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Abstract. Toxic elements like heavy metals are natural constituents of the earth's crust and a number of
these elements are biologically essential at trace levels and play an important role in human health. Heavy
metal contamination of soil is a widespread problem in Zanjan province located in North West Iran due to
natural pedogeochemical background and anthropogenic sources. Taham district was selected for detail study
and the objectives ofthe study were setto evaluate the total as well as bioavailable fraction ofheavy metals in
surficial soils within the studied area. 57 surficial soil samples were collected and analyzed for heavy metal
contamination by Atomic Absorption Spectrometry (AAS). The obtained results when compared with WHO
and EPA standards show a very high concentration of some toxic metals notably As, Pb and Cd. Bioavilable
fraction of studied metals was also measured with formation of metal complex with Diethylene Tri Amine
Penta Acid (DTPA) agent. To find the share of the anthropogenic sources in the contamination of soils, the
Enrichment factor (Ef) and Geological accumulation index were measured and the distribution maps were
drawn using Arc GIS (9.3). High concentrations of some toxic metals like As, Pb and Cdwere found in isolated
patches in North West, East and South West of the studied area originating both from pedogenic as well as
anthropogenic sources. Soil contamination by metals was very high around industrial town and agricultural
lands within the studied area. The most effective factors responsible for high concentrations of other elements

like Cu, Co, Niand Fe in soil were foundto be pedogenic in nature.
Key words: Heavy metals, Enrichment factor, Geological accumulation index, Taham district, Zanjan-

Iran.

INTRODUCTION

Heavy metal contamination of soils is wide-
spread and there is a risk of transfer of toxic and
available metals to human, animals, and agricul-
tural crops (Gaetke and Chow, 2003). Heavy met-
als are natural constituents of the Earth crust. A
number of these elements are biologically essen-
tial at trace levels and play an important role in
human health (Juvanovic, etal., 1995). The poten-
tial risk forthe environment and population due to
soil heavy metals arising from metallic mining has
been well described (Abrahams, 2002). Heavy
metals can induce toxicity in wildlife if the soil
level reaches critical values; also plant accumula-
tion in above-ground tissues can result in an
increase ofmetal accumulation in top-soil, via leaf
deposition, or can create an exposure pathway for
metal introduction into the food chain
(Unterbrunner et al., 2007). Two main sources of
heavy metals in soils can be considered: (i) the nat-
ural pedo-geochemical background, which repre-
sents the heavy metal concentration inherited
from the parent rock and (ii) anthropogenic con-
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tamination, which can be directed via wastes,
animal manure, compost, sewage sludge, or dif-
fuse via aerosol deposition (Parizanganeh, et
al,2012).

Zanjan province located in North West Iran
has a large metalliferous site and has been con-
sidered as a traditional mining region since
antiquity. There are still large reserves of lead
(Pb) and zinc (Zn) in the area. Both mines and
smelting units in the province present a risk of
contamination of soils, plants, surface and
ground water by dissemination ofthe particles
carrying metals by wind action and/or by runoff
from the tailings. Heavy metal contamination
in different parts of Zanjan province has been
previously reported specially in the vicinity of
Lead and Zinc mining and smelting sites
(Abbasi, etal., 2000) (Chehregani, etal., 2009).
The total heavy metal contents can indicate the
extent of contamination, but is not usually an
accurate indication of the phyto-toxicity; so
many latest studies investigated the heavy
metal fractions ofmine soils (Vega, et al., 2004)
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and evaluated the phyto-toxic risk for human
receptors. However, the determination of heavy
metal fractions is a more complex task than the
determination ofthe total contents ofheavy metals
(Li, etal., 2005). The main purpose ofthis research
is to measure the quantity of heavy metals in top
soils of the studied area, the determination of the
rate ofthe bioavailable elements in top soil is also
one of the pillars of this research, since this part

aside from polluted or unpolluted soils; show
the absorption ability ofthe plants.
MATERIALS AND METHODS

The study site

In this study the Taham district located
near the city of Zanjan was selected for detailed
study. Soil samples were collected from the
studied area during October 2012 (figure 1).

Figure 1- Location map of the studied area

Sample collection
Fifty seven soil samples were collected

through systematic random sampling. The study
area was divided into a 4x4 km grid and samples
were collected from every corner of the grid.
Based on the information gathered through field
trips and taking into account the type of landuse
and the population density, the number of sam-
ples was increased by subdividing the grid in se-

lected locations (- x. km grid).
Soil samples were collect from the surface

ofthe soil (0-30 cm deep) and preserved by using
the method of soil analysis (Mohammadi and
Eslami, A., 2007). From each sampling points,
four soil samples were gathered and mixed prop-
erly to obtain a composite sample mixture. The
soil sampling spots were cleared of debris before
sampling. Each composite soil samples were
placed in cellophane bags labeled then taken to
the laboratory for pre-treatment and analysis.
The sampling tools, were washed with soap and
rinsed with distilled water after each sampling
(Whitten and Ritchie, 1991).
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Soilanalysis
In the laboratory, bulk soil samples were

spread on trays and were air dried at ambient
conditions for two weeks. The samples were
then grounded by mortar and pestle, sieved
through a2 mm mesh, and oven-dried at 50 °C
for about 48 hours. The samples were then
stored in polyethylene bags and re-
homogenized before being used. The soil sam-
ples were digested using the 11466 ISO stan-
dard methods (the aqua regia digestion
method) (ISO 11466, 1995). The bioavailable
content of metals were determined using

Lindsey method (Lindsay, 1978).
The metals (Pb, As, Zn, and Cd,) in the

soil extracts were analyzed by Atomic
Absorption Spectrometry (AAS). Three ana-
lytical replicates were measured for each sam-
ple. Data with replicates were presented as
mean-standard error and difference test was
made using SPSS 14 software. The pH and EC
(solid: distilled water=1:5) ofthe soil samples



were also measured by with pH and EC meters
(Metrohm, Germany). Finally, using the
geostatistical methods with Arc GIS (9.3) the
heavy metal distribution maps were drawn.
RESULTS AND DISCUSSION

Totalheavy metalin soils
Comparing the results with standard range

shows that the concentrations of heavy metals
Pb, Zn, Cu, Cdinthe studied area are higher than
standards. Summary statistics for the analyzed
elements in all the studied samples are presented
in table 1. Though, Cadmium has the lowest
mean concentration (.:.. mg/kg), it is well
above the maximum permissible limits given by
all existing standards. While the highest contents

are for Pb (122.8 mg/kg), As, Zn, and Cd are
also much higherthan standards and are some-
how related to the pedo geochemical sources.
Zinc industries are the major anthropogenic
source forthe enrichment ofthese heavy met-
als in the top soil. The extremely high metal
levels in tailings from these industries made
them a potentially hazardous source of soil
contamination. Soil pH averaged 7.93 (from
6.67 to 8.57) indicating a neutral to alkaline
nature. Electrical conductivity (EC) in the
samples is quite variable ranging from 127.5
to 686.0 *s.cm-1. The concentration of the
studied metals are in the order of Pb> Zn>
As>Cd.

Table 1-The nature ofthe soil samples andtotal metal concentrations in the top soil (mg.kg-1)

pH EC (iis.cm'l) Pb
Avg. 7.93 353.3 128
Max. 8.57 686.0 176.7
Min. 6.67 1275 61.7
Median 7.98 362.0 124.2
STDEV 0.31 108.2 27.4
World Avg.* - - 20
WHO Standards 200

*Kelepertsis, etal. 2001
The bioavailable heavy metals (Lindsay and

Norvell, 1978) content in soil samples are much
less than total metal content. With increasing to-

Zn Cd As
79.2 112 62.6
2276 19.8 97.8
32.8 3.7 26.7
71.9 110 64.7
36.3 0.3 135
50.0 0.3 5-10
50.0 0.3

tal heavy metal content in soils, the
bioavalaible content of metals are also in-
crease and there are a significant correlation
between them (table. ).

Table 2 - Bioavailable heavy metal contents in the top soil. (mg. kg-1)

Pb Zn
Avg. 5.6 3.74
Max. 13.6 281
Min 2.7 0.04
Median 5.0 2.23
STDEV 2.3 4.68

Figure 2 shows the concentration and distri-
bution of each metal within the studied area.
Arsenic concentrations (figure 2.a) is very high
in north and central parts of the district coincid-
ing with some geological formations (igneous
metaliferous shale and tuffs) and are purely
pedogenic. High concentrations of As in some
localized patches in southern parts ofthe district
close to the Zanjan industrial town may be of
anthropogenic origin. Lead, Cadmium and Zinc
concentrations in top soil within the studied area
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Cd As
0.19 1.28
0.56 1.50
0.13 086
0.18 1.30
0.06 012

(figures . .b, . .c and . .d) also show a similar
distribution pattern asthat ofAs. i.e. very high
concentrations ofall three metals are found in
north and central parts ofthe districtunder in-
vestigation and are mainly natural with pedo-
geochemical background. Similarly, higher
concentrations of all the studied metals are
also found in southern parts ofthe district with
industrial and agricultural landuses and are
probably ofanthropogenic origin.



Figure 2b - Concentration & distribution of bioavailable Arsenic
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Figure 2c - Concentration & distribution of total lead

Figure 2d - Concentration & distribution of bioavailable lead
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Figure 2e - Concentration & distribution of total Cadmium

Cd (ppm)
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Taham

Figure 2 f - Concentration & distribution of bioavailable Cadmium

92

16
| Kilometers



Zn (ppm)

32.849- 49.3200542
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Figure 2g - Concentration & distribution of total zinc
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Figure 2h - Concentration & distribution ofbioavailable zinc
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EnrichmentFactor (EF)
A common approach to estimate how much

the sediment is impacted (naturally and
anthropogenically) with heavy metal is to calcu-
late the Enrichment Factor (EF) for metal con-
centrations above uncontaminated background
levels (Huu, et al., 2010). Pollution will be mea-
sured as the amount or ratio ofthe sample metal
enrichment above the concentration present in
the reference station or material (Mediolla, etal.,
2008; (Abrahim and Parker, 2008). The EF
method normalizes the measured heavy metal
content with respect to a sample reference such
as Fe, Al orZn (Mediolla, etal., 2008). The EF of
aheavy metal in sediment can be calculated with
the following formula (Huu, etal., 2010).

~normalizsr control

Where Cmetal and Cnormalizer are the con-
centrations ofheavy metal and normalizer in sedi-
ment and in unpolluted soil. Enrichment factor

(EF) can be used to differentiate between the
metals originating from anthropogenic activi-
ties and those from natural procedure, and to
assess the degree of anthropogenic influence.
Five contamination categories are recognized
on the basis of the enrichment factor as fol-

lows: (Sutherland, 2000).
EF < 2 is deficiency to minimal enrich-

ment
EF 2- 5ismoderate enrichment,
EF 5- 20is significantenrichment,
EF 20 - 40 isvery high enrichment,
EF > 40is extremely high enrichment.
As the EF values increase, the contribu-

tions of the anthropogenic origins also show
an increase (Abrahim and Parker, 2008).
Based on the enrichment factors calculated
for different studied heavy metals in the stud-
ied area (figures 3.a, 3.b, 3.c and 3.d), cad-
mium shows extremely high enrichment,
Arsenic and lead show significant enrichment
and zinc ismoderately enriched in the district.

EF

Z5
20
15

10

i7 55 53 51 49 47 45 43 41 39 37 35 33 31 29 27 252321 1917151311 9 7 5 3 1

N bj* jd

Sampling Stations

Figure 3a - Enrichment factor for As
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Figure 3b - Enrichment factor for Pb
EF
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Figure 3c - Enrichment, factor for Cd
EF
100 \
80 |
60
40
20
1

7 55 53 51 49 47 45 43 41 39 37 35 33 31 2927 2523 21 19 17 151311 9 7 5 3
Ajij-n Sampling Stations

Figure 3d - Enrichment factor for Zn

Figure 3 - Enrichment Factor(EF) for heavy metals As (a), Pb (b), Cd (c), and Zn (d) in the
study area

95



CONCLUSION served innorthern and central parts ofthe dis-
s Soil samples were analyzed to determine  trict and their high concentrations are ex-
the concentration and distribution ofheavy met- tremely related to natural pedo-geochemical
als (Cd, pb, As, and Zn) in top soil of Taham dis- background. While the highest total concen-
trict in Zanjan-lran. Determination of tration ofall studied metals are found in north
bioavailability of heavy metals in soil with and central parts of the district, the highest
DTPAmethod has been shown thatby increasing  bioavailable content of the same metals are
total amount of heavy metals in soil, the mostly observed in the southern parts of the
bioavailable content of metals also show an in- studied area. This observation along with the
crease. The dispersionmapsprovided foraUstud- degree ofenrichmentin southern parts further
ied heavy metals show that the highest concen- supportsthe anthropogenic nature ofthese ele-
trations ofall metals almost coincide and are ob- ments in this part ofthe district.
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PE3IOME

A. MapusaHraHex] P. CabepuHual A. Xamkabondar2 A.A. 3amaHu:

KOHUEHTPALUWA N MPOCTPAHCTBEHHOE PACMPEOENEHNE OBLWWNX U
BUOAOCTYMNHbBIX TAXE/IbIX METANNTOB B BEPXHUX C/IOAX NMOYBbI B
TAXAMCKOM PAVIOHE, 3AHIXAHCKOW MPOBUHL W, NPAH
1 Kathenpa akonorun, akynbTeT eCTeCTBEHHbIX HAyK, YHUBEPCUTET 3aHi>KaH, 3aHa>KaH-
WpaH, h zanganeh@znu.ac.ir ,Ten : +982414269056

20T aenenune reonorun, dakynbTeT HayK, YHUBepCcUTET 3aHgKaH, 3aHg>kKaH-paH

TOKCUYHbIE 3/IEMEHTLI, TaKMe Kak TsXefble MeTansbl, ABNAOTCA eCTECTBEHHLIMU COCTAaBMAIOLLMMM
3eMHOI KOpbl W HEKOTOPble M3 3TUX 3/1EMEHTOB ABAAIOTCA OMOMOrMYECKM BaXKHbIMW Ha YPOBHE
MWUKPO3/IEMEHTOB M WUIPAlOT BaXHYK PO/b B YKPENeHUW 3[0pOBbSi YefioBeka. 3arps3HeHue MouyBbl
TSKENBbIMU MeTannamy SBASETCS LUMPOKO pacrpocTpaHeHHO! Npo6nemoli B 3eHAKAHCKOW MPOBUHLMM,
KOTOpas HaxogmuTcs Ha ceBepo-3anafe VpaHa. BcneacTBue eCTeCTBEHHOrO MeforeoXMMUYECKOro (hoHa u
aHTPOMOreHHbIX WCTOYHMKOB TaxamcKuii  paiioH Obln Bbi6paH Ans AeTa/lbHOro M3yyeHus u Oblau
yCTaHOB/1eHbI 33241 UCCNEA0BAHUA N0 OLLeHKe 06LLEN, a Takke 6UOLOCTYMHOW (hpaKLMm TSHKeNbIX METa/INI0B
B MOBEPXHOCTHbIX FOPU30HTaxX NouB. Bbino 0To6paHo 57 06pa3LoB C MOBEPXHOCTM MOYBbI, KOTOPbIE Obln
MPOaHaIN3MPOBaHbI Ha MPeSMET 3arPA3HEHUS TSHKENbIMU MeTan1aMmu Npy NOMOLLY aTOMHO-a6CopPOLIMOHHO
cnektpomeTpun (AAC). MNonyyeHHbIe pe3ynbTaTbl, N0 CPaBHEHUIO CO cTaHapTaMu BO3 1 EPANokasbiBatoT
0YeHb BbICOKYIO KOHLIEHTPALIMIO HEKOTOPbIX TOKCUYHbBIX METa/IN0B B YacTHOCTU, AS, Pb 1 Cd. BMOAOCTYMHYIO
4aCTb WCCMEf0BaHHbIX META/INIOB TakXe W3MEepAnn Mpu MoMOLM (DOopMaLmMy KOMIIeKca MEeTalNoB C
BelecTBoM AuatuneH Tpn AmuH MenTa Kucnotoii (DTPA). Utobbl onpesenuts 00 aHTPOMOreHHbIX
WUCTOYHMKOB B 3arpsA3HeHUM NOYB OblIM M3MepeHbl KospduumeHT oboraweHus (EF) n uHAaekc
reosiorMyeckoro HakomneHus, a Takke 6bin Co3faHbl KapTbl MX pacnpegeneHuns ¢ nomotpio Arc GIS 9.3.
BbICOKME KOHLIEHTpaLMN HEKOTOPbIX TOKCMYHbLIX METannoB, Takmx kak As, Pb n Cd 6binn HaingeHbl B
130/IMPOBaHHbIX NATHAX HA CEBEPO-3araje, BOCTOKE U1 I0ro-3anage U3y4aemoi TeppuTopum, NPOUCXoXaeHme
KOTOpbIX CBA3aHO C MOYBOOOPA3YIOWMMM WU @HTPOMOrEHHbIMWU WMCTOYHUKaMM. 3arpsisHEHWe MOouYBbI
MeTailaMn 6bl0 OYeHb BbICOKMM BOKPYT MPOMBILLAIEHHOrO rOpoja M CeNbCKOXO3ANCTBEHHBIX Yroauii B
npegenax usyvaemoi TeppuTopun. Hambonee 3(h(heKTUBHble (HaKTOPbl, Bbi3bIBAOLLME BbICOKYH
KOHLIEHTpaLMIO pYTUX 3N1eMeHTOB, Takux Kak Cu, Co, Ni 1 Fe B noyse vMenv no4soo6pasyoLLyto Nprpogy.

KnoueBble cnoBa: TsXenble MeTannbl, KO3(P(ULMEHT obOralieHus, reonornyecknii MHAOEKC
HaKoneHns, TaxamCcKuWii paitoH, 3aHmxaH-/paH.
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TYW
A. MapusaHraHexl P. CabepuHual A. Xamxkabongar2 A.A. 3amaHu:

TAXAM AYOAHbI, 3AHXAH NMPOBUNHUMACBIHbL, BETK1 TOMbIPAK KABATbLIHAA-
bl XXANMbI X)XOHE BUOALLBIK AYbIP METANOAPAbBIL, LUOTbIPJTAHY bl XKOHE
KEWCTXTE TAPANYbI, NPAH
‘Okonorus kaegpacol, Taburu roinbiMaap GakynbTeTr, 3aH>KaH yHusepcuTeT1, 3aH>KaH-
WpaH, h zanganeh@znu.ac.ir, Ten : +982414269056

T eonorua 6sarmr, Feinbimgap hakynbTeTr, 3aH>KaH yHusepcuTeT!, 3aH>kaH-VpaH

Ayblp MeTangap CWAKTbl YbITTbl 371EMEHTTEP XEP KbIPTbICbIHbIL Taburu k¥pampac 6Bniri 6onbin
Tabblnafbl XK3He OCbl 3/IEMEHTTEPAIN KelibipeyiHil, MUKPO3/IeMEHTTep AeureiiHae GVMONOrMANbIK Mallbi3bl
6onybIMEH KaTap, agam [eHcay/birblH HblfaliTyfa Maubi3fbl pen arkapafbl. TOMbIpakTbil Taburu
neforeoOXMMUANbIK hOH MEH aHTPOMOreH/AL Ke3fep cafapblHaH ayblp MeTaffapMeH facTaHybl VipaHHbIL
conTYCTiK-6aTbICbiHAA OpHa/slaCKaH 3aHxaH MPOBUHLUMACLIHAArLI KeliHeH TapanraH npotnema 60/bin
Tabblnazpl. Taxam ayfaHbl enkeii-Tenkeini 3epTTey YLLiH Taudan abiHabl, 3epTTeNeTI aymMak LWelbepiHzie
TOMbIPaKTbIL, 6eTKI kabaTbiHAArbl ayblp MeTangapAbly, OpTak, CoHfali-ak 6uoawbik TYUipnepiH 6aranay
6olibIHLWA 3epTTey MiHAeTTepi GenrineHAi. TonblpakThbily GeTKi kabaTbiHaH 57 YAri afbiHbIM, aTOMAbIK-
ciuipiny cnektpometpus (AAC) KeMernMeH ayblp MeTanfapMeH KaHLIabIKTbl facTaHraHbl capaiaHgpbl.
AnbIHraH HaTvxenep, AYHuexY3inik feHcay/blk cakTay ¥ibiMbl MeH KopLuaraH opTaHbl KOpray areHTTiriHiL
cTaHgapTTapbiMeH canbicTbipraHga As, Pb sHe Cd cek”Bf Kellbip ybITTbl MeTanfap K¥pambiHbiL,
Me/ILLEPAEH ThIC EKEHIH KepceTeai. 3epTTenreH MeTasigapabiy 6uoawbik 6 e 1T AnatuneH Tpyu AMuH MeHTa
Kbiwkbinbl  (DTPA) 3aTbiMeH MeTangap KelleHW K¥py KemerimMeH fe enweHfb TonblpakTbil,
NacTaHybIHAArbl aHTPOMOreHAiK Ke3aep Y/ecCiH alikbiHAay YLLiH BaiibiTy KOah(hULMEHTI XX3HE Fe0N0ornsibIK
TY3iny nHgekci enweHin, ArcGIS (9.3) kemerimeH 6eny kaptachl k¥pbingpl. As, PbxaHe Cd cetoBg Keiibip
YbITTbl MeTanfapAbll, KenTen worbipnaHybl conTYCTiK-6aTbIC, WbITbIC YX3He ouTYCTiK-LWbIFbICTaFbl
3epTTeneTL ayMaKTaH TOMbIPak K¥pyLubl X3He aHTPOMOreHAL Kesaepail, acepiHeH 60naTbiH OKLaynaHFaH
XepnepgeH Tabbingbl. 3epTTeneTiH aymakTaFbl aybin LapyallblibiK JKEPep MeH eHGIpICTIK Kana
Tewperwgen TOMbIPaKTbIL, nactaHy Aeureii ete xoFapbl 6onasl. Cu, Co, Ni x3He Fe cetoBp 6acka
aneMeHTTepAiL, XoFapb! WoFbIpfaHybiH TyAblpaTbliH 6apbIHLLA THIMAT (haKTop/ap ToMbIpak Ty3mnw cunarTa
6ongpbl.

HOnTTT ce3gep: ayblp MeTangap, 6aibITy KOaduumeHT” MeonorusanbIK Ty3Lwy MHAEKCH, Taxam ayaaHbl,
3aHxaH-VpaH.
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