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ABSTRACT: Objective To investigate the contamination of arsenic, cadmium, lead and mercury in main food of
Nanning residents, to assess the health risks posed to local residents resulting from arsenic, cadmium, leadand
mercury exposure to foods. Methods A total of 1076 samples in 7 types of major food of Nanning residents during
2021 to 2023 were collected to monitor the concentration of heavy metals. Combined with the dietary exposure data
of local residents, the health risk of heavy metal exposure to major foods of Nanning was assessed by referring to the
national health standard WS/T 777—2021 Technical guidelines for environmental health risk assessment of chemical
substances. Results The average concentrations of heavy metals in 7 types of foods were as follows: Arsenic
0.0020-0.0406 mg/kg, cadmium 0.0015-0.2174 mg/kg, lead 0.0020-0.0425 mg/kg and mercury 0.0004—0.0312 mg/kg.
Calculated by the average concentration, rice, vegetables and aquatic products were the top 3 in the contribution rate of
arsenic. The top 3 contributors to daily average exposure of cadmium were rice, aquatic products and vegetables. The
top 3 contributors to daily average exposure of lead were rice, vegetables and meat. The top 3 contributors to daily
average exposure of mercury were aquatic products, rice and meat. The results of risk assessment showed that
calculated by the average concentration, the non-carcinogenic risk of arsenic exposure was 1.00 for man and 1.00 for
woman, with a carcinogenic risk of arsenic exposure was 1.93x10™* for man and 1.92x10* for woman; the
non-carcinogenic risk of cadmium exposure was 0.87 for man and 0.85 for woman, with a carcinogenic risk of
cadmium exposure was 1.41x10* for man and 1.39x10™* for woman; the non-carcinogenic risk of lead exposure was
0.23 for man and 0.23 for woman, with a carcinogenic risk of lead exposure was 1.16x107® for man and 1.16x107° for
woman; the non-carcinogenic risk of mercury exposure was 0.23 for man and 0.24 for woman. The non-carcinogenic
risk of arsenic was equal to 1. The cumulative carcinogenic risk of cadmium and arsenic was greater than 1.0x107*,
and the carcinogenic risk was high. The cumulative carcinogenic risk of lead was 1.16x107°. Conclusion The risk
of non-carcinogenic exposure of heavy metals arsenic, cadmium, lead and mercury in the main food of Nanning
residents is low. The non-carcinogenic risk of arsenic has reached the threshold and may have a potential
non-carcinogenic risk. The carcinogenic risk of arsenic and of cadmium in the heavy metal exposure to the main food
of Nanning residents are high, and that requires special attention. Lead exposure has a certain carcinogenic risk and
shall be of concern.
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Table 1 Parameters of dose-response relationship through
oral ingestion

5T LYl RfD/[mg/(kg-d)] SF/(kg-d/mg)
fifi(As) 0.0003 1.5
B2 %(Cd) 0.001 0.38
#5(Pb) 0.0014 0.0085
e BuE ALY K(Hg) 0.0003 —

i — WU ES; RID (reference dose) W ZHHlw, M T1EAl
Ak 350 AU ; SF (slope factor) AP F, FH T IFAh 808 XU

2 WEYREZOBNEENERXEIFGTEAR
Table 2 Calculation formula for health risk assessment of
chemicals for oral exposure

H# 2 ADD KU fin A
e syiil R ) XU 55 .
i AR REHRAA s
EE ADD=CXIRXEFXED
g (BWxAD) HQ=ADD/RfD  HI=SHQ
U ADDZE;},E;%F “ED CR—ADDXSF CCR=SCR,

1: ADD (average daily dose)m H ¥ 52 5 [mg/(kg-d)]; C HE M
A 2575 YL Wk BE (mg/kg); IR (ingestion rate) A48 1A R (kg/d);
EF ANZFE R (d/AF), B 365 d/4F; ED (exposure duration)#y % #%
I, BAEAIR 30 4E1'7); BW (body weight) M4 (kg); AT
(averaging time) A -F-H41FA](d), X FAEBUESN A ED XA R
K, Mo F R B E N 25550 d, B 70 4E XA K EL; HQ
(hazard quotient) f& % [ ; HI (hazard index)H f& & %L, CR
(carcinogenic risk) A EUEE XU ; CCR (cumulative carcinogenic risk)

Sy BREUEm A
1.5 BEERXEFHERN
H 4 WS/T 777—2021 HUE A T3EMr o 5. R F-AE 80 K

50 HQ AL, 22 DA B0l IS i 1 HE AL, F D 58K
TR CR RAE, 2215 BUm XU ] CCR &A1 .
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‘Table 3 Pa‘rameters of food IR and weight KUK CR 5 CCR < 1.0% 10,6, ﬁﬁ%mgﬁﬁ{&, CR
JeN YRS }%Eﬁﬂ%u IR/(kg/d) W /kg o COR Jy 1.0x10°0~1.0x10", FAf— e S0, s
Jok o2 o : CR &, COR>1.010™, SRR, 135 BT 4G
AR LM 0.2228 53.0
- AR 0.3054 613 1.6 HiEAIE
JRAE A 0.2873 53.0 G 25 SR Excel 2016, SPSS 21.0 F it f54e1 T
Ko JUAF-T5 1 0.1224 613 3T FFAKE I LIS HBRAY 172 T A Ge iR
ALt 0.1380 53.0
A I 0.1629 613 2 HBR55H
B AR 2 0.1394 53.0 o
JRAE 53 M 0.0463 61.3 21 RE@PUFEERIKE
Al AR 0.0417 53.0 2021 % 2023 4FIRAER T 7 KIE 1076 (FE S, BE
_— AR 5 0.0136 61.3 SRR Ok 256 ). BE3E 116 Y. KR 93 )y BEH AL
- A A 0.0135 53.0 69 13 K= 373 i ER2 60 By FLE 111 . ke, £
2Lk AR B4 0.0101 613 P E SRS R E C L3k 4,
DSTMH('I% 0.0132 53.0 22 AHREBMEEZ
it BUAE 55 M 0.9359 61.3 R ] e 1 4 5
A L 0.8559 53.0 R 2 AT, HLURFE S H S5

JEBUEAR: HQ<1 8 HIS 1, FoRBEH R AMT AR
BRI EE, AFEUR AL HQ>1 5 HI>1, Fonstisit

TERUSRBERITAEAFEE MM RERICRILE 5, #
SEHIH R R TR KOE, MG H YRR R SRR 3 AN
Tk, BREEL KR, ARG REERERR 58.85%.

*4 RRTEEEISEINKEme/ke)

Table 4 Concentration of heavy metal contaminants in food (mg/kg)

£ fitf i B 3

Xk P Pso PoO  FHMH Pso PoO  CFIE PSsO Po0  CFIf PSO P90

FKKe* 0.0406  0.0200  0.1200 0.1152 0.0782  0.2365 0.0425 0.0105  0.1175 0.0048  0.0033  0.0089

B3 0.0136  0.0071  0.0251 0.0260 0.0149  0.0625 0.0191 0.0107  0.0470  0.0005  0.0003  0.0009

KR 0.0039  0.0020  0.0044 0.0023 0.0015  0.0043 0.0026 0.0020  0.0043 0.0028  0.0024  0.0038
BER 0.0072  0.0020  0.0167 0.0197 0.0015  0.0410 0.0069 0.0044  0.0151  0.0058 0.0017 0.0180
AKFHEE S 0.0270  0.0200  0.0347 0.2174 0.0044  0.4763 0.0118 0.0020  0.0246  0.0312  0.0160  0.0662

e 0.0140  0.0130  0.0270 0.0015 0.0015  0.0015 0.0020 0.0020  0.0020  0.0034  0.0013  0.0083

7L 0.0020  0.0020  0.0020 0.0020 0.0015  0.0042 0.0023 0.0020  0.0022  0.0004  0.0003  0.0007

ait 0.1083  0.0661  0.2299 0.2066 0.1006  0.3643 0.0872 0.0336  0.2127  0.0489  0.0253  0.1068

T * A AR JCHLRR BE, 5 0 BT e g .

x5 TRERTFESRHBHREENTHER(%)

Table 5 Contribution rate of average daily dose in different foods (%)

£ A fif ] B x’
% FHE P50 P90 FHE P50 P90 FHIE P50 P90 FHIE P50 P90

FKe* 58.85 57.01  70.48 58.12 7930  55.88 57.95 3813 61.92 29.95 37.04 2531
firE 23.57 24.08  17.64 15.68 18.02  17.67 3125 46.28  29.64 3.53 4.03 3.06
pI & 3.03 3.02 1.37 0.61 0.80 0.53 1.87 3.84 1.20 9.18 14.51 5.71
BEN 6.33 3.47 5.97 6.05 0.93 5.89 5.76 9.72 483 21.80 11.61  31.13

K= 6.96 10.11 3.62 19.45 0.79  19.96 2.87 1.29 2.30 34.26 3185 33.39
e 1.11 2.03 0.87 0.04 0.08 0.02 0.15 0.40 0.06 1.15 0.80 1.29
7L 0.14 0.27 0.06 0.05 0.07 0.05 0.15 0.35 0.06 0.12 0.16 0.09
ait 100.00  100.00 100.00  100.00  100.00 100.00  100.00  100.00 100.00  100.00  100.00  100.00

TE: 4 LAAEBOm KU Y H 1R 88 0 3 oTikoR
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FE SR IEITE, R R .
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LR A R o (A E AR TS YRR P90 T
FOKRARIAKREE I HQ (KT 1, /R 5 e K
ifH R A A 4 =L 0T XU o MR XS I R s ), %o 7 K2k
£ 5 AR o KUK HQ AN 21 HI (4, M Afh &R HI
B 1.00. 2 1.00, HBHNEFK DAARHE WS/T 777—2021
(A1 o 3R 5 At B JRUBG DA £ R A5 7 ) HEFE MM 1,
Fon HABAE M EHESUR KR, W51 TE,

FemuncE P90 BB, R—ERBEREHK
KAt ROK AR Y AE BOE U HQ # KT 1, BB R KA

i 2 R W AR BUE KRS 52 R, T G KOR A L RTS
e FE PO AR EEAKF T, 7 R 5 9 8 F 45 4k HI (B
gER N AR R HI S 2,50, fMETERN HI
g 1.85, ZFWISKFFAE R 2.50 f5F0 1.85 1%, TR7ER 0
i, ERAE B0 KUK .

24 HEXEE

FAFFOR AR CR. CCR L5 ILFE 7.

PV P B VT B 04 KURS: DAL 45 SR R R —
i RENBUERKGME CR v, RA KK CR KT
1.0x 107, 5 B KK il 22 28 1) 350088 KUK s, I 51 e i
BT

AR IR o R s U T, Sk B A R e 2 0 B — 35
WA XU i AN 218 20 KUK CCR i, B4R A2 E2 1Y
FOE XU CCR B PE 1.93x107%, &7k 1.92x107% B4R A
B R B BUE A CCR N B 1.41x107% £tk 1.39%107%
AR NS R TR EOR KBS CCR MBI 1.16x107°, &k
1.16x10°°, o, 4. MR CCR AT 1.0x107°%, £
N B AR R, N T . BY R EEN CCR R
1.16x10°°, Fm HA — FB0E X . o KU M & 24
S>>
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Table 6 Non-carcinogenic risk of 4 kinds of heavy metals

P I HQ(H) HQ(4#) HQ(#Y) HQ(K)
) 4 g pso Po0  “FHIE P50 P90  FHIE  PSO Po0  “FIIE P50 P90
) BAETTE 06070 02993 1.7958  0.5172  0.3511 1.0617  0.1362 0.0337  0.3768  0.0724  0.0494 0.1332
M BAELCHE  0.5684  0.2803  1.6815  0.4843  0.3287 0.9942  0.1275 0.0315  0.3528  0.0678  0.0462 0.1247
e BAESTE 02254 0.1172 04168  0.1294  0.0740 0.3114  0.0681 0.0379  0.1673  0.0079  0.0050 0.0149
e BAELHE 02453 0.1276  0.4535  0.1408  0.0805 0.3389  0.0741 0.0412  0.1820 0.0086  0.0054 0.0163
« BB 00263 0.0133  0.0293  0.0046  0.0030 0.0085  0.0037 0.0029  0.0062 0.0186  0.0163 0.0253
. AL 0.0342  0.0174  0.0382  0.0060  0.0039 0.0111  0.0048 0.0037  0.0080  0.0243  0.0212 0.0330
BAETTE  0.0636  0.0177  0.1479  0.0524  0.0040 0.1088  0.0132 0.0084  0.0286  0.0513  0.0151 0.1594
BEN
BAELCHE 0.0629  0.0175  0.1464  0.0519  0.0039 0.1077  0.0130 0.0083  0.0283  0.0507  0.0149 0.1578
. BAETTE  0.0681  0.0504  0.0874  0.1642  0.0033 0.3598  0.0064 0.0011  0.0133  0.0785  0.0403 0.1667
o BAELCHE 0.0709  0.0525  0.0911  0.1710  0.0035 0.3747  0.0067 0.0011  0.0138  0.0818  0.0420 0.1736
" BAESTE  0.0104  0.0096  0.0200  0.0003  0.0003 0.0003  0.0003 0.0003  0.0003  0.0025  0.0010 0.0061
e BAELHE 0.0119  0.0110  0.0229  0.0004  0.0004 0.0004  0.0004 0.0004  0.0004 0.0029  0.0011 0.0070
Lk BAESPE 0.0011  0.0011  0.0011  0.0003  0.0002 0.0007  0.0003 0.0002  0.0003  0.0002  0.0002 0.0004
?ﬁ AL 0.0017  0.0017  0.0017  0.0005  0.0004 0.0010  0.0004 0.0004 0.0004 0.0004 0.0002 0.0006
BUESEYE 1.00 0.51 2.50 0.87 0.44 185 023  0.08 0.59 0.23 0.13 051
. BAELPE 1.00 0.51 2.44 0.85 042 1.83 023 0.09 0.59 0.24 0.13  0.51
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Table 7 CR and CCR of 4 kinds of heavy metals
CR(fH CR(f# CR(4
iR AR Sl () il
I P50 P90 FH4{E P50 P90 FH4(E P50 P90
BAEHYE  1.17x10*  5.77x107°  3.46x10™*  8.42x10°  5.72x10°  1.53x10*  1.56x10° 1.72x107 1.92x10°°
Kk
BAELPE 11010 5.40x107°  3.24x10*  7.89x107°  7.04x10°  1.72x10*  1.75x10° 1.61x107 1.80x10°°
BAETHYE  4.35x10°  2.26x10°  8.03x10°  2.11x10°  1.02x10°  7.60x10°  3.32x107 1.93x107 8.53x1077
-
iR
AR 473107 2.46x10°  8.75x107°  2.29x10°  1.31x10°  9.78x107°  4.30x107 2.10x107 9.28x107’
KB WAEBME 5.06x10°  2.57x10°  5.65x10°  7.44x107  4.88x107  1.39x10°  1.88x10° 1.45x10° 3.14x10°®
Vi
BAELPE 6.60x10°  3.35x107° 57.37x10°  9.70x107  6.36x107  1.81x10°  2.45x10° 1.89x10° 4.09x10°*
BAEHYE  1.23x10°  3.42x10°  2.85x10°  8.54x10°  6.49x107  1.77x10°  6.72x10° 4.26x10° 1.46x107
BENRN
A
BAELPE  1.21x10°  3.38x10°  2.82x10°  8.45x10°  6.43x107  1.75x10°  6.65x10° 4.22x10°  1.44x107
BAETHYE  1.31x10°  9.71x10°  1.69x10°  2.67x10°  5.41x107  5.86x10°  3.26x10° 5.50x10° 6.77x10°*
K7™
7 (3]s}
AR 137107 1.01x107°  1.76x107°  2.79x10°  5.64x107  6.10x10°  3.39x10° 5.73x10° 7.05x10°®
_— MAETRYE  2.00x10°  1.85x107°  3.85x10°  5.42x10°  5.42x10°  5.42x10°  1.62x107°  1.62x10° 1.62x10~°
BAELPE 2.29x10°  2.13x10°  4.42x10°  6.22x10°  6.22x10°  6.22x10°  1.86x107° 1.86x10° 1.86x10~°
BAEHYE  2.12x107  2.12x107 2.12x107  5.42x107°  4.02x10°  1.13x107  1.37x107°  1.20x10°  1.34x10”°
LK
Ak
BAELPE 3.20x107  3.20x107  3.20x107  8.19x10°  6.08x10°  1.71x107  2.07x10”° 1.81x10° 2.02x10~°
BAEHYE  1.93x10*  9.81x10°  4.81x10*  1.41x10*  7.10x10°  3.02x10*  1.16x10° 4.30x107 3.02x10°°
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