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PREFACE

This report has been prepared by ECETOC for use by the Commission of the EU (DG V) and its Scientific
Committee on Occupational Exposure Levels, in accordance with guidance provided (CEC, 1992). It
contains a review and assessment of toxicological data to provide a scientific basis for an occupational
exposure limit for hydrogen peroxide. A summary evaluation of the health significance and a

recommendation for an occupational exposure limit are presented in Section 11.3 and 11.4.

This review has been based on an earlier report on hydrogen peroxide (ECETOC, 1993a), supplemented
by data that have subsequently become available.
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1. SUBSTANCE IDENTIFICATION

Common name: Hydrogen peroxide (H,0,)

CAS name: Hydrogen peroxide

CAS registry No. 7722-84-1

EEC No. 008-003-00-9

EEC classification: Solution with a concentration > 60%: corrosive (C) and oxidising (O)

20% < concentration < 60%: corrosive (C)
5% < concentration < 20%: irritant (Xi)

Solution with a concentration < 5% not classified

EEC labelling: 5% < concentration < 20%: R36/38, $28-36/39-45, nota B
20% < concentration < 60%: R34, $28-36/39-45, nota B
Concentration > 60%: R8-34, S28-36/39-45, nota B

RTECS No. MX 899000
IUPAC name: Hydrogen peroxide
EINECS name: Hydrogen peroxide
EINECS No. 231-765-0
Synonyms and tradenames: Hydrogen dioxide

Hydrogen superoxide

Danish: Hydrogenperoxid

Dutch: Waterstofperoxyde

Zuurstofwater
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Finnish; Vetyperoksidi
French: Eau oxygenée

Peroxyde d'hydrogéne
German: Wasserstoffperoxid
Greek: Yrepokerdiog Tov vépoydVOL
[talian: Perossido di idrogeno

Acqua ossigenata

Norwegian: Hydrogenperoksid

Portuguese: Peroxido de hidrégenio

Agua oxigenada

Spanish Perdxido de hidrégeno
Agua oxigenada

Swedish: Vateperoxid
Chemical group: Inorganic compounds
Formula: H,0,
Structure: H—O0—0—H
Molecular mass: 34.0
Purity: 99.75-99.99%
Stabilisers: Common stabilisers (amounts in Section 1.1) are phosphoric or other

mineral acids (to keep the product acidic), sodium pyrophosphate (a

complexing agent to inhibit metal-catalysed decomposition), sodium
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stannate (a colloid-forming inhibitor) and organic stabilisers such as
8-hydroxyquinoline, pyridine carboxylic acids, tartaric acid and
benzoic acids (mainly complexing agents and radical inhibitors)
(Schumb et al, 1955). Stabilised H,0, solutions normally lose < 2%/y
of their H,O, content, when stored at ambient temperature. Nitrate
salts can be added as passivators to improve the chemical
resistance of stainless steel and aluminium against H,0, (Section
4.2).

Impurities: Commercial H,0, solutions contain 0.005-0.10% organic impurities
(total organic carbon). These impurities are aromatic hydrocarbons
and other organic compounds used during purification of the crude
product (Section 4.1). The amounts of inorganic impurities are low;
the total concentration does not normally exceed 10 ppm (total) with

total heavy metals usually < 2 ppm.
1.1 GRADES OF HYDROGEN PEROXIDE

H0O, is normally handled as an aqueous solution, in concentrations ranging from dilute (< 5%) to > 90%
by weight. Commercial grade solutions up to 70% H,0, by weight are generally available; solutions over
70% are produced for specific applications such as the manufacture of organic peroxides and

caprolactone.

In technical and chemical grades, the total stabilisers and impurities (total non-volatile compounds) range

from of 0.01-0.25%; chemical grades having the lower and technical grades the higher levels.

"Food Grade" H,0, (30-50%) meets the US Food Chemical Codex requirements and contains < 0.006%
non-volatile compounds (FCC, 1981). "Electronic Grade" H,0, (30%) is extremely pure. Typically, the
total concentration of non-volatile impurities is 0.001% (L'Air Liquide, 1990a). "Cosmetic Grade" H.0O, (35,
50 and 70%) contains more stabilisers (< 0.5%) added by individual formulators. This is because the
product is diluted with water before use in cosmetics, e.g. to a 12% solution in hair-care preparations, 4%
in skin care preparations, 2% for nail hardening preparations and 0.1% in oral hygiene products (EEC,
1993). In general, the cosmetic user industry complies with the European Specification for 3% and 30%
H20, (Pharmacopée Européenne, 1985; COLIPA, 1991).
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2. PHYSICAL AND CHEMICAL PROPERTIES

H,0O; and its aqueous solutions are clear, colourless liquids with a low viscosity and low vapour pressure.
The odour is distinctive and mildly pungent. The partial vapour pressure of H,O, increases as its
concentration in water increases; the total vapour pressure of a solution is due to both H,O, and water

and decreases with the concentration of H,O,.

Physical and chemical properties of H,O, solutions are given in Table I.

2.1 STABILITY

A pure solution of H,O, is slightly acidic (pH 3.5-4.5). It is relatively stable if stored in the dark in a clean,
inert container. At a fixed pH more concentrated solutions appear to be more stable than diluted solutions.

Stabilisers are added to the commercial product to prevent its decomposition into oxygen and water.

The decomposition reaction is strongly exothermic (Delta H = —98.3 kJ/mol), and large quantities of
oxygen gas are evolved (e.g. 1 litre 70% solution of H,0, yields about 250 | O, at 0 °C and 1,013 hPa)
(Becewa, 1984). The decomposition of H,O, is generally a catalysed reaction. Common catalysts are
dissolved transition metals (e.g. copper, iron, manganese), solid metals (e.g. platinum, osmium or silver),
solid metal oxides and hydroxides (e.g. manganese, iron, copper oxides), activated carbon and enzymes
(Schumb ef al, 1955; Goor et al, 1989). H,0, is also decomposed by alkaline impurities sufficient to raise
the pH to 7 or above. Heat and sunlight can induce photochemical decomposition with the formation of

free radicals.

In the gas phase, H,0; at high vapour concentrations (2 26% v/v) may explode when ignited by an electric

spark (Satterfield et al, 1951) or when heated > 150 °C (Schumb et al, 1955).

H20, is miscible with many polar organic solvents, e.g. low molecular weight alcohoals, glycols, ketones.

Concentrated aqueous H,0, solutions may become explosive with these solvents (Merrifield, 1988).

2.2 CHEMICAL REACTIVITY

H,O, oxidises compounds such as nitrites, cyanides, sulphites and hydrogen sulphide. The oxidising
ability of H,O, is greater at low pH. H,O, can also reduce compounds such as hypochlorites,

permanganates and cerium salts (Ce*").
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H,0, oxidises organic compounds such as aicohols, olefins and amines and also forms organic peroxides

(Schirmann and Delavarenne, 1979).

Table I: Physical and Chemical Properties of H,0, Solutions

Property Concentration of H,O, (by weight) Reference
10% 35% 50% 70% 90%
Freezing temperature (°C) -6 -33 -52 —40 -1 Schumb et al,
1955
Boiling temperature (°C) at 102 108 114 125 141 MCA, 1969
1,013 hPa
Density (kg/m°) at 20 °C 1,034 1,133 1,195 1,288 1,387 MCA, 1969
Viscosity (10° kg/mes) at 20 °C 1.01 1.1 117 1.24 1.26 MCA, 1969
Vapour pressure (Pa) -
total (H.02+H,0) at 20 °C - 1,700 1,300 800 - Atochem,
1989a-e, 1990
total (H20,+H,0) at 22 °C - - 1,486 873 375 Solvay, 1991
partial (H2O;) at 22 °C - - 46 98 178 Solvay, 1991
total (H202+H,0) at 30 °C - 3,070 2,400 1,470 667 MCA, 1969
partial (H,O;) at 30 °C - 48 99 200 333 MCA, 1969
Vapour saturation in air (mg/m®) - - 787 1,685 3,049 Solvay, 1991
at25°C
Vapour density (air = 1)at20°C  1.02° Du Pont, 1995
Threshold odour concentration Not applicable
(ppm)
Surface tension (N/m) at 20 °C 0.0731 0.0746 0.0757 0.0773 0.0792  Schumb ef al,
1955
Solubility in water Miscible at any ratio
Henry's Law Constant - - 1x107° - - Hwang and
(Pam*mol) at 20 °C Dasgupta, 1985
Flash point (°C) Not applicable
Explosion limits (%) at 131 °C 26 (lower Iimit)b Satterfield et al,
. 1951
Auto-flammability, ignition Not applicable
temperature (°C)

a Calculated

b Hot platinum wire method; upper limit not determined
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2.3 CONVERSION FACTORS

Conversion factors for H,O, concentrations in air, calculated at 20 °C and 1,013 hPa:

1 ppm = 1.414 mg/m®
1 mg/m® = 0.707 ppm



Hydrogen Peroxide OEL Criteria Document 7

3. OCCURRENCE

3.1 SOURCES

There are industrial, domestic and natural sources of H,0,.

3.1.1 Industrial Sources

Total losses of H,O, during its production are estimated to be 0.3%, the main release being in works
waste water where the concentration can be 200 mg/l. Following biological or Fenton based treatment,
the maximum concentration in the final effluent is normally in the range of 0-50 mg/l or 0-30 mg/l
respectively for a plant using H,O, (Chemoxal, 1992) and 0-10 mg/l for a manufacturing plant (Interox,
1990). The half-life of H,O, in waste water is estimated to be a few minutes to hours (Degussa, 1990).

The emission of H,O, to the atmosphere from manufacturing plants is limited by its Henry's Law constant
(Table 1) and because it is processed in closed systems. In all, it is estimated that 0.1% of the produced

quantity of H,0, is released to the (aquatic) environment.

At the workplace H,0, releases can be expected during drum and tanker filling, general operations
(synthesis and distillation), laboratory operations, cleaning, disinfection and maintenance. H,0, may also

be released during industrial applications (Section 5.1).

In the paper pulp industry, the amount of H,O, lost to waste water is 2-10 kg/t pulp for mechanical
processes, 0-2kg/t pulp for chemical processes and < 1 kg/t pulp for de-inking. H,O, could not be
detected in the effluent leaving these plants because of its rapid decomposition (Eka Nobel, 1990).

Nuclear power plant cooling water contains traces of H,O, formed by radiochemical processes (Giguére,
1975; IARC, 1985).

A potential source of H,O, is from drinking water which has been treated with ozone and UV radiation.
The authorised residual concentration of H,O, in potable water is 0.1 mg/l in the former USSR (Antonova,
1974) and Germany (Bundesminister fiir Jugend, Familie, Frauen und Gesundheit, 1990) and 0.5 mg/l in
France (Ministére de la Solidarité, de la Santé et de la Protection Saciale, 1990).
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3.1.2 Domestic Sources

The domestic release of H,0, is mainly from the use of sodium perborate (tetrahydrate and monohydrate)
and sodium carbonate peroxyhydrate for laundering. The H,O, concentration in the outlet of a washing
machine ranges from 0-5 mg/l, assuming that 4 kg clothing, 801 water and 120 g washing powder
containing 15% tetrahydrate perborate (with 10% unreacted H,0,) are used in the whole washing cycle.
For France, with a perborate consumption of 80 kt/y, the amount of H,0, released would be 1.7 ktly
(Chemoxal, 1992). The decomposition resulting from the mixing of washing effluents with other domestic
waste water in sewerage systems greatly reduces the H,O, concentration before it reaches the inflow of

municipal sewage treatment works.

3.1.3 Natural Sources

3.1.3.1 Air

H,O, occurs naturally in rural, unpolluted (ambient) air as a result of photolysis of ozone (Wayne, 1988).
In poliuted air most H,O, formation begins with photolysis of aldehydes (Calvert and Stockwell, 1983).

Both reactions give rise to the formation of free radicals such as -HO,, a precursor of H,O,.

H,0, formation in a conifer forest is considerably higher due to the presence of olefins emitted by the
trees (Sakugawa et al, 1990). High concentrations of volatile organic compounds (VOC), methane (CH,)
and carbon monoxide (CO) in the atmosphere aid H,O, generation, because of greater photochemical
production of free radical species (Wayne, 1988). H,O, is a significant, active component of

photochemical smog (Bufalini et al, 1972; Kok et al, 1978a).

Solar UV irradiation enhances photolysis and H,0, production is therefore higher during the day,
especially in the afternoon, than at night (Das et al, 1983; Dollard et al, 1988; Possanzini ef al 1988;
Sakugawa and Kaplan, 1989) and higher in summer than in winter (Olszyna et al, 1988; Boatman et al,
1989).

Twice as much H,0, is formed at 100% relative humidity than at 50% humidity (ambient temperature
25 °C) (Calvert and Stockwell, 1983). Levels of H,O, may rise by 70% when the air temperature
increases from 10 to 30 °C when other meteorological factors and air pollutant concentrations remain

constant (Sakugawa et al, 1990).
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H,O, formation may be inhibited in various ways, particularly by SO, and NO, which are scavengers for
*HO,. For example, the relatively low NO levels in marine air may explain the enhanced H,0, production

when compared to continental air (Stockwell, 1986).

It should be noted that the concentration ratio of VOC/NO, together with their absolute concentrations,

influences the formation of H,O, in either direction.

H,0O, can also be degraded by photolysis, but this is a relatively slow process with a troposheric half-life of
10-20 hours (Kleinman, 1986).

H,O. accumulates in the atmosphere during extended dry periods (Jacob and Klockow, 1987). Airborne
H,O, shows a strong tendency to dissolve in the aqueous phase (Henry's Law constant is 10~ Pasm%mol
at 20 °C for H,0, concentrations of 5.1-5,100 mg/l) (Hwang and Dasgupta, 1985). On the other hand,
evaporating clouds can release considerable amounts of gaseous H,O,, a phenomenon which occurs
even at night. The appearance of clouds lowers the gas-phase H,0, mixing ratio. During wet deposition,

H,0, is efficiently removed from the atmosphere.
3.1.3.2 Aquatic Environment

In surface water, H,0, is generally produced by a photochemical process involving dissolved light-
absorbing organic matter and molecular oxygen (Schumb et al, 1955; Cooper and Zika, 1983; Zika ef al,
1985a). A large number of organic (humic) compounds can serve as promoters (Draper and Crosby,
1983). In sea-water, the Weiss mechanism (involving the oxidation of iron and copper ions) may also be
responsible for the production of H,O,. Metabolites excreted by a number of marine organisms may act
as promoter, e.g. riboflavin (Moffet and Zika, 1987). H,O, formation rates in sea-water and freshwater
are similar, measured values ranged from 0.34 to 17 pg/i/h (Johnson et al, 1987). Experimental rates of
H,0, production in sea-water were 1-10 nmol/i/h (34-340 ng/i/h) after illumination. In deep sea-water no

H>0, is found under natural conditions (Johnson et al, 1989).

The overall half-life of H,0, formed in seawater was measured to be 60 hours (Petasne and Zika, 1987),
in freshwater 10-20 hours (Cooper and Lean, 1989; Air Liquide, 1991).
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3.1.3.3 Soil

In ground water the H,O, concentration is related to the content of dissolved oxygen through the coupled
0,:H,0; redox activity, indicating the possibility of a Weiss type oxidation mechanism in the soil (Holm et
al, 1987).

3.1.3.4 Living Organisms

H,0O; is produced naturally by living organisms. For example, H,O, has been detected in human exhaled
breath at relatively high concentrations (1.0 + 0.5 x 10° to 3.0 + 1.5 x 107 molar, 210 to 720 ppb or 300 to
1,020 ug/m®) (Williams et al, 1982). For other mammalians, see Section 7.1.2and 7.1.3.2.

Other organisms capable of producing H,O, are certain blue-green and green algae under light irradiation
(Zepp et al, 1987; Stevens et al, 1973) and phytoplankton (Johnson et al, 1989). The bombardier beetle
(Brachinus crepitans L.) can produce H,O, solutions up to 28.5% (Schildknecht and Holubek, 1961).
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4. PRODUCTION AND USE DATA

4.1 PRODUCTION METHODS

4.1.1 Anthraquinone Autoxidation

The predominant industrial method of H,O, manufacture is by anthraquinone autoxidation involving 2
main steps (Figure 1) (SR, 1988; Goor et al, 1989). The first step is the catalytic hydrogenation of
2-alkyl-9,10-anthraquinone or other anthraquinone derivative to its corresponding anthrahydroquinone
using a palladium or nickel catalyst, followed by separation of the solid catalyst from the "working
solution". The second step involves oxidation of the anthrahydroquinone by bubbling air or oxygen through
the solution. When the anthrahydroquinone is oxidised back to anthraquinone H,0, is formed. The crude

H,0, is extracted with water from the organic solution which is returned to the first hydrogenation step.

Figure I: Anthraquinone Autoxidation Method (Goor et al, 1989)

9 OH o
| R R ' R
X o QL o QI
| |
O OH O

R Alkyl

The crude aqueous solution contains about 20-40% H,O, which is further purified in 2 or 3 extraction
steps with an organic solvent such as xylene and/or methyl cyclohexanol acetate (Goor et al, 1989). An
optional treatment with activated carbon or absorbent resin can be applied to reduce the organic carbon

content. Finally, the aqueous solution is distilled to give 50-70% H,O, solutions.
4.1.2 Other Production Methods
Small quantities are produced by older methods using electrolysis of aqueous ammonium sulphate or

sulphuric acid solution in water (Goor et al, 1989). An organic process based on 2-propanol is in use in

the former Soviet Union (Goor et al, 1989).
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4.2 HANDLING, STORAGE AND TRANSPORT

To prevent decomposition of H,O, in aqueous solution, measures are taken to avoid contamination during
storage and transport. Tanks of aluminium (> 99.5%) or stainless steel (AISI 316L or 304L) are used for
bulk storage of H,O, solutions < 70% and also for higher concentrations. Before use the metal surfaces
must be cleaned and passivated (the metal oxide layer on the surface improved). High density
polyethylene tanks are also used for < 60% H,0,. Smaller quantities (concentration < 60%) are mainly

stored in drums or bottles of high density polyethylene.

Storage vessels are vented to the atmosphere in order to avoid pressure build-up resulting from

decomposition.

Regulations for rail, road and sea transport are in force for the transport and packaging of > 8% H,0O,

solutions.

4.3 USES

4.3.1 Quantities Used and Produced

The estimated world-wide consumption of H,O, in 1994 was 1,450 kt, distributed between Western
Europe 39.9% (580 kt), North America 33.6%, South America 4.9%, Asia 18.8% and Africa/Middle East
2.8% (CEFIC, 1995).

H,0O; is produced at approximately 75 production plants world-wide (excluding China); 30 of these are in
Western Europe. Each plant has a production capacity of 2-90 ki/y (CEFIC, 1995). The production in
Western Europe has increased over the past decade to approximately 600 kt in 1993 (CEFIC, 1994).

4.3.2 Usage

There are 3 main uses of H,O,; the percentage of the total world consumption in 1987 is given in
parentheses (ECN, 1988).

®  Production of chemicals (39%). Chemical or technical grade 35-70% H,0, is used for the production
of chemicals such as detergent raw materials (sodium perborate and sodium percarbonate),

epoxidised soybean oil (stabiliser for PVC), cathecol and hydroquinone, hydrazine, organic peroxides



Hydrogen Peroxide OEL Criteria Document 13

(hardeners and initiators for the polymer industry), peracetic acid (a disinfectant and oxidising agent),

caprolactone (a polyester raw material) and fatty amine oxides (detergent chemicals).

m  Bleaching of cellulose pulp (29%). Technical grade 50-70% H,0O, is used for bleaching mechanical
pulp, chemi-thermo-mechanical pulp (CTMP) and chemical (kraft and sulphite) pulp and for de-inking

waste paper. This use is expected to continue to increase.

m  Bleaching of textiles (19%). Technical grade 35-70% H,O, is used for the bleaching of textile and

cotton.

The remaining 13% of the world consumption is used for applications such as environmental control
(waste water, waste gas and ground water treatment), metal etching (printed circuit boards), mining (gold
‘ore leaching) and semiconductor chips manufacturing (cleaning). Most of these applications require a
technical grade H,0, (35-70%), except for semiconductor chips for which a special, highly pure electronic
grade (30%) has been developed.

A relatively small quantity (< 2%) is used in applications which are particularly relevant to human exposure
(Section 5.2), namely: disinfection in aseptic packaging of juice, milk, etc. (food grade), disinfection of
drinking water (food grade), bleaching of certain foodstuffs, e.g. tripe, herring (food grade), sanitation of
chemical instruments, disinfection of eye contact lenses, disinfection of wounds, mouthwashing and hair

bleaching (cosmetic grade).
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5. QUANTITATIVE INFORMATION ON EXPOSURE AND UPTAKE

5.1 EXPOSURE LEVELS AT THE WORKPLACE

The number of workers potentially exposed during H;O, production in the EU is very limited, e.g. 3/shift at
one plant and 9/shift at another plant (CEFIC, 1996).

The US-National Institute for Occupational Safety and Health estimated that 52,800 US-workers in 18
different industry sectors were potentially exposed to H,O, (level not specified) in 1982 (OSHA, 1989a).

Similar data on EU industries are not available.

Table Il summarises exposure data from routine operations during H,O, production collected by CEFIC
(1996) and ECETOC (1991). The data concern 13 production plants of 8 major suppliers in the EU.

Table ll: Occupational Exposure Levels (CEFIC, 1996)

Job category Year of Sample type? Concentration® (mg/m°)
measurement TWA Short-term level

Synthesis 1990-95 Personal 0.49 -

Distillation 1990-95 Personal 0.35-0.47 -

General work area 1994 NS 0.10 -

General work area 1989 Area - 0.07-0.14

Stabilisation 1991-95 Personal ND-0.5 -

Stabilisation 1989-95 Area - 5.66-6.34

Drum filling 1990-95 Personal 0.08-0.56 -

Drum filling 1982-95 Personal - 0.3-2.83

Drum filling 1990-95 Area 0.2-1.3 0.1-4.7

Tank filling 1990-95 Personal 0.1-2 -

Tank filling 1990-95 Area - 0.45-1.8

Storage 1990-95 NS 0.05 <0.2-2

Laboratory 1994-95 Personal 0.5-0.75 -

Laboratory 1989-95 Personal - 0.28-0.5

a Personal = monitoring in the worker's breathing zone

Area = background monitoring at the work place
NS = not stated

b TWA = time-weighted average exposure concentration (4 to 8-h working period)
Short-term levet = exposure concentration during short (15 min to 1 h) periods
ND = not detectable (detection limit not stated)
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Although there were differences in the way the measurements were performed and the results reported,
the available data indicate that, in general, exposure levels during a 4 to 8-hour workshift were below
1.4 mg/m®, During specific operations, like drum and tank filling and stabilisation short-term (15 min to
1 h) levels were measured up to 4.7 mg/m®. The highest exposure concentrations (around 6 mg/m®)

occur during stabiliser make-up (CEFIC, 1996).

Incidental exposures may be higher. For example, in an unmanned pump house at a production site H.0,

concentrations were 10 and 2 mg/m® before and after reparation of a leaking seal box (ECETOC, 1991).

Limited data are available on exposure during use. In the packaging industry, where H,O, solutions are
used for disinfection, < 0.20 mg H,0O,/m* (range 0.21-1.2 mg/ma) was recorded during start-up of a coffee
cream packaging machine (Suenaka et al, 1984). H,0O, levels near a fruit juice packaging machine were
0.2-0.66 mg/m® (Tetra Pak, 1991). Kaelin et af (1988) reported an incident of high H,O, exposure near a
milk packaging machine where the levels were 12-42 mg H,O,/m® before and 1.5-4.5 mg/m® after

installation of ventilation.
5.1.1 Biological Monitoring

No data are available (Section 6.3 and 7.1.5). Due to the nature of the compound, its reactivity and its

endogenous formation/degradation it is not appropriate to monitor H,0, levels in biological tissues.

5.2 LEVELS IN FOOD AND DRINKING WATER, AND EXPOSURE RELATED TO
LIFESTYLE

Studies or other quantitative information on human exposure levels or intake of H,O, via foodstuffs,

drinking water or preparations containing H,O, are not available.

H,0, is only permitted for food processing if residual quantities are removed by appropriate physical and
chemical means. In the USA, the residual level in food immediately after aseptic packaging should not
exceed 0.5 ppm (US-FDA, 1990). Under the GRAS regulation, the maximum treatment levels for H,0, in
food applications can be up to 1.25% depending on the use (US-FDA, 1992).

It should be noted that endogenous H,O, levels in plant tissues are refatively high. For example, the
concentration in tomatoes is 3.1-3.5 mg/kg, in castor beans 4.7 mg/kg and potato tubers 7.6 mg/kg
(Warm and Laties, 1982).
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People may be exposed to H,O, from its use in antiseptics, cleaning agents and cosmetics, (hair bieach,
tooth paste, deodorant and mouthwash), which are generally sold as a 3% solution. H,O, is also used as
a sterilising agent for polymeric food packaging and for juice and wine processing, and in the USA as a
whitener for teeth, applied in dentists offices.

H,0, (3%) as is widely used to sterilise contact lenses (Holden, 1990). Following sterilisation residual
levels of 10 to 50 mg/l or more may be retained on soft lenses (McNally, 1990). The normal concentration
range of H,O; in aqueous humour of the human eye is between 10-660 pmol H,O0,/l (0.34-22.44 mg/l),
with @ mean value of 24 ymol/l (0.82 mg/l) (Spector and Garner, 1981; see aiso Chalmers, 1989).

5.3 ENVIRONMENTAL LEVELS

5.3.1 Air

Tropospheric H,0, concentrations may vary by 2 orders of magnitude depending on the intensity and
duration of light irradiation, water vapour content and presence of promoters (CH,, CO, VOC) and
inhibitors (NOy, SO,) (Section 3.1.3.1). Wet deposition and transport by wind naturally influence local H,O,

concentrations.

In general, for the reasons explained in Section 3.1.3.1, H,O, concentrations increase with altitude
(mountain regions) (Heikes ef al, 1987; Van Valin et al, 1987; Daum et al, 1990; Van Valin et al, 1990)
and geographical fatitude from north to south by approximately 0.05 ppb (0.07 pg/ma) per degree (Heikes
et al, 1987; Van Valin et al, 1987; Jacob et al, 1987; Jacob et al, 1990).

Seasonal differences in H,O, concentration have been reported by Olszyna et al (1988) and Boatman et
al (1989), the highest concentrations being measured during the summer. The latter author observed that
average H,0O, concentration varied by a factor of 16 (0.3-4.8 ppb, 0.4-6.7 pg/m3) between winter and

summer.

In rural air, H,0, concentrations ranged from 0.3-3 ppb (0.4-4 ug/m®) during day-time but could not be
detected at night (< 0.01 ppb, <0.014 pg/ma) (Das et al, 1983). Other results from a variety of locations
and under different conditions ranged from 0.02-2.4 ppb (0.03-3.4 pg/ms) (Sakugawa and Kaplan, 1987;
Slemr et al, 1986; Tanner et al, 1986; Barth et al, 1989).
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Levels as high as 0.18 ppm (0.25 mg/m3) have been reported in severe photochemical smog (Bufalini et
al, 1972). Concentrations during periods of moderate smog ranged from 10-30 ppb (14-42 ug/m?®) (Kok et
al, 1978a).

5.3.1.1 Rain-water and Cloud-water

H,0, levels reported in rain-water were 0-2,414 ug/l in Western Europe (Lagrange and Lagrange, 1990;
Klockow and Jacob, 1986; Keuken et al, 1987; Romer et al, 1985), 1-2,800 pg/l in the USA/Canada (Kok,
1980; Zika et al, 1982; Cooper et al,1987; Olszyna et al, 1988; Kelly et al, 1985: Daum, 1990), 578-
6,766 ug/l in Brazil (Jacob et al, 1990) and 6.8-1,064 pg/l in Japan (Yoshizumi et al, 1984). H,0,
concentrations in cloud-water in the USA ranged from 3.4-8,398 pg/l (Kelly et al, 1985) and above the
North Sea < 41-3,000 pg/l H,O, (ROmer, et al,1985).

5.3.2 Aquatic Environment

Spatial and temporal variations of H,0, concentrations in surface waters are principally due to changes in

photochemical production (Section 3.1.3.2).

H,O, has been detected in sea-water at concentrations ranging from 0.14-58 pg/l (Van Baalen and
Marler, 1966; Zika, 1978, 1980 both as quoted in Cooper et al, 1988; Helz and Kieber, 1985; Zika et al,
1985a,b; Kieber and Helz, 1986; Johnson et al, 1989). In freshwater, the concentrations ranged from 0.34
to 109 pgft (Sinel'nikov, 1971 as quoted in Cooper et al, 1988; Kieber and Helz, 1986; Cooper and Lean,
1989; Cooper et al, 1989).

H20, concentrations decline with increasing depth and follow light attenuation. For example, the
concentration level dropped from 5 ug/l to 0.3 pg/l at 100 meters depth at an ocean station (Zika et al,
1985a) and from 6 pg/l at the surface to < 0.7 pg/l at 20 meters depth of lake Erie (Cooper et al, 1989;
Cooper and Lean, 1989).

H,0, concentrations vary throughout the day with mid to late afternoon maxima (diel cycle). For example
the concentration in sea-water was 9.9 pg/t at 6 p.m. but 6.8 pg/l at 6 a.m. at a coastal station (Zika et al,
1985a) or 27.2 ug/l by late afternoon and 0.34 g/l during the night in Jacks Lake (Cooper et al, 1989;
Cooper and Lean, 1989).
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5.3.3 Soil

H,O, was found in concentrations of 0.34-2.2 ug/l in ground-water taken from wells 11, 15, 21 and

32 meters deep in a shallow sand and gravel aquifer (Holm et al, 1987).
5.4 SUMMARY AND EVALUATION

In general, exposure levels during production in a 4 to 8-hour workshift are below 1.4 mg/m®. During
specific operations, like drum and tank filling and stabilisation short-term (15 min to 1 h) levels were up to

4.7 mg/ma. The highest exposure concentrations (around 6 mg/m?’) occurred during stabiliser make-up.

In the packaging industry, where H,0, solutions are used for desinfection, the limited data available show

levels of < 0.2-4.5 mg H,O,/m°.

Exposure of the general population from ambient air is usually < 4 ug/m®. However, exhaled air contains
300-1,000 pg/m3. Therefore ambient air is not a significant source of exposure, except in fog and smog.
Total human exposure cannot be assessed due to a lack of data on foodstuffs, drinking water, non-

prescriptive pharmaceuticals and cosmetics.
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6. MEASUREMENT TECHNIQUES AND ANALYTICAL
METHODS

6.1 WORKPLACE

Methods for the determination of H,O, in air at the workplace are summarised in Table HI.

Table lil: Determination of H,O; in Air at the Workplace

Sample preparation Analysis Limit of detection Reference

(PPb) (Hg/m’)
Absorption in water Colorimetry at 415 nm 10 14 Pilz and Johann, 1974
containing TiCly/HCI
Absorption in acidic Colorimetry at 400 nm 140-2,800 198-3,960  Interox, 1991
potassium titanium oxalate

6.2 ENVIRONMENTAL MONITORING

6.2.1 Air

Sakugawa et al (1990) reviewed a large number of studies of the H,O, content of air and rain/cloud-water
and stated that the different analytical procedures used to measure atmospheric concentrations yielded
different results. Further improvements in H,O, sampling and analysis would be needed. Sampling
presents a special problem at low concentrations in air. Lee et al (1991), for example, found that for low
atmospheric levels (2 ppb, 3 pg/ma) as much as 90% of the gaseous H,O, could be lost by surface

reactions at the inlet of the sampling line.

Methods for the determination of H,O, in ambient air are summarised in Table IV. In ambient air, a
sensitive, direct fluorescence method is available (Lazrus et al, 1985, 1986). Other methods involve
trapping H;O, in wash traps or on filters, followed by analytical determination. The lowest detection limit is

approximately 3 ppt (v/v) (4 ng/m?) (Ferm, 1988).
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Table IV: Determination of H,0, in Ambient Air

Sample preparation Analysis Limit of detection Reference
(PPb) (ug/m’)

Collect in impingers containing Chemiluminescence 0.5 0.7 Kok et al, 1978b

distilled water; react with luminol Das et al, 1983

using alkaline Cu®* catalyst

Collect in gas washing traps filled Fluorometry at Atleast 70 ng/t - Zika and

with water; react with scopoletin, 365/490 nm in trap water Saltzman, 1982
add horseradish peroxidase and

phenol

Collect in aqueous stripping Automated 0.050 (gas - Lazrus et al, 1985,
solution; react with horseradish fluorometry at phase)’ 1986
peroxidase and 326/400 nm 0.07 pg/ (liquid

p-hydroxyphenylacetic acid; phase)®

decompose H,O; by catalase

Trap in Ti** + H,S04 on glass filtter,  Colorimetry at 0.003 0.004 Ferm, 1988
leach with water 475 nm

a Detection limits in a commercial analyser (Aero-Laser, 1992)
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6.2.2 Water

Methods for the determination of H,Q, in water are summarised in Table V. The most sensitive method is
the one used for ground-water by Holm et al (1987).

Table V: Determination of H,0, in Water

Sample preparation Analysis Limit of Reference

detection
(ugh)
Surface Water
Add leucocrystal violet, Colorimetry at 596 nm 50 Draper and
horseradish peroxidase in Crosby, 1983
acetate buffer ’
Boil, cool, filter and irradiate Thin-layer chromatography with 50 Draper and
peroxidase-catalysed leucocrystal Crosby, 1983
violet spray

Rain and Cloud Water

React with alkaline luminol Chemiluminescence 1 Kok, 1980
Acidify with H,SOy4, cool to Conversion of H,Ox-derived Oxto  1-102 Hoit and Kumar,
5 °C, degas, add KMnO, CO,, manometry of CO; collected 1986

in cool trap
Sea Water
Add phenylarsine oxide, Kland  lodometry of excess phenylarsine  0.68 Kieber and Helz,
Mo catalyst in acetate buffer oxide 1986
Ground Water
Add scopoletin, measure Fluorometry at 365/495 nm 0.12-1.52  Holm et al, 1987

fluorescence; add horseradish
peroxidase, measure
fluorescence

Cooling Water

Mix with phenolphtalein leuco Photometry Not stated  Zabelin and
base Karbovnichii, 1983

a Reported as "in the ppb range”
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6.3 BIOLOGICAL TISSUES

Standard methods for assaying H,O, are not available. A summary of methods used for the determination
of H,O, in biological media including the analysis of plant tissues, animal tissues, blood, food and milk, is

given in Table VI.

Table VI: Analysis of Biological Media and Food

Sample preparation Analytical measurement Limit of detection Reference

Plant Tissue

Transfer frozen sliced Chemiluminescence Atleast 1 ng Warm and Laties, 1982
tissue into 5% (corresponding to 0.1-1 g

thyrocalcitonin; fresh tissue)

homogenise; centrifuge;
pass over anion
exchange resin; add to
ammoniacal luminol; add
potassium ferricyanide

Animal Cells and Tissue

Mix tissue homogenates Spectrophotometry (640-  Unknown Sies, 1981
or subcellular fractions 660 nm)
with catalase

Blood Serum

Add sodium azide, H2O2-selective electrode Unknown Nakane and Kosaka,
ascorbate oxidase, with oxidase meter 1980

catalase and 1,4- )

piperazine-diethane-

sulphonic acid or

phosphate buffer

Plasma

Blood centrifuged, HPLC and spectrometry Unknown Nahum et al, 1989
deproteinated

Milk

Treat with trichloro-acetic ~ Colorimetry (TiCly/HCI) 2 mght Matz and Dietze, 1971
acid; filter 415 nm 0.4 mg/l Gupta et al, 1977
Food

Extract with 0.5% KBrO3 O3 release by catalase, 0.01 mg/l (liquid) Toyoda et al, 1982

atpH7.0 oxygen electrode 0.1 mg/kg (solid)
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7. TOXICOLOGY

7.1 TOXICOKINETICS

Information about the toxicokinetic processes involving exogenous H,0, in mammals is difficult to obtain
because of the ubiquitous presence of active defence mechanism against oxidising agents. H,O, will
quickly decompose to oxygen and water at the absorption site before it can reach other tissues and

organs via the blood circulation.
7.1.1 Uptake
7.1.1.1 Absorption from Exogenous Exposure

There is limited information on the uptake of H,O,. After local application of H,0, solutions (1-30%) to
human skin, tongues of cats and dogs, and foot pads and heart of rats, a characteristic blanching of the
exposed tissue area was observed (Hauschild et al, 1958; Ludewig, 1959). Oxygen bubbles occurred in
the tongue and jugular veins of dogs, cats and rabbits after sublingual administration of H,O, solutions
(3% or 30%) (Ludewig, 1959).

Following sublingual administration of '®O-labelled H,O, (19% aqueous solutions) to cats, rapid
absorption occurred, the decomposition product (1802) being transported to the lungs. After 18 minutes
7% and after 34 minutes 30% of '°0, was detected in the expired air, with no increase in "®O-carbon
dioxide (Ludewig, 1964).

The perfusion of the large intestine of dogs with diluted (0.12-0.48%) H,0, solutions raised the oxygen
saturation of blood in the portal vein. No attempt was made to determine if H,O, decomposition occurred

before or after absorption (Urschel, 1967).
7.1.1.2 Mechanism of Absorption

The permeability constant of erythrocyte membrane for H,0, is approximately 0.04 cm/min (Nicholls,
1972), and for peroxisomal membrane 0.2 cm/min (De Duve, 1965 as quoted in Chance et al, 1979). The
permeability of biological membranes to H,O, is comparable to that of water (Dick, 1964). The
permeability of the erythrocyte membrane to oxygen is higher than to H,0, (Nicholls, 1972).
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Significant amounts of topically applied H,O, can penetrate the epidermis or mucous membranes
followed by rapid spontaneous or enzyme-catalysed decomposition to oxygen and water in the underlying
tissue. The formation of gaseous oxygen causes capillary microembolism and prevents irrigation of
tissues by blood resulting in a visible, reversible blanching of the exposed tissue area (Hauschild et al,
1958). Large volumes of gaseous oxygen (1 ml of 30% H,O, yields approximately 100 ml oxygen) within
tissues can lead to the detachment of epithelial cell masses and mechanical rupture of tissues causing
haemorrhage or even the rupture of whole organs, e.g. the large intestine (Sheehan and Brynjolfson,
1960; Ludewig, 1965; Urschel, 1967).

Locally formed oxygen is removed by the blood. Toxicity is enhanced by intravenous (i.v.) administration

which causes symptoms of gas embolism (Ludewig, 1959).

The i.v. toxicity of highly concentrated H,0O, solutions (90%) is related to the degree of decomposition at
the site of administration as well as the administered dose. The higher the concentration of H,O,, the

greater the local destruction and breakdown (Hrubetz et al, 1951).

Administration by other routes also shows decreased absorption rates with higher concentrations of H,O,
(Hrubetz et al, 1951). Dieter (1988) explained this by the local, massive liberation of oxygen bubbles
which obstructed blood flow, thus preventing H,O. entering the general circulation and exerting systemic

effects.

Thus, there is little data on exogenous H,O, because it is difficult for the substance to enter body tissues
intact. There is, however, ample information on the endogenous formation and fate of H,O, in body

tissues.
7.1.2 Endogenous Formation

H,O, is normally found in each aeraobic cell as an endogenous metabolite. It is generated during cell
respiration by various metabolic process (e.g. oxidase-catalysed reactions), by oxidative stress (i.e. super-
oxide anion degradation by superoxide dismutase) and by patho-physiological reactions such as those
involving activated phagocytes (Fridovich, 1978; Chance et al, 1979; Sies, 1985).

Most of the molecular oxygen consumed in mammalian organisms is reduced to water via oxidative
phosphorylation in mitochondria {cytochrome oxidase), without the formation of oxygen intermediates. A

small proportion is decomposed via specific pathways yielding reactive oxygen species including singlet

oxygen ('0,), superoxide radical anion (+O3 ), H,O, and hydroxy! radical («OH ):
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07> -o;—eHl+ Hy0, —He—} HO , “OH
2

These reactive oxygen species are formed during enzymatic reactions, but also through spontaneous
redox reactions such as the reduction of hydroquinone, xanthin, haemoglobin or catecholamines
(Vuillaume, 1987). Caracteristic for the enzyme reactions is the role of transition metals, especially

copper, manganese, iron and selenium (Sies, 1985).

Mitochondria, microsomes, peroxisomes and cytosol contain a number of H,0, generating enzymes
including superoxide dismutase (SOD), several oxidases (e.g. glycolate oxidase, urate oxidase, fatty acyl
CoA-oxidase) énd several peroxidases, cyctochrome P-450 dependent mono-oxygenases and flavin
dehydrogenases (Hemmerich et al, 1970; Dixon, 1971; Boveris et al, 1972; Bors et al, 1974). During
substrate oxidation, oxygen is reduced by these ehzymes in an univalent or divalent step to superoxide
anion or to H,O, (Sies and Chance, 1970; Misra and Fridovich, 1972; Chance et al, 1979; Fridovich,
1983):

O, +e” —.0;

O, +2e” +2H" - H,0,

The reduction of oxygen to superoxide anion is preferred because of an electron spin restriction
(Fridovich, 1983). The superoxide anion is considered to be a precursor of H,0, (Loschen et al, 1974;

Boveris, 1977). The formation rate of superoxide anion in mammalian liver is estimated to be 24 nmol
O3 /min/mg protein and the intramitochondrial steady-state concentration 10-11 mol +0;/mg tissue

(Fridovich, 1983).

The predominant reaction of superoxide anions is dismutation to H,0, and oxygen. The reaction can

occur spontaneously or is catalysed by SOD (Fridovich, 1983):
«0; ++0; +2H" - H,0, + O,

In an aqueous solution, spontaneous dismutation is a second-order reaction and the half-life of «05 is an

inverse function of its initial concentration, whereas the SOD-catalysed reaction is first order and the 03

half-life is independent of its initial concentration. Assuming typical concentrations of 107> mol SOD/mg
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tissue and 10™" mol <O /mg tissue (steady state), Fridovich (1983) calculated the rate of catalysed

elimination of «O3 , and subsequent formation of H,O,, to be 10" x higher than spontaneous dismutation.

SOD is specific for «O; substrate and is present in several subcellular compartments such as cytosols,
mitochondria, microsomes and nuclei, where O}, formation may occur. Higher concentrations of SOD in

cells can be induced by increased O3 levels in rat lung and rat liver (Section 7.1.4.1, Induction of

Enzyme Activity), in endothelial cells and also in bacteria (Fridovich, 1983).

In perfused rat liver, H;O, formation is dependent on the substrate used and a great variation in the
results is observed. Uric acid led to a production rate of 100-300 nmol H,O,/min/g liver (wet weight)
(Boveris et al, 1972). Sies (1981) measured a formation of 80 nmol H,0,/min/g liver (wet-weight) during
the oxidation of decanoate by perfused rat liver isolated from normally fed rats. Succinate added to rat
liver mitochondria produced approximately 0.5 umol H,O./min/mg protein (Boveris and Chance, 1973;
Nohl and Hegner, 1978). The maximum rate of induced H,O, formation was 11-15 pmol H,O,/min/g liver
(Tamura et al, 1990).

Boveris et al (1972) estimated the total rate of H,O,-production in rat liver to be 90 nmol H,O,/min/g liver
(wet weight) under physiological conditions.

Using the value reported by Boveris et al (1972), the rate of H,O, production in human liver was estimated
to be 270 mg/h (7,941 pmol/h) under normal conditions or greater when stimulated by appropriate
substrates (US FDA, 1983).

The neutrophils in patients with chronic granulomatosis have a defect in their NADPH oxidase-superoxide

generating system and these cells generate less endogenous H,O, (Baehner et al, 1982).

7.1.3 Distribution

7.1.3.1 Exogenous H,0;

As already described in Section 7.1.1.2, the local spontaneous or enzymatic-catalysed breakdown of
small quantities of H,O, prevent it to enter the general circulation and thus its systemic distribution. In the

case of large quantities, the local and massive liberation of oxygen bubbles obstruct the blood flow and
prevent systemic distribution (Dieter, 1988).
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7.1.3.2 Endogenous H,0, Levels

Endogenous H,O, levels depend on the balance between its formation and decomposition. Assay
conditions may affect the H,O, levels found in subcellular fractions (Chance et al, 1979).

In principle, quantitative measurement of H,0, in biological fluids is difficult to perform in the presence of
metabolic enzymes, because any blocking of H,O, degradation will alter the steady state between its
formation and decomposition (Nahum et al, 1989).

In general, the steady-state H,O, concentration in rat liver is about 107 pmoll (0.034 pgh); after
maximum stimulation of H,0, production its concentration increases to 0.1 umol/t (3.4 ug/l) (Sies, 1974).
This limited variation is attributed to the catalase activity in rats (97,000 umol H,O,/min/g liver) (Tamura et
al, 1990).

In rats, H,0, levels of 43-87 mmol/kg kidney (dry weight; 1,460-2,960 mg/kg) and 3.6-8.3 mmol/kg liver
(dry weight; 122-282 mg/kg) have been reported. The corresponding values in mice were
74-147 mmol/kg kidney (dry weight; 2,520-5,000 mg/kg) or 15-31 mmol/kg liver (dry weight; 510-
1,050 pg/kg) (Rondoni and Cudkowicz, 1953).

England et al (1986) and Cavarocchi et al (1986) reported an increase in plasma H,0, levels in patients
from 65 mmol/l (2,210 mg/l) before to 125 mmol/l (4,250 mg/l) immediately after a heart bypass operation.
The spectrophotometric analytical method was later criticised by Nahum et al (1989).

Using a radioisotopic technique, an average plasma level of 34 pmol H,O,/ (1.16 mg/l) with a range of
13-57 umol/l (0.44-1.94 mg/l) was found in human volunteers. The average blood level appeared to be
288 pmol/l (9.79 mg/l) with a range of 114-577 pumol/l (3.88-19.6 mg/l), suggesting that red or white blood
celis are rich in H,O, Similar concentrations were found in Sprague-Dawley rats (Varma and

Devamanoharan, 1991).

H,0; concentrations can reach 12.2 pmol/t (0.415 mg/l) in the extracellular pool of phorbol myristate ester
stimulated neutrophiles (Test and Weiss, 1984),

In the lens of rabbit eyes, the concentration of H,0, was approximately 59 umol/l (2.01 mg/l) (Bhuyan and
Bhuyan, 1977) and in bovine eyes approximately 20 umol/t (0.68 mg/l) (Pirie et al, 1970). The normal
concentration range of H,O, in aqueous humour of the human eye was between 10-660 pmol H,0,/!
(0.34-22.44 mg/l), with a mean value of 24 umol/t (0.82 mg/l) (Spector and Garner, 1981; see also
Chalmers, 1989).
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7.1.4 Biotransformation

7.1.4.1 Enzymatic Metabolism

In aerobic cells, the catabolic pathways of H,O, are determined by catalase, peroxidases and glutathione

peroxidase enzymes (Figure Il).

Figure Il: Metabolism of Hydrogen Peroxide (Chance et al, 1979)
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Catalases
The overall decomposition reaction of H,O, in the presence of a catalase is as follows:
H202 + H202 - 2H20 + 02

Catalases are present at a wide range of concentrations in nearly all mammalian cells; the enzymes are
particularly efficient in dealing with large amounts of H,O, (Chance et al,.1979). Catalases are located in
subcellular compartments, mainly in peroxisomes (De Duve and Baudhuin, 1966). Soluble catalases were
found in erythrocytes (Saito et al, 1984).

The highest catalase activity is observed in cells of the duodenum, liver, spleen, kidney, blood, mucous
membranes and other highly vascularised tissues; the lowest catalase activity occurs in brain, thyroid,

testes and connective tissue cells (e.g. Table XI, controls) (Matkovics and Novak, 1977).

lto et al (1984) measured catalase activity in duodenal mucosa, blood and liver homogenates of 4 strains
of mice. Activity in the liver was 8-10 x that in blood and 14-83 x that in duodenal mucosa. Differences in
catalase activity as high as 20-fold were seen in the same organs of the different strains (Table ViI). In
gastrointestinal tissue catalase activity varied among different strains of mice. In rats, duodenal catalase
levels are orders of magnitude greater than those in mice strains (Table VIII). This difference may explain
the different responses of these 2 species to exogenous H,0, in drinking water (Section 7.2.5.2). Data on
catalase levels in human beings are limited. Catalase levels in human jejunum biopsies were several
times higher than those in mice (Table VIll). However, the data on different species are not completely
comparable due to differences in sampling, tissue preparation and sensitivity of the analytical methods

used.

Table VII: Catalase Activity in 4 Strains of Mice at 6-8 Weeks of Age (lto ef al, 1984)

Organ or Catalase activity (‘10’6 mol/min/mg protein) in strain:
tissue

C3H/HeN® B6C3F,° C57BL/6N® C3H/C*
Duodenal mucosa 5.3 1.7 0.7 0.4
Blood 7.8 7.7 5.1 0.4
Liver 75.3 62.8 40.7 333

a C3H/HeN, high catalase activity;

b B6C3F4, F1 hybrid of C3H and C57BL, with "normal” catalase activity;
¢ C57BL/6N, low catalase activity;

d C3H/C, mice with hypocatalasemia
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Table VlII: Gastrointestinal Levels in Various Species

Species, strain Tissue Catalase level Reference
(U/mg protein)
Human Jejunum 0.065 + 0.0047 (n=3) Dawson et al, 1981
Gastric antrum 0.048 + 0.0007 (n=5)
Mouse, C3H/HeN Duodenum 0.0317 £ 0.0084 (n=11) Ito et al, 1984
Mouse, B6C3F4 Duodenum 0.0102 £ 0.0012 (n=12)
Mouse, C57BL/6N Duodenum 0.0042 £ 0.0018 (n=8)
Mouse, C3H/Cbg Duodenum 0.0024 % 0.0006 (n=7)
Rat, Wistar Duodenum 242 +0.6° Manohar and
Jejunum 1.60 + 0.1° Balasubramanian, 1986

a Number of samples used to calculate the mean not stated

In human serum, catalase activity was 3,600 x lower than in erythrocytes (Goth et al, 1983). Plasma
activity may increase during certain disease states, especially in haemolytic and pernicious anaemia
(Goth et al, 1983; Winterbourn and Stern, 1987). In human plasma, the decomposition rate ranges
from 0.01-0.05 mol H,O,/I/min (Yamagata and Seino, 1953). »

Erythrocytes (human and animal) can degrade gram quantities of H,O, in several minutes (Yamagata'
et al, 1952; Winterbourn and Stern, 1987). During and after i.v. infusion of a dog with 1.0 M H,0, in a
0.9% saline solution at a rate of 3 x 10~ mol H,Oo/min for 60 min, no H,0, could be detected in the
plasma (Nahum et al, 1989).

A rare genetic defect in red blood cell catalase activity (acatalasemia) is thought to be inherited as an
incomplete autosomal recessive trait. Heterozygous individuals carrying the acatalasemic gene have
blood catalase activity levels below normal (hypocatalasemia). The red blood cells of acatalasemic
patients shown greater sensitivity to oxidative stress and in vitro are particularly sensitive to lipid
peroxidation by H,O, (Aebi and Suter, 1972). The blood catalase activity levels in normal,
hypocatalasemic and acatalasemic individuals in Japan were found to be 3,380 £180 (n=5), 1,520 +
350 (n=4) and 5.5 + 0.8 (n=5) U/g haemoglobin, respectively. In the Orient the mean frequency of
occurrence of hypocatalasemia lies between 0.2% and 0.4% of the population. In Japan the
prevalence of acatalasemia was estimated to be 0.0087% (Ogata, 1991).

In addition, approximately half the Japanese acatalasemic patients develop progressive gangrene of
the mouth, called Takahara's disease. This condition is characterised by small, painful ulcers in the
gingival crevices and tonsillar lacunae, attributed to excess levels of H,0, generated by various micro-
organisms in the mouth without normal destruction by catalase. The incidence of Takahara's disease
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among Japanese acatalasemic individuals has been declining, probably due to improved dietary and
hygiene factors. Thus, although 46% of acatalasemics born between 1876 and 1935 showed
symptoms of the disease, only 25% of those born between 1946 and 1965 were affected (Ogata,
1991). The remainder of the acatalasemic individuals show no signs of tissue damage. These
individuals have higher residual red blood cell catalase activity levels. For both types of individuals, the
defect is compensated for by an increase of hepatic glutathione peroxidase and catalase levels and by
increased blood glutathione peroxidase activities (Chance et al, 1979; Vuillaume, 1987 and Ogata,
1991). Apart from the extremely rare occurence of occasional oral lesions, acatalasemic patients lead

normal lives, suggesting and alternative degradation mechanism for H,0, (Ogata, 1991).

increased sensitivity to H,0, has also been noted in vitro in isolated red blood' cells of individuals with
deficiency in other enzymes involved in the degradation of H,O, (Chiu et al, 1982). The sensitivity of
these individuals to endogenous and exogenous H,0, will depend on the degree of compensation by
the alternative pathways for destruction of H,O,.

Peroxidases
Peroxidases decompose H,O, through the reaction:

H,0, +2RH - 2H,0 +R-R

Peroxidases require as an electron donor a co-substrate such as alcohol, nitrite or formate for the
reduction of H,O, (Little, 1972; Vuillaume, 1987). When the H,0O, concentration is low and a

cosubstrate is present, catalase can also act as a peroxidase (Halliwell, 1974; Oshino et al, 1974).

Relatively high peroxidase activities occur in human adrenal medula, liver, kidney, leucocytes and

saliva (Fridovich, 1978; Marklund et al, 1982). inside the cell, peroxidases are located in peroxisomes.
Glutathione Peroxidase

Glutathione peroxidase (GSHPx) is an enzyme which is specific for glutathione (GSH) but not for H,0,;
as a consequence, it can react with both H,O, and organic hydroperoxides (R-OOH) (Guenzler et al,
1974). Glutathione peroxidase is more efficient at low concentrations of H,O, compared to catalase
(Halliwell, 1974). Glutathione reduces H,O, to water with formation of oxidised glutathione (GSSG),
which is regenerated by GSSG-reductase by consuming NADPH.
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There are 2 kinds of glutathione peroxidase. The one that is Se-dependent requires selenium for the
decomposition of H,0,. The other is Se-independent and cannot use H,0, as a substrate, but uses
organic hydroperoxides such as phosphatidylcholine-hydroperoxide or physiological peroxides
(prostaglandin G2) (Ursini et al, 1985).

A high glutathione peroxidase activity is found in the liver and erythrocytes, moderate levels are found
in the heart and lungs and a low activity is present in muscle (Mills, 1960; Chow and Tappel, 1972).
The subcellular distribution of glutathione peroxidase in rat liver is complementary to that of catalase.
About 2 thirds of the enzyme activity is present in cytosols and the other third is located in
mitochondria. Glutathione peroxidase is not found in peroxisomes (Flohé and Schlegel, 1971).

The rate constant of reduction of H,O, with GSH is approximately 107 mol/s, similar to that of catalase.
Glutathione peroxidase located in erythrocyte membranes decomposed low H,O, concentrations:

catalase degraded higher concentrations (Nicholls, 1972).

In glucose-6-phosphate dehydrogenase (G6PD) deficient cells, the NADPH levels in erythrocytes are
not sufficient for the reduction of oxidised glutathione. This results in inadequate detoxification of H,0,
by glutathione peroxidase. As a result, erythrocyte membranes are damaged and sequestration by
phagocytes leads to haemolytic anaemia (Hochstein, 1988).

The regeneration or "bursts" of H,O, at low concentrations of oxidised glutathione (GSSG) to give
glutathione (GSH) is controlled by a NADPH-dependent GSSG-reductase (Mannervik, 1980)
(Figure II).

Distribution of Enzymes that Produce and Degrade H>,0O,

The distribution of glutathione peroxidase, catalase and SOD has been studied in various regions of
the gastrointestinal tract of fasted Wistar rats, in the villus and crypt cells of the small intestine
(Table 1X), and in its subceliular fractions. The specific activity of glutathione peroxidase and CuZn-
superoxide dismutase was maximal in the stomach. Catalase activity was uniform in alf regions of the
gastrointestinal tract. Villus cells in the small intestine had higher glutathione peroxidase and
superoxide dismutase activities than crypt cells. Among subcellular fractions, cytosol had the maximum
activity of all these enzymes except for Mn-superoxide dismutase which was mainly associated with
the mitochondrial fractions. Age dependent distribution studies showed that the specific activity of
glutathione peroxidase and catalase was uniform from weaning to aduithood in the rat while there was
a gradual increase in the specific activity of superoxide dismutase with development to adulthood

(Manohar and Balasubramanian, 1986).
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Table IX: Regional Distribution of Glutathione Peroxidase, Catalase and
Superoxide Dismutase in Rat Gastrointestinal Tract
(Manohar and Balasubramanian, 1986)

Concentration (U/mg protein)

Region Se- Non-Se Catalase CuZn Mn
glutathione glutathione superoxide superoxide
peroxidase peroxidase dismutase dismutase

Stomach 35.28 +3.6 58.85 + 6.0 242 +0.6 3272 +04 6.57 0.6

Duodenum 1055 +24 7.29+0.8 242 +0.8 11.87 +04  3.05 +0.1

Jejunum 17.39 +0.6 6.30 £ 0.1 1.60 £0.1 378 03 299+07

lleum 3343 6.2 548+ 0.1 495 +07 9.08 +04 559+03

Colon 36.30 +14.2 16.36 £ 5.0 3.98 12 12.99 +1.8 ND

Rectum ND? ND 1.75 +0.6 13.22 14 1.94 £0.3

a Not detectable

To characterise lung antioxidant enzyme activities in different species, Bryan and Jenkinson (1987)
measured the glutathione peroxidase', SOD and catalase activity in the Sprague-Dawley rat, Syrian
Golden hamster, baboon (Papio cycocephalas) and human lung. SOD activity was similar for all 4
species (Table X). GSH-Px activity was higher in rat than baboon or hamster lung (Figure 11). Lung
catalase activity was variable with the highest activity present in the baboon, which was 10 x higher
than in the rat (Figure IV). Non-Se-dependent GSH-Px was present in rat but absent in hamster,
baboon and human lung. Bryan and Jenkinson (1987) concluded that the hamster was the best model
for mimicking human lung antioxidant enzyme activity. Rat lung antioxidant enzyme activities were

markedly different from the other species examined.

Table X: Lung Superoxide Dismutase Activity in Various Species
(Bryan and Jenkinson, 1987)

Activity (U/mg protein)

Superoxide dismutase®  Human (n=5)  Baboon (n=6) Hamster (n=6) Rat (n=6)
CuZn 8.60 + 3.0 494+16" 8.73+2.0 9.56 + 3.3
Mn 3.14%15 2.36 £ 0.33 2.69+0.24 2.91+0.96

a CulZn, cyanide-sensitive; Mn, cyanide-resistant.
b Significantly different from other species, P < 0.05
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Figure lll: Lung Glutathione Peroxidase (GSH-Px) Activity
(Bryan and Jenkinson, 1987)
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Figure IV: Catalase (Cat) Activity in Lung
(Bryan and Jenkinson, 1987)
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Induction of Enzyme Activity

Pretreatment of bacteria, e.g. Salmonella typhimurium and Rhodopseudomonas spheroides with small
doses of H,O, rendered them resistant to higher doses, and the resistance was proportional to the
amount of induced catalase activity (Chance et al, 1979; Winquist et al, 1984). In case of Bacillus subtilis,
4 electrophoretically distinct catalases were identified; 2 of which increased with this treatment (Ishida and
Sasaki, 1981).

In CFY inbred rats receiving 0.5% H,O, in their drinking water for 2 months, the SOD activity in several
organs and tissues was increased, except in the spleen (Table Xl). The peroxidase activities were also
increased with the exception of heart muscle. Catalase activity increased in the liver and the kidney, but

decreased in spleen, testes, brain and skeletal muscle (Matkovics and Novak, 1977).

Oral intake of 0.5% H,O, in drinking water in Wistar rats decreased the Se-dependent glutathione
peroxidase activity in skeletal muscle, kidney and liver but not in the heart. The non-Se-glutathione
peroxidase activity was decreased only in the kidney. Administration of H,O, reduced the water intake:
after water deprivation, corresponding to that of the H,0, group, the Se-glutathione peroxidase activity in
rat kidney, but not other tissues, was decreased. The activity of the non-Se dependent activity decreased
in the kidney and liver but not in muscle tissue. The catalase activity in skeletal muscle, but not in other
tissues, was substantially lower than in the control. In NMRI mice, neither exogenous H,O, nor water

deprivation changed the activities of both enzymes in the tissues (Kihistrom et al, 1986).

It should be noted that the findings on catalase activity by Matkovics and Novak contradict those of
Kihistrom. Furthermore, Antonova (1974) reported a decrease of about 70% of hepatic catalase activity in
a subacute study with H,O,, while Kawasaki et al (1969) found changes in the catalase activity of the liver

which were not dose-dependent.
7.1.4.2 Non-enzymatic Metabolism Degradation
The oxidative reactivity of H,O, with biological molecules such as carbohydrates, proteins, fatty acids or

nucleic acids is not pronounced in the absence of transition metals, except for a few nucleophilic

reactions.
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In the presence of transition metals, particularly ferrous ions (Fe?*), H,O, can be reduced to hydroxyl
radicals. This corresponds to the metal catalysed Fenton reaction:

H,0, +Fe?* — «OH+OH™ +Fe%*
Another possibility is reduction of the iron ion by the superoxide anion (O3 )

<03 +Fe** > Fe?* +0,
The overall reaction gives the so-called Haber-Weiss reaction:

«0; +H,0, - «OH+OH™ + 0O,
The generation of hydroxyl radicals depends on the availability of H,O, and iron catalyst. Normally, the
rate constant of the Haber-Weiss reaction is nearly zero due to the low steady state concentration of H,0,
in cells and tissues. Only in the presence of ferric ions (Fe3+) can hydroxyl radical formation occur
(Halliwell and Gutteridge, 1984).
The hydroxyl radical is highly reactive and will attack most molecules in living cells. Because of its short
half-life (107 s) and the short diffusion radius (2.3 nm), it will only react with other compounds when they
are present close to the site where the radical is generated (Roots and Okada, 1975; Kappus, 1987). It is
not clear whether sufficient free ferric ions are present in biological systems to catalyse the formation of
hydroxyl radicals (Aust and White, 1985) and, additionally, there is no conclusive proof of hydroxyl radical
involvement in the toxicity of superoxide anions and H,0, (Birboim, 1982; Troll and Wiesner, 1985).

7.1.5 Excretion

Due to its rapid endogenous transformation into water and oxygen there is no specific excretion of H,O,

or (determinable) degradation product.
7.1.6 Biological Monitoring

No standard methods are available (Section 6.3). Due to the nature of the compound, its reactivity and

endogenous formation/degradation it is not appropriate to monitor H,O, levels in biological tissues.
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7.1.7 Summary and Evaluation

H,0, undergoes immediate decomposition to oxygen and water when in contact with mammalian tissues.
It has therefore not been possible to estimate the amount of the intact molecule available for absorption.
The formation of gaseous oxygen causes capillary microembolism and prevents irrigation of tissues by

blood resulting in a characteristic blanching of exposed tissue.

H,0; is a normal product of aerobic cell metabolism resulting from a number of enzymatic reactions such
as the enzymatic catalysed dismutation of peroxide anion. Under physiological conditions H,O, production

in rat liver is 90 nmol/min/g liver.

H,O, is metabolised by catalase and glutathione peroxidase. Catalases are located mainly in
peroxisomes and the highest activities are found in the duodenum, liver, kidney, mucous membrane and
other highly vascularised tissues. H,O, is metabolised to water and oxygen, the decomposition rate in
human plasma being approximately 0.01-0.05 mol H,O./imin. Catalase decomposes high H,0,
concentrations whereas glutathione peroxidase is more efficient at lower H,O, concentrations.
Glutathione is oxidised to glutathione disulfide and H,O, is reduced to water. Glutathione peroxidase is
present in cytosol and mitochondria but not in peroxisomes. The highest activities are found in liver and
erythrocytes.

Increased sensitivity of erythrocytes to H,O, is seen among individuals with genetic deficiencies in

catalase activity (acatalasemia) or of the glutathione pathway (G6PD deficiency).

In some studies, H,O, was shown to induce increased enzymatic activities in rodent tissue, while in other

studies, no changes or decreased activities were reported.

in the presence of transition metals, H,O, can be reduced via the Haber-Weiss reaction to the hydroxyl

radical, which is highly reactive and can result in lipid peroxidation.

Under normal, physiological conditions, the range of H,0, tissue levels is 1-100 nmol/l (0.034-3.4 ugh)
depending upon the organ, cell type, oxygen pressure and cell metabolic activity.

H20, is decomposed by enzymatic action and does not accumulate in cell systems and therefore not in

organisms.
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7.2 TOXICODYNAMICS

7.2.1 Acute Toxicity

7.21.1 Inhalation (Table Xll)

Table XlI: Acute Inhalation Toxicity

Species Strain Exposure level® Time  Observations and comment References
(mg/m’) (ppm)  (h)

Rat Wistar 4,000° 2,876 8 No mortality; exposure to  Comstock et al, 1954;
"saturated" vapours of 90% Oberst et al, 1954
H20; '

Rat Wistar 338-427° 243-307 8 No mortality; Comstock et al, 1954,
scratching/licking during Oberst et al, 1954
exposure; pulmonary
edema and emphysema at
necropsy

Rat Unknown 2,000 1458 4 "L Cs™ Kondrashov, 1977

Rat Wistar 23 161 4 No mortality Svirbely et al, 1961

Rat Sprague- 170 121 4 No mortality or necropsy FMC, 1989c¢

Dawley findings; nasal discharge
Mouse  Swiss 110 781 4 No mortality (0/10) Svirbely et al, 1961
159 113 4 Delayed mortality (4/10)
274 194 4 Delayed mortality (6/10)
Mouse  Swiss- 930 670 2 Mortality (3/4) Janssen, 1995a
Webster 3,130 2,254 1 Mortality (4/4)
2,170 1,662 1 No mortality (0/4); ptosis,
noisy breathing
3,220 2,318 30 min  No mortality (0/4); ptosis,
noisy breathing
3,590 2,585 15min No mortality (0/4); noisy
breathing
4,960 3,571 7.5 min No mortality (0/4); ptosis,
skin irritation
Mouse  Unknown 16,809 12,007  15min Mortality (9/10) Punte ef al, 1953
11,877 8,484 15min Mortality (5/10)
13,287 9,491 10 min Mortality (5/10)
9,462 6,759 5min  No mortality (0/10)
5,234 3,739 5min  Nasal and eye irritation,
gasping and loss of
muscular coordination were
seen in all exposed groups;
severity was dose-related

a Form of H20, (vapour or aerosol) not always clear, see text

b Calculated

c Measured

d Combined inhalation exposure and skin application
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In several studies on the acute inhalation toxicity of H,O, to rats (Table XII), it is not aiways clear to what

form of H,O, (vapour or aerosol) animals were exposed.

Thus in studies of Comstock et al (1954) and Oberst et al (1954), groups of Wistar rats were exposed for
8 hours to "saturated" vapours of 90% H,0O, at a calculated concentration of 4,000 mg/m® (2,880 ppm).
There were no signs of toxicity or deaths. Animals kiled between days 4 and 14 showed severe

pulmonary congestion and emphysema, but no signs of necrosis of the pulmonary mucosa.

In other studies, 3 groups of 10 male Wistar rats were exposed for 4 or 8 hours to H,O, vapour
concentrations of 338-427 mg/m® (243-307 ppm) as determined analytically. "Scratching" and "licking"
occurred but there were no deaths. These studies indicate that rats are affected by acute exposures to

vapours from 90% H,0,, while death does not occur (Comstock et al, 1954; Oberst et al, 1954).

Whole-body exposure of white rats for 4 hours to various concentrations of H,O, (vaporised from a
solution) resulted in a LCsy of 2,000 mg/ms. The LOEC for the respiratory mucosa (increase in NAD-
diaphorase) was 60 mg/m® énd exposure at 110 mg/m® produced hyperaemia and transient thickening of
the skin (Kondrashov, 1977).

A 4-hour inhalation toxicity study was conducted in which the atmosphere was generated by bubbling air
flow through a reservoir containing 1,000 ml of 50% H,O,. Five male and 5 female Sprague-Dawley rats
were exposed to a maximum attainable vapour concentration of 170 mg/m® (122 ppm). The test
atmosphere was analysed by colorimetry of impinger samples drawn from the breathing zone of the
animals. There were no deaths. Clinical effects noted during the exposure included decreased activity and
eye closure. The predominant clinical signs post-exposure included dry red nasal discharge, dried red
material on the facial area and fur, and anogenital staining. The 4-hour LCs, was greater than 170 mg/m3
(122 ppm), the highest concentration tested (FMC, 1989c).

Groups of 10 mice (strain not given) were exposed to aerosols of 90% H,0, at concentrations varying
between 3,600 and 19,000 mg/m® for 5, 10 or 15 minute intervals (Punte et al, 1953). These
concentrations were near or well above the saturation level of 3,049 mg/m3 for gaseous H,0, (Table ).
The average mass median droplet size as determined by cascade impaction was approximately 3.5 um.
Exposure to concentrations of up to 5,000 mg/m® (3,535 ppm) for 5 minutes produced evidence of mild
nasal irritation, blinking and slight gasping. There were no deaths from these exposures but there was
evidence of lung congestion at necropsy. Four out of 20 mice exposed to 5,200 mg/m® (3,676 ppm)
showed necrosis of the bronchial epithelium. Animals exposed to concentrations of 9,400 mg/m®
(6,645 ppm) or more for 5-15 minutes showed similar but more severe signs and 10-50% of animals died

within 1 hour following a short convulsant period. Most of the animals that died showed pulmonary
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congestion. Animals that survived for several days to 8 weeks showed necrosis of the bronchial
epithelium. In addition, animals surviving 9,400 mg/m?* (6,645 ppm) or more showed slowly developing
corneal damage which appeared 5 weeks after exposure (Punte et al, 1953).

Nineteen groups of 4 male Swiss-Webster mice were exposed nose-only to a test atmosphere containing
an aerosol of H,O, generated from a 70% solution. The animals were exposed for periods between 7.5
and 120 minutes. The mean actual concentrations of H,O, during exposure ranged from 880 to
4,960 mg/m’. All animals were observed for clinical symptoms and for body weight changes up to 14 days
after exposure. Treatment related mortalities were not observed in animals exposed to concentrations as
high as 3,220 mg/m® for up to 30 minutes, but prolonged exposure (1 h) to 3,130 mg/m® was lethal, as
was exposure to concentrations as low as 880 mg/m® for 2 hours. The onset of the clinical symptoms
such as respiratory irritation was almost immediate. The length of the recovery period increased with
increasing exposure duration and exposure concentration but did not exceed 1 week. The findings at
macroscopy of the decedents were regarded atfributable to bleaching or the corrosive nature of the test
material. The absence of macroscopical findings in the survivors, except the bald area between the eyes,
suggests that no permanent damage was induced by the treatment. No clear changes in lung weights
were observed (Janssen, 1995a). The results of the study indicate that a single inhalatory exposure in
mice caused effects limited to the exposed area which can be attributed to the corrosive nature of the

substance.
7.2.1.2 Oral

Acute oral LD, values have been determined for H,O, solutions ranging in concentration from 9.6-90%
(Table XIIh.
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Table XHI: Acute Oral Toxicity

Concentration of Species, strain LDso Observation period (d) Reference
solution (%) (mg/kgbw)
9.6 Rat, Wistar-JCL 1,517 (m) 7 Ito et al, 1976
1,617 (f) 7
10 Rat, Sprague-Dawley > 5,00 14 FMC, 1989a
35 Rat, Sprague-Dawley ' 1,193 (m) 14 FMC, 1983a
1,270 {f) 14
50 Rat, Sprague-Dawley > 225 14 FMC, 1986
<1,200
60 Rat, Wistar 872 (m) 14 Mitsubishi, 1981
801 ()
70 Rat, Crl:CD°BR 805 14 Du Pont, 1996
70 Rat, Unknown 75 (m) Unknown FMC, 1979a
90 Mouse, Unknown 2,000 Unknown Liraskii et al, 1983

Predominant clinical signs in rats administered 35% H,O, included tremors, decreased motility,
prostration and oral, ocular and nasal discharge. Most animals that died had reddened lungs,

haemorrhagic and white stomachs, and blood-filled intestines; some had white tongues (FMC, 1983a).
7.21.3 Dermal

The acute, dermal toxicity of H,O, solutions (35-90%) has been determined in various species (Table
XIV).

Table XIV: Acute Dermal Toxicity

Concentration Species (strain) Dose Mortality rate  Observation period  Reference
of solution (%) (mg/kgbw) (d)
35 Rabbit 2,000 0/10 14 FMC, 1983b
70 Rabbit 6,500 0/4 Unknown FMC, 1979b
13,000 4/4 Unknown
90 Rabbit 690 6/12 Unknown Hrubetz et al, 1951
90 Pig 2,760 2/5 Unknown
20 Cat 4,361 0/2 Unknown
90 Rat (white) 4,899 4/12 Unknown
5,520 9/12 Unknown
90 Rat (black) 6,900 0/6 Unknown
8,280 2/6 Unknown
Unknown Rat 4,060 50% Unknown Kondrashov, 1977
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The 35% and 70% solutions had a low dermal toxicity in the rabbit, the only clinical signs being lacrimation
and nasal discharge. The 90% solution had a low dermal toxicity in the pig, cat and rat, but not in the
rabbit. This may refiect species differences in tissue and blood catalase activity. Accumulation of oxygen

beneath the skin was noted, particularly in the rat.
7.2.1.4 Evaluation
Acute exposure to saturated H,O, vapour produced only slight clinical signs of toxicity.

Brief (15 min) exposure of mice to H,O, aerosols at concentrations of 9,400 mg/m3 were lethal to mice
with effects limited to the respiratory tract and eyes. Effects on the eye were still apparent and developed
slowly 5 weeks after exposure. In rats, the 4-hour LOEC for respiratory mucosa was 60 mg/m® and

exposure at 110 mg/m3 induced hyperaemia and transient thickening of the skin.

In mice exposure to an aerosol concentration as high as 3,220 mg/m3 for 30 minutes did not cause
mortalities. Prolonged (1 h) exposure to the same concentration was lethal, as was exposure for 2 hours
to 880 mg/m°.

The rat oral LDso varies from > 5,000 mg H,O0./kgbw for a 10% solution to 1,200 mg/kgbw for a 35%
solution. The highest toxicity was shown by a 60-70% solution with an LDs, of 801 mg/kgbw. An earlier
study which showed an LDs; of 75 mg/kgbw for a 70% solution was not confirmed by a more recent study
conducted according to OECD guidelines. A value of 2,000 mg/kgbw has been reported for a 90%

solution for the mouse but details of the study are n