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Determination and safety evaluation of heavy metals
in fish and shellfish from Liaoning coastal city
GU Jia-1i,ZHAO Gang

(College of Chemistry,Chemical Engineering and Food Safety, Bohai University, Jinzhou 121013, China)

Abstract: The concentration of six heavy metals,including Cd,Cr,Cu,Fe,Pb and Zn in economically important sea
fish and shellfish from Liaoning coastal city were determined by graphite furnace atomic absorption spectrometry
(GFAAS) after using microwave digestion techniques.Relative standard deviations ( RSD) were 0.53% ~4.01% and
recovery were 90.0% ~100.0%.The results indicated that many statistically significant differences were observed in
the mean metal values obtained for different site and species of fish and shellfish.The concentration of Cr,Cu and
Zn were below the maximum levels set by law. The concentrations of Cd and Cr were higher, but lower than
provisional tolerable weekly intake( PTWI).It might be concluded that fish and shellfish from Liaoning coastal city
were edible,but necessary to reduce the intake.
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Table 1  Working conditions of GFAAS
JLR P (nm) Pt (nm) FTHLI (mA) TH(C,s) JKAE(C ,5) JEFAE(Cs)
A 228.8 0.5 10 120,20 350,15 1800,4
% 357.9 0.7 10 110,40 1000,30 2800,5
| 324.8 0.7 5 100,20 800,20 2500,3
Y 283.3 0.7 15 100,15 800,25 1800,5
(73 248.3 0.2 10 100,20 450,10 2000,3
B 213.9 0.7 10 100,15 450,20 2000,5
LT BT W sE g N 2E g a4 . EARRE95% .
Bt S ) B R G DR R 0 B

M ATHE R DL VT SCHE . BRI AR SRR RN T
P, P TS U8, A B Y Vet 1 RUZE TR 204
Serp R A N AR, B O @ R IR A, R PRz [ 5256
FE TR AT AR ST o
122 FESATARIE I FESOR)S , SE AWK vh
VETHr, T 2 8 7RIS BE, i, 28 SR KR
R, FHASES AW 06 L0 f S TR L SR P 5 DL 28
A TR A0 50 BURH SR E . K R 2EH
G, TR T -20°C LR A7 WS HAE IS R
T4k 24h L) B = EE, fEFFRKE, AT EM TR
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AHBER 80°C HET ZAH T, A7 T THRER N .
1.2.3  FRUETEME T BRECE A BRAE S 0.1g (R
£ 0.001g) B F 100mL R VU IR £ 45 0o 1 fee i b,
10mL 1mol/L HNO,/1mL 30% H,0, ¥4 f# , 14 fit 514
K. 250W, 180°C , 2min; OW, 180°C , 2min; 250W ,
200°C ,6min ;400W ,210°C ,5min;550W ,210°C , 8 min;
VAN 8min, VHBEWH IR KB FIKMBEZ 10mL £
JH, RIE R 25 .
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Table 2 Linear regression equations and correlation coefficient
- - LEPSEN PRI
TLER [m] 5 5 (1) (mg/L)

Cd y =0.0692x-0.0129 0.9992 0~10

Cr  y=0.0344x +0.0025 0.9993 0~10

Cu y =0.2065x-0.0114 0.9998 0~50

Fe y =0.1840x +0.0808 0.9994 0~10

Pb  y=0.0429x +0.0071 0.9993 0~10

Zn  y=0.3057x +0.0131 0.9993 0~10
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Table 3  Average recoveries and RSD(n =7)

e 1ES
JER O AIRME bR WEE EeR RSD ANRM bRE WEM EeR RSD
(pg/mL)  (pg/mL) (pg/mL) (%) (%) (pg/mL)  (pg/mL) (pg/mL) (%) (%)
Cd 0.06 0.10 0.15 90.0 4.01 1.09 1.00 1.99 90.0 3.09
Cr 0.21 0.20 0.42 105.0 1.54 0.28 0.50 0.79 102.0 2.15
Cu 1.69 2.00 3.71 101.0 0.63 6.62 5.00 11.24 924 1.86
Fe 0.04 0.10 0.15 110.0 3.57 49.81 50.00 97.66 95.7 4.27
Pb 0.05 0.10 0.16 110.0 2.98 0.20 0.50 0.74 108.0 2.57
7/n 10.08 10.00 19.69 96.1 0.78 24.41 25.00 47.87 93.8 0.53

4 BARHNESEE NS R (mg/ kg, FHE « frifElf 2, BTE)

Table 4  Concentrations of heavy metals in tissues of fish( mg/kg,average + standard deviations , wet weight )

i} r u e n
FE Cd C C F Pb 7
# A 0.07 £0.02 0.15 £0.04 1.64 £0.20 33.8 £2.49 0.03 £0.01 9.49 +1.69
yia fiffl 0.19 £0.01 = 0.19 £0.04 3.32 +£0.12 158.6 +33.20 0.24 £0.03 15.81 +2.69
il N IE 0.10 £0.03 0.33 £0.06 8.27 £0.05 120.9 +31.41 0.59 +£0.02 = 16.77 +3.01
A 0.05 £0.02 0.12 £0.04 1.85 +0.09 28.34 £3.72 ND 12.93 +2.03
[
;é fiff 0.26 £0.02 =* 0.13 £0.03 242 +0.17 92.61 £29.44 ND 9.81 +1.58
o eafilia 0.19 £0.03 = 0.34 £0.05 17.09 £1.21 60.72 £27.68 ND 18.27 £1.95
. A ND 0.07 £0.02 1.45 £0.18 47.85 +5.46 ND 14.35 £2.01
E fifll 0.17 £0.01 = 0.24 £0.05 3.81 +0.28 180.64 +30.82 0.02 £0.00 16.03 +1.99
o I 0.13 £0.02 * 1.19 £0.29 16.9 £1.05 161.37 £32.45 0.08 £0.01 26.45 +3.04
. A ND 0.15 £0.04 1.59 £0.17 16.19 +2.43 ND 12.73 £2.25
% fiff 0.09 £0.02 0.20 +£0.03 1.75 £0.16 80.96 +18.54 0.05 £0.02 18.74 +1.87
; afilia 0.07 £0.01 0.18 £0.02 498 £0.18 51.24 +5.79 0.03 £0.01 33.45 £2.26
A 0.04 £0.01 0.22 £0.02 1.67 £0.09 19.72 +1.39 0.01 £0.00 11.40 £1.92
e
E i 0.25 £0.01 = 0.34 £0.02 2.59 £0.18 83.68 £11.65 0.13 £0.01 24.10 £1.03
o PR 0.18 £0.03 * 0.24 +£0.03 3.88 +0.29 91.66 =17.10 0.52 £0.03 = 25.98 +0.96
1 A 0.11 £0.02 * 0.29 +£0.05 2.16 £0.22 19.23 +1.88 0.09 £0.01 16.85 +0.89
] iR 0.28 +£0.02 =* 0.35 £0.03 6.74 £0.31 109.40 +18.49 0.24 £0.02 19.46 +0.71
fi N E 0.29 +0.02 =* 0.68 £0.07 9.15+£0.34 58.32 £5.27 0.19 +0.01 30.57 £ 1.75

T+ R bR, ND FoR KGR 6 KT [,
24 BNEXHERmPESENEE

S X 2] B R 43 £ PR R DL 2SR EH 4R b EE
B ETAT 3 RIE AR RS Ik 6, EEE
i LA AR E GB 2762—2005 £ i v 75 G 4 R & b5
#E) \GB 13106-1991 £ i P AF B & DA b i) FaAT
MEARHE NY 5073-2006C To2AF B it 7K™ i A B A
EYHERE) X Cd,Cr Cu.Pb.Zn (KR 2R L3R
5,%F Fe JTCRRELZER

#5 EZEMRE(mgke)
Table 5 Maximum levels of China( mg/kg)

— LA B B AR 45 A 00 SR AN, X PR & A AL
AT AE S — P i 85 S 7, 3 DL &k Py Cd B 2
w0 AR D DL A P TR G R e 0 s R R
Fe .Zn Cu > Cr .Pb [ Cd, X & H NAE N A b FF LR
i Fe Zn .Cu AR Ay bTGotE Cr.Pb Cd B 5 T4k
A= S,

[E)RE T UL, 30 5 W5 # AN ) X 3e iy #2021 0 DL 26
BB SEEREE,E RO MAPfR Cr JJOEsifa
F A Cu  FHZR 2 A6 0 AR N fk 0 R i Zn R34 B i
g Cr 38 RS Y Cu 43 MU A % Ph & 5o
T EHE X RZE(P <0.05)

FESh Cd Cr Cu Pb Zn
2% 0.1 2.0° 50" 0.5 50° FHE 4~38 7 TAN K5 B S SR s A v, £ 28 i1 DL
ES 1.0" 2.0 50" 1.0 50° ZeRPY Cr . Cu 1 Zn ST E FK PR & ; ¥ 4 fakfE

7 :a: GB 2762—2005 ;b:NY 5073-2006;¢:GB 13106—1991 , S r Ph A BRI 57 B A S A A Y E

HiR 6 FIER 7 vl UL, o 4 Jm 7 DL 2T £ Al
AUrh SRR T A, X S DS AR R BRI A B
SIBEEE VI OC . £ BT DL 2K 1996 31 9 Rl — JBEAH X [
FE TR RS AR EE U RS 5T A BRI, LADCRR I 04 ) | %
A EEADRE, B TS e LR . Cd Al Cu 7EfA
RN DL AR PN Y & 28 S 35 (P < 0.05) , Cr Fe,
Pb Zn FHEZEFALE (P >0.05) XUt D1 2%t Cd
B WOBCRNAR 22 T 28, T REJE Cd X T DL N 1Y

FHEBAY 013 75 £ ) JUE 8G9 B0 o Ph 4 51 6
118 fF 1 1.04 455 {FL 0 26 R DL 2 Cd o7 Bk e 75 A
S T P S 45 H AT 43 ok K BR
S A R 166 PR B 1.10 7% 4 40 2516 fo 14
Fr 1.10 % JGE BUHAEHR 1.09 1% JE B DR 1.23
ST B R 1.06 15 SHA B AR 1.25 1% 50
PHIFITAGAT 1.14 475 % PRI REBR 1.27 4% A4 T it
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#6 MAPESE SR (mg/kg, FIE = Arififh 22, 105E)

Table 6 Concentrations of heavy metals in fish( mg/kg,average + standard deviations, wet weight )

o Ak Cd Cr Cu Fe Pb Zn

rpi Al 0.05 £0.01 0.18 +0.02 1.52 +0.29 33.82 £5.88 0.04 £0.01 931 £1.21

b ND 0.02 +0.01 0.94 £0.47 41.25 +6.43 ND 1597 £2.52
i ND 0.04 £0.01 3.46 £0.07 28.27 +5.64 ND 10.87 £1.52
fif 1 ND 0.09 +0.04 1.31 £0.17 12.39 +2.57 ND 14.62 +2.54

ALt 0.04 +0.01 0.10 £0.01 1.69 +£0.20 37.23 £4.91 ND 19.82 +2.01

;j‘_l: W ND 0.06 +0.00 1.70 £0.87 44.80 £5.96 ND 10.74 £0.73

i €8 0.03 £0.01 0.19 £0.01 1.53 £0.05 29.51 +4.22 ND 9.80 +0.84

AL 0.08 +0.02 0.19 £0.02 1.74 £0.32 29.73 +3.78 0.02 +0.01 9.50 +1.84

o A ND 0.09 £0.01 1.89 £ 1.06 58.01 +18.1 ND 1593 +1.49

M it 0.04 £0.01 0.13 £0.02 1.99 +0.04 21.14 £4.03 ND 10.26 +2.57

il 1 ND 0.27 £0.03 1.87 £0.10 18.02 +3.56 ND 20.79 £5.49

L. ND 0.11 £0.01 1.27 £0.07 50.38 +21.6 ND 11.76 £0.51

E i 0.11 £0.02 = 0.79 +£0.05 2.16 £0.22 19.24 +2.99 0.09 +0.01 16.85 +0.89

HEfh 0.04 £0.01 0.22 £0.02 1.67 £0.09 19.75 +3.45 0.01 £0.00 11.40 £1.92

& #iefh 011 £0.02 = 0.14 £0.02 1.61 £0.14 40.32 £6.77 ND 9.33 £1.56
i Gitn 0.10 +0.12 0.12 £0.04 1.42 £0.07 31.47 £5.12. ND 10.84 +£2.04

KT OVIRBALUPE SR E R (mg/ kg, FIIE = bRkl 2, 105
Table 7 Concentrations of heavy metals in shellfish( mg/kg, average + standard deviations,wet weight)
o DIk Cd Cr Cu Fe Pb Zn

EELA) 1.09 £0.21 = 0.53 £0.34 6.57 +1.67 63.71 £11.62 0.17 £0.12 24.49 +4.52
L ND 0.24 +0.21 7.62 £2.63 51.63 +£10.04 0.12 £0.03 3541 £6.74
# o mn 1.23 £0.34 = 0.42 +0.34 349 £2.02 76.24 +13.56 0.09 £0.04 31.46 £5.89

TR 1.06 £0.16 * 0.19 £0.16 12.87 +3.78 41.95 £9.80 0.34 £0.25 20.49 +£5.03

it 1.25 +0.13 = 0.36 £0.15 5.19 £2.94 60.90 +10.12 0.29 +0.27 32.46 £5.49

ifj‘i: pa 0.21 £0.05 0.46 +£0.19 4.98 +2.64 3421 £5.71 ND 19.43 +3.07

g ND 0.31 £0.27 18.70 +4.86 49.17 £10.45 0.08 +0.01 30.51 +6.81

] SCHA 0.14 +£0.17 0.35 +0.14 4.51 £2.06 38.44 £7.63 — 16.78 +2.61
fjﬁ i D1 0.81 +£0.29 0.30 £0.19 4.88 +2.11 69.16 +8.99 0.14 £0.08 28.95 +£5.62

TR 1.14 £0.35 = 0.16 £0.07 10.59 +3.49 43.76 +9.74 0.43 £0.24 34.82 +7.81

=t 0.93 +£0.12 0.25 +£0.10 7.83 £3.58 53.85 +9.67 0.14 £0.09 15.86 +1.65
E rigg ND 0.44 £0.26 554 £1.77 60.10 +7.46 0.20 £0.02 28.90 +4.82
LR 1.27 £0.24 * 0.37 £0.30 79.23 £10.35 * 50.47 £8.67 ND 98.74 £32.70 =

F it 1.61 £0.37 = 0.43 £0.18 8.77 +7.78 4991 +9.54 0.29 £0.16 17.96 +2.07

% A 0.15 £0.02 0.26 +£0.09 2.97 +1.06 42.12 +10.16 ND 11.34 +1.97
L] 1.01 £0.37 = 0.43 +0.18 57.78 +7.35 55.01 +12.84 0.02 +0.01 80.96 +2.07 *

2 AR R £ P 0 25 0 D1 8RR 22 4y, I
AR FRAE AR AR i S A BR B, DR IR O AR 4 A 4
JE SEBRAE A A TR S A BEVE 4518 .
25 |RAZEMHEN

R i FITAG: D g fis DL 2 & o G R 110 5 ek LA %
T [ S A A DL S0 2l ek, ST A A R S B
GBI, IF 5 PTWI b4, PE4 H e 22 4 Pk
A A I 4 £8P R Cd A9 R R i 0.1 mg kg (35
FUfw 1 £ ) = A 19 45 J8) D1 2 2% 4k 0.182kg
(2000 [ SR L BT FE JE A 5o ) 45 30 kA 4
SR Cd AR K 0.02mg; JECFA #EFE1 Cd JCE Y
PTWI (&4 0.007mg/kg (AT ) , i AR % 60kg it
B, Cd g PTWICS ) 184 0.42mg, PRI i A 455 S
SEBRM AT 2 A Cd 4 PTWI 1 4.80% |, 4%
W8,

HH 22 8 T UL, BT A A I R 4 S 1 B A 4 R
i PTWI, {H R BE 136 W il A\ 45 ) 335 A 1 42 @ S A,

66 0125 ZosH
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Hi g2 Cr 72 BT A 48 U1 26 b o PTWI 9 Fe 1) 45
20N B AR AE G 3, e 0] g 11 £ B i, A 4%
BERRAR A B i S AR TRy Le )
3 #Hig

R AT i — GFAAS 35, XL 7 W e ks vy
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DX AN [R] fi A AN (] £ 2H U8R B HP B 0 AT A7 A6 25 575
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NI BRI Bt A KR, D3 (IR T PTWI #ETE 4,
RIFE AR AT 3290 Bl 2 PN o PRLIEG I 7 1 T 1l X0 DL
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Table 8 Estimated weekly intakes for the fish and shellfish consumed by people
. PTWI* PTWI® % s
JLR (me/ke - bw) (me) GEEE BARE i PTWI SEEGEHS WA i PTWI
(mg/kg) (mg) (%) (mg/kg) (mg) (%)

Cd 0.007 0.42 0.11 0.02 4.80 243 0.44 1.05
Cr 0.0067 0.40 0.79 0.14 35.00 0.46 0.08 20.00
Cu 35 210 4.46 0.81 0.39 20.70 3.77 1.80
Fe 5.6 336 58.01 10.56 3.14 76.24 13.88 4.13
Pb 0.025 1.5 0.09 0.016 1.07 0.41 0.07 4.67
Zn 7.0 420 20.79 3.78 0.90 35.41 6.44 1.50

TE a: B R AT 2 B A (mg/kg - bw) b N (A 60kg ) 5 Jl AT 52 £ A BE (mg) 5 32 25 45 Ja 25 by A 00 ) £ 288 1 DL

PR EE, B IR KT,
B T £1 RN DS RT B AEAT A e BEAE T A A B
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