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ACCUMULATION OF SOME METALS IN ROADSIDE SOILS OF ESKISEHIR

ESKISEHIR'IN YOL KENARI TOPRAKLARINDA BAZI METALLERIN BIRIKIMI
BURHANETTIN ISIKLI*, TEMIR ALI DEMIR**, ASIYE BERBER, CEMALETTIN KALYONCU*

*Department of Publish Health, Osmangazi University Faculty of Medicine
**Deparment of Biochemistry, Osmangazi University Faculty of Sciences

Roadside soils show considerable metal contamination
due to both direct deposition of vehicle-derived metals
and to relocation of the metals deposited on the road
surface.

In this prospective analytical study, accumulation
of some metals including Pb, Cd, Zn, Ni, Cr, Mn in
roadside soils sampled from 10 different trafic-dense
roads and from 5 control places far from the traffic
were determined in Eskigehir. Soil samples were taken
Jfrom 0-15 cm and 15-30 cm depths in March 31, April
23, May 5, July 7. The elements in the samples were
extracted for the solution phase. Pb, Cd, Zn, Ni, Cr,
Mn elements in the solutions were analyzed by an atomic
absorption spectrophotometer. All the statistical analyses
were based on paired t and student t tests.

In general, the metal concentrations of subject soils
were significantly higher than the controls, where as
the washed samples were lower than the non-washed
samples. However, there was no significant difference
between the samples of subject soils at the depth of
0-5 cm and 15-30 cm and the same results were obtained
for the controls for both the non-washed and washed
samples. By comparison of the results from March to
July, Pb and Cd concentrations of the samples were
decreasing while Zn, Ni, Mn and Cr concentrations
were increasing. It was also observed that, the samples
taken from the deeper layers, of the soil had lower
concentrations of Pb, Cd and Mn than the upper layers
while Zn, Ni and Cr concentrations were increasing
from the upper to deeper layers. Compared to the li-
terature, the mean Cr and Mn concentrations were in
the normal range, while Zn, Ni, Cd and Pb concentrations
were high.

In conclusion, it can be stated that there is a great
high risk of these metals for both the atmospheric pollution
and therefore for soil pollution. Probability exists for
exposure of human populations to heavy metals that
have been accumulated in the landscape of the modern
urban-industrial environment.

Yol kenarmmdaki topraklar, hem motorlu araglardan
kaynaklanan metallerin dogrudan birikmesi, hem de
yol yiizeyinde biriken metallerin yer degistirmesi.
yiiziinden onemli dlgiide metalik kirlenme gosterir.

Bu prospektif analitik calismada, Eskisehir ilinde
trafigi yogun olan 10 farkli bolgeden ve trafikten uzakia
bulunan 5 kontrol bolgesinden alinan toprak érneklernide
Pb, Cd, Zn, Ni, Cr ve Mn birikimi incelendi. Toprak
ornekleri 31 Mart, 23 Nisan, 5 Mayis ve 7 Temmuz
1997 tarihlerinde 0-15 cmve 15-30 cm derinlikten alind..
Ornekler ekstraksiyon yoluyla soliisyon fazina hazirland:.
Bu soliisyon igindeki Pb, Cd, Zn, Ni, Crve Mn elementleri
atomik absorpsiyon spektrofotometresi ile analiz edild:.
Istatistiksel analizlerde eglestirilmis t testi ve student
t testleri kullamildi.

Genelde calisma bolgelerinden alinan toprak drnekleri
kontrol bolgelerinden alinanlardan daha yiiksek, yi-
kanmug Ornekler yikanmarmuglara oranla daha az metal
konsantrasyonu gostermekteydi. 0-5 cmve 15-30 cm
derinlikten alinan ¢alisma bolgesi toprak ornekleri
arasinda metal konsantrasyonu bakimndan anlaml
bir farkhilik bulunamazken, hem yikanmis hem de
yikanmamug kontrol bolgesi dmekleri icin de aym
sonuglar elde edildi. Mart ayu ile Temmuz ay sonuclar
karsilastinldiginda, Srneklerdeki Pb ve Cd kon-
santrasyonlart artarken, Zn, Ni, Mn ve Cr konsant-
rasyonlari azalmaktaydr. Topragin derin kisunlarmdan
alinan orneklerde yiizeyden alinanlara kiyasla daha
diisiik Pb, Cd ve Mn konsantrasyonu tesbit edilirken,
Zn, Ni, Cr konsantrasyonlar yiizeyden derine gidildikce
artmaktayd.

Literatiirle karsilasanldiginda, ortalama Cr ve Mn
konsantrasyonlart normal swmrlar icindeyken, Zn,
Ni, Cdve Pb konsantrasyonlart daha yiiksekt.

Sonug olarak, agir metaller yoluyla atmosfer kirliligi
ve dolayistyla toprak kirliligi acisindan yiiksek bir riskin
varhgindan bahsedilebilir. Modern endiistriyel kentsel
ortamlarda insan topluluklarmn agir metaller etkisinde
kalma olasilig1 mevcuttur.
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Intreduction

Environmental toxicology is generally
concerned with chemicals in food, water and
air. In the broadest sense, however the envi-
ronment includes our home, community and

workplace. Therefore our behaviors greatly
influence the micro environment. It is cus-
tomary to deal with the environment in terms
of its specific medium: soil, water, air and living
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organisms (biota). Toxic metals present in the
atmosphere, soil and water have hazardous
effects on human life. Heavy metals which
pollute the environment have a special im-
portance because of their accumulative feature
in living organisms. Soils have complex physical
structures and compositions that very greatly.
Some are rich in organic material, and others
are poor. Some are coarse-grained and porous,
others fine grained and impervious. The ionic
charge of soil particles influence the movement
of chemicals through soils. Some toxic elements
occur naturally in the soils.

In addition to the variable composition of
the soil from one zone to the other based on
the mean values of toxic contamination, primary
sources of metal contamination of soils include
automobile emissions, decomposition of paints
in olderhomes and mining and smelting of
metaliferrous ores(1). Human activites have
resulted in the deposition of many toxic
substances within the soil. Contaminated soils
are environmentally important since may pose
potential adverse health effects upon ingestion
of contaminated plants and soil.

Once a chemical is deposited on soil, it may
be carried away by water flowing over the
surface or may percolate down through the
soil, usually aided by atmospheric and surface
water, especially by rain.

One of the sources of emission of toxic metals
such as lead, cadmium, zinc, nickel, crom and
manganese, is traffic(2). Roadside soils show
considerable metallic contamination due to
both direct deposition of vehicle-derived metals
and to relocation of metals deposited on the
road surface(3).

Automobile fuels contain tetra-alkyl lead
compound such as octane boosting additives.
The largest part of the environmental lead is
released by combustion of leaded-gasoline.
Cadmium and zinc "released as combustion
products" exist as alloys in accumulators of
motor vehicles or the carburetors. Zinc also
exists in motor oils as corrosion and oxidation
protector. Mangan compounds are quite likely
to be found as additives in many unleaded
gasolines in the market as antiknock agents
such as Methylcyclopentadenyl Manganese
Tricarbonyl (MMT)(4). Thus, the manganese
compounds are also being emitted from au-
tomobile exhausts and are currently, and
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unavodably polluting the air at the ground
level. Because of their higher performance
on pollution, elimination and economic value,
the catalytic converter systems has been widely
used. But since nickel particles are inevitably
escaping from the converters, these systems
exhibit great problems upon the environ-
ment(5).

Although in many countries, metal con-
tamination, especially by heavy metal con-
centrations, of soils is well documented, in
our country there is no such detailed docu-
mentation except some reports originated from
only a few universities or institutes.

The objective of this study, conducted in
1996, was to determine the extend of Pb,
Cd, Cr, Mn, Ni and Zn contamination of the
main roadside soils of Eskigehir.

Materials and Methods

This prospective analytical study was conducted
on roadside soils from the main roads and streets, the
subject group being the garden soils and the control
group far away from traffic, in Eskigehir. Samples
were taken from 10 different regions and the control
samples were taken from 5 different regions. The
investigation including 2 such groups was conducted
in four periods (March 31, April 23, May 5 and July
7). The first group of samples was taken from the surface
layer, 0-15 cm depth of the soils and the second from
deeper layers, 15-30 cm depth; and all samples were
analyzed before and after washing.

All the samples were extracted for the solution phase
as described by Que Hee SS and Boyle J16 and analzed
for Pb, Cd, Cr, Mn, Ni and Zn by using Hitachi
(180-70) Polarized Zeeman Atomic Absorption
Spectrophotometer. All the samples were analyzed
in triplicates and the mean value was taken as the result.

Statistical analyses were based on paired t tests and
t tests for independent samples.

Results

Concentrations of Pb, Cd, Cr, Mn, Ni and
Zn in both the roadside soils and within the
control areas are presented in the tables
numbered as 1-6, respectively.

Discussion

The soil samples taken from traffic-dense
areas had higher lead, cadmium, crom and
nickel concentrations than those from the
controls areas which were far from the traffic.
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However, there was no significant difference
between the manganese and zinc concentrations
with respect to the subject and control areas,

Table 1. Concentrations of Pb in the roadside soils and the control areas.

- although the subject values were slightly higher
than those corresponding to the controls (Table
1-6).

Lead (mg/kg) Nonwashed | Washed surface | Nonwashed deep | Washed deep soil
surface soil soil soil ’
subject
areas mean 46.69 45.36 46.01 41.03
n=10 sd 14.70 14.58 . 12,54 11.49
range - 28.57-76.18 27.85-74.68 | 28.59-64.21 26.37-60.44
contorl :
areas mean 11.51 10.49 16.28 8.90
n=5 sd 1.11 1.48 15.69 1.16
range 10.33-12.91 8.84-12.26 8.59-44.38 7.70-10.72
t=5.24 t=5.24 t=3.99 t=6.13
p<0.05 p<0.05 p<0.05 p<0.05
Table 2. Concentrations of Cd in the roadside soils and the control areas
Cadmium (mg/kg) Nonwashed | Washed surface | Nonwashed deep | Washed deep soil
surface soil soil soil
subject
areas mean 3.24 3.03 3.03 2.76
n=10 sd 0.37 032 0.41 0.19
range 2.88-4.13 2.68-3.77 2.45-4.05 2.43-3.03
contorl
areas mean 1.2 1.01 1.25 1.02
n=5 sd 0.35 0.25 0.41 0.35
range 0.95-1.81 0.82-1.45 0.89-1.77 0.70-1.45
t=10.25 t=12.24 =8.02 t=12.79
p<0.05 p<0.05 p<0.05 p<0.05
Table 3. Concentrations of Cr in the roadside soils and the control areas
Crom (mg/kg) Nonwashed |Washed surface | Nonwashed deep | Washed deep soil
surface soil soil s0il
subject
areas mean 66.14 64.11 70.29 66.36
n=10 sd 12.55 12.77 13.68 14.71
range 55.42-97.59 53.73-96.17 | 57.63-105.46 53.46-103.15
contorl
areas mean 44.65 41.35 46.33 45.06
n=5 sd 6.26 7.89 6.87 7.26
range 36.43-50.38 31.88-48.42 38.06-54.11 36.43-52.14
t=3.57 =3.62 t=3.64 t=3.02
p<0.05 p<0.05 p<0.05 p<0.05
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Table 4. Concentrations of Mn in the roadside soils and the control areas

Manganese (mg/kg) Nonwashed  [Washed surface |[Nonwashed deep | Washed deep soil
surface soil soil soil
subject
areas mean 364.27 357.79 354.83 349.01
n=10 sd 45.03 43.23 44.54 44.26
range 299.42-427.76 294.54-416.92| 289.84-416.89 285.83-412.23
contorl
areas mean 328.29 322.57 323.54 317.05
n=5 sd 33.91 34,79 36.15 38.19
range 312.39-388.93 | 304.76-384.75 | 306.30-388.19 297.13-385.08
t=1.57 t=1.58 t=1.36 t=1.37
p>0.05 p>0.05 p>0.05 p>0.05
Table5. Concentrations of Ni in the roadside soils and the control areas
Nickel (mg/kg) Nonwashed | Washed surface | Nonwashed deep | Washed deep soil
surface soil soil soil
subject
areas mean 176.53 167.81 191.58 183.57
n=10 sd 13.46 16.36 19.40 19.50
range 159.51-195.32 | 143.19-192.96 | 169.71-229.66 157.44-219.51
contorl
areas mean 75.50 72.10 81.64 75.59
n=5 sd 8.85 8.87 10.65 12.23
range 67.48-89.87 64.08-86.60 69.72-98.25 59.97-93.85
t=15.08 t=12.05 t=11.68 t=11.21
p<0.05 p<0.05 p<0.05 p<0.05
Table 6. Concentrations of Zn in the roadside soils and the control areas
Zinc (mg/kg) Nonwashed |Washed surface | Nonwashed deep | Washed deep soil
surface soil soil soil :
subject :
areas mean 62.13 57.61 61.57 56.67
n=10 sd 24.25 22.28 25.74 23.98
range 43.12-115.29 | 40.98-108.43 | 33.71-115.69 29.85-107.34
contorl
areas mean 42.15 39.64 44,54 41.15
n=5 sd 10.22 9.53 11.19 9.07
range 25.20-51.91 23.68-48.43 25.99-53.62 25.64-48.65
t=1.74 t=1.70 t=1.39 t=1.38
p>0.05 p>0.05 p>0.05 p>0.05

The amounts of lead, added to gasoline for
octane boosting, ranges from 0.4 to 1.1 g/L
depending on the laws of the countries. In the
USA, for example, it is 130 mg/l, whileas in
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Switzerland 400 mg/L and in Turkey for
gasoline 340 mg/L and for premium gasoline
550 mg/L(7). These additives pollute the air
upon combustion, by emithing lead, halojenated



Acta Pharmaceutica Turcica
XXXX (1) 43-48 (1998)

compounds, lead oxide, lead oksicarbonate,
etc. Therefore, the lead concentration in the
air may increase upto 1-10 pg/m3. Although
the solid and liquid fuels can also pollute air
depending on their types, their effects are
considered secondary in compared to the
automobile exhausts(7). High blood Pb con-
centrations reported during the air pollution
episode in Ankara, in 1984 were mainly
considered due to the traffic density(8). In this
study, lead concentrations in the air were not
measured. According to Patat Saban, however,
central parts of the cities and the areas nearby
the transit roads are exposed to environmental
pollution due to the dense traffic(9). Airborne
Pb settles out and accumulates on the ground.
In this way, soil has become a major reservoir
of Pb(10). Although, lead concentrations 1
soil and dust may range widely, lead occurs
at an average concentration of 12 ppm in the
earth's crust. In general the lead concentration
of the surface is higher than the deeper la-
yers(11). In Stockholm, lead concentrations
on the soil surfaces were found to range between
30-300 pg Pb/g soil dry weight(12,13). In this
study it is found that nonwashed surface samples
had a mean of 46.69+14.70 ppm lead con-
centrations which was higher than that for the
earth's crust as described by Philippe
Grandjean(11) and the nonwashed deeper
samples had 46.01£12.54 ppm with a significant
difference (p<0.05).

The earth's crust contains an average cadmium
concentration of 0.55 pg/g. Cadmium is a
relatively mobile metal in soils(11). One of
the main reasons of the high cadmium con-
centration of the soil is the combustion of
petroleum, especially, of gasoline. The surface
layers of the nonwashed soils had 3.24£0.37
ppm and deeper parts 3.03£0.41 ppm Cd
concentrations. There was no significant
difference between the surface and deeper layers
(p>0.05). Harrison et al had found 0.96-4.91
lg/g Cd concentraitons in the roadside soil
samples in Lancaster, England(3). Results of
this study are higher than those found by
Harrison et al.

While the average chromium concentration
in the earth's crust is 300 p/g(11), in this study
it was found as 66.14 12.55 ppm for the

nonwashed surface layers and 70.29 13.68
ppm for the nonwashed deeper layers and
no significant difference was found between
these layers (p>0.05). ;

The earth's crust has an average manganese
content of 1000 pg/g(11). In this work, ho-
wever, the mean Mn concentration of the
surface soils was found as 364.27+45.03 ppm
whereas the deeper layers had 354.831+44.54
ppm. Although our results are lower than the
value given by Philippe Grandjean, there is
a significant difference between the surface
and the deeper layers (p<0.05). Morris et al
have found 330 pg/g Mn concentration in the
street sweepings from Newark, NJ, a heavy
traffic city (2) which is similar with the results
of this study.

Although the earth's crust contains an
average nickel concentration of 80 pg/g(11),
in this study the mean Ni concentration of
the surface layers was found as 176.53+13.46
ppm while the deeper layers had 191.58+19.40
ppm, with a significant difference
(p<0.05).

Zinc 1s a common and essential metal with
a low toxic potential. Its concentration in the
earth's crust is 40 mg/kg(11). In this study
it is found that the surface layer of the
nonwashed soil contained 62.13+24.25 ppm
and the deeper parts had 61.57+25.74 ppm.
There was no significant difference between
the surface and deeper layers (p>0.05).

When the samples were washed, metal
concentrations of the samples were found to
decrease and there were significant differences
between the washed and non-washed samples
for all the surface samples (p<0.05 for all
of the analyses).When deeper samples were
examined, the same results were obtained.
As for the controls, although we have found
significant differences for the surface soils,
the deeper layers showed no differences with
respect to Pb, Cd and Cr (respectively t=1.12,
p<0.05; t=0.99, p>0.05; t=1.81, p>0.05).

Cr, Mn, Ni and Zn concentrations were
found to increase in time and there were
significant differences between the data
corresponding to 31/3/1996, rainy days and
7/7/1996, dry season, for the subject soils for
both nonwashed samples and washed samples
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and for both surface and deeper layers. For
controls, however, there were significant
differences regarding Cr, Mn, Ni and Zn with
an acceptance of washed deep layers in terms
of Cr (t=0.8, p<0.05). The Pb and Cd con-
centrations of the subject soils were decreasing
with significant differences and a significant
difference was found for Pb in the control
specimens with an acceptance of washed surface
soils for Cd.

Conclusion

A good correlation was found between the
traffic intensity and Pb, Cd, Cr and Ni con-
centrations, while the correlation was not so
good for Mn and Zn concentrations.

Traffic runoff was found to be the most
significant source of metal contamination
regarding Pb, Cd, Cr and Ni when compared
to the control areas. These elements were also
found to be sensitive to washing (also to rain)
meaning that displacemont of the metal pollution
is important for its impact on the environ-
ment.
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