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Abstract—A lifespan oral toxicity study of vinyt chioride monomer (VCMI was carried our in Wistar
rats, using five groups each of 60 80 males and 60 - BO females. VCM was administered by incorporating
polyvinyl chloride {PVC3 powder with a high VCM content into the diel or by gustric intubition of a
10", VCM solution in soya-bean oil. The VCM doses (actual exposures) were O {(controll. 1-7. 50 and
141 mg-kg body weight day provided by dsets containing PYC powder, and 300 mg kg body weight
given by stomach tube as a solution of VCM in oil on $days;wk. The death rate was higher in ait
VCM-treated groups than in the controls and incteased with increasing VCM doses. The 141- snd .
300-mg kg trealments were associaled with shortened blood-clotling times. slightly increased a-foetopro-
tein levels in the blood serum, hiver enlargement and an increased hacmalopoietic sctivity m the spleen. .
A variety of neoplastic and non-neoplastic treatment-related liver kesions was found at cach of the VCM |
levels, The chunges varied from swollen and irregularly-shaped mitochondria in hepatocytes 10 hepato-
cellular carcinomas and hepatic anprosarcomas. The tumour response of the kiver appeared 1o shift from

a predominance of angiosarcomas at the highest dose level i a mixture of angiosarcoras and hepato-
celluiar tumours at the intermediate levels 10 the exciusive development of hepatocellular tumours at the
fowest VCM level. Tumours attributabie to VCM exposure and found a) other sites included pulmonary
angiosarcomas. extrahepatic abdominal angiosarcomas and tumours of the Zymbal glands: these neo-
plasms occurred at VCM levels of 50 mg kg and above. In addition, there was some evidence that VOM
exposure enhanced the development of abdammnal axesothcliomas and of adenocarcinomas of the mam-
mary glands Thus. the present \tudy showed that orally administered VCM 15 8 carcinogen in rats, and
that the “no-abserved-adverse-effect level” in rats was lower than 1-7 mg g body weight day under the
nigorous condiions of continuous oral VCM exposure resutuing from the release of VCM from PVC

powder present 1n the gasiro-intestinal tracy,

/.

INTRODUCTION

Industrial exposure to viny! chloride monomer
(VCM) has been associated with disorders such as
acro-osteolysis. non-malignam liver disease, angiosar-
coma and carcinoma of the liver, and tumours of the
brain and lungs and of the tymphatic and haemato-
poictic systems {Haley, 1975; Hopkins. 1980; Mon-
son, Peters & Johnson, 1974, Rawls. 1980; Thomas &
Popper, 1975; Vale, Kipling & Watker. 1976. Wax-
weiler, Stringer, Wagoner, Jones, Falk & Carter,
1976). In addition. various types of \umours, such as
hepatic and extrahcpatic angiosarcomas, hepatoceliu-
far \umours, mammary-gland cafcinomas, Zymbal-
gland tumours, nephroblastomas. brain tumours, pul-
monary adenomas and nasal olfactory carcinomas, as
well as a scries of non-neoplastic lesions in several

organs, have been found in a number of animal spe-

cies after prolonged exposure to ailmospheres contain-
ing VCM at- sufficiently high concentrations (Basa-
laev, Vazin & Kegichetkov, 1972 Feron' & Kroes,
1979. Lee, Bhandari Winston. House. Dizon &

. Woods. 1978; Maltoni & Lefemine. 1975, Suzuki,

t Ve R

*The study was sponsored hy a group of co-operating
European indusinal concerns, including Verband Kunst-
stollerreugende Industrie ¢V, (FRGL Shell Nederland
Chemie. Dutch State Mines, Akzo Zowt Cheméc Nder-

1978; ‘I'orkdsﬁn. Oyen & Rowe, 196t: Williamson,
1976; Winell, Holmberg & Kronevi, 1976).

Residual VCM present in extruded polyvinyl chlor-

ide {PVC) has been shown (o be liable to migrate into
PVC-packed foods and drinks (Danicls & Proctor,

1975: Fuchs, Gawell. Albanus & Slorach, 1975; Pot. -

ter, 1976; Randolph. 1973; Williams & Miles, 1975}
There is still only a small amount of dala on the oral
toxicity of VCM. In & I13-wk taxicity study, in which
the monomer was dissolved in soya-bean oil and ad-
ministcred 10 rats at levels of 0, 30, 100 or 300 mg kg
body weight, once daily on 6 davs'wk. the no-cffect-
level was conservatively placed at 30 mg/kg body
weighl. but was probably higher since the effects at
the higher doses were of doubiful toxicological signifi-
cance (Feron, Speck, Willems, van Battum & de
Groot, 1975 From prcliminary observations it
appecared that a more practical method for chronic
oral exposure of rais 1o VCM is the feeding of dicts

-containing PYC powder with a high YCM cantent

(Feron et al. 1975). Therefore, in the presemt fifespan

- study, PVC powder containing VCM was incorpot-
.ated tn the diet at levels to give planned daily intakes

of 1. 3 or 10mg VCM kg body weight. This method
does not allow dietary VCM intakes much higher

than 10 mg/kg body we:;ln'day a dose that is. how-

ever, very Iu;h in comparison with 8 recent estimate
of the masimum likely oral daily intake by man, ie.
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NEUROLOGICAL CHANGES IN VINYL CHLGBHHE 1982

EXPOSED WORKERS
MEDICAL

V. STTBLOVAY, V. LAMSL? O. CHUMCAL' V. KELLERGVAY,
V. PASKOVAY | VITOovCOvVA: L 2LaB!

1} Department of Neurciogy, Madical Faculty of Hyglens, Charles University, Pragus
2) Qutpatient Clnic of Occupaticnal Health, Disirict Centre of Nations] Health,
M#élalk, Czechoslovakia

.

. ¥inyl chloride (VC} toxicity for the human organism {s not stll tully
clear. The occupational exposurs to VC is linked with the development aof liver
hemangiosarcomas, or with other malignant processss of varying locality. Some
authors disgnose changes In terms of scleroderma, untversally are described
roentgenologically detected lesions of interphalangeal joints and zonal osteoly-
sis. They ars described in association with Raynaud's syndrome (12, 10, 1, 4,
5 and others). Langs with his coileagues (12} describes angiologically dstact-
ahle constriction of digital arteries, stenosis or partial occlusion of phalangeal
blood vessals. Described are also various typss of dysesthesia (n fingers, parti-
cularly cold and numbness sensations, Also Byczkowska {3] reports frequant
occurrence ‘of finger paresthesia, whitening of fingers, but also of palms and
soles, and other symptoms of peripheral vasomotor disorders.

Neurclogical manifestations are described only sporadically. Spirtas and
collsagues [18) emphasize particularly the narcotic action of VC at.higher
peak exposurs concentrations. This manifests itsel! by vertigo, nausez and hea-
dache palns. Mentioned are aiso hand paresthesias {princkling, formication).
Langauer-Lawowicka (11) analyzes ‘also ths clinlcal symptoms in her group
of 200 examiness who showed most frequently signs of carsbeliar symptomato-

logy. She ‘recorded frequent occwrrence of headaches and sleep disorders, hut
alsg trigeminal nsuralgia.

Becauss of a lack of more detailed neurological studles among the VC-ex-

pcsed persons, we conducted field Investigations among the occupationsally ex-

possd workers in a piant whers thers was six years before put I.nto operation
a workshop with a considerable VC bazard.
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MATERIAL AND METHODS _ Takle 2. Ovarview

The group of examinees consisted of 293 workers (263 males and 30 females), age
18—53 years, mean age 32.8 years. Of these 78 ¥ were balow 40. The average time of

exposurs was 2.8 years {range {rom 2 months to 8 years). After consultations with Complain:
plant physician and plant toxicologist the group was divided ints two subgroups ac- .
cording 10 the lavel of sxposure. The subgroup of high-risk workers, (o which the tea- ¢ /77 g 2 g0
tatively established maximum allowable concentration of 10 mg.m=? had been [re- Sleep disordery
quently and sometimes highly exceeded, involved polymerization workary. and some GIT disorders
malntenance workers (a totsl of 109 persons). The subgroup of lower-risk category of }f‘v‘:& distasbatio

orkears included thoss engaged in drying and bsgging operations, but even hers they Dy'un:h-i.“ Ao
were sometimes exposed to high peak exposure concentrations during clesning and Palpitadons
sampling operations, and those from the othar plant workshops - combustion, compres- Total aumber of ex:
sars, cracking, chlorination, regensration — whets the sxposure risk was relatively low
[a total of 184 parsons).

All the workars were txamined neuralogically, some of them repeatedly. A more

detailed analysis of subjective complaints was parformed on the basis of EOD and NS gastrolntestinal «
questionnaire surveys. Electroencephalographic ezamination with photostimulation was was observed al:

mads in 232 persons (255 recordings). The group of controls consisted of 48 perscas

without exposurs to toxic substancss. In parsons with

ches was double
more than 4 ye:

sychic disturba;
RESULTS ey

An overview of subjective complaints Is presented in Table 1. Headaches
occur {requentiy, but they are less frequent than in the control group. The in- Table 3. Overvie:

cidence of gastrointestinal disorders and other nsurgvegetative disorders {palpl- %
tations, retrosternal pressure sensations} are significantly higher than in con- ~
trols. Psychic disturbances wers observed only in those exposed. by
a Complaint
L
Table 1. Overview of subjective complaints in workers occupationally axposed to vi-
i nyl chloride, In 8 comparison with controls g"d‘d"i. lers
5 3 disorders
Complaints VC — exposed . Coantruls - ertigo
aumber % oamber 8 Psychic disturbstio:
Headache 4 5.7 9 1%.6 . pitatons
Siesp disorders 16 55 2 4.4 Total agsmber of ex.
G1T disordars 20 6.9 1 222 :
Vertige 3 1.0 1 22
Psychis distarbation 13 4.3 0 0.0
Dysesthasia 9 3.1 1 222
Palpitations o 14 .8 0 0.0 posed workers is
Total gumber showsd a sigaif
i -
e examinges 293 100.0 “% - leo.0 cent of mors se:
al > Graph 1 pre
e 19 syndromes detec
st )l Significant differences were observed between the two subgroups of ex- - leston of periphe
2t posad workers divided according to the level of exposure {Table 2). The sub- . :8.7%). Diagnos
- !%’ g group of more exposed workers showed a highex incidence.of headaches and ) or loss of tendor
& :
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Table 2. Overview of subjective complaints in workers occupationaily exposed to wi-
oyl chloride, relation to the level of exposure

Complaints Total Mors expesed Less exposed

sumber & namber » number o
Headache 46 15.7 719 17.4 27 14.7
disordery 16 58 1 6.4 e 3.9
GIT disordens 20 6.9 11 10.1 9 4.9
Vertige 3 1.0 2 18 1 0.5
Psychic disturbation 13 4.5 6 5.5 1 3.8
Dysesthesia 9 3.1 7 6.4 2 w11
Palpitatioas . 14 4.8 H 4.6 9 4.9
Total aumber of examinces 253 100.0 109 100.0 184 100.0

gastrointestinal disorders, and furthermore, of dysesthesia of extremitias. There
was observed also a certain correlation with the length of exposurs {Table 3).
In persons with the exposure time longer than 4 years, the incidence ol heada-
ches was double the incidence in the group with a shorter time of exposed for
more than 4 years. Sleep disorders, gastrointestinal compiaints, vertigo and
psychic disturbances were also more {requent In those with a longer time of 8x-

Table 3. Ovarview of subjective complaints in workers occupationally ezpassd to
vinyl chloride, relation to the length of exposurs

Total Exposure longer Ex‘z:xu shorter

Complaists than 4 years 4 years

’ number S number | 9% number %
Headachs . 46 13.7 24 23.8 22 11.0
Sleep disorders 16 5.5 8 7.9 8 4.2
GIT disorders 20 6.9 9 8.9 11 5.7
Vertigo 3 10 3 .0 [} 0.0
Psychic disrurbation 13 4.5 8 1.9 5 2.6
Dysesthesia -9 3.1 8 1.9 1 0.s
Palpitations 14 48 4 490 10 $.2
Total number of examinees 293 100.0 101 100.0 192 100.0

posed workers Is characterized in Table 4. The group of more exposed workers
showed a significantly lower per cent of normal findings and a higher par
cent of more severe findings than the group of less exposed waorkers.

-Graph 1 presents incldence of the most {requent, objectively diagnosed
syndromes detected in exposed and coatrol groups. The most frequent was the
leston of periphersl neurons, either meotor or sensory, or both of them [18.8 % :
: 8.7 % ). Diagnosed were impairments of muscle tonus or trophicity, reduction
or Joss of tendon and bone reflexes, abnormal sensitivity. Compared to controls,
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Table 4. Severity of abjectively dlagncsed changes iz workers uccuptuonauy'upoud
1o vigy! chloride in relation to the level of exposurs

Severity of changes Total More exposed Less expesed
*y aumber oL aumber o [ %
I’?‘x;nal ig g;g 50 46.0 118 03.:
ight changes 3 49 45.0 [ 1 34.
Manifest changes 16 5.0 10 9.0 sl“ 13
Total aumber of examinees 293 100.0 109 100.0 184 100.0

the group of exposed workers showed also more frequently the symptomatology
of peripheral neurovegetative disorders (12 % :4.4 %), specitically acrohypo-
thermy, acrobyperhidrosis or whitening of fingers, assocfated with dysesthesla.

e%%@@%W%

Graph 1: Objactively diagnosed changes !n VC-exposed workers !n & comparison to

contrels. X.axis — objectvely dlagnased changes: A - peripheral neuron lesfons,

B — pariphersl neurovegetstive symptomatoiogy, C — cerebellar symptomarology, D —

vastibular symptaomatology. F — extrapyramidal symptomatolcgy, G -— dispersas central

symptomatology. Blank column — group of controls, hatched columa — group of VG-
-exposed. Y-axis — % of examinees

Graph 2 shows objectively diagnosed sympioms In relatiocn to the level of
exposure. A marked dlifference is in the incidence of peripheral neuron lesions:
more exposad workers are affectad more than twice as often {25.8 % : 11.8 %).
Celebellar and vestibular syndrome Is also more frequent {10%:7.6% and
6.4 % : 3.3 %, respectively). Thera are also certain indications of a correlation
with the langth of exposure, see Graph 3: those with mors than € years of ex-
posure have more frequently peripheral neuron iesions {22.8 % :13.8 %) and
cerebeilar impairments (13.9 % :5.7 %}. Frequency of the vastibulocerebellar
syndrome is also higher {5 % : 0.5 %) In these persons.

The results of EEG examinations of exposed and 81 non-exposed control
workers are compared !n Table 5. The per cent of abnormal EEG recordings in
the group of exposed workers ts higher than ig the contgpl group; the EEG
abnormities detected in the controls were always least severs. Abnormities
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dlagnosed in VC-exposed workers were predominantly episodic, (n 5 cases com-
bined with the diffuse abnormity. Three EEG recordings revealed only diffuse
sboormities. Relatively frequent was also the presence of slsep waves (in
48.5 % of cases). [a 15 % of workers the slesp activity manifestations were of

- *
y
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Graph 2: Objectively dlagnosed changes in Vc-expaud workers in relation to the lavel

of exposure. X-axis abjectively diagnosed changes: A-D ses Graph 1. Blank column -

lowsr exposure levels, hatched column — higher 2xposure levsis, Y-axis — % of the
total number of exposed subjects.

a higher degree of severity (2c to 3, according to Roth (13])}. Significant dif-
ferences were gbserved also in the photostimulation reaction that was normal
ooly tn 40 % of cases. The most {requent was extension of photic driving to-
wards heia and theta waves (in 43.4 % of cases).

The additionally conductad N5 and EQD (8, 7, 8, 8) questionnaire surveys
were used to improve analysis of subjactive complaints and to complement
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Graph 3: Obfectively dlagnosed changes io VC-exposed waorkers io relation to the length

of sxposure. X-axis — objectively diagnosed changes: A-D see Graph 1. Blank

column — exposure shorter than 4 years, hatchegd columa — exposure lonzsr
than 4 years., Y-axis — % of the total number of exposed subjects.
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anamnestic data. The questionnaire NS examines superficial personal traits as
well as certain clinical symptomatology, particularly neurovegetative syndro-
me, neurasthenic, depressive and anxi{ety-phobic symptoms, and the so-called
toxic syndrome. Data provided by this type'ot questionnairs were suggestive of

Tabla 5. Severity of EEG changes [n workers occupationaily exposed to winyl chlaride,
in a comparison to contrals .

a4
EEG changes Exposed Controle
number % sumber | %,
Normal 148 61.8 57 l 0.4
Suspect 43 20.7 19 234
slight 30 119 s 6.2
Abnormal medium 6 2.6 (] 0.0
total 36 15.8 s 62
Total 232 100.0 81 100.0

2 higher frequency of sleep discrders (38 %9} than originally revealed hy .ana-
mnestic data, highly fregquent (5 % level of significance] was also somnolence
{78 %), which had not been aiso indicated in personal histories. More {regquent
were also feslings of bad performance, fear of loosing life or health. Furthermore,
the frequency of hyperhidrosis was also very high (73 %). The Eyseneck perso-
nailty gquestionnaire examines neurcticism, It reveals subjective tandencies that
are evaluated by the examinee and confronted with the objective reality. In the
examined group there were not detected any sigaificant deviations from the
norm; increased neuroticism could not be demonstrated.

DISCUSSION

Clinical sxamination of VC-exposed workers revealed significant changes
predominantly in neurologic symptomatology. Some of the subjective complaints,
such as headaches, vertigo, slesp disorders or increased sleeplness during the
day, as revealed by questionnaire NS5, are suggestive of the narcotic action of
VC, similarly as the occurrsnce of the cerebellar and/or vestibulocersbellar
symptomatology. These changes have been, already described by Spirtas and
colleaguas {18), Langauer-Lewowicka {11}, but also by Schwartzovd (15) and
others. This characteristic symptomatology was also described in our previous
studies concernad with the occupational sxposure to trichloroethylene, benzene
and other organic solvants (17, 18, 20). Here we also observed a high incidence
of dysesthesia aftsr exposures to some solvents, particuiarly to benzsns. We
ascribed {t either to peripheral vasomotor changss, or -~ at laast in some cases
— to initial phases of polyneuropathy. In cass of VC the presence of peripheral
vasomotor changes is evidently very slgniticant:‘ acmrdinggtv literature data
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and to our own experience these changes are {requently associated with Ray.
naud’'s syndrome and may presumably lead to sven more severe consequencles
in terms of stenosts or occlusion, as described by Lange (12). Peripheral nerve
leslons diagnossd in our group of VC-exposed examinees could be then explain-
ed by a direct neurotoxic action of VC, or as a conssquence of hypoxia ac-
companying mors severe vasomotor changes {n the periphery.

The narcotic action of VC can be either ﬁnnsuo:y. tnducing only reversihle
changes in the brain function, or persistent, causing more permanent, sometime
irreversible changes In the CNS. Slight functionsl changes manifest themsel-
ves in EEG recordings by waves typical fotr various stages of sleep, as con-
firmed (n & relatively high per cent (46.5%} of cases in our group Gf examl.
nees az wall as in some of the examined subfects esxposed o other organic
solvents (18, 21, 22). Detection of spisodic or diffuse EEG abnormalites is rather
mors serious and may be indicative of chronic changes in mediobasal end/or
cortical brain structures. In our group of examinees, tha joint episodic and
diffuse abnormality occurred in 15.8 % of workers. This frequency is in agree-
mant with the cited ltsrature data as well as with our previous exparience.
This leads us to & conclusion that even VC, particularly at higher exposure con-
centrations, can produce neurotic changes in the above described brain
strucrures. :

VC-induced pathophysiological changes are believed by some authors to
manifest themselves by the central neurovegetative dysregulation, as a result
of changed hypothalamus functons (2}. This localization, prasumed by these
authors on the basis of their experimental studies, seems to be in agresment
with our findings of EEG episodic abnormalities.

We aliso bslieve that even FS reaction changes, rscorded in our group of
exposed workers, may be of importance in the-early diagnosis of VC-induced
damage. Comparable FS reaction changes were also described by Rouskové {i4)
in parsons exposed to other toxic agents. .

‘ CONCLUSIONS

1] Exposurs to VC may lead, besides to other changes described in the I+

teraturse, also to lesions of the nervous system. The onsst and dsvelopment of
thess neurologic changes depend on the VC exposure level and on the langth
of exposure.

2) Some of the neurologlc manifestations are caused by the narcotic ac-
tion of VC, such as certain subjective complaints and cerebellar and/or vestibu-
locerebellar syndrome. These symptoms can be transitory ot persistent.

3) Among the important manifestations that ere characteristic for VC ac-
tion is, no doubt, the peripheral vasomotor symptomatslogy, sometimes In com-
bination with ths Raynaud’s syodrome described in the literaturs, These vaso-
motor changes in the periphery may further develop, lsading conssquently to
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more ssvars lesions of peripheral hiood vessels. Equally important are the ge-
neral neurovegetative manifestarions (gastrointestinal and cardigvascular dis-
orders, hyperhidrosis, atc.) that might result {rom the central neurovagetative
dysregulation. Important are also symptgms of peripheral neuron lesions caus-
ed by a direct neurntoxic action of VC or by hypoxia-related mechanlsms,

4} Episodic abnormality in EEG recordings seems to agree with the assumed
{nvolvement of hypothalamic structures (Basalajev and colleagues}. It occurs
even at exposurs to the other types of organic solvents (15, 19, } and may
be indicative of & more diffuse affliction of mediobasal and cortical structures
of the brain. Less severe manifesiations of EEG sleep activity can be ascribed
to the nacrotic action of VC, more pronounced sleep manifestations accompa-
nied with abnormal EEG changes may be suggestive of mors persistent changes
In the CNS.

5} Neurological changes have not besn so far sufficiently accentuated
in the professional literature and, therefore, the monitoring of workers at risk
is not conducted systematically and by suitable methods. It 1s necessary to en-
sure a neurological prevention in these occupationally exposed workers. Of the
supplementary methods of examination there are recommendable, both for pre-
vention and research purposes, to use EEG examination with photostimulation,
questionnaires N5 and EOD, and electromyographic examlnation.

SUMMARY

Neurclogical examinstions were conducted in 2§83 workers occupationally expossd
to viayl chioride. Subjective complaints wers svaluated on the background of NI and
EQD gusstionnars survey analysis, EEG sxaminations, including pbotostimulation, were
parformed fn 232 persons. The conrrol group comprised. 48 nonexposed subjects. Average
time of exposurs was 2.8 years, the longest tims of exposure was § years.

Among the most {requent Subjactive complaints ware headache, neurcvegetative
disorders and dysesthesias, among objectiva findings dominated carebeliar and/or
vestibulocerebellar syndrome, lesions of peripherel neurons and paripheral neurovege-
tative symptomatology. Subjective and cbjective symptoms were found to depend ob
the exposure level and the time of sxposure.

EEG examinations coafirmed in 155 % of cases abnormities, predominantly episo-
dic, sometinmes combined with the diffuse abnormelity. 46.5 % of the exposed showsd
presence of sleep activity as a consequence of VC narcotic action. The episodic EEG
activity could be ascribed to lesions of medicbasal structures, or even to changes in
braia cortex,

Our data bave confirmed that vinyl cloride has a considerabls impact on the
human nervous system. Most {requent are lesions of vestibulocersbellar system and
vigility disorders dus to VC narcotic action. Frequent occurrsocs of peripheral sympto-
matology can be sxplained by a direct neurotaxic action of VC, or as a coasequence of
hypaxta caussd by peripberal vasomotor changes.

Az a rule, regular check-ups of VC-exposed workers do not include systemate
neurclogical sxaminations. The systematc neurclogic prevention, based on ths as-
sessmeant of clinical, EEG and/or EMG examinations, should become obligatory. Supple-
mentary use of N$ and EOD questionnaire surveys is highly .&gv(sablc.
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RESUME

Styblovd, V, Lambl V., Chumchel, O, Kellerovs, V. Palka-
vE, V, Vitovcovsg, ], 21ab, L: Limage neurologique chez les sajets szposés an
chlgrurs ds vinyle

11 & &€ étudié d'une manidre complexe l'image neurologique chexz 283 sujets ex-
posés au chlorurs ds vinyle. Des troubles subjectifs ont #t¢ acalysés au plan détaillé
i l'aide des anqultes ECD et NS. Il a 4t4 mis 0 évidenca un effet neurntoxique signi-
ficatif produit par chlorure de vinvie qui dépend de la qualité et de la quantité de
I"sxposition subie. °

Las troubles subjactifs reacontrds la plus souvant: maux de téte.gymptdmes vé-
gétatifs et dysssthésie. Les donndes objectives témoignent pour une affecrion du sys-
téme vestibulocérébelleux st pour cells du neurone périphértque et da I'innervation
périphérique végérative. La symptdmatologie périphérique peut résulter de ['effet ta-
xique direct produlr par chlorure de vinyle eussi bisz qus du mécanisme d’hypoxie
ayant lieu lors des changements vasomoteurs périphériques.

Des donnés issues de I'EEG témoignant une sctivité de sommall chez 48,5% de
sujsts démontrsat un eifet narcorique du chlorure de vinyle. L'activité épisodigue
{chez 15,5 %) assoctée parfois i 'anomalie de diffusion pourrait s'expliquar par une
atteinte des structures médiobassles, méme liée aux changemaents du cortex.

Las sujets exposés & l'influence du chlarure de vinyle ne se soumettent, jusgu'a ce
jour, aux sxamens systématiques au plan neurciogique. Ii est nécessaire da poursuivrs,
dans ce cas, une prophylaxie nsuroiogique dtudiant l'image clinique, las donndes is-
sues de 'EEG ou méme de I'EMG. !l est utile d'employer les anquites EQD et NS.

ZUSAMMENFASSUNG

Stybilovg, VvV, Lambl, V. Chumehal, 0., Kellierové, V. Pafko-
vs, V., Vitovcavd, V., 2lad L: Neurologisches Bild bel den dam Vinylchlo-
rid sxponierten Arbsitendsn :

Man beobachtets kompiexarweise das nsuroiogische Biid bel 293 Arbeitenden, die
Vinyichlorid exponiert waren. Suhfektive Schwisrigkeitsn asalysierts man eingehender
mit Hille der EQD- und N S5-Fragebogen. Deba! hat man asine signifikanie seurotoxische
Elawirkung von Vinyichlorid nachgewiesen, die von der Intensitit und Dauer der
Exposition abhingiyg ist.

Dia haufigsten subjektiven Schwierigkeiten waren Kopfschmerzsa vegetativa Symp-
torue und Dysesthisie. Der objektive Bafund zeugt von der Affektion des Vestibuler-
zarebellarsystems, ferner von der Alfektion des periphersn Neurons und der periphe-
ren vegetativen Innervetion Die periphers Symptomatologis kann man erkiiren so-
woh! als direkte Eiawirkuug ven Vinyichlorid, ais auch den hypoxischea Mechanisisus
bei peripheren vasomotorischen Verinderungan.

In dem EEG-Bafund stelite man bai 48.5% Tiele der Gesamtheit die Schlafakrivitdt
fast, die dle narkotischs Einwirkung voa Vioyichlorid dokumentiert. Die splisodische
Aktivitht (bel 155 %) manchma! in Verbindung mit Dif{fusjansabnormitt kdante man .
durch A’’~kticn von medigbasaler Strukiurer, gegebeaenfals durch Kartexverinderun-
gen erkliren.

Die Vinylchlorid exponierten Arbeitenden werden bisher systematisch vem aeurelo-
gischen Standpunikt nicht beobachter. Die Verfasser haiten die gezielie neuroiogische
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Vorbeugung in Verbindung mit Beobachtung des klinlschen Bildes, des EEG- aventusl]
auch des EMG-Befundes {0r notwendig, Sehr geeignet ist die Anweodung der EOD- und
N S-Fragebogen.

RESUMEN

Styblovd, V. Lambl, V., Chumchal O, Kellerovd V., Fafko-
vd, V., Vitevcovd, V., Zlab, . L: EI cuadro cearolégico en trabajadgrgs ex-
paestas al vinilcloruro

Se ha examinsdo globalmente e! cuadro neurolégico en 293 trabajadares expues-
tos al viniicloruro. Las dificultades subjativos sa jas azalizd deralladamente mediante
los cusstionarios £E0D y N 5. Se mostrd @l resultado neurstéxico marcado dsl vioilcla-
rurg, el que dependiz de la altura y duracién de la exposiciénm. Las dificultades sube
jetivas m4s [rscuentes sran los dolores de la cadbeza, los sintomas vegeiativos as{ que
la disestesia. Ei hallazgo objetivo muestra la afactacién dal sistema vastibulocersbe-
lar, as! qua la de le neurona vegetativa periférica y de a inervacién vegetativa pari-
férica. La sintomatologfa periférica la puade explicar tanto por el efscto téxico directa
del vinilcloruro, come por el mecanismo hipdxico con las cambios vasomotdricos pe-
riféricos.

Se hailé en hallazgos electroencefalogréficos una actividad del suefic en el 4595
p. C. ds} conjunto, lo que prueba el resultado narcético del vinilcloruro. La actividad
epizodica (en el 155 p. c.), a veces en la combinaciéz con la ancrmidad difusa podris
sa explicar por afectacidn de las estructurzs meadiobasales, eventualmenta por cambios
de la epidecmis.

Los trabajadores expuestos a! vipiicloruro no soa aln examinados neuroldgica-
mente de manera sistemdtica. Hace falta que se hayva realizadc neurciégica prevencidn
encamicada incliuso el cuadro ciinico, el hallazgo electroencafzlogridfica, eventualmente
el electromiogréfico. Se recomienda usar los cuestionarios EID y N &
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T Aust. NZ . Med., 11, No. 3, 1981, p. 290-2
I[SOPHORONE DIISOCYANATE
RESPIRATORY DISEASE (IPDI)

C.W. Clarke; P.M. Aldons
A 50-yr old male spray painter developed evers acsthma
following exposure to paint containing IPDI.

INDUCED

4452

Arch. Dermatol, 117, No. 8, Aug. 1981, p. 452-3
OCCUPATIONAL HISTORY AND ANGIOSARCOMA
(LETTER)

D.F. Rubin

Occupational disease; viny chloride/adverse sffects.

4450

8rit. J. Dermatol., 105, (Suppl. 21), 1981, p. 19-21
VINYL CHLORIDE DISORDER

A.E. Walker

A review on diseases coused by occupational exposure to
vinyl chloride oir pollution. % refs.

J

4453

Mutat. Res., 83, No 2, 1981, p. 27189

IN VIVO AND IN VITRO ETHYLENE OXIDE EX-
POSURE OF HUMAN LYMPHOCYTES ASSESSED BY
CHEMICAL STIMULATION OF 'UNSHEDULED DNA
SYNTHESIS

RW. Percy B. Widegren, et al.

FESS) Ydn
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Mutat. Res, 83, No 1, 1981, p. 13744
CHROMOSOMAL ANALYSIS IN VINYL CHLORIDE

EXPOSED WORKERS: COMPARISON OF THE STAN-
DARD TECHNIQUE WITH THE SISTER-CHROMATID
EXCHANGE TECHNIQUE
D. Anderson; C.R. Richardson, et al.
A group of workers occupationally exposed to vinyl chloride
and controls were exomined for the presance of chromosomal
aberrations or sisterchromatid sxchanges in their peripheral
lymphocytes. These people comprised a 2nd sampling from a
group of exposed workars and controls first exomined 18
months earlier. The vinyl chloride exposed workers showed
levels of chromosomal aberrations elevated above those of
the controls, but there wos only a slight increase in sister.
chromatid exchanges. Sister-chromatid exchanges {SCEs) were
.also examined from in vitra cultures of lymphocytes exposed
to vinyl chloride, both with and without metabolic activation.
There was no increase in SCEs in vitro without metabolic ac-
tivation, but there was a marked increase with metabolic ac-
tivation ond this increase was shown to be independent of
coll-cycle phase. The small increases of SCEs in workers were
not due to the ingbility of vinyl chloride to induce SCEs in
human lymphocytes but were probably because of low ex-
pasures and SCE levels could have returned 1o normal
relotively quickly ofter exposure.

i

‘4;5 4

Teratology, 23, No. 3, 1981, p. 317-323
TERATOGENIC EFFECTS OF ALIPHATIC NITRILES
C.C. Willhite; V.M. Ferm; R.P. Smith

Acrylonitrile; Animal; Proprioaitrile.

4455
Teratology, 23, No. 3, 1981, p. 325-33
MORPHOGENESIS OF AXIAL SKELETAL

{DYSTRAPHIC) DISORDERS INDUCED BY ALIPHATIC
NITRILES

C.C. Willhites M. Morin-Padille; V.H. Ferm; R.P. Smith
Acrylonitrile; Animal; Proprionitrile.
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TABLE |
Summary of the Bladder Tumor Incidence Numerators for - .
the Exposed Populstion at a Dye Plant <

BENZIDINE  EXPOSURE TO BENZIDINE A
EXPOSURE ANO/OR OTHER POTENTIAL

NUMERATOR ONLY CARCINOGENIC AGENTS*® v,

No. of reported cases of b

bisdder tumor N

(1930-May, 1975) 36 115

No. of cases occurring in

graup (irst axposed prios

to 1955 and diagnosed N

by May, 1975 36 115 .

No. of casss occurring in

group first 4xposed batwoon

1935.54 and diagnosed by

1955 (See Figures

1&2) 10 19

No. of cases occurring in

group first axposed since

1955 0 [

“including bota naphihytami
onho tolukdioe.
been effective in preventing biadder tumors.
Becausc of the long average induction period
of about 18 years,? earlier comparisons would
have becn statistically unconvincing.

Statistical analysis of case data
A frequent problem in performing a statistical

m—

8

3

8

N

INDUCTION PERIOD(YEARS)

o

o BRI

YEAR %?oF IRS'P?XPOSB?E

crude afipha napbthylamine and

analysis to determine if there has been a sig-
nificant reduction in morbidity, c.g. bladder
lumors, is the paucity of ¢pidemiologicat data
on the exposed population. The “numerators”
or data on the bladder tumor cases may be
known reasonably well through medical reports
and compensation claims (See Table I), How-
cver, the “denominators™ smay not be well

90 560

Figu‘re 1-Reported number of biadder casas, benzidine exposure only, 36 cases.

Jaguary, 1976
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Corporate Medical Department
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TOXICOLOGY AND APPLIED PHARMACOLOGY 62, 1-10 (1982)

The Effect of Ropoaxposura on Rat Hepatic

Metabokzing Enzymes'

JULIE T. Du,? MICHAEL T. TSENG, AND CARLO H. TAMBURRG?

Received July 17, 1980; accepied September 12, 1981

The Effect of Repeatod Viayl Chloride Exposure on Rat Hepatic Metsbolizing Enzymes.
Du, 1. T., TseNG, M. T., AND TamMBuURRO, C. H. (1982). Toxicol. Appi. Pharmecol. L, |-
10. Spraguc-Dawicy rats were exposed 10 2.8% viny! chioride for 2 (70 kr), 4 (140 he), and
6 (210 hr) weeks to determine the sequential biochemical changes relaled 10 the oxidation
and detoxification ability of hepatic tissue. Glutathione-S-transfcrase(s) activity using 1.2-
epoxy-{a-nitrophenaxy Jprop asd p-nitrobenzyl chioride as substrates was cicvated 17 to
24, 28, and 35 to 42% alter 2, 4, and 6 woeks of exposure, respeciively, suggesting eaxyme(s)
inductios. Reduced glutathi the major substrate required (0 conjugate the toxic metabolitcs
of vinyl chioride, was also comsistently clevalod. Simitarly, the activity of glutathione reductase,
the cazyme mocessary foc the regencration of reduced glutathione from its onidized form, was
abso increased following viayi chioride cxposure. Cytochromes #-450, the major protein in-
volved with vinyl chloride mctabotism, was reduced afier vinyl chloride cxposure, confirming
reports of others that vinyl chioride metabolites desiroy P-450. No abnormalitics of standard
clinical biochemical blood 1ests of liver funaction were found during 6 weeks of viayl chlocide
cxposure. The only consistent ultrastructural modification was the dilation of endoplasmic
reticuium. The hiochemical and witrastructural alterations could reflect early hepetocetluiar

Liver Rescarch Cenier, Division of Digestive Disenses and Nutrition, Deparinments of Medicine and Anatomy,
and Regional Cancer Cemter. Unmiversity of Lowisville School of Medicine, Lowisville, Kemtucky #0292

adaptation to vinyl chloride exposure,

Vinyl chloride, at high concentrations, has
been shown to be carcinogenic in both tab-
oralory amimals (Maltoni and Lefemine,
1975; Viola et al., 1971) and man (Creech
and Johnson, 1974). Present data supporl
the metabolism of vinyl chioride by hepatic
microsomal mixed-funciion oxidase system
into toxic intermediates, chlorocthylene ox-
ide (Bolu ¢f al., 1975; Helner er al., 1975;
Kappus et @f., 1976) and chloroacetaldehyde

 This work was supported by ¢ grant from ihe Man-
ulacturing Chemitis Association, Washingion, D.C.
Portions of this study have deen presented (Fed, Proc.
37, 1545, 1978).

! Presemt sddress: Clement Associates, Inc., 1010
Wisconsin Aveawe, N.W_ Suitc 660, Washington, D.C.
20007.

> Address requests for reprints to: Carlo H. Tam-
burro, University of Louisville.

(Gross and Freiberg, 1969). These two in-
termediates are considered to be the ultimate
carcinogens (Barbia er al., 1975; Jacger et
al., 1974b; Van Duuren, 1975), Lo be mu-
tagenic in bacterial systems (Eimore ef al.,
1976; Greim et al., 1975; Malaveille ef af.,
1975, McCann ¢ei af, 1975), to act as an
alkyluting agent by reacting with adenosine
(Barbin er af,, 1975) and cytidine { Laib and
Bolt, 1978), and to bind with protein (Bolt
et al., 1976; Kappus et al., 1976; Watanabe
et al., 1978). Detoxification of these metab-
olites occurs mainly by conjugation with glu-
tathionc and is catalyzed by hepatic gluta-
thione transferases; the conjugates are
excreted in the urine as substituted cysteine
derivatives (Watanabe et /., 1976b,c; Green
and Hathway, 1975, 1977). Chloroacetal-
debhyde can be further oxidized to chioro-

004 1-008X /82/010001-10302.00/0
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CHEMICAL REGULATION REPQRTER

The hotline telephone number is toll-free (800) 424-9348,
or in Washington, D.C., (202) 382-3000. The agency noted that
this is a new local number for the RCRA/SUPERFUND
hotline and should be used in place of all previously pub-
lished hotline numbers. --

The hotline only should be used for information on the
superfund and not for reporting hazardous substance spills.
These must continue to be repdrted to the National Response
Center at (800) 424-8802.

Radioactive Waste

HIGH-LEVEL WASTE RULES TO BE PROPOSED
IN FEBRUARY, ACCORDING TO EPA OFFICIALS

Standards and federal radiation guidance for the manage-
ment and disposal of high-level radioactive wastes and spent
nuclear fuel probably will be proposed in mid-February,
according to Environmental Protection Agency officials.

According to internal agency documents, which were used
in a briefing session presented by agency staff to EPA
Deputy Administrator John Hernandez, Subpart A of the
rule propesal, Standards for Management and Storage,
would extend the exposure limits being developed by the
Nuclear Regulatory Commission to waste management
operations.

Transportation of wastes would not be included as a waste
management operation, accerding to the documents.

Subpart B, Standards for Disposal, would set limits on
projected releases from stored wastes over a 10,000-year
period.

The appendix to the standards would contain the Federal
Radiation Guidance for Disposal, according to the briefing
materials.

Gordon Burley, director of EPA’s Office of Radiation
Programs, told BNA Jan. 20 that the standards are under
high-level agency review and are expected to be issued in
about four weeks. Burley said the proposal also is being
reviewed by OMB.

Administration

EPA NAMES 10 NEW ATTORNEYS,
ESTABLISHES CRIMINAL ENFORCEMENT UNIT

Ten attorneys were appointed to fill key slots in the
Environmental Protection Agency’s recently reorganized
enforcement section, and a new criminal enforcement unit
was created to crack down on flagrant violations of environ-
mental law, according to a Jan. 19 agency announcement.

Enforcement counsel Williamm A. Sullivans, Jr., said the
new appointments to the reorganized Office of Enforcement
Counsel (Current Report, Dec. 11, 1981, p. 995) include
Sanford Harvey Jr., deputy associate enforcement counsel,
who will be in charge of pesticides and toxics enforcement
and Michael S. Alushin, director of the Office of Special
Projects, who will supervise superfund expenditures for
hazardous waste sites.

Other enforcement appointments included:

» Geoffrey Grubbs, as director of the Office of Enforce-
ment Policy;

» Gerald Bryan, as director of the Office of Legal Oper-
ations; and,

® Peter G. Beeson, as director of the Office of Criminal
Enforcement.

1-22-82

Criminal Enforcement Unit

The agency also announced the hiring of 25 experienced
criminal investigators to form the core of a new criminal
enforcement unit that will crack down on flagrant violations
of eavironmental laws, including illegal discharges of
wastes into waterways, so-called midnight dumping of toxic
chemicals, and deliberate destruction or falsification of
environmental records.

The new Office of Criminal Enforcement will focus on
activities that have resulted in substantial environmental
harm and human health hazard and on those reflecting
willful contempt of court-ordered consent decrees, accord-
ing to EPA Administrator Anne M. Gorsuch.

Heaith Hazards

CANCER DEATHS OF FORMER EMPLOYEES
LINKED TO SPECIFIC MONSANTO WORK SITES

Cancer deaths among former employees of the Monsanto
Chemical Co. plant in Springfield, Mass., may be linked to
exposure to materials used at specific work sites, according
to a University of Massachusetts study.

The study, conducted by a group of university toxicology
graduate students, investigated the deaths of 110 males who
worked in the plant and found that 34 had cancer that may
have been work related.

Kenneth Rosenman, who headed the study, teld BNA Jan.
19 that the research team found increased cancer associated
with exposure to vinyl chloride. The death of one former
employee was due to liver cancer while several other for-
mer workers had mouth, digestive, lymphatic, and lung
cancer.

Rosenman said previous studies !ooked into the cancer
deaths of former employees at the Springfield plant, but
these studies included all workers, thus “diluting the studies’
results.” He noted that his study focused only on the work-
sites where employees were exposed to vinyl chloride and
polyvinyl chloride.

Rosenman said that, when he submitted his report to the
company last summer, he suggested that it conduct addition-
al occupational studies, concentrating on particular work-
sites rather than the overall workforce at the Springfield
plant.

Pesticides

EPA PUBLISHES TOLERANCE AMENDMENTS,
APPROVES CHLORPYRIFOS TEMPORARY TOLERANCE

The Environmental Protection Agency Jan. 15 through 21
established two pesticide tolerances, proposed one tolerance
exemption, and granted one temporary tolerance.

Tolersnce Amendments

The agency Jan. 20 established a tolerance for bromoxynil
at 0.1 parts per million on the following raw agricultural
comnmodities (47 FR 2862). lax seed; flax straw; meat, fat,
and meat byproducts of cattle, goats, hogs, horses, and
sheep; oat grain; oat forage (green); oat straw; rye grain; rye
forage (green); rye straw; wheat grain;, wheat forage (green),
and wheat straw.

For further information contact Robert Tayler, Registra-
tion Division (TS-767C), Office of Pesticide Programs, EPA,

Copyright © 1982 by The Bureau of National Affairs, Inc.
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