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HmHRE. REMSH

FHDT K= A AR i 0 R4 T 2014 4R 2015
A, EEAEREM . TIERCHEREES L, BF
i R P R DL Bk A S HL A
SR B TR dh o SRR AL 2 26
18 B, 33t 160 NHEdh, 2R 8 W A M
By, Hopm2e 14 Fh, Wek 4 Fh (5%
U)o AwPRee i R, B0 MR E
AT S A, BAHREA M URE 1A
dhr, [ BEOCRGE A b Bh AR bR A AR

1

SC/T 3016—2004 (7K 7= S il A J7 %) M2
1o FEAREF G, BATEHaIn, %
ABIRIE RS, U7

AR T R L BRR G A SR IR
JCEETE s, TCAHLBR AL R R R 5O R
&, BRI KOS HHRYE GB/T 5009. 12—2010
(BbhZ el Bal P lllE) . GB/T
5009.15—2014 (i EaERZIRE &5 s
WY, GB/T 5009. 17—2014 (& h Bk BA
PIRAAIEY F GB/T 5009. 11—2014 (&
SN e TORLA O 5 ) ST AL AT

R1 HWEHKFRELER
Tab.1 Basic information of fishing aquatic products
e P HE MR B Bk HI
Group Species Number Habitats Feeding habits Source
T NI NI
o 12 FLEE e Lpisiic /N Lk bk
Scomberomorus niphonius
: 10 FLEE e 4] v i 4
Decapterus maruadst
W | T
S 11 P L= et Lp i/ OE bk
Sardina pilchardus
i NN
o 12 FLEE e ) 7R b
Prneumatophorus japonicas
R NI NI
o 11 FLEE etk LIPS/ N OE bk
Pampus sinensis
it
: . 11 F L= etk Lp s/ N OE bk
Mugil cephalus linnaeus
A
9 i = ] ) Z= Wi )
a2k Trichiurus haumela R ARt B
Fishes INEEA . N N N N
. : 10 Rz etk Lpisiii /N Ok bk
Larimichthys polyactis
- 8 UivE e LIPS/ N LR bk
Lophius litulon
LN NN
7 UiE etk ) 7R b
Aluterus monoceros
. 6 UiE e LIPS/ Nk bk
Muraenesox cinereus
Rkt E A
6 = ] ) 7= a3
Collichthys lucidus = ARt B
e
o 6 T At P
Nemipterus virgatus
Vet NN
- 6 i vt A

Liza carinata
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e P HE WS PR ik B
Group Species Number Habitats Feeding habits Source
B JTUER e
i 9 UivE Atk ) 237 B P Y
Trachypenaeus curvirostris
KEHXSER NI NI
s . Ui9E Atk ) 2R 37 B P Y
H 7k Tenneropenaeus penicillatus
H
Crustaceans ﬂFﬂE . 9 B A RG]
Oratosquilla oratoria
By N
- 8 92 et EPSiE

Portunus trituberculatus

1.2 iEferaE
L2.1 [REfHE
MENFZER ., XA XS K= h
SRR E T T, Hep 2 ApxdK
7 i FH E A R 5 Y M B B R AR (AR R B
MKBE (EC). H2001 423 AR 201342 f, 4
PR AR e A s e PR E R, R
LR T 32 WA K HAAITE, Hp X Tk
P ESENRELRHA 6 W, HH A
2, AE2ALEL, RESRELSLS
P E B IREREFAS —, SEEFEEH
P EPRE Wk BUR T (CAC) Wfy 250, BR3
AT = S A R 5 e PR R R T,
Hoxb a2 48 B B e R i 2 TR 24 8K,

Mz T, FEEAERRENE T, HIX 5
TREkRAAIER e, B A YR
FRE R R A OB A 5 oh, EEPREIE
HbrdE (CAC) . BREE (EC) 3EM/G™ i
SRR T IREHLE , 1 AR X ICHLIHE IR AT IR
BHE, mEATHE THCHRERR .

HT 3 9 57 R A 2 ™ ik il B 55 R B
(EC) HIEHRZES, WIAREE H M B
(EC) #pifE. AXAES [ NIMELE BN bn il
Ja, PSR A NY 5073—2006 (L& &m K
oA A FE YRR EARE) PR AT
K PG BTSRRI E ok
KT il AR

F2 ERMSMKTREEBERERE
Tab.2 Limit standards of heavy metals in aquatic products of domestic and international / regional regulations

H4EREE (mg/kg) Maximum level

LA s _
Standard # Pb 5 Cd J35% Total Hg %m$
Inorganic As
0.5 (a2, H 5= HFR 0.5k 0.5(KF=3H
P I ) 0'1(@5?; WL, A SO B, £
Corp sy O 0.5(F5K) R MR KRR R
. W, R A, 2 0(RER K L AN, A
- " Rk W) s BA A, R 1L O(a 0.1(FKRIH
15 (WX, e 8 T B
R
Dt“;ltd LR 0. 5 (A K
NYSO732006 0.5 (K BR fﬁn,ﬁ@%ﬁ@@ o)
(LAEER K 2, s )5 B
REEREE 10 (MK S g o TR PR L0t e
1.0( T2 Sk Pk

YR &) R

B, mE A, a1
i A
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R

FRiEA B

B4 BREE/ (mg/ke) Maximum level

Standard & Pb B Cd J4.5R Total Hg %W$
Inorganic As
0.05 (#35, 7 fu 45 % |
, RUHE B o 6B K
e gy, WA BERL . Bt
g g g D TEL B T B 0.5 (K7 A,
A e 1L B AR SR I RS
I3 (EC) AL FEfa it ; LA, K P ,
EA No629/2008 \TOT N s 05 (RFEEEY AL HEILA)
TR yy, FUELHS (0 JLP PO B 1. O (U il
Foreign L0 g g LA SPIRIE ) o
) L5 (RGE8Es4) ;
standards ° 1.0 (AR E AT
PR 3k 25304 5
b ooy
DIt oatmss  200WAMIEAL L TRE2(RH060);
coppx sray 03RS JE S ISR 1.7( Dbta) 5 /

193—1995 L O(ERIARDIZE)

R 1.6(Bf) .,

1.2.2  RREFIG YRR

R LR 15 YA BOTAN AN [R P 25K ™ i 2
FlEEYRA, HEALWT

P.=C/S. (1)

Kb PARSE i MESEISRIEHUE; C.15
B MESELRNEME (mg/kg); SHEHE i Fh
ELERERRME (mg/kg) .

i1 B A7 E P 0 B A TS G S R A A
WE, PRSR R Sk U R R S A AT R
fir, PP, <0.2 HIEHEHRMEKTF; 0.2<P, <
0.6 NREIHYIKF; 0.6<P, <1 HyHigik
oy Pzl NEESHUKRE, MR,
1.2.3 EmaBEisiudsiias (MPD) P4

FABEEBIGRIEE (MPL) HECR[FFE
K 2 A T A R S e ks R0
BAAF

Xy = /€ X Cy xCy x -+ xC) (2)
K C, #55 n P E & B LIE Y HE
(mg/kg) .

L2.4 gzt

RIS E R AR AL 2V AR TR AU f R
MFB AL RER S (JECFA) TR =M+E
FHEBENEHHZHAR (PIWD) hZ&%
PRAE, XSO RS, W, Bk, Hlef

PR B BT VRS o PPN IR

AWI=C, x WC (3)

K. AWl A B LhrE & B EAR
(mg); C—K"RELBHE (mg/kg); WC—
N E (kg), HREE2010—2012
EXREA S A S (WAL 3 A, &
AL 2 4, WESZNEERT) it
2402 AR AE R, fmEAE RS A TR
F63.41 g/d () 0. 444 keg/JH) M,

PTWI (i A) =PTWI x f AR (4)

At PTWI—JECFA il & B 75 e ) 45 J& o]
M2 HAE (mg/kg), H. 8. K. THLEFE
PTWI {43 %1 % 0.025, 0.007. 0.005. 0.015
mg/kg; PTWI (JA) —RLA B JE AT 22 48 A
& (mg); MAMKELLT0 kg i,

PLUAWL 5 PTWI (g A) A 4 LR AWL/
PTWI (B A) x100% , SHEHIK> R ELSE
G B 2 R 1 DL A T PEAL .

1.2.5 MU PR

ANFIZR B 5 e i i B AR A RS Bif
SR AR KU, I8 0 Y T B0 e e XU
AR P SE R X

SO T 2 B XUBS AR TR N

R, = [1-exp ( -D, Xqig)] /70 (5)
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K : RONVESE | B8 ABRRH 43
AT (a™'); D oNESEE | 8 AR
BRANRE H I RERE [mg - (kg-d) 7' ];
1 NEEE | BEABRRNBUERE R (kg - d
~mg™), HEE WK 35 70 R AR H
(a),

A S0 4 r- 3 500 R XU AR Oy

R,= (D,x107°) / (P, x70) (6)

A ROAESRE [ KB ABRGETT 4
ANIEBRERNE (a7 PLAYESRE i 48]
ABBEMAENE [mg - (kg-d) '],

HEJE | S ANRENAARE H B REHN
D EAAN:

D, =m, xC./70 (7)

KAr: m, N ERICER BB K™ 8L
W R (mg); C AR ESE S &
(mg - kg™"); 70 MAUENFHERE (kg

TR R P AR -

P,=RD, /A (8)

A RD NEESR i BB ABRRNSHH|
B [mg- (kg-d) 7], HBUAWK3; A B%E
ST, o,

TEBEZI ™ i 2 e A AR RS R A
FHEMFSCR, MR A SRR, Eam
DR AR (R ) 9.

R, =R +R; (9)

Ay ECABEAN [ 717 i X A i RRE IXUS £ 22
S, (R P R A SRS E R
EMRRER, MARHACRSHHRR, WA
[FIRR AT it B B AERERES: (R ) 2R

Ry = éIRig (10)
A n kT A SR

Fx3 RESH ¢ 0 RfDiAE[MJS]
Tab.3 Model index g, and ,quig[MﬂSJ

4 )& Heavy metal q,/kg + d - mg™ RD,/mg - (kg+d)™
4% Pb 0.008 5 1.4 x107°
7 Cd 0.38 1x107°
J35% Total Hg 1x107*
FEAL Inorganic As 3x107

o/ R OB KR
Note:/ meant no risk of cancer.
2 H#HR5ITE

2.1 HEkFRPEEREEERER
Ry 160 AHEA SR S B, P8

B, EARR SRR IR 4 PR, 8 W\ B
IRFNTCHLA 4 FhEL 8 HUA AR, AR RN
9.4% , AR AHI A BT EE M AR

x4 EEREREELXREBR
Tab. 4 Concentration of heavy metals in fishing aquatic products

H2R JaHl/ (mg/kg) B/ (meg/kg) IR/ %o BRI A
Heavy metal Content range Mean Over limit rate Species of over limit rate
45 Pb nd ~0. 361 0.023 6 0 /
% Cd nd ~1.78 0.113 9.4 T TR G
JE\ 7R Total Hg 0.002 1 ~0.225 0.030 3 0 /
TeHLAH Inorganic As nd ~0.060 4 0.011 4 0 /

I :nd FoRARAEH

Note :nd meant the heavy metal was undetected.
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2.2 AEMEHEBKFRTESESE
SIS K 1 R FE A A 125 1 35
o WREISEY . . EoORATTHLE -1 & 81y
BAK, 4334 0.018 8mg/kg, 0.003 45 mg/kg,
0.031 5 mg/kg #10.010 4 mg/kg, HANELEBIS
e WAef, . SORMEHLMOE-3EE &5
)4 0.040 7 mg/kg, 0.504 mg/kg., 0.0259 mg/
kg F10.015 1 mg/kg, HrPsBIE7E@Anres, &

PN 42.9% , EBHR PR A #R T A R
2.3 REFEHEEAFEFRTEEESE

2014 A1 2015 A7 43 SR 7K 7= dh A i 80
iy, IR R K 5 P 4B B A AR
RINGETHT, G5 R 6 A 4s & BA7AE D
xR HESBLWNEER, FTEREN
2015 AESRAEHTEG T 182 7B 0 1R ek 7 R A2k
117 HL S 1 1 R e i o B AT

x5 AEEHRKFRPECRESE
Tab.5 Heavy metal content of fishing aquatic products in different years

"B FEIR “Ffsy Year
Heavy metal Index 2014 2015
HE 80 80
HEREJEE/ (mg/kg) nd ~0.342 nd ~0.361
£ Pb
XA/ (me/kg) 0.021 1 0.024 9
R/ %6 0 0
SEVEE/ (mg/kg) nd ~0.088 5 nd ~1.78
4 Cd 1B/ (me/kg) 0.006 55 0.220
HEFFER/ % 0 18.8
ESEIEE/ (mg/ke) 0.002 1 ~0.153 0.004 7 ~0.225
J5R Total Hg XA/ (me/kg) 0.0275 0.033 1
AR /% 0 0
SRR/ (mg/kg) nd ~0. 060 4 nd ~0.059 2
T Inorganic As B/ (me/kg) 0.010 6 0.0122
BRI/ % 0 0

I :nd FIRARAG

Note : nd meant the heavy metal was undetected.
2.4 AEMEFHHKF@mPESETN
2.4.1 RRFGYUREE

R 3 B I T s ML AN PEAN b v X
ARIFPZIK P AP 8. EORFITCHLAAY 5 G
BT HHE AN, ISR INE 6 Fim, K
PR ALY PRI AE TIE R E RE K2
Wo DT HEPEESRBI TREBIKT, HA
AP P A AL TIE R B SR Wk
BIRB T EGYOKT, mm TR, 2R
FiftShy VARG AR 1B, BFE R IWL AR A
AREF U Oy W 52 20K i b S B SR TS etk
BT R I W R S X R 4 R 4 AE

o KRR ROR B PAER AL T IE R B S EK
V2, NY 5073—2006 (L AFEE M K- md
BB EW IR ERAE) DUF RS &R
PRAE, MRPEAHCHE, AT 80% 1
KU HR AR AEAE, RIS EoR T
WePE LAE T . E A SRR R,
RN ER GBS BREEN 42.1%
~61.6%, A5 66.2% ~91.5% ; K725
(k. wARMEL I K) 294 200% ~
95.0% "7 THREEAOT B BOR S BRI,
ARG AR — LM e HER B &, HAARR A
BRI B R B B R AT, M EOR & B A
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MO SRR SR, P e P R S By
AT NY 5073—2006 (LA F B dh K7 T

HRAEYRIREE) HRIMERE.

FR6 AREMKFRHECEGRESR (P)
Tab. 6 Heavy metal single factor pollution index ( P;) for fishing aquatic products

KBE ik S HEEI5YLIE5( P,) Pollution index (P,)
Group Species 4 Pb 45 Cd JE\ 7K Total Hg TCHLAf Inorganic As

g ] 0.02 0.06 0.01 0.10
EE S 0.08 0.02 0.02 0.10
T 0.30 0.02 0.01 0.10
i 0.02 0.08 0.02 0.10
R 0.03 0.01 0.02 0.10
A 0.01 0.01 0.01 0.10
W 0.02 0.04 0.03 0.10

f
JNEE A 0.08 0.01 0.02 0.10

Fishes
iz 0.01 0.04 0.09 0.10
iR :cF X 0.01 0.005 0.01 0.10
g ) 0.02 0.05 0.05 0.10
Pkt EMA 0.07 0.02 0.02 0.10
Lrekf 0.01 0.01 0.15 0.10
Wath 0.01 0. 005 0.01 0.10
SEXAE 0.04 0.03 0.03 0.10
JE TR 0.05 0.06 0.01 0.03
K BSTIF 0.02 0.03 0.03 0.02

F sk
gy 0.15 2.29 0.01 0.02

Crustaceans
YT 0.14 2.30 0.01 0.05
SEXAE 0.08 1.01 0.05 0.03

2.4.2 HEBREBRGRIN

BIR, iEEER

AU, TR AR A

RIEE SR ITIIERGE (MPD) XA FFK
FEEL R R BRI B B DL AT I
BATH, SERWNET, b EEMEEIE, K
JZ/ SR E MBI 7 R BB 5 AR HOr Y
{H43 57 0.008 4, 0.008 0 #10.033 5, H 5z
B T8, X ATRE R T —J7 WK 4
JB ORI B TEBRL AR R, S5 — T
e — RS TRIE RS, DI
2B A Y L ELBPRE, T 2R S

AR S R RS T S BUR B AR
RGN AN E SR & BABORN, Wi
R B R V5 ReAR B U8 1 > HERES > X
IR > TR, G BFgE ) R Bt ) 4 TR I
FHEM, MEKE AR R2ER, ME
1, 2 AT LUA A7 S 7R i 2 B A B 1P £ S R AN
YEBR I B D QAR B i T AR R AR B
A2,
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7
Tab. 7 Heavy metal pollution index ( MPI) for fishing aquatic products
Xp!)
Group Habitats Number Poallution index ( MPI) Mean
67 0.003 6-0.010 5 0.008 4
Fishes
/ 58 0.004 0-0.013 6 0.008 0
3B 0.003 7-0.155 0 0.0335
Crustaceans
0.016
0.012
0.008
0.004
0
1
Fig.l Heavy metal pollution index (MPI) for fishes of different water layers
0.016
0.012
X 0.008
0.004
0

2
Fig.2 Heavy metal pollution index (MPI) for fishes of different feeding habits
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2.4.3 BT

AR 25 25K 7= i v B2 4 R RS- 4 K e
i, 8 REEEARMES RO HE RS
&, FRERARITE S PTWI A 401k, X
FrE R e B BRI B AR R R
BT, SRS TR 8, LSRR MES
B B, B, . BRACHLERE AWI

di PTWL (BN Bl 7E 0.2% ~ 44. 9% Z |,
YL B TR A& B = R E AR R
ABLT JECFA A PTWI A, RiARL 4L
M. (HLIE 4 8 e RAEHR, DR (R
FERM DI MR EARET T PTWL (5
A) ., R EmARNKE R, FAEEH
BAPER

R8 KFERPABEALKRESEBENERHE S PTWI L
Tab.8 Weekly intakes of heavy metals from fishing aquatic products by people and their accounts for
the percent of PTWI

'E4E Fhik PTWI PTWI SFHEMETE Mean B KB H 5 Maximum
Heavy metal Group  /(mg/kg) (A /mg AWL/mg  AWL/PTWI  AWL/mg  AWI/PTWI
a3k 0.007 0.4 0.15 8.6
# Pb 0.025 1.75
32k 0.017 1.0 0.16 9.1
a2k 0.0015 0.3 0.0170 3.5
55 Cd 0. 007 0.49
32k 0.22 44.9 0.78 159.0
fa3k 0.015 4.3 0.068 19.4
MK Total Hg 0.005 0.35
32k 0.012 3.4 0.044 12.6
a3k 0. 005 0.5 0.024 2.3
TeHLH Inorganic As 0.015 1.05
H ik 0. 002 0.2 0.027 2.6

2.4.4 RN

FEVTE 785K bl B 22 s PR 224 |,
ASCHE— AR AR KBS, HLAR DI il 4%
KRESRETBNRRMELITIHE, mEEMEIK
7 A A TRAR I A B A A R KRS a3 9
PR, &AOK a4 FhE BB B RO B A fE
U35 /0 T [ B S B 97 % B2 (ICRP) 7%

(9B AT H 32 K7 5. 01 B 4 2 il 5 K

i 2 B NIRRT 7 A B XU AL T AT 35231
B, AR M. 4 ME SR hR SR AR
RN R, AR K™ b e 2R B B A
RN T2, XS a4 R A
—3,

R ESRERNEERFENAERRE

Tab.9 Personal health risk caused by metal intake a™t
H:8¥ Group #4 B Heavy metal R, R, Ry R,
4t 3.76 x10°® 3.16 x10°* 6.92 x10°*
fa % 7 1.47x1077 3.86 x107° 1.50 x10 77 .
Fishes BaR / 2.91x107" 2.91x10~" 10510
Tl 1.11x10°° 2.48 x10°° 1.14x10°°
% 3.97 x10°® 3.34 x10°® 7.31x10°%
F 522K i 8.75x10°° 2.30x1077 8.98 x10°° .
Crustaceans BR / 1.26 x10~” 1.26 x10 77 F 00
Tl 1.17x10°° 2.61 x10°% 1.20x10°¢
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25 mEORBEHSHMEBEKTREESRS
BIKFELLE

A RAR I K A VK B R
B R A TR LR B, T 2014 4R
A A G UOT A B A i 22 s i, A i
BRI J3 s SR AT HEAT L, BOR AU
A 5585 B A R SR ™ i o A R S B

Tricke, RN 10, FadbAu it a2 b
By WL EARAMZCHLe B IR T B T
b A I B R A, EAR EART RER
o AR R E S BITRUE N
£, HitEEE S BH T M E T HAMRE
s, (EE A AR e 2R p R B T AR
FERGRORDL, PSR IER

F10 ARBEHAFRFESEREKEILE
Tab. 10 Comparison of contents of heavy metals in fishing aquatic products from different waters

K KB AR 4R/ (mg/k) Content
Waters Group Year #% Ph 48 Cd R Total Hg  JCHLEE Inorganic As
% 0.12 0. 007 0.02 1.44
T i o 2007 ' ) ) (REEE)
Yellow Sea of Jiangsu 5.09
Ak 0.02 0.49 0.003 . o
" CABE)
BTV e b ) 2k 016 / 0.003 ~0.13 nd
Zhejiang inshore FH = / 0.002 ~0.09 nd
e LS AR sk 0.0188  0.003 45 0.0315 0.010 4
Central and northern 2014—2015
waters of Fujian FHAB2k 0.040 7 0.504 0.0259 0.0151
}JA;E‘H;‘L@[M] @;@ 2007 001 001 / /
Guangdong inshore F 22 Y, y Y
Lk v g [25] 72k 0.18 0.019 0.024 0.096
1998
Guangxi inshore & 2l S 0.15 0.246 0.038 0.090

I :nd FoRARAEH

Note :nd meant the heavy metal was undetected.

3 4iE

T A 5 P A o A s v L I 18 ARk
I 160 MHEIK T . BB IR AL
TR, SHra R R E R, BRI
SR/ NTHERE, &3MaH, E8BETT
TEV5YY, AR N 9.4% , FBAFREFP A O EF i F0
W&, TrekEe BB Ta, K2
PR M S Y B 4 Vs YR B = T e AR
B, B A PR A A R XU PEAA 45 SR
RNESBEBOBAREER L, FAESHEE
PR, #IGE R HASERE, HhESE
BB F 22 4 T A B XU 7K - 349 &b 0T 3 % ¥
M. MTERSBEELEYERNTLISEEE, X
HRARE = EAEE, FHCY BN AL R T

NS E2r =] il VA= =k RERE ST A S 1A

SE 3k
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Concentrations and risk evaluation of four kinds of heavy metals in
fishing aquatic products of the central and northern sea areas
of Fujian Province

WU Yefei, CHEN Huorong, WU Zhen, PAN Youhao, CHEN Peijun

( Ocean Environment and Fishery Resources Monitoring Center of Fujian Province, Fuzhou 350003, China)

Abstract; In order to understand the metal pollution and human health risk of fishing aquatic products, this
article analyzed concentrations of Pb, Cd, Hg and inorganic arsenic in fishing aquatic products which includ-
ed 160 samples and 18 species from the central and northern waters of Fujian during 2014 and 2015. Single
factor pollution index (P;) and metal pollution index ( MPI) were used to evaluate the degree of pollution,
and provisional tolerable weekly intake ( PTWI) and carcinogenic risks were used to assess the edible safety
and health risk, respectively. The results showed that the contents of Pb, Hg and inorganic arsenic in fishing
aquatic products were in line with national standards, while the content of Cd reached the criteria of pollution,
with the exceeding rate of 9. 4% . P, indicated that the fish was not obviously polluted by heavy metals, which
was basically in good state, while Cd in Oratosquilla and crab reached the criteria of “heavy pollution” and
others were in good state. The MPI result showed that the heavy metal pollution in the shellfish was more seri-
ous than that in the fish. The edible safety assessment indicated that intake of four kinds of heavy metals by
eating fishing aquatic products were lower than those formulated by FAO and JECFA monthly tolerable intake,
but the Cd intake of a minority of shellfish was exceeded the PTWI value. The model estimation for health risk
indicated that concentrations of heavy metal did not exceed the recommended maximum acceptable levels set
by International Commission on Radiological Protection (ICRP). Overall, although fishing aquatic products
in Fujian Province can be safely consumed, potential risk of Cd still calls for further attention.

Key words: The central and northern waters of Fujian; fishing aquatic products; heavy metal; evaluation



