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Derivation of seawater quality criteria and potential ecological risk
assessment of zinc in Bohai Bay
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Abstract Bohai Bay is located in one of the most economically developed areas in China. As the
pollution load exceeds the environmental capacity, the aquatic ecosystem and functions of the Bohai
Bay have been damaged to a certain extent. Seawater quality criteria are the basis for the
establishment of seawater quality standards and rational protection of marine environment, but
currently there are few studies on seawater quality criteria in China. This study derived the seawater
quality criteria for zinc in Bohai Bay by species sensitivity distribution curve method. The derived
short-term and long-term water quality criteria were 112.4 pg-L™" and 16.15 pg-L™', respectively. In

the summer and autumn of 2020, the distribution of zinc in the Bohai Bay and its adjacent waters
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were monitored respectively. Ecological risks of zinc were assessed based on entropy method. The
results showed that the short-term ecological risk of zinc in Bohai Bay and its adjacent waters in
2020 was low, but there was a long-term risk. The high-risk areas were mainly distributed in the
coastal areas. In addition, the potential ecological risk for zinc in Bohai Bay has a seasonal variation,
and it was higher in summer than in autumn.

Keywords Bohai Bay, heavy meatal zinc, seawater quality criteria, species sensitivity

distribution, ecological risk assessment.
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1 #MRL5 7 (Materials and methods)
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Table 1 Experimental conditions for toxicity test

R HRLEE/C FE AR G (LSS FEFERT[A] K
Experimental species Temperature Age  Ventilate  Illumination  Body length Exposure time Source
ja.fﬂi . 26 AL % 24 hGHR 2 mm 24h,48h T [ 455
Artemia salina
LLBE AR Ty ol - 12 WG A
— HEaEA WA R LL B MK
Takifiugu rubripes 20 SEIET e 8 mm 72h,96 h W 1 Ll B K
FIXTHR . 12 bt ,
. b ) 23 s o 2cm 24h,48h,72h WA HEYELE FHFNL
Litopenaeus vannamei 12 h2E
TRAE A I . 12 kiR i X
— s W 1 BRI
Brachionus plicatilis 25 AR 12 hEA 170 pm 24h W A BRARK
/B n . 12htME s
— SRS ST o - SNEE Al T
Chlorella vulgaris 25 BRES A 12 h2Em% 6—8um 24h IrERLLT i
P y . 12 hyEHE THF; E VT X A
SEARTIES X
Meretrix meretrix 12 Rk HFERET 12 hER i 4.5 cm 48h,72h 11]7]
L . 12 ot N N
) 24 WRE REES I em 241,48 h KBRS

Sinonovacula constricta T 12 hB
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HEAXT:

HC;
SWQC = 4
Q AF 4)
ACR, = SMAV; 5
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FACR = v/ACR, X ACR, X --- X ACR,, (6)
SWQC
L = 7
WQC= Facr 7
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KoMk
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BN () TT R . AR SCOR 8 (92 X e e S I 3 VA K %) B T R L R AT A R B R B e
2020 A 5 ZFIARK 2 A6 1 1 5 R e 300 Tl Sl A . R v B 2B SR Al A 39 A, BKESR AU A 41 .
I, W (7 S B T VA VS L DX R R B (EC) ok DA 6 v %8 S R B (C.C.C) A5 1) 74 JRUS: i 217, L v e ofe
SR (CCC) 5K HAZK B HEHE (LWQC) 19 F SUAH [R]. A 5% 34 R FH St A 1 B v i 40 ) 153 1
I XU 22, ELR 3 R 22

HQ =EC/WQC (8

HQ 1y BTG 43 % HQ<0.1. 0.1<HQ<1. 1<HQ<10. HQ>10, 43 HI4FEPEAL X A 275 B 15 X
Bsr | PR DAL . 45 JXUISS: AR e JRUSS:

2 5B 59718 (Results and discussion)
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Table 2 Acute experimental data of zinc on species in Bohai Sea

il B J& i AR/ (ug L)

Phylum Family Genus Species Acute toxicity
HRAYI il ZR7 il LLE AR Tr fili 4770
\ ‘ iR SR Sl 5650

ARSI VRS

iRl ikt 4t 2160
Y] R RN FRAE e 4800
IS AR A BBt FAERR FAER 3680
B X SR BEXTIF I [EESEROLS 2190
LRBET] /NERBERL INERBE R /R 1820

2.3 KB AEE S

(1) B 1 i 09 7K Joi B

W BE B YA ) 2R 3t 94 S5, FLrh IR S 25 13 2%, 3L Je 8 1] 27 B 30 J® 32 . Stk
B 2 <3 1] 8 Bl iR IR E K.

Xt 2 PR A B PR 2 ) R AT 1E 25430 K6 56 (D'Agostino-Pearson #6555 ), & L P<0.05 A5 & 1E A
O3 X v S v EE M (A T X B W 5 A A IEAS A A, W] LAEA T R B B 43 A (SSD) AR U A
BRI R 2P SMAV, K SRR S5 3 s,
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Table 3 Average acute value and cumulative frequency of species
hLT %4 YrFhi 27 CHk FPE A (pg L") R aEMEX S Bk BRpR
Binomial nomenclature Species References SMAV; 1g(SMAV,, ug'L™") R P

Glyptocidaris crenularis RIS [24] 120 2.07 1 0.0303
Crassostrea margaritacea R U] [25 —26] 140 2.15 2 0.0606
Asterionella japonica H A< B AT [27] 147 2.17 3 0.0909
Skeletonema costatum LRIEE S S [28 —29] 417.9 2.62 4 0.1212
Rachycentron canadum Wt [30] 610 2.79 5 0.1515
Ulva pertusa LAk [31] 966 2.98 6 0.1818
Portunus trituberculatus YT [32] 1040 3.02 7 0.2121
Penaeus chinensis LRIEERGEN [33] 1320 3.12 8 0.2424
Pagrus major FLHY [34] 1350 3.13 9 0.2727
Nassarius festivus AR [35] 1760 3.25 10 0.3030
Mizuhopecten yessoensis HREE R DL [36] 2040 3.31 11 0.3333
Sinonovacula constricta e e 2160 3.33 12 0.3636
Litopenaeus vannamei ZESSRSLN [37] 2200 3.34 13 0.3939
Neomysis awatschensis SRAR BRI [38] 2211.3 3.34 14 0.4242
Mytilus coruscus JEFENR I [39] 2330 3.37 15 0.4545
Phaeodactylum tricornutum — —FRETEHE [40 — 41] 3404.1 3.53 16 0.4848
Artemia salina FAER W 3676.6 3.57 17 0.5152
Brachionus plicatilis @%ﬁ&i}i% [42] 4040 3.61 18 0.5455
Chlorella vulgaris L/ NER [43] 4539.7 3.66 19 0.5758
Takifugu rubripes LT IR il Ee s 4770 3.68 20 0.6061
Cynoglossus joyneri FEICTH i [44] 4830 3.68 21 0.6364
Boleophthalmus sp. Kt [45] 4960 3.7 22 0.6667
Capitella capitata IS [46 — 49] 5150 3.71 23 0.6970
Exopalaemon carinicauda R IIF [50 —51] 5190 3.72 24 0.7273
Meretrix meretrix i 5 5650 3.75 25 0.7576
Hydroides elegans (e Rl [52] 6960 3.84 26 0.7879
Acanthopagrus schlegelii B [53] 8270 3.92 27 0.8182
Mytilus edulis G [54 - 56] 9330 3.97 28 0.8485
Paralichthys olivaceus 0 A Y [57] 12090 4.08 29 0.8788
Nibea albiflora HAH 0 [58] 16350 421 30 0.9091
Mya arenaria b i85 [59] 49640 47 31 0.9394
Cyclina sinensis Hih [60] 160000 52 32 0.9697

Ve 3 28 5 190 B0 PR A 2R M 7 M 50 0 55 8548 R SSD-Toolbox 43 il #E 47 55 F ML J5 7 il
MH J5 ¥ 1Y) normal 437 | logistic 4345 | triangular 434 . gumbel 434 Al weibull 434 (400 5. BF 58 11K o
FEWERL RIS R & 1, LA 45 2R UL 3R 44K 5, S F MH( metropolis Hastings) J7 7% [
gumbel 7315 A A ILA BRI A 19 SSD £k, XF 0 HCs=224.8 ug-L ™. BRLATEAL IR T(H 2 J&, RIERR K
KA AE Wy J K M SWQC=112.40 pg'L ™.

(2)BER A o S

AR RS MRS 18 4%, WA 711 10 B} 10 J& 10 Fh. 45 0 il X BRI F- 248 M E 1g(SMCV,) K
FRUAN R 5 IR ABPEBHE AT 2 <31 8 B R RZK, (H2% OECD /K B ifEFa /g, N H 2 18
PEBAEIIFF A2 /0 10 My Fpe (2R, Pt 4R F SSD vA R4 17K o 5 1 4 5.
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Lor — Gitbel~ Cyclina sinensisF= = ~ s e
* HCO05 — '(rurEnc‘lriaE/ ¥
——"Nibe ('ﬂ()r(%,ﬁizﬁ’ﬁ% b
..... o e ot Timoc s ;
95% CL HCO05 Motilus edulis S0 P, a]lcht@yyo ivaceus i 7 B

Acanthopagrus schlegelii ‘ﬁn—‘— B
0.8 ¢ pagrus schlegelii B ,ﬁydroidcs cleganste3 8 H
7‘°— erelrivmerelrix CHS

+»—I[xopalde rinicaude
DT v v y xopalaenon carinicaudas & 1= 4
Boleophihalmus sp. Kk fa ’
s by -

Cynoglossus joyneri £

7
L Takifugu rubripes ¥LHE7R 75 ol
g Chlorella vu]gaf[l?s‘ /]\ﬂ?% »

Brachionus plicatilis ?E%&%J%gﬁﬂi Y,
Artemia salina FAEH

7 £I100()dayty'lltl7z tricormutum = 1R
tilus coruscus JEFEIAH I N
a m?ﬁ*%ﬂ

Cumulative probability

Neomysis awatschensis L
Litopenaeus vannamei 35 R
—— Sinonovacula constricta 851%

izuhopecten yessoensis HF 353 J1
7 Nassarius festivus FIRLUE
Pagrus major EL
Penaeus chinensis H [ % iiF

04 /

02l o/ Ulva pertusa L1452
4 Portunus trituberculatus =tk 718
4 Rachycentron canadum FEE
Skeletonema costatum w1 %])%' R
o ] st¢, f:(nvﬂllajaponica H AR st
s kil | |
=2 -1 0 1 2 3 4
Toxicity value
B 1 BRI TURE A Y 40 it £k
Fig.1 Fitting curve of short-term water quality criteria of Zn
R4 PEELBUK BTSRRI G 45
Table 4 Fitting result of zinc short-term water quality criteria
, SYHIIIE F R L/ e o . NN .
531 sk N P DA RGN R RRE
Distribution Method He P BIC AIC SE CvV
5

1 normal ML 0.2356 0.2218 — 188.6254 0.1124 0.4772
2 logistic ML 0.2690 0.3836 — 187.0556 0.1354 0.5033
3 triangular ML 0.2115 0.0919 — 189.7002 0.1172 0.5539
4 gumbel ML 0.2474 0.0040 — 194.3988 0.0889 0.3592
5 weibull ML 0.0524 0.0170 — 195.9028 0.0610 1.1649
6 burr ML 0.2289 0.4466 — 189.1945 0.1734 0.7576
7 normal MH 0.2039 0.3894 191.3393 — 0.0942 0.4208
8 logistic MH 0.2253 0.2820 189.7914 — 0.1136 0.4532
9  triangular MH 0.1581 0.7142 193.3590 — 0.0678 0.3925
10 gumbel MH 0.2248 0.5770 197.1874 — 0.0739 0.3123
11 weibull MH 0.0613 0.4892 198.6593 — 0.0477 0.6934
12 burr MH 0.2785 0.5014 193.2010 — 0.1274 0.5040

¥ : ML (maximum likelihood ) iz K ARI#R72:; MH (metropolis Hastings) S2451 % J7#:; AIC(Akaike Information Criterion ) 75 i 5 & B
J; BIC(Bayesian Information Criterion) Il I-4fi{& B &1 ; CV(Coefficient of Variation) 7 5 22 %1; SE(standard error) FRifEiR 7.

£S5 FOPRIIEELL RBR

Table 5 Average chronic value and cumulative frequency of species

T4 Yy S FOESE T (ug L) FRRREMEERE ErERak BEUR
Binomial nomenclature Species References SMCV; 1g(SMCV/(ug'L™")) R P
Strongylocentrotus nudus ~ YCERERIEIA [61] 25.0 1.40 1 0.0909
Acanthopagrus schlegelii ] [62] 57.7 1.76 2 0.1818
Mya arenaria b d8 [63] 100.0 2 3 0.2727
Litopenaeus vannamei FESEROLN [64] 181.7 2.26 4 0.3636
Mytilus edulis I [65 — 66] 316.2 25 5 0.4545

Ruditapes philippinarum  FEHETEAT I [67 — 68] 353.4 2.55 6 0.5455




3402 E7 N R (- 2%
23RS
P14 YyFhi ZEICHk FCPFIEEE (pg L) FOTEMEMEENEC SRR BRUR
Binomial nomenclature Species References SMCV; 1g(SMCV/(pg'L™)) R P
Zostera marina P UL [69] 681.4 2.83 7 0.6364
Crassostrea KPP [65,70] 707.1 2.85 8 0.7273
margaritacea

Macrocystis pyrifera Sz [71] 1071 3.03 9 0.8182
Capitella capitata skl [46] 5490 3.74 10 0.9091

F H SSD-Toolbox 43 Sl H#EAT 3T ML J7 5 F MH J5 7519 6 B A3 A 44 . B I 7K Jo 326 v A 750 )
A nE 2 s, A S5 R L 6.

Lor — Triangular-ML e =i=ia
. HCOS _ Capitella capitat z
’
----- 0, (e
93% CL HCO3 Macrocy,\'tixlpﬁ'r(féraE{?ﬁ . e
081 ’ e
Crassostrea margarnaccaj:%ié$ Lani , ’
r ’
E Zosterammarina R « p 4
E 06T ) ’
g v den‘apes philippinarumEFEEEATIS
53 / /
‘% /’ ,/ Mytilus edulis 38 TH I
E o4l ’ / il
L - = Litopenacus vannamei®i3& FIRT IR
’
’
, ? Myl arenaria bRl
’ 7
02T — Acanwgpagrus schlegelii B4
// ’
7 7/
- Strongylocentrotus plichus Y6 TRERERE.
-~ 1 -7 1 1 1 1 ]
%5 2.0 -1s -10 05 0 05 10 15
Toxicity value
2 BER K BSR4
Fig.2 Fitting curve of long-term water quality criteria of Zn
xR 6 PR BTEMERBAIY A 4
Table 6 Fitting result of zinc long-term water quality criteria
. , 5% i vk e/ A, o g i s ;
S ik el P DUMRE RN AR AR R R
Distribution ~ Method HC P BIC AIC SE CvV
5
1 normal ML 0.0273 0.9840 — 17.7111 0.0290 1.0622
2 logistic ML 0.0250 0.9181 — 18.5087 0.0302 1.2069
3 triangular ML 0.0323 0.9880 — 18.8520 0.0383 1.1853
4 gumbel ML 0.0335 0.8581 — 19.2264 0.0255 0.7622
5 weibull ML 0.0085 0.9600 — 20.1572 0.0293 3.4534
6 burr ML 0.0281 0.8901 — 23.1102 0.0372 1.3234
1 normal MH 0.0148 0.0076 18.2863 — 0.0186 0.8349
2 logistic MH 0.0126 0.0078 18.5469 — 0.0191 0.9154
3 triangular MH 0.0127 0.0188 18.8871 — 0.0145 0.7565
4 gumbel MH 0.0219 0.0646 19.1847 — 0.0166 0.6037
5 weibull MH 0.0169 0.4582 20.7388 — 0.0213 1.0890
6 burr MH 0.0445 0.5232 21.7195 — 0.0245 0.9756

#: ML (maximum likelihood ) f KLl #&72:; MH (metropolis Hastings) S¢45 % J51:; AIC(Akaike Information Criterion) 7Rt {5 8 & 1fE
IJ; BIC(Bayesian Information Criterion) Il '{-#fi{5 B & 1 U; CV(Coefficient of Variation ) 53 2 51;SE (standard error) FrifEiR 7.

2K 586, 3 F ML(maximum Likelihood) J5 51 triangular 4345 i G A A BHLLG 1 SSD 2k, Xt
N HCs=32.3 pg'L ™" VAR B 7 IUME S 2. B LAVEAS U F1E 2 )5, BIA B 1 K 7K A= AR 4 3 7K 5 35 o
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LWQC=16.15 pg-L .
2.4 FRUE(EXT AT

H i 3% FE R K K bR o T 280 7K B8 e B o 20 pg L, T 2836 K SF M B J9 100 pg L7, 54K
WEFEHE T 1 ) LWQC F SWQC ZKF-AH>Y, UhHIIRAT Zn /K BTAR LT I8 & 2. LB prizii st 5
Aty [ 5% o b DX 4 T 190 o 7K B 5 o (B % B, 9% [ U L T R 0 B0 a1 U K R S N
120 pg L', I MF 5% H 9 20 301 3 A ( 112,40 pg L") AHXF ARG, Jin R0 S F2EA PR -1 il A 19 K 09 3
HEE A 30 pg L, W 58 T i sk B 43 A vk i s R I SR ME(EL R 8 pg L, W o I I S v (L
(16.15 pg L") T INE K A FLuE(E, & T IR KH A L A= 722 22 9 E B FE N2 O EZAE
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Fig.3 Results of short-term ecological risk assessment of Zn in 2020

(Left: summer, right: autumn)
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Fig.4 Results of long-term ecological risk assessment of Zn in 2020

(Left: summer, right: autumn)

3 458 (Conclusion)
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