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PREFACE

Sinoe the short review, “The hal hydrocarbons: their tozicity
and potential dangers,” was published in 1087 (J. Ind. Hyg. Tox., 19,
349, 1037) , much investigative work on the mechanisin of their action "and
numerous roports on their toxicity have been published.

Since that tine not cnly new halogenated aliphatic hydrocarbons have
found new fields of use in industry and our daily life but also cyclic and
sromatic hydrocarbons have gained in importance from both the practical
and the toxlcolopul point of vmr I appears, therefore, timely that

thess are included in the p o 5 ©8 y since there exists no
synopsis of their toxicology.

In the followm‘ pages the chemutry, n.m.lyhcnl procedures, potential
usos, i g gy, snd the prophylaxis
.nd t ol i will be di d. Itis hoped that this
roview will help to ndne- th. incnlunou of such poisonings, facilitate
their di and ¢ t, and on the many prob-

Joms which still reamain unanswered.
W. F.vox OErTINGEN.
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BaNZOCRLORODIFLUORIDE
Benzochlorodifluoride, w-chlorodifluoratoluens,

00IFy

has, nocording to Swarts (1808), the molecular weight 162.99 and is o
colorless liquid of irritant odor and a density of 1.25445 13° which boils
at 142.6° C. (770 mm,) and which is somewhat hygroscopic. '
According to Lehmann (1028) doses of 0.7 to 1.0 mM (114 to 163 mg.)
per 100 gm. body weight are fatal to frogs, causing paralysis without in-
creased motor activity, i d reflex excitability, and convulsi

SIBLIOGRAPHY
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4. HALOGENATED XYLENE DERIVATIVES

Of the halogenated x{lu\e derivatives only bromozylene has been in-
veostigntod toxicologically. Whereas the pure product has not been
studied, Flury and Zernik (1931) stated that & mixture of C,JL.CH,Br.
C11,Br and C,H,CH,CHDr, has been used as lacrimator in chemical war-
fare under the name of T-stoff or lilac gas, which has a boiling range of
£16° t0 220° C. and, according to Uttermark (1037), a specific gravity 1.31.

The vapors of bromoxylene produce in animals severe irritation of the
oyes and & less severe irritation of the lungs. High concentrations will
produce edema of the mucous membranes, pulmonary edems, and, after
severa] days, somnolence, Joas of appetite, and death.

Man can tolerata doncantrations of 40 mm.* per m.’ (0.56 mg./lit.nr) for
only one minute and, scoording to Vedder (1923), concentrations of
0.00378 mg. per liter render s man unable to fight. Asstated by Uttermark
(1937) concentrations of 0.015 mg. per liter are intolerable and such of
0.0018 mg. per liter are the lower limit oausing irritation.

BIBLIOGRAPHY
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Ut{nmrmrk. W., Dia chemischen Kampf stoffe u. Industriegifte, O, Meissner, Hamburg,

Yedder, B B., The medical aspects of chemical warfars, Williams azd Wilkine,
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5. HALOGENATED DIPHENYL DERIVATIVES
A. Monchalogenated Diphenyl Derivatives

MONOCHLORODIPEENTL
Monochlorodi 1 exists in 3 isomerio forms, Yepending upon the
poaition of the ine atom in 1 of the 6-carbon rings. .
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o-Chlomd\iphmyl,

OO

has the molocular weight 188.63 and forms crystals which meit at 34° and
boil at 267° to 208° (f and which are insoluble in water but very soluble

in ligroine.
;al

m-Chlorodiphenyl,
‘ has the molecular :uight 188.65 and forms orystals which melt at 80° and

boil at 284° to 888° C.
=

p-Chlorodiphenyl,
has tho molecular weight 188.65 and forms leaflets which melt at 77.5° C.
and boil at 283° C, and which are insoluble in water but sojuble in
ligroine.

Smyth (1031) studied the toxicity of the ortho- and para-compounds in
rabbits and guinea pigs and found that the former killed animals within
20 to 40 hours with of 2.5 gm. per kg., causing mild convulsions,
whereas the latter was fatal in 40 hours in doses of 3.5 gm. per kg. without
causing convulsions.

REFERENCE
Smyth, B. I, J. Ind. Hyg., 13, 87, 1081,
B. Dihalogenated Diphenyl Derivatives

Of the dihalogenated dipheny] derivatives only diflucrodiphenyl has
been studied to some extent. It exists in two isomeric forms, of which only
the p,p’ derivative has been studied texicologically.

pyp ~Difluorodiphenyl, )

OO

has the molecular weight 190.18. It forms monoclinic columns of the
specific gravity 1.838 95°/4° which mait at 90° to 95° C., and boil at
$5¢ to 285° C., and. which are insoluble in water and soluble in aloohol,
sther, and chloroform.
Kempt, Gresnwood, and Nelson (1987) re that rats kept on &
diet containing 0.05 t of this material (caloulated as fluorine) de-
ﬂ&nmmnmddﬁohﬁhnorchmof the red blood
oall count or of the hemoglobin.

REFERENCE
Kempt, G A, D. A, Gresawood, aud V. I Nelsos, 7. Lab. Giis. Med, 88, 1128, 1087,
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C. Polychlorinated Diphenyl Derivatives ‘ up b 21 duy

! Polychlorinated diphonyl dorivatives are of coniderable toxicological ] f:;:"‘”71::'£: "
intoront bx thoy ars ther with chloronaphthalenes, Liom of tee oot
of cortain syntholic waxes wsed uunuvoly in industry as for the insuls- . mrm:""“"'w“.lj

| tion of oloctrical oquipment. stretion of (h

K Ponning (1030) doscribed tlve process by which theso products are pre- ) “The '”" ot

: pared. - In tho courso of this procodure fifst s mixture of 2- nm!’ P R
chlorodlpl\myl is formed, and as the chlorination procosds the mixture cavernoun vem.
bocomes more and more viscous and finally solid.  These products are R Thher tamivtts

; marketed under the name of “A and of differ- ; Warr ""'"l”‘v" -
ent isomers. *Aroclor” is insoluble in water and glyoerol, not very solu- m ’,’]!,"f'f o
ble in lower slcohols, but very soluble in oils and other organic solventa, } R they T
The “Aroclors™ are solvents for sulfur, rubber, asphalt, paraffin, and nata- ‘i:'"“"‘”l' 1on ¢
ral wazos, and are used for protective costing, waterproofing of wood, but when e
and for electric insulation. | eh wulle" i“’."

. The toxicological evalustion of thees products is difficult b of their ' Ciom of tha e

: var Drinker, Warren, ind Bennett (1937) used a prepa- i:’" ° s e

: ration which wnt.uned 65 percent of chlorine snd Miller (1944) used » s :f’wm‘f"”;

: viscous, almost- white material of the CuH,Cl, of » . totoxin ﬂ;m N

: specific gravity 1.374 to 1.383. H ot e

. The tovicity of ohlorodiphenyl for 0 animals was first : e et
studied by Smyth and Smyth (1981) who found that their product » phen;{‘u ]:':‘"“" ‘

proved nontoxic by orsl administration lo guines pigs and rabbita in

doses of 4 gm. per kg. given as s pasts. Drinker, Warren, and Bennett turs with cLl..
(1997) and Bennett, Drinker, snd Warren (1088) found that feeding enment Dndy-
rats about 0.3 gm. daily was toxic when given over  period of 6 days, perm.” as thre-
and that even 0.05 gm. per rat was definitely toxic, causing injury to the
liver, slthough no yellow strophy of the liver was observed. Miller (1044) j
found that feeding guines pigs 9 doses of 60 mg. 1 week apart was fatal ' -
in 11 to 20 dsys » mn&mmmmmmﬁfm marked A A
liver changes. Renarit, GG, A, U .
Miller (1944) reported that the subowt neou injeotion of & single dose ) ]

3 of 0.5 cc. (69 )cﬂmdmnmu]np necroses st the sits of in- .

; jection, fol llov:s encapsulation, and after 8 days fatty infiltration : :;",'t:‘éc,.’u{'A
of the liver, modonu cantral y and, rarely, focal necroses and ’
some congestion of the kidneys. )n'm-iu were more severs sfter 6. H2:
dnmotOltoOJo&(l”toMmg)m&whmpmuswpamt it
solutlon in oil, 345 mg. killed all snimals within 13 days. The sub- A N

: cutansous imcehon of 63 mg. into rabbits produces fatly infiltration of

! the liver sarlier than observed in guines pigs but with less marked centrai !

. strophy. On the other hand, congestion of the spieen was seen more ]

. hqwﬂy snd often there was » of the pulp. Doses of 600 mg. i Monochloro ;

{ produced marked fatty changes in the liver and considerable hypertrophy ! chioronaphtha,

[ of the spleen. With repoated sdminisiration 10 doses of 69 mg. guve double ring.

i definite pathologic changes in the liver, and 10 doses of 600 mg. and of Alphachloru:.

: * 1380 mg. given on ve days d yod death and marked

! fatty infiltration snd mt.nmn focal necroses of the liver.

‘ ith owloneous application Miller (19441 found that in guines pigs

1 daily doses of 34.5 mg. for 11 days were fatal after various intervals

3. 206

g
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up to 21 days, the animals showing mnnl.m]ly the samo pathelogic
changes in livor amd othor organs as olmrvnrl witl h mlxmtsnnoun injeo-
tion. The skin at the site of the appli

tion of the capillarios, thickening of the epidermis, edema of the dermis
surrounding the biood veesols, and with prolonged administration de-
struction of the epidermis.

The topical application to the cornes of rats on 25 consocutive days
caused no local changre but alight central atrophy of the liver and sligit
cavernoua venous congestion of the spleen.

The tozicity of chlorodiphenyl by inhalation was studied by Drinker,
Warren, and Bennett (1937) and Bennett, Drinker, and Warren (1088) in
rats.  They found that exposure of rats for 16 hours daily to an average
concentration of 0.57 mg. per m.* or for 8 hours daily to 0.03 mg. per m.*
for & prolonged period of time caused no apparent ill offects during life,
but when the nmmull were killed after various periods of exposure they
thowed pale, slightly yellow, somewhat mottled huru, hyaline degenera-
tion of the liver cells, incroased p of cy granules, and
increased vacuolisation. The same authors t.lwugllt that chlorodiphenyl
is more toxic than chlorinated naphthalenes and believed that the. hepa-
moxlc action of chlorodiphenyl increased with the percentage of chlorine
in the molecule.

Thero are 1o reports on human poisoning from exposure to chlorodi-
phenyl alons, although have d from its mix-
ture with chlorinated n.pht.lnlenu. The American Confameo of Gov-
ernment Industrial Hy (1853) pted & n of 1 mg.
perm.* as threshold limit for continued exposure.
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6. HALOGENATED NAPHTHALENE DERIVATIVES
A. Monochalogenated Naphthalene Derivatives
MONOCHLORONAPRTHALENE -

Monochloronaphthalene exists in ¢ isomeric forms, alphs- and beta-
;l;imn-phthbq depending on the position of the chlorine atom in the

Alph:ﬁmph&dmo, «-naphthyl chloride,
. o
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has the molecular weight 103.61. It is s colorloes liquid of the specific

gravity 1.104 20°/4° wMah solidifies at -no' C. and boils at 250.3° C,

and which is insoluble in weter, solubla in sloohol, and miscible with

benzone, carbon disulfide, and ether. ..
Bota-chloronsphthalens, s-naphthyl chloride,

99)

has the molecular weight 163.61 and forma leaflets of specific gravity 1.266
18* which melt at 56° to §7° C. and boil at 264° to 268° C, (761 mm.) and
which are insoluble in wnur md very soluble in aloohol and ether.

Noue of thess studied toxicologically, but Gavan-
dan, Gavandan, and Durand (1989) found that the vapors of alpha-
ch)orompl\thulm. affect t.ho roota of Tritiowmn vuigare with exposures of
1 to 3 bours, causing ki

REFERENCE
Gavandan, P., N. Gavandan, and J. F. Durand. Compt. rend. soc. bicl., 180, 1445, 1680,
FLUORONAFHTHALANE

Alpha-fluoronaphthalene, naphthyl fiuoride,
. b &

has the molecular vm%l:tl“.ld and is s liquid of the specific gravity 1.133
19. 6'/4' wlnch solidi ) -8*C. :ind boils at 218° to 916' C.and is

Tash ] ‘n powy 1 v

Kempf, Gresnwood, u\d Nelson (1987) fed rats levels of 0.1 and 0.05
percent (as fluorine) in the diet. Animals kept on the higher concentra-
tion died within 90 days without developing abnormalities of the teeth,
but thoss kept for & longer pmodo(nmonndmmmmngom

of fluoronaph mottled enamel. 'Ihydxdnotuprodnu.
but showed no-changes in ndhlooduumntormmhmoglobm.

REFERENCE -
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B. Polyhalogenated Naphthalene Derivatives
TMCHLORONAPETHALENR

Trichloronaphthalens exists in the form of two isomers differing in the
distribution of the 8 chiorine atoms in the 8 ring.

-7

Chemistry.—~1,
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