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Man 1ingests cadmium daily from foods and beverages. The major
source of cadmium intake is rice for rice eating countries.
Aproximately 50 % of the daily cadmium intake of Indonesian comes
from rice (Suzuki et al. 1988a), and for the Japanese, about 40
to 60 % (Yamagata 1978). Cadmium in rice comes from soil via rice
plant roots. Rice may thus be the best indicator for the
environmental monitoring of cadmium especialy in rice eating
countries. It 1is also easy to sample, transport and conserve
{Suzuki et al. 1988b).

Several recent surveys on cadmium content in rice and daily
cadmium intake have been reported for Bangladesh, Brazil,
India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore,
Thailand and USA (Moritsugu et al. 1964, Masironi et al. 1977,
Nakatsuka et al. 1988, Suzuki et al. 1980 and 1982). Data for
daily cadmium intake have been reported for England, Indonesia,
Japan and USA (Ministry of AFF 1973, Suzuki et al. 1985, Suzuki
and C-C Lu 1976, Kowal et al. 1976 and Johnson et al. 1975).
However, Tittle data are available on geographical differences in
daily cadmium intake from rice. The tolerable weekly intake for
cadmium as proposed by FAO/WHO  (1972) is 400-500
micrograms/person or 57-71 micrograms/day/person weighing 70 kg.

Ninety two percent of world rice production is from the Asia-
Pacific region, and from which samples were obtained for the
present study. The following countries were included: India,
China, Bangladesh, Thailand, Indonesia , Philippines, Japan, and
Korea whose world production percentages of rice are 29.3, 23.4,
7.1, 6.5, 6.3, 2.3, 1.6 and 0.8 %, respectively (FAD 1985).

This study was conducted to determine cadmium content 1in rice
from the above countries and based on the data obtained, daily
cadmium intake from rice and the total daily cadmium intake were
calculated.

Send reprint requests to I.F. Rivai at the above address.
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MATERIALS AND METHODS

From 1985 to 1988, rice samples were collected from the following
countries: Bangladesh, Brazil, China, India, Indonesia, Japan,
Malaysia, Philippines, Singapore, Korea, and Thailand. Some of
the samples were collected from rice fields and some were
obtained commercially. Most of the samples were in the
unpollished condition.

0.1 gram of the rice sample was put into a test tube and weighed,
dried 1in an oven at 105° C. for 48 hours and weighed again to
determine water content. The dried sample was ashed on a hot
plate with 1 ml of concentrated metal free nitric acid until dry.
2.0 ml of 14 % nitric acid were then added and the residue at the
bottom of the test tube was dissolved. Cadmium in the solution
was assessed by a flameless atomic absorption spectrophotometer
(Hitachi 180-30), with automatic background correction. Each
sample was analyzed two or three times by an autosampler at a
wave Tlength of 229 nm. Under the same conditions, 0.1 gram of
standard material {powdered rice, No. 1568) provided by the US
National Bureau of Standard was used as a reference to confirm
accuracy. Reliablility of the cadmium determination was 18.7 %,
expressed as the coeficient of variation of 10 repeated analyses
of the same rice sample lot. Recovery was determined by adding
0.002 microgram of cadmium to each five 0.1 gram rice sample from
a single lot. The recovery rate ranged from 74 % to 118 %, the
average being 94 %.

Daily cadmium intake from rice was calculated by cadmium content
in rice multiplied to daily rice consumption. The value obtained
was used to assess total daily cadmium intake using for daily
energy intake and rice consumption from Food Balance Sheets,
1979-1981 Average, by FAC (1984), as follows:
T = (Et/Er) x R

where, T: Total daily cadmium intake (microgram), Et: Total
daily energy intake (kcal), Er: Daily energy intake from
rice (kcal), R: Daily cadmium intake from rice (microgram).

RESULTS AND DISCUSSION

The results of cadmium estimation for rice samples from each of
the countries are shown in Table 1. Rice samples of Japan from 24
prefectures were divided for seven areas: Hokkaido/Tohoku,
Hokuriku, Kanto, Tokai, Chugoku, Shikoku and Kyushu. The cadmium
content 1in rice produced in Indonesia was divided for four main
islands: Java, Sumatra, Borneo and Celebes. Such a division was
not possible for Bangladesh, Brazil, Malaysia, Philippines and
Singapore since sample location was not known. Due to the limited
number of samples, the mean data for Malaysia was not used in
this study.

The geometric mean of cadmium content in rice from the various

countries in this study varied widely, ranging from 5.9 to 99.3
ppb wet wt. Mean cadmium content in rice of the seven areas in
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Table 1. Estimation of cadmium content in rice (ppb wet wt.)

Country/Area N Geometric mean G.D. Min Max
Bangladesh 6 17.0 1.4 5.3 25.6
Brazil 15 6.3 2.1 2.0 32.4
China: East 1 6.6 1.8 1.8 12.3
Northeast 7 8.0 2.6 3.8 66.4
South 8 26.1 3.7 2.8 134.2
India: North 8 12.5 1.9 3.0 31.0
Southeast 9 11.4 3.3 1.3 82.3
East 4 19.6 3.8 6.9 135.9
Central 6 9.3 2.0 3.0 27.5
Indonesia:
Java Island 10 19.9 4.0 2.6 98.3
Sumatra Island 29 28.7 4.2 2.3 520.5
Borneo Island 7 21.6 3.1 4.5 92.5
Celebes Island 5 71.1 3.9 23.4 564.4
Japan:
Hokkaido/Tohoku 69 23.1 3.1 3.4 309.2
Hokuriku 74 99.3 2.5 5.1 468.8
Kanto 64 49.0 3.3 2.1 321.5
Tokai 16 47.5 3.2 2.7 228.8
Chugoku 26 41.9 3.2 4.4 272.1
Shikoku 26 20.5 5.0 1.1 256.8
Kyushu 20 32.6 3.4 1.2 153.3
Korea: Northwest 4 4.9 1.2 4.3 20.9
Central west 18 17.3 2.4 4.0 49.6
Southeast 3 (45.4,54.2,83.8) - - -
Malaysia 3(4.9,29.0,39.7) - - -
Philippines 17 19.3 2.8 4.1 130.9
Singapore 7 5.9 2.1 1.9 26.6
Thailand:
East and Northeast 15 13.8 2.0 2.4 41.0
North 13 19.1 5.9 1.1 584.4
Central 20 11.2 2.3 2.3 34.4
South 19 22.3 2.8 4.6 167.8

N, number of sample analyzed; G.D, geometric deviation.

Japan {20.5-99.3 ppb) exceeded that of the other countries. The
cadmium content in the rice of Shikoku, Japan, was JTowest, 20.5
ppb, followed by that of Hokkaido/Tohoku, 23.1 ppb. The highest
value was for the Hokuriku area, 99.3 ppb.

Cadmium content in rice of the Celebes Island was highest among
the islands, 71.0 ppb. For Java, Sumatra and Borneo, the value
were essentially the same, being 19.9, 28.7 and 21.6 ppb,
respectively or about 2.5 to 3 times less than that of Celebes.
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Table 2. Mean total daily cadmium intake and the rice
consumption data by country
Country/area Range of total **Daily Cd **Total
daily Cd intake intake daily Cd
32%~--68%  5%----95% from rice intake

Bangladesh (578.2)* 9.1- 17.8 4.5- 35.6 9.8 12.7
Brazil (168.8)* 3.2~ 14.3 1.6- 28.6 1.1 6.8
China: (350.8)*
East 3.7- 12.1 1.9- 24.1 2.2 6.7
Northeast 3.0- 20.3 1.5- 40. 2.8 7.8
South 6.9- 94.3 3.4-188.7 9.1 25.5
India: (283.0)*
North 5.5- 19.9 2.8- 39.9 3.5 10.5
Southeast 2.9- 31.7 1.4- 63.4 3.2 9.6
East 4.3- 62.7 2.2-125.4 5.5 16.5
Central 3.9- 15.6 1.9- 31.2 2.6 7.8
Indonesia: (507.3)*
Java Island 4.3- 68.8 2.1-137.6 10.1 17.2
Sumatra Island 5.9-104.2 2.9-208.3 14.6 24.8
Borneo Island 6.0- 58.0 3.0-115.9 11.0 18.7
Celebes Island 15.7-239.5 7.9-478.9 36.1 61.4
Japan: (300.2)*
Hokkaido/Tohoku 8.0- 76.9 4.0-153.8 6.9 24.8
Hokuriku 42.9-268.2 21.5-536.5 29.8 107.3
Kanto 16.0-174.6 8.0-349.1 14.7 52.9
Tokai 16.1-164.8 8.0-329.6 14.3 51.5
Chugoku 14.2-145.3 7.1-290.6 12.6 45.4
Shikoku 4.5-111.5 2.2-223.0 6.2 22.3
Kyushu 10.4-120.0 5.2-240.0 9.8 35.3
Korea: (568.6)*
Northwest 4.7- 6.7 2.3- 13.4 2.8 5.6
Central west 8.2- 47.0 4.1- 94.1 9.8 19.6
Philippines (371.7)* 6.7- 52.4 3.3-104.7 7.2 18.7
Singapore (293.1)* 3.6- 15.7 1.8- 31.5 1.7 7.5
Thailand: (612.1)*
East and Northeast 6.7- 26.4 3.3- 53.6 8.4 13.4
North 3.2-110.3 1.6-220.7 11.7 18.7
Central 4.7- 25.1 2.4- 50.1 6.8 10.9
South 7.8- 61.0 3.9-122.1 13.6 21.8

* Average daily rice consumption (gram/person) of 1979-1981
from the data of Food Balance Sheets by FAO (1984).
** Data of geometric mean, microgram/person.

For southeast of Korea, the closest area to Japan, the amount of
cadmium in rice was somewhat higher than those of northwest and
central west. This content for three samples of southeast were
45.4, 54.2 and 83.8 ppb. In the northwest it was Towest among all
the countries/areas investigated, being 4.9 ppb, and for the
central west, 17.3 ppb.
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The four areas of India and Thailand showed essentially the same
cadmium content in rice. The value for India were 12.5, 11.4,
19.5 and 9.3 ppb for north, southeast, east and central areas,
respectively. The east and northeast, north, central and south
areas in Thailand showed values of 13.8, 19.1, 11.2 and 22.3 ppb,
respectively.

Cadmium content for three samples from Malaysia were 4.9, 2
and 39.7 ppb and for Bangladesh and Philippines, 17.0 and 1
ppb, respectively. Singapore showed the lowest value (5.9 p
among the countries investigated, followed by Brazil (6.3 ppb

Table 2 shows the range of total daily cadmium intake, and
geometric mean of daily cadmium intake from rice and total daily
cadmium intake from each country. The total daily cadmium intake
in this study ranged from 5.6 - 107.3 micrograms. The highest
total daily cadmium intake noted for the Hokuriku area of Japan,
107.3 micrograms and ranged from 21.5 - 536.5 micrograms. The
total daily cadmium intake of Japan was higher than that of the
other countries. The Celebes Island of Indonesia indicated the
highest value, 36.1 micrograms of cadmium from rice.

Except for the Hokuriku area in Japan, mean total daily cadmium
intake in this study was less than the tolerable weekly intake
specified by FAO/WHO (1972) or 400 - 500 micrograms.

The mean cadmium content values in rice reported to date are: 66
ppb dry wt. for Japan (Moritsugu et al. 1964); 11, 2, 65, 13, and
41 ppb wet wt. respectively for Bangladesh, Brazil, Japan,
Philippines, and Singapore (Masironi et al. 1977}; 9, 20, 52, 5,
36, 24, 11, and 13 ppb dry wt. respectively for India, Indonesia,
Japan, Korea, Malaysia, Philippines, Singapore, and Thailand
(Nakatsuka et al. 1988); 40 ppb dry wt. for Indonesia (Suzuki et
al. 1980); and 23.4 dry wt. for Texas, USA (Suzuki et al. 1982).
Cadmium content 1in rice by soil type failed to indicate any
definite relationship between them in the present investigation
(Rivai et al. unpublished data).

Daily cadmium intake values were found to be the following: 15-30
micrograms for England (Ministry of AFF 1973); 17 micrograms for
Indonesia (Suzuki et al. 1988a), 46.9 and 48.2 micrograms for
Japan (Suzuki and C-C Lu 1976), and 13-16 and 10.5-34.5
micrograms for USA ( Kowal et al. 1979 and Johnson et al. 1975).
Daily cadmium intake in Java Island of Indonesia as estimated by
Suzuki et al. (1988a) was 4 - 17 micrograms which is in agreement
with 17.2 micrograms for the Java Island. '

The geometric mean for cadmium in rice was highest in the
Hokuriku area of Japan, followed by that for Celebes of
Indonesia. Though the daily consumption of rice varies according
to the country, the calculated mean daily cadmium intake was
found highest for the Hokuriku area of Japan, followed by that
for Celebes of Indonesia. Population survey should be conducted
internationaly to know the existence of a risk group of higher
cadmium intake.

914



Acknowledgments. This study was financially supported by a Grant-
in-Aid from the Ministry of Education, Science and Culture,
Japan (#58030010, #58041014 and #01570283). The authors thank
the agricultural experiment stations of Gunma Prefecture and
of other prefectures for kindly providing rice samples. Thanks
are also due to Prof. V. Baimai of Thailand, Dr. Yoon Shin Kim of
Korea, Prof. D.K. Belsare of India, Dr. Qi Guo Xing of China and
Profs. Mutsuo Doi and Tsugoyoshi Suzuki of Japan.

REFERENCES

FAO/WHO Expert Committee (1972) Evaluation of certain food
additives and. contaminants, mercury, 1lead and cadmium,
Sixteenth Report on Food Addititives. WHO Tech Rep Ser No 505.

FAQ (1984) Food Balance Sheets, 1979-81 Average. FAD, Rome.

FAO (1985) Rice: Progress Assesment and Orientation in the
1980's. FAO, Rome, p 53-73.

Masironi R, Koirtyohann SR, Pierce J0 (1977) Zinc, copper,
cadmium and chromium in polished and unpolished rice. The Sci
of the Total Env vol 7 Elsevier Sci Publ Co Amsterdam, p 27~
43.

Kowal NE, Johnson DE, Kraemer DF, Pahren HR (1979) J Toxicol
Environ Hlth, 5, 996. v

Ministry of Agriculture, Fisheries and Food (1973) Working Party
on the Monitoring of Foodstuffs for Heavy Metals, in Forth
Report, Survey of Cadmium in Food, Her Majesty's Stationery
Office, London.

Moritsugu M, Kobayashi J (1964) Study on trace element in bio-
material. Ber Ohara Inst Landwirtsch. Biol Okayama Univ 12,
p 145-148.

Nakatsuka H, Watanabe T, Ikeda M (1988) Cadmium content in rice
from various countries. In: Japanese Journal of Hygiene, vol
43, 1. The Japanase Soc for Hygiene, p 126. (in Japanese)

Rivai IF, Koyama H, Suzuki S. Cadmium content in rice cultivated
in the soil of Acrisols type by country (unpublished data).

Schroeder HA, BaTassa JJ (1961) J Chron Dis vol 14, p 236.

Suzuki S, Djuangsih N, Hyodo K, Soemarwoto O (1980) Cadmium,
copper and zinc in rice produced in Java, a project report.
Arch Env Cont Toxicol vol 9. Springer-Verlag, p 437-449.

Suzuki S, Lu C-C (1976) A balance study of cadmium-an estimation
of daily input, output and retained amount in two subjects.
Industrial Health, vol 14, p 53.

Suzuki S, Iwao S (1982) Cadmium, copper and zinc levels in the
rice and rice field soil of Houston, Texas. Biological Trace
Element  Research, vol 4. The Humana Press Inc p 21-28.

Suzuki S, Hyodo K, Koyama H, Djuangsih N, Soemarwoto 0 (1988a)
Estimation of daily intake of cadmium from foods and drinks,
and from feces at three kampungs of Java Island. In: Suzuki S
(ed.) Health Ecology in Tndonesia. Gyosei Co Tokyo, p 65-73.

Suzuki S, Koyama H, Hattori T, Kawada T, Rivai IF (1988b) Daily
intake of cadmium: An Ecological View. In: Sumino S ({eds.)
Environmental and  Occupational Chemical Hazards, No 8.
Kishimoto Publ & Print p 205-217.

915



Yamagata N (1978) Cadmium in the Environment and in Humans. In:
Tsuchiya K (ed) Cadmium Study in Japan. A Review. Kodansha
Ltd, Tokyo, p 31.

Received July 21, 1989; accepted December 1, 1989.

916



