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Concentrations and Risk Assessment of Heavy Metal in Shellfish and
Crustacean Collected from Vladivostok Area in Russia
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Exposure to heavy metals through the consumption of contaminated seafood poses a health risk to humans. In Korea,
seafood imports are increasing with consumption, with the largest increase in imported seafood coming from Rus-
sia. Peter the Great Bay and the Razdolnaya River are both major fisheries and protected areas under the Northwest
Pacific Action Plan located near Vladivostok, Russia. This study analyzed heavy metal [cadmium (Cd), lead (Pb),
total mercury (tHg), and total (tAs), and inorganic (iAs) arsenic| concentrations in shellfish and crustaceans collected
from these areas. Except for 1As, the major toxic heavy metal concentrations of the samples met the national stan-
dards (Cd, 0.024-0.982 and 0.003-0.379 mg/kg; Pb, 0.021-1.533 and 0.002 mg/kg; tHg, 0.006-0.015 and 0.036-0.097
mg/kg). The tAs concentrations of three samples exceeded the Russian standard (5 mg/kg, wet weight), whereas the
1As concentrations were extremely low (ND-0.033 mg/kg). Compared with the provisional tolerable weekly intake
(PTWI) of the Ministry of Food and Drug Safety and Joint FAO/WHO Expert Committee on Food Additives, the
percentages of PTWI of Cd, Pb, and tHg were 0.239%, 0.001-0.049%, and 0.013-0.302%, respectively. These find-
ings reveal that there is no potential health risk by heavy metals through the consumption of Russian seafood obtained

in the surveyed areas.
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o= 4k, T E YA #1712 T vk f3 9
=50 o 7Y E AL e H(Bhattacharyya et al., 2013),
o|ele AT AE L FE I 7|2 AL S Q)
Sko] At 509 B9t 299 Hx=rF G55 tH(Reddy et al.,
2007). FUE FlEEES 5 AHAY o3t 9 A&
S12] Q 9lof| o} ekS: 7] X tH(Zhang et al., 2010). 43 E2 =
TS AHHoR B FhoA 3] AFCRE BAS
A th(Firat et al., 2008). L3t S50 2317 of| A A7|7F

§]'o
KeXe:]

A1) u ol Aol fof Rlom 23t 4 glov] 5
AR AABA, HAPY o) SHOR A8 $349 &
2] 2217} E=th(Huang et al., 2007; Cheung and Wang, 2008).
S4) 745 FEe AskeA o)z ola) ot o
Ao A9/ AU HOR Be FE4S FHsH Aol

9 E}(Batvarl et al., 2013). A 9] B A7 Fafst
Fadol Ut =E5ES B3] fl8l 72k 2bRol disto]

NZEFAL ARSI Q) T o A= A Z o] ok ol 2] of A
9 572] 7% o 2.0 mg/kg, 7H=+ 2.0 mg/kg X F5-2 0.5 mg/
kg oat=, 7H2H79] 749 0.5 mg/kg (T, WS gt £
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AF= 2.0 mgkg ©]5h) X 7t=F 1.0 mgkg ofstzE A4 F
o] QITHMEFDS, 2018). 3+ =9]9] Fa< 7|14 A4 d
ko B A BU 534124 % (Buropean food safety
authority, EFSA), =AA&+14$]¢¥3](codex alimentarius
commision, CAC), 2] Alo} A5 o] ik A4l %) 7]
=74 WS ok Ak S 79 A9 1.5 mg/kg (
ol ol 7Heh), 7= 2.0 mekg (HAAIA), D42 0.5
mg/kg, +714]4 0.5 mgkg 9 % 2.0 mgkg S = 7 = o]
AL, H270] 9= o 0.5 mg/kg, 7F=4 0.5 mg/kg, WE
2 0.5 mg/kg, 71842 0.5 mg/kg D 2= 2.0 mg/kge] thato]
A= o] ATHMAPRC, 2015). HIEHS 9 72] - 1.5
mg/kg, 7F=+ 2.0 mgkg B T2 0.5 mg/kgo] A4 =] 3l
AL, 279] 9= 9 0.5 mg/kg, 7718] 42 2.0 mg/kg, T
0.5 mg/kg % 7F=5 0.5 mg/kgol| thsto] g% o] UTKEFSI,
2007). EUx= 3i52] 749 9 1.5 mgkg, 7F=4 1.0 mg/kg, 7+
250 5= 1.5 mgke, 7F=% 1.0 mgkg X 52 0.5
mg/kge]l tisto] A7 o] JItHEUR-Lex, 2015). Y22 97
of thste] T2 0.4 mg/kg X 242 0.3 mg/kgoll sk
=L glom, HzHRe] tigh 7]t AS (e (MHLW,
2018), CODEX= 7 2 2t 557 715241 2o] Aol
UA] BTHCAC, 2017). EZF HA|ok= B 7}k 2172 7]
21 10.0 mg/kg, 7F=5 2.0 mgkg, $4-8 0.2 mg/kg, ZH|
2 5 mgkeo 2 A4 0] QItHADCUC, 2010).

o|ef o], pARE AF ol &gt Bl =Rl FuE 52 T
2J5l7] flsf ikl tiet S LU= BUEHY 4 fls)
B7F A= AAAF & gt A olth skA|ut glAfob=
20179 715 A4S 9dEF0] 310, 443807 2 tf2 o7
& w7Hdol = B5F5FL(MOF, 2017), 2| AJof ikzof Tigh
frofEd LAE7F 2 8l BrrAA = F53 Aot 55
2 A HAlof St EAE S 9 Ql HE ST ATk (Peter
the Great bay)ol| A &] 4t F&2 B 450 ofj gt ¢ -H(Hines et
al., 1984; Vashchenko 2000; Shulkin et al., 2002; Belan, 2003)
7}t FEolar, 4=AkE sk dH(Shulkin and Chernova,
1994; Shulkin and Kavun, 1995; Tkalin et al., 1998)= 3131
o}, 232 44k dhste] 534 E4jo] ot Qe vjul
7ol it BlAlobe] =8 SAkE A4 (FAO, 2018)0]H, &
AE 3 oF B A A 2 (northwest pacific action plan, NOW-
PAP)o|| &3}0] 2452 0 2 Skl A slFo= f8f T4
o] 914 7IsAo] B2 STt RAE I (Viadivostok) 21
HE 2|4 (Peter the Great bay)¥} EEZtA|Tkof| (=
= 4% gk=EUoPd(Razdolnaya river)of| A 957 78 9 1t
715 3% A Fste] 7 dAtolA e a5 24 2 A= 3
72 A8ttt ofof] tigt B ATk gl Aot AbEof Higt
E} o5t A3}k (Shulkin and Kavun, 1995; Tkalin et al., 1998;
Kim and Yoon, 2011) % =t} sAHE} QFA/d HI WS 9]5}o]
=) AREo] tgt BF (3 A #H7H(Kim and Yoon, 2011; Choi

etal., 2017a; Choi et al., 2017b)3} S+ UJEFH O W, FAof =+
9] 7| &4 1} Bl 245 T o] & Fote] 2 AqtoflA] &
ARt Axp7E ) Entobd el & 3 f-5E QS o kAol
gk 4 4 RAS (2011)o| A A3 Af 5.0t A SA e E&F
A AHA ] 7 24425 vhelstn stk

ERTETS

A=

Tus T BA4E Slste] ARE Aae iR 7EAA
(Corbicula japonica) 207, W3 Mercenaria stimpsoni, Do-
sinia japonica) 1074, ) =7l(Anadara broughtonii) 37, 7}2]
H](Patinopecten yessoensis) 271, B3t &H(Spisula sachalin-
ensis) 574, ek 7)(Mactra chinensis) 971] ¥ 12V 25(7
AW AL the| e} F2 EE|5ke] BA))[7d 23 (Paralithodes
camtschaticus) 371, M-$-(Sclerocrangon salebrosa, Pandalus
latirostris) 2074122 2017 94 & Ao} el 5 sl Akl
2(TINRO-centre; pacific scientific research fisheries centre)
ol A A3 H AFE U AR Aot A Zejmas
7](Primorsky) A7+ & EefHHAES A s, A3 9] 7
¢ Bt EHAES QI gkzEUok Aol A AF skl ARE-5t
%CH(Table 1, Fig. 1). A& Aejgt 2t Al ms2 78 2
A 7H1E ol8-5to] 7HAR (R A W Al A)E +E 71
(Plytron, PT-MR 3100D, Kinematica, Switzerland)E ©]-8&-5}
of A ASFSHTE Al ZEH]of ARG-H =2 H A %ol 18.2 w7}
+(Mega Ohm) o]} 2] go| 245 ARg-a13l o, 7|7 9 87|
= 1% (v/v) AAHHNO,, suprapur 65%, Merck, Germany)&
A|=sto] ALg-aklr.

OA H A
245 24

e 9 AR FE4 24 A% ARE A=
(Freeze dryer, EYELA, FDU-2110, Tokyo, Japan)S ©]-&5}
of 39 BAVZE 7 B AR IIRCT, FE%
A o] HekA BHel-S 918l CRM (certified reference materials)
© =2 DORM+4 (fish protein; NRC-CNRC, Ottawa, Ontario,
Canada) ¥ SRM (standard reference materials) 1566b (oyster
tissue; National Institute of Standard Technology, Gaithers-
burg, Maryland, USA)E ARE-5H31 o1, 3l4-&-2 0] 5 ETE
4G o] §3to] 2 FE4 HAMI B 73] wasto] £
A5k 3 gkt vl wste] ALt 54 BAlo] Mg H
BE 22 10% (vv) B4 Helste] $34 w0 G Y
A5H. 0, HAG B2 H 4] 18.257-E(Mega Ohm) o]
Ao ol e4-5 A8 319ict.

4 8ECIER, W &, 28, e, U, ok, Frl2)
5AHAxE AR 0.5 g7 65% A4F S5 mLE 10 mL #
AEEH(Pyrex, USA)o| @il ufo] A2 o] 2 (Ultra-

ol | ot

o N 15
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Fig. 1. Sampling locations for shellfish and crustacean in Russia.

WAVE, MILESTONE Helping Chemists, Italy) A &-23f A+
Ao A 3787 B AIF T 7171272 271 124811 120°CO|
A 120 barZ 125, 0] 30 230°C, 150 bar2 15%, n}x|ufo 2
230°C, 150 bar® 10423t THA| 4 o & HAs}elct. Eolel A=
2% (viv) BARO 2 50 mLZ Ag3st3om, A8H ARE=
membrane filter (PVDF, 0.45 um)E ©]-83lo] &S A7
St 3 frAgtEetzor A2FRA7](ICP-MS, Perkin Elmer,
Waltham, USA) 2} A2 & 35] thi 2Aa}gich. 4o 2
Aof] AT EF-E91-S multi-element calibration standards
(Perkin Elmer, Waltham, MA, USA)E 2]4 3o ARE-3}3IT

T2 B sAAR AR R 0.1 g& 7HE7SE = of
W5 (combustion gold amalgamation method)S ©]-8-3]

43.45°

42.70°

— Primosky, Russia

131.50°
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131.99° 132.24° 132.48°
T 1

Razdolnaya river

o] AF-254 7] (Automatic Mercury analyzer, DMA-80,
Milestone, S&T, Italy)= 2+ A& 3 33] §H& 2431} &
2 BAS QI3 7171202 25 650°ColA] 90z, Kl
650°Coll A} 180%, 18] 32 o L7}3Hamalgamation)= 850°Ce]|
A 1222 AAs)S ). 7] 7|54 A= Easy-DOC3 22 13
(Easy-DOC3 for DMA, Ver. 3.30, Milestone, USA)2 AM&-5}
o] 4F=3H3iT)

H| 4 3}8F% 2412 Hirata et al. (2006)2] S 95 5}
o AR AR 9F 1 g& 50 mL YAEg 3ol AHeFsto] 1%
A HEES 111 (viv)E 42 84 20 mLE YL A=
golo] B 4 QLS i 3 1AZHESE 28
ARt o] & 423,000 g, 10:2)5t0] A5 the
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Table 1. Scientific names, state and collecting site of shellfish and crustacean used as samples in this experiment

Species Scientific name N Weight (g) Length (cm)  Collecting site
Corbicula japonica 20 13.5+1.4 3.4+0.2 Razdonaya river
Mercenaria stimpsoni 4 126.9+14.7 7.7£0.1 Peter the Great Bay
Dosinia japonica 6 44.0£15.7 5.740.6 Peter the Great Bay

Shellfish Anadara broughtoni 3 185.5+29.6 10.0¢1.2 Peter the Great Bay
Patinopecten yessoensis 2 146.7+0.8 11.2+1.0 Peter the Great Bay
Spisula sachalinensis 5 116.2+22.3 8.5+0.5 Peter the Great Bay
Mactra chinensis 9 29.949.7 6.2+0.5 Peter the Great Bay
Paralithodes camtschaticus (part of legs) 2 81.7£32.5 - Peter the Great Bay

Crustacean Paralithodes camtschaticus (whole claws) 1 156.9 - Peter the Great Bay
Sclerocrangon salebrosa 10 19.716.4 - Peter the Great Bay
Pandalus latirostris 10 16.1£2.4 - Peter the Great Bay
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Belgho R S0tk 2S4S T © W 5 AS0S B
membrane filter (PVDF, 0.45 um)E- 0]-8-3}0] o 1}slaL, 0.2%
AAF25 mLE ol 8310} 2% B]41e] o] % HANRE ALE
319t} CAPCELL PAK C, MG (4.6 mm x 250 mm x 5 pm,
Shiseido CO., Ltd., Tokyo, Japan)& ©|-8-3}0] H|4& S}e5S
2okl A A 2utE 07 A freddEek=nt
FEA7I(LCICP-MS)E o]§5to] /E =5 At
B4 BfskE 5 7 1H] 4 As (V)oll digt 2l&-2 CRM 74052
(Hijiki powder; National institute of advanced industrial sci-
ence and technology, Japan)& AR&-35}o] AF&5}+Si ).

Flofie Et

7 W A7 SEHETS 7Haw D)ol thigk s
T Prhe A4 # 2k (estimated weekly intake)2 A4 3
&, o5 2E49] FHF 368 (provisional tolerable
weekly intake, PTWDT} H|25}o] ¢ =(%)E 715t ch
AR AFol T Sagel et PR off 4
& o]-&-35fo] Ak=stoiTh

X o\

o

Estimated Weekly Intake =
mean content of heavy metal X daily food intake X 7 days

55 kg (mean body weight of people)

o i, p-elufel =rle] sl S AR 19 AHFE A=k
AAIAEAKHIDI, 2016) 4159 AFe] 2wg =3}
Qo i AlEtol Z3E= A% i AFHEe] B4
& ARgs on, i7 o] 49 037 giday W 12| A

1=}
& A= (%)= b= T Tl diste] AlEsd
(MFDS, 2016a) ¥ FAO (food and agriculture organization of
the united nations)/ WHO (world health organization) (JECFA,
2017yl A AT S AT 31818 Blashich
SAzE

57 9 4R AR FaE5 BEAET= FA4 594
S P<0.05 =04 T YA A (Duncan’'s multiple test)o]]
gt A skelen, SAA Y= R A Z=1(version
3.5.2)% o]-&5lo] ANOVA £4% 0 2 519ir}.

Zn 9 D3
sag

g {9 AR Fad 24 2ot digh g
01 Q]3] 27119 EEEZH(DORM-4, 1566b)S 0]-8-5}]
7Fateltt. S22 3482 717 91.9 U 84.8% = LFEyt e

ofl i

S R, HA, YA 2 W obd 9] F4E-2 1566bE A
819 01 242+ 72.4%, 72.9%, 85.4%, 75.2%, 68.6% L 86.1%
2 Uehton 32 9 gl DORM-4E AM8-519 o 7+zt
91.9% I 102.6% = VFERGT B 4 3}8HE 2 17]8] 4 As (V)
of gt L F 2T Eo 2 THE IS HEFEZAQ 74055
ARgsllom 11 Adl 89.8%F UERTE 28 A 9% LA
Za&of gt 31482 AOAC International (2016)1] A4 A A]
ek 3lg W R1(70-125%)0ll Fot= Ao s Yepyton, 2
Aol A B a7+ U HzHRol gt 24 Aaks A=dS
71 A0 2 ket

BAOK HE o 22ROl B34 Y

B uAA]) Hlwstglon, T ool SR syl
E3F A7 Blal EA-2 Ao 7HA | ghsto] vl
SFICt.

Shulkin and Kavun (1995)0]] w2 2 A|o}AF o i29] 7l =
SRS oF 5-10 mg/kg (A5, Tkalin et al. (1998)2 2.9-
7.2 mglkg (A57) L AR - Choi et al. (2017b)9] ¢
ol 4] 0.435-0.890 mg/kg O & B ialgich 2 o] gjEe]
7FEg FHFS 0.294+0.363 mg/kg (1.807 +1.979 mg/kg, 7
THOE AYA1Y ejAlopit B Ak R WA U
et 4279] =8 SRS 0.110+0.179 mg/kgo] 1o
], A8 A1 220 7H= g g2 Kimand Yoon (2011)
o] "3}t 2Alokake] 4L 0.014-0.205 mg/kg, AR 7
©.0.005-0.230 mg/kg® K113k v} 9111, MAFRA (2012)]]
A 0.063-0.762 mg/kg ©. & W 11| Q) H ofJLof| A o] 717+
O 7}=g oFe e AtE eAlobt 9 Al 329 7}
=5 o 9 Well dgleu, THE (2013)9] =4k 242472
7FEE el B E-0.018 mgkgH ot B UERT w7
9 2RO ZHe e Sl e] 7184 ) v wek ATt
= A3ttt

7] o S 0.259+0.562 mg/kg (1.610+3.444 mg/
kg, dry weight)o] 2t A8 ALl 7] o g2 2] Alobik
9] 7% Shulkin and Kavun (1995)°f] 23} ¢F 2-3.8 mg/kg (dry
weight), Tkalin et al. (1998)¢] <1.2-60 mg/kg (dry weight) 2.
2 Huegon o= A% AH Aot s 7o) o g
oF SAL 9] Hioll Ao, AR 3 7-2] Z-9- Choi et al.
(2017b)°] 0.025-0.086 mg/kg O = 1 o1 JLof| 4] 9] T 57-2] ot 3t
ol =7 vebgth 2] o o= 0.002 £0.000 mg/kg
ollet. AZtFo] o g = Uf4te] 79 MAFRA (2012)°]]
A1 0.005-2.52 mg/kg, THE (2013)]| 4] £-712-0.008 mg/kg >
2 RuEomn, & Ao A o] IH2HRo i akero] A3 A+t
H FuE AzbRe) i SR WA 9 el d9lck b
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W Ao gk Se] Z) R AT v A o)

242 FFEES 0.011 +0.003 mg/kgO =, Ad)
=l Ak 95 Z3HzE¢] Choi et al. (20172)2] 0.019 +0.000
mg/kg, Choi et al. (2017b)2] 0.031-0.160 mg/kgk t} A 1t
ERgth 7o) 242 dHFS 0.067 +0.035 mgkg o 2, Al
3 AAtw U AF gz Avbgkel Choietal. (2017a)2] 0.031-
0.160 mg/kg, MAFRA (2012)2] 0.0141-0.194 mg/kg®] ¥ <]
Woll Adeh. =23k 7 2 279 T2 T Ul 7]
A v et A 25 A3ekgi)

2 Tk 7o) 22 0.242 +0.152 mg/kgo| 9L, T 2He
9] 9 0.051 +0.030 mg/kge] 1 tt. Kim and Yoon (2011)¢]]
ofaf Ay At 279 Aakgke ealobate] 74 0.081-
0.149 mg/kg, =AFS] A9 0.150-0.627 mg/kgs eSS
], MAFRA (2012)0]| 4 £7%-0.495 mg/kg O 2 R 15} 0
o, & A5t Ak} v wkelS uf S Q] Woll Jlglth E
oh, i 9 7RO AE 2 Sl 9] 7St A vl gt A
2 AA] 5= A G}etGiT)

Uz ke g 7o) A9 0.645+0.529 mgkgel o, 74zt
7] 7% 0.078+0.046 mgkgo| itk A% AH 2+

- 33| - Ekaterina P, Karauloval -

. }_D]E]— .

A O 2. @
s - guid - $34

o] Ax}zke Kim and Yoon (2011)0] B3} 2]A|o}Ake] 79
0.012-0.031 mg/kg, = HiAkS] 75 0.021-0.124 mg/kg O & &
E|glon], MAFRA (2012)0]4 B7%-0.474 mgkgO 2 1B
W= Qe 2 A ATk} vl wstS wff =AU H S Yol 919l
ow @] 7| Bt AT v gt A} BE A9kt

T4 S AA 11719 A& 5 s FollAl M. stimpsoni
(5.239+0.277 mg/kg) 17§2] A=, ZH2- 7oA S. slaebrose 4
P, latirostris (5.375+0.381 mg/kg % 8.312+0.118 mg/kg) 2
7He] Alg oA BAlot 7]EtA (5 mg/kg, wet weight)ol g5}
of ZIpstG om, U 2| Al &= 7|14 o|stE YEtsith &
vl A 3o e 7] A W f7|8|4x0] Jej = ZA st
I glow, {7840 - Aol nlH|gk FEFE 7|A A9t
(MFDS, 2011; MFDS, 2016b; Taylor et al., 2017) F-7]H]4:2]
785 1A Hell frid=lo] 25 A71E xgste] o7, 244 &
of ek 9 AHS fiste] A7kl & 3k 711t Buchet et
al., 1996; Ryu et al., 2009; MFDS, 2016b; Yang et al., 2016).
webA], 2 A A T 1A ol FaliRh F718] 4 B4 15tk
H| 4 3F8HE A4S A8 o T1 A= Table 32F 2442, 71
2 |4 ghegol| vlsto] 7]8] A7} FEo] AL 7 H| 4
= AU - 2 A E2AskE A o= UEkEthFig. 2). A
7] Aot H|watol e PRHA O = Aol = R 7] H]
2 PR 2R 5L Qlo] FrH| A gheEe w2 2ot

Table 2. The concentrations of nine heavy metals in Russian shellfish and crustacean (Mean+SD)

Sample Heavy metals (mg/kg, fresh weight)
Species Scientific name Cd Pb tHg Cr Ni Ag Cu Zn tAs
C. japonica 0.128+ 0.021% 0.015+ 0.065+ 0.114+ 0.005+ 1.551+ 15.680+ 1.240+
C-Japonica 0009 0002" 0.001* 0004" 0.006* 0.004" 0.048" 1065°  0.059
M. stimpsoni 0.061+ 0.043+ 0.008+ 0.260+ 1.611+ 0.218+% 1706+ 18.656+ 5.239+
M. stimpson’  0005¢ 0004 0.000° 0012" 0.009° 0016% 00125 0244 0277
D. japonica 0.164+ 1.533+ 0.013+% 0.116% 1.022+ 0.362+ 2.552+ 15449+ 1.794+
D-Japonica  0010° 0.059° 0000 0002" 0.037F 0427° 0007 0.122°  0.030 _
. " 0.617+ 0.062+ 0.012+ 0.402+ 0.217+ 0.178% 1.676x 13.084+ 1.752+
Shellish A broughtonii ~ 9.020> 0,001 0.000° 0.017°  0.012° 0014° 0.020° 0318° 0132
P vessoensis 0.982+ 0.050+ 0.008+ 0.142+ 0.763% 0.010% 1.729+ 31508+ 0.990+
Fyessoensis  000ff 0004 0.000° 0003" 0.000° 0000° 0003 1548°  0.088
, . 0.024+ 0.039+ 0.006+ 0.209+ 0.375+ 0.032+ 1.725+ 8.003+ 0.946+
S-sachallnensis 9ot 0004 0.001F  0014* 0.020° 0000° 001 0495  0.074
M. chinensis 0.084+ 0.066+ 0.014+ 0.342+ 0.414+ 0.275+ 1.759+ 12551+ 2.248+
. 0.004¢ 0.0058  0.0014>  0.1488 0.059¢ 0.013¢ 0.037°P 0.951¢ 0.183
P. camtschaticus 0.003+ 0.002+ 0.036+ 0.036+ 0.050+ 0.005+ 2.487+ 36.360+ 1.606+
(partoflegs) 0.000° 0003 0001 0014° 0019 0000° 0.057° 2544 0001 _
P. camtschaticus 0.022+ 0.002+ 0.097+ 0.096+ 0.143+ 0.008+ 2.760+ 52914+ 0.891+
Crustacean (whole claws) 0.0022 0.0002 0.003° 0.004° 0.003° 0.000° 0.132° 4.165° 0.064
S. salebrosa 0.037+ 0.002+ 0.037+ 0.039+ 0.076x 0.088+ 2.653+ 10.740+ 5.375+
S-salebrosa  0000° 00015 0.000° 0008° 0007 0004 0078 0755 0381 _
P latirostris 0.378+ 0.002+ 0.097+ 0.032+ 0.042+ 0.085+ 2.798+ 10.105+ 8.312+
’ 0.023¢ 0.0042 0.002° 0.0132 0.0112 0.009° 0.032° 0.299¢ 0.118

'Different letters in vertical column indicate significant different (P<0.05).
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Fig. 2. The percentage of the inorganic and organic As concentra-
tion.

(Borak and Hosgood, 2007; NSW, 2010; Mania et al., 2015).

Fhel 534 7181 A0l Ay sl 9 S R W T
of £, 7, oblo] Bt FeFL 22 0.161£0.134 mgkg 2
0.046+0.046 mg/kg, 1.814+0.332 mg/kg ¥ 2.675+0.139
mg/kg, 16.428 +7.428 mg/kg Y 27.530+20.879 mg/kg o2
bttt Suje] 7ol RAT AR 9 2R A
SHe ol g WS QAR AR AR E AFHTH: A7)
of et S ol Msleithar delA §lom(Gladyshev
et al,, 2009), GA] £ s oA AfFgt Az} SAehe A
H AR FB% G Aol7} ek A0R deix gk
(Sericano etal., 2001). w2kA] AR O 3F HEkeE 4 @
HE=E Zelstr] lsiAl= Ade, A A A 4eh4] aQlo] are
) A4 42) muEgo] ot Ao AzbEr,

o= 2}
R
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Al 71 Frafisirral dets

N

[=t4ol A=l 9,
7hes, | ) 2ol |

sto] AAJstoiTh AA=ZRPA7| 22 7HERS] A9 AEE
A 2 FAO/WHOO A 5.8 png/kg bw/week=, ©2o] 7-$- FAO,
WHOOJ| A5 25 ng/kg bwiweekS, 2429 4$ AlZZA
2 FAO/WHO®| A 212} 3.7 ug/kg bw/week 9 4.0 pg/kg bw/
week® 2] |12 QITHMEDS, 2016a; JECFA, 2017). whehA]
& Aol = Sasol et Hlsle B7HE flsf el =ar §l
= A =S 7]} Bl kS th(Fig. 2).
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Table 3. Arsenic speciation of selected samples with excessive total arsenic over Russian arsenic standard (5 mg/kg)

Seafood Total Arsenic species® SumofAs  Extraction
sample ExtractedAs' As (V) As(lll) MMA AsB AsC  Unknown® species efficiency (%)*
5239+ 0033 0020+ 0031+ 0066: 1966+ 0039t 0708t  2.863+
M.stimpsoni 577" 0002 0001 0001 0003 0055 0002 0008 0044 489
5375+ 0030t 0.057+ . 0027+ 6964+ 0135t 0153  7.367+
S.salebrosa  “5ag1 0042 0023 NP 0039 0178 0029 0010 190 13706
P latiostris 5012 ND ND ND 0017 9812 0014 0212  10.056 120.98

ITotal arsenic concentrations analyzed with ICP-MS. Arsenic Species concentrations analyzed with HPLC-ICP-MS. *Unknown arsenic
species concentrations. ‘Percentage of arsenic species concentrations compared with total arsenic concentrations. *ND is below detection
limit.
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Table 4. The percentage (%) of the PTWI' through shellfish and
crustacean

JECFA MFDS
Sample
Cd Pb tHg Cd Pb tHg
Shellfish 0.239 0.049 0.013 0.239 -2 0.014
Crustacean 0.316 0.001 0.279 0.316 - 0.302

'PTWI set from MFDS (2016a) and JECFA (2017). *Not set up.
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