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The incressing prominence of volatils solveats in nodern industrial

| processes esphasises the need of early recognition of any toxie action on

exposed workers which, if rocognised, may lead to corrsctive asasures being
sdopted. Withis the past f:w years, the aumber of newly perfacted solwvents
has steadily mounted, until today, well in excess of thres hundred ere in

.. common use, contrasted with a bare half dosen used twenty yosrs sgo. Onme or

mors of the solveats ars used in sver-incressing qusatity snd variety in very

nearly- svery manufaeturing industry today either az a solveat or diluent, They

: ere employed ss cleaning or degressing agents, im lscquer coatings, in dyes snd

ERY

canont, as plasticizers, and as solvents of cellulose and gums of various kinds

1n a qyrhd of synthetic finishimg materials,
The volatile solvent vapors enter the body ohiefly through the respire

story passages, but apprecisble quantities msy either be ingested or absorbad

through the intast skis.

Then toxie substsaces are inhaled, they pass into the general cireue
latisn snd are distributesd to the hesrt snd to the ceatral nervous systam with

& rapidity secosd only to thot seen shsn they are injected direatly inte the

®Presented st the 83th Aunual Bessiom of the Americas Nedical Association,
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respirstory tract er & mixed sffect, baing ganerslly toxie and locelly irritent,
A few irrespirable vapors act a0 violently inm the upper rnepiratory {ract and
lungs that their gemersl toxic effsots sro secondsry considerstions,

The sbsorption of vapors through the alveolar wall 1z sccosmplished
by the process of diffusion which depands on & difference in the partial
pressures of the gasss contained in thse blooq and {n the fnhaled &ir - s physio-
loglcal faet of great importance when Lt comes to the consideration of first ald
treatasat, As loag ss the partial pressure of the vapor {n the lungs is zwester
than that in the blood, absorption will continve. Hsnce, the first snd most
epsential step in scute polsoming 1s the resmoval of the vietim from the polluted
atsosphere., Equally important and essential, taking precedence over any snd all
other measures or drugs, whea natursl respirstion has been affscted, is the
spplication of manual artificial respiretiona.

Substances ingestad, if they do not set up suffiocient irritation to

cause vomiting, say de ibnrbcd by the intestines la varying smounts, depending

‘'on their properties sad their reaction with the uiori.nl of the digustive troot.

A largs portion of the absorbed substsnce passes into the portal clrculation
and amay be satisfaetorily handled by the livsr,

Some of the more toxie fat soluble vspors sre absorbed through the
intaet skinm. Dersstitis may be set up by the continual handling of almost say
of them, either because of their fat solvent properties or because of sensitiv-

ity, neturalqr eaoquired. Nany of them may also affect the eyes and any optis

.neuritis or paralysis in workers exposed should give rise to investigatioa.

It is chsrssteristic of the Quick dryisg lacyuers that ths solvent
vhich is their vehicle evaporstes with great rapidity, snd hence say produce a
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high concsatration of the vapgors 1a = confined apace.

The increasinmg use of & spray zun in applying finishes to large
surfeces psg?qpchgl_}ggpooucd the haserd of toxic vapors in asny procesces,
Dip ana flow methods «lso lovolve the uce of large quantiti-s of solventa,

With few exceptions, all volatile solvents, if inhaled in sufficient
concentration for a sufficient loagth of time, are detrimsntal to health, ale
though thelr sarly sffects on the body fresqusntly go unrecognisad, or are ree-
gerded as ainor eilments of 0o consequence, becauss of lnsdsquate knowledge of
their physiological properties. The concentrstion of vapor solvents in the
sir breathed dependa upon thelr volatility, which, in turn, is often dspendend
' on thelr lemperature, ind ths effestivmness of ventiluiting equipment.

¥hile the roaponiibi[ity of finding satisfactory solutions of these
new problums corested by the use of solvents lies primsrily in the fisld of
1ndua§£1ul sedicine, aore knowledge of thaese polsona is desirsdle nzong general
. pr-ctitlonerl who See the slighter forms of §oilonin¢. The failure to diagnsee
induatrial polisoning is well {llustrated by Lojeunnsl) s genersl practitioner
himaalf, wno dizcussss twenty-nins ceses of jolsoning by tetrachlorsthene, benzol,
bensin, snd trichlorsthylens, whick he has treated in his practice during the
last f:w years. Thirtsea of these had previously comsulted other doctors and
' in twelve of them, no disgnosis of nolrsoning hed been sade.
dydragazhans

Of the varicus Jroups of solvents encountered, psrhaps the nost
isportant to the physiclan are tha chlorinsted compounda, bacsuse of their
. anesthetilc and poisouous action. The msmber of this group with which we are

®
!l;hoj-uno, Ees The Frequenoy of Industrisl Poisoniags Seed 1n Cenersl Mdediocel

Practice, Schweiserische medisinische Woch., 66, 914~9173 940-941,1936. sbstract
in Bulletia of h‘im. 12. 16' 19’7. -
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it does not find wide spplicatisn iz Lrdustry becauss of {ts well-known ancg-—

thetio properties. Carbon tetrachloride i{s perhaps the sost widely used solvsnt

of this group. It is very much like chloroform, but is zore toric and i{s used

utonatnly'- >&‘a'“a’:cléin'1?¢' flul. and {n fire sxtinguishers. It has bsen used
nedically as a vermifuge in hookworm discase. Its narcotic effects are less mmried
than those of chloreform, but its effects on the liver, heart, and kidneys are
much more repid. Carbon tetrachloride, together with other members of the group,
&lso hzs a zarked e¢ffsct on the nervous systes, probably bscause these ara 1lipoid

solvents. There are changes in the blood in the direstion of s leucocytasis,

but these do not dominate the pioture as they do in hydrocsrbons 4f the bensene

ring group. The effects on the heart are very important in cases of gsuts
polsoning, because, in sddition to soting as a heart depressant, there is o
tendency to csuse fibrillatiom. This means that stisulante, such as adrenalin,

sre s dangerous first ald seasure {n resuscitating persons overcome by these

“ vapors.

Trichlorethylene is the le st inflameable of the group and, becsuse
of its solvent sotion in fats sad oils, it 18 used as & thimer for coatings

‘ and varnishes, end as a solvent for rubber, replacing carbon tetrschloride in

many instances. It is also claimed to be & less poisonous substance, but in-

cresasing evidence shows it to be far from innocuous. Two hundred and sighty-
four cases of pelsoning with 24 deaths have been collected by 8t§bor$2) Waile

 not so dameging to the body orgsns, it ia e profound nerve poison. It has been

sug ested, howsver, thet the impurities preseat are responsidle for its poison-

‘ous properties.

@ X
2)8tuber, K., Arahiv fur Cewerbepathologis

¥ o
und Gewergehyglane, 2, 398, 1931,
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been reported in men vho wars costing the interior of beer vsts, using a
lacquer contaiaing this solvent. Autopsies on men overcome by its vapors

showed sn excess of fa% in the blond suggesting desth frow eubolism rather than

asphyxiation. Perohlorethylene causes e sevare and rapid narcosis.

Tetrachlorethylens is a relatively new sslvent and is less varcotic
than the msjority, slthough symptoas of drowsiness, hesdache, giddiness, snd a
parrowing of the visual field have bsen reported from repeated daily inhslations.

Tetrachlorethane is the most poisonous of the chlorinated hydrocer-

“bons. In socuts polsoning, the symptoms develop rapidly. The condition is

characterised by ncute yellow atrophy of the liver, jsundice, fatty chenges in
other viscers, especially the heart, and desth frequently rssulte. In chronie
cases, the blood changes aro marked, leading to secondary anemis, hesoglobinuria,

spd hemalysis. Kmmoistion znd sven ,)m'ndi« zay follow,
. [ g

A.. toxic amblyopis, or anm optie neuriiis, has been noted by several
observers i{n the case of exposure to chlorinsted hydrogarbons. 8ome of this
group dnconﬁolo ;hon heated snd undergo chemiocal changes. Chlorsform, dichlore
esthylens, ethyl-dichloride, and carbon tetrashloride are oxidised to carben

- oxychloride or phosgese.

Chlorinated naphthalene products used, among other ways, 28 a form
of wex in imsulatiag, have been clearly showmn to cause severe sikin troubles,

and have been suspectsd of esusing fatal cases of ysllow atrophy of the liver.

It {s interesting that these substances sppear relatively haraless when cold,

but whea heated, despite the fast that they do not deconpose or libersztas

chlorine and hydrochloric acid, ths vapors cause acne 2ore or less character-

istic of chlorime acne.




Of the other groups of coal tar hyirocsrbons, those of the aromatic
series are the most important froa the viewp-int of toxicity, The primeipal
effect of this group'jﬁ _nnreotiu 1s on the hemannietic system.

Bensol, omns of the moet volatile of the group, is & solvent for
celluloss, zum; resine, fats, and oils, Its use 23 a diluent in paints acd
laoquers, and in paint resovers is dinppeiring becsuse of its dangerous
toxic effects.

Toluense and xylene, the¢ higher homologuea of bansene, are perhaps
Just as tozic, but are less dangerous under ordinary olrcusatances becsuse they
are less volstils. These, too, are gradelly being replaced by the sppareatly
less toxioc hydrogensted naphthas,

High concentrstions of basnsol are rapidly fatal. Exposures te
noderate concentrations csuse symptoms similsr to sleoholic intoxication at
ILnt”, but sre followed by symptoms of progressive depression with possible
Parkinsonian syndroms. Regeated exposures to small concentratione of basnsene
cause gastro-inteatinsl disturbances, hudneﬁu, vertigo, gingivitis, snd
‘ frequently nose bleesde, and small hemorrhages of the guns and conjunctiva,
Puarpurs may be noticed and sonstimes unooatmu_nbh hesorrhages occup, aartice
ularly if there is any surgery dons.

The dlood wmdergoce important changes ss 2 result of destrudtiidn
of the hlood-foraing organs. inemia, end later, lsucopenis with special
' rafarence to the gramular palyauclears, ls sean. PFeity dagenaration of ke
blood vessels, heart, liver, and kidneys frequently follow, _

It nay be of intsr=st to r=call that recsntly considereble evi-
dence has beea produced to the effect that therspeutic drugs derived fros the
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bensene ring < such as amidopyrene - may be the csuse of em egranulocytosis
in susceptible individusls. Once these blood changes have takem place, they
are, in t.hc ziount state of our knowlodge, very spt to be {rrevsrsible.

The }Mini;_;r Y r.d.blocd coumnt of under 4,000,000 or a white blood
couat of under 5,000 on repcated observation, sccompanied by the symptoms
indicated and a history of sufficient exposure, eshould be considered diagnostic
of chronia bansol poisoning.

] Yant and Schrenk! n(”uthod for ceteraining i{ncressed orgunis sulfate
in the urine ls probadly the bcst indiestion of bemsol exposure and sbsorption.

Hephthalens Ls someviat similar to bensene. It has a less pungent
odor and probably is less toxio., HNasphthslsne has bsen suspested by a number
. of obssrvers &8s a csuss of catarsat,

Ampng the derivatives of the hydroosrbone, csrboa disulfide dessrves
spsoial mention becauge of Lts varied effeets on the body following repested
cxpo-;n-c to small conceatretions. Concentrations of frem 300 to 400 parts per
sillion in the air £:r ssveral hours are thought ta be posaidly toxie, Csrbom
' disulfide s used chiefly in the rubber end artificisl silk tndustry.

Chrenie polisoning is charaoterised by persistent headache, sownslence
during ths day, ud weskness of the limbs, Carboa disulfide 1is extramely deme
aging t» the nervous system, csusing polyneuritis, rvisuxl disturbances, tresors,
. monutal confusien, sesvere psychosis, snd ataxis., Ain isportant charscteristic
of this poleom 1s its effect on the higher nerve centers., Anemis is not
uscosson, with ococasional chenges in the red blood cells and, rerely, a leuco-
cytosis. Rot only ia 1% damagimg to the ayss, but the disappesrsnce of the

) !.." ..’.' 'm.‘k. HQBO, ’.’.l‘.. l.'o’ Bamth' ‘.‘o' Reinhars, ®.H,
Urine Sulfate Determinations as s Usagsure of Bessens Exposure, Joug, 32‘45’7‘
aad Texicology, 18, 69, (Jamuary) 1936,
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Hueper, sad vom Osttinges quots Rodemacher es recomvending the csrbon disule-
fide level im the blood to be the best indieation of inciplent carbon #{sulfide

polsoning. __

Petroleum hydrocurbons, which ere wvery often confused with the cosl tar

derivatives because of the oimilarity ia caces (bonlino, naphths, etc.), sre
sll familiar solvents which have & mildly anesthetic action. The higher concen~
trations csuse hesdache, dinsiness, blurred visisn, and even loss of consgoirus-
nesf,
Any cbronie blood damasge from this group is coatrovarsiel and, if
found, probably points to the advisability of looking for some other exposure
. or cause, particularly the sduizture of one of the sore dsngerous types of
solvents in the substance hondled. Like all the other solvents, thaese can
resdily csuse s dermatitis.
Taurpentine vapors have & direot action on the skin, ceusing redden-
ing, md not infrequeatly sm obstinate sesemsa. The inhalation of heavy fumes
) 61’ turpentine induce symptons of s =mild nareotic poifesoning. WNenhritis has been

reported from prolonged exposurs.

Ehanal Pfompaunda

Cyclohexsnol, (hexalin, adronol, smol, or sexol), is & hydrogenated
_phenol used is pyrozylism lsogquers. It is not very volatile, and svaporsates
mnuch sore slowly tham other solvents. It is narcotis and msy cause poleoaing
1f isheled. From amimal experinents, it is thought to paralyse the central
nervous systeam, and to be smsore to:ric than bensene, though not as dangersus on

sceount of its low volatility. Mo cases of poisonisg ln asn are oa record,

.{4)%iley, 2.¥., Hueper, W.C., snd von Oettingen, W.F., On the Toxic Iffucts
of Low Concentrations of € rbon Disulfide, Journal of Industriel Hyglene and
Toxicology, 18, 733, (Decesber) 1938,
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4 very daagerous substance which éq be used in plasticizers i+
ortho~-trieresyl phosphats. This is the poiron which was 1dentificd rome ysars
2K a8 thcmn of “n o gpidouc of "Jake peralysis® from drinking bootleg
Jamaica zioger. These men hzve never completely recovered. Usually, in
solvents the para and mets tricresyl phosphetss are used, nnd these ¢o not
appcer to have the pceulhg action of the ortho compounds, sccording to
Hniltoa.(s’

Alconols and Thelir Ethsra
The alcohols are perhaps the sost widely usad of thQ various

classes of solvents. As & group, they are narecotic snd injurio:s to the
nervous systes. Athyl alcohol 1s used for research snd analytical work im
educational sad industrial laboratories, end is smployed for sany socientifie
and sedicsl needs., It is 2 solvent for gums, resins, snd meny organic and in-
organic ooipomds. Ihthan_ol i» used largely ia .tho sanufaoture of pyroxylinm
‘ phat'l.c., varnishes, textils soaps, wood stsins, as wsll es in extraction
processes. One of its sost important uses is in the mmnufceture of formsldee
hyde. Xsopropyl alcohol 13 uscd as & substitute for ethyl sleohol, mainly in
perfumes and high grade tolilet preparations. It is claimed to be an effzctive
gormicide snd is used ia lotions, liniments, liquid sosps, nd sntiseptie
solutions. Norsal butyl alcohol is the most populer snd widely used of the
higher alechal group. Large gquantities enter into the msnufecture of nitree
cellulose lacquer. |
Ganerally spesking, the toxicity of the aloochols increases with

the nolecular weight, but the decreassd solubility snd volatility of the

(5)Hasilton, A., Recent Chunges in the Painter’s Trade, Bullatin o, 7,
Division of Labor Standerds, U.5. Department of Labor, Washimgton, 2.C.p.59,193.
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- The exceptioa to this ruse 1s aethyl sleohol, which may be produced syatheti-
cally or by distillation of wood. It is e powerful nerve polson which specifi-
cally affects—the op¥id nerves and may result ia blindncss end desth. Due to
its slow oxidizing sction in the body, its effects are rumulative, and severe
poisonin: may result from continued exposure to even amall conecentrations,withe
out any esrly warning sysptoas, Erperimsntally, it has bdean shown to cause
polsoning through =kin absorption.

Although amyl aloohol and fusel oil are more toxic then taken by
mouth than say other way, they play s aimor role in industrial poi:zonings.

- Butyl alcohol produces liver and kidney damage in snimals expossd to its wapors.
o Tertlary alcohols are more toxic thea sscondary alcohols, end prisary
alcohols are the lecst toxic. Iso-slcohols sre ususlly less narcatic than the

corresponding norsal sloohols.
4 a0t interssting ocase of toxic sncephalopathy has besn reported,

| hovaver, in & wome«n who used z aixture of solvents containing 3% dimethyl phthsl-
ate, 3% cellosolve, asd 743 isopropyl alcohol in "fusing® collars with a hot

(6)

A larger group of newer zolvents which is repidly coming into greater

iron.

. prominencs is the slocohol-ethers, or axides, and the furfurels. Often these
aay be cospounded with phthalic acid, oxalic acid, or formic soid, thereby in
troduoing the possibility of s second toxic sgent.

Our knowledge of this group is largely bssed on animal experimsntation,
though s number of csses of industriesl poisoning have been reported. Az a

26)Dbuloy. Dorethy Z., Toxic Facephalopathy snd Volatile 8olvents in Industry,

Journal of Industrial Hygieme and Toxicology, 1%, 571, (October) 1936.
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in the higher oomeeatrations, but there is little data concerning their chronic

sffects or the maximum persissible concentrations.

Diethylene dioxide (dioxan), slso used s & log-uer solvent, is irri-
tating and unplessant, and thess effects were thought t0 constitute & sufficient
xarning that concentrations wers approaching the danger noint. In Ensland,
hovever, five dsaths were recorded due to the fumes of dioxen, with severe
inflaznation of the liver and kidmeys.

Zatqars, Katones, Glrcols and Iheir Ethers, asd Furfursls
These constituts probably the most importanf group of solvents for

nitrocellulose snd cellulose acetsts, 4All are nsrcotic ia sufficiently heavy

concentrations and in proportion to their volatilities. Although fatal zocie

~denta are very rare, svidence is beginning to sppcar polating to their physielog-

-lcal effects as being more dungercus than they sers formerly considsred. Refere

ence to & reported dcath in ome mam from the inhalation of axyl acetats and
another from the inhalation of ethyl scetate is masde by A.V. St.Bnorgr.n In the
former, edeas of the glottis snd diffuse irritation of the respirstory and gestro-

"intestinal traet were the chief findings, and in the latter thers vas s msrked

congestion of the viscers and the eyes, almost entirely liquid dloed in the
vessels, petechial-liks hemorrbagess throughout the serous cavitlies end sucous
sembranes, and & punRgent edor on opening the body.

. Aayl avetate is readily recognised by its sweet, alckening odor,
and 1t is gemerslly kaniwa as "bansns oii'. Its vapors osuse irritetion of the
throas, burning of the eyss, vertige, drowsiness, e¢zd gestriec irritation. In
experimental enimals, the inhsalstion of amyl scetate producss chronlo inflsams-

7)8t. George, 4.¥., The Pathology of the lewer Cosasrcisl Solvents, iaericsn

‘Journal of Clinteal Patbology, 7, &9, (Jeavary), 1937. 2479
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kiduneys, and fatty livers. The blood shows & moderate lesucocytostis with a
sscondery aneals,.

__Hethyl, otgl, propyl, sod butyl scetate are other smeabors of the
estor grau-p-;; ;oi;;nu. dethyl agetsts iz sometinss used o8 a sutstitute
for acstone, but it is not widely used due to L1ts scid resction with wa'sr,
Ethyl snd butyl scetates are the sost widely used of sll tho solvents 3f nltro-
cellulage.

0f the ketome group of solvents, scetone ls probably the most widely

used, sod it i» one of the most powsrful solvents known. The iaporitiss present
depend upon the method of asnufacture and are no doubt responeible for some af
the toxic symptoms which ars eacountersd. Iis narcotic nction in animelz is

sore progounced tham that of chloreformw. The examinstion of the bleod after

. continusd imlation.s_hoil a destruction of the rad cells and hemoglobin., IN

dows not sppesr to produce chronic timsue dasage &3 long as the vapor concenw
trations are low, even thouzh expasure is prolenged.
Boveral ketones of higber molescular weight have been recosmendsd as

gocd solvents for nlitrocellulose, but they have little or no eff2at on cellulose

' scetate. The more important seaders ef this group are zeihylepropyl ketons, or

pentanons, and sethyl-butyl ketone, or hexsnons. Thelr agute effects on guines

(8)

pigs vere studted by Xeat and his colleagues, whs report that decth reaults

fros a state of marcesis rather tham fros the irritaticn of the lungs. &ll

. fatalities gscurred during the exposure, ian momentarily orpossd to spproxie

astely 1.33 snd 5.0% peatancne wvapor, and to 1.23% snd 2.0% hexanone vapor
cosplained of irritation of the eyess and nassl puiuu, snd of & clsesgteristic

N Pa N
28)8@11"0:, H.B,, Ysat,k.P, snd Patty, F.i., &cuts Response of Ouinea Figs to

spors of Hsw Commercipl Orgamiec Congg #. 1. Bexsacre (dethyl Butyl Zetone)
_ﬂg{{ﬂ KOMRCPOP‘I, 8 * a]i‘. y ’-5. %o. ( ¥ h
Ibid, saute Responss of Guimes Pigs to Vapors 5 Some New Commereisl Orgeants

Compounds. IX Pentssons (Reddyl Pr:pyl Ketome), Pudlie Heslth Reports, 5&. 2,
(aprid 3, 1938). . Fal
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Of the glycols and their ethers, the mono-ethyl ether of sthylene glycol,
ar "cellosolve®, 1is the moot important solvent of this class. It i» a stable
liquid sod -ft-is used &8 & solvert for nitrocellulose snd resins, and offers the
sdvantage over n08t other solvents of similer boiling point in being nearly
odorlees. The scute physiclogical resoonse of zuinea plgs to air containing
its vepor was determined by Baite, Patty, and Icnt,(g) who found the cuuss of
death, in the animsls sho died 24 hours following exposurs, to be congestion
and edema of the lungs, and in snimals dying three days following exposure,
to ba broacho-pncuzoals. Two of the {nvastizators who dreathed 0.5% celliosolve
vapors for s few sseonds reported the atmosphere to be irritating to the eyes

end to have a very disagreesble odor. They thought that the odor end the

" lrritation were sufficiently disagre=able to make one desire to evoid s like

expasure. Furfurals sre excellent solvents and are used conaideradly in
lndmfﬂ. The vapors are irritsting sand are very damaging to the cy-oti.ght of
some peapla,
Susascy
An estiastion of the extant of any heslth hasard resulting frem

solvents sxi mixtures of solvents can be reached only after careful snalysis

‘of individusl oircumstances.

The ssre knowledgn that volatile solvents are used in certain

' industrial progesses does not Justify the conclusion that all illnesses among

the working perscnusl say bo sttributed to exposurs to these substancss. &Eole

vent vapors can be, and frequently sre, confined within s closed systenm, or

o 203 X

3)Wsite, C.P., Pasty

'3 ’..

nt,

P+, Acute uponn t Guines ¢

.n"

_to Vapors of Some Hew Commercial Orgenic Compounds. IIX. "Cellozolve" (Hono-

sthyl Ether of Sthylens Glycel}, Public Hualth Reports, 45, 1459, (June 27,1930},

2472




L

phsre. In doudbtful instances, the dlsgnosis of industriel Intoxicrtione through
inheletion should be further confirmed by chemical sralyses of *he alr brecthed.
Such unelyses zre elso e.eungial iu ceterrining the efficlency of =wossures in-
stituted iélggéieat'iﬁi'diffuston of these wvapors into the breathing zone of
ths workers.

The difficulties cocountered in determining the concentrstinn of
vaygors ln the plent atcosphere ere many. In tha firet pleee, distinction
must be nade betveen vespor concentratlions associated wlth plant operetions

aod those resulting fros eccidents and irregulseities in operstion., Undor

noraal operations, they aay te pressnt in the air in very low concentrations,

which may rejuire speciel tschnics in collecting sir ssmples snd selsctive

methods of snalysia. Phere two or'lor' solvents ars preeent in the sir in cone
binations at the sare tisme, it 18 freqQuently impoesible, by sxisting mwthods
of chemicsl srelysis, to identify and cetimrie individusl componcnts, although

they cean be ¢iffterentiated snd cstizmated «s groups. Benrol cné its homsloguer

. may bs detected by a rether intricate colorisetric sethod, while carbon di-

sulphide must be estimstad by microtitration after ebsorption in an alesholic
potash solution. The chlorinstid hydrocartoms cay ba detersined Ly & combus-
tion method, in which the liberated hydrogem chloride is sbsorbed. Other

groups, such as the aleéohols, esters, ethere, ketones, ete., may be determin:d
or sstinated by various eaalyticel methods. Whean tv0 or more memb-ras of a

group are present, it is usually impossidle to seperste them anéd the results
of the &nalysis mugt be recorded on the baels of the wore torxie metarial, When

a mixture, such as & lacquer thinamer wiich aay contein sathyl and ethyl slcohel,

. acetone, bonsens, ethyl and axyl scetste und butyl celloesolve, 1r under consid-

eration, the problem becomes inwolved, It then becomes necessary to use & asthod
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vhich will determine the total smount of solvent vepor present. This may be
done quantitatively by freesing out the vapors with liquid eir; by ebsorption
with sctivated chercoal or silica gel; by s cerefully calibrsted interferometsr;
or by a combustible gas indicetor which will indicate the presence of all
inflamsable solvents present. iany of these methods of snalyses, howaevasr,
sre far froa satisfactory and considerable rssesarch work must be conducted
before the anslyst and industrial hyglienist will feel confident of the reasults,

The recognitiom of industrial poisoning fros the inhslation of
volatile solveats is gsnerelly ~uite difficult, Acute and fatsl policsomings .
do oocur, but usuaslly under circusstancea that diasclose the responsible ageat.

The detection of volatile solvents in the body after doath from anm
aguta poisoning is possidble for sll substances having a boiling polnt bslow
that of vater by the micro mathods of Gct.tlor(m)lnd others, This method de~
pondp on condensation of the materizl in tubes imzsersed in freezing smixturea,
In the living, or in those who have lived a fow days before death from nolsone
ing, these small amouats cunnst be detected., Examination of the urine is re-
vealing in some cages, and in others, sxamination of the blgod tells the story
of oumulative exposures. Hothimg smuch is known regarding tha detsction of
halogensted hydrocarbons, but with brominated compounds, there will be some
bromine in the urine, sad it is possible with chlorinated hydrocsrbons, that
organia chlorides may prove to bes indicative of absorption.

Iadustrial poisoning, however, Ls charscteristically chronic in
fors. The worker's health is gredually impsired by repeatsad small inhalations

of the solveat materisl, and evidence of toxemia may not arise for several

(10)Gettler, 4.0« and 8iegsal,Benry, Isolation from Human Tissues of ZRasily
Volatile Organic Liquids and Their Ideatification, Archives of Pathology,

19, 208, (February, 1935).
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Jears. Although solvents do not sccumulste (n the body, as doss lesd for
sxasple, there does sccur an accumulation of effects from repested daily
1nh-lationlf_t§gl§9§;gg_ghonc exert their influence on a single organ., Changes

usually are found in the blood, kidneys, liver, heart, nervous system, snd other

 organs,

The clinical picturse and syaptomatology msy te similar for msny sole
vents and & disgnosis frequantly must depend on a correlation with the chemicel
unalytig of the air bdreathod and evidence revsalad by the exmainstion of the

blood and the urine,

The prevention of poisoning by Inhslation is dependent entirely upon
the measurss employsd against the diffusion of vzpors into the plant atmosphsre,
There is 0o singlo xessure of control which is applicable to all operations. 4

combination of messsures ususlly must bes umployed to {nsure success, Thcse ine

* clude the subatitutioa of haraless or less hersful solvents for harmful onesj

the segregation of vapor-producing opsrationsj enclosure of processes which
confines the vaporsj ascheniesl aethods fncluding local exhsusts spplied either

above or bslow the processes uscuording as the vspors to be eatrspped snd re-

soved ere lighter or heavier than alr and incresssed gensrsl ventilation to ine

¢

sure rapid changes of sir; psrsonsl protective devicesj instruction of workoers
regarding the hasard; sad eompetent medical supervision.

Parsonsl protective devices freGueatly offer insdequate protections
Rospirators should be used only in sn emergency or when the expaosurs iz inter~
uittent, and should be of such a type that the worker breathes sir from sn
uncontaminated source. E&kin absorptioa can beat be prevented by cleanliness of
body snd clothing. The absorption of vapors through the intast skis, espscislly

~
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if spilled or absorbed in the clothing, must be borne in aind. This is pariic-
ularly true of the fat soluble solveats.
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Clessificstion of Industricl Solvents( )

-

T e— Lhlarinatad Compounds
“thylere LCichloride Curbon Tetracnloride
(bLcblorethane) {®Asordin")
“thylene Chlorhydrine {*2anzinaform®)
(Glycol chlorhydrine) ( *Phoenipine”)
Sonochlorhydricze ("Spectral®)
Dichlorhydrine (*Tatra?)
iehlorsthylene {¥2etracol®)
Trichlorethyleas (*Tstrafora®)
("Nestrasol®) {"Katarine®)
Propylene Dichlarida Monochlorbeasene
Epictlarhydrine Dichlorethyl ether
Methylene Lichloride Adayl chloride
{Nichlormsthane) Aayloene di-chloride
(*8slasthin®) : ithylene Dichloride-Carton Tetre-
Chloroform chloride Mixture
Tstrachlorsthsne ("Chlorasol®)
(4cetylene Tetrachloride) Tagrachlorsthylone
(*Restroan) :
Pentachlarsthane
* (*Penialine®)
Perchlorethylecse

(LL) PFor industrisl uses of solvents, see Durrens, T.H.: Solvente, Vanlostrend,
i
New ‘ork, 19233.
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Hydracarhons

dropatia Soal-Tar Sol-reqt Heootha
Bensens (Mixtures of aromatic hyéroearbons with emall
{Bensol) quentities of nephthene parsffin hyirocarbons)
Toluene Light Grude B.R, 110%-150°¢,
(Toluel) Heavy Grade B.R, 150°~190°C,
Iylens (*8oivene®)
(xylol) Cyzmene
Dipentane
Turpentine
Roein spirit
Cyclohexsae
Eetroleua fydrocarbons Qxidizad Petrgleum Hydracsrbona
Petroleus Kther {Result of passing the wapors of pstrol.um
Potroleun Spirit hydroearbons and sir over varicus catalysts
(Lizrain) at high temperatu-es)
Varnish sacere and palnters
asphtha

¥Yhlte 8pirit or aineral spirit
Lacquer Petroleum

Hydrocarbon Derdvative
Carbton disulphide

L
-
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Mathyl Alcohol
(Methanol)
Ltoyl dloohal

vty e

Propyl 4lcobol
(Propanol)

Isoproyl Aleohol
(Lsopropsnol)
{("Persprit®
2'Petrahol'

®*Ansatine”

Normal Butyl iAlcohol
{Hormal Butanol)

Iso-butyl alceohol
(Isopropyl esrbinol)

Secondary Butyl Alcohol

Alcakols

N-Hexyl Alcohol

{Normal Hexanol)

Anyl &lcohol
(Mtxturs of two of the eight iso~
meric axyl elcohols)
2 - -Fthyl butyl aleshol
Qctyl alcohol
(2 - ethyl hexanol)
Jensyl alcohol
Diacetone alcohol
Fusel oil (refined)

(Blend of hizher azlcahols of the sayl
series, contailning a sacll amount of
the lower alcohiols derived froa genulne
erude fussl oil),

(Methyl Ethyl cerbinol)

Alcohol-Ethers
Ethylene Glycol Honomethyl ether Diethylene Glyecol Honcethyl Zther
iethyl Cellosolve ('Carbital'g

Ethylsne Glycol #onoethyl Ether

(Mathyl zlyool)
("Cellosolve®)

tthylene Glycol Monobutyl ether

(Butyl cellosalve)

Diethylene Glycol Nonozethyl ether

{"Methyl Csrbitol®)

Ciethylene Olycol donobutyl Fther
{"3utyl Cardbitol™) -

Eypiethylia .

Methoxy Butyl Acetste
("Butaxyl®)

Ethylsne Glycol dono=~ethyl Hono-acetate
("Cellosolve Asetzte®)




Etaylune Glycol
(Glyecol)

Aethyl ; thylens Glyool
(Propylene Glyeol)

Glycols

Dicthylens Glyocol
Tristhylene Glycol
Butylsne Glycol
Diethylene Glycol

Zthara sod zidss

Ethyl Etaer
“{ither)

Isagropyl Ether

Butyl Bther (Mormal)

Propylene Jxide

Bethyl icetats

Ethyl Acetate
Propyl Acetate

. {"Technical® amyl scetste)
Isoprooyl dcstate
Butyl Acetste
kethyl deyl Acetate
Jctyl Acetate

(2-zthyl Hoxyl scetate)

Etbyl Butyrste
Bensyl Foraate
Bensyl Acetate
Ethyl Lastate
Iso-propyl Lactate
Butyl Lactata
Aayl Lsctate
Ethyl Butyl Acstate -

Diethylens Oxide
(*Liozan")

Licalorsthyl ithepr
(*Chlorex®)

dethyl Cellomolve Lcatste

Axyl Acetste

Swcondary Hexyl icetsts

Ethyl Yorasts

Carbltnl Acetate
(Ciathylens Jlycol Vono-ethyl
Lther Acetate

kayl Formate

Ethyl Propionate

3utyl Propionats

Aayl Proplonate

BatyX Glycollate

Zthyl Bemzoate

Hetkyl Bensoate

Di-ethyl Carbonate

Xthyl Butyl Carbonate

Libutyl Phthalate

2479



Acatone Di-ethyl Kutone
(Lisethyl Ketone) (Bayl K« tons)
Hethyk kesvtone _ _ . Methyl H-uropyl Ketone
d¢thyl N-Aayl Ketone ([9ntanang§
Huthyl I.obutyl Ketone Other hicher kstones
(Kezons)
¥ethyl Lthyl Ketone
(Butysous)
Sxslchoaans Larivatives
Cyclaheraznol ) dethyleyclohexanyl Acctate

("Hexalin®) ("Sextate”)

(*Anol®) Cyclohexancne
Cyclohsxmnyl Acstate (*Sertora®)
Mathyleyciohexanol dethylopecloherarone

("Sextal®)

{"Methyl irol®)

Turfucsls
Furfural Tatrshydro furfuryl alcohol
Furfuryl alzshol (Jther furfural derlvativez of lass
Furfuryl scetate importsnce)
Elasticising Solyenta
Diacetin
Triscetia
etc.




