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Organic peroxides These compounds were irritant
to the eyes and respiratory tract, presumably be-
cause of their high reactivity, but it is not possible
to relate their toxicity to their reactivity with iodide
solution. The results obtained with cumene hydro-
peroxide may be compared with those of Floyd
and Stokinger (1958), who found the LC;, (4 hours)
to be 220 ppm in rats. Soviet claims (Solomin, 1964,
1966) suggest that the concentration of this com-
pound must be reduced to 0-:001 ppm to avoid effects
on animals and on man.

Organic  phosphorus  compounds Trishydroxy-
methylpropane phosphite has shown an unexpectedly
high toxicity: it is one of the most toxic compounds
handled in this laboratory. It is fairly readily
hydrolysed to yield dihydroxybutylphosphonic acid,
which is of low toxicity by oral or parenteral
administration. Its marked action on the central
nervous system is probably due to its having suffi-
cient stability to penetrate cell membranes as a
non-ionized molecule, and its ultimate action may
be due to its hydrolysis product or a reaction in
situ.

Diethyl phosphorchloridothionate is primarily an
irritant, presumably due to the reactive chlorine
atom, but it is also a weak in vivo inhibitor of
cholinesterase.

Silicon compounds The toxicity of silicon tetra-
fluoride is probably due to hydrogen fluoride re-
leased by hydrolysis. Similarly, the irritant action of
silicon tetraisocyanate may be due to isocyanic
acid. The stable silane derivatives are of low toxicity.

Sulphur compounds This group contains members
which, presumably because of their high reactivity,
are powerful lung irritants. Sulphur chloride penta-
fluoride, bispentafluorosulphur monoxide, and
trichloro-methylsulphenyl chloride are at least as
toxic as phosgene. The toxicity of sulphur dichlor-
ide is probably due to hydrolysis to hydrogen
chloride. Vinylsulphur pentafluoride and divinyl
disulphide have, in addition to their irritant action,
a toxic effect on the liver or kidneys.

Miscellaneous Iron pentacarbonyl is a lung irri-
tant, it affects the central nervous system and causes
liver and kidney damage. A measurement of blood
carboxyhaemoglobin would provide no guide to
intoxication.

The value of inhalation experiments

Most of the substances which have been tested in
these inhalation experiments have also been studied
in these laboratories for oral and parenteral toxicity
and for their effects on the skin and eyes. The
systemic effects elicited after oral or intraperitoneal
administration, or by percutaneous absorption,

give, in general, a qualitative indication of the
systemic effects obtained by inhalation studies, but,
because of the differences in rates of absorption and
metabolic transformations, there is little useful
quantitative information.

Inbhalation experiments are of special value for the
study of those compounds which have an imme-
diate or delayed irritant action on the lungs, for the
intensity of these effects cannot be predicted with any
certainty by other routes of administration. A survey
of the results gives a strong indication that these
effects on the lung are associated with the chemical
reactivity of the molecule, particularly if the onset of
severe symptoms is delayed. It seems probable that
there is an initial modification of cell membranes,
as postulated for the action of phosgene and ketene,
followed by permeability changes leading to oedema
and haemorrhage.

After short exposures to high concentrations of
lung intitants, the effects seen at histological exam-
ination of lung tissue indicate that death can be
attributed to an interference with gas exchange.
After more prolonged exposure to lower concen-
trations, the cause of death is less certain, for
although lung changes may be apparent, they are
sometimes insufficient to account for the lethal
action. Moreover, at still lower concentrations
the animals may be in poor condition with a dimini-
shed weight increase, without any trace of damage
being detectable in the lungs. It seems likely that
exposure to irritant gases and vapours gives rise to
stress which is responsible for the marginal toxic
effects, and it is possible that the occasional observa-
tion of a diminution in the size of the thymus may
be in some way connected with such stress effects.

Provisional operational limits
Subacute inhalation experiments lasting approxi-
mately three weeks cannot be regarded as an ade-
quate basis for the establishment of threshold limit
values which will define safe working concentrations
under all conditions, although a study of the origins
of the list published by the ACGIH (1966) shows
that some of their values have been derived from
more tenuous evidence. Nevertheless, the results
obtained in these investigations permit an assess-
ment of the toxic hazard which is of value to the
chemical engineer in the design of plant, or which
can form the basis of a code of safety precautions,
provided that those exposed are under adequate
medical supervision. The limiting concentrations
derived from these experiments may be termed
provisional operational limits to distinguish them
from threshold limit values, which should prefer-
ably be based on more extended experiments on
a variety of species, supported by evidence from
human exposure.

The limits in Table 1 have been derived from the
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highest concentration producing no toxic effects
in animals by the application of a ‘safety factor’,
which has varied according to the effects seen at the
next highest concentration. In some cases the limit
has been influenced by the established threshold
limit values of analogous substances, and any
information on human exposure has been taken into
consideration. With materials with a strong odour,
the limit has been set at the expected tolerable level.

Not all of the substances studied have proved to
be of commercial interest. Those which have been
introduced into manufacturing processes have been
handled under proper supervision and there is no
indication that the provisional operational limit
has been set too high.

Comparison with Soviet limits

None of the substances studied has yet been con-
sidered by the ACGIH Committee on Threshold
Limit Values (1968), but several have been the
subject of investigations on animals and on man in
the Soviet Union, which have led to the recom-
mended maximal allowable concentrations in Table
2. The differences between the limits in Tables 1 and
2 are too large to be ignored. The Soviet animal
experiments are usually of several months’ dura-
tion, but it is unlikely that this plays an important
part as there is often a wide divergence between
the ACGIH threshold limit values and Soviet
maximal allowable concentrations, even when the
exposure periods are similar. The Soviet results
cannot be passed over by doubting the toxicological
significance of studies on nervous system function
by techniques such as the conditioned reflex,
negative induction or electroencephalography. It
is true that these methods are extensively used and
that there is little information in the English lan-
guage dealing with the experimental details and the
interpretation of the results; the review by Medved
and Kagan (1966) indicates that many of the original
publications are in journals inaccessible outside the
Soviet Union. It is more disturbing that the Soviet
investigators appear to have far more sensitive
indices of early haematological changes and of
organ damage. In the few Russian papers available
to the author in translation, there is little indication
how the statistical significance of differences between
the test animals and a control group under identical
conditions has been established. There is no doubt
of the need for closer collaboration between toxi-
cologists inside and outside the Soviet Union.

I wish to acknowledge the skilled assistance which T
have received over the years, particularly from Mr. Z.
S. Berczy, Mr. C. A. Manley, and Mr. R. A. Riley.
Pathological reports have been prepared by Dr. J. G. S.
Crabbe, Dr. E. Weston Hurst, Dr. T. F. McElligott,
and Dr. D. M. Conning.

TABLE 1

PROVISIONAL OPERATIONAL LiMITS

(Figures are ppm unless otherwise stated)

Isoprene .

chyclopentadlene

Decalin .

1,2 4-Tr1methylbenzene
2-Isopropoxyethanol
2-t-Butoxyethanol
Chloropropanol

T ns(pentaﬂuoroethyl)methanol
Dichlorodi-isopropyl ether
Diethyleneglycol dimethyl ether
Methyl vinyl ether

Isobutyl vinyl ether
Dimethoxymethane
Propionaldehyde
n-Butyraldehyde
Isobutyraldehyde
5-Bromopentan-2-one ..
2-Chloropropane
1,1-Dichloroethene
Dichlorobutenes
Hexachlorobutadiene
1,2,4-Trichlorobenzene
Hexafluorobenzene
Chloropentafluorobenzene
1,3,5-Trichlorotrifluorobenzene
Acrylic acid .. .
Methacrylic acid

Methyl nitrite

Dimethyl carbonate

Vinyl acetate ..
Methyl isothiocyanate
2-Ethylhexyl acrylate
2-Ethylhexyl methacrylate
Methyl chloroformate

Ethyl chloroformate

Isopropyl chloroformate
s-Butylamine .. .
Di-s-butylamine
Tributylamine

Nonylamine

Aminobutanol
1,6-Diaminohexane
Diethylaminopentan-2-one
Propyl cyanide .. .
Chloroacetonitrile ..
2-Methoxy-2,3-dihydropyran
2-Aminomethyl-3 4-d1hydropyran
2-Methylbenzoxazole
N-Formylpiperidine
2-Methylthiazole

3,5- Dxmethylmorpholme
2-Methyl-1,3-dioxolane
t-Butyl peroxypivalate ..
Ethyl t-butyl peroxyoxalate
Dipropionyl peroxide .. ..
Diiso-amyl peroxydicarbonate
Cumene hydroperoxide
t-Butyl peracetate
Trimethylolpropane phosphlte
Phosphorus triisocyanate
Silicon tetrafluoride

Silicon tetraisocyanate ..
Tetramethylsilane

Sulphur dichloride

20
25
100
50
10
10
02
15
100
400
100
1000
200
200
100
10
50
25
01
1
25
100
100
25
20
20
10
100
50
1
50
25
1
1
2
75
25
10
10
25
25
25
50
5
100
5
50
50
10
25
50
20
25
2
10 mg/m3
10
0-05
01
2
3
20
250
5 (as HCI)
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TABLE 1 (continued)

Trichloromethylsulphenyl chloride .. 01
Sulphur chloride pentafluoride .e 05
Bispentafluorosulphur oxide .. .. 05
Dimethyl disulphide .. .. .. 5
Divinyl disulphide .. .. .. 2
Vinyl sulphur pentafluoride .. .. 20
2-Chloroethyl sulphur pentafluoride 20
2-Chlorotetrafluoroethyl sulphur

pentafluoride . .. 20
4-Chlorooctaﬁuorobutyl sulphur

pentafluoride . .. 100
6-Chlorododecaﬂuorohexyl sulphur

pentafluoride . .. .. .. 250
Acrylyl chloride .. 0-1
Ethyl 3-chlorophenylformlmndate .. 5
Ethylidene propylimine .. .. 2
Iron pentacarbonyl .. .. .. 2
TABLE 2
SOVIET RECOMMENDED MAXIMAL ALLOWABLE
CONCENTRATIONS
ppm
Isoprene 17 Korbakova and Fedorova
(1964)

Cyclopentadiene 2 Uloyan (1965)

Methacrylic acid 0-003 Stulova, Rumyantseva, and]
Ivanova (1962)
Butyraldehyde 0-3 Korbakova (1964)
Diaminohexane 0-0002 | Kulakov (1967)
Cumene
hydroperoxide 0-001 Solomin (1966)
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