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sinicus B rodsky) (L abidocera euchaeta ( 1)

G!esbrecht) ( Eucalanus subcrassus A —

Giedbrecht) ( Paracalanus aculeatus 2.50 | Chlorination

Giedrecht) (Paracalanus crassirostris e —B— RS FE ) — X aE K

. S 200 Without chlorination

Dahl) ( Centropages dorsispinatus 28 °

Thompon & Soott) ( Euchaeta concin- £ 2
2 = 1.50

na D ana) (Sinocalanus tenellus Kiku- S :5

chi) (Calanopia thampsoni A. Soott) -3 o0

(Acartia pacifica Steuer) : z
(Acartia spinicauda Giesbrecht) 0.50 . \ )
(Harpacticus uniremis Kroyer) (2007 g e = 20
it R Time (min)
5 ) (2006 8 ) (2006 11 )
(2007 1 ) 16.0 ' -
! ) Fig 1 Decay curve of residual chlorine in seavater at 28. 0
28.0 21.0 10.0 505 m
, 2000 L 1.3
, 54 L 2d 10—30min,

12h (I1sochrysis galbana Parke) AT 6—12 el

2/3 , (500 £50) Ix, ,

16h 8h, ( 1) , 4 AT
(04.080 12.0 ), 30min

1
Tab. 1 Quality paranetersof the eerimental seawvater in all the seaons

Seans Temperature () Salinity pH
Spring 16.0 £+ 0.2 24.0 £ 0.5 8.0 0.1
Summer 28.0 £ 0.2 21.0 £3.0 8.1 +0.1
Autumn 21.0 £ 0.5 24.4 £ 2.0 82 +0.1
W inter 10.0 £ 0.5 24.2 +1.0 81 +0.1

1.2 HANNA H -93734
(DPD
, +0.03 mg/L)
= 5% NaClo (
) lglL ,
4
10 mg/L NaCio 24h
’ 2l | ’
: [10],
NaClo, 2.00
mg/L,
(0.01 mg/L)

1glL N&Co

3

1g/L

AT

’

(0.10 0.18 0.32 0.56 1.00 1.80 3.20
5.60 10.0 18.0 32.0mg/L) ,

NaClo

[8,10]
400 mL 500 mL :

(
), WM ZK-01

30min
30min
18]

6 12 24h
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,15s (OneW ay ANOVA) AT LG,
, (500 £50) Ix, 16h 8h, AT LGy ,
( 1
1.4 AT LGy =hy +b XA T
24h , , by o AT 0-12.0
[11],
, 2
P=(P'-C) / (1-C)
, P’ ; C 2.1 AT LCy
P SPSS13. 0 LC, AT
LCs, (P<0.001) ( 2), 12
7.00 0% Spring | THEEKE 400 ¢ Summer * JUREAIkE
~ 6.00 @ # Spring (:' SHUCHS R B L. euchaeta
3 500 . SR fAAE 300 © R LR %
&b - ) L. euchaeta < A. spinicauda
2 400 o TG ALK K Ry F
) s 2.00 KPR X
o 3.00 % S. tenellus \ A. pacifica
= 2.00 i 0 S - 'fi)ﬂfuﬁ’kfﬁ 1.00 N\ . BRI K %
~ s P. aculeatus g g 3
1.00 " e e . . . < P. aculeatus
0.00 . - 0.00
 HECURK & RN %
5.00 (c) % Autumn E. concinna 20.00 (d) & Winter H. uniremis
_ ) HRKEKK X BT K
3 400] ¢ C thorira i )
% 3 . - thompsoni 15.00 C. sinicus
£ 300 & + SR ECHIK & * 3 SO % fa Kk &
e 2 5 subcrassus 10.00 L. euchaeta
9 200 — SRR 11 LLS 3 — - BISERRE
a ; e * G d()rs%)mulus = * o S. Le_nellus
1.00{ . n T - om@mgkE 001 L T o« SREIITKE
B 5 ¥ . P. crassirostris . B - >4 P. crassirostris
0.00 0.00 e = s
0.0 40 8.0 120 0.0 40 8.0 12.0
AT(C) AT('C)
2 AT LCs
Fig 2 LCs of copepods o residual chlorine under differentA T in all the ssans
2 LCyq AT
Tab. 2 Reaultsof regression analysis betveen LCg, of copepods i residual chlorine andA T in all the ssans
Seadns Fecies LCq =hy +b XA T F r
Sring C. sinicus LCyp =6.14- 0.382 XA T 88.65" 0.989
L. euchaeta LCsx =5.10- 0.280 XA T 123.66" " 0.992
S. tenellus LCsp =2.55-0.152 XA T 17. 46" 0.947
P. aculeatus LCsp =0.82-0.034 AT 110.84" ° 0.991
Summer A. spinicauda LCsp =0.77-0.015 XA T 108. 00VS 0.995
P. aculeatus LCs =0.46-0.019XA T 13. 78VS 0. 966
L. euchaeta LCsp =3.49-0.331 XA T 1246.60" 1. 000
A. pacifica LC; =0.67-0.025XA T 12. 00¥S 0.961
Autumn E. concinna LCs =4.39- 0.238 XA T 18.80" 0.951
C. thanpsoni LCyp =3.70-0.162 XA T 56.17" 0.982
C. dorsispinatu LCs =0.92-0.025 XA T 15. 15V 0.940
E. subcrassus LCsp =2.17-0.101 XA T 37.95" 0.975
P. crassirostris LCsx =0.75-0.019 XA T 94.11" " 0. 990
W inter L. euchaeta LCy =8.47-0.520 XA T 74.83" 0.987
P. crassirostris LC; =1.13-0.042XA T 109.40" " 0.991
H. uniranis LCg =17.13-0.619 XA T 25.29" 0.963
C. sinicus LCs =9.20- 0.398 XA T 154.33" " 0. 994
S. tenellus LCg =3.85-0.207 XA T 28.28" 0. 966
F Smbols after F values represent the significant level; NS NS o significant * P <0.05, * " P <0.01
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) , (1. 71 mg/L) ,
LC, 2 : , LCs (0. 80—2. 42 mg/L)
(P <0.05); (0.41—0.80mg/L)
(P <0.05), LCso ( 2b)
; I} A T 0_8 [} LC::')O ’
(P <0.05); (0.82—3.47 mg/L)
(P <0.05) (0.65—0.77 mg/L) (0. 45—
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’ 0_8 ’ LQ,O ( ZC)
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10% 3.56 3.29 2.38 mg/L); 12.0 ,
) ) LGy (1. 18 mg/L)
LG, AT | (1. 71 mg/L) AT 0—12 ,
, LCs, (0. 58—0.89 mg/L)
(0.51—0.74 mg/L)
(P<0.01) ( 3) LCs ( 2d)
o wHiig¥ik%kx  C. sinicus 10.0°C AT 0—12 ’ LG ’
o tifikgk  C sinicus I6.();§' (9.10—17.19 mg/L)
v Ik % S. tenellus 10.0°C
v drniedik%k S tenellus 16.0°C (4- 40—9. 02 mg/L) (2. 25—8. 17
= §FllE k%K P aculeatus 16.0°C mg/L) (1_ 45—3. 71 mg/L)
o fRMEKE P. aculeatus 28.0C
o WEME KEK P. crassirostris 10.0C (0 61—1.10 mg/L)
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a HlEfak%k L euchaeta 10.0C 3
10.00 - o BWEfKkX L. euchaeta 16.0°C
‘\\o gk %k L. euchaeta 28.0C 3.1
8001 - \-\
. - \\\\\ , A T
%} 6001 o ) By \_\\\ (458221 \oanmo, et al.
g e . \\\\. Acartia anorii B radford AT
LJ 4.00 \A‘~\" “a [13]
S T - S Margrey, et al.
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Fig 3 Differencesof copepods wlerate to residual chlorine under 3)
different acclimation temperatures ,
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LG ( 2a) 51,
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5.89 5.04 2.97 mg/L) ( ,
4.95 4.25 2.79mg/L) 12.0 , (Hanarus americanusM ilne-Edvards)

LG (1.49 mg/L)

[16]
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, ( 3
5% (Lc) ™, LCyp X <30minAT<12.0
Mattice  Zittel ™ 0.21—0.86 mg/L 0.26—0. 86 mg/L
, 0.31—4.55 mg/L; < 30minAT<
LC, x0.37, LCs 8.0 0. 15—0. 41 mg/L
Brooks  Seegert®
0.5 LCy X0.5 : :
3

Tab. 3 Safe concentration of various copepod gecies o residual chlorine under different acclimation temperatures in all ssaons

Seasns Acclimation temperature () Secies Safe concentration (mg/L)
Soring 16.0 C. sinicus 0.75
L. euchaeta 0.86
S. tenellus 0.40
P. aculeatus 0.21
Summer 28.0 A. spinicauda 0.33
P. aculeatus 0.15
L. euchaeta 0.41
A. pacifica 0.23
Autumn 21.0 E. concinna 0.59
C. thanpsoni 0.86
C. dorsigpinatu 0.29
E. subcrassus 0.45
P. crassirostris 0.26
W inter 10.0 L. euchaeta 1.13
P. crassirostris 0.31
H. unirenis 4.55
C. sinicus 2.20
S. tenellus 0.73

< 30min the exposure duration < 30min; AT<12.0 AT< 12.0 in 9ring, autumn and winter, AT< 8.0

AT< 80 insmmer

1mg/L, 0.15—0. 25 mg/ , ,
LB 1mgiL
, 0.15—0.25 mg/L , )

[30]

[30]

0.15mg/L,
, 0.20mg/L ERA
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TOXICITY OF RESIDUAL CHLORINE ON COPEPOD S UND ER
TEBEM PERATURE INCREASE IND IFFERENT SEASONS

JIANG ZhiBing, ZENG JiangNing, CHEN Quan-Zhen, L IAO YiBo, XU Xiao-Qun, SHOU Lu,
L IU JingJing, GAO Ai-Gen, ZHAO Yong-Qiang and HUANG Yi-Jun
(Laboratory of M arine Ecosystan and B iogeochenistry, Second Institute of Oceanography, StateOceanic
Administration, Hangzhou 310012, China)

Abstract:W ith the drastic increase number of large-sized themal (nuclear) power plants along the coastal areas, the
damage of zooplankton caused by chlorination in cooling water has became a serious marine ecological safety problem in
China Unfortunately, very little work has been carried out on the tolerance of copepods o the chlorination. Moreover,
there is no discharge criterion of the residual chlorine level in coastal power plants cooling systams in country. The major
objectives of this study are 10 1) study the tolerances of marine copepods o residual chlorine under different themal shock
temperature, 2) supply scientific basis for chlorination and residual chlorine risk assessnent during envirormental evalua-
tion, and 3) provide suggestions for regulation about the drainage standard of residual chlorine concentration in cooling
water.

The experimental folloving twelve copepod gecieswere oollected fram the YueqingBay in all the seaons Calanus
sinicus, Labidocera euchaeta, Eucalanus subcrassus, Paracalanus aculeatus, Paracalanus crassirostris, Centropages
dorsispinatus, Euchaeta concinna, Sinocalanus tenellus, Calanopia thanpsoni, Acartia pacifica, Acartia spinicauda and
Harpacticus unirenis At each sampling time (08/2006, 11/2006, 01/2007 and 05/2007) , the natural water tempera-
tureswere 28.0, 21.0, 10.0 and 16.0 , regectively. After tvo days laboratory maintenance, healthy adult animals
were chlorine dosed for 30 min under different temperature increases A T) (0, 4.0, 8.0 and 12.0 ). Themedian le-
thal concentration (LCy,) of experimental gecies to residual chlorinewas detemined by their mortalities after 24h acoord-
ing o the probit analysis

The reaults showed that the LGy, of experimental copepod ecies o residual chlorine decreased congpicuously with
the risingof A T (P < 0.001), and most of them represented significant regression (P < 0.05) . Tolerance of the sane
secies to residual chlorine decreased markedly (P < 0.01) with the elevation of acclimation temperatures in different
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saons Thus, in subtropical sea area, any further increase in temperature of the coolingwater could severely enhance the
toxicity of residual chlorine on copepods in summer. As to the eleven calanoid copepod ecies, it seemed that the cope-
podswith snall body size (e g P. aculeatus, P. crassirostris, A. pacifica and A. spinicauda) were more sensitive to the
residual chlorine than the larger ones (C. sinicus, L. euchaeta, E. subcrassus and E. concinna) . Thus, the copepod e~
cies diversity might reduce and the camposition of copepod communitiesmight smplify due to the chlorination in cooling
waters

If the safe concentration of residual chlorine on copepodswas detemined by the fomulation of LCy, x 0.5, the safe
concentration of various copepod ecies in Pring, autumn and winter were 0. 21—0. 86 mg/L, 0.26—0. 86 mg/L and
0.31—4.55 mg/L, regectively, as the exposure duration < 30minandA T < 12.0 , while the safe concentration of
various copepod gecieswere 0. 15—0. 37 mg/L as the exposure duration < 30min andAT < 8.0 in ammer. Basd
on these data, the current typical chlorinationwith high dosage (about 2 mg/L) affected the copepods in the coastal power
plants cooling systems, but the common discharging residual chlorine (about 0. 15—0. 25 mg/L) did not influence them.
Asfar as the marine ecological protection was concemed, in subtropical area, the discharging residual chlorine level
should not exceed 0. 15 mg/L in summer and 0. 20 mg/L in the rest of seans based on the safe concentration of snall-
sized copepod Pecieswhichwere snsitive o the chlorination in different seasons However, during the criteria regulation
about the discharging level of residual chlorine, whether this residual chlorine at certain chlorine dosage could effectively
prevent the cooling systams fram biofouling should be considered, achieving the optimal distribution of envirormental risk
and econamic benefit.

More researches should be conducted to examine the LC,, of daminant copepods and other hydrobios (e. g zooplank-
ton, fish and shellfish) to residual chlorine in different regions, and it is al$ necessary to study the toxicity of residual
chlorine on the marine organisns under different conditions, such as temperature, salinity, water pressure, pH and expo-
aure duration. Besides, further work should be required to assess the long-tem regponse of the copepod canmunity under
the chlorination stress of coastal powver plants

Key words M arine copepods Residual chlorine toxicity test; Temperature increass; M edian lethal concentration; Safe
concentration; Cooling system of coastal powver plant; Discharge criteria of residual chlorine



