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The River  Yodo originates from Lake Biwa, the largest and oldest lake in 
Japan, and f lows down to Osaka Bay, a distance of  75 km. It is the main 
source of  drinking water for 14 million people in the Kinki area, the second 
largest urban community in Japan. The preservation of  water quality and the 
protection of  water bodies from human activities have been considered to be 
important issues. Worldwatch,  on the other hand, reported that there are 
70,000 synthetic chemicals  in everyday use, with 500 to 1,000 new ones 
added to the list each year on the earth (Blum and Sl?eece 1990). These 
chemicals  are being discharged into the environment m each step of  their 
production, transport, use and disposal. It is extremely difficult to make a 
quantitative estimate of  their possible risks as a whole since most of  them 
exist at levels too low to be estimated by any chemical analysis methods. To 
solve this problem, the U.S. Environmental Protection Agency has proposed 
a toxicity identification evaluation (TIE) method, which combines toxicity 
tes t ings  with phys ica l  and chemica l  ana lyses  of  e f f luen t s  to iden t i fy  
potent ia l ly  causa t ive  toxicants  (Mount  and Anderson-Carnahan  1988a, 
1988b, 1988c). In this study, we report  results of  one year  test of  acute 
toxicity of  the River Yodo water on Oaphnia magna. 

M A T E R I A L S  AND M E T H O D S  

Water  samples in this study were collected monthly from one site in Lake 
Biwa and 11 sites in the River Yodo basin from April 1993 to March 1994 
for one year. In a previous one-year  study of  raw water samples obtained 
f rom seve ra l  l oca t ions  o f  the r iver  (June 1992 to March 1993),  we 
established that the water samples had practically no acute toxic effects on 
D. magna ,  e x c e p t  t hose  s a m p l e s  o b t a i n e d  in A u g u s t  ( H o s o k a w a  
unpub l i shed) .  The sampling sites are marked in the schematic map of the 
river system as shown in Fig.1. The annual average water f low rate of  the 
river at sampling Sites 3, 4, 5 and 6 is about 178, 51, 46 and 210 m 3/see,  
respect ively .  The rivers at Sites 9, 10, 11 and 12 are small and heavily 
polluted tributaries. The water samples were collected and transported in 
glass vessels  to our laboratory,  and a port ion of  each sample was tested 
immedia te ly  for the acute toxici ty to D. magna. The remainder  of  the 
samples was stored in a refrigerator. 

The r iver-water  samples were vacuum-fi l tered through a glass filter with 
1 I.tm pores .  For  c o n c e n t r a t i n g  the wa te r  samples ,  a S e p - P a k  C18 
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Figure 1. Map showing the River Yodo basin and 
sampling locations used in the study. 

ca r t r idge  (Mi l l ipore  Co.)  
containing 360 mg of  C18- 
b o n d e d  p o r o u s  s i l i c a ,  
which had been previously  
a c t i v a t e d  wi th  5 mL o f  
methanol and rinsed with 5 
mL d i s t i l l e d  wa te r ,  was  
u s e d .  One  l i t e r  o f  the  
f i l tered sample was drawn 
through the car t r idge  at a 
f low rate of  about  15 mL/ 
min by a water  aspirator .  
The  C l S - b o n d e d  p o r o u s  
silica was then rinsed with 
10 mL of distilled water and 
was dried by drawing room 
a i r  t h r o u g h  i t .  T h e  
a d s o r b e d  o r g a n i c s  w e r e  
e l u t e d  w i t h  2 m L  o f  
me thano l ,  and the e lua te  
was  t hen  c o n c e n t r a t e d  
under  a gen t le  s t ream of  
n i t r o g e n  to  e l i m i n a t e  
methanol .  The extract ion 
by m e t h a n o l  a l o n e  may  
l e a v e  s o m e  n o n - p o l a r  
organic compounds,  but we 
bel ieve that this procedure  

is still useful  for evaluating and identifying pollutants which cause acute 
toxicities to D. magna .  Since polar organic compounds have much higher 
solubil i ty in water than non-polar organic compounds,  and may be major 
organic contaminants in water, the extracts by methanol are the first to be 
examined for biological toxicity tests (Durhan et al. 1989). By diluting the 
residue (<0.1 mL) to 50 mL with the reconstituted water (RCW) as a diluent, 
a 20-fold aqueous concentrate was obtained. The composition of  RCW was 
0.5 mM of CaCO3.2H20, 0.3 mM of MgSO4.7H20, 0.05 mM of KC1 and 0.5 
mM of NaHCO3 in distilled water. 

The Daphn i a  m a g n a  used in this study were obtained from the National 
Institute for Environmental  Studies, Tsukuba, Japan, and had been kept in 
our laboratory for three years. Experimental animals were cultured in RCW 
enriched with vitamin B12 (0.02 ~tg/L) and Se (1.0 lxg/L) under semi-static 
conditions. They were fed a diet of  the green algae, C h l a m y d o m o n a s  sp.  
and Chlorolla sp. Culture and toxicity tests were conducted in a chamber at 
22 ----- 1 *C with a light / dark cycle of  16 hr (range 550-720 lux) / 8 hr. 

Stat ic  acute  tes ts  using newly  ha tched D. m a g n a  (<24 hr old)  were  
conducted  in a 20-mL glass tube, in which a total amount of  15 mL of  a 
di lut ion made from the appropriate  amount  of  a raw or a concent ra ted  
sample and the added dilution water was placed, and five animals were kept 
in each solution. During the tests, animals were not fed with any diet, and 
the water  solut ions  were not renewed.  Toxic i ty  of  water  samples  was 
determined by using as an endpoint immobility after 24- and 48-hr exposure 
periods. Toxicity effects of  the raw sample were determined as a percentage 
of  immobile animals, using 5 animals per tube, and 4 tubes per sample. 
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Figure 2. Variation in the acute toxicity to D. magna 
of Site 1,2, 3. 

Three columns of each month indicate Site 1, 2, 3 from 
the left to the right. The columns []  indicate samples 
with no effects at the concentration factor of 20X. The 
columns • andD indicate the values of 20/24 hr-ECS0 
and 20/48 hr-EC50. 

F rom 50 mL o f  the 20- 
fold aqueous concentra te  
in a volumetric vessel, 15 
mL were drawn into a test 
tube  wi th  a v o l u m e t r i c  
pipet and the toxicity was 
tested on 5 animals. The 
r ema in ing  (35 mL) was 
d i l u t e d  to 50 mL wi th  
R C W ,  a 1 . 4 3 - f o l d  
d i l u t i o n  s e r i e s .  T h i s  
process  was repea ted  to 
reach the adequate degree 
o f  d i l u t i on ,  which  was 
e s t ima ted  f rom the raw 
wa te r  tes t  r e su l t s ,  and 
more  than 5 t r ials  were  
m a d e  fo r  m o s t  o f  the  
samples. The immobili ty 
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Figure 3. Variation in the acute toxicity to D. m a g n a  of Site to 3, 4, 5. 
See Fig. 2. 

13 

v 

11 

1 ~ .d'T::l F'I-~ 
Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. 
1993 1994 

Figure 4. Variation in the acute toxicity to D. magna of Site 6, 7, 8. 

See Fig. 2. 
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Figure 5-1. Variation in the acute toxicity to D. magna of Site 9, 10, 11, 12 (raw). 
The columns [] indicate samples with no effects. The columns [] andEl indicate 
immobility after 24 and 48 hr. 
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Figure 5-2. Variation in the acute toxicity to D. magna of Site 9, 10, 11, 12. 
See Fig. 2. 

da ta  were  a na lyzed  by p rob i t  ana lys is  to es t imate  EC50-values  and 95 % 
con f idence  intervals .  No part ial  e f fec ts  were obse rved  in many  o f  the tests 
on  c o n c e n t r a t e s ,  w h i c h  w e r e  c o n d u c t e d  w i t h  5 a n i m a l s  p e r  e a c h  
concent ra t ion .  The i r  EC50-values were ca lcula ted  as the geomet r ic  mean of  
the highest  concent ra t ion  that caused no e f fec t  and the lowest  concent ra t ion  
that exhib i ted  100 % immobi l i ty .  These  concent ra t ion  factors  were  used as 
concen t r a t i ons  in the s tandard  ca lcu la t ions  o f  EC50-values .  The  resu l t ing  
EC50-va lue  is i n v e r s e l y  p ropo r t i ona l  to the t ox i c i t y  : h ighe r  EC50-va lue  
indicates  lower  toxici ty .  To avoid any confusion,  the EC50-values  obta ined  
were  conver t ed  to re la t ive  values by the fo l lowing  formula .  

re la t ive  toxic i ty  = 20/EC50-value 

R E S U L T S  AND D I S C U S S I O N  

T h e  a c u t e  t o x i c i t i e s  to D. m a g n a  were  b a r e l y  d e t e c t a b l e  e v e n  in the  
concent ra tes  obta ined  f rom the Lake Biwa (Site 1), the main water  source o f  
the R i v e r  Yodo .  The  acu te  t o x i c i t i e s  were ,  h o w e v e r ,  d e t e c t e d  fo r  the 
concen t r a t e s  ob ta ined  f rom Sites 2 and 3 dur ing  the summer  season,  more  
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for Site 2 than Site 3. The highest 48-hr relative toxicity value of  5.4 was 
seen in the 3.7-fold concentrate from Site 3 in September (Fig. 2). In Fig. 2, 
the results with no effect are not included. 

River Katsura (Site 4), one of  the two main tributaries, receives discharge 
from sewage treatment plants of Kyoto  City which has a population of  1.4 
million, plus 45 mill ion tourists a year. Sometimes,  the river is slightly 
colored with dye residues discharged from dye-works,  which is one of  the 
traditional industries in the Kyoto area. Their concentrates were strongly 
colored most o f  the time because the dye residues were poorly treated in the 
sewage treatment plant, but their toxicities to D. m a g n a  were not as great as 
might  have been expec t ed  by their  appearance .  The tox ic i t ies  o f  the 
concentrates from this site occurred in some degree over the summer season, 
and immobilit ies of  32 and 50 % were detected in 48-hr acute toxicity tests 
of  the raw samples obtained in August  and September,  respectively.  The 
immobi l i ty ,  however ,  could not be detected at all in their concentrates ,  
contrary to the results of  the raw water samples (Fig. 3). This could have 
been  due e i ther  to the fact  that the toxicant(s)  were  not ex t rac ted  by 
methanol  or that they were not adsorbed on the C18 column. This point 
needs to be investigated further, but the findings above are bel ieved to be 
important in themselves. 

Main pollutants of  the River Kizu (Site 5) come from agricultural activities 
in the area as d iscussed  below. Construct ion of  a new sewer  sys tem is 
needed,  however ,  since there have been residential  deve lopments  in the 
upper reaches of  the river in recent years. The toxicit ies of  concentrates 
from Site 5 were detected starting in July with the opening of  the irrigation 
system in the area, and remained until October  with a decreasing degree 
(Fig. 3). As mentioned above, the results of the study of  the preceding year 
showed that the raw samples obtained from this site in August  had a high 
toxicity, i.e., 24-hr and 48-hr immobility were 92 and 100 %, respectively. 
In this area, flooding occurred at the time of  pesticide spraying and the river 
was made muddy.  Yamaguchi  and Fukushima (1993) reported that most 
kinds of  pesticides in use were detected in these samples. These pollutants 
had very harmful effects on the down stream biological systems in Sites 6, 7 
and 8 because of  a relatively high flow rate of the water of  this river into the 
River Yodo. The 24-hr immobilit ies at the down stream sites were 52-100 
% and 48-hr immobilities were 100 % at all the sites. 

High toxicity values of  the concentrates obtained from the main current of  
the River  Yodo (Sites 6, 7 and 8) were found in June, July, and August.  
High toxicity values were also detected in the raw samples obtained from 
Site 8 in November  and May, i.e., 24-hr immobilities were 16 and 40 %, 48- 
hr immobili t ies were 64 and 68 %, respectively.  But, their toxicities were 
lost in repeated toxicity tests with samples in which EDTA Ca (0.3 mM) was 
added since EDTA Ca reduces the toxicit ies of  metals. Furthermore,  the 
toxicity values of  their concentrates were similar to those of  samples of  the 
upper  two sites ob ta ined  during the same per iod  (Fig. 4). A s imilar  
phenomenon  was noted for  the sample  ob ta ined  f rom the same site in 

ctober  of  the preceding year. These waters were sampled at 50 m down 
stream from the entry of  the tributary, where the water source for the quality 
control  o f  streams in Osaka City is discharged. There are no sources of  
pol lu t ion be tween  the sampling site and the entry. We suspect  that the 
toxicity was due to metals redissolved from sediments by a turbulent flow. 

In four  small  t r ibutar ies  (Sites 9, 10, 11 and 12), high toxic i t ies  were 
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Figure 6. The relationship between 24-hr 
ECS0(x) and 48-hr ECS0(y) 

y = 0.250 + 1.63X, r = 0.977 

frequently detected in raw samples 
in all seasons, with less in the winter 
season (Fig. 5-1). Furthermore, the 
toxic i ty  of  their concent ra tes  was 
apparen t ly  s t rong even  in win te r  
when agricultural and sanitary uses 
o f  p e s t i c i d e s  w e r e  g r e a t l y  
r e d u c e d ( F i g .  5-2) .  T h e s e  r i ve r  
basins are urbanized, industrialized 
and dense ly  popu la t ed ,  and have 
many small rice paddies. Because of 
the delay in const ruct ion  of  sewer  
sys tems  around these  basins ,  the 
w a t e r s  o f  t h e s e  t r i b u t a r i e s  are  
heav i ly  p o l l u t e d  wi th  mun ic ipa l  
was tewate r .  The annual  average  
va lues  of  BOD during 1992 were 
6.0, 16.5, 12.1 and 3.6 mg/L for  
Sites 9, 10, 11 and 12, respect ively 
( Y o d o  R i v e r  S y s t e m  L i a i s o n  
Counc i l  for  P reven t ion  of  Wa te r  

Pollution 1994). Among the water samples of these tributaries, the ones of  
S i te l0  were especial ly polluted with organic contaminant suspensions,  in 
which test animals grew without  any diet during the acute toxici ty tests. 
Therefore, their acute toxicity values for concentrates, from which most diet 
materials were removed by pretreatment, were higher than those estimated 
from raw samples. This correlation is seen in the tests conducted in May, 
June, July, August, and November.  

Although we could not identify toxic pollutants in this study, it is suggested 
from the seasonal trends and the areal distribution of toxicity that the main 
toxic pol lu tan ts  to D. magna were  pes t ic ides .  Concern ing  pes t i c ide  
pollution, its occurrence is in agreement with the season of  pesticide use and 
its efflux with flooding (Galassi et al. 1992; Yamaguchi et al. 1992). The 
toxic effects  of  pesticides to D. m a g n a  differ in degree depending on the 
type of  pesticide. Insecticides are even more acutely toxic as shown below. 
From our  exper imen t s ,  the 24-hr EC50s of  d iaz inon and fen i t ro th ion  
(insecticides) to D. m a g n a  were 0.50 and 1.1 F g/L, respectively,  and the 
48-hr ECS0s were 0.25 and 0.77 F g/L, respectively. Those of simazine and 
mol inate  (herbic ides)  were more than 5 mg/L. That  of  i sopro th io lane  
(germicide) was also more than 5 mg/L. The results of  our study showed 
that the main toxicants  to D. magna were insect icides with a relat ively 
small ratio of  24-hr ECS0/48-hr EC50 of 1.6 (Fig. 6). 

There have been several reports on mutagenic effects of  water of  the River 
Yodo (Sakamoto and Hayatsu  1990; Matsui et al. 1992; Nakamuro et al. 
1992, 1994). Nakamuro et al. (1994) repor ted results  of  their study on 
mutagenic  ef fects  of  the River  Yodo's  water,  but their results  are much 
different  from ours regarding when and where prevalent  toxici t ies occur.  
They reported that the highest mutagenic activity occurred in fall in the 
River Katsura (Site 4), and lowest in summer. They suggested that mutagens 
originated from urban streams, discharge of  waste treatment plants, urban 
runoff  and rainfall. On the other hand, our results indicated that the main 
sources of  acute toxic pollutants to D. magna were pesticides as dicussed 
above. This remarkable difference in the two studies is very interesting 
since estimates of  water toxicities depend on bioassay methods used. In this 
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regard, the Toxicity Identification Evaluation (TIE) procedures should be 
applied widely to diverse species in areas with complex pollutants, and must 
be useful in our country. 
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