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Abstract

The efficiency of three phosphate fertilizers—triple superphosphate (TSP),
diammonium phosphate (DAP), phosphate rock (PR~) has been studied as stabilizing
agents of cadmium-contaminated soils. Stabilization performance of each fertilizer was
evaluated based on two criteria: (1) the reduction of leachable cadmium concentration;
(2) the increase of cadmium concentration in the more insoluble fraction. Treatment
efficiency is as follows: TSP>DAP>PR. After 60-day stabilization, the TCLP leachable
concentrations of Cd in PR-, DAP- and TSP- treated soils decfeased from 306 mg/kg
(control) to 140, 34, and 12 mg/kg soil, repectively. The addition of PO, fertilizers,
especially TSP, reduce the soluble-exchangeable fraction and the surface adsorption
fraction according to the assessment of Cd speciation in the untreated and treated soil
via sequential extraction procedure developed by Silveira et al. (2006). This decrease
corresponds to an increase in the forms of cadmium that are more stable: the metal
bound to manganese oxides and the metal bound to crystalline iron-oXides. Treatment
efficiency increases as the phosphate dose (based on the molar ratio of PO,/Cd) was
increased. Stabilization was mostly effective when using the molar ratio of PO,/Cd) at

2:1 and at least 21- and 28-day stablilzation time for TSP- and DAP, respectively.

Keywords: immobilization, cadmium, phosphate fertilizer, metal remediation
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nasdaUszansnwlunsusuiadios



as o o o\ Qs
1.4 35 itn1539y
missitldhnmaeseduwienljiimimedrued  aoeinemand s
Lnﬂiuiaﬁws:ﬁlamnﬁmﬁqmwmsmmszﬁ'ﬁ NINWURIUAT Tagmsduiunisissusiale
& & Qr A’d
W 7 2UaauaI%AD
° -~ A A & @& ' & . & o y a A
1. #17734RLRONADIWNNILLAVAUGIDE1Y TINNIVINITAUA1DH1IART LT 11b
mMsfins ITnsiiuale819n 15883515 UA28819ULLIIN (composite sample) a¥3T
Equal interval on diagonal lines
a a  a P P .y va A « Y
2. maeTssdugaaeRnimsUmtenuaalaw laalddumiuriunuldlnds
a A P [ v A P A a
1 sdumsazanseaaiionluam Wiszduanududuresuaaiionnulenludn
szanns 1000 Fadnsudanilaniy
3. AnHRVTANIIMIEMWLAT LA T IR UA2a Halude 2 waTdieasniinis
" 3/ 1 4 ar Qs J =)
Aandlaun Alas anunmwuin uJa%’mmfmsm:mﬂmmaoagmﬂ wIaanumlofn
d' r=Y = & =3 a A 6o o4 Qs
mmmmm‘lummanLﬂasuﬂsz'gmn Yinmaitunidans Wuudunidiag anuduiv
g: L% L% JD
YBIUAALTHUNINUA UBRANNUTUTUVDINAALL HNTERERIE uaﬂﬁnﬂummiﬁnmgﬂwﬁu
aasnaadpafinulndnnannisdsuieios dau3smsanasIaud®
Qe R4 A 7/ - i o o~ / 1]
4. @nmautiniadvesidovamnanld lapwinfiaeshiinmyianedldud
PSinmnamAanaanIniin lUlE]e (available phosphate) wazauaaisalunisazansiin
Unnguesilavesing (apparent solubity) T - - e e e
5. ﬁnmﬂs:‘ﬁﬂ%mwmaaﬂleamwﬂﬁ'ammﬁ@ Tunrsdsusfiosuaadaun
duitlanludualo819 nrsnagaudszdniniwnmsdsuianes Tﬂmauﬂﬂﬁﬁaomsmaau
~ i J L2 o 4§ Qo [ 3' +) r
sludunaToniulude 2 dnualddansinlaslusveseslovesne  (Po,) luilude
a a A d‘ 3 Ay v a aaa d‘ ° A‘: -3 s
waatfipulunduidinen aenisldlmfadiseiauszszna1fiivue :nuwiinnsia
dszinTnminlunisdsuiatioslasyiinisneseunisszazansrasuaaiisude3T Toxicity
Characteristic Leaching Procedure (TCLP) LLa:ﬁﬂE’lgﬂwairmmdLLﬂmﬁﬂ&lﬁwu‘luﬁu
MURFINMITUSULRD DTN TNSINAMAUTY
6. ﬁnmwa‘naqﬂ%mmﬂ’%mmﬂUwaaw&lw’aﬂi:%ﬂ%mwlumsﬂ%mﬁtl's
waailan v ldlasudsedandulasluavasiesaluodauaaidonluduldfianin o,
12, 233, 11, uar 21 asielibiiAedfitoaiuszeziaanfiiinue :nuuiinisia
YseAnTanlunsdsuwfos lasyinisnagaumsrsazalovasuaailuuais3s TCLP uas

=) 6 ~ A a a v =) LY ad @ o as &
ﬂﬂi:ﬂgﬂﬂai&l‘llBGLLﬂ@]LNU&lY]WUl%ﬂ%ﬂ"lU%a\‘m’ﬁl]‘i‘]JLﬂﬂUi@]’)ﬂ’)'ﬁﬂ’]iﬁﬂﬂﬂ’]ﬂll‘ﬂ%



7. dnwnarasszaznadadseinimnlunstsuiaissueaifioy V‘i’]vl,ﬂﬁ@mﬁuﬂﬂ
Wamasslufindradng nualddandmlaslusveamnaludodanamlanludud
st mnsiueane WiAauU §Asonfiszozaansneti dun 7, 14, 21 usz 28 S Wensy
auszEzAAmnRe audaethellimatalinimnlumsiusios Taovins
NAFIUNNITERLRBUBILALTBNG8TD TCLP uazﬁnm;sﬂLmumamﬂmﬁwﬁwuluﬁu
mondamaiuafissdniinsaiameauta

8. Uszananan1inasas aanan1s3dy taneuuzanudulyldvainmsliviaios
TaneminAdwilonlufuiess ussinianenanumsdmms
1.5 Uszlazfiaainoslasy

1. mmﬂs:%ﬂ%mw‘lumsﬂ%'uLaﬁmuﬂﬂLﬁﬂmaaﬂﬂwamwﬂ’nﬁmmFJ

2. mmﬂaﬁ'ﬂﬁﬁmasiaﬂszﬁﬂ%mwlun’ﬁﬂ'?uLaﬁﬂmﬂmﬁﬂm’hUﬂﬂwamwm

3. Lﬂuummo‘lumsﬁﬂﬂﬂi:qﬂﬂ“lﬁlumsﬂﬂﬂ'ﬂﬁmﬂﬁuﬁﬁﬁﬁmmuaﬁwmaaumn
Tanznsin




uni 2

a 4 4 9
N azNMsnunIvtandIIntnal1zad

2.1 Tanznitnludn

s L a n'/ as a A ar & a a A o o
Taveniin 11w Usan waadloy azia fonzd uazlasilioy datduwuaisnedundan
=% A d' ar n' ar a P=1 ) Qs A 3‘ A Qs
sHanihe 1ledanaANvadlancninad W luduiisnnnitganisigaugniniesanns
as & a & i 4 ar i a v e [
aNUGT0Ilantin awmAanisazruInd w9 anizauilluduanadeFIuIaday
] =3 a a A r} 3 ) ~ L4 3 A’d 3 A:I r=]
6149 28961 AuaziianmznFondudnusfinld lansmdrilunasnuinnninveaaie
[} A = =3 3 o =3
2AMIWNTIN Lot 15391uuUaLa a3 N1ITUIARBUAD NRASIWINaY LazaInNISYINAInTIY
wlaaus mnmﬁﬂmﬂamﬁyﬁL‘ﬁﬂmnﬁi}mmq’méfuﬁvlsjvlﬁnszﬁwazhagn%%' daurinlan
d' ] :3/ :: v a as 3’ a v o v:; n:i:.i':i
'nag‘luwuwlnmﬂm"lmuwaﬂs:ﬂumnmiﬂmﬂaumaoiamvmn FwoNa IR AUN AN
Ywdenlimanzandenisatderdouaznisivizign
A a a ¥ { ) as é’ 1 A sy )
Ia%:ﬂwuluﬂuﬂwuﬁssuﬁﬂmazaglugﬂﬁu@n@mﬂu'lﬂwagnuauuﬂmamﬂmwuaz
mMaafuedan 1w Maruasein USumaiuaiue dadinvasdmniion (clay) uazasnloe
. A a g . o o I3 o a
pamgsa gnuludin mawaaamsmaaummm:gﬂwa‘sumaﬂamﬂwu‘luﬂu (Kabata-
. o . g % ) ),
Pendias, 1992) Tasnlinuingunafuasslanzinuludunradupllegunitovzenansgy

Qs ‘J
- aaEasl a3 2.1 — -

157191 2.1 gﬂttunmaefawzwﬁfn‘luﬁu (Ma and Uren, 1998; McLaren, 1999; Kabata-
Pendias, 2004)

-—

azan8luaIazane @ (soluble form)
waniasuleeaanle (exchangeable form)

o Qo Y (=3
gaduludunisfivasenmnanaasasdan (adsorbed form)

\AaansUsznauitaunuasdunis (form associated with organic matter)

a kM W N

anasandeduiviunineudiina iiu tndnaanlod azgfiusanlod uaz
wysnitaoanloq (occluded form with non-silicate mineral such as Fe, Al
and Mn‘oxides)

6. gﬂeﬁdLLa:éTuﬁ'u%uLLsf{hwan%ELnﬂ (crystal structure of primary and

secondary silicate minerals)




é’@ﬁimua:gﬂwa%maﬂamluau fININATIATR e aInafamIananuy
. o ¥ , 4 . e oA « ¥ . .
§1@UTW (sequential extraction) FevildlasnsanadiagIGulasInugn g drpasanads
-9 as A o e Q- Qs § 74
et Fe3seEeumIEnamuausInsalun1saniassfianle (strength) anvasly
nn FEmsuazasiedinislunssnasautuiiadwaisIonns (Tessier et al., 1979; Shuman
L.M., 1985; Ahnstrom and Parker, 1999; Qiao et al., 2003) ugfigslsifidsmslafiu
ez iaziianlslaninse3eds Siveira et al. (2006) ldiausiTnsadauuy 7 Juaewhd
v a & 4 v da & = € A
anaanzauiuauluiuiiasaniasdnavveuninsanloduazuasnfaoan loslu
a e o o & 4 o o anE A .
Sinmgs amaznsaiasiausuiimainzauldgnuSsuifisuiuitandazas Tessier uaz
Ahnstorm WU135m3189 Siveira et al. nansnduunitviauzaslanzwinldvzidoaun
X ¢ A & A e | o A & ¢ 4 A v ad
A I@Umngﬂwaiuwgnmomawagnuummuauazmaﬂaaﬂ‘lm Walipunuidues
Tessier uaz Ahnstorm Inadspitldiaenldisn19es Siveira et al. (2006) Liluwitnsln
= ar [ 4 a a s ) A an Xa o o
mIfnmnInszedvaszivasusesuaalsulududiodng Se3Emsiiisaunmiana
a A’d
aate
&< 4 A ci ) .
NN 1 a’mﬂazmﬂLtaza’m’l‘muamﬂamﬂaaaiﬂ,m (Soluble-exchangeable fraction)
A M Anenan B 2 \\[D %51
Tanzarnitilnginfidiindan1suanid Ao unuFIUIAR8Y 318 098ANLVBINT
wanuanuszninanuaie sssnafiinuldfinduaslunguuas neutral  salt, neutral
" a o & (2 v e
electrolytes L8 buffered neutral solutions laslunuidodlals CaCl, 1 u1% 0.1 M W
ar A { o a = 9/ i { Qs ] e &)
———— —gyEnA SteRTTEiae e 7o Cacl, uwaattnulesswszunuilansiigngaduag hdw
= A A 4w = \
atned lasawizlanzfduaudiiony 2 uaslanziszgnazaisaglugl metal chloro-
complexes
2 ] H ?
i 2: dInfigneatufifa%w1209A% (Adsorbed fraction)
Iamaimﬁgng@sﬁuﬁﬁmﬁwaaﬁutﬂuémﬁﬁmn‘?ﬁauagl;ﬁum%uamm gsanah
¥ &, ' i -
IHlutuaanitae CH,COONa (1.0 M, pH 5) lagladzulasauazununlanzngnaadueg
= ' a v & & o a
wazlanzfiszgnazaseglugansiffonazdian NIfaTRzAITH oIl UN Lo TV B
@ 4 a A a A A o a " o I
asazanoliivindu 5 iReflasrumsazasvaslanzfiidannuduniniag lanzeenlod
galwe usdwmniion wazdslosiuanaznauvsslanzlaasenlsd (Mulligan et. al, 2001)
k-3 ) »
B 3 : danwniridjaseinudunieiagluiin (Organic matter fraction)
Tangludwdonagivasduniddranalanaouny 1w n3gady mitfiaans
Fetouuaznsiiiafiae sxvhldlanzgnazaisaglugl organo-metal complexes n13ana

1 & o S o a ed v o a A5 A = o €
Iamlumuuum:‘lwmaaﬂqj"l@smiau L‘waazmUa’n?aumwiammmmsngﬂaansnvlﬂsn



[Y ' o o o & . v o A
1o wu sanlosuazda lnldualanzunsan sIanan it iwiuaaniifa NaOC! nsanarinf
aTWANA 90 -95 °C '

q «
v r
N |

Jwfi 4: damAaaneiusaeniaaanlsos (bound to Mn oxides fraction)

' Ia%:ﬁaglugﬂitﬂu3ﬂ§ﬁa%ﬁmmma:mﬂoﬁ”\‘im lagdaulngazdaimzagiu
wamitgeanlodlnan ssatadfsuldae NH,0H %@ﬁqmauﬂ'&ﬂuﬁﬁﬁﬁﬁ (reducing
agent) 1Jﬁﬁ%nwmﬁmifu‘lﬁﬁluama:ﬁLﬂunm Tasnsannouldae HOl 2 nuisbes
Tipping uazAme (1985) lemanwliin msaiaves NH,OHHCI sansnanaguwesy
admiguvasunnfiaeenionldgeta 97 % wananiisamuhanaduturasuasmiad
araldludannuuandieedrefitodinn 18eld NH,OHHC Aanaidududisqiu las
sufudastsufiarlimiasnii 3 Wadlumsfndssininnlunis3aad (Tipping et al.,
1985; Silveria et al., 2006)
it 5: a'a%ﬁﬁﬂLm::ﬁ'uaé’mg'mmaomgnaanhﬁ (bond to poor crystalline Fe
oxides fraction)

Tamﬁaglugﬂﬁﬂugﬂ%aaéﬁﬁmmma:mm‘l@"ﬂmnma msanalansludiuiinon
e suanuas oxalic acid L& ammonium oxalate eﬁaﬁmmmm:mﬂnfh NH,OH/HCI lag
suiudaslsuerliiingy 3 adumafadszininmnlunsiaduasiadedioand
AAIBLTUN

3__‘:: 1 A s [ v n’d_af.
AN 6: dIvngntnIznuana an ldanNiUw (crystalline Fe oxides fraction)
nﬁsaﬁﬂiaﬁzluauﬁﬁﬂLnnzag;ﬁ'ULﬁﬁnaaﬂ"lfneTﬁLﬂuwﬁn1u€1u ssnantuultae
oxalate+ascorbic acid W#a1NIWITBV8S  Silveira  WATADAE (2006) WUI1 6M  HCI ¥
Uszntnwlunsanamineenladginiiasnauszning oxalate+ascorbic  acid Tap
dszansanlumsanamnaneenlodaisssnauizning oxalate+ascorbic acid #a3vingi
5 a39 Nal¥UszEnTmwIAsuvinAuUMIRNAGI8 6 M HCI LiNg9IaTILa N
E 2 (] ]
2WN 7 : dINNINAD (residual)
s d' as 0 9/ 1 A P} P=1 & a “ o ¥ a & ’
wasnnfignalanzuvsiusen lWud lanzdmnmdagnateniadunuduus tNeduus
a a a 6 ) Ju 2 d' ] a aaa '
Uguniusenaunl gﬂwaimaﬂammuuﬂaumw:mamamimﬂﬂgnsmua:vl,uwulu
‘=I Aa =) 1 A’ L7 Q- i ) s 1 1
seiFaluanwsiramd ludruidlfasananianuusinnnniiasanasiudug lay
dndazinnsnaunuesnsafiseninlfinedesdinimieliduasazansla srsanafils
fulngife HNO, + HCl FFnssiaduldesitinasiudmiunisdesduuas USPA
method 3050b (USEPA, 1996)



2.2 nsuSinanaslanzwibn lndin

v A o« a 4 d, o o o d & a4
msdsuadasidwnafandefanlflunistidalancsninnuwonludn tWaaams
n3vangaavaslanswinlugionaden nmslfusissildlasmisdussUusios
e a A v ™ a [ a A’/:l o aan A
(stabilizer) asludunidainisingde ssUsuiaisshiianasuisalunisiil jisen nie
n:i Qrey -~ as - o a [ c‘
wWasnudssguifnisafiveslansninnioqmandfvesdn 15u nrsulfouudas
anusanInlunsazaigzaslans wismainanuglunisgadureseumedn iudu
Tinsrzarmowiamaafendisvaslansuinandugaanansaung (1w nlaan AT w3a
a a P ' g A a ° A ), {
faliT3aludn) Jaranss nenanfiasiidussllonamlilanzsfouldaglusndaia
r=} ! =3 S As L%
wwissanndn nalnlumaiiedfitendsznouday
@ A4 o % a P LN ) a
1. MIQaFU snwnwu'lumﬂ"ﬁmsﬂsmaﬁmﬂﬁqmauumlumsmmwummq‘lu
v Aa a ° ' a : 'Y &
mMIgaguiiIraInasfn m‘lﬂmmm@lﬂfnuiamﬁau‘lﬁ)‘l@mmm:uﬁauswu
A A/ [ ar Qs s
2. mauanu/fonlesen nzuaunistazuandwnuiuniIgady s azlinsuan
o A A aa A @ 5 a a a ° o
LLﬂaﬂumamiLmumaﬂaaavmuﬂsz'gmuaunm:mnmsﬂmmnmtm:msuawwmlﬂ
a a o A A a & .0 o o & [
Viendadmeilnaiiafoniuiin laswuhdwlngusmisuanidfsnlosanaziuauasu
da & @ A
wsnftialwlunszuanmIs et us
3. mefiassUsznauiifen astfiadunasainfiinisuanidfonlasan n1s

= y A ° [ =) 4 ar s A ar Aaa
WA Uuﬂmaﬁnmuiﬂaaimumu miswmmaa‘laaaumﬂnﬂwLaqamamﬂaaauauwwaa

|§A7'Ar A &3 X Qs 3 T . =] LR 6
\AATBUADETE 9019 T WA WE262 843N TWRN (electrostatic) -~ WIaWwzlALILAWSD
(covalent) lasn13suaauvyaIslszneuIBItannuasfiznavasg uduasrildzula
a o A A A:i' o 74 = =Y J A % 0‘:
Wauzasrsuan sl donll SinnddsuntasacsvinldanadufsuiniunIatoainn
A’ )y a i Q. [ v oa i ar ]
muagnummmmsﬁ'ﬁnm‘lﬂmﬂnszmumﬂﬂﬁzluu,ﬂmmnm';

I & o a A4 o

4. NIONAZNDY Q:Lﬂuns:mumwuqﬂmﬂluna"l,nmaamsﬁimaﬁm TINU3N
I o as ar = d' I3 Qs d;:l' T ::Yd
WWwiihnansdaguesnszuiwnisdiuiad s itesannianaznanaziduasiinussn

P o ' L g v a X
anuanusadasNany e duatne@ mumwnmnaumm:vlmm@mulunne] NITUINMIG
Ysuiaiipatfasannninasuafsziiansanaznanlanuazaasdssnaualsesndsznay
wa10d1% s duszauanududureIa1Tuai s LAEFNNIZANI G VoA 1BW Ao
ar o a = € r=3 3 3/ d' 3 r=]
andiWia AINTINTDIRUNTS luama:auqamwnmnam:mmu"l@mammuumm
dudnad19pa8e asnnnisUsuiafesaniunistrsldGudannzNimuizandinsuniy
ANAZNOUTDIRSNANBIADNNTANITTA UM TNTUVIa1s (R15USULais) NezsauiIntn

M FRITUaREANAZNaw L6
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nvunsdiuetssinewunrwmmIsljitnandnivduisagHutwaue
f0g1ILTU amgﬁuﬁmaaﬂamwﬂﬁ@wm‘lu@u FNNINRANIITE AR BTN §ATEN
mauanidswloaanussmianaznansasfuwusnlsue W [Pbs(PO,)X; X=F, CI, B or
OH] (Kumpiene et al., 2008)

2.3 ahavasdrsUsutanys

miﬂi"maﬁmﬁﬁﬂ&lﬁmﬂ’ﬁ’ﬁuﬁagﬁmmﬁﬂ NS INANUFINITDIUANTRTANY
I ° o ' ar a & f o &
sz laansaudssssuaiioseands 2 Uszianlnajg aei
3 o
1. a@snazatgmld (Soluble Chemical) laun saadl uaziloudia in'ldlasla
saadasludnanduds arvazdiwd i ndunairsriaisamefinnindu wIenuiaztsum
o 2 =3 ¥ a Qs d'd ] =y a ar P J
oo i nariuduasnidase Tadeninadadszintmwnsdsuigfomessnsdszinniy
Qs 1 Q- A Qs 1 IA as as ar Q- =Y ar
1dun dasnivinavesansdslinanusronananazaunsnuastiviaiios USuimaslsu
wins wszlfnaomanmeludulugisnainiaiide dedmandmenssssrsdiveiioele
) A’d dd’ L4 ar I3 =Y 1 n' L4 A ~ a 1 )
ngudAa sadnlfuresanaduisdofiasay wiaanadnaunain il liwmanzauds
munlglumstiie
[J 2/
2. @197 lal@nnsnazanainla (nsoluble Chemical) 1T uauinfion a13dlalad
L4 [ Qs i o ar a- [l A’ Qs o~
dodandnyesasdiviaisslunguiifie szduANAURNYBIRITNANBLTANUNIUYES
o 3 = - Q a»r ar 1 A’ o L% "
- —— —- —audinadatssEnTanresnstige-nnsysy L‘ﬁ'ﬁﬂi‘lﬁﬂ\‘iﬁ"]*il%ﬂij‘*&l%ﬂ‘]&l"liﬂ'ﬂ Herarsds ——m—m———
o A
AIA 8
& 4 . a Aa & A | a A o
a. nManilnaguinh (Spreading) ‘luﬂumm’mwga s maunIBIangs
Ag’ Qe g: = v A
wazlanzuwtonluscqduruianiian
b. nTlansuan (Tiling) 1JuwisHlasuanafisaun sransoutisiailn 2
s = ad . o [ ar a s =S a v a
356U fia 35013 Routine tiling  azldssdiuiainsluszauanudnainidminGu 1-2 #a
U833 Special deep tilling azldaniuiatinsluszduanudnannidmihiu 5 e
c. mImlrasUsuiafoniuasusanassilolduiinIeansasaionIason
o A ¥ A = v A v o 9 v A o
IﬂﬂaﬂsUSULanum:@laamm@agmmaﬂiﬂ gaz 1T IRaNRaaaual iiafauns 1wl
an
d. muduasdsuiatasliialowduainunin azlfiladudanusiuisals
-~ ) A = ar a ; a o Ay a v a =S
MITUHINE maummmqlmum wazlanswiniinsdwloufimniauluanuin 10 Wa
WIAINNIT T Awuwin tue 1Tuen
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J Q- a ar ) a A g s ch
wanniasdiuiaiissdimansautsausiavesdszinnvesasiadl laasfide
«
1. d@1sdsznauzasnan
wanlugduuude g 1w ilaiadaida, ilefindaida, inAngud (zero valent
Fe), uuidmaninafing (goethite) fnuihanldlumsdiuiativsarsny (Kim and Davis,
2003; Kumpiene et al., 2008) Naanmain laannsdsuiaiios ldun FeAsO,.H,0 (Carlson
et al, 2002) WinN@AuNd scorodite FeAsO,.2H,0 (Sastre et al., 2004) WAz Fey(AsO,),
A’ ar Qs 34
(Porter et al., 2004) uananfiansusznavvesinandImanIndivaiioslansladnnais
PR LTW A=A (Sauve et al., 2000) Tanidioy (Fendorf, 1995) nasiad (Spuller et al., 2007)
2. wnamitaoanlse
=1 € = - Aa 9 v« =
LL&Nﬂﬁ%ﬁaaﬂvL‘H@Lﬂua’ﬁﬂi:ﬂEJUYI&J&"I&I’]?I]QWHU&”I?%‘I;’LVLG]LﬂuaF_I’NGI lapaansn
I dunasdsusiinslalandini nIathanldsrunumanesnlos (Kumpiene et al., 2008)
1 , : & s
ssngamddouldedluzdmatissnintn 1Twn1Ianaznansad MnHASO, 84,0
(Tournassat et al., 2002) uazisiazae lainkasann a81918% Mny(AsO,),.8H,0 (Porter et
al., 2004)
3. §1dunigd
muliusiioslanzdnarsdunidezldnalnnanfa ngaduuszninfiaeand
@ (4 a Gl (d' ° L3 L4 r a A a
wwgw JuWefuvass s BunidnauniunlEle ldud nsadalin nsaWadn mnaznauuaz

{lawin (Kumpiene et al.,” 2008) WU TEANSM W BT UIal o TR IR W DT hana =TT
cda

lutanavasansduniduazfiesasin lasasBunidnfizwaluanalunguazazapinl

¢
' ] A e w v a Acda & A a Aaedaa
Yagazanuranasindasunulansldanitarsdunidnduuiaidn 1i9991nNsadunIona
=3 gl = (] y-1 o 4 ynl!

PRIALENATRLANIUTLAE FINALIANLATYITZUURARY NI IRLaRaTa 00N U Laan

k-

(Kumpiene et al., 2008)
4, WSAWARYN
=) P &3 A‘ d'al &= A (=3 6‘: J ) o F=3
WIAWIRBENT U 1T T NNTAIINUAILITINAN TINVIWUTIUITIUNITIUDGNUTHG
P a = =3 { o ¥ &) Qs [ ﬁi. A
Ppsusamniisanazfmasvafn el HiuasUsuad oswu g vInaanIsiAfeui
va3lanslananssfia 153 NaIuas (Alvarez-Ayuso and Garcia-Sanchez, 2003a) TGUISHEY
URZFINZR (Alvarez-Ayuso and Garcia-Sanchez, 2003b)
5. &1sdsznavaamilan
ar [ I3 a =l n=; 0 L4 e ar r=3
g15usznavaanital tdua1sdsuisiosnadaudr9tadsualnuday twie

A o v A « ar a L Y a € ar o v A e 4
%aﬂlﬂ%ﬂfﬂ’]ﬂﬂﬁi'ﬂ’?ﬁ%’]ﬂLﬂuﬁ’]iﬂil]Lﬁﬂ&liLLa’]ﬁ'ﬁﬂi:ﬂSUaﬂﬂquﬂuﬂﬁﬂ']ﬁ%ﬁYlUWLﬂai
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mnﬂuﬂ’mﬂﬁwuﬂawaoﬁmmaa‘s:uu‘lﬁﬁﬂé’azJ fateuasrnsysenaudan lall laun
idnein 1§eey Budy Y1117 Auyu wasidouarsueiue lodsuanfuaiug wenandl
atsznavsaan laifmansnihnlglumsdiuaiosiwiuasdiuisiiostug athe
WRudszansmwlumsusuadios wiu nmsldsnsdszneudanlaisuiudesiva (Wang et
al., 2001)
6. Womuaiiazarnle
waamlﬂ‘lugﬂ@m 9 fouthanlfiduasdsuaiosmsuafiniinanlan: lagaws
adeBaasia ilasninemnaszudniavnuFazenulanswin iialuasdsznay
Fatouvaslansifinnuaaninlunsasansansd (Kumpiene et al., 2008) asusuiadiosi
Aoaltldun duusazwilng (Ma et al, 1993 ; Shi and Erickson, 2001; Raicevic et al.,
- 2005) Aurasn@ (Geebelen et al.,, 2002 ; Cao et al., 2004 ; Brown et al., 2005 ; Ownby
et al., 2005) indaWasa (Cao et al, 2003; Ownby et al,, 2005) lauanluitaurasmna
(McGowen et al., 2001) nsaWagwWaIn (Melamed et al., 2003; Chen et al., 2003; Brown et
al., 2005; Impellitteri 2005; Scheckel et al., 2005)

2.4 favlasia

+| A g as , r=% Jo =3 =) a r-J +1
q:lwamw@umynuagvmmm@ TunrsnaassnyinnisAnuinNes 3 1ie As ljlilvlﬂ

wosbudtuawasn ﬂ—(—Diammonium--phosphate,—DAP—)—ﬂ-fJﬁu»N-a s @-(Phosphate-Rocki PR)—————---
wazilav3idagil a5ama (Triple superphosphate, TSP) 184914 uijpfiidminoag
aurasaaanalu

+

1. fJoRunaaine (Rock phosphate )

9
+

=) i =3 Qs " A = I:‘I
\Iullofindaangladmgiu @morphous  form) vasuiaswilng aoLiluusng

»!

WaanadmduasdvsznavludSanmann us'a:mvlﬂﬁl,mﬁmmﬁuay;nmi{ﬁagli 5 5%ia Ao
Carbonate apatite [Caz(PO,4),)5.CaC0;] Fluorapatite [(Cas(PO,).)s.CaF,]  Chloroapatite
[(Cag(PO,),)s.CaCly) Hydroxyapatite [(Cas(PO,),)s.Ca(OH),] Sulfateapatite
[(Cas(PO,),):.CaS0,] (AmaN3iN1a3TIUgHINGT 2548) aoﬁﬂs:nawmﬂmﬁuﬂamwmﬁ'
wulufasaanaliwinen fuagrivundsinfiavesusidudiny Tawnia 9 llezld5am
WosWasafiduuslomidafizszning 3040 % (RonnIdmeadTilgianm 2548) dwsy
ﬂﬂﬁuﬂamﬂwﬁ%’mn Fluorapatite ﬂ%mmwgaa’%uﬁﬁluﬂyﬁuwamwﬂﬁwasiamsaa’méﬁ
2a9WaINA lasan 1o awudﬂﬁwﬂlUﬁuWamwﬂﬁwgaa’%umnﬁumﬂ@iﬁa:ﬁaﬁﬂﬁ’wamﬂeﬂu
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Qs as Qs 3 e/ J o o e ) S/
drijafanuasmnazazanoal Wnemwalosauldonuniu s luldussTomild
4 & & 4 A . & & o +
gINUINT uanmnwum@mgmﬂmaom@ﬂwwa@lamﬁmﬂuﬂsz‘[mm ayWaaWaTR T@m_jﬂ
AaA & @ Y vl i 4 aa '
fileuniaamialdn wzaarsdrliwemnalosaulddninnirsnfiawmaeynialng
=) (=) +| ~ J L3 ¥ 1 v L4

(ranaIdnaisigiinga 2548) fdesftatuananazlfiduilslavasiud Seldidn
as Aa A:iu as =) + dd'd s ~ :s' L 2= a
Janduiddylunaeioaoadnfivesvesasiiadug lddnnasriia

+

2. f'lauenlufivarosina (Diammonium phosphate , DAP, (NH,),HPO;)
DAP fidSunaveawasaiiludszlonisening  46-48% (aanansdmaim
a * a J a S v o Aaan b =3 (%3
Ugiingn 2548) doritaiaioulasliausuludeiujitonunsavaanain niany
=) A I 1} » =) Qs Qs A =3 + =3 l;’ [ dln s
nsagayvianidudiwnanszninnsaaanainnunsaaniaan dosiefidunisunuain
{ ulf L] (R { a Rd v +| =3 ;
Inzinalnouszaugnalan lamawiznslfiduwidmnfeniadonsugasene g dosiai
;J wa v o 9 4 a A’A a 3 Y vy I s
sz 4@ daarsdslunilélvsiiaifainaandreiilidmdunia imnzllnlanau
ayluztuanlufion-lulasian (NHe-N ) uazlingemisisgs
3. ﬂﬂﬂ%ﬂfﬂa‘qmﬂa%‘/\lamwﬂ (Concentrated superphosphate)
foniiiaglideiemwadadniuioghideiwemnasiaduduildanns
Qs + ~ A‘ i =] 13 1 =3
Faased dorieiiivesWafidulszlonidoRreglulSuingens 4546 % (AnnTd
mainygiing 2548) mansnsh lldidudsdmivizldlapass wioih s duwids

fniunaugasiodisg niduanedlonidilagtideivema wliRunasiiari

— - djfannuntanasvein-ldmdnesueaFounemna Nl e Siduswesvesage-nia:

Woawain (HsPO,) NlTluntnaldnndfassamateadsznindussidanunsatiuzin
(Wet process acid). lasldnsafwzdndululsinmisuyanvuaaidouniioglunama
USINIBIDBUTY (CaS0,.2H,0) sananamwnani laanilfhsen

Ufsemisasenzinsawaswain

Cao(POL)6F +10H,S0, +20H,0 — 10CaS0,.2H,0+2HF+6H,PO, 2.1)
Uiisnnsdaanesiianidideqlideivasiva

Carp(PO,)eF 2+ 12H;P0,+9H,0 —> 9CaH,(PO,),.H,0+CaF, 2.2)

2HF + SiO, —>  SiF, +2H,0 2.3)

CaCO,+H,PO, —>  CO,+CaH,(PO,), 2.4)

Cay(PO,)eF+14HPO+10H,0 =  10Ca(H,PO,),.H,0+2HF (2.5)
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2.5 VN NLIT 09

McGowen et al.(2001) ¥hnseinsmaidelavaulufivunamne (DAP) anlEluns
a 'y @ § a o a aa A& <
san1sazasuazmsafsuiiovaslanznindwlonludn lagshauninsdwdenazna
fanz® uaailpy LLa:awwg‘mnn‘%nmm’maamnLﬁajﬂU"lmLLauTuLﬁnuwameaa‘lﬂlu
saanluarasnamndaluauadlans Ny 1:74, 1:37 waz 1:15 @IUEIGY WU N3
\fia) DAP éawa‘lﬁﬂ‘%mm‘[amﬁgﬂma:mUaﬂaa uazdSunmlanzNanasazidngasiu
o r—% A § e/ o § { »
lagassnuiSunm DAP miafinsnsiafawnvaslanslaslfuuudriassnisafoud wuii
MIAN DAP  azvinlianuniislunisinfeud (Retardation) 2asunaliisy azny Uas
ar a & » o Qv ° i a & ar
ganzd (indu 2 ,3.5 uaz 6 Whenadidy mahwegdussaznsulansiiaiundsnnnis
USuLafiosale wuud1ans MINTEQA2 wu*jﬂamlumm:mm:ag}‘lugﬂmaﬂamﬂamwﬂ
A ¥ & { : a
Fougaaliiinin DAP laaarnugiunsnlunisazansuaznisiafauivaslans lasnsiia
& Aa = &
wWuaznauzadlanesWagnandnnuafesinnin
Wang et al. (2001)le¥inmséinsnisdsulafios Cd, Cu, Ni, Pb, Zn ludnaiadniaqs
infevamnasias1eg laun caHPO,.2H,0, Ca(H,P04),.H,0, Na,HPO,12H,0 uae

MgHPO,.3H,0 wuidssinTmnlumsdsuianasuandwnuaiusiavednionaswan s

losinfaunaiBanasafilssinimwlumsaatfinalanzozacaldgege

Hammon et al. (2002) ¥inm3dnsna inmsusutafissesiaaiiouuasfanzFluduaas

CaCO,, KH,PO,, redmud W&z kaolin byproduct annmsAnwinuindszdndmwassnislsy

- =) J/ h 2 i { L4 = ar ~aaa
iwisuaalpuuazdin:fifiaduldanga ald KH,PO, luanliuiades UfiTundanu -

aasadanTilAsuulasfiaTasan ﬂﬁﬁ%mﬁﬁ@%mzwhﬂamﬁu KH,PO, daidu
ﬂﬁﬁ%mmiﬂ%ﬂuuﬂ&iﬁuﬂﬂuﬁ pH 1@ 9 (irreversible "fixation” across a range of pH)

Theodoratos et al. (2002) finsfnsdszintawuasiloluluudnuasidoanamne
Tunssuiafiosazna uaaiioy LLa:mWHﬁﬂmﬁau’luﬁuu’%nmmﬁaausf Tudandulas
Tusvasvemnadolusvasazmludnaud 0 A9 2.5 Tassanelfiduszozian 2 1Han 990
mMInasgImyIanmlansszazanuasit TCLP wunluluwufnuasidsunasWagiunsn
aaﬁ%mmmﬁmm:mmlﬁ@%nn’inmmﬁm (5 mg/L) aseansmluazasamnaseluaas
aziariny 0.6 @edudszansmnlunssueioswiny 87%) wenanfigenwuiniaiiu
sansmluasasvamnasslusvosnsiainiy 2.5 szaansnaalSinmaziaussuna
srarmyldgefis 96 uaz 75 % Lwiﬂ’%mmmw%mamwnﬁuLﬁu%mﬁal,ﬁwﬁuﬁuﬁhhﬁu
g
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Cao et al. (2003) insanmdszandanlunisdsuiadios Pb, Zn, uaz Cu Nwlan
a o/ o ¢ a 1 a n‘ o =S 1 )
Tududnayiutvaseainaziiasa g lavsliavasasiafivinsdnmldud 100% vas
WoaWasaan HsPO,, 50% saWaanaiaan HyPO, +50% 2o aaWaizain Ca(H,PO04),,
and 50% Va3WaaWasaan HPO,+5% vasnaanasaanfuremne sandinlaslususs
P/Pb AvAIAnmAawrinny 4.0 aenasannsdsutaiiasndua 1 Dwudinesida
o A vd o ar a e ed a & @ P
usaUsuigdios Pb 1@@n31 Zn waz Cu @Ns19Y WRAAMNIIRaIRIINMIUSUIRD 8T
Taun usnldazapinnisnwmzad iy pyromorphite  na'lnlunnsUsuiafisssznine
Wamnany Zn uaz Cu 8199zuand 199U Asenszwine Pb nuWesmua fosanlinuus
o 3 =3 ! Qs A ~ =y ar v
FwanvesaniAauny zn wie Cu WalFsuisulszinTnwlunsduaiiosszning
shiavaInasiNeg Wud150% vasnaanesaIn HPO,+5% vasnaaWaiaaniuneainail
a a ar r=] ar wdni J 1 a» 1 [ e I
Uszininmlunsdiusdoslansndnld@nge wennnnuissnandana i liaud
| X o v a [ = o a A ] v
anudunsanniumendininnisliuiatios dnaduldnnfesiinisiisuudasnias
nga
Brown et al. (2005) AnmyszaninnlumsdSuiafiosuaafisn aenauazsinsaludn
Qs A o 9 ] 4 ar 1Y
msUsuafissiiimmaaauldun duna (ime) ouiusvaswasina laaw (red mud), 1ih
Anlolaan (cyclonic ashes), FRAT (biosolids) UazEIRNIRADIINNITIIUAU  (water
treatment residuals). nMsANEWUMEITUTUIERgTATRATININaen NAdNTUYeS
——— Tanevrarmsualancianacas-NHNO, mstSatiostasaanndui vraslanenin- - ———
& A a A a A a A e a 'Y o ~ '3 4 '
anwmsafizuazaiunidludu lasfudegnnliuadosdoeyinsvesamnaiilasious

a a A = Qar A 44 A )
masiyiavlavesizgegauszivimalanswinazsuluinioonge
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3.1 guninfuazarsiad

3.1.

1.

2
3
4
5.
6
7
8
9

11.

1 qﬂnsnf
N92A¥NI8Y Whatman GF/C twas 1 uaziuad 42
LS8 INTDILULAAAINAY 3% B-169 1313 B'U'CHI
iwasuiiuszalnsinas@nildlukest fidms 4
wdaananlulasion {1 B-323 U35 BU'CHI
eI (Vertical shaker)
Lﬂ%ﬂd’ﬁ’diﬁlﬂﬂﬁ/ﬂLLuua:Lﬁﬂﬂ i;u TC-254 131 Denver Instrument Company
r309ilmAss (Centrifuge) 3% Centaur2 U3t SUNYO
idasfiafiudeefnuuusinuans (auger)
widnsdaslulasian 34 MLS1200 Mega 1319% Milestone microwave Laboratory
Systems 7

. Lﬂ%ﬂdg%ﬁ&ﬁa aunlaslWlafiiaes 3% Heios U@ Thermo Electron Corporation

LAIBII RN LT 3% 215 138" Denver Instrument Company

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22

16

L‘ﬂ’%'mama;J'ﬁmra‘ﬂlfra*%ﬂfwal;ﬂﬁ@rﬁwTm'ﬁL’m“a‘s“s;w Thermo Elsment 138 Solaar
iwsasiendisingealssmaudaunlasivlafiians u SRS 3400 1557 Siemens
wasnaaanoiendawla 2 du

adianes

ALUNTITAUTWIA 2 UaRINGT

daul#nuou ju ISOTEMP 13wn Fisher Scientific

iasluiiaes

UYIUAIAUILY plunger

lulasila aw1a 10-100 uaz 100-1000 lulasias §u Nichiryo Le u38M Nichiryo
dnIuaugmnnil Ju WB22 131N Memmert

lalasfimasunasgin ASTM NO. 1.152H

3.1.2 @i

1.

MIaTaAIIN (H,S0,) 1NTAATIER TN Carlo Erba Reagent
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10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.
25.

26.
27.

bilovesyana wrvesiniomnsil

17

N30 a3 (HNO,) tn3AILATIZH LB Carlo Erba Reagent

N3AU83N (H:BO) LNTAILATIZR USKN Carlo Erba Reagent

niavaanadn (HsPO,) 1NTAILATIZH UIWN Carlo Erba Reagent

nIaRaNTaN (H,C,04.2H,0) INIAILATIZH L3N Carlo Erba Reagent
nIAuaaAa3hN INIAILATER USHN Carlo Erba Reagent

nsalalasnaadn (HCI) 1n3a@3ATH V3N Carlo Erba Reagent
waatonluamiaaszlaieIm [CA(NOs),.4H,0] 1N3ATLATIZR L3N Carlo Erba
Reagent

uAaLTINARD 139 (CaCl,.2H,0) IN3AILATIER UI¥N Carlo Erba Reagent
FanaTluasn (AgNO,) In3atATIER U3 Carlo Erba Reagent
lzidounan l3a (NaCl) tn3adanes USHN Carlo Erba Reagent
lodpuansusiue (Na,CO,) LNIAAa A UM Carlo Erba Reagent
lo@ouazdtan (NaOAc) INTAALAINZH U5 Carlo Erba Reagent
lnfoaanaziuaznasiig (NaPOs)s tNIAILATIZA UI¥N Carlo Erba Reagent
Imasalaasanlod (NaOH) 1n3@3LAT1ZH L3N Carlo Erba Reagent
lndpwlaluaselss (NaOC) ins@Tia31e% LS8N Carlo Erba Reagent
olavenlanitoavosing (Diammonium Phosphate)
ﬂun’%ﬂtﬂaﬂ;ﬂtﬂagﬂamﬂﬂ (Triple Super Phosphate)

uBunasina (Phosphate Rock)

Twunagonlalasiue (K,Cr,0,) InT@3LAT1% L3¥N Carlo Erba Reagent
Twunadoulalalasiaunaaing (KH,PO,) LNTa31ATIZW U3HN Carlo Erba
Reagent

wasiadaina (FeS0,.7H,0) INTAILATIZH L3N Carlo Erba Reagent
WasTauauluilougaing (Fe(NH4)x(S0,),.6H,0) IN3@3tATLR 38N Carlo Erba
Reagent

aasInAuuulnidu 1n3@3any U3EN Carlo Erba Reagent
dudiaaesuauszninglusluaIvaanIwiuuTalIa 1NIALATIEE L3N Carlo
Erba Reagent

LloTaLeanadan 95% LNIAILATIER USEN Carlo Erba Reagent

waud luitlnunadouansiam (KSbO.C4H,06) INTAILATIZR UINN Carlo Erba

Reagent

64041
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28. usnlufisunaalsd (NH,Cl) 1nsaitasey U3¥N Carlo Erba Reagent

29. uanlailoungaalsd (NH,F) Lnsaiamzy U31n Carlo Erba Reagent

30. waulanftonluBuiee [(NH,)sMo;0,4.4H,0] tn383ta 7=y USEh Carlo Erba
Reagent

31. uawlanilonaanaian (NH,C,0,.H,0) tn3a3taszy u3sh Carlo Erba Reagent

32. nawlaflpuazdian (NH,0Ac) 1n393tATNz# LS8N Carlo Erba Reagent

33. wanlanfisalzason’lod (NH,OH) tns@dieeyt U3 Carlo Erba Reagent

34. laasonmarinlalasana’lse (NH,OH.HCI) 1nsa3aTzy U3EN Carlo Erba
Reagent

35. lalasiawafaanled 1nsadiasnzh US¥N Carlo Erba Reagent

[ IA a
3.2 MU NAK

audratefiltlumsdnmasei mmsifununsnnulssndurmisluduanse
MANIULeY Funaulaan IRIAGNN ﬁgmﬁucﬁ'zarjwag;ﬁ'@‘mmmim:ag@ﬁ 16 40°26N LAZADY
agﬂﬁ 098°37'35E s’fﬁﬁ’uﬁﬁanﬁmLﬂﬁl‘ﬁl,ﬂuﬁruﬁm”nzﬂgﬂﬁn ust ldnnaaliszivinasu
ﬂﬂilfﬁuﬁLﬁlaﬂ’]iLW’]:ﬂaﬂﬁ”’l’JlWﬁ’)\?ﬂ W.71.2548-2549 1iiasannigminsUuiousas
waadissludufinulniSmiaieiss PBIFILANITZTIHILAY (Tayaanmssunwol

4 o 4 a @ oa A = & &«
'W]ﬂﬂﬂUﬂ.WiZﬁﬁ@!N"lLL@NLNa’JWH 13 RIn1AU 2549) GI'JE]Uﬂﬂﬂ%ﬂl‘ﬁ‘luﬂ’liﬂﬂﬂﬂﬂiﬁulﬂu

‘ "‘A—ﬁ’mﬁ’T\Taui’J&I‘(CUm'p‘dsit‘e‘s‘a‘mpl'e*s)‘ﬁ'm’]‘iL'ﬁl‘li’)tli'mi]’m‘g'mﬁ‘ﬂ'ﬁ"ﬁﬂ'zi’mﬁﬁﬁwﬂ—7ﬁ’1 R

1a3uasw1117 lasudazdunisazyinnisiiualad9@uaaeis Equal interval on diagonal
lines %w:uﬂaﬁuﬁtﬁueﬁazmaamﬂu%"mﬁmu%ﬁawm 1.5x1.5 LU97 IN15AINLEY
mumguﬁa 2 L&Y w%’auﬁuuﬁaﬁ;mﬁué’aarjw lapuiarzazineszndnegainni 10 90 (3u
# 3.1) MM AudusasgrafIsdsaiuan: (auger) fiszdunNEN 0-15 LURIANT
%ﬁamn‘qﬂauﬂmnﬂ%quﬁé’mms ieuaanislvuss uadsiasasualiduwain idu
mﬁhi{mﬂqmﬂﬁﬂﬁ’ﬁﬂﬁu mnﬁgunaaamﬂugﬂm%ua:ﬁmﬂ%awmnmﬂ_mmﬁauﬁoau
panin 4 g (iudaegednin 1 sawdaltlunisnasas (gﬂﬁ 3.2) PINUWMTIaudn
fathsdpazunssseuama 2 fadwas iiudethsduiivauirludmaainiieldlums
CERNGMC P RIaR Ry,
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1.5 Luas

A
v

1.5 10913

37U 3.1 wwunwagshsuaaIduniIAiuaI8E196n () 421835 Equal interval on

diagonal lines

( §_§ gransfldlumsuiustos

JUNn 32 mMafiualadsaunlslunisansn

) g

3.3 naesSauAndstaszinduitlonuaaiian

v

NnnsandeTianuiutuseuaailivaninua luanaatisluiads 3.2 wudid

1
A o 1

L4 0‘: i -9 = e » =3 QA b 4 A &3 3 )
anuTudussInaalisunInualasiate 9 Jadnsudsf lanTuanurs dududrfdiningn
a { o [ { { [V o d o v
nasgmgmmwsasduiidnuald @i 2.4) Weliiduldawiagdszaadnmnuald
vl =) [ 2 ) a ar b‘c‘d & Qs a '
anzifnmisldieloududaansininlwdenluszdulianaguivdanagiugmnn
=3 : o k73 Q‘; W QAr J o a Qv ) ar v
Gufifhnuald (37 mgikg) Tumsumaaisumaninasllddiide idudadnaluiigs 3.2
nduasazasuaaifloyluam dnualdlanududusesuaalisamsnua ludnlszanmn
1,000 fiadnsudafilansuvadiuuds msazapuaalonlmasmgnidusludndratnedas
Bhaviuasarmpldiluazaades nuuagniadldidiu uazasfislingunnivauin

[} L% Qs » A ﬂ‘: Fz’ A2 o ¥ o e/ Qe 3 9.
naatnakes 4 gUed Tﬂm:mnwmm%a:mmiﬂqmﬂmﬂu‘lwamnuamaammua
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A 3: o A s 1 d b b4 A a ¥ v i a ¥ 3 a 1
‘ﬂmmﬂuum@umamoaaﬂm‘lmma A UAILRILAG18L1AT0IUAGK UsITanaARNUA

L7 a oA 3 Q- 1 =3 d' v/ s ~ d' =1 ]
MUAUNTIVING 2 FafLuas inualatsaunuawa2 ludanasdniive [flun1sanuisia 1y

3.4 NMSANHIANL AN NYNINRAENISLANVAIA RN 109

°

RUTANIINIYAINURENNLA TV IR UM H19¥IN1TI AR 81989 N3 T AT VR INTY

ar Aa A ad a €Al v o . a
WRIWIN A (2548) smmmsna‘gmﬁmsuﬂﬁ:mh FINEAI AN 3.1

_ Qs ¥

i a a 'S wa b
G\']i']\‘lﬁ 3.1 'Jgﬂ'li'JLﬂT’IZViﬁ&liJ(ﬂﬂ'N JUDIAWRAID AN

~ & ad o 4
WINnes 3Smsiasen
1. @fas A aadEIN 1:1

A ad ~ =Y
2. amaguanidsuuaalonau Ausulaiivuazfian
A/ :‘ A b4 { ~

3. anvtulagdniin suwisfigmngdl 103-105 °C

a |l ad a (2
4. TWIAVBIBYNAGK Flalasiaas
5. dSnmdunisiag | mIsenTiatwuuuilanauis Walkey Uaz

Black (1947) (814t lunsun@mNau, 2548)

6. Yanmaliunising ansisdvgesssisudaidnInilwlafiea s (XRF)
7. Yunoeswasanidudszlosyt | 33s13azanuana Bray Il
8. USumuaauilsunInae msgassanualsiaIadlulasiin+azaauiinuay

agasutuaidnlasiulafiines (SW-846, Method
3050) (USEPA, 1996)

9. YSunmuaaiiourzazaiy

TCLP (SW-846, Method 1311) (USEPA, 1992) +

axapudnuavwasutustunlasinlaiinad

3.5 nAnwaNAnaidivasianasine

suAmaafizaslaeaaiiinsinmldun Winavsawaianidulsclont (avail

P) uaz8MWMIaa18UsIng (apparent solubility) U3unowaawasanidudszlomirinns

a [ % ad s L Y a ad e dIA o Lo
AATIERAWITRIINSRIYANG Bray 1l 8719830 10ITNTVAINTUNQUNNAU (2548) 81T

gNINMIRERIUINgIMIAa TR

lasd199935n13089 Knox et al., (2006)
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3.6 miﬁnmﬂs:aﬂﬁmw'ﬂaaﬂamlamﬂm‘lumsﬂ%’maﬁﬂmﬂﬂLﬁ&luﬁﬂmﬁau‘luﬁu

1. idudradiluwinta 3.3 ldaslumouzwanalin W@uils TSP aslududaadng
huualidasulasluavssesidaluilodeuaalivnluduriiy 2:1 nnimaninauen
Gududadeiin aulwas 1o wazsid e Gi%mé’aa;haﬁavliﬂunm 60 1%

2. deasuimuans shauazeislude 1 lumsensdmaifiies anududu
yasuaadpansnue anuduturasueadsurazas uwazfnmgrafuvasunaiiialy
AU TSR ALUUSN T

3. ﬁﬂmimaaaq‘?ﬂmu%%%aﬁu LL@iLﬂﬁ'anﬁﬂmaoﬂymmwﬂﬁ‘lﬁﬂu DAP uaz PR
MURIAU

4. fyenuqulasliiTmugwasanudiieu Lwivl,ail,auﬂa

3.7 msﬁmsnmmaoiJ'%mmﬂEMaamlswiaﬂi:ﬁﬂﬁmw‘lumsﬂ%’maﬁzrsu,ﬂﬂLﬁam

1. hdudradrlunite 3.3 laaslumouzwanadn Lﬁ&lﬂﬂﬂ@ﬁtﬂﬂﬁﬁmmsmaan
alufudnat - dnnalddadiulaslusvasamnalulsdonnaiivuluduriniy 1:2
nnduiinanandndudadanit anlwan ﬂﬂ wasid A ue ﬁqqﬂﬁaadﬂaﬁﬂiﬂm
SEUE ARG _

2. dansutmuais hausastilude 1 limAensimidifies anudutu
gasunaLiisunsnue anududusessuadsuTzazaie uwazdnwigviednuasunailionlu
fugrAEmsanaLUUETLTY

) :’ z ad v 2/ 1 dl e ) —l N'cO 7 4| ’ )

3. Mnimanasdrarniidrdu udildsudadiulanluavasnesinaluiode
=3 A 2/ = o Qs
unadouludunldidu 2:3, 1:1, use 2:1 @i ay

4. vhyamuaulasldiinmadwdsanytiadu udlidarl

3.7 MsAnsINazasszazIainasz@ninwmlnnisdSuatissuaaidion

1. vhdusassluiade 3.3 laaslumousnanasn Lauﬂﬂwamwﬂﬁﬁaomsmaaum
ludinarae9 ﬁmmé’@mﬂ@zﬂwa"uaawamwﬂluﬂmiaLm@Lﬁwlu@ummaﬁvﬁmnms
nageuluiate 3.7 miniwdminananiniudiaani anlvas g wazsindniug @'iga*‘gﬂ
fatnafs I Siduam 7 3

2. ensumnuaian handaeselude 1 Tumnsieneimafies anusutu
PoIUANLT BUTIRUA ANUTNTUTIUAALT B UTEAZANY Lm:ﬁnmgﬂwa‘?mamﬂmﬁwlu
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3. ¥MInessItiayI siean wellfsuszasiaannltiwnisUsuanianide 14, 21

Uay 2

8 1% ANYUAAU

4. ﬁ’rq@]mquh plE B maswdsaiudiedu ud laidus

-
3.8 n1‘zﬁnm3ﬂﬂas‘waeuﬂmﬁyu‘luﬁuﬁ"sﬂfi‘ﬁ'm'sanmmmnwu (Sequential

extraction)

eus zhaﬁ'aﬁaul,l,a:m‘fuauﬂﬂmmw@mﬁﬂmsaﬁmtuuLﬂuﬁﬂﬁuﬂ'mﬁaﬁnmﬁmhu

) a ) =y o oy . A a
vasuaaiilougunesudne g ludu lagdreaBeauitnisves Siliveira et al. (2006) §435M3

naKas

s Qv A
smwnsnayldaagun 3.1

ar

Aua0819

15ml 0.1 M CaCl,, gmnyiifas 2 21w

U

F1IREAY

' d a
RIUNLARD

& 4 A 4 [
PUn 1 gﬂmzmn-uamﬂaﬂu‘lﬂ

(Soluble-exchangeable fraction)

Y

30ml 0.1 M NaOAc (pH 5), amnniiviad

5 w219

RITACAY

oo d a
FIUNIAaL

& d a da. a
PUN 2 zﬂﬂﬂﬂﬂﬂﬂ'ﬂla\‘ial&ﬂ’]ﬂﬂu

(Surface adsorbed fraction)

5ml NaOG!I (pH 8.5), 90-95°C 30 i

f38eAY

’ d a
RINVNIARD

¢ d d, 1aaa v a 4o o a
U 3 Uit nudunioTagluau - -

(Organic matter fraction)

30ml 0.05 M NH,OHMHCI (pH 2), amnaiivas 30 wiii

GREEHCRH]

. a4 -
RIVVILRRD

& 4 da o = &
BUN 4 Eﬂ‘nﬂﬂln’]:nULLNQﬂ']uﬁaaﬂvl-cnﬂ

(Mn oxides fraction)

30ml 0.2 M Oxalic acid + 0.2 M NH, Ox

LAy P

alate (pH 3), aanslufide 2 F2lua

RIINZRY

. d a
RIVNLARD

& d da o o =
UUN 5 gﬂmmm:nuaamﬁ,mmaaman
aanlaa (Poor crystalline Fe oxides fraction)

40ml 6 M HCI gmenniias 24 #2lu9

fIIRE/E

. d a
RIUNLRN

L 4 dea o o cd & A
AUN 6 31Jm.|mn’1:numanaanvl°m Mdusan

(Crystalline Fe oxides fraction)

tapanudis HNO,-HCI au3T US EPA Method 3050b

RIINSKY

& 4 A
un 7 gufinde

(Residual fraction)

U 3.1 ABmIanad1duan (Siliveria et al., 2006)
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-4 A’ o Q- IJ & - L2 +| =Y
mmaﬂummsﬁnmmsﬂsmaﬁﬂmﬂﬂLﬁﬁu‘nﬂmﬂau‘luwmuﬂnﬂamﬂm 3 Tha
ldur donihlagdulasemna (TsP)  dolauanlufisudamna (DAP) uaziloiin

Wama (PR) daeindamwlunisdsuiafissinsanananududwuosuaaiouseazais

a o ' & =) P a o a 4 &
Tuduaragne LLN:EUWaimja\‘lu,ﬂﬂL&lmﬂ’lwuluﬂuﬂﬁﬂj&ﬂdﬂ’liLﬂNl!thamNﬂ nanNIN

o = =2 a + ] a a as A
‘Yl"lﬂ'ﬁﬂﬂi:}’m{INﬂ‘IJadﬂiw’]MQUWBﬁLW@ LLR:?Z%L’]a’]ﬂE)ﬂi:ﬁﬂﬁﬂ’]Wl%ﬂ’]iﬂ?ULﬁﬂfJi HR

= A ¥ & s A’
mMsanN Tl uaadt

4.1 #NDANINIMALAENILANDBIAKLE Zi! glas ﬂﬁiﬂ%ﬂ'ﬁﬁﬂ‘ﬁ‘]

-mnmiﬁnmqmawﬁamamﬂmwu,a:‘mamﬁmaoﬁuﬁ‘l"ﬂumiﬁnm Touassnaaaln

A9 4.1

2] wa = a A
AN 4.1 auum‘mamzlmwu,azmamuwaaﬂ%niﬁumsﬁnm

amanlinvaIAn misald
fat ( SaTsawanh Wity 1:1) 7.2
mmaﬂummanLﬂﬁﬂmmﬂvlaaau ( meq/100 g ) 13.4

—_———— A\ %sand__|_ .. 452 . _.
MINIEINLAIVBIBRANA % silt 25.0
% clay 29.8
snwsiiodu AnTIMR Rl UnIe

Usnnmdunisianludu (%) 0.49
shauszdIutmedunioiagnan Si 34.4
Tudin (%) Al 6.23
, Fe 3.94

amudutuunafiourinue (mg/ kg SuuRa ) 922 + 88

ANMULTUTULAALNINTERZANY (Mg/ kg AWUAT ) 336 + 30

Qr‘ﬁ =) 1 o s 1 A )
Naﬂ"liﬁﬂ‘iﬂ']ﬁilll@]ﬂ'h‘]ﬂ'] MNLASNILARTBIAY WUANEUa ﬂﬂ’lﬁﬂlﬁuﬂ’ﬁﬁﬂ‘lﬂ"}ﬁﬂﬁ

A d‘ [} o o Qs d'
farlapiadoriiiy 72 fszduanuslunisuanifounaalasaudiunans (13.4
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meq/100g) uaziitianmduniniaglududuin (<05 %) Walisuiudaysgmumnanyes

a ‘dln Q- AQ Q- =3 [ =3 L}
ATUNAIWNGY (NTUNAIUWINGY 2548) ansazdwduduiimniioauniie (sandy clay

loam) aNUdNTwuaalsNNIR azaNuduTwrasuaallsuseazatoAnuluduiian

¢ e a v 4 o . 4 . a d9 v
ININY 922 + 88 e 336 = 30 mg/ kg AULNRI mLﬂuﬂ'mgmmmmgmqmmwwmlm

{ ] a A [ b L4 L4 s ' d
ﬂi:IU’EﬁLﬁaﬂ’ﬁa gmﬂmmzm&:}mnsw ‘HGﬂ’]%uﬂl‘ﬁ AIULTUDUY ﬂﬂLLﬂﬂLﬁﬂMiu@u@lﬂ\‘lﬁ

1 A AI .2 3 =3 Q- A £
flaifin 37 mg/kg (UIemMAnmienIsunIfaliIns ol uviaTi@ atun 25 w.a. 2547 819019 1%

nIuMUAuNaAY, 2550)

] wn e & a 4 & & \
@13719N 4.2 u,amawmmamﬁmaaﬂpﬂaayﬂmm 3 s b un1sAN¥IATIN Wuin

TsP fitSunaaadaiidudszlonideNrgiqa (838 mgikg ilu) vesaslufia DAP use

o, o & ' ¥V vad
PR @13081ay #anainunwuIn TSP ﬁm’mmmsn'lumsa:mzlmvlﬂﬁ'nq@ I@]Uﬁﬂ’]WﬂTﬁ

8zanu1/3ng (apparent solubility) ApnasMMsudlonuiniuam 12 Tulidrgiga

(log K, = -1.43) Wiaifinuriu DAP usy PR ugasliidnisnismzaraipvasnasivalosaulu

+| = L a Ag/ L2 ¥ o a-r
iln TSP Juwr i fieuled1and1 DAP uas PR G816

- @991 4.2 sndfinsiafizesiladeadanlslunsdnu

To | gav/esdsznauniaied Avail. P Log Kep_
(mg/kg)

TSP | Usznaudas Ca(H,PO4),.2H,0 \ilnidanlng ® | 838+10 -1.43

DAP | (NH,), HPé4 750415 227

PR | Cas(PO,)s(OH, F)’ 677436 | limaninszyla

: Taya2In Chrysochoou et al. (2007)

b S £ # ¥ a a a
gamwazas 1#1sng (apparent solubility) vo91]sWasinG P98I TMIATINIAUREINT

AUITHAY Knox (2006).

¢ LﬁaaﬁnﬂmmL?Tu"ﬁmaaWaaLwﬂlumsa:mUﬂmﬁmuﬂ'mmmmtﬁa 12 7% Jardnin

Ias1navasiITNIsIUATER (10 pg/l)

[] v
4.2 dsz8nSnmzasilaveadasiad 9lwnsdiuaiosuamfsuiivwonluin

1umsﬁﬂmﬂi:§ﬂ%mwmaaﬂUwaaLW@ﬂumsﬂ{maﬁ gIuaaLley innsnaaadlas

WU sua U uTuNTrRz A g LN B Y LLazgﬂLLuumaameﬁuuﬁwuluauﬁaﬁau

LLa:ﬁﬁamsLauﬂﬂWamwm Tﬂmﬁ@maoﬂyﬁﬁnmiﬁnmvlﬁuﬁ ijaﬂ’%mﬂaqmﬂa{wgmw@
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(rsP) dplausnludiouresvia (DAP) uwazfloiuaaina (PR) fmualddadinlus
v -~ - Ay :‘ ] v L% ar a ar
osadauamSoy (PO, /Cd) Hernsfitinny 2:1 wazldszaziaanlunsUSuatins 60 Tu

Nanwmaaaﬁmamlugﬂﬁ 4.1

_ 350 ¢ 14.0
€ 300f @ + 12,0
S 250 f 1100 _
55200k Lgo =
< g) E X 1 %
O 150 £ x 160 =
= g E X ] A
s 100 ¢ + 4.0
Q - b
g 50+ !, +20
- : o~ ]

0 . . : 0.0

Control PR DAP TSP

3Uh 4.1 mmvﬁmﬁmaummﬁUm:a:mﬂLLa:ﬁ'Lamaaau‘luauﬁvlailﬁuﬂﬂ (TARILA)
LLa:auﬁmumnauﬂﬂwamWQ mewssnnmInsnalduns 60 3% unuaaw
AaWa1a (error bar) Ltamﬂ"uﬁmmummgmmaammﬁn 3 41 winldlnng
ugaIlsieann '

i T L% L4 A = { 1] a +|
mngﬂﬁ 4.1 wuianudutusasuaalisanszazatsasnananawnHunsiduile

a Pr A o a  a ' AV oa o+ A e 4 A v
Nagie uma@maLaJamnunwumammvlmmngs laudwalagisia1an Uit vt
uaaLdpuTzazanslagiadoaandann 306 mglkg (zaaauaw) 1% 140, 34, uaz 12 mglkg
\Waidnily PR, DAP, TSP uazaans Indwaan 60 1 arud1en Aaludsz@nsawlung
YSUiaBosvinnusauss 54, 89 LAZ 96 @INENGU HANIINARDITIIAULENSLRLAWIN jifd
Hamnadesiianwillszantnmwlunisdsuisdasiuandisiu lasanusnuirsalunisdsy
] “"A L 74 Qs Qs A/ =y r—Y aQr
whgsmanInSuesiauanun luiesldasi e TSP > DAP > PR YszanTninlunsdsu
Laﬁmﬁtmﬂsi'mﬁummﬂuwaLﬁaammnmsammﬁwaﬂaaauWameaanmmnﬂﬂﬁaa’m
=3 =) J g ﬁl 1 1 ar » » Qs =3 QA 1 Qr d‘
saaianludanilivinds snadasasmsiialfizonnisesiialassunulansi
gula (Knox et al., 20086) ﬂi:nauﬁuiagaamwmsazmsvlﬁmaaﬂquﬁo 3 Biha (@57190 4.2)
LRAIIWLAWIN TSP a:mﬂﬁﬂ@i’ﬁﬁqmﬁmﬁmuﬁu DAP 182 PR G9UBIAITINIIRAIEAIV DY

I} =3 v =3 J wdn: +)

"l,aaauvlamvlmaanmag‘lumsa:mﬂﬂu ﬁLLqumnmu"l@ﬂﬂq@lme TSP sadadlilda
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DAP uaz PR enaday Sevilwandiia Tsp SWamialesaufisrunsasihluldlunmlsu
Laﬁmmﬂmﬁaumﬂﬁqﬂ o SpzamTSuIEd ey danadszanianlunislsy
whssuaaliouluduiida TSP ﬁmgandﬂauﬁaamaﬁlﬁm DAP uaz PR
Lf‘iaomnmsa:mm‘iywaaﬂnﬂamwﬂ Tasawzatefis TSP w3a DAP %uﬂuﬂﬂﬁ
acaoilad axldnsanaanainiduninimeisan (munnsfl 4.1-4.3, Spuller et al., 2007)
lumsdnwrillarinssafiomvasmsacmoawiitonasndinsliuiaios ednwina

1031)pvemnadesmwanuiduniavastn
nIssa1uvavLy TSP 534 Ca(H,PO,),2H,0 tiluava/sznavsulng
Fast reaction. Ca(H,PO,), + 2H,0 == CaHPO,*2H,0 + H,PO, 4.1)
Slow reaction: CaHPO,-2H,0 + H,0 —> Ca,H(PO,);-2H,0 + H,PO, 4.2)
nIaza8YavLe DAP

(NH4),HPO, + Ca’ + 2H20 —> CaHPO,-2H,0 + NH, (4.3)

= ¥ a o 3 a 3 { e
N3N 4.1 wudnsidn TSP uaz DAP flv@teruasiulidaasalafisunufieryes
auinlaidnis lasfilessesssazapniidraassein 7.0 (ganuaw) 1u 6.2 usz 4.6
mendsmnmadiuaiosiiuiag 60 u ludiuer98190L38 DAP uaz TSP anud16y
‘ﬁlﬁ -=; a A a v A A | a J P A t:' a
TupmeRduiidy PR eforlndifssnuiteTednluganiugu uenaninuidundy
& a da € X 4 4 R
TSP danuiidunsanni@niidn DAP ofteraillunmiiasinaniy TSP azaoiald
- -——andDAP - -denalinsanaavieinazsrzeanualugssransdnlulSuamiinvanada - — —
(Chrysochoou et al., 2007; Spuller et al., 2007)
ABnssiadduuaIniTn1ivas Siveria et al. (2006) gnianldlunisfinmgy
6 = =] a & ) [ ar o ar 2]
Wesuvasuaaiiipunwyluduisdauuazndinsdiviatios nammaassdousaslugui 4.2
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100%
80%
60%
40%
20%

0%

Cd distribution

Control PR

# Soluble-Exchangeable surface adsorbed

0 Organic matter Mn oxides

M Poor crystalline Fe oxides @ Crystalline Fe oxides
O residual

A dd' a A A = i " +
3N 4.2 gﬂwﬁmaauﬂmﬁUuﬂwu‘luawq@muqu (vl&ll.ﬂquU) Ltamuﬁmquaatwm

MUARINAINI MLTI81 60 14

P ' A a o " - o e = a 4
nnzU" 4.2 wousadsnluandregefiliiduls wuanfigalugunisgadan
Aaniinua9aunAGu (surface adsorbed fraction) laafiFu1mgenis 614 mg/kg winfadn
% 4 a i A A ¥
08z 64.2 YAIULAMT HUNINVATUAY 31Jwa%’wamﬂmﬁuuﬁwusamﬂﬂﬂa pHNDERRLY
uazuaniUaoule (soluble-exchangeable  fraction) NI=AUAUTNTY 213 mg/kg (3BUAT
A & a AV & a a B d a
22.3 vaIunaLpunInaualudn) mawmsmwgﬂwaswaauamunmwulumummﬂu
a " S‘ A +| O ~ + U v A
V\Iamwmﬁwﬂmunvlmmjw wumnwmuqmamw@ amalmgﬂwa%mmamﬂmﬁwnwu
& i - - 4 . <l ; Iy i
Tududouudasly Tasuaafisaludunfowllaglugyndenuadosnniiv (Ui 4.2)
'] « a A J @ . =3 e A v A =
ama‘lsnmuamwmmjaﬂuuﬂawuagnu"nuﬂmam’nﬂh Tﬂmuammmﬁuugﬂwaﬁmao
o a d. a ) ° v 6 - A a
unatlouluduni@y TSP, DAP uaz PR wWud1 TSP m‘l%gﬂwammamﬂmuwnwﬂumu
a P . = 9 ar P A A oy '
Wamsdouudasluadaiunldtaisninniga T@ﬂgﬂmamﬂmuuum:aanm"lmw LU
soluble-exchangeable fraction Waz surface adsorbed fraction HFNaa8Y ‘lu’um:ﬁgﬂwaﬁl
b . X, g . P ETO A
Ypaunatpunivzaransldsniu 15U crystalline iron oxides fraction URAFIULNNYUDELN
A 4 a a a %5 a X " a @ a 4
N InGuNLGY TSP msaﬂa:rnaouﬂﬂLuUulugﬂmzazmuvlmwmﬂmuvnummnu‘luﬂun
a ' a & A &
LAy DAP amﬂsmugﬂwas‘wuaouﬂmﬁuunwuluﬂumﬂu DAP %:LﬂuEHWa'gu'Uao
wpeudpuivin fAseniudunioiag (organic matter fraction) uazyundainziuuuImila
panlwea (Mn oxides fraction)
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4.3 Namaaﬂ’%mmﬂﬂﬂaa;ﬂmdaﬂs:ﬁn%mw‘lumsﬂ%’nLaﬁﬂmﬂﬂLiizm
=4 a + ' a a a =} -~ °
1umsﬁnmwamaaﬂsmmqwaawwmaﬂszaﬂﬁmw‘lumsﬂsmanusuﬂmmzm Hnsg
d P v o A = a a
nasaslaslSouifsuanutuTunTrazaIsva ALl oY ua:gﬂuuu’uaouﬂmuuuﬂwulu
auﬁoﬁauuama"\'xnﬁtauﬂuwaawm Tﬂnﬂmwamwﬂ 2 phalaun ﬂnvlﬂuau‘[mﬁnuwamwﬂ
+ ~ o A +| \.: =Y L\ v
(DAP) ua:tlumﬂl.ﬂaeqﬂtﬂas‘waatﬂﬂ (TSP) 14899 1N1 IR ITRARINNTONAANVLTUTU
unatRpurzazans laiduasned lapduszanTnwlunisdsuiadosivinnuiaoas 89 uas 96
o ° y e ' 3- L a ¥ &
audIay vinmsudsendasiuluanesiadeaunaiiisy (PO, /Cd) 310 0 ('luLﬂqu) n

1:2,2:3, 1:1, WaT 2:1 MUIAY Namsmaaoﬁouamlugﬂﬁ 4.3

400 100 +
350 +
£ 20 1
£ 3(!) ke E. i
E E 0O0Onp
§ 230 1 = 60+
2 200 + = .
% 150 + 40 ¢
1 [k
0 - + 3 } o + t m } - N 00 E___fﬁ*@f_f '('1 o
g o old LLa )L LN §, = & g R R ] S R
& DAP 3 sP = DAP ISP
PO, Cd(mdeamae) PO,Cd
N 43 enadudusesuaaidousrarasuaciitazvasauludnili@duis (ganiugu)

Ltazauﬁd’l%ﬂ’]ﬂa&lﬂﬂwamwﬂ MERaINN1IAINI Iidwiaan 28 T unuany
& A W v :
Aawana (error bar) uaassiosiunanaspusasdiaio 3 61 win'livsing
LEAIINTAN N BN

n7UN 4.3 wuiwﬂ?uﬁmmaaﬂywam%l@ﬁl‘ﬁﬁua@iaﬂ'nummsnlumiﬂ?umﬁm

-~ v L3 = =3 d' = +| a ﬂ' LR
UAALN Y I@ﬂmﬂmmmwﬂaauﬂﬂmuu’n:azmu‘luﬂunmuqmamwﬂumaﬂaa ma‘lm!u

7= A’ v L3 »
WasWaluySanoundn lwnitives DAP AUl utusaIlaatloussazaoda1aaadann
I A o

360+18 mg/kg LIl 109+17, 92.3+3.0, 55.5+13.1, 34.7+1.6 mg/kg \dadadiulasluavas
' » A' J " a + & o s
NosiWadauaalauda Ay TuaNn 0 (vl.lll,ﬂ&lljtl) Ww 1:2, 2:3, 1:1, W8T 2:1 URIAY
FRSUAUNAN TSP aududuvesuaalliouseaza1oia1aandnin 338441 mgkg Liu
13646 11314, 69.5+10.3, 15.5+0.7 mg/kg ladadinlasluavsainasinadaunailiouiian
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AI ! P a Rd | o ar =Y =Y a
waduan o (lidnde) 1w 1:2, 23, 1:1, uaz 2:1 anadray YszAnSmwlumsdiuiadios
a & a { va . @
Watuldanga Woltdasinlasluavasnesnasaunalouyinny 2:1
a ' a A =) +| 1 & =3 .
myiadftarresin iNedamunavesiloemnadaaninanuduniavasdin wui
a | Q.: " o va a = J A' = o o o ' A " Aa |
maduilansessiia lwaudanmwanadunsaundmlaifisuniviudiagnef liduis
ar 3 L3 ~ . a a a :‘ a +1 A - as S =
asaziuldnnftervesasazasdudanassludunauioilafiouiuiiasyesfnge
A J U o va & U "~ A ~
AuAx (3U7 4.3) wananinuin TSP v lnauianinanuidunisauinninduni@y DAP
i = ) + i a & . va & &
ama"lsnmuwunﬂ‘%mmﬂnwamw@ﬁtwwuvlumlmuﬁmmuJunmmn’uu
NIFNARUUS AU gnﬁmﬂ’fi’lumsﬁnmnama\nﬁmmﬂnwamwmiagﬂm%wm

a o a & o e a o o
Llﬂﬂmﬂ&mwuluﬂu‘ndﬂaullﬂ:%ﬂdﬂimaﬂﬂi Naﬂ’ﬁﬂﬂaadﬂ\mﬁﬂ\ﬂugﬂ?’l 4.4

100% -
. N
B 80% g
. %% - 7
E 60% é
: %
‘B 40% - 7
3 %
; 7
20% -
0% -
DAP .
P04 Cd (mohx“mole)
H Sohble-Exchangeable Sorface adsorbed B0z ane matier
Mn oxides D Poor crystalline Fe oxides B Crystalline Fe oxdes
O Resicdual

‘J ‘J = A + = d‘ ~ +1
A 44 UreSuvesusaiiivanwuluduganiuga (liduds) uazduiidulowemvalu

U

YSUNNENINK NNBRAIINGINI Litduian 28 14

NNFUN 4.4 wui nMadalaWeswans DAP uaz TSP inliguWasuvesuaaiioy
P> a A 4 a o [%
AnuluduiinaaougUly Tasuaaifisulugunazans-uanifoule (soluble-exchangeable
A a o a Y a %
fraction) wazgUfigadanuianinuasennIn@u (surface adsorbed fraction) Huwaliuaaas
a o a s @ P & . . =
lwmndoanuuaadoulugdfdainzivussniiaaanlad (Mn oxides fraction) uaztnan
. . . " ~ v A' ! { a
aanloa (poor crystalline az crystalline iron oxides fractions) Jum liuidvduilaidy

a o . & . a
DAP n3a TSP 1%61%@1')88’1\‘1 uaﬂmnuwmﬂmmﬂawaomeunu‘lugﬂ soluble-
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& a & ’
exchangeable LAy surface adsorbed FIUNINITLINNTUYBI Mn oxides, poor crystalline iLRe
. . . . = [ & A o ,
crystalline iron oxides fractions fuualskuTaiaudu Nadgadulasluavesnesinade
3 A' J ! v ﬁl A L4 &
uaadipulanfaanaint:2 1Jw 2:3, 1:1, uaz 2.1 lesawizadrebalunsdinls Tsp 1iu
s v v # o b A ] ;:J
smaliuatios usaslildwidoveadamausailduaafindfdoullaglugdifanna

a 4
IRDYININVY

4.4 WazasrzpzalnadszansninlunisdSuatasuantdia
lunseinmuavasszoziiasalszansnwlunisdsusissuaaioy vininaanslas

A a v v A A & - o a <

WU N UMD T UNTERZRILTBILAALT BN u,azgﬂwasmjaameuumwuluﬂumnau

LLama‘”\amsLauﬂnwamwﬂ I@Uﬂmwamwﬂ 2 e leun ﬂﬂﬂ%ﬂLTJaeqﬂLﬂas‘WaaLwﬂ (TSP)

LLazﬂﬂvlmLauTmﬁnuﬂamml (DAP) Anuasdadinlas luavesnemadsunailiny
) Qs I3 Qs ) “a i ’ = 4| A=‘ ] as Qr

Winnu 2:1 mmnﬁumamwuﬁmumsmm!ﬂm:Ummmanu NANNINASIAILEAI L
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Evaluation of Phosphate Fertilizers for the Stabilization of Cadmium
in Highly Contaminated Soils
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Abstract

The efficiency of three phosphate fertlhzers—tnple superphosphate (TSP), diammonium
phosphate (DAP), and phosphate rock (PR) has been studied as stabilizing agents of
cadmium-contaminated soils. Stabilization performance of each fertilizer was evaluated
based on two types of criteria: (a) the reduction of leachable cadmium concentration; (b)
the changes in Cd association with specific operational soil fraction based on the sequential
extraction data. Treatment efficiency is as follows: TSP>DAP>PR. After 60-day
stabilization, the leachable concentrations of Cd in PR-, DAP- and TSP- treated soils
reduced from 306 mg/kg to 140, 34, and 12 mg/kg. The addition of PO, fertilizers,
especially TSP, reduces the soluble-exchangeable fraction and the surface adsorption
fraction according to the assessment of Cd speciation in the untreated and treated soil via
sequential extraction procedure. This decrease corresponds to an increase in the forms of
cadmium that are more stable: the metal bound to manganese oxide and the metal bound to
crystalline iron oxide. Treatment efficiency increases as the phosphate dose (based on the
molar ratio of PO,/Cd) increased. Stabilization was most effective when using the molar
ratio of PO4/Cd) at 2:1 and at least 21- and 28-day stabilization time for TSP- and DAP,
1espect1vely

Keywords: immobilization, stabilization, heavy metals, cadmium, contaminated soils,
fertilizers
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1. Introduction

Contamination of elevated-heavy metals in soils can adversely affect soil ecology,
agricultural productivity, quality of agricultural products énd water resources, human and
animal serious health problem [1]. Improper management of the metallurgical industrial
wastes and the mining wastes often causes the soils to be contaminated with toxic metals,
e.g. Cd. Increasing awareness ofA the environmental and public health hazard of toxic
metals pressurizes society to develop management strategies to remediate or restore the
contaminated area. Among available remediation technologies, chemical stabilization
appears to be an alternative technique that is seen as cost-effective and environmentally
sustainable. Stabilization is based on the modification of pollutant characteristics (e.g.
speciation, valence) and soil properties (sorption capacity, .bu'ffen'ng potential, etc.) by
addition of immobilizing agents [2]. The principal aim of stabilization is the reduction in
the bioavailable fraction of the metal(s) either through increased ‘metal sorption and/or
precipitation, or through the formation of discrete mineral [3-5].

Phosphate treatments have been shown to effecti.vely stabilize toxic metals
-~ particulafly “for “Pb*" ~frotmn contarninated ~soils 3,” 5-6]7Sotirces of ﬁh‘(j§phﬁt€“f6‘f’“ S
stabilization include POs-containing minerals (e.g. natural or synthetic apatites, and
hydroxyapatites) and soluble f’O4 such as phosphate-based salts and phosphoric acid. Upon
dissolution of phosphate, leachable metals in contaminated soil react with phosphates
forming metal phosphates with reduced solubility and enhanced geochemical stability in a
wide range of environmental condition [3]. This mechanism has been widely observed in
the case of Pb-contaminated soils where formation of lead phosphate minerals,
pyromorphite, upon addition of phosphate has been confirmed using X-ray adsorption
spectroscopy [7]. Stabilization efficiency can vary according to types of contaminant.

Addition of triple superphosphate along with a high-Fe-by product reduced the in vitro
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extractable Pb in the soil, however, plant Cd conéentra’tioh in the same treatment were
increased over the untreated soils [8]. In case of mineral apatite, the material has shown to |
feduce the solubility and'bi'oavai‘lability of Pb, Cd, and Zn in contaminated soils [9]. In
contrast, McGowen [10] found that apatite treatments are m‘bstly ineffective for reducing:
thé release and transport of Cd and Zn from contaminated soils. The different findings
particularly on Cd-stabilization suggest that the effectiveness of using phosphate té

immobilize other metals such as. Cd is not well understood. Further research on Cd- .

stabilization with various phosphate sources is needed.

In addition to iypes of contaminant, different phosphate sources with different
solubility may also impact the effe_ctiveness of metal stabilization [3]. The use of feadily
soluble phosphoric acid in combination with moderately to less soluble phosphates like
Ca(H,PO,), or Phosphate rock facilitated the effectiveness of Pb stabilization [3j. Wang et
al. [11] have shown that phosphate-based salts such as CaHPO4.2H,0, Na,HPO,.12H,0,
and MgHPO,.3H,0 reduced the leachable Cd, Cu, Ni, Pb, and Zn, however, both Na- and
Mg phosphate-based salts were not as effective as CaHPO4.2H,O. While phosphates

-~ "~ containing  minerals “and ~phosphate-based~ salts™ have ~been~widely “tested” on “metal” " ~- i
stabilization, efficacy of phosphate fertilizers that may cost less than phosphate minerals
and phosphate-based salts was less studied.

The objective of this study was to evaluate the efficiency of three commercial
phosphate  fertilizers—triple superphosphate (TSP), diammonium phosphate (DAP),
phosphate rock (PR) as stabilizing agents of Cd in highly contaminated soils. Factors
affecting treatment performance such as phosphate dose and stabilization time was also
investigated.

2. Materials & Methods

2.1. Soil collection and preparation
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The soil used was collected from a rice-paddy field, Prathatpadeang Sub;distﬁét,
Mae-Sod District, Tak Province. Approximately 50 kg of composite sample was excavatedv-
from the surface and to a depth of 15 cm. The soil sample was transferred to plastic bags A
and transported to the labor‘atory. The sample was air-dried, homogenized, sieved to a
<2mm. Preliminary studies on physical and chemical properties of soils have shown that
total Cd concentration was approximately 9 mg/kg which is below the soil quality standard '
for habitat and agriculture [12].

To meet the study objectives as stated above, we decided to synthesize a highly
cadmium-contaminated soil. The soil was synthesized by adding 500 ml of Cadmiﬁrﬁ )
nitrate solution into 1 kg of air-dried soil to yield a concentration of approximately iOOO .
mg/kg. The soil was mixed for being homogenous by shaking overnight, then léa\}ing at -
room temperature for one month with frequent thorough mixing. After that it was air—dri{ad :
and kept in plastic containers for physical and cherrﬂca] characterization as well as
subsequent stabilization tests. |

2.2. Stabilization treatment

"=~ ~Three types—of ~phosphate fertilizers=TSP, DAP; ~and—PR=obtained from local -~ - S—
fertilizer suppliers were evaluated for its stabilization efficiency for available cadmium in

soils. The phosphate dose was calculated based on the molar ratio of POy ions in fertilizer

to the total concentration of Cd in soil. Each stabilization test included 1 kg soil, a
predetermined weight ratio of phosphate fertilizer to dry soil weight, and amounts of water

sufficient to reach soil saturation level. All materials were thoroughly mixed in a plastic

container. The containers were systematically hydrated and kept saturated in order to

promote the chemcal reactions between cadmium ions retained in soil and the phosphate

additive. Five molar ratios of PO,/Cd were tested: O (no addition), 1:2, 2:3, 1:1, and 2:1.

Soil samples were collected 5 times over 60-day tested period.
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2.3. Chemical tests

Following the treatment of soil with phosphate fertilizers, representative samples K

from each container were subjected to several leaching tests, in order to evaluate the
efficiency of phosphates for the immobilization of cadmium-as well as the availability of
cadmium.

2.3.1. Leaching Test

Toxicity Characteristic Leaching Procedure (TCLP, SW-846 Method 1311)_ [13]'
was conducted to determine the quantity of leachable Cd prior to and after the soil
treatment. TCLP using fluid I (diluted glacial acetic acid, pH=4.93) was carrie(.l“ out with -

scaling down the amounts of soil and leaching solution. Therefore, 1 g of soils rather.than

100 gand a correspdnding reduced quantity of leaching solution were used. '

2.3.2. Sequential Extraction Analysis

The sequential extraction developed by Siliveira-et al. [14] was émployed to
estimate the availability and chemical speciation of Cd in the treated and untreated soils.

This procedure was developed for tropical soils and extracts metal associated with seven

Tractions: (1) soluble-exchangeable, (2) surface adsorbed, (3) organic miatter, (4) e€asily ~ -

reducible Mn oxides, (5) poor crystalline Fe oxides, (6) crystalline Fe oxides, and (7)
residual. Sequential extractions were carried out in tripiicate, using 1 g of air-dried soils.
Soil samples were placed in 80 ml polycarbonate centrifuge tubes, mixed with various
reagents in a stepwise fashion, and the suspensions equilibrated as described in Table 1.
2.4. Fertilizer, Soil and leachate analysis

Each fertilizer was analyzed for pH, available phosphate and apparent solubility.
pH of fertilizers as well as soil pH was measured in 1:1 soil/water (w/v) suAspensions.
Available phosphate in soil and fertilizer was determined by colorimetric method using

Bray II solution [15]. The apparent solubility was determined using method as described
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by Knox et al. [16] with the following exception: PO, ions were analyzed by colorimetric -
method using Bray II solution.

Soil texture, total cation exchange capacity (CEC), organic carbon of the bulk soil
was determined using a hydfometer method, ammonium acetate method, and wet éxidation;
respectively, as described in Department of Land Development [15]. Total cadmium
concentrations in soil were determined through a total microwave digestion of 0.5g of soil
with concentrated acids (6 mL of HNO3z and 6 mL of HF). The resulting extracts as well as
extracts from the sequential extraction procedures, and soil leachates from TCLP were
filtered through 0.45 pum membrane filters, acidified with HNOs, and stored at 4°C until
analysis. Cadmium  concentrations were analyzed by Flame atomic absorptioi_l.
spectrophotometer.

3. Results and Discussion
3.1. Characteristic of the soil and fertilizers used in the experiment

Table 2 shows selected soil characteristics of the testéd soil. The pH value of the
soil was 7.2. It is very poor in organic matter containing less than 0.50% of organic carbon.
‘The soil fraction <2mm is characterized as sandy clay loam.™ Total Cd concentration -
extracted by U.S.EPA Method 3050b was 922+ 88 mg/kg. The TCLP leachable Cd
concentration was 336+ 30 mg/kg.

Chemical properties of tested phosphate fertilizers are shown in Table 3. It was
found that TSP with higher calculated log K, is more soluble than DAP and PR. This
observation implies that dissolution of phosphate ions from TSP easily occurs compared to
DAP and PR.

3.2. Influence of Phosphate sources
Treating the soil with phosphate fertilizers causes a pronounced reduction of the

TCLP leachable Cd concentration compared to the control soil (Figure 1). The mean
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.cadmium leachable concentrations reduced from 306 (control) to 140, 34, and 12 mg/kg
(54, 89, and 96% reduction) after 60-day stabilization of the contaminated soils with PR,
DAP, and TSP respectively. Variation in treatment efficiency is due to individual.
dissolution of phosphate fertilizers (Table 3). Among the tested phosphate fertilizers, PR is »
less soluble compared to DAP, and TSP. This makes PR less reactive in supply phosphate

to immobilize cadmium. _

Since dissolution of phosphate fertilizers particularly TSP and DAP yield the
release of phosphoric acid [17], the pH of treated soils was then measured in order to . |
evaluate the degree of acidiﬁcafion due to the application of phosphate fertilizer. . As seen |
from Figure 1, the decrease in soil pH was observed only in the TSP-, and DAP-amended »
soils compared to the control set. The pH values of the TSP-treated samples were lower
than the pH values of the DAP-treated samples. This is due to the higher release- of
phosphoric acid by TSP which its composition consists mostly Ca(H2P04).2H20'[17"18].

To investigate the efficiency of the tested phosphate fertilizers in greater details,.
sequential extraction analysis was abplied to both the control and the treated soil. Results
* -are shown in Figure 2. In the-control, the most abun‘dant“,fra‘cti'on"of"cadmjum“wa‘S‘the'; T
surface adsorbed fraction which was 614 mg/kg and made up approximately 64.2% of the
tota] cadmium content. The next most abundant fraction was the solublé-exchangeable
fraction at 213 mg/kg (22.3% of the total cadmium). Compared with the control, addition
of all tested phosphate fertilizers induce a shift of the mobile forms of cadmium toward the
forms of cadmium that are more stable, however, the shifting degrée occurs at different rate
depending on phosphate fertilizers. In the TSP-treated soil, cadmium was significantly
shifted from the soluble-exchangeable/surface adsorbed fractions to the manganese oxides

as well as the poor crystalline and the crystalline iron oxides fractions after 60-day
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stabilization. Sirrﬁlgr results were observed in the DAP-and PR-treated soil, however, the
changes occurred at the lesser extent..
3.3. Influence of phosphate dose

Influence of phosphate dose on stabilization of cadmium was tested on two
phosphate fertilizers- DAP and TSP since both of them effectively reduce the leachable Cd
concentration with 89 % and 96% reduction (Figure 1). The variation of Cd leachability as
a function of phosphate dose is shown in Figure 3. Generally, the leachable Cd
concentration in both DAP- and TSP-treated soil decreased after 28-day stabilizatidn as the
phosphate dose (based on the molar ratio of PO, to Cd) was increased from-O (no ad&itiOn)
to 1:2, 2:3, 1:1 and 2:1, respectively. The most effective dose with the gféatest Cd
reduction (90% for DAP and 96%) was 2molar PO, : lmoiar Cd. Comparison between
DAP and TSP at 2:1 PO,4:Cd ratio, it was found that DAP was not as effective as TSP siﬁce
the Cd leachable concentration in DAP-treated soils were higher than that the éoncentration
ins TSP-treated soils (34.7+1.6 mg/kg vs. 15.5%0.7 mg/kg). The difference could be due to
the more soluble of TSP than DAP resulting in greater dissolution rate of phosphate to

Soil pH was also measured to determine the effect of phosphate dose on soil acidity.
It was found that additions of both DAP and TSP did reduce soil pH , however, the change
in soil pH was insignificant even the phosphate dose was increased (Figure 3).

The ~resu1ts of sequential extraction are presented in Figure 4. It was found that both
TSP and DAP causes a shift in Cd association with specific operational soil fractions
(soluble-exchangeable, surface adsorbed, organic matter, sorbed on ferfomanganese oxides,
and residual). . Compared with the control sets, the Cd concentration in soluble-
exchangeable fraction and surface adsorbed fraction was decreased while the increase of Cd

associated with manganese and iron oxides was observed in both DAP- and TSP-treated
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soils. In addition, the shift in Cd speciation was clearly observed once the i)hosphate dose
(based on the molar ratio of PO, to Cd) was increased from 0 (no addition) to 1:2, 2:3, 1:1
and 2:1, particularly when TSP was used as stabilizing agent.
3.4. Influence of stabilization time
| Figﬁre 5a showed leachable Cd concentration from TSP- and DAP-treated soil at

various stabilization times. Decreasing trend of leachable Cd concentration was observed -
with increasing stabilization time from 7 to 28 days. In TSP-treated soils, leachable Cd
‘concentration was insignificant difference when the soil was stabilized with TSP for at least
21 days. In case of DAP, it was found that leachable Cd was lowest when using
étabilization time for at least 28-day. The longer stabilization time for DAP is related to the
slower dissolution rate of DAP compared to TSP. Both fertilizers yield a decrease in soil
pH compared to the control soils, however, the extent of pH reduction was greater in TSP-
treated soils than in the DAP-treated soils (figure 5b). Increasing stabilization time did not
result in further reduction of soil pH.
4. Conclusions

"~ =~ =~ ~"Phosphates™in fertilizer form as TSP,"DAP and PR reduced-cadmium-dissolution and"
transport from the highly contaminated soils. All tested fertilizers decreased the leachable
Cd concentrations and the mobile forms of Cd in the contaminated soils as evidence by the
TCLP and the sequential extraction tests. The stabilization efficiency varied depending on
types of fertilizers with ranking orders as follows: TSP>DAP>PR. Stabilization efficiency
appears to corrélate. with dissolution of fertilizer. Fertilizer with greater dissolution rate as
TSP provided the most effective for immobilizing Cd eluted from the contaminated soils
when compared with the untreated soils. PR with lowest apparent solubility compared to
DAP and TSP had a similér effect on reducing the leachable of cadmium but with lower

efficiency. The required dose of DAP and TSP to yield greater than 90% Cd reduction was
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found to be around the molar ratio PO4/Cd = 2 mole/mole. The Cd leachable concentration
had a greater than 90% reduction after 21-day stabilization for TSP and 28-day stabilization
for DAP. Although DAP and TSP prdvided effective immobilization of Cd in highly -
contaminated soil, application of both fertilizers did result in‘soil acidification in this study.
Cc‘)—application of liming materials with phosphate fertilizer, particularly TSP is necessary

to offset soil acidification from the fertilizer application, especially in non-alkaline soils.
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Table 1 Sequential Extraction Scheme for Cd in contaminated-soils®

Step Fraction ' Extraction procedure

1. Soluble—ex_chlangeable 15ml 0.1M CaCl, (2 h, room temp.)
Surface adsorbed 30ml IM NaOAc (pH 5, 5h, room temp.)
Organic matter 5ml NaOCl (pH 8.5, 30 min., 90-95°C)
Mn oxides 30ml 0.05M NszH/HCI (pH 2, 30 min., room t_emp'.)

2
3
4
5. Poor crystalline Fe oxides  30ml 0.2M oxalic acid+0.2M NH, oxalate (pH 3, 2h, dark)
6 Crystalline Fe oxides 40ml 6M HCI (24 h, room temp.)

7

Residual HNO;-HCI digestion (SW-846 method 3050b) [14]

Adapted from Silveira et al. [1]

Table 2 Selected Characteristics of the soil used in the eipériments

Sand Silt Clay Total TCLP .

CEC OM | fraction fracti0n> fraction | Cadmium | Cadmium

_PH | (meg/100g)| (%) | %) | (&) | (%) | (mgke) | (mg/kg)
7.2 13.4 0.49 45.2 280 (EP/N298 922+ 88 336130

Table 3 Chemical properties of tested phosphate fertilizers

Phosphate source Abbreviation Chemical composition Lo g Ksp

Triple Super Phosphate ~ TSP Mostly Ca(H,POQ4),.2H,0? -1.43

Diammonium Phosphate DAP (NH4), HPO4 -22.7

Phosphate Rock PR Cas(PO4)3(OH, F) also with CO;*  not specify”
substitution®

? obtained from Chrysochoou et al. [18]

® Jog Ksp can’t calculate due to phosphate concentration in the solution was below method
detection limit.
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FIGURE LEGENDS

FIGURE 1. Leachable cadmium concentration and soil pH in control and phosphate-
amended soils after 60-day stabilization. PR: phosphate rock; DAP: diammonium

phosphate; TSP: triple super phosphate.

FIGURE 2. Relative Cadmium distribution in the control and phosphate-amended soils
after 60-day stabilization. PR: phosphate rock; DAP: diammonium phosphate; TSP: triple

super phosphate.

FIGURE 3. Leachable Cd concentration (left) and _soil pH (right) in control and treated
soils at various phosphate dose after 28-day stabilization. DAP: diammonium phosphate;

TSP: triple super phosphate.

FIGURE 4. Relative cadmium distribution in the control and treated soils at various

phosphate dose after 28-day stabilization. DAP: diammonium phosphate; TSP: triple super

‘""‘"phb‘s’phatt:‘.‘""“‘”“‘ P TN G\ g I e L 77 - -

FIGURE 5. Leachable Cd concentration (a) and soil pH (b) in DAP-treated soils () -and

TSP-treated soils (o) at various stabilization time.
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