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Figure 1. Khuzestan Steel Company.

ht3



050 9 (T S gl yead dsgamo

Glad s S Sa 0l sl iS Sl jasls
Jy‘)ﬁ cL.J g:,SJ...I: g_B‘JJo‘ élaL.A )‘ o.l.;ré)}T@}
S eslial boeddg,Seplll cble 4 a5 L

(V) S35 Oyse s sladal,

Pi=5 .. ...if Ci<Xa )
Xa
Pi=1+52%  if Xa <Ci<Xb (V)
Xb—Xa
Ci—Xb . .
Pl_2+Xc—Xb ...... if Xb <Ci<Xc ()
. Ci—-Xc . .
Pl—3+mlf Ci > Xc (¢)

okl G O Seyl el POl s oS
Ll s g b cble X, S gl S
oS Sl Bl s s chale X (S eue
Sheslial b sl (So 0l Bl s 5l clale X,
L oyae 2 gl ) dodx oo old 00 550>
sble by amen 5 Osline SV - gl
Lo demls So01 axls Ladady o3 ol 4l
2l ol Gl e a5 s S
) 5 e 1 Se pde ) L solee b 3505)
S Y St oS S L slee L oS
S Sk thuge (Sl XL gsles L 508
Ll Sl Sl () oLy Sl ¥
olle sl ¢\JS BN E - TR -5 | FRETEON

(o) s LLsl

1- Contamination Index
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Table 1. Threshold values (mg kg™") for contamination index (SEPAC, 1995).
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Table 2. Initial physicochemical properties of experimental soils.

Sal Tl . A s

o2l S5 Sl il - N - o gt

CaCOs OM EC pH ] ) Clay Silt Sand T
) ) (s ") Soil Texture () ) ) properties
38.6 0.9 15.7 7.4 Clay 70 27 3
SO (28 S o S (mg kg") Metal) ¢3ls e
Pb Cd Ni Cu Zn S Ve S
81 10.8 91 104 293 (Total) JS i V0 Ges
Soil Sample
(100 m)

57 5.63 38 54.6 192 EDTA 015 om
5.17 3.48 114 273 58 DTPA
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Continue Table 2.
Sal S sl o Sl sl o o o s ot
: . Sl gast
CaCOs OM EC pH ] Clay Silt Sand ]
) D) (s m") Soil Texture o o) o) properties
38.5 0.7 11.6 7.9 Clay 73 26 1
e e S o S (mg kg™ (Metal) 55 e e s
Pb cd Ni Cu Zn S
Vo s
21 4.53 44 65 388 (Total) Js 5ld Soil Sample
(1000 m)
751 4.08 11.5 362 202 EDTA 0-15cm
3.48 1.02 5.15 152 83 DTPA
Sal Tl . s s
Sl Sox Sk il o N - s gzt
CaCO; oM EC pH ] ’ Clay Silt Sand T
) ) (s ") Soil Texture ) ) ) properties
322 0.54 8.5 7.8 Clay 61 34 5
hraa (}’:’”ls Ji?, o S (mg kgrl) (Metal) ETER.
Pb cd Ni Cu Zn Fe Ve S
(Total) IS I e
ota e
7 0.95 35 38.1 62 ) Soil Sample
(10000 m)
2.83 0.67 3.66 8.11 342 EDTA 0-15 cm
122 0.51 1.87 3.14 243 DTPA

Slr oS 2l peme Loy 0l @51 slas Ik
Fo=Vo S5 0 =18 e N0 =Tor (g, e
eSS 03 S ke 00T o VY peslS
Mae ((V0) 5,5 oo i 53 slome 25 Olssws |
5oy ke Skl slie 5 Sl 5l
3550 53 5533 G S el 5 2L e opl 2l
Al Sl el s ol (Sol sl
Y Jsds 3 gﬂ@us@; peles Sl 51 G

] o 0l QL’;;

A

b cadlan cpl 5l sdel sy s bl

Olbl 4 2830 2 2 3l Sl jlasl s e
ACPPREN R TV TR PRI
S B e el sl OLS sl b
ey LA oL ol Sl Lol ous s
L) olsls Clas gt iomen 5 L Ol 4
Sllliad b oacslie 53 oy dalet Sl (QK}
S IS e gl p 1 Slre polie ST Sl

s Olgea) 5,8 o L s S s Sl ol



050 9 (T S gl yead dsgamo

andlae 3, 50 ailate GLSB 55 Adls Sl jasls y (Sl mhau ol So 1 jasla Y Jpux

Table 3. Contamination indices, levels of contamination and integrated contamination index in experimental soils.

(Pe) ads Ss 1 jastla e pselS S o S (Metal) s 36
Integrated contamination index Pb Cd Ni Cu Zn
=V0 Ges 3l e Ve S
19.68%* 1.21%* 17%%* 2.01%*  2.15%%  23]1%** OF
Soil Sample (100 m)0-15 cm
=V0 Ges 3l e Ve S
9.9%* 0.6™ 8.04*** 1.2% 2.04%*  2.62%* OF
Soil Sample (1000 m)0-15 cm
N0 Ges 5l e Veees Sk
1.8% 0.2" 2.65%* 0.87" 1.20%* 0.62™ OF

Soil Sample (10000 m)0-15 cm

el (S e edims il M b o b5 5 dangze (oS (S5 T e edims 0l 5 S L
* ** and *** indicate the contamination at low, moderate and high levels. nc, stand for Non-contaminated.
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Table 4. Analysis of variance of the effects of treatments on fresh and dry weight of aboveground parts of

spinach and coriander.

(Mean Squares) Sle o Sl

S e
Coriander Spinach &3l am s o
e O 50 S 055 ENesY ]?r‘f;e;sf Sources of variations
Dry Weight Fresh Weight Dry Weight Fresh Weight
(€] (€] (€] (€]

3.80%* 28.10%* 71.44%* 188.27%* 2 (Distance) (d) akobs
0.92%* 5.28%* 22.77%* 70.84%%* 1 (Vermicompost) (V) o 5aS 55
0.40%** 4.83%% 9.63%* 36.08** 1 (Peat) (p) <y

0.078%* 1.52%% 1.12™ 0.117™ 1 (P*V) S eS 005 # T
0.35%* 1.39%%* 0.85™ 117" 1 (d*V) o gaS o5 % ol
0.43%* 1.42%* 0.92™ 1.21™ 1 (d*p) oy s abols
0.27%%* 1.79%* 2.82%* 5.78%% 2 (A*VHP) oy 3 v paS o5 bl
0.024 0.15 0.28 0.78 4 (Error) Ua>

17.39 16.75 19.35 15.31 24 (LYCV s oy

.)‘;&MQM‘;}?_}?J—G}M);\ &)J&)‘A&M%;A{ns‘;

** and ™ indicate that variances are significant at the level of 1% and non-significant, respectively.
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Figure 2. Triple interaction of treatments consist of distance (d,=100 m, d,=1000 m, d;=10000 m), peat (p;=0%,

p>=3%) and vermicompost (vi=0%, v,=3%) on dry weight of aboveground part of spinach. For all variables
with the same letter, the difference between the means is not statistically significant at the level of 5%.
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Figure 3. Triple interaction of treatments consist of distance (d,=100 m, d,=1000 m, d;=10000 m), peat (p,=0%,

p2=3%) and vermicompost (vi=0%, v,=3%) on dry weight of aboveground part of coriander. For all variables
with the same letter, the difference between the means is not statistically significant at the level of 5%.
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Table 5. Mean comparison of treatments consist of distance (d;=100 m, d,=1000 m, d;=10000 m), peat (p;=0%,
p>=3%) and vermicompost (v;=0%, v,=3%) on concentration of heavy metals in aboveground parts of spinach

and coriander.

(Mean) .5l
- paedlS g o S
Pb cd Ni Cu Zn (Treatment) ;o5
(mgkg™") (mgkg™") (mgkg™") (mgkg™") (mgkg™")

ng ng ng ng ng dipivy
0.79° 2.14% 22.66° 8.48° 58.89° dipivs
0.58° 2.13* 21.66" 7.98® 44.17° dipavi
0.58° 2.11° 20.46" 7.69%¢ 38.49® dipava
0.51° 0.80° 12.82° 7.16™* 36.38% dpivi
0.42¢ 0.76 8.72° 6.84°F 35.617° dp1va s
0.41¢ 0.70% 8.52° 6.47° 34.130% dapavi Spinach
0.40¢ 0.56° 6.46° 6.33% 33.44% dapava
0.39¢ 0.18¢ 3.03¢ 6.27° 33.18% dipyvi
0.38¢ 0.17¢ 2.49¢ 6.016 30.31% dpiva
0.27° 0.17¢ 2.203¢ 5.92¢ 25.823% dipavi
0.19" 0.15¢ 1.070¢ 547" 19.470° dipava

ng ng ng ng ng dipivy

ng ng ng ng ng dipiv2

ng ng ng ng ng dipavi
0.40° 2.22° 2.72° 8.40° 40.18° dipsvs
0.38* 0.80° 1.34° 5.86° 37.35% daprvi
0.37° 0.76° 1.34° 5.03° 22.88° dpiva S
0.36° 0.73% 1.32° 4.63™ 18.06° dapavi Coriander
0.34° 0.60° 1.29° 3.93% 15.63% dapava
0.17° 0.18¢ 1.11° 3.46% 11.95% dipyvi
0.13% 0.17¢ 1.10° 3.36% 11.07° dpiva
0.11¢ 0.17¢ 1.10° 3.30% 10.62° dspavy
0.09¢ 0.15¢ 1.06° 2.40° 3.76" dipav,

il e do 2 0 g bl o 53 Sl me Sl BB LBl e S xie OB (SLls D a3 S ol SOl
For all variables with the same letter, the difference between the means is not statistically significant at the level of 5%.
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Abstract

Background and Objectives: Heavy metals are the pollutants that became a global problem because
of their stability in environment. Each year on a global scale thousands of tons of heavy metals are
release into the soil system. The most important pathway of exposure to human is daily intake of food.
Accumulation of heavy metals in soil and cross the critical limit, make unsafe food which is menacing
human health. The human body is adopted with essential elements such as iron, copper, manganese and
zinc in special dose but high concentration of iron and manganese cause Parkinson's disease. High
concentration of copper causes damage to the liver and high concentration of zinc causes
malfunctioning of copper which has effect on immune system. Other metals such as lead and cadmium
at any concentrations induced renal tumors, reduced growth and increased blood pressure, therefore,
the risk of cardiovascular diseases for adults can be increased.This experiment was conducted to
evaluate the non-carcinogenic risk assessment of heavy metals in spinach and coriander grown on
metal contaminated soils which were collected from vicinity of Khuzestan Steel Company.

Materials and Methods: For this purpose, topsoil samples (0-15 cm) were collected from around of
Khuzestan Steel Company according to prevailing wind direction (east-west). Exact sampling
location was determined using GPS. Total metal content was determined using aqua-regia solution
digestion method. EDTA and DTPA extractable metal also measured with standard methods. The
experiment was laid out in factorial completely randomize designs with three treatments consist of
distance (100, 1000 and 10000 meters), vermicompost (0, 3% w/w) and peat in (0, 3% w/w) with
three replications. Seeds of spinach and coriander were sown in pots and harvested after 8 weeks.
Total metal content in plants analyzed after digestion with di-acid mixture. According to toxic level
of Zn, Cu, Cd, Pb and Ni hazard quotient was calculated.

Results: The results showed that organic manures stabilize metals and reduce the risk of their release
into the environment. The effect of Peat on adsorption and reducing heavy metals transfer to plant was
higher than vermicompost, whiles vermicompost was more effective in increasing fresh and dry weight
of both of plants. By and large, heavy metals were reduced in soils as distance from factory increased.
This is indicating the role of the factory to contaminate the surrounding land. Hazard quotient value in
case of lead and cadmium were more than permissible limit but about others were acceptable which
may be related to soil properties which are preventing heavy metals solution.

Conclusion: According to nutrition aspects of vegetables and importance of providing high quality
food, application of organic manure in soil can be effective not only in increasing quantity of
production but also in quality of them especially in case of polluted area.
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