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The Effects of Nano—scale Hydroxyapatite on the Speciation of Cu and Cd and Enzymatic Activities in Soils
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Abstract: The batch experiments were set up to test the effects of nano—scale hydroxyapatite on the speciation of Cu and Cd and enzymatic
activities in soils. The results showed nano—scale hydroxyapatite could increase soil pH, and 1.23 and 1.35 of pH units were improved in the
treatments with 3% and 5% nano-scale hydroxyapatite after 60 days incubation. Nano—scale hydroxyapatite significantly decreased the con—
tents of exchange forms Cu and Cd, and increased the contents of carbonate form, Fe—Mn oxides bound form, organic form and residual Cu
and Cd, which promoted the transformation of Cu and Cd from the active forms to the inactive ones. Nano—scale hydroxyapatite effectively in—
creased the enzymatic activities of hydrogen peroxidase, urease and acid phosphatase in soils. The high correlativity among soil enzymatic ac—
tivities and the contents of Cu and Cd with different forms suggested that hydrogen peroxidase and acid phosphatase were sensitive to the
changes of available Cu and Cd, and could be served as the evaluation index for Cu and Cd contaminated soil.
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Table 1 The physical-chemical properties of tested soil

AR/ BN HAP B K £Cw  £Cd pH(EK
g-kg?  mg-kg? mgekg? mgekg? mgekg?! pgekg?! B 1:2.5)

32.82 16926  76.59 56.79  981.38  879.62 4.34

BERGORFE IR KA (NHAP, 40 nm) I H B 3R
IR A R], pH 2y 7.14, Cu F1 Cd & 253510
4.40 mg-kg™ F1 37.14 pg-kg™s
1.2 KRGt

NHAP 5 + 38N & A 5 4518 1% .
3% .5% , AbFRGR S HINIC A N-1 . N=-3 N-5, 7B
AR ZS B .18 CK, 3t 4 b BE, 5 — b3
wI3INEL,

2010 4F 3 A 15 HHEFHFREGS 3 mm A ESR
TE YT 145 200 g F =AM (A% 500 mL, 348
AN e BRI BT He 5 4 30 1) 75 G - 38 TPoin AR

Bk, IREHS . #RLEKS b HEHERKER
60%, THBRIRFIIBRENFES . B3 4R
H, i EE K 50K 53 53 HI7ESE 7.14.30.60
d B A SRR T DU E 33 AL SRS DRI R PR BRI
B, FHIEHE 60 d if +3E Cu/Cd KA R
L3 A E

IR TR A LT ", % pH R
A 1:2.5 iAok e, pH BB AR T E 5 134
Cu. %> Cd R AR - H AR -HRIEE , TR
SIIEIEEE TR ; 14 Cu Al Cd /K ¥ 2500 5E 7 ik
9B g it 20 BT A3, I 10 mL £E 5K,
TE 25 CF#E % 30 min,3 000 r-min™ E.{> 10 min, B
IEEREI . oA 5 FRTE AR SRR AT
PRI, 3 FA R IR e BE T E

T3t A DR R T R RR TS MR I i 2
ISR A RALEILS P s . i EALE B 5 1
/ﬁ% H,0, (ﬁ*% 0.1 mol - L™ KMnO, E@%ﬂﬁ%ﬂ_‘_\‘ ,ig
4 mL-g™; BREGA LB, DA 37 CFIE5 24h Ji
301 NH-N RZFEHERR 10 ) mg- g IR 1B
RGP L B , DA 37 CTF #5524 h 5 LA
W Z S BERN , 100 mg-g s
L4 BiELESE

IRIBIEF ] Excel 2003 F1 SPSS11.5 #4347
SrHTab I,

2 HFREWE

2.1 RREFE NHAP 3454115 pH fI5I
SxtEAE, £t 60 d 3538, 1% 3% 5%4% M
JKFTF ,NHAP 4b 2 + 3 pH 4351 % 5.60.5.80.,5.98,
Ay BIHEATRRIRE T 0.97.1.17,1.35 4 2A407 , ¥ 5 % B
AAHLAR B EM R, H 3 AFI B4 Btk B 8
EMER(3R2), FBTER 2 R FEE NHAP £
B3N, 38 pH Z W0 , 340 W& B 4308 :N-3
kb N-1 3441 0.2~0.3 4~ 5437 ,N-5 b N-3 3% ii1 0.14~
0.27 B 5 Bl B (] A9 HERS , &40 32 1 38 pH
BRIBB KA, N-1 N-3 J& N-5 2b 3 537 {#
1428 pH ZEHF7E 5.44~5.60.5.67~5.89 J% 5.94~6.03 [
B KT, % 4 pH RIE — & MR A ; BER
—BHH, & 40FE A5 pH B R/ PRI N-5>
N-3>N-1>CK, A I, @I & NHAP 7EA R B
BB ER S TIi5 Y3 pH, XERH T
NHAP KA KFERCH POY, #E—25%451k >k HPOTAN
H,PO;, ZS B K& OH-, {fi + 4 pH {H 1Y
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Table 2 The effects of nano—scale hydroxyapatite on soil pH

o HIRmTia]
7d 14 d 30d 60 d
CK 4.52d 4.56d 4.55d 4.63d
N-1 5.44c 5.52¢ 5.5%¢ 5.60c
N-3 5.67b 5.76b 5.89b 5.80b
N-5 5.94a 6.02a 6.03a 5.98a

VNG FRERRFRRTE P<0.05 KF L EFBE,

i, 3% 5 PRANHEE IR 5T 45 R —3
2.2 AEFIE NHAP 3475 4+ 3 Cw/Cd S
=AU
2.2.1 XH5YL+3E Cu BRI
TN R R KA AT 60 d J5, TR
A Cu SR EESSENE 3 Fin, SXTEAML,
NHAP (i3 imy WS Cu & &, H 3 My
B SRR BESER HILZ EIRRHR
B EEES ., A NHAP #H Eaomsm, 1%
EXC & Cu B BB, #F#H N CKSN-1>N-3>
N-5, HA N-3 & N-5 43 EXC 2 Cu & &2 3L
X BB AR T 133.96 mg-kg™ 1 161.38 mg-kg o &
N-1 ZbFEHE N T +3 CA &5 Cu F B 4P, N-3 & N-5
SCFRIFEAL T 138 CA 75 Cu &7 &, BHRS5X Mk
B EMHZER . NHAP 3 NMOINF R B RIFRE
= T 13 Fe-Mn 2 Cu & &, ¥ 5% G HA 2 B &

PR B N-140HEEKT DM 2 Cu & &5, N-3
Fe N-5 GhFRIgHEHN T OM 25 Cu & & Bk 5% 1
WMERIE BEER, N-1 BT 3 RES
7 Cu &8 ,N-3 & N-5 b B4R & 7 4% RES 75 Cu
&, SN AR B B 22 K

SHEALER AR +3E Cu EZ LA RES . OM K EXC
¥, BHSERNMIFHN 32.70%.19.98% K 19.74%,
Cu £ EH & & K/NFH :RESSOM>EXC>
Fe-Mn>CA>WS, ¥l NHAP b8, B ZR% T -1
EXC % Cu B/ & & ,N-1.N-3 J¢ N-5 gb 3 + 5
EXC 7 Cu B & &5 7 e X B EEAR T 1.98%
69.10%7F11 83.84% , 3% #i[n] Fe-Mn 7% ,OM 75 F1 RES
A4k, B N-3 J N-5 4b3 Cu £TERE S E R/
W F 2238 : RES>SOM>Fe-Mn>CA>SEXC>WS,
2.2.2 XH5Ys 13 Cd B0 R

WNZ= 4 P, NHAP 3 A0 2 AL 35 4y + 5
60dJ5, THEWSEGWSTESINEMNBEST
25.97.23.16.,22.49 pg-kg™, HI4> B 5% BEALFE AR
BENER BRI ZRRRAL BEEES . X
FEAHEL ,NHAP BRI T 4% EXC 745 Cd &8, N-1,
N-3 J N-5 b 43 51 bb %o B8 b B AR T 17229,
181.44.178.08 wg-kg™, Ff¥5%t AL EIA B i &P
#£5 . N-1 & N-3 fb#Ext +38 CA &5 Cd S REH MK
/N IR G XA R B 25 7 N-5 b3 g+ 4 CA
A Cd ERIXTRIERT 13.73 pg-kg?, HIHH5HAM

& 3 NHAP Xt 115 Cu L EHESER S TR

Table 3 The effects of nano—scale hydroxyapatite on the contents of Cu forms

e WS % EXC & CAL Fe-Mn 7 OM 7% RES &
mg-kg™! % mg-kg™ % mg-kg™ % mg-kg™ % mg-kg™ % mg-kg™! %
CK 5.62d 0.58 191.98a 19.74 112.03ab 11.52 150.60c 15.48 194.33ab 19.98 318.37b 32.70
N-1 12.37¢ 1.29 185.68a 19.35 120.20a 12.52 188.71b 19.66 185.15b 19.30 267.99b 27.88
N-3 13.34b 141 58.02b 6.10 106.95b 11.27 192.89b 2032 202.70ab  21.37 375.22a 39.53
N-5 15.19a 1.58 30.60c 3.19 102.76b 10.69 208.95a 21.74 210.24a 21.90 394.07a 40.90
& FFNEFRERRIRRTE P<0.05 K EEF BE, %FnZESEREBENE S F&.
R 4 NHAP 311 Cd U FHESER S BRI
Table 4 The effects of nano—scale hydroxyapatite on the contents of Cd forms
WS & EXC & CAZ Fe-Mn 75 OM Z& RES &
R pg-kg” % pg-kg' % pg-kg' % pg ke % pg-kg % pg-ke %
CK 8.50b 0.98 296.48a 34.06 87.76b 10.08 63.15¢ 7.27 797¢ 0.91 406.93a 46.70
N-1 34.47a 4.13 124.19b 14.87 83.73b 10.03 145.75b 17.47 20.05b 2.40 426.20a 51.10
N-3 31.66a 3.83 115.04b 13.91 89.38b 10.82 155.09b 18.76 25.24ab 3.05 410.18a 49.64
N-5 30.99a 3.56 118.40b 13.59 101.49a 11.65 181.32a 20.83 28.21a 3.24 410.57a 47.13

I FFNE FREARFORTE P<0.05 K P LEFBE, TRt e S BN A&,
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A FRYRF B EM 2R, N-1 . N-3 J& N-5 Qb3 -1
Fe—Mn 25 & 8439 et B3 T 82.60.91.94.118.17
pg-kg, 5N AR B EMNE S Hd N-5 4k
B X5 N-1 K N-3 fh Bz 353 8 E £ 57
NHAP b ¥R R EMIRE R T HE OM A Cd & &,
BRI N BEE PRI &2 A3 g im, {5 N-1.,
N-3 J¢ N-5 =32 [a38 g A% . NHAP 3 M
FIEALHENT 13 RES & Cd SrEFME/N, H¥RE
Xf R HEA B B R

XPEREAbEE R, 3 Cd 2L RES 2% EXC &K
¥, BOSEDBIHN 46.70%F1 34.06%,Cd FILEH
& B AR/NIFFH : RESSEXC>CA>Fe-Mn>WS>0M,
USHN NHAP 2038, BZEFEIRT 14 EXC & Cd B4
8 ,N-1.N-3 & N-5 4B+ 3 EXC 75 Cd B4
BB X BEBEAL T 56.34% .59.16% 1 60.10% , I
Z Wi CA 7 .Fe-Mn 7% .OM 75 1 RES %41k, Cd
BB EEI/NIFEREI N RES>Fe-Mn>EXC>
CA>WS>0M,
2.2.3 NHAP Xj7534¢ 3 Cw/Cd FEASM st LB

2% L NHAP (¥R M T s e 13 WS &
Cu/Cd &8, X EERZH T NHAP X E 48 Cu/Cd B
B EGRAR EEEA , F 2 B K IR G SR BT (B
W% I A B 4R Cu/Cd BS TR T ok, Hidin T
WS ZCuw/Cd &8, T WSZ Cw/Cd EEH/N, 435
H b Cu/Cd £ 81 0.58%~1.58%F1 0.98%~4.13% , A
X T35 YRR . [FIET, NHAP (1)
AR T 3R A EXC & Cuw/Cd W& &, 1
TEMEPH CA % Fe-Mn 7551 OM 74 Cu/Cd & &
FEERIRA RES 2 Cw/Cd & &, f#f Cu/Cd HaY
AT I FAZS [ P AE AT R AR AR . 13 Cu/Cd fb28 38
FEMAEL, —FERHT NHAP MRMES T+

0.501
0401

0.301

0.20F

HEAE R /mL- g

(=}

—_

[=]
T

AAANANNNNRN
AR

HE pH, BAMATEE T NHAP RHER 54 RE T
WM AR, &R BT 5 NHAP NSRRI AT 28
etk Ca? AT 735 i &8 B 15 NHAP /Kf#
BT ITTE FSLTTENE
2.3 AEFIE NHAP 3475 3+ %8 H M

B &L 1A, 3t A AL S A 60 d G SR,
R SCB W TR SRIGHESE 60 d B 5xf
MEAH G, N-1.N-3 J N-5 2bBEAESS 7 d B, R34
SRS M S50 AR A, (H B B 18] A4S
TESE 60 d 3 Pk TAb 3 4 B8 S A SRR 14 40 1
St B AL FREE RS T 0.51.1.28 F1 1.50 4%,

NHAP [0 %o - 38 Ji B 4 0% 52 i G I 2 B
o SXTHRAI L, NHAP fO¥RIN 2 &3 hn T + B iR A
TEME (B REE BN & A3, HIEIRER IS R R
P ARG, T EEIREREMETESS 14 d BB
B ,N-1.N-3 J& N-5 4b B + S5 IR 15 1 43 1) L X AR
ET 0.82.0.86 f5F1 0.95 1%, 14 d J5 , BEE B E Y
Heke , T EIREGTE MR R, HAE R —BH, T3 iR
BEE R/ NI N . N-5>N-3>N-1>CK,

wE 3 fias, SX AL, N-1 \N-3 J N-5 fb#
¥R W RN IR M R RS M, HA bR
PR - A B I) A RS , IR M B IR BV T W3
B 7855 60 d,N-1.N-3 J N-5 4b3 + S pR B iR il
TEHR R R, BT IR E T 0.29.,0.34 571
0.39 &%,

M2, BEE NHAP R &35, 5853 S S
IR B FNRR T DR BN A RIS B 3 38 hn ; Bl & B 1)
HIHERS , NHAP b3 + et AL AR . IREG FIER P
FREG IR I 50T AR IR AR a3, (B BRE Y
BTN RN, NHAP i AT 142 3 FhlgiE
AFRREMRR, FERH T NHAP AR R
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Figure 1 The effects of nano—scale hydroxyapatite on the activities of hydrogen peroxidase
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Figure 2 The effects of nano—scale hydroxyapatite on the activities of urease
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Figure 3 The effects of nano—scale hydroxyapatite on the activities of acid phosphatase

THEPESE Cu/Cd G, B HE B EHEET -
B EXC & Cu/Cd &, W T % M M A4
fEH . 54h, NHAP B AL 8 5 T 13 pH, [F
A 138 pH 942 = P REAH A2 (M A 52 BB IR R B
B R AR, B A e, S B RS
PRI R R,
24 1% Cu/Cd BESEES HIEMEMNXER
H1Z 5 1% 6 A%, -3 pH 5 WS &5 \EXC #&.
Fe-Mn 75 Cu il Cd & B [AI#552I% B 2% (1IE 8 51 )

£S5 ERSEESHEREEXR
Table 5 Correlation coefficients between contents of Cu forms and

activities of soil enzyme

Cal¥&x WS EXC CA Fe-Mn OM RES 4 Cu
pH 0.99%% —0.77+* —034 098%* 034 041 -0.32
SEULERE 0.86%% —0.90%* —0.59* 0.87** 0.68* 056 -0.39
% B 054 -0.63* -0.68* 047 024 057 -0.18
FRMEREAREE 0.88% —0.67% -035 0.84** 040 031 -0.36

o FOR P<0.05 BEHF; ** TR P<0.01 B EAMK,

R6 EXSC SESHEBREEXR
Table 6 Correlation coefficients between contents of Cd forms and

activities of soil enzyme

CdIEAx WS EXC CA Fe-Mn OM RES 4 Cd
pH 0.92%% —0.96%* 037 0.98%* 0.95%% 0.12 -0.32
SEMERE 0.70%% —0.79%* 051 0.86** 0.86* 003 -0.15
W% B 029 -039 048 046 0.60* -0.10 0.1
FRYEBEMRAE 0.82%* —0.84%* 049 0.88** 0.83** -0.08 -0.35

T R P<0.05 BEAMK, ** FoR P<0.01 HBEAK

X, MEREI AR 0.99,-0.77.0.98 Fl 0.92,-0.96
0.98, ULHAMEE 13 pH KR E , WS &A1 Fe-Mn 7%
Cu Fl Cd & B2 #iHE N, 1 EXC 2 Cu Al Cd FEZ
Wrs/L . 1338 pH 5 CA 25 Cu 1 Cd MESEMES HI1H-0.34
0.37, KA —E M2, ]I, pH 20 13 Cu
M Cd f2ETEA & B A A T 2,

FRIREGSN, 300 S A SR R G S 11
WS 2 .EXC 7 Cu 1 Cd & 2 ¥R I BRI AH R
P SRR BRI 5 13 WS BCu £
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W B IEA SR R MR R E 5371 R 0.86 F1 0.88; 5
3 WS % Cd BB EFAHRLR , MERB R
0.70 F10.82; 5 1158 EXC 7 Cu LR $45714-0.90
-0.67, 5 EXC # Cd & 2H KR E 5 51H-0.79
1-0.84, AT UL, i EAL SR FIRR M BERR B X 13 E 4
J& Cu/Cd JEHEAEA Rk, v LIMENE £ )8 Cu/Cd
TS Y MR . 5l A SRR R B RR A
), HHERAEG S+ WS 4 Cu/Cd ILH IEAHKRK
#,5 EXC 7 Cu/Cd RILB AAHKKR , Uk BN B
PEREIIHRIVE R0 £ R WS A F EXC & Cu/Cd, A
A, 2R 5 Ak 6 AT, 38 3 FhERTE M5 CA 25 Fe-
Mn 7% .OM 7 Cu #1 Cd Z A A H BIETF5 +
¥ RES & Cu #1 Cd Z [ AL, XATRESZ T
RES —f L e R #5 1k, T CA 75 Fe-Mn 75B6
IR B R EXC 45, 13 3 Fii
EHH RS Cu fil Cd REEIE B2 X
e, {HE WS 75 .EXC & . Fe-Mn 75 5 OM 7 Cu #1 Cd
R B E AN, WA RS BIESPOR
WRELEX HIEEEE R R SR E N
W, X S EEFHBIR R —,

3 #ig

RIS Y 3, AN NHAP B E8RE T+
1 pH, [RIEF NHAP B A/ T 28GR EXC &
Cu/Cd & &, T 8MESH CA S Fe-Mn 7
1 OM 45 Cu/Cd FIEE P& AKAY RES 7% Cuw/Cd & &,
fdi Cu/Cd A4 AT 1 P 285 1o P e ] R PSS, [AG
Cw/Cd Xt HIERFE; WE NHAP BORI &3 in,
3 Cu/Cd BB & BRI S8 mss /> mka
R TRA pH BEMELRE Cu/Cd EAS
AR &

NHAP (7 A R BE #h3st hin 7 + 380 b =
it . DR R R M BR 8 A V5 1, {ELBE 2 NHAP 75 in 57
BRI, 3 B -G IE R R B Y
s RIEE 3 FpEgATE S 505 13 WS 25 EXC
7 Cu/Cd I IEAHEFNSRAH IR FR , T BH X T 1
FEIMHIVE R T E R WS 5 EXC 75 Cu/Cd; 3 Fp i
MEMES Cu/Cd T IAH MR B 3 A AL A
MERVERERRES T +HEE 48 Cw/Cd TE 2RIk L
B DMENESE Cu/Cd 154+ ATEMFEHT

B E 3k
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