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Abstract

The aim of this study was to examine whether Bisphenol A (BPA) had any effects on the
freshwater planarians. It was clarified that the sensitivity to BPA was different in each species.
Among these 6 species examined this time, Bdellocephala brunnea showed the highest at 96-h
median lethal toxicant concentration (LCs, = 9.58 mg/L) and Dugesia ryukyuensis (OH strain)
showed the lowest concentration (LCs, = 5.11 mg/L). And it was also recognized that the strained
D. japonica (FH strain) has a tendency to die at a lower concentration than the wild D. japonica.
After examining the survival rates of three kinds of planarians with three kinds of concentration (100
ppb, 1 ppm, 10 ppm), there was a significant difference in 10 ppm treated groups compared with the
control specimens, and in D. ryukyuensis and D. japonica even 1 ppm treated groups.

We treated D. japonica with a BPA short term lethal concentration (40 ppm) and observed the
process to death and classified the process into 6 stages. From these experiments, it was suggested
that the specimen has become a non-defensible body as it advanced to the stage 4.

We examined the influence of BPA on the regeneration of D. japonica and B. brunnea. In B.
brunnea treated with 1 ppm BPA for 4 weeks and 8 weeks after cutting, the head and tail formation
failed. We also examined BPA influence on the regeneration of the genital organ using sexual B.
brunnea, and we obtained the results that ovaries were growing significantly and the formation of
the copulatory apparatus were being stimulated compared with the control specimens in the 100 ppb
BPA treated group after 12 weeks.

From the results of these experiments, it was clarified that BPA acts like endocrine disrupting
chemical when used in a low-level concentration (100 ppb), and it inhibits regeneration when used
in a mid concentration (300, 500 ppb and 1 ppm), and it leads them to die in the case of a high
concentration (above 1 ppm).

Introduction
Bisphenol A (BPA) is widely used in plastics such as polycarbonate or epoxy resin and is also used
for coating the inside of cans. However there are some reports that BPA is eluted from polycarbonate

plastics and resins (1, 2). In mammals and avian embryos, BPA exhibits weak estrogenic activity
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in vitro and in vivo, and causes reproductive toxicity (3~10). In the aquatic environment, BPA acts
as a weak estrogen to fish when administered via the water, with effects on breeding at and above
640 ppb (11). It was also demonstrated that BPA causes acute aquatic toxicity (12, 13), and causes
transient embryonic deformities in Oryzias latipes (14) and Xenopus laevis (15).

In echinoderm Asterias rubens, invertebrates, a specific 173 -estradiol binding protein has been
reported, although there is no evidence of an estrogen receptor (16). And in 2 species of antarctic
soft coral, vertebrate-type steroids have been found, although the role of these steroids has not been
identified (17). Recently, the genome database has been reported in Schmidtea mediterranea; a kind
of planarians. In the case, 178 hydroxysteroid dehydrogenase and estrogen receptor gene have been
identified (18). We also reported the existence of testosterone in Bdellocephala brunnea (19).

We have studied the effect of BPA on the freshwater planarians. They have three germlayer
systems and are the simplest bilateral symmetry animals having a cephalized nervous system
consisting of a bilobed brain. Sexual planarians can easily regenerate genital organs after cutting.
As planarians are hermaphrodite having male and female genital organs, they provide the advantage
of being able to examine the effect of BPA on the formation of both organs in one body. Despite
planarians having these advantages for study, the information regarding the effects of BPA on
planarians is limited.

In this study we examined 4 points. 1) The concentration of acute and chronic toxicity of BPA.
2) The influence of BPA on body structure. 3) The influence of BPA as a chemical substance for
regeneration. 4) The influence of BPA on the genital organs.

Materials and Methods

Animals Specimens of Dugesia japonica Ichikawa & Kawakatsu, 1964 were collected from a spring
in Hirosaki and a stream from Fukaura, Aomori Pref. One specimen from Fukaura was strained
in our laboratory (FH strain). Dugesia ryukyuensis Kawakatsu, 1986 was collected from Okinawa
Island and strained in our laboratory (OH strain). Phagocata teshirogii Ichikawa & Kawakatsu,
1962 and Bdellocephala brunnea Tjima & Kaburaki, 1916 were collected from a spring in Hirosaki.
Phagocata vivida (Ijima & Kaburaki, 1916) was collected from a stream in Namioka, Aomori Pref.
Seidlia auriculata Tjima & Kaburaki, 1916 was collected from the foot of Mt. Iwaki. Dendrocoelopsis
lactea Ichikawa & Okugawa, 1958 was collected from a stream in Kuroishi, Aomori Pref. Prior to
experiment, the specimens were starved for 1 week. During the experiment, no specimens were feed.
Reagents Stock solutions of Bisphenol A (BPA, Kanto Chemical Co. Ltd., Japan) and 178 -estradiol
(E2, Sigma-Ardrich Co.) were prepared by dissolving the compound with autoclaved in ultra pure
water. No organic carrier was used. Test solutions were then made up with planarian culture water
(dechlorinated tap water) at various concentrations as described in the individual experiments.
The culture water was used as a control solution. Solutions were replaced every other day. Each
experiment was performed at a temperature of 12+ 1°C under dark condition in an incubator.



Effects of Bisphenol A on the freshwater planarians 3

Acute toxicity of BPA to planarians To evaluate the acute toxicity of BPA to planarians, we
examined them with 96 hour median lethal concentration (LCs;) using 6 kinds of planarians. The
death rate was observed over 96 hours in various concentrations. The results were evaluated by probit
analysis and expressed as LCs, values.

In Dugesia japonica, we examined each survival rate using 10 kinds of concentration ranging
from 1 to 10 ppm to check whether a difference of BPA sensitivity was identifiable or not between
FH strain and the wild specimens collected from Hirosaki existed. Significant differences were
determined by the log-lank test using statistical software R for Windows 2.8.0 (http://www.r-project.
org). The significance was accepted at a value of P < 0.05. At the restricted point of 96 hours after
administration had started, we checked the results.

Chronic toxicity of BPA to planarians 3 kinds of planarians, B. brunnea, D. japonica (FH strain),
and D. ryukyuensis (OH strain) were exposed to 3 kinds of concentration (100 ppb, 1 ppm and 10
ppm) of BPA for a long period. Survival curves were estimated by using the Kaplan-Meier method,
and the statistical difference was analyzed by the log-lank test. Statistical significance was accepted
at a value of p < 0.05.

Death-velocity We examined the average of survival rate of various planarians treated with 6 kinds of
concentration (1 ppb to 100 ppm) in BPA. Then we tried to show Death-velocity taking the reciprocal
of each survival period. This concept was devised at our laboratory.

Histochemistry and electron microscopy We exposed each specimen with 3 ml BPA solution of
40 ppm, then we observed them every 30 minutes with an stereo-microscope and identified the
damaging stages of the specimens, and took pictures of them at every stage. Then we fixed them both
with fix solutions for the light microscopy and electron microscopy. Paraffin sections (4 um) of the
fixed specimens in Bouin’s fluid were stained with hematoxylin and eosin. For electron microscopy,
the specimens were fixed for 1.5 hours in cold cacodylate-buffered 4% glutaraldehyde and, after
being washed in the buffer, postfixed for 2 hours with 1% osmic acid in the same buffer. Then they
were dehydrated in graded ethanols, and through QY-1, embedded in epoxy resin. Ultrathin sections
were stained with 3% uranyl acetate and lead citrate, and observed using a JEM-1210 electron
microscope.

The measurement of osmotic pressure and viscosity We measured the osmotic pressure of 15
kinds of BPA concentration which was between 0.1 to 200 ppm using osmotic pressure meter
(Auto & STAT ™0M-6030 Arclay Marking K). We also measured the viscosity of 6 kinds of BPA
concentration which was between 0.1 to 40 ppm using BROOK FIELD Microviscometer.

Effects of BPA on planarian head and tail regeneration Using 2 kinds of species of sexual B.
brunnea and asexual D. japonica, the specimens were treated for 3 weeks with 100 ppb and 1
ppm BPA concentration. Then they were cut at the prepharyngeal region and the mouth, and bred
in culture water. We observed the regeneration and examined the results 3 weeks after cutting.
Furthermore, using D. japonica regeneration was examined at 300 ppb and 500 ppb concentration
with the treatment 1, 2, 3, 4 weeks before cutting. The results were observed 3 weeks after cutting.
Effects of BPA and E2 on the regeneration of planarian genital organs Using sexual B. brunnea,
the worms were cut at the prepharyngeal region and the mouth, and the bodies were treated with
100 ppb, 1 ppm BPA and EZ. Then the worms were each fixed 8 weeks, 12 weeks and 16 weeks
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after cutting, and the development of genital organs in the regenerated region were examined in
comparison to the control. To examine the difference between them, the Mann-Whitney test was

used.

Results

(1) Acute toxicity and chronic toxicity of BPA on planarians

To clarify the acute toxicity of BPA on 6 kinds of freshwater planarians, we examined 96-h
median lethal concentration (LCsy) of BPA and recorded it on Table 1. In this table, B. brunnea
showed the highest LCs, value of these 6 species. On the other hand, D. ryukyuensis had the lowest
LCs, value. Between these 2 species, there was almost twice the difference in the LCs; value. In this
study, we used the OH strain of D. ryukyuensis strained from one specimen collected from Okinawa.
According to this experiment, it was recognized that the strained D. ryukyuensis had a lower LCs
value than the other 5 wild species.

Table 1. 96-h median lethal concentration (LC,)) mg/L with 95% confidence intervals of
BPA to planarians

No. of specimens LCs
Bdellocephala brunnea 55 9.58 (8.68-12.66)
Dugesia japonica (Hirosaki) 81 7.05 (6.42-7.86)
Dugesia ryukyuensis (OH strain) 79 511 (4.11-6.02)
Seidlia auriculata 52 5.78 (4.81-6.75)
Phagocata teshirogii 76 5.67 (3.56-7.06)
Dendrocoelopsis lactea 66 592 (5.22-6.22)

Fig. 1 shows the results of examinations of BPA sensitivity at the point of 96 hours using the
FH strain and the wild specimens collected from Hirosaki of D. japonica. In the FH strain all the
specimens died at 5 ppm, compared to the wild specimens, some specimens began to die at 6 ppm
and at 10 ppm all the specimens died.

Furthermore, the survival curves (Figure not shown) of FH strain and wild specimens from
Hirosaki were compared by log-lank test in each concentration (0 to 10 ppm, P = 0.0054, 0.0005,
0.3516, 0.0002, 0.0011, 0.0009, 0.0012, 0.0261, 0.0012, 0.0129, 0.8585, respectively) for 20 days.
At 0, 1, and 3 to 9 ppm, statistical significance was accepted (P < 0.05). Concerning at 0 and 1 ppm,
survival rates were significantly higher in FH strain than in Hirosaki. In contrast, at 3 to 9 ppm,
the rates were lower in FH strain. From the results, it was clear that the strained specimens had a
tendency to die with the lower concentration (3 to 9 ppm) compared to the wild specimens of the
same species.

To measure the chronic toxicity of BPA, we examined the significant difference by the log-lank

test based on the survival rate of control specimens bred in culture water. Fig. 2 shows the survival
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Fig. 1. Relationship between BPA concentration (horizontal axis) and survival rate (vertical axis) in the specimens
collected from the field (Hirosaki) and FH strain of D. japonica examined at the point of 96 hours. The strained D.
Japonica was more susceptible to death than the specimens collected from the field at the low concentration. (The
number of the specimens, from 5 to 9 in each concentration.)

control
- — - 100pph

Survival rate

U' '10' o ‘20‘ - '30' - '40' ‘ 5'0 ' 6'0 - '7|0' - 8|0 ' '9'0' 16011‘0 1:'20
A observation time (day)

1047
0.9d]
083!
0.7
06l
053!
0.4di
0.3 :
02
0.1

10 20 30 40 0 10 20 30 40 50
B observation time (day) C observation time (day)

Survival rate
Survival rate

Fig. 2. Survival rate by Kaplan-Meier method in freshwater planarians treated with BPA. A, Bdellocephala
brunnea, B, Dugesia ryukyuensis (OH strain). C, Dugesia japonica (FH strain). The solid line is control (culture
water only). The dashed line is BPA of 100 ppb. The dotted line is 1 ppm. The dashed and dotted line is 10 ppm.
Asterisks indicate that the survival rate of the group treated with this concentration had a significant difference
statistically compared with the control group by log-lank test (p < 0.05). The number of specimens, A, from 6 to
20 in each concentration. B, 7 to 22. C, 5 to 17.
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rate of 3 kinds of planarians to 3 kinds of BPA concentration using Kaplan-Meier method. This is
the data from a long term culture of 115 days for B. brunnea, 40 days for D. ryukyuensis (OH strain)
and D. japonica (FH strain). In the 10 ppm treated group, it was cleared that there was a significant
difference in survival rate compared with the control specimens used in all species, and in OH strain
and FH strain even the 1 ppm treated group. However there was a difference in the decline of the
survival rate among each species and the strained D. ryukyuensis showed the most notable decline
(Fig. 2).

Furthermore, we prepared various kinds of BPA solution ranging from a low concentration up to
a high one, and examined the influence of BPA on freshwater planarians. We obtained a diverse data
of sensitivity depended on BPA concentration, then summarized it in Fig. 3 introducing the concept
of “death-velocity” (the reverse number of the average survival days) which was devised at our
laboratory. Fig. 3A shows the results of concentration prepared ten times more concentrated ranging
from 1 ppb to 100 ppm. Up until the level of 1 ppm, each species displayed little difference, but at
the level of 10 ppm the survival days began to differ and the death-velocity increased. At the level of
100 ppm, all seven species died within a day. In examining the death rate at every 1 ppm between 1
ppm to 10 ppm (Fig. 3B), some species began to die at the level of 2 ppm and Phagocata vivida had
the shorter survival days than other species at 4 ppm. At the level of 5 ppm, specimens gradually
died in all species, and at the level of 6 ppm to 8 ppm three species of P, vivida, S. auriculata and D.
ryukyuensis showed a higher death-velocity than other species. In the case of B. brunnea it showed
the lowest death-velocity to BPA. This death-velocity data of the concentration from 1 ppm to 10
ppm was similar to LCs, value (Table 1).

As the concentration became dense the more the death rate increased, we performed some
experiments to find out the reasons why they died. At first we treated specimens with a high
concentration of BPA and examined the lethal time (Table 2). At the level of 40 ppm, specimens died
at an average of 6.6 hours. Then we adapted this concentration, as an appropriate time to examine
the lethal process. Fig. 4 shows the lethal stage divided into 6 stages when D. japonica (Hirosaki)
was treated with 40 ppm BPA solution. (A), stage 1. Immediately after the treatment, the specimen
huddled or tried to escape to the end of the container. (B), stage 2. The specimen stretched as
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Fig. 3. Relationship between various concentration of BPA and death-velocity in planarians. A, Concentration of
BPA from 1 ppb to 100 ppm. B, Concentration of BPA from 1 ppm to 10 ppm. Each “n” means the number of
specimens used in each concentration.
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Table 2. Lethal time of specimens of D. japonica
(Hirosaki) treated with high concentrations of BPA

Concentration(ppm) Time(hour) = S.D.
20 17.8 = 0.4
30 996 = 1.1
40 6.6 = 0.5
200 2 = 0

S.D.: standard deviation, n = 10 in each concentration

if its muscle was relaxing and had rigor at the head and the tail. It stopped moving. (C), stage 3. The
specimen exposed the pharynx and warped its body like a capital letter C. (D), stage 4. The tissue
of the body began to collapse from the head or the tail. In this stage, motility was not recognizable
at all. (E), stage 5, the collapse of the tissue spreads to the whole body. (F), stage 6. It dead. Later,
we compared the survival rate of these specimens by log-lank test after they had been returned to
culture water (data not shown). It was clear that the determination of death or survival was decided
between stage 3 and stage 4 i.e. the specimens at stage 3 could survive but at stage 4 they could
not survive after returned culture water. Following this experiment, we observed the tissues in
each control specimen, stage 3 and stage 4 by light and electron microscopy. Observation by light
microscopy showed an obvious difference in the epidermal cells at stage 3 and stage 4 compared
with the control specimens in the dorsal epidermis (Fig. 5). At stage 3, rhabdite forming cells
increased in the sub-epidermal layer, and the epidermis became thick and abnormal. A mucus layer
covered the thickened epidermis densely (Fig. 5B, E). At stage 4, abnormalities were recognized in
epidermal cells, and a mucus layer covering the epidermis was not obviously recognizable compared
to stage 3. Furthermore, the stainability of the parenchyma was observed to decrease compared to
the control and stage 3 specimens (Fig. 5C, F). Observing by electron microscopy, the epidermal

Fig. 4. Lethal stage of D. japonica (Hirosaki) treated with BPA solution of 40 ppm. A, stage 1. Immediately after
treatment, the specimen huddled. B, stage 2. The specimen stretched as if its muscle was relaxing, and it stopped
moving. C, stage 3. The specimen exposed the pharynx and warped. D, stage 4. The same state as stage 3, the
tissue of the body began to collapse from the head or the tail. In this stage, the motility was not recognized at all.
E, stage 5. The same state as stage 4, the collapse of the tissue spreads to the whole body. F, stage 6. In this stage,
specimen died.
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Fig. 5. Observation of the tissue of D. japonica (Hirosaki) treated with 40 ppm BPA solution. A and D, control.
B and E, stage 3. A notable defensive reaction was observed. C and F, stage 4. The decline of stainability of
parenchyma was observed. bl, basal layer; ep, epidermis. Scale bars of A to C are 40 pm. Scale bars of D to F are
20 pm. D to F were enlarged respectively.

cells of the specimens in stage 4 contained a lot of epiteliosomes compared with control and stage
3 specimens (Fig. 6A~C). It was reported that the basal layer of freshwater planarians consisted of
three layers (20). An abnormal area of basal layer that couldn’t be observed in normal specimens also
existed in the specimens at stage 4 (Fig. 6D~F). Pigmented cells, muscle cells and nervous tissue
were distributed under the basal layer. Observing these areas, vacuoles within cells not found in the

specimens of the control and stage 3, were recognized in the specimens at stage 4 (Fig. 7).
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Fig. 6. Electron micrographs showing epidermis (A~C) and basal layer (D~F). A and D, control. B and E, stage
3. C and F, stage 4. This stage showed the lethal stage of D. japonica treated with 40 ppm BPA solution. The
epidermis of the specimen at stage 4 contained much epiteliosomes compared with control and specimens at stage
3. The double limiting layer (1) and microfibrillar layer (mf) of the basal layer were observed in the specimen at
stage 4. Abnormal basal layer was not observed in the control specimens nor in the specimen at stage 3. bl, basal
layer; ep, epidermis; et, epiteliosome; 1z, electron-lucent zone; ml, muscle layer; mu, mucus layer; nu, nucleus; pg,
pigment granule; rh, rhabdite.

To know whether the reasons for death caused by BPA treatment was due to the BPA’s original
action or the change of the property occurred due to a high concentration of BPA, we examined
each osmotic pressure and the viscosity of the solutions with various BPA concentrations. As a
result, in various BPA solutions from 0.1 to 200 ppm, an osmotic pressure of 2 m Osm was noted,
and in various BPA solutions from 0.1 to 40 ppm, the viscosity gathered in a range from 0.7 to 0.9
centipoise. There was, no humoral correlation found between the concentration of BPA solution and
osmotic pressure or viscosity (data not shown).
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Fig. 7. Electron micrographs showing
subepidermal area. A, control. B, stage 3. C,
stage 4. This stage corresponds to Fig. 5 and
6. In the specimens at stage 4, vacuoles were
distinguished from the specimens in the control
and at stage 3. et, epiteliosome; m, mucle; n,
nervous system; p, pigment cell.

(2) Influence of BPA on the regeneration of two species

We used 2 kinds of species D. japonica (Hirosaki) and B. brunnea to examine the influence of
BPA on planarian regeneration. Based on the experiments examined the survival rates (Fig. 2), we
had a preliminary experiment using a concentration of less than 1 ppm both species did not die.
Then, specimens of D. japonica were treated with 2 kinds of concentration 300 ppb and 500 ppb
of BPA solution for 4 weeks before cutting. Then they were cut and cultured with regular culture
solution and examined after 3 weeks. Fig. 8 shows its result. In the concentration of 300 ppb, 30% of
specimens were inhibited in their regeneration and 30% of specimens appeared deformed after the
treatment before cutting at 4 weeks, but it was found that this concentration didn’t effect specimens
at all with 2 weeks or 1 week treatment (Fig. 8A). Being treated for 3 weeks with 500 ppb and cut,
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the regeneration was inhibited at the rate of 60% for the number of specimens used. In 2 weeks 20%
specimens appeared deformed. After 4 weeks of treatment, the death rate increased (Fig. 8B). We
also compared the group treated only before cutting and the group treated for 3 weeks after cutting
in succession before cutting. But we found no difference between them (data not shown). Fig. 9
shows the pictures of typical samples obtained from D. japonica. Most of the deformed specimens
had abnormal eyes (Fig. 9C) and occasionally an abnormal head form (Fig. 9D). Most of the non-
regenerated specimens were inhibited only head regeneration (Fig. 9E), only one completed non-
regenerated specimen was inhibited both of head and tail (Fig. 9F).

B. brunnea was treated with 2 kinds of concentration, 100 ppb and 1 ppm for 8 weeks after
cutting, their regeneration was observed in these solutions. In the 100 ppb BPA treated group,

compared with the control there was no difference in regeneration. Both the head and tail regenerated
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Fig. 8. The rate of inhibited regeneration in D. japonica treated with BPA solution before cutting. A, 300 ppb
exposure. B, 500 ppb exposure. After 3 weeks and 4 weeks of treatment before cutting, the rate of regeneration
inhibited specimens and deformed specimens increased (A and B). In the 3 week treated group, the rate of
deformed specimens was high (B). Further, in 3 and 4 week treated groups the death rate was high as well (B). We
used 10 specimens for each experiment.
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Fig. 9. Pictures of regeneration inhibited D. japonica by BPA exposure before cutting. The pictures were taken
at 3 weeks after cutting. A and B, control. Both the head and tail have completely regenerated. C~F, BPA treated
specimens. C and D, treated with 300 ppb for 1 week. E and F, treated with 500 ppb for 3 weeks. C, Deformed
regeneration of eyes was observed. D, Head formation was abnormal. Specific formation of the auricles was not
recognized. E, Tail regeneration was recognized, but head regeneration was not. F, Both the head and tail did not
regenerate (completely inhibited).
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4 weeks after cutting (Fig. 10A and B). 8 weeks later the specimens obtained each proportion, and
the pigmentation on each regenerated region was observed (Fig.10D, E). However, in 1 ppm BPA
treated group even 4 weeks after cutting the wounded area could be observed, the head formation
and the tail formation were not completed (Fig. 10C). And even 8 weeks after cutting, it maintained

the same form and a notable suppression of regeneration was observed (Fig. 10F).

Fig. 10. Pictures of regeneration inhibited B. brunnea in BPA exposure after cutting. A and D, control. B and E,
treated with 100 ppb. C and F, treated with 1 ppm. A~C, taken at 4 weeks after cutting. D~F, taken at 8 weeks after
cutting. C and F, Both the head and tail did not regenerate (complete inhibited).

(3) Influence of BPA on genital organ

Using B. brunnea, we examined how BPA influences the regeneration of the genital organs inside
the regenerating specimens exposed to BPA solution after cutting. In this experiment, 100 ppb BPA
concentration was used because this concentration had no effect on the head and tail regeneration
(Fig. 10B and E). Then we fixed them 8 weeks, 12 weeks and 16 weeks after cutting and examined
their intra-structure by photo microscopy. For a comparison, one group was exposed
with 17 B-estradiol (E2) solution which had been recognized to have the strongest estrogen effect.
2 kinds of concentration, 100 ppb same as BPA and 1 ppm 10 times higher density, were used in
the culture of E2. Concerning a result of this experiment in the regeneration of a pair of ovaries
after 8 weeks, there wasn’t any difference in each treated group. However after 12 weeks notable
growing was observed in the BPA treated group. The significance was recognizable (Fig. 11). Fig.
12 shows a developed ovary 16 weeks after cutting in 100 ppb BPA exposure. In the 173 -estradiol
treated group, compared with control there wasn’t a notable difference in the concentration of 100
ppb and 1 ppm. On observation of the testis, a notable difference in the size was not found even
after 12 weeks and 16 weeks of regeneration in each treated group, and undeveloped testes occupied
by spermatogonia and spermatocytes were observed (Fig. 13). On the observation of copulatory
apparatus, accumulation of cells was recognized in the presumptive copulatory apparatus area of tail-
regeneration 8 weeks after cutting in each treated group, but the formation of copulatory apparatus
was not found. 12 weeks after cutting, clear formation of copulatory apparatus was recognized only
in the BPA treated group (Fig. 14). The regeneration of the yolk gland was not found not only in
the control and in any treated group. From our observation, we concluded that BPA promoted the

formation of ovary and copulatory apparatus compared with the control and EZ2 treated group.
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Fig. 11. Profiles on ovary 8 and 12 weeks after
cutting. At 8 weeks after cutting an obvious difference
was not found, however 12 weeks after cutting the
ovary showed hypertrophy in the 100 ppb BPA treated
group. The number of the specimens, from 11 to 13 in
each treatment examined at 8 weeks after cutting. At
12 weeks after cutting, from 4 to 6 in each treatment.

Fig. 12. Micrographs showing the effect of BPA
on the ovary. (The result of 16 weeks after cutting)
A, control. B, 100 ppb BPA exposure. C, 100 ppb
17 B -estradiol exposure. D, 1 ppm 17 B -estradiol
exposure. In control, the ovaries were immature,
however in 100 ppb BPA specimens, the ovaries
developed. o, ovary. Scale bar is 100 zm.

Fig. 13. Micrographs showing the effect of BPA
on testes. (The result of 12 weeks after cutting)
A, control. B, 100 ppb BPA exposure. C, 100 ppb
17 B -estradiol exposure. D, 1 ppm 17 B -estradiol
exposure. Only undeveloped testes in the early stage
were observed in all specimens of the control, BPA
and 178 -estradiol. t, testis. Scale bar is 100 nm.
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Discussion

Fig. 14. Effects of BPA on regenerating copulatory
apparatus in B. brunnea. (12 weeks after cutting)
A, control. B, 100 ppb BPA exposure. C, 100 ppb
17 B -estradiol exposure. D, 1 ppm 17 8 -estradiol
exposure. In the case exposed with 100 ppb BPA
solution (B), the specimens have differentiating
obvious copulatory apparatus, on the other hand
specimens in other groups still had undifferentiated
ones. ca, copulatory apparatus. Scale bar is 100 z m.

Acute and chronic toxicity of BPA

From these experiments of LCj, value (Table 1), Survival rate (Fig. 2) and death-velocity (Fig. 3),
it was found that D. ryukyuensis (OH strain) was most sensitive to BPA among 7 species. We think
that this result happened because of using the strained specimens and that a different result would
be obtained if using the wild specimens. Fig. 1 data of D. japonica would support this supposition.
In D. japonica, as various chromosomal polymorphisms were seen in the same species (21) and a
genetic diversity of 18S rRNA gene was also detected (22). This data showed that clonal specimens
of strained D. japonica which were bred in the same laboratory conditions had a tendency to
react simultaneously with comparatively low concentration responding to the change of situation
differently to the wild specimens. B. brunnea which belongs to the family Dendrocoelidae had more
resistance comparatively to BPA than other planarians (Table 1, Fig. 2, 3). In examing all LCs, value
of the 6 kinds of freshwater planarians which were used for this experiment, it had a range of 5.1~9.5
ppm. It was already reported that Hydra vulgaris a kind of coelenterata which inhabit in freshwater
has 6.9 ppm LCj, value (13). It is a noticeable fact that the LCs, values of freshwater planarians were
similar to coelenterata that are considered to be close to planarians phylogenetically.

With an increasing BPA concentration, the survival rate decreased (Fig. 1, 2) and Death-velocity
increased (Fig. 3). It was suggested from the experiments of osmotic pressure and viscosity that
the reason why planarians died, was not because of osmotic pressure or viscosity, it was because of
toxicity that the BPA originally had.

Until stage 3 of the 6 lethal stages we made this time, specimens showed notable defensive
reaction (Fig. 4). It was shown that they could survive when returned to culture water. But after
stage 4, they could not survive even after returning to culture water. At this stage, a part of the
epidermis began to dissolve and it was observed motility was totally lost (Fig. 4). The specimens at
stage 3 had a notable mucus layer on the dorsal epidermis shown in photo microscopy and electron
microscopy (Fig. 5B, E, Fig. 6B). Although the epidermis of the specimen at stage 4 contained
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much epitheliosomes (Fig. 6C), the mucus layer was thin (Fig. 5C, F, Fig. 6C). These observations
suggested that when the specimens reached stage 4 it became impossible to release mucus
substances, because they had damage on the epidermis and subepidermal gland cells. It was known
that epitheliosomes can apparently be released to the outside to produce slime coverings over the
epidermis, for example when noxious stimuli are encountered (23). We could not specify from this
experiment what tissue of the body the BPA influenced and caused the specimens to die, however it
was considered that BPA damages the mechanism which prevents external materials from invading
the body. It was reported that BPA caused contact dermatitis on human dermis (24). BPA probably

has a toxicity that will damage animal skin.

Influence on regeneration

From this experiment, it was cleared that BPA has an inhibitive influence on the regeneration of
both freshwater planarians exposed before or after cutting (Fig. 8, 9). Compared to BPA exposure
only before cutting and chronical BPA exposure after cutting too, there was no difference in
inhibition of regeneration. It is suggested that BPA will accumulate somewhere in the body when
it’s treated. From Fig. 8, 500 ppb was more effective than 300 ppb in D. japonica (Hirosaki), and
in the cases treated by 500 ppb, a notable inhibited effect on regeneration was identified at the 3
week point of treatment. From this experiment, it was suggested that there needs at the certain of
concentration and an appropriate time to inhibit regeneration. It is also suggested that 500 ppb
at 4 weeks of treatment was too long and damaged the specimens as most specimens died. The
specimens which had eye abnormality appeared in both 300 ppb and 500 ppb concentration of BPA
treatment (Fig. 8, 9C) and deformed heads also appeared, the existence of deformation in planarians
due to BPA was confirmed in this experiment. Most of the regenerate inhibited specimens of D.
Jjaponica had inhibited head regeneration, on the other hand in regenerate inhibited specimens of B.
brunnea all the heads and tails were inhibited. This is due to the fact that in the case of B. brunnea,
specimens were treated by 1 ppm concentration. According to the subsequent experiments, it has
been suggested that BPA dose to D. japonica causes decreasing numbers of neoblasts and leads to
the inhibition of regeneration depended on the concentrations of BPA (Okano et al., unpublished
data). It has been reported that BPA exposure causes meiotic aneuploidy in female mice (25). BPA
influence on the proliferative cells might be the same beyond the species. Regeneration experiments
with BPA treatment have also been performed using hydra, and it was reported that the regeneration
of tentacles was inhibited (13).

Influence on genital organs

Recently, the effects of endocrine disrupting chemicals to human and animal genital organs have
been discussed. BPA has been identified as one of the endocrine disrupting chemicals and it is
possible to bind with both the estrogen receptor a type and B type in human beings (8).

In this experiment using sexual specimens of B. brunnea, growing ovaries were observed in the
regenerated region of 100 ppb BPA treated group at 12 weeks after cutting compared with the control
(Fig. 11, 12) and a developed copulatory apparatus was also observed (Fig. 14). It was suggested that
BPA acted promotively for the development of ovary and copulatory apparatus.
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In 100 ppb or 1 ppm 17 B -estradiol (E2) treated group, there was no effect observed on the
development of both the ovary (Fig. 11, 12) and the copulatory apparatus (Fig. 14) compared
with the BPA treated group. Recently the genome data base of Schmidetea mediterrania has been
reported and an estrogen receptor gene was found on the data base. It was suggested that although
the estrogen receptor exists in planarians it just couldn’t act with these two concentrations of 100
ppb and 1 ppm. Further investigation is required. As there is a report that E2 of 10 ppb promoted the
regeneration of planarians (26), it may need to be examined with a lower concentration. Planarians
are hermaphrodite having both ovary and testes. In the testes a noticeable difference was not
found compared with the control (Fig. 13). The BPA effect was not recognized. Regeneration of
yolk glands were not observed even in the control at 16 weeks of BPA treatment. It was suggested
that yolk glands were not formed as food was not given to the specimens during regeneration. In
planarians, the existence of the female hormone has not been confirmed yet. As a promotive effect
was found for the development of the ovary and copulatory apparatus during regeneration in BPA
treated group (Fig. 11, 12, 14), it was suggested that substances like female hormone also exist in
planarians and BPA effects the receptor as a disrupting chemical.

Endocrine disrupting chemicals are roughly divided into 3 kinds because of different action
in vivo. The first action is, female hormone pseudo-effect working as agonist for estrogen. The
second action is, the male hormone inhibitory effect working as antagonist for androgen. And the
third action is, the female hormone inhibitory effect working as antagonist for estrogen. It has been
reported that BPA is one of the endocrine disrupting chemicals causing female hormone pseudo-
effect (3~11). From the result of this experiment, it was recognized that BPA showed only the first
action to planarians, because we found only the promotive effect on the ovary and the copulatory

apparatus not on the testis.
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FlETDEEDIT, I=<h - TrERK (REERH
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%1 Sbh. koBRE T CRIEREEREEZLTWD

B1 Hobh-Indrd 59 FRESEORE

g % WM | AR5 E (1995~20005F) HrEOMG
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W2 HF 20261
maeF7EX | M B | RENMFELISIAM ELREVMBESITY
(52 EPIBAE 1556 M)

KRAMRE FENELTLTORAMRBREE OX
PIBICHE L, —mBMREEE | - MBS HIEE €55
[t} 3 -BEMAR (3=3L-T7H2)
1995 #1385 b~
2000 #76H b2~
> SV
~WRAMRE A LMBRICER, —
iR A [T
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TRA
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bbb, ERINITEBIMA SRS Z Litko Tz,
19954F 7 & 20084F £ K £ TIT, Al A K &13865/7 k
SGELTWS, D REAS DY v Tl A S 199545 5
BEoT. IbIT, BEBSROEAT $HERT TEK -
Bl . ERTEARR ) A819994E IZHIE Shve,

P LUTEEMIMANRISIZRFBOZT ELBAL.
19864E Dy AZH2000% K V43 0 2> 5 19934E D 4004% K L4
DAL ER L, 954RITIZ50048 KA 2# B L, RkH
MEIT—EE T L, BEEE AR TIX. 198545 D
52% 7> B 904 JE D AT %, 954EJE D42%, 20064F Ji 121
DNIZ39%~EIET LT LE o7, BEDO60%LL %
WEA T IAE T BRI AS19984E 7> B T14E R & fkfoE L TR
v, TEBMTENEGRIZELENTWBE] TRz
OleoTTEY ZH, BROZEMME & ZattOMR
DB T 5 WRRILIZB AN TS, @

Flo. RREMRORE - £, RETROHIR & 2
S OO NEEFE L iR o T,

BUR O AR PE P B3 199548 0 3 Jk5,40045 1 7> &
HEAETLTRY., 2005412 2 JKI672f8 M~ & 104
FC5,728f% M. 162% bHIIMINTE 2, — i TH
BT 5D 2 HEHIT19954F 8 5.0 % %> B 2007 4F FE 12 1%
32%~E S HITKELMNL TN D,

3. EHRERE~NDOEE

ZDOEEBBEHRZICOWTHEBIT S &, B AR
19944E D3 57551 2> B 4F & K & < WA L. 19984E 121
2801 L7220, 44E[T22% A Lz, 2000412
132,648~ & BITME T L. 20034F121%2,402(8 1~ &
9 4EMIT32.8% bk Uiz, THix. SEEWIMNK OIKTE
kBB RREN, BMIZOIEVFEREZITTERED
THD. 2004411 B MOPFILD o fe b3, ik 3 el
T 572 L2k 02963EMIcHEbLEL TV,

IR A FER D O IR BPEL B BEASOW
MBS Z W MEREORE R ZHELIIWEHEHTH Y.,
REEFBORR ERTEERENGT. HHRELSMET,
19944 01,983 & M 2> & 19974:121%1,285/8 1~ L 698 1.
35% b Uiz, HLIAERERE O WA % LA 5 KiE/2 5B T
HY., TOZLiF REBOWMPREVDARLI HDWV
I, REETR ORI K ZEIEL TWD, 20004E121%1,138
M E TOFER T42.6% b BR2ZEFTE MM L 72, 2004
FITiE. L2T0HAA~ DT REE L TS5, 200047
LIK1,1006% M & TEEFRIRBIZ S 5,

R ARG RS0 M L B E 72 3R E#kh30 a Bl ED
BREPNE LT DINTEER 1P YT 0 B O R, B
R OHERBITONT AR B &, JREFEHE. 19944ED
2165 72> 5199841212149 iz, 31% b LT3,
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o tetesh, HitE (5773,600ha) X V200ha 57
3,800ha & 725 7z, 2006 (SEfk18) 47 Tik. 500ha J&
? 5 733,300ha ~ & 3 L. FEE194F E T1d52,200ha &
2003 (FEK15) 4 & IFIER CYEAmR Iz L Tnd,
2005 (CERELT) FEORSEOVERIL. 10a 272 v IR
A BRRRICRWCTAESE2M 0600k, VEMLIEE 1103)
DR LY, PRI T2 3 Mo S iz
HL., INHERIX3252800t & RoTz, Eio, —ZkE
Xu 81.8% & 72> T3, 728, 2003 (FK15) 4EiT
XIfE & 220, VEMFERIZ53. 107472 v LRI

(TJIIl

®-1 KO0 E-YNE. F

g

308 kg IZMXYE L. 1993 KRk 5) 4FED 28Ik <1 -
X & 72 o Tz, M0

THLTEWmEFEEZOEL & 1T ZEKRIFI0% L L&
o TRY, 2EEZE % H10%EE ERl>Tnd,
184EPEIX105 M 72 0 ILE A2 FH 2 1 D581kg. INHEEIT
3175“,}:&«3710

IRAERIOVERT SIS X, 2005 CER%LT) 4EETIH. Th
XZEL] OF, avbeh VDRI D [HOR5n
< ] DO3WITHEEZFO TR, [FRICEREBER Y

ROEMITER. IREEDHD

(kg/10a,Fha, Ab)

10 11 12 13 14 15 16 17 18
EHRE 554 591 599 575 588 308 588 600 580
Hik 526 564 570 561 557 444] 546 563 557
EE 499 515 537 532 527 469 514] 532 529
[ 10 11 12 13 14 15 16 17 18
eftmmia] 585] 57.7] 566] 534 526 521 536] 538] 533
IniEs | 324] 341] 339 307] 299] 161] 315 323 31
I TEYRETI2&D,
HThy, avb B ORKITYEDS TWHH1rY ] 2N e, 2 —20DX 51T, FHHELE K OHMELERIT T

33%~EHERLTE 2, Wiz, T oIFEN] 1310%~
CHAEMITEIR L., EROEBANED> TV, Hik
RTIIRATER L0 AREZREFHNEE L TRY,
WHAETIE, aveh ), bELIEHoMEL RN
SRR & 2o TN D,

INET, KBEENEDEBTFMERBRILEM: 2 %R
LTC&hkdiz, 2oLk TREX] L LTHARM
EdDWITZDRMOBRK - LML IZ A TER
T, 2006 (CFpkl8) 4EETIE. R, REh &b
YeAYOMEFIK TEoL<H) 28 TREK O
e - T4,800ha IZERT I STz, 19 ITIT—251T
2 J7900ha OYERHIT B FRIAE N TR Y . VBRI
F41% % 5. DM B <L D53%ITIR SWEE L /e o
Too HIT. W BHAV H3200ha IZEIR L THIBEL OO H
Y., e IFENHL900ha, 4%~ S HITHIBLTWS,

WL, EHOE S FEOSER . FREER L <fTo TX N
ERNT DD E <D LWWEL, Bk, Bz 5
HASEM T REEIROENTH Y. Eie. AR mHE
BRI K DIREDO i Z D RBIL T D, MFERIRAZ

NIEERL <Mbn BT, THEEE] BEASh
W e B REHA & HuBRk o Ei ST 72 o T BHE AR o f 7k
AR - U O RSB S L VSR ANE ST
Do

BRI BBFMEE L & DI, FMEOREE Lo
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FIMIZAERL TN,
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BTV D, AFXENOEESPLE TR TH Y.
BEW, HMg. MTEETHINL TWB R, RV EEIKE
NWZ PR TH D WG ORIRITRFEREL., &7
LTWBHETRI PRz 5,

ogm‘éﬁ%%ﬁ%m%ﬁmty&—mﬁﬁéﬁﬁ
Eﬁ%wkﬂmﬂ%%mowfﬁfﬁzﬁ #2—4
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EemE () | £ER | o0 | axmEk |k |SETREF
ERL12EEE|  (230)207,780 200,074 96| (218)174,242| 22,600 87
ERI3ERE|  (190)194,157 165,904 85 (160)161,103 - 97
ERL14EERE| (190)194. 268 185,027 95 (119)168,215 6,776 91
ERk155#E (181)186,755 92,752 50 91,962 - 99
L1652 (230) 189,053 181,438 96| (213)153,138] 28,300 ;:j
ERLITERE| (189)183. 600 171,660 93| (189)147,560| 31,100 86
Erf185E#El (378) 175,680 160,540 89| (378) 146,072| 10,000 94
GE)1. ORIE. 5K THRE XEFI16EENSI REREKILLEETT,
2. MMTAXRIFEEHL
#-3 BERBEXROEFERUERLEOHTS (F>:%)
EHERN| diEE B |Him-ohff g ZDith
154 e 16,668 227 34,690 6,607 30,523 65
18.8 0.3 39.0 7.4 34.4 0.1
24,779 281 58,703 12,031 49,729 75
165 17.0 0.2 40.3 8.3 34.1 0.1
15,991 184 67,442 13,856 42,849 151
1T E 11.0 0.1 48.0 9.9 30.0 0.1
26,214 167 72,225 13,075 40,093 1,123
185 17.0 0.1 47.0 9.0 36.2 0.7
ﬁ_ 4 E I;ﬁ.ﬁ*l*[.ﬂyglﬁ% (F':J/60kg)
NEE |(128E |[13FEE |145E |155E |16EE |11EE |[18EE
AR |[O2EFFEN  |FEHRTOEFEN 14,688| 13,970 14465 12,672 17,006] 12557 12,467 14,048
HFH |orsovy |FEHFOMNBATY 16,062| 15050| 15045] 14406 19,115 13956| 13473] 14,001
'R |poHhY EHPoOHMY 14379] 14,690 13950 16,722| 12,947| 12,885 13,609
ME |HECFEE |MELEIFEL 16,699 15977| 16,686] 16,248] 20,788| 15646 14.495| 15477
78 |aveh)(—B.|EFHBasehY(—#&] 20058 18679] 18686] 19,716 24,295| 19,138] 18,303 18,763
B2 |0EDHEN BEHUOEDHIEN 16,363| 15,665| 16,089 15694 20,798| 15470 14,900 15507
B 2EXRFIWEMER TR 2 —I12&D A TEEILE13E (FERI8E6H) ETHHRRETH S,
GEVISEEDMIEIE. BER (RS . HE HERDS%HELEESOMETH S,
L IZHFEHREFEOONRL Y., OITENR. DHHH OMNZIZL P OERRSH Y, BEEET S,

Y DR THEPRELR>TND,

2005 (EREEL7) 4ERETIXZNFN60kg L7z 0 D85
0= 13473, e oIZE 12,467, OB
212,885 IZE R LT3,

ZH L, 2006 (CFER%18) 4EFEICONWTHD L#H
B Y B h ) 2B < £E 0K OFRN O ik 225,
WAL TE TS, TRETRVRORE L VbR
TETOWILREPHERIRE O KO E . BLWnK
OF v EF v bR HSEa e Y
Ok 2E1E, 174E2E D60kg 24 72 1 5,000 > & 184EBE D
4600 DRFE~NEH/NLTETWD, L, a A
¥tz v 2 — DRET DIEALINE -1k & B AR FHH
ZOMOKFERM GE) BIEKRT DMK (FFMK) &

2005 (EREL7) 4ERETIXZNFN60kg L7z 0 D85
o< 2 R13,4731, T oIEENA12,467H]. WHH1Y
312,885 ITIE TR LT 5,

ZH5 Led T, 2006 CEEK18) 4FREIZDOWTHD EHT
BAAE Y b h ) %R < 2E 0K OSRR Ok 225,
WAL TETND, TRETRVROREL VDR
TETCWALHEERCERIRE O ROk &, BHLwnk
DF ¥ EL VbR R HisEa e h Y
Ok 2E1%, 17T4EPE D60kg 24 72 1 5,000 > & 184EFE D
4600 DRgE~NEHE/NLTE TS, EZ L, 2 A
¥t o & —DRET BIEFLINE ik & B AR 5T
ZOMOKFERM GE) BREKRTHME (FFME) &
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ORNTIZZ D DERRH Y, WEEET S,

F o, WIEME S NTZBUF K O T D LAk A3,
11,600 f2E & 22 <. B®H4077 b Uitk & RED
B MEOET D ZHEE TRWED, i IETEER &
L C.ISSEFE DF R ORI K E R B A 52 Tn5, P

Z5 LT, ISMEEERIZIF L A L OMMIMEAKE THRS|
SNBZ LTy, AAOFTHGEERZIH DS OD, #&Ih.
PERNT IR MBI T ORG24 L Wz X 9,

ZONTERRERIT. MigERtE > & —~0 E#
Wik D i TR LB DA TR LT s, 21
7oAt SR O E R O h T, T E X <. 2007
CER%19) 41 AKRIZIZ6% 3R I 5 & 5 R T
Hole. TIITITEBROK & U TRAUFEBENLTH
BENFMENTZZ L BRI L TS L Bbh5, "

2007 (FRE19) 4103 RICIZEEOWRFENTET LT
%o (EAMAGHF OALUEE K, HHRIEEKRBTZNITER X
Mmool nz b,

ZFOZEEKMLT, BHED2008 (FE20) FmEk
O THEBICBT 21EMW] ORMEL T, FEERS
16 « 1T4ERED2T)T b BT L, 184EEORE TIX. H
RO B & FAT AR K ORI 2 A ol i it 2
BELT30HTT hrAaRREEShTng, 7

LALRRs, ZORFBAMKIZITEE LD S 2 51Tk
TLTWBEAHABND, JAHRWEKKIZBEIL TiX, —
D T]AK] OBET, 2B% <2 h560kg 4720
10,800 + R 450 OB RSB FRIAEN TV B, Fik.
WHOHAY, ToLSH AL BIZF10,1001 + RS 4
450/, Ze21F FE 139,300 + LS 44501 D K55 & 72
LHARTH S,

BB, 7=V T4 ATIEENZFHEMEIT L T60kg 24
7202003 BRI N, e, [—fKK OBETIE.
WIZA00M R E SN D Z Licie b, TIN5 RiAAR
THDBN, LHHITE > TUXZ ORI, BE - L%

g

DOFFRIcBH B KMEEE 2o T 5B,

7R, 194EREK OB AR I DWW T, Skl v ik
FIIGEOSE L U, Frb ik Udskrh i & o ik %
MR L7z BT, REERETHRASOBRENHEL R
Wk L LT, RSO OB s e~ (J AKX
— AR T+ 60kg) H310,100M, TE-L <H | A
9,500 Iz LN TV B, KFEMERHBRE > TN D,

4, MEBROIEHDEL

DET, RBAKEOKEEILRARIERICE > THHERO
10a M7z ) ORAERER & NS OHER 2Pk 2 4 (1990
) KV ERK16H (20044E) TR L, R2—-50H
nTHb,

10a 2472 Y OKINAEIFT1995 CER% 7) FETiF1677M
BEIGEL TWER, Z0BABITHA L T X, 2004
(ERk16) HITiXF4E4E % Enl 5600kg DINE TH - 72
2, 10~ E KIEIZEAD L Tnd, AFLE ik & R
Z O E TR A 2 EFME & DAHRD L 5 iz, wE
REARRE, REZHRIT TR, IBEED JA 2EFHD
WIELEX, ONBu<rTH60kg 2472110, 800
TERV., MERELERPSRITERETHORDu~<
T1L, 300MIZT R P DTH D, Zhix. BRI
LOPHRIBTRETH . TEEK - FodERE - RiERRE
BELFIDANTIBEOBREOME T, WITREI LD
RERSRNZEBLEL S,

5 TiE. 10a 2472 0 B AFHEZERL 2 4201377 [ A
LIRAIKET L TETNWEN, I4EETRIZEMNAT
HY. IFEIIFTNHHEIE T LR, AE— K238,
ZD®H, 10a Y72 Y OFFIZFER 2 4077765 2 5
SERR124E121%42,2151 . 164E121%22,305[~ & 4 4ER] T
20D 1R~ EEI L TWB, Bk 2 I hied i
28. T%~L 453D 1 REICERNBRBIERL TN,
E 3T, BRRERETH D,

x5 EFHREOXREEELIEME (10aHf2Y)
(HpZ : )

% N il # IR IR
2 = 7 12 13 14 15 16 16 16
1% s (kg ) 620 572 592 572 566 308 600 563 532
@ L 1% 1%|168, 365 |158, 062 [124,810 |125,700 (117,614 [116,002 |103,716 |117,826 |118, 504
@ # A a #1134, 418 |128,129 [126,283 |125,939 |123,170 [121,003 [111,557 |110,692 |122, 446
fiE B 2| 10,038 9, 654 8,416 8, 449 8,351 7,983 8, 086 7, 855 7, 147
=3 ES 3K 7l #| 6,918 6, 243 6, 067 5, 878 6, 286 3,976 6, 333 7,717 7,309
+ #ho2 B & O Kk F #| 8,637 | 11,978 | 10,750 | 10,295 | 10,290 | 11,064 | 10,414 7, 009 5,991
5O B & Y B 4| 20,062 | 20,974 | 20,612 | 22,337 | 21,110 | 32,765 | 19,472 | 13,580 | 13,365
B L3 A #| 31,160 | 15,791 | 17,368 | 17,049 | 17,255 | 14,537 | 13,463 | 21,205 | 25,615
55 {8 #| 46,514 | 51,104 | 51,437 | 50,569 | 48,054 | 35,930 | 38,035 | 38,777 | 45,408
|® 5 bFE Ky 2| 43,818 | 49,129 | 48,507 | 47,764 | 45,678 | 34,085 | 35,127 | 37,289 | 43,421
* 2 fl] 11,089 | 12,385 | 11,633 | 11,362 | 11,824 | 14,748 | 15,754 | 14,549 | 17,011
@ BN S Mo AR - 5, 182 4,819 5, 166 3,571 896 4,981 4,985 4, 850
® A (O-@+® — @)| 77,765 | 73,880 | 42,215 | 42,359 | 36,551 | 28,188 | 22,305 | 39,438 | 34,629
2w % W W 10 a|l 34,242 | 33,853 | 11,532 | 11,911 5,500 | 5,963 | —4,605 | 13,980 | 10,876
1 H| 5,683 6, 689 2,930 3, 046 1,403 | -1,883 | -1, 350 4,138 2,959
gooSs F (6 /7 0. %) 46. 2 46.7 33.8 33.7 31.1 24.3 21.5 33.5 29. 2

Bk AEPERF
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10a 272 W O FK k5 8 16F 3 2 IR 2 472
34,242 B A TWE R, SERRISAELLUE 1L~ 1 F- 25,000
MR & RTREIT > TWD, 1 HY72 0 OF K
RIS S RE 2 405,683 5> 5 Fpk 8 LUK N L. [H]
BRI RRIS4E LRI X ~ o F 21,800/ 2 5 < A F &
1,300/~ 82 L T3, HILL&E N O
SR & LB U T H B - THERRITH B,

INTIE KROBAFEIIRRETH Y. il BED
MERFPAERE D B <7D, BAREHETHY . BET
ERVRRNTH D,

TR R IIREMR - fE D EE TR D 25 LT R&ETH
B0, FETERNE R ICAEFEICEIL TR EiXR
ELTWd, 3772bb, AERFAERZERY L, &
BNL TR0 EAEFELTWRIRETHD, LHELARBS,
MDOIRABARETIE, FEALZOEN, HEIZEnES
BEEHBICH-THWEZ EbEXBND, (18)

ZNERVEER BRI Le b OREK2 — 6 Th
3.

1 ha #il OFAVE A FR TIE10a M4 72 0 HINZE (117 1)
R (1351) BLEEY. <4 F R 25 MOfHET
BObLRERE L Ro> TS, 1ha bl EOERHBIET
BZRTTH DN, I RHME O A 10na LL_EfE Ti310a
Wiz Y 2 PR E R, RICRRVET60075 1 o %
EF &S IR, BFEETH B A5 30ha DFAIELE
MAKRBEL 225, % KI5 RIS TR T
VEZDREITGRERNTHS 5,

LA, FifEfF 3 ~5halE, 5~10ha J8 ®J52310a
Wz D REFIAR AR & <. ARHICIZD SRR I
PERELRREE L RTINS, ZDOZED—KIiE, 10ha
LU E O RBARE IR, iRk ORE O BLEER T E Y
a7y TERERDZ L, BSOS @RS

=6 FHREMEMRENOKRZFEE LINEME (10aB7-Y . 165)
(HAr : FH)

X 55 1 1.0 ha R | 1.0~2.0 2.0~3.0 3.0~5.0 5.0~10.0 [10.0 ha LAk
I & (kg ) 532 540 544 582 602 578
HLI % 113 103 121 117 113 114
e B AR 132.7 93.6 96. 5 85. 4 78.5 93. 2

R ¢ 8.3 8.4 8.4 9.3 6.4 7.9
e Sk 6.9 6.1 6. 4 5.3 6.8 7.3
géfgjﬁ%ﬁ1§§ 10. 6 10.8 11.8 12.0 7.6 7.7
COR R 12.5 14.8 8.0 5.5 3.4 4.4
§§§$§ 29.8 14.1 24.8 15.1 17.2 16.0
SRS 1 5 1.0 1.3 3.7 4.2 0.6 2.4
z 0 h 63.7 37.9 33.5 34.0 36.5 47.6
At 5 A 20.0 9.7 25.0 32.1 34.7 20. 4

LV EIEEHATEE Y, NEOE T, ALEILEH
EFHNZ L, Eh. HEHREOFEHTHGORS. HEERE
b S LRSS - B OREO R A S
LT LENRETOND ., BBORFIEZIN ETEZ51F
ERBITIIFRIL2VDOTH S,

o T, /NS OIESLD 5 2506 E DR, Fifieic &
DHERRNMBIZHDESZAE9. bolkdb, REOEE.
MEREAFRE D T DITIIHEE MR 2 IR S 5 2520,
ZuE, WE604ELIE (19804E# -LI) DO
GHOEA, ZEITEEMBBRILOERL 7219904 (F
% 2) 51995 CEALT) FEIXHITTOREL DM
DR R BALPHEDORIIAE L TWD EFR L.
Fio. EEEIZIEE—Hi Tk~ T2 X 512 WTO &4l o ik
SLEENICE DR EREEM ELES LT 5HH
ADOREFSCENBERZ DHIRL., oTndZ b hk&
BEETH B, ™

BB H16E o B AT BI R e Rt

4, BEXSGEUBENDLELRIZLIBERBREL 2 —
LERK

BT, 295 LIREREOEILOBERIZOW TR
LTBERW, HIFTHMR L2 X 5ic, TEBERK
B izES < EEENZ2E 5 HBALOHEE & WTO #iil o
TC. HAOWMABEMIHBEL Chote, £, B
R BOR I S, BETRNREI NI LD
L. [EREREY O Mk I3RRD Tk L IRBLIZR 22T
w3,
FDOZLIZBL T, BERGFMFOLEIT L D05
PIARFIE, REEMICOWT, BREEY e QRS PE B A
Yl e By (GEHEAE20004F = FK124F) &R L7k 2
—TIE>THRFLTBEZW,

Zhuc kiud, 20004F CPRR124E) 126952005 (F
RR1T4E) D REFEMIRR GHREIF9.7T~E DT ML LT
BY. WIRTIIKPILINE REEFLTWD, B
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P

£

g

®-7 BREVBEEREBEIZZMGEHROEBA (20005 - FAL124F=100)

19954 20004¢ 20024 20054 200745

REMRE 114.4 100.0 97.0 99.7 97.3

2% Kk 126.7 100.0 98.2 91.9 87.9

i 116.4 100.0 101.2 104.7 104.7

He 122.1 100.0 84.2 90.7 99.9

BEDRE 101.1 100.0 98.6 109.3 108.7

B EEMRG 98.1 100.0 99.5 102.7 108.5
5 HEHAUCHA 95.2 100.0 100.7 101.5
EY L LY 92.9 100.0 92.4 117.0

g 95.3 100.0 100.4 103.2 110.0

fife 98.5 100.0 106.3 1125 133.3

SRR 102.6 100.0 98.3 96.1 95.6
FEALR 99.7 100.0 97.8 97.9

SEEE) ) 101.9 100.0 97.7 115.9 135.0

J- 2 A28 97.0 100.0 98.3 97.4 97.0
AEEEEAE 103.2 100.0 97.3 95.6

DRGSR 116.6 100.0 97.5 97.0 89.7

Rk TSR] (DENEHKRR) X 1Ek.

728, 20074EIEHAE (20054E56%E) 1T X o THERF L 7z,

IF104.7~E ER L. T, RIEIF0.7~E S HItkEL
B L TWB, 05 EMICHE K CREHER E 23R
22 Mk S F TR ERITREZ T Z by
b, WIT, AEEMRE OWMEETIX. 20054F (A%
174E) 121027~ 7B E B ERMEMIEH >z T5
LT, REBFHBAFITRY ., BEAEMZ E OikgiE
AU, BICRGET 2 REMMKIIE TR LTE TS, &
EDITNS BAEFEL, WL THARH - HEkERNZN
gL poTnNB,
SHIERTREZ LiE. WTO DI L 7219954
CERR 7 48) ZWMEmoREEIzTs &, REIXESS
W ENIZEIL LT %, 19954E CERE 7 4E) 2> 52000
E CERRL24E) 1T Th T bR TREMR S TIX
YIFE 003 14.4K 14 >V P HERFL TR, 205 KD
ERMB26.7TTH o E DMLV RWTREN2.1IRA >
RS FELTWD, T, SERk 74 (19954F) D R34k
PEEHRAE OMmFEEIE. 200048 CE124E) X0 $1.9
RAY MENDDOTHoT, Thabb, 19954 (CEEK 7
) 2 520004F CERR124E) 1223 CLERE B ARG 1X1.9
RA Y N ERLTWS, EEEMREOWITEETIX.
20054E12102.7~ L S HIZ LR LTV 3,
ZOLERETRIZ. RITR UK K 5122007481203 T
IHITREY . FPRL BB T T ERTI3RA U b
DEbLABL., EELI0RA > FOEKTH S,
FREETARE L. Z0®RIHICHFEPE/LLTNDEZ
LThD, HRHIED 30D EERFRLA D20084 8 A
DOF—Z I X IUE, 20074EH 5 2008412 5> 1 LR
FAR10~30%I1F & EF L TR Y., RREUEAESCT 520094
BEF O BEM IR, REZOMEM &b S HITKIE
WCERTEZEBRFHENTND, 5%D., EHEOXS

BRITREZZFE5LTn5, @

RAFMERETETARFNCRY . FEAEM 22 & Ok
W ER U, WCiGE 9 2 REMG IR T 3 5 G 0liz
Pl BAREIARERE, T D X5 7 B3R i)
TARR 2R ERZEGEMEDO T T, WME RN BAEFEL,
We L CHAF - HRZRIVRMIS - TGRS DOfizii
PR RTH D,

ZDZ EiZ. EEEOAOMETIIRL., BReni&k
DLEMNTRHERITE > THRRTNEHEHELZPRETH Y .
ZOBRTIIMBELCDREO T LN, BTSN
FETH D,

B3 UUIRTBWADBRAY v IHRKIZ

5EZ1-5&

19904 4 A2V v B H oA Bl bRl E SN, #
FULL et A B S BEIN % B 0 7. 19954E 12X TH 5 T
(A RPBRTHI66TT .. EEREOH 2B 2 5E) T
L., UBLEBHEGET 2RO SEMERICH. &
JERTE D B o 7220044121397 4T DA E & 72> T
B, ER - RHEH O RIERARBT0~80 " .. [
PWINTALIT BRI 5 fFITEL. U v ILeko Bin®Ei
60% % E DAL L ZAETIRTFLTNDS, EEY > ID
R TALERRIE, 1990451 #4 DRI24)7 b > AL,
20034E LR ITIZ100T b v R ~ & 0 T OAEIE 1T
L. AR i zEbh g, ®

ZDE57Y AR ADHKRE, HADY 3D
TGRS R O TR Y > &I R IE U T BT D\ T
EHRR AR THRE LTIz,



#£—8. M1zt Xkoiz,

I E RN & 2 A3,

WU - A E) &2 Sl L T LET
HD. 199741, LR OFERTTIB R A3 1ke 24 72 V) 140
FIANERTER D 21% HIRE L. £z,
19~ L RITAE & D 55% btk L. WERNRBEEICTL->T
AREFREIN & 7R o T,

HARREO M —WT OFHI T ORI - U > IR —

U > Ak X 19924F L ERCY AN

Rt Atk 13 1 ke

o, ROk T LIRS

F—8 rdtkeHf=YDEHM, HE IS T YA ORISR T AN TR OHRS

&
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20014 ~20034EITIX E T K BIAA TN S, 2004
R TTIRZE OB R ER EIT K UMK L2 is R,
A mEL, o &—ED< T EAHBKT,
RIS 1Z, 19974EPEL BRI DI VIR R L2
FETHY. BREHNMEI BN TN D,
FREICE-> T 1ked e O &S BTF5E Y Mk DK

I, 2002

(M)
1990] 91| 92| 93| 94| 95| 96] 97| 98| 99| 2000 1 2 3 4 5 6
Emhiismi | 181]264]162[172]176]160]177]140]161]164] 177] 131] 124] 158] 196] 166] 173
SHE TS| 354|463|295[264[319 288 277(227]337(274] 322| 218| 229 268| 312| 265| 288
B AEEEE] 35| 33] 42| 36] 22 42| 19] 12| 19] 32| 18] 9| 23.7] 30| 34| 36
& IE!ﬁlﬂ-UA}L%*tTn%HIUAJ;/Jltﬁﬂ%glﬁﬂﬁ'ﬁf:mﬂ &3,
500
450 /"\
400 J \
350
A /\ A )N =)
300 1“\/ v/\ //M\/ —— Eh IS {ME
250 /*\ Y o = Y IS
200 [ N —— Rt RR A
150 VM\‘\‘//\/‘
100
50
0
S PTPPLRRRE NV 0
N Vv

B 1 Yrdlkg &Y EHs -

KT E > TLES T,
ZOERITIE,
Uy, ARy oSS INMEE o
BT e, MNTAERY v ADMKLE. BRFHEL NS
BEELHS TR, FOoREEZREE R RoTe,
19904E D U > I - O A B FAL AR 22l 22 s SR v - o
WAL X TEWNEMTLY > dOFENWY . AFERR
WFIXAMERE DT ZNE TN TITIRY [WiFTnie ) v
PERMNGICEDT & ARTER X T DO Z Ak~
oMot R L. EEOMREIEIZENERE RO
WA, oW, KEREEHTORGEKHZREICES
REOIELFNRLRENS =X /) —VEREMO b ER
A VEFEADIER (TSN, KE) BMEELTNWDE
Honbd, ZoEEILIESL T S &b,
Flo. TR, MEEFAL T, MIEESKRTFR
b — I A TR~ O ZRD, HDWIE. TR
FETEDENOMAS, BAOIMLEHTEEL., WA
TEHEA—H—DWXTETRY., FHREAOIMLEITH

TORFER I Z =55 ORI OWELA W TE TV D,

HHRLY A THRBRR BRI I, HHRENORH

Rk U > IR ARORI AR D S,

SHEMTISME R U R ARAHER O#%

ITHRY > IR, A B BEALLET01986~19904F
DSAER DI THERI1275,200", Th - 7205, FHAEEL
Bk L. 20004E 2> & OS54 [ CTIE4E- -1 8 775,200, &
20, 104ERC32% g LT3,

B M T A AR BSRIRGER I D D EA
1E. 19904F 032.5% 7> 5 19954F 12 13:23.4% 1T 258 1T A
L. S5I220034013183% E TR N L TWVWD, St
zZ AU, AEFRHAFEERIZ. 19904ED67.5% 7> 5 20034E D
BLT%~ERE-TND,

ZH5LT, Wik Lizk5ic, ERFEEEEOWBMER
DOFT. ARH OB EINIKIERMBE T2 b 7253
Thithkhd, SHICER. FERHERAOHEKIZE v INT
HY > IHEERRAD L. D32 T DN TG A TE L
Tn3,

ZOEIIY VIARRIIZTNNRF 5%
%5,

Fio, FOBREEOEILICOVWTHIEML TR E 0,
FIOEEHER O T T, 19994E D EIFE TR D UWIEIT X
VARSI TR MxERE 2k v, BlEEED
HRDITEAT L. ORI X B MM IER AR T

Az LT
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LTWaZ e, £, 2REOBRS LT, kg4
ICHIERPR S TND Z LB EHTAZ S TH B, P

F4EH VUIBRROBEDEL. BErIKE
DX, BHREOY v IRROKEDELITONTHR
L. SHBOBRITONThHILIZ W,

#—91F, BAKBAOEEERRABICI > THEBRROY &~
JE10a 272 0 OIS ORERE Z 7R LTV D28, MR
WRINE - Mk OZEE) - KR A LT, 19904E LIk, =

g

CATITAE LRI 7335 LW, 19904E 050,375 F 7> 5 954F
D42.05 M. 994D 34.877HIZ30% LU LD i LT 5,
FhENU LI ESND 22X, RO m SN - Z
HSRENWZ L TH D, 19904ED10a 2 7z v 31777 Tk}
L. 954E12iX24.3/51223% b L. & 5 IT19994E1
157 A~ E50% D 3 LT B, 20034E DT AHE T
FESIROEL, 10a Y7z 1257 MIic#mL., V>
REOREREEZ LTS5 LT,

1H (BRERS7E) U7 0 Ko @i, 19904F i
F11,047M TH v . HIR OB BT EEEET0%I1Z L
Ao T3, 19954E12i2 1 H %72 9 6,811 ITf& ~

x-9 FHRERVVIBRRDI10T H-YIRBHEDHTRE

Fr

1990] 1995] 1999] 2000

2001 2002] 2003] 2004] 2005

$HIRZE| 502.8] 420 3475 352
T B | 317.1] 243.1] 157.3] 1676

343.3] 3333 308 369 350
161.4] 148.6 125 179 152

3E:1990, 1995F (B KEDEEERAEICLD, FELUKTREERARIZELS

L. Hilko P& 489,000/ %24% S Rlal s X 5 ic/s-o
Teo ARL TRV, ZNLUHDEIME T L. 20004
LIRS, 000 B LT & ey, SEEER O3 LN IC ik
LT3, ZL T, 20034E121X4,2721 &\ 5 AR E 4
KELLFICELIAATND, FEOT AL NEEED
MY REISHE S REEARETH D, 20044E 121351
Eiz X ZINERAD. HHEEITEIZ & Y IEsMIEEEE U3,
20054 12X E 2 EAL L TV B,

v IREVSHIBMIETCTH - 2 Bt o B HAL AT
DI RN LT, Z040%UTENWS T —F2
T TT—==BTh, B THEITRS IS RREIC
BVIAENTNWS, U rdl EhroTRWIRIEEEWR B,

Vv OEEFITEENEREE DL N, EOH B DX
fili + FEAGD & FE 0 DIRFE & MHEEB SO HTELITER
MTHy., BBLLFTINERETHD. ZOMHEER
FUT BRI EREE & S X T2 & 5. FAEIIARATHE
Lo TRTWS,

10a Y7z ARFEE TId. RIE. LB . A AT
T HRL B, SEAPRIESEINL T B, MRS DK
T, B HBED ST, TS OEETROB RIS L
T3 L& ZAITREINIED S EALIZE b D REE ) R A
BB, WO EORD Y = — LB L2 BNE Z &
®HEHDTH D,

BB OEREBTEICL > T, BHEROY VIR
IZDONWT, IRICARFENREFIET R AT, 199048 Tid,
10a 72 V105 OFER D - T2 b3, 19954121%10a 24
720 8 FHDHFRF L7320, 20004ELLF%TIE, 15~165 1
DOFRF~EEHITELL TS (19954 LRI /A 2 50 Ml
MIRODT, FrEKIER KRS8 OFHM IOV TIEE
HORRTH D), MERE THNITEEREL 25T
W5, bbAA. ZHERETHREOE &L RFAEEN

TEDIRETIE RV WA AR D3R B TR Y 7]
o TndEEx b5, Bk ST e
KLz &9,

ZOHERIZHONWT, BHRFEOBEZHAL TRENH
PoHh IS LAHILTEBE N,

20004ELLRE, HAREAIRANO Y > IR OFLIRER 5>
Lt SN o) I RE AL TREL T,
ZORERITE - T, 20044FE £ TO 5 FRORE T %
LTBI S, KR-10TFAERE D 5 FHOREHRRD 1
Fale v P02 nR L T\,

JEAETEH L TVDEOT, YEEEDY > IO
BURICE TR, Eie. Bt & Tid 7y —AalRic
XV BUEITHA SN DT, FN 5 OEHERITITER
BT D,

FELRZY VIdRED 1P TiX1.7ha ORI
BT D, MIRGEHAMA20004E D 1 kg206 > & 20024F
D154, 20034FED164[I~ERIEL T2 ITH b 5T
REFITTIZER L TnE, RICAOhD L, B
B, AR, BB, BEEEIER O R H L -
TWd. Elo, HIREE MO TREIWN Z LARE R
ZHIEZHETTWE, ZORE

10a 2% 72 V) FT31Z20004E 0 12.777 4 5> & 20024F 6.3 77
FI~EER L. FTEED31% 2 517% &0V 5 o THE
BRLICZEDORWRSITEE L TWD. FIikIrE8IRH
W72 V) T RIE20004E D 45000 & W 5 AR Sk HEN D S
HITMTR L. 25007 (20024F) &5 2B~ E{KkiEz
F]> T3,

7238, 20044F 101X, IUEERNIC 2 [E OB RBERB D D |
INREE 2310a 2 72 © 2101keg L Fi4EEET16% DD L. fib
BEHL DU & AT R OUEN. WE» 5 U > 1l
Feas 1keh 7z v 216 IzmEfE L. BUERTO/KUEIZIRE L



HARREO M —WT OFHI T ORI - U > IR —

33

#-10 FHRERVACRERROBEMRE Fr12~16% (2000~20045F )

(kg; M)
] B 200415 2003FH) 2002 2001y 2000y 03FE xTLr 2000%f L
10ai7=L) 10af=Y 10as7=Y) 10aif=Y 10ayf=U

fTmis 179 178 173 172 169 101 106
IRA|l 1|ER5TEE 2,101 2,493 2,427 2,332 1,884 84 112

RELAM= 0 26 0 0 0 0
3R A= 18 21 21 26 30 88 60
4| B ST B 216 164 154 166 206 132 105
5|BR5E - KT EE((1+3) x 4)] 458,000 411,305 376,014 391,428 394,284 111 116
6| BIEYERTEE 109 137 776 0 8,253 79 1
71 #UR2E & 51 (5+6) 458,109 411,442 376,790 391,428 402,537 111 114
&R EEE 2,593 1,724 568 1,269 1,768 150 147
R & 15,226 14,731 13,986 15,095 16,033 103 95
EEE 41,136 39,558 41,402 36,446 36,683 104 112
EMEE 27,396 32,811 36,134 33,305 22,766 83 120
FLENIKE 13,003 10,739 10,076 11,437 10,802 121 120
R ANEE 5,401 4918 5,424 5,928 4529 110 119
BIEE 14,547 13,156 11,460 12,159 8,758 111 166
MNEEE 3,031 2,451 4,364 3,709 5,210 124 58
Tk RKFI & 1,355 602 5,691 1,294 1,315 225 103
EEHAZHEE 8,701 7,983 9,006 8,993 10,034 109 87
EHEE 5,240 5,857 8,489 14,411 9,644 89 54
ERFZEBE 40,200 41,672 32,748 26,358 23,823 96 169
Sl 0 70 63 30 57 0 0
S IFIF 2,005 1,737 2,034 4,380 1,430 115 140
ERwiRE 3,132 2,835 2,338 2,119 3,164 110 99
ZDih 15,507 18,866 18,536 25,972 13,892 82 112
EYERiE 7,119 7,822 11,022 7,596 7,480 91 95
HEmEINE 21,107 23,774 21,882 17,771 18,702 89 113
Y- EPENE 1,112 1,121 1,076 802 697 99 160
| |HERE 61,594 69558 78,397 69285 79,193 89 78
BEESET 289,405 301,986 314,696 298359 275,980 96 105
| REFERESE 231,488 237,608 251,467 271,002 264,343 97 88
ERHEE 520,892 539,594 566,163 569,361 540,323 97 96
Rz 5 B ] 185 190 201 215 225 97 82
BEEME 168,704 109,456 62,094 93,069 126,557 154 133
DHTIEE(FREE 37 27 16 24 31 138 117
E T -62,784 -128,152 -189,373 -177,933 -137,786 49 46
RiESHELI-YE 7,288 4,607 2,469 3,463 4500 158 162

Eo1 ERREMRAWRE A-BRIZLD,

2 MRBARE. hRRSIEE ., KARESRE GH4RE) OFERRTHS,
3 EALEEREVS—(FEMIIE. 5hEl. RA.8B5R. ZFTH5,

4 REFEEILIFFHLYI250HTHEL
Teo EOREFR. WEORAD LY bAKEDO EFRE Y K&
<. HIPGEESBER LT, e, WEORAICE Y., B
RECHM BB Lie Z & DREDRRIT TS A ITE
ML,

200447120, RE B AT T 5 HA R O LI
21.3%ICE TIL R Lz, 20004F121329% & 5 5 i HifHF
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Causing Agricultural Crisis in Aomori Prefecture
— Management Break down of the Rice Farming & Apple FarmingUnder the WTO Frame work —

Tadayoshi UNO

Laboratory of Food and Agricultural Economics

SUMMARY

The producer’s rice price has been decreasing under the circumstances of the over production of rice and moreover, 8 million
tons of the Minimum Access Rice has been imported to Japan from U.S.A., China and so on under the WTO Frame work.

Consequently many rice producing farmers have been compelled to do non agricultural jobs and to grow the upland crops on the
paddy fields. Many farmers have been suffering from hardship due to low prices of their products as a result of intense competition
and decreasing government supports.

Rice farmers businesses in Aomori Pref. have been operating in the red during the last 8 years. It may become impossible for rice
farmers in Aomori Pref. to produce and reproduce rice in future.

On the other hand, half of the apples in Japan are produced in Aomori, and about 20% of these apples are used for processing
and are sold at very low prices.

In 1990, the Japanese government sanctioned unlimited imports of apple juice. In 2004, Japanese imports of condensed apple
juice amounted to 94,000 tons, and imports of apples and apple juice were equivalent to 700,000 tons of raw apples. 50% of the
Japanese imports of condensed apple juice come from China.

The prices of apples used for processing have fallen around 60% or more, while the prices of apples themselves have been
decreasing. Thus, the incomes of apple farming businesses have decreased about 50 %, from 317,000 yen per 10a. in 1990 to
157,000 yen in 1999. This has caused grave hardship for farmers.

Many apple farming businesses are operating in the red. More severely, recently the prices of the oils, fertilizers, agricultural
medicines, machines and other materials have been rising rapidly. Therefore it will become increasing difficult for apple farmers in
Aomori Pref. to produce and reproduce apples in future.

Bull.Fac.Agric. & Life Sci Hirosaki Univ. No. 11 : 21—46, 2008
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