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Distribution and Health Risk Assessment of Heavy Metals in Seawater ,
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Abstract: In this paper, the contents of heavy metals in seawater, sediments and organisms in coastal areas of Binhai in
Jiangsu Province in January, April, July, October and December 2019 were analyzed. Among them, the monthly average
concentration of heavy metals in the seawater met Grade I of the Seawater Quality Standard of China,among which heavy
metal concentration exceeds the standard in some stations in January, April and December. The water quality pollution
index of each month in the surveyed sea area showed a decreasing trend from April to December,and the overall value was
relatively stable without heavy metal pollution. The concentration of heavy metals in the sediments at all stations met Grade
I of the Sediment Quality Standard of China. The potential ecological hazard indexes of the six heavy metals ranged from Cd
>As>Hg>Pb>Cu>Zn,and were of low harm degree. The comprehensive potential ecological hazard index was the highest in
January ,and the annual value was relatively stable,indicating a low hazard level. The estimated weekly intake ( EWT) of the
three seafood products selected in this paper was all lower than the provisional tolerable weekly intake (PTWT) for human
beings established by WHO. Marine organisms were more capable of accumulating heavy metals from seawater than from
sediments. The results of target hazard quotients( THQ ) showed that there was a certain degree of As pollution in Collichthys
lucidus in the study area,and the other heavy metals were of low hazard grade.
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2.1 HRFEE

201941 H7H4H4H7H17H.10 A 15 HA12 A 27 HEEFZEIX (34°10'N ~34°40'N, 120°00'E ~
120°40'E ) 23 sl i AT 1K TURRY AN A PR s 0 SRAE A ELACRAE St 67 DL BT 1. JH v g 7R it £ P
IKFCRAEGAE 0~5 m 0 N B9 2627 7K T2 B 500 mL /KRR 22 SR A A O SR FAR IR V8 A 7 =4
T TORIRE S A FH 8 ZE e T RV B8 E 0~ 5 em BT /KIS #0282 Y0 Bl N SR B 5 R IR R 3R 2 M 48 p
JFET 0~4 CHFEE TR IIRAE LEWHEM S IAE 7 H 17 H (10 A 15 HA 12 A 27 HEEMFSEIX LA
10 715/ 46 X3 B2 4 I, BRI 1.5 kg 2247 RE S IR /K ook 5 V2 R R A T R i (R SR R D V4 I
] 9 W R ( GB—17378—2007 ) .
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Fig. 1 Location of sample sites
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Table 1 Standard for classification of heavy metal pollution level in seawater
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Table 2 Potential ecological harm index evaluation criteria

E PR 5 G A A G R Ep AT A ARG TR
<40 1% <150 1%
40~80 g 150~300 g
80~ 160 BE 300~ 600 iy
160 ~320 Gl =600 JETE
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EFXEDXFIRXex 107 (s)
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K EF 15 QY B e (365 d/4F)  ED S5 Y R 85 4 IR (GE R ZS 1 F4i 70 4F) s FIR S AR
BB GEIBUR A BB AR AL (FAO) GETHEME , b S R IRy 36 ¢/d, e 251k
BN 5.42 o/d) ;e RilEr= 5P 4 8 & B (mg/kg) s RFD S i5 4L ¥ 8 1 IR FH 2 2% 74 (Hg 4 0.000 5
mg/ (kg-d) ,Cd 2 0.001 mg/(kg-d) ,Pb & 0.004 mg/(kg-d) ,As A 0.000 3 mg/(kg-d)); WAB I AKH
SEYARE (60 kg) s TA R AREUE IR A R EE A (365 d/4EXED) ™. TTHQ MifEr= fh b & FH 4 8 11
EREY B, EEFREUNT 1 R E R SR S0 AR A A AR s A, M E RO T 1
At B HI A — 8 BT KUK

TEA T 42 8 (1 B8 AT A A R it 1l rrg XU N AN 75 BP0 U = i 0 1 T R A, R TR i TR A i,
RN (WHO) #HxTE A m e T AR E B AR A R (PTWI) , i Hg Cd Pb Fil As &8 0
BEARINH S5 pe/ (kg-bw) .7 pe/ (kg-bw) .25 pg/ (kg-bw) Fl 15 ng/ (kg-bw) . 48 M FIEAG A
= (EWD) x0T .
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KA 6 FESR SN0 A 4 AR 12 A&A 240 110 AF 1A Cu 95 & it —
FMOKBRIE; T A 4 A7 AFN10 H&A 24 3 4.4 DF 6 Dulifizi Ph 7 B i — 28 KoK
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Table 3 Heavy metal concentrations in seawater

W (/L)
Ay iR

Cu Pb Zn Cd Hg As

A JE 1.56~5.39 0.11~1.30 7.06~12.60 0.04~0.18 0.019~0.051 0.63~1.75
¥ E 3.10 0.52 9.63 0.11 0.031 1.21

4 1] Tl 1.66~5.55 0.52~1.80 4.43~17.10 0.05~0.12 0.012~0.051 1.05~1.89
SEHE 3.94 0.82 9.76 0.09 0.027 1.55

71 Tl 2.20~4.65 0.32~1.10 7.28~19.20 0.05~0.15 0.013~0.044 1.01~2.65
SR 3.17 0.70 11.56 0.10 0.020 1.60

10 A R 1.18~4.84 0.10~1.91 5.42~14.60 0.04~0.16 0.020~0.047 1.18~2.90
Y E 2.23 0.70 9.18 0.08 0.033 1.99

A T 1.65~5.30 0.20~0.91 5.63~16.80 0.06~0.183 0.007~0.042 0.88~1.98
Y E 3.24 0.44 10.75 0.10 0.019 1.31
YA 3.14 0.64 10.18 0.09 0.026 1.53
R K AR AE (—28) <5 <1 <20 <1 <0.05 <20
T AKK BThRIE( —2%) <10 <5 <50 <5 <0.2 <30

7K Cu H1 Ph /Y 2 EERUEN TV R R K B2 A 6 175 7K B HERR , i B A VL3 Tolk b, T
Pl X P 7K AR AR i it i s A T sl HE AT . SRS L TR BT IT XA, RE Bl R KA
A RE S, T RAHEDRT BT XN AFAE Cu (P 53380 i H 3 200 el J32 7K B8 HE RS A 0 A BT 5 RS . 7K
Hh Hg B 1 2RI AR HE, 3 5 R K HEA T 5 5 R IR S DR R A A K AR

F 4 POFTEIX A 5 A H Gy KGR BN T 1 RN =2 B A i G2, b 1 A
110 A AAFFE XA K A L] 1 RS e 2K 5 S O e, 4 A R 7 H A e 0 2 3 BT 11 2 B
R K T YR RO Ay . AR B Gl A7 A KU AR AR BT, v B PTG R, BT sh i 5%, 4 H 40 F24
IR 3.0 m/s AR AE. IR 52 T IR ER I j K 3 R AE B 5T, B2 2] = Ff I Ak
TR AR, LR SN 3 W 0] 5 17 R A DR — 20, AT LA 4 7 003 1 7K 5 B 255 18 B0t e Y 32 22
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U T AR R TS Yo AR, 25 B RAF I AL P AEAE Cu B Ph Bk B 55t — 28 KoK Bobmfl, AT LA
o L] 1AM RS ER 5 52 2 T TP R K R A T T KRR R
HEE T DGR K v B 43 Oy T 5 0 BRI K h 428 P Hg  As S5 3 4 R 3 1 4
i, &)@ Cu Zn A& 55 HABB ST IXCHE R AA - 0F5E IX Tk H BT 2 2V G Jm 5 . (B0 B s
RS A A, SRR e A B2 T B TNl B R A TR Ok B TR T T 4 S R .
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Table 4 Seawater pollution index evaluation

At 1A 4 A 7 H 10 A 124
S; Ta 0.26~0.53 0.34~0.63 0.28~0.57 0.28~0.63 0.23~0.52
S, FHME 0.40 0.46 0.42 0.41 0.35

32 REMBYPEEESH

Wit S ATLIE I, 5 WCREEHR BT v 17 6 Fp 5 4 )& & 1 S W E 4 & — S U0R ) 5 A o
(GB 18668—2002) . i i A UUARY) Th i 4 )R A8 S BB B2 2 B 1 iy He (4 H Ay Cd 1928 7 R 4007
WK 43.7% A7.41% KT 36% , )8 T & EAS T (CV>36%) ;s ImIE I He (78 PLFEARESE Y | A4 T 4 %ok
AR SRR KA B R0 402, T DA AR 5T X ORI Cd A Hg AT REAZ 20N R A R A 4 i 1 1l 1 4 o A 728
SRBCT B RIER I T U 1 A He 59 R IR B I . AR 22 T RO S, DURM TR Cd A
SR SRV A Tl AL B, He f9 AR SR U8 3228 0 A HERI A KA TR 1855 A ALIA R, R
BT = A N B S R B R BIA [ R AR e, V0 i A TR A, U 1] 5 7 R — B, WY I A2 AR Dl e 8 VD 32 )
Iz, DRI X P OR300 J5A I 3 ] = £ W B4 ek ke 4 D B Jey il TR IX BRF I A PO DR,
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Table 5 Heavy metal concentrations in sediments

W (mg/kg)
Ay i
Cu Pb Zn Cd Hg As
I 17.1~28.6 17.5~28.8 63.2~81.7 0.135~0.255 0.010~0.056 5.5~19.8
1A SRR 16.54% 15.81% 7.10% 20.50% 43.70% 28.23%
(il 1.19 1.49 0.40 114 4.05 0.34
S 8.7~27.8 11.0~24.5 46~138 0.047~0.239 0.016~0.059 7.2~19.4
4 A RUETES Y 35.47% 25.69% 33.33% 47.41% 34.41% 26.54%
i £ -1.21 -1.32 1.11 -0.98 0.86 -0.96
HeniE 15.4~25.1 17.9~25.2 49.5~60.9 0.109~0.192 0.016~0.043 10.6~16
7H BREK 15.08% 8.52% 6.70% 13.71% 25.32% 10.90%
i £ -0.92 1.14 -1.09 1.26 1.68 0.26
ek 17.7~29.5 15.9~27.5 53.5~76.8 0.123~0.214 0.011~0.028 4.7~11.9
10 H LT ) 17.73% 13.33% 9.48% 15.24% 22.58% 24.06%
It 32 -1.47 1.43 0.05 -0.54 0.24 0.43
ek 10.1~25.8 15.5~23.3 43.9~81.3 0.073~0.181 0.010~0.029 8.3~19.3
12 A AR R 25.02% 12.00% 18.94% 21.85% 26.43% 23.27%
i £ 0.04 -0.98 -1.02 0.05 4.32 -0.22
DURP B bR (—2%) <35 <60 <150 <0.5 <0.2 <20
VIR AR ( —3%) <100 <130 <350 <15 <0.5 <65

G e A A 6 E PR o X N DB h i 4 & S0P, 45 215 (L3R 6) .6 R &) i v
TEAE G FHRBUR R E)/MEICH Cd>As>He>Ph>Cu>Zn, HE/NT 40, 8 TR G EFLE , Kb Cd Hg . As
P f 5 R BE AT 5, 4 Hg B Cd [RIREAE AR S R BRI B B3R T 24280 T A kIR 52 m
BUARSE X N ORI A AR 2 M B P 8 T 200 Tolk ARV 3& SR A HERBGE 3 255 T e A 5 A8 R AL
1 A By KA 34.95 244k b S o a3, J8 TR G B AL

A T AV T b X AR ¥ GRSV 30 AR 9 2 O gk R Z DR P B 4 TR A VR B TV
DR AR it R 4. Cu Cd,Pb . Zn M5 &t T pg BB AR STV B B, /N T 9 5508 75 So(E, AR 4 B A
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Table 6 Potential hazard index of heavy metals in sediments

Ei

r

At eI Ey
Cu Pb Zn Cd Hg As

A FEnEEl 2.85~4.77 3.50~5.76 0.79~1.02 8.10~15.30 2.08~11.24 3.64~13.2 24.71~41.86
SFYME 3.94 4.52 0.91 10.97 4.62 9.99 34.95

4 F] I 1.45~4.63 2.20~4.90 0.58~1.73 2.83~14.34 3.18~11.78 4.81~12.93  15.79~42.76
F¥H 2.75 3.43 0.92 7.61 6.13 9.40 30.25

7 5 T 2.57~4.18 3.58~5.04 0.62~0.76 6.54~11.52 3.10~8.50 7.07~10.67  26.62~36.03
F¥E 3.51 4.50 0.68 9.83 5.20 9.24 32.96

10 A A 2.95~4.92 3.18~5.50 0.67~0.96 7.38~12.84 2.18~5.64 3.10~7.93 24.03~34.64
SEHE 3.94 4.14 0.81 10.20 3.83 5.88 28.87

2 A FEnEEl 1.68~4.30 3.10~4.66 0.55~1.02 4.38~10.86 1.94~5.80 5.53~12.87  18.01~35.67
e 3.23 3.81 0.80 7.65 3.31 8.93 27.57
T 3.47 4.08 0.82 9.25 4.62 8.69 30.92

3.3 EFEYRBREREIEN

ARWFFE I T Mk My 3 A0 58 [C R MR = b 788 3 Bl e R B O B DL 1) 28 0 g ™= it | L
W R B S . Gl BAF SR AR Y BB E S B EE S 24 BAF ., >1
mF, KLY E AR A B RS2 BAF,,,, > 1 B, BUXF AW T e 48 B E N (F4ERE
HEEAERIEL) , 2 BAF,,,...>100 B, FBH X Fh A W5t 8 & 8 B A& BRI & 6 ). £ 7 HEdE B
Cu.Zn.Cd Hg A1 As 767 H .10 A M 12 A 3 FAEWMEES T BAF,, . KT 100, L MM E A 5K
KU =ML T XK X 5 R e A — s 4R R T, Ho Cu As Zn 19 BAF . THECK R W
SR AL B ISR AR = PR X IX 3 Fh &R A & SERE ) B8, Cu B T2 4R AR A id sh e #
TR R YR — e YEF R R 2 AR E 4 P B KR, WIFSY DX K AE A2 AR 1) He A1 P, 76k
£ 0 TR AR IR b B SR B BRI B FERE 0 = etR T XK rh & Jm R 1Y B AR RE D R, TE 12
H Oy RE S BE v % B, Sk M 25 £ A 5 QKO IR X 428 Cd /Y BAF,, JEX KT 1 =R T8 K
BAF . fEA Tl FE, HAb 4R 1Y BAF ..., [EIEAR. BRI Bk A2 A L T 8 [ K I fn =
PR T BN B 4R 1 5 SRR 5. PRI, vl LA T 1 AR SCRsE BRI 3 g ™ i e T /K b B 4 IR 1Y) i 4R B
R WK A e R T DAE T A 2 R N A i

R7 EEEMESEEELE

Table 7 Bioaccumulation ability for marine organisms

BAk‘S(tﬂmull‘l’ BAFN:dim(:nl
VERO L/l
Cu Pb Zn Cd Hg As Cu Pb Zn Cd Hg As
WekHgEMm 916 84 766 414 343 303 0.138  0.003 0.163 0.261  0.263  0.035
7TH  EIRKEEF 983 80 871 672 203 1169 0.148  0.003 0.186 0.424 0.156  0.135
“ERTE 1212 69 903 428 870 910 0.183  0.002 0.192 0270  0.667  0.105
BESkMFEM 1170 150 832 863 116 685 0.110  0.005 0.117 0.402 0.202  0.153
107 EIKKEEF 904 78 795 847 69 1318 0.085 0.003 0.112 0394 0.120  0.295
“PERTE 1196 191 746 789 364 2377 0.113  0.006 0.105 0367 0.633  0.532
Bkt 1918 66 585 1828 144 646 0.318  0.002 0.098 1.391 0.173  0.063
125 BREKELF 1917 86 757 1540 272 1468 0.317  0.002 0.127 1.172 0327  0.144

—IJERTEE 3032 91 1365 1311 490 1512 0.502  0.002  0.230 0.997  0.588 0.148

Wit 8 A AN SCIRHAY 3 AP A E 4R 00 B R PEAS AR (EWT) SIE T WHO il i A
R B VPR AR (PTWI) ;3 #ifr= 5 848 Pb.Cd Fl Hg B9fE EREBUE/NT 1, RIHE HZ2k
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W7 AN SIAELE P (Cd Fl Hg X AR FE ™ Az T AR R AU 5 10 AR 12 H i Bck i s b &8 As 1Y
fEFERMEBTIRT 1,7 ANAEEREO TInFHUE , R UTE A 3 A A — o R XRG4 )8 As 75 A
SRIREE T IZAEAE , N R R UR BRI 8 B Ak 2= 5 1R 408 As 43 A B A HUB S M B K
ECHUE A ZE LR = M A I E S 4 08 As OB HO A HUE S &8 As 78 90% 4247 3 &)@
As R T E KIS Xk S WL TC 1 SRR I T 2K A B AR AR Y. Bt X &3 7 H 3 Bl = i
BB PG R AR (EWD) FE EBEURT 10 A M 12 J X 54 SR 3 ks e Wi e 7 7 2058
BT IR O, Bl B E] RS A T AR AR MR I B B s B

*8 B/ & Pb.Cd.Hg.As HEEITHEENE(EWI) MBEFH(THQ)
Table 8 Estimated weekly intake( EWI) and target hazard quotients( THQ) for Pb,Cd,Hg and As for marine organisms

EWI THQ
Ay Yk TTHQ
Pb Cd Hg As Pb Cd Hg As

Bk Ay A 0.25 0.18 0.03 2.03 0.008 9 0.026 0.008 0.97 1.012

7H B ICR AR 0.04 0.04 0.00 1.18 0.001 3 0.006 0.001 0.56 0.571
=T 0.03 0.03 0.01 0.92 0.001 1 0.004 0.003 0.44 0.446
kMg £ 0.44 0.29 0.02 5.73 0.015 7 0.041 0.005 2.73 2.788

107 BERKEIF 0.03 0.04 0.00 1.66 0.001 2 0.006 0.000 0.79 0.798
=R 0.08 0.04 0.01 2.99 0.003 0 0.006 0.002 1.42 1.435
kMg A 0.12 0.75 0.01 3.54 0.004 3 0.107 0.003 1.69 1.802

127 BEIRKEER 0.02 0.09 0.00 1.21 0.000 8 0.014 0.001 0.58 0.593
=Y 0.03 0.08 0.01 1.25 0.000 9 0.011 0.002 0.60 0.609

4 &5k

2019 4F 5 A A A5 K 5T S 0RR M) o i <3 i P P9 B P A 4 T 5 — AR HME , R a0 i (AT 5 — e
M ARG A8 T 2hRHE. KBTS YR BOE AT AR 25 F 1R B0 BRI SRR W], R IX K B B
U4 B TR S Yok (ERATITE L 88 1 0y N R B T — R B Y el A R T Bl it Y oKk 5 4%, B 24 5 |
AL

FJZ MR AR PR 55 2 P A2 ) £ 2RO W B PR 0, R A A A A7 PRS0 10 7 At ) H 4 389 I AR o 5
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