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Effects of simulated acid rain on distribution, leachability and bioaccessibility of cadmium in a contaminated
soil immobilized by hydroxyapatite

CUI Hong-biao'?, MA Kai-qiang', FAN Yu-chao', SU Bin-hin', HU You-hiao', ZHOU Jing?

(1.School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001,China; 2.Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008, China )

Abstract: A leaching experiment was conducted to study the distribution, leachability and bioaccessibility of cadmium(Cd) in soil with and
without 0.5%( W/W ) hydroxyapatite( HAP ) amendment, under simulated acid rain(SAR) with pH at 3.5, 4.5 and 5.6. Results showed that
soil pH in the control soil was decreased with leaching of SAR, but pH in HAP treated soil increased by about 1 unit compared with the con—
trol soil. Decreases in SAR pH increased the migration of Cd to the deeper soil column in the control soil, whereas Cd was strongly fixed in
HAP treated soil and the Cd concentrations in 0~5 and 5~10 cm soil were 8.54~10.0 and 3.13~3.29 mg-kg™ higher than those of the con—
trol soil, respectively. In the control soil, leaching of SAR increased TCLP—extractable Cd from 0.17~0.23 mg-L™ at a depth of 0~5 cm to
0.61~0.68 mg-L™ at a depth of 10~20 c¢m, whereas it ranged from 0.45 to 0.50 mg+ L™ at a depth of 0~20 c¢m in the HAP treated soil. Gen—
erally, bioaccessible concentrations and bioaccessibility of Cd in gastric and small intestinal phases decreased with decreasing SAR pH in
all soil samples. However, the bioaccessible concentration and bioaccessibility of Cd in gastric and small intestinal phases were higher in the

HAP treated soil than in the control soil, but bioaccessibility of Cd in small intestinal phase was lower. In gastric and small intestinal phases,
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the rates of oral ingestion soil Cd to the provisional tolerable monthly intake (PTMI) recommended by WHO in all soils decreased with de—

creasing of SAR pH, but were higher in the HAP treated soil than in the control soil. These findings indicate that HAP treated soil can effec—

tively increase acid buffer capacity and decrease the leaching loss of Cd. However, the bioaccessibility and health risk from the oral inges—

tion of soil Cd in HAP treated soil are higher than in the control soil. Thus more attentions should be paid when HAP is used to immobilize

Cd in acidic soils.
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Table 1 Basic physical and chemical properties of tested soil
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Figure 1 Diagram of leaching soil column

o TR R RS PR B IR 3R, JIA BRI E - 1
4 Cu. 4 Cd F14s Zn X HF-HCI0,~HNO; 4 &,
D F WMo S BE I A o 3B LB A E R
PRI U AR

13 Cd AT MR TCLP (R M HRAE I U8
PR , ABF 58 R 1O 5.7 mL 7K & TR
F1LZERIA, A 1 mol- L™ NaOH % 64.3 mL
JGEZS, f# pH{H )y 4.88~4.98), Frf: 1.5 g 14,30
mL FEEBOR (DA EE 20:1) , ZE & T 150 remin™ R
¥% 18 h,4000 r+min™ Z5.0> 10 min J5 7€, IR N
1 R A FR IR A AR

PBET i (A 2 PR ER S0 ) BT S i B E 2
M8 Ruby 82077k . BB B Bo B4 H W 1 L, N
0.15 mol - L™ NaCl, I AFEERR 0.5 g 3EHR 0.5 g, 3,
2 0.42 mL, BSER 0.5 mL FIE EHEE 1.25 ¢, F 12
mol - L™ HCL ¥ pH {3 1.50 45440 i (mL) X +
R (g) LA 100:1 1 FBINE A T 2504 (50 mL B4
B ,0.5 g T4F), HA0 18 3 P47, BT 37 ClEl
K F R AR (] Lomin™ ) PREF 2 min B0 H
TBEI R A I EE, L) 100 remin™ ¥5%% , & 20 min P
W pH #| 1.5,1 h JFUZHL 10 mL Sz v i 21 250
4000 remin™ &.0» 10 min, 3 0.45 pm JEfE, FJ ICP-
MS W Cd A5 o MM BT B - 1) b3 SO H b im
10 mL B, i SAAFUN 50 mL, SK )5 F NaHCO; 5 52
N pH B 2 7, FEREAN SO A HOm A PR 0.025
g AR 0.088 g, [A A A G A (1 Lemin™) f£FF 2 min
FEAEL 17 30 B DR A 3R 3%, 100 remin ™ $5i 80 4.0 h, £EFR
30 min J5E SR pH (B, 45 TF s I 12 mol - L
HCI 4t pH{E R 7. TE/NMaBTBIFIR S 4 h I 10
mL JZ W ,4000 remin™ .0 10 min, 3 0.45 pm JE
JEE, FH ICP-MS P& Cd )5 i .
1.5 Cd WA EH

TELE WA 25 PR S AN B B S g v, SR
FiE H I R E AR SR PR I E AR
AT, N A

C,=CxVIM
K C AEMEASES R T, mg-kg™ ;€ N AKRE Al
NG BRI T AT S E LR &, mg - LV
N O IRARTR, Ly MO ARER + 438 BT o, kg

A= AT g M R R R ) 4 R R EA
MR R 50 I T DU A4 S I 38 Vs i R 4,
PN G e ey U N i N N e g =

BA=C,/Tx100%



HRLUHR, 47 AL TR X R A A A A 9 5313 T2 e S A T P 30 1289

AP :BA y HIEE G RV AT 451, % T h 1 1EHE
&R, mg kg,
1.6 OEBBMANLIE Cd 3T AKEE Cd HyREkZE

WHO @1 Cd 195 A 7210 8 A & (Provisional
tolerable monthly intake , PTMI )} 25 pg-kg™+ J 121,
TEREAH Cd 8 AXF AR Cd i PTMI 57 ik 4% T
FitE:

F=(C,xIzx30)/(W,z;xPTMI )x100%
A F O A 5 Cd XA L Cd /Y 5T Rk
% ;I A ILE MR ICE DA TR A
200 mg-d"P W S NIKBT R, JLE R 154 kg
(DA FR 4 45 DU vk LB (A% B I Al i b 2~6 4
JLEFIREE )T, N (37 )% 56 kg 1157,
17 BIRA BT E

SEIGEHE K Excel 2010 43 f5, A SPSS 19.0
BB A T B LR 3R 5 22 007, A [ A 3L ] 14 e /)
WEPEZE SRR AE P<0.05(LSD) /K- L.

2 BERESH

2.1 BT ARRELE pH F1£ Cd S HHINE
WniE 2 FroR, pH5.6 2504, XF IR 12358 pH AN[A] 4
ZRARFRH BEZS . 5 pH5.6 fHLL,pH4.5 F13.5
R JE X B - R[] )2 pH B - J2 UR B 3 in
Theg, FLIA)— 42 J2 158 pH BERRFN pH YRR FEAR
W pH3.5 ZbHEF 0~5 em + )2 13 pH #pH5.6 Ab B
TR T 0.42 B, pHS.6 554, HAP Ab3§ 3%
W EANE 20 pH KRR B E 2R, REEE
6.35~6.46, 5 pH5.6 At ,pH4.5 F1 3.5 kA 5 HAP

133 pH
3 4 5 6

mazmmgﬁa [ UN-3.5
0~5 ':;::"::.éifilﬂ:'gaiﬁ::fﬂtﬁﬁ{" il ’ 1 uN-4.5
i [ UN-5.6
: Fatatst ia B HAP-3.5
[z HAP-45
¥ HAP-5.6

+ 2R E lem

b

10~20 R e AL L ©

[l — 1 R 254k L BN R R R AL PR R4 1 25 57 (P<0.05 )
UN-3.5: KA P+ 3 +pH3.5 FIERTN ; UN-4.5: KA F 1 3 +pH4A.5 (1)
FRTR ; UN=5.6: AAb PR 135 +pH5.6 FIBR T ; HAP-3.5:0.5%HAP b P +
HE+pH3.5 FYBRTE ; HAP-4.5.0.5%HAP kb3 1 33+pH4.5 (TR 5
HAP-5.6:0.5%HAP 4t 3 +5E+pHS5.6 BIFRTE . T [Al

2 BHEEFRIER T AR L= 1% pH K
Figure 2 Changes of pH in different soil depths under SAR
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Figure 4 Leachability of Cd in different soil depths under SAR
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AT ZAPE (% ) AR ISR (mg - L) #4704 . (B
e S R FH Ay W A DA RS Ak - 4 i
F A3 Pb SRR, SRR AEY)

AT HEPEAT Ph AR B, A5 — B P 4518 ax g
MR LS REH, M+ E 4R e R RN, SR
A=A 5P S R L T A5 2 0 A AU
2.4 HEEETIXT L F Cd B9 N R XU T EM
% 3 fos ,pH 5.6 2504 F, X BE - 48 B W o B
TEEA L HEF Cd X LR PTMI 51k 445y
WA 2.59% F1 9.42% , /1N g B BE 4y BN 1.629% Al
5.90%, Y5 pH5.6 AL, pH4.5 1 pH3.5 Wiz 6 B 1
58 WO VR o B B AR R Cd xR FL
Y PTMI sk R BERR N pH HIFEAK MK, pHS.6
ST HAP b ¥R 4858 5 W B C A 3 Cd
XL N F L E /) PTMI 53 @k 28 43 51 o 6.54% il
23.8% , /MBI BT H 0 1.65%F1 6.00%, 5 pH5.6
ke ,pH4.5 Fil pH3.5 k% J5 HAP &b B + 35 & W A
W B4R A -3 Cd XF s AL EE Y PTMI 53
BRI BERR TN pH YRR AR . S5X5 BEAH LE , HAP
AR IR B IN T AL E WA B B E A
gerh Cd XA FLEE R PTMI DTAR%E . X 22
T HAP ZbHUA 5 2 T 3R Cd, W4T Cd /Y
Wk, FEBRAMHBNBIRHAES Cd FREERT
X HE 48 3 Ak, 55X BEORH [R], HAP A3+ SRR B
F W B B T B 4 A - rh Cd X B A FLE ) PT
MI BTRR R I R BN A AARR TR pH 1 B MR
AW RFEM, T HAP L BRAEMS A R &
TP Cd, (15 R A LI H Cd X AR
Y PTMI STk 0T AL EE , B HE 45 v 1 fede B
RS o A I AEPIR BF 58 K B, TE B Cd & i 325
mg-kg™ PYHTIX, AL E R TC A T Cd XA
NFIJLEE R PTMI STk 24 511K 7.40%F1 26.9% , .
F R TN HAP ZbBRA 38 (HJE B Cd F
143 mg-ke WO X L3, HERAMBHBRLERAL
gerh Cd XA FLEE R PTMI 51 kK F A5

R3IEMRAESHMETEEENN C 3 CdSA

R 2 TEAREES CAA Cd LY AT RFBNEMTTHRE(%)
Table 2 Dissolved amount and bioaccessibility of soil Cd Table 3 Percentages of Cd intake by children and adults
s VRS Cd/mg kg™ Cd AWy T 4% from soil to PTMI( % )
B 7803 ) 783 Jhsm DUHRAE - DAY S 778/
UN-3.5  459:0.30d 1.79+036b 94.9+6.8ab  36.9+7.3ab A L A L3
UN-4.5 5.0£0.07d  2.69+£0.40ab 94.7+5.1ab  51.1xl1l.1a UN-3.5 1.97+0.13d  7.14+047d  0.77+0.15b  2.78+0.56b
UN-5.6 6.05£0.14c  3.79+0.58a  88.2+0.5b 55.2+7.5a UN-4.5 2.14+0.03d  7.79+0.11d  1.15+0.17ab  4.18+0.63ab
HAP-3.5 13.9+0.25b  3.43+0.06a 95.2+0.61ab  23.4+0.1b UN-5.6 2.59+0.06c  9.42+0.22¢  1.62+0.25a  5.90+0.90a
HAP-4.5 14.9+0.32a  3.73+0.92a  97.3x0.3ab  24.3+5.4b HAP-3.5 5.97+0.11b  21.7+0.4b 1.47£0.03a  5.34+0.10a
HAP-5.6 15.3+0.60a  3.85:0.48a  99.2x1.6a 25.1+3.7b HAP-4.5 6.39+0.14a  23.3+0.5a 1.60+0.39a  5.81+1.43a
HAP-5.6 6.54+£0.26a  23.8+0.9a 1.65+0.21a  6.00+0.75a
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ook BRI HAP Ab B30l DL, Cd S i A9 13
] B AN [ R A R XS o K T Ry - SR
P, JUHJE 4 pH A BLB KKL  CEC 251 22 57
Y, W0 Luo SEPFT Hu ZEHIBETE K B L S E 2 )
Ay T 25 PR 5 A AT OBRE L AR L 35
HAWBEARIE . Ak, BB O SR A 1
f Cd xFJLER) PTMI SRR B35 & TN, &Y
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iR EOUDNEN RN 7R R N o | 3
A VRS A E SR ARRE B AR T, B LT
PBET J5 i3 BRI PN 45 e il T B aedt, A
W BES G HA I LA TER G BOPF . IEAN  ASBFFEAX
IR T LEBMAX —RiF®E, (UL HIT4SS
R B AP LR Y HE | P OB R B IR fih < 7 R
wARSEE NN AE . AL, BRI,
HAP REUSA 08/ 138 Cd 1) T 2% (R HAE YT
S TERIZE DR A R B Cd X A AL #
PTMI SR8 i T-xF BRAL B, 4759 3 b A v ) B
DRSS, , 0 5 | R | FE A

3 #ig

(1) R TR bR B AR T X B 3R W) + )2 pH,
i CA7E AL AT #, T HAP A0 JE + 348 5
FIEX BRI S i RE T, H Cd 76 -4 R &A= B 8
M.
(2) R RN IR B AIG 1 % RE A PR 2R 22 - JE T 3 Hh
Cd &, #mT P2LEmE M Cd &5, B2
HAP b R[] + )2 HHErT iR 4 Cd &5 &2 RN pH
SN
(3)XF B HAP Ab 35+ 18 55 3 R0 1 W o B s
ACdFaE, &0 LERA LS Cd X AFILE
() PTMI Gk % 5 B B Cd A=W ml 45 35 B
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A
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