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Monitoring and Risk Assessment for Heavy
Metals in Freshwater Fish

Marine Product Inspection Team

Mi-sun Hong, Yong-tae Yoon, Hee-jin Choi, Hye-jin Yi,
Sung-kyu Park, Mu-sang Kim and Kweon Jung

Abstract

Concentrations of heavy metals(Hg, Pb, Cd, As, Ni, Cu, Zn and Mn) were
measured in 130 healthy freshwater fish samples. The samples were digested using a
microwave system and heavy metal concentrations determined by inductively coupled
plasma mass spectrometry(ICP-MS) and a mercury analyzer. Respective limits of
detection(LOD) and limits of quantitation(LOQ) for each of the heavy metals were as
follows: Hg: 0.08 and 0.25ng; Pb: 0.016 and 0.048 pg/kg; Cd: 0.010 and 0.030 pg/kg;
As: 0.014 and 0.042 pg/kg; Ni: 0.052 and 0.158 pg/kg; Cu: 0.085 and 0.258 pg/kg; Zn:
0.310 and 0.939 pg/kg; and Mn: 0.045 and 0.136 pg/kg. Average concentrations of
heavy metals(with maximum and minimum values shown in brackets) in the freshwater
fish were: Hg: 0.057+0.056 (0.000~0.245) mg/kg; Pb: 0.096+0.123(0.010~0.984) mg/kg;
Cd: 0.004+0.004 (0.000~0.025) mg/kg; As: 0.277+0.225(0.028~1.433) mg/kg; Ni: 0.047+0.087
(0.008~0.802) mg/kg; Cu: 0.745+0.975(0.163 - 8.227) mg/kg; Zn: 19.330+13.547 (3.141~
107.045) mg/kg; and Mn: 1.918+2.746 (0.065~24.682) mg/kg. The weekly intake of Hg,
Pb, Cd, and As from freshwater fish were calculated to be 0.001 - 0.363%, comparable
to the provisional tolerable weekly intake(PTWI) established by the Joint FAO/WHO

Expert Committee for food safety evaluation.

Key words : heavy metal, freshwater fishes, PTWI
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LOD(limit of detection)=

s

w|§

LOQ(limit of quantitation):mTa

(0 : Standard deviation of the blank,
S : The slope of the calibration curve)

&2 TAAESY o] fAle ISHTE
A Oyster tissue(1566b, NIST, USA)E o]-&3}
o U AgHAE 2 Agxao= 53 vhE

sto] 319

Table 1. Analytical conditions of ICP-MS(7900, Agilent Technologies)

Parameter Operating condition
Rf power 1,600 W
Ar plasma gas flow 0.7 L/min
Ar carrier gas flow 15 L/min
Nebulizer Concentric type
Analytical elements Pb 208 Cd 111 As75 Ni60 Cu63 7Zn66 Mn b

Table 2. Analytical conditions of Mercury Analyzer(DMAS80, Milestone, Italy)

Parameter Operating condition
Drying. temp 300C
Drying. time 60 sec

Decomposition temp 850C
Decomposition time 180 sec

Parameter Operating condition
Amalgam Heating temp 900C
Amalgam Heating time 12 sec

Catalyst temp 600C
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4) 2MXZo EAIXE] GAER 34 & F [CP-MSE Z43sle g2
EAZZIY(SPSS version 20.0)% AHgste]  HEAE] FWAFEIE BF 0,999 olgelle
7+ gad A% P, gauxs pagn  BLool AAAeRTY ek 7 dad A
one-way ANOVA A& F, P<0.05 -’F—froﬂ/ﬂ S AFRA= Pbel 0.016, 0.048 pg/kg, Cd
Duncan®] tFEAAM o7 7} 24:0] o]EH §9 0.010, 0.030 pg/kg, As 0.014, 0.042 pg/ks,
S 7=39 Ni 0.052, 0.158 pg/kg, Cu 0.085, 0.258 ug/
kg, Zn 0.310, 0.939 ug/kg, Mn 0.045, 0.136
pg/kgl® YERGTHIE 3). 522 WHg9 ®T
271 o T sl AR 719718 ol gl AEHA9
AFHAT T A3 47} 0,08, 0.25 ngol3leh
. ) i A RS A5 et dsET=E
1. ZEE, M U 898 o olatle] 8o % AAd = ah o
== ]ool'oq Q‘l‘ge Tgt a"’lw_ _w49]’ =3
F e TE A REES 0.001~5.0mg/L7H v w1 o F4Ee] WRIFES 865~
Table 3. LOD, LOQ and R for each element (unit : ng, ug/kg)
Hg Pb Cd As Ni Cu Zn Mn
LoD" 0.08 0.016 0.010 0.014 0.052 0.085 0.310 0.045
LOQZ) 0.25 0.048 0.030 0.042 0.158 0.258 0.939 0.136
RY 0.9998 1.0000 0.9998 1.0000 1.0000 1.0000 1.0000 1.0000
1) Limit of detection
2) Limit of quantitation
3) Correlation coefficient
Table 4. The measurement of SRM"(NIST 1566b)2) (unit : mg/kg)
N Certified Measured "
Analyte N Recovery(%) CV™ (%)
Mean + SD Mean £ SD
Hg 5 0.0371 £ 0.0013 0.0321 £ 0.0018 86.5 5.76
Pb 5 0.308 = 0.009 0.333 £ 0.037 107.9 11.2
Cd 5 2.48 £0.08 2.370 £ 0.016 95.6 0.66
As 5 7.65 + 0.65 7.618 £ 0.284 99.6 3.73
Ni 5 1.04 = 0.09 0.921 £0.013 88.6 1.46
Cu 5 71.6 1.6 70.834 £+ 6.249 98.9 11.91
7Zn 5 1,424 + 46 1,349 £ 12.7 94.7 0.95
Mn 5 185+ 0.2 18.03 £ 0.21 97.4 1.15

1) Standard reference material
2) National Institute of Standard and Technology
3) Number of samples

4) Coefficient of variation(standard deviation/mean>100)
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107.9%, 4o¥E=HA(CV)+= 0.66~11.91%=
EU(European Union)ollA A|AJsH= 80~120%,
0~20%°l wHEsh qhslk 4=Eo]

13070 tiste] F54 s SAHT dde F
59F 2t}

oo Ay AETS 0.057 £ 0.056(0.000~
0.245) mg/kgo.2, Fojel|A 0.125+0.051(0.041
~0.245) mg/kgo.2 FolHoz 71 =4 Y
Wil (P<0.05), ®71= 0.058 +0.033(0.004~
0.125) mg/kg, wI&e#17F 0.015 + 0.016(0.000
~0.095) mg/kgo® 714 wH(P<0.05). ©]
23k Aab= 7 So] Budl golR F Hi F
& T 0.058 mg/kgst ARG ol 131(6),

Table 5. The content of heavy metals in freshwater fishes

F So] wWadk o
mg/kg, W71 Hit

o,
o,
=
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ook
oft
o
o
N

T Ty 1=
ofFHZ FASE AN E HAT F22 Uyt
AERT I F 5 Aol 2o ks el
Ui, 71529 A9 Ageiert ol Asha
oAe] F57F M2 FAFATHE} Bk TS
A7 FHete] AWEEgel v FFAAAE
545 yepdtta A Arh3, 4). HITFL
2 A% S 95 3 B84 5 AET

18 5 AN E ¢

He Ao, T
7

wo] Wi AEES 0.096+0.123(0.010~
0.984) mg/kgo.2, wFekAllA 0.16640.154
(0.038~0.984)mg/kg® SoHoz 714 =4
bt 1(P< 0.05), ol 0.040+0.027(0.010
~0.124) mg/kg, v71ellA 0.03640.026(0.014
~0.154) mg/kgo.® 7P @t} ol 7] o

(unit : mg/kg)

Fish name Freshwater Eel Chinese Muddy Loach Far Eastern Catfish
No. of sample) (36) (59) (35)
Analyte
I 0.125 + 0.051" 0.015 £ 0.016" 0.058 £ 0.033"
€ (0.041~0.245)” (0.000~0.095) (0.004~0.125)
Ph 0.040 £ 0.027° 0.166 + 0.154° 0.036 £ 0.026"
(0.010~0.124) (0.038~0.984) (0.014~0.154)
cd 0.006 £ 0.005" 0.004 £+ 0.003" 0.003 £ 0.002°
(0.002~0.025) (0.001~0.025) (0.000~0.007)
As 0.337 +0.072° 0.094 £ 0.066" 0.524 £ 0.234°
(0.215~0.495) (0.028~0.339) (0.226~1.433)
Ni 0.062 £ 0.152° 0.051 £+ 0.051% 0.025 + 0.013°
(0.008~0.802) (0.027~0.407) (0.010~0.075)
Cu 0.403 £ 0.299° 1.160 + 1.316" 0.399 £ 0.124"
(0.163~1.311) (0.559~8.227) (0.207~0.657)
7n 15.368 + 2.629° 30.155 + 12.385° 5.157 + 0.908"
(11.219~22.2217) (20.910~107.045) (3.141~17.146)
Mn 0.317 £ 0.277° 3.941 + 3.015 0.155 £ 0.075"
(0.065~1.339) (1.563~24.682) (0.073~0.473)
1) Mean * SD.

2) Values with different letters(a, b, ¢) are significantly different by Duncan’s multiple range test at P<0.05.

3) Range(min~max)
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Hagk gole] mFEkA] 0.172me/kg, 7
0.015 mg/kg, Aol 0.016 mg/kg(6), 77 sto] 1.
18 0.079 mg/kg, 0.051 mg/kg, 0.059 mg/kg(8)
o} nlasle] tha )9 2ol glon} witalx]

7h gl AL vzIek Fole] i 2 A
gto] ofFol uhE T Fol= 22 AdFe U
BT w2 Mg sl iR o Frlgd 9
g FooA 2879, FRAUAA, 22718 A
- ag)e] AelE won 45 wes At
stas Aol os) wgo] Untom wsh=
A fr7ldell g A TFAAA FolE
&, dEAel, AR S AR, APgel o] 24
HrH3).

FIEFS 4 94 T P 92 AEEEs 19

mg/kgol™, ol 0.006 + 0.005(0.002~0.025)
me/kg, "3 0.004 £ 0.003(0.001~0.025)
mg/kg, ™71 0.003+0.002(0.000~0.007) mg/kg
2 7 %ol wud tiulolF HiF 0.033
mg/kg(9), & So] B3t doto]F He 0.017
mg/kg(10), 7 So] gk sjkolF Hit 0.017
mg/keg, BFolF B 0.011 meg/kegolH(6),
3} gto] gk Y15 F a2l 0.002 mg/ke(8)
T3 vlwste] fARSE A4S UElWon, o5
Adg Fste] & uf Y] FERIE WEAF
o Fleg o] tha e o AZHn, 71
TEE I 2O ol HA o] dAhd
we

A=) o 9] 7HE EAIA Fakow I
A 5 AR W, TR AHAL 55 5%
ol gle. 1} 23]

[ARC(FAIG AT ) M= 7lEwS EgsA7
9]= Group 1(carcinogenic to humans) &2 &
Fargom, U.S. EPAYME 7l=F9 g E
£ Group Bl(probable human carcinogens)®
2 Agskal 9tk(3).

H 4o Her AEHE2 0.277 £ 0.225(0.028~
1.433) mg/kgo=, W7]olA 0.524 4+ 0.234(0.226
~1.433) mg/kg® FEHo® 7H EA ey
1(P<0.05), &ol= 0.337+£0.72(0.215~0.495)

N

mg/kg, M1FEHAE 0.094+0.066(0.028~0.339)
mg/kglZ fFHoZ 7Pg SUTH(P<0.05).
ol 7 Sol Bud w@oiFe] HF 0.370
mg/kg(6)o]v} Kumar®t Mukherjee”} Kolkata
Ao o] Fe] WA S Bud 0.63 me/ke(11)
& FFolth HAE ATAHAZ B

Hop v

TS A7 AR, 5E, dEs 2o

AR S Al olE 5 gloH, IS4 A

T o, da 2 AN, gl A2 &

o, FrHe] A9 ARt Al Eekdo] Bl

¥ EHo|tHIARCOIA Grouplo® ) (3).
yAe] it A& 0.047 £ 0.087(0.008~

0.802) mg/kgl. &, Ao} 0.062 + 0.152(0.008~
0.802) mg/kg, "IF&A= 0.051 £ 0.051(0.027
~0.407) mg/kgellar, wWrl= 0.025+ 0.013
(0.010~0.075) mg/kgl.2 Foxow & x}o]
g HolX&= g%ter 3% ofF BT 5 59 o
ORF o F YA Ayt ¢ 0.081 mg/kgRt v
FEolATHI0). T=e] & T2 FHU o7
YA =S 0.008~0.057 mg/kg=z(12), =<
Kumar®} Mukherjee’= Z7}e} A9 o} 572 Y2
o &S BDL~8.50 mg/kg H.(11)3+%e=H
ofF T UA e Ao ofFol upg} e
apol7b Sl AoRE AZHT. YAS FE AE
S &8 AT Q17 FEoA o] FA<
J Aoy A= AAE Ao] gl B 4

W

FUI

o

[e]

& wolyo] 9l Aom AduA dui(11). =
oM AE T UAL Ve AAL Ho A &
o1}, IARCOIME  UYASRES wtEZQl
Grouplo2 UA 4 4 a2 Ao =49l
Group 2Bo.2 531 JrH(13)

T2 Hi HEHS 0.745 £ 0.975(0.163~
8.227) mg/kge. 2, wF#HX7} 1.160 + 1.316
(0.559~1.311) mg/kg® 8oz 74 =4
UEREL(P< 0.05), oA 0.403 £ 0.299(0.163
~0.495) mg/kg¥} #7141 0.399 + 0.124(0.207
~0.657) mg/kg® FAF HEFS JERYSILH
olgfgt Ay 7 Fo] Hugh dgol{
0.628 mg/kge)HH(6)
Bt 0.755 mg/keg 5
gl ghgol 7P w2 wEeol® mFebA|(1.243
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mg/kg) S H3IATHE). FHE A AR
o7 A v A dfEo] 9Jon o
uk - He] Abslol] ols)

0.8 mgo= Asta rk(14).
ollo] Hit AEFS 19.330 £+ 13.547(3.141
~107.045) mg/kgo.=, ulFex7} 30.155 +
12.385(20.910~107.045) mg/kg= {80
7 =4 et al(P<0.05), #of= 15.368 +
2.629(11.219~22.227) mg/kg, "71&= 5.157+
0.908(3.141~17.146) mg/kge.2 Aoz 7}
& skt (P<0.05). ol¥g Aube A So] B
o HEolH Her 9.980 me/kegoltH(6) B Ho

¢

Aokt o] F Hirel 8.981 mg/kg(10) Ht} tha
=2 Froldled, g w9 wAEHA Hat

w

2.038 mg/kg¥ o] 16.722 mg/kg, 7] *
6.053 mg/kg@= A AR ATE BATHE).
ol QAR RE HFgdSdhon FE
Aol A APA GAbe] Ay "okl MEH-7
FAAA 718 Tol dAH L, Al Ag 4
2, AAA, 19715 At 5ol vEhH

%
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=1

X0 & o ofy
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o
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=
=
i)
oX, i
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24.682) mg/kgl.2, ©HFA7} 3.941 + 3.015
(1.563~24.682) mg/kg® FoHoz 714 =7
Uebta(P<0.05), ol 0.317 + 0.277(0.065
~1.339) mg/kgxt ®7] 0.317 + 0.277(0.065
~1.339) mg/kge FAFEE 0|t} ol A
o] gk ggoji 5 Het g% 1.150 mg/ke
olu}(6), A3t o] WIEolF HF 1.078 me/ke,
5 59 Aokt ofF Hit ek 0.433meg/kg H
TH10) Thh = FEoldoy, 7 So] Bt
v rek|e] Wi ek 4.994 meglkeg, Fol9
0.646 mg/kg(6), A=} 3to] n|Htef=| o] Hat g
5.060 mg/kg, A1) 0.572 mg/kg, "71¢] 0.252
mg/kg (8) 53 wluwd ul oJFHERE LS ek
S e 2o rke A w Ao

o o

\#

IPA ggioly AU Fzas IS
Faetct, A dAte] A9 4.0megs SEAAT
o= Aatal girk(14)

ol AL g} o7 YitAE Fojel w7]e]
745 gEE rkellar Ak ol 17,
7] 2701900, mFepR| o] A FAte] 267
F9o] 337elen Foae BF Tt
ol A} A} F AEFTHAAN 4T FAE F
NEF, 729 7|58 29EE A9E e
o] A4 mieEA] 17e] 715(0.5 mg/kg ©l3})
S ISR A= FFolAn

3. C}AaH 224 DISORE S8t S35 N

F2k 3 oMM Y|

S lEE T FEsd gig Qe =&Y
< =, 37, A% 9 e Foln 7 FE AA
BAEE AFORE dEA At 20129 % SRIGY
A F AFEFE 19 19 FHo Fda AFHZo|
o2y gl Aol e 1,435.5g00M,
o] & ojulF A 49.23g, 1 FoIME #
of mFtEkx], W7l 742 1, 0.75, 0.18g2.2 1
ERtCR(15). Al 7HA 2 WEol{fE Esto

FAO/WHOeIM @7/ 41 tdes d4ed
M= = Pt = S| Bt B o B e R

(PTWI, Provisional Tolerable Weekly Intake)
(16)S ARg-sto], ol AFtol|A] ZALE ol ]
e, wr1E e AHEE TS A
HFy} v)wsle] ¥PTWIE % 63 #Zo] T3t
T2 =g, vl %PTWIE 0.031~
0.363, 0.003~0.058, 0.001~0.01, 0.055~
0.262% gyl frEss BHY]FE &3l
A FE5Y 2 ofF v FEoqlh
SHAIRE ookt e AES AAste vt
ArEe AFHe aEd o I AEd g
Aty 2A 2= B Hrbt 3

<
- -

8 AsHol gomE FEE 4R FsAol
A

o= BE AAR tiste] T4 AREFE 24
akaL, Qe ANGFEAE INon HH Aol
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Table 6. Total weekly intakes and %PTWI of heavy metals in freshwater fishes

Fish name Freshwater Eel Chinese Muddy Loach Far Eastern Catfish
Hg(0.004) 0.872 0.363 0.079 0.032 0.073 0.031
Pb(0.025) 0.280 0.018 0.872 0.058 0.045 0.003
€d(0.007) 0.042 0.01 0.021 0.005 0.004 0.001
As(0.015) 2.359 0.262 0.493 0.055 0.660 0.073

1) PTWI(Provisional Tolerable Weekly Intake, mg/kg.bw/week)
2) Total weekly intake(mean of heavy metal content x weekly intake of fish, ug/60kg.bw/week)

e FdFa3ta] A, 39(7):1038~1048, 2010.
3. #8745 ¢ ¥ERF T TuS5 Y84 HUL
2 AT 20159 495E 119704 A Ao oFEe 7kl AR A, 2014
N mujA el 5 T than] B G CAEEA L AFFEQHA, 2014,
o], wAtEtx], w7] 1301 e 52 5. G AAR - FAA, 2014
=g, HA&, YA, T, ofd, B T 24 6. A3, A, &4, L5, T A
SAth QISHETEA S AHEE 7 55949 3 Y, o]&F, ol&E, HA, dAE, FH
FEE 82.7~107.9%% EUM L4k &% T, olFs, FUx o T ovEsS B4
S WSSt BYAE HEOlR 3% TS ¥y g RUHY, d52E3EEA|
Bt L T4 0.057, W 0.097, Jt=H 37(6): 882~888, 2005.
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