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Investigation and health risk assessment of heavy metals in edible fish in
Chancheng district, Foshan city
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ABSTRACT: Objective To determine the content of heavy metals in edible fish in Chancheng district of Foshan city,
analyze the average content characteristics, and evaluate the health risk. Methods The content of Hg in edible fish was
determined by direct mercury meter. The sample was pretreated by microwave digestion, the contents of 14 kinds of
heavy metals and elements such as As, Cd, Cr and Pb in edible fish were determined by inductively coupled plasma
mass spectrometry (ICP-MS). The content of inorganic arsenic was measured by high performance liquid

chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS). The nutritional values of different
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kinds of fish were evaluated by nutrient quality index. According to GB 2762—2017 National food safety
standards-Limits of contaminants in foods, the health risks of single and compound heavy metals intake of different
kinds of fish were evaluated by the target risk coefficient method. Results The detection rates of harmful heavy
metals of As and Hg in common food fish were high in Chancheng district, which were both 99.4%. The average
contents of As, Cd, Cr, Hg and Pb were 1.312, 0.048, 0.010, 0.030, and 0.015 mg/kg respectively. The average
inorganic arsenic content was 0.003 mg/kg. The adult nutrition quality index (index of nutrition quality, INQ) of Se,
K and Mg in fish meat were basically all greater than 1. The single health risk index and the compound health risk
index of heavy metals ingested by adults due to fish consumption were both less than 1. Conclusion The average
contents of 5 harmful heavy metals of As, Cd, Cr, Hg and Pb in the muscle of edible fish in Chancheng district are all

lower than the standard limits, which meet the national food safety standards. The nutritional values of Se, K and Mg

in fish meat are rich. The health risks of eating fish ingesting harmful heavy metals are not obvious, and the safety

12

is good.

KEY WORDS: edible fish; heavy metals; health risks
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SRR, o A R XUR: T . AR
AKTEATAG ST, BRI 35 45 ik L ek 1 28 5t il A 2
o, WAR ., W Bf | REAE AL, X0 Rl E TR Y
RITEA RIS Y SRR K @R FaED); 7 X
0 R AE £ PP A R AR Ak R
i T 4 R 15 Y dr ™ T R, FCUOR f f, B
5 e T R, R i P R £

2k 2R BR T = A0 M X T 3 0 £ £ B DL AR N T 4
B O 5 R IR A 5 YR Y, T I A ST i
LI E TR X A T T4 R AR A R R
WE, REHEE TN R BRI A TSR B fER &
B, FRETEN A AR, DTS 520 M A R ) £ 2
i, o PR P e B LA B TS

1 MG %

1.1 HERESHE

2019 4 9 F LR 1L T MU X BT 4 i HA
AR H R R AT | AR BT S AR RN BRI S5
A B £ IS, R o MR D LR RS, K
JR(7 Fh 84 4y) . ROKAIE(T B 84 n)ILit 14 Bl 168 1. HL

WL AL 510 I 2 A BB ET 48 R, —20 °CHRAFF .

SR 10% A TRESE, SR A KR A R4 43 M bs v )
JRHEAT T
1.2 UFE5IRH

MASG6 B i (35 CEM 2 H]); DMASO B2
KA (G KA Milestone 23 w); 7800 HiLBGHE & 45 B TR it i
EXFHAY . 1260-7800 R 30RO - HL IR A3 55 1 1 M 3 3
1L LR AT, BT125D Ji4r 22— 7KV (1 [ 3
Z AT,

65%fisER (43 Hrat, 26 EERTEA F)); bR (g,
TR ); He AR . As. Ca, Cd, Cr, Cu, Fe,
K. Mn. Mg. Na. Pb. Se. Zn 2B IBFREW(10 ng/mL, 2
H AR, WAlRAR | miRI(GBW08666,1.011 pmol/g;
GBWO08667, 0.233 pmol/g, H'EIREFIAIFFEL); trlES
T KAFAE W RS e AR HE Y B (GBW 10050(GSB-28),
H ) i R e R E e R A2 B A AR5 )
13 75 &
1.3.1  EHEMRAN He

FREL 0.2000 g iR FE B4 EALINGE . (X8R40 TR
J& 200 °C . HHE] 60 s; ZM#IRE 650 °C. WA 120 s, %51
BFE] 45 s; FEALINERETIA] 12 s; JOSRATIR] 30 s; A TR:
200 mL/min,
1.3.2  BOHUH A8 -8 B AB S 5 B TR 3R AL(CP-MS)
MZ As. Ca. Cd. Cr. Cu. Fe. K. Mn. Mg. Na. Pb.
Se. Zn

FEAATALEL: FREX 1 g BT R IUG L I6 T i,
fnA 6 mL iz, ¥tk 1~2 h, InA 1 mL i8R, %
F 1 ORI TR, TR, AR ACRE
OE R E 25 mL, WA, IEHgEs f8e58 .
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R1 WEHBER
Table 1 Microwave digestion procedures
s FEREE/°C FHR ] /min - PEIR S ] /min
1 120 10 10
2 160 8 10
3 190 6 25

F B B S5 B RO A S RF T2 1550 W,
SR 1065 V2 HIS 15 L/min, 481X 0.8 L/min, %1k
5.1.0 L/min, ZALFIRE 2 °C, F#H 0.3 rps.
133 A &7 & 2okAn &A1

B 3EF: PRP-X100(4 mm=250 mm, 10 um); JahHH: A
5 mmol/L §ER%%, B 100 mmol/L BREREE, FHEVENL: 0~
3 min 100%A, 3 ~ 8.5 min 100%B, 8.5 ~ 12 min 100%A; i
: 1.0 mL/min; #FFE{AFL: 10 pL.
14 BUELIE

JRUA B R Fl MS Office 1 SPSS 21.0 B Fifk AT 4% 2
SWTe RFMMSIFEA T A3 A5 K 2 7 2253 BT (One-Way
ANOVA), F1-H LSD f/)h 2 22 ik i Z R 2 E 1L
BOYHT, BFEAKFE P <0.05 FRESMRE .

=100 g Y HEE/ Tt AE 2 .

PEATARE S INQ= 1 ), RUIZ Y E IR R B,
INQ<1 B, BWIWEFR TR,

i [ IEE S HE 2019 4 [ gy 2 3k 21

HERZBASHEBARESH 2018 M (1 RE
WERESHHAR) 0 e | WREAMME TR
LB et i TR, B ERRSHRARNE 3.
L6 REMIFHTTE

A FE R 55 [E PR B (United  States Environmental
Protection Agency, USEPA)#& Hi 1) H AR fE B 52 £4 7% (target
hazard quotient, THQ)PFH it A 1 % 4t 4(Q, 1)
<1, RGP RETEAFREA BB A F R H24(Q, 1)
=1 W, AR, (Qq wIE MR F R ILTS Y ns Ak

e B XL RO
H-FHERBXNEM®M Q » it & AL N
Er-Ep-Fp -C _

Q ==t Ep FR-C 5

oh Rep “Wag - Ta
ZMEERBELANE Q v ITE AKX N

Qt,t,h :ZQt,h
K Ep W BRI, 365 d/a; Ep N R FERT ], a(JLIH:
6 4F; BIA: 70 4F); P WECHIHEAR, g/d: LT AT

= (A MG AN - . e
L5 EFMEFY HEEALE 52.5 g/d, AT H AR, 558 ¢/d; C
oK F1E 7 it 45 200k (index of nutrition  quality, Oy A 4y J 1 BT R VR B, mg/kg; Rep S A,
INQ)I'?L. mg/(kg-d); Wap W FIRTE, kgULE AT 30 kg, M
INQ=§ R F M HEANAEIEHE, b, BHEWIL=100 g JOFIIKTE 60 ke); T RARBOMTE T2 5T AT 1, 365 d/
B ERERZEEHZERZMERAE, %Y 4EXEp,
*2 RHRENAREEE
Table 2 Heat energy density value of food fish
" VAN LR . N e
i BHef 8w Bifa B A4 % fi fRfh WfEfn FkO)M =Sof ABEf A
Al g 58 55 54 52 54 58 57 40 70 66 76 72 57 76
fiE it /keal 112 98 108 124 109 100 85 100 142 96 127 143 85 127
ol
100g R 193 178 200 238 202 172 149 250 203 145 167 199 149 167
/(kcal/100 g)
#*3 BMAEFREEERNE
Table 3 Recommended nutrient intake for adults
FHICR HWHICHE IR
AEE /(kcal/d) Ca/(mg/d) Mg/(mg/d) Fe/(mg/d) Zn/(mg/d) Se/(ug/d) Cu/(mg/d)
TNHMEFERA R 2358 800 330 16 10 60 0.8
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JEE K e TR [ M R A S B, K % SR LS AT SR A
2 HERE5HH . o= s
22 #EBXTERAETEEESRESEEBN
21 FURGER SR AR 5 A EE AR S ETATINE 5 %k, T

Fi BB o G ] 4% 3 G JB T R AR TE R A, AR &Y
WIS HAFATINE, S IC R PR ERTZ Y B RAF
LRPEARSCNE, FHOEREL r=0.999, RAEFLA R FL2s 1
28 1 FFR TG 2 0 & IR 5 A BRI A A
HRBIR o X AR 0 B b ) S5 (GBW 10050(GSB-28))ifEA
JrERE, SRITEARUEIE N, W3R 4; XML AT 5
UEATINGE, ARER2E /N T 9%, 28 BITRE ARG I &bl 1) ot

T, BRNE S S FRESEAAKTHEEES
R, # X EAaAZh As, Cr, Cd. Hg fl Pb ¥
AR, &S 1312, 0.048, 0.010, 0.030,
0.015 mg/kg, As Fl Hg 46 2634 99.4%, TCHLEFAS ) 54(Y
M 4.2%, W GB 2762—2017 (&M EFFRME &5
g ) , WIRIX B AR S Fia EESE
IR TARMERRE, 76 ERE LR,

#z 4 KIS DR ES ZHR(GBW 10050(GSB-28)) 7T & 4 # B R IE H1E (n=3)
Table 4 Quality control data for elemental analysis of standard reference material for prawn composition analysis
(GBW 10050 (GSB-28))(n=3)

JLER SEBRN E {8/ (mg/kg) X {EH/ (mg/kg) FrUfE(E/(mg/kg)
AT 1 AT 2 473
As 2.49 2.52 2.55 2.52 2.5
Ca 2973 3008 2950 2977 3000+100
cd 0.041 0.039 0.040 0.040 0.039+0.002
Cr 0.353 0.345 0.336 0.345 0.35+0.11
Cu 10.01 10.82 9.74 10.19 10.3+0.7
Fe 115 110 114 113 112+12
Hg 0.051 0.051 0.051 0.051 0.049+0.008
K 4869 4952 4918 4913 4900+100
Mn 8.91 8.92 8.81 8.88 8.9+0.3
Mg 1710 1673 1660 1681 1690460
Na 3071 3162 3015 3083 3100+200
Pb 0.204 0.208 0.207 0.206 0.20+0.05
Se 5.18 5.09 5.02 5.10 5.1
Zn 76.1 76.8 76.1 76.3 76+4

x5 HPEEXTERRET SHAETEESRSE. KHRMEIRE(N=5)

Table 5 Contents, detection rates and over-standard rates of 5 harmful heavy metals in edible fish sold in Chancheng district (n=5)

JLE FRIEE/(mg/kg) F-H{E/(mg/kg) K H /% HBRE/ % 2% [ & /(mg/kg) i BR/(mg/kg)
As nd~9.643 1.312 99.4 - 0.002
TeAIL A nd~0.004 0.003 42 0 0.1 0.002
Cr nd~0.579 0.048 35.7 0 2.0 0.002
cd nd~0.057 0.010 24.4 0 0.1 0.002
Hg nd~0.307 0.030 99.4 0 0.5 0.002
Pb nd~0.133 0.015 72.6 0 0.5 0.002

T nd KM, LUFR.
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23 B RKEFSHEEEEEI=LR

P BRI ERR 1 A0 00 i Kt FR K £, X
LA Cd.Cr.Hg.Pb fl As -39 & EAHEAT 08T, O
Bl 1, s HEA T #5, Bk Cd 4k, Cr. Hg. Pb il As
TETE K FIR K i 2 [ Y AR 25 25 5, P<0.05. gk rh
As Ml Hg F¥ &R E & TIRAKE, 4002 2222,
0.049 mg/kg; ¥AKLH Cr Al Pb S35 4 Tilgk #a, 4y
124 0.063, 0.026 mg/kg. JE AT BEZAS M X A 6 118 K
i ROk [ F Ui A TR SR, BT RO
FK RS K TAO R K FIAE TR 15 K HEA . S BAHETS KAl
T . VAT R R T S R, ARV K R N 7 B
BAIE Y E 48 B L0, Wik kRZETRHE
Pefa, AT EYEE PR B SR, As Rl Hg iAW & S 300
S TRk g AN S Tl AV HERL &% Pb A Cr K
Al RE S AR KSR IR B AR B T5 g, E I e
MIFE TR ROK iR B R, iR RE S22 8 —& 1. K
UG YY) P A Cr AYSEIRA7 T,

0.08

o
=)
X

P&t (mg/ke)
=
g

0.02

0.00

Hg
TR
RN OGRS RIS EA H 22 5 535 (P<0.05), As M B X107,

E 1 Wk mARK ST SRR 4R & B E B (n=5)

Fig.1 Comparison of the average content of 5 heavy metals in
marine fish and freshwater fish (n=5)

24 THRKEFEEESELLR

7 RIRK T 4 S T i A 4 B K O 22000
(one-way ANOVA) LA, Cr. Hg Fil As )22 5 B 2 A 41t
2R L(P<0.05). Cr i {ER IR 0.491 mg/ke,
TR B AR 2 0.020 me/kg, He F As S i9(H
B s 8 43 1 0.026, 1.020 mg/kg, Fedlm S € 4351
0.002., 0.008 mg/kg, LI 2.

25 THEBkERESRA RS

7 Rk AR E AR S RS BN R T 20
(one-way ANOVA) LR, Heg Ml As £ 7 B FH A ST
SL(P<0.05). Hg 1 As & B BMEE R MANH &L A5 5h

0.116.4.682 mg/kg, Hg &t BI{EH S AL AY = 304 0.018 mg/kg,
As HEWERARN N AP 0.977 mg/ke, WA 3.

) e
14 - N\\®:a

rft/(mg/kg)

Cr Hg 7 b As
JLE

T * RN ICE & E A L2 5 25 (P<0.05),

B2 7 FROK A EE AR & R L (n=5)

Fig.2 Comparison of the average content of harmful heavy metals
in 7 kinds of freshwater fish (n=5)

ANh&Lks
=44

0.15

o
=
o

Rt/ (mg/ke)

0.05

77
g
7
.
.
.
.
g
é
Y
T
5
7
%
7

0.00 ===

TE: *RR TR A 22 B B35 (P<0.05), As YR EE B 107,
K3 7 FiiKk A E R4 R S I E L (n=5)
Fig.3 Comparison of the average content of harmful heavy metals
in 7 kinds of marine fish (n=5)

2.6 EFNEITFMN

XF 14 Fi B b oo R & A T RN E TR R
6% (index of nutrition quality, INQ), 25 WL 6, 14 Ff
MEMAKES Se. K. Mg JtE, Se M AMKEXREE £
EARNT W —FiE oK, LE Se AEMRB AL H K
3 AL Wil (glutathione peroxidase, GSH-Px)552E [ fIKEE 1Y
—REEH, ZHHRMBUENL, Se B2 R FLILIE LRI E
BAERRZ, B Se 2 PR GRS T, HE . Ol
PRI FI G 55 1 S 28 1w o P AR A BN BES A Se,
FRUNARN Se JLT2ERIE TR, Zrfan]Liths
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Se. Mg Ml K J& AMRNT # =T E, Mg A& 2 R 30 71,
HA WM K. Na 204, dERpEus Kb LA 2%
PEEIRE, K 250 . EARNE, JHF w388 ENR
BRCEAE, FRZE LA R AT 45, K BeZ W5 R 2 ILA |« O
B AR 2R A T REE el B i AT

Brub =z b, SRA AL Na B R MEFE, o 6
fo, R0, NIGELM, WL E T Ca; BJIfh Fe, Ca,
Cu. Zn, Cr EFHFMEFE,; ita #iMaE S Zn;, ¥, ¥
defa, Bt ffa, ffa, WAE S Cr.

2.7 BRERMEIEMN

FHAA i X A 3 A 4 & M
THQ {HM TTHQ fA, 4R UWFE 7. MXTiEEHEAF 5
PP 4 TR PR /N 16 4 2k fa Rk ) Fa b, BN B —fRERRE XL
RGBS/ NT 1, AR RIS 8, 24
fa XU R B /INT 1o 75U G 2k 0 RUBK ) 1 fgk Fe JXURS 3
RAT As, X As WA FRASTCHLSE—LME, FEE
47 0.003 mg/kg IFIEAS H R 0.002 mg/kg, i HH f A4 e
oy LA IU TG UAE e, TR A ML P et — i e
TCAVEL/ME L2, IRhEHSEm LT A Bk, AN ST A

PR R 2, SR As POBEAJAR, BRI £
651 T 2 TR HE AT AR R R B2, % AN

T AT 209 02 T4 (0 ARG, DRt 4
M 102 6 2T T AR AR LA L SRR IR 4, {4788
4 V5 e BB ENLAL, ) 5 2 0 e
WAL PRI, AN SR Yot A P Ol
B 4 L5 (0 7, 97 B0 1040 8 5 L AL L 2 5
Y D 4 T T A4 2 31

28 AMREBABTEGEAESHMELR

KA FE b T INE  fa UL PN v B e S A S
Hik P TG Y T AR LY P R R T R, IR 8.
AR A LA Pb. Cu Al Cr & AL FILAL 4 -3
X5 As i THA 4 UK Cd 8 S AR T2 RO A e
RN, w TERIFLAE AR Cd & it Zn & K TEIE
TLFVL RO, RN TR Zn S5 ARE, & TIb Rtk 5
W1Y; Hg & EMEICARL, (% T2 B0Emn He & & B
BHAMTT WA IR P w, X AR I T M A,
WHHEARE, HERG R L RRER #R R, Rt
HERAE 1 N

*6 MEEBWE&EFNETN

Table 6 Evaluation of nutritional value of commercial fish in Chancheng district

M INQ i
il

Na Mg K Ca Fe Cu Zn Se Cr
Hifh 0.267 1.275 2.637 1.128 0.253 0.166 0.610 5.610 1.016
L E i 0.351 1.344 3.001 0.207 0.220 0.104 0.651 6.447 2.061
il ¢ 0.314 1.255 2.481 1.029 0.423 0.365 1.325 4275 19.255
E 0.324 0.954 2.102 0.420 0.190 0.220 0.638 4.059 0.660
il £ 0.240 1.089 2.515 1.029 0.539 0.653 1.223 10.678 0.775
fiyi ey 0.336 1.395 2.677 0.731 0.173 0.401 0.947 6.872 2.329
JAER::] 0.371 1.664 3.608 0.877 0.322 0.218 0.980 6.296 4.180
A gLkm 0.706 1.035 2.022 1.199 0.250 0.296 0.383 7.453 0.346
it 1.805 1.075 2256 0.488 0.228 0.414 0.717 6.182 0.465
EWiai) 1.826 1.505 2914 1.230 0.163 0.220 0.943 10.968 0.538
I 0.763 1.353 2.553 1.037 1.493 3.181 1.272 12.066 2.441
= ) 0.448 1.116 2.648 0.421 0.179 0.479 0.573 5314 0.863

ABEf 0.622 1.544 3.844 0.792 0.161 0.234 0.913 8.968 /
Wi 1.073 1.481 2.485 0.467 0.182 0.150 0.614 9.296 1.221
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*71 TREXE—REAESEBANERNKE
Table 7 Health risks of single and compound heavy metal intake of different kinds of fish

WA THQ f&
Cd Cr Hg Pb As TTHQ
it nd 0.012 0.001 0.009 0.004 0.026
L i 0.002 0.022 0.002 0.016 0.118 0.161
filf £ nd 0.234 0.004 0.006 0.023 0.267
g gl 0.005 0.010 0.004 0.006 0.444 0.469
fif nd 0.010 0.008 0.013 0.054 0.085
fiyi £ty 0.001 0.024 0.012 0.026 0.486 0.550
A 0.003 0.038 0.007 0.011 0.291 0.349
ALk 0.005 0.005 0.055 0.006 2.232 2.304
foxidl 0.004 0.006 0.009 0.002 0.536 0.557
AL 0.002 0.005 0.017 0.002 0.592 0.619
Okl 0.009 0.025 0.031 0.004 2.001 2.069
=3t nd 0.010 0.009 0.003 0.799 0.821
A R 0.003 nd 0.015 0.002 0.466 0.486
i F 0.002 0.012 0.028 0.005 0.722 0.769
*8 AMREALEDPESERESBELE (ng/ke)
Table 8 Comparison of heavy metal content in edible fish in this study with literature values (mg/kg)
Pb Cd Cu Cr Zn Hg As

ABFFE 0.015 0.010 0.317 0.048 6.518 0.030 1.320

I 2017120 0.028 0.005 1.450 / 7.350 0.027 0.030

REEW] 201477 0.098 0.045 1.133 0.470 10.365 0.106 0.029

bR R AT 2011 0.634 0.543 1.392 0.510 5.490 / 0.640

I s 200701 0.161 / 0.821 2.110 6.370 / /
SHAO ZM, OUYANG JR, ZHANG S8, et al. The current status of heavy
3 £

XA s AiaEESLE As, Cd, Cr,

Hg I Pb W-F-3 & BIR TR ERR(E, A8 ER i e
brE; A Se. K Ml Mg SFuRERMEFE,; AN
BAAEAA T EERNEREXS AR, Latbily.
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