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Determination of urinary lead in school children in Manzini,
Swaziland, Southern Africa
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Summary. Two hundred and fifty-seven urine samples collected from school children living in the
Manzini region, Swaziland, were analysed for lead (Pb), using a graphite furnace atomic absorption spec-
trometer. The mean urine lead concentration for the urban schools ranged from 0.038–0.040 �g ·ml−1,
while that for the rural schools ranged from 0.017–0.022 �g ·ml−1. The observed range shown by the urban
schools was above the normal (for healthy humans) urine lead concentration of 0.035 �g ·ml−1. However,
the mean urine lead concentration for the rural schools was found to be lower than this value. The mean
urine lead concentration for the urban schools was significantly higher than that of the rural schools. The
differences in the mean urine lead concentrations for boys and girls from both urban and rural schools
were found not to be significant, despite the higher values shown by the girls. The difference in lead
concentrations between urban and rural schools in Manzini was thought to be due to the traffic density
within the urban area.
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Introduction

Over the last half-century or so, human expo-
sure to lead has changed in origin, but has proba-
bly not changed significantly in amount. Thus the
decrease in exposure over this period from lead
in water pipes, food containers, paints and insecti-
cides has probably been compensated by increased
exposure from cigarette smoking and cosmet-
ics, and above all from motor vehicle exhausts,
especially in highly motorised, urban communi-
ties in developing countries. The recognition of
the contribution of lead from vehicles’ exhaust
has prompted research work on the determination
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of lead in particulate deposits and plants along
roadways (Sithole et al., 1993; Zafar and Mirza,
2000), hair (Kopito et al., 1967; Ahmed et al., 1973;
Schuhmacher et al., 1991; Okonkwo et al., 1999)
and blood (Gobler et al., 1986), to mention but
a few.
The industrial growth that has occurred in

Swaziland over the past few decades has generated
problems of environmental pollution in the cities.
The industrial growth has given rise to, among
other things, a massive increase in the number
of vehicles using leaded petrol, thus increasing
the level of air-borne lead. It is estimated that
Swaziland is presently witnessing an increase of
30 percent of newly registered vehicles annually
(Swaziland Central Motor Registry, 1997).
In recognition of this problem, the Swaziland

government in 1997 introduced unleaded petrol.
At present, two types of petrol are in use
in Swaziland, the ‘97 octane’ type which con-
tains about 0.7–0.9 g Pb · l−1 and the ‘95 octane’
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(unleaded) type which contains about 0.1 g
Pb · l−1. However, among the over 1300 vehicles
in Manzini, which is regarded as the industrial
hub of Swaziland, more than 80 percent use
leaded petrol. Therefore, despite the introduc-
tion of unleaded petrol, consumption of leaded
petrol is still very high. The air-borne partic-
ulate matter has been found to contain about
3.0 �g Pb ·m−3 (unpublished). As a large portion
of the Swazi population reside in Manzini area,
the possible exposure to lead contamination, espe-
cially the most vulnerable, the children, should be
addressed.
The adverse effect of lead is now well recog-

nised. Lead reportedly interferes with a number
of body functions, notably the central nervous sys-
tem, the haematopoietic system, and the kidney.
A series of prospective studies in diverse com-
munities suggests that exposure to environmental
lead is associated with a small decrease in intel-
lectual functioning in childhood (Tsuchiya, 1979;
Boeckx, 1986). Some workers (Underwood, 1971;
Boeckx, 1986) regard the presence of lead in urine
as an indirect index of the renal and total body
burden of this metal. Therefore, determination of
lead in urine is useful for assessing environmental
exposure to lead.
Studies on lead as an environmental pollutant

in Swaziland are scarce. However, the authors
have recently reported on the lead concentration
in the hair of school children in the Manzini area
in Swaziland (Okonkwo et al., 1999). The present
study is on the lead concentration in the urine of
school children within the Manzini region. This
study was part of a research programme on the
determination of trace and essential elements in
the urine (Lwenje et al., 1999) and hair (Okonkwo
et al., 1999) of school children in Swaziland.

Methods

Sampling procedure

Urine samples, 50–100 ml, were collected directly
into 100 ml polythene disposable bottles from 257
school children (urban and rural) aged between
6–12 years. The bottles were sealed immediately,
transported to the laboratory and stored in a deep
freezer until used. An interview schedule was pre-
pared to cover the basic information on age, sex,

parents’ occupation, place and duration of resi-
dence and health status of each subject.

Reagents and solutions

The ammonium pyrrolidinedithiocarbamate
(APDC), methylisobutylketone (MIBK), chloro-
form and mercury (II) oxide used in the extraction
were reagent grades. Nitric acid used was of very
high grade (99.9 percent). Lead standard solutions
were prepared as previously described (Okonkwo
et al., 1999). All glassware used was of Pyrex
brand and was soaked overnight in 25 percent
chromic acid after which it was thoroughly rinsed
with de-ionized water and oven dried.

Sample treatment

50 ml of each urine sample was digested in 3 ml
nitric acid (55 percent) in 100 ml beaker. The
mixture was then boiled to evaporation leaving a
yellow-orange semi-solid deposit at the bottom of
the beaker. 10 ml de-ionized water was then added
to the deposit and the pH adjusted to 2.8 by drop-
wise addition of 2 M NaOH.
1.0 ml of freshly prepared solution of 4 per-

cent APDC and 3.0 ml MIBK were added into
the digested solution. The mixture was transferred
into a 50 ml separating funnel and shaken vig-
orously for about 10 minutes. After a wait of
about 10 minutes to allow for phase separation,
the organic phase together with about 5 ml of the
aqueous phase were pipetted out from the flask,
placed into a Pyrex centrifuge tube and then cen-
trifuged at 350 rpm for 5 minutes in order to
recover most of the organic phase. The extraction
procedure was repeated three times, each time
with fresh APDC and MIBK to ensure complete
extraction of lead into the organic phase. The
organic phases were transferred into a Beckman
polyvial with a fast turn cap. To back extract, 4 ml
of 1000 �g ·ml−1 mercury (II) solution was added
to the vial. After shaking for about 5 minutes, the
aqueous phase was transferred to another vial for
atomic absorption analysis.
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Lead recovery test

In order to test the efficiency of the digestion and
extraction procedures, 50 ml of two urban and two
rural samples selected randomly were spiked with
0.1 �g ·ml−1 lead standard solution, digested and
extracted as described earlier.

Atomic absorption spectrometer analysis

The apparatus used was a graphite furnace
atomic absorption spectrophotometer with an
auto-sampler. Details on the instrument operat-
ing conditions were described in Okonkwo et al.
(1999). 20 �l of analyte, standard and spiked solu-
tions were injected into the graphite tube by the
auto-sampler. Measurements were conducted in
triplicate.

Statistical analysis

One-way analysis of variance (ANOVA) at 95
percentage confidence level was used to evaluate
the data.

Results and discussion

Lead recovery test

The lead recovery test result is shown in Table 1.
As can be seen from Table 1, the percentage lead
recovery is high. The result suggests very negligi-
ble loss of lead during the digestion and extraction
stages.

Table 1. Lead recovery test.

Absorbance Absorbance
of sample Absorbance of sample Percentage
without Pb of added Pb with added Pb recovery

Sample code standard standard standard
number A B C C−A C−A/B
Urban 1 0�07 3�15 3�13 3�06 97
Urban 2 0�14 3�15 3�15 3�01 96
Rural 1 0�07 3�15 3�12 3�05 97
Rural 2 0�05 3�15 3�07 3�02 96

Sample analysis

The results in Table 2 show the lead concentra-
tion in the urine of school children in the Manzini
area. Urine lead concentrations were significantly
higher in the urban school children than in rural
school children for all the ages (p < 0�05). The
differences between the urban and rural lead lev-
els may be attributed to the increasing number of
motor vehicles within the city of Manzini, where
the urban schools were situated.
From the questionnaire conducted, it was found

that most of the school children in the urban
schools live within the city. In the case of rural
school children, the observed low lead levels may
be a result of very few motor vehicles within the
rural environment. It can also be observed from
Table 2 that the mean urine lead concentrations
for the urban school children for all the ages
were above the normal (for healthy humans) uri-
nary concentration of 0.035 �g ·ml−1 (Underwood,
1971).
This reflects the same trend as previous results

on lead in the hair of school children (Okonkwo
et al., 1999) This is not surprising since the
same children were used in both studies. How-
ever, the urine mean lead concentrations for the
rural schools were significantly lower than the nor-
mal urine lead concentrations. As can be seen in
Table 2, the mean urine lead concentrations for
the urban schools increased marginally from 6–7
to 10–12 age groups. This trend is in contradic-
tion with previous studies on hair which showed
that lead absorption decreases with age and hence
lead concentrations in children are higher than
in adults (Barry, 1975; Chenard et al., 1987;
Okonkwo et al., 1999). With the rural schools,
a significant decrease in lead concentrations from
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Table 2. Mean lead concentrations∗ in urine of school children in the Manzini area, Swaziland.

Urban Rural Mean concentration of lead (�g ·ml−1) ± SD
school school

Age group �n� �n� Urban schools Rural schools p†

6–7 40 38 0.038 ± 0.010 0.022 ± 0.004 significant
8–9 53 49 0.039 ± 0.009 0.018 ± 0.007 significant
10–12 44 33 0.040 ± 0.007 0.017 ± 0.003 significant

∗Arithmetic mean (�g ·ml−1) ± arithmetic standard deviation.
†ANOVA p value.

6–7 to 8–9 age groups and a marginal decrease
from 8–9 to 10–12 age groups can be observed
from Table 2. This agrees well with previous con-
clusions on reduced absorption of lead with age
(Barry, 1975; Chenard et al., 1987; Okonkwo et al.,
1999). The concentration of lead in the samples
ranged from 0.019 to 0.056 �g ·ml−1 and 0.01
to 0.027 �g ·ml−1 for urban and rural schools
respectively.
The lead concentration in urine according to

gender is shown in Table 3. The mean lead con-
centrations for boys and girls from both urban
and rural schools were found not to be significant
�p > 0�05�, despite the higher values shown by the
girls.
These results point to essentially similar conclu-

sions from previous studies on hair (Weiss et al.,
1972; Chenard et al., 1987; Okonkwo et al., 1999),
although some workers have found significant dif-
ferences between gender (Reeves et al., 1975).
No relationship was observed between smoking
habits of parents or any adult family member and
lead concentrations in the urine of school children
studied. This observation also applies to the occu-
pation of parents.

Table 3. Mean lead concentrations according to gender,
school children, Swaziland.

Mean ± SD (�g ·ml−1)
Area Boys Girls p‡

Urban 0.037 ± 0.009 0.045 ± 0.01 NS
Rural 0.019 ± 0.005 0.020 ± 0.008 NS

‡ANOVA p value: NS, not significant.

Conclusions

In this study, the differences in the urine lead con-
centrations between urban and rural school chil-
dren in the Manzini area were suggested to be
due to traffic density. These findings are supported
by studies in which children in cities have been
observed to show higher urine lead and blood lead
levels than children in rural or small cities (Ahmed
et al., 1973; Mahaffey, 1977; Schuhumacher et al.,
1991; Okonkwo et al., 1999). The values obtained
for the urban schools were higher than the normal
urinary concentration of 0.035 �g ·ml−1, and this
calls for concern. The introduction of unleaded
petrol by the Swaziland government in 1997 is a
step taken so far to reduce lead exposure from
motor vehicles source.
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