environment are accumulated in the tissues of living organisms.
nately showed the health effects of Cd to humans [1, 2].
ies came to the consensus: the concentration of Cd in rice is the intake indicator of exter-

nal exposure, and that in urine is that of internal [3-6].
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ABSTRACT

Cadmium (Cd) is one of the food contaminants inevitable to eat through crops. To
evaluate the sanitary environment for the public, we set up a narrow area facing the Gulf of
Hiroshima, captured wildlife within there during the hunting period and measured the
concentrations of Cd and Zinc (Zn) in their kidneys as well as in the soil inhabited. The 6
wild boars (Sus scrofa leucomystax) whose ages were estimated less than 3 years contained
1.07 = 0.70 mg/kg of Cd, while the 5 raccoon dogs (Nyctereutes procyonoides) showed
varied concentrations of Cd age-dependently from 0.29 to 20.60 mg/kg. Despite the low
Cd in the soil, the wildlife concentrated high amount of Cd internally. We speculated the
oyster shell as one of the candidates of the source of Cd for wildlife in the non-polluted
area, since the oyster shell-containing fertilizers were used there. Measurements of Cd
and Zn at the Gulf of Hiroshima, Okayama or Kagoshima, the oysters (Crassostrea gigas)
indicated the accumulation of Cd in their shells with the values of 0.16 ~ 0.20 mg/kg, no
matter how the concentrations of Cd in the soil varied. This evidence could partly support
the possibility for the wildlife to accumulate excess amount of Cd to eat crops given such
fertilizers. This Cd contamination in the environment could be the risk of the sanitary
environment for the residents.

key words: cadmium, contamination, oyster shell, raccoon dog, wild boar.
abbreviations: Cd (cadmium), Zn (zinc), CKD (chronic kidney disease), C (canines), P4 (the fourth
premolar), M1 (the first molar), M2 (the second molar).

INTRODUCTION

Human beings internalize environment by food. Heavy metals circulating in the

advanced chronic kidney disease (CKD) with high concentrations of Cd in their cortex [7].

* Hiroshima Shudo University

Itai-Itai disease unfortu-

Long term epidemiological stud-

Patients’ kidneys demonstrated
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Experimental exposures proved the dose-dependent accumulation of Cd in the kidney of
monkeys [8] and the Cd-related CKD in the diabetic rodents, no matter how the strepto-
zotocin-induced diabetes alone did not cause any CKD [9, 10].

Meat has not been so important for Japanese as a source of Cd externally exposed
because of the small amount of consumption compared to rice, and because of the low
concentration of Cd in the meat of farm animals [11-13]. In tissues of wild meat of birds
and beasts, however, moderate concentrations of Cd were reported especially in Europe
[14]. Another source of Cd in the environment we would like to suggest here is the oys-
ter shell. The oyster shell is one of ingredients of fertilizers. But, the Cd in the oyster
shells has not been payed attention to so much. This might be because the Food
Hygiene Law does not establish the standard value of Cd in oyster meat itself, and because
some of the area administration promote oyster shells to recycle from the industrial waste.

To make the cycle of Cd in the environment visible, we set up a narrow area facing
the Gulf of Hiroshima, measured the concentration of Cd in the soil as well as in the wild-
life and evaluated their habitat. Furthermore, we measured the Cd in the oyster shells as
the source of external exposure. Another examination of the ectoparasites in the wildlife

would be informative for the health of regional people.

MATERIALS AND METHODS

Wildlife: Wild boars and raccoon dogs were captured within the defined area of less than
4 km” during the routine hunt from November in 2017 to February in 2018 (Fig. 1).
Wild boars were wire-trapped by one registered hunter living in the area. After car-
cassed, autopsies were performed. The kidneys were partially fixed in 10% phosphate
buffered formalin immediately, and the rests were stored at -20°C until further
examination. The total number captured during the period was 6. Ages of them were
assessed to the nearest 0.25 year by the indices of fang length, body weight and colors of
fur, skin, nail and subcutaneous fat.

Five raccoon dogs were cage-trapped, submitted to the autopsy place, anesthetized
deeply by diethyl eather until the last breathing and autopsied. The kidneys were stored
at -20°C until further examination. Macroscopically abnormal tissues were fixed in 10%
phosphate buffered formalin.

Ages of them were assessed by teeth. After preparing their skull specimens, the
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Fig. 1. Habitat map of the wildlife.
Wildlife were captured in the area enclosed by the broken line (< 4 kmz), where the mandarin orchards
scattered, during the routine hunt from November in 2017 to February in 2018. The mouth of the Ejirigawa
stream (O) was 30 km south-southwest from that of the Ootagwa river. @: wild boar; [ ]: raccoon dog.

number of total teeth and the appearance of the canines (C), the fourth premolar (P4) and
the first and second molars (M1 and M2, respectively) were examined.
Animal welfare and ethics: The wildlife were treated along with the guideline of the
health management of wild birds and beasts in Yamaguchi prefecture. We obeyed the
code of ethics, The oath of veterinarians-declaration '95, in all of the process. We per-
formed the experiments following the study regulation of ethics determined by the com-
mittee of Hiroshima Shudo University.
Pathology: Nematodas and ticks were fixed in 10% phosphate buffered formalin and pre-
pared on the slide glasses to observe microscopically [15-17].

Skin tissues from the part of alopecia were treated with 10% KOH over night at room

temperature. The centrifugally collected debri were spread out on slide glasses to iden-
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tify mites microscopically [18, 19].

Tissues fixed in 10% phosphate buffered formalin were processed for the preparation
of paraffin sections. Thin-sliced sections were stained with hematoxylin and eosin or
periiodic acid shiff for microscopic observation. Indices to diagnose glomerulonephritis:
karyorrehexis, segmental sclerosis, global screlosis, fibrous crescent and mesangial hyper-
cellularity were scored for 100 glomeruli per animal [20].

Soil and Oyster shells: The soil were collected at the mouth of the Ejirigawa stream
flowing in the defined area and out to the Gulf of Hiroshima in January, 2018 (Fig. 1).
The other soil and oysters attaching on the wave-dissipating block have been collected at
the mouths of the Ootagawa river, the Takahashigawa river and the Nagatagawa river flow-
ing out to the Gulf of Hiroshima, Okayama and Kagoshima, respectively, for 4 years in
every January from 2014 to 2017. All these materials were stored at -20°C until further
examination.

Measurements of Cd and Zn: The left kidneys, soil and oyster shells were used for
the measurement. Concentrations of their Cd and Zn were determined by the Inductively
Coupled Plasma Atomic Spectrometry or Atomic Absorption Spectrometory. Measuring
limit for the metals was 0.05 mg/kg.

Statistical analysis: Student’s ftest and F-test were performed to compare the con-
centrations of Cd and Zn in the wildlife, soil and oyster shells. Pearson’s coefficient of
correlation was used for the examination of the correlation between Cd and Zn, and to
assess the indices for the estimation of the wildlife ages in between. The software, Mac
multiple regression analysis, version 3 (ESUMI, Tokyo, Japan) was used for these analy-
ses [21].

RESULTS

Cd contamination in wildlife: In order to estimate the internal exposure, concentra-
tions of Cd and Zn in the kidneys of wildlife were measured (Table 1). The average value
of Cd was much higher in raccoon dogs than that in wild boars (p < 0.000 by F-test). The
concentrations of Cd in the wild boars were constant, 1.07 = 0.70 mg/kg, on the other
hand, those in the raccoon dogs varied (Table 2 and 3). The values of Cd in the cases of
1 and 3 of raccoon dogs were as low as the average value of the wild boars, while the val-

ues of Cd for the other three raccoon dogs were much higher than the average value of
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Table 1. Contamination of Cd and Zn in wildlife, soil and oyster shell (mean + SD).

Four km” area Gulf area
Wildlife Soil Soil b) Opyster shell ¢)
Wild boar Raccoon dog  Ejirigawa a) Hiroshima Okayama Kagoshima Hiroshima Okayama Kagoshima
N 6 5 1 4 4 4 4 4 4
(mg;ikg) 1.07£0.70d) 6.03+7.80¢€) 0.18 0.50+0.181),2) 0.13+0.09f) 1.43+0.80 0.16+0.08h) 0.16+0.05h) 0.20 =0.03 h)
Zn 22.3£3.9 21.7+6.1 52.0 166.0 £86.1¢g) 39.3+9.2 310.0 +103.6 8.9+4.1 9.6 +3.4 15.1+9.5
(mg/kg)

a): 30 km south-southwest from the mouth of the Ootagawa river.

b): Collected for 4 years in every January from 2014 to 2017, at the mouths of the Ootagwa river, Takahashigawa river and Nagatagawa river for
the values at the Gulf of Hiroshima, Okayama and Kagoshima, respectively.

¢): p <0.000 by F-test when compared to the value of raccoon dogs.

d): Correlated with the Zn value of raccoon dogs (r = 0.87 with p < 0.05).

e): p <0.03 by t-test when compared to the soil values of Okayama, and correlated with Cd in the oyster shell of Hiroshima (r = 0.99 with p < 0.01)

f): Correlated with Zn in the soil of Hiroshima (r = 0.93 with p < 0.07) and Okayama (r = 0.80 with p < 0.02).

g): p <0.004 by F-test when compared to the soil values of Okayama, and correlated with Zn in the oyster shell of Hiroshimal (r = 0.58 with p <

h): %ﬁfiélated with the Zn in the oyster shell (r = 0.70 with p < 0.31 for Hiroshima, r = 0.99 with p < 0.00 for Okayama, r = 0.83 with p < 0.16 for
Kagoshima,).
Table 2. Accumulation of Cd in the kidney of individual wild boar.
) Kidney
“E:Eer Sex B‘)dfk‘;)e'ght (yea‘fif D9 ooty Cd (mg/ke) Zn (mg/ke)
Individual ~Average (mean = SD)  Individual Average (mean + SD)
1 25 1.00 NT 1.21 19.8
2 Female 35 2.00 NS 0.28 0.70 +0.47 26.0 20.5+5.1
3 70 2.75 NS 0.61 15.8
4 15 0.75 NT 0.89 25.6
5 Male 25 1.00 NS 2.33 1.44+0.78 23.2 24.1+1.3
6 76 3.00 NT 1.1 23.5
Average (mean + SD) 41.0+25.7 1.75+0.97 - 1.07+0.70 22.3+3.9

a): Ages were assessed to the nearest (.25 year by the indices of fang length, body weight and colours of fur, skin, nail and subcutaneous fat.
NT: Not Tested; NS: Not Specific.

the wild boars. The raccoon dogs showed a high correlation coefficient in the concentra-
tions between Cd and Zn (r = 0.87, p < 0.05). The concentrations of Zn in the raccoon
dogs were as high as those in the wild boars.

There was no specific lesion in the kidneys of wildlife except one raccoon dog, the
case 2. Her kidney was yellowish at autopsy. Microscopically, the segmental sclerosis
was observed in the 30% of the glomeruli. The plasma cells accumulated focally at the
interstitial tissues in the cortex. Some renal tubules of both cortex and medulla contained
urine sylinders. The hyalinosis and the vacuolar degeneration were seen in the proximal

epithelia of the renal tubules. The pathological diagnosis was glomerulonephritis.



Studies in the Health Sciences, Vol. II No. 2

Table 3. Accumulation of Cd in the kidney of individual raccoon dog

Gross observation Kidney Number of teeth (maxilla / mandibula) c)
Case Body Classi-
nl;'l:- Sex w&lglt Tick or Abnormalit Histopa- Weight Cd Zn Right row Left row aﬁ:dd)
mite Y thology (g/left) (mg/kg) (mg/kg) s

I C P M I C P M

1 F 46 ND NS NS 151 029 21.2 - = — " young
3 01 4 3 3 1 4 3
. .. Chronic 2e,) 1g) 42 20 3b) 1g 4 20

2 F 42 lo Rlcﬁ’g:;yzl)‘d kidney 18.2 20.60  31.7 — - —
> disease 3D 1g 4g,h 30D 2a,bh) 1g 4g 30
301 4 2 3 1 4 2

3 M 4.6 Lo NS NT 15.8 1.30 22.1 E— — —— —— young
301 4 3 3 1 4 3
Truncus 301 4 2 3 1 4 2

4 M 26 Sso WS ONT 16 535 221 — - — 7 Joung
P 3 1 4 3 3 1 4 3
. 3 1g) 49 20 3 lg 49 219

5 M 5.2 Np eftthordc o5 g9 203 = = old

limb injured b) 3 1o 49 30 3 19 49 30

Average

(mean * SD) 42:10 - - - 18.0+4.1 7.15£8.16 23.5+4.7 - - - - -

a): Fifteen adult nematodes were retreaved. Their vulva, buccal capsule, oesophagus and intestinel were morphologically similar to those of Thela-
zia callipaeda. The sex ratio was 11 to 4 for female to male.

b): The edge of the limb disappeared, and its’ edge was covered with thin scared skin. When compared to those of right ossature specimen, distal
parts of the ulna (23.8% in longitudinal length) and the radius (17.9% in longitudinal length) were lost, while no difference was in sizes of the
scapula and brachium.

¢): I incisores; C: canines; P: premolars; M: morals.

d): Animals were classified into three age groups by the appearances of teeth; young: no worn-out tooth; old: having multiple worn-out teeth; very
old: having severely worn-out teeth, canines with browny stained pulp and tooth loss

e): Loss.

f): Worn-out: Short crowns in height of enamel (I1, 12) with exposure of ivory matter (M1, M2)

2): Dental pulp darkness.

h): Dentalveolar absorption.

F: female; M: male; ND: Not Detected; Lo.: Ixodes ovatus; S.s.: Sarcoptes scabiei; NS: Not Specific; NT: Not Tested.

Age evaluation for wildlife: In order to speculate the duration of exposure, ages of
the wildlife were assessed. The average ages estimated were 1.8 + 1.0 years for the 6
wild boars, 1.9 = 0.9 years for the 3 females and 1.6 = 1.2 years for the 3 males (Table 2).
No sex difference was found in the concentrations of Cd nor Zn in the wild boars. Con-
sequently, the concentration of Cd in the kidney, 1.07 + 0.70 mg/kg was regarded as the
level of internal exposure for the wild boars of less than 3 years old.

Ages of the raccoon dogs were evaluated by teeth (Table 3). In the cases of 1, 3 and
4, their teeth were complete without worn-out. In the case 5, the teeth were complete,
but the worn-out appearance was obvious in all the four M1, M2, and C. In the case 2,
right I1 was lost. Both sides of 12, 13, C, M1 and M2 were worn-out severely. The 5
animals were classified into 3 groups by the estimated age; young for the cases of 1, 3 and

4, old for the case 5 and very old for the case 2. Sexual size dimorphism was ignored
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because of the small number of animals examined [22, 23]. Consequently, the Cd accu-
mulated in the kidney in an age-dependent manner.

Three kinds of ectoparasites of Tellesia callipaeda, Sarcoptes scabier or Ixodes tanuki

were identified in 3 out of the 5 raccoon dogs (60%) but not obvious in the wild boars (0%)
(Table 3).
Cd contamination in soil and oyster shells: In order to estimate the external expo-
sure of wildlife, concentrations of Cd and Zn in the soil were measured (Table 1 and Fig.
1). The soil at the mouth of the Ejirigwa stream contained 0.18 mg/kg of Cd and 52.0
mg/kg of Zn.

The values of Cd in the soil in the Gulf of Hiroshima, where the oyster cultivation has
continued for 68 years. was significantly higher than those of the Gulf of Okayama,
where the polluted soil were removed 18 years ago (p < 0.03 by #test). The values of Cd
in the soil correlated with those in the oyster shells (r = 0.99 with p < 0.01). Strong cor-
relations of the values of Cd with those of Zn were observed in the Gulf of Hiroshima and
Okayama (r = 0.93 with p < 0.07 and r = 0.80 with p < 0.02, respectively).

The values of Cd and Zn in the soil at the mouth of Ejirigwa stream were lower than
those at the mouth of the Ootagawa river by one third and as low as those at the mouth of
the Takahashigawa river, when the wildlife were trapped.

The oyster shells concentrated Cd constantly with the values of 0.16 ~ 0.20 mg/kg,
despite the statistically different values of Cd in the soil where the oysters grew, the high-
est in Kagoshima because of the volcanic soil, and the lowest in Okayama. Furthermore,
strong correlations of the values of Cd with those of Zn were observed in all the three Gulf
of Hiroshima, Okayama and Kagoshima (r = 0.70 with p < 0.31, r = 0.99 with p < 0.01 and
r = 0.83 with p < 0.17, respectively).

DISCUSSION

We noticed a discrepancy between the low environmental Cd in the soil and the high
concentrations of Cd in the wildlife. There is a possibility that the wildlife would take
excess amount of Cd through crops, fruits or vegetables given the fertilizer blended with
oyster shells. This could be a route for humans of the non-polluted areas to accumulate
excess amount of Cd by eating the crops given the fertilizers containing certain amounts

of Cd. The industrial system has been constructed to recycle the oyster shell as the soil
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fertilizers. We showed here the ability of oyster shells to accumulate 0.16 ~ 0.20 mg/kg
of Cd constantly, no matter how the concentrations of Cd in their habitat varied. There
could be another function for the oyster shells to circulate Cd from sea to land. This is
one risk for the sanitary environment for public health.

One raccoon dog showed the Cd value of 20.6 mg/kg in the kidney. She was found
very old, but her age must be up to 8 years according to the maximum lifetime of the wild
raccoon dogs [24]. As humans accumulated 20 ~ 50 mg/kg of Cd in the kidney by 50
years, she was so to say internally exposed to that amount of Cd by 8 years [10, 11]. Her
glomerulonephritis could be age-related, because the soil was not contaminated with Cd
so heavily. Therefore, the simultaneous studies in the view point of environment and
epidemiology are necessary to distinguish the Cd-related changes from the age-related
ones in this case, as there was no specific indicator that could distinguish changes age-
related from Cd-related in humans [1, 3, 4, 20].

We experienced infections of Tellesia callipaeda, Sarcoptes scabier or Ixodes tanuki in
3 out of the 5 raccoon dogs captured in a narrow area during the period of less than 3
months in a winter. Telazia callipaeda has been spread worldwide not only in wildlife but
also in domestic animals and humans [15-17, 25-27]. Sarcoptes scabier has also been
spread in wildlife and humans [18, 19, 28]. Ixodes tanuki has been suspected as one of
vectors of Borrelia species [29]. This study is informative to evaluate the parasite fauna
and the distribution of vector-born diseases carried by raccoon dogs or wild boars. All

the three zoonoses would be another risk for the sanitary environment of regional people.

ACKNOWLEDGEMENTS

The author thanks Mr. K. Sasabe, a member of the Yamaguchi Prefectural Hunting
Association, for supplying wildlife. The author also thanks Dr. M. Suenaga and Dr. H.
Tanaka, the veterinarians, for the coordination to supply the wildlife and Dr. M. Takagi, a

dentist, for giving comments on the teeth examination.

REFERECES

1. Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M (1998) Health effects of cadmium
exposure-a review of the literature and a risk estimate. Scand J] Work Environ Health 24
(Suppl.1): 1-51.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Yumiko Nitta: Evaluation of the Contamination of Cadmium in the Wildlife of a Western Part of Japan

. Nishijo M, Nakagawa H, Suwazono Y, Nogawa K, Kido T (2017) Causes of death in patients with

Itai-itai disease suffering from severe chronic cadmium poisoning: a nested case-control analysis
of a follow-up study in Japan. BM]J Open 7: e015694.

. Ishizaki M, Suwazono Y, Kido T, Nishijo M, Honda R, Kobayashi E, Nogawa K, Nakagawa H

(2015) Estimation of biological halflife of urinary cadmium in inhabitants after cessation of envi-
ronmental cadmium pollution using a mixed linear model. Food Addit Contam Part A 32:
1273-1276.

. Jarup L, Akesson A (2009) Current status of cadmium as an environmental health problem.

Toxicol Appl Pharmacol 238: 201-208.

. Nogawa K, Yamada Y, Honda R, Ishizaki M, Tsuritani I, Kawano S, Kato T (1983) The relationship

between Itai-Itai disease among inhabitants of the Jinzu River basin and cadmium in rice. Tox-
icological Letter 17: 263-266.

. Sawada N, Iwasaki M, Inoue M, Takachi R, Sasazuki S, Yamaji T, Shimazu T, Endo Y, Tsugane S

(2012) Long-term dietary cadmium intake and cancer incidence. Epidemiology 23: 368—-376.

. Yamanaka O, Kobayashi E, Nogawa K, Suwazono Y, Sakurada I, Kido T (1998) Association

between renal effects and cadmium exposure in cadmium-nonpolluted area in Japan. Environ
Res 77: 1-8.

. Kurata Y, Katsuta O, Doi T, Kawasuso T, Hiratsuka H, Tsuchitani M, Umemura T (2014) Chronic

cadmium treatment induces tubular nephropathy and osteomalacic osteopenia in ovariectomized
cynomolgus monkeys. Vet Pathol 51: 919-931.

. Bernard A, Schadeck C, Cardenas A, Buchet JP, Lauwerys R (1991) Potentiation of diabetic glo-

merulopathy in uninephrectomized rats subchronically exposed to cadmium. Toxicol Lett 58:
51-57.

Nitta Y, Shigeyoshi Y, Nakagata N, Kaneko T, Nitta K, Harada T, Ishizaki F, Townsend J (2009)
Kinetics of blood glucose in mice carrying hemizygous Pax6. Exp Anim 58: 105-112.

Lane EA, Canty M], More S] (2015) Cadmium exposure and consequence for the health and
productivity of farmed ruminants. Res Vet Sci 101: 132-139.

Larsen EH, Andersen NL, Moller A, Petersen A, Mortensen GK, Petersen J (2002) Monitoring
the content and intake of trace elements from food in Denmark. Food Addit Contam 19: 33-46.
Lopez-Alonso M, Miranda M, Benedito JL, Pereira V, Garcia-Vaquero M (2016) Essential and
toxic trace element concentrations in different commercial veal cuts in Spain. Meat Sci 121:
47-52.

Rudy M (2010) Chemical composition of wild boar meat and relationship between age and bioac-
cumulation of heavy metals in muscle and liver tissue. Food Addit Contam Part A 27: 464-472.
Colella V, Kirkova Z, Fok E, Mihalca AD, Tasi¢-Otasevi¢ S, Hodzi¢ A, Dantas-Torres F, Otranto
D (2016) Increase in eyeworm infections in Eastern Europe. Emerg Infect Dis 22: 1513-1515.
Gama A, Pires I, Canado M, Coutinho T, Lopes AP, Latrofa MS, Cardoso L, Dantas-Torres F,
Otranto D (2016) First report of Thelazia callipaeda infection in wild European rabbits (Orycto-
lagus cuniculus) in Portugal. Parasit Vectors 9: 236.

Graham-Brown J, Gilmore P, Colella V, Moss L, Dixon C, Andrews M, Arbeid P, Barber J, Timofte
D, McGarry ], Otranto D, Williams D (2017) Three cases of imported eyeworm infection in
dogs: a new threat for the United Kingdom. Vet Rec 181: 346.

Haas C. Origgi FC, Akdesir E, Batista Linhares M, Giovannini S, Mavrot F, Casaubon J, Ryser-
Degiorgis MP (2015) First detection of sarcoptic mange in free-ranging wild boar (Sus scrofa) in
Switzerland. Schweiz Arch Tierheilkd 157: 269—-275.

Takahashi M, Nogami S, Misumi H, Maruyama S, Shiibashi T, Yamamoto Y, Sakai T (2001)



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Studies in the Health Sciences, Vol. II No. 2

Mange caused by Sarcoptes scabiei (Acari: Sarcoptidae) in wild raccoon dogs, Nyctereutes procyo-
noides, in Kanagawa Prefecture, Japan. J Vet Med Sci 63: 457 -460.

A working group of the international IgA nephropathy network a renal pathology society
(2009) The Oxford classification of IgA nephropathy: pathology definitions, correlations and
reproducibility.  Kidney International 76: 546—556.

Nitta Y, Miki Y, Aoi S, Ikeda H, Iida T, Chikamura C, Tamura N, Nitta K, Miyaguchi H, Harada
T, Ishizaki F (2017) Age-dependent contributions of neck circumference to indices of obesity
among female college students aged 18 to 20. Hiroshima J Med Sci 66: 109-115.

Hidaka S, Matsumoto M, Hiji H, Ohsako S and Nishinakagawa H (1998) Morphology and mor-
phometry of skulls of raccoon dogs, Nyctereutes procyonoides and badgers, Meles meles. ] Vet
Med Sci 60: 161-167.

Kim SI, Suzuki S, Oh ], Koyabu D, Oshida T, Lee H, Min MS, Kimura J (2012) Sexual dimorphism
of craniodental morphology in the raccoon dog Nyctereutes procyonoides from South Korea. J
Vet Med Sci 74: 1609-1616.

Helle E, Kauhara K (1993) Age structure, mortality and sex ratio of the raccoon dog in finland.
J Mamm 74: 936-942.

El-Dakhly K, Abo El-Hadid S, Shimizu H, El-Nahass S, Murai A, Sakai H, Yanai T (2012) Occur-
rence of Thelazia callipaeda and Toxocara cati in an imported European lynx (Lynx lynx) in Japan.
J Zoo Wildl Med 43: 632-635.

Mihalca AD, D’Amico G, Scurtu I, Chirild R, Matei IA, Ionica AM (2015) Further spreading of
canine oriental eye worm in Europe: first report of Thelazia callipaeda in Romania. Parasites &
Vectors 8: 48.

Otranto D, Ferroglio E, Lia RP, Traversa D, Rossi L (2003) Current status and epidemiological
observation of Thelazia callipaeda (Spirurida Thelaziidae) in dogs, cats and foxes in Italy: a
“coincidence” or a parasitic disease of the Old Continent? Vet Parasitol 116: 315-325.
Makouloutou P, Suzuki, K, Yokoyama M, Takeuchi M, Yanagida T, Sato H (2015) Involvement of
two genetic lineages of Sarcoptes scabiei mites in a local mange epizootic of wild mammals in
Japan. ] Wildl Dis 51: 69-78.

Yamauchi T, Yano S, Yamamoto T, Yamamoto E, Miyamoto T (2013) Ticks (Acari: Ixodidae) from
medium-sized to large mammals in Ehime Prefecture, Japan. Exp Appl Acarol 60: 263-270.



Yumiko Nitta: Evaluation of the Contamination of Cadmium in the Wildlife of a Western Part of Japan

JA o5 L S8R v e O B AR B L2 B 1T B
BRI A (Cd) DOBEEEIRI

oW OhETs

(%FfRH 22018429 H 9 H)

= 9

Cd IZEMGEWE TH D05, K, WEHHCEIK I O KGR LA o & ik o
e %, ﬁ&%&&uﬂﬁtfw&wo%mFW@Cdﬁﬁwiﬁ%%ﬁLf
TEHRIIET 5 2 &1, [THEEO Cd BIERRE] IF5 75, FEEOLIEINET
h.V%%%ﬁ%?m»I%@ET%%Eﬁ#@Cdkﬁé(h)@@ﬁiém
LT &7z ARTIE, A BRI T R o0 — s © BRI L 7= B R 8
EHEEHZEELIEL, Y (FALBERA) OfAEFHEEELT, FLL1,
MER O AE 20174110 ~20174E 2 HICAEHERBX CHi#gEL24 /2T 6
B, ¥ XF5HHENRE Lze WEHWE B LR TED Zn & Cd DREE
ZME L7z BE : (1) WAETRICCAZMIBL, ZXFTLNEVIRETH-
72o (2) WABWOHIHERS,S, 4/ ¥ TO CAMHMEIZ 3 MU TOL DT
Holze ¥ XFD CdERITILEMKGAEN D 72, (3) 1T CAdREIXS
S lpdrotze EE GBI HIER O Cd AR ENLMIZE &8 L Bdr o 7225,
BAEBIWIIANICCdZER L Twi, 2oZ ki, Bfho CdEaFEZRE
THUENEIRET 5, 2, RO E LT FBhRsBHwonsZ L
ZEHIHET 5, BEEHOO, AFmh—wEmd Cd 2 5H T 5 HH % IR
0 CAREHOLNZT LI LD, SHOBETH L, e L-BAEwTe
M AERERBEZALCBY, BAHYO CdEREITE F OB S O Cd g
TV A7 BHEETL, A BIRBASTT RS OREOFHIE R & 25, LEZ 5

IR SIS SRR



