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Abstract: In this study, a new method for processing biological samples was developed by modifying EPA200. 11 and
EPA6020 methods. The concentrations of 14 trace elements( Cr,Co,Ni, As,Se,Cd,Pb,Zn,Cu,Mo,Ag,Be,V,Ge)in 4
raw and cooked fish tissues were determined by ICP-MS. The results showed that the concentrations of Pb,Cd and Cu in
the tested samples were all lower than the limited values listed in GB2762-2012. In addition, the EWI values of Pb,Cd
and Se elements in raw and cooked fish tissues were calculated. The results turned out that the EWI values of Pb and Cd
elements were lower than PTWI values of these elements. It revealed that the cooked and raw fish did not pose any health
risk for the consumers. The results also showed that Ge, As,Co,Mo,Se( P <0.0500)and V(P >0.0500) were the prin-
cipal component elements by using SPSS11. 5. Besides, the principal component elements in the raw fish tissues were

compared with these elements in the cooked fish tissues. It was concluded that cooking was an important means of reduc-

ing the concentrations of hazard elements in fish tissues.
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Table 1 Determination of total concentration of trace element in National croaker standard material (GBW10024 ) (pg/g,n=3)
JLHE brifES % (E MEE L& ARXT R R 2

Element Standard reference values Measured values Recovery RSD

Cr 0.2800 +0.0700 0.2492 +0.0059 0.8900 0.0237

Co 0.0470 £0.0470 0.0423 £0.0013 0.9000 0.0297

Ni 0.2900 +0. 0800 0.3190 +0. 0044 1. 1000 0.0137

As 3.600 +£0.6000 3.7080 +0. 0960 1.0300 0.0259

Se 1.5000 +0. 5000 1.4250 0. 0660 0.9500 0.0464

Cd 1.0600 +0. 1000 1.1872 £0. 0210 1.1200 0.0177

Pb 0. 1200 0.1224 +0. 0025 1.0200 0.0204

Zn 75.0000 +3. 0000 77.2500 +£0. 8340 1.0300 0.0108

Cu 1.3400 =0. 18000 1.5142 +0.0753 1.1300 0.0497

Mo 0.0660 +0.01600 0.0593 +0. 0009 0.8980 0.0152

Ag 8. 0000 8.5600 £0.1712 1.0700 0.0200

Be 3.2000 +0. 70000 3.072 £0.0369 0.9600 0.0120

Vv 0.3600 +0. 10000 0.3204 +0.0074 0.8900 0.0230

Ge 8. 0000 7.4400 +0.1380 0.9300 0.0186

R2 4RWE 10 py/g WERIRRSREBRRINE(pne/g)
Table 2 The measured values of quality control of 10.0000 pg/g mixed standard solution( wg/g)
JLER | 5 3 4 AHXS R D 2
Element RSD(% )

Cr 10. 0000 10. 2000 10. 2300 10. 1200 1.0136
Co 10. 1000 10.2300 10. 2600 10. 0500 0.9940
Ni 10.0100 10. 1200 10. 3300 10. 1000 1.3350
As 10. 0000 10.2100 10. 6500 10. 2300 2.6510
Se 10. 2400 10. 8400 10. 8600 10. 1100 3.7420
Cd 10. 1000 10. 1100 10. 1400 10. 0900 0.2137
Pb 9.9600 10. 1900 10.2100 10. 1200 1.1209
Zn 10. 1900 10. 0000 10.2100 10. 1100 0.9415
Cu 10. 1700 10. 1000 10. 1200 10. 1300 0.2906
Mo 9.4670 10. 0000 10. 1100 10. 1300 3.1408
Ag 9.5390 10. 1000 10. 3300 10. 2200 3.4996
Be 10. 0000 10. 0400 10. 3000 10. 1900 1.3660
Vv 9.9000 10. 0400 10. 2900 10. 2300 1.7658
Ge 9.9800 10. 1500 10. 2300 10. 1400 1.0343
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Table 3  The concentration of trace elements in raw and cooked fish tissue(ug/g,n =3)
JLH Y1 Y2 Y3 Y4 s $2 3 4
Element
7 42.5670 + 25.5400 52.3570 = 51.8500 + 40.4730 = 24.2840 + 50.0820 + 50.7100 +
o 0.9790 0.3320 1. 1802 1.1220 0.9076 0.5451 1.1130 1.0548
C 17.3990 + 10.4390 + 21.4010 26.0980 + 15.1810 = 9.1090 + 18.6730 + 22.7720 +
7 0.5916 0.2192 0.7131 0.8348 0.0320 0.3023 0.6134 0.7002
C 4.7230 = 2.8340 = 5.8100 = 7.0850 2.7410 = 1.6440 + 3.3710 = 4.1110 =
4 0.0567 0.1020 0.0683 0.0799 0.0321 0.0193 0.0391 0. 0466
C 2.0770 1.2460 + 2.5550 + 3.1160 + 2.0714 = 1.2430 + 2.5480 + 3.1070
' 0.0768 0.0187 0.0926 0. 1085 0.0747 0.0449 0.0911 0. 1040
S 1.0440 = 0.6270 = 1.2846 + 1.5670 = 1.0263 + 0. 6080 + 1.0480 + 1.1440 =
¢ 0.0329 0.0163 0.0397 0.0464 0.0315 0.0187 0.0319 0.0326
Ni 0.9850 + 0.5910 + 1.2110 = 1.4770 + 0.6080 + 0.3650 + 0.7480 + 0.9120 +
! 0.0330 0.027 0.0398 0.0456 0.0199 0.0119 0.0242 0.0276
A 0.6240 = 0.3740 = 0.7680 + 0.9360 + 0.4280 = 0.2570 = 0.5270 = 0.6420 =
s 0.0222 0.0130 0.0267 0.0313 0.0148 0.0089 0.0181 0.0206
Pb 0.2920 + 0.1750 0.3590 + 0.4380 + 0.1740 = 0.1050 + 0.2150 = 0.2620 +
0.0110 0. 0066 0.0132 0.0155 0.0064 0.0038 0.0078 0.0089
v 0.1650 = 0.0989 + 0.2030 + 0.2470 = 0.1600 = 0.0963 + 0.1970 = 0.2410 =
0. 0065 0.0040 0.0078 0.0092 0.0062 0.0037 0.0075 0. 0086
C 0.0607 + 0.0364 + 0.0746 + 0.0910 = 0.0420 = 0.0252 + 0.0517 = 0.0630 +
© 0.0025 0.0016 0.0030 0.0036 0.0017 0.0010 0.0021 0.0024
cd 0.0434 + 0.0260 + 0.0534 + 0.0651 + 0.0179 = 0.0108 + 0.0221 = 0.0269 +
0.0019 0.0012 0.0022 0.0026 0.0008 0. 0005 0.0009 0.0011
M 0.0090 + 0.0054 + 0.0111 = 0.0135 = 0.0079 = 0.0048 + 0.0098 + 0.0119 =
© 0.0004 0.0002 0.0005 0. 0006 0.0004 0.0002 0.0004 0.0005
A 0.0089 + 0.0054 + 0.0101 = 0.0134 + 0.0141 = 0.0084 + 0.0173 = 0.0211 =
& 0. 0004 0.0002 0. 0005 0. 0006 0.0007 0. 0004 0.0008 0.0009
B 0.0003 = 0.0002 + 0.0004 + 0.0005 + 0.0004 = 0.0003 + 0.0006 + 0.0007 +
¢ 0.0001 0. 00006 0.00002 0.00002 0.00001 0.00001 0. 000002 0.00002

H i b A R 3R A [ 2 iE) (GB2762-
2012) L5 Ph<1.0000 pg/g,Cd<0. 10000 pg/
g, Cu < 50. 0000 pg/g. H: 1 Pb: 0. 1050 ~
0.4380pug/g, Cd:0. 0108 ~ 0. 0651 g/, Cu: 1. 6440
~7.0850pg/g, —FI A BEJU R TEA 0y A i v
PURF IR EAE, M Se JTZE & & BUH T BRI, HZE A
gt 2 Se JtR WL TR EE, 8 T IFAE & H 8
FO AR fe 3l i LN AR 7rp

AT H B A% Pb, Cd F1 Se JT R 1 W i &
(EWD "',

EWI = (C x FIR x7)/WAB

T EWT 287 B i (ne/kg) ;€ 2Rl
IR (pe/g) s FIR Fom &R IR,
RS TR 36 ¢/d; 7 Rom— i) KA WAB £oR
ShTE B WS 4R (60 kg) (EU Scientific Commit-

tee) o

#Fz4 Pb.Cd 70 Se JLER EWI E ( pe/ke)
Table 4 The EWI values of Pb,Cd and Se( pg/kg)

Eljfnfnt S1 S2 S3 S4 Y1 Y2 Y3 Y4
Se 4. 6060 2.7650 5.6630 6.9090 4.3100 2.5540 4.4020 4.8050
Pb 0.7350 0.4410 0.9030 1.0990 0.1820 0.1090 0.2240 0.2730
Cd 0.0770 0.0490 0.0910 0.1120 1.2260 0.7350 1.5080 1.8380
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TR BIBRIEAE N 25 wg/kg(WHO) , 3 4 1Y Pb Al
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Table 5 Eigenvalues of component and variance

% FRAE(E T3 2 TR A FitJr 2 vk
Component Eigenvalues Variance (% ) Cumulative Variance (% )
1 11.2788 80.5625 80.5625
2 2.7212 19.4375 100
2.4 FAWGEEHERPERTTESH
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Fig. 1  Comparison of concentrations of trace elements in raw and cooked fish tissues [ As,Ge,Mo,Co and Se( P <0.0500) ,V(P >

0.0500) ] (pg/g,n=3)
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TEf N P 4 R U R I FEE R/ R As > Pb >
Cd, i 1 s, F 96K As . Ge .Co, V Mo F1 Se
() E B e > By ffi ] SPSS11. 5 g 2%
PE2E S o 7 b M S AR T R g ik, b 3
P TCRER V ITER (P >0.0500 ) ShEIAE7E 351 22
(P <0.0500) , KWL EWAATHEFITR
WA, DN 4 T o B eS0T o 3 B R, AT DL 785
e AR TR & A RGRE,

3 Fig

AWFFE ST EPA200. 11 1 EPA6020 J7 i (4
oAb, I HA5 AR SE 5 1 S PR g Bl S T s A F
A IRE S I SE B8 D 2, R A ICP-MS 5@ T 4 fa |
Fhfa Frrh 14 i o 2 0 HER A, 280 00 1Y
Pb .Cd.Cu . As A FICREL, R Mo JLR A
0 R T BRI AR B T 2R A i KN R A



Vol. 26 b

AN EPA J7 5 Mt MO AR DN RE 3t 7 FAE f R PP (R ST 2 AR L H

1991

AE (RIS G TR R B 2R a3 B R
N e 3, O HAF 8 R/ i £ oo

FH Ge.Se As V. Co Fil Mo JLE , H] L 78 & J& —F
FEAR A T A BT R A R

S 30k

1 Mendil D, Demirci Z, Tuzen M, ei al. Seasonal investigation

of trace element contents in commercially valuable fish spe-
cies from the Black sea, Turkey. Food Chem Toxicol,2010,
48.865-870.

Hao Y,Chen L,Zhang XL. Trace elements in fish from Taihu
Lake, China: Levels, associated risks, and trophic transfer.
Ecotoxicol Environ Saf,2013,90:89-97.

Yang J, Chen L, Liu LZ. Comprehensive risk assessment of
heavy metals in lake sediment from public parks in Shang-
hai. Ecotoxicol Environ Saf,2014,102.129-135.

Medeiros RJ, dos Santos LMG, Freire AS, et al. Determina-
tion of inorganic trace elements in edible marine fish from

Rio de Janeiro State, Brazil. Food Conirol,2012,23.535-

541.

Yohannes YB, Ikenaka Y, Nakayama SM, et al. Organochlo-
rine pesticides and heavy metals in fish from Lake Awassa,
Ethiopia: Insights from stable isotope analysis. Chemosphere,
2013,91.857-863.

Leung HM, Leung AO, Wang HS. Assessment of heavy met-
als/metalloid( As,Pb,Cd,Ni,Zn, Cr, Cu, Mn) concentrations
in edible fish species tissue in the Pearl River Delta( PRD) ,
China. Mar Pollut Bull,2014,78.235-245.

Penglase S, Hamre K, Ellingsen S. Selenium and mercury
have a synergistic negative effect on fish reproduction. Aquai-
ic Toxicol ,2014,149 :16-24.

Anderson DL. Effect of L-cysteine on drying and neutron ir-
radiation loss of Hg, Se, As, and Br from fish tissue. J Food
Compos ,2012,28 :89-98.

Kalogeropoulos N, Karavoltsos S, Sakellari A. Heavy metals
in raw,fried and grilled Mediterranean finfish and shellfish.

Food Chem Toxicol ,2012,50:3702-3708.

(B34 1981 W)

3

Zhang XQ( 7k Z ) ,Bai MJ( (7% %) . The quality stand-
ards of oil product from Melaleuca alternifolia in China.
Guangdong Chem Ind( ]~ %4k T.) ,2011,38.34.

Xiao KJ( H #L7%%) ,Li L(ZEHEK) , Guo SY (FBAEIT) et al.
Extraction and application of Melaleuca alternifolia oils. Food
Sei Technol (£ 5B ) ,2001,1:12-13.

Chen HY (BEIEHE) , Liang ZY (2282 ) , Huang YH ( 512
) ,et al. Study on main chemical compositions of oil of
Melaleuca of different seed source and family. Nat Prod Res
Dev( KIRF=HIWFFE 51 %) ,2003 ,15 :408-410.

Tang QL(JEPK22) ,Li GZ(ZH:E) , Liang ZY (IL =) et
al. Study on the chemical constituents of oil of Melaleuca of
v-terpinene type. Flavour Fragr Cosmet ( TR ERELIL)
2013,4.4-6.

He CM. The developing tea tree oil industry in Guangxi prov-
ince,P. R. China. Perfumer Flavorist ,2005,30(3) :14-19.
Wu LJ(RF ) , Chen BH(FRZEE) , Weng QY (558kE) ,
et al. Selection and grate definition of high-essential-oil supe-

rior individuals of Melaleuca alternifolia. J Fujian Coll Forest

11

12

13

(R bk B4 ,2011,31.74-78.

Chinese Pharmacopoeia Commission ( [E] 5% 24 B 2= 51 £%) .
Pharmacopoeia of the People’ s Republic of China ( Ffr4g A
[ 2L Fi [ 24 #) part 1. Beijing: China Medical Science
Press,2010. Vol [ ,11.

Liang ZY (32382 ) ,Liu H(XJ4T ) , Chen HY ( EIEETHE) | et
al. Study on quality of tea-tree oil produced by different pro-
duction processes. Chem Ind Forest Prod ( #Rkj= 4k 2% 5 T
k) ,2009,29(1) :107-109.

Zhang XQ (5K 244 ) ,Bai MJ( H#% 5 ). A preliminary trial
report on introduction of tea tree ( Melaleuca alternifolia 1. )
from Australia. Flavour Fragr Cosmet ( Tl F G M &) ,
2011,2;14-16.

Lv Y( B k) ,He TY (fi[f£ % ), Chen S( ). Review of
volatile oil from Melaleuca alternifolia. Guangdong Chem Ind
()" ZA4kT) ,2005,32(3) :3840.

Liang ZY (#1822 ) , Liu H(XJ#L) , Wen CL ( SCR ).
Study on chemical constituents of oil of Melaleuca of terpin-

en-4-ol type in different seasons. Flavour Fragr Cosmet( 5}
FrE el ) ,2006,2:5-7.



