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ABSTRACT

Introduction: The potential for exposure to neurotoxicants in Lebanon is
high, especially in the absence of strict control and regulatory measures in
workplaces. Children working in vehicle spray painting, mechanical and other
trade workshops are at significant risk of exposure to organic solvents and, as
a result, may be at significant risk of developing clinical and subclinical signs
of neurotoxicity. To date, there has been no research available on
occupational toxic exposures in working children, despite working children

being exposed to a range of toxic substances.

Aim: This study aimed to investigate the association between exposure to
solvents and neurobehavioural performance of 10-17 year old working
children in comparison to groups of non-exposed working children and non-

exposed children at school.

Subjects: A convenience cross-sectional sample of 100 working children (10-
17 years) exposed to organic solvents at work (spray painting, mechanical,
and furniture painting), a positive control of 100 non-solvent exposed working
children, and a negative control of 100 non-working, non-exposed school
children were recruited to the study. All the children were males. The exposed
and non-exposed groups were matched, as far as possible, on geographic

location of residence and age.
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Materials and Methods: Neurotoxic effects were assessed using both a
standardised questionnaire derived from the Swedish Q16 Neurotoxic
questionnaire and the child’s performance on a selection of computerised and
non-computerised neurobehavioural tests. Exposure levels to solvents were
measured using personal indirect passive samplers (3M Brand Organic
Vapour Monitors). Exposure levels for hexane, MEK, benzene, toluene,
xylene and styrene, were analysed using gas chromatography. In addition to
the individual solvent exposure levels found, cumulative hygienic effect levels

of exposure were calculated for each sample.

Results: Analysis of the computerised neurobehavioural tests showed that,
working exposed children had significantly slower mean reaction time on the
PIPS Choice Reaction Time, PIPS Dual Tracking Task, PIPS Symbol Digit
and the NES2 Continuous Performance Test than children in the working non-
exposed and school-groups. The average length of sequence in the PIPS
Spatial Memory Search was also significantly shorter for children in the
working exposed group than the other two groups indicating poorer memory
performance. Analysis of the non-computerised tests demonstrated that
working exposed children performed significantly worse than the two non-
exposed groups (working and non-working) on the motor dexterity (Grooved
Pegboard) and memory (WISC-R Digit Span) tests. These differences
between working exposed children and the other two groups remained when
the analysis controlled for potential confounding variables such as age and

education.

iii



Analysis of workplace exposure measures showed that working exposed
children had significantly higher levels of hexane, MEK, benzene, toluene,
xylene and styrene, than the working non-exposed and school children. In the
working exposed children, almost two thirds (67%) were found to have a
cumulative hygienic effect level of more than 1.0. Analysis of the relationship
between workplace exposure and performance on the neurobehavioural tests
showed that children with exposure levels above the hygienic effect threshold
performed significantly worse on a number of tests, specifically those which
assessed functional domains in reaction time and memory functions. Working
children with higher solvent exposure showed significantly higher reporting of
neurotoxic symptoms with specific solvents of MEK, toluene, xylene and
styrene found to be associated with more symptoms. Furthermore, multiple
regression models revealed significant dose-response relationships, with
poorer performance on the neurobehavioural tests with increasing cumulative
exposure for the PIPS Choice Reaction Test, PIPS Symbol Digit, NES2 CPT,
WISC-R Digit Span, and the Grooved Pegboard. Specifically, benzene, xylene
and styrene exposure significantly predicted slower reaction time and |0Wer

accuracy and hand-eye /motor coordination in a number of measures of these

tests.

Conclusion: This study has identified that there is an association between
exposure to solvents and lower neurobehavioural performance with significant
neurobehavioural deficits among children exposed to solvents in comparison
to working children not exposed to solvents and non-working school children.

Reaction time, memory and motor dexterity appear to be particularly affected

iv



in solvent exposed working children. This study suggests that urgent action
needs to be taken to address the effects of exposure in this group of children
before further deterioration in performance. A large percentage of solvent
exposed working children in Lebanon are at high risk of developing
neurobehavioural deficits that are likely to compromise their capacity to
respond quickly and safely to new demands and to learn new information,

especially since long-term effects are unknown.
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CHAPTER ONE: INTRODUCTION

Child labour is a problem around the world and one of the social problems in
Lebanon, especially in underserved urban neighbourhoods of the major cities
and in rural areas. This phenomenon is attributed to poverty, loss of or injury to
parents during the civil war, low educational status of parents, lack of
recreational activities for the children, divorce and loss of work opportunities for
the parents, along with the increasing number of students leaving their schools
for economic reasons or lack of interest. It has been reported that in spite of
sevéral national laws and international agreements which ban child labour,
more than 40 thousand children less than 18 years of age are active
participants of the labour force in Lebanon (4.6% of the labour force) (Issa and
Houry, 1998). In the absence of workplace control measures, children working
in mechanical and other trade workshops are at significant risk of exposure to
organic solvents and as a result at significant risk to develop clinical and

subclinical signs of neurotoxicity

Previous studies have investigated the magnitude of developmental
neurotoxicity and the effects of environmental exposure of children to lead,
methylmercury, pesticides and other toxins. However, there have been no
published studies that have investigated the association between neurotoxicity
and solvent exposure of children in the workplace. Research on solvent
exposure among children is still limited to glue sniffers and solvent abusers,

who often have other confounders, such as alcohol use and malnutrition.



Most research, which has been conducted on adults and more recently adults
exposed to low concentrations of solvents, suggests that solvents have an
effect on the central nervous system and neurobehavioural performance and
exposure to solvents has been associated with several neurobehaviourél
effects, such as loss of dexterity, delayed reaction time, lack of concentration
and loss of memory (Xiao and Levin, 2000; Tsai et al., 1997). Many studies
conducted have shown clear dose-effect relations between the degree of
exposure and the magnitude of the associated neurobehavioural deficits (White

and Proctor, 1997).

There have been no published studies that address occupational solvent
exposure in children. This thesis will investigate the effects of child labour and in
particular will address the issue of the significant gap in evidence on the
consequences of toxic exposures in working children and the ur;derlying effects
manifest in adulthood. This study will also examine the neurotoxic effects of
exposure to relatively high concentrations of solvents in a younger more

susceptible population for the first time.

1.1 AIM OF THE STUDY

The study aims to investigate the association between exposure to solvents and
neurobehavioural performance of 10-17 year old working children in comparison

to groups of non-exposed working children and non-exposed children at school.



1.2

1.3

STUDY OBJECTIVES

To measure the exposure levels to solvents in working children in

Lebanon.

To identify the major types of solvents working children are being

exposed to.

To examine the neurobehavioural and neuropsychological effects of

chronic exposure to solvents in working children

To evaluate whether some neurobehavioural functions in working
children are affected more than others on different neurobehavioural and

neuropsychological tests.

To assess the relationship between duration of exposure and

performance on selected neurobehavioural and neuropsychological tests

STUDY HYPOTHESIS

There is an association between solvent exposure levels and neurobehavioural

effects in working children exposed to solvents in Lebanon.

1.4

OVERVIEW OF THE STUDY

Chapters One, Two and Three will present the introduction and literature

reviews for this study. Chapter Two will present the literature on child labour

and discuss the effects of child labour, whilst Chapter Three will introduce toxic

exposures and the effects of toxic exposures on adults and children. Chapter



Four will provide a discussion on the methodological issues which need to be
addressed in conducting sound neurobehavioural research and the attempts
which will be made to address these issues in the development of this study.
Chapter Five will introduce the research methods and materials this study will
undertake. Chapter Six will present the analysis of the results of the study and
Chapter seven will undertake to discuss these results. The final chapter,
Chapter Eight will present the conclusions drawn from the study and

recommendations will be presented.



CHAPTER 2: CHILD LABOUR

2.1 Overview of the Chapter

The following section sets the scene and outlines the extant literature pertaining
to child labour, the factors contributing to child labour and the effects of child
labour on the health and well-being of children with a focus on child labour in
Lebanon. The definition of child labour will be presented as well as global

estimates and figures.

2.2 What is Child Labour?

Children work around the world, especially in developing countries where they
play a major economic role for the family and the economy of the couniry. The
literature on working children is extensive and highlights the reasons children
are working and the negative consequences of specific work situations children

are working under.

Working per se is not the problem for children, especially older children, where
work such as babysitting or grocery bagging is seen fo encourage the
development of the child’s self discipline and independence. A study conducted
by the NSW Commission for Children and Young People in Australia, found that
children aged between 12 and 16 years who were working in jobs such as
babysitting, newspaper deliveries or general farm hand work, found work

rewarding and saw it as an opportunity to exercise autonomy, develop skills and



obtain some form of income (Fattore, 2005). However when the job a child does
becomes exploitative and potentially harmful to the child's health, this becomes
a problem. There is an ongoing concern that exploitative work for children is a
growing phenomenon throughout the world. This issue will be tackled in this
thesis. In particular the thesis will address the issue of the significant gap in
evidence on the consequences of toxic exposures in working children and the

underlying effects manifest in adulthood.

International authorities on safety and health at work such as the International
Labour Organisation (ILO) and the World Health Organisation (WHO) have
focused on the adverse impacts of children working and have used the term
“child labour” to describe this problem, however, no clear definition of child
labour has yet been conceptualised and definitions differ somewhat between
different organisations. The United Nations (UN) defines child labour as “all
forms of economic exploitation, any work that is likely to be hazardous or
interfere with the child’s physical, mental, spiritual, moral or social development”
(United Nations, 2003). The International Labour Organisation (ILO) has a
broader definition and states, “Child labour is remunerated or unremunerated
work by a young person under a certain age, the work of which impairs their
personal development, health, safety, well being physically, mentally and
psychologically, impairment of which is in violation of national or international
law” (ILO, 1997). The International Labour Organisation International
Programme on the Elimination of Child Labour (ILO/IPEC) defines child labour
more categorically and comprehensively as “work situations where children are

compelled to work on a regular basis to earn a living for themselves and their



families, and as a result are disadvantaged educationally and socially; where
children work in conditions that are exploitative and damaging to their health
and to their physical and mental development; where children are separated
from their families; often deprived of educational and training opportunities;
where children are forced to lead prematurely adult lives” (ILO/IPEC, 2002).
Although these definitions are not the same, they have notable similarities in
that they identify the exploitation of children, the denial of their human rights and
well-being, deprivation of their right to health, education and childhood and the

denial of a decent future (Nkurlu, 2000; Forastieri, 2000).

Definitions of the child also differ. UNICEF (2003), has defined children in the
convention on the rights of the child, “as all human beings under the age of 18,
unless the relevant national laws recognize an earlier age of majority”. UNICEF

also highlights the distinction between “child work” and “child labour”.

“Child" and "childhood" are also defined differently in different cultures — and
the definition is not necessarily delineated by age. Social scientists point out
that children’s abilities and maturities vary so much that defining a child’s
maturity by calendar age can be misleading (Boyden et al., 1998). For instance:
International conventions adopted by the United Nations and the International
Labour Organization define "child" as anyone below the age of 18, and "child
labour" as some types of work performed by children below age 18 (United

Nations, 2003). And yet governments adding to the confusion variously define



the appropriate minimum age of work as age 15 or under 14 in developing

nations (Images of child labour (date unknown)).

Overall, the issue of child labour and the protection of children from hazardous
work has been one of the aims of the International Labour Organisation since its
creation in 1919 as stated in its constitution (ILO, 1997). Hazardous work by
children has been defined by the ILO convention Nos. 138 and 182, as “work
likely to jeopardize and/ or harm the health, safety or morals of children”
(Nkurlu, 2000). The International Programme on the Elimination of Child Labour
(IPEC) and the Statistical Information and Monitoring Programme on Child
Labour (SIMPOC) (2002) also explain that hazardous work by children
constitutes any activity or occupation which, by its nature or type has, or leads
to, adverse effects on the child's safety, health (physical or mental), and moral
development. Hazards could also derive from excessive workload, physical
conditions of work, and /or intensity in terms of the duration or hours of work

even where the activity or occupation is known to be non-hazardous or ‘safe’.

Although many restrictions exist in most nations and the 175 member states of
ILO have pledged to abide by ILO restrictions, many children still work (ILO,
2002). The ILO Minimum Age Convention, 1973 (No. 138) together with the ILO
resolution concerning the progressive elimination of child labour (1979) and the
ILO Worst Forms of Child Labour Convention, 1999 (No. 182) set the
framework for international policies on the elimination of child labour. The
minimum age convention (No.138) expresses that the minimum age for entry

info employment should not be less than the age of completion of compulsory



schooling whereas the Worst Forms of Child Labour Convention (No. 182)
passed in 1999, specifies that persons carrying out work in circumstances
which are hazardous and likely to jeopardize the health, safety, or morals of

young persons may not be less than 18 years of age (ILO, 2002).

2.3 Global Estimates of Child Labour

In order to address the impact of child labour, it is important that global
estimates are established. The ILO has attempted to establish global estimates
of the number of children at work but has faced serious difficulties due to
inconsistencies in the definition of child labour and to the lack of reliable
national statistics (Forastieri, 2002). These estimates have been reported and
used by most studies on child labour in the absence of more accurate and
reliable data. Recent data published by the International Programme on the
Elimination of Child Labour (IPEC) and Statistical Information and Monitoring
Programme on Child Labour (SIMPOC) (2002), have categorised estimates of
working children into three groups including, “economically active children”,
“children in hazardous work” and “children in unconditional worst forms of child

labour that requires elimination”.

“Economically active children” is a broad category that encompasses most
productive activities by children whether paid or unpaid in the formal and
informal sectors including illegal work (IPEC/SIMPOC, 2002). It is, however, not
the same as “child labour which needs to be eliminated” as per the ILO
Minimum Age Convention, 1973 (No. 138) and the ILO Worst Forms of Child

Labour Convention, 1999 (No. 182) which includes estimates of only the



number of children involved in the worst types of exploitative work for example;
trafficking, forced and bonded labour, armed conflict, prostitution, pornography,

and illicit activities.

“Children in hazardous work”, has been explained earlier and includes work
which by its nature or type may lead to adverse effects on the child’s safety,
health and moral development. The category, “children in unconditional worst
forms of child labour that requires elimination”, includes all forms of slavery,
trafficking of children, debt bondage, forced or compulsory labour, prostitution,
pornography and engaging the child in illicit activities including the production

and trafficking of drugs (ILO/SIMPOC, 2002).

Based on these definitions and criteria IPEC and SIMPOC (2002) have
estimated that there were 211 million children between the ages of 5 and 14 at
work in economic activity in the world in the year 2000. This accounts for a little
less than one-fifth of all children in this age group with approximately 73 million
economically active children being less than 10 years old. The total
economically active child population 5-17 years old is estimated at 352 miilion

children as displayed in Table 2.1 below.
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Table 2.1: Global estimates of economically active children ages 5 to 17 in

2000.
Age Group | Total Population Number at work Work ratio
(000’s) (000’s) (%)
5-14 1,199,400 210,800 17.6
16-17 332,100 140,900 42.4
Total 1,631,100 351,700 23.0

Source: IPEC and SIMPOC (2002)

The IPEC/SIMPOC (2002) study also provides estimates on the category “Child
labour” which has been defined as a narrower concept than “economically
active children”, excluding all those children 12 years and older who are working
only a few hours a week in permitted light work and those 15 years and above
whose work is not classified “hazardous”. It is estimated that there were about
186 million child labourers below the age of 15 in the world in 2000. About 110
million were below the age of 12 whilst among the children in the larger age
group 5-17, there were approximately 246 million children in child labour that

requires elimination (ILO/SIMPOC, 2002).

An estimated 171 million children ages 5-17 were estimated to work in
hazardous situations or conditions in 2000. There%ore children in hazardous
work make up about half the number of economically active children and more
than two thirds of those in child labour. IPEC/SIMPOC also found almost 55 per
cent of very young child labourers (i.e. those below 12 years of age) were

already working in a hazardous occupation or situation. Although not presented
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in the table below, an estimated 8.4 million children are working in unconditional

worst forms of child labour (ILO/SIMPOC, 2002)

Table 2.2: Global estimates of working children using three different definitions

Age Economically Active Child Labour | Children in Hazardous
Group Children (‘000s) (‘000s) work (‘000s)

5-14 210,800 186,300 111,300

16-17 140,200 59,200 59,200

Source: IPEC and SIMPOC (2002)

In terms of gender differences, IPEC and SIMPOC (2002) estimates show that
there are no significant gender differences in the global incidence of children in
economic activity. In both the 5-9 and 10-14 age brackets, boys and girls are
equally likely to be engaged in economic activity however this changes when
examining the more narrowly defined group of child labourers. On average,
more boys tend to be exposed to child labour than girls and this pattern
becomes more pronounced with increasing age. In the 5-14 age brackets, the
gender distribution of child labour is roughly even, however it then tilts towards
boys particularly so in the 15-17 age group (57 per cent boys versus 43 per cent
girls) where estimates show that child labour is automatically equated with
hazardous work (IPEC and SIMPOC, 2002). According to these estimates, this
suggests that older boys may be at risk of working in hazardous work. Hadi
(2000) illustrates this trend in a study conducted on working children in

Bangladesh where more boys than girls were in the workforce and older
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children and boys suffered more child abuse including exposure to hazardous

work than younger children and girls.

For all categories, the Asian-Pacific region harbours the largest number of child
workers in the 5-14 age category, 127.3 million in total. This is followed by Sub-
Saharan Africa, Latin America and the Caribbean with 48 million and 17.4 million
respectively (IPEC and SIMPOC, 2002). The highest proportion of working children
however was noted in Sub-Saharan Africa with 29% of children in this age group
working. The number of children in the 5-14 age category in the Middle East and
North Africa has been estimated at 13.4 million with 15% working. Not surprisingly,
the incidence of child labour is lowest in developed countries; however this is not to
say that it does not exist and that child labour is limited to developing countries.
Estimates have indicated that more than 5 million children and adolescents in the
United States (US) are legally employed either part-time or full-time (Woolf et al.,
2001; Landrigan and McCammon, 1997) with an estimated 1 to 2 million employed
in violation of provisions of the Fair Labour Standards Act (FLSA) (Widome 1996
cited in Woolf 2001). Conley (2000), reports that 60 000 children working in the US
are under the age of 14 and migrant workers make up the majority of child
labourers. While an estimated 32.6% of German and 43% of United Kingdom teens

15-19 years old are employed (Woolf, 2002).

The above statistics exemplify that the scope of child labour is global involving
significant numbers of children in both developing and developed countries;
however, the ratio of children active in the labour force is worse in some regions

than others as displayed in Table 2.3 (Woolf, 2002; IPEC and SIMPOC, 2002). The
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worst estimates were found in Sub-Saharan Africa followed by Asia and the Pacific
regions. Developed nations have the lowest work ratio of economically active

children.

Table 2.3: Regional estimates of economically active children ages 5-14

in 2000
Region Number of children | Work Ratio
(in millions) (%)

Developed economies 2.5 2
Transition economies 24

Asia and the Pacific 127.3 19
Latin America and Caribbean 17.4 16
Sub-Saharan Africa 48.0 29
Middle East and North Africa 13.4 15
Total 211 18

Source: IPEC and SIMPOC (2002)

All the data that has just been discussed are global estimates supplied by the
IPEC and SIMPOC report and are limited to 29 national household surveys
mostly conductied in the late 1990s. Only ten of these surveys were specifically
designed to measure child labour and were conducted under the ILO, SIMPOC
project: Kenya 1999, Namibia 1999, Nigeria 2000, Pakistan 1996, Portugal
1998, South Africa 1999, Sri Lanka 1999, Turkey 1994, Ukraine 1999 and
Zambia 1999. The other 19 surveys were a mixture of broad-based household
and community surveys which were conducted as part of the World Bank's
programme of Living Standards Measurement Surveys and included Azerbaijan
1995, Bolivia 1999, Brazil 1998, Cambodia 1996, Cameron 1996, Colombia
1998, Costa Rica 1998, Egypt 1998, El Salvador 1999, Ghana 1997,

Kazakhstan 1996, Mauritania 1995, Mexico 1996, Paraguay 1999, Philippines
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1998, Senegal 1995 and national statistical programmes in Bangladesh 1999,
India 1994 and Yemen 1997. Whilst these estimates are the most recent and
most commonly used and cited in child labour research, caution in
generalisability and accuracy of these estimates needs to be undertaken. With
only 29 countries participating in the household surveys, these estimates may
not truly be reflective of the factual global and regional estimates. Moreover, the
reliability of these results is not ensured since only 10 of these countries
collected data specifically for child labour within the ILO, SIMPOC project.
However in the absence of more reliable data and global estimates, these

statistics are sufficient for the purposes of this thesis.

2.4 Child labour in Lebanon

In spite of several national laws and international agreements which ban child
labour, more than 40 thousand children less than 18 years of age are active
participants of the labour force in Lebanon (4.6% of the overall labour force)
(Issa and Houry, 1997). Whilst Table 2.3 earlier indicated that the magnitude of
child labour may be less devastating in the Middle East than in other developing
countries, child labour has been reported as one of the social problems in
Lebanon of increasing magnitude especially in underserved urban
neighbourhoods of the major cities and in rural areas (Issa and Houry, 1997,
CAS and UNICEF, 2002). The civil war in Lebanon between 1975 and 1990 left
the country with a shatiered economy, disintegrated and paralysed

infrastructure and an impoverished middle class (Fischbach, 1998). Following
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the war, the phenomenon of working children began to increase mainly due to
poverty, loss of or injury to parents, low educational status of parents, lack of
recreational activities for the children, divorce and loss of work opportunities for
the parents, along with the increasing number of students leaving their schools

for economic reasons or lack of interest (Nuwayhid et al., 2001).

There have been various reports in the last decade estimating the number of
working children in Lebanon. An earlier National report on child labour in
Lebanon found that working children between 10-14 years and 15-19 years of
age constituted 0.6 percent and 5.5 percent of the Lebanese labour force
(estimated at 944,281), respectively. Most of the 10-14 year old working
children were full time paid workers and the majority of the males in the report
were employed in metal works, handicrafts, and artisan production (Hamdan,

1997).

In total, working children in Lebanon constitute 6.4 percent of the labour force
and 8.3 percent of the total number of children aged 10-17 years (Diab, 2001).
However, there are variations between the age groups 10 to 13 and those aged
14 to 17 years. The working children in the first group (10-13 years) represent
1.9 percent of the total number of children in that age group whereas working
children of the second age group (14-17 years) represent 14.5 percent (Diab,
2001). A more recent national survey also reported similar estimates in that
1.8% of the 10-14 year old children and 11.3% of those aged 15-18 years work

(CAS and UNICEF, 2002). The age distribution of working children in Lebanon
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is presented in Table 2.3. Whilst it should be noted that cases of working
children below 10 years of age are rarely reported in Lebanon they do exist.
CAS and UNICEF (2002) have for the first time covered the situation of children
in the age group 5-9 years of age where it was found that 4.6% of children in
this age group helped their family in their work. Around two thirds (67.5%)
worked for less than 4 hours and 6.8% worked for 4 hours or more per day.
Similarly a study conducted by UNICEF on working children (1995) indicated
that 43 per cent of working children recorded an early entry into the labour
market (10-13 years), whereas 21 percent began work before they were 10
years. As reported earlier by Hamdan (1997), and consistent with earlier global
estimates, the majority of the working children are males (89.4 percent). A
smaller proportion of working girls were reported in Lebanon either because
fewer of them were sent to work especially at an early age (Diab, 2001) or

because girls mostly worked in the informal sector and were not captured by

surveys.
Table 2.4:  Age distribution of working children in Lebanon
Age group Number of Total number of Percentage of
working children children working children
10-13 5,108 262,360 1.9
14-17 38,307 263,466 14.5
Total 43,415 525,826 8.3

Source: Diab, 2001
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Child labour in Lebanon is not equally distributed across the country, but clearly
associated with the poor outskirts of the country (CAS and UNICEF, 2002). The
distribution of working children over the different regions in Lebanon coincides
with the spread of poverty conditions (ILO/IPEC, 2002). The region of North
Lebanon has the highest proportion of working children with respect to the two
age groups 10-13 years and 14-17 years. It is followed by the region of Bekaa,
then Beirut, Mount Lebanon and the South for the 10-13 age groups and the
south, Bekaa, Mount Lebanon and Beirut for the 14-17 year age group (CAS
and UNICEF, 2002). Overall the districts of Tripoli, Minyeh, Akkar, Baabda,
Baalbeck, Zahleh, Saida and Tyre have about 80% of working children aged 10-

13 years (Issa and Houry, 1997).

Unfortunately not many studies exist on child labour in Lebanon and therefore
the scope and reasons for employment are limited to a number of descriptive
studies. However from the studies available, it is clear that the majority of
working children have low school enrolment rates, consequently dropping out of
school as a result of failure in their studies. UNICEF (1995) reported that 37.5%
of working children in Lebanon were illiterate or had not finished their
elementary education, compared to national illiteracy levels of 1.6 percent and
2.4 percent for the 10-14 year age group and 15-19 year age group respectively
(Central Administration of Statistics, 1997). The more recent national survey
found that 3.8% of working children in the age group 10-14 years were illiterate
and 70% had a primary level education whereas in the 15-18 year age group

1.6 % were illiterate and 61.2% had primary level education (CAS and UNICEF,
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2002). Furthermore, the educational level of the children was found to be similar
to that of their parents. UNICEF (1995) and ILO/IPEC (2002), found that
working children mainly came from poor families having a low educational level.
Children were usually employed in the same kind of work as their fathers and
had a lower educational level than non-working children of the same age. Issa
and Houry (1997) also reported that almost all (92%) of the working children in
their study aged 10-13 years lived in families whose head of household had
received only primary education or was illiterate. Similarly, Hamdan, (1997),
found that 50 percent of children were working due to economic reasons, 33
percent in order to gain a profession and 14 percent because they had failed in

their studies.

The majority of working children were paid very low salaries, all of them earning
rates below the minimum wage rate declared by the Government (UNICEF,
1995). Hamdan (1997), also revealed that 65 percent of children get less than
half the minimum wage rate. The same study found that 90 percent of working
children worked for more than ten hours a day and were not registered by
employers in the National Social Security Fund (NSSF); therefore they were not
covered by health or medical insurance. In the 10-14 year age group, most
working children were employed in artisan production (49 percent) followed by
trade and service (23 percent) whereas 56.5% worked in artisan production and
18.9% as unskilled employees in the 15-18 year age group (CAS and UNICEF,
2002). Eleven percent of working children were reported to be employed in the

agriculture sector, and 5 percent were working in construction (ILO/IPEC,
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2002). The report also found that children in urban areas worked in jobs
predominantly trade-related whereas in the rural sector, agricultural work
predominated. The kind of work a child did was probably linked to the
availability of employment for children, rather than intended selection of sectors.
Although, it may also be argued that children preferred specific sectors because

of their own or their parents desire for them to learn a trade.

Most of children work in small industrial workshops with minimal control of
hazards and practically total absence of protective measures or equipment. An
investigation of the work environment and work activities of children working in
mechanical, carpentry, autobody repair and spray-painting workshops in
Lebanon (Nuwayhid et al., 2001), found that the workplaces visited lacked basic
hygienic principles including washing basins, soaps and toilets. Children
reported using chemicals to “wash” grease and paints from their hands, while
control measures and the use of protective personal equipment was almost
non-existent and missing from the majority of the 98 workplaces visited.
Furthermore, a more recent investigation of the physical and mental health of
working children in Lebanon (Nuwayhid et al., 2005) revealed that working
children are disadvantaged compared to non-working children. It was found that
the nutritional intake of the working children was poorer than non-working
children. Working children also reported more health problems and injuries.
Physical examination and laboratory tests showed that more working children

were anaemic and had a higher blood lead level than non-working children and
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the condition of their skin reflected the jobs they were involved in showing a

clear indication of working with tools or chemicals.

25 Lebanese Labour Laws

In 1996, Lebanon adjusted its labour faw by increasing the legal age at which
children are allowed to work from 8 to 14 years. More recently, Lebanese
legislation pertaining to child labour has undergone tremendous positive
developments, although many gaps still remain in the level of implementation.
Lebanon ratified ILO convention 136 pertaining to the prevention of intoxication
hazards resulting from benzene in 1999 where the government undertook
various technical measures that ensured effective protection of exposed
workers to benzene and its products. Employment of youth under 18 years of
age is considered an infringement of the conventions articles. Lebanon also
ratified ILO Convention No 138 in 2002 which sets the minimum age for child
labour, whereby the minimum set age should not be less than the age required
to complete compulsory education, (i.e. 15 years of age). Other Lebanese
labour law decrees addressing the physical, mental and social protection of
working children were suggested for amendment to include: (OHCHR, 2003; US

Department of Labour 2003)

» Ensuring that the number of working hours per day do not exceed 6 hours
with one hour break after each consecutive 4 hours for those below 18

years of age

» Requiring a minimum of 13 hours of rest between every two work shifts
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Giving the working child, after one year of employment, the right for 21

days of vacation with full payment

Prohibiting in an absolute manner, assigning overtime work to youth, or
making them work during their daily and weekly rest period, during
holidays and occasions and forbidding night employment from 7 in the

evening until 7 in the morning

Performing a medical examination on working children to establish their

ability to perform the tasks of the job
Providing a minimum of 36 consecutive resting hours each week

Requiring the employer to register the working child in the National Social

Security Fund after three months of employment

Prohibiting children’s employment in dangerous occupations such as
mining, cooling and electrical industries, demolition, dying, chemical
materials, soap and copper production, or in occupations that require

lifting heavy objects or using fuel

However, the laws are not strictly applied and children are still working in

hazardous conditions in Lebanon (Nuwayhid et al., 2005; Nuwayhid et al., 2001;

Saddik and Nuwayhid, 2003). Furthermore working children less than 20 years

of age are disadvantaged because of law No. 36/67, which states that the

minimum wages for employees and workers apply only to those who are over

20 years of age (Diab, 2001), therefore providing no protection for children in

terms of sufficient and fair remuneration for their services. Nuwayhid et al.,
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(2005) found that 80% of children who had been working for two or more years
were receiving less than half the Lebanese minimum wage of about US$50
(equivalent to 70000 Lebanese pounds) per week which would barely meet the

family’s basic needs like house rent, food or education.

More information is still needed about the work hazards, work exposures and
conditions to which working children in Lebanon and other developing countries
are exposed to and about the types and frequency of physical activities they do
at work. These are important to guide any policy action that aims to prevent
child labour and to promote awareness of it. Moreover, there is a need to
investigate particular problems among working children be it mental health,
exposure to heavy metals, neurophysiological and neurobehavioural

impairment, injuries and the like.

2.6 Motivators for Child Work and Labour

Children work for a variety of reasons, the most important being poverty and the
induced pressure upon them to escape from this plight. (Gharaibeh and
Hoeman, 2003; Kapinga, 2000). Case studies cited in Del Rosario and Bonga
(2000), and more recent studies by Lim (2002) and Alonza and Edillon (2002)
argue that poverty is the foremost determinant of child labour in the Philippines.
Though children are not well paid, they still serve as major contributors to family
income in developing countries and are often prompted to work by their parents
(Nkurlu, 2000). Children may provide 256% or more of a family’s total income,

and many ftraditional cultures include child labour as an integral part of the
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child’s socialization and achievement of status in the local community (Woolf,
2002). Income from child labour, therefore, is welcome to very low-income
households, whether it is in the rural or urban setting. Because of poverty,
households need their children’s earnings to augment their household’s
incomes therefore; children are forced or pressured by their parents or head of
household to work, interfering with their education and potentially exposing
them to health risks (Aldaba et al., 2002). Syed et al., (1991) found that parents
represented 62% of the source of induction into employment, whereas only 8%

of children contributed to this decision.

Schooling problems also contribute to children working, whether it is the
inaccessibility 6f schools owing to distance or the lack of quality education
which spurs parents to enter their children into more profitable and long term
pursuits (Siddigi and Patrinos, 1996; Edralin, 2002). The high cost of education
for poor families is also an overriding factor in why children of poor households
do not attend school (Aldaba et al.,, 2002). Alonzo and Edillion (2002) have
reported on the vicious cycle that occurs between the lack of education and
child labour which impacts on future generations. They state that the heads of
poor households are likely to have low levels of education and often household
poverty can be ascribed to the heads having low education attainment
themselves therefore not realising the benefits of education for their children.
Similarly, Lim (2002) points out that the educational levels of the parents,
household head or mother of the family have a strong bearing on the decision

whether to send children to school or to allow the children to work. The need to
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survive on a day-to-day basis far outweighs the long-term benefit of education

at least in short-term decision making.

There is also the factor of children being favoured over unskilled adults in some
lines of work because of their physical characteristics (Aldaba et al., 2002). It
has been reported that drug traffickers prefer to use children in their operations
because they are harder to detect (ILO/IPEC, 2002), employers in the hand-
woven carpet industry prefer the nimble fingers of child workers (Lansky, 1997)
and fishing expeditions favour children because of their small sizes which
means they take up less room (Aldaba et al., 2002). Moreover, children may be
favoured over adults because using children is cheaper than using adults
(Nkurlu, 2000). That is, with adults, employers have to enter into employment
contracts whereas with children, the employer is able to dictate the terms and
the conditions of work including wages, working hours and rest periods.
Furthermore (Lim, 2002), states that children are easier to manage, control and
discipline; they know less about their rights and do not know where to turn to for
complaints, help and rescue. It is argued therefore that children may be
favoured over adults because more work can be extracted from them owing to
their greater docility and lack of awareness of and ability to claim their rights

(ILO, 2002).

2.7 Effects of Child Labour

It is clear that children at work are a special risk category for health and safety
purposes (WHO, 1987; O'Donnell, 2002) although few studies are available

concerning the health status of working children, and these are mainly

25



descriptive and are not comparable with each other. Furthermore, only limited
information is available on how different kinds of work affect children’s health
and development. There seems little doubt that the interrelationship between
physical characteristics, working environment and emotional development is
little understood (Heptinstall et al., 1997) and that understanding is the key to
preventing accidents and injury (White and O’Donnell, 2001). Table 2.5
provides a summary of the limited published studies available from the Ovid
Medline Database on the different effects of child labour in developing

countries.

In total there were 12 studies reviewed on the effects of child labour in
developing countries. Ten of these studies were cross-sectional; one was a
case control and one a convenience qualitative study. All the children in the
studies were between the ages of 5-17 years and had suffered the effects of
working. Eight of the studies reported a generally lower level of health status in
working children compared to that of non-working and reported health problems
such as malnutrition; anaemia and stunted growth while four of the studies
reported work related injuries. Only four of these studies adjusted for
confounding variables such as age, education, parental education and father’s

occupation.

The majority of the studies showed that adverse effects were associated with
working even though a number of the studies were not well-designed. The
overall findings suggest that work-related children are much worse off than non-

working children however, significant confounding effects cannot be excluded.
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Table 2.5: Studies of child labour in developing countries

Reference

Study design

Sample size

Country

Age range

Findings

Nuwayhid et al. (2005)

Cross-sectional

78 working
60 non working

Lebanon

10-17 years

Working children reported a higher number of injuries
and recent skin, eye and ear complaints & changes in
skin and nails.

No differences noted in height or weight or reports of
anxiety, hopelessness and self-esteem

Regression analysis adjusted for age, years at
school, education of mother and father and
occupation of father.

Omokhodion &
Omokhodion (2004)

Cross-sectional

223 working
230 non-
working

Nigeria

8-15 years

No difference in the occurrence of disease between
working and non-working

Malnutrition more prevalent in working children & sig.
underweight & stunted compared to non-working
More working children reported fever, visual
problems, skin lesions, muscular and joint pain,
diarrhoea and Schistosoma ova.

Gharaibeh & Hoeman
(2003)

Qualitative
descriptive

41 working

Jordan

<15 years

Children in child fabour were poor and dropped out of
school to assist their families

Working children exposed to health hazards such as
inhaling chemical fumes and paints, injury from metal
parts falling and cutting them, cold hands and feet,
eyes burning and hand injuries

Verbal, physical and sexual abuse also reported by
children in the study

Venkateswarlu et al.
(2003)

Descriptive

100 working
children in
cottonseed
fields

India

7-14 years

Most of the children interviewed were in debt
bondage to pay off a family loan or advance and had
dropped out of school or had never attended.

Children earned 18 rupees for 12 hr days

Children reported exposure to pesticides and
complained of headaches, dizziness, skin and eye
irritations after spraying of the pesticides

Work not only affected education but also placed
children at risk of physical and mental abuse.

27



Table 2.5: Studies of child labour in developing countries (continued)

Reference Study design Sample size Country Age range Findings
Tabassum and Baig Cross-sectional 150 working Pakistan 12-14 years Reasons children were working were for family support
(2002) children (89%), parent's pressure (5%), fond of work (4%),
learning skills (1%) and self support (1%).
Majority were working < 7hrs a day
79% stated they did not like to work and wanted to
study, play, be born in another family and become
doctors, engineers and officers.
Children deprived and trapped b/w work for family and
the desire of living the life of a child.
Hawamdeh and Spencer | Cross-sectional 135 working Jordan 10-16 years Children started working at early age. 76% started work
(2001) children at or before the age of 11.
High prevalence of stunting and anaemia noted in
working children
High levels of parental illiteracy and poor education.
Estrelia-Gust (2000) Cross-sectional 30 child Philippines 5-17 years Subjective complaints included nasal irritation,
workers in light/heavy headedness and musculoskeletal problems
footwear Physical exam revealed cervical lymphadenopathy,
industry pale conjunctivae and multiple carious teeth as well as
tonsillo-pharyngeal congestion in 3 subjects
Inadeguate equipment & lacked basic safeguards
Hadi (2000) Cross-sectional 4643 Bangladesh | 10-15 years 20% of 4643 children aged 10-15yrs working

Poverty had a sig. positive assoc. with child [abour,
more boys than girls in the workforce

Working had sig. neg association with schooling

2.3% of children reported physical assault at work, 2%
never received full wages, 1.7% were forced to involve
in inappropriate acts & 3% were forced to work long
hours beyond their capability. Younger children more
vulnerable to physical abuse than older children.
Multivariate analysis controlled for age & sex found the
out-of-school children & children of illiterate, landless &
unskilled labourers were more likely to be abused.
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Table 2.5: Studies of child labour in developing countries (continued)

Reference Study design Sample size Country Age range Findings
Nath and Hadi (2000) | Cross-sectional 3809 children Bangladesh 10-14 years Inverse relationship b/w working and education. As years
of schooling of children & their parents increases, the
tendency of children to participate in the labour force
decreases
Regression model included age, child’s education,
mother's education, father's education, land ownership of
the household and father's occupation
Ambadekar et al. Case control | 223 working india 8-15 years Weight and height estimates of controls were more than
(1999) 223 non-working those of child labourers
Malnutrition was prevalent in both groups
Delayed genital development in the child labourers
Child labour has deleterious effect on the growth of a
chiid
Confounding of age and sex controlled for using standard
deviation scores
Mitra (1994) Cross-sectional | 40 working India 7-14 years 85% of the children worked for more than 10 hours a day
40 non-working and 55% worked for 13-14 hours a day
Significant difference between the education of working
children and non-working with 85% of the non-working
going to school regularly
Financial reasons main reason for working
Differences in nufritional consumption
30% of child workers had no aspirations other than to
continue in the same work.
Mitra (1993) Cross-sectional | 40 working India 7-14 years Working children in small scale leather workshops

40 non-working

significantly reported more low back and ankle pain,
dizziness and tingling pain in the hands than the non-
working children

No sig. differences for height, weight, nutritional state and
general morbidity pattern between the two groups
Symptoms may be due to sitting posture & chemical
exposure from glues and solvents
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The negative consequences of child labour are not limited to health effects but
also to deprivation of schooling and psycho- emotional effects on the child.
Because working children are easier to manage, they often become objects of
extreme exploitation in terms of toiling for long hours for minimal pay (Forastieri,
2002). The nature and severity of the forms of exploitation vary from one region
to another and from country to country and the hazards that children face vary
according to the occupation and the specific working conditions. However,
certain risks are common to most of them, including poor sanitary conditions,
inadequate or non-existent personal protective equipment, inappropriate work
space and installations, old machinery and inadequate tools, physical strain,
long hours of work and low wages (Nkurlu, 2000). Additionally, child labour may
impair healthy mental development in many ways as it exposes children to the
risks of physical, psychological or sexual abuse (Hadi, 2000). The following
sections examine the evidence for the various effects of child labour including

the deprivation of schooling, psycho- emotional and health effects.

2.8 Schooling Effects

llliteracy is a detrimental effect of child labour which carries on to adult life and
deprives children of a healthy mental development. Most children in developing
countries work for seven days a week and are paid less than the prevailing
rates for adults in their localities (Forastieri, 2000; Nuwayhid et al., 2005).
Working for such long hours in effect deprives children of their rights of
expression and their right to an education. Children who work full-time often
never attend school and thereby lose their inherent right to an education.

Conley (2000), reports that there are 125 million children of primary school age
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who have not spent a single day in school and another 150 million drop out
before learning to read. She states that one in every three adults in the
developing world is illiterate which can be attributed to the overwhelming
number of children who are working instead of attending school during their
childhood. Venkateswarlu et al. (2003) reported that many children working in
India between the ages of 7-14 years of age were deprived of an education
because of the long 12 hour days which they worked. Furthermore, a study of
3809 children working in Bangladesh found an inverse relationship between
work status and years of schooling of parents with children from illiterate
families more likely to be working than those with educated parents (Nath and
Hadi, 2000). This in turn may contribute to the vicious cycle mentioned earlier
in section 2.1.5, where working children often have illiterate parents or heads of
household who may have an influence on their children to work and so the cycle

continues.

2.9 Psycho-emotional Effects

A range of negative psychological and emotional effects have been found in
working children. Children are deprived of their right to recreation because they
have less time to socialise outside of their work which in turn may have both
psychological and emotional effects on their development (De Vries et al.,
2001). The need to work also has detrimental effects on children’s dreams and
aspirations preventing children to aspire and think of better futures. A study in
India found that the majority of child workers had no aspirations other than to

continue in the same work when they were older (Mitra, 1994). In contrast,
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children working may find themselves deprived and trapped in the desire of
living the life of a child with hopes, dreams and aspirations. A study in Pakistan
which questioned working children on their hopes and aspirations found that the
majority of the children wanted to study, play, be born in another family and

become doctors, engineers and officers (Tabassum and Baig, 2002).

Child labour also exposes children to the risks of physical, psychological and
sexual abuse (Hadi, 2000). As immature and young workers they are
particularly vulnerable to abuse if they fail to perform their duties satisfactorily. A
study in Bangladesh reported that the prevalence of child abuse and
exploitation of young workers was widespread with 2.3% of all working children
physically abused, financially exploited (2%), forced to work for long hours (3%)

and forced to be involved in inappropriate activities (1.7%) (Hadi, 2000).

A study by Gharaibeh and Hoeman (2003) of Jordan also showed that working
children suffered verbal, physical and sexual abuse. Boys in the study reported
being subjected to verbal abuse (including derogatory insults) from the
employer and other older boys who supervised the younger workers. Physical
abuse commonly described as being hit with the employer's hands about the
head and shoulders was reported in about 61% of cases and almost 27% of the
boys reported acts of sexual abuse where in all instances except one, the

abusers were older boys in the same or nearby workplaces.
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210 Health effects

llinesses and injuries associated with child labour appear to pose a significant
public health problem (Landrigan and McCammon, 1997) in both developed and
developing nations. Whilst the reasons for working may be different between
developed and developing countries, workplace injuries still occur in both.
However, workplace injuries in developing countries will more likely go
unreported than in developed countries. There are a number of published
studies on workplace injuries in developed countries which relate mainly to
working teenagers and work-related injuries. Most of these studies have been
undertaken in North America where there are significantly greater resources
available to conduct large studies with larger sample sizes and improved study

designs.

The Bureau of Labour Statistics of the US Department of Labour reported that
an average of 180 work-related traumatic deaths occurred among working
children and adolescents between 1992 and 1995 (Barkume, 2000). Agricultural
work and farming has been ranked among the most dangerous occupations in
children of developed nations with reports of fatal and serious non-fatal injuries
involving heavy farm machinery, animals and the use of other equipment (Lim
et al.,, 2004; Bancej and Arbuckle, 2000). Munshi et al. (2002) report that
adolescents employed on both farm and non-farm jobs in rural Minnesota
worked longer hours and were at significant risk of work-related injury. A study
investigating summer work and injury among middle school students (Zierold et
al., 2004) found that children aged 10-14 years who were working in the US

were employed in informal job settings, such as working for someone in the
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home, newspaper delivery, working on family farms or in family businesses. Of
these children 18% reported being injured at work and in 26% of these the
injury was severe enough to affect their activities for more than three days. A
hospital based study of 1361 work-related injuries in adolescent workers in
New Zealand (Dufort et al.,, 1997), found high injury rates (13.8 injuries per
200000 hours worked) among adolescents in Dunedin, the highest rates being
in the construction sector. Laceration was the main type of injury, followed by
sprain/strain and foreign body. External causes of injury were mainly
cutting/biercing objects followed by foreign body and being struck by or against
an object. Similarly, Banco et al. (1992) report that teenagers in Connecticut
working in restocking operations frequently suffered serious lacerations from
box cutters used to open containers. Moreover, in developed countries, many
working adolescents are disadvantaged in that their jobs are not covered by
workers' compensation and many injuries and poisonings from toxic exposures
go unreported (Woolf et al., 2001). The results of a study in Australia (Boufous
and Williamson, 2003) suggest that younger workers are less likely to claim
compensation for a work-related injury for which they should be entitled to
claim. Potential reasons for lack of claiming compensation in this age group
may include inexperience, little knowledge of workers’ rights, and perhaps
perceived fear of reprisal for reporting and concern about possible effects on

future employment opportunities.

Workplace injuries in developing countries are an under-researched area and

not enough reliable and published data are available on this, especially studies

34



from the Middle East. In a report of a field investigation in Egypt of 78 working
children and 104 school children between 10-14 years of age, the identified
types of injuries in working children included falls (21%), overexertion (17%),
striking against objects (10%), burns (9%), struck by falling objects (7%) and
cuts (6%) (Graitcer and Lerer, 2000). Another study in Jordan found
occupational hazards for working children included injury from metal parts
falling, and causing cuts, eye burnings, and hand injuries as well as older
children in the workplace fighting with them using their hands and other means
of metal instruments, knives and blades (Gharaibeh and Hoeman, 2003).
Nuwayhid et al. (2005) report that working children in Lebanon were almost four
times more exposed to injuries in the last 12 months compared to non-working
children and that almost half of the injured working children were injured at
work. The top causes of injury were sharp objects, falls, and flames or hot
objects, cuts and burns. Half of these injuries required days off work. The ILO
(1998) has collectively reported on workplace injuries in developing countries
and reports that a large number of working children were being exposed to
various hazards including punctures, broken or complete loss of body parts,
burns and skin disease, eye and hearing impairment, respiratory and gastro-
intestinal illnesses, fever, and headaches from excessive heat in the fields or in

factories.

It is argued that the reasons why children are more likely to suffer workplace
injuries are that children differ biologically from adults in their anatomical,
physiological and psychological characteristics because of their growth and

development process (WHO, 1987; Forastieri, 2002; O’'Donnell, 2002). These
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differences potentially make them more susceptible to occupational hazards at
the workplace as compared to adult workers. It is also argued that the health
effects can be more devastating for young children causing irreversible damage
to their physical and physiological development including permanent disabilities
with serious consequences for their adult lives (Dietert et al., 2000; Etzel, 2004).
Most biological systems in the human body do not mature until about the age of
18 (National Research Council, 1993) and compared to adults doing the same
type of work, children are more susceptible to various work-related injuries as

reported above (Forastieri, 2002; NIOSH, 1997).

It is considered that young workers are at higher risk of injuries because they
lack substantial work experience and appreciation of their workplace injury risk
and receive inadequate training and supervision (The Centre for Disease
Control and Prevention, 2001). This has been attributed to their physical
tenderness and incomplete mental maturity and lack of awareness regarding
the potential risks involved in their specific occupations or at the workplace
itself. There is a major lack of fit between machines and tools designed for
adults and the physical dimensions and strength of working children, which may
result in an increased risk of fatigue and of work-related injury (Forastieri, 2002;
WHO, 1987). Furthermore, adolescence is characterised by a rapid growth rate
(National Research Council, 1993), therefore diminished coordination during

these periods of rapid growth could increase the risk for work injury.

The health consequences of child labour derive primarily from the belief that

work increases the child’s exposure to health hazards which threaten to subject
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the child to illness or injury (O’'Donnell, 2002). From a comprehensive study on
child labour conducted by the Philippines Institute for Labour Studies in 1994,
Aldaba et al., (2002), report that many child labourers were underdeveloped,
undernourished, and underweight and were more susceptible to respiratory
diseases than children who were not working (Aldaba et al., 2002). The study
highlights that various child work, exposed children to health hazards which
were not only diseases and illnesses affecting the children’s health but also
hazards that endangered their limbs and ultimately their lives. Another large
scale ILO sponsored survey also undertaken in the Philippines (NSOP, 1998);
found that of all child workers, 24% were found to suffer work related illness
and/or injury, a prevalence rate much highér than that for adult workers. Most
common injuries were cuts, wounds or punctures, accounting for 69% of the
total. Body aches and pains (59%) and skin diseases (22%) were the most

common work related illness.

A more recent study in Nigeria compared the health status of working and non-
working school children. Although the findings of the study showed no
differences in the occurrence of diseases between the working and non-working
children, more working children were underweight and stunted which was
associated with higher malnutrition prevalence among the working children

(Omokhodion and Omokhodion, 2004).

Similarly a case-control study in India found that child labour had an effect on
the growth of a child where child labourers were shorter and weighed less than

their controls and had delayed genital development (Ambadekar et al., 1999).

37



Whilst many studies have reported on the delayed growth of working children
and have attributed this to their work status, it is essential that factors such as
poverty and lower socio-economic status be taken into account when
considering the slow growth and malnutrition of working children. This study is
one of the few which has attempted to eliminate the effects of confounders such

as age, sex, environment, lifestyle and dietary habits.

In addition to the detriments of child labour mentioned above, studies have
shown that working children are vulnerable to anaemia, fatigue and early
initiation of tobacco smoking (Hawamdeh and Spencer, 2001; Forastieri, 2002).
A study on children working in the footwear industry in the Philippines found that
working children frequently reported problems with nasal irritation, light/heavy
headedness and musculoskeletal problems. Furthermore, pale conjunctivae
and multiple carious teeth, cervical lymphadenopathy and tonsillo-pharyngeal
congestion were among the conditions found on physical examination of these

children (Estrella-Gust, 2000).

Children aged 7-14 years working in small scale leather workshops in India
significantly reported more low back and ankle pain, dizziness and tingling pain

in the hands than the non-working children (Mitra, 1993).

The literature although limited therefore suggests that there are severe health

consequences of children working and whilst these are not only prevalent in

developing countries but also developed countries; the extent to which these

38



conditions occur and their severity is dependant on the nature of the workplace

and the tasks performed.

It is important however to note the limitations of the literature including several
methodological issues related to the cross-sectional and descriptive designs
used. The absence of comparisons with health status of non-working children
in most of these studies is of concern and findings with prevalence rates of
illness and injuries do not constitute evidence of a deleterious effect of work on
health. Furthermore, it is unclear whether health effects reported are
confounded by other pre-existing factors such as lower socio-economic status,
lower education and/or other factors. Children working in physicaily demanding
jobs might be working there because of their good health status or other
children could have left their jobs because of injury or illness. Moreover, in most
cases self-reported health problems are presented and it is not known if
interviewers were blinded to reduce the effects of interviewer bias. With these
limitations in mind, the studies reviewed had common findings which highlight
the negative effects of child labour including lower general health, workplace
injuries, schooling effects, and physical and emotional abuse among working
children. Of the studies reviewed, there were no studies that showed no effects
on working children which raises concerns. Furthermore, a common problem for
all working populations is exposure to toxic hazards especially in developing
countries where there are not many workplace controls. The following chapter

will discuss toxic exposures and the vulnerability of children to toxic exposure.
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An eleven year old boy working in an automotive spray painting workshop.
Another eleven year old boy can also be seen working in the background



CHAPTER 3: TOXIC EXPOSURE

There are few studies on the effects of specific hazards for specific groups of
children, whilst not enough information is available on short-term and long term
toxic exposures and their effects on working children. Working children are
exposed to toxic and hazardous substances in the workplace including
exposure to solvents, lead, mercury, benzene, pesticides, alkaline corrosives,

gases and fumes, cleaning agents, bleaches, drugs, acids and hydrocarbons.

The following section will examine children’s vulnerability to toxic exposure and
the risks associated with exposure. There is very limited research on the type,
severity and outcome‘of the exposure of working children to toxic substances
and most data on toxicological effects of hazardous substances to children have
been based on environmental exposures. Whilst the magnitude of effects of
environmental exposure can be expected to be different and smaller than work-
related exposure (Suk et al., 2003a; Stein et al., 2002; Schettler et al., 2001), a
review on environmental exposure will look at some evidence for the effects of
toxic substances on children. Therefore, an overview of the literature on
environmental exposure and the effects of exposure on children and in

particular on neurodevelopment will be presented.

3.1 Children’s Vulnerability to Toxic Exposures

Many international occupational health specialists warn of children’s
vulnerability to toxic exposures either in the workplace (Woolf, 2002) or

environmental exposures (Landrigan and Garg, 2002). The World Health
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Organisation (WHO) has called for improved studies, noting that children may
not absorb, metabolize or eliminate toxic chemicals as well as adults and may
be more physiologically vuinerable to their harmful effects (WHO, 1987).
Furthermore, greater air, food and fluid intakes relative to body weight
compared with the adult, increase the child’s potential for excessive exposures
(Chance and Harmsen, 1998). Children’s metabolic pathways, especially
earlier in their lives, are immature. Their ability to metabolize, detoxify, and
excrete many chemicals differs from that of adults (Etzel, 2004). In many cases,
children are less able to deal with chemical toxicants such as lead and
organophosphate pesticides because they do not have the enzymes necessary
to metabolize these chemicals and thus are more vulnerable to them (Charnley
and Putzrath, 2001). Children are also undergoing rapid growth and
development, and their developmental processes are easily disrupted thus
creating greater vulnerabilities. These developing systems are very delicate and
are not able to repair damage that may be caused by particular toxicants. In
addition, children have more future years of life than most adults and therefore
have more time to develop chronic diseases triggered by early exposures (Suk
et al, 2003b). However, it is also important to acknowledge that children and
adolescents may in some cases have better recuperative capacities than adults
for many toxic agents on a mg/kg or surface area basis, nevertheless if the
exposure does result in irreversible effects by exceeding the threshold
exposure, then the impact on a developing organism can be more severe than

in the adult (Brent et al., 2004).
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3.2 Children and Environmental Toxic Exposures

Several studies have addressed children and environmental toxic exposures.
Environmental health threats are numerous ranging from the more traditional
health hazards such as poor sanitation and unsafe waste disposal to those
caused by the introduction of toxic chemicals such as lead and pesticides (Suk
et al., 2003). For the purposes of this thesis, it is the introduction of toxic
chemicals and the effects which these have on the nervous system which is of

interest.

Landrigan and Garg (2002) report that environmental toxicants can exert a
range of adverse effects in children. éome of these are clinically evident, while
others can be distinguished only through special testing and are not evident on
the standard examination which leads to the term “subclinical toxicity”. If cells in
an infant’s brain are destroyed by chemicals such as lead, mercury or solvents,
as mentioned earlier, there is a high risk that the resulting dysfunction will be
permanent and irreversible (Landrigan and Garg, 2002). Stein et al. (2002)
report that exposure to mercury, polychlorinated biphenyls (PCBs) and lead
contribute to a wide variety of problems, including impairments in attention,
memory, learning, social behaviour and 1Q. Some of the few well studied
examples of neurodevelopmental toxicity resulting from early environmental
exposure are provided by the cases of environmental exposures to methyl
mercury PCBs and lead. The literature on environmental exposure to
methylmercury, PCBs and lead will be reviewed to demonstrate the
neurobehavioural effects associated with these environmental exposures. Table

3.1 provides a summary of the literature available on exposure and the reported
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neurobehavioural effects associated with the exposure. Of interest to this thesis
are also the neurobehavioural and neuropsychological testing methods used for
the assessment of these effects in order to establish which testing methods
were sensitive to detecting specific neurobehavioural deficits from

environmental exposure.

In total, 27 studies on neurobehavioural effects associated with environmental
exposures in children were reviewed. These studies investigated the effects of
prenatal exposures to methylmercury (7 studies) and PCBs (5 studies) and

general environmental exposure to lead (15 studies).
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children

Reference Study design Study Subjects Sample Size Exposure Tests Comments
Methylmercury Exposure
Cordier etal | Cross-sectional | Children exposed 156 (104 = Hair mercury Neurological evaluation (children Association found between level of
(2002) to methylmercury mothers) high samples from 9 mths-6 yrs), exposure to mercury of mother and
from neighbouring | exposure children and neuropsychological {esting increased deep tendon reflexes, poorer
gold mining 69 (51 their mothers. (children 5-12yrs) including, coordination of legs and deficit in
activities (South mothers) finger tapping (manual motor), copying test score (visuospatial
America) median McCarthy leg coordination organisation)
exposure (locomotor function), Standford- Regression analyses adjusted for age,
153 (115 Binet copying (visuospatial), sex, examiner and Raven maternal
mothers) low Stanford-Binet bead memory score and other potential confounders
exposure (short-term memory), McCarthy according to the test performed.
digit span (attention) & Raven
Progressive Matrices (Colour) to
test mother's reasoning
capacity.
Grandjean et | Prospective Children prenatally | 435 = Cord blood NES2 (Finger tapping, Hand- Methylmercury neurotoxicity greater
al (2001a) cohort exposed to PCB eye coordination, CPT) WISC-R hazard than PCB, however possible
polychlorinated * Mercury (Digit span, similarities, block interaction b/w PCB and methylmercury
biphenyls (PCB) concentration designs, bender visual motor could augment neurobehavioural deficits
from maternal in cord blood gestalt) CVLT, Boston naming at high levels of mercury exposure.
consumption of « Thyroid test. Regression analysis adjusted for age,
pilot whale meat stimulating gender, mother's Raven score, medical
(Faroe Islands) hormone (TSH) risk, parental education, paternal

* Tetriodothyroni
ne (T4)

employment day care and acquaintance
with computer.
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)
Reference Study design Study Subjects Sample Size Exposure Tests Comments
Grandjean et | Prospective Children prenatally | 917 Mercury Functional Acuity Contrast Test, Contrast sensitivity found to be
al (2001b) cohort exposed to concentration Visual evoked potentials, NES2 associated with performance on the
methylmercury in cord blood (Finger tapping, hand-eye CPT, Bender visual motor and WISC-R
from maternal Hair samples coordination, CPT) Bender block design
consumption of (mother at Visual Motor Gestalt, WISCR Not associated with prenatal mercury
whale meat (Faroe parturition) and | Block design, WISC-R digit exposure
Islands) child at 12 span, WISC-R similarities May need to control for contrast
months & 7 yrs sensitivity in future studies .
Grandjean et | Cross-sectional | Amazonian 351 (Village Hair mercury Finger tapping, Santa Ana, Neuropsychological tests of motor
al (1999) Children exposed | A 124, concentrations | WISC-R digit span, Stanford- function, attention and visuospatial
to methylmercury Village B of children and | Binet Intelligence scale performance showed decrements
from consumption 112, Village their mothers associated with hair-mercury
of freshwater fish in | C 98 and concentration.
four different village D 86) Regression analysis adjusted for age,
villages (Brazil) gender, health status, maternal
education and maternal marital status in
initial analyses but not in final equations
Davidson et | Prospective Children prenatally | 711 mother- Maternal hair McCarthy scales of children’s Mean maternal total mercury level was
al (1998) longitudinal exposed to child pairs Total Hg at 66 | abilities (cognitive ability), 6.8ppm.
methylmercury living in the months for Preschool language scale No adverse outcomes at 66 months
from maternal Seychelles child’s hair (expressive and receptive were associated with either prenatal or

consumption of a
fish diet (Republic
of Seychelles)

Total Hg in fish
Serum PCBs in
49 children

language ability), Letter & word
recognition, Applied problems
subtests of the Woodcock
Johnson (W-J) tests of
achievement (reading and
arithmetic achievement), Bender
Gestalt 9visual-spatial ability) T
score from Child behaviour
checklist (social & adaptive),
Pure tone hearing thresholds,
Raven Progressive Matrices

postnatal MeHg exposure.

Regression analysis adjusted for child’s
birth weight, birth order, gender, history
of breastfeeding, hearing status, medical
history, maternal age, maternal smoking,
maternal alcohol consumption, maternal
medical history, intelligence, language
spoken and HOME score.
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Grandjean et Nested case Children 112 cases Hair mercury NES2 (Finger tapping, Hand-eye | = Increased mercury exposure associated
al (1998) control in prenatally whose concentration coordination, CPT), WISC-R with deficits in motor coordination in
prospective exposed fo mothers had of 10-20 ug/g (Digit span, similarities, block finger tapping, hand-eye coordination,
cohort methylmercury hair mercury PCB designs) Bender Gestalt, CVLT, language function and memory in the
from maternal conc. b/w 10 - concentration | Boston Naming Test CVLT.
consumption of 20ug/g in cord tissue = Subtle effects of on brain function
pilot whale meat | 272 controls detectable at prenatal methylmercury
(Faroe Islands) with exp> exposure levels considered to be safe.
3uglg
matched by
gender, age,
year of
examination
and maternal
Raven score
Grandjean et Prospective Children 917 Mercury NES (Finger tapping, Hand-eye | = Prenatal methylmercury exposure
al (1997) cohort prenatally concentration | coordination, CPT), Tactual associated with neuropsychological
exposed to in cord blood performance, WISC-R (Digit dysfunctions namely language, attention
methylmercury Hair samples spans, similarities, block and memory.
from maternal (mother at designs), Bender Gestalt, CVLT, | = No associations found between
consumption of parturition) and | Boston Naming, Nonverbal methylmercury exposure and visual
pilot whale meat child at 12 analogue POMS acuity contrast sensitivity and responses

(Faroe Islands)

months and 7
yrs

Pattern reversal visual evoked
potentials, brain stem auditory
evoked potentials, postural
sway, child behaviour checklist,
Snellen’s board (visual acuity)
and Functional Acuity Contrast
test (contrast sensitivity)

to CBCL

= Regression analyses adjusted for age
and sex in all analyses. Different
confounding variables identified for
different tests and included in regression
models of these tests.
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects Sample Exposure Tests Comments
Size
PCB Exposure
Jacobson and Prospective Children 148 at 11 Umbilical cord | Three forms of CPT (sustained Adverse effects in children not breastfed.
Jacobson (2003) | longitudinal prenatally years of age serum at attention), Digit cancellation Prenatal PCB exposure associated with
exposed to PCB | 154 at 4 delivery and (focused attention), Wisconsin greater impulsivity, poorer concentration,
from maternal years of age shortly after card sorting test and Stroop and poorer verbal, pictorial and auditory
consumption of delivery colour-word test (executive working memory.
species of Lake Maternal milk | function), Sternberg memory No association found b/w prenatal PCB
Michigan Fish. 4.5 months paradigm (mental rotation), exposure and visual-spatial deficit or
(USA) postpartum WISC-R arithmetic and digit increased hyperactivity
span (working memory), Corsi Regression analysis adjusted for 20
(visual-spatial analogue of digit control variables.
span, Seashore rhythm test
Stewart et al Prospective Children 194 at Umbilical cord | McCarthy scales of children’s Significant associations found b/w cord
(2003) longitudinal prenatally 38mths of blood after abilities blood PCBs and McCarthy performance
exposed to PCB | age delivery at 38 months of age. Significant
(USA) 197 at Breast milk 1 interaction b/w cord blood PCBs and
54mths of and 3 months maternal hair mercury. Negative
age postnatally association between prenatal MeHg
Maternal hair exposure and McCarthy performance
24hr after birth with reassessment at 44 months.

Regression analysis adjusted for SES,
maternal 1Q, maternal education, home
environment, cigarette smoking and
many others (too many o list)




Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Patandin etal | Prospective Children enrolled | 202 Maternal Dutch version of Kaufman In utero ‘Background’ PCB
(1999) longitudinal in Dutch Groningen plasmain last | Assessment Battery for children concentrations associated with poorer
PCB/Dioxin study | 193 month of (hand movement, number recall, performance on cognitive tests.
o assess Rotterdam pregnancy arithmetic, gross and fine motor No associations between lactational
prenatal and Umbilical cord | skills, magic window, face exposure to PCBs or Dioxins. Children
postnatal PCB plasma after recognition, gestalt closure, breastfed performed better on cognitive
and Dioxin delivery vocabulary, faces and places tests than their formula-fed counterparts
exposure Plasma and riddles), Reynell Regression analysis adjusted for
(Netherlands) samples at Developmental Language scales maternal age, parity, sex, parental
42months old ( language, verbal education, verbal 1Q, HOME score,
Breast milk comprehension and general maternal alcohol use and smoking
sample 2wks mental ability - only in during pregnancy, feeding type in
after delivery Roftterdam cohort) infancy, hreast-feeding duration and
study centre
Winneke et al | Prospective Children enrolled | 171 mother- PCB cord Bayley Scales of Infant Significantly negative association with
(1998) longitudinal in European infant pairs. blood Development (Mental scale and mental but not motor development or
multicentric study Breast milk psychomotor scale) and Fagan recognition memory in infants at 7
o assess Test of Infant Intelligence (visual months of age.
neonatal PCB- recognition memory test based Regression analysis adjusted for lead in
levels and on the infant’s ability to cord blood, maternal age, APGAR score
developmental recognize facial pictures. or HOME (depending on which exhibited
oufcomes

significant association with outcome




Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Jacobson and | Prospective Children 212 at 11 Umbilical cord | Wechsler Intelligence scales for in utero exposure to polychlorinated
Jacohson longitudinal prenatally years of age after delivery children IQ test, spelling and biphenyls is assoc. with { intellectual
(19962) exposed to PCB Maternal blood | arithmetic subtests of wide range function in school-age children.
from maternal postpartum achievement test-revised, word Prenatal exposure to PCB assoc. with
consumption of Maternal milk | and passage comprehension lower full-scale and verbal 1Q, memory
species of Lake within 0.2 and | subtests of the woodcock reading and attention. Highly exp children were
Michigan Fish. 4.5 months mastery tests-revised, word and 3 times as likely to have avg I1Q scores
(USA) post partum passage comprehension and twice as likely to be at least two yrs
Blood samples behind in reading comprehension.
from children Regression analysis adjusted for SES,
at4 and 11 maternal education, vocab, (HOME)
years inventory, maternal marital status,
Mercury-hair smoking in pregnancy, no of children as
samples well as many other covariates.
Chiodo et al Nested cross- | African-American | 237 Blood lead WISCIII {(coding subscale, Low levels of lead exposure associated
(2004) sectional inner city children level at 7.5 yrs | arithmetic and digit span with consistent neurobehavioural

participating in a
longitudinal study
on the effects of
prenatal alcohol
exposure

of age

subscales), CPT, Tall and digit
canceliation, Wisconsin Card ,
Tower of London, (McCarthy
Scales of Children’s abilities),
Seashore rhythm test, Sternberg
short-term memory task, mental
rotation task, magnitude
estimation, colour naming, Wide
range assessment of memory
learning (WRAML), Grooved
pegboard, Corsi test, matching
familiar figures test, Beery test of
visual-motor integration, CBVL
(teacher report) (TRF) & direct
observation form (DOF))
&(ADHD)

deficits (overall 1Q, performance 1Q,
reaction time, visual-motor integration,
fine motor skills, aftention including
executive function, off-task behaviours
and withdrawn behaviours on TRF.
Effects on attention identified at levels
as low as 3ug/dl.

Regression analysis adjusted for
maternal alcohol and drug use plus 19
other variables found to be related to
both exposure and outcome.
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects | Sample Size | Exposure Tests Comments
Lead Exposure
Ris et al (2004) Nested cross- | Children from the | 195 = Basedon‘a | Executive functioning (Wisconsin Sig. assoc found b/w 78 month PbB &
sectional in prospective priori’ to Card Sorting, Rey-Osterreith fine motor function, gender & lead
prospective Cincinnati Lead focus on Complex figure), Attention (CPT — exposure for both attention and
cohort Study (USA) three indices: | Conners version), Memory (CVLT), visuoconstruction indicating higher
prenatal Achievement (Wide Range risk in males
maternal Achievement Test — 3 Ed), Verbal Regression models adjusted
PbB, avg {Vocab subtest of WISC-lII) differently for different tests however
childhood Visuoconstructional (WiSC-lll BD), all were adjusted for maternal 1Q,
PbB (byrs) Fine motor (GP, and FT) SES, HOME scores & adolescent
and 78 marijuana consumption.
month PbB.
Canfield et al Prospective Children enrolled | 172 = Blood lead Stanford-Binet Intelligence Scale Blood lead conc. sig. assoc. with 1Q
(2003) longitudinal in dust-control measured at | (Vocab, spatial pattern analysis, even > 10ug/di. Linear model shows
efficacy study 8, 12, 18, 24, | quantitative ability and memory) /N in 10pg/dl in lifetime avg blood lead
born between 36, 48 and administered at 3 and 5 years of concentration assoc. with 4.6 point
July 1994 and 60 months of | age. decrease in 1Q & 7.4 points at
Jan 1995, (USA) age. concentrations below 10ug/dl.
Regression analysis adjusted for
child’s gender, birth weight, iron
status and mother's IQ, years of
education, race, tobacco use during
pregnancy, yearly household income
and HOME inventory.
Campbell et al Nested cross- | Boys enrolled in 156 boys = Tibia lead Non-word repetition Task (NRT), Boys in highest blood lead quartile yet
(2000) sectional Pittsburgh Youth | ages 11- concentration | Competing Language Processing considered asymptomatic for acute
prospective study | 14yrs measured by | Task (CLPT), Revised Token Test lead toxicity, displayed decreased
of developmental KXRF (RTT) language processing performance,
course of especially when tasks were
delinquent demanding.

behaviour. (USA)

ANCOVA adjusted for race, mother's
1Q, SES and child’s age.




Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Counter et al Cross- Children living in | 77 children * Blood lead Group 1: Neurological exam Children with higher PbB levels had
(1998) sectional Ecuadorian divided into samples (visual pursuit, saccae velocity, poorer performance on most
villages where fwo groups: finger to nose, standing balance, components of neurclogical examination
lead is used in 55 tandem walking, FT and deep namely abnormal tendon reflexes, finger
glazing of Neurological tendon reflexes, R left tapping, visual pursuit, size
ceramics (USA) test group) discrimination, size discrimination, DAP & math calculation
41 (RCPM discrimination, colour skills.
group) discrimination, DAP and simple Significant correlation b/w RCPM scores
math calculation) Group 2: and PbB levels for children ages 9 .
Raven'’s Coloured Matrices
Stokes et al Cross- Young adults 281 exposed Tibia lead Electrophysiological tests, Regression analysis adjusted for age,
(1998) sectional who were 287 controls concentration | contrast sensitivity, peripheral gender, height, BMI, skin temperature,
exposed to lead ~ KXRF (long | vibration, sensitivity, standing education and trying hard, showed
during childhood term steadiness, grooved pegboard, significant association b/w exposure and
while living near exposure) Santa Ana, NES2 (Hand-eye, poorer performance on Hand-eye
a lead smelter Blood lead finger tapping, SRT, symbol-digit coordination, SRT, Trails B, symbol digit,
(USA) substitution, serial digit learning, serial digit learning, Raven progressive
vocab, mood), Trail making A matrices and vocab.
and B, Raven’s progressive Peripheral neurological function also
Matrices, Swedish Q16. associated with exposure group.
Walkowiak et al Nested cross- | Children 120 Blood lead WISC (German version = Significant negative associations found
(1998) sectional participating ina | (Duisburg — samples HAWIK, vocab, block design), between PbB and performance on the
study of lead exp.) Urine NES2 (finger tapping, pattern WISC vocab but not WISC Block design,
environmental 191 samples for comparison, SRT, Patiern false positive responses and false
health aspects in | (Leipzig — mercury memory, CPT). negative responses in the CPT.
the cities of some exp.) excretion Functional acuity Contrast test Different regression models used to
Leipzig, 73 {contrast sensitivity) and Titmus adjust for different covariates.
Gardelegen and (Gardelegen I (visual acuity) treated for Parental education an important
Duisburg at 6 yrs | — controls) covariate purposes only. confounder for WISC performance

of age (Germany)

however visual contrast sensitivity and
computer familiarity proved predictive for
performance on NES tests.
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Altmann et al Nested cross- | Children 364 in 1991 * Blood lead Visually evoked potentials Lead related deficits found for tapping
(1997) sectional participatingina | 382 in 1994 samples (computer controlled, four- and pattern comparison and significant
study of environ- channel electrophysiology performance deficits in children with
mental health system), NES (finger tapping, blood lead concentrations about
aspects in the simple visual reaction time, 10ug/dl.
cities of Leipzig, pattern comparison, pattern Regression analysis adjusted for age,
Gardelegen and memory, memory for design, gender, parental education
Duisburg at 6 yrs CPT), Titmus I (visual acuity), Field studies showed that all fest can be
of age (Germany) Functional Acuity Contrast Test successfully performed even on pre-
(Contrast sensitivity). school-age children.
Tong et al (1996) | Prospective Children born in 375 = Blood lead WISC-R (12 subtest of Sig. assoc. b/w children’s 1Q and blood
cohort or around lead samples at performance and verbal IQ) lead concentrations at most ages
melting town of 11-13 yrs of although 1Q deficits assoc with blood
Port Pirie age lead concentrations measured at earlier
between 1979 ages. Assoc. b/w early exp o
and 1982 environmental lead and cognitive
(Australia) development persists into later
childhood.
Regression_adjusted for 27 covariates
Dietrich et al Prospective Children enrolled | 245 * Blood lead Bruininks-Oseretsky Test of Neonatal blood lead levels associated
(1993) cohort in the Cincinnati » Estimations Motor Proficiency (Running with poorer performance on a measure
prospective study of prenatal, speed and agility balance, of upper-limb speed and dexterity and a
(USA) neonatal and | bilateral coordination, strength, composite index of fine-motor
mean PbB upper-limit coordination, coordination.
levels response speed, visual motor Postnatal blood lead levels significantly

control, upper-limb speed and
dexterity)

associated with poorer scores on
measures of bilateral coordination,
visual-motor control, upper-limb speed
and dexterity and fine-motor composite.
Regression analysis adjusted for
HOME, maternal IQ, social class, child
gender.




Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design Study Subjects Sample Size Exposure Tests Comments
Bellinger et al Prospective Children born 148 Blood lead WISC-R and Kaufman Test of Higher levels of blood lead at 24 months
(1992) cohort between Aug 1979 samples at Educational Achievement (K- were significantly associated with lower
— April 1981 with 6,12, 18,24 | TEA)at6, 12, 18, 24 and 57 scores on WISC-R and K-TEA tests.
umbilical cord and 57 months and at 10 yrs of age Continued presence of an association at
blood lead levels > months and 10 years noted at 5 years between child’s
10"™ percentile, at 10 yrs of blood level at 24 months and cognitive
approx. at 50" age. function in both intelligence & academic
percentile or achievement.
greater than oo™ Regression analysis for potential
percentile (USA) confounding
Grandjean et al | Nested case- Children 110 cases Dentin lead | Wechsler Intelligence Scale for Children from high-lead exposure group
(1991) control 103 controls Blood lead Children (WISC) Verbal 1Q and who had experienced neonatal jaundice
Bender gestalt test scored by showed impaired perform on NB tests
Géttingen system compared to other high-lead children.
Bender gestalt scored by the Géttingen
system most sensitive o lead exposure.
Needleman et | Prospective Children enrolled in | 132 re- Previous Symbol-digit, hand-eye Higher dentin lead levels associated with
al (1990) cohort 1% and 2™ grade in | examined dentin lead coordination, simple visual- lower class rank, increased absenteeism,
Chelsea and levels reaction time, finger tapping, lower scores on vocab, grammatical
Somerville, computed pattern memory, pattern reasoning, slower finger tapping speed,
Massachusetts into an comparison, serial-digit longer reaction times, poorer hand-eye
between 1975 and arithmetic learning, vocab, grammatical coordination and lower reading scores.
1978. (USA) mean lead reasoning, switching attention, Regression analysis adjusted for
concentra- mood scales, California Verbal mother’s (age at time of birth, educational
tion Learning, Boston Naming, Rey- level, 1Q, socioeconomic index (HE) &

Osterreith Complex Figure,
Word-identification, Self-reports
of delinquency, review of school
reports.

child’s sex, age at time of testing, birth
order, alcohol use & neonate
hospitalisation.

Authors conclude that exposure to lead in
childhood is assoc. with deficits in CNS
functioning & persists into young
adulthood.
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Table 3.1: Neurobehavioural effects associated with environmental exposures in children (continued)

Reference Study design Study Subjects Sample Size Exposure Tests Comments
Raab et al Cross-sectional | Children enrolled in | 500 = Blood lead levels | Inspection time (IT) and Both IT and RT performance worse with
(1990) the Edinburgh lead Reaction Time (RT) higher blood lead levels.
study (UK) Regression analysis adjusted for school

and 33 covariates found that assoc. b/w
lead and IT error rates remained
significant however lead and RT error
rates did not.

Harvey et al Cross-sectional | Chiidren living in 201 * Blood lead levels | Wechsler Pre-school and No significant relationship found between

(1988) inner-city dwellings primary scale of overall IQ and blood lead levels

age 5.5years (UK)

intelligence, Reitan Indiana
Battery, Bender Visual
Motor Gestalt Test (BVMG),
Klove-Matthews Motor
Steadiness Battery, VRT
(visual reaction time},
vigilance performance
(CPT), Behaviour. (school
and home), Sattler Rating
Scale, Werry-Weiss-Peters
Scale

Small significant associations found
between blood lead levels and motor skill
and attention dysfunctions.

Regression analysis adjusted for
confounding variables however unclear
as to what these are.
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3.2.1 Methylmercury exposure

Methylmercury exposure is a well studied example of how children are affected
by environmental exposure. Human exposures to mercury occur in the form of
elementary mercury vapour, inorganic mercury with varied oxidation states of
the metal and organic mercurial such as methyl mercury (Verity and Sarafian,
2000). The methylated or organic form of mercury is a far more potent CNS
poison than mercury in its inorganic state (Weiss, 1979). Elemental and organic
mercury cause very different forms of neurotoxicity and evidence of
environmental methylmercury poisoning have occurred in Japan and Iraq
(Spencer et al., 2000). Dietary fish contaminated with mercury (in the form of
methylmercury) is for many people the largest source of exposure (Schettler,
2001). The effects of methylmercury on the developing brain were first
recognized in the tragic poisoning epidemic in Minimata Bay, Japan, during the
1950s when residents regularly consumed fish highly contaminated with
methylmercury resulting from industrial discharges into the bay (Stien et al.,
2002). Infants born to mothers who consumed the fish had a variety of
neurological findings, including mental retardation, disturbances of gait, speech,
sucking, swallowing and reflexes (Harada, 1978; Watanabe and Satoh, 1996).
Prenatal exposure occurs when mercury easily crosses the placenta and enters
the foetal brain where it disrupts many processes necessary for normal brain
development (Atchison and Hare, 1994). In utero exposure to even low doses
results in decreased intelligence and altered behaviour in children (National

Research Council 2000; Grandjean et al., 1997).
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Mercury-related neuropsychological dysfunction in children environmentally and
prenatally exposed to mercury through the environment and contaminated fish
consumption have also been identified in the Faroe Islands (Grandjean et al.,
1998). This prospective study used different neuropsychological tests, including
finger tapping, hand-eye coordination, continuous performance test, Wechsler
Intelligence Scale for Children-revised, digit span, similarities, block designs,
Bender Visual Motor Gestalt Test, Boston Naming Test, Californian Verbal
Learning Test for children and the nonverbal analogue Profile of Mood States
(POMS). Neuropsychological dysfunction was most pronounced in the domains
of language, attention, motor function and memory at prenatal methylmercury
exposure levels previously considered to be safe (Grandjean et al.,, 1997;
Grandjean et al., 1998), although, further research has suggested that these
results may have been confounded by exposure to polychlorinated biphenyls
(Grandjean et al., 2001a) and may not be a direct effect of methylmercury
exposure. Additional analysis on the same study cohort also found that contrast
sensitivity was a predictor of performance on the continuous performance test,
Bender visual motor and the WISC-R block design, and could be an important
determinant of performance on neurobehavioural tests that involve visual stimuli
especially when disorders affecting the visual system exist (Grandjean et al.,

2001b).

In a cross-sectional study on Amazonian children exposed to methylmercury
from consumption of freshwater fish in Brazil, decrements in motor function,
attention and visuospatial performance were associated with hair mercury

concentrations (Grandjean et al., 1999). Similarly in another cross-sectional
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study, Cordier et al., (2002) studied neurodevelopmental effects among children
prenatally exposed to methylmercury children in French Guiana and found an
association between mercury exposure and increased deep tendon reflexes,
poorer co-ordination of the legs, and decreased performance in the Stanford-
Binet Copying score, which measures visuospatial organisation. The cross-
sectional design of these two studies and the retrospective measurement of
exposure should be taken into consideration when estimating the true levels of
exposure and their effects on neurobehavioural functioning. In addition, the
presence of other neurotoxicants (namely lead and PCB) in the environment of
the Amazon and French Guiana should also be considered as potential

contaminants of exposure.

From the seven papers reviewed (4 from the same longitudinal cohort), on
methylmercury exposure and its effects on neurodevelopment, four showed
significant associations between levels of exposure and decrements in
neuropsychological test performance (Cordier et al., 2002; Grandjean et al,,
1999; Grandjean et al., 1998; Grandjean et al., 1997). In contrast to these
findings, the study by Davidson and colleagues (1998) in the Seychelles
showed no adverse effects associated with both prenatal or postnatal
methylmercury and neuropsychological test performance. One study found
interaction effects between PCB and methylmercury exposure which the
authors of the study suggest may augment the neurobehavioural deficits
associated with high levels of mercury exposure (Grandjean et al., 2001a).

Moreover, another study concluded that other neurobehavioural effects such as
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contrast sensitivity may also influence neurobehavioural test performance

(Grandjean et al., 2001b).

Overall, four of the papers reviewed (two from the same study) were
prospective cohort studies utilizing biological exposure measurements including
hair mercury and cord blood samples, two were cross-sectional utilizing hair
mercury for the measurement of methylmercury exposure and one nested case
control (in a prospective cohort) study, also using hair mercury for measurement
of exposure, which suggests relatively quantifiable measurements of exposure
in all of the studies reviewed. All of the studies were quite well designed and
adjusted for confounding variables including age, sex, and maternal

characteristics.

The replication of the findings from these studies strongly suggests that children
prenatally exposed to methylmercury exposure showed decrements in }nemory,
motor function, coordination, language dysfunctions and attention deficits.
These findings also suggest that the neurobehavioural tests used in children
prenatally exposed to methylmercury are sensitive indicators for detecting

neurobehavioural effects from this exposure.

3.2.2 Polychlorinated Biphenyls (PCBs) exposure
Another environmental exposure which has been studied in children is exposure
to PCBs. Like mercury, PCBs can contaminate fish, but PCBs also end up in

many other foods, including beef, dairy products, pork and human breast milk.
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PCBs and their metabolites have been found to interfere with thyroid
metabolism (Brouwer et al., 1998), thus providing a mechanism for
developmental effects on hearing thresholds and other nervous system
functions (Goldey and Crofton, 1998). Epidemiological studies have applied
various biomarkers to assess prenatal PCB exposure, and neurobehavioural
dysfunctions have been determined with a range of neurobehavioural tests
(Grandjean et al., 2001). Neurobehavioural and neuropsychological tests have
been used in a number of epidemiological studies to assess dysfunctions and
prenatal PCB exposure. (Patandin et al., 1999; Winneke et al., 1998). In early
childhood, prenatal PCB exposure has been associated with a variety of
cognitive impairments including memory and attention, decreased verbal ability

and impaired information processing (Jacobson et al., 1985).

There were five papers (two from the same cohort) reviewed on the
neurobehavioural effects of PCB exposure and all of these studies employed
prospective longitudinal designs with a combination of umbilical cord serum and
breast milk for measurement of exposure, and a wide range of

neuropsychological tests for measurement of the effects of exposure.

Jacobson and Jacobson (1996a) report on an 11 year study of children who
were exposed to PCBs in utero. A variety of neuropsychological tests including
the Wechsler Intelligence scales for children 1Q tests, spelling and arithmetic
subtests of wide range achievement test, word and passage comprehension
subtests of the woodcock reading mastery tests, on the children revealed that

PCB exposure in utero correlated with decreased 1Q in children. In fact, the
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children exposed to the highest amounts of PCBs had an average IQ that was
6.2 points lower than that of the other children in the study. Furthermore,
exposure to PCBs correlated with decreases in children’s ability to comprehend
words as well as whole bodies of reading material (Jacobson and Jacobson,
1996a). Similarly, Jacobson and Jacobson (2003), in a more recent analysis of
data from the same cohort found prenatal PCB exposure was associated with
greater impulsivity, poorer concentration and poorer verbal, pictorial and
auditory working memory assessed using a selection of 15 neuropsychological
tests which measured sustained attention (using a continuous performance
test), focused attention (using digit cancellation), executive function (using the
Wisconsin card sorting test), working memory (using a Sternberg Memory
paradigm) and information processing (using Mental rotation) in children not
breastfed whilst no associations were found between prenatal PCB exposure

and visual-spatial deficits or increased hyperactivity.

In another study, significant associations were found between cord blood PCBs
and McCarthy performance of children prenatally exposed to PCB in the USA at
38 months of age, whilst negative associations between prenatal methylmercury
exposure and McCarthy performance were found in children at 44 months with
higher levels of prenatal PCB exposure (Stewart et al., 2003). Winneke et al.,
(1998) in a European study also reported negative associations with mental
function but not motor development or recognition memory in infants at 7
months of age measured using Bayleys scales of infant development and the

Fagan test of Intelligence.
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Other adverse cognitive deficits associated with PCB exposure were found with
lower scores on the overall cognitive and sequential and simultaneous
processing scales of the Kaufman Assessment Battery for children in a
prospective study of children in the Netherlands prenatally exposed to PCB and

dioxins (Patandin et al., 1999).

There are number of methodological issues to be considered in the studies of
PCB exposure, including issues related to exposure assessment, sample
selection and control of potential confounding variables. Children who are
environmentally exposed are poorest and usually live in areas that are dirtiest
and may have parents with lower education and potentially lower 1Q (Schantz,

1996).

All the studies reviewed on PCB exposure were of strong research design
which used prospective longitudinal studies and adjusted for potential
confounding for a number of covariates including socioeconomic status,
maternal 1Q, the HOME (Home Observation for Measurement of the
environment inventory) assessment score and many other covariates. The
overall results from these studies suggest that PCB exposure in children is
associated with decrements in cognitive functions more than motor
development and that the public health implications from the effects of this

exposure could potentially be very significant and should be considered.
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3.23 Lead exposure

Lead (Pb) is one of the first and perhaps best understood examples of a
common chemical that harms brain development (Stein et al., 2002). Humans
are exposed to inorganic lead primarily by inhalation or ingestion whereas
cutaneous absorption is less significant (Spencer et al., 2000). Winneke et al.,
1996, state that "“when comparing neurobehavioural observations from
occupational lead-exposure of adults on the one hand, and environmental lead
exposure of children on the other, it appears that the developiﬁg brain relative to
the mature brain is more at risk” (Winneke et al., 1996). Although very high lead
exposures were recognized to cause encephalopathy, coma and death in
children as early as 1900 (Needleman et al.,1990), the enduring effects of lead
poisoning on child development became apparent only with the publication of
longer follow-up observations in the 1940s, which noted persistent impairment
in intellect, behaviour and sensory motor function (WHO, 1995). As such,
several studies of lead toxicity have measured clinically asymptomatic children
(Altmann et al., 1997; Bellinger et al., 1992; Raab et al., 1990; Walkowiak et al.,
1998) where exposure to lead was found to have caused decreases in
intelligence and alteration of behaviour, moderate deficits in gross and
especially fine-motor developmental status and neurobehavioural effects
(Dietrich et al., 1993; Grandjean et al., 1991), even in the absence of clinically

visible symptoms of lead toxicity.

Some of the studies on environmental lead exposure in children have been
reviewed in Table 3.1. Of the 15 studies reviewed on lead exposure in children,

five were prospective cohort studies (Canfield et al., 2003; Tong et al., 1996;
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Dietrich et al., 1993; Bellinger et al., 1992; Needleman et al., 1990), using blood
lead levels and dentin lead (Needleman et al., 1990) as measurements of lead
exposure. The remainder 9 cross-sectional studies and 1 case control study,
also utilized blood lead levels while others used dentin lead (Grandjean et al,
1991) and tibia lead (Campbell et al, 2000; Stokes et al., 1998) as
measurements of lead exposure. Table 3.1 summarises the associations found

between lead exposure and neuropsychological test performance.

An 11 year follow-up study on low level lead exposure in primary school
children found that associations previously reported between Iead and
children’'s academic progress and cognitive functioning persisted into young
adulthood (Needleman et al., 1990). In this study, earlier exposure to lead and
its persistent toxicity were found to be significantly associated with diminished
academic success, specifically a sevenfold increase in failure to graduate from
high school, lower class standing, greater absenteeism and impairment in
reading skills. The children’s performance on a selection of neurobehavioural
tests, namely the Neurobehavioural Evaluation System, California Verbal
Learning Test, Boston Naming Test, the Rey-Osterreith Complex Figure and
word-identification test also showed deficits in vocabulary, fine motor skills,
reaction time and hand-eye co-ordination (Needleman et al., 1990). Similarly, in
more recent literature (Dietrich et al., 2001), lead exposure in children has been
reported to be associated with cognitive impairment, learning disabilities and
behaviours that contribute to the likelihood of dropping out of school. Dietrich et
al. (2001), investigated the association of early exposure to lead and juvenile

delinquency and found that both prenatal and postnatal exposure to lead were
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associated with reported antisocial acts and may play a measurable role in the
epigenesis of behavioural problems. Moreover, significant adverse central and
peripheral neurological effects were reported in a group of young adults 20

years after childhood environmental exposure to lead (Stokes et al., 1998).

Bone lead levels have also been found to be associated with language
processing abilities (Campbell et al., 2000). In this study, a group of 11-14 year
old boys who were considered asymptomatic for acute lead toxicity but had
relatively higher bone lead burdens had decreased language processing
performance when assessed on the non-word repetition task, competing
language processing task and revised token test, especially when tasks were
demanding. The results from this investigation also extend evidence of the
negative effect of lead on linguistic function to include the processing of more

complex phonological and lexical forms (Campbell et al., 2000).

A cross-sectional study of children living in the Ecuadorian villages where lead
was used in the glazing of ceramics divided children exposed to lead into two
groups based on test focus. Group one was assessed on a range of clinical
neurological tests including visual pursuit, saccade velocity, finger to nose,
standing balance and tandem walking, finger tapping, deep tendon reflexes,
right/left discrimination, size discrimination (large/small), colour discrimination,
draw-a person and simple math calqulation. Group two was assessed by using
Raven’s Coloured Progressive Matrices (RCPM). In group one, children with
higher PbB levels had poorer performance on six of the neurological tests:

tendon reflexes, finger tapping, visual pursuit, draw-a -person, size
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discrimination and math calculation skills whilst regression analysis revealed a
negative correlation of borderline significance between the RCPM scores and
lead levels in group two and statistically inverse correlation between the RCPM
score and PbB levels for children over nine years of age (Counter et al., 1998).
Given the small sample size in the study and the uncertainty for dividing the
children into two groups to receive different neurological examinations, this
study suggests that a cumulative lead exposure effect in older children with high

PbB levels may be at greater risk for cognitive impairment.

Ris et al. (2004) also report on the significant associations found between lead
exposure and performance on a number of neuropsychological measures. The
study assessed five functional domains in memory, learning/IQ, attention,
visuoconstruction and fine-motor function in ma[e children enrolled in the
prospective Cincinnati lead study. They were tested using the Wisconsin Card
Sorting, Rey-Osterreith for executive function, the CPT for attention, California
Verbal Learning Test for memory and other tests of verbal (WISC llI),
visuoconstructional (WISC Il Block Design) and Fine motor (Grooved Pegboard
and finger tapping) functions. Following adjustment for maternal IQ,
socioeconomic status, total average HOME scores and adolescent marijuana
consumption and a number of other different factors for each specific measure,
significant associations were found between lead exposure and fine motor
function, attention and visuoconstruction with an indication of a higher risk in

male children.
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A number of studies have also investigated the specific associations found
between lead exposure and performance on IQ tests. Low levels of lead as low
as 3ug/dl were found to be associated with neurobehavioural deficits (overall
IQ, performance 1Q, reaction time, visuomotor integration, fine motor skills, and
attention including executive attention, off-task behaviours and withdrawn
behaviours) in African American inner city children participating in a longitudinal
study on the effects of prenatal alcohol exposure (Chiodo et al., 2004). Tong et
al. (1996) also found significant associations between children’s |1Q and blood
lead concentrations at most ages of children born in or around a lead melting
town in Australia. Similarly, a significant association was found between blood
lead concentrations and |Q measured on the Stanford-Binet Intelligence scale
at levels below 10ug/d! in a longitudinal study of children in the USA (Canfield et

al., 2003).

In contrast, Harvey et al. (1988) found no significant associations between
blood lead levels and overall IQ measured on a number of neurobehavioural
tests including the Wechsler pre-school and primary scale of intelligence, Reitan
Indiana battery, Bender visual motor gestalt, Klove-Matthews Motor Steadiness
Battery, Sattler rating scale, Werry-Weiss Peters scale and measures of
reaction time and vigilance performance. However significant associations were

found in the measures of motor skills and reaction time.

There is considerable debate in the literature about environmental lead
exposure in children and the validity of some of the lead based results,

specifically the Needleman studies (Ernhardt et al., 1993). A number of issues
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need to be considered when interpreting the data presented by these studies
particularly for example, the influence of selection bias on the associations
found in the Needleman studies (Needleman et al., 1990). The subjects
retested in 1988 had more favourable characteristics (lower lead levels, higher
socioeconomic status and higher 1Q scores and teacher’s ratings of classroom
behaviour) than those who could not be located or declined to participate in the
follow-up part of the study. This raises the questions of whether or not these
subjects were representative of the initial group of subjects tested in 1979

(Needleman et al., 1979) and the validity of the prospective outcomes.

Another critical problem identified in these studies is the measurement of lead
exposure. Researchers have used either blood lead or dentin lead as a marker
of lead exposure. Some studies calculated exposure levels based on a single
estimation by formulating indices based on self report or previous blood lead
level and dentin concentrations (Ris et al, 2004; Dietrich et al., 1993,
Needleman et al., 1990). Whilst blood lead is a useful measure of recent
exposure it may also be a poor indicator of previous levels of exposure since
lead only remains in the blood for a brief period of time before being excreted or
stored in bone. Dentin lead has the advantage of reflecting cumulative lead
exposure; however it still cannot be used to assess age of exposure or patterns
of previous exposure (Banks et al., 1997). A single estimation may be
susceptible to the influence of changing environments and multiple measures

across time provide a more reliable index of exposure.

67



Other methodological issues which need to be observed in the literature include
problems with study design and limited control of potential confounding biases.
A majority of the studies reviewed were cross-sectional studies which controlled
for a number of covariates; however, there‘seems no agreement to some extent
in the selection, measurement and interpretation of covariates. Whilst some
studies have associated lead exposure with lower socioeconomic status and
parental 1Q and education and adjusted for these accordingly (Ris et al, 2004;
Canfield et al., 200‘3; Campbell et al., 2000), other studies have adjusted for

other factors (Chiodo et al., 2004 ).

However regardless of these limitations, it must be emphasized that peak lead
exposure typically occurs in children at an age when cognitive processes are
rapidly developing, and the child is likely to have limited resources to counteract
this exposure. Furthermore, the overall weight of the literature on lead exposure
in children reviewed, strongly suggests the continued finding that childhood lead

exposure is heurotoxic to the developing child with dose-response effects.

3.24 Summary

The consistencies in the literature reviewed, strongly suggest that
environmental exposure to methylmercury, PCBs and lead is associated with
decreased functional performance on a number of neurobehavioural and
neuropsychological tests, with displayed dose-response effects. Prenatal
exposure to lower levels of methylmercury showed adverse effects on attention,

sensory and motor function, whilst exposure to prenatal PCBs also showed
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decrements in neurobehavioural and cognitive functioning. Lead was found to
be associated with a nhumber of effects including decreases in 1Q, poor school
performance, and attention deficits. The use of neuropsychological tests for the
assessment and measurement of adverse effects from exposure have shown to

be effective in the measurement of neurobehavioural deficits in children.

3.3 Children and occupational toxic exposures

Whilst the previous section has reviewed and identified some of the effects of
toxic exposures of children in the environment, it also illustrates and to a certain
extent confirms the vulnerability and susceptibility of children to neurotoxicants.
Nevertheless, there is very limited research available on occupational toxic
exposures in working children, despite working children being exposed to a
range of toxic substances as illustrated in the discussion on child labour earlier
in this chapter. A case study measuring toxicants in working children, found that
seven out of ten boys working as shoeblacks had urinary excretion of phenols
above the reference value indicating high exposure levels to benzene (Harari et

al. ,1997).

Of particular interest and relevance to this thesis are the effects of solvents on
working children, specifically neurobehavioural effects. There is a lack of
information on solvent exposure in children in the literature and only very limited
information on environmental exposure to solvents which clearly identifies the
gap in this area of research. The next section of the thesis will introduce

solvents and present the concept of solvent neurotoxicity.
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3.4 Solvents

In this section, solvents will be defined and the characteristics of solvents will be
discussed. The term "organic solvents" refers to a group of volatile compounds
or mixtures that are relatively stable chemically and that exist in the liquid state
at temperatures of approximately 0° to 250°C (32° to 482°F) (Spencer et al.,
2000). Solvents are widely used in industrial societies in a wide range of
processes. An estimated 49 million metric tons of solvents are produced per
year in the USA alone (Hartman, 1995) and more than 9.8 million workers
inhale or come into skin contact with solvents every day (Cincinnati, 1987)

either occupationally or through the environment.

3.41 Effects of Solvent Exposure

There are many occupations in which workers can be exposed to solvents,
including automotive manufacturing and repair, paint and varnish
manufacturing, the electronic industry, industrial cleaning, metal-part
degreasing and dry-cleaning (White and Proctor, 1997). Clinically, it is
especially common to see patients working in dry-cleaning, the paint industry
and in occupations involving mechanical or engineering work that requires the
use of degreasers. It should be noted also that patients can experience
exposure environmentally, through hobbies, and by self-administration of

solvents such as ethanol, toluene and gasoline (Hartman, 1995)

Common organic solvents are classified as aliphatic hydrocarbons, cyclic

hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, ketones,
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amines, esters, alcohols, aldehydes, and ethers. Many common solvents often
exist as mixtures or blends of chemical compounds (e.g., Stoddard solvent and
thinners) (WHO, 1985; Parrish, 1983). Solvents are used in paints, adhesives,
glues, coatings, and degreasing/cleaning agents, and in the production of dyes,
polymers, plastics, textiles, printing inks, agricultural products, and
pharmaceuticals (WHO, 1985). Numerous conditions have been reported as a
result of contact and exposure to solvents. The toxicological effects common to
most solvents are associated with their irritant effects on the mucous
membranes, the effect on the skin and the depression of central nervous
system function and are dependent to a large extent on the route, chronicity and
the severity of exposure (NIOSH, 1997). The differentiation between short-term
or acute and long-term or chronic exposures is like distinguishing between
hours to days and months to years. Acute effects tend to resolve soon after
discontinuation of the exposure, sub-chronic effects are most often reversible
within 6 months to one year after discontinuation of the exposure; while chronic
effects may not be reversible or only partially so within more than one year of

termination of the exposure (NIOSH, 1997).

Even though there are so many different types of solvents, there are many
common characteristics. Curtis and Keller (1986) state that all solvents share
common characteristics including volatility (significant vapour pressure) and
solvency (pass through intact skin). In addition, solvents are lipophilic with an
affinity for nerve tissue, are soluble in blood and pass rapidly through lung
tissue. Furthermore, solvents seem to have relatively harmless odours which

may provoke minor irritation until high concentrations are achieved. Exposure to
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solvents has also been reported to cause chemical dependency (Hariman,

1995).

Table 3.2 provides a summary of studies on symptoms including
neurobehavioural symptoms associated with occupational solvent exposure in
adults. The table highlights the different study designs, study subjects
(occupations), exposure measurements, tests used for the measurement of

different symptoms and the findings from the research.

In total, 33 studies were reviewed. Three of these were prospective longitudinal
studies; two were controlled exposure studies, three case studies, three case
control studies and 22 cross-sectional studies. The majority of the studies
involved adults occupationally exposed to solvents except the controlled
exposure and case studies (Mackie et al., 2004; Ozgenal et al., 2004; Jones et
al., 2003; Van Thriel et al.,, 2003). In the majority of the studies, solvent
exposure was assessed by calculating exposure indices based on self-reports,
work history, duration of work, walk-through studies and in some studies
ambient air and biological monitoring. Only about half of these studies adjusted
for confounding variables such as age, gender, education and social habits.
However, there was no consistency or agreement between the studies on the

different variables which were identified as potential covariates.

The majority of the studies reviewed, showed adverse symptoms associated
with solvent exposure with a number of these showing dose-response

relationships (Van Thriel et al, 2003; Issever et al, 2002; Chen et al, 2001a;
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Chen et al, 2001b; Campagna et al, 2001; Castillo et al, 2001; LoSasso et al,
2001; Cavalleri et al, 2000; Julien et al, 2000; Eller et al, 1999; Chen et al,
1999b; Hooisma et al, 1994; Wang and Chen, 1993). The common findings
reported from these studies suggest that workers exposed to solvents suffer
decrements in memory and cognitive functioning as well as report higher

number of neurotoxic symptoms.
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Table 3.2: Common Symptoms associated with solvent exposure in adults

Reference Study design | Study Subjects Sample Size Exposure Tests Symptoms Comments
Mucous membrane irritant effects
Van Thriel et al Exposure Male students 24 participants | = Organic SPES Acute Specific Psychological indicators of
(2003) chamber study | (Germany) solvents symptoms psychological olfactory stimulation and
(extended version), | reactions, self- sensory irritation showed
AAR, nasal lavage | reported nasal does-response
irritations relationships.
Bratveit and Cross-sectional | Car finishing 36 exposed = Personal air | Symptoms Acute health Highest levels of exposure
Moen (2001) workers exposed | 17 controls guestionnaire symptoms during degreasing of new
to organic (headaches, cars.
solvents from 32 veriigo, nausea, Washing of second hand
shops (Norway) euphoria, sore cars associated with low
eyes, soreness or levels of exposure
itching in the nose NO evidence of
and throat, pronounced acute effects of
discomfort in exposure, however car-
breathing and skin finishing workers can be
rashes) use of exposed to high levels of
personal protective organic solvents.
equipment. -
Chen etal Cross-sectional | Dockyard 260 painters, * Measured as | Questionnaire as Nasal, eye and skin Nasal, eye and skin
{2001b) painters (froma | 539 controls number of stated in (Chen et irritation irritation significantly related
previous study, (UK) years al 2001a) to exposure to paint which
Chen et al 1999) | 109 painters worked resolved after stopping

(China and UK)

255 controls
{China)

exposure

Regression model adjusted
for age, education,
smoking, alcohol and social
conformity
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Table 3.2: Common Symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects Sample Size Exposure Tests Symptoms Comments
Lee etal (1997) | Cross-sectional | Newspaper 215 exposed Mixed Comprehensive Pulmonary & upper 1 prevalence of pulmonary
Workers (USA) 34 non-exp. organic health respiratory tract. and URT mucous

solvents questionnaire, membrane symptoms in
Walk- Spiro metric testing exposed printers
through Regression analysis
Air adjusted for age, height,
monitoring smoking, number of years
Personal in printing
monitoring

Skin Effects

Mackie et al Case report 52 yr old male 1 case Drank and None Extensive dermal Deep dermal burns

(2004) (suicide aftempt) poured white burns associated paint thinner

(UK) spirit contact.

(turpentine)
on himself

Ozgenal et al Descriptive Burns patients 32 cases Paint thinner | None Thermal burns Paint thinner a cause of

(2004) review (Turkey) thermal injury

Jones et al Controlied Volunteers (UK) | 2 male 9 exposure None Dermal absorption Protective clothing had no

(2003) exposure 2 female sessions, 50 effect
ppm. of 2 Increased temperature and
butox- humidity increased dermal

ethanol for 2
hours

absorption
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Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects Sample Size Exposure Tests Symptoms Comments
Neuropsychological Symptoms
Zupanic et al Cross-sectional | Workers in 154 exposed Ambient air Subjective Psychomotor effects ANOVA found no
(2002) rofogravure 124 low monitoring symptoms and association biw 2 exposure
printing plants exposure Mean lifetime | Psychomotor groups.
exposed to weighted avg | performance Regression analysis
toluene exposure (steadiness, line adjusted for age showed no
(Germany) (LWAE) tracing, aiming, association with LWAE and
calculated from | tapping, psychomotor performance.
exposure pegboard)
levels and self
report
Prince and Case-study 33 year old 1 case Airborne None Headaches Symptom resolved when
Spengler (2001) woman (USA) lubricating fluid non-Stoddard solvent used
with Stoddard
solvent
Chen etal Cross-sectional | Dockyard 260 painters, Measured as Questionnaire Neuroticism and Association between
(2001a) painters (froma | 539 controls number of including personality duration of exposure and
previous study, (UK) years worked neuropsychologic an increase in symptoms

Chen et al 1999)
(China and UK)

109 painters
255 controls
(China)

al symptoms, 12
statements of the
neuroticism (N)
scale and 12
statements of
dissimulation and
social conformity
scale of the
Eysenck
personality
questionnaire
short scale (EPI)

indicating neuroticism but
no association for social
conformity and
dissimulation.

Regression model adjusted
for age, education, smoking
and alcohol.
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Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Symptoms Comments
LoSasso et al Cross-sectional | Nail technicians 150 exposed Workplace Neuropsychological Neuropsychological Exposure to low level
(2001) (USA) 148 controls assessment impairment scale symptoms solvents associated with

(ventilation, (self report) self-reported cognitive and
hours worked) neurological symptoms
(cognitive efficiency,
memory and learning)
Regression analysis
showed association
between level of exposure
and severity of symptoms
Aaserud et al Case-control Workers with 10+ | 36/36 Organic Cerebral MRI Nervous system No association between
(2000) years exposure solvents impairment e.g. exposure and nervous
brain atrophy system impairment
Challenor and Cross-sectional | Boat builders 213 exposed Air monitoring | Mood (POMS) Altered mood Weak association between

Wright (2000) (UK) 144 controls Biological urine states styrene exposure and
concentrations aggression/hostility
of 23
employees
(styrene)
Moen and Descriptive Car painters 28/18 Air/ personal Non-standard Acute CNS Exposure lower than iimits.
Hollund (2000) cross-sectional” | (Norway)/ monitoring questionnaire symptoms No difference in symptom
admin staff of reports found b/w exposed
garages and non exposed
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Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design Study Subjects | Sample Size Exposure Tests Symptoms Comments
Julien et al Cross-sectional Blue-collar 55 couples Self report Symptom-checklist- Psychological = Higher degrees of exposure
(2000) workers from 41 Exposure 90-R, French version | symptoms and associated with higher
plants exposed to levels of POMS, Social marital stress levels of workers’
neurotoxic categorized interaction stress psychological stress,
substances into high, (SIS) psychological symptoms
medium, low and marital
and trace problems/conflicts
based on work
history and job
activities
Chen et al Nested cross- Dockyard 953 painters Heavy and Questionnaire Death and Neuro- | = No association with
(1999a) sectional and painters 953 controls prolonged including Q16 and psychological mortality
case-control (Scotland)/ exposure to other neurological symptoms = Association found with high
Male non- paint solvents | questions. symptoms scores and
painters Measured as exposure,
number of = Multivariate Analyses
years worked adjusted for age, education
and time since , sSmoking, alcohol, social
left work conformity and years of
exp.
Chen et al Cross-sectional Dockyard 116 painters Not measured | Questionnaire Neuropsychological | = Higher relative number of
(1999b) painters (China & | 263 non- group divided | including Q16 and symptoms symptoms for painters
UK)/ non painters | painters based on other neurological compared to non-painters
occupation guestions. * Multivariate analysis

controlled for age, gender,
education, smoking, alcohol
intake and social
conformity.




Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Symptoms Comments
Eller et al (1999) | Cross-sectional | Workers in 98 exposed Self report Symptoms CNS effects Higher exposure
rotogravure plant Three groups, | questionnaire, associated with higher
exposed to group 0= no Cognitive function score on symptom index
toluene exposure, scanner, co- (concentration, reduced
(Denmark) group 1 = TWA | ordination ability, memory and fatigue) and
<20 ppm of tremor and position worse performance on
toluene < 13 stability visuospatial function,
yrs, group 2 = number learning and word
TWA > 100 recognition
ppm more than Long-term exposure of
12 yrs. toluene associated with
impaired
neuropsychological function
Welp et al (1996) | Prospective Workers 32802 Personal Calculation of Mortality from Styrene may contribute to
cohort employed in 660 | exposed exposure Standardised nervous system chronic disease of the
plants measurements | Mortality Ratio. diseases, mental CNS.
manufacturing biw 1955- disorders and Mortality from diseases of
reinforced 1990. suicide. the CNS increased with
plastics between Calculation of time since first exp,
1945-1991 and cumulative duration of exp, avg level of
exposed to exposure and exp and cumulative
Styrene (Europe) average exposure to styrene
exposure. Mortality from epilepsy

increased monotonically
with all styrene exposure
while associations for
degenerative diseases of
CNS were weaker
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Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Symptoms Comments
Hakkola (1994) | Cross-sectional | Road tanker 61 exposed = Personal air Symptoms Neuropsychologica Drivers had more solvent
drivers exposed | 56 occasional (20) questionnaire (sleep | | symptoms related acute symptoms
to solvents and limited disturbances, fatigue, compared to the control
(Finland) exp memory and group with no exposure.

31 control concentration, Remarkable differences with
emotional distress, fatigue, depression, hostility,
somatic complaints listlessness and uncertainty
and sensory and however differences not
motor symptoms + significant.

POMS (Finish
modification)
Hooisma et al Cross-sectional | House, industry | Young * None Questionnaire Psycho-organic Frequency of complaints
(1994) and painters 120 syndrome higher in both young and
construction exposed (i.e./specific older painters exposed than
painters 169 controls symptoms of non-exposed
randomly Older painters fatigability, poor Significant relationship
selected from 127 exposed memory, between frequency of
SFS database 167 controls concentration etc) periods of heavy exposure
(Netherlands) and severity of symptom
categories.
Nelson et al Case control Automobile 299 cases = Exposure None Chronic Chronic neurological
(1994) assembly indices based neuropsychiatric disease, multiple sclerosis
workers (USA) on work disease associated with exposure

history, current
and historical
exposures

Univariate analysis adjusted
for solvent exposure, lead
and alcohol consumption.




Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Symptoms Comments
Wang and Chen | Cross-sectional | Paint 196 = Personal / air Symptoms (Q16) Acute and chronic Exposure positively
(1993) manufacturers - monitoring questionnaire. neurological associated with acute
low, medium, » Walk-throughs | Physical function. symptoms symptoms (headaches,
high exposure Liver function chest tightness, dizziness,
(China) fatigue, depressed mood,
palpitations)
Higher exposure associated
with increased risk to
develop 23 chronic CNS
symptoms.
Logistic regression
controlled for age, duration
of employment and smoking
Colour vision dysfunction
Boeckelmann Cross-sectional | Workers from 42 printers = Self report Vistech Chart VCTS | Contrast Exposure to solvents
and Pfister silk screen 28 age- = Exposure 6500 (Vision contrast | sensitivity, visual associated with more
(2003) printing stratified indices test system) defects abnormalities in contrast
exposed to controls stratified into sensitivity in printers
solvents > 3 low, middle, Regression model adjusted
years high based on for age, alcohol, nicotine,
(Germany) interview consumption
lhrig et al Cross-sectional | Painters with 140 painters = Personal air Colour vision Colour vision No significant correlation
(2003) long-term sampling (Lanthony D15d) and | dysfunction found between CCl,
exposure to » Two indices El | Q18 (Modified responses to Q18 and

organic solvents
(Germany)

and CEl

German version of
the Q16).

chronic solvent exposure
Regression analysis
adjusted for exposure
indices, age, alcohol and
smoking
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Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Symptoms Comments
Issever et al Cross-sectional | Workers in 26 exposed Biological FM-100 Hue test, Colour vision Significant relationship
(2002) leather industry | 50 controls monitoring EMG, EEG, found between n-hexane
diagnosed with (Urinary Questionnaire exposure and development
polyneuropathy Phenol and of defects in colour vision.
trichloroacetic
acid
Hospital
records
Campagna et al | Longitudinal Male workers 72 exposed Personal air Visual acuity Colour vision Positive relationship
(2001) exposed to 34 ambient monitoring (National Optical between colour vision loss
toluene in a exposure Job-exposure | Visual Chart), Colour and airborne toluene, past
photogravure 19 non- matrix based vision (Lanthony cumulative toluene and past
plant (France) exposed on work history | D15d total cumulative hydrocarbon
and self report exposure.
Regression analysis
adjusted for age, alcohol
and duration of employment.
Castillo et al Longitudinal Workers in 18 styrene Cumulative Lanthony D15d, Colour vision and Significant association b/w
(2001) reinforced exposed Exposure Vistech 6000 card visual acuity cumulative exposure and
plastic plants Index (CEIl) system near visual contrast
(Canada) with correction sensitivity loss (chronic

for respirator
use

Urinary
Mandelic acid
(MA)

damage to neuro-optic
pathways)

No significant difference in
colour vision.

Co-variance analysis
adjusted for age.




Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study design Study Sample Size Exposure Tests Symptoms Comments
Subjects -
Cavalleri et al Cross-sectional | Rubber 33 exposed Biological Lanthony D15d Colour vision = Significant association
(2000) workers 16 controls monitoring between lower colour
exposed fo (urine) discrimination and toluene
Toluene (ltaly) Walk- exposure
through = Regression analysis adjusted
for age, seniority, alcohol and
smoking
Dick et al (2000) | Descriptive Painters froma | 5 cases Exposure Psychometric tests Colour vision, = All cases showed
case reports previous study estimates (Trailmaking A & B, cognitive neurological deficits including
(Chen et al based on Benton visual retention, defects, tremor blue-yellow colour vision
1999) with work history | National adult reading and loss of deficits, coarse tremor,
similar findings Cumulative | test, WAIS Vocab, NES2 | vibration impaired vibration sensation
on lifetime CPT, symbol digit without in the legs and cognitive
neuropsycho- solvent paired associate, impairment
logical exposure Associate learning and
examination Delayed associate recall.
(UK) Tests of visual acuity (3
m Snellan chart), colour
vision (Lanthony D15d)
grip strength.
Semple et al Nested Cross- | Dockyard 68 exposed Exposure Lanthony D15d, Keeler Colour vision * Exp to mixed solvents assoc.
(2000) sectional workers 42 controls indices (CEl, | Snellen half size chart and visual with impairment in colour
selected on OEL based acuity vision
the basis of on self = |mpairment of colour vision
their responses report, work not associated with
o Orebro Q16 history, neuropsychological
in previous lifetime symptoms.
study (UK) exposure = Regression analysis adjusted

for age and alcohol intake.
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Table 3.2: Common symptoms associated with solvent exposure in adults (continued)

Reference Study Study Subjects Sample Exposure Tests Symptoms Comments
design Size

Muttray et al Cross- Printshop 8 exposed | = Personal air Farnsworth panel D-15 test, Colour vision Measured acute & chronic
(1999) sectional workers exposed | 8 = Blood samples | Lanthony desaturated D-15, effects

to Toluene unexposed Standard Acute exp not associated with

(Germany) Pseudoisochromatic plates impairment in colour vision

part 2 (SPP2-test)

Gonzalez etal | Cross- Workers exposed | 129 = Exposure Lanthony D15d Acquired Higher proportion of acquired
(1998) sectional to solvents > 3 exposed indices based dyschromato- dyschromatopsia found in

years (France) 120 on work psia exposed group

controls history, work Complex defect
practices dyschromatopsia associated

Personal and
air monitoring
Hygienic effect
index
calculated

with higher cumulative
exposure index than those
with blue-yellow defect
Regression model adjusted
for age, tobacco and alcohol
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3.4.2 Mucous membrane irritant effects

Solvents vary in their potential for irritability of mucous membranes and irritant
effects seem to occur with most solvents. They appear to occur at levels
considerably below current hygienic standards. In most cases the irritability
disappears within a short period of time as a result of adaptation to the effects
of the solvent (Fajardo,2002). Most solvents irritate the mucous membranes of
the eyes, nose and throat with the eyes being the most sensitive. The initial
manifestation is typically a burning sensation, resulting from stimulation of the
trigeminal nerve endings of the nose and eyes, although a cough may also be
apparent as a result of stimulation of the laryngeal nerve endings in the throat.
Aspiration of solvent into the lung can result in rapid and sever pulmonary
damage (NIOSH,1997). Heavy exposures are commonly manifested by cough,
chest tightness and loss of breath. Strong irritant solvents such as toluene can
induce symptoms at low exposure levels, which at high concentrations even
common solvents like toluene, xylene and méthylene chloride can induce
pulmonary oedema (Baker and Fine, 1986). One study compared the
pulmonary and upper respiratory tract mucous membrane symptoms in
newspaper pressroom workers who were occupationally exposed to organic
solvent and lubricant mixtures, and compositors who were not occupationally
exposed to solvents or lubricants (Lee et al, 1997). Compared with the
compositors, press workers were more likely to experience pulmonary and
upper respiratory tract mucous membrane symptoms (including chronic cough,
phlegm, wheezing, dyspnoea, haemoptysis, chest tightness, nose or throat
irritation, eye irritation or sinus trouble). Furthermore, different frequency of use

to different solvents caused different significant associations. The frequency of
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use of isopropanol and solvent type 1 (Naphtha and mineral spirits blend) were
significantly correlated with the prevalence of chest tightness, the frequency of
use of isopropanol and plate cleaner were significantly associated with the
prevalence of wheezing, the frequency of use of kerosene (Cg-Cqg
hydrocarbons), solvent type 1 and Mall—purpose cleaner (Glycol ethers) were
significantly associated with the prevalence of eye irritation and the frequency
use of Mobil Oil (oils), kerosene, all purpose cleaner and isopropanol were
significantly associated with prevalence of nose and throat irritation (Lee et al,
1997), even though the degree of exposure was within the current permissible
exposure limits. Van Thriel et al. (2003) conducted an exposure chamber study
of male students in Germany to assess self reported nasal irritations from
exposure to organic solvents. No associations were found between subjective
and objective methods assessing chemosensory effects, however,
psychological indicators of olfactory stimulation and sensory irritation showed

dose-response relationships.

Chen et al. (2001b) also found nasal, eye and skin irritations significantly
associated with exposure to paint in dockyard painters in China and the UK.
However, the effects of this exposure were acute and resolved after exposure

stopped.

In contrast, Bratveit and Moen (2001) found no evidence of acute symptom
health effects associated with solvent exposure in car-finishing workers
exposed to organic solvents from 32 shops in Norway. Nevertheless the authors

state that based on measurements of solvents by personal air monitoring from
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three representative workshops, car-finishing workers were exposed to high
levels of organic solvents in their work. Care should be taken in the
interpretation of these results because the sample size used in this study is

small and it would be difficult to generalise from these numbers.

However, the findings from the other three studies reviewed strongly suggest
that exposure to solvents in adults is associated with mucous membrane irritant
effects including nose, throat and eye irritations, wheezing and other mucous
membrane symptoms. Although most studies reported acute effects which
resolved when exposure stopped, these effects do exist and the implications
which they may have on children with increased susceptibility should be

considered.

3.4.3 Skin Effects

Organic solvents account for approximately 20% of occupationally induced
dermatitis with this condition being most commonly localized to the hands
(Fajardo, 2002). The hands are commonly affected while cleaning with solvents,
by accidents, or by not using proper protective equipment. The main effects of
solvents result from the dissolving of fats from the skin, which with repeated
exposures will result in a red, dry, itchy skin. This is illustrated in Kishi et al,
1993 (displayed in Table 3.3), where reported symptoms of dry and scaly skin
were significantly higher in organic solvent-exposed workers than non-exposed
workers amongst other neurobehavioural effects. Moreover, paint thinner, a

chemical containing aromatic hydrocarbons such as xylene, toluene and n-
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hexane, is a cause of thermal injury in many workplaces across Turkey
(Ozgenel et al., 2004) due to inappropriate use and handling. All patients in the
study sustained burn injury on the face, arms and hands and five patients
among those studied had extended burn areas on the trunk and/or lower
extremities. This suggests that paint thinner may be the cause of catastrophic
thermal injury (Ozgenel et al., 2004). Similarly, Mackie et al. (2004), reported on
a case report which found extensive dermal burns associated with paint thinner
contact. Jones et al. (2003), however reported that the dermal absorption of
solvent vapours can be significantly affected by the environmental conditions of
the workplace. Specifically this controlled exposure study found that increased
temperature and humidity increased dermal absorption. The authors also found
that some types of protective clothing may not always be suitable to reduce

absorption.

Whilst most of the studies on skin effects were descriptive in nature, the
consistency of results addresses specific effects of solvents on the skin.
Overall the results of the studies suggest that solvents have an effect on the
skin. The implications these may have on working children should be
considered as working children are more likely to be washing workplace
equipment in solvents and are more prone to workplace accidents and injuries
(Nuwayhid et al., 2005). Furthermore, the working environment the children
work in, in so far as inadequate ventilation, increased temperatures and high

humidity, may significantly impact the levels of solvent absorbed into a child's

body system.
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3.4.4 Neuropsychological symptoms and nervous system effects
of solvents
The effects of solvents on the nervous system (also known as solvent
neurotoxicity) have been well recognised since the 19" century, especially their
effects of depression of CNS activity via anaesthetic action. Solvent-exposed
individuals are rendered progressively less sensitive to stimuli as a function of
solvent concentration and/or exposure duration until unconsciousness; coma or
death occurs (NIOSH, 1997). The acute, transient neurotoxic effects of organic
solvent exposure in humans result from the pharmacologic action of the solvent
within the CNS and tend to resolve soon after discontinuation of the exposure.
These effects include CNS depression, psychomotor impairment and narcosis.
With a spectrum of intermediate symptoms that include drowsiness, headache,
dizziness, dyspepsia and nausea (NIOSH, 1997; Xiao and Levin, 2000). The
early signs of acute exposure consist of feelings of euphoria and disinhibition.
Higher intensity exposure may result in prenarcotic symptoms such as
dizziness, light-headedness, impaired judgment, nausea and vomiting,
incoordination, paresthesia and increased salivation (Spencer et al., 2000;
Chen et al., 1999a; Hooisma, 1994). A case study by Prince and Spengler
(2001) found that headaches were associated with occupational exposure to
Stoddard solvent and that symptoms resolved when the lubricating fluid was

changed to a non-Stoddard solvent.

Neuropsychological and neurological impairments have been found in workers
exposed to organic solvents. Neuropsychological symptoms were associated

with heavy exposure to painting work in China where neuropsychological
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symptoms were assessed using a symptoms questionnaire including the (Q16)
and other neurological questions in active and retired painters (both men and
women) who had worked for at least 1 year and non-painters who had not been
exposed to organic solvents (Chen et al.,, 1999b). There was a significant
excess of symptoms overall among painters over non-painters of both sexes.
After adjustment for confounders this study identified, the highest relative risks
(RRs) of symptoms for women were from having problems with buttoning and
unbuttoning and hands trembling, and for men were from bumping into people
or things when moving around and also problems buttoning and unbuttoning.
Summarised scores also showed that painters had more neuropsychological

symptoms than had the controls (Chen et al., 1999b).

Wang and Chen (1993) also found solvent exposure in paint manufactures in
China was positively associated with acute symptoms measured on the
symptoms (Q16) questionnaire, including headaches, chest tightness,
dizziness, fatigue, depressed mood and increased palpitations. Furthermore,
the authors found that higher exposure levels were associated with increased
risk to developing more than 3 chronic CNS symptoms. Another study by
LoSasso et al. (2001) in nail technicians exposed to solvents also found that low
levels of solvent exposure were associated with neuropsychological symptoms
(memory, verbal learning, academic skills) including self reported neurological
symptoms. Similarly, Eller et al. (1999) found higher exposure in workers in a
rotogravure plant exposed to toluene in Denmark, associated with higher scores
on the symptom index (including concentration, reduced memory and fatigue)

and worse performance on visuospatial function, number learning and word
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recognition. The authors concluded that long term exposure of toluene was

associated with impaired neuropsychological function.

Altered mood states have also been reported to be associated with solvent
exposure. A prospective cohort study of workers exposed to styrene and
employed in 660 plastic manufacturing plants, found that styrene may contribute
to chronic diseases of the central nervous system as well as increase suicide
and mortality with increased time and duration of exposure (Welp et al, 1996).
Julien et al. (2000) also found higher degrees of exposure to neurotoxic
substances associated with higher levels of psychological stress, psychological
symptoms and marital problems, whilst Chen et al. (2001a) reported on the
association found between duration of exposure and an increase in symptoms
indicating neuroticism and altered mood states but no association for social
conformity and dissimulation. Hakkola, (1994) also reported a higher
percentage of general symptoms and fatigue, depression and hostility in tank

drivers exposed to solvents.

However, in contrast, another study of boat builders in the UK found weak
associations between styrene exposure and aggression and hostility which
were assessed using the Profile of Mood States (POMS) for measurement of

mood (Challenor and Wright, 2000).

It is important to note that not all studies report significant findings and some
research has found no effects associated with solvent exposure. Aaserud et al.

(2000) found no association between solvent exposure and nervous system
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impairment in a case control study of workers with more than ten years solvent
exposure. The sample size of this study however was small and measurement
of nervous system impairment is unclear using Cerebral MRI. Likewise, in a
descriptive cross-sectional study of car painters in Norway, no difference in
symptom reports were found between workers exposed to solvents and non-
exposed workers (Moen and Hollund, 2000), however the design of this study
and the small sample size also raises questions in the interpretation of the
results. Zupanic et al. (2002) also found no dose-response relationships
between toluene exposure and subjective symptoms or psychomotor effects in

workers from rotogravure printing plants in Germany.

Dick et al., (2000), investigated neurological deficits in five individuals who had
worked between 16 — 45 years as industrial painters. Structured neurological
examination, colour vision testing and detailed psychometric testing showed
neurological deficits including mild cognitive impairment, tremor, mild peripheral
neuropathy and some had overt neurological disease such as grand mal
epilepsy. The most striking features, sufficient to constitute a syndrome, were
acquired blue-yellow colour vision deficits, coarse tremor, impaired vibration
sensation in the legs and cognitive impairment (Dick et al., 2000). Although this
study has shortcomings in that the sample size is too small, the findings are
consistent with other studies of solvent exposure and give an indication of the
concentrations of solvents likely to lead to serious neurological disease in

humans.
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Other neurological effects of solvent exposure have ranged from chronic toxic
encephalopathy (Baker et al., 1986), chronic neurological disease (Nelson et al
1994) to impaired colour vision (Mergler et al., 1990) and acquired
dyschromatopsia (Gonzalez et al., 1998). Many studies of workers exposed to
solvents have identified an excess of deficits in colour vision (Iregren, 2002;
Issever et al.,, 2002; Mergler et al., 1996; Campagna et al., 2001; Dick et al.,
2000; Semple et al., 2000). Most acquired loss of colour vision is subclinical
although some studies do report altered blue yellow perception. Acquired
deficits usually affect blue-yellow but may progress to affect red-green vision.
Semple et al., (2000), report on a study conducted on 68 male dockyard
workers and 42 male community controls with and without neuropsychological
symptoms. Indices of cumulative and intensity based exposure to solvents were
calculated for all subjects, alcohol, drug and smoking histories were obtained
and colour vision was tested by Lanthony D15d colour vision test. Results of the
study indicated that annual exposure to mixed solvents was significantly
associated with reduced colour vision and impairment of colour vision was not
associated with neuropsychological symptoms as measured by the Q16 solvent
symptoms questionnaire (Semple et al., 2000). Similarly, Issever et al., 2002,
report on a relationship found between n-hexane exposure in patients
diagnosed with polyneuropathy and development of defects in colour vision
using the Farnsworth 100-hue test in workers in the leather industry. Another
study of rubber workers exposed to toluene in ltaly (Cavalleri et al., 2000) found
significant associations between lower colour discrimination and toluene
exposure however, Castillo et al. (2001), found no significant associations in

colour vision and styrene exposure in plastic plant workers, but significant
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associations between cumulative exposure and near visual contrast sensitivity.
These results are consistent with another study measuring exposure to solvents
and the association with abnormalities in contrast sensitivity in printers

(Bockelmann and Pfister, 2003).

Ihrig et al. (2003) reported that no significant correlations were found between
colour vision dysfunction, responses to Q16 and chronic solvent exposure in
painters with long term exposure to organic solvents in Germany. Similarly,
Muttray et al. (1999) in Germany also found no association between acute

exposure to toluene in print shop workers and impairment in colour vision.

Almost all of the studies reviewed on the effects of solvent exposure on
neuropsychological symptoms and colour vision dysfunction were cross-
sectional study designs. Only three of the studies were longitudinal (Welp et al,
1996; Campagna et al, 2001; Castillo et al, 2001). Solvent exposure was
measured using a combination of exposure measurements including self-report
(Julien et al, 2000; Eller et al, 1999), workplace assessment (LoSasso et al,
2001) and indices based on duration of work and work history (Chen et al.,
1999a; Chen et al., 1999b). Other studies calculated exposure indices based on
a combination of the above and in some cases biological and air monitoring
(Ihrig et al., 2003; Zupanic et al., 2002; al., 2001; Challenor and Wright, 2000;

Castillo et Gonzalez et al., 1998).

There are many factors to consider in the interpretation of the results from these

studies. Many of the studies were cross-sectional, utilizing self report for the

94



recall of symptoms and parameters used in the assessment of solvent exposure
levels. In addition, of the 26 studies reviewed, only 14 adjusted for confounding
variables such as age, height, education and smoking. However, the
consistency in the findings on colour vision especially from those studies
considered to be methodologically sound (Campagna et al., 2001; Castillo et al.,
2001) demonstrate that solvent exposure is associated with colour vision
dysfunction. Furthermore, most of the positive findings related to measures
developed specifically for the assessment of neurotoxicity showed significant
associations between solvent exposure and neuropsychological symptoms. The
positive findings of most studies that used the Q16 are the most persuasive

particularly where exposure-effect relationships have been demonstrated.

3.4.5 Neurobehavioural testing in the evaluation of

neurobehavioural effects of solvents

Neurobehavioural performance testing has been shown to be helpful in defining
intellectual and affective deficits that may be associated with exposure to
solvents . Many studies conducted have shown clear dose-effect relations
between the degree of exposure and the magnitude of the associated
neurobehavioural deficits (Ng et al., 1990; Kishi et al., 1993), whereas other
studies did not suggest persistent patterns of effect on neurobehavioural
function (Muijser et al., 1996; Chouaniere et al., 2002). Table 3.3 provides a
summary of the literature available on the neurobehavioural effects evaluated in
occupationally solvent exposed adults using neurobehgvioural and

neuropsychological performance tests. The table reports on the study design,
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study subjects, exposure measurement, neurobehavioural tests used and the

findings of these studies.

In total, there were 33 studies reviewed on neurobehavioural performance
effects associated with adult solvent exposure. Almost all the studies were
cross-sectional and compared two groups of workers, (exposed and non-
exposed). Many of the studies also carried out analyses of exposure-effect
relationships using either duration or a cumulative index as a measure of
exposure. There were 5 prospective longitudinal studies (Mergler et al., 1996;
Williamson, 1996b; White et al., 1995; Williamson and Winder, 1993;). All of
these also measured exposure-effect relationships. Almost all of the studies
investigated active workers exposed to solvents with the exception of one study
which investigated retired painters and aerospace workers (Daniell et al., 1999).
Three studies investigated environmental exposure to solvents (Reif et al.,
2003; Kilburn 2002; Altmann et al., 1995) and have been included in the review
for comparison of resulis between environmental and occupational solvent

exposure.
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in aduits

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Dick et al (2004) | Nested cross- | Dockyard 82 painters = Exposure Cognitive: Benton visual Acquired colour vision associated with
sectional painters who 38 controls indices (CElI, retention (visuomotor, cognitive impairment in solvent exposed
were survivors OEL based on | visuospatial perception, visual workers.
from a previous self report, and verbal conceptualisation, Regression analysis adjusted for 1Q,
study (Semple work history, immediate memory span), Trall alcohol and smoking.
et al 2000) (UK) lifetime making A and B (visuomotor
exposure tracking and visual
conceptualisation), Premorbid 1Q
(NART)
Colour vision: based on previous
methods {Semple et al 2000)
Reif et al (2003) | Cross- Residents of a 143 exposed | = Exposure to NCTB (Santa Ana, aiming, SRT, Long-term exposure to low
sectional community TCE estimated | Digit symbol, Benton Visual concentrations of TCE associated with
exposed to using hydraulic | Retention, Digit span and neurobehavioural deficits in humans.
water supply simulation POMS) contrast sensitivity C Strong interaction b/w exposure to TCE
contaminated model with a and D and alcohol consumption,
by TCE and geographic Multivariate analysis adjusted for
other chemicals info system seafood ingestion, education, smoking
(USA) and alcohol.
Bockelmann et al | Cross- Car painters 84 painters = Self-report Psychological & neurological Exposed differentiated from controls by
(2002) sectional (Germany) 85 contfrols * Air monitoring | questionnaire P&P tests, more neurological symptoms and slower

vocabulary, block design,
cerebral insufficiency, attention,
SRT, digit span

SRT

Multivariate analyses accounting for age,
alcohol consumption, schooling and
vocabulary scores (MWT-B)
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Chouaniere etal | Cross- Workers in 2 128 blue Personal and EURONEST, NES, (Simple No significant relationship found
(2002) sectional printing plants collar ambient air reaction time, simple digit, digit between CE! and neurotoxic effects
exposed o workers (39 monitoring span, pattern memory, associate Low toluene concentrations associated
toluene from Plant A, Exposure learning and assaciate recall. with decrements of memory test
89 from Plant indices (CEI) performance.
B) based on job Regression analysis adjusted for
and exposure gender, age, synonym score, history of
history, CNS disease, alcohol, psychoactive
drug consumption, concentration,
computer experience, lead exposure.
Dick et al (2002) | Retrospective | Occupational 78 exposed Work history NES2(CPT, paired-assoc, SDT, Regression analyses skewed
Case-control Painters (UK) 42 controls Estimated Assoc Recall trails A/B, Benton); significance assoc with solvent
exposure Premorbid IQ-(NART) exposure and cognitive impairment
Organic Neurological exam; (grip sirength, Regression analyses adjusted for
saolvents nystagmus, tremor, 2 point smoking, alcohol consumptioninall -
discrimination, finger nose, cases (age in neurological tests and
vibration percept, muscle wasting) trail making, 1Q for all other cognitive
tests).
Kilburn (2002) Cross- Residents in 236 exposed Exposure SRT, 2 CRT, body balance, blink Neurobehavioural functions (delayed
sectional exposure zone | 161 regional estimates on reflex latency, Lanthony D15d, simple and choice reaction times,
of electronic referents analysis of well | Culture fair battery 2 A attention, perceptual motor speed and
manufacturing 67 water (nonverbal, non arithmetic recall) significantly impaired in residents
plants (USA) unexposed (Halogenated | intelligence test) WAIS block who lived in exposure zones. Reduced
volatile organic | design, slotted pegboard, trail pulmonary functions, elevated POMS
chemicals making A & B, Immediate verbal scores, excessive symptom frequencies
(HVOCs), recall memory, POMS with and abnormal colour discrimination also
Trichloroethyle | subsets from American found.
ne (TCE), Rheumatism Association’s lupus Regression analysis adjusted for age,
TCA, PCE and | erythematosus questions, gender, education, height, weight,
VC) standard respiratory questions & family income, social class

pulmonary function (vital capacity
& expiratory flow)
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments

Nordling Nilson Prospective Carpet layers 41 floor = Exposure (TUFF) Test battery for Greater deterioration in visual memory,

et al (2002) over 18 years | (Sweden) layers (exp) indices investigating functional disorder sustained attention, perceptual speed &
40 calculated from | (verbal understanding, visuospatial skill associated with higher
carpenters self-report reasoning, visuospatial skill, exposure.
(non-exp) perceptual speed accuracy, Regression model included previous test

attention, motor function and results, age and CEl.
visual memory).

Daniell et al Cross- Retired painters | 89 exposed Self-report Verbal fluency, WAIS-R Exposed painters had poorer motor and

(1999) sectional (USA) painters Exposure (vocabulary, simulations, block reasoning functions and memory plus
126 indices based | design, digit span, digit symbol}, more neurological and depressive
carpenter on work and Wisconsin card sort, verbal symptoms compared {o painters.
controls. exposure aphasia screen, trails A/B, finger Exposed aerospace workers (with
Exposed history tapping, Wechsler memory tests highest exposure) also showed poorer
included 22 (logical and visual memory), Rey motor and visuomotor speed and
aerospace auditory verbal learning, Benton attention and memory.
painters high visual retention, attention, Stroop Logistic regression controlling for age,
exp 67 test, grooved pegboard, SRT, years of education, vocabulary score
painter med Beck depression inventory, and alcohol use.
exp symptoms:Q-16

Feldman et al Case study Occupational N=1, 4 years Exposure Neuroiogical exam including Persistent cognitive deficits

(1999) painter (USA) after long history neuroimaging (EEG + MRI),
term Work history neuropsychological testing
exposure Biological (CVLT, Rey-Osterreith complex

Monitoring figure, Trails A & B, Wisconsin

Card, Grooved pegboard, mood,
Boston naming
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments -
Nasterlack et Cross-sectional | Painters 401 painters Expert rating Q16 symptoms, Neurotoxic Main finding was increase in mood and
al (1999) (Germany) 209 based on symptom score (NTSS), behavioural symptoms in painters and
construction occupational psychiatric exam, physical exam, those with highest exposure were more
controls history, recent | EEG, EMG, NCV, verbal and likely to report symptoms
solvent fluid 1Q, Benton visual retention, ANCOVA adjusted for IQ and age
exposure (El) concentration (d2), reaction time
and lifelong
cumulative
exposure (CE!)
Lee et al Cross-sectional | Female workers | 22 adhesive Personal air (4 | NCTB (POMS, SRT, digit span, Significant differences found between
(1998) in shoe process = waorkers) Santa Ana, digit symbol, Benton higher exposure and poorer performance
manufacturing high exp. 18 Exposure visual retention, Pursuit aiming) between groups on Santa Ana Dexterity
industry (Korea) | in frame- indices: current | — POMS excluded from analysis only in CEE analysis.
making department, due to cultural background Multivariate analysis adjusted for
process = exposure (difficulties) educational level
low exposure duration, CEE
28 controls .
Smargassi et Predictive Styrene-exposed | 74 exposed None WAIS tests (logical memory, Weak relationship found between
al (1998) validity study of | (ltaly) and non- verbal learning) symptom (Q16 answers) and
symptom exposed performance on neurobehavioural
screen (Q16) measures
Mitran et al Cross-sectional | workers exposed | Acetone Air monitoring - | Subjective symptoms, motor Workers exposed to acetone were most
(1997) to acetone, MEK, | 71 exposed 8hr shifts nerve conduction velocity test, affected in terms of human performance
cyclohexanon 86 controls Exposure ulnar and peroneal nerves, and evidence of neurotoxicity, followed
from coin printing | MEK indices for reaction time {o auditory and by workers exposed to MEK and workers
, cable and 41 exposed acetone and visual stimuli, the Praga test for exposed to cyclohexanon.
furniture factories | 63 controls cyclohexanon | distributive attention, Mood disorders most frequent in workers
respectively Cyclohexano Cyclohexanon | Woodworth-matthews exposed to cyclohexanon and MEK.
(Romania) n 75 exposed and acetone personality question for Irritability most frequent in acetone and
85 controls urine levels psychoneurotic fendencies, MEK. Memory more frequent in MEK.

labyrinth test to identify attention
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Paint 298 Personal NES2 Chinese Version (Finger Regression analyses controlling for
Tsaietal (1997) | Cross- manufacturers participants sampling (El) Tapping, CPT, Associate age, gender, education and alcohol
sectional (Taiwan) categorised Hygienic Effect | learning, symbol digit, pattern intake showed high exposure
into low and comparison, pattern memory, digit associated with larger response latency
high span, attention, Assoc. delayed in CPT, pattern comparison and pattern
exposure recognition, mood) Vibration and memory
thermal threshold tests.
prospective Painters 57 None NES2 French Translation (Paftern Exposed & n-exposed differed only on
cohort study (Switzerland) apprentice comparison, symbol digit, digit verbal ability test (lower ability for
Bolle et al (1996) | performance painters span, vocabulary) exposed) but this was also affected by
compared 2X 62 non- socioeconomic background
over 3 years exposed Regression analysis adjusted for
apprentices schooling, mother tongue and social
background
Grosch et al Cross- Painters (USA) | 133 exposed Exposure NES2 (SRT, Visual digit span, Exposed poorer than controls on
(19986) sectional 51 controls indices based | symbol-digit, pattern memory, symbol-digit, pattern memory and
on self report vocabulary, mood) vocabulary tests. These functions also
showed association with increasing
exposure
Multivariate analyses adjusted for age,
alcohol consumption and smoking
Mergler et al Longitudinal Reinforced 118 workers Personal NBCT and field assessment Styrene exposure associated with
(1996) plastics studied over sampling sensory tests poorer colour vision, SRT, digit span,
manufacturers 2 years Biological tension, fatigue and some symptoms
(Canada) monitoring

(styrene)
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Muijser et al Cross- Carpet layers 89 exposed Air monitoring | NES2 (SRT, symbol-digit, hand- Exposure over the day showed effects
(1996) sectional (Netherlands) 85 controls (personal eye coordination, digit span) in digit span test performance
samples) No evidence of persistent deficits in NB
functioning
ANCOVA adjusting for age, education,
alcohol and smoking
Seeber et al Comparison of | Paint vary Hygienic effect | 5 studies ali used different tests. Symbol digit test showed most
(1996) exposure manufacturers Litres solvent | Tests included NES, significant dose-response relationship
indices for in all 5 studies used/day years | EURONEST, P&P tests including in the studies.
predicting Cumulative digit symbol and trail making,
neurobehaviou lifetime exp. Q16, PNF, POMS
ral effectin 5 Lifetime
studies weighted exp.
Fibreglass 41 exposed Air monitoring | Symptoms (Q18), NES2 Chinese Styrene exposed showed poorer CPT
Tsai etal (1996) | Cross- manufacturing 45 non- personal Version (FT, CPT, Assoc. and vibration threshold controlling for
sectional (Taiwan) exposed sampling learning, symbol digit, pattern variables in regression analysis (age,
controlled for comparison, pattern memaory, digit gender, education and alcohol)
acute span, attention, Assoc. delayed
exposure recognition, mood) Vocab,
Vibration and thermal threshold
tests.
Williamson Prospective Occupational n=189 Self-estimated | CFF, hand-steadiness, SRT, Decrease in hand steadiness with
(1996D) cohort car painters exposed f/u Personal / air | visual pursuit, Sternberg memory, increase in solvent exposure
(Australia) for 4 years monitoring paired associates Regression analyses adjusted for drinks

per week, education, test year, and
workplace exposure.
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Altmann et al Cross- Residents living | 14 exposed Blood samples | NES (CPT, Hand-eye Long term TCE exposure may affect NB
(1995) sectional in 23 controls fwice (in own coordination, finger tapping, outcomes. Exposure associated with
neighbourhood home and simple reaction time, visual reduced vigilance, RT and visual
of dry cleaning immediately memory), VEP, vibration memory compared to matched controls
shops exposed before testing) | perception and visual acuity Regression analysis adjusted for age,
to tetrachloro- Passive air (Titmus 1) gender and education
ethene samples
(Germany)
Bolla et al (1995) | Retrospective | Workers from Lead Exposure WAIS-R (Vocab - premorbid Both lead and solvents associated with
cohort an organo-lead | 226 exposed indices based | verbal intelligence, block design) diminished neurobehavioural
manufacturing 320 controls on personnel Rey Auditory Verbal Learning performance with same magnitude of
plant and Solvents records, work | Test, Serial digit learning, adverse effects on tests of manual
employees at2 | 187 exposed histories, zone | symbol digit paired associate dexterity.
different paint 247 controls exposure learning, visual retention, digit Lead exposure associated with greater
manufacturing Negative matrices symbol substitution, simple effects on memory and learning buf less
plants (USA) control 62 Cumulative visual reaction time, Trails A and adverse effects on executive/motor tests
exposure to B, Purdue pegboard, finger and on test of olfaction.
inorganic and | tapping, Olfaction, Q16. Regression analysis adjusted for
organic lead premorbid intellectual ability, age, race.
Mean
cumulative
hydrocarbon
exposure for
solvents
Escalona et al Cross- Adhesive 82 exposed Air monitoring | NCTB Regression analyses showed POMS
(1995) sectional (glues) factory 67 controls Walk-through symptoms, digit symbol and SRT were
Workers survey poorer for exposed and showed
(Venezuela) significant association with exposure
Regression analyses adjusted for age,
sex and education
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
White et al Prospective Workers in 30 = Air samples WAIS-R ( vocab, similarities, = Higher acute exposure associated with
(1995) cohort screen printing (12 from block design, digit span, digit poorer performance on visual short-
(USA) individual symbol), CPT, WMS (visual term memory and manual motor
workers and 8 | reproductions), WMS-R (Paired dexterity (digit symbol, Santa Ana, no
from different | associate learning), Santa Ana, dominant hand and on mood changes
work areas) POMS, year 1 (controlled oral (depression and confusion subscales of
Additive model | word association, trail making the POMS). ANCOVA Analysis
(worst case test), year 2 (Wisconsin sorting adjusted for age, education, but only
estimate and test) Santa Ana remained significant when
best case adjustment for gender made
estimate) = Anger and confusion of POMS
significantly associated with chronic
exposure after adjusting for age and
education but no significance after
adjusting for gender.
Colvin et al Cross- Paint 43 exposed Air monitoring | NCTB (excluding POMS),NES2, 4 | = Lifetime exposure {0 solvents predicted
(1993) sectional manufacturers 24 controls Work history word memory, paragraph memory power performance on CPT, swiiching
(South Africa) (immediate and delayed) attention, SRT, pattern memory
Geometric shape drawing. = Linear regression adjusted for age,
alcohol consumption and schooling.
Daniell et al Cross- Car body 39 painters — Personal NES (verbal, affect, motor speed, | = High current exposure performed worse
(1993) sectional repairers (USA) | high exp sampling. hand-eye coordination, CPT, with visual perception and memory
32 painters- Self report symbol-digit, memory especially those aged 35+ years
medium exp » High and medium current exposure
29 painters reported significantly more acute and
low past exp chronic neurological symptoms.
24 painter = ANCOQVA adjusted for relations
low exp no between test scores, solvent exposure
past exp categories, age, years of education ,

vocabulary score and alcohol use.
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Hooisma et al Cross- House, industry { Young = Lifetime NCTB (POMS, SRT, digit span, No strong evidence for solvent-related
(1993) sectional and painters 47 exposure Santa Ana, digit symbol, Benton changes in psychometric performance
construction exposed indices based | recognition, pursuit aiming) , of painters compared to controls.
painters 53 controls on self-report, | block design, NES (POMS, digit Significant diff found b/w painters and
randomly Older work history, span, vocab, symboi-digit controls on SRT, Pattern memory
selected from painters 45 work practices | substitution, pattern comparison, (inferior performance of exposed) and
SFS database exposed etc pattern memory, FT, Hand-eye, CPT false, CWV false and mean
(Netherlands) 43 controls associate recognition, serial digit, {superior performance)
colour word vigilance) ANCOVA analysis adjusted for vocab.
Kishi et al (1993) | Cross- Industrial 81 painters = Air and Acute and chronic symptom Regression analyses showed higher
sectional painters (Japan) | 154 non-exp. biological questionnaire, SRT, digit symbol, solvent exposure associated with
monitoring Santa Ana, Benton visual poorer block design and digit span.
retention, vocabulary, block Toluene exposure linked with poorer
design, digit span, mood (POMS) Santa Ana and Benton visual retention
(From NCTB and NES) results
Pairwise comparison showed dry and
scaly skin, depression, cold hands and
legs, irritation, loss of appetite,
dizziness and unsteadiness sig. more
among exposed
Regression model adjusted for age,
education and alcohol intake.
Lee and Lee Cross- Car painters & 113 exposed | * Airmonitoring | NCTB (SRT, Santa Ana, digit Benton visual retention poorer in
(1993) sectional printers (Korea) | 81 controls (HE) symbol, Benton visual retention) highest solvent exposure group
Factorial ANOVA controlling for
education, age, duration of exposure
and alcohol consumption.
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Table 3.3: Neurobehavioural performance effects associated with solvent exposure in adults (continued)

Reference Study design | Study Subjects | Sample Size Exposure Tests Comments
Williamson & Prospective Apprentice 50 spray Personal Symptoms (Q16), Visual No significant changes in NB
Winder (1993) cohort f/u over | spray painters painters sampling perception (Critical flicker), Visual performance associated with solvent
3yrs (Australia) 50 Exposure motor (Hand steadiness), exposure.
electricians index based on | perceptual speed (Simple
self report. Reaction), psychomotor (Visual
pursuit), short-term memory
(Sternberg memory, paired
associates).
Ng et al (1990) Cross- Workers in 78 exposed Additive Q16 (modified), Choice reaction Significantly worse performance of exp.
sectional screen printing, | 145 controls severity factor | time, WAIS-R (digit symbol, block on tests of psycho-motor function (CRT
spray painting & Blood lead design, digit span), WMS (visual & digit symbol) and auditory memory
paint- concentrations | reproduction, assoc. learning, (digit span & assoc. learning) adjusted
manufacturing for a small logical memory) Benton Visual for age and education.
factories number Retention A Symptoms. of fatigue, irritability,
(Singapore) depression, poor memory and sleep
disturbances in exposed group
Fidler et al (1987) | Cross- Construction 101 painters Exposure Neurotoxic Symptoms (Q16), Exposure associated with increased
sectional painters (USA) | 31 controls index based on | NES (CPT, symbol-digit, hand- symptoms and poorer performance on
self report eye coordination, pattern symbol-digit and digit span tests

memory, digit span, Sternberg
memory, vocabulary, mood)

Regression analysis adjusted for age,
schooling, alcohol, Hollingshead index.
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A large number of studies have examined the effects of solvent exposure on
neurobehavioural test performance in adults and more recently in adults
occupationally exposed to low concentrations of solvents (Xiao and Levin, 2000;
Tsai et al,, 1997). The results of these studies, despite the inconsistencies
relating to the findings of particular tests, strongly suggest that solvents have an
effect on the central nervous system and influence poorer neurobehavioural test
performance. Functional modalities found to be affected by solvent exposure
have included loss of dexterity, delayed reaction time, lack of concentration and
loss of memory (Mitran et al, 1997; Tsai and Chen 1996; Bolla et al., 1995;

Colvin et al, 1993).

Neurobehavioural studies have used a wide range of tests which assess many
different aspects of cognitive functioning as shown in Table 3.3. In one study
(Tsai et al., 1997) used a wide range of tests including vibration threshold test,
thermal threshold test, and a range of subtests from the Neurobehavioural
Evaluation System 2 (NES) including finger tapping, continuous performance
test, associate learning, symbol-digit, pattern comparison, pattern memory,
visual digit span, attention switching, associate delayed recognition, mood
scales, and a vocabulary test). A Chinese version of the NES2 was used as well
as translations of the five-dimensional mood profile and vocabulary test. The
authors of this study found that visual attention and perceptual function (speed
and memory) on the continuous performance test, pattern comparison
(latencies) and pattern memory tests, might be the neurobehavioural functions
affected first by low level occupational exposure to solvents in adult paint

manufacturing workers. Exposure assessment using personal passive samplers
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showed that the workers were exposed to benzene, toluene, xylene, n-hexane,
methyl iso-butyl ketone, n-butyl acetate and acetone and showed dose-
response effects. As with most neurobehavioural studies, the cross-sectional
design of this study is a limitation in reaching strong conclusions from the

results reported.

Another study (White et al.,, 1995), examined the neurobehavioural effects of
acute and chronic exposure to mixed solvents in screen printers over a 12
month period. Screen printers categorised as having higher acute exposure
demonstrated significantly impaired neurobehavioural test performance on
tasks involving manual motor dexterity, visual short-term memory (digit symbol
test, WAIS-R; Santa Ana, nondominant hand) and mood (specifically on
depression and confusion subscales of the Profile of Mood States POMS).
Those with higher chronic exposure which was measured using an additive
model demonstrated significantly poorer performance on visual memory tasks
and mood (anger and confusion). The results from this study suggest that the
mixed solvents used in the screen printing industry have an effect on central
nervous system functioning in the absence of obvious clinical disease. (White et

al., 1995).

In a cross-sectional study, Lee and Lee (1993) studied a group of high and low
level solvent exposed workers who had worked an average of 7.8 years, and
compared them with non exposed controls. The high and low exposure levels
were determined by calculating the hygienic effect levels of a mixture of

solvents found on the air samples collected form the working stations which
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included toluene, xylene, methyl ethyl ketone, trichloroethylene,
perchloroethylene, gasoline, and n-hexane. Solvent workers performed
significantly more poorly than controls on the Benton Visual Retention (BVR)
test, digit symbdl, and the Santa Ana Dexterity Test (left hand) but when age,
education, alcohol consumption, and smoking were accounted for, only the BVR
remained significant, while digit symbol became marginally significant. The
control group in this study comprised volunteers not matched on confounding

factors specifically educational level which was significantly higher in the control

group.

A mixed group of Chinese spray painters, printers and paint manufacturing
workers exposed to solvents for an average of 9.4 years were investigated by
Ng et al., (1990) in a cross-sectional study. Significant differences between
workers and matched controls showed that workers performed significantly
worse on psychomotor function (WAIS-R digit Symbol Test, test of choice
reaction time), auditory memory, (Digit Span and Wechsler Memory Scale
(WMS) - Associate Learning). Performance on WAIS-R Block Design and
Logical Memory scores were marginally significant. Exposed workers also
reported higher frequencies of affective symptoms such as fatigue, irritability,
depression and poor memory, sleep disturbances and autonomic symptoms. It
is plausible to state however that exposed subjects, had one year less
education than controls which was accounted for statistically. The choice of
controls for this study imposes selection bias, such that they were volunteers

and may have represented a self-selected group of healthy persons.
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In another cross-sectional study, Escalona et al. (1995) also found a significant
association between exposure to solvents and performance on the digit symbol,
simple reaction time and POMS symptoms scores and all subtests from the
NCTB (Neurobehavioural Core Test Battery) in a group of adhesive factory
workers in Venezuela. Regression analyses in this study adjusted for age,
gender and education. A key component of the findings of this study is the
dose-exposure effect of the deficits, when dose was expressed as years of
exposure in the current job. Similarly, Lee et al. (1998) found significant
differences in workers with high solvent exposure and low solvent exposure,
working in the shoe manufacturing industry. Higher cumulative exposure
estimate was associated with poorer performance on the Santa Ana Dexterity
test whilst current exposure and duration exposure estimates showed no

effects.

Even in concentrations below German threshold limit values, Bockelmann et al.,
(2002), reported adverse psychological effects of exposure to mixed organic
solvents on car painters. The study investigated 84 car painters and 85 controls
using a test battery including paper-pencil tests (vocabulary, block design, C.i
[to detect signs of cerebral insufficiency], D2 attention stress test to detect
attention deficits), computer-based tests (digit span, simple-choice reaction time
test) and a questionnaire to assess the participants’ mental state. Deficits in
cognitive performance capacities were found in memory and ability to
concentrate as well as negative effects on the painters’ subjective state of well-

being. Car painters with long-term exposure to solvents showed psychological
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deviations such as deficits in concentration, memory and reaction time

compared to non-exposed subjects (Bockelmann et al., 2002).

Daniell et al., (1993) evaluated neuropsychological test performance and
symptom reporting in a cohort of car body repair workers exposed to solvents. A
selection of tests from the neurobehavioural evaluation system (NES) and
incorporating tests of verbal ability, affect, motor speed, visuomotor
performance, visual perception and visual memory was used, Subjects with
higher current exposure performed significantly less well on selected tests of
visual perception and memory but there were no significant exposure-related
differences in mood state, motor speed, or visuomotor performance. Subjects
with high and medium current exposure to solvents and paints, and subjects
with low exposures but had formerly painted, reported significantly more acute
and chronic neurological symptoms than did low exposure subjects with no
history of painting. Exposure-related effects were most noticeable among
subjects 35 years or older (Daniell et al., 1993). Therefore it is plausible that
neurodegenerative processes of aging might have a contributing role in the
development of chronic effects of exposure to solvents, such that a neurotoxic
injury related to solvents that remains subclinical during the years of exposure

could manifest itself clinically in later years of life (Daniell et al., 1999).

To further investigate the possible relation between the effects of solvents and
aging, Daniell et al., (1999), evaluated the risk for functioning in retired male
workers 62-74 years of age and compared men who had previous long term

occupational exposure to solvents (retired painters and aerospace
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manufacturing workers) with people who had relatively minimal histories or
previous exposure to organic solvents (retired carpenters). Questionnaires
collecting information oh personal background, medical history, medication,
alcohol use, neurological symptoms, employment and exposure history were
used. Blood cell counts, thyroid function and blood lead were also measured to
detect possible unrelated exposure and causes of CNS dysfunction. A standard
battery of neuropsychological tests including: verbal fluency test, vocabulary,
similarities, block design, digit span and digit symbol subtests of the Wechsler
adult intelligence scale, Wisconsin card sorting test, verbal aphasia screening,
trails A and B and finger tapping tests from the Halstead-Reitan battery; logical
and visual subtests of the Wechsler memory scale-revised; Rey auditory verbal
learning test, Benton visual retention test, d2 test; Stroop test; grooved
pegboard test and simpler reaction time was selected. Affective status was
assessed by the Beck depression inventory and the interviewer administered,
computer assisted diagnostic interview schedule. Indices of exposure to
solvents were calculated with a semi quantitative model incorporating duration

and intensity of exposure and frequency of protective factors.

The results showed that the painters on average reported greater cumulative
alcohol consumption and had lower scores on the WAIS-R vocabulary subtest,
usually presumed to reflect premorbid intellectual functioning. After controlling
for age, education, vocabulary score and alcohol use, the painters had lower
mean scores on test measures of motor (grooved pegboard), memory (WMS-
immediate visual memory) and reasoning ability (WAIS-R block design); and a

subgroup of aerospace workers with moderate to high cumulative exposure to
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solvents had lower mean scores on measures of visuomotor speed, and motor
(grooved pegboard), attention, memory (immediate verbal memory) and
reasoning ability. Increased number of relatively abnormal test scores was more
likely among both the painter group and the subgroup of aerospace workers
with higher cumulative exposure. The painters but not the aerospace workers
reported significantly more neurological and depressive symptoms thus making
the findings consistent with residual central nervous system dysfunction from
long term exposure to organic solvents persisting years after the end of

exposure (Daniell et al., 1999).

Long term exposure to solvents has also been reported to lead to chronic,
irreversible brain damage, with intellectual impairment and decrements in
performance. Feldman et al. (1999), report on a case-study findings in a 57-
year old painter who had been working as a painter at 16 years of age and
exposed to various solvents for over 30 years, frequently working in poorly
ventilated areas; using solvents to remove paint from the skin of his arms and
hands at the end of work shift. Impaired short-term memory function and
changes in affect were noticed by the patient and his family in his early forties
which progressed until after he stopped working and was thus no longer
exposed to paints and solvents. After exposure had ended, serial
neuropsychological testing revealed impaired performance on tests of verbal
(California Verbal Learning test) and nonverbal memory (delayed reproduction
of Rey-Osterreith complex figure), attention and executive function (Trails A and
B and Wisconsin Card Sort Test) and visuomotor coordination (Grooved

Pegboard Test). Tests of mood and affect also revealed anxiety and
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depression. The authors of this study concluded that these cognitive deficits
and findings were consistent with chronic toxic encephalopathy (Feldman et al.,

1999).

In contrast, some studies have found no associations between solvent exposure
and neurobehavioural performance. Williamson and Winder, (1993), in a
longitudinal study, found no significant changes in neurobehavioural function in
the first 2 years of exposure to solvents in apprentice car spray painters.
Nasterlack et al. (1999), found no significant differences in cognitive functions
assessed by a range of neuropsychological tests between painters exposed to
solvents and their controls but found differences in respect to the frequency of

symptoms in mood and behaviour in these groups.

Hooisma et al. (1993), also reported no strong evidence for solvent-related
changes in psychometric performance measured by traditional tests from the
WHO Core Test Battery and computerised tests from the NES. Both of these
batteries include tests for response speed, attention, perceptual motor speed,
visual perception, memory and affective behaviour. Using lifetime exposure
indices as measures of exposure, this study failed to identify any differences in
neurobehavioural performance between the painters and two age-matched
control groups or to identify any dose-response relationships. More recently,
Chouaniere et al. (2002) also found no significant relationship between
cumulative exposure indices and neurotoxic effects but reported that low
toluene concentrations were found to be associated with decrements of memory

test performance.
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In another study (Dick et al, 2002), failed to identify any significant
neuropsychological differences between symptomatic and asymptomatic
painters. The investigators used a battery of psychometric tests, (continuous
performance, paired associate learning, symbol digit substitution and associate
recall from the computerised neurobehavioural evaluation system (NES)
together with the trail making A and B tests and the Benton Visual Retention
Test. Pre-morbid ability was also assessed using a hold test, the National Adult
Reading test (NART). Neurological examination included grip strength
dynamometry, nystagmus, tremor, fwo-point discrimination, vibration
perception, finger-nose approximation and muscle wasting. There were no
differences in neurological function found between painter cases and painter
controls; however there was evidence of an association between increasing
intensity of solvent exposure and poorer performance on a range of cognitive
tests, including those measuring visual memory, verbal memory and planning.
The negative association between intensity of solvent exposure and mean grip
strength, after adjusting for smoking, alcohol and age, was statistically

significant (Dick et al., 2002).

There are many reasons which might have contributed to the negative findings
of these studies including a lack of test sensitivity or differences in testing
technique. Insensitive measures of exposure estimates, inadequate study
design, biases in the selection of the control and exposed groups, and other
confounding factors such as age, education and socioeconomic background

could also contribute to these findings.
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3.4.6 SUMMARY

A very large number of different neurobehavioural tests have been used in the
measurement of neurobehavioural deficits which presents a number of
problems in terms of comparing the results of different studies and therefore
reaching conclusions as a whole. Most obviously it is aiso difficult to define
exactly what is being measured in each case. Clearly, different tests measure
different aspects of cognitive function and it is often difficult to group together
different tests which claim to measure a particular function, due to the
substantial overlap between the different tests in terms of what they measure.
However these tests have been successful in identifying neurobehavioural

performance deficits associated with solvent and other toxic exposures.

The majority of the studies reviewed were cross-sectional which highlight
considerable methodological issues associated with the study designs including
self-reported exposure assessment and inappropriate selection of matched
control groups. Two of these studies used no exposure measurements and
compared between exposed and non-exposed groups (Smargassi et al., 1998;
Bolle et al., 1996). Both studies reported no differences between exposed and

non-exposed groups on neurobehavioural test performance.

Duration of exposure estimates for the measurement of solvent exposure have
also been used in the literature and showed dose-response relationships in one
study (Escalona et al., 1995) but not others (Kishi et al., 1993; Lee et al., 1993).
The basis of these measurements however are self-reported which may be

influenced by factors such as recall and interviewer bias. Other studies have
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used more sophisticated cumulative exposure indices using a combination of
self-report, work history, and biological and/or air monitoring estimates and
have reported dose-response relationships between exposure and
neurobehavioural test performance (Nordling Nilson et al., 2002; Lo Sasso et
al., 2001; Daniell et al., 1999; Grosch et al., 1996; Bolla et al., 1995; Colvin et

al, 1993; Daniell et al., 1993).

A limitation of cross-sectional study designs is the selection of well matched
control groups. In a number of the studies reviewed, the control group was
selected on a volunteer basis rather than matched on potential confounding
variables such as age, education and other exposures (Hooisma et al., 1993;
Lee and Lee, 1993). Whilst in other studies, the subject selection method was

not stated (Escalona et al., 1995; Ng et al., 1990).

Regardless of the limitations mentioned above, the overall findings of the
studies reviewed are reasonably consistent in their attribution of
neuropsychological and neurobehavioural effects from occupational solvent
exposure in adults. The consistency of the results from these studies suggest
adverse effects 6n neurobehavioural functions especially reports in deficits in
the functional domains of memory, motor dexterity, concentration and attention
which have been shown to be associated with solvent exposure in adults.
These findings are plausible and bring on concerns which cannot be ignored,
especially when these findings are consistent with studies regarded as being
methodologically strong (Nordling Nilson et al., 2002; Dick et al., 2002; Mergler

et al., 1996; White et al., 1995).
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Specifically, this raises concerns for children especially in the absence of
research on the effects of solvent exposure in working children and significant
efforts must be made to fulfil the information gap in this area of solvent

neurotoxicity.

The next section of this review will identify a very limited number of studies

which have investigated neurobehavioural effects of solvents in children.

3.5 Neurodevelopmental effects of solvents.

As reiterated throughout this review, there is a lack of studies examining the
effects of solvents on children who are also at risk of exposure to solvents
through their work. As discussed in an earlier section of this thesis, previous
studies have investigated the magnitude of developmental neurotoxicity and the
effects of environmental exposure of children to various pollutants including
methylmercury, lead, PCB and other toxins but no study has investigated the
association between neurotoxicity and solvent exposure of children in the
workplace. Studies on solvent exposure to children have been limited to
prenatal exposure. The results of the studies of prenatal exposure to solvents
show that occupational exposure in mothers to organic solvents during
pregnancy is associated with an increased risk of colour vision and visual acuity
impairment (Till et al., 2003; Till et al., 2001a), poorer cognitive and neuromotor
functioning (Till et al.,, 2001b), increased risk of major foetal malformations
(Khattak et al., 1999) and lower scores on subtests of intellectual, language,

motor and neurobehavioural functioning (Laslo-Baker et al., 2004) in offspring.
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Table 3.4 provides a summary of the literature available on neurobehavioural
and other effects associated with solvent exposure in children. Similar to the
previous table on neurobehavioural effects associated with solvent exposure in
aduits, the following table presents information on the study design, study
subjects, measurements of exposure, neurobehavioural tests used and the

findings of the studies.

119



Table 3.4: Neurobehavioural and other effects associated with solvent exposure in children

Reference Study design Study Subjects Sample Size Exposure Tests Comments
Laslo-Baker | Prospective Children born to 32 exposed Self report Wechsler preschool and primary In utero exposure to organic solvents
et al (2004) controlled mothers mother-child exposure scale of intelligence (3-5.11yrs), associated with poorer performance on

(counselled through | pairs recorded Wechsler Intelligence Scale for specific subtle measures of
the Motherisk 32 matched prenatally and | children (6-8.11), Preschool neurocognitive and neurobehavioural
program b/w 1988- | control pairs twice language scale (3-5.11), Clinical function (subtests of intellectual,
1998) who were postnatally evaluation of language language, motor functioning and
occupationally fundamentals (6-8.11), Beery- behaviour).
exposed to organic Buktenica developmental test of Regression analyses adjusted for
solvents during visual motor integration, grooved maternal education and 1Q
pregnancy (3-9 pegboard, CBCL, Conner’s
yrs) (Canada) Rating Scale-R, Behavioural style
guestionnaire. Wechsler
Abbreviated scale of intelligence
(Maternal cognitive functioning)
Till et al Case study Child exposed 1 exposed Self report Retinoscopy, Ophthalmoscopy, Reduced visual contrast and abnormal
(2003) froma prenatally to PCE 3 non- Sweep and transient VEP (visual chromatic responses found in 30 month
Prospective from mothers work. | exposed evoked potential) system, old boy prenatally exposed to PCE
longitudinal Exposure controls Minimalist test (colour vision) compared to controls.
cohort (Canada)
Till et al Prospective Children born to 32 exposed Estimated Minimalist test (colour vision), In utero exposure to organic solvents
(2001a) cohort mothers .| mother-child exposure index | Cardiff cards (visual acuity) associated with an increased risk of
{counselled through | pairs based on colour vision and visual acuity
the Motherisk 27 matched selffemployer impairment in offspring.
program b/w 1992- | confrol pairs report of No dose-response relationship found
1996) workplace
occupationally exposure.
exposed to Exposure
solvents during parameters
pregnancy (3-7 yrs) assigned
(Canada) weighted

scores, added
to derive El.
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Table 3.4: Neurobehavioural and other effects associated with solvent exposure in children (continued)

Reference Study design | Study Subjects Sample Exposure Tests Comments
Size
Till et al (2001b) | Prospective Children born to 33 cohort = Estimated Developmental Maternal exposure to organic solvents
controlled mothers 28 controls exposure index | Neuropsychological during pregnancy is associated with
(counselled based on self / Assessment (NEPSY) (Body poorer outcome in cognitive and
through the employer report, | part naming, speeded naming, neuromotor function (receptive and
Motherisk workplace verbal fluency, visual attention, expressive language, and graphomotor
program b/w exposure, tower, statue, block ability) in offspring.
1992-1996) Exposure construction, hand positions, Regression analyses adjusted for
occupationally parameters arrows, visuo-motor precision, gender, mother's age, education,
exposed to assigned design copying, Peabody smoking during pregnancy gestational
solvents during weighted scores | picture Vocab, Expressive one- age, breastfeeding and SES based on
pregnancy (3-7 added to derive | word picture vocab fest, Hollingshead Index.
yrs) (Canada) El categorized pegboard, matching, child
as high &low. behaviour checklist (CBCL) and
CPT (Birdie in the tree)
Khattak et al Prospective Pregnant women | 125 Self report of Interviews, assessments, Women occupationally exposed to
(1999) observational | occupationally exposed to work history, developmental milestones solvents during pregnancy had a 13 fold
controlled exposed to solvents work practices, recorded using Denver scale. risk of major foetal malformations as

solvents 125 adverse effects well as increased risk for miscarriages
counselled by matched known to be in previous pregnancies.
Motherisk conirols caused by Women reporting symptoms associated
program bfw exposed to solvents with organic solvents had a significantly
1987 -1996) non- higher risk of major foetal
(Canada) feratogenic malformations
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Exposure to organic solvents in utero was found in a prospective cohort study to
adversely affect subsequent colour vision and visual acuity in children (Till et al.,
2001a). In total, 32 solvent exposed mother-child pairs were matched with a
control group of 27 mother-child pairs on age of child, gender, ethnicity,
maternal education and socioeconomic status and recruited from a database of
women who had been exposed to a nonteratogenic agent during pregnancy.
The solvent exposed group showed mild to severe impairment on the tritan and
protan colour axes, unlike the matched non-exposed children whose visual
functions were normal. However, no dose-response relationships were found
and exposure index was not significantly related to colour discrimination or

visual acuity scores (Till et al., 2001a)

Further analysis of the same study, (Till et al., 2001b) examined prospectively
the cognitive and behavioural functioning of 3 to 7 year —old children whose
mothers worked with organic solvents during pregnancy in comparison with a
group of matched, unexposed children. The two groups of children were
compared on a variety of tasks, including subtests from the NEPSY, a visual
CPT as well as on parent-rated measures of children’s behaviour. On tests of
cognitive functioning, the solvent-exposed group performed generally in the
normal range, however in comparison to children in the matched, normal control
group, the solvent exposed group showed deficits in selective cognitive abilities.
Dose-response deficits were most pronounced on tasks of Graphomotor ability,
namely the NEPSY Design Copy and Visuo-motor Precision tasks, therefore
suggesting poorer cognitive and neuromotor functioning in children of mother’s

occupationally exposed to organic solvents during pregnancy (Till et al., 2001b).
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More recently, Till et al. (2003) reported on the reduced visual contrast and
abnormal chromatic responses found in a case study from a prospective cohort
subject (30 month old boy prenatally exposed to Perchloroethylene) compared

to controls.

Similarly in a more recent study, children of women occupationally exposed to
solvents during pregnancy were assessed on a range of neurodevelopmental
and cognitive functioning tests (Laslo-Baker et al., 2004). In this prospective
study, pregnant women occupationally exposed to organic solvents were
recruited during pregnancy and followed up. Exposed mothers were matched to
control mothers identified from those counselled by the Motherisk Program with
exposure to a nonteratogenic substance on maternal age, child age, child sex,
socioeconomic status and reported cigarette use. The results of this study
suggested adverse foetal effects of occupational exposure to organic solvents
during pregnancy as measured by neurocognitive, behavioural and motor
coordination measures. Exposed children performed at a lower level than
control children in subtests that measured short-term auditory memory, general
verbal information and atiention, motor and behavioural functioning.
Furthermore, children who were exposed to organic solvents in utero showed
reduced ability in recalling sentences, even when their global scores were within
the normal range even when the effects of maternal IQ were accounted for

(Laslo-Baker et al., 2004).

The above studies are well controlled prospective studies measuring prenatal

effects of solvent exposure in children and highlight the potential vulnerability of
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children to harmful exposure. Prenatal exposure in these studies has
demonstrated significantly adverse effects on children and therefore it would be
essential to investigate children who have direct exposure as the results of
these studies strongly suggest that these children will also show adverse
neuropsychological effects. Further research is necessary to fulfil the gap in
knowledge on the effects of solvents on working children to prevent serious

health effects and preclude further deterioration in performance.

3.6 OVERALL SUMMARY OF THIS CHAPTER

An investigation into the literature on toxic exposure brings on alarming results.
Even though toxic exposure in children has only been investigated in
environmental settings, the potential vulnerability and susceptibility in children
and the harmful effects to the body system and specifically the central nervous
system have been demonstrated and are disturbing. Specifically, children have
shown adverse neurobehavioural effects of exposure to other neurotoxins

including methylmercury, PCB and lead which have been studied widely.

Whilst solvents are a common toxic exposure in working children, there are
limited studies to investigate the size of this effect. The literature has reported
consistently significant neurobehavioural effects on the central nervous system
especially in specific functional domains of memory, motor dexterity,

concentration and attention in adults occupationally exposed to solvents.
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Given the lack of information on the dynamics of solvent toxicity on children, the
adult literature on solvent effects on the central nervous system was reviewed.
A wide range of studies suggest significant associations between solvent

exposure and neurobehavioural deficits.

Whilst some of the studies were seriously flawed by a range of confounding,
biases and limitations, other studies which were of sound methodological
design showed remarkable consistencies in reports of neurobehavioural deficits
and should be considered. The overall results of the studies on environmental
and prenatal exposure of children to solvents shows clear effects of

neurobehavioural deficits which need to be addressed.

Perhaps the greatest problem confronting all neurobehavioural research
regardless of study design is true exposure estimation and the establishment of
true dose-response relationships not reliant solely on self report. Furthermore,
batteries of neurobehavioural tests need to be specific and sensitive to the
particular modalities they are testing with adequate control for external
influences. Therefore research investigating neurobehavioural effects of
working children exposed to solvents with sound methodological approaches
need to be addressed. The next chapter will address some of these

methodological issues.
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CHAPTER 4: METHODOLOGICAL ISSUES

This chapter will outline the methodological issues and considerations which are
important for the development of a well designed study on neurobehavioural
performance in working solvent exposed children. Issues in the selection of
neurobehavioural tests, research study design, confounding variables,

motivational effects and the measurement of exposure will be discussed.

4.1 Selection of neurobehavioural tests

There are a number of issues associated with the selection of neurobehavioural
tests for studies of the effects of chemicals with potential neurobehavioural
effects, including the reliability, validity, sensitivity and specificity of the tests.
Reliability is a fundamental prerequisite of any good test and attributes to the
consistency of measurement (Gregory, 2000), hence a reliable test must
consistently assign to each individual tested, the same score that best reflects
their level of performance (Rohiman et al.,, 2003). A valid test is one that
measures what the user of the tests expects it to measure whilst sensitivity is
the degree to which the tests discriminate between exposed and non-exposed
populations (Rohlman et al., 2003). Williamson (1995), states that, “Tests need
to be sufficiently sensitive to detect neurotoxic effects where they exist”, and
tests with high reliability and good validity will help reduce the error variance to
reveal effects due to exposure. Another desirable attribute of a test battery is its
specificity and how well the battery discriminates between the effects of
different toxic substances (Williamson, 1990). It is essential that when

considering the choice of tests specifically for this study, the tests are standard
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measures with demonstrated reliability and validity and sensitive to detect early
central nervous system functional domains likely to be affected in children

occupationally exposed to solvents

Because of the dearth of literature on exposure to solvents in working children,
it is difficult to devise a study design by building on previously used batteries of
tests, specifically to understand which tests are sensitive to detecting specific
neurobehavioural deficits. Nevertheless, in the absence of studies on working
children, it is important to consult the published literature on the different
neurobehavioural test batteries used in the assessment of occupational solvent
exposure in adults and environmental exposure in children, in order to
recognize which neurobehavioural measures are sensitive indicators of effects

of exposure on central nervous system function (Letz et al., 1996).

When selecting neurobehavioural tests to assess potential neurotoxicity in an
exposed population, the primary factor to consider is the chemical to which the
target population is exposed (Anger, 2003), and the population to which this
battery of tests is being selected for. The nature of the study population
including their age, cuitural background, educational level and socioeconomic
status also need to be considered. Specifically for the purposes of this study, a
battery of tests applicable to children who come from a non-English speaking
background with lower or no educational level represents a far more challenging
problem than most other populations. Not only because children are the most
sensitive end point for some chemical exposures, but also because of the many

developmental stages through which they progress (Anger, 2003). A selection
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of non-verbal performance rather than verbal tests is also necessary to account
for the illiteracy and non-English speaking background of the children in the

study population.

There are several batteries which have been designed specifically for
neuropsychological assessment of environmental or occupational exposure to
neurotoxic substances and there have been a number of batteries developed to
study childhood exposure to individual toxicants, most notably lead,
methylmercury and PCBs. Winneke et al. (1988) recommend that a children’s
neurotoxicology battery include tests of intelligence, language, memory,
perception, attention and motor functions. Most of the studies on environmental
exposures in children (see Table 3.1) have employed neuropsychological tests
to identify cognitive dysfunction rather than clinical and neurological
examinations. However, White and Feldman (1987), state that a much richer
picture of neurotoxic effects is provided by thorough neuropsychological testing
with attendant clinical judgement in the evaluation of the results than with the
small sample of information provided by the time-limited test batteries
developed to assess such effects. Furthermore, (Lezak, 1983), states that it is
also essential that in a study of neurobehavioural effects any battery of
neuropsychological tests is carefully selected to reveal clinical patterns and to

employ established neuropsychological principles in the analysis of such tests

In the lead literature as outlined in Table 3.1, the most commonly used
measures of neuropsychological effects in children included subtests of the

WISC-R, McCarthy’s’ Scales of Children’s abilities, NES2, Bender Visual Motor
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Gestalt, Bruininks Oseretsky Test of Motor Proficiency, Stanford Binet
Intelligence Scale, Rey-Osterreith Complex Figure and the Wide Range
Assessment of memory and learning. Also consistent among the studies on the
effects of lead exposure were measures of intelligence (IQ) functioning (Stokes
et al., 1998; Walkowiak et al., 1998; Altmann et al., 1997; Tong et al., 1996
Dietrich et al., 1993; Bellinger et al., 1992; Needleman et al., 1990). Of the
studies reviewed on lead effects, only three employed clinical assessment
(neurological examinations and electrophysiological tests) as well as
neuropsychological testing (Counter et al., 1998; Stokes et al., 1998; Altmann et

al., 1997).

In the methylmercury literature, more common neuropsychological tests of
motor function (Finger tapping, Hand-eye coordination, Bender visual motor
gestalt), attention (Continuous Performance Test), visuospatial function
(Stanford Binet copying) and memory (WISC-R block design, digit span) tests
were found to be accurate measures of neurobehavioural deficits in prenatally
methylmercury exposed children. (Grandjean et al, 1997; Grandjean et al.,
1998; Grandjean et al., 1999; Grandjean et al., 2001a; 2001b; Cordier et al.,
2002). Only one of these studies employed -elecirophysiological testing
(Grandjean et al., 1997). The feasibility and validity of three computer-assisted
neurobehavioural tests from the NES2 that were designed for adults, namely
the Continuous Performance Test (CPT), Finger Tapping and Hand-eye
coordination were tested on the same cohort of Faroe Island children from the
methylmercury literature (Grandjean et al., 1996). These tests were found to be

feasible and valid for the measurement of neurobehavioural deficits in children
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after slight modifications which included changing the sequence of letters in the
CPT to a sequence of animal silhouettes which were more easily recognisable

in children.

In the PCB literature, the choice of neuropsychological tests is less consistent
than the choice of tests in measuring the effects of lead and mercury and only
included neuropsychological testing on measures of sustained attention (CPT),
focused attention (digit cancellation), executive function (Wisconsin Card sorting
and Stroop colour-word tests), memory (digit span, WISC-R arithmetic,
Sternberg memory) and more common batteries designed specifically for
children including the Kaufman Assessment Battery for children, McCarthy
scales of Children’s abilities, Wechsler Intelligence scales for children I1Q tests
and Reynell Developmental Language scales (Jacobson and Jacobson, 2003;

Stewart et al., 2003; Patandin et al., 1999; Jacobson and Jacobson, 1996a).

The selection of tests in the above studies suggests a pragmatic representation
of what functions might be affected based on previous research (Williamson,
1995). The replication of results in the different studies reviewed in Chapter
Three, of the same effect associated with the same chemical exposure helps
establish a neurotoxic effect at least in the lead, mercury and solvent literature
where substantial replication of findings in the studies from different countries
using similar tests are found. Previous research on solvent exposure in adults
has been reported to affect neurobehavioural performance such as loss of
dexterity, delayed reaction time, lack of concentration and loss of memory and

therefore the selection of tests for children occupationally exposed to solvents
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should address these specific functions and modalities. To this effect, a
selection of tests which give a reasonably comprehensive coverage of the major
areas of known neurobehavioural function likely to be affected by solvent
exposure were chosen for this study. A flexible battery will be compiled from a
set of existing neuropsychological tests whose diagnostic utility and validity
have already been demonstrated in the literature will be used. The aim of
selecting these tests however is not only to answer the question of whether a
particular neurotoxicant affects the nervous system but also to determine which
function(s) or behaviour in particular is affected by that exposure (Williamson,
1990). The tests were chosen from three core test batteries, including the WHO
Neurobehavioural Core Test Battery (NCTB), the Neurobehavioural Evaluation
System 2 (NES2) and the Performance and Information Processing System

(PIPS) and include both computerised and non-computerised tests.

The WHO recommended Neurobehavioural Core Test Battery (NCTB) is a
compendium of tests of the seven most widely used tests in human behavioural
neurotoxicology. The WHO NCTB was developed in the early 1980’s in an
attempt to provide a ‘screening’ or core battery approach to neurobehavioural
investigations (Anger, 2003), and was selected based on encompassing a
selection of tests sampling the wide range of functions likely to detect any
adverse affects from neurotoxic exposure. The tests selected were considered
to be easy to administer paper and pencil tests and which were culture-fair
(Hartman, 1995). These tests include the digit symbol, digit span, Benton visual
retention, pursuits aiming i, simple reaction time, Santa Ana and profile of

mood states.
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The Neurobehavioural Evaluation System 2 (NES2) is a computer based testing
system which was developed in the mid 1980’s in line with the NCTB. The
NES2 is a widely used computer based neurobehavioural testing system that
incorporates the cognitive tests from the NCTB and a number of other tests

used in clinical neuropsychology (Anger, 2003).

The Performance and Information Processing system (PIPS) is a computer
based battery of tests based on ‘diagnostic’ and theoretical interpretation
(Spurgeon, 1995). The tests in the Performance and Information Processing
battery system are based on an information processing model of human
performance generation. The information processing approach is useful for
organizing information about the human system and also for guiding human
factor designs which portray human information processing as a flow of
information between various information stores and transformational processes
(Wickens and Carswell, 1997). Williamson (1990) argues that tests of
behaviours like manual dexterity and memory are an amalgamation of a number
of fundamental processes which can be traced to partiéulér nervous processes
and, in order to produce either behaviour, a critical level of attention is required.
To this effect, if the required level of attention is not achieved, performance on
these tests will be reduced. The battery of tests from the Performance and
Information Processing System (PIPS) has been included in an attempt to
overcome such problems in the interpretation of complex and integrated
measures. The concept underlying this battery of tests is that behaviour is the

result of combining a number of simple but inter-related processes and in order

132



to understand why and how a behaviour is produced in a particular way, it is
necessary to test these simpler processes. This improves the ability to assess
the effects of a wide range of influences on behaviour due to the tests’ focus on
converging evidence or changes in specific functions. The Performance and
Information Processing system was developed on a model of human
information processing which concentrates on eight inter-related functions:
sensory store, perception, response selection, decision making, short-term
memory, long-term memory, attention and response generation (Williamson et

al., 1988)

The nine non-verbal performance tests selected for the study of
neurobehavioural effects of children occupationally exposed to solvents include:
measures of atfention; the NES2 Continuous Performance Test which will
measure the child’'s ability to sustain attention and the PIPS Dual Tracking
Task, an adaptive task which will measure the child’s ability to divide attention
between more than one task including reaction time, and hand-eye
coordination. Measures of memory; both working auditory memory (WISC-R
digit span) and spatial memory (PIPS spatial memory search), measures of
motor coordination; (grooved pegboard) and measures of reaction time; (PIPS
choice reaction time) which also measures perception and elements of motor
coordination. Reaction time is also an important component of a number of the
other tests (Symbol-digit, Dual Tracking task, CPT and grooved pegboard) in
which reaction speed is a measure. The PIPS symbol digit has also been
included as a measure of complex decodingland has been cited as being

among the most sensitive tests of neurotoxic chemicals (Anger, 1990). The
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Draw a Person test has been incorporated as an integrated test of complex and
motor functions but also as an estimation of pre-morbid intelligence. The Profile
of Mood States will contribute as a measure of mood symptoms. A more

detailed description on each of these tests will be discussed in Chapter Five.

Pre-morbid intelligence has been used in the literature of exposure effects as a
measure of pre-exposure intellectual capabilities and has been considered to be
a better predictor of premorbid neurobehavioural performance than education
(Gregory, 2000). The comparison of an individual’s current neuropsychological
performance with his/her premorbid level of intellectual functioning is
fundamental in detecting and quantifying cognitive impairment (Lezak, 1983)
which in this case may be associated with solvent exposure. Many of the
studies reviewed on the effects of solvent exposure have incorporated tests of
“vocabulary” and “verbal intelligence” into neurobehavioural test batteries as
measures of pre-morbid intelligence or “hold-no hold” tests, not seen to be
directly influenced by solvent exposure. Bolla et al., (1995), included the WAIS-
R vocabulary subtest as an estimate of premorbid verbal intelligence, and found
significant decrements in neurobehavioural functioning with solvent and lead
exposures after controlling for pre-morbid intellectual ability, age and race.
Grosch et al., (1996) however, found that vocabulary (also used for measuring
pre-morbid functioning) to have significant dose-effect relationships with solvent

exposure.

In this study, the Draw a Person test which is a non-verbal measure of pre-

morbid intelligence with inherent appeal to children (Dykens, 1996), will be
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used as a dependent variable of the effects of solvent exposure on motor
functions, as well as a potential confounder and predictor of neurobehavioural

test performance.

4.2 Research Study Design

To design a study in neurobehavioural research, a proper source population
and a feasible sampling frame must be chosen with a suitable comparison
group identified. The prospective longitudinal cohort study is often
recommended as the most reliable source of information in neurobehavioural
research to help overcome some of these serious bias problems (Grandjean et
al., 1996). Prospective longitudinal studies have several advantages over cross-
sectional studies, including more accurate assessment of degree and timing of
exposure and of relevant control variables (Jacobson and Jacobson, 1996b).
However despite the advantages of longitudinal studies, the majority of the
studies reviewed in Chapter Three on neurobehavioural effects of solvent
exposure were cross-sectional in nature. Whilst data from longitudinal studies
are generally preferred, only 4 out of the 33 studies reviewed on
neurobehavioural performance effects associated with solvent exposure in
adults used longitudinal study designs (Table 3.3) (Nordling Nilson et al., 2002;
Mergler et al., 1996; Williamson, 1996; White et al., 1995; Williamson and
Winder, 1993). Of these studies, the Nordling Nilson and colleagues study
constitutes an 18 y