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Comparison of Cd bioavailability determination methods and the risk control value of Cd for typical
Cd-contaminated paddy soils in Guangdong

LI Jihong', NIE Datao', LIU Mengnan', MAO Xiaoyun'?, LIAO Zongwen', CHEN Xian""

(1. The College of Natural Resources and Environmental, South China Agricultural University, Guangzhou 510642, China; 2. Guangdong
Provincial Key Laboratory of Eco—circular Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: This study aimed to find a suitable method for determining the bioavailability and risk control value of cadmium (Cd) in typical
Cd-contaminated paddy soils in Guangdong to provide technical support for the safe use of these paddy fields. Four available Cd extraction
methods (CaCl,, HCl, EDTA, and DTPA) were used and systematically compared for three typical Cd—contaminated paddy soil samples
collected from Shaoguan(SG), Qingyuan(QY), and Guangzhou(NC) in Guangdong. Correlation analyses were performed on the Cd accumulated
in the plant parts of two rice varieties and the available Cd content in soil. In addition, the risk control values of Cd were determined for
each extraction method based on the food safety standard (0.2 mg - kg™') of Cd in brown rice. The results showed that the extraction
capacities of the four chemical extractants for soil Cd were 0.1 mol - L' HCI > 0.05 mol - L' EDTA > 0.005 mol - L' DTPA > 0.1 mol - L
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CaCl,. When Cd was artificially added, soil Cd availability was high. Both the total Cd content and available Cd content of soil were

significantly correlated with the Cd content of brown rice (P<0.01), and the correlation coefficients between the available Cd in soil (i.e.,
HCl-Cd, EDTA-Cd, DTPA-Cd, and CaCl,—~Cd) and the cumulative Cd uptake by rice all exceeded 0.9, with that between CaCl,—~Cd and
Cd uptake by rice being the highest. However, for the naturally polluted soils, the correlation between the total Cd content of soil and the
cumulative Cd uptake by rice was weaker than that between the available Cd content of soil and Cd uptake by rice. According to the
correlations between the total or available Cd contents of soil and the Cd content of brown rice, method—dependent risk control values of Cd
were determined for Cd—contaminated rice fields in Guangdong. Soil available Cd, HCI-Cd, EDTA-Cd, DTPA-Cd, and CaCl,—Cd provided
better indicators of Cd bioavailability in the acidic paddy soils in Guangdong than the total Cd content of soil. Among HC1-Cd, EDTA-Cd,
DTPA-Cd, and CaCl,-Cd, CaCl,-Cd had the strongest correlation with the Cd content of rice. Further in—depth research should be
conducted on the development of pollution risk control values of Cd in paddy soils based on CaCl,—Cd.

Keywords : paddy soil; cadmium; availability; rice; control threshold

AT Cd T35 Yo ™ F AR 7 it 2 4 R AR fg R,
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3R Cd A R AP IE S B 1A 3585
TE A Cd &y F A YR, 31X 43 Cd BR A 4L
B A CAAE—EFEE B Cd Rz
XA 1 AT A28 K-, T B R ke 1338 Cd A AR 2SR
7 FRE AT TR AR A Cd 2 DL R 1Y
FRUEAE , SR 17, VEDXF Cd B W e =38 v Cd 1A=
ARG E , B 8 Cd B AR HETE AR IE A P
LA AR R BRPES . BRI, B H A E B
FEAT RS HRUEN A B ST b v oy, 1 [ S X AT 2
A CdFREREMIIFR R, LTS EA RS E
SR i e BRI DR AT R T R I
F, Horbd FH A $2HUGR 45 DTPA \EDTA \HC1 il CaCl,
ol

AN TR) =38 Cd 1A 20 PR AR, B 5 4 5 LA
e Y 1 PR AR TR) T HLAT 22 5%, TR [ S RO 1 42
AL A B )t AN ], e 838 A 1A 80 Cd I vk
X T 1 1 2 4 R R OG Ry SR TR AR A
JEIE Y LA Tl 5 e 32, i R 1L X35 e Al
T 378 L 7 3 R T G Ry SR | e AN 24 1 A S el
FETG Y IR AN BEZ AR, AR 58 S B AR 0% I i
F N = A RS Cd 75 YL AURE LN F G 4, 4y

LA 28 SR R RS o HsAa ), i 0 i He A 4 Fh
ANTRI 7 V0 7 B LA RS Cd 5 KA Cd WA A4 A
KRF, LA AR M L 38 52 BORBOR A L35
e XS PEAN AR T M A

| MRS

1.1 ket

P 8N = (NCOBUE T AR Aol K2
FRAF RS H 5 # OC 4= (SG) B A A G VL s 35 i £ (QY)
HUCE b X, = A v R 02 1. KA
b AR R AL b7 CRIEL S A8 ) F A by CRERURIAS ) o

SFNC A BEFT AN I Cd AR 38, ANIE I B8
BRI 1.2.4.6.10 mg-kg (HHAK S50 Cdl
Cd2.Cd4.Cd6 fil Cd10) . LA CdCLy - 1/2H,0 & B
HKIA Cd, T RE G, K 2 L3R 1 em K2,
KT AR T /5, S hide L3, Ak i, A
MEFR ., T HEREFR 60 d I AT KRG
1.2 RBIgIT
1.2.1 - EEAPEHEE Cd & aill e

AHIE 5T K 4 Fh 5 3k 0 8 ikt 4 398 1) A7 3%
Cd, T A RS CA 3 BGR 43514 0.1 mol - L™ HC1,0.1
mol + "' CaCl,.0.05 mol - L' EDTA (EDTA-2Na) LA &
0.005 mol - L' DTPA[0.005 mol - L' DTPA-0.1 mol - L'
TEA( = ZEE}E)-0.01 mol - L™ CaCl].

F1 X B R
Table 1 Soil physicochemical properties

5 AL ) U Exil A AR A 4Cd
Soil pH Organic matter/ Total N/ Total P/ Total K/ Alkali=hydro N/ Available P/ Available K/ Total Cd/
(g-kg™) (g-kg™") (g-kg™) (g-kg™) (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™)
NC 5.77 27.27 1.27 0.95 22.28 50.40 64.32 109.10 0.33
SG 5.86 33.31 1.46 0.63 4.57 118.07 34.96 109.53 3.49
QY 5.68 41.64 1.95 0.56 10.34 83.30 43.64 51.86 1.84
http://www.aed.org.cn — 1095 —
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FARR T om ()« VEREGH )=1:5,20 €K
P47 2 h,5 000 r-min™ B0 10 min J5 38 . BRI
Cd % 5 R A 820 e WO 354 ( H 37 Z2-2000)
M7E .

1.2.2 KAE AR

TR0 15 2% 28 8 AN HURE AN B8 4, BN KRS
i A I 21 1 8 AN AR B, 43 i R FHER 1 v 3 R 4
AN I Cd /5 %0 - 58, DL -3 5 o b S
23 50 SG L QY \NC.Cdl.,Cd2.Cd4.Cd6 . Cd10, #
R 8 ARl Cd B Y o R AR A
15 kg, MAJENE (/R F 3 B 2 4% A0 A0 21 =
2351 N 50 mg - kg™ . P,0s 100 mg - kg™ . K>0 50 mg-
ke ) JEWAKT A, e, AL 4 RS . KA FD
T F 10% 11 3 58046 S 0= 1 30 min, 18 K P J5
WA 24 he BHiHENFFHBATI L L YT, 58
30 dJE RS AR o FEKARBL R AR B R 0y SR
B3, B3R, LR . AR,
T IEORFFEB AT (LR L 2~3 em AYK
J2) o A, 7E 43 BEWGA it R R — I (N 40 mg -
k™), Jli A 0138 it PR 2 R AR B — R (N 30 mg - kg™
I K,0 50 mg-kg™) .

1.2.3 FHPIFE S b3

IKAE IR HEA TR, 43 B AR B (81 2R ) A
b Cd & s IEATA I . A5 F 105 CAAT 2 h, Bl
JEFESS CHEEfE iR . R BT A, HEAIL
BEAT I SE S BIRGFe Fl K . ML T RERY RS, K
MR M (Vinvo, : Voo, =42 1) RHEPIARE 5L PEF T f# ,
THARRY Cd & R A S IO B (H 37 Z—-
2000)IM5E

1.3 HiEAbE

{1 1 Excel 2019 X35 2045 F- 8 A ol 1 22 A
B FeUEA T AL BRI AE 5 £ FH SPSS 20.0 #5478 i) 22 5%
2 2T (Duncan 25) FAH O 204 (Pearson 1)

2 HRE5HMH

2.1 ARIMEF EX 8 F HIEFH CIMNEL R

8 Tl AN ] - 1 43 551 SR FH 4 Ffis £ 550000 22 19 Cd %
TR 2 PR o S4B A AEAN [F) 3 b $2 B Cd
AR HCI>EDTASDTPA>CaCly, — 5L 4R
+ e SRS Cd FE PRI SG>QY>NC, b
JEE N Cd /Y 3 S P2 HUGE Cd BN Cd &%
S I

DUFP BRI R E 5 cd S A Cd SR
B an 2% 3 Fi 7 o AE AN ) ¥5 G K OF 1 [R) F 1= 48 (NC.
Cd1.Cd2.Cd4.Cd6 A1 Cd10) Fh, HCI F 0 H A 4 A
Jyfsm, af LA+ HE T 73.889%~96.52% 1) Cd 5 LIk
A EDTA, -3 Cd i £ B EE A7) R 59.78%~85.76% 5 T
J& 4 DTPA F CaCl,, 1 3 Cd 1 $& B L 61 43 51 o4
32.84%~46.90% F1 25.43%~35.79%., AN, SN N
Cd )+ (Cd1.Cd2.Cd4 .Cd6 FI Cd10) H , 25 FEHUH
L ICAE 1 38 F IR ih 2 HE(NC) | 3 5 4S5 1
Cd BA BB IR K.

TEARTA 275 4 + HE(NC . SG FQY) H , 45 $2 B
() 42 HCRE 7 5 A A ) A LA, R IR CaCl.<DTPA<
EDTA~HCI, 7E£SG 138 rh 2GR ) e 55 1 CaCl IR RE
i HL I3 44.80% 19 Cd, DTPA 5 CaCLAH Y , i $2 U BE
IR HCLA EDTA X Cd A R EL () 28 1 79%
T XI5 Y AR R SG 3 b Cd A B mi )

R2 ARALEERRSCIEE(ng-kg")

Table 2 Extractable Cd content in different soils(mg-kg")

EDTA-Cd

DTPA-Cd

+ 3% Soils CaCl,—Cd HCI-Cd
SG 1.563 5+0.137 9¢ 2.790 5+0.044 5a
QY 0.360 5+0.037 5d 0.887 0£0.021 2b
NC 0.071 8+0.006 Oc 0.208 5+0.018 4a
Cdl 0.390 120.094 6¢ 1.128 1+0.063 5a
cd2 0.848 00.175 9d 2.029 8+0.081 la
Cd4 1.035 0+0.196 1d 3.581 8+0.146 2b
Cdé 1.729 6+0.498 4d 5.217 6+0.326 4a
Cd10 3.276 4+0.180 7c 9.204 120.688 9a

2.782 0£0.159 8a
0.965 5+0.210 Oa
0.168 7+0.003 Oa
0.958 6+0.028 2a
1.677 6+0.051 6b
3.712 9+0.215 8a
4.812 3+0.058 9b
8.363 1+0.242 Oa

1.658 3+0.054 1b
0.460 8+0.024 4¢
0.092 7+0.046 5b
0.548 2+0.208 9b
1.062 8+0.475 3¢
2.011 0+0.593 2¢
2.821 5+0.870 6¢
5.594 0+2.189 Ob

1 :Cdl,Cd2.Cd4,Cd6 . Cd10 A NC + 43 S AMNEA AN 1.2.4 .6 .10 mg- kg™ Cd; [ 47 A [ T2 5 3 7R 1] — -8R 8] $2 BRI 1 3R URE ) 22 5 &

#(P<0.05). FIAE.

Note: Cdl,Cd2,Cd4,Cd6,and Cd10 were NC soils with exogenous addition of 1,2,4,6 and 10 mg-kg™" Cd, respectively; Different letters in the same

line indicate significant difference among different extractants in the same soil (P<0.05). The same below.
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Table 3 The proportion of different extracted Cd to total Cd in soil (%)

43 Soil CaCL-Cd HCI-Cd EDTA-Cd DTPA-Cd
SG 44.80+3.95b 79.96+1.28a 79.71+4.58a 47.51+1.55b
QY 19.57+2.03¢ 48.16x1.15a 52.42+11.4a 25.02+1.32b
NC 25.43+2.01d 73.88+4.39a 59.78+6.54b 32.84+3.36¢
Cd1 33.37+3.38d 96.52+8.87a 82.01+5.25h 46.90+4.47¢
Cd2 35.79+3.15d 85.66+8.97a 70.80+4.31b 44.85+£2.27¢
Cd4 23.91+4.42¢ 82.73+5.36a 85.76+5.65a 46.45+5.53b
Cd6 27.75+3.36d 83.71+8.04a 77.21+6.49h 45.27+1.25¢

Cd10 32.02+4.29d 89.94+2.11a 81.73+8.17h 54.67+2.75¢

WEPES BRI, DA S 3R 15 e S RRAE Y QY
Cd BTG 455 , CaCL A DTPA HAEHR L E] 19%~25%
() Cd, HC1 F EDTA $#2 5 Cd & 2915 B Cd 1Y 50% .
22 AEICATFRTEFEFKBCIESE

w5 (HHZ, & BUORIAS ) FR A48 5 (TYHZ, il
U3 AR R ) SR AR IR A bR RS SR . B R 44y
) J@ R T AN [R] A 18 v RioRs () R Rl K RS B RE K R SE
[ FIZER) Cd B i, R 4RI 1] LIE KR4S
TR Cd 55 5 25 SRR, PR OK ARG B 253807 Cd i R
IIMRER R ZE >G> K SFEE

TER[E]TG YKV 1 R Fp 3 ep | 2538407 Cd &5 5
Bifi - 48 Cd & B A3 i3 o 1Rl — PSR R
FIRRE K Cd 75 JC ik 2 22 5 (18 1), R BH S K e i
FlErpRE KA 2R CA I RE I AL SR, 76 Cd 1& P A &
TR E A SG - DL K NC - S AN E RN Cd 1k 5] 2
mg - kg™ LA, BN ZKFRE SRR G I S5 Cd 7
MR 2= R RPN 24 A HE TYHZ> % #LRg HHZ.
8 Cd 1E PEFAR A QY - H B /K i i P45 3B 02 Cd 75

H

I

by

\>

1.601

HH TR EZEST (F4) ., X—LEREH I REWAK
TR AR K Cd & R JC B 35 25 57 (2458 Rt Cd 1
W SRR SR AR IR T LR

HR 4 B 2 E AR e & 5 s Y B )
(GB 2762—2017),QY .NC il Cd1 & K1 Cd & &1y
HBAR(0.2 mg-kg™") , HoAtANFE Cd 5 & R bR AEBR(E Y
1.6~5.61%, Hor SG AL FE Cd & A FRAE 3T 3 135 .
23 AERBSCIEEEKBCISENHEEXXER
2.3.1 [RFh A HEARRNTG YLK ST AR

ARG X [ A - AR RIS YK 25 (NC L Cd 1
Cd2.Cd4.Cd6 Fi1 Cd10) T AR HHUE Cd & 5t MK F
Cd & BRI T T, 25 R ANZR S s . BRAd
56 Cd F i 5 1R Cd A5 R EUE od & 2 2 B 5 M
K (P<0.05) 5, KK Gt FIZE Cd & a5 T A Cd
F AP Cd B ¥ B B A G (P<0.01) o /K AH
BN Cd & 5 R Cd SR L R ALY R T
KRG Cd & SRR Cd SR E RS, K
TR Cd & 2 5 A HUS Cd & A G R 2L

s [ HHZ
T O TYHZ -
% 1.20F ==
£ H
\'E c C
2 L F
gom 14d 4 d
=]
)]
I 0400 ¢ e
<HI f f
3
. g g g g e
SG QY NC Cdl cd2 Cd4 Cdé Cd10
Kb P Treatments

ANAING FEEF R AL TR 22 53 12 2% (P<0.05)

The different lowercase letters indicate significant differences among treatments (P<0.05)

1 REAMEBREXKCIEE

Figure 1 Cd content in brown rice under different treatments

http://www.aed.org.cn
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4 KEREE CIEE (mg-ke™)
Table 4 Cd content in rice each parts(mg-kg™)

+ 45 FH7¢ Husk S Flag leaf 25 Stem

Soil HHZ TYHZ HHZ TYHZ HHZ TYHZ

SG 0.123 3+0.008 4e 0.125 4+0.004 6e 0.486 7+0.066 8f 0.596 0+£0.022 5¢ 1227 3+0.034 9de  1.266 2+0.063 5d
QY 0.027 2+0.003 1i 0.025 2+0.004 4i 0.101 3+0.012 1i 0.115 8+0.028 1i 0.235 4+0.009 7i 0.236 9+0.032 0i
NC 0.027 5+0.003 1i 0.028 9+0.001 5i 0.067 7+0.006 2i 0.080 5+0.005 9i 0.104 7+0.008 9 0.101 5+0.010 0j
Cd1 0.051 2+0.001 3h 0.052 6+0.001 7h 0.224 9+0.002 4h 0.227 1+0.008 7h 0.402 2+0.017 3h 0.425 9+0.017 8h
Cd2 0.102 1+0.005 4g 0.114 7+0.005 9f 0.216 8+0.013 3h 0.358 3+0.007 2¢g 0.885 5+0.021 Og 0.924 4+0.042 Og
Cd4 0.140 8+0.004 6d 0.143 3+0.003 3d 0.416 9+0.012 1g 0.485 3+0.011 6f 1.008 8+0.095 2f 1.159 8+0.127 4e
Cdé6 0.157 9+0.006 4¢ 0.164 3+0.003 7b 0.715 6+0.050 8d 0.786 1+0.082 6¢ 1.292 5+0.038 9d 1.440 6+0.023 5c¢
Cd10 0.176 120.004 2a 0.181 4+0.002 2a 0.883 2+0.014 4b 1.272 5+0.133 6a 1.757 6+0.040 3b 1.957 1+0.047 la

T KA ] — B LA F) /NG PR 3 Ak R ) 25 57 5 (P<0.05)

Note: The different lowercase letters for the same part of rice indicate significant differences among treatments (P<0.05).

®5 AR LTERRFRAETERIECISESKFECILENHEXRH)

Table 5 Correlation coefficients between Cd content of different extraction state and Cd content in rice under different pollution levels (r)

JKFE A Rice varieties AL Part 14 Cd Total-Cd CaCl,-Cd HCI-Cd EDTA-Cd DTPA-Cd

HHZ RS 0.987%* 0.957% 0.978* 0.985% 0.965%

e 0.917* 0.871% 0.898* 0.912% 0.876%

Gt 0.976% 0.9517%% 0.970%* 0.971%% 0.955%

E 0.964 0.950% 0.957+ 0.957% 0.943%

TYHZ [iER/S 0.994:+ 0.967%* 0.987%%* 0.993%% 0.977%%

e 0.906* 0.864% 0.887* 0.898* 0.864

el 0.996% 0.996° 0.997 0.991* 0.994#

E 0.969% 0.9497%% 0.960%* 0.963%* 0.946%+*

T A I F R TE 0.05 F10.01 K- | R EAHK ., T,

Note: *and * * indicate significantly correlated at 0.05 and 0.01 levels, respectively. The same below.

A AR AN KRS A 4 R B RE K Cd 5 EDTA-
Cd M5 R B K, F e Cd 5 EDTA-Cd (1A 5% 251
%K, 2E Cd 5 EDTA-Cd i AH ¢ Z i K {H HHZ 81
it Cd 5 EDTA-Cd 4 ¢ R i K, 1 TYHZ 1y &1t
Cd &5 W5 HCl-Cd AR G MRk . RS 3R,
T [F) A AN RN Cd AR5 Ye K46 0F T, £
& Cd 57K AE Cd WS ELA i i A DGV | T TE &5 2 X
Ji i EDTA $2HUE Cd 57K R Cd 1A et i, 2
JA U2 HCL .DTPA Fl CaCl.
2.3.2 IR e AH S

6 S AP 13 (NC.SG.QY) & B Cd
LKA CA A R B, IFR6 AT LIE 1Y
HEIE Cd &5 CaCLAR LA Cd B # 4 % (P<
0.05) , HA A R HE A Cd 555 5 /KR HAl 3R A7 Cd 75
AIAHDCHEA B . WA E BB T 8 ok, +
g, Cd P 5 5K R4S AL Cd 5 B A & R B e/
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FE 4R3I 2 J5 e, KRG 45 3BAL Cd 5 CaCl 2 HL
A Cd I AHE R B o F HA = AR S e Bk
Oy MTEE R, X TR E W S, A Cd 5K R Cd
(AR S 5 45 R BUES Cd 557, U X 1 [ 4R 75 g £ 8
M55, R 3 Cd B SR AN A 7= Il 22 4 IRV ) 7
BTSSR FHAT RS TN s 7R 45 G800 7 vk v
CaCLIZHUA Cd 5 /K8 Cd W ORR A ek e, 2
JE VRS2 DTPA HC1 FIEDTA .
2.3.3 THERIREUE Cd A ¥ R(E

HRAE 25 HR B Cd 5 Rk Cd B AH P ] 2 8y 48
PR R SRR Cd 5 8 8 0.2 mg - ke ' B L 3E4%
PEEUS CA P BRIME (R 7)o HRIRNG YK A e, ASTR]
A A PRI Cd 7 5 0 BB X AR, TR, Cd 1
B 55 0, X R TR AR 3B Cd TG 22 5 5%
UEAh , TP KRG i FoRE K Cd B 22 5 AN
DUAS 0 45 BB 5 S . 45 SR 3R Rt oK Cd BRAE
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Table 6 Correlation coefficients between Cd content of different extraction state and Cd content in rice(r) under different natural soil

JKAG i Rice varieties HBAL Part & Cd Total-Cd CaCl,—Cd HCI-Cd EDTA-Cd DTPA-Cd
HHZ Bk 0.885 0.986 0.971 0.959 0.978
5 Husk 0.877 0.983 0.967 0.954 0.974
Gl 0.911 0.994 0.983 0.974 0.988
E 0.924 0.997+ 0.989 0.981 0.993
TYHZ RS 0.886 0.986 0.971 0.96 0.978
e 0.862 0.977 0.958 0.944 0.966
Gl 0.906 0.993 0.981 0.971 0.986
E 0.924 0.997+ 0.989 0.981 0.993

RT AEEBAESHEX CIRENEEXR

Table 7 Linear relationship between different extraction methods and Cd content in brown rice

KFEEFD BRI ] A ] 75 Y 2K P Different pollution levels NI 7 - 48 Different natural soil
Rice Extraction R eyigis ® a0 LRy e  x=02
varieties methods Linear equation y B y threshold Linear equation y BI{H y threshold
HHZ CaCl, y=2.637 4x-0.122 6 0.915 6 0.404 9 y=2.405 2x+0.131 0 0.9718 0.612 0
HCl y=7.676 12~0.360 9 0.956 1 1.174 3 y=4.008 0x+0.405 0 0.9429 1.206 6
EDTA ¥=7.130 1x-0.361 4 0.969 8 1.064 6 y=3.961 2x+0.425 5 09198 12177
DTPA y=4.632 2x~0.345 4 0.9317 0.5810 y=2.467 8x+0.189 1 0.955 8 0.682 7
&Cd y=8.714 3x-0.350 5 0.9747 1392 4 y=4.311 5x+0.930 6 0.784 1 17929
TYHZ CaCl, y=2.511 7x~0.084 5 0.935 5 0.417 8 ¥=2.305 7x+0.135 3 0.972 4 0.596 4
HCI y=7.297 2x-0.243 1 0.973 5 12163 y=3.842 8x+0.412 1 0.943 7 1.180 7
EDTA y=6.771 0x—0.249 3 0.985 4 1.1049 y=3.798 2x+0.432 4 0.920 8 1.1920
DTPA y=4.417 1x~0.281 4 0.954 5 0.602 0 ¥=2.365 9x+0.193 5 0.956 5 0.666 7
Hed y=8.262 5x-0.205 5 0.987 3 1.4470 y=4.135 9x+0.937 7 0.785 6 17649

R R o ARERRE K Cd & i, mg - kg™ 5y (URIRBUS Cd & it mg-kg ™'

Note:x — Cd content in brown rice, mg-kg™';y — extractable Cd content, mg-kg™'.

0.2 mg-kg i, TSRS Cd BT : CaClo-
Cd 4 0.596 4 mg-kg' \HCI-Cd 2}y 1.180 7 mg - kg™
EDTA-Cd % 1.192 0 mg-kg™' .DTPA-Cd 4 0.666 7 mg+
ke ELCd R 1.764 9 mg kg™

3 e

TEE AP 5 14 5 B S HORE T A B 5 4
Py e 2 I 4 A DG AR B AR T T R A T 5 TR AN
FEWOT AR BN b 22 S AR HRE AN , 4%
B A B AR BCRE T, w] X VR PEAT LIS SR ALY
AR 6 0 W vh ) 4 J EA T 301, DTPA 4
S AT el R A PR 7, DR/ Ca™ X A <5 i 5
4 A, DRI T rh P s IR O MR 4R
WA SR IR, X BR A BRER M A FC At ) Ay i
PR P B e P, PR a0 8 Cd HAT i ) 42 J
HPE R AR ORI 32 Bl B T A P A
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oY AT A B Cd>, $RBUY Cd BITEZS R KA ] 58
P, R PRI 114855 . BAKIRCIOGLU Z829%} 5 Fl
FEBGR (HCI,EDTA \DTPA ,CaClL A7) HE1 T Hu 4, 45
e WY 25 46 JBOGH) 1 $2 B RE 1 K/IMR Y HCI>EDTA>
DTPA>CaClL>7K . 7EAERESE "I 5T o A AR A 45
HOHCIFEDTA X 14 Cd 3943 #5m iR ELRE 71, TobL
ERFRIGR A PEIRE 1 %255 , (0 CaClj2 4 FhICHLER 42
B SRR T B v 1 o AT 45 SR A5 AR (L 45
W, B A FEHGR X Cd 1Y 3 BCRE ) & Bk HCD>
EDTA>DTPA>CaCl,. {HASFF ZAYE, FERGH 1 $E HaE
F1 K AT RE S B A R Cd g A TEAR A
HCI 2 HUE AT EDTA $#2 B0k X SG L #2017 #i i 80%
(1) Cd , tHE— 2 UESE T 3X BRI 7 AR E I B -
AL 1AM TS A [) ik B Cd >Fe S B[R]+
HEAR [R5 ek, 45 9 (R 5) Bow , KA Cd 5 HE R
Cd DL B AU Cd #9880 R AF A ek, Hod 55
— 1099 —



R FREEMEFR - 5385 F o # - B IR R G INE 5 ETFEN 1

S Cd B AH DM R i, 45 B IO 15 TP A AH DG R B
4 HCI>EDTA>DTPA>CaCl. T4k =252 B iF 5% & B0
AP E A EE A, & T S CAIE 4 A
Y1, 4 Cd F [EAEFS SRR, 30 1 58 Cd (9 F% 1: A
Bk . AR R BRI Cd SR E Um A K Cd
T+ e DL SRS SRR ER S5 A A A TE B
AR AR AT R A B IGRIXT SRR S I Cd
154 ) Cd A S SR A SR IRE ), T HK G Cd 5+
BEE Cd M 45 R BUS Cd [ 34 B A i I A ok o 4R
I, 76 =R 5 Ye 2R ) [ AR5 Y -5 KA
Cd W e B 5 B4R EUS Cd A S E T 8 Cd,
LA XT3 2875 4 + HER FA RS CAIPM HA Y%
S S A, Hoh CaCLIRHUES Cd R Bl . b
g RUL A AR5 Y R CAIE A A 2%, DR R
Cd 57K A Cd W Wie F2 AR i 9 R S 1 AN G 381228
P Cd 1 £ AR K IE S ML AT, CaCl, 32
TN - e KA M A A 1 Cd A TR, PR AR
WF5Eh CaCLARIUAS Cd 5 /KR Cd iy et v, 2
AT AR AL Cd 15 Yo TR M 398 20 4 AU TEA 1)
Jiidie

ABFFE LIRS K Cd & 5 0.2 mg - ke FRAE A5 3 (19
MCd BN 1.764 9 mg-kg ™o ML 1 HE PR BE
A FH Hb A 4875 Gl RS B P bR v (G4 7)) (GB 15618—
2018) , pH 7£ 5.5 & 6.5 Z [l (1) 3% Cd XU 45 THIE N
2.0 mg-kg™'o AHFGE TS - HEE Cd BIE LT £ HE4R
Y RS A8 L, AR FE R — K F | Bicd el
FEK Cd B S AH M R B (GRS /INTF 4R A RS, Ui
K AR Cd & VPG R Cd 5 JeX) 2 i e 4
(1) PRI JRURS: B Rk (F ] o P b 20 G vt =+ 38
A Cd PR AELE >, PR R AT b - A 85 Cd
)24 REXTHE SR e e - A EEE L. A
WFFELLRE K Cd & 5 0.2 mg- kg™ M BRAE TS5 1Y CaCl—
Cd N 0.596 4 mg- kg™, 1X — &% 5 AR GF A IRF 5
153 1Y B H 0.41~0.53 mg-kg ' HE3T . A RS Cd
(I 2 2ok AR AR G A Cd {58, F— 2B IR A AT 1
SEERXT T AR Cd 5 e LT 0.1 mol - L' CaCly
FEEUAS Cd &8 B T Cd 35 G XU 5 42 A

4 £

(DTESMEAIN Cd 5544 T, 235 Cd S 4 FPA 3K
Cd F i SRR ARG B (G0 25) Cd & i Y i g 3
AR HFE S T M 3R Cd 75 Y -
Cd A% Cd & 5KRS Cd 2R R CEA B2
— 1100 —

(2) 4 PR TR BU 00 52 T - LAY Cd 75 e
H 43845 84 Cd & i 5 2 S KRG b Bl i R K ARG 5L
(G 25) Cd & W AH 2 R A L 0.95, Ze k[l 1)
Jr R RAEIITE 0.91 LA I, Hirp CaCLEZRIUE Cd & 5
5KAE Cd BRUE A O i dm e T R A Cd i
5KAG Cd SRR AHCHE , A VE ) AR MR 1
B Cd 5 Y RS Pl vk T 77
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