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(Eutrophication) o R REERYENARYEEEYRINET « HKEREBHEREBHERY
BB » BBAEREFR (Neuman & Karas, 1988) o B> #KIEEIKMEKELEYHHAEERD
MHEKNBEREDSNERRE » HPCaBRANEESE  12EPE - £RMY ~ £FIhRERT
ST~ BIESTY » HHER R A S E (Woelke, 1960 & 1968; Howard et al., 1971;
Mcleay, 1973; Oikarai & Nakari, 1982; Lehtinen ef al., 1984; Lindesjoo & Thulin,
1987; Bengtsson ef al., 1988; Couillard et al., 1988; Sandstrom & Thoresson, 1988) o
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EMEEE AR R TR AR - CEE - 5% BESKER o FRITEREE ~ &
(1984) Z FHHFE T EEAREL, o =R Tigriopus 2 SFSERINEEL 48 » RISICIEFEZCELAY 1 SR
Tigriopus BAXMBIRERIBIK » RATESERE » FIRHERT o DERER 12 /BRE1 X %
TSRS HRUIPEL » SREEHRH HORAMREERI R P SREE S R o SBRINRG » KIEMERE 28°C > in
A Isochrysis fEREEX - FEBREL_EFRRZ
 RBKENTRMAY » BIESHE (Mugil carinata) ~ BB A (Chanos chanos) e
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BRHRE ) DURARE » RIBIKA 10 3} 20 AFHHORBAIF » R RAMERIRE K o £k
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Hl Skeletonema Z4R » 107 HIBKAREEEHMHEA £ 107 BRPERNVER ) WAB
LHAERN—RTE » BWEEE TR 045 2% F - IVBREERE » HAEKH Skeletonema
HATY o RIGBEEREERK » B Skeletonema 2 AERPEBHBEEERIHAME » REFHAKL
EREMEKKRLE » 507 WREEBKES 4 REERIENE (B2) o  EREAESEEBEMN 04
R 275 MR Lk R BRI EE K E R o

-

Josof  aome c

VS 3 E?o .

%  o0b e 20 ‘/.‘/_C

g P e
10+ P A

’é A IET a4

g = &

2 gl e o tee e e

& 1 2345 6 78 910111213 14

Days

Fig. 1. Growth of Skeletonema constatum exposed to treated pulp mill wastewater for
13 days. '
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Fig. 2. Growth of Skeletonema costatum exposed to untreated pulp mill wastewater for
13 days.
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ERUNE A —EHRKEWEHE Iochrysis sp. WEBERRT » H3EE ARG EE
R » RMAREGEH LRI o Isochrysis ERFMPRERE » TRERM 04% HIBIK
REE BT EZ R RAR (H3) o ERRENERBENR 2% WEA » 3 Iochrysis 2 4EfE
TEYERIMEER 2% BIAGZR » AR S5 12 o 509 MIBIARS SRk ERER 29 Hiik Iy
RENERENERINH (B4)o

£ 1 RTFRENBKEGYE Platymonas WL RPE o A EHARERKEE 0~50% 2
LRAKRZER (p>005) » FIEARIERIERKZ Btk » T B T IRENEE » hRRRGIE
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Fig. 3. Growth of Isochrysis sp. exposed to treated pulu mill wastewater for 8 days.
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Fig. 4. Growth of Isochrysis sp. exposed to untreated pulp mill wastewater for 8 days.
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IR RV C RN MR E o HIMLARTE 5% DITHEKhEERTELE » B
PERUKBZRVRINTIRD (F4) o ERRBEE » HMRLHLREERE  ELBIY t-test 5
Wiz s ZEMABEER - ERMLSENBE » FERBKZEBETEE - £01% T2k
P IR A o IR ZEFRYER BERDIE TR AN » ¥E 50% Z Bk » P2 HRHE (55)

Table 4. Effect of pulp mill wastewater on egg hatching of oyster

C. gigas
. Treated wastewater Untreated wastewater
Concentration
(%) Number Number Hatching Number Number Hatching
hatched unhatched (%) hatched unhatched (%)
Control 171 0 100 57 0 100
0.1 213 3 98.6 66 3 95.6
1 60 3 95.2 108 12 90.0
5 45 3 93.7 69 21 76.7
10 42 6 87.7 39 15 72.2
50 45 15 75.0 54 183 22.8

Table 5. Effect of pulp mill wastewater on veliger abnormality of oyster

C. gigas
Concentration Treated wastewater Untreated wastewater
(%) Normal Abnormal | Abnormality | - -Normal Abnormal | Abnormality
veliger veliger (%) veliger veliger (%)
Control 168 0 0 57 0 0
0.1 213 0 0 63 . 3 4.5
1 222 18 7.5 96 12 11.1
5 39 9 18.7 30 39 56.5
10 6 36 85.7 0 39 100
S0 45 100 54 100
el
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Fig. 5. Effect of pulp mill wastewater on hatching and fertilization of egg, survival of
sperm and abnormality of veliger in oyster, C. gigas.
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Fig. 6. Effect of untreated pulp mill wastewater on hatching and fertilization of egg,
survival of sperm and abnormality of veliger in oyster, G. gigas.
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Fig. 7. Effect of pulp mill wastewater on food consumption of oyster, Crassosirea gigas.
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Table 6. Acute toxicity of pulp mill wastewater to Corbicula sp.
(a) After 1 hour

Treated wastewater Half-treated wastewater | Untreated wastewater
Control _

25% 509 10024 25% 509 10024 259% 509 100%
Normal 6 2 0 0 3 0 2 5 3 1
Extruded 0 0 0 0 0 0 0 1 2 0
Closed 4 8 10 10 7 10 8 4 5 9
Dead 0 0 0 0 0 0 0 0 0 0

Physiological 1 | ‘ 1 :

index 22 14 I 10 1 10 16 10 14 21 18 12

(b) After 3 hours

Treated wastewater Half-treated wastewater | Untreated wastewater
Control
259 ‘ 509 1002 259 50% 100% 25% 502 1009
Normal 8 8 6 5 8 7 5 8 7 6
Extruded 2 0 0 0 1 0 0 0 1 0
Closed 0 2 4 5 1 3 5 2 2 4
Dead 0 0 0 0 0 0 0 0 0 0
Physiological
index 28 26 22 20 27 24 20 26 25 22
80t .
R
Q
®
£
o
o)
oy
%
e
Q
3]
- g
N L .
01 2 8 24

Hours

Fig. 8. Effect of pulp mill wastewater on food consumption rate of freshwater clam,
Corbicula sp.
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Table 7. Effect of pulp mill wastewater on food consumption of

freshwater clam Corbicula sp.
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Time (h)
Feeding rate (% T
1 4 8 24
Treated wastewater (24)
0.4 20 33 37 77
) 20 28 32 70
10 17 35 33 72
50 20 22 35 65
100 3 25 29 31
Untreated wastewater (%)
0.4 13 15 30 65
2 17 13 23 62
10 10 17 25 68
50 12 17 23 47
100 3 13 8 13
Control } 17 ! 28 58
600 |- o control A
O 0.4% /x
| x2 ‘/’/ﬁ ‘
5; A 10 /G///
- M 50 .
400 /g* /I/
¢ y.
Q) ¢4
— 7
200 |- K
0 1 1 1 | 3 )\ 1 ]
1 2 3 4 5 6 7 8

Day=s

Fig. 9. Growth effect of pulp mill wastewater on Tigriopus japonica.

IR K # Tigriopus 2 2EBEYTAK  BMESHETRAREREZBKBER 67% K &8

B 144 PMERITEERETECHWRR o EREERNBERSR T » RERRWBER 2~10% Wi
K (E9) » ER 50% HBIKEE » QIFESE 6 RIEHME Tigriopus WHEMAERSEH R » TWHE
FFEFEBRE RS (Copepodite) » HBERIRIEBUD o IBRBERBETEEIK 2 8tk » WBHEHE
KERETE 107 DUTH » “HEBEEER ($<0.05) o (BEEIKIBEREZ 50% B » AIREES
Tigriopus FREEMLERER/D » BRRRBEZEERA (K8)
AREREKE Tigriopus MRS ~ HINKBRINEE ERBIHETRE9 o RUEN » BEIK
REFE 507 o MUESLEBEZMBIER © 107 ROUREE hihlased & (B EREE » HR 04
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Fig. 10. Effect of pulp mill wastewater on growth of copepod, Oithona sp-

Table 10. Growth of copepod, Oithona Sp. exposed to pulp mill wastewater

Treated wastewater Untreated wastewater
Body length - —_— T "_
Concentranon (%) Concentration (%)
(pm) - T
0 \ | ‘ ﬂ 0.4 | 2 |10 | 50
_,_,_/_—._,_____________,____,_._.—-— ,______,,_-/_,_4__«__-———
Time (days) \ /r/ T I
P f 125 125 \ 125 125 125 125 125
2 204 200 200 | 200 200 192 192 200
3 393 438 413 388 388 375 338 342 296
4 542 | 567 579 592 621 600 552 546 4388
5 Y 725 735 775 763 769 750 738 707
6

806 794 800 813 800 819 813 | 800 794
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Table 11. Acute toxicity of pulp mill wastewater to Daphnia sp.

Treated wastewater

Half-treated wastewater

Untreated wastewater -

9% survival Control Concentration Concentration Concentration
259% 50% 1009 259 509 100% 259% 5094 1002
Time (days)

1 100 100 100 100 100 100 100 100 100 100
2 100 100 91 63 100 84 56 91 63 42
3 100 100 84 49 91 63 0 84 42 0
4 100 100 84 21 84 63 0 84 42 0
5 100 100 77 14 77 63 0 84 42 0
6 100 100 63 0 77 63 0 84 42 0

Table 12. Acute toxicity of pulp

mill wastewater to fish, Therapon jarbua

Concentration of wastewater LTso
10025 72 hours
509% 96 hours
109% 300 days
31r

L 4 control
X 0.4% a
a2 /
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Fig. 11. Effect of pulp mill wastewater on growth of Terapon jarbua for 60 days.
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0 100% BYEMEEAKS eSS 3 Rl 6 R » (EKRBPIEL (R 11) » 50% BHEIE 25% *
KRGS WEETET « SRR SEE%R  BAalREEERRKN » LEEXZ » ML
RBEZBERRA

IERIRBUKH U SR B RS » BRAFNEEEMEKZEE » fIINCHRE A REE
10025 BoREA 144 Bt - B BODETEL « TERALE 1009 BREArR » BOBAIHT 96 NP ias e
FECEA  BIREBKERPEESE | IREEA - 3£ 107 # LGy £ 48hr o X 12 REKETIES
Bzttt X LTso [EAREKBEZIENMEE o K 10% BT E5 RS -

Table 13. Growth effect of pulp mill wastewater on fish, Therapon jarbua

Treated wastewater Untreated wastewater
Body length
Control Concentration (%) Concentration (%)
(mm)
0.4 2 10 0.4 2 10
Time (days)
0 19.2 19.0 19.5 19.0 19.6 19.5 19.8
10 20.8 20.8 22.5 21.0 20.8 21.0 20.2
20 23.6 22.8 25.0 23.0 22.4 24.2 21.4
30 24.8 24.2 27.0 24.5 24.0 25.8 22.2
40 26.0 25.4 27.7 25.8 25.8 26.5 23.2
50 27.4 27.0 29.0 27.2 27.6 27.0 25.0
60 28.2 28.4 29.5 27.8 28.2 27.6 26.8
27r
A
26r 4
| Acontrol
25 20.4%
a2
24~ X10

Body length, mm
N no [\ [\
S e

<

Y
\

\

Fig. 12. Effect of pulp mill wastewater on growth of milkfish, Chanos chanos for 60 days.
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Fig. 13. Effect of pulp mill wastewater on growth of milkfish after rearing for 70 days.
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WREENERERYE  WERETELKERESY » BETRRRE » MEKIERKOEEEM o
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