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Study on River Pollution in Southern Taiwan and the Effect of Industrialw

Wastes to the Aquatic Organisms

Wen-Yang Tseng, Shih-Chin Chen and Chung-Sing Chen®
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This report is based on the biological investigation of the rivers around

Kaohsiung area and the biossay results with some species of fresh water
fishes, to study the river pollution and to test the acute toxity of indust-
rial wastes to aquatic organisms, in order to trace the major sources of

pollutants discharged by plants, as a reference to plant for wastes treatm-
ent, and also to solve the quarrel problems of pollution between industrial
plants and fish farmers. The results obtained were as follows.

1. The Ah-kong-Tien River was midly polluted, toxity of the river
water to fish were varied with station and season. It was generally
polluted in the lower stream.

2. Both the middle and lower zone of the Hou-Jin River were heavily
polluted by industrial wastes, and reached the lethal level to lany kind
of fresh water fishes tested.

3. Jen-1 River was heavily polluted by industrial wastes as well as dom-
estic sewage, the river water with much organic matters and toxic
to fish with a seasonal variation.

4. The Lin-Yuan Stream is the only river which not polluted by ind-
ustrial wates or domestic sewage, no condition serious to fish and
aquatic organisms were observed,

5. Dien-pao River was a zone of recent pollution, the river was usually
clear with aquatic plants and plankton present.

6. Chien-Jaen River was seriously polluted by industrial wastes, toxity
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of the river water were more toxic in estuary than in other areas,
and the toxic condition exist all the year around, this may be corre-
lated with the heavy metal pollution in the sediments.

7. Toxity of the domestic sewage to fish was found to be related with the
nature of community. Sewage taken from old fashioned community was
more toxic to fish than the new one in the morﬁing, while in most
time of the afternoon the sewage come from new community was tox-
ic, but that from old one donsn’t.

8. The wastes of China Peteroleum Company was the most toxic among
the industrial wastes bioassayed with common carp as test animal.
The 48 hr TLm of the CPC waste to carp was as low as 2.15%. It
was considered the major sources of toxic pollutants in the Hou-Jin
River.

9. Tolerance of fishes to the same polluted water changed with species,
according to the biossay results, in order of strong to weak of the
six species were topminnow, tilapia, mirror carp, common carp,
silver carp and grass carp.
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Fig. 1. Map showing sampling stations of the rivers in Kaohsiung area.
A, Ah-Kong-Tien River, L, Jen-I Piver, N, Lin-Yuan Stream,
T, Dien-Pao River, F, Hou-Jin River. C, Chien-Jaen River.
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Fig. 2. Relative pollution of the stations in each river. 1. not pollution,
= .- 2r-recent pollution, 3. midly polluted, 4. heavily polluted and 5.
seriously polluted.
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Table 1. Occurrence of phytoplankton in river

Speciés.

Ao=A1.-Az',Aa|A4 As |F: |{-F« | Fs | Fs |F

Zooplankton
= Coepoda
# Ciliata
i+ Daphinia-logispina
tifAsplanchna priodonta
Euglenophyta
Endorina elegans
.. Euglena acus. .
" Euglena gracilis’
.Eugleria oblonga
Euglena spirogyra
Lepocinclis ovum
i+ Phacus caudatus
_Phacus triqueter
* " Trachelmonas oblonga’
Cyanophyta
Aphanocapsa pulchra . , : B o d+1 + | +
Chroococus turgidus A ‘ ’
Dactyloccopsis fasciculatris - o +
. Dactyloccopsis rupestris- . . AU R _
“Merismopedia convoluts™ +
Merismopedia punctata . T | om0
Merismdia tennuissima
Nstoc linckia
Oscillatoria anphibia
Oscillatoria chalybea
Oscillatoria lacustris
Oscillatoria ornata + + |-+ +
Oscillatoria tenuis +
Spirulina nordstedtii
Chlorohyta -
Actinastrum hantzschii e , -5
Characium limneticum + + +
Closterium litterale
Closterium lunula + + |+ + +
Crucigenia rectangularis
Crucigenia tetrapedia
Dsmidium aptogonum
Kirchneridlla obesa. + +.
Kirchneriella subsolitaria

+ |+

++
++

4 +++

++

++
+4++++ + +

+ ++++
+

++
+
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iround Kaoshiung and the pollution index.
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Table 1. Continue

Speies - Ao | Ay As | As{ As |As | Fo | Fo | Fs | Fs | Fuo

Qocystis laoustris
Pediastrum biwae +
Pediastrum boryanum
Penium minutum + +
Quadrigula :recustrus +
Quadrigula=chodatii
Scenedesmus-armatus
Scenedesmus biijuga
Scenedesmus opoliensis
Scenedesmus quadricauda
Selenastrnm westii + +
Schroederia setigera
Sphaerozosma aubertianum
Spirogyra sp.
Stigeolonium lubricum

- Tetrastrum heterocanthum
Tetraedroon muticum +
- Zygnema quadrangulatum

Bacﬂlarlophyta
. Achnanthes brivipes
Coscinodiscus lacuscris
Diatoma elongatum
Diatoma vulgare
Eunotia arcus
Fragilaria.
Fragilaria construens
Frusturia rhomboides + +
Meridion circulare
Melosira italica® -
Navicula dicephala
Navicula anglica
Nitzschiia palea
Nitzschia filiformis
Nitzschia scalaria
Pinnularia viridis
Pinnularia braunii
Pleurosigma angulatum
Rizoslénia amphibia .
Rhoccosphenia ourvata v + +
Synedra ulna + |+ |- R T+
Tabellaria fenstrata

4+ 4++ o+

++ +
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Table 2. Bioassay results of river waters in October with common carp.

Survival Survival
Station Station
24h 48h 72h 96h © 2¢h 48h T72h 9h
Ay 1ooA 100 100 100 o 100 100 100 100
A, 100 100 100 100 Cs 100 100 100 100
A: 100 100 100 100 Cs 100 100 100 100
As - "100 100 100 100 C 100 100 100 100
Aq 100 100 100 100 N 100 100 100 100
A 50 0 0 0 N 100 100 90 90
F, 100 100 100 100 N 100 100 100 100
F, 100 100 100 100 N, 100 100 100 100
Fs 100 100 100 100 T, 100 100 100 100
F | 100 100 100 100 T, 100 100 1001 100
Fy 100 100 100 100 Ts 100 100 - 100 100
Fe 100 100 100 100 T 100 100 100 100
Fs 0o 0 0 0 ’_.‘:T; 100 100 100 100
Fo .. 100 :100- 100 100~

Fio ) : .0" 0 0 0
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Table 3.Bioassay results of river waters at stations As, Fs and Fio in October.

Conc., - Common carp Talipia Top-minnow

% -24h48h 72h 9%h 24h48h72h9%h 24h 48h 72h 9% h

Station

100 5 0 0 0 o0 0 o0 0 ©0 0 0 0

75 100 100 100 100 100 100 0 0 100 100 66 O

A, 56 100 100 100 100 100 100 100 .100 100 100 66 66
" 32 '100.100 100 100 100 100 100' 100 100 100 100 100
10 100 100 100 100 100 100 100 100 100 100 100 100

100 0 0 0

0 : o o0 0 0 0

7. 16 0 0 0 0 0 0 0 6 66 0 0

 Fe 56 83 16 0 0 100 33 0 0 66 66 0 0
' 32 100 100 83 16 100 100 33 0 100 100 100 166

10 100 100 100 100 100 100 100 100 100 100 100 100

10 0 0 0 O ©0..0 0 0 -0 0 0 0

.. 75.100.100 84 66 .100 100 83 66 100 100 66 66
" Fu . 56. 100.100 100 100 100 -100 100 83 100 100 100 66
077 32 100.100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 100 100 100 100 100 100

Table 4. TLm of river water at stations As; » Fs and F,, in October to.
common carp, tilapia and top-minnow.

Common carp 7 Tilapia . Top~-minnow
Station -
24h 48h 72h 96 h 24h 48h 72h 9 h 24h48h72h9_~6h
As 100 8 86 86 8 86 66 66 77 77 62 63
Fe 66. 45 39.5 19.5 63 44 24 13 79 59 40 36

Fuo 88 8 8 8 85 8 8 83 8 88 85 83
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Table 5. Bioassay. results of ‘domestic: sewage with common €arp.:. ..

P

Station .Conc. 24h 484 .72h 96h Station 24h 48h=:72h 96 h
% ' SO A

10 0 o o 0 0 0 0 0

75 66.6 66.6 66.6 66.6 - 0 0" 0 o0

S, 56100 ~100° 100 “100 © H, - 100 100 100 100
T 32100 0100 100 100° - - - - 100" 100 100" 100
10100 “'100-° 100 100 71007 100 100 100

100 0 0 0 o0 0o 0 o0 o

750 0 0 0 50 177 17 0

Ss 5% 0 0 0 0 CH 100 100 100 100
: 32 16.6 16.6 16.6 0 100 100 100° 100
10 100 100 100 100 1000 100 100 100

100 33.3 33.3 16.6 0 0 0 0 o0

75 83.3 83.3 83.3 83.3 83.3 83.3 83.3 83.3

Ss 56 83.3 83.3 83.3 8.3 H, 1000 100 100 100

| 32 100 100 100 - 100 - 100 100 100" 100
10 100 1000 100 100 100 100 100 100

100 50 50 50 50 50 0 0 0

75 6676 66.6 66.6 66.6 8.3 0 0 0

S, 56 100 100 100 100  H,  83.3 83,3 83.3 66.6
32 100, 100 . 100 100 1000 100 83.3 66.6

10 100 100 100 100 100::.100°. 100 100

10 0 0 0 o0 333 0. 0. 0

75 5 0 0 0 . 100.16.7 - 0 0

H, 56 66.6 66.6 33.3 0 H, 100 50 50 50
= 32 <100 71000 1000 100 - S 1p0° 100 D0 100
;710100 ,-100, 100 100.- - 2 100 100 190 100

S ,o..ld,‘,,c,ommuni,ty‘ . H:New community
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Table 6. TLm of domestic sewage from two communities in a day to

common carp.

Time Station - TLm

24 h 48 h 72 h 96 h
0600 S 80 80 80 80
0600 He _ — — —
0800 Ss 21.4 21.4 21.4 21.4
0800 H, 75 60 49 44
1000 Ss 92 92 88 - 84
1000 Hs 42 42 42 42
1200 s, 50 50 50 50
1200 H, 76 67 67 65
1700 Suz — — — —
1700 Hie 85 85 85 85
1900 Su - — - —
1900 Hie 100 64 64 60
‘2100  Su — - — —

2100 Hie . 92 56 56 56
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Table 7, Bioassay results of river water in December to common carp.

Survial Survival
Station Station

24h 48h 72h 9 h 24h 48h 72h 9 h
Ao 100 95 83.3 83.3 F, 100 100 100 100
A, 100 83.3 66.3 61.7 F. 100 83.3 83.3 75
A, 100 100 100 100 F, 100 100 100 091.7
As 100 100 100 100 Fe 100 100 100 100
A 100 100 100 100 Fs 91.7 91.7 91.7 91.7
As 100 100 100 100 Fio 83.3 83.3 75 75
L, 55 11.7 0 0 N, 100 100 100 91.7
L, 38.3 5 0 0 N; 100 100 100 100
L. 78.3 38.3 16.7 16.7 Ns 100 100 100 91.7
Ls 88.3 88.3 88.3 88.3 Ni 100 100 100 100
Ls 100 100 100 100 Ty 0 0 0 0
L, 83.3 45 45 45 T, 100 100 100 100
Ls 95 95 88.3 88.3 Ts 91.7 91.7 91.7 91.7
Ls 100 45 45 45 T4 100 100 100 100
C 0 0 0 0 Ts 100 100 100 100
C. 100 100 100 100 T 100 100 100 100
Cs 100 100 100 100 ‘

Table 8. Survival of the six species of fishes in river water of station Ao
of December.

Species 24 h 48 h 66 h 72 h
Cyprinus carpio 100 95 83.3 © 83.3
Mirror carp 100 100 - 100 100
Gambusia patruelis 100 100 100 100
Hypophthalmichthys molitrix 100 100 160 66.7
Tilapia mossambica 100 100 95 95

Ctenophar yngodon idellus 100 100 83.3 66.7
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Table 9. Bioassay results of river water station C; in December.

. Conc. Common carp Mirror carp
Station %
© 24h- 48h 72 h 96 h 24 h 48 h 72 h 96 h
100 0 0 0 0 0 0 0 0
75 0 0 0 0 0 0 0 0
56 0 - 0 0 0 0 0 -0 0

32 100 100 83.3 100 100 100 100 100
100 100 100 100 100 100 100 100 100
0 100 100 100 100 100 100 100 100

TL. 43 43 40 40 43 43 43 43

Table 10. Bioassay results of river water in March with common carp.

Station - Survival Station Survival

24h 48h 72h 9h 24h 48h 72h 9%h
T, 100 100 100 100 As 100 100 100 100
T, 100 100 100 100 A 100 100 100 100
T, 100 100 100 91.7 As 100 100 80 40
T 83.3 83.3 83.3 833 F, 100 100 100 100
Ts 100 100 100 80 F, 0 0 0 0
Te 100 100 100 100 F; 0 0 0 0
L, 0 0 0 0 F. 100 100 100 100
Ls 0 0 0 0 Fs 100 100 100 100
Ls 100 100 100 100 Fs 0 0 0 0
Ls 100 180 180 180 F, 100 100 100 100
Ls 100 80 80 80 Fuo 0 0 0 0
" Le 100 40 20 20 C. 0 0 0 0
L, 100 100 60 40 G, 100 100 100 100
Ls 100 100 100 100 Cs 100 100 100 100
L, 60 0 0 0 C 100 100 100 80
Lo 0 0 0o 0 N 100 100 - 100 100
Ao 0 0 0 0 N 100 100 100 100
A - 80 80 80 80 N 100 100 100 100

A 100 100 100 80 N 100 100 100 100
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Table 11. Bioassay results of river water in March with common carp
' and mirror carp.

Stats Conc. Commen carp " Mirror carp
R % 24n  48n  72h  9%h 2% 48h T72h 9h
100 0 0 0 0 0 0 0 0
75 80 60 20 20 80 80 80 40
L, 56 100 100 80 80 100 100 100 100

32 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 100 100

100 0 0 0 0 0 0 0 0
75 100 80 40 40 100 100 80 40
Ls 56 100 100 100 100 100 100 100 100

32 100 100 100 100 ~ 100 100 100 100
10 100 100 100 100 100 100 100 100

100 0 0 0 0 0 0 0 0
75 0 0 0 0 0 0 0 0
Lio 56 0 0 0 0 100 100 100 100

32 100 100 160 100 100 100 100 100
10 100 100 100 .100 100 100 100 100

100 0 0 0 0 0 0 0 0
75 100 40 40 40 100 60 40 20
Ao 56 100 100 100 100 100 80 80 80

32 100 100 100 100 100~ 100 100 100
10 100 100 100 100 100 100 100 100

100 0 0 0 0 0 0 0 0
750 0 0 0 0 0 0 0

C. 5 0 0 0 0 0 0 0 0
32 100 100 100 100 90 90 80 60

10 100 100 100 100 100 100 100 100

100 0 0 0 0 0 0 0 0

75 100 100 100 100 80 80 40 20

F, 56 100 100 100 100 80 80 80 80

32 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 100 100
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11 G
Station Cogxc. Common carp Mirror carp
% 72h 9h 24h 48h 24h 48h 72h 9nh
100 0 0 0 0 0 0 0 0
_ 75 100 100 100 80 100 100 180 180
Fs 56 100 100 100 80 100 100 100 100

32 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 100 100

100 0 0 0 0 0 0 0 0

75 0 0 0 0 0 0 0 0

Fs 56 0 0 0 0 0 0 0 0
32 100 100 100 100 100 100 80 60

10 100 100 100 100 100 100 100 100

100 0 0 0 0 0 0 0 0

75 100 100 80 40 0 0 0 0

Fo 56 100 100 100 80 80 80 80 80

32 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 100 100

Table 12. TLm of river water in March to common carp and mirror carp.

Common carp Mirror carp
Station
24 h 48 h 72 h 96 h 24 h 48 h 72 h 9% h
F, 84 84 84 84 82 82 70 65
Fs 84 84 84 92 84 84 - 82 82
Fs 43 43 43 43 43 43 40 35
F, 84 84 82 70 62 62 62 62
L, 82 79 65 65 82 82 82 70
L 84 84 70 70 84 84 82 70
Lio 43 43 43 43 66 66 66 66
A, -84 65 65 65 84 . 79 70 65

Cs 43 43 43 43 41 4 40 35
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Table 13. Bioassay results of industrial wastes in
March with common carp.

Industrial Conc.

plant o 24 h 48h 72h 9h
5 0 0 0 0

: 4 0 0 0 0
Hh 3 0 0 0 0
2 80 60 40 40

1 100 100 80 60

75 0 0 0 0

56 100 100  83.3 83.3

= B 32 100 100 100 100
10 100 100 100 100

100 100 100 100 100

100 0 0 0 0

75 83.3 83.3  83.3 83.3

& F 56 100 100 100 100
32 100 100 100 100

10 100 100 100 100

100 50 50 50 50

o 75 50 50  33.3 33.3
B % 56 100 100 100 100
32 100 100 100 100

10 100 100 100 100

100 0 0 0 0

50 100 100 60 0

;e — 40 100 100 100 100
30 100 100 100 100

20 100 100 100 100

Table 14. TLm of industrial wastes to comrﬁon carp.

Ingfjﬁiial 24h  48h 72h 9h
Byl 2.35 2.5 1.69 1.44
= B 86 86 85 85
B # 85 85 85 85
Wk 100 100 100 100
o o— 70 70 56 45
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Table 15. Bioassay results of industrial wastes in
April with mirror carp.

Industrial Conc. Survival

plant % 24h  48h 72h 9h
100 40 40 40 40

75 100 100 80 80

X B8 56 100 100 100 100
32 100 100 100 100

10 100 100 100 100

100 0 0 0 0

75 0 0 0 0

= B’ 56 0 0 0 0
32 100 100 80 80

10 100 100 100 100

100 0 0 0 0

75 60 60 60 60

& B 56 60 60 60 60
32 80 80 80 80

10 100 100 100 100

100 100 100 100 100

75 100 100 100 100

H OE 56 100 100 100 100
32 100 100 100 100

10 100 100 100 100

100 0 0 0 0

75 0 0 0 0

R 56 0 0 0 0
32 0 0 0 0

10 60 60 60 60

" Test fish: mirrot carp, 4.59—5.20 "cm
Water temp: 27—28°C

Table 16. TLm of industrial wastes to mirror carp.

Industrial
plant 24h 48h T72h 9%h
91 91 91 91
42 42 39 39

79 79 79 79

—_— — —_— —

12.5 12.5 12.5  12.5

#H H o 1T M
T HEHESR
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Table 17. Bioassay results of industrial wastes in April with common carp.

mﬁgﬁlC@92uw3hnh%mlﬁﬁgﬂcgﬁ24hmhmh9m1
7% 0 0 0 0 100 100 100 100 100

5 0 0 0 0 75 100 100 90 90

B O 3220 20 20 20 T 5 90 90 90 80
28 40 20 20 20 32 90 80 80 80

10 80 80 60 40 10 100 100 100 100

5 0 0 0 0 100 0 0 0 0

3. 0 0 0 0 7% 0 0 0 0

£ & 28 0 0 0 0 @& 56 0 0 0 0
16 20 20 20 0 32 70 70 45 30

5 100 100 80 20 10 80 80 80 60

3 0 0 0 0 100 20 20 20 20

28 0 0 0 0 75 100 80 60 60

b 6 0 0 0 0 & 56 100 100 100 80
5 20 20 0 0 32100 100 100 100

2 100 100 100 100 10 100 100 100 100

100 100 80 80 20 50 0 0 0 0

75 100 100 80 20 37 0 0 0 0

& B 56 100 100 100 60 % 28 0 0 0 0
32 100 100 80 60 6 0 0 0 0

10 100 100 100 80- 5 80 60 40 20

100 0 0 0 O 100 100 60 40 40

750 0 0 0 75 100 80 60 40

L 5 0 0 0 0 @k 56 100 80 80 60
32 100 100 100 100 32 100 80 80 60

10 100 100 100 10 100 100 100 80

100

Test fish: Common carp,' 2.0-3.0 cm
water temp:27-28°C ‘
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Table 18. TLm of industrial wastes in April to

common carp.

Industrial

24 h 48 h 72 h 96 h

planta

B OB 16.5 16.5 16.5 16.5
E % 10.5 10.5 9.0 4.1
x B 3,9 3.5 3.1 3.1
= — — — —
= S o 43 43 43 43
W &= — — — —
® K 41 41 28 15
& B 90 82 80 80
R 2 9.0 6.0 4.6 4.1
X B — — 86 64
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