15 %.

The skin irritation studies, that could be checked, were performed using diluted sulfuric acid and are
summarized in the following table.

Skin irritation testing with sulfuric acid

Species, Test Type Ref. Protocol Doses Result
(year)
e | RABBIT, GUINEA-PIG, HUMAN, 135 FDA, FSHA, Federal 0.5 ml of sulfuric acid,
SKIN IRRITATION TEST ON (1975) |register V37, 1972 10% Not irritating
ABRADED AND INTACT SKIN
134 | CopE OF FEDERAL 0.4 or 0.5 ml of
e | RABBIT, HUMAN, (1990) | REGULATION, DOT 1986 | sulfuric acid 10 % in
STANDARD SKIN IRRITATION (RABBIT) AND 1988 standard test
TEST AND HiLL ToP CHAMBERS (HUMAN) + HiLL TOP 0.2 ml of sulfuric acid | Not irritating
TEST CHAMBER 10 % in Chamber

Sulfuric acid 10 % appears not to be irritating to the skin in rabbit, guinea pig and human.
4.2.3.2 Eyeirritation

The eye irritation studies conducted with diluted sulfuric acid are summarized in the following
table. Only available studies are presented.

Eyeirritation testing with sulfuric acid
Specie, Ref. Protocol Doses Result
Test type | (year)
e |RABBIT 95 OECD Guideline 405 0.1 ml of sulfuric acid 10 Not irritating
(1992) %
e |RABBIT 94 Directive 79/831/EEC, 0.1 ml of sulfuric acid 10 Not irritating
(1989) Annex V, part B %
0.01 ml, 0.01ml: dlightly irritating
e | RABBIT 68 US.FHSA (CFR, 1979) and 0.05 ml, 0.05ml: severely irritating
(1980) NAS 1138 Committee 0.1 ml 0.1 ml: severely irritating
(2977) of sulfuric acid 10 %
RABBIT, US.FHSA Fed. Reg. Vol. | 0.1ml of sulfuric acid 10
e | WASHED 128 | 38(187) Part Il and 16 CFR % 10% : SEVERE IRRITANT
AND (1982) | 1500.42 (1973) and Draize or
UNWASHED method (1944) 5% 5%: MODERATE IRRITANT
EYE

Conflicting results are observed in eye irritation studies according to the protocol used (OECD/EU
or US). However, buffering and dilution effects of tears could explain the different conclusions
since sulfuric acid was instillated into the conjunctival sac of the eye in studies n° 95 and 94 while
acid was administered directly to the central corneal surface in experiments 68 and 128. In this last
study, the authors have observed that the washing procedure (eye washed 2 min. with tap water 30
sec. after exposure) reduced the time to onset of opacity induced by 5% sulfuric acid and dlightly
decreased the severity of theiritis induced by 10 % sulfuric acid.
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4.2.4  Skin sensitization
No study was identified for skin sensitization potential with sulfuric acid.

Sulfuric acid has been in industrial use for many decades, and skin burns due to concentrated
sulfuric acid are well documented (ILO Encyclopedia of Occupational Health and Safety, 1985).
However, skin sensitisation secondary to skin irritation or burns has never been described, despite
the fact that severe chemical irritation and burns are known to create favorable conditions for the
induction of contact allergy (this is a strategy employed in routine skin sensitisation testing such
with the Magnusson-Kligmann test).

Repeated contact with more diluted sulfuric acid is known to cause skin dessication, ulceration and
chronic purulent inflammation around the nails (ILO Encyclopedia of Occupatioal Health and
Safety, 1985). These symptoms are quite different from those seen in acute or chronic allergic
dermatitis.

Skin contact with weak solutions of sulfuric acid (about 10%) has been quite common in the viscose
rayon industry for nearly a century. Y et sulfuric acid allergy has never been noted.

Sulfate ions are unlikely to cause allergy, since the body contains large amounts of sulfate ions
(~0.33 mmol/L in serum and about 50 times higher concentration intracellularly). Various metal
sulfates (e.g. nickel sulfate, cobalt sulfate) are used in routine alergy testing, but positive reactions
are related to the metal ion, not to the sulfate, as can be deduced from the definitely non-allergenic
zinc sulfate (ECETOC Technical Report n° 77, 1999).

Based on the above, it may be concluded that sulfuric acid is not an alergen in humans, and that
animal testing for senstisation potential would not provide any information relevant for risk
assessment.

425 Repeated dosetoxicity

Repeated dose toxicity studies with sulfuric acid are summarized in the following tables. All of
them have been realized by inhalation of sulfuric acid aerosol/mist, in several animal species.
However, among them, only one study has been conducted using methodology in accordance with
relevant inhalation guidelines for a 28-day study (OECD guideline n° 412 and Directive 67/548
EEC, Annex V, test method B8) and according to GLP.

NOTE: this study is not afull OECD protocol — only the respiratory tract was subject to pathology.
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In this study, nose-only exposure of rats for 6h/d, 5d/wk for a period of 28 days to sulfuric acid
aerosols resulted in pathological changes (squamous metaplasia) and in increase in cell
proliferation in the larynx only. Changes of this type are commonly seen in rats exposed to
irritants. Mimimal squamous metaplasia was observed in the laryngea epithelium following
exposure to the lowest concentration used (0.3 mg/m3). This effect was fully reversible. Exposure
to 1.38 mg/m3 caused more severe metaplasia accompanied by cell proliferation.

Whereas the other studies presented some deficiencies and were performed using different
experimental conditions, collectively, they show consistent effects in the different animals species
studied.

Among the different end points measured in rats and guinea pigs, few or no alterations were
observed after repeated exposure to sulfuric acid aerosol at concentration up to 10 and 20 mg/m3 in
rat and guinea pig, respectively. The main aterations observed were microscopic changes in the
respiratory tract (minimal proliferation of alveolar macrophages and loss of ciliain mild trachea).
Sulfuric acid aerosols had no effect on hematology, blood chemistry and body weight and/or lung
weight, as far as considered biological endpoints were concerned. Taken together, these results
suggest that sulfuric acid aerosols seem to have a local effect and no systemic effects in these
Species.

Studies performed in rabbits have investigated mainly effects of sulfuric acid aerosol on respiratory
tract clearance rates of labeled particles and histologic changes. Sulfuric acid aerosol at
concentration ranging from 50 to 500 pug/m3 induced alterations of both tracheobronchial and
respiratory region clearance as well as microscopic changes (mainly increase in epithelial secretory
cell number in pulmonary airways, which could resolve by 6 months post exposure; but no
evidence of inflammation) after exposure periods from 14 days to 12 months. Note that both
tracheobronchial and respiratory region clearances could be accelerated or retarded according to
the study considered.

In monkeys, only the highest concentrations of sulfuric acid mist (2.43 and 4.79 mg/m3) presented
deleterious effects on pulmonary structures and functions while no effect on body weight, survival
or hematology and blood chemistry were observed. In hamsters exposed to high concentration of
sulfuric acid mist (100 mg/m3) with large particle size (2.6 um), microscopic alterations were seen
in larynx and trachea. Exposure of dogs to 0.9 mg/m3 sulfuric acid mist have induced alterationsin
pulmonary functions and in organ weights (lung and heart).

Overall, these results indicate that high variability in responses to repeated inhalation with sulfuric
acid aerosol isfound according to animal species and endpoints studied.

Taken together, these studies have shown that toxicity was confined to changes in the structure and
function of the respiratory tract, suggesting that it has a local effect and no systemic effects. The
observed changes are related to the irritant properties of sulfuric acid and are most likely due to the
H+ ion.

No data are available on repeated dose toxicity studies by oral, dermal or by other routes for
sulfuric acid.

4.2.6  Genetic Toxicity

4.2.6.1 Genetictoxicity in vitro
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Sulfuric acid has been shown to be without effect in the Ames test using various strains of S
typhimurium (pH4 to 9) and E. coli (0.002 to 0.005%), both with and without S9. It has been shown
to cause chromosomal aberrations in CHO cells (pH 3.5 to 7.4,both with and without S9), and in a
non-standard assay in developing sea urchin embryos (pH 5 — without S9) (Scott et al., 1991).

4.2.6.2 Genetictoxicity in vivo
No studies on the in-vivo mutagenicity of sulfuric acid are available.

Conclusions:
In-vitro studies have shown an effect of sulfuric acid in chromosomal assays, but not point
mutation assays.

The chromosomal effects are well known to be a consequence of reduced pH, being seen using any
strong acid.

Whilst the mutagenicity of sulfuric acid has not been studied using in-vivo systems, such testing
would seem inappropriate because sulfuric acid will dissociate in contact with biological systems
and depending on the concentration it will buffer and lead to a lowering of pH. As such, only
sulfate ions would be presented to the remote target cells of the standard assay systems, including
germ cells, and would be predicted to be without effect. No standard assay systems are available to
study such effects in relevant target organs (e.g. larynx). Moreover, it is likely that any long-term
effects of sulfuric acid on such organs would be dominated by the anticipated irritant/necrotic
effects so that such mutagenicity testing would seem to be unnecessary.

4.2.7  Carcinogenicity

Carcinogenicity studies performed with sulfuric acid solution or mist are summarized in the table
below. However, al of these studies present several important deficiencies (e.g. small numbers of
animals per group, only pathological report available for studies n° 54 and 55). The code 3 (not
reliable) for reliability/validity has been assigned to all these studies.

Carcinogenicity studies conducted with sulfuric acid

Test Type, Ref. | Protocol | Duration, |Animal Dose Result
Species, Strain | (year) Frequency | /group

e | CARCINOGENICITY, | 187 Chronic | Life-time, 30M+ |0.5MLOF0.6% Local and weak
RAT, WISTAR (1997) gastric 1X/WK FOR 30F SA SOLUTION carcinogen.

intubation | LIFE (MTD)

o | CARCINIGENICITY 187 Chronic | LIFE-TIME, 30M+ |0.3ml of 0.6 % SA | Loca and weak
OR CO- (1997) | intratrachea | 2x/month for |30F | solution (MTD) | carcinogen.
CARCINOGENICITY, | instillation | 12 months +BaP Synergy with BaP
RAT, WISTAR
CARCINOGENICITY | 187 Chronic | Life-time 30M + |0.2ml of 0.2% SA | Local and weak

e | ORCO- (1997) gastric Ix/wk for life | 22to 27 | solution (MTD) carcinogen.
CARCINOGENICITY, intubation F + Urethane No synergy with
MOuUSE, Urethane
CBAXxC57BL
Initiation/Promotio | 105 Inhalation | Lifetime, 60 M 0, 100 mg/m3 No evidence of
nor co- (1978) (mist) 6h/d, 5d/wk (particlesize: 2.6 | carcinogenic potential.

e | CACinogenicity pm)

Hamster , + BaP Equivocal for
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Syrian golden promoting or co-
carcinogenic effect
with BaP

e | Carcinogenicity 55 Inhalation |2 years No data |0, 10 mg/cm3 (SA) | No carcinogenic effect

Rat, Fischer 344 (1978) (mist) + 0.5 ppm (O3)

e | Carcinogenicity 54 Inhalation |2 years No data |0, 10 mg/cm3 (SA) | No carcinogenic effect

Guineapig (1978) (mist) + 0.5 ppm (O3)

SA: sulfuric acid; MTD: Maximal Tolerated Dose; BaP: Benzo(a)pyrene; O3: Ozone; M: male; F: female

A local and weak carcinogenic effect was observed after treatment with sulfuric acid solution by
intratracheal instillation or gastric intubation in both rats and mice. Tumors appeared the second
year in those organs where sulfuric acid acted directly. Tumors observed in rats and mice after
exposure to sulfuric acid by gastric intubation were mainly benign forestomach tumors (papillomas
or micropapillomas): 16 tumors in the treated group and 9 in untreated control for rats, and 4
tumors in the treated group and 2 in the control group for mice. Hyperplasia of the epithelium of
the forestomach, hyperkeratosis and acanthosis were also seen more frequently in animals
receiving sulfuric acid alone. One malignant lung tumor (a poorly differentiated adenocarcinoma
was also noticed in arat treated with sulfuric acid by gavage. The type of lesions/tumors observed
in both rats and mice treated by gavage with sulfuric acid are generally related to repeated
irritation/cytotoxicity. Following intratracheal instillations of sulfuric acid solution, various tumors
appeared, mainly of the respiratory tract (1chrondrosarcoma of trachea, 1 bronchial
adenocarcinoma and 1 histiocytoma of lung), forestomach (6 malignant oesophagus/forestomach
tumors) and lymphomas with a higher incidence than the untreated control. However, this study is
compromised by several deficiencies (e.g. too few animals/group, inappropriate control groups,
design of the study, analyses, and reporting of the results).

No carcinogenic effects were observed in studies performed with sulfuric acid mist although these
studies also have been compromised by deficiencies.

It is noticeable that, in chronic/long term studies performed with sulfuric acid mist, no neoplastic
lesions were evidenced in different animal species (see chapter 4.2.5: Repeated dose toxicity).

4.2.8. Toxicity toreproduction and developmental toxicity/teratogenicity
4.2.8.1 Effectson Fertility

No studies were identified regarding toxicity to reproduction in animals after oral, dermal or
inhalation exposure to sulfuric acid.

However, due to irritant/corrosive effects of H,SO,, oral and dermal routes are not appropriate for
testing toxicity to reproduction. In addition, H,SO, is a direct-acting toxicant. The acid as such, is
not expected to be absorbed or distributed throughout the body. Therefore, it is not likely that it
will reach male and female reproductive organs following exposures by any route. The anion
sulfate probably does not play a specific toxicological role because it is a normal metabolite of
sulfur-containing amino acids and it is excreted in the urine when in excess (144).

In long term/chronic or carcinogenicity studies no gross histological alterations were found in
reproductive organs in 2 different species (rat and guinea pig) after exposure to 1-10 mg/m3
sulfuric acid aerosol, and therefore, microscopic examination was not judged necessary (54, 55,
184).
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4.2.8.2 Developmental toxicity/ter atogenicity

In a developmental toxicity study conducted under a method similar to OECD test Guideline 414,
no significant effects on mean numbers of implants/dam, live fetuses/litter or resorptiong/litter were
observed in mice and rabbits exposed by inhalation to sulfuric acid aerosol at 5 and 20 mg/m3
during gestation (129).

Developmental toxicity/ter atogenicity studies conducted with sulfuric acid mist
Species, | Ref. Protocole | Administra Exposure Doses Endpoint Value
Strain | (year) tion time,
frequency
e | Mouse, 129 | Similar to Inhalation, |Day6to150f |0,520 | NOAEL materna 20 mg/m3
CF-1 (1979) | OECD Test whole body | gestation, mg/m3
guideline 414 7h/d NOEL teratogenicity | 20 mg/m3
o | Rabbit, 129 | Similar to Inhalation, |Day6to18of |0,5,20 | NOAEL materna 20 mg/m3
New (1979) | OECD Test whole body | gestation, mg/m3
Zealand guideline 414 7h/d NOEL
white teratogenicity. 20 mg/m3

NOAEL for maternal toxicity appear to be 20 mg/m3 for both species. No evidence of foetotoxicity
or teratogenicity was seen in either species.

As demonstrated by numerous studies, sulfuric acid is a direct-acting toxicant. Because of the
irritant/corrosive effect of sulfuric acid and the absence of effects observed on reproductive organs
in long term/chronic studies aswell asin a study related to reproduction, it may be concluded that a
specific study to reproduction is not necessary.

429 Othe redevant information

Among the experiments studying sulfuric acid effects that could not be integrated into the above
chapters due to their specia design, the most reliable or informative of them are summarized in the
following table.
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Several experiments have examined changes in pulmonary structures and functions, in respiratory
tract clearance, in bronchoalveolar lavage fluids, and in in vitro pulmonary macrophage properties
in different laboratory animal species, after acute or short-term repeated exposures to sulfuric acid
mist. Taken together, these results indicate that there is a considerable interspecies variation in
sengitivity to sulfuric acid aerosols among laboratory animals. Effects of sulfuric acid are aso
highly dependent on the characteristics of the aerosol, on the endpoint measured and on the
experimental conditions.

In experiments studying the active component in inorganic acids on various endpoints, the observed
responses seem to be due to the H+ ion while the anion appears to have no effect. The sulfur from
sulfuric acid is rapidly cleared from the lungs of animals into the blood following inhalation
exposure (see also Chapter 4.2.1 Mode of action of the chemical, toxicokinetics and metabolism).

Human appears to be the less sensitive to the effects of the acid in studies investigating in vitro
functional properties of pulmonary macrophages recovered from different species exposed in vivo
or invitro to sulfuric acid. For some authors, one of the reason of higher tolerance of human cellsto
the effects of sulfuric acid aerosol could be that human cells are normally exposed in situ to
pollutants and microbes from ambient environment, while laboratory animals are raised and housed
in facilities that are relatively free of ambient pollutant and microorganisms.

4.2.10 Human data

Acute inhalation exposure to sulfuric acid aerosols causes a range of effects in the respiratory
system including decrease in particle clearance rates at lower concentrations (< 1.0 mg/m°) to
changes in lung function (>1.0 mg/m®). Asthmatics and those with hyper-reactive airways appear
more sensitive to the broncho-constrictive effects of the aerosol. Repeated exposure to higher
concentrations of aerosol (>3.0 mg/m®) has been reported to cause damage to the incisors.

Sixteen retrospective mortality or cancer incidence studies have been reported on populations with
potential exposure to sulfuric acid aerosols or mists from a wide range of industries, including the
manufacture of sulfuric acid, isopropanol, fertilisers and soaps and detergents, lead battery
manufacture, metal pickling and the steel industry. In general, these studies have shown increasesin
lung cancer incidence or cancer of the respiratory tract and, in some cases, laryngeal cancer. Other
studies in similar populations have shown no such increases. A feature of all of the studies was the
potential for co-exposure to a range of different chemicals, some of which are known to be
carcinogenic. Some of the studies were also inadequately controlled for known confounding factors
such as smoking.

The occupational factors associated with the in occurrence of laryngeal cancer have been studied in
three case-control studies, in which increased odds ratios for laryngeal cancer have been shown for
those with occupational exposure to sulfuric acid mist. A fourth case-control study of laryngeal
cancer cases on the Texas Gulf Coast failed to demonstrate this relationship.

A case-control study of stomach cancer showed an increased odds ratio in those with occupational
exposure to sulfuric acid mists. This study could only be considered as an hypothesis-generating
study.

These studies suggest that there is a moderate association between occupational exposure to acid
mists containing sulfuric acid and laryngeal cancer that cannot be wholly explained by chance or by
confounding by smoking or acohol. However, given the uncertainty regarding a possible
carcinogenic mechanism for sulfuric acid and the likelihood of multiple exposures to other agentsin
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the work environment, of which sulfuric acid mist is a part, these data are insufficient to
demonstrate a causal relationship for this association. There is aso little evidence to support a
causal relationship between occupational exposure to sulfuric acid mist and lung cancer and thereis
inadequate information for drawing any meaningful conclusion about an association between
occupational exposure to sulfuric acid mist and nasal and other respiratory tract cancers.

The WHO International Agency for Research on Cancer (IARC) reviewed the epidemiology studies
and reported in aMonograph in 1992 that "there is sufficient evidence that occupational exposure to
strong inorganic mists containing sulfuric acid is carcinogenic to humans'. This conclusion has led
IARC to classify "occupational exposure to strong inorganic acid mists containing sulfuric acid”" as
a Group 1 carcinogenic activity (88). It is stressed this classification applies to exposure to the mist
(or aerosol) and not to sulfuric acid per se

However, it seems likely that sulfuric acid aerosols in sufficiently high concentrations are deposited
in preferred locations in the nasopharyngeal and/or laryngeal regions, where they cause repetitive
injury, inflammation and repair. The resulting increased cell proliferation, in conjunction with other
carcinogenic agents, may well be responsible for the observed, rather weak association between
exposure and effect. Such preferential deposition and extremely localised induced effects
(squamous metaplasia and persistent proliferation) have recently been demonstrated in rodentsin a
28 day inhalation study in rats (74).

CONCLUSIONS AND RECOMMENDATIONS

The chemical is acandidate for further work :

Environment: the collection of information about exposure during agricultural use should
be considered

Health: the collection of information about occupational exposure to sulfuric acid mist
should be considered.
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ACGIH TLV-STEL
ACGIH TLV-TWA
OSHA PEL (GEN INDU):8H TWA
OSHA PEL (CONSTRUC):8H TWA
OSHA PEL (SHIPYARD):8H TWA
OSHA PEL (FED CONT):8H TWA
OEL-ARAB REPUBLIC OF EGYPT: TWA
OEL-AUSTRALIA: TWA
OEL-AUSTRIA: MAK
OEL-BELGIUM: TWA

STEL
OEL-DENMARK: TWA
OEL-FINLAND: TWA

STEL
OEL-FRANCE: VME

VLE
OEL-GERMANY: MAK
OEL-HUNGARY: STEL
OEL-JAPAN: OEL
OEL-THE NETHERLANDS: MAC-TGG
OEL-NORWAY: TWA
OEL-POLAND: MAC(TWA)

MAC(STEL)
OEL-RUSSIA: STEL
OEL-SWEDEN: NGV

TKV
OEL-SWITZERLAND: MAK-W
OEL-THAILAND: TWA
OEL-TURKEY: TWA
OEL-UNITED KINGDOM: TWA

ANNEX 1
3MG/M3 DTLVS* TLV/BEI,1999
1MG/M3 DTLVS* TLV/BEI,1999
1MG/M3 CFRGBR 29,1910.1000,1994
1 MG/M3 CFRGBR 29,1926.55,1994
1 MG/M3 CFRGBR 29,1915.1000,1993
1MG/M3 CFRGBR 41,50-204.50,1994
1 MG/M3, JAN1993
1 MG/M3, JAN1993
1 MG/M3, JAN1999
1 MG/M3,
3MG/M3, JAN1993
1 MG/M3, JAN1999
1 MG/M3,
3MG/M3, SKIN, JAN1999
1 MG/M3,
3MG/IM3, JAN1999
1 MG/M3, JAN1999
1 MG/M3, JAN1993
1 MG/M3, JAN1999
1 MG/M3, JAN1999
1 MG/M3, JAN1999
1 MG/M3,
3MG/M3, JAN1999
1 MG/M3, SKIN, JAN1993
1 MG/M3,
3MG/M3, JAN1999
1 MG/M3, KZG-W 2 MG/M3, JAN1999
1 MG/M3, JAN1993
1 MG/M3, JAN1993
1 MG/M3, 1996

OEL IN ARGENTINA, BULGARIA, COLOMBIA, JORDAN, KOREA CHECK ACGIH TLV;
OEL IN NEW ZEALAND, SINGAPORE, VIETNAM CHECK ACGIH TLV
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