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Abstract: The toxicity of copper is affected by many environmental factors, e.g. temperature, pH, etc. To bet-
ter control copper's discharge and protect aquatic organisms from the toxicity of copper, the water quality cri-
teria (WQC) of copper have been updated several times so as to reflect the latest scientific knowledge. To
date, the differences of species' tolerance and sensitivities to copper might exist partly due to the effects of
environmental factor on different taxon living in different geographical regions. Using all available fresh water
and marine toxicity data in the literature, taxon-specific species sensitivities were compared by using species

sensitivity distributions (SSDs) approach. The results obtained in the present study can provide a reference
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for species selection of WQC development in China. Through a comprehensive meta-analysis of taxon-specific

10% hazardous concentrations (HC,,) and their 95% confidence interval (95% CI), our results suggest that al-

gae is the most sensitive taxa to copper in fresh water ecosystems, followed by crustaceans, molluscs, fishes

and worms, while insects is the least sensitive one. Comparatively, there is almost a similar decline in copper

sensitivity from algae to crustaceans, molluscs, worms and then fishes for marine organism. Whereas, fresh

water taxa is more sensitive against copper than their marine counterparts.

Keywords: copper; freshwater species; marine species; taxon-specific species sensitivity distribution
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et A R MEREA ST, KA BN RKRE
(CuSO,) ZEABEFEPEGHREN—FRENM
By, AR I 3, o, B A AR B R AW BT
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1 %% (Methods)
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(crustaceans), Fif§ ¢ (amphibians), 3 (fish), &K ik
% (molluscs ), BEE K (worms) 1R H H(insects)o
St FEEBHATRBAFAENTEE (RREHR/ME), &
it Grubb’ s ¥ ¥ 5% Tietjen-Moore % 5% 3 47 4
¥, BT B B (E 3 T BIER

12 KBFE R SSD WEN K HLE -

SSD MBS R B P51 B 4 ik, X B A BB N
NBIRHEF B AR RN+ D) HEFIIE S8, H
FoREEMHBIEERIPHMLE, N BITRENE
HHBEES , W TBAMRK EAKIERE SSD,FH
DA WA 7 B Xt 4% 7 BE SSD |l 4R AT B (1)
B X SSD 1K 10% AL B LB (SR y
B, P FREUR); Q) T E S HTEE (analysis of co-
variance, ANCOVA ; SPSS, Chicago, IL, USA): &
MR ITREMEGE =ax+b) FEXNEE My H
BRIE b ML (@ = 005).

13 HC,05% CI) M-S RAHBUREZ TS

ABFFR A 5 F E bR E AR RN & SSD #4TH
& , A% :log-normal #EA \log-logistic #2E! ,Gompertz
LAl Fisher-Tippett %l Weibull 8, i FA[F
KIS HE HC, EHESEAERES™ H ik,
WXL S MM SRR, EHEEH & SSD
B “ B fE” #Ia B : B[Rl 6 # if Shapiro-Francia (SF)
KB # Anderson-Darling (AD) %5 H B4 £/
¥R (Root Mean Square, RMS)*, i “&/E"#l
EEBBIMNSEBN HC, L H 95% CI, &3
Graph Pad Prism" (Version 500, San Diego, CA) H#j

BEEHZE 5 H (one-way analysis of variance,
ANOVA) W& HC R EHFHEBENER (=
005), N KB HBREESR

2
21

£ 8 54412 ( Results and discussion )
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H(R D WBRERBR:1)¥H, HC,95% CI; pg L")
H61 (28,13), HB/NTREMZE HC ME (p <005;% 1)
2) BRAMB HEEAMFERE a (p >005),[HARF
y-BUE b (p <005), THAKELH SSD HREAEM
BTG (R0 o i e L 1), axX AT 38 5
% SSD 4R #9 ANCOA 47 1T &0, B 45 i 48 & M 401
ERENMEREHEBEEER (@ <0.05), EidxH#
BUBE S LUK HC, fHERI 3 (ANOVA) X3, ¥k
KX RO BUREAS R BK > FRE > KiEsY
K = amE>EHE (p<005;F 1), HPEEAEMH
BB, RN RN SRS R ERMAUES
RMFHBRESELXMEU, A ERENYERAER
[ (@ <005)

F1 KAEBHREI0% BRRE (HC,) REIS%EBEERE 95% CI)

Table 1 Freshwater taxon-specific 10% hazardous concentration (HC,,) and its 95%
confidence interval (95% CI)

2B Taxa HC,,(95% CI, pg-L™") N Best fit model Min-RMS
K Algae 6.1 (28,13)°" 11 Fisher-Tippett 0.0023
£ Crustaceans 15 (12,17) ® 38 Fisher-Tippett 0.0006
P2 Amphibians 18 2.0, 164) ° 7 Gompertz 0.0096
K32 Molluscs 30 (23,37) © 27 Fisher-Tippett 0.0016
8% Fish 38 (33,43) & 51 Weibull 0.0006
HEHE Worms 45 (8.5,239) 7 Fisher-Tippett 0.0066
E #12% Insects 111 (54,226) * 10 Weibull 0.0035

Wt BEEFENN,a=005; %8 HC,,(05% C) HR“RE"HIAEEBEIB L . WFENEL Shapiro-Francia K% # Anderson-Darling #
%, HEH B/ BE (Root Mean Square, RMS). N N E LB FYMHME. TEMA.
Note: * One-way analysis of variance (ANOVA),a=0.05;95% Cofidence interval (95% CI) was from the best fit model which must pass both Sha-

piro-Francia and Anderson-Darling tests, and have the minimum root mean square (Min-RMS). N indicates sample size. The Same as follows.
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Fig. 1 Freshwater taxon-specific species sensitivity
distribution (SSD). Symbols for taxonomic

groups are given in the right key.
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Fig.2 Marine taxon-specific species
sensitivity distribution (SSD).

Symbols for taxonomic groups are given in the right key.
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2 WREPBHRIE10% BRKRE (HC,) BHS%EERE 05%C)
Table 2 Marine taxon-specific 10% hazardous concentration (HC,,) and its 95%
confidence interval 95% CI)

KB Taxa HC,(95% CI; pg+L") N Best fit model Min-RMS
¥ Algae 25 (22,28) *° 35 Fisher-Tippett 0.0005
B %3 Crustaceans 40 (35,45) ° 84 Fisher-Tippett 0.0005
AL F P2 Molluscs 55 (51,59) ° 51 Fisher-Tippett 0.0003
E £ Worms 71 (52, 98) ¢ 14 Log-normal 0.0029
#42% Fish 89 (79, 101) * 49 Weibull 0.0007

E.x BEEFELN,a=005,
Note: * One-way analysis of variance (ANOVA), a =0.05.

(3o 3 5 41 4] = 3 MR Wi SR R B g s B AR S RS R AL L
AR BN A hee, AEAAAR
RAKHRENFARERRNRAEDRTRS
ExHmHREZBTIHENEARLESY. a4
EHNARENFHCELBMBEANBEREYY, 4
FEXFRENERREATEEYRRFAAEZSBE
MARARA, XUIEHATUAFEREBRELENS
HasEwERY, NEAMAREREEYHNE
HEHLFI R R, X A R 2K 8 A4 Y B FTHLHIR
RHFE,XMHEREWTRHESEFHENYHFERE
G i
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(ANOVA) X8, MK K BEXH M BRE BTN . &

EK>HRE>REFHIYE = @A > KERHK,
BARKBXNFANBREBE N - ER>PRES>K
VR >HEE > AR BRMNHFARIER, axt
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