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Cadmium (Cd) in the human diet still constitutes a potential chronic hazard to
health. Cd accumulates in the kidneys and harmful effects are likely to occur when
its concentration in the renal cortex exceeds 200 g /g fresh weight (Fassett, 1980).

Suzuki et d. (1988) and Kawada et a. (1998) reviewed the Cd concentrations in the
human rena cortex which ranges from 10 to 30 pg/g wet weight for Europeans and
Americans, whileit is 65 to 115 pg /g wet weight for Japanese who have aways
had the highest renal Cd levels in the world. The amount of Cd accumulated in the
kidneys is a function of age and/or daily Cd intake, the latter of which comes mostly
from foods and beverages. Cd in drinking water and in the atmosphere contribute
very little to such accumulation (Y okohashi 1973). Conseguently, the monitoring of
levels of Cd in various foods is essentia for the better understanding of Cd
accumulations in the human body. As the pollution levels of Cd have decreased as a
result of measures and regulations against hazardous substances in almost every
country, the background survey of Cd has become increasingly important.

Much data on Cd content of rice in Japan have been reported (Masironi et d., 1977;

Morishita 1981; Nakatsuka et al., 1988; Rivai 1990) and reviewed by Kawada and
Suzuki(1998). Rice is not a dominant staple in the world, despite the numerous
rice-eating ethnic groups such as Chinese, Indonesians and Japanese, etc.

Moreover, rice consumption in Japan has decreased about 33% in the last twenty
years. Per capita rice consumption was 248.3 gm/day in 1975 and it was 167.9
gm/day in 1997 (Ministry of Health and Welfare, 1997). Now rice consumption
represents only 11.6% of the average person’s daily food intake and it is still

decreasing (Ministry of Health and Welfare, 1997). On the other hand, green and
yellow vegetables (carrot, spinach, pimento, tomato et a.) consumption in Japan
has increased considerably since the 1970s: In 1975, green and yellow vegetable
consumption per person was about 48.2 gm/day and in 1995 it rose to 94.0 gm/day
(Ministry of Health and Welfare, 1997). Thus, our study was designed to assess
Cd content in the edible portion of a popular root crop namely carrots which are
consumed all over the world. In order to confirm whether or not carrots can be used
as an indicator food of environmental monitoring of Cd, the present study aimed: 1)
to assess Cd concentration in carrots in Japan, 2) to know the distribution of Cd
content in carrots by geography, village/city, prefecture, regions, and by soil type,

and 3) to compare the relation of Cd content in carrot and rice.

Correspondence to: S. Suzuki
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Figure 1. Distribution of cadmium concentrations of carrot samples in Japan (ng/g
wet weight)

MATERIALS AND METHODS

In the harvesting seasons of 1996-98, 373 carrot samples were collected from 232
villages, towns and cities of 46 prefectures except Okinawa. According to
geographica features and vegetation, 46 prefectures were divided into 9 regions:
Hokkaido, Tohoku, Kanto, Hokuriku, Tokai, Kinki, Shikoku, Chugoku and
Kyushu. The sampling site locations are shown in Figure 1. The carrot samples
were delivered in the following three ways. 1. loca greengrocers; 2. carrot farmers,
3. JAs (Japan Agricultural Cooperative Association). All of the carrot samples were
confirmed to be locally grown products.

The fresh carrot samples were first thoroughly washed with tap water, then rinsed
with digtilled water and left to drip dry. Approximately 1 gram of each fresh carrot
sample was put into a metal-free test tube for pretreatment and weighing.
Subsequently, samples were dried in an oven at 105°C for 48 hours and weighed
again to assess the water content. The completely dried carrot samples were ashed
on a hot plate (80°C) with 1.0 ml concentrated metal-free nitric acid until dryness.
1.0 ml of 14% nitric acid was then added to dissolve each dried sample. Cd in the
solutions was measured by a flameless atomic absorption spectrophotometer
(AAS) (Hitachi Z-9000) at a wavelength of 228.8 nm.

Under the same conditions, rice flour (No. 10-b) as standard materials which were
distributed by Japan Nationd Ingtitute for Environmental Studies (NIES) was used
for reference to confirm the accuracy. The reliability of Cd determination was 7.4%,
in terms of the coefficient of variation of 10 repeated analyses of the same sample
lot. A recovery test was determined by adding 0.04 g of Cd to each ten carrot
samples (0.1 gram). The recovery rate was 103% on average, ranging from 95%
to 114%.
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Cadmium in carrot (ng/g wet wt

16,02
Grl Gr2 Gr3 Grd4d Gr5 Gr6 Gr7 Gr8 Gr9 Total

N: 44 39 64 22 45 62 56 22 21 373
GM: 26.0 361 238 158 222 189 242 36.7 298 244
GD: 2.2 1.6 1.9 24 25 24 21 1.9 15 22

Gr.1: Hokkaido; Gr.2: Tohokw; Gr.3: Kanto; Gr.4: Hokuriku; Gr.5:
Tokai; Gr.6: Kinki; Gr.7:Shikoku; Gr.8: Chugoku; Gr.9: Kyushu.
N: sample number; GM: geometric mean; GD: geometric deviation;
* : p<0.05

Figure 2. Distribution of cadmium contents of carrot samples from 46 prefectures
in 9 regionsin Japan

Rice samples were collected in 1988, and were measured by afew of the present
authors by the same methods of analysis. Cd contents in carrot and in rice are
compared in the present paper. Identification of soil type was based on the “ Soil
Map of Japan " (National Land Agency 1996, scale: 1:50,000). Gut of 373 carrot
samples, 268 had the places of cultivation confirmed. the rest of the samples which
fell on a borderline between two soil types were excluded.

Statistical software, NAP, was used to make all the statistical calculations (Aoki,
1989)

RESULTS AND DISCUSSION

Since the frequency distribution of the 373 carrot samples was skewed to the |eft,
the geometric mean (GM) and the geometric deviation (GD) were calculated. GM
and GD of the total 373 carrot samples were 24.4 ug/g wet weight and 2.2,
respectively, and the range was from 2.1 to 179.1 pg/g wet weight. For our
reference, Arithmetic mean and standard deviation of the total 373 carrot samples
were 32.2+25.4 ng/g wet weight.

The sampling site locations and Cd levels of carrot samplesin 9 regionsin Japan are
shown in Figure 1. The four classes of Cd concentration (Figure 1) and the sample
distributions are: ~10.0 ng/g wet wt., 43 samples; 10.1~25.0, 137 samples,
25.1~60.0, 143 samples; and 60.1~, 50 samples. A few samples were excluded in
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Table 1. Cadmium contents in carrot (ng/g wet wt.) reported by other investigators
(including the present study).

Mean N Range Country Reference

32 373 2-~179 Japan Present study

11 11 1~ 18 Finland Tahvonen and Kumpulainen 1991
30 4 20~ 40 Finland Varo et al. 1980

56 -- 0 ~145 United States Gunderson 1989

35 - 14~75 Germany Schelenz and Bobbel 1983

35 - 104 Germany Kampe 1983

40 100 - Germany Konig 1989

41 - 3~160 Sweden Jorhem et al. 1984

40 -  5~160 The Netherlands Wiersma et al. 1986

28 207  2-~130 United States Wolnik et al. 1985

12,18  -- -- Canada Dabeka and McKenzie 1992

15 41 1~ 41 United States Suzuki 1980

24 -~ 2~ 74 Finland Tahvonen and Kumpulainen 1995

Mean: arithmetic mean; N: sample number; --: none

Figure 1 whose places of production are not known on the village level. The Cd
concentrations in carrot samples appear higher in north Kyushu, Seto-naikai (inland
sea) side of Shikoku and Chugoku, and the middle of Kinki.

The distribution of Cd concentration in carrot samples is shown by 9 regions as in
Figure 2. As the distribution of 373 carrot samples was skewed, the Cd content was
caculated on alogarithmic scale. The highest geometric mean of Cd in aregion was
Chugoku (36.7 ng/g), followed by Tohoku (36.1 ng/g). The lowest was Hokuriku
(15.8 ng/g)) then Kinki (18.9 ng/g). Geometric mean of Cd concentration in carrot
samples were significantly higher in Chugoku and Tohoku than in Hokuriku and
Kinki(p<0.05) by Multiple comparisons of Ryan's method.

Our data of Cd content in carrots were compared with those of other investigators
(Table 1). The averages ranged from 11 to 56 ng/g wet weight. Compared to other
studies, the carrot Cd levels found in our study were general. The sources of low
level Cd contamination of agricultural and horticultural soils are usually phosphate
fertilizers, atmospheric deposition from industrial sources, and sewage sludge
(Hutton and Symon, 1987). Low Cd-content phosphate fertilizers used in Japan
may be a contributing factor. The Cd concentrations of phosphate fertilizers in
Japan are controlled to be less than 10 pg/g (Shibuya 1975).

Table 2 shows the difference in Cd content in the carrot and rice samples classified
by soil type. Seven soil types were identified from the collection sites of carrot
samples as. Cambisols, Andosols, Fluvic Gleysols, Gleysols, Acisols-Luvisals,
Fluvisols and Histosols. The soil type Histosols was attributed to the highest
amount of Cd in carrot (41.1 ng/g), and Fluvisols to the lowest (22.3 ng/g). The Cd
content of carrot grown in Histosols soil type was significantly higher than that in
Fluvisols soil type by t-test (p<0.05). A survey on the trace e ementsin soils by
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Table 2. Geometric means and geometric deviations of cadmium in carrot and in
rice samples by soil types in Japan (ng/g wet wt.)

soil type cadmium _in  carrot cadmium _in _ rice
N GM GD N GM GD

1. Cambisols 41 27.2 2.6 81 501 2.7

2. Andosols 80 24.4 1.9 8 70.0 3.2

3. Fluvic Gleysols 65 29.8 2.5 -- - --

4. Gleysols 48 252 2.2 3 81.8 24

5. Acrisols and Luvisols12 23.6 2.2 - - -

6. Fluvisols 16 22.3 2.1 11 171.9* 2.2

7. Histosols 6 41.1* 1.4 - - -
N, GM, GD: see the footnoteof Figure 2; *: p<0.05, by t test.

Pendias AK (1992) reveaed Histosols had the highest content of Cd (780 ng/g))
among all the soil types. Harrison and Chirgawi (1989) reported that soil uptake
accounted for 69-94% of the Cd in plants. Substantia differences have been found
in heavy metal uptakes among plant species, and the capacity of carrot to accumulate
Cd is moderate to strong (Konig 1989).

The Cd contents in rice by soil types are a'so shown in Table 2. The highest Cd
level wasin the soil type Fluvisols (171.9 ng/g), and the lowest (50.1 ng/g)) was in
Cambisols. The Cd contents of carrot grown in Fluvisols soil type were
significantly higher than the other soil types (t-test p<0.05). Possibly, Cd in
Fluvisols is absorbed most easily by rice plants than from other soil types (Rivai
1990). The Cd concentration of rice samples from Hokuriku were significantly
higher than those of other provinces (Figure 3). Fluvisols in Japan mainly appear
along the sea coasts (Matsuzaka 1982). The high Cd content in rice of Hokuriku is
thought to be due to the high Cd level of Fluvisols soils there.

The distribution of Cd concentrations of rice samplesin 8 regions are shown in
Figure 3. The number of rice sample in Kinki region was only two which were
excluded from dtatistical analysis. Since the distribution of the rice samples was
skewed, the logarithm of Cd content was calculated. The highest geometric mean of
Cd was that of Hokuriku (108.9 ng/g ), followed by Chugoku (54.2 ng/g). The
Lowest ranking province was Shikoku ( 22.9 ng/g ). Multiple comparisons by
Ryan’'s method showed that geometric mean of Cd concentration of rice samplesin
Hokuriku was significantly higher than those in the other provinces (p<0.05).

Since production places of most of rice sample are known only on prefectura level,

the relationship was not significant between geometric mean of Cd concentration of
rice and carrot samples (r=-0.163). In rice data, there were 20 production places
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Figure 3. Distribution of cadmium contents of rice samplesin 8 regions in Japan.

known on city or village level. The Cd concentration of 20 pairs of carrot and rice
samples showed significant relationship (r=0.492, p<0.05) which is shown in
Fig.4.

Although the correlation coefficient between the mean Cd concentration in rice and
carrot samples both from prefecture and region level was negative, that from cities
or villages was positive. In the same prefecture, the soil type, irrigation water, and
air pollution level differ by cities, towns or villages as Japan is a mountainous
country with various soil types. The Cd concentrations in crops of different villages
in the same prefecture should be different too. Therefore it is difficult to compare
the relationship between mean Cd concentrations of rice and carrot samples at
prefectural or regional levels. On the other hand, the soil types, irrigation waters,
and air pollution levelsin the same city or village are more similar than over awhole
prefecture, so the relationship between Cd concentration of rice and carrot was
significant at city or village level.

In 1968 the Ministry of Headlth & Welfare in Japan, officially admitted that “Itai-itai
disease” was caused primarily by Cd, and three years later “Agricultural Land Soil
Pollution Prevention and Others Law” was enacted. Since 1971, 6,110 hain 56 Cd
polluted areas in Japan were designated and counterplans for soil restoration
established. Untill 11 Nov. 1994, out of 56 Cd polluted area, soil restoration in 52
areas was carry out and completed except 39 areas which were cancelled of polluted
soil (Environmental Agency Water Preservation Bureau 1994). In the present study,

716



£160.0

tw
L

g we
—
N B
e @
o o

T

100.0
80.0 1
60.0
40.0 |
20.0

Cadmium in carrot (ng/g w
=]
=)
l

0.0 50.0 100.0 150.0 200.0 250.0
Cadmium in rice (ng/g wet wt.)

Figure 4. Relationship between cadmium concentrations of rice and carrot
samples from 20 cities and villages.

the carrot samples were collected at random from 46 prefectures out of 47
prefectures in Japan, the sampling sites include both Cd polluted and non-polluted
areas. The acceptable limit of Cd in carrot was proposed to be 100 ng/g (Tahvonen
1995). In our present study, only in 5 cities and towns, the mean Cd content of
carrot samples were higher than the acceptable standard. Out of the 5 areas, three
are Cd-polluted areas, the Cd concentrations of carrot samples were 225.2, 213.3
and 179.6 ng/g (wet wt.), respectively. These three cities were excluded from the
statistical analysis in this paper. Another city (145.4 ng/g) is near the Cd-polluted
area and the other one is “non-polluted” city (160 ng/g) in Hokkaido. In these three
high Cd areas, most of the soil restoration programs were already completed. The
following problems till remain: 1) designation of policy area covers only limited
part of the whole polluted farms; 2) Selection of cheaper engineering methods for
restoration has brought insufficient results far different from returning to an original
non contaminated state; 3) Fear of repeated pollution is considerable due to
imperfect prevention measures of pollution resource (Morishita 1998).

Until now, to estimate daily Cd intake, determination of Cd in rice was
recommended for rice-eating countries. But in other nations, rice consumption is
very low. Therefore as the relationship between Cd concentration of rice and carrot
samples indicated a positive significance in the present study, and carrot being a
common root crop, consumed al over the world with most of the crop consumed
locally, carrots are an ideal indicator food for the monitoring of Cd pollution and for
the comparison of basdline level of Cd exposure in other countries of the world as
opposed to rice.
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