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, 5.0mL HNO; 1.0mL
(DI) (THQ) , H>0, ,
, 40°C ,
- s 25.0mL
1.3.2
1 Cu Pb Zn Cd Cr Hg As
1.1 3 (HY/T 147.3-2013) (
iCAP Q ( Thermo ,2013) 6 (GB17378.6—
Fisher ); AFS-820 ( 2007) (
); Speed Wave MWS-4 ( ,2008) Cu Pb Zn
Berghof ); BT125D ( Sartorius Cd Cr , Hg
); (100—1000pL 0.5—5mL, As
Eppendorf ); Milli-Q Direct 8 (
Millipore ) 20min Tune B ,
HNO;( > )
H,0,( ) );
N9300233 (10mg/L, 1550W, 14L/min,
Perkin Elmer ); MSHG-10PPM 1.03L/min, 0.80L/min, 5.0mm,
(10mg/L, Inorganic Ventures ); 1323770 —0.27mm, 0.50mm,
Tune B iCAP Q ( Thermo Fisher ); (240.1)°C, 40r/min, 30,
GBW10024 ( , 3 , Li
) ( 50000CPS, Co 100000CPS, In 220000CPS, U
18.2MQ-cm) 300000CPS, ("*°Ce'®0/"Ce)  1.93%,
1.2 (""Ba™/""Ba)  2.08% ICP-MS
2016 3 , Cu *%pb *Zn
, (Argyrosomus argentatus) Med  2Cr QCell ,
(Nibea albiflora) (Cynoglossus joyneri) , KED 105Rh
(Astroconger myriaster) (Hexagrammos ,
otakii) (Cleisthenes herzensteini) , ,
(Chlamys farreri) (Mytilus edulis) , 14 Cu Pb Zn Cd Cr
(Rapana thomasiana) (Turritella bacillum) 95.1%—103.5% .3
, (Trachypenaeus curvirostris) 0.37%—2.76%,
(Penaeus orientalis) (Oratosquilla oratoria)
(Portunus trituberculatus)
, 3, 270V, 30mA,
3, , 8mm, 300mL/min,
; ; 800mL/min, 0.5mL, ,
1.3 , 10s, 1.0s
1.3.1 , 14 Hg As

( , 2014) 0.500g

89.6%—94.8%, 3
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1.25%—3.90%,

1.3.3
(GBW10024)
7 0.999,
0.002—0.086pg/kg, 93.6%—
104.8%, 3 0.60%—
2.55%,
14
1.4.1
(GB18421-2001) (
, 2004),
(Single Factor Index, SFI) (
, 2009) (Metal Pollution
Index, MPI) (Usero et al, 1997; Hao et al, 2013),
14
G
: SFI —Fi, (1)
, SFI i ; G
i (mg/kg, ); S i
(mg/kg, )
SFI 0.2 , ; SFI=0.2—
0.6 , ; SFI=0.6—1.0
; SFI 1.0 , , SFI
1.0 ; SFI 1.0
( ,2007)
: MPI =4/C, xCy x Cy x---xC, , (2)
, Gy n (mg/kg,
); n
1.4.2
(GB 2762-2012) (
,2013)
(NY5073-2006) (
, 2006) Cu Pb Cd Cr Hg
As 6 )
Zn
1.4.3

(Daily Intake, DI)
(Copat et al, 2012) (Target Hazard

Quotient, THQ) (USEPA, 2000) ,

DI = FIRxC ’ 3)
BW
, DI [ng/(kg-d)]; FIR
(g/d), FIR  55g/d, FIR  17.4g/d (Zheng
et al, 2007); C (mg/kg, );
BW (kg), BW  55.9kg, BW
32.7kg (Zheng et al, 2007)
THQ (U.S. Environmental
Protection Agency, USEPA)
, THQs
( , Target Hazard Quotients)
THQ<I,
; THQ>I,
; THQ
THQ = EF><ED><FIR><C’ @)
RfDox BW x AT
THQs = Zn:THQi, (5)
i1
, EF (365d/y); ED ,
70, 10 ; RfDo (Oral Reference Dose)
, ; AT
, 365d/yx
( 70 10 );i ; FIR
C BW 3)
Pb RfDo
, Pb THQ (6) (Liu et al,
2009)
C
THQ “MRL’ (6)
, C (mg/kg, );
MRL(Maximum Regulation Limit) (EC,
2006)
2
2.1
14 7 1
1 , 7 14

Zn>Cu>Cr>As>Pb>Cd>Hg Zn
, 3.279—29.73mg/kg,
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11.85mg/kg, ,
29.73mg/kg Cu

>

13.14mg/kg Cr Pb As

B

]

/n

Hg 14

Cu

0.128—

0.762 0.118—0.589 0.114—0.658 0.025—0.065mg/kg,

Tab.1

*1

BEEMET THESRESE BE, mgkg) (n=3)

Concentrations of 7 elements in marine organism samples (fresh, mg/kg) (n = 3)

Cu

7

Cd

0.505 0.275 0.286 0.039mg/kg

0.579—13.14mg/kg
3.886 0.085mg/kg Hg

>

0.012—0.195mg/kg,

Cu Pb Zn Ccd Cr Hg As MPI
0.615 0.187 4.433 0.034 0.496 0.049 0.189 0.260
1.014 0.143 5.488 0.012 0.569 0.058 0.244 0.258
0.579 0.186 3.279 0.028 0.234 0.037 0.271 0.218
1.016 0.290 6.010 0.047 0.615 0.044 0.340 0.359
0.678 0.127 3.985 0.032 0.128 0.065 0.154 0.203
0.852 0.197 7.880 0.020 0.549 0.043 0.308 0.295
1.873 0.118 29.73 0.044 0.677 0.028 0.204 0.379
4.415 0.208 26.22 0.042 0.496 0.033 0.251 0.457
13.14 0.589 22.95 0.195 0.762 0.040 0.530 0.920
12.15 0.253 19.09 0.189 0.619 0.025 0.658 0.732
5916 0.351 11.59 0.118 0.573 0.035 0.114 0.487
4.830 0.275 9.652 0.141 0.473 0.029 0.246 0.483
3.900 0.558 7.260 0.150 0.539 0.036 0.221 0.519
3.425 0.368 8.351 0.132 0.344 0.025 0.268 0.440
3.886 0.275 11.85 0.085 0.505 0.039 0.286
2.1.1 3 Cu Cd Cu Cd
2 , 9.97 4.07 Cu
: Zn>Cu>Cr>As>Pb>Hg>Cd; . Zn>Cu>Cr> Cd 466
As>Pb>Cd>Hg; : Zn>Cu>Cr> Pb>As>Cd>Hg (Mathis et al, 1973; , 1997)
7 3
Zn Cu
2 3 2 2 ( 2
2004; ,2006) ,
) ( , 1990) ,
5
(Esslemont, 2000;
2.1.2 2 Cheggour et al, 2005) , Cu Cd
b b 2
Cu Zn Cr > , Cu**
> : Pb  Cd: > > : As: cd* ,
> > ; Hg: > > R
, , (Talbot et al, 1982)
(As Hg ),
Zn
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x2 AELEEYHEBPTHELEESEEE, mg/kg)

Tab.2 Concentrations of 7 elements in different marine organisms (fresh, mg/kg)

Cu Pb Zn Cd Cr Hg As
0.579—1.016 0.127—0.290 3.279—7.880 0.012—0.047 0.128—0.615 0.037—0.065 0.140—0.408
(0.792) (0.188) (5.179) (0.029) (0.432) (0.049) (0.251)
1.873—13.14 0.118—0.589 19.09—29.73 0.042—0.195 0.496—0.762 0.025—0.040 0.451—0.704
(7.895) (0.292) (24.50) (0.118) (0.639) (0.032) (0.411)
3.425—5.916 0.275—0.558 7.26—11.59 0.118—0.150 0.344—0.573 0.025—0.036 0.114—0.368
(4.518) (0.388) 9.213) (0.135) (0.482) (0.031) 0.212)
, *F3 BFEEYREREEMmE/KE)
Tab.3 Standard concentrations of 7 elements in marine
Hg ) organisms (mg/kg)
Hg( ) ;
) ) Cu =10 =25 =50( 100)
Hg, Hg Pb =0.1 =2.0 =6.0
=20 =50 =100 500
) 5 Hg Zn ( )
=0.2 =2.0 =5.0
( , 2000) cd
Cr =0.5 =2.0 =6.0
2.2
Hg =0.05 =0.10 =0.30
(GB 18421-2001) As =1.0 =5.0 =8.0
( , 2004)
2 b
’ > 14
s s 1
7 3 4 1

x4 BETFESREHEEINEVMERNEZREKTEMER

Tab.4 Heavy metals levels in different marine organisms assessed using single factor index method

Cu Pb Zn Cd Cr Hg As
SFI 0.058—0.102 1.270—2.900 0.164—0.394 0.060—0.235 0.256—1.230 0.860—1.300 0.154—0.340
SFI 0.079 1.883 0.259 0.144 0.864 0.987 0.251
SFI 0.023—0.041 0.064—0.145 0.003—0.008 0.006—0.024 0.064—0.308 0.370—0.650 0.031—0.068
SFI 0.032 0.094 0.005 0.015 0.216 0.493 0.050
SFI 0.187—1.314 1.180—5.890 0.955—1.487 0.210—0.975 0.992—1.524 0.500—0.800 0.204—0.658
SFI 0.790 2.920 1.225 0.588 1.277 0.630 0.411
SFI 0.075—0.526 0.059—0.295 0.019—0.030 0.021—0.098 0.248—0.381 0.250—0.400 0.041—0.132
SFI 0.316 0.146 0.025 0.059 0.320 0.315 0.082
SFI 0.343—0.592 2.750—5.580 0.363—0.580 0.590—0.750 0.688—1.146 0.500—0.720 0.114—0.268
SFI 0.452 3.880 0.461 0.676 0.965 0.625 0.212
SFI 0.137—0.237 0.138—0.279 0.007—0.012 0.059—0.075 0.172—0.287 0.250—0.360 0.023—0.054
SFI 0.181 0.194 0.009 0.068 0.242 0.313 0.042

: SFI:
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MPI  0.203—0.359 ,
, MPI 0.203 2.1.2
Pb Zn
Cr, SFI 1.0, ;3
SFI 1.0,
SFI 1.0,
1 >
Fig.1 Indices of hez?vy n‘{etal pollution in marine organisms Pb  Cr
: MPI:
, Pb 2.3
100% 1.0, , SFI NY5073-2006
3.880, SFI 2.750—5.580, GB 2762-2012
R Pb 14
) Pb )
0.2, 5 ,Cu Pb Cd Hg As NY5073-2006,
Cr GB 2762-2012
cr > ST %5 BEATESERERE (nyke
0.864 1.277 0.965 SFI 1.0, Tab.5 The national standards of the maximum heavy metal
, SFI 1.0, levels in seafood (mg/kg)
NY5073-2006 GB 2762-2012
Cr  SFI 0.216—0.320, Co Pb ©0 Mg A o
02 06 ’ 50 05 0.1 0.5 0.1 2.0
50 1.0 1.0 0.5 0.5 2.0
Heg ’ 50 05 05 0.5 0.5 2.0
, SFI 0.987 0.630
0.625, S 1 5 , 6 As 2
SFI 1.300 , As, 1 Pb
Cr SFI 0.313—0.493, )
02 0.6 ,
, Cu Zn 14 8 As s
Cd As , As 6.58,
, As As
, Cu , , s
SFI 0.2, >
14 As ( ,
1 1 , 2005) , 10% (Lee
, MPI 0.920, , MPI et al, 2006)
0.732 s , > >
MPI 0.379—0.920; , MPI 0.1% ( ;
0.440—0.519; 2003)
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(Kaise et al, 1992) MTDI = PTWI &
, 7
) 10% , 14 6 , 14 ,
s Cu Pb Zn Cd Cr Hg
Pb , As 7 , FAO/
, , WHO ,
Pb ,
, 7 , Cu Zn Cd Cr
(Vieira et al, 2011; ,2011) Hg , 14 THQ
2.4 I, 5
, Pb As
DI THQ , Pb,
) 6 7 RfDo THQ 1 As,
8 (USEPA, 2016) THQ 1,
(FAO/WHO) THQ 1
Cu Zn (Acceptable Daily Intake, ,
ADI) 0—500 300—1000pg/kg-bw/d, Pb Cd ,
Hg As (Provisional THQ ,
Tolerable Weekly Intake, PTWI) 25 7 5 14 THQs 1(
15pg/kg bw/w (NRC, 1989) ), THQs
Cr (Maximum Tolerable Daily 4.150,
Intake, MTDI) 0.83—33.3pg/kg-bw/w ,

Fz6 MAFMIEMNKETESTRHNEAEDODSEHRAAFEANEMTDI) (ng/kg-bw/d)
Tab.6 Estimated daily intake of common seafood of the Rongcheng Bay by adults and children and recommended maximum tolerable
daily intake (pg/kg-bw/d)

Cu Pb Zn Cd Cr Hg As

061 033 018 010 436 236 003 002 049 026 005 003 019  0.10
100 054 014 008 540 292 001 00l 056 030 006 003 024  0.13
057 031 018 010 323 174 003 001 023 012 004 002 027 0.4
1.00 054 029 0.5 591 320 0.05 003 061 033 004 002 033 0.8
067 036 012 007 392 212 003 002 013 007 006 003 015  0.08
0.84 045 0.9 0.0 775 419 002 001 054 029 004 002 030  0.16
1.84 100 0.2 006 293 158 004 002 067 036 003 00l 020 0.1l
434 235 020 0.1 258 140  0.04  0.02 049 026 003 002 025 0.3
129 699 058 031 226 122 019 010 075 041 004 002 052 028
120 647 025 0.3 188 102 019 010 061 033 002 00l 065 035
582 315 035 019 114 617 012 006 056 030 003 002 011 0.6
475 257 027 0.5 950 514 014 008 047 025 003 002 024 0.3
3.84 208 055 030 7.4 38 0.5 008 053 029 004 002 022 0.2
337  1.82 036 020 822 444 0.3 007 034 018 002 00l 026  0.14

MTDI 50—500 3.57 300—1000 1 0.83—33.3 0.71 2.14
JECFA (1982)  JECFA (2000) JECFA (1982) JECFA (2011a)  NRC (1989)  JECFA (2011b)  JECFA (1989)
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F7 BAFMILERARMTIERSEEmIBERREERE (THQ 71 THQs)
Tab.7 Target hazard quotient (THQ) for an individual metal and the total (THQs) for all the metals combined for the consumption of

seafood of the Rongcheng Bay

THQ THQs
Cu Pb Zn Cd cr' Hg As
0.015 0.374 0.015 0.033 0.163 0.482 0.620 1.702
0.008 0.374 0.008 0.018 0.088 0.261 0.335 1.092
0.025 0.286 0.018 0.012 0.187 0.571 0.800 1.899
0.013 0.286 0.010 0.006 0.101 0.309 0.433 1.158
0.014 0.372 0.011 0.028 0.077 0.364 0.889 1.755
0.008 0.372 0.006 0.015 0.042 0.197 0.481 1.121
0.025 0.580 0.020 0.046 0.202 0.433 1.115 2.421
0.014 0.580 0.011 0.025 0.109 0.234 0.603 1.576
0.017 0.254 0.013 0.031 0.042 0.640 0.505 1.502
0.009 0.254 0.007 0.017 0.023 0.346 0.273 0.929
0.021 0.394 0.026 0.020 0.180 0.423 1.010 2.074
0.011 0.394 0.014 0.011 0.097 0.229 0.546 1.302
0.046 0.236 0.098 0.043 0.222 0.275 0.669 1.589
0.025 0.236 0.053 0.023 0.120 0.149 0.362 0.968
0.109 0.416 0.086 0.041 0.163 0.325 0.823 1.963
0.059 0.416 0.047 0.022 0.088 0.176 0.445 1.253
0.323 1.178 0.075 0.192 0.250 0.394 1.738 4.150
0.175 1.178 0.041 0.104 0.135 0.213 0.940 2.786
0.299 0.506 0.063 0.186 0.203 0.246 2.158 3.661
0.162 0.506 0.034 0.101 0.110 0.133 1.167 2.213
0.146 0.702 0.038 0.116 0.188 0.344 0.374 1.908
0.079 0.702 0.021 0.063 0.102 0.186 0.202 1.355
0.119 0.550 0.032 0.139 0.155 0.285 0.807 2.087
0.064 0.550 0.017 0.075 0.084 0.154 0.436 1.380
0.096 1.116 0.024 0.148 0.177 0.354 0.725 2.640
0.052 1.116 0.013 0.080 0.096 0.192 0.392 1.941
0.084 0.736 0.027 0.130 0.113 0.246 0.879 2.215
0.046 0.736 0.015 0.070 0.061 0.133 0.475 1.536
. Cr(VI)
*8 ARIEZREZSXTEEmg/(kgd)]
Tab.8 The oral reference doses for different metals [mg/(kg-d)]
Cu Pb Zn cd Cr(IIT) Cr(VI) FiJk He LML As
RfDo 0.04 — 03 0.001 1.5 0.003 0.0001 0.0003
MRL — 0.5 — — — — — —
3
(1) 14 Zn>
14 Cu>Cr>As>Pb>Cd>Hg
( ) 7 (Cu Pb Zn , Zn>Cu>Cr>As>Pb>Hg>Cd, Zn>
Cd Cr Hg As) , Cu>Cr>As>Pb>Cd>Hg, Zn>Cu>Cr>Pb>As>

Cd>Hg
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PRELIMINARY ASSESSMENT ON HEAVY METAL LEVELS AND FOOD
RISK IN 14 ECONOMIC ORGANISMS OF THE RONGCHENG BAY

SUN Ling-Ling', SONG Jin-Ming" *?,

YU Ying',

SUN Xuan', LIU Yao', LI Chen', LIN Qiang'

(1. Center of Analytical and Measurement Research, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
2. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 3. Functional Laboratory for Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266237, China)

Abstract

To assess potential local seafood safety, concentrations of 7 heavy metals (Cu, Pb, Zn, Cd, Cr, Hg and As) in

14 economic organisms of the Rongcheng Bay were determined in inductively coupled plasma-mass spectrometry (ICP-MS)

and atomic fluorescence spectrometry against applicable national standards using single factor index and metal pollution

index. In addition, to evaluate the non-carcinogenic health risk of heavy metals, daily intake and target hazard quotient

(THQ) were calculated and analyzed. An overall descending order of heavy metal levels in 14 economic organisms was

determined as Zn>Cu>Cr>As>Pb>Cd>Hg, but varied to some degrees among the organisms. Results show that Pb was

slightly above applicable hygienic standard for human consumption in all the 14 economic organisms, Zn and Cr in some

shellfish, and As in 8 organisms. The THQ analysis identified a non-carcinogenic health risk for Pb and As from Rapana

thomasiana, Portunus trituberculatus, Astroconger myriaster, Cleisthenes herzensteini, and Turritella bacillum. In overall,

no serious food safety risk in normal intake of seafood was revealed.

Key words heavy metal; economic organism,;

seafood safety;

Rongcheng Bay
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