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Objective. The aim of this research was to compare blood lead level of childbearing women near Addis Ababa-Adama highway
with those who live far from it. Study Design. A comparative cross-sectional study design was used to compare blood lead levels of
40 childbearing women (study group) who lived relatively near Addis Ababa-Adama highway and other 36 childbearing women
(comparative group) who lived relatively far (10 km) from the highway. Methods. In the study, women having a fertile age within
15–49 years were considered as “childbearing women.” Blood samples were collected from each group and analyzed for blood
lead level comparison. Result. The study indicated significant blood lead level difference (𝑝 < 0.001) between the groups. The
study group had higher blood lead level (34.32 ± 6.39 𝜇g/dL) than the comparative group (8.47 ± 3.01 𝜇g/dL). The mean blood lead
level of both groups was higher than the advised blood lead concentration for a woman to avoid occupational or vocational lead
exposure. Conclusion. This study concluded that blood lead level of women who lived relatively near Addis Ababa-Adama highway
was significantly higher than those who lived relatively far from the road.

1. Introduction

Exposure to environmental lead is clearly a major public
health hazard. Due to rapid industrialization and the persis-
tence of lead in the environment, exposure is likely to remain
a significant public health problem in most developing coun-
tries for the upcoming years [1]. One of the major atmo-
spheric pollutants in urban environment is automobile emis-
sions [2]. High number of vehicles and the patterns usage of
those vehicles resulted in the fact that lead is highly abundant
in urban environment; researches showed high accumulation
of lead in areas near busy highways [3].

There are activities that have been done to phase out
leaded gasoline globally, and Ethiopia is one of those coun-
tries that phased out the usage of leaded gasoline since June
2003 [4]. However, the problem still exists because lead is not
only emitted from leaded gasoline; research done inDenmark
indicates that lead can also be emitted significantly fromother
vehicle activities like brake wares, engine oils, road abrasion,
and tyer wears [5]. The problem is still pronounced because

most of the vehicles used for transportation activities in
Ethiopia are very old, and the research done by the Ethiopian
road authority indicated that 65% of vehicles in Ethiopia
use gasoline as a fuel and 35% of all vehicles in Ethiopia
are older than 20 to 23 years. Though the old cars do not
use leaded gasoline, low efficiency of the old cars due to the
late technology design might bring excess engine oil spillage,
excessive break wears, tyer wears, and road abrasion [4].

There are limited researches done in Ethiopia considering
lead exposure as a public health problem; most of them were
on occupational settings. Lead exposure on women inhabi-
tants near highway was identified as a research gap. Women
in their fertile age were chosen as study subjects as they are at
risk of developing lead health effects at lower level exposure;
if they bear a child, lead can easily affect the children to
be born and cause various health problems. Therefore, this
study aimed at comparing the blood lead level of childbearing
womenwhowere living relatively close and distant from busy
roads of Addis Ababa-Adama highway. In the study, women
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having a fertile age within 15–49 years were considered as
“childbearing women.”

2. Materials and Methods

A comparative cross-sectional study was carried out in Addis
Ababa-Adama highway on 154 women residing in Ada
district, Kebele Denkaka, located 60 km from Addis Ababa
and 12 km from the district center Bishoftu (former Debre
Zeyit). The study was conducted from January 1 to June 1,
2011. Research activities of the study were commenced upon
ethical approval by Jimma University Ethical and Research
Committee. Households who resided around both sides
of Addis Ababa-Adama highway were 154 in number, out
of which 40 childbearing women were selected from the
nearest households as a study group using systematic random
sampling technique. Another 36 childbearing women were
systematically selected at random from a group of 76 house-
holds who lived relatively far (10 km) from the highway and
they were considered as a comparative group.

Women who lived near Addis Ababa-Adama highway
for at least 3 months were included in the study due to the
fact that half-life of lead in human blood is around 36
days [6]. Women working in one or more of workplaces
(painters and remodelers, battery manufacturing and recy-
cling, automotive radiator manufacturing and repair, casting
and machining lead, brass, bronze, pewter, and white metal
plating operations, manufacturing or the use of leaded
paints, inks, dyes, glazes, or pigments, lead soldering such
as in the electronics industry, salvaging and recycling scrap
metal, manufacturing ceramics, manufacturing leaded glass
or crystal, manufacturing ammunition and explosives, com-
pounding plastic resins, autobody repair, andmaking stained
glue) were excluded from the study [7].The study considered
blood lead level of women as dependent variable of the study
whereas age of woman, housing conditions, type of utensils
women use during food preparation, and distance of houses
from the highway were taken as independent variables.

Four-milliliter venous blood samples were collected from
each study unit using vacutainer tubes containing 7.2mg
K
2
EDTA by qualified laboratory professionals. Observation

of household environment was inspected using checklist
(Annex I) by principal investigator to find out variables like
housing condition and type of utensils they use during food
preparation and dining to determine if there were other
possible sources of lead in the household environment of
respondents.

Data quality was assured by using vacutainer tube con-
taining 7.2mg K

2
EDTA (preserving agent), appropriately

labeling sample tubes before the collection of samples, using
qualified medical laboratory professional as blood sample
collector, storing all samples at 4∘C till the date of digestion,
and using standard procedures for the laboratorial analy-
sis. Blood samples analysis was carried out based on the
procedure stated by NIOSH, titled as Manual of Analytical
Methods (NMAM), Fourth Edition, “Lead in Blood and
Urine”: Method 8003, issue 2 (1994) [8]. During the analysis
step, all analytical procedures were carried out meticulously
and high grade reagents and chemicals required for trace
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Figure 1: Analytical calibration curve for blood lead level analysis.

metal analysis were used so as to calibrate theAtomicAbsorp-
tion Spectrophotometer (AAS). Calibration curves were con-
structed and triplication of the analysis was taken asmeasures
of quality assurance (Figure 1).

Data gathered on age, distance of the women residences
from highway, household environment inspection, and lab-
oratory blood lead level of women were recorded and pro-
cessed usingMicrosoft Excel forWindows XP, 2007, and SPSS
for Windows version 16. Pearson and spearman correlations
were used to see if there was a correlation between blood lead
level with age of women, presence of other sources of lead in
the housing environment, and distance of their houses from
the highway. Independent sample 𝑡-test was used to see if
there was significant difference in blood lead level between
study and comparative groups.

3. Results and Discussion

Blood sampleswere taken fromall 76women andobservation
was done in each woman. Regarding the occupations of
the respondents, the majority (86.5%) were housewives,
coble stone workers (1.4%), daily laborers (2.7%), farmers
(2.7%), students (5.4%), and traders (2.7%).Themean ages of
participants in the study and comparative groups were found
to be 27.6 ± 7.18 and 26.3 ± 6.27, respectively. An independent
samples 𝑡-test was used to compare age between study and
comparative groups and there was no significant difference in
the age of study group (M = 27.6, SD = 7.18) and comparative
group (M = 26.3, SD = 6.27) conditions; 𝑡(74) = 1.359, 𝑝 =
0.178. Spearman correlation indicated that there was no
significant correlation between age of respondents and their
blood level (𝑟 = 0.197, 𝑝 = 0.81). This finding is in line with
the finding of Gebrie et al. [9] which stated that age and blood
lead level were not correlated in the exposed group.Thepossi-
ble reason for this result might be due to the fact that the type
of sample taken to assess the lead exposure level in the blood
is a way of quantifying recent lead exposure and only stays
around 36 days in it after exposure [6]. A good indication of
chronic lead exposuremight be taking sample from bone and
teeth which shows the accumulation of lead in the body.

Bivariate analysis showed that there was no correlation
between the blood lead level of respondent and the presence
of other sources of lead in the household environment.
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Figure 2: Blood lead level of respondent women around Addis
Ababa-Adama road, 2011.

Hence, multivariate analysis was not implemented for further
ruling out effect due to confounding factors.

Blood lead levels of study and comparative groups were
found to be 34.32 ± 6.39 𝜇g/dL and 8.47 ± 3.01 𝜇g/dL, respec-
tively. Apparently, the box plot indicated that the study group
had more exposure to lead than the comparative group
(Figure 2). The analysis of independent sample 𝑡-test done
between the study and comparative groups blood lead level
also showed that there was a significant blood lead difference,
𝑡(72) = 21.522, 𝑝 < 0.001.

This distinct difference is attributed to lead exposure from
busy road. Scholars conclude that highway environments
are highly polluted due to emission from vehicles, and they
confirmed that soil, water, and air around busy roads have
significantly higher lead content than nonbusy roads [10].
This claim is supported by other researches indicating that
vehicular emission is responsible for more than 90 percent of
all atmospheric emission and roadside soil lead content [11].
There is also a strong positive and direct relationship between
roadside soil lead and traffic density of the road [12]. The
relationship of environmental lead concentration and human
blood lead level was also studied in United States of America;
in the study, daily variation in atmospheric lead was associ-
atedwith daily variation of lead in soil which give rise to a sea-
sonal variation with known/observed child blood lead level.
It hypothesized lead exposure pathway from soil to air dust to
the body of a child [13]. In other words, having residence near
busy road can be a risk factor for high blood lead level [14].

The findings of this research are in line with similar study
done in India that showed women residing in high traffic
areas had two times higher blood lead level than women
residing far from high traffic areas [15].

The blood lead level findings of this study group are
similar to the research done in Egypt on pregnant women
suffering from preeclampsia and healthy pregnant ones with
blood lead levels 37.68 ± 9.17 𝜇g/dL and 14.5 ± 3.18 𝜇g/dL
(𝑝 < 0.001), respectively [16]. The findings of this research
were also in accordance with another comparative study of

occupational lead exposure fromworkers in Jimma, Ethiopia,
where female workers were found to have higher blood lead
level (42.04 ± 4.11 𝜇g/dL) than environmental lead exposure
[9]. On the other hand the findings of this study are different
from other research done in Egypt on a woman who experi-
enced repeated abortion having blood lead levels of 19.78 ±
3.85 and 10.53 ± 1.01, respectively [17]. The difference may be
the fact that the study group of our research had higher envi-
ronmental lead exposure through the congested road traffic.

The trend of lead exposure of the study was in contradic-
tion with recent researches done in United States of Amer-
ica (USA) suggesting that blood lead level of childbearing
women was decreasing in the last decades [18]. Even though
measures taken to reduce exposures of lead have resulted
in a significant decrease in community blood lead level in
the United States and other industrialized countries [19], the
reduction of lead was unlikely in emerging countries includ-
ing Ethiopia [20]. Note also that the mean blood lead level of
comparative group (8.47 ± 3.01 𝜇g/dL) in this study was also
higher compared to recent recommended exposure of blood
lead level on literature 2 𝜇g/dL [21] for successful prevention
of risks related to lead exposure and concentration advised
for pregnant women to avoid occupational or vocational lead
exposure that would result in blood lead concentrations as
>5 𝜇g/dL [22, 23]. The reason why the blood lead level of the
comparative group was higher might be due to the custom
that wives help their husbands in their farms even though
they are considered as housewives. Farming was found to be
associated with increased blood lead level in men [19]. Lead
on husbands’ work clothes, equipment, hands, and so forth
may also be a source of exposure for their wives [17].

Diesel and gasoline emissions are the primary compo-
nents of traffic exhaust causing people working or living
near high traffic roads to be affected with various health
issues, including cancer [24]. Lead level in pregnant women
is associated with miscarriages, abortions, and stillbirths.
Excessive amount of lead in the body can cause disorder in
the metabolism of other microelements such as iron, copper,
and zinc which has a negative effect on the function of health
and kidney [25]. Since lead easily crosses the placenta and
the fetal blood-brain barrier [25], it can irreversibly affect
cognitive development [26, 27]. Lead exposure during preg-
nancy can also cause spontaneous abortions [28], congen-
ital malformations [29], reduced birth weight [30] and length
[31], gestational hypertension [32], and impaired neurodevel-
opment [33].

Despite the fact that meta-analysis review indicated there
is no threshold level for lead exposure as any level of expo-
sure could be detrimental [18, 34, 35], precautions on recom-
mended blood lead level should be in the forefront; for
instance, USA recommended that maternal blood lead level
should be kept <5 𝜇g/dL [36, 37].

In the study, regression of the distance of households from
the highway with blood lead level shows a negative relation-
ship (𝑝 = 0.013, 𝑅2 = 15.5). As the distance of households
from the highway increases, the inhabitant blood lead level
decreases which is defined by the regression equation: 𝑌 =
−0.117𝑋 + 64.88. Pearson correlation (𝑟 = −0.319, 𝑁 = 76,
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𝑝 = 0.045) has been observed describing the relationship
between the distance of the house and blood lead level of
the respondents. Regression of blood lead level and distance
of the households from the highway suggests that, for every
increase of 1 meter from the Addis Ababa-Adama highway,
there is a decrease of 0.177𝜇g/dL of blood lead level of respon-
dentwomen (𝑅2 = 15.5,𝑁 = 40;𝑝 = 0.013).This finding is in
line with the idea of negative association between blood lead
level and distance from road traffic [10, 38, 39].This section of
the result might be justified because the environmental fate of
lead is affected by factors such as the volume of traffic, design
of the road way, climate, and surrounding land use. Another
justification is the nature of lead which can be described as
the least mobile among other heavy metals [40, 41].

4. Conclusion

In conclusion, blood lead level of women residing near Addis
Ababa-Adama highway was significantly higher than that of
women residing far from the road traffic. The mean blood
lead level of women of the study was much higher than the
advised blood lead concentration for a woman to avoid
occupational or vocational lead exposure.
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