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Abstract In order to study the distribution characteristics of heavy metals in water body and
cultured fish of the seawater recirculating aquaculture system and evaluate the pollution status and
health risk of fish, this paper selected the water samples from 15 sites in two seawater recirculating
aquaculture system and the Paralichthys olivaceus and Epinephelus fuscoguttatus$ xEpinephelus

lanceolatusd with different growth period of an aquaculture company in Yantai City, Shandong
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Province in 2021 as the research objects. Atomic absorption spectrometry and atomic fluorescence
spectrometry were used to determine and analyze the contents of copper (Cu), lead (Pb), zinc (Zn),
cadmium (Cd), mercury (Hg) and arsenic (As), and we also evaluated the pollution status and health
risks of heavy metals in fish. The results showed that the content of heavy metals in water body of the
recirculating aquaculture system did not exceed the standard, and the content in organisms met the
national limit standard. The content of Cu and Zn in water body were the highest, and the content of
Pb and Cd were highest in September. The content of Pb was high in the water of the microfilter
purification pool, the content of Hg and Cu were highest in June, and the content of As was highest in
October. The content of heavy metals in water body may be related to the water exchange rate,
seasonal changes, etc. The contents of heavy metals in Paralichthys olivaceus and Epinephelus
Jfuscoguttatus @ XEpinephelus lanceolatus3 were all followed the order: Zn>Cu>As>Pb>Cd>Hg, Cu
and Zn were the essential trace elements for fish growth and their contents were the highest. The
content of heavy metals in the same fish had significant differences in different growth period, and
the mean content of heavy metals in different kinds of fish has significant differences (except Hg).
According to the comprehensive pollution index method, the heavy metal in the muscle of fish
belonged to the clean state without pollution. The method of target risk coefficient proved that the
dietary exposure risk of fish was low. The comprehensive results showed that the water body and fish
body in this circulating aquaculture system were safe, and there was no risk associated for human to
eat the fish in this system.

Keywords recirculating aquaculture, heavy metals, fish, risk assessment.

I R4 2 R E Al KA, W EE SR E &, AKIMER 1L [, A & BRI W1, K= S = &
Wl 28 55 S AL A E TS oK F5 58 AR R &, H A L 2R 1 K S5 58 TR 2 VR 7K 5% 5 T AR
2018 4F LUK, 1l AR 48 i 7K 37 5 10 AR o T RR 1 LE B 4R HEAE 70% LA s 3] 2020 A 9 2K 57 5E 1R AR
580.35 T~ bl, o ST ARAY 77.9%, FT UL 7K FR A 7E LU AR 48 FR 28 0% A Jie v o 40 o S b 457 1), A% 455 ) R T
SR FE AR T 7K AR B A 5 G R B ™, AN K SR AL W T RR S KR, TAE K R R G B A
AL KL TR SRHESE LA, B T A B S A SR AR 2 —, Xl Sk ta AT KRS R A A S
BTHR, I HL BB BTG R 7K 0 il B 5 R 2 7K 7™ 5 B 7 Ml 2% €0 75 Jo ot i Jie B ST 3R 46 0 7K 7 o 1Y) B R O
2. 2021 4 g —5 SO A B A 4 Y, HEDEAK ™ S Ak (@R IR AE, TR AR A K e A, R R
ardn . A LR

AT 4 B TR I AKIRRT, 2Ryl i SR, W 5 R R AR AT R, X A AT AR N AR, B
23t UK i Y A B TS e, FRE A R E AL A A, — B IS R n Kk, KRR 2ok i
wE R, B ARER. BERAUSIE AR RS I MR SR E, SR
BPE RGN GG, EL B R AE . PEMR K IR0 R G0 AR X SRR K 4T T — RIVE IR AL B, (H iy T
% FR GRS H LT 3 G RR P, AT AE— 8 i XU PR L G S T8 /K i A BN 8 58 3,
FEHH KA 2352 2075 44, i b3 R DR A e PR R rT Be A — o RS, T 4w AR fa ) i — Lk
ATEAKFETE R G, WA 2 ek, TS 3R 0 A= YR N B 4w 1 2R, ELHEEi 5 & v R < th it
2 OCH B A A ) i oL

B AR I T K ™ i 4w 15 Y AT 5% S A v AR T R VR L IR K N TR A DL R B A
(97K 7 il A T, DG TR PR /K SR 08 3 Ge oKk ™ i 0 2 4 Ja A5 T e KURS: DL SPPAS At 58 85 /0. AR Sk
B ZR 48 45 T 3K 7 28 R KA A /K SR 2R 4 v (%) 35 22 22 % €6 25 K 6T (Paralichthys olivaceus) Fl1¥
Bk I R A1 Bt £ ( Epinephelus fuscoguttatus @ x Epinephelus lanceolatus3 ) 1E i Wk 58 X G2 3547 T 4 g K6 il 43+
Br, THERGE KR R0 E 48 o0 A R, IR BRI 15 e de 4k . SR 85 ek . Binfals
FREC VAL T 4 v YA P A 4 T e i R XU, SR AR PR K R 58 7l S € T A R e FBE Y
AL TR B S . [FIBT, & F SR8 AV G A /K 2R 48 v 2 6 RS 2R g I B £ 1) s R BRI B i 42
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A EE, X TE R SRR R AR B L
1 MRS )7 (Materials and methods)

1.1 SR bR

AL B IL AR A8 M0 B T K A B RS BROR IR A BE £ R K IE K SR B R K 11| 3%
B K O BEAL . FEEFRIE R G — S — DU Sg it . BB BRI IE A B SR R G — R Sk
b LK UR K 1A 15 AN 0 KRR R 2021 SRS [R AR K AR 5. 6.9, 10 A 4y ol bl 8585 i 2F 6 | 22
PRI A7 BE £, SRAE K IRFE D 45 1 L2 TR ORI N A 3 R TR R N, Aricdf5 12 1] 5256
VR URAE . RIS, A ] M 5 S 5 £ A 1) Vg /K f D). L rp SR A 1 A SRR R K BOK 25—30 em; B
ke N BEA AR ST B 21—27 em. Hor, JE K J258H R Ge IS5 R an &l 1 iR,

DK 0 Water inlet @ 3EHMicrofiltration machine

L DO A
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Aquaculture pond |  @Hj7k O
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Fig.1 Flow diagram of circulating aquaculture system

(D—OFor sampling location)

1.2 SEER A A

F B A i O R AL (B 5 . ED54-iTouch, 35 [E LabTech) . J5 - W Y o6 1% A% (51 %5 .
PinAAcle900T, 32 [F PerkinElmer) . Ji F 95640 G EE T (145 AFS-933, dbnti5 K) . Al WLt it
(H4-5. EV-2200, i Fi 47 ) 2.

FEH]: SR AR, R WIS TE ., b, KR MR (2548 A4k 24380500 4 BR A
Al) ., il (Cu) ., #5(Pb) | ¥ (Zn) | #i(Cd) . K (Hg) . i (As) . # (Cr) BT R IR K (1000 mg L™, B
A 04 Jm K B TR R B o ) 25, BT ) 4l 3 ok 43 44 94 T A
1.3 EAJEE

fr A, 4 BSR4 B A0 28R S IR T AR UR, 258 Pk e T (AR AU EE 89 1, J5 AN 554K T
1, Bt AR LA T & R Y, FHEERERLS R, e AR 20 5 BHS SR 15 J5 S0 M TAE. I fa A
LR REL B R LR SR AR R BT IR . AR BRI ALBE )y i FREGAAEE (1.50+0.02) g (fif ) T
THARAE T, A 8.0 mL AR AN 2.0 mL = 4R, N 25 ACE 12 h ZE 47028 T Rk B 78/ TH i SR, SRR
AT SR AR L, RS 4 (120 °C/0.5—1 h; F+2 180 C/2—4 h, F+&E 200—220 C), M EE H
JH GEERR ), TG €0 375 B sy #8 € f5 1k, B T AR A8 25 10 mL B RIR N, IR A& H, [RIEH s A
TR AR WA A3 A bR o 4 S5 S 6. A BRI R DL R o B B 22 BB GB/T5009.12—2017 (5t HR 4
(9 52 ), GB/T5009.13 —2017¢ £ & o 4 /) I %€ ), GB/T5009.14 —2017¢ £ & 4% 19 0 22 ),
GB/T5009.15—2014C & f F1 4% B9 0 2 ), GB/T5009.11—2014C £ i H S Al Kz T HL A A9 P 5 ),
GB/T5009.17—2014CE i H B R S TEHLR I AE ).

TR TS X AR PEA T 3 U, B 50 mL AKAEJETY pH (E 2 5.0, SR FHIJC K JE TR F WU 5366 B 320
SEH ARG 53 B S0 mL K ERTETT pH (E 2 4.0, SR FH ACHE B W20 66 BE 32 0 5 s SR IR 796
A3 B I 5 SR AN FEATEAN A BRI F5 IR GB17378.4—2007 CHFFE Wa M KLTE V46 4 384 1K 434t
PEAT A HILAE B i A BERD A3 A1 ARG T4
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1.4 ZFGFRIES R g 0 A7 B f 5 4 5 YL DPAN 7 ik
PN I 1R IR 95 Qe BOE P23 15 Y d Bk dh 47
BTG e BOE TR A (DI
G

Hop, p Ron R E AR § 15 488G G RN E SR i S S & S Ron T ELSE
i PR HEBR A P<0.2 R 1E 8 5t fH; 0.2<P<0.6 AR5 G4; 0.6<P<1.0 s dy; P>1.0 HEIG . A
W5 A E BR 5 {6 2 5 K35 GB2762—2017¢ B i Z & E X hnifE & is B ). NY/T 842—
2021K&R B B £0) . FAO &2 SCHk h I BR B 48 A5 AR HEFRR (B, Cu. Pb. Zn. Cd. Hg. As R EF8 45
5 50, 0.5, 40.0, 0.1, 0.5, 0.1 mg-kg ',

AT PSR A AR () T

'Pave""Pmax

Hor, PR 028 0 4 JB L5515 Y AR B Poye Fn A BTG Y AR EL P, 1 V355 P F LSS R
MG QAR BOT R RAE. 2 Pi<1.0 I, S IEH 8 5K 1.0< Pype<2.0 I, AR5 5Y; 2.0< Py<3.0 I},
R BETG G Pe>3.0 B, S ER RE TG Y0,
L5 SFEFRIBERIE N A B 0 T 4 e R XURS 740 T ik

AR SCLL H ARG K 22 84005 (target hazard quotient, THQ ) X 7 43 Ja8 flt BE XU #EAT VT4 . 6 ) 26 [ B 5 %
(USEPA) #E47 (4 g B XUBS: AN 8 F 7 kB A1~ 0, F PP Al ARS8 o B 4 B3 M 4 s 1 KU . 3277 1
W £ PR 4 S AR TR e 5 AR v BRAEL A LU ke IKUBS: DALY, 7T AZR-B AN PR — Bl 22 b o 4 e 110 £t
FERURE, T AR (3—4) . 24 THQ>1, YW &8 AR AFFETEE IR B0 (d Fle KUK, THQ (E8 KR R WA
4 i X A At R 1) I S0 XU 7 B, [ S T T TTHQ £ #0842 @ & A fa R XU 121,

EFxED X FIR X C,
THQ = =D xBW x AT x 10~ 3

TTHQ = ZTHQ @))

A, BF M ARERER (da™); — i E N 365 d-a™'; ED R FEITE] (a), 3 7 25 T AL A, F
70 a; FIR WA g-(d- )7, BT8R AR RERA K™ 540 318 0.029 kg; C; &Y H E 4R
8K, mgkg'; RED, HEH 48 A I ZEH| &, mg(kg- )", Cu, Pb, Zn, Cd. Hg. As [¥) RFD 435 K
0.04, 0.0035, 0.3, 0.0010, 0.0005, 0.0003 mg: (kg- A ) 's BW N AR (kg), WA -5 14k 8 5
61.8 kg; AT AR B M 2 55 V4 F ], (365 d-a' < B FEAF PR 70 a) B 25550 d; 107 SRy B 40 17,

2 THQ<1 B, Z5 58 AFETC I & fa B KUK ;s 24 THQ >1 B, TN R 5 8 AR A7 70 il e XU
L6 BS54

52 56 K0 4% >R F Microsoft Office Excel 2010 1 Orange 8.5 #£ 17 [ & 4t i1 5 i 4, i F Microsoft
Office Excel 2010 HEHE 43 B A7 R 28 7 22 1 24k 3 A

2 5 54718 (Results and discussion)

2.1 FGEFNESER IR A A B 0 55 G K AR RDRL B 43 % 1t A i

Fi FECRAEARE VEA T RAF G I T 4 T, Al i G A S 22 80>0.995, DSR4 HI7E 85%—120%.
KRR FH S5 [ YST 556 HU {5 485 22 2 BOK 5 WSO AR R AT IR | R . pH {EL RNV fi S A 4, I
SEEHE, DA DR S 56 0 G S A0 38 W A A A K i T S B A I i a2, LA B X 4 R
TCEA BT RISCRIHE S ) fig

TR E R G0 R S R 16.6—18.9 °C5 Eh BV 23.9%0—29.0%0; pH H I [l 6.53—7.94; ¥
fif B G 4.58—8.11 mg-L™".

BBk o B A7 BE 0 3R 0E 2R 40 v IR R 0 19.8—27.0 °C; £k 5 0 il 28.6%0—29.7%0; pH {1 70 Fl
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6.01—8.11; ¥ fif %A 4.11—9.60 mg-L™".
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Fig.2 Contents of Cu, Pb, Zn, Cd, Hg and As in four months of water body
(1 stands for Paralichthys olivaceus, 2 stands for Epinephelus fuscoguttatus 9 xEpinephelus lanceolatus3, and the data not shown in the figure

B2

is not detected)
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44 Ay, Po & KT 9 A fem, Hob, g ALg kit b i 7K Po ok, BRI Gfbad #
H, K ) Po AR Rt EHE A T AL Tk P Y SRR oL AT s A R OK 2R G RE AT K ot B TR
{14 4 J 1A T A A5 B A B AL ot st v, 5 0 1 N7 i B v B AT AR, HE A A A B A A HE
ALFEN, 5 H Oy RS KEER) He & B, 6 Ay Hg B9& B im; 10 A1 As &, BT EKMS
B B A BE A8 09 i gtk Ah, RS K REER A 10 A B95UE KR, 6 A1 Cu Sk &, H 4 A
Ty R OK B 4 im0 E it AT D Bl ULH A R T R S TR 5 R AR A OC, IR AT R R, A
JBICE £ BEZ TR R R IR K s NS B, Cu, Zn RSB E B TRE, Po & N B
i, Hg As SRV EBCEGS, Cd B AR ™), AR R KA —3, T HE 48 & ih
B 2 FoF () P AR T SR AR, S RSk b T SR (R, DB IR K R 58 SR 14 K Rk 10% 2240, $700R
N 1% (B H BYR ), JIr LA AT R 2 R 40 KO8 5 118 S 181 7 1 LA B A sk 114) 45 MR N ) 55 22 ol B PR) i b 1
HAH I B 4518 FE H AR 5T -t A 1 B L

T 7S U 4% 07K AR AR WA BOEAE L, 7S 8 2 AR G W 52 B 45 [ 245 20 R ™ RS B k0 I A R
il 1B LA 58 % 7K T S M B AT TR, 5. 6. 9. 10 H B9 43 B & 0.22—0.82 gL', ND—
2.40 ug-L'. ND—4.30 pg-L", 1.93—7.39 pg-L ' (ND A ARK 1) . K4 GB 11607—1989 (¥l /K JFibx
#fE)Cu. Zn, Pb, Cd. Hg. As., Cr" iy brifE PR i 43l J&: 10, 100, 50, 5. 0.5, 50, 100 pg L', FFill ZK {4 3
T E bR

(B, S50 Y %) W7 79 o P ¥ K £ ek b B 43 7 4351 : Cu 3.01 mgekg ™ Pb 1.75 mg-kg ™,
Zn 1.90 mg-kg™. Cd 0.22 mg-kg™. Hg 0.01 mg-kg™. As 0.30 mg-kg™'. 454 GB 13078—2017{falk} T4 45
#E) A1 NY 5072—2002(To~FH 6 b W ELA 1R kL2 2 BR AR ), 1551 Pb, Cd. Hg. As B FR & 1{E 75
5.0, 1.0, 0.5, 3.0 mg-kg™', Cu Fl Zn VA bRfERR &, T A7 5 4R B 7EAR HERR 2 4. K AR Cu T Zn 1Y
R, Hd Cu i & V5 HHE 0.89—2.93 ug- L™, Zn BYFEHE 3.31—7.89 pug L, | KfH 5 i/ M
JEALR, 7] B Sk AR B e Rt B T A DRl 1 oA R,

2.2 FEERESER RN B rp i 4R T

A3 SR REAS A3 SR 45 1) 28 81 R 22 B e IR A 56 £0 1A L IR L 8V 3 A SEAT AR, X R AT 7 4 ) 7 sl
S, WOHOE- YA At i ZeAH et 2 80>0.995, ICRA T 85%—120%.

H A SCA] AT fR R Cu, Pb, Zn, Cd. Hg. As IIFR & 84573514 50, 0.5, 40.0, 0.1, 0.5, 0.1 mg-kg™".
Gt R2KE, TARESIBECARMIR. 4 A 5 E 4 )8 B 2 AU A 38 R iR
A g2 B B ) F 728 Ak, B 4 i A 0 R P IR SR Hh ™ A A U Sl i PR £ 2 4 B KN R
¥k Zn>Cu>As>Pb>Cd>Hg, H# A Cu., Zn MI{E I K T HALTE 4 )@ . XT3 1 Ff13k 2, WP sy
Pb. As. Cd. Hg T & J& & & X HL S5 (E A 25 10% 2247, 0 UL 25 6F F1 28 Bk 8 I A7 BE £ %) Pb, As. Cd.
Hg 0 W W A AR B fe 1 AL, KR Z 050 45 A AR R B X SE e RAE AR N 1) & 84K Cu, Zn 0 &R
RGN 1423, F 4 Ja S T R4 s SR AR E SR, Cu, Zn S K B TR, 2 5T
RN R, BAREAEET . R, AT SRR B 0EK Cufl Zn FRAEEF LR
As. Hg S5 e S HUANOIRL A2, i BRI E 48 Z (0 & U R e A /e, e e g o £ A L —
AN E I E O, 2R B AR [ — PR BT il I, S R0 £ AR A WA AR R v, DTS i
B, S26 R A BR Cu 4h, Zn & SR8 R4, (0 He & 50T DL ZWS AN T, 78 3 P Rl i (R N AR 0 &
B, UL BTN — S 4 R or R 0w S B BB, AR Cu, Zn SAE AN 2R R 25 5 B BAENLA
LA 2 SR A LA RIS rp A B USSR Cd 1S AR 6 H i, R BK AR E £ 8 19 &
5 AR G, FLIR B AR Ak AT g A S ) A b ER A i W S AR AR S e, AR Sk e A5,
BB AR B A K, (A R X Cd Y R 3 A, 10 A 2 K R Rt Sl AR P B
&)@ Cd A R .

[vi] — b PR 11 ) — P o 4 J8 5 B e R 6] H 00 22 [t A 5 35 19 22 5 (P<0.05) . 7K 1A Hg & &2 /K
6 AUy fe ke, Hah RS2 ke 0 B LA b He /9 & B — 30 3RS B g E 4 Jd, R
NS5 a4 KA, ARl Be . PR AR R A SR RTRE, BT AR A K AR rp 4
J 1 B R RE S i K ™ S AR, XT38 M 20 5, B TN AT DLE 2 R 3R 195 15 T BB AP R ) i
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R B H 4 BB R LA v, 3 2 38 5 g R AT i e K T Y B 4 g U kR 6 A Cu R 9 A
(4 Pb 7E 4 > H rh & s, AR H 0y PP A 9 35 K OF BN SR R K. 25 TR S AK 38 1 B Be Uk 2l
N MR A T} ks S U Bl S I HE B R DT, A e DA AT RE 2 (K vh i 4 B i e B R RZE, ™
T 68288 SR T A AR ), G0 SR 30 2 8 7 77 L v B S A T G 9 IXURS:, A DG AT 5 6 AN [R] 7K 7 i 1)
B REEAATER R 22 5, h L2 02519 Cu. Zn & f 36 LLIE K2 2509, 1 Pb, Cd % &
FAS, HAHESE b PR f0 28 1Y o 43 8 3 A — i 28 591 12, ZF BT RN 2 BROE IE A 5 £ o 42 )8 1
(B Hg & P>0.05 ol % 22 5 ) B{H 22 5% .3 (P<0.05) . DL E45 R a8 T 52 /K 7= i 8 4 g 5 1 1 (R
FR TOKIELISN, 3625 5 PRS0 | 45 A K™ i 18 st Ao 85 1 D0 AT GV 7K 5 it 19 A YA [) A4 P
&I B & A A AR AR, R RGP K IR SRR b I B 0 i O AR AR 3, BRI
R 4 A H (XS HE AT B R K TR0 R G0 i 2K E G R 1 S, TR MK FRAERE A Y s T
Hoph AR A Y 0 2RI T
®1 FHESEESE(mgkg")

Table 1 Contents of heavy metals in Paralichthys olivaceus

4B A/ (mgkg ) 5H 61 9H 104 FHME
Heavy metals content May June September October Average

Cu 0.165+0.054 0.200+0.020 0.216+0.029 0.153+0.009 0.184

Pb 0.043+0.008 0.025+0.004 0.024+0.007 0.026+0.007 0.030

Zn 2.597+0.503 3.220+1.076 2.734+0.336 3.892+0.144 3.110

Cd 0.002+0.000 0.006+0.004 0.003+0.001 0.003+0.000 0.003

Hg 0.001+0.001 0.001+0.001 0.000+0.000 0.000+0.000 0.001

As 0.005+0.001 0.036+0.009 0.058+0.016 0.046+0.004 0.036

F2 BHIpBABEGE SRS (mgkg )
Table 2 Contents of heavy metals in Epinephelus fuscoguttatusQ*Epinephelus lanceolatusd

4B A/ (mgkg ) 5H 61 9H 104 FHE
Heavy metals content May June September October Average

Cu 0.247+0.014 0.086+0.047 0.286+0.007 0.424+0.071 0.261

Pb 0.046+0.024 0.018+0.013 0.018+0.001 0.021+0.001 0.026

Zn 2.950+0.101 4.707+1.901 3.972+0.249 2.424+1.392 3.512

Cd 0.004+0.000 0.004+0.003 0.001+0.000 0.001+0.000 0.002

Hg 0.000+0.000 0.001+0.000 0.000+0.000 0.000+0.000 0.001

As 0.040+0.013 0.001+0.000 0.070+0.048 0.037+0.003 0.053

R 3 OAFARBAR F b 4R S X
Table 3 Comparison of metal contents in Paralichthys olivaceus body weight under different growth modes
HERSE/ (mgkg!)

B Heavy metal content
Pattern Pb cd Cu
IR FRHE
. ﬂﬁ. k% 0.030 0.003 0.184
Circulating aquaculture
SRS
i 0.260 0.030 1.630
Inshore aquaculture
EF . 0.250 0.030 1.670
Inshore wild

2.3 FEERIESER pRH A B 10 5 5 4 T e KU PG

G S R e IE A B £ ) T 4 R S Y A5 SR WL 4 TR, PR AR P 1Y P (I S A e,
As [ PAEYIN 9 H 5, Py #8378 1 Hg<Cu<Cd<Pb<Zn<As, F# Zn () P, {H} 10 H f5 5 ; Cd 1)
P AH N 6 A e, MBER A4 B Zn 19 P AE A 6 Hfei; Cd 1Y P (EH N 5 A B, i —i5 Y g5 5
AN, BiFP €2 Cu, Pb, Cd. Zn. Hg W XS FEEU/IN T 0.2 ¥ 8 IE 5 i, WA 321554, As 7 0.2<
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P<0.6 Z[8), J& TH 5 Y, B 5 H 0 2K 67 H 6 A BB IHABEM As 1Y P/NT 0.2 IEH L. T
AR, — SV Ml DY TR AR 7 RO T A A T, N Ay DR 2R A o S v G I AT, FRBE T KO
TR IR, BT L2 R KA I 1 B 7 A — s s e, S SORH AR T 5 R FE A, s o 30 e T B B A5 Y
WA AR SR R B R G5 YRR BRI, MIRR 03809 P /N T 1, NIEHE RE. B —E 4R 15 955
A DV R OO A AR R EEZ B H SR A TS G, VF 2 06 T %58 0 28 vh 8 4 8 PP A 19 AH DG ST
Bk, AT B TS YR O R B 2 P B, 23515 Y38 B0 1 5 SHEA R U2, B IR R /K
FRIH FR G Y S BF NS 2RO B A0 B £ 0 B 4 R AR I 0 HL AR B R AT G bR v
F4 4T T SRR TSR AEECP) AT R IR APy

Table 4 Single factor pollution index (P;) and comprehensive pollution index (Pz;)

Cu Pb Zn Ccd Hg As Py

FBE(Paralichthys olivaceus)

5H 0.003 0.087 0.065 0.020 0.002 0.050 0.354
6H 0.004 0.051 0.081 0.039 0.002 0.360 0.474
9 0.004 0.048 0.068 0.030 0.001 0.580 0.592
10A 0.003 0.052 0.097 0.027 0.000 0.460 0.532
Py 0.004 0.059 0.078 0.029 0.002 0.360 0.474

B Ip A BE 40 ( Epinephelus fuscoguttatus @ xEpinephelus lanceolatusd)

5H 0.005 0.092 0.074 0.040 0.001 0.400 0.500
65 0.002 0.037 0.118 0.035 0.002 0.010 0.276
9 0.006 0.036 0.099 0.013 0.001 0.430 0.514
10A 0.008 0.042 0.061 0.006 0.001 0.370 0.475
Pipyy 0.005 0.050 0.088 0.023 0.002 0.300 0.435

2.4 ORISR T LT B f6 ) T IR A XL VA

8 —(THQ) & & 4 (TTHQ) T 4 J& #E A H (e FE KU 3 5 7l 1, A H i s — M2 &R i B ARfE
Ko REC/NT 1, T TR EE AT A7 V1 0 T 4 I8 G HE IR, % MRl JUR BN e & Jop,
FT(Y) THQ4 A~ 7 P ME 1 A /INHEFF : Hg<Cd<Cu<Pb<Zn<As; % Bk i 177 BE £ (14 THQ4 /> H F-H{H
JR/MHEFE Jy: Heg<Pb<Cd<Cu<As<Zn, BT 5 THQy s 51 /LML 715 Hefi 80 P, (LAOHES /N
RIR], B a2 9 J1 B TTHQ ¥ e .

£S5 H—(THQ) KEA (TTHQ) T4 JT A gt R JXURS: 458 %k
Table 5 Health risk index of single (THQ) and complex (TTHQ) heavy metal intake

Cu Pb Zn cd Hg As TTHQ

FE(Paralichthys olivaceus)

51 0.0074 0.0222 0.0155 0.0036 0.0004 0.0030 0.0520
6/ 0.0090 0.0130 0.0192 0.0070 0.0004 0.0215 0.0700
9H 0.0097 0.0123 0.0163 0.0054 0.0002 0.0556 0.0995
101 0.0069 0.0132 0.0233 0.0048 0.0001 0.0275 0.0757
THQwy.1y 0.0082 0.0152 0.0186 0.0052 0.0004 0.0269 0.0744

By WA B4 ( Epinephelus fuscoguttatus @ xEpinephelus lanceolatus3)

51 0.0110 0.0024 0.0176 0.0072 0.0001 0.0239 0.0622
6/ 0.0039 0.0010 0.0281 0.0063 0.0004 0.0006 0.0402
9H 0.0128 0.0009 0.0237 0.0023 0.0001 0.0257 0.0656
101 0.0190 0.0011 0.0145 0.0011 0.0001 0.0221 0.0579

THQwy.xy 0.0117 0.0013 0.0210 0.0041 0.0004 0.0179 0.0564
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AN 4 B AT A AN — R A (R AU TR, AN W) B 4B Je % THQ 5 TTHQ M F-3 H
{H A& 3 Fi7s, Cu, Zn, As FORUE 5 FLER, Hirp Cu, Zn (S HEN A Z 4 E 48 280 50% 247, N
TR TR, 18 S IR Cu. Zn S50 P LA ARG 7 S b, JIr DA £ A o e Y
A LA FE AR P FF A Cu, Zn R oc R HB R L 420, T AR E 4B E AR M2 @ SR E 0 A
]2 24, Ferh Hg MM AR, Zn BOME 5 =5, AP 1025 Po AOE 50T . BOR As B K 175 Y8 S0 g
s g, (AR 25 B 15 Y AR B B e — R B A BARERS REOCKRE, MM A EF T REHESE T EA
AR, BT LA AT U A T AR BR K 3558 28 G0 rp (0 2 S R E2 Bk e R B f R 25 7770 T 4 5 e 10 g B KUK

\ 5 3 31.16%
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Fig.3 Health risk contribution rate of single heavy metal in Epinephelus fuscoguttatusQ *Epinephelus lanceolatus3(1)and
Paralichthys olivaceus(2)

3 2512 (Conclusion)

(1) 7K A0 £ A P ) B TR 5 B 50 R B ML, B B A 0 )22 A T i 2 R AR R A 1 0
7] — £ 1A ) 4 e 5 AN R AR I SR A7 7 35 22 5 (P<0.05) , AN [RIRR S f AT G J 5 b I 22 5
# (Hg BRAN) , A 6EF1E2 2R g R A0 0 £ o 3 8 5 5 K/ N R BN Zn>Cu>As>Pb>Cd>Hg, FIril] 5L 56 % R
PR e T R AR, B DL 4.

(2)ZRE 15 QAR KBTI A B, PIAD SR AR B0/ T 1, M IEH 1588, IR Z B E SR Cu, Pb,
Zn, Cd. Hg. As F534¢, FIT LI IR 9.

(3) AR IEF 15 Y REIIEAE I ik, J— M2 &) 10 H AR el 2 809/ T 1, IR 2 88 NS
TETETE 0 4 Ja Al FRE XURS: , T B0 FH A $1/K SR B 28 48 B 2F SRS 2RO R A7 B #1020 ARG B A
JAT O 453 JaR )RR XIS, (LR S0 ) s 00 A P s e AN AT 2 .
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