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Abstract The cadmium (Cd) contents in hair of maca-

ques (n = 45, Macaca fuscata) living on the Shimokita

Peninsula were investigated. The mean Cd contents in the

hair of Japanese (n = 34, 5.01 lg/g) and macaques

(3.05 lg/g) tendency to be higher than those of animals

living other areas. The Cd contents of hair of wild maca-

ques were significantly (p \ 0.01) lower than that of

humans, although three were no significant difference

between Cd contents of humans and that of the macaque in

captivity. The hair of the macaque was suggested as a

useful sample for measurement of Cd contamination in the

environment.
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In our previous studies, the degree of contamination with

cadmium (Cd) in wild birds (Mochizuki et al. 2002, 2011)

and domestic animals (Ueda et al. 2011) was investigated

in order to quantify the degree of contamination with Cd in

animals. The toxicity of Cd was also investigated using

experimental animals (Mochizuki et al. 2008; Ueda et al.

2009). In previous studies, we used the kidney and liver,

because it is well known that high levels of Cd accumulate

in such organs (Friberg et al. 1974). However, the use of

these samples requires sacrifice of the animal. Although

organ biopsy is used in clinical practice, this technique is

not realistic for studies of wildlife. On the other hand, hair

samples allow the researcher to measure the degree of

contamination of an animal without killing it. The hair is an

important component of excretory metabolism and is

therefore an appropriate type of sample for use in research

on the degree of contamination of animals. Thus, many

researchers have used hair samples in studies of the degree

of contamination of animals such as wildlife (Rainwater

et al. 2009) and humans (Durska 2001; Shah et al. 2006).

In the present study, we investigated the degree of

contamination with Cd in hair obtained from Japanese

macaques (Macaca fuscata) living on the Shimokita Pen-

insula of Aomori Prefecture in Japan. The Japanese

macaque, which is also called the snow monkey, is very

famous because most other monkeys are tropical animals.

The macaques that live in Shimokita Peninsula are famous

internationally because this area is the northern limit of

habitation of all primates except humans. Thus, the Japa-

nese macaques in this area were designated as a natural

monument in 1970. In the present study, the Cd content in

the hair of these macaques was investigated, and the results

from the macaque were compared with those from Japa-

nese people to investigate the possibility of biological

monitoring using the hair of the macaque.
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Materials and Methods

Body hair obtained from macaques, which included 12 male,

21 female and 12 of unknown sex, was used in the present

study. The sampling area is shown in Fig. 1. The macaques

of the Yaen-Kouen in Wakinosawa area (n = 7) were cap-

tive-raised animals, and other the macaques (n = 38;

Wakinosawa area, n = 30, Kazamaura area, n = 8) were in

their natural state. Samples were collected from the maca-

ques using scissors, both from anesthetized macaque in traps

and from macaques that had been killed in traffic accidents.

Hairs that were shed as a result of grooming were also col-

lected. All samples were collected by a Japanese nonprofit

organization, Nihonzaru Field Station, in 2008. The collec-

tion of samples and the handling of macaques were carried

out in accordance with the law governing wildlife. In addi-

tion, a total of 44 scalp hair samples (female, n = 18; male,

n = 16; age, 19–66 years) were collected from Japanese

people in 2008. The collection of samples from humans was

performed in accordance with ethical regulations.

All samples were dried, weighed and digested, and an

atomic absorption spectrometer (Z-8200, Hitachi, Japan)

was employed for analysis of Cd. The recovery rate

(addition of 2 ppm of Cd, n = 3) was 92.3 ± 0.43%. Lotus

2001 (Lotus Development), Excel 2010 (Microsoft Cor-

poration, USA), and JUMP (SAS Institute, Japan) were

used for the statistical analyses. The limit of detection was

0.002 ppm in this study. Non-detectable data were recal-

culated by the method of half of detection limits. Signifi-

cance differences in mean values were detected using the

Wilcoxon signed-rank test in the JUMP program.

Results and Discussion

The Cd contents in body hair obtained from the macaques

and the scalp hair from humans are summarized in Fig. 2.

The mean Cd content of hair from Japanese people mea-

sured in the present study was 5.01 lg/g dry wt. This value

is higher than the mean Cd contents in hair obtained from

humans who live in other countries such as Pakistan

(0.380 lg/g, Shah et al. 2006), Libya (0.530 lg/g, Shah

et al. 2006), Poland (0.13 lg/g, Durska 2001) and Korea

(geometric mean, 52.6 ng/g, Kim and Kim 2011). It is well

known that the Cd content in the environment in Japan is

higher than that of other countries (Asami 2001; Friberg

Aomori Prefecture

Group Yaen-Koen, n=7

Group K,
n=2

Group O, 
n=1

Group A2-84, 
n=7

Group A87, 
n=5

Wakinosawa area, n=37

Group I,
n=6

Kazama area, n=8

Samples from macaques in a separate group in Wakinosawa (n=5)

Fig. 1 The sampling area used

in the present study. Each circle
indicated the range of the

macaques in each group.

Samples from macaques in a

separate group (n = 5) were

collected in the Wakinosawa

area

Fig. 2 The Cd contents of hair of humans and Japanese macaque.

n(1): number of samples including ND, n(2):number of ND
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et al. 1974). It has also been reported that high Cd contents

occur in Japanese food (Asami 2001) and clinical materials

such as kidney specimens and, feces (Asami 2001); this

suggests that the high Cd content of the hair of Japanese

people was influenced by the Japanese environment and

food.

The mean Cd content in the hair of the macaques

(n = 45) was 3.05 lg/g dry wt. Although this value was

significantly lower (p \ 0.01) than that of the human

samples, it is also higher than the results from animals

living in other areas, such as the European hedgehog

(Erinaceus europaeus, 0.04 lg/g, Rautio et al. 2010),

reindeer in Russia (Rangifer tarandus, 0.63 ppm, Medve-

dev 1999). There are few appropriate studies that describe

the Cd content in hair of any primates except humans.

However, a study was performed on lemurs: Rainwater

et al. (2009) reported the levels of various metals, including

Cd, in the hair of ring-tailed lemurs (Lemur catta) in

Madagascar. The Cd contents in the hair of the lemurs were

not above the limit of detection, although the Cd contents

of 20 samples (44%) of the hair of macaques reported in

the present study were above the limit of detection.

It is thought that the Cd levels in macaque hair obtained

in this study were also influenced by the Japanese envi-

ronment. Given high Cd contents were found in the hair of

Japanese macaques as well as in that of Japanese people, it

is suggested that biological monitoring may be performed

using samples of hair from the Japanese macaque. When

the Cd contents in the hair of Japanese people and that of

the macaque were classified by habitat, the Cd contents of

hair from the macaques in Wakinosawa (except the

macaques fed in Yaen-Kouen) and Kazamaura were sig-

nificantly lower than those of others (p \ 0.01). However,

there were no significant differences between the Cd con-

tents in hair from humans and that of the macaques fed in

Yaen-Kouen, Wakinosawa. It is thought that the macaques

reared in captivity were influenced by provision of artificial

feed and their environment.

In addition, the Cd levels in the hair of the macaques

were compared with respect to the sampling area. The Cd

levels obtained from macaques living in the Kazamaura

area were lower than those of other groups, although a

significant difference was not obtained. A higher Cd con-

tent in soil in the Wakinosawa area (0.542–0.742 ppm)

than that of the Kazamaura area (0.0326–0.142 ppm) was

reported from a geological survey in Japan (AIST 2004).

Thus, the higher level of Cd in the hair of macaques in the

Wakinosawa area was thought to have been influenced by

the environment of the macaque.

The results of the present study suggest that hair from

the macaque is a useful sample for use in studies of the

degree of contamination with Cd in the environment.
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