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PREFACE

This symposium, held in London in the spring of 1982, was set
up to review critically the evidghce for neuropsyeholqgical_effeets
resulting from solvent exposure. Its objectives were to alert
the industrial and scientific communities in Britain to the
existence of the problem, and to establish the direction in
which British, and perhaps other, research might usefully be )
directed. In planning the symposium, the decision was taken to
invite scientists who had, in their published work,. shown. evidenee .
of a critical and rigorous approach to assessing behavioural or
neurolqgieal etfects of -industrial toxins. A number of distinct
research methodologies were identified and a scientist ‘who ‘had

carried out ~original ‘work usiﬁg'the épproach was asked to "discuss
the recent advances in the understanding of the neuropsychological
effects and identify areas of research in which new inibiatives

are needed together with the techniques which are cqnaidered most’
likely to achieve unambiguous results.‘ v

The first three papers presented at the meeting were concerned
with the neuropathologieal and’ neurophysiolosical oorrelates of
solvent exposure, Cavanagh reviewed the evidence much of which

has come from his own work, that splvent,exposure may produce

structural damage to the nervous system. He was:able to find
convincing evidence of consistent and predictable effects for only
three solvents, carbon disulphide (Csz), n-hexane and methyl
butyl ketone (the last two acting thtpugh a common-metabolitq, 2,5
hexane-diocne). Under some exceptional circumstances it appears
that'trichloroethylene may also broduce to the cranial nerves,

-especially the Vth and the VIIth. Cavanagh's presentation

underlined two concepts, those of the specificity of the effects , _
of particular solvents and their reversibility, that is, recovery ~ .
after the discontinuation of solvent exposure. Both ﬁere,referred.

to rebeatedly in the discussion of this and other papers,
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Cavanagh concluded from his review of the neurcpathological
effects of solvent exposure that there was no convincing evidence
- of specific changes in the nervous system following exposure to
solvents other tnan €S, n-hexane, methyl butyl ketone (MBK) and
trichloroethylene, that the structural changes induced by these
solvents appeaned to be completely reversible after cessationiof
exposure (withvﬁne possible exception of trichlonoethylene) and
that it is unlikely that firm conclusions of the neuropathological
effects of other splvents will oe reached until we have evidence
on the nature.of sny.changss in exposed animals. ?ew such
‘studies ‘have been carried out to date. In cavanagh’s:qpinion,
based partly.on'the lack of evidence ofvconvincing.clinical reports
and partl& on the aetiological mechanisms involved in the known
solvent neuropathies, it is likely that few other solvents are
capable of inducing structural damage in the nervous system.
Only in the case of toluene, and perhaps styrene, is the clinlcal
' evidence sufficient to raise doubts.
‘The second paper was a reéview of the neurophysiological effects
that have been deteoted in field studies of solvent workers. ,
This was presented by Helen Venables who has carried out such
© measurements on several hundred men in the course of our own
studies. - The solvents convincingly shown to be capable of
‘causing slowing in nerve conduction velocities were those which

Cavanagh reporbed as oausing structural changes, CS.,, n-hexane

2’
and MBK. Although other solvents, styrene, 1= 1-trichloroethane,

methylene chloride and paint solvents have been investigated in

‘field studiés, none has been. shown to produce slowing of nerve
conduction in men at work.

"Otto's contribution to this part of the symposium was to review

o other physiological techniques that might prove useful in the

} fz ‘ ‘toxicological assessment of workers exposed to solvents. Three
: ; : _ clinically validated evoxed potential measures are suitable fbr

‘ use in the field whereas others, such as event-related slow brain
potentials, appear to be 1ess practicable for use outside the
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laboratory. Using the'lsboratory based tests, Otto has demonstrated
effects ﬁssociated with exposure to low levels of 1ead in children
and it may be that the methods he describes could be- used to )
| demonstrate neurophysiological correlates of the acute effectsbof '
: ’circulating solvents, and as such provide neurophysiological '
evidence of changes in central nervoius system functioning not
;,associated with structural damage
- The two papers that followed dealt with certain toxieological
vaspeets of ‘solvent metabolism that appear important in undersbanding
. the differences in solvent effects, particularly in the types of.
solvent mixturas commonly enoountsred in industrial use. Waldron
' "discussed ‘the mechanisng of the potentiating or inhibiting effects k
observed when certain solvent combinations (methyl ethyl ketone
©- ‘and MBK, for example) are eficountered together. = He also raised

o ; .. the toxioologioai imblications of solvent exposure in assceiation

e other'phafmacologically active substances -'drugs and aioohol
- which may be present in appreciable quanities in some workers ’
exposed to’ apparently safe 1evels of organic solvents. _ The
toxicology of solvent mixtures also fo?med the basis of Cohr's )

. report on the substantial differerces in effect found in Denmark
when white spirit with a high proportion of aromatic amines was
substituted by one which contained predominantly aliphatics.

Some of the aliphatic molecules in white spirit espeoially the
long chain hydrocarbons are structurally similar to the 1ipophilic
end of the fatty acids that form part of the membrane of the nerve.
cell and they seem able to alter membrane function without produeing
any obvious structural lesion.

The evidence reviewed to this point had been derived mainly from
eXperimental exposure. ' However the next session rcoussad very
firmly on the source of evidence that is perhaps 1east scientifically
convincing but most difficult to discount. The researchers
present at ‘the meeting were critical, and one or“twojfrsnkly
scepticél, of some of the evidence prbduced fromgscientific'_
enquiries but most, in their clinical experience, had encountered
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patients whom they felt to be suffering from a solvent induced
psycho-ohganic.syndroﬂe, In the 1aet-paper of'this’session;
Hernberg gave desep;ptions of Finnish patients, drawn from the.

. histories of the 600 diagnosed as suffering from the condition.
4 King,'then'deseribed'the-neuropsyobological_sequelae of solvent

abuse, concludeﬂ'thet the incidence of neurologicai impairment was
low and affected the cerebellum rather.than the cerebrum. By
contrast, the criteria for diagnosis in Finland give greater

weight to cerebral changes, the organic brain syndrome being

characterised by subjective symptoms together with cliniéal

'neupolqgicai signs or psychological changes, or changes in the EEG

or EMG. In his paper on the c¢linical evidence, Hernberg also
revieued some of the cross-sectional studies of exposed w0rkers,
thereby-providing a background for the Brltish work presented
later in the symposium

- Axelaon had been invited to review the epidemiological evidence
for an exeess of disabling psyehiatric symptoms related to long

,term exposure to solvents,. Two case—referent studies, from . -
Sweden and Denmark appear to show a risk ratio of early retirement

on psychiatric grounds of approximately two for workers oceupationally
exposed to organic solvents in the building (Sweden) or wood

- working (Denmark) industries. A Danish cohort study of,painters

also demonstrates &n apparently"high risk of presenile dementia -

amongst workers exposed to solvents. In his review, Axelson -
identified thOSe factors that ‘might have contributed to an over-
_ estimate of risk for the exposed groups and emphasised the need

for further epidemiological.studies amongst populations in which
there was less possibility of bias in diagnosis of solvent workers

"than i3 now current in Scandinavia.

The clinical evidence reviewed by Hernberg and the _
epidemiological studies by Axelson were concerned with the possibly

v disabling nepropsyehologioal effects of long term solvent exposure.

The next  two pépera:reviewed the evidence for short term chahges

following exposure to solvents at levels currently found in
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occupational settings. The reviews concentrated largely on
methodological issues, in the design of studies and in the choice
of behavioural tests. Andersen reviewed the evidence derived
from experimental expcsure of human volunteers in a controlled .
climate chamber. He concluded that the very high prOportion of

negative findings from such studies could not necessarily be takeni

as evidenee that exposure at those levels had no neurapsychological
effects, Three issues, the level of sensitivity of the tests,

the paucity of numbers of subjects and the use of healthy student
volunteers rﬁther than repeatedly exposed workers seemed likely to
lead to type 2 errors, an over conservative acceptance of a null
hypothesis. ' .

These problems are largely overcome in studies, reviewed by
Gamberaie, of the measureMent of ﬁeuﬁobehavioural changes that may
oceur during ‘the work shift amongst warkers exposed to solvénts.
The studies reviewed by Gamberale all took place amongst workers

habitually exposed to solvents (rather than student volunteers)
and the numbers involved were generally greater than could easily

be accommodated in an experiment using controlled exposure.
Other probléms are intrcdueed however, in a design in which

- the individual levels of exposure and the nature of the work task

cantiot be gontrolled by the experimenter. The studies reviewed
by Gamberale, however, have been able to give & rather convineing
demonstration of the narcotic effect of a number of organic
solvents, workers performing less well after exposure on measures
of alertness than nan—exéosed men on the same shift.  In his
review, Gamberale provides impressive evidence that solvents have
an effect on ohe test, simple reaction time, known to relate the
physiological arousal, that is predictably and reproducibly found
by different research teams in several countries and with a number
of solvents.

‘ A short presentation by Otbto of a computerised assessment -
battery for human toxicity evaluation lead to a lively debate both
on the criteria for choosing behavioural tests to evaluate short -

-
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termvchanges and chronic damage associated with solvent exposure
and on the method of choice for administering these tests.
Standardisation of administration across studies carn be achieved
by computer based testing with little opportunity for inter—tester
bias; such an approach to testing may be unfamiliar to many
workers, however,'and may be alienatins'to those whose recent
solvent exposure is assooiated with tiredness, irritability and

"lowered motivation.

The final session of the meeting broke somewhat with the format

.adopted previously, It began with a review of the work on the

neurobehavioural effeots that has been carried out in Britain,

these studies being felt to be of special interest to the
representatives of British industry who had been invited to attend

the meeting. The session closed with contributions from three
discussants who identified some of the issues’ particularly pertaining u
to their own area of expertise. Lucas (standing in for Maria Ron

who was taken ill at the end of" the first day) spoke on psychiatric
issues, Oakes on statistical and epidemiological problems and

. Summerfield on some of the aspects of psychological testing,

Their remarks are included in full in this report. We would
conclude, however, by identifying the main issues that appear to us

to be unresolved..
' During the meeting it became clear that we do not have adequate

evidence in a number of areas, largely related to the 1ong term

effects of solvents on the centrai nervous system, by contrast

there is now quite good knowledge of the acute effects and of

those on the peripheral nervous system

1. The nature of the’ effect

(a) Acute effect

Organic solvents appear to have some transient or acute
narcotic effects at relatively low levels. . These effects
are probably caused by changes in membrane function analagous
“to those which 6ecur ‘with convential anaesthetics. The
extent of the effect may relate to the physical- properties
of the solvent but a11 the common organic solvents

appear capable of producing this effect to some degree.
\ : 4
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(b) Periphersl nervous systemn
With regard to the peripherai neérvous systen, it appears )
_established that only a small pnumber of solvents producé
sffects, that these effects have & specifie structural
. corpelate and that onset is relatively rapid
(¢) Central nervous systei : _
Fhere is an almost cofipiete lack of evidence for7p§thoidgical
chéhge associated with long term effeots on the central
nervous system and indeed, the strongest evidence for
1ong terti effects cones from epidemiologieal studtes in
which estolvent Workera arg found to be suffering from
ah excess of psychiatric 1llness. The eviderce for
long term effects amongst peopls still at work is
derived largély from clinical descriptions or from
cross-séetibnai.studiés Shéwing_smali deficits in
perfortisnce on cogrilbive, motor or memory tests; together
with minor psychiatric symptoms. The astiology of such
behavioural changes i8 unolear; however, and it is By no
meatis certain how fdr cognitive and motor performance is
dffected over apd abové changes in mood or motivation
which hay affect learfiing or pertormance in the behavioural
tests It is also uncleéar how Such changes in ien
86411 at work relate to the disabling psychiatrie
iilﬂéés investigated in &he épidemioi¢g£ba1 studies,
Speclt“icity of effect . -
Although acute narcotic efféchsnappear to be cotiion to all
solvents and peripheralinervous systen effects to véry few,
there seems to be no général sgreement on whéther the long ‘
term effect ot the central hervous system cohld fesult from
all, 6r simply froh some Speoific solvents, which, with the

rexcéption of Csa, are yet to be identified.
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3.

Reversibility
(a) Acute effects
. 'It is assumed that the acute narcotic effects of low doses
' of'splvents are.oompletely revers;ble in the absence of

further exposure although it remains possible that the
health of workers repeatedly exposed to occasional very
highklevels might be more vulnerable to intellectual
.dgterioratiod in lateriyears.

(b) Peripheral nervous system

As has. been shown in this meeting, solvent induced
éhanges in the peripheral nervous system recover once
exposure is diséontinued though ebmplete recovery may
take months to achieve. B | |

(Q) Central nervous system

'Wb do not yet appear to have good information on the
reversibiliby of long term effects on the eentral
neryous system. Unlike presenile dementia, the '
'solvent induced syndrome is thought not to progre#s .’
after the man has been permanently removed from
exposure and chere is some anecdotal evidence that
‘the eondition may improve.

" Dose-response : . _
" In exposure chamber studies the acute effects of solvents

appear related to the atmospheric concentration -and similar
effects are found, at least in animal studies, for the effects
on the peripheral nervous system. - Even in the
epidemiological studies of long term effects on the central
nervous system there seems to be some debate about the '
nature of the dose-response relationship and there is little
evidence of any dose-response relationship in cross-sectional

studies of subclinical effects,
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Special sensitivity

It may be reascnable to conclude from the experimental work that

all subjecks would, .at some dose, suffer acute effecta from
solvent exposure or from changes in the peripheral nervous
sﬁstém ﬁhere;exposure is to a known neurotoxic solvent.

Any centfal nervous system effects, however,Aseem to follow a
different pattern with no excess of ‘problems being found in
somE'bobulétions with”very'high eiposures whereas other
workers appear to have guite marked central nervous system

-impairment following exposure to'relativeIY'low concentrations

and relatively short periods of exposure., It may be that
the central nervous system of some individuals is partieularly
sen31tive to the effects of solvents, however, insofar as
these effects resemble effects found with ageing in the

_non—exposed population, and that the rate of ageing differs

between individuals, it may be difficult to differentiate

between solvent workers who are at the extreme end of the

ageing distibution and those who may be specially sensitive

to solvents and' who would not demqpatrate these changes in

the absence of exposure.

Methodological issues

There appear to be three areas in whieh a ooncansus is lacking

and which merit further discussion.

(1) Cholce and administration of tests.
There appear to be (at least) two distinct hypotheses

“about the nature of the behavioural effects of solvent

exposure, first that short term exposure at low levels
causes rapid and transient depression of arousal and,
second that long term exposure may cause minor organic
brain damage. The measures chosen to test these
hypotheses will be different and will need to reflect
the supposed effect and not simply be taken wholesale
from a multi-purpose 'behavioural test battery’.
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The choice of a method to administer these tests
also needs care. Many of the tests originally designed

- for clinical.use by psychologists assessing individual -
“ patients hdve now been adapted and are available as
‘computer administered tests. Machine testing iS'highly

attractive in that it allows the simultaneous testing of
several subjects using a standardised procedure that can

be easily reproduced by other research teams.  Computer

testing also has a marked advantage where 'blind' testing
of exposed and non-exposed subjects at the workplace is
fecuired° solvent ‘workers in their work clothes are
readily identifiable by a human tester.

The problens with computer testing lie first in their
poor acceptance to workers unused to following written
instructions and unfamiliar with visual display units _
and keying in responses. Second in circumstances in

' which this is not a problem, or where the diffioulties

can be overcome by pre-test periods of familiarisation,

-ithere remains a problem in interpreting the cause of any

apparent deficit found amongst the workers exposed to
solyents. "Poor scores may reflect either a real.
&eficitbin cognitive or motor capacity, or a differenee
in motivation ‘between the exposed and referent groups.
Such a difference may arise from mood changes or fatigue
caused by solvent exposure on the day of testing, from
affective components of a Sub-olinical psycho-organic

vvsyndrome or from other factors such as the possibility
of compensation. _-Such motivational differences can be

largely overcome -by an ‘experienced tester who can
establish a rapport with an individual subject during a
test session; the human tester may, while maintaining a

standard testing procedure, minimise the contribution

made by motivation to differences in scores’ on tests of
cognitive or motor performance.
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{2) The choice of referent groups in oross-sectional studies
Evidence of sub-clinical performance deQrement amongst
solvent workers rests largely on cross-sectional studies
in which test scores of those exposed to .solvents are

compared with those of a referent population of ndn»exposéd
workers whose capacities are judged to have been roughly
equivalent at the start of the job. The usefulness of
such studies depends largely on the validity of this .
‘supposition of prior equality. Were referents from

' several occupational grdups, requiring different skills,

_ taken for each worker and were a distinctive and
reproducible patbern'bf deficit found on specific types
of test, this cross-sectional»design might be thought to
~ provide evidence that was sufficiently convincing to
require changes in, for example, hyglene standafds.
Where the alternative hypothesis (that any deficit
observed after exposuré simply reflects pre-existing
differences between the exposed and referent groups)
cannot be adequately discounted, it may be a better

* research investment to initiate follow up studies of

“‘carefully mabéhed pairs of new entrants to the exposed -
and referent groups and, by repeated tasting, to identify
:the stage in exposure wheén test scores begin to diverge.

(3) Diagnostic oriteria v _

Epldemiological studles of tlie long term effects of
exposure have shown an excess of solvent workers amongst
patients with clinically diagnosed and disabling psychiatric
illness. The diagnostic categories in which the excess
is found is not uniform, either within or between
studies. Patients receiving compensation in Finland
are spoken of as suffering from 'solvent induced
psycho-organic syndrome', while in Denmark an excess is
found of a 'presenile dementia' that would not however
easily fit into this diagnostic category in Britain,
If comparisons are to be made between findings of
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research groups investigating such disabling illness in
solvent workers it would be helpful to reach some agreement
on definitions and diagnostic categories.

_Standarda and settlements

Some of the issues raised by evidence of the neurophysiologloal
effect of solvents go beyond those amenable to scientific
judgements, and these are perhaps best debated at forums

‘other than that of a scientific symposium. However, two

points seem to emerge from the discussions at this meeting.
First, there is the question of compensation; the appropriateness
of a policy of retirment and compensation geens to depend not

_only on the degree of certainty of the causal link between .

eXposune‘and the syndrome, but also on some assessment of the
extent to uhich those symptoms truly attributable to solvent
exposure are reversible. . Where reversible changes are
detectable at a sub»clinieal state a programme of monitoring

}uith re-assignment to non-exposed work -of particularly

sensitive 1ndividuals may be more appropriate than compensation‘

after the sympoms_ are well established.

Second, even if it is held that the long ‘term health risk

' from occupational exposure to many of the common solvents has

not been adequately substantiated (and the epidemiological

- evidence suggests that such a position may not be tenable)l
there remain the economic and social issues raised by the

evidence of wide spread, if transient, changes in feelings of

-well being nnrlng the working day. Hblle.it;may not:be felt

reasonable that men;and\women exposed . to solvents should feel A
worse at the end of the day than their colleagues in non-exposed
ocoupations,'itnmust also be recognised that the.eeonomie _
costs of reducing exposure levels to eliminate all changes in
mood state would often be extremely high. The issues
involved are in many ways similar to those raised in the
efforts to redesign jobs to eliminate unduly arduous or’
monotonous tasks; although the prineciple of improved working
conditions can be readily agreed, the implementation of

DUP050067697




~xiv ~

b : measures'ﬁo achiéve this aim may, in the abéence of enforeing
; : legislation, require a marked change of atttitudes amongst
; ) : all but the most enlightened (and financially secnfe)'émploYers.
% N Finally, we must recognise that the scientific community
z is still a long way from being able to give to medical
officers in industry or to sdministrators framing legislation,
j clear cut advice, based on neurophysiological investigations,
: on levels of exposure for any but the handful of solvents
% known to cause étruqtural nerve damage. For while there is
% good evidence that transient effects resylt from exposure to
} many solvents, the corclusions from studies of long term
P exposure do not seem to us to be sufficlently clear to form a _
l ‘ basig for recommending-egposure'levels Wherg.specifio-évidence ‘
E of toxicity is not aﬁgilabie for that solvent from other:
sources. .There.aﬁe, however, sufficient grounds for continued
; concern about the effects of long term exposure, both to
? individual solvents and to solvent mixtures, and Qs hope that
; one result of this meeting, and of its published proggéqings,
will be to contribute to the changing perceptions, beth of
% workers -and management of the acceptability of working in
,unnecessarily high levels ©of solvent exposure.
: Nicola Cherry and H.A. Waldron - ~ - London, 1983
o ‘ : : :
j
i
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1. INTRODUCTION
K.P. Dunocan-

The fact that we are Having a symposium on this. subject is of
great significance for it shows the enormous change there has been .

" in the working environment in the last twenty or thirty years.

We have moved from the classic problems of occupational medicine

" into a quite different area and we now have to ask ourselvés far

more difficult questions than some of those we used to deal with.

~ Classically, occupationai physiéians dealt with clinical symptoms,
_with a diagnosable disease which was easily attributed and mostly

easily identified; much of the detection of disease was done by

. 'astute clinicians., One thinks of Percivall Pott and scrotal

cancer in the last century or of the nasal sinus cancer study which
is often put down as a. vietory for the epidemiologist bub was )
really a victory for the.clinicians, whose awareness of an increased
incidence of the diéease‘lead to the occupational cause being

:attaibuted to wood workiﬁg' Now, we are dealing with more subtle

ohanges and we have to ask ourselves different questions.
My job is to do with government and with regulations and matters
of that sort, and I’ wpnder if it would be appropriate if I try to

spell out what the administrators would be looking for from the

work that'researéhérs are doing, énd that other pecple are pushing
foruard The diffieulties of the problem are large' there is a
separation in time, in some cases, between the events under study,

“and we are dealing, not with frapk clinioal,diagase, but with

biochemical or physioiogical changeé which may or may not'restérg-
thgwseives; The whole 1ssue is then confused by biological
variation. | vnder these cireumatances, how do you satisfy yourself
that there 15 a true.qausgllatrribution between exposure to some |
substance aﬁd the ohanges-detactéd in the exposed population?

The first question is, can an effect be detected at ell, and if _
so, is it an objective effect or a subjeetive effect? CIf it is

an objective efrect, is it repeatable by different observers? Is -

'it exposure or dose related? Does the dose relationship vary

between individuals, that is, is there individual sensitivity?
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So far as subjective effects are concerned, I think additional
questions have to be asked; is the study blind, and #ré-there any
cénrounding'factOrS?' ‘The example I think of in this connection
is the work that has been done on electripal fields,_whére ‘
uneonsciopsly.or'subeonsoiously subjects may be aware of some-

'veffect‘pn £he'hair$ or the skin so they become aware of different.
éxperiméntél.egnditiéns. Another important question which has to
'bé asked is; does the effect mattér? That may seem .a silly’

question‘but'; think we often slip into an error here becaus¢ ﬁhen
we detect an effect we éqdabe it with damage;, and this is not
necessarily the case. If the effect does matter, does 1t matter _
at the time or only much later? What is the later pathology with
uhich yqu’are concernédf Does the éffect reverse itself or is it
treatable? These conéiderations lead on to the next-question;_v
can a control limit be set? Can we construct a dose-response. »
curve from Which-weican infer dose-effect and dosé—damage points. -
‘Having established.an;effectithatnmatters (in the sense that
it persists) and that it is damaging (in the sense that 1t remains -
there), is the amount of damage_aoceptable?' Is 1t something
about whiﬁhkwe really néed to care very chh? . ‘We also aak, 
.ourselves, 1f that is so, is a metabolle pattern-estabiished,’cén.
ways for b;oiogical-mohitoring ve devised? Does ﬁhe;mebabolig
pattern relate to atmospherie levels? I
In the particular field we are discussing.heré there are

. additional problems. There are difficulties in measuring exposure,
because we are dealing with highly volatile substances which are
not only readily inhaled, but which may also be absorbed through
' the skin. Absorption through the skin and lung varies with
exercise and effort. ‘Thus it may be that envivonmthal measurements
glve only a crude estimate of exposure,.andithis causes great
difficulties in predicting biological events from environmental
. levels. ‘ ' o : - ; *
' One.of the difficulties for those of us trained in a more
physical school is in accepting the validity of results based on

questionnaires and on psychological testing. This is an attitude
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_that has to-be faced until more obJeotive measures, sueh as
‘measurement of nerve conduction velocities, for example, can give
. a more revealinsacertginty at higher exposures. The examination
" of the workforce for small changes is becoming a more important

" aspect of occupational health and in relation to thempbssent

discussion T would like to have the answers to four guestions at

" the end of the symposium.

First, are there repeatable objective or subjective effects
which ean be agreed on by experts working in the field?.

Second, what is a biological significance of those effects?

Third, 1s there enough knowledge of the metabolism of the .
substance to fix control levels, both environmental and biological?

Fourth, do other agents cause the same effects or do they act
synergistieally? . .
" . These are the questions whioh our administrators are going to
ask, 1If you can come up with detailed answers to .them, then we
shall be very grateful and, perhaps some of us will ‘also be very

' surprised

Diseuésion ' o -
Waldron: - One of the difficult areas to which I hope we will -

address ourselves is the possibility of predicting what
sort of effeets will arise from different compounds .
My interpretation ‘of published work is that speeific
 areas of eentral nervous system are not preferentially
' atpagkeq by different volatile agents. It would be
" helpful to know more about thé neuropathological
effects or solvents so that we could detevmine the
fohanges to look for in people exposed to solvents at -
. wWork,

ZCohr% : We should bé aware in these 6130ussions, that

there are two kinds of organic solvents, those that
 are water soluble and those that are 1ipid- soluble and
they may exert -different effects.
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Waldron; -

Cohr:

T - Gompertz:

| ‘ ‘Hernberg:

Axelson:

Is it possible to predict the neurotoxicity of
solvents on the basis of their 1lipid solubility?
Several physico-ohemical properties of solvents .

‘determine their toxicology; there is, for example,

the well-known relationship between boiling ‘point (or
vapour- pressure) and cardio~toxicity (Clark and
Tinston, 1973).

‘We have some indications. . We know that alibhatic
hydrocarbons are more neurotoxie than aromatic

hydrocarbons. - We have shown that tbe'white qpirit
- which contains only aliphatie hydrocarbons and no

naphthalene and no aromatics nas the 1arsest effect

on neuropsychological tests, .
One feature of the metabolism of solvents is that

they may accumulate in fattyrﬁissues<and re-distribute

themselves vwhen exposure has stopped, so that exposure

Veffectively continues even after leaving work.

There are, in fact, four separate plaaseS:off
solvents to consider, soluble and non-soluble, and
metabolised and non-metabo}ised. ‘ ' '

It is possible to order the toxleity of the
various solvents either_by their solubility or sotie
oﬁher way, but in practical terms there is virtually
n&‘such bhing as pure exposure in the workaaee, and
this limits the value of predictions based on & purely
experimental approaeh ,

Dr. Duncan mentioned the question of acceptability
and I would like to hear some more views of this

_concept of acceptability. . For example, it may be

the case that workers experience subjective

. complaints, which are all éeversibie but nevertheless

are always present 80 long as the exyosure continues
Wbuld that be acceptabie? ‘
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This question of.aeceptability is‘ﬁery diffiecult.
The first decision to make'ie, by whom is an effect
said to be acceptable? I do not think there is a
simple 81ngle'eeceptab1e Jevel of risk; that does not
seem a sensible concept and I believe there is no such"

.. a thing. In this country we look at the problem in
two stages. We assess the effect of a substance in

as objecbive a manner as possible and then we look at

the scale of use. of this substance 1n industry, how it
'is used, how best it can be controlled in a practical

sort of way. We then try to bring these two things

~ together, and this has to be done with the people
" whose risk it is. In other words, is it acceptable

by the pedple who are going to be taking the risk?

It must also be bornevin mind that level of
acceptability will vary with soeial eircumstances _
and all sorts of other factors, ' T think it is not
for a meeting of this sort to say whaﬁ"is acceptable,”
it is for us to describe the consequence of certain
actions, the decisions on aceeptabiliby have to be -

'.taken elsewhere.

I think this notion of aeeeptability is _
something which is relevant to some of the results

~we find, beoause I think people's concept of their'
‘health, and what may affect it may - well differ

between countries. For instanee, some of the
questionnaires that were extremely sensitive in

* Sweden with solvent workers eiposed to high levels'
- Just do not pick up symptoms in this: country. Now,

either solvents do not affect the people in

'Britain, or they do affect them in the same way,.

but British workers have a different congept of "

‘health and do not expect to complain about certain

symptoms; or they may have’ no eoncept that- the
effect on their health is important. Whatever
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the reason, solvent workers in this country do not
complain with anything like the same regularity as
they do in Sweden. SR o
Carter: ' One of the problems of separating scientific
' ' from_political‘deoigions is that any scientific -
‘uncertainties get carried over to,the‘pplitiﬁal'érena
where they Oaﬁnot be debated so effeotively; I hope
_that when we consider Whether.changeS'in psychéloglcal
test results matter we can discuss how the changes
relate to the effects of di@rnal variation, the
effects of alcohol and drug use or missing a meal.
" I think these are important benchmarks in judging
how: much importance should be attached to the effects

Aproducgd by solvents.
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2. SOME CLINICAL AND NEUROPATHOLOGICAL CORRELATIONS IN FOUR

SOLVENT INTOXICATIONS

J.B. Cavanagh

Where the adverse effects of chemicals on the nervous systenm
are concerned, it is only when we are in a position to make good
clinicépathological correlations that we begin to set foot from
the ground. }Mobeover, when we can advance to the next stép of

reproducing the condition experimentally in animalé, then we can

make a start to gain insight into the underlying mechanisms. It
is the structural complexity of the nervous system more than :
anything else that makes us proceed with such caution before we '

" can begin to make statements about causal mechanisms. underlying

the neurgtoxicity of chemicals. In this essay on four solvents

and their possible or likely effects on nervous tissue (Table 2-1),

a few lessons will ‘emerge that I hope may be valuable in making
further progréss. ‘
‘Trichloroethylene Intoxncation

Not long after its introduction as an anaesthetlc, curious
clinical signs of tox;gity were reported (Carden, 1944; Humphrey
and McClelland, 1944) in which the patients suffered marked and
persistent'sénsory-disturbances of the face, mouth and lips.

Amongst tthmost severely affected cases were those of Buxton and
Haywand (1967). These were workmen oleaning out a triehloroethylene
tank. Symptoms began after about twenty-four hours with numbness
and tingling of the upper 1lip that spread gradually to the faee,
forehead, upper gum and palate. After six days these symptoms

were unchanged and objective Ssensory loss was apparent over the

areas of the first and second branches of the trigeminal nerve,

and in addition there wés slight'ﬁeakness of the facial muscles.
By day eight there was ptosis, a right external rectus palsy and
diplopia. Despite-apparently normal fundi, the right blind spot

~‘was enlarged and there was a left Central scotoma with constriction
_ of the visual fields.
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There was now evidence of weakness of the Vth motor nerve as well
as faplal palsy and loss of sensation in the anterior part of the
tongue. By day nine one patient could not protrude the tongue
or swallow solids, and he remained in this state for a long while.
'Even tvo and'a'half years later he had slight facial weakness and
sensory disturbances in the face region, but the condition was to
some extent obscured by éontinued litigation for compensation.
Another man, who had been as long as four hours in the tank
on day two developed diplopia, day three eircumoral numbness,
day six facial diplegia, day eight aphonia from laryngeal parai&sis
and on day twelve loss -of function of the hypoglossal nerve
(Figure 2-1), He died after/being in a respirator for some days
and gross dégeneration of the Vth nerve and nuclei was found in
the brain as well as changes in the other cranial nerve nuclei.
Unfortunately the pathology was obscured by evidence of hypoxic
“cell damage in the globus pallidus, red nucleus, substantia nigra
and mammillary bodies, : ' o
It‘ts>genenally believed now that this train of evenhSiis
unltkely to be due to local entrance of the toxic chemicals in to
the nerve endings 1n>the,nasopharyﬁx for it ocecurs when the -
anaesthesia'hés been given by intubation. Even though we now
know that substanees can readily enter motor nerve endings and
pass to the nerve cell bodies by axoplasmie transport mechanisms,'
_there is no evidence in this instance of this taking place. -
' Unfbrtunately experimén;al Qtudiéé have not been made tp'eXpiqré
this possibility.  In one eXpériment in rats chronically exposed
to dichloroacetylene, the probable toxie conversion product of
trichloroethylene {Henschler et al, 1970) (Figure 2-2) in which some
hind limb paralysis was sald to have occurred, the animals were
. 'not studied morphologieally (Siegel et al, 1971). we, therefore,
have no experimental evidence about the mechanism of intoxication
to guide us. All we'éan say is that this is a special kind of
neuronal sensitivity to a toxic chemical, which is to some extent
repeated by the.dfug stilbamidine used in the treatment of Kala-azar
(Collard and Hargreaves, 1947), but the 1nvgl§ement of many
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cranial nerve nuclei, motor as well as sensory, make this a unique
intoxication. Only experimental studies can tell us more of the -
underlying mechanism,

Carbon disulphide-

' Carbon disulphide (CSZ) has long been known to affect the
nervous system in several different ways. These can be divided
into:- ‘ v '

1. functional disturbances affecting higher cerebral
performance, .
2. peripheral neuropathy, and
3. disturbanges-éssociated with vascular disease.
These last are not specific so far as the nervous systeﬁ is
concerned. The cerebral functional disturbances are relatively

'rapid in onset and appear likely to be related to disturbances in

transmltter metabolism. As pointed out by Magistretti and
Peirone (1961), many of these disturbances to higher cerebral

function mimic overdoSing with monamine oxidase inhibitors.

Magos (1972), howeyver, has produced evidence that
dopamineeﬁ-hydroxylase,'which converts dopamine to noradrenaline,

may be significantly inhibited in CS 1npoxication'and be

2
responsible for these. : Such functional disturbances, although
serious and dramatic when_present, aée rélat1Vely-rapid1y reversed
on removal from exposure, and produce no permanent effects. More -

important are the structural changes associated with the peripheral

neuropathy which are slow to develop and very slow to recover.

Features of CSA_peripheral neuropathy

The earliest symptoms are distal sensory disturbances,
dysaesthesia and numbness, as well as motor weakness, tirednessf
and loss of reflexes. Ataxia does not seem to be an associated
feature. Electrophysiological studies have shown (Vasilescu,
1972) that slowing of ¢onduction veloeity is an early warning
feature and thisicornelates well both with animal studies and with
the structural changes. ' T '

In rats chroniecally eXposed to CSz, Seppalhinen and Linnoila
(1976) found that slowing of conduction velocity preceded any
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other physical sign and was reversible if exposure was stopped.
Following the earlier studies of Szendzikowski et al (1973),
Cavsnagh, Szendzikowski and Wronska-Nofer (unpublished findings)
‘foundlihat'the earliest changes in nerves demonstrable in rats,
befobe the onset of overt weakness and paresis and at a ﬁime when
conduction velocity would already be expected to be slowing, were
the formation of swellings within aions due to the accumulation of
large amounts of neurofilaments, In teased preparations of these

nerves there was pronounced swelling of ihe paranodes proximal to

‘ the nodes of Ranvier, with rather shrunken-looking adjacent distal'

paranodal regions by contrast (Figure 2-3a-d). Along any one '
fibre, by no means all proximal paranodes were thus affeeted, and
their occurrence appeared to be random. The myelin overlying the

swollen axon was considerably thinned (Figures 2-4 and 2-5) and might

occasionally appear to be absent. The frequency of these swellings,
their occurrence near nodes and the myelin thinning were considered
to be sufficient to ~account for the slow reduction in conduction
velocity and for its reversibility in experimental animals on

" pemoval from exposure.

Ultrastructurally, at this stage of evolution of the
intoxication, the swelling of axons is aeoounted_for by a sﬁriking

'increase in 10 nm intermediate neurofilaments. These are normal
eonstituents of axons which, so far as we understand it at present

are made in the perikaryon ‘and slowly (1-2 mm/day) move along the
axon (Lasek and Hoffman, 1976). Their functions are unknown, but
they may have structural (eytoskeleton) properties and be concerned
with axopal_gpowth. . They are pqobably degraded in the terminal
parts of the exon, and possibly elsewhere, by calcium activated
_proteases (Pant and Gainer, 1980),

The result of such abnormal masses of filaments is to push the

' other intra-axonal organelles, microtubules,’mitochondria, and

smooth endoplasmie reticulum, to the periphery of the fibre or

- into clumps among the filaments.

. With inereasing severity of the condition, Szendzikowski
et al (1973) showed that swellings began to appear along the-
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¢ internodal regions as well, and Ha;lerian degeneration‘made‘itself
apparent. The mechanism of this last event in this particular

; 4 .eendition has not been investigated, but if we allow ourselves to

: ' argue by analogy from the closely similap changes in hexacarbon
intoxication (described later), it is probable that the filamentous
masses tend to obstruct the flow of organelles and other copstituente

required in the day-to-day metabolism of the axon and its terminal
regions.  Axon degeneration is probably not a direct effect of
the chemieal interfering with 1te‘vi§al.metah6110'pnoeesses, but a.
secondary mechanical or rheological consequence of the filamentous
masses obstructing axoplasmic flow through the numerous constrictions
af'eitheb'side of each node of Ranvier (Cavanagh, 1982).

So far abttention has only been paid to peripheral nerves

|
!
!
!

‘because they are more readily approached and studied. Our .
observations (Cavanagh et al, unpublished) indicate that. theACNS'
is probably egually, if not more, affected by this process,
Sections of the spinal cord and the medulla from rats with relatively :
mild peripheral nerve changes show very striking swelling of axons .
(Figure 2-5).  However, very little éxonai degeneration was seen,

k and it might be expected that, as with peripheral nerves, eigns and

‘ N symptoms of the CNS disorder will be expressed when elither enough
axonal swelling and myelin thinning occurs to bloek or slow axon

conduction significantly, or degeneration of fibrea begin to make
themselves apparent. Only further study will allow us to say
whether, and in what circumstances, this occurs,

Reeovery from intoxication

; While Csa intoxication, from a structural standpoint, has

; 8till to be adequately described in both the CNS and the PNS the

; present evidence suggests that it is similar in its basic intracellular
mechanism to that of hexacarbon intoxication. Axons that do not. '
undergo degeneration, therefore, will be expected to recover by

the slow transport of the filamentous masses towards the terminals
where they will probably be adequately degraded. Axons that

degenerate, because the nerve cells responsible for them will be

intact, will be capable of regeneration and restoration of function,
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vat 1east in the peripheral nerves. - The process is likely,

however, to be slow because the 1ength of degenerated fibre, and
therefore of its regeneration pathway, may often be considerable.
These conclusions in general are in concordance with the clinical
situation where recovery is always reported to be slow.
Hexacarbon solvents (n-hexane and MBK)

With this group of solvents we are in possession of far more

information about the underlying changes and the meohanism of

their occurrence, for thg simple reason that experimentai
intoxication of laboratory animals is relatively simple (Schaumburg
and Spencer, 1976); Spencer and Schaumburg, 1975: 1977). This
is particularly so now that the metabolic pathways of conversion
of n-hexane and'methyl n-butylketone (MBK) to the proximate- toxic
substance, 2,54hexanedione, have been worked out. Since both.
this and 2,5-hexanediol (the dialcohoi) are water soluble, they
can be reédily given in the drihking water or by intraperitoneal
inJection " The need for the complex business of inhalation
exposure is thus avoided.

The clinioal picture in man -

Unlike CS intoxication, we do not see the grave disturbances
to higher cerebral functions, although it is true that we have no
understanding of the psychological effects of inhalation sought by
the addict. The effects on peripﬁérai nerves are, however, |
cl¢sely:sigiiar to those in 082 intoxication, and have been well.
described from the_study of both industrial exposure and cases of
addictive inhalation (Herskowitz et al, 1971; Billmeler et al,
1974; Allen et al, 1975; Korobkin et al, 1975). Both motor and
sensory disturbances are found which tend to begin distally in the
1imbs, The sensory changes are symmetrical numbness and

- dysaesthesia with varying degrees of reduection in sensation, On
the motor side, muscular weakness and particularly muscular

wasting are striking, but ataxia is not a feature of this
intoxication, although the subjects may walk with a broad based
gait., = More severely affected cases gradually develop a flaceid
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quadriplegié, but the cranial nerves tend to be spared, except in
the severest cases. Reflexes are depressed from an early stage.
Evidence of CNS disturbances is searce, but optic atrophy has
been noted, and delay in visual evoked potentials may be alicited.
.By-eleotrophjsiological methods it has been found-that slowing of
conduction velocity is an early feature in the peripheral nerves C
and evidenee of motor denervation can be fbund by electromyography.
The pioture is thus of a symmetrical disturbance particularly
arfecting longer fibres with often, but not always, a greater

emphasis on motor functions. Recovery on withdrawal from exposure
is unusually slow, and indeed rér-a while the subjects may get.
‘worse before any recovery is noted. Periods of a year or more

are noted before good evidence of recovery can be found. -

Pathological changes

It is now generally agreed that the essential cellular
lesion is intra-axonal accumulations of 10 nm intermediate filaments,
although how this comes about is a matter for debate. These
filamentous aceumulations in experimental animals occur in all
parts of the axon (Cavanagh and Bennetts, 1981) but are moat
frequently found in the more diastal reg%ons. “They occur in axons
of all sizes but appear earliest and mbét abundantly in the larger
fibres. Thus, they,aré‘fbund throughout the peripheral and . '
central axons, and in the latter become QOnspieuoﬁswwith time_in
the long ascending and descending tracts. . A topographical survey
in the rat brain has shown (Figure 2-6) that many central tracts
are affected throughout the brain, and the extent of the axonal
8wellings is far in excess of that whieh would be expected from
the functional disturbances. which can only be appreoiated*in the

limbs. Weakness and flaccid paresis with muscular wasting are
really the only appreciable changes.

G This lack of correlation between struotural and. functional

£ﬁl v changes has been shown (Cavanagh, 1982) to be almost certainly due:
B to the filamentous masses only secondarily producing disturbances
in iﬁpulse conduction in axons, either by thinning of the paranodal
myelin and disorganising the nodes of Ranvier as the axon is

DUPO050067712




- 15 o

expanded, or by later producing Wallerian degeneration of axons
from obstruction to the normal passage of essential materials
.along»bhe'axons; . Such a concept of the course of events agcords
with the early slowing of conduction &elocity, its relatively
rapid return to normality on recovery and the miner funetional
changes in the. CNS where, in general, axons are smaller, have
thinner myelin sheaths and have wider nodes of Ranvier that more

~readily allow the filamentous masses to slip through.

Mechanism of neurofilamentous aecumulations w1thin axons

. Filamentous accumulations Seem to be bhe essential -
peﬁhological change both in hexacarbon and in Csa_neuropathy.
Studies in animals have shown that n-hexane and MBK are both

converted to 2, 5~-hexanedione whereas non-toxic compounds such as
methylethylkehone {MEK) and methyl isobutylketone (MiBK) are not
handled by the liver in the same way (Couri et al, 1976

'Di Vincenzo et al,v1976). The 2 5—hexanedione, moreover, seems

to be the‘prdgimate toxie substance and can produce the specific

changeéAin cultures of nervous tissue (Veronesi et al, 1980).
The mechanism of this is in debate. One suggestion is

that there may ‘be impairment of energy-producing mechanisms due

.,to inhibition of the glycolytic pathway (Spencer et al, 1979)

More persuasive is the suggestion (Graham, 1980) that the diketone
produces erosslinking of neurofilamentous (and perhapevothei) .
proteins byvfbrming Sohiff bases with amino groups. This could
exulain the relative inability of the filamenﬁs to slip through -
constrictions at nodes of Ranvier and thus to accumulate in the

way that they do. The same mechanism is likely also to occur
with 052 because of the. closely similar séquence of cellular

pathological events, but this has not yet been ghown. . 032 also .
has an affinity for -SH groups and has been shown to be able to

inhibit a wide rengé of ~8H dependent enzymes for this reason.

Thus there are many chemical similarities between these two

substances which help to explain their clogely similar pathological
basis.
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Toiuene and other possibly toxic solvents

L - The demonstration of a precise intracellular mechanism for the
toxicity of n-hexane and MBK in no way allows us to argue by
analqu to other putatively toxic solvents, even though there

are suggestions of a marked effeot on éhe CNS from reports in the
literature.

Evidence of neurotoxicity from Solvent mixtures contain;gg
1ittle or no n-hexane )

Sporadic cases of intoxication from the chronic inhalation
of mixtures usually containing toluene in varying prchrtiong have‘
been ﬁeportéd (Table 2-2). Most often these cases have shown
_ clinical evidence of cerebellar disturbances with or without signs
i  ‘ indicating involvement of cerebral centres as well, The clinieal .
: evidenoe of cersbellar damage appears to be good in the reports
of Grabski (1961), case two of Boor and Burtig (1977), Escobar
and Aruffo (1980) and of Malm and Lyins-Tunnell (1980) ‘That of
Escobar and Aruffo (1980) -showed marked Purkinje cell loss at post
,mortem examinabion as well as abrophic changes in the’ cergbral
e regions, but there were also swollen axons in the ép;nal cord and:
i slowing of conduction velocity (30,5 m/sec vs 49-55 m/sec normal) -
found during life. It was suggested, therefore, that he also had
the changes of hexacarbon 1ntokication. While the solvents
" inhaled probably for the most part gontéined no n~hexane, because
of the marked variability in the formulation of the cheaper agents
used, the chronic absorption of n-hexane in addition to the other
substances cannot be ruled out in this case (Escobar, personal
; ' communiecation).
" The case of Escobar and Aruffd is the only one with post
mortem evidence of degenerative changes, In the case of Knox and
Nelson (1966), evidence of cortical atrophy was preaent{ed by . air
encephalqgraphy,'but cerebellar atrophy Has.repbftgd ta be sbsent.
4 Unfortunately we have no objective infaormation about the cerebellum
o of ‘the cases of Grabski (1961) and of Boor and Hurtig (1977)
although the clinical evidence is strongly in favour of degeneration
having occurred and recovery of function did notAtaks ﬁlagg'in
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¢ither instance. However, the case of Malm and LyingATunnéll
(1980), who seemed also to have clear cut severe cerebellar signs

as well as positiveé Babinskl responses, recovered over the subsequent
elght months without residual sequelse. ‘hhfortunately, ho
objective investigations were done to confirm thé presence of
.structural changes .

While there seems, therefore, to be suggestive evidence that

: other,solvenhs may produce Severe desenevativeAehanges in the CNS,
the picturs is complicated by reports of the occurrence also of
peripheral ne&ropathy-witnout'cerebral-or cerebellar changes in
circumstances either where intake of h~-hexane wés‘minimal (Prockop
et al, 1974) or was apparently absent (Oh apd Kim, 1976; Sahenk
et al, 1978). ‘The cases of Prockop et al, (1974) had all the
clinical hall—marks of a hexacarbon neuropathy, and the ohe case
that came to postmortem examination showed filamentous masses

 within axons. The solvent mixtures used, however, eitber gontained
no n-hexane (the "good stuff") or only 0.5% n-hexane (tﬁe "bad
stuff"), a concentration that is-markedly less than is'nsually-
found with huffer's or glue sniffer's neuropathy reported by

’ Gonzalez and Downey (1972) (80% n—hexane), Goto et al, (197%)

~ (18-28%), Korobkin et al, {(1975) (27%) "and Takeuchi et al, (1975)
(12.5%). Toluene was also present ih &ll these reportea mixtures
and in the cases of Prockop et al it‘varied from 47% to 3.9%. 1In
the report of Oh and Kim (1976), typical clinical symptOHS‘of
hexacarbon neuropathy were again described but'the.solvéﬂts used
for huffing contained either MEK, MiBK;,écetbne and tolnene or an
acetone, methanol and toluene mixture. This tempts one to ask
either whether the analyses were faulty or whether these obher
solvents might alsc be capable of crospalinking‘neuhgfilaménts.
This single case does cause one to suspend judgement as to whether
only n-hexane metabolites cause this type of lésion,

The third report is that of Sahenk et al (1978) in whieh
neuropathy occurred after addiction to nitrous oxide inhalatiOn ,
from a whipped eream cannister. Thia case is unique, howeVer,
not only in showing that the patient probably inhaled twenty-three
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different types of organic chemicals, but alsd that the nervef
biopsy apparently showed both a demyelinating Schwamn cell lesion
as well as an axonal degeneration; no filamentous axonal-
accumulations were seen, ‘

~ Conclusions

Theré is some clinical evidence that solvents, other than CS_,
n-hexane and MBK, may be;rasponsible for serious damage to CNS
structures. The cerebellum appears to be particularly at risk,
but éamagevto the cerebrum and to other brain centres ogccurs,
apparently, almost .as often. These are only clinical case _
reports, however, and they are in need of firm objective evidence
to support this suggestion before we can definitely incriminate
solvent mixtures in this way. Moreover, until éarefﬁl pathological
examination of other cases is made, and similar changes can be
produced in ekperimental animals, we are not going to make any
headway in either identifying the causal agent or understanding
the mechanism of tissue damage. From the distribution of the
assumed lesions it is highly unlikely that the mechanism of .
cerebellar and cerebral damage is going to be anything like that
which occurs in hexacarbon or CS 1ntoxication, although it is
possible that some of these agents may enhance the toxlicity of the
low doses of n—hexane as is kmown to occur between MEK and MBK.
This could be the 1nterpretation of the cases of Prookop et al,
(1974). Until every effort is made to induce these ehanges in
laboratory animals, 1little progress in our understanding of the
situation is likely to be made.
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Discussion

Goffe: " Is there any experimental evidence that toluene
has a neuropathological effect?
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Otto:

Cavanagh:

-20 -~

There have been no satisfactory animal
exPeriments.using toluene. Some experiments hawe been
carried out, but either the neuropathological changes

' have not been looked at adequately from the o

methodological standpeint, or they the not been.

‘looked at at all, One problem is that the brain has

to be examined in a rather speclalised way, using
special fixation and stains, otherwise investigators
who are inexperienced in this field will miss changes.

-1 suspect that if we use behavioural techniques for

studying animals and take samples from these animal
groups at different times we may ultimately come
across a good correlation between what we See

morphologically and what we see behaviourally.

I am supported in that thought because currently

T am concerned with a study where there has been a
lot of behavioural work on animals intoxieated with
carbon disulphide and we are now killing off some

of the animals after six months. In the higher
dose group, vhere behavioubalbehanges_abe starting
to appear, I pm beginning to ﬂaVe sugsestidns of
swollen axons and 80 - -forth in the retino-teetal

and other pathways. The changes are minimal but ’
one would like to see more of this kind of
collaborative work because how else are we going to
judge the efficiency of these behavioural tests in such
a structured organ as the brain? TIn view of the
cases pf'cerebral atrophy with CAT scan changes such
as dilated ventricles and widened sulei, I think there
must be some kind of morphological change going on
which would be picked up.

My colleague, in reviewing the literature on tbluene
came to the c¢onelusion that, short of killing the
individual, there is no evidence of irreversibdle
changes from toluene exposure (Benignus, 1981).
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Cavanagh:

Wilkinson:

Cavanégh:

Hernberg:

Cavanagh&

Most of the reported cases that I have listed
here (Table 2) have been inrevérsiblg in that a year or
s0 later, they still haﬁé-been glinicallj the =ame.
There was one case that I did not have time to discuss
in detail. That was the Swedish case (Malm and
Lying~Tunnell, 1980) of a woman with marked cerebellar
and other signs vwho became normal again after eight
months. Since no detailed clinical investigations

are described, it is difficult to know what was happening,

however. This case emphasises the need always to do
CAT scans in any investigation of supposed cerebral or
cerebellar damage. _ ’

In your table of the effects of CS2 on rabbits
and their recovery there-from, I thought that in
fact, they seem to be recovering to normal but
asymptoting below that level.

Perhaps our Finnish colleague here might eomment
on that because this was from Sepp&l&inen's laboratory
and I do not know how long the experiment went on
for. - I would think, from what we know of the
structural changes, they would return entirely to
normal

Eight of the ten animals were killed, but the

two that were followed up were followed up for long

enough, 1 think.

The only problem would be if there was any .
substantial Wallerian degeneration, that is if the
axons actually decayed, then the speed of
reseneratiqn,would be impaired because there would

~ still be a blockage in the flow of important materials

Hernberg:

required for regeneration within those axons. We have
been finding quite marked sléwing of regeneration in

recent studies (Simonati, Rizzato and Cavanagh,
lunpublished)

We have seen recovery in some patients with
carbon disulphide poisoning after a couple of years,
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Cavanagh:

 Goffe:

Cavanagh:

- Cherry:

Cavanagh:

-22 -

Werée the cases or toluéne'neuropathy that you
'deseribed thought to be exposures to toluene only, '

or to a mixture of solvents?
" Most were supposed to have been expased ‘o pure

toluene as far as I can make out from the '

descriptions. There were.not many analyses carried

“out in fact; the patients reported that they ‘bought
99% toluene, s0 that it is not confirmed‘b

Apart from anything else, until very reoently

-conmercially available toluene has ‘always been
. contaminated with traees of benzene.

i S still do not understand those cases of

;peripheral neuropathy, uhere there was virtually

no n-hexane in the material, unless there is
Something else that might be having the same effect

- as n=hexane.

is there any evidence that .you would accept
that susgests that any solvenha, other than those

A.you have already mentioned are neuropathic?

Styrene appears to produce neuropathy but
again the evidence 1s not a1l that good yet.
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3.. SOLVENT - INDUCED PERIPHERAL NEUROPATHY IN MAN
Helen Venables

) In this paper, I shall briefly review the evidence that some
organic solvents cause pefipheral neuropathy in man. I shall
first consider three solvents which have been clearly shown to
produce pathological changes in the peripheral nervous system.
These are carbon disulphide (CSZ) n-hexane and methyl n-butyl
ketone (MBK). Secondly, I shall discuss solvents for which the
evidence of their neurotoxicity in man is equivocal.

Carbon Disulphide _

;During the secbnd half of the nineteenth century, 052 was
used in the cold vulcanisation of rubber. A& physician in Paris,
August Delpech, féeotdgd numerous cases of CS, polsoning in the
18508 and 60s. The toxic syndrome was marked by insomnia and
nightmares, extreme ikvitabiliby, fatigue and loss of libido.
This pattern of intoxication was observed by Braceland in America
in the 1940s, who also noted memory defecis and hallucinations in
‘'some of his'patiénts. Outbreaks of c52 poisoning were reported
all over Europe during the Second World War when workers in the
viscose rayoh iﬁdustryﬁwere exposed to high levels of the solvent
for long hours in pobrly ventiiated factories. Viglién; examined
100 men suffering from GS, poisoning in 1950 and 1941; he _
identified polyneuropathy in 88% of his cases, the legs being
generally affected more than the arms. Other common éymptqms
were gﬁstric disturbances, vertigo and headaches and:sexual.'“

weakness. A number of these men were examined five years later
and only 25%~éhQWed signs of 1mpbovement or“recovery; . In,Milan,
Vigliani observed that the polyneuropathy in another group of
082 workers gra§ually developed into a diffuse vascular :
encephelopathy, leading to severe mental deterioration. One of
his patients is described below: '
"Case 28 - Gro. L. aged 55 had worked at Plant C as a spinner

for 2 yéars and as a rayon bobbin washer for

13 years. From 1947 he had heaviness in his
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legs with progressive difficulty in walking. He left

work in May, 1952 and was admitted to hospital in

1952 with diffuse .encephelopathy with symptoms of

loss of power on the right side, mental deterioration

and dysarthria B.P. was 160/90 mm Hg. Disability

vas 60%." o

' TIn 1972 and 1974, Seppil¥inen and her colleagues cariied.out

studies on éiscose-rayon workers in Finland. In the first study,
36 men with diagnosed 082 poisoning were examined; compared '
with a control group of paper mill workers, they complained of
more symptoms of the kind reported by earlier 1nvest;gators,:
namely fatigue, insomnia, headaches and paraesthesiae.  Nerve
conduction veloeity (NCV) and electromyograph (EMG) recordings

were made and most of the cases had one or more abnormal measurements.

In the second study, 118 men who had been exposed to»CSZ:ror -
between 1 and 27 years were studied; 52 of these men had left the
viscose-rayon industry for an interval varying between 1 ahd 15
years. Comﬁared with a group of 100 paper mill workers,'the.
exposed men had slower motor conduction velocity in the legs,
longer distal latencies in the median and ulnar nerves in the arm
and slower conduction velocity of the slgﬁ conducting fibres of
the ulnar and deep peronaél nerves. The conduction velocity
measurements of the 53 men who had been removed from exposure did
not differ from those men who were being edbrentiy exposed,
suggesting a degree of irreversibility of the pathological changes
caused by Csa. . ‘ ’

Methyl n-butyl Ketone and n-hexane

MBK and n~hexane produce a similar pattern of polyneuropathy
characterised by a symmetrical stocking—énd~glove.aénaory
impairment ,weight loss, muscular weakness and paralysis ascending
from the distal to the more proximal muscles. The disease '
progresses after the patient is removed from expoéure, but then
function returns to normal over several months. Outbreaks of
polyneuropathy have been caused by occupational exposure to
n~hexane and MBK and n-hexan€é neuropathy has been.qbsebved in

glue-sniffers who inhaled a thinner containing this solvent.
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Yamamura (1969) reported an outbreak of polyneuropathy among
workers engaged in sandal and slipper manufacture invsma;l_éo;tage:
industries in Japan.  Several cases of tetraplegia appeared at a
hospital in Nagoya, all of whom had been in contact with an .

- adhesive containing n-hexane (70%), toluene and other constituents.zfz.

A guestionnaire was circulated to 1662 workers to screen for signs-
of polyneuropathy; 295 people were given a detailed examination
and 93 were .found to have polyneuropathy. Forty~four of these
patients were given NCV and EMG tests; in the arm, 50% and 36%
had abnormal MCY of the median and ulnar ngrvés respectively; in

‘the leg, 70% and 48% had abnormal MCVs of the peroneal and tibial

nerves reSpeetively. The number of abnormal MCV and EMG:recordings
in a particuiar patient correlated well with the clinical ‘severity
of the disease.

An outbreak of polyneuropathy attributed to MBK was detected
by Allen et al (1973) in a similar way to the outbreak in Nagoya;
several cases of polyneuropathy appeared in a hospital in Ohio,

all employees at the same fabric coating and printing plant.

Over one thousand employaes at the plant were investigated; 86
had polyneuropathy of differing severity. In December 1972, MBK
had replaced methyl iso butyl ketone (MiBK) in ink thinners and
cleaners; the main eohatituent-of'whichvwas methyl ethyl ketone

(MEK). ~ The first cases of neuropathy appeared in June 1973 and

the severity of the disease was linked to the level of exposure to
the solvents. The temporal course of the outbreak, after the ,
introduction of'MBK into the thlnners and cleahing fluids, together
with the association between exposure and severity of the disease
pointed strongly to MBK as the causative agent. A synergistie
effeet‘uith MEK,-hoﬁever, could not be ruled but. A snbsequent
study of rats experimentally exposed to MBK, MEK and an MBK:MEK
mixture (ratlo 1:5) by'Saidé et al, (1976) showed that MEK alone
had no neurotoxic effect, but caused a marked potentiation of the
peripheral neuropathy caused by MBK. :

‘Altenkirch (1977) reported 18 cases of glue-sniffers with
polyneuropathy; 'weakeqing of the leg museles-progressed-tbA

DUP050067723



, o ' | - 2 -

paralysis in some patients, 7 of whom were tetraplegic at the height
of their illness. All 18‘patienté sniffed the same thinner.

Two months before the appearance of the first cases the composition
Bf the product had been changed by -the manufacturers, MEK'be;ng
added and the percentage composition of-the.otheb constituents
(including n-hexane), Biopsy of the sural nerve revealed
morphological changes identical with those commonly found in glue
sniffer neuropathy (see Towfighil et al, 1976) namely densification
of cytoplasm within the axon, clumping of neurofilaments and
retraction of the myclin sheath. MEK is not known to have a
neurotoxic effect, but can act synergistically with MBK (see
above); the authors concluded that MEK induced n-hexane neuropathy
in this group of sniffers. T

Other Solvent Neuropathies

A number of other solvents have been investigated for toxie
effects on the peripheral nervous system, Comparisons between
i a group of exposed workers and age-matched controls have sometimes
g revealed small differences in NCV measurements with the exposed
workers having slower NCVs than thé controls; the effects

are minor, compared with those induced by CS

X n-hexane and MBK,

however. )

Seppdl¥inen amd Harkonen {1976) found no differences in
motor or sensory conduction in 96 laﬁiﬂators exposed to styrene
for a mean duration of 5 years compared with a control group of 30
non-exposed men. Rosen et al, (1978) on the other hand examined
33 ﬁorkers who had been éxposed to either high (Abcve“SD_ppm);
medium (50 ppm) or low levels {belaw 50 ppm) of styrene for
1 to 21 years, and found that they had lower amplitude and longer

. duration of the sensory action potential of the median and ulnar
nerves eompared with 6 controls. There was no consistent

relationship between these measurements and level of.exposure,

‘however,. - ‘ ) #
Maroni (1977) investigated 21 women who had been exposed’ '

to 110-990 ppm of 1-1-1-trichloroethane for a mean of 6.7 years.

There was no difference in MCV and conduction velocity of the

DUP050067724




- 27 .

 slow fibres (CVSF) of the ulnar and deep perouneal nerves between
three groups with differing levels of exposure and a control
group. Cherry et al (1981) found no difference between 29 men
exposed to methylene chloride for a mean of 13 years and age-matched
controls on MCV measurements of the ulnar and median nerves. The
saﬁe authors found that 59 men exposed to over 100 ppm of toluene
for a mean of 9 years showed no slowing of motor and sensory
conduetion veloeity in the median and ulnar nerves compared

with age-matched controls. Knave (1976) found that jet fuel
vapours at levels of 500-3,000 ppm did not lead to any slowing of
MCV in the ulnar and median:nerves and the CVSF of the ulnar
nerve.

Considering mixed exposure to solvents, Elofsson et al (1980)
and Sepp&lﬂinen et al (1978) found minor differences on a number of
NCV. measurements between men (car paintevs) exposed to low levels
of xylene, toluene and vwhite spirit and non-exposed ‘controls.

Fagius and Gronquist (1978) found that exposure to a mixture of MEK
{180 ppm) and triehlbnoethylene.(So ppm) in a steelworks led to
complaints indicétive-bf polyneuropathy. Forty-two exposed workers
were examined_toséther with 42 referents, matched for age, sex and
duration of employment, from another section of the plant, where
there was no exposure tb’solvents. In the exposed group there was
on¢ plausible and two suspeoted cases of neuropathy, none ‘was

found in the referent group. NCV méasurements showed no ditfevences
between the groups, but the exposed'workers had a significantly A
higher vibration sense threshold than the non-exposed men.

Conclusion ' . v

-Severe cases of polyneuropathy have been reported after exposure
to csz, n-hexane and MBK. - Small changes in NCV measurements
have been found in some groups of workers exposed to other solvents.
The significance of thesg:minor impairments is not fully'understood,
some of the studies suffering'from methodological difficulties,
-particulafly in the choice of control group. 'Carefully conducted
studies are needed to establish with reasonable certainty that most
organic sglvents.are unlikeiy’tp cause peripheral neurOpathy_in man.
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: Discuséibn

‘ Waldron: - Is there any evidence for peripherél neuropathy in

~ people industrially exposed to trichloroethylene?

. Venables: " There is one study which found neurological signs in'
exposed men together with various non-apeéific symptoms
like fatigue (Grandjean, 1955). I do not know a study
in which nerve conduction velocities have been measured

in a group of workers exposed only to'tniohlofoethylenei
Cavanagh: R With trichloroethyiene you would not expect to get a
peripheral neuropathy.in the limbs. This substance
‘produces these curious c¢raniazl nerﬁss changes which seen
to be very specific, ‘ '

Venables: There is a case of anbther'methl degreaser who ‘'was
» V ' exposed to trichloroethylene for six weeks. Iniﬁially,
i he developed some of the symptoms which accompany other
’ ' kinds of solvent boisoning, such as weight loss and
vértigo, before de#eloping neuropathy of the trigeminal
% - " nerves (Mitchell and Parson-Smith, 1969), Feldman et al
{1970) reported the case history of a patient with
" trichloroethylene poisoning who had abnormal slowing of
distal sensory conduction fh the ulnar nerve; this
slowing reversed after several weeks. C
Axelson: I wonder if you could comment on the normal values
‘ for conduction velocities. There are differences between
the norms quoted by various Swedish Iaboratories. In some"
of the more rigorous studiés, there have been special
comparison groups, but the neurophysiologists in Sweden
do not always seem t6 have adequate norms for routine
purposes. ' l o
Venables: - There is one problem I have had in looking at ﬂhg
‘ © ' literature; in some of the papers no normal values were
P ‘given even though the authors reported abnormal values.
| In our laboratory we have now built a pool of normal
data and we realise that it is important to match
carefully on, for example, age. In our analyses we
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look to see how many people fall, say two standard
deviations away from the mean, but it is very difficult
to know where to set the limit,

'_Jamie; Are these data that you have actually developed
yourself or that you have collated from other people's
work? .

Venables: These are values from people we have tested
ourselves. We have data from about 150 people who aﬁe
riot exposed to any neurotoxie.substandes (Appendix beléw).

Waldron: In these neurophysiologlcal studies, careful matching
is essential. Ve have found changes in nerve conduction
velocity with age and with skin temperature. If the
skin temperature is below 30° Centigrade there is a big
fall in nerve conduction veloeity.

Carter: How reproducible are nerve conduction studies in the

‘ - same individual? How many of these studies have reported
sequential values in the same group of people?

Venéblea: ) We have carried out small studies in our laboratory

' to see how reproducible these measurements are, and the
answer.is that they are surprisingly constant although
you do have to take special care in the measurement.

In most qf'tha'atudiés in the literature only one set
of messurements has been taken. - B

Gamberale: We have found a correlation of 0.4 between nerve

' cOnductionvveloeity and reaction time in a groub of
140 workers exposed to tolueme. We thought that
reaction time was a measure of central functions 80 we
do not ¥mow what this correlation means.

Cherry: We have also found a small correlation between
sensory nerve conduction velocity and reaction time in
toluene workers but whether it is chance or not, I do
not know. ’ '
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APPENDIX

. Normal\Vaiﬁés for Use in NeurOphysiological Studies of Male

Manual Workers
Helen Venables andiﬁma.-WBldron

Summary'or procedures used to obtain nerve condilction velocity
measurements. ‘

The motor conduction velodity of the ulnar and median nerves along
the forearm was measured'by stimulating the nébies at the wrist
and the elbow and recording the action potential with surface
electrodes over the hypothenar and thenar muscles respectively.

-To measure Sensory conduction velocity, the ulnar and median

nerves were stimulated antidromically at the wrist and the sensory
nerve action potentials recorded with ring electrodes on the fifth
and middle fingers respectively. Our normal values are shown in
the following tables. '
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ULNAR NERVE
Age (Years)
<35 | 35-44 |u5-54 | >55 | Total
Distal latency (ms) o |
x 2.9 2.8 3.0 3.0 2.9
sp 0.7 | 0.5 0.6 | 0.8 | 0.6
n 53 56 k0 27 176
| Motor conduction -1
velocity (ma™ ")
£ 62.0 | 59.4 | 56.6 | 57.5 | 59.3
sD 6.7 5.8 6.3 6.6 | 6.6
n 52 55 38 27 172
Amplitude of action
potential (mv)
. - 8.3 | 9.3 | 8.0 | 7.1 | 8.
Sp b2 m 4.1 4o | 3.1
n 15 55 10 27 | 167
Sensory conduction 1
velocity © {ms”")
- X ' . 39.1 | 39.0 35.7 37.0 37.9
sp 5.4 .9 | 5.0 | 4.9 | 5.2
n 34 31 26 18 | 109
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MEDIAN NERVE

“' Distal latency (ms)

X
SD
i
Motor conduection -1
veloeity (ms™ ')
. %
SD
n
{ Amplitude of aetion
{ potential : - (mV)
' b4
Sb
n
Sensory conduction 1
velocity imé" )
X

_.uv%

Agé (feafs).

| <35 |35-84 |us-58 | >55 |Total
3.4 | 3.4 | 35| 3.5 | 3.4
0.6 0.4 0.5 0.5 0.5
u 54 4o 26 | 167
61.1 | 58.5 | 55.0 | s54.2 | 57.7
5.7 1 5.1 ] %9 | 55| 5.9
46 53 39 26 |64
8.7 | 8.5 | 9.2 6.9 | 8.5
3.2 | s0 | b2 | 3.5 4.0
42 54 40 25 161

0 39.9 | 39.7 | 37.5 | 37.3 | 38.9
5.6 4.6 4.7 | W7 5.0
3 29 27 18 105
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4. _EVENT-RELATED BRATN POTENTIALS: AN ALTERNATIVE METHODOLOGY FOR
NEUROTOXICOLOGICAL RESEARCH ' .
D. pt’c.o

One of the problems encountered in studies of glue sniffing, and
other types of solvent poisoning is addiction. This problem also f
afflicts researchers who tend to become addicted to a partieular “
methodology. This paper will review some alternatives to the ) d
behavioural methods to.which many of us have become addicted. :

vThese alternatives 1nolude sensory evoked potentials and event—related

slow potentials of. the brain.  Evoked potentials are sensitive,
clinieally proven, indices of sensory deficits, while event-related
slow potentials are sensitive albeit experimental, indices of

vcognitive dysfunetion. ) Evidence 1s accumulating that evoked and

slow potential measures may also be sensitive indices of neurotoxie

 effect (Otto, 197735 -1982a; 1982b; Otto and Reiter, 1978).

There are three types of olinically validated. evoked potential

. measures that have a straightrorward application to. neurotoxioity

testing. The first is the brainstem auditory evoked potential
(BAEP), one of the few evoked potential phenomena for which the
néural origins have been relabively well established (eee review by

Rowe, 1981) A typical BAEP is illustrated in Figure M-1. The

first wave 1s generated peripherally in the acoustie nerve, the ,‘
seeond from the region of the cochlear nucleus, the third is
aseociated ‘with the superior olivary eomplex, the fourth with the
lateral lemniscua, and the fifth with the inferior colliculus.

The correlation between anatomy and phenomenology is sufficiently
good that the neurologist can use the BAEP to assist in 1oea1ising
lesions in the auditory pathway and in diagnosing nenspeoific
demyelinating diseases such as multiple sclerosis (Starr, 19717,

_.Sinee neuroboxicants tend to produce symmetrical, diffuse effeets

on CNS function (Schaumburg et al, 1981) similar to mulbiple
sclerosis, BAEPs should provide a sensitive index of neurotoxicity,

particularly in the case of chemicals that produce demyelinating

effects.
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Several other features of the BAEP suggest its utility in
toxicity testing, First the BAEP is not affected by changes in -
attenbion. As long as the auditory pathway is intact, anaesthesia
does not alter BAEP latencies (Starr, 1977). Seoondly, the.

: measure is immune to cultural bias sinee no verbal mediation is
required. In addition, BAEPs are simple to reeord and the latency{
measures are éésy to make and interpret., Central conduction time
in the auditory>bathway can be determined by subtracting the
latency of wave I (acoustic nerve) from wave V (resion of the
inferior colliculus).

The second measure that I would add to a neurbtoxiéity test
battery is the pattern reversal evoked potential (PREP). In this test,
dark and light squares of a eheckerboard pattern are reversed -

‘ .repetitively on a video display. This measure has been found to be

SR more effective than the traditional flash visual evoked response in

| ; . _ . the diagnosis of multiple sclerosis (Halliday et al, 1973).  The

P ) " flash evoked potential has been used widely for toxicity testing in

j animai.modeis (cf. Fox et al, 1977; Dyer et al, 1979; Cboper‘et al,

. 1980) . For many substances, it seems to be a useful measure. Iﬁ
view of the lack of sensitivity in the plinieal population of the
flash evoked response, the PREP appears. to be a better oandidate ]

" for human neurotoxicity testing. - Several Institutes of~Qccupationél'

j Medicine (Baltimore, Helsinki, Stockholm) have begun to use the-
PREP in the neurcbehavioural assessment of workers, but no definitive
data from these studies are yet available (see Elofsson et al, 1980) .,
' The two measures described above have other characteristics that

| . .make them useful for neurotoxicity testing purposes. Both the

i © . BAEP (Hecox and Galambos, 1974) and PREP (Sokol and Jones, 1979)

_reach mature latency values by 18 months of age and remaln relatively

J constant thrOushtoﬁt adult 1ife, althbugh theré_may be a slight

E , slowing-in latencies in the eidérly, ‘In general, these measures .

: are verj robusﬁ and very reliable. PBEP waveforms elicited by

stimulating the left and right eyes of a patient with multiple

sclerosis are shown in Figure 3-2," The left—right imbalance,
indexed by a differential latency of less than 14 msecs in the '
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P100 component, is clinically abnormal and, in this case, diagnostic
of multiple sclerosis (Stockard et al, 1979).

The thind.electrophysiological measure that I would suggest using
in a neurctoxicity test battery is the somatosensory evoked potential
(SEP), Anétomically the somatosenbory system is ideal for human
neurotoxicity testing because the long peripheral nerves are
accessible for measurement at many points aléng'the sensory pathway.
By stimulating a distal point in the pathway, both peripheral and .
central nerve conduction measures can be thained simultaneously as
shown 1n'Figure 4.3, Peripheral nerve conduction velocity is
determined b& measuring between two points on the peripheral nerve,
‘Centfal conduction time is caloulated by subﬁnhéting'the arrival
time of the afferent volley at the dorsal column nucleus (N14
Latency§ from the arrival time in the postcerntral gyrus-(Nzov
latency). This'method-can be used in neurotoxicological assessment
to determine if a deficit is peripheral or central (cf. Eisen and
0dﬁ30ta,‘1980) Other techniques have been developed té'aséess' V
neurological disorders in the spinal cord, brainstem and thalamus
(Noel and Desmedt, 1980)

Few attempts have been made to apply SEPs in human neorotoxicity
testing. Seppiliinen (1978) reported preliminary evidence that
the scalp«recorded SEP was more & sensitive measure of subelinical
neuropathy than peripheral nerve conduction in lead-exposed
workers. ' Groll-Knapp et .al (1978) compared the effects of 100
-DPm (5.5% COHb) and 200 ppm (9.7% COHb) CO exposure on audiéory,~“
visual and somatgsanSGry evoked potentials.  SEP amplitude was -
significantly reduced at bobh-exposﬁre'levels, while auditory and -
visual EPs were unchanged.  Zappoli et al (1978), on the other
hand; did not find the SEP useful in diagnosing toxic polyheuropathy
of viorkers exposed to industrisl adhesive solvents.

' The three measures deseribed above are clinically validated. -
There are. other electrophysiological measures with possible
applications in toxicologioal research that must be considered
experimental bécause the tests have hot been atandardised.and 
population norms are not available. I refer to event-related
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slow braih,potentials (ERSP). - Sensory evoked potentials measure.
the integrity of sensory pathways, but pro?ide no 1hfbrmation on
porﬁical integration. By contrast, ERSPs are usually recorded in
the context of a behavioural task and thus reflect the integration
of ssnsory:input and motor output. For example, the subject may
be présente& with a single'digit once per second and asked to
press a button each time he deteots. a run of thrbe'odd br-three'
even numbers. An example of ERSPs élicited in this type of
cpntinuous,pérformanee task is shown in Figure 4-4. The 80lid line
represents correct rejection trials where the first two digits in
the sﬁriﬁg werelﬁhe»same, but the third digit differed (e.g.
3-3-8). In these trials the subjegt cprhehblj'refrained'from \
pressing the button ' Following the third stimulus a component
(called che P300 wave) appeared in the trace indieating that a
correct no-response decision had been made. The dashed line
represents a set of miss trials; where. the individual failed to-
detect a target string of three identical digits. 1In this trace;
the P300 component was absent, Note that Ehe‘subject'rgfréined
from button'pressing in both sets of trials, but tﬁe P300 wave -
occurred only when a correct no-response decision was made. The
P300 wave thus eonstitutes a robust, easily recordable index of
information pnocessing in the brain, a convenient noninvasive
measure of cognitive function.b ' '

P300 amplitude and latency have been studied extensively by
psycho-physiologists and related to a variety of cognitive functions
including selective attention, response set, decision-making,
signal detection, orienting, and uncertainty (cf. Tueting,'1978).

As yet, however, the clinical relevance of this waveform bemains _
to be demonstrated in a convincing manner. The lack of knowledge'
of the neuroanatomical, neuro-physiological, and néurochemical
substrates of the P300 limit clinical aﬁplicatiops; Otto et al
(1978) failed to find any relationship between P300 amplitude and

' carboxyhaemoglobin levels in young'adults,‘but'novsystématie

effort has been made to explore the utility of the P300 in

neurotoxieology.
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Another extensively studied ERSP is the contingent negative: . -
variation (CNV) first described by Walter et al (1964). CNV is a .
slow negative shift in EEG baseline that occurs between the
warning and 1mperatife stimuli in a fixed foreperiod reaction time -
task. The CNV has also'been‘related to a host of psychological
varisbles including expectaney, motor-preparation, atteﬁtion/arousal,f'
and concsntration. Groll-xnaﬁp et al (1972) reported that CNV
amplitude and vigilance performance varied inversely with carbon
monoxide exposure levels, although they were later unable to.
replicate earlier findings (Groll-Knapp et al, 1978). Otto et al
(1978) reported a paradoxical increase in CNV amplitude in subjects

- exposed to 160 ppm CO, but a decrease in subjects exposed to 200
ppm CO. Zappoli et al (1978) did not observe any effects of
adhesive solvent exposure on CNV amplitude in shoe workers, despite
EEG abnormalities indicative of diffuse brain damage in all
subjects. _ . '

The.most,éncouraging.evidenée of the potential utilityvbf_ERSPs
in neurotoxicity testing derives from recent studies of slow
cortical potentials in children with elevated body lead burden
(Otto et al, 1981; 1982). = A linear éélét1onahip between slow
wave (SW) voltage and blood lead (PbB) level was observed in young
children durihg'sensofy condi;ionihg. This effect was obseryed
across a range'oﬁ 6-55 agldl with no evidence of any threshold
effect level. The'only othér.biological measure previously shown
to be affected at such low FbB levels is delta-aminolaevulinie »
aqid-dehydraﬁase (Hernberg et al, 1970). A similar linear
re;aﬁioﬁship of SW'vdltagevand Pbﬁ levels was observed in a subset
of the children'évgluéted two years later when PbB levels vere

- significantly reduced (Otto et al, i982)._ Although the functionﬁl
and clinical significance of these data is not clearly understood,
the results suggest thahvSH voltage is sensitive to body 1éad
burden in children. . _

With the exception of the paedlatric lead data, the utility
of ERSPS in neurotoxicological research has not been demonstrated
convincingly. The problems which limit the clinical application

>
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of the P300, noted above, pertain also to the CNV and other ERSP

measuresf Methodological difficulties furtherﬁiimib the application
' 6f ERSP measures in cliniéal'and neurctoxicological research,

Eye and body movements produce considerable artefact during

becordihg.‘ Trials in which éye or body movements occur must be

rejected from signal averages. Eye fikation onja visual target

is usually required to minimise eye movement artefaob. The
eomplexity and expense of computerised data acquisition and
analysis systems also limit the application of ERSP methods.

In conclusion, clinically validated sensory evoked potentials
appear to be éxcellent candidates for human neurothicity testing.
Event-related slow potentials, however, redﬁire,standandisation,v
validation, and technologioal-simpliriéation before these measures
are likely to provide anj effective relief of ocur addiction to
more traditional behavioural testing methods. . '

L Discussion _
; Goffe: I am sorry to ask a simple question, but presumably
' these measurements are made as for measuring'the EEG?

-Otto: "+ Yes, Electrodes are put on the scalp 1n the standard
R, 10 or 20 positions. ' ’ o '
Waldron: How practical would ‘these tests be for use in the
' field?  This might be one reason for not following_theq
. up. 'It is one thing to use tests in’'an exposure chamber
study but it might be very:different:if'you-wanted to '
go into a solvent'faotéry and look at an exposed

population at work. N

) Otto: We are.develbping appropriate methodology for

; _ field testing, designed around a small microprocessor.

[ I would limit field applications to the three clinically
: validated measures, since we know with a faié'degree-of

3 - V certainty, what these measures mean, they are interpretable,'

and if there are increased 1atencies, these can be

related to underlying morphologieal changes. " The
latency of the auditory brain stem potential varies - :' C
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vith temperature, so thisihas to be taken into account;
this is true for somatosensory evoke@ potentials as
well. For example, several years ago there was a
report on the effects of alcohol on the auditoby brain
stem potential that has subsequently been shown to be
an artefact, since when one drinks heavily, the core.

- body temperature is reduced, and the change that was

seen was probably due to a drop in body temperature.

Does not the robustness of the tests suggest that
their practical application is going to be limited?

I have some results with auditory brain stem
potentials in rats exposed to n-hexane. The animals
were exposed to 500 ppm, 1000 ppm and 1500 ppm of
n-hexane continuously for 11 weeks and then there was a
13 week recovery period when exposure was withdrawn.
During the period of exposure, there was a good
dosé-responée relationship but what is of interest is

‘that after the recovery period there was little apparent
'raeoverYy at least at the highest level. At the lower

level there was some recovery of function.
I think the short latency potentials you mentioned

“initially might be very useful if they are not affected

by attention. The;test.involving'longer'létencies,
the one using the reversible checker board téehnique
is, I think, going to be affected by attentional
factors. , _ ‘ . .
Since the toxic s@bshances we_are concerned with
do affect attention, would it not be easier simply to

" study them by’behavibural testé rather ;han‘by more

complex techniques of evoked potentials which to a
certain extent do relate to behaviour although the
basis of these relationships is not clear.  So where
attention comes in why not use behaviour and where it
does not usé the short latency brain stem,potentiéls?

DUP050067737



~ 40 -

Otto:  There is evidence that ‘the visual evoked response is
not greatly affeeted by attentional'changes. ‘The '
éubjeet has to fixabe‘on ﬁhe'siimulus, obviously.

Beyond that, there seems to be little effect. I think
that we can gain additional information by using

J; behavioural and electrophysiological measures together,
since the two are obviously directly related.

DUPO050067738




- 41 -

5. SOLVENT METABOLISM: INTERACTIONS AND IDIOSYCRASIES

H.A. Waldron and Nicola Cherry

There are three interactions which are of importance when
considering the neuropsychological effects of solvents, solvent-drug,
solvent-solvent,; and solvent-alcohol interactions.

_ ‘Solvent-drug interactions

The effect which solvents have onldrug metabolism is, in genéral,
related to their hepatotoxieity. Compounds such as chloroform
and carbon tetrachloride which cause hepatocyte damage reduce the
rate of drug metabolism by interfering with normal hepatocellular
function. By contrasy, solvents which are less toxic to the '
liver, suéh -as methyl ohlorofbrm, styrene, xylene and MEK, may
1ncrease the rate of drug metabolism by hepatic enzyme induction
(Fuller et al, 1970; Vainio and Zitting, 1978; Toftglrd et al,
1981).  Drugs which themselves induce the PA50 linked mixed-

function oxidases will speed up the rate at which those solvents

depending upon these enzymes for their metaboiism'are degraded.
The role of biotransformation is highly impovtant when
considering the toxicihy of organic compounds. Drugs which
enhance the. mebabolism of ‘solvents will deereasa their toxicity if
the parent molecule is the actual foxic agent. When metabolites '
are the toxic agents, then the toxicity of the parent compound '
will appear to be enhanced by drugs which speed up the rate of
biotransformation. = For example, the hepatotoxicity of carbon
tetraehloride is enhanced by pre-exposure to enzyme inducers
{Curtis et al,1979) and it has been suggested that these compounds

may increase the toxicity of styrene by stimulating the rate of

production of styrene oxide (Parkki et al, 1976). It is posaiblé
thay the‘toxic effécts 6f'n~hexane will be potentiated by inducers
such as phenobarbitone since thia stimulates hydroxylation in '
position 2, 1eading to an increase in the formation of 2-hexanol,
the precursor of 2,5-hexanedione (Frommer and Ullriech, 1974).
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Effeots on Psychoneurologieal function

It is important to establish whether or not exposure to solvents
has added effects in people who regularly take drugs. The size -
of the problem'may be judged from the results of a cross-sechlonal
| - stﬁdy in which it was found that approximately 5% of males in the -

’ " UK. regularly take psychotropic drugs (Balter et al 197&)

' Given the narcotie effects of solvents, it may be that interactions
with psychotrOpic drugs are most relevant but few studies have '
been undertaken in which the effects of psychotropie drugs on the
performance of subjects exposed to solvents under experimental
‘conditions have been examined. Ferguson and Vernon (1970)
studied the effects of thonzylamine and meprobamate in combination
with triehloroethylena and Stewart .and hiS‘coileasues-(1977)
examihed the interactions Between diazepam and perchloroethylens;

In no case was there any evidenoe for additive or synerglstic -

effects. ‘There is clearly further seope for studies of this
kind, however,

Solvent—solvent 1nteractions

The metaboli:m of benzene and its analosues is similar in many
: ' reSpects 80 it is not surprising that the co-administration of

: . aromatie compounds- results in the suppression of the metabolism of

_ the compound which is present in the 1ower concentration.  Thus,

! it has been found that toluene in excess will suppress the metabolism
;E of xylene and styrene; the suppressionlisﬂovercome by pre-treatment
with phenobarbitone (Ikeda et al, 1972). = At levels olose to the
threshold limit values, Sata and Nakajima (1979) were unable to
show any metabolic interaction between benzene (25 ppm).and

i , toluene (100 ppm) in human subjects, however, although interactions
: were readily demonstrated in animals given these solvents by
intraperitoneal injection.

Interagtiqns also occur between aliphatic solvents such as
MBK and MEK (Abdel-Rahman et al, 1976) and there is also evidence -
that toluene and trighloroethylene impair each other's blo-degradation. -
In the latter casée it has been shown that trichloroethylene is a
non-competitive inhibitor of side chain hydroxylation of p-toluene
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(a substrate analogﬁe of toluene) but that toluene inhibits: . - :
trichloroethylene metabolism in a non-competitive fashion (Ikeda;;u :
1974). | SR
Effects on neurotoxicity and performance

‘Under experimental donditions, it can be shown that the
administration of MBK to animals may potentiate the neurotoxic
- effect of MEK (Abdel-Rahman et al, 1976; Saida et al, 1976) but,
by contrast, toluene appears able to protect against the neurotoxic
effects of n-hexane (Takeuchi et al, 1981). Interactions of this
kind may be of importance in human toxicology and there is some
evidence that exposure to solvent mixtures may potentiate the
activity of weakly neurotoxic substances in the mixture (see
the papers by Cavanagh and Venables in this volume). '
Hénninen and her colleagues (1976) have suggested that exposure
to mixtures of solvents may interact to cause behafioural effects
at levels that would not be found for & single solvent. A group
of éar painters was found to perform significantly less well in a .
battery of péycho;ogical tests than a group of rallway workers.
The car workers were. exposed to a mixture of solvents including
toluene, xylene, butyl acetate, white spirit, MIBK, isopropanol,
ethyl.acetéte,’acetone and ethanol. Of these, however, only
-‘toluéng~was pvegeht in ‘concentration in excess of 10% of fhe_
threshbld limit value; toluene was present in a mean coneentnation
of 30.6 ppm or 15.3% of the TLV. We have found only relatively
minor effects in men who have been exposed to toluene in amounts
much greater than this (see Cherry et al in this volume) and this
is a matter which requires much greater study. :
Solvent-alcohol interactions ‘ S
" Meohol advérsely affects the metabolism of xylene (Savblaihen‘
et al, 1978; Elovaara et al, 1980), toluene (Sato et al, 1980)
and trichloroethylene (Muller et al, 1975). In our own studies
" we have shown that the co-administration of ethanol (1.5ml vodka/Kg
" body weight) causes a 42% increase in blood toluene concentration
in volunteers eprsed to depm toluene in an exposure chamber
(Waldron et al, - 1983). We have ‘also shown that aleohol impairs
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stynéne metabolism by 1nﬁibiting the breakdown of phenylethane

i 1,2 diol (Wilson et ‘al, 1983). The effect of the interference
' ' ﬁith'abyrenevmetaboliam is to delay the appearance of mandelic
acid in the urine; a similap delay in the appearance of -
methylhippuric acid in the urine of volunteers exposed to xylene
has been noted by Riihimaki and his colleagues (1982).

The delayed effects on the urlnary excretion of metabolites
follows the injestion of a large molar excess of ethanol. In
.rats_given.alcohol chronically it was found that the metabolism of -
some solvents (including toluene) was actually enhanced by_the-
induction of‘hepatie enzymes (Sato et al, 1980). 1In meh exposed
to toluene at work we have found that blood toluene cancentrahions
are lower in regular drinkers than in nen-drinkers even though the=
levels of exposure were similar (Waldron et al, 1983). The
effects. of alcohol on solvent metabolism méy thus be more complex
than exposure chamber studies lead us té believe and are certainly

worthy of further study among men who are exposed at ‘work.
\Behavioural effects

Experimental studies with human subjeets suggest that alcohol

E; K augments the effects of triehloroethylene (Ferguson and Vernon,
a 1970) but not perehlcroethylene (given &t 100ppm) (Stewart et al,
1977).  In ocur study of the interactions of toluene and alcohol
(Cherpy et al, 1983b) we found no overall interactive effects but
‘there was a signiticant inter-subject variation, suggesting that
' ~ there is a considerable individual variation in the response to
: solvent/alcohol-mixtures.

i : Idiosyncratic effects

i% In our studies of styrene workers we showed that the metabolism
‘of styrene varied between individual workers and that those who

; were excreting mandelic acid in an early-morning urine spécimen.

:% : ' after a two or three day bresk, had slower reaction times than

; those whose urine was clear (Cherry et al, 1981). By analogy

j§  with what is known of idiosyncrasies in drug metabolism, it was -

’ ' ‘not surprising to find a variation in the rate of styrene metabalism
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but ours was the first defionstration of a bshavioural effect
related to apparent differences in metabolism. We have also
found that a small proportion of men exposed to toluene (7-10%)
return to work after a break with an unusually high exretion of
hippuric acid. More 1nterestingly, we find that the number of
reported aceidents over a three year period is related to early
norning urinary hippuric acid eoncéntnation, an effect which
appears to be independent of exposure (see Tables 5-1 and 5.2).
These are preliminary results, but suggest an important area for
further work. ' '

Discussion

MacKay: How do the differences in the exoretion of mandelic

acid relaté to :alcohol intake in the groups you have .
looked at?

;Waldron: ' There is no difference 1n the reported alcohol
intake between those who were exreting large amounts

of mandellc acid in the morning and those who excreted

none. Aloohol intake was the first explanation we
thoﬁght of but i@ does not seem to be the correct one.

Of course, we had no measurements of blood alechol but

we have good evidence that reported aleohol intake is =

a good measure of real intake. , .

Hernberg: I strongly believe that individuals vary in their
sensitivity to solvents but I think there may be two
factors involved. First, there is the rate of
metabolism which may vary. Secondly, one has to

- consider which metabolite is the actual toxic agent.
It may be a good thing to metabolise some solvents.
rapidly, or a bad thing, it depends on whether toxic
metabolites are formed or not. These differenees in
metabollsm, of course, mean that some individuals are
veffectivgly more'heavily exposed than others, even if
their intake is the 8 ‘ ‘
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TABLE 5-1.

Morning hippuric acid (mmol/mmol creatinine) on first day after break

: , Low accidents _ High accidents
Job - fo=10) .11 and sbove)

Calender men 0.37 : ' 0.59
(n=15) . (n=b)

i Body weigﬁers C 0.y ' =
: ' (n=3)

i Surface weighers . - . 0.5

,% ' ‘ , ‘ ' ’ 5" (n=1)

Mixers  0.30 e
' (n=3) . (m=2)

Others = ©0.39 -‘-_915#'
o (n=12) . 7 (n=8)

Total ' ' 0.38 . ' 0.54
- (n=33) o :‘; (n=14)
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‘TABLE 5-2

Hornin_g hippuric acid (mmol/mmol creatinine) on second .day after break

‘Low accidents ' - - High accidents

Job (0-10) . (11 and above)

Calénder‘mén"' 0,59 ' 1.35
' (n=14) o (n=4)

Body weighers = 0.M1 ' ' -

'of33 i
(n=1)

Surface weighers

Mixers . Q.2 . B WY
(n=3) ) ~ (n=1)

" Others : 0.30 0.71

(n=12) o “(n=6)

Total - 045 . .0.95
' . (n=31). ' C e (n=12)

P<0.05
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Waldron: - Your remark on toxic metabolites is most important.
~ One thing we can say in connection with the méndelic
acid and reaction time is that the mandelic acid is
slmost certainly not causing the effect;. it isa
marker for some metabolic difference, but at the
momeht we have no idea which metabolite in the pathway
is eausing the efect. -

‘Gompertz: In our exposure chamber experiment, when we were

exposed to styrene on two ocoasions, we found that
t.here was a 56% decrease in blood mandelic acid

o éoneentratiOns when ethanol was taken (Wilson et al,
1983). This was accompanied by an increase in the

' concentration of the precanOr,of“mandglic abid, ”

; ' : phenylethan 1,2 diol; there was a 50% drop in the
mandelic acid concentration but a fifteen fold increase
in the concentration of the diol. . This implies that
the block is between the diol and mandelic acid, ' v
That is an oxidative step which uses NAD as a go-factor
and I think that many 1nteractions ‘involving solvents
-and other substances such as ethanol are in fact a
result of competition for co-factors such as NAD or

_ ‘NADP, and not neeessarily oompebitive inhibition of
. enzyme activity -

Wilkinson: In a study (Wilkinson and Colquhoun, 1968) we did’
some time ago, on the interaction of alaohol and sleep
deprivation we found that in some people the adverse

effect of sleep deprivation on reaction time was
reduced by alechol and in some people it was

increased, Those in whom it was reduced, were people
_ with low blood alcohol levels.
Gamberale: . The effects of alcohol can vary depending on whether
. you measure when the blood alcohol is going up or when

the blood alcohol is going down. When did you measure
blood aleohol levels? '
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¥We put the people in the chamber for three hours then
gave them the alcohol. After fifteen minutes they
underwent forty-five minutes of testing, and we measured
blood alcchol at the end of the experiment; it was an
hour after they had taken the aloohol. In our more rscent
studies we insert a venous cannula so we can take blood in.

- the exposure chamber every five or ten minutes. It will be

1nteresting'to see if the effect is related to the speed of
metabolising the alcohol. ’ The effects may also depend on

~ how much the subjects normally drink; if they are heavy

drinkers they will presumably metablise at a faster rate
than if they are not.
In that experiment our alcohol intake in molar terms

~ was 300 times greater than our styrene intake. With

that amount of alcohol, hepatic mgtabo;ism was presumably
completely swamped and the styrene metabolism stopped

~ until the blood alcohol dropped down to a low level.

Did you 1look for an effect of body mass effect on
rate of excreticn dn your styrene worker?

The slow excreters were not fatter than those who were‘
getting rid of the solvent quickly. In fact, there were

‘ not any obvious differences between the two groups. We

compared their size and shape, and their drlnking habits

- and they seeemed 1dentica1.a

Wbuld 1t be feasible to look at the effect of
aleohol on the_eoncgntration of styrene or toluene in
the brain in.animals‘atudies? “You showed an increaée in
bload concentrations, but what do you.think happened to the
conuentration in the brain?

This. would be a most interesting thing to do

‘experimentally. On this question of solvent alcohol

interactions, it is 1mporbant'bo,3eparate behavioural
changes due to alcohol from those due to styrene.

" Lindstrom and his colleagues. (1978). looked at some

styréne workers and suggested that it was possible to
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separate the effects which were due to styrene from those
! L which were due to aloohol, and, bearing in mind that
b aleohol exposure is likely to be much greater than the
solvent exposure, it is cearly important to be sure that
1 ’you are dealing with. solvent induced effects rather than
‘ ~ aleohol induced effects., '

“ 'Gohpeibz;",_'_' I think wé might mention our negative study on
b o ; 1-1-1-trichloroethane here. - Andersen (1981) considers

:' ' that solvent metabolism is perfusion~11m1ted rather than
o metabolism-limited and we wondered whether the effects
N o of some of these alecohol solvent interactions were due
" to the solvent altering the perfusion of the '
metabolising organ rather than altering the metabolism
itself. We used l-l-l—trichloroethane as a non-metabolised
solvent and repeated the styrene‘experiment, and there was
no effect whatsoever on levels in either the blood or the
: . " breath. This.deﬁOnstrates.that you do need a metabolic
% . interaction for changes to ocecur. o

Gamberale: In an exposure chamber study we exposed 16 persons for
‘ four hours to toluene at the TLV, and on another occasion
to kylene also at the TLV, On neither ocoasion were there
any behavicural changes. They were also exposed to both
solvents at the same time and we still found no effect.
Nor was there evidence of any interaction. We also
looked at the uptake of the solvents but again there was
~ no evidence for any interactive effects.

DUPO50067748




6. DANISH EXPERIENCE WITH WHITE SPIRIT
K-H Cohr

| For fifteen to'twenty'years, house painﬁers in Denmark have
complained. of work-related symptoms referable to the mucosae and
" the nervous system, espeeially the central nervous systam In
‘the early 1970s, two student reports appear which gave an
account of these symptoms in house painters, based on interviews
(Glud et al, 1971,,Anderaen et al, 1972). .
‘The appearance of the complaints seemed to be related to
‘ the introduction of new types of paint. From the late 1950s
'onwards, 0il paints containing 15-20% of white spirit have been
substituted by alkyd paints containing about 40-50% of white -
spiﬁit.i Furthermore, new teéhniques such as spray painting and
rolling were used and the new alkyd paints were used on large
surraces such as walls and cellings. These changes all resulted
in a great increase in ‘exposure to white spirit.
Chronio effects ' :
- It was believed that the neurological sympioms attributed to
house paint were. acute effects which would dlsappear when exposure .
was discontinued. As time passed, iore painters were shown to
_have the s}mptoms whichkappeared to become more severe and persistent.
Theicompiex:of neuropsychiatric symptoms was later described as an .
organie éerebral syndrome said to resemble presenile dementia.
Thefsyhdrome is now called chronic toxic encéphalopathy.
© In 1976, brain damage resulting from long-term oceupational
sxposure to organic solvents was acknowledged by the Danish
,authpritigs; the first disabi;ity pension was awarded to =&
house painter exposed to white spirit.  Before that date, a'
disability pension had been awarded only if brain damage was
considered to be caused by aceidental high exposure to organic
solvents. '
v In a two~year ﬂollow up »tudy at the University of Copenhagen,
'26 house painbers diasnoaed ‘a8 having presenile dementia weve;
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% re-examined (Arlien-Soborg et al, 1978,'1981' Bruhn et al, 1981).
i¥ xFrom the repllies given to a questionnaire it seemed that some of
i the patienta had snown an improvement in asthenic symptoms but the
& majority shoved no 1mprovement or reported that they Were worse,

‘ There was no improvement in intellectual impairment or in many"
) ~ emotional symptoms, but other non-specific aymptons, such as
ik ' : headache and giddiness were improved (Table 6-1).

0 The patients completed a battery of neuropaychologieal tegts
and the results were Qompared with their previous secores. The
1; . grouped resuits are shown in Table 6-2. Twanty four of the

x i? o twenty six patients showed no change in performance~ the t:,wp1
1 g other patients had’ deteriorated.

e In 1979, the patients had had. pneumoencephalograms and
car—scans performed.  Nine had no abnormalities, twelve had
cortical atrophy and five had central cortical atrophy. In the
follow-up twa years later, the degree of cortical atrophy was more
severe in two cases but in the remainder there was no ohange.

From these results it seems that exposure to white spirit
may cause damage to the brain as revealed by changes in personality
and by performance in neuropsychological tests. In some cases it
is possible to demonstrate cerebral atraphy.

L Other reports from Denmark deaéribé the same picture for
~ other groups occupationally exposed to different organic solwents
and since 1976, about 700 workers have been awarded disability .

pensions, This indicates that we are dealing with a general
| _ solvent effect. '
|

Acute effects

i ~ In 1975, at the Danish National Institute of Oeoupational
Health, we initiated studies of the acuta effects of white apirit.f

: , We have undertaken two series of experiments in a dynamic flow
i b exposure chamber., :

In the first series of experiments, three groups of male -
volunteers were exposed to white spirit, typé v (see Table 6-3)
under the following conditions (Stokholm et al, 1979a, 1979b'
Cohr et al, 1980):
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Symptom

Asthenia

Tiredness
Reduced initiative

"Inh§11e¢tual_impa;rment

Memory
Attention

Emotibnal'symytoma

Irritability
Nervouéness
Déepression.

‘Emotional lability

Othgr-symptoms

Headache
Giddiness ‘ _
Alcohol intolerance
Sweating

Sexual dysfunction

1979

26
1

25

- 53 =

20

19
12

zjg

19

23

1
10

Data from Arlien-Soborg et al, 1981.

o o o o

R -\"U’!.w

. 1981

12
12

o

19
7

11

12 .

‘© oo =N U w

Present - Disappeared Better Same Worse

TABLE 6-1. Number of reports of neurological symptoms amongst 26
' house painters in Denmark. ' '
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Group 1: Students at rest, 0, 34, 100, 200 and uoo ppm*

. Group 2: House painters at rest, 0, 80 and 100 pit; &nd

Group 3: Students at ﬁest/iﬁtermittént wcrk 1oad (50W),

0, 50 4nd 100 ppii. . '

‘ Eiposure time was seven Hours and thé Subjects acted as their
_owh controls in a latin square study design. Amqngst thé effects
looked for were mucosal and neurological symptoms (from questionnaires)
whilst objective effeéts were retordsd by means of & elinical
neurological examination and neuropSyehdlogiéai testing.

With the exception of tws of the neuropsyehologieal teats, no _
effects wer'¢ found in Group 3 and they will not be diséussed further.
The mucosal symptoms most frequsntly reported by the house

_painters webs irritation of the éyes, running nose ahd a strange
taste in the mouth. The stidents, on the other hand, reported
only eye irritation and ruaning fiose. In the students, but hot
ih the house painteérs, there whs ah ineredss in nelirologleal
E Syiiptotis (headaches, giddiness and tirednsss). in the elinical
examination 6f the students, the Howberg test and walking with
eyes closed were affected whereds in %he House painiers, bniy the
Romberg test was affected..

The subjects combleted a batteﬁy of four neuropsychologicai
tests, simple continuous reastich time, & paced auditory serial
addition test, the Purdue pegboard test and shork teri and long
tern memory tgsts; “Phe Students were significantly affected~in
the first three tests and the pairbers had prolohged reactisd
times: In the memory tests theére.was an interesting difference
between the:stdaénts.and the paintérs. The Formér had a're&ucedi,
performaficé ih the lohg term memory test whereas, in the pairters,

! short tefm memory was affected in addition to being unable to cope

'j_ with the long term test of memory (Figiure 6-1). S
i The effects on the students weré noted at the higher leveia of ' . E
i exposure (200 and 400 ppm) whereas the house painters wers affected '

at lower ccncentrations_(160 ppmy. It remaina to be Sééu whether :

this difference betweer the students (aged between 22-28 ysars)
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- 1979 °
1981 0 0.5 1.0 1.5 2.0
0 2
0.5 5
1.0 . 1 8 _
5 1. 3
2.0 - | e

Data from Arlien-Soborg et al, 1981.

TABLE 6-2. Degree of reduction in performance in .r_:‘europa__yéhological -
" tests amongst 26 house painters in Demmark. '
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" and the house painters (aged between 31-69 years) is a result of
age, of occupationai exposure or of both. ‘

In the gecpnd/senies-of.exberiments, two groups of male
,voiunteers were exposed to white spirit as follows:

Group 1: Students at rest, 0, 50, 100 and 200 ppm of type

E only (see Table 6-3);
Group 2: Students at rest, 0, and 100 ppm of types v, E
" and S. '

Exposube time was six and a half hours and the'aubjects acted
_as their own controls in a latin square study design.-
: In these experiments only long term memory was fbund to be
ﬁi é : - affected and, as may be seen from Figure 652, type S had the
B largest effect of the three types of white spirit uaéd,
-3 ' Chemistry

White spirit is a generic name fbr solvents which may contain

_ between 150-200 hydrocarbons and which are used-mainly as paint
§ . solvents and dilutants. Three typical gross‘cohpositions.are
| shown in Table 6-3. These three typeé have boiling points in the

temperature range 160-190°C. There are also types with high
o boiling points but they have special applications. Type V is the
o " kind of white spirit that was used in Denmark in the 1960s and
.é ! 1970s. It contains 17-18% of aromatie hydrocarbons, 25% of
' naphthenes (cyclic aliphatic hydrocarbons) and about 55% of
paraffins (saturated aliphatic hydrocarbons), From the mid
19708, there has been a tendency to shift towards the use of the
so-called odourless or de-aromatised white spirits which obntain
: almost no aromaties. Two typical éxamplés as types S and E shown
) ) ~ in Table 6-3. The latter type is produced from type v by hydrogenationv
EIE ;' of the aromatics which are converted into naphthenes. Type S is
" de-aromatised in another way, resulting in a mixture of paraffins
f-; : only. These differences in composition may give rise to differencea
(3 in toxicokinetics.
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Paraffins

Naphthenes

Olefines

Aromatics

 -.57 -

10.12%

”’0.7751

15.0%

38.7%

4y g

98.9%

0.9%
1o.h$

22.4%

14.5%

3.7%
52.0%

6.1%
14.24%
19.1%

6.8

1.7%
47.9%

1-01
11.4%
2u.6%

15.9%
S 4,1%
57.0%

4.5%
5.1%

8.7

5.1%

1.3%
25.0%

1.0%

1.5%

8.1% .
8o2’,

17.8%

TABLE 6-3. -Hydrocarbon content of different types of white spirit. -
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Toxieokinetics : ) - -

- (  The three types of white spirit shown in Table 6~3 have
different'modes of uptake, distribution and accumulation. Sixty
five percent of an inhaled dose of the type E and type V hydrocarbons
1s retained in the body, wheraas for type S, the retention is

about 35%. The retention rate of the aromatie hydrocarbons is

about 85%. These figures are based on measuremenba ‘carried out

on volunteers at rest. When a person is exposed during a work
load, the relative upbake decreases, but since the respiratory ~ _
_minute volume increases, the retention per minute also inoreaaes,'
i '? ' in the case of a 50W work load, the retention of aliphaties is.

i

. doubled. :
: ) The uptake of aliphatic¢ hydrocarbons during exposure to type v
i 1 : white spirit is shown in Figure 6-3,. The area below the curve .
E : {open triangles) is a measure of the amount taken up during '
. exposure. 'The eoncentrations in the alveolar alr falls rapidly
after the end of exposure (filled triangles) During the first
‘teh minutes after exposure, the concentrations in the alveolar air
décreases to 10% of the concentration ifi the alveolar air duning
D exercise.l : v
' . It ‘may be caleulated that only 10% of the amount retained is
, exhaled during the first seventeen hours after the end of a seven
hour” exposure period. This indicates that the hydrooarbons are
'aecumulated in tissues with a .long biological half~11fe (estimated
: to be in order of 80 hours). This observation is ‘supported by
j ' : showing that the concentration of aliphatic hydroearbons in venous
3 blood during seven hours exposure to type V white spirit at rest
% v continues slowly to ineresse. Thus, under these conditions, &
- steady state is not achieved. :

Some of the retained hydrocarbons are biobransfbrmed, primarily
in tne liver (Table 6~4)., Hydrocarbons are oxidised by mpn—oxygeqases
or the P~450 microsomal enzyme system. N:The-biidatiqn site in the ©

_molecule depends on the chain length, saturation and reactivity of
tﬁe.earbon atoms; the oxidised products are excreted in the urine "
after coupling to hydrophilic molecules,’
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Enzzges

OxidatiOn]produde

Saturatédvélighatics
Less than 10 C-atoms
More than 10 C-atoms
Beactivity of C-atoms

‘Dnsaturated Aliphatics
) Doupie bonds '
Triple bonds

Aromatics

Without side chain in the ring

,ﬁith side chain in the ring

. Exeretion prodﬁcba
" Coupled to

TABLE 6-4.

Biotrans:brmatién of hydrOQaprns

P-450 microsomal enzyme system

2-‘and'3éalcohols
i-aleohols, acids

C.’cer.t >csee >cprim '

Epoxides, di-alcohols
7

‘Phenols via epoxides

Alcohols, acids

Glururonic acid o
Amino acids (e.g. glycine)

_ Glutathione’(mercépfunic acids)

Sulphate (ethers, esters)
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Discussion

O'Hea:

Cohr:
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 What have bebh the prastical results of your studiss
in Denmark? Have the standards been changed? Is there
better ventilation in the rools thit are belng paihted or
1s everything going ofi a8 befere?
Restrictisns are. going tb be 1nttoduced fict on the

total area which can be painted, but 1f the surfate is

Ron

more than a certain area, painters will be ?@ﬁuﬁﬁéd to
wear chafecal filter maska.

1 am bit concerned about the Use of the berdi presenile

defientia; 1t is important that we know exactly the
cotidition we die déseribing. I have the itipression that
the patients you were describing did hot have the clinical
ﬁiétufe that we would asscolabe with Alzhelimeris disease

or that type of cortical deteiitia. I also have & Stiong.

impression that of the bwentyssizx patients youl deseribed

‘“only two seemed to have got worse wheén they were followed

Cohr:

Axelsoni

Up., One of the vardinal points of a demenbing 11inkss
18 that it is a progressive condition bub you seéi b6 be
desdribing & stabic state. Could you define more
precisely what is meant by présenile déteritia in your
cases, ard seebndly, do you have any svidende that this
is a dementifig 1llness as opposed to damige whicﬁ 1s

statio?

I must say hhese were not my casbs, I an meﬁely
giving hhe diagnbsis fiade by the authors of the paper:

i think this is an igportant issie. Epidemiological
studies, of éﬁuﬁsé,‘rqflécﬁ the dingioses that the
neurologists put on their patients. If they cdll the
pondition presenile dem@ntia, thet iz is presbnile
dementid in epidehioiogieal terms and we cannot change A
that. 1In looking at the cases fronm the clinias it is
-diffiéult to différeﬁiiate between the true Alzheimer
and other types espeeialiy sinee fict all of them have
been éxamined sufficiertly to show if bhere really is
oortical atrophy.
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Gamberale: _In Sweden we do not define the term dementia as you
Ado in Denmark, Some Danish psychologists use the ter& A
dementia when they get results on psychological tests which
o they believe are riot as they should be. .
Cohr: o That certainly applied to the psychologist at the
) hniversity.hcspital in Copenhagen. But the term presenile
dementia as used ln the reglster investigation that
I mentioned was taken from the journals of the workers, and
this was the diagnosis made by the physician after he had
examined the patients. “
Ron: I am involved in a study of the psychological changes
: in-chﬁbnie alcoholics and I would not want to call them
demented on the basis of our findings. I would say that
they suffered from some degree .of neurological damage
' detectable by psychological tests, but we do not know the
prognostic 1mplioationa of these changes. We do not know
how these psychological tests relate to any neuropathological
change. But because the diagnosis of presenile dementia
implies a condition which is progressive, I would not use
. it to decribe the psople I have been investigating.
Lucaéi From tﬁé practical point of view, would it not Bé
‘ .‘reasonablg to say that intellectual performénne of those
painters has detérioéated beyond what would nOrmaliy be
V expected for their particular age range. That wéuld
get us orf the hook of presenile dementia, would it not?
Wilkinson:  Can I ask what the normal expectancy for that age
' is? Secondly, you had ‘performance measured in 1979 and
again in 1981 and you said there was no change. What
was the control group for that assessment? You would‘  o
expect the same people to change from the first to
second occasion of testing.
Cohr: The subjects were compared with patients admitted
to the university hospital for some reason other than
neurclogicl cause.
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- Wilkinson: Was the time interval between testing the same?

b | This 4s a very important factor.

L _ Cohr; I do not know that, I am afraid.

Hernberg: - T think we must not get too involved with semanbios.
o The most important thing is that-WQ-héve bwd_groups

(painters and bricklayers) with the same system of

: _ﬂdiagndais and there is a twe fold difference between the

% ' groups. Thére may be éome misclassification, of counse,

' A but there could be no aystematic error which could aonount

% '1 | | for the difference.

Carter: ,' Have studies been performed on new entrants to heuse
i o : - painting to evaluate hheir.cogniyiva funotions; 1is it a
job for people with inherently poor mental abilities?
You mentioned the two studies carried out in Copenhagen,
ig this a problem limited to Copenhagen, _
§ ' o or are theve similar reports from elsewhere in Denmank?
Cohr: - There are often reports from Denmark, As to your:
: other question, in Swedén and in Finland psyehological'
:% ' ' tests are cavriad out on volunteers for the military,'
- ' and thoss men who afterwards become painters are no
S _ . different from others who g0 on to different Joba.
: l : Axelson: In Sweden his will apply to all the military, not
: i : ' " just volunteers. .

Gambergle; We must be careful in our interpretation ef those
~ results, - The tests carried out ten years ago were
] ' o very different from thda; used in our studies now, The
| ' former tests were probably not sufficiently mensitive
- to enable us to conclude that the groups were similap
with regard to performance, |
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7. DOES SOLVENT POISONING EXISI? -
S. Hernberg o

The question which is posed in the title of my paper can be
answered very~simply; it 1s yes, solvent poisoning does exist.
Having given this'anewer I propose to review some of the studies
from the Institute in Helsinki from which I think we have evidence
supporting this statement.

4‘First.of all we have clinieal experience,  This is of course .
eot seienbirie proof. However, since the 1960's we have had, in
'Finland, about 600 cases of solyent poisoning which have been '
eOmpenaated by the insurance ¢ompanies. So there is a considerable’
numbervof'patients who have given us clinical experience. In
addition to theee observations on patients we have done some »
clinical, and several epidemiologicel studies where we have been
%dealing not with single patients, but with groups. I will
vdiseuss both types of study but before I do s0, I will discuss
some definitions,

* The old classification of oceupational disease meant a frank
elinical condition, bqp_l am not going to stick to this definition
because I feel it is outdated. I would like to stress the
'existenee-of.subclinical»and reversible stages; stress that there
are several degrees.ef illiness. Morepﬁer, in my terminology I
do het.eghete "ehronic" with irreversibility. - Instead, I take
chronic to mean of long duration; the effects may be reversible
or irreversible.

In epidemiological studies of large groups every subject )
cannot_heve a thorough clinical examination. Instead we look at
statistically significant differences, as compared with a reference
group, on one or more clinical, physiologieal or bsychological
measures. In these studies we are not so much concerned with
individual clinical diagnosis; but with the diagnosis of harmful
work conditions. We should also recognise that if a signfieiant
group effect is found, then it follows that there will be some
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unspecified 1ndividuals who are below the "normal® level as a
1 ' eonsequenee of the distribution of effect, but they are unspeeified
K because at that stage nobody has had a complete clinical examination.
The next step is to identify and examine the abnormal individuals. .
I repeat, ﬁoﬁever, that the individualbdiggnpsis of poisoning can
never be based én_grdup differences only. It must be‘based on -
clinical examination using criteria I shall refer to later.

| Valid epidemiological studies with "positive" findings are
the best. evidence that solvents exert toxic effects. In clinical
studies it. is hard to avoid circular reasoning, and thus the
P results of epidemiological studies must be the primary aetiological
1 - evidence. Clinical studies can be used in support of the’

epidemiological results but not as a primary source of evidence.
First I shall briefly describe a study of car painters (Husman,
1980; Husman and Karli, 1980). Their overall exposure (sum of
' many solvent components) was about one third of the American TLV
and from estiﬁates given by some of the older ehployeas; 1t is
likely that only small changes in exposure had ocaurred over aijo_

_year period. The agute symptoms found in these car painters are

shbﬁn in Table 7-1. There'are many differenoes 1n.the prevalence

of these acube symptoms 1n the painters compared with a reference

group.  There was also a difference in more long term symptoms

o ' (Table 7-2), and, Of course, there were several Gther symptoms

: which did not show any difference. - Tﬁe'questionnaire daed in the
stu&y contained about thirty différent questions, some of which

: - were dummy questions which could not relate to solvent exposure.

i Without exception, answers to these,dummy questions were evenly
distributed between the groups. | o

The painters also had some objective signs. Vibration sense

was diminished in 43 of the 102 painters compared with 17 of the

controls. There were also Some minor changes in light touch and ‘

pain modalities in the left hand and left foot; the left was

chosen for testing because right handedfpersons usually have

thicker skin on the right hand. The changes that were found are

of no great health .significance but they show that there is &

difference between the exposed and nohJexposqd groups.
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TABLE 7-1
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Significant differences in prevalence of acute symptoms (related
to a specific workday) between 102 car painters and their
pair-matched controls (Husman, 1980)

SO

Symptoms

P-ﬁaiue
. <

Ttehing

Feeling unwell

| Nausea

Dizziness

Feeling of .
drunkenness

'Bneathlessnessv

.Absentm;ndédnesa

| Misunderstanding of

given instruetions

0.05
0.001
0.05

0.01

0.001
0.01

0.001

- 0.001

x3(2) (Stuart)

6.60
13.82

8.63
12.63

37.1

11.58

23.26

16.76 .
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Psychological testing also revealed group differences.
Impairment in visual intelligence and verbal memory were the
dentral features, but verbal intelligence was also affected

(H#nninen et al, 1976). The tests were carpied out on a sample

of 100 pairs (exposed and non-exposed men). Among them there
were 33 pairs.for whom the results of tests which they had
performed dﬁning théir military service were available.
 These earlier results showed that the painters did not differ

then froﬁ‘their referents, This suggested that the differences
found in thé'psychologiqgl tests between the car painters and the
referents were not because of pre-existing differences but had B
probably resulted from Solvent exposure. ‘

We have alsc looked at a'gréup of 12 men exposed to n-hexane

" at #bout the present hygienic level (Seppalidlinen et al, 1980).

The frequencies of complaints were so high that a reference group
wWas unnecessary. Most of the EEG examinations were borderline or
abnormal. What was interesting was that there_was;arconhgctibn‘
between the number of symptoms reported and the frequency of
abnormal EEGS; the more symptoms, the more abnormal was the EEG.
Eleven of the men had some abnormal conduction velocities or an.
abnormal ‘EMG and they also had colour viaion changes, partieularly
affectins blue and yellow vision which is an acquired effect. In
this small group, then, there was not one normal person, '

The next study I shall review was carried out in workers
exposed to styrene (HArkSnen, 1977,.Harkonen~et al;, 1978 and
Sepp4liinen and a&rxSnen, 1976). In this study there was an
attempt to make some exposure~-response eéalnations, The ur;nary
mandelic acid concentration was used as an indicator of exposure.
There was a relatively wide scatter when comparing mandelic aoid

and atmospheric levels but this is not surprising in view of the

differences in physical activity, for example. A mandelic acid

concentration of 700 mg per litre corresponded on average to an

eight hour exposure of 30 ppm. For the exposure-response
evaluations, mandelic acid concentrations were determined five
times during five weeks, the first week.on Monday, the next week
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sighifieant differences in prevalence of more longstanding symptoﬁs,
_ between 102 car painters and their pair-matched controls (Husman, 1980)

Symptoms

P-value

<

¥(2) (Stuart)

Unusually tired
after the workday

Onusually tired
in the morning
Absentminded
Forget easilj.What
you intend to say
{ or do :
Easily fall asleep
whén watching TV

Daydreamin51 

0.05

0.05

0.001

-0.001

0.05

0.05

" 7.30

21.51

7.99

16.76

7.12
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on Tuesday, the following week on Wednesday, then Qn-Thursday and
finaily oﬁ~Friday, that is to reflect not only the weekly avérage

K but also to reflect the daily average. Amongst those men who had -
a mean mandelic agid excretion of less than 700 mg/l there were
about 10% abnormal EEGs. This is the proportion normally found in
.referent subjeats in our laboratory. With mandelic acid
concentrations above T00 mg, the proportion of abnormal EEGs was
between 30 and 40%. ‘So this is some indication of an exposure~

" response effect. 1In this group of men there were no abnormalihiesA
nor any group differences in the peripheral nervous system. With
some of the psychological tests, however, we also found a tendency '
towards an exposure-effegt relationship betﬂegn.mean mandelic acid
concentration and test ‘performance. The thfeshbld in this case
seemed to be about 1600 mg/1 suggesting that EEG changes preeede
the psychological effeots._ The health signifioance of these

' changes is again unclear, but taken together, there 1s indication
of 1mpaired CNS function which is ‘evident in both the psychologieal
tests and in the EEG.  The expoaed workers also complained of

more subjeetive symptoms than:the controls.

Several studies, not only from Finland but also frcm Sweden
(Elofsson et al, 1980, Hane et al, 1977), have shown that workers
who aré exposed to various solvents and solvent mixtures have a
‘pattern of symptoms and signs which may be related to eipoéure
level. It may be that when exposure is discontinued, for whatever
reason, the symptoms subaide, but if workera are exposed every
day, the symptoms persist for day after day, and what they experience
is like a chronic hangover. ,

A summary of the EEG examinations on various exposed groups,
conducted at the Institute is shown in Table 7-3.  About 10% of
non-specific changes are found in normal subjects and this is the
proportion found in house painters who were exposed to rather low
levels of solvent. On the other hand, 31% of car painters had -

. BEG changes, and even higher proportions cccurred in patients
diagnosed as having solvent poisoning. The type of abnormalities
included diffuse slow wave ctianges, foecal changes (in 19%) and
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- paroxysmal changes (in about 5%). Of course, one may ask if all

these changes are really due to solyent exposure, because of the
"background noise" of about 10%, but it has not been possible to
differentiate the aetiology of individual cases.

At the group level there seems to be little doubt that effects
really can be shown, but what about a syndrome that we could call
clinical poisonihg? I believe such a syndrome exists, but one has
to be aware of the danser of circular reasoning when definins itc.
Patients usually come to the Institute because solvent poisoning
is suspected, If there is a history of exposure, a "typical"

~clinecal picture, and if we can.exciude other aetiologies, then the

patients are given a diagnosis of solvent poisoning. Of course,
this group of patients must exﬁibit a high frequency of abnormalities,
such as EEG changes or whatever else has been used as a criterion
of diagnosis, But as these findings were pre-requisites for the

'diagnoSis, it would be circular reasoning to say, on the basis of
‘clinical observations only, in cases of poisoning there is a high

prevalence of EEG and other findings. This is the main reason '
why I prefer to base my case on epidemiological rather than
clinical evidence even though we are then often dealing with ‘
isolated symptoma and signs, and often with rather early manifeatabions.'
For desoriptive purposes, however, we may learn something from
studying elinical patients. At the Institute, where all patients
with suspected solvent poisoning are sent from the whole country,
we have developed standardised criteria for diagnosing solvent
poisoning.. The criteria are as follows (Juntunen et al, 1980).
First, the quantity and quality of exposure to organic solvents '

(or any other neurotoxic substances) must be verified. Secondly,

the patient must exhibit a "typical® clinical picture. This
9yndrome eumprises subjeetive symptoms together with clinical
neurological signs or psychological changes or changes in the EEG
or ENMG, Thirdly, to exclude other organie diseases, the patient
is seen not only by a specialist in occupational medicine but also '

by a eeqrologist and uSually-by.a paychiatrist. The patient may
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also Be seen by a general physicién, an otologist and an
'opthalmologist if there are special reasons; and we usually ‘carry
out neuroradiologieal examinations. If there is need for more
speclfic tests, such as a CAT scan, we consult the University
Hospital of Helsinki. From these examinations we can be reasonably
3 eertaih to diagnose or exelude other conditions. If we really

g find no other explanation, if there indeed has been exposure and

if there are "typical" symptoms and signs; then we feel the most
likely diagnosis is solvent poisoning. The-aiagnoéis can Scietimes
be straightforward but in many instances it is very difficult and
the formal decisien to label the disease as oocnpational in origin
may take several months of follow=up.

The elinical picture of solvént poisoning cai then be deseribed
as rollows. -The subje¢tive symptoms are similar to those reported
in epidemiologieal studies, that 18 headache, fakigue, meémory
% disturbanoes, nausea, dizziness, tremor, and subjeetive psYéhio
| - and sensory disturbanoes The subjective SyMpﬁoms dpa - ascofipanted
in many instances by objective peurological changes; most of thei
. _slight, and most affesting the cranial nerves altheugh in soms
| cases there are extrapyramidal and cerebellar signsj sensory
disobders are gommon. Objective psycho-organic changes are often
present, EEC disturbances are poitiion and siight pathologieal
ehanges of the peripheral nerves aré also often reécorded:. In a .
study on 37 patients; who had been thoroughly examined according
. to the scheme gbove, wé nobed many7such findings. For exaifiple;
O pneumoencephalograng showed that ceiebral of crébeliar atiophy
was relativeiy ¢oinion ; alﬁhoﬂgh_ﬁéuaily siight (Juntuned et al,
1980), 1In &ll, 24 patients had Somé changes, Table 7-4 shows
the details of this examination. For the same patients; the EEG
examination showed & high frequetiey of abnortialities (23/37)3‘
mostly with diffuse slow waves; but three patients also had syike
and wave discHargés. Changes in peripheral fhervous systein.
functions were noted in 23 patients of those 28 who utiderwent
‘these tests. Paychologlcal disturbances occutred in almost all
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‘TABLE T~3

Frequency of abnormal EEGs among solvent exposed workers (Seppalainen,
personal communication)

N ’

| Repair péinters in builaiég industry 72 17

Car painters . 102 31
| Solvent exposed workers with symptoms 240 40 - 72

'fatients with sclvent péisonins : 107 65

Patients with solvent poisoning | 87 _ 67

TABLE 7-4

Pneumoenephalographic (PEG) findings in 37 patients with solvent
poisoning (Juntunen et al, 1980)

+

Number of Patienta
v Slight Moderate Severe Total
| Cerebellar atrophy . = - ;5 0 - 0 5,
Cerebral central atrophy 12 R 1 17
symmetric 5 1 0 6
asymmetric _ 7 3 1 11
| Cerebral cortical atrophy | P 5 1 18
diffuse 5 0 0 5
localized : 7 5 1 13
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P ‘ batien;s in'different poﬁbiﬂations; most‘éatients had peésonality>
changes and problems of memory, learning and intelligence. The
-rgsults}of this study support the view that there really exists a

“elinical pictﬁrg which can be classified as solvenﬁipoisoning.

' when regarding symptoms and signs induced by solvent exposure,
we have to distinguish bet#een acute and chronic effects. As for -
acute effects, which are related to the presence of a solvent in

: the nervous tissue, we do not know if different types of solvents

8  cause different symptoms or if the symptoms are due to a general

; narcetic effect and are related to the fat Bolubility-of'the

solvent, for example. Nor do we usually bave any clear evidence
for deciding whether it is theisolvént as such or its meﬁabolibes
which cause the effects,  The acute effects are, of course,
 eésily reVersiblé, With regard ﬁo chronic effects, they‘répresent 
'metabolic or anatomical damage to the nervous system, such as for
‘example brain atrophy or axonal dégeneration of peripheral nerves.
Such afrecté are not easily reveraible, -even though regeneration
or repair of function by means of compenaétbfy.mechanisma nay
o oceur. - ' . . B
R Finally, I think it would be interesting to-specuiate why the
ﬁajority of solvent workers do not exhibit any major symptoms of
toxicity, The explanation could be due to the fact that sensitivity
i ' to solvents has a normal or skewed distribution, and only those
' "who are at the most sensitive end of the distribution get 111,
ihis could explaih why it is not easy to get a clear |
. exposure-response relationship, since the sensitivity of the
§ patient then may be more important in determining the outcome than’
E .the‘exposune.lgvel. There may also, of cpunse,"be interactions
. with aleohol consumption, with infeotions, and with other, as'yet'
utiknown factors. Nevertheless, in spite of the many questions
still unanswered, I believe that there is an entity which we can .
name solvenﬁvpoisbning, which first effects the most sensitive '
individuals in an exposed population. '
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Cavanagh: .

Discﬁssi@n-

v Were ény rierve biopsies done on any cases that had
abnﬁrmalities in the peripheral nerve so as to find out
what in fact was the possible basis of this? The
lesions of carbon disylphide are specific and I find

it hard to believe in a sort of "generalised solvent"

Hernberg:.

Cherry:

-effect.

~ We have considered doing nerve biopsies but came
down against it because it would produce a small
anaesthetic area, We decided that we could nof justify
this on ethical grounds becauseé the clinical diagnosis '
would not change very much on the basis of biopsy.
findings. ,

T would like to concentrate. on the epidemiological

_ surveys rather than the clinical evidence since, as you
say, it is so full of methodological problems. Of

the three other studies you presented, one was iehexane
which I think we all accept, one wasﬂStyréne which
I think most of us might now aecept:giveh the high

"~ level of mandelio aoid and third was the car ‘painters

Hernberg:

Cherry:

where the exposure was a third of the TLV. It is

- that study which causes me the most problems because I

do not believe that that degree of exposure could give
thoseverfectg; 40% of vibration loss, for example,
seems very high. In the study where we have been

looking at people expo?ed to toluene with much higher

levels there is virtually no effect. Perhaps we should
all keep in the back of our minds the,posaibility'qf“‘
otheP causes for the effects which are found.

It is possible that our estimate of exposure level
was too low.

That is possible, but in one study you did aotually
mock up the best possible workplaces of 20 years ago and
did not find levels as high as TLV. Is your feeling
really that these are genulne solvent effects? :
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Hernberg: - TLVs are administrative, not medical, standards and
_ they may be too high, as often experienced before.
I agree with you that we must always try to look for
other causes, but these were the findings of a trained
neurologist and I amAinclined to believe thenm.

Lueas: . ‘In doing this work has previous personality and
psyohiatric morbidity been looked at?
Hernberg: . Yes, not only that, there was also an enquiry amongat

car painters who ‘had left employment,.asking how they felt
and why they left and so on. There was a higher than _
expectéd percentage of workers who said that they left for
health reasons or that they did not feel very well, and
most of them said they felt better when they had left the

b Job. _ : |

© axelson: I would like to question the validity of the EEG

findings because I think5there is some disérepancy'between

o : practice and viewpoints in Sweden and Finland., At a

é ' ‘recent meeting in Sweden of neurophysiologists, psychiatrists,

neurclogists and occupational physicians the conclusion was
that one should not put too much relianee on abnormal EEGs

: ~and 1t was eVen suggested by some people, for example that

fﬁ% _ A an abnormal EEG was evidence against solvent injury disorder;

f\% g . that was a statement which surprised me but it was-said

uJE " there, '

S Hefnberg: : A1l the examinations were done by Dr. Seppﬁlﬂinen at
our Institute. I think T would want her or another
neurophysiologist to answer, I do not feel competent to -
common on those points. -
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8. LONG TERM NEUROPSYCBOLOGICAL EEFECTS,OF SOLVENT ABUSE
Mary King '

The present incr@aae in solvent abuse, mainly as glue sniffing

in underprivileged adolescents, represents a unique; unforhuhately

_living, model of high exposure toxieity. Although recreational

inhalation of gaseous and volatile substances seems a modern
phenonmenon, reports of such‘behaviour date back to the beginnings
of Western civilisation. The Greeks are reported to have inhaled
"trance inducing fumes"™ (Brecker, 1972) and the 18th Chapter of
Deuteronomy refers to people inhaling vapours to alter their
mental state. The era of recreational use of gaseous substances
dates from the late 18th century with the discovery of nitrous
oxide and ether.

Reports of solvent inhalation for narcotic effects appeared .
sporadically over the last 100 years until Clinger and Johnson
(1951):réported an outbreak of gasoline sniffing among adolescents.
in Pennsylvanié. Over the following two decades numerous further ‘
feports,appearédvin thé_Ameriean literature (Glaser and Massengale,
1962; Barker and Adams, 1963; Dodds and Santostefano, 1964;
Knox and Nelson, 1966;: rrass'and Done, 1967). Only three
(single) case reports appeared in the United Kingdom over tbe‘same
period (Merry and Zachariadis, 1962; Merry, 1967; O'Brien,

Yosman and Hobby, 1971).  However, in 1977, Oliver and Watson
reviewed fifty cases .of solvent abuse in Scotland. It is now

‘apparent that solvent abuse is an ;ncnéas1ng problem among'adplescgnts

in this country; in Scotland alone, in 1980, 1300 new cases were.
reported to the police from a secondary achool population of .
aimost half a million. '§ignificantly, there have been at least
sixty deaths following solvent abuse in the U.K. in the period
1970-81. - Cohen (1978) estimated that 100 young persons a year die

' in the United States from the injudicious intake of commercial

solvents (excluding deaths from asphyxia or accidental injury
while intoxicated). The same study attempted to determine reasons
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“for golvent abuse and found the following: peer group influence, low
eost unrestrieted availability, convenient packasing, rapid intense
intoxication and absence of legal issue,

‘Morbidity studies on solvent abusers are difficult to 1nterpret,
in our experience a deprived soeial background is usual, as is
,undeféachi§Vement at school. Denial of solvent abuse is to be"
,E exﬁeetsd as is unreliability in identifying the preparations used,
- the duration and intensity of exposure'or concomitant abuse of -
other drugs, notably alcohol. Finally, follow-up is obviously
'difrcult in this group, leaving major queries unresolyed, such as

solvents.’
Studies on solvent toxicity in animals and in hymans followipg
1ndustrial exposure form the basis for the TLV which prefers to the
i airborne concentration of solvent to which it is believed workers
may be exposed repeatedly without adverse effeet (Utidjian and =
Weaver, 1974), The TLY for toluene is 100 ppm.  Solvent abuse -
provides a uniquely high level of toxic exposure; the TLV may be
exceeded several hundredfold so it is scarcely surbrxsing that a
significant incidence of solyent induced morbidity is seen in
Andividuals who sniff solvents. This paper reviews the literature
-on long term neuropSychblogical effects of solvent abuse,
Reporta from the literature and“peraonal experience indicate -
that toluene is by far the most widely abused solvent. Toxic
effects have been deseribed on the gastrointestinal tract
(Streicher et al, 1981), liver (0'Brien, Yeoman and Hobby, 1971),
kidney (0'Brien, Yeoman and Hobby, 1971; Taher et al, 1974;
Fischman and Oster, 1979; Moss et al, 1980; Kroeger et al, 1980;
Streicher et al, 1981; Russ et al, 1981; Will and McLaren,
1981), muscle {Streicher et al, 1981), heart (Bass, 19703 - Taylor
and Harris, 1970), and central nervous system (Knox and Nelson,
1966; Kelly, 1975; Boor and Hurtig, 1977; Keane, 1978; Escobar
and Aruffo, 1980; Malm and Lying-Tunell, 1980; Streicher et al,
1981; Fornazzari et al, 1982). The effects on the gastrointestinal
. tract, liver, muscle and heart appear reversible and resolve
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followins-wi&hdrawal'from toluene. Renal iﬁpairment (acute renal
failﬁre, renal tubular-aeidosis, recurrent urinary calculi) appears
reversible although one case of permanent renal fallure has been
recently reported (Russ et al, 1981). Bone marrow suppression,
described in earlier reports (Greenburg et al, 1942; Wilson,

1943) foliowed use offprepaﬁatidns that contained up to 20% benzene
and has not been repo?fed with currently available preparations
which contain less than 0.1% benzene (Fribroska, 1973),

" In ‘common with many other solvents the main toxiec impact of
toluene is on the CNS. - The acute impact of solvents may be
explained by a direct ‘tox.'i'c action on the nervé cell membrane and
intra-cellular metabolism, whereas chronic neurotoxic_effects may
be'eaused by the fbrmation'or chemically reactive intermediates
differiﬁg-with.1nd1vidua1 solvents. The pessible chemical
mechanisms of solvent neurctoxicity have been reviewed in detail
by Savolainen {1977). ’ ’

 Aoute CNS effects include euphoria, disorientation, lability of
mood , tinnitus, diplopia, hallucinations, dysarthria, ataxia and coma.
The immediate risks to the abusers include death from suffocation,
‘accidental injury or cardiac arrhythmiaa (Winek and COllum, 1971).
There is no eorrelation between acute clinical manifestations and
subsequent lons ternm sequelae inducible by chronic exposure to
high or low eoneentrations of toluene.

There are no large studies on long term neurological sequelae
of toluene abuse, information is limited to case reports which are
sumnmarised in Table 8-1. The table includes one case from a personal
study detailed elsevhere (King et al, 1981). The commonest
clinical presentation was one of a dirfuse cerebellar encephalopathy ,
with or without intellectual deterioration and dementia. Less
frequent findings were optie neuropathy (Keane, 1978 Malm enﬁ
Lying~Tunell, 1980, Fornazzari et al, 1982) and peripheral
‘neuropathy (Streicher et al, 1981; Fornazzari et al, 1982).
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REVIEW OF THE LITERATURE

LONGTERM NEUROLOGICAL EFFECTS OF TOLUENE A

| Nunber ' ]
of | Age Duration 1 . g
Author Patients | (Tsars) |Exposure |Clinical Findinga | Investigations 1outeons -
Satran, v_ ‘1 130 111 yrs Slow s_ﬁeeeh._and V 1 BEG ABM ' Unknovm R
1 1963 ' Movestent .
Personality change
fnox & 1 3 % yrs  |Cerebellar, EEG ABM Unkniown
Kelson, Corticospinal & PEG- ABN
| 1966 | Corticobulibar signs )
Relly, 1 119 {16 mths [cerebeliar signs EEG N Improved § months |
1975 . . PEG X Lager still ataxic -
Boor & {1 {es 10 yrs  |Cersbellar signs. EEG N 9 months later
Hurtig, 1 1Intellect dull | CT Scan ABN- | unchanged
1977 | ] ) |
Keane, 1 20 3 yr:s . _ﬁerébe_l_lar signs. [o+9 SOan N 12 mnt&s' "niez?
1978 ] Optic neuropathy VER ABN 1 improved
. |demented
Sasa et al| 1 2 12 yrs  |Cerebsllar signa. EEG ABN | vnknown
1978 i- Equilibrium disoprder PEG ABN -
WAIS dull
average
Bennett & |1 22 8 yrs  |Cersbellar signs. CT Scan ABN Unknown
Forman, Distal weakness. ‘Hypokalemia |
1980
valn & 1 18 6 yrs  |Cerebellar signs. EEG N Ssymptomatic
Lying- i Optic neuritis CT Soan N § months later
Tunnell, '
1.138¢
Escobar & | 1 21 12 yrs  {Confused Cersbellar EEG ABN ‘| pied in hospital
- Aruf'fo, © |signs. Weakness, CT Scan ABN FM-diffuse cerebral
1980 sensory loss - NCV ABN atrophy with giant
axonal Qegeneration
Streicher | 10/25 | 18-40 | Mot known|Peripheral Not recorded Unknown
et al, néyropathy 2 .
1981 Cereballar signs 3.
King et al| 1719 |11-18 | 1yr Cerebellar signs | zec amn | 18 months later
' persistent signs
Fornazzari | 18/26 | 19-27 | 3-10 yrs |cerebellar signs 11 CT Soan ABN {2752 1ater
et al, ] . : } Memory loss 5 C ' ‘No change
1982 Opticatyrophy 1
Peripheral Neurcp 1
FOOINOTE
E.E.G. H eleatroencephalogran
P.E.G. H preumoencaphalogran
C.T.S¢an t computerised axial tomography scan
V.E.R. : visual evoked response
N.C.V. s nerve conduotion velooity
W.5.1.8. Weschlyr adult intelligence scale
N ’ : norral
Abn 3 abnormal
TABLR 8-1
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Electroencephalographic (EEG) and radiological findings were
nonspecific; abnormalities (5/9) qonsisted of diffuse medium
vpltage slow_wave‘activity and findings on_pneumOeneephalogram"
(2/3) and computerised brain,sean (27/30) suggested cerebral
.atroﬁhy with widening of cortical sulci and dilation of ventricles.
Autopsy reports are few; Escobar and Aruffo (1980) reported
cerebiral and cerebellar atrophy and giant axon neuropathy affecting
the long ascending and descending tracts. However, follow up in
most of these cases is not adequate enough to permit an assumption
of permanent neurological deficit. Prolonged follow up is

,_eléarly essential as severe neuropathy associated with other’

solvents, notably. n-hexane, has been found to resolve completely
several months following withdrawl (Paulson and Waylonis, 1976) .
.ipﬁg térmIPSychoioéical.effacts'of toluene abuse are likewise

poorly documented. ‘GIaser and Massengale (1962) detailed six
adéleseents who presented with behaviour problems.following glue
sniffing but did noﬁ'report formal psychological tests. 'Barker
ahd Adams (1963) reported poor schopl adjustment and scholastic
performance in chronic glue sniffers. Dodds and Santostefano

(1964) compared twelve boys, mean age 13.8 years, who had been

sniffing glue for three to forty-two months, with twenty-one age

- and social class matched controls and found no difference between
" the two groups on psychological testing. Press and Done (1967)

in a reviéw of solvent abuse included a personal stﬁdy«of‘sixteén

patients, mean age 14.8 years, who sniffed glue for three months

to three years pribr to assessment and found poor séholastic
performance in all areas tested. . .

In an attempt to evaluate these clinical findings in solvent.
abusers I have reviewed the 1iterature on experimental studies in
animals under eonditions mimickinz toluene abuse. Jenkins {1970)
exposed rats, 5uinea pigs, dogs and monkeys to 1085 ppm toluene

for eight hours daily, five days a week for eight weeks, or to 107

ppm tqluene continuously for 90-127 days, and found no abnormal
haematological or biochemical changes, or histological effects on

heart, lung, liver, kidney in any species. Examination of-ihé

DUP050067777




brain and spinal cord in dogs and monkeys showed no abnorﬁality ‘
However, 2/15 rats died during continuous exposire at 107 ppu.
Bruckner and Peterson (1876) exposed mice to 4000 ppm toluene for
th?ée hours on five days for each of eight weeks, althaugh
sufficient to prodnce acute intoxication, there was no detectable
biochemical op histological effect on lung, liver or kidney.
Takeushi (1977) studied the effect of concentrations of 1000, 2000
and 4000 ppm toluene for four hours, on rat EEG and demonstrated a
dose~dependent disturbance in behaviour and sleep oycles.
Tkeda and Miyak§ (1978) found reduced learning capacity in rats
exposed to 4000 ppm two hours daily for sixty days. - Contreras et
al (1979) exposed cats to concentrations of 12000-52000 ppm for
seven to forty days atd studied the effects on behaviour arid EEG.
After a control recording, intoxication was commenced with
concentrations of 12000 ppm gradually 1ncreasing-to 20000 ppm with
veritilation intervals of ten minutes, when elsctrical (diffuse
slowing and 3HZ spike wave) and behaviour (head nodding, eje'n
: blinking, abnormal bebavicur, Pacial twitching, ataxia) changes
f osourred. The animals recovered within twaivajminutes.bf.j -
diseontinuing inhalatioh.  Although the amount of solvent to
which the ahimals were exposed was hlghi duration of axpoéuié was
P  only & few minutes, whereas in man, self adminiatered exposure 1s
;% ;  oftén of several hours duration. -
" ' Bruckner and Peterson {1981) exposed rats and mice to 4000»12000
ppin toluene (seven cycles daily of ten minutes inhalation foliowed
by twenty minutes recovery, on five days for each of eight weeks)
| _ ' and acetone (19000 ppm three hours daily for eight weeks). - They '
: ' found that although toluene was & potent and rapidly acting
1 nareotie, the animals quickly recovered from the CNS depressant
i effects and repeated inhalation of solvent was required to maintain
L the inebriabed state. Acetone had a slower onset of effect but
i ,j : was of prolohged duration. Cliniéal'bhemistry and histbpathblogiaa1,
SN examination of lung, liver, kidney, heart and braln failed to
reveal manifestations of acute injury or residual organ damage at - _
time of animal sacrifice, The authors concluded that tolueneAand e
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acetone are relatively non-toxic even under conditions of extremely
high exposure.  However, the usual limitations in éxtnapolation
of animal data to man apply. .

The ability of n-hexane and MBK to cause peripheral neuropathy
was first recognised in 1969‘Hhén Yamamura described polyneuropathy
in wbrkerg exposed to these solvents.  Subsequently nedropathy
was repofted in such workers (Billmaier et al, 1974; Avbritti et
al, 1976), in glue sniffers (Prockopvet,al,vl974; Shirabe et al;
1974; Goto et al, 197R§ Konobih et al, 1975; Towfighi eﬁ.al,
1976}, and follpwingvoné brief intense exposure t9~spnayvpéint
(Aubuchon et al, 1979). Hexacarbons which are neurotoxic inhibit
glyceraldehyde~3-phosphate dehydrogenase,Auhioh may be the biochemical
site‘of action and a gamma-diketoné spacing in the ﬁpleculaf

. configuration seems essential (0’Donahue.and.Krésavage, 1979).
‘Mechanisms of neurotoxicity of 2,5- hexahediol have been reviewed
by Cavanah (1981, 1982).

The pathological changes in hexacarbon neuropathy consist of
aanal deseneration and segmental demyolination {Spencer and
Schaumburg, 1977). Peripheral nerve abnormalities have been -

" studied in greatesb detail, but the distal ends of the long CNS
fibres are,affected in a ;imilar way (Schaumburg and Spencer,
1976;. 1978).  The CNS damage may be masked clinically by the
peripheral nérVe-éffécts'buh may bé'revea;ed, as,periphenal'gerVes
rgco?er, by rgsidual sbasticity. ﬁith early withdrawal fro@
n-hexane, neurclogical complications may be reversible (Paulson.
and Waylonis, 1976); witﬁ'fnll reoovany:arterlabout-four_ﬁonths.
Permanent disability'has been deaqbibed.fbllowing high levels of
exposure (Shirabe et al, 1974). "

Trichlurethylene affects mainly the liver, kidney (Baer and
Kimberg, 1970) and heart (Mee and Wright, 1980) but has been
assoqiaﬁed*with peripheral neuropathy aﬁd cranial nerve damage,
particularly of the trigeminal and optic nerves (Mitchell and
Parsons-Smith, 1969). The reason for this cranial nerve selectivity
is unclear. ‘ '
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‘ There is no reliable blochemical marker which may herald the
onset of neurological complications in aubjects'expoaed to solvents.
Nonspecific cholinesterase:(Paulson and Waylonis, 1976) or the '
brain specific iscenzyme of creatinine kinase, (Jockers<Wreton;
1976) as indicators of neuronal destruction, appear most worthy of
‘further investigation. ‘

" This review demonstrates the difficulties eneountered in

evaluation of long term neuropsychologieal sequelae of solveht
" abuse. Difficulties arise because of the nature of the groups

studied and the variety of methods used in the field of behavioural
! g‘ toxicity. Individual case studies and animal éxpeéiments suggest
that although gross permanent neurological damage is probably

rare, subtle neuropsychological changes imay occur following
“ chronic exposure to solvents. ~ There 1s a need for well planned

: ' critical studies on solvent abusers, with particular emphasis on

follow-up.

Discussion

Andersen: ' Is the nasal ulceration you see in the glue sniffers
' caused by mechanical damage?,

king: I think 80. Some of the éniffers'put the slué

into a bag, if they cannot get a crisp beg they put it
into a plastic bag and actually put the bag over their
head. Most of the earlier reports of deaths were due
to the asphyxia caused by this practice. Sqme of the
children have glue on their mouth and their nose when
they come into hospital..

Andersen: And would you say you had an epidemie of glue
sniffing in England and Seotland?
King: . 1 think it is vary commbn, but pedple wonder why

3 ' B it did not hdppen in the 40s and 808, . It oertainly

L '  geems to be on the increase, although ‘donie paediatrioians ‘
in London say they nevér see solvent abuse, wheréas we
seée caseés every day. In the casualty department 1 will
have one child brought by the police every day I am on-
duty. .
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Pace:

King:

" Cherry:

King:

Jamie:
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As you know there 1s a correlation between abuse

- of alcohol by the family and aleohol abuse in an -

1ndiv;dua1'but-was the family alcohol consumption
‘pattein studied in cases of solvent abuse? Secondly,
is there any place for blood toluene analysis in
primary cahe, and are there any other blood tests

“which are helpful when confronted with suspected

solvent abuse?

" Blood solvent assay is extremely useful and we
encourage general practitioners to send blood to us if
they think a child has been sniffing. The test only

-requires one ml of blood and we have an answer within

four hours. As for alcohol and glue sniffing, all the
children beleﬁg to socio-economic group five, and most
©of the families in that group have a high alcohol intake.
_ I wondered whether glue sniffins was a modern, poor
man's alcohol abuse?
. This is certainly what has been fbund in the United
States, whepre the adolescents start'oft with 31ue because
it is cheap and easy to obtain. As they get out of ‘
glue, they go on to alcohol and some of them progress
from thsse onto hard drugs. .

I can think of two men we have seen in the last

' year or twb who had very high blood solvent levels with

no evidenee or sniffing. We wondered if these men were,
in fact, unable to metabolise the solvents. ﬂow_do_we
distinguieﬁ between sniffers and that sort of person?

I HO'not”really kﬁow but’i think if.is very

difficult.

I think it ds likely that in a deprived delinquent

*  group one will find neunopsychological deficits in

about 60%. This would seem to make it impossible to.
check whether there is any long term damage from -

solvents. Perhaps we should ask ourseives if there

is any way of doing it in terms of matching for
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neuropayghglogical deficit and then demonstrgting
sp@eific solvent indueed dsricita rather than demenstpating
_ gensral effects? . .
Goffe;. You indicated that toluene was the main solvent

gbysed; did it usually ogeur in a mixtupe with other
4 ‘ 'snlventa? ' .
King: The golvent in the glue contains about 80%. toluene, and

the remainder is mainly acetone; I do not kngw‘what else
;Lt contains '

,Baelumé 1 am very surprised that you uae blood toluene levels.
' : We normally consider them to be unstable and fluetuating
and I would think it unusual to find toluane 1n the blood
twe weeks after the cessation of abuse.
Gompertz: _ There are several pharmocakinetic componenta, 30
| measuring blood toluene levels at a later stage you are -
neasuring the eomenent related to a¢1poae tiasue

- deposition,

Baelym: But the half-life of toluena 1n the hlood is only

§ ' abaut three to four hourg, |
King: " There ig aetuallx a biphasic pattern with hlaod

toluene levels. There is an initisl peak wnigh.fa;}a as
the solvent is taken up by the heain apd fatty tissue,
ard a later peak as it is slgwly peleaaeé again. The
polnh 1 am making is that you should measure bleed levels
if you susyac% abuse at all even four or five days after
- expesure. If the result ;a nesghiva that does not mean
} ’ they have not been exucsed but if i is pnaitive, %hen
yoi .do haﬂe evidenge for sxposurg.
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9, EPIDEMIOLOGY OF SOLVENT—RELATED NEUROPSYCHIATRIC DISORDERS
O Axelson

For some time, exposure to solvents has been suspected to cause
disturbances in memory, thinking and in affect (cf. Minchinger 1963).
A-numbervef recent cross~sectional studies have strengthened this
view because of impaired results in psychological tests in groups
‘with exposure to solvents (see Lindstrom, 1973; Blume et al,

1975; Husman et al, 1975; Lindstrdm et al, 1976; Hinninen et

al, 19763 Knave et al, 1976; Hane et al, 1977). 1In experimental
human exposure, some impairment in performance has also been
oserved, particularly slowing in simple reaction time after an

~ exposure time of a few hours (ef Gamberale 1976).  Furthermore,

epidemiological studies of men exposed to carbon disulphide have
suggested that the ‘behavidural disturbances ray be chronic (Hanninen,
1971), there are some: clinical observations to support the idea

of chronic effeets in, for example, styrene workers (cf. Axelson
1975), and a so-called chronic painter’s syndrome has also been

_described (Arlien—Soborg et al 1979).

The orosu-sectional studies and clinical observations referred
to above, tend to provide an uncertain basis for a more definite
judgement as to whether or not there are chronic and 1rreversib1e
effects from solvenb expoaure. Exposure to solvents could.
easily, but erroneously, be blamed for having caused various
disorder:'beceuee exposed and non-exposed individuals might not

. necessarily be equally well motivated for psychological testing;

there could also be a considerable hang-over erfect from the last g
few days of exposure preceeding testing. Moreover, diseased

‘individuals and their relatives generally tend to blame external
factors for their poor health.

Some epidemiological studies have also indicated an

‘assoclation between neuropsychiatric disorders and occupations

with solvent exposure (Axelson et al, 1976; Mikkelsen, 1980;
Olsen and Sabroe, 1980). These studies will be discussed here
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in detail and some of the problems involved in this type of
epidemiological researeh will be outlined.

' Comments on design and results of studies of neuropsychiatric
E ) effects of solvent exposure.
| _ The first of these studies (Axelson et al, 1976) used a
reeional pension fund register as the source of subjects.” Since
the Swedish social security system encompasses all citizens, this
reglster constituted a complete source of information about all
‘the individuals in the region who had received a pension by reason
P of disease. Moreover, diagnoses and information about the sogial
1 - _ oircumestances, years of employment in various occupations and so
" on were available through the register. ’

It’miéht be noted that, as a first step, subjeots froﬁ_ﬁhe‘
register were restricted to include only skilled workers in
reasonably well defined occupations. Furthermore, the age limits
were set at 35 and 64 years to avoid a dilution eéffect by young
individuals without pertinent exposure, and at the age of 65, a
retirement pension is provided. The study period comprised the
years 1969 to 1973 inclusive. 3 .

Cases were defined as individuais with any type of
neuropsyuhiatrio diagnoses except primary debility, schizOphrenia
,;f Cor manicdepressive psyohosis.

Mental diaorders with an- obvious organic cause were.also not
accepted as cases, for example dementia due to traumatic brain
injury or encephalitis.  Since the diagnoses of cerebfal atrophy
:{ " and présenile dementia might represent the same condition, it
| seemed reasonable to include cerebral atrophy among the cases.

} ' Diagnoses of head-ache of unknown origin or unapeciried vertigo
- were also included as cases. ' _

The referents were all skilled workers on the pension fund
register but who were oompletély free frem-any kind of mental .
disorder or social experience which might indicate mental'disorderg S
No person with any type of brain induvy was accepted as &
referent.,
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A problem anticipated in the design of the study was that
unskilled workers might have been more likely to become candidates
for a pension on neunopsyehiatrie grounds because of some primary
mental deficiency, and at the same time, they wonld not have had
the opportunity of being exposed in a skilled occupation such as
that of a painter, varnisher or carpet layer. This made it
‘necessary to‘feeﬁriet the source of subjects to encompass only

_those occupations that had some relation to construction work.
;Thue,esome unskilled and semiskilled occupations and professionals

were excluded from the study. To check as far as possible that
the relative freqneney of.solvent-exposed'oecupations appeared
undistorted among the referents by eombariéon with the source
population providing the cases, officilal statistics and a telephone
directory sample were used for comparison, and these gave similar
results (Table 9~1). _
Alcoholism is a particular problem in studying neurOpsyehiatrie
disorders as it causes the same type of injuries that might result
from~solvent exposure. Therefore, an analysis was made both with

~and without cases having a diagnosis of alcholism.

Males only were ineluded in the study, and oases and referents
were stratified by age to overcome the potential confounding effeet
when taking years in the'oecupation.as the measure of exposure.

‘The results of the analysis are shown in Table 9-2 and indicate a

slgnificant dose—response trend, suggesting an increased risk of

' neuropsychiabric disorders among painters, varpishers and carpet

layers by comparison with other skilled occupations, .The same
results were obtained when alcholism was excluded from the analysis.
: The Danish case-referent study (Olsen and Sabroe, 1980) was

‘based on members of the carpenter/cabinet makers trade union who

received disabiliby or early retirement pensions between 1971 and

1975. The case entity in this study was rather broad and 1ncluded
 psychoses, neuroses, changes of character, oligophrenias, mental
retardation and diseases of the nervous sytem or the sense organs.

The referents were equal in number to the cases and were selected

from a group of pensioners in the trade union with medical
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TABLE 9-1

~ B8 ~

Percentage distribution of workers in different akilled oecupations

unadjusted for age.

_Caseé
aAE AT
1x ln
¢ @ ¢ e
o1 o1
by - hu
oa od
le le '
id id Pelephone |
S ¥ & | directory | Region
Ocoupation ™ u Referents | sample | Orsbo®
Méehdniéé _ ) h | k,' ;
Machine fitters 34.6 29.8 25.9 29.6 29.6".
{ Repairers o .
Platers 5.1 5.8 | 1.0 7.2 A
Plumbers 9.0 12.5 43 .| 3.6 6.1
| Welders 12.8 10.5 | 9.2 | T 10.1
‘Electrio and o ; Y -
telephone workers 1.5 11.5 1.4 16.2 19.1
| Woodworkets 23:0 28.19 30.8 28.9 287
| Painters " » o o, o o
| varnishers - (33.3)° {(33.0° |9 | 02.n® | w.n®
Carpet layérs o L. S o ,
Brick layers 3.8 BT 10.3 1.8 3.3
Concréte Workers ' o e e d "
| and similar types (11.8)° 1 (1.5 (i5.1) - -1 42.8)
| of workers i o .
Insulation workers 0.0 0.0 - 0.5 1.2 0.6
:Glazers ] 0.0 . 0.0 0.5 - : 1 2 - 0;9
| Mumber of backgrbuhﬂ ‘ o o ) ~h:.ﬂ” —_— -
population ‘78 1 104 - 185 | 166 13091

Source' Cent?al Bureau of Statiatics, Spscial eommunieation, 1970..

Eatimated Value'

ocoupations than other sourtes do.
as percéntage of other oooupations, but excluding paintérs, varnishers,_

carpet layers, and coherete workers and similzr types of workers.

officlal statistics seem ko 1nc1ude aeVeral Hore.

Exoluded from total tumbesr, as coberete workers end ﬁimilar types cf
workers were unidentifiable in the telephona éirectory.

Note: Cases and peferents are obbained oh & lengitudihai basis,

whereas the official statistics and the telephone directoﬁy sampls:

represent a dross~seotishal view.
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conditions other than those used to define the cases. From the

“original 171 cases and referents, 141 and 146 respectively could

be located and. these subjects were asked to complete a mailed

_questionnaire; . if no longer élive, fellow-workers or tnade‘uhlon

officials filled out the gquestionnaires. The small group of
old-age pensioners included 35 cases and a referent group of the:
same size, .24 from each group being eligible for interview. An
employnent hiatory suggestihg at least 4000 hours of work with-

~ organic solvents was used to define the highly exposed subjects.

In the analysis, stratification was applied for age, alcohol

.consumption and history of head trauma and the overall rate ratio~

was obtained through the Mantel-Haenszel procedure,

a sisnifigantly'increased rate ratio was obtained rrom'thqse
alive and highly exposed; the ratio was 2.8 (95% confidencé
interval 1.5-5.2) when considering indoor exposure and 2.1 (95%

confidence interval 1.2~3.8) when taking both indoor and outdoor -

exposure into account. Disregarding degree of exposure, the rate
ratios were 1.3 and 1,2 for those receiving a disability pension
and an early«ratirement pension respectively., None of these

' estimates was statistically significant. Among those with a high

exposure, the rate ratio for dementia among those with a disability’
pension was 2.0 and the rate ratio for neuroses, personallty '
disorders, other non-psychotic mental diseases and mental retardation
was 3.1, an overall result which perhaps might be taken to indicate
rather impreoise diagnosis within the realm of neuropsychiatrio
disorders. = By using a case entity composed of a variety of
neuvppsychiatrio.Qiseases the rate ratio might be undere;timated,

a possibility pointed‘out‘by the authors. Furthermore, as in the
Swedish atudy, ‘the non-exposed subjects of the Danish study might
not be completely unexposed because of the widespread use of
solvents, ‘and therefore risk estimates of the study could be
aomewhat conservative, given a true relationship between solvent _

'exposure .and neuropsychiatric disorders since some of the "unexposed"
cases might really have been exposed.
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The third study (Mikkelsen, 1980) was a gohort study of.2601'malé
'péinters and 1790 male brick layers in the Copenhagen area, who
were identified retrospectively and followed up from 1971 to 1975
E In addition to the comparison of disability pensions in these two
i ~ groups thers was also a referencq to the general population of
vi  Copenhagen. One hundred and forty three painters and 75 brick
l
|
]
1

'layers had been awarded a disability pension in the study period
and all the underlying diagnoses had been registered. Moreover,
291 painters and 169 brick layers had died and their death certifieates
were collected and reviewed. The interest was focussed particularly
on the ocourrence of presenile dementia, which made it necessary -
to reclassify the pension diagnosis. The reclassification
; = _ procedure was not blind but certain steps were taken to minimise
: observer bias; thus, the word "dementis" or some close equivalent
was required in the original diagnosis as well as the term “cerébral-
atrqphy">ob,sgme alose equivalent. The oases extracted in this .
way were considered to be one diagnostic group, labelled présenile_
dementia. Some further sub-division was made, namely with regard
to presenile dementia without indication of cause and presenile
dementia with indication of cause. The indications of .cause
in the latter group included infections of the nervous system,
head trauma, anoxia, codceq;ration camp syndromé,falgoholiam,;
cerebrovascular agcidents, epilepsy and hereditary degenerativgl
diseases.’ ‘ ’

The only potential gonfounding variable qontrdlled for in the h
- study was age, and multivariate logit analysis was applied to

C +  estimate the risk ratio. The total mortality of the painters

was found to be slightly increased by comparison with the brick -

layers but not with the general population of Copenhagen. An

‘Vavioua neurOPaychLatriq diagnpgaa._ More specifical}y, the study‘ _
indicated a risk ratio of presenile dementia without indicstion of - .
cause to be approximately 3.4 and the risk significantly different .
from that of both referent groups (brick layers snd the general -

~ population of Copenhagen), For presenile dementia with ipdicat;bn .
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of cause, the estimates were 2.1 and 1.7 with regard to the
respective comparison groups, neither of which was significant.’

Some aspects on validity®
The most serious bias that might operate in epidemiological
‘studies relates to selection mechanisms; 1f the criteria for the

disgnosis include some requirement for exposure, any subsequent
evaluation would result in an association between exposure and

disease, However, at the time when the Swedi?h study was undertaken

there was hardly any awareness of the possibility that solvent
exposure might cause neuropsychiatric disorders. This aspect is
of more interest with regard to the Danish studies, however;.since
there was an inoreasing awareness around 1974-1975, in Denmark,
and elsewhere, 6f the possibility of solvent-induced digorders,
The cases in the Danish cohort study have a rather specific
disease reflecting a serious condition which makes it unlikely
thgt there can be ény selection effepts that would sériouély bias
the: study. The Danish cases in the case-referent study have é
broad speotrum of diseases which are unlikely to be subject to any

substantial selection bias and would also be expected to make the
_study rather conservative through a dilution from unrelated
' conditions, . The Swedish Study suffers from including & broad

spectrum of disease entity that would tenq to make the result
somewhat conservative. When the diagnoses were reclassified the
result indicated that it was conditions of the dementia type which

~ gave the highest risk ratio (see Axelson et al, 1977).

© With regard to the Danish caae-referent study based on :

'questionnaires it is reasonable tq discuss whether observational
" bias might have occurred However, the detailed analyses

undertaken in the study reveal a pattern which is unlikely to
result entirely qum-ohservational_problems, the high rate ratios
are observed among those with the highest exposure, whereas an

: obéervaﬁ;Onal bias would tend to oberatengqually for all exposed

groups., The Swedish study was based on objective obgervations

" of exposure, as obtained from the files of the socigl.aeQQrixf_

#gee Axelson, 19%9
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! register and the information had been compiled for other purposes ‘
' and long befbre there was any idea of a study. Fnrthermore, the

investigators were blind as to the exposure classification of
~ the subjects. . ' '

i The reference entities in these three studies ahould also be -
é : ' discussed. In both case-referent studies, non-case subjects on
I the disabiiity pension register were used to estimate thg.exposure
frequency of the population providing the cases., ' It is of interest
" in this context that the Danish cohort study indicated a slight
excess of cardiovascular disease (of borderline significance)
amongst solvent exposed men and it might be mentioned here that in
analysing the Swedish data, cardiovascular disorders were exeluded
from the referent series, which caused some inorease in the rate
! " ratio for the neuropsychiatriozdisqrders although the more conservative
[ estimates (with cardiovascular disorders included) were finally
f " presented in the publication (Axelson et al, 1976). A cardiovascular
5 effect of solvents is possible, therefore, and it seems reasonable
' to suggest that the indications of an indreased risk of
neuropsyehiatrio disorders as obtained in these case-referent
studies would be somewhat conservative. ~Since similar results
were obtained in the cohort study both by comparison with the
? ; o 'brigk‘layers and the geﬂeral populat;gq.of Copenhagen, 1§‘geems
S unlikely that there would be any substantial bias involved in
I these comparisons with regard to the reference entity.
In all three studies there is a reasonably good control of
_ 'eonroﬁnding with regard to age and, as can be Seen'in Table 9-2, age
| had little counfounding effect in the Swedish study but merely
i modified the effect, the guotient of the crude rate ratio to the
: standardised morbidity ratio being close to one. Considering the
] rate ratios at different ages, it can be seen that there is a
| definite effect only in the oldest.age_gropp, This is apmswhat‘
%.f f inconsistent with the experience of the Danish studies, where the
i : effect appears to be evenly distributed over the agé range.
fbuse of alechol might be thought to be a confounder since it
can be suggested that some of the neuropsychiatric diagnoses were
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Duration of sclvent exposure, that is, number of years employed as a

painter, varnisher or carpet layer (average 30.7 yr) according to age
and with cases of alcoholism included, together with various estimates
of rate ratio.

: . Duration of solveh£4ex§oéuﬁé |
Age ] Rererents 0 €30 >30 >0
35;uu ) .Cases | 7 2 0 | Hé"
' | Referents oy 1 0 1
3.45-54 Cases 28 b 2
Referents 23 3 2 5
i 55-64  Cases . 81 8 19 - 27
o nererem-.s : 186 13 16 29
35464 A.‘-:Cases | 116 1 21 3
HeferentsA . .213 17 18 35
 crude rate ratio (1.0) 1.5 2.1 1.8
{ Standard morbidity ratio (1.9) 1.3 2.2 1.7
| standardized rate ratio® | (1.0) 1.3 | 21 - 1.8
| overall rate ratio
(Mantel-Haenszel) o
- point estimate 1.8
. - 95% confidence interval - 1.1=341
| ¥2(1) Mantel extaension 6.7

2 witn the-noh-exéoéed as standard
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simply unrecognised alcoholism and that the use of alcohol is more
common among-solvent-exposed individuals than other skilled '
workers. However, this view would apply mainly to the Swedish
study siﬁég it is unlikely that there would be any imﬁprtant ,
differences within the single trade union which was the source of -
subjects in the Danish case-referent study. Moreover, in the
context of one of the cross-sectional studies (Hane et al, 1977)

investigations were made'uith regard to painters and other occupational
groups registered in the special aleohol abuse register held in

: Sweden and there was no indication that painters were more apt to

; ' abuse alcohol than other skilled workers.

Ohfthg”ogeg#rthe and prognosis of solvent-induced neyrépgyghiatbic
disorders | h - |

© In the light of the results of the results of the three
epidemioiogial studies that have been reviewed, one might_rpise-the
qﬁestion of the proportion of neuropsychiatric disorders that
might'be:related to solvent exposure. The rate ratios fonndihave

been around 2 and consequently the attributable risk among the
exposed is about 50 percent; that ia, every second sdlvsnt—éxpOGed
individual with a severe neuropsychiatrie disorder might have got °
this disorder as the result of his exposure. Furthermore, it haélﬁ

i © been estimated that some 3-ii ‘per cent of all neurcpsychiatric:
disorders causing disability in Sweden might be related to solvent
exposure although such estimates are necessarily crude and uncertain.
Nevertheless, it seems that the possibility of exposure to solvents
! should be seriously considered in patients-ﬁithfneuropsyahiaﬁhic -
% disorders, '

T - .

i : To date, several hundred cases of solvent-induced disorders,
usually classified as a psycho-organic éyndrng, have.bﬂ&h-diﬁsno$¢d;.
and cOmpenSated as occupational disorders in Sweden. E£fforts are
also under way to follow these individuals with regard to the

course of these disorders, since the prognosis is,somewhat uncleap.

It is usually felt, however, that the interruption of exposure

leads to at least a subjective improvement although psychological
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function may not improve to any great extent. In a few years
however, it should be possible to obtain more definite information
on this point.

cbnaiderations,fqr further studies

Judging from the Danish cohort study, and from the
reclassification of diagnoses in the Swedish case-referent study
(Table 3), presenile dementia seems to be the type of disorder
that might be particularly related to solvent exposure. A& moie
specific study should therefore foous on presenile dementia as the
case entity. It is noteworthy, however, that a diffuse entity
like "nervositas™ also gave a relatively high risk ratio in the
Swedish study, whioh‘might indicate that there can be othér
effects, or that there are difficulties with making the diagnosis
of presenile dementia. There is also the possibility that the
physicians would try to avoid the explicit ‘statement of this
serious conditlon in terms of a clearcut diagnosis. Moreover, it
is probably necessary to go outside Scandinavia for fu:ther'
atudies,;éince aolvénpsrelated conditions attract considerable
interest and it is possible that there would be a tendency to make
a neuropsyehiat}ic~diagposis when the physician is aware of
exposure toisblvénts. A prospective study should be undertaken

‘based on consecutive cases of presenile dementia, and if possible,

computer aided tomography applied in the diagnostic procedure,
since it is unolear whether or not oerebral atrophy might also be
related to solvent exposure, that.is two case entities, presenile
dementia and cerebral atrophy should be considered.

Discussion

Lyles : My 1mpbéssi6n was that you were using-alcohdliam '
o " in the sense of the use of aloohol, rather than as a
clinical diasnosis.
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reclassification of the diagnoses.

Number of subjects with exposure and non-exposure to solvents after

e - Crude
| © | Non~ " Rate :
Diagnosis (WHO) - | Exposed | exposed Ratio-'
Cases
(290) | pementia senilis et 7 17 | 2.5
: ‘ ;presenilis : :
(296-297-excl. | Psychosis affective et
196.10; .status paranoicus {excl,
296.39). 1 psychosis mano-depr.,
typus manicus et ' :
ﬂ circularis) 1 5 -
| (300-301) Neurosis (neurasthenia) = . S ¢
o et persona pathologica 6 34 1.1
(303) . Alooholismus | 9 30 1.8
| (309.20) | Perturberationis mentis ’
- per laesionem cerebri 2 1 -
(347 Morbi .cerebri alii -
4 (atrophia cerebri) 0- 5 -
(780.50; Vertigo; Encephalopathia 2 2 -
1 781.70) : , . : ,
{ {790~excl. | Nervositas (excluding ? _
709.19)- debilitas) 7 21 2.0
(791.99) 'Cephaldlgia:NUD v 1 1 -
 (290-791.99) Neuropsychiatric L
disorders 35 116 1.8
Referents 35 213
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I think both apply. The problem arises in these
studies 1if people use alcohol to such an extent that
it causes brain damage but the cause of the damage is
nbt.becognised~ They are givén some neuropsychiatric

- label which. can confound the issue. I might perhaps

add with regard to alcoholism that we have registers
of alcoholics in Sweden and we checked to see if
paintera_werg:more frequently regigteved as alcoholics

_ than other occupational groups but we have not found

Ggmberalé:

that to be the case.”  In another'study (Hane, et al,
1977) we had a éroup of 52 painters whom we compared
with 52 other individuals and we found that we had one
more of the cbntrols thah the exposed registered as an’
alcoholic. So there is no definite indication that
solvent exposed groups use alcohol more than other

. groups.

Not being an epidemiologist I have some difficulty

- judging what your risk ratios mean. How large are they

Axelson:

Cﬁerny:

compared with tho;é found in other types of study?
They are of the order of two, which is not very

bigh in the context of occupational epidemiology

generally. , _ ‘
I have been trying to translate the risk ratios

‘into some more directly relevant terms. And I think v

~ what we are saying is that one in ten solvent workers

Axelson:

Hernberg:

will have psychiatric treatment which he might not
otherwise have had. v' B

' Not only treatment, but a pension on psychiatric
srdﬁndb'and this is.a rather more extreme aspect.

You mentioned that you-might have a rather
conservative estimate bedause,ypu have an exposure also
among the referent cases. = I think that perhaps this
error is even greater than one would think because
solvent exposure is rather frequent in the population
at large. Between 5 and 10§ of all workers are
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- exposed to solvenbs, at least to some extent, so that some
of the 8o called unexposed workers are actually expOSed,
inereasing the extent. of the underestimate. I am hot so
‘pessimistic as you are about earrying out further studies in
Scandinavia.  You could just carry out & retrospegtive

. study relying on records, not history " I alsd think you

3 . ‘overestimate that alertness of our coileagues. If somebody

: is sent to a Clinic of Odcupational Diseases thén it is

likely that his or her diagnosis would not be dementia

but rather solvent poisoning.

Axelson; - If you looked - -specifically at dementia I would say
“ " . you could be right. :
) Hernberg: We have seén sevéral patients with carbon disulphide

» poisoning who have deitentia and other pathological

L , “maniféstations, bubt they dll have a diagnosis of earbon

: disulphide poisoning, they are-nbt.registéﬁed ﬁs-anything
else. : -

Cherry: " When I read your original papet', 1 got the impression

’ "that it was amongst the rather minor paychiétrio sympboms
that there was an éxcess. Is that 8o?

Axelson: No, T wauld not say that thede aré minor symptoms,
since they were all sufficiently severe to disable peoplé
to the extent that it was conmsidered that they would never
work again. There may bé Some debate about how these
eonditions should be elassified oF what the diagnosis
should be, but there is little doubt that these
individuals had such severe conditions that they could

. not work‘
_ Carter: Wnat is the natural hiatbry‘gf'this condition in
jj these people onée'they have beén beﬁoveé‘from_exposuré?-

on in Sweden. A cooperative study has been set up
between the ocecupational clinies to follow up all the
cases that have been diagnosed as solvent poisoning.

3'§Ai Axelson: Toat is a question which we are now trying to foous
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My impression is that the patients improve symptomatically

‘when removed from exposure, but the psychological testing

does not improve very much and some continue to decline.
‘We selected our study group of 52 painters and 52
controls in 1973 and we have them followed up until 1977.
It is 1nterest1ng to ses that among the painters there
were three_ﬂeaths but none among the controls, whereas
early retirements were the same in both groups, but
complaints were still more common among the painters;
perhaps this 1ndioates a8 somewhat pooreb prognosis for

those with exposure to solvents, although our numbers are
very small (Hane et al, 1978). A few of these painters

had a parﬁigularly poor performance onftesbing,_buﬁbgp the
time of ‘the study we saw no reason to remove thgmvfrém
éxposuré, but after a couple of years they came @ﬁﬁ,more
clearly as cases of mental disorder. ‘
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10. EXPOSUBE CHAMBER STUDIES
I Andersen ’

The‘berpose of this paper is to review briefly the main studies
on human subjeets exposed to solvents under controlled conditions
in climate chambers to present some of our own work on solvent
exposures, and finally to discuss some problems which have to be
considered when exposure chamber studies with solvents are planned
and evaluated. ‘
Different types of experimental exposure to_solvents

studies of human subjects exposed under controlled conditions
3  are important, as they 4llow conclusions to be made about cause—effect
§ . relationships,- For that reason they are useful supplements to
% , . epidemiological studies and to studies in the workplace, both of

* which are troubled by a multitude of uncontrollable variables.

' Exposures of human subjects under controlled conditions to any
airborne pollutaht may be'perfbrmed‘by meuthpieee inhalation, where
. only the airways are exposed to the pollutapt, by-"head eniy" “
exposures, where the alrways, the eyes and the skin of the head
are exposged to the pollutant by means of a "diver's helmet"
SN arrangement, and. by exposure chamber studies, where the whole body
'!; j is exposed to the pollutant. '

& : Only the last type of exposure resembles that experieneed in
: the workplace and is to be preferred regardless of the higher
complexity and cost of equipment than in the two other types of
expoeune. As a matter of fact, any exposure study under controlled
conditions is expensive because of the extensive technical equipment
which is required. _' '

An exposure chamber for studies of airborne pollutants consists )

: of a chamber housing one or several subjects; a technical facility

; ; :}' 'to maintain the basic climatic conditions (temperature, humidity,

:‘f 1 - etc.); a pollution generating and monitoring system, and a data

; acquisition system for physiological and performance measurements _
and for subjective responsee ‘(statements on degree of eye irritation,
fatigue, ete.).
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One important drawback to exposure chamber studies is their short
duration. To reduce defection, investigations on subjects
sampled from the general population normally have to be restricted
' to the duration of a normal working day - about 8 hours, and the
longest exposure period will probably be one week. Only highly
dedicated subjects, such as trainees for space travel or deep sea
diving may be confined'for several months. Therefore, only acute
and subacute exposure effecés can be studied in exposure chamber
experiments. ' o '
Exposure chamber studies with solvents
Due to the great number of solvents my review will be restricted
to three only, toluene, xylene, and trichloroethylene, all of
which are used widely and in great quantities. Further, I have -
selected from the literature only those studies in which exposure
concentrations were not greater than three times the present
threshold limit>va1ue {TLV) and of at least one hour's duration.
The reason for these limitations is that the studies most relevant
for the normal daily .conditions in the workplace are those of
‘some length and near the TLV. |
The human exposure chamber studies with toluene which fulfill

. Chese eriteria are listed in Table 10-1. Amazingly, this very

important and widely used solvent has only been looked at in three
studies (von Oettingen et al,- 19”2 ‘Suzuki, 1973; Ogata et al,
1970)-, Each used 3 small number of subjects, the maximum is

five, so in total,-oﬁly 13 subjects have been irvestigated. Most
subjects have been relatively young males with no oecdpati§n31
solvent exposure. The éxposure pénibds have been of a length
similar to the working day, and in two of the three studies the
composition of the solvent is described. From the last column in
the table it appears ﬁhat.no.chahges'pccprred in respiration rate,
puise rate or'bIOQd-pressure, and that no acdhe‘neunophysiolog;cal
- effects or subjective responses were found; some subjects reported
a moderate fatigue and sleepiness, however.
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The five human exposure chamber studies carried out with xylens
_are listed in Table 10-2 (Ogata and Nagao, 1968; Ogata et al, 1970;
‘Savolainen and Linnavuo, 1979; Savolainen et al, 1979; 1980).

The total number of subjects studied is 30, all males 20-30 years
0ld and with no previoue exposure to solvents. In only two cases
is the compesition of the solvent given; no studies have been
performed below the ourrent TLV, There were no changes in
respiration rate, pulse rate or in. blood pressure and no subjective
complaints. Some eeute, but weak neurophysiological effects were
found - an increase in body swaytime and in the Santa Ana test,
noted especially'when excursions were added;to the normally stable
xylene concentration.

Studies using trichloroethylene are listed in Table 3 (Stewart
et al, 1970; Ogata et al, 1971; Salvini et al, 1971; Ettema et
al, 1975; Konietzko et al, 1975; Triebig et al, 1976). The
studies are similar iﬁ-design:to-those referred to above, young
maleé‘withbut previous exposure to solvents being studled. 'The
total number of subjects, however, is high, 60 in all with 20
subjects in one experiment (Konletzko et al, 1975). In five of
'the six studies no statistieally significant neurophysiological
changes were found, and some -of the effects found in the study of
" Salvini et al. (1971), were not noted in the other studies._ However,
the reporbs on fatigue, eye and throat irritation are consistent
- and may, therefore, be real effects. A
' The general econclusion to be drawn from the human exposure
chamber e;udies.on.toluene, xylene and trichloroethylene at - ‘

_ concentrations below three times the TLV 1s that only weak -
neurophysiological and subjective gomplaints'have'beeﬁ demonstrated,
and no changes in respiration or circulation could be found.

This applies to exposure periods of working-day duration and at

the preeent TLVS.

Do these results give a correct picture of the acute effeets
of thesé solvents? Could the results, in view of the small
number of.Subjeetg.in each study, be false negatives, or is the

populatioh inveatigeted, young male subjects not previously
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-TABLE 10-2

EXPOSURE CHAMBER STUDIES: XYLENE ¢ TLV X 3 (TLV 1981 = 100 PPM = 435 MG/M>)

"AUTHOR

| TEAR

‘COUNTRY |

SUBJECTS

Ko.

AGE

SEX

| SoLv,

EXPOS.

| EXPOSURE

PERIOD

CONC.
PPM

' NEUROPSYCHOLOGICAL

| Ogata & Negao

| 1958 |

Japan

o+

TH

1 200

| RT* in 1t of 5

Ogata et al '

| 1970

' Ja-:pan

| 5]

+

| 78

1 200
| 100

| PR, BP, RT: NS

Savolainen et al

| 1979,

SF

:'21%17-

| 68

100

| LaB, oR

Body sway, Santa #
Maddox Flicker-Fus

| No Complaints

’Sﬁavb’lainen &

1 Linnavuo

1979

SF.

| 2u-4 |

| ea

?ggg; Excurs.

Body Sway *
Body Sway: NS

'Savolainen et al

1980 }

{ 2452

' GH

1 100 + Exeurs.
{ LAB,. GR

- Body Sway 1 RT * San

Maddox NS, No- Comp
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exposed to solvents, relevant for the discussion of the effesct of
solvents on middle-aged or old worker$,\36he-df them with a
life-long exposure to solvents? '

In order to answer these questions we conducted a series of
experimenta ‘Wwith toluena, from whieh I can present some preliminary
results. For the studiés of physiélqgical and psychometric
performance‘and of sﬁbjeéfiVe.resgonses we decided to use the
standard methods described in the literature.

Two_eight hour exposure studies with toluene

In order to provide a well-controlled environment for human
exposure studies with airborne poliutants a new double climate
chamber unit has been constructed at the Institute of Hygiene,
University of Arhus, Denmérk,' The chambers are made of stainless
steel to avoid contamination from the walls and adsorption of
pollutants on to fhe walls.' The floor area of the biggest
chamber is 30m' , and up to twelve subjects can be housed -
simultaneously. When extensive use of test equipment is neeessary,
the number of subjects studied has to be reduced to four at a
time., The second chamber is amaller, about one third the size of
the big_chamber. In occupational studies the normal exposure
period of eight hours duration is spent in the big chamber (see

'Figure'10 1), but“ir‘longer study periods are'needed' the subjects.

may relax or sleep in the pollution free environment of the seoond
chamber, 80- that any eoncentration pattern can be simulated. In
the present study only the big chamber was used and the subjects
wepe allowed to go home after the eight hours exposure period.

The chambers are equipped with air condition systems, pollution
generating and measuring systems and a data acquisition systen for

neuro-physiclogical measurements and subjective responses.

. In the chamber we have studied the effects of toluene on a
group of 16 young healthy subjects with no previous exposure to

solvents and’a group of U3 middle-aged,priﬁting trade workers
_ occupationally exposed to solvents and 43 referents of the same

age with no previéus.expOSnre to solvents, The main aims of
the study were to compare the effects of toluene on young and

DUP050067803




wz."huwupmm.aamh *048d aATSUSYSadmO)

oot |

oLl |

18 -39 91907 |

02/€ ®nB1aRd ‘02/Z SyoepEeH

“gN :Sutddej ‘Sutwyy ‘ewr]
UOT3OEDY wmmmuﬂvwwuw ‘UoTIRUTWADYS( |

oot |

‘Hir |

0z |

{ GL61

Te 30 oMzIOW

SN VS ‘4H ‘emsJeTt) |
uop.mog ‘9070yo AJBUTq 93TATLITPOY |

L

00€E |

R | L2-6L

1
2L |

GL6L |

Te 3o ewey |

naﬁ»muﬂuuﬁ.whw amos 4 Hﬁq;v
£3raegxe( TenUsK ‘emwyl U0TIOBSY XoTdwoy |

oot |

- Sz

HS |

} W je2e-o0e

1L6L 1

Te 30 FURAT

‘oTROog ‘WAW JoTSUOSM f489) “3deoasq |

SN *IY¥ ‘UOTSNI-JeNOTTA

o2 .

HL |

uedep

.pﬁmw_

T8 39 ®av |

~ 106 =

an31qel ,cowpmuwngﬂ.awognh.:
pue o2&y ‘SN :s9s9] uorjoedsur pue |

UOTIBUTPI00). ‘4£37J93x0q ‘uel ‘Faequoy

002

..mh,“

0l

sn

o6l |

Te 38 JuemMd |

© SI0M&JE TYOIDOIOHOXSEOUNIN |

waa |
“ONOD-

aoTyad

A¥OSOJXT |

| *S0dxd
*ATOS

"000

xas| a0y

I -on

. SI0Erdns

XMINACD

Vax |

WOHIOV |

- (JR/OH SES = WA 00L = 1861 AL) £ X ATL > ANSTAHIAOMOTHOTHL SAIAOIS MEGHVHD FUOSOAYH

- £-01 VL

DUPQ50067804




- ]07—

middle—aged previouély nbn-exposed subjects, and to compare the
effects of toluene on subjects occupatiohally exposed to solvents
for many years with those ofﬂpreviously-non-eXposed subjects since
it is not known if many years exposure to solvents changes the
.reéponse.to agute exposure. The final analysis is not complete,
but some of the main c¢onclusions can be given.
I - A study of young healthy subjects

In this study 16 young healthy subjects in groups of four were
‘exposed to clean air or toluene (spectroscopy grade) ﬁnder controlled

conditions. The conditions were air temperature 22.0 £ 0.3%,
humidity 46% * 61 RH, air velocity 10-20 cm/sec and a fresh air
"supply of 420m3/h equivalent to give 5 air changes per hour. " The
subjects vere a11 males dressed in all-cotton 8uits with an air
insulation value of 0.7 clo. = The subjects were sitting or standing
 dur1ng ggposuré and no extra physical activity took place. The
) subjeets'wére inbthe chamber for eight hours a day on four consecutive -
days. -Each’ day after an initial acclimatisation period in clean
air, the toluene was added slowly, so that either 0, 10, 40 or 100
ppm ‘was qaintained during 6 hours. No masking agents were used.

- The'order_of'the exposure to the four concentrations was determined
by é latin square desigh. - The measurements performed were :
physiological measurements {nasal mucus flow and airways resistance),
subjective responses using a questionnaire method (gye.apd airway
drritation, peroéption of odour, fatigue,vetc;) and psyehgmetrié
performance (Wyon et al, 1980; Andersen-et al, 1981). A test ‘
battery was composed for psychometric testing and included visual
 percept1on; vigilance, psychomotoy functions and higher cortical
,functibn;; 'the tesbé‘were.five choice,- rotary pursuit, screw ,'
platg; Landolt rings, Bourdon Wiersma, multiplication, sentence
comprehension andeord'memory. Before exposure the subjects were
instructed in all the procedures, but no training took place. In
the statistical analysis of the results the effect of legrn;ng
during the experiment was taken into consideration. ’

DUPO050067805
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‘ There were no effects on nasal mucus flow or airways resistance
and ohly slight eye and airways irritaﬁion was reported at any
‘ig condition. . However, the perception of odour was unaécephable for
' three subjects at 100 ppm. OFf the psychometrié tests only two
changed significantly but in opposite directions. There was a
.decrease"in accuracy (more missed targets) in the five choice
test, whereas an improvement was seen in the screw plate test
(more nuts and bolts assembled). The subjects felt the tests
‘were more difficult and strenuous at the 100 ppm exposure and
headahhe, dizziness and feeling of intoxication were significantly
more ofﬁen héborted. ‘Exposures to 10 and 40 ppm did not resﬁlt
in any adverse effects except for the perception of the toluene
i odour. - .
.} ' In view*of the many complaints at workplaces with toluene
: . exposure at or below'100'ppm-we-found it amazing, especially in
“view of the highly controlled conditions, that no strong objective
effects could be demonstrated with our psychometric tests. We,
therefore re-analysed the results of the psychometrio tests on
the assumption that a olinically relevant decrease in any performance
is 5%. We arbitrarily said that a 5%. 1norease in, for example, E
reaction time or in error, was relevant. Allowing for type I and -
II errors of 5% we calculated the number of aubjects necessary to
demonstrate this 5% decrease in performanpe. . The results are -
shown in Table 10-4 from which it can be seen that only for screw
plate and reaction time test were the numbers of subjects in our
group sufficiently great. For other tests, about 50 subjects
would be necessry to demonstrate a 5% change in performance. For
two special measurements in the 5 choice test (wrong targets,
plate taps) ﬁoré than 900 subjects would be necessary to demonstrate
a significant change. : '

Thus we must conclude that the use of a broad’ battery of
standard psychometric tests for the measurement of subtle acute
‘changes requires a study'popﬁlatibn of about 50 subjects. In our
sbudy 16 subjects were studied which is a higher numbér than in
other toluene studies (see Table 10~-1), but, even so, a negative test
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TABLE 10-4

NUMBER OF SUBJECTS REQUIRED FOR A NEUROPSYCHOLOGICAL
EKPOSURE CHAMBER STUDY

The Nécessary No. of Obs.
to obtain 8= 0.05 W:l.th '

o= 0.05
TEST No. Obs. 5= s 6§28, 8= 6,1:1
N N N
Rotary Pursuit  ‘ - 20 B (V) 45 200
Sorew Plate T 20 25 15 58
Landolt Rings 20 B ¥ 200
Bourdon Viersma = . . 20 50 27 120
Multiplication 20 0 50 180
Reaction Time 16 w8 3
Wrong Target | 6 - >1000  >1000  >1000
Plate Taps 16 1080 920 . 1100

A Clinical relevant decrease in performanéé‘is 5%

@ = Type 1 Error, B = Type 2 Error - Acceptance of the
Null Hypothesis even if it is wrong.
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result could mean that the null hypothesis has been aoéép;ed.chn
if it was wrong. The standard design of exposure chamber experiments
with only a few subjects 1nvolvad,-therefore; tends to underestimate
the acute efrects of solvents (and other pollutants)

We decided after that to carry out 8 similar study with a larser
number of subjects and with a simpler design,

_II = A study of printing trade uorkers and matched eontrols

~In this study, 86 males aged between 29 and 50 years took part,
43 were prinbins trade workers with, on average, 15 years (range 8
to 25 years) exposure to.solvgnta (workers) and 43 were controls
with no occupational exposure to solvents or dust (contr015)
P The printers worked in factories uhich had been studied extensively
; two years before this study. The exposure to solvents was about
1/3 of the TLV which for toluene is 100 ppm. Toluene was the
substance most often 1identified and in largzst eoncentrations .
(Baelum et al, 1982a). ' : : .
Each pair of subjecbs was randomised to exposure %o eithar

100 ppm or 0 ppm toluene (spectroscopy grade, no masking agents)
: for six hours. The. exposure took plage in the climate chamber
f ' N used in the first study and each subject was studied onde only.
' The effects of the ‘exposure on weli-beins, on performance in
. psyeholosical tests and ‘on the function of the airways, liver and ‘
T kidneys were measured, Only the results of ‘the turee first-pentioned
it effects will be described here.
'y Subjecbive effects were raeorded using linear analogue rating
{ scales, and three questionnaires were completed during the day. The
‘ groups exposed to toluene became more tired and sleepy during the -
{ day than the unexposed groups and reported more irritat§on in the
eyes and the airways and a greater feeling of intoxication.
i There were no differences between thefpbihtins trade ‘workers and
? the controls. -
~ The performance in psychological tests was measured using ten
different dexterity and perception tests: 'pqg board, screw plate,
simulated assembly line, rotary pursuit, track tracing, vigilance
clock test, five choice serial reaction, Landolts ring test, a
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multiplication test, end a test of oolour discrimination. The
peg board, the simulated assembly line, the track tracing, the
vigilance clogk, and the colour diserimination tests were new
tests not employed in the first study. They are described in
detail elsewhere (Wyon et al, 1980; Baelum et al, 1982b): '

Exposure to toluene produced effects in four tests, one manual
dexteﬁity teat'end-thnee-teets of perception. In the peg board
test, the exposed workers and controls were slower than the
non-exposed workers and controls. The overall scores in the
vigllance clock test were the same for the exposed and control
groups, but the exposed'groups made more reactions without a
stimulus, which is interpreted as due to incneased'tension caused
by slight effects of the central nervous system, |

' Results in two tests related to the visual system (Landolts
rinss and colour discrimination) were impaired in the exposure
groups. In the Landolts ring test, the number of faults was
increased in the toluene exposed groups, who tended also to take
1onger ‘for the test. ’

As expeoted, ‘the printing trade workers had a much better score
in the colour discrimination test than the controls, but the score
‘of both the exposure groups wes impaired by comparison with the
non~exposed groups. For printers a well trained colour

»disorimination is eseential in their job, and -an acute impairment

: due to solvent inhalation is, therefore, of great practical
1mportanee 1n.aqaition to its theOreticel.interest.- The colour
disorimination test was added to the test battery ss, during the
preliminary,field’1nves£;gations,.ﬁe heard that the colours
blended at the end of the working day often differed from the
prototype. ‘

of the ten psychologiecal tésts, the printins trade workere
had a bgtter performance ‘than the controls in three, the controls
wére better in two, while there was no difference in five ‘tests.
There was no clearcut difference in the sensitivity to an acute:
exposure to toluene between the two groups. I
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The.lung volumes and airway resistance were measured naihé a
‘body ﬁlethysmograph. No acute effectsfweré found, but the printers
A © had a slightly higher peripheral resistance (lower MEF 25% VC) than
the controls. Nasal ciliary function was measured. after the : -
exposure uéing the skyblue saccharine-tesb; no differencea were
) found between the groups. |
i } The -investigation showed that the central nervous system ia the
: organ most sensitive to toluene exposure, and that 100 ppm for six
hours éivea piaértc a small but significant impairment in the
performance of tasks relevant for normal udrk.""The,effaet.was
seen equally in those with long-term, occupational exposure and .
those with no previous exposure.

: : Conelusions :
o The main conclusions to be drawn from the literature reviewed
and from our own studies refer to the general ‘design of the
expoéure.ehamber experiments and to the speciric erfbcta»ot "
toluene. .

~ Few of the studies of solvents in the literature are adaquabely*

designed and controlled. The: inadequacies relate to the quality

; ‘and description of the exposure conditions and the experimental

procedures, and to the number, age and nature of occupational

exposure of the subjecté. o

The most serious deficieney, however, is the very small number

of subjects normally participating in each study. ‘A small number

of subjects increases the risk of type-2 errors - acceptance of a

| null hypothesis even if it is wrong. For future studies it is

i therefore strongly recommended that the number of subjects should

% : be determined by caloulations based upon knowledgérabout the inger'

; individual variations in the tests used. The intra individual

; variation inecluding the effect of learning in each test should-

} " also be included if the test is used more than once:

; Our own studies have shown that it is passible to carry out

E ' large-scale experimental studies under controlled conditions using
subjects up.to_SO years. A combination of youné,and middle-aged
non-exposed subjects with similar groups of occupationally exposed
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subjects makes the study design more relevant for occupational
mediciné. We found that both groups of middle-aged subjects
reportéd more symptoms than the young healthy, non-exposed subjects.
The older subjects were also’ slower and affected in more tests
than the young subjects. -The lack of total identical design of
the two studies makes it difficult to draw clear-cut conclusions.

" However, the pdssibiiity that many negative findings'ln‘previous'
experiments with solvsnt exposure could be due to type 2 errors in
combination with the extended use of young healthy, previcusly

- non-éxposed subjects for such studies means that the information

gained from the literature on the acute effects of ‘solvents during
workday-long exposures at controlled conditions probably
underestimates the effects ‘of solvents on workers.

Specifically for. toluene we have found in our studies. that,
in addition to the moderate fatigue and sleepiness reported in the
1ltera£ure, further subjective and objective changes are found
after a'wonkdayalong‘égposure at 100 ppm. Headache,‘diZziness,'a

~ feeling of intoxication and perception of toluene odour are

adverse effects reported significantly more often at 100 ppm than
in clean air. Any psychometrric test is felt more difficult and
strenous during the exposure to 100 ppm toluene. In an extensive,
psychometrie test battery, one manual dexterity test {peg board

‘test) was significantly ‘slower, and three tests of perception -
‘ (vigllance, Landholt rings, and colour discrimination test) weré

significantly inpaired during the exposure condition. - These

effects are important and interfere with the workers' safety and

wsllnbeing and deteriorate the quality of the work performed.
This speaks ln favour of suggesting that the TLV for toluene

~should be lower than the present 100 ppm.

For future work in chambers we ‘suggest that’ adequate numbers '
of relevant subJects are studied; that only speotroseopy grade
solvents are used for the exposure to avoid the effects ‘of impurities,
and, for the same reason, that no masking agents should be added.

,HConcentrations should be kept constant, and exposures should have

a duration of at least six hours at TLV or sub-TLv levels.
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‘Conditions in the chamber should be constant and the physical
activity well defined. 'The exposure should be continuous with
meals and toilet facilities provided in the chamber, and there
should be a fixed period of training before any test procedure is
undertaken. We should like to suggest that'a test battery
generally agreed upon should be used in each experiment, and to

'3 this could be added Eesta_designed.to mimic 1mportan£4tasks in the

: Jjobs relevant for the pollutant sﬁudied. We also suggest that
.subjects-gf_differént ages always should be studied, males as well

as females. . '

Discussion _ .
;' C . Herberg: - In.many of your tests you’shoked a largg_learning
‘ ‘ ' - effect, but in the exposure chamber study youlhaveljust
carried out you report no‘cﬁanse, or a siight~improvemeht,
How do you interpret this? Do you think that there
actually is an effect? | . o
: ' Andersen: I think there is a type 2 error.
: ~ Herberg: My question has nothing to do with statisties.
! ‘ : . Biologically, how WOuid:you_interpre; your test results,
' | assuﬁing_you.have enough subjects, if there is no’
change invthé test during an exposureﬂwhen-you would
~ expéct an improvement without. exposure? o 4
Andersen: The. learning effect was included in the statistical
- apalysis. We calculated the learning curve for each
subject and used that to look for differences every time
there was an exposure. It was an extremely difficult
statistical analysis. ' Q ] ,
Gamberale: . You say that you have controlled for the learning.

- éffecx-throughﬂthe use of a latin square design. This
is not to say that you have necessarily sliminated_thev
learning effect which, in these tests increases the.
variability of the results to such an extent that it will.
mask small effects due to the solvents. . Another point
I would like to raise concerns which effects we should be

om e e e e
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studying. In the chamber experiments I have done I have
been looking for narcotic effects, effects on the level
‘of arousal. - Putting lots of pebple into the same
~ chamber', and allowing them freedom of movement must
interfere with measurements of arousal. We have tried
to test several people at the same time but were not
able to-producb a réliab;e-maasure of the simplest
test of all, the reaction time test, Because of this
we have been obliged to limit testing to 2 people and
_separate them geographically in order to get a
relisble measure of heaction,time. ~ Looking at the job .
" ppiented_tesp_you’ha?e been using, I am rehinded of the
-work psychology of the 19508 when we were using such
tests to select people for a job. But these tests
are not very suitable to assess neurotoxic effects.
Andersen: What ve ére,really'looking for is an effect at the
‘ thréshold limit value. We are interested in setting
* threshold limit values, and therefore we want to have in
the olimate chamber those cbnditiohs which best resemble
those found in the workplace. The number of subjects
ié.a matter of balancing choices.  If you use the éame
'subjeétsfon:several occasions, there is the learning
effect to take into account but if you have them only
. ‘once, you have a very big individual variation. I am not
suggeétihg that our way is the right one, but there “
ahouldibg samé'agréement about how to perform these
‘experiments for setting threhold limit values.
Personally I do not think that we can set future .
threshold limit values on the basis of controlled stndies
on a small number of subjects, on a fow studies in the
ﬁbhkplace and many animal eiperiments; We will have to
do much more extensive controlled studies on human
‘subjects. - _ - ’ '
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. Lyle: . I think you.certainly'demonstréted the enormous

‘ "eapaeity of the human to adapt rapidly to psychological

tests, but I wonder whether one day expOSure should be

B 7 used for setting TLVs? |

3 o Andersen: - About two thirds of the threshold limit valiles are

g ‘ set on the basis of irritation, so acute exposures are
baken into consideration in those écases.

Lyle: . People adapt very rapidly to chemical irritation.

: Many people go into a factory and find that something in
the atmosphere irritates their eye or nose but after a
short time they adapt and come to no permanent harm. -

- I would be worried if relatively minor things became
~@bsolute guidelines for industrial practice, and I think
my concern relates to the small effeets noted in

; : behavioural testing.

,E; ; Ganberale: The question to be asked, iS-what'are we looking for?
S | Are we looking solely for effects on the individuaifs

C : ' ' production or are we trying to determine if a substance
is biologically active.

Gompertz: Wb need to ask both kinds of question, those whieh
" ‘are relevant to work and those which are relevant to
‘. . biological effects; and buk'babtery of tests must be
i : ~ able to ask both. ' |
Howard: We must also ask whether the biologioal effects are.
' meaningful in real terms. That is the question which
is frequently not ‘asked.
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11. FIELD STUDIES OF THE ACUTE EFFECTS OF EXPOSURE TO_SOLVENTS
F. Gamberale and A. Kjeliberg )

There is much evideﬂce to show that effects on the nervous system

‘due to occupational exposure to neurotoxic substances can be assessed
with the aid of psychometric techniques. . Thus, deterioration of
performanice on tests of various psyghelogiealtfunctions has

‘frequently been observed priof to the occurrence of manifest

elinical symptoms of any toxic action of the substance (Hanninen,

1971; Gamberale, 1975).

: Psyghometric tests, or batteries of tests, have mainly been

used in;experimental'or in epidemiologioai investigations. These
methods, however, are now aISOIbeing used by several clinical
laboratories for diagnostie purposes. Undoubtedly the aﬁplication

of performance tests in toxicological investigations has increased
our-knoﬂledge'ot the potential poxious action of certain substances :
oh the nervous. system. The impairment of the behavioural performance - -
of exbosed-ﬁofkers whieh'has been observed in several epidemiological
investigations, has shown that occupational exposure to neurotoxie
Lsubstanees may eonstitute a hazard to health and safety. Consequently,
these findings have stressed the need for prevention. However,

the behavioural effects observed in epidemiological or clinical’
investigations are generallf of little use when the issue is to

decide whether, or to what extent, preventive measures are '

needed in a specific work environnment. .Thus, in these types of
;studies, too little is usually known about the specific environmental ,
conditions which have caused the effects observed, . :

Experimental studies do not suffer from this shorteoming and they”.

have probably influenced the setting of TLUs for several substances,
However, the basic limitation ef the experimental approach is that the
exposure conditions‘which_ean be simuleted in an exposure chamber

are rarel&,*if ever, representative of the condition existing in

the real work envirornment. 1In spite of these problems there'is

some evidence that the assessment of behavioural changes caused ty
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toxic substances could be of practical importance with regard to
n " the monitoring and prevention of hazards to'health. This evidence
' ' comes from inyéstigasions carried out at work (Gotell et al, 1972;
Gamberale et &1, 1974; Gamberale et al, 1976; Binaschi et al,
1976; Kjellberg and Strandberg, 1979; Kjellberg et al, 1979;
Cherry et al, 1980; Cherhy;et al, 1981; Anshelm Olson et al,
1981; Anshelm Olson, 1982). A brief review of the main’ results
. . and characteristics of these investigations is given below to give
some idea of the petential of this type of field study. In some
 of these investigations (Gamberale et al, 1976; Kjeilherg and
" Strandberg, 1979; Kjellberg et al, 1979; Anshelm Olson et al,.
1981; Anshelm Olson, 1982) the same reacticn time teab was _
'ﬂ . emplpyéd, " Some data from thése studies will be described more
fully later in the paper, folloding a_presentation‘éf the background

1eading to the cholgce of this test and a description of the fest
itself,

4
{
!
1
1
H
i
i

‘ Some Field Invest;gations of Performance Changes

é In the study of Gotell and coworkers (1972) the performance
on a reaction time test of a group of workers exposed to an

% ' average of 150 ppm styrene was oompared with that of a referent

. ‘group of non exposed workers of the same age. The mean reaction

: time of the exposed workers appeared to be affaeted both befbre
i and after a work day. '

One of the studies of Gamberale and coworkers (1974) dealt with
a possible acute effect on vigilance due to low-dose exposufe to
anaesthetic gases. It was found that anaesthetic nurses showed a
greater intra individual variability in a reaction time test after
work than did age-matched nurses with intensive care duties. No .
such performance difference could be observed when meaSurements :
3 were carried out before the working day. | o
In the other study by Gamberale and coworkers (1976), workers
from four factories building glass-fibre boats, who were exposed
to styrene in concentrations varying between 20 and 120 ppm, were
‘compared with regard to reaction time with age-matched workers from
‘two mechanical industries. The workers exposed to styrene had a
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longer reaction time, a greater deterioration d: reaction time over
time and a greater ;rregularity of performance on the test than the
‘non exposed workers both before and after a work day. Hoﬁever,
these differences between the groups were more pronounced at the
end of the work day.

The performance of a group of‘workers exposed to solvent

miktnres in concentrations clearly exceeding the TLVs was studied

by Binaschi and coworkers (1976) using a battery of tests. No

control group was studied in this investigation. However; the
effect of . exposure manifested 1tse1f in a pronounced deterioration

of performance after a work day. = This deterioration of performance "
was observed in spite of the use of tests which in a control
eondition would have revealed a learning effect.

Kjellberg and ‘coworkers (1979) were able to follow up a group of
styrene exposed workers after the closing down of a glass-fibre boat
factory. They found that the reaction time of the exposed
workers was prolonged compared with that of a eontrol group of
non-exposed workers., This effect could still be observed four ‘
days after the oessation of exposure. No effect was notieeable
35 days after the cessation of exposure. , . ,.3

Kjellberg and Strandberg (1979) studied the performanee of
anaesthetic nurses in a reaction time task: before and after '
surgical operations. They were not able to find any performance

vdifferences between this group and a group of nurses from an

intensive care unit
In the investigations of Cherry and coworkers (1980, 1981),
reaction time was found to be prolonged among styrene exposed .
workers before the beginning of a work day. They also found that
early morning urinary mandelic acid conoentretions after two days
without exposure correlated with reaction time measured on arrival.
at work. ‘ ‘
iIn a 1ongitudina1 1nvestigation (Anshelm QOlson et al, 1981)
of workers handling organic sclvents and solvent based paints in
the production of plastic-coated sheets, reaetion time was measured

-several times during a period of more than two years. ‘The
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‘ ‘ :

l' , ‘performanoe'of the workérs was found to imphove over time as a

i ' _result of changes in the venbilation gystem and in the workins

i process, whieh had brought about & considerable reduction in

| solvent vapour concentration at the work place. _

k ' The effects of exposure to a mixture of organio solvents was

} also studied by Anshelm Olson (1982) among. workers in the paint

| ; industry.v' In this study the exposed group performed less well
A than the control group on most of the behavioural tests used.

31 } ' The differgnces were evident for both morning and afternoon

: E ~ measurements. Particularly noticeable was a marked decrease in

L performance on a redction time test over the course of the day fbr

the workers exposed to the highest solvent levels.,

2 ) A common eharacteristic of the designs adopted 1n all the ;

l investigations referred to above is that performance measures were

colleeted both at the beginning and at the end of a work day.__'

“The rationale of this design is based on the. underlying assumption' 

Y; that the effect of exposure during the day may manifest itself in

' v an 1mpairmpnt of performance at the end of a work day, with a

return to normal levels of performance by the beginning of the

following uorking day, after approximately 16 hours free from exposure.

"If the action of exposure lasts long endugh to bridse the

exposure—free period between two eonseeutive work days, performance

1 : . should also ve negatively affected at ‘the start of a work day.

’ Sinoe this type of field study is based on repeated measurements

performed on the same subjests, the behavioural tests used must be

as insensitve to learning or training effects as possible. It

is thergfore not surprising that, wigh one exception (Binaschi

et al, 1976) all the researchers have adopted tests of simple

;I ‘ reaction time which satisfy this requirement better than other

] types of behavioural tests. ,

A ‘When measurements of performance have to be carried out at .

1 difrerent times during the day, circadian rhythms may eonstitute a

confounding faotor with regard to performance changes which 15 as

important or even more 1mportant than learning or motivation.

However, it does seem possible to minimise or control the effeats .

i
b
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of these confounding factors using operations of experimental

~control such as the use of an age-matched reference group and a
‘bglanced design. This was accomplished in some of the investigations
raviewed abbve using a quasi-experimental study design of which a

' schematic representation is given in Table 11-1.

As shown in the table, half the workers in the exposed and

’ coatrol:groups perform the tests before work the first time and
afteh work the second time, whereas the other half perform the
‘tests after work the first time and beforeework the second time.

' Balancing the study in this way, a single analysis of variance for
eaehiperfbrmahoe variable is sufficient to test the effects of
exbOsure, of iearning and of the oircadian rhythm independently of
each other and to test the possible effeet of the interactions
bebween these factors.

- Environmental Control By Means of Reaction Time Testing

Considering the results obtained in the investigations revieved

above, it seens reasonable to regard the assessment of behavioural
performance as constituting a potential means for the monitoring
and control of exposure ‘to neurotoxie substances in a Specific

work environment The detection of working eonditions leading to.
CNs depression would clearly indicate the need for improvements in
the hygienic quality or the environment under 1nvestigation and
"would, bherefore, be a valuable cqmplemsnt to traditional
enviﬁonmentai mgnitbrins, The use of the sﬁudy design.outlined,b
in this paper, or the'application of a,similar‘strategy to collect
measurements of perrormancé directly at the working site appears

to be practicable. Some.behaviqutal tests suitable for this
purpoSe:are'airead&lavailablé'and others can be developed. To be
suitable for use in the field a performance test must satisfy a i
number of requirements- the test must be sensitive, short,
reliable, simple to administer, resistant to learning or training
effects.and_ most important, the performance measures obtained

must be related to early signs of functional disqrders,
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A perfbrmance test which in the opinion of the authors has been
shown to meet these requirements better than any other test known
to them is a 1Q~minute imple reaotion time test developed by
Lisper and Kjellberg (1972) and used extensively in behavioural
toxicolosy research by our organisation. .

_ - A point of departure for the development and use of this test
‘'was the work by Buck (1966) in which reaction time was shown to be
higﬁ;y correlated with the probability for a stimulus to be .
'detected. This finding implied that reaction time could be used
as a measure of perceptual vigilance, avoiding the time-consuming
procedufe'of'traditional vigilance tests. The present test was
also strongly influenced by the investigations by Lisper (1969)
who demonstrated that the shorter the inter-trial interval a
reaction time test has, the greater will be the deterioration of
* performance over time. Thus a high signal density (16 signals/min)
was chosen for the test with inter-trial intervals varying between
2,5 and 5.0 seconds in steps of 0.25 seconds. A random series of
32 inter-trial intervals with an approximately qﬁadratic,distribution
: is'repeated five times. The testing is preceded by a one minute
i training period.
At the beginning, the test was’ used with acoustic stimuli.
However, it was subeequently shown that the test could be used
by  with optic stimuyli without its characteristics being changed.
v:g i : Using this test, Lisper and Kjellberg (1972) could demonstrate an
3 adverse effect of only one night of sleep deprivation. Prior to
their etud&-it had not been possible to observe any adverse effect
of a period of lost sleep as shart as this without the use of
time-consuming vigilance tests (Naitoh, 1970). The 10-minute SRT
. test has later been found sensitive to the erreote of physical
work (Lisper, 1977) aleohol (Blomquist and Hedberg-Sowa, 1976) and
of coffeine and diazepam (Lisper et al, 1981). The most
| comprehensive use of the test, however, has been in the field of
| behavioural toxicology. Besides its use in the field studies
. :: referred to earlier, the test has been adopted in experimental
-'i | , investigations (Anshelm Olson et al, 1982; Gamberale et al, 1976;

DUP050067820



- 123 -

Gamberale et al, 1978) and in epidemiological studies (Elofsson
et al, 1980; Iregren, 1982; Knave et al, 1978; Knave et al,
1979).
Analysis Of Data From the SRT Test

Six of the field and epidemiological investigations (Anshelmn
Olson, 1982' Elofsson et al, 1980; Gamberale et al, 1976;
Iregren, 1982; Knave et al, 1978; Knave et al, 1979) in which
the SRT test has been used have been subjsoced to detailed statistical
analyses by Sderman-et al (1982). In total the analyses comprised
data from 292 workers oooupationally exposed to solvents and uau
' non—oxposed control cases. This large data base permitted a
detailed description of various test characteristics and of the
performance changes caused by solvent exposure and inereasing age.
A further purpose of the analyses was to arrive at a standardised

treatment of data.

' Figures 11-1 and 11—2 illustrate two fundamental characteristies

~ of the RT performance: _the distribution of RT is slightly positively
skewed (Figure 11-1) and the RT is gradually prolonged during the ten

minutes of the test (Figure 11-2). Both these figures.arexbssed on

‘data from the non-exoosed subjects. o '

Figure 11-3 Showslthe"difference'betwsen-the exposed ano‘ :
hon-exposed workers at different poiots of the distributjon. The
"figure'has beeh constructed by ordering ths 160 RTs of each
1nd1vidua1 from the fastest to the slowest RT. o

" The mean differenee between the two groups at each point of
this order was then computed. It is evident from the figure that
solvent exposure leads to a seneral prolonging of the RTs but that
this effect is most pronounced in the upper end of the distribution.
However, since the variance of the longest RTs is much 1arger
_ than that of the faster ones, the point of maximum differenoe does
- not coincioe.with the point of maximum sensitivity to the effects
of solvénts.' This is sh0wn by Figuro 11-U4 which depicts the
result of a series of t—tssts performed on the ordered RT data.

It is clear that the sensitivity is about the same over the whole
distribution except for the highest percentiles where it shows &
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TABLE 13-1 Bxperimental design in field studies of acute
. effects of oepupational exposure to neurotoxic
substances.

TIME OF MEASUREMENT

 BEFORE WORK - : mza WORK' _ BEFORE WORK

: 1o | Egi o .
. o Car |
' : g2 g 2

Eg 1, Eg 2 Exposed groups ‘
Cg 1, Cg 2 Ccntrol groups ar age-matched werker-s

TABLE 11-2 Mean, standard deviation and increase in BT {ms) during the
10-nin reaction time tesi for a solvent exposed group and a
- reference group of industrial workers with p~values from the

analyses of variance.of the differences between the groups.

i " anoue

Ni
w

INCREASE N

; _ 'Exposed ‘282 | 5’4 ,. 2y | 292
P Reference| . 270 s 3 0 22 | k24

p-Value 0.000 | 0.020 0.469
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.sharp decline. . Figures 11—5 and 11-6 show the results of similar
analyses of the age effects on the RT performance. From these
and other types of statistical analyses SOderman et al (1982)
_concluded that the most adequate measures ot the RT perfbrmanee
were the mean and standard deviation of the 160 RIs. Table 11-2
presehtsvthe means of these parameters in the‘eiposedAéga non-exposed
groups and Table 11-3 gives the corresponding values for the three
age groups. One more parameter is accounted for in the tables, ° o
namely the inerease of the RT during the ten minutes of the test.
It is evident from the tables that no effect was observed in this
parameter of either solvent exposure or age when the total material
'wes'analysed. However, uhen more homogeneous groups are studied,
 particularly in repeated measurements designs, this has proved to
be an informative variable (Anshelm Olson, 1982: Gamberale et al,
1976).

The balanced design used ln the studies where measurements have
been made befbre and after work makes 1t possible to evaluate
learning effeets or other effeots of the repetition of measurement.
There was not the slightest tendency in any of these cases of the
first testing affecting the second one (Anshelm Olson, 1982,
Gamberaleﬂet al, 1975){ However, in an experiment where three

' testings'were carried oet during four hours a.slight but progressive
'slowins of the SRT was observed (Anshelm Olson et al, 1982)

The stability of the mean RT is also supported by high ‘
‘test-retest correlations. Such correlations have been computed
both for fleld andllaboraeopy data»and:for testings separated by
intervals of varying lengths. With a two hours interval in the
laboratory setting the correlations varied between 0.89 and 0.95.
For measurements ooourring six weeks apart it was 0.75 even
tﬁough eiposure conditions were.not the same during the two
testings (Anshelm Olson et al, 1982). In the field studies, the
testings before and after work have given a correlation of O. 72.
This was lowered to 0.56 when a 27 month interval separated the
measurements (Stderman et al, 1982).
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TABLE 11-3 Mean, standard deviation and increase in RT {ms) during the -
~ 10-min reaction time test for thres age groups of industrial

workers with p-values from the analyses of variance of the
ditferenees between the group. :

; . aRroup - ) s | ivemease | 0w
i N : - USRS S — S
| - 35 years . 263 . B 23 = 129

: | 36-45 years 270 _ 50 . | 20 9T -
E "1 B6-65 years 219 54 - | 23 197

"t
]

,p-Value i o.000 | 0,001 | 0.750
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_Concludiqgfnemarks
. The analyses of data collected with the 10-minute simple SRT test
have shown that it fulfils ths vequirements stated above of an
instrument for field studies of neurotoxic effects. The task is
‘short and simple to administer. The measurements have high »
reliability and the training effects are negligible.  Most
important, a series of studies of workers exposed to industrial
solvents has demonstrated the sensitivity of the test as an
Lndieator of nehrotoxic effects. It is true that the differences
between the exposed and non-exposed groups shown in the tables and
figures based upon the combined-materiel are small, However,
.this group.includes many;peraohs exposed to low levels of soivEnts.
Sub-grgups exposed to higher levels show a much larger effect,
which thus makes it possible to detect the effects in small groups
(e.g. Anshe1m>01§6n3'1982). Furthermore, in an epidemiologinal
study in which the SRT test was included in a large battery of
psichometric tests (Elofsson et al, 1980) it proved to be.ghe'most
~.sensitive of all the tests used. Of course, both the research

strategy and the behavioural ﬁestedescribed in this paper have many
limitaﬁions. However, they constitute a promisins point of
departure for the. development of methods to be used in preventive
programmes.

Discussion
O'Heé:' When the field studies are carried out, to what
‘ extent do. you take measurements of other aspects of V

the environment, for e;?mple, the tempenature?‘ ¥When
a 1opgitudinél atud&.runs over three or four years, do
:you take eecount of the time of year? This will affect
conditions at the factory. The doors and windows will
be open in the summer, thus increasing ventilatien.
To what extent do you record the amblent conditions
in the workplacée and include these in the results
which you publish,
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Gamberale; What you are asking is, if we have been able to
i . . gcontrol all possible confounding factors?  The answer.
' is, we have not been ablé to do so, But we have
‘7reeordéd the environmentﬁl conditions. Ve have been
aware that a difference of one or two degrees
Centigrade may affect performance on some tests. When
we use the chamber for experiments we can énsure that
the conditions are constant but, naturally, we have no
‘ such possibilities in the field. o
0'Hea: Do you measure and record the local environmental
/ " conditions so that they can be'referréd*to at some
_ . future date, if they were thought to be relevant.
? Gamberale: ~ I have not published that information but it ws
3 : . recorded and was used in our follow-up study to

3 . ohoose the day to repeat the measurements.'
: Andersen: ‘You said that the effects on reaction time are
' reversible, but how long does it take for recovery to -
be complete? ‘ '

| Gamberales " "1 do not know. =~ We found an improvement affer two
years but I do not know if this was complete.
Cherry: "’ We found no improvement in reaction time after a

two week break from exposure whereas you found an
effect which was reversible after 35 days. The -
suggestion from that is that improvement takes place
* somewhere between 14 and 25 days. ‘That is the best
information we have at the moment . In the study in
which we found an improvement after 14 months we did
not know how long that 1mprovement had been there.
MacKay: ' It is very interesting that in all these different
' - studiea of exposure to styrene the unprepared simple

reaction test seems to be by far the most sensitive
measure. Why do you consider this to be 80?

Gamberale: - I can only guess. I believe that while solvents
have more than one effect, tests of vigilance, like the
simple reaction time test, are particularly sensitive
to the narcotic effect of the solvents.
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~When we £irst used the simple reaction time test,

.the subject was allowed to see his speéd of reaction
" displayed on the machine. When we altered the device

S0 that the subjects did not know how they were doing
Wwe got an igmeQigte 1n¢ieasé in reaction time, suggesting
a motivational effect. Do you think that the results
you obtained in your studies are affected by motivation
in doing the test? ' .

 While I do not think so, motivation has to be taken
1nto acecount . That is why I anm not happy to hear of
experimenta in which subjects undertake the same -
psycholqgiqal tests many times as it mgst be extremely
boring and the effect of boredom may be greater than.
the solvent effects. We found in testing a large' .
number of. subjeots on several oeccasions that there was

no appreeiable slowing of reaction time due to repeated
testing. '
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12. COMPUTER BASED BEHAVIDURAL TEST BATTERIES
D, Otto

I would like to introduce two proJects in whioh efforts have
been made to evolve mieroprocessor baaed, portable neurotoxicity
testing batteries. The first is the PEARL (Portable Environmental
Assessment Research Laboratory) developed at the University ‘
of Illinois and focussed primarily on physiologieal measures., Ihe
second, ‘being developed at the University of North Carolina,
_fbcusses specifically on the implementation of cognitive tasks,
uaing eight or ten specific sub-processes of cognitive fnnction
o " which can be tested easily using a microprocessor.

R o The aim has been to produce a screening test that can be taken

4  into the workplace or to a population exposed £o envirommental

_pollution. _We feel that there is a need to develop tests that

; ' can be used to screen populations that may have been exposed to a

L " large number of potential peurotoxins. . In order to do this a

portable syatem is required which should be lightweight and

3‘ medular so that the pieces can be put on an aircraft or into a van.

E ' and taken to where it is needed. It mist be reliable, relatively
rugged and simple to operate and maintain. A rapid data aguisition

'eapability is also required since in ¢ealing with screening tests,

a large number of subjects may have to be assessed in a short
time. With some behavioural measures, such as reaction time,

there is not a problem with data storage.  With some .

eleetrOphysiolosical measures, however, there are about 250 points .

; on each trace; if ten or twelve reoordings are made per subjeet,

' the problem ef data storage is enormous. This is the biggast

problem that we have had to fage in developing a test battery and

we have arrived at a oompromiee_selutien by recording the data

onto tape, The PEARL e&etem is able to do some on line analysis .

but for the final analyses the tape 1s sent to the home base.

The PEARL system consists of a central processing unit with
floppy dises. We have not included disc storage in the version
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‘for use in the field as we do not feel that they have the reliability
neoessary for field testing but we use them for program development
and for 1aboratory work ., Forleleotrophysiolqsioal réoording we
have an amplifier system that has’to be added on in order to
condition the eleebrophysiological signals that are recorded.

For visual tests we have a video screen that cdn present, fbr
example, a reversing ‘checker board. The subject is 1nterfaced
with the. system which records his responses to the tests and he
may also have electrodes on hhe arm or scalp to record nerve
conduction velocities or EEGs. .On the experimenter's aide of the
,system there 1s a'term;nal'used to start the tests or make some on
line measurements as the test proceeds.

The‘PEABL‘is a complex system and its complexity maj discourage
others from proeeeoing“in the direction of sutomated testing. ; '
The Apple system'is much simpler with a microproeessor 1ipked so.g
_ oolour'televisiou‘monitor. Theysystemvalsoyiocorporates a set of
disc drives and a response mechanism which may be a button box
although we are experimenting at present with a toueh screen.

A11 the information is presented to the subject through headphones. -
‘The system is modular and lightweight and can be mounted in a van
and taken into the field. :

I would like briefly to mention two tests we are 1ncorporating ,
into the Apple system, the Stroop test and the Sternberg memory
test. One of the advantages of the Apple.oomputer is that it has.
excellent graphic eapabilities and a colour monitor. 1In the
' Stroop test, colour words (red, blue or green) are presented

either in the colour they represent or in a different colour.
We use only red and blue words. If the word red is presented but
‘<coloured blue, the oorrect response is the blue button. This
test has proved very useful in neurophysiological testing and we’
hope it will also prove useful in neurotoxieity testing.
' In the-Sternberg memory test, ' a set of numbers is presented.
This is followed by the presentation of a single digit and the
subject is asked if it appeared in the previous set. The reaction
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time .of the reé‘ponse’ varies systematically with the length of the
set of digibs the longer the set the 1onser the reaction time.

The test can also be performed as a word or piotorial task. In

“this version, words or pictures are presented one at a time,.
introducing words that sound:alike bﬁt are actually different, or
synonyms that are actually different words eompletely. . QOn each
sucoessive presentation, the subject is asked to indicate if the
word that is displayed i3 a new word or one that has appeared
before. v

How useful these tests will be in populations exposed to
ineurotoxic substanees at, work remains to.be seen but this is a
'vmatter to which we much obviously give eome.attention.
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I have been using the Stroop test, admittedly in a

‘paper version, with a different population and I am

Otto:

getting anomalous results in that the subjects are

faster with the confusing colour words than with colour
blocks. . The subjects'wére in ‘acute state of recovery
from head injury and I suspect that what was happening

was that they were demonstrat;ons‘of an acuity effect.

The task becomes rather different under those circumstances
and I think that video graphics of colour words might
be very prone to this sort of effect. .

‘When working with microprocessor it 1s olearly

‘important ‘to know whether any effects are due to

methodological artefacts and problems that are caused
by displaying stimuli on a video screen. The image

) tends to be a degraded image even.eompared with what

you would see from & slide presentation. Some experimental

‘video sets are available with finer grain cgpabiiit;es

for presentation 80 this 1ls one way of solving sbﬁe of
the degradation problems Other ways of solving the

- .problem lie 1n ‘more ingenious presentation of the
'atimulus so that ‘the capabilities of the particular

MacKay: -

unit you are working with are used to its best advantage.
' There seem to be problems wvhen using the Stroop test

: in industry. First, there appears to be a marked

otto:

'learnins effect, second, there is a problem of )

oomprehension of the instruetions with some of the

workforoe and third a not 1nsignificant proportion of

the population have a colour vision deficit.
Anotherfproblem we are faoing now is to design a Study

" on the effeopqucf oagéno-phdsphonus gompounds on workers

in Egypt. 1In diseussing the battery of tests to use
over there we found that only 5% of the workers we were

. expected to test in Egypt are literats. So any of the
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tests tﬁat;involvé verbal mediation cannot be used;
_ this severély limits the kind of testlﬁhat one can use,
; é : : . and perhaps we will end up'soing back to very simple
Z _ tests, like reaction time tests.
' Gamﬁefale‘ Swedish is a very good language for the Stroop
teat because the names of many colours have three
P : . letters, so the test 1s controlled in this respect.
' In English, blue is different from red not only because
"it is a different colour, but also because the length
of the word is different; thus you may also be measuring
something different from what you suppose you are
ﬁeasuring with the test. I believe you $a1¢ that your
) aim was to have a test battery for generalluseg but I
3 , _ do not believe there is a battery of tests which can be
' used to investigate every type of problem. Different
pboblemsvrequire different tests and different test
batteries. I think that tests must be used for
specific purposes, I do not believe in tests which can
be used in all circumstances.‘

| Otto: ) I would agree to some extent. .Bdt takﬂ.t@e example

. of a chemical dump site. It poses a difficult‘problem
for testing purposes, because even if we take chemical
Samples we can never identify all the eompounds nor

- their concentrations so we will not know to what the
individual is being exposed. I% will oertainly not be
to a single chemiocal. People who are exposed to a
chemical soup are beiﬁg exposed to. an unknown mixture
and so what we know about any single ingredient nay be

' useless in determining whether or not the soup has any

? _ ' effect. So how do you proueed to assess exposures.of

| o - this sort? You must have some test bg‘bagin with,

thousand or forty thousand people through a'complete
neurologioal<work out; you must proceed with some kind
of a screen. Ve hope to be able to develop some

} - since you oannot run a community, whether it is five
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1hieranchiegl_sereenins strategies, but I do not know

how far we are going to get. We need to tackle this

* problem, however, because if we are faced with another
‘Love Canal, where someone may have to go in to make
decisions on how much of the town to evacuate, for

example, we shall need to know extensively to assess

‘the individuals, and where to make é cut~-off point for
;a-vaniety.qf'decisions, To do this we need better
teehnoiogy and we think that microprocessor techniques
probably are best solution at present.

- In the aguie situation which you describe you will
not' be able to match the exposed population with an
unexpected group so if you are going to make any valid

"deoigibnS‘you‘will need a huge data base of human

behaviour matched on all the relevant factors - age,
sex, nutrition, race, occupation; to dd thiSvyou
pnobably will have to run through about a quarter of a
population of United States. I really cannot see

‘?, then, how you will be able to ‘take decisions based on

Otto:

. behavipural testing in the field.

I feel that some of our electrophysiological

measures may be more easily'interpreted{ We can be
more certain if a,requhsé is.aﬁnormal but that is not
to say that it was produced by eXposure to ageht'X»

I am not sure that we have the same degree of certainty

{when dealing with behavioural measures but I see no

reason why we cannot develop our techniques to that
point; we are not there yet, however.
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13. RESEARCH IN BRITAIN
Nicola Cherry, Helen Venables and H.A, Waldron

.Fbr some years there hés‘been, in Britaln, an active interest
in investigating the possible neuropsychological effects of
exposﬁre to volatile organic compounds; in 1965, for example, the

~ Printing and Kindred Trades Federation commissioned a study of

photogravure workers exposed to toluene, and soon after the:

‘establishment of the Employment Medical Advisory Service (EMAS) in -

1974, a number of studies were carried out by the Mental Health
Branch of men and women exposed to styrene. The upsurge of
‘interest, however, that has led to the present scientific meeting,
began at the London School of Hyglene in the autumn of 1978 and

has continued, with the support of The Colt Foundatiom, to provide.

the chief focus of British research. The work deacribgd here was
carried out within this programme of work; it should not be .
oveﬁlookéd, however, that with the re-establishment of an active
pental health branch within EMAS, and the operation of a chamber
for controlled.éxperimental exposure at the Health and Safety
Executive Laboratbries at Cricklewood, there is now the capaclity

‘for other British teams to become involved in this work.

The first studies to be carried out at the School of Hygiene’
were of the immediate and acute effeots of solvent exposure during
the work shift. These have been described in detail elgewhere

(Cherry et al, 1983a): Table 13-1 describes the populations under -

study.

\

There were three main findings; (i) that, for all the solvents

exanined (styrene, methylene chloride and paint solvents), workers
exposed to the solvent experienced, during the work shift, a
deterioration in feelings of alertness and well being that was .

greater than that of non-exposed men in similar work; the deterioration
amongst exposed men was direotly related to blood solvent level,

the shift in mood being greatest for those with the highest levels
of solvent in a venous blood sample taken at the end of the
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Range of

' ‘Number of Nunber of
Process Solvent Exposure Exposed Men Controls
- (ppm) '
 Glass fibre Styrene 11-191 27 | 27
boats B - (Mean age = (Mean age =
23.0 years) 26.0 years)
Coach panels.  Styrene - 6-31 - 20 20
from glass o (Mean age = .(Mean age =
fibre ~41.6 years) . U41.6 years)
Acetate film. Methylene chloride 28-173 56 36
: . {Mean age = (Mean age =
43.8 years)  40.9 years)
Paint 1-1-1- 1-46 15 *
Trichloroethane (Mean age = :
‘Poluene 32.2 years)

Xylene

#Men 1n this faotory were matched with non-exposed men from the
acete film factory. .

TABLE 13-1. . Description of populations involved in thé sﬁudy of '
: the acute effects of organic solvents carried out in

Great Britain between 1979 and 1981
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working day; (i1) that, on the WAIS digit symbol test (a test of
speed and accuracy on.a 90 second coding task) exposure levels
during the day (aﬁ»réfleeted in end of shift blood solvent concentration)
related negatively to speed of work; for workers exposed to
styrene or to methylene chloride a significant negative correlation
was found between blood solvent level and ohange in rate of work
bétween morning and evening shifts; and (1ii) that the start of
shlft mandelic acid concentration (a urinary metabolite of styrene)
was related to score on a test or simple reaction time at the
start of the shift. v

' These initial studies were concerned with the acute effects of
-solvent exposure on ‘mood and behaviour but also included questions
on recent neurological and psychological symptoms (Table 13-2).
When the exposed and non-exposed workers are compared it is found
‘that men exposed to solvenis are more likely to eomplain of -
symptoms}although on only two (tiredness and irritability) does
the difference reach statistical significgnce (p < 0.05). 1In one
group of ﬁérkers, however, those exposed ﬁo methylene chloride
(see Cherry et al, 1981a), an initial atﬁdy,suggesbed an excess of
symptoms, particulanly)pain and tihgliné in the limbs, that might
be of neurological origin. The excess was greater in those who
had been exposed to the solvent for more than ten years. ‘These
men weré'thén examined in greater detail, with the aim of detecting
any subclinical neuropsychological damage that might be thought to
result from long term exposure to the solvent.
' No evidence was found for such damage in this group of workers,
but the teehniques developed allowed us to look for these effects
"in other groups. The results from two studies are presented
here.

In 198081, a student at the Institute of Occupational Health,
Dr. T. Pace, carried out a survey of symptoms amongst xen exposed
to paint solvents. He compared the number of symptoms reported
on (a) the 16 item Swedish questionnaire (Hane et al, 1980) and

(b) the 30 item General Health Questionnaire (Goldberg, 1972), a
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During the last 12 months have
you had

Frequent headaches '
Unusual irritability
Dizzinesa

Periods of feeling low or
depressed. .

Loss of balance -
Frequent feeling of tiredness

or exhaustion

Numbness or tingling in Your
hands or feet

Difficulty in remembering thinge

'studies

Exposed Referen£

AN = 108) (N = 99)

14
25

29

49

14

1

12 chiPeh.3,P<0.05
20

18 cnif29.9,P<0.01

10

TABLE 13-2.. Humber of men reporting symptoms in the acute
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measure of current psychological adjustment. His results are
shown in Table 13-3. There appears to be a clear excess of

tcases' amongst tﬁe exposed men when compared-with a referent

group'of non-exposed men. This suggested-that further work
should be carried out to see whether there was any evidence of
neuropsychological damage from solvent exposure.»

A study sanple of 60 men was .chosen at random from the

sroup of exposed workers taking part in the initial study. Each ‘

man was matohed on age, educational 1evel, and drinking and
smoking habits with a man from the referent group and an attempt
was made to elicit the co-operation of the 120 men. Thirbyrthgee
men (12 exposed and 21 referents) did not wish to take part.

. However, all but six of the exposed men who partioipeted were

finally matched with a non-exposed worker and forty two matched
pairs'previded the data for the analysis described here. .

In this study each man carried out a series of tests of
psychological and intellectual funetioning, as well as undergoins
axphysical and neurological examination and an assessment of his

psychological state. Motor and sensory nerve conduction velocities

were measured in the median and ulnar nerves and because of a high
level of oouplaint of eymptoms that might relate to peripheral
nerve damage, an assessment was made of the presenee or absence of
Raynaud's phenomenon. The results presented herevrelate only to
the performance in the tests of'peyehological funetioning and
behaviour,

The teste'used‘have beoen?ly been described (Cherry et al, 1982).

The& comprised a dotting test (see Cherry‘et al, 1980), the ;rail
making test developed by Reitan (1958), a visual search task

(Goldstein et al, 1973), the digit symbol and block design tests

from the WAIS (Saville, 1971), the Buschke memory test (Buschke,
1973), a test or‘manual dexteritye(the La Fayette grooved pegboard
test) and a test of simple reaction time (Wilkinson and Houghton,
1982). Ability before exposure was estimated by the national
adult reading test (NART) (Nelson and 0'Comnell, 1978).
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A, . Cases defined by the Swedish Solvent Questionnaire

. Estimated..

- : ‘prevalence of
Cases Non-Cases Total (Cases
Painters 59 174 48 28.4
’ Referenti - 1  15 113 B 128 1.7
L By 28] 3T 22.6

- df = ﬁ, corrected Chi squared = 12.4,?(0}001

B, (Cases defined by the General Health Questionnaire

Painters .- 52 - 191 243 21.4

" Referents ;: 16 112 128 12.5
TOTAL .68 303 . 371 18.3

df = 1; corrected Chi squared = 3.86,P<0.05

TABLE 13-3. Cases of psychiatric illness defined by (A) the l
Swedish Solvent Questionnaire and (B) the 30 Item
General Health Questionnaire.
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The mean scores on each of these tests is given, for exposed and

‘matched controls in-Table 13-4. It will be seen that the exposed

men took longer to complete the pegboard test, were slower in the
trail_gakihg test, did lesS‘well inAthe block design test and were
less successful in each of the components of the memory test. ‘

They also had a somewhat slower reaction time with more excluded

responses (responses greater than 1,000 msec), suggesting poor

concentration. It is also apparent, however, that the-exposéd ' '

men, although matched for eduéahipnal level with their,referent,"

nad a lower initial ability, as reflected in the NART score, and

in assessing the effect of solvent exposure it 1s necessary to

allow for this, - o R »
The second populatiqn to be studied was drawn from a faciory at

_which men were exposed to toluene. These men were exposed to
‘more than 200 ppm but had, even in recent years, been exposed to

very much highgr levels (in excess of 500 ppm) and in'early years
to even higher 1ev§13, at least from time to time; Although the
group of greatest interest was that of men with many years éiposure,
men with less than five years exposure were allowed to take pértn
in the study and 14 did so; men with méfe than five years exposure
were engouraged to do s&, and of the 65 men in the group all but

16 agreed to take part in a ciinicalfand behavioural assessment

~ similar to that described above for the men exposed to paint

solvents.

The results from the toluene workers and their referents,
matched for age and time with the company, are shown in Table
13-5. Tt will be seen that no substantial difference is found
between the groups on any measure considered by itself, although
the exposed men do rather worse on 12 of the 17_indiegs‘shown in
the table, as well aavberforming less well on the reading test.

It has been suggested that long term exposure to solvents may
have a 'neuraesthenic'! effect similar to that which may occur in
normal ageing, & small decrement then being found in many tests
such as those involving memory and concentration, rather than a
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Reaction Time
' Mean RT

Excluded respones.

Manual'pexterity_
*Pegﬁoard

Dotting test
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Preferred hand

Non-preferred hand

~ Lines

Circles
Circié éﬁboré

Speed of Working and Spatial Ability

Trail makins test

- Visual search

. Digit symbol
substitution

Block design
Memor
‘Buschke test

~ Reading Test

-~ NART

Part A
Part B
Mean response time

~Total recall
“Intrusions
‘ Long,tgrm store

Retrieval:long term

short term

#Group with poorer performance

TABLE 13-4,

Exposed  Referent
(N =42) (N = 42)
358.2%  332.2
0.9% 0.5
'7u,3' 71.6
78.8% . 73.4
31.7% 33.3
24,8% 25.5
0.8 1.2%
35.2¢ 3T
91.4%  80.1
20.8%  18.9
4y.8% 47.2
34.1% 38.8
2.0 w6
- 5.4 3.8
11.4% 13,0
9.3% 11.3 ‘f
. 3.6% 3.2
19.7% 26,1

Results of behavioural tests in study of painters,

0.05

_ ns

0.05 .
‘ns

‘ns
0.01

ns
0.05
ns.

ns .

10,001
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-distinct'and elear cut inability to perform a particular task
(Swedish Work EnvironmehtlFund, 1§81). If'many'of the tasks
shown in Tables 13-4 and 13-5 have a common factor that is depressed
in the exposed mén,'this could lead to the pattern of poorer
results shown in these tables.

The inter-relation of the test scores was 1nvestigated by

carrying out a principal component‘analysis of the test scores
obtéined'from the 2146 caucasizn men (123 exposed and their matched
‘referents) having English as their first language and being_
included either in the studies of paint solvents and toluene
: outlined above, or in the 1nitial Stﬁd& of methylene ohlpgide
'i' : -workers'(chefry et al, 1981a). The reading test, reflecting
; .ability before exposure, was not included in the analysis, and the
results of the two parts of the trail waking test were added
together to provide a single score. Thus 16 Scores were entered .
into the component analysis. Weights for the first component,
accounting for 32% of the overall variange, are shown in Table
13-6. ° Examination of these welghts suggests that a man who
concentrated well and bad & good menory would obtain a high
positive score. In the digit symbol test for example, where the
-man does best if he both memorises the code and operates very
quiekly, it 13:(Just)“possib1e to complete 90 items in 90 seconds.
A man doing so would, when his Standardiséd seore is multiplied by
the high positive weight associated with this item on the first
: component, add considerably to his score on the summary factor.
f ‘ A man taking many seconds to complete the pegboard test, however,
5 glven the negative weight for this item, would have a large
negative somponent added to his summary score on the first principal
. compoénent .

The interpretation of the component as reflecting capaoities
that deteriorate with age was tested by computing a norrelation
between the individual score on the component and age in the group

" of unexposed men., A correlation of -0.33 was found, indicating
that older men have a lowsr score on the faotor. It remained to
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Reaction Time
Mean RT
'Excludednrggpones
Manual Dexterity
Pegboard : *  Preferred hand
, Non~preferred hand
Dotting test Lines
S © Circles
Circle errors

Speed of Working and Spatial Ability
Trail making test Part A ‘
o Part B ;
Visual search  ‘Mean response time
Digit symbol '
- substitution
Block design

Buschke test  Total recall
' R Intrusions
Long term store

Retrieval:long term
short term

Reading Test
NART o ‘

*Group with poorer performance

TABLE 13-5. Results of behavioural tests in study of men

to toluene

Exposed

. AN =59)

Referent

325.7
0.5

79.6*
85.u#
35.1
5.5
. 2.5%

35.6

23.8%

42, 1%

12.8%

5.4

©10.8%

gy
'3.8%

16.6%

- 338.1%
0.6%

7.5
80.2
33.7%
24.6%
1.4

36.9% -
87.0
22.5

. u3.7 -
'32.3

13.2
§.2

1.3
9.6
3.5

19.6

exposed

8 &

ns
0.05

ns-
ns
ns

ns

ns

ns

ns

ng -

0.05
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see whether exposure to solvents had any effect on this factor,

‘ j ,entering age (which had been matched in each group) as a 06variate.

'3 ' For the grdnp of 246 men, a factor reflecting taxpoéed or not' was.

 § L found to be strongly related to the factor {F=8.1,p<0.01).

( 1 ‘ This result provided some support for the hypothesis that

R ':% . expoéuré to solvents had an effect on capacities that is somewhat

“1 . © . akin to effects that may occur with sgeing. However, in the

: ; ’ studies reported here there was also the problem'of differences. in
pre~exposure ability in the groups exposed to toluene and paint
solvents and thelr referents; having allowed for age, reading
scores had a marked effect (F=37.8,p<0.001) on the score on the he

? summary factor. The regression analysis was therefore ‘repeated,

for each study populaticn separately, with the effect of solvent ,

exposure being tested after allowance for both age and reading_“

ability. Workers exposed to paint solvents (Table 13-7a) but not

! those expoéed to toluene, were found to have'signifiéantly worse

: . scores on the summary factor computed from the first principal

component.  The size of this effect could be estimated from the

regression analysis, exposure to paint solvents apparently producing

a decrement in summary score that is approximabely equivalent to

: _ " years: (2 70/0.24) ageing. A aimilar calculation for the men

: ! '; : ' exposed to toluene gave an estimate of T. 8 years ageing, although

i3 in this group any apparent effeot of exposure was within the range .

of chanoe variation.

Were this result for the paint solvents accepted to be a true
reflection of the harmful effect of the solvents, the implications
might be far reaching. A slowing of capacities equivalent to 11
years -of ageing may not be seen as a reasonable or acceptable

~ outcome of wérk, and there would, at least, seem to be good reason
to investigate ways of reducling exposure. There are, however,
two problems in interpreting the data. First, there is not the
slightest evidence, having allowed for sge, that men with many
years exposure do worse on this factor than men with'fbw'years
exposure; this is a rather general finding in cross-sectional
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Dotting Test
Lines ,
Circles
‘Circle errors

Trail Making A and Trail Making B
Visual Seéreﬁ‘

Digif Symbol

Block Design

Pegboard Test
Preferred hand .
Non-preferred hand

Buschke Test -

Intrusioné

Recall

Long term stbre _

Retrieval from long term store

'Rétnievalutrom short term store
Simple Reaction Time

Mean

Excluded responses

A high positiie score and a high negative score indicates

good function

TABLE 13-6. Weights for first component fiom component

. 0.46

0.“5
*0 .0‘4
-0 -75

-0.50

0.77

-0.63
~0.60

-0.28

0-69
10.72

".0 o,‘u"

-0.51

-0 .45

analysis of 16 performance variables.
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studies of solveht expose& workers and has been,discuseed'in

detail elsewhere (Eloffson et al, 1980). 'Seoond the choice of a
.referent group, even one matched for educational level, cannot be -
regarded as in any way satisfaetory when the measure of pre-exposure

ability, as refleoted in the reading test, shows such very marked
-differences. Statistical adjustment for such differences can

only use the scoree obtained in the test, and cannot take account

~ of the wide range of underlying abilities which are more or less
] ,adequately'rerlected in such scores. While such a test may .
v indicate, if it is equally distributed in exposed and referent

groups, that there is no reason to suppose that the groups are
I badly matched, some question must always remain abcut the measuring
of the difference in eapacities between groups when this initial
soreening shows matching to be inadequate.

By chance, the exposed men at the docks and the non-exposed men
at the toluene factory had distributions of age4and ability that -
were very simi;ar, and it was possible to carry out an iqdi?idua;
matching qu 34 of the painters against 34 non-exbosed‘WOrkera at

the faetdri'in which toluene was used. Such a matching'acress
studies raises problems of population differences and variations
in testing procedures that can, to some extent, be overcome when -
P the referent group is employed at the same establishment as the
’ exposed. However, the regression based on this matching provides
; at least an interesting comparison with Table 13-7a; the estimate
§ . of 'years ageing' in this comparison is only 5.6 years, with the
i importance of the factor representing exposure being greatly
‘ reduced (Table 13-7b). -

This brief review of regcent research in Britain has shown few
effects that can unequivocally be attributed to long term exposure

to organic solvents. It has, however, made apparent the need for
more closely focussed research to answer questions (disocussed

" further in the Preface to this symposium) that were not foreseen
at the start of the researeh programme, but which could now be
answered using the facilities and experience of work in this area
.that have been developed in Britain since 1979.
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AL Painters matched with non-exposed reférents from the aame

factory (42 pairs)

Beta : o

ooefficient F ratio LA
' Reading test ) o 13 - i1.38  0.001
Age in years _ 7 .p.24 - 29.34  0.001
Exposed (= 1) or hot. (-O) , | -2.70 | - T.84 N 6.91

A Estimated yeﬁrs of'ageing = —2.70/50.2&.: 11.3 years

B. Painters matohed with non-exposed men of eqpal ability
from toluene factory (34 pairs)

" Beta _ o
‘ coefficient F ratio P
"‘Réading‘testi . s a7 0.05
Age in years S 0.8 10012 0.0
* Exposed {=i)-orﬂnot (=0) -1.10' ' 1.06  ns

Estimated years of aseihg-z -1.10/-0.18 = 6.1 years

' TABLE 13-7. Estimates of ageing effects of paint solvents.
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In his paper, Axelson has. underlined the need ror further
epidemiological work to be carried out in countries where the
% isolvent induced psycho-organio syndrome' is not a familiar
5 o conoept and where diagnosis is unlikely to be influenced by
knowledge of a man's oecupational exposure or his eligibility for
compensation. For a number of reasons - size of the populations
- exposed, the 1eve1 of training of occupational physieians, the
degree of union interest and the quality of researoh techniques

| ~ that have been developed in the behavioural and psychologioal

‘ sciences - Britain provides an excellent environment, as yet free
‘from diagnostic bias, for such studies that may extend our knowledge
of the aetiological role of solvent exposure in psychiatric

?illness. Ii is to be‘hoped that some ofithe work reported here

_? will provide a basis for future atudies that will be of value both

. internationally and to the unions and managements oonoerned with

‘the health problems of workers in Britain.‘
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Carter:
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Are the mood changes related to irritation from the

’ aolvents? Moab speakers have mentioned eye, nose and

throat irritation’ and I wonder if there is any evidence

.that exposure to non-narcotic irritants such as sulphur
-dioxide or ammonia causes alteration in mood? . 1In

v’other words, can you separate the solvent effect from

Cherry:

the irritant effect? .
" We have done some exposure chambev work with narcotic
substances that are not irritants and still find

" changes. in mood.

Jamie:

May I comment on the Nelson test? I have found, with

an entirely different population, that it may not be as

Cherry:

resistant as it is reported toc be. People with acute
conditions may have extreme difficulty in reading, but
this subsequently recovers. It may be that you are
being hard on yourself because the difference may, in
fact be a result of solvent exposure. L
If that is the case, we are being conaervative about

:'our conclusions. ' _None of the people we tested was

Lucaé:

Axelsoh:

.acutely ill nor were there any obvious signs of confusion

or acute distreas.

pid any of the subjects have pyrexia? . If they had,
their perfbrmance, mood and their emotional ‘well being
could be impaired; that could be a factor. .

There may be a difference between exposure to white
spirit ‘and exposure to tolugne, _PaintersAhave“told ne
that ﬁhey can distinguish between white spirit and
toluene and that the experience rroﬁ toluene 1s rather
pleasant, whereas white spirit produces_unplgaaént'
drowsiness. Styrene metabolites are not too dissimilar
from the bidlogically active amines, although lacking
the important amine structure. If an amine group were
put into the molecule, you would probably have a
tremendously stimulating effect. I wonder 1if, despite
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Cherry:

- found a good correlation.
.Ekbgrg:

' _Cherry:

Gamberale:

Cherry:

‘tﬁe lack of this amine group, there could still be some
- stimulating effect?  Styrene workers say that when
_‘they have a cold they do not get nasal congestion and
 this reminds me again of preparatibns that are given to

‘differences were found on computer teating, because
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reduee congestion, so there may be’ properties which ¢can
be sympaticomimetic and stimulating.

Was there any correlation between the use of mild
tranquilisers between the exposed and non-exposed groups
in any of the studies? : :

We had no way of checking this. In one étudy we
did cheok blood aloohol against reporbed intake and

Have you any estimate of how many of the men exposed
to high levels of toluene had 1ert the Job? Was there a
selection effect?

There almoat certainly will be a seleetion effect but
the toluene faetory is the biggest employer in that
area and there is little alternative gmploymant _
s0 that would tend to keep down the turnover rates, but -
we do. not know much about those who have ‘left.

One prerequisite for the use of psychological tests
is that people will work ‘at their maximum capacity. :
F}uetuation in motivation could produce differences in
results. Is there any possibility tha& motivation
differs between Scandinavian and British workers? In
Scandinavia people will generally follow 1nstructions
and you can be relatively certain that they will work
as hard as they oan.

I am sure there are going to be -cultural ditferenoes'“.
in the way people view their health and in how they
work on tests. I would not be happy if cross-cultural

there you can do nothing about ‘motivation. In the
studies where you have ope man .and one tester, and the
tester is going out of her way to get the best out of
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O’Hee:

Cherry:

Ekberg:

Cherry:'
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. the subject you will tend to get an.opbimal'performanee.
' We have aimed to get people working at their peak capacity

beeause of this problem of differential motivation between
exposed and non-exposed workers.

There could have been a difference in the motivation
between the subjects and the controls in the toluene
etudj because in that case the study'was'initiaEed'by

the trade unions. The counter argument to that is

that there is high unemployment in the area; there is
a great deal of job insecurity and everybody is highly

motivated to keep their job. So there could be a
pumber of different problems affecting motivation.

Webe smoking habits recorded, and if so, is 1t
possible to differentiate between the results of smokers

anﬁ non smokers.

We have done that and there are no differences.'
“You said that the control group in the docks‘atudy

"had a higher educational level., What effect would”that,

have on the results?
You can stratify the sample by educational level and

"1ook at the results separately.‘ But amongst those»who
 left sohool with no qualifications, ‘the eontrol group

have a higher reading soore- this suggests that
stvatifying Just by educational level may not tell you

enough about performance capacity before exposure.
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14, DISCUSSANTS ,
1. PSYCHIATRIC VIEWPOINT
E.G. Lucas

_ from'the psychiatric point of vieﬁ{the-dirfereﬁtiel diagnosis of
minor degrees of confos10n3 impaired-intelleetual function,
v depression, anxiety and overall impaired performance is of sreat
E o importanee. Apparently, changes in performance and behaviour are
the two presenting symptoms which cause most concern in the
workplace. They may result appropriately in the individual
presenting to_the personnel depariment, the,occupatiogalvhealth
oepartmeﬁt and uitimaﬁely to a bsychiatrist.v It 13 most important
to review the whole human being, taking into account the emotional
and physieal environment, including noise and toxie substances in
the atmosphere. Medieally preseribed, illicit drug and solvent o
; abuse are also relevant. The issue i3, how many background data .

% ‘ are relevant when considering the sisniricance of possible occupational
g toxic exposure? ' Coincidental physical illness must also be

| included, - An objective assessment of previous personality, any .
underlying psychiatrio morbidity, pattérn of aleohol consumption, _
: head injury at work or elsewhere must 2ll be reviewed before ‘
S ' attributing deterioration in performance to industrial toxio ‘
exposure. A potentially useful objective account of the individual
is- available when work performance is routinely appraised.
Domestic behaviour and adjustment are relevant to work and acceptable
liaison between the General Practioner (Primary Care) and occupational
health department is useful provided appropriate confidentiality
! : is preserved. In addition to prescribed drugs, sleep disturbanoe

and night sedation, the use of stimulants such as excessive coffee
intake may also affect performance,
In clinical psychiatry, it would be helpful to have a package
" capable of sereening for potentially toxic substances when deeling
with a patient who presents with an acute psychotic or confusional
crisis. Apart from acute psychiatric clinics, differential
diagnosis in accident and emergency departments wosld be facilitated.
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The‘whole area of clinical behavioural toxicology does seem to merit'
much more study. During discussions we often become concerned by
the nature of presenile dementia, ineluding its histopathology,
péthophysiologyfand biochemistry. In this symposium I do not

think we should be too concerned with semantics. Suffice to say
that in the workplace, pre~-senile dementia could be responsible .
for 1mpéired.inhe;lectual performance. If solvents age men

exposed to them by ten years, as Dr. Cherry has suggested, this

has profund implications. _.Finally;'wé must decide on the imporﬁance'
_ of the non-specific symptoms which have been described to us,

The neurological deficits of impaired position and vibration sense
.are-posterior'bolumn signs and are not only stressful but may also
cause the individual to function less well. Thus, anythihg thét
causes'a group of symptoms that‘ref}ect an 1mpained,intélléc§ual;
‘,Sensqu'or mdtob function however mildly, is of great<impoitancé,

It is necessary to'loék for ways in which the substances thought

to cause these effbcta:ean be monitored,ocegpationally and elinically.

Discission _ _ -
Cherry: Professor AxelSon showed us epldemiological data that -
' suggested that the rate of severe psychiatric illnesses
- was ﬁwice'as;high in solvent workers as in nnh-éqléént
workers. This seems to be one issue bhat has to be
féced, for if one in ten workers are having unnéeeaSary
psychiatric admissions to hospital this is a'sqticﬁé_
matter. The second issue I would like discussed is
whether the degree of organic deficit which has been
diﬁcussed'is.an;écceptable burden, even if it is
, _reversible. | ‘ ' |
. Lucas: " One problem arises with nomenclature. Even though
" there are a few reversible dementias, the current use of
the term implies an irreversible, although sometimes
arprestable process. Therefore, where intelléctual
function has deteriorated as the result of solvent.
'exposure, clarification 1svreQuireﬂ.as to the subséquent
course of impairment following cessation or reduction
of suéh ékpogureb , -
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Cavanagh: = I always think in terms of individual chemical
) .substances whereas we seem to be discussing solvents in
general. I am at a loss tb know whether we have to thihk
of general neurological eff%ots or of. speoifie effects
such as those produced by n-hexane, for example.
Cherry: . We are at a bit of a loss teo, because although we
o know what paints are used in the docks, fbr-example,
and we know that sometimes the men are exﬁosed to ﬁery '
high ieveLS’we cannot identify particular solvents
which are productng_the éffects we seem to find. One
: hoggibility would be to get a sample of the painters to
_record their symptoms every day and relate this to the
solvents they used to see whether they are worse with
some than with others. ' _
Pace: The whole thing is confusing and I think we are
v dealing with three different conditions. We have the
-acute response to the toxic effects of specific chemicals
' ﬁhatvprésents as a well defined clinical patteérn. We
- ‘have the chrbnic response tﬁat we are invéstigatins by
 looking at different chemicgls, and we have a third
- condition where we are looking at a mixture of molvents b
“and, here, we are 1n the dark. If, when we talk about
the effects of solvents, we' talk about all three
_ conditions togebher this leads to-ébnfUSloh.
The discussion of presenile dementia was thought to
be one of semanties but I think there is more to it.
‘The consensus seemed to be that none of Scandinavian
cases would be considered as cases of presenile dementia
- 1n this country. Wﬁus, there is a tendency for this
‘work to be unjustifiably anq unnecessarily diseredited
and there is then a risk of ignoring a real effect
» because we are confusing our terminology.
Cavanagh: " You can get presenile dementia from all sorts of
cahSese It can be caused by Alzheimer's disease,
which is a specific proéess or Pick's disease, or by
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nutritional deficiencies or‘by‘vasoular disease. There
are presumably other things which will giveAa,globﬁl

decay of the cerebral hemispheres and cause a deterioration
in intellectual capacity before the age of sixty. But
certain people conaidér that presenile dementia is
something concerned only with Alzheimer's disease and I
think that is & mistake..

Axelson: "I do not think one should focus too much interest
on how these cases ape labelled.  The epidemiologist
aims to study the occurance of the disorders that

" physicians belleve are there in the population. I

"haVe noticed that there is éeme difference in terminology
between Britain and Scandinavia. When we speak about-

. ‘pr!,esehil‘e dementia we tend to infer a vascular cauyse or
repeated infarct syndrome, for example. Alzheimer's
disease I think would be classified as an atrophy
although it might go unrecognised rbr,some time. I
think one should emphasise here that we do not.believe
that it is the Alzheimer type of disease that is
induced by solvents, but that there is a mental
deterioration which we have named presenile dementia.

But I admib that we mighb have. to change that description
5 for’ reasons of clarity. .
Lucas: . May we ask Professor Cavanagh what are the essential
' pathological criteria by which the diagnosis of Alzheimer's_
- disease is made? .
‘Cavanagh: " The diagnosis is made on the finding of stainable
' ' structures uithin the cerebral neurones, or on finding
specifio changes with the electron mieroscope. "~ As you
 know, there is a tendency to postulate lesions in
different parts of the hemispheres to.aecountbfbr the
symptoms that indicate to the psychiatrist that .‘
Alzheimer's disease or Pick's disease is present.
Lucas: May T again stress that aleohol is # éommop cause
'  of intellectual and ﬁhysical-deterioratipn and the people
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goffe:

Waldron:

Cherry:

substance, This has to be taken into account in parallel

' _aacelerating ageing even though it is perlaps more
understandable than other mechanisms we-have been . -

- somewhat shaky grounds when we are talklns about

possible for people with hydrocephalus and marked

-up studies to see whether these deteriorations are
reversible or irreversible. If they are reversible, then
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who are exposed to solvents at work may simultaneously be
exposing themselves excessively to this very potent toxic

with industrial exposures at the workplaoe.
I am not enthusiastio about the concept of .solvents -

talking about. - I would not be against it if the
evidence were unequivocal but I think we are still on

intellectual impairment. - And one other point, it is

cerebral'atrOphy to have a high IQ, 'so I think one
should not be too obsessed by CAT scan findings and ‘the
slze or people's ventricles.

. The most crucial work fbr us now is to perform follow _

it is premature to talk about an ageing effect since this
is clearly 1rreversib1e. From the practical pcint of view
it is 1mportant to know the natural history of the solvent
induced changes, so that we can give a prognosis to those
in whom we find them, It would be comrbrting to be able
to assure patients that they would improve once they were
removed from exposure. o

"I think we really have got to get these results into
perspective. None of the men we saw at either the
toluene factory or the docks had presenile dementia. They
were slightly more anxious than non~exposed men and they
did marginally worse on the tests. There was no dose
response relationship in the sense that the people who

‘had ‘been there the 1ongest were not worse than those who

had been there a short time.

DUPO050067856




Jamie:

Working with people with known brain damage one knows
that they can reoover dramatically even from.méjor brauma,

- but that deficits appear in later life. It is possible

perhaps, that solvents cause trivial brain damage for which
the worker is able to compensate. He is unable to recover
from the damage in a sense that there is physical repair so
that in later life, these deficits show up like the tide
going out.  And that pight be the synthesis between the

British work, or the work in the exposure chamber seeing
‘what the immediate effects are, and the Scandinavian work
" that looka at the pension register which shows up a high

1ncidenoe of psychiatric morbidity. Maybe these are
people, who had you seen them twenty years ago, would

have appeared normal, but now that their brains are that

. much older, the deficits that they acquired.sloﬁly énd

Axelsons:

Lucas:

Ekberg: -

ihsidioﬁsly'begin to show up. If that is the case, it

',wuuld be very difficult to demonstrate.

Exactly this question was brought up at a ‘recent

'conference in Stockholm. There was some agreement that

exposnre at an early age might well be compensated but that
the disability would manifest itself in later life, perhaps
as the result of further exposure. - The question of solvent .
effects in'later life is important and perhaps, when doing
exposure .chamber studies it would be more instructive to use
old people a&s subjects rather than students. Moreover, if
you take these patients away from exposure they seeém to
reoover subjectively, to some extent at least, but if you
expose them again they seem to be extremely sensitive.A

They often tell’you, T visited my old vorkmates at the

workplace where I used to be employed, and I immediately
"got the symptoms back again.

Of course one could include the psychological effect

of knawiﬁg they are returning to what they regard as s

hazardous workplace,

They do not have to return to the wbrkplaeé, they
also experience the symptoms if they smell the,solvsnté
or something similar to it. - ‘ »
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2. STATISTICAL VIEWPOINT
D. Oakesv

I would like to start with the meaning of statistioal signifoance
since we have had p values‘preaented.at the symposium from time to
time. The point I would like to make Boes back to R.A. Fisher
(1966) who, wrote, "In velation to the test of aisnificanoe, we may
‘'say that a phenomenon is experimentally demonstrable when we know
how to conduct an experiment whioh will rarely fail to give us a -
atatigttcélly significant result." Thus in interpreting.significénce
levels we must comsider, not just whether the p is less than 0.05,
but all the other aspects of the study, which would allow us to
question ﬁhether if repeated many times, the study would continue
to give a p value less than 0.05. That issue involves both the
design of the study and the amount of. analysis to which the data

" _have been subjected. :
It would be wrong to talk about epidemiology here without '
. mentioning Sir Austin Bradford Hill (1977) and his famous criteria -
for causality. I have been trying to keep a check list on some
of these points. 1In terms of the strength of association, we
- seem to be seeing relative risk or rate ratios of between two and
three which are not in ‘themselves strong enough to rule out the
possibility of other explanations through confounding factors.
i ' The relationship in time was mentioned previously and I tbink”we
.are short of information as to whether the supposed cause always
preceeds the. supposed effect. . We need more sbﬁdies that are .
3 - longitudinal in nature and that take measures before people are
i exposed to the substances.in question and continue to follow them
i up; of course subjects should be-follbwsd up after cessation of
. exposure as well as during exposure. Concerning dose-response
one of the most striking features of the studies reported is that
mkcn effort has gone into ascertaining the response, but very
little into ascertaining the actual exposure of individuals.
This may be extremely difficult, particularly in the epidemiolosieal
studies or the long term studies of chronic effects.
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'Thefe is a need, however, to look harder at the aspect of‘doae,
not only in terms of the duration of employment, as some studies
have, but also at the concentrations of a particular solvent. We
heard very early on that interactions are important and I know
that it is rare to find a population exposed to only one solvent.
“Nevertheless, I think, one has to look for such populations and
having identified them, one has to find. ont who among them is
heavily exposed and who is lightly exposed. We need to persuade
‘the hygienists to give estimates of which jobs were heavily
exposed in the past, not'necessarily in abSolute ;eims, but at
least in terms of relativities. We have heard of one or two
studies in which there has been some defined end point suoh as a
disability pemsion. I will not address the issue of possible
‘biases in thax, ‘that has been discussed already, but I do wanf to -

: make the point that the exposure classification from a cengus or
from a register, uhere the person may be described as a painter or
a bricklayer, is in itself very crude and it would be desirable to
go back to those studiesAénd find out what the levels of_éxbosure

- actually were. = This cculd be'done by carrying out a case referent
study within the cohort (Mantel, 1973). By this means you can

~ congentrate on the relatively small number of cases, and a larger
but still fairly small number of controls, between five.and eight

;pér cése haé'been suggested (Breslow and Crowley; 1981). Having
defined the group of cases and controls, you go back and try to
construet work histories for them all, aseertaining whether within
the group there is any relationshipvbetween different levelsvo;
exposure and outcome. With a rare outcome this is still chh
less work than ascertaining expdsﬁre for the entire population.

‘ Now I uould like to oonsider some of the described experiments
whieh are, I think, particularly important. They shouln be
designed in such a way that they meld with the epidemiological
studies wherever possible, that is, they should be carried out on
subjeets who are the same type of people as. those exposed in the
workplace, 1ndeed they may be the same subjects. jhe experiment
has to be planned to take proper account of all relevant sources
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of variation, although in practice this is difficult to achleve.
‘The latin square design is elegant. It controls for variations
‘between subjéets and for a learning effect which is uniform over
subjects. It does not control for a learning effect which
- differs among individuals. = So, if the learning effect is important,
and if it is likely to vary between subjects, as it almost certainly
will, the latin square design will not help very much and perhaps
" ‘we should be thinking of different designs. It is possible to
. put another layer of classification into the latin square, and
1o§kﬂatiintevaetions between two different substances. In the
~ statistical analysis, it is important that variability between
subjects should be the essential beﬁohmark'aa 1o whether or not
there is & real effect. Technically, subject effects should be
treated as random effects in an analysis of variance table. ~ The
reason is that one presumably wishes to generalise the findings
beyond the particular subjects under test to thé population from
which they are drawn. Findings which apply only to some subjects,
'however'exemplary, would not necessarily be of general interest.
In the analysis of variance, the main effeets of solvents should
'; be tested against solvent by subjeet interactions, not against the
residual mean square obtained from measurement error. * So the
" denominator of the F ratio is the‘line determined in the analysis
of variance table corresponding to the interaction of the solvent
I " with subjects (Green and Tukey, 1960) . ‘
Diseusaion e
.Gompertz' ' You talk about‘subjects being randomly distributed,
and 1 have heard people during the last two days talk
~ about people on the taii. T think it should be
recognised that recent pharmacological research has
shown that there may be a bimodal distribution with
respect to the oxidation at a carbon atom, of drugs and
foreign compounds. This means that if you are
dealing with small numbers, and there is a tenm percent
Subgroup, you must be aware of the possibility of -~

getting aberrant results because some subjects are
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metabolically different from the others. One other point;
Just as the populations we study are not homogeneous,
neither are the solvents necessarily homogeneous. They
ofteh contaih stabilisers and other additives and it may be
that it is the additives not the solvents which are
behaviourally active. = This needs further consideration.
I fhink you will find that white spirit is a straight
distillate of hydrocarbons, toluene will be a high
purity of hydrocarbon, whereas styrene may contain a
polymerisation inhibitor. A number of the chlorinated
hydrocarbons do contain inhibitors; commercial
trichlorethylene used to contain epichlorhydrin.  This
may be a problem with some of the chlorinated solvents

» but not with toluene and not with white spirit.

The point about special sensitivity raises some
methodological problems., = No-one had produced any
evidence for it as an explanation of the lack of

. dose-response relationship. With the exception of

Professor Axelson's epidemiological study I cannot think
or a solvent study has shown that the 1onger the '
exposure the worse the aymptoms.

"An important issue I would like to discuss is the '
meaninquf_dose and exposure in this contegt. To we
mean 1nt§rmittent-p9ak exposures as opposed to continuous

‘low grade exposure; and which of these is the most

deleterious? And how should we classify exposure?

‘Should it be the product of concentration and time
similgr to that used to define fibre-years for asbestos’

exposure or working level months fbr’radiatidn workers;
or should we have some other sort of measure.of_e;§08ure?
Should exposure be weighted so that we take into
particular considerstion exposure that is remote from
the appearance of the disease, or 1s the most recent
exposure the most important? I would say that remote
exposure should be taken into account in cancer studies,
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but in solvent studies I would consider that recent exposure
is more important. I would be glad to hear your comments
on this question.

Waldron: What 1s usually done in this country‘is to refer, where
possible, to a time weighted average. Exposure data
are usually inadequate even for recent exposure and
this is why reference is seldom made to them, It is
unusual to find a solvent industry in which data exist
for either general or personal sampling; an exceﬁtion
to this is the toluene factory we have looked at
recently where background and personal sampling has
been carried out regularly for at least ten years. In
this factory we are able to categorise the subjects
into exposure groups from the most heavily to the most
lightly exposed. We have not yet carried out the
analysis, but if within those groups there was no
association between the level of exposure and test
performance results, I would think that we would have
to look for some explanation other than solvent exposure.
It is too easy to fall back on the concept of individual
susceptibility in the absence of a dose response
effect; it is the epidemiologist’s last refuge and,
like Dr. Cherry,‘I am waiting to see some good evidence
that individual susceptibility to solvents really does
exist, There are real problems in using the product
of concentration and time to define exposure since this
disguises the peaks and troughs and it may be that very
high exposures for a short time are more injurious than
continuous exposure, even to relatively high levels.

But I cannot see how one can do much in historical

terms except to say that those men were heavily exposed,
these were intermediately exposed and these had no
exposure at all; even with this relatively crude
grouping, however, you would expect to find some
relationship between exposure and effects.
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Waldron: ~
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Waldron:

I think even if that was all that could be done it
would be extremely useful, but I do not recall that
anything presented in these two days has actually done that.
Provided that the classification is carried out blind as to
outcbﬁe, then the actual levels of exposure are of secondary
importanee, provided the relativites are right.

That is true, assuming that we are looking at chronic
effects, but if all the effects are acute effects which
recover when people are removed from exposure, then it
is the level to which they have been exposed in the
last months that matter. The fact they were exposed
to 2000 ppm five years ago is of nO-consequence,lbut
their exposure to 300 ppm last month may be crucial.

Do T understand that you think in terms of level of
exposure rahher than duration, or do you think that both
have to be combined? ]

Exposure is normally presented in terms of a

‘concentration/time product but you always have to bear in

mind that you may well be disguising important effects.:
1 do not see how fluctuations in exposure can be allowed
for. ” ' o

. In faot it may not be necessary, it all depends on
the pharmacokinetics of the sclvent. A lot of ;hgrt term
changes are. damped by biotransformation. The level of

, damping will ‘depend upon the speed of. metabolism, but ,
-1t will progressively increase as the compound moves down

the metabolic pathway. I would like to have explained to
me, the sort of industrial processes that result in -
1ntérm£htent high exposures; this is a rather unusual form
of exposure I would think. )

There are many circumstances under which solvent
workers get intermittenb high exposure; opening closed
systems without using protective masks ~ this is a regular
ocourrence. Painting or spraying under poorly ventilated
¢onditicns may alsc produce extremely high'exposures. We
have seen many examples in our_visits to factories.
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Gamberale: " Are the chances of underestimating exposure larger
_than those of overestimating exposure? This seems to
A follow from what has been said. .
‘Waldron: Exposure is probably underestimated, because of the
. - intermittent high peaks and because men do not wear
protective equipment on all occasions whemn they should.
If you ask the hygienist to assess a particular job he may
well give it a lower rating than 1t deserves because he .
makes his judgsment assuming the best possible conditions
% : . ~ prevail. I’think that ;he tendency, therefore, is always
; . to underestimate, rather than to overestimate exposure.
Gompertz: OQur hyglene colleagues at Cricklewood set up a
: _system in which glass fibre boats were built in a
workshop monitored with continuona.MIBAN'sambling. With
‘ the tube sampling from the breathing zone they found
extremely high exposure peaks, But these peaks would
have been damped by the biological system. If we had -
i - had an indwelling 1n£navenous catheter, I am sure we would

have that blood concentrations would have remained constant.

If you look at exposure chamber studies that have measured

wash out curves you will find that the biological system

reacts more slowly than the environment, and that there .

are no biological peaks and troughs corresponding to

e . , rapid fluctuations in exposure. .

5 Otto: , Have any of the studies actuallyviooken at age .
factor as the main factor? The effect of some toxic

: _substances seems to be accentuated in the older

population and it would seem of some interest to assess

the effects of solvents on people of different ages.

Cherry: In Professor Axelson's study it was dnly in the older
! '  age group that there was any effect. o
| . Goffe: To go back to exposure, I understand that measuring

gtmOSphéric levels is not a good indicator of exposure
because a number of other factors; for example work rates
~ ought to be taken into ascount. Should we not then be
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thinkins'in'terms of biological measures rather than
atmospheric sampling.

I agree, I would always go for biological monitoring
where possible because it 1s the man you are interested in;
not the environment. Iﬁ practice, however, it is usually
easier to measure atmospheric levels,

I would like to speculate a little further on the
question of peak exposures which particularly might lead
to solvents or their metabolites penetrating the blood
liquid membranes, such as the blood brain barrier. If
such strictures are affected by solvents I wonder what the
consequences would be in terms of leakage of other
substances across the membrane, Could the present of .
solvents allow other materials more easily to penetrate

into the bdrain?

- We alsd see that solvents disorganise membranes,

‘espeqially the long chain ‘hydrocarbons because ‘they are
. very like the lipophilic ends of the fatty aclds that
.make up membranes. There is a ‘tendency for potassium to

leak from the red cells in solvent exposed workers which

] indicates tbat the red ¢ell membrane is not funetioning

as well as’ 'it should. ~ And that means that other
substances, which would normally not do so, may penetrate
into the cell. _ : :

It is fortunate that this does. not happen to any great
degt'ee in inhalational anesthesia where enormous doses of
solvents are used. - '

The reason that anaesthetic gases do not disorganise

_cell membrane is that they are very small molecgies.
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3... PSYCHOLOGICAL VIEWPOINT

As somebné without a vested interest i this issue, perhaps I
, could staté my conclusions having Iisténed t6 this symposfum: It
g seéis £> mé that there is & faiF convérgence of evidedice that
’ thefe are sofie advérse effects of some solvénts; in saying this I
aii awaré that we mist rémemBer that Solvents aré not an hoiiogenocus
groups of chéniicals; and that thiey day have different cofisequefices
at different timies. Oh the otheér hand, I do not oonsider that
théré dre afy strong implications for immediaté action to be taken
to reduce eXposures through legislabion: These 4ré my géneral

1 opinions as & Séientist.
? ' : My reifit is to discuss thé psychological aspécts of the
f problems that Havé béén raised K €5 giVen the sfforts thdt have

i béen madé, it ig sledarly difficult to establish stropg psychological

f ‘ éffects’ fof Ay of thé soivents. Thé starting point for believidig -

i v such effcts exist aré ths reports &f symptoms, and one guéstion of -

’ Vimportance to psychologists is; "Are thé réports of-symptoms _
reliable?  If $6, this leads on to thé first of thé fundamental
questiéns, WAre there long tert Gonsequences for health and for

z meital Hedith?i  ind that 1eads to the question,; "Are thérs stiort

tern psychological condsquéncés?s 1 put the questions in that

: way; bééausé if short terfi psychiclogléal eshiséquetices can be

i ~ demonstrated; then it Becomés HoFe worthititle to lsok for lotig

| térih conseqiences. It 4186 Seéms worthinile; &5 an is8ué sécondary

to lopking fOr 1éng téril effécts; to seé if theré is evidence of

op if

thére are poorer interpersonal rélations émongst those exposed.to

lowered performanee, or an inéreased aceident rate at work;

solvents.
On thé Guestion of reiiability of si
evidence at this meéting that men who Feport syiiptoms on oné
ocoasion d6 80 Ofi future océasions; ahd that it 1§ theé mén

ptoms; weé Have had Sone
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complaining of numbness and tingling, fbr example, who have slower
nerve conduction velocities. As to long term psychological |
conseguehceé; these seem to me %o remain somewhat controversial.
There is evidence for recovery, or compensation in some way, as a
.consequence -of removal from exposure but the epidemiological
evidence does seem equivocal. This brings me to the short term
effects of exposure to these chemicals which come down to the
evidence we haye_frpmﬁperformanee tesﬁsa First, we have evidence
that, in some contexts, there are well established effects on
reaction time, and seéondly, there is some evidence of changes in

- performance on the digit symbol substitution test. If I have

abstracted too little from the evidence that has been presented 1
am sure I shall be corrected..
There are rather wider questions that I should like to pose

about the use of psychological tests. First, why use psycholqgical.

pefformahcé tests at all? I have answered that already, because
if there are demonstrable effects on psychological perfprmancé,
that carries the implication that there are central nervous system
bconsequences that are worth following up. The more important
'vquestion is, are the right tests of psychological performance
being used? What does one mean by the right test? . At one
level, any psychological iest_ﬁhat shows an effect is the right

‘test, in the sense that I have just been arguing, because it does

have the consequencé"that it 1is worth looking further. - But there
remains the question of whether psyohological tests should be
orientated towards aspects of work perfbrmance and so be seen to
be more relevant to cccupational exposures.

~ Looking at the whole field of performance testing in relation
to stressors ab low levels, there are at least three sorts of
psychological tests that seem to be sensitive, The Tirst is the
basic measure of reaction time; here tasks in which the rate of
performing is imposed on the person, the so-called paced tasks,
have often ‘been shown to be more sensitive to the effects of

DUP050067867




PR

' One of the advantages of the use of microprocessors, however, is

in a short time. So I should 1ike to provoke you again with a

Discussion
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stressors or low doses of pollutants than the unpaced reaction
time tasks. Vigilance tasks are the second type of test that’
have been shown to be sensitive; there has been some referenee.to
bOth these types of test in this symposium. A further type is a
somewhat more complex task, where the subject is required to tr§
to do two things at once; in this type of task some division of
attention is required and there iz some element of competition '
between the jobs that have to be done.

' Psychological tasks of this sort are ali rather diffioult to
take into the field, and that is a powerful reason for avoiding
them if;it.is poSsibie to make use of simpler, reliable ppceedﬁres.

that they can deliver these more complex tasks to subjects in the
field and can carry out the preliminary analyses to give results

suggestion that microprocessor procedures, especially in relation
to psychological tests, enlarge the possibilities of using the
complex tasks that may turn out to be the right tests for detecting
the sorts of effects we have been discussing at this meetlng. '

Gamberale: I would not like to give the impression that I am
against the use of micrbprboshaors_ Quité the 6pposite.
For instance, in our chamber experiments we use’
computerised batteries of tests and I am proposing to
take a microcomputer into the field to look for the
effects of exhaust fumes from cars, What I am against
is developing tests without knowing exactly what the
tests are going to be used for. I do not believe that
it is possible to use the same péycholqéibal tests
under all conditions, I 1ike to choose my tests
depending on the problem at hand, rather than having
the same set of tests to use regardless of the .
application. '
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It does seem to me that there is an lssue over

~ trying to match psychological procedures to problems.

It has been argued that a set of psychological procedures
ought to include something that is relevant to the work

. and the worker concerned and I put it to you that there

are varying degrees of difficulty over that. It is

one thing to make use of a colour matching test for a

printer but what are you going to do for a boat builder?
Could it be that with the advent of the microeompﬁter,

© - tests could be developed whereby a sample of the workforce, -

‘Summerfield:

. Otto:

or even the entire workforce could sit at the computer,
say ten minutes once a week and have, for example, their
reaction time measured so wé could tell whether they are
taking in barmful amounts of solvents.

" My opinion on this is it would be very nice to be
able to do that, but we would have first to eétablish

a very strong relation indeed between the change in' = -

performance and the levels of chemical in the blood,

and I do not think that we are at all close to being
able to do that. | -

" One thing that has impressed me listening. to the
§nesen€apions; is how some of the very basic, simple
tasks (such as the reaction time task) have turned out
to be the most sensitive. I think we need to develop
test batteries which include both the basic tests that
have given such a tremendoué return over along period
of time, and those which allow more complex testing.

' The question of having workers sit down once a
week-andvdo a test raises a new set of issues that have
not been addressed in my work nor I suspect, by many
others. You would have to take into account the

-‘training,_the learning and the effects of doing a given
"task over and over again. There is a lot of work going
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_intp developing tasks that are impervious to temporal
effects, which would be very useful for that purpose.
One would have to think through very carefully the

_ o implications of such a procedure and I am sure it has

i - o . probably as many disadvantages as it has advantages,

but I think it is a good idea.

Gompertz: v I think that it would not be acceptable either

i L .~ ©* to the legislators or the unions to use what may be an

adverse effect for monitoring the exposure of the

; workforce. We ought to have a system of monitoring
% o . ‘that prevents workers from being exposed to solvent
i levels which have an adverse effect. It is not

{ ' "~ appropriate to measure a decrement in performance
* as a check on atmospheric levels. We need to set a
; control limit for the atmosphere that would prevent
§ » , the worker showing a.measurable,advers? effect.
Summerfield: Appropros of learning, and memory, it has always
i : seemed to me that from the point of view of cognitive
} i ' psychology, what is involved in a digit symbol
substitution is not straightforward, and certainly
3 N " inyolves elements of short term memory even if one
' rather discounts the initial practice effects.
There was question earlier as to whether the

suppression of a practice effect is an effect. I am

% ' v certain that psychologists would have no problem at
v all in considering sﬁppressipn of practice as an
‘effect. And there is a Scope there for further
exploration. ' -
Jamie: - - - I think that the disoussion that was published
s between Kendrick and Rabbit (1982) on the way you should
assess the elderly is particularly germaine to computer : s
testing; the effectiveness of the procedure will depend
. on whether computers are part of the ecology of the

et
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patients' lives. ' A second point whiech I sense is getting
lost at times, is that the measures that are used to look
. at the effects of solvents must be validated outside
the field of solvent research. I pieked up a feeling
that there are some who would feel that only measures
that do in fact demonstrate a solvent effect are good _
measures, vhereas you really want measures that you knbw_ '
validate against some external oriterion, and having
listened to the discussions for the last two days
I wonder whether there is an external criterion for
_ solvent damage? It does not seem that there is a
" neuroanatomical one, and I think that one has to go and
look at tests validated on the neuropsychdiogibal effects.
seen in brain. damaged populatxons. _ ‘
Summerfield.: Or validated against other stressors, for instance.
Jamie It is no use taking your microprocessorvoff with a
battery of tests and only selecting those that do show
_ ' differenees between exposed and non-exposed populations.
Summerfield: ° The point I was making on that, and I would insist
' on it is that if you do reliably demonstrate .an effect,'
and it is repeatable in the Fisherian sense, then you
do have a datum which makes 1t worthwhile to go on 1ooking;'
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15. CONCLUDING REMARKS
H.A. Waldron

It would be impossible to sum up our deliberations in a few nofds
~ but I would like to make a few ‘personal comments. 'This_symposium.
has had the substantial benefit of airing this problem for thé
- first time in a comprehensive way in this country, and we have
been extremely foftunate tojhéve S0 many colleagues from overseas
".to help us. The indieations.fbr behaviour effectS-deseem to be
pointing in the same direction, but a lot more work needs to be
done to satisfy the decision makers, or. the‘policy-makers that the
time is right for setting exposure levels on the basis of the
‘findings we have reported here.
It ‘has been a great pleasure to have our colleagues from industry'
with us. They are concentrating at the ‘sharp end, everything
that we do is translated into some sort of written communication-
which will be read eventually by someone in industry and it is the
industrial medical officer whdfnill,most often be asked for an
explanation. I am not sure how helpful we have been in advising
them what the best interpretation of thése results is for their
workers, but I hope that they have gainéd something of value from
' the'meeting. . Inded, I hope that ' everyone will take away something
of value from the symposium. For those of us who are going to
stay here it will be a great sorrow to see you all go, because it
has been a most enjoyable two days. One of the original definitions
of a symposium was that it was an occasion when one sat down and
talked drank and ate with frlends and we have certainly all done
‘that; the social side of this symposium has been a great success
and I hope that it will not be too long before at least some of us
meet in some‘other pleasant part of the world to continue our
discussions. Thank you all very much .for coming and for contributing
" 80 mueh to our understanding of this problem.
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‘LEGENDS FOR FIGURES

Figure

Figure

Figure.

Figure

Figure

~ Figure

Figure

Figure

Figure

2-1

2-2

2-4

'2f5"

4.2

4-3

Distribution and evolution of some of the cranial
nerve changes in Case 4 of Buxton and Hayward
{1967) which emphasise both the slow advance of
the pathological changes and their remarkable
spread through the medullary centres.

Conversion of trichloroethylene to dichloroacetylene

which may be the proximate toxic agent (Henschler'

et al, 1970).

Ulnar nerves from rats chronically intoxicated with
Note swelling and thinning of the myelin

shgath in the proximal paranodal region. This is

maximal in a and least in c¢; b is a normal fibre

. for comparison. The arrows point distally.
Teased Osou.shained fibres x 859.

Ulnar nerve with one greatly swollen axon and thinned

" myelin sheath. Note the mitochondria clumped

together in the middle of the axon whieh is distended

with filaments. x 1600.

4Medu11a of rat chronically intoxicated with CS_.

Note the greatly enlarged axons containing sca’ teréd

mitochondria. x 1300.

Diagram to show the distribution of swollen axons in
various regions of the CNS. The numbers indicate’

.the particular localities affected. (From Cavanagh .-

and Bennetts, 1981.) "

Diagram of the bnainstem auditory evoked potential
(BAEP) in an adult. Regions . of the brain where
each component originates are indicated below the
waveform. ‘ .

Pattern~reversal evoked potenhial {PREP) elicited by
stimulating left and right eyes of a patient with

. multiple sclerosis. - Abnormal P100 latency is
. manifest in this case by interocular asymetry
. rather than absolute prolongation of latency. The

longer latency in the right eye indicates subeclinical
right optlc neuritis despite normal vision and o
ophthalmological examination. (Adapted from -

Stockard et al, 1979, p 194.) : :

Procedure to measure central and peripheral conduction
times in somatosensory pathways following median
nerve stimulation. Peripheral conduction time is
measured as the latency of the potential at Erb's
point, central conduction time as the difference in
latency between the N20 peak (cortex) and the N14
{neck) peak. (Adapted from Eisen and Odusote 1980 )
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Figure 4.4  Summary averages of correct rejection (CR) and niss
trials of seven subjects during a continuous
performance task. Note that the P300 peak is
present in the CR trials but absent in the miss
trials. -

Figure 6-1 Changes in perfbrmance in memory tests in students .
(Group 1) painters (Group 2) following éxposure to
white spirit.

Figure 6~2 Effect of different types of white spirib on long~
term menmory.

Figure 6~3 ° Relative uptake of aliphatics from inhaled air.

Figure 10-1 Diagram 'of exposure chamber. 1: Intake of outside
-air; 2: Dust filters; '3: Charcoal filter;
4: Dehumidification unit; 5: Heating and cooling
coils; 6: Air flow meter; T: Fangs; 8: Steam injection
for humidification; 9: Heating coils; 10: Humidity
controls; 11: Temperature control for room air;
* 12: Pressure control for room air; 13: Toluene
©  detector; 14: Toluene vapour generator; 15: Toluene .
vapour injection system; 16: Temperature control for
: -walls; 17: Chamber wall with thermal control system;
i : 18: Inspection window; 19: Perforated floor'
{ 20: Exposure chamber interior.

Figure 11-1 Distribution of reaction times on the 10'minute SRT
test. = 67, 8&0 b2y subjects x 160 stimyli).

Figure 11-2 Reaction time changes over test time. The points -
: : indicate the means of the reaction times during
successive two minute titie blocks (32 stimuli) for
- 424 subjects.

Figure 11-3 Mean reaction time difference between solvent exposed
' (N = 292) and non-exposed (N = 424) industrial
workers at different points of the reaction time

distribution.

: Figure 11-4  T-values for the'differénce between solvent exposed
§ : " (N = 292) and non-exposed (N = 424) industrial
- workers at different points of the reaction time
distribution

i Figure 11-5 Mean Teaction time difference between three ase groups
i ‘ of industrial workers at different points of the

3 : reaction time distribution. (N = 129 under 35

years, N.= 97 between 36 and 45 years and N = 196
over 45 years.) =~

Figure 11-6 F-values for the differeﬁoe in mean reaction,time
between three age groups of the reaction time
distrivution. (Values for N as in Figure 11-5.)
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Trichloroethylene - Dichloroacetylene
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RELATIVE UPTAKE OF ALIPHATICS
FROM THE INHALED AIR

10-1

DUPO050067882




Per cent :

45
10 9
. 5 1
wllispc
L >
11-1
Millise¢
'
270 3
260 1 E | 7
Stimuli

e ‘ S &0

oy

- . 11-2

DUP050067883




Millisec
4

10 -

Percantile

11-3

DUP050067884




BIRt

209

T,

Parcentile

11-5 .

Parcantile

11-6

DUP050067885




- 188 -

REFERENCES

Abbritti G., Siracusa A., Cianchetti C., Coll C.A., Curradi F.,

Perticoni G.F., De Rosa F. (1976) Shoe-maker's polyneuropathy in Italy.
Br J Ind Med 33, 92-99 » . L

Abdel—Rahman M.S., Hetland L.B., Couri D. (1976) Toxicity and

'metabolism of methyl n-butyl ketone. Am Ind Hyg Assoc J 37, 95—102

Allen N., Mendell J.R., Billmaier D.J., Fontaine R.E., O'Neill J.
(1975) Toxic polyneuropathy due to methyl n-butyl ketone.
Arch Neurol 32, 209-218 -

’Altenkirch,ﬁ., Mager J., Stoltenburg G., Helmbrecht J. (1977) Toxic ~

polyneuropathies after sniffing a glue thinner. J Neur 21&,'137-152

Andersen M.E. (1981) Physiologically based toxicokinetic descriptioﬁ'
of the metabolism of inhaled gases and vapours: analysis at steady

state. = Toxicol Appl Pharmacol 60, 509-526

Andersen I;, Mylhave L., Proctor D.F. (1981) Human response to controlled
levels of combinations of sulphur dioxide and inert dust. Scand J Work
Environ Health 7, 1-7 '

Andersen S., Andreasen H., Christensen B., et al (1972) Malerrapport
Kobenhaven- Malernes Fagforening (in Danisnh)

Anshelm Olson B., Gamberale F., Gronqvist B. (1981) Reaction time
changes among steel workers exposed to solvent vapours. Int’ Arch Occup

.Environ Health 48, 211-218

Anshelm Olson B., Gamberale F., Iregren A. (1982) The effeets on mental
functions of experimental exposure to téluene and p-xylene. Arbete, och

Halsa. National Board of Occupational Safety and Health (Solna, Sweden)
To be published

Anshelm Olson B. (1982) Effects of organic solvents on behavicural
performance on workers in the paint industry. Neurobehav Toxieol
Teratol. In press ’

Arlien-Syborg P., Bruhn P., Gyldensted C., Melgaard B. (1979) Chronic
painter's syndrome. Acta Neurol Soand 60, 1"9-156

Arlien-Syperg P., Bruhn P., Christensen E.L., Gyldensted C., Damgaard M.‘
(1981) Chronic painters' disease. A follow-up investigation of 26 former

house painters with ooeupational toxic encephalopathy. Ugeskr Laeg

143, 3069-3074

Aybuchon J,, Robbins H,I., Visekul C. (1979) Peripheral neuropathy after
exposure to methyl—isobutyl’ketone in spray paint. Lancet ii, 363—36u

Axelson O. (1975).Styneﬂ§§ In: Zenz C: (Ed) OccupationaltMedicine,

‘Principles and practical applications. Year book medical publihers,

Chicago, 816-820

DUPO050067886




- 189 -

Axelson (., Hane M., Hogstedt C. (1976) A case—refeféﬁt
neuro-psychiatric disorders among workers exposed to solve
J Work Environ Health 2, 14-20 '

Axelson O., Hane M., Hogstedt C. (1977) A ease-referent study
neuro-psychiatric disorders among workers exposed to solvents _
and some further aspects. ILO-ASf International symposium on the ¢
of air pollution in the working environment. Stockholm 6-8 Sept.
Proceedings Part II, 103-11 , :

Axelson 0. (1979) The case-referent (case-control) study in oceupatiohal
health epidemiology. Scand J Work Environ Health 5, 91-99

Baelum J., Andersen I., Mglhave L. (1982a) Acute and subacute symptoms
among workers in the printing industry. Brit J Ind Med 39, 70-75

Baelum J., Lundqvist G.R., Mslhave L. (1982b) Udsaettelse for toluen
- virkningen po grafiske arbejdere og kontrolpersoner. {(In Danish,
summary in England). Arbejdsmiljofondet Copenhagen .

Baer R.D., Kimberg D.V. (1970) Centrilobular hepatic necrosis and acute °
renal failure in "solvent sniffers". Ann Intern Med 73, 713-720

Balter M. B., ‘Levine J., Manheimer D.I. (1974) Cross-national study of the
extent of antifanx;ety/sedabive drug use. N Eng J'Med 290, 769-74

Barker G.H. and Adams W.T. (1963) Glue sniffers. Sociol Soc Res U7, 299
Bass M. (1970) Sudden sniffing death JAMA 212, 2075-9

Benignus V.A. {(1981) Neurobehavioural effects of toluene' a review.
'Neurobehayioural Toxicology and Teratology 3, M07-H15 S

Bennett R. H., Forman H.R. (1980) Hypokdlaemic periodic paralysis in:
chronic toluene exposure. Arch Neurol 37, 673

Billmaier D., Yoé H.T., Allen N., Croft B., Williams N;, Epstein S.,
Fontaine R. (197#) Peripheral neuropathy in a coated fabries plant.
J Occup Med 16, 665-671 ‘ :

~ Binaschi 8., Gazzaniga G., Crovato E. (1976) Behavioural toxicology

in the evaluation of the effects of solvent mixture. In: M. Horvath (Ed)
Adverse effects of environmental chemicals and psychotropic drugs.

Vol. 2 Elsevier Scient Publ Co. Amsterdam 91-98

Blomquist J., Hedberg—Sowa d. (1976) Effects of ethanol and
personality on two aspects of reaction time., (In Swedish: Effekter
av alkohol och peraonligheb pa tva aspekter av reaktiontid).
Department of Psychology, University of Uppsala, Sweden

Blume J,., Hane M,, Sundell L., Ydreborg B. (1975) Psykiska funktions- ,
f8réndringar hos byggnadsmalare (Mental function changes among
house painters) Lakartidningen 72, 702-706

Boor J. W., Hurtig H.I, (1977) Persistent cerebellar ataxia after
exposure to toluene. Ann Neurol 2 Bup-4u2

DUPO050067887



“ 190 -

Braseland F.J, (1942) Mental symptoms following carbon disulphide
abSorptian and intoxication. - Ann Intérn Med 16, 2U6-261

Bﬂécher E.M. and the editors of Consumer réports. Licitvahd i1lieit -
drugs. ‘Little Browh & Co., Toronto 1972 : '

Breslow Noy céowléy J. €1981) Discussion with Oakes D. Survival
timed, aspects of partial likelihood. International Statistical :
Review 49, 235-264

Brucknes J.V. , Peterson R.G. (1976) Evaluation of toluene toxicity by
utilising the mouse as an animal model of human solvent abuse. .
The Pharmaeol 18, 244 :

Bruckner J.V., Peterson R.G. (1981) Evaluatibn of toluene and acetone
“inhalant abuse. I and II Toxicol Appl Phartiacol 61, 27«38 and 302-312

Bruhn P., Arlien-Soborg P., Gyldensted C., Christensen E.L., (1981}

" Prognosis on chronic toxic encephalopathy. A twoeyear follow-up study .
in 26 house painters with occupational encephalopathy. Acta Neurol

seand 64, 259-272 :

Buck L. (1966) Reaetion time as a measure of perceptual vigilance.=
Psychol Bull 65, 291-304 ~

‘Buschke H. (1973) Selective reminding for analysis of memory and
learning. Journal of Verbal Learning and Verbal Behaviour 12,'5&3-550

Buxton P. Hs; Hayward M. (1967) Polyneuritis eranialis assooiated
with industrial trichloroethylene poisoning. J Neurol Neurosurg and
Psychiatry 30 511-518

Campbeil D , Watson J. (1978) A oomparatiVe study of 18 glue Snifrers
Community Healtn 9, 207210 _

Carden 8. (1944) Hazards in the use of closed-girocuit teéhnique for
trilene anaesthesia. Br Med J 1, 319-320

Cavanagh J.B,, Bennetts R. J. (1981) On the pattern of changes in
_the rat riervous system produced by 2,5<hexanedicl: a topographical
_study by 1ight miorosoopy. Brain 10& 297-318 -

Cavanagh J.B. (1982) The pattern of recovery of axons in the nervous
system of rats following 2,5-hexanediol intoxication‘ K:! quéstion of
rhetlogy? Neurapathoi App Neursbiol 8, 19-34 '

Chersy N., Waldran H. A., Wells G.G, Wilkinson R.T., Wilson H.K.,
Jones S. (1980) An investigation of the acute behavioural effeets of
styrene on factory workers. FEr J Ind Med 37, 284-240

Cherey N., Venables H., Waldron H.A., Wells G.G. (1981a) Some

observations on workers exposed to methylene chloride. Br J Ind
Med 38, 351-355

DUP050067888

G



- 191 -

- Cherry N., Rodgérs B., Venables H., Waldron H.A., Wells G.G., (1981b)
Acute behavioural effects of styrene exposure: a further analysis.
Br J Ind Med 38, 346-350

Cherry N., Venables H., Waldron H.A, (1982) A test battery to measure
the behavioural effects of neurotoxic substances. London, Institute of
Oecupational Health

Cherry, N., Venables H., Waldron H.A. (i983a) The acute behavioural
effects of ‘solvent exposure. J Soc¢ Occup Med 33, 13-18 -

Cherry N., Johnston J.D., Venables H., Waldron H.A., Buck L., MacKay C.J.
(1983b) The effects of toluene and alcohol on psychomotor performance.
“Ergonomics. In press -

Clark D.G., Tinston D.J. (1973) Correlation of the cardiac
sensitizing potential of halogenated hydrocarbons with their
physiochemical properties. Brit J Pharmacol 49, 355-357

Clinger D.W., Johnson M.A. (1951) Purposeful inhalation of
gasolene vapours. Psychiat Quart 25, 555-561

Cohen S, (1973) An international perspective on solvents and aerosols.
Solvents, Adhesives and Aeroscls. Addiction Research Foundation or
Ontario. T1-79

Collard P.J., Hargreaves W.H. (1947) Neuropathy after stilbamidine
treatment of Kala-azar._ Lancet 2, 686-588

Contreras c. M., Gonzalez-Estrada T., Zarabozo D., Fernandez-Guardiola A.
{1979) Petit mal and grand mal seizures produced by toluene or benzene
intoxication in the cat. Electroencephalogr Clin Neurophysiol 43,
299-301 ' : . -

Cooper G., Fox D., Howell W., Laurie R., Tsang W., Lewowski J. (1980)
Visual evoked potentials in rats exposed to heavy metals. 1In: Merigan
W. & Welss B (Eds); Neurotoxieity of the Visual System.~ Raven Press,
New York 203-218

uri D., Abdel-Rahman M.S., Hetland R.B. (1976) Bio-transformation
exane and methyl n-butylketone. Toxicol Appl Pharmacol 37, 12&-125

R, Williams W.L., Mehendale H.M. (1979) Potentiation of
-oxicity of carbon tetrachloride following pre-exposure to
epone) 13 the male rate, - Toxicol Appl Pharmacol 51,

1an c. J., Declinos J. (1976) CharacterisatiOn
thyl n-butylketone, methyl isobutylketone and
ea plg serum and their clearanee. Toxieol

“) A comparison of cognitive functioning
JvPaed 5u 565

DUPQ050067889



- 192 -

Dyer R., Eccles C., Swartzwelder H., Fetcher L., Annau Z. (1979)
- Prenatal carbon monoxide and adult evoked potentials in rats.
- d Environ Sci Health 13, 107-120

Eisen A., Odusote K. (1980) Central and Peripheral conduction times
in multiple schlerosis. Electroencephalogr Clin Neurophysiol 48,
'253-265 v v

! Elofsson S5.A., Gamberale F., Hindmarsh A., Iregren A., Isaksson A.

; Johnsson I., Knave B., Lydahl E., Mindus P., Persson H.E., Philipson B.,
I~ . Steby M., Struwe G., Soderman E., Wennberg A., Widen L. (1980) .

: . Exposure to organic solvents: A cross-sectional epidemiological
investigation on occupationally exposed car and industrial spray
painters with special reference to the nervous system. Scand J Work
Environ Health 6, 239-273

- Elovaara E., Collan Y., Pfaffli P., Vainio H. (1980) The eombined
toxicity of technical grade xylene and-ethanol in the rat.
Xenoqbiotica 10, 435-445

Escobar A.,,Aruffo C. (1980) Chronic thinner intoxication:
elinicopathologie report of a human case. J Neurol Neurosurg
Psychiatry 43, 986-994 :

: Ettema J.H;, Kleerekoper L., Duba W.C. (1975) Study of mental stress -
during short-term inhalation of trichloroethylene. Staub-Reinhalt
Luft 35, 409-410 A

{ Faéius J., Gronqvist B. (1978) Function of peripheral nefveé and signé
! ' .of polyneuropathy in solvent-exposed workers at a Swedish steelworks.
Acta Neurol Scand 57, 305 316 . ,

- Feldman R.G., Mayer R.M., Taub A. (1970) Evidence for peripheral
neurotoxic effect of trichloroethylene. Neurology 20, 599F606

Ferguson R.K., Vernon R.J. (1970) Trichloroethylene in combination -
Wwith CNS drugs. Effects on visual motor tests. Arch Environ Health
20, 452-467 ‘ '

Fischman C.M., Oster J.R. (1979) ‘Toxic effects of toluene -~ a new cause
of high anion gap metabolic acidosis. JAMA 241, 1713-1715

Fisher R.A. (1966) The design of experiments (Tth edition) Oliver and-
Boyd, Edinburgh

Fornazzari L., Carlen P.L., Wilkinson D.A., Kapur B. (1982) Irriversible
cortical and cerebellar impairment in toluene abusers. Neurology (NY)
32, 151

Fox D.A., Lewkoski J;P.,-Cooper G.P. (1977) Acute and chronic effébts _
of neonatal lead exposure on development of the visual evoked response
in rats. Toxicol Appl Pharmeol 40, 449-461

Fribroska A. (1973) Some cytochemical findings in the peripheral white
blood cells in workers exposed to toluene. Folia ‘Haematol (Leipz)
99, 233-237

DUP050067890



- 193 -

Frommer U., Ullrich V., Orrenius S. (1974) Influence of inducers and
inhibitors on the hydroxylation pattern of n-hexane in rat liver
microsomes. FEBS lett 41, 14-16

Fuller G.C., Olshan A,, Puri S.K., Lal H. (1970) Induction of
hepatic drug metabolism in rats by methylehloroform inhalation.
J Pharmacol Exp Ther 175, 311-317

Gamberale F., Svensson G. (1974) The effect of anaesthetic gases
-on the psychomotor and perceptual functions of anaesthetic nurses.
Work Environ Health 11, 108-113

Gamberale F. (1975) Behavioural toxicology. A new field of job
health research Ambio U, 43-46

Gamberale F (1976) Behavioural effects of exposure to solvent vapour.
Experimental and field studies. In: Horvath M (Ed) Adverse effects
of environmental chemicals and psychotropic drugs. 2. Elsevier, .
Amsterdam 113-133

Gamberale F., Lisper H.0., Anshelm Olson B. (1976a) The effects of
styrene vapors on the reaction time of workers in the plastic boat
industry. 1In: M. Horvath (Ed) Adverse effects of environmental
chemicals and psychotropic drugs. Vol. 2, Elsevier Scient Publ Co.
135-148 : : .

Gamberale F., Annwall G., Anshelm Olson B. (1976b) Exposure to
trichloroethylene. ~III Psychological functions Scand J Work Environ
Health 4, 220-224 o

Gamberale F., Annwall G., Hultengren M. (1978) Exposure to xylene
‘and ethylbenzene. III Effects on central nervous functions. Scand
J Work Environ Health R 204-211

Glaser H H., Massengale O.N. (1962) Glue sniffing 1n children.
JAMA 181, 300-303

Glud T., Jensen P., Nielsen N. (1971) Malerrapporten. Fagkrltiske
tekster 3 Aarhus Universitet (in Danish) '

Goldberg D. (1972) The detection of psychiatric illness by questionnaire.
London, Oxford University Preas

Geldstein G., Welch R.B., Rennick P.M., Shelley C.H. (1973) The validity
of a visual searching task as an indicator of brain damage. Journal of
Consulting and Clinieal Psychology 3, 434437

Gonzalez E.G., Downey J.A. (1972) Polyneuropathy in a glue sniffer.
Arch Phys Med Rehabil 53, 333-337

gbtell P., Axelson 0., Lindelof B, (1972) Field studies on ‘human
styrene exposure. Work-Environ-Health 9, T76-83

DUP050067891




- 194 ~

i ‘ Goto I., Matsumura M., Inoue N., Murai Y., Shida XK., Santa T., -
'} Kuriowa Y. (1974) Toxic polyneuropathy due to glue sniffing. J Neurol
E Neurosurg Psychiatry 37, 848-853 I

Grabski D.A. (1961) Toluene sniffing producing cerebellar degeneration.
Amer J Psyohiatry 118, u61—h62

i ' Graham D.G. (1980) Hexane neuropathy: a proposal for the pathogenesis
, of a‘hazard of occupational exposure and inhalant abuse. Chenm biol
1. Interact 32, 339-345

Grandjean E., Minchinger R., Turrian V., Haas P. A., Knoepfel H. K.,
Rosenmund H. (1955) Investigations into the effects of exposure to
trichlorcethylene in mechanical engineering. Br J Ind Med 12, 131-142

Green B. F., Tukey Je W. (1960) Complex snalysis of variance' general

Greenberg L.,.Mayers M.R., Hsimann H., Moskowitz 5. (1942) The
‘effects of exposure to toluene in industry, JAMA 118, 573-578

Groll-Knap E., Halder M., Hoeller H., Jenkner H., Stidl h, (1978)
i Neuro and psycho-physiological effects of moderate carbon monoxide
: exposure., In: Otto D (Ed) Multidisciplinary Perspectives in

i - Event-related Brain Potential Research EPA~600/9-77-043 Us Govt.

§ Printing Office Washington DC 424-436 .

?E 7 Groll-Knap E., Wagner H., Hauck H., Haider M. (1972) Effects of low
i carbon monoxide concentrations on vigilance and computer-analysed
brain potentials. Staubwneinnalt luft 32, 64-68

Halliday A.M., McDonald W., Mushin J. (1973) Visual evoked response
' : in diagnosis of multiple sclerosis. Br Med J 4, 661-664 :

Hene M., Axelson 0., Blume J., Hogstedt C., Sundell L., Ydreborg B.
, {1977) Psychological function changes among house painters. Seand
f J Work Environ Health 3, 91-99 o

Hane M., Axelson O., Hogstedt €, (1978) Symptoms and psychological
function chariges among house painters: A review and preliminary
results from a follow-up study 1973-1977 In: ILO-Ast: International
symposium of the control of air pollution in the working environment,
Stockhold and Geneva

: . . Hane M,, Hogstedt C,, Sundell L, (1980)‘Neur0psychiatrie symptoms .among
; zolvent workers - a questionnaire for screening. Lakartidningen 77,
' 37-439

Hinninen H. (1971) Psychological picture of manifest and latent carbon
disulphide poisoning. Br J Ind Med 28, 374-381

Hinninen H., Eskelinen L., Husmar K., Nurminen M. (1976) Behavioural
effects of long-term exposure to a mixture of organic solvents. Scand
J Work Environ Health 2, 240-25% .

DUPO050067892




Harkbnen H, (1977) Relationship of symptoma to ooeupational styrene
exposure and to the findings of electroencephalographic and.
psychological examinations. .Int Arch Occup Environ Health 40, 231-239

HérkOnen H., Lindstrom K., Seppalainen A.M., Asp S., Hernberg S.
(1978) Exposure-response relationship between styrene exposure .and
_central nervous functlons. Scand J Work Environ Health 4, 53-59

Heeox K. ano Galambos R. (197&)'8rainstem auditory evoked responses
in human infants and adults. Arch Otolaryngol 99, 30-33

Henschler D., Broser'F:, Hoof H.C. (1970) "Polyneuritis cranialis"
durch Vergiftung mit chlorierten Acetylenen beim Umgang mit
Vinylidenohlorid-copolymeren. Arehivs fiir Toxicologie 26, 62-75

Hernberg 'S., Nikkanen J., Mellen G., Lilius H. (1970)
S-amino-levulinic acid dehydratase as a measure of lead exposure.
Arch Environ Health 21, 140-145 .

Hernberg S. (1980) Epidemiology in occupational health. In: Zenz C.
(Ed) Developments in Occupational Medicine. Year Book Medical
Publishers, Chieago 3-40

Herskowitz A., Ishii N., SGhaumburg H (1971) n-Hexane_neuropathy,
N Engl J Med 285, B2-85 .

Hill A.B. (1977) A short textbook of medical statisties. Hodderjand
.Stoughton, London

Humphrey J H.C., McClelland M. (19&“) Cranial nerve palsies with
herpes fbllowing general anaesthesia. Br Med Jd 1, 315- 318 ‘

. Husman K. .(1980) Symptoms of car painters with long-term exposure to
a mixture of organic solvents. Scand J.Work Environ Health 6, 19-32

Husman K., Kaarli P. (1980) Clinical neurological findingsoamons
car painters exposed to a mixture of organic solvents. Scand J Work.
Environ Health 6 33-39

Husman'K., Seppildinen g;,.Karli P., Hernberg S., Eskelinen L. (1975)
The neurological and psychic effect of solvents on car painters.

In: Abstracts from the XVIII International eongress on ocoupational
health, Brighton, 496

- Ikeda M., Ohtsuji H., Imamura T. (1972) In vivo suppression of
benzene and styrene oxidation by co-administered toluene in rats and
effects of phenobarbital. Xenobiotica 2, 101~ 106

Ikeda M. (197&) Reciprocal metabolie inhibition of- toluene and
triehloroethylene in vivo and in vitro. Int Arch Arbeitsmed 33, 125—130

Ikeda T., Miyake H. (1978) Decreased learning in rats following
repeated exposure to toluene. Preliminary report. Toxicol lett
1, 235-239 ’

DUP050067893




- 196 -

_ Iregren A, (1982) Effects on psychological test performance of workers

o exposed to a &ingle solvent (toluene): A comparison with effects of

. , ‘exposure to a mixture of organic solvents. Neurobehav Toxicol Teratol.
! - In press. ’

Jenkins L.J., Jones R.A., Siegel J. (1970) Long-term inhalation
. ‘ screening studies of benzene, toluene, o-Xylene and cumene on
(. experimental animals. Toxicol Appl Pharmacol 16, 818—824 :

. Jockersireton E., Grabert K., Muller E., Pleiderer G. (1976) Serum
i . creatine kinase isoenzyme and neuromuacular disorders. Clin Chim Acta
2363 355‘371 ' . B

Juntunen J., Hupli V., Hernberg S., Luisto M. (1980) Neurological
pictura of organic solvent poisoning in industry. A retrospective
‘clinical study of 37 patients. ~ Int Arch Occup Environ Health 16,
219—231 : '

Keane J. R._(1978) Toluene optie neuropathy Ann Neurcl 4, 390

Kelly T.W. (1975) Prolonged cerebellar dysfunction associated with
paint sniffing. Paediatrics 56, 605-606

Kendrick D.C. (1982a) Why assess the aged? A clinical psyehologist's
view. Br J Clin Psychol 21, u7-5u

Kendrick D.C. (1982b) Psychometrics and neurological models: a reply
to br. ‘Rabbitt. Br J Clin Psychol 21, 61-62

King M.D., Day R. E. Oliver J.S.; Lush M., Watson J.M, (1981) Solvent
encephalopathy. Br Med J 283, 663-665

Kjellberg‘A., Strandberg M. (1979) The bffects of anesthetic gases
on the reaction time of anesthetic nurses. (In Swedish) Research
reports from the National Board of Ooeupational Sarety and Health.
Sweden 11, 1-12

Kjellberg A., wigaeus'E., Engstrém J., 1strand 1., Ljungquist E.
(1979) Long-term effects of exposure to styrene in a polyester plant.
(In Swedish: Langtidseffekter av styrenexposition vid en
plastbatsindustri) Arbete och Halsa National Board of Oocupational
Safety and Health (Solna, Sweden) 18, 1-25

: Knave B., Persson H., Goldberg M., Westerbolm P. (1976) Long—term

! exposure to jet fuel. An investigation on o¢cupationally exposed
i workers with special reference to the nervous system. Seand J Work
i ‘ Environ Health 2, 152-164

Knave B., Anshelm Olson B., Elofsson 8., Gamberale F., Isaksson A.,
‘ Mindus P,, Persson H.E., Struwe G., Wennberg A., Westerholm P. :
; (1978) Long-term exposures to jet fuel. II A cross-sectional
: epidemiologic investigation on occupationally exposed industrial
workers with special reference to the nervous eystem. Scand J WOrk
Environ Health 4, 19-45

DUP050067894




Knave B., Gamberale Fo, Bergstrom S., Birke E., Iregren A.,
Kolmodin-Hedman B., Wennberg A. (1979) Long-term exposure to
electric fields. A cross-seotional epidemiologic investigation of
occupationally exposed workers in high-~voltage substations. Scand
J Work Environ Health 5, 115=125 '

Knox W.J. and Nelson J.R. (1966) Permanent encephalopathy from toluene
inhalation. ¥ Engl J Med 275, 1494-1496

-Konietzko H., Elster I., Sayer M., Weichardt M., (1975) Zentralnervose
.Storungen durch Trichlorathylen. Staub-Reinhalt Luft 35, 2u40-241

Korobkin R., Asbury A.K., Sumner A.J., Nielsen S.L. (1975)
Glué-sniffing neuropathy. Arch Neurol 32, 158-162

Kroeger R.M., Moore R.J., Lehman T. H., Giesy J.D., Skeeters C.E. (1980)
Recurrent urinary caléuli associdted with toluene sniffing. J Urol
123, | 9-91

Lasek R.J., Hoffman P.N. (1976) The neuronal cytoskeleton, axonal
transport and axonal growth. ~In: Cell Motility, Cold Spring Harbor
conferences on cell proliferation. Cold Spring Harbor Laboratories
3, book €, 1021~ 1024 ‘

_'Lindstrom K. (1973) Psychological performances of workers .exposed to
various solvents, Work-Environ-Health 10, 151-155

Lindstrom K., Hirkdnen H., Hernberg S. (1976) Disturbances in
- psychological functions of workers occupationally exposed to styrene.
Seand J Hbrk Environ Health 2, 129-139

Lindstrom K., Hirkbnen H.D., Mantere P, (1978) Alcohol. consumption
‘and tolerance of workers exposed to styrene in relation to level of
exposure and. psychological symptoms and signs Scand J Work Environ
Health 4 suppl 2, 196-199

.Lisper H.0. (1969) Glassical reaction time .and signal rate in a
vigilance setting. Psychon Sei 17, 217-218

Lisper B.0., Kjellberg A. (1972) Effects of 2l-hours sleep

deprivation on rate of decrement in a 10-minute auditory reaction time.
J Exp Psychol 96, 287-290

Lisper H. 0 (1977) Fatigue in treffic (1n Swedish) Bilaga 1, SOU 2

Lisper H. O., Tornros J., van Loon J (1981) Effects of caffeine or
diazepam on subsiduary reaction time in a long term driving task.
In: L. Goldberg (Ed) Alcohol Drugs and Traffic Safety Vol 3 '

vMagiatretti M.C., Peirone E. (1961) The action of carbon disulphide
on cerebral monoamine oxidase. Hed Lay 52, 1-10 '

‘Magos L (1972) Toxieity of carbon disulphide. Ann Oceup Hyg 15,
303-309 S

Malm G.C., Lying-Tunnell U. (1980) Cerebellar dysfunction related to
toluene sniffing. Acta Neurol Scand 62, 188-190

DUP050067895




- 198 -

Mantel N. (1973) Synthetic Petrospective studies and related topics.,
Biometrics 24, N79-486

Maroni M., Bulgheroni C., Cassito M.G., Merluzzi F., Gilioli R.,
Foa V. (1977) A clinical neurophysiological and behavioural study of

. female workers exposed to 1, 1 1-trichloroethane. Secand J Work Environ

Health 3, 16-22

Mee A.S., Wright P.L. (1980) Congestive (dilated) cardiomyopathy in
association with solvent abuse. J R Soc Med T3, 671-672 :

Merry Je, Zaohariadis N. (1962) Addiction to glue sniffing.
Br Med J 2, 1448

Merry J (1967). Glue sniffing and heroin abuse. Br Med J 2 360

' Mikkelsen S, {1980) A cohort study of disability pension and death among

painters with special regard to disabling presenile dementia as an
occupational disease. Scand J Soo Med (Suppl ) 16, 3u4-43

Mitchell A4.B.C., Parsons-Smith B.G. (1969) Trichloroethylene neuropathy.
Br Med J, 1,412-3 ,

Moss A.H., Gabow P. A., Kaehny W. D., Goodman S.I., Haut L.L. (1980)
Fanconits syndrome and distal renal tubular acidosis after glue
sniffing. Ann Intern Med 92, 69-70

Muller G., Spassowski M., Henschler D. (1975) Metabolism of ,
trichloroethylene in man: III Interaction of trichloroethylene and
ethanol, Arch Toxicol 33, 173—189

Munehinger R. (1963) Der Nachweis zentralnervoser Storungen bei

'Lﬁsungsmittel—exponierten Artbeitern. Proceedings of the international

congress of occupational health, Madrid, 687-689

Naitoh P. (1970) The role of sleep deprivation research in human

_ factors. Human Factors 12; 575—585

Nelson H.E., O'Connell A. (1978) Dementia: the estimation of
pre-morbid intelligence levels using the new adult reading test.
Cortex 14, 234244

Noel P., Desmedth.'(1980) Cerebral, and far-field somatosensory
evoked potentials in neurological disorders involving the cervical
spinal cord, brainstem, thalamus and cortex. In: Desmedt J. (Ed)
Clinical Uses of Cerebral Brainstem and Spinal Somatosensory Evcked
Potengial. Prog Clin Neurophysiol 7, 205-230

O'Brien E.T., Yeoman G.B., Hobby (1971) Hepatorenal damage from
toluene in a glue-sniffer. Br Med J 2, 29-30

O'Donaghue J.L., Krasavage W.J. (1979) Hexacarbon neuropathy.
a y—diketone neuropathy? J Neuropathol Exp Neurol 38, 333

DUP050067896




- 199 -

Ogata M., Nagao I. (1968) Urinary m-methyl hippuric acid exeretion and
physiological changes in persons exposed to 200ppm m-xylene in an
exposure chgmber. - Jap J Indust Health 10, 75-79

Ogata M., Tomokuni K., Takatsuka Y. (1970) Urinary excretion of hippuric
aceid and m~ or p-methylhippuric acid in the urine of persons exposed to
vapours of toluene and m- or p-xylene as a test of exposure. ‘Br J Ind.
Med 27, 43-50

Ogata M., Takatsuka Y., Tomokuni K. (1971) Excretion of organic
chlorine compounds in the urine of subjects exposed to vapours of
trichloroethylene and tetraohloroethyleneJ Br J Ind Med 28, 386-391

Oh S.J., Kim J.M. (1976) Giant axonal swelling in "Huffers"_
neuropathy. Arch Neurol 33, 583-586

Oliver J.S., Watson J.M. (1977) Abuse of solvents for "kicks".
Lancet 1, 84-85

Olsen J., Sabroe S. (1980) a case-reference study of neuropsychiatric
disorders among workers exposed to solvents in the Danish wood and
furniture industry. Scand J Soc Med (Suppl) 16, HH-HQ

.Otto D (1977) Neurobehavioral toxioology problems and methods in
human regearch.. In: Zenick H. & Reiter L. (Eds) Behavioral .
Toxicology: An Emerging Discipline. EPA-600/9-77-042 U.S. Govt.
Printing Office Washington DC 10. 1-10.31

Otto D. (1982) The application of event-related slow brain potentials '
in ocecupational medicine. In: Gilioli R. (Ed) Neurobehavioral C
.Methods in Occupational Health. Pergamon Press, London. In press.

Otto D., Benignus V.,iMuller K., Barton C. (1981) Effects of age -
and body lead burden.on CNS function in young children I. Slow
oortioal potentials.. Electroencephalogr Clin Neurophysiol 52, 229-239

Otto, D. Benignus V., Miller K., Barton C., Seiple K., Prah J., :
Schroeder S. (1982) Effects of low to moderaté lead exposure on slow
- cortical potentials in young children: Two-year followhup study.
Neurobehav Toxicol Teratol In: press. : ’ ’ ’

Otto D., Benignus V., Prah J. (1978) The paradoxioal effeet “of

carbon monoxide on vigilance performance ‘and event related potentials
In: Otto D. (Ed) Multidisciplinary Perspectives in Event-Related PBrain
Potential Research. EPA-600/9-77-043 U.S. Govt Printing Office
Washington DC 440443 )

Otto D., Reiter L. (1978) Neurobehavioral assessment of environmental
insult. In: Otto D. (Ed) Multidisciplinary Perspectives in Event-Related
Brain Potential Research EPA-600/9-77-043 U.S. Govt Prining Office
Washington bC ﬂ09-416

Pant H. C., Gainer H. (1980) Properties of calcium activated protease
in squid -axoplasm which seleotively degrades neurofilament proteins.
J. Neurobiol 11, 1=-12

DUP050067897




-~ 200 -

(9

_Parkki M.G., Marniemi J., Vainio H. (1976) Action of styrene and-its
metabolites styrene oxide and styrene glycol on activities of xenobiotic
bilotransformation enzymes in rat liver in vivo. Toxicol Appl Pharmacol
38, 59-70

Paulson G.W., Waylonis G.W, (1976) Polyneuropathy due to n-hexane.
Arch Intern Med 136, 880

! PreSs B., Done A.X. (1967) Solvent sniffing. Paediatries 39, 451-461

"Erbékop L.D., Alt M., Tison J. (1974) "Huffer!s" neuropathy. J A M A 229,
TO83—108R : :

Rabbith P. (1982) How to assess the aged?‘ an experimental psychologist's
view. Some comments on Dr. Kendrick's paper. Br J Clin Psychol 21,
55-59

Reitan R.M. (1958) Validity of the trail making test as an 1ndicator of
organie brain damage. Perceptual and Motor Skills 8, 271-276

Riihimaki V.,.Laine A., Savolainen-K., Sippel H. (1982) Acute solvent-
~ ethanol interactions with special reference to xylene. Scand J Work
Environ Health 8, 77-79 ' '

i Rosen I., Haeger-Aronsen B., Rehnstrom S., Welinder H. (1978)
Neurophysioclogical observations after chronie styrene exposure. Scand
J WOrk Environ Health 4, suppl. 2, 184-194

Rowe M. (1981) The brainstem auditory evoked response in neuvological
disease: a review. Ear and Hearing 2, 11-51

3 Russ G., Clarkson A.BR., Wbodroofe A.J., Seymour A. E., Cheung I.K.P.
: - (1981) Renal failure from "glue sniffldg" Med J Aust 2, 121=-122

Sabri M.I., Moore C.L., Spencer P.S. (1979) Studies on the biochemical
basis of distal axonopathies. J Neurochem 32, 683-689

Sahenk Z., Mendell J.R., Couri D., Nachtman J. (1978) Polyneuropathy
from inhalation of N, O cartridge through a whipped cream dispenser.
Neurology 28, 485-487

Saida K., Mendell J.R., Weiss H.S. (1976) Peripheral nérve changes-
induced by methyl n-butylketone and potentiation by methyl ethyl ketone.
! .~ J Neuropathol Exp Néurol 35, 207-225

‘Salvini M., Binaschi S., Riva M. (1981) Evaluation of the
psychophysiological functions in humans exposed to trichloroethylene
Br .J Ind Med 28, 293-295

g Sasa M. (1978) Equilibrium disorders with diffuse brain atrophy in
: - long~term toluene sniffing. Arch Otorhinolaryngel 221, 163-169

Sato A., Nakajima T. (1979) Dose-dependent metabolic interaction
between benzene and toluene in vivo and in vitro. Toxicol Appl
Pharmaeol 48, 249-256 ' _ , ,

DUP050067898




- 201 -

Sato A., Nakajima T., Koyama Y. (1980) Effects of chronic ethanol
consumption on hepatic metabolism of aromatic and chlorinated
hydrocarbons in rats. Br J Ind Med 37, 382-386

Satran R., Dodson V. (1963) Toluene habituation. Report of a case.
N Engl J Med 268 719=-721

Saville P. (1971) A British supplemént to the manual of the Wechsler
adult intelligence scale. Windsor, NFER Publishing Company Ltd,

Savolainen H.'(1977) Some aspects of the mechanisms by which industrial
-solventa produce nsurotOxic.effects. Chem Biol Interact 18, 1-10

‘Savolainen H., Vainioc H., Helojoki M., Elovaara E. (1978)
Biochemical and toxicological effects of short-term intermittent .
xylene inhalation exposure and combined ethanol intake. Arch Toxicol
41, 195-205 :

,Savolainen K., Linnavuo M. (1979) Effects of m-xylene on human
equilibrium measured with a quantitative method. Acta Phatrmacol
Toxicol uu 315-318 .

Savolainen K.; Riihimaki V., Linnoila M. (1979) Effects of short-term
xylene exposure oh psychophysiological functions in man. Int_Arch
* Oceup Environ Health U4, 201-211

:Savolainen K., Riithimaki V., Seppidlainen A.M., Linnoila M. (1980)
Effects of short-term m-xylene exposure and physical exercise on the
eentral nervous system. Int Arch Occup Environ Health 45, 105-121

':Schaumburg H. H., Spencer P.S. (1976) Degeneration in central and
peripheral nervous systems produced by pure n-hexane: an experimental
study. Brain 9, 183—192 - L

_Schaumburg H.H., Spencer P.s. (1978) - Experimental hydrocarbons
produce degeneration in cat hypothalmus .and optile tract. Science
199, 199=200 . L

Schaumburg H.H., Arezzo J. Markowitz L., Spencer P. (1981)
Neurotoxicity assessment of chenical disposal sites. In: Lowrance -
W. (Ed) Assessment of Health Effects at Chemical Disposal Sites,

W. Kaufmann; Inc. Los Altos. CA, 81-104

_Seppalainen A. (1978) Diagnostic utility of neuroelectric measures
in environmental and occupational medicine. In: Otto D. (Ed)
Multidisiplinary Perspectives in Event-Related Brain Potentlal
Research, EPA-600/9-77-043 U.S. Govt{ Printing Office Washington
DC 448452 o :

Seppalbinen A., Tolonen M., Karli P., Hanninen H., Hernberg 8.
(1972) Neurophysiological findings in chronic carbon disulphide
poisoning. A descriptive study. Work-Environ-Health 9, 71-75

DUP050067899




- 202 -

Seppélﬁinen A., Tolonén M. (1974) Neurotoxicity of long-term
exposure to carbofi disulphide in the viscose rayon industry.
A neurophysiological sbudy. WorkeEnviron-Health 131, 145-153

_Sepp léinen A., Harkonen H. (1976) Neurophysislogival findings among
wopkers oocupatiohally exposed to styrene. Scand J Work Enviren
Health 2, 140-146

Sepp&léinen AM., Linfoila I. (1976) Elsetrophysiologieal
findings in rats with experimental carbon disulphidé heuropathy.
’Neuropathbi Apyl Neurobiol 2, 209-216 '

Seppalainen A., Husman K., Martenson C. (1978) Neurophysiologieal
effests of longsterm exposure to a mixture of organic solvents.
Scand J Work Environ Health M 304-314

Seppéléinen A.M., Raitta C., Huuskonen M.S. (1980) Nervous and

visual effedts of peoupatiohal n-hexarie @xposure. Ih: EEG and

clinieal néurophysiology Lechner H. and Aranibar A. (Eds) Ecespta =

- ggdica1Foundation, International Congress Series 526, Amstbrdam
666

Shivgbe 7. ; Tsuda T., Terao A., Araki S. (1974) Toxic polyneurdpathy
die to glue-sniffins. J Neurol Sei 21, 101+113- '

Siegel J Jones R, A., Coon R.A., Lyon J.P. (1971) Effect on
experimental animals of acute, repeated and .continuous inhalation
egpbsures to dibhloroacétylene mixtures. Toxidol Appl Pharmacol
18, 168-17& :

Sodertan €. KJellberg A, AnShelm Olson B., Iregren A. (1982)
.standardizaticn and évaluabion of a simple reaction timé test fop
use in behavioral toxilcodlogy investigations (In Swedish). Research -
reports frof National Board of Oeaupational Sarety and Health,

Swsden 27 .

Sokol 8., Jones K. (1979) Implieit time of pattern evokad
poteritials in infantsi .an index of maturation of spatial vision.
Vision Res. 19, T47-755 . . ’

Spenger P.S., SEhaumbefg H.H., (1975) Experimenbal neuropathy
produced by 2,5-hexanedione a major metabolite of the industrial
olvehg methyl f-butylketone J Neurol Neurosurg Psychiatry 33;

THi=

Spenser P.8., Schauiiberg H.H. (1977) Ultrastructural studies of
the dying-back process III. The evolutivh of peripheral giant
axonal degeheration. J Neuropathol Exb Neurol 36, 276-299

Spencer P,8,, Schaumberg H.H. (1977) Gentral peripheral—distal
axonopathy - the pathology of dying back polynéurbpathias. '
Pﬁogresa i1 Neutopathology 3, 253-298

Spencer P.8., Sabri M.I., SQhaumbePg H.H., Moore C.L, (1979)
. Does a defect of energy metabolism in the nerve fibre underilie
axonal degenheration in polyneuropathies? Ann Neurol 5, 501~507

4
DUP050067900

q




- 203 -

- Starr A, (1977) Clinical relevance of brain stem auditory evoked
potentials in brain stem disorders in man. Prog Clin Neurophysiol
2, 45-57 . ' '

Stewart R.D., Dodd H.C., Gay H.H., Erley D.S. (1970) Experimental
human exposure to trichloroethyleme. Arch Environ Health 20, 64-T1

Stewart R.D., Hake C.L., Wu A., Kalbfleisch J., Newton P., Marlow S.K.,
Vucicenic-Swama M.,(1977) Effects of perchloroethylene/drug interaction
on behavior and neurological function. National Institute for
Occupational Safety and Health Technical Information. U.S. Department’
of Health Education and Welfare 2-13

Stockard J., Hughes J., Sharbrough F. (1979) Visually evoked _
potentials to electronic pattern reversal: latency variations with
-gender, age and technical factors. Am j EEG Technol 19, 171-204

Stokholm J., Cohr K-H. (1979a) Exposure of humans to white spirit.

¥ Effect on the mucosae and the nervous system as measured by symptoms
and clinical examinations. Copenhagen, Arbejdstilsynet,

' Arbejdsmiljoninstituttet, Rapport nr 4, 1-14

Stokholm J., Bruhn P., COhr K—H. (1979b) Exposure of humans to white
spirit VI Effeot on neurophysiological functions. Copenhagen,-
Arbejdstilsynet, Arbeddmiljoninatituttet, Rapport 4, 31-51 '

Streicher H.Z., Gabow P.A., Mosa A.H., Kono D., Kaehny W. D (1981)
Syndromes of toluene sniffins in adults. - Ann Intern Med 94
758-762

Suzukl H. (1973) Autonomic nervous responses to experimental
toluene exposure in humans. Jap J Indstr Health 15, 379-384
(In Japanese, summary in English)

' 8wedish Work Envlronment Fund (1981) 801vents in the work environment.
Stockholm, Swedish work Environment Fund. :

Szendzikowski S., Stretkiewiez J., Hronska-Nofer T. Zdrajkowska I.,
(1973) Structural. aspects of experimental carbon disulphide neuropathy
I. Development of neurohistological changes in chronieally intoxicated
rats. Int Arch Arbeitsmed 31, 135-149 '

Taher S.M., Anderson R.J., McCartney R., Popovtzer M.M.,
Schrier R.W. (1974) Renal tubular acidosis associated with toluene
“aniffing“ - NEngl J Med 290, 765-768

Takeuchi Y., Mabuchi C., Tokagi S. (1975) Polyneuropathy oaused
by petroleum benzine, Int Arch Arbeitsmed 34, 185-197

Takeuchi Y., Hisanaga N. (1977) The neurotoxicity of toluene:
EBG changes in rats exposed to various concentrations Br J Ind
Med 3& 314-324

&

s Y

DUP050067901




- 204 -

Pakeuchi Y., Ono Y., Hisanaga ¥. (1981) An experimental study

‘on the combined effects of n~hexane and toluene on the peripheral

nerve of the rat. Br J Ind Med 38, 14-19

Taylor G.d., Hérris W.8. (1970) Glue sniffing oauses heart bloek
in mice. Science 170, 866-868 _

Tottgard.n., Nilsen'o.ﬁ‘, Gustafsson J-A. (1981) Changes'in
rat liver micrdsomal cytochrome P-U50 and enzymatic activities
after the inhalation of n-hexane, xylene, methyl ethyl ketone and

methylehloroform for four weeks. Scand J Work Environ Health

71 31“37

'Towfighi J., Gonatas N.K., Pleasure D., Cooper H.S., MeCree L.

(1976) Glue sniffer s neuropathy. Neurology 16, 238-243

Triebig G., Essing H-G., Schaller K-H., Valentin H. (1976)
Biochemische and psychologische Untersuchungen an Trichlorathyleri-
exponierten Probanden. Zbl Bakt Hyg; Abt Orig B 163, 383-U16

Tueting P, (1978) Event-related potentials, cognitive events and
infortiation processing: & summary of issues and discussion. Int

Otto . (Ed) Multidisciplinary Perspectives in Event-Related Braiu

Potential Research EPA*600/9—77~OH3 govt Printing Office
Washington DC 159-169

Utidjian H.M.D., Weaver N.K. (1974) Criteria for & hecnmmsnded :
standard: aéeupational exposure to toluene. J Occup Med 16, 107

Vainio H., Zitting A. (1978) Ihteraction of styrene and acetone
with drug biotransformation enzymes in rab liver. Ssand J Woprk
Environ Health 4 suppl 2, Br.52 : : »

Vasilescu C. (1972) Motor nerve conduation velocity and ,
elestromyogran in carbon disulphide poisaning Revue Roumaine
de Neurolgie 9, 63«71

Veronesi B., Peterson E.H., Spencer P.8. (1980) Reproduction

"~ and analysis of methyl n<butylketone neuropathy in organotypic

tissue culture. In: Neurotoxicology. Spencer and Schaumburg
(Eds) Williais and Wilkins, Baltimore 863-871

~ Vigliani E.C. (195”) Carbon disulphide poisoning ih viscose rayon

faetoriési Br J Ind Med 11, 235-244"

von Oettingen W.F., Neal P.A., Donshue D.D. (1942) The toxicity
and potential dangers of toluene. JAMA 118, 579584

" Waldron H.A., Cherry N., Johmston J.D. (1983) The effeexs of .

ethanol on blood toluenme concentrations. Int Arch Occ Environ
Health 51, 365-9. :

DUP050067902




- 205 -

Walter W.G., Cooper R., Aldridge V.J., McCallum W.C.,

Winter A.L. (1964) Contingent negative variation: an electric
sign of sensormotor association and expeotancy in the human
brain, MNature 203, 380~384

Wilkinson R.T., Colquhoun W.P. (1968) Interaction of alcohol
with incentive and with sleep deprivation. J Exp Psychol 76,
623-629 . -

Wilkinson R.T., Houghton D. (1982) Field test of arousal: a
portable reaction timer with data storage. Human Factors 24,
487-193 .

Will A.M., McLaren E.H. {1981) Reversible renal damage due to glue
sniffing. Br Med J 2, 525-526

Wilson H.M., Robertson H.A., Haldron H.A., Gompertz D. (1983) The
effect of alcohol on the kinetics of mandelic acid excretion in
volunteers exposed to styrene vapour. Br J Ind Med 40, 75-80.

Wilson R.H. (1943) Toluene poisoning. JAMA 123, 1106-1108

Winek C.L., Collom W.D. (1971) Benzene and toluene fatalities.
J Occup Med 13, 259

Winston S, Matsushita T. (1975) Permanent loss of ¢hromosome
initiation in toluene treated bacillus substilis cells.
J Bacteriol 123, 921-927 .

Wyon D.P., Lewis M.I., Kok R., Meese G.B. (1980) The effects of
moderate cold and heat stress on the potential work performance

of industrial workers. Part 1: Background and experimental procedures
National Building Research Institute, Council for Scientific and
Industrial Research Report 381, Pretoria

Yamamura Y. (1969) n-Hexane pdlyneuropathy."Folia Psychigt.ﬂedrdl :
23, "5-50 o

Zappoli R., Giuliano G., Rossi L., Papini M., Ronchi 0.,
Ragazzoni A., Amantini A. (1978) CNV and SEP in shoe industry
workers with neuropathy resulting from toxic effect of adhesive
solvents. In: Otto D. (Ed) Multidisciplinary Perspectives in
Event~Related Brain Potential Research EPA-600/9-77-043 U.S.
Govt Printing Office Washington DC 476-480

DUP050067903




