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Effects of hydroxyapatite on absorption and transfer of Pb and Cd in soil-rice system

TANG Shou-yin, DONG Hai—xia, ZHAO Ming-liu, LI Hong—hong, WANG Guo"

(College of Resource and Environmental Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract: Hydroxyapatite (HAP) is effective in reducing heavy metal availability to plants. Here the effects of hydroxyapatite (HAP) on
availability of Pb and Cd in soil, absorption of Pb and Cd by Yiyou 673 (Indica, Oryza sativa Linn. subsp. indica Kato ), and transfer of Pbh
and Cd within rice plant were studied in a pot experiment. HAP was applied to a Pb—Cd-Zn contaminated paddy soil at a rate of 0, 2, 4, 8,
16 and 32 g-kg™. Results showed that HAP amendment significantly increased soil pH. Compared with the control, available Pb( DTPA—-ex—
tractable ) and Cd were decreased by 13.47%~44.38% and 9.75%~42.20% at tillering stage and 8.72% ~40.10% and 8.50% ~45.79% at
maturing stage, respectively. Applying HAP significantly lowered Pb concentrations in brown rice by 17.55% ~88.74%, but increased Cd
concentrations in brown rice by 45.63%~148.2%, as compared with the control. The transfer factor of Pb from stem to leaf at tillering stage
and from stem to grain and from leaf to grain at mature stage was respectively 26.35%~71.62% and 28.42%~74.74% and 25.49%~82.35%
lower in HAP treatments than in the control. However, Cd transfer factor from leaf to grain at mature stage was 48.78% ~182.93% higher in
HAP than in the control. Soil available Zn was also significantly decreased by HAP amendments. Our results indicate that evaluating the
feasibility of amendments for immobilizing heavy metals in soils must consider not only their abilities to reduce the availability of soil heavy
metals, but also their effects on the transfer of heavy metals within plant.
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o SR, it 3 - AL NG i 1 4R
FIEEA TR, RIS s A 0 A K S AR B R, I

SN B4 R AEAE AR N i AL N R A B BIBFE
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P B ISR LA % Ph Cd W & 5 1 5
M b, XPEEAEFIVERT P Cd FEAE P N I 5 B S
X 5 2 A 1 R S LR o A SO R K A
FEFATS, BTSN SLHE A X -4 Pb .Cd #E +
HE—KAE R G h W AL U S LT R OK Ph.Cd 2]
PsZR , LAk P Cd 5 34l H 3 st fb & 52
HR M5B AR AR 22K

| HREHE
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TR R AR TR BT X R
Cd-Pb-Zn & A5 Y 175 H BRE 2 o 132 H [a]
[l J5 B2, B AR e AR IR, 3 1 em JE T
TRAIS A& A DA 1 PR A
KR b A B 673, bR R g ol I A FR A
FIHRAL, SRR A ol T kIR SR iRy HAP
W B 79 B AR RO R A | BE 259, Rids 29
wm,pH7.15, HH Pb Cd & &5 510 1.69 mg-ke™
F10.02 mg-kg™
1.2 ik

FE AR AE SRR gk AT, ik 6 AN Ab 3,
AL PRSI HAP 3 (g kg™ ) 23510 - 0O i,
CK).2(P1).4(P2) .8(P3).16(P4) 32(P5), &AL}
¥I3WEL, EebEVHEY . B (N 25 cm, &
25 em) AT 15 7.5 kg, il HAP (g [RIEFIIA R 2
2.1 g NH,H,PO, 1.2 ¢ K,S0, 2.1 g, T4 RS MK
5 7d,

K FERP S A KA RBR AN SERE, FEH 30%
H,0, #2330 min, {5 7K P 5 4k 22 S KR 10 h,
fEZFE . FRME SRR e B LB, 25 d ISR
BB, B4 5 Mk B G AR W IR EE 2~
3 em KJZE, KFEAKMEEEREE S HE(N 18%~20%,
P05 8%~12% , K0 8%~15% )2 YK : 53 BE R4 450t 3.75
g, AT R4 2.25 g.

FIERSTBER (B ARG 40 ), BRAUREE 3 1k
JKAE S 100 g -3, KA AR FH 25 8 K e i &R
PEMCR AR S 528 (e (70 °C) 28 48 H I a2
T8, RGNS I LR e . HIBEXT BB 5
4305 2 mm A1 0.149 mm 4 )& Je 07 , Ak 222007
TERFERCAG , RAET R PIAR KRS S 100 g 133,
T4 2/ NSNS R ST RS K 20 JF , TR S5 89k
PEMLA IR . LA A 25 A BE AR i A I

x 1 il DB A F SR

Table 1 Physical and chemical properties of experimented soil

FEAME R B¢z BT i /% JLE S {E/mg kg
pH 6.020 AR 44.41 4= Ph(R Pb) 1602(650.6)
HHUG /g ke 21.86 (A 44.71 4 CAd( %L Cd) 5.880(3.700)
CEC/cmol -kg™ 17.00 Kk 9.324 4 In(BRL Zn) 2132(147.9)
HA/mg kg 29.01 Rk 1.554
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Figure 1 Soil pH at different rates of HAP
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different rates of HAP
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Table 2 Lead concentrations in different parts of rice plant at different rates of HAP(mg-kg™)

e SrEE A
Uit £ Uit ) nt
CK 840.2+196.5a 26.89+5.00a 35.51+4.38a 801.0+£100.6a 36.45+18.98a 67.93+32.81a
P1 1195+14.79a 14.02+1.33¢ 9.56x1.06¢ 860.8+93.91a 32.77+3.67ab 58.38+13.96ab
P2 1104+107.2a 15.62+3.02bc 16.68+2.61b 766.9+173.1ab 30.11+7.58ab 72.86+33.56a
P3 901.5+341.7a 22.24+3.68ab 11.08+4.88¢ 580.1+43.06bc 17.52+2.83bc 38.47+16.20ab
P4 930.0+12.27a 16.43+4.57bc 9.38+3.06¢ 511.7+163.6¢ 17.33+1.78bc 48.53+22.00ab
P5 755.1+4.50a 15.99+5.00be 6.32+1.39¢ 381.7+48.81c 4.903+0.98¢ 20.33+6.39h
T [ =3, Bl 5 AN R] /NG B FRR A B A 22 57 125 (P<0.05) . R Il o
Note: Different letters in a row indicate significant differences(P<0.05). The same below.
&R 3 A HAP BEAETABEES Cd EE(mg-ke)
Table 3 Cadmium concentrations in different parts of rice plant at different rates of HAP(mg-kg™)
e SrEE A
Uit £ Uit ) nt
CK 6.99+3.64a 1.03+0.27a 0.47+0.04a 6.24+2.48a 2.71+0.48a 0.76+0.26ab
P1 7.49+2.06a 0.89+0.32a 0.24+0.03b 9.72+0.92a 3.80+2.68a 1.00+0.73ab
P2 4.87+1.52a 1.10+0.25a 0.45+0.12a 5.83+0.86a 4.25+0.18a 0.98+0.25ab
P3 4.17+0.18a 0.76+0.20a 0.21+0.05b 8.36+1.36a 4.87+0.85a 1.23+0.11a
P4 5.18+1.62a 0.73+0.08a 0.26+0.03b 7.71£2.03a 4.01£1.80a 0.95+0.36ab
P5 6.73+3.69a 0.70+0.07a 0.24+0.03b 6.63+2.36a 2.63+1.40a 0.34+0.11b

TR AT AL B REHLER P (1) & o0t g fickdoin, (H1%
HREM2ES . PL.P2 P4 P5 A HUKREZERY Pb & &
¥y E AR TR, R 400 R 47.86% (41.91% |
38.90% .40.54% ; fii 47 HAP ZbBE 7K G119 Pb &
P be xo) BE . 25 AR, R 4 1) R 73.08% .53.03%
68.80% .73.58% .82.21% . FELAH , SXTHAH L, P3
P4 P5 A FRAGK RS 255 Ph S04 i E PR, Ho
Frr Ph &SRR 518 27.58% .36.12% .52.35% , 2%
o Ph & R 45k 51.60% .52.46% 86.55% . X T
KA Ph F i, PS AbBRACG HE B SRR, ks R
Ui HAP 0] LU REREAR KRG B35 Pb A &, 5
— BB Y45 25 HAP XF Cd Wik & 4 (15
M 55 Pb AN[A] 243 BERT , P1 . P3 P4 il P5 Ab38 ) 7K A5
I Cd & B0 BRI & B AIG , B 43 931 8 73.38%
68.80% .73.59%F11 82.22% . 1£ M, iti FH HAP [R]FE
FEAR T /KA Cd &, (HAL PS5 AR BEIA 31 i 2K
L R AEA K E B 5 Cd SR R it
A gt FET HAP i3 BE A B8 20 AR 25 K i i
Cd FE¥TC R E LW,

AN[A] HAP F AR B M AE K Ph Cd 1) 75t L3R
4, SXFREAH L, TR0 HAP AOAbBRES K Ph S B %
A%, Hirp P2 P3 P4 i1 PS5 Kb P (ks K Ph 13 [T

x4 AE HAP BB TRk Pb.CdHIEE
Table 4 Lead and cadmium concentrations in brown rice grains at

different rates of HAP
HEU LA/ %

Ab R Pb/mg-kg™
CK 0.302+0.023a

Cd/mg kg™
0.309+0.126b

SR %

P1 0.249+0.119ab -17.55 0.758+0.525ab 145.3
P2 0.148+0.024be -50.99 0.588+0.055ab 90.29
P3 0.054+0.019¢d -82.12 0.767+0.123a 148.2
P4 0.039+0.003d -87.09 0.703+0.239ab 127.5
P5 0.034+0.001d -88.74 0.450+0.128ab 45.63

TE - A LB AR X T % B Ab BT 5 A0 CH ) BB (- ) EL Al

¥ 50% ,P5 Ak PH YRS OK Pb ) % R B K, i
88.74% ., THN HAP J , B P1 4b, Hifth sk BE (k%K P
THRHMRTRESS D EYRE(GB 2762—
2012).5 Pb M )2, P1~P5 AR BRRE K Cd 5 1534
Bt B FF B, B 4 R 145.3% .90.3% . 148.2% .
127.5% .45.5%, H P3 AbFRAEK Cd i S5XFIRZ
[ AAAE i 2 22 5 X BRI I HAP W] g 2410 i Pb 7¢
IKFERFRL S 4R, (B fE gk Cd FEKFFFRL I &
.

L3 BT, Toit o BEIH A 2 U0, B +
AR P SR AHEIN, BEK h Ph B i B4 i
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TrEAREK Cd AT A, HIEA R Cd
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2.4 HAP AE3t Pb .Cd ELE- KBRS TEHHIZ M

BT KRS RGN A T3 —
BRI —>ZE ot —ReoK e L IE- R R
ZEREK AP0, 4 7E 4 35— K A R G AR AR
7 2Z 8] () 5 A% S N - 18 RS K 4z 1o P v i 2 g
W BAS I s Re ) # S kK R Pb il Cd
&4 AE HAP FI 43T Pb Cd 7E + 37K F
RGP A NIV R BTN 5,58 6 iR,

FH 3% 5 AJ AL, 4P BEI , 7S HAP FE{R T Pb 1%
TF s TF g, P1 P2 AbBE Ph ) TF g 3 X] HE .
EEAR; PI~P5 Kb 38 Pb (1) TF o 53 ) Lb X B R AR
54.05% .26.35% .64.86% .59.46% . 711.62% , H: P1.
P3 P4 P5 Ab38L5 %) ReMH bh 22 5 i 2 o 7R AU,
AbFE Ph 1) TF 4y g JTF s 2 TF s o 5XFBRAHEE L
P TC I 25 5 o P1~P5 Ab 3 Pb 1 TF oy 53 1) LU
HEFEAR T 67.37% .63.16% .65.26% 74.74% 28.42% ,
Pb [ TF u s 5 5> S FEAK 25.49% 76.47% .68.63% .
82.35% .66.67% , H:rh , P2~P5 AbFH Pb 4 TF » _ps 4 .
TF o X RZ 0] 22 5 2 IXUEE] HAP AT A7 2500
il Pb FE/KFEMARR GRS, FRoi 2 o BE AR 31 it LA
K A ZE TN BIRE K 1S

% 6 R TEAEEN, A AL BE Cd 1 TF gy
TF g JTF s 5 X7 BEOAH LU LP #0525 5
P1.P3 P4 P5 43 Cd 19 TF oy 3200 BRI 25 PR AR,
43 BIFEAR 46.30% ,50.00% 35.19% .40.74% ., 1EJ§3
WA AR Cd B TF g TF o JTF g 50 I
AHECHSA G AB L34 0 2 25 5 P A AL B Cd
() TF ey YO0 RER 25 B2 5, S WR 401 87.80%
48.78% .53.66% .82.93% .182.93%., iRZ5EFEH],
Jn HAP 8R40 T 43 BEW] Cd AEK RN %45 B
W EAR T R Cd FERE AR N B RS, R ] DA

#5 A[E HAP HE4ET Pb EHIE- KB RSEFHER R

Table 5 Transfer factors of Pb between soil-rice system under different HAP treatments

R AR CK Pl P2 P3 P4 Ps
SYBEMA TF |y 0.31=0.06b 0.20+0.08b 0.47+0.12a 0.30=0.02b 0.27+0.08b 0.27+0.13b
SYBEM TF e 4.23+1.60b 12.542.76a 4.93:1.13b 5.98+2.49ab 9.38+2.19ab 10.3£6.90ab
SYBEMH TF _s/x10° 3.3120.95a 1.120.07h 1.50+0.16b 2.76x1.17ab 2.01:0.33ab 2.00£0.90ab
SYBE TF 1.48+0.40a 0.68+0.01bc 1.09+0.24ab 0.52+0.29¢ 0.60+0.22¢ 0.42+0.12¢
[z - 0.30+0.11a 0.3240.11a 0.38+0.15a 0.350.29a 0.530.27a 0.3620.17a
A TF e 424+1.83a 4.56x1.31a 3.49+1.05a 5.19+3.64a 2.27+1.16a 3.15+2.08a
BRI TF /X107 0.48+0.32a 0.360.03ab 0.39+0.04ab 0.30+0.05ab 0.29+0.00ab 0.1220.01b
RS TF 1.89+0.35b 1.67+0.66b 3.0420.93ab 2.18+0.71ab 2.16£0.85ab 3.45+0.03a
SRS TF 54 4/%107 0.95+0.37a 0.31+0.02b 0.35=0.14b 0.3320.17b 0.24=0.02b 0.680.14b
SRS TF 44 p/x 107 0.5120.20a 0.38+0.16ab 0.12+0.05¢ 0.16:0.09bc 0.09+0.05¢ 0.17+0.05bc
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Table 6 Transfer factors of Cd between soil-rice system under different HAP treatments
R CK P1 P2 P3 P4 pP5
SYBEMA TF 4o 0.44+0.07a 0.25+0.11a 0.44£0.22a 0.26+0.10a 0.23+0.04a 0.37+0.28a
SYBEMA TF g 4.47+3.13b 9.58+5.15ab 3.97+1.68b 6.86+1.32ab 8.52+2.61ab 19.7+14.6a
SYBEA TF oo 0.20+0.13ab 0.12+0.02b 0.24£0.05a 0.18+0.04ab 0.15+0.03ab 0.16+0.03ab
SYBEHA TF sy 0.54+0.06a 0.29+0.11b 0.37+0.14ab 0.27+0.01b 0.35+0.00b 0.32+0.04b
SR TF s 0.76+0.17b 1.77+0.90ab 1.51+0.72ab 1.33+0.63b 2.80+1.40a 1.72+0.43ab
R TF e 2.24+1.02a 2.3420.67a 1.54£0.28a 2.57+0.94a 1.22+0.26a 2.07+1.26a
JEIY] TF 4o 0.38+0.06a 0.38+0.24a 0.49+0.43a 0.58+0.07a 0.50+0.10a 0.42+0.28a
SRS TF 0.34+0.09a 0.26+0.01ab 0.23+0.05ab 0.26+0.06ab 0.24+0.04ab 0.18+0.01b
A TF 0.14+0.01a 0.20+0.00a 0.14+0.01a 0.16+0.01a 0.19+0.05a 0.19+0.05a
A TF o 0.41+0.09¢ 0.77+0.04b 0.61+0.10b 0.63+0.15b 0.75+0.08b 1.16+0.00a
FREK RS AT H b TR0 R 2B I 5 BEAR TR 4 2
3 i DAL AR -3 8w ARG i, e ik 1 e

Jiti Fl HAP J& , +3€ Pb Fil Cd #A3 RCH:#647 Fr b
fik. £45 Pb 1 Cd AR HY AT RENLEE (L FE pH T
1= F1 HAP X Ph>Fil CA* R . ZEARIFSE AN
R EENIE RN, HHEAR P FIARL Cd %
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