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Bioaccessibility of Mercury in Fish Based on an in vitro
Physiologically — based Extraction Test
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Abstract: As a global toxic trace element mercury ( Hg) iscarcinogenic and teratogenic. Fish is highly nutritious food but
generally considered to be one of the main diet exposure sources of Hg. In this study three kinds of fish ( Mesoclupea Turbot
Tiger grouper) were collected from the markets in Guangzhou City and ICP — MS was used to determine the Hg contents in the
sample fishes. In vitro Physiologically — based Extraction Test ( PBET) was used to assess the bioaccessibility of Hg in the fish.
The results showed that Hg concentrations in fish were 4.9 ~44.3 pg/kg not exceeding the national regulated limits in food.
Meanwhile the in vitro results indicated that the bioaccessible percent of Hg in fish was 62.36% ~79.21% . In addition risk
assessment was carried out on the basis of bioaccessibility concentration. It was estimated that the daily intakes of Hg from the
three kinds of fish were 2. 11 and 1.44 pg/d by adults and children respectively —accounting for 19.5% and 13.3% of the
provisional tolerable weekly intake ( PTWI) established by JECFA. Therefore the exposure risks of Hg in the three kinds of fish
were safe.

Keywords: Mercury; Fish; Bioaccessibility; PBET; Health Risk Assessment

CLC number: X171.5

12018 -02 -28
(21207046) : ( S2012010008396)
(1988 -) o : o E —mail: liaowen0735@ 126. com
(1979 -) . . : o E —mail: wangguang@ scies. org



104 44

( Hg)
N o in viwo in vitro
in vitro
( )
1
2t ( . . )
3
4 14
( 104 15-23
) 5
6-7 _
1.0 0.5 mg/kg® .
9
1
1.1
10
Al 3
( Bear FSJ - AO5N6)
-20 C 12 h
e B 2014 ( ALPHA 1 -2 CHRIST )
72 h -80 C o
0.01 ~1.29 pg/( kg*BW) 1.2 in vitro
( JECFA) - ( PBET)
(PTWI) 1.3 pg/( kg*BW) Sigma — Aldrich
o (Milli - Q
Element Millipore =18.2 mQ)*cm)
o 20% 24 h
o 500 mL (1L
o +1.25 ¢ +0.5 ¢ +0.5¢

( bioaccessibility) +420 uL + 500 pL 12



2 —_— in vitro PBET 105
mol/I.  HClI pH 2) 5g 1 ICP-MS
1 ~2 min 37 C
150 r/min 1 h; 30 mL RF 1550 W
. NaHCO,
pH 5.3 0.875 g 15 Lemin ™"
( =1:0.175) 1 Lemin ™'
0.25¢ =1:0.05) ; 0.86 Lemin"!
1 mol/L pH 7.0; 37 <C
150 r/min 2 h; 2
30 ml, . 0.1 remin~"
1.3 8
(0.2 g)
4 ml, (4~ 2
6 h) 1 mL (*”Bi) 10 pgeL”'
( Mars 6 CEM ) 1 600 W
40 min(
120 C: 6 min 5 min;  1-4
150 C:5 min 5 min; 180 °C:4 min 15 min) .
50 mlL 0.22 pm v
o (%) = x100 (1)
3.
5000 ¢ 15 min (%) = x100 (2)
0.22 pum
-20 C ( EDI) (THQ) "% :
o DC x ¢,
ICP - MS( ICP — MS 7700 Agilent EDI=""5y (3)
) : - THQ =—EFI;}522;7MX 10°° (4)
° :DC g/d; ¢
50Ce0 * /M < 1.5% 00 1 Ce < 3% . L BW (
ICP - MS L. 60 kg 32.5 kg); ED
2% (70 a) ; EF (365 d/a); AT
( 365 d/a x
0.00.20.40608 1.0 ug/Le 70 a) ;10 . RfD JECFA
0.999 9 (0.18 pg/(kged)) *
. (2% ) 11 60 g/d 41 g/d ¥
3 1.5
24 ( NRC DORM - 2) ( NRC
0.013 5 pg/L. DORM - 4)



106 44
2
2.1
91% ~107% » N 3
SPSS 21.0  OriginLab 9.0 o 21.97 pglkg
P <0.05 44.3 pglke
o + 4.9 ngl/kg 2
o o 8 o
2
/ngekg™! ngrkg™
1%
( )  Engroulis encrasicolus 6 80. 54 49  1.8~7.8 3.1 1.1~4.9
Scophthalmus maximus 8 81.38 16.7 11.2~25.6 10. 8 7.2~16.5
Blotchy rock cod 4 77. 69 44.3 34.5~56.7 35.1 27.3~44.9
N 3 ”‘ 3.
3
/pgkg ™! 1% In vitro
10 943 £49.2 21.4~51.7 . 15
10 106 £62. 4
( yellowhead catfish) 41.2+16.3
( bighead carp) 57.0+16.9 37.5~56.5 ( MeHg) . 16 -17
( Grass carp) 23.6+10.9
14 8 ~293 NA NA 9
( Thunnus spp. ) 910 78 +6 N 18
( Scomber scombrus) 1~10
( Dicentrarchus labrax) 20 ~90 NA NA 19
( Aphanopus carbo) 320 ~ 1100
( Engraulis encrasicolus) 23.5~42.5 77 ~ 86
( Merluccius merluccius) 44 ~274 59 ~92 N 20
( Lophius piscalorius) 132.9 ~133.0 57
N 6 20 ~3 400 1~99 N 21

22

15-17



2 —_— in vitro PBET 107
2.2 47.82% 53.16%  67.79% 3
(1) (2) 62.36% 64.36%  79.21% .
. (pH =2.0)
pH pH=5.3~7.0
34.56% 30.21% 17.35%
94.57% ~96.92%
o 1,
01 mg sy b °
30 WEBAEYT 4 3
ol D%
19 21
S 60F
ié 50 Wang et al " 10 10
M40 21.4% ~
or 51.7% \
20}
23
10t
fi £ L R
1 .
2.3
1 3
4 ( EDI) (THQ)
EDI/pgekg™'+d ™" TH(Q
() 0.004 9 0. 006 2 0.027 0.034
0.016 7 0.021 1 0.093 0.117
0.044 3 0.0559 0. 246 0.311
() 0.003 1 0.003 9 0.017 0.022
0.010 8 0.013 6 0. 060 0.076
0.035 1 0.044 3 0. 195 0. 246
3
THQ 1.
0.19~2.11 pg/d 0.13 ~1.44 pg/d 62.36% ~79.21%
FA ( PTWI) .
1.3 pg’kg  1.9% ~19.5% 1.2% ~13.3% .
3 3 2.11



108

44

1.44 pg/d  JECFA
19.5% ~13.3% 3

1 Choi A L Grandjean P. Methylmercury exposure and health effects in
humans J . Environmental Chemistry 2008 5(2) : 112 - 120.

2 . ( 2 ) M.

3 Food and Agriculture Organization( FAO) . The state of world fisheries

2004.

and aquaculture opportunities and challenges M . Rome: Food and Ag-
ricuture Organization 2014.

4 Schmidt L. Bizzi C A Duarte F A et al. Evaluation of Hg species after
culinary treatments of fish J . Food Control 2015 47:413 -419.

5 Grandjean P Budtz — Jprgensen E Jprgensen P J et al. Umbilical cord
mercury concentration as biomarker of prenatal exposure to methylmer—
cury J . Environmental Health Perspect 2005 113(7) : 905 —908.

6 Mergler D Anderson H A Chan L H et al. Methylmercury exposure
and health effects in humans: a worldwide concern J . Ambio 2007 36
(1):3-11.

7 LiuJ L Xu XR Yu S et al. Mercury pollution in fish from South Chi-
na Sea: Levels species — specific accumulation and possible sources

J . Environmental Research 2014 131:160 - 164.

8 . GB 2762 -

2017 S .
2017.

9 LiuJ L XuXR YuS et al. Mercury contamination in fish and human
hair from Hainan Island South China Sea: Implication for human expo—
sure J . Environmental Research 2014 135:42 —47.

10 EFSA. Scientific opinion on the risk for public health related to the
presence of mercury and methylmercury in food EB/OL . http: //
www. efsa. europa. eu/it/efsajournal /pub/2985.

11 . J.

2005 1 (01):1-5.

2008.
13 .2007 ~2014 NN
J 2015 6
(6) : 2308 -2316.
14

15

16

17

19

20

21

22

23

24

25

26

I 2011 6 (2):113 -120.
Wang HS Xu W F Chen Z ] et al. In vitro estimation of exposure of
Hong Kong residents to mercury and methylmercury via consumption
of market fishes J . Journal of Hazardous Materials 2013 248 —249:
387 -393.
Shao D D Wu S C Liang P et al. A human health risk assessment of
mercury species in soil and food around compact ? uorescent lamp
factories in Zhejiang Province PR China J . Journal of Hazardous
Materials 2012 221 —222:28 —34.
Liang Peng Feng Xinbin Zhang Chan et al. Human exposure to mer—
cury in a compact fluorescent lamp manufacturing area: By food ( rice
and fish) consumption and occupational exposure J . Environmental
Pollution 2015 198: 126 - 132.
Afonso C Costa S Cardoso C et al. Benefits and risks associated with
consumption of raw cooked andcanned tuna ( Thunnus spp.) based
on the bioaccessibility of selenium and methylmercury J . Environ—
mental Research 2015 143 ( Pt B) : 130 —137.
Mieiro C L Coelho J P Dolbeth M et al. Fish and mercury: Influence
of fish fillet culinary practices on human risk J . Food Control 2016
60:575 —581.
Calatayud M Devesa V Virseda J R et al. Mercury and selenium in
fish and shellfish: Occurrence bioaccessibility and uptake by Caco -2
cells J . Food and Chemical Toxicology 2012 50( 8) : 2696 —2702.
Laird B D Shade C Gantner N et al. Bioaccessibility of mercury from
traditional northern country foods measured using an in vitro gastroin—
testinal model is independent of mercury concentration J . Science of
the Total Environment 2009 407( 23) : 6003 — 6008.
Moreda — Pineiro J Moreda — Pineiro A Romarfs — Hortas V et al.
In —vivo and in — vitro testing to assess the bioaccessibility and the
bioavailability of arsenic selenium and mercury species in food sam-
ples J .TrAC Trends in Analytical Chemistry 2011 30( 2) : 324 -
345.
He M Wang W X. Factors affecting the bioaccessibility of methylmer—
cury in several marine fish species J . Journal of Agricultural and
Food Chemistry 2011 59( 13) : 7155 - 7162.
Klaue B Blum J D. Trace analyses of arsenic in drinking water by in—
ductively coupled plasma mass spectrometry: high resolution versus
hydride generation J . Analytical Chemistry 1999 71(7) : 1408 —
1414.
. M .
2012.
FAO/WHO. Summary and conclusion by joint FAO/WHO expert

committee on food additives seventy — second meeting Rome R .

EB/OL . 2014 - 02 - 12 . http: //www. who. int/foodsafety/
chem/summary72_rev. pdf
.2002 M .
2004.



