





HEAVY METALS IN URBAN SOIL 699

presented with 2 or 3 samples, one sample from the children’s playground and one or two
samples near a street or crossroad. At each sampling point, three sub-samples, from top 10 cm
layer, within a 20 cm 120 cm surface, were taken and mixed to obtain a bulk composite sam-
ple. Such a sampling strategy was adopted in order to reduce the possibility of random in-
fluence of urban waste not clearly visible.5 Samples were collected with a stainless trowel and
transferred to the laboratory in plastic bags. Stones and foreign objects were hand-removed,
and the samples were air-dried for seven days.

Fig. 1. The study area and sampling locations. Legend: 1. Ta§majdan, 2. Karadordev park, 3.
Kalemegdan, 4. Pionirski park, 5. Skupstina, 6. Zemun, 7. Manjez, 8. Studentski park,
9. Novi Beograd, 10. Mostarska petlja, 11. Ada Ciganlija, 12. Us¢e,
13. Finansijski park, 14. Vukov spomenik, 15. Slavija.

Analytical procedure

The dry samples were gently crushed and sieved to 2 mm and 1.00+£0.02 g was weighed
for analysis. Measurements of the pH values were realized on a 1:5, soil:deionized water sus-

pension.!® The content of organic matter was determined as the weight loss after heating 1 g
soil at 550 °C for 2 h.
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“Pseudo-total metal contents” were obtained by digesting soil samples in aqua regia.
The term pseudo-total accounts for the aqua regia digestion not completely destroying silica-
tes. This method is widely used in environmental studies and, for example, recommended by
the National Government Regulation of Italy.

One gram of dried and homogenized portion of the soil fraction smaller than 2 mm was
digested with 18 ml HCI and 6 ml HNOj by heating under reflux until most of the solvent was
removed. After cooling, the digestion was repeated. Cool suspension was filtered into 50 ml
volumetric flask and made up to the volume with deionized water. The concentrations of Cd,
Co, Cu, Pb, Mn, and Zn were measured using a Pye Unicam SP9 atomic absorption spectro-
meter.

RESULTS AND DISCUSSION

The obtained results for pH values of soil-deionized water suspension and
organic matter content determined by loss-on-ignition are presented in Table I.
The results are given as mean value for each location, which included 2 or 3 sam-
ples. The range for the acquired values at the locations is also given. The measu-
red pH values indicated that all the analyzed samples were sub-alkaline or alka-
line, which could affect a lower solubility and greater retention of metals in soils.20
The range of the organic matter content was generally 6.11-13.11 %, with two
exceptions: an extremely low value at location 12 (3.38 %) and an extremely high
value at location 11 (23.65 %).

TABLE I. Mean and range of pH values and organic matter content (OM)

. pH OM | %

Location

Range or value Mean Range or value Mean
1 8.07-8.57 8.31 6.11-9.09 9.49
2 8.44-8.75 8.60 8.27-8.93 8.60
3 8.00-8.62 8.36 8.72-11.69 10.22
4 8.38-8.58 8.45 7.17-11.22 8.65
5 8.72-9.32 9.02 9.55-11.26 10.41
6 8.32-8.57 8.41 7.09-11.19 9.11
7 8.23-8.44 8.35 7.44-9.46 8.77
8 8.63-9.01 8.82 8.95-9.72 9.34
9 8.64-9.00 8.82 7.53-7.69 7.61
10 8.35-8.38 8.36 12.13-13.1 12.62
11 8.55-9.21 8.83 8.13-23.65 13.37
12 8.56-9.72 8.97 3.38-8.42 6.11
13 8.34-8.62 8.50 7.54-10.92 9.17
14 8.58 - 8.93 -
15 8.18-8.30 8.24 6.52-7.23 6.88

The minimum, maximum, and average metal concentrations are summarized
in Table II. The average heavy metal concentrations for each of the 15 locations
are shown in Fig. 2.

All of the investigated metals had a wide range of concentration values, de-
pending on location and sampling point at a specific location. High concentra-
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tions coupled with wide range of values suggests anthropogenic sources for these
elements.2!

TABLE II. Minimum, maximum and average metal concentrations (mg/kg soil)

Concetration Cd Co Cu Pb Mn Zn
Min 1.1 44 8.8 <LOD? 281.8 63.2
Max 3.1 36.0 251.3 785.7 688.9 691.1
Average 1.8 16.5 46.3 298.6 417.6 174.2
8Limit of detection for Pb is 5 mg/kg dry sample
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Fig. 2. Mean values of a) Cd, b) Co, ¢) Cu, d) Pb, €) Mn and f) Zn concentrations (mg/kg).

According to the National legislation,22 93.3 % of the analyzed samples
were contaminated with lead (maximum allowed concentration for lead in soil is
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100 mg/kg); 13.3 % of the samples were contaminated with zinc (maximum al-
lowed concentration for zinc in soil is 300 mg/kg); 6.7 % of samples were conta-
minated with copper (maximum allowed concentration for copper in soil is 100
mg/kg). There was no soil contamination with cadmium (maximum allowed con-
centration for cadmium in soil is 3 mg/kg). Manganese and cobalt are not regu-
lated with the National legislative.

The possible contamination can also be estimated according to the Nether-
lands Soil Quality Standard,23 an often cited standard in similar studies.4-24-26
The Dutch target values (Table III) indicate the level at which there is a sustain-
able soil quality. This means that soils are relatively unpolluted if they meet the
target values. According to the Netherlands Standard, 93.3 % of the examined
samples were polluted with Pb and Co, 60 % were polluted with Zn and 53.3 %
were polluted with Cu. The soil intervention values are representative of the level
of contamination above which there is a serious case of soil contamination. Ac-
cording to this, 6.7 % of analyzed soil samples exceeded the intervention value
for the concentration of Pb, which means that these locations require remedia-
tion. Comparing the obtained Zn, Cd, Cu, and Co concentrations with the inter-
vention values, the contamination was not sufficiently high to require remedia-
tion. The manganese concentration is not defined with this standard.

TABLE III. Target and intervention values for selected metal concentrations (mg/kg) in soils
from the Ministry of Housing, Spatial Planning and Environment Directorate, Netherlands?3

Value Cd Co Cu Pb Zn
Target 0.80 9.0 36 85 140
Intervention 12 240 190 530 720

Comparing results obtained in this study and the results from the previous
study,2” it could be concluded that there was a significant increase in average
concentrations for Pb in urban soils of Belgrade. The mean concentration for Pb
was 299 mg/kg in the year 2008, which was approximately twofold higher than
the mean concentrations in 2003 and 2005, 151 and 125 mg/kg, respectively. It is
also worth noting that the maximum Pb concentration from the previous study2?
was 238 mg/kg, which was more than three times lower than the maximum con-
centration obtained in 2008. Possible explanations for the obtained data could be
the growing density of the traffic in the past few years or the fact that sampling
was performed during the winter season, when heating plants could be a potential
source of pollution. On the other hand, the concentration of Cu was more than
twofold lower than the concentration acquired in 2005 (95.7 mg/kg) and almost
the same as the concentration in 2003 (53.3 mg/kg). The decrease in the concen-
tration of Cu suggests that some of this metal was removed by rain or irrigation.
The mean concentrations for Zn and Cd were similar as in the previous study
(mean concentrations for Zn were 152 and 214 mg/kg; and for Cd they were 1.3
and 1.9 mg/kg for the years 2003 and 2005, respectively).
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It is a common practice to compare mean concentrations of trace metals in
urban soils from different urban settings.28 It is obvious that the existing level of
contamination in Belgrade with Cd, Co, Cu, Pb, Mn, and Zn is significantly high-
er than comparable levels in several other cities over the world (Table IV). Con-
sidering that all the studies were published in the last year or two, the only ex-
planation for extremely high Pb contamination is the use of leaded gasoline, which
is still available in Belgrade and is more often in use than unleaded gasoline.!?
The other investigated metals (Cd, Co, Cu, and Zn) were also present in higher
concentrations than in other cities, but they were similar or lower than the con-
centrations measured in the previous study.

TABLE IV. Average metal concentrations (mg/kg) in urban soils from different cities across
the world

City Cd Co Cu Pb Mn Zn Reference
Galway - 6 27 58 539 85 8
Hong Kong 0.36 3.55 16.2 88.1 - 103 7
Madrid 0.14 - 14 22 249 50 29
Hangzhou - 9.25 36.57 46.15 415.27 116.07 21
Belgrade 1.8 16.5 46.3 298.6 417.6 1742 This paper

The results obtained by analyzing the playground soil samples are presented
separately because high amounts of the examined metals were found in some of
them. The results obtained for the concentrations of Cd, Co, Cu, Pb, Mn and Zn
are shown in Table V.

TABLE V. Heavy metal concentrations (mg/kg) in soils from playgrounds

Location?® Cd Co Cu Pb Mn Zn

1 1.20 10.21 17.17 151.52 282.51 90.86
2 1.31 14.04 15.11 221.43 299.59 101.83
3 1.55 16.01 71.01 535.71 372.22 122.02
4 1.41 13.91 26.78 190.95 365.58 146.68
5 1.53 17.80 20.56 176.80 443 41 97.29
6 1.67 12.08 23.91 192.86 372.22 119.64
7 1.80 14.19 15.27 180.38 352.86 98.06
8 2.14 12.08 50.92 550.00 331.43 157.65
9 1.89 20.02 8.79 99.01 506.54 121.67
10 1.90 24.16 36.51 157.14 471.81 156.14
11 3.10 35.96 251.32 300.00 563.35 495.82
13 1.07 17.98 22.65 207.14 388.14 113.70
15 1.53 15.85 19.94 190.95 425.68 109.05

@No playgrounds were at Locations 12 and 14

According to the National Legislation, 12 of the 13 playground soils were
polluted with Pb and one of them (Location 11) was also polluted with Zn, Cd
and Cu. On Location 9, the concentration of lead was almost the same as the ma-
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ximum allowed by the National Legislation. In all the analyzed playground soil
samples, the Dutch target values for Pb, Cd and Co were exceeded and in 4 of the
13 playground soil samples, the target values were exceeded for Zn and Co. Lo-
cations 3, 8 and 11 should be remediated since the intervention values for Pb
(Locations 3 and 8) and Cu (Location 11) were exceeded. High levels of investti-
gated metal concentrations at Location 11 could be related to the high level of or-
ganic matter (23.65 %), as soils high in organic matter adsorb and bind heavy
metals by forming complexes with organic acids, which increases the retention of
metals in soils.3 Children playing in parks could come in contact with soil pol-
luted with metals, especially with lead. This could have negative effect on child-
ren’s health, particularly for six-year olds and younger children.!5

CONCLUSIONS

Cadmium, cobalt, copper, lead, manganese, and zinc are good indicators of
contamination in soil because they appear in gasoline, vehicle exhausts, car com-
ponents, industrial emissions, efc. According to the National Legislation, 93.3 %
of the analyzed samples were contaminated with lead, 13.3 % of the samples
were contaminated with zinc and 6.7 % of samples were contaminated with cop-
per. A comparison between the obtained results with those from the previous stu-
dy indicated that there was a significant increase in concentrations of Pb in the
urban soils. Target values for Cd, Cu Pb and Zn in the analyzed soil samples from
playgrounds were exceeded and also intervention values for Pb and Cu in some
of the samples were exceeded. Furthermore, according to the National Legis-
lation, 92.3 % of playgrounds were polluted with Pb and 7.7 % were polluted
with other metals.
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U3BO

KOHLIEHTPAIIMJA TEIIKNX METAJIA YV 3EMJBUIITY ITAPKOBA 1
3EJIEHUX ITOBPIINHA Y BEOTPALTY

MMUPJAHA [I. MAPJAHOBI/I"ﬁl, MAPUJA M. BquEBI/IT‘Al, JAYHIAHT. AHTOHOBI/IBI, CY3AHA .
HHMI/ITPI/IJEBI/ITll, BOPBHE M. JOBAHOBI/IT12, MIJIAH H. MATABYJb® 1 MUPJAHA B. PUCTHR!

! Texnoaowxo—meimianypuiku gaxyaitieis, Yuusepauitie y Beozpady, Kapuezujesa 4, 11000 Beozpad,
’Munucimiapeimiso 3awiiuiie xusoiine cpedure, Omaadunckux 6puzada I, 11070 Hoeu Beozpad u>Ipupodno—
—mattiematiuuxy axyaiiein, Yruueepauitem y Hosom Caoy, Tpz [. Obpadosutia 2, 21000 Hosu Cao

L{ws oBor panma 610 je UCHIHMTHBAKE TUCTPUOYIMjE TEIIKMX MeTaja Y 3eMJBHIITY MapKoBa U
3eJIeHHX noBpuinHa y beorpany. V y3opuumMa 3eMJbHIITA, TPUKYIUBEHUM TOKOM jaHyapa u (hedpy-
apa 2008. roxune, onpehuBane cy KOHIEHTpalyje KaAMUjyMa, kobanra, Oakpa, 0l0Ba, MaHTaHA H
LMHKa, Kao 1 pH BpegHOCT U caapikaj oprancke Marepuje. JoOujeHn pe3ynraTu nokasyjy 3HadajaH
cTerieH 3araljema Ko MojeJMHNX y30paka. M3y3eTHO BUCOK calpikaj ooBa 3a0eNekeH je KOA CBUX
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UCIIUTHBAHUX y30paKa, i HajBEPOBATHH]E j€ MOCICANIIA aHTPOIOTCHUX aKTUBHOCTH, TIPE CBETa cao-
Opahaja. [lopehemem pesynrTara ca paHHjUM HCIIUTHBAKBEMA IprMeheHo je 3HaTHO moBehame caap-
)Kaja 0JI0Ba Y 3eMJBUILTY y TPOTEKJIe TpU roxune. M3y3etHo 3abpumaBajyha je n dnmeHHLa 1a je
3EMJBHIITE Y30PKOBAHO y JCUHjUM HrpajMINTAMA 3araljeHo TemkuMm Meraauma. Takobe, mopelje-
BEM JIOOMjEHHX Pe3yNITaTa ca XOJAHJICKUM CTaHIapAOM, 3aKJbYUCHO je Ja Cy KOJ CBHUX y30paka
KOHIICHTpALHj¢ HCITUTHBAHUX METajla BUILE 01 KOHICHTpaluja 1eGUHHCAHUX THM CTaHAApIOM.

(TTIpumsbeHo 4. centembpa, peBuaupano 3 1. okrobpa 2008)
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