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Status and risk assessment of heavy metal pollution in paddy soil and rice grains from the industrial and mining
area of Shaoguan, Guangdong Province

ZHENG Kun', REN Zong-ling', QIN Xiao—quan', ZHAO Yu-jie?, ZHU Zhen—qiang’, LIAN Wan-li', LI Yong-tao"

(1.College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. Agro—Environmental
Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 3.Guangzhou Agricultural Technology Promotion Center, Guangzhou
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Abstract: To obtain a better overview of the impact of industrial and mining activities on the agricultural production around the mining areas
in Shaoguan, Guangdong Province, heavy metal contents in 54 paddy soils and corresponding 54 rice grain samples were investigated. The
samples were collected from the villages surrounding three typical industrial and mining areas, i.e. Fankou Lead-Zinc Mine (FK),
Dabaoshan Polymetallic Mine(DBS) and Qujiang Power Plant(QJ). The potential ecological risk and human health risk were also assessed

for the heavy metals in both soil and rice. The results showed that the paddy soils around the three industrial and mining areas were seriously
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contaminated, and the Cd, Pb, Cu and Zn contents in soils exceed the national standard values by 100%, 30%, 50% and 74%, respectively.

These metals posed very high or high potential ecological risk, with the degree of risk followed the sequence of QJ>FK>DBS. Among the

metals, Cd was the most important risk factor. In rice grains, the contents of Cd, Pb, Cu and Zn exceed the national standard values by 94%,

85%, 2% and 4%, respectively. Cd and Pb were the most important health risk factors in rice. The results of human health risk assessment

showed that the non—carcinogenic health index of heavy metals in paddy soils in the studied areas was lower than 1, which would not cause

obvious non—carcinogenic health effects to surrounding residents, and Pb was the most important non—carcinogenic risk factor. The carcino-

genic risk level of Cd in paddy soils was generally acceptable, but attention should still be paid to its potential carcinogenic risk to children

in the mining areas. Oral ingestion was the most important exposure pathway for non—carcinogenic and carcinogenic risk of heavy metals in

paddy soils. The health risk of heavy metals in rice was much higher than that in soils. The obvious non—carcinogenic risk and even chronic

toxic effects on local residents were imposed by heavy metals in rice. Among the four metals, Cd and Pb were the most important non—car—

cinogenic risk factors in rice in the studied area. The carcinogenic risk of Cd in rice was at the level of 10°~107 far exceeding the accept—

able level(107%) that USEPA recommended. Our results can provide a more comprehensive basis for the control of heavy metal pollution

in the local soil, in order to guarantee the health of residents in the surroundings of industrial and mining area.

Keywords: paddy soil; rice; heavy metals; potential ecological risk assessment; human health risk assessment
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Figure 1 Schematic diagram of sampling sites
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eGSR T, N TE 4R | AR 3 250 (Cd P,
Cu Zn [EEMEM N, Z5055 508 30.5.5.1)PRI %
Pl 4 8 L AT AE S KR FE 8. Ei<40,RI<150,
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Yy B i e, JC AN 5 SA Sl AT BEHE firh - 3 1 Rz K T
H,em?d™AF Oy B2 IR SR R 8, mg - em ;A BS
R R BRSO3 R -, JC i N5 IR AR OK R A% kg
meal™; EF 55 AR , meals-a™ . FEFPREEE IR IH
DU AL 3X P A [ R B2 R 52 B ) AREEAT H
KRt AARBR PN S EIUE FESH
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DX 3l 7 sk R AR (ER 1)

4 () f B KU PR 25 S 0 . —
Cd .PbCu Zn WAEBURRN , FHEAFNE )8 @ 19ES
I WU 5 8 (H Q) e Z2 R 4 Ja 1Y) S A 308 XU H5 5k
(HDZFIR 5 53— FhZ Cd 1 BUE RO, 80 KRS B

(CRe)FR o BATHART A E

" ADD;
HO, ; RED, (8)
4
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i=1
CRe= Y, ADD;xSF; (10)

j

~A(8).(9).(10) i HEUEs ISR E & BT R;
J NIRRT ADD; HEAR i R ) hRER
BTFMHYRER, mg-kg” -d";RD WSHF i,
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Table 1 Exposure parameters for human health risk

assessment models

e =0 "
BETE YN Ui E =P UGN
IR 100 200 [27]
IR' 0.13 0.07 [14]
ED 24 6 [26]
BW 56.8 159 [26]
DAIR 15 75 [26]
SA 5075 2448 [26]
CF 10 [27]
AT 26 280(FUE ), 9125 (AEEUR) [26]
PM,, 0.15 [26]
PIAF 0.75 [26]
FSPO 0.5 [26]
AF 0.2 [27]
ABS 0.001 [26]
EF 365 [27]
EF 3x365 [14]

%2 BELERREBRCHSEHNERD, mg-ke'-d) A
FERH(SF kg d-mg™)
Table 2 Reference dose and slope factor values for each heavy
metal from different exposure pathways
LA SHE Sk LR IN 2%
RfD SF RfD SF RfD SF - 3CHK
Cd 0.001 6.1 0.000 01 6.1 0.001 038  [27]

HaR

Pb  0.0035 0.000 525 0.003 5 [27]
Cu 004 0.012 0.04 [27]
Zn 03 0.06 03 [27]
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J& B RS BE CR /T el R I PR RS & A 1 (5
Syt XSS DA g A S D) W 118 T 52 S0 X, 7K -
107, 8BNS A HE(RE B A B T2 >,
L4 BiRGEIT RS

S BT AR 4R % F SPSS(IBM SPSS Statistics 23)
AT 27 5 [A] A A 5 3B L Origin( Origin Pro 8.0) 1
Ty 4 Jm & it o A A2 IR o3 A A R B (R version
3.3.2) AT AT R 2 AR BRI F2 L 0 BT o

2 HR5®

21 KBETHEESBESTEBEI T RBEESXE
M

FK DBS F1 QJ T8 DX J& 1 i 7K R LA i B A 2
AR L3 3. PP A R HEAE iR S IR , pH Y
4.18~5.68 ,FK .DBS T4 [X J&] i1 + &R & 5 F QJ T
WXL, Xageh T EmE AR IR K K
T VAR RS TS Yot SRR R R[] R R K
TR KRBT RAGEY . KFE LA PTKEEE
&A% 18.19~84.56 g-kg ' (V15 41.31 g-kg™), 9]
HHEA R R B -

+3rh Cd Pb Cu.Zn & &E4040 WK 2, =/ RFE
X3 (FK .DBS . QJ) -4 Cd 284> HI7E 0.59~3.25
0.38~1.91.1.04~3.58 mg-kg™ Z ], FH{E 45 51K
1.23.0.77 .2.04 mg kg™, 435 4y [ R85 o B — e b
#E (GB 15612—1995,0.3 mg -kg™) Y 4.10.2.57 .6.80
i, HFRFE 100%, 30%HKFE + 3 Pb & bR

(GB 15612—1995,250 mg-kg™), Hr FK # X J& i
13 Pb & 7E 282.8~1408 mg kg Z[A], FI{H
612.2 mg-kg™', #HFRZE 100% ; DBS " [X J& 31 113 Pb
SEIE RN 192.9 mg-kg™ BARE R 17%;QJ JHiL +
5 Pb BARHAR, P& 1R 1263 mg-kg™ . /KFE
Cu & H7E 18.36~544.9 mg-ke™ 22 [A], HEAKHIRFR Ny
50%, H:r DBS 4 [X J& i L3 Cu & i 96% T,
SEEME A 2362 mg kg™, EEFKIEE TR R
FrifE (GB 15612—1995,50 mg-kg™) A 4.72 f%;FK
QI TH X & 5 + 5 Cu & F5 R4 5 Ky 25% Fl
6%, KFGAH Zn GETE 94.14~1276 mg-kg™' Z|A],
BARHPRE L Pb Cu &, i85 74% ; A FK 47 X J
AR R, AR 100%, Zn P i ik
726.4 mg-kg, & E I T R E(GB 15612—
1995,200 mg- kg™ ) 3.63 1% ; DBS " X J& i1 /K #5 +
Zn JBERFN 96% , V¥ 1k 319.8 mg-kg™; Q) ik
TS EFR A AR, N 28% ., AHFIEKAE - Cd,
Ph & B0 Fl 5 [A) — X3 2015 4 6 J] RAERIFE N 4
Mrai R A —3; Cu Zn 5105 Zhou FFPHERTSCK
F LA SRE GRS AT X 2 455 A>T
FER A ZE R (CuZn P85 84050 84.5.772
mg-kg™ )T,
A, Zhou 255 2 AH G 3 A F1 3 54343 BT e e
K E W JUE SR E BT A T X R R
3P E LR kR, b Cd.Pb >k A A 2K
FANE, 1 Cu A1 Zn FIREFER A TH LIRS
FEH I R ASTTRE IR K HET o ASBIFTE 3200070 Bl R
(& 3) s, 55— F R (PCFISE — FE M43 (PC2) Y
ER 5 2% BT RIA T 62.87%, D 2 A hsr 3 R4y

=3 il D EEARELMER

Table 3 Physical and chemical properties of selected soil

KA HLX FEA%L AR pH Clay/% SOM/g kg™ CEC/cmol -kg™

FK 12 FHIE 472 26.45 53.49 7.47
b4 0.09 5.25 17.26 2.35

It 4.54~4.87 15.08~32.52 19.45~84.56 3.08~10.55
DBS 24 SEHE 4.81 28.95 39.84 6.68
brifez 0.28 4.01 12.84 1.88

X 4.18~5.38 21.64~35.16 18.19~65.12 3.99~9.67
QJ 18 EHIE 5.08 18.61 35.16 3.86
bz 0.29 2.99 6.19 0.82

bk 4.71~5.68 14.04~25.32 19.43~45.83 2.45~5.39

TE - Clay Jy 3R E 41t 3 SOM Sy LIEA LB ; CEC S rh PSS 7 2¢tied . FR=JLI, DBS = K521, QJ = fiiL, I,
Note: Clay: Soil clay content; SOM: Soil organic matter; CEC: Cation exchange capacity. FK=Fankou , DBS=Dabaoshan, QJ=Qujiang, The same below.
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Figure 2 Boxplots of Cd,Pb, Cu and Zn distribution in soil
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Figure 3 PCA of variables of Cd,Pb,Cu and Zn concentrations and physical and chemical properties in soil
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AR A] DL Bl 8 AN IR AR (1 KR 45 . PC1 728
DR AR E] 40.87% , F 25 154> Pb 4> Zn Fhki
AL & CEC B AH G PC2 F 2 54 Cd. 4
Cu &M pH BEMK(E 3a), AL XA SR
Pt HAE 2 ) Bomg Ay PCL A PC2 {5 8 8 A 2 X 4
I, BE R 4 R R R R P2 Rk B B
K- (P=0.001) ; Hirpr FK T4 [X BH A 17 4 /&5 Pb . Zn
R, T DBS QJ AT X I 43 5 i 1) 458
Cu ., Cd W7 ), S T AS] 5 Gl A AR R A

AR S YR TR A S KB P 5 R (3R 4)
WoR, =AW KR KRG £ 25 A A A 2 KU 48 4L
RIHEF M : QI>FK>DBS, HA i s AR i e A 25 K
B s DUFRNEE 4 )@ 15 Y v e A S XU R BEHEIY O Cd>
Pb>Cu>Zn; =N X JE L /KAE - Cd ¥ E 2K
JRUBS R, et 2 A VA A 25 XU 1) B ik R 3o 85%
FEAEAR Ve A 25 RV L Zn VB A 25 U AR I, B
BkRAKT 1%; [RIF, FK DBS 3 X J&] i1 7K A 4 53 518
FFAEREE Y Ph , Cu B EAE S KU . ABFSE RI Y Zhou
GRS T X R 3 A 4 3545 19 Cd .Pb . Cu.,
Zn VETE X HE HOEA — B
22 BAPELESEHMEST

54 ANFERAT: it P B 4 15 i o0 A1 UL IR 4, %o i )
FE AL 2R UE(GB 2762—2012) F1 Al 47k A 1
(NY 861—2004), FFK Cd.Pb .Cu.Zn & & MikiE
BRIy R 94% 85% 2% 4% , AT WLER 5 T4 X JH
RO EE 4 (g XU 22k B Cd /P, =
AR BE X 3 (FK  DBS Q) A FE oK Cd 5 43 Bl 78
0.64~2.95.0.09~2.36 .0.20~6.07 mg-kg™ 2 [ , E-H59{H
394 1.36,1.08.,2.69 mg-kg™s 73 il AL 6 5 B0 il 22
S FRUEMH (GB 2762—2012,0.2 mg-kg™)5.8 4.4 . 12.5
7, Hoh QJ T X M/KFE Cd #Ari ™., X+
Pb,FK #" X FE K Pb & S BARR 8, SFELE 1.17~
6.48 mg-kg™ Z ], FH{H 2.30 mg kg™, B F £ 5
AR (GB 2762—2012,0.2 mg-kg™) Y 11.5
5 ;DBS H1 Q) T4 XAFK Pb & 543 HI7E 0.00~1.93

0.10~1.55 mg-kg™ Z [, L-HI{E 4351 0.91.,0.85 mg-
kg™, g F R T ERR . AT X (FK . DBS . QJ) 1
FEK Cu.Zn &5 HI7E 2.12~11.05.19.31~52.89 mg -
kg™ Z (8], -1 & 53l 5.13.32.43 mg-kg™', K
TAAAT AR HE NY 861—2004 #i & (1) B & {8 (Cu
10 mg-kg™",Zn 50 mg-kg™),

XT b A SRR K 4 JE % i R B, DBS A1 Q)
TH X H R4 Cd B EA LR 4 Pb
Bt AR AR , AL TARVEAE AR 2 KU K- (R A
KATESEAFAE Ph {5 e XU 5 )2 2, —2F DA b iy 1 ek
fi Cu Zn & bR, (HAT A R DL AR . X X
S R 1 T DX 6 B 4 s v g B R R H
RIGEE AL, B+ Cd Cu Zn 34
K kR ME(GB 15612—1995), Ph K AR, {H 21 4~
KRR IIRE K H Cd P HFRRHITAF] 100% ,71%,
Cu BFRFAN 5%, Zn AR, XA RESEH TRt 1
i - 35 pH XFAE K IRYR Cd A Ph (95200 &5 T Cu A1
Zn"™, [a] Iz s R T e e 1A DL -3 R A
KPPl 1 b 8 4w AR AR XU Bk = — 2 P HERR PR
2.3 KIEL-FERPESEN ANEERXEIEM
2.3.1 KA A EE A ) XU A

P R U PR B R A T 25 SR (3R 5 R 6. %
TYRHEL, =AS T R K RS b 4 a3 Fhad
FEIRAR (AR B R i IR W ) %oF ) L 28 AR
NI HQ: #1 HI $5/NT 1, PRI X KRS = rh
4B AN T R e R e S S ) Al S50 (R s i
AR R IR R B AR KU R N B 28
PRAGER T F RREE AP A, A28 L4 A 145
Fe FE IR AR AR  JF W B HQ, F HI 37E
10°~107 YE I N, KBS JLF- 1] 2200 5 s R4 1
e ARy AE 0@ XS e R - 22 Pb, TTHkEE 88%
Ph_b o KA - U b 4 JR i i 28 R AR AR R L
AR B KBS EI 202 N 2 48, X IR )L B AR
BRI Z B 2B ¢, L5 T S LR & T
BN, IF HILEXS T AR R R Aess , ilad F—- 1 =

& 4 KEELH Cd.Pb Cu Zn FHEEESKEITMN

Table 4 Potential ecological risk assessment of Cd,Pb, Cu and Zn in soil

Cd Pb

Ca Zn GEWTEE ZRTESIR

H
o METERUE

AW MR SATMEES  BERR SAWEE AR A SRRARE SATHEE

SH(E) AR EB(E) O KUREE RR(E)  BSKRFRE  IRE(E) AR RI BRI
FK 1085 R 89.04 B 1% 14.90 1% 1205 iiy=a
DBS 679.4 == 28.05 1% B 6.56 % 796.2 =A
QJ 1800 =2 18.37 1% 1% 3.60 1% 1835 R
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The horizontal dashed lines "~ — — =" represent the national food safety standard values(GB 2762—2012,Cd 0.2 mg-kg™,Pb 0.2 mg-kg™) or
the standard values of Ministry of Agriculture(NY 861—2004,Cu 10 mg-kg™,Zn 50 mg-kg™)
& 4 Cd.Pb.Cu.Zn HEFFKPRES HHELE
Figure 4 Boxplots of Cd,Pb, Cu and Zn distribution in rice
*k5 TESEREEZOBNNERXE
Table 5 Risk index of heavy metals in soil by oral ingestion
e . TSR RRAREHO, [EE— -
REHIK A RO g cr.,
HQu HQn, HQq, HQ, HI caupucuizny
FK JIIN 2.08x107 0.30 1.91x107 4.09x107 0.30 4.40x10°
L 3.71x10° 0.53 3.41x107 7.31x107 0.54 7.86x107
DBS A 1.30x107 0.09 9.98x107 1.80x107 0.11 2.76x10°
JL 2.32x107 0.17 1.78x1072 3.22x107 0.19 4.92x10°
QJ N 3.45%x107 0.06 1.64x107 9.88x10™ 0.07 7.30x107°
L 6.16x10° 0.11 2.94x107 1.76x107 0.12 1.30x10°

TSR T A,

AR IR AT 4 rh =R R ER R AR R 1 Cd AR
BURRSEE CRoy BARTE 10° K FBR T Q) T XL
B BUEABE CRey ol 107° K- (R 5.£6.%7),
T T AT 52 KU K S 107, AT A S 0 21 2 Ak B AR F2E
A T BT [N F A AR B EE A AT . Cd By E0E XL
B FEE 2 AR N, HBTEkRTE 99%L

e T g R PR A Al R A S A S B g XU
JE CRo ARMG, 43048 107107 7K, i Ik F rl #5247
KB AK-(107°) . =AN T X, 2 M4 A L3 Cd
XoF ) L2 3550 XSS 2 N 1) 2 A5 o 255 43T 1 48
4R AEBUE  BUE K, 25 R R AT X
JLZE I o 28 11 45 - 498 5 4 s s A A fe e XU 34 L
AR, T EMIFEG ILEL A LR SR Cd,
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P 1T 3 B A (R IRURS: , s 12 X 3 () 3 58 47 F L
HAREE TAE, B LE AT Y b o s, 3 &
HEILERFF RN AN DA TSI EELERE R
i, Z2amEAEY LI/ E L 8RR
k.
2.3.2 FEKrhE A JE ) A AR XU A

e A 4 P A A ft B JXURS: 1153 45 SR L3R 8.
AF5R DX 3 A 7 A A oK P 4 X A7 A BH S Al
BUE R, HI 7E 5.01~20.73 JE I, A AT H232 B9 XK
B AT XS AR HE B T 10, BEEA X
Jiil Bl J AT AR e AT 7 A 18 M BB 500 - DU D o 43 )
JCER XS HI 1 -F- 2 5T kR AR Kl Cd(73.25% )>Ph
(16.51% )>Cu(5.49% )>7Zn(4.75% ) ; Fi K Cd Xf AR

AFULE K Pb XA BAES0E KBS 5L HQ, Y8t
1,7 CuZn BMIKF 1, 368 Cd 2 A5 X IR K
T 32 210 Ak BOR KUK e % H -, R P, Wang
ST Ay 2 B R RS LT X R AR R ) - 9 % A
K Cd JE S0 RS H8 %0 HI #F 5.29~25.75 JuH N,
H AR TR A 84.34%~95.14% , S AW 5T 45
R,

W78 XA K Cd A S0 XU CRey 1£7.26%
107°~3.76x107 Ji [l N (& 8) , i 1 W] 22 32 U 7K
(10°)f 1000~10 000 1§, /& Wang SF"HE K5 1L T4~
DX R KA 4 Rk Cd B B0 KU EE (2.0x
107~9.8x107) (1) 3~4 £% , Ui B A 5% X I K Cd
(1R 5T DAV AR v, 30 6 P 2 DX ARG K 8 AT A T

R 6 TIEESE KR EMAER X

Table 6 Risk index of heavy metals in soil by contacting with skin

30 RS 6 % N e
ALK N SISO ARSI gy e e cr.,
H Q(;(, H QH) H QC\, H Q,“ HI, (Cd+Pb+CutZn)
FK AR 2.11x107 2.00x1072 6.47x107° 2.08x10™ 2.24x107 4.47x10°®
JLzE 9.09x10* 8.62x107 2.79%x107° 8.95x107° 9.64x107 1.93x10°®
DBS PN 1.32x107 6.30x107 3.38x10™* 9.14x107 8.05x107 2.80x107
L 5.69x10 2.72x107 1.45x10™* 3.94x10° 3.47x10° 1.21x10°®
QJ A 3.50x107 4.13x107? 5.56x107° 5.01x107 7.73x107 7.41x107®
JLzE 1.51x107 1.78x107 2.40x107° 2.16x107° 3.33x107 3.19x107®
F 7 TESSEERRN KRR
Table 7 Risk index of heavy metals in soil by inhalation
g5 LS 4 % i T2
. o SRR EHO, RAFEGIARAEA g op
H()ul HQHy HQLu H()z“ HI((I:HI’I»(I.HZ..)
FK N 1.75x107 2.49x107 1.61x107 3.45x107° 2.56x107 2.31x107
JLiE 7.83x10°° 1.11x107 7.20x10°° 1.54x107 1.14x107 1.03x107
DBS A 1.10x10° 7.86x10* 8.42x107° 1.52x107° 8.96x10™ 1.45x107
JLE 4.90x10°¢ 3.51x10* 3.76x107° 6.79x10° 4.00x10* 6.47x107°
QJ N 2.91x107° 5.15x10™* 1.39x107° 8.34x10° 5.66x10™ 3.84x107
JLE 1.30x107° 2.30x10™* 6.19x10°° 3.72x10°° 2.53x10™ 1.71x107
%8 WAPESER/ANBRXK
Table 8 Risk index of human health by consumption of rice
g5 LS 4 % g T2
TAEHIX ARt TSSO RAFSGRIREARE 5o R,
HQul HQHy HQLu HQZA‘ HI((I:HI’I»(I.HZ..)
FK N 8.97 4.32 0.89 0.87 15.06 1.90x107
JLE 4.32 2.08 0.43 0.42 7.24 9.14x107
DBS A 7.13 1.70 0.89 0.70 10.42 1.51x107
JLz 3.43 0.82 0.43 0.34 5.01 7.26x107
J 17.7 1.60 0.7 0. 0.7 3.76x10"
N 5 6 6 62 20.73 3.76 2
JL3E 8.54 0.77 0.36 0.30 9.97 1.81x107
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