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Abstract were cultivated and accumulation of heavy metals on each
plant were determined. It was revealed that AMDS reduced
BACKGROUND: Recent studies using various industrial heavy metal mobility and bioavailability in soil, which

wastes for heavy metal stabilization in soil were conducted resulted in the decreases in the accumulation of As, Cd, Cu,
in order to find out new alternative amendments. The acid Pb, and Zn in each plant.

mine drainage sludge(AMDS) contains lots of metal CONCLUSION: Though the high level of heavy metal
oxides(hydroxides) that may be useful for heavy metal concentrations in AMDS, any considerable increase in the
stabilization not only waste water treatment but also soil heavy metal availability was not observed with control and
remediation. The aim of this study was to investigate the contaminated soil. In conclusion, these results indicated
applicability of acid mine drainage sludge for heavy metals that AMDS could be applied to heavy metal contaminated
stabilization in soils soil as an alternative amendments for reducing heavy metal

METHODS AND RESULTS: Alkali soil contaminated mobility and bioavailability.

with heavy metals was collected from the agricultural soils

affected by the abandoned mine sites nearby. Three Key words: Acid mine drainage sludge, Bioavailability,
different amounts(1%, 3%, 5%) of AMDS were applied Heavy metals, Phytotoxicity, Stabilization

into control soil and contaminated soil. For determining the

changes in the extractable heavy metals, CaCl, and

Mehlich-3 were applied as chemical assessments for metal ME
stabilization. For biological assessments, lettuce(Lactuca
sativa L.) and chinese cabbage(Brassica rapa var. glabra) Tud Hdeket(Stabilization)> B¢ THE] ©]

rr o

“d(Mobility)? A= {ra%(Bioavailability)E #7HA]7]
Wiow, U FEES £ PAS WA Qo) 1 £
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EJ S5 Hgskaed A8 rhss AdHrE F ot
Wb AV &Y #](Acid mine drainage sludge,
AMDS)°|tl. AMDS= Aol At Fa&do] =2
2H3334(Acid mine drainage, AMD)E F3HAl &
FAAE olgste] Ast H F& AAZ(EHA)E dvlst
Tk AMDSS] 542> AMD 9572 54¥ 1 2|2l 9
&) A=A WK Sibrell et al, 2009; Kim et al, 2012), Lut
Ao Zrg, A, dFvE T a&5s0] Al Ee vAe
A719] gk Ao FEAFE(GARHE) FEHE EAls)
G EHAY B2 A8UE e ZloR dEA Qv
(Sibrell et al, 2009; Ruihua et al., 2011; Tsang et al,
2013). < o]d AMDS?] 548 243t 37 Folol|A]
AMDS?] Aolgol #at A7} o8l Ay Qe

Wei 5(2008)> AMDSE o]g-3fo] sl=Ag]gola
A== 22 B U Ql(Phosphorus) & 98%eh= %2 Al
AL AT OEN F A9 FYddstE ATIE AT
= 5283190tk Penn 5(2007)3} Sibrell 5(2009)& 5Hl
Tl Qo] sho® v fYEe AE WAE] St
AMDSE ©|-&33ity. W3k Ruihua 5(2011)2 AMDSS]
9l &2 53& FeSOs, Fex(SO4)s, polyferric sulfate 53}
vl AFste] AMDSS] F2 sEo] v FEET fAlst
A B f Hold A& ERISHItE Choi 5(2013)2
G W BlAaE AASH] flstel AMDSS} ferrihydrites
vl AFstel AMDSS et F3sES wElen, Hat
o] pH9} 2471 (Natural oragnic matter, NOM)©] H]
28] Fael| vA= dEFS ERlEich

FHoll= AMDSE E wofell d83tuAl sk A7t
A= 9tk 9l EoF oA i ooz EA)
ato] & 7] §°](Organic anion)=2 A4 &2 )
of 9t} I#% B 5kl Sekhon® Bhumbla (2013)
AMDS?] &2 580l g Folu} Eoke] g3k uf Q1]
T4 A 9 e gapdolehE A1 Btk AMDSE
Eool| o] g3h= dlel| 9lo] 9 Wul ope} eH¥EA Y 24
o gt A= FP=oigith Song 5(2012)2 5572 &
+%(As, Cd, Cu, Pb, 18] Zn)oll thdh &2 2 4529
= TYst] AMDSE Tu5 QHEY] AEFoEH
w59 &% 94l 7FeAS ERlesith ®d Tsang
(2013)& AMDSE ©]43 batch2 37 columnd &S
afo] Bk U FEj9} HlAg] fE0] AftEE e ERIE
om, ol B} FTHEE s WHol B AlF(Soil
washing)®# Bt} 4] o] B AgeE BgltTsang
and Yip, 2014). 18t} AMDS #HH|9] 534 ko] &1,
T A $88 = t2A B AHEels wells #4
A 7|17 Z5ab] wiEe] AMDSE] o]€ Al 71 gFAAd

oft ofrt ofx

weh 2 ATe HAS FF4 QPR AMDSE ¢
HBAZ o183 W, AMDSTH F4| ol AEFE
w A JFS A Plsh RS PohE 9
sol Bagomm FF Fa4 Ya T 298 4

& 7Fs3= AAShs el Sl
Iz ¥ U
SA EY H L LhlSE K|

2 090l A9 T ERS FHRE 9GT 44 3
felo] AT W EFOR QAT G JTE v
<]

FTEEOE 09d Bk, gl A of
AtoellA Bl dEFS AFSIGITE AFHT B T4 F 2
mm AZ Aol A3 AHgesith AMDSE s By
Aol YR8 e (Hamtae mine) 2743149 &8

A& o8k on, AT SeA= dry-oven 70Tl 48

AZF AZAZ1TL 0.5 mm AZ AS 3 Addo) AFgalsich

gy

AMDSE AT Bl ATl 242 AiH] 0%,
1%, 3%, 5% Fo% EY 5 kgoll 3uHT o2 34| g
g 532k SRTE ol8stel 8T 60%E frAlskd
A 453F fre] 22(20£5C) oA aging aF3iTh Aging $h5
Zof AEol|N 457 719 A (Lactuca sativa L)<+ W5
(Brassica rapa var. glabra) 5&< 7217} 428kl 54 %=
oM 457 A vy A=A 7H5(Edible part)?!
APFH(Shoot) 5 FEelo] TR 31l AlHslal ATES
Sty A% S74o] 959 A=A dry-oven 70T
ollx] 48413t AR 7 Fafslo] T Aol AREskslTt
Ao e o B ARE AFE] T F 2 mm AR

=]

AT F B VY U FE AR B0 ARSI

A=z 24

Bt AMDSS] pHS} 217]7 % %(Electrical conductivity,
EQ)t THTE 15 &R & AR awke & S48l
(Thermo Orion 920A). £ AMDSA U4 T34
o] F& 7Fs¢t free iron / aluminium / manganese A
g5 Felt] 95t9 acid ammonium oxalate FEHH
£ o] &38itk 0.15 mm A= AE E%F AMDS 0.5 g7t
0.175 M ammonium oxalate(pH 3.0) buffer €< 30 mL
£ 2ARF WHFSE 3 Whatman No.42(pore size 2.5um) ©f
MHE ALty ol W FE59 F5EE Induced
Coupled Plasma-Optical Emission Spectrometer(730
Seires, Agilent, USA)% 5733 tHTamm, 1922). =7
AMDSY $54 F o3-S 54517] 918 $(Aqua regia)
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5 o]gslo] 544kl ¢ & Whatman No.42(pore size
2.5um) AIAR AE v o ] TuHe] wRE 5746

=Rk = 70

Gtk Ekol] AMDS] pH 28 1 95 522 59

ot

o 1=
st7] flste] M8k (Point of zero charge, PZC)<
solth. 0IM KNOs&9l= HIEEee® 3¢ 01 M
HNO;9} NaOHE ©|§3t9 27] §9 pH(pHo)E 2%4-E
12744] Bh= $ AMDS 0.1 g# 2429] 894 50 mLS 484
2+ axkste] pHE 374 ¢tHpHe). oW =7] pHS 33
pHE] #fo]7F 00] ¥i= A3 (ApH = pHo - pHeq)e pHpse
2 & thMall ef al, 2006). AMDSOIA &5+ 2345
o] FEE ERls] flstol =g A= S S
ek QAo ® pHE 5.8 - 6302 243 §rjE 1:10 ®
2 ato] pAIZE wHke & o 7ek ofd f T S
J3lsitt. AMDSel oJgt B Fa4e] o5/ HskE g
at7] 918t CaCl, =S ol 838tk E9F 3 gt 0.
M CaCl, £ 30 mL< 2417 RIS % Whatman No.42
(pore size 2.5um) JHAE AL U T559 w58 5
3% tHEsnaola and Millan, 1998). Mehlich-3 &2
EJ a5 AE AT & BARBR: o0F U4 9l
o] AMDSel| 2Jst A5 Fawo vsks 18] Flal A
Ak B 2 g¥ 20 mLe EFEN(pH 23, 02 M
CH;COOH + 0.25 M NH;NO; + 0.015 M NH,F + 0.13
M HNO; + 0001 M EDTA)S 5%7F wnkst &
Whatman No.42(pore size 2.5um) 9ZA|2 AL oA ]
2345 24319 tHMehlich, 1984).
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e AFE 3ntReR F3sigion Ay Ayl 39y
o] Fgto® Yephglth A2 foA A SAS X
TIFISAS 9.2, USA)S] PROC GLM: general linear
model #go% AAFSICh

71'.

247} o

ol k3,

=
A& EQat AMDS2| E4

A3 of] A3 Bk} AMDSS] 7)1 3}k A3 S
£9] F S Table 10 YeRGIth a4 o9
E%(Contaminated soil)®] pH+= 8.15% ¢4Z8AS H3l
© 1 H]A(Arsenic, As), 7F=H(Cadmium, Cd), d(Lead,
Pb), o}i(Zinc, Zn)ol tial] EFHE R AN S-21715(As,
Cd, Pb, Zn°ll tisll 742} 25, 4, 200, 300 mg/kg)S Z23t
RoH, 53] As, Pb, Zn t27]5(As, Pb, Znol s 7t
7t 75, 600, 900 mg/kg)7HA F7sto] Qo] ml-- Aztgt
Ao 2 Yelyth B2 BRIl vz EKControl soil)
& pH 6728 FHIE Hglon o= FEE5E VEs =
atA] gkl AMDSE pH 8.369 22448 wglon
ECE EHU} =9kt 8 AMDS7} AHd3akl4= ) &
w5 FANA w58 EeA o] wite] Cd¥ Znd %
7b A vEbtth mgdARtE iRl SelA7E B
9 A T4 450 93t 23} 99S Ao 597 u)
o Bl A4 7S Fs] H8l FaE $ENE
T om 1 A3 Pb¥ 0.01 mg/LE AEY
FAQ1 3 mg/LE b4 sttt olest A3t
AMDSE] E4F A& 7V 9 b S 1 4 9l
AMDS®l| As®} S5

=N
=

N o M
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Fo5o] ST 4 9l Al Fe, Mn9 7+
?(sites) & ammonium oxalate % WO E SIS 2
7HTable 1), AMDS7} Fe 28715 H] L AT} tiH] 2F 300
i, @&k tin] oF 60ul 7} Wol 7HA|aL AlE ASE
ERSTE Asi= Fe $BWF ofue} AlE F3 Aoehs Zo%
o4#f#] 9l 2™ (Goldberg and Johnston, 2001; Arai and
Sparks, 2002), =L Al A}2|%= AMDS®lIA] 71 2ol &l &
olor] edESF 783 v QPEY =07 Uehdth Mn &
71 Assle] st Fa%E Rk 37} H|Ax(Arsenite)
£ 57K Arsenate) FE)Z 9] Al3}E folaHA| s Aow &
4 Sl=tl(Driehaus et al., 1995; Chiu and Hering,

Table 1. Selected chemical properties and heavy metals concentration of soils and acid mine drainage sludge

Parameters Unit Control soil Contaminated soil AMDS*
pH 6.72 8.15 8.36
ECY ds/m 0.15 0.50 0.76
Fex g/kg 1.30 6.53 379.05
Al g/kg 0.25 1.85 25.67
Mnx g/kg 0.73 7.47 1.04
As™ mg/kg 4 358 -w
Cd mg/kg 2 11 30
Cu mg/kg 18 35 -
Pb mg/kg 13 810 6
Zn mg/kg 86 1,246 966

zAcid mine drainage sludge; Yelectrical conductivity; *free metal oxides extracted using ammonium

oxalate buffer;

“total concentration of trace elements extracted using aqua regia solution; “not detected
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2000), 7L g2 SHEESN 7Y =4 el S W AMDS
183 HIQPAESY oIk o]y et dye] Ay AMDS

o 335 54 A% A4S AANAZ,

AMDS AMz[o e EY pHRl 335 REX Het

N Q QT QB AMDSE o2 LR g3}
w E%F] pHS} EC7} BIskSitHTable 2). H] L AEF
¥ AMDS?] AHz|&go] S5t wet E4Fe] pH7F
H S718k o 3%8) 5% Alololld= zlo|7h Qi A
2 HERATHp<0.05). HH 2 A ESol| A= AMDSS] A2
o] 7Kgl whet pH7E FolsHAl FHAaslon HedE
MM 2] A9} BUdA 3%} 5% HElT Alolofli= Ajo]
7F AT (p<0.05). AMDS?] A7} Az v pHel W3}
S B o] AMDS EHolA 2] Aal EAo] 791
sk Ao = Hltk 13H7FYH(Solid addition method)ell
w2t AMDS®] A5 (pHp) = 57830 W pHp,c 7t
7.55% UERITHFig.1). 9AFe % #shs 99 pHel
whebA] G =t), pHp B0 58 pHZF 01 QlAF 29
oA =27k WA ukel 1Ake] e SHEE HW pH, k.
th pH7} WO w2 FdskE ¥tkJeong et al, 2008;
Kim ef al, 2012). ©bA S5 29 EHpH 8.15)°1
AMDS(pH.c 7.55)5 #2]€ 739 AMDS?] HHelA 54
ol o] whALke A Eoke] pH7F sl on whE w]
24 EHpH 6.72)°4= Faol2e] FHE o] B¢ pH
7} S7ReISITE Ste] Eokel| 1Ee Zgyt H o)
pHp 7t 52 SHSHAIES ARS8 ES] pHZF U A
o] SHES] Al AE Lo & et wEkA] A
Ao 7 W2 pH,, 5 2= AMDSE o|g3thd o]edt &
AL AT 4 A FloR ke o]2fd Ayl= AMDS
9 §& AL U 1 7FsAdS RYFtHDzombak and
Morel, 1990; Oladoja and Aliu, 2009; Kim ef al, 2012).
QAESH} N QAT BF AMDSS] A g|#o] SterE
AMDSIA WL = A Eoluby] wlitel] Eoke] EC o
Al EF7retgl o}, 1 AT o AEYAR AR S A
3t T2 ofd Ao R UERTHBernstein, 1975).

AMDSS] Aol wet v Qe QAT T
%9 §8%9 W3S Table 20 YeRITh Bkl
559 o5 (Mobility)= EelelE + & CaCl, F=
A A, B ePEST LAEY BT AMDSE A E
el As, Cd, Cu, Pb2 ool foskAl Axtstgl o
(p<0.05), 53] As9| o5 AHaI7} Holwrh As= A
S}l EFolx] i 57KHArsenate)] &ol H
(H2As0s, HAsO)E E£A18H1L Ca, Al, Fe, HEe] €7
F&shs Aoz dEA $thJeon ef al, 2009; Koo et al,
2012). weps] B A4 As7t AMDSe| €1 WEA &
zZte] ekdst mupt w=A dERd AoE ghddr
(Goldberg and Johnston, 2001; Sherman and Randall,
2003; Koo et al, 2011). Tsang¥} Yip(2014)> A5 &

;|

ol o

off |o 1o 1o 3@
ol

[e)

O

3te] AMDSel 9%t B As®] F2 a7} coal fly ash,
iron filings, lignite?} 2> BdEHT 5310, §E43
O% Asf o]l A9 dojuA] = S st B
& Aol Fole THEHS H3AE I Liming effect),
Al, Fe, Mn Ats}E 37 0 2 2] 4 (Precipitation), 354
X (Mineral formation such as metal silicates)®] 7]2F0.
& QME3} H= Ao R UdeA SItkGoldberg and Johnston,
2001; Mench et al, 2000; Lee et al, 2014). & A--ollA
Tuo] o EAshs RAEYS] 49 AMDS A2 Al B
% pHZF HAst A s W, AMDS FHo R A
o] ¥ <Hg3} 7|2l Aoz ghakErt v e AEd] H5
ol B9 pH7F Tketo] FAHEN ofye} A 3|Algat
5 Mg ste] 7oldlE Zlow )

Mehlich-3 §3Z& WS EqelA 2159 <
55 AAs] fal pEEslod HTde BEY Fu5
AE FAEE & Hdshs 210% d7Eo] grk(Mehlich,
1984; Tran and Simard, 1993; Zhang et al, 2012). S+
% QEgM AMDSe] gt Aefaee] AfEss
AMDSE 5%A|2]E 7|50 tZT tin] As(100%)°l14
71 =9rom, Pb(88%), Cd(62%), Cu(37%), Zn(23%) ==
o= @it gle AoR YERTHTable 2). AMDSe]| <]t
As®] Hg3h= b Ardell Mgl smHolA o] Fbel 7]qlgt
7o g e} ol F3%(Cd, Cu, Pb, Zn)2 ESF &
Aol pH7F Soldss 1 o B3} st 2tk
44 tiLee et al, 2009; Kim et al, 2010; Lee et al,
2011). ¥ AFelA= AMDS®] A w57k S7kstel wet
PHZF f9I5bl Rosteigols 273 ol Fa49
fEEs Golapl sk olele Ao Fasol 4R
FEEN pH 220l 9% 259 o154 F7} wshur,
AMDS 3Edlolnje] Fel] B aibl o & 9gE
H X AE AARet) wEk AMDSS] T4 eHgst v
7} 71E9] ARgE ol e MY SkAl Sl vlal EQF pHE|
= AA W] Wil ankE A8 ks WSt s <
Stk wbd B QAESME Ast AEHA ¥oker, Cd
% Znf FEE= AMDSE APlels ol felskAl 7kt
ATHp<0.05). AMDS AA 9] F54 F 5 (Table 1)+ A2
F F7kebe] Adde aElEE W, B SuSY faE
/MR AMDSeA 2% Zlow dddrh o9 =
el Bld = 9l%o] CaCl 9= 2 Mehlich-3
SN HE71HS vFsh 53] Ao|ES] Ag A= B
g AEe £ o] fIikEe 8718 BAKE] skl
(Mehlich, 1984; Dakora and Phillips, 2002; Wu et al,
2003), Mehlich-3 &Ho] EF T4 it oz} AMDS
U Cd¥ Zns A7 ZAoR Helth Igdx B e
a1 §EFC Hoiglo] 2d B tix-e] AR
T A7) wiEe] @99 EeelM= AMDSOA 58 T
o] S G gllen, olejgh dde] A=
AMDS?] &% A& 7hsde e Ul EolFrh

HT
> o
1o oy

3k
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Table 2. Changes in chemical properties and extractable trace elements concentration from control soil and contaminated

soil with different input amount (%) of acid mine drainage sludge”

pH EC? CaCly Mehlich-3*
(1:5)  ds/m As Cd Cu Pb Zn As Cd Cu Pb Zn
C-soil™ 0% 6.7c 0.03d 015a 0.15a 0.19a 0.15a 1.03a -4 0.06b 1.76a 2.66a 2.9d
1%  7.0b  0.09c 0.14a 0.14a 0.14b 0.07b 097a - 0.1la 148a 220a 10.4c
3% 73a 016b  0.11b 0.11b 0.14b 0.08ab 0.96a - 0.13a 092b 038 21.4b
5% 74a 022a 0.10b 0.10b 0.13b 0.06b 0.96a - 0.14a 0.82b 024b 319a
P-soil" 0%  82a  0.15c 0.59a 153a 0.1la 0.12a 124a 515a 6.72a 390a 41.5a 1l6a
1% 79> 021b 043b 147a 0.12a 0.08ab 1.33a 161b 5.01b 298b 30.6b 104b
3% 77c¢ 034a  041b 125b 0.12a 0.05b 1.14a 0.44c 357c 184c 7.3c 96c
5% 77¢c  034a 0.25¢ 1.03c 0.14a 0.06b 1.21a - 257d 1.55¢ 49c 89d

“Different letter indicates significant differences at the 5% level by Duncan’s test;
“Electrical conductivity; YCaCl, extractable concentrations (mg/kg); Mehlich-3 extractable concentrations (mg/kg);

weontrol soil; Ycontaminated soil; “not detected

pH, - pH,,

ApH

pH,

Fig. 1. Determination of the point of zero charge of acid
mine drainage sludge.

AMDS HMz[ofl 2 A8t S| B35 13|
H] @ ARk A 2t AF5=2] AMDS A2 s5o] uhE A
T 0%, 1%, 3%, 5%l it 24+ 6.0, 5.6, 5.7, 5.2 g
o L‘rE‘rkkE} Q] A AMDS Az Fiol uhE
AT 0%, 1%, 3%, 5%° thate] 217} 5.6, 4.8, 4.7, 7.3
golQlth w2l A% v eAESNN AMDSE 0%, 1%,
3%, 5% AElstals W 1 gl 22t 27, 21, 18, 19 gol
Rom QAT = AMDSE 0%, 1%, 3%, 5% 2|3t
S w1 AFEe] 747t 45, 3.6, 34, 3.1 g0 5] A
ik 2 QARG wiFe] Aol wle- A Ay
& Ao Yepgth
H] @ QRGN At Ao} w5 T55
st Az} 7 &% Lol As, Cd, Pbe- 7=
o A=0] F5 nFg 443] Cugt Znwh 74254%}( able
3). Cux ““4 B SFDEel Holsk= nF
AMDS A 2|# wglo] whe F7k0] W3} Alo]o] 44 f‘&

_—_—

sSA
=T =

P%

‘f”*

S~

=N EQI’
] J-0} O

TS FAT 5= Sl tH(Droppa and Horvéth, 1990). Zn
= Bl B e =2 il wofsls v
2 Z(Rout and Das, 2003), AMDS2] #z]o] ~7}6P0ﬂ
wel 7 E5EE §2081 Z71IATH(p<0.05). Cust Zn?]
olefdt ke Ak AMDSY| Fu del 710 Ao
% Btk AMDSOIN Cuiz HEHA o2 whd Znd
1000 mg/kgell 7F7HE vil¢- %2 FE2 EAskItHTable
1). e AMDS?| A2|&o] Skl met B W} Zno
]l o2 S7Fsl] kel st WS Zn FRE
71t Ao ghaEth wbd Cd= AMDSHel 30 mg/kg
o7 Esht Egel Aeld %E ues & W 1 T
ASP7E ZnHoh AiFow wvste] AEAze] fold
Z7}oll= x4 E{s]— o7 welrh

LA% EQkA AMDS AHel= 454 As, Cd, Cu,

Pb, Zn 55%5 ol Az, WS A9 As,
Cd, Zn°l diste] o432 UehAth(p<0.05). 21E2] 1|

E]:.C.l,])\ tﬂ i/‘\ak 11710 om 7('].4 Eook %g—fl W_Q_E— x17L
Ane} nRHA R AsellA] A VRS AMDSE 5%
ol W As o] tiET ] 60% 7HAskSith o]
2]k dde] A= E9F ol As7F AMDSl w=A &2

1L QPEstE o] AR AEEe] Aok AR AoE &
Aech AstEt ohel o Fu5 F5EE AMDS A
go ks %‘Bkoﬂ%, A= Cd, Cu, Pb, Zn°| 5%%
Al ZET O] 2 530 42} 31%, 43%, 67%, 43% 7+
w9 A9 Cd, Zno 53 2 26%, 29%
taelgink oldd 5% o Adade o de 4
A el AMDSS] oA % < FELY
e T sl wE Zlow e & A AY
;1: 94 g}zsm Zj?ﬂlﬂ]—lﬁ er /\ggzsbﬂ 74@1:10}1@
TS g F glglon 7]E9]

ohe delAE Rle 5= gtk Lee 5(2009)2 4181413}
A, Adsd1s T55 o9 B¢l Aste] SR U
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Table 3. Changes in trace elements concentration of lettuce (Lactuca sativa L.) and chinese cabbage (Brassica rapa var.
glabra) from control soil and contaminated soil with different input amount (%) of acid mine drainage sludge”

Lettuce Chinese cabbage

As? Cd Cu Pb Zn As Cd Cu Pb Zn

C-soilY 0% -w - 6.7a - 27c - - 3.3a - 16b
1% - - 8.3a - 38ab - - 2.7b - 22b

3% - - 7.8a - 40a - - 3.5a - 38a

5% - - 6.2a - 36b - - 3.1ab - 45a
P-soilx 0% 12.7a 3.9a 7.4a 5.8a 98a 9.1a 5.4a 3.9a 2.3b 224a
1% 7.1b 3.4ab 6.1a 3.4b 70b 2.1b 3.0b 4.0a 2.5ab 118b
3% 6.8b 3.0ab 5.8ab 2.5¢ 67b 2.6b 3.7b 4.0a 2.9ab 151b
5% 5.0b 2.7b 4.2b 1.9¢ 56b 3.3b 4.0ab 5.7a 4.0a 158b

‘Different letter indicates significant differences at the 5% level by Duncan’s test;
“Trace elements concentration in crops based on dry weight (mg/kg); Ycontrol soil; *contaminated soil; "not detected
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