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Abstract ; In order to find the characteristics of soil heavy metal pollution of rice-fish co-culture systems in Jiangxi
Province, the soil and rice samples were collected systematically, and the concentrations of Cu, Cd and Pb in the
samples were determined. The single factor pollution index, Nemerow comprehensive pollution index, potential ec-
ological risk index, geoaccumulation index were applied for the evaluation of heavy metal pollution, and the dietary
exposure risk assessment was conducted. The results showed that the concentrations of Cd in paddy soil were high-
er than the screening value for national agricultural soil. The results of Nemerow comprehensive pollution index

method showed that the number of severe contamination points accounted for 31.03% . The correlation analysis
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showed that the concentrations of Pb in brown rice were significantly positively correlated with Pb concentrations

in paddy soil. The average value of comprehensive potential ecological risk index is 113.55, which indicates risk-

free level, and the contribution rate of Cd for potential ecological risk is 87.8% . According to the results of the

geoaccumulation index method, Cu shows the pollution-free level, while Cd and Pb show the mild pollution level.

According to the results of dietary exposure risk assessment, the average risk quotients of Cu and Pb in rice are less

than 1, which means no risk of ingestion; the risk quotient of Cd to adults is more than 1, indicating a risk to the

health of adults. In general, there is a risk of heavy metal pollution of soil in the study area, and Cd pollution is

more serious than that of Cu and Pb.

Keywords: rice-fishery-farming system; heavy metal; health risk assessment; soil; rice
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P EHEKAEIX 1000 4~ LA A H 31
FEG Yk Cd Cu,As Hg 1 Pb, 11 Cd #ibr%
K, R 47% IR KRR 64, HIR & Cu 1
Ve, 4.2% , e KRS ECH 10.1, As AR
23% I KBEREECN 3.8, BASSEYHIgE & B, BR
THOEPH W0 X A B £ Cu AR R B, N
1224% , H # #5 2 #EJ¥ 24 Cu>Cd>As>Hg>Pb,
Chang 58P 42 T VLVG 44 ML K AF + X Pb 1) 0 Bt
FRR R R AR SEIC LU AR IR T T B KR - A
BHRDKRE X P (W BE 1 ¥E T Cd, ik, 2
TR RSB = 1Y Cu Fl Cd LUK G
Pl 3 A P 31X 3 FhEE 4R UEAT AT

LA E 4 E 13 MRS A R R R EX Z
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1 ##l57% (Materials and methods)
L1 B IXHEN

TLPEAE O T UL TR R, A2 B i ol 4
0y, B WA L HEE 16.69 J7 km®, 45 P4 [ = i 26
Ly, H R Fr s AR, A S T AR IR BT 11 2 X
A% AESIRIEZ 163 ~195 °C, VEYILUKAE A E,
B KA AR G SR AR Y 85% ~90% , &
FREM 13 MMRE X2 —, Tk, A R
A MR TT R PR R B R R A, AR H T4
BAHIE 40 D EAE R RFGM LR S TSR, DAL 8 1

207
hm[]o

1.2 BEACREE

2019 4510 H, SEHEILVE A RIBLZES PR 1Y
FEHbAE R R AE H bR, R B 29 A TSRS i TR
] R R BR A, R 14 SRR, I GPS &1
At ArcGIS10.2 A= SR AE fR Z EANE 1 R,
SRR R L ORE T SRR O R R B S
AR IR ARG PR AR O A AR AR,
PABH 175 G, 78 1 HERE 5 014 J8 Bl OR BOGE 27K R A
i, AR —NEESL IR 20 B B AR AE A 0] SE G
LN
1.3 FESALERS 8T

FBR AR P A BRI 2 AR 2R T, TSR
F AR WG E 100 H 5 ; K RERE Sk B g 2
YL AR, IFHET  AbBRJS BORE S SR 04 A
BHAERAE
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FH T B - 8 b T F W (R R PR (0 BT 48, Jo o
SN 65% ~68% ) FhFR(L 4L, Bt /3 40h 36%
~38% )i AL (o BT &, AR A4 B0k 30% )31
H PG BRIy A BR A W, 2R AT 725-ES Y H B
BB K & 5163 A (ICP-OES) (3 [H Varian 2
A E HIERE S A Cu Cd TP &8, REACR
JIR 58 VR it SR FHA 1R 0 o 44k S0 A, SR 725-ES
% ICP-OES(3& [# Varian 23 7))l 72 Cu.Cd il Pb 7
i, FRE(10£0.1) g 3, T 25 mL EALEIE R,
TELETEY S5 min, % 1 ~3 h, ] pH-100 %
pH (18 I R AR B A PR /DI E 1258 pH,
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Fig. 1 Study area and location of sampling sites

1.4 FEEJETGJ RS IEN 7k
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pi=c/S;

K p, AR F 15 YH8EL ¢, A E &R IT R 1y 5L
W S, WE AR ITR T SOk BEE, VL4 11
H Cu,Cd Fl Pd 5B 43414 20.8 0.1 F132.1 mg-
kg s p, PPN BRHEANZR 1 PR

Q)N LR a0k

N R B0 I B AT E N SN TR TS Y AR 4L

TR R T, FER T B R 15 e 48 B0 ¥ ME
Fldsc i A, v L2 5 Y 55 o 19 1 42 R ot 2 AE
AP, HEAX N
P = (P H(P Vg
N
K. P N EE TS P A8 5 P TS IR BN K
{BL; Py A5G AR E BRI (E, Py 1Y VEAN B HE
k2 iR,
QNETEAEDfEFEREOTM
1980 4, Kt B 2% % Hakanson $% HY T W& 75 4= 24
fEELRATREL AU IR T E A m 0 & i i Lk
BHET ZICR B EVE #EPEAKCE DA S5 ] E
2 J8 15 Gl I RBURRA: A5 AL ER DL 7 P58 XU DAy v
BBz R AN TEAX R

RI=Y E/
Eri = Tri : Cfl
. Ci
ci=—
c

A B O IR AR A A KU P8 L, RT N 25 58 TE
S TEE, T A48 TR W b R 2,
Cu.Cd #1 Pb (#EMER BN 5 30 F151, ¢ Mo

®1 BRAFEREEITENIRE
Table 1 Single factor pollution index

evaluation standards

TS QAR E () YL
Single factor pollution index (p;) Pollution level
pisl Jei54 No pollution
I<p;=<2 B2MI5 Y, Slight pollution
2<p;<3 % HET5 % Mild pollution
3<p;s5 HF 75 % Moderate pollution
pi>5 HJE{5 4% Heavy pollution

xR2 ZAEBEREHEMNRE
Table 2 Comprehensive pollution index
evaluation standards
LA T YRRy
Comprehensive pollution index (P:)

P <07

T
Pollution level
¥ 1% Clean

7% Still clean

0.7<P; <10
1.0<P, <20 % EET5 Y4 Mild pollution
20<Py <30 R EE V544 Moderate pollution

Py >30 V5% Heavy pollution
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Wiy5 Y 250, ¢, ALK | ¢ 42 U AH ; Hakanson
WA EGGIRBOPM R HENER 3 Fis

(4)ih ZFFEHOE

o B RHREL,, /2 1969 AEFEERFFZ Muller 2
L RADRRIE DR A L b 4 R R
FHAER , AMAT D) B W 45 @ 1 B SR 2 AR AIE 3 ]
D2 NSSRCHIROEZS A1) A i 3 W= RN Wy

C;

kxB,
Khoe, NESRICER LWWKE, B, A T3 iz
R Sl k H% 84S A A 2 R g R
SAEAE ST ZE, — e 1.5 1, m5908) 4
PREINR 4 R,

(G 2 77 SR F AL ik

I e IR A 0 H A 2 i KU EA R

I €0 = lOgZ

g

% 3 Hakanson B 7E 4 SR IEEHITEM R
Table 3 Hakanson potential ecological risk index

evaluation standards

LIRS GBS
M5 #(E7) MUAE BRI o
Single potential ecological ~ Comprehensive potential Risk level
risk index (E') ecological risk index (RI)
. TEH:
E,<40 RI<150
No risk
: —FBC R
40<E,<80 150 <RI<300
General risk
. rh A XU
80<E;<160 RI=300
Moderate risk
v e ALK
E.=160
High risk
x4 MEREHRERYS

Table 4 The geo-accumulation index

evaluation standards

o BRRIE R (o) J5 ety
Geo-accumulation index (I, ) Pollution level
Iyeo <0 Joi54 No pollution
0<ly, <1 525354 Mild pollution
1<, <2 i A EE 5 ¢ Mild-moderate pollution
2<ly, <3 *H Y5 4 Moderate pollution
3<ly, sS4 R EE )% V5% Moderate-heavy pollution
4<ly, <5 HJF{5 4% Heavy pollution
Lyeo>5 e 5 Y% Serious pollution

S FFRE AR RI(US EPA)HETE (Y B2 R AU THEE A0
XL H e
cXIRXEFXED
BWXAT

37 EDI(estimated daily intake dose) >k 5 4x J& 4F H
FEEE(ug kg d);c NEEEMN T Eme ke);
IR HFEA A IR (g-d7™"), N T AR DL E I AE 4
H Y3 AR5 4 2794 2392 F165.1 g-d ™' ;EF JyZ
FEATF(d -2 ); ED R R EERREEITR] (a), A 754
JLEE Y B2 5 et a) o 30 .12 F1 4 a; BW ik
(kg), A FAEFILE R 53518 62.7 544 F1 165
kg ; AT S-F-14 I} ) (d), B 70 ax365 d-a”', IEBUE
EDx365 d-a™', Horft Cd # [ b3 S W 52 HLA4 (IARC)
IHRFHE—ZE0UEY , Pb BHE TR RESUE Y™,

SR FH AU 7 1 (HQ) 27 B R K $E A 5 | i Y 2
& IR BTN AN .

EDI
HQ=1

K. RID HE 4@ 5§52 % 7l ik, US EPA #LE
Cu ,Pb il Cd 1 RID {43520 37 3.5 1 1 pg-kg™ -
d', HHQ<I, LI AR ; % HQ>1, WIFF7E X,
I, L5 {1 R e R XL el A

EDI=

2 ZR54#(Results and analysis)
2.1 FHIHEMEAsTHESESE

mE s pron, L3R pH ZRfLTE Bl N 4.17 ~
6.83, )@ TR M -4, A% H 13 Cd . Cu #1Pb &
AL S>3 0.12 ~0.77 433 ~25.91 F17.03
~10934 mg-kg ', FH & =M 0.33,13.25 F1 68.50
mg-kg™', HHr, Cd 1 Pb 1 FREI T A R
R, 2T B 3.3 f5 80 2.13 4%, UL
XN 3 FE4JE LR Cd Ml Po fE7E N 5 4L,
FRYE L IEIABE o it A FH Ml - 49895 e XU 48 45 s
(GR17)) (GB15618—2018)!"  #JF 5% [X A [H + 3 rf {Y
Cd & TR ZEME 0.3 mg-kg™, Cu fl Pb
(-85 I TR, U F SR X N 3 Fh 4 R
JCRAN Cb FATET5 s, 85 REGETE — R
Wt 5 A2 B B RS2, 3 Fh 4R AR S R AR
g Cd(54.55% )>Cu(44.98%)>Pb(37.1%), 25 5 R 5
Vit 36% , hyoi A e RUIVL P f H -3 rh
&8 Z NG s i R

WFoE XA A, Cd L Cu A1 Pb 5 5 19 28 1k 75
435124 0.10 ~1.70 .2.36 ~5.64 F10.11 ~0.50 mg-
kg™, X093 408 F10.19 mg-kg™', Horf,
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Cu Fritm, HRIE(REB(E /Y . G2 EHRH K
il T B B R BB A R AR\ R T R BR &)
(NY861—2004)"", Cu 7 & A i A fEFR{E 10 mg-
kg™ s IRIECE ML 2 E AR &5 TE R D
(GB2762—2017)" , Cd & it - {E M T h v PR
02 mg-kg™',Pb & M-F YA Thr i FRE 0.2
mg-kg™, UEIIREA 1 Cd JUE A bR, a3 A
BEEBTEMT R R ERBKR, 440 Cd
(62.37% )>Pb(57.89% )>Cu(24 26% ).,
2.2 HIERREAESE AR

FHIC AT BT A 53 A% it 22 1) 28 U B 1) — i FH 1Y)
Gty @A A O ST AT DL BTE A AR R
MHERR, EAR TR Z AW — e E -
A DL T G B A AR R 50 e A AR ALY

XFRFFE X P 3 ANAE 47 B 48 O b T AR ek
AT REL, R RIS RS A P 8RB
TEARDG, UEIIAS A Po i AT RERH % 158 Pb &%
SN, w3 Mot R Z R
HLA A 16 I Y5 YR B DA KR TR TT REAS

(3 6).
2.3 HHERE I

X X PN 3 T 4 1) BRIURN 25 BT e
PEMM SR 7 iR, Cd.Cu F1 Pb (10175 etk
oM 3.32.,0.64 F12.13 ,J5F 53510 1.16 ~7.71 ,0.21
~125 #1021 ~3.41, Hrh Cd ooRm B L EET
YLl AR 44 83% PTG YL I s LIk 34.48% T
T K W TR Y S R 20.69% 5 Pb F R T Gt £ o7
K 1724% R BETG Y sk 51.72% 38 T e b 1
T AN 31.03% ; Cu TG R i 1 S 1 I 1 AL
9 100% , Ui BHAJF 5 IX P A 4388 2 A7 7E Cd
Pb 54y, WIHEE 5 e B B T 5T IX 3 P 4;
JEICER LR G TS YR BL(A 2), Ho ) 8 RTS8 1Y
f735 31.03% , VS YL s R 31.03% , FR TS 4L
BN 37.93%  ULIARFIE X N H I Z AR 4 A TS
2.4 ARSI EN

+ 5 4 R AR AR S KU PR 25 R an 2k 8 it
7N, Cd [ FRIGTETE A 25 XU 5 Bl e i, o 99.70 5 Cu

x5 PREIEMNEAECESESRITHN
Table 5 Statistical analysis of heavy metal contents in soil and rice of study area

A k) A i me-ke )

Giilfstn 13 pH o 1 o ]
L . Content in soil/(mg-kg™") Content in rice/(mg-kg™")
Statistics index Soil pH

Cu Pb cd Cu Pb cd

/M Minimum 417 433 7.03 0.12 236 0.11 0.10

e KA Maximum 6.83 2591 109.34 0.77 564 0.50 1.70

SEH4{H Average 5.11 1325 68.50 033 408 0.19 093

Fr#fEZ Standard deviation 067 596 2541 0.18 0.99 0.11 058

AR T ZH0/% Variable coefficient/% 13.11 4498 37.1 5455 2426 57.89 6237
i e {E/(mg - kg ™) Screening values/(mg-kg™") - 50 80 03 10 02 02

*k6 FBHIENEAESERIEMEXIESH
Table 6 Correlation analysis for heavy metals in soil and rice of study area

S-pH S-Cu S-Pb S-Cd R-Cu R-Pb R-Cd
S-pH 1
S-Cu -0.039 1
S-Pb -0.187 0213 1
S-Cd 0.169 0.186 0.092 1
R-Cu 0354 -0.070 0013 -0208 1
R-Pb -0.289 0420 0516%* 0.121 -0.104 1
R-Cd -0.001 -0.021 -0.095 0.079 0205 -0361 1

.S FoR T R FoRFafT,

Note: S represents soil; R represents rice.
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I Pb K2, 43514 3.18 F110.67, HH, Cu F1Pb Y
T KA <40 , TR 25074 100% , 1 Cd JTEE)E T
o AU 1) s AV 3K 20.69% |, — FBEIRURS: K m 452 JRURS: 1)
iR 75.86% , UtH Cd JC R MY T 7E 2B A KU 55 9 i
W o SEAIEAE AR TS KBS HE B AR AL TS Rl Ry 46.32 ~
24049 CFIEDN 113.55, S bRV S A%, I
Hh — i XU A1 IE XU S5 2 T o E A9 4359104 31.03%
H168.97% . M4 TR X L5 A 18 76 A 5 AU 5 20
TIERF KA, Cu Pb Ml Cd 1 BTk R 500 2.8% |
9.4% 1 87.8% , ULl Cd JTLE LR X N LA
2.5 ML EBIEEOTEMN

w9 frR,3 FE 4SBT R 1 REIE R0
SR Cd(0.95)>Pb(0.34)>Cu(-140), Cd JLEAHELE
FUHRECER &, Horh, & T b B2 IS Y SR 90 s LGk
10.34% F2 275 e Ko fi v BE 75 G 1 s Bl 75.86%
TCT5 YL AN 13.79% . Pb JC K & T b R V5 Y
SRR IR 17.24% , B TS JL By B AL N
58.62% , JCi5 Y W) 55 A A 24.14% , Cu Joig 411
R 100% 3% 16 B A 5 X P9 R 88 Cd
M P (& AR AT REZ 8 T AZGshiwsgm, H Cd
TCE T2 MK

2.6 JEEAEIEM

KT Cu TG E YRR & n) 8, 1A 3 A
FAMEAL B FZE 4T 2011 SR A A BE TR 11
(B S R T AEARHE) (GB 15199—1994)2 5]
HTHKFI, BIR Cu 2 AELHMEITE,H
TSR Cu [FIFE 21 AARAER R, R, A5
1 Cu WA ASE KBS DAL R

254 Mild pollution
I P Y5 Moderate pollution
75 Heavy pollution

31.03%

2 HRENITEEEEFTENEFTHRIFNER
Fig. 2 The evaluation results of paddy soil heavy

metal pollution by Nemerow method in the study area

®7 BHIREERERFIINER

Table 7 Single factor evaluation results of heavy metal contamination in paddy soils

FEER TG R AR
b Pollution points of sample
HRRAE /M P T LipTERT R TGY SRR T TG Y
Maximum Minimum Average Clean Still clean Mild pollution  Moderate pollution Heavy pollution
Cu 125 021 0.64 26 3 0 0 0
Pb 341 021 213 3 6 15 5 0
Cd 7.71 1.16 332 0 6 10 7 6
Py 590 1.12 288 0 0 9 11 9
*8 WHIRESREBEETKERIEN
Table 8 Index of potential ecological risk for heavy metals in paddy soils
u BBV 5
’ Pollution points of sample
SCIN[) /MH FHfH Jo AR — A A XU 25 LB
Maximum Minimum Average No risk General risk Moderate risk High risk
Cu 623 1.04 3.18 29 0 0 0
Pb 17.03 1.10 10.67 29 0 0 0
Cd 23148 4133 99.70 1 15 7 6
RI 24049 4632 113.55 20 9 0 0
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WRIEFA TP ES R & ®GEE DHMELERE
B TEM A SRR R AR E SR H
R FE R (EDD A HIMEE 10), WARAREKEE ,
EDI “F{E A HER R A>T 4F > L3 ; W H 42 8 o
FokF,Cu JLERM EDI V¥ E i, Hd A
AEFNLEE R EDL - YME 45k 18.18 .17.94 F116.10
pg- kg™ -d™ fHARMIT US EPA BYHEREE, Xt T

Pb F1 Cd JTZ& , A EDI “F-HI(E 73518 037 pg-
kg™ -d'F11.79 pg kg™ -d™", & US EPA HEFE(E Y
0.11 f5F11.79 £5 . B AR AR (4 XUBS: R (L (3% 11)n]
A1, Cu Fl Pb YRS B ¥4 <1, TCH AR, TR 7
AEFLEERY Cd XU R 43900 2 1.79.,0.71 A1 0.21,
H B XS R >1, BB Cd 02 X6 B A ft R A7
FEARS

*9 FHIESEEMRRIEY
Table 9 The geo-accumulation index of heavy metals in paddy soils

GIREE S

Igcn . .
Pollution points of sample
E FNI: N F/ME FEE yREE S RS i e BE S e TG Y
Maximum Minimum Average No pollution Mild pollution Mild-moderate pollution ~Moderate pollution
Cu -2.85 -027 -140 29 0 0
Pb 1.18 -151 034 7 17 5
Cd 236 -038 095 4 12 10

R10 FARERBABMNKEHXPEEENSHEEE(EDI)

Table 10 The estimated daily intake (EDI) of heavy metals in rice grain for different populations

HRRME fe/ME FHME b2
JCHE P NRE Apg-kg™ -d™) Apgkg™ -d™") Apg-kg™ -d™") Apg-kg™-d™h)
Elements Consumer group Maximum Minimum Average Standard deviation
Apg-kg™-d™) Apg-kg™-d™") Apg-kg™-d™") Apg-kg™-d™h)
M Adult 25.12 10.53 18.18 439
Cu F4F Teenager 24.79 1039 1794 433
JLE Child 2224 933 16.10 3.89
M Adult 0.77 020 037 0.18
Pb T 4F Teenager 0.30 0.08 0.15 0.07
JLEE Child 0.09 0.02 0.04 0.02
M Adult 326 0.17 1.79 1.10
cd H4F Teenager 129 0.07 0.71 043
JLE Child 038 0.02 021 0.13
11 ARFRBABEWNKBHFEIPEEENBENRKERE (HQ)
Table 11 The hazard quotient (HQ) of heavy metals in rice grain for different populations
JLE TH A SN e/ MHE FHE b2
Elements Consumer group Maximum Minimum Average Standard deviation
M Adult 0.68 028 049 0.12
Cu 4 Teenager 0.67 028 048 0.12
JLEE Child 0.60 025 044 0.11
W Adult 022 0.06 0.11 0.05
Pb T4 Teenager 0.09 0.02 0.04 0.02
JLE Child 0.03 001 0.01 0.01
M Adult 325 0.17 1.79 1.10
Cd FH4F Teenager 129 0.07 0.71 043
JLEE Child 038 0.02 021 0.13
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W P16 &

3 iFif( Discussion)

WFFE 25 R F B W9 X R P A 25 5 P A
A L HEF Cu Pb Fl Cd Y & a3 o (13 .25+
5.96) .(68.50+25 41)F1(0.33+0.18) mg-kg ™', Cu ¥4
TrEYIAREAR, Pb 1 Cd 15K & & 1B ARE AN
137 {5 812,57 £%,Cd Hbni ™ 8, XEEFE %5 7 4
PEHOKRE B () KRS+ 48 & b 7 M, H
1, Cd F Pb 13 B AR T AR A5 3 LR A
A RERFEA R Z T AW ;H Cu Pb A1 Cd B fx i
Bt MO KB PRMEEO & T A R 25 5% .
A RE SR AE R 25 Fh 7 o A v o s AR R Fn e 25
T, D8 T AR R

BUARARZE IRV PG4 49 A HL 340 4 H K 1L
3SR SR TV, R BTIPE HRE S
JRIEYSERAEE T, LA B LI E SR
YY), FURFRBEARIR] V5 Jn RN, AHFSE X
WIS X 3 5 4 | R4 HAL Cd
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