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Abstract 

The mobility and bioavailability of trace elements in the agricultural soils are extremely important in assessing the 
risk of toxicity to the growing plants. A five step sequential extraction procedure (SEP) has been employed to 
study the speciation of As, Sb, Cr, Cu, Cd, Pb, Zn, Ni, Fe and Mn in 18 soil samples neighboring an industrial 
complex in Isfahan, central Iran. Enrichment factor (EF) calculation shows that in the soils studied, Cd and Fe are 
the most and the least enriched elements, respectively. Sequential extraction results indicate that although the total 
concentration of Ni, Sb, As, Cr and Cu is high, their concentration in the exchangeable plus carbonate fractions is 
rather low. This suggests that these elements are not easily transferred from soil to the plants. The high proportions 
of Cr, Cu and Fe in both organic matter and residual fractions, reduces the phytoavailability and the toxicity of 
these metals. On the other hand, Zn, Pb and Cd are strongly associated with exchangeable plus carbonate 
fractions, much more bioavailable than other studied elements. Good correlation between total contents and 
concentration of elements in each fraction indicates that the studied elements, excluding Fe, are mainly derived 
from the anthropogenic sources. Remediation measures and soil amendment practices are therefore recommended 
for the study site. 
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1. Introduction 

Soil is one of the most important biogeochemical 
sinks for metals and other pollutants. In recent 
years, the problem of contaminated soil is of 
increasing concern due to food safety issues and 
potential health risks via consumption of 
contaminated crops (Yan et al., 2007). Thus, 
protection of soil resources and their sustainability 
is of prime importance. Unlike organic pollutants, 
natural decomposition processes do not remove 
heavy metals from the contaminated soils; on the 
contrary they may even be enriched by organisms 
and can be potentially converted to organic 
complexes, which may be more toxic (Jain, 2004). 
Heavy metals remain in the pedosphere for many 
years even after removal of the pollution sources, 
and the remediation of metal pollution is often 
problematic due to their persistence and 
undegradability in the environment (Wang et al., 
2010).  

Total metal content of the soil often does not 
provide enough reliable information on the 
processes and dynamics of the availability, mobility 
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and toxicity of the metals, i.e. their potential to 
transfer from soil into plants and crops (Li et al., 
2007; Ma et al., 2011). The capacity of plant to 
adsorb metals and the rate of plant metal uptake is 
closely related to metals mobility and 
bioavailability, which in turn directly depend on the 
chemical speciation of the metals in question 
(Alloway et al., 1998). Chemical speciation can be 
defined as the process of identification and 
quantification of different species, forms or phases 
of the elements present in a material (Naji et al., 
2010). In soils, metals can be present in a number 
of chemical forms including exchangeable, bound 
to carbonates, bound to Fe-Mn oxides, bound to 
organic matter and in the form of residual. These 
forms exhibit different behaviors with respect to 
bioavailability; the exchangeable and carbonate-
bound fractions are more bioavailable (Ma and Rao, 
1997). In order to study the speciation and possible 
associations between metals and the soil 
components, sequential extraction procedures 
(SEPs) are often used (Ma et al., 2011), whereby 
several reagents are sequentially employed to 
extract operationally defined phases from the soil.  



IJST (2014)

 
In the p

affected b
has been
which i
petrochem
manufact
Isfahan. A
are susc
addition 
practices.
reported 
(Amini e
sufficient
the speci
soils. In 
potentiall
Cr, Cu, 
samples 
target me
(1979) S
aims of th
 Detec

soils, 
contam
enrich

 Study
imple

 Evalu
fractio
studie

2. Mater

2.1. Site d

The expe
neighbori
northwes
barley, co
are the m
climate o
rainfall o
temperatu
geology 
deposits. 
the upper
exposed i

2.2. Soil s

Surface
collected 
spade to 
sample c
of four su
area. The

) 38A2: 165-173  

present study, 
by industrial 

n investigated.
includes oil
mical-textile 
turing units, i
Agricultural 
eptible to c

to fertilize
. Previous 
cadmium, zi

et al., 2005). 
t information 
iation of diff
this study, th

ly  hazardous
Cd, Pb, Zn, 
were determ

etals has been
EP. Based on
his study are t
ct the total ele
and to assess
mination by
hment factor c
y the bioavaila
ementing SEP 
uate the relat
onal concent
ed soils. 

rials and meth

description 

erimental site 
ing an indu
t Isfahan, ce
orn, vegetable

main agricultur
of the area is 
of approximat
ure of 14.5°C
consists mai
The lower C
r Triassic da
in the western

sampling 

e soils (within
from 18 loca
avoid any me
omprised app
ub-samples tak
e collected sa

                          

an agricultur
activities in I
. A large ind
 refinery, 

factories 
s located to t
soils surround

contamination 
ers and oth
studies in t
inc and lead
However, the
on the total co
ferent elemen
he total conc
s elements in

Ni, Fe and 
mined and the
n studied usin
n the above i
to: 
ement conten

s the degree an
y various e
calculations 
ability of elem

tionships betw
tration of el

hods 

is part of an a
ustrial comple
entral Iran (F
es, fodder and
ral products in

semi-arid wi
tely 140 mm

C (Amini et a
inly of Quat
retaceous gre

ark grey shale
n part of the ar

n a depth of 
ations (Fig. 1)
etal contamin
proximately 1
ken within a 

amples were s

                          

al field which
sfahan provin

dustrial compl
power plan
and batte

the northwest 
ding this cen

by metals 
her agricultu
this area ha
d contaminati
ere is a lack 
oncentration a
nts in the loc
centration of 
cluding As, S
Mn in the s
e speciation 
ng Tessier et 
information, t

nt in the studi
nd extent of s
elements usi

ments in soils v

ween total a
lements in t

agricultural fie
ex, 15 km 
Fig. 1). Whe
d summer cro
n the region. T
ith mean annu

m and the me
al., 2005). Loc
ternary alluv
y limestone a
e units are al
rea (Fig. 1).  

0-10 cm) we
) using a plas

nation. Each s
kg in the for

1 m×1 m squa
stored in plas

                           

h is 
nce 
lex 
nts, 
ery 
of 

nter 
in 

ural 
ave 
ion 
of 

and 
cal 
10 

Sb, 
soil 

of 
al. 

the 

ied 
soil 
ing 

via 

and 
the 

eld 
to 

eat, 
ops 
The 
ual 
ean 
cal 

vial 
and 
lso 

ere 
stic 
soil 
rm 
are 
stic 

ba
at
2 
gr
pe
 

 
Fi
th

2.

pH
ex
fo
pH
so
m
w
al
am
m
on
sa
ov
ho

2.
el

ex
(H
pr
pH
au
Te
se
fo
pi
de
m
su
m

2.
se

an

                           

ags. In the lab
t room temper

mm sieve to
round to abou
estle.  

ig. 1. Geologica
e soil samples 

3. Physico-ch

General char
H, texture, 
xchange cap
ollowing stand
H was measur
olid/solution 

minutes (US E
was used to as

so determine
mmonium ace

measure organi
n ignition (L
ample, 0.3-3 g
vernight, follo
ours in a muff

3.1. Total co
lements 

The total elem
xtracted usin
HF+HClO4+HN
roperties of th
H and low o
uthors to emp
essier et al. (
eparation was p
or 30 minutes
ipette. The re
eionized wate

minutes. After th
upernatants we

membrane filter

3.2. Elemen
equential extra

Solutions res
nalyzed usin

                          

boratory, the 
rature, disagg
o remove coa
ut 0.074 mm u

al map of the s

hemical analys

acteristics of 
organic matt
pacity (CEC
dard methods
red in distilled
ratio after 

EPA, 1998). 
sess the samp

ed using 1M
etate solutions
ic matter conte
L.O.I) was im
g soil was drie
owed by ign
fle furnace. 

oncentration 

ment contents o
ng an acid
NO3) in an
e soil samples
rganic matter 

ploy the SEP 
(1979). After 
performed by c
. Supernatants
esidue was t
r and centrif
hat, the wash w
ere finally fil
.  

ntal analysis
action method

sulting from 
ng ICP-OES

                           

samples were
gregated, sieve
arse debris an
using agate m

study area and 

sis  

f the samples 
ter (OM) an
C) were d
s of soil anal
d water by ma

equilibration
Hydrometry 

ples textures. 
M sodium ac

s (US EPA, 
tent of the sam
mplemented. 
ed at 105°C i

nition at 550°

and speciati

of the soil sam
d digestion 

n open syst
s, i.e. neutral t
r content, hav

method intro
successive e

centrifuging at
ts were separa
then washed 
fuged for a f
water was dec
ltered through

s and valid
d 

the above st
S. Standard 

 
 

           166 

e air-dried 
ed using a 
nd finally 

mortar and 

 

location of 

including 
nd cation 

determined 
lysis. Soil 

aking a 1:2 
n for 15 

technique 
CEC was 

cetate and 
1998). To 

mples, loss 
For each 

in an oven 
°C for 12 

on of the 

mples were 
mixture 

tem. The 
to alkaline 

ve led the 
oduced by 
extractions, 
t 4000 rpm 
ated using 

in 8 ml 
further 30 
anted. The 

h 0.45 µm 

dation of 

teps were 
addition 



 
M
M
M
S
W
u

 
 
 
167 

technique
accuracy 
SPEX Ce
standard 
diluted b
prepared 
process, t
each extr
To estim
percentag
For this, 
the five d
was div
digestion

2.3.3. Sta

Using S
performe
and stan
calculated
content 
regression
determine
fractions 

3. Discus

3.1. Soil p

Soil sam
Size wise
and 29.2 
6.4 and 8
 

 

Min.  
Max.  
Mean  

.D.  
Worldwide  

ncontaminated
 

 
Fig. 2. M
samples an
Pendias an

e was used 
of the measu

erti Prep stan
solutions. Sta
efore use and
using linear 

the concentrat
raction step w

mate the relia
ge (% R) for
the sum of t

different phase
vided by the
n by strong aci

atistical analys

SPSS, version
d to calculate

ndard deviatio
d for metal
and CEC o
n analysis ha
e the relat
and soil phys

ssion 

properties 

mple's proper
e, samples con
% sand. The 

8.5 with a me

Table 2

d soils(Kabata Pen

Mean concentr
nd worldwide 
nd Pendias 200

to prepare th
urements was
ndards and M
andard solutio
d the calibrati
regression ap

tion of metals
was below the
ability of SEP
r each metal 
he element co
es of the sequ
e total conc
ids.  

sis 

n 11.5, statistic
e mean, maxim
on. These p
l concentrati
of soil samp
as been also 
tionship betw
ical properties

rties are prese
ntain 33.9 % c
pH values are
ean value of 

2. Descriptive s
of the studied a

ndias and Pendias, 200

ration of elem
uncontaminated
1)  

he blanks. T
s checked usi

Merck Inc. ma
ons were fresh
ion curves we
pproach. In th
s in all blanks 

detection lim
P, the recove
was calculate
oncentrations 
ential extracti
centration af

cal analysis w
mum, minimu
arameters we
ions, pH, O
ples. Spearm

carried out 
ween differe
s. 

nted in Table
clay, 36.9 % s
e in the range 
7.4; on avera

statistics of tota
area. The world

As Sb
9 1 
16.5 1.3
12.9 1.0
1.99 0.0

01) 
5 0.2

ments in the s
d values (Kaba

 

The 
ing 
ade 
hly 
ere 
his 
 of 

mit. 
ery 
ed. 
in 

ion 
fter 

was 
um 
ere 

OM 
man 

to 
ent 

e 1. 
silt 

e of 
age 

sa
m
m
va
re
 
Ta
ch
 

3.

sa
el
(K
in
pp
Cr
th
M
th
th
H
hi
th

al concentration
dwide uncontam

b Cr C
57 32

3 105 63
08 84.16 5
08 15.64 9
25 54 25

 

soil 
ata-

de
co
th
el
 

 
w
qu
el
Zr

 

amples’ pH fa
matter content 
mean value of 

alue for CEC
espectively.  

able 1. Des
haracteristics of

 
Grain sizes 
Clay (%) 
Silt (%) 
Sand (%) 
pH 
OM content 
CEC (meq/10

2. Total conce

The total c
amples and 
ements in 

Kabata-Pendia
n Table 2. The
pm) in descen
r> Cu> Pb> 

he worldwide 
Mean concentra
hree times and
he worldwid
owever, Cr, 
igher, while F
he uncontamin

n of elements (p
minated soils ar

Cu Cd P
2 1.1 2
3 2.1 6
1.27 1.74 4
.27 0.2 1
5 0.5 2

The enrichm
etermine the 
omposition vi
he standardiza
ement:  

EF

where Cn is th
uestion, CRE

ement and R
r, Sc and Li 

             I

lls within the 
varies from 

1 %. Maximu
is 19.7, 11.4

scriptive stati
f soil samples 

Min. 
 
23 
19 
 
6.4 

(%) 0.4 
00g) 11.4 

entration of el

concentration 
the mean va
worldwide 

as and Pendia
e mean concen
nding order i
As> Cd> Sb,
uncontaminat
ation of Ni an
d As and Cu 
de uncontam

Mn, Pb and
Fe concentrati
nated soils. 

ppm) in 18 soil s
e also included

Pb Zn 
26 84 
68 180 
41.38 103.11
11.63 21.79 
25 63 

ment factor (E
degree of m
a man-made 

ation of an me

n

n

CC

C
F

/(

/(


he concentrat
is the concen
M is the refe

are usually 

IJST (2014) 38A2

alkaline range
0.4% to 1.5 

um, minimum 
4 and 16.6 m

istics of th

Max.  Mean
  
52 33.9 
47 36.9 
35 29.2 
8.5 7.4 
1.5 1 
19.7 16.6 

lements 

of element
alues for th
uncontamina

as, 2001) are 
ntration of ele
is: Fe> Mn> 
, generally hi
ted soil value
nd Sb is four 
two times gr

minated soil
d Zn are onl
ion is less th

samples  
d. 

Ni Mn
75 399
120 841

 96.05 586
11.61 117
20 437

EF) is usually
modification in

sources. It is
etal against a 

RMRE

SoilRE

C

C

)

)

 

tion of the e
ntration of a 
erence materia

used as the 

2: 165-173 

e. Organic 
% with a 
and mean 

meq/100 g, 

e general 

n  S.D. 
 
8.4 
8.2 
3.8 
0.7 
0.3 
2.1 

ts in the 
he studied 
ted soils 
presented 

ements (in 
Zn> Ni> 

igher than 
s (Fig. 2). 
times, Cd 

reater than 
l values. 
y slightly 
an that of 

n Fe 
9 20901
1 31823
6.11 27048.
7.804 3594.1
7 100000

y used to 
n the soil 
 based on 
reference 

element in 
reference 

al. Al, Ti, 
reference 

16 
3 

0 



IJST (2014)

 
element 
been cho
shows no
addition, 
investigat
anthropog
upper co
selected a
values yi
order: Cd
(2.9), Pb 
(0.9) (Fig
 

 
Fig. 3. En
the soil sam
 

Sutherl
of enrich
low en
enrichme
enrichme
and EF>
Based on
soils show
respect t
enriched 
Ni, Sb a
Enrichme
crustal or
points to
question 
exception
partly or 
Emission
activities 
probable 
soils of th

3.3. Corr
various e

Inter-el
informati
and Bai, 2
of the d
correlatio
presents t

) 38A2: 165-173  

in various st
osen as the re
ormal distribut

Zr is widel
tions as a stab
genic source 
ontinental cr
as the referen
ields the foll
d (21.5), As (
(2.5), Cu (2.4

g. 3).  

nrichment factor
mples 

land (2000) h
hment factors
nrichment, 2
ent, 5<EF<
ent, 20<EF<40
>40 shows e
n Sutherland'
w either defic
to Fe, Mn an
in Cu, Pb and

and As and v
ent factor valu
rigin, whereas
 anthropogen
(Wang et a

n of Fe, all th
wholly from

ns from indus
(pesticides,

sources for t
he study area. 

relation betw
elements 

lement relatio
ion on elemen
2010). In this 
distribution o
on analysis ha
the correlatio

                          

tudies. In this
eference elem
tion in the stu
ly used in th
ble lithogenic 

(Wang et a
rust composi
nce material. T
owing results
(10.3), Sb (6.
4), Zn (1.7), M

r values for dif

has distinguish
: EF<2 show
2<EF<5 sho
<20 show
0 shows very h
extremely hi
's classificatio
iency or low e
nd Zn, they 
d Cr, significa
very highly e
ues lower tha
s EF values gr
nic origin for 
al., 2010). T
he studied ele

m the anthrop
strial plants a
 fertilizers) 
the enriched 
 

ween total co

onships can 
nt sources an
study, due to 

of data set, 
as been carrie

on coefficient 

                          

s study, Zr h
ment, because
died samples.
he geochemic
element with 
al., 2008). T
ition has be
The average E
s in descendi
5), Ni (5.7), 

Mn (1.2) and 

fferent elements

hed five class
ws deficiency 
ows modera
s significa
high enrichme
gh enrichme
on, the studi
enrichment w
are moderate

antly enriched
enriched in C
an unity indica
reater than un

the element 
Thus, with t
ements origina
pogenic sourc
and agricultu

are the tw
elements in t

oncentrations 

provide use
d pathways (
the abnormal
the Spearma
ed out. Table
matrix betwe

                           

has 
e it 
 In 
cal 
no 

The 
een 
EF 
ing 
Cr 
Fe 

 

s in 

ses 
to 

ate 
ant 
ent 
ent. 
ied 

with 
ely 

d in 
Cd. 
ate 

nity 
in 

the 
ate 

ces. 
ural 
wo 
the 

of 

eful 
(Lu 
lity 
an's 
e 3 
een 

th
to
po
an
(0
hi
be
an
(0

sig
Zr
lit
so
ar
po
du
el
str
al
co

pe
co
so
co
N
is 
co
co

0.
as
cl
Cu
O
or
th
m
Iro
sig
su
m
va

3.

stu
ill
fro
ag
al
pe
stu
fra
fra

                           

he studied elem
o Spearman's
ositive correla
nd Cr (0.626
0.602), Cr and
igh positive c
etween Al and
nd Ni (0.495)
0.485). 
Based on Ta
gnificant corr
r and the res
thogenic elem
ources; thus, a
re probably 
ositive correla
ue to the g
ements to ir
rikingly simil
., 2010), whi

orrelation betw
Substantial co

erhaps indicat
ommon geoche
ources (indus
orrelations betw
i and Al sugge
partly related 

onfirm that th
ontain various 
The correlatio
05, 0.495). A

ssociated with 
ays (<2 µm) (p
u and Cr, no s
M and the s
rganic matter 
hese elements. 

matter content 
on, Cr and Cu
gnificantly co

uggesting the 
minerals. In th

arious groups o

4. Geochemic

The result of
udied elemen
lustrated in Ta
om 83.5 for 
greement betw
l fractions. F
ercentages ass
udied sample
action is regar
actions.  
 
 
 

                          

ments and soi
s coefficient
ations (p ≤ 0
), Fe and A

d Al (0.777) an
correlation (p 
d Cu (0.549),
, Fe and Sb (

able 3, exclud
relation has b
st of the elem
ment withou
all the studie
from anthrop

ation between 
eochemical a
ron oxides. A
lar geochemic
ich explains t
ween these two
orrelation betw
ive of their s
emical properti
stry and/or 
ween metals in
est that the pre
to the presenc

he residual p
amounts of the

on between OM
Also, high CEC

fine fraction 
p ≤ 0.01, 0.945
ignificant corr
studied eleme
may be only 
This is likely
of the studied

u concentration
orrelated with
presence of th
he following 
of elements is d

cal speciation 

f the geochem
nts and the 
able 4. Averag
Ni to 108 fo
een total conce
Fig. 4 displa
ociated with 
s. In this fig
rded as a perce

                           

il properties. A
nt values, s
0.01) exist be

As (0.665), N
nd Zr and Fe (
 ≤ 0.05) is a
, Al and Fe (0
(0.545) and A

ding the Fe-Z
been observed
ments. Zircon
ut any anth
ed elements, e
opogenic sour

Sb, As and F
affinity of t
Arsenic and 
cal behaviors 
the significan

wo elements.  
ween Cr, Cu 
similar polluti
ies and/or the s

agriculture). 
ncluding Cu, C
esence of thes
ce of Al. SEP r
phases of stu
ese elements (F
M and CEC is
C values are 
of the soil, p

5). With the ex
relation is foun
ents, evidence
a minor host 

y due to the lo
d oxidized sur
n of the studie
h soils' clay
hese metals in

section, spe
discussed. 

of the elemen

mical speciati
percent recov

ge recovery va
or Mn, indica
entration and t
ays the mean
different pha

gure, each ge
entage of the 

 
 

           168 

According 
significant 
etween Cu 

Ni and Cu 
(0.662). A 
also found 
0.472), Al 
As and Sb 

Zr pair, no 
d between 
nium is a 

hropogenic 
except Fe, 
rces. The 

Fe is likely 
these two 

Sb have 
(Wang et 

nt positive 

and Ni is 
ion levels, 
same input 

Positive 
Cr, Fe and 
e elements 
results also 
udied soils 
Fig. 4).  
s high (p ≤ 

especially 
particularly 
xception of 
nd between 
e that the 

phase for 
ow organic 
rface soils. 
ed soils are 
y content, 
n the clay 
ciation of 

nts 

ion of all 
veries are 

alues range 
ating good 
the sum of 
n element 
ses in the 
eochemical 
sum of all 



 
 
 
169                  IJST (2014) 38A2: 165-173 

 
 

Table 3. Spearman's rank correlation matrix of studied elements in  
the soil samples with texture, OM, pH, and CEC of the soils 

 
 As Cd Cr Cu Fe Mn Ni Pb Sb Zn Al Zr OM clay silt sand pH CEC

As 1.000                  

Cd .024 1.000                 

Cr -.142 -.121 1.000                

Cu -.142 -.060 .626** 1.000               

Fe .665** -.204 .321 .179 1.000              

Mn .307 -.192 .330 .384 .455 1.000             

Ni .147 -.169 .467 .602** .536* .395 1.000            

Pb .146 .025 -.084 -.247 .038 .259 .021 1.000           

Sb .485* .024 -.033 -.057 .545* -.096 -.131 -.109 1.000          

Zn .070 .107 .375 .426 .163 .175 .167 .302 .240 1.000         

Al .216 -.007 .777** .549* .472* .307 .495* -.250 .099 .355 1.000        

Zr .332 -.085 .136 .121 .662** .237 .081 .114 .400 .377 .197 1.000       

OM -.083 .251 .493* .700** -.339 -.346 .240 .011 -.075 .138 -.185 -.169 1.000      

clay .317 -.536* .650** .650** .739** -.199 -.162 -.174 .156 .084 .159 .169 .087 1.000     

silt -.302 .078 .094 .537* -.046 .312 .463 .045 .052 .298 .147 .087 .431 -.079 1.000    

sand .084 -.343 .024 -.495* .082 -.180 -.292 .023 -.088 -.381 -.190 -.046 -.446 -.336 -.869** 1.000   

pH .116 -.332 -.024 -.288 -.232 -.149 -.100 .194 -.331 .053 -.233 -.285 .013 -.371 -.381 .361 1.000  

CEC .300 .556* -.231 .046 -.002 -.266 -.039 -.075 .213 .119 .081 .138 .495* .945** .068 -.446 -.359 1.000
 

**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 

 
Table 4. Metal concentrations (ppm) in various geochemical fractions of surface soils of the studied area (<d.l.: below 

detection limit). Recovery (%) indicates the ratio between the sum of the F1-F5 fractions  
and the total metal content as analyzed separately (Table 2, see text) 

 
Extracted concentrations (ppm) 

  As Sb Cr Cu Cd Pb Zn Ni Mn Fe 
Exchangeable Min.  0.1 0.09 <d.l. 1 0.5 1.3 18 1.5 33.4 <d.l. 
 Max. 0.5 0.1 <d.l. 4.9 0.9 16.5 43 2.3 41 <d.l. 
 Mean 0.2 0.1 <d.l. 3.6 0.7 11.6 23 2.0 37 <d.l. 
            
Carbonate bound Min.  1.1 0.1 <d.l. 0.9 0.5 15.9 61 5.8 135 5 
 Max. 1.9 0.2 <d.l. 1.2 1 28.5 109 9.8 161 18 
 Mean 1.5 0.2 <d.l. 1.01 0.8 19.7 78.9 7.9 149.3 12.14 
            
Fe-Mn oxide bound Min.  5.2 0.6 1.8 1.6 0.1 2.1 2 23.9 175 983 
 Max. 8.6 0.7 3.2 3.9 0.2 3.7 9 43.6 201 1823 
 Mean 6.6 0.6 2.4 3.08 0.2 2.7 6.1 35.2 189.3 1354.6 
            
Organic matter bound Min.  0.1 0.01 46 12 0.1 2.1 1 1.7 68.3 325 
 Max. 0.5 0.05 64 24 0.2 4.4 3 2.9 72.2 952 
 Mean 0.3 0.02 56.7 19.9 0.1 2.9 1.8 2.3 70.4 569.7 
            
Residual Min.  2.7 0.2 20.4 2.1 0.1 4 3 27.3 129 21460 
 Max. 3.6 0.3 20.8 18.1 0.1 9.1 6 38 162 29310 
 Mean 3.05 0.2 20.6 12.1 0.1 5.8 4.4 32.4 145.1 26789.9 
            
Sum of the five fractions Min.  10.4 1.0 68.9 17.7 1.4 30.9 91 62.6 546.8 23845 
 Max. 14.4 1.3 86.6 51.2 2.0 59.2 164 95.4 620 31142 
 Mean 11.7 1.1 79.8 39.7 1.8 42.8 114.2 79.7 591.1 28726.3 
            
Recovery (%) Min.  75.9 84.6 82.1 66.2 79.7 76.1 91.1 75 79.9 99.1 
 Max. 109.5 114.2 117.8 110.6 116 101.1 114.6 98.6 132.3 112 
 Mean 91.5 103.2 98.9 91.1 105.3 87.6 104.1 83. 5 108.0 106.5 
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of Fe and total content proves the contribution of 
natural sources for this metal. Table 6 indicates that 
Sb and As in the F3 fraction are significantly 
correlated with total Fe content, whereas Ni in F3 
fraction show significant correlation with total Mn. 
This suggests that Fe oxides play an important role 
in scavenging both As and Sb, whereas Mn oxides, 
in comparison to Fe oxides, scavenge Ni more 
efficiently.  
 
Table 5. Spearman’s rank correlation coefficients for the 
relationship between percentage of metal partitioning in 
the exchangeable, Carbonate, Fe-Mn oxide, organic 
matter, and residual fractions and the total element 
concentration in the studied surface soils 
 

 R 
Exchangeable Pb- total Pb 0.937**
Exchangeable Zn- total Zn 0.927**
Exchangeable Cd- total Cd 0.865* 
Exchangeable Mn- total Mn 0.786* 
Carbonate bound Zn- total Zn 0.893**
Carbonate bound Cd- total Cd 0.887** 
Oxide bound As- total As 0.765* 
Oxide bound Sb-total Sb 0.739* 
Oxide bound Cu- total Cu 0.775* 
Organic bound Pb-total Pb 0.755* 
Organic bound Ni-total Ni 0.783* 
Residual bound Cr-total Cr 0.757* 
Residual bound Fe- total Fe 0.857* 

 
Significant correlations: *(p<0.01), **(p<0.05) 

 
Table 6. Spearman’s rank correlation coefficients 
between oxide bound (F3) fractions of As, Sb, Ni, and 
total Fe and Mn content 
 

 R 
Oxide bound As- total Fe 0.806* 
Oxide bound As- total Mn 0.144 
Oxide bound Sb- total Fe 0.732* 
Oxide bound Sb- total Mn -0.316 
Oxide bound Ni- total Fe 0.821* 
Oxide bound Ni- total Mn 0.500 

 
Significant correlations: *(p<0.01), **(p<0.05) 

3.6. Risk assessment code (RAC) 

A risk assessment code (RAC) calculates an 
index which shows the possible environmental risk 
by applying a scale to the concentration of metals 
present in both exchangeable and carbonate 
fractions (Perin et al., 1985). In general, elements in 
these two fractions are considered to be weakly 
bounded metals which may transfer easily from soil 
to plants (Alomary and Belhadj, 2007; Yan et al., 
2010). The higher the F1 and F2 fractions of metal 
in the soil, the greater the plant uptake of that metal 
(Ma and Rao, 1997; Alomary and Belhadj, 2007; 
Yan et al., 2007; Naji et al., 2010). According to 
RAC, if sum of these fractions is less than 1 %, 
there is no risk, 1-10 % exhibits low risk, 11-30 % 

shows medium risk, 31-50 % shows high risk and 
greater than 50% exhibits very high risk (Jain, 
2004). The results of RAC calculations for studied 
elements (Table 7) indicate that Zn, Pb and Cd pose 
a very high risk, As, Sb, Cu, Ni and Mn pose a 
medium risk, while Cr and Fe pose no risk to the 
investigated soil samples. 
 
Table 7. Risk Assessment Code (RAC) (%) and risk rank 
for studied elements in the soil samples. NR: no risk, LR: 
low risk, MR: medium risk, HR: high risk, VHR: very 
high risk (see text) 
 

 RAC Rank 
As 14.2 MR 
Sb 22.2 MR 
Cr 0 NR 
Cu 11.6 MR 
Cd 78.7 VHR 
Pb 73.2 VHR 
Zn 89.2 VHR 
Ni 12.4 MR 
Mn 31.5 HR 
Fe 0.04 NR 

3.7. Bioavailability of elements 

Elements geochemical speciation is the first step 
in assessing their mobility and bioavailability to 
plants (Cheng et al., 2011). If one assumes that 
bioavailability is related to solubility, then 
bioavailability decreases in this order: 
exchangeable>carbonate>oxide>organic>residual. 
Elements in the exchangeable and carbonate 
fractions are the most bioavailable fractions and are 
the most readily available for plant uptake (Ma and 
Rao, 1997; Rogan et al., 2010). Fe-Mn oxide phase 
is relatively stable under normal soil conditions and 
the release of the elements from this fraction will 
most likely be affected by both redox potential and 
pH (Hu et al., 2006). The organic fraction is not 
considered as mobile or available, because it is 
thought to be associated with stable high molecular 
weight humic substances that slowly release small 
amounts of metals (Cheng et al., 2011). In the 
residual fraction, generally elements are occluded 
in crystalline structures and have high stability (Ma 
et al., 2011). Therefore the elements associated with 
this fraction can only be mobilized as a result of 
weathering (Cheng et al., 2011). 

Elements concentration in each chemical phase of 
the soil samples descends as follow: 
Exchangeable: Cd > Pb > Zn > Mn > Cu > Sb > Ni > As > Cr 
and Fe 
Carbonate: Zn > Pb > Cd > Mn > Sb > As > Ni > Cu > Fe > Cr 
Oxide: As > Sb > Ni > Mn > Cd > Cu > Pb > Zn > Fe > Cr 
Organic matter: Cr > Cu > Cd > Pb > Mn > Ni = As > Fe > Sb > 
Zn 
Residual: Fe > Ni > Cu > As > Cr > Mn > Sb > Pb > Cd > Zn 

The high associations of Cd, Pb and Zn with 
exchangeable fraction represent the very high 
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potential mobility of these metals. Despite the fact 
that total concentration of As, Cr, Cu, Ni and Sb is 
higher than the unpolluted worldwide values (Fig. 
2), the concentration of these elements in the 
exchangeable fraction is low. This observation as 
well as the high proportion of As, Sb, Ni and Mn in 
both oxide and residual phases points to their low 
availability from soil to plant. The high proportions 
of Cr, Cu and Fe in the organic matter and residual 
fractions, restrict the phytoavailability and toxicity 
of these metals for plants. 

4. Summary and conclusions 

The objective of this study was to assess the 
pollution status of agricultural soil samples 
neighboring an industrial site in NW Isfahan, 
central Iran. The main results of this research can 
be summarized as follows: 
 The soil samples contain elevated 

concentrations of studied elements (except Fe) 
compared to the worldwide averages. The 
calculation of enrichment factor values and 
correlation analysis between elements indicate 
that As, Sb, Cr, Cu, Cd, Pb, Zn, Ni and Mn are 
mainly introduced into the soil system via 
anthropogenic inputs, e.g. emissions from 
industrial plants and/or pesticide and fertilizer 
application. 

  Speciation patterns of the studied elements 
reveal that a high percentage of Cd, Pb and Zn 
are associated with carbonate phase, perhaps 
due to their geochemical affinity and/or their 
anthropogenic source. Furthermore, the 
presence of these metals as exchangeable phase 
confirms their high bioavailability and potential 
risk in the study area. 

 Antimony, Mn, As and Ni are mainly associated 
with the reducible oxide fraction. Thus, they are 
very stable under oxidizing conditions of the 
surface soils. Chromium and Cu are 
predominantly bound to the organic matter and 
consequently not bioavailable. The high content 
of Fe in the residual fraction as well as its very 
low concentration in the first two fractions 
indicates that Fe is not possibly taken up by 
plants.  

 Based on RAC, the mobility of elements in the 
studied samples decreases in the order: Zn > Cd > 
Pb > Sb > Mn > As > Ni > Cu > Fe > Cr.  

 The speciation pattern in the studied soils 
warrants a further study on the concentration of 
elements in the local crops. As far as land 
management practices are concerned, it is 
necessary to remediate the affected soils by 
immobilizing biologically available elements, 
including Zn, Cd and Pb. 
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