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Explanation of plates

1. 2. Oysters cultivated by hanging method.

3. Clam beds in the tidal zone.
4, 5. Large scale death of clam.

6 t0 9. The river condition of Pu-Tzu River in dry seascn (November to April) from upstream to downstream.
The quantity of the river water is small and the water is heavily polluted.
10 to 13. Condition of Pu-Tzu River at same places in rainy season (May to October).
The river is full of water and the pollution is light.
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15. Industrial wastes discharged from plant. 16. On way to river.
17. Flow to rice paddy. 18. Near river.
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19. Shrimps caught frem clean river water, 20. Same species of shrimps caught from polluted river water,
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SUMMARY

Culture of oyster and clam along the southwest coast of Taiwan is one of the important
fisheries of this Island (Plates 1 to 3). The production in 1974 were 14,310 metric tons
of oyster meats and 7,696 metric tons of clams, respectively. These shellfishes have suffered
high mortalities each year in April-May since 1969. The average death rate was about 407,
sometimes reaching as high as 70 to 80% (Plates 4 to 5). The loss was estimated to be
NT$100 million annually.

Several things have been suspected to be the causes of the mass mortalities, such as: (1)
water pollution from rivers; (2) disease of the shellfishes; (3) sudden change of environmental
factors, e. g., temperature or salinity; (4) overcrowding on the culture beds; (5) red tide;
(6) pesticide pollution. etc, In order to determine the cause of these mass mortalities, the
possible effects from water gualities, toxic substances, heavy metals and pesticides were studied.
It was found that water pollution of the streams was the major cause of the large scale
death of the shellfishes.

In Taiwan, oyster and clam are cultured in the estuaries of many streams, because there
are very few bays along the coast of this Island (Fig. 1-1 and Fig. 2-1). There are many
industrial plants, mostly paper mills, located upstream near the railroad (Fig. 2-2). Most of
these plants discharge their wastes without prior treatment. Theoretically, the oyster and
clam should be affected by the pollutants from the plants. But many people do not believe
water pollution to be the cause of the mass mortalities of oyster and clam, because the
plants discharge their wastes all year around, but the oyster and clam die only in April or
May.

However, if we are familiar with the climate and river condition of Taiwan, we shall
understand that water pollution is the most probable cause of the mass mortalities of oyster
and clam. In southwest Taiwan, the rainy season is from May to October and the dry season
is from November to April (Fig. 2-3). In the rainy season, the river is full of water (Plates
10 to 13). Therefore, the discharged industrial wastes may be diluted by river water, and
the shellfishes cultured in the estuaries will not be harmed. In the dry season, the quantity of
the river water is small (Plates 6 to 9) and the flow is very sluggish. Hence, most of the
pollutants will not reach the estuaries, but settle on the river bed. At the beginning of the
rainy season, i.e., April or May, the first heavy rain may bring the pollutants concentrated
on the river bed down to the coastal areas and cause the oyster and clam to die.

Pu-Tzu River was selected as a model to study whether this postulation is true. Six
sampling stations along the river, and 4 stations around the estuaries were set up (Fig. 2-2).
From April 1974 through April 1975, 8 samplings were made to study the water qualities of
the river: flow rate (Fig. 2-4), COD content (Fig. 2-6), dissolved oxygen (Fig. 2-7), pH (Fig.
2-8), color of water (Fig. 2-9), ammonia nitrogen (Fig. 2-10), basic anion and cation groups
(Fig. 2-5 and Appendixs 2-1 to 2-8), and the dissolved oxygen in the pathway of the plant
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wastes (Fig. 2-11). In addition, the dissolved oxygen in the rivers of the southwest area of
Taiwan were also studied (Fig. 2-12). Based on these data, it was concluded that these rivers
were heavily polluted by industrial wastes in the dry season, i.e., from October through April.
Although the estuaries where the oyster and clam cultured were also polluted by industrial
wastes in the dry season, the heaviest pollution occured at the beginning of the rainy season.

In order to know whether the death of shellfishes is related to the toxic substance, the
water samples from Pu-Tzu River and its estuaries were also bioassayed with common carp,
guppies, and tilapia. It was found that: (1) Opn April 30, 1974, the water sampled either
from the river or its estuary all contained high toxicites. Even when it was diluted to 4%,
about half of the test fish died after 96 hr (Table 3-1). This explains the large scale death
of shellfishes in the field on April 29-30, 1974. (2) From May 1974 through April 2, 1975,
in spite of the high concentration of the test water (as high as 23%), almost no fish died
after 96 hr (Tables 3-2 to 3-8). At this time also no death of shellfishes occured in the
culture area.

Sediments settled on the river bed near the industrial plants were sampled on April 1975,
and prepared as suspended solution for bioassay. The results indicated that a 330 ppm sediment
solution could kill all fishes within 30 min. Even if the sediment solution was diluted to
66 ppm, all test fishes died within several hours (Table 3-9). When oyster and clam were
immersed in the 330 ppm sediment solution, almost all oyster and clam died after 72 hr. About
half of the oyster were killed after 96 hr in a 66 ppm solution (Table 3-10). Restoration of
the oyster to clean water after it had been immersed in the toxic sediment solution for several
hours revived some of the oyster (Table 3-11). But the oyster which had been immersed for
only 3 hr, still had a very high death rate. This may mean that, in the field, exposure of
only a few hours to the toxic solution could be lethal to the shellfishes.

From May 1974 through March 1975, no mass mortalities of shellfishes were reported.
The first heavy rain in 1975 fell on April 5, and large scale death of oyster and clam occured
on, April 7-8, just as postulated.

Based on the water qualities, bioassay results and field surveys, the conclusion is the toxic
substance(s). discharged from, the industrial plants settled on the river bed during the dry season.
When first heavy rain fell in the rainy season, the toxic substance(s) concentrated on the river
bed were all brought to the estuaries, killing the oyster and clam. This is the cause of the
mass mortalities of the shellfishes.

Since heavy metals and organochlorine pesticides are very toxic to human being, if the
toxic substance that killed the shellfishes were either of them, eating of the survived shellfishes
may be harmful to the consumer. Therefore, oyster were sampled once a month from March
1973 through March 1974 for heavy metals and organochlorine pesticides analyses. In April
1974 both dead and live oysters were sampled and analyzed. It was found that: (1) During
the entire year, the mercury, lead, cadmium, copper, zinc, nickel, and arsenic contents in
the oysters were all close to the ordinary levels (Fig. 4-1). (2) No aldrin, heptachlor and
heptachlor epoxide were detected in the oysters, and only small amounts of DDT, BHC and
dieldrin were present (Fig. 4-2). (3) The heavy metal or organochlorine pesticide contents
in the oysters sampled in the “danger season” were not higher than in other seasoms. (4)
Neither the heavy metal nor the organochlorine pesticide contents showed any difference
between live and dead oysters. (5) Although the sediment did contain organochlorine
pesticides, but the concentration was not high enongh to have acute toxicities to shellfishes.
In view of the above resuslts, it could be said that the heavy metals and organochlorine
pesticides have no direct effects on the large scale death of the shellfish, and no heavy metal
and organochlorine pesticide intoxication will be caused by eating the survived shellfishes.
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Table 1-1. The change of shellfish culture area (hectare) in Taiwan.

i

Oyster : Clam
Culture area e - ——

1953 1963 1973 | 1953 1963 1973

FPIM HsinChu Pref. | 338 | 198 w | - ‘ - 30
By Tai-Chung Pref. | 134 | 444 3 — 206 1,103
#/k8% Chang-Hua Pref. | 1,185 ( 1,585 2,350 | — [ 377 | 1,070
2485 Yun-Lin Pref. l 600 [ 1,690 3,60 | — ] 160 | 513
%38 Chia-l Pref. 850 | 1,93 1,844 { — 1 20 1,166
#EIR Tai-Nan Pref. ) 729 r 745 | | - 1 68 237
BF77  Tai-Nan City | 555 | kyp3 ‘ 74 — | 3 3
BilfE Kao-Hsiung Pref. | 520 | S50 | 480 % 5 t s | -
Tl Kao-Hsiung City | 419 } 125 } 6 | 55| 200 J 5
Total { 5,330 } 7,668 | 9,546 € | 1,3% ( 4,132
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Kao-Hsiung
5 i

Fig. 1-1. Shellfish culture area in Taiwan (1974).
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Fig. 2-1. Map showing southwest coastal area of Taiwan.
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Fig. 2-2. Map showing sampling stations in Pu-Tzu River and its estuary.
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Fig. 2-3. Seasonal precipitation at A-Li-Shan and Chia-I.

REAAFE TG 2840 EENR St 6 AREMBT 2K » HF55 1 Table 2-1
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Table 2-1. Seasonal water levels (¢cm) of Pu-Tzu river at station 6
(Yueh-mei-tan bridge).

 Month | Mar. 26 | May. 1 | Jun 28 | Sep. s | Nov. 8 | Jan. 14 f Feb. 20 | Apr. 2
1974 1974 | 1974 1974 | 1974 1975 1975 | 1975
i Ty T - | T T : I

Water level | 5.5 25.9 £ 59.7 134.1  20.5 0.2 ! 3.7 0.2
| , j N
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Fig. 2-4. Seasonal variation of flow rate in Pu-Tzu River.
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Appendix-1. The water qualities of Pu-Tzu River and its estuary on April 30, 1974.

Sea water River wajer
Station
-1 | 12| 14| 2 I 3 [ 4 [ 5 [ 6 7
Time of Sampling 15°30 §15°4o' 16°30° | 17°07" | 15°3p! |11°55' | 14°00" | 14°507 | 15°307
Air temp (°C) 26.0 1 26.0 | 26.0 | 26,0 | 28.5 | 25.0 | 26.0 | 26.0 | 26.0
Water temp. (°C) 26.5 | 26.2 | 28.0 | 29.0 | 30.0 | 29.2 | 30.5 | 30.0 | 28.0
pH 591 7.0, 73| 76| 67| 83| 99| 11.8| 10.9
DO (mg/1) 74 82| 36| 04| 1.1 1.2] 12| 03| 3.6
COD (mg/1) —| —| —| 36| 320| 18| 180] 19 | 90
NH,-N (mg/1) _ —1 —| —| 12| 23| 090 | 1.33 | 1.16 | 0.60
Color (Trans. at 440nm) | 91.5 | 94'3 | 88.0 | 73.5| 48.0 | 81.0| 76.0 | 66.2 | 91.5
Cl (mg/D 18,200 |18,300 | 8,260 | 1,040 | 142 53 71 98 22
S04 (mg/1) 2,750 | 3,974 | 2,750 | 200 59 62 63 60 66
Alkalinity (mg/l CaCOs) 10| 120 | 170 | 340 | 330 | 240 | 260 | 180 | 220
SiO: (mg/1) 0.12 | 0.09 | 40.0 | 10.00 | 4.65 | 1.90 | 3.65 | 2.50 | 0.65
Ca (mg/D —_ -] - 75 50 4| 50 40 40
Mg (mg/l) —| = = 335, 10| 8| 9| 75| 35
Na (mg/D) - — — | 710 | 115 45 25 85 15
K (mg/D e — — | 55.0! 28.0! 10.0| 8.8] 21.0] 5.4
Filtrable residue (mg/1) — — — 11,523 588 342 426 402 238
Total residue mg/1) —_ — — 1.1,628 552 936 696 520 270

Appendix-2. The water qualities of Pu-Tzu River and its estuary on May 9, 1974.

Sea water River water
Station o

1-1 2 3 4 5 6 7 .
Time of Sampling 13°52/ 15°35" | 14°507 | 14°27 13°35/ 11°45° 4 10°50".
Air temp. (°C) .30.0 27.5 300 30.0 31.0 30.0 '32.0
Water temp. (°C) 32.0 . 31.0 30.0 30.0 42.0 '25.0 27.0
pH — 7.9 7.7 7.8 7.2 7.1 7.4
DO (mg/1) — 10.2 8.3 3.9 0.8 0.1 —_
COD (mg/1) 9.7 12.6 17.8 15.6 13.9 172.8 5.6
NH~N (mg/1) <0.25 0.30 1.90 1.10 0.60 1.60 0.30
Cl (mg/l) 18,600 11,000 | 3,850 220 36 206 21
SO, (mg/1) 2,300 890 690 57 13 22 4
Si0: (mg/1) < 1.0 2.9 9.0 14.0 15.0 20.0 8.3
Ca (mg/l) — 47 330 25 100 60 95
Mg (mg/D) — 83 | 1,680 140 45 105 20
Na (mg/1) — 9,075 | 7,260 205 50 105 10
K (mg/D) - 1,029.0 847.0 36.0 13.9 10.9 3.2
Filtrable residue (mg/1) — 294 350 272 362 702 204
Total residue (mg/1) —_ 362 350 386 388 894 218
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Appendix-3. The water qualities of Pu-Tzu River and its estuary on June 28, 1974.

- Sea water River water
Station
-1 | 12 ] 13| 2 3 ] 4 l 5 6 7

Time of Sampling 10°55 | 11°7% | 12°07 | 11°0/ 10°18" | 9°55/ 9°36" | 9°107 | 9°25/

Air temp. (°C) 30.0 | 30.0 29.0} 29.2 ¢} 26.2 | 26.0 | 25.8 | 25.5: 23.4

Water temp. (°C) 31.0 31.0 31.3 30.1 30.3 28.9 28.5 28.0 27.0

pH - 771 7.8| 81| 73| 73| 12| 72| 70| 7.5

DO (mg/D) 6.4 6.4 4.2} 5.2 6.8 2.4 4.0 3.8 10.6

" COD (mg/1) 63| 6.4| 21.5 12.7 12.7 | 39.2 ] 22.2 | 21.5 7.4

NH~N (mg/l) 1.86 | 0.40 0.20 0.86 0.25 2.65 0.62 | 0.62 | 0.25

Color (Trans. at 440 nm) 98.0  95.0 | 91.5| 93.5| 92.0 ! 71.0 | 8.0 | 95.0. 92.0

Cl (mg/D 13,670 (15,090 533 36 36 18 39 25 14

- 80; (mg/N 1,750 | 1,550 75 50 4] 42 41 36 34

Alkalinity (mg/l CaCOy) 105 110 150 150 155 120 215 165 145

SiO; (mg/1) ' 1.6 24| 75| 76| 78| 80| 70| 82| 7.2

Ca (mg/1) — — —_ 25 130 55 125 90 90

Mg (mg/D) — — — 200 160 125 60 85 60

‘Na (mg/1) — -] - 35 15 18 20 | 110 15

K (mg/1) — — — 7.5 6.4 8.0 6.8 14.5 4.0

- Filtrable residue (mg/1) - — — 122,842 (11,242 866 500 308 184

Total residue (mg/1) — — — 21,676 111,214 | 1,010 | 548 | 380 | 268

Appendix-4. The water qualities of Pu-Tzu River and its estuary on Sep. 5, 1974,
Sea water River water
Station 7

1-1 1-2 1-3 1-4 2 3 4 5 6 [ 7
Time of Sampling 9°5071 9°307] 8°507| 8°207, 11°32} 10°307, 9°47") 9°107| 8°30", 7°%
Air temp. (°C) 26.0] 26.0f 26.00 27.0, 31.0f 31.5, 29.0 30.0, 28.5, 26.5
Water temp. (°C) 27.8]  27.5] 28.0; 26.2 28.1f 28.0 27.0‘ 29.0l 27.5) 25.5
pH 7.8 7.8 7.6 8.4 4.0 8.0, 7.9 7.8 8.0 8.3
DO (mg/1) 8.4 7.9 5.8 4.0 4.6 5.0 8.0 6.8 7.0 9.2
COD (mg/1) 4.2 6.3 12.3 8.1 7.3; 12.1 17.0' 10.5] 6.5 8.1
NH~N mg/D) <0.25/ <0.25] 0.28 0.25/ 0.46, <0.25 <0.25 <0.25 <0.25 <0.25
Color (Trans. at 440 nm) 97.0, 97.00 81.7, 86.5 88.5 87.8 90'01 90.0; 93.0] 96.6
Cl (mg/]) 12,692 (12,348 2,929 110 18 11 11 7 11 4
SO¢ (mg/1) 1,550 2,050 300 40 20 20 25 30 30 25
Alkalinity (mg/) 105 105 95 95 60 60 65 85 75 95
Si0O: (mg/D 2.8 4.1 9.1 9.2 8.8 6.8 10.5 8.0i 11.4 11.6
Ca (mg/l) — —_ - — 55 55 55i 35 23 75
Mg (mg/1) - = -~ — 55 50 25 55 72 130
Na (mg/1) — —_— - — <20, <20 <200 <20 < 20‘ <20
K (mg/D) — — - — 4.4 3.4 3.6 3.8 3.8 2.9
Filtrable residue (mg/1) — — — — 228 360; 250, 232 196} 188
Total residue {(mg/D) —_ — — — 778 916l 2,566 972l 1,340l 546

— 23 —



‘Appendix-3. Thefv/vater qualities of Pu-Tzu River and its estuary on Nov. 8,-1974.

[

Sea water River wrate
Station I :
-1 | 12 | | 2 3 4 t 5 |6 | 7
Time of Sampling 10°107 | 11°0" | 11°507 | 11°18’ | 10°407 | 10°4' | 9°35" | 8°56' | 7°31
Air temp. (°C) — — — | 27.7 | 28.0 | 28.3 | 29.0 | 29.0 | 28.0
Water temp. (°C) — — — | 26.0 | 26.0 | 25.0 | 25.5| 26.0 | 25.0
pH 70| 71| 79| 82| 79| 83| 86| 85| 8.7
DO (mg/}) — — —| 7.0] 35| 32} 27| 11| 9.6
COD (mg/D) 8.2 8.6 47.0 | 38.5 | 33.5| 44.1| 48.3 | 180.0 | 12.1
NH,-N (mg/) 1.10 | 1.05 ) 1.35 | 1.30 | 1.65| 1.23 | 1.33°} 1.33 | 0.50
Color (Trans. at 440 nm) 98.2 97.5 1 90.6 | 8.6 | 89:2 | 89.3 : 89.21° 71.5 | 97.1
N 2 4 —
Cl (mg/D 16,218 |14,910 | 2,400 | 185 60 53 46 46 39
SO, (mg/H 2,300 | 3,400 | 176 68 50 50| 's0 52 42
Alkalinity (mg/1 CaCOy) 115 | 125| 245| 265| 220 230 2301 230 | 190
SiO: (mg/1) 221 3.0| 93| 13.4| 108| 84| 8.4 152 6.0
‘Ca (mg/1) — — — | 170 175 175 180 | 170 | ‘165
Mg (mg/D) — — | —1| 200| 195| 15| 10| 90| :80
Na (mg/1) — — — | 105 35 25 | 520 30 | <20
K (mg/) — — — | 11.0) 60| 50| 44| 45| 2.3
Filtrable residue (mg/l) — — — | 696 | 472| 43¢ | 432'] 438 | 348
" Total residue (mg/1) — — — 764 508 486 454 466 I 2_98
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Appendix-6. The water qualities of Pa-Tzu River and its estuary on Jan. 14, 1975.

{(a) River water

Station 2 3 4 5 6 7
Time of sampling 11°0 1020 9e55 9°10" 12°24! 8°0/
Air temp. (°C) 21.0 20.2 19.8 20.0 —_— 19.0
Water temp. (°C) 18.8 19.0 19.8 19.8 —_ 19.0
pH 8.2 8.1 8.2 8.3 7.6 8.6
DO (mg/l) 2.9 3.5 2.1 3.5 < 0.5 8.0
COD (mg/1) 131.3 168.8 271.9 225.0 787.5 17.5
NH~N (mg/l) 2.3 3.2 2.4 2.0 2.0 0.5
Color (Trans. at 440 nm) 81.0 84.0 85.0 81.5 81.5 97.0
Cl (mg/D) 1,884 188 74 74 60 37
SO, )mg/l) 248 86 86 83 92 65
Alkalinity (mg/l CaCOs) 290 360 385 335 340 235
Si0; (mg/) : 2.4 31.2 37.2 44.0 43.2 17.2
Ca (mg/l) 240- 245 100 265 250 130
Mg (mg/D) 970 340 25 325 350 158
Na (mg/D) 1,200 140 76 120 79 30
K (mg/N 820 8.9 14.0 8.0 14.0 4.6
Filtrable residue (mg/l) 4,092 944 716 790 814 470
Total residue (mg/1) 4,266 952 808 894 852 2,476
(b) Sea water
Depth Low tide High tide
Station
m | 1-1 | 12 | 13 | 14 1-1 ‘ 1-2 [ 1-3 } 1-4
‘Time of sampling oust | 1645 | sesst | 1743 | 160200 | 10025 | 157300 | 13w
Air temp. (°C) 165! 17.5| 160 17.0| 17.0| 17.5| 17.8} 17.5
’ . o0 1621 171 1701 165| 17.0] 16.8| 18.4| 19.0
Water temp.( °C) {| 7 | 165 | 170 | 164 | 165 | -17:0| e8| 17.4| 185
H { 0 7.6 7.9 7.5 7.8 7.8 7.7 7.8 7.8
bt 1 7.9 7.9 7.5 8.0 7.7 7.7 7.8 7.8
: , 0 93! 92| 8.4 8.8 9.0 7.7 9.3 8.4
DO (mg/D { 1 80| 92| 90| 83| 94| 90| 90| 83
0 152 19.6 | 21.4] 33.8| 159 10.0] 154 33.8
COD (mg/l) {| | 26| 84| 91| 30| 21| 133| 171 360
0 |<0.25 <0.25 |<0.25 | 0.80 | <0.25 | <0.25 | <0.25 | <0.25
NH~N me/h) {3053 |05 |<0%5 | 0,87 | <0035 | <0.25 | <025 | <0.25
Color { 0 84.0 | 95.0| 98.0] 91.0| 920 93.0| 97.0| 94.0
(Trans. at 440 nm) 1 92.0| 92.0| 9.5 | 96.0| 9.5| 96.0 | 97.5| 99.0
ol 0 173 1770 17.5] 136! 17.2] 1751 173! 166
(%) { 1 17.6 | 17.6 | 17.9 | 13.9| 17.4 | 17.0| 17.6 | 18.9
SO, (G o | 2.65! 272 2.80| 1.85| 2.65| 2.60| 2.65 2.20
s (%) { 1 | 272 2.65| 290 | 1.85| 2.65| 272| 2.65| 2.6
Alkalinity { 0 120} 115 165 170 110 110 110 140
(mg/1 CaCOy) 1 120 115 110 150 115 110 110 65
. 0 1.5 1.0 1.0 6.9 1.6 1.1 ] <1.0 4.3
Si0: (mg/l) {1 12| <10 <1.0| 66| 14| <1.0| <10 1.4




Appendix-7. The water qualities of Pu-Tzu River and its estuary on Feb. 20, 1975.

(a) River water

Station 2 3 4 5 6 7
Time of sampling 11°207 10°50" 10°20° 9°53 9°s/ 8°25'
Air temp. (°C) 17.8 19.0 19.5 17.4 15.2 15.2
Water temp. (°C) 15.4 15.2 16.4 15.8 14.2 19.4
pH 7.8 9.3 8.5 8.2 8.6 9.0
DO (mg/l) 9.6 11.6 12.0 13.0 11.0 9.0
COD (mg/l) 40.4 36.1 27.6 34.0 44.6 3.8
Color (Trans. at 440 nm) 87.5 84.5 93.8 92.3 83.0 97.5
Cl (mg/b 854 225 77 80 144 —
SO, (mg/1) 264 68 132 116 100 60
Alkalinity (mg/l CaCOy) 245 295 285 270 280 230
Si0; (mg/l) 13.8 22.4 14.4 10.2 22.8 76.8
Filtrable residue (mg/1) 2,622 972 658 644 756 376
Total residue (mg/h 2,582 1,808 676 684 "854 402
(b) Sea water
Depth Low tide High tide
Station
m | 11| 12 | 13| 14 1| 12 | 13| 14
Time of sampling 10°55¢ | 10°407 | 107107 | 942 | 15200 | 15%40" | 165 | 16%30
Air temp. (°C) 140 | 145 155 175 17.0| 17.0| 16.0| 16.5
" 0 | 17.0| 16.0| 18.0| 160| 17.0| 16.0| 16.0| 16.0
water temp. €O {| 7 | g0 150 | 165 16.0| 17.5| 16.5| 17.0| 17.5
u { 0 8.1 82| 7.9 7.7 8.8 9.3 8.4 8.8
p 1 8.2 8.3 7.9 7.7 8.9 9.1 8.3 8.8
0 | 10.7] 10.8] 10.2] 9.4| 105]| 10.4| 10.5| 105
DO (mg/) {1 1 04| 03 100| 94| 103| 104 11.0| 106
0 45| 48| 53| 13.2 4.5 4.3 5.1 4.3
COD (mg/1) { 1) 48] 43| 30 157 43| 23| 33 9.4
g fl 0 |<0.25 | <0.25 | <0.25 | <0.25 | <0.25 | <0.25 | <0.25 | <0.25
NHeNmg/h 7 12025 [ <0.25 [<0.25 | <0025 | <0125 | <0.25 | <0.25 | <0.25
0 | 203| 173 164 02| 16.6| 17.1| 17.8| 16.6
Cl (%) { 1 16.4 | 17.3 | 16.9 7.9 16.9 17.3 17.3 16.8
0 | 2.65| 2.65| 2.45| 1.201 2.65| 2.50| 2.70| 2.45
S04 (%) { 1] 255| 270 245| 125| 27| 27| 270 243
Alkalinity ! 0 15| 120 125| 180 115 130 120 80
(mg/l CaCOy) 1 125 125 135 220 115 125 130 130
. 0 35| <1.0! <1.0| 7.1] <1.0| <1.0| <1.0| <I1.0
$i0: (mg/l) {1 ] <io|<t0] S1i0] 74| <tol <10 <t0| <10
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Appendix-8. The water qualities of Pu-Tzu River and its estuary on Apr. 2, 1975.

(a) River water

Station 2 3 4 5 6 7
Time of sampling - 9°19’ 9°3 845! 87 7°35"
Air temp. (°C) — 18.5 17.5 17.5 16.0 14.5
Water temp. (°C) — 20.0 20.0 20.5 19.0 22.0
pH — 7.7 7.7 7.7 - 8.0 8.3
DO (mg/) — 11.6 0.5 0.7 6.1 7.6
COD (mg/l) 77.5 97.5 202.5 135.0 97.5 27.0
NHN (mg/) 0.84 1.74 0.60 1.50 2.34 <0.25
Color (Trans. at 440 nm) 88.7 72.0 46.0 80.5 80.0 98.2
Cl (mg/D 2,024 355 92 85 124 32
S04 (mg/h 301 150 92 80 77 67
Alkalinity (mg/l CaCOj) 235 310 340 295 305 200
SiO: (mg/l). 14.8 32.8 33.6 28.0 29.2 14.8
‘Ca (mg/ 270 240 100 225 235 180
Mg (mg/D 830 235 235 205 165 220
Na (mg/D) 1,160 216 91 - 62 70 25
K (mg/l) 94.0 42.0 15.0 14.0 14.5 4.6
Filtrable residue (mg/l) 3,856 1,146 754 668 706 426
Total -résidue )mg/1) 4,026 1.242 908 740 798 502
(b) Sea water
_ Depth Low tide High tide
Station -
m | 1-1 | 1-2 [ -3 | 14 1-1 1-2 1-3 1-4
Time of sampling 10°%7 | 10°207 | 9°207 | 8°52/ | 14%23' | 14°317 | 15°2' | 15°30°
Air temp. (°C) 1 2055| 205 200] 200} 20.5| 20.0| 20.0]| 18.0
T . 0 18.5 20| 18.0] 18.0| 200 20.5| 205! 19.5
water temp. €C) {| ] | 137 20| 18.0| 185| 200! 20.5| 21.0| 20.0
- { 0 79| 7.8 7.8 751 - 7.9 7.9 8.0 7.9
p 1 8.5 7.8 7.8 7.7 8.0 8.0 8.0 7.9
0 79| 79! 79| 6.9 8.9 9.0 8.7 3.0
DO (mg/l {1 78| 78| 76| 671 85 82| 86| 81
0 721 7.5 7.2 21.0 4.5 5.6 49| 10.0
COD (mg/h { 3 971 90! 80| 240 7.3 7.3 56| 95
: 0 |<0.25 |<0.25 |<0.25 | 0.52 | <0.25 | <0.25 | <0.25 | 0.30
NHN g ] ] ISR I0RISIB ] IR SR 0B 0B 0
Color { 0 99.0 100 | 99.0 | 96.0 1001 99.5 100 | 99.3
(Trans. at 440 nm) 1 93.8 100 | 100 100 100 | 99.5 100 | 100
Cl @ { 0 17.6 | 18.4 1 17.1% 103 17.9) 17.8| 18.4 ! 17.1
00 1 17.8| 18.3% 1730 107 17.9| 183 19.1| 18.1
SO, (%) { 0 2060 | 2.50| 240 1.471 260] 2.60| 2.80| 2.60
+ (7o 1 2.60 | 2.60 | 250 | 1.72) 2.75| 2.60| 2.60 | 2.70
Alkalinity _ { 0 115 115 120 170 115 115 115 120
(mig/l CaCOy) 1 130 | -115 115 180 115 120 120 130
‘ : 0 1.00 |<1.00 | 1.654 15.0 | <1.00 | <1.00 | <1.00 1:20
S0 mg/h {7 | 1l00|<1io0| 16| 132 | 100 | <100 | <100 | <1:00
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B BTN R K B LB E 2 e BN KEBR A UER AT 2
B o hBt R » ERFLTHEEN 2B A BETIFIN A8 « HUBREK » S~ 7R
KZKW » W FRERIIR 21554y » RERRERS » B 082 RERE « (B2 » TUBRRE
MEHRMy RN 0 2 LR C 2 RA P H B E  FARESREC? SRR
BILSER BT 08 o KBRS 2 AR T RBRE - 25 ? M AH L ER
DR E YR E R ITEREE -

HE S THATES 2T > BR—F L TRESERST - A2 HRRE - RFISRME
SRR BK BARE S - BT o BFSAZHAY » BAEEERA T EEEEORLE
BHE > TN R AR Z SR » (R R ZEIN RS o B2 FRYE » S RIFE LM
B2 » HIRE Y 2 P (methane) » MBS S KA TR o QFRMEKE » LA Z1
{LHEBER AR ERER » BETRABLEY ° QERITIEMKERTH ZE8LR » GHEZKER
2 pH B4 o () GRS RARY » SLERYESFRARBMS BRR - W AEEGLE - 6%
WaHEEEREAyE » HROEER  OBRHEERIEREIAHEY » S FRYHSERRE
BRI o B LREETES  AIEBREACZ XBRE » ESVOKELR ZHE » FRRET
EMRTE » LRI RS 2K h RE M ZUYE o AT B TRE AT Z AR R
HRZEL DR BREERSESY o REBRBBBRGKRITERTK ZEL » BESHRL
EMFUYE  WHRBRERCZAR « UTRFMZESE -

0D 8B 5 &%

— > EMRE (bioassay) AElk :
AN E A2 AKX RERKELRS R ZEKIER » MRS » REFEH Fig. 2-2 5

ZHEF o AXWERBEZE Y BARTEDRE

ZRWRAR:

FEBhit A ERABSEYREZME » )/ » common carp, Cyprinus carpio KiIE
—@EAEERNZHER  REGFRR » RAEMZE2REHE 10 & 30mm E478  HA—ARBA
BRI T2 o thamf > REEAR  BRANBRKARRBEGRERIMRE - QRAR
Tilapia mossambica /iy 4~5cm % 8~9cm TR » $RAKEERBRATIENE 78S 28R o (B)4L
¥f » guppies s Poecilia rericulara £} THIE 2 BB FUL o BB 20 mm » L) ERARIERIER
S84 » J6LIFL4e4E malachit green (0.1~0.3 ppm) i » RRBEENEIENLBAR » FRHEH
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AL o MARBIAERE » MEREA ILEARTEERRESM  BRIEEN  FEARRE
RETEEZ & EAYREN » AV EEREILERTE » £4YHREH T8 » FiLB&
E-RBHAREK|:

BREFAYAEZAESM ) DHEEEBERE —AWEEHIETHRES  BHANWER
B > HeivE 152 20 E4HE » Bl—e R0 R 100 =8 150 £ o S RI—KREE M 100 fEA
£ o M BB E K 2B BB RGUAE AAREE « UK EERRRE o BIZBFHEAHIEA—
EXRWBAAL » MAATIFK 10015 spb RIGR L 30 & SOMEA AEEE » A—E3RHEL » I ATLH
K 1000 MLERFENEBERE (stock) B o ATHAKZEMERMR Vant Hoff, J.H. 23%®» X
Cl=14.6%, » L ESES 1.019 5 Salinity £ 26.38% o it EEFED FHEBEMERET Y 1.020,
RESEHESHAZEELE 1.015~1.025% 0 BREBREIZ A » R LAE—F"H » Bt
EMBE » URTEE-BNEREE o AAEBEREN  MEARMERRET LSRR WER
BRERNBER-BALEAL > MEABBEABEEAERSR o FRUME > REHBRAK » RREDIGLIEF o
- AEAREERYBREAARK

HIE A AR HRBERTARK (RN E A0k - BREE - BB 30°C £45 0 L
RBITRWE (pump) » BR—BELAL » LBREREE » BIFTHLH o HREH » thi% B ARKRE K
RE > BREER o U ETEHEREEZK  RIABRRE > BMelERMER » FHAARE -
B~ EYRERE !

DERENEKPRESHAKSEZ AL » FA L8R Doudoroff 25w o HAZE
R 30cm HEL 29cm 2 FEERIEEAL o M HBAK I ABEIE » BRITREM 5 MAHE
EBRK » HRKRBBKERSSS% » BHRRBARARA > WHERIMG o KBHEHRP > R
K2 MR RETE 25°C 7245 » ZEAERILIZ RUTINEE » FRA0 IS o HBRp » —TEHERHTH - &
BRA RIS > HEEE Sppm M ko B TE2®E » AHTFERWKREZ pHy AB#E
S s WRAAZ PH RER 70 SAEDREHERK., PH KEKES T REME o

ABRAKE » KAKXPAFENR » ABHESHEA 10~20 BH 4~51 B3H 10EH
T~81 s FLgEf 10~20 B2 410 SCiifi 20 # Ik 1070 4L3HES 1 b RO E T M » HIBEEGY
#5100 3 150 ) FAk 1010

ABAA S A B2 (R L RSB e LK » DU S  FEREX
P UESFEC o R COMELELNE) HIEHARERE o LIRS o b — » SRR
BRETE o BRI 2 FE SIS » S B AT 5 (BAHYEX ZUS HEUH A KL » (B > HREBH o
i ELECERBELARE » ST B AL 2 A BN A8 » D RERER » ET—E—EZ BN »
FAER RS o HBRESD » URERERA > AECHEY  BEARTCE > BIZEHIU o
A ERERES

EWMRER 2L o PR E TR St 6 AETERHEE » M AMARESE L » WK
ERARRZ b WRREKREK BEZSZY > RNFREEE » BTRK o S
1975424 52 H o $EES » QA St. 7 4-THBE T KL o
trUARSREELZEMEN

DEBEL - BEASAIINABRK » DIREI#rE (magnetic stirrer) P2 PR Z o 11
BB B2 GRS EMERKZHEEA o BR—EE 2 FRINABIRK AR MERE » TR
BE o EHRAR S RREAS T -
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m®E & & 2
— I FBRRENOKESE SRS
HPBRETOKE 2 YRERE » u Table 3-1 = 3-8 PR o 19444 ABH &
B2 LB TAT » A4 A 30 HEABHEMN 2 REFHTET o Bh4 A 30 B2k » F4E9%
EEEM AR Table 3-1 BimR o MEKEAITE 1974424 F 30 AZRERAJIK » &
FEBBRES K » B ERIINAESEY o BERA » HERLABRERAHED 4%%
B o JREEEEE A BIET o MABSRTET R » SBRAK PRI » K358 » FE8S  RIED 5 87
2EH o EIGEMESS St. 1-1 > 96hr TLm (median tolerance limit) RIHE 4% o WHEERE
ZIET BN BERC TR THEHAAIERZEEWE » IhhRZAE - ERLYR
TR » PIE R EERITRIRG ©

Table 3-1. Bioassay results of Pu-Tzu River and its estuarial waters
on April, 30, 1974

. o, . 3 :
stlir:ggléﬂg ggcn%a(té‘ t?s(t) 'ﬁc;fl No. of tast fish died after Experimental condition
£ by vol.) 24hr | 48hr | 72hr | 96hr
Control test- 0 18 0 0 0 0 | test fish, Cyprimus
Sea  [St. 1-1 4 17 1 4 8 9 carpio.
water {St 1-2 4 17 2 3 2 3 | size, about.30 mm.
St. 2 4 17 2 2 3 2 | wt, about. 0.28g.
St. 3 P 17 2 4 4 4 | water temp. 23:£1°C..
River St 4 4 17 3 9 13 13 | test water, 200ml.
water |t 5 4 17 3 4 4 diluent, 4,300 ml.
St. 6 4 17 5 6 7
St. 7 4 17 0 T 2 3

B 1974 225 H 20 Bk » FSHAE (L FERE MK E B RS » Fiel5 A 20 B4
rigE FIRAKIREE » BIREE 6.3% (Table 3-2) o HLEFER » MREMAZIECHS » BETR

Table 3-2. Bioassay results of pu-Tzu River and its-estuarial waters
on May, 20, 1974

; Conc. (% No. of test fish died after
S?tigégg vy tgg'ﬁgg ‘ e T o oaee | oepe | Experimmental condition
Control test 0 20 i 2 4 7 test fish, Cyprinus
Sea {St. 1-1 6 20 1 1 5 5 carpio.
water- |§¢. 1-2 6 20 1 1 4 4 wi, about 0.18 g.
St. 2 6 20 1 2 4 5 water tem. 25+1°C
St. 3 6 20 0 1 3 3 test ‘water, 336 ml
River - | St. 4 6 .20 1 1 3 3 diluent, 5,000 ml.
water | gi 5 6 20 0 2 4 4
St. 6 6 20 1 2 7 8
St. 7 6 20 0 2 2 3

l
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Table 3-3. Bioassay results of Pu-Tzu River and its estuarial waters
on Jun. 28, 1974 '

. [ . i
S;ﬂ;ﬂ;ﬁg gggl%’;té tgg-ﬁzi ~o. of test foh Td flffer Experimental condition
by vol) : 24hr | 48hr | 72hr  96hr
Control test 0 20 0 1 4 5 ‘test fish, Cyprinus
Sea  [St. 1-1 2 20 0 2 3 5 Carpio.
water {St. 1-2 24 20 0 1 1 5 | size, about 0.18 2.
(St. 2 2% 20 0 0 2 2 | water temp. 27+1°C
St. 3 24 20 0 1 1 1 | test water, 1,200 ml
River |St. 4 24 20 0 0 0 4 | diluent, 3,800 ml.
water \st, 5 24 20 0 0 0 2 -
St. 6 2 20 0 0 0 2
St. 7 24 20 0 1 2 4

(a) guppies

Tabl 3-4. Bioassay results of Pu-Tzu River and its estuarial waters

-on Sep. 5, 1974

Sz.?:%lolgg t(ég?c»;/agg tgg.ﬁzfl; No. of test fish died after Experimental condition
) by vol.) 24hr | 48hr | 72hr | 96hr
Control test 0 20 0 0 0 0 test fish, Poecilia
Sea St. 1-1 25 20 0. 0 0 0 reticulata,
water {St. -2 25 20 0 0 0 0 size: about 20 mm.
St. 2 25 . 20 0 1 1 1 wi: about 0.05 g.
St. 3 25 20 0 0 0 0 water temp. 29+1°C.
River |St. 4 25 20 0 0 0 0 test water, 1,000 mi..
water |st, 5 25 20 0 0 0 0 diluent, 3,000 ml.
St. 6 25 20 0 1 2 2
St. 7 25 20 0 0 0 0
(b) tilapia
. Cone. (% i No. of test fish died after .
Sas.tn;gﬁg t%s; ‘%:f)er tle\i?‘ﬁ(;g 3 1 e l Bhr ‘ - t o6 Ir Experimental condition
Control test 0 20 0 0 0 0 test fish, Tilapia
Sea St. 1-1 25 20 0 Y 0 0 mossambica.
water {St. 1-2 25 20 1 1 1 1 size, about 4-5cm.
St. 2 25 20 0 0 1 1 wt.,, about 1-2g.
St. 3 25 20 0 0 0 0 water temp, 29+4+1°C.
River |St4 25 20 1 1 1 1 test water, 2,250 ml.
water g, 5 25 20 0 0 0 0 diluent, 6,750 ml.
St. 6 25 20 0 0 0 0
St. 7 25 20 0 0 0 0

|
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Table 3-5. Bioassay results of Pu-Tzu River and its estuarial waters on Nov. 8, 1974

(a) guppies

No. of !

No. of test fish died after

(a) guppies

3 Conc. (%
S;‘;Qé‘gg ! test watear test fish | - Experimental condition
1 by vol.) | 24hr | 48hr [ 72hr | 96hr
Control test 0 15 0 | 0 0 1 Test fish, poecilia
St. 1-1 25 16 1 ‘1 1 1 reticulata.
Sea {St. 1-2 25 16 1 1 1 1 size, about 20 mm.
water - .
St. 14 25 16 2 2 2 2 wt., about 0.07 g.
St. 2 25 16 1 1 2 2 water temp.: 25::£1°C.
St. 3 25 16 1 1 1 1 test watet, 1,000 mlL
River | St. 4 25 16 1 1 1 1 diluent, 3,000 ml.
water |st, 5 25 16 1 1 1 1
St. 6 25 16 0 0 0 0
St. 7 25 16 1 1 1 1
(by tilapia
. | Conec. (% No. of test fish died ofter
S;I:tli)él;g test wateal' tgf ﬁgﬁ ‘ Experimental condition
by vol) 24br | 48hr | 72hr | 96hr
St. 1-1 25 20 0 0 0 0 test fish, Tilapia
Sea {St. 1-2 25 20 0 0 0 0 mossambica.
water ) .
St. 1-4 25 20 0 0 0 0 size, about 6cm.
St. 2 25 20 0 0 ] 0 water temp.: 25+1°C.
St. 3 25 20 ] 0 0 0 test water, 2,250 ml.
River |St. 4 25 20 0 0 0 0 | diluent, 6750 ml.
water it 5 25 20 0 0 0 0
St. 6 25 20 0 0 0 0
St. 7 25 20 0 0 0. 0
Table 3-6. Bioassay results of Pu-Tzu River and its estuarial waters on Jan. 15, 1975

! Conc. (%

. No. of test fish died after
S;n;ﬁlozﬁg i tei)s;c, ‘\Z’a}f)er tleqs?ﬁ(;fl‘l i | 45 - — { Py Experimental condition
Control test 0 20 0 3 3 3 test fish, Poecilia
St. 1-1 25 20 0 0 0 0 reticulata
ff:ter {St. 1-2 25 20 0 0 0 0 | size, about 20 mm.
St. 1-3 25 20 0 2 2 2 wt., about 0.07 g.
St. 2 25 20 — — — — water temp.: 25:+1°C.
St. 3 25 20 4 7 7 8 test water, 1,000 ml.
River |St. 4 25 20 - - — | — | diluent, 3,000 ml
water |st 5 25 20 0 0 0 0 ‘
St. 6 25 20 1 3 ‘3 3
St. 7 25 20 1 1 1 1
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(b) tilapia

No. of test fish died after

: Conc. (% .
Sagg;gf test wate(;' tleqs? : ﬁ(;fl; Experimental condition
by vol.) 24hr | 48hr ] 72 hr l 96hr | *

Control test 0 10 0 j 0 o | o | test fish, Zilapia
Sea mossambica.
water St- 1-2 2 10 0 ! 0 0 0 sizi, atzout 6 gsm:f:l"c

. i water temp. ,
River {St' % & 10 . ] ! 1 5 test water, 2,250 ml.
water |gt, 7 25 10 1 | 1 1 1 diluent, 6,750 ml.

Table 3-7. Bioassay results of Pu-Tzu River and its estuarial waters
on Feb. 20, 1975

" No. of test fish died after

!

: Conc. (% !
Sz::glolgg tﬁi,t :{)it)er tle\g:)‘ ﬁ(;tl; e ’ m—— l S . Experimental condition
Control test 0 20 2 5 9 15 test fish, Poecilia
St. 1-1 25 20 1 2 2 3 reticulataa.
Sea St. 1-2 25 20 1 2 2 2 size, about 20 mm.
water |gt, 1-3 25 20 0 0 1 i wt., about 0.08 g.
\St. 1=4 25 20 0 0 0 0 water temp., 15+1°C.
(St. 2 25 20 1 2 6 7 test water, 1,000 ml.
St. 3 25 20 1 3 5 9 diluent, 3,000 ml.
River | St- 4 25 20 |0 0 3 8
water |st. 5 25 20 0 0 1 4
St. 6 25 20 1 4 11 15
St. 7 25 20 0 1 4 6

Table 3-8. Bioassay results of Pu-Tzu River and its estuarial waters
on Apr. 3, 1975

(a) . guppies
.’ ‘Samp.]ing t(c:agtmi;.rét%r HNe, o or of fest fish dled after Experimental condition
station by vol) | ot fsh | o4 [ 4ghr | 72nr | 96hr :

Control test 0 20 0 0 0 0 test fish, Poecilia
Sea St. 1-2 25 20 0 0 0 0 reliculata
water {St. 1-5 25 20 0 0 0 0 size, about 20 mm

St. 2 25 20 0 0 0 0 wt.,, about 0.08 g

St. 3 25 20 0 0 0 0 water temp., 22+1°C
River |St. 4 25 20 0 0 0 1 test water, 1,000 ml
water |gt 5 25 20 0 0 0 0 diluent, 3,000 ml

St. 6 25 20 0 1 1 L

St. 7 25 20 0 0 0 0

|
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(b) common carp

Sam;{ling t(ég?%, gff No. of No. of test fish died after = .- X .
grasic byvol) 'St 8SH | 4pr | 4ghr | 72hr | 96hr | xperimente condition
B ‘
Control. test 0 10 0 0 2 3 test fish, Cyprinus
Sea St. 1-2 25 10 0 2 2 3 Carpio
water {St. 1-5 25 10 0 1 4 5 size, about 12 mm
St. 2 25 10 0 ] 0 0 water temp. 22:4:1°C
St. 3 25 10 1 1 2 2 test water, 500 ml
River |St- 4 25 10 0 0 0 0 diluent, 1,500 ml
water | St. 5 - 25 10 0 0 0 0
St. 6 .25 10 0 | 1 2
St 7 25 10 1 3 3 5

o (B HENBE » FARITAETALER » TUBBRELMECRRREERZME © EIE 63
%L RARET » TIIASEESRK s PP EEHATREELSE :

B 1974226 B 28 HUER 197544 A3 B » kFETTAREWRE o b7 AL » @
ADEEK » BAFNRER » HRAILERBRBREEDIRE ° I BRKBETREE2%
o i Table 3-3 2 3-8 Wl » NERTAK » REREGH K » HEARERARRZETE »
| STWHER o EALEERT - HEAREZ TSRS o RS ﬁ%ﬁ%#n;za%
&%‘ﬁ@%ﬁ%ﬁk%ﬁ s R RBEGREERERERT o

& Table 3-1 28 3-8 Z&EE » BEARE—FhH RFR Tﬁz‘é%21974$45 30 g
)Il&gi@%fﬁﬂ(ﬁéﬁﬂ%{&%ﬁ%ﬁ %Pﬁ&ﬁﬁ?ﬁ’iﬁtﬂ%rﬁ—‘ﬁ °
=~ HFEE EEEiﬂ‘ﬁﬁﬁzﬁ%ﬁ

BN TR TR ELRE S AREWE » P ELEREER (suspended solution) o Kt
ERBTE » GRSBIEERETAAERE o BIHEK - EREERER  OHA~ RESE
W o AEGZRAK » BERRE ﬂ%ﬂ%@ét@ﬁk@éfv o

ELHARzOESE:

t Table 3-9 5 ﬂ%ﬂ*b?&ﬂﬁﬁﬁiﬁa‘ﬁﬁ%‘aﬁﬁ EE?UE@§&°ME:I:Z%E% 330 ppm (4§
033¢g Eﬂ:ﬂnj@ 1D) B s RGBSR~ FLER 2~3cm) » HREANRIR (~Icm)
e 10 SR » BIETET » BELERZBEES 66 ppm » @RRILERIATER MFREIE

Table 3-9. Acute toxicities of sediment from Pu-Tzu River to carp,
guppies, and tilapia. v ]

Conc. of sediment Median survival time (hr)
(ppm) . Common carp Guppies Tilapia
330 ? 0.4 0.4 V 0.1
132 2.5 4.0 —
66 4.0 8.3 =

Sizes of carp, guppxes, tilapia, were about 0.3, 0.2, 8-9cm; water temp. 25°C aerated; in each
test 10 fish were used and volume of water was 10/; in control tests all fishes survived.



FET-» fy Table 3-9 W4nFLiE A SHHTEN ZHEF AT LM AR - ERRELHASZEY K8
& St 7 ATEET 2B EFENRE  HERER O RLEESE 2,000 ppm > BEURHE
BETREHE o

FEEET TR » R RS AR B RS IR o TEIER I » B AT TR RN
s U ESBEEE o (B0 AR EIE s > ALEEYIIRG 0 B skt o R (S IR IS -
BUMERE LT » TSI o BREB IR K o B ~ ILERBEERENRIEE o FERHERE
F LI FLERRITIRE c k2B A » ECHZE RS BE » BATGKPTRA » HEEEH
i+ FERTEELBE—~ T > BEEISEE o Bt 330 ppm K26 ~ SLERRRRE - BERER
Hl—~ =58 ABARK » ATHENEEE ) AZEMRET - ARERERE SPRAERM
& o

WELHBRZAHERE:

BN T 2 B SR UL IREITE i (BR FUE» AnghiE ~ SO IS M - L REEE
DUHAHAE » 7RI o Table 3-10 Z#ERIGH » MARES L AR 2 BB S0 ~ BB RS
FHE RO o 72 330 ppm Z@ET » £—KIMEIET 20% » HFRKE\H L F=KA
BT R o BHLIETIS » A5 K0 » HIETEY » KA 10%5E » ERETHRNSEE M
» B THZR 330 ppm EEFRK ZAVES TSRS o Kb 198 ppm s 132ppm F 66 ppm =
AW T 248 330 ppm AEEE - EREFITHENX » FBTERE 70 = 80% o #h)
3 RS H IR 2 YRY > BMETE 66 ppm ZIBEET > KPR > AR ZIECHRAREME o b
Table 3-10 FLIZ M » 75 198 ppm » 132 ppm & 66 ppm ¥¥erh ZAHIE » OB HALUEKZE
REELHHTEEY » VRAKZRERK s FiblZ 198 ppm » 132ppm K 66 ppm KLV
s [EEEY] WE—E - REETRRAZER » WERFERREY o

Table 3-10. Acute toxicities of Sediment from Pu-Tzu River to oyster

and clam.

Conc. of sediment NS%' ] ﬁfistgst ‘4‘4*‘ { No. of shellfishes died after |
24 hr ! 48hr 72hr 96 hr
Control test 20 0 0 1 \ —
Clam { 330 ppm 20 5 ‘ 7 18 j —
Control test 9 1 | 3 7 13
330 ppm 132 14 | 87 122 \ —
Oyster{ 198 ppm 155 3 4 87 111
132ppm 1o 5 35 71 : 98
66 ppm 34 5 ‘ 43 56 64

Water temp. 27+1°C, aerated, total water was 10/. in each test.

3 > EEFHIESOGTEK IR » FEBRIER » LU » BUEUHIKTE » BNN7 % BEBARER o
AT > BEIRTE KA 2 B30 » D2 » RGBSR » HEER » AT
PARERRZBA 0 G EIPIBTHEBT -

CBRRBWZHIEBATK 28R ¢

B B EREAAN TR E LR 2 W 0 WSO RADIERUE R IR o BREERIERS

WM R BB » LS IER NG K 2R » PR REZT » SNk K mTRE7E4 /NS PR I
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WA o BAMLSIREE » T RN A IR o MR —ERERT - B A
K BERHBIENTY o f Table 3-11 wikn» 7 330 ppm AR 3 4o » BIBARAK LA
$5 CECRE D) > JEHT— 2T AT S A o (BRI KIN » HIECHEEM
5] 129 » HEFHE 8% 0 EINFIHE 50% o BIEAIK ZMRIRA » TE-AME » BUDN= K
s B0, 3, 6, 12 NSZIECELR 1% 28% » 52% » 10% o —HBERAZHIE» HIECH
Rl 93% o bl LA ATAN » f7E 330 ppm BE Ve » EIGERURER 3 /S  ARSHHIBE AT
K o

Table 3-11. Effect of restoration of oyster to fresh water after immersing
in toxic sediment solution (330 ppm).

Exptl. |  Immersion No. of test .

No. of oyster died after
| . | e
group  time (hr) oyster . o4hr sbhr | 72hr | 96hr
@ 0 % 1 3 713
® 3 14 2 15 35 62
© 6 106 4 47 55 67
@ 12 150 7 56 104 114
© not be restored 132 14 87 122 -

to fresh water |
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1. WRED ghEER (1954) : TREKOBLFECET HE—]. BRENMEBCL 27440 A7
WOMEFE o AAukBEEek » 20, 700~708

2. INAMRTEIE (1965) : {EEAEMER p. 227 « EEMHEAEBIR (A& -~EKF) -

AR (1965) : BPBEBH AR — MR o TEKE 1458 » 4H »

4. Doudoroff P. et al. (1951) Bioassay methods for evaluation of acute toxicity of industrial wastes
to fish. Sewage and Industrial wastes, 23, 1380-1397.

w

— 38 —



BHE EeR -~ REM B T2

I # E

B ERE CRRAZR AR  RMBERTUEEFINGEREHFECZERN « AELZFHE
E o BHAEARBS L ERIBERYH - AEWHZERES » R AFL S 2aRTER
BEK EEBHASREEW B BRARZEC s NRESBSSREEN » MAREZ AR
AT ZEE » R AMEHIE ~ S0 » ABRBRRTEXIBRERSE  -ESBRRE (21
BHRE  BHRMEYHTREN AR c BRNAYBEHELER EBEBYWRRERREFZEE
WEKR LT HEEERS o MEEBABACERZORTREKPZESRE » Sikg2R%
BBl » MIEi/RIE 24008 » Al a R SEE Y BESBIALE - R BLS RYERE A
BEZRE - BHERR B EX5 RN TESE - BEMRBIECZHG o

I B8 & 5 &

— > HIRH R RIREHRE

DIZ R4 ~ &8~ BA SRR MBI c ZR&MEEZBY » BATE=ZAEXR
FEET AR E—EHE (CREE—R) MECEEF IREEHE o SR 60~100 £4£4
s ERGEE ZEACEE » 75 HIRBUH TR G o HRRZ B LILLH GO~0 EX5) BEHS—
R SRS ESBE R WHHAPBEABEBRERREREY 51T c EXT=ENAT
A0 BHBR B AT S » TR AS-F BERIRE > WG ERAE vk » Rt =
Bal  BEMEB L o MEFG2HER DT » REREXFEBRMZEERN o HIERERRE
o BIIRRELRIR A AL B » S AT L M B SIRE 5~6 EREMEB—RER
s BEAILL 4~5 ERGEBR—ERMZT o
I EEESR

ELERRDEB =R IR E R E R » BREA TR ARMST R EL -
ENE2BEEZAW

TR~ 8 B S G ATRREER IR(E RS IS 2R RETIE o BILL APDC-MIBK
EHHESB  WUFETRGENE o M2R%E » RiRA Ammonium molybdate ¥ » 43
EERHIAE RO » iR S M L B T B o
M~ BN EEREZ ST

BEBPHBERREE Y 547 » RERESER Food and Drug Administration 27k » $h
Hig WL, acetonitrile partition J% florizil column chromatograhy 5l » I LI585 G 5 bT6%
» ph D-11 % QF-1 Fifd column iRk HBEAIZBERED o ELFHEERREZ ST
FRURRIEL SR M RASE S ITE 2R «

— 39 —



::I_!Iﬂ

I H#RAHB
— HEBFESHEE

BI9734E 3 AEI9AEI A » B BRSHMIBEZER B - B @ A K288
L0 4-1 BT o BHUELLE MR ~ SATTHIA » GlnPey) Tasmania %5 2 4145 Crassoasrirea gigas
SERMSR 318~10019 K 4.0~192ppm » i 1,000 & 30 ppm® ; GAFHHIZIE
W HYE Ostrea gigas &5 63~290 ppm » &8 8~65ppm ™ o ZFZ I « ERSHHIES pr K
EFHL 4 AMZBEERR o HMESTE 23~140 & S~60ppm 2R o mitiBidfEBREY
S~ SRR WLIAEEN s ERHIES SRR ETREZESE S HZHS o

Sample wi.

6r ‘

i . PS O
s o882 28588 o8
140 A A i O zn
fied 3 g a8 0T
g 60[-
s of2R a8 et
QV\U’O.B' o A 0 A L
7 %[0t AT &
> 04T
Pogged 880 o8 ogff
§0.8—- o A o) A
S g&g Y
“ o BE o8 "
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Fig. 4-1. Sample weight and heavy metal concentration in oysters collected from
different stations (/\ San-taic-lun; 4 Chin-hu; (O Tung-shih; @ Pu-tai)
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Fig. 4-2. Organochlorine pesticide residue of oysters collected from different
stations (/\ San-tiao-lun; A Chin-hu; O Tung-shih; @ Pu-tai)
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