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Developmental and behavioural functions in young
children with elevated blood lead levels
J. M. RATCLIFFE
From the Air Pollution Research Group, Imperial College of Science and Technology, London

sumMARY Blood lead levels in some pre-schoolchildren living near a lead works and particularly
in some children with fathers employed at the lead works showed evidence of increased exposure.
Forty-seven of them took part three years later in a follow-up study of their developmental and
behavioural functions. The children were aged between 4 and 5+ years and were closely matched
for age, sex, social class, parental education, area, and length of residence. Only three children had
moved house since their blood lead levels had been examined at two years of age; these levels ranged
between 18 and 64 pg/100 ml. None of the children had clinical symptoms of plumbism. No
statistically significant (P <0.05) differences were found on developmental and behavioural
scores when the children were divided into two groups of < 35 gg/100 ml (n = 23) and > 35
pg/100 ml (n = 24). The differences in scores were of the same order as those between boys
and girls, which were themselves generally not significant. Behaviour ratings did not differ.
The variations in developmental skills were generally found to be more related to age and
schooling; neither these factors nor the difference in sex was related to blood lead levels.

Children who have had an episode of acute 'clinical'
lead poisoning, particularly those who have had en-
cephalopathy, suffer neurological sequelae-such as,
convulsions, visual impairment, hemiparesis, and
other diffuse cortical injuries. These may result
in impairment of motor control, speech and
learning deficits, lower scholastic ability, and
behavioural disturbances-such as, distractability
and hyperactivity (Byers and Lord, 1943; Mellins
and Jenkins, 1955; Smith et al., 1963; Perlstein and
Attala, 1966).
Most cases of lead poisoning are diagnosed in

children who are between the ages of one and five,
very often at a time of pica, and when they are
crawling or playing in contaminated streets and
houses (Barltrop, 1968, 1973; Guinee, 1972; Lin-Fu,
1973; Guinee et al., 1975). Thus, the young child
may be exposed to high concentrations of lead
at a time when he may also be physiologically more
susceptible than an adult to neurological damage.
This may be due to central nervous system
immaturity, the fact that he will have a relatively
larger lead intake in proportion to body weight,
and he may be less able to excrete lead and have a
greater capacity to absorb it (King et al., 1972;
Alexander et al., 1973).

There has been concern that there are a
significant number of children who have lead
burdens which, although are not high enough to

require treatment, nevertheless may cause subtle
neurological damage. Some circumstantial evidence
has been put forward by the finding of a
correlation between lead levels and mental retarda-
tion (Moncrieff et al., 1964; Gibson et al., 1967;
David et al., 1976; Moore et al., 1977) and
hyperactivity (David et al., 1972), but it is not
known if lead is of primary aetiological significance.
Relatively few studies of neuropsychological func-
tions in children with varying levels of exposure
have been conducted (de la Burde and Choate,
1972, 1975; Kotok, 1972; Albert et al., 1974;
Lansdown et al., 1974; Perino and Ernhart, 1974;
Pueschel, 1974; Baloh et al., 1975; McNeil and
Ptasnik, 1975; Gregory et al., 1976; Landrigan etal.,
1975, 1976) and so far the results have been
conflicting. This evidence will be discussed in the
light of an investigation presented here on
developmental and behavioural functions in a
group of 47 four to five-year-old clinically
asymptomatic children with a moderately high
exposure to lead.

Methods

SELECTION AND CHARACTERISTICS OF
THE SAMPLE
Four hundred and sixty-five pre-schoolchildren
took part in a survey on the environmental effect
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Developmental and behavioural functions in young children with elevated blood lead levels

of a lead battery manufacturing works near Man-
chester, the results of which are published
elsewhere (Elwood et al., 1977). The children of
leadworkers, most of whom lived near the factory,
together with a random sample of children who
also lived in the proximity of the works (roughly
within a three-mile radius) had a 0 2 ml capillary
blood sample taken by heel or finger prick; this
was analysed by Delves' cup atomic absorption
spectrophotometry. A second blood sample was
taken if the first measurement was >50 gg/100 ml
blood; if the high level was confirmed the child
was referred to a paediatrician and the general
practitioner. In the three children for whom this
was done there were no signs or symptoms of
ill health and two of them are included in the
present sample. Thus, all the children are considered
to be clinically asymptotomatic.
About three years after the first study the

children of leadworkers and other children in the
area were again studied to assess their developmental
and behavioural functions. The children chosen
were those who had been two years old at the time
of their first blood analysis and were born a
maximum of 11 months apart. Their age range at
testing was somewhat wider, from 49 to 67 months
(mean 57'3 ± 4 5), because the tests were done
by a single child psychologist during a period of
about six months. To obtain a balanced distribution
of lead levels and to match for sex, four boys and
four girls were selected from each group in which
their blood lead level had placed them at two-years
old S 25, 26-30, 31-35, 36-40, 41-45, and >
46 Ag/100 ml; these constituted the final sample of
48 children (one girl eventually did not participate).
Blood lead levels ranged between 18 and 64 jsg/100
ml with a mean of 36 5 ± 10 4. Replicate
analyses were performed on 23% of the sample
giving a mean difference of 4 5 sg/100 ml, and in
these cases the average of the two results was
taken; in three cases repeat blood samples were
taken but only the first value was used. All blood
samples were taken between August and December;
there was no correlation between blood lead and
the sampling date.
Nearly all the children had lived in the same

house throughout their lives; three had moved
locally within the previous two years. The families
were from either social class IV or III manual
(Registrar General, 1970). The duration and type
of parental education was remarkably similar in
nearly all cases. Before the children were tested
the local health authority confirmed that in none
was there a medical history of any organic condition,
such as epilepsy, that might impair development.

TESTS
A child psychologist, who did not know to which
group each child belonged, gave the following tests
at the children's hospital with the child's mother
present:

The Griffiths's mental development scales (Griffiths,
1967)
These consist of six subscales designed to evaluate
gross locomotor, personal-social, hearing and
speech, eye and hand co-ordination, performance,
and practical reasoning development in children
up to eight years of age. Each scale yields a
subquotient which is age-standardised at 100. The
general quotient here is the arithmetic mean of the
subquotients.

Part I of the Marianne Frostig developmental test
of visual perception (Frostig et al., 1963)
This comprises line drawing between points and
guidelines; a perceptional age equivalent for -fine
motor co-ordination standardised for American
children is obtained.

A pegboard test
The 10-peg board is that used by Annett
to investigate manual preference and speed (Annett,
1970). The score was the mean time in seconds
of three trials for the dominant and non-
dominant hand. Although speed does increase
with age no adequate standardisation for this age
range was available. No significant correlation
with age was subsequently found for the age range
of the children in this study.
A behaviour questionnaire was given to the

parent. This was a slightly modified version of one
developed by Richman and Graham (1971) for
screening three-year-old children for behavioural
difficulties. The 19 questions can score a maximum
of 38 for a highly disturbed child and they
include questions on concentration, activity, irrita-
bility, and control; these were also scored separately
as a subrating with a maximum score of 8. The
questionnaire was also used to obtain information
on such things as education, which was not
available before testing. The child's behaviour
during the examination was watched and any
physical difficulties were noted.

Results

Before further analysis, the blood lead levels, age,
and mean scores of boys and girls in each test
were tested for significant differences by 2-tailed
Student's t tests (Table 1). Although boys did not
perform as well as girls on the developmental

259

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://jech.bm
j.com

/
B

r J P
rev S

oc M
ed: first published as 10.1136/jech.31.4.258 on 1 D

ecem
ber 1977. D

ow
nloaded from

 

http://jech.bmj.com/


J. M. Ratcliffe

Table 1 Results ofdevelopmental tests and difference between sexes

Boys (n = 24)
Test

Range Mean SD

Blood lead pg/100ml 23-64 37l1 ± 10-9
Age at examination (months) 49-67 56 4 ± 4-6
Griffiths's developmental scales
Locomotor 81-118 99-8 ± 9 5

Personal and social 81-119 102-5 ± 7 9
Hearing/speech 63-132 106*7 16*1
Eye and hand co-ordination 77-127 103*3 1S*2
Performance 78-129 104-1 12-2
Practical reasoning 63-137 97 8 14-6
General quotient (average) 75-119 102*4 10-0
Frostig eye and hand

co-ordination (perceptual age
equivalent difference from
chronological age, months) -11- + 20 13 9 70t
Pegboard (seconds)
Dominant hand 14-5-21*7 18*2 2*4
Non-dominant hand 14*7-250 20-4 3*0

Behaviour rating (total)
(possible maximum score 38
for highly disturbed child) 0-18 7-2 4-2
Behaviour rating (subtotal)
(possible maximum score 8

Girls (n = 23)

Range Mean SD

18-61 358 ± 10l

50-65 58-3 ± 4-3

63-1 19
79-133
83-140
83-128
90-164
72-134
77-121

-9- + 13

13-4-23-6
16-0-24-2

3-12

Total

Mean SD

36-47 ± 10-42
57-3 ±f 4-5

100-7 14-3 100-2 119
109-8 11.9* 106-1 ±106
113-8 14-1 111-2 15-8
1095 12-1 106 3 140
109-9 18-1 106-9 154
100-7 166 99-2 15-6
107-2 10-6 104 8 ± 10-5

11-3 5'7t 12-9 ± 6-2

16-4 2-2* 17-4 2-3
189± 2-6 19-7 2-9

6-7 ± 29 69 ± 3 5

for disturbance) 0- 8 3-1 ± 2-1 0-4 2-4 ± 1-2 2-8 ± 1 7

P < 0-02 (two-tailed Student's t test).
tZero adjusted; standard mean = + 11.

Table 2 Characteristics and results of developmental tests in children with 'high' and 'moderate' lead exposure

'Moderate' lead group (n = 23) 'High' lead group (n 24)
Mean SD Mean SD

Characteristics
Blood lead (pg/100 ml) 28*2 ± 4-7 (18-35) 44-4 ± 7*8 (36-64)
Age at testing (months) 56-9 ± 4 9 (49-67) 57-6 ± 4-2 (50-65)
Boys 12 12
Girls I1 12

No. with mothers working
(full or part-time) 14 10
No. at primary school 12 12
No. siblings (mean) 14 1*5
Lead worker in family 8 18

Tests
Griffiths's developmental scales
Locomotor 101 0 9-6 98-9 ± 13-7
Personal and social 108*3 10-5 104*0 ± 10-6
Hearing and speech 113*3 ± 140 107*3 ± 16-4
Eye and hand co-ordination 108*6 12*3 104-2 ± 15*2
Performance 110*6 16*2 103*5 ± 14-1
Practical reasoning 102-0 ± 14-8 965 i 16 2
General quotient 107-5 ± 8-4 102-2 11-7

Frostig eye and hand perceptual age
score (zeroadjusted) 14-3 ± 7 0 11-8 5-3
Pegboard test (seconds)
Dominant hand 17-5 2-6 17-3 2-0
Non-dominanthand 19S5± 3 0 19-8 2-8

Behaviour deviance rating (total) 7-1 ± 4-2 6-7 2-7
Behaviour deviance rating (subtotal) 2-9 11 9 2-7 ± 15

No significant differences (P < 005) were found between groups on any of the above tests.

scales, pegboard test, and behaviour rating, it was
only on the personal-social scale and pegboard
(dominant hand) test that there was a significant
difference (P <0'02). Because of the balanced
sample and these findings the children were
subsequently treated as a homogeneous group.
Socioeconomic status, length of residence, and
parental education were very similar throughout
the group, and so these variables were not considered
further.

The group was arbitrarily divided into a 'high'
lead group (> 35 tg/100 ml, n = 24), and a
'moderate' lead group (. 35 gg/100 ml, n = 23).
There were no significant differences between the
two groups (by 2-tailed Student's t tests) at the 95%
level on any of the developmental or behavioural
scores (Table 2).
To ascertain to what extent other measured

factors could explain the variation in scores between
the children and if the putative effect of lead
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could be masked by these factors, all the data
were analysed using a linear multiple regression
model, with respect to age, schooling, mother
working, sibling status, presence of lead worker
in the family, and blood lead level. The factors
which accounted for the greatest amount of
variation in scores are presented in Table 3. In
cases where a 'block' variable (for example, primary
school attendance) proved to be the most important
factor in terms of the regression model, it
was checked for statistical significance by a
2-tailed Student's t test, and it is the results of
these tests that are presented in Table 3.

Table 3 Results of analysis offactors accounting for
differences in developmental and behavioural scores

Test Most explanatory F or t* Significance
factor(s) level

Griffiths's scales
Locomotor Age F 2-0 NS
Personal-social School t 2-1 P < 0 05
Hearing and speech Age F 2-1 NS
Eye and hand co-ordination School t 2-1 P < 0 05
Performance Age F 2-1 NS
Practical reasoning Mother working t 2-6 P < 0-05

(full-time)
Age F4-4 P <O005

Frostig eye and hand
co-ordination Lead F 3-1 NS
Pegboard test
Dominant hand School t 2-1 P < 005
Non-dominant hand Age F 3-6 NS

Behaviour ratings School t 0 3 NS

*Two-tailed Student's t test.
A significant correlation was found between age and primary school
attendance (r = 032, P < 0*05); no statistically significant (P
< 0-05) correlations were found between paired combinations of any
other of the above variables.

Only in the case of the Frostig eye-hand
co-ordination score was the blood lead level the
most explanatory factor of the variation in
scores (F 3 ' 1, P <0-1), but this was not statistically
significant. Otherwise, neither blood lead level nor
the presence of a leadworker in the family
irrespective of blood lead level, accounted more
than marginally for variation in scores after these
had been adjusted for age, schooling, and other
variables. Blood lead level and a leadworker in
the family were highly correlated (r 0 5, P <0 '001),
which is consistent with the results of the previous
survey (Elwood et al., 1977) in which significant
differences (P <0'001) of 5 4 tg/100 ml (two-year-
old children) and 10.1 pg/100 ml (three-year-old
children) were found between the mean blood
levels of children of leadworkers and other
children.
The variations in developmental scores appear

to be principally related to age and attendance at
primary school, in some cases to a statistically
significant extent; these two variables are also

significantly correlated with each other (r 0-32,
P <0 05) so that it is not possible to distinguish
their separate effects. This illustrates the impor-
tance of controlling for age, as the results
indicate that even the use of 'age-standardised'
tests such as the Griffiths's scales does not eliminate
this factor, at least not in four to five-year-old
children. There were no other significant correla-
tions between paired combinations of blood lead,
lead worker, age, sex, schooling, sibling status,
and mother working, except those noted above.

It was noticeable that all but a tiny proportion
of the variation in behavioural scores remained
unexplained by the regression analysis. The
questionnaire is primarily designed as a screening
tool for behaviour deviance; the findings here
suggested that since none of the children exhibited
marked behavioural difficulties, the rating is not
sufficiently sensitive to indicate small differences in
behaviour that can be related to other factors;
this may be owing to reporting bias of the parent
or because of changes in the child's behavioural
patterns at this age.

Discussion

Elevated blood lead levels over the range 18-64
gg/100 ml or the presence of a leadworker had no
significant effect on a number of developmental and
behavioural functions in this group of 4 to 5j-
year-old children, even when other small differences
between them were accounted for. Nevertheless as a
group the children with blood lead levels between
35 and 64 pg/100 ml consistently did slightly less
well than those in the lower lead group.

Several points should be considered in interpret-
ing these findings in relation to other studies in
this field which may help to explain some of the
reasons for the continuing controversy on the
effect of 'subclinical' doses of lead in children.
There are certain limitations to such studies that
need to be recognised and there are differences
between studies which preclude direct comparison
and which may partially account for different
results.
For example, most studies rely on the use of

blood lead measurements as the index of exposure
and it is on this basis that 'lead' and 'control'
groups are usually defined. The criterion of
exposure by which groups are defined, and the
ranges of blood lead level or other measurements
of lead in the body, may differ between studies.
Kotok (1972) for example, included children who
had blood lead levels of up to 137 (mean 81)
tsg/100 ml, several of whom were symptomatic;
de la Burde and Choate (1972) similarly included
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children with lead levels of up to 100 p.g/100 ml
with several other indices of excessive absorption
although no 'obvious' symptoms. It can be
misleading to compare the results of such studies
with those on strictly 'asymptomatic' children
with lower blood levels. This problem may be
compounded by variations in the diagnosis of
'symptomatic' lead poisoning. Barltrop (1968, 1973)
points out that early indications of toxicity may be
non-specific or absent, and that even encephalo-
pathy can occur without warning. Only four of the
neuropsychological studies to date (Lansdown et al.,
1974; Perino and Ernhart, 1974; Baloh et al., 1975;
Landrigan et al., 1975) have been restricted to
'asymptomatic' children with levels of blood lead
lower than - 70 pg/100 ml (where the range is
known) and only the study by Perino and
Ernhart (1974) was exclusively conducted on pre-
schoolchildren.
The accuracy of the blood lead analysis and the

extent to which it reflects past exposure should be
considered. A rigorous check on the accuracy of
analysis of blood was carried out in the survey by
Elwood et al. (1977) by means of replicates,
standard bloods, and separate repeats of high
(> 50 jig/100 ml) samples. The results obtained in
the survey by Elwood et al. (1977) using atomic
absorption spectrophotometry tended to be slightly
higher than those obtained with anodic stripping
voltammetry, but the results were consistent with
each other and so the difference does not affect
the comparison between the children, all of whom
were measured by the same method. As the children
were tested three years after their blood had been
analysed, this does not indicate total exposure up
to the time of testing. Therefore one has to look for
circumstantial evidence of a reasonably constant
exposure; residence in the same house and presence
of a leadworker since birth in nearly all relevant
cases in the present survey can be taken to indicate
this, but the actual lead intake during the same
period remains unknown and this is an inevitable
limitation to studies of this type; it is possible in
this case only to determine whether correlations
exist between present developmental skills and
earlier blood lead levels.

Age, sex, and other differences between individuals
in a study and between surveys can also limit the
interpretation and comparison of results of these
surveys. These factors can rarely be fully controlled,
but are particularly important where high variability
of the test parameters, such as eye and hand
co-ordination, is combined with subtlety of the
putative effect of lead.

In the present study, it has been noted that the

variation in the developmental scores and behaviour
could only partly be 'accounted for' by such
factors as age, schooling, etc. and by none of
these to a highly significant extent, and the lead
level of the child generally made a negligible
contribution to the observed variation. This could
indicate that the sample size is either too small for
statistically significant results, or that the population
studied is similar with respect to the factors
considered, and the variation in the scores is caused
by other factors. For example, strong correlations
have been found between environmental disruption,
and the quality of the mother-child relationship,
and developmental and behavioural problems
(Mellins and Jenkins, 1955; Kotok, 1972; Lansdown
et al., 1974; British Medical Journal, 1975). Parental
intelligence and nutritional status may also affect
development. It is not known if these factors differ
among the sample and if they are related to lead
levels. It is possible that the tests are insufficiently
sensitive and reliable. A high degree of correlation
was found between subtests of the development
scales and between the three tests of eye
and motor co-ordination, which may be taken
as some measure of reliability. Testing was done
by one experienced person, thereby eliminating
tester bias which Gregory et al. (1976) found
accounted for a 15-point variation in IQ scores.
As noted, the effect of age could be observed in
some of the tests, including some which are
theoretically standardised in this respect. This
illustrates the rapidity of development at this age as
differences are noticeable over months, and it is
important to control for age (and sex, see Table 1).
Such tests on younger children are less reliable
and have lower predictive ability than when applied
to older children and should not be considered in
this capacity. Thus a follow-up study on the same
population after, for example, five years would be
useful.

In conclusion, the results of this study indicate
that no significant effects on development of blood
lead levels up to about 60 pg/100 ml were observed
in a sample of matched four to five-year-old
children followed-up three years after their blood
analyses. The difficulties and limitations of such
studies where total exposure to lead is unknown
and where other factors may influence development,
only some which can be eliminated by sample
selection and statistical techniques, have been
discussed. In the present case, it appears that age
and schooling are more important factors in
development, which emphasises the need for these
factors to be properly taken into account in such
studies.
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