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AL BE 2% 15 T 468 3 A 5 s A B R R 96
hLCo otz 1.2, & 1 Pron. BE&ELLEER I,
TH /Y 96 h-LCoo KT, 15 BA £ BE G i g% 1 A 14 75
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Table 1 96 h acute toxicity of copper to R. philippinarum under different salinity

e RE(P . 959 SIX A
i Ko L IR Lc, BRI
Species Salinit Correlation R i dion /( L 95% confidence interval
pecies 2ty coefficient (P) egression equatio me /(mg L")
20 0.986 Y=—0.845+1.405X 3.992 1.440~7.677
22 0.996 Y=—0.780+1.288X 4.037 1.254~8.212
Jd 2 WA
%%%?nf? 26 0.967 Y=—1.802+2.167X 6.783 3.642~10.878
R.philippinarum
30 0.996 Y=—1.885+1.752X 11.906 5.042~20.068
32 0.937 Y=—2.801+2.478X 13.497 6.894~19.962
T BEMR R R K5 (p>>0.15), The significance test uses the chi-square test (p>>0.15).
R2 AEHBEFETHEITEE 96 h-1L.C KL E £
Table 2 96 h acute toxicity of copper to Mugil cephalus under different salinity
R RE(P) . o 95 % BlEX A
Py N HXRH ]y LGy SN BRI
Species #hE Salinity Correlation Regression equation /( LD 95% confidence interval
Ppecies coefficient (P) gression <d me L /(mg+ L1
10 0.928 Y=—2.255+2.258X 9.963 5.703~17.185
14 0.880 Y=—4.026+3.191X 18.261 12.174~26.529
fif§ 61
U 20 0.851 Y=—6.747+4.849X 24.633 18.609~31.685
M. cephalus
26 0.959 Y=—10.240+6.810X 31.885 26.011~38.344
32 0.910 Y=—11.226+6.987X 37.188 29.261~43.807

e B TERE R E K (p>>0.15), The significance test uses the chi-square test (p>>0.15).
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Fig.2 Fitting diagram of taxon-specific species sensitivity

distribution for copper toxicity

x3 WMHEEHFEBEMSER

Table 3 Fitting information for Log-Logistic model

. N ; M3k s N ) N o HC,
RESHNT 1072 FERCHR A 57 JSBERESYE SSDIFERE 5% 1 e ot ok Ruse Pk
TS TR B o A3 A SR B 15 1O o X 50 A B A 0 A A /(g e LD
AR UG H RN 3. BRI 3K Algae 411 0,931 0.065 =0.05
JESE AN E 2, ST S5 s A e A2 HEHYI] Chordata 8549 0.913  0.078  =0.05
,flj\IIJ?HCS *de‘ij_é/]\, ‘E%Lﬁﬁ%ﬁ*ﬁxjﬁi@o §’X12I§ijj j‘l;}L(,TZISijJ%r‘J MOHUSC& 4997 0957 0056 >005

i HEg WEEAR: R i, P TH, H
%l]%ﬂé%@%@l?%ﬂ H HHAZEEO\J HHG {%iﬁj( - WHsh#1 ] Arthropoda  19.71 0.908 0.084  >0.05
T RSN U BRI R BE X R TSR

R4 REXNAENEEMRESERWEHEXES T
Table 4 Correlation analysis on the effect of water salinity on copper toxicity of different species of Phyla
HMRRE(P) AR E e ,
- Xt A o B MR
["]2& Phylum ) Correlation Mean acute toxicity o
Correlation o B Significance Relevance
coefficient (P) /(mg+ L")

#2K Algae EAHE 0.768 0.404 0.590 W

A EY] Arthropoda IEAAR 0.765 1.575 0.585 LA

RS 1] Mollusca LIPS —0.373 8.216 0.139 B

#2891 Chordata UiLiPs —0.453 11.723 0.206 B

2.3 BEERKIE
BEFELAT 12 Fh4F 6 P06 2K 1 22 217400
G AT REUNZE 5 iR S % (R K K A A= 917K

JRILEFE AR AR 45 (2020 B OB Hh g 4% 1E 5 2
TTERE LG R A B LA RPR N 1. 678, R =0. 193,
S HranE 3.
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Table 5 Effects of salinity on copper toxicity in different species
Y% Species & 72 Fitted equation R?
JEFEMG U Mytilus coruscus lg(Actue toxicity date) =—11.210+7.254 X 1g(Salinity) 1
JEAYREIAF R. phili ppinarum lg(Actue toxicity date) =—3.155+2.843 X 1g(Salinity) 0.954
i B Artemia salina lg(Actue toxicity date) =—2.675-+1.685 X Ig(Salinity) 0.208
WMILVLEE Gracilaria tenuistipitata lg(Actue toxicity date) =—1.783+4-0.624 X lg(Salinity) 0.977
R YK F Acartiatonsa lg(Actue toxicity date) =—1.757-+0.524 X 1g(Salinity) 1
PEXTHR Penaeus monodon lg(Actue toxicity date) =—1.586-+1.770 X 1g(Salinity) 1
fifi e M. cephalus lg(Actue toxicity date)=—0.051+1.096 X lg(Salinity) 0.958
I EH e /K F Eurytemora affinis lg(Actue toxicity date) =—1.048—0.176 X Ig(Salinity) 0.123
SRR IE K & Monia mongolica Daday lg(Actue toxicity date) =—1.498+0.242 X 1g(Salinity) 0.036
H AR ERAR K & Tigrioupus japonicus lg(Actue toxicity date) =7.449—4.822 X1g(Salinity) 0.226
MK Total lg(Actue toxicity date) =—2.285+1.678 X 1g(Salinity) 0.193
water quality criteria, SWQO) , EMHEHEA L , TLER
2— .. e % . . N s
~ lg(actue toxicity date)=-2.285+1.678 lg(S’ah’nlty) IEEE , JH:E:T%TE%E‘{@‘ = ﬁ/ﬁ;ﬁﬂ(ﬁ%{ﬁ ( Longfterm
= . . L .
- 2 5 . e water quality criteria, LWQC),
=32 c 25 BRRES
(o] :
ﬁg Ly 3 BAE AT R B AL BRAF G 2 0 A R 8 Ak
" / » ~ [===) e e N
=i _ . A EEC-SSD P (1 4 T GEZS 70 A gAY 2
S 14 & 7 * * 8 - it e RIS - N T s e
3 T e PSR AR RS0 i Sl 0 A R L X BB A 0 A A
0 - ‘. e NS S X
= ) A R 0. 6 RS2 X R? b
0.0 0‘5 1‘0 1‘5 j& 1 ’iﬁ%ﬁ‘lﬂzﬁﬁﬁg*u/ﬁ\/fjtgﬂj(’*ﬁﬂ?ﬂ%ﬂ%‘{ﬁo
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Fig.3 Regression analysis of the effect of water salinity on

copper toxicity in aquatic organisms
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SVERIRILICE T 72 45,0k A 10 17 40 B 46 Fl,
396 h-L.Cso 8% 96h—ECs, . 18 HHEILIE T 20 &
Ba kB 617 14 B 16 F R B EEETRIA/NT 14 d
) NOEC# LOEC, & %] 3 % H CuSO, » 5H,0,
CuCl, » 2H,0.CuSO, « TH, O %, ¥ 25 £ i
MEIE N 25, T HE S0 3 48 31 /K i £ fE (Short-term

RMSE J [l 5 45 H 401 2 bRl 2% . RMSE B35 F 0.
BT A ORS 25 R 5 P (K-S) e — Rl 4 11
K5, P (K-S)>>0. 05 KHBRIFF S B0 . St
PEGUDLA 45 H 0132 8 F , TE A5 A R | A0 A
S HCE 25401 BRI 400 2 L 28 o
A BB A BT B LA 2 I 4. HC, =5. 37
ng » L0l T AT AT M P BOR RO T 15 9F
S A T T L VAR TR 2. 5 1 R
SWQC=3. 69 g + L s M PEREHE(H 191 42 45 SR M1 55 9
B S RE 2540 B A RS 814 i 24
5. HC,=6. 02 pg » L1 3H B FHC 2. 4350 K 391K
Hoif LWQC=3.01 pg» L',
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Table 6 Acute toxicity data of copper to aquatic organisms in Chinese estuaries under different salinity conditions
g i 4 BT Y SN e
Phylum Family Species Latin name Salinity Acute toxicity raw References
Y ) - values/(mg + L™1) )
VSR .
frf‘dfi i Arius thalassinus 30 2.4 [37]
SEciaéer%jiz H AR fa Nibea japonica 31 2.62 [38]
Para?i:céfjiidae ey 2 Paralichthys olivaceus 33 0.12 [39]
E'Eﬁ»‘ N R
Adriaii;ﬁfﬁyidne WK i Oryzias melastigma 33 7.3 [40]
BRI T\gﬁ%ji T RE R Synechogobius hasta 31 0.769 [41]
Chordata
= N
Br'?rclii%fjmq E Branchiostoma belcheri 31.4 0.211 [42]
10 9.963
s} 14 18.261 AHGE
Mflgilidqe fiffi £, M. cephalus 20 24.633 This
26 31.885 study
32 37.188
R 2 YL Cynoglossus semilaevis
Cynoglossidae RRERE Giinther 31 0.025 [43]
WEIE AL Y S IE Nerita albicilla Linné 32 1.48 [44]
Nerita el Tegillarca granosa 21 6.189 [45]
Bﬁﬁfﬁﬁm FTBE AR R Babylonia areolata 35 29.22 (467
CiEi%ﬁEl‘ea BRAHF D8 < I Cerithidea cingulata 30 0.521 [47]
Pty Coelomactra antiquata 31.9 4.839 [48]
20 3.992
e I 22 4057 A
Mauctrid'le R RIAT R. philippinarum 26 6.783 This
30 11.906 study
32 13.497
VO £ B 0] Mactra quadrangularis 27 4.32 [49]
AR pa—
Mollusca ()nch/i;liidqe IR A it Onchidium struma 11.5 74.8 [50]
i DR = i o 30 0.32 [51]
Mytilidae JEEFE NG D M. coruscus 23 0101 r52]
R .
C*j‘ig“;ﬁﬁe W o Corophium insidiosum 36 0.47 [53]
0 A
T%l%?liﬁ;e T BRI Moerella iridescens Benson 28 0.055 [54]
23X WAR.
szni?-iﬁae SChE Meretrix meretrix Linnaeu 32 0.12 [55]
K?\i:%?fjj VIR Bullacta exarat (Philippi) 28 0.001 [56]
SRINEY
p)jtfé;jjac LA DL Chlamys farreri 31 0.007 [57]
HLATFE Fa 4w Crassostrea plicatul 27 2.59 [58]

Ostreidae
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HER6
I B P T4 I Acutreit‘jx%i}:& i 275 30
. ; 5 N y raw
Phylum Family Species Latin name Salinity 1\ References
values/(mg +« L")
L R
gkel'ztiliéjiceae e liEES 3 Skeletonema costatum 33 0.29 [40]
FEWED] s R R, Thalassiosira
Diatomeae Thalassiosiraceae [l e pseudonana 33 0.77 [40]
¥ tE Bt e Y S Phaeodactylum
Phaeodactylaceae LIRS tricornutum 35 0.231 [59]
25 0.12
ey T J— . :
Rhodophyta Gracilariaceae B SAN G.tenuistipitata 6 0.05 [60]
17 0.1
WE] REREER} - et
Cyanophyta Synechococcaceae ek Synechococcus.sp 33 1271 [40]
ks RIZF . - 51 0.05 617
Echinodermata Stichopodidae LilE A japonicus 30.7 0.12 [62]
Bk XA
(E:Ia?a(rfliadtt HAEFT K & Calanus sinicus 32 0.085 [63]
29 1.97 [64]
32 3.9 [65]
Mok ER A 5 .58 =
WA NS o o P Lo
Harpacticidae k% T. japonicus 33 0.499 [66]
0.953 [67]
0.953 [68]
34.5 1.024 [69]
10 0.106 [70]
f R N N .
ﬁfﬁiﬁi SIS M. mongolica Daday 13 0.026 [71]
31.7 0.089 [72]
K B} P T Ll e S Pseudodiaptomus _
Pseudodiaptomidae ESNLE S annandalei 20 0.158 [73]
R :
Pajﬁfnﬂfnﬂzqe H R H R Palaemon carincauda 29 18.07 [38]
5 0.042
L e ST
giiﬁlijijij % Rk % A. tonsa 15 0.067 [74]
TSI ] 30 0.109
Arthropoda
2.5 0.071 (757
U 5 0.104
{iﬁﬁﬁe R ELTEK % E. affinis 10 0.03 [76]
15 0.068 (757
25 0.058
5 0.042 [77]
R 4 L 15 0.067
Artemia i A. salina 27 7.5 [77]
30 0.109 [78]
VhER
()c{/;y%cilﬁ"gae AEPNIY S Macrophthalmus erato 25 0.09 [79]
IR A AR - , ‘ _ 33 0.077 [40]
Melitidae DAIAE T BT Elasmopus rapaz 33 0.078 [80]
Paﬁifnﬂfjjac VANGLE Macrobrachium rosenbergii 12 0.149 [81]
FURE T & H XTHF Penaeus yannamei 26 0.8 [82]
% N
Penaeidae N o 15 3.13
BT X IR Penaeus. monodon o -3 [83]
5 .
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Phylum Family Species Latin name Salinity 1\ References
values/(mg +« L")
N e )
éﬁofﬁé ! 5 fﬁfjﬁe WA R Brachionus plicatilis 32 0.12 [84]
Ejﬁcﬁﬂi?dlei [Tgfﬁjie ki B W A Urerchis unicinctus 30 0.675 [85]
TRV Yigay s BT A Perinereis nuntia 31 1.091 [86]
HAﬁ Zj]f% ' Nereidi-
nnetida dae WINFETPAE  Perinereis aibuhitensis G rube 16 1.15 [87]
7T FEEEFZFG TR P ERAKEEDSESEEE
Table 7 Chronic toxicity data of copper to aquatic organisms in Chinese estuaries under different salinityconditions
y B 4 T4 i SHEEREER
Phylum Family Species Latin name Salinity Y _ . References
values/(mg + L™1)
fig S A B Epinephelus coioides 27.5 0.040 [88]
Serranidae o pr A B Epinephelus malabaricus 32 20.840 [89]
HHF
S;:?jijae ey Acanthopagrus schlegeli 33 0.010 [90]
BRIV B ) 8
Chordata A;Z;illidae DRI £ f Anguilla anguilla 20 0.220 [91]
ng;%:i % & i iF 8 Acanthogobius hasta 19.6 0.077 [92]
ZEMRP L
L:;)chjli“izie e B Bk Oreochromis niloticus 8 1.00 [93]
34 0.02 [94]
g Il M. edulis 25 0.015 [95]
i TR 33 0.010 [96]
BRI Mytilidae 36.3 0.010 [97]
Mollusca 3 Mytilus galloprovincialis 36.3 0.007 [98]
36.3 0.010 [36]
ATER
()nchidi}jiae ey avi O. struma 11.5 32.000 [99]
7 o i ¥ )
g’iiﬁ"eﬁiﬁfil Efp}fi)?jje JE £ R B Pocillopora damicornis 36.1 0.012 [100]
gﬁi%jje H A Charybdis japonica 30 0.010 [101]
fjja Eh 0 A. salina 40 0.093 [102]
TSI
Arthropoda sk %R
Palrizj}(fjoﬁna /NP K Paracyclopina nana 15 0.400 [103]
—
T{\%{fﬁ;ﬁi SRS R M. mongolica Daday 10 0.007 [104]
Ph%i{iill’?yta ?ﬁliji e ayiiE Fucus serratus / 0.056 [105]
o1 TLER
ZLIRT ] ILER W Gracilaria lemaneiformis 32 0.050 [106]

Rhodophyta

Gracilariaceae
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Table 8 Results of fitting different distribution models for acute toxicity values of copper to organisms in our estuaries

43Ai 5 Distribution model HCs/(pg s LD R? RMSE P(K-S)
IEA /A AS Normal 11.39 0.986 0.037 =0.05
X EUEZS /3 AiA A Log-Normal 24.32 0.989 0.030 =>0.05
PR AR Logistic 10.73 0.990 0.028 >0.05
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Table 9 Results of fitting different distribution models for chronic toxicity values of copper to organisms in our estuaries

A3 At Distribution model HG; /(pg+ L D) R? RMSE P(K-S)
IE AR Normal 3.20 0.872 0.097 =0.05
XTEIE 3 BT Log-Normal 6.02 0.969 0.048 =0.05
BT REA AR Logistic 1.53 0.959 0.055 =0.05
Y BB TS5 A A Log-Logistic 5.72 0.966 0.050 =>0.05
1
3 it

(=1
=]

0.6

B
Cumulative probability

B PR A X BB
Logarithm of toxicity date/(pg-L™)
P4 A b T E AR A P R A P b SRR RE 20 A T 26
Fig.4 Species sensitivity distribution curves of acute

toxicity values of copper to organisms in Chinese estuaries
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Fig.5 Speciessenitivity distribution curves of chronic

toxicity values of copper to organisms in Chinese estuaries
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Table 10  Comparison of domestic and international estuarine and marine aquatic water quality criteria for copper

S T7 5 HEE Bl b e

% .

255 Category It H Projects Derivation Criteriaorstandard 225 3k
. References

method /(pug L7

% EigK FEWE B R B SSR 2.92 [112]

American seawater FLAE S o 2.92

R A BTV 22K

Australian and New Zealand guidelines for B A FE N fh A SSD 1.39 [113]

marine water

Hh [ S K DR (. sSD 5.37 AW

Chinese estuarine water IR TSR 3.01 This study

4 HEE

SENER A A T IR G K A A W (0 B RO . B

HERBE RN, AE A S AR A1 S i 4119 96 h-L.Cso B Z
e ANTRII2E A= 1y 1) SR A R R JEE AN [ B P800 2
R AR AT EAAR S D) TR R3]



92 FoOE W

CE 4 20234

B GATRESW 1] B e S T BB B A X R fm A )
AR5 SR T A A I A DGR B AR X A o B AR B
TG R FIRGE & AR SRRV . AR SCRAR 16 B AR
ERFEN 1,678, RF SSD 75245 4 46 B % IF 4k 5
TR AR IR BE K E T (S=25) (= 0] 11 7K 5 3 v {1 -
SWQC=5.37 pg + L', LWQC=3.01 pg+ L', 5
EPA 025 (6] 114 ¥ 7K 7K S5 36 o (E B AL 1 7] —
B, A LA ERIEHE S SWQC MEUEZ N
CMC B PIf%, AT RE & A SCRH T ER E, — &
TR EE 1 BRI 0 B X ) # MR RN 52 . AR SCHE R 1Y)
LWQC 2 A5 8778 =451 HRTV [ Hif%.
FIRE SR T S L HE 1 P Bl ok IO ], 4L A S i
EL BB L AT AN ), R SCA R SWQC #E4T 46 B AL
1E . —EFERE F s T E8 5 %K B S U B 52 0  BIF9T 45
RRT LR G ST e BLM A S 5% $2 41— i BB <2
£,

BT 1 #0005 R AE RAE S R 5, B I
o BT AN [ 1 DX AR I R = B2 BRI ) A5 o 2 S ) 11
T T KO A A, (R B /K A 1) il 55 T g . AT T X
A IR BRI AR O R K A AR I 25 5 DR e
K TR o AR B 8 A YT T IX A K TR A R AT 1
1E B FFA R DX A B 5 v 8 5 s o .
BB E I, 5K B IR SR L BB Eh A
AR AR 55TV 24 G W DT UE » TR B 1 85 I ) SR AR AR
Y. g KA T AR K A AR 0 R U A I
& o 17 I 1) S AR R B X KT L PR S Sk
NEZ I TR FEAE R 5 T2 8 50 % (T 11 B 08 3 O
HERR

SE k-

(1] FEXfe. RITIETLEHY R A SRR I Wb 20 1 AR S FRAE Y
Bk JLD]. . TR, 2011
Cheng X H. Temporal Pattern of Ecological Character and Species
Diversity of Fish Assemblage in Jingjiang Section of the Yangtz-
eriver[ D]. Shanghai: Shanghai Ocean University, 2011,

(2] FEWiF. XIsk=., AWM, S FE AW O XK R E Y
P IR R4 5ARFMELC] mat: daukEPRIFI < b E SR
BLE2 SR UE 5 HAMEL I 2 R 25 2013 AR 2 R 43 Bl 3
g o IS 5 A AR IR L 2R U8 = m R 43, 2013,
Wang L P, Liu L S, Zheng B H, et al. A Preliminary Study on the
Development of Water Quality Standards in China’s Estuaries: In-
ternational Symposium on Environmental Safety and Ecological
Benchmarks/Standards[ C]. Nanjing: Symposium of the Environ-
mental Standards and Benchmarks Committee of the Chinese Socie-
ty of Environmental Sciences, and the Third Symposium of the En-
vironmental and Ecotoxicology Committee of the Chinese Society of
Toxicology, 2013.

(3] XR.WMHOESEHREYNTIHSHELRID]. Kig: KiEMT
Kef, 2015,

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Ai L. Transportation, Distribution and Removal of Heavy Metal
Pollutants in Estuaries D], Dalian; Dalian University of Technolo-
gy. 2015,
Tz R, BREAH . X, BRI O KGR A 4 (9 KO R 25 43
AT, WFPEE . 2004, 23(3): 35-40.
Long A M, Chen SY, Liu S. Horizontal and morphological distri-
bution of copper in estuarine and offshore waters of the Pearl River
[JJ. Marine Science Bulletin, 2004, 23(3); 35-40.
SIRIME . SRR SKIG A, 4F. SRITFUKOR R 68 ik RO
REEFEN )] ARZEB T 24 Be2E4ik, 2021, 28(1): 54-60.
Jia J B, Zhang J C, Zhang H N, et al. Evaluation of heavy metals
and their ecological risks in the water bodies of the pearl river estu-
ary[J]. Journal of Dongguan University of Technology, 2021, 28
(1) 54-60.
AR, RE. TG . A5 B IR BOK IR 48 RRAE S AR SN
BT ] AR, 2019, 41(4): 51-57.
Li HD, Song Y, Wang Q Q. et al. Contents and ecological risk as-
sessment of heavy metals in shandongsection of the Yellow River
[J7. Yellow River, 2019, 41(4); 51-57.
FERTIE . HK5E . XURERE . S5 ZRETH =AM 0 IR 2 K E 4
JB i 53 A S A KU A L) 1. o [ v R4 25 3R (SRR IO
2019, 49(1). 93-101.
Cui Y B, Feng Y L, Liu Q Q, et al. Distribution and ecological risk
evaluation of heavy metals in surface seawater in three estuarine ar-
eas of dongyingcity[ ] ]. Journal of GreenScience and Technology.,
2019, 49(1). 93-101.
XUEEIH, A7 10, TRPURE, 5. BN ) O X TR ) 45 s ok
AT I A S ST L) . SR, 2018(6): 43-45.
Liu P Y, Xu X B, Xing K X, et al. Sources of heavy metal in sedi-
ments and evaluation of potential ecological risks in Dagu Estuaries
of Jiaozhou Bay[]J]. Green Technology, 2018(6); 43-45.
-, FRBRIE . TSR, & BRVLEB )T O R 2 VIR R E AR
(53R HE B A 25 KU PEA L) ], W P R BE R 24, 2017, 36(5),
746-753.
Li P, Guo X J, Yang Q S, et al. Distribution characteristics and
ecological risk assessment of heavy metals in surfacesediments in
Modaomen distributary mouth of Pearl River Estuary[ ]J]. Marine
Environmental Science, 2017, 36(5): 746-753.
T3, EB. 200 LGRS E SRS et st R )] REHT
ZBEsFiR, 2020, 27(5): 95-103.
Wang Y, Wang L., Li S. Research progress on heavy metal pollu-
tion in offshore environment[ ] ]. Journal of Dongguan University
of Technology, 2020, 27(5);: 95-103.
TN, T R I X T PR IR Y S B TR S A A Y R
BONELD]. H & PEIGFERS, 2011
Yu X D. Toxic Effects Ofthree Kinds Ofheavy Metal Irons on
Four Speciesofmarine Microalgae: Studies Basing on Integrated
Biology[ DJ. Qingdao: Ocean University of China, 2011.
Park J, Kim S, Yoo J, et al. Effect of salinity on acute copper and
zinc toxicity to Tigriopus japonicus: The difference between
metal ions and nanoparticles[ ] ]. Marine Pollution Bulletin, 2014,
85(2): 526-531.
Wang Z, Kong H, Wu D. Acute and chronic copper toxicity to a
saltwater cladoceran Moina monogolica Daday[]]. Archives of

Environmental Contamination and Toxicology, 2007, 53(1): 50-



34

LhERE

85 FET R BRI A AR [ A AR A A WK RIS 93

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

56.

XIEFVL. 4B A (Cu A1 Cd) I Z Tk e X o7 Fe 42 AR e fa
BRSO I FFED]. 3. el R, 2010.

Liu X J. Toxic Effects of Waterborne Heavy Metal (Copper and
Cadmium) and Acephateexposure on Synechogobius hasta [D].
Wuhan: Huazhong Agricultural University. 2010.

Festa R A, Thiele D J. Copper: An essential metal in biology[ ] ].
Current Biology, 2011, 21(21). 877-883.

Hrde A R AL TN I SR BT AR, R KK AR A WK 5 e v ) 5 R 1
LS. dtnt. hERREGAE SHEIRE h.

Ministry of Environmental Protection of the People’s Republic of
China. Technical Guidelines for the Development of Water Quality
Benchmarks for Freshwater Aquatic Organisms[ S]. Beijing: Eco-
logical Environment Research Center, Chinese Academy of Sci-
ences.

et BSEUN . M, S5 TR 4 R SRR 20 A7 1 0F 58
KA AR B HEL) . RS TR, 2015, 10D : 191-203.
Hou J, Zhao Q Y, Wang C, et al. Deriving aquatic water quality
criteria for copper in Taihu Lake by probabilistic species sensitivi-
ty distributions[[J]. Asian Journal of Ecotoxicology, 2015, 10
(1): 191-203.

RFEE, R, B, . I0E S MR AP K T
(0] AT, 2011, 6(6): 617-628.

Wu F C, Feng CL, Cao Y J, et al. Aquatic life ambent freshwa-

HERT 52

ter quality criteria for copper in Chinal[ J |. Asian Journal of Eco-
toxicology, 2011, 6(6): 617-628.

SKRIE . A ER YR, S TR ERR K R K B o K A S

W PEAE BT ZE L) . RBE TR, 2016, 34(5): 156-160.

Zhang X. Fu W Q, Feng C L, et al. Waterquality criteria and eco-
logical risk assessment of copper in Chinese fresh waters[J]. En-
vironmental Engineering, 2016, 34(5): 156-160.

WD, Ve VAR K B E 5 A S S PR B2 (D], B B
T R%, 2014,

Chen S. Water Quality Criteria and Ecological Risk Assessment of
Copper in Lancang River[ D]. Kunming: Kunming University of
Science and Technology, 2014.

IR, ZRAR L, Dy /N VAR HLSON B AR K A P A R AR
YA SR B ). SRR SR, 2016, 39(1): 27-31.
Hu SY, Li F L, Fang X M. Effect of dissolved organic matter in
evaluating heavy metals bioavailability in natural water[J]. Envi-
ronmental Science & Technology, 2016, 39(1). 27-31.

A A2, 4 AR R A R R A3 L) . B R B SR 9, 2002
(4) . 38-40.

Zhao Q J. Analysis of influence factors of heavy metal’ s toxicity.
[J]. Environmental Protection of Xinjiang, 2002(4); 38-40.
EAHT IR =R, S KREE X A A Y
WL, %ﬁﬁﬂs‘vﬁﬂ& 2013, 3(3). 272-278.

Wang W L, Jiao C Y. Yan Z G, et al. Efects of water hardness on
ecotoxicity of cadmiumand copper to aquatic organisms[ J|. Jour-
nal of Environmental Engineering Technology, 2013, 3(3). 272-
278.

AR, KITW O ERIRAKIR A 5K ARt BUiEw5E (D). 5 5.
rh DR R, 2012,

Shi M Z. Numerical Study on Fresh and Salt Water Mixing and
Water Exchange in Daliaohe Estuary[ D]. Qingdao: Ocean Uni-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

versity of China, 2012,

8. R KA R Y B E A BT K £
RO, 2018.

Yan X. Simplified Numerical Simulation if Saltwater Intrusion in
Estuary And Its Empirical Model[ D]. Wuhan: Wuhan Universi-
ty, 2018.

Boyle E A, Edmond J] M, Sholkovitz E R. The mechanism of iron

I D], RN

removal in estuaries[]J]. Geochimica et Cosmochimica Acta,
1977, 41(9). 1313-1324.

Denton G R W, Burdon-Jones C. The influence of temperature
and salinity upon the acute toxicity of heavy metals to the banana
prawn (Penaeus merguiensis de Man)[]J]. Chemistry in Ecology,
1982, 1(2). 131-143.

Glover C N, Urbina M A, Harley R A. et al. Salinity-dependent
mechanisms of copper toxicity in the galaxiid fish, Galaxias mac-
ulatus[]]. Aquatic Toxicology, 2016, 174 199-207.

Bugenyi F W B U, Lutalo-Bosa A J. Likely effects of salinity on
acute copper toxicity to the fisheries of the lake George-Edward
basin[ ] ]. Hydrobiologia, 1990, 208(1). 39-44.

ARSI . R IK AR AR W K 5T HE B AR i -4 (2020 4E D
[S]. dbat: S EAEERBFER . 2020.

Ministry of Ecology and Environment. Technical Report on Fresh-
water Aquatic Life Water Quality Baseline-Cadmium (2020 Edi-
tion) [ S. Beijing: China Academy of Environmental Sciences.,
2020.

TRGE, BRIE, PRI FEMEMMAF BRI ). B A,
2009(8) . 26-27.

Zhang X G, Zhang Y, Xu Z P. Clam culture technology in Rudi-
tapes philippinarum|]]. Scientific Fish Farming, 2009(8): 26-
217.

Fm P, Wi, RIRAR, % FEREIRARIEFRAEORD ] B

2FRAf, 2015(11): 44-50.

Che X Q, Leng ZY., Wu QD, et al. Shallow sea culture technol-
ogy of Ruditapes philippinarum[]]. Scientific Fish Farming,
2015(11): 44-50.

TR, 2L, 121?3’ A, AN TR) R T fiff £ 4)) £6 6l
WAALLT]. A sRleE, 2012, 31(4) . 424-428.

Yu N, LiJ E, AuYJ, et al. Structural changes in gill and kidney
of juvenile grey mullet under different salinity[ J]. Ecological Sci-
ence, 2012, 31(4). 424-428.

FRPIC. ARER X6 1 (Mugil cephalus) gl AL FAAK 1R 0
[D]. L. RS, 2014,

Wu QY. Effects of Low Salinity on Physiologyand Biochemical of
Juvenile Mullet(Mugil cephalus)[D]. Shanghai: Shanghai Ocean
University, 2014.

B 4 2 25

Zitoun R, Clearwater S J, Hassler C, et al. Copper toxicity to
The effect of

natural dissolved organic matter on copper toxicity in estuarine

blue mussel embryos (Mytilus galloprovincialis) :

waters[ J ]. The Science of the Total Environment, 2019, 653:
300-314.
Chen W, Chen T. Hsieh N, et al. Site-specific water quality cri-
teria for lethal/sublethal protection of freshwater fish exposed to
zinc in southern Taiwan[ J]. Chemosphere (Oxford), 2016, 159:
412-419.

Steele C W. Acute toxicity of copper to sea catfish[ J]. Marine



94

CE 4 20234

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Pollution Bulletin, 1983, 14(5). 168-170.

SRR, TR WL TE 43 X H A B0 £ R 2 1 0 178 2 5
FELD1. FFili: WL BE, 2013,

Zhang C M. Toxic Effects of Common Heavy Metals on Nibea ja-
ponic and Palaemon carincauda[ D). Zhoushan: Zhejiang Institu-
te of Oceanography, 2013.

W M B P B (Paralichthys olivaceus) 3% & W BEAY T
PSS (D] 3 & o B R BB 5T A B G 058 P
2010.

Cao L. Toxic Effects of Cadmium and Copper to Early Life Stages
of Flounder (Paralichthys olivaceus)[D]. Qingdao; Graduate
School of Chinese Academy of Sciences (Institute of Oceanogra-
phy), 2010.

Bao VW W, Leung KM Y, Qiu J, et al. Acute toxicities of five
commonly used antifouling booster biocides to selected subtropical
and cosmopolitan marine species[ J ]. Marine Pollution Bulletin,
2011, 62(5): 1147-1151.

XUFVT. 4R A AR (Cu A Cd) K 2 1k B o i ok o7 B A2 B R £
FEHERON A FED]. . Bl k2%, 2010.

Liu X J. Study on the Toxic Effects of Heavy Metals Cu and Cd
and Acetylmethamidophos on Spear-Tailed Goby [ D]. Wuhan:
Huazhong Agricultural University, 2010.

AT, #0%, Haimanti, B, SEEBE &40 %1 3C & fH1 BTG /0
HIZHE T REA 2 L) 1. v [0 R 27 2 4 CH AR B2 1D, 2008
(1): 95-102.

Han L., Guo B, Haimanti B. Histopathological effects of sublethal
doses of copper on Branchiostoma belcheri and Puntius concho-
nius| ] ]. Periodical of Ocean University of China, 2008(1): 95-
102.

WA AR, 22 TN LR EE 4 )8 B 5 X 2F 18 I R H
AFFAE R A MR LT ). SRR P2 RIFSE, 2006(2): 33-42.

Liu X Z, Xu Y J, Lan G G. Toxic effects of several heavy metals
on the embryos, larvae of Cynoglossus semilaevis Ginther[ ] ].
Marine Fisheries Research, 2006(2): 33-42.

Kumar K P, Devi V U. Effect of heavy metals on toxicity and ox-
ygen consumption of intertidal gastropods Nerita albicilla and
Nerita chamaeleon[]J]. Journal of Ecotoxicology &.Environmental
Monitoring, 1995, 5(1): 1-5.

FEAM. TR BSOS D). B, RigE
VR, 2013,

Wang Z G. The Research of Toxic Effects of Heavy Metal Cadmi-
um and Copper on Tegillarca granosa [ D]. Shanghai: Shanghai
Ocean University, 2013.

Hajimad T, Vedamanikam V J. Temperature effects on the toxic-
ity of four trace metals to adult spotted Babylonia snails (Babylo-
nia areolata) [ J]. Toxicological and Environmental Chemistry,
2013, 95(8) . 1380-1387.

Ramakritinan C M, Chandurvelan R, Kumaraguru A K. Acute
toxicity of metals; Cu, Pb, Cd, Hg and Zn on marine molluscs,
Cerithedia cingulata G. , and Modiolus philippinarum H. []].
Indian Journal of Geo-Marine Sciences, 2012, 41(2). 141-145.
2. H R PG 5% 2RI ST B AR X P 1 S R LD
tEIM : AR R, 2015,

Li P. The Research of Genetic Diversity and Acute Toxicity of Cu

on Coelomactra antiquatain Fujian[ D], Fuzhou: Fujian Normal

[49]

[51]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

University, 2015.

EAEG, B, IMEWE, G AR Colt I A IR 1 Sk
KFNEAL R gk sz ma L) . il . 2016(7) . 1-4.

Gong C G, Yin R, Sun G Q, et al. Effects of heavy metal Cu?"
on the acute toxicity and liver tissue structure of Mactra quadran-
gularis[]]. Hebei Fishery, 2016(7); 1-4.

Li X B, Hou X L, Mao Q. et al. Toxic effects of copper on an-
tioxidative and metabolic enzymes of the marine gastropod, On-
chidium struma [ J]. Archives of Environmental Contamination
and Toxicology, 2009, 56(4); 776-784.

Li Y, Gu Z, Liu H, et al. Biochemical response of the mussel
Mytilus coruscus (Mytiloida: Mytilidae) exposed to in vivo sub-
lethal copper concentrations[J]. Chinese Journal of Oceanology and
Limnology, 2012, 30(5); 738-745.

JOeEE . EkdE. BIH. 5. 4 PSR E FXESEIR LA &
PEFEPELT ] WL PR =B A4 CH AR AR » 2007(4) : 391-394.
Zhou G F, Wang Z Z, Yang Y, et al. Acute toxic effects of four
heavy metalsonjuvenilesof Mytilus coruscus Gould[]]. Journal of
Zhejiang Ocean College (Natural Science), 2007(4): 391-394.
Prato E, Biandolino F, Scardicchio C. Test for acute toxicity of
copper, cadmium, and mercury in five marine species[]J]. Turk-
ish Journal of Zoology, 2006, 30(3): 285-290.

FEH, EMAE. B, & 4 FE S8 B 10 R I W G (Mo-
erella iridescens) W) 2 YRR [J]. W HE 5, 2007, 38
(4). 373-378.

Wang Z Z, Wang W D, Yang Y. et al. Acute toxic effects of four
heavy metal ions on Moerella iridescens[ ] ]. Oceanologia et Lim-
nologia Sinica, 2007, 38(4). 373-378.

TRTLZE. 5 X SO 2 TR AR I R X BT S Bl I P A 3 4R
R mID]. . IR, 2011.

Zhang Y K. The Effect of Cadmium and Copper on Antioxidant
Enzymesactivities and Lipid Peroxidation in Meretrix-Meretrixlin-
naeusandacute Acute Toxicity of Cadmium and Copperon on Mer-
etrix meretrix Linnaeus[ D], Shanghai: Shanghai Ocean Univer-
sity, 2011.

AR, Fkd, WRRTE, 5. 4 FhE &R XHJeIR 0 S aE v Fie
BEEMF L] WL = Be e i CA AR B2 D . 2007 (3D
252-256.

Bao ] M, Wang Z Z, Chen Q H, et al. Acute toxic effects of four
heavy metals on Bullacta exarata[]]. Journal of Zhejiang Ocean
University (Natural Science), 2007(3): 252-256.

A S, XIBE. R, £ Zn S5 4R B T X RALHE DL B (4
B ] BRI, 1994(2) . 13-16.

Li GJ. Liu X X, Zhang S L. et al. Toxic effects of Zn and other
metal ions on the survival of ctenophores[ J ]. Marine Environmen-
tal Science, 1994(2). 13-16.

A, INIRIS . BEE . 4F. ZnT (CdT (Cu®T  CrST I Sel XY
G S METEEROV A S LT . VIR R, 2015, 34(6): 813-
818.

LiSY, Sun ] P, Hong Z, et al. Acute toxic effects of zinc, cad-
mium, copper, chromium, selenium on Crassostrea plicatula[]].
Marine Environmental Science. 2015, 34(6). 813-818.

Cid A, Fidalgo P, Herrero C, et al. Toxic action of copper on the
membrane system of a marine diatom measured by flow cytome-

try[J]. Cytometry, 1996, 25(1). 32-36.



34

LA, S TR BRI 9 A IR 14K A AR K S RS 95

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Haglund K, Bjorklund M, Gunnare S, et al. New method for tox-
icity assessment in marine and brackish environments using the-
macroalga Gracilaria tenuistipitata (Gracilariales, Rhodophyta)
[J]. Hydrobiologia, 1996, 326-327: 317-325.

ZAEM, X EoE, AR, S5 6 FhE 4B AT 3 R K IRA A Yy
AMEFRVERONL[T ], LEASTEREAEH . 2015, 106D 287-296.

Qn HW, Liu AY, GuW L, et al. Acute toxic effects of six
heavy metals on three species of aquaculture organisms[J]. Asian
Journal of Ecotoxicology, 2015, 10(6);: 287-296.

MR, BRET. PR, & WHESEX S22
HOWL)]. PR AR, 2007(5): 80-85.

Sun Z X, Chen S X, Chen J, et al. Acute toxicity of four heavy
metals acting on Apostichopus japonicus juvenile[J]. Marine Sci-
ence Bulletin, 2007(5). 80-85.

SR ORI PRESE, S5 JUREREEHE T N A TBT X
AR K I AR L) . o [ P R A 2 A CR AR B2 150
2010, 40(S1). 131-136.

Zhou H, Zhu L Y, Chen Z X, et al. Toxic of copper and TBT to
the copepod Calanus sinicus (Crustacea, Copepoda) : Effects of a-
cidity, temperature and salinity[ J]. Periodical of Ocean Universi-
ty of China, 2010, 40(S1); 131-136.

FRER, FOTLL, PMERE, & RS T A H A R
ShoKEBH AMEREERON )], AR, 2014, 34 (14): 3879-
3884.

Wei X H. Mu F H, Sun Y T, et al. Effect of simulated ocean a-
cidification on the acute toxicity of Cu and Cd to Tigriopus ja-
ponicus[]]. Acta Ecologica Sinica, 2014, 34(14): 3879-3884.
Lee K W, Raisuddin S, Hwang D S, et al. Acute toxicities of
trace metals and common xenobiotics to the marine copepod Tig-
riopusjaponicus: Evaluation of its use as a benchmark species for
routine ecotoxicity tests in Western Pacific coastal regions[ ] ]. En-
vironmental Toxicology, 2007, 22(5);: 532-538.

Bao VW, Leung K M, Lui G C, et al. Acute and chronic toxici-
ties of Irgarol alone and in combination with copper to the marine
copepod Tigriopus japonicus[J]. Chemosphere, 2013, 90(3):
1140-1148.

Bao VW W, LuiGCS, Leung K M Y. Acute and chronic toxici-
ties of zinc pyrithione alone and in combination with copper to the
marine copepod Tigriopus japonicus[J]. Aquatic Toxicology,
2014, 157. 81-93.

Kwok K W, Leung K M, Bao V W, et al. Copper toxicity in the
marine copepod Tigropus japonicus: Low variability and high re-
producibility of repeated acute and life-cycle tests[ J]. Marine Pol-
lution Bulletin, 2008, 57(6-12): 632-636.

Kwok K W. Leung K M. Toxicity of antifouling biocides to the
intertidal harpacticoid copepod Tigriopus japonicus (Crustacea,
Copepoda) ; Effects of temperature and salinity[ ] ]. Marine Pollu-
tion Bulletin, 2005, 51(8-12). 830-837.

Wang Z, Kong H, Wu D. Acute and chronic copper toxicity to a
saltwater Cladoceran Moina monogolica Daday[ ]J]. Archives of
Environmental Contamination and Toxicology. 2007, 53(1): 50-
56.

T8 A RIT 2 TCTH IRAFIR E E 10 fea Ses o [D]. B
. KRR, 2003,

Wan L Q. The Transportation and Toxicity Effect of Cu?t ,Cd?"

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

Through the Food Chain of Macrobrachium rosenbergii Postlarva
[D]. Shanghai: Shanghai Fisheries University, 2003,

TEF N . WK U 4 X 5 B i s L) . K
FEREAR, 1991, 165(4) . 273-282.

An Y X, He Z H. Toxicity of four heavy metals in seawater to
Daphnia magnal[]]. Journal of Fisheries of China, 1991, 15(4):
273-282.

AB, SREHN, faE, S5 E AR X R K 1 A T
Ltk iyizml) ] @l B2, 2011, 39(12) . 7265-7269.
Shi C, Zhang ] G, He X J, et al. The acute toxicity of heavy met-
als to Pseudodiaptomus annandaleiand the effect on ingestion[ ] .
Journal of Anhui Agricultural Science, 2011, 39(12): 7265-7269.
Monteiro S C, Pinho G L, Hoffmann K, et al. Acute waterborne
copper toxicity to the euryhaline copepod Acartiatonsaat different
salinities: Influence of natural freshwater and marine dissolved or-
ganic matter[J]. Environmental Toxicology and Chemistry,
2013, 32(6): 1412-1419.

Hall L J, Anderson R D, Lewis B L, et al. The influence of salin-
ity and dissolved organic carbon on the toxicity of copper to the
estuarine copepod, Eurytemora affinis[J]. Archives of Environ-
mental Contamination and Toxicology, 2008, 54(1). 44-56.
Sullivan B K, Buskey E, Miller D C, et al. Effects of copper and
cadmium on growth, swimming and predator avoidance in Eury-
temora affinis (Copepoda) [ J]. Marine Biology, 1983, 77(3):
299-306.

Monteiro S C R, Pinho G L L., Hoffmann K, et al. Acute water-
borne copper toxicity to the euryhaline copepod Acartiatonsa at
different salinities: Influence of natural freshwater and marine
dissolved organic matterJ]. Environmental Toxicology and
Chemistry, 2013, 32(6): 1412-1419.

EAOG, B, MW, S HAE He?t \Co® [ Cd* T X g
B HTE T A AR R EREPELT ], WLl . 2016(6) . 9-11.

Gong C G, Yin R, Sun G Q, et al. Acute toxicity of heavy metals
Hg?t, Cu?tand Cd*" to thenodeless larvae of the brine shrimp
Bohai Bay[]]. Hebei Fishery, 2016(6): 9-11.

Kannupandi T, Pasupathi K, Soundarapandian P. Acute toxicity
bioassay of endosulfan, HCH. copper and zinc on larva of man-
grove crab Macropltl fhalmus erafo(de Man)[]]. Journal of the
Marine Biological Association of India, 2000; 173-177.

Bao V W, Leung K M, Kwok K W, et al. Synergistic toxic
effects of zinc pyrithione and copper to three marine species: Im-
plications on setting appropriate water quality criterial ] |. Marine
Pollution Bulletin, 2008, 57(6-12): 616-623.

Ismail P, Mohamed M N, Cheah S H. Toxicity of Copper to
Larval and Postlarval Stages of Macrobrachium rosenbergii[ C].
[s.L.]: Proceedings of the 2nd Asian Fisheries Forum, 1990:
927-930.

WEDRHT, FRAERS . BT AR, A5, AR RGN T R R 35 B
XTUFAIRIY SRR M B R T ]. iK™ RAE% 4, 2003
(2). 117-122.

Yao QJ. Zang W L, Dai X L, et al. Acute toxicity and interrela-
tionship of copper, cadmium, dichlorvos and methamidophos in
juvenile Penaeus chinensis[J]. Journal of Shanghai Fisheries Uni-
versity, 2003(2). 117-122.

Chen J, Lin C. Toxicity of copper sulfate for survival, growth,



96

ToE o

20234

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

molting and feeding of juveniles of the tiger shrimp, Penaeus
monodon[]]. Aquaculture, 2001, 192(1); 55-65.

JATs. PREE R T A =T B X 3 Rl sl B s
[D]. # & hEEERS. 2010,

Zhou H. Toxicogenic Effects of Copper and Tributyltin on Three
Zooplankton Species Under the Influence of Environmental Fac-
tors| D]. Qingdao; Ocean University of China, 2010.

e e, FEUTZEE, RGN, SF. S X o A R 1) M B XA
BEGUE ARG MR 2R L) . W relaE . 2012(2) . 77-82.

LiJ L, Qin Z K, Shi X L, et al. Acute toxicity of Cu*t and
effects of antioxidant enzyme on Urechis unicinctus body wall[ ] ].
Marine Lakes and Marshes Bulletin, 2012(2). 77-82.

AR B Cu? Jipae X 22 U [ v f s M RO 9 (DL JE T 4R
FER2#, 2013,

Zhao Y Y. A Study on the Toxic Effect of Cu?" on Periereisnun-
tia savigy[D]. Xiamen: University of Jimei, 2013.

Flb VR T A MR — 58 G5 Y A SR AL
WHFELD]. MR : ARt R, 2007,

Wang J. Ecotoxicological of Nereis Diversicolor Exposed to Single
and Combined Pollution of Cd,Cu and Petroleum Hydrocarbons
[D]. Harbin: Northeast Agricultural University, 2007.

Wang T, Long X, Cheng Y, et al. The potential toxicity of cop-
per nanoparticles and copper sulphate on juvenile Epinephelus
coioides[]]. Aquatic Toxicology, 2014, 152: 96-104.

Lin Y, Shiau S. The effects of dietary selenium on the oxidative
stress of grouper, Epinephelus malabaricus, fed high copper[]].
Aquaculture, 2007, 267(1). 38-43.

Dang F, Wang W X, Rainbow P S. Unifying prolonged copper ex-
posure, accumulation, and toxicity from food and water in a ma-
rine fish[J]. Environmental Science and Pollution Research Inter-
national, 2012, 46(6). 3465-3471.

Nunes B, Capela R C, Sergio T, et al. Effects of chronic exposure
to lead, copper, zinc, and cadmium on biomarkers of the Europe-
an eel, Anguilla anguilla[]]. Environmental Science and Pollu-
tion Research International, 2014, 21(8). 5689-5700.

Song Y F, Luo Z. Pan Y X, et al. Effects of copper and cadmium
on lipogenic metabolism and metal element composition in the jav-
elin goby (Synechogobius hasta) after single and combined expo-
sure[ ] |. Archives of Environmental Contamination and Toxicolo-
gy, 2014, 67(2). 167-180.

Kulac B, Atli G, Canli M. Response of ATPases in the osmoregu-
latory tissues of freshwater fish Oreochromis niloticus exposed to
copper in increased salinity[ J]. Fish Physiology and Biochemis-
try, 2013, 39(2): 391-401.

Moore M N, Viarengo A, Donkin P, et al. Autophagic and lyso-
somal reactions to stress in the hepatopancreas of blue mussels
[JJ. Aquatic Toxicology, 2007, 84(1). 80-91.

Amiard-Triquet C, Berthet B, Metayer C, et al. Contribution to
the ecotoxicological study of cadmium, copper and zinc in the
mussel Mytilus edulis[]]. Marine Biology, 1986, 92(1); 1-13.
Brooks S J, Farmen E, Heier L. S, et al. Differences in copper
bioaccumulation and biological responses in three Mytilus species
[J]. Aquatic Toxicology, 2015, 160 1-12.

Gomes T, Pereira C G, Cardoso C, et al. Accumulation and tox-

icity of copper oxide nanoparticles in the digestive gland of Myti-

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

lus galloprovincialis[J]. Aquatic Toxicology, 2012 (118-119);
72-79.
Gomes T, Pinheiro ] P, Cancio I, et al. Effects of copper nanop-
articles exposure in the Mussel mytilus galloprovincialis[]J]. En-
vironmental Science & Technology, 2011, 45(21): 9356-9362.
Li X, Hou X, Mao Q, et al. Toxic effects of copper on antioxida-
tive and metabolic enzymes of the marine gastropod. Onchidium
strumal J]. Archives of Environmental Contamination and Toxi-
cology, 2009, 56(4) . 776-784.
Bielmyer G K, Grosell M, Bhagooli R. et al. Differential effects
of copper on three species of Scleractinian corals and their Algal
symbionts (Symbiodinium spp.)[J]. Aquatic Toxicology, 2010,
97(2): 125-133.
Pan L. Liu N, Zhang H. et al. Effects of heavy metal ions
(Cu?®, Pb?" and Cd?") on DNA damage of the gills, hemo-
cytes and hepatopancreas of marine crab, Charybdis japonica
[J]. Journal of Ocean University of China, 2011, 10(2): 177-
184.
Umarani R, Kumaraguru A K, Nagarani N. Investigation of
acute toxicity of heavy metals in Artemia salina acclimated to
different salinity[ J ]. Toxicological and Environmental Chemis-
try, 2012, 94(8). 1547-1556.
Hwang D, Lee K, Han J, et al. Molecular characterization and
expression of vitellogenin (Vg) genes from the cyclopoid cope-
pod, Paracyclopina nana exposed to heavy metals[J]. Compar-
ative Biochemistry and Physiology Part C: Toxicology & Phar-
macology, 2010, 151(3): 360-368.
Wang Z, Kong H, Wu D. Acute and chronic copper toxicity to a
saltwater cladoceran Moina monogolica Daday[ ]J]. Archives of
Environmental Contamination and Toxicology, 2007, 53(1):
50-56.
Nielsen H D, Burridge T R, Brownlee C, et al. Prior exposure
to Cu contamination influences the outcome of toxicological tes-
ting of Fucus serratus embryos[ ]J]. Marine Pollution Bulletin,
2005, 50(12): 1675-1680.
REE. BRI =R ORI B SON Y
[D]. ik alisk K2, 2010.
Zhu X F. Study on the Toxic Effects of Heavy Metals Hg, Cu
and Cd on three Species of Macroeconomic Algae[ D]. Shantou:
Shantou University, 2010.
Nair A J] R A. Effects of salinity on the toxicity of copper and
zinc to the fish Therapon jarbua (forsskal)[J]. Nature Environ-
ment and Pollution Technology, 2008, 7(2): 303-306.
Park J, Kim S, Yoo J. et al. Effect of salinity on acute copper
and zinc toxicity to Tigriopus japonicus: The difference be-
tween metal ions and nanoparticles[ J]. Marine Pollution Bulle-
tin, 2014, 85(2): 526-531.
Ramirez-Rochin J, Campa-Cordova A 1, Frias-Espericueta M G.
et al. Effect of low salinity on acute arsenic toxicity andbiocon-
centration inshrimp Litopenaeus vannamei juveniles[ ] ]. Com-
parative Biochemistry and Physiology. Toxicology &. Pharmacology,
2019, 218. 1-7.
Wang Z, Meador ] P, Leung K M Y. Metal toxicity to freshwa-
ter organisms as a function of pH: A meta-analysis[ ] ]. Chemo-

sphere, 2016, 144 1544-1552.



34 LR, S5 BLT R R IE A v A 15 7K A A K SRS HERIF 5 97
[111] Macoustra G K, Koppel D J, Jolley D F, et al. Effect of dis- Wang C Y. Application Research of Cu Toxicity and WQC Pre-
solved organic matter concentration and source on the chronic dicted by BLM in Typical Chinese Rivers[ D]. Wuhan: Wuhan
toxicity of copper and nickel mixtures to Chlorella sp[J]. Envi- University, 2012,
ronmental Toxicology and Chemistry, 2021, 40(7). 1908-1918. (115]  EJ7 5. H s gl 280 ) £ 25 K /)N B B 11 A 00 458 80— Wy
[112] United States Environmental Protection Agency (US EPA). Na- ERERIEFSED]. BW . BUAF T K, 2015,
tional Recommended Water Quality Criteria [ S]. Washington Wang W B. Application of Biotic Ligand Model in Predicting
D C: Office of Water: Office of Science and Technology, 2009. Copper Acute Toxicity to Carp(Cyprinidae) and Chlorella(Chlo-
[113] Australian and New Zealand Environment and Conservation rella vulgaris) [ D]. Kunming: Kunming University of Science
Council. Australian and New Zealand Guidelines for Fresh and and Technology, 2015.
Marine Water Quality[ S, [s.1.]: Australian and New Zealand [116] Bk, Z2EN, FiETF, 2. W BLM R0 3% [ 3 50
Environment and Conservation Council: Agriculture and Re- Vi Cu Al ) ], SRRl #24R, 2006(12); 2080-2085.
sourceManagement Council of Australiaand New Zealand. 2000. LvYB., LiGG. Gong ZY, et al. To predict copper toxicity in
[114]  FFH. A=Yy e (AR 70 S v [ S0 750 Yo 300 7 44 4 2 1k B K s China main rivers by using biotic ligand model (BLM) []J]. Acta
Feedabin ABFSE D] s . iR, 2012, Scientiae Circumstantiae, 2006(12): 2080-2085.

Study of Water Quality Criteria of Copper for the Protection of Chinese
Estuarine Species Based on Salinity Correction Method

Ma Chaoqun', Li Zhengyan'?, Hu Hong "*, Wang Xiuhai', Zhao Xiaoming', Shen Jiafeng'
(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. The Key La-
boratory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: As an ecological intersection between rivers and oceans, estuaries are characterized by drastic
changes in environmental factors and sensitive and fragile ecosystems. L.and-derived materials are mainly
transported into the ocean through estuaries, so estuaries are vulnerable to heavy metals and other pol-
lutants, yet there is a lack of water quality benchmark studies on heavy metals in estuaries, which
affects the ecological risk assessment of heavy metals in estuaries. In this paper, we collected data on the
toxicity of copper to estuarine organisms in China, analyzed the effect of estuarine water salinity on the
toxicity effect of copper, and used the species sensitivity distribution method to derive a water quality
benchmark for copper in Chinese estuaries. The results showed that the toxicity effect of copper on
estuarine organisms slowed down with increasing salinity, the sensitivity of different phyla to copper
varied, and the correlation between salinity and toxicity values also varied, with algae and arthropods
showing the highest sensitivity to copper and a significant positive correlation between copper toxicity
values and salinity. Under the standard Salinity (Salinity=20), the short-term and long-term water
quality criteria for copper in China estuary were derived to be 58. 74 and 3. 01 pg « L', respectively. The
results of this study are expected to provide scientific support for the development of water quality
standards and ecological risk assessment of copper in Chinese estuaries.

Key words: copper; salinity; estuarine; water quality criteria; species sensitivity distribution
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