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Tablel. Meanst SD for some chemical and physical properties of studied soil

Parameter Value
CEC(cmol. kg?) 15.4+3.7
Clay(%) 16.8+5.2
Silt(%) 9/43+7
Sand(%) 39.3+13.5
0.M(%) 2.88+0.2
pH 6.9+0.05
CaCO3(%) 10+2.1
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Table2. Heavy metal content (Means+ SD) for studied soil

Heavy metal Value (mg Kg?)
Zn 2955+2.2

Pb 297.18+2.2
Ni 470+2.35
Cu 519.2+2

Cd 350.1+1.6

Wow sz ;0 Cd o Ni (S @lls g Jols s3> jo
ahls e Jlo s )8 cssline wolo,S Loaisl
£y <o..bLo.JLt £y> g9 00g) ul.....S_' Cu 9 Zn uj.....u
ST b adly wigey 55 < I olge b aidly Wiy

0

Jouz 0SB sbedises olardsSsd o S

sl oo &1 G o Las
sz 50 odd dslllae S 518 2 e (i
Cu g Pb Zn Koo S lie (3 yieS 5 oailendls



VEe e b oF o)lad A al>

S o5 Sladss

Lt o ool b S5 oShaS L S
2005) el oo S,S5 L 0,5 3 el

(Karathanasis & Pils,
Lo 0 PO ()b oo (15l s 4 oy
Cohl 05l 9 SIPDY 03 ay a5 loj 5 )5 957
cols wlet Iy gy Gl B LSl a4 o)
s3> 50 oy odale (Karathanasis & Pils, 2005)
2l ped as, 55Sie gl sleasT b azdl wign
cbale 5l as,s YAY e 4 S calize slizl o
L Bl wgw sy> a5 ol olid bl o)ls coyw JS
0 iy o 1, e 2B 55K 5 o] (slaags]
S9z 50 0y Oljee pol adlllas ;o 08 (oo 55L pm
ol s 9 0 VYY) I olge b asdl wigy s3> 4o
cale I 5l a0 VYA 50 Sl ,STL a8l wigw s3> 4
23 5 o Vb ChlE S92 09 o0 Juld 1) e
S calse (T slse 5 oliyS b oassly Wi« Jols
sulp gl dols s ol 1 o8 VL Cae
Gl by S e b (Swsle
3 89,y 1 e zez (Karathanasis & Pils, 2005)
Gl 00 )55 woosll et S owilegdly 55>
s S o g9, a5 Jb> o (Beckers et al.,2019)
<l Zna(PO4)z 5 ZN(OH)2 ZNCOs (slap b 4 oo

3l

2l Gam GBS g ol slalsl 4 JT
VEIY g 00,0 VEIT L oy a0 S j0 (g9, cudlagSS
o1, ZN CllagS s 1)l (gq, JS cdale 5o
G Ol 75 5 ool sloanST L 4l wsy <>
Tomasz et al., ) sls cos «(s3uuS| Zghaw ;o Mn

(¥ Jguz) (2017

S ez NI Saw 518 5,90 53 (Jg i ovmlive
e 518 gt g Dl STl audly Wigy 552 5l i
02 SloarSTL 4l Wgw ¢ 52 <owloydl <> ;0 Pb
Al wigey ejz < T ol b 4Bl gy 2> <jiSie
B dols ez ST ve (Jobs s < Sl S L
ST Sl b bl gy o5z 5| i O S
Shuguang et al., ) ;,Ken 5 S gl Slalas 0l
(oeodlS Cows (dw (e pas &S ol las (2018
GlaSTL 4l way sl 1o puedlS jgi> 4y gy o
peedlS Jols BB 32 5 005 onile Bl g 3250 5 (0
S g olS i gl e el So @l o
S 5 Boae 523 s 2985 g0 ogmire (5ehns 316 0l
w5 4 0500 <3l CUPT Lo 50 (153l8 & 50
e s JIOLI b e oSl e pyos
a5 ols ples anlllas ol sloassl S oo o Wsw
3,10 3525 S 0sileudl 53> 10 (e Llado oy i
2005) 3Ly 5 b8 Sledllae sloazily b b oyl
o YL clale o)l callas (Karathanasis & Pils,
2ol Sl 4 ply e S oailedl s> 0 )
Park ) ols Comd S clewils Sl liwgingl L
oSt g JT olge b aidly wige «5> et al., 2016
o Ol 3l eoailogdl 23z b aglis )0 5iSie 5 (0]
L4l wigmy 252 50 (o o g 0092 1095 0 (65505
Pdz ) 4 olgie oo 1) 58 5 ol laas]
e «Shuguang et al., 2018) sls e Fe?* 4Cu?*
GlaSTL a8l Waw s3> 9 0dilendls s3> 10 092 g0
JYERRCESP NASER A S g 5
GRS B Oyge 0], ES i llE e K
sl Ll 0 5500 5 ool GoaenSTL oo oSdeS
PH a4 90 10 50 S 0 IS0 508 e8> o)l

axdllao 8590 LU Calizio 13l jo (pouw Ol oo B yxil g (Kl ¥ Jouo
Table3. Heavy metal concentrations (Means+ SD) in various soil fractions

Fraction Zn Pb Ni Cu Cd

F1 29+0.6 24+ 1 255+15 7.4+0.01 56.78+ 0.11
F, 98.6+5.5 11.4+0.65 24.1+ 0.5 70+ 0.18 24.14+ 0.005
Fs 435+4.9 114+ 3.2 79.243.4 76+ 0.64 105.3+ 0.12
Fa 484.4+20.10 35.98+2.04 100.2+ 6.7 148.4+ 2.6 40.46+ 0.16
Fs 1853+13 112.12+5.9 228.75+ 5.8 175+ 6.3 113.22+0.37
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F,: Exchangeable, F,: Carbonate, F3: Fe-Mn Oxide, F4: Organic, Fs. Residual
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Table 4. Heavy metals concentration (mg kg) and standard deviations before washing with citric acid and
tartaric acid

Heavy metal Citric Acid Tartaric Acid
Zn 1287+0.7 101+0.32
Pb 92.25+0.15 48+0.05
Ni 167.5+0.5 123.8+1.2
Cu 248+1.9 150.2+0.85
Cd 130.6+1.5 65.7+ 1.75
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Figure 1. Means of heavy metals removal after soil washing with Citric Acid and Tartaric Acid
50 loline glis s yo O Jleiml mhans 10 (S5l a0l b S yide (5Y B> G b sl Sike
Means followed by the same letter are not significantly different at p < 0.05 by Duncan's multiple range test.
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Table 5. Heavy metals concentration (mg Kg™) and standard deviations after citric Acid washing

Fraction Zn Pb Ni Cu Cd

F1 3.8+1.15 nd nd 3.4+1.7 2.5+ 0.62
Fo 13.58+ 1.2 nd nd 0.43+0.19 4.3+ 0.91
Fs 54.34+ 1.3 nd nd 13.5+0.2 5.7+1.8
Fs 1027+ 1.2 20+ 1.18 110.3+ 1.2 60.40+ 1.6 80.2+ 1.2
Fs 1019.6+ 2.2 170.1+ 2 150+1 160.5+ 2.7 110+ 2.1
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F1: Exchangeable, F,: Carbonate, F3: Fe-Mn Oxide, F4: Organic, Fs. Residual

SO0 50 dwl b gty 31 g S sdiged jlro Bl il g (i wilpld Clile —F Jgu
Table 6. Heavy metals concentration (mg Kg*) and standard deviations after Tartaric Acid washing

Fraction Zn Pb Ni Cu Cd

Fi nd nd nd 10.4+0.7 nd

() 2427+ 1.3 6.94+ 1.3 0.47+1.18 22.9+1.28 22.25+1

Fs 330.57+2.3 23.66+ 1.15 20.23+1.09 50.1+1.5 37.72+1.2
Fa 381.42+1.82 30+ 2.1 110.3+ 1.1 70.4+2.5 60.2+2.1
Fs 1410+ 2.14 169.1+ 2.85 163+ 2.3 165+2.7 149+2.6
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F1: Exchangeable, F,: Carbonate, F3: Fe-Mn Oxide, F4: Organic, Fs. Residual.
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Figure 2. The distribution of means of heavy metals in contaminated soils (Fi: Exchangeable, F,: Carbonate,
Fs: Fe-Mn Oxide, F4: Organic, Fs. Residual)
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Means followed by the same letter are not significantly different at p << 0.05 by Duncan's multiple range test.
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Figure 3. The distribution of means of heavy metals in contaminated soil after washing with citric acid (F:
Exchangeable, F2: Carbonate, Fs: Fe-Mn Oxide, F4: Organic, Fs. Residual)
5,05 ol Sglis oy O Jlosiol a5 53 (yge3T b S pite Y G S L slacnSilee
Means followed by the same letter are not significantly different at p < 0.05 by Duncan's multiple range test.
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Figure 4. The distribution of means of heavy metals in contaminated soil after washing with tartaric acid
determined (F1: Exchangeable, F»: Carbonate, Fs: Fe-Mn Oxide, F4: Organic, Fs. Residual)
A5l loline @gles ao p0 O Jletsl mhaws 0 (Sils (03T b S e Y G SO b slanSilee
Means followed by the same letter are not significantly different at p < 0.05 by Duncan's multiple range test.
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citric acid and tartaric acid.
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Means followed by the same letter are not significantly different at p < 0.05 by Duncan's multiple range test
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Abstract

The accumulation of heavy metals in the soil is a serious environmental problem. One of the heavy
metals remediation methods from contaminated soils is the use of chelating agents, particularly
organic acids. The aim of this study was to evaluate the potential of citric acid, and tartaric acid for
the Cd, Zn, Cu, Pb, Ni mobility and distribution in the contaminated soils. Accordingly, soil samples
were collected from contaminated soils of Charmshar Industrial Park located in Varamin city. Six
samples were collected from surface (0-15 cm) in 2019. Contaminated soils were washed using
0.05M citric acid and tartaric acid using a soil: liquid ratio of 1:25. In order to understand the
distribution of Zn, Pb, Cu, Ni, and Cd in soils before and after washing, a sequential extraction
procedure was applied. Accordingly, five chemical fractions of the studied heavy metals were
defined: exchangeable (F1), carbonate (F2), organic (Fs), Fe-Mn oxide (F4) and residual (Fs). Residual
forms were the most important for the retention of all heavy metals. Zn and Cu had the same
distribution and fractionation pattern. Cd and Pb had a strong affinity for the Fe-Mn oxide fraction.
The washing efficiency varied in the order: Citric Acid>Tartaric Acid. Citric acid removed 45.55%
Zn, 31.04% Pb, 35.64% Ni, 48.7% Cu and 37.2%. Tartaric acid showed extraction efficiency of
3.42% Zn, 16.15% Pb, 26.34% Ni, 28.93% Cu and 18.76% Cd. The Cu, Cd and Ni mobility factor
were observed higher than 10 %. The mobility factor for five heavy metals calculated less than 10 %,
after washing by citric acid and tartaric acid. The results of this study showed that citric acid and
tartaric acid have a deleterious role in the release of heavy metals, and using theses acids is
recommended to contaminated soil remediation.
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