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Abstract

BACKGROUND: Recent studies using many amendments
for heavy metal stabilization in soil were conducted in order
to find out new materials. But, the studies accounting for the
use of appropriate amendments considering soil pH remain
incomplete. The aim of this study was to investigate the
effects of initial soil pH on the efficiency of various
amendments.

METHODS AND RESULTS: Acid soil and alkali soil
contaminated with heavy metals were collected from the
agricultural soils affected by the abandoned mine sites
nearby. Three different types of amendments were selected
with hypothesis being different in stabilization mechanisms;
organic matter, lime stone and iron, and added with
different combination. For determining the changes in the
extractable heavy metals, water soluble, Mehlich-3, Toxicity
Characteristic Leaching Procedure, Simple Bioavailability
Extraction Test method were applied as chemical assessments
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for metal stabilization. For biological assessments, soil
respiration and root elongation of bok choy (Brassica
campestris ssp. Chinensis Jusl.) were determined.

CONCLUSION: It was revealed that lime stone reduced
heavy metal mobility in acid soil by increasing soil pH and
iron was good at stabilizing heavy metals by supplying
adsorption sites in alkali soil. Organic matter was a good
source in terms of supplying nutrients, but it was concerning
when accounting for increasing metal availability.

Key words: Acid/alkali soil, Amendments, Bioavailability,
Heavy metal, Stabilization
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(Stabilization)®l] thet A7} &3] X8 Fo|tHKim et
al, 2010). T=% HsHS S5 EY 3 YelA
o] o] 5% A= FaE%(Bioavailability)E A7HA71E A
o, EF U 55 & T WepA| gkovt 1 A ¥

£ HsA Fu5e felds AA7]= B oltHKim
et al, 2012).

EY T 52 A7 k] pH wdE 4, #
71, FEA 59 vhFst Py sAlEel gt ol Aol
FeE]o] gkt Choi?t Chiang(2003)> otdC® 9% &
el 71 A8k WL H714 BlE, A3 55 MBAR
o] gato] &3} aljuktr] ] 5ol Z‘X]ﬂh AE gl
Jung 5(1999)> A3, #7715, 1t 55 EY HFA= 01
oM WY JtEg FE AdS gl FHZele
71E ARV S NBAR olgstaat she A7t Skt

Aot} Yang ¥} Kang(2011)<> AY(Red mud)

<A 11821 Bio-SolidsE ©]&ato] H]A9)
Tu5] 3 9E Hetsiglon, Lee 5(2011) =
(Bone mill)#} ¥}EHA(Bottom ash) 53 ¢HY3HA| = o] &3t
ORA BEY Tu5Y A AERraEE AT
3t Kim 5(2012)=> AJ&t3|(Fly ash) 2} Acid mine drainage
£ #|(Acid mine drainage sludge)& ©|-8-ato] Mg 3A
249 o] Thsde ERlelt
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al, 2010; Oh et al, 2011). §7]29] A% EoF ] F24
9 F& AEE Awstr f71EANA 719 ik} gak
AES AR FIEY S FagtEe IS Al

EYS H(Soil quality) s HHOR o|gstA €t
(Choi and Chiang, 2003). ©l2igt Py shA| 9] thekst oMY
3F 712 B9k 3 dleld SH o Aahs o] ofy
o} EoF Sl o8 et S e Aow duEA 3l
ok "okO]%J 21&4 H 40| EGF Ufol|xe] o] g 53]
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° 2 | H, §ER7e0e v Y] pH
3% Ol% T 283 F& A Foll YFs W Aow
&4 THKim ef al, 2010; Koo ef al, 2011). °]XH &
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olrk. AF e EXFS T4 F 2 mm AZ AejA A
ARgSISITE E¥e] pHZF QPESHAlel WA= FEke
ekl MR ThE s V1Ae 2k R sHAlE
6‘}—0% /\ETB‘-]oﬂ A}%o}oil';]_ ]:H\ X‘]O] EO]: pH /\T-}\ 7])(
+ A]3]4](Lime stone, Junsei Chemical, Tokyo, Japan,
98% +)Z} oxides H=+= oxyhydroxides®] &2+ A2 5 AlF
Sz H(Iron powder, Junsei Chemical, Tokyo, Japan,
95% +)= °]&3F5% © (Koo et al, 2011), F7/]E2+ 74?4
#7]7](Spent Coffee Grounds)E AH-3ISItE AT ] 4
e X A T AR} 57 7 R B “’F%

ApAskaL glom ofof whE ik - Ay T Ak Yl
71Eo] v ek Zlow U ltkBorreli ef al,
2002). 3t Hells AY A A7|EE] AEE A B
Wk 37 s o] 8rbs Aol dist ArF Eke] x13y]
2 8lE As st AYRAZIE 718 ARE Addst
Tt 2 Aol ARgsE A A= MEAlel] LAE Ay
AT oz Apgaglon A ARRAY = T4
0.5 mm A= Ae] A ARg-sIoich

r_>.:J'n9L'

xﬁmiﬂémlﬂ
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£ pHSE A7) =% (Electrical conductivity, EC)
T erE 15 HlEE $ ARE wRkel & SAEeln
(Thermo Orion 920A). E%F9] ool |3k "8— (Catlon
Exchange Capacity, CEC)?] S35 $l3l 9
o] 8319 thBlack et al, 1965). E% %
(Dissolved Organic Carbon, DOC) %2 &£ 10 g%
20 mLe FFE 2A1%F wRkekal 3E3ke] Total Organic
Carbon 1—’517](Sh1madzu TOC-VCPH)Z 433t B9
T71E2] %2 Walkely-Black *H(Nelson and Sommers,
1996) 0%, EAJ(Soil texture)> vwlo|AZI|FH(Miller
and Miller, 1987) 2% #AJ8I0ith B T4 T &%
< 48] A3l I (Aqua regia)E ©l&3ste] HFAAksH
AlZ] ¥ Whatman No.42 (pore size 2.5um) o] %42 7
& s 559 ¥%E Induced Coupled Plasma-
Optocal Emission Spectrometer (Vista Pro, Varian,
USA)Z =78k

Ay

Aukat A 579 oM3HE M7 o2 2o o] &
Fojgo] A tH] 3% FFEOE B 100 gofl 3uHo®
A8} thTable 1). FE3tA7F Eobe Bk 4852
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o] 60% T E 477t oAl A2uF7 oA 20T aging
A7l oA 2 mm AZ DY A0l ARRSISITE T
fratee] oigh sHdshAl 585 seta o Hrlslhr] s 4
T 2 FE S o] &SIt Water soluble, WS;
Mehlich-3, M3; Toxicity Characteristic
Procedure, TCLP; Simple Bioavailability Extraction
Test, SBET). Water soluble3t 242 SH-5 o]43}9
Bk HES 1:5 AFH|Z 24417 wHESI3ITE Mehlich-3
&S a5 A= O#El—é Z gkedsitiar A gl
PYsHAl Aol mE Eok 3 Ul a5 AEhasl |
k& ERlahr] el "]’%‘3]'913‘31, EY2 g8 20 mL %
£9(pH 2.3, 0.2 M CH;COOH + 0.25 M NHiNO; +
0.015 M NHsF + 0.13 M HNOs + 0.001 M EDTA)°. =
517F WHSE 3 Whatman No.42 (pore size 2.5um) ©7
A% A ol ] F5%5 Induced Coupled Plasma-Optical
Emission Spectrometer® 743} tHMehlich, 1984).
TCLP= &3 n|=9] #H7]% 85 Agyes B¢ U o4
=49 §F AL BARRl 59 85 s A
213l w@o] o] g1 gl WHoltUS EPA, 1986).TCLP W
& o]gsto] HYSHATE Edel] HeHAE W FEHY
£9 o5 AFES flste] E¥ 1 g& pH 2889 acetic
acid €9 20 mL¥} 18417t &2t &3 Wik 5 oA o 5
45 ICP-OESE 57313ith SBETE Q1E9] & A8k
in-vitro ¥ 07 W29 F3 TE5] AU AE FEES
H7rst7] sl FFATHKIm et al., 2002). 75 FAko =z
pHE 152 243 04 M glycine €9 A& N o= &}
o] £9K0.250 mm)7} §4& 1:1002] HIER 3lo] 37C o]
A & AIZF 7 & ojals =4 B o] 85kgtk
MFsHA Y] aE&S A=A R Frksl] flete] EYS
(Soil respiration)¥} 2=%/3% 7HPhytotoxicity test)E
Floith EFsFold B A= T34l gt &
O 2 HEH WEEE CO, fluxE vleh, 1 2 2E0]
Holi= B U S5IFEEL] a5 ofEH ol &
TolME PR Foi7k B el vAE
&= ] flslq olF FAsIiri(Alef and Nannipieri,
1995). 250 mL %3] §-2]%el] 0.05 M NaOH 20 mL& ¥
I EFETE 50-70% Tl e XFHE EF AR
20 g= Tg°] ¥ polypropylene Hol| o] g-olu} %
A Al e el st & dste] ohe) AR
w7 1elM 37 26C wjekerlty. g COLell <Jste
FHatal HelolEs NaOHS] 555 0.05 M HClgH o=
oz sto] Antelgitt. AE5Ade 44 a]loly 54 &
el oJaf AEe] A = Al daE 7AE e
opwjsin] HZ old 29 flaid ¥ B &8 HF Al 8
Sl AREEE WOl r4—(Baumgarter1 and Spiegel, 2004;
KOO et al, 2011). = <1 :rLoﬂ*i*E P Aol uhE A
=42 WgkE WA #e] A% (Root Elongation) &
J“7}°}°ﬂﬂr BAANE 7159 AelM BEY TSl vidks
Al W= o2 dHA(KIm ef al, 2012) 71 WH3lE 3

Leaching

OH

2 %2 o2 oE Eloi'
flo

QIstaL F7keh= ol golste] Adsiglon Fak= @tks
oA sttt P EkAIS] H29) agingo] ¢hEH EYFS
Petri-dish (50 mm X 10 mm)el Z}7} 3 W50 30 g &
Y FAE 1270 A dAsk A0 R Hglen 7t Bkl
FARTEY 60%°l dFdh= FHrE B @A 20C 9]
A2 #lo¥7](Low temperature incubator)ollx] opA|7l
T AR &A 273 ApfsiGith wiF el e A=2] A
= 140+ 5 umol/m’/s' F=9} F7H16417L, 24 + 17),
ORHBAIZE, 18 = 1C)<] B57] ZxdollA] A= STt Al
7b ¢k AEAE US EPA 7)e] whet Wolg3) g
< 34893, TRTE AHS T 2UE o]dste] 2
st % omx] 4 ZEIH(WinRhizo 5.0a, Regent,
Canada) .2 ¥g] Zol& FHsIqty. 44 el 7‘4_0]
+ ofuke] ZAzpe] wHerellA Wholstal Ak JiAES] A

T Hol9 3o St

clolef 24

EE ARE smow psiglon A3 Ak 3y
o) AU UehAATE. He1E 94 $4E sAS T2
TIF4(SAS 9.2, USA)2| Procedure general linear model
(PROC GLM) #HHow AAeisith

Table 1. Combination ratio of amendment treatments on
each acid and alkali soil

Organic matter?(%) Lime stone(%) Iron(%)

Control 0 0 0
T1 3 0 0
T2 0 3 0
T3 0 0 3
T4 1.5 1.5 0
T5 1.5 0 15
T6 0 1.5 15
T7 1 1 1

“Spent coffee grounds was used for organic matter sources

2n W oa
A EY 54
Aol ARESE A Bk de] B V) 5% 5
=59 ¥ §S(Table 2)¢ YERSILE &3l (Bonghwa)
oA AF T AV LAELS pHYE oF 596202 oIS o]
AU e LAESRS @H(Danyang)ollA #F 8t 0
H7} 8.18% 7S YERISITh ECSF CECE Hl5st
O 2 el or {79 SRl A o
E]r Ittt F F=F EYY EAM(Soil texture) U]EHAdH
(Soil texture classification system)®] 7ol wel A E
> AFFE(Sandy loam), €722 B9k FE(Loam)E H
Bl A7) B T HAY) 5 T TR ke 1
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FE Holx vk B AERAY A Bk U 29EA ¢
H7lE v & uf AVIEST ST EA 247} v
Z(As)= oF 8uig} 154, FF=E(Cd)S <F 1.5809) 3ul, &
(Pb)=> oF 9uljs} 4ul, o}A(Zn)> oF 28 ¢} 487} Z3}31e
Susel gk 2ol wig- Az Ze® yepith Chon
5(1998)0] Aoket @ AA|4(Pollution Index)E ©]-&3}o]
T EF U5 T o5 LGAT e Antehd A ES
3} adzke)Eko] 747} 453 517 715 18 4-54) 233}
A e ArE fAkE Zow UEhth sk Ado] Alg-
T EY BT AAE AHEHA T oA AES Bt
AR §9 7Fsd 9 I Asids aEE & o]
Al ZAog Hojzt,

i)

Table 2. Selected chemical properties and heavy metals
concentration of soil samples

Parameters ~ Unit  Bonghwa Danyang Warning level”

pH 5.96 8.18
EC* ds/m 0.27 0.15
CECy  cmolyy/kg 8.29 7.96
OMx Y% 1.42 3.36
Sand Y% 77.6 414
Silt Y% 15.3 47.7
Clay % 7.1 109
Asv mg/kg 200.2 357.5 25
Cd mg/kg 6.6 114 4
Cu mg/kg 89.0 34.6 150
Pb mg/kg 1879.3 810.2 200
Zn mg/kg 782.3 1246.4 300

“Electrical conductivity; Ycation exchange capacity; *organic
matter; “total concentration of trace elements extracted
using aqua regia solution; Ywarning level in the Korean
soil regulation for Area I

O3 AMelof w2 EQ pHRE Dissolved Organic
Carbon2| His}

3 T79 eHEAE oy Z2FoT AHEslu 4 F E
ko] pHS} EC7} thaFshAl wakslith(Table 3). AHIES
(BH)oIA eHdsiAlel &gt pH S7Hs 2 AlAE 3% A&
Al A3514(7.82)0014 7HE Egkom H(7.41), 183 71E
(6.54) O 7 ERTE Ta AR A3|H3 He
53 Asisle Wl EYF pHIF /M & o= A5G,
7182 A d5Ae £ 53 AE A pH S7PF o
EAS] Bl u oA oz 27 vepd) A ES]
A 7189 792, f715°]=(Organic anions)©] 7713}
g B H'S AAs] BEY) pHE A4S op7|dhtia
el SItHelyar, 1976). ¥¢ZEEHDanyang)°lXl pH
o] frolst Wsh= QPdsiAle] o Aol Asav) Ho
gt 2] Al YERITH(p<0.05). 2] Bkl M = 4314
7 H& B pHE T7MZ v §7]15S E pHE

Aarzlon o= fi7lw Folo mE E¢ Wl H 59
7 dngitt

U e Adsisels =76k v 2t
HO

T pHZE 7713 #8719 pK B v A B
H7F #7113 ddste] sk a3s vehdr] wieel
E¥e pHe F7kebAE Rite] A= 713k H7}
Boro R WEE) WlEe] B9k pHYl 7461 HrkRitchie
and Dolling, 1985; McCauley et al, 2000). #2H% 77]:=
HE571E 23 ofy] ARV e Aom dEA gloH
(Boonamnuayvitaya et al, 2004; Fiol et al, 2008), 22
ol AMEE AFARA7]E Furrier Transform Infrared
Spectroscopy (FT-IR, Varian, 640-IR, USA)Z 4] ¢ 2
7} O-H, -CH,-, C-H, C=0, COOH, S=0 59| t}st
28717t G AL SRSk oleld Ak B =
7] pHS 715 24719 pKell 23t B pH| W7}
A79Hm #7159 pH €% 85 FRINAF

FEOoFO R f7|E0] Fo(T1, T4, T5, T7)= E% DOCe|
F)3k W3S 9 o 7lthTable 3). DOC?) Wa}#ke- 7t Az
T HE QolE f7189 % o] AT fAksHA debs
ot B¢ f DOCY] g Wols f7]&9] et ohy
2} pH Wsle= s won, olgjst Wl HFHoz
E) TS AEfraked 9% vAA IriKim ef al,
2010). ¥ AT-ellA] PF3} Aol 2%k pHS DOCS] W3}
7F B a5 Aefakst olsAd 9% vE Ao
= bk

EY 534 REE #H3

AIERF G EQelA o] P A & T
20| §-8% W3(WS, M3, TCLP, SBET)+= URFsHAl e}
WTHTable 4). =7 7H3 oksiA| Aeatar gla o]so] 4
¥ WS &Hl= Cd, Pb, Z18]al Znol tisjr= 11§55k
- o] QPgstAle] <Jgt JFE ERlsk] oStk As?]
739 B pHell A#glo]l 1 okyst ago] d A Al
(T3) 7 A Jepon, Hol th& g shael Jek4] e
2 A7 HE Wl As9] eHgst gy} YeRgth o
As7F A EHE] ARSI Fao] HA dojut /MY gty
7] -0t Koo et al, 2011). E%olA Cacll <3 H]A
o] sk pH 7-9 Aol woll FE dojdriar deiA
AthSadiq, 1997). wehr APJEFl|A = A 8]4] A2|(T2)
ol w) pH7} 7 oo R FTkete] Caoll 2%t v 2Hgs}
295 4A Bl = g9l s I ek H¢- o)
Zol| vlste] Eok pHE| S7PF AMIESeIA w4
UERFA] $Fof Caoll st fofst aol& E1sl7] ofef itk
oj9} HHlE f7]ES HEeIlE wWell=(T1) WS-As7t 7F
She 4TS UeRiglon] o= {7184 7]¢sk= DOC7}
As$} T3 F918 T BAAY T Ase} Asto] §=
FeE S7H717] whiieoltkWang and Mulligan, 2009;
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Table 3. Changes in chemical and biological characteristics of the different type of soil samples (Bonghwa, acid soil;
Danyang, alkali soil) with different amendment combinations

pH EC? DOCy Soil respiration Root elongation
ds/m mg/kg mg CO,/100g soil mm/seedling

Bonghwa Control 5.96 f 027 d 43 d 597 e 20.24 d

T1x 6.54 e 0.19 ef 446 a 12.27 a 2712 ¢

12 782 b 0.46 a 67 d 574 e 26.99 c

T3 741 c 0.18 f 51 d 6.06 e 27.90 c

T4 744 c 0.39 b 293 b 10.14 b 40.00 ab

T5 6.82 d 022 e 185 ¢ 8.96 ¢ 30.01 ¢

T6 824 a 022 e 27 d 574 e 3723 b

17 781 b 032 ¢ 196 ¢ 739 d 43.78 a
Danyang Control 8.18 cd 0.15 ef 4 e 6.61 d 20.37 ¢

T1 783 e 022 a 272 a 10.10 a 2631 b

T2 832D 0.18 c 40 e 6.49 d 21.87 ¢

T3 840 a 0.14 f 39 e 7.66 ¢ 2747 ab

T4 8.13 d 019 b 149 b 913 b 2496 b

T5 817 cd 017 d 118 ¢ 889 b 2991 a

T6 842 a 015 e 3B e 6.75 cd 27.03 b

17 820 ¢ 0.18 ¢ 86 d 9.02 b 2521 b

“Different letter indicates significant differences at the 5% level by Duncan’s test

“Electrical conductivity; YDissolved organic carbon; XT1,organic matter 3%; T2, lime stone 3%; T3, iron 3%; T4, organic
matter 1.5% + lime stone 1.5%; T5, organic matter 1.5% + iron 1.5%; T6, lime stone 1.5% + iron 1.5%; T7, organic matter
1% + lime stone 1% + iron 1%

Koo et al, 2011). Aol 2J3F As9] eFg3}e} f7]&o] <3t

FEE T7H wsEnt ohlzl x|
TCLP, SBET)eIA% w9 fAFHAl UElsith o5
B As®] eHgstell= v

0olE

U=

B2

HE(MS,

F)

ek 89 gl o 2

Ao vepror], #7159 Folt £k 27] pHSl 43

go] GRS ZyFIga B 4

sopat Ao Pukeh
Mehlich-3 €9 H& W

EFaEsE # 2Asitha ©

Aol 7= ARl
= B MM T=5

+9

o] A
A4 QTHTran and Simard,

1993; Zhang ef al, 2012). AMd 2 &7z EF B, Pbol
(T2, T3, T6) Fa=7} 4+
Gt ATk old$ A= Pbel MRS} Eof
F71= 2] Hehw Bet =2 A9 A QtiInyang et al,
2012). 7<) A8 Pbe] Frass

thal f71=o] A el=A

N3t Aol % Qs 282 o
g EdelM A7lE ARl Fejsfor

B ol FR%e) 858
A7 ek ohel 1 99l
= Eof 21_),\_4 %ZA—] o

[¢]

o] OI%E]‘— }\164 uh@o]r/].

0)olro.

o]

[ R2

717131 o= A3
Asct ek Pbegdo] A
7oz nolt}

Aakre] 22k 9

)
= Tl‘tlu}

HAE SHA7IA Enh TCLP

°
=

Qs Hjo] B

0L7Lg] EO]RL]' }\]—/K-]EO]: =

Oﬂ

A Cd vt ofJe} Cu, Pb, Zno| T3, T5, T6, T7 2|70l

A} Control TiH] thH-&

Al Aol & TCLP £

7§23k Table 4). SF3H
A IR B pHel g

o] M3)40] AAH R B e f712e 28l
EEHS 2% 7M1= ZloR Utk ihd Hol Ae
g AETelN SE5EY 53] dxnn SURsISE
d], olx= Aol 350l d vE v|F TE5HE°] TCLPE
of uf opAlEARS] 43 = vhE FEHRIME 2 Wst
Q= AL wgd 2w A2 Wy 159 EAJo|| oJgke Hh
< Zo% woln, A Ao o & TE5HEY 8EF
7t A4 AN ATrellA gRlgk = SISt Hartley et al,
2004). E3F Cd, Pb, 718]3L Zn 55 2 W 4] B9k
A o) kel B3k 22 T5, T6, T7)2] §&30] thE &
7Fsto] QPFstAl Frek A2 wlE 9l Bk 54 Afolel] wE
Aol o= Ao® Holu, A Folof o3t FH&e] §E%
S7F A Hartley 5(2004) 2] Aol M= geldh 4= 919l
thoolelgh de 7S ges] Wl A B A W
5 Hlolue= Zow vy o]o thgh &5 A7 d8
af Bk

odEdo] FHHo] 9= B vAl SIAt QA L

2 f3lelol A(pH 2) 2219 Aol £ % FrEe #
A5S F7keh= SBET A% A3, TCLPoA €] Ao} A}
S S| EQkelA Ho| x3kE E AeltelA favrt

} ]_ o].‘: SBET z]x%ou oﬂ;\] pH 154 /\].}\Lg_ouo]
= SH0E HeA Fugol A 859 Al 719l
Zow geEity SBET Ay} 4342 AMJESA Pb

o|\ 0

rSL' Eﬁ
.
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Table 4. Trace elements concentrations (mg/kg) of water extractable, Mehlich-3 extractable, toxic characteristic leacnhing

test extractable,

and simplified physiologically based extraction text extractable from the different type of soil samples
(Bonghwa, acid soil; Danyang, alkali soil) with different amendment combinations

As Cd Cu Pb Zn

Ws* M3 TCLP SBET WS M3 TCLP SBET WS M3 TCLP SBET WS M3 TCLP SBET WS M3 TCLP SBET

BH Control 0.07% 0.98* 020* 0.27* N.D. 0.15* 0.07* 0.05* 0.05* 3.23* 0.50* 0.92* 0.05* 191* 20.0* 48.2* 0.35* 7.57% 3.87* 1.64*
T 0.12* 1.08* 0.31* 0.35* N.D. 0.20* 0.11* 0.07* 0.11* 276* 0.62* 1.09* 0.12* 186* 31.6* 48.7* 0.05* 7.89* 513* 2.04*

T2 0.08* 0.67* 0.06* 0.27* N.D. 0.12* 0.09* 0.04* 0.06* 2.64* 028* 0.82* N.D. 140* 20.1* 41.8* N.D. 4.13* 3.13* 1.38*

T3 N.DX 0.14* N.D. 0.06* N.D. 0.15* 0.17* 0.06* 0.02* 4.67* 6.00* 293* N.D. 67* 40.0* 47.8* ND. 435" 6.61* 178*

T4 0.13* 0.70* 0.10* 0.26* N.D. 0.13* 0.10* 0.05* 0.15* 2.81* 0.29* 1.09* N.D. 150* 20.3* 44.8* 0.01* 475* 3.91* 145*

T5 0.04* 0.44* N.D. 0.16* N.D. 0.13* 0.11* 0.06* 0.05* 2.66* 2.56* 1.74* N.D. 84* 322* 46.8* 0.01* 4.04* 4.06* 127*

T6 0.04* 0.25* N.D. 0.22* N.D. 0.15° 0.19* 0.08* 0.03* 2.86* 3.62* 228* N.D. 54* 448* 47.0* N.D. 556* 828* 227*

T7 0.05* 0.52* N.D. 0.13* N.D. 0.10* 0.17* 0.06* 0.07* 2.64* 2.68* 1.73* N.D. 120* 55.0+ 45.5* N.D. 3.80* 9.41* 1.56*

DY Control 0.09* 2.56* 0.04* 124* N.D. 1.13* 0.52* 0.18* 0.03* 1.41* 0.08* 0.34* N.D. 144* 79* 20.6* 0.01* 10.01* 3.85* 2.28*
T1 0.10* 2.42* 0.07* 1.02* N.D. 098* 039* 0.15* 0.05* 1.19* 0.06* 0.30* N.D. 140* 4.7* 189* 0.01* 933* 3.78* 207*

T2 0.13* 2.51* 0.06* 1.25* N.D. 1.11* 047* 0.24* 0.04* 1.47* 0.04* 044* N.D. 139* 57¢ 19.8* 0.01* 9.13* 208* 224*

T3 0.04* 0.60* N.D. 0.80* N.D. 1.13* 0.78* 0.29* 0.02* 2.66* 223* 1.29* N.D. 36* 82* 204* N.D. 790* 398* 223*

T4 0.10* 2.16* N.D. 0.99* N.D. 0.92* 036* 0.18* 0.03* 1.06* 0.06* 0.26* N.D. 137* 3.6* 18.0* 0.01* 8.68* 2.34* 210*

T5 0.06* 1.00* N.D. 1.11* N.D. 0.85* 0.63* 0.26* 0.03* 1.48* 0.68* 0.73* N.D. 67* 16.1* 221* 0.01* 7.61* 476* 217*

T6 0.07* 1.42* N.D. 1.18* N.D. 1.04* 0.74* 0.24* 0.03* 1.79* 0.75* 0.70* N.D. 56* 157* 21.1* 0.01* 7.87% 4.11* 228

T7 0.04* 1.31* N.D. 1.23* N.D. 091* 059* 0.30* 0.03* 1.72* 0.39* 0.63* N.D. 89* 13.9* 229* 0.02* 7.90* 3.87% 226*

“WS,water soluble extractable; M3, Mehlich-3 extractable; TCLP, toxic characteristic leaching test; SBET, simplified physiologically based extraction test;

YElectrical conductivity; YT1,organic matter 3%; T2, lime stone 3%; T3, iron 3%; T4, organic matter 1.5% + lime stone 1.5%; T5, organic matter 1.5% +

iron 1.5%; T6, lime stone 1.5% + iron 1.5%; T7,organic matter 1% + lime stone 1% + iron 1%

“Significant differences at the 5% level by LSD test
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