<3040 - 9938

Dhus, 198&{reed 1969] [Ia Jap. with Engd. sum.|--For the pollstants
prodiced by exhaust gas from molor vehicles & blasting gae trom

de Uhe NDionzaks Tennel under construction for the Tokyo-Nagays
resswsy, The polivtanis cbiained neay the blasting place showed
high concemtrations of carbei monoxide, aitrogen axides ind the
ust, with levels of 350+1,200 ppm, 10-38 ppm, and 5.3-80.8 mg/m?,
respectively, These remits ware due to defective ventiiation

43940, MIRKDWA, K. 8., and V. L ERMOLINSKIL O alschayakh
chravleniyn rivt’yu aredi medliiainskixh raboinkov. jCascs of mer

Eumu_\,‘ .% medical workers.] 8B NAUCH ﬂjkmm_ﬂ
UCH-ISSLED INST EFDD GIC §. §2-83, 1M3. Tramalnted

from REF ZR OTD VYP FARMAKOL KHIMOTER EREDSTVA

@mne. carbon manoxide, nitrogen axides snd dust were determined
A

. TOKSIXKOL, 1989, No. 5.54. 725, --Obaervations were vmdn of 4 cases

of Hg polsoning tn medical personnel a8 & remult of mfractian of O
rules for working with apparatys containing Hg. ‘The stadias, which
were carried ut in severil medical institutions, revedlsd the

of Hg in washings from equipment, walls, floors sad in the alr of the
Jocation, In & mimber of casen the concentration of Kg sigaificantly
exceeded the muximum
contalning Mg can be & condlderable dunger when the riss for snfely
techniqoes are aot obeeryed, .

43041, IVANOVA, L 8., and M. M. MEL'NIXOVA. {Conb lust
Postgrad, Med, Moseow, U3SR.) K voptose o sostoyhnil zdorov'ys
rabochikh v protzvodstve aftrofoskl [Problems r the hutith
condittons of workers in sitrogen —phos 2 m T

condacted oa 187 warkers, disclosed the presence of ditlerost
dagrees of traschilis, which were cbserved in tparked and finctional
disorders of the nervous system ia the form of vegetative dyshunction.
The effect of & mamber of substances, kaving & stimuisting efiect (sach
s chiortne and sulfurars compounds) had a significast role in tw
development of hronchitic. Changes cccurring iu the parve system
are connected with the effect of & complex of chemical “ml:ea-.'ﬂ.

43M2. BUSHUZVA, T. L, E. A. ZABOZLAEVA, and A. Yo, YAKUBOV.

K voprosu o deistvll yadokhimikntor s aktivnost' syvorotochaykh

fer mentov § balkorayw kirting krovl [The action of chemieal %m-
on the #erym cazyme Activity and the bl etn pictufe.
= 3 t om REY ZH
VYP FARMAROL KHIMIOTER SREDSTVA TOKSIKOL, 1948,
osphorus

e No. £.54, 990 —Whan cotton was being sprayed with organoph

tanacticidey, the concontration of them In the alr of Uw vorking some
win 0,00002.0.002 mg/l. In the Alr of warehcuas locations it was
0.0006-0.002 mg/l. When cotton was dusted with DDT from tracters,
e cancentration of i 1o the alr of the working Tooe was 0.002-0.04
mg/L Nioety persoms were «xamined before the beginning of the fleld
work ssason wvhea the chemica! polions weoe used tad 36 were xamisd
Auring the setsom (8 of thers were workiag with chemien]
for the 1ut tire 20d the remuinder had axposare histories from 1 to
more Oxa § yr). Before the beglaning of work argancphosphorus -
secticides wers aot found in the blood of those eamined. They were
{mod ia the blood of 30% of them during the working setsom, A
decrease was aoled In the sarum cholinetiernse and alasios KAmbno-
transferase. Thers was also & decrease la the serum albuming and An
ineretay ta-the &1 and gagora globuling Bad in the allu min-to-glotmlitn
ratio. hmJmehw-ﬂmmpﬂlm These
mhmm-numdnmum-:ﬂm
- f.

4343, POKROVIKIL V. A, A. & FAUSTOV, and §. V. IVANCN.
O pereamotre | stochenil predel'no dopustiseykh kontssatratsil bexzols,
toluala, etfibemzala | dictiibenzoln v vordukhs protzvodstrannykh
pomeshchenll. [Review and refinement of the maximam allowable
conee ol CEREEN: (ol : X >

- R [’ P I OTD VYP FA
KHIMIOTER SREDSTYA TOKSIKOL, 1969, No. 4.54.080. -~-From the
1Meratare aad experimenta]l data ou the tamicohygienie estimation of
aromitic hydrocarboms, reduction of the maxlow i allowabls concan~
tration in the air of mdustrtal Jocations i recommended &3 Lllows:
beazene, from 10 to § mg/m? and tolvene from 50 to 18, ‘The amxismm
allowable concentration for sibylbenzene 68 § mg/m? and for disthyl-
bensest 10 mg/m? remsins the same, When estimatas Are made of the
texic action of the substances of & single botnalogome series, mrethode
should e used which sre admguaty for thin group of subetnsces and they

*a

TGOCOLODY

[YoL $1] cane

pereons handing organcchlorons compounds (DDT, bexachlortse, sngy
ilforate), Persont with & relatively ahort pervice record upty §o
y7) had tncrensed acidic and prpstnogencus gaatric kincilons seg
alightly proncunced disorders of te Nver Lunction, IAAIbRIos of e
acidic and prpatnogencus aatric inctions, slong @ith & marked
darangement of the proteiitne, carbohydrate, pigmenial, AmtNotie arg
secratory unction of Uie Jiver occurred In persens with & Yong servicy
racard {in excean of 10 yr) exposed to eDects of organochlorces com-
poanis, -<C, M. ML

439, VAZIN, A, N, md E. L PLOKHOVA. K sozduniyv ekoprs.
Wrwmi'ool madell "loksicheskogo anglonevroza™, voznkayush =
khronlcheskom voxdelsivll nd organizm parov vialikhlorida, [Crestie
of an rimental model of "texic anglonsurcaiy™ devel

ROY : ~49. L ~={n FAbbAS the chronle actine of
vinyl chioride vapors at concentrations of 9-10 seg/liter Miery e
rats of cArdsc cortractione, disturbe the alectrical and meclmmien .
activily of the haart, changee thy Jevel of mnzisem arieris] ooy
preseure and chused & reduciion in the rate of iteear blood flow. T

allowshle concestration, Working with apparaing changes described in the Menctions of the cardiovasculir system bn fag

oparimental rabbits indicate that the modal of O pathology waich
developd from the chranic actim of viayl chloride ob As orgaaim cag
be cenfs) for studying questions of the pathopemeais And experismmta)
therapy of toxie angionsmrosts.

4394, GRATEIAMEEAYA, L. N., sad E. N. SOLOV'EVA, Pricking
dittel'sal invalideost! pri khrookheskikh prof 1'aykh Istoksiatyt.
ylh.m enaons for invalidiam daring chronic

PRO -
sam Wtories of 137 parsond tecapacitded by chronie pubsoing
with geolineg, benteme substances Knd Ph were Liyaed (starting
from the begimuing of mvalidism), The follow-sp pericad srerged
4.5 yr. Investigntions showed parsistance of cdiatal nmnifestatiogy of
polsoning despits discoatinuatiom of say axpossrs to the efiects of taxie

were Amilysed
A medicnl spproach to treating thess 1 groups of patients WS sagpmiet,
~C. MM

AINT, APEL’ Ya. A. Materily k toksfkaloght mekotorykhy proaseshmts
chuykh prode'tor pri proltvodetve l2oprencyogo anchelks, - tim
+ of the toxion cpy of some intermwdiate prodocts fa the profuction
- bber,] &8 NAUCH TR RUIBYSH BT
PIDE v §. 87-88, 1M, From: REF IN vYr
'ARMAKOL EEIMIOTER SREDSTVA TOKRIEOL, 1980, No. L34S,

llm.;m:;‘n..n.l.r.mu&mmau.m
(London Sck, Hyg. and Trop. Med., London, Engl., UK.) Oc
toxie Metor n moctalfy from core mm‘" !

. QoI

- o =, R
daaths of mals worksrs sxposed (o carban diselfde I § viscoss riges
factoriss ja Eagiand aad Wales ware certified Lo coramary haat

of with 245 of the daathe in the elher workers of Be

morbidity surveys of axpeend
meded. Thass mdy slso throw Jight on pevaral awes of stharesciary-
sls aud coromtry Mart disease.--J, W. &,

43348 XAEVA, G. N, L P, ULANOVA (Dnsl. Sad. fiyg. Ocemp. Din,
Acad Med. Sci. USSR, Moseow, USSIL), aad L. A, DUEVA.
k peresmcire predel’no dopustimol :ontsestyutsil for onl'de ghin v
vozdukhe prolzvodsivessykh pomshchanit. |nﬁ|m for & rewshwmis -
tiom of the mmximml per missible concentration of Tov
alr [ ishments.

- sm]--It 2 concentration of § mg/cubic m
lor ) dehpde produces 1 toxic and irritstive sffccte And s
amnifestations of seasit

The maximal permiss
shinld be uned t0 all the boratories develaping the maxizmm allowabie shamld b recuced (o 0.5 mg/cubic m. -=C. M, M.

conceatratima, While tholr valus v belng decided, there shaxid be
ightary comsideration of the cltalcal suteriml,

vorde istviyw khlororgraicheskiih yadokhimikalor, ptaty
of e itver aud stomich Aflacted
[
{lonn covared Suaciiomal sty of the tiver and stemich in TO

43M4, PARAMONCHIK, V. M., tnd V. L PLATONOVA. O Airiisionml’-
= som soetoyanll pecient | gheludah u Iits, podvergayushchitcheyn

43850, LOPEZ-AREAL DEL AMO, LUTE (ieas, Axtitybere. hufut,
Blibtsa, Apnin ), &nd ISAAC FERKANDEZ MARTIN GRANIZO. Seiaw

caniosls seudotn moral por taleo y caal Paewdotn aoral [
5is by talc and nolin.] ENFEAM TORAX
W ns 04 g7 ald rebber verhar waé

O
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tion of the rate of toss of lindane from toth leaf and gluu srisces an
taflwenced by tempersture and humidity, ==Autiore

172382, ETPELETS, N. N. K voprosu o geneze ameril pri mixogol’

.0 of yanenil. l thlrm of the caune ol death In alenhalle drmk-
ermesn ) TR L

TOBE, "Feem: REF ZH oTL VYP rnamxo:. KHIMIOTER SREI'.‘BTVA
TOKSIKOL, 1987, No, 12.54.1008. (Translatyon)=« A denceiptizn 10 given
of the nnndraplc ederns of 1he soft palats 10 vrula oCcurring repeat-
wdly 1n subjects obaerved afier nervour stimulation and alcoholic drunk-
enneas. It 18 suggested that the cause of death In alcoholle Intaxication
iR pome persons ¢an be mechinical asphyxis.

122383, TEREXHOV, Yu. A, snd E, 8. LEVASHOV. Euranirovannays
satravochnays kamera diya toketkologicheskikh 1 fizlologicheskikh Inaled-

"‘7) From REF ZH OTD V'ﬂ’
FARIAKOL mmo-n:a SREDSTVA TOXNIKOL: 1968, No. 2.54.7TN.

12304, TOETANOQVEKAYA, A, A, V. 8. LAPCRENKO, V. E.
RODIENKO, V. . SVATKDV, and G. P-EGOROVA, Nekotorye dannys
© kombintrovannom ‘detstyil smest DDT 1 khlorofosa v oatrom ekeparie
mente. { Sorae dala on the eemblned u-um of » mixture of DDYT and chloro-

vYp
nmnor:n SRHSTVA romml.. 1M8, No. 2.54.884. (Tranelation)
‘n DDT end chlorophos were glvem ance, separataly or mised, iatra-
emsitrically, to rata ut l/!dmeu)sa The rata nnklno‘ 18 mia,

..l!or-hnmuied.., ploms of p g had de d There waa
» rise tn the blood sugar of all the mmu. upeull, those given
chioropbos, 1n which It resched 124.4 mg®; there was g reduction in
the Nver glycoges concentration which was greatest In rats given
chiorophos (1.64%) and least in rats given DDT (3.99%); there was a
reduction in the tration of Npids, ehlefly in the zona fasciculate
when the mizture wad piven; the mizture also decressed the cholinest-
erase activity of the erythrocytes but less than DDT alone, while chloro-
phos alone Increased (ts activity. Ia all the rata histological stodies
showed generally marked hemodysamic disorders. The ditferences In
tw actioa of chiorophas and DDT given separsiely from twe action of
the mixture sre emphasized.

127383, TOSTANOVSKAYA, AL A, V. 5. LAPCHENKD, V., L
SVATKOV, G. F. EGORQVA, and ¥, . GORDIENXQ. (Klev Res, Inat,
Nutr, Hyg., Koy, USSR.) O kombinirovansom deistvll DDT { khioro=
foss, Holoea 1 khloroioss. |Combined action of DDT v\h chb
and of thi with ehlo

sum. [+ Teals were ¢ 1a altino rata by MMI!( m,
subacute and chronic experiments with peroral introduction of
polsons, I.D;omweduummthmmmnlmu
aratio §: 1. With a single Introdoction of the mixturs comprising ot
and chlorophos there is an antagoniss with prevalent action of chloro-
phos, whereas In multipls admiaistration, DOT sppears predominant,
The mizture of Udophos with chioruphos 1 more potant than sach ons
of these substances takem tndividually.--Authors.

127388, VAZIN, A N, and E, L PLOKNOVA. (Inet, Ind, Ryg. Occop.
Dis., Gos'x1, USSR.) K patogenezy tabolevaniya, ]
khronichaskors voxdelstvii na organizin khloristopo vintla,

ping durtag chronlc action of vinyl

]--r-nnnmahnmumayhuo-
olmcuﬂmdmhdnmmmﬂmwnd
the hypothalamus soclel, along with the pulse, arterial peessure snd

eireulation rate during chrmic polsonings of snimats with vinyl chlor-
ide {in & concentration of $—10 mg/lter. Evidence was produced chow-
ing Uot, purallel with changes in the bloslectrie activity (apearnnce

of B-riythms with a {requeacy of about 30 per/sec, rising mean Yoslectrie
activity of the anterior and posterior groups of the hypotimiames seeist)
thare appeared slao changes in the circulation functions wnder siwdy,

It #s taferred that I the mechaniamy mderiying thw development of
pathology secondary 1o a chroai¢ effect of vinyl chloride g definite

role 1a played by the hnctional condition of te hypothalsmus. -« Authors,

122387. VINOKURQVA, M. K., and 8. A STEPANOV. 'l'duikobﬁch-
kharakteristics pertitaids khlorasina [A toxieo! charactrr=

: ya
mm“mdmdh-dcmmuwdm
ng.] Zdorov"yx: Kiev, 4. 173173 1M4. From: REY ZH OTD VYR
FARMAKOL XRDMOTER 2LEDETVA TOKRXOL, 19868, Mo, 2.54.887,

117388, WEINSTEIN, 1. (Vandertilt Univ, Mod Sch., Nashville, Temn,,
U3A), L. WILLMITE, H. A.mmn,mu.mma. 'l'h!ﬂ-
Lrement of free {stty acida lor the fatty Bver ol C |mﬂ
D7)
uﬂmmcﬂhhmd“ﬂhrﬁuﬂ“uﬂ
cc'l.-nprh 4 in vitro with & medivn beie which paimitte scMd was
tmbaten] comtinucnly. Livers from sormal rets wers sl trestad with
CCly I vitro by direct sdditien of w chlartasied hydrocarion in he

medium. Under these conditions, polsoning with CCly rewuited is 1a.
Mbition of nci releane of trigiyceride by the liver into tw pertus,
and simult 1'%, Istion of triglyceride In the Bver. Thees
chaervations support the hypothesis that the (atty Hver of CClyt
leation renults primarily (rom interference with S bBlochemical mecy
aninma tnvolved In lormation end releassy of the triglyceride In u..
very low denalty lipoprotein of Ust sarum, - - Authora

122389. ZYADRAROVA, 8. A, M. N. KURKLINA, xnd F.. V. TEPLYay.
OVA. (Leningrad Sanil. Ryy. Med. Inst., Lenlngrad, USSR} Giglen
cheskaya | Idllhludc!nnlm uumemm. preparats u-loru

chetvertichnogo s, enic and taxico)
features d =8 Ammon]wmn 'ctn:hlorue base com

[N m ventipation
ofa puolblo efteet pnhcul by the pound M { tetrachin,

14s base) on organoleptic propertice of water, the sanitary regime of
water bodies and the state of experimental admads Is arute amd chromy
fanitary uulonemwmmnumdmmm
occurring In the waler as & datergent, vhould be Bmited according oy
afiect on the agnitary regime, 19 recammendsd maximwm pormisstiy
concentration 1a wattr hodies 16 ot s & level of 0.05 mg/lIter, — Augiy

FOOD RESTVES, ADINTIVES AND PRESERVATIVES
(Sew nloo Food Techaokgy; ~Veterisary Toxtcology™ wndar Toxt
Gereral

Lim, Austrie.) Nachkwets

mmwunmwumm Dutection
umdewulmh
uunmmu-uu mqum-m
{CCC) extructed lrom green Jagves, frults, graine, straw, flour, ste.

ta dewcrited. Quaternary mmawwium compowsds sre separated by tm
. Inclation of COC by preparative

quantitattve chromatographic method on ¢ollnionss thin layers, - Autham,

1 122391, BUGO, JOEN C.Jr., JAMES E. IOGDEE, and ENIC A,
ROBERTSOW, Jr. mnmoummmuu, Orlsass, l..l.,
DEA.) Chlorisated p hnlth!hnﬂm ﬁn

I - -

esiuarine arvas in South cnun-, Ocorlh. Florida, Mississippt,
Loulsings, and Texas snd smiyzed for pesticide residues. Pesticide

[ ] more: L%

uﬂ(um-‘ﬂﬂuﬂuium The lavel of seapis-
vity for pesticlde rusiduss was 0.0] ppm. Some carrelation was fomd
mmmumwmnmm

==Anthers.
t 122393, mrn.vm:. mmun Bealth i, Lak,
Duxplvis Islsnd, Ala,, USA.) Galveston Ba T waAler
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1o 1t (ineness, dryncss, only sBght tendency of aguregation amd
cagacity of suspensian, hydrephobic, precipliating silicic actd
cxwses Iarge dhast concentrations In the case of open handling.
requires certain protective measures...J. W. 5.

32121, BAGNOVA, M. D, and R. V. TEPLYAROVA. (F. F.

tismmn Mosccw Ren. Inst. Hyg., Moscow, USSR.) Profllaktiks pro-
wwstomal'nykh 23bolevans] 22N v usloviyakh prolzvadstya novykh
pEmickrokikh veshchesty. | Prevention of occupational diseases of
(e sl {n the

sitriies and Lmined, are dévivatives of {atty scide, the physice-
chrmical properties of which are still not adequately studied. Accord-
. jog 4 the Uterature Amined exert 8 marked effect on the skis, irritate
tht mecous mEMbIANSS, fn phrijculir (he eyes and upper resptratory
wract, sad Are endowed with & groal toxicity. Workers [311] were
cmmimd at 8 plsat whire ol substitoles were synthesizad. In 16.6%
of cases occupations] dineases of e skin ware found. In indostTial
conditions the best trextment was achidved with paste om & soap baste.
Pelyetiylese film {8 the best material for te mmdactiurs of pro-

wattve gloves.--C. M. M .

MI2?  ANTONTUZRENKQ, V. A. O prolessional’nol {atokstksimi
s Muridom. [Occupational polsond 1 chloride. GIG

= workers who were severely potscosd by vimyl chioride. Culy Uw
minifestation of the suage [ of polsceing, was completaly reverdible.
pegiaming wilth stage 11, the majority of polsoning mani{estatioms
paiied pocrly to trestrpent. 1a a susmber of cases, the polaoning WS
2 progreesive process, sotwithstanding the cessation of the comtuct
with the taxic submtance and intensive treatiment...Auth. sum, transl

38170, COMEA, G. (Inst. Nac, Med, Seqar. Trab.,, Madrid, Spain.)
8 al estudio de 1a incapacidad Jaboral #n los neumoconicticon,
of work disaMility In prtumoconiosis.] MED SEGUR TRAD
A N recd, 1989], [Engl., Fr.
asl Cor. wura )-8 the absence of sutwiantial changes |a breathing
caphtity, SrpUSPITOmELry I8 an Indiaprnaible technique for determising
work dEability. The correlation betweim workiag atility and chimges
s the gtatic asd dynamic valnes of masimum brexthing capacity was
peuliod by determination of the various cardiomliooary parametars
the stable state of the orerioad, mmmmu-;dt
-J. W,

M. GABCR, 8., T. FRITS, and Z. ANCA. (Instit. Hyg., Cluj,
‘wm.} Contribotion 8 I'stude doe metabolisme Npidique des poymons
am & silicose axparimentale, chez Jo rat, [The of the Bpid
metsboliam {n rat darirg experime conls.

., 1948..-Rata

wiich vare made Hlicotie by Latratrachex] {nsitliation of $0uag of :
irts showed changes 1n the enzymatic activity daring sillica tast{Tintiom,
mrw:m::lw l:l.h u'hlp-

[} . -_me
preteis-lmse ahows (ocressed uﬂﬂummm-mm

aconitase, its activity decreanss,

Twr rute of free falty acide in the taal stxys appreciably
armil; on the sthey hand there 18 a soticeable decrense of thene

vl ts the bload serum thrvughout the svolntion of the silicons.--X, C,

0 TR PROF ZA 1o

VETERINARY TOXICOLOGY

M5, CLARKE, E. G. C. . Yet. Coll., London, Engl., UK) -
wu i the g (M,,ng’m YETJ 116k 3t0.1Mm.

1 BIM. FRIES, G. ¥., G. 8. MARROW, ard C. B. OCORDON.
Usim. Husd, Rea, Div., Beltsville, Md., URA.)
e aad retentiom of DODT datry cowm,
N e of 3 cowe easch ware
413 mg of pp".DDT, p,p'-DOD, or p,p'-DOE pr day for §0 duys. .
Cantenirations of L com ocxmda In mallk Iné appronched, but did mot
mqﬂhhﬂl.-dw.mlmm l’n-lﬂolohn,
M.ll U pp"-DDE, 7.4% of the p,p'- D00, and §.1% of the p,p-OT
33007 (2.1%) amd p,p"-DUD 0.0%) were excreted in the milk.
W the of the compounds ended at §0 duyw, the declims In
wik (2 comcontrations of all compowmds ¢ould be devcribed as the
S of 3 18- order tarmes. The initial pariial coucontrations of B
1% wrm wore 041, 9.91, and 0,41 with raies of decling of 87, 41, and
3T pow duy tor p,3°- DOT, p,p’-100, amd p.p'- DDE, respactively.
mrtial concentraiions of e $nd term were 0.09, 0.08,
W, with rates of declian of 1.3, 2.0, and 1.3% por day, respectively.

1l WORD, J. D., L. C. MARTIN, D. L. WILLIAME, E. L
MLUAMS, R J. RANCTERA, T, £. NELSON, and A. D, TILLMAN,
Orp. Anim. Sct., ki, Univ., Stiliwater, Okin, URA.) Ures
Rufde fa the bavive.  J ANIM BCT 298k T-TH1, e
i in proguast cove wien doted by dromch

LT
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3811138133

with urea 5t g level of 0.44 gn/xg body weighl. Symptoma of wrea
taricity appeared within 10 min, This treatment proved fatal to
cown which had been previoualy fanted and thes administered 2 3%
v/v noiwtton of acetic acid at the rate of 2 males of acetic acid per
wole of wren. A method was developed tor handling precrant cowa
to obtain high bi~od NHy- N Jevels for 2 short period ¢ time bt

o keap the cowe alive, Cows were fed a poor-quality graes hay vp
to the time of urez adminimtration. Four hr prior to urea administra.
tion, Uwy were fed grain corghram at & level of 5 gm/kg body wei gt
for & wtandard weighl of 352 x"-w\ adjustment for grester weights
being made on the basts of W . 75kg. When acetie acid wes given at
tha rate of 2 moles/mole of wrea at 15 min and at the rate of 1 mole/
mole of ures 180 mia after the wres was administered the Lalmale
survived. Using this procedure, 20 pregnant cowa ware Lreatsd and
only 3 death occurred. Treated cows and their uired control were
kept under yegular mamgement conditions for asother 12 me. and
treatment dad o effect on sumtsr of calves borm, birth weight,
wnaning weight of the calves, or waight changes and rebreeding
performance of te cows.--J. W. 8.

1 38128, CARR, 8, B. (Va. Polytech, Inst., Blacksturg, Va., USA.),
and DON . JACOBSON, Bovime ological res to tomie
fescor and related conditions Tor o Ta & LoMAERY. : 4

served in &3 male Bolstais calves In moutly paired

€£€02820 S%BH

grass &d wot. Bome differences in heart and respiraiton rates ocourred.
Multiple earrelation and regrvssion asalysis Indicated it reom tem.
perature asd lavel of leed intaks $7% of the vartation 1a duily
mets skin trmperature of the taile of the Animals {8 & room with
continaons air movement, Cormplete removal of feed from the animais
for 2 meals before obtaining svasurements also caused redoced tatl
temperaturs, hiart rate, and respiration rate. The most consiatent
reEpones differences betwsen prewaonably toxic and noutiwie sxtracs
wers obizised the day of treatment for Iatragwritoneal administratios
and the day following trestment for aral administration, The assay
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Monitoring Exposures to Vinyl Chloride Vapor:

Breath Analysis and Continuous Air Sampling

EDWARD D. BARETTA,* RICHARD D. STEWART, M.D.,® and
JOHN E. MUTCHLER®

Department of Environmental Medicine, Maryuette School of Medicine, Miltwaukes, Wiscniin,
. and-Environmentel Health Section, Biochemical Research Laboretory,
The Dow Chemical Company, Midland, Michigan

@ An covironmental survey was 2oL ‘ucted to determine the time-weighted average

exposure (TWA) of a grey of racmizal plant workens to vinyl chloride (VQ)
vapor. This survey feature.  _lipviin “2: i 2in¢ air mmpling and analysis wing an
infrared spectrophotomete.. 't ae inhalatiia exposure 22ta were digitized ond record-
¢d on paper tape far suk . juent computer autiysh and derivaticn of daily TWA
values for each worker, A :veath sampling program’ was conducted concurrently
with the environmert\l survey, and a serles of breath decay curves relating post-
exposure breath concentration to vapor exposure were desived from the data. To
validate the breaih curves derived [-om op-the-job data, pestxpocre breath curves
were alw construcied from breath data obtained follwing experimental human
exposures to carcfully controlled concentrations of VCI vaper, ‘The close agreement
between posiexposure breath concentrations at the c.rresponding TWA's ebtained
by each of the methods suggests that &ither continvows air monitoriag or breath
analysis is valid for estimating the worker: individual daly exposure s VCI, and
provides further evidence that breath analysis is & useful indwerial hygiene technique
for evaluating vapor exposure, ..

¥028c0 S=®H

Introduction

by the large number and varicty of tasks per-

HE QUESTION THAT MAY ARISE

following an environmemtal survey is
whether the chomnical vapor concentrations
measured are truly representative of the ex-
poture Leing experienced by the workmen,
Eva'ation of the ranges of atinospheric con-
cenirations and “estimates of tinc-weighted
average concentration (TWA) are all too
often based on a few spot samples obtained

unlder conditions which are not representa- -

tive of all phases of a niven operation. A
more exact measurement of vapor exposure
would have to he based on continnous moni-
toring of air in the workman's breathing
zone during his entire work shift. Olviousdy
this 1ask is made difficult and often impossible

‘This Rujuer  was peewnted ol the Amevican  Indwtrial

" Wynirne Canlrrence. St Lo, Mivasri, Mav 1947, J03,

'Malqrrlle Schemd of Medivive, Minmder, Wreimin.
. e Bow Chewical Compawy, Midlaml, Afickican,
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formed by today's swndern chemical plant
worker, ’ o .
Recent improvements in automatic moni-
toring and data processing equipmient have
provided a means for a more satisfactory so-
Jution. Scvjuential samplers and  automatic
analyzers and recorders can now be used
to continuously monitor several locations or
operations to provide shore valid data ou
which te base estimates of chemical exposure,
Computers can be utilized to manage the
large volume of data generated by continu.
ous mionitoring.? .
Mcanwhile a technique has been us der de-
velopment which more precisely defines the
level of individual . The realizatian

that the total bady burden of a volatile cham- -

ical is dircctly selited to 'its concentration in
expired air ked to the ‘developmient of tech-
niques for collecting and analyzing hreath
supples useful in estimating the more indi-
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vidualized exposure expericnce of cach work-
man. Studices by Stewart ef al. ** have shown
that the cxcretion or ““decay” of vapor in the
breath can be used to characterize the ex-
posurc. Breath decay curves constructed for
several chemical solvents have proved clin.
ically useful as an index to chemical. expo-
sure. .

These breath decay curves, for the most
part, were constructed from postexposure
breath data obtained from experimental hu-
man exposures to carcfully controlled and
relatively constant wvapor concentrations.
However, breath decay curves have recently
been constructed from breath data collected
from workers whose work environment was
being continuously monitored,? -

In this study of human exposurc to vinyl
chloride (VCl} vapor, breath decay curves
constructed from data obtained during ex-
perimental exposures to the relatively uni.
form concentration within an exposure cham.-
ber were comparcd with those derived at the
theoretically equal, but broadly fluctuating,
concentrations encountered in A chemical
plant atmosphere. A measure of the validity
of continuous monitoring data and the use-
fulncss of breath analysis in assessing time.
weighted average exposure was reflected by
a close similarity between the two sots of
breath decay curves.

STATION STATION 3

STATION 2

starion 4 ! sration &
P

TRE - WUIGHTED MEAN CXPOSURE « Q04 z [ AN

Whars & o swen concenvration ot Sigtisa i
F; * porcowt of hme spent o lecotim §
doring sovmsl werk srtioity

Frourr 1. Schematic diapram of the infrared
continvous monitoring system.
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Procedures
Meonitoring the Plant Atmosphere

The chemical installation surveyed was a
closed structure housing scveral separate
chemical processing operations. First, a job
survey was conducted for cach of four job
classifications to detcrmine the work arcas

frequented by the workmen and the time they .
spent in cach arca. For each job classification,

five sampling probes were strategically placed
in the work area. A sixth probe was placed
outside the building, and charcoal and silica
gel Rlters were placed in the sampling line
to aswure a clean air reference. The sample
probes were 5/16-inch LD, Saran tubing

_through which air samples were drawn by a

vacuum pump at a rate of 175 liters/min
to a centrally located infrared spectrophotom-
cter. The spectrophotometer was equipped
with a 10-incter path-length gas cell sensi-
tive to 5 ppm of VCI at a wavelength of
10.63 microns. The VC! concentration was
Linearly related to absorbance up to approx-
imately 1000 ppm.

A schematic diagram of the sampling sys.
tem is shown in Figure 1. Sampling was cx-
ccuted sequentially with a sct of six two-way
solenoid valves controlled by a timer which
advanced the sampling location cvery 5 min-

Atex. A visual account of transmittance was

recorded on a strip chart recorder. Mean-

while the data were recorded in digital form

on paper tape by a tape punch and digitizer-
programmed to record three cqually spaced
tranamittances during the last hall of cach
S-minute sampling period.

" The tranunittance data furnished by the
speetrophotometer was converted 1o absorb-
ance and reduced to concentration according
to Beer's law:

| (X, —X%)
A=Logig (X;—~X™)

= absorbance
- base-line rexponse,
response at 1otal alorption.
.- = response at location i
= 2,3,4,5,6,

602820 S%?Hd
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Finally,

C=KA
where

K = a proportionality constant,
C = concentration - )

The taped data were processed by & Bur-
roughs 5500 computer at The Dow Chemi-
cal Company Computation Research Labora-
tory. The computer was used to calculate
the mean and standard deviation of concen-
trations at each location for each 8-hour
work shift. Finally, timc-weighted average
concentrations were calculated for each job

clagification using the time-locationt data

obtained from ¢he job surveys. As described
elsewhere,! the weighted percentage of time

during which concentrations exceeded sev- -
eral prechosen levels was also computed for -

use in establishing exposure profiles.
Figure 2 describes the exposure profiles
(frequency distributions) foc the four job

classifications studied during this survey.

These profiles show the percentage of time
that concentrations exceeded the “levels
shown. They summarize several tens of thou.-
sands of individually measured concentra-
tions and reduce them to single curves. Fig-
pre 3 shows the corrective trend brought

about by actions undertaken to reduce the

atmospheric concentration of VCI over the
7.month period during which the study was
conducted. Only two job ctassifications war-
ranted extensive study, but men in all four

classifications were asked lo participate ‘in

the hreath sampling program.

On-fh:-]ub Breath Sampling

Three separate breath 'sam'pling proéi'hl-us
were conducted concurrently with the envir-
onmental plant survey, designated by the

boxed portions in Figure 3. Fach worker
collected three breath samples daily---the first

on his arrival homxe from -work, the second
3 to 10 hours later, and a final sample be.
fore returning to work the following day The
samphs were collected in pipets cunstructed

from short Jengths of 20 soft gls tubing .
" trations sneasured _duding the srvey, Periods dur-

to whirh had been welded at ‘each end the
thrraded powtion afl a 2edram (Bl sorews

L L WP

" " Fuouns 2.

M A W N BHERNENE R BN
TER-UPMETED 5 &F TRE Vol CHuCIITRAS §CEDNCS Wil Eemay

ure profiles expressed as VOI
vapor concentration versus the exposure [requency
distribution for the four job clamificationt

cap glass vial (Figure 4). The overall length
of the pipet was about 9 inches, 0 it could
be convenicntly and inconspicuously trans-
ported to and from work in a lunch bucket.

The plastic caps were lined with sx layers
of Saran film, identical to that used for the
construction of Saran air sampling bags. A
3/32-inch hole predrilled through one of the
caps provided an acces for withdrawing
samples. The Saran liners provided an ef-
fective gas barrier 0 that vapor losses were
held to less than 10% for a holding period
of 3 days. T

When collecting a sample the subject was
asked to remove the caps, place the pipet to
his lips, and breathe normally in through his

nose and exhale through the pipet three -

~ =

PR ¥ -~ . o

o LILLE yRRES. A1)

Scimge] v | cometr] e ) Aon T Ve

2. "iv". N
Fuiunr. 3. Werkly mean vapor expusare concen-

ing which tueath sampling was cnduried are rep-

srewsted by the nsrd-in L SRR
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Ficuxe 4. Glass pipet (50 m!) used for collect-
ing breuh umples. One cap has a predrilled hole

for ling. Both caps have.Saran liners -

whic snl c plpet chamber.

times. After expelling the fourth breath he

quickly caps the tube, trapping a portion of
alveolar air. The importance of writing the

name, date, exact time of sampling, and the.

workshift most recently completed, on the
label attached to each pipet, was stressed,
Aliquots were drawn [rom the pipets with
a }-ml Hamilton gas-tight syringe and ana-
Iyzed in an Acrog'raph A-600B gas chromato-
graph using N carrier gas and a hydrogen
flame detector. Separations were made with
a 6-foot, Va-inch LD, stainless-steel column
packed with Carbowax 20M alkaline on
Chromosorb YV 60/80 mesh acid-washed.

Exposure Chamber Operation

Three experimental human exposures to
VC! were conducted at nominal vapor con-
centrations of 50, 250, and 500 ppm. The
exposure chamber was a room measuring 41
feet by 6 feet wide by 7.5 feet blgh. The
room had a continuous positive air mpply
and exhaust system capable of maintaining
a slight negative pressure within the cham-
ber. Continuous distribution of the cham-
ber air was achieved by recirculating the air
with & squirrel cage f2n _through a series of

“inlet and outlet ducts spanning the length of
. < the chamber, I’he V] was metered into the
- - duct carrying air exhausted by the squirrel

ﬂge fan and entered the room atmosphere

via the recirculation system at a rate sufficient -
- 10 maintain the desired atmospheric concen-

tration. The vapors'were introduced from a
ssurized siorage qlmdcr through- 6 feet

-of Yeineh 1N mmlm-mel tubing into &
rotameter’ prior to entering the circulating air
duct. *A ‘heating tape wrapped around the
stainless-steel tubing prevenid condensation
of the VCl and slnlnlwd llu Mlow of the
wTNApen, el . T - :

l'lu- concentration of V(I in the chambsr

" 'was _constantly wonitond wnh a Prrkm-F.l-

L R o R VN

'_‘.,“- -".",.l' »
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mer infrared spectrophotometer  eguipped
wuh a 10-mcter path-length gas ccll. A sam-
pling probe, consisting of 5/16-inch 1.D. Sa-

ran tubing, was centrally located during the -

exposure to represent the breathing zone of

all subjects within the chamber. The probe.

was moved about prior to each exposure w
detect imbalance of vapor concentrations
within the chamber so that necessary cor-
rections in the recirculating systemt could be
made. Air sampics collected periodically

within the chamber throughout the exposure .

day we-e analyzed by gas chromatography for
added assurance of analytical accuracy. Both
the infrared spectrophotometer and the gas
chromatograph were calibrated before each
experiment and at intervals throughout the
exposure day. '

Each 7.5-hour exposure day included a
0.5-hour lunch period in an uncontaminated
area outside the exposure chamber. The
TWA concentration was caleulated on the
basis of 7.5 hours of exposure,

Clinical and Laboratory Procedures

Each subject had been under carcful medi-
cal surveillance by the medical department
for a number of years, and each was given a
complete medical examination a few days
prior to the VCl exposures Included were

a complete urinalys's and 24-hour urine for

urobilinogen, complete blood count with sed-
imentation rate, reticulocyte count, SGOT,

SGPT, LDH, alkaline. phmphamu- BU\Y '

creatinine, and bilirubin.
Fach mbjﬂ:l received a repeat plnysical

examination 1 hour before emenng the ex- .
: posure chamber. 'This examination included

measurement of temperature, blood pressure,
and pulse rate, a neurological examination,
and colh-f'hon of blood and breath samples.

A questionnaire noting the presence of any -

symptoms of illncss (for example, headache,

_nausea,”dry throat) complried ﬂu‘ prr-rx-.

posure. medical evaluation,

After the subjeet entered the” rlmmhcr. .-

total expired breath samples were collected
every haur by having him breathe out through

" a Saran tube keading to a Saran plastic col- -
e h-c\um hag located outside the chamber.
“Tidal \;nlumo nnd tolal ﬂquralory _capacity -

- .,‘-v AR .. a
T ‘ . =,

LA e “_5‘“.

T e g L
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were measured in the morning and again late
in the afternoon exposire periods.

Subjective and neurclogical responses were
measured before the subject entered the
chamber, 15 minutes after entrance, and at

}-hour intervals thereafter. Flannagan Co-.

ordination and Crawford Manual Dexterity
Tests were conducted at midniorning and
again in the altermoon. Breath sampling be-
gan immediately after the subject left the
exposure chamber, A 24-hour postexposure
urine sample was collected and a blood sam-
ple was drawn the following morming for
SGPT, LDH, alkaline phosphatase, BUN,
creatinine, and bilirubin determinations.

Analysis of Breath Data .

The decay curves for the breath vinyl chlo-
ride concentrations were constructed by step-
wise multiple regression using a digital com-
puter. ‘An empirical relationship of the form
Concentration = f (TWA, time) was select-
ed from a choice of several terms, cach based
on TWA and/or time. The resulting regres-
sion equation best represents the ordered re.
lationship between breath vinyl chloride con-

centration, time.weighted average exposures, -

and postexposure time.

Ea:h breath decay curve has an associated
standard error of regression which can be
used to compute”the confidence band for any
chosen level of significance. The 95% con-
fidence band for the mean of a group of ob-

" servations was chosen in this case to describe
" - the statistical error associated with the breath
+ data and the regression technigue,

Results
Experimental Bieath Curves

A total of 13 nien participated in the three
experimental chamber exposures at nominal
concentrations of 50, 2530, and 500 ppm pro-
ducing a total of 160 wvalid breath data
points. Five of the six subjects exposed to 50

. Ppm were reeexposed at 500 ppm 2 days

later. ‘There was no measurable residual vinyl
chloride detected on the breaths of the sub-
jects ‘prior 10 the scond exposure. Serial
breath sampling was initiated immediately
after the subjects Jeft the exposure chamber

- and continued up to 20 hours fellowing the

exposures. .

Tamx | .
Experimental Human Exposure to Vinyl Chlotide

— $

[V~ 4 i

. Concentration

{ppm) Range TWA*  Numbsr of
5 {ppen) (ppm)  Subjecm
35 2 £3- 33 42 [
241 R 25243 M4 4
493 7 - S1B-471. A 4
L)) 3, 525-475 R ) L .?

STime-weighted avernge concedtration biwed 7.3 bowrs
tocluding 3 0.3-bowr i::cl period in aa llu.:mmiu-d
aren.

SContinveus exposure for 3.5 bouns,

Table I shows the analyzed concentration
to which the subjects were exposed. Calcu-
lations of the mean and standard deviation
of exposure concentration are based on chart
readings from the infrared spectrophotometer
taken at S-minute int>rvals over the two 3.5-
hour exposurc periods. The TWA is based
on the total 7.5 hours which included a 05-
hour lunch period in an uncontaminated
area.

The final breath decay curves intended for
use as an index to VCl exposures were ad-
justed to TWA concentrations of 50, 250,

‘

w00 r_——
(1) —- {3
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w0 _”‘m !nn
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Fiouaz 5, Breath decay cueves based on experi-
mental human exposuires 10 50, 250, amd 500 pram
of VO (7.5-hour TWA).
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DAILY VARIATION IN EXPOSURE TO VCL. VAFOR
(B ivr TWA)

[} FL 2 n »
DO"G'MM’! Sadt par () S0t Nvee B
St v O

Fioune 6. Variation in VCI vapor expasure for
three shifts.

and 500 ppm (Figure 5). A 100-ppm decay
curve was interpolated from the available
data using regression analysis. These curves
are presented with the calculated 95% con-
fidence bands for the mean of a group of ob-
servations,

On-the-Job Breath Curves

Ten workmen participated in the on-the.
job breath sampling program, producing a
total of 91 usable sets of data. Ten percent
of the breath samples collected were discard-
ed because of pipet leakage or poor sampling
techniques,

Absolute breath levels ranged from about
20 ppm in one sample taken less than 1 hour
after an 8-hour TWA of 250 ppm, to barcly
detectable levels (<0.05 ppm) in samples
taken after exposures at TWA's below 50
ppm.

The extremely broad variation in the
TWA's experienced by workmen during one
of the periods in which breath sampling was
being conducted i demonstrated for three
shifts of men bearing the job clasification
“coagulator operator™ (Figure 6). Minute,
hourly, and daily fluctuations in the concen.
tration of a contaminant are most descriptive-
ly revealed hy continuous monitoring. This
method of sampling quickly points out the

fallacy of judging TWA and peak exposure

concentrations an the basis of spot sampling
or periodic surveys of brief duration.

The remarkable corrclation between hreath
concentration and comesponding TWA val-
ues made it possihle 10 construet the series
of breath deeay curves shown in Figure 7.

November-Decembrr, 1560

with confidence bands only slightly wider
than those from controlled human experi.
ments. The close similarity between these
curves and those constructed from controlied
exposure data are further illustrated in Fig-
ure 8. . .

Human Responses

From'a subjective standpoint no significant
untoward affects weré noted at any of the
exposure concentrations. The only complaints
were those of two subjects who reported mild
headache and some dryness of their eyes and
nose during the 500-ppm exposure experi-
ments.

No odor was detected by anyone entering
the exposure chamber at 50 ppm. At 250
ppm all four subjects entering the chamber
initially reported that they could detect a
very slight odor of the chemical. Five of the
seven subjects entering the exposure cham-
ber at 500 ppm were able 10 detect the odor
of VCI, but after 5 minutes of exposure those
five were unable to detect it even with forced
inspiration. Three of the four subjects re-
entering the chamber after lunch were able

00
&0
lm:nn VINYL CHLORIDE
CONCENTRATION, PPN |
0
10 —an
" —
a0} e 4%, CONFIOEMEE BAND
20 <
"0 \ )
> s
os IS
0 \‘:3,
. \ -
o2 - \P“ )
Y - 3
006 i i
e f—L—F 1" s J&l.‘,’
RN Pl F ~}
m X B3 - -
001 ™~
Ot 4 & 8 W0 12 B N N ®

POST EXPOSIRE Tamg, HOURS

Ficune 1. Breath decay curves derived Jrom
breath data collected from workens following om-

- thesjoh exporures to VCI vaper (8-hour TIWA),
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to deteet a faint odor of V(). Onc subjeet
could detect a faint odor on decp inspiration
for approximately 15 minutes alter catering
the exposure chamnber. )
The exposure had no noticeable cffect on
ncurological responscs, nor did it produce sig-
nificant changes in the results of mental, co-
ordination, or manual dexterily tests conduct.
ed during the exposure period. All clinical
laboratory studies performed in the post-
exposure period were nonual and not signifi-
cantly different from pre-exposure values.

Discussion

'The object of the envirenmental health
survey is to identify the atmospheric contam-
inant, determine the exposure level, and re.
late this to the health hazard it presents. If
onc is to judge harzard by ambient concen-
tration measurements, then those measure-
ments must accurately deseribe the exposure
on a continuing individual basis. A carefully
conducted survey combining continuous anal-
ysis of the work room atmosphere with a
comprehensive job study will provide data
valid for estimating timc-weighted average
cxposure,

On the other hand, breath decay curves
constructed from breath data collected dur-
ing continuous plant monitoring are in clome
agreement with these obtained from exposure
chamber experiments with VCL These curves
should therefore be uscful as a second meth.
od for assesing exposure to VCI vapor.,

" ‘The choice of whether one or hoth meth-
ods should be used depends on prevailing
circumstances and on the thoroughnes de-
sired. For example, data useful in describ-
ing peak exposures are obtained from con-
tinuons monitoving. Concurrently, exposure
trends and concentration gradients may help
identify plant operational incfficiencies and
equipment malfunctions by revealing specific
sources of ciission. Correcting these prob.
lems not only restores a healthful work en-
vironment but often results in bonus savings
by reducing Josses of raw material and prod-
wet.

Continuous monitoring, however, is ex-
tremely costly both in time and in the equip-
ment required, The scope of data acquired is
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Fuoure 8. Com:r.ugwn of breath decay curves
derived from the oz.tbe-job data and the experi-
menta) human exposure data.

limited by the rumbwr of sampling probes,
and these proivs are not always capable
of accurately measiing the individual's daily
exposure expesicnees. especially should thes
involve mnusial incidences such as chemical
spills or exivsuree outside the monitored
area,

Breath anansds hus the advanage of in-
dividualizimg each worker's integrated daiis
exposure.  Brearh Jecay curves, ac an indes
of exposure, v:Ter 3 means of eatimating the
average dathy mdividual exposure on the basis
of a few breazh samples taken serially in e
postexposure =o2in, Consequently bivath:
analysis can T usad W diagnose acowell ae
quantitate ar exivsure which hac alresdh
occurred. Tz 35 2 relatively inexpensive and
simple methad which can be put into wwree
tion witlzo'.;: extengive and costly prelinenan
preparations,

However, svatasure breath anabisis die s
not prvide indemiation on the daily e
tions of expysiize. and the peak exprsure co-

centrations aze =21 made evident by ueatd

data. Finalv. Tieath analysis is nt applis o
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ble to all chemicals, and breath deeay curves
established for one chemical are not usclul
as an index of exposure to any other chem.
jcal, :

The decay curves presenicd here -are in-
tended to serve as an index of exposure to
vinyl chloride vapor and are based on an
exposure duration of 7.5 hours.for the experi-
mental exposures, and 8 hours for the on-the-
job study. The close agreement between the
two sets of curves and the narrow confidence
bands obtained in cach case demonstrate the

uscfulness and accuracy of hoth methods

for estimating TWA :xposurcs and indicate
the inportance of breath analysis and the
need for expanding its use in evaluating ex-
posurcs to other widely used volatile organic
chemicals.

November-Decembir, 1964
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THE TOXICITY OF VINYL CHLORIDE VAPOR .
A Brief Summary of the Published Literature
February 7, 1974

The following articles and abstracts, compiled by The Dow
Chemical Company, are beiieved to include most of the significant
scientific information on the toxicélogy.of.vinyl chloride

in man and animals. The articles and abstracps.a;e arranged

in chronological order. Articles published in the last .

half of 1973 may not be included if they have not been

abstracted by‘Chemical Abstracts or Biological Abstracts.

Important review artiéles which summarize much of the old
literature have been used to cover the literature prior to
1961-1962, Therefore, copies of certain articles and abstracts
described in these early reviews are not included in this
compilation.

Since vinyl chloride (chloroethene, CHZBCHCJ.) is a gas .

at room temperature and pressure, the common route of

toxic exposure is by inhalation. As with many liquified
gases, contact of the skin or eyes with escaping compressed
vinyl chloride can produce freezing and frostbite.
(Torkelson et al, 1961).

Vinyl chloride has long been considered to be very low in
toxicity by acute inhalation. Lehmann and Flury (1938)
summarized the literature and reéorted work by Schauman
who considered vinyl chloride to be a candidate surgical
anesthetic. Schauman reported little pathological changes
even after repeated exposure to anesthetic concentrations.




W. F, von Oettingen (1955) of the U. S. Public Health
Service summarized the available toxicity data on many
halogenated hydrocarbons in an excellent monograph.

According to von Qettingen, séveral authors had repo;ted
vinyl chloride to be‘rapidly‘absoibed and excreted through
the lungs and Eo cause anesthesia. The following is

von Oettingen's =summary of the'toxicity of vinyl-chloiide
in animals and man:

"As to the toxicity of vinyl chloride, Patty, Yant, and
Waite (1930) studied ,this in guinea pigs. They found that
exposure to 20 to 40 vol.'percent kills the animals in a
very short time, that concentrations of 10 wvol. percent

are dangerous to life with exposures for 30 to 60 minutes,
and that 0.5 vol. percent is the maximum allowable concen-~
tration for several hours' exposure without causing acute
disturbances of severe nature. Animals exprsed in this way
showed some edema of the lungs and hyperemia of liver and
kidneys. They considered vinyl chloride less harmful than
chloroform or carbon tetrachloride and of a similar order of
toxicity as ethyl chloride. Schaumann (1938) found that mice
and rats tolerate repeated light narcosis for 4 hours daily
on 5 to 8 consecutive days and for 1 hour daily for 4 weeks
without showing kidney or liver injuries. Dogs which had
been narcotized for 3 hours with 10 vol. percent on 7 °
occasions in the course of several weeks showed no consider-
able changes in kidney and liver. Higher concentrations

(20 vol. percent) caused in dogs marked salivation,
respiratory arrest, and vomiting after narcosis. Peoples
and Leake (1933) determined the lethal range for mice with
10 minutes' exposure as 10 to 12 mM par liter, and Schaumaunn
(1934) determined the vinyl chloride level in the blood
at the time of cardiac arrest as <40 mg percent and at
the time of respiratory arrest as 27 to 30 mg percent,
the same value for chloroform being 60 to 70 mg percent.
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Regarding the tozxieity of vinyl chiorid: for man, Patty,
Yant, and Waite (1930) expressed the opinion that the gas
does not possess adequate warning properties because of
its odor or irritant action, but that it gives warning

by producing symptoms of dizziness and disorientation in
advance of harm, except'when present in exceedingly high
concentrations which would cause almost immediately help~

lessness and unconsciousness.

Inhalation of 2.5 percent

will soon cause dizziness, disorientation, and a-burning
sensation in the soles of the feet, which symptoms disappear
immediately after discontiﬁuation_of the exposure excepﬁ

for a slight headache which may last 30 minutes. "These
authors suggested the use of vinyl chloride for narcosis

in man."

As a result of two deaths in Canada, the acute inhalation
toxicity of vinyl chloride was studied by Mastromatteo
et al (1960) who reported that exposure of mice, rats,

nd guinea pigs to 10, 20, and 30 volume percent vinyl
chloride caused the following mortality:

NUMBER OF DEATHS IN DIFFERENT GROUP3 OF FIVE MICE, RATS AND
GUINEA PIGS EXPOSED FOR THIRTY MINUTES TO VARYING CONCENTRA-
TIONS OF VINYL CHLORIDE IN AIR

Vinyl chloride

concentration Laboratory animal Total
{(percent by . -

volume in air) Mice Rats Guinea pigs
10 0/5 0/5 0/5 0/15
20 1/5 0/5 0/5 1/15
a0 5/5 5/5 1/5* 11/15
40 - - 2/5% 2/5

Total 6/15 5/15 3/20 14/50

* A delayed death occurred within 24 hours following exposure.




Some pulmanary hyperemia and engorgement was observed
by these investigators, but liver and kidney injury were
remarkably low. Deaths_were due to narcosis.

The first report of studxes to determxne the effect of
long-term repeated exposure (6 months) were summarized
by Torkelson, Oyen and Rowe (1961) as follows:
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"Repeated exposures of laboratory animals t¢ several concen-—
trations of vinyl ch}oride in air were conducted to determine
the chronic toxicity of this material towards aznimals in

order to assess the hazard to humans. Vinyl chloride wus

found to have a slight capacity to cause liver and kidney -
injury on repeated expcsures. Male and female rats showed
micropathological chargea after repeated daily 7-hour exposures
at 500 ppm for 4.5 months. Repeated 7-hour exposures at

200 ppm for six months resulted in micropathological changes

in the livers of rabbits and statistically significant increases
in the average weight of the livers of male and female rats

but no detectable changes in dogs and guinea pigs. Repeated
7-hour exposures at 100 ppm resulted in slight increases

in the average weight of rat livers, the other species

were not aff:icted. All species studied tolerated repeated
daily 7-hour exposures to S0 ppm for six months with no
detectable injury.

Repeated daily l-hour exposures at 200 and 100 ppm of vinyl
chloride were without effect, longer exposures caused a slight
increase in liver weight.
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The standard for evaluating regular daily 7 to 8-hour.exposures.
may be defined as the concentration below which practically

all analytical results must fall. The value of 100 ppm is
suggested as this standard for vinyl chloride, with a time-
weighted average for all exposures not to exceed 50 ppm."

Lestef; Greenberg, and Adams (1963) took strong exception
to the conclusion of Torkelson et al (1961) that S50 ppm
should be a maximum'time weighted average exposure for
workers. On the basis of 3 months exposure of rats to 2
volume percent and 19 days to 5 volume percent, they
concluded that 500 pﬁh was acceptable as a TLV despite
minor changes which they observed in rat livers and which
they considered "were within the normal range and were
not pathologic in nature.”

Because of these conflicting reports, the TLV Committee of

the ACGIH in 1963 chose to change their TLV foom 500 ppm

as a maximum time-weighted average for industrial exposui:e .
to 500 ppm as a ceiling value. ﬁAmerican Conference

Governmental Industrial Hygiene, 1963).

Since 1962, numerous European articles on vinyl chloride

have appeared, particularly in the Russian literature.

For several reasons, these articles are difficult in interpret
in terms of chronic toxicity since the reported exposures

were to mixtures or were otherwise ill-defined, the

exposures are often acute, or the criteria of effect was

a minimal change in response or behavior, such as a subtle
change in a conditioned response.




In 1967, reports apneared in the literature describing a
condition known as acroosteolysis in workmen engaged in
polymerization of vinyl chloride to polyvinyl chloride.
Harris and Adams (1967) reported on two cases in Europe;
Wilson et al (1967), reborted on 37 cases in the B. F. Good-
rich Cqmpany."BaééIaev (1970) described the use of large
frame photofluorography for diagnosis of ac;ooétgolysis in
Russia. Basalaev et al (1972) described studies in rats

and rabbits and claimed to have produced the disease in these
species. Féthiere and Kerzner (1972) discussed the disease
as did Jthe et al of the University of Bonn (1973). JUhe

et al (1973) described a -syndrcme consisting of (arranged

in decreasing order of occurrence) thrombopenia, splenomegaly,
liver damage, obstruction of ventillation, circulatory
cbstruction, and skin and bone alteration.

As a result of this problem, the University of Michigan in 1967
was retained by the Manufacturing Chemists Asscciation to
investigate this disease in sponsoring American companies,

The results of a large scale epidemiological study of workers
then currently employed in vinyl chloride and polyvinjl
chloride.production were reported in three publiications

by this group (Dinman et al, (1971) Cook et al, (i1971)

and Dodson et al, (1971)). '

Dinman et al summérizgd the study as follows:

"An epidemiological study was performed covering 5,011
- employees with 21,510 man-years experience in various phases
.of vinyl chloride (VC) and polyvinyl chloride (PVC) manu-
; facturing in 32 plants throughout the United States and

Canada. The total number of definitive cases of acroosteolysis
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(AOL) was 25; 16 other individuals were under suspicion. .

This condition is clearly ascociated with the hand cleaning
of polymerizers. Workers engaged in other phases of VC or
. PVC manufacturing do not appear to be at risk of develobing
AOL. The jmportance of Raynaud's phenomenon as a con-.
comitant of AOL i§ emphasized. Several stavistical approaches
for rapid medical survey are suggested. Ac;oésteolyéis
appears to be a systemic rather than local disease. Presently,
neither the etiological agent nor its portal of entry is known.;

Cook et al describes the polyvinyl chloride production
process in considerable detail. They concluded that although
no etiological agent could be identified, "There appeared

to be a correlation lketwean the extent of degassing prior
to entry into the reactor” and the incidence of acroosteolysis.

Mutchler and Kramer presented a paper at the 1938 Gordon

Research Conference which was subsequently published (1972),

which reported on "The Correlation of Clinical and Environ- .
mental Measurements for Workers Exposed to Vinyl Chloride "

The authors drew the following coneclusion: '

"Oour findings suggest that repeated exposure to Qinyl chloride
at TWA levels of 300 ppm or above for a working lifetime
together with a very low level of vinylidene chloride may
result in slight changes in certain physiologic and clinical
laboratory parameters. The possibility of some impairment in
liver function tests must be considered, even though no
overt clinical disease was evident in any of the individuals
studied. We shall continue our study, but suggest that
similar studies to help clarify the effects of this material
be pérformed for other worker populations exposed to vinyl
chloride alone.”
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The MCA sponsored studies by Dinman et al and Mutchler and
Kramer appear to be the only two significant egidemiological
studies on vinyl chloride reported in the literature.

P. L. Viola, in an attempt to produce acroosteolysis in
animals, exposed-rats 4 hours per day, 5 days per week to
30,000 ppm (3%) vinyl chloride vapor. (Viola, March, 1970).
In pis first report on the results of 12 months exposure,

he described metaplastic changes in the bones which he con-
sidered similar to the human disease acroosteolysis. He
made no mention of having observed cancer in these animals
until the Tenth International Cancer Congress in May, 1970.
In the abstracts of this meeting, (Viola, 1970), and sub-
sequently in May, 1971, viola, Bigotti and Caputo (1971)
reported tumors of the skin, lungs and bones occurring first
after 10 months of exposure., The authors summarized this
work as follows: '

"Rats (Ar/IRE Wistar strain) exposed for 12 months to vapors
of vinyl chloride developed tumors of *he skin, lungs, and
bones. The cutaneous tumors, which always appeared in the
area in which submaxillary and parotid glands are located,
have been histologically recognized as epidermoid carcinomas,
papillomas, and mucoepidermoid carcinomas. The morphological
characteristics of lung tumors, which occurred in a lower
percentage, were mainly of the adenocarcinoma type, with the
exception of a single epidermoid tumor originating from the
epithelial covering cells. In a minor number.of rats, a
large proliferation of cartilaginous tissue diagnosed as
ogteochondroma developed in the metacarpal and metatarsal
regions of the four limks.
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This report by viola et al is apparently the earliest and
only publication in which carcinogenic activity has been
ascribed to vinyl chloride. Although there are possible
deficiencies in Viola's study, such as his very impure
sample, the presence of food and bedding in the exbosure
chamber, excessive exposure concentration as well as in
the statistical evaluation and interpretation of the
lesions, the report is of serious concern and has resulted
in additional animal and epidemiological studies

which are currently underway (MCA Press Releases).
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