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Abstract

Chemical immobilization is an operative approach to reduce detrimental effects of heavy
metals in soils. The present study was conducted to test the usefulness of this procedure to decrease
soluble and DTPA-extractable Zn in two Zn-spiked (addition of 200 mg Zn kg 'soil from zinc
sulfate and incubation for two weeks at 25+1'C) acid and alkaline soils. In order to study the effect
of submergence, two Zn-spiked acid and alkaine soils under two moisture conditions (field
capacity [FC] and submergence [S], with and without 50 g cow manure/kg soil [M]) were incubated
for one month. Results showed that S+M treatment caused a markedly decrease in soluble and
DTPA-extractable Zn in both akaline (97 and 75%, respectively) and acid (85 and 78%,
respectively) soils. To evauate the effect of phosphate amendments, 5 g P/kg soil from various
sources (Ca(H2POg4)2.H20, Cag(PO,)2, H3PO,4, Ko:HPO, and KH,PO,4) was added to the Zn-spiked
acid soil. Results showed that the K,HPO, treatment caused a markedly decrease in soluble Zn

(88%). Neverthless DTPA-extractable Zn decreased (12.5%) in Cag(PO,), treatment. In another
experiment the addition of calcium carbonate to acid soil (10 g CaCOs; kg soil) caused a markedly
decrease in soluble and DTPA-extractable Zn (97 and 43%, respectively).

Key words: DTPA-extractable Zn, Phosphate amendment, Soluble-Zn, Submergence

doude

WS Olsie 4 Ll pal Byas 5 Jas 5 el
3 6oosliS 5o Lasedl 5 pbasd slas S 55,8
0% oS o3l So gl Sles) mlie 0o 5 leal alea
(2009 1,1€an 5 oyl ) bl a S
o3 S sl G el B (S (Zn) oo
slachle J5 sum sosma olalS gl oS sulis
~GLIS (1990 (5541) LS o are pacua olaal o (YL
e S oS bl (1992)ubay 5 Gubay
coish G s Aline lasSk Su 1, Zn Kol

ara 4 Sk (oS ol & S Sayl

Sl 9 &JTJJ CJ‘JJ:Q Uf‘ Sl ‘53‘)!\9]9 9 d‘i) C—NL:
5 ol plie las,uasy o 1) Ll Jlml ol
(1975 Glea 5 aLSislS) woslpe palsd Glos
cullad U s3LaSI Lol e 5 S 3k


mailto:oustan@hotmail.com

77

o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

s o (2al€ (1998 o), Kan 5 K s fu o) Jslasls
SE palS-GleS) cuns s 4 e b Laanl i Gl
leas 38 b i o3l Gols Cgay S o Jae
Ol Soad JualS gl S LAl S oo Slis
Sl sad aladl SIA Hu Zn oliasd o0
3 0ol wdbie LSaly Gl ag saeleudise
5 solaiad (2001 ), Kas 5 58 2005 o, Kan
Ssa 5 (NaHCO3) asaes ol S s 5 (NaCOs) asas
S5 & sull sleT 5 S Su il ai; sla,lSal,
5 Kosly 2002 sl 5 0pd ) wdbie oSi
S5 5 pH ialb3 ook 5 olse ol (1996 sl
(PE{IRCEN - VA QIR ST JC e iy ry
‘2005 Q‘JlS-A.A K] cséjl:uug) 43\94.:&64 S| 9 s_.JT BE
(2007 &,lSan 5 ]
o L) Sl LIS s a3y Cpl O Saa
Sl S 5 Sld ol {ols 3 Gagsdl G
3 sobas Glsie @) Jslas Zn Gliae (ralS 5o anl
gloaial B Zn 5 (e sl ok 4 Zn S s
(b b & Zn S a3 5l sokas olsie ) DTPA L

.JJ:‘43<5\9JQé&iéd\g]“d(séfa.u‘dwlfﬁ«s&dd)d

Lagdiyy 9 9l
SE psh 99 53 GB35 ol BS ases gla Sos
sl 5 bl S ad aladl gl 5 LB
Sl (s5oslaS suily lig cals 3ldss
Olaaa¥ 5ed OBls ol 3 gl SIA g 50
g S (5ol s (55t Bl 0-15 Fac 3
R
bt 5 (o slaSey O (Ao wsstehe
Gresswa by 4 SKBoedb s s L@l
o 5 SB LT & pailan a5 pH (1962 (ulS 55 50)

% Zn-spiked soils

Ol p SIS 51 0 S 51e 400 570 LT 55518 Juls
ley S

Oan (T leSall YA oS oIl
O ) (2eSee 5 mbard glawias b S a5
e Galnbs ol Hpda Sk sae gl 5 B8
KT B O 1L L R Y EC R PP NENpIpEN
(2004 51,00 5 53boaT) s s s suns o g
B oS 3l (Sall md; gl B sledy,
3 S Tpband sl oS usls usas susll LasSa
e 53l b Giss ool oo (1383 Gl sl) ol
CalS & 3l Sa3 S G s Syatend
Il Sa3 2al (2008 ol Ken 5 (peelS) Wb (oo
© o oty I slenagidl o) ol L S s
el S sl suk suls oy ABAs (slaaiuilSe
Badlsn b oo, 2001 5Lool) sl Qs
Oblea 5 Bal) LEla S L LaaaS ) ms deslis
ST salem 38 Jolasls slapusSlias JSas 5 (2001
il oo (1996 ol ,Kan 5 sub3)

sl 3 (S LaeaiiS (S jate e ) suliinl
S s oS @B 510k Sl alS ¢l e
L oS oI5l Jslae G I L B Gol ol
L olead 2SIy Goob 3 S Jslael wela 5B
5 olid (bl sless] wle olassiasc s,
5 eI RalS s ol aladl sl
(2003 gioian 5 ) ssdiee LT 2 anlsica)
it Jolse 4 S Lo (S @Il GaS G
cralals & Glgee dea T S S ol (S
syaa g Ol elle pH ebs (Ke) piadiaal
(2003 )),an 5 oY 5) S s,lal @lnl sl

5 S S e oS SlLE Bpse G
el S Ga S @15 0 S S pate sk slaghs,
S sy leilE (2001 S 5 i)
Gl oS ol SHas S o S Ol ,e 4K aas e
Fie 5 oAl eIl b s yen 5 oia danly
slawdl g g5 50 5 (1989 ollKaa 5 oyl )

! Chemical stablization
2 Bioavail ability



1390 Lo /3 oylas 21 sls /515 5 ol jisls 405

w9 Ul“*"a‘ ‘d)b)ﬁ 78

SKZn Sosll pie 31 s sebie @
soo olbis b SAlgs Lo, Gl (oL
o9 B8 bulyd gk g sad susll (ZN(NO,),.6H,0)
Sae Gl 0Ll Lo e S LIS OlLE s
Zn 5 Jobse Zn 11 sibiugn 5o pH a0lis
ol e 565kl Lads g 5o DTPA L £l ,asul s
wl ok QB Lo 5 JosSE cose o Gl
5 Jslae Zn (gl LS5 d b ol JulS Lo sl
PH shys L1,S5 0 5 S DTPA U £l,asul s Zn
Jolt St (Susll piie sl 5386 o alasl S
@9 0SB 5 s Sl 5 o ol pie oo
(& 9 (50 FC cughy Hlas Hlen Jold [las
35S Osm SliE cugb (558 0 S L FC cugh,
Gl o9 a8 uS L Olise sk, 5 sS
29 Ssa e (e ZN Hle S Bia skie 4 Giube)]
BB Zn 5 Jslae Zn pulie (gunl 5 oL SIA 5o
SBlLe sulie ) sadd susll SIA DTPA L £ladl
s S el sud su gl SIA o
sose Slhd sla Susddl 1 gUed slge 033
-s {Ca(HPO),H,0) =slaus paculS g5 go ool
(HsPO,) Sisaid wusl (Cag(POL);) wlicd ancdlS
-9 paeuliy 5 (KeHPO) olid (55508 55 50 paaliy
sud dlal juulie . wugs (KHPO,) wlacsd o355 08
el S a SIS 58 oS 0 g0 4 LSS
0 LS G S @ib,e Pa Sy sud sasll
2 e, LBl e &S Slacns (Saudly Gk
S e 4 FC gl 5o s sad daaad 565 55l
ik gl 5L Sl 50 25:4/5 'C gl Lo obo
Jleel Had Csbye 5 S A 10 cue ol Lo
11 & paeilins e PH 008 e 0ol 0L 0w S
o865l Lad 903 DTPA b £l A%l BB 5 Jslas Zn
JolS slasSsh wly pob QB Lo ralesT ool o
L )il bl 5 Jslae Zn (s H1SS 4 b duleas
b alail S pH sl LSS e 5 S DTPA
Os) wald 5 wus eobe GialedT ool slasles
lied anilig 5 lind arul g g {(S553) sule

5 oaaa has o IS (1982 ol L) i
(CEC) (p58IS Jobis wud b (1982 550l 5 ) guul)
Jolae anal€ ol (1954 505lan)) Lsbs Giss ©
Jolae Zn (1954 5u,la0)) & saesl 5 (3 s, 4 (CCE)
SlKen 5 Lsa) Wye 001 ol WK (i,
Jooss 5 i) DTPA L l,asil s Zn (2000
Mo olen S0 sl (g, @ S Jolas Zn (1978
e, ye bl by o (1982 olSes 5 g sal)
290 pem S sl il et S s (FO)
gl cusb, soss ags S dobae 2dl 5, S
a9 S s (1954 50 5000)

O Zn Jlaie alnEl Hekie 4l LS 35S sl
5 eSEa S asS6LS 5 Zn oS ke 200 Lasla
Cush, curay 9 (ZnS04TH0) (55, <l s gt
Jslae 5 e paa Hsliie oy s S wlal FC
GL! LaSla & shie OT 5 il 592N a8 L 2000
532524/5 'C (slo o Gia 50 e 4 Lad sad 0k
ookt LS sue cpl o el ol b Sl
kb glis Gl

505l a5 oLl LS IS 055 G
S oS Hame surn g 558 9 S pie 3 ST sols s
2 a8 50 5 Sis w59 8 e le 0/2 L2
59 50 LS Gaa s sud Glal S A< IS
9 SE LT e 50) GBse  FC ik, cunay
53 25:4/5 "C slos Lo sbo S oae 4 (Hhis
PH ss0lie mae gl 0L Lo dad (55l 5L Sl
gloaial LB Zn 5 Jslae Zn L1 () greilins guu 5o
G oombeyl ol iwa £ sSeslsl LSIa DTPA L
JolS slassls by pob LB 5o Lo siSU o) e
BB Zn 5 Jolas Zn gl IS 4w L ol
S pH ghys LSS 59 5 S DTPA L glail
5 b S s Jels Sl Jl LS as sl
cnsb slad Hlea Jold Hlas a0 H8SE 5 (gaual
sk, (68 S L FC b (sl usS 50 FC
S8 oS L Slise cush; 5 ul8 oS o OBLe

.._\S.Jj:t



79

o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

S o saaline 4 ghailan coul sad &L 1 Jgua
Aols sag PH ol sl 44 S g0 ol ow
S gl S L i 5o LB SE sl
S ress (PeslS Jols cudnb ek sl
oAt B Zn (S Zn (S ealas el (T
prlS olu S wim s 9 A Jolao Zn 4 DTPA L
(2007) olylSan 5 Ll Slass wus it Jolae
prel Sl S wm e Guy wa s € WS IS
Lo Gastage S (S8I8 ol cudsl 5 Julas
cuaal ) u.ﬂ dlse Uase o oy Gals Zn Laa o

s 5l s 5 (s 58S
S als plas Guboly ©iad @B IS 055 S
» el blEe 3y slas Lol 3 S Lol 3
- pH 5 DTPA L chhatoad G 5 Jolas Zn ol3ee
e oo S Jlaial mlacs Ho gaswl 5 (LB sla

(2 Jsas) s Ll

prelly o oliad 059508 5 g0 arally (SHoked sl
Sl S leedS Sl S OayBl olind (5mais
il S 4 SIS 5 0 S 10 it 4 auK
olaa bsle K e b Ladi g .k 3La) suds s !l
Ol OLk o wad (LIS 5 BL Sl 5o S bl s
-G 5 Jolae Zndil sl g pH 5u0lie ©ae
el s S oSeslul L g DTPA L £lyasal
S5 e b Balia LIS iy sk B S Gibe]
IS5 59 5 DTPA L £lhasal s 5 Jolas Zn (5l
eobe GiledT cnl slajles .ub alasl S pH sl
el Sl S (el ol S 0y 5a) wali ) s
I3 s b gobl slawias ig,ll Jos 5 42
laels s 503 b lag Sl 4wlis 3 MSTATC

b aladl tam s gy Jlaial s Lo (Sil

Cay g i
5 Soo slaSedss (LS s gl Sh
o8 soldil )90 (SJ:u.u‘ 9 ‘5:;‘:\.‘5 S| 99 L;:\t:\.&f.all

325 ol 53 ealiiul 3,90 (ol 5 oL S g5 pled 5 (S3d o S -1 Jsis

JL DIPA-ZN  sZn FC CCE OC o < i CEC

(mglL) (ma/kg) ® molgkg) P
5t 0/92 20/9 10/6 2/9 0/08 2/5 10 8755 7 8/2 sl
1/4 7/5 97/5 28 5 35 415 37 215 28 38

6'\‘.'.""".9&& AS\"_,ApH jDTPAbcb:’c.ﬁlg}alsjd_,buanu.budu,u.;;I J‘JEJU Q,"J—Z d‘gu\’

. - Slag i Sle _ -

PH ol e 08ke ol3l 4z ——— L zn @51 s RS e
0/002" 1 2/234™ 0/064™ 2 RS
39/031" 1 2064/021" 2275/362" 1 S
0/906™ 3 20024/585" 239/783" 3 Sl
0/230" 3 12741762" 206/198" 3 s s
0/0004 7 8/578 0/044 14 st

0/19 2/38 2/04 () ol i o >

*k * ng

Jw):&ijw)sgdw\chﬂj;)l;@uvl;wﬁb%;su_ 5



1390 Lo /3 oylas 21 sls /515 5 ol jisls 405

w9 Ul“*"a‘ ‘d)b)ﬁ 80

S Lo als GhalS gl 0 e olise gl
sk, (58 0 S L FC cush, slajled saal
(o€ a S b ol cugl 5 sul8 0 S Gaw Ol
MMJJSSJZS 5l ugjub&L;d\,&Zn
olas wials ualS (58 058 (5 FC by Hlas 4
S slae Zn e 5 0S8 L Qe gl
Slse cugh; slas @ cuud sens 1915 (gusl
oS uls plas b (1 JSa) ls (aalS g8 0 S o sus
Sl sale Gagsdl (JT sole B pass oL S o
notage Jslaal sla (eSS Ja3 3ok 51 Ylaa
€ e ool SE Jolas Zn (palS u ), i
sole algs 28 b S sols pfodde anl SK o
N cwaal Jla Obye 5 osad wlal T

ookl 5 S liie S5 slag Sl lis

Shols slaslas €€ ols olis S Jslae Zn ol
oualS G gl 5 oLlE S g0 58 o g8 0 S
Oo wlie slaslad ¢ oo S Jolae Zn ik
sl S Jolas Zn Hlaie o ieS wilsads 558 5 S
cusb, slad 5 s 9SS L FC cugl; slas o
sl S 7N Hlaie iS5 8 S L oBLe
o3 8138 (558 0 S L Qe cush Hlas o 50
5 68 89S L FC ok, glajles oLl Ss
Gl S Jslae Zn (5 0 S L Olse gl
G FC el Hlas € ot wm 50 97 592 L5 3
cusb; slas Sl S s o ol SialS g8 s S
Magire S Jslae 7N 5 g4l8 0 S Gow OB2
6o 9SS L olise cush, slad S gl 5o s
slas 4 e wsyu 96 1, S Jelas ZN lass

N 40 a
;l 30 1 b B s
- 201 c
S 10 d | Sla
> e f e f — O
I 0

FC FC+a< QU e Gl jeta S

S

Sl 5 2B LS Joloee ZN 5 Cilises sl jles 5 S Jli 5 6\.&&_.(1\,_& awslio -1 e

Sl Lol (ralS (58 u S G FC gl
BB Zn Slise 8 0 S L ot cusb, LS
olas 4 cud ws s 78/5 1, DTPA L glail
L (2 U)ol paalS 58 0 S Gam olise e b,
Lo guaal S o was] cuws € @l © e
BB Zn Gl 5 sas S5 sl oS L LB
sk slas Gl S slas 50 DTPA L £lail
WLl SE s € s Lo s @ asS G FC
3 68 oS LFC b, 5l (i ss8 0 S L Sl
gloaiad BBZn (558 S G L2 B G 55 o)

ols LualS 1, DTPA L

"B Zn Gl s Sl 5 S QilEe

BB Zn Hlase 0 3eS «S ols Las DTPA L £),a5u)
08 sl 5 oLl SIS g0 58 DTPA L £loasul
SB Lo ad swn 8 0 S L Olse b Hlas
sk «ssS 9sS L FC ok, glajles LS
o€ oS L olise cugly 5 55l 0 Gam Sl
75 511/5 33 555 4 1, DTPA L £laiul L8 Zn
63 39S (s FC cugh Hlad @ cud ws s
358 Lol cusb; slas S gl o wals Ghals
& S dem 50 72 1, DTPA b £l,asl b8 Zn 58
o8 ol (el (gl 0 G Olse cngh; slas
Zn 58 9SS L olise cush Hlas bis gaul S
olas 4 cund wm ;0 78 1, DTPA L lyanl his



81

o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

200

[N

[8)]

o
!

[8)]
o
!

DTPAL zl )il Jlizn
(mg/kg)
=
8

o
,

FC

a a a
b
[ PEELENE
d 4 | Dowlas
old e ol e4a K

kel 3 25 S 53 DTPA L gl il BB ZN Gl slaslog 5 S bl 1 o ils amylin -2 JS3

Sl g8 5o Ho olal e G daal Hu b solail
olas 53 ZNS Cp,y JSiS Jlaial (Jy wse aal S
olasd O Sidw Slw o€ oS L Olse cughy,
olasi o 1) adbiee 58 0 S G ClsE cugh,
Oo 2lse Hlad 4 s S Gl sy 5
Sl s ol 5 Wb soid JualS s 8 S
el saly Glas (aline slallae (o5 o s0ualS i
LS ol 5 Js Sl @ u‘ﬂ sale o8l <
Jreoliy Sides (aalK o (05 See slellad (il
il gy JoSas Jlaal 5o sad S Sl
(1979 Jluls 5 ,ulla 2004 <4 5 o Sla

cnsb, glajlas 5o oLl Sl pH G 5 «S Ay
GO 0 S o olise cush, 5 58 0 S e FC
Lol cusb,y slas Lo o) Cpsidw 5 (PHET/2)
oS sl SIA o ad sws (PHE8) K s
3 (PH=3/8) (58 58 (90 FC g, Hlasi 5o pH
o€ oS L ol cushy Llas 5o o) G
(3 JKa) wi sualin. (pH=5/4)

Zn soliic) cnlils < el suly las Ly gy s

b pualS gl waadS b olise B ey S
(1380) a3 5 asss 5 (1992) o Ken 5 Jlwibe
Jolas Zn Gl s o S Ol «S Wi S sualin,
5 Bl osde S DTPA L glhaiul L5 Zn
LS o Zn el dallls L (1989) ) \<aa
sanliio i Lulpd ol A o B s
i g oal 387 CO% PH LBLe 31 G € wis S
Zn (ualS s s 5 @3b Giul 33 DTPA b gloasul s
L olgine ot (Sivusas DTPA L clyasnl L6
il LS Gy el oal Lluse 3 S .COY pH
Slise b aS sty (3,12 (2007) o)5San 5 siabivl
- oo Ol S Jslae 5o Zn cbile lal S e <
L dolaels sladsss Jiias 5l way lalidls s Wby
00 S glilan b o (2alK T ulge § COS S
L olise cugb, slad wd sualie 2 5 1 sla s
e sl 5 LB S s 58 5 ulS oS
DTPA L ¢laiwl Bl Zn 5 Jslas Zn o |, Shals
JSES 4 Ol b ool Ol s s oe s S
oS 808l (gl 4 Sl 51 ol e ZNS G s
Zn cllsw e 31 gasal 5 LB S 4o e



1300 Jlo /3 ojles 21 s /S 5 ol s a5 3 ool sl 82
10
8 C b C a
6 . e d [ LN
PH 4 g O el Sla
2
0
FC FC+28 Gl e QU e+ S

D

Dol sl 0555 BLL 3 e slasles 53 bl 5 2SS 93 PH sl Kle 4yl -3 IS

S sy glias Guwbiyls wiasiZn ;;,ﬂ o Al

Sy olas el B S (Sagll aie Lol
JJJJ.‘LAZn‘)Jd.‘:LLAGLAJLAf:J‘;JJJTt\:\AkJAG:A
S sl Sl dawlie o g Lo fre ds jo S Jlaial
S Uslas 20 5len o le 5 (Sasll e Julise
59 58 5 llE S Jslas ZN i oS ol ol
35S L FC cash, slajlas @ biguse (Sosll s
o9 (4 UKa) s 8 0SS L oliE cugh, 5 sH8
slaslas s, oS L sad susll L S
(o€ usS Lol cush 5 8 S LFC oyl
L osad sugdl oLl S 5o w5097 592 L dwlis
35S o FC b Dlad 4 cand (us ol s
%JG_)..C Q%jk))@)i‘&dl;)d ‘J:SJ‘J JI.A[S (5Jl§
L osad susll bl SB siles) @58 058 G
S Hlas Sl 5o s e () Sl s
G383 G Sline cush Hlad @ Gl ws s

als LualS

OSsx Srae guwl Sa pH il ale
Lol 5o el slassi pndy (alK glasul s
S ams el S pH Gal3il asb e oL
5 palS 5 (1880) aas 5 g dbiwy © OB,
€ ebilea Lol sad 3,8 o (2001) K
PH s soloine 550 S oS Ol o sualie
@t;; Al ‘al%l‘ sl cwl Gals oLl Sl
slasSla pH 5 (oS OBoe 31 asee 5o 1, ABA
sanline (1380) Lind 5 i 55 el ool 5Lt LB
Solise B g s, 100 LU S pH «< ws <
5 EaYols 5 (1994) sy S il Gul33l 8 < 7/4
S a1y bl slsS pH nalK (2000) oS
S pH I L wleo S (iIR oS oliLe
Al slagaSly o G SHss Brae bl OB,
Jolas oS wasSliss pand dulos o (RalS 5 nal
Ll S o a0 «$ (1990 &) e
sas Ol Jole 5o onl 3B oliee (s 90
9 2Ll S s e pH € 0 a0 el
saly Gl oS o glaslas 4 cud 1) gl
S G w658 0 GiluS) o€ e o
S oo Gl slasas pdy GualS wl s 5o (5890
(2001 Kus 5 alS) was oo il 3l 15 pH 5 su

B s Dl Lol Sls
O sl s Leadl Sla

IS 15 a
b

3 1
D Cc C
g 05 ge d d
=] e
E o |

FC FC+asS Gl e Gl je+a S

s

S S I ZN 015 s il slasleg 5 S (5o T win Jlie 51 slagp Sl amylie -4 IS



83

o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

(590 oWew L s sugll LB S o ws o
GBS (55 0 S o FC cush, Hles 4 o
35S Gun Sl casb; slas S S s o il
Al wie 0l1/5 U dewlia Hu) ass Lo bae &
ol o9 (oo Slilsw b sas supll LB S s
JB Zn [late g8 w8 L Ll b Hlas Sl
olas 4 e wm 50 64 1, S DTPA L £lasl

ols Al (558 0 S s OlELE gl

BB Z0 Gloe o olas 5 (Soll e Joliie 31

ZN ke A S ols ol SIa DTPA L g3t
o8 0 S L GlLe cush sl © bsise (Soll
olyis b osad supll oL S o (5 JKa) g
cusb,y 5 o8 S b FC cugh; slajles s,
SLa DTPA L it bl Zn «ssl€ u S L Llise

75\933‘4@&&)4) JJA)465\924;_«:\:\‘):\44‘J

=
:% 200 a .
2 150 . )
12 c d c B iyl S
@?loo O s <l i Loa gl Sa
E fof
<
£ .

FC FC+358 LS e+ S

S

4 S DTPA L gl il 6 ZN 0lps 1 il slajlos 5 (ST ate Jlite i1 (gla pils 4wyl -5 IS5

g se Oal (6 USn) el i (s, Slal g b su
09 ds) S s (Sall 5ol how sniS wa g
Sl sael s 4 @B ol a0 SBL anlis
o) Jals aab o S pH 4o Zn sl yea o sul 53k
€ aab gladolyis aul s o b e BI85 e ol
o SKhogad olise bossdee PH Gl cels
5 sad Wil el GhalS sl 8 sl 8 S Gagil
SIS €l plas mli wbge Sl side pH
O8] caale @ diewly Soa3 (Al slpenanl$e
rala 3a8a3 50 € (sosb @ ol (S Bl o yen
Ko pie 5 it Sy o pie 5o S ol

sosll SIA Lo ugd e sualie «S glailan
29 68 9 G St 8l sy OIS & sad
5 S DTPA L glydiad LB Zn 5 Jslas Zn Stals
ale ol 5o ol 9SS b Olse Lis 5 4, Gu
@IS Hgeaa 5ol iaal 55 oolse 5 (S Wl e
J<a3 ZnS S wb o Gl un] LSl Jawsly
S g g ol s S il g w5 e =2 s
ok LLell ol e suila a3 glasuls b 4l &
S asse (nl e
PH Olose 52 Slas 5 (Susll e ol 30
L osad susll oLl S pH & s e olis Sk
susll oLl S pH 3 Lajlas @ Lo g, ol

STV g v
8.5 a a
b b . '
pH 8 d c By ol g Lol Sl
75 e e O @l el Ss
7 ‘ ‘
FC FCH+asS RS Gl e S

lasi

s g jles 53 55 DI 5 555 SWgm b ok 03 LS S PH (5l Kl 4 lis -6 IS
O sl 55l 0595 OLL )2



1390 Lo /3 oylas 21 sls /515 5 ol jisls 405

w9 Ul“*"a‘ ‘d)b)ﬁ 84

Olas b awlie Lo (w0 12/5) (solaiae nals
Lol oliid ol g slajles coualy sals
e Ol oliid (5o g pally 5 SooAd
las casals plas sala Hlas b awlie o 1)y ol
2 Gl 58l 50 sland §5asma sise aaeliy
soSeslul mals S DTPA L glasal L Zn
pPH Llade fpyidus o« oly olas laslas pHo jsulis
oliud (Seomapse araly Hlad 5o ual S
Sl aanlis 5 slaslas 5u o 3wy 5 (PH=D/7)
- ise (PH7) Slind o3 5mass sy (pH=4/2)
wel Slas pH Lad sws (pH=3/9) =lews paeulS
Slasi PH 51 S (g 5ls e 5 obds (PH=3/4) S jis

(3 Jsaa) 455 (pH=3/8) wals

A S uly plas byl wias [ Gland sl b gm)
DTPA L loaieal o5 Zn oJslae ZN olse s Lalas
Dagas wis 0 S Jlaiad mhacs 5o saswl S pH
- 50 sLaslass 4 ol oL 55 LnSilee dlio oy
P pelhy ol s olild K
s Sliad 0555080 arwlly 5 oliad 055,08
et s gl S Jslae Z0 Ll ne LualS
- e Sophead arcal Llas i 4 s Lo Sud sals
S Jslas Zn sael crws 4 ol 3olas a5 Lo
prealSig 5 olind aniS g slajles 5o (gaul
s prelly 5 oliad G5souaes puly olius
ao,ys 88 554 49 46 (55 4 olics G5y 0
L gloaial LB Zn caly Shals sald Hlas o
Sl s 5 Llas o LS gased SL DTPA

Dl 033,08 5 90 ety (oK d sl (Dld el (55 (ld ol 50 Sl S (5l apli =3 Ut
el S PH s DTPA L 7l sl Ji6 5 Jglowe ZN Ol5n 3 Slid 03554062 gy

pH (Mg/kg) DTPA | | 5l LG ZN (Mg/L) J 4= Zn Sl
38 e 165 c 316 a aals
39 d 186 b 16/9 b b oS 5 o
42 b 144 d 16/2 b Slid dS (s 5
34 f 183 b 3218 a S s Aol
57 a 166 ¢ 39 d Slid 035,008 5 50 sl
4/0 c 201 a 14/4 ¢

s 055,483 el

S PH 5 cliad (5o arally aie 5l Sk

.JJ‘JJPJ‘::\;LML;]A&%?‘J
S8 M suslT S s Zn Soad JualS s
sl gndl 4 ulo olas GaubeyT ol el ol sad
2 Mg 55 (Sl a5 53 5o 4) (Sl
OF Gilal &els b 5 4l DTPA b £asl s Zn
u.ibls S (5‘).\ «< GSLaJUa.A i Y PV
OSis o3l G S Soate e Hu Slid glgans sl
u-}) Saewl éJ\HPbQQJJJTGLA«SL.;JJ 4:\5; Sy

ool Sl an S pH o Gialesl gl e

prealSig 5 wwliad (3masise ally slaslas
preslSgise 5 oliad (Joomags maly olius
GialS ale 11 eily Gl gl it bty i
S5 e i alge 95, 5 pu S Jslas ZN
Geob O Wlsee LS ol aal S pH o il
ssms st aladl SISl slhd ke LL Sl
Zn cble o (P<O/05) lopae e Siines S
(7 JKa) cod pH 31 suii€ auls pH 5 S Jolas
G ok Bl P yuulie G oS aas e oLis 8 K



85

o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

S 35 (2003) iSar 5 IS sles S S
el a5, L (Pb BMA ) Zn Soas € wileas S
i ol -l €3 Gl 331 GalS (sl 4 S shand
sad LI P Hlads pala 348a3 50 aS u)la s S
sl po¥ Ll 3 S (a SHlS Hu a S ) S

Aab Zn eliud o sy JSES

58 {2000 l,Kan 5 aSiilaa 2007 f,Kas
5 olid b oS o3l sila o s JSES 5 din
oo ale wly (1994 o Kaa 5 L) el sud uSh
Slied 51 S oo sleliad iyl S wal
(2001) o, Kan 5 S (1979 wid) cacal (555
Sopded arl 558 L ga 1 PDSHas s

*
10 \
0 A

c 40

"N 30 * *

4 2

]

)

g T T T

~ 3 35 4 45
pH

05578 550 ey (4 ginch ol (Slhd oS (5 5 (Sl oS g0 sl ghone ZN 5 PH. oy ;T Y

pH
w N [6)] [0)}

r=0.99**

0.2

0.3

0.4 0.5 0.6

Slind 03508 55 50 eeeily pie Sl e 3L Pos,s

DTPA L £saiesl i3 Cd 5 Pb S wis S saaline o,UT
Gl sine (EAlS GlATul ug Gusidl 5w SIA
S DTPA L glaiad LB Zn < Jla o el
L oghoaial Bl Zn (hals oS golapne 5l
L OlSee b olid a5 Hlas s DTPA
(S8 ol ol maw o Casls © Zn paasls
lid ariig 3 mhaw Lo Zn pad GSLaS
Slid s b s olid a6 3 L ZN o sen 0n

(2003 o Kan 5 $51S) ol e Zn

GO9S Soatesd o (Slid bS5 oS STLK

ool sad saaldine S0 6,50 oldlkes o S Zn
Gl ssdl <€ wols L1 (2009) o, es 5 il
Zn 4 Cd Cr Ni Cu Pb S =I5l G 5o Slies
el el Zn o S Soate e sl il i
< ols gl (2007) GLKes 5 o oldles
O3S Sonlent 5 iS55G Sl slgsa sl
S 5 ¢ il .axiils PO b duwlis 5o Cd 4 ZN
S 07N 5 Cd Pb oS Soaleni sl (2006)
S soliin] wlind e Glsie 4 Gleaial Hug )



1390 Lo /3 oylas 21 sls /515 5 ol jisls 405

w9 Ul“*"a‘ ‘d)b)ﬁ 86

s el Sl 2K 10 ussdl was] caws @
Sie 4S usdipe oaw sasl SIS A SIS
55 4 S 5l DTPA b it b 5 Jolaszn
PH b (alS aala Hlas 4 cud ws 0 43 5 97
Slass 5u5/7 & wals [las 50 3/8 3 o suan) S&
(bl (el 5 el sl <

S als plas Guiliols 43S leedS Ol S L g
b gloiiad BB s Jsbe Z0 5y i sl S
roys S Jlbal w50 sawl SIS pH  DTPA
Zn ,uolis oS ols Glias aSilie dawlie o o sas
SbsS Jes o DTPA L il 6 5 Jolas
el Belhae (4 Jsn) ssr 9aL5 las 31 S panlS

2 el Sy 5 1 6l Silos i~ J gt

pH (Mg/kg) DTPA | | 5=l LG ZN (Mg/L) J 4= Zn Sl
38 b 165a 315 a dals
57 a % b 71 b elS by S

@O oSl Jaeiliy (ualS 5 Jolasl slaslis
DTPA L ¢latul s 5 Jolae Zn (2alS Ly ol
Gl s 7N a3 (5alS e Jlagl b ocoudls Sla
sl S 0 (pinan 550 70 olsan 50l cnale &
Clalyl Basb 5l ol G3so0a g auully (9554
JSis Gk Ol oliid a5 a8l 5 pH
Jslae ZN (2alS s 3 53 4 Jolaals Zn slgslins
09958l Wlacy b s DTPA L glatal LG
oo JSES L pH Gl 3ok 5 adlS ol S
"B 5 Jolae Zn Gl A caw Zn ol S
3u8a3 Oyl oS gl Sa Lo DTPAL laiul
ESIA ol 4 boss yo ol el Lu S ol ol
oob 0 S LLSE G ) a3l L sad sayll

W gad blial wh (wiis sugll aub

S DTPA L Al s 5 Jslae Zn StalS
{2003) 05008 5 solor @B b sal
ubl&u 9 :)f(;d 9 (2005) u‘JlSAA 9 (5A.‘l:u.u‘§
slu S jeaa 50 Zn Soas Ll € el (2009)
PH (I8l 5 Zn ol S G, JSES ) aalS
3B b 50 (2001) o Kan 5 K wlanly cons S
Opoidin ol aruSgige 5 aralS Slu S Hlas g0
():b‘)“.)i éJ}JT SB B ‘_) Zn SJAS ui'..bls Q‘_};\A
Wleu S

5 5558 ai
oluS sate e S uls plas dallls fpl il
susll sLbSA ,uZn USJJ.‘T SaalS Sy 556 g Kl
S Gued b oslyea Sla o S GlEse ol sud
JSas Jalods u‘ﬂ sole 3l e SKA Lo ba g8

ouldicl v,y 90 &&a

J:;J.ﬂ sl&zaly Q‘Jm‘ (m)]) u.‘a:u LIV u.:iugl L S| Uof.afb .1383 (Lo Qtu.ud‘

bl 5o S @ sad bl (555 5 S g5 suliin] ubls 5 dbdl olhuds ;5 1380 0 A ¢ Bd s
8 S aaids oYlEs de gane 384 B 382 sla dadin ) Jlad (g1l slaSIA Ho SG,e 52 5 26,2
u‘x‘;dﬁ)@dﬁﬂ.ﬁ:b&ﬁ‘d;‘)x‘)@ﬁ4—7u“)f‘uSL&‘AJ.LC



87 o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

Adriano DC, 2001. Trace Elements inTerrestrial Environments: Biogeochemistry, Bioavailability
and Risks of Metals. 2™ ed. Springer, New York.

Adriano DC, Wenzel WW, Vangronsveld J and Bolan NS, 2004. Role of assisted nautra
remediation in environmental cleanup. Geoderma 122:121-142.

Alloway BJ, 1990. Heavy Mmetalsin Soils. John Wiley and Sons, New Y ork.

Basta NT, Gradwohl R, Snethen KL and Schroder JL, 2001. Chemical immobilisation of lead, zinc
and cadmium in smelter-contaminated soils using biosolids and rock phosphate. Journa of
Environmental Quality 30: 1222-1230.

Bolan NS, Adriano DC, Duraisamy P, Mani A and Arulmozhiselvan K, 2003. Immobilization and
phytoavailability of cadmium in variable charge soils. |. Effect of phosphate addition. Plant and
Soil 250: 83-94.

Bouyoucos GJ, 1962. Hydrometer method improved for making particle size anaysis os soils.
Agronomy Journal 54: 464-465.

Brown S, Christensen B, Lombi E, McLaughlin M, McGrath S, Colpaert J, and Vangronsveld J,
2005. An inter-laboratory study to test the ability of amendments to reduce the availability of
Cd, Pb and Zn in situ. Environmental Pollution 138: 34-45.

Brown PH, Dunemann L, Schulz R, and Marschner H, 1989. Influence of redox potential and plant
species on uptake of nickel and cadmium from soils. Pflanzenernahr Bodenk 152: 85-91.

Cao XC, Ma LQ, Chen M, Singh SP and Harrisa WG, 2003. Phosphate-induced metal
immobilization in a contaminated site. Environmental Pollution 122: 19-28.

Charlatchka R and Cambier P, 2000. Influence of reducing conditions on solubility of trace metals
in contaminated soils. Water, Air & Soil Pollution 118: 143-168.

Chen SB, Zhua YG and Mab Y B, 2006. The effect of grain size of rock phosphate amendment on
metal immobilization in contaminated soil. Journal of Hazardous Materials 134: 74-79.

Chen Sh, Xu M, Ma Y and Yang J, 2007. Evaluation of different phosphate amendments on
availability of metals in contaminated soil. Ecotoxicology and Environmental Safety 67: 278-
285.

Chlopecka A and Adriano DC, 1996. Mimicked in situ stabilization of metals in a cropped soil:
bioavailability and chemica form of zinc. Environmental Science & Technology 30: 3294-
3303.

Cunningham JD, Keeney DR and Ryan JA, 1975. Phytotoxicity and uptake of metals added to soils
asinorganic salts or in sewage sludge. Journa Environmenta Quality 4: 460-463.

Diez M, Simon M, Garcial and Martin F, 2009. Assessment of the critical load of trace elementsin
soils polluted by pyrite tailing. A laboratory experiment. Water, Air & Soil Pollution 199:381-
387.



1390 Jlo /3 ojles 21 sl /S1s 5 T il 4, e g ) ol b 88

Datta D, Mandal B and Mandal LN, 1989. Decrease in availability of zinc and copper in acidic to
near neutral soils on submergence. Soil Science 147: 187-195.

Foth HD,1990.Fundamentals of Soil Science. John Wiley and Sons, New Y ork

Gastaldi P, Santona L and Melis P,2005. Heavy metals immobilization by chemical anendmentsin
a polluted soil and influence on white lupin growth. Chemosphere 60: 365-371.

Guillard D and Lewis AE, 2002. Optimisation of nickel hydroxycarbonate precipitation using a
laboratory pellet reactor. Industrial & Engineering Chemistry Research 41: 3110-3114.

Haldar M and Mandal LN, 1979. Influence of soil moisture regims and organic matter application
on the extractable Zn and Cu content in rice soils. Plant and Soil 23: 203-213.

Hettiarachchi GM, Pierzynski GM and Ransom MD, 2000. In situ stabilization of soil lead using
phosphorous and manganese oxide. Environmenta Science and Technology 34: 4614-4619.

Houba VJG, Temminghoff EJM, Gaikhorst GA and Van Vark W, 2000. Soil analysis procedures
using 0.01 M calcium chloride as extraction reagent. Communications in Soil Science and Plant
Analysis 31:1299-1396.

Howari F and Garmoon H, 2003. The relation between groundwater flow and heavy metas co-
precipitation with calcium carbonate: a remediation approach. Seattle Annual Meeting,
Geologica Society of America Abstracts, 35: 186-193.

Iwegbue CMA, Nwagei GE and Osakwe SA, 2005. Recycling waste in agriculture: Efficacy of
composting in ameliorating trace metal availability and soil borne pathogens. European Journal
of Scientific Research 11: 572-577.

Jacob DL and Otte ML, 2004. Long-term effects of submergence and wetland vegetation on metals
in a 90-year old abandoned Pb-Zn mine tailings pond. Environmenta Pollution 130: 337-345.

Kabata-Pendias A and Pendias H,1992. Trace Elements in Soils and Plants. CRC Press, Boca
Raton, Florida, USA.

Kashem MA and Singh BR, 2001. Metal availability in contaminated soils: |. Effects of flooding
and organic matter on changes in Eh, pH and solubility of Cd, Ni and Zn. Nut. Cycl.
Aqgroecosystems 61:247-255.

Kumpiene J, Lagerkvist A and Maurice C, 2008. Stabilization of As, Cr, Cu, Pb and Zn in soil using
amendments — A review. Waste Management 28: 215-225.

Lee M, Pak IS, Kim I, Kang H and Lee S, 2007. Remediation of heavy metal contaminated
groundwater originated from abandoned mine using lime and calcium carbonate. Journal of
Hazardous Materials 144: 208-214.

Li YJ, Zeng XP and Liu YF, 2003. study on the treatment of copper-electroplating wastewater by
chemical trapping and flocculation. Sep Purif Technol 31: 91-95.

Lindsay W L, 1979. Chemical Eequilibriain Soils. John Wiley and Sons, New Y ork.



89 o 039l S 63 )3 (ZN) g9y (13,5 S yoxio

Lindsay WL and Norvell, WA, 1978. Development of a DTPA soil test for zinc, iron, manganese,
and copper. Soil Science Society of America Journal 42: 421-428.

Ma QY, Logan TJ, Traina SJ and Ryan JA, 1994. Effects of aqueous Al, Cd, Cu, Fe(l1), Ni and Zn
on Pb immobilization by hydroxyapatite. Environ Sci Technol 28: 1219-1228.

Mandal LN, DuttaD and Mandal B, 1992. Availability of zinc in submerged soil and zinc nutrition
of rice. Journal of Indian Society of Soil Science 40: 119-124.

McBride MB, 1994. Environmental Chemistry of Soils. Oxford University Press, New York, NY.

McGowen S L, Basta NT and Brown GO, 2001. Use of diammonium phosphate to reduce heavy
metal solubility and transport in smelter-contaminated soil. Journal of Environmental Quality
30: 493-500.

McLean EO, 1982. Soil pH and lime requirement. Pp. 199-224. In: Page AL, Miller, RH and
Keeny, DR(Eds): Methods of soil analysis. Part 2. Chemical and microbiological properties.
Second edition. America Society of Agronomy and Soil Science Society of America, Madison,
WI.

Naidu R, Kookana R, Sumner ME, Harter RD and Tiller KG, 1996. Cadmium adsorption and
transport in variable charge soils. A review. Journal of Environmental Quality 26:602-617.

Nelson W and Sommers L, 1982. Total carbon, organic carbon and organic matter. Pp. 535-581. In:
Page, AL, Keeny, DR, (eds). Methods of soil analysis. Part 2.Chemical and microbiological
properties. Second edition. America Society of Agronomy, Soil Science Society of America,
Madison, WI.

Pedersen, TF, Mueller B, McNee JJ and Pelletier CA, 1993. The early diagenesis of submerged
sulphide-rich mine tailing in Anderson Lake, Manitoba. Canad J Earth Sci 30: 1099-1109.

Raicevic S, Perovic V and Zouboulis Al, 2009. Theoretical assessment of phosphate amendments
for stabilization of (Pb+Zn) in polluted soil. Waste Management 29: 1779-1784.

Reyhanitabar A, Karimian N, Ardalan M, Savaghebi G, Ghannadha M,2007. Comparison of five
adsorption isotherms for prediction of zinc retention in calcareous soils and the relationship of
their coefficients with soil characteristics. Communications in Soil Science and Plant Analysis,
38: 147 - 158.

Richards LA, 1954. Diagnoses and Improvement of Saline and Alkali soils. USDA Handbook. 60,
Washington DC, USA.

Sneddon IR, Orueetxebarria M, Hodson ME, Schofield PF and V a sami-Jones E, 2006. Use of bone
meal amendments to immobilise Pb, Zn and Cd in soil: A leaching column study.
Environmental Pollution 144: 816-825.

Song YC, Sivakumar S, Nguyen TT, Kim SH and Kim BG, 2009. The immobilization of heavy
metals in biosolids using phosphate amendments-Comparison of EPA (6010 and 3051) and
selrctive sequential extraction method. Journal of Hazardous Materials 167: 1033-1037.



1390 Jlo /3 ojles 21 sl /S1s 5 T il 4, e g ) ol b 9

Speelmans M, Vanthuyne DRJ, Lock K, Hendrickx F, Du LG, Tack FMG and Janssen CR, 2007.
Influence of flooding, salinity and inundation time on the bioavailability of metalsin wetlands.
Science of the Total Environment 380: 144-153.

Sposito G, Lund LJ and Chang AC, 1982. Trace metal chemistry in arid-zone field soils amended
with sewage sludge: 1. Fractionation of Ni, Cu, Zn, Cd, and Pb in solid phases. Soil Science
Society of America Journal 46: 260-264.

Van Den Berg GA, Loch JPG and Winkels HJ, 1998. Effect of fluctuating hydrological conditions
on the mobility of heavy metalsin soils of a freshwater estuary in the Netherlands. Water, Air
& Soil Pollution 102: 377-388.

Wang YM, Chen TC, Yeh KJ and Sheu MF, 2001. Stabilization of an elevated heavy metal
contaminated site. Journa of Hazardous Materials 88: 63-74.

Yang J, Mosby DE, Casted SW and Blanchar RW, 2001. Lead immobilization using phosphoric
acid in a smelter-contaminated urban soil. Environmental Science and Technology 35: 3553-
3559.



