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* Acute Toxicity of Waste Water to Eel, Tilapia and
Oysters
' Rong-Hwa Chern, Shyh-Ling Hwang and Ting-Chi Yu
The 96hr-TLM( Medium Tolerancg' Limit ) of eel (Anguilla japonica), tilapia
(hybrids) and oyster ( Crassostrea gigas ) to chemical plant(C) was : 4.16 %,

12.54 %, 8.27 % respectively; to paper mill plant(P) was 12.54 %, 35.34 %,
- 23.32% respectively; to Hoggery (H) was 1. 52/», 1.51%, 6.50% respectively;

_ to Food plant (F) 13.9 %, 25.9 %, 24% respectively.
. The order of the acute toxicity of these four kinds of waste water from the

. -industry pl‘a'nts ta eel and oyster was H>C>P>F and to tilapia H>C>F >

P. o - o

The eel had much lower tolerance to toxic solution than tilapia and oystef did-
Comxhonly, oystér has higher tole'ranéé to toxic solution than’ tillapia as

eXposed to H waste wat’er,'but‘ in this experiment, different result has been

shown, the tilapia exposed to C, P and F waste water has higher tolerance

than oyster. _
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Table 1 Water analysis of four different plant waste water: chemical plant
' waste water, paper mill waste water, hoggery waste water, food
plant waste water.
———— — e ———————————

Item Chemical plant paper mill Hoggery food plant
waste water  waste water  waste water  waste water

Water temperature °C 33 27 6.5 31

PH value 2.91 6.32 7.35 5.90
Dissolved Oxygen (ppm) 4.8 5.6 4.25 3.8
Total dissolved solid (mg/1) 3230 328 . 4095 . 210
Conductivity (# mhq/cm 25°C) 3500 470 5300 . 180
Bio- chemical Oxygen Demand (ppm) 46 102 2950 128
Chemical Oxygen demand (ppm) 1605 - 861 . 1868 316 -
NH# (ppm) - - - 906 -
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" Table 2 The TLM of chemical plant waste water to Eel, Tilapia and Qyster. .

, i TLM (%)
Test animal - i - i
24brs, . 48hbrs 72hrs . 96hrs
- Eel 7 - 9,85 © 5.46 - v 4.39 - 4.10
~Tijapia = . 18.32 14.40 13.21 ©12.54

Oyster - i " 68.21 49.937 717,09 ¢ 827
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Table 3 Acute toxic of chemical plant waste to Eel.

i
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Concentration Mortality pH DO
(%) 24hrs  48hrs  72hrs  96hrs Ohr 24hrs Cbr 24hrs
Control .- 0/100 - - 0/10 -0/10 -.0/10 8.46 8.25 7.4 7.1
63.7 10/10  10/10 . 10/10.  10/10 3.61 3.50 5.5 5.7
45.1 10/10 . 10/10  10/10  10/10  4.35  4.24 5.6 6.35
31.9 10/10  10/10 © 10/10  10/10  5.10  5.09° 5.6 6.0
22.6 10/10  10/10  10/10  10/10  5.58  6.32 5.7 6.1
16 10/10  10/10  10/10  10/10  6.23  6.69 5.8 5.4
11.3 7/10  10/10  10/10  10/10  6.55  6.91 5.85 . 5.0
8 2/10  10/10  10/10  10/10  6.85  7.11  5.95 5.4
5.6 0/10  5/10 "10/10 1010  7.11  7.22  6.05 5.5
4.0 0/10  1/10 2/10 3/10 7. 7.48 7.2 6.9
2.82 0/10  0/10 0/10 /10 7.84  7.92 7.6 7.1
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Table 4 Acute toxic of chemical plant waste water to hybrid Tilapias.
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Concentration _______ Mortality pH : DO
(%) 24hrs  48hrs  72hrs  9%6hrs  Ohr  24hrs  Ohr -~ 24hrs
Control 0/10 0/10 0/10 0/10  8.33 8.24 7.75 7.4

45.1 10/10 10/10  10/10 10/10° 4.60 4.54 0 4.85
37.9 10/10 10/10 - .10/10.  10/10  5.08 5.10° 5. 5.0
31.9 10/10  10/10  10/10  10/10  5.68 5.54 5. 5.15
26.8 1 9/10  '10/10  10/10 - 10/10 . 6.18 6.06 5.5 5.35
22.6 8/10  10/10  10/10  10/10 . 6.47 6.38 5.75 5.6
19 3/10 8/10 9/10  10/10  6.64 6.52 .9 5.85
16. 3/10 8/10  8/10 8/10  6.81 6.76 .1 6.0
13.4 2/10 3/10 5/10 7/10 = 6.92 6.83 .5 6.2
11.3 2/10 2/10 3/10 3/10  7.04 7.01  6.55 6.3
9.5 0/10 0/10 1/10 /10  7.23 7.19 6.6 6.4
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T .. Table 5 Acute toxic of chemical plant waste water to oyster.

" Concentration Mortality L DO B
(%) - 24brs  48hrs  72hrs ' 96hrs  Ohr  24hrs - Obr  Zdbrs |
Control 0/10 0/10 0/10  0/10 8.73 = 8.68  6.95 6.8
90 110710 10/10 .~ 10/10  10/10  3.17 3.02  4.45 4.3
63.7 3/10-  5/100 10/10  10/10  3.59 - 3.23  4.66  4.45
© 45.1 ~ o 0/10 © 3/10  10/10.  10/100 428 411  7.75 4.
31.9 0/10 3/10 5/10  10/10  4.91 4.83  4.86 - 4.
226 0/10 1/10 5/10  10/10 . 5.93  5.90 4.9 4.
16 0/10 . 0/10 4/10  10/10  6.54 6.42 5.1 5.
1.3 0/10 0/10 6/10  10/10  6.93 5.85  5.35  5.15
8 0/10  0/10  2/10 -~ ‘3/10  7.42  7.10 ‘5.8 5.6
5.6 0/10 0/10 1/10 1710 7.68 7.35 6.1 5.9
4 0/10 0/10  0/10 0/10 8.02 7.82 6.6 6.
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Table 6 The TLM of paper mill plant waste‘ water to Eel,Tilapih and _oystér.
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. - TLM (%)
Test animal - i
: : 24hrs 48hrs 72hrs 96hrs
CBel 21.78 18.97 1401 12.54
© Tilapia °  57.36 41.33 . -37.23 35.34

oys;erf e - 32.94 23.52
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Tab!e 7. Acute toxic of paper mill plant waste. water to Eel.

P
—_—

Cenceﬁ'tfétioh _ ¥ ~-.Mort'va]ity ' .‘i _ ‘ pﬁ ) . D_O
(%) " 24trs * 48hrs  72hes  96hrs - Obr . 24hrs  Ohr  24hrs
Control ~ 0/10  0/10°  0/10  0/10 - 8.68  8.47 82 7.3
90 10/10  10/10 - 10/10- 10/10  6.64  6.73 4.5 3.2
63.7  ~ 10/10 © ‘10/10.  10/10 10/10  6.98  7.04 4.5 3.6
45.1  10/10 10/10  10/10  10/10  7.38  7:18  5.75  5.85
31,9 9/10 1010 10/10  10/10  7.60 7.34 6. 5.2
22.6 6/100  7/10  10/10  10/10  7.97  7.47 = 1. 6.35
16 1/10  1/10  3/10  4/10 - 8.08  7.92  7.35 6.6
11.3 0/10 210 2/10  3/10  8.26  8.06 7.4 6.2
8 0/10  ".0/10  2/10  2/10 8.39  8.13 7. 6.4
5.6 0/10 ~ 0/10.  0/10  2/10  8.43  8.22 7.5 6.8
7.55 7.1

4. . ...0/10. 0/10. _.0/10_ 1/10. 8.57  8.36
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Table 8 Acute. toxic.of mill plant waste water to hyb;-id Ti]apia.

(%) """ 24brs  48hrs  72hrs . 96brs  Obr - 24brs  Obr  24hrs
Control 0/10 0/10 - 0/10. 0/10  8.68 8.47 8.2 7.3
90 10/10  10/10  10/10  10/10  6.64  6.73° 4.5 . 3.2
75.8 /10 -10/10 10/16  10/10  6.85 6.86 4.5 3.6
' 63.7 810 9/10  10/10 ~ 10/10  6.98  7.04 4.5 3.6
53.6  3/10 8/10  '8/10 - 9/10  7.15 ‘7.'15 © 5.6 4.3
45.1 /10  7/10 810 . 8/10  7.36  7.23  5.75  4.85
37.9 . - »"0/10 3/10 7/10- 7/10  7.41 7.25 5.4 . 4.8
3.9 010 2/10  2/10 . 310 7.60  7.3¢ 6.5 5.2
26.8°  0/10 10 1/10 1/10 7.8  7.40. 7.4 6.5
22.6 0/10  0/10  0/0 1/10 7.97 747 1.3 6.35
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Table 9 Acute toxic of paper mill plant waste water to Oyster.

Concentration Mortality - . pH ) DO |
- @ 24hrs  48hrs  72hrs  96hrs  Ohr  24hrs  Ohr  24hrs
Control 0/10  0/10  0/10  0/10  8.84 8.76 7.7 7.4
90 410 6/10 10/10 10/10  7.68  7.65  6.45 4.7
63.7 2710 3/10  8/10 10/10 7.74  7.72 6.5 . 4.9
45.1 0/10 . 2710 5/10 7/10 7.92  7.89 6.6 5.2
31.9 - 0/10 1/10 4/10  6/10  8.04 7.9 6.9 5.6
22.6 0/10 010 410 - 6/10 811 808 7.1 5.8
6 010 10/10  2/10  4/10 8.25 821 7.2 . 6.0
11.3 0/10  10/10 /10°  1/10 - 8.32  8.22 7.4 6.2
_§&%ﬁm¥#a%&%2%ﬁﬁ
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Table 10 “The TLM of hoggery waste water to Eel,Tilapia and Oyster.

TLM (%)
. Test animal — . : A '
 24brs - 48hrs. - 72hrs 96hrs
b Bel - ‘ 3.03 2.12 172 152
Tilapia 3.73 2.83 . 1.87 1.51
" Oyster - . 35.31 7.98° 6.50
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Table 11 Acute toxic of hoggery waste water to Eé}.

a—— —
am——

Concéntra tion Mortality pH . - Do
(%) 24hrs 48hrs 72hrs 96hrs Ohr 24hrs Ohr 24hrs
Control 0/10 0/10  0/10  0/10 8.12  7.97  6.95 _ 6.7
3.9 10/10  10/10  10/10°  16/10  7.75  7.49 2.6 1.5
22.6 10/10  10/10  10/10  10/10 7.84 7.58 2.4 1.9
16 010/10  10/10  10/10  10/10  7.84 7.47 - 2.8 2.2
11.3 ©10/10 '10/10  10/10 -10/10  7.85  7.66 3.0 2.6
8 10/10 10/10 10410  10/10  7.96 7.72 3.1 2.8
5.6 9/10  10/10 10/10  10/10  8.06 7.73 4.7 3.2
4 .5/10 6/10 8/10 10/10 8.08 7.53 5.8 = 4.6
2.82 5/10 © 5/10 810  9/10 8.10  7.61 6.2 5.1
2 2/10 6/10 6/10 6/10 8.12  7.64 6.5 5.8
1.41 2/10 510  5/10 6/10  8.12 7.67 6.6 6.2
1 0/10 1/10 . 2/10 2/10 8.14 7.72 6.85 6.3

£12 BHBEBAHRBRAZEZBEAR
Table 12 Acute toxic of hoggery waste water to hybrid Tilapias.

Concentration Mortality . - pH DO

(%) " 24anrs  48hrs  72brs  96brs  Obr  24brs  Obr  24brs
Control 0/10  0/10 0/10 0/10  8.32 8.11 = 7.2 6.85

319 10/10  10/10 © 10/10  10/10  7.71  7.44 2.8 1.7

22.6 10/10  10/10  10/10  10/10  7.75 7.48 2.6 1.5

16 10/10 1010  10/10  10/10  7.80  7.51 2.9 1.8

11.3 10/10  10/10 10/10 10/10  7.91  7.58 3.1 2.2

8 10/10 - ‘10/10  10/10 ~ 10/10  8.10 7.61 3.1 2.7

5.6 810  9/10 10/10 10/10  8.04  7.69 4.6 4.0

4 3/10 5/10 10/10 10/10 8.04 7.72 5.8 4.8

2,82 . 4/10 5/10 6/10  10/10  8.11 7.88 6.4 5.2

2 2/10 3/10 5/10 6/10 8.16 7.91 6.5 5.8

1.41 - 0/10 3/10 4/10 4/10  8.21  8.01 6.6 6.1
1 0/10 0/10 2/10 2/10  8.24 8.06 6.9 6.3

6.4

0.71 0/10 0/10 0/10 1/10 8.30 8.14 7.1
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Table 13 Acute toxic of hoggery waste water to O)'Istér*.

——

Cbncentration Mortality ) pH - . DO
(%) 24hrs  48hrs  72hrs  9hrs  Ohr  24hrs  Ohr  24hrs
Control 0/10  0/10  0/10  0/10  8.68  8.43 7.8 7.3
90 7/10  10/10  10/10  10/10  7.39  7.28 1.8 1.2
63.7 1/10  6/10 10/10  10/10  7.40  7.36 2.1 1.6
45.1 110  5/10 10/10  10/10  7.48  7.69 2.4. 1.9
31.9 0/10  3/10 10/10 - 10/10  7.74 7.70 3.0 2.4
22.6 0/10 3/10  9/10 10/10  7.96  7.81 3.3 2.1
16 © .0/10  4/10  8/10 - 10/10  8.19 7.9l 3.8 2.9
© 11,3 0/10 1/10 7/10 8/10 8.38 - 8.03 4.1 3.5
8 0/10 0/10  5/10  6/10 8.42  8.17 4.7 3.9
5.6° 0/io . 0/10 - 4/10  5/l0  8.48  -8.22 . 5.2 4.3
4 0/10  0/10  2/10 2/10  8.51 8.29 6.1 5.1
ﬁnuliﬁﬁj@iﬁ%é%z%ﬁﬁ
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Table 14 The TLM of food plant waste water to Eel, Tilapia and Oyster.

\
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: TLM (%)
Test animal - - ' , _
. 24hrs 48hrs 72hrs 9%hrs
Eel o 57.37 40.60 25.03 13.91
Tilapia 61.47 48.23 35.34 25.90
Oyster - - 45.0 24.99

EHBAN BN SBERRE (F15 - 16 ) » BANETALEKPEAEE2 &R
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L BRI AR o




#15 AGIHBEAHBERZzSBERR

Table 15 Acute toxic of food plant waste water to Eel.

amm——
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Concentration ‘ Mortality ' | pH : DO
(‘%)‘ ~ 24hrs 48hrs 72hrs 96hrs Obr 24hrs Ohr 24hrs
Control . /10 0/10 /10  0/10 7T.44 7.62 6.5 5.8
90 10/10 10/10 . 10/10 ~10/10 5.90 7.01 4.5 0.2
v63.“7' _ » 5/10 10/10 10/10 - 10/10 6.04 7.09 5.2 0.3
"'7_‘_,-4'5’.1-’_ , _2/19_ 410 10/10  10/10  6.21  7.28 5.3 0.3
31,9 1/10  2/10 . 4/10  10/10  6.36  7.43 5.4 0.3
22.6 " 0/10 1/10  4/10 10/10 - 6.59  7.53 5.6 0.5
16 - 0/10  1/l0  3/10 510 6.76 759 58 0.8

11.3 0/10 0/10 1/10 4/10 6.86 7.69 5.8 1.6
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Table 16" Acute toxic of food plant waste water to hybrid Tilapias.

v

|

Concentration - Mortality ' pH , | DO
@ 24hrs  48hrs  72hrs  96hrs  Ohr  24hrs  Ohr  24hrs
Control 0/10  0/10 /10  0/l0 7.82  7.94 6.9 6.2
90 /10 10/10 10/10° 10/10  6.11 6.73 4.2 0.3
63.7 ~ 4/10 610 10/10 10/10  6.42  6.88 4.5 0.3
45.1 1/10° 3/10  5/10  10/10 6.73  7.02 4.9 0.4
31.9 10 310 410 6/10  6.89 7.4 5.1 0.5
22.6 0/10  1/10 2/10° 3/10  6.93  7.38 5.5 0.9
16 - o/10 010 110 1/10  7.21 7.5 5.6 1.3°
11.3 0/10  o0/10  0/10 1/10 7.5 771 58 1.8
8 0/10  0/10  o/10  0/10 771 783 6.4 2.3

&ME&?&* (F17) » BAREL 90 %5 ’i‘tﬂﬁﬁﬂ} AU PRHEEZHBRET - BE
48 /NS EFETS2 4 > LA 24 R 48 /NBF 2 TLMREER H)  ZERBIS IS » MABFZ A I E 1
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Table 17 Acute toxic of food-plant waste water to oyster.

— e " ————
— —

Concentration Mortality pH DO N
(%,) 24hrs 48hrs 72hrs 96hrs Ohr 24hrs Ohr 24h:

Control 0/10 0/10 0/10 0/10 8.95 8.41 6.6 5.4

90 0/10 2/10 10/10 10/10 6.56 7.07 3.2 0.3

63.7 0/10 2/10 5/10 10/10 6.67 7.16 3.5 0.3

45,1 0/10 3/10 5/10 7/10 7.04 7.51 4.1 0.7

31.9 0/10 1/10 3/10 6/10  7.33 7.67 5.1 1.4

22.6 0/10 2/10 2/10 4/10 7.97 7.83 5.7 . 2.8

16 0/10 0/10 0/10 3/10 8.44 7.92 6.0 3.6

11.3 0/10 0/10 0/10 1/10 8.59 8.21 6.2 4.3

8 0/10 0/10 0/10 1/10 8.71 8.34 6.4 5.1
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BEGOTR » fiBRBELH BV EEZREN BN XM BRMNERSK
CRBTREKRERE 16 %5 SARGHTARZERSYE (B1) » 31.9 %KB LEARS
MENEZE (E2 ) MREE RSN EE (B3 ) » 63.7 S RSYE B ~ HFREND
(E4) ’%ﬁﬁgﬂﬁﬂﬁﬁ\ﬁ%(ES ) o

1 {EBIT K 16 %48 ARE %8 RE Rt

Fig. 1 Hepatocytes showed vacuole degeneration. H-E stain 50x

2 {LBIREEK 31.9 %BRBRE KB L 58 gt B

. Fig. 2 Epithelium of intestine showed degeneration and necrosis, H-E stain 50x

B3 {EERTEEAS.I%MEABEEIRE LK
# HaE SE
Fig. 3. Epithelium of renal tubular showed

degeneration necrosis. H-E stain 50x
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Fig. 4 Hepatocytes showed degeneratxon and necrosis.
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Fig. 5

H-E stain 50x

Eplthellum of gill lamellae showed degeneration and necrosis. H-E stain 50x
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ﬁ,@%gﬁﬁﬁmmgﬁcﬁe),%iﬁﬁ(@7)’MA%ﬁHW€§§§ﬁ%ﬁ%(@8
Y b 45. 1% BB EMEKE N RESRR (@) m%TEmFﬁF%&&mﬁgﬂaﬁNE

o

e TRREK 22.6 % BARG RIFMREER

Fig. 6 Hepatocytes showed atrophy. H-E stain 50x

& 7 TR 22.6 % BRBH RE TRBER

Fig. 7 Nephrons showed slightly atrophy. H-E stain 50x —

B8 N TREEEA 31.9 %8 B0 1 A Mok R AR
Fig. 8 Hepatocytes showed severely atrophy. H-E stain 50x
i ﬁ%lﬁﬁﬁ%l%ﬁ@@@&ﬁﬁﬁﬂﬁﬁ&m ETERBE

Fig. 9 Occured hemorrhage in the hematopoietic tissue. Nephrons undergoes
severely atrophy. H-E stain 50x
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EHBEABREE 11.3 %8 » BABLEFARES  TRAD (B 10 ) > 8 LHEFTER
ZH (E11) » 31.9 %EFARERSE  EM(@12) o

ERTHEKEBEL 11.3 % BABKKESxN (H13 ) » ARERBAMAKREE
VBB ERURE (B 14 ) » 63.7 %R IFMRERZE S (815 ) » SHIREE  KE (1 16
) 1B LM (17 ) o

B BHEMA 11.3 % BARBRAMERETD
Fig. 10. Has congested liver and hepatocyte undergoes atrophy. H-E stain 50x

B EHERK 8 UBARBEETER
Fig. 11 Nephrons are atrophy. H-E stain 50x

W12 BHBEK 31.9 % BARB KT MEER  ZREt

Fig. 12 Hepatocytes showed vacuole degeneration. H-E stain 50x _
B3 TR 11.3 % @RBH KEE RN ;
Fig. 13 Has congested gill lamellae. H-E stain 50x. -

Bl S TEEK 11.3 % BRASBH %886 RILR
Fig. 14 Pigment deposit in the spleen pulp. H-E stain 50x
. B IRRBE K 63.7 % B R B KIT MR ER - ZREE

Fig. 15 Hepatocytes undergoes atroﬁhy and vacoule degeneration. BH-E stain 50x
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‘ i
Bi6. Bdh TIRRBIK 63.7 %88 R B 1% 4 w1 158 Ak B
Fig. 16 Causing necrosis and edema in the gill lamellae. H-E stain 50x
B fd TR K 63.7 % BAEBHEE LR MR
Fig. 17 Epithelial seperation occured. H-E stain 50x
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Table 18 The amount of ammonia in different concentration of waste water

of hoggery.
"Concent ration . - ‘ Concentration : + N
%) pH »NH“(ppm)‘ %) pH NH* (ppm)
Cont rol 8.22 0.195 8 o 7.94 101
100 7.37 %06 5.6 7.98 91.5
90 ©7.41 787 4 . 8.04  174.5
63.7 7.49 616 2.82 - 8.09 53.5
45.1 7.58 " 446 2 8.11  19.25.
- 31.9 . 7.64 319 1.41 8.14 7.5
226 . - . 7.76 . 210 . 1 8.18 4.5
16 7.8« 161.5 0.71 8.20 2.75

11.3 7.89 117
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