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Abgract : The dfects of three phogphorusfertilizers (dnge superphogphate- SSP, cacium megnes um phogphater OVIP, phogphate rock- PR) on chenrica fractions of
lead (Pb) ina il contaminated by Po/Zn mining tailings usng a sequentia extraction procedure were eva uated. The primary mechanismfor decreased |ead toxicity
in the il by phogphorus fertilizers and the economic gpplication of phogphorus fertilizers were d dscussed. All three phogphorus fertilizers reduced Pb ol ubility
and hioavailahility efectively. It was suggested that gpplication dosage of phophorusfertilizers a the P/Pb molar ratio of 7.0, was enough to remediate Pb toxicity
inthe cil. At the levd of 7.0 nolar ratio o P/Pb, the dfect of Po remediation by phogphorus fertilizers followed the order in terms of the sum of decreased nonr

resdud fractions: SSP(85 %) = OMP(83 %) >PR(16 %) . If the conparison linking up the chemica fractionsdf Poin il with its bioavailahility , the efect of Po
remediaion by three phogphorusfertilizersfollowed the order : QMP(94 %) = SSP(92 %) > PR(61 %) . There was ro remerkable dfference between SSP and GVIP
in the reduction of lead toxicity , while both were markedy greater than PR. PR was the most ecoromric amendmernt interms of the most bioavalable (exchangealle)

fraction o Poin il (79%) . It was condluded that PR woud be a nog cost-efective amendment cond dering hoth its efectiveness and price. Lead precipitation
as afluoro-pyronorphite-like minerd in the contaminated il reacted with phogphorusfertilizer reduced Pb ol ubility and reduction in the ron-resdud fractions. The
dfective converson indcate a potentid o phogphorus fertilizers for in-gtu Pb inmohilization in sils contaminated by lead and zinc mining tailings.
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1 (Materla s and methods)
. , 1.1
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(Nriagu , ;
e al. ,1974; Hettiarachchi & al. ,2001; Co & al. , , ,
2004;Ma e al. ,1993;Ma e al. ,1995;Ma e al. , 800 hnt : ,
1997b ; Theodoratos e al. ,2002) . , 0 20cm. , 100
(1995) Ca Mg P , 1.
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(SsP) (aviP)
; . (PR, 3 100 ;
3 2.
HNOs- ,
( ,2004) (
3 ( ,1995) .
1
Table 1 Propertiesdf the teted ils and heavy metd contents
pH Organic Matter Totd Pb Totd Zn Tota Cd Totd Cu
ltems
[(a-ka"Y) [(mg- kg™ 1) [(mg- kg™ 1) [(mo- kg™ ) [(mg- kg™ 1)
5.51 21.8 16 362 871 5.81 103
(@B15618 —1995) <6.50 250 200 0.300 50.0
(BVICC ,1990) 24.5 84.8 0.202 19.8
2
Table 2  Qoncentrations of eementsin the tested phogphorusfertilizers
P P o
pHY Water Qitric adid
Prophete Totd P Totd Pb Totd Zn Totd Cd Totd Cu
. (H0) oluable P oluable P
fertilizer . o /(mg- kg™ %) /(mg- kg™ %) /(mg-kg™ %) /(mg-kg™)  /(mg-kg 1)
[(mg- kg™ %) [(mg- kg™ 1)
PR 7.41 1.00 24.4 330 240 228 3.40 51.3
QP 9.51 14.2 52.0 129 3.20 168 1.80 62.8
P 3.09 43.0 73.6 152 115 234 1.71 61.0
1) 125 / pH (Measurein 1 2.5 fertilizer/weter sugpensons)
P/Po (P ) , ,
, 2 ,P/Pb 7.0 60 % ( ), (25+1)
14.0, 7 ‘CK PR7.0 PR14.0 SSP7.0 SSP 30d(Ma e al. ,1995;:Ma e al. ,1997Db) .
14.0 GMP 7.0 QP 14.0, 2 . 1.2
2.000g 50 nL , 30d (Po) Tesder
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(Tesder et al. ,1979). (100 +5) %

; ( , ) AAB800
115 , 2h 30 min, . 10

: , 18 1 S5 10.0
nol-L " MgQ, (pH=7.0) , ih 30

] 2 ( Resuts)
mn,
: , 18 pH 2.1 Po
5.0 1nol-L ' NaAc ( HAC pH) , ,
5h 30min, . , Pb Po
: , 110 667 Po 65
0.04 nol-L~ " NH,OH- HQ [ 25%( ( 1). Pb 3 :
) HAC 1, (9%6+3) : >
6 h. 30min, . > > > > )
: , 13
15 0.02mol-L ™" HNO; pH 2 (53.8%) ,
-1
30 % H,0, ( HNO; ). 85 (2.02%) , 330mg- kg .
2h. 13 pH 2 30%H0, 2.2 Fo
( HNGs ), 8 3h. '
; 3 ,3
, 15 3.2nol-L ' NHAc o
[ 20%( ) HNO ], '
Po
, 30 min. 30mn,
Po Po
, HNG; ,
3 Pb ( %) n
Table 3 Hfectsdf different phogphorusfertilizers trestment on different chemica fractions of lead in contaminated il
, CK PR7.0 PR 14.0 OMP 7.0 OMP 14.0 SP7.0 SP14.0
fraction
Water- ol uable 0. 12 % 0.11 %" 0.08 %° 0.02 %¢ 0.01 %¢ 0.02 % 0°
Exchangeable 1. 90 %? 0. 68 %° 0. 40 %° 0.10 %¢ 0. 09 %¢ 0. 13 %¢ 0.12 %¢
Carbonater b d d d
15.0 %2 13.0% 8.50 %° 1.35 % 0.83 %" 141 % 1.30 %
Bound
Fe-Mn b b cd d
) 21 42 %* 18. 96 % 18.31 % 3.39%° 2. 78 % 2.30% 1.07 %°
oxide-Bound
Organic b d d
7.76 %2 5.90 % 4.76 %° 2.91% 2. 15%° 3.02% 2. 26 %°
Bound
Residual 53.80 % 61. 31 %° 67. 96 %" 9. 23 %° 94. 14 %° 93. 12 %™ 95. 25 %*
) Water - 2. 02 %2 0.79 %" 0.48 %° 0.11 %¢ 0.10 %¢ 0. 15 %¢ 0. 12 %
exchangeable
m d b d de f
. . 46. 20 % 38.69 % 32.01%° 7.77% 5. 86 %° 6.88 % 4.75%
rmonresdud fractions
1) Daucan , p<0.05,

(The difference among treats tested by One-way AVONA , numbers which on the same row followed by different letters were dgrnificantly different at
p<0.05).
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(
Pb ) 16 % : Pb
89 % ’ 1 ’
Pb Po Pb Po
( 2 H) )
2% T74%) . , , Po
: Pb ( 3), 3
.3 7.0 P/Pb 14.0
P/Po : Pb Po
1SSP(85 %) QOMIP(83 %) MaQ Y (1995;1997a; 1997b) , Tesser
>PR (16 %) ,SSP(90 %) > QVIP(87 %) >PR(30 %) ;
= Ft) OVIP H) ]
(94%) SSP(92%) > PR(61%) ,OMP(95%) SSP Po
(94 %) > PR(76 %) . Po :
P/Pb 7.0 Pb ,
P/Pb 14.0 , Po
1. 1 , ( /]
, Pb ), Pb ,
1 H) m .
PR Pb ( / 4) .
,SSP 4 / (pPKse - log Kep)
( Table 4 The theoreticd olubility of some lead phogphete in il
(pKe = - logKep )
90%), OVP - — — p
/ Minerd /precipitate Soichiometry p Ke
3 Fo Litherge PO 15.3
1 , PR Lead hydroxide Po(OH) » 19.9
H) 3 Ar‘gesite PO$4 7.7
Cerusste PbCO3 12.8
! SsP Qvp Glena PbS 27.5
Po , PR Lead orthophogpphate  Pbz (FO,) 2 44.6
ok B AR A uoropyronorphite Pos (POy) 3F 71.6
DL AR O SEADEAS Hydroxypyronorphite  Ps (FO4) 30H 76.8
e Bl RhLEE Chloropyronorphite Pbs (FO,) 50 84.4
E * PKep= - logKep; Nriagu(1974) Ma e al (1997a) .
( 3),
o RMEIE R 08 /(mg-kg) ’
Pb (
1 ) PR Po ,
Fg.1 Hfects of increasng nolar ratio o P/Po on the decreasng of Pb ,
Lead didribution in different chemica fractions _ Po
3 1
3 ( Discusson) ( pH
551, 1) )
Pb Pb (53.8%) | P Crol)
R) ’

Zhang P C (Zhang et al. ,1998a; 1998b; 1999a;
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1999b) “
(andedte ,PbS0,)
PbQ0s) (gdena, PbS) Po
= ”

(cerrudte,

pH

~ & .

/) : : ,

«C/7 /) , Pb

5

, P/Po 7
7.0 14.0, P
P/Po 7
pH

9.15, « /
, ( pH)

,pH 3.47
pH

~ U0 w

Po
pH

Table 5 Hfectsd different phogphorusfertilizerson pH in il

(CK) PR7.0 PR 14.0

QVIP7.0

QviP 14.0 SSP7.0 SSP14.0

pH 5.51+0.01 6.19+0.04 6.42+0.02

8.89+0.03

9.15+0.04 3.85+0.05 3.47+0.02

4 (@ncludons)

1) PRSSPQVP 3
Po
SSP QVIP Po
PR Po
Po ,

2)
P/Po

3 Po

(1969, ,
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