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Study on Risks to Human Health of Remediation of Cd Contaminated Soil
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Abstract: In order to assess the health risks of Cd—contaminated soil after remediation by use of nano—particles in case of in-
cidental ingestion, laboratory experimental studies were carried out, which involved addition of nano—particles including na-
no—hydroxyapatite (n—HAP), nano—Fe;O. and modified nano—scale carbon black to the samples of brown soil contaminated
by cadmium (Cd), with the nano—partcle dosages of 1,0%, 1.5% and 2.0%, respectively. As for the assessment of the effect on
human health in vitro gastrointestinal simulation solubility bio—availability research consortium (SBRC) was applied. The
experimental results obtained showed that the three kinds of nano—particles above—mentioned could effectively reduce the Cd
content extracted from DTPA in soil, among them, n—HAP was most effective; meanwhile, the bio—availability of Cd in the
gastrointestinal phase was significantly reduced, and declined with the amount of nano—particles added; and the oral ingestion
of Cd in the gastric bio—availability was greater than that in the intestinal bio—availability. The amount added of three kinds of
nano—particles had a negative linear correlation with the bio—availability of Cd in the gastrointestinal phase, exerting the
greater effect on the bio—availability of the intestinal phase. As a consequence, nano—particles remediation of soil significantly
could reduce the non—carcinogenic health risk and carcinogenic health risk of Cd—contaminated soil, and the soil having been
remediated had no notable non—carcinogenic health risk (HQ<1), and carcinogenic risk (CR<1x10™), and the health risk to
children was higher than adults. In conclusion, the nano—particles can effectively reduce the bio—availability of Cd in brown
soil particles, thus mitigating the health risk in case of accidental ingestion. Thus the research achievements provide a scientif-
ic basis for the health risk assessment of nano—particles applied to the remediation of Cd—contaminated soil.
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Table 1 Basic physical and chemical properties of soil
pH HHUF% A Cdimg-kg™)  ARKE Cdi(mg-kg™)
6.80 2.70 0.28 0.11

YRALRL : GBS KA (n—HPA) FIZHK DU 4R
A =4k (n—Fe;00) W F_L BT T A= AL RHE e 003 A7 R
ONE] SRR NG T e R R ), R P B A A
il A8 P E 9K ik R (MCB )™,

1.2 AN E5E

i1 I AR B | o b5 o v 9 Rl w A ES ]
SEAL AT A BR S 7 RT3 08 T i 2 sa kA 4k
BHERIRATF],

XA : XMTD-4000 H FHE I 7K v 58 (36 Rk G
BES AL AT BR N 7] ), SHZ—82 1H IR IR 1% £ (H M 25 1
Fi [ # ) 1 E BR 2N 7] ), TDZ5—WS 55 .0 L (b 7 i
%), iCAP RQ H1JgHH & 55 25 11K i 1% {L (ICP-MS)
(2 [# Thermo Scientific) , HK—8100 H, B 5 %5 T
K AHEIE (ICP-OES ) (Jb it 46 R} 5j i ) Fl— 265 #L
SR
1.3 AT HE

B Cd ¥5 Y A 1l & - 1) 3k 20 H 0 9 AR 1
it il CACL AR, 10 kg 385 /i 1 000 mg/L Cd™ %
W 500 mL, R 2], 153 50 mg/kg BOBELHLTE 4L+, FRkF
HAmA 90 kg il 3, MRS . TEE N T
Bl 2/ AL L5 Cd &8 25 3k 24 , 1 45 ik
Cd™ ¥ FE R 5 mg/kg FUT5 44 + 100 kg 3557 5 A5 44
A BRI T XA R PR 20 Hfi4E H

Cdi5 Y 1B LI FREL Cd {54 .50 ¢
A B AR 2 ) 135 G - oS I 1.0% L 1.5% Al
2.0% ) MCB .n—HAP .n—Fe;0,, 3% 30 d KA, B55%
S AR PR I RR AN R B K A K A R
] K Y 60%~70%., SRR 10 AL B,
ML 3R, BRI 2,

SBRC 556 : 5K F SBRC /F A1 ik i 58 Cd 15
et cd EITT A, 4y 2 SRR EL, BV E FHAN
JaAH o R G MBS B AT, B W B A L
B A H & RRBUC A TG R BT, I A A
JERT , 3 7 i T LA R v oA UL S R IR 45
VEABREARINT

(1) HAHERA BL0.3 ¢ CARLILTE Y 1 A B AT
BRSO R DR EE R 12100, 1% e £5 R R T
pH {H 4 1.5, #£ 4 37 °C 150 r/min fE IR 1 h, 435
10 min I 22 %5 W pH {E I35 v 45 2 4k 4 B AH pH oy
1.5, &% 45 U5 4 000 r/min 25.0> 10 min, B 3G
0.45 wm JEEE, PRAFRFI
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Table 2 Experimental treatment design

T SRS S LA

1 CK 5mg-kg™ CAEIITE YL+

2 n—HAP 1.0% 5 mg-kg™ CABIITYE 4-+1.0% 9K IR KW i 17
3 n—HAP 1.5% 5 mg-kg" CABIPIIE Y ++1.5% 94 K FL IR K A
4 n—HAP 2.0% 5 mg-kg™ CABEALTE Y+ +2.0% K FIERE I
5 n—Fe,0,1.0% 5 mg-kg™ CABAMTE e ++1.0% 4K 10 AL =4k
6 n—Fe,0,1.5% 5mg-kg™ CABLLIIGYL 1-+1.5% 4K DU AL =4k
7 n—Fe,0,2.0% 5mg-kg" CABELIIT YL ++2.0% 9K U A 1k =4k
8 MCB 1.0% 5 mg-kg™ CAAEHLTT He 4-+1.00% B HEAN K i 2

9 MCB 1.5% 5 mg-kg™ CARTTE Y ++1.5% PRGN K e
10 MCB 2.0% 5 mg - kg™ CAABHLTT Y 4+2.006 BICPEAN K pi 2

() AEEEA : BARIUS S b B %A
J R, S R 3 R A A0 1 W S T Ak 1 3 TR
I 43 i NaOH 5% # NaHCO, 845 % pH 7 7.0, 2R 5
[ RE B4R 5 45 PF VR B4 h, Jiz A B BCAY 3 2 o )

i Z2) ) 72 VA UK pHL, I NaOH 5 % NaHCO, 5 4E 4%
%A pH, AR % $2 BUEE WS 4000 r/min 2.0 10 min,
BBV WOE 0.45 pom JEBR, 00 . B AARRR 00 A2 UL
# 3.
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Table 3 In vitro gastrointestinal simulated SBRC extraction parameters

Tk FEIUAR 53/ L™ [ 9 Lb pH FRHISE]/h
SBRC B 30.03 HzdlR 1:100 1.5 1
7} 1.75 iHY1.0.50 R 1:100 7.0 4
YUORAPELY T Cd V5 e B iR P 0.3x10™ kg,
fli : A4 SBRC & I Hhigs i th 1) Cd % 12, RIS [ (2) 2 A T SRR BR PPAL A
I REE (USEPA)$2 13 i XU DA AR, 43 SRy 3 B Al H 4 % #2 7]&# ADD (mg/(kg-d)) :
SO E IR A SR 98 L B B B0 ADD=CXIRXEFXED | 2)
14752 8300 BRI, ot A A 1 TR T BWx AT
14 FEBUE XS HQ FIEUEE KU CR :
+ 4 pH: 0.01 mol/L CaCl. ¥ 18 o i 2 71 ( [#1 3 HQ=§’;§><BA,CR=ADDxSFxBA (3)

[, 1:2.5) 2R pH - 2 +3ERE 5 1Y pH.

T AP EERRIP AR

114 B 4 i R HNO,—HCI-HCIO, 32 14 fift
J& , RN 555 88 IR R SPGB (ICP-OES) T .

T HEARES Cd & & R DTPA =242 2% (B L
1:2,pH=7.30) , FH ICP-OES {l:& Cd % .

B AEr Cd D « 5 AR B8 B 340 1) FH i JE
BB TR & B TE AL (ICP-MS ) 1 5 f5 I H 1Y
Cd & i, W E AR Cd Ay bk,

1.5 #EAE

(1)Cd B9 =Yl 451
H AE cd AT 25 an (1)
_CxXV .
BA—TSxMleoM (1)

AH L BA N B AT CAdR A Atk % C N
B WA CA AT VR EE , me/L; VR SE0 S N iR S A
L L Ms RS20 1 85 4 J@ Cd Y BV i, mg/kg ; Ts A
SO+ W A, kg, ARSEIRHF, VR 0.03 L, Ts N

K S0 LA LR 40
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Table 4 Parameters of human exposure to contaminated soil
through oral ingestion

2 WA JLE
EEBWE C/(mg-L™) AT e B
T HHEA B IR/(mg-d™) 100 200
SEFENF EFI(d-a™) 350 350
TRFRAEKR ED/a 24 6
{ATE BW/kg 61.5 15
SEYAE TR A AT/ 3§i§7%5;§’§5
S5 & Rfd/(mg kg™ -d™) 1x10™
AR T SF/(kg-d-mg™) 6.1
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I3 HE CK AR T 20.96% .18.99% . 17.54% , 1411 3 Fkt
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2.2 BT Cdey A4y T4
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Fig.1 Available Cd content in soil
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Fig.2 Bioaccessibility of gastric phase Cd and intestinal phase Cd

N TR AR AN 3 RS R B A AR ]
EVERTRE IR, R ROE PEAT TR T (3R 5) o R4S
RFW 3 YRR IR S H AR T Cd A
AP R B R A UG R R, B S

rh 1 20 46 % 2 5 n—HAP>n—Fe,0,.>MCB, #H )i
HIAE R AR AR (=23.59~=30.70) 4 X E K T
AH(=13.61~=19.69) , VL 3G I KA LB A = 60 i
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Table 5 Correlation between the bioaccessibility of gastrointestinal phase Cd and the amount of material added
bR : A i
TR (y=ax+b) R TR =ax+b) R
n—HAP y=—19.69x+0.964 6 0.887 4 y=—30.70x+0.827 2 0.999 9
n—Fe,0. y=—17.47x+0.940 1 0.993 0 y=—26.88x+0.729 4 0.9358
MCB y=—13.61x+0.878 7 0.990 0 y=—23.59x+0.657 6 0.956 0

T, A B R L3 A EBOE FB0E H 2568
FlEILER 6.7, R TP CA X AR LE Y
DU , A T E B MEUR XS AL (R 8.389) . 453k
B B B B BT XS A 2.591 9%107°~6.709 0x107° A1

23 Z BN RMIME I C T F L4 RS
PAE

R 45 SBRC H B I i g th iy Cd & 12, R H
USEPA & (1) KU PE AT A AR Xof A AR it R 2R 47 JRUS:
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0.321 0xX107°~2.311 3x107, FJeE XS 4 5.420 8107~
1.403 1107 F10.671 4x10°~4.833 8x10*, JL# H 5k
ORI A 2.125 4x107~5.501 4X107F12.632 5x107°~
1.895 2x10™", Fiea XU A 1.111 3x107~2.876 5%107 Al
1.376 4x107°~9.909 3x10™, 1] LAF H 4 1 A 90K F1
BME S ) Cd ¥5 Y 500 L (e XS & TN .
A BN L EE Cd ry AR B0 KU HQ<1, S #/Nal AT
22 W% 1 50 KU > 5 B0 XUS: CR<107, S 1] 220 W 3

Pt UG il e AR F2 B2 R BT, o AR ) B0
AR S0 AU nT 1 Sy B AR, R 8 FIL ol L
B b, BGRB8 R T A Cd AR
AT 251 1 HQ Al CR BRI H /N T CK, A 2% Fif XL
SAEL B MG, 2B 3 FhAAT R AT U RO/ N2 DA Cd
X AR B XU o S AR AR s AR R, H
F 819 7] LI H n—HAP i XU (e 5 , L2 1 5%
An—HAP & ) Cd X A A R JXURS: B K o
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Table 6 Oral ingestion of non—carcinogenic human exposure doses

HAM/(mg-kg™-d™)

A/(mg-kg™-d™)

Al 7 e
RSN I I e
CK 7.487 8E-08 6.140 OE-07 4.394 8E-08 3.603 8E-08
n—HAP 1.0% 6.299 9E-08 5.165 9E-07 4.342 4E-08 3.560 7TE-08
n—HAP 1.5% 5.825 1E-08 4.776 6E-07 3.073 7E-08 2.520 4E-08
n—HAP 2.0% 4.654 2E-08 3.816 4E-07 1.777 OE—08 1.457 1E-08
n—Fe;0,1.0% 6.371 6E-08 5.224 TE-07 3.967 1E-08 3.253 OE-08
n—Fe;0,1.5% 5.716 8E-08 4.687 8E-07 2.489 5E-08 2.041 4E-08
n—Fe;0,2.0% 4.911 5E-08 4.027 4E-07 1.721 3E-08 1.411 5E-08
MCB 1.0% 6.229 8E-08 5.108 4E-07 3.609 5E-08 2.959 8E-08
MCB 1.5% 5.591 3E-08 4.584 8E-07 2.367 9E-08 1.941 7E-08
MCB 2.0% 5.092 3E-08 4.175 7E-07 1.637 9E—08 1.343 1E-08
Fx7 ZOBANWAFBEZREFE
Table 7 Human carcinogenic exposure dose by oral ingestion
SRR B AH/(mg-kg™'-d™) : f#f/(mg-kg™-d™)
LN JRN JLIE
CK 2.567 2E-08 5.262 8E-08 1.506 8E—08 3.089 OE-08
n—HAP 1.0% 2.160 OE-08 4.428 OE-08 1.488 8E—08 3.052 1E-08
n—HAP 1.5% 1.997 2E-08 4.094 3E-08 1.053 8E-08 2.160 4E-08
n—HAP 2.0% 1.595 7E-08 3.271 2E-08 0.609 2E-08 1.249 OE-08
n—Fe;0,1.0% 2.184 6E-08 4.478 4E-08 1.360 2E—08 2.788 3E-08
n—Fe;0,1.5% 1.960 OE-08 4.018 1E-08 0.853 6E-08 1.749 8E-08
n—Fe,0,2.0% 1.683 9E-08 3.452 1E-08 0.590 2E-08 1.209 9E—08
MCB 1.0% 2.135 9E-08 4.378 6E-08 1.237 6E-08 2.537 OE-08
MCB 1.5% 1.917 OE-08 3.929 9E-08 0.811 9E-08 1.664 3E-08
MCB 2.0% 1.745 9E-08 3.579 2E-08 0.561 6E-08 1.151 2E-08

R8 LZOBANRMARMEUES B CAi5 R EX L AFILER IR

Table 8 Non-carcinogenic risk of oral ingestion of Cd-contaminated soil remediated with nanomaterials for adults and children

FERR I ‘ i — , i -
WA LK B L
CK 6.709 OE-05a 5.501 4E-04a 2.311 3E-05ab 1.895 2E-04ab
n—HAP 1.0% 4.748 9E-05b 3.894 1E-04b 2.256 3E—05a 1.850 2E-04a
n—HAP 1.5% 4.060 1E-05ab 3.329 3E-04ab 1.130 SE-05ab 9.270 1E-05ab
n—HAP 2.0% 2.591 9E-05b 2.125 4E-04b 0.377 8E-05de 3.097 8E—05de
n—Fe;0,1.0% 4.857 TE-05ab 3.983 3E—04ab 1.883 2E-05abc 1.544 2E—04abc
n—Fe;0,1.5% 3.910 3E-05b 3.206 4E—04b 0.741 6E-05cde 6.081 3E-05cde
n—Fe;0,2.0% 2.886 SE-05b 2.366 9E—04b 0.354 4E-05de 2.906 3E-05de

MCB 1.0%
MCB 1.5%
MCB 2.0%

4.643 TE-05ab
3.740 6E-05b
3.102 8E-05b

3.807 8E—04ab
3.067 3E-04b
2.544 3E-04b

1.559 OE-05bcd
0.670 8E-05de
0.321 OE-05e

1.278 3E-04bcd
5.500 8E—05de
2.632 5E-05e

U RPN NG FRFOR AR AL B[R] 22 53 1 35 (P<0.05), T I
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Table 9 Carcinogenic risk of oral ingestion of Cd—contaminated soil remediated with nanomaterials for adults and children
S H %
PR A L WO L
CK 1.403 1E—07a 2.876 5SE-07a 4.833 8E—08ab 9.909 3E—08ab
n—HAP 1.0% 9.931 9E-08b 2.036 OE-07b 4.718 9E—08a 9.673 7TE-08a
n—HAP 1.5% 8.491 5E-08ab 1.740 8E—-07ab 2.364 4E-08ab 4.847 OE—08ab
n—HAP 2.0% 5.420 8E-08b 1.111 3E-07b 0.790 1E-08de 1.619 7TE—08de
n—Fe;0,1.0% 1.016 OE-07ab 2.082 7TE-07ab 3.938 6E—08abc 8.074 OE—08abc
n—Fe;0,1.5% 8.178 1E-08b 1.676 SE-07b 1.551 1TE—08cde 3.179 7TE-08cde
n—Fe;0,2.0% 6.036 8E-08b 1.237 6E-07b 0.741 3E-08de 1.519 6E-08de
MCB 1.0% 9.711 9E-08ab 1.990 9E—-07ab 3.260 5E-08bcd 6.683 9E—08bcd
MCB 1.5% 7.823 1E-08b 1.603 7E-07b 1.403 OE—08de 2.876 1E-08de
MCB 2.0% 6.439 2E-08b 1.330 3E-07b 0.671 4E-08e 1.376 4E-08e
3 Wi [Fl B, BT 2K B R AR R S5, Cd 4% 5 MCB |

i T n—HAP . n—Fe;0, . MCB ) It % 1fii FH . zeta Hi
£ VERER] BRI 22 5, 3R REXT Cd I fig
FIASTA], B R B 4 n—HAP(44.13 mg/g) >n—Fe,0,
(22.15 mg/g)>MCB (18.87 mg/g)™ >, 4 3 Fh 4l K F1
BHA N #] Cd i5 Y 58 )5, X Cd ) #li Ak RE ) R I
& n—HAP>n-Fe;O,>MCB (€ 1), £ Z 2K iR
n—HAP .n—Fe,0, & {fi 138 pH 7t & , A% L3 i
GBIV, N A T LR A RPES S [mle A+
1) n—HAP .23 & A= /K g RN, B OH, 2 1 1- 4%
pH, T -+ 3% pH (9 T = F2 B 5 T n—Fe;0.*". M
MCB JINA 23 F#AK 38 pH , J2& KR 1 9 B X 48k 1k
il 7 1Y) MCB 2 11 W% B 5 K1 % HY, iR 4 Cheng S5 0F
YA, 4% (1) MCB £ 18 pH 7 5.5 22 47", fiti A 1= 4%
SRR pH, AH T LI E &Rk, ik, 3 F
9K A1 B4 AL BE J1 4 n—HAP>n—Fe,0.>MCB, -+ 5
%4 Cd & it n—~HAP<n—Fe;0,<MCB.,

B AT Cd AT gt T X2 E
AHATHIE A9 pH A 15K T AH 1 pHL, TR P 25 14 )
F O Al A W BT B A A R Y Cd s i A
TN AE HF P A T AR Y Cd XA TTTE BT 20 F
FE, Cd IR il ik /D, 5 30 A A 0] 25 sk /) | TR) s
Jn KA JBER AR, 5 Cd AR A, T LU/ Cd Y
AT AR, Wik, SAHEY TSR TW
o Cdig YA 3 R g kit kLS , Cd 44
AT 45 PERIE T XF B8 CK, LB AT (8 38 g FA1G, 3
Folr g K A L T8 0 oA 296 B AR ] A PR R AR (R 2) 6
MR IR A [ B, 70 n—HAP 5 g AH T Cd 19 4= 4]
R, KSRl 3 Bk RE T n—HAP X Cd 4 W
K, N g Cd i I B SR S A, AT
FHHR Cd s iRt B K, B I AH AT e bE i o T
MCB & B Cd Wy A=W mT 4k d /), 22 R O
X Cd 4 W B /N, B B A R Cd B D

) —OH ,—COOH ,C=0 & it v FEEWIER 5
SEPEE =, B A Cd B R B2

HEB S ORI 5T 2 TG 2 (Rl B B - 3 () 4 R
TCE 5 NN ALV OGN & (sl IR AR &) Rt
AR HE# . ANHFSE 3T SBRC LAEALAE 2 3 Ryl K
MR T Cdls g LIS 5, 2 N A L1 Cd
POWNEE N7 NIk (AR o SN BB N S PO B E O
BN L EE A B0 AR 2o KU 24 mT Z08%  H X)L
Bl R XU o8 TN (8.8 9) o T B4R LA & AR
AU if SBRCIEBUAS B 4518, HAUE & T
-4 rp Cd X AR 1 ARG L B2 5 R A KM R AR
B kRS Cd AR AR X AR () e B XURSS:
2 3 S 7 BRI, E RTAR DA B 5 S g Kb
BE QKBRS 4 A AR R X A A £ R RS BF
5o YT BRI, A SCEELA R R — A5 T SR oK
ERE KA RS Cd A8 R B AR R A AR B4 i B IR
WEFE, KA B T 4R 15 Y B 5 42
BERLE AR

4 @i

ASCLL Cd 5 4 5N ST X4, A n—HAP .n—
Fe:0, F1 MCB A i 44 K #1 %}, 1% FH SBRC K415 1
WAL TTVE  WEFEARSP 551 T AR K RIS [l %
Tt Cd A9y mT ks DA e e 48 DA IK 4
XN TEfEE .

() 5RZBE M Cdi5Ye 1AL, BEE AR
RHA I A3, + e 20 Cd A =R, TR 2%
FEAR I 2, H 3 FRgRobr Rb i BOAS 6], X Cd i) i ) g
FIANTED, G AH [ B n—HAP XF Cd 75 4% 4 i 18 52 5k
ST

(2) W4 pH 1= T B M ASH T Cd ¥, Rt AH
HCAdAEY T RN T B A . BEE v B 38 m
B WA AR n] A PERRAIS BLARF A 3 R R Cd £ 1Y
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BB R AR, A 2% I REAR IR BE e K. 3 Rkt
BRI S B A Cd YT AT SR E N
RAETAI KRR, A AR (-23.59~-30.70) 48 X {H )
KT B (-13.61~-19.69) , YL W TN gy KA R KBS N
XA D Cd AT AR R R T B A

(3)3Fh KA RN T Cdis e LB E IR, &
14 A =38 o Cd e AR A il 5 IRUBSALG T A TR T iy ok
ARFAG X AR, FLXH AR L3 B S0 A E S0R RS 55
N X] 22 (B L A R R XU o N . A A
I TR — 25T AN AR 9 K bR Cd A A
XF N B F S BRI 5T, A oK b e g FH - B 4 S V5
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