5 4955 3 hOE R Vol.49, No.3
20224F 06 H GEOLOGY IN CHINA Jun. , 2022

doi: 10.12029/gc20220302

XUAFE, ke, AL, BEEE, AR . 2022 JI1 AR JLH XK AR AR 22 5 A AR XU P[], o (Rl HUBT, 49(3): 695—705.
Liu Caize, Wang Yonghua, Zhao Jin, Zeng Qinqin, Lei Fenghua. 2022. Assessment of cadmium accumulation in rice and risk on human health in the

northeast Sichuan Province[J]. Geology in China, 49(3): 695—705(in Chinese with English abstract).

NZERAL Xk FE3RAR R 5 & SER KR TN

A EAL, BE YR F AL
(1. ¥ B3 A E By R AR A & P s, w3 AR 6100815 2. w9 )| 4 3 TR & B, w1l R AR 610081)

RE: (MRBEM]ESEMTZE L TR RG0S YRI5 R , TR R VB A B 505
fiE N\ SR 2 B HE R L [MR AR RGRE T WA RIE M 7e 17 T 2T 8 ) 3 ROK R RE
ti, SR ICP—MS J7yE A T - BER KR v (955 2 &, 42 F CART PSR A SC R BRI T T 8da b [ 3 45
R)AH R, AR X )2 35 S B ARXTELAR, 0 0.071 ~ 0.92 mg/kg, T3 0.254 mg/kg, JLF- T4 (99.9 %) FE
s 4 S A AR TR v BRI 5 7R CREK ) 4 3 22 PR, O 0,002 ~ 0.803 mg/kg, T4 0.076 mg / kg, HARZ A
14.0 % ; /K FEAR AR RN 45 H B AR A AR EEIR 90.4 ng/d, B FuiFE A FRIE 60 pg/d. [ 458 ) R A
FRITARAVED SR AR PSR AT -5 32 A% pH K CaO 755 S10, 2545 554 54 , X — AR T4 S I P i 2 4 A 7
BARTERTEL,

X O HIE KRG R ; JLR A s Al i ERfb2# PR A TR 1 ZRb

Bl #F A RERUKRESE S TR R T RS BB AR E AR RS , CART FAH G R0 404 7R
FESES TS210.7;X836 MEFRER:A  XE4HS:1000-3657(2022)03-0695-11

Assessment of cadmium accumulation in rice and risk on human health in the
northeast Sichuan Province

LIU Caize', WANG Yonghua', ZHAO Jin’, ZENG Qingqin', LEI Fenghua'

(1. Chengdu Center, China Geological Survey, Chengdu 610081, Sichuan, China; 2. Sichuan Institute of Geological Survey,
Chengdu 610081, Sichuan, China)

Abstract: This paper is the result of agricultural geochemical survey engineering.

[Objective] As a heavy metal, cadmium (Cd) mainly enters the food chain through the "soil = plant" system and affects human
health. It is great significant to study the accumulation of cadmium in crops to ensure human health and safety. [Methods] Soil and
rice samples from Nanchong, Bazhong and Guang'an in the northeast Sichuan were collected. The cadmium content in soil and rice
was analyzed by ICP=MS, and the data were statistically analyzed by CART decision tree and correlation coefficient
methods. [Results] The research shows that the cadmium content of the soil in the northeast Sichuan is relatively low, ranging from

0.071 to 0.92 mg/kg and with an average value of 0.254 mg/kg. The cadmium content of almost all (99.9%) soil samples is below
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the safety threshold. In contrast, the cadmium content of the rice (brown rice) varies from 0.002 to 0.803 mg/kg and with an average
value of 0.076 mg/kg, 14.0% of which is above the safety threshold. The daily cadmium intake of adults reaches 90.4 ng/d in the
region with excessive cadmium in rice, exceeding the permissible cadmium intake of 60 pg/d. [Conclusions] The phenomenon that
cadmium content does not exceed the safety threshold in soil but it does in rice may be related to the characteristics of low pH, low

CaO and high SiO; of the soil. This recognition is great significance for guiding grain production in this region.

Key words: cadmium; soil—rice system; health risk; decision tree; agricultural geochemical survey engineering; Northeast Sichuan
Province

Highlights: By the comprehensive survey of soil and rice, it was found that cadmium content does not exceed the safety threshold in
soil but it does in crop, and the CART and correlation coefficient methods were used to analyze the reasons.
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H N H A g L& B TS Y n] BE 2 R
g LIk s B gl & T AT iz Kk
(Friberg et al., 1974; X {F1FH , 1983 ; F 7e k5, 1994;
FE44:55,2013), f 20l -ty Rt
A8 (Fergusson, 1990) , M 17 52 M A A4 8 B
P, 2 AT KR R G PR I 12 B R
HEAT T REEBFSY (Asami, 1984 BT HT 4SS, 2012; 1%
%4 ,2015; Zhou et al., 2018;Khaliq et al.,2019; £
WIEAE2020) o (HIX BERFSY F B R AT L5 Y
X, %oF A S9 AERHIR  Hb IX e 857

FEA ARAVEYIRT T 5858 WA v, 2802
HR LN AR AT IS (R 555, 19945 &8
22008 ; Romkens et al., 2011 ; 5 5 5% ,2018; fELE
4,2019) . Horb, DLg 22 FER) A5 AU (Freundlich—
Type Model) fie i £ ¥, SR, A4 % + 38 4 )
B W IS AT A S — A A et 19 2 2 (Li et al, 2004;
Wang et al.,2018; Yang et al.,2020) . FEAL#~ > )
B, 2B T i B AR BRI R A Ve 4 R
T ) W A 75N B 5T (Zhang et al., 2008 ; Wang et
al.,2018; F i % ,2019; Yang et al., 2020) .

ZEA 1:20 K RUTBR PN B 45 5 R, DU 1| 225
M NS SHEAC T 2 B 2 X (kg ,2019) .
AR SCLA AR MR AR R IX, T Ji - 48 1 AR
AV b DX 118 7 R i Y A g e XU A

2 ST XA
BIFE I 67 T 0 1 4 2 , B A s 3007~

32°3'N, 105°26'~ 107°45'E,, [fi f12 17901 km?, #F )
R T M A R 13X (B 1),
AF 5T DX b B AL & R A, JEFE AR L ok 3 R 35 00 LA
t5 0 iy O R L RO G R TR SR R W W
Y ARSI 1T CEA AR R K 1100
mm 247 . JCRE 1290 ~ 320 d, H FEIEC4ER) 1200
~1500 h,,

WFFE DX DU 212" B AR 4y , 3228 Hh BRIk
B —H L), VBRI (Jas) A ERLL LKA
KAaawum s Smta ea AN EELZE Z T4
(Jssn) MELLEAUE (00) 520 3, e mib 5 A B KA
W 23R (Jp) WK A AR A i
FORARNEER R B (Kiex) WIS KK A
KAaRBEWASE L MbaAEERZE; fed
(Kib) W IKEE CERK AR A A Db Je 3 28
¥ ba s LS (Kug) K5 54 8 )F—HUIR 2
WK A AR S 5SS )E GREAR S,
2015),

RIS A 4 F, 5 BEIT X R
76.48% ; HR KRG L, 15 21.94% ; /i B FH AR
Foo HIF AL S K B TR AR
ARk, A AR b | B SRR o P b K BREE T

3 MRS R
3.1 HRmRE

HRIEA AL bR UECE B b XSk bRk fh 27 A H
(1:250000))(DZ/T0258—2014) , A% AL R AEBFFT X,
N A FEACRAE B B 1 Rk, SRR IR JE
40~20 cm, 3~5 s A, HORAESRZ IR 18533
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Fig.1 Geological sketch map of the study area
1— Quaternary; 2— Qiqusi Formation of Lower Cretaceous; 3 — Bailong Formation; 4 — Cangxi Formation; 5— Penglaizhen Formation of Upper
Jurassic; 6— Suining Formation; 7— Shaximiao Formation of Middle Jurassic; 8— Rice sampling area: W01— Jiepai— Bishan, Pingchang; W03—

Liangyong—Jinbei, Bazhou; LO1—Sanba —Mashui, Peng'an; L31-Tiefutang—Ba'erhu, Nanbu; L32—Huanglong, Yuechi, and its adjacent areas

Fo JRUAEES TG TR ARE -0.8 mm(20 H)  #kWbiH—/URI(L31) it B e S APIX (L32) 4%
B ORE i, R IR 4 kRS T SN K K AR RE S RE (B 1), BEG RN
PEoHTRE S JEALA TR 4620 1 (6 1) . Hh SRR TR BRI A — S P A B 1Y)

[ 5E T B B AU —2E 1 (WO1) (BN X ZE Mk, L10.1~0.2 hm? g SR RE BT, 16 R AR AT I ik
K—a M (W03) ELH =I—E [ (L01) F#kE  H10~20 FikEtk, R, R G, HoREK

F1 HRELERESITSH (mg/kg)
Table 1 Statistical parameters of soil cadmium in study area (mg/kg)

5 FLAl b X 75 5

S OREEC SRR FWE bk ; ke
! B 4R R# wmAkmE B

Cd 4629 0.071~0.92 0.254 0.051 0.201 0.097" 0.25@ 0.37% 0.55%

T2 (1) ~ (4) Z3 BIRUET o FEEREE M 25 (1990) R A %5 (2006)  FAKEESE(2019) JRBTHT(2019)

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



698 i [

b J 2022 4

FEA 171 (GR2,E2),
3.2 H@mAHTILR

F 2 U148 o T 7 A kR AR LR
AL AT . R LT R IR A Ot
FiE2 0.074 mm(—-200 H )., 13 Cd R ICP-MS
A3 AT, A3 AT T A A7l A o (DZ/
T0258—2014) 1A SR, K HH R 0.03 mg/kg, 4
H 100 %, S F 100 % ., [543 07 ik A
CaO .pH .Ba %% 53 HiiE 5.

KAEINREK Cd i, RS U e,
BHUBFERTRER , SeFHTE K e, S B ok
VE3 3, B, R B L ICTS G T 2R (£ 60
H)o K&K Cd[RIRER I ICP—MS J7 007, K6 R
0.0002 mg/kg, 4 100 %, SHEHR 100 %,

3.3 FEBRFE

REREN A= I DA MBS ETE. 5
HAh I AR L, PR A 250 faf o EDUL 25 5 BE
fife B B AT SRS B AR S . CART R IR ER
S SRS PR S B BUE A TR A
I3 SOREUE A B 53 3 A0 5 SORBUE R 757 (1)
5337 . CART 5k L 8 R BOk BE£ER1 43 B
B4 D 13 REBUE LR

Gini(D)= Y p,(1=p) = X1 -p;

Hrp: p, FRFEARE T b PR,

Fo)e RBU WL T EHESE D REALIHE 2
A2 EARAFEZR IS . PRI SE e R AN, )
BPEEE D WAl B o SRR, T LU
J& P (A2 ) 51 1 3L 2 R B/ 19 2 (Mean
Decrease Gini ) 1Al & M (8 &) i) BEEFERE

DL 5 AN TR AR R AE DX A A AR 18 X 3 Ny B2 A
FBREAE T AE G AT 6 58 SRR 4328 K
A, o 2R AT CRT K 7. Hine i

IR RIS AR AR X AR AR I R 1, AS AR )
90, AEBETY X 23 5 1 AR Gt R SR S TR 1S 1Y
SANTEE (F8H5R) o R 10%38 LIRAIE , f5 K pe S bt
TREER S 2, A8 s P B s/ INREAR IO 5, 71 A
() Fe/ MEAR KR 2.
4 LER5Hr
41 TEREESWEITM

M AL R X 4358 Cd & 14 0.071 ~
0.92 mg/kg, “F- 1 4 0.254 mg/kg, 5 BLHSHb X AH 24
(0.25 mg/kg) , i T2 31E(A J2) 1 (6 (0.097 mg/kg).
RIS 2 0 S8 25 1 ¥ 4 v b X (0.37 mg/kg) Fl 5 5¢
(i X (0.55 mg/kg) ( BB HT 45, 20195 F K 42 45,
2019), 57K R VTP b3k fb 27 1 R A A — S0 (T ok
4£,2019), ERFRBAKR(<0.5),H0 0201, FKI%E
2 Cd xS

MR - SFEFAEE T4 ) (GB15618—2018) A7 KB
B 0 e P w45 o B T | e
DX - S T G AU AR A A . 4625 PR FE AR TS
Y KBS T BEAEL, o FE i LB 99.9 %5 4 FFRE M i T
T Y RS i BE A, AEAI 95 G KRS A 45 18, AN i iR
A BT 0.1 Y% 5 ToHR I T5 e WU 3 (B FE o
42 KBREESREFN

KR CRE K ) 8 75 54 0.002 ~ 0.803 mg/kg, F-
¥10.076 mg/kg, 5+ 3 Cd AL T R EENAE, K
i CA7 53 ZBUK, ]9 1,779, P KRB AR AEAE SR &
B, B KRERMEUE REOKRE Cd/t-HECd)
AEAR G, 5 BANX 12 0.29,, (HILRIIX LO1 il
WOL I 55, 43 %124 1.91 F11.02; W03 2, 47 0.50;
L32FIL31 £AK, 433124 0.13 F10.03(%£2)

(&b A E FAE) (GB2762—2017) R4y
(LRSI f R 3545 0 0.2 mg/kg, Z0FHY, 171

2 #MAIRKKFEIR S EFHE (mg/kg)
Table 2 Statistical parameters of rice cadmium in typical area (mg/kg)

WK Kigcd THicd | KRECd
fogx SEEEE CPHE hEE  BRAK  BER BhE PHE R
WOl 27 0.009 ~ 0.66 0.221 0.176 0.796 15 55.5% 0.217 1.02
W03 30 0.007 ~0.67 0.116 0.135 1.116 5 16.7 % 0.230 0.50
LO1 4 0.225 ~0.803 0.411 0.267 0.649 4 100 % 0.215 1.91
L31 78 0.002 ~ 0.055 0.01 0.009 0.85 0 0% 0.299 0.03
L32 32 0.004 ~0.18 0.032 0.045 1.406 0 0% 0.239 0.13
it 171 0.002 ~0.803 0.076 0.135 1.779 24 14.0 % 0.261 0.29

T 7 i & SO 1
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7K T B8 S A A b
"1 276 8 =] 1000 4 Uncontaminated rice
Bt 17.0 0 29| | Bt 2.3 4
[ 5 A ) —
7K G R S A AR
Bla Contaminated rice
[ ]
_ 2 R T 4y 2
&= >
444.I5mg/kg 444.5|mg/kg Predicted classification of
T 9 = 10 the current node
251 % n F 5| % n
=0 286 2 =0 864 19
m] 714 5 "] 136 3
Rt 4.1 7 Bt 129 22
[ I
Ag Br
| ]
[ ] [ 1
<=58.0mg/kg >58.0mg/kg <=1.53mg/kg >1.53mg/kg
] ] ] |
i TR 12 T 13 TR 14
el % n Z51 % n Z51 % n Z51 % n
50  66.7 2 m( 0.0 0 =0 333 1 () 947 18
=] 333 1 =1 100.0 4 "] 667 2 "] 5.3 1
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&2 BEFEXOKAEGR BT CART AR ( [ AR B E TR & &)

Fig.2 CART assessment model of rice cadmium in study area(independent variables are elements in soil)
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K FEAE b b, 24 PR it 8 3 s o R AL, A o
14.0%. HAWOLHBHR 15 14, #4575 55.5%; W03 i
B S, BFRF 16.7%; LO1 AR 4 14, BFRR 100%;
L31 FIL32 KSR A bR . L XA LS A
FEPR M KRS & T AR IS, SR X Wy e FH
TLTAT A A M T ST 45 A — B (555, 2008 2578
#4 2008 Zhao et al.,2009; BFTHTSE,2012) .
4.3 FKTEER IR YR K T

Ph S A IK AR RAE X LAY X 3 2 10% 58 S5
WER 7 A8 T CART PLsi i, 4r R 45 5L an e 3 fl
B2 7R o N33 Hn] i1 B 171 1444 it v 168
PREAT T IERA 5328 G AN ERREE 5 146 10, BB ARAEE
i 22 7, AR T A % K 98.2%

PRI EA NG, PEM 45 R B, K

FEAR TN AR X FZAE PR A E B
X RBH B AR A Bl B AR R g 5 B P AL 5
AR oy SR =) W T Y 7 W = | B (1=
B )R (L 3) o 4 X H A 2 3k
8.9 %, MR FHIRIX
5 3 ®
51 KBRETETEZEMNXR

B2 HAFA, 42 5572500 CaO.V \Be.
Cop.Ba.Ag Br % T HEUE (F845) o TEDLTRB 1R
12,24 15 Ca0<0.725%M , /K FE 588 F 3k 50%
(555 1) 57724 +3% Ca0>0.725 % B, /K e i bR
UM 23% (T8 2) . TE554)7, 11 Ba< 4445
mg/kg B, K FEHR AR R0 71.4% (75 55.9) 5 24 £ 15

m 20km

m 7K R 4 T AR A

Rice is predicted to be contaminated

] JK T 4 T AR A o b

Rice is predicted to be uncontaminated

P 3 RS X KA i T P11 P

Fig.3 Prediction of cadmium in rice in study area
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XA AR AL XK AR AR 25 A A B XU A 701

=3 X CARTHEER

Table 3 CART classification results in model area

o SR _ T ﬁj\%
Iy 151 AEb S B ERR
1 AlEhs 147 146 1 99.3%
2 fEERvn 24 2 22 91.7%
St 171 148 23 98.2%

Ba>444.5 mg/kg B, 7K 7 45 8 B5 % 13.6% (15 5%
10). FHELAT UL, 3% CaO Ba o £ Frim 57K
T s B R R L

BRG] XS A e R B AT I,
HEF AKXy Ba Zr .CaO \pH St F+++---o HiHh Zr,
pH . St 8 R e A AR YL SR BRI | 2 PR Sk X 26 5T
REHAMICR Z B —E WAH G . 7R
PP SRR i, A AT I, X2 3T
F (605 SRR Z A A B A E R (R
4) , HEZHAL RS 2

B S AR B BRI 4 SRR, 5K
e AR AT ey E TR KEAT 43 IR 5 —
FN 5 PRI A KA IT R (F545) , 4 CaO .pH
o ZATTE B8 SRR U E S R ch
B AN B, SRR 5 e KR i 2
R EERNRZ — (REH,2006; 2 3E 45,
2008; Zhao et al., 2009 ; BUHUFI % ,2012) , BRI
T,CdBEFECe)MERZBMEE, GHT
A AE Wy 1) W% W (Fergusson, 1990; Alloway, 2013) o
RO SRt R (U Zr) , UK S R
FIEME, SR o R AL N S (0 +410) B

KIAAFE T L8 rh iR R 1Y 3SHF I T 1E AR
1 Cd* (FRL1 75,1995 Alloway , 2013) , T2 Cd
e AP R RIS 3. 5 =R ok
AITCRAS , MBa. St 5, AR SEPiRLR
W GF A 2, A A IR 285 (- +2 ) JTE A7 T+
Herp R 2R M A AR T 1E 0 ) Cd> (R4
TAE,1995; Alloway ,2013) . ¥R BER AT, X 1158
Cd A R EAMEIER . SHu2Eh 5 - 5EA L
A KT R A A (U1 Cop Bra) IZA T R 5K
FIAHIC R RA IR B

TR IS, REEh CdonR FRIFRA
PEPL TR ARL . H KRG Cd Fr i AN 2 2 IEAH 656
MR 0 A E R . IF 10 Fergusson
(1990) I 451, S5 M Al b, B3EME oo A4
WA RER R I R . ME AN EY B AR =
) CAICER , HAAEY) & e AT IR TR 1075
(Kabata—Pendias et al., 1984; Alloway, 2013), H %
SRR R S AT Cd® s R I, A MR Cd
AL TTRE IR T S R A T (AR
2006; 235 1845 2008; Zhao et al., 2009; BT HT %
2012) ., WEFEIXN, 2+ pH<S.5 i, e EMI AR SE R 8
B R, ansgae B = —h[a[ 3 X (LO1) , +3% pH
(B} 4.98~5.02 K FEFSE REGR 1.91, XFHIREE T,
Rl 435 CAASHERR , K FE CA LA S B bR
52 KBREMITBEZENXER

WE—2 AT, KRS CAANML S 1R T &R
AX, 05 R RITTEA K, B LR CaO

RAKBREIREEMETENELYHIEXXE

Table 4 Correlation between cadmium in rice and important micro elements and oxides in soil

ZE IKFE |
cd Ca0O MgO K.O AlLO; TFe,0; Na,0 SiO,
IKFE Ccd 1 -0.79 -0.70 -0.68 -0.63 -0.48 -0.48 0.77
+15 Ca0O -0.79 1 0.69 0.60 0.26 0.42 -0.08 -0.85
pH -0.71 0.82 0.52 0.53 0.19 0.28 -0.10 -0.65
Sr -0.70 0.35 0.33 0.34 0.38 0.26 0.75 -0.39
Ba -0.66 0.18 0.30 0.36 0.50 0.37 0.49 -0.29
Zr 0.66 -0.69 -0.73 -0.74 -0.49 -0.57 0.03 0.76
F -0.63 0.59 0.84 0.74 0.69 0.81 -0.08 -0.75
Be -0.61 0.46 0.80 0.80 0.86 0.87 0.13 -0.69
cd -0.52 0.46 0.59 0.50 0.36 0.51 -0.02 -0.49
A -0.33 0.40 0.78 0.65 0.71 0.91 -0.21 -0.60
Br 0.21 -0.18 -0.01 0.00 0.07 0.12 0.08 0.09
Cog -0.20 -0.09 0.05 0.00 0.12 0.12 0.03 -0.01
Ag 0.11 -0.05 -0.06 -0.02 -0.02 -0.04 0.14 0.06
1 7KAG Cd 44 Cd .CaO WOMELH, FAs A SEINMEL s AKRERE S 171 14, H3ERE S 4629 45 MAHSC R AL X > 0.3 i, I
A LG X
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A1, 5K FE4E A LAY A MgO . K,0 . ALO; TFe,0;
Na.O . SiO . Hrp Sio, & i 57k Cd &
R I IE AR DG OE R AH G R B AR T
CaO, }—-0.77(P<0.01) . H ¥ 5/KHH Cd 2 3%
AR R (R4),

KRG Cd 5 HIEEAI I KR, — 7 T v] RS 5
AU A R TT R A G . BEARLGH 2 H ry a ok
FKILET W =R G A Y HA WA (%
4), 13 Ca0 % 5 MgO K.O,TFe,0, %5 5 1IE ¢,
5 SiO A ; Ze TCENIGFAH R ; Ba St 450 2 M
5 Na,0 R IEAHE, 73— )71, WAl fEJ/& Na K.,
Mg 25T R TEM R R AT T Cd TR ek
(RL1 745 ,1995; Alloway, 2013 ), 13 Cd 5 CaO .,
MgO %55 TEAHE , 5 Si0, 5 A ¢ , X Al fE & 1 1
Cd 57K HE Cd B A —A R

HuzRkAb2E L, gAY 5 A 2 AR
TRIFIIXT N %% . ALO; TFe,0; K,O . MgO FE A
PRE GLVNE A (Ls) ML EARD G T 40 (Jasn) HUZ X
4 3 Na,O FEAEFIRD G VR i 4 (Ls) M2 X &
4R ;CaO0 FEAE FARD G2 % T 20 (Jasn) FHIE S FH A
Up)HZELE, SO A 5 & A btie , &
BE T HES (KD MZ X E4E (K 4 a~g),

IR A A 2 KA B ARG Z , b
o1 FESEH IR ) R 5555 ,1984) . RS
T2 R ORI AR i A A e s
A TR S e T R . YR
(Jos) FE T 40 (Jasn) R F2 B3k F AHS , AT @ i
SARRIRATTURR, 528 TR e T A Esa A
DURL 24 (Lp) R X 4 22 LATEALER R 32, J& 2F
T AR ARTOR ; (22 R (KO PR 25k A
PUILHER, JE 5 R SR AU SR T &R (Q) Wil
TR A PEICER (A, 1980; I 5545, 1984; &
BAE,2011; TR, 2016)

JEA AR i 1l w4 g i A A (AR D
,2016) , FEUN H S (K) i SifIk Ca; Hg 2
W Z2 A Si v Cao M3 IR I <RA F] T Al Fe
K Mg SEMER 2 53 ) SRR VDB 4 (Jus) Tz T4
(Jssn) M2 HARAR ) B i i s 5 S 2 IR, &35
B (3p) T IR, 38 S DU S, B0 T
HZ), EAY S R TR 20, P

®5 ARRBENEME

Table 5 Estimation of daily cadmium intake in study area
KFECd & &/ (mg/kg) FAE CARENE/(ug/d)
L T ELEA REZ

TR 2E R

PN 148 0.002~0.28 0.033  0.51~71.7 8.36
SR 23 0.019 ~0.803 0.353 4.87 ~205 90.4
Gt 171 0.002~0.803 0.076  0.51 ~205 19.4

A CABA B NBERIEA 256.26 g AKITH,

25 A FECT KRR & B R L ESR
F R R (Kiex) L FIRAL (Kb) FIEE DU R (Q) T
W HFR R 510 25.4% | 14.0% F1 22.2% ; Fe A T
AR R AR (E 4h) o
5.3 BRIFEBAERERX TN

HR 5 2085 55 (2018) O T DU 1|48 Ja R IR B 45 4
PG XN AR AN YA &8 256.26 g/d.
AL AR AT X Y AR A Cd BEAEH 0.51
~ 205 pg/d,F¥) R 19.4 png/d, HoAr R bR X A
4.87 ~ 205 pg/d, F-190.4 pg/d($5) , B BEA [
HRAR A SURIIE A DA 42U e B A A (ADDD
60 pg/d. AN I 3E b B S NS R ER AR, fi
BRI TE A R

6 %5 i

(D)WY IX 8450 B T AR T A0 ] 4 75 S e,
JLF A (99.9 % ) B ity & S AR T 1 HEREE T B bm
HEBRE

(2) AR RN A 245 R W, JRy B b X K Rg 4
S, EOE B e R R AR ERR A, A
FRFN 14.0 %, FFAETT YR

(3) MR 4k R SR A 45 0BT, 7K e 2 00000 A DX 1A
BRI 90.4 pug/d, 5 T2 X E1E (19.4
ng/d), BRI AR B AR (60 pg/d) , 7E7EERRE XU

(D ZEA TSN, TR AR X 43 LIS pH A
CaO {5 SIO S MR AT, 5 MRS T FEES (K Hi )=
A 5%, TR A8

(5) L 3esm AN B Am i AR AAE P R AR R I 5, %
b DX T F A 4 AR 55 DX A A B XU
HAEEMWEZRE L o NN E 4 BT XK
YEDI R A TAE , A LA AR A R
DX 1 A= AR XU IR L, S — e 1 & A PR 24 1K)
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Fig.4 Correlation between oxides in soil, predicted cadmium exceedance rate in rice and under lying strata (see Fig.1 for geological
code)
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