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Phytoremediation potential of Amaranthus caudatus and Tagetes patula in cleanup of contaminated soil

A Comparative study on evaluation of efficiency of EDTA, citric acid
and salicylic acid chelating agents in phytoremediation enhancing
of two ornamental plant species for elimination of Cr(lll) and Cu(ll)

from contaminated soils

ABSTRACT

Background and Purpose: Phytoremediation is a new technology for
remediation of contaminated soils, this study was conducted to evaluation
of efficiency of EDTA, citric acid and salicylic acid chelating agents in
phytoremediation enhancing of Amaranthus caudatus and Tagetes patula for
elimination of Cr(lll) and Cu(ll) from contaminated soils in 2018.

Material and Methods: After soil pots contaminating by 50 and 100 (mg/kg)
K2Cr207 and 200 and 400 (mg/kg) CuSO4 salts, and 2.5 (mmol/kg) of EDTA
and citric acid (CA) and 2.0 (mmol/kg) of salicylic acid (SA) solution treating,
the cultured seedlings were harvested after 60 days. Then, after seedlings
digestion, Cr and Cu contents were determined using ICP-OES

Results: Based on the results obtained, the maximum contents of Cr (mg/
kg) in cultivated soil, root and stem samples of A. caudatus were 2.40, 5.18
and 1.86 were found in the SA, EDTA and EDTA treatments, respectively and
in T. patula with 2.74, 6.00 and 1.30 were found to be in the SA, EDTA and
EDTA treatments, respectively. Also, the maximum contents of Cu (mg/kg)
in cultivated soil, root and stem samples of A. caudatus with 6.74, 3.77 and
3.34 were found to be in the SA, SA and EDTA treatments, respectively and
in T. patula with 6.65, 3.45 and 9.50 were found to be in the SA, EDTA and
EDTA treatments, respectively. On the other hand, translocation (TF) and
bioconcentration (BCF) factors of A. caudatus both were greater than 1 in
soils with 100 mg/kg added K2Cr207 containing CA, which indicates that this
species can be known as hyperaccumulator of Cr

Conclusion: In conclusion, concerning to the considerable role of organic acids
in soil refining electrokinetic and phytoremediation efficiency enhancing,
using of these soil amendment agents is recommended to cleanup of
contaminated soil with heavy metals
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. Thermal Desorption
. Solar-powered
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. Amaranthus caudatus

. Tagetes patula

. Chelating Agents

. Ethylenediaminetetraacetic Acid (EDTA)
. Phragmites australis

DU W N

3 0bdl (sl 4 555 st (srmi s S oo o sa
Origed 9 e Sy bawss Jlaml gk 5l pliten; ol
Lo b oo (9 YY) S o o, blsen slonyl G aime (ol
Osliza o Cluglo] g 3 Jsl 5 S S 5 e
b slos o glo puSlaS” oS0t 30k 51 15 08 o Jose
0 5300 3 3 g s S5 (S i gl 5 T sl
$ssS S b s el g S gz 5l iz o
Wls5 a5 wtad Yo Som b Jskma un (6350 ¢ slaands
Wl ol el el S Ooolee SB Jubsn Glesl
S alsn 5l 2 LS 5y buse SB Gis cub b«
(TY) asS s 1y a3 (655 s ool

el Sl S0 4 e il i & Sl as 8
sk 0oy D (sl ail5 ga o S r5ba 13,25 0 D50
4 O i 5 ptl b s 5 aal Jles S s
(T YY) &S 3508 tais gool 5 SU iGgeas sload
Jalss 4 45 ool Lo o St gl oS85 b s JUn
5 e bl 5 S2aleST bl pH pmen S s gl
ssboler ol (Ko Sughy 5 Ly (S il (T slse &5
oS b e (Sis (SB s s UL Spo i o)li) &S
Sy Sb Ll b b a an T el il e Syl T
cnl 3 65 i polie w3 T slge 51 22 bS5 axils
(VW) S ety uaze

Wd ke g0 8 S olsiee | 15 OLLS w3yl
Gbbe b 5 Aol 53 glases jsbey wilsi e s
Jebstr 525 LS wrenl 51 (5 0) axsl axsls (15 el
(il 5 i 08 ame g3luls gl S g (}» (ol
SShsz b el 5l (@lassn Giees 400 55 mpe 0
OblS U anslio 55 beanVT calsl ol L glsyuss
Coanl Cilme Aol gl Sildl 15 205,08
s 3l oSt (B YA D) wls ey LB sllee

1. Ornamental Plants

YA¥

Ve ﬁlﬂh(}w‘h)lﬁ&t@‘h)}é/k@d“‘%)b&hj}g asllad



YA

iy S i Sl EDTA suiS e ol g ey 31 gl / 011800 5 oML ) 2ns

St dd 5 Sl sl wle iy s L
(\“\—fV) 395 (b S gamn S s O:_i:.w ol 5le

Ol £ 5l Wil e sanSOWE Jule o4 (lsicas EDTA
ol Sl JSas by Jeame 58 0 K&
PRV Uk T Ut | PRI i Cla.a SOl S sgs
whb 300 FF) wl il sl sl olen
sEin smin S s SIS LEDTA sla oL 5,5
5055 spee T mlsl ee 5| Ceups] S5 WG oS
(O\) bj.& .>L>¢.:‘ 4:"'L.’. LY CJ‘J'.L" 3949 JJLE.A BE ‘5)3‘..5 A;.&}LE.A
Gii}}.‘y“):.ﬁ c‘y@ J.:‘y‘sn EDTA « ¢l sus Cub (el
NJES ) FRRTC IV L COMGH Y U IR CNCEL S JESL Pl SR )
Q‘J'.L.Z) J\ LSiXJL’ a\.; O‘}: ‘)\ JS‘Jﬁﬁ JﬂbLLo g;..i:k:..’»‘ “ o9 ajjg
[GSvow 4:.1.9 » ‘5&\5: JK})’L» AACA.:JLsLé uﬂ‘ (M) bj.f: B
FY) Wl o 2alS LS wty o s s 5 ol oS D3l
..\.:.w‘ .);f)ls 45 &:a.u‘ [ &;.3\3 4-1.“.2.& L’ﬁ‘u\-’.—_’? BEl ‘b}“—ﬁ“—: -(QY‘
Gobssinn s3bas (S l3ls @ asgll gladarss 53 Syt
bjgj\S ‘(:;‘j BE (f/\ ¢Y\) Cwol sl Dgugs ‘J ULA\; W)
J?L:A OL%L; DJLM"u 9 4..:...9_} JS‘ Oj} L,’.:"'.,.‘J"é\ “ &SJJ:.:.M .,\.:_..:‘
oy 5 059 J\b‘s.uu ))L@ EDTA bjg)ls cASGJ\) BE) ﬁ}.isa
ssle (OF) sl walys 2alS o Kow Sl 4 sl S s |,
E:A-A‘M J-‘:"P‘ L’ EDTA &« &ils uL::)‘ O\}jsﬁ céjé .)J‘)A B
9> G pH rﬂﬂ» u’@\s 9 U 3 Q\Jlﬁ J‘.&iﬁ jfsi:“)ig‘
s U':i"“ s Ods u;.:\f)‘ 9 ‘(pH=5‘//\) Chpnds Sl
5ty & S L oSUaS JS85 LEDTA il s ol
bj’) LJ ol youdd }:.J’ \) &:)\Jlﬁ cw“JJLﬁ) 9 X% b)‘j Lh‘t.’?LZJ.u e
s st 5 i 39mgs 30 9 ssls Jl! ol.:f Lsi‘}'“ LSL“U:"”
(00 XY) w8 o i) i

C;\.:.:.SJS CJ‘JJ;W )‘ C)’ti‘.‘“ C)‘Jlﬁ IR ULZ\ "y )jjaolo-b

Jebsas 5 oat sy lie slasemis 4 &5 wen inse s Ml

LS g (M) ad ol suge 5usls 655 Lowss 05,8 ¢
500l 455 b e ol YLLS LB s G
LS s ssbiiods & i (W) b ool ol
Lold s 15 658 aw b s calil gl S 5 48y
i asbten & hasn 5 (F) 4 ool Sdspspans CiS
£35S ahoz Sl S S5k 3 4 easll sYbelS S
5 Tagetes patula. Bassica scoparia slassS L
5,5 5Ll (¥0) 1 oLl Portulaca grandiflora
Sh sl s s s olge | sSols felse
s b I slaal 5 (APCAS) Lol LSy S
555 EDTA 58 cunaras "(LMWOAS) oS Sy
5 Cemiloaze 3 03,208 j5ba S Sl s5ia0 APCAS
58 o 93lzal oLl oy 51 e B (pzad Sy Bylae
shls EDTA 3l gla oSLoS 5 EDTA Jule S Lol
itend Vb il (ol s Sl s (gpdyases
s ial3dl glaasWe B e |y asti] las asilys s
JeSzs 5 Ol Gl 4 &S el gl oSS EDTA (i
35 b T sloaad (FY) 1S o S 5l sla oSaS
3 5 St a5 Sl el 5o oS5 (IS0 50
Mol 55 oo S5 &S aiten sanS ML folys plyil S
N WEPATEE 2CRTERY WSS (1 WEEC U FI B SHCH I
Gl b ol pblS bt gl eSS s Syl
sk et o Jlses 5 gy Mo ezl 2al331 H
bl Sty Grliases s asdle 5 (F7) wsls 2ol
Lb Llsypds Fomb Saam 5 Yo (Sl jolas] snen
5 sssian S S Ll 3l sliz] 2,8 S Sl am
Gt b 2de £ QR Wil e EDTA 54,
osba 1) lS b sy wds (S s S DIl
2 3 LS 6l Cote T 5wl 2alS (gls st

(€

9 LsiLC""C'i' 6\.&0.&..5@“.’; Jf.L‘ L: 4.M.iLEA B uLeu»J: LA‘ c.L.'LL:

ails

3. Apoplastic
4. Electrical Conductivity (EC)

1. Aminopolycarboxylic Acids
2. Low-Molecular Weight Organic Acids



pritenyet oyt S5l Dl 2ud b (V) YOV s
Oyl Gt 38 SB N asle (OA) S Jlisl mlgs
o 3 00,5 polis S B rtnes 5 (0F) SalS 2lS)
TAO Lale SGym el b g (gl e 3l g S5
Giast Soa IY i Sl 5 270 S lST al
o3 s s by W sicis el xiwcab
4 ol (P)-04) ES-710 Jas Varian

BOT 3 jolis (6 s el 3 OALS S

b i soyian Sppot SB gadised lizl ogkiiecna
Slog,S 55 b 3 S8 53 1S oo Vv 5 00 sl kil
S 3 0 S5kS 5 S ke Yoo 5 Yoo Glaclile 5Tl
/00 chale b pladshons g 5 ad 035l T e Slidgus
Jsashea ¥/ 0+ 5 St aad SEDTA 56,8 508 s Jso s
bdisas 5 o938l S & | Sl sl Sl 05518 5
O 3l g (1Y) s eSS Sy Lo 53 39, 1F ooy
5 Dlidng 3550 51 &S (Gianm S 5 us el sms olS Lk
Lz caiags s 48 o il g mlie 5 355L2S 35 ol
sVl 3T Sy 3iions G855y IS s sl
S st 53 42n G ok (s g 9905 il e sl
(OA) S ool 1,3 eSS Jolss 4 4zl ol S g5l
U saloplalS 4 1S 5 51 o 4l SN0 cin il (b 5l g
Ll s 5 Jime S oS LS ¥ gl Sne il 0T sl
NS —F s Cughy 5 LS 5l 4o Y1) e
Sless 53 LS S gy Johe ean (FF-FY) Wit
Jalse 286 o 5 03,8 4035l S Glatigas i (0L2) S8
i) 33 sialail 5 als ol less (FF) us o s s
Fo b 3 e 5 Sole s aailoatianygl \ Jpus s andlas ol
S 5 5 g gland (Ll @ S gpdo 2SSl )
S 5 a8 sadiped Jisl 5 plS ilyn ol 5 a2y 038
(PF) a2 Bl tlasl 4 (528 slac S|y awss

9 Ja.:.:u BY ‘_5)\.,\9'\.7, ‘h:«“—s;-w ‘LS"\J}L efdess 3 @\a‘)}}ﬁ
b dslio 53 (65 L bbs ¢ gty cill o <Ll
2S5 lS (g 3 amS e sl T slasaVT
Judsas g aas ate come (luli 5 goladl L5 5l oS wn
‘Gf‘:"é 6\.&:):.24) 3 )j.é: r.u‘— 9 U‘?'i"‘“ Q‘Jlﬁ Q\.’;‘.»LT.J‘ 9 J.o.z.'f
Grat 3l SB sty Censilanmnn (Sl 2S5 als5 oo
o Sl anllas iz 05351 42,8 a0l ) aisd Aly e
gossll oS VLS s Gl sanS oM Loy 30
adUan (ol sud r\;u‘ (523 AS'“LS LSLAOjf L..»}.? B r}JS
el 5 Slie Il sl EDTA s 1 b)) s b Ll
QjL&SA L_sg}lﬁ 9 )b}L.o L soS WL JA\)S g)\}..&:«; &JZ.:.M:
b e 5 058 4ol GaSle LS IS Sl s

SLESY

Sl )l et 9 B 503 8 JwosleT (ST 31641 i b
LOT g beasd 55 59

Slaas 3 oaall 0t Sb ladipes (hooys Giasy cnl 52
iz St &S plien asly Wl T el BLbI L
Gl iged g0 tad Sl iy 2iS 55 Jle
(P ENVEIICATH GlaS Solis Jeadlgzes ulal
X as b ke Sl sl WelS gy (USDA)
Soslgar sbdsed 5 ol sz anky bug grsle
G ot oshied (ogake (Soxlly Gob 0y sad
C35 gl 53 gosian silunnsll 5 liar s sSsd slasmably
S btiyes izl o&eslesl 55 wind Jize o2 bl o
iz 5hatats s 55t iz Sl (Glan s 50, ¥ Cotews
ooy 3o giashen ¥ S 3l w5 K 5 Ko s ol
St S Cl et 4 S (] 51 e (00 OA) s

Jenway zpH Sl sslazal L pH la,zably ((0F) Szegyaes

3. K,Cr,0

27277

4. CusO,

1. United States Department of Agriculture
2. Artificially

YAS

Ve ﬁlﬂh(}w‘h)lﬁ&t@‘h)}é/k@d“‘%)b&hj}g asllad



YAY

iy S i Sl EDTA suiS e ol g ey 31 gl / 011800 5 oML ) 2ns

BCF=C

Tissue

/CMedium (\ )

ARCT PN

CMedium J CTissue 3 Lsz-ﬂi}(':o-?ﬁ J):SL? o.x;a:;QLi.j BCF
Sl s S 5 gy B0 5 (S S 5 05 ko)
i oo ol S s S 6 ggimn 5 (e L asli) alS

(Y)

¥ e, s

CAerial tissues < JL;‘:J\ Jj:“gb °M>Qu~3 TF

TF=C /C

Aerialtissues Roots

Croots 4
2 s (Gyion a0l T4 5 (p§ kS p§ o)
e 4y 9 3len rL\s\

e LS LB SoLL BCF< \ 5 TE> ) yslie
ELBBOFSY 5 TFS \ slie L,b 51 5 saallan 550 58
(Y) w03 o 0l ) (205 8L b s salizad jshatags oS
2 bl S5l
AT A58l 31 sl Lol ko 5 4055 caallan ool 55
SN asls w555 0350 o (many (sl - oLl 14 (355 SPSS
S s 5 236 clayla alin (gl « Shysmggls (gl
toille (yeizman 5 oanS WS Jalye ool S gladised 5
e 30355 rolis ezt S Slalusll oy sladisad
sa3l 3 of Jlises 5 8,6 uilily Jelos (b o5eil )
o oslizl o Sls iad

6‘-“(‘*5‘ 23 s 9 r,JS Syxn eetS jsbiass (3L
by ilelis Gun b b olusls 5wy, Juls LolS
25 5als Vb alS sbdisad (s aiad 4t S
Lol Kas oy 5 aad Sid () 3 sk a3 Vo gl
oS /e 2B b el Jles sl Sl sslizal |
S Sy 4 blS eSlas g o S Gy S e
el en Vo o alS s e leas O] S
o> Lo dids Wo et badgas ol gl Lle G on
Y/8 (g 305 03ls 3 b 405 PO (slas L 08
s 3 s it aag33l bagl € 7Y g a1y 2 ls
Dled cpaly o B8 3l bages slas jse 5 Jskms puds
il dhee 00 o 4 ke s O b Jylowe oY
o 233 ¥ (glas 53 a9 09,8 e ns 0oy b
slulial 5 le Jolowe Cola 51 e ol s ad (@SS
2 2LS ledisai 53 polie gyt a5 09,8 polis S
(PO EF DY) wt sasls> 6, J S ICP o8t Lass L1, SGY
robe JW w)@.’v S el dwlbw
il 32 0LS LS a3 S ey pBanlirizas
o) Sl 3> ogliza g s Slages LS M e o3l
355 yoolie Jisl 5 g o sla el bty Ciir] 3
(FA57) s ol Y 5\ Ll Sloslial b s iy s 5

#galojTs 3ol slajlowi ) Jga>
(f)fglgs)bdsﬂ&)ssl"Qoé,}éh.ﬁisﬁaﬂ&dn'sd«m o:,}/}lwow/,w&*'-mé 5;,}3] E?”bé' Qb,ftséuiduau:“ alc )L“;
s e ] Sl Sl EDTA  (pSohS 0o pS o) S 4 (p,S9kS 53 p,5 ) S5 & .
- - - v.. o
Jali
- - - £.. Ve
Y/0- Y/0- Y/ v -
EDTA
Y/0. Y/0- Y/0- £ Ve
Y/ - Y/ Y/ Y.. o
Sl sl
Y/ v/ v/ £.. Voo
Y/0- Y/o- Y/0- Y. -
S i Sl
Y/0. Y/0- Y/0- £ Ve

:3_&ﬂwlwbdkﬁ’/\jML..\_....\.,\;UJL&.v/\.EDTAJ:UJk,,/\M\..a@jy/\\}.abja.,\.crv \_g‘.é.«.?Jf}v,@)}CU\_;L&AJ;&\JT'U)L;,;JSJM-2{5

1. HO

272



ssinn bl GUsl o /40 (gl sina ol 5> S s )8
oS e Ve a2l S sladised 1o S s wilai sems
ol dor el nly Dl Ses (0 S5LS s
bl B+ /0 gyl rae ol 3 (salojl) A sty
eSles G 3l el s oM (Y Jsaz) a samlie (gls sinn
il il olasls 5 o) sbwises s a‘atﬁ@;a p,s oslie
Slos,S 6o 0SS s oS ke Ve 5 00 ol (b SL s
Shsiine gl 5 Galall slaslas aen Gy 02953l ol
i salin s iae bl B+ /0

55 @S 4S5 Gl bl Ul aneS il
Wiy gemed 3 CiS s S dbdised o S sl plis
> pful—:ﬁ \er
0355 el uS0lis Cm eyl rlsy Doy S (53 0,8 5L
2325 /0 ol isiae o 53 s stae (lal Bzl asily pazes
(Y dsaz) il

oo 655 5 9,8 paze Jlaml LSl e wtey
pfjlsf »? (,5(51«* Voo Dl & by VAL L

9 O J.;b 6\.&:;5L> BE 4.‘.‘.9\9‘ W) ULM.&L.':': 9

S93 g.ibi.:.w J.:..w‘ M J.;-\) S L¥) o:}j.é‘ F"“L:ﬂ QLA);S&)
s U'l‘ Glﬂg_jcg.?ﬁ )};‘SU )ialin ‘LS'éJL )‘ ((;9.”) \ J\J)AJ)
Y/OAL i C)T P VPRSI S 75 g_s-‘iiuj Sl 4on 5o
r.:..»\.’.‘.:? QLUJS s> (ij.l.:s B rJgLSLTA (b* JL@.:S L Lﬁ‘ﬁo
((g_)) \ J‘.)}a.;) S92 EDTA suuS oW J.nl.; .,\.?‘3 S LY n)}j.é‘
2 a5 48 5 (3)5 s JUsl 558G Splie izman
V35 Sl sl ansS AL e sy claylos
(ijl:‘s » (qul:-” 00 Lles ¢ by V/YY L OT edens 9
BTy &_i:.l:....:..l[m J.:..»‘ A}‘j S LY cbj}ﬁ‘ r.:.nbi C)Lojjf‘_gb
YINAL ol i ol (s o2 2556ty (b )
Slag,S (63 (Jf S s ()f shea Vo (ﬁ;g S ¢ by
J\J}AJ) S92 EDTA suS s JALC .X}‘j S LY asjjﬁ‘ r:..:\.lg:

(659

laadly
(os)) Lamszo 53 ey anlllan 5,0 S dnaiil, ol
Chale 5 8,08 oS S asle hyls S/0-5/Y s330e 45 pH
s VWE /L Ll e e s rﬁ;s ol S
gt oS5 508 a5 /AT

3058 solie Chle o Silo 4 bype iosi slon,ll
T sledsS sl 5 i) (iS5 S (sadigad 53 s
Sl aslia 5¥ 5 ¥ Johs 53 ciie (anr IS 5 s>
a2 538l ¥ U\ (lolsgad s ity tegipand 5 Ui
Ll

e 0l rezs CLL Sl wton ol el
ot 3o $aS wdl ady olusls Gladses 53 05
655 Gy 5 oS 5 SB skl 5 2l wen s
eSS s e S ke Ve woly Gl ¢ (i S
Sl I ol s Blat gl el Slap S s
ldsed 53 9,5 jate wlpens Chle Sl wdy
el 4215 Slad s egys el S slady, g oS Ly S
Dlos,S 53 085S 3 1,8 a0 oy sl 4 (S
03,5 Chle oS0l o (B,b 51y Glasangdl sy
LS s lusl y adoy puizmen 5 S L5 SB Gladises s
St & byipa 5 VA 50/ Y/Fe b s 32
cymizan (Y Jsis) 55 EDTA 4 EDTA «Sokwudl s
iy oitS 5 S adised 35 05,S Chle Sl wtey
VYo 58/ 00 Y/VE L 0 gins IS €58 anbnd, s )lusls 4
EDTA (Sl sl slasless slayles &0 by e s 50
(Y saz) 35 EDTA

455 4 bye il lajles Gl a8 s
Gdised 5 wlrand 09,5 gyime Zux 5l ugsel
B wsly S gloslass s o sl glis o lusls 5 e, (S
CME e agsdl el Slag S 0850 s 8 s
@l et uslin Sls L5 31 Sl sl 5 EDTA

YAA

Ve ﬁlﬂh(}w‘h)lﬁ&t@h‘h)}é/k@d“‘%)b&ﬁj}g asllad



YAQ

w9 S s Sl EDTA a8 O ol g iy 1t e / 0, Kas 5 ¥3Le ) s

P;‘,Lawyw&a)),a‘sbﬁsfBJL»’L%,%)‘CAJS)JJ["SLQQ,NJ)*?,)S)Mubéo:uuhlcuaialm“ Joa>

il T slalag 5 38l G505 SuSisey 5 5hS >

sless 03933 ramlis Slog js‘s" s cble o1 by
e duwl Silwdlo 3wl EDTA Jals (PSS 13 p S ko) S 4y
09,570 WS iS55 slasled
Va/fY \C/AY \C/AY w3:\b/sy 0 ‘
Va/\o vd/f- Yc/Ys vb/vy V.- =e
\b/sa Yc/0\ fd/vy va/fq o )
va/vy Yc/o¥f od/ VA \b/sy ) =
-c/Vs- -b/vs- -d/ay- AN 0 .
\e/¥Y -b/yy. Vd/As -a/\v- ). st
Gz JS 435S CiS 5 slasles
Va/vy Yc/fyY \b/vo \b/ve o ‘
\a/AY Yc/V¥ vb/s Yb/1a ) e
\c/As VAR fd/va \b/-s o '
fo/v. -a/\o- sd/- - \brs ). =
-C/Y¥E- VAN ~d/vy- -b/o- o
-Cc/00- VAR vd/v- -b/rs. ) sl

el SV Bl Sl g by e slasl

SO Jelge waly b 3l \SLAJL?EQ:{(};_,AJ&CAEL&Q:Q\:& Ols gne J)LJ S\ g5 Solo sy o s (...3a;b (C) S it Gy > i
(P<e/0) el b b u..j\wbJ:.l:e.?Q}aﬂ@\:ﬁwb\ﬂéﬁa;\}fjwj,&cb(_;uﬁ;alim)aJL}ijJ‘mﬁ}JBébd}g):M

1Y
Al
A
.7
. F
.Y
L8 Jals S5 EDTA Sl sl S
BA-mg/kg M Y-. mg/kg
N F
8,7
Al
A
. F
. F
.7
T T T
25 el 3 EDTA R B
Hhemg/kg W Yeemg/kg

),.'SS@ ())3dhu| ),ISlé )g‘)‘io (C) fk)“’)'-'.' cla 4.3,? 2 f,;,mw,&m),sb (u),dlm.ﬂ J,IS& )g_)La.a (<) )b,.oi

c

G 22 S 495 )3 p9 )S puais (ghuw jRoS

=
A}
.
‘,d .
Al
. - . .
T T T T ]
ES LR EDTA Sl S A 2l
BA.mg/kg W Yes mgikg
<
=
¥4
Y
V.8
Al
8 .
T T T T ]
o Qe EDTA Sl S
mAmg/ke  ® Y-+ mg/ke
3




Sl s (;531:5 22 pfsl-:» Foo s Voo ol css 5 SG
dod o sldld 5 iy (dsed uizan 5 03938 e
Ssiae bl Bl /00 gl s oo s bbes
iz IS 658 Gl WS I s (Y Usar) Sl sz
I pfultﬁ Foo g Voo ol csS L SB sbhaises s
S bl Gl s o e S5 oS skS
2 e @bl Gl s il mazs yslie Sl
Ssas 53 al spade ot saalie /40 (ls ina sl
Fro s Yoo oly S clodsas 95 Lo Lo anil 48, iy,
55 oledls griman 5 s Slilse 5 5LS s 008 Lo
Sy 05518 55 05 has Froazly S wpes s il
Solead o e et palis S0l o 5l (s
Sbsins phan s St aenl 5 Seldle sl sl

(Y Jsaz) Cuilis ssmy s ine (gole] GMasl /40

i @l pens CEL 5 Sle ity s Gull
658 95, olasls 5 iy (iS5 S bl 3 s
05 shen P20+ a2l S ol 4 3lpe o 53 callan 50
ot ebrb 3ty Ghat vyl s iy 8 LS s
oy e 5 S 5 S Gladisas 3 s ilE S50
et VTR S X/VY SIVE L g 5ol oS sl
50 by EDTA 5 Sl Il sl oSl s el s
S ntigai o s S oSl i e (T Jpas)
FIRON 55 rinz U8 658 adly iy o)ls i s oy (228 5
SEDTA Sl sl slnslat 55 castin 8/0+ 5 ¥/$0
(¥ Usaz) 15 sanlis EDTA
b by ol bl Ul S s
5> 4Bl et s (g5ine Sl S 3l g 458
g ol «S sl plas lusle 5 wisy S bl

S o o> s dallhio 350 SBGSS o)Ll 9 i) (kS 1) S GLges 13 K gmo pmaie WL gess Clile (5Sko ¥ Uy
rloiT sl )lows 9 38LE dig0d SuSi5ay p )5 9kiS >

sles S 4 03935 o Slilgas o CbilE
g , P11 b b
S s s Sl Sl EDTA sals (PSS 13 p S o)
09,5l w8 iS5 sla)les

vb/v £d/-\ Ya/fA rC/AY Y.

Sk
sb/oo sd/ve oa/- - sb/oy f..
\b/\ v vd/-A -a/sy- \b/-f Y..

o,
vb/ay ve/vyY Ya/vy Yb/YA £
-C/YA- -a/-q- ~d/AY- -b/vy. Y.

o sl
-b/s- - ca/y- . Ye/vE ‘brs-- fo.
Sz S 4 iS5 sla)les

YC/YA fd/vs Ya/44 ¥b/vo Y.

Sk
¢/ sd/so fa/0A ob/ra fo.
-a/\o- VAR \C/0- \b/yy Y.

LS )
-a/q- . ~a/AY. Yc/fo Yb/a¥ f..
Lc/ry. -b/yy. vd/vs ~a/\v- Y.

o bl
-a/ff- ca/f- . ab/o- ANE fo.
LSl Sl 4 b slusl
S OWE Jalye amly b a8l sla)les o o e clile S0l s e 5lo] Clis spm s Solo cciusy o s (s Ad (€) S e i Gy o e

(P<H/+0) cd 6 b il il L.l;u"Q}Aﬂ@uwuﬁéggﬁjfjkcuéuaﬁa\ﬂ,\.;Jajuujgzﬂ‘uqﬁs;smjuéuuﬁﬁya:»

O

-
oD
v

Ve }ﬁlg‘r,wz,w.rz.uz,,a/kwwb.@,aw,;; asllad



Y4

w9 S s Sl EDTA a8 O ol g iy 1t e / 0, Kas 5 ¥3Le ) s

. oF
- b
. .
1,0 .7
Y .Y
A o
. '
T T T T 1
-, NLale & Ao A s n
Sl u; ] EDTA Sl S A T Lm., 2 EDTA Sl xl S s
s
mY..mg/kg M ¥ mg/ke W Ye-mg/kg ™ Feemg/kg
<l o
- o
P
Y,4
F
¥ e
1,8 ¥
\ oy
or
8
T T T T 1
o e £ € Beals sl S e a)
:g =8 EDTA o S At EDTA S el S e xd
W Yeemg/kg M Feemgikg mY.emg/kg ® ¥Feemg/kg
z S

29556 (5) 9 Jlisl )9S o slie (g) t w5 gl 45 1> gmo paie (S oo JoS () 9 JUs] )gS slio (Y )lsges
S22 S 695 )5 o puis | Fams jRoSS

JLO-:—’“ L") L}.}_}A \/‘A L; J'."Jf co.sb'.é\ r.:...:b“ C)LA}J.Sé)
)}L’SL’B _/..l)LE.n ‘LSAJL J" ((;.G.H) \ J‘.)j.o.;) S99 &jtw "\'t“""
V35S bl slale w5 pate ol (Geipazs
500 ol S s s ciS gl & byye of windes
Y/OA Lj cabj_}.é\ r:.ml;'.:_ QLo}_,S&.) r;j.l.:s BE rJfletﬁ \"
\ J‘bj.oi) S99 EDTA oW .\."“9 )Lo.?: @ b}bn 95 4 Y/Y4 E)
bL:f B L;Lﬁ.ij@.?d‘ J}.:S\.é J‘.\.&A Lu:;ebo.b .((&T))
r.:...;l.:.g QLO}_’SLS.) rjf}lzs BE rjfgl:.n Al LSJL’ S BE
VYV U il Sl sl AL sy ot (i o
S 3 Wl CiS Lf“ﬁJ>GU 45; ‘ﬁJOﬂ‘ J‘ ((u) \ J‘.s}..e..i) S¢3
3 o:;_}.é\ r*“l:"’ ijjsds rjfjlzs 3 Pfgl.:n \eo LSJL’
er.S B Ji’:.o:lhsujﬁ s_i.l):.:\.w J.:..u‘ b.LL'S&:)m L}ALC )}ué}
c(OO)ub&oﬁg Il ‘J‘é\’ @L:.: J.:.;LT BERET S PP REEPIWE )
j.é 9 (YJY) LS"":'“‘-’?‘ L(Y‘/\) ub&a.b )}S ‘(Y’\“) ub&a.b ‘53:-5

s Sk

655 53 o peaie JUml e Jhie ity (3,0 )
(,5 S s r;f hea For e by YOV L il oagl
Y lssed) 35 EDTA M asly S 0 ssgsdl o Slidsu
“od 53 i oyl (s RS 5586 aslie S > s ()
e it utzan ((9) ¥ olosed) 352V 5l 5SS wlsa
248l wd; (Ginm JS 4655 53 Y/YO L o yare Jli) 581
Ay S 4502938 s Dl g (,5 A5 s pf o For s
2 52 oe () ¥ losed) 42 sanlis EDTA sazS' s ule
talosl sl lod an (gl on i et ez 35S sl
(OF dosa) o321 5 5SS

- .
655 53 p3)S peate Jlaml S Jlake ity (el o0l 5o
rij‘L:‘.S B r;sl:.n \“ 63\." gSL; Bl X% CA..LS w}_,}cb



3V 3 5SS 658 pl ctSs slasless wen s uate
CiS LS 4 ouiia /OY 5 /0P Lo plis atyy
il 0,58 53 05 en D0 5 Vo (gils S s
Sogad) 350 bpe Selwcdle aul SME sy 03g58l s
EDTA Lyir 55 olsisn b ozl 655 sascal 3 () ¥
it 33 2,8 Dymina o yuais s01S 7l sl 655 Olyea
525 (00) bl 5 Jlgtam slotnssy ol Shagsy Sl
() e 5 olagm (TA) 0hlan 5 55 (FF) ol 5
LS S0k ((OF) oblSan 5 Tz 5 (FA) 0bSan 5 sl
oy oy Jas) S il s EDTA saeSetls ke
Jsere psbe S > s 05 s jaze YLLS L
saie S ol 5 eanS s Qs il w2ty bl
Dol el s cots 5 (il oo b Sl 5l e
O3 9 44 257 bl soatdbl el olgs 65l
2586 sl (YY) Sl Jlsysiy 4oy gaansly (sl 5551,
e $ois (gBly 3 o ) 51 5SS el Ui
O (52 oS gy 5 a3 Sl Sl e e (LS
Gl Gk 5l U CBl kS e ST (V) Wlsysi
Sl s 4 Uyana y3bty 5535 O (st smirtos 5 S0
Lo & 5 axean ' e sailash oblS Guaze cpl Ol by
(AT sl
655 35 ua seaie Jliml 8B Soslie tagn cnl 5o
eSS 53 S ka0 (ol SL s ens ciS (ginx IS
a5 EDTA aslol slajlass s sngdl o g
@3l Sb s st i8S dadigad o eipen 5 Skl
LIS 5 DU SN SCHH o oS kS s pf heo Ve
Shs5a3) 35 /YO U ol o polis a5\ 51,355 EDTA
b g3 aie ol e pens 55SB Luslia (3,0 5 ((C) Y
I 5SS a8 6 S 5 Ll dles

Sty & e /0) 5 /YO L C)T olie i 5 )

1. Cu-Excluder
2. Cu-Accumulator

dool saS M Lalse b8 4 s ((YA) oL
5 o5l S (3,5 i iz 5 EDTA 5 S pnm
s oledl daaly; 5 byl s i e o bl i)
o> SBsont S LS s BCF slie alS (aimas
b deglio 3 03938 eoly Doy S (5 0,8 5L 05 0,8 (Loa Ve
2358) \~:-L“~; Sley,S (63 pf S s pf sher O (55> S
e i 4 s s Yo 1, EDTA SAs 1oty [l Lo
oo i 4 s IS Jale ) sy 33 05,5 e
il Lo e s bnaisy s el 2alS 5 alS

2 G S 65 s S ate Jlaml pSB alie
i 5 ) 3 S Sl ) LS sl syl
» S 00 sl S s s caS LS G VTV L
slie (3 5l sg bsss sagl ey Doy S 8 5LS
(D) o) 332 ) 3 5SS ot e s 86 oy
2 (3;5 A (o] o 25550 Slie S ol Js sl
Lol et ) 31 5 Kot sl S oy sl
08 hea Vo ol SB s o 2unS GllS 4 Lo Y/YF
() ) lssed) ssr g8l el Doy, Sigr 0,558 s
S W Jalse pam s Ol ges b (i JS 655 (o]
S mlin S 3 (Kot a5 Sl i
Shasy s oS Sl o s ) 8 o 09,8 i
s slesz (T7) oblen 5 55 (00) ollSen 5 Jlgtam
(V) Halslo s Lz ((TA) 0Les 5 55 (74) oS
xS oAs Jolse saablS S0k (Y0) Ll 5 358
ns 53 S ) 5 Kool el i e
33 i o el g el (S 03,5 raie i
ety 5 oo lusls

35 on e JUisl 55l pslia aity Lol aalllan s
Gl S 5308 LS oS g by V/OY b g 525 655
W asly Sl 03938) e Sl g r;)i:s 3 pfgsl:‘ Yoo
imsigans 558 i 3,k () Y lsye) 55 EDTA

yay

Ve ﬁlﬂh(}w‘h)lﬁ&t@h‘h)}é/k@d“‘%)b&ﬁj}g asllad



yay

iy S i Sl EDTA suiS e ol g ey 31 gl / 011800 5 oML ) 2ns

il S8tz b (Pt i oS5 K
s bddyy wdy 555 Jeda,lS wdy oliee e ) (Sdsilee
56 A5 ks s gl (] gaee IS gl lusls
3 ae ol Soi E8lS 4 (e s aasll GBS s s, )
2o el i)l 5 S Jyloe 5 ol Wl ialbl 30,
ot b 50 DS 5 508 (1) 55 0 st sLS (slaphl
S azils glyie SOt daml Jpd s as LS YLLS
gz 53S B Saslie 5 S s S D6 S5l <>
oo 3 035 polis (gl Jlasl )pSU ol 5 2ol oLS o
sl o Simys ool ol il alS 5 ) Cie
e ol Gl GleS oo 2 bl s pate & by
Syl ontihl glaassl o)l 5l Uil el s
wizedls gy adyy sloasrl gladsisSly 0as 5 4dy 25z
St Al Sl eslizal 55 0hSen 5 gt g 3 (YY)
2095 56 calal bl 4 e eaS WS Lile olyees
WS Sy i s wals Jles b awlie s Tlerecta 4,8
U] y eytos (ol 4 sote s tne ssba Sostam din
O Ess onl S0 g 51 ad LS slao)lusls & 058
oS Dl b uSaS LS8 LEDTA &8 65,8 (218
4 olie Jsl 5 i bl 4 gmyis g sl 5 S s
ity p3lie 03938) 5 1S (o0 Jrgd L oLS 2l5e o i
) Sb 6 Sy aod 5 EDTA sazSolls Lalye UL
Ly g Jbsiae pRalS bl by e (oSS s 08 Sl
3l slasan Wl ol S gzl 53 1yl S LB (grinn IS
(00) ol saize 50 S
Gk 3l ol LS Sl 5 Dl5ls JUons! (S 2l
e il b St 3 o SLaS 1SS
e byl 58 L8 Cl il salie (Jls Glyes
reigezs 35S B spalie (Sptaw dpml 5 Dland G000
adly il S s S SIS sl 53 Jgloe e3> 5 4

Ly 6 S 23503 Sl Wilgs s oand Jgame jsbas .ol

Sl 0SS s oS Sha Vot gilo S s s 2tS
ol 35 Koyt aaad 5 EDTA cols sy 035380 oo
o3> 53 Ol en 5 b g S 655 wucnl 51(() Y Llsed)
655 oo « Selowdle a5 EDTA sazsS it Lolse
o osas 2l 5308 Cpenne oo ais aiiS gl 5ol
(V) Ohes 5 gloge ((TT) 0lSCon 5 5.8 ((00) Lo
OSes 5 (b5 (VF) oS 5 o ((F) 0lSCan 5 Tsz
st 538 g b3 5 JUiml S 2alS (PA)
Sl S M Jole Jgd> 53 (i S 655 05 s peaie
e ol Sl 5 (g3l ot b L1 S s3] G2
sl il slaasl wlps (35318 Jold solole o
zedls badie ddyy (el G isSls 05 5 4oy sz
058 alie (o Stagn ool sl 4 sld b iz
Voo osle S 5 and S lbtiped 55 ) 35S,y Jlis!
Olssn L EDTA soly 035380 oo Dlilgs 0,5 518 53 0,8 Los
5 DI (omyiws Sdggw 5 I8 -EDTA LSS LS5 b
Ladls Lo ghar S G55 lse sl iie 4 5L L
Sl 5l (gpinm JS 655 &S ud IS cdans 0 onl noMe
S WS Jolo jpdm 13 shg un pate Sl g LB
elrlier oag @l (YY) Sl ws Ulsyys,e EDTA
Calil dauly ganm IS 4658 S ol plis 5o Shlsle
Vb bl Sl 5l da,zShgnly 5o 09,8 saie Vb slie
Nayssp a5 lsn Gaion b anslin 53 bady; 55 ate ol
IS b8 5 olags 8 ol L sl (V0 ) Sl 035
bl 5l e VLLS Clis s 5 S ws,S
ol s Gy st 5 Soa alS ot s UL
3 8 Gask @l ripen (V) ates Jlysin st
Aol Ozean (sloatiS Sl slge 0938l &S sl plis olSen
GloSmo s b pisnS,m Gk 5l S Sopxe
i (YA) ool 2l il (IS blS Ly nS
Olyed Seledle sl & il ol 50 oL



550 35 b 51 T S 5 n L polin s 2
Sl 52 cyigead (7)) Sl il 529 S Jylons 5 oS
3l :SShes o 4255 BB s sine (Saacen da g3, )
) Sl sy Sl 4 S T OS5 gpimn b en
Ao dole s (S pH it o,lal & pbilen (YO VE
el PH s Sl o syl s 55 lsls JMsil s
b oSS S5 b gl 5518 SISl s ST s
S8 S 55 3520 DOC L Jyloa T 08 L a5
sable 5 YU GbpH s ) (YF) wms e olis |y JUuil
Sl oSS DS S8 (aseipal 0iad U
5 aze ol Vol il & e T ipal LT LSy snn
slye 555, 3l aslizal (onlly ad walys e syl S
s s Wil 2l s sl b sl gaSs s T
b wlss oo Dl @ ey B 4l 5y iz 55 S50 Djs0n;
GeBs (gmyp 5 s 550 L 5035 sl (i laims o blis
(¥7) 355 1,8
SIS 55l & cls pledl olyiee s 4 2 b
ol sais anlis alS jsba Sl ols alS e
Gbasl ey sl & ol S wye Jbig 2]
Oymad 52boyg b 4 oo & Sl Lol 3 anis s,
2 oS Sl IS il 5 ady el pdoe el
255wy 5 JedsAS 2ol Lhe Wl e ol
UGS SRR ISP PG B U PR [IVRg [ SRy
Gladl s S 3l FeS calilasl ol el 5l b
Sl s reme S (68 e 4ol 5L Jebse alse
S 3 e sl llS syl g
G 3 als 352y salsn gl & Sl Jas! 5l cwsles
JeS5 sl ol Sl waas j5be bl 8 Lol 51K
Sl olin 368 Slascdpm slacdlas xils b il
s3s dalys Szl 500 LSy 4 S bl s sl 508

2. Hydroxyl-o rganic Cu Complexes

3. Amine-Cu Complexes

ool oo (530 23le S and (prizod 35h e LS s
Shor Bl 38 msts Goob 3l by i SIS wilgs g S
BEYC CICIREVIN VS L VRV NSUNY FRSTT. SV CL IR
il el il s Sl s s i S
Ll s S Slivsd slagg 3t ileolil L &S
Lslie 03539l L S ol (058 45 ool 4 05 (V)
S0l Sb b St a5 i ipaes i
PH 2ol L mizmad 5 axils 5t Somd o Loles (g5
Ogise @ls 5o abe 228 50 Wsy sl (S
S pitam daad g Oland (459,00 (rics Lolses o5 cils oyled
oSS oS5 5o,k 51 S by 5o D8 S 2Ll
sl b 1 VLS S o e s S S
(PF) 3 o 5] et A8 s bl 5 Gy s

VORI A [CT S R F I PRRFS
solis 5 i ualie s s lis eaSals Julse
Sl Sl il ok s a4 s ey s
Bl G nd galgsgaze b lse ol ploal Lse
i3 0332 Ol Jedses il on Wiy 00l G503 Dolesy
Sl Cant & plhun Sgsbe il LS 5 S
G Glais Wsde o WS e S LS lse
516 31 5 s oalie gyl 5 A S Ly ot
Salile ol 655 ol 3wz aisd e Lis baads, o
Losye S50 sgame S b il o biasli w55 i3l J:rf
LL ) 5 5SS e ate Jlinl ,pSB (ol (TA) w2
3 T Pl b aglia s S0l S oS s ki s
Lsl3p53 5 S D il 5 Sl (el 5 e LB
Sl gl el ikl 1 kS ileg sl gyl 31.(VY)
RS Jols G olioa Songlign IS anTd IS
5328 3 e

Siod  ols oLt OhlSen 5 SlS gy mls

1. Sequestration

Yar

Ve ﬁlﬂh(}w‘h)lﬁ&t@‘h)}é/k@d“‘%)b&hj}g asllad



Yao

iy S i Sl EDTA suiS e ol g ey 31 gl / 011800 5 oML ) 2ns

5 0 3 Jols S (o 5 sad PH 2alS o S
el sl Jliza 31 S Sl 5l i sl (g3 5T
il a3 Sliand slagys b bl (2B (Dl gy
Vol Saldl 5 S oy s s bl Lzl gl «
Sb Slsgmgass; 45 Soal o s cnloiyls Jsbona,ed Slind
PIRC NI JUS K JS P PN JE S pDUOR SN X
el b S o ad T Y8 oS T sl e
W5lg5 o ol s iles g |y s T e as oS
VA) 2224 335

palie somlB 5 LSt sloly blize Laily) cpeizean
53l8 ady Soe Olsieds Wil e LS L S Il
(A YA S s 5318 25 Bl

I PP E K SURP N ST CHN I E R
il SVl Szt 5 anT s ot A
Ssgime 31 S S e PH 208 S0 ol
Spso i 13yl sanl gl S Rl s ey LU
Logly ohl e cud,b § xdySsl sl sbol
Ly i s Vol 0Ly s s 5 5 2l ey D3
o) suVT ghid LS asenl 5 amsoa G158 1, oS
Jale o Slsls Swl S ib 51 L(AY) sl e
O1a5 5 bl 4 biazy, 51 ol JUsl s glhasS ssame
S Ol bolusls & Cos badyy 5o 58 ool Sk
55556 yenl 31 AY) cadd QLS s i 3l
G5 sleadyy 1 098 ate S5l SR e pend
sleaio) 3 geanS WG Jole usly syl aan s uw"(?}"
tol 5 EDTA Sl Lolye anly slojlans 55 grhnx IS
Cnndls L2350 00551530 (glas aly ol b g5 s ) SOy
6 S st
SaisS &S Wil oLt regipand 5 JUil slaysSl uslie

Sl G\Jb‘:"“ Sl 5l e g S B

D..\.’.’SA:JM JA‘}.C L 6\.&&:«2.[5: Jj..é} BL) les )}L‘L} -(r*)

il Opllaals S ¢
oL:f .ul..e LS'a’)J.Lf 9 wli USJ:\S Q.x..:mu aL“..f Ay » u:.i.....

(00) ks on 153! il ool o 5k sl e
2 oS S gl o Cils 4o b el e oMe
e G (57 saisl 4 bagl S35 JUisl 5 lea, sloassly
LS ol sl ot & Lol Jlizl 5 &8, s gadS
35S 58 Dygo FllS (ghsada S EME Jalye jpam
oS 5 S g sanS e Ll olyisa EDTA (a5
Jasl 5586 Gliee (205 Gl s alllan 5550 655 55
2 s ol Dl IS8 g G s 4 e aze
iz o OBl Sl et LG uslie Jusl 5 qblLS
oS Dl i SRl enl Sl ad el LB e
o 3 3L pH 2alS Ldsa wils5 e EDTA 5,08 L3 cons
Lol S EC 2l LEDTA s oyl & sboles 13 sl
Ot 3 S DU Sl Gl s Wl e cpH
ol 3ozl ez a2l S8, s s olis gy
3 st bame losgaze Lowilg pe saSOME fale
LS b 5l 5 wsl shan a5 gl 20 dlox
3 o 5 520,50 sl EDTA e il 5) 5
(V) el o5 S
bss 3,8 ats WLlS sl Jols i szl
b St ol siS WS Jale Jplm 55 gzl 48
b Dl Gl 55 b aShnl Solled b ol e Vlezo
basyn ol yo 5 ady 53 el 5 Slied glagys Wl 51 36
N SYCTUUN YU PP VIO S SSUC S PR I BRCI
bolins Wl s il 28 (psrSee b alS Lo b
Wl on 50 oS gad 5wy 3 S o L) i ud o]
ol wilss o s, 550 (YY) il azils (its 3]

.L:JL... J‘)‘ a\f‘t...f..:”) 09 ‘J gi:“jl:..a J.:..w‘ o3 940 xﬁtl.“w.SyJS

2. Flocculated Structure

1. Aerial Parts



29 b

S ol

slaal (sl S8, e Jolis W OSG wen o8 5
il S oley s ol oa ly lassls 5 Waosls iy s L
2 sl San S (e b i cﬁL» SLaT 455,0 (puizan
S oo 3 8 ol i i gyl

12y S

C«w._v).h.:m (sl 63253 dl, Géjfﬁ e uﬂ‘
S L ol
Cislan 5l dgomts nl WIFAF-O-YPAYYVYISYYAY- £

Olea  usly sl &asls e

Syl Ul 93,8 bl (sl sl8tils (gl b 5 oy e
9l p UJ‘JJ.&E}JQS wadas

References

1. Sobhanardakani S. Evaluation of the water quality pollution
indices for groundwater resources of Ghahavand plain,
Hamadan province, western Iran. Iranian Journal of
Toxicology 2016; 10(3):35-40.

. Shokri Ragheb P, Sobhanardakani S. Analysis of Co, Cr and
Mn concentrations in atmospheric dry deposition in
Hamadan City. Journal of Hamadan University of Medical
Sciences 2016;23(2):149-56 (In Persian).

3. Sobhanardakani, S. Ecological and human health risk
assessment of heavy metals content of atmospheric dry
deposition, a case study: Kermanshah, Iran. Biological
Trace Element Research 2019;187(2):602-10.

4. Amna BUD, Rafique M, Javed MTet al. Assisted
phytoremediation of chromium spiked soils by Sesbania
sesban in association with Bacillus xiamenensis PM14:
Abiochemical analysis. Plant Physiology and Biochemistry
2020;146:249-58.

5. Awad M, El-Desoky MA, Ghallab A, et al. Ornamental
plant efficiency for heavy metals phytoextraction from
contaminated soils amended with organic materials.
Molecules 2021;26(11):3360.

6. Shao Z, Lu W, Naser J, et al. Growth responses and
accumulation characteristics of three ornamentals under
copper and lead contamination in a hydroponic culture
experiment. Bulletin of Environmental Contamination and
Toxicology 2019;103:854-59.

7. Liu JN, Zhou QX, Sun T, et al. Growth responses of three
ornamental plants to Cd and Cd-Pb stress and their
metal accumulation characteristics. Journal of Hazardous

N

k_i-!”_,:.:..w ..\.:..w‘ a.,\.:.;SQXl..: J.ALC« J}..é} BL) rjjs J.\M Ls.bl.:f
&L\.:L..J‘ LS?“; 6\.&5)‘ J—&L&‘— J.:.J A.i:l:w:..JLd J\:ad‘ 9 aéﬁ J"J)"J‘f
O\}SGA RV 8399 u..bbcb“ 4.3; 6[.4:4.&.:”) 23 e 9 ers
5le sl p5l ok 5 Vsl T ol o il ool
() sm\Jé u:‘i‘Jﬁ‘ 9 S QA._.JL.:SJ\ r.:.u.:..d pH UZJA\S
g‘s.;}.AJ).hifi Q\Jﬁ" ch\: d}.k;uo BEl 6,‘.9 6\.&:0}5 C,&Lé 9
[UESUIPRRNC SIMC ERRE SO B 151 PICH FOe B |V B PP N 1)
Cobb el 5 ollas Sie 55558 (el sl
Sz, s et Sy Db sy I35 o)l
ol oslhe i a4 g byl 5 hs,S Wil S 2L
L sl YLlS LS sl s sanSolls falye
toss SB sy Soll anls s bl 5l sslizal (Kxsll

Materials 2008a;151:261-67.
8.LiZ,MaZ, KuijpT, et al. A review of soil heavy metal pollution
from mines in China: pollution and health risk assessment.
Science of the Total Environment 2014;468-469: 843-53.
9. Rezaei Raja O, Sobhanardakani S, Cheraghi M. Health risk
assessment of citrus contaminated with heavy metals in
Hamedan City, potential risk of Al and Cu. Environmental

Health  Engineering and  Management Journal
2016;3(3):131-5.
10. Alizamir M, Sobhanardakani S. A comparison of

performance of artificial neural networks for prediction
of heavy metals concentration in groundwater resources
of Toyserkan Plain. Avicenna Journal of Environmental
Health Engineering 2017;4(1):e11792.

11. Sobhanardakani, S. Heavy metals health risk assessment
through consumption of some foodstuffs marketed in
city of Hamedan, Iran. Caspian Journal of Environmental
Sciences 2019b 17(2):175-183.

12.FulekarMH.PhytoremediationofheavymetalsbyHelianthus
annus in aquatic and soil environment. International
Journal of Current Microbiology and Applied Sciences
2016;5(7):322-404.

13. Chua J, Banua JM, Arcilla I, et al. Phytoremediation
potential and copper uptake kinetics of Philippine bamboo
species in copper contaminated substrate. Heliyon
2019;5(9):e02440.

14. Mahar A, Wang P, Ali A, et al. Challenges and opportunities
in the phytoremediation of heavy metals contaminated
soils: a review. Ecotoxicology and Environmental Safety

Yas

Ve }ﬁlﬁ‘r,‘z,u‘rxﬁzua/k@wl%,:u&n;@ asllad



yav

iy S i Sl EDTA suiS e ol g ey 31 gl / 011800 5 oML ) 2ns

2016;126:111-21.

15.Yan L, Li C, Zhang J, et al. Enhanced phytoextraction of lead

from artificially contaminated soil by Mirabilis jalapa with
chelating agents. Bulletin of Environmental Contamination
and Toxicology 2017;99:208-12.

16. Shehata SM, Badawy RK, Aboulsoud YIE. Phytoremediation

17.

of some heavy metals in contaminated soil. Bulletin of the
National Research Centre 2019:43:189.

Ranieri, Moustakas K, Barbafieri M, et al. Phytoextraction
technologies for mercury- and chromium-contaminated
soil: A review. Journal of Chemical Technology and

Biotechnology 2020a;95:317-27.

18. Aghelan N, Sobhanardakani'S, Cheraghi M, et al. Evaluation

19.

of chelating agents with different biodegradability rates on
the enhanced phytoremediation efficiency of ornamental
species (Amaranthus Caudatus and Tagetes Patula) in
cadmium contaminated soils. Journal of Environmental
Health Engineering 2020;7(4):427-42.

Ranieri E, Tursi A, Giuliano S, et al. Phytoextraction from
chromium-contaminated soil using Moso Bamboo in
Mediterranean conditions. Water, Air, & Soil Pollution
2020b;231(8):408.

20. Ali H, Khan E, Sajad MA. Phytoremediation of heavy metals-

21.

22.

23.

24,

concepts and applications. Chemosphere 2013;91(7):869-
81.

Zhao X, Zheng W, Dong D, et al. Temperature effect
on fluorescence of PtOEP embedded in sol-gel
membrane used in oxygen sensor. Optik- International
Journal for Light and Electron Optics 2013;124:6799-
6802.

Sandana Mala JG, Sujatha D, Rose C. Inducible chromate
reductase exhibiting extracellular activity in Bacillus
methylotrophicus  for  chromium  bioremediation.
Microbiology Research 2017;170: 235-41.
Sobhanardakani S. Potential health risk assessment
of heavy metals via consumption of caviar of Persian
sturgeon. Marine Pollution Bulletin 2017;123(1-2):34-8.
Sabet Aghlidi P, Cheraghi M, Lorestani B, et al. Analysis,
spatial distribution and ecological risk assessment of
arsenic and some heavy metals of agricultural soils, case
study: South of Iran. Journal of Environmental Health
Science and Engineering 2020;18(2):665-76.

25. Shahid M, Shamshad S, Rafig M, et al. Chromium speciation,

26.

27.

bioavailability, uptake, toxicity and detoxification in soil-
plant system: A review. Chemosphere 2017;178:513-33.
Vidayanthi V, Choesin D, Iriawati |. Phytoremediation of
chromium: distribution and speciation of chromium in
Typha angustifolia. International Journal of Plant Biology
2017;8(1):6870.

Stanislawska-Glubiak E, Korzeniowska J. Fate of copper
in soils from different fertilizer doses in relation to
Polish Journal of

environmental risk assessment.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Environmental Studies 2018;27(4):1735-41.

Fu R, Wen D, Xia X, et al. Electrokinetic remediation of
chromium (Cr)-contaminated soil with citric acid (CA)
and polyaspartic acid (PASP) as electrolytes. Chemical
Engineering Journal 2017;316(15):601-08.

Xu T, Nan F, Jiang X, et al. Effect of soil pH on the
transport, fractionation, and oxidation of chromium (llI).
Ecotoxicology and Environmental Safety 2020;195:110459.
Hsu NH, Wang SL, Lin YC, et al. Reduction of Cr (VI)
by crop-residue-derived black carbon. Environmental
Science & Technology 2009;43:8801-06.

Choppala G, Bolan N, Shnan AK, et al. Concomitant
reduction and immobilization of chromium in relation
to its bioavailability in soils. Environmental Science and
Pollution Research 2015;22: 8969-78.

Ebrahimi M. Effect of EDTA treatment method on leaching
of Pb and Cr by Phragmites australis (Cav.) Trin. Ex Steudel
(common reed). Caspian Journal of Environmental
Sciences 2015;13(2):153-66.

Qu J, Lou C, Yuan X, et al. The effect of sodium hydrogen
phosphate/citric acid mixtures on phytoremediation by
alfalfa & metals availability in soil. Soil Science and Plant
Nutrition 2011;11(2): 85-95.

Pranav K, Chaturvedi CS, Seth VM. Selectivity sequences
and sorption capacities of phosphatic clay and humus rich
soil towards the heavy metals present in zinc mine tailing.
Journal of Hazardous Materials 2007;147:698-705.
Mohammadi Roozbahani M, Sobhanardakani S, Karimi H,
et al. Natural and anthropogenic source of heavy metals
pollution in the soil samples of an industrial complex; a
case study. Iranian Journal of Toxicology 2015;9(29):1336-
41.

Cuske M, Karczewska A, Galka B. Some adverse effects of
soil amendment with organic materials- The case of soils
polluted by Cu industry phytostabilized with red fescue.
International Journal of Phytoremediation 2016;18(8):839.
Pietrzak U, Mcphail DC. Copper accumulation, distribution
and fractionation in vineyard soils of Victoria, Australia.
Geoderma 2004;122(2-4):151-66.

Ko CH, Chang FC, Wang YN, et al. Extraction of heavy
metals from contaminated soil by two Amaranthus spp.
CLEAN- Soil, Air, Water 2014;42(5):635-40.

39. Afrousheh M, Tehranifar A, Shoor M, et al. Phytoremediation

40.

41.

potential of copper contaminated soils in Calendula
officinalis and effect of salicylic acid on the growth and
copper toxicity. International Letters of Chemistry. Physics
and Astronomy 2015a;50:159-68.

Cay S, Uyanik A, Engin MS, et al. Effect of EDTA and tannic
acid on the removal of Cd, Ni, Pb and Cu from artificially
contaminated soil by Althea rosea Cavan. International
Journal of Phytoremediation 2015;17(1-6):568-74.
Amouei A, Naddafi K, Mahvi A. The effect of chemical



42.

43.

44,

additives on the uptake and accumulation of Pb and Cd
in native plants of north of Iran. Journal of Mazandaran
University of Medical Sciences 2012;21(86):116-24 (In
Persian).

Chaturvedi N, Ahmed MJ, Dhal NK. Effects of iron ore
tailings on growth and physiological activities of Tagetes
patula L. Journal of Soils and Sediments 2014;14:721-30.
Song Y, Ammami MT, Benamar A, et al. Effect of EDTA,
EDDS, NTA and citric acid on electrokinetic remediation of
As, Cd, Cr, Cu, Ni, Pb and Zn contaminated dredged marine
sediment. Environmental Science and Pollution Research
2016;23(11):10577-86.

Afrousheh M, Tehranifar A, Shoor M, et al. Salicylic acid
alleviates copper toxicity in Tagetes erecta. International
Journal of Farming and Allied Sciences 2015b;4(3):232-8.

45. Ghosh A, Manchanda N. Phytoremediation of heavy metals

46.

47.

48.

from water of Yamuna river by Tagetes patula, Bassica
scoparia, Portulaca grandiflora. Asian Plant Research
Journa. 2019;2(2):1-14.

Suthar V, Memon KS, Mahmood-ul- Hassan M. EDTA-
enhanced phytoremediation of contaminated calcareous
soils: heavy metal bioavailability, extractability, and uptake
by maize and sesbania. Environmental Monitoring and
Assessment 2014;186(6):3957-68.

Lingua G, Todeschini V, Grimaldi M, et al. Polyaspartate,
a biodegradable chelant that improves the
phytoremediation potential of poplar in a highly metal-
contaminated agricultural soil. Journal of Environmental
Management 2014;132:9-15.

Sabir M, Hanafi MM, Zia- Ur- Rehman M, et al.
Comparison  of weight organic
acids and  ethylenediaminetetraacetic  acid to
enhance phytoextraction of heavy metals by maize.
Communications in Soil Science and Plant Analysis
2014;45(1):42-52.

low- molecular-

49. Hart G, Koether M, McElroy T, et al. Evaluation of chelating

agents used in phytoextraction by

switchgrass of lead contaminated soil. Plants 2022;11:1012.

50.

51.

52.

53.

Zhang T, Zou H, Ji H, et al. Enhanced electrokinetic
remediation of lead-contaminated soil by complexing
agents and approaching anodes. Environmental Science
and Pollution Research 2014;21: 3126-33.

Grecman H, Velikonja-Bolta S, Vodnik D, et al. EDTA
enhanced heavy phytoextraction:
accumulation, leaching and toxicity. Plant and Soil
2001;235(1):105-14.

Vassil AD, Kapulnik Y, Raskin |, et al. The role of EDTA in
lead transport and accumulation by Indian mustard. Plant
Physiology 1998;117(2):447-53.

Ehsan S, Ali S, Noureen S, et al. Citric acid assisted
phytoremediation of cadmium by Brassica napus L.
Ecotoxicoly and Environmental Safety 2014;106:164-72.

metal metal

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

HanY, ZhangL, GuJ, etal. Citricacid and EDTA on the growth,
photosynthetic properties and heavy metal accumulation
of Iris halophile Pall. Cultivated in Pb mine tailings.
International Biodeterioration and Biodegradation
2018;128:15-21.

Sinhal VK, Srivastava A, Singh VP. EDTA and citric acid
mediated phytoextraction of Zn, Cu, Pb and Cd through
marigold (Tagetes erecta). Journal of Environmental
Biology 2010;31(3):255-9.

Mohammad Zaheri

B. Investigation of efficiency of natural zeolite on
immobilization/stabilization of Pb and Cd in contaminated
soil using the BCR sequential extraction method. Journal
of Environmental Health Enginering 2020;8(1):31-49 (In
Persian).
Davodpour R, Sobhanardakani S, Cheraghi M, et al.
Honeybees (Apis mellifera L.) as a potential bioindicator
for detection of toxic and essential elements in the
environment (Case study: Markazi Province, Iran).
Archives of Environmental Contamination and Toxicology
2019;77(3):344-58.
Mohammadi SM, Lorestani B, Sobhan Ardakani S, et al.
Source identification and ecological risk assessment of
some heavy metals in surface soils collected from the
vicinity of Arad-Kouh processing and disposal complex,
Tehran, Iran. Environmental Sciences 2021;19 (3):1-22(In
Persian).

Hazratzadeh Sh, Sobhanardakani S. Assessment of Zn,
Pb, Cd, and Cu contamination in surface soils of urban
parks in city of Hamedan. Iranian Journal of Soil Research
2018;32(3):399-413 (In Persian).

Sobhanardakani S. Assessment of Pb and Ni contamination
in the topsoil of ring roads’ green spaces in the city of
Hamedan. Pollution 2018;4(1):43-51.

Hosseini NS, Sobhanardakani S. Evaluation of the impact
of traffic volume on pollution and potential ecological risk
of Zn, Pb, and Ni in suburban roadside soils in Hamedan,
Iran. Iranian Journal of Soil Research 2021;35(2):119-135
(In Persian).

Liu JN, Zhou QX, Sun T, et al. ldentification and
chemical enhancement of two ornamental plants
for phytoremediation. Bulletin of Environmental
Contamination and Toxicology 2008b;80:260-5.

Sobhanardakani S, Heydari A, Khorasani NA, et al.
Preparation of new biofungicides using antagonistic
bacteria and mineral compounds for controlling cotton
seedling damping-off disease. Journal of Plant Protection
Research 2009;49(1):49-55.
Bareen F, Rafiq K, Shafiq M, et al. Uptake and leaching of
Cu, Cd, and Cr after EDTA application in sand columns using
Sorghum and Pearl Millet. Polish Journal of Environmental
Studies 2019;28(4): 2065-77.

F, Sobhanardakani S, Lorestani

YaA

Ve }ﬁlﬁ‘r,‘z,u‘rxﬁzua/k@wl%,:u&n;@ asllad



Y44

iy S i Sl EDTA suiS e ol g ey 31 gl / 011800 5 oML ) 2ns

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Hosseini NS, Sobhanardakani S, Cheraghi M, et al.
Heavy metal concentrations in roadside plants (Achillea
wilhelmsii and Cardaria draba) and soils along some
highways in Hamedan, west of Iran. Environmental
Science and Pollution Research 2020;27(12):13301-14.

Abbaszadeh H, Mohammadi Roozbahani M,
Sobhanardakani S. Use of Ziziphus spina-christi and
Prosopis cineraria leaves as bio-indicators of environmental
pollution emitted from industrial areas. Iranian Journal of
Health and Environment 2019;12(1):87-100 (In Persian).
Lam EJ, Canovas M, Galvez ME, et al. Evaluation of the
phytoremediation potential of native plants growing
on a copper mine tailing in northern Chile. Journal of
Geochemical Exploration 2017; 182:210-17.

Napoli M, Cecchi S, Grassi C, et al. Phytoextraction
of copper from a contaminated soil using arable and
vegetable crops. Chemosphere 2019;219:122-9.

Choudhury MR, Islam MS, Ahmed ZU, et al.
Phytoremediation of heavy metal contaminated Buriganga
riverbed sediment by indian mustard and marigold
plants.  Environmental Progress & Sustainable Energy
2015;35:117-24.

Chitraprabha K, Sathyavathi S. Phytoextraction of

chromium from electroplating effluent by Tagetes erecta
(L.). Sustainable Environment Research 2018;28:128-34.
Suman J, Uhlik O, Viktorova J, et al. Phytoextraction of
heavy metals: a promising tool for clean-up of polluted
environment? Frontiers in Plant Science 2018;9:1476.
Mir RA, Ahanger MA, Agarwal RM. Marigold: from mandap
to medicine and from ornamentation to remediation.
American Journal of Plant Sciences 2019;10:309-38.
Ziarati P, Alaedini S. The phytoremediation technique for
cleaning up contaminated soil by Amaranthus sp. Journal
of Environmental and Analytical Toxicology 2014;4(2):208-
11.
Karczewska A, Orlow K, Kabala C, et al. Effects of chelating
compounds on mobilization and phytoextraction of copper
and lead in contaminated soil. Communications in Soil
Science and Plant Analysis 2011;42:1379.
Rutkowska B, Szulc W. Speciation of Cu and Zn in soil
solution in a long-term fertilization experiment. Soil
Science Annual 2014;65(1):25.
Neugschwandtner RW, Tlustos P, Komarek M, et al.
Chemically enhanced phytoextraction of risk elements
from a contaminated agricultural soil using Zea mays and
Triticum aestivum: performance and metalmobilization
over a three vyear period. International Journal of
Phytoremediation 2012;14(8): 754-71.
Kaur R, Yadav P, Sharma A, et al. Castasterone and citric
acid treatment restores photosynthetic attributes in
Brassica juncea L. under Cd(ll) toxicity. Ecotoxicology and
Environmental Safety 2017; 145:466-75.

78.

79.

80.

81.

82.

Barrow NJ, Debnath A, Sen A. Mechanisms by which
citric acid increases phosphate availability. Plant and Soil
2017;423(1-2):1-12.

Khan AR, Ullah I, Wagas M, et al. Host plant growth
promotion and cadmium detoxification in Solanum
nigrum, mediated by endophytic fungi. Ecotoxicology and
Environmental Safety 2017;136: 180-8.

Lal S, Kumar R, Ahmad S, et al. Exploring the survival tactics
and plant growth promising traits of root-associated
bacterial strains under Cd and Pb stress: A modeling
based approach. Ecotoxicology and Environmental Safety
2019;170:267-77.

Goodarzi AR, Mirmomen M. The effect of time and
pore fluid characteristics on electrokinetic performance
in removing heavy metals from soil. Modares Civil
Engineering Journal 2016;16(2):229-41 (In Persian).

Cay S. Enhancement of cadmium uptake by Amaranthus
caudatus, an ornamental plant, using tea saponin.
Environmental Monitoring and Assessment 2016;188:320-
7.



