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Total Mercury Content and Risk Assessment of Farmed Fish Tissues
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Total mercury (TM) is a hazardous element that is of particular concern to human health. Due to the diversity of di-
etary habits among fishes, tissue-specific analysis of hazardous elements is necessary. In this study, the tissue-specific
TM in cultured fish was analyzed to conduct risk assessment. The highest concentrations of TM were found in the
farmed marine fish Pagrus major (0.111 mg/kg) and in the farmed freshwater fish Channa argus (0.162 mg/kg). TM
concentration was significantly correlated with total fish length (P<0.01). Significant differences in TM were found
between three types of fish tissue, with the concentration in fish muscle being significantly higher than those of gill or
liver (P<0.01). Moreover, the tissue-specific TM concentrations of farmed freshwater fish were significantly higher
than those of farmed marine fish (P<0.01). According to the risk assessment, the TM body exposure rate of muscle
and liver in cultured fishes ranged from 0.001 to 0.389% of the Provisional Tolerable Weekly Intake. Therefore, these
results showing the tissue-specific TM contents of cultured fish could be useful to assess the health risks of Korean

dietary habits.
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20l IS BT 42 =S| FiBA 02 s ik
< 1990t iHE] of 70 =2 oS HUEE 3l 2al glow
(US FDA, 2010), 53 420 tj3t 7]F(maximum toler-
ated level, ML)Z 0.5 mg/kg (©15), 1.0 mg/kg (524 o15F)
2 AAelo] 22313 AUTHEC, 2008). o]9)o] 7}, el

e
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sible level, MPL)E A3} 20, 7luth(Health Canada,
2007)eF AEJETRO, 2011) HA] 7ho] =2hel& A A8}t

o} 7o} abEol tigh 718 % A H = HlE a2 Aoz
(dietary exposure)™} WASH IA 7} 9lom o] 2 Ql3f], EFSA
(European food safety authority)+= 5715]-8-%] Z|%¥(tolerable
weekly intake)S A s}o] 4B A HaLstaL ITHEFSA,
2012). 2| EFSAE vld 420 tigh 37158 5= 71&
1.6 pg/kg body weightof| A oF 19% #4% 1.3 ug/kg body
weight=, 7] & S0l et F58A 375 ugkg body
weight)® 5[5} 7 57]-2of gt 1L AE 4 gl
kg body welghti Zslslo] AokslAtHEFSA, 2012).

AR AIFI(015, o1 BB, QIS 1 By ke S
S0l vl 3f| ofAJotol| A AT A 0.2 o m X|&2 0 7 F7}E o
$rth(York and Gossard, 2004). 2-2|utete] 121 1d AHEA]
2L 59.6 kg O 2 A(52.2 kg/l), Tr|o] AoK(57.1 kg/)
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Fig. 1. Distribution of sampling site on farmed marine and fresh-
water fishes in Korea.
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£47](DMA-80, Milestone, Milano, Italy)E A8} 335] &
A5FA Tt FA| Z(blank), 7% 3%+ 2 (calibration standards),
83l o= R =2 (CRM; certified reference materials) &
A 37 BA33k3i . DORT-4 (n=30) (Dogfish Liver; NRC-
CNRC, Ottawa, Ontario, Canada)?} DORM-4 (n=28) (Fish
protein; NRC-CNRC, Ottawa, Ontario, Canaday= £4-2 &
Ao et B AR 1S fIske] ARESHRTE o 7ol F
I T A mgkg, JASFEE et S92 &
A& 9l 717124 AZRE 650°Col A 902, Eajl= 650°C
oA 180%, 1|1l olUZSH Amagamation)= 850°Cof|A]
1222 At} Be Zi= Easy-DOC3Z = 13H(Easy-
DOCS3 for DMA, Ver. 3.30, Milestone, USA)& ©]-8-3}o] Ak
il
sz Bt

SI3 71 SITt QAT ol 7.9 S vt 25
FZH(Estimated Weekly Intake)> A 42 FaFa) =y
A7 G2AE Al57) 32Pd e FFRARRZ A 277 20124
FRFFEAZEE AHESHATHMW, 2013; MW, 2014). ©]
£ AR o 22 A Sl ARSIk

(n=3

Estimated Weekly Intake=
(mean content of total mercury X daily food intake X 7days)
/63.5 kg (adult mean body weight)

A SRR 2R E FAO/WHOS 3% A%
727 B (JECFA)OlI A At 77142 A3t
3] 8-=HPTWI, 4 ug/kg body weight)ol] that F7H5443
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way ANOVA), EHHEE T-74(T-test) S 5t THSAS
version 9.2, SAS Institute, Cary, NC, USA) (P<0.01). &4+
gao) 9w §o)gt Alo] 2 31517] $1a) Duncan AR
(Duncan’s multiple-range test) 2 AR % (Post-Hoc Test)
shoick. whko 2 folie Belshy] $isl Tlof A
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ch.



2 o o3
YA 0F0| KO E42 5T

Foe 240 HSHY W ARA Sl slstel, 2749 <)
FREBUS AGSI] 358 SIS Table 1), 7 2
T}, DOLT-49} DORM-49] 3|82 Z+2F 100.9%, 99.0%=
Uil o fe Q1R A(DOLTA Dogfish lver,

DORM-4; Fish protein) 2] 3|82 F100%= UEFH O™ o]
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International, 2002). ThepA] 2 ¢15-0] A Tl oFAAk of
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stk 4% 237) A1, 577) pAlo 23 A3 % 2127)
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mg/kg (wet weight), ©F7}] 0.008-0.017 mg/kg, 7+ 0.010-
0.060 mg/kgO & UERFOH HaFoa 24 0.026-0.162
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Table 1. Recovery of certified reference materials (CRM)

Certified value Measured 0/ \2
CRM (mgkg)  value(mglkg)' Recovery (%)
DOLT4 2.580+0.220  2.603%0.094 100.9
DORM-4 0.410+0.055  0.406%0.015 99.0

'Recovery of Hg was calculated by a direct mercury analyzer. >Re-
covery was calculated with mean measured values based on the
replicate determination.

mg/kg, ©}7}1] 0.004-0.039 mg/kg, 7F0.011-0.121 mg/kg O &
el S48 $haRe 3|45 red sea bream (Pagrus major)
O] 50l 4 0.111 mg/kg, &% snakehead (Channa argus)©]
5014 0.162 mgkg &= 7HE E=A UEFHTH(P<0.05). o4
9] A3k= Kim et al. (2012)9] AHF4] =g S &
2F; 0.024-0.0774 mg/kg, ¥ F-Eo T2 T 0.0118-
0.084 mg/kg)e} Blasl X ok uff, sla=F-2 oF 0.7H, H4=F
& OF 20l & A o] AWk 92|yt W EUS S 7]= 49
vl &2 =23tk o) 7 Y 54 S8 5553 ol 7o 7}
7|83 Z3tErE 2] i) 7w R SH Tt ohEA U
Eldth(Rao and Padmaja, 2000; Bervoetset al., 2001). 221 %]
O 2, o f= =&l =okdle nlEAY] A F, Bold ], &5l
ol F240] o} LB 58 $) ot Lz 7} 7|Tho] %
FhE BTk 710 B4 BEE ol A 5
=2 (Aqueous exposure)d} 2 =S4 2o o] F o] S
£ 9 N0 A & ARE-E 4= QIth(Alam et al., 2002). whehA] o
2 Dol galE YR 1 AE o 2 3 fa|R e

Aot B717h E e stk 58] feuete] 4, of ol et
2 A TS} thefet A5 (dietary habits) 0 = Q13]| of 7
9% 20 X A7 FRT Aol & A7 Ao, &
2-0] Bl ek vl Ayt 18- 0.067+0.056 mg/
kg, 017111 0.017+0.015 mg/kg, 7+ 0.045 +0.049 mg/kg 0. &

e TH(Fig. 2). o7 o5 W) S g2 ok -5l el Blsh
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Table 2. Tissue-specific total mercury concentrations, length, weight for farmed marine and freshwater fishes in Korea

Common name Scientific name Number of  Length Weight Mercury concentration (mg/kg, wet weight)
Sample Site  (6M) (9 Muscle Gill Liver
Farmed Marine Fish
Olive flounder Paralichthys olivaceus 49 16 34.8+7.5 553.5+300.0 0.048+0.0022 0.013%0.0072 0.023+0.013=
Starry flounder Platichthys stellatus 23 5 245455 272.8+148.3 0.036+0.0142 0.008+0.003® 0.010+0.0042
Korean rockfish Sebastes schlegelii 18 4 20.840.7 170.4+14.3 0.056%0.028% 0.010+0.0072 0.027+0.0203
Red sea bream Pagrus major 1 4 25.648.7 507.4+451.6 0.111+£0.057° 0.017+0.0012> 0.060+0.038°«
Farmed Freshwater Fish
Eel Anguilla Japonica 39 10 48.9+7.1 285.5+102.5 0.141+0.073> 0.039+0.021° 0.121+0.067¢
Korean Bullhead  Pseudobagrus fulvidraco 25 1 16.5t0.0 44.3:t0.0 0.027£0.000° 0.009+0.000° 0.080+0.000¢
Far eastern catfish  Silurus asotus 19 3 25.849.8 199.9+187.3 0.039£0.022* 0.006+0.000® 0.011+0.0052
Trout Oncorhynchus masou 16 5 34.0£7.7 628.9£312.7 0.031+0.009* 0.007+0.0042 0.023+0.007%
Rainbow trout Oncorhynchus mykiss 8 6 37.3t4.1 797.0+257.8 0.042+0.020®° 0.016+0.0112 0.039+0.0142cc
Islaeli carp Cyprinus carpio 2 1 27.0£¢0.0 478.3:t0.0 0.049+0.000® 0.007+0.000* 0.020+0.0002
Snakehead Canna argus 1 1 455+0.0 950.9+0.0 0.162+0.000° 0.027+0.000° 0.064+0.000«
Nile mouth breeder Oreochromis niloticus 1 1 31.0¢0.0 873.4+0.0 0.026+0.000° 0.004+0.000% 0.029+0.000%°

Mean: arithmetic mean, SD: standard deviation, Length: include the length of caudal fin. With the samecolumn (a vertical column), differentlet-

ters indicate significant difference (P<0.05).
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L 7ha)(PCC; 0.528*%), 12| 11 ZHPCC; 0.548%%) 9] E4-& 3

(=2
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= 2 o0 B 243 o] Gk 3k = ek SAIEE AR,

g T A= H24E Holaks 7‘°l°ﬂ O ETITE ThAl

§ oof b o BFIAS S04 ol ol o ke -2 5

§ 006 Bl= A olTi( Luczynska andBrucka-Jastrzgbska, 2006). =

5 =T . T A 8214 o721 snakehead (Channa argus)7} 714 w2

g 003f Bl T2 e UEPAITE 2R A7 5 (n=1) oF4l0]
0.00 ﬁ 2h= AlRHE A A2 o= sl o= o] Qe Avf= 27 9
' Muscle Gil Liver Ev}. wleb 35, o) o]Ro thale] 240 Sk B

Fig. 2. Tissue-specific total mercury concentration in farmed fish-
es. Different letters in bar mean significantly difference at P<0.01
by Duncan’s multiple range test.
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2fol= FARE AeS Bolom HapFoli AHHoR =2
e YERITH(P<0.01) (Fig. 3). 7]= Aol A, ol =t
7re] o2 F9lol| vsl =2 2 SA of| et A= ofu] HaL
=8l JTk(Voigt, 2000; Navarro et al., 2009). 0|2} 782 o] &
o 2529 Aol o] 7o AYeetA Zjolof| 9fsf 7]l
5] E3] 7ko] A0 fAHRS chul ] AjakA il ol 31 3=
A&t =23 22 919173 (Exogenous) 5/4d=4 2 A7 52
qg& #5140}7] ool A=E H HoldHE Tl &
TL9] F =2 Q) 7Hol A E= Ao & AlmEthLiu et al.,
2013). T3 IS =2 2 F2 Q) A9, 23 Tl Al A
g9l 2H7] 2] SHIET}O] =2 A 3}w o ,]6} o2 thul
}o] 3% Agte] 7]Q1gk A © 2 AlmE th(Farkas et al., 2003).
whehA] FA A=) HHH AHAE AR, 8, 25, dE )
& Lo oS o, o]ef -2 A 2] ahA] Zpol 7} o 7 HoPE 4
S ato|2 Yehe Ao g AlgEch dubgoz o7
Zo|, A 18] voli= 42 FeFat 508k IS Hel
T} 2 At A3t oA, o] 79] Zoe} -5(PCC; 0.486**), o}

m FARMED MARINE FISH oFARMED FRESHWATER FISH
0.15 *
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0.09
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Mercury concentration (mg/kg)

0.00
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* Significant difference (P < 0.05)

Fig. 3. Tissue-specific total mercury concentration in farmed ma-
rine and freshwater fishes.
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Fig. 4. Positive correlations between tissue-specific total mercury
concentration and total fish length. The total fish length was signif-
icantly correlated with total mercury concentration of fish muscle
(PCC; 0.486*%), gill (PCC; 0.528*%), and liver (PCC; 0.548%*)
(P<0.01).
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Table 3. The estimated weekly intake of farmed marine and freshwater fishes compared with the PTWI set by JECFA

Mercury Dailv food intake' Estimated weekly
Common name Scientific name concentration (y/man day) in take % of PTWI?

(mg/kg, wet weight) 9 y (Hg/kg b.w./week)
Farmed Marine Fish
Olive flounder Paralichthys olva- o 04g 0.75 0.00400 0.100
Starry flounder Platichthys stellatus 0.036 0.15 0.00060 0.015
Korean rockfish Sebastes schlegelii  0.056 0.52 0.00322 0.081
Red sea bream Pagrus major 0.111 0.24 0.00294 0.074
Farmed Freshwater Fish
Eel Anguilla Japonica ~ 0.141 1.00 0.01555 0.389
Far eastern catfish ~ Silurus asotus 0.039 0.18 0.00077 0.019
Trout Oncorfynchus 9,031 0.01 0.00003 0.001
Islaeli carp Cyprinus carpio 0.049 0.05 0.00027 0.007

The weekly intake, Mean content of total mercuryxdaily food intakex7 days/63.5 kg (b.w.). 'National Food & Nutrition Statistics: based on
2012 Korea National Health and Nutrition Examination Survey. The percentage of the PTWI (Inorganic mercury; 4 pg/kg b.w./week) set

by JECFA.

(Pagrus majon)2] T-=-o|A4 0.111 mg/kg, @5 snakehead
(Canna argus)®] 750114 0.162 mg/kgl 2 7} =7 Yel
o 3 of50] -8 L Mol fofsi B REs
BATHEE>7Bol 7)) (P0.01). O]9} L& ATHe 5347

o572 7} 7|arte] Aejsha] H sk zpolof o) of7|H Ao
2 ARSI upRuo 2 ol B7} Ak aloln 28
T2 gt 44372 JECFAO A A4t 7]+
© PTWI®] 0.001-0.389% 4220 2 b4 A0 & Lpepyc.
b 2 AT ol o fellE A O AnE e
O 3t FolEd o AoleE H7HE SRt TR AHEAlY
o = qlen, o Rod fallEd 2ol et A& A=
&g 7 Aol

Al AL

o] =g 2015|% FHpAbEh ANLER AR
(R2015062)2] A o2 =35 Atoln] A-tu] 2| of| 7hAL
=gyt
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