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ABSTRACT 

We exposed red medaka at different developmental stages to various levels of cadmium, 
zinc, oxadiazon emulsion and fenitrothion emulsion to determine whether these fish 
represent useful biological indicators of water quality. We found that the incidence of 
vertebral abnormalities was the highest when eggs or newly hatched fry were exposed 
to the heavy metals or agricultural chemicals, that the chemicals exerted a greater 
adverse effect on the vertebral structure of medaka than did the examined metals, and 
that the centrum is the most sensitive vertebral indicator of induced damage. Our 
results suggest that medaka represent useful biological indicators of water quality. 

INTRODUCTION 

Physical and chemical methods have been 
widely used to assess water purity or pollution. 
However, there is an increased interest in the 
efficacy of employing biological indicators to 
determine water quality1- 9, 11 - 13, 15 -!Bl. These 
indicators can be classified as biological indi
cators and as physio- or biochemical indicators. 
The former is based on the saprobien system of 
Kolkwitz-Marsson13' 14l and the system of Lieb
mann15l; both of these have been widely used 
in Japan. According to these determination 
methods, the degree of organic pollution is 
classified into 4 stages, the polysaprobic, a
mesosaprobic, fi-mesosaprobic, and the oligo
saprobic stages. The normal and pathologic 
characteristics of the indicator species are ex
amined and the number of species and/or 
individuals within a species exhibiting abnormal 
characteristics is used to determine the level of 
pollution17•18l. When physio- or biochemical 
indicators are used, determination of water 
quality is based on criteria such as growth, 
proliferation and bioactivity of the indicator 
species2l. 

Nakae18l collected a bibliographical list on 
biological indicators of water quality. However, 

few investigators have employed this method to 
assess the level of water pollution by heavy 
metals or agricultural chemicals. 

In the present investigation, we exposed red 
medaka at different developmental stages to 
various levels of cadmium (Cd) or Zinc (Zn) or 
to the agricultural chemicals oxadiazon emulsion 
(Oxa) or fenitrothion emulsion (Fen) and ex
amined the external deformities and vertebral 
abnormalities induced by these agents. 

MATERIALS AND METHODS 

Adult medaka (the red variety of Oryzias 
latipes) were purchased from Ito fish farm. In 
control experiments, adult medaka obtained 
from the supplier, eggs spawned in our tank 
and fry hatched in our laboratory, were main
tained in dechlorinated water. 

Metal Exposure Experiments 
Experiment M-I: Adult fish were allowed to 

acclimatize to the indoor aquarium for 2 weeks 
and were then divided into 4 groups. Groups 
1 and 2 were exposed for 30 days to 0. 01 and 
0. 05 ppm Cd, respectively; groups 3 and 4 to 
1 and 2 ppm Zn, respectively. The water in 
the tanks was replaced once a week and the 
Cd and Zn concentration was determined before 
and after the exchange of rearing water. Dur-
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ing the course of the experiment, the aeration 
and food supplied were irreducible. 

Experiment M-II: Medaka were raised in the 
indoor aquarium to the spawning stage, eggs 
were collected in the morning and the egg clus
ters were separated into individual eggs. The 
harvested eggs were divided into 3 groups; 
group 1 was maintained in a beaker with water 
containing 0. 01 ppm Cd, groups 2 and 3 in 
water containing 1 and 3 ppm Zn, respectively, 
until the retinal pigment stage. During the 
hatching period, the level of aeration was kept 
irreducible; dead eggs were removed daily. 
The newly hatched fry were placed in aquari
ums and raised in dechlorinated water. 

Experiment M-III: Separated eggs spawned 
in indoor aquariums were divided into 4 groups. 
Groups 1 and 2 were hatched and raised to 
adulthood in tanks containing 0. 001 and 0. 01 
ppm Cd, respectively, and groups 3 and 4 in 
water containing 0. 3 and 0. 5 ppm Zn, respec
tively. The water was replaced once a week 
and the Cd and Zn concentration was deter
mined before and after the exchange of rearing 
water. During the course of the experiment, 
the aeration and food supplied were irreducible. 

Oxa and Fen Exposure Experiments 

The Oxa contain 12% 5-t-butyl-3 (2, 4-
dichloro-5-isopropoxyphenyl)-3, 4-oxadiazol-2-
one and 88% emulsifier and organic solvent. 
This is the constitution of the herbicide as it 
is widely used in Japan rice paddies. The Fen 
contain 50 J~ dimethyl-(3-methyl-4-nitrophehyl) 
thiophosphate and 50 % emulsifier and organic 
solvent. This is the constitution of the organic 
phosphorus insecticide as it is widely used in 
Japan. 

Experiment A-I: Adult medaka which had 
been acclimatized to the indoor aquarium were 
exposed for 48 hr to water containing 16 ppm 
Oxa. To study the effects of Fen exposure, 
adult medaka which had been spawned in the 
indoor tank, were divided into 3 groups and 
exposed for 20 days to water containing 1, 2, 
or 4 ppm Fen. The water was changed at 3-
day intervals to keep the Fen concentration as 
near the desired level as possible. 

Experiment A-II: Eggs spawned in the in
door tank were divided into 8 groups. Groups 
1 and 2 were raised to the hatching in water 
containing 4 and 16 ppm Oxa, respectively. 
Groups 3-8 were placed until hatching (7-10 
days) in water containing 0. 1, 0. 2, 0. 4, 1, 2, or 
4 ppm Fen. The water was changed on day 4 

Table 1. Incidence of vertebral abnormalities in medaka exposed to various 
concentrations of Cadmium (Cd) or Zinc (Zn) 

No. of fish Body length Incidence of Incidence of fish Incidence of fish 
(mm) deformed fish with damaged with damaged 

examined (Ave. ± S. D.) (%) vertebrae (%) centra (%) 

M-I (Adult fish) 

Cd control 48 25.0 2.3 0 42 4 
Cd 0.01 ppm 50 24.5 2.8 0 54 5 
Cd 0,05ppm 60 25.4 2.5 0 59 0 
Zn control 24 25.9 1. 7 0 42 8 
Zn 1 ppm 39 24.5 2.0 0 59 0 
Zn 2ppm 37 25.0 1.8 0 46 31 

Control 32 20.8 1.5 0 34 9 
M-II (Eggs) 

Cd O.Olppm 23 18.2 1 ')* 
·'-' 9 61 22 

Zn l ppm 59 16.9 2.9* 0 64* 20 
Zn 3ppm 63 17.1 3.0* 8 52 24 
M-III (Egg-Adulthood) 

Cd O,Olppm 32 19.1 1.0* 0 66* 38* 
Cd O.Olppm 46 16.3 3.3* 9 85* 46* 
Zn 0,:1ppm 76 17.2 2.2* 5 82* 26 
Zn 0,5ppm 31 14.6 2.8* 13 97* 52* 

Statistically significant difference as compared with the control, *: p<O. 01 by xLtest, 
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to keep the concentration. Aeration was irre
ducible during the hatching period; dead eggs 
were removed daily. The newly hatched fry 
were placed in indoor aquariums and raised in 
dechlorinated water. 

Experiment A-III: Fry hatched in the indoor 
aquarium were divided into 6 groups. Groups 
1-3 were raised in water containing 2, 4, or 8 
ppm Oxa, and groups 4-6 in water containing 
0. 5, 1, or 2 ppm Fen. The water was changed 
at 3-day intervals to keep the concentration. 
After being raised for 1 week in the water 
containing agricultural chemicals, they were 
placed in aquariums and raised to the adulthood 
in dechlorinated water. 

Preparation and Observation Procedures 
At the end of the experimental period, the 

fish were carefully inspected; bone and cartilage 
were stained with the Alizarin red S and Alcian 

blue double-staining method10> and the vertebral 
structure was inspected under a stereoscopic 
mizroscope. Care was taken to avoid damage 
to the skeletal structure during these procedures. 
Only those fish which survived the exposure 
experiments were studied microscopically, how
ever, in experiment A-I, fish which died during 
Fen exposure were also examined. 

RESULTS 

Metal Exposure Experiments (Table 1) 
M-I: None of the adult fish used in this 

experiment manifested macroscopically recog
nizable external deformities. Exposure to Cd 
or Zn resulted in a slight increase in the num
ber of fish with vertebral damage. Damage to 
the centra was highest in fish exposed to 2 ppm 
Zn; the fact that the control population exhib
ited a higher incidence of centra damage than 

Table 2. Incidence of vertebral abnormalties in medaka exposed to various 
concentrations of oxadiazon (Oxa) or fenitrothion (Fen). 

No. of fish Body length Incidence of Incidence of fish Incidence of fish 
(mm) deformed fish with damaged with damaged 

examined (Ave.± S. D.) (%) vertebrae (%) centra (%) 

A-I (Adult fish) 

Oxa control 56 28.3 1.5 0 38 2 
Oxa 16ppm 44 28.8 1.9 0 41 5 
Fen control 34 18.9 1.0 0 35 6 
Fen lppm 76 19.5 1.5 57 50 12 
Fen 2ppm 74 19.6 1.4 65 50 14 
Fen 4ppm 75 19.4 1.5 3 47 19 

Control 34 18.9 1.0 0 35 6 
A-II (Eggs) 

Oxa 4ppm 85 18.0 1.9* 12 80** 38 
Oxa 16ppm 74 19.2 2.5* 41 92** 57 
Fen 0.1 ppm 147 17.5 1.7* 0 67** 12 
Fen 0.2ppm 150 18.2 1.9* 0 79** 24 
Fen 0.4 ppm 36 14.3 3.0* 78 100** 97 
Fen 1 ppm 28 18.8 2.2 25 79** 25 
Fen 2ppm 94 17.2 2.7** 26 ~7** 59 
Fen 4ppm 181 17.4 2.1** 2 85** 59 
A-III (Fry) 

Oxa 2ppm 32 20.0 1.8** 19 66* 19 
Oxa 4ppm 108 19.0 1.2 2 79** 23 
Oxa 8ppm 24 20.0 1.5** 0 79** 8 
Fen 0,5ppm 132 17.2 3.4** 41 86** 38 
Fen 1 ppm 27 21.2 1.8** 85 96** 81 
Fen 2ppm 12 20.3 0.8 0 75** 33 

Statistically significant difference as compared with the control; *: p<O. 05, **: p<O. 01 by xLtest, 
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some of the test populations is attributed to 
the random occurrence of vertebral abnormal
ities in medaka. 

M-II: When eggs were exposet to different 
metal concentration until the retinal pigment 
stage, the incidence of macroscopic deformities 
was 9 % in the 0. 01 ppm Cd group and 8 % in 
the 3 ppm Zn group. Most of the deformities 
consisted of lateral deflection in the caudal 
peduncle. Vertebral abnormalities were signif
icantly higher (p<O. 01) in the 1 ppm Zn group 
than the control. Damage to the centra was 
higher in fish exposed to the metals than in 
the controls. 

M-III: When metal exposure lasted from the 
egg stage until the fish reached adulthood, the 
incidence of macroscopic deformities was the 
highest in the 0. 05 ppm Zn group. Vertebral 
damage was significantly more frequent in all 
the exposed groups as compared to the control 
(p<O. 01); upon 0. 5 ppm Zn exposure, 97 % of 
the fish manifested damaged vertebrae. Dam
age to the centra was significantly higher in all 
the exposed groups except that raised in the 
presence of 0. 3 ppm Zn. 

Oxa and Fen Exposure Experiments (Table 
2) 

A-I: None of the adult fish exposed to Oxa 
manifested macroscopic deformities and there 
was no significant difference between the control 
and the experimental groups with respect to 
vertebral or centra damage. 

In the Fen exposure groups, the incidence of 
external deformities, especially caudal fin de
formities, was high at 1 and 2 ppm Fen. The 
low incidence of deformation in the 4 ppm Fen 
group is attributable to the fact that all fish 
died during the early part of the experiment. 
Vertebral damage were higher in the Fen- than 
the Oxa- exposed groups. 

A-II: When fish were raised in the presence 
of different Oxa and Fen concentrations, the 
incidence of macroscopic deformities was higher 
than in the controls, excepting exposure to 0. 1 
and 0. 2 ppm Fen. The deformities consisted 
primarily of deflection of the caudal peduncle. 
All the exposed groups manifested a significant
ly higher incidence of vertebral damage than 
the controls (p<O. 01) and damage to the centra 
was from 2-16 times higher than in unexposed 
fish. 

A-III: When fry, hatched in the absence of 

the agricultural chemicals, were raised in the 
presence of various Oxa and Fen concentrations, 
macroscopic deformities ranged from 0-85 %. 
The incidence of vertebral damage was signif
icantly higher in all the exposed groups than 
in the control and damage to the centra ranged 
from 8-81%. 

DISCUSSION 

Medaka is one of those fishes which have 
been so familiar to us all since long ago. We 
have great interest in medaka, so that we will 
easily realize something wrong with them. 
Therefore, the very existence of medaka will be 
regarded as a good indicator. Medaka, which 
is a vertebrate, can indicate bad influences of 
water pollution on the human body more clearly 
than invertebrates and floras which have hith
erto been largely used as biological indicators. 
As medaka migrates less than other fishes and 
is so easy to catch that it has almost similar 
advantage to the existing biological indicators. 
V erterbal abnormalities caused once in medaka 
will remain as they are as long as it lives. 

We have demonstrated two methods by which 
we can determine vertebral abnormalities in 
med aka; one is detecting the incidence of fish 
with vertebral abnormalities, and the other is 
detecting that with the abnormal centra. It 
was found that the centra were more sensitive 
than other regions of the vertebrae according 
to Fen exposure conditions9>. The centra were 
more important for fish than other regions of 
the vertebrae, for they have a great influence 
on the swimming behaviour of fish. The centra 
were hardly injured by the processes of prepa
ration and staining and their abnormalities can 
be detected even by a soft X-ray. It is easy 
to discern objectively the abnormal centra from 
the normal ones by using only a small loupe, 

and moreover, there is little difference between 
those results obtained by an individual orserver. 
Therefore, special taxonomic knowledge as is 
required in using the existing biological indi
cators is not needed. For the above-mentiooed 
reasons, we can obtain more reliable results 
more easily by using the incidence of fish with 
the abnormal centra than using that with the 
abnormal vertebrae. 

Vertebral abnormalities in red medaka were 
caused most frequently when eggs or newly 
hatched fry were exposed to concentri;i.tions of 
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TLm (median of Tolerance Limit) value per 
tenth-near TLm value of the 2 heavy metals 
and the 2 agricultural chemicals. TLm value 
in each chemicals toward medaka is 0. 1 ppm/ 
24h in Cd*, 18 ppm/24h in Zn19l, 7.1 ppm/48h 
in Oxa20>, and 3. 8 ppm/48h in Fen20 • Many 
experiments performed on the occurrence of 
skeletal abnormalities in fishes by using various 
fishes other than medaka, have made us gen
erally accept that skeletal abnormalities occur 
by various factors, that is the physical and 
chemical, the hereditary, the nutritional, and so 
on rn. Vertebral abnormalities in medaka will 
be caused by those 4 materials used in the 
experiments as well as other metals and agri
cultural chemicals and the above-mentioned 
various factors, so that it is impossible to 
affirm that vertebral abnormalities in medaka 
can be a biological indicator of a fixed sub
stance within the water pollution. But it may 
be inferred that their abnormalities are signifi
cant as an indicator of water pollution as a 
whole. 

From the results of our experiments, effective 
concentrations which cause frequently vertebral 
abnormalities in medaka are different according 
to the 4 causal materials used, but broadly 
speaking, they are TLm value per tenth-near 
TLm value. Namely, concentration of TLm 
value per tenth-near TLm value is roughly 
equal to the environmental standard for public 
water areas where Cd is less than 0. 01 ppm, 
and organic phosphorous is undetectable (of 
which detectable limit is 0. 1 ppm), and Zn in 
drinking water standard less than 1 ppm, or 
slightly lower than those standards. It may 
be inferred that there are neither such various 
pollutants nor factors that can frequently cause 
vertebral abnormalities in the water area where 
normal medaka inhabit. Therefore, it may be 
said that the very presence of normal medaka 
indicates a water area being safe also for human 
beings. As the concentrations of pollutants that 
can cause vertebral abnormalities in medaka 
are approximate to the environmental standard 
for public water areas; the vertebrae of medaka 
have a suitable sensitivity in terms of the bad 
influences of pollutants on the human health. 

Automatic apparatuses, which can continu
ously analyze and determine BOD, pH, heavy 
metals and so on in the water, have begun to 

* unpublished data 

be used to supervise water quality. However, 
it needs a high technique to analyze agricul
tural chemicals, and often various kinds of 
chemicals are mixed and used at the same 
time. Moreover, some of the components there
of are apt to dissolve and disappear quickly, so 
that the dgree of water pollution by agricul
tural chemicals will be analyzed and located by 
using the physical methods only. 

In recent years many kinds of agricultural 
chemicals are likely to be too much used in 
rice paddy in Japan. In our experiments the 
incidence of vertebral abnormalities in fish was 
higher, and the symptoms were heavier in the 
case of its exposure to agricultural chemicals 
than to heavy metals. The cases of skeletal 
abnormalities caused by agricultural chemicals 
in fishes other than medaka have been reported 
on by many workers12>. Agricultural chemicals 
are one of the important factors that can cause 
vertebral abnormalities in medaka. Our exper
iments made clear that they had a great influ
ence on the vertebrae of medaka at the stages 
of eggs and newly hatched fry 7• 8>. In Japan 
medaka in the field usually spawn in May
August, when a great amount of agricultural 
chemicals are used in rice paddy. Medaka will
ingly inhabit in irrigation waters for paddy. 

From the above-mentioned reasons, it may 
be inferred that vertebral abnormalities in 
medaka are effective and useful means as a 
biological indicator, especially of the water pol
lution by agricultural chemicals. 
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