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Effects of residual chlorine discharged in water on the growth of phytoplankton
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Abstract; The residual chlorine (RC) discharged from coastal power plant may have adverse effects on the phytoplankton
in the surrounding waters, affecting the balance of the ecological system. To help us understand the inhibition mechanism of
RC on phytoplankton, the RC discharged from the cooling water of a liquefied natural gas (LNG) project was simulated
under laboratory conditions. The experimental subject was Chlorella sp. The experimental concentrations of RC were 0,
0.02, 0.05, 0.10 mg/L and 0.20 mg/L, based on the engineer’s estimates of RC density in discharges. The simulation was
conducted at 27°C , which imitated summer temperature. The testing times were 0, 24, 48, 72 h and 96 h. Results showed
that at 27°C , the RC at high concentration (0.20 mg/L.) had the greatest inhibitive effect on the growth of Chlorella sp.,
with the strongest retarding effect (25.95% ) after 48h. The inhibition effect on Chlorella sp. by the highest concentration of
RC remained constant after 48h. At a low concentration (0.02 mg/L) , the RC promoted the activity of Chlorella sp., which
is in accordance with the hormesis mechanism. At 0.05 mg/L and 0.10 mg/L, the RC displayed an inhibitive effect at 24,
48 h and 72 h, and there were no marked inhibitive difference between these three time points. After 96h, there was no
significant difference in the inhibitive effect of these two RC concentrations. Based on the algae growth rhythm, a growth

model was fitted, finding a significant linear relationship between the control group (CG) and experimental groups (EG).
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The difference equation was calculated by subtracting the growth equation from the CG equation, creating the corresponding
integral equation. Finally, the cumulative loss ratio ( CLR) was calculated using the relative loss integral equation. At
0.05mg/1 RC, CLR increased between O h and 72 h, with a maximum value was 8.73% at 72 h and 96 h. At 0.10 mg/1
RC, the CLR was the same as at 0.05mg/L, apart from after 96h, when the 0.10mg/L. CLR began to decrease. The CLR at
0.20mg/L RC was larger than the CLR of other concentrations at all time points. The CLR were 12.95% ,27.07% , 41.29%
and 55.59% at 24,48,72 h and 96 h, respectively. Using the RC dissipative model, the water region under investigation
had an RC of 0.05mg/L. The algae theoretical loss value at 72h was calculated using the CLR and the concentration of RC
at 0.05 mg/L, and then the 0.05mg/L maximum. Using the phytoplankton survey from the Shanghai LNG project in
September 2009, cell abundance at high tide and low tide was high in coastal regions and low offshore. The average diversity
index (H') of phytoplankton, mean evenness index and mean richness index were low, and the simple degree mean was
high. This showed that phytoplankton distribution of individuals among species was non-uniform, the structure of the
community was unstable, the ecological system was weak, and the environment might be polluted. The RC at 0.05mg/L and
0.10mg/L was 0.047 km” at the most, and the mean value of cell abundance was 3.67x10" cells/m’. We conclude that

phytoplankton theoretical relative loss was 1.965x1012 cells, owing to algae growth rates being inhibited by the RC density

of 0.05 mg/L after 72h.
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Fig.1 Decay of RC under the experiment condition
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Table 1 The largest influence area of residual chlorine discharged from the project

e E Concentration

0.01mg/L 0.05mg/L 0.10mg/L
] Tide Epoch K Spring Tide  {#3] Tide Epoch  Ki# Spring Tide  #i#] Tide Epoch K8 Spring Tide
# Rising 0.174 0.133 0.034 0.032 0.007 0.011
7% Falling 0.392 0.294 0.065 0.055 0.009 0.013
F-H5{H Mean 0.248 0.047 0.01
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Fig.3 Relative loss of the algae at different RC density
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Table 2 The cumulative loss ratio of the algae at different RC

densities
i1/ h )% Concentration/ ( mg/L)
Time 0.02 0.05 0.10 0.20
BB R % 24 -322 503 2.60 12.95
Cumulative 48 -5.49  7.60 4.56 27.07
Loss Ratio 72 -7.35 873 5.17 41.29
96 -8.91 873 4.74 55.59
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m’ [FRELARE S T2 (R 3) o IR KR K |
VR AN R A AR Y SR I & B R B D
AU TEWERE W) 22 R P A8 B0k B A 0.09—2.04
Z 6], SEEE N 0.89, V& I B #E 0.30—1.91 Z [H],
BI{E R 0.96,

2.5 2009 4 LNG TR 77 IR P AR X 46t 2 i o

2009 4EPA L LNG TRERF VT i, 32 A A5
Wi AR 67 A 10 A4, BiE I o 31 241 7K R R 13m,
0. 05—0.10mg/ L ¥ J3Z 315 [l (1% 35 K52 Wil [ ARy 0.047
lem?® KT FsF 37 532 10 31 ] DAY 108 357 iR AT 400 25 400 B =
5 2.96x107 A~/ m? | F5 18 B T VA A0 7 2 A0 M 3 R Sy
4.67x10" /m* , W e - ¥ 4 i =F B2l 3.67x 107
A/m’ RN AYEHEE KT 0. 10me/ LAY 527 X
FRFHER D AR VE 45 350m S5 Y, N5 Rz /NE Fl 2
0.10mg/L A MM, N2 0.05mg/ L AR E
o, DU FHSEEG 45 5t 0.05me/L 4 i it 2 R
R B 0] BOF WEAE D P Ok s A L. Btk
R FH U BH i ][] B A SRS W) 10 V7 U A A 1) 488 2

R, FE0.05meg/L 4, BT IR R E N 8.73%,
WIZE 0.05mg/L VREE T, VRIFAE Y B31HE 72h WIEAE
T T B A AH X5 6 S 1.95% 10 A, W) & H
(30d) P 4 UK HECIT 52 2000 77 T AL 400 4 X 46 2k i
K 1.95%x10°4,

£3 2009 £ 9 A LNG iFiFEWKEREERE
Table 3 The phytoplankton cell abundance of the LNG in
September ,2009

TR B B b3
Tide Rising Tide Falling Tide
SEHE Mean/ (1074~/m?) 3.61 3.82
JE# Range/ (107 4/m?) 1.14—6.78 1.19—8.84
PHF GOHEE(Y)

o 2% (0.87) FR I 4% (0.86)

Dominant Species and

Dominance(Y)

3 itig

3.1 TARIKIE A Y A A SRR

2009 4= 9 H A, PRl Ak i B AR,
A PRSI AT S T i, Bt B B8] O i 46, ik — &5 21
il bR A AT TRAT ) ) BRI
1 R &R K sl A 235 SR AR AL, VR AR 40 1 43 A KB
AR ) 1AM/ 45 A il 6 B v i ISF 37 D A
W) ZRE AR BOT- BB AR , 2 FE A8 BUIK 1%
BRGNS, FEESHATE , 1 AR Z R B4
RS,
3.2 RERTEEEARIEIEHRE

WKPEASIT TR 455 (K 2 FE 3)  FR IR 27°C 4%
PN A O /INR B i 4 T B R BRAE 0.20mg/ L
ZH (1 48h B, FLHD B0 2k 25.95% , S04
SEHGEE AT . AR IR E (0.02mg/L) B, A& X
ANEREAE A R AR, 2 5 96 245 SR T R
TN O AR, BB v B Ay S /N ER B (G
T H R R IS SRR HEAE A
R IR R 2L BN S5 MR R FAE Y, 48h Z )5, 4%
A AR B Xt /INER 8 (4 410 W AR U 55 . 7E 96h I,
HA R 0.20mg/L 4 5 B4 S0 /N R 8 (1) 317
il VEF 50.05 mg/L gl/Neke A K AH B 4430 X IR 4
AR AR, 7T DL 9 S T AR B A MR P AR T S
ATLAE R IF IR A K iy (R 2) o ARRBFFE P B,
FERVR B A EUE I T Y R A RKE W A AR K
PPV | P AN M RO T B 2 I ek b 5 iR T
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E 1 34 %

0.05mg/L 205 0.10mg/L 41 19 /NER 8 JIF 75 16 &2 it [
B, AP AR EE 0.20mg/ L ZH AR

BZ, 27 CHE R AR FERT (0.02mg/L)
RFRFRR i/ NEREEAE K R AL N 0.20mg/
L EF 2 B0 HE X /INEBR g A K i e KA AR T, HL AR K
TOHIVE FAAE 5256 48h BB, R (0.20mg/L) 4%
A ERAERMMEEHEKT 0.05mg/L 5
0. 10mg/L B,
3.3 RELERFREE FAF T B2 A K A X R

IR

BRI T IR0 4 e A Kl 2k 5 0 HR 4]
Az R A3 % L, T 4% il 286 =2 [ 1 9735 38 4 T AR
RETHIAMAX R, K3 T ER 0.02mg/L
ZH/INBR g A R R X R A X — &5 R P R
PR AZ B B A SRS, AP AR R, PSR
LRI ) AE A PR e IR A A AR K R s K
MAZHAE, K 3 H1E 0.05mg/L 4H/NEREEAE 72h
F196h 1Y JRH R R g K, 78 S IR 45 AT (96h ) , /1N
BREE AN B B L, DA AE T BR /NER e A K %
B4 I, B2 5250 [R] A 3G K, ZINER 3 3% ik
SrEKEE, B3 HEH 0.10mg/L Btk Fix
KAG S BRAE 72h B, 96h B 21451 26 8 /N2l 5 48h
IACE . BEH, 0. 10mg/L ZH/NER 1 56 H 4 48 ik s
e, A A AZ B Bl S 00 B ] A S 4 /N
BRI TR S A KB 7, 4k a] DL BA AP A K
TSI EE TR (96h ) |, /INER IS 25 5 0] LK %) B
4, B4 1 0.20mg/L 41 RITH 0 R B I R] ) 3
KM, BEHITE RV B (0.20mg/ L) ARSI T, /)
BREEAERK P EH AZ P, SCIR A AT, P A% ih 2 AH R A
I8 A QAR SRR AR SR, AR R B B RD PN R 2% Hh 42
A T REAHZE , Ud I S B 5 A, /N R B2 B R
S AR, A K T it B A B T4
3.4 RFEIF WYL AR AN R b

FEXS 1 TR BRI 26 5 44 A
S YRR TR R AR R R 5
AEAE YRS L FE 0.05me/L 41, iR
KA A 8.73% , W HE Y 72h N Bt Z B4 &
S R A R 2 B2 1.95% 1024, 4 H (30d)
ARG HE R T B0 V7 Vi A ) AE G 483 2K B R 1.95 %

1013/\O

VAT TR RITAR AR, i ATROK

(TIN5 K I V0 MVE IR o, i I S SRR &
TR X2 ARG R IR K T A KA
BFRKANY), — Sk [P R A LA, B T AR
SR ST At 1 10 15, N B AR Y S v 20K HE TR
T R R 242 TR R T T kN A A A R 2 s Ay
SBTEN, PR, B L) SE ORI, 2
VR BE AR SECHER , A SRR K PRS2 2 T 5

Brigh BB e RERIBE ST 51 | w4 Bl BRI ZE 51300 A3
AR,
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