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462 Hydrogen Peroxide
6. Safety

Hydrogen peroxide has a high energy con-
tent: :

H,Q, () — H,0() +1/20,(g) AH = — 98.30 kijmol

Furthermore, its high oxygen content (47 wi%)
is available for combustion reactions and the ox-
idation of otganic compounds, This means that
special safety conditions apply in handling hy-
drogen peroxide. Safety studies can be divided
-into three groups: -

1) examination of the pure vapor phase,

2) examination of the purc liquid (aqueous)
phase, and .

3) examination of mixtures or solutions of or-
ganic compounds with or in agueous hydro-
gen peroxide.

Results are summarized below, but the litera-
ture must be consulted for details. In specific
cages, especially when hydrogen peroxide is used
with orgunic compounds, the intended work area
must be checked for hazards if it has not already
been certified as safe by a.safety examination,

Pure Hydrogen Peroxide—Vapor Phase (5],
[116)—[119]. Explosive vapor mixtures are form-
¢d at atmospheric pressure when the hydrogen
peroxide concentration in the vapor phase ex-
ceeds 26 mol%. Figure 16 shows the explosive
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Figure 16, Dependence of the explosive range of the vapor
phase (> 26 mol% H,O,) on the temperature and the hy-
drogen peroxide voneentration of liguid phase (at wtmo-
spheric prassure)
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Figure 17. Dependence of the explosive range of vapor
phase on pressure

range as a function of temperature and hydrogen
peroxide concentration.

For the industrial concentration of hydrogen
peroxide solutions, it is important to note that at
reduced pressure the critical hydrogen peroxide
concentration of the vapor phase may exceed
26 mol% (Fig. 17).

Pure Hydrogen Peroxide—Liquid (Aqueous)
Phase [120], [121]. The explosive risk of pure,
highly concentrated hydrogen peroxide solutions
has been examined by various methods, but the

.sometimes contradictory findings are difficult to
‘interpret consistently.

Results arc influcnced primarily by test conditions and
uot by hydrogen peroxide concentration. For example,
90.7 wt% hydrogen peroxide in a tube with an internal
diameter of 2.67 cm (1.05 jnches) could not be exploded by
the detonation shock of a tetryl booster, whereas explosion
occurred in a tube with an internal diameter of 4.09 «m
(1.61 inches). Similarly, 86% hydrogen peroaide in u tube
of 4.09 cm inlcenal diameter was exploded by raising the
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464 Hydrogen Peroxide

tory tract and serious lung injuries [125], [126].

The human reaction to the irritating effect of

hydrogen peroxide on the mucous membranes
and skin is far more sensitive than that of the rat.
The threshold concentration for acute irritative
effects of paseous hydrogen peroxide on the res-
piratory tract is 60 mg/m?® in rats but only 10 mg/

m?* in humans; the corresponding values for skin
arc 110 mg/m® for rats and 20 mg/m? for hu-
mans [127].

Accidental ingestion of hydrogen peroxide
(33 wt% solution) in five cases led 1o stomach
.and chest pain, respiratory depression, lcaming
at the mouth, and loss of consciousness. Muscle

~and nerve disturbances and fever were observed
as added complications. However, all affzcted
persors recovered afier several weeks [128].

Hydrogen peroxide has not bezen found to
produce teratogenic or carcinogenic effects in
humans; mutagenic or chromosomal effects
have not been observed. The MAK and TLV -
TWA values (1987) are 1 ppm (1.4 mg/m3).

Toxicity in Animals. Acule toxicities of hy-
drogen peroxide in animals follow [128]:

1.1, (muuse, oral) 2538 mp/ke
L1}y, (mouvse, oral) 2000 mp/kg
LDy, (rat, oral) 4060 mg/ke
LD, (mousc, dermal) 1.2x10° mg/kg
LC,, (rat, inhalation, 4 1) 2000 mg/m>

Acute dermal toxicity depends on hydrogen
peroxide concentration. With 90 wt% hydrogen
peroxide, the dermal LD, in rabbit is 630 mg/kg
and in rat 4800 mg/kg [129]. So far no indication
of a toxic effect on reproduction in animals has
been found [130].

Hydrogen peroxide has a :.:_G.mga effect on
fungi and bacteria (e.z., Ames test), bul not on.
inscets or mammalian cells in vitro [130].

Oral adminjstration of hydrogen peroxide
produced tumors in the small intestine of mice
[131], [132]. According to the criteriz of the Tn-
ternational Agency for Research on Cancer
(IARC), however, only “limited evidence of the
carcinogenicity of hydrogen peroxide to experi-
mental animals” exists [130]. When hydregen

peroxide was given orally to rats. no significant

differences occurred between the two test groups
and the control group [133]. No evidence of tu-
mor formation was found one year after expo-
sure of mousc skin to 5% hydrogen peroxide
[134].
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