
ARTICLE IN PRESS

Environmental Research 110 (2010) 355–362
Contents lists available at ScienceDirect
Environmental Research
0013-93

doi:10.1

Abbre

Organis
n Corr

E-m
journal homepage: www.elsevier.com/locate/envres
Prenatal and adolescent blood lead levels in South Africa: Child, maternal and
household risk factors in the Birth to Twenty cohort
Nisha Naicker a,n, Shane A. Norris b, Angela Mathee a, Yasmin E. von Schirnding c, Linda Richter b,d,e

a Medical Research Council of South Africa, Environment and Health Research Unit, PO Box 87373, Houghton 2041, Johannesburg, South Africa
b Birth to Twenty Research Unit, Department of Paediatrics and Child Health, University of the Witwatersrand, Johannesburg, South Africa
c Mount Sinai School of Medicine, New York, United States
d Child, Youth, Family and Social Development, Human Sciences Research Council, South Africa
e School of Psychology, University of KwaZulu-Natal, South Africa
a r t i c l e i n f o

Article history:

Received 9 June 2009

Received in revised form

8 February 2010

Accepted 22 February 2010
Available online 11 March 2010

Keywords:

Lead exposure

Blood lead levels

Child health

Lead exposure risk factors and urban

environmental health
51/$ - see front matter & 2010 Elsevier Inc. A

016/j.envres.2010.02.006

viations: BLL, blood lead levels; BTT, Birth to

ation; mg/dl, micrograms per decilitre; ppm,

esponding author. Fax: +27 0866469942.

ail address: nisha.naicker@mrc.ac.za (N. Naick
a b s t r a c t

Introduction: The risk factors for lead exposure in developing countries have not been fully described.

This study looks at child, maternal and household factors associated with increased risk of lead

exposure at birth and at 13 years of age in the Birth to Twenty cohort.

Methods: Mothers were recruited from antenatal clinics in the Johannesburg-Soweto metropolitan area

in 1990 (n¼3273). Lead levels were analysed in cord blood collected at birth (n¼618) and at 13 years

(n¼1546). Data on selected child, maternal and household factors were collected using a structured

questionnaire in the third trimester and at 13 years of age. Statistical analyses were conducted to

determine the associated risk factors.

Results: The mean blood lead level at birth was 5.85 mg/dl, and at 13 years of age it was 5.66 mg/dl. The

majority of children had blood lead levels above 5 mg/dl (52% at birth and 56% at 13 years). At birth,

being a teenage mother and having low educational status were strong predictors for elevated cord

blood lead levels. Being a male child, having an elevated cord blood level, and lack of household

ownership of a phone were significant risk factors for high blood lead levels at 13 years.

Conclusion: Significant associations found in the study point to the low socio-economic status of lead-

affected mothers and children. These poor circumstances frequently persist into later childhood,

resulting in continued high lead levels. Thus broader measures of poverty alleviation and provision of

better education may help decrease the risk of exposure.

& 2010 Elsevier Inc. All rights reserved.
1. Introduction

Lead is a versatile but highly toxic blue-grey metal found
naturally in the earth’s crust. Human activities such as burning of
fossil fuels, the use of lead in paint, petrol, water pipes, smelting,
and applications in the manufacturing industry and informal
sector (for example repairs to electrical appliances using lead
solder, making of jewellery and stained glass and lead recycling in
cottage industries) have resulted in increased lead exposure in the
environment, including in homes, schools and the workplace
(Mathee et al., 2004; Tong et al., 2000). The harmful effects of lead
at levels greater than 10 mg/dl, especially in children, are well
established (Hernberg, 2000; Needleman, 2004). A blood lead
level above 10 mg/dl is widely considered the value at which
ll rights reserved.

Twenty; WHO, World Health

parts per million

er).
action should be taken to prevent further exposure to lead (CDC,
1991). However recent studies have shown that levels o10 mg/dl
in children can lead to substantial neuro-behavioural problems,
such as a reduction in IQ, decreased math and reading levels and
problem behaviours (Bellinger, 2004; Canfield et al., 2003;
Bernard, 2003). Some studies have also pointed to an association
between bone lead levels of greater than 25 ppm and impulsive,
aggressive or delinquent behaviour in children (Needleman et al.,
2002, 1996). To date there is no evidence of a safe level for lead
exposure at which detrimental effects are negligible (Binns et al.,
2007; Gilbert and Weiss, 2006; Koller et al., 2004; Bernard, 2003;
Canfield et al., 2003).

In 2000, around 40% of all children globally were estimated to
have blood lead concentrations greater than 5 mg/dl, and 20%
greater than 10 mg/dl. Based on the limited data available,
Fewtrell et al. (2004) showed that over 97% of exposed children
are estimated to live in low- and middle-income countries. In
resource-rich countries, such as the United States of America
(USA), the United Kingdom and parts of Europe (for example,
Sweden), the level of lead exposure in the general population has
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decreased to a current mean level of approximately 3 mg/dl
(Koller et al., 2004; Harper et al., 2003), although there are
pockets of urban poor children that still have levels greater than
10 mg/dl (Breysse et al., 2004). In poor countries lead exposure
remains a problem (Fewtrell et al., 2004; Falk, 2003). South Africa
and most other countries in Africa do not have routine lead
screening systems. In an epidemiological survey conducted in
South Africa, the mean cord lead level in the early 1990s was
15.5 mg/dl in Durban (Chetty et al., 1993). In 1995 Johannesburg
school children aged 6–7 years were shown to have a mean blood
lead level of 12 mg/dl. By 2002, the mean blood lead level, in a
repeat study involving the same schools, had declined to 9.1 mg/dl
(Mathee et al., 2004). In South Africa following epidemiological
studies showing substantially elevated lead levels in young urban
Cape children (Von Schirnding et al., 1991a), lead-free gasoline
was introduced in 1996 and eventually in 2006 all leaded gasoline
was eliminated. It is, however, still used in certain paint
formulations and applications and in the informal and formal
industrial sectors. Thus although blood lead levels are decreasing
in South Africa due to the discontinuation of leaded gasoline, lead
exposure remains a significant local public health problem
(Mathee et al., 2006).

Lead exposure and poisoning is preventable, and it is therefore
important to determine the most significant predictors of blood
lead levels at birth and in later childhood so that appropriate
action can continue to be taken. Longitudinal studies examining
the potential effects of lead exposure have mainly been conducted
in resource rich countries (Canfield et al., 2003; Bellinger and
Needleman, 2003). In African countries on the other hand, there is
a paucity of research information available on lead exposure at
birth and during childhood/adolescence, including with respect to
risk factors and health outcomes.

The primary aim of this study was to determine child,
maternal and household factors associated with blood lead levels
at birth, and at the age of 13 years among urban South African
children.
2. Materials and methods

2.1. Study design and sampling

The study used sub-samples from The Birth to Twenty (BTT) cohort at birth

(cord blood sub-sample) and at 13 years of age (13 year sub-sample). Birth to

Twenty (BTT) is a longitudinal birth cohort study in the metropolitan area of

Johannesburg-Soweto, South Africa, which aims to assess the environmental,

economic, psychosocial and biological determinants of health, development and

well-being amongst the cohort from birth to 20 years of age. The study

commenced in 1990.

Participants were included in the BTT cohort if they were born between April

and June 1990, and if the mother resided in the Johannesburg-Soweto area for at

least 6 months following delivery (n¼3273). Enrolment into the study began prior

to delivery when women were interviewed during their third trimester of

pregnancy while attending public antenatal clinics. Attrition from the cohort

occurred because the participants moved away from the study area, moved to an

unknown address or the mother or child died. The cohort enrolment and attrition

is well described in several publications and 72% of the original cohort were being

successfully followed up at age 16 (Yach et al., 1990; Richter et al., 2004; Norris

et al., 2007; Richter et al., 2007).

Cord blood samples were collected from 862 BTT participants who were

enroled for a lead exposure study in the antenatal phase. However, only 618 cases

(cord blood sub-sample) fulfilled the enrolment criterion of remaining within the

study area for at least six months after delivery: 244 participants moved out of the

study area during this period, the mother or child died or the blood sample could

not be used for analysis due to clotting (Norris et al., 2007). In 2003, when the

children were 13 years of age, 1546 (47%) cohort participants (13 year old sub-

sample) had their blood lead levels analysed. The remaining participants

(n¼1727) could not be enroled due to blood sampling errors such as clotting of

the blood sample or the participant could not be located during the time period for

data collection. Of the 1546 13 year olds, 312 adolescents (13 year with cord blood
sub-sample) also had cord blood lead data. Fig. 1 illustrates the sampling scheme

of the two lead assessments conducted at birth and at 13 years of age.

2.2. Procedures/data collection

A detailed structured questionnaire was administered to pregnant women by a

trained interviewer in their home language to collect data on birth history,

maternal factors and household factors such as access to water and electricity,

type of dwelling, ownership of assets. At 13 years of age trained interviewers

collected data on household factors from caregivers and participants. Cord blood

samples were obtained during the fourth stage of delivery and whole venous blood

was collected when children were 13 years old. Blood samples were collected in

heparinised tubes determined to be free of trace metals. Following preparation,

lead concentrations in the whole blood samples were determined using a

flameless atomic absorption spectrophotometer equipped with a graphite furnace.

Blood lead measurements were performed by the South African Centre for

Occupational Health (now called the National Institute for Occupational Health),

which participates in an international and national quality control programme for

blood lead determinations (Röllin et al., 1988). The coefficient of variation in blood

lead samples was 5.8% in 1990. In 1990 the limit of detection of lead in blood was

1 mg/dl and in 2003 the limit of detection equalled 0.1 mg/dl.

2.3. Data analysis

Associations between blood lead levels and independent variables in the two

sub-samples were tested in a bivariate analysis using the Student t test, Spearman

rho, X2 and analysis of variance (ANOVA) as appropriate. Multiple regression

analyses were used to identify associated risk factors. VIF and tolerance tests in

STATA were conducted to identify multicolinearity among the independent. The

results show that the mean VIF was less than 10 and the tolerance (1/VIF) was also

40.1 in all three sub-samples. Thus there is no strong evidence of multicolinearity

among the independent variables. Independent variables found to have significant

relationships with blood lead levels were then used in a logistic regression model.

In this model, blood lead levels were dichotomised at 5 mg/dl (r5 mg/dl

vs.45 mg/dl). The level of 5 mg/dl was chosen because it is close to the mean

blood lead level in the sample and was also based on the current global discussions

around lowering the action level to 5 mg/dl (Gilbert and Weiss, 2006). Blood lead

levels were also logarithmically transformed to correct skewed distribution.

However analyses using the natural log transformed blood lead levels did not

significantly alter the results. Statistical significance was determined at a level of

po0.05. All analyses were conducted using STATA 9.

2.4. Ethics

Ethical approval was obtained from the Human Research Ethics Committee of

the University of the Witwatersrand in Johannesburg. Confidentiality was

maintained by assigning participant identification numbers that were known

only to the data management team, and stored separately from the questionnaires.

Prior to the commencement of the study, written informed consent was obtained

from each participant’s parent or guardian, and at 13 years of age, assent for

participation was also obtained from the young participants. As part of the

informed consent process, it was explained that participation was voluntary and

could be withdrawn at any time without any repercussions.
3. Results

3.1. Sample characteristics

The total BTT cohort consisted of 3273 live singleton births.
The demographic characteristics of the cord blood sub-sample
(n¼618) did not differ significantly from the rest of cohort
(n¼2655), except for maternal age (po0.001), birth weight
(p¼0.003) and gestational age (po0.001). There was a higher
percentage of teenage mothers in the cord blood sub-sample
(19.6% compared to 14.8% in the total BTT cohort). The cord blood
sub-sample had a lower percentage (6.5%) of babies with low
birth weights (o2500 grams), compared to the total BTT cohort,
in which 10.7% of babies had low birth weight. There were no
babies with a gestational age of less than 28 weeks in the cord
blood sub-sample; however approximately 1% of the total BTT
cohort had been born at o28 weeks gestation. The 13 year sub-
sample (n¼1546) did not differ significantly from the remaining
subjects in the remaining BTT cohort (n¼1727) with respect to
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                   BIRTH                                 13 YEARS 

Total Births during study enrolment period (n = 5460) 

BTT Cohort (n = 3273) 

Total excluded (n = 2187) 

Included (n = 862) 

Significant differences from 
excluded sample for maternal age, 
gestational age and birth weight. 

Excluded (n = 2410) 

- Mother or child demised 

- Coagulation of blood samples 

- Moved out of study area 

Included (n = 1546) 

No significant differences from 
excluded sample 

Excluded (n = 1727)

- Mother or child demised - 
Coagulation of blood samples 

- Moved out of study area 

Final Birth sample size 

(n = 618)

Excluded (n = 244) 

- Moved out of study area 

Cord and adolescent 
BLL

(n = 312)

Fig. 1. Sampling scheme.

Fig. 2. Blood lead levels at birth and at 13 years of age.
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any of the demographic characteristics. The sub-sample at 13
years with cord blood (13 year with cord blood sub-sample,
n¼312) did not differ significantly from the rest of the 13 year
sub-sample.

3.2. Blood lead levels

The mean group blood lead levels at birth (cord blood sub-
sample) and at 13 years of age (13 year sub-sample) were 5.9 and
5.7 mg/dl, respectively. The 13 year with cord blood sub-sample
had the same mean blood lead level of 5.9 mg/dl at birth and
5.7 mg/dl at 13 years of age. The blood lead distribution ranged
from 2 to 17 mg/dl in the cord blood sub-sample, and 1 to 28 mg/dl
in the 13-year sub-sample. Even though few newborns (4%) and
adolescents (3%) had blood lead levels over the WHO action level
of 10 mg/dl, a large number of participants had lead levels above
5 mg/dl (50% in the cord blood sub-sample and 53% in the 13 year
sub-sample). As can be seen from Fig. 2, the data were positively
skewed.

Tracking the blood lead levels for individual subjects between
birth and 13 years (n¼312) showed that blood lead levels
increased in 42.3%, decreased in 56.4% and stayed the same in
1.3% of the children followed up. Longitudinal regression analysis
over 13 years showed that the change in blood lead levels over
time was not significant (p¼0.1). However boys at 13 years had
significantly higher mean blood lead levels than girls (po0.0001).

A description of the study sample with the mean blood lead
levels in the cord blood sub-sample and in the 13 year sub-sample
is given in Table 1. The majority of the population was Black
(99.3% at birth and 92.1% at 13 years of age). The mean blood lead
levels were highest in the Black population groups at birth, as well
as at 13 years of age when compared to the other ethnic groups;
however the sample sizes for the other ethnic groups were very
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Table 1
Characteristics of the participants in the cohort at birth and at 13 years.

At birth (n¼618) Mean BLL at birth (lg/dl) P value 13 years (n¼1546) Mean BLL at 13 years (lg/dl) P value

INDIVIDUAL FACTORS
Gestational age

r28 weeks 0 10 (0.6%) 6.68

Z29 weeks 617 (100%) 5.80 1424 (92%) 5.71 0.29

Sex
Male 312 (50.5%) 5.89 0.61 713 (46.1%) 6.51

Female 306 (49.5%) 5.81 751 (48.6%) 4.96 o0.01n

Birth weight
r2500 g 40 (6.5%) 6.12 169 (10.9%) 5.87

Z2500 g 577 (93.4%) 5.83 0.74 1295 (83.8%) 5.69 0.53

Population group
Asian 1 (0.2%) – 14 (0.9%) 5.27

Black 630 (99.3%) 5.89 1424 (92.1%) 5.80

White 3 (0.5%) 4.67 0.33 26 (1.7%) 4.69 0.12

MATERNAL FACTORS
Age in years

Mean 24.8 26.05

Range 14–43 14–46

Teenage pregnancy 121(19.6%) 5.96 247 (16.0%) 5.76

Adult (419 years) 497 (80.4%) 5.40 0.02n 1215 (83.0%) 5.53 0.79

Education
None 9 (1.5%) 8.73 12 (0.8%) 6.80

Primary 87 (14.1%) 6.33 156 (10.1%) 5.76

Secondary 452 (73.1%) 5.81 1069 (69.1%) 5.69

Tertiary 55 (8.9%) 5.32 o0.01n 123 (7.9%) 5.68 0.45

Marital status
Married 177 (28.6%) 5.80 531 (34.3%) 5.51

Single 439 (71.1%) 5.87 0.72 932 (59.7%) 5.84 0.01n

Parity
Mean 2 2

Range 1–8 1–9

r3 543 (87.7%) 5.83 1216 (83.1%) 5.70

43 75 (12.1%) 5.97 0.01n 248 (16.9%) 5.79 0.29

Type of home
Formal 520 (84.2%) 5.80 1238 (82.4%) 5.72

Informal 67 (10.9%) 5.85 0.85 94 (6.1%) 5.91 0.45

Ownership of home
Owned 126 (20.4%) 5.67 328 (21.2%) 5.65

Rented 459 (74.3%) 5.82 0.42 998 (64.6%) 5.75 0.49

Access to water
Indoor access 241 (39%) 5.75 609 (39.4) 5.71

Access outside house 319 (51.6%) 5.75 0.99 507 (32.8%) 5.64 0.62

Access to electricity
Yes 545 (88.2%) 5.78 1243 (80.4%) 5.49

No 51 (8.2%) 6.07 0.31 62 (4.0%) 5.73 0.46

Assets owned
TV

Yes 375 (60.7%) 5.76 929 (60.1%) 5.77

No 180 (29.1%) 5.93 0.33 284 (18.4%) 5.74 0.83

Car
Yes 119 (19.3%) 5.82 335 (21.7%) 5.85

No 435 (70.4%) 5.82 0.99 879 (56.9%) 5.44 0.01n

Fridge
Yes 370 (59.9%) 5.76 891 (57.6%) 5.86

No 186 (30.1%) 5.95 0.27 322 (20.8%) 5.70 0.32

Washing machine
Yes 52 (8.4%) 5.77 180 (11.6%) 5.79

No 503 (81.4%) 5.83 0.81 1034 (66.9%) 5.51 0.18

Phone
Yes 267 (43.2%) 5.63 663 (42.9%) 5.94

No 287 (46.4%) 6.02 0.02n 550 (35.6%) 5.59 0.01n

n Indicates significant bivariate associations.

N. Naicker et al. / Environmental Research 110 (2010) 355–362358
small. Being male was associated with higher mean blood lead
levels in the 13 year sub-sample with a mean blood lead level of
6.5 mg/dl, compared to 4.9 mg/dl in females.
In the cord blood sub-sample and the 13 year sub-sample,
children of teenage mothers had a higher mean blood lead level
compared to mothers of 20 years and older, and lower educational
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Table 2
Characteristics of the 13 year cord blood subsample (the longitudinal sample) n¼312.

% Mean BLL P value Mean BLL P value
(lg/dl) at birth (lg/dl) at 13 years

INDIVIDUAL FACTORS
Gestational age

r28 weeks 0 (0%)

Z29 weeks 312 (100%) 5.91 – 5.67 –

Sex
Male 153 (49.0%) 5.89 6.56

Female 159 (51.0%) 5.94 0.83 4.81 o0.0001n

Population group
Asian 1 (0.3%) 9 3.33

Black 311 (99.7%) 5.90 5.68 –

White 0 (0%) – –

MATERNAL FACTORS
Age in years

Mean 24.9

Range 14–43

Teenage pregnancy 64 (20.5%) 5.55 5.28

Adult (419 years) 248 (79.5%) 6.01 0.67 5.78 0.13

Education
None 3 (1%) 6.33 7.50

Primary 33 (10.6%) 6.03 5.73

Secondary 237 (76%) 5.91 5.56

Tertiary 34 (10.9%) 5.14 0.02n 6.19 0.02n

Marital status
Married 81 (26%) 5.99 5.39

Single 230 (73.7%) 5.88 0.68 5.77 0.21

Parity
Mean 2

Range 1–8

r3 274 (87.8%) 5.89 5.65

43 38 (12.2%) 6.05 0.65 5.82 0.68

HOUSEHOLD FACTORS
Type of home

Formal 281 (90.1%) 5.87 5.72

Informal 23 (7.4%) 5.78 0.84 5.24 0.36

Ownership of home
Owned 70 (22.4%) 5.64 5.65

Rented 233 (74.7%) 5.91 0.31 5.70 0.89

Access to water
Indoor access 135 (43.3%) 5.87 5.76

Access outside the house 153 (49.0%) 5.74 0.55 5.67 0.73

Access to electricity
Yes 292 (93.6%) 5.80 5.71

No 15 (4.8%) 6.80 0.05 5.01 0.27

Assets owned
TV

Yes 215 (68.9%) 5.76 5.72

No 81 (26%) 6.12 0.15 5.52 0.53

Car
Yes 68 (21.8%) 5.84 5.19

No 228 (73.1%) 5.87 0.91 5.81 0.06

Fridge
Yes 220 (70.5%) 5.75 5.75

No 77 (24.7%) 6.23 0.06 5.47 0.39

Washing machine
Yes 30 (9.6%) 6.27 5.38

No 267 (85.6%) 5.83 0.24 5.71 0.47

Phone
Yes 159 (51%) 5.66 5.49

No 137 (43.9%) 6.14 0.03n 5.87 0.19

n Indicates significant results.
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attainment was associated with higher blood lead levels. In the 13
year with cord blood sub-sample 25% of the teenage moms had
children with cord and 13 year blood lead levels of 45 mg/dl.
However the mean blood lead levels of children in the 13 year
with cord blood sub-sample was higher in the adult mothers
compared to the children of the teenage mothers. Table 2
illustrates the characteristics of the 13 year with cord blood
sub-sample.
3.3. Factors associated with blood lead levels

Maternal, child and household factors are illustrated in Tables
1 and 2. The analysis of household factors showed that most
participants lived in formal, rented housing, and only a small
proportion of households owned relatively high cost items such as
washing machines and cars. Access to commodities such as a
telephone was also low. The homes of the majority of participants
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Table 3
Multiple regression analysis.

At birth (n¼618) At 13 years (n¼1546) 13 year cord sub-sample

b SE P value b SE P value b SE P value

Individual factors
Gestational age 0.04 0.03 0.16 �0.01 0.01 0.24 0.17 0.12 0.16

Sex �0.03 0.17 0.85 �1.53 0.14 o0.001n
�1.71 0.28 o0.01n

Birth weight 0.00 0.00 0.94 �0.00 0.00 0.31 �0.00 0.00 0.45

Race �0.03 0.35 0.93 �0.02 0.13 0.89 �0.61 0.59 0.29

Maternal factors
Parity �0.11 0.99 0.28 0.10 0.08 0.19 �0.06 0.17 0.70

Age 0.05 0.02 0.01n
�0.01 0.15 0.54 0.02 0.03 0.52

Education �0.47 0.25 0.05n
�0.22 0.16 0.16 0.02 0.29 0.95

Marital status 0.08 0.21 0.69 0.15 0.18 0.38 0.26 0.37 0.47

Household factors
Formal housing 0.30 0.33 0.34 �0.33 0.31 0.28 �0.34 0.58 0.56

Lack of home ownership 0.19 0.21 0.37 0.37 0.17 0.03n 0.05 0.34 0.87

Access to indoor running water 0.00 0.18 0.96 �0.14 0.16 0.36 �0.23 0.30 0.44

Access to electricity 0.91 0.36 0.01n 0.03 0.38 0.92 0.75 0.71 0.29

TV ownership 0.01 0.21 0.98 0.19 0.18 0.28 0.53 0.34 0.13

Fridge ownership 0.11 0.21 0.60 0.03 0.19 0.87 0.45 0.36 0.21

Washing machine ownership 0.12 0.31 0.69 �0.14 0.23 0.55 �0.22 0.50 0.66

Car ownership �0.34 0.22 0.11 �0.31 0.18 0.08 �0.48 0.37 0.21

Phone ownership 0.41 0.19 0.03n
�0.32 0.16 0.05n

�0.54 0.32 0.09

Cord lead 0.16 0.07 0.03n

n Po0.05 for association between blood lead and potential risk factor.

Table 4
Logistic regression model examining the predictors of high (45 mg/dl) cord blood

lead levels.

Variable OR CI P value

Maternal factors

Teenage mothers 1.85 1.19–2.88 o0.01n

Low educational level 1.75 1.04–2.97 0.03n

n Po0.05 for association between blood lead and potential risk factor.

Table 5
Logistic regression model examining the predictors of high (45 mg/dl) blood lead

levels at 13 years of age.

Variable OR CI P value

Individual characteristics

Male gender 3.01 2.41–3.77 o0.0001n

Cord lead levela 1.91 1.10–3.32 0.02n

Socio-economic

Lack ownership of a phone 1.25 0.99–1.58 0.05n

n Po0.05 for association between blood lead and potential risk factor.
a Sample size¼312 participants with cord lead and adolescent lead levels.
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were served with electricity, but only 39% of participants lived in
homes with indoor access to water.

With respect to the cord blood sub-sample lead levels,
bivariate analyses showed that lower maternal age at birth
(p¼0.02) and lower maternal education were significantly
(po0.01) associated with higher cord blood lead levels. Higher
parity levels (p¼0.01) and not owning a phone (p¼0.02) were
also significantly associated with higher cord blood lead levels. In
the 13 year sub-sample, male gender of the child (po0.001), the
mother being a single parent (p¼0.01) and lack of ownership of a
car (p¼0.01) or telephone (p¼0.01) were significantly associated
with higher blood lead levels. Bivariate analysis conducted with
respect to the 13 year with cord blood sub-sample (n¼312)
showed that the cord blood lead levels and blood lead levels at
13 years were significantly associated with each other (p¼0.02).

Table 3 illustrates the multiple regression analyses conducted
with respect to the cord and 13-year blood lead levels. As can be
seen, lower maternal age and low maternal education as well as
access to electricity were strong predictors of elevated blood lead
levels at birth. In the 13 year sub-sample, the sex of the child, lack
of home ownership and lack of telephone ownership were strong
predictors for elevated blood lead levels. In the longitudinal
analysis of the 13 year with cord blood sub-sample the regression
analysis showed that sex of the child and cord lead levels were
strong predictors of elevated blood lead levels at 13 years. Log
transformation of the blood lead distributions did not alter the
observed associations between lead levels and the risk factor
variables.

A logistic regression model was created using significant
independent variables at birth and at 13 years of age. Table 4
shows that in the cord blood sub-sample, maternal age and
maternal education were the most important predictors of cord
blood lead levels. At 13 years, gender and cord lead levels, as well
as lack of ownership of a telephone were the strongest predictors
of blood lead levels (Table 5).
4. Discussion

This is the first study to explore lead exposure among children
in South Africa longitudinally. The study findings demonstrated
that the majority of newborns, followed up to 13 years of age and
reassessed, had blood lead levels below the CDC action level of
10 mg/dl; however, over 50% had levels above 5 mg/dl at both ages.
The mean blood lead level in the cord blood sub-sample was
5.9 mg/dl, and in the 13 year sub-sample it was 5.7 mg/dl. The
blood lead levels are similar at birth and at 13 years possibly
because the level of environmental exposure remained the same.
While there are well known problems associated with inter-
country and inter-laboratory comparisons, the cord blood lead
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distribution obtained for this study appeared to be similar to that
determined in other urban settings such as the USA in the 1980s
and the 1990s (Bellinger et al., 1994; Ernhart et al., 1986). The
blood lead levels of young BTT adolescents, however, were much
higher than those found in urban settings in developed resource
rich countries (Koller et al., 2004). In the USA the mean blood lead
level in the 1–5 year age group was 2 mg/dl (Koller et al., 2004).
This mean blood level was also found in Sweden (Strömberg et al.,
2003). Thus the reason for the higher levels found in South Africa
could be due to the continued exposure to environmental lead,
amongst others, through the continued use of lead-based paint
(Mathee et al., 2007), increased urbanisation, the growing
informal sector (cottage industries) using lead and leaded gaso-
line in South Africa during the period of the study. The use of
leaded petrol was only phased out in South Africa in 2006. Studies
conducted around the world have shown that blood lead levels
have declined following the phase-out of leaded gasoline (Mathee
et al., 2006; Thomas et al., 1999). However blood lead distribu-
tions in low- and middle-income countries usually still exceed
that of the West (Koller et al., 2004; Falk, 2003).

At birth, lower maternal age, specifically having a teenage
mother, was significantly associated with higher cord lead levels
(po0.01). Teenage mothers were 1.85 times more likely to have
babies with higher cord blood lead levels than their counterparts
over the age of 20 years. Teenage pregnancies have been
associated with higher lead levels amongst mothers in the USA
(Lane et al., 2008; Nevin, 2000). In the study conducted by
Lane et al. (2008) 74.6% of the sample of teenage mothers had a
blood lead level o20 mg/dl. The higher the blood lead level, the
greater the risk of teenage pregnancy. It is postulated that lead
exposure may decrease ‘‘cognitive and judgement capacity’’,
leading in turn to an increased risk of teenage pregnancy (Lane
et al., 2008). It has been reported that more than 30% of South
African 19 year olds have given birth at least once (Kaufman et al.,
2001). However the majority of the BTT sample had blood lead
levels o10 mg/dl; thus lead exposure may not contribute
significantly to elevated levels of teenage pregnancy in the
country.

Lower maternal education levels have been widely associated
with an increased risk for lead exposure. For example, the education
level of the caregiver was found to be a strong risk factor in a
Mexican study of children aged 1–6 years old (Albalak et al., 2003).
Lower maternal educational status is an indirect measure of poorer
socio-economic status. Another indicator of socio-economic status is
asset ownership. In this study the lack of ownership of a telephone
was significantly related to higher blood lead levels at 13 years of
age (p¼0.05). Poorer communities have been shown to be at much
higher risk for adverse environmental exposures, including lead
exposure in South Africa and in other resource poor countries (Von
Schirnding et al., 1991b , Wright et al., 2005; Mathee et al., 2002;
Rahbar et al., 2002; Tong et al., 2000). Poorer communities usually
have lower quality housing, live near busy roads, have jobs in dirtier
occupations such as lead mining and vehicle repair workshops, and
conduct informal industries in their homes that may use lead
products (Von Schirnding et al., 1991b, Tong et al., 2000; Nriagu
et al., 1996, 1997).

At 13 years of age, male gender was a very strong risk factor for
higher blood lead levels. This has not been found in some previous
studies of preschool-aged children (Guttinger et al., 2008; Albalak
et al., 2003; Melman et al., 1998). However, in the US National
Health and Nutrition Examination Survey III (NHANES), of all
children tested from 5 to 18 years of age, male children had higher
blood lead levels (Fox and Cole, 2004). The reason for this effect
was not postulated in the above NHANES study. This effect may be
due to the activities of male children such as greater outdoor
activities, thus exposing them to higher levels of environmental
lead and also increased participation in cottage industries using
lead.

Maternal factors such as maternal age and education level did
not play a significant role at 13 years of age. In the current study,
cord blood lead levels were significantly related to blood lead
levels at 13 years of age. Children with high lead levels at birth
were 1.9 times more likely to have higher levels later in life. The
results from this study suggest that in this setting, the risk factors
for high blood levels at birth probably persist through later
childhood and adolescence, with new risk factors emerging
during adolescence. Home visits paid to two of the adolescents
with the highest blood lead concentrations revealed their use of
lead solder to repair electrical appliances, television sets and
music equipment for the purpose of income generation.

Even though the study was prospective, one limitation was
that it was not designed to look at all risk factors for lead
exposure; thus information regarding other potential risk factors,
such as paternal history, parental occupational exposure to lead,
passive smoking and the physical state of the homes such as
peeling paint, was not available for analysis. However peeling
paint and very dilapidated homes were not major factors of
importance in Soweto at the time of the study. Attrition in the
sample due to death or moving away from the area could be
related to lead exposure and thus the possibility of participation
bias must also be noted. The cord blood sub-sample had some
significant demographic differences from the rest of the BTT
cohort with a higher percentage of teenage mothers and a lower
percentage of preterm and low birth weight babies. This may have
resulted in sample bias, and the findings from this period may not
be representative of the entire cohort. Improvements in detecting
low levels of blood lead over the 13-year period of the study may
have resulted in the recording of lower blood lead levels at
13 years, i.e.o2 mg/dl.
5. Conclusion

This study has highlighted several risk factors for elevated lead
exposure at birth and at 13 years of age in the Johannesburg-Soweto
area that requires attention. At birth, maternal education and age
were found to be strong risk factors for high cord blood lead levels,
potentially reflecting the effects of maternal risk exposure in
childhood and continued exposure during adulthood. At 13 years
of age the lack of asset ownership (telephones), having had an
elevated cord blood level and male sex were the strongest risk
factors for lead exposure. A range of significant associations found in
the study point to the low socio-economic status of affected mothers
and children. The fact that elevated cord blood levels predict higher
lead levels at adolescence among a sub-group of children demon-
strates that the poor circumstances in which some children reside
persist over time. Thus screening and treatment of children for lead
exposure need to be conducted alongside socio-environmental
upliftment programmes. This study also highlights the need for
interventions, such as educational campaigns and health promotion
initiatives, targeted at high risk communities. Most importantly
measures to alleviate poverty would impact positively on blood lead
levels in these vulnerable children. Further research is necessary to
look at the impact of elevated blood lead levels on long-term health,
behaviour and life achievements of children in the Birth to Twenty
cohort.
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