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Abstract

The detrimental effects of industrial waste waters on crop growth around Hsinchu
and Taoyuan areas were studied, Waste waters coming from seven factories namely
Chunghwa, Ching-mei, Chia-shin, Lian-ta, Kuo-tai, Ta-tung and Shuang-shii were analyzed
for their phytotoxicity and physicochemical properties. The effect of the waters on the
growth and yield of rice plants (Oryza sativa Tainan 5) was undertaken in pots.
The bioassay results clearly showed that the waste waters exhibited significant phyto-
toxic effects on the radicle growth of rice, lettuce and rye grass.. Lettuce was the most
sensitive species to waste water, rice the second, and rye grass the least. The phyto-
toxicity varied with industrial waste water and with time of sampling. The order of
phytotoxicity among seven waters is Chia-shin > Lian-ta > Ta-tung > Kuo-tai > Shuang-
shii > Ching-mei > Chung-hwa., The toxicity was also found to be higher in the day
time than in the evening. Most of the test waters significantly retarded the vegetative
and reproductive growth of rice plants grown in pots. The suppression of yield and
yield components of rice plants was obvious in the second crop, resulting in decrease s
in panicle numbers, ripening rate, test weight, and grain yield. The physicochemical
analyses of these seven industrial waste waters revealed that the values were often’
above the limits of the standard criteria for irrigation water for agricultural land, and
some of these properties were the cause of phytotoxic effects on plant growth. Elec-
trical conductivity, pH, suspended solids, CI- SO4=, NH,*-N, Na¥, and heavy metals
of Cu, Zn, and Cr were the major detrimental factors, and the amount of each factor
mentioned was significantly correlated with phytotoxicity.

Introduction

Due to the rapid economic and industrial development in Taiwan in the last decade,
the environmental impact has become a severe problem. Many agricultural lands in Tai-
wan and particularly the rice paddy fields have been polluted by water coming from
adjacent factories. The total area of polluted rice fields has increased from year to year
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extending from northern Taiwan to the south. An island-wide assessment of the impact
of the industrial waste waters on crop growth has been undertaken in the last few years.
Not many publicfations dealing with this study have been reported (Chen, 1973; Chou,
1978; Chou ef al., 1978; Yang, 1976) yet substantial findings concerning the detrimental
effects of polluted waters have been reported by various scientists from many parts of
the world (Harada. 1968; Hosornava, 1961; Hung et al., 1975;Jeng, 1973 ; Levitt, 1972;
Nieman, 1960; Tagawa et al., 1963; WQS, 1969). Since 1977, under the auspices of
JCRR, the present authors have studied the Hsinchu and Taoyuan areas, where a vast
agricultural area was jeopardized by polluted water. We have focused our attention on
this area and selected seven major factories in this area to assés the physicochemical
nature of their waste waters and to elucidate the phytotoxic mechanisms of the polluted
water. The results of 1977 have been reported (Chou et al., 1979). As a result of the
whole study, we were able to make conclusions and recommendations to relevant agen-
cies to reduce or prevent further damage from polluted waters on crop growth.

Material and Methods

Sampling and preparation of waste water

Seven major kinds of industrial factories around the Hsinchu and Taoyuan areas
were selected for this study, these were: paper (Shuang-shii), plastic (Kuo-tai), petroleum
(Chung-hwa), livestock (Chia-shin), dye (Ching-mei), plating (Ta-tung) and leather (Lian-
ta) factories. To obtain as much information as possible concerning the fluctuation of
the waste waters coming from the aforementioned factories, monthly sampling and six
samplings within a day were conducted. The sampling was done on the following dates
March 15, April 20, May 17, June 21, July 12, August 16, September 19, and October 16
of 1978. In addition, six samplings within a day were also made on May 30-31, July
21-22, August 16-17, and October 16-17. The samples were brought back to the labora-
tory of the Institute of Botany, Academia Sinica, and then were immediately filtered
through Whatman 3 mm filter paper, and stored in a cold room (4°C) before assaying.

Pot experiment setting

This experiment was conducted in the Hsinchu District, Taiwan Provincial Agri-
cultural Improvement Station. About 10 kg- soil collected from the Hsinchu experi-
mental farm was placed in each pot (1/2000 acre size). Each treatment was set up by
using a split design with 4 replicates. Each pot was filled with different waste water with
a series of dilutions as 5X and 10X, where X means dilution foctor. The control experi-
ment was also set up in the same manner but with tap water instead of waste water.
Three seedlings of rice variety Tainan 5 were transplanted on April 7 for the first crop
and on August 10 for the second crop, while the harvest was made on July 19-20 and
December 5 of 1978, respectively. During the growth period of the rice plants, the length
of the rice seedlings and number of tillers were determined on the 30th, 60th, and 90th
day after transplanting. At harvest time, the number of panicles, test weight (grain
weight/1000 seeds) ripening rate, yield (kg/ha) and the yield index were measured and
compared with those receiving other treatments.
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Phytoroxicity determination of waste waters
In order to determine the phototoxicity present in the industrial waste waters,
three bioassay techniques were used as described by Chou and Muller (1972) and Chou
and Lin (1976). Each water was bioassayed against 3 test species, namely rice (Oryza
sativa Taichung 65), lettuce (Lactuca sativa var. Great Lakes 366), and rye grass (Lolium
multiflorum). Distilled water served as a control for the bioassay tests. Each bioassay
was set up in triplicate, and incubated at 25°C for 72 hir. After incubation, the radicle
length of the test plants was measured in millimeters and the phytotoxicity was com-
puted from a formula as follows: '
Radicle length of control - radicle length of test

Phytotoxicity = 100
% Phytotoxicity Radicle length of control " *

then, the negative values expressed the stimulation effect.

The third bioassay technique described by Chou and Lin (1976) was used to
determine the effect of industrial waste water on the root initiation of mungbeans. This
bioassay was set up in the same manner and the % phytotoxicity was obtained by measur-
ing the number of roots initiated after 6 days incubation at 25°C.

Physicochemical analysis of waters

Each aforementioned sample was analyzed for its pH value (Chemtrix type 40 pH
meter), and osmotic concentration (Fiske G-66 osmometer). The cation contents present
in each water sample were determined by an atomic absorption spectrophotometer
(Perkin-Elmer Model 300). These determinations were done in the Plant Ecology Labora-
tory, Institute of Botany, Academia Sinica. In addition, electrical conductivity (Conduc-
timeter, Tacussel CO-6N), total solids, suspended solids, and contents of chloride, sulfate
(Spectrophotometer, Perkin-Elmer 100), and NH;*-N were determined by standard
methods for the examination of water and waste water (APHA, 1976) and were carried
out in the laboratory of the Taiwan Water Pollution Control Agency.

Results

Phytotoxicity of industrial waste waters

Seven industrial waste waters collected monthly (from March to October 1978)
were bioassayed on rice, lettuce and rye grass seeds. Results expressed as % phytotoxicity
on the radicle growth of these seeds are shown in Fig. 1. In the results of Chia-shin water,
the phytotoxicities of these plants exhibited 100% in all water collected monthly. The
Ching-mei water revealed a relatively high phytotoxicity on lettuce and low inhibition
on fice. In addition, about two-thirds of the samples showed inhibition greater than 25%.
In the first three monthly samplings of Lian-ta water the phytotoxicities range from 25%
to 50%, but in the later samplings the toxicities were all above 50% and finally ‘reached
100% in the October sample. In the Ta-tung waste water, the phytotoxicities revealed
in March, April, May and August of 1978 were significantly higher than the rest. It
was surprising that the inhibition of lettuce radicle growth was low. In the Shuang-shii
and Chung-hwa waters, the phytotoxicities were generally low and only a few samples
revealed a toxicity higher than 25%. However, in the Kuo-tai water, the toxicity was
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generally higher than 25% and only one-fifth of samples showed lower than 25% inhibi-
tion (Fig. 1).
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Fig. 1. The monthly phytotoxic effects of industrial waste waters from 7 factories,
Chia-shin, Ching-mei, Lian-ta, Ta-tung, Shuang-shii, Chung-hwa and Kuo-tai
on the radicle growth of lettuce, rice and rice plants. The phytotoxicities were
expressed as % inhibition of radicle growth over distilled water control, The
negative values indicate the % stimulation,

Furthermore, in order to understand how the phytotoxicity varied with time of
day, six-samplings during a day were made and the results of the bioassay using rice and
lettuce as test materials are shown in Figs. 2 and 3, respectively. _

It was also found that the Chia-shin water revealed 100% inhibition on both rice -
and lettuce growth regradless of sampling time. The water of Lian-ta produced significan-
tly phytotoxic effects on the radicle growth of rice and lettuce seeds, and the fact was
particularly pronounced in the water collected from the day time (Figs. 2 and 3). The
Ching-mei water reflected irregular phytotoxicity and was shown to be very toxic in the
sample collected at 9:00 on May 30, 1979. In addition, lettuce was shown to be more
senstivie to the water than rice was.

As far as the Ta-tung waters were concerned,. the phytotoxicity appeared significa-
ntly higher in the day time period from 09:00 to 15:00 particularly at 9:00 o’clock
sampling. No evening data were shown because the operation was not functioning in
th evening. .

It is conculded, based on eight months of sampling, that the phytotoxicity in gene-
ral varied with the sampling times and is likely irregular: however, the order of phytotoxi-
city is Chia-shin > Lian-ta > Ta-tung > Kuo-Tai > Shuang-shii > Ching-mei > Chung-hwa.
In addition, the toxicity was found to be generally higher in the day time, particularly
at 9:00 o’clock, than in the evening. Furthermore, the Chia-shin water exhibited 100%
inhibition in all sampling times regardless of monthly and daily sampling.

Detrimental effects of industrial waste waters on rice growth in pots.

Experiment I .
The waste waters from Chung-hwa, Kuo-tai, and Shuang-shii were used to irrigate
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Fig. 2. The daily phytotoxic effects of 4 industrial waste waters on the radicle growth
of rice. For the rest of the description, see Fig. 1.
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rice plant (Oryza sativa, Tainan 5) grown in plastic pots. This was a repeat experiment of
last year, and was set up in the Hsinchu Experimental Staiton, The growth and yield
components of rice plants as affected by these three waters were examined. The rice
plants were sampled at the 30th, 60th, and 90th day aftet transplanting and were harve-
sted around the 115th day in the first crop season of 1978. The number of tillers, dry
weight of straw and roots of rice plants were measured. Fig. 4 shows that there is insigni-
ficant difference among tap water and the other three industrial waste waters at the 30th
of each sampling, but there is a significant difference among them at 60th and 90th of
the sampling. Among these waters, Shuang-shii exhibited the highest inhibiton, Kuo-tai
the next and Chung-hwa the least. As far as the yield component of rice plants as affec-
ted by the polluted waters was concemed, number of panicles and test weight were
significiantly retarded by these three waste waters as compared with the tap water control
(Fig. 5). However, ripening rate was not significantly different among tap water and 3
waste waters (Fig. 5). The results agree well with those of last year.
Experiment IT

In addition to Experiment I, seven industrial waste waters, namely Chung-hwa
(CH), Ching-mei (CM), Chia-shin (CS), Kuo-tai (KT), Lian-ta (LT), Shuang-shii (SS)
and Ta-tung (TT) were used to irrigate rice plants (Tainan 5) as compared with the tap
water as the control. The rice plants were grown in pots in 2 crop seasons and harvested
during the mature stage. The agronomic characters and yield components.of rice plants
were examined among each test waste water, and the date were compared with results
using tap water. The data expressed as % of tap water control are shown in Fig. 6 (A,
length of straw; B, tillers; C, panicle numbers; D, test weight; E, ripehing rate; F, yield).

Straw Root
Number of tillers Dry weight, gm Dry weight, gm
504 ‘ 25
36
301 40 20
24
30 15
18
201 . 10
124 Tap water ’
e Chung-hwa
) 10 51
61 A Kuo-tai
s Shuang-shii
¢ o] 0
30 60 90 30 60 . 90 30 60 90

Day after transpianting

Fig. 4. The effects of 3 industrial waste waters and tap water on the growth of rice
plants grown in pots.
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Fig. 6A-F. Comparative phytotoxic effects of 7 industrial waste waters on the prowth
and yield components of rice plants grown in pots in 2 crop seasons. The data
were expressed as % of each measurement on that of tap water as control. Positive
values indicate a stimulatory effect, while negative values indicate an inhibitory
effect. The seven factories are CH (Chung-hwa), CM (Ching-mei), CS (Chia-
shin), KT (Kuo-tai), LT (Lian-ta), SS (Shuang-shii} and TT (Ta-tung).

A = Effect on length of rice straw.

B = Effect on tiller numbers,

C = Effect on panicle numbers.

D = Effect on test weight,

E = Effect on ripening rate.

F = Effect on yield.

The dilutions are 0 (original waste water without dilution), 5 (dilution with 5
times of tap water), and 10 (dilution with 10 times of tap water).

In addition, the waste waters in a series of dilutions, namely 0 (original), 5 (diluted 5
times the amount of water in volume) and 10 (diluted 10 times) were also tested. As far
as the first crop of rice was concerned, these industrial waste waters did not severely
affect the rice growth, in fact, most of them exhibited a stimulatory effect on length of
straw, panicle number, test weight, ripening rate and yield, except on number of tillers.
In contrast, in the second crop, all aforementioned characters of rice plants were severely
retarded by these industrial waste waters, resulting in a very low yield of rice at harvest.
For example, although the Chia-shin water did stimulate the growth of rice plants regard-
ing the length of straw and tiller number, the yield was significantly low. This suggests
that some chemicals present in the Chia-shin water can promote the vegetative growth of
rice plant, but retard the reproductive organs such as panicle initiation, resulting in a low
yield. As far as the second crop was concerned, the growth and yield of rice plants were
significantly retarded, this was particularly pronounced in the waters of Chia-shin, Ching-
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mie, Kuo-tai, Lain-ta, and Shuang-shii. The reduction of rice yield affected by these
industrial waters was remarkably high in the original water without dilution; however, -
when the waters were diluted to 5X and 10X the reduction was rapidly decreased. The
yield was correlated with the yield components as mentioned. We cannot explain why -
these industrial waste waters significantly suppressed growth and yield of the second
crop, but apparently did not affect the first crop.

It is concluded that the industrial waste waters as mentioned above significantly
affect the growth and yield of the second crop of rice plants, but have a variable etfect on
the first crop. The original waste waters from these factories exhibited tremendous
toxic effect on rice growth and yield; however, when the water was diluted the inhibi-
tion decreased. In addition, although some waters stimulated the vegetative growth of
rice plant, the yield was reatrded. It is evident, therefore, that these aforementioned
industrial waste waters performed detrimental rather than beneficial effects on the rice
growth and yield.

Physicochemical properties of industrial waste water

Since the aforementioned seven factories released waste water which was toxic
to plant growth, the causes of phytotoxicity were investigated. During eight monthly
samplings of each waste water, the physicochémical properties, namely electrical conduc-
tivity (EC), pH, osmotic concentration (OC), and contents of suspended solids, CI7
S0,47; NH4"-N, and ions of Cu, Ca, Zn, Fe,Mn, K, and Na were determined.’ Results of .
the analyses are given in Table 1, where the first column shows the standard criteria of
irrigated water for agricultural land (the data were made by a conference on Standard Cri-
teria For Irrigation Water For Agricultural Land, Taipei, '1978). As far as the electrical
conductivity was concemed, almost all waste water except Chung-hwa exhibited EC
valuse much higher than the standard criterion. '

Among them, the water of Lian-ta shows the highest EC value reaching above
5000 umho/cm. The Chia-shin water also revealed the second high EC value averaging
above 3600 u mho/cm, and the Kuo-ta water was third high. However, the EC valuse
fluctuated with factories and sampling times.

As far as pH was concerned, most data were within the standard criteria of pH
6.0 — 9.0, and only Ching-mei and Lian-ta waters had average values as high as 9.6,
which may cause harmful effects on plant growth,

In the analyses of suspended solids, most factories showed values higher than the
standard- criterion and only Chung-hwa and Kuo-tai waters were below the 100 mg/l
standard. The waste water from Chia-shin livestock and Shuang-shii exhibited very high
suspendéd solid values above 600 mg/l, which of course will be dangerous to plant growth,

The Cl™ contents in the Kuo-tai and Lian-ta waters was extremely high, ranging
from 548 — 1172 mg/l, but the rest of them were rather close to the standard criterion
of 175 mg/l. This suggests that the phytotoxicity may partly be due to the C1”content.

Regarding the SO, contents in the waste waters, waters from Lian-ta and Ta-tung
revealed higher values than standard criterion, particular in the Lian-ta water.
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Since it was thought that there was no ammonium product released from the
factories except Chia-shin and Lian-ta, only these two factory waste waters were measur-
ed. The NH4*-N contents in these two waste waters exhibited extremely high values
particularly in the Chia-shin water. This high amount of ammonium nitrogen tremendo-
usly promoted the vegetative growth of rice plants, but severely retarded the reproductive
growth of rice plants (Figs. 6-E, C, D), resulting in very low vyield (Fig. 6F). It was re-
ported by Chou (1978) that amount of NH,*-N above 40 ppm in paddy soil significan-
tly retarded rice growth.

As far as osmotic concentration was concerned, only Lian-ta water was significantly
higher than 50 mosmols. Above that value there is an osmotic effect causing inhibition
on plant growth. -

For the monthly sampling of the waste water, it is concluded that the phytotoxi-
city and reduction of rice growth and yield is due primarily to electric conductivity
which consists of several factors, namely suspended solid, C1-, SO4;~, NH; =N and cations.
Particularly the phytotoxicity of Lian-ta water is likely due to EC, pH, suspended solid,
ClI7 S04, NH,;*-Nand of course, associated with osmotic concentration.

On the other hand, the cation contents of the water samplings monthly were also
measured. Results of analyses are given in Table 2. As far as heavy'metals, namely Cu,
Zn, and Cr, were concemed, water released from Ta-tung plating factory showed signi-
ficantly the highest values of these heavy metals. This indicates that the phytotoxicity

and reduction of rice growth was due primarily to these heavy metals. The content of
Cu in all seven factory waters was all beyond the criterion of 0.2 ppm indicating that the
toxicity could partly be due to the high concentration of Cu. Regrading the sodium
content in the waste water, it was found that Ching-mei, Lian-ta, and Kuo-tai exhibited
high values which might possibly cause sodium toxicity to rice growth.

Furthermore, the physicochemical properties of four industrial water samples
collected six times a day were also determined (Table 3). For Chia-shin faétory, the EC
valuse were exceedingly high, above 3513 umho/cm on the average, and varied insigni-
ficantly with time of sampling. In Ching-mei water, the EC valuse were tremendously
high at 9:00 o’clock. The sample reached 10800 u mho/cm, and was slightly lower in
the evening samples. In Lian-ta water, the EC value was also high in the day time. The
EC value of Ta-tung water was significantly lower than the standard criterion. The osmotic
concentrations of the four factory waters were correlated with the EC valuses, The pH
valuse were almost in the range of pH 6.0—9.0 except Ching-mei waters which showed
very high values (above pH 11) during the morning sampling.

Except the Ta-tung water, the content of suspended solid in the daily water samples
was very high, and particularly high in the Chia-shin water (above 1000 in average, which
was 10 times greater than the standard criterion). The contents of Cl~and SO,~ signifi-
cantly higher in the Lian-ta water during the day time sampling. The NH,*-N content
was only determined in the Chia-shin water, where it varied insignificantly during the
day. The dynamics of cations present in the waste waters are given in Table 4. In gene-
ral, the cation content was significantly higher in the day time than in the evening, For
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Table 3. Physicochemical properties of 4 industrial waste water sampling on
May 30, 1978 ‘

Sampling Time
Property Factory Average
09:00 14:00 17:00  20:00 23:00 07:00 ,
EC CS 2200 3920 3900 3770 3520 3770 3513
wmho/CM  CM 10800 1640 1220 1440 1000 4970 3512
at 25°C LT 9430 5090 - 4240 - - 6253
TT 410 557 471 354 - - 448
oc cs 30 61 55 56 55 60
m osmols CM 180 17 13 15 10 65
LT 160 118 15 50 - -
TT 0 1 0 0 - -
pH cs 7.4 7.3 7.6 7.2 7.6 7.4
cM 11.8 10.6 9.6 9.4 10.0 11.4
LT 7.6 3.4 - 6.7 - -
TT 7.8 6.7 7.8 6.0 - -
Suspend Cs - 900 - 1580 - 670 1050
solid M - 212 - 196 - 328 245
mg/1 LT - 252 - 200 - - 225
TT - 13 - 78 - - 46
cr cs 103 187 139 175 157 234 166
mg/l cM 695 280 139 164 72 280 272
LT 1900 450 - 806 - - 1052
T 60 132 72 43 - - 77
S0, cs 11 80 16 35 - 13 31
mg/1 CM 83 38 29 38 - - 47
LT 1650 783 - 617 - - 1017
TT 57 37 57 37 - - 47
NH,*N cs - 346 - 304 - 325 325

mg/l

example, the Ching-mei water exhibited high Na" and K* contents at 9:00 o’clock in the
morning. The Ta-tung water had significantly higher contents of Cu, Zn, and Cr. The Cr
content was particularly high in the water collected at 9:00 o’clock. The phytotoxicity
caused by the Ta-tung water was likely due to the high concentration of heavy metals,
such as Cu, Zn, and Cr.

Discussion

Last year we reported the study involving the Chung-hwa, Kuo-tai and Shung-shii
factories. In addition to these three, we selected another four factories, namely Chia-shin
(livestock), Ching-mei (dye), Lian-ta (leather), and Ta-tung (plating) to study the effects
of these industrial waste waters on crop growth. It was obvious that the seven aforemen-
tioned waste waters revealed significant phytotoxic effects on the radicle growth of rice
and lettuce, and also suppressed the growth and yield of rice plants grown in pots. This
bioassay system has been used as a standard method to evaluate the phytotoxicity of
many industrial waste waters in Taiwan (Chou, 1978; Chou et al., 1978;1979).
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Table 4. Cation contents of 4 industrial waste waters sampling on May 30, 1978
Element Factory Sampling Time
(ppm) 09:00  14:00 17:00 20:00 23:00 07:00 Average
Na' cs 47 84 99 73 89 95 81
cM 1331 258 144 177 143 479 422
LT 1113 646 241 571 - - 642
TT 4 49 38 21 - - 37
k' cs 151 434 467 343 393 380 361
cM 730 50 168 106 46 1006 351
LT 21 9 10 12 - . 13
TT 23 50 34 18 - - 31
't cs 022 024 025 026 ° 025  0.22 0.24
M- 039 036 036 036 031 039 0.36
LT 060 061 049 053 - - 0.56
TT 138 200 375 076 - - 1.97
cat cs 22 22 14 30 28 51 28
cM 12 14 13 14 14 16 14
LT 210 186 30 86 - - 128
TT 42 37 40 44 Z - 41
Fw' ' cs 133 178 188 224 364 359 241
cM 175 109 131 181 187  1.85 1.61
LT 196 432 211 2.19 - - 2.64
TT 024 063 090  0.87 - - 0.66
Ma* e 015 010 006 004 008  0.06 Q.08
cM 012 012 005 009 005 001 0.07
LT 023 047 016 021 - - 0.26
T 030 022 032 0.2 - - 0.24
zn*t cs 010 - 012 015 010 007  0.06 0.10
cM 027 005 009 013 006 013 0.12
LT 003 071 007 003 - - 0.21
TT 043 011 080 0.1 - - 0.36.
o c - - - - - - -
cM - - - - - - -
LT - - - - - - -
TT** 32 30 20 28 - - 27.5

* The data was based on water collected on June 21, 1978,

The results of the first three factories agree with those of the last year. However,
the phytotoxicities varied with factories and were caused by differenct physicochemical
properties. In was concluded that the order of phytotoxicity was Chia-shin > Lian-ta>
Ta-tung > Kuo-tai > Shuang-shii > Ching-mei > Chung-hwa. The major cause of the
phytotoxicity was high electric conductivity which reflected the amounts of suspended
solid, C15 SO,~, NH,4*~-N and contents of metal. For example, the toxicity of Chia-shin
water apparently was due primarily to the high content of NH,*-N, Cl17 and suspended
solid, that of Ching-mei water was due to pH, C17 Na', and suspended solid; Lian-ta was
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due to pH, suspended solid, C15 SO, Na', and NH,*-N; Ta-tung was due to SO,~, Cu™,
Zn™ and Cr'®; Shuang-shii was due to suspended solid, and C17; Kuo-tai was due to C1;,
Na*, and Cu*. The Chunghwa water was shown to be the least which was difficult to
correleate with these physiocochemical properties. It is likely that the toxicity of each
water was not only caused by one single factor, but also by several factors together. It
was also found that the toxicity was significantly higher in the day samples particularly
at 7:00 and 9:00 o’clock that in the evening samples. The phytotoxicity of daily samples
was also correlated with the factors mentioned.

The factories selected for this study have been established for at least five years,
with their water running onto adjacent agricultural land. This has affected the texture
and fertility of soils through biogeochemical processes. For example, high SAR valuse
causes soil to become poor in fertility becasue of high salinity and change of the soil
texture. We found that several factory waters contain significantly high amounts of Na,
which caused not only sodium toxicity, but also poor soil fertility. In addition, a long
term accumulation of Zn, Cu, andCr causes soil toxcity, resulting in a detrin.ental effect
on plant growth. The unique chemical waste released from a factory may change soil
microflora and fauna, and in turn result in an imbalance of the agricultural ecosystem.
This will be particularly pronounced in the paddy fields of Taiwan not only on the land
receiving the waste waters but also from the use of herbicides and pesticides by farmers.
After the land has been polluted by waste waters, the fertility of soil may never return
to its previous status, and naturally the agricultural productivity will be decreased (Chou,
1978, Chou et al.,, 1978, 1979; WQS, 1969). Based on this study, we call our people’s
attention to the detrimental impacts of industrial waste pollutants on the ecosystem, and
as their help in preserving our lands in a hgih state of productivity, thus insuring a bright
future for the coming genrations.
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BEEKGEAREYEECHE
V. F RS R

AgasxhAEN %2 a5R %5 a?

ko w2 % g p®
Coh kB MOF RS HRRR RS LW EA B B

AR FEREAT L EESE, WEAET MR HIE T8 T R Bk B
MAEREBZHE, ERTHKESELK (Shuang-shi) , BRWERK (Kuo-tai), I
%% %5 (Chiashin), $3&gu% g (Ching-mei), X 7 24 B (Ta-tung) & Bk 5% g
(Lian-ta) o SEWME A RE , HohEm X EHE A2 /hENEE , DSBS
THYEEBEERSBARNFZRENRSESEE 2 BR . 30 % Bl 28 A
ARERIUTHBKHABETZEE . ARREY DR BEIRE . FASEH
HHZBKOERANESSYE , WEERMDWH AR , B8, REEEZHREE
, HOHEEZEERR , KBRS, BEEH RS . MYEEETEARRRE
BMEMRE . LERTMBAZHEYSHEBEEZRES : EF >BA>KE>EE>
BESEE>D, —BREZ, ARZABEZRYSHEREES , L RERM L
WMENBREEG. FEBABARZ A BAEETEESEAD , BB E WEAR
EFEREE . WARERSRE FuME, 5, 28N, $®E, THERE
BEAEBEZIHER . BAh 2B REREH , LR ERZBEAZESESRK
® , Hifim pH i ,CI,S0,~ , NH,/—N, Nat , BEREHBIRSIFERAE
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