Journal of Water and Soil
Vol. 29, No. 1, Mar.-Apr. 2015, p. 151-163

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
WV-IPY o YA gyl — (32939,8 o) 0lacs YA ol

bl 53 65,5l SV pams Fp s LS 5 Ko jolis Sodl g pd ks obj)f

Ol S Gble g s

\d . Y N #) e
&ﬁ‘dkrmﬁ—@é\:-w— LSJL“J‘g;L’
WWAY/ANY 12l 5 gl

WA/ A 15y 56

LXVLCES

Py yee (n Prekee Wy se SB3)ly ludl Sacllad a3 b 8 3925 S50 (b 5k 4 & st Sl 5 (6w ol

SiogdS S gae (S g SB > i polie CllE el Bua b p3l laghy Casl (2l5E Slge diljg) Bras (pKiw polis (18515
Vol g (el Vo b e Bas) (oo ST iged VO 2lasi 1335 plonil el Bz 1 (g pdyplas Jainl 5 (o x5 (55465 3blo L
5 Lo il alS 5 SIS Wgas 5 (alSylojl (sl 5 13,8 Cudlyyy staio 5 (53068 Blolio b (555lS &Y o ) digad
poxS 5 MY+ 9 EVIV USG5 OSIAY 5 Ve OV s YYND 5 YSEIA g9y FIEV 5 OY/E oo (lyy caiyp y pobis e 6 5 JS cale 1 Siko
Gl 1) e oyt ol e 48 3 L5 Caliste lalS ) pSiw polie clale pioren el Cons 4 SB 5,5 9lS 5= Lo YVY IS
N0V glac Lale Ly ooy e (obe)) Cr 5 (o)) Ni fo5) Cu (a95) Pb o (ald) Zn palie (5 5Vl im0 ol I3l cuslil
S Cogo dn b odalieo g2 5 pAS Hh g e 0gee 33 sy p90 SIS e (3350 5 £ S5LS )5 e YIYY 5 FIYE XY/NY FV/YO

ey 4o lals > wlils (BAF) xeos ;6518 (Zn>>Pb>Cu>Ni>Cr) siel Cowdy ygo opds ciliste (lalS 5 cljls Gls e

e— 55)3 99 ) (U)_A-\J > do) )..oL.C )l S P dl).: @Uo).mr.c LgLﬁLg)lo.u L (HQ) d)J.—\J)JQ—'> Jl.o.obl W Juob Zn=Cu>Pb>>Cr>Ni
Slas,lon souw 03U s 5l cpel 03950 55 ¥ gz ol 1 B RSB e B3 oo i & el Cawd 4y G 5 S VWS, 30 g 5258
el ety VLS5 51 i 5058 55 (THQ) S (s s Jlaiol Jaie (yiopad 45,5 )3 gl o

OB ;S pdoylas «(65,0liS” OV gae (S (1S polic :kg..\.gs dlﬁbbj‘g

clale o aSh pate o] obowd (olss 4 LS & olS (g9 pais
Lo 5l el sy 1y oo YL clale W50 (YY) o)) 4
3903 135 9 03,5 (yr byl e g (Gune Blge e
5 4y Jobo « Sid odlo e iblS el o 2L polie oS
K Mg Ca clale « jus dg—yins (picrod g o Sy daw
W9u.._o.a>)_..sw))39o3|>me|)LmJﬁZn5Fe
BalS 55 0lS S (i o ) 9 JBg)lS (ljne A5 odnlitie
L Ll el 1 (b adls g oy 2o (s polis (oo S1.8L
oLS dlwg dn Clo g (alrendon JlB) 0 S (gy9p6 polis
B 1) gy omdglie by g e Sl oo mpedlS Jlte i
el 1lg o S5 Jaloes 15 i cl3ls cbale a3 08

(¥) 23,85 LalS slacsl p» xess ¢ LS by ials

v

LYRUP

cale (55,5laS Y gaze CudS o sl sbrasr 5l (S0

(3) 2l pgow 0a5loxdly 151 g s Sagig (S i3
0y Moy S a5l oo b s pH ale S5 ela S
e 2 slalasMo L5 135 0I5 o Lod g gl ctyges ol Slge
SLalS (YF 5 1+) sl arsls oS Lawg i olile s
8y olS S ilie (sla i g 555 S LS (g g e
Ol 3 o(Vr) dimd oo LS (s polis o il 3 (Slite
5 35,15 Siadgus 5148 Iyl 5 Mtud sows LS (gl &S (g bic
Sy S0)as g (g saled il o sled 4 (5)9p (> b

B S LS 09, 5 Lol ¢ skl wd,l awlis, S aid gel il =¥ ¢ ¥ o)
Sl iwiao oKl 535LS oaSsls
(Email: a.afshari66@yahoo.com 2 gtne 0N 5 — i)



1P Sl dyl = (1905959 < Yoylods YA wler (S5 g ol 4 a5 VOY

hSan 5 Syt 45 (5,505 adllan 535 35 p 5ok
O polis g pdplad (bl (gw)p sl Gles il 13 (V1)
o gpihad Jlasl ool pldl sue cow 9 pAS G pas
2 (Se 5 Cu LCr) ,obe 1 SO o gly Slb e slag)los
4 9 400yl oy S5l S VLS )50 9 B35S (G 095 9
Y guame opl 0SB pas LSl &5 100,87 ()15 I @ yse
£ Gt &_Jl)u;l_: )_b )‘ u_n‘ 039020 )0 asJlo D)0 aghis 2
slizel (VW) obay o L aslaid 57 51,8 Sl po s sl g ylows
g 4 SB 09390 i Ol3lE 51 oS Hluus Hlade &5 05
o il 3 48 Lol 5l Wb e e ;LS i8]
2 ol oM gl g pdylad (Dbl g (65ygliS Y guaee
Ol e g imie S1ye Blbl (69l ©Y gase 5 S

43,5 plos

L g, 9 dlge

Vo e Goe jl (oo S5 dises YO) S ()b pdiges
Gblio aly bl 5 Bolal &y ds AR bl )3 o pio tolu
Sl dm adope )3 () JS8) €85 plosil () e 5 (Siateo
ShaghtS e¥guam il (lalS > (K jolis clalé (o
Jmabd 3 lod) (i 5 s blie Sly bl 3 oud cus
Ve)) €8S plosl (Bolal ©jgo 4 (5 pdiges Jpazee il
Lycopersicum esculentum ) 5584 565 3l a5 )le oS (4550
Hordeum ) s~ ,i (Triticum vulgare) pa 5 ,i (L.
oi< (Medicago sativa L.) 4o slea slasl (vulgare
UiSu 9 uw 050 (SOlANUM  tuberosum L.) e jouw
{Aniethum graveolens L.) us-5 Jud 5l Slowjuw (Slyss
s (Barbara verna L.) _ald (Allium porrum L.) 55,80 5
bla sy, ) s 4o 48 (Ocimum basilicum L.) oyl
b guiisiand 3 s (AL (sladiges sl oads 021> (ylid (6515 y1eig05
09l 33,5 il a3 Ve slod 3 el ¥A St 4y yhade ]
Sl 1 ookl b o) puiads g a 031> 1,8 ol (59 0 oy U
Sl jloslawl b S sladiges puad 5 (YA) V50 ¥ S0 ,18
88 plosl (1) Jloi & S5

dhd)@ al:gql 9009 (goww OL.,JI dl.'\.é » Q\)'lé )b) clale
75 9 IS (wg (aje sLacslen blei oo (ofe 9 2>
(YY) el o i35 S S8 b ludl Cusgoume s
25103, S o aiby 0391 laS1E 13 a8 SlalS s pSiw oljls
Oly 9 olasl (2l 0y 3)ly i 5 ol 4 WS (0 oo
0P > 585 )8 el slvoly o yere Sl (S gy oles
s Sl Ly pldl abusg 4 ol gl g olS bwgi (5500
Potm by 3l FSE G e pl 4 e il e S
oMw (sly K 318 O] ol jlas oaimd L wauis Jolg ;]
s Gpdplad i (VA) ohlSen 5 (S8 (VV) sl s
Mo b &S 51y Gl sble (65)liS &Y game Bpuas 1,
Lol auly glals (3 5 SLs ) i oljls VL
o acllian 3 (1) (o 5 (S8 (S 5] iy S
SSBL adhaie > Lyl ilage clylas g )b g puS cladily
S8 @y g paS slaaily 31, Pb 5 Cd LCr clale S i
Sl eyl (s s Lol adllae )3 0038 ()15 jlome a>
Sl el plad (adll 5 @) 5 paiS ) (VLS ) g (5398
A s sgrde 4 a5 Mal Canddy o 5l 55550 @3y oSS
MLL?" c\;..>l: L)‘" » [RW) J.J.Jy U).) 9 rBJ.S d).am

Gpdbs Jlanl U bl 5 (F) ol Ken 5 (55l aslllas
L o 6ylel (slam o 5> bl ) o a3 (360w yuolic
F9)—< “«59) ).»pL& d‘).g d).s.b)b JLo.b-I PLERHIN uLu.u oMl
Sla g «loy s oy )0 5 CawYl Sl juw Bpuan 5l L g
5 b adllas i ib o oYL (nKiw yolie gy Sy
S 3l Lt o 39,0L5 b dog )3 4Bl ()9 S fuuw
by sas a3l 5 )lsliwl jl 5YL Cd 4 Pb Cr clale (. Ske
o 9 S Solay b (LS ¢l FAO 3 WHO
i 318 an acdlaie 1D LS ygp Sl jew (S3¢) Lol cle
OlelS 59y 2 Ao Jlea (s 53 (V) (ypomee 5 olol sl
B o (s ylal JUis] ol by & ¢l ws gt (3
N a9 gbu) 1) e FY w12 1) 69y e cn 5V
PrSstee ¥ iz g g 3 1) S5 9 AP (L 3 ) 29



VO Vo (B 5 g LSS )0 (Sl olis (Sogll (g 004 55 o)

N 270000 280000

290000 300000 310000

AS\A S
As«u 5w
B Asilhales g
() chads g
4 Ol
@ S s gal
—— Lhal slaoals

2 S TR
Josbas

s

I &5l

[

0 25 5 10 15 20

4048000 4056000 4064000

4040000

4032000

(Lg)’”hé‘\s Y guass g (Sdaw S Sild pdiged b Gl (WiiSTy 9 Tl adlain oLl i Condge —) JSUG
Figure 1- Geographical position of study area and sampling point distribution (surface soil and crops)
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Tablel- Some physical and chemical properties of soils in the study area (N=25)
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Clay Sand Silt OoM CCE

% % % % cmol/kg dSm’ %

2.0 11.2 232 0.42 8.8 6.95 0.16 10.5 e
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1
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Table 2- Total Concentrations and DTPA-extractable heavy metals (mg/kg) tested in this study (N=75)
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Figure 2- Chemical forms of studied heavy metals in soil, 1: fraction of exchangeable, 2: fractions of carbonate, 3:
fraction of ironand manganeseoxides, 4: fraction of organic maters and 5: fraction of residual.

Do on )9S > L el () Jlrme o clald il e 00
s sl 005 )5 p Sl 1 oS e (WHO 60 (16 4 (Y0)
A5l ol SME cladise 5 g9y il 5Sile Lobol oyl

Ol 4w 3 1y P45 53 (59 clalé (1SS (V) )02 5 (08
£S5 o P+ iSlis o WIV JBlis L ¥V/S lais] g o8 ¢ lb

4l 53 g9y cdale (V0) ()Ken g Lo 03,8 (515 2 S okS
Y o (VF) ohlSen 5 SSlgn o S oS 2 )5 (eo VYIV I, piS
IS )3 sy aaly (M) (S g $3L3 9 p )5k o p )5 o A
£S5 lS oy S (Ao YAV Sle LD /A LAY/D s ) b
adbaio )31y 59y Olie (V) QL 5 (2352 50,8 )55
dodyy kg Ol Ol 4 anl8 )b (YL 5 Cepu

~ °9M'C J.AsL;a S8 Lg:la_m LgLRsuBl) LY d..wu) )I LQ;T u.:l>c\:l> 9
SS9l x5 e ol psliag sloS b5 4 (ol ol
(YY) il oo ol ol iy 9 S 5Le 90,5 L (o

ignd plad 3 S8 xSilie (3 2l el 1
Cble obol g adlige o )5S aibiol o 5V lals
151 ol Y plas 3 IS5 Cile (e WHO jlre
sy d g g paS Wb o IS0 clale syl 1,8 WHO jlxe
3 S bzl s el cows 4 4,5l s 2,5 Lo +/A% 4 +/AY
PSS 11 05 ke WHO 610 5 (1) -/F o 195 2 0
PSS cble WSl ds ayag b oS Cul oddd cyuns (V)
Al e 00 &1 elbjlome 1o 1 5Vl biges pla csn g piS
ol 3 paS )3 1) JS cdale (:0ke (V0) GlylSen 5 L)
9 SSlgn 00,8 ()15 £ S5LS oS e VP e SIS
O O oWl e paS wb o S8 cbale aialy (VF) o)) Ken
835 G K5 i 3 ¢SS S she /PTG I
2Ol 9 (10:170) (L olS )5 g9y cdale o 5L
V0 oL <l ) (g9 (omb el ol Cowss 4 (VE/+F) oo 0900
Fro e o3l GBS 55 55k oS i Voo
SLBS 53 (555 Clle iy (V) Al o £,k 3 2.5
p—S oo (Ve o /NY) 0,5 N0+ /YD) (oL (MWY/V+) a0
> S o 8 g9y 4 039l LS el ) &S cusl Sl
9 (WHO 60 (16 .))‘J.;L»_w] u»l_»)‘ g ul.’>U)»_m P89 all
a2y Lol 0dd ()15 £ S S )5 (eo (VO) Vo (g2 )9S
Sl aga s 5l YL ladiges plod 50 (g9, clale o bl 9> 4o &



VOV

wY gamo (B g BSL 35 (1w polie (Fogll (g iy las b

lia b (55,508 N guaina 5 1 3 (“ 025 556) 3 (0,505 1 .5 o) i ol CE (i — ¥ i

Olj (R 9 (et
Table 3- Average heavy metal concentrations (mg/kg) and (bioaccumulation factor *) in some crops in the
study area.
P95 JS o o S95 digod dlaa
Cr Ni Cu Pb Zn N
lx:.\,'\f ab
0.52(0.03) 0.92(0.02) 5.42(0.10) 7.08(0.07) 29.15(0.11) 20 .
Wheat grain
0.58(0.03) 0.99(0.02) 6.76(0.13) 6.10(0.06) 24.63(0.09) 8 5 b .
Barley grain
0.27(0.01) 0.75(0.02) 7.98(0.15) 5.31(0.05) 16.03(0.06) 8 =
Apple
1.42(0.07) 1.23(0.03) 9.38(0.18) 17.54(0.17) 30.05(0.11) 12 i
Potato
1.75(0.08) 4.79(0.10) 13.80(0.26) 33.99(0.32)  133.10(0.50) 12 Bk
Alfalfa
3.47(0.16) 6.46(0.14) 22.63(0.43) 33.25(0.31) 71.56(0.27) 8 El’U’l
asi
1.90(0.09) 3.31(0.07) 15.25(0.29) 30.01(0.29) 150.25(0.57) 8 wald
Gardencress
1.47(0.07) 4.86(0.10) 23.13(0.44) 23.25(0.22) 100.12(0.38) 8 LO);k
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Table 4- Daily accumulation of nickel, lead, zinc, chromium and copper from wheat and potato consumption

in gastrointestinal tract in the study area.

Alicee DY guazme B pan 158 uliu polis (g kg™ day™) 451395 3959 ylAde
The daily accumulation of heavy metals in the consumption of various crops products (ug kg™ day™)

e ©9y5 $9) @ o IS
Cu Cr Zn Pb Ni
puis
Wheat
13.14 1.26 70.67 17.16 2.23 ‘%m’;
Children's
10.01 0.96 53.82 13.07 1.70 oYL
Adults
Potato
10.23 1.55 32.78 19.13 1.34 9&’{
Children's
7.85 1.19 25.15 14.68 1.03 oY)
Adults
5
Total
23.37 2.81 103.45 36.30 3.57 E‘K”S
Children's
17.86 2.15 78.96 27.75 2.73 oYlS)
Adults
Ot guoUis 51 (b gt yaf (G5 jlomt (5 52 s Jlois] -0 Jgu
Table 5- risk of heavy metals in noncancerous diseases
(HQ) sy s Jloin!
Hazard quotient (HQ)
e ©955 $9) @ o IS
Cu Cr Zn Pb Ni
pS
Wheat
3.28x10™ 8.40x10 2.36x10™! 4.29 1.12x10™ L?K”;
Children's
2.50x107 6.40x10" 1.79x10! 3.27 8.49x107 oYWS)5
Adults
(50 e
Potato
2.56x10 1.03x107 1.09x10™ 478 6.71x10 Q’m’f
Children's
1.96x10™! 7.92x10°* 8.38x1072 3.67 2.15%107 oYlS)
Adults
THQ
5.84x107! 1.87x107 3.45%x107! 9.07 1.79%10™ 91“95
Children's
4.46x10" 1.43x107 2.63%10™ 6.94 1.36x10™ oYlS)

Adults
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Introduction: Heavy metals are types of elements naturally present in soil or enter into soil as a result of
human activities. The most important route of exposure to heavy metals is daily intake of food. Crops grown in
contaminated soil (due to mining activities, industrial operations and agriculture) may contain high
concentrations of heavy metals. Also closeness to cities and industrial centers can have a great influence on the
accumulation of heavy metals to agricultural products grown in the region. The study aimed to determine the
concentration of heavy metals in soil and agricultural products around urban and industrial areas of Zanjan
province (North West of Iran) and consumption hazard probability.

Materials and Methods: Soil (75 samples of soil from a depth of 0 to 10 ¢cm) and plant (101 samples)
samples, in the summer 2011, were randomly taken from industrial areas as follow: tomatoes (Lycopersicum
esculentum M), wheat seed (Triticum vulgare), barley seeds (Hordeum vulgare), alfalfa shoots (Medicago sativa
L.), potato tubers (Solanumtuberosum L.), apple fruit, vegetables and fruits such as Dill (Aniethum graveolens
L.), leek (Allium porrum L.), Gardencress (Barbara verna L.) and basil (Ocimum basilicum L.). Plant samples
were then washed with distilled water, oven dried for48 hours at a temperature of 70 C until constant weight
was attained and then they digested using 2 M hydrochloric acid (HCI) and nitric acid digestion in 5 M.
Concentrations of heavy metals in the soil and crops were determined by atomic absorption spectrometry. DTPA
extraction of metals by Lindsay and Norvell (1978) method and sequential extraction method by Tessier et al.
(1979) were performed. Statistical analysis was accomplished using the software SPSS 16.0 and the comparison
of mean values was done using the Duncan test at the 5% level of significance.

Results and Discussion: The magnitude of variations for total copper was from 11.5 to 352.5 (average 52.4),
zinc was from 96.3 to 1353.8 (average 264.8), lead was between 40.0 and 470.0 (average 105.7), nickel ranged
from 12.8 to 77.0 (average 46.7) and chromium varied from 10.0 to 49.5 (average 21.7) mg kg'. DTPA
extracted heavy metals for copper varied from 1.50 to 21.23, averaging 4.47, zinc from 0.57 to 76.50 averaging
23.15, lead from 2.43 to 63.38 averaging 16.81 and nickel from 0.28 to 2.32 averaging 1.20 mg kg'. Chemical
changes in the different fractions were as follows: Cu (residual > bounded to organic matter > bounded to Fe-Mn
oxides > bounded to carbonate > exchangeable fraction), Zn and Ni (residual > bounded to Fe-Mn oxides >
bounded to carbonate > bounded to organic matter > exchangeable fraction,) and Pb (residual > bounded to Fe-
Mn oxides > bounded to organic matter > bounded to carbonate > exchangeable fraction). The concentration of
heavy metals in plant parts were high with respect to studied location. The highest amounts of Zn (Gardencress),
Pb (Dill), Cu (Leek), Ni (Basil) and Cr (Basil), respectively were found to be 150.25, 41.25, 23.13, 6.46 and 3.47
mg kg™ and the minimum amounts of the metals studied were found in fruits, wheat and barley grains. The total
amount of metals in plants were as follow (Zn >> Pb > Cu > Ni > Cr). Bioaccumulation factor (BAF) of metals
in plants were as Zn=Cu > Pb >> Cr > Ni. Hazard probability (HQ) in cancerous diseases for each element
(except Pb) in both children and adults was less than unit. HQ content of Pb was much higher than the unit and
for children and adults 9.07 and 6.94, respectively showing high contribution of Pb contamination of crops that
threatens the consumer health in that location. The total amount of risk (THQ) in children was higher than that in
adults.

Conclusions: The results obtained in this study indicate that an urgent attention is required for consumer
products related to public health, especially vegetables grown in the studied regions. Toxic effects of heavy
metals have many deleterious effects which are more pronounced over time. With conventional monitoring of
food quality produced in farms and presented in markets, excessive accumulation of heavy metals entering in to
the human food chain can be prevented. Also, we can change the risk potential of heavy metals in the region by
growing vegetables which accumulate heavy metals.
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