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(Received, 13 December 1991; in final form, 15 February 1993) 

Vehicle emissions where Pb containing gasoline is used contributes to toxic metal urban air pollution and is still a 
matter of concern. An assessment of the extent of roadside Pb pollution in Harare (Zimbabwe) was undertaken. Pb 
was measured in soil and vegetation roadside samples. For busy roads Pb levels in soil and vegetation indicated a 
significant level of Pb pollution in the environment nearby the road. The Pb levels at the kerb ofbusy roads (Simon 
Mazorodze Road) were 1480 and 23.3 pg.g-l in soil and vegetation, respectively, and the levels found for less busy 
roads (Mutare Road) were 404 and 8.0 pg.gl in soil and vegetation samples respectively. The gradual phasing out 
of the level of Pb in leaded gasoline is suggested. 
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INTRODUCTION 

The sources which discharge particulate trace metallic pollutants into the urban atmosphere 
are varied and numerous. These sources include industrial processes of smelting, metal 
recovery and refining, municipal waste incineration and emissions from automobiles that 
use leaded gasoline. The dispersion of air-borne metallic pollutants is dependent upon the 
particle size and the prevailing atmospheric conditions. 

There is a relationship between levels of environmental pollution and health. The health 
hazard from exposure to lead from environmental and occupational sources has been 
adequately documented by WHO' and others2". Urban air pollution from toxic metals affects 
not only the health of the population but also the cities' amenities as pointed out by Archer 
and Barratt'. 

The control of air pollution in Harare falls under the jurisdiction of the Harare City 
Council (HCC). However, the work of the HCC, including the monitoring of urban air 

*To whom correspondence should be addressed. 
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2 S. D. SITHOLE, N. MOYO AND M. MACHEKA 

quality, is vast and requires support from other sectors of the community including industries 
for an effective air pollution control strategy. 

Zimbabwe gasoline is imported and contains approximately 0.8 g Pb.L-' depending on 
the source. With an annual gasoline consumption of ca. 400 x 10% an estimated 320 x lo3 
kg Pb are emitted into the environment each year. This gasoline Pb level is higher than is 
permitted in Europe and USA which ranges between 0.15 - 0.4 g.L'. The trend in these 
countries is towards the use of unleaded gasoline. 

Some of the lead emitted from automobiles is deposited in the vicinity of the roadway 
because of interception from vegetation and buildings. It is generally rec~gnised~'  that in 
countries where leaded gasoline is used automobile emissions is one of the major contribu- 
tors of lead pollution in urban areas. Consequently, there is still considerable concern for 
lead levels in urban environments in these areas. 

There has been no measurement of lead accumulated in vegetation and soils alongside 
roads in Harare as indicators of lead urban air [pollution. However, between 197680 
Siampsipa' carried out a study on the dispersal of heavy metal pollution in Harare. That 
investigation' concentrated on water coarse sediments and dust fall-out and to a limited 
extent on air samples. 

The objective of this investigation was to estimate the extent of lead pollution along 
selected roadways in Harare through the use of lead levels in vegetation and soils as 
indicators of lead pollution from motor vehicles. 

The study area was Harare, the largest and rapidly growing metropolitan city of 
Zimbabwe. It has an estimated population exceeding one million. It is, therefore, necessary 
to evaluate the extent of urban lead pollution in the city. This information, and that to be 
obtained on the various sources of metal pollution, is of considerable importance to those 
concerned with pollution control and the development of the city. 

EXPERIMENTAL 

Relative trafic densities 

Three representative major roads in Harare were selected to cover both residential and 
industrial areas. The Department of Works of HCC conducts periodic vehicle counts at 
selected road intersections to determine the necessity of installing traffic lights. The field 
countings are carried out by traffic enumerators. Each enumerator is assigned an approach 
at an intersection or T-junction and counts vehicles arriving on his side. The enumerators 
use mechanical tally counters (MTC) to count straight going, left and right turning vehicles. 
There are four enumerators at an intersection with three MTCs and three at a T-junction. An 
enumerator only counts vehicles approaching his side. The counting is done three times a 
day giving morning, lunch and afternoon peak counts. The traffic census data, and the dates 
of the counts, are shown in Table 1. The relative traffic densities decreases in the order of 
Simon Mazorodze, Hatfield and Mutare roads. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
2
 
1
8
 
J
a
n
u
a
r
y
 
2
0
1
1



LEAD POLLUTION ALONG ROADWAYS 3 

Table 1 Relative traffic densities of selected roads in Harare. 

Simon Mazorodze Rd Hatfield Road Mutare Road 
Intersection Total Intersection Total Intersection Total 
(date) Counts (date) Counts (date) Counts 

~~ 

Paisley Road 8809 Cripps Road 5355 Harare Drive 1820 
(09:04:9 1) (03:03:90) (1 1 :04:90) 
Hobbs Rd 7868 Boshoff Rd 4331 Samora Michael Ave(a) 3621 
(06:07:90) (16:04:91) (13:08:90) 
Willowvale Rd 3705 

~~ ~ 

(a) Ave stands for Avenue. 

Instrumentation 

A Varian model AA 1275 series atomic absorption spectrophotometer (AAS) equipped with 
a single slot burner and a built-in digital read-out was used. The instrument has permanent 
programmes for data handling controlled by a microprocessor. The instrumental operating 
conditions that were used are shown in Table 2. 

Sampling sites 

Three major roads representing both residential and industrial areas of Harare were selected. 
The sampling sites were selected so that both soil and vegetation samples could be obtained 
from the same site to facilitate data correlation. 

The first site is about 5.2 km from the city centre along Simon Mazorodze road, a heavily 
used road with a dual two carriageway, and runs southwards from the city centre. It runs 
across a mixed residential, and light industrial, area. The sampling site is near Chitsere 
School which is situated in a densely populated suburb of Mbare. 

The second site is about 5 km from the city centre along Hatfield Road. The site is near 
Sunningdale No. 1 School which is adjacent to the road. The road runs south-eastwards from 
the city centre and there are no major roads in the vicinity. This site is located in a 
predominantly residential area. 

Table 2 AAS operating conditions for the determination of lead in 
environmental samples. 

Parameter Condition 

Atomisation 
Lamp Current 
Wavelength 
Atomiser 
Oxidant (air) 
Fuel (C2H2) 
Burner Height 
Background correction 

Flame 
1.5 mA 
283.3 nm 
Air - C2H2 
1.7 kg. cm-’ 
0.3 kg. cm-’ 
10 mm 
Deuterium arc lamp 
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4 S .  D. SITHOLE, N. MOYO AND M. MACHEKA 

The third site is about 12 km from the city centre along Mutare Road. It is a two lane road 
running east to west. There is neither a residential nor industrial area in the vicinity and, 
therefore, it is far away from any possible source of lead pollution except for automobile 
emissions. The results from this site, therefore, should reflect lead pollution from vehicle 
emissions and background lead levels in the samples. 

Sample collection 

Soil and vegetation samples were collected from the sites described above between Janu- 
ary-May. Soil samples were collected at 1-2 m intervals in the windward direction. At each 
sampling location about 1 m square, 5-7 individual subsamples of top soil, about 1 .O cm 
deep, were randomly collected from the segments in each square and then recombined to 
give a composite sample mixture. One bulk sample obtained from each location was placed 
in a polyethylene bag. Large stones, dead leaves and debris and other extraneous substances 
were excluded. For Hatfield and Mutare Roads the furthest sampling distances were 25 and 
22 m, respectively. The second and third sampling locations on the Mutare Road were on 
an uneven ground. It was only possible to sample as far outward as 10 m on Simon 
Mazorodze Road due to the presence of the surrounding industry. 

For vegetation samples two evergreen plant species Julbernardia globijlora and Parinari 
curatellifolia were each sampled from the site on Mutare Road. 

Approximately, 1&20 g of both young and old leaves were plucked from each plant type 
going outward from the road in the windward direction. Samples were obtained from plants 
of about the same age. The average height of the sampled plants was about 70-95 cm. The 
leaves were plucked from the top 40 cm taking into account procedures described by Berrow' 
on the sampling of plants and soil for trace metal analyses. The subsamples from each plant 
were combined into a composite sample. The bulk samples were then placed in properly 
labelled polyethylene bags taking the necessary precautions to avoid contamination from 
dust. Since the first 5 m on either side of the local roads are normally cleared of vegetation 
by the Department of Roads, the first sampling point was about 5 m away from the road. 
For Mutare Road sampling was extended to 50 m. 

There were no suitable sampling sites for vegetation along Simon Mazorodze Road 
except for a species of grass; Cynodon dactylon. This species was ultimately sampled from 
1 m squares at 1-2 m intervals. The grass was cut from just above the ground level and then 
placed in properly labelled polyethylene bags. 

Reagents 

All reagents used were of analytical grade. Lead nitrate was used to prepare a stock solution 
of 1000 mg Pb.L-' in deionised water. Standard Pb solutions were prepared by serial dilution. 
Glassware was soaked in diluted HN03 for 4 h prior to use and then rinsed with deionised 
water. Aqua-regia solution was prepared by mixing concentrated solutions of HC1 and HN03 
in a 3: 1 ratio. The specific gravities of HCI, H N 0 3  and 70% HC104 used were 1.18, 1.42 
and 1.66 g.mL-' respectively. 
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LEAD POLLUTION ALONG ROADWAYS 5 

Sample preparation and analysis 

Soil samples were first air dried at 25-30°C and sieved through a 2 mm sieve. The sieved 
sample was thoroughly mixed, coned and quartered and 10-20 g were ground in a pestle 
and mortar to a size less than 200 pm and then stored in glass bottles. 

About 1-3 g of soil that had been brought to constant weight in an oven at 110°C was 
weighed into a flask, and 10 mL of deionised H20 was added to form a slurry, and then 7.5 
mL of 6 M HCl and 2.5 mL of concentrated HNO, were added per gramme of sample. The 
flask was covered and allowed to digest for 4 h. The flask was then heated and maintained 
at 180°C. Additional digestion solution was added as necessary. The solution was allowed 
to cool and then filtered into a 50 mL volumetric flask and diluted to the volume with 2 M 
HN03. The method of standard additions was used to quantify the Pb levels in the samples. 

The vegetation samples were sun dried first and then brought to constant weight in an 
oven at 110°C. They were then ground to uniform size. A 2 4  g-sample size was weighed 
into a flask and 2 1 mL of a 6: 1 mixture of concentrated HNOj and 70% HC104 per gramme 
of sample were added. The mixture was gently heated to 70-80°C until most of the sample 
had dissolved. The temperature was then raised to 140-1 50°C to achieve complete dissolu- 
tion. The latter step was repeated after the addition of hrther digestion mixture where 
dissolution was not complete. The final solution was made up to 50 mL. Each sample was 
then subjected to the method of standard additions. The concentration of Pb was expressed 
as pg.g-'. 

RESULTS AND DISCUSSION 

The data for the relative traffic densities shown in Table 1 indicate that Simon Mazorodze 
is the busiest road, followed by Hatfield and Mutare Roads, in that order. Simon Mazorodze 
Road is also the busiest road in the city and yet it runs through a mixed industrial and a 
densely populated old-style suburb of Mbare. The location of this road contributes to Pb 

Table3 Lead levels in soil samples alongside selected roadways in Harareasa function ofdistance. 

Mutare Rd Hatfield Rd Simon Marozodze Rd 
Distance Pb 

rn Pg.g-l 
pb I 

m wg-' m Pa-- 
Distance'a' Pb'b' Distance 

~~ 

I .6 320 k 16.0 1 .o 
5.6 384 f 19.2 2.7 
7.6 456 f 22.8 5.3 
8.0 18Of  9.0 7.3 
9.4 120 k 6.0 11.6 

13.4 7 8 f  4.7 18.2 
15.4 8Ok 4.8 20.5 
17.2 32k 2.2 26.1 
19.0 30k 2.4 30.0 
22. I 8 f  0.6 

1216f 36.5 
488 k 24.4 
408 f 20.4 
288 f 14.4 
258 f 12.9 
360f 14.4 
184f 9.2 
176f 8.8 
159f 8.1 

0.6 
I .o 
1.8 
2.4 
3.5 
4.4 
5.4 
6.5 
7.6 

1312 f 39.4 
I200 f 36.0 
I152 f 34.6 
664 k 33.0 
720k33.1 
64Of 32.4 
668 k 23.4 
456 f 22.8 
276f 13.8 

(a) Distance is measured from the end of the tarmac. (b) Values are reported as the mean of  three 
replicate samples k standard deviation. 
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6 S. D. SITHOLE, N. MOYO AND M. MACHEKA 

pollution in Mbare. The problem can only be expected to accentuate with time and, therefore, 
requires monitoring. 

Table 3 presents data on Pb levels in soils taken from the vicinity of three roads. These 
results were plotted in Figures 1 and 2. From Figure 1 it is clear that the amount of Pb 
deposited alongside both Hatfield and Mutare Roads peaks at the edge of the road and 
decreases sharply within the first 12 m from the road before falling-off to an asymptote. For 
both roads most of the Pb deposited onto the soil is found within the first 10-20 m. Lead 
levels at distances greater than 20 m indicated a general uniform concentration except for 
the natural variation in the soil. Lead is introduced into the roadside environment as a result 
of exhaust emission. It then settles on soil and plants. Since the emissions From vehicles are 
discharged from low level source the extent of roadside Pb pollution in the soil does not 
extend to great distances. 

The decreasing trend in Pb levels in soil as a function of distance from the roadway is in 
agreement with the results of Skogerboe eta1.I' where they found out that the soil Pb levels 
along an interstate highway levelled off at a distance of 10 m from the edge of the highway. 
In an extensive review by Scanlon" on highway pollution it was found that significant Pb 
contamination exists up to 50 m from the edges of the road and decreases with distance. 
Little and Wiffen'', who measured Pb concentrations in both air, soil and standing grass 
along the M4 and M40 motonvays in London, showed that within a roadside ecosystem 
there is a gradient of Pb levels in air, soil and grass related to the distance from the road. 

The general background levels found for Hatfield and Mutare Roads were 160 and 22 
pg.g-', respectively, whereas, at the edges of the two roads the levels were 608 and 404 
pg.g-', respectively, suggesting a level of Pb pollution. 

Simon Mazorodze Road (Figure 2) presents a situation where there is a relatively high 
Pb concentration of 1480 pg.g-l at the edge ofthe road and an extrapolated background level 
of 160 pg.g-l . The soil along this road is significantly more polluted than in the other two. 
This trend is consistent with the traffic census data (Table I). 

The extent of Pb pollution in the vicinity of the road is related to the amount of Pb in 
gasoline, the age of the car and other factors, as reported by Nriagu13 who documented the 
trend in the consumption of leaded gasoline which peaked in 1965-75, and has been 
declining since then. Byrd14 et al. provided evidence for a decrease in soil Pb levels since 
the mandatory use of unleaded gasoline in the USA. 

The results of Pb levels in vegetation were entered in Table 4 and these were plotted in 
Figures 3 ,4  and 5 .  The trend of decreasing Pb levels with distance (Figures 3 ,4  and 5 )  in 
vegetation is similar to that found in soil samples. This agrees with the results of Iqbal et 
al.' who found that for a plant species, Diospyros embryopteris, Pb levels decreased with 
increasing distance. The background Pb levels in the plant types, Julbernardia globijlora 
and Parinaricuratellifolia were 1.2 and 1 .O pg.g", respectively, and the levels near the edges 
of the road in the same plants were 13.7 and 8.0 pg.g'l, respectively, which also suggests 
some level of Pb pollution. 

In Figure 5 ,  Simon Mazorodze Road, the graph initially falls-off sharply before becoming 
an asymptote at 5 m. The background Pb level was 3.0 pg.g-l and an extrapolated value of 
23.3 pg.g-' for the plant type:; Cynodon dactylon. The Pb levels found in different plant types 
in this study are comparable with the values of 2.M.O pg.g-' reported by Valerio et a t .  
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Figure 2 Lead content in soil as a h c t i o n  of distance from road. (Simon Mazorodze) 

CONCLUSION 

In both soil and vegetation samples a rapid decrease in Pb levels, with increasing distance 
from the road, was observed, and there is significant Pb pollution at distances close to the 
busy roadways, such as Simon Mazorodze Road. It is, therefore, suggested that thriving 
market gardening, usually found near roadways, should be restricted to distances not closer 
than 40-50 m to the road. It is also time that measures are taken to reduce this wilful Pb 
pollution from vehicle emissions by gradual phasing out Pb in gasoline, as has been done in 
Europe and North America. 
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LEAD POLLUTION ALONG ROADWAYS 9 
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Figure 3 Lead content in vegetation (Parinan' curatellifolia) as a function of distance from the road. (Mutare 
Road) 
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Figure 4 Lead content in vegetation (Julbernardia globiflora) as a function of distance from road. (Mutare Road) 
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Figure 5 Lead content in vegetation (Cynodon duclylon) as a function of distance from road. (Simon Mazorodze) 
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12 S. D. SITHOLE, N. MOYO AND M. MACHEKA 

Table 4 Lead levels in vegetation samples along side selected roadways in Harare as a function 
of distance. 

Mutare Rd Simon Marozodze Rd 
Plant Type A(a' Plant Type B(b) Plant Type d" 

Distance (a) Pb(d' Distance Pb Distance pb I 
m wg.i '  m PgX-' m w g -  

0.2 
1 .o 
2.0 
4.0 
6.0 

12.5 
25.0 
40.0 
50.0 

13.1 f 1.03 5.0 
12.7f 1.02 6.7 
1 1.6 f 0.93 12.7 
9.5 f 0.77 15.8 
6.9 f 0.59 20.0 
4.0 f 0.36 23.0 
2.0 f 0.22 - 

1.3 f0 .17  - 
1.2 f 0.17 - 

6.0 f 0.60 
4.2 f 0.50 
2.4 f 0.29 
1.9 f 0.23 
1.3 f 0.16 

N.D.(~) 
- 

0.54 
1.20 
2.20 
3.12 
3.75 
6.12 
7.64 

18.3 + 1.5 
10.1 f 1.0 
6.1 f 0.67 
7.0 f 0.77 
3.9 f 0.50 
3.2 f 0.38 
3.1 f 0.38 

(a) The botanical name is Julbernardiaglobtj7ora. (b) The botanical name isPurinaricurutell~ofolia. 
(c) The botanical name is Cynodon dactylon. (d) Values are reported as mean of three replicate samples. 
(e) N.D. means not detected at the limit of detection of 0.02 rng.L-'. 
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