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Solubility of Phosphate Rocks and The Effect of Zeolite and Silica on PRs Solubility
in Acid Upland Soils
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Aiingatuedwidud Agnsaindeduluiulneamns unuiilanuanisgaiu P g n1sladlelasaui
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Abstract

Direct application of Phosphate rock (PR) has long been recommended for rubber and fruitcrops
in acid upland soils of southern Thailand. The objectives of the study were to determine 1) thesuitable
extractants for PR solubility testing, and 2) the effects of zeolite, NH4+-saturated zeolite and Siin combination
with PR in acid upland soils. The reactivity of 4 PRs were extracted using 3 standard extractants namely,
2% Citric acid (FA), 2% Formic acid (FA) and Neutral ammonium citrate (NAC), the extracted P level were
ranged according to the PR potential thresholds. An incubation study was undertaken to determine if
zeolite, and NH4+-Saturated zeolite or Si in combination with PRs could significantly enhance the solubility
of 2 PRs. were incubated with 3 different acid upland soils. The increased of available P were measured
after the soils were incubated for 36 days at field capacity.

The results shown that 2% CA was found to be a suitable extractant for PR reactivity test, The 2 PRs
when incubated in 3 acid upland soils also yielded a significant increase in the level of available P. Adding

of zeolite and NH4+—saturated zeolite enhanced the level of available P, making it higher than PR alone.
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The extent of the increase in P level differed in different types of PR and soils, with the strongest effect
found in high phosphorus buffer capacity (Ak and Kbi) soils. This was due to the dissolved P and Ca®’ from
PR being removed by soil and by zeolite respectively, and as a result, PR was allowed to be continuously
dissolved. Increase in P availability was also observed in the PR/Si treatment, but the increase was lower
than the effect of PR/zeolite treatment. The results of this study are useful for the management of PR

application in acid upland soil of the regions.

Keywords: Phosphate rock, solubility test, zeolite, NH4 saturated zeolite, silicon
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AunammeL (acid upland soil) wilunalfaasisymelnetlszann 27 dwls (quna uaziasey, 2537)
dneyluufuganteasdaulvaflflunislgnansmn Wuauazldiuiu dupuidnsyissansfuag
1LR1949 ﬁﬂﬁﬁmmmiﬂi:amnﬁLﬂuﬁhﬂuauﬁfaﬂmn Usunniianleeeuiuanidaeldadaulnn iy
laTasiaulanau (H') vieszqivilenau (AI°) auﬂmﬁ'm@umm”]ﬁwuﬂmuwmmimmmravxlmvxlfaé‘”@
atnaguu (IMniRdiazAides 2554) wanantnisldneanasalugassimeiiiazatudilddng fifgun
naAnlfiseannzneuuazgnesaiuadslsznaunInInanazgii uazusAumien inlineanaiaaglugl
flaiidudlslanifufaasraialuglrasiudeams (PR) Falsangnndnlugduesilaini azdonan
nasisaseaniesaluiu nanslanddeseanuiatineing ludulasialiinnwudinisazainrasesriasa
andunaginndnazdiinly 13iLWEN‘WQLL@”ﬁu&i'ﬂﬂ“ﬁ’m[ﬁf‘ﬂﬂﬂ’]ﬁ"ﬂ'ﬂ\iﬁﬂLﬁ?iﬁ“ﬁﬁ’ﬂﬁﬁ@ﬁﬂg’u agnglaninnluy
AN AUNIATinauli RS eLE Uszanininvesdadiunaain (agronomic effectiveness) anaaz R LAe
ﬂUﬂﬂLﬂNVI@”ﬂ’muﬂﬁ\‘ﬂﬁl (Hammond, et al., 1986). uﬂﬂmﬂumﬂmﬂquMLWm"Lumumumummwu
pH SN LL@%@@@QWNLﬂ%WH%@G@QNuN (Chien and Hammond, 1978).

Sunagmpinyludssmalng 3 2 dssinn Ae 1) uneamafdlufiunzniau frlaanaiaanus
25-35% P O_uag uW@@Wm@mﬂuﬂavimmwm 2-5% P O, uaz_ 2) MuV\I@memnmmamummw
(guano dep03|t) sﬁqmmmﬂmmqmq vm‘vxlfamwmﬂ@%nmumﬂ@mmmmwm'ﬂivmm 20% PO, LT
Waanasan utlsslumiTilssanns 10-15% P O, mmmwuﬂmLWmﬂivmmLa‘ﬂmﬂ (LV]F]IuIZWLL@”ﬂEI 2538)
Lumf«mnuuw'a@LwmmmemmumﬂﬂmwmwLﬂuﬂﬁvimul,mnmwﬂumnLmlalumuimmq 163
arnaulalunisdnsnisazanglsizesiureamnluansainsae eldiflufTsnuazdnanfunisazans
181 (solubility) mmuuvxlamvxlmmmmmmj (Leon et al., 1986) Chien and Hammont, 1978 WUIN&194NA
Neutral ammonium citrate (NAC) (zmmm\m 2) LAY 2% Formic acid (FA) pH 3 THANANNENAUSALNaNAR
m@qwmﬁﬂuwﬂqﬂlunizawq wazasne] mﬂ@uniw,l,ﬂmwmmimmmﬁ NAC uaz 2% Citric acid (CA) #1915y
nnsazangldaasiunagmnannunaslutlszmalng felifinnmageumanuduiusszuinediatnldann
ansafinmani] ﬁuﬁ?uﬁmmm:mﬂé’ﬁ@’ldmiﬂhﬁummﬁmuﬁ'zﬁﬁﬁmlumﬂlﬁ

nsldruneamnsoniuanstiulgsiu wu lalas (zeolite) Wa nsnTaAaLU (silicic acid) ANMN9D
inlszAninmaesiunaamald (Allen et al., 1993) iiasanilelaifuusezgiuidainadnuigagenn
uAz CEC g9 (100-300 cmol kg anunsauaniasunanlesauldd welddlelasauiuiunaamnlusiu

anfmqummwmwmmw«’mw\Imiﬁ’f‘ﬂmm‘ﬂ@i@mmumﬂummmumewu (Ca®) mim@mﬂgmmm@
avaneasiunaama Haszdunisausveaadenlugsazanafuanas M Usansazae109diu
WesailwliFasinssaiiles (Deer et. al., 1963) wananiganydn diel43le lasTausagae NH, " $ouri
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Huneawn axinlivaaneiaazarseanunldgandinisldilelas-iuneamn vsadunesmaiiesatinaien
(Allen et al., 1993).
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Wuinsuiuudad1dfizensansendne Siand P luAuazdaaiinnisazaeliaessngivans
nsld si lwdndosannisgedu P aashu naenizluduiiunss wazidoulunisaanisgedy P TuAuduans

X A a A o . ~ | d' o Wy v o X e aaa
(sub soil) Tnendafuinisgady Si aziinisdantaes P ignaaduliaanunlianau iesaindjisen

Py = v a | a o A % X
nsununayyaneamngniialiluiungreenuneyluaisazatsfnuavidulsslamiiuigld wenannil
fanudn3unnures P azidudsslamilauindwiellsunn Si AnnA19 (residual silicate) TuAANTL
(Silva, 1971; Haynes, 1984).
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1. nmsAnsn1sazatglnurasiunaginn

1.1 'ﬁnwmuﬁﬁmmﬁu‘w]mW\ImvmLL@'f‘i‘wmimﬂmazﬁuﬁq@ﬂ'wﬁuWMw\lmﬁ'ﬁmﬂuﬁmmmm
4 ﬁqaﬂ'wLﬁ'faﬁLm%ﬁmﬁﬂimﬂuLL@wmmwmﬁImﬂ?ﬁ (X-ray Diffractrometer, XRD), X-ray Fluorescence
Spectrometry (XRF) LLZ\IQ,U?‘N’]E‘IA P fausnlaeid wet digestion (HNO_/HCIO,) wazdmilsunos P Inedd
Vanadomolybdate mmqmau 420 nm.

12 Anmansaind dulusadirnisazandldaasiiurammnn 3 38alEWR 2% Citric Acid (CA), 2%
Formic Acid (FA) ua¥ Neutral Ammonium Gitrate (NAC) &siAannsusensail

1) 2%CA Tmmj{i citric acid (99%) 40 g LL@?&?J?U‘]J?MQA%QEI‘LEW distilled, deionized (DI) Wl
2,000 mL.

2) 2% FA AA&NIAE§IE FA (85%) 47 mL L5 Funmsdaein DIy 2,000 mL.

3) NAC azane 370 g crystalline citric acid 11 DI water NNN1IAUANTAZANE LAZLAN ammonium
hydroxide (28-29%) 345 mL Uaee l¥ifulugnmnives Ui pH 71 7 Taa’ld citric acid it NH, OH ud1l5u
15umaiilu 2,000 mL g DI water

Fannsannluudazansatn Tnadainatieiunagnm 0.4 g Tu centrifuge tube 2u1A 50 mL
Lﬁummﬁ”@ﬁm 7 lugmandan 1:100 Tmmﬁmm v‘hmmﬂ'mmu end-over end finaatlsvanay 15-30 rpm
mmmwm fluman 1 9ol u,mmmemwmumqmwmmm 2500 rpm mmmymﬂmuwlmmu
N3EAENIRALEF 5 UARYAIBLNT ¥nn3afn 3 AR (sequential extract) Fasiei neRnasaRnAsT 2 uas
3 lunaendating weuaznsed luvinusaRaafuRINafaRLen (Chien and Hammont, 1978) dn7azans
‘1/le®‘1’]\‘1 3 m\‘imiﬂfammvumﬂ?mm P Aneid3 vanadomolybdate Tmmmm visible spectrophotometer ‘1/1
m\m@u 420 nm.

2. nsAnmananarasilalad uaz Si santsazaglnvrasiunasinm
2.1 ansufutlpahuilalas au1a <0.002 Hadiums uazEaAau (Si) 1A <0.5 qadlumg mwﬂ@"l,am

o

Mausa fow NH "izanlaeiiin 1M NH CI asludlelast e lsidaiu 3 A5 1 8z 48 49l udeanntiudng
ﬁwﬂﬁmfamqmm@im Mercer and Ames 1978) WAz Haanldusia
2.2 lunnsuufy faududlelas, Flelasfausadas NH, " uaz Si Imﬂﬁmﬁ@ﬂﬁuw'amm 2 M9

(PR1 uaz PR2) 'Vlmmmmemmmvmﬂmmmnmmﬂm 2% CA Y3 P mm@@nmunmmmu‘wmnﬂmw
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nsgaduaasaawaia (phosphorus buffer capacity, PBC 1nei33 Ozanne and Shaw, 1967) uansneiu
A1 3 YRR AB TARUEINAN (AK) Nzl (Kbi) uaz ABME (Kh) (Table 1)

Table 1 Physical and chemical properties of three selected acid upland soils in the Southern region of
Thailand (301571 uaz3i@as 2554).

pH Texture Clay PBC' AvailP OM CEC Ex.Ca Ex.Mg ExAI Fe203

1:5H.0 (%) (mg Pkg") (9kg" (c mol kg™) (9kg’)
Kh  4.88 SL 12.20 7 10.23 7.90 0.80 0.21 0.18 0.59 2.8
Ak 5.00 C 41.66 16 341 15,50 5.28 0.23 0.56 0.94 4.1
Kbi  4.94 C 49.36 62 3.63 2150 9.08 0.91 0.68 1.94 8.9

'PBC: Phosphorus buffer capacity, (Ozanne and Shaw, 1967).

Table 2 Description of incubation treatments applied in 3 acid upland soils.

Treatments
T0 A1 500 g (Control)
T 714500 g + PR1 (800 mg P kg™)
T A1 500 g + PR2 (800 mg P kg™)
T3 A1 500 g + PR1 (800 mg P kg') + Zeolite (ratio PR : Zeolite = 1:7)
T4 A1 500 g + PR2 (800 mg P kg'') + Zeolite (ratio PR : Zeolite = 1:7)
T5 714500 g + PR1 (800 mg P kg”) + NH4+- Zeolite (ratio PR : Zeolite = 1:7)
T6 71 500 g + PR2 (800 mg P kg) + NH4+— Zeolite (ratio PR : Zeolite = 1:7)
T7 A1 500g + PR1 (800 mg P kg™) + Si (PR: Si =1:8)
T8 fil 500g + PR2 (800 mg P kg™) + Si (PR : Si =1:8)

Note: PR1 and PR2 were selected phosphate rocks with high solubility rate in 2% citric acid extract.

33nstnAY TatnAuRsa Ut UAZINTuIA 2 TRLAT S1UIU 500 nFunaNiUiunaga
2 &m31 1iun 0 (control) waz 800 mg P kg soil (ﬁ’mﬁﬂﬁn@\iﬁuW@me ANUATLANN total P 1essiunaamnm)
A15uN1INAaesdielast LLZ\]“’ETJI@VL@GIV]@NMQ@QEI NH, Aldsaufuiiunesinm 14ensaau zeolite YER
NH “zeolite saduUNaaLWm WwinAy 1:7 Tmﬂm‘wuﬂ (Harry et al., 2002) 491 Si 11ludmns 1:8 Tmﬂm‘wuﬂ
(°nm_| AN UATAUAUN 2557) ynnstinAlun s sansIanRiiANEN9 20 T, AINKNENS 6 1A,
i LL@uﬁ‘ﬂH’lﬁ‘vﬂUﬂ’)’mmuﬂl’ﬂ\‘lLLW@wﬁﬂﬂuiﬂﬂﬂﬂﬂQﬁM@@uﬁN luusiazganulsznauman 9 mi‘umawmm
(Table 1 Wamua 27 fnFulu 3 TARY) NINIINAARY 3 1 uasLFLFRt AL EAINITLIL 36 U e
seaudnaninandulsslaaansiunaannang 2% CA (Table 2) LATNINITIATIZHHANINADALLL
completely randomized design (CRD). uag WReuFauAedslngda DMRT Inaldlisunsy R 2.12.0.
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1. asfdsznaumeusaasiunasinm

HAANNNTILATZY XRD Tasiiunaamafidndenannnistszifuiiedi S1u0u 4 mswdn asdilsznen
daulunjifluug hydroxyapatite, (Ca, (PO, (OH), ), uaz Crandalite (Ca, MgAl,(PO,) (OH),.12H 0) uaz/
WsaMontgomerite (CaAl [PO,), (OH) H,0) uﬂﬂmﬂumwmwﬂuj i Calcite (CaCO,), Dolomite CaMg
(CO,) uaz Quartz(SiO,) (Table 3) LN@LV]EUHUM%W@@LWﬁlm\‘i‘ﬂ‘:vmﬁ mmu%mmmmmLumﬂwumvn@u
IL§ apatite uﬁqmuammuw‘im Carbonate HlAsaisesndnduden uaziinsunuiives Ca ng Na uas
Mg Ugeu1ne 10% Ca yanani F m\imum@mmmuwim OH’ i iunaalnm Bayovardeposite (sechura)
a9Atlsznaun1aAlaadus apatite fnsunuidangnenadouldssl Ca,, (Na.Mg) (PO4) (CO,)F. 138
ammiﬂm@wuw@mwm Ca, (PO,CO,) (F.Cl. OH), (Zapataand Roy, 2004).

Table 3 Chemical characteristics of 4 selected phosphate rocks.

X-ray Diffractrometer (XRD) X-ray Fluorescence Spectrometry (XRF) % Total

Minerals composition P Ca Mg Si Al Ca0 002 on5
Hydroxyapatite, Calcite,

711 38.28 Trace 0.69 0.95 28.40 11.07 7.08
Crandalite, Montgomeryite

Hydroxyapatite, Calcite, Crandalite,
2 L1815 & /2510 1.24 9.85 2.54 36.08 18.51 22.57
Montgomerite,Quartz, Dolomite

PR3 Hydroxyapatite, Calcite, Quartz 0.76 20.30 0.60 - 8i32ldml3-25 53.57 37.85 5.54

PR4 Hydroxyapatite, Calcite, Crandalite, Quartz =~ 2.87 31.08 Trace 7.46 1.14 43.49 2.47 2.43

Average 5.47 28.86 4 7.83 1.97 40.38 17.47 9.41

Anleatreefilszney Tushetsfiunaawln wudndl P.5.47 % Ca 28.86%, Si uay Al Wiy 7.83
WAY 1.97% ANNAALEIYN Mg ﬁ@fﬂmzﬁuﬁﬁmmnLﬁﬂLﬁﬂuﬁuﬁquLWmﬁwuiuﬂi:Lmiwﬁqﬁm Mg
BYITUING 0.13- 2.14% H P ‘;Tmmrag'iwdw 11.18 = 34.66 % P205 (duNFas", 2528) Fatnsdiunagiad
Anwnmsail anulun sz P wanuaRaudsnmn (Table3) HiNe PR2 WinTuiilaana Sareunamintuda
Aedtesiuneamalaeialiie 22.57% P205 lurnziduneawasielsymaiAedsvesaanesa
Famuawiafy 31.72 % P205 (Van Kauwenbergh and Mcclellan, 2004) uasaaneianfudls:lons
(0.65- 6.75 % P205) (AUnNias, 2528)
2. g3dnafdsAnsazarglsrasiunasnn

nsazaneldesiiuneamnifianeluienans 4 ns L‘Ll?ﬂ'uLﬁﬂuﬁmzﬁummmgmmmﬁq%ﬁ’m 2%
CA. 2% FAuAY NAC (Table 4b) wuinfiftesfiuneawia PRT uaz PR2 windufiflszdunisazanuldgelu
An9aNA 2% CA (13.27 Uaz13.07%P205ANANFL) daudnsain 2% FA uaz NAC ldanunsauanuazAnanin
nrazanyldressnetrsiunaamnlidniaumin 2% CA lnadiunedn PR1 uay PR2 fszdu nnsazanels
una1eluansaiaNAC (4.98 — 4.54 % P205) uasiurlaamnismaiinisazaneldlussfuanluansada 2%
FA (< 5.8 %P205) (Table 4a). ansafnaEsamaiinud anansnl#lEualunnnmaseuAnannnIazane
IarasfiunaginaanuuasaIniuanazney (sedimentary deposit) Lmzﬁn’mmuﬁ@w@vxlmmlm
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Tntl carbonate ions TuesAtsznauAaudnegs (Van Kauwenbergh and Mcclellan, 2004) dauiunaaims luvias
AAN m’quslmaiLﬂuLmz\'wmﬁuW@mwmﬁ'mfa’m guano deposit Jus hydroxyapatite tuaaAlsznaunan aefa
#nimagaunisazaneldaasiunaamndiefinisldasllluan Tnadnaaniiunaaiaisinun sz
nsazanelfgeandng (PR1 waz PR2) m'wm@fau@Tﬂﬂmwmmmwiﬁlﬁaﬂuﬁuaumm‘ﬁ'm@uﬁzﬁﬁﬁcyiumm‘lﬁ

LAT09N T AU AN ALTIu g WA NudTueaaTgesTin T5unnnnrazaneldluansada
2% CA gandnseautaswasinnlufumnee N liud Ay n9ala uazsvau PO, finzaneldans PR 44N
PR1 (643.12 WAy 621.46 mg P Kg”', Table5) Lans 1 iiuindaT5n 2% CA mman@‘vmﬂ%’iumimmmn
s@nsnnaesiunednluiesnanals

Table 4a Solubiliy of phosphate rocks in 3 extractants (%P O ).

PR 2% Citric acid (CA) 2% Formic acid (FA) Neutral ammonium citrate (NAC)
PR1 13.27 2.35 4.98
PR2 13.07 2.36 4.54
PR3 1.77 1.57 0.32
PR4 2.22 2.05 0.42

Table 4b Proposed classification of PR for direct application by solubility (%PQOQ).

High >9.4 >13.0 >5.4
Medium 6.7-8.4 7.0-10.8 3.2-4.5
Low <6.0 <6.8 s

Source: Diamond. 1978.

IRt STEN MEPINE o MU TR IR AP T ‘wudwﬁuw'amLWm%mmﬁﬂ?mmmm analelu
A1981n 2% CA genitszauassneanlufuinnetisldodiAnynivansa wazseay PO, flazanalfaeq
PR2 gand1 PR1 (643.12 Uax 621.46 mg P Kg', Table5) Lan I T5R 2% CA mma‘m aalglu
nsAndaniszdanininaasiuneanluiasnanals

Table 5 Solubility of PR (incubated at the rate of 800mg P Kg™'soil) in 2% CA (mg Pkg™).

Soil series Control PR1 PR2 Average
Kh (Aaued) 148 ¢ 451.7 ¢ 594.7 b 523.2B
Ak (871980) 143 e 958.7 a 9514 a 955.0 A
Kbi (nseil) 9.9e 4541 ¢ 383.4 d 4187 C
Average 13.0C 621.5B 643.1 A oV, 1.4%

** Means with the same letter in a column were not significantly different by DMRT(P<0.05).

[ U a 1 [ é’ [ a a = [ U a
svaun1razanglaaasiuneaunazunnsaiuauiurinuesiu Inadiszsunisazanelaueaiin
WagnluAu Ak 1ade (955.0mgPkg™) mnmmm anelalusn Kh way Kbi 'amwummtummmm

a/

(524.18 ua 418.7 mg.P kg 'mnaimy) il m@Lummmnﬁnﬂmwmmmu P Aumnanaiu Inedn Ak 7
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HAnan1mnsgaduP (PBC) 44 (62 mg P kg™) daeliinnsazanavasiiuneamnlfinndinu Kh uay Kbi NIl

o

ANN3RAEL (PBC) P A1 (16 WA 7 mg P kg 'mINanfL) Lﬁmmﬂsluauﬁﬁﬁﬂﬂmwm?@umeﬁuzﬁq aNnsanATL

b

uazanszAUNNIBNdTes H PO~ Aldanijiden sinliunesmniinisazaneldederaitiosfeannisi 1
(Hammond et al., 1986).

Ca (PO)F +12H" e > 10Ca”" + 6HPO "~ +2F (1)
10 4’6 2 2 a4

3. andnarasdlalasdlalaniandanas NH " uaz Si san1sazatslpnuasiunaging
mnﬁwmmeﬂ@i@m34m@‘ml‘mm?L@”mﬂim@wuw‘mLWmm@mmaﬂN (PR1 uaz PR2) i
@ﬂﬂqﬁuﬁmmmmmmm (P<0.01) Iuvlﬂmuﬂmqﬂumu Kbid5u PR1 (Figure 3A) way TuAn Kh 419150 PR2
(Figure 1B) a‘zﬁumiLﬁﬁmmmmmmiﬁ”LLmﬁi'}qﬁuué’qwimﬁmmﬁu Taely PR1 WUNITAZANE AR
WasmaRnausuialuAy Akannnday Kndaluiiunaamn PR2 wudralelasinasanisazan|dresin
weammiftsdunnnlunu Kbi dedlauiuganu Ak feidesnnalelatesdilszneuasusnan axgiudana
fift ceC N mmmLﬁmmm@mﬂﬁ'muﬂa:qim ca’’ ﬁié’@ﬁﬂﬂﬁﬁ“&ﬂﬁmm:mmmﬁuﬂmLWﬁ]%qﬂ@meﬁume
AANITAZANTDIDULA FnliTuneamnazans ldetsiiing (Harry et al., 2002, Mackown and Tucker, 1985)

Effect of zeolite and NH,-zeolite on solubility of PRL Effect of zeolite and NH,-zeolite on solubility of PR2
F-test=** F-test=**
a
1150 b— 1150
=
1050 = 1050 s
c == b
3 =0 —t = 5 550
2 == 2
g 0 — OPR1 ‘%D £4) OPR2
B0 = — B0 N
£ = = OZeolite/PR1 E @7Zeolite/PR2
& 750 — — 75
o — — EINH4Zeol ite/PR1 o B NH4Zeolite /PR2
&0 = = 72 b
== — C
550 = = 550
c — I e b b
450 = o 450
=\L =1
i) = == 350
Kh Ak Kbi Kh Ak
Soil Soil

Figure 1 Effect of zeolite and NHA-zeoIite on solubility of PR1 (A) and PR2 (B).

[
cala

iflafiansnnandnaesdlelasfiausadae NH, " wud1 mwmmwiﬁmmﬁuﬂmLWmmnnd’nﬁﬁu
Flalas-Aunagn (P < 0.01) 4115 PR1 (Flgure1A) a1 PR2 mmvmmmuuv@mW\Imwmumww
lumu Kh %ﬁﬂuﬁuﬁﬁﬁnamwmmmﬁu P i Lwi”l,aiﬁm‘lumuwummmsnu P Ununanauazg (Figure1B ).
A9AARBINUNATDY Dwairi (1997) wuiileldale lasTauEadas NH," Faufuuneamnazii lineanasa
azarsaanunlagendinisldiilelasasteban uifmwiwummmmwmm AnsazAN TR LN g AT
qumuimﬂmiﬂimmmummﬂﬂiwmn W NH, mm@’mn@"l,nmmnmmmvmmmnmﬂmﬂLﬂ@ﬂuﬂawmﬂ
(exchange-induced dissolution) Mn1# Ca®* ‘vﬂ,mmnﬂgmmmm”mm@wuw‘mLWmammmnmimeﬂaﬂu
M NH,* ﬁm@ﬁﬂﬁ’lﬁmﬂﬁﬁ?mmmmmimmmum ey NH ' wgmmmﬂ@ﬂuﬂ@ﬂmmLﬂuﬂﬂslmmwﬂm
pael (Allen et al., 1993)
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Figure 2 Effect of zeolite and NH4-zeo|ite on solubility of PR1(A) and PR2 (B).

n15ld Si FuAuTuneamaie 2 slaRnan linnrazaeresiuna g mANTL (P < 0.01) Tudu
anuluin) antiulubiu Koi 411350 PR1 wazAu Ak 8731 PR2 (Figure 2A, 2B). sALINNIAZANE]
wdausintinaasiuvaa s tng PR2 insazaisligandniunasmnlfisudandt PR1 Wesugaduianauay

Y]

¥
= '

(
ANNTIBWANFNaTL
doaliiinislantlasy P ngngaduseninluaisazanglidineiu ainnisueaniussndnsauyatiainngaiilszq

, o aa % o NPT =
avwAaiueuyanaans Insayyaganaazid ilununeuganeamaignialdainuasainszuaunissis
Waanaiavesiu (Silva, 1971; Haynes, 1984) uananiiianaulugiluaadendang viselanandans Wod
nsazang luanmanidunsnazetluguesTnugagn (Si(OH),) @1xngauAnsia (ionization) 1% H Aagunis

2 WAz 3 (Tisdale et al., 1985) wavan nadxiilungs H Al Hdaunilninanisazaneaasiunagiwmiing
AU (ANN13 1)

Si(OH), +H,0 "= Si(OH)_+ H* (2)
Si(OH), + H,0 =8i(OH) "+ H' (3)

nsazranauazilsz@nan naestaneutuiuladunaiating gy pH 3898W Ysunaunsadng sz iy
pnauluRulnt ezt ENENIuaasandann s (sesquioxides) TeflagunluAunsAAaL N 1HA
nsgadunaulasauiame uarinislanldssneamnaanualduninau (eegns, 2546)

d9lnan1snnaas

dunaaaluiesnaindouluniduuna wwiannuuaayafn9a1a Jus hydroxyapatite Ly
a9ALsznaunan uansneaniiunaamesingtlszmeaniiuumas sediment deposit WariszALNIAANEFLWS
LATNTUNLNIBIASUBULA TulAsaaFranaaus apatite 4 (Van Kauwenbergh and Mcclellan, 2004) SIEFUaTaY!
. ¥ - . o e 4 - . v v <oy
wnanaanasanevnnaasiunadnnlulnadoulvajAeuiienn uasliinainnsazanelannluarsaianld
v Ho o 4 ~ o , a PP \ |2 ' = ° 1%

dusadannasens 3 9t foatnaesiueamnnanwdoulunasiivunziaztdunldidudainans
(direct application). @17dfiAfaTIARd 1 N1TDLENLEzNTavaNe ldasiunaann ladaanlawnansain
2% CA nsladlelassuniuiiuneamna g ldiunaswniinrazans ldiinduunnninfunaanasnanen
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= oA =y , 2o = v a X % | a a = - o i A
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