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DeTRODCTCTION

title of this paper may sug-
gest a very wide range of com-
pounds, about. the toxicity of

"same of which we bave considerable

information but about that of others
we know little or nothing. 1 was
recently appealed to by an insurance
company to outline s program for asfe
handling of & compound that I did aot
know was used in industry and sbout
the toxicity of which nothing has been
published s0 far as [ know.

However, though th: derivatives of
benszene sre legion, yet they goup
themselves into certsin main
about certain membersof which we hsve
information. In mom cases members
of » clam act on the system in » similar

‘manner and differences in sction are

differances of degree rather than of
kind. * There are exceptions to this
general rule, however, some of which
will be pointed out later.

Gm CoxprTiOoNs

Bentene, CH,, is the simplest com-
pound of all, and the benaene ring is
the bezis on which all the others are
formed. The so-called homologues

* Resd before the Section on Industrial
Hygiene of the American Public Health
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of bensens are toluene, CH,-CH,,
and xylene, CH,-(CH.)s, in which
ope o7 two methyl radizals replace one
or two hydrogens (1).

The most important bensene deriva-
tives industrially snd toxicologically
are the nitro, amino, diamino, and
chlor compounds of bensene and tolu-
ene. Danger to bealth from these
compounds depends pot oaly oa their
chemical structure bot also largely oo
their physical state aod the method of
handling them. Those campounds
responsible for the grestest amount of
industrisl sickness are 2ot Decessarily
the most toxic.

' Homologues of Benzene

Copsidering first the homologues of
bensene, toluene and rylene, we find
somewhat conflicting reporta.- Selma
Meyer (2) mates tha: regardless of
which poison is acting, whether ben-
sepe, toluene, xylene, rnaphthalene,
aromatie nitro compounds, ete., the
lymphocytes are increased in the
blood stream and the neutrophils are
forced back or repremed. American
findings do »ot agee with this. -
Neither Greeaburg (3) nor we (4) have
found toluese or zyiene presenting
any charscteristic blood picture in
experimental  animals. Greenburg
found that with eontinuous exposures
for up to seven dayy, high concentra-
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lubltmeesegz;:lwbamdi}ylhorbed
_ through the skin in toxic amounts and
. I know of no case of poisoning from

" skin sbeorption dus to them.

Nitro and Amino Group Compounds

Nitro asd amino groupes, aromatics,
in genersl produce much the same
clinieal pictures, differing in some
details and with a few stnuing excep-
tions. The latter in general are simple
blood poisons, while the former in
sddition exert a direct action on the
central pervous sywtem. Floret (8)
says that sll aromatie and aliphatic
compounds are {at solvents and there-

_ fore particulariy apt to affect the

ceatral pervous system.,

In light cases of poisoning from
nitro or amino compounds there is
fushing of the face, with a sense of
fulness and throbbing pain in the
bead, burning sensation in the throat,
and a feeling of tightness in the chest.
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More wmarked cases of poisoning
develop viclent throbbing headache,
dizziness, roaring in the ears, and
visual disturbances. With still more

The blood picture is charscteristic,
with reduction in the red cell count and
the bemoglobin, poikilocytosis, ani-
socytogis, aod some fragmentation of
red cells with polychromatophilia,
The blood becomes chocnlate ecolored
owing to the development of methem-
oglobin, the spectroscope showing
sbeorption bands between those of
pure methemoglobin and oxyhemo-
globin. Evidences of blood regenera-
tion are seen after a few days in non-
fatal cases, with the appearance of
stippled cells and nucieated red cells.
There is an early polymorphocytosis
followed later by s relative lympho-
cytosis. In alow poisoning from con-
tinued low exposures there may be an
incresse in the red cell count. The
urive becomes bdrown, port wine coi-
ored, or smoky red, and shows bile and
blood pigments, methemoglobin or
hemoglobin. At times albuminuria

J1g
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BENZENE DERIVATIVES AND RELATED COMPOUNDS 89

occurs and the urine may reduce
Fehling’s sclution. For most of this
group the skin is the most impartant
entry port.

Amino Compounds

While the amino compounds as &
elass produce a deeper cysnogis than
do the nitro eompounds, yet with
them, poisoning is less serious and
recovery ususlly resuits in a few days
if exposure is not continned. There
are exceptions to this, however. They
are all very readily sbheorbed through
the skin as well as through the lungs.

Aniline poisoning is first manifested
as an intense cyanosia, the victims of

poisoning being referred to as “dlue

boys.” In an aniline plant visited
during the war, cases of poisoning
occurred daily and blue boys were a
common sight. Following cyanosis
there develop beadsche, disxiness,
dysphagis, nauses, vomiting, wesk-
ness, restiessness, palpitation, and
irregular alow respirations with rapid
feeble heart action. Pupils are con-
tracted but respond to light. Tem-
" perature is subnormal. There is an
anilise odor on the breath and to the

gweat. The urine is dark in ealor -

owing to the presence of hemogiobin.
In severe cases there may be s loss of
sphincter controls and also pulmonary
edems. More cases and more severe
poisonings occur in bhot weather.
Workers may develop s degree of
tolerance but the cyanosis may perzist.
Continued exposure may result in
headaches, irritability, poor appetite,
peurasthenis, visual disturbances and
ftehing of the eyes which may lead to
{njury and ulceration of the cornes
from rubbing. There is anemia, with
decreased bemoglobin. Long-con-
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tinved exposure is ssid to produce
bladder tumors which may become

The aversge lethal doss is 25 gm.;
0.4 t0 0.6 mg. per liter of air may be
borne without much harm for one-
half to one hour but 0.1 to 0.25 mg.
per liter for several bours produces
alight symptoms (6). Tests made by
Iassrd (7), in 1920, in the aniline
bouse of s plant while reducers were
being discharged, gave the following
amounts in milligrams per lter of air:
0.5, 1.01, 1.18, 243, and 3.4—all but
the first one well above the toxic eon-
centrations. Men were exposed w0
thess concentrstions for periods of
from twenty to forty minutes. One
workman at the plant developed
eyanosis from wearing sn old pair of
gloves found lying in & pool of axniline
water on & drumhead. Changes in
design of spparstus and metbod -
relieved this condition and reduced the
aumber of poisonings in this depart-

"ment almost to the vanishing point;

later, bowever, the plant started to
develop the production of synthetic
indigo, and new cases began to appear
in men discharging the phenyiglycine
driers, as the finely powdered phenyl-
giycine carried more or less absorbec
apiline. Here the poisoning was due
to dust inhalation. Two tests taken
by Inzard, in the indigo house while the
vacuum driers were being emptied,
showed 0.7 and 1.7 mg. of aniline per
liter of air.

Toluidines produce the same symp-
toms as does aniline, with less cyancais
but more strangury and bemoglobin-

uria. They produee subnormal tem-

perature and sanemis. Exposure oco-
curs from splashes from centrifuges
and whissers.
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Beta-naphthylamine produces cyan-
ogis and also frequent urination sa s
result of irritation due to overacid
unoe.

The diamines may be decidedly
toxic. Phenylenediamines are used
as dye intermediates in dyeing hair and
furs. They have been responsible for
s pumber of cases of poisoning from
bair dyes snd from cheap dyed furs.
Symptoms produced are dermatitis,
aleeplessness, dizziness, and weakpess;
and epileptiform convulsions, coma,
and death may resuit. The reaction
may develop very suddenly and be of

anaphylactic type. Some writersbave’

insisted that it was a true anaphylaxis,
and Curschmann has suggested cal
cium therapy with the inhalation of
sprayed solutions of calcium asalta.
. Most writers, bowever, now attribute

the poisaning to quinone intermedistes

regulting from -incomplete oxidation,
and state that care to secure complete
oxidation and careful, thorough wash-
ing of dyed furs will prevent the
trouble from developing. Phenylene-
diamine should never be used in hair
dyes. .

Tolylenediamine is & blood poison,
producing destruction of red cells,
methemoglobin, and toxic jsundice
with liver degeneration, but is less
toxic than the phenyl salt.

ANnaal EXrreovenTs

At various times in the past few
years our laboratory has been called
upon to determine the toxicity of a
aumber of bensene derivatives and
allied substances, more or less com-
plex, sbout whose effects on the
system there was little or no informa.

GBRNOO1%12
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tion available in the literature. Many
of these preparstions were for use in
the rubber industry as accelerstors or
retarders. Most of these tests have
been assembled for comparative pur-
poses and are here presented in the
bope that they may be of interest and
of help to others called upon to use
these materials or to make similar
tests.

In many cases all that was desired
by those requesting information was
the determinstion of the minimum
lethal dose, as an indication of the
pomibility of sccidental acute poi-
soning. With others the effecta of
repeated sublethal doses were gtudied.

All experimental work was done with
small animals, it being the custom in
our laboratory to use at least two
types of animal, often three, for such
work. The animals of choice, for
convenience in handling, are white
rats, guines-pigs, and rabbits. Dos-
ages are always given as grams per
kilo of body weight of the animal at the
time of administration. It is custom-
ary to interpret the resuits of such
tents in terms of grams per kilo of body
weight of man, but we always give
such .interpretation with considerable
reserve, and feel that at best it indi-
cates an approximation to the range of
toxicity for man, rather than an actual
measurement of it. When used for
comparison of the toxicity of different
compounds, however, we feel that such
tests are a very fair indication of rela-
tive harmfulness,

When death occurs within & com-
paratively few hours from a single dose
of s chemical, we rarely find micro-
scopic evidence of toxic organ degener-
stion, and in these cases we report only
dose, time of death, symptoms, and

1.1 8.
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BENZENE DERIVATIVES AND RELATED COMPOUNDS 61

gross changes noted at sutopsy. When
snimals survive more than twenty-
four bours, in addition to gross changes
we always look for histologic changes
in internal organs, especially the liver,
kidtey and spleen, and other organs as
indicated. When animals survive s
week or more, we usually include urine
and often blood findings in the reports.
With most of the tests here reported
on for minimum lethal dose determin-
ations, po microscopic findings are
included. The tests to be reported
were made as parts of six different
investigations on materials supplied by
three different industrial irms. Firm
names and trade names of chemicals or
compounds are purposely omitted, but
empirical and line structural formulas
are given when known. In some
instances, however, there are differ-
ences of opinion as to the structural
formuls of the compounds reported
~ were water soluble, they were fed by
pipette in watery solution. When not
water soluble, if soluble in dilute scid
they were fed as bydrochlorides with
as little as possible excess acid.
Liquids not mixable with water were
fod as & starch paste. Solids inscluble
in Water~or dilute acid were fed as »
paste in olive oil or water. In all
eases, animals being dosed were held in
the hand of the operator and it was
made sure by personal observation that
all the material was actually swal-
lowed. Except as noted, all materials
were of the techrical grade of purity.
Guanidine end Guanidine Derivalives
Guanidine, CH,N, or (NH,),-C:NH,
is not in jtaell a benzene derivative

but it enters into compounds that are.
The minimum fatal dose fog s pure

VoL 3
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ample of this substance was found to
be 0.3 gm. per kilo whea dimolved in &
weak acid solution and fed as & hydro-
chloride. With this dose, death oc-
curred in from thres to twelve bours,
preceded by twitchings, convulsions,
collapes, and gasping inspirstions.
Diphenylguanidine, CuHuN; or
(CHNH),-C:NH, with two substi-
tutad phenyl radicals, also fed as
bydrochloride, killed in from one to
three bhours in a doss of 0.25 gm. per
kilo, with the same train of symptoms.
Triphenyiguanidine, CyoHy: N, or (Ce-
HNH),-C:NCeH,, with three phenyl
radicals, fed as & paste in 0.1 per cent.
bydrochloric acid, as it would not go
completely into solution, killed in
from thres to four bours in s dose of
035 gm. per kilo; desth was preceded
by violent trembling, convulsions,
gasping, violent chewing motions, and
chancteristic rolling over, always in
the same direction.
_ The sddition of the phenyl radicals
fo the guanidine molecule definitely
increased toxicity. The apparent les-
eening of toxicity of the tri over the di
poduct was no doubt due to its
lemsened solubility; even though it
required a larger dose to kill, the pre-
lethal symptoms were more violent.
Diorthotolylguanidine, CyH;;N; or
(CH.CH.NH),-C:NH, killed in forty-
five minutes in a dose of 0.12 gm. per
kilo; this also was fed as a hydro-
ehlotide in solution. Prostration
developed rapidly, with twitchings,

_irregular shallow breathing, gasping,

sbd cyanosis. Larger doses killed in
twelve minutes. Here the tolyl radi-
el produced a marked iperease in
toxicity. That the tolyl mdical does
pot always insure toxicity is seen in the
case of diorthotolylthioures, C,H, NS
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or (CH.CH:NH),-C8, in which it is
combised with a barmiess sulphur
compound. Here po symptoms were
observed with a dose of 4 gm. per kilo,
though the same tendency, in o slight
degree, was seen to the development
of lung hemorrhage as was observed in
almost all of these series. Dossges
were pot increased beyond 4 gm. per
kilo because the eorresponding dose
for man would be tremendous and it
was extremely difficult to feed larger
doses to animals.

With the materials of the guanidine
series there was s very sharp line
between the fatal dose Lkiiling in at
most & few bours and the dose from
which there was spparent complete

. recovery. No animal that survived

overnight died. The bebavior of the

‘animals dying from these masterials

strongly suggested cyanide poisoning,
ss did the behavior of one factory
employes whose death was posxibly
the result of an aceidental overdose of

~ one of the guanidine derivatives.

A series of snimsals were fed sub-
lethal doses daily of diorthotolyl-
guanidine for up to twelve days. In
these animals traces of s substance
reducing Fehling’s solution appeared
in the urine after each feeding, but did
not persist overnight. They all devel-
oped mild albuminuria but no casts,
and postmortem examinstion showed
early but not marked liver and kidney
changes. There was evidently no
rapid cumulative effect.

Ansline end Anidine Demoatives and
Compaounds

A number of aniline derivatives were

tested and compared with aniline.

Aniline itself, CH:N or CHJNH,,
reported in the literature as fatal for

GBRNOO1914

man in doses of 0.35 to 1.43 gm. per
kilo (as s pure preparstion), killed
guines~pigs in doses of 1.75 gm. per
kilo when fed as pure aniline

Thiocarbanilide, CyHpN,S or
(CHNH),-CS, » thioures deriva-
tive, proved nonfatal in dosss of 4 gm.
per kilo, fed as & paste in olive oil,
though the animals seemed weak snd
depressed and petechise were seen in
the lungs. Lack of solubility les-
sened toxicity, as did also the entrance
of sulphur.

Methylenedianilide, Cu H;N; or
(CJLNH),-CHy, was also nonfatal in
doses of 4 gm. per kilo, sad no symp-
toms were observed. This material
also was fed a8 8 paste in olive oil, and
insolubility probably was the reason
for nontoxicity.

Paranitrosodimetbylanilide, C.H¢
N© or NO-GHN(CH,), s nitroso
compound fed as a paste in water,

- proved.to be twice as toxic as aniline,

even though not easrily dissolved. It
was fatal in doses of 0.65 gm. per kilo
in from twelve to forty-eight hours,
death being preceded by prostration
snd convulsions, azd red staining of
the urine.

A series of mndensuon producta
containing sniline gave interesting
results. Formaniline (C,H;N); or
(CHXN:CH;),, » combination of two
definitely toxic substances but itself

_soluble with difficulty was not fatal in

doses of 4 gm. per kilo.

A trade ecompound, s conderastion
product of aniline, acetaldebyde and
formaldebyde, and another made from
sailine, scetaldehyde and carbon disul-
phide, also very slightly soluble and
fed as olive oil pastes, were not fatal in

doses of 4 gm. per kilo.
Paratoluidine, C\H N orCH,-CH,-
LLE
Mareh, 1933
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NB,, (pure prepanstion) fed ss o
peste in water, killed in a dose of 1.1
. per kilo. This was surprising as
Hamilton (1) quotes Gibbs and Hare
a8 giving 0.1 gm. per kilo as fatal for
snimals.

Anbydroformaldebyde-paratolui-
dine, (CeHoN)» or (CHy: CHLN :CHy)s,
fod a3 & paste in 0.1 per cent. hydro-
chiorie acid, was less toxic, the fatal
dose being 2 gm. per kilo, killing in
twelve hours; death was preceded by
trembling and kicking, but no general
convulsions occurred. This is the
toluidine analogue of formaniline
reported previously, and the substitu-
tion of toluidine for aniline markedly
increases toxicity.

A ocondensation produet of aniline,
parstoluidine, butyraldehyde and ear-
bon bisulphide was more toxic than
anhydroformaldehyde-paratoluidine,

but not so toxie ss paratoluidine. It

killed in doses of 1.7 gm. per kilo in
from two 1o six hours; death was pre-
ceded by prostration and collapse but
there were no convulsions. This was
an oily fluid with presumably a smaller
moalecule than anhydrofarmaldehyde-
pamstoluidine, and gise of molecule
seems t0 bear some inverse ratio to
toxicity.

Diphenyl and Diphenyl Derivatives

Technical grade diphenyl, Ci,H, or
C;-CeHs, prepared by passing ben-
sene vapor through a red-hot iron
tube, little if at all soluble in water but
readily soluble in aleobol and ether (8),
was pot toxic in doses of ¢ gm. per
Kilo, .
Two chlorodiphenyl preparstions,
CaH(Cl or CH,-CH(Cl, were tested
and both proved alightly toxic; the
2-chloro compound killed in from

Vel. 13

twenty to forty bours in & dose of 2.5
gm. per kilo, with mild convulsions,
and the 4-chloro compound killed in
forty hours in a dose of 3.5 gm. per
kilo, with no convuisions. Both were
fod in pastes as they were apparently
insoluble. Hers the position of the
chiorine atom ssemed t0 govern the
degree of toxicity. .

Two polychlorodipbenyls, the defi-
nite compositions of which were unde-
¢ided, proved pontoxic in doses of 4 .
gm. per kilo. They were also fed in
pastes, and were composed of even
larger molecules than the monochloro

A 4-nitrodiphenyl, CuH.NO; or
CoH; - CHNO,, in spite of its nitration
was oot fatal in doses of ¢ gm. per kilo,
owing probably to its insolubility.

Nitrobenzene .

Nitrobensene, CH;-NOy, decidedly
toxic as & vapor and by skin absorp-
tion, the Iatter due to its solubility in
fat, was less toxie (using s pure prep-
amtion) than we had anticipated,
when fed in s starch paste, the fatal
dose being 1 gm. per kilo for animals.

Phenyinaphthylamines

Both alphs and beta napbthylamins, -
G HoN or G Hy-NH,, are decidedly
toxic but their phenylated ecompounds,
CuHuN or C,H;-NH-CH,, proved
very little toxic. The alphs com-
pound fed as s paste required 4 gm. per
kilo to kill in thres days, while the
same dose of the beta compound was
not fatal Here the alphs position
proved the more toxic.

Tolylenediaminea

‘We have stated above that tolylene-
diamine is & blood poison, producing

GBRNDOO1915

| T en——— o — ——— e -

LEXOLDMONOO1786



]
+

o THE JOURNAL OF INDUSTRIAL HYGIENE

destruetion of red cells, methemoglobin,
toxie jaundice, apd liver degeners-
tion. It has, bowever, been sug-
gested as 8 substitute for the phenyl-
enediamines as a hair dye, on the
grouxd of its much lower toxicity.
Taxs were made with both the pars
snd the meta compounds, C:H,uN, or
CH, -CH,-(NH,)s, the former as an
ingredient of a bair dye and the Intter
as » rubber chemical.
Meutolylenodiamine was fod as s

- hydrochloride in water. The fatal

dose was 3 gm. per kilo; however, 0.7
gm. per kilo daily for nineteen days
was fazal to & guines-pig, and 0.6 gm.
per kilo daily for five days killed a
rabbit In animals surviving several
days :here was evident definite fatty
degeneration and also renal degenera-
tion. The body fluids were stained
with the material and chemical tests
showed that some of it was excreted
unchanged in the urine. When eom-
bined with unvulcanised rubber it was

-- pot ertracted from the rubber when

that was applied to the skin and held
there as & poultice for severa] hours,
though it was very slowly extracted by
s bufered watery solution ranging
between & hydrogen ion concentration
of 3 and of 7. The toxicity tests for
this product to agree fairly well
with those previously reported by
Stadelmann (9) though he did not
report in grams per kilo.
Paniolylenediamine was tested asan
ingredient of a hair dye. For testing,
this material was used in solutions
of three different strengths as rec.
ommezded for dyeing, containing
amouz:s of the active ingredients
rangirg from 2 to 39.86 per cent,
depencing on the depth of oolor

desired. The minimnm fatal dose by

derivatives was a tendeney to extrava-
sation of blood in the lungs, whether
the animal died from the drug or was
killed for stady. This varied from
scattered minute petechise to larger
ecchymoses or even mamive Jobular
or lobar hemorrhage, the severity of
the lesion

to avoid agonal congestions seen in
gamed animals, the animals were killed
by rapid severing of the spinal cord.
By this method we practically never
found such bemorrhagic lung eondi-
tions in normal animals. In animals
surviving several days these lesions
were found to be in the process of
absorption and they did not seem to
lead to pneumonie conditions, though
we ghould surmise that repeated
lesions of this type would lower the
resistance of the lung to infection.
Bimilar lung lesions were found post-
mortem in & fatally poisoned worker
who may have been & victim of the
mudmdouof&emdxm
derivatives.
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In saimals which survived several
days and then died or were killed for
study, there was usually seen some
evidence of early toxie kiver and kid-
pey degeneration. No animals of
this series survived Jong enough or had
sufficient repested doses to develop
marked blood changes.

With most of thess preparations the
toxicity was rather low. There is very
little danger of sceidental poisoning in

industry with any material having s .

minimum lethal dose of over 0.2 gm.
per kilo, or 17.5 gm. for & man weigh-
ing 70 kilos. With limits under that
point but over 0.1 gm. per kilo, there
is little danger in handling the prepara-
tions if their possible toxicity is real-
ised and reasonable precautions are
taken as to dust and fume removal and

1. Huavrox, A.: Industrial Poisons in the
United States. New York, The Mae-
millan Co., 1925.

Va 3
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TABLE 1.=SUMMARY OF TOXICITIES
REPORTED

Grasu per bile of body wnight for emall
onimals (guinse-pige end redlits)
Guanidine ond Guemidine Derivatives
Quaniding........ccocecevecececnnnn, 0.9
Diphenyiguaaiding................... 0.3
Tripbenyiguanidinge.......ccccoue.... 0.38

Ming.......cco000000 0.12
Diorthotolylthioures. .. .............. 4+
-dniling and Aniling Derivatives ond
Cc-p-ﬁ
Nitrobensese by mouth................ 1.00
Aniline. ........c.cvieemniniiienennn. 1.78
Thioccarbeanilide. ..................... 4.+
Methylepedianilide. .................. 4.+
Paranitrosodimethylaniline.. ... ...... 0.68
Paratoluidine........coocovvunennn.n. 1.10
Condensation Products
Formaailine... . 4

Mhydrolomddchydrmwlm 2.0
Formaldehyde

personal cleanliness. Itmustbeborne ppjline ~ }oiceeceerennnnn...... 4.+
in mind, however, that personal idio- Acetaldebyde ;
syncrasy may make exceptions to this  Aailine
rule, and also that fat soluble or lipoid Auu.ld.:;z:lc hido} ................... 4.+
soluble materials, if water insoluble, wc"_lf” phice;
may poison by akin absorption in p . igiuidine ‘ .............. 1.7
doses not toxie by mouth. Butyraldebyde

It must be emphasized that the Carboa bisulphide]

+ toxicities bere reporied refer only t0 .. Diphenpl end Diphenyl Derisasives
administration of solids or liquids by Dipbeayl..........cccccvvvuennennn.. 4.4
mouth. As previously stated, fat or 32-chlorodiphenyl..........ccccen-uuns 2.8
lipoid solible substances may be 4<hlorodiphenyl.............. cereens 3.5
decidedly more toxie by skin absorp- 2lyehlendipmﬂ.g ................ : I
tion than by oral ingestion; also it lychlorodipbesyl, B................
must be borne in mind that the same Phenyinaphikyiomines
may be true of vapor inhalstion. Phuyl-dph-uphthy!aa.:m ......... 4.0
M‘m th& mlu do DOt Deces- m.’l&w&,m.......... 4.4
sarily represent the hasards of indus-  Metalsien "“"_‘;“"“"' ‘o

{ ] Y odiaming. .......cc000n0re .
) "'ml oy to vapors or to akin L ylenediamine. ... ... .00 36
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