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Abstract

This study was carried out to estimate the contents of trace metals in the fishes and shellfishes available
on Korean markets. The samples were digested with acids, then analyzed by ICP (Inductively Coupled
Plasma Spectrometer) and AAS (Atomic Absorption Spectrometer) for the contents of lead (Pb), cadmium
(Cd), arsenic (As), copper (Cu), manganese (Mn) and zinc (Zn). The contents of mercury (Hg) were determined
using a mercury analyzer. The contents of trace metals [minimum ~maximum (mean), mg/kg] in fishes
were as follows; Hg: 0.004~0.500 (0.082), Pb: N.D.~1.87 (0.29), Cd: N.D.~0.094 (0.020), As: 0.01~5.45 (0.84),
Cu: 0.04~3.74 (0.66), Mn: N.D.~7.56 (0.57), Zn: 0.92~18.33 (6.03). Those contents in shellfishes were
as follows (mg/kg); Hg: N.D.~0.221 (0.029), Pb: 0.01~1.51 (0.38), Cd: 0.02~1.93 (0.51), As: 0.18~3.07
(1.08), Cu: 0.04~47.76 (3.81), Mn: 0.13~11.46 (3.25), Zn: 0.44~207.17 (25.24). Our data obtained in this
study showed that trace metal contents in both fishes and shellfishes on our markets were similar to
those reported by other investigators. The average weekly intakes of lead, cadmium and mercury from
fishes and shellfishes takes about 1~13% of PTWI (Provisional Tolerable Weekly Intakes) that FAQ/
WHO Joint Food Additive and Contaminants Committee has set to evaluate their safeties.
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Table 1. The operating conditions of ICP and AAS

A - F5)

ICp AAS

Classification Condition Classification Condition

Wavelength (nm) Pb : 220.353 Wavelength (nm) Pb : 2833
Cd : 214.438 Cd: 2288
As : 193.696 As 1 1937
Cu : 324.754 Cu: 3247
Mn: 257.610 Mn: 280.5
Zn : 213.856 Zn : 2139

Sample gas flow (L/min) 0.50

Plasma gas flow (L/min) 11.00

Auxiliary gas flow (L/min) 0.55

(butter fish),
u] 2] (sand lance), $-3 (grouper), A 7§ ¢} (horse mackerel),
A o)(gizzard shad), A o2 (sardine), 7] (yellow croaker),
# ) (file fish), =] (tuna) & 74271 2 344 =& A}
Ax3AEL T gl e F 9F, F Frlol(whelk), (oyster),
A 2H(bloody clam), B}A] ZH(shortneck clam), ® & (hard
clam), 22}31%(top shell), A E-(abalone), 3 &) (ark
shell), ¥3Hmussel) 5 736719 A 55 AAAA 2 =3
o] o gApo) i} QlFoFA A Sl A A sle] Ao 214
skt

Abx] (spanish mackerel), %¢] (mullet), %

=5

FAR oA FE 2 FAA 20 cm W), FAF (A
20~60 cm), HAF (A A 60 cm o)A B FE L] Z=H75
2 7PEA AR 715 AATY F 7188 Ay, dF
o] 93 2|l B2 A2t
A 3-E Aol 2RS4 7P AR 31
t}. o] 7441 %-& FA7|(ULTRA-TURRAX T 50, Janke
& Kunkel GmbH & Co., Germany)2 Zro} 7334 A
A8 2 AR, s Felddal £7]o Hol WER
T F B AlLsgd ) 22 s EFeb T Ay
(combustion gold amalgamation method)(18)°l] &~ 3}
¢] mercury analyzer(Model SP-3A, Nippon Instrument
Co,, Japan)& ARg-8tod EAslsich &, 7l=F, ¥4, T
2], W7}, ot 5-& dA ] A BE 4] AHLE st A
Pgd-& wHEe] Table 19 4 w2} ICP(Model 710,
Labtest Equipment Co., Australia) 2@ AAS(Model 2380,
Perkin Elmer, USA)E o] 8-3}e] &4 3lqdv} w3t 7 &
41 3 pEx A 5o Ao 43t

A E7E

zn o Da

&2 9T 93~99% % 2w B 2A
(Table 2) S2jutell 4] Ak o) 7 23%
7424 N5 9% 736709 mlFE R 77} Table 3,

Table 2. Recovery of the trace metals in the fishes and

shellfishes
Elements Recovery (%)
Hg 97.0
Pb 94.2
Cd 95.0
As 927
Cu 96.0
Mn 96.7
n 98.8

Table 49} Zc}h, £ Q7oA o Fe ¢332 JF
o} 0.08 mg/kg 2 (2 0.03 mg/kg) B} A viet
wok Aol g mvl = 2 0.1 mg/kg 2 ® 7HE EA) vier
wow Hx e} A= oF 0.04 mg/kg 22 M Ikl
579 AL Fuholrt 0.09 mg/kg L B AHA Eoto)
guate) 22 A 2(18)2) 05 mg/kgel AR FE vl
A& Ao Z vebyde) o Foll Bisted v (19)el A=
e o g 10 me/kg, E(0)-E FHL024 04
mg/kge] AA o] 9oy o o] Zrtdl A= FA) 8t
L glAl det
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kg2 2 Egkw, wFo], Hel: 27} 0.006 mg/kg, 0.004
mg/kg 2.2 Uskrh F FollAe mhe] oF 1.03 mg/ke
2.2 7} BA vebgh d224)¢) 2 e 8 Az)e} b
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Table 3. The trace metal contents in fishes (unit : mg/kg)

Fishes No. Hg Pb Cd As Cu Mn Zn

0.086" 0.28 0.015 1.68 032 028 480
Flounder 37 0009~0380) (0.10~081) (ND?~0027) (0.76~401) (010~091) (0.05~0.66) (1.38~10.87)

Atlantic i 0.089 036 0.020 0.70 038 032 435
cutlassfish (0.009~0291) (N.D.~1.37) (ND.~0059) (0.13~1.79) (0.05~123) (0.03~063) (1.96~952)

Pike ol " 0.116 0.33 0.020 213 039 0.80 535
(0.030~0452) (ND.~123) (N.D.~0033) (115~545) (0.04~254) (0.08~128) (2.70~10.09)

0.102 037 0018 0.90 0.70 0.21 633

Mackerel 46

(0024~0464) (ND.~187) (N.D.~0042) (026~1.89) (007~181) (002~073) (2.34~1284)

Pacific sau 3 0.064 0.28 0.024 063 1.26 0.32 6.93
v (0.010~0.193)  (0.07~0.71) (0.003~0.053) (0.09~262) (051~338) (0.02~078) (2.81~1538)

Olive founder 36 0.074 0.30 0.014 0.72 0.72 043 6.67
(0.013~0.253)  (0.05~0.89) (0.001~0.048) (0.01~149) (0.17~140) (0.10~0.87) (249~18.18)

Sand fish a1 0.103 0.31 0.021 040 0.72 0.46 558
0.024~0.257) (0.04~054) (0.003~0.060) (0.10~095) (0.16~169) (0.08~087) (1.25~9.82)

Sea bream - 0.110 0.26 0017 0.88 061 0.26 362
(0.028~0.227) (0.06~0.68) (N.D.~0.037) (0.26~186) (0.13~175) (N.D.~081) (0.92~7.62)

b A 0.058 0.42 0.006 0.74 065 0.55 9.85
v (0.023~0090) (0.12~0.85) (N.D.~0.014) (0.18~143) (0.18~123) (0.21~113) (7.52~14.48)

Anchou 28 0.093 040 0.042 0.70 1.19 401 11.34
chovy (0.014~0498) (0.03~087) (N.D.~0.094) (0.15~183) (0.28~281) (N.D.~7.56) (4.34~18.30)

Alaskan oollack 35 0.088 0.29 0016 0.76 0.69 0.20 439
skan p (0.004~0342) (0.06~091) (0.001~0029) (018~1.73) (0.21~374) (N.D.~0.73) (264~861)

Croak % 0.093 021 0016 062 061 0.33 371
er (0.038~0.198) (0.03~054) (0.001~0.036) (0.11~156) (0.20~1.34) (0.14~080) (1.72~8.03)

Butter fich - 0.069 098 0.019 0.69 0.42 0.43 537
utter i1 0.020~0.142) (0.04~0.86) (0.003~0.043) (0.15~1.77) (0.07~1.08) (0.15~1.44) (1.78~1195)

Spanish 2 0.083 028 0013 078 065 0.38 527
mackerel 0.019~0304) (0.03~147) (N.D.~0.036) (0.13~182)" (0.13~198) (0.05~092) (1.82~10.06)

Muliet % 0.056 029 0013 0.72 052 0.33 557
e (0.013~0.186) (N.D.~0.77) (0.002~0.035) (0.11~172) (014~094) (N.D.~088) (1.80~10.94)

Sund lance 2 0.062 027 0022 061 0.49 0.63 1257
nd fanc (0.013~0.157) (0.05~063) (N.D.~0.048) (0.15~1.32) (0.14~092) (0.29~117) (6.24~18.33)

Grou 2 0.097 021 0015 0.73 078 0.35 6.49
per (0.024~0201) (0.07~0.62) (0.002~0.059) (0.10~1.89) (0.26~1.69) (0.12~0.80) (2.61~13.68)

Horse mackerel 34 0.077 025 0019 078 081 0.39 556
mackere (0.012~0.183) (0.08~0.63) (0.002~0.044) (0.28~154) (0.30~159) (0.11~1.01) (1.90~10.25)

Girsard <had ) 0.038 0.12 0.004 051 087 0.82 936
arc s (0.030~0.046) (0.09~0.14) (0.001~0.006) (0.29~0.73) (0.78~0.96) (046~117) (513~1356)

Sandi % 0.046 0.30 0.032 068 1.42 0.46 9.08
ardine (0.013~0185) (0.14~0.72) (0.003~0.048) (0.27~125) (0.47~2.76) (0.09~098) (3.32~13.80)

Vellow croker 40 0.091 0.34 0.020 077 053 035 3.60
oW croaser (0.013~0500) (0.07~1.71) (0.001~0.088) (0.18~1.68) (0.11~171) (0.09~097) (1.16~834)

File fich . 0.038 026 0.020 0.80 0.34 0.37 468
(0.010~0.147) (N.D.~0.83) (0.003~0.036) (0.27~163) (0.12~056) (0.10~082) (2.03~12.68)

Tuna A 0.038 0.20 0.023 1.39 0.34 026 482
(0.034~0046) (019~021) (0.019~0.027) (1.34~1.48) (0.30~035) (0.11~0.47) (462~5.18)

Total 2 0.082 029 0.020 0.84 066 057 6.03
(0.004~0500) (ND.~1.87) (ND.~0094) (0.01~545) (0.04~374) (N.D.~7.56) (0.92~18.33)

YThe values are means {min~max).
N.D.: not detected.
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Table 4. The trace metal contents in shellfishes

(unit 1 mg/kg)

Shellfishes No. Hg Pb Cd As Cu Mn Zn

Whelk 7 0.092" 0.33 0.45 2.06 6.00 2.31 20.92
(0011~0221) (0.01~096) (0.03~141) (0.09~3.07) (0.41~2502) (0.35~7.32) (6.08~61.93)

Ovster 84 0.020 0.45 064 0.82 13.35 6.27 84.28
v (0.001~0.059) (0.06~151) (0.02~171) (0.31~157) (2.68~47.76) (1.92~10.35) (23.62~207.17)

Bloody clam o8 0015 0.34 1.03 0.72 0.99 532 1391
Ve (ND?~0152) (0.08~1.05 (0.11~193) (021~150) (0.04~4.60) (058~11.46) {(0.44~60.08)

Shortneck clam 80 0018 0.48 0.16 1.15 1.50 397 10.24
¢ (0.001~0.058) (0.07~114) (0.02~049) (051~214) (0.40~501) (115~7.23) (3.71~16.87)

Hard clam &8 0.028 0.52 0.23 0.63 1.46 351 1345
(0.004~0.090) (0.10~147) (0.06~068 (0.18~1.09) (0.20~3.22) (047~952) (3.36~43.03)

Top shell 83 0.059 0.37 0.67 1.90 6.55 o127 28.32
P (0.002~0206) (0.05~122) (0.02~193) (0.64~397) (0.21~54.16) (0.21~4.81) (3.01~126.09)

Abalone 64 0.013 0.36 0.60 1.30 3.38 0.83 21.81
(N.D.~0.048) (0.07~0.79) (0.03~1.89) (0.36~2.16) (1.03~7.01) (0.13~284) (2.25~63.86)

Ack shell 9% 0.014 0.33 057 069 0.68 321 16.25
(ND.~0.046) (0.04~151) (0.09~175 (0.20~129 (0.16~279) (0.39~10.19) (4.48~52.66)

Mussel % 0.014 0.32 0.19 067 0.94 2.13 16.54
(0.001~0075) (0.02~151) (0.02~0.37) (050~397) (0.05~4.35) (0.10~4.45) (2.26~54.40)

0.029 0.38 0.51 1.08 381 325 25.24

Total 736

(N.D.—0.221) (001~151) (002~183) (0.18~3.07) (0.04~47.76) (0.13~1146) (0.44~207.17)

UThe values are means (min~max).
N.D.: not detected.
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Fig. 1. Proportions of metal intakes to provisional tolerable
weekly intakes (PTWI).
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