Journal of Water and Soil
Vol. 34, No. 3, July-August 2020, p. 593-608

($5r9LisS @sbus g pole) S5 g O &y i

b

BAY—5A . ATAQ 31 14— ol yo ¥ 0ybes FF s
d"i'hjjf:_gf"‘\‘g Jlae

3 oSl S 5l pgeesls VL 5 o gl 53 dewl Skl 555k A5 218

v . s . Y . ) é -
PN CFNPE SV~ & as 1ol e S 5
AA\ARAL OISR

2SS

S S 3185 3 sl g iVl ool ) Sl () s S35 s L 3 i Sl S35 slotaly 4 425

o=l 3 0 Ly Gl Lisle] )3 e3gl SB S 1 )3 ol bawg o) Gl g panedls gl p (NTA) sl Sl 6 5 i oaiis
(oSS A IS 53 td )3 Jgacden Yo 910 ) NTA &S s v 5 (SB- p)55kS 12 )5 o 80 5 Y0 ¢0) posedls o 4o ] aalllas
il 4 Jgloee & ygums als po dus (b NTA L1535 oslil (gylo] 90 duw bl b o g )3 olS oS pie g cutS 0 oag) il b (SB
oS Lasgi pgrodlS il (izpe 9 o pgsedlS’ (liee o Bpae NTA Jlaie 5 pgpedls’ (Sogll o (alj3l L 45 3 (Lt golis g5 4L
Cglis gdm 593 93 )3 9 L3I LS b dtundd pgwedlS’ )3 (6l xe VS| oguil Jol y93 3 NTA 5 pguadls’ ciliseo zglaws .cdly i3l o)
930 3,,LS L powedls )59l 1 p)5 o B0 sl p3 olS S oy (sla S S 5l o o guin] pasedls e b otyd (slalas Mo 1B
Oliwe «yd olS jadn jd dlie slajles 3 45T Sy )y wcudly Ll ol VO/F g A s 4 NTA 5,)5 pie & cows NTA Jgo Joo Y-

lasla 15 )3 ol by oas Ll paradls ls Lis il 33 NTA 5 )8 pae 4 Cud plp & 9 0/A Cip & S 5 pouadls o gutl
A S o i NTA 3,08 pas i i doyd OV jlaie ol 5 0391 y51is NTA Jgo oo Yo 3,30, 53 pguadls p,SolS 50 p)S o B0 (g5ls
S s ime 31 oLS Lawgd 0l s pgeedlS g 0d gl posedls Ll S il pedS i) Mol 5 S5 PH > ials L NTA

amd e Ui 1y 039l S 5l panasls (3 YL 53 )3 olS g NTA bl 51 ogda gl ol

(NTA) sl Szl s gl y (2 YLolS puadls ¢ o guiol 1 slS (s031g

Cdling g Gl sl 1y (s Hlas Mo ( slie slao o
Yo il D ol gl )0 (VF) a8 o dbnl cllges 9 bl
porodlS (Sl i 3l @ 0391 clapno 5l S ygabin
3] daws 5l lild pl clale a5, dgmg 0548 5 o pg,S
03g]] olan Joxo dgut0 (sly (ko (b SST el YL Slas
S LaS oSS cpl dlon 1l oad &) Sie l3ls 4
atlygn oyt 5 2 YLoS s oSS, gl il oSl
(M)
JGl e 92805 sl LS 5l oolasiwl (501545 050 &S HYLolS
ol Ol g Sliguwy « S 55 bn Sogll L5 b g 9,5 i o0l
54 250 GBI iz oS slacsygl b 1 o gito asgazeo 4
wdige 3 jlead slonl GLalS L g 39290 (b (LS
(YD) 4 e ooliul o3 (slalar e (5LuSL cas S5
Sl e alile SYLolS jo sniSdgiome HgiS18 o yiens
03} ialS oo a8 ol ol (sl byl Sl enl ) o
G egian b 5 b OIS (2538 9 LS VL

.

LY RY-T

Ay 399 31 (65 9l (o g i (b ixio b (e pas

Ol sl (S i e g 0V OIS 5 lend com
058 B s g bt slnosis¥T 556 5 i
e Sl b ) (Vg b S sl s (e 4y g ASl o0
o glie 5 G5l S ) (Kis lilé zeos (M) ke
Sl )i shdes (28 0y & ] g9 o5l oS s 4,
9 Sy s 4 paradls” 318 (YY) 20,5 o oo bl oMl
Sb dag Jol Cuaw 5ol bawg Cla 9 SB30L5 oby
clooso YT oy ST s 5l (S paedls (V8) cunl ol onl
40 39,9 Lélazo 9 b u-“‘)} C)Y5_,a.'>u PR ] L Cwl S

«SB wdigs g pole 09)5 Lokl 5 dliwl ¢ 6555 ozl i pa Y 5 ¥ )
)‘|91b| OI),Q% W oKl
(Email: narges_mehrab@yahoo.com e 0 g — )

DOI: 10.22067/jsw.v34i3.78046



YRR 59 e — 010 30 F 0jlouis F'F b (S g T 4, QY

2 9 pasadls 4 oS o yiwd luS 5 ol a8 Wby ol pH=0/A
534S 13903 )35 Lyl asims e Lol o Gl ases
i sl s NTA 035 Sy Jpoho V- 9o
SrSolas poredls ke g ply 93 i J3)5 0lS Lawgs 00
e Gl O o b 4 Cuns il cudn Sl o
Cagr Spagn 3l s NTA EDTA I (1Y) oS 5 Sl
2 ol Sl SISl oy g s gl S i (gt
o] e 45 053905 iyl 35 Il ages oolil pH=Y/
L 598 lagpsieas JSis Jd> ) @y g (2 yidis pgeedls
a$ ol L Lagl Gisgin gols g Hlde oy yies (S 5]
93 (=) g 0390 dlio NTA o EDTA Loy cl3ls u;}ml Ol 5o
Jene 3igo p3sadlS oiyss (St S glnal > oSS
O 3 558 sl Siogn ol b gl il e o8 Jlo 3 k)8
S 3,)LS sla e, il 1o alise ldllas .ol 039y 93
g o o Gl 5 (et Sl 9] S, LnosisS
“oses 5 sy AL (1Y) oylSan 5 b sl 3 pll lalS
Py ool s ials |y EDTA 5,8 cglize ¢la
olaize ol a5olh )1y 8 ddlllas 5550 B. rapa L 4555 o YLelS
Sl Jlaze )l dw cygumy EDTA 5y)LS" &8 aizisly gl
el pSlas g allas 3)90 465 laplil 3 1) oy el
oo sl 95 L S0 g 5) 8 b duslie 3 1y O gt

il

Lt i i gyl 5 Bl (555 53k e (95T
adaly 5 oS leMbl Jg cusl s pbsl EDTA oM S8
EDTA )l 3559 boaiS oM ()50 b pSiaw @l 3lé ) seil b
IS A8 o Shy 425 b o Canl e gime o S
aS Jls 1335, 5 e e (53¢l o ol e 13,5
lg5 o gy lamo Hliingd 9 (auds OMS S lgie 4 NTA
sk 2l 15 458 3ond SIS S p3pels a1 i |
ol sl s b g am3 0 (I3 olS gy o ol ol
5l asle Gimgh opl jd ol Glaal cplply 20)8 o S5l 58
NTA oM jois 5 09l Sl paradls oguiol K59, bl ()
PNTA (i wyp (¥ a)d olS cusS pae 5 cutS bylyd o
2ol Sl g )3 olS bawg o3¢l Sl pasedls” iYL g Lls

lacle; o S olows Glusgas S p

L 95 9 319

Sl Te U s gae ) B S e ol plol g
Saslen jlorl (lyen el oL (5)5LiS 0aSiils £)l50 550
St 93 SISl joms g lom > S (93,8 Sl

ALbIS claamd ;3 (1) 295 o LS dliwg 4 bl Ll il 53]
slaanld d oa uSEMS lase an caliste plowd LS
sl 4y Cud oS NS cuol 0iid odldiw] S g gl
Sgden 9 2l (05 Lo Shy 2 S pae Syl
2 e Sl 16V eV s fpizren 5 )b S
Jolge 5l oolauwl 3959 cpl b Lol (VY 5 VY) g o S Jolxo
cn g0 Ll o 'EDTA , a5 oS ¢ pind o0 b oaisSMS
ol Ll 4o )3 g od o sl g0 & jle ool
4S Crwl Sen (¥) 3905 dnlgd bl |y cuis (5ol mio
Jolse Sasl polao (aiy) anl o 50,5 Aile) Jadia 5,8
s ialS Coge TEDDS L INTA i iy o5 oaisS oS
5 o 295 Jsid S ol U (om0 cslaco] 4 ljlé 5
Clrod SSEMS i 40 ol Sl adlas 4 (V) o, Sen
9 (S5 p,55 LS 4 Jso o ¥ 9 ) ¢ zolaw L) NTA EDDS
LS 3 (S5 pSelS 1 Jso ko NF 5 /- i) TAPAM
rprSke Voo gV e she ) posedls 4 odgll cbSE (VL
Oy 45 055,S ol byl sl pHEY s (S5 )5 6lS
= NTA Jso Ao ¥ jlos )3 oS g paredls’ Clo l3ue
92 )I )_Adﬁya ra?.uo.)lf l; oS .)l?(.’)‘] Jel NTA 9 039 Sk f°)§9l3§
LLsd INTA gl s cpl pogde )5 Lo [S50 oSS
b 0SS )b EDDS & Cans (5508 aigja (ool
by e jlaiwgd i a4 g 3y abeS i 4jes loy NTA
29 0 455 NH3 9 CO2 &y atam g3 5 o S1s 5 Gl
ol SB Loz 13 Gao olisS (o)lul lyls NTA plpls (d)
18 iS5 b sl JS5 51 (5308 (slois Mlgiisn NTA
o=l il miio 5,3, b phe 005N Jole g S L
B b S S sl SdewS 957 S$ gie 4 oS S
Loy bl sl ou S5 (9 wawly qmad) 5318 oo
S T LNTA (sl Jole 09,5 5.0 sl (s0b5 s 38
Uil cas NTA a8 Casl o ool oyl caliseo Ylis o

S glize PH 3 byl ol g 25l (S l3ls Mol
L SB s gain o5 olS bawgs paredls Gl (59 <SG umipnl

1- Ethylenediaminetetraacetic acid
2- Nitrilotriacetic acid

3- Ethylenediaminedisuccinic acid
4- Anionic Polyacrylamide
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Table 1- Physical and chemical properties of soil used in this study

] - C Cugb, sWcuwd,b  culw
3T o G g (ol eSOl wj:,) Cud S . :t;b = | pH
Property  Clay  Silt  Sand oM CCE Jolee &% . il e
0s O )3 CEC EC.
lj>l'9t % cmolc kg! ds m?
ni
V):lﬁl:e 21.4 38.0 40.6 0.71 41.3 35.0 275 12.6 2.45 7.7
polis Gl b jaus . s . .
3 Pysed ooliwl LB Y
iy S NaHOOs el i bl T P S
Elements Ntot extractable Soluble K Soluble Na  Soluble Ca Jobe
vailable p Soluble Mg Cdiot extractable Cd
|
lj>r1i9t g kgt mg kg meq L mg kg
e
Value 0.6 135 3.2 10.5 5.8 1.05 0.47

o3l 5,90 NTA lalgloxo EC 9 PH g yiwililod 0,95 1 (wt 0900318 & 23901 S 3 EC g pH l5u0 =Y Joi>
Table 2- The amount of pH and EC in Cd-contaminated soils after incubation period, and pH and EC of NTA solution used

pH ECdSm?)

powedls &y n;,ﬂ Sk

25 (mg kgsoil) psuesls (Cd25)  7.32 2.63

Cd-contaminated soil

50 (mg kg1soil) pgesls (Cd50)  7.28 2.95

NTA Jsloxe

15 (mg mol LY) NTA (NTA15) 2.61  2.24

NTA solution

30 (mg mol L'Y) NTA ((NTA30) 2.58 3.42
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Table 3- Variance analysis of effect irrigation round, Cd and NTA on Cd, pH, EC and HCOjs" in drainage water of cultured
and non-cultured soil

i a4 B Sl S8 A LS S
= g‘g\f’“ 83150 Cultured soil Non-cultured soil
o df pH EC HCOs Cd pH EC HCOs Cd
,(I) ﬂ”l**l )9 2 2.02** 68.4** 26.5** 10.11** 2.22%* 74.4%* 6.7** 39.26**
Irrigation round
F’gf 2 0.03ns 9.7** 0.2ns 4.32%* 0.03ns 7.3%* 0.17ns 11.6**
NTA 2 1.02** 2.2%* 43** 4.66** 1.02** 1.1** 42.9*%*%  12.95*%*
Cd x|l 4 0.14ns 0.02ns 0.8ns 4.04** 0.15ns 0.45ns 0.7ns 11.1**
NTA x | 4 0.21* 0.05ns 1.7* 2.93** 0.21* 0.14ns 1.5%* 13.18**
NTA x Cd 4 0.01ns 0.11* 0.2ns 1.51** 0.01ns 0.17* 0.15ns 3.59ns
NTAxCd x| 8 0.05ns 0.1ns 1.6* 1.17** 0.05ns 0.12ns 1.4%* 3.46ns
> 54 0.07 0.37 0.7 0.21 0.08 0.37 0.4 1.79
Error
(0 )) s o 5
Coefficient of _ 0.41 1.56 1.8 9.01 0.42 1.38 2 13.45

variation (%)

deoyd ) Jlein] gdaws )3 (gl dre *F o 3 0 Jlain | o )3 (6 I dme® 3 dxe BMiS] 3429 pas NS
ns Not significant,* Significant at 5% probability level, ** Significant at 5% probability level
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Figure 1- Contrast effect of irrigation round, Cd and NTA levels on Cd concentration in drainage water of cultured soil
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Table 4- Variance analysis of effect Cd and NTA on Cd concentration and dry weight in shoot and root

) Pgredls Clals SUS 439
Ol padS 2o RIS Cd concentration Dry weight
S.0.v df lapelal Ay AL YARY) Ay
Shoot Root Shoot Root
(Cd) pgsesls 2 15541.2** 119057.8** 521.6** 51.6**
NTA 2 1862.2** 8968.2** 24%* 6.7**
NTA x Cd 4 619.1%* 3495.9** 4.8* 0.98**
(Error ) las 18 0.69 76.6 1.6 0.2
[o3) Sl 2 0.3 1 11 12

Coefficient of variation (%) -

Joyd N Jlein] gdaw )3 (gl dre *F o )3 0 Jlain | o )3 (6 I me® 3 dxe OS] 3429 pas NS
ns Not significant,* Significant at 5% probability level, ** Significant at 5% probability level.
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Table 5- Variance analysis of effect Cd and NTA on DTPA-extractable Cd, pH, EC and CCE of cultured and non-cultured

soil
oWy CuwiS S s CaiS S8
s Cultured soil Non-cultured soil
Ol i e d';,i Ol B agedls Ol B egedls
) . .
sov & pH  EC e e pH  EC S -
CCE DTPA- CCE DTPA-
(%) extractable Cd (%) extractable Cd
(Cd) pgsosls’ 2 0.06**  0.8** 0.54** 255.28** 0.02* 0.23**  0.25** 434.97**
NTA 2 0.03* 0.07ns  0.34** 0.22%* 0.03**  0.04* 14.8** 2.59**
NTA x Cd 4 0.02**  0.02* 0.27* 0.62** 0.02**  0.03* 0.05* 0.79*
(Error ) s 18 0.01 0.01 0.08 0.024 0.01 0.01 0.03 0.245
(3u233) Sl g
Coefficient of _ 0.2 3.01 0.15 0.6 0.08 1.6 0.08 1.34

variation (%)

doyd ) Jlein] gdaws )3 (gl dre *F o3 0 Jlain | o )3 (6 I me® 3 dxe BMiS] 3429 pas NS
ns Not significant,* Significant at 5% probability level, ** Significant at 5% probability level.
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Introduction: Decontamination of heavy metals (HMs), especially cadmium (Cd) which has high mobility
in the soil, is very important due to the effects of HMs pollution on the soil, environment, and human. Numerous
efforts have been made to develop technologies for the remediation of contaminated soils, including ex-situ
washing with physical-chemical methods, and the in-situ immobilization of metal pollutants. These methods of
clean up are generally very costly, and often harmful to properties of the soil (i.e., texture, organic matter,
microorganisms). Recently, the phytoremediation of HMs from contaminated soils has attracted attention for its
low cost of implementation and many environmental benefits. Several chelating agents, such as DTPA, EDTA,
and NTA, have been studied for their ability to dissolve metals, leach heavy metals, and enhance the uptake of
metals by plants. Although many researchers have reported that EDTA is excellent solubilizing agents for HMs
from contaminated soils, it is quite persistent in the environment due to the low biodegradability. Hence recently
the easily biodegradable chelating agent NTA has been proposed to enhance the uptake of HMs in
phytoremediation as well as the leaching of HMs from the soil. Therefore, in the present study attempts are made
to investigate the effect of applicability NTA in Cd leaching and the refining of Cd from contaminated-soil by
maize.

Materials and Methods: In this research, the effect of NTA on Cd leaching and its absorption by maize in
contaminated-soil in a greenhouse experiment were investigated. The experiment was a factorial experiment
based on a completely randomized design. The treatments consisted of three levels of Cd contamination (0, 25
and 50 mg kg'soil) and three levels of NTA (0, 15 and 30 mmol per pot) in loamy soil and in the cultured and
non-cultured conditions under three irrigation conditions. The soil was contaminated with cadmium chloride
(CdCl,.2.5H,0). Nitrogen, phosphorus, and potassium (in the form of urea, triple superphosphate and potassium
phosphate, respectively) were added to the pots. NTA was added in three steps to the pots. The first step of
adding NTA was beginning 4 weeks after cultivation, occurring approximately once in 14 days. Also, 7 days
after adding NTA, the pots were irrigated with an amount corresponding to 20% more water than the moisture of
soil saturation condition. The drainage water collected from each irrigation event was kept in a refrigerator at
5°C prior to Cd analysis. The plants were cut about 5 mm above the soil surface after 10 weeks of maize growth
and were dried for analyzing Cd in the plant. Analysis of variance was used to study the effects of different
treatments of Cd and NTA on Cd contents in drainage water, plant, and soil. Statistical analysis were performed
using SPSS. Means of treatments were compared using Duncan’s Multiple Range Test (DMRT) and the graphs
were plotted in Excel.

Results and Discussion: The contrasting impact between irrigation rounds and Cd treatments, as well as
NTA treatments on Cdia leached was significant (P<0.05). The highest Cd leached was in 50 mgCd kgsoil
(Cd50) and 30 mmol NTA (NTAS30) in the first irrigation round. In the next two rounds, the Cd leached from the
soil was inconsiderable. Different levels of Cd and NTA showed a significant difference in Cd concentration in
the first round of leaching. In non-cultivated pots, the amount of Cd leaching in Cd50NTA15 and Cd50NTA30
treatments increased by 8 and 15 times, respectively than that in Cd50NTAQ treatment. In the case of similar
treatments in the presence of maize, the Cd leaching rate increased by 5.8 and 6 times, respectively, than that in
(NTAOQ). Cd absorbed by maize in (Cd50, NTA30) was maximum and that measured 58% more than that in
(Cd50, NTAO0), while dry weight decreased significantly (30% in the shoot and 40% in the root). After the
cultivation and leaching process, the maximum amount of DTPA-extractable Cd was observed in (Cd50, NTAQ).
While using (NTA15, NTA30) at the same level of Cd-contamination (Cd50), there was a significant decrease in
DTPA-extractable Cd (due to the increase in Cd dissolved, Cd leached and Cd absorbed by plants). Due to pH
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between 2-3 and EC about 2.5-3.5 in NTA solutions, the application of NTA in soil decreased pH and increase
EC in the soil. On the other hand, the decrease in pH of soil increased solubility of calcium carbonate equivalent
(CCE), thereby reduced CCE in the soil. The results of this study showed that the soil pH was effective on HMs
absorption by plants, therefore the availability of Cd after the use of NTA may be due to the decrease of
alkalinity in the soil. The presence of organic-metal bonds in chelate-metal compounds causes metals to be less
exposed to colloids, hydroxides, and oxides thus will prevent their stabilization in the soil. So it can be said that
one of the effective methods for increasing the absorption of HMs from the soil by the plant is to reduce the pH
of the soil. Some of the soil properties, such as pH and total heavy metal concentration, improves the efficiency
of the chelator agent.

Conclusion: The results showed that an increase in the amount of Cd contamination and NTA applied
increased Cd content in drainage water and Cd which was uptake by maize. Also, results showed well, the
combined of maize planting and the use of NTA is successful in refining Cd from contaminated-soil. It seems
that Adding NTA as a natural chelator in Iranian calcareous soils can increase the dissolution of Cd and extract it
from the soil during a leaching period without contamination of the environment, as well as increase the
efficiency of removing Cd by maize.
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