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ABSTRACT

The present study was designed to provide information on
lead absorption amongstvschoolchildrén'in Cape Town. The
primary aim of the study was to deterﬁine the degree of
lead absorption in part of the community. Further
secondary and tertiary aims were to briefly investigate
possible sources of lead exposure in children identified
with increased lead levels and to determine whether any o

evidence of behaviour disorder was apparent.

The evidence presented in thé:rstudy suggests that a
significant proportion of the population, primarily children
living in urban-industrial areas, may have increased lead
levels and may be suffering certain metabolic and behavioural

impairments due to lead.

It is suggested that prudent precautions be taken to limit

exposure to lead in the environment.
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1.1

CHAPTER 1

INTRODUCTION

S

HUMAN EXPOSURE TO LEAD

Introduction

Lead has been used since antiquity (1) and its effects were

recognized before the Christian era (2,3). There is never-

theless still controversy as :to how serious a health

hazard lead is. There is no uncertainty.as to the health
effects of lead at high levels of exposure to the metal, but
there is considerable debate as to the health effects of

relatively low levels of lead exposure.

It is evident that people living in industrialized countries
exposed to low levels of lead in the environment, may have
significantly higher blood lead concentrations than people
living in remote areas of the world. For instance, it

has been shown that children living in remote areas have
blood lead concentrations between three and five ug/dl (4),
whereas blood lead levels of adults and children living in
industrialized countries are generally in the range 10-25

ug/dl (5). Furthermore, it has been estimated that lead

levels of Americans are about 500 times greater than those

of prehistoric peoples (6).

This is of particular concern as there is considerable
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uncertainty as to what constitutes a safe blood lead level (7).
Children afe more susceptible to lead toxicity than adults

and even slightly increased exposure may have a serious

impact on ﬁealth (8). For instance, it has been demonstrated
that adve:se metabolic effects and intellectual and beha-
viouraf impairments may occur in children at lead concen-
trations below.30—40 ugPb/dl blood (9,10,11,12). This

has become a subject of much contfoversy in the scientific

literature (13,14).

It is also a matter of much debate as to which source(s)
of lead in the environment is the most important source of
human exposure (15,16). Among the many sources of lead,
particular concern has been expressed about the extent to
which petrol-derived lead, the major contributor to lead
in the atmosphere (17), is potentially hazardous to health

(18,19,20).

The current controversy about lead thus centres mainly on

two issues:
1. Can lead levels in the environment be considered safe?
2. Which source(s) of lead in the environment is the most

important source of human exposure?

Lead Production and Usage

Lead is produced from ores and occurs in a variety of

minerals, the most important being Galena (PbS) (21). It
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is found mostly in deposits associated with other minerals,
particularly those containing zinc, but the proportion of
different metals such as copper, silver and zinc may differ

in the ores of various countries (5).

Evidence of the production and usage of lead pre-dates
recorded history and the use of primitive furnaces to extract
lead from its ores may have been the first such smelting
process uséd by humans (22). One of the earliest references
to léad is found in Egyptian hieroglyphics of about 1500 BC
(23) but it is thought that it was used {or glazing potter?
by the Egyptians as long ago as 7000-5000 BC (22). In

the old Testament there are references to lead as an item

of trade with the Phoenicians and it was mined extensively
by the Greeks and Romans. Hadrian's Wall is thought to
have been built partly to protect the mines in Northumber«
land and Cumberland, which were used by the Romans at

that time (23).

Roman lead technology was impressive and it was used
largely to line aqueducts, water mains and water reservéirs
(used to collect water from lead lined roofs) (23) and
earthenware containers (for storing olive oil,.grape

syrup and preserved fruits (2).

The quest for silver was the principal stimulus for lead
production in early times and it was only during the last

century that lead mined and smelted for itself constituted

!
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a significant portion of total lead production (6).
Changes in world lead production over time are shown in

Figure 1.

Lead has a considerable number of uses in present techno-
logical society. It has been estimated that 35% of total
world suppiy comes from secondary sources, of which lead- |
acid batteries account for 70-80% (5). Appendix 1 lists
the prigcipai uses of leaé today. The main properties

of lead, which account for its versatility, are listed

in Appendix 2.

Sources of Exposure

GENERAL SOURCES

The mining, smelting and refining of lead, as well as the
production and use of lead-based products, gives rise to
the release of lead into the environment (24). Lead is
present in the air, soil, dust, food and water (15), and
most people, to a greater or lesser degree, are exposed

~

to lead.

Air

——

Lead is routinely emitted into the atmosphere from the

burning of lead alkyls in petrol and, to a much lesser
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extent, from certain industrial processes such as coal
combustion, lead smelting and iron and steel production (25).
The relative contributions of various sources to the global..

atmospheric lead balance are given in Appendix 3.

Due to the fact that lead aerosols are globally distri-
buted, it is difficult to define natural concentrations of
lead in the atmosphere (6). Lead levels in areas most
remote from civilization have been found to be in the order
of .0001 - .001 ug/m® (5), whereas it has been estimated
from geochemical data that the concentration of lead in

air of natural origin is about .0006 ug/m“3 (6). Atmos-
pheric lead concentrations in the "cleanest" regions of
North America are thought to be about 100 - 100 000 times
higher than ambient concentrations believe to .have existed

10 000 years ago (26).

Atmospheric lead concentrations have generally been found

to be highest in urban and industrial areas and the highest
lead concentrations have been found in densely populated
urban areas, particularly over streets with heavy traffic
densities (5). High air leadrconcentrations have also

been found in the vicinity of certian industrial sources,
such as lead smelters (8). Atmospheric lead concentrations

measured in various different parts of the world are listed

in Appendix 4.



Soil and Dust -

Lead aerosols accumulafe in soil and dust (22). The
concenFration of lead in soil and dust in urban and indus-
trial areas has been found to be higher than in rural
areas (22,27,28) and correlations between lead.levels in
dust, soil and traffic densities have been demonstrated
(27,29). The lead content of various soils and street

dusts are given in Appendices 5 and 6.

Food

There is considerable controversy over fhé extent to which
airborne lead can contaminate food. According to the
Conservation Society in the United Kingdom (15), airborne
lead is the chief source of lead in food, both through
direct contamination of crops and through entry into the
food chain. \Iso;opic studies have shown that elevated
levels of petrol-derived lead may be present in soils up

to 50 kilometres from a source, in a form readily available

for uptake by plants (30).

The Lawther feport (31) maintains that even with heavily
contaminated produce from the vicinity of heavily travelled

roads or factories, most of the lead is removed in food

preparation.
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1.1.4.1

LOCALISED SOURCES

Exposure to lead may also be mbre localised - for instance,
lead plumbing may contaminate domestic water supplies (32)
or lead paint may contaminate dust and soil or be directly
ingested by children (33,34). Workers may also be exposed
to lead in certain industries and occupations (35).

Certain food products may be contaminated by the use of
lead solder in tins (6,36), or lead glazes in pottery (37).
Car batteries used as fuel (38), brightly coloured magazine
pages, painted food wrappers (2) and certain hair products -
and cosmetics (31) may all be potential sources of exposure

in particular circumstances.

Uptake of Lead Into the Body

Lead is absorbed into the body via ingestion and inhalation
and a very small amount is absorbed through the skin (this
is of importance in the case of organic lead compounds

only) (39).

INHALATION

The uptake, of particulate lead is a function of the particle
size and solubility of the aerosol inhaled (39). The
fractional deposition of lead in the lungs depends mainly

on the particle size of the aerosols inhaled, whilst the

amount absorbed into the bloodstream depends on the chemical
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composition and solubility of the aerosols, as well as
the site of deposition (40). The solubility of lead

aerosols increases as particle size decreases (39).

The majority of lead aerosols to which the general population
is exposed are in sub-micrometer particles and are there-
fore easily absorbed into the bloodstream (25). Metabolic

balance studies have indicated that approximately 30-40%

of ambient air inhaled is absorbed (23,40).

Thése estimates are very approximate and there-are many
difficulties in predicting the percentage uptake of inhaled
lead in the general population. Air lead concentrations
vary in time and place and most people are exposed to a
range of different concentrations. Also, the lead aerosols
inhaled by the general population are not well enough

characterised to accurately predict absorption (41).

INGESTION

Metabolic balance studies have indicated that about 8-10
percent of ingested lead is absorbed from the gut in adults
(23,40) and a much higher percentage, approximately 40-50%,

is absorbed in children (42).

Many factors can affect the rate of absorption, and the
influence of certain dietary components has been extensively

studied. Elements such as calcium, iron, zinc,. copper
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have been shown to diminish lead absorption (13) but
absorption is increased with a high vitamin D concentra-

tion, a high fat diet (43) and in the absence of food (44).

Distribution of Lead in the Body

After absorption, lead is transported by the blood to the
soft itssues. The highest concentrations are found in
the liver and kidneys, but some goes to other organs such

as the brain, 1ungs, spleen and heart (23).

Deposition of lead takes place in the bone, where more
than 90% of the body lead is found as relatively insoluble
phosphates (43). In certain circumstances, lead may be
remobilized from the bone after initial absorption (20).
In children, considerably less lead is deposited in bone
and a greater proportion is deposited in a mobile form in
the soft tissues (38). Lead can cross the placental
barrier and concentrations in the foetus may increase

during pregnancy (13).

Effects of Lead

There is no known biological function for lead and any

lead absorbed by humans is potentially toxic (3).

Lead poisoning is essentially chronic, as the accumulation

of a significant body burden occurs over a period of time.
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1.1.6.2

1%

At low exposure levelé it may take months or even years
before clinical symptoms appearvand certain biochemical
effects and neuropsychological effects may be present long
before clinical symptoms occur. At higher levels of
exposure, accumulation of toxic levels may occur within
weeks and damage to tissues is caused (8). Effects at
high and low levels of exposure are commonly referred to as

clinical and sub-clinical effects.

CLINICAL EFFECTS

At high levels of lead absorption (between 40 and 80 ugPb/dl
blood) lead causes damage to the blood system, resulting

in anaemia. It also affects the kidney, liver and the
central nervous system (23). At very high blood lead
concentrations (above 80 ugPb/dl bloéd) it can cause acute

brain damage, leading to encephalopathy and may eventually

result in death (2).

SUB-CLINICAL EFFECTS

Effects at low levels of lead absorption (below 40 ugPb/dl
blood) include intellectual impairment, behaviour disorders
and certain biochemical disorders (9,10,11,12). Biochemical
effects form the basis upon which various diagnostic tests
used in screening have developed (45). These will be

briefly discussed.
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At levels of lead absorption between 15 and 20 ugPb/dl
blood lead inhibits heme synthesis (8,24,45). The two
most important points of interference in heme synthesis
are the inhibition of two enzymes, Ferrochelatase énd
ALA-D (Delta Aminolaevlulinic Acid Dehydratase). The
inhibition of Ferrochelataée, the enzyme responsible for
the insertion of iron into Zinc Protoporhyrin, results in
an increase of Zinc Protoporhyrin in the red blood cells
(46). Inhibitionvof the enzyme ALA-D results in an
increase of ALA in the blood and urine. Measurement of
the inhibition of ALA+-D, the accumulation of ALA in the
blood and urine, and the accumulation of Zinc Protoporphyrin
in the red blood cells, have all been used as screening

tools (45).

Contribution of Sources to the Body Burden

SOURCES OF HIGH LEVEL EXPOSURE

There is a long history of human exposure to high levels
of lead normally associated with lead poisoning. Some of
the more common sources of lead poisoning will be briefly

discussed.

Food and Drink: The most common cause of lead poisoning
has been attributed to high levels of lead in food and

drink, due to cooking and storing food in lead-lined or

12



lead-glazed earthenware pots and the supply of water
through lead pipes (2,8). Some historians believe that
one of the factors in the fall of the Roman Empire may

have been a decrease in reproductive capacity and "madness"
of the ruling class due to poisoning from lead contaminated

food and water (1,3).

Still today,vin some parts of the w0fld, many houses have
lead plumbing. A national survey in Great Britain revealed
that in Glasgow, Scotland, where a large percentage of
houses have lead piping, unacceptably high levels of lead

were found in household water samples and in people (32,47).

Occupational Exposure: Occupational lead poisoning was
.first reported among lead workers by Pliny in the first
century AD (3 ). With increasing industrialization and
use of lead in the 18th and 19th centuries, lead poiséning
became an established occupational disease. Improvements
in industrial methods and in industrial health standards
have helped reduce the occurrence of occupational lead
poisoning today, but in many work environments léad
poisoning still occurs. In Great Britain, lead poisoning'
has been cited as the most common notifiable industrial

disease (35,38).

Paint: In children, the major cause of lead poisoning over

the last century, and still today, has been attributed to
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the ingestion of flaking lead-based paint chips (38). This
is a common occurrence amongst young children of pre-school
age, with a tendency to pica (an appetite for non-food
items) who live in old, deteriorating houses with peeling
lead-based paint. Daily ingestion of a few small paint

chips can cause lead poisoning within a few months (37).

Flaking paint may also contaminate dust and soil, which

may be ingested by children (34).

In recent years, mass screening programs initiated in
countries such as America, have helped reéuce the incidence
of lead poisoning in children (38). Of more concern

today are the sources of‘low level lead exposure to which

people are routinely submitted.

1.1.7.2 SOURCES OF LOW LEVEL EXPOSURE

Low level sourées of lead to which people are exposed and
which may add to the total body lead burden, include lead
concentrations in the air, water, soil, dust and food (15).
In particular circumstances (such as ingestion of lead
contaminated soil and dust by children) exposure to these

sources can lead to lead poisoning (33).

It is generally accepted that blood lead levels of adults
and children living in urban-industrial areas are higher

than in people living in rural areas and that people
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exposed to high traffic densities or to certain industrial
sources . of lead havé higher blood lead levels than people
not so exposed. These associations have been demonstrated
in numerous epidemiological studies (5,48,49,50,51,52,53)
and indicate that airborne lead may be an important source

of exposure in these circumstances.

These data, however, must pe regarded as qualitative in-
dications of source contributions and cannot be accepted

as quantitatively reliable. Recent epidemiological data
which have examined multiple. sources and mechanisms of lead
exposure (such as lead aerosols and ‘lead éontaminated soil
and dust) have indicated that the relationship between
blood lead levels and various sources is likely to be
multifactorial; the exact relationship depending on many

difference factors and circumstances (54,55,56,57).

Attempts which have been made to quantify sources must be
treated with caution. The Lawther report has estimated
that in adults, not especially exposed to lead (with blood
lead levels between 10 and 20 ug/dl), 45-90% of the body
burden is derived from food, 0-45% from water, and 10-20%
from air (31). The United Kingdom Conservation Society,
on the other hand, has estimated that 32-69% of the body

burden is derived from air (15).

At present, very little is known of the dyramics of multiple

exposure and further study on the sources and mechanisms



of exposure is needed, in order that the relative import-

ance of each factor may be accurately assessed.

‘Susceptibility of Children

Children are genérally regarded as being particularly sus-
ceptible to clinical and sub—cliniéal lead poisoning (58).
Theré is evidence that children are more exposed to lead,
that they absorb a greater proportion of lead and that
they are particularly susceptible to its potential toxic

effects.

Several sources of lead exposure may be present in the
child's environment. There may be flaking chips of
lead-based paint or lead-contaminated soil and dust.
These sources may be of particular importance in young
children, between the ages of 1 and 3 years, when normal
hand-to-mouth activities are most common and when picé is
most likely to occur (59). In addition, children may
be‘exposed to lead from dust brought into the house by
leadlworkers (60,61). Children méy also be exposed to

higher levels of lead in the air, as the lead content in

-ambient air is greater at the height at which young children

breathe (38).

Relative to their body size, infants and young children
have a higher alimentary intake and respiratory ventilation

than adults (8) and they absorb a much higher proportion

[~
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of lead from their diet. Certain nutritional deficien-
cies which are known to potentiate lead toxicity are also

more likely to occur in children (59). ,

Not only.do children have a greater intake and uptake of
lead from the environment than adults, they are also more
susceptible to the toxic effects of lead. There is a
larger proportion of mobile lead in the soft tiss;es of
children {(which is potentially more toxic), their me£abolic
pathways are incompletely developed and the developing

brain of a young child is particularly vulnerable to

lead (59).
Childhood lead poisoning constitutes a serious environ-
mental health problem. In the United States of America,

for instance, each year tens of thousands of children are
found to have.elevated blood lead levels (62,63). Accord-
ing to the United States Center for Disease Control, no
childhood disease approaches lead poisoning in the breadth

of its impact (62).

SOCTIO-ECONOMIC STATUS

It is generally accepted that lead poisoning and elevated
blood lead levels are more prevalent among children of low

socio-economic status (38,62,63,64,65).

Poor children are more likely to reside in badly maintained
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old houses with peeling lead-based paint, or with lead
plumbing. They may also be exposed to greater amounts
of dust and dirt in and around their houses and may be
more exposed to sources of lead from traffic and industry.

Also, nutritional deficiencies known to potentiate lead

toxicity are more likely to occur in poor children (13).

Children of low socio-~economic status who are most likely

to be affected by lead are also the least equipped to deal

with the problem (62).

Screening for Lead

Lead poisoning is a preventable disease and is one of the
few preventable diseases which have been neglected for
such a long fime (38). In the United States of America,
over the past decade, mass screeniné programs have been
initiated. These are aimed.at detecting children at risk,
before clinical symptoms occur, and havé helped to reduce

the incidence of lead poisoning among children (63).

At the screening level, diagnosis of lead poisoning and
elevated blood lead levels is usually based on metabolic
indices of lead.exposure (45). Measurement of the
concentration of lead in blood is the traditional indicator
of current lead absorption, but it gives no indication of

a metabolic effect due to lead (5). Blood lead measure-
ments are also expensi&e, require sophisticated equipment

and are subject to considerable inter-laboratory variation



(66). For these reasons, metabolic indices of lead

exposure are widely used in screening.

Diagnostic tests indicative of metabolic effects of lead

are generally based on derangements in heme metabolism.

1.1.9.1 THE ZINC PROTOPORPHYRIN (ZPP) SCREENING TEST-

The accumulation of ZPP is regarded as being the first

sign that physiological impairment due to lead has occurred
(24). Consequently, the United States Centre for Disease
Control has recommended that the measuremént of ZPP be used

as a primary screening test for lead absorption (68).

The test requires only a drop of capillary blood, and is

rapid and inexpensive, requiring no laboratory facilities.

Use of the hematofluorometer, a portable field instrument
for measuring ZPP (69), enables workers to obtain results
instantaneously in the field. Measurement of ZPP has

thus become an important tool in the screening of occupa-

tionally exposed populations and asymptomatic children (68).

The ZPP concentration is representative of exposure to
lead over the preceding 3-4 months. The elevation of

ZPP, however, is not specific for lead poisoning, and may

also reflect other abnormalities of heme synthesis such
as iron deficiency. For this reason, elevated ZPP levels

require subsequent verification of blood lead measurements (46).
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INTRODUCTION TO THE STUDY

Motivation

There is little information on lead absorption. amongst the
general public, or amongst children, in South Africa (70,
71) . It is evident, however, that people may be exposed
to significant levels of lead in the .environment. Cohcern
has recently been expressed regarding the.impact of lead
on sections of the South African population (70,71,72,

73,74,75,76,77,78) .

Air pollutidn monitoring has revealed that South African
cities, and Cape Town in particular, have lead levels
comparable to those found in large urban and industrial
centres of the world. This has gyiven rtise to concern

relative to international safety standards (76).

Concern has also been expressed regarding the potential
hazard of lead-based paints to young children. Such

paints were in general use until recently and are still

used to a lesser extent today. A recent country-wide
survey revealed that a large percentage of houses had paint-

work containing significant amounts of lead (70). There

are no regulations or standards restricting the use of

lead-based paints in South Africa (79).

Up until the early part of this century, lead plumbing was
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:in general use in South Africa, and many cases of lead

‘poisoning were reported. Houses with lead plumbing are

'still found today; this was revealed by the recent demoli-

tion of District Six in Cape Town (73).

|Lead poisoning is a notifiable disease in South Africé, vet
iover the past ten years only one case amongst children was
reported (80). In Cape Town there were no reported cases
during this period amongst children or adults (Sl). A

ifew cases of lead poisoning in children (from burning battery

casings for fuel)have been reported in the literature (72).

iSouth Africa may be in the same position as NeQuYork in
1950, when, due to lack of awarenesé of the problem, only
one case of lead poisoning was reported (70). Lead
poisoning is now recognised as a major childhood health

problem in America (62).

The present study is designed to provide information on

lead absorption amongst children in Cape Town.

Approach

The study is designed to determine the impact of lead in
the environment on schoolchildren in greater Cape Town.
It is limited to ‘'coloured' children for reasons relating

to socio-~economic status.
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The primary aim of the study is:
- to determine the degree of lead absorption
amongst schoolchildren in part of the Cape

Town community.

Further secondary and tertiary aims of the study are:
- to investigate possible contributory sources
of lead exposure in children identified with
increased blood lead levels:
~ to briefly inveétigate whether any evidence
of behaviour disorder is apparent in children

identified with increased blood lead levels.



CHAPTER 2

&
e

LEAD ABSORPTION IN THE STUDY POPULATION

INTRODUCTION

The primary aim of this study was to determine the degree
of lead absorption in part of the Cape Town community.

The study population was defined as "coloured" sub A pupils
attending schools believed to be exposed to a source of
lead, in the Wynberg, Cape Town and Bellville Magisterial

districts.

SAMPLE DESCRIPTION

Selection of Schools

In order to ensure exposure to lead and to standardise
sampling over a large area of Cape Town, it was decided
to sample schools situated on major through roads in Cape

Town.

Multistage sampling was used to select a sample from the
study population. From a list of primary schools obtained
from the Cape Provincial Department of Education, schools
situated on through roads (as indicated on a map of Cape
Town) were identified. Out of a total of 262 schools

listed in the Wynberg, Cape Town and Bellville magisterial
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districts, 26 schools situated on through roads were
identified. One school in each suburb was selected and
13 schools were chosen for study. In ordér to improve
the distribution of data points in thg immediate Cape

Town urban/industrial complex, an additional five schools
(not situated on through roads) were selected, as well as
one school in a semi-rural area. In all, 19 schools were
finally selected for study. The situation of schools is

given .in Table 1 and Figure 2.

Selection of Pupils

Permission to undertake the study during school hours was
obtained from all school principals. Informed, written
cohsent was obtained from parents of all children sampled.

The parental response rate was 97%.

With the exception of one school (school number 15), all
sub A pupils with parental consent, present at school on
the day of the study, wére sampled. Invall, 917 sub A
pupils were selected for study. In addition to these
children, at'schools with fewer than 40 sub A pupils, it
was decided to sample children from other classes. Thése
children, however, were excluded from the formal statis—

tical analysis of results (i.e. significance testing), as

"were children from a correctional school for boys of all

ages (school number 10) which was also included in the

sample.



TABLE 1: SITUATION OF SCHOOLS

\

school No. suburb RECIVITNENt oot toad

1 Elsies River U/I +

2 Woodstock u/1 +

3 Claremoht R +

4 Constantia R +

5 Salt River u/1 +

6 Bellville South u/1 +

7 Cape Town U/I -

8 Malay Quarter u/1 -

9 Central Cape Town Uu/1 -
10 Wynbérg R +
11 Hanover Park R +
12 Athlone R +
13 Retreat R +
14 Steenberg R +
15 Lotus River R +
16 Salt River U/1 -
17 Maitland U/1 -
.18 Mitchells Plain R +
19 Hout Bay R +

u/I1

Mixed residential/urban-industrial area

Residential area

On through road

Away from through road

™o
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Altogether 1 234 pupils were selected for:sstudy, of whom
74% were sub A pupils. The distribution of children by

school, class and sex is given in Table 2.

METHODS AND TECHNIQUES

The Zinc Protoporphyrin (ZPP) screening test was administered
to all children. Those children identified with elevated
ZPP levels received confirmatory blood leéd and other
hematological tests. All children were tested between

the months of September and December.

ZPP Tests

A drop of blood obtained from each child by finger puncture

was analysed for ZPP concentration.

Apparatus: An hematofluorometer (AVIV model) was used to

perform ZPP analyses. The blood sample is deposited in
the centre of a glass cover slip which is then inserted
into the apparatus. As it is inserted, an exciting light
focuses first on a blank, then on a calibrating sample

and finally on the blood sample, where it is completely
absorbed within a few microns. The fluorescent intensity
is independent. of the thickness of the blood sample (82).
The emitted light is then filtered and detected by a

photo-multiplier. The result is expressed in ug ZPP/g Hb



TABLE 2. DISTRIBUTION OF CHILDREN BY SCHOOL,
CLASS AND SEX
School Class Males Females Total
1 Sub A 24 21 45
2 Sub A 28 18 46
3 Sub A 24 31 55
4 Sub A 7 10 17
Sub B 8 10 18
Std 1 9 6 ‘15
Correctional Class 3 5 8
Total 27 31 58
5 Sub A 30 32 62
6 Sub a \ 24 28 52
7 Sub A 22 15 37
Sub B 14 9 23
Total 36 24 60
8 Sub A 54 45 99
9 Sub A ' 10 15 25
Sub B | 10 12 22
Std 1 16 10 26
Std 2 12 12 24
lTotal 48 49 97
10 Total 30 - 30




(continued) TABLE 2
School Class Males Females Total
11 Sub A 33 27 . 60
Sub B 20 28 48
Total 53 55 108
12 Sub A 59 38 97
13 Sub A 36 30 66
14 Sub A 17 15 32
Sub B 16 24 40
Total 33 39 72
15 Sub A 7 1 8
Sub B 24 19 43
Total 21 20 51
16 Sub A 16 24 40
17 Sub A 26 23 49
18 Sub A 51 44 95
19 Sub A 18 15 33
Sub B 9 10 19
Total 27 25 52
GRAND TOTAL 657 577 1234

29
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and the accuracy is within 5-10%.

Blood Lead Tests

Approximately 5 mls of venous blood from each child with
an elevated ZPP level was obtained by venipuncture into
a leadwfree heparinised tube. The samples were frozen
for 3-4 weeks at a temperature of -20°C until such time
as they could be delivered to a laboratory for analysis.
The analysis of lead concentration in blood samples was

performed using atomic absorption spectrophotometry.

Preparation of Samples: Lead in blood samples and in
standards of 10, 20, 50 and 100 ug/100 ml was concentrated

by chelation with a solution of ammonium pyrrolidene
dithiocarbamate. The lead complex formed was then extracted
into approximately 4 mls of a methyl isobutyl ketone

(M;BK) solution.

Apparatus: A flame atomic absorption spectrophotometer
(Vvarian Techtron Model 1200) was used to perform blood

lead analyses.

The previously prepared M1BK solution was aspirated into

an acetylene air flame and the absorbence read at 217 nms.



Full Blocd Counts

Full blood counts were performed on venous blood samples
obtajined from children with elevated ZPP levels. Measure-
ments including haemoglobin and hematocrit levels were

determined.

Apparatus: A coulter counter, Model S Plus, was used to

perform analyses.

RESULTS AND DISCUSSION .

PART I

ZPP Frequency Distributions

From an examination of the frequency distributions of ZPP
within each school, it was evident that they were not
normally distributed{ but generally positively skewed.

For the purpose of comparison, description statistics
including the mean, median, range, standard deviation and
various percentiles, are used to describe distributions.
These results form the basis of the discussion of the ZPP
concentrations. Table 3 gives a breakdown of ZPP dis-
tributions according to sex for school entrants, non entrants
and all pupils, Table 4 gives a breakdown by school and

sex for entrants only and Appendix 7 gives a breakdown by
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sex, school and class for all children tested. Further

details of ZPP distributions are given in Figures 3 and 4.

Discussion:
It is instructive. to compare the results obtained in this

study with those reported by other workers.

The range of average ZPP levels reported in the literature
for non-occupationally exposed populations varies exten-
sively. One of the reasons for this may be due to the

fact that methods for detecting increases in protoporphy-
rins are not standardised. For instance, enythrocyte
protoporphyrin may be measured by fluorometry after extrac-
tion from the red cells, or by direct measurement of its
fluorescence in intact red cells, with a hematofluorometer.
The hematofluorometer measures only Zinc Protoporphyrin,
while the acid.extraction techniques measure Zinc
Protoporphyrin plus Protoporphyrin Free Base (Freé
Erythrocyte Protoporphyrin (45,67,68). There are also‘

" different ways of expressing ZPP based on different cali-
bration criteria and expressed in different units (83).

The lack of standardisation qf methods and units used

makes it difficult to compare reports by differeht workers.
This is further complicated by the fact that reports
published generally refer to occupationally exposed popu-
lations and very little data exists for children. Where
such data are available, they are usually from studies |

‘of selected "high-risk" populations.



36

+L

0L

,[(aH B/bn). NOILVYINIONOD ddZ

s’ 09 cs 0's Sy oy G'c

ot

ST

0T

- SINYYINI "TOGHOS T1Y 40 NOIINGIMISIQ ddZ 1€ JINDIJ

-Gl

0T

-ST

-0t

1

AOYILNADAAd



1

PERCENTAGE

FIG 4. 2PP DISTRIBUTIONS (ug/gHb)
OF CHILDREN BY SCHOOL.
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Neverfheless, there are a few recently published studies
which are of interest. In a study in Yugoslavia (84)

it was found that the mean ZPP level for children aged

5-10 years was 1.5 ug ZPP/gm Hb. This is about half

the mean ZPP level for this study population, which was

3.2 ug ZPP/g Hb. The Yugoslavian study, however, was

based on a very small sample, involving only 20 individuals.
In a study by Grandjeanv(85) of 1 295 non-occupationally
exposed adult workers in Denmark, the median ZPP value

was found to be 2.8 ug/g Hb with 97% of the population below
4.4 ug ZPP/g Hb. Thése results are comparable to the
results obtained for children in the present study - the
median for this population (males and females together)

was 2.9, with 90,4% of the populaiton below 4.4 ug ZPP/g Hb.

Little is known_regafding the health significance of ZPP
levels in the range reported in these studies. Attempts
to correlate ZPP values with blood lead concentrations

have not been able to demonstrate consistent dose-response
relati?nships and appear to differ for various population
groups studied. In a study by Zielhuis and Wibowo (83)
these workers stated that a ZPp reading of 2.5 - 3 ug ZPP/g
Hb (in occupationally exposed workers) is indicative of
increased lead exposure and recommended that occupational
physicians keep levels below 2.5 ug ZPP/g Hb. This view

is not shared by others (85).

For the purpose of this study, in accordance with the revised
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1978 standards set for ZPP levels by the United States

Center for Disease Control (45,68), levels below 5.0 ug
ZPP/g Hb are regarded as being within normal limits. It
must be stressed "that in light of the considerable

ambiguity which exists regarding acceptable standards for
safety, although APP levels below 5 ug ZPP Hb may be typical
for this study population (corresponding to approximately

the 94th percentile) they may not necessarily be safe.

SIGNIFICANCE TESTS

There was a small difference in mean ZPP levels between
various schools and between the sexes. It was therefore
decided to determine whether such differences were statis-
tically significant. As frequency distributions were
positively skewed, a log transformation was used to try

and achieve normalisation. "This was not entirely success-

ful, as was indicated by the skewness and kurtosis indices

and semi-interquartile ranges. It was therefore not
possible to uUse parametric tests of significance. As
the shape of the distributions were rendered acceptably

similar to one another, however, it was decided to use

non-parametric tests of significance.

(a) Sex Difference

A median test was performed for sex differences among

school entrants within each school. Significant differences



40

were observed between the sexes for schools 9 and 11 at
the 5% level. Differences between the sexes were also -
found to be significant for all school entrants analysed

together (chi.sq. 7.150, d.o.f.1, p.0075).

Although the difference between the median ZPP levels of
males and females was found to Be statistically significant,
the significance in terms of health, at such levels, is
uncertain. It is interesting to note that the distribution
of ZPP levels was such that 8% of males had ZPP levels

equal to or above 5 ug ZPP/g Hb, whereas only 5%‘of females
had ZPP values equal to or above this ievel. Whether or
not this difference reflects a difference in exposure

to lead, or a difference in biological response to lead,

is not known.

There is some evidence that amongst adults, at comparable
degrees of exposure, women exhibit a larger increase in
enythrocyte protoporphyrin than do men (86,87). Few

studies have tested for differences between the sexes amongst
children. Because of the significant difference observed
between ZPP values of males and females, it was decided

to analyse the sexes separately for differences between

the schools.

(b) Variability Among Schools

‘A median test was performed which indicated highly signi¥~

ficant variation among schools for males and females.
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(females: «chi sq.105.335 d.o.f. 17, p .0001, males: chi
sq. 95.785, d.o.f. 17, p .0001). It was therefore decided
to look for differences between schools on and away from

through roads.

- Difference between schools on and away from through

roads
A median test was performed which did not indicate ahy

significant difference in ZPP between the two groups.

Difference between schools in residential and mixed_

residential/urban-industrial areas

Schools were grouped into two broad categories: those in
residential areas and those in mixed residential/urban-
industrial areas. A median test was performed which

indicated highly significant variation in ZPP between the

two groups. This held for males and for females respect-
ively. (males: chi sq. 24.038, d.o.f.1, p. 0001. females:
chi sq. 14.973, d.o.f.1, p. .0001). The results are giVen

in Table 5.

It was subsequently decided to determine whether there
was a difference between schools on and away from through

roads within the two categories.

- Difference between schools in residential and mixed

residential/urban-~industrial areas, according to

position of school with respect to through road-

In this analysis (a median test was performed) signifiéant



TABLE 5. 2PP DISTRIBUTIONS BY RECRUTITMENT AREA

Males Females

Site Freq. Mean S.d. Median %25 |Fregq. Mean S.d. Median %2> 5

U/R 234 3,6 1,5 3,25 10,3| 221 3,3 1,1 3 7,2

’ ’ ' ’ ’

R 251 3,1 1,9 2,8 5,2 209 3,0 1,2 2,7 3,8

’ ’ ’ ’ ’

\TABLE 6. . ZPP DISTRIBUTIONS BY RECRUITMENT AREA
W.R.T. THROUGH ROAD

Males " Females
Site Freq. Mean S.d. Median | Freq. Mean S.d. Median

U/R+ 106 3,9 1,6 3,45 ] 99 3,5 1,2 3,2

U/R~ 128 3,3 1,2 3,1 {122 3,1 1,0 2,85

R+ 233 3,1 1,9 2,9 |195 3,0 1,2 2,7

R- | 18 2,9 1,4 2,4 |14 25 0,5 2,35

U/R+ - Mixed residential/urban-industrial area, on through road

U/R- - Mixed residential/urban industrial area, away from through road
R+ - Residential area on through road

R- - Residential area away from through road.



43

differences in ZPP among the four groups were found
(females: chi sq. 27.961, d.o.f.3, p .0001, males: chi
sq. 24.504, d.,o0.f.2, p .0001) and the average values

formed a'gradient, as shown in Table 6.

Discussion

It is of great interest that the ZPP levels of children
attending schools ih mixed residential/urban-industrial
areas were significantly higher.than children attending
schools in residential areas, and that children attending
schools on throﬁgh roads 'in these areas had significantly

higher ZPP levels than children attending other schools.

These differences were found to hold for males and females
respectively, with males having slightly higher averages
than females. There were almost twice as many children
with raised ZPP levels (équal'to or above 5 ug/g Hb) in
the mixed residential/urban-industrial group as tﬁere

were in the residential group. Of the males in the
respective groups, 9,4% and 5,2% had raised ZPP levels.

Of the females in the two groups, 7,2% and 3,8% had raised

ZPP levels.

It is also of interest that a significant difference in
ZPP levels between schools on and away from through roads
was only found when the type of recruitment area-was taken

into account.



These data suggest that ZPP may be a sensitive indicator
of lead exposure. The results indicaté that expoéure

to traffic may be an important source of lead absorption
in children, although the nature of the reéruitment area
in which the children live and attend school-may be

of more significance in determining exposure than traffic

on the street facing the school.

It must be stressed that whilst these results may be of
considerable significance, the implications of the results

should be evaluated by a controlled study and confirmed

- by blood lead and other hematological tests. This was

not in the scope of the present study.

Detection of Children at Risk

It 1is important to note that the prime purpose of the screen-
ing test was to detect those children potentially at

risk - i.e. children identified with elevated ZPP levels

who required blood lead tests to confirm increased lead

absorption.

It was therefore necessary to designate some ZPP value as
a cut-off point ~ a limiting value below which children
were not considered at risk of developing clinical symptoms

of lead poisoning.

- As has been indicated in Section 2.4.1, there is much un-

certainty as to the health significance of ZPP levels which



are not markedly raised. _ Despite the fact that no base
line for normality has been established,.it was decided

to use a ZPP value approximating the upper limit of

normal established for children in the United States of
America (45,68), as a cut-off level for the study
population. It was felt that the screening test should
enable children to achieve the maximum possible benefit
from the test, and that the cut-off level should be set

at a conservative value which would result in the detection
of children in need of medical attention for reasons other
than lead intoxication (for instance, iron deficiency).

It was therefore decided to accept the occurrence of a
large number of false positives against the risk of missing
children in need of medical attention. A cut-off level

of 5 ug ZPP/g Hb was thus set.

Of a total of 1 234 children who had ZPP.tests performed,

76 (6%) had ZPP levels greater than or equal to 5 ug/g Hb.
Of these children, 71 had blood lead tests and 62 had

full blood counts performed. The results 6f blood analyses
of individual children by sex, class and school are givenr
in Appendix 8 whilst descriptive statistics of the distri-
butions are given in Table 7. Further details of the

blood lead distribution are given in Figure 5.

BLOOD LEAD DISTRIBUTIONS

In order to establish a base line for normality (for Cape
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Town children) with which to compare the blood lead results
obtained in this study, it was decided to perform blood
lead analyses on a sample of children not thought to be
significantly exposed to lead. It was decided that
children attending the school in Hout Bay, with a median
ZPP level of 2.4 ug/g Hb (see Table 4) would serve as a

suitable control group for this purpose.

2.4.2.1 HOUT BAY CASE STUDY

Sample Description: All:sub A and sub B pupils, present at
school on the day of the study, were sampled. Informed,
written consent was obtained from parents of éll children.
The parental response rate was 100%. Altogether 40 children
were sampled, of whom 33 (82%) had previously had ZPP tests

performed.

Methods and Techniques: ApproxXximately 5 mls of venous
bloodwereobtained from each child by venipuncture into
lead-free heparinised tubes.  All samples were obtained
during the second week of February and were analyséd directly
after collection. Blood lead tests and full blood counts

were performed on all samples.

Results and Discussion
Descriptive statistics of the haemoglobin and blood lead

distributions are given in Table 8. Details of the blood
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lead distribution are given in Figure 6. From Tables

7 and 8, it is evident that the blood lead distribution

of the children living in Hout Bay is markedly different
from that of the éhildren with elevated ZPP levels. On
average, children identified with raised ZPP levels by

the screening test had blood lead concentrations nearly
twice as high as childrenvin the control group. Approxi-
mately 50% of the children in Hout Bay had blood lead
concentrations below 11 ug/dl, whereas only 10%'0f the
children identified by the screening test had levels below
Itﬁis value. Twenty-five percent of these children had

- blood lead concentrations over or above 25 ug/dl. - It was
evident, therefore, that the children identified by the
screening test had significantly increased blood concentra-

tions when compared with a control group.

Whether or not suchvblood lead levels can be consiaered
acceptable ffom a health point of view, is uncertain.

There is at present considerable debate as to Qhat a 'safe'
blood lead level is, and the threshold level for blood lead
concentrations, above which children are considered to be

at risk, has been continually downgraded in recent years.
The United States Center for Disease Control (88) has set

a limit of 29 ug/dl above which children are considered

in potential danger of developing clinical lead poisoning

(a revision of the previous 1970 United States recommendation

that 40 ug/dl be considered a cut-off level) (2).



There is now evidence that adverse health effects may
occur at levels below 29 ug/dl (9,10,11,12) and many
workers believe that the current safety threshold level

should be lowered further (9,10,89).

Although there is at present little consensus as to what
constitutes an acceptable blood lead concentration in
children, depending on the standard one wishes to adhere
to, 15% of the children with elevated ZPP'levels would be
régarded at risk in terﬁs of the United States standard of
29 ug/dl and almost twice as many would be regarded at

risk if a safety threshold of 25 ug/dl were adopted.

Looking at the distribution of blood lead concentrations

by school (Appendix 8), it 1is evident that a larger per-
centage of Children living in urban-industrial areas had
blood lead levels greater than or equal to 25 ug/dl than
children living in residential areas. 36%

in the former group as compared to 6% in the latter group
had blood lead concentrations greater than or equal to

25 ug/dl. Of the children in the urban-industrial group

a large percentage (56%) of chilaren with 'high* blood lead

concéntrations attended one school in particular - Woodstock.

It was subsequently decided to perform blood lead analyses
‘on all sub A children at the school in Woodstock to deter-

mine the blood lead distribution for the whole class.



2.4.2.2 WOODSTOCK CASE STUDY

Sample Description: All sub A pupils, with parental per-
mission, present at school on the day of the study, were
sampled. The parental response rate was 97,5%. Altogether
40 children were sampled, of whom 39 had previously had

" ZPP tests performed.

Methods and Techniques: Approximately 5 mls of venous blood
were taken from each «child by venipuncture into lead-free
heparinised tubes. Samples were taken during the last'
week of February. Blood lead tests and full blood counts

were performed on all samples.

Results and Discussion

Descriptive statistics of the blood lead and haemoglobin
distributions are given in Table 9. Details of the

blood lead distribution are given in Figure 7.

(a) Confirmation of Blood Lead Results of Children with

Elevated ZPP Levels

Although blood lead analyses on children with elevated ZPP
levels had previously been performed, it was decided to
repeat these tests in order to confirm the results. The

results of the two analyses are given in Table 10.
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TABLE 10. RESULTS OF FIRST AND SECOND BLOOD LEAD ANALYSES

(ug/dl)
Blood Lead (2) Blood Lead (1)

19 17

- 30 30

23 23

34 30

23 ' 22

26 28

18 18

| 30 | 27

33 | 20

29 _ 26

20 20

41 37

33 32

20 24

) 22 19
34 ' 30
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It is evident from these results that there was a close
correlation between the blood lead concentrations in the
two series of samples taken, with the blood lead levels

in the first series being on average slightly lower than

the second. Two factors may account for this:
Firstly, there was a difference . of four months between
the times when the samples were taken. The initial samples

were obtained in September, whereas the subsequent ones
were obtained in February. It is possible that during
this period there was a change in lead levels to which

children were exposed.

Secondly, there may have been a slight change in blood lead
concentration due to the freezing of samples prior to

analysis. (The initial samples were frozen for a period

of approximately one month prior to analysis whereas the

second samples were analysed directly after collection.)

It has been documented, however, that blood lead concentrations
are not affected by temperature (66,50). This has been
verified by quality control tests carried out at Red Cross

Hospital (Mr. Dempster, pers. comm.).

What is of significance for this study is the close corre-

lation between the two series of blood lead analyses, which
serves to indicate that the results obtained are reliable;

and, do not merely reflect a temporary rise in blood 1lead

concentration.
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(b) Differehce Between Classes

A considerable difference was evident in the mean blood
lead levels obtained for children in the two sub A classes
at Woodstock School. The blood lead distributions for

the two classes are given in Table (M) and Figures 8 and 9.

The children in the A2 class had higher blood lead levels
on average than the children in the Al class. Seven
childrén in the A2 class (five males and two females) had
blood lead concentrations greater than or equal to 30
ugPb/dl blood whereas only one child in the Al class had

a blood lead concentration of this magnitude.

It Qas decided to determine whether the difference in mean
blood lead concéntration between the two classes was
statistically significant. A median test was performed
and the difference between the blood lead levels in the
two clases was found to be significant (chi sqgq. 5.777,

"d.o.f.1, p .0162).

Further investigation is needed to explain the difference
in blood lead concentration observed between the two
classes. There was né obvious source df lead in either
sub A classroom and all children lived in the same resi-

dential area of Woodstock.
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FIG 8. BLOOD LEAD DISTRIBUTION (ug/dl) OF
WOODSTOCK SCHOOL CHILDREN,
CLASS A.l
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(c) Difference Between Schools: Hout Bay and Woodstock

From Tables 8 and 9, and Figures'6 and 7, it is evident

that children at the Woodstock school had considerably
higher blood lead levels than childfen at the Hout Bay
.school. The mean blood lead concentration of the Woodstock
children (22.8 ug/dl) was more than twice that of the

Hout Bay children, which was 11 ug/dl. At the Woodstock
school tﬁe mean blood lead cOncéntration of females was
slightly leés than that of males, but no difference was

observed between the sexes at the Hout Bay school.

The distribution of blood lead éoncentrations was such

that there was almost a three-fold difference between the
highest blood léad concentrations at the two schools. At
Woodstock the highest blood lead level was 41 ug/dl, whilst
at Hout Bay the highest was 15 ug/dl. Thirty—twofand—
a-half percent of the Woodstock children had blood lead

concentrations greater than or equal to 25 . ug/dl.

A median.test was performed to determine whether the
observed:difference in blood lead concentrations between
the schools was statistically significant. The differ~-
ence between the two schools was. found to be highly signi-

ficant {(chi sg. 68.014, d.o.f. 1, p .0001).

From these results i1t i1s evident that the blood lead con-
centrations of children from a school in an urban environ-
ment are significantly higher than those of children from

a school in a semi-rural environment. The difference



in blood lead concentrations may relate to a difference in
exposure to lead aerosols in the two areas. For instance,
the children from Woodstock were more exposed to traffic
than children from Hout Bay (the hourly traffic flow
measured on the street in which the Woodstock school is
situated, is given in Appendix 9 ). Many studies have
shown that blood lead concentrations of urban populations
and of peoplé heavily exposed -to automobile exhaust‘are
generally higher than those of rural populations and of

people living in areas with less traffic (5,48,49,50,51).

Although traffic may be an important source of exposure
in Woodstock children, it would be necessary to investigate
other possible sources of exposure in order to determine

the relative importance of various sources.

Possible contributory sources of lead exposure in children
identified with increased blood lead levels in the screen-
ing study (Woodstock children and others) are discussed

in Chapter 3.

Summary and Conclusions

ZPP concentrations were measured in 1 234 schoolchildren
from various schools in greater Cape Town. Approximatély

7% of the study population had raised ZPP levels.

Highly significant differences in ZPP concentration were



found between the sexes and between groups of schools:

* Males had higher ZPP levels than females. Eight
percent of males as opposed to 5% of females had

raised ZPP levels.

* Children from schools in urban-industrial areas had
higher ZPP levels than children from other schools.
Almost twice as many children in the former group

had raised ZPP levels.

* Children from schools situated on through roads had
higher ZPP levels than children from schools on other
roads, when the nature of the recruitment area was

taken into account.

Confirmatory blood lead and other hematalogical tests were
performed on children with raised ZPP levels. Twenty-
five percent of children had blood lead concentrations
close to, or exceeding, the currently accepted safety

levei of 29 ug/dl. Blood lead concentrations were highest

amongst children from Woodstock and central Cape Town.

Further blood lead and other hematological tests were
performed on two groups of children: all sub A pupils
at the Wodstock school and sﬁb A and sub B pupils at the
school in Hout Bay. A highly significant difference in
blood lead concentration was found bétween children at

the two schools.

o



.4.4

* Blood lead concentrations of Woodstock children were
twice as high as those of Hout Bay children. Seven-
teen percent of Woodstock children had blood lead

levels exceeding the safety level of 29 ug/dl.

A significant difference in blood lead concentration was

also found between the two sub A classes at Woodstock.

It is concluded that a significant proportion (7%) of the
study population, mainly children living.in urban-industrial
areas, may have increased lead burdens and may be under-
going certain biochemical changes in heme synthesis.’
Children living in areas such as Woodstock may be at par-
ticular risk. Itiis suggested that detailed environmental
investigations in these areas be undertaken, in order to

determine the major source(s) of exposure.

PART IT

The Relationship Between 2PP and Blood Lead Concentration

In order to determine whether a correlation existed between

ZPP and blood lead concentration, Spearman rank correlation
coefficients were estimated on two samples: children with
elevated ZPP levels and children from Hout Bay and Woodstock
schools. Regression analyses were performed on the log

transformed values of ZPP for both samples.



2.4.4.1
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Results

CHILDREN WITH ELEVATED ZPP LEVELS

Correlations: Correlation coefficients were estimated
for males, females, and for both sexes together, The

results are given in Table 12.

It is evident that corrélation.coefficients were weak,
particularly in females, in which the coefficient was not..
statistically significént. In males, it was significantly
different from zero, although the correlation explained
only 13,7% of the observed variation in the two variables.
With males aﬁd females analysed together, the correlation
coefficient was significant, but explained only 9% of the

variation.

Regression Analysis: Regression analysis was performed .
for males only, as no significant correlation was found

in females.

Using blood lead as the response variable, the regression

equation was:

blood lead = -10.37 4+ (16.55 x log of ZPP)

With r sguare = .267, the regression model explained only

26,7% of the observed variation, A scatter diagram showing
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2.4.4.2

observed and predicted values was plotted. Similarly,

‘residuals were plotted against the independent variable.

This plot of residuals showed no particular pattern.

(See Figures 10 and 11.)

Using ZPP as the response variable, the regression equa-
tion was:

log of ZPP = 1.56 + (0.02 x blood lead)
A scatter diagram showing observed and predicted values

was plotted as well as a plot of the residuals:; this

showed no particular pattern (see Figures 12 and 13).

CHILDREN FROM HOUT BAY AND WOODSTOCK SCHOOLS

Correlations: Correlation coefficients were estimated
for males, females and for both sexes together. Results
are given iﬁ Table 12. In these schools the correlation
coefficients were stronger and statistically significant
in both sexes, although the correlation was stronger in
males than in females. It explaihed 45% and 35% of the
variation in males and females respectively. For all
children analysed together, the correlation coefficient

explained 40% of the variation.

Regression Analysis: Regression analysis was performed

on males and females together, as a significant correlation

66



67

et

6'T

(qu B/bn) ddz 40 oo1

{ ! ] | ]

GNIT NOISSHYDEY HIIM WYYOVIQ YAILVOS "0T FMADIL

—1T

—9¢

6%

~Tv

9T

(Tp/bn) avda qooid



C e

o€

8T 9T ve

[

'(au B/Bn) ddz 40 90T

0T

81

SIVNAISHEY 40 LOId  *TT 9¥N9Id

In-.'

—Cl-

TYNGISHA

—81

-1T

—vT



(Tp/bn)

avdl gqooTld

St ov st ¢]> ST
! [ -

ANIT NOISSHN¥DIY HILIM WYNOVIQ NALILYDS

*ZT I™NOId

(qu B/bn) ddz a0 D01



70

(1p/bn) Qv qoold

S€ ot ST

] ) 3

(+14

Sl

S1YNQIsdd J0 10714

€T TINO1d

-0

TvYNaIsdyd



was found for both sexes. Using blood lead as the
response variable, the regression equation was:

blood lead = 1.83 + (12.26 x log of ZPP)

With r square = .406, the regression equation explained

40,6% of the variation.

Using log of ZPP as the response variable, the regression

equation was:

log of ZPP = .70 + (.03 X blood lead)

A scatter diagram of observed and predicted values was
plotted for both regression analyses as well as for the
residuals - these showed no particular pattern (see

Figures 14, 15, 16, 17).

’

Discussion

The correlation coefficients determined on the two samples,
whilst significant, are weaker than those that have been
reported in the literature. These range from .72 to .91

(91), but refer mainly to occupationally exposed populations.

Correlation coefficients determined on children have been
reported to be somewhat lower. In a study by Sassa et al.
(92) on children with blood lead concentrations between |
20 and 80 ug/dl, a correlation coefficient of .72 was

determined. In a study by Lamola et al. (93) on a group
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of 250 young children, a correlation coefficient of .77
was determined. It was not stated in what way children
tested were chosen for study - for instance, whether they
were from selected "high risk"” populations or from the

general population.

There 1is at present much uncertainty regarding the minimum
blood lead concentrations necessary for correlations

between ZPP and blood lead to be significant.

According to Hesley (91), in studies where no correlation
between ZPP and blood lead concentrations have been shown,
the blood lead concentration may not have been stable for
a long enough time to allow ZPP to accurately reflect

the body burden. For instance, there is a time lag in
the appearance of ZPP following exposure to lead, and a

similar time lag following removal from the exposure.

Previously, workers suggested that ZPP levels only increase
significantly at blood lead levels of 50 ug/dl. Others
have stated that increases occur in children‘at blood 1lead.
levels of 25-30 ug/dl (89), whilst a recent study has

shown that increases occur in children at blood lead

levels as low as 15 ug/dl (9).

Data collected in the present study are not sufficient to
determine accurately the nature of the relationship between

ZPP and blood lead. This would require larger samples
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and an even distribution of data pbints - the data in

this study were not collected for this purpose.

Ngvertheless, from the correlations demonstrated in the
present study, it is evident that ZPP may be a sensitive
indicator of lead absorption, but not necessarily specific
for lead absorption. The weak correlation coefficient
determined in the sample of children with elevated ZPP
levels (which was significant only in males) may indicate
that the ZPP test is not specific for lead absorption;
whilst the much stronger, statistically significant
correlation determined in the sample of Woodstock-Hout Bay
children may indicaté that the test is sensitive to lead

absorption, even at considerably low blood lead concentrations.

The Relationship Between 2PP , Haemoglobin and Blood

Lead Concentration

It has been well documented that an accumulation of ZPP

may occur in conditions other than increased lead absorption,
for instance, iron-deficiency and significant corre-

lations between ZPP and haemoglobin concentration have

been demonstrated (94).

On the other hand, increased lead absorption may cause a
decrease in haemoglobin concentration and significant
correlations between haemoglobin and blood lead concentration

have been demonstrated (95}).
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Despite the fact that the majority of children in both
samples had haemoglobin levels in the normal range; it
was decided to determine whether a correlation existed

between haemoglobin and ZPP or blood lead concentrations.

HAEMOGLOBIN AND ZPP CONCENTRATION

Correlation coefficients were estimated for males and
females in both samples, but were not found to be statis-
tically significant in either group. Results are given

in Table 12.

HAEMOGLOBIN AND BLOOD LEAD CONCENTRATION

Similarly, correlation coefficients were estimated for

"males and females in both samples, but were not found to

be statistically significant in either group. Results

are given in Table 12.

It is suggested that haemoglobin concentration is only
significantly decreased with relatively high blood lead

concentrations, above those in the range reported here.

Conclusions

It is concluded that at low levels of lead exposure, ZPP

is sensitive, but not specific to lead. As children with
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raised ZPP levels were not iron-deficient, and there was

no significant correlation between ZPP and haemoglobin
concentration, it is suggested that conditions other than
iron-deficiency may cause an accumulation of ZPP. - Further
investigation is needed to determine the factors affecting

blood protoporphyrin synthesis.
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CHAPTER 3

30

LEAD EXPOSURE IN SELECTED CASE STUDIES

INTRODUCTION

A secondary aim of the present study was to determine

possible sources of lead to which children identified

with increased blood lead leveis were exposed. It wés
decided to investigate the home environmentsof children,
to determine whether there were any obvious localised
sources of exposure, suéh as lead piping, or flaking lead-

based paint.

SELECTION OF CHILDREN

Children with a blood lead level greater than or equal to
25 ug/dl were judged as having increased blood lead levels.

There were twenty such children who were selected for study.

HOME INVESTIGATIONS

At each house visited, a guestionnaire was administgred
to the parent or guardian of the child, and a water sample
was .obtained for lead analysis. In certain homes, (those
built prior to 1950) paint, soil and dust samples were

also obtained for lead analysis.



Questionnaire

Personal interviews with parents or guardians were granted

in all homes visited.  Information was obtained on the
family's socio-economic circumstances, the physical condi-
tion of the house (with particular reference to factors such
as condition of painted surfaces, piping) and the physical
environment (with reference to factors such as.position-of

the house with respect to traffic or industry).

In addition, information was obtained on the occupational
histories of residents iﬁ the house, medical and behavioural
histories of children (with reference to factqrs which

might affect exposure, such as pica, primary play-site,
ammount played outdoors) and other individual items of
importahce; A checklist of items contained in the question-

naire is given in Table 13.

Results

Personal Data

Personal details of children are given in Table 14,

Socio-Economic Data

(See Table 15). The majority of parents or guardians of
children had completed (or had partially completed) primary

school, and were employed as unskilled or semi-skilled



TABLE 13. CHECKLIST OF ITEMS IN QUESTIONNAIRE.

Personal Data: Name, School, Class, Address, Sex,

Date of Birth, Religion, Home

Language.

Socio-Economic Data: Father's/Mother's Occupation,

Education, Income; Rent, Number of
Children, Number of People Living
in Dwelling, Number of Rooms in

Dwelling.

Housing and Environmental Data: Type of Dwelling,

Ownership,‘Age of Dwelling, Storey,
Length of Residenée, General
Condition, Piping, Energy Source,
Condition of Painted Surfaces,

Time since Last Painted, Position
of Dwelling with Respect to Major

Roads, Industry.

82



Table 13 Continued

Behavioural and Other Data: Amount Played Outdoors,

Primary Play Site, Route Travelled

to School, Behavioural History

(Evidence of Pica), Medical History
(Number of Hospital Admissions),
Behavioural and Medical History Qf
Siblings, Nutrition Status, Amount
of Tinned Food Consumed, Cooking
Utensils, Occupational Histories of

Residents in House.

83
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workers. Women were employed in the clothing industry
or domestic service, whilst men were mainly employed in

the building industry as artisans.

The average family income was R246,00 per month, ranging
from R130 - R385 per month. On average about five to six
people were supported on this income. The majority of
families lived in rented flats or houses, whilst one
family lived in a tin shanty. The average rent paid was
R29,QO per month, ranging from R6,40 to R62,00 per month.
Many of the children lived in overcrowded conditions,

with an average of seven to eight people living in three-
roomed flats or houses. A third of the homes had ten

or more inhabitants. In one particular case, 13 people

lived in a one-room flat.

Physical Characteristics of Houses

(See Table 16). The majority of houses (particularly
those in Woodstégk:and central Cape Town) were over fifty
years old and were poorly maintained and dilapidated.

Most had no electricity supply and used paraffin or gas

for fuel. Many of the houses were dark, poorly ventilated

and dusty.

All houses had internal copper piping, with the exception

of one house which had galvanised iron pipes.
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In many of:the houses, the exterior walls had a significant
degree of flaking paint, but the interior surfaces were
mostly intact. Usually only one or two flaking ourfaces
could be found. One house, however, had nearly all its

interior walls in a flaking condition.

Physical Environments

(See Table 16); Most of the children lived in mixed
residential/urban—industrial areas such as Woodstock and
central Cape Town, whilst others lived in various residen-
tial suburbs throughout greater Cape Town. The majority
of children lived_in the near vicinity (approximately

500 metres) of the school they attended.

Most children did not live directly on major roads but lived
between 50 and 200 metres from such roads. Many of the
children from Woodstock and central Cape Town lived in close
proximity to small factories, including spray-painting

and automobile body works and sheet metal works. Some

of the Woodstock children lived within 50 metres of the

railway line.

Behavioural and Medical Factors

(See Table 17). The majority of children played primarily
outdoors, in the immediate vicinity. of .their homes; many
in busy roads. Most children walked to school, often

along busy roads in peak hour traffic.
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Three children exhibited evidence of pica and one child
showed a marked tendency to mouth objects. Children
showed evidence of pica for paper, sticks, earth and
matchsticks. No children showed any evidence of pica

for paint.

Fifty percent of the children had been admitted to hospital
at some stage of their lives, mainly for chest problems,
such as bronchitis. No children had been investigated

for lead poisoning.

Other Factors:

(See Table 17).

Nutrition Status

From superficial questioning, it appeared that most children
received adequate nourishment. Two children, however,

had abnormal eating habits, eating no meat or vegetables

and one child:-was extremely malnourished, eating primarily

mealie-meal. (This child was very iron-deficient).

The majority of children ate little or no tinned food,
apart from two children who received tinned food daily

to supplement their diet.
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Cooking Utensils

All families used aluminium pots for cooking and no pottery

Oor ceramic-ware was used for storing or cooking food in.

Occupational Histories

With the exception of one resident who was employed as a
spray-painter/panel beater,employees were not occupationally

exposed to lead.

Discussion

From the home investigations, it is evident that most
children lived in extremely poor socio-economic conditions.
It has been estimated that the minimum subsistence level
for a 'Coloured' family of five living in Cape Town is
R23l;OO per month (96). Most of the families visited were

living close to, or below, this level.

It has been widely documented that lead poisoning and
elevated blood lead levels are more common among people

of low socio-economic status (58,62,63,64,65). This
association was recently cbnfirmed in a nation-wide health
survey uﬁdertaken in America (63). It was shown that
children from low income groups had a significaﬁtly higher
prevalence of elevated blood lead levels than those from
moderate or high income groups. For instance, elevated
lead levels were found in 1.2% of children from families

with high incomes, but in 10.8% of those from families
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with low incomes.

Poor environments hold many risks of excessive lead ex-
posure. Children may be more exposed to lead from sources
such as traffic, industry, dust, dirt, flaking paint in
0ld badly maintained houses. Poor children also are more
likely to suffer from nutritional deficiencies known to

potentiate lead toxicity.

Among the social and familial factors reported to be
associated with increased lead absorption are factors
such as absence of parehts, lack of day-care facilities
or a stimulating environment and inability to cope with

a stressful city life (58).

The overall poor social and physical environmental circum-
stances in which the children investigated in the present
study livé, are likely to be predisposing factors to their

increased lead intake from the environment.

Environmental Lead Analyses

From the preliminary home investigations, it did not seem
likely that paint or water represented significant sources
of exposure to lead in the children. The majority of \
houses had few interior flaking surfaces and no children

exhibited evidence of pica for paint. Although lead pipes

have been found in some 0ld houses in Cape Town (73),
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the houses investigated in the present study did not

have lead pipes.

To discount the possibility that dld lead pipes beneath
the ground may be present, water samples were obtained

for lead analysis. In addition, paint, soil and dust
samples from houses built prior to 1950 were obtained for
lead analysis. Paintbfilms used prior to this period are
liable to contain large amounts of lead, although certain
modern decorating paints may still contain a significant
amount. (These are usually used in industrial applica-
tions (97).) As old layers of paint are rarely stripped
off when redecorating, lead based paints can remain

potentially harmful for many years.

Results and Discussion

WATER

Collection of Samples: One litre daytime samples of hot
water were obtained from the kitchen tap at each house.
For control purposes, a sample of distilled water.and

a sample of tap water from a laboratory were also obtained

for analysis.

Samples were collected and stored in glass bottles which

had been washed in a solution of nitric acid and rinsed



thoroughly. Approximately 10 mls of nitric acid were

added to each sample immediately after collection.

Analysis: All samples were analysed within two weeks of
collection, by flame atomic absorption spectrophotometry.
Samples were heated in platinum containers, evaporatéd
to a level of 10 mls and aspirated directly into an air

acetylene flame. The absorbence was read at 217 nms.

Results and Discussion

Results of analyses performed are given in Table 18. The
total variation in lead content of samples was between
3;and 12 ug/l. The sample of distilled water had a lead
content between 5 and 15 ug/l, whilst the samble of tap
water from the laboratory had a lead content between

7 and 11 ug/1.

The lead content measured in treated waters leaving Cape
Town's filtration plants is less than 1 ug/1 (98). The
lead levels in ail samples analysed in the present study
weré higher than this, but wifhin the South African Bureau
of Standards rzscommended limit for lead in domestic water

supplies, which is 50 ug/1l. The maximum allowable limit

is 100 ug/1 (99).



TABLE 18, RESULTS OF WATER LEAD ANALYSES

Child No Concegiiiiigia?UG/ﬂ)
1 6 - 10
P 6 - 12
3 3 -6
4 3 -7
5 3 -8
6 6 - 8
7 3-8
8 4 - 8
9 3 -7
10 3-8
11 4 -3
12 3 -7
13 4 - 8
14 6 - 11
15 5 -9
16 6 - 10
17 4 -7
18 5 -8
19 5 - 8
20 3 -5

99
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PAINT

Collection of Samples: Two or more full-thickness (multi-

layer) paint samples were obtained from 13 houses built

prior to 1950. Samples were obtained from surfaces

likely to have been coated with lead-based paints and
thought to be accessible to children (for éxample indoor

and outdoor surface coverings of windows, doors and walls).
Due to the difficulty in many cases of obtaining repre-
sentative samples, it was not possible to sample a precise

and reproducible volume of paint.

Altogether 35 samples (of at least two square centimetres
in area) were collected and stored in cleaned glass vials

with tight-fitting plastic stoppers.

Analy;is: All samples were analysed within two weeks of
collection, by flame atomic absorption spectrophotometry.
Samples were digested in boiling nitric acid, condensed,
filtered or centrifuged (if necessary) and aspirated into
an air acetylenevflame. If lead levels were very low,
they were further condensed and complexed with an ammonium
pyrrolidene dicarbamate solution with subsequent solVent

s

extraction.

Results

Results of analyses performed are given in Table 19. The

lead content of samples varied within homes and between
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TABLE 19. RESULTS OF PAINT LEAD ANALYSES _
i1 Sampie pescription Faint lead con-
1 Bedroom (cream .07
2 Kitchen (green) .3

Outside door (green) 1.6
3 Ceiling (brown) 4.9

Outside (blue) 1.6

Lounge (cream) .06

44 Kitchen (brown) 1

Bedroom (green) 1
5 Kitchen (grey) .43

Bedroom (blue) .18
6 , -

7 Outside (green) -2

Outer windowsill (blue) 11.4

Lounge (cream) .6

Outside (blue) .23
8 Lounge (blue) .03

Lounge windowsill (blue) 3.5
9 Bedroom windowsill (green) 5.0

Outside (white) 4.8
10 Outside (pink) 3.8

Bedroom (cream) .08

Hallway (pink) 1

| 11 Lounge/bedroom (cream) 5.9

Kitchen (cream) .4

Outside door (silver) 3.8
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Table 19 Continued

Child Sample Description Jibigtlgaic?n~

No. centration (%)

12 - -

13 Hallway (red) 1.2
Kitchen (blue) .08
Bedroom (blue) _ | .46

14 - -

15 - | -

16 - ' -

17 - -

18 Kitchen (grey) .3
Outside (brown) | 1
Bedroom (brown) .02
Lounge (grey) ..02

19 Kitchen (cream) 1.8
Outside (white) .02
Lounge (cream) | . 1
Bedroom (cream) : .2

20 - -
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homes. The average lead content of samples was 1.7%,
ranging from .02 =~ 11.4%. Lead\content was highest in
paint samples from wooden windowsills, doors and ceilings;
the average lead content in these samples was 5%. Paint
on exterior walls generally had a higher lead content

than paint on interior walls; the respective average
lead content in these samples was 1.44% and 0.7%.

Forty percent of the paint samples had a lead content
exceeding 1%; regarded in the United Kingdom as the
safety level for paints applied to surfaces liable to be

chewed by children (97).

Discussion

Although paint samples were obtained from old houses, built
prior to 1950, it is thought that the lead content of
samples analysed reflects primarily the lead cbntent in
modern decorating paints. The majority of houses were
painted frequently (every 2-3 years) and few houses.had

multi-layer flaking surfaces.

Although the lead content in many paint samples was un-
acceptably high, it is not thought that paint fepresents

a significant source of exposure in these children. As
has been discussed; the majority of houses had few interior
flaking surfaces ‘and no children exhibited evidence of

pica for paint. One house had nearly all its interior’

surfaces in a flaking condition, but acceptable lead
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concentrations were found in paint samples -analysed.

Nevertheless, such paints may represent a significant

source of exposure for young children, between the ages

of 1-3 years when pica is most prevalent. Painted

wooden surfaces had.the highest lead content and were
probably coated in high«lead'primers. - South Africa has

no standards for lead in paint and cheaper low grade

paints may have lead pigments containing up to 25% lead.

In certain primers, lead pigments may contain 60% lead (79).

These are still used in residential housing in Cape Town (100).

DUST AND SOIL

Collection of Samples: Surface soil samples of approxi-
mately 5 gms were collected from 9 houses. Samples were
collected at a distance of appfoximately 1 metre from

either the front or the back of the house.

Dust samples of approximately 250 mgs were collected from

the interior rooms of 12 houses.

Soil and dust samples were collected from the same houses
as the paint samples, but in some cases it was not possible

to obtain a sufficient amount for analysis.

Analysis: Samples were prepared and analysed for lead

according to the same procedure used for paint analyses.
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Results and Discussion

Results of analyses performed are given in Table 20. The
average lead content in soil samples was 1300 ppm ranging
from 23-5000 ppm. Three samples had lead levels of
1000, 2000 and 5000 ppm. The lead content in all but
one of the soil samples were above natural soil lead
concentrations, which are estimated to be in the range
2-220 ppm (in South African soils,.the natural concentration
level is estimated to.be 12 ppm) (22). The average lead
content is dust samples'was 1000 ppm, ranging from 100-
2600 ppm. In fifty percent of the samples, the lead
content exceeded 500 ppm, the United States safety level

for lead in dust (101).

The close correlation in lead concentrations between some
soil and dust samples (see Table 20 may indicate

that they are derived from the same source. Although the
lead content in certain samples may reflect some contribu-
tion from flaking paint, it is thought that the contribu-
tion from aerosols, particularly in samples from Woodstock
and Cape Town, is likely to be substantial. From
Apendices 5 and 6 it is evident that the lead coxtent in
these samples is comparable to that found in urban soils
and street dusts in some parts of the world. As petrol-
derived lead constitutes the major proportion of airborne
lead (see Appendix 3) and many children lived in areas
with heavy traffic densities, the contribution from this

source is likely to be significant.



RESULTS OF SOIL AND DUST LEAD ANALYSES

TABLE 20,

Child No Conceiziitggid(ppm) Conceg:iztgiid(ppm)
1 - 2600
2 460 400
3 390 -
4 - 1300
5 - 100
6 - -
7 2100 1500
8 23 -
9 1000 1000
10 910 200
11 710 1500
12 - 300
13 - 9500
14 - -
15 - -
16 - -
17 - -
18 380 800
19 5000 2000

20
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Géneral Discussion

It is cpncluded that there is no obvious local source of
exposure such as a significant degree of flaking lead—basea
paint, or drinking water with a high lead content, in the
homes of the children investigated. Further investigation
is needed in order to determine the major source(s) and
site(s) of exposure in many of the children identified with
increased iead levels. Nevertheless, a brief attempt
will be made to give an indication of various sources,
which might be of importance in determining children's

lead burdens.

It is suggested that lead aerosols, (possibly petrol-derived
aerosols), may be an important source of exposure in chil-
dren from Woodstock and Cape Town, through direct inhala-

tion or indireclty through soil and dust.

Children were exposed to significant traffic densities in
the home environment, walking to and from school and at

school. For example, the Woodstock school was situated on
a major road (see Appendix 9 for the hourly traffic flow
measured in this road)\and the Cape Town school, although

not situated directly on a major road, was bounded within

50 metres by three major roads.

In addition, children may have been exposed to industrial
sources of lead, such as emissions from spray painting and

automobile body works, sheet metal works, and a battery



factory, situated in the same road as the Woodstock school.
Situated directly adjacent to the school in Woodstock was
a garage; children may have been exposed to inorganic

lead particulates and organic vapours from this source.

.A garage as well‘as a railways depot, was situated

directly oppoiste the Cape Town school.

"High concentrations of airborne lead have been measured
in the city of Cape Town (76) (these are given in Figure
18) which are comparable to those measured in major urban
and industrial centres of the world. (See Appendix 4).

{ ,
Caution must be used in interpreting these air lead
measurements, however,>as airborne lead concentrations
fall off rapidly from the source (17) and they may there-
fore only reflect the air lead concentration at a
particular site. Nevertheless, the high air concen-

trations measured in th city suggest that children may be

exposed to a significant amount of airborne lead.

Pica may also be a source of increased lead intake in
Cape Town children. Two children exhibited evidence
‘of pica for soil, paper and sticks, which may be potential

sources of lead (2).

Pica is probably the major cause of the extremely high lead
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intake in the child from Athlone. This child_exhibited

pica for matchsticks. Further investigation is needed

to determine the major source of intake.

Lead aerosols from fallout in the shooting range may be a
source of exposure in the child from ‘Bellville (86). Exposure
may have occurred through direct inhalation of aerosols, or
indirectly through soil, dust or contamination of vegetables

grown in the vicinity of the shooting range.

The source of lead intake in the child from Retreat needs
further investigation, but severe iron-deficiency and the
overall poor nutrition status of this child may have played a

role in causing increased lead absorption.

Exposure in'most children is likely to be multifactorial,
depending on individual environmental and social circum-
stances. Further detailed environmental investigations
are needed in order to determine the relative importance
of various possible sources of exposure in the children

investigated.



CHAPTER 4

- BEHAVIOURAL “EFFECTS 'IN

SELECTED CASE STUDIES

INTRODUCTION

In recent years, concern has been expressed about the adver
effects of relatively low levels of lead on children's be-
haviour and intélligence. Various studies have attempted
to show a relationship between inéreased body lead burdens
and intelligence and behavioural abnormalities in children
(10,12,103,104). Many of these, however, suffer from
various methodological weaknesses, such as lack of controls
for social and other factors, or inadequate estimates of

lead exposure.

The most sophisticatéd study to date, and one which has
received most attention in both the scientific literature
and the news media, is that by Needleman (11). This

study will be briefly discussed.

On the basis of dentine lead concentrations, a 'high lead'
and a 'low lead' group of children were chosen for study.
The 'high lead' group had lead concentrations corresponding
to approximately 35.5 ugPb/dl blood, whilst the 'low lead'
group had lead concentrations approximating 23.8 ugPb/dl

blood.
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Children in both groups underwent detailed neuropsycho-
logical testing and it was found that the high lead
éhildrén differed from the low lead children on a number
of measures, such as intelligence and verbal performance.
Non—iead co-variates which could also affect development

were controlled for in the statistical analysis.

Needleman also tested for differenqes in the classroom
behaviour of children. Teachers were asked to score
children on items such as distractability, ability to
follow simple directions, overall functioning compared to
peers:, and other items. High lead children were found to
differ significantly from low lead children on most beha-

viour characteristics tested.

It was evident, thus, that children in the top extreme of
the dentine lead distribution differed from those in the
bottom extreme in both intelligence and behaviour. Although
the study has been criticised on a number of points (106,

107,108), in a recent literature review it was described

1

as the best study to date, the results of which demand

serious consideration (105).

In a more recent study (12) it was found that a group of
children with a mean blood lead concentration of 16,6
ug/dl had significantly lower IQ levels than a group of
children with blood lead concentrations of 10.39 ug/dl.

The authors urged caution in drawing firm conclusions from
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their results but there is nevertheless substantial evi-
dence to cause concern about the effects of low level lead

absorption on children's intellect and behaviour.

In the present study it was decided to investigate whether
there was any difference in the classroom behaviour of
children identified in the screening test with increased
blood lead concentrations, and children with low blood lead

concentrations attending the school in Hout Bay.

SELECTION OF CHILDREN

It was decided to select 30 children (15 children from each
group) with the highest and lowest blood lead concentrations
in the respective groups. The high lead group consisted

of 11 boys and 4 girls; this sex ratio was matched in

the low lead group. Déscriptive statistics of the blood

lead distributions of the two groups are given in Table 21.
All children selected for study were sub A pupils, with

the exception of one child in the high lead group who

was in sub B.

METHODS

Behavioural evaluations were performed within a 2 month

period of the blood lead tests. The teachers, all of



TABLE 21. BLOOD LEAD DISTRIBUTION (ug/dl)
OF HIGH AND LOW LEAD GROUPS.

Mean Standard deviation Median
High blood lead
group 35,67 6,29 35
Low blood lead
group : 11,67 3,2 12
TABLE 22:
DISTRIBUTION OF UNFAVOURABLE BEHAVIOURAL
RATINGS IN HIGH AND LOW BLOOD LEAT GROUPS
Question High blood lead Low blood lead
Number group ' group
1 87 47
2 87 47
3 80 40
4 67 40
5 25 20
6 27 33
7 33 13
8 80 33
9 67 20
10 80 40
11 ' 73 47
Overall ' 64 35
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whom had had at least 6 months teaching experience with

the children, and who had no knowledge of the blood lead

results,

were given Needleman's rating scale and asked

to rate the children on various behavioural characteristics.

They were asked to score the children, answering yes and

no, to

1. 1Is this child easily distracted during his or her

the following questions:

work?

2. Can he/she persist with a task for a reasonable amount

of

time?

3. Can this child work independently and complete assigned

tasks with minimal assistance?

4. 1Is his/her approach to tasks disorganised (constantly

misplacing books, pencils, etc.)?

5. Do
6. Is
7. Is
8. Is

you consider this child hyperactive?
she/he over impulsive and excitable?
he/she easily frustrated by difficulties?

he/she a daydreamer?

9. Can she/he follow simple directions?

10. Can she/he follow a sequence of directions?

11. In general, in this child functioning as well in

classroom as other children his/her age?

the
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RESULTS AND DISCUSSION

The responses to these quesfions were analysed in two ways.
Firstly, the percentage of unfavourable responses for the
test as a whole was compared for both groups, and secondly,
the percentage of unfavourable responses for each item

were compared for the two groups. The results of the test

are given in Table 22 and Figure 19.

It is evident from these results that the children in the
highvlead group received approximately twice as many
unfavourable responses as did the children in the low lead
group. The low lead gréup also scored more favourably
than the high lead group on all items except item number

six.

In Needleman's study, children 'in the high lead group received
a significantly higher percentage of unfavourable responses
(over twice that of the low lead children) on 9 of the 11
items. The two items on which the difference between

the low lead and the high lead group did not achieve

significance, were items numbers 5 and 6.

An important difference between the two studies is tha£ in

the present study, blood lead levels were used as an esti-

mate of lead exposure. ‘The blood lead concentration is repre-
sentative of short-term exposure (as opposed to-dentine

lead, which is an indicator of long-term exposure) (105)

and provides no estimate of the duration of exposure.  There
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was the possibility, therefore, that exposure in the high
lead group may not have occurred over a long enough time

to cause significant changes in behaviour.

| There was also the possibility that socio-economic status
may have been a confounding variable in the study. Low
socio-economic status and lead are independently associated -
with behavioural and intellectual deficiencies in children.
It is therefore often difficult to differentiate between

the two factors as being causally related to behaviour.

In the present study, althoﬁgh children from both groups
came from families of low socio-economic status, the
children in the low lead group came from a restricted
farming community and lived in extreme conditions of
poverty. (In South Africa, farm workers are the lowest
paid group of workers (109);) It was possible fhat

the difference in socio-economic status between the groups
may have masked any behavioural differences apparent in

the respective groups.

Despite these factors, the difference in classroom behaviour
between the two groups was striking and suggests that

children with moderately inc;eased blood levels may be
undergoing certain behavioural changes. It should bel

noted, however, fhat the study was based on very smali samples
and there were no controls on possible confounding variables

such as pica. Also, children in the high lead group came
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from one particular school; there may therefore have

been an element of teacher bias in the rating of children.

Although the results of this study must be interpreted
with caution, they are highly suggestive and may have
serious implications regarding the health status of

certain sections of the community.
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CHAPTER 5

120

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The evidence presented'in this study suggests that a
significant proportion of'the population, primarily ghildren
living in urban-industrial areas, may have increased iead
levels and may be suffering certain metabolic and behavioural

impairments due to lead.

For instance, 7% of the study population was found to have
increased Zinc Protoporphyrin levels (greater than or equal
to 5 ug/g Hb) which is an early indicator that physiological
impairment due to lead may have occurred. Twice as many
children living in predominantly urban-industrial areas

had raised ZPP levels compared to children living in other
areas. This difference is likely to be due to some extent,
to a difference in exposure in traffic. For instance,
within these areas, children attending schools situated

on major roads had slightly higher ZPP levels than children

attending other schools.

Blood lead concentrations of children with raised ZPP levels
were found to be considerably higher than those of children
in a control group. . Twenty-five percent of these children
had blood lead levels close to, or exceeding, the currently

accepted safety level of 29 ug/d4dl.
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A large percentage of children with raised ZPP and blood
lead concentrations attended two schools in particular,
Woodstock and Central Cape Town. At the school in
Woodstock, average blood lead concentrations were found

to be twice as high as those of a control group of children
in Hout Bay. The average blood lead concentrations at

the two échools were 22.8 ug/dl and 11 ué/dl respectively.
Seventeen percent of the children from Woodstock had

blood lead concentrations exceeding the safety level.

No local source of exposure was found in the home environ-
ments of the children investigated. No houses had lead
piping and negligible amounts of lead were found in water
samples analysed. Houses investigated did not have
éignificant amounts, of flaking lead-based paint and

children exhibited no evidence of pica for paint.

Nevertheless, unacceptably high concentrations of lead

were found in some paint samples, which may be a potential
source of exposure in younger children, when pica and
normal hand-to-mouth activities are most common. It is
therefore recommended that legislation be introduced (along
the lines of that in the United Kingdom and the United
States of America) limiting the lead content of certain

paints used on surfaces likely to be chewed by children.

Significant levels of lead were found in interior dust

and soil samples and it is suggested that lead aerosols,
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1

possibly petrol-derived aerosols, may be an important
source of exposure in many of the inner city-Woodstock
children, who lived and attended schools in areas of high
traffic densities. A further detailed environmental
study is necessary in order to determine the relative
importance of various potential sourcés of exposure, such

as lead emissions from traffic and industry.

Of particular concern is the fact that children with
moderately increased blood lead concentrations (35.5 ug/dl)
were found to exhibit striking differences in classroom
behaviour compared to children with low blood lead levels.
For instance{ there was a two fold increase in the prevalence
of deviant behavioural traits in children with increased

lead levels.

The evidence presented, although tentative, suggests that
there is cause for concern regarding the impact of lead

in the environment on children in parts of Cape Town.

It is suggested that a continuous screening programme be
initiated, to monitor the lead levels of children who may
be at particular risk, for instance, children in Woodstock
and central Cape Town. It is also recommended that
continuous air pollution monitoring be carried out in these
areas and that a detailed inventory of all industrial

sources of exposure be taken.
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Furthermore, it is suggested that legislation limiting
the lead content of petfol, the major contributor to lead
in‘the atmosphere, be introduced. Soutthfrica has a
standard of .836 gms/l for lead in petrol, which is many
times higher than the permissible level for lead in petrol
in most countries. In view of the evidence of the toxi;
city ofvlead additives in petrol, many countries have
reduced, have plans to reduce, or have banned the use of
lead in petrol (110). Although the evidence presented in
this study is not sufficient to prove a causal 1link
between petrol derived aerosols and lead levels in children,
the evidence is suggestive. In view of the serious foxic
effects even‘slightly increased lead concentrations may
have on children, it 1is recommended that prudent pre-

cautions be taken to limit lead exposure from this source.

Finally, it is suggested that a major educational effort

be directed at the community and to the political structures
that relate to the community, to make people aware of the
hazards and sources of lead exposure in Cape Town, and

to equip people to deal with the problem.
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PRINCIPAL USES OF LEAD
(after Moore, 1977)

Grid structure and compounds in batteries.
Coverings for power and telephone-cables.
Sheet and pipe in plumbing.

Sheet and castings for shielding against gamma-rays and
X-rays. :

Foil for packaging and damp proteétion.

Caulking.

Solders.

Shot and bullets.

A principal or seéondary ingredient in bearing metals.
Type metals.

For plating, dipping or spraying on steel and other metals.
For improving machinability of steel.

Lead tetra alkyls in petrol.

Litharge and red lead in glass and glazes.

Pigments for paints and inks.

Frits for enamelling aluminium.

Sodium plumbite in o0il refining.

In accelerators in the rubber, artificial leather and
linoleum industries.

Lead arsenate in insecticides.
Compounds in plastics, matches, explosives.
Sound and vibration attentuation.

Lead naphthenate as a dryer in paints and linseed-oil ...
products
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GLOBAL LEAD EMISSIONS FROM ANTHROPOG
(after Nriagu, 1978)
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ENIC SOURCES

Soutce ?ig‘ga}l{g%l{jmon
Anti-knock additives 267
Soldering | 0,22
Pigments 1,31
Metal fabrication 3,82
Lead mining 3,36
Lead milling 4,88
Lead smelting and refining 26,7
Secondary lead 0,77
Coél combustion 14,9
0il (fuel + waste) combustion 6,14
Wood combustion ' 1,15
Sewage sludge incineration 0,91
Refuse incineration 3,57
Zinc production 15,7
Nickel production 2,47
Copper production 26,6
Iron and steel production 49,7 -
Ferroalloys | 2,05
Iron foundries 3,90
Cement manufacture 1,41
Crushed stone 1,15
Clay production 0;66
Fertilizer and phosphate rock 0,05
TOTAL 438
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ATMOSPHERIC LEAD IN URBAN AND RURAL AREAS
(after Nriagu, 1978)

Location Lead Conc. (ug/m?)

Frankfurﬁ residential area 0,8
heavy traffic 2,7
Vienna winter 2,6 (0,2- 14.0)
summer ) 2,9 (0,8-6,6) -
Belgium background level 0,23
The Hague downtown 1,2
residential 0,4
Amsterdam ' 0,9
Tula before ban on leaded
gasoline 1,4

after ban on leaded

gasoline , 0,24
London downtown 5,1
UK (rural . |
locations) 1973 0,13
New York ﬁetro sites 1,7 (0,3-2,1)
Boston - downtown 4,5 (2,3-18,9)
Los Angeles ‘"downtown (1968-69) 3,6
Rio de Janeiro <city centre 0,8
Ottawa downtown 1,3
Montreal ' 2,0
Toronto downtown éommercial , 1,6
Guayaquil

Ecuador : 0,29 (0,15-0,35




(After Chow, 1972)

LEAD CONTENT OF VARIOUS SOILS

APPENDIX 5
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Location Pb(ppm)
Austria Vienna 85
Belgium Brussels . 859
Denmark Copenhagen 105
France Paris 220
Germany Munchen 158
Hanover 757
Holland Amsterdam 893
USSR Moscow 19
England Cambridgeshire 300
Sussex 100
Chile Santiago 90
Peru Lima 223
Mexico Mexico City i79
USa New York City 834
Los Angeles 442
Canada British Columbia 500
Japan Tokyo 195
Chinai Taipei 80
Hongkong Victoria 107
Thailand Bangkok 1175




LEAD IN STREET DUSTS
(After Nriagu, 1978)

APPENDIX 6
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Location

Lead Concentration*
(ppm)

1 Manchester

Zurich
Rio de Janeiro
Toronto, industrial
New York, heavy traffic area
77 Cities 1in USA
Commercial sites
London
Main roads gutter
Side roads gutter
Birmingham
Major artefial roads gutter
Résidential roads gutter
- Dustfall at highway interchange
Ohio (12 cities)
residential areas

commercial areas

970 (90 - 10 200)
2000

700
67800

20000

2413

1530 (+600)

1030 (+450)

2350 (160-10 000)
1050 (220-4 300)

1093 (160-8 640)

206-2639

~352-2933

-

* Ranges in reported concentrations are shown

in parentheses.
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BLOOD ANALYSES OF CHILDREN
BY SCHOOL, CLASS AND SEX

| scnool  class  sex (Ul cup) (ugran) o (g/an)
1 A2 M 5,6 17
A2 F 6,5 14
A3 F 5,2 ‘ 22
A3 M 9,2 25 5 0
2 Al . M 5,2 17 14,6
Al M 7, 23 12,8
Al M 8,1 _ 30 13,4
Al F 5,9 19 12,7
A2 F 5,2 30 ’
A2 F 8,1 22 13,7
A2 F 7,5 28 13,9
A2 F 5,0 18 13,4
A2 5,4 27 13,9
A2 F 5,0 20 12,8
A2 M 9,0 26 13.0
A2 M 6.9 . 20 11,8
A2 M 5,2 37 11,9
A2 M 7.4 ‘ 39 13,6
A2 M 6.9 24 123
A2 M 5,4 30 13,3
3 Al F 5,3 12,7
Al M 6,4 18 12,3
Al M 5.0 12 12,6
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‘
School Class Sex %ig/g Hb) ?i;?gn}ead- (Sfﬁl)
3 a2 P 7.3 35 11,5
cont.

A2 M 6,9 26 12,6
A2 M 5,3 21 12,1
4 Al F 5,6 11 13,4
Al P 6,3 17 14,0
al P 7.4 9 13,8
Al M 8,7. 14 - 13,0
B1 M 5,1 15 12,8

cl M 5,4 14

Remedial M 5,6 15
5 A2 F 5,6 12 12,3
6 Al P 6.1 15 12,9
Al F 5,5 14 13,4

Al F 5,2 1-2
al M 8,7 | 27 12,6

Al M 7,6 17

Al M 7,5 . 11
A2 , F 6,0 17 12,6

A2 M 9.3 14
A2 M 6,1 11 12,4.

A3 M 5,6 | 10
. Al P 7.0 20 14,4
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School Class Sex %Eg/g Hb) ](Big(/)gL}ead (gi}gl )
8 A2 M 6,3 14 12,8
A3 M 5,7 10 1,
9 Al M 5,6 12,5
Al M 9,7 25 13,4
Al M 5,6 14 12,5
Al F 10,1 35
Al M 7,8 44 13,7
Al F 5,5 14 13,0
Bl Mo 6,1 28 13,6
Cl M | 8,9 11
c1 M 5,0 18 12,9
cl M . 5,3 14 13,1
12 Al M 5,0 10 13,0
A2 M 5,6 19 12,7
A2 M 27,5 50 9,9
13 Al M 8,2 38 7,8
A2 F 5,0 19 10,3
A3 F 8,5 24 7,8
A4 M 10,6 : 24 12,8
14 Al F 12,9 . 15 7.4
Bl M 5,3 | 15 11,4
B2 M 5,6 20 | 9,8
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ZPPp Blood lead Hb

School Class Sex (ug/g Hb) (ug/d4dL) (g/dl)

15 Bl M 5,9 15,4

B1 M 5,2 - 18 11,3

B2 M 5,1 13 12,4

17 Al M 9 4 | 6,5

A2 M 6,0 42 11,5

18 a1l M 5'3 15 13,4

19 Al Mo 5,2 . 11 11,2
Al M 5,6

Al M 7,3 12 12,7
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