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Heavy metals in selected marine organisms from Daya Bay .
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Abstract; Herein, seven typical heavy metals (As, Cd, Cr, Cu, Pb, Ni and Zn) were measured

in the muscle tissues of wild marine organisms collected from Daya Bay, South China. The
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concentrations of As, Cd, Cr, Cu, Pb, Ni and Zn in muscle tissues ranged from 4.28x107 to 1.31x
107", from 8.58%107° to 2.19%107%, from 2.69x107 to 9.54x107*, from 1.92x107* to 3.05x107",
from ND (not detectable) to 2.14X107*, from 8.40x107* to 2.75x10™", and from 1.92x107" to
6.13x107" mg - kg™ ( wet weight) , respectively. Compared with those reported levels from other
places, either domestic or foreign, the metal contamination levels in marine organisms from Daya
Bay were relatively low. Compared with the historical data, a decreasing trend was found for the
concentrations of the seven investigated heavy metals in the present study. Furthermore, the single
factor pollution index method ( P;) and comprehensive pollution index method (P,) were used to
evaluate the pollution levels of heavy metals. The results of P, and P, showed that only As in the
Scatophagus argus, Rhabdosargus sarba, Oratosquilla oratoria and Turritella terebra bacillum
exceeded the allowable criteria of “the Light Pollution” , while all the other metals can be considered
as “non-polluted”. The US EPA recommended model for health risk assessment was performed to
further explore the potential human health risks of intaking heavy metals through dietary. The results
showed that As was the main risk factor with potential accumulation for long—term consumption of
marine organisms, which would generate a cancer risk. The exposure risk for/children/adolescents
was 1.5 times higher than that of adults in Guangdong Province. Moreover;. the daily dietary
consumption (57.4 g+d™" for adults and 42.4 g-d™' for children/adolescents) of Scatophagus argus
Oratosquilla oratoria, Loligo duvaucelii, Metapenaeus affinis, Brachyura 'and Turritella terebra
bacillum were higher than the corresponding safety threshold of/consumption recommended by US
EPA. We therefore suggest that consumers should properly control the daily consumption and number
of monthly meals for these seafoods. Meanwhile, more attention should be paid to the potential health
risk of total As to human via consumption of marine organisms from Daya Bay.

Keywords : Daya Bay, marine organisms,heavy metal pollution,health risk , consumption limit.
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1 #BS 7 ( Materials and methods)

1.1 FERER

R R AR R 75 A AR B AR 1 77 5, T 2018 4F 10 H AR 2348 B 7 RIE 145 v Bl 3 0 R 4 167
FERERD 70 003, I =R KA 510 10 Bl G038 S Bk P08 | FTER I R FOAR 5 3 G X
LR TR PO T Bl PELRAE PRHEIR s 2 R S 6 A RIERIRE 2 BRI
Fhs Bom MR RE SR BT S MRS A IR AR S B AR 1 R R MRE S 2B K bk S
ia PISEG 2 (PR B AT R ) R UR TR IS I 100 H 5 % 3 TR 2/ 4eh 8 .
1.2 FESALEE S 434 2

i B R AL BRSO I s, BB TR AN (PRI 0.2 g A B TIH D A 6 mL AR , e
S, R T A (Mars6, CEM, USA ) I B X RR P 04 T I8 A T A5 7% 2250 mL 25,08
25 EEE 10 mL FWEWGT 0.45 um SR K PR UE I, SR A ALEGH A S5 B T KT S A (1CP-MS,
PerkinElmer NexION 2 000, USA ) #4754 & ve FE I 2 |, BT B 48— LAY J . S 46 ™ i 4 A T 46 g
T I e A 1l 9 A DG SR AT 308 3 T [l Se 8 () 113 A 7 o 4 o T4 A o SV ER0. 209% 13 P A T RURE
B 10 MRESRIN 1 A UEFRMEY) B (GBW10050 ( GSB-28) , KU ) FUIME 2 BE it 24 /3 BT 4 70 K B b
I L Ry 74.09% — 129.45% , P47 REARRARE i 25 (E 5 A 0.14%—26.7% A UEAR HED BT As |
Cd .Cr.Cu . Pb Ni Fl Zn 90 5 {8 ( FRAE) 43514 :2.67 (2.50) 10.039.00.039+0.002) ,0.364 ( 0.350 +
0.110) .9.99(10.3+0.7) .0.216(0.230) .0.261(0.2+0.05) 1 80(76+4 )mig-kg '

K1 REIEH AL EAR R

Table 1 Primary information of marine|samples in Daya Bay

Hics T4 g Bk SN ik Tk B 1
Chinese name Latin name Species  Amounts Length/cnt Weight/g Moisture content  Feeding habit Living habits
Judrbl )k
XLl Scatophagus argus fak 1(1) 15.53 110.26 71.79% *%Vl& ZU wR KRR
KHEN T
, 8.7 17.95 ZRETE, ERIF M TR
- s s % . o . ;
-4 Rhabdosargus sarba 112 1(5) (18—9.3) (16—19.15) 73.54% X i s SR
; 8.9 9.2 Bl U IR B e
LN Oratosquilla oratoria 52 1(16) (74—103) (1.73—11.23) 78.91% AREN s Wi
y . . . o . 30—170 m
G 2 0 Loligo duvaucelii LIC T (1) 22.6 127.58 75.81% AT
Kz
‘ . ; 10.6 13.6 ZREtE, LURHE K15 m
RZe D8 : 2 G .059 .
EGHEF  Metapenaeus affinis gk 1(7) (83—13.2) (10.06—16) 77.05% WP K
- 37.25 N i BT 1 i b
i Brachyura FsEk 1(12) — (32.86-48.19) 82.01% e RE
. BF N
- Turritella Wik 1(28) 5.8 6.19 17.68% e frb A TR

(4.8—7) (5.05—7.67) e

terebra bacillum

V. B B LA IR RSB TFRTRE SR B0 B R .

Notes: The number of samples is expressed as the number of combined samples ( the number of samples before being combined)
1.3 BTGP R ES Tk
1.3.1 PP bR

M A TS YA BRI (B K i A B B R R (NY 5073—2006) 12/ 1
(B ERhRUE 25 5 YR ) (GB 2762—2017) 1 SR FI5 Y4850 (P, G5 &L 515 4
B P, ) KR 5 Vg 7 i v B 4 S V5 e R R A TITAG
1.3.2 Wk

HEFIS YRR (P AN P, = €/ S, o €O B SRR BRI (mg-kg™") 55,0
i TP E A T YL FR A (mg - kg ™) .S AR L2 2 ARG 45 S v e R 4 B TS Y PR R 4 M TS e (P<
0.2) RIS (0.2<P,<0.6) FFETGY(0.6<P,<1) FITEEETGYL(P,>1) . PALBK , 3275 YL AR B ok
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LRETTYMREL(P,) BEATHI I WA 15 e W W BT, 26 DPAG A= ) S AR 32 15 Yo AR FE i[RI, 2R R e
DS YT R M TR RR o= (PR PR ) /2 SR P R TS Y RO
KAEIFEMIRAE P, <1, TR TCT5 94 51<P, <2 , FR BTG4 2<P, <3, TR TG Y, P >3 B, KR E
5 Y.

F2 W ESR TGy

Table 2 Threshold values of heavy metals in marine products'"'™"!

HES S,/ (mg-kg™ IBTE)
Species As cd Cr Cu Pb Ni Zn
[EES 0.1 0.1 2 50 0.5 5.5 150
EIEN 0.5 0.5 2 50 0.5 3 150
LS 0.5 2 2 50 1 15 150

1.4 AHHEHRE AU
141 R XU ZRAE
VR i EE A SR 8 I BB A A AR 5 0 1 e 5 XU SR P 5 [ PR AR 4 8 (EP A ) o 4 1)t SR JXURS: 1A A5

YD SR 2 B0 (Cu Ni R Zn) |, LIRS0 KU (HQ, ) WA RS0 KUK X b4 B0 4 (As
Cd .Cr H1 Pb) , AZA SO B AU BE (R,) il A H 2508 KU, 1A HEE B0 KBS 6 1 B — R kT e
Yy, AT 922 AR S0 RS FT o HQ, <1777 nf 43232 4 Ak SUE a4 RS EE R Ve B 107°—10741  —
R, R AEAR T 107 Ay 08 KU AT L Z s A7 HQ, A R AHFE AT .

ADD.

HQ. = Tm;Ri = ADD;% SF,

Hr  ADD B H Y B YRR a, Ho B AR,

C, x IR/ X FI X EF, x ED

ADD, = : :

' BW x AT

bR RIS RO B I 3.

R 3 AMERRKUE T S HURUE

Table 3 Parameter values in health risk analysis

RIS SR AATR LA bRt (E SR
Abbreviation Parameter Unit Recommendation References
¢ YRS AR mg-kg™! AR SO 7 S5 R
IR, YA kg-meal ™! ﬁgﬁ%?;§700212 [14]
FI T MY A 75 YL IR i L] T 1 [14]
EF; YRR meals-a”! 730 [18]
ED e s Lo iy )| a A8/ 20 :30/70 [18]
A 60
o e ke LERSED 3 [18]
AT, AR BRI RO - 24 2 R 1 (1] d 10950 [17]
AT, B - 1) 2 g I [ d 25550 [17]
SF; g 0 IRBUERPR AT [mg- (kg-d) 1] SF,,=1.5 RISV
SF¢q=0.38 [18]
SF,=0.012 IRIS
SFp, =0.0085 OFEHHA (®
RID; AREE RS R i mg- (kg+d) ™! RfD¢, =0.04 NE
RfDy; =0.02 RAIS™
RfD,,=0.3 IRIS
VL (1) LI Al 6—17 ZAEIREL (2) RIS = FEEFFRL A AR B R 5 (3) OBHHA = % [ I BR BB HEf 30 A 0

%5 (4)S=KE LR LTSI ; (5) RAIS = ¢ 1= BEIAS A KU Al 15 B R &t
Notes:; (1)6 — 17 years old for Children and adolescents; (2)IRIS = Integrated Risk Information System; (3) OEHHA = California Office of

Environmental Health Hazard Assessment; (4)S=Soil Screening guideline; (5)RAIS=the Risk Assessment Information System.
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1.4.2 HTHEHE
5 V7= T e B BCR T US EPA #5707 Bl 1 H 8 = M A B HEBA
Y RRAR 4 AR R A i 380 KU T A =0
CR,, = ARL x BW/( X" €, x SF) ;CR,, = CR,, x T,/MS
Hr CRy, WEER ARV (5 HEHRE ;g-d™") ;CR,, Wi H R AV E I EG ARL s
AR A B BUR AR (107) 5 T, 0 P R4(30.44 d) s A h EABER 688 S8 (R ) Y 1
FARWFFEARAE 2 A B R MS BUSA 0.174 kg, JLEE T Z4E 0.170 kg

lim

2 5L 59718 (Results and discussion)

2.1 EEJRSE ST YRR ST

V25 365 = LA AT £ FH A b i 4 JB B LA 1.As .Cd . Cr ,Cu \Pb Ni Zn &40 9108 4.28% 10—
1.31x107" 8.58x107°—2.19x107* ,2.69x107°—9.54x 107 ,1.92x10°—3.05% 10" "“ND—2.14x 10> .8.40%
1074—2.75x107" [1.92x107'—6.13x10"" mg-keg ' ({BHE ) . HH, Zn Cu As & 85k = FH A E 4R 5 F
PSS XA L (36 4) |, R0 P57 B 4 T 2 fa BT 11 i n o ) A BT ™70 3 K ey >
ERUGILIR S 2O BRI > Vi R R B I S b X B U 7 T R R R A R, AV B TR
Pl A BT (2 X 1988—2012 AE M B B BGE AT Cu 25170 2015 AEKGINME) | A
i 7 A 4w S A AN [ RR BE A | e A] L 2 AR AT R I
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Fig.1 /Contents of ‘heavy metals in muscle tissues of the marine products from Daya Bay
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Table 4 Heavy metal contents in fishes from different areas
T X 8 & Contents/ (mg-kg™" 1 E) SCHk
Evaluation areas As cd Cr Cu Ph Ni 7n References
S I
““\bu BrEARH 0.32 0.02 5.54 11.52 3.05 1.65 203.58 [17]
Jiif
BRI — — — — 0.04 0.04 — [23]
P LR 5 2T 4

. 0.022 0.846 0.786 0.154 — 9.424 24
i [24]

, 5.1x1074— 2x1072— 12x107'—  5.4x107*—  8.32x107°—

] — 2.34—6.88 5
" 1.16x107" 1.26 1.13 2.73x1072 5.75x107" [5]
HE R AR — 0.05 — 29.09 0.33 — 32.68 [25]
K (2015) 0.18—1.16  0.002—0.919  0.40—2.85 0.07—4.10  0.014—0.070  0.14—1.19  4.57—15.94 [7]

4.28x1072—  8.58x107°—  2.69x1073—  1.92x107>— ND— 8.40x10™*—  1.92x107'— )
K (2018 AR5
5(2018) 1.31x107! 2.19x1072 9.54x1073 3.05%107! 2.14x1072 2.75%107! 6.13x107!
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R TS AE YRR E I S E SR TR OCR IR IR T A R CE LR 1) |
HEERIEARIEEAYIRN ARG, 45 R K 2 Fis SR e AN S, Zn Cu As &
B EERICER , 0 b R E A W) A B Y 97.21% 1 98.22%. H 7 FhvE & IR AR AR WA N 1Y)
SRR RS A . B A T RV 7 A e A A N R Y K AR R
PEAE YR N 4w 1 B SO R T T U8 B MR R AR As Cd .Cr I Ni Fr il R g e
PEA -2 5 L R NI HR S Ca B As iXATREZE A A6 5 Ni A B H . Fi A B 48
Ni S —SEIRAEA Y , T s P e ) A AT e 28 2.

AN R 5 ¥ 7 it T 8 HIF o0 vh B 4 B i & AP e AP B 22 5%, S R/NUF AR < 2500 Zn>As>
Cu>Cr>Ni>Pb>Cd, 5254 Zn>Cu>As>Pb>Cd>Ni>Cr, BAKIE K Zn>Cu>Ni>As>Cr>Cd>Ph.7 Fi & 4 &
BID R0 & R AL, a2 SRS & AH Y. X 5 1A B IR R 2 AR G AR o b, FU ARG A (AR
L B RIS E TR, EE A TR S Je BT DU )2 DU A K A BB v Y i 32 2L
B B, 4 JE W] RE AR S TR AR V3R T U0 2, IS A= W 7 48 £ e R v vl e R e e 4 s Vs L i b
T RS a2 2 A KR RS B, e v AR T YL L R G R VS IR A Y i e Jm S EL AR IS
PEA Y 4w o .

R Zn
& Atk X
Filter-feeding % R Ni

A

Omnivorous

T

Carnivorous

1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
Percentage/%

N
80 90 100

B2 RFEEEEY RN E SR SR A

Fig.2 Distribution of heavy metals in different diet organisms

2.2 HERIGYRIEEITEM

LR IS YR P,) R ATERAE R (P, VTSI 5 BRI MR R A As 19
TG AR RO o T AL 2—3 MR, As ARG Bt P | PRI, R G R AR A A S AR T e
P, HAR T & R 5 Y AR TET5 B B TS Y An (P, ) R B ROV v AR vl B AR 43 vh o 4 8
PRRE T J0 75 JRaE H T S (0 R N R R o 4 B 5 QAR B S SR T e AR BGH A T A SR A T, R B
P, P, 5 PATAETEAL SN B I HE R EGAE] 0,999, 45 54K W As X K 125 25 ) R VR 3% 75 e s
WD TN

RS ANIRIEE ™ i B B TS QAR RO ZR 5 15 YR B

Table 5 Single factor pollution index and comprehensive pollution index of different seafood samples

R P p

Name As Cd Cr Cu Pb Ni Zn
ik 0.4970 0.0009 0.0025 0.0007 0.0000 0.0002 0.0013 0.3551
SF- B 0.4279 0.0014 0.0031 0.0004 0.0005 0.0013 0.0023 0.3058
mEIN 0.2629 0.0439 0.0030 0.0054 0.0428 0.0028 0.0039 0.1895
A 2 I 0.1883 0.0008 0.0017 0.0057 0.0000 0.0001 0.0041 0.1347
S S DO 0.1957 0.0005 0.0015 0.0054 0.0000 0.0010 0.0028 0.1399
1 0.1356 0.0072 0.0014 0.0061 0.0106 0.0015 0.0028 0.0973

IR 0.2258 0.0051 0.0048 0.0034 0.0000 0.0183 0.0027 0.1618




358

i

e

ES

39 &

2.3 fRRHEMU AL

X T B RFIE TS G A AT R UL VA, PT 4 2 AR BUR G 7 0 HQ, <1, W1 32 B0 WU e K
{6 107" 1P 3 18 4 AT B A AR 7 i 4 9 A F S0 KUK R 22/ T 1, X BT ORI P36 7 i v
45 J X AR B R A4 AR B XU AL T T 432 7K B A 97 i b P Cre BEUE KU 241 107°, % A
TR 35 T 22088 0 A=) Cd A0 KU RS 1070, BRIk 31 1,18 %107 fE1E R A2 2 XS , (1 4]
o T U T2 JE L T As, e R B (BRF-6) #RA IS R 107, BT TV ™ i i RE S5 1R As 19
FRER T B 2 SO I XU 7 B H A JE: | 78 B A B XUBS DAl i A A I 5 2 R4 T s B i i A

LA EONRTE R TR AR BT THR, XAl RE Rl 1 9™ b o s B B0 U

osr 0.006r Zn 004r g Cu 003 oy -
¢ . 0.03 ¢
. 0.004r 0.021 ¢
* N R
o * o o L
L . 0.02 o
T 04 T .o I et g .
% ¢ ‘- ’
R 0.002r¢ 4 » . 0.01 .
. R " ¢ 0.01F ¢ Vi
¢+ [ o
o 4 ¢
’ ’ MEIE
¢ [ a
4
oL+ 1 ol I | L ow wit e~ 4= o“m“ﬂh.*
Adults  Child/ Adults  Child/ Adults  Child/ Adults Child/ Adults Child/ Adults Child/ Adults Child/
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3 TG m B AR EEUE XS

Fig.3 Non-arcinogenic/Tisks of single heavy metals

Adults(X 107) Child/adolescent( X 107)

. In .
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00000 . 000C
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® 8o 7008l (007 ) DR
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oratoria
@ foudaaal 200
oligo
duvaucelii

IELHTRTUT (8 ] 3

A0 04 Metapenaeus 2
affinis

3 g B B

0104 ) (RIS Brachyura 188
IR
. Turritella
bacillum

107°~107 JXUK AT 13232 K F
Acceptable level

=107 Bl

Higher cancer risk

<107 JRUK AT 2200 2K P
Negligible level

4 AR B R EUE KU

Fig.4 Carcinogenic risks of single heavy metals
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DR 0 2 AR T XS FIR (L, 75 DU 7 X 48 7 P JCATLAF 5 f5 K P ACRAA o3 A S SE B T 7™ iy v i 32 28 DLJE S
AR EE P HLASAEAE 1 2 1 e R T ML A iy B 5 B 1% —109622 | BRI A BIF 53 LA B A A5 Bt 1Y
1094 FCHURH &ttt — 2L WA ) 2048 o B ORI 8 ¥ 7™ As 5 5% (R ) AL, 45 SR R 1T, JCAL As 1Y
BRI T A2 BN IE 2 LB AR HRAL T AT 32 UKL K F- | i RO R 2.79x107°. L4k, JL#
T DA 0 XS AN B0 KU AR 2w TN, B 2 5 # /Y 1.5 45
2.4 g AL S

IR G AU KR AL T T 3532 0K P (B ATS AN BT 22008 HOek AR R B R2 IR, I Ah 2 b o R R
AT AR SRt 2 IR R 1) 008 AU D 1 A S0 AR P 4 A < i 5 e ) 50088 DXL, i 3 o ik
7 i 9 S BT S PR HEAT BT B DE AL P2 . 36 6 20 Hh T BRI L 355 /0 AR 7= il 9 B H 20 P R EE R A
RSV EC TS T , ARG kP 5 I 2 % o BRI R 0 4 H B R R TR R H 2y
TP (57.4 g-d™') O LR AR TS, G BR A | MR Rk R S I ST e R R 1
H A BB AR T 8 B H T 2 (42.4 g-d™) IR A 1™ i 9 ] R AR VP AR T USEPA
TSI 42 B (16 meals-m™ ) 1 KL, B 2835 2% 3K 6 15 45 % 1 JURP i (10 H& T A
IR

®6 KW ) CR,, M CR,,, (6
Table 6 CR,,, and CR,,, for marine products in Daya Bay

A Adult JLETT 4E Child/ Adolescent
CRy,./g CR,,./ & CRy,, g CR,,./ &
S 79.14 14 39.57 7
- 92.19 16 46.10 8
WL 27.72 5 13.86 2
AR 1, 39.13 7 19.56 3
blix- < ALY 38.08 7 19.04 3
T 52.02 9 26.01 5
T R 33.30 6 16.65 3

2.5 AT

AR AR 58 25 5 19 17 7 — BB 1. L Uk DA SR A2 B B i 155 X, 11 18 1) 2% i 001 % Oy 4
365 KX, il RE Al R e R b S A R i it s th T = H AR TS Y XA HBE B BR R 2 S50, fE T 7
g E T — S A SR W R e R L w22 , DI R A5 ok 198 AR5 i R XSS 15 52 B XU
FEE—E W22 A0 e SCS THLT 98 B A 22 28 S 40, (0 38 N D R Hp [N CUARAE R AR 36 ST BUE e A R 2%
5, S FSEIE 2 #5 S EEA T8 XU VA A7 7E — 2 BN o 1

3 758 ( Conclusion)

(1) RV i 4w & i 22 5K, As (Zn Cu 2 T m, HRE &R S EEIR. SENAE
HBDXAR BE , RGP T 7 i B 4 Ja ok 2 Ak T AR R B AR K P 5 45 1 S Sl A B, 7 b B o o S B AR
.

(2) KRGV 7™ ity 7453 8 S A A T T8 75 Yok~ BN S 0 o < Ry SP-8 | C R R HE R D Ass
IR LTS YA G, DHORE BRI 0T , T i S5 s 0 LAAR w8 X RO 35 7K AR R W vh As AR ) SRR
AR,

(3) FRERE RS PG A5 SR, T 2R 48 s RS T DR 925 98 7= i ) 1 80 RIS 2 T 42652 19, 8 o 1
7 ity HR S P SO XS . TP As B BUIR XU TE 18 S N I 2 L35 /D AR AR AL T T 432 AU 7K F
FRORBUR MBS 2.79x107° Ak ff | 1 ARG Ak FOAR L5 W T Zog v i BRI HERR Y H 2471 2% 5 (g
N 574 gd™ JLEETF DA 42,4 g-d™") 0 T S iSO P 45 AR 2 4 o £, IS0 9% O 2 e i
SEIRE i 4 R A B FARRR As RIS AR O 5 T A — 22 5
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