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NOTE: A wimber of gases, such as acetylere, butane, ethane, ethylene, hydrogen, methane, propane, °

hetiurn and nittoge, are considered to be essentially non-toxic but act as simple asphyxianis at high

concentrations.
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lished in “Manual of Industrial Hy-

giene,” W. B. Saunders Company,
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here to show U. 8. Public Health
Service opinion as of September, 1945.

H. American Standards promul-
gated by the American Standard
Association up to September, 1945,
Parentheses indicate value is an
“American War Standard” only.

I. Accepted and tentative values
based on industrial experience, animal
experimentation, sensory responses of
gersons, or a combination of these,

Following the table is an indication
of the basis and reliability of each of
the values given_in Column I. Since
there is no fine line ¢f demarcaticn be-
tween physiological response to small
differences in coucentrations of any
of these atmospheric contaminants,
round numbers are used in mcst in-
stances. For examiple, if 1000 paris
per million of a coataminani such as
gasoline vapor cause irritation but
somewhat lesser concentrations—per-
haps 730 or 8§25 parts per million—do
not eause irrvitation of some group of
persons under observation, the allow-
able concentration is given as 3500
parts per million rather than an inter-
mediate value,

Basis of Values in Column 1.

CETALDEHYDE: Iwanoif, in drch. f.
X Hyg., 73,32 (1911), reported that
cats showed no noticeable eifects on
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miliion. The valuz of 200 ppm is based
on this brief exposure since the im-
mediate irritative effect of low con-
centrations appears to be more promi-
nent than systemic effects.

Acetic Acid: 10 ppm is based on
sensory response to this irvitant.

Acetone: This substance is one of”

the least toxic of the commercially
used solvents as has been shown both
: by industrial exposures involving
. . many hundreds of persons and also
through animal experimentation. From
the point of view of  toxicity, an
allowable concentration of even 2000
© or SN00 ppm may be lower than neces-
.sary. H. Specht, J. W. Miller and
P. J. Valaer, in Reprint No. 2076,
' Pub. Health Repts., 54, 944-955
o (June 2, 1939), “Acute Response of
N ‘Guinea Pigs to the Inhalation of
: Dimethyl Ketone (Acetone) Vapor in
R Air,” reported that 1% acetone vapor
4 in air for approximately 48 hours
i
s

N N TSR

. caused systemic injury to experi-

‘3 .. . mental animals. The tentative value
'y .. - of 300 ppm is based on sensory re-
"1 . "sponse to acetone vapor which caused
irritation of the eyes, nose and throat
. of a group of human subjects at con-
i . centrations of 500 ppm as reported by
- K. W. Nelson, J. F. Ege, Jr., Morwick

Ross, L. E. Woodman, and Leslie Sil-

- verman, in J. Ind. Hyg. & Tox., 25,
282-285 (September, 1943), “Sensory

Response to Certain Industrial Solvent

estimated 200 pom as the highest sat-
- isfactory exposure for eight hours,
it is felt that some habituation usually
develops on daily exposure to mod-
" erately irritative atmospheres. In war
industries where hundreds of workers
~ were exposed to acetone, it was found
- . necessary to maintain vapor concen-
trations below T00 ppm to avoid irri-
“tation. A number of state depart-
ments have found it necessary to
require limitation of acztone vapor to
500 ppm to avoeid irritation. There is
no published evideznce that concentra-
tions of 1000 ppm are reguiarly toler-
ated without jrrization, though in some
large industries such concentrations
are said to exist with no complaints
by those exposed. Where irritative
gualities of a substance zre the deecid-
irg factor in recommending a con-
centration which may be appreciably
lower than the toxic limit. this fact
should be fully reccgnized in the ap-
cation of the suggested value,
Acrsfein: Since a conecentration of
1 ppm of acrolein produces marked

tion ¢of eyes and riose in fix
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- Vapors.” Although the exposed group -

nentalions neG under e gen-
eral title “Toxicology of Acrylonitrile
(Vinyl Cyanide)” as foilows: H. C.
Dudley and P. A. Neal, “(I) A Study
of the Acute Toxicity,” J. [nd. Hyg.
& Tox., 24, 27-36 (February, 1942);
H. C. Dudley, T. R. Sweeney and J. W.
Miller, “(II} Studies of Effeets of
Daily Inhalation,” J. /nd. Hyg. &
Tox., 24, 255-258 (November, 1942);
A. H. Lawton, T. R. Sweeney and
H. C. Dudley, “(III} Determination

of Thiocyanates in Blood and Urine,”. ..
J. Ind. Hyg. & Tox., 25, 13-19 (Janu-

ary, 1943).

Ammonia: The authority for 109.

ppm goes back to K. B. Lehmann, in
Arch. f. Hyg., 5, 68 (1886). This con-
centration is generally accepied today.

Amyl. Acetate: The value of 200
ppm is based on irritative effects as
reported by Nelson, et al. in the “Sen.
sory Response” paper, J. Ind. Hyg. &
Tox., 25, 282-285 (September, 1943).

Amyl Alcohol: The value of 100
ppm is based on irritative effects as
shown by Nelson, et al, J. Ind. Hyg.
& Tox., 25, 282 (September, 1943). -

Aniline: W. F. von OQettingen, in

" Pub. Health Bull. 271 (1941), “The

Aromatic Amino and Nitro Com-
pounds, their Toxicity and Potential
Dangers— A Review of the Liter-
ature,” stated that the available liter-
.ature is not sufficient to allow the
establishment of definite standards,
but quoted the table from Henderson
and Haggard, “Noxious Gases,” 1927,
in which 7.0 to 25.0 ppm are described
as giving slight symptoms afier sev-
eral hours. Workers exposed to
concentrations approaching the sug-
gested value of 5 ppm should be under
medical observation—particularly as
aniline is readily absorbed through
the skin. : ‘ .
Arsenic and Arsenic Triozide: The
allowable concentration of 0.13 mgs.
per cubic meter for metallic arsenic
and arsenic trioxide was based on
aralogy with other metals sueh as
cadmium and lead in setting up the
American War Standard by the
American Standards Association. On
the basis of long experierce invoiving
many occupational exposures, at least
one large concern considers it permis-
sitle to increase this limit {0 5. mg.
per cubic meter. R. M. Wairous
M.D., and M. B, MeCaughey, in
INDUSTRIAL  MzpiciNg, 14, 638-343
(August, 1943) “Occupational Ex-
pesure 10 Arsenic — In the Manu-
facturs ¢f Arsphenamine and Relatel
Compounds—" reporied ihat expo-
surez in manufacturing ops
ranging Irom 0.007 10 0.80 m
per cubic meter zs
no ciini Y
arsenic excapt in

s

Teavy exposure,
> The vaiue of 1 ppm
23 a guide by the U. S, Pubiic
Service. Flury and Zernik in

g

unidentified reference fo K. B. Leh-
mann tzat 3.1 ppm is tolerable for six
hours without apparent syvmptoms.

PRSI A R N

" Ly . The maXirmyy,
allowabie concentralion of 0.5 pyag
per cubic meter (as barium) has bepy,
suggested by the U. S. Public Health
Service as a guide. Where Worker
are exposed to concentrationg a s
proaching this value they should pe
placed under medical observation,

Benzene (Benzol) : Though 100 Pom
nas been adopted as the Americay
Standard, there is evidence that poi-
soning has occurred at less thap 100
ppm. The National Safety Counei)
Study of Benzol Poisoning, ag Surn.
marized by C-E. A. Winslow ip
Irnd. Hyg. & Toz., 9, 61 (1927), the
technical data of which was publisheq
by L. Greenburg, in Reprint No. 109
Pub. Health Repts., 41 1367, 1110’
1519 (1928), concluded that a substan,.
tial hazard is involvéd even where the
average exposure is below 100 ppp,
M. Bowditch and H. B. Elkins, in
Ind. Hyg. & Tox., 21, 321-330 (Octo.
ber, 1939}, “Chronic Exposures ig
Benzene (Benzol}. I. The Industrial
Aspects,” suggested 75 ppm as g .
maximum allowable concentration byt
cited two cases of poisoning where
they believed the average exposure
was below ‘this concentration. It is
accordingly suggested that exposures
be kept below 50 ppm until further
experience either substantiates the
suggested limit of 100 ppm as safe or
causes it to be decreased.

Benzine: This term is applied to
petroleum distillates such as gasoline.
See “Gasoline” for discussion. ..

Bromine: Zederbaum, in Gig. Truda,
page 68 (1927), referred to by Koelsch

_in Munch. med. YWochschr.,, No. 33

(1928), found 4 ppm in a workroom
to be productive of no noteworthy in-
jury. An unidentified reference to
K. B. Lehmann by Flury and Zernik .
in “Schidliche Gase,” 1931, stated
six hours’ exposure to bromine was
without noticeable symptoms at a con-
centration of 0.75 parts per milijon.
The vaine of 1 ppm should receive
further substantation.

Butadiene: C. P. Carpenter, C. B.
Shaffer, C. 8. Weil and H. F. Smyth,
Jr., in J. ind. Hyg. & Tox., 28, 69-78
{March, 1954) “Szudies on the Inhala-
tion ¢f 3, 3-Buiadiens,” coneluded that
concentraticnz ¢i 800, 2200, and 6702
e¢ no significant progressive
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~Dutanrne: Although the acute re-
:nse of guinea pigs to butanone, as
<rved by F. A. Patty, H. H.
irenk and W. P. Yant, in Reprint
. 1702 from Pub. Health Repts,
¢ 7.1228 (September 6, 1935),
1at 3000 parts per million
1d L. olerated by animals for sev-
! hours without serious disturbance,
ison, et al, in J. Ind. Hyg. & Toz.,
232 (1943), demonstrated sufficient
itation to humans at concentraticns
#50 ppm to recommend 200 ppm as
sractical limit.
~Butyl Acetate: The acute response
;uinea pigs to normal butyl acetate,
shown by R. R. Sayers, H. H.
.renk, and F. A. Patty in Reprint
1769 from Pub. Health Repts,
1229-1236 (September 4, 1436), in-
xted the maximum exposure for
2ral hours with slight or no symp-
;s to be 3300 ppm. Sensory response
this vapor, as shown by Nelson,
2l, in J. Ind. Hyg. & Tox., 25, 282
-$3), was severe throat irritation
xhich all subjects complained at a
centration of 300 ppm. Though 100
n was recommended by the exposed
sons, a concentration of 200 ppm is
1g suggested, as this group was not
2stomed to occupational exposure
:he material.
wtyl Cellosolve: H. W. Werner,
W, Nawrocki, J. L. Mitchell, J. W.
ler, and W. F. von Oettingen, in
ad. Hyg. & Toxz., 25, 574-379 (Oc-
:r, 1943), “Effects of Repeated Ex-
argr - Rats to Vapors of Mono-
A ene Glycol Ethers,” found
. eXposures of rats to a range of
to 400 ppm of n-butyl glycol ether
inced small but measurable toxi-
Jical effects on daily exposure of
1 hours, five days a week for five
BN
sdmium: L. Prodan, in J. Ind.
, 14, 174-196 (May, 1932), “Cad-
n  Poisoning. II E‘(perimen*al
wium Poisouning,” revnoried cn ex-
‘ve animal e\per:sre:::azzc in-
ng inhalation. Although the Jow-
soncentrations used were much in
:s of those considered poisonous
'oqtinue-" exposure, it is fo be con-
=i from Prodzr’s work that cad-
2 is as poisonous as Iead or some.

‘mination of c¢on e':.r
1 workers are exp
medical ¢bs ewat*ow
imporIant both
jury and 1o :
formeticn concerning the
m a';]c-'-‘\'abie concer:tration.

a“"‘ ority that six

3550 ppm carbon
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dioxide caused no noticerble symptoms.

Crurbon Disulfide: F. H. Wiley,
W. C. Kueper, W. S, von Oettingen,
in J. Ind. Hyg. & Toz., 18, 733-740,
(1936), “On the Toxic Eﬁects of Low
Concentration of Carbon Disulfide,”
reported that animals exposed to con-
centrations of 30 ppm over a long
term showed no signif cant toxic
effects. N. L. Barthelemy, in J. Ind.
Hyg. & Tox., 21, 141131 (1 €29), “Ten
Years Experience with Industrial Hy-
giene in Conneciicn -with : e Manu-
facture of Viszcoez Rayon,” reporied
that no trouble whaiever was experi-
enced wheve carbon disulfide exposures
were kept in less than 30 ppm.

Cuarbon Monoxide: Y. Henderson,
H. W. Haggard, M. C. Teague, A. L.
Prince, and R. M. Wunderlich, in
J. Ind. Hyg. & Toz., 3, 79-137 (19‘21),
“Physiological Effects of Automobile
Exhaust Gas and Standards of Ven-
tilation ‘for Brief Exposure,” showed
that 100 ppm could be considered al-
lowable for an exposure of several
hours. R. R. Savers, W. P, Yant, E.
Levy, and W. B. Fuiton, in Public
Health Bulletin No. 186 (1929),
“Effects of Repeated Daily Expcsure
of Several Hours to Small Amounts
of Automobile Exhaust Gas,” re-
ported that the daily exposure of six
men over a period of 68 days to 200
ppm of carbon monoxide caused some
of the more susceptible persons to
develop slight but not discomfarting
symptoms after two hours. R. F.
Sievers, T. I. Edwards, A. L. Murray,
and H. H. Schrenk, in J.4.37.4., 118,
585-588 (February 21, 1942), “Eﬁ'ecu
of Exposure to Known Concentrations
of CO,” reported that a group of 156
Holland Tunnel traffic officers ex-
posed over a 13 year period {0 an
average of 70 parts per millien of
carbon moncexide did not reveal any
evidence of injury to heaith attribut-
able to the exposure.

Curton Tetrackloride: H. F. Smyth,
H. F. Smyth, Jr.,, and C. P. Caruenter,
in J, Ind. Hyg. & Tozx., 18, 277-298
{1938), “The Chronic Tcn: ity of Car-
bon Tetrachloride: Animal E;posures
and Field Studies,” concluded cn the
basis ..:: animal experimenis over a
period of 10% wmonths that 1&
3 for coni 'mous SXD
worsmen throughou

S e

day afier dav. mere na

cen‘*n.arw of 3

cause infury to ;., ea As
of ber.zol, itis nd
pcsurf- 5 ken a

.,-al: ce gither zro

Ceilogolre: H, IW.
Nawroceki, J. L. Mitchell, J.
and W. F. von Oettingen.
Hyg. & Tox.. 25. <9
943} “Lifecis of Rc—ncued Ex xposures
of Rats to Vapors of ilonoalkyl Ethy-
tene Giveol Ethers)” found that ex-

.
t
osures of rais fo a ranyge of 300 to

r
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400 ppm of ethyl glyeol ether (cello-
solve) produced <n~a11 but measurable
toxicological eifects on daily exposures
of seven hours five days a week for
five weeks.

Cellosolve Acetate: The maximum
allowable concentration of 100 ppm
is based on an unpublished report of
tests made by the Chemical Hyglene
Fellovvsh.p at Mellon In‘%*ltu\,e re-
ported in July, 1945.

Chlorine: Early work has indicated
that 1 ppm should be taken 2z the
maximum z2llowable concentration and
this has been generally followed. Ron.
zani, dreh. f. Hygiene, 67, 285 (1909),

showed that 1.7 ppm caused impaired -

nutrition and blood changes in ani-
mals, but that 0.7 ppm caused no
disturbances. K. B. Lehmann listed
in a table in 1912, quoted in U. 8.
Buveau of Mines Tech. Paper 248
(1921), that 1 ppm causes slight
symptoms after several hours and 4
ppm is the maximum concentration
without symptoms for one hour ex-
posure. As long ago as 1899, Lehmann
observed that an increase in resistance
occurs on acclimatization (Arch. f.
Hyg., 34, 302). Capable research of
rmore recent date in this.country con-
ducted by the American University
Experiment Station of the Chemical
Warfare Service, referred to in U. S.
Bureau of Mines Tech. Paper 248

(1921), showed the least concentra-.

tion to give detectable odor was 3.5
ppm; to cause throat irritation, 15.1
ppm; and to cause coughing, 30.2 ppm.
On the basis of these data, it is con-
sidered in order to suggest 5 pom
rather than 1 ppm as the allowable
concentration. i
Chloro-butadiene (Chloroprene):
W. F. von OQezttingen, W. C. Hueper,
W. Deichmann-Gruebler, and F. H.

Wiley, in J. Iné. Hyg. & Tozx., 18, 240
11836), “2-Chlerobutadiene (Chloro-
prene) : Its Toxieity and Patholegr

and Mechanism of iis Action,’ Te-
ported that animal experimentatiicn
indicaies that continued exposure o
0.3 mgs. per liter (*‘3 pom) and even
less may cause toxie effzets. ¢ is

: e\'*‘ama :\4

Permissible C cncen-
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Air of Workrooms,
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®in another was
. A maximum
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Chlorcjor m. Since there is ne pub-
hsned uor‘\ on proionged exposures
of arimais under experimental condi-
tions or of humans in indusirial ce-
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cupations to known iow concentrations
of chloroform, a value of 100 ppm is
generally” accepted on the basis of
analogy with ecarbon tetrachloride.
The value as given should be further
~ubstantiated and there should be
#fose medical observation of any group
of workers exposed to c¢hloroform con-
centrations approximating 100 ppm.
As is the case with carbon tetrachlo-
ride, it would be wise to retain ex-
posures to less than 30 ppm until
more data are available. :
Chioronaphthalenes: Results of ani-
mal experiments with chloronaph-
thalenes are given in the reference
cited under “Chlorodiphenyl.” Inhala-
tion of a concentration of 10 mgs./m®
of trichloronaphthalene by rats caused
no pathology. In view of the fact that
industrial experience has indicated
that there is an unusually marked
difference in susceptibility, 3 mgs.m/*

. is generally accepted as the allowable

concentration. As the chlorine con-
tent of the compound increases, a lower
allowable limit is necessary to avoid
poisoning., For a combination of tetra:
and penta chloronaphthaienes, 2 limit
of 1 mg./m® was suggested; for a
mixture of penta and hexachloronaph-
thalenes, a limit of 0.5 mgs./m®
1-Chlore-1-nitropropane: Willard
Machle, E. W. Scott, J. F. Treon, F. F.
Heyroth, and J. V. Kitzmiller, in

J. Ind. Hyg. & Toz., 27, 95-102 {April,

1945}, “The Physiological Response of
Animals to Certain Chlorinated Mono-
nitroparafins,” showed by animal
experiment that this substance is con-
siderably less toxic than 1,1.dichloro-
1-nitroethane. The longest exposure
to the rropane derivative was for two
hours only. The allowable concen-
tration of 20 ppm for long exposures
is based on a comparison with that of
the ethane derivative on which more
extensive research was done. Longer
animal experimentation or human ex-
medical observation
t a somewhat higher
t

siration
Cuelohexane: 3. F. T:
Crutchileid, 4., and K. V.
in J. Ind. Hug. & Tox.,
{Ociober, 1943), “Th

w

~
il

o

0

e

w
Ei.
1
™

0
Rs]
i3

niration at £G4 ppm.
The relerence guot
xane” iudes gimil

INDUSTILUAL MpulUiNg

very near to the maximum safe level
for rabbits. One hundred ppm is be-
ing suggested as the maximum ailow-
able concentration but, until there is
more experience with human expo-
sure, there should be medical observa-
tion of workers exposed to these com-
pounds where concentrations approach
the allowable limits.

Cyclohexanone: In the preceding
reference these authors reported the
maximum allowable concentration for
evclohexancne is. slightly below 190
ppm. A maximum allowable limit of
100 ppm is suggzested for this com-
pound. In the experimental human
expesures to cyelohexanone ¢arried on
by Nelson, et al, and described in
J. Ind. Hyg. & Tox., 25, 282 (Septem-
ber, 1943), irritation was experienced
at 75 ppm. If actual indusirial ex-
posures show similar irritation to
workmen, the permissible exposure
should be adjusted downward.

Cyclohexene: The only quantitative
toxicologiecal work conducted on this
compound is that on acute exposures
which N. W. Lazarew reported in
Arch. exptl. Path. Pharmakol., 143
223 (1929), “On the Toxicity of Va-
pors of Different Hydrocarbons,”
showing that 9000 ppm caused ex-
perimental animals to assume “side-
position,” indicating mild narcosis.
On analogy to the toxicity of cyclo-
hexane which it closely resembles
structurally, though introduction of a
doubie bond may increase its toxicity
somewhat, the maximum allowable
concentration of 400 ppm is suggested.
With this inadequate basis for setting
an allowable concentration, medical
observation should be aforded work-
ers who may be exposed o concentra-
tions approaching this value.

o-Dichlorobenzene: A value of 75
pom is recommended bv the U. S.
Public Health Service as a guide.

Dicilorodifuoromethane (Freon-
12): R. R. Sayers, W. P. Yart, Jehn
Chornyak, and H. W. Sheaf stated in
U. 8. Bureau of Mines Report of In-
vestigations No. 3013 “Toxicity of Di-
enlerodifiuoromethzne: A New Refrig-
erant,” (May, 1930) that a 12 week
exrosure of animzls to 20% by
e of this vapor caused no gress

re.
ed tremor and a gait
cozeolic ataxia were ob-
me o7 the animals, it is

the maXimum ex-
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i : Y

arectic action of con-
s low &3 7400 vpm
especiiveiv.  Their
Arek, expil Poln.
Q
.
{

centrar
and 2400 ppm
work is repc
7 I

Fhammekol,

&

)
4

b
1924), andg 109,

Ethpicrc Di-

Sy Ors /:é(;g}-’ 19:s

chloride) : The value of 100 ;
recommended by the U. §, pllg?bl]iz
Health Service as a guide and ig zZen-
erally accepted though there ig Some
indication that somewhat lower con-
centrations should be used ag the
maximum allowable limit. Where e;:
posures approach this value, medica]
observation of workers is recor.
mended, -

Dichlorocthylene: The value of 10g
ppm is suggested as a tentative valp,
but no specific work has been done on
preionged exposure to known concen.
irztions of this material. There has
been some suggestion that the pp.
saturated ehlorinated hydrocarbons 4o
not cause liver damage at as low con.
centrations as do the saturated com.
pounds, but specific information shoulqg
be developed on this particular up.
saturated chlorinated hydrocarbon be.
fore the suggested value is increnseq
to possibly 200 ppm. .

Dichloroethyl Ether: H. H. Schrenk
F. A. Patty, and W. P. Yant, in Re.
print No. 1602 from Public Heajth
Repts., 48, 1389-1398 (November 17,
1933) “Acute Response of Guinea Pigs
to Vapors of Dichloroethyl Ether,” re.
ported that slight nasal irritation was
noted among experimental animals at
35 ppm. It has been generally ac-
cepted that where prolonged exposures
are contemplated, the exposure should
not exceed 15 ppm.

Dichloromethane: L. A. Heppel,
P. A. Neal, T. L. Perrin, M. L. Oxr,
and V. T. Porterfield, in J. nd. Hyg.
& Toz., 26, 816 (Januvary, 1944),
“Toxicology of Dichloromethane
(Methylene Chloride),” concluded that
on the basis of animal experimentation
the maximum allowable limit be tenta-
tively set at 500 ppm for eight hours
daily exposure. Although Henderson
and Haggard, in “Noxious Gases,”
1943, quote F. Flury in Lehmann and
Flury, “Toxicology and Hy

Incdusirizl Solvents,”

CeNTE,

Wilkins, 1943) that 290 ppm
be 2 maximum allowable concent
tion, it is {0 be noted that the arimal
experimentiation by Heppel, et 2i., of
the U. §. Public Health Service, ciie
above, showed that even at 3000 paris
per million, repeated seven hours ex-
posures, fdve days a week Ifar six
months, caused no evidence of ioxic
action by rats, rabbits or dogs.
DichioromonoRuoromethene (&
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i1 causzed by equivalent cuncenfra-
_.as of diethyl ether but definitely
:5 than that resulting from equiva-
“ont exposure to acid gases.
Dichlorotetrafluoroethane (Freon
&7 A, H. Nuckolls, in Underwriters’
2 aries Report MH-2375 (No-
smb 1923), reported that animals
wowed occasional retching movements
-om which they recovered quickly
frer two hours’ exposure to 2.5% of
sis material, though no pathological
-nditions were found on autopsy after
ne two hours’ exposure. There has
zen no published work on prolonged
xposure, ¢
Dimethylsuljate: Flury and Zernik,
3chédliche Gase,” 1931, reported
Athout giving specific reference to
iginzl work, that 20 ppm killed
ats in 11 minutes and that 13 ppm
aused severe poisoning on 20 minutes’
xposure. On the basis of these ani-
wal experiments, a value of 1 ppm is
-aggested as the maximum allowable
oncéntration. However, there should
v all means be close medical super-
-ision wherever there may be exposure
> this dangerous substance.
Difluoromonockloromethane (Freon
2y : Underwriters’ Laboratories Re-
ort MH 3134 (1940) concluded that
his substance is less toxic than Freon
1 and than carbon dioxide but more
oxie than Freon 12,
Dimethylaniline: The U. S. Public
Tealth Service suggests that this com-
ound is similar to aniline in its

oxicify,

{ ‘ololuene: The toxicity of dini-
od.. .cne is considered similar to that
{ TNT for which the U. 8. Public
Health Service suggests 1.5 mgs. per
ubiec meter as a guide.

Dioxane: A. Fairley, E. C. Linton,
.nd A. H. Ford-Moore, in J. Hyg., 34,
6 (1934), “The Toxicity to Animals
I l.4-Dioxan,” report kidney and
‘ver damage to animals on exposures
1 100 npm cver periods for the most
rt of 100 to 2090 hours’ duration.
rsons who are exposad to dioxarne at
weenirations approaching that con-
ered allowsbie should te under
sedical observation until more data
re available concerning effects of
50Wn concenirations.

Etnyl Aceiate: This material is
er toxic oi orgeanic sol-

ses {rrization eves,
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rze rnumbers of workers

c-untyy have been exposed over long
periods of time to concentrations of
1000 ppm with no demonstrable in-
jury to health and with no increase
in accident frequency. There is an
occasional initial complaint of eye
ivritation but this is only on very first
introduetion to the exposure,

Ethyl Benzene: W. P. Yant, H. H.
Schrenk, C. P. Waite, and F. A. Patty,
in Renrint No. 1379 from Public
Health Repts.,, 45, 1241-1250 (May
30, 1920) “Acute Response of Guinea
Pigs to Ethyl Benzene,” found no
symptoms other than eye and nose
irritation on exposures of 1000 ppm
for as long as 480 minutes. N. W.
Lazavew, in Arch. exptl. Path. Phar-
rmekol., 143, 223 (1929}, “On the
Toxicity of Vapors of Different Hy-

drocarbons,” reported that ethyl ben-’

zene has greater narcotic action than
benzene. Ethyl benzene thus com-
pares with toluene in its relation to
benzene on high exposure and, from
its structural formula, can be ex-
pected to correspond to toluene on
extended exposure to lower concen-
trations. A value of 200 ppm is ac-
cordingly suggested. Where expo-
sures approach this concentration,
there shouvld be medical observation
of persons exposed in view of the lack
of specific data supporting this value.

Ethyl Bromide: R. R, Sayers, W. P.
Yant, B. H. G. Thomas, and L. B.
Berger, in Public Health Bulletin No.
185 (March, 1829), “Physiological
Response  Attending Exposure to
Vapors of Methyl Bromide, Methyl
Chloride, Ethyl Bromide and Ethyl
Chloride,” observed that exposures of
animals to 1700 ppm for 540 minutes
caused no symptoms. In view of the
lack of experimental data covering
exposure over prolonged periods or
quantitative information on exposure
of workers, 2 value of approximately
one-quarter of the above concentra-
tion or 400 ppm is arbitrarily sug-
gested 23 a tentative allowable con-
centration. Where workers may be
exposed to concentrations apyroaching
this value, they should be under med-
iczl observation.

Ethyl Chloride: Public Health Bul-
letin No. 185 (March, 1929), cited
as reference for “Eihyl Bromide”
mmended 20,000 spm as the maxi-
s2m amount for long exposures.
ing the same 21t

4l bromide, 5609 ¢ s st

in
re

b o
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are aval
concentrations not

exceed 10 ppm. Particulariy in view
of the considerable skin absorpticn of
ethylerne chlorohydrin, as observed by
H. F. Smyth, Jr,, and C. P. Carpenter,
in J. Ind. Hyg. & Tox., 27, 93 (March,
1943), “Note upon the Toxicity of
Ethylene Chlorohydrin by Skin Ab-
sorption,” workers exposed to this

solvent should be under medical obser.

vation.

. Ethylene Oxide: C. P. Waite, F. A.
Patty, and W. P. Yani, in Rept. No.
1401, Pub. Healih Repts., 43, 1532-
1843 (August 8, 1$30), “Acute Re-
sponse of Guinez Pigs o Ethyrlene
Oxide,” found that 230 ppm caused no
symptoms on exposure of animals for
480 minutes. With iack of long-time
animal experiments and no published
data on prolonged exposures of the
workers at known concentrations, a
value of 100 ppm is arbitrarily sug-
gested. Where workers are exposed
to concentrations in the vicinity of
this value, they should be under med-
ical observation.

Ethyl Ether: In this country, large
numbers of persons are at work in
operations involving exposures of 300
to 1000 ppm and as high as 2000-3000
pem without demonstrable effect on
health. TUnfortunately there has been
no publication correlating nrolonged
exposures to these concentrations with
medical findings—or lack of them.
Nelson, et al.,, in J. Ind. Hyg. & Toz.,
25, 282 (1943), reported nasal irrita-
tion at 200 ppm to persons under ex-
perimental conditions who considered
that 300 ppm would be objectionable
as a working atmosphere. However,
this experimental group had no op-
portunity for occupational acclima-
tization. The concentration of 500 ppm
is suggested as the maximum zallow-
able, not that apprecizbly more than
this concertration cannot be reguiarly
tolerated without injury io health, but
to avoid irritation and complaini.

Ethyl Formaie: Flurv and Zernik
in “Schidiiche Gase.” 1021, reporied
that 350 ppm causes siight irritation
of the eves and rapidly increasing
nasal irrifation. In view of the in-
adeguzte data available concerning
expesu . there should

bem { workers whe
may be entrations in
the viel sted iimit of
200 ppm
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after several nours exposure. An al-
lowabie limit of 100 ppm is suggested
for prolonged exposure, but with the
lack of industrizl experience at known
concentrations, any workers subjected
to an exposure approaching 100 ppm
should be under medical observation.

Formaldehyde: The principal effect

‘of exposure to low concentrations of

formaldehyde is irritation, especially
in the nose and eyes with lachryma-
tion. E. C. Barnes and H. W.
Speicher, in J. Ind. Hyg. & Tox., 24,
10-17 (January, 1942) “The Deter-

“minatidn of Formaldehyvde in Air)"

stated that they exposed themselves

- to 20 ppm for a short length of time.

From the discomfort and lachryma-
tion produced, it was their opinion
that somewhat lower concentrations

“would be desirable for continued ex-
~posure. It is generally accepted that

exposures should not exceed 10 ppm.
Furfurel: According to the pro-

ducer, with reasonably good ventila-

tion, the health hazard presented by
the use of furfural is slight under
practically all industrial conditions.
Over the 20 years of its industrial use,
there has not been a single case of
injury to health from industrial ex-
posures, its low vapor pressure pre-
sumably maintaining atmospheric

. concentrations at less than injurious

levels under normal industrial condi-
tions.

Gasoline: Philip Drinker, C. P.
Yaglou, and M. F. Warren, in J. Ind.
Hyg. & Tox., 25, 225-232 (June,
1948), “The Threshold Toxicity of
Gasoline Vapor,” concluded “that 0.1
per cent gave the beginning of real
effects in our group.” The human sub-
jects used in these experiments com-

" plained only of subjective symptoms

such as irritation or headache. R. R.
Sayers, A. C. Fieldner, W. P. Yant,
and B. G. H. Thomas, in “Experi-
mental Studies on the Effect of Ethyl
Gasoline,” Rept. of the U. S. Bureau
of Mines (1927), reported that 0.07
to 0.28% gasoline vapor caused dizzi-
ness, The corcentration of 500 ppm is
suggested as the maximum so that
these subjective symptoms may be
avoided. Furthermore, preseni-Gay

gasoline coxzains varying amounts of
aromatie hydrocarbons which tend to
increzse its texieity.

Since

Hepicne:
shomm 10 cause
sxperimentztion carri

U. S. Burezxu ¢

Philip Drinker, C. P.
Yaglou, and M. F. Warzen, in J. Ind.
Hyg. & Tox., 25, 225-252 (June. 1843)
“The Threshold Texieity of Gascline
Vaper,” rencrized on exposure io a
petroleum distillate, 90% of which
boiled berwesn 107°F and 269°F, thus
including the hexane range. Two
groups of persorns were expesed to
concentrazions in one case of 1500 ppm

and in the other 1400 ppm. Sickness

N . -
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ai the stomach, headache, throat irri-
tation and eye irritation were com-
plained of, but no one considered the
exposure disagreeable or felt unwill-
ing to work in such atmosphere. Nel-
son, et al,, in J. Ind. Hyg. & Tox., 25,
282 (1943}, exposed a group of per-
sons to 500 ppm of hexane which
proved to be quite innocuous. Though
higher concentrations were not used,
the opinion was that much greater
amounis could be tolerated. A maxi-
mum zllowable concentration of 1000
pp is accordingly suggested.

Hydrochloric Acid (Hydrogen Chlo- .

ride) : Willard Machle, XK. V., Xitz-
miller, E. W. Scott, and J. F. Treon,
in J. Ind. Hyg. & Tox., 24, 222-223
(October, 1942), “The Effect of the
Inhalation of Hydrogen Chloride,”
concluded on exposure of animals six
hours a day, five days a week for four
weeks that the upper limit of safety
is about 30 ppm though it is possible
that even this concentration would be
harmful if daily exposures were con-
tinued for periods longer than a
month. The maximum allowable con-
centration of 10 ppm is generally
accepted.

Hydrogen Cyanide: Reference is
made by Flury and Zernik in “Schid-
liche Gase,” 1931, to Lehmann-Hess
that 18 t0o 36 ppm could be iolerated
cver a six hour period without appar-
ent symptoms. A value of 20 ppm is
generaily accepted as the maximum
allowable concentration.

Hydrogen Fluoride: E. Ronzani, in
Arch.f.Hygiene, 70, 217-269 (1909),
found no injuricus action on animals
exposed for 30 days to 3 ppm. K.
Roholm, in “Fluorine Intoxication. A
Clinical, Hygiene Study,” (Lewis &
Company, London, 1937}, and “Fluo-
ride Compounds” Occupation and
Healt Supplement, International
International Labor Office (Sepiem-
bey, 1938), reported that fiuoresis of
the bones occurred among crvolite
workers arier proronged exposure to
2 t0 3 ppm. Three ppm has been gen-
erally accepted as a maximum ailow-
abie concentration.

Hudrogen Selewide: H. C. Dudley
and J. W, Miiler, in Reprint No. 18353,
from Pudl. Health Repis., 32, 1217

found thai znimais exposed
paris per nillion for 69 minutes

all died wit

xposures
reporied tnat
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vgrested with the recommendation
that wherever men may bhe exposed
they be under medical chservation

and information be mainiained con-
¢cerning exposures,
Hydrogen Sulide: H. L. Barthel-

emy, in J. ind. Hyg. & Toe., 21 141
151 (April, 1939), “Ten Years' Ex.
perience with Industrial Ifygiene“ir;
Connection with the Manuiacture of
Viscose Rayon,” concluded that With

hydrogen sulfide at less than 2¢ Ppm

" no trouble whatsoever was eXperi.

enced. This value is generally accenteq
as causing neither poisoning or eya
irritation. -

fodine: Henderson and Haggarg
“Noxious Gases,” 1943, and Flury ang
Zernik, “Schidliche Gase,” 1931, boh
quote Matt, Dissertation at Wurzburg
1889, as authority for 0.1 ppm beiné
the concentration at which “work is
not disturbed.” The infrequent €Xpo-
sure of iodine vapor hardly justifes
much research on this material byt
added data are needed to substantiate
this tentative value of 0.1.

Iron Oxide: It has been showp
through determination of iron oxiga
concentrations at many welding op-
erations that the condition is satig.
factory where the iron oxide fume ig
kept below 30 mgs. per cubic meter,
Although exposures to iron oxide in
excess of this value will not cause
poisoning, continued exposure to
higher concentrations may produce a
chronic bronchitis. This suggested
allowable concentration is given by
Philip Drinker and A. G. Cranch iy
“Control of Welding Hazards in De.
fense Industries,” Special Bulletin
No. 5, U. 8. Division of Labor Stang.
ards (1942).

Isopkorone: H. F. Smyth, Jr., J.
Seaton, and L. Fischer, in J. /nd. Hyg.
& Tox., 24, 46-50 (March, 1942), “Re-
sponse of Guinea Pigs and Rats to
Repeated Inhalation of Vapors of
Mesityl Oxide and Isophorone,” con-
cluded on the basis of animal experi.
mentation of 30 eight-hour exposures
that no eifect whatever resulis from
exposure of 23 ppm of isophorone.

Lead: The American Public Health
Association Commiitee on Lzad Poi-
soning~—R. A. Kehoe, Crairman, J. C.
Aub, E. L. Belknap, W. C. Dreessen,
G. H. Gehrman. M. H, Krorenberg,
May 2. Mayers, and W. P. Yant—in
the 1643 Cemmittee Repcort “Qecnpa-
tional Lead Expoes:
soning”
WCrkroons
than (.15 mgs.

of disabling lead
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Crusaing ALY showed  that
orRers expased to less ithan 30 mags.
er cubic- meter of manganese devel-
.wed no symptoms of poisoning but
~at workers exposed to more than 90
mgs. per cubic meter were found to
;, - the disease. Since only a small
. -+ of men with limited exposure
wer -cluded in the study, and as the
gxposure could be readily reduced to
; mgs. per cubic meter, the U, S. Pub-
:?c Health Service has recommended,
National Institute of Health Bul-
wtin - No. 182 (1943), *“Industrial
\anganese Poisoning” by L. T. Fair-
3?1 and P. A. Neal, that the maximum
nowabdle concentration be tentatively
51;=.ced at 6 mgs. per cubic meter.

Magnesiwm: Philip Drinker, R. M.
Tromson, and J. L. Flinn, in J. Ind.
Hyg., 9, 187 (1927), “Metal Fume
fever. III The Effects of Inhaling
\lagnesium Oxide Fume,” reported on
.xperimental production of metal
fume fever from excessive inhalation
of this fume. It was considered that
exposure to less than 16 mgs. per
cubic meter will cause no such mani-
festation.

Mercury: P. A. Neal, R. H. Flinn,
7. I. Edwards, W. H. Remhart, J.W.
dough, J. M. Dallavalle, H. Goldman,
V. Armstrong, A. S. Gray, A. L. Cole-
san, B. F. Postman, Pub. Health Bull.
No. 262 (1941), “Mercurialisin and Its
Control in the Felt Hat Industry,”
jound on the basis of examination of
334 hatters in five representative felt
nat factories that no injury o health
=ccurred where the exposure was less
h( mg. per cubic meter.

Jl Oxide: H. F. Smyth, Jr., J.
Zeaton and L. Fisher, in J. Ind. Hyg.
¢ Tox., 24, 46-50 (March, 1942), “Re-
:ponse of Guinea Pigs and Rats to
Jepeated Inhalation of Vapors of
‘Tesityl Oxide and Isophorone,” report
kat no effect whatever was found
“om 30 ppm of ’nesityl oxide after
1 eight-hm'r exposures of zll animals.
Hetlianol: R. R. Sayers, W .P. Yant,
Y. Schrenk, J. Chovnyak, S, J.
ree, F. AL Patty, and J. G. Linn, in
ureau of Mines Report of
tign No, Jcﬁ‘ (1942}, “*Meth-
\posure of Dogs

anol Vapor in

CAnTEnirat:

id be unider med-

suggested nmi
ical observation,

Methyl Bromide: D. D. Irish, E. M.
Adams, H. C. Spencer, and V. K.
Rowe, in J. Ind. Hyy. & Tox., 22, 218-
230 (June, 1940), “The Response At-
tending Exposure of Laboratory Ani-
mals to Vapors of dMethyl Bromide,”
reported that six months’ exposure of

. rats, ghinea pigs and monkeys to 33

ppm was without gross symptoms or
istopathological changes. However,
the rabbits developed paralysis on re-
peated exposures. With concentra-
tions dropped to 17 pom, no abrormat
conditions were noted. R. M. Watrous,
in INDUSTRIAL MEDICINE, 11, 575-579
{December, 1942), “\iethvl Brom.de
—Local and Mild Systemic Toxic
Effects,” discussed an industrial ex-
posure where 90 persons were at work
at concentrations generally less than

<35 ppm and nild systemic symptoms

occurred in 33 of these workers. A
maximum allowable limit of 20 ppm is
suggested.. Workers exposed to or
working with methyl bromide should
be under medical observation and ex-
posures checked guantitatively.’
Methyl Butanone: H. H. Schrenk,

W. P. Yant, and F. A. Patty, in Re-~

print No. 1747 from Pub. Health
Repts., 51, 624-631 (May 15, 1936),
“Acute Re:ponse of Guinea Pigs to
Vapors. of Hexanone (Methyl Butyl
Ketone),” found that animals ex-
posed to 1000 ppm for 810 minutes
showed but slight or no symptoms
although human beings noted a sirong
odor and developed moderate eye and
nasal irritation at this exposure. Arbi-
trarily placing the maximum allow-
able iimit for prolonged exposure at

less than quarter of the amount sug-.

gested for acute response, the maxi-
mum allowable concentration of 200
ppm is suggested. Medical observa-
tion of workers exposed to vapors at
this conceniratien may result in a
more liberal limit

Methyi Ceilosolve: H. W. Werner,
J. L, Mitchell, J. W, Miller, and W. F.
von Oettingen, in J. Ind. Hyg. & Toz.,
25, 409-414 (November 19, 1943),
“Effects of Repeated ExpO""re of
Dogs to Moncalkyl Ethylene Giyeol
Eiher Vapors,” reporied on findings
after expesure of seven hours daily,
Ave days a week for 12 weeks {0 a
concentration of 800 parts per mil-
fion of ethvl cellosoive. Blood changes
ave recorded a: ihls copcentratign.
L. G"M*om"z. M, E ,
Goidwater, W, J. Bur.«. znd 8. Mes-
kowitz, in J. /ud. H"g & Toux.
154-147 (Fszbruary, 1638), “H
Hazards in the \Ian.::ac‘"\‘e of ‘Fu
Ce?'nrs.’ 1. E'\'bos::re <o Zihvls
¢el Monoemetiy :.r.‘

ng whers
TA., e stllation
ctively :oA.owz.,., s
put wasg rpilacsd in
*r en atn ¥

clused 1o represent conditions in cold
weather. Though it was conciuded by
these investigators that the concen-
tration shouid be kept below 25 ppm,
it would scem, in view of the more
favorable conditions under which the
analyses were made, that the maxi-
mum allowable concentration of 100
ppm should be permissible. This sug-
gested limit is supported by an un-
published report of tests made by the
Chemical Hygiene I‘ellowsmp at Mel-
ton Institute, reported in July, 1945,

Methyl  Ceilosolve Acetate: The
maximum allowable concentration of
100. ppm is suggested on the basis of
an unpublished report of tests mzde
by the Chemical Hygiene Fellowship
at Mellon Institute, reported in July,
1945.

Methyl Chloride: R. R. Sayers,

‘W. P. Yant, B. G. H. Thomas, L. B.

Berger, in Pub. Health Bull. No. 185
(1929), “Physiological Response At-
tending Exposure to Vapors of Methyl
Bromide, Methyl Chloride, Ethyl Bro-
mide and Ethyl Chloride,” found on
exposing animals for a period of 200
minutes that from 500 to 1000 ppm
caused slight symptoms after several
hours exposure. Arbitrarily taking
one-fourth of this value for continued
exposure, a maximum allowable con-
centration of 200 ppm is suggested.
Workers exposed to concentrations in

" this vicinity should be under medical

observation, .

Methyleyelohexane: J. F. Treon,
W. E. Crutchfield, Jr.,, and K. V.
Kitzmiller, in J. Ind. Hyg. & Tox., 25,
323-347 (October, 1943), ‘“The Physio-
logical Response of Animals to Cyclo-
hexane, Methyleyciohexane, arnd Cer-
tain Derivatives of these Compounds,”
concluded that a maximum safe con-
centration for prolonged exposure of
rabbits lies between 1162 and 2886
prm. A concentration of 1600 ppm is
suggested as a maximum allowable
limit but if workers are exposed to
such a concentration, medical observa-
tion is recemmended until data are
ootzined ¢n effecis of human exposure
within this range.

Methyleyclonexenol: In the refer-

ence cited above for methvierclohex-
'ane, the maximum safe concomra‘.x_..
for prolonged exposurs of rabdiis to
...e.hv.'C"czone.‘:anol was found t}J be
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rember 25, 18238), “Acute Respense of
Gainea Pigs to Vapors of Methyl For-
mate,” concluded that the maximum
exposure for several hours without
serious disturbance lies between 1500
and 2000 ppm. Reducing this concen-
tration for acute exposure arbitrarily
to one-fourth the value, a2 maximum
allowable conecentration of 400 ppm is
suggested for prolonged exposure.
Until information is obtained on re-
sponse of humans to exposures of this
order, workers exposed to such con-
centrations should be under medical

" observation. .

Methyl ieo-butanone (Hexone): H.
Specht, in Reprint No. 1911 of Pub.
Heaith Reports, 53, 292-300 (Febru-
ary 25, 1938) ‘“Acute Response of
Guinea Pigs to Inhalation of Methyl
Iso-butyl Ketone,” concluded ihat a
concentration below 1000 parts per
million is well tolerated by guinea pigs
but causes eye and nose irritation in
man, Applying the arbitrary rule of
reducing this concentration to one-
fourth where there is prolonged ex-
posure to the vapor, the maximum

 allowable limit of 200 ppm is sug-

gested: Until further data are ob-
tained on human response, medical
observation is recommended where ex-
posures may be of this order. .
Monochlorobenzene: The maximum
allowable concentration of 75 ppm is
suggested by the U. S. Public Health
Service as a guide, .
Monofluorotrichloromethane (Freon-
11—Carrene No. 2): A. H. Nuckolls,
in Underwriters’ Laboratories Miscel-

. laneous Hazards Report No. 2375 (No-

vember, 1933), found that animals

"ha\-'e oceasional tremors and retching

movements upon two hours’ exposure

to 2.2 to 2.5% in air. Consequently a -

maximum allowable limit of 10,000
ppm is suggested for prolonged ex-
posure. In view of the lack of infor-
mation on prolonged expcsures on
hamans to this refrigerant, there
should be medical observaticn if ex-
posures approach ihis value.

Mononitroiciuene: The maximum
allowable concentration for this com-
pound is considered by the U.
lic ¢

Health Service to be si

Nitrebonzene: The U, S.
Health Service sugzgests a maximum
allowahle concentration of 5 ppm to
serve as a guide. A value of 1 ppm
has been used in the past, based pre-
sumahly on this value as listed with-
out specific reference in Henderson
and Haggard, “Noxious Gases,” 1927,
as a maximum amount that can be
inhaled for one hour without serious
disturbance. .

Nitroethane: Willard Machle, E. W,
Scott, and Joseph Treon, J. Ind.
Hyg. & Tox.,, 22, 315-332 (October,
1940), “The Physiological Response
of Animals to Some Simple Mononitro-
paraffins and to Certain Derivatives of
These Compeunds,” exposed animals
to concentrations of as low as 1009
ppm and 300 ppm. At the former
conecentration, death resulted in some
of the animals and no fatalities at the
latfer concentration. Since no data
are given as to the possibility of symp-
toms or of pathology on long exposure
of these animals to 500 ppm, a tenta-
tive allowable concentration of 200
ppm i3 suggested. In view of the
lack ‘of quantitative data on experi-
ence with persons where nitroethane
may be present in industrial atmos-
pheres, there should be medical ob-

‘servation of workers exposed to such

concentrations.

Nitrogen Oxide: L. W. LaTowsky,
E. L. MacQuiddy, and J. P. Tollman,
in J. Ind. Hyg. & Tox., 23, 129-133
(April, 1941), “Toxicology of Oxides
of Nitrogen. I. Toxic Concentrations,”
concluded on animal experimentation
that the concentration of 30 ppm of
NO. on three hour exposure produces
no immediate or delayed harmful
effects on guinea pigs and that a
concentration of 55 ppm on two to
three hour exposure may or may not
nroduce harmful effects on rats and

mice but no effect on rabbits, cats and”’

guinea pigs. This and other recent
data support the American Standard
of 25 prpm.

Nitvroalycerine: The U. S. Public
Heajth Service have found no systemic
affects occur even at exposures of 10
ppm, but affer absence of exposure
for as little as & 40 hour period over
a week-end, severe headaches oeccur on
being Arst exposad io as litile as 0.5
ppm for 2 brief veriod. Skin absorp-
tion is a major source of intake where
there is contact with nitroglveerine.
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fener A sugeesied allowable Hmit
5f 300 ppm is vased on the U. S. Bu-
reau of Mines Report of Investiza-

(1629), in swhich it

was staied that 1000 Drm 6f Beprapg

caused slight'dizziness. Octare is cop
sidered to be somewhat more mil‘coti;
than heptane but-to cause substan
tially the same physiological reaction‘
Ozone: C. E. Thorp, in News Edi.
tion, American Chemical Society, 19
686-689 (June 25, 1941), “Infuence
of Nitrogen Oxides on the Toxicity of
Ozone,” reported that 1 ppm of pure
ozone becoming annoving to 23% of
exposed persens but even at sleve.-:
hours a day for five davs did not
cause irritation oi nose or throat
Thorp refers to eariier work in whicn
oxides of nitregen are presumably con.
taminating the ozone and heacdacheg
and sore throats are produced in two
hours to three hours at concentrationg
of 1.0 ppm, -
Pentachloronaphthalene: References
on these compounds are given under
the heading, “Chloronaphthalenes.”
Pentane: U. S. Bureau of Mines
Reports of Investigations No. 2973
(1929) reports that 5000 pom pro.
duces mno effect after 10 minytes
exposure. Since the allowable ¢on.
centration of this almost' non-toxic
hydrocarbon is properly to be baseg
more on sensory response rather thayp
on systemic poisoning, this concen.
tration of 5000 ppm is tentativelv
suggested as allowable, :
Pentancne (Methyl Propanone) :
W.P.Yant, F. A, Patty. H. H. Schrenk,
in Reprint No. 1739, Pub. Health Re.
ports, 51, 392-3¢9 (April 3, 1936),
“Acute Response of Guinea Pigs i
Vapors of Pentanone (Methylpropy!.
ketone),” concluded on exposure of
animals for 810 minutes ihat the
maximum amount for several hours
with slight or no symptoms is 1500
ppm. This concentration was found to
be very irritating to men even for
short exposures. A maximum ailew.
able concentration of 400 pom for pro.
longed exposure-is arbitrariiy iaken
at one-fourth of the sugzesisd limit
for several hours exposure. With lack
of quantitative information on human
subiects at these concenirations, iheve
should be medical observation of
workers expesed o vapor in the vi.
cinity of this limit.
Phosgene: T. 8, Bureau of Minas,

=1

10
tiple
and 2.3 ppm.

Phospharss Trierioride: Buil in
Arch. Fo Hyg., 48, 207 (1504). re £4
on tha b n
that 0.7 -
tien.
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14 No, il

sions, trere has been no toxico-
‘cal work done on low exposures
¢ prolonged periods of time. Nelson,
2], in J. Ind. Hyy. & Toz., 25, 282,
~%  her, 1943), reported that mild
‘. >f the eyes, nose and throat
2 caused at 400 ppm among human
“iacts ex‘ver‘mentally but that even
"'0 rom Lﬁe el @CtS were not severe
ugh the majority declare the atmos-
sitable. Tso-propyl aleohol is
sore toxic than ethyl alco-
t is believed that no mmcuhv

o

oot
g

25 of 300 ppm. “ arkers exposed to
en*rations approaching ihis value
ald be under medical observation.
Propyl Acetate: A maximum allow-
‘e concentration of 200 ppm is sug-
sted, not that somewhat higher
sesures are toxie but to avoid irrita-
n. Although \'elson, et al, in J. Ind.
i, & Tox., 25, 282 (1943) "did not
‘lude this ester among the solvents
which sensory responses were ob-
ned, on analogy with ethyl and
zyl acetates, it is considered that
» suggested limit is in order.
‘so-Propyl -Ether: Willard Machie,
W. Scetf, and Joseph Treon, in
Ind. Hug. & Tox., 21, 72-95 (March,
39}, “The Physiclogical Response
Isopropy! Ether and o a Mixture
Isopropyl Ether and Gasoline,” re-
rted on exposure of animals fer 20
o-hour and three-hour periods to
neentrations down to 3000 ppm and
00 m~=, No noticeable effect fol-
¥ . exposure. The ioxicity of
Proeyt ether and gasoline were con-
lered to be closely parallel on the
sis of these animal experimenta-
ms. Although it appears possible
at exposures may be appreciably
sater than the suggested limif be-
e "‘"i action QCCUrs, any in¢rease
this vaiue should Dpe based on

ritative resuits of expesures

Radon (Red Eanetion): An
visory commitice io the National
‘reay of Standards, composed of

room s
wver lter,
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INDUSTRIAL MEDICING

Stoddard Solvent: A maximum al-
lowable concentration of 500 ppm is
suggested on the basis of the discus-
sion on gasoline. Although the higher
boiling constituents which are in-
cluded in Stoddard Solvent are some-
what more toxic than those included
in gasoline, it is believed that expo-
sures could be considerably greater
than the suzgested concentration with:
out causing toxic effect. The limit is
set up largely to avoid subjective
symotoms. Nelson, et al, in J. Ind.

that eﬁperimemal human subjects
complain of no marked effects of Stod-
dard Solvert vapor up to 400 ppm
and conclude that the exposure can
exceed this amount somewhat and still
be considered a satisfactory atmos-
phere.
tyrene Monomer: H. C. Spencer,
D. D. Irish, E. M., Adams, and V. K.
Rowe, in J. Ind. Hyg. & Tox., 24,
295-301 (1942), “The Response of
Laboratory Animals to Monomerie
Styrene,” concluded on the basis of
lack of effect on animals exposed for
seven hours a day over a period of
six months to 650 ppm that this con-
centration would probably produce
no serious disturbances in man but is
definitely irritating to the eyes and
nose. It was considered that 400 ppm
which Spencer, et al,, considered as
giving a disagreeable odor but not
producing appreciable eye or nose
irritation, could be suggested tenta-
tively as a permissible limit for
repeated exposures. This has been ac-
cepted as an “American War Stand-
ard.” Experience has already indi-
cated that this concentration causes
suificient irritation under actural work-
ing conditions to revise this Standard
downward. Urtil breader experience
is availabie, it is suggested that con-
centrations be not allowed to exceed
half the tentative value of 400 ppm.
Suliur Chioride: Adler-Herzmark,
in 7(‘”‘7‘ Gez'erbm’:ug w. Unfaliver-

fit., B (19 ‘9,'. lennl'ed that cats
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282 (1943), report-
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ence indicating that 0.5 to 2 milli-
grams per cubic meter caused slight
trouble with 3 to 4 milligrams per
cubic meter causing definite trouble.
J. H. Sterner, in INDUSTRIAL MEDI-
CINE, 12, 014-018 (August, 1943),
“Desermmmo Margins of Safety—
Criteria for Defining a ‘Harmful’
Exposure,” lists 5.0 milligrams pev
cubic meter in his well considered
table of maximum allowable concen-
trations.

1,122 Tetrachloroethane : On the
basiz of severe po:somng of workers
in industry resulting in a number of
deaths together wi th animal experi-
mentation showing it to cause nar-
cosis with smaller amounts than are
necessary for carbon tetrachloride, a
maximum allowable concentration of
10 ppm has been suggested for tetra-
chloroethane. Such cases are cited by
A. Hamilton in “Industrial Toxicol-
ogy,” pp. 212, et seq., Harper and Co,,
1934, and more recently by H. A.
Coyer in INDUSTRIAL MEDICINE, 13,
230-233 (March, 1944). Medical ob-
sexrvationr of persons exposed to known

concentrations of tetrachloroethane

under irndustrial conditions are neces-
sary to substantiate this tentative
maximum allowzable concentration.
Tetrachloroethylene: C. P. Carpen-
ter, in J. Ind. Hyg. & Tox., 19, 323-
336, (September, 1937), “The Chronic
Toxicity of Tetrachloroethviene,” re-

ported on animal exposure to low con.

centrations for periods up to 1200
hours and on exposures of humars to
concentrations of .500 ppm zand above.
No injurious exposure was observed
at 70 ppm but at 230 ppm some of the
animals showed effects of the solvent
on kidneys, spleen and liver though
there were no signs of progressive
injury to the liver. This author con-
cluded that on the basis of the find-
ings, a concertration somewhere be-
tween 100 and 300 ppm is considered
safe for d=zily exposure not in excess
of 40 hours a week. Until more evi-
cence is available on human exposures
under industrial condi'iora. workers
exposed .o concentrations in the vicin-
i 4 gge\»ed allcwable limit of
ould be under medical ob-
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reported that an exposure @
- 750 ppm four to six hours daily, five

[age 46
garlie odor eminated by the exposed
person.

Tetryl: The U. S. Public Heaith
Service states, in “Manual of Indus-
trial Hygiene” (W. B. Saunders Com-
pany, 1943) that “no specific inior-
matiocn is available but 1.5 miiligrams
per cubic meter is believed to present
no health hazard.”

Toluene (Toluol) : W. F. von Oect-
tingen, P. A. Neal, D. D. Donahue,
J. L. Svirbely, H. D. Baernstein, A. R.
Monaco, P. J. Valaer, and J. L. Mit-
chell, in Pub. Health Buil. No. 279,
(1942) “The Toxicity and Potential
Dangers of Toluene, with Special
Reference to Its Maximal Permissible
Concentration,” concluded that it ap-
pears, as far as toxicity is concerned,
the maximal permissible concentration
for toiuene in air for eight hours ex-
posure daily is 200 ppm. Since the
exposure causes slight but definite

" impairment of coordination and reac-

tion time, it was suggested that where

the occupation may cause specific ac- .

cident hazards, this concentration
might prove to be too high.
Trichloroethylene: Joserh Seiiter,
in J. Ind. Hug. & Tox., 253, 250-252
{September, 1944), “Liver Injury in
Dogs Exposed to Trichlorortzylene,”
i 5300 to

days a week for eight weeks resulted
in liver injury to experimental dogs.
There is no publisned animal experi-
mentation at concentrations Iower
than this value. It has been rather
generally accepted that a concenira-

* tion of 200 ppm can be tolerated with-

out injury to health. K. M. Morse and
Lounis Goldberg, in Indust. Hyxg. Sup-
plement, INDUSTRIAL MEDICINE, 12,
708-713 (October, 1943), “Chlorinated
Solvent Exposures at Degreasing Op-
erations,” reported that 18% of some
336 vapor degreasing tanks provided
with condensers exposed the ¢perators
to more than 200 pom. Although this
paper does not include c!
ings on exposed worker
that no reference is mace to cases
poisoning among operators of these
tanks would indicate that 200
is not greatly out ¢f line as the maxi-
rmum allewable conceniration. There
is evidence, however, ihat a concen-

INDUSTRIAL MEDICINE

be used as a guide. W. F. von QOct-
tingen, D. D. Donahue, R. K. Snyder.
and A. R.. Monaco in Publie Health
Bull. No. 285 (1944), “Experimental
Studies on the Toxicity and Potential
Dangers of Trinitrotoluene (TNT).
IV. Toxicity of TNT for Dogs with
Inhalation of Iis' Fumes,” stated that
an attempt was made to determine the
effect of various concentrations of
TNT vaper on dogs but it was found
very difficult if not impossible to
volatilize TNT in sufficient guantities

-to produce definite systémie and toxic

effects on them. Experience has shown
that where there is exposure to TNT
dust, fume’ or vapor, workers should
be under medical observation.

Toluidine: Henderson and Haggard,
“Noxious Gases,” 1927, include a
table, without specific reference to
original work, which states that slight
symptoms after several hours expo-
sure are caused by concentrations in
the range of 7 to 26 ppm. This same
table refers to similar response being
caused by a range of 7 to 33 parts
per million of anilin. Since a broader
experience with aniline indicates that
5 ppm can be considered as a maxi-
muns allowable limit, a similar concen-
tration is suggested for toluidine. In
view of the lack of specific data on
projonged exposure, persons subjected
10 toluidine should be under medical
obgervation.

Twrpentine: H. F. Smyth and H. F\.
Swyth, Jr., in J. Ind. Hyg., 10, 261
(1323), “Inhalation Experiments with
Lacquer Solvents,” found that con-
tinued inhalation of 750 ppm ‘caused
no injury to experimental animals.
K, B. Lehmann, in Archk. f. Hyg., 83
239 (1914), “Comparative Research
on the Toxicity of Turpentine,” re-
ported that inhalation by himself and
nis assistant of concentrations of 750
to 1000 ppm for several hours caused
eve irritztion, headache, dizziness and
nausea. ~Neison, ef al., in J. Ind. Hyg.
& Tozx., 25, 282 (1942}, found eyve and
nose irritation at 173 ppm and throat
irritzfion at 125 ppm. A :raximum
allowable concentration of 100 ppm
has been suggesied not that ar ap-
preciably higher coneentration -will
cause poisoning hut to avoid irriiaticn.

Vinyl Chloride: F. A. Paity, W. P.
Yant, and C. P. Waite, in Reprin: No.
1405 from Pub. H=zaith Reyp

1683-1871 (August 22, 148

.\'oz'cmb‘er, 1945

X-ray and Radium Protection Com
mission recommended in 1937 that
about 0.2 roentgen per day op

roentgen per week could be tolepat el

by a person in normal health ag pub-

lished in Rediclegy, 20, 5311 (Apri
1938), an able and representative
committee under the chairmanship-o}
George Singer, Naticnal Bureay of
Standards, set up the American Way
Standard of 0.1 reoentgen as the
permissible daily dose under tha
American Standards Assceiati §
allowable limit is
accepted.

Xylene (Xuwlol): On the basi.s of
analogy of the action of xylete with
that of toluene, a maximum alonx-abin
corcentration of 200 ppm is suggested.
Xylene vapor is somewhat more iryi.
tating to the eyes than that of toluepe
and it is probable that a somewhat
lower limit of exposures may be re.
quired to permit comfort of the
worker,

now  generaily

Zinc+ Philip Drinker, R. M. Thom.

son, and J. L. Finn, in J. Ind. Hyg. &
Tox.,, 9, 331-345 (August, 1827)
“Metal Fume Fever: IV. Threshold
Doses of Zine Oxide,” found that con-
centrations of 14 milligrams of zine
oxide per cubic meter (measured ag

zine) produced no reaction on the

average subject after an exposure of
eight hours. They add that if the
dosage of zine oxide is insufficient to
cause fever, there is no evidence that
cajly inhalation of the fumes does
chronic damage. D. Mark Hegsted,

J. M. McKibbin, and C. X. Drinker, -

in Supplement No. 179 to Pub. Healih
Repts., (1943), “The Biological, Hy-
gienic, and Medical Properties of Zine
and Zinec Compounds,” include the
statement that “15 mg. zine cxide per
cubic meter of air are considered as
representing a safe maximum, there
being no possibility of harm frem pro-
lenged exposure at this Jevel of con-
centration in ihe air breathed.”
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