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ABSTRACT

Lead (Pb) levels in soils for different sites in Baghdad were determined to assess the soil contamination by lead in
the city. Around sixty-three soil samples were collected as indicator of Pb pollution from different sources. The mean Pb
concentrations in the soils ranging from 15 mg Pb/kg at the bus station, 800-2300 mg Pb/kg in the city center, and 8-350
mg Pb/kg along the highway. Value up to 9350 mg Pb/kg found in the soils near the batteries factory.

The mean Pb concentrations in the city centre were substantially higher than values found in other places; they were
also higher than the standards for soil in residential areas and in playgrounds for children. Pb soil concentrations at the
downwind sides were some 60% higher than the upwind area. Bioavailable Pb (extracted with 0.04 M Na2EDTA solution)

was also determined in this study. This parameter showed significant correlation with total Pb.

Control measures should be adopted to reduce emissions of mobile-exhaust Pb and lead smelters. Nearby pollution
sources such as highways, major streets, and batteries factories should be considered when locating new, schools and land

use projects. At the same time, vegetable production and animal grazing should also be avoided in areas near highways.
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1.INTRODUCTION

Trace elements are elements that are normally found at low concentration in soils, plants, and water, and which may
or may not be essential for the growth and development of plants, animals, or humans. Lead (Pb) is one of the non-essential
trace elements; it is useful but toxic, and lead is one of the commonest and most widely distributed of the environmental
metal poisons (Pierzynski et al, 2000; Reilly, 2002). Natural processes such as chemical weathering of rocks and soil,
volcanoes and forest fires contribute in a large amount to global input of lead into the environment (Khans, 1980). Pb
occurs naturally in soil in low concentration, and transfers to the food chain from soil to plants and then to the animals and
so on. However, when the concentration increase it will become toxic and hazardous for the health and the balance of the
environment itself, so knowledge of concentrations of lead is important (Khans, 1980). Pb can introduce to the environment

from both natural and anthropogenic sources such as: mining and smelting activities,
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lead recycling factories, Emission from leaded gasoline, combustion of coal and oil, manures, sewage sludge usage in
agriculture, use of lead compounds e.g. fungicides, insecticides, anti-fouling paints (Harrison and Laxen, 1981; WHO,
1989; Tong, 2000). From 1920 petrol contained lead alkyls as anti-knocking agents was used and that lead to increase in
lead concentration in air, surface water and soil. (Smith, 1986). Even under strict environmental controls applied on a large
scale in the modern lead industry, there are accumulations of lead in soils around the works sites (Davies, 1995). Other
sources of lead in the environment are agricultural chemicals such as pesticides, fertilizers and lime; sewage sludge
containing lead is commonly used in agricultural land. All contribute to soil contamination by lead (Khans, 1980; Reilly,
2002). Because the lead enters the soil through the soil surface and the accumulation occurs also through the deposition of
contaminated plant residues, the higher accumulation of lead occurs in the top layer (Khans, 1980; Wixson and Davies,
1993). Many studies have been carried out on the toxicity of lead to humans being and these studies showed that the foetus
and young child population groups as those at greatest risk for adverse health effects of lead. In addition, these studies
proved that there are some factors infusing susceptibility to lead toxicity such as dietary, metabolic, and sociological factors
(Nriagu, 1978; Burke, 1983). Pb exposure has increased throughout the world. In many developing and industrializing
countries, as well as in some developed countries, exposure to lead remains a serious problem. While in most developed
countries introduction of lead into human environment has decreased in recent years, due to public health campaigns and
the decline in lead commercial usage especially as petrol additives, chronic exposure to low levels of lead is still a public
health issue in developing countries. (Tong, 2000). The segment of the population at risk is the very young, i.e. foetus,
infants and children, and Pb poisoning is one of the most important chronic environmental illnesses affecting modern
children. Despite efforts to control it and despite apparent success in decreasing incidence, serious cases of lead poisoning
still appear (Burke, 1983). Pb is more dangerous to children than adults because babies and children often put their hands
and other objects in their mouth; also the children’s growing bodies absorb more lead, and children’s brain and nervous

system are more sensitive to the damaging effects of lead (U.S EPA, 2005).

Hence, the objectives of this study it to investigate and monitor Pb contamination in soil samples from different parts
of Baghdad. Also, to lay relationships between the Pb contents and the activities that may be connected to high Pb

discharges.

2. MATERIALS AND METHODS

The research was carried out in Baghdad city, the capital of Iraq. Baghdad is the biggest city in the country, with a
population of about six million and population density about 1160 persons per km?. The area is about 660 km?; it is situated
on the Tigris River at 33.23N latitude and 44.23E longitude. The dominant wind direction in Baghdad is North-West
(Abdullah, 1990). For this research, 63 surface soil samples from Baghdad soil were collected in a way to achieve a spatial
coverage of the entire city, from areas exposed to industrial and traffic emissions, highways, city centre, and from rural area
to serve as control (background levels). Special attention was paid to the Pb spatial distribution around the batteries factory,

and on highways. On each sampling site, one(1) kg surface soils, 0-5 cm deep were collected. For each sampling point, four
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samples were taken and mixed onsite for better samples representivity (Wixon and Davie, 1993). The samples were
collected with a stainless steel corer (15 cm length; 5 cm diameter). The samples were placed in polyethylene bags and
were later transferred to aluminum dishes for drying. The sampling period was from 20 September- 4 October 2005.
Twenty two soil samples were taken on both sides of the major highway in Baghdad (Al-Doraa) highway (see Fig.1).The
highway is about 15 km long and has a traffic density around 4100 vehicles/day. The samples were distributed to such way
to help in study the relation between the distance from the highway and the Pb levels in soils. In order to indicate the wind
effect on Pb distribution around the highway, 10 samples were taken down-wind, 12 samples in the upwind direction. The
spatial distribution of the samples were: at the fence of the highway, 2m from the highway, Sm, 20m, 30m, 40m, 50m,
75m, 100 m, and 200 m from the highway downwind direction. The same distance distribution was applied in sampling the
upwind direction; 10 and 15 m were additionally sampled.

Batteries factory (Babylon), with one of the highest production capacities in the Middle East. It was established in
1953. The smelting sections in the factory have three blast furnaces with < 30 m heights of chimneys (Alusi, 2004). Eight
samples were taken in the downwind direction and the same numbers of samples upwind were taken as well; the spatial
distribution of the samples was: at the factory fence, 2m from the factory’s fence, S m, 10 m, 15 m, 25 m, 50 m, and 100 m.
Because of the difficulties of the situation in Baghdad at the sampling time, it was not possible to sample at a distance
further away from the Babylon factory. For the city centre 10 samples were taken randomly from the Bab Al- Shargy area,
which represents one of the highest traffic densities in the city and the most air polluted area (Environmental Protection
Center, 1990). Wind effect was not considered in sampling because of the surrounding buildings, which almost delete the
wind effect inside the urban area (Khalid et al, 1981).From other hand one of the major stations in Baghdad (AL-Bayaa
Bus station) was used as study area, five samples near the target station were sampled randomly. 10 samples were taken
from rural areas (agricultural area was avoided in the sampling) around Baghdad city to serve as control samples. Total Pb
was determined in the soil samples by using atomic absorption spectrophotometry (AAS) (Cheremisinoff and
Cheremisinoff, 1993; Wixon and Davies, 1993; Kruis, 2002; Popek, 2003).

To estimate the bioavailable Pb, a Na,EDTA solution was used to extract soil Pb according to Ure et al, (1993). Pb
concentration in the filtrate (Pb extract) was determined using flame atomic absorption spectrophotometers (AAS).A

wavelength of 283.3 nm and a flame air-acetylene mixture were used.
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Figure 1: Map for the location of the study. Source: Google 2018.

3. RESULTS AND DISCUSSIONS

The result showed a mean value of 6 + 0.2 mg Pb/kg with a range of 4.5-8.3. The values of bioavailable Pb for the
background area showed a mean of 0.3 = 0.1 mg Pb/kg with range from 0.1- 0.5 mg Pb/kg. It was observed that bioavailable Pb

followed the same trend as total Pb followed), and there was a high correlation (r*=0.85) between the two parameters see fig (2).
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Figure 2: Correlation between bioavailable and total Pb for the background area
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The mean background Pb value for Baghdad soils is comparable to the findings of Kharnoob (2004), who reported
background concentrations for some Iraqi cities of 5, 7.5, 4.2, and 5 mg Pb/kg for Baghdad, Kut, Mousel and Nassiria,
respectively. The results lie also within the range of background concentrations in other part of the world; Ratcliffe (1981)
stated that Pb concentration for unpolluted soil ranges between 5-30 mg Pb/kg, Khans (1980) found a concentration in a
number of Canadian soils varying from 7-23 mg Pb/kg with an average of 17 mg Pb/kg. While the results for the city centre
showed an average of 1253 + 129 mg Pb/kg with a range of 783-2356. The highest concentration was found in the area
close to the roads junctions. Pb concentrations found in city centre were significantly higher than in other areas in the city.
The values of bioavailable Pb for the city centre area showed a mean of 366 + 190 mg Pb/kg with range from 148-875. The

bioavailable Pb distribution trend was similar to that of total Pb; the two parameter showed high correlation (> = 0.96) see

fig (5).
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Figure 3: Correlation between total and bioavailable Pb for the city centre

The value of 1253mg Pb/kg was determined as the mean concentration in the Baghdad City centre; which has the
highest traffic density in the city (Khalid et al, 1981; Environmental Protection Centre, 1990); this result showed that the
city centre is around 208 times more contaminated compared with the city background concentration. Above result is also
significantly higher than the value of 320 mg Pb/kg which was reported by Kharnoob (2004), as a mean Pb concentration in
some Baghdad residential areas. However, it is comparable to the findings of Jackson (2005) who studied the Pb
concentration in Dar-es-salam City, Tanzania; he found the highest Pb concentrations in areas of highest traffic density.
This indicates that Pb contamination can largely be related to the burning of leaded gasoline by automobiles. Also, these
results are above the US.EPA standard for Pb concentration in children’s play areas (400 mg/kg) and 1200 mg/kg as the
hazard standard for bare soil in residential areas (US.EPA, 2005). It lies within the intervention value (remediation is
necessary) of the Dutch standard of 530 mg/kg (Chen, 2003); also this value is significantly higher than the Italian Pb
concentration limit (100 mg/kg) for Pb in public residential and private areas (Imperato et al, 2003), and higher than the UK

critical value of 500 mg/kg for gardens and allotments. Finally the value lies above the Canadian values for agricultural
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(375 mg/kg), residential (500 mg/kg) and industrial areas (1000 mg/kg) (Jonathan and Flora, 2005). The mean Pb soil
concentrations recorded in this research were significantly higher than the average concentrations found in other

researchers (see Table 1).

Table 1: Mean Pb concentrations of soils in different cities (mg/kg)

Place Mean Pb Applied gasoline phase out Source
concentration mg/kg strategies at time of research
Baghdad, Iraqg- 1250 No This study
2005
Baghdad, Iraq- 255 No Khalid et al. (1981)
1980
Kuwait city, 680 No Malik et al. (1985)
Kuwait
Jeddah, Kingdom 783 No Nasralla (1984)
of Saudi Arabia
Hong Kong 991 No Ho and Tai (1988)
Nairobi, Kenya 659 No Onyari et al. (1991)
Babhrain city, 680 No Akter and Madany (1993)
Kingdom of
Bahrain
Tel Aviv city, 177 Partially phased out Foner (1993)
Israel
Taejon, South 60 Completely phased out since 2001 Kim et al. (1998)
Korea
Beirut city, 353 Partially; since June 2001, 80 % of Hashisho and El-Fadel (2004)
Lebanon total consumption was shifted to
unleaded gasoline

The mean concentration of 1250 mg Pb/kg for this research is 4 times the Pb concentration found in the city centre
for the 1980 study (308 mg/kg) (Khalid et al, 1981); this result indicates a continuous accumulation of Pb into Baghdad
soils over the last 25 years. The results of Al-Doraa highway up to 200 m from the highway showed an average of 75.9 =
78 mg Pb/kg with a range of 8-350 mg Pb/kg. The highest concentration of 350 mg Pb/kg was found in the sample close to
the highway at almost 0 m distance; then soil Pb concentration decreased rapidly following an exponential decline.
Distance around the 20 m from the highway have the higher Pb concentrations; after this the Pb concentrations were almost
normal. To examine the final influence point of the highway emissions on the nearby soils, a comparison between the 100
and 200 m Pb soils concentrations can be made. At 200 m the concentration was so close to the background concentration
indicating that the final influence point of the highway emissions was estimated at 100 m distance from the highway. The
values of bioavailable Pb for the downwind part of the highway showed a mean of 13.2 = 10.7 mg Pb/kg with range from
2.1-39. The bioavailable Pb distribution along the distance from the highway followed the same trend as total Pb followed.

the bioavailable Pb showed significant, and positive correlation with total Pb (r* = 0.90) see fig. (4 and 5).
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Figure 4: Total Pb concentration at Al-Doraa
highway down-wind (mg Pb/kg)

Figure 5: Correlation between total and bioavaliable Pb
(downwind)

Upwind direction of the samples up to 200 m showed an average of 43.9 +10.3 mg Pb/kg with a range of 14-210. Similar
to the downwind side the highest Pb concentration of 210 mg Pb/kg was found in the sample close to the highway, the soil Pb
concentration then decreased rapidly following exponential decline. Similar to the downwind side, the distance up to 20 m from
the highway showed the higher Pb contamination. The influence for the up-wind direction was estimated at around 100 m. The
values of bioavailable Pb showed a mean of 9.9 + 6.4 mg Pb/kg with a range from (1.8-29). Similar to the down-wind side, the
bioavailable Pb followed the same trend as total Pb. Bioavailable Pb showed a significant and positive correlation with total Pb

,see fig.(6 and 7) .
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Figure 6: Total Pb concentration at Al-Doraa
highway down-wind (mg Pb/kg)

Figure 7: Correlation between total and bioavailable Pb
(upwind)

The Pb concentration along the distance from the highway (both side) decreased sharply following anexponential
decline; this trend is comparable to other researches (Ward et al, 1975; Wheeler and Rolfe, 1979; Khan, 1980; Flores and
Castellon, 1982; Ndiokwere, 1984; WHO, 1989; Jaradat and Momani, 1999). Jaradat and Momani (1999), in their
estimations of Pb concentration along the distance from highways in Jordan, found maximum Pb concentration between
1.5- 10 m distance from highway; Viard et al. (2004) reported a distance between 5 and 20 m as area with maximum Pb
contamination. It was found that Pb distribution along the highway (both sides) followed a very significant (r* = 0.93-0.97)

D

exponential decay with distance, according to: Y= A, e KD Wwhere Ygis the soil Pb concentration (mg Pb/kg); Agis the
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Pb concentration at the pavement edge (mg Pb/kg); K is a constant (1/m) (K values: 0.25 and 0.28 for downwind and
upwind respectively) and D is the distance from the road edge (m). Ward et al. (1975) found a very similar result but

included the background concentration Bs mg kg, in the formula as follows: Ys=Bgs+ Ag _e'KD see fig.(8 and 9).
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Figure 8: Correlation between total Pb and distance Figure 9: Correlation between total Pb and

from the down-wind side of the highway

For both sides, the influence of the highway emissions was estimated at around 100 m. These results are comparable to the
results of most other researches (Wheeler and Rolfe, 1979; Flores and Castellon, 1982; Ndiokwere, 1984; WHO, 1989;
Turer et al, 2001; Al-Kendy, 2005Viard et al. ,2004). To indicate the wind effect on Pb distribution for both sides of the
highway a two-tailed “paired t-test’> was carried out to examine the significance of wind effects; the result showed
significant difference between the mean values of each side of the highway(both at p<0.05 and p<0.01) indicating that the

wind direction has strong effect on Pb distribution, this result is comparable to other researches (Flores and Castellon,

1982; Jaradat and Momani, 1999; Al-Kendy, 2005).see fig. ( 10).
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Figure 10: Total Pb distribution along the highway for both sides
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The results of total Pb for the samples up to 100 m from the batteries factory (down wind) showed an average of 7294 =
2050 mg Pb/kg with a range of (3210-9350) The highest concentration of 9350 mg Pb /kg was found in samples close to
the factory; then the soil Pb concentration decreased following exponential decline. The values of bioavailable Pb showed
a mean of 2457 + 880 mg Pb/kg with a range from (540-3269). The bioavailable Pb distribution along the distance from the
factory followed a similar trend as the total Pb. The bioavailable Pb showed significant positive correlation with total Pb

with correlation coefficient r* = 0.97 (see fig. 11).
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Figure 11: Correlation between total and bioavailable Pb for the down-wind side of the Babylon factory

For up- wind direction, the results of the total Pb for samples up to 100 m from the factory showed an average of
2280 = 1311 mg Pb/kg with a range of (733-5550). Meanwhile the mean Pb concentration in down-wind side was
significantly higher than that of the up-wind side. The trend of Pb distribution along the distance from both sides of the
factory showed a gradual rapid decline away from the source, and significant correlation with distance ( r*=0.94 and 0.66)

for down-wind and up-wind, respectively. See fig. (12 and 13).
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The values of bioavailable Pb for the up-wind factory showed a mean of 791 + 408 mg Pb/kg with range ( 278-1897). Similar
to the downwind side, the bioavailable Pb showed similar trend as total Pb distributed along the distance from the plant, and

showed significant positive correlation with total Pb with(r* = 0.84)see fig.(14).
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Figure 14: Correlation between total and bioavailable Pb for the up-wind side of the Babylon factory

These results is comparable to results reported by Khans (1980), Kotuby et al.(1992), Skinner and Salin (1995),
Davies (1995), US.EPA (1998) and Sridhar (2005) who reported maximum Pb accumulation close to the source, and a rapid
decline along the distance from the source. To indicate the effect of the dominant wind direction on Pb distribution for both
sides of the factory a two-tailed” paired t-test’” was carried out. The result showed significant difference between the mean
values of each side of the factory, indicating that the dominant wind direction has a strong effect on Pb distribution. Similar
results were obtained by Baghaie et al. (2003) who examined Pb distribution around two steel factories in Isfahan, Iran, and

by Rieuwerts et al. (1999) and Cartwright et al. (2005).see fig.(15).
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Figure 15: Pb distribution along the distance from the Babylon factory both sides
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The results for the Bus station area showed an average of 14.6 = 1.4 mg Pb/kg with a range of 11.8-18.7. It is
interesting to find that the samples in this area were less contaminated with Pb compared with other sampling areas. Similar
to the other sampling areas, the bioavailable Pb distribution trend was the same as the total Pb. The values of bioavailable Pb
for the bus station area showed a mean of 1.96 + 0.96 mg Pb/kg with range varied from 0.8-2.9 mg Pb/kg. The bioavailable
Pb showed high correlation with total Pb (12 = 0.93). This result is comparable to the finding of Kharnoob (2004) .After
laboratory analyses were finished and the above results appeared, a personal communication with the supervisor of the bus
station was made to investigate the reason behinds the low soil contamination; from that communication, results showed that
more than 90% of the cars (mini-buses) that serve this bus station uses gas-oil as fuel rather, than (leaded) gasoline. Other
reasons for the relatively low Pb contamination are the Al-Bayaa bus station was the fact that it was built in 2002, so its area

will have less Pb compared to other areas in the city.

4. CONCLUSIONS

The Maximum Pb levels were found in soils near to the Pb emissions sources (highway, batteries factory and urban
streets), therefore residents near these areas are at high-risk for Pb pollution and these sites can be a significant source of Pb
intake by children. For the highway the maximum Pb concentration was found close to the highway fence; the distance (0-
20) m from the highway (both sides), represent the most effect zone for Pb emission; while after 100 m distance, highway
influence had nearly disappeared. More Pb in the soil was observed on the downwind side for both the highway and
Babylon factory zones; the dominant wind direction have a significant effect on the Pb distribution.

The Pb concentration in the Baghdad city centre and the area near the Babylon factory was above the standards of Pb in
soil, indicating that the soil pollution with Pb has reached critical values that need remediation. Although the highway
samples are within the Pb standards, they may reach to critical levels in future, as Pb is still introduced in the highway
environment. The area around the bus station showed very low Pb contamination compared with the other studied areas
(highway, Babylon factory, city centre).This can be ascribed to the relatively clean fuel used by the buses Relatively high
percentages of bioavailable Pb were found in polluted areas (Babylon factory zone, city centre and highway), compared
with background zone. This indicates that the bioavailable Pb especially comes from anthropogenic sources. Bioavailable

Pb may easily transfer into the food chain rather than the Pb in the background area.
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