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ERILEX B ARFMERPEERBAVER XN

ARV XEA S, Xk >, EEE

(138 SOMYE2ARE T2420E, S0 3850 5630065 2.5 BRI K2 GIS N FHAFFT B SEH0 %, SR 401331; 3.FEKIM
R HHL SR~ Be, TR 401331)

. DUERKTIVIHRCOEBGEX, SRAE 2019 44771 63 (3 KKFFRIAT 64 4 FRAPRL,  FH LR & 45 B IR
TEAL(ICP-MS)FIEL T I (ARSI E FAR M EARKPRL P fI(As) . Bl(Ba), H#A(Cd). Hil(Cu). FK(Fe). Hfi(Mn).
FH(Mo) . HRNI)FVER(Zn) 1 TR 43450, 1) S5 e R IR ASE AR PP L DX R R oK v T 4 P R AU o 45
SRR TR IOK B KRR As e KRBT E 70403 510 176,00 162.8 ng/kg, MRTEZE M T As brifE(<200
ng/kg); TLHEEX 3 4 KOKAN 6 43 F KA Cd i /B0l F 5 D/ Cd iRk Cd i 4341<200 pg/kg
FoK Cd i 534K<100 pg/kg); RAKFFRLH As Fl Mo [t /405 B 1 38 5 T FOKFFARLIY(P<0.05), Cd BTt /3434
{ELIS 5 T ERFPRLY ;. JORAFRL As. Cu. Mn il Zn B FIS A8 E/NT 1, BTEEKE, 3 0 KORFRL
Feahh Cd J& TR JORMERAFRLE SR ER G 15 YR8 30 1.09 R 1.57, @ TS Y, VLXK
KPR A R 15 YRR B R T IORATRL; JORFFRIRE AR As A1 Cd 30 KU 4351 i fl e SUXUR: 1) 82.7% 11
16.8%, FRUNTHXIOKAFRIF As i BT EZEM DAL 2, AHERKER S, Hkch cd, i,
o P X B AU R As 1 Cd 2R IXURS

X B OIE. KOk Tk EmAJE; M 8 EEEXUG; FOTHX

FEDES. X56; X820.4 XHEkFRERS: A XEHS: 1007-1032(2021)06-0677-07

The heavy metal content characteristic and human health risk assessment
of rice and corn in Jiangjin District, Chongqging

YUAN Yuyang', LIU Shuling™*, LIU Yonglin®**, WANG Ying'

(1.College of Engineering and Technology, Zunyi Normal University, Zunyi, Guizhou 563006, China; 2.The Key
Laboratory of GIS Application Research, Chongqing Normal University, Chongqing 401331, China; 3.Geography and
Tourism College, Chongqing Normal University, Chongqing 401331, China)

Abstract: To evaluate content characteristic and health risk of heavy metal in rice and corn from Jiangjin District,
Chongqing City, sixty-three rice samples and sixty-four corn samples were collected from 2019 and analyzed by ICP-MS
and AFS. The arsenic(As), barium(Ba), cadmium(Cd), copper(Cu), iron(Fe), manganese(Mn), molybdenum(Mo),
nickel(Ni) and zinc(Zn) were took into account. The health risk of heavy metal was evaluated using environmental health
risk assessment model. The results showed that the maximum mass fraction of As in rice and corn were 176.0, 162.8

ng/kg, respectively, which were lower than that of national food hygiene standards(<200 pg/kg). The Cd content in three

ks B EA:
EEWA:

1EERMT:

2020-08-31 i&EI HER: 2020-11-19

E K [ RBIA R4 H (41502329, 41602124); HIRTTHE Z A SREHARTTRITF AR 45 H (KJIQN201900519); SHNEEHE)T
HETH @ ZA KY F9[2020]100); 328 ST S4B 12470 H G BS[2018]07 5, 3%l BS[2020]5 )

WARTE(1982—), B, WRH AN, W, Bz, FENFABEHIREPIE, yuanyy1234@126.com; *EEMEH, XKk,
WA, B, FEMNSEREHERILFITT, 11u3986130@163.com
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rice samples and six corn samples were exceeded the national food hygiene standard(Cd mass fraction of rice<200 pg/kg,

Cd mass fraction of corn<100 pg/kg). The mean value of mass fractions of As and Mo in rice were significant higher than

those of corn, while the mean value of mass fractions of Cd in rice was slightly above that of corn. The single factor

pollution indexes of As, Cu, Mn and Zn in rice were less than 1.0 with clean level. The pollution level of Cd in three rice

samples were slight. The synthetic index of heavy metal in rice and corn were 1.09 and 1.57, reaching the slight pollution,

and heavy metal contamination of corn was higher than that of rice. The carcinogenic risk of As and Cd in rice accounted

for 82.7% and 16.8% of total health risk, indicating that the heavy metal of maximum potential risk was As, the second

was Cd. The results together indicated that the content and health risk of As and Cd in crops from area of Chongqing

should be given strengthened surveillance.

Keywords: rice; corn; heavy metal; arsenic; cadmium; human health risk; Jiangjin District, Chongqing

V)1 A b2 rh E E R AR X, HAR B AT X
FESMAT TR B T, TR RATEEIE RS
VEWZKFE ., XIAO ZEI RS % 300U 1| 4 Hh PG 35 7K
T Cd FEfE; PRSI T A
PERCKRE T Sl 25.0 pg/kg ;s ZEHARPIRFSE RN
FRH R K RERES A Cu . Cd S H AR EEMS ;
st 5T o IR YT 4 > 248 P KRG
AELB GRS . "R —BAERE R
ANERTE G0 R AR VR R R SR B AN
TR, i EPEEE A B, RS R
% NAARAEERRE ™ A )

VLA F DU A AR B 2%, iR b 3 A B
6%, B AR S A AR B (5 3.1%) . B
(5 65.1%) AL L5 31.8%), Xk Py + 3 5248
o4 o VIHEX W BB i A O S L, K

&, MO E R TR EZ AR X, K
T b e R T B AR = Xz — U (ot
BRI M B L5 B 15 YR BOE AT X 4 4 %
B 3T R I YR DL T TP, S5 %R,
37.0% 1Y - 338 i B 4 SR s e i XU, T 25.9% 1
HHECZAELS BRI RN E SR TR
230 3 W B ) B M T X B ) B A B A
W5, ZiAis A ST . WD 2R 5 Y s
Bk . PRBE AR XU PPN AR B S A i, XYL
X AP RO FE KB4 & (As, Ba, Cd. Cu,
Fe. Mn, Mo, Ni 1 Zn)#4775 Y PF-Hr FEHE XU
VAN, DU R PPA DX A5 o i SRk A AR T
T RGP PR

1 RS sk
1.1 RIFIRORERAILE
FER PRI HIX BEHLR SR 2019 AFRA477 Y FI 7

FKAFRL O 1R K )63 103 T KRR T Bk
K64 13 o FORFNEAKRIERFIC AR S GPS 5(5
B RAEYFEGCRIG, HZEMKER TS, BT
60 CHEFITHET, SRIEHHEMTE, A2 0.15 mm
i, WA, R
1.2 MEMBSERZE

SR PV A I 0 e SRR A FOKR B R s R
JFH BRI 5 55 B8 TR BT % {) ICP-MS(PerkinElmer,
Elan DRC—e)Il & f##&H Ba, Cd. Cu, Fe. Mn,
Mo. Ni. Zn 5§ 8 fh4:Ja &rit; HIRFOOLRETT
(AFS) I TH AR R Y As Fr . Hop, {Hmh &
8 IJCER 1 5E e [ R 2 G BB 27 5 B IR AU
FERTERAL O T8 o B AR AR v, A A
KK (GBW10010) Fil 2K (GBW10012) b1 #EH) ix 5
BE S R A AT, DAl i . BRife
Y A A XR 2ZE L X BN 7%
1.3 EERIFRIFNEE

A5, ¥ As. Ba, Cd. Cu, Fe, Mn,
Mo, Ni #1 Zn %5 9 #ioc&, HHA As. Cd. Cu.
Mn. Ni 1 Zn 76 EZ & bniE . 2 E E ZAE R
JA(USEPA)Fil FAO/WHO £ i 2% b1 24 R B
Pk, ARBEgEH, SUFEM As, Cd. Cu,
Mn. Ni fl Zn %5 6 LR . RHNBY LG5 9445
Bl P THIX R AR K b iR 6 RO Y
TS YSRBLHEAT IR Horpr, BRI F-i5 Qi (Py)<1
G 1< P2 HERETG YL 2<P<3 TG YL,
Pi=3 NE TG, LEATE PP <0.7 HE
45 0.7<P,<1.0 NEMIR; 1.0<P,<2.0 K
P 2.0<P,<3.0 HPEIEYY; PL>3.0 HHEEIGYY,
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1.4 ERERXKETN

HEEIRARABREEEAL A L IPREEA
FIRZ RIS o KRB AR P T4 £ 5%
B4 O HEBA MR FRGE . SHOCHk[14], TLH
DX AT A TRK T oK H B A 53510 293.9,
1.93 g, &% USEPA 2L, HHESR
FE A AR S A XU HE B (HQ) v e AR S0 XU
FHHD ., BUBENBRER). A5, 9 FoTR
HA As fl Cd 2T AFABECRY BT, ik, BuiE
U ZE PP X 2 S Ie R
ARG o
K H Mann-Whitney JES G0 1A K50 22 55
P£; 5] SPSS 18.0 il Excel 2010 #7585 i1
53T

15

2 HERE5HMh
21 HHARKKMERFHEEELE

M1 AT, VLXK F oK As i
IR 0.6~176.0, 0.7~162.8 pg/kg, I{ES 5]
4756, 44.6 pg/kg, YR TEZE MM DAREAS
T H 43 B0<200 pg/kg)!'; Cd R AR B4
4.8~245.6. 2.8~257.8 ng/kg, AN 36.7. 32.8
ngkg, A 3 KK 6 4y F KA H Cd B4
e E R DAERRECKK Cd Bt i 43 1<200

ng/kg., Tk Cd B2 8<100 pg/ke)'”; Ni Fiidsy
Bk 63.0~602.2. 80.9~879.1 pg/kg, II{EMH
1 232.8, 324.5 pgkg, A 7RI 16 4y FKEE
dhef NS O AR A T L R
(NI Fif0%0<400 pgkg); Cu FiEsrE0 3N
0.6~9.4.0.8~16.0 mg/kg, HI{EH/ 54 2.1.4.0 mg/kg,
BIK T 3¢ B B KRR bR HE(Cu BT i 53 £1<20
mg/kg)”; Zn B4 B 10.4~39.1, 16.7~84.2
mg/kg, HIESTHIN 21.9, 28.9 mg/kg, H 2 7 FK
R BT A A0RE ) 26 | AR E(Zn. BT 53
$r<50 mg/kg)®”'; Ba FEEMES M 1.2, 1.4
mg/kg; Fe BTt /pBUAMH 15 40.2. 41.6 mg/kg;
Mn [ A EE 5358 10,6, 10.7 mg/kg; Mo Ji
B h 283.6. 219.8 pg/kg, TTHIX KK
H As, Cd #l Mo Brit /- B9 T FoAKhy, 1
HoAthy 6 B 4 o o A B B 2 oK i oK
FIOKF . I, VIR IOR AR 48 &
R RIS, HALER A AE— R 1 el
Ko IFE T IBTTH, YTHEIX K 9 FoTE Mo,
Ni, Fe, Cd. As, Mn, Zn, Ba, Cu Jiiiz/-80kr
HEMRZEMUI/ )N, T EK T Ni, Mo, Cd. As, Fe,
Mn. Zn. Cu. Ba Bt 3 E AR E IR 22 KU/

ALUL, FOKFIEKF Mo, Ni, Cd, As Fll Fe % 5
FROCER A28 (AR AR, X AT REAZ Xk 3 rh 8 4
JEPERR A MR .

R1 LEXKAKMNERPHESRERE D BGITHHE
Table 1 Statistical characteristics of heavy metals contents in rice and corn of Jiangjin District
EoR A 4 e 3 4K ARG R B A
f/MH ITON| HfE TrifEZE R/ME STINI: HfH TrifE2E
As 0.6 176.0 75.6 47.4 0.7 162.8 44.6 45.4
Ba 0.4 15.5 1.2 2.0 0.3 7.8 1.4 1.4
Cd 4.8 245.6 36.7 51.2 2.8 257.8 32.8 52.7
Cu 0.6 9.4 2.1 1.6 0.8 16.0 4.0 3.0
Fe 10.1 359.2 40.2 57.8 13.2 186.3 41.6 31.6
Mn 33 43.0 10.6 7.6 2.7 115.4 10.7 14.1
Mo 92.1 827.2 283.6 134.3 24.6 633.5 219.8 144.8
Ni 63.0 602.2 232.8 126.0 80.9 879.1 324.5 170.6
Zn 10.4 39.1 21.9 5.0 16.7 84.2 28.9 10.0

As, Cd, Mo Fl Ni B /38 Bpi h ngkg, HATES R BB AN me/ke.

% Mann-Whitney dESH0RSE, FORFIE K
As(P=0.000) . Ba(P=0.007) . Cu(P=0.000) . Fe(P=0.003) .
Mo(P=0.011), Ni(P=0.001)F1 Zn(P=0.000)%% 7 &

CRFEESBBMNERARITFE X, 1M
Cd(P=0.112)F1 Mn(P=0.56 1 )5 & /3 5k /a] i 22 S5 1o 58

eSS
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22 HIAAKMEKRPESESEEE XM

MFE 2 A] %1, KA Ba flCd. Cu, Fe. Mn,
Zn, Cd # Cu. Fe. Ni, Cu HI Fe. Mn. Zn, Fe
1 Mn, Mn 1 Zn, Ni#l Zn 7275 B8 B A M

As Fll Cu, Ni, Zn f77E B E WA, WL 3 AT

A, EKH Ba Ml Cu. Fe. Mn. Zn, Cu fil Fe,

Mn. Zn, Fe #l Mn. Zn, Mn Fll Zn f£7E 8 F 1 IE
FHME ;s Mo 1 Ni A7A7E B E I A M. X REE
ANTRIFE X TE R B 2 55 1 T A B o6 2R ] 1 Bl ]
T EIA K

F2 IERKKTESETRSEEWEXRY
Table 2 Correlation coefficient of heavy metals in rice of Jiangjin District
HHRREL
LR
As Ba Cd Cu Fe Mn Mo Ni
Ba —0.114
Cd -0.137 0.224"
Cu -0.233" 0.717" 0.343"
Fe -0.201 0.615" 0.398" 0.335"
Mn -0.197 0.663" 0.152 07117 0.232"
Mo -0.073 0.002 —0.133 0.019 —0.089 0.022
Ni -0.267" 0.083 0.326" 0.044 -0.011 0.147 -0.059
Zn -0.219" 0.235" 0.111 0.505" 0.104 0.480" 0.133 0.272"
et f R 28 ek W 2 KT (P<0.05) R i % /K F-(P<0.01).
#3 IRERXRERTESETEZISENHEXER
Table 3 Correlation coefficient of heavy metals in corn of Jiangjin District
e TR REL
As Ba Cd Cu Fe Mn Mo Ni
Ba 0.185
Cd —0.124 0.163
Cu -0.015 0.804" 0.208
Fe 0.156 0.889" 0.130 0.786™
Mn 0.199 0.720" -0.017 0.633" 0.707"
Mo -0.010 —0.050 0.007 0.100 -0.026 —0.081
Ni 0.131 0.004 0.104 0.073 0.054 —0.097 -0.312"
Zn 0.215 0.639" 0.006 0.678" 0.675" 0.749" 0.088 -0.055
et f R 28 Sk W KT (P<0.05) R i % 7K F-(P<0.01).
23 HIAKXKMEKRPESESRIFNER T4 TERAKMERFELBHETRTHES

MFE 4 AT, FOKH As. Cu. Mn Fl Zn (5L
FISYHRECER/ T 1, UK As. Cu. Mn I
Zn AR TR 235 3 5 7y JOKkE
faH Cd A Ni A PALT 1~2, JBERETEYs, ULRHYL
HEDCHR A3 X KK AZF) Cd FI NG V5 5% 904 6.1,
16, 2 Y EAKFERH Cd, Mn, Ni f1 Zn 9 P; 42T
1~2, BRREGY, A 1 EREER Ni 8T+
BEVG Y, BRIV /3 M X E oK 32 5] Cd. Mn,
Ni fl Zn V55%; SORMIEKA P AT 1~2, BT
REEY, AEKRWESRGRRBRE R TIORK,

TTRIEB G HHE
Table 4 Statistical characteristics of single factor and comprehensive

pollution index of heavy metals in rice and corn in Jiangjin

District

ME BRME HE BME O ERKRE HE
As 0.00 0.88 0.36 0.00 0.81 0.17
Cd 0.02 1.23 0.18 0.00 1.29 0.16
Cu 0.03 0.47 0.10 0.04 0.80 0.20
Mn 0.03 0.43 0.11 0.03 1.15 0.11
Ni 0.00 1.51 0.56 0.00 2.20 0.79
Zn 0.21 0.78 0.44 0.33 1.68 0.58
P 1.09 1.57
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2.4 SLEREEXKXKFEROERXMEITALER

IR 5 AL, VIR O 9 R 4R Cd.
As. Fe, Mn, Zn., Mo, Cu. Ni #1 Ba i) HQ; #KiX
W, Bk 9 ME4SJE Cd. As. Fe, Cu, Zn,
Mn., Mo. Ni Fll Ba i) HQ; HIKIE/)

®5 IDEXXKMERPEGREHFEAIERERE
REGHHFHE
Table 5 Statistical characteristics of non-carcinogenic risk of heavy
metals of rice and corn in Jiangjin District
K HQ; FoK HQ;
RAME EOKME HE BME BORE WE
As  14E-10 4.1E-08 1.7E-08 1.0E-12 2.5E-10 6.8E-11
Ba 1.2E-10 54E-09 4.0E-10 7.2E-13 1.8E-11 3.2E-12
Cd  34E-09 1.7E-07 2.5E-08 1.3E-11 1.2E-09 1.5E-10
Cu  1.1E-09 1.6E-08 3.6E-09 9.7E-12 1.8E-10 4.6E-11
Fe  2.3E-09 83E-08 9.3E-09 2.0E-11 2.8E-10 6.3E-11
Mn  1.6E-09 2.1E-08 5.2E-09 8.9E-12 3.8E-10 3.5E-11
Mo 1.3E-09 1.1E-08 3.9E-09 2.3E-12 5.8E-11 2.0E-11
Ni 2.2E-10 2.1E-09 8.1E-10 1.8E-12 2.0E-11 7.4E-12
Zn 24E-09 9.0E-09 5.1E-09 2.5E-11 1.3E-10 4.4E-11

HEE

HI 7.1E-08 4.4E-10

M 6 ITH, Y s RS ZIORBAL
As Al Cd i R 43514 6.5E-07~1.8E-04, 2.0E-06~
1.0E-04, ¥J{E/M510 7.9E-05, 1.6E-05; ZF K%
A As F1 Cd 1 Ry #4{E 3514 3.1E-07, 9.1E-08;
ZIOKIEAN As Fl Cd 73531 i A3 B 1Y) 82.8%F1
16.8%, MZTFKBEAR As fil Cd H i B AR AY
0.4%, FHPTHXIOKH As B FEMBIEYII,
FUR g Cdo A 5 S RS A Al 350 RS TS0 AU B
o AEBUERE ZEEER R 1077~107, diER
Krbh 0.1%, Eom R R By 10°~107,
A7 AU o 99.9%
%6 DERAKMEXDESEHEANBERRE
WGEHSE

Table 6 Statistical characteristics of carcinogenic risk of heavy
metals of rice and corn in Jiangjin District
FKR; EKR;
RAME RORME BE RME O BOE B
As  6.5E-07 1.8E-04 7.9E-05 4.7E-09 1.1E-06 3.1E-07
Cd 2.0E-06 1.0E-04 1.6E-05 7.9E-09 7.2E-07 9.1E-08

HEJE

3 LEigFnitie
AFTEH, TTHXOK S As T /-8 (e

N 75.6 nglkg, RTFPUNIKKA93.0 pgke)'” .
A8 T KK 9(110.0 pg/ke)! S HIH RS KK 49(200.0
ng/ke)!'™, BT EARIRKEI(50.0 ngke)!'™,
T v FE PG R i DX KK A9(70.0 pg/kg)!™™ ;s VTHEEX KoK
t Cd BT /RO N 36.7 pg/kg, A& T 5t 2 fa
T X KK A9(80.0 pg/kg)® . T AR KK AK(91.0
ug/kg)? | EAERE KO AY(130.0 pg/kg)!'™ | b E TS
R RKI(80.0 pg/kg)!™ | S B A g TR X KK Y
(109.0 pg/ke) > FIiFE KA1 (280.0 pg/kg)!™, i
i E R KOK H(40.0 pg/kg)!™, TDHIX Fok As
TR MBI 44.6 nglkg, MRTRRPERSC TR
(146.0 pg/kg)® | P52 AR X FoK (52,0 pg/ke)™,
P TS AT E X T K475 ngke)™, BT
HR AR T E K A9(16.0 pg/kg) VA 1L P8 E K 1)
(16.8 pg/ke)®; VIHELX F Kb Cd B /sl
32.8 ug/kg, T PR T LK II(142.0 pg/ke) >
B ¥ O K0 (45.0 pg/kg)??, 5T 5 2 fa) s
BRI TR A9(10.0 pe/kg)™ . H FART F K
(9.0 pg/ke)™ . IS AR IX T KAY(29.0 pg/kg) )
FIP S TS L IX R A (12.0 pg/kg)™Y, HE 5 M)
B X K 19330 pgrkg) Y

£: Mann—Whitney JIESEHGI AT A, FOKH As
1 Mo Jit e /3 B8 E 1o 2 = T E oK (P<005); Cd it
ETEOYENE T IOKM; HAth 6 FhE 48 T sy
B/ NTERE . W0, JORMERPHREER
15 Y WEINRNAE ) JE SN AT BT AR [R], X AP 25 SRRl R
FKAN T KA LE K IRBE AN 2 22 R KD,

ARWFFE T, YRR XS RN SR T YT
X ROK I K EE 4 S8 AR 349 E B0 I EUE
KU R EL . AR F RIS & T RE R
RSO KU R B RS 1.7E-07, TR A K
1) G E SO XS = %5 7.1E-08, 4.4E-10, it
/NTF USEPA HEFE (R K F-(10°%) ATIL, 2Rk
1 E KRB A HE 4 8 AR S50 il Bl XU b F 42 2
R, As 1 Cd &R AFRARSUEYRD . 2ok
AR As Fl Cd B XUz R EGE FEl 73518 6.5E-07~
1.8E-04 . 2.0E-06~1.0E—-04, FR43HEE i 20 XU
FE0E T E BRAE S B9 28 51 & (ICRP)HELE ) e KT
P32 WG K- SE-051'01 ) {HAR T USEPA HE7£1
KUK T-(107H!M0 - 2 kAR As T Cd S0
RS ZE R KA N 1.1E-06, Lk T ICRP AR
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RATHERZ XU AT o i e Ao IR Ay A 350 XSS R
8 XU 1 A T AR SO KU R B S 107~
107, (5T 0.1%; om XU 2R E5R %N
10°~107, HEREEE 99.9%; K, TIHXZK
KN KA T 4 5 | A i BRE RS 3 22 Sy 308
WU o BRI, JOKR T EUE 48 As Fl Cd 13U
IR 43531 o5 BOXUR ) 82.8% 11 16.8%, E— AL TERH
TR FORH As i K 2 80 AR, Ul Cd.

AW LR, BIRIOKRF K
As [ BAFAAEBER, (A THEMRR, fERX
BRI As 2 EBRECRIR . 2R IOk
MERPESEISYAROL, FTF5IABRRE Y,
AT B P ORI F K h 48 S s, A
] S ARSI it A N 11475 S A o SR W S AR AR

ARWFFEPIAAE—E AT EN:, 2. OF
R MIRERESECH T EEFREST 2002
AEAEE PRTITIIA S5 , BE N D sh AR & > It
AL, TTRECAANE - TFIAIIIRX ; @A
W98 R EA TR MERBA, KEEEHER.
RN K BB A4 A4, ATREMRAS T 4RI
it 5 AU

EE P
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