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Long—term stability of immobilizing remediation of a heavy metal contaminated soil with nano-hydroxyapatite
XING Jin—feng'?, CANG Long", GE Li-qiang"?, ZHOU Dong-mei'

(1.Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract : Nano—particles have been widely used to remediate heavy metal polluted water and soil. Here, a batch of pot experiments were con—
ducted to evaluate the long—term stability of nano—hydroxyapatite(NAP) in remediating heavy metal contaminated soils by applying NAP at
rates of 0.5%, 1% and 2% (W/W ). Changes of soil properties and content of heavy metals(Cd, Cu, Zn and Pb) in soil and in rice were investi—
gated one year and three years after remediation. Results showed that soil pH rose 0.71~1.24 units in the first year and 0.60~1.16 units in the
third year, having little variation over years. After three—year remediation, soil available Cd, Cu and Zn concentrations decreased by 66.6%~
98.4% and 62.7%~96.5% for one—year and three—year of remediation, respectively. Available Pb decreased by 61.3%~74.2% in one-year and
69.2%~74.4% in three—year of remediation. These results indicated that the immobilization ability of NAP for Cd, Cu and Zn was significantly
weakened over time, while was slightly improved for Pb. Addition of NAP significantly reduced heavy metal content in roots and Cd content in
brown rice. There was a positive correlation between heavy metal content in brown rice and available heavy metal concentrations in soil, indi—
cating that NAP could reduce heavy metal accumulation in brown rice by reducing their concentrations in soil available heavy metals.

Keywords: nano—hydroxyapatite; heavy metal; soil; immobilization remediation; long—term stability
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S Chen SE RN SE IR BIFFE S R B 1) 1
BErh S NG KR I A T R R AR
(I E BE T, TRl AR T 4 s DA 3 v i I Y e
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& P B BN R Cd [ g EZEHLHM, (B BT
X ¥R W KA R K 24 T - sk ik
4 )8 B 1 S D AR (14~120 d)P), iy Hox
S TR B AR FH AR RS T fif DL

AR 75 G - v — MRS g KR B
JRA AT ¥ 2 AR I S KRS AR e, o b
S AR RS AR K AR e IR 4R A R
KRR N 4 8 & R0 5 PR 9 oK 2 el K
A0 - S 4 A [ AR A AR M, DU Sl
KRB A0 7 T 4 R TS e IR B A P i S 3N
PR EAR A

1 #RE5FE

1.1 iRIE#F#4
BRI Zk TR VIS SRR A B iR B
WE ARG YRR H . 135 pH 5.08, 132 BB ALEL A

A3 18.6 g-kg™ Fl 1.78 g-kg™, - HEE AR AR
AR & 54098 23.0.15.1 mg-kg™ #1 59.8 mg-
ke IR E 4R B85 Cd 1.64 mg-kg™ . Cu
100 mg-kg™ .Pb 51.4 mg-kg™ Fl Zn 83.1 mg-kg™', AL
BESESEDH N Cd0.889 mg kg™ Cu 4.55 mg-
kg™ . Pb 0.935 mg kg™ il Zn 5.64 mg-kg™,

PEREE LT ARG R LB KA A P R
T ARG BRA F] L 21 96% ,~F- %42 60 nm,,
pH 7.07,Ca/P i 1.70,P & 16.0%, HFRMA
68.8 m*+g™',Cd.Pb . Zn .Cu [ #4374 0.474 .10.8,
3.77.9.81 mg-kg™',

P K < KRS S APk K A 818(Oryza sativa L.
K818) , 1T pig s A AL A PR F
1.2 FRigit

Z Rk S A b R B e e IS IR EE
W25 FPIEAT , 1B PSR P (PP A 5 B4 I8 A T 9 ) 4
AR AN N 20 em, T4 1 3.5 kg, —IRPEAS N
NAP, il A& 5050 4 - B/ 0.5% 1% F1 2% , 5 1 1
RAE), LI NAP st BEARBR e it T 7 4
B A 0.08 g N.0.016 ¢ P F1 0.04 g K /E R ILAE

2011 426 21 HAEW,7 H 6 HE W, &4 3
SRR, AR 3 IR, KRR 60 d 5
TBAE— K, it AE ok A T v - A N 0.08 g, 7E4%
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B S SRR RS (2013 4 11 J 8
H), Wkt b3 or FIAR R SR AR IR Al (55 —4F ),
PR 25 TR LA i 25 8 K Pk L 105 C AR 30
min, 70 C #t+ FRE, Git A& R BT
TR, ] Esp o AR R A TR DR A AR 5 1 3B ey [m] S
H AR WP 10 H A 100 H i 5 #7500
1.3 MEMBSF*
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FEP 33 pH R TG CO, 281K 1:2.5 Tk HIRIE,
pH 71 (Orion 86801 %Y, 32 [ ) ; + 48 4= &0 F1 4= fikk
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F 1 WAL IR A0 L0 pH . SRRFIA A
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(AR5 — 3K o iiz% pH FHiE E2JEH T NAP K4 K
A R POY, 24k HPOT AT HPOY, 77 A K
Y OH- ﬁ'ﬁ@ﬂ;@ pH FHE, MIXFF CK AbFE, 55—
K [ it P £ Ak B 4y ) i - 3 pH {42 & T 0.71,
0.98 Fl 1.24 55 =4EN /B E T 0.60.0.92 F1 1.16,
FH] NAP X} + 3 pH (94 B — @ Rs Ak Xt
FEAS TRV A7 B4 25 S 2% TR, Bt s 1] ) S <[] — A By 1

15 pH (B BB 0 R A L 3 S T AN ISR 4 AR,
A e -5 8 L AR 2 F T AR (it AN VE s 28 K&
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SR AR S B B, H AN i 1 8
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SRV 0B ) NAP X6 - 00 /0 R A5 B e A I i
so (H P P 1 R G e, HLRE RS
FRE TG 0>, 5 NAP AR 5 &4 F 5 W ok &
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Table 1 Effects of nano—hydroxyapatite on pH, total carbon and

total nitrogen in soil

4y Ab ¥ 2T Total 2R Total
Year  Treatment pH carbon/g-kg™ nitrogen/g - kg™

A CK 506£0.07b  17.3z03d  1.770.07a

First year ~ 0.5%NAP 5.77£0.06e 17.0£0.7¢cd 1.63+0.02a

1%NAP 6.04x0.04f  16.8+0.2bed  1.6920.06a

2%NAP  6.30:0.09g  16.9:04cd  1.65:0.03a

=4 CK 466£0.04a  16.1x0.1ab  1.690.07a

Third year  0.5%NAP  526£0.10c  16.0+05a  1.65:0.06a

1%NAP  5.58+0.08d  16.4%0.labc  1.71x0.06a

295NAP 5.82:0.10f  16.1+0.6ab  1.6720.17a

T : Al — 38 b5 tp P B[R] R 2 AL BEA 22 57 B35 (P<0.05) . I

Note: Different lowercase letters within an index indicate significant

differences( P<0.05) between different treatments. The same below.
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Different lowercase letters within an index indicate significant differenc ses( P<0.05) between different treatments. The same below
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Figure 1 Effects of nano—hydroxyapatite on available nutrients in soil
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S S RN A A 5 (3.18~6.51 % ) Bk T4 —
4E(18.6~40.9 £ ), KW Bl A B W] A LEH NAP F3-fif B,
TR 2R I RE I HE B AUk 58
2.2 ARIAEXATEE KM

Bl NAP i H R 3G I, KA s, 5
B AER MR = T AR HER AR (R 2), A
YRR I A i P X K REAR T A B R (2
9 AR E AN TS A, AT e iR SR A
T 3R GRACE AR ) AL (-3 5k )
BHTHFEA (R 1A 1), /KA kPR B Bt it FH
(GG AN , (B 5 —AE 25 AL R AT 26 25 5, 5 —
AEAE 1% 2% Sk BB 2 & T CK, AR
(25 XS bt AT BF S 25 5 (3R 2), AT DL gl oK 2 i
JRA I AR KRR A ) B B2 4/ . Laperche 552
1% Bt FH F S A X I P B A ZE AR () A= 4 i
WA B SR, R ROA RS K (Y RE B =y 1 4k
RIS TR R AN R I A = EH (B 1),
23 AESEN TEFRNSESESENZ

X3 NYOREE B I AN LIRS ES RS
TR KRR S , CK &b 38 b pufh 85 45 )8 A 4%

R 2 MARBERBRA XK ERBRM0

Table 2 Effects of nano—hydroxyapatite on rice growth

SO EHMT LR EAYE G2 CGE =40 Pb Bk
). H—4E 5 CK A, 0.5% 1%F1 2%7KF- NAP Jiti
A RS Cd &= RBEILT 66.6% .82.3% il
91.9% , % Ab PR [R) 25 57 8.3 A A Cu Zn F1 Pb & &
AR T 85.9%~94.5% .78.8% ~98.4% Fl 61.3% ~
74.2% o 55 —AF A S T 4 R AR ALt 3 ]
T NAP Al G 4 FEAR LI A RS &R &
o X SR AR E —Eesn,

FRBLRE A ) B 4 A [ e HLP R : (1) 7
FRILWE A 2R, AR B T S R A T Ca i
T FacH; () 5EEE R AEREE G R ; (3)F
B4 JE B ER AR UTUE ; (4) Hofth 48 3 PR R S K
A Ca B AEILTUIE SO, N [R) 4 R A PR At
B A R T A E AL AT . 28 =4 g
WS E A S % (Cd .Cu A1 Zn) 535 AR L T FERE
Gy HCE B RART A4, RUIBEE IR A LE K, NAP
FAR 3 A 3GS Cd . Cu Al Zn &5 B RO RE 1A s,
A NAP X +HEA 2 Ph (91 22 B ) R FEANS A 444
5 XJEE R Ph A RUBEAH B AR 80 A TR
ETAE RS, Cao ZEPIRTFSY L 3BT, B0
A [ E Pb B RIE AN B ST R KA
f7 Heik 78.3%, 15 Cu Ml Zn 2R L ML AL A,
i1 HUik 74.5%F11 95.7% , R EXT Ph ) [ 5 Kb 25

A0y AbH 7N HR L/ KPR/
Year  Treament em g’ gepor” F Cu il Zn, XF Cd 175, NAP [ 5 th LAE BB
B4 CK 85.1+2.8a 17.5+2.4b 20.5+1.2b I,@ffﬂ“ cd 5 NAP *:fﬂﬁ‘z\)ﬁ?%?@a gﬁf)%%%ﬁ
First year 0.5/%1\;AP :ZZi;ZdE l:OriZl}z 22512(5)1; ﬁ%ﬂ NAP ElEél*%Xd‘ cd E"J%Bﬁo ﬁﬁ %HL%IJEJ‘ Cu %H
1%NAP 3+2.8a 18.7+0. .1£2.0be . _ N v
29%NAP  90.2:3.0abc  19.3:0.8b  23.1x1.2bc Zn B3I AA T P [flE Wﬁ%ﬁ_y{ GEBLIRN. P,
AR CK 83.7+6.8a  8.19¢0.95a  14.5x1.8a NAP [l 5 R RS PERR 15 138 pH SE PRS2 1
Third year  0.5%NAP  873x72ab  7.51s055a  16.7+2.6a A KIS NAP X 54 Ja Y [ i B 2 DIAHSER,
1%NAP  93.7+4.0bc  8.04+1.06a  22.9+2.7be 24 AEILEXKEBERESESENZI
29NAP 96.3x2.1c  855+1.44a  24.8+47c K 2 KEHETPNESESERH, S5 CK ML, 26
RI3 MABEBRAN T EEEREANSEENZ M
Table 3 Effects of nano—hydroxyapatite on content of available heavy metals in soil
RN Lb £ 1 Concentration/mg kg™ FF&HE % H Reduction rate/%
Year  Treatment Cd Cu Pb Zn Cd Cu Pb Zn
W—4F CK 0.884+0.007f  4.45:0.53d  0.9230.150b  5.4620.27e
Firstyear sg,NAP  0.296:0.018d  0.626:0.071b 0.357+0.001a  1.16+0.14d  66.6x2.1b  85.9:1.6b 61.320.1a 78.8+2.5h
1%NAP  0.156:0.007c  0.38020.041ab 0.317£0.137a 0.436+0.049bc  82.3:0.7d  91.5:0.9c  65.6x149a  92.0+0.9d
29NAP  0.072:0.003a  0.243x0.024a 0.238+0.00la  0.086+0.029a  91.9+0.4f  94.5:0.5d  74.2202a  98.4x0.5¢
M AR CK 0.767£0.026e  4.45+0.09d  1.1620.06c  5.06+0.38e
Third year — s,NAP  0.286+0.003d 1.09+0.02¢  0.357+0.001a  1.37£0.02d  62.7+0.5a  75.50.5a 69.2+0.1a 73.00.3a
1%NAP  0.166+0.009c  0.694x0.024b 0.317£0.069a 0.591+0.027c ~ 784+l.1c  84.4205b  72.7¢59a  88.3x0.5c

2%NAP

0.079+0.011b  0.435+0.047ab 0.298+0.084a 0.176+£0.055ab  89.7t1.4e  90.2%1.lc 74.4+7.3a 96.5+1.1e
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Table 4 Correlation between content of heavy metals in brown rice

and available heavy metals in soil

By EHBE XTI RERBR BERR sig
BE—AE Cd  y=0.389x-0.033 0.897 <0.001

Cu  y=0.064x+4.73 0.261 0.089

Pb y=0.158x+0.794 0.120 0.270

Zn  y=0.502x+21.03 0.573 0.006
AR Cd y=0.0912+0.044 0.444 0.018

Cu  y=0.134x+6.72 0.072 0.401

Pb y=0.059x+0.197 0.062 0.434

Zn  y=2.079x+24.93 0.696 0.001

Ty K GBI, mg-ke ™50 N HIMPAUEEER
i, mg-kego
Note: y is content of heavy metal in brown rice; x is content of available

heavy metals in soil.
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Figure 2 Effects of nano-hydroxyapatite on content of heavy metals in rice roots
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Figure 3 Effects of nano—hydroxyapatite on content of heavy metals in brown rice
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