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Abstract

The purpose of this study is to investigate mercury content in fishery products on local
market and compare the difference between various groups. The method validation was carried
out with oilfish and mahi as matrix. The coefficient of variance in precision determination was
under 6.3%, while the recovery was between 95.2-95.9%. Furthermore, two standard reference
materials were used to certify the accuracy, which the recovery was above 96.8%. This showed
that the method is suitable for mercury determination of fishery products. The limit of detection
(LOD) and limit of quantification (LOQ) of oilfish, for instance, was 0.39 ppb and 1.30 ppb,
respectively. The mercury contents of 23 kinds of fishery products, included 211 samples, were
determined by the established analysis method. The results indicated that the average mercury
content of blue shark, oilfish, and swordfish, which belongs to large migratory fishes, were

0.647 ppm ~ 0.619 ppm and 0.556 ppm, respectively. These can be classified as fish of highest

mercury level, since the contents is larger than 0.5 ppm. However, the mercury contents of tuna
and mahi were lower in the category of large migratory fishes with value in 0.204 ppm and
0.126 ppm, respectively. The mercury contents of middle/small fish, in species, and freshwater
cultured fish were 0.084 ppm and 0.014 ppm, respectively, which is belongs to fish of least
mercury. On the other hand, the fish floss contained the highest mercury content (0.05~5.45
ppm) of fishery products, included canned fish (0.028~0.079 ppm) and fish roe products
(0.002~0.008 ppm). The raw materials of fish floss, including swordfish, tuna, salmon, and
unlabeled, could be found. The average mercury content of individual fish floss showed larger
than 0.5 ppm, except salmon as raw material. The ratio of methylmercury to mercury was 96.2%
for oilfish and 98.6% for blue shark. However, the ratio for fish floss, swordfish as material,
was only 19%. Thus, except a fish floss (raw material unlabeled), it could be proposed that the
content of methylmercury of fishery products in this study are in compliance with the regulatory

standard of food contamination.)
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AN

KEANRAENWERRE - A\GREFERE fUEEaRE A (Lincoln er al,, 2011;
Passos et al., 2008; Schaefer et al., 2014 ) » FJRAVBIFHE /T HER%TR S AR > FHERS A HETERERY
K ARG AEYINEERE S 0 FAlEHRESK (Lin e al., 2014) - SHEREERENELE
HEF A S MELEHR - (g EF e AR (Bernhoft, 2012; Lucchini et
al.,2002) o (At - RS EIFYE R SR 2 RGOk BB EE AR S E /T - IR
1% Watanabe % A (2012) BHFEHEHI SRS R & BAT RHESHLIAER (731G 95%LL B R RS -
Rt 7R & & A AAURS HE(S AR HY & & o SORE I R i ~ B0 - 33~ 4208
TURESEEA A JEAY IR S EUEAERE (Kim et al., 2013; Li et al., 2014; You et al., 2014) » Tfij
KAV R @RI a - RNREYBOCSIER A Y ZFERUE (Clayden et al.,
2013; Lavoie et al., 2013 ) » BBNE &HE SHYHEESK (Dabeka et al., 2014; Rodrigues et al.,
2013) « AR NI $HER BRI fURRY R S 82 01T BFEAIHRA (Chenetal, 2014;
2> 20105 86 > 2010) ~ FEFA (5& » 2006) % - MR e EAETS (1 - 1996) Al
BpElE (0 2013) Z/KEmAYR S EMLGEEE - HikerEtEr E SfER & 20
vapriblll o

R - AWFE st NI SEIERET 23 A > 211 [ERmETRE 8N &
FREILAR M 75 - WELTITAMERG Fst ¥ /KE il DLy R 1T oo i - T0ARIE
Natural Resources Defense Council (NRDC ) -Consumer Guide to Mercury in Fish (NRDC,
2014) MYHRE - B RES B (KK 2 & (Leastmercury ) @ SR8/ 0.09 ppm & 5 H
k& & (Moderate mercury ) > 0.09 F] 0.29ppm ; =7k &= & (Highmercury ) 0.3 #] 0.49
ppm : MLm= (Highest mercury ) » ZREE S 0.5 ppm DA VU{ELR IS TEE
e DMER & RERISRIEY MERsHE 225 -

B ~ MR A

—
AR 2 2013 4 4 % 2014 48 4 FRS > SRFR bR BB O 3% B
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TRESE o BR S AR - B (Mahi, Coryphaena hippurus ) ~ fff ( Mackerel, Scomber
australasicus ) ~ 7K & ( Blue shark, Prionace glauca ) ~ i f ( Oilfish, Lepidocybium
flavobrunneum )~ 24 ( Scad, Decapterus russelli )~ £k J] £ ( Pacific saury, Cololabis saira )~
i &5 (Bonito, Katsuwonus pelamis ) ~ 2238 ( Tilapia, Oreochromis mossambicus ) ~ /58

( Sea eel, Muraenesox cinereus ) ~ {175 ( Wahoo, Acanthocybium solandri) ~ iz ( Catfish,
Silurus asotus ) > FRFA YUY (Fly fish roe, Exocoetus volitans ) & » Y B E & KE S H
T o Sy E RS Fe 5P IEAE 2 (Tuna) ~ JEE (Swordfish, Xiphias gladius ) ~ %
f4.( Cod, Dissostichus amissus )~ fifg £ ( Seabass, Lates calcarifer )~ H i ( Shrimp, Litopenaeus
vannamei ) ~ 58] ( Clam, Meretrix meretrix ) ~ 75 f (Hairtail ) ~ FH (Ayu ) ~ 52 (Sea
bream ) ~ Fixan o W HAnAIEER (Salmon) ~ #f (Tuna) ~ FZJJf (Moonfish, Mene
maculata ) ~ §fif& ~ F5% (Fish floss ) ~ 4L BEHE FifEHH ( Canned eel ) ~ JHIE A FifEHH ( Canned
tuna ) ~ finHF F#EEE (Canned mackerel ) S RIERIE EEE T R 4l n - Heat 23 AUH
211 {EEEA - BregiE e sn VIR E & 2 W E IR B s/ HERN BRI B /IORERERRS -
EREFE R EE-20°C HikfE ] -
NS Dr

(—) BRonFiEHE

EEaHEF CEM ZEAR U F R .48 (MARSXpress™ ) » 2% US FDA EAM : Section

4.5A GOREAL TS A B Entwisle (2004) MG AN LA B - EURZY iy R AT HR /N S8 Y B 1A
Sy RIRETEEY 0.5 g BEACHEHEF > J0A 10 mL B¥& & 2 mL ‘BE L SR E AR HLIE
A SO H B R E R R TIRRFRT 15 38 - JRE 200°C » 4 20 774 » I
FREEMERME * 8 EaiE 800W » 16 EEE 1600 W - RFE=ET58 2 A1 BREUH -
B2EF MR (2012) Fampiai )7k  REBBRAROZ B LRERTY 50 mL EEFF - L2
KGR =2 TR —0FERBAN - BASRG - IRIIECEAR B8 R
Baible - SARIEFEIN P RISE I BT B » [0R 18 DASI/KATEERY S0 mL E 8 -

(=) KB RITEMER

AL N

1. RagE

KRR E B 1% 2 BRDHBEE S - B A S ZEFORE e (M0 Autosampler
AS528) (Analytik jena AG, Germany ) ¥{T M= » AR BRIFAIT R - 51
mPk 2 EE T FHE SO E RSS2 O A E A TR B PR

IR  BEHERIITE - Bz A EEIE - FRDMREBI Aok e E -
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€= W
Crrank =ZE [H/7K & & (ng/mL)
C= g EE (ppm) V= B EE5E (mL)
C rest=al Bk & & (ng/mL) W= BMmE (g 8¢ mL)

RIERIK BN ERE R R Autosampler FE{ER{:
AR 253.7nm MRFERE S U=E ]
B Peak height/25 sec MRS TELL 3000 wl/6000 pl
Cycle time 40 sec i) Water
RS 3 Da iy i) 5% el
AERERFH 10 sec
RS TE 1 mL
2 R FE 10 sec
SRR HE 2R 10nL/h &5
HFR 7% b i
L9713 0.5% %

THHESRAS 99.999% R,

2. JiEHER
(1) fmELRET

10 pg/L FRAEREIRE 50 M1 BeinfifiN - A BBk asta e L E - [FRF DASKIE R
22 A A S — Bl - BEA BB EHEE L E - TS SRR ARy 0.5 ~ 1.0
2.5~5.0~7.5F110 ppb > FHITEEMEELER - R FTEAE 0.995 DL L -
(2) HEE R - E R AN T RS

2% T et el A 2 Mo ) (e & m S EEE - 2013) » AN
Fransr AU BB O8R4 EAEGUR - F—RNRICR S BT Z A HE SR - &y
Fo BRI AR TER TS - TR EE TR T R A Z S8R HE3 H
B HE T -
(3) HERERE ST

AIEeREER - 2% T et el A 2 o E  BNJTE (AR &

SEYVEHE > 2013) 0 K5TELY 0.5 SEHHARIEE A - 2RI ARIIAIIA 0.25 AT 0.5mL
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{17 1ppm TR » KRR 2252 S0ml » {5 0 ppb, Sppb I 10ppb YRR
B - HUE— R POREATR 4 BT - RIS TRA Y Ra AR AR &
5 BUR R - FER R RN » BT ERREE -
(4) BIEELAEIE (LOD) BLERFIR (LOQ) HIHlE

2% T @SBRI TE Y HERORR ) (R AETERIN & B ST - 2013) » DU
SRR TR 2 R S ARSI B IR 05 - HL SR © B AmE
(LOD) =3 s/m » TiEERMIR (LOQ) =10s/m - s : fEH » m : MR L A1E -
3. MRESEYERS

Bt S E YIS I I ABIRFEr (NRC) (9£9% (Dogfish) HLPAJ) ( DORM-
4) BRE{EE 041+ 0.055 ppm FEXHARFAHFFEF 0 (JRC IRMM ) H98A HLIAHS ( BCR
463) - BRI 285 + 0.16 ppm  BRELAIHIIGER 3 7 -
4. FHF AR

LSRR S L A KRR SR 7RI T AR TR A T
EOBRBA R AR A TR TG - HT A (S 102 429 H 6 FIH#% &85 1021950329
PASETE T AR BB % (GC-ECD) | #E(TatEh -

%g

— ~ AT AR
(—) Hhrs

Rt A2 R > DUB SR B O TR oA - ERERIE] H o s SRAVEE R
MEGEE D) » SERBURHFARYREE 5 0.711 + 0.032 ppm » HEEFRES 4.6% - & &A1
F50.045 £ 0.002 ppm » EEF(GAT L 4.3% » IEFE/ N 5% ©

LR EEEE - Ry = HEEETR SR - FresERazk 2 - A
TR AR R 0.753 +0.033 ppm » ELTEEEER 4.0% - BEEAATTIIRE BAIS 0.049
+0.03 ppm > SEFAREUE 6.3% > HE/INL 7% > BUTIRE AR il #%2 Z #iF -
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Table 1. Repeatability of mercury determination in fish

Fish Hg (ppm) C.V.(%)
Oilfish 0.711 +£0.032 4.6
Mabhi 0.045 £+ 0.002 43

Values are mean + S.D. (n=4)

* 2 BRKEESTTZPREGEEE

Table 2. Intermediate precision of mercury determination in fish

. Hg (ppm) 0
Fish Dayl Day2 Day3 Mean C.V.(%)
Oilfish 0.738 £0.013 0.734£0.020  0.788£0.034 0.753 +£0.033 4.0
Mahi 0.046 £ 0.002 0.048 £0.002  0.052+£0.002 0.049 £0.003 6.3

Values are mean + S.D. (n=4)

(=) el
1 [Ee

BSHIE F AR SR A AN IR - BEBRLA U BB B BT 3 IR ISR (B ELE A
AR RATRAI S I S ppb K 10 ppb > SEFANZE 3 Fr - S AURAN S ppb 2 10 ppb 5%
SRS 2 (IR RIS 93.4 + 5.4%% 98.3 £ 3.6% » EEEFLABIAILE 3.7~5.8%
i - B £ VRIS ppb 2 10 ppb BYRRIEZT » LA E 5 2 H 5 9414 1.9%
T 96.2+43% » EEGHIEEIRE » N1 2.0-4.5% 2 [ » T[RRI 95.2-95.9% » B
RO T AR o L BT S -

® 3. AR E BT Z B

Table 3. Recoveries of mercury determination in fish

) : Determined Recovery Average
Fish Spike (ppb) Conc. (ppb) %) %)

Oilfish
5 4.68 +£0.27 93.4+54 95.9+6.5
10 9.83 £0.36 98.3+£3.6

Mahi
5 4.71 £0.09 94.1+1.9 952+47
10 9.62+0.43 96.2+4.3

Values are mean = S.D. (n=4)

111



T EKEMRK R

={ii'
&H

Gvagin

2. FAEESEYIE (SRM) Z45REEE
Ryl — P WERIR B 2 0 TaE )1 » By BRI A HIEE 2 S A 25 YE

(SRM) 1ERIEA » TR &8 2 irth ¥ - RIS RERF R B GiRESEY/E
Fyre# (dogfish)FLIAIKY (DORM-4) » HEGEE{EHE(E 0.41+0.055 ppm » 554p » BUHEAEAE
SEYVE RiEFE A (BCR-463) » ERs8 EHTELE 2.85 £ 0.16 ppm  » &3R4 HE
43R0 E 0.397+0.017 ppm » DLR, 2.83+0.07ppm (3= 4) » SEHEMEUCR ST B 96.8%
F199.5% ¥55&" i b2t )7 A 2 HERSUREL (A ErE a L EEE HE > 2013)
P31 #ilE - B B2 o iRe ) -
= 4. DRSS SYERHE AR & B i 2 2B

Table 4. Accuracy of mercury determination of fish estimated by analysis of standard reference
materials (SRM)

SRM Certified mercury content Determined concentration Recs)very
(ppm) (%)
NRC DORM-4 0.410+0.055 0.397 +0.017 96.8%
BCR 463 2.85 +0.16 2.83+0.07 99.5%

Values are mean + S.D. (n=3)

(=) ARG (LOD) FliE &R (LOQ)
ST TL 2 D7 AT B AR HIR (R R o SR 2 e » 45 SRETRAZR 5 0 3 Al
JE U R 2 EHRRDNER £ 0.0039 pg/ L MEBMRIRAS 0.013 pg/L - YA
B A AR MLMRRE 100 & Ry oAl Z R - BRI A i 2 S (R R AR IR SR L Ry
0.39 ppb » & EARPR A5 FIl By 1.3 ppb o 7 Sl & 1Y S SRR PR E SRR A A 0.31 A1 1.0
ppb

5. Rl gk 2 B R R IER (LOD) fE&EMHE (LOQ)

Table 5. Limit of Detection (LOD) and Limit of Quantitation (LOQ) of mercury determination
in oilfish and swordfish

LOD LOQ

Samples Standard curve
P (ppb) (ppb)
Oilfish Y=0.09216x-0.00216 0.39 1.3
Swordfish Y=0.07982x-0.00385 0.31 1.0

=~ mEKEMNREE
(—) AR I
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ST R fe O L 5 /K& (blue shark ) ~ S Coilfish) ~ 4 (swordfish) ~ fif
fo (tuna) FeBEfH (mahi) FEEET 105 FFEL 2Rk ® - HEERUFE 6 - En-Fokas
PA7K#: 0.647 ppm £z 15 > A 0.619 ppm X7 » REARAS 0.556 ppm > #1LAZE[E] Natural
Resources Defense Council (NRDC, US) HUZR& &R > DL E = E ¢
HPREEIARNL 0.5 ppm ¥ B m K e E A (highest mercury ) » FBSA2 S © 1
fifs f BLEE (R PP R 2 & 3 Al By 0.204 ppme B2 0.126 ppm - HIGHARE/ N 0.5 ppm > &8
TR 0.028~0.512 ppm Z[H] » [ T — (G FE R GnkE & 0.5 ppm Z4b > HEREH B F1EE

T RE N ok 2 E S (moderate mercury ) ©
F6. W AR AIE R E R

Table 6. Mercury content of large pelagic marine fish

> 0.5 ppm

Samples Sample Mean Max Min

amounts amounts %

Hg (ppm)
Blue shark 36 0.647 0.989 0.234 25 69
Oilfish 17 0.619 1.008 0.216 11 65
Swordfish 23 0.556 1.518 0.036 12 52
Tuna 5 0.204 0.512 0.065 1 20
Mahi 24 0.126 0.398 0.028 0 0
Total 105 0.430 1.518 0.028 49 47
KA IR BT - K RIS R S - % DU KBRS (REE AT - 535

DU ERI R SRR - Ka R I UKEL KR - BRGERBRHKRS8E 0.234-
0.989 ppm Z[H] (% 6)- JifiFE A (2006 )Ml & % YR 2 E &G A Fy 0.644 +0.295 ppm >
BE&E RELA TR EAAT - ARG 36 [Ehiin A 25 MFRaHIZR & & A5 0.5 ppm>
JRENE 69% HyK@Eh ke B A - BbEEs o 2800 » IRITEIAEA R d e f o
FERECRAYREE R 2 ppm LT - XAREE Watanabe 22 A (2012) BFEfEHIflGR &
BAERBRHLREN IS 95% A ERRESR - AL - A A AT e BINER Z
RUE -

EANEGE - EAEIER - HIEREPEEETR AR - Bty FIEEEHE - B R
BAEHRME > HREESH 0.036-1.518 ppm Zf] - fE{E Ry 1.518 ppm [ {EF %

IR ZEREAE - 23 PR 12 (56 0.5 ppm > {5 52% - Hm 17%A05% 1.0 ppm
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fR (2004) fpMlRliE gk 2 EEAE 0.04-2.74 ppm Z[H - EEATCHEHEE T - FHFE
B 5 1.0 ppm > BEAEFEREZ 0.556 ppm 5 ©

MR E(SRRE Ty 2 — e EA - BN FTESEREE R - 5 F Mg as
R - TEMAMRIR AR - HAS  HREAGHENRE  RIEHEYER
THHGTEE TR - NI EoR & BINZRT - AEER e R & & F9{E F 0.619 ppm
BUE ST 0.216-1.008 ppm 7 #& » HEFHENB R =R &R (50.5ppm) » 17 i
rn A 11 AR 0.5 ppm- {5 65% - SZERIE H & B SIS E 2 H iR S8 1.72 ppm>
FUES I 0.90-4.01 ppm > EJFEEHEZ HifE ok & &R 0.93 ppm > M)A 0.44-1.59 ppm
Z e (B > 2004) « AREEOANE([E 2/ NRBR (2004) 2455 - HEAMTRE R R AR K/ R
[EIFTEL  BORA FEEERTIE -

PR 28 By 0.204 ppm > SrAf#EiE Fy 0.065~0.512 ppm - 5 AR Sn A — 1R
i 0.5 ppm 0 {5 20% o FEEARIR B BLIA R KA RIS EIIE o Nakagawa %A
(1997) stHARGHEVELEERE FUETTHE - SPPREEE 111 ppm - PAGHEIE K
0.36~5.25 ppm ° &} (2010) WH7E R HEGHGREEF 0.786 £ 0.386 (0.324-3.133)
ppm ; $8 (2009 ) BHFCERAFEREEHHIIA H 8RN AR & 2777 Ry 0.435 £ 0.145
#10.279 £ 0.087 ppm - AEEAEMHERE » HAEREAREEEmEERAR -
ATREZ RyRe Bl N2 B NEEUER(E - NEERE B - VRN SRR -

BE RS R R > RUR RS » Ry d MF SRRy £ 2l - 24 (g AR & 8 F
HI{E A 0.126 ppm > S3ATTfY 0.028~0.398 ppm - AGHE(E(TBE kR AR 0.5 ppm » BLTRCE Y
FEELES » R EERIE AR &8 B 0.126 (0.028~0.398 ) ppm Ef#H (2004) 0.22(0.12-0.38)
ppm Jz US FDA EEMIET#E] (USFDA, 2014 ) 0.2 (0.04-0.45) ppm FHEZ - AREERI AT H
(I B (2002) 19 0.138(0.045~0.506 )ppm F1 Adams (2009 )5 0.100(0.012~0.55)
ppm FYHT4ESRAEAT - B ok & B HM S et A SERREEERERE &
A 100 AR EREGAR - R ERAVE LA B L H RIB/KEE A
(Choy et al., 2009 ) -

Grabl b K& i EAEREREEEE - HHIEA S0%H& ok & Bl
0.5 ppm - [MfffH ~ BRAABFRSEHH > /M 0.5 ppm - FrAEMARF SR
PRIVEFREAE -

(=) Ao

R T RPN EER S B ZTER - FREBFCFIERE E Ry 0.296 ppm 0 S ATEE
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F50.130~0.412 ppm » 6 A in A 3 A-EEHE 0.3 ppm » {5 50% » {HXF K 0.5 ppm > |
Wi Rrhok S B AUH o HERAVALHEE (Seabream ) ~ fZ7] (Moon fish) ~ 4 (Cod) ~
f175 (Wahoo ) ~ fif (Mackerel ) ~ 52 ( Scad ) ~ H#5 £ (Hairtail ) ~ £k /] £ ( Pacific saury )~
/i (Eel) FIfiEfE (Salmon) M1+-#E (Kingfish) FZEHMERKIEE (Hg<0.09) ppm -
HC i e Bl £ R L1 - HLER BT - AERH 5 maRkE g 0.057
ppm > S3AFHEEE £y 0.013~0.121 ppm ZfH] - DIJEAYR S ERI R 0.045ppm > SR HIE]
£ 0.015~0.086 ppm > [FIFHES A NV RS AR Mtd sy RoR il o PhaE el Park % A

(2011) fllfE AR =& (0.06 ppm) KEKJJEAVZREE (0.04 ppm) HYHTEE R
Bl = 554 » S50 FDA e 20~ B By LA (king mackere B ACH 7~ i f& (Spotted
mackerel ) [FERFAEE - HASTAIR/ N &R B AR -

&L & (cod) FERM M THEIZIRE AR BEFEAREEE & - B - EZ2HR
A A RERAR RS AT & > ARE R - FHEhiGETiE At RKeE
F50.072 ppm > 712 0.032~0.108 ppm i) (£ 7)  EHESKFIE - 78000 » @A EH#
AR IS Yok S B - AT R R SR TR AT EL -

R 7. NSRS E

Table 7. Mercury content of fish species in small and medium size.

Samples :;rgﬁ:ﬁs Mean Max Min
Hg (ppm)
Bonito 6 0.296 0.412 0.130
Sea bream 3 0.101 0.126 0.063
Moonfish 2 0.080 0.095 0.066
Cod 4 0.072 0.108 0.032
Sea eel 1 0.072 0.072 0.072
Wahoo 3 0.057 0.120 0.021
Mackerel 9 0.057 0.121 0.013
Scad 8 0.053 0.169 0.010
Hairtail 3 0.050 0.074 0.023
Pacific saury 9 0.045 0.086 0.015
Salmon 5 0.017 0.026 N.D.
Total 53 0.084 0.412 N.D.

N.D.: not detectable

HY BRI ] st S 4 Bk & B e MR R A AH R SORR( B > 2006; [
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2004) DLRARE SR 2 S3AréE R - B AIPEREE R 0.050 ppm > 712 0.023~0.074
ppm Z AR PH7R 28 fy 0.045 ppm > 714 0.015~0.086 ppm Zfi] - HE{ECK A
o HBERER LA -
At AR NE TR B B SEM EASRE - NBAIE IR S EHEAEEA - Bl
3RAOER  KEE(EA 0.055 ppm » FHECKEH - MILEALEFZREE s 0.73 ppm
(US FDA Mercury Levels in Commercial Fish and Shellfish 1990-2010 ) » #7EF4E =k A
M- il b NS - R RPREE R 0.09~0.29 ppm YR &5
B/ NS - (R BB EoR A -

(=) RKEFHE/KE

FNAER /KB FE /K v Bl 5 i 72 Seabass )~ 7 F( Ayu )~ H #( Shrimp )~ #5451 Clam )~
LiF[fA (Tilapia) ~ fizfé (Catfish) T 2 SRE B IITEE R 8 - BUREE AR S & 0.043
ppm > Sr AR #EE /1Y 0.033~0.057 ppm 2 [H - FHECGKEEAL 0.021 ppm » 3AFR
0.019~0.023 ppm ] 1 AR & & £ 0.007 ppm » H&#[E RI[ £ 0.003~0.010 ppm 7 fiF]
SRR SR ED AR & 2 B E (R S EE9 £ 0.006 ppm > 73 AF#EE R 737 £ 0.004~0.009
ppm FI7pj7A 0.002~0.008 ppm [ » {Efz A HIRIBHIR S & - BURNEE/KESIREKE
HAEMEEYE O ESB S E 590 FKERREDR - AREE - K5
TFEETRE IR E#K  (Sharma et al., 2008; Ward et al., 2010 ) °

%2 8. KB AKELZREE
Table 8. Mercury content of freshwater cultured fish.
Sample

Samples Mean Max Min
amounts
Hg (ppm)
Seabass 3 0.043 0.057 0.033
Ayu 2 0.021 0.023 0.019
Shrimp 2 0.007 0.010 0.003
Clam 7 0.006 0.009 0.004
Tilapia 7 0.006 0.008 0.002
Catfish 1 N.D. N.D. N.D.
Total 22 0.014 0.057 N.D.

N.D.: not detectable

(M9) A T adsn

ol SR AN T8 L3t 31 ¢F > /B AR (Fish floss ) ~ f#PESH (Canned )
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A B K ok e B
Je N (Fishroe) = KM (£ 9) o AFERBIKREATRIERIRE > REASE - 85R5R - A
R R i AR ST 14 EEEA - Hrp DRI R il R R e 8a e
HAEE 2.313 ppm » S ARHIEILE 0.58~5.45 ppm [l » ARS8 5 0.754 ppm

IR 0.34~1.12 ppm Z #Hi[E > §FFAFAR 2 E A 0.505 ppm » 434f4E 0.34~0.67 ppm 2
#E - kR E BRI - #75 0.264 ppm - AAHEIELZE 0.05~0.40 ppm © RATR
fAfE SR AR AR RS e R R E D o

SN R 2 R RSO R B Ho 4 (RREARHEIEI(E 0.58~5.45 ppm v FA A
0.5 ppm - & ] EESH Ry sk o = AU 2 8, Hm s iE 2 5.45 ppm > (EZEAE
BN T RRRET AT - DIHFUREOR B 60-63% f A SRR T DAEDHE R (4%
TR E AR R - B R SRR » 2011) > HERIHFURER & 2495 3.27-3.43 ppm 2
#HiE > CHIARA—MREER 95%LL B AFESR » IR A FRHEZA R AR BDm#%:

FUBRTEE > HE AR AR R ECR IR EARAE 2.0 ppm - JEFGR S MRRGaPE 4 (5
i 0.5 ppm » {55 80% ° BHfARZ 2 (FEALTA 1 (568 0.5 ppm > {5 50% » BAFA KAHAGA

R T AR R AR - ISR AR R RTS » LI Ta% - BRR A
LS - BEFURRSE 3 (FBEAS » RERIIER 0.5 ppm -

*O. MEABINITAENTREE

Table 9. Mercury content of fishery products on local market

Sample ) >0.5 ppm
Samples Mean Max Min
P amounts amounts %
Fish floss Hg (ppm)
Swordfish 5 0.754 1.12 0.34 4 80
Tuna 2 0.505 0.67 0.34 1 50
Salmon 3 0.264 0.40 0.05 0 0
Unknown 4 2.313 5.45 0.58 4 100
Canned
Eel 4 0.060 0.071 0.051 0 0
Tuna 4 0.060 0.079 0.048 0 0
Mackerel 3 0.042 0.053 0.028 0 0
Fish roe Flyfish 6 0.004 0.008 0.002 0 0
Total 31 0.129 5.45 0.002 9 29
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la EEESAGRRERE R N2 R SR - ST Z SRRE YK & EEHEE R
R R Z R E & - HIHEH BB E SRR 0 - A RERRAERHR FRK 0 i i S A R YR &
SRMERG S - 2012 A AR Y S A4 BRLN S SR R E AR (F 0 2012) - &RHEHIA]
BE ANz R &R AN BT IATATSERK (Amlund ef al., 2007; Dorea, 2006; Mahajan et
al.,2012) > f&iy (Fishmeal ) Biga5Z (Fish floss ) 2S5 {0l ARz RSN, - FRRE FUH
AT > H TR BN i AR f 2ok & BRI Ry Uz ih (Fishery products )
HOREBINIREES 0.5ppm - FUTEEKEE (EFSA,2008) {F Rk} - HE7REIRA ]
i 0.5 ppm © SAEERSTEAFOR T ZRER » [FIEEFOR 2 &S HEAE
B SRR T R MR FR S MR VB TN SR [F] - ATRET N g e B R & -

AT LA A RZ Rl (£ 10) » AR & EFRERMN TERER I - HtHEE
#74 0.23 ppm- ({EEETRE & 19%  BHERN—R BB HER S E2(54OREAVELHI(95%
PUE) » AREERH /KR R R ESRELEI B4R 98.6%F1 96.2% (H3% 10) - HH
FERRR I TR S S AR 2 B0 (B gl A R & ) » HATREREE
JEBB AR - (R > AR R A AR — (- ok & E = 5.45 ppm » 5 DL
FRIGH 19%: B ATFHEREZEL F 1.04 ppm > {5{EJL 2.0 ppm -

R 10. ARNERZHEKIRGE

Table 10. Contents of methylmercury and mercury of fish and fish floss

Methylmercury Methylmercury(as Hg)*
Samples Y Mercury (ppm) /Mercury
(ppm)
(%)
Blue shark 0.64 0.598 £0.019 98.6%
Oilfish 0.48 0.459 + 0.022 96.2%
Swordfish floss 0.23 1.118 £ 0.109 19.0%

* Methylmercury (as Hg) = Conc m-ng X (MWhe/MWwm.Hg) = Conc m-Hg X 0.92

e R ALY PK 2 B 0 ITEE SRR 9 S PR A8 S BN A S IR 7R & B 5 Ry 0.060
ppm > EAARHEIE S B 0.051~0.071 ppm F1 0.048~0.079 ppm 2[5 » [fijfs A RETETY
Ka BRI > HAE /R 0.042 ppm > SAAHEE 0.028~0.056 ppm - =F (oK f
(B o AT AR IS f EBHK & B8 Shim 5 A\(2004 )i IS e iERH 2 BUEHAT( 0.055 ppm )
fif fr EBR A B light tuna (0.052-0.340 ppm ) HYFEEIAHAT -
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Fig 1. Comparison of mercury contents between fish raw materials and its processed products
from local market.

1b By 2 SARETHELFURL S A 2 Rk & B PR - SR ARETERYZR &8 (0.060 ppm) 21K
REAFEP (0.204 ppm) » (118 B HETH K fF AEETHHY K & 878 SRR A R R - BUREE
SENN T AT RE & s A AR 2 EHY T 2401 > Rasmussen and Morrissey (2007 ) B5E6H
fEEERTE R 2 ENE(L - SRR EEERD 12.8%  MRERRIEHI23% - 5F
RATENE R FR AT N E R /KB SR E R G 0 ETEAE TR R o R A BH BN A 8
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(Shim et al., 2004 ) - [Nt » AEERER R — P HIFEIILAEE

Sre b BUREAII T ESA I T A g B iR e s fREEITE
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REGH LAY T HIFERTYA R — P HIRERET - A AU -k R A TN 7R
TITéER Ty 0.004 ppm (R 9) » BURFINHYZR & B - fERR G E Eg 2 & -

k

=L
=R
/\
[===N

=

AE R A RE AR S BRYJTA - el 211 fKE s o A R R e
K%~ BEARDHERPR S EAR 0.5 ppm > BB R K S B A - Hagh/ il

W R BRI S L SRS T AL AR & BB 0.5 ppm - I LIS K
TS TRSCTEFIT L » (L EL R R HOLL VA TV T ETEDIS R S T R
ERIIE TR RISRIE - DFER(SOR S BOLLOIE SRS R TR
211 Pk B P T— R B TISOR A EY BRI « Eob K Sl R S BIPIE
A -

SE R

PEE - 2010 - HIEREE MBS A RORE SR I - B PUIREERA
VIR RS R WA iR 5w S - Sl -

FEAOEE ~ BRAER ~ FRSEE ~ OPHES - BRIGAD - B0RKE ~ FHZEE - 2006 - S8 HME T &
R ESE S BN IARS KER Z R - e miniaEiRE R E R 24
401-420 -

AT TR - 2012 S BB AR- IR - O GE EMHIE BV TP HYK - e SRl R B e 9:2158-

ST55EE © 2002 - SEEHVJEGNR & BST » BIIL T IR ER R &R e FThE L3
I -
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