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Monitoring of Heavy Metals in Fishes in Korea
- As, Cd, Cu, Pb, Mn, Zn, Total Hg -
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Abstract This survey was carried out to estimate the heavy metal contents of fishes (531 ocean fishes and 80 freshwater
fishes) sold in and around Korea from April to October in 2006 . The contents of arsenic (As), cadmium (Cd), copper
(Cu), lead (Pb), manganese (Mn), zinc (Zn) and mercury (Hg) were estimated by inductively coupled plasma-mass
spectrometry (ICP-MS) and a mercury analyzer. The concentrations [mean (minimum-maximum) mg/kg] of heavy metals
in the ocean fishes were as follows: As=2.523 (0.140-65.543), Cd=10.017 (0.000-0.108), Cu=0.569 (0.040-5.634),
Pb=10.023 (0.000-0.323), Hg=0.068 (0.002-0.754), Mn=0.395 (0.016-4.651) and Zn=6.086 (0.529-34.729). The
concentrations of heavy metals in the freshwater fishes were: As=0.370 (0.024-2.231), Cd =0.011 (ND-0.086), Cu=0.628
(0.003-1.962), Pb=0.026 (ND-0.423), Hg=0.058 (0.006-0.349), Mn = 1.150 (0.069-7.230) and Zn=9.980 (3.463-82.737).
The weekly intakes of Cd, Hg and Pb from fish were 0.9, 1.6 and 0.9%, respectively, as compared with the Provisional
Tolerable Weekly Intake (PTWI) established by Joint FAO/WHO Expert Committee for food safety evaluation.
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Table 2. The conditions of mercury analyzer
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Table 1. Conditions of ICP-MS

Parameter Value

RF power 1,400 Watts

Lens voltage 1050 vV

Nebulizer gas flow 0.90-0.95 L/min

Plasma gas flow 17 mL/min

Auxiliary gas flow 1.7 mL/min

Dwelling time 100 sec
Ammonia Oxygen
(mL/min) (mL/min)

Reaction gas flow Mn, Pb 0.6 0

Cu, Zn, Cd 0.35 0
As 0 0.6
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Table 3. Comparison of digestion methods

Recovery (%)
Digestion method
Elements i
Wet ashed MOdlﬁed Microwave
microwave
As 83 85 95
Cd 91 104 98
Cu 33 74 99
Pb 82 115 99
Mn 80 77 96
Zn 122 79 102

H microwave 2312 A microwaveE o]-&3h= W vl
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Table 4. Recovery of the heavy metals (standards addition
method)

Sample Spiked Recovery

Analyte weight"  concentration concentration Rec(:%ery
(& (mg/kg) (mg/kg)
1.20+0.06 0.80 0.82 103
As 1.12£0.00 1.60 1.57 98
1.10£0.04 3.20 3.10 97
1.08+0.02 0.03 0.03 100
cd 1.05£0.05 0.05 0.05 100
1.16+0.03 0.10 0.10 100
1.05+0.02 0.03 0.03 100
Cu 1.04£0.01 0.05 0.48 9%
1.17+0.05 0.10 0.10 100
1.05+0.03 0.01 0.01 100
Pb 1.04+0.07 0.02 0.02 100
1.05+0.05 0.04 0.04 100
1.054+0.06 0.10 0.10 100
Mn 1.13+0.03 0.20 0.19 95
1.24£0.02 0.45 0.47 104
1.09£0.01 5.01 5.02 100
Zn 1.15£0.08 10.10 10.21 101
1.12£0.07  20.05 20.01 100
Hg 0.10+£001 2005ng  19.82ng 99
UNumber of sampling =35
Table 5. The measurement of CRM
Certified Measured
Anal No.
ye ° (mg/ke) (mg/kg)
CRM (KRISS" 108-01-002)
As 7 2.0240.13 1.94+0.16
Cd 7 1.32+0.24 1.23+0.06
Cu 7 459+0.74 4431038
Pb 7 1.18” 1.14+0.05
Mn 7 37.1£1.1 39.85+2.05
Zn 7 226+13 2122+1.10
CRM (NIST® 1633b)
Hg 10 143.1£1.8 139.87+£2.38

YKorea Research Institute of Standard and Science
DReference value
9National Institute of Standard and Technology

mgksg, Hwang 5(12)9 0241022mgkg, Sung 5(13)9] 131
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WHONME 2#& 53 vla 433 i = e &
Ae] 73k F7)u)ae)] AT AF keB 15pg2 2 HEA 2
on(15), YutHo R 2F Fol| Fd HiA e How e
)R] f71H4 FeQ Roz LA Uth14).

JI=gY B S 0.017(0.000-0.108) mgkg -2, 7Hdo}7}
0.038 mgkgS 2 7 =YL, FEol, wlgA], Aol 0.002 mg/
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Table 6. The trace metal contents in sea fishes (Unit: mg/kg)
Fishname NV As Cd Cu Pb Hg Mn Zn
Flounder 28 6.593% 0.019 0.286 0.036 0.054 0.519 6.038
(0.928-19.120)” (0.001-0.052)  (0.095-0.685)  (0.004-0.122)  (0.011-0.111)  (0.087-2.099) (1.896-18.085)
Atlantic 29 1.293 0.018 0.322 0.029 0.082 0.228 4.165
cutlassfish (0.250-5.780)  (0.000-0.050)  (0.116-1.242)  (0.001-0.323)  (0.010-0.295)  (0.050-0.878)  (1.742-6.492)
Chub 29 1.794 0.021 1.429 0.014 0.097 (0.025- 0.183 6.953
mackerel (0.360-5.863) (0.003-0.102)  (0.435-2.770)  (0.001-0.049) 0.383) (0.066-0.348) (2.481-15.149)
Pacific 27 1.498 0.025 1.369 0.015 0.063 0.231 9.072
saury (0.348-3.307)  (0.001-0.076)  (0.193-2.772)  (0.001-0.043)  (0.015-0.167)  (0.091-0.474)  (2.846-23.960)
Flatfish 29 1.161 0.015 0.326 0.012 0.063 0.826 4.682
(0.229-4.631)  (0.001-0.054)  (0.106-0.895)  (0.002-0.034)  (0.031-0.144)  (0.094-3.892) (1.986-11.179)
Greenling 21 1.039 0.019 0.380 0.031 0.052 0.891 5.305
(0.256-2.956)  (0.002-0.042)  (0.094-0.609)  (0.007-0.139)  (0.028-0.098)  (0.117-4.278)  (1.279-10.193)
Japanese 26 1.662 0.013 0.293 0.012 0.110 0.099 5.193
sea perch (0.374-3.939)  (0.000-0.039)  (0.063-0.818)  (0.000-0.033)  (0.066-0.216)  (0.015-0.246) (1.562-10.162)
Red 30 1.500 0.020 0.377 0.016 0.113 0.155 3.991
seabream (0.237-5.305)  (0.000-0.076)  (0.349-0.405)  (0.000-0.057)  (0.037-0.335)  (0.016-0.824)  (1.150-9.364)
Pacific cod 17 4238 0.027 0.480 0.021 0.063 0.554 5274
(1.586-9.211)  (0.002-0.067)  (0.239-0.764)  (0.003-0.041)  (0.021-0.116)  (0.058-1.823)  (2.904-9.190)
Alaska 27 1.574 0.018 0.809 0.019 0.027 0.239 5.508
pollack (0.626-11.705)  (0.002-0.042)  (0.179-5.634)  (0.000-0.050)  (0.007-0.078)  (0.042-2.634) (2.418-16.501)
Brown 20 1.336 0.017 0.413 0.026 0.057 0.234 4.389
croaker (0.140-5.571)  (0.001-0.043)  (0.040-1.586)  (0.000-0.100)  (0.020-0.188)  (0.020-1.012)  (0.529-7.966)
Butter fish 18 1.128 0.016 0.178 0.019 0.018 0.378 4.667
(0.210-3.127)  (0.002-0.100)  (0.046-0.426)  (0.002-0.047)  (0.008-0.038)  (0.022-2.161)  (2.215-9.373)
Spanish 1 1.453 0.020 0.619 0.016 0.031 0.176 6.911
mackerel (0.467-4.799)  (0.007-0.100)  (0.215-1.709)  (0.001-0.066)  (0.016-0.055)  (0.081-0.338) (3.107-14.731)
Striped 23 1.157 0.011 0.669 0.018 0.009 0.369 4.496
mullet (0.202-2.786)  (0.001-0.042)  (0.186-1.366)  (0.006-0.041)  (0.003-0.046)  (0.052-1.234)  (2.096-9.028)
Blackmouth 23 3.078 0.011 0.342 0.016 0.112 0.252 4.990
goosefish (0.290-6.652)  (0.001-0.058)  (0.098-1.014)  (0.000-0.089)  (0.029-0.426)  (0.068-0.501)  (1.580-9.078)
Jacopever 38 2.031 0.018 0.359 0.022 0.072 0.347 7.229
rockfish (0.415-15.809)  (0.001-0.093)  (0.079-0.805)  (0.003-0.094)  (0.002-0.284)  (0.043-3.930) (2.285-20.479)
Atka 14 1.292 0.019 0.953 0.018 0.045 0.282 5.924
mackerel (0.858-1.843)  (0.001-0.050)  (0.590-1.863)  (0.001-0.050)  (0.014-0.101)  (0.103-0.601)  (3.638-9.313)
Common 17 6.386 0.020 0.352 0.014 0.066 0.908 8.909
conger (0.278-17.317)  (0.002-0.055)  (0.110-0.882)  (0.000-0.033)  (0.042-0.112)  (0.239-4.305)  (3.167-34.792)

kgo 2 7P wgit) o)W 2AMEFR= Sho T(11)°] HILFE 0.020
EA2-0.094) mgkget FAIEAT, Lee $(3)9 0.03(EHZ%-2.03)
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azoe S(17y o1/ T 7I=F §FE A d#, 423712000
A9 A4E ol Sittal ByEAch st=gwd] i o=
9] FAANE BH, 359 A oF 02mgkg, V=oM< of
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A Wopr), o ZAFAIR= Lee S(3)°] E1E 0.05EHE-0.72)
mg/kg, Tam S(19)9) 0.03(<0.01-0.13) mgkgst S48, Sho &

(D] B33 0297 2-1.87) mgkg, Sung 5(13)2] 0.308(0.108-
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Bl 0.01 °]3tlA 009 mgked] & FEFS Bl FF9] =AY
A3 10y}, AAFY FHENA BEF 0.04 mgkes B! Henry
509 A7 A} AL B A 50l At QA
U 22 7 (organydt 2AA ARG, ¥ BFEEH
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o, 34 5 Ade 2883, A3MEF, B T F40
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mgkgl 2 7% =9kT, $ololA 0,009 mgkge 2 7HF Wttt
Lee 5(3)2 @72# 0.10mg/kgt, Sho F(11)2l 0.082(0.004-
0.500) mg/kgRt} thd Ygkon], Ham §(23)¢] 0.018EZHZ-0.19)
mgkgBthe Z9Y, Sung $(13)2] 0.07(0.01-0.16) mg/ke, Tam 5
(19)°] 0.06(<0.03-0.30) mg/kg® B3 AT SAE AFHE AN
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Table 6. (continued)

Fishname NV As Cd Cu Pb Hg Mn Zn
Yellow 27 1.994% 0.015 0.345 0.019 0.050 0.293 5.296
croaker (0.260-8.770)  (0.000-0.108)  (0.114-0.679)  (0.001-0.053)  (0.017-0.187)  (0.064-1.698)  (1.528-11.261)
Pacific 6 1.876 0.003 1.233 0.010 0.080 0373 6.271
herring (0.921-2.697)  (0.001-0.005)  (0.552-2.015)  (0.002-0.016)  (0.040-0.123)  (0.089-0.661)  (2.639-9.034)

Flying fish 4 9.647 0.005 0377 0.005 0.084 0437 5.745

(8.981-10.313)  (0.005-0.005)  (0.349-0.405)  (0.003-0.007)  (0.056-0.112)  (0.277-0.597)  (5.577-5.914)
Sailfin 10 1.442 0.021 0.604 0.015 0.077 0.289 7.578
sandfish (1.023-1.936)  (0.005-0.052)  (0.437-0.903)  (0.005-0.028)  (0.033-0.151)  (0.139-0.551)  (6.087-9.910)
shuttles 3 1.883 0.002 0312 0.004 0.036 0.300 11.950
hoppfish (1.056-2.710)  (0.002-0.002)  (0.281-0.342)  (0.002-0.006)  (0.029-0.044)  (0.190-0411) (10.756-13.145)
Spotted 3 8.434 0.002 0.368 0.014 0.043 1.248 13.460
velvetfish (1.511-14.214)  (0.001-0.003)  (0.289-0.493)  (0.008-0.020)  (0.024-0.056)  (0.357-2.675) (9.767-18.660)
Sand smelt 3 2481 0.007 0336 0.079 0.038 0.394 6.021
(2.370-2.637)  (0.006-0.007)  (0.290-0.420)  (0.009-0.196)  (0.028-0.051)  (0.289-0.544)  (5.948-6.139)
Purple puffer 3 1.831 0.010 0.385 0.011 0.089 0.173 14.248
(0.895-3.685)  (0.001-0.016)  (0.213-0.638)  (0.001-0.022)  (0.040-0.137)  (0.124-0.217)  (6.234-20.233)
dog shark 5 38.417 0.038 0.814 0.008 0.394 0.501 8.167
(19.000-65.543) (0.014-0.080)  (0.545-1.274)  (0.003-0.016)  (0.190-0.754)  (0.445-0.550)  (7.154-9.267)
Tongue-fish 4 8.141 0.002 0.265 0.020 0.056 1.386 5.209
(3.523-14.689)  (0.000-0.004)  (0.150-0.473)  (0.012-0.028)  (0.024-0.079)  (0.063-2.333)  (2.455-9.455)
Flathead 3 2.595 0.006 0.321 0.017 0.116 0.198 5.316
(1.060-4.521)  (0.002-0.010)  (0.132-0.584)  (0.001-0.028)  (0.044-0.217)  (0.034-0.679)  (4.063-7.703)
Horse 5 3.773 0.004 1.394 0.004 0.074 0.270. 8.493
mackerel (1.204-6.878)  (0.001-0.012)  (0.384-2.264)  (0.001-0.009)  (0.021-0.222)  (0.111-0.548)  (5.600-19.005)
Gizzardshad 7 ' 1.434 0.007 1.077 0.035 0.020 1.855 11.206
(0.648-2.902)  (0.003-0.015)  (0.459-2.343)  (0.009-0.087)  (0.009-0.041)  (0.730-4.651)  (3.693-28.154)
Pilchard 9 3.789 0.027 2420 0.033 0.024 1.310 12.456
(3.657-3921)  (0.024-0.029) (2.405-2.434)  (0.023-0.043)  (0.017-0.031)  (0.335-2.286) (10.951-13.961)
File fish 3 6.405 0.004 0.330 0.011 0.029 0.187 4.999
(2.285-14.157)  (0.001-0.009)  (0.251-0.441)  (0.000-0.021)  (0.019-0.047)  (0.118-0.273)  (4.139-5.982)

Rainbow 3 3.202 0.006 0.567 0.007 0.223 0.510 9.636
runner (1.790-4.613)  (0.000-0.013)  (0.558-0.576)  (0.005-0.009)  (0.029-0.417)  (0.344-0.676) (8.538-10.735)

Red bulleye 3 0.527 0.004 0.378 0.007 0.055 0.062 5.494

(0.491-0.563)  (0.003-0.006)  (0.369-0.386)  (0.004-0.010)  (0.051-0.058)  (0.032-0.092)  (5.492-5.495)
Total 531 2.523 0.017 0.569 0.023 0.068 0.395 6.086
(0.140-65.543)  (0.000-0.108)  (0.040-5.634)  (0.000-0.323)  (0.002-0.754)  (0.016-4.651) (0.529-34.729)
UN: Number of samples
IMean value
H(minimum-maximum)
o Dlrie 299A 42 oFl AojM F29 uidgkback-  F WUTh Lee T(3) ZAMAF 4.59(1.13-23.16) mgkgRthe th
ground value) 02mgkg °l3tEly RIEFFLow, WHO & B0}, sho S(11)9) 6.03(0.92-18.33) mgkg AF9= SA}
Regional office for Europe B oME 2@AHGe] & §Hijo] & A3E JehlAch

02 0.5 mgkg Q.2 UERFTIE RSt th4). B ARoA 24

H 7 ojid 8 FFE s sl ofsl R B4 F
61%71L A 05 mgkghth ¥ FFETE HYr) 20 T
e FAA s} vlwa] BriEts, 59 39 oJF 1.0 mgke,
drlZd s WENF 1.0mgkeg, TH2AME odFE 0507
mgkg, SY-& o7 7RIFNA 1.0mgkg, AEIME WEFS
S 2X 03mgkgSE AR glo] 2 o] Brin & 4= 3l
ZATH23).

U7re] Ha TS 0.395(0.016-4.651) mgkg LB Aol & &
ol 1.855 mgkg_i 7P =R, A4 0.062 mgkgl g 7t
AT Lee 5(3)% AR 047(0.01-10.68) mg/kg} Sho
119 057(%79%-7 56) mg/kgR U}t thA Wttt

olde] HF TIFS 6.086 (0.529-34.729) mgkgl & Hol W §
o] 14.248 mg/kg_.i 7 4L =alellA 3.991 mghkg® 2 7t

Esoiel 3% &

A9 Fa=A B HEAYNA AT Frole] T34 &
Fe 33 A Table 73} 7t

Hlao] A UJ & 0.370(0.024-2.231) mgkgolAeH, 7P ¢
Fo] F& T2 %‘01 1362 mg/kg, 74 eko] ke o]Fo
o] 0.060 mg/kg®)Act.

FI=gol B FH2 0.011(EZE-0.086) mgkg 2 2 $iAto]o]
A 0028 mg/kgo 2 71 A YERREE, $oolA 0.001 mgkgS
2 7Kg 2urt. ol8ig A3= Kimet Han(25)9] 9 23 0.002
EHE-0.05000 HlaiM e 22 FFelRoy, T2 760
Yehd Fojelael 3 0.1256-0.1935 mgkeoltd Sheo F(27)¢)
AT A3 0020(0 012-0.033) mg/kgE.the Tha @it

729 Ha FHL 0.628(0.003-1.962) mgkgO Z v|FEER] ol A
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Table 7. The trace metal contents in freshwater fishes (Unit: mg/kg)
Fishname NV As cd Cu Pb Hg Mn Zn
Snakehead 12 0.4477 0.009 0272 0.015 0.103 0.173 5.493

(0.027-1.758)Y  (0.001-0.036)  (0.169-0.407)  (0.000-0.026)  (0.039-0.246)  (0.069-0.318)  (4.544-7.755)
Korean 3 0.162 0.005 0.574 0.008 0.020 0.322 7.291
bullhead (0.121-0.187)  (0.004-0.006)  (0.525-0.605)  (0.005-0.015)  (0.017-0.023)  (0.198-0.387)  (5.960-9.644)
FarBastern |, 0.367 0.012 0.531 0.015 0.084 0.220 6.053
catfish (0.164-1.703)  (NDP-0.047)  (0.339-0.691)  (0.002-0.029)  (0.020-0.349)  (0.144-0317)  (3.978-10.186)
Chinese muddy |, 0.249 0.014 1.243 0.172 0.040 4.994 32.038
loach (0.133-0.542)  (0.001-0.049)  (0.172-1.962)  (0.026-0.423)  (0.012-0.110)  (0.196-7.230)  (4.152-82.737)
Commoneel 11 0.424 0.028 0.348 0.016 0.082 0.646 16.722
(0.315-0.651)  (0.003-0.086)  (0.003-0.523)  (0.001-0.034)  (0.021-0.175)  (0.231-1.269)  (6.572-27.785)
Cruciancarp 9 0.160 0.004 0.590 0.014 0.024 0.291 10.975
(0.032-0495)  (ND-0.018)  (0.251-0.817)  (0.002-0.031)  (0.009-0.064)  (0.188-0.516) (4.898-20.503)
Riversalmon 2 0.453 0.007 0.460 ND 0.063 0.249 5.294
(0.418-0.488)  (0.001-0.013)  (0.451-0.469) (0.056-0.071)  (0.219-0.278)  (4.809-5.779)
White spotted 3 0.378 0.001 0.447 0.021 0.035 0.103 3912
char (0.348-0.407)  (ND-0.001)  (0.342-0.552)  (0.021-0.021) ~ (0.032-0.040)  (0.083-0.124)  (3.463-4.361)
Sweetsmelt 2 0.252 0.003 0.772 ND 0.033 0.095 9.294
(0.235-0.269)  (0.002-0.003)  (0.755-0.789) (0.024-0.042)  (0.092-0.098)  (8.946-9.641)
Carp 9 0.111 0.005 0.683 0.011 0.029 0.220 7.140
(0.024-0.198)  (ND-0.018)  (0.549-0.858)  (0.001-0.027)  (0.006-0.088)  (0.107-0.440) (5.578-11.013)
Leathercap 3 0.060 0.004 0.634 0.007 0.009 0.153 5471
(0.030-0.089)  (0.001-0.007)  (0.530-0.738)  (0.000-0.014)  (0.007-0.011)  (0.107-0.198)  (5.001-5.941)
Searundace 2 1.362 0.006 0.847 0.028 0.07% 0.450 10.078
0.493-2.231)  (0.002-0.011)  (0.817-0.877)  (0.014-0.042)  (0.039-0.119)  (0.391-0.508) (10.078-39.900)
Total 80 0.370 0.011 0.628 0.026 0.058 1.150 9.980
(0.024-2.231)  (ND-0.086)  (0.003-1.962)  (ND-0.423)  (0.006-0.349)  (0.069-7.230) (3.463-82.737)

DASee the Table 6
YND: Not detected

Table 8. Comparison of average weekly intakes of heavy metals from fishes with PTWI established by FAO/WHO

PTWI

Daily intake of heavy metals?

Weekly intake”

Metals (ng/kg b.w/week) (ug/person/day) (ng/kg b.w/week) % PTWI
Cd 0.50 0.06 0.9
Hg 0.67 0.08 1.6
Pb 191 022 09

Ub.w: body weight

2Daily intakes of heavy metals per adult (ug/day/person) = Z[Concentration of heavy metals in each food X daily intakes of foods (g/person/day)]
DWeekly intake of heavy metals (pg/kg b.w./week) = [daily intakes of metals per adult (ug/day/person) X7 days/week]/60 (body weight per adult)

1243 mgkgl 2 7F} A4 YERE, 7HEA A 0272 mgkge
2 71 2ith Kim# Han(25)8) ZAMA321 0.548(0.081-8.050)
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AZoYr) T AT7R527)°IME R & el e 0.075
0405 mg/kge] HHE e £ A7AFNN W2 FAE B
At
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(0.211-0.825) mg/kg Tt ETh.
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A 32038 mgkgSE 7FE EA UEhR, $oio1A4 3912 mgke
o2 7% Wtk Kim¥ Han(25)¢] 9.491(E7%-69.490) mgkg
B} ohh EU%F, Sheo 5278 ZAFEFHRL 5.017(2.953-14.119)
mgkgR Tt E3Th
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