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W 30 A b A0 2 43 A A TR PG R b DX R A
B R B 1 B2 DX AT ) B v AR | SRR L)
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T3 Cd.Pb JCHR T 50 & &l 5 & T A 1 5
i & B A TR B AR 22 A i K R T O 4
J& R Y R T A RIS AN T RS R AR
Yrrew ARG E BEH . st —4 %
MELEIG YL L,

IR R A AR 2 B SR b X E BB Y.
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1.1 HRREER
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W AREEIFHE BRI SRS T .4
b B AR U AR SC, e mE AR TR AR 2L AL T
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Fig.1 Schematic diagram of sampling points in the study area
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Table 1 Single factor pollution index evaluation criteria R2 EETLIEHIENIRE

Table 2 Comprehensive pollution index evaluation criteria

LER TS YARE(P D 15 Y

LN SERERCE 5 (O]

Single factor pollution index (P;)

15 YL %
Pollution level

P, <1 No pollution Comprehensive pollution index (P ) Pollution level

1<P,<2 Light pollution P .<0.7 Clean

2<<P,<3 Mild pollution 0.7<P .<1.0 Still clean

3<P,<5 Moderate pollution LO<P 2.0 Mild pollution

P,>5 Heavy pollution 2.0<P,<3.0 Moderate pollution
P_.>3.0 Heavy pollution

(2) W% LR B 1R 805

WA (Nemerow) £5 & 48 0L 2R P B2 K+ 15
AR BOEIT AR M P, B RAE A Y E L ORI -
B Z56 T R B, M E T PF 0I5 Y T 1Y 42 JE T
Z, AR .
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®3 MEREHIR

Table 3 Geoaccumulation index classification

®4 REEBERSHY

Table 4 Parameters of risk exposure model

R BT,

Geoaccumulation index (I .,)

JEE L 2

Pollution level

1,00 No pollution
0<I,,<1 Light pollution

1<l ., <2 Mild pollution
2<1,,<3 Moderate pollution
3T, <4 Heavy pollution
4<Igm<5 Very heavy pollution
I,,>5 Foul pollution

1.3.2 AYEEZHKE

Y EERRESEICEN LIER Y TR
SRS, HFEARWT .

BCF=P,5s/S, ¢ » (4)
L, BCF R fEAh & 4R e 47 E R
Pz B®AEBELER ERAETHEE,S, . RAES
@i TERELE PN SR, BAMESRENEER
BT orh 4 A BCF>1.0, 28l o8 21 & 4
0. 1<<BCF=<1.0, &I K H % & %, 0. 01 <BCF<
0.1, %W N 55 & % BCF<C0.01, & 3 4 % 59
e,

1.3.3 MR R4

e XU BEAS SR USEPA 1 XU 2% 2 45 AU, 1}
BAXWT .

EDI= (¢ X IRXEFXED)/(BW X AT), (5)
AP EDI SRR AR T i AR & R & H A&
(pge kgl e d e RABAEESRE T RYM
(mg+ kg IR BARBKRKH|ARE (g d ) EF
FREF Y RER  a ) BEEPF X G4 K H E
B RAKGED R FR 2 & 88 1 [H] , ED HU 70 (a) ; BW
FeoR IR T i (kg) s AT 7R X 47 249 2 8% i) )
(). %S B AR IR 475,

X AR BB 5 | S 1Y) T 4 i B R IR L AR A 5T 32

B 3 ) FE B B (HQ) IR HEAT PP A 24 N T
HQ = EDI/RID, (6)

KT, RIDNESRBRENSE M &,Cd M Pb S
ZRNESHHN 1.0 pg « kg™t o dt FI 3.5 pg e
kg™ e d 12

R EE I S5

/%g}\gf Exposure evaluation parameters

Exposed

population EF ED BW AT IR

(dea™ b (@ (kg) (d (g+d™H
Adult 365 70 70 70 X 365 279.4
Child 365 70 32 70 X 365 65.1
2 HRESM

2.1 BHIENMBESPESESERE

e 5 pios . fEH R pH (4 3.91 - 7.99,
EHME N 5,93, 8 Fmme -5, A5 H L3 d Cd.
Pb &% R 0.15-2.28 mg » kg ' Hl 15.89 —
117.00 mg « kg ' P& 355 0. 42 mg « kg !
M 33.74 mg + kg ', BEEAL T SM A W S H.
Cd.Pb W78 5+ R B0 9k 78. 57 % A1 46. 71 % , 48 5+
FBONE T 360, Fyum AR L U DAY XA R g rh
Cd.Pb & £32 N2 T8 2 5% w52 K, 5 A0 4520 1 of
FER -2, B AN EE ST X E L T
T 2 P00 R 3 Il B DX B, SRR B R 22 PE L
A, FEHE PR E 48 T R SRR KN R
Pb(41.51%)>Cd (13.21%) . i B BF 5% X e 1+ 3%
FEAER N B K Pb B,
®5 BATENBETELEAEBSN
Table 5 Analysis of heavy metal content in paddy field soil and

rice

ISR + 3 A H 4 LRy
%;jj‘zz—\l pH{H  Paddy field soil Rice
U Soil

index pH value  Cd Pb cd Pb

Minimum value 3.91  0.156  15.89 0 0
(mg * kg )
Maximum value

7.99 2.28 117.00 0.24 0.09

(mg -+ kg H)

Average value 5.93  0.42 33.74 0.06  0.03
(mg * kg )
Standard 0.90 0.33 15.76 0.06  0.02
deviation
Variable
coefficient (%) 15.18 78.57  46.71
Point coefficient
over standard rate - 13.21 41.51 3.5 0
(%)

Note:" — " indicates no data

FEAR B Cd & REH 0 0. 24 mg - ke ' T 44
fE} 0.06 mg » kg™'; Pb & &~ 0 - 0.09 mg *
kg 'L B E R R 0.03 mg - kg ', REAREM T Cd,
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Pb B F 2 55 B 2/ T [ 5088 fE BR 1 {5 (0. 2 mg - b B2 TS YK U B IS RS LIRS S R R
kg DO BHABFR X AEA P Cd Pb 5 e RE R VS, M BBURASS R BN B BRE LR E S
INERBETER R, BT ESENERR Cd iSRRI RS J RS G JET5 Y A, oy

Bl Cd(100% ) >Pb(66.67%), R MERA 1. 8906 .1, 89 % il 96. 22 % ; Pb 15 ¢
2.2 TEESESLIEMER R RRMIS Y RS Y B Y L. 5 AR e

A5 DX PN Fef - 38 B R PR 45 SR A3k 6 i 3.77% 1. 89 Y0 1 94. 34 %, AR E B HR 55 AL 1Y 43 AT BF
Cd PR FI5 Y15 B0 0. 23 — 3. 51, F ¥ {H M 0. 65; fiE 581X Cd . Pb A B8 FEZRIE TR K AVLESE
Pb BN F 95 YL 46 %0 M 0. 45 — 3. 32, FH4{H 4 0. 96, JE 3o
Hor,Cd JC R O & VR B Ts Je oy, i BETs g VR i 2.3 EMEERH
VY R T IE e w4 A b AR A BB 1,890, A W) E R BU(BCE) 78 — a2 2 B 1 RB 18 2 e 7
11.32%F1 86. 7900 :Pb o f JE VR JET5 e s i, B A% RO & J8 M WO A & AR Al . R P8 A () 7f
V5 Y B TS g R TG TS Y AL 4 B 1,890, B B EERA Cd A &% RE0Ch 0-0.803,F
39.62% 1 58.49% , & L] AL X Cd Al Pb i Ff B} 0.179:Pb B9 AEW & £ R ¥ 0-0.002 8,°F
AR AR5 KRG H 0 SR 4 AA e E{E R 0.000 88, Cd FHL N 55 & 4. Pb Jy e 59
H Cd B85 e s A7, P 5248075 e 507 Fb 9 75 WA

WF5E X RGN B 25 B P8 80l 2,55, )8 F
6 BEFINLER

Table 6 Single factor evaluation results

- FE B 153 A
X — : Number of sample pollution points
HEJEITR
Heavy metal gy gy S/ TR K1 Bhsl  REER PEER TEEk
’ Maximum Minimum Average No Light Mild Moderate Heavy
value value value pollution pollution pollution pollution pollution
Cd 3.51 0.23 0. 65 46 6 0 1 0
Pb 3.32 0. 45 0.96 31 21 0 1 0
2.4 TEHIEREBAPESEEXSH HEBIBAEARERE, AP CAMPL EEER

EEERMELENFAS T ESR S RESTN FEMEER, WA ASPESE Cd A Pb Al fE
KM ZR I 7, R LHEh Cd AP S0 CIR/
FHEIEMECR UL I L8 Cd P BRIERTRE 2.5 BERXKTEHM
FHIA A H HIERIAE A Cd Pb SR IEMHXCR, fEE R A TR O 3 U AN AT e v R G R
ERE S A I 25, U0 B s e R B AR U TT BRI AR ARG R4 PP 3 R N e AU
PR BERL TH A BN [N R R B H AR

%7 BEIASBABLRABEXMESNER (EDD {8 (% 8). MAIR AR A . EDI 73
Table 7 Correlation analysis results of heavy metal content be- {E WA LE ;AR E 4 EILE EDI _T,zﬁjﬁﬁﬁg ,
tween paddy field soil and rice Cd>Pb;Cd ﬁ%)ﬂﬁ}\%ﬂﬂ‘ﬁ fty EDI %ﬂj{ﬁﬁ\%ﬂ jﬂ
SCd SPh Recd RPb 0.241 pg = kg '+ d ' M 0.056 ug + kg ' - d ',Pb
sed ! JEFE WAL E [ EDL #5435 4 0. 111 pg
ST 0.747" ! kg ' e d !t MI0.026 pg e kg e d L BIFOTE W
Red oz o : EDL 43/ T 1 R HEA 51 19 T 48 A
RP, 018 022 o3 ! PR 45 022 9 B % . OCHLTE Cd it Ph f9 £ K
Note: " " indicates extremely significant correlation (P<C0.01), " in- BEU/NT 1. 58 A R, o sl A Cd e Z /D 5 7
dicates significant correlation (P<C0. 05) ;S indicates paddy field soil, ﬁl‘ﬁﬁ‘]‘}%ﬁﬂ: 1.

R indicates rice
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*8 ARARBAHBATESEBRENE
Table 8 Exposure of heavy metals in rice of different exposed

population

EERGHABAR(ug kg™ o d™ D

T4 R ICE B YN Heavy metal EDI (pg+ kg '« d™ D)

Heavy metal Exposed

vy metal oo Rkl BME PRI R
: lation ~ Maximum Minimum Average Standard
value value value deviation
Cd Adult 0.942 0 0.241 0. 255
Child 0.219 0 0. 056 0. 059
Pb Adult 0.378 0 0.111 0. 088
Child 0. 088 0 0. 026 0. 025

x99 FRABBAFEEHTESCEENCEB
Table 9 Hazard quotient of heavy metal intake in rice of dif-

ferent exposed population

Tamix FEME pow mME THE b

Heavy metal EXpOS?d Maximum Minimum Average Standard
elements {)opu value value value deviation
ation
Cd Adult 0.942 0 0.241 0. 255
Child 0.219 0 0. 056 0. 059
Pb Adult 0.108 0 0.032 0.025
Child 0. 025 0 0. 007 0. 006
3 itig

WEAF MR N L EESE RN T LSS
HIFM LS RAFE2Z S, R FIEM &S R BoR, W IX
e L 58 Cd . Pb Joim 4 R 0TS G a5 5505 A b
MBI LY N 98.11% . WER 5 & B E0L 4 R
WoR G WFIE X RS B HELE G5 e Jm T o B s e
E—ERE LZAESENGAE . BB
RN 5 XA I T Cd G Y L ik
96.22% ,Pb Joi5 4L L 7] ik 94. 34 % , F H g b g
HEmHEESE B, TR LS
£ Cd il Pb & 8 &, S 3N 256 0T 45 2R 3
M2 i v, DR B TR - P 5 il 3R R s B0 i A 4
HHASHEME., ShiER%S" W A3, B
$ EL5 QL SE M LT BN A 2014 AR 3R AR TS L A T
TCH N G, BAR W TR b X AR B 1 T 4 R O
RIS e BB & BUM I BAR R H 35 404k
SERAL BRI RO E RS, AR
SRR R X Z 80 W B3 7 Cd AP & &
PR SN E TR E. A AN TR SR Cd

L Pb & i ¥ R 0 ok B KB A B Y BRI
WF5E X Fe - HE RN RG4S Cd Al Ph 34 3 A8 55, 33
R H S A hESE S R A,

S AR H R RG S AR A 0 A S A
ZERT L RS g Cd A P S 3 IE A O 6
Z(R?=0.74.P<<0.01) . £ WA H L H Cd 1 Pb
) A V5 AT RE AR ) LTI R A 3 Ok R A 455 B B R
IR A6 R A KRS R AR 2RI
gl DA CdUPh RS AT R E 4R Cd.
Pb &R REIEMEHXERARE LA ESENITE
HAE M, 5 TS Wi R—8. ke
SELS R oY KB KRG S M e Il Cd L Pb % T
., PR R R L KR E 48 Cd il P
4 WAL BE 77 26 B R 255 >0 > KoK T K R AN TR
AT HE 48 Cd. Pb WYUK BE 1 77 78 22 5%, (H A BF
FERW KA KL, A X ZE R0 b E 48 Cd.Pb 1)
TR, TR RS SR ESR
FRXAANBENRENZ —, BEPEYEERK
# Cd>Pb, kW ELEITHAE IR N Cd>Pb. 5
T =S e A R —

FERE B AR AN T B, B TR BRI+
HrhESE Cd.Ph & KM MR T ELE Cd
Pb & WA, 7EA 5 MR G g2 A Al ik 42 B8 A
MTEBLT BB Cd.Ph IR FES /N 1.1
AN L, B Z R K B A SRR T
AL

e 4 4 0 45 Jm AN ANAE 28 ) AR AR SR i HLAE
B 8] 77 31 1 A7 AR S B R, AR 58 AN 4 — A oK
273 (] | 3 A% A0 A BEAT 220 ), f5l 2 0T B[] R A 1
R AR A S5 BB 5 A AT DL 32t — e 5 LR
i L EAT B O, A AR 4 R 0 A PR AR AR
5 DT B G i R 4 S 1) A I SRR

4 it

AL RW B ERFE P ESE Cd.
Pb J& T 52075 Y 5 9, R F 48 8 A o o A e T e
AESRAE SV fAH P E 4 Cd.Pb &2k
SR AHRE H A 8 2205 YR AR B HLAR AR D
RPN AL AT Cd f Ph SRS RN T
[ 58 8 i 2 A B 1 BR i B, G N RTJL o CdL Pb
JCEfER BEEY/NT 1, LREE AR K Cd ot
FA N GG B E U T 1, UL WA 5T X e K Y T
TE U Cd X KK I 15 4y, 1 ik — 20 o i 2 B
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Heavy Metal Cd and Pb Pollution and Dietary Risk Assessment
in Paddy Soil of Typical Karst Area

LI Yunlu,CUI Wengang, LIU Suihua, HUANG Yuemei,ZHANG Hongze
(School of Geography and Environmental Science,Guizhou Normal University . Guiyang, Guizhou,550025,China)

Abstract:In order to explore the pollution status and dietary intake risk of heavy metals (Cd,Pb) in paddy
soil and rice in typical karst grain producing areas, Xifeng County in central Guizhou Province was selected as
the study area in this study. The contents of heavy metals (Cd,Pb) in 53 groups of samples in the study area
were analyzed and evaluated by single factor pollution index method, Nemerow comprehensive index method
and geo-accumulation index method,and the dietary intake risk of rice in the study area was evaluated by
Hazard Quotient (HQ) method. The results showed that the content of heavy metals in the paddy soil of
Xifeng County was Pb>>Cd,and the average contents of Pb and Cd was 33. 74 mg * kg~ ' and 0. 42 mg « kg ',
respectively, which was lower than the national agricultural soil limit value. The average value of single fac-
tor pollution index (P;) was less than 1,indicating that points of the most samples were at a pollution-free
level. The results of Nemerow evaluation showed that there was a moderate comprehensive pollution of
heavy metals (Cd,Pb) in the paddy soil of Xifeng County. The results of geo-accumulation index showed
that more than 90% of the soil in Xifeng County belonged to non-pollution level,and there was no significant
accumulation of heavy metal in paddy soil. The variation coefficients of Cd and Pb in paddy soil and rice were
in strong variation,and Cd and Pb in paddy soil were significantly positively correlated. The results of dietary
evaluation showed that the average hazard quotient of Cd and Pb in rice was Pb<<Cd<{1,indicating that there
was no ingestion risk. For adults,the hazard quotient of Cd element at individual points was close to 1,indi-
cating a potential risk of Cd rice contamination. In general,in terms of Cd and Pb, the soil environmental
quality of the paddy fields in Xifeng County is still in a mild pollution level,and there is no obvious accumula-
tion of heavy metals in rice,and there is no risk of dietary intake.

Key words: heavy metals; Karst; Hazard Quotient;rice;dietary risk assessment

TEAT 2 4 - RS

o WIEAXSHBEEERE

I B %% 07712503923

o HBFE : gxkx@gxas. cn

B B ASG ML hiep: //gxkx. ijournal. en/gxkx/ch




