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ABSTRACT 
Dieldrin is an organochlorine insecticide and one of 12 chemical substances known as persistent organic pollutants (POPs). In Japan, 
aldrin and dieldrin were first registered in 1954, and used on farmland for 22 years until 1975 when the registration lapsed. Although 
dieldrin has not been used for 30 years, it remains in cucumbers at levels exceeding the tolerable limit for pesticides even today. Soil 
samples were obtained from 814 farms in Tokyo in 2002. Dieldrin residue was detected in 85 soil samples at concentrations ranging from 
10 ng/g dw (dry weight) to 2600 ng/gdw. In this review, the actual residual level of dieldrin in Japan is compared with that in some other 
countries. In addition, although there is no tolerance for pesticide residue in soil, Japanese regulation against soil pollution is summarized. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
The pollution by persistent organic pollutants (POPs) is a 
global issue that needs international consideration and 
attention (Barra et al. 2006). Almost all POPs are organo-
chlorine pesticides, and their use is now prohibited. How-
ever, they are very persistent, and are still present in the 
environment. Dieldrin over the tolerance level (0.02 ppm) 
for pesticide residue was found in cucumbers produced in 
Tokyo in 2002 (Kondo et al. 2003). Dieldrin is one of 12 
chemical substances known as POPs (Jorgenson 2001). Al-
though dieldrin has not been used for 30 years in Japan, it 
remains in cucumbers at levels exceeding the tolerable limit 
for pesticides. This is a very serious problem in Tokyo agri-
culture. Therefore, we examined residual concentration of 
dieldrin in soils in Tokyo in 2002. The horizontal distribu-
tion and the vertical distribution of dieldrin on some farms 
were also examined (Hashimoto 2005). 

In this review, the data we obtained is presented and 
compared with dieldrin residual levels in some foreign 
countries at present. In addition, a system for surveillance 
of pesticide residue in soil in Japan is outlined. 

DRINS USED IN THE PAST 
 

Development and property 
 
Dieldrin, aldrin and endrin are collectively called drins or 
drin pesticides (Table 1). These chemicals were synthesized 
from pentadiens which were obtained as secondary products 
of petrochemistry through the Diels-Alder reaction in 1948-
1951 in the USA. Dieldrin is an oxidized form of aldrin, and 
is a stereoisomer of endrin. Dieldrin and endrin were effec-
tively used as a foliar spray because their vapor pressure are 
low, while aldrin was used as a soil treatment because its 
vapor pressure is ten times higher than dieldrin and endrin 
and it also has a fumigative effect. Drins have lower mam-
malian toxicity and water pollution and higher insecticidal 
activity than DDT (dichloro diphenyl trichloroethane) or 
BHC (benzene hexachloride). Both DDT and BHC are orga-
nochlorine insecticides and POPs, the same as drins. They 
were developed in 1938-1942, a little before the synthesis of 
drins. Although they were widely used for upland and paddy 
pest insects, their use was replaced by drin use following 
their appearance, and lapsed in 1971 before the lapse of 
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drins. Since aldrin particularly indicated very excellent acti-
vity on soil pest insects, namely Gryllotalpa orientalis, Col-
lembola, Phylloxeridae, Paragordius tricuspidatus, Tipula 
aino, and others, it was applied to soil as a dust formulation 
or pesticide-fertilizer mixture. Aldrin is readily converted to 
dieldrin in soil, because much monitoring data in the 1970s 
detected dieldrin after the application of aldrin only in soil 
(Machimura and Nasuda 1972; Ishimoto et al. 1973; Sue-
naga 1973; Beyer and Gish 1980; Nagami 1997). Aldrin 
changes into dieldrin and its half-life is about 1.5-5.2 years 
in soil. The half-life of dieldrin is longer, 2-15 years in soil. 
In addition, it takes 25 years for 90% of dieldrin to disap-
pear (Kiritani 1971; Jorgenson 2001). 

 
Use of drins in Japan 
 
In Japan, aldrin, dieldrin and endrin were first registered in 
1954, and used on farmland for 22 years until 1975 when 
the registration lapsed (Ministry of Agriculture, Forestry 
and Fisheries). In 1967, for example, the quantity of drins 
used in Japan was 360 t as the amount of active ingredient, 
and they were mainly used for cultivating vegetables. The 
recommended time of application for drins detailed in the 
Direction for safe use of agricultural chemicals was as 
follows: (1) aldrin dust containing 4% of ingredient incur-
porated 20-30 kg/ha for control of soil pest insects, its sus-
pension containing 40% of ingredient drenched after 1000-
5000 times dilution for control of soil pest insects, and its 
emulsion containing 24% of ingredient sprayed after 300-
500 times dilution for control of soil and aerial part pest in-
sects; (2) dieldrin dust containing 4% of ingredient incor-
porated 30 kg/ha for control of soil pest insects, its sus-
pension containing 50% of ingredient sprayed after 500-
1500 times dilution for control of aerial part pest insects, 

and its emulsion containing 18.5% of ingredient sprayed 
after 200-500 times dilution for control of aerial part pest 
insects or drenched for control of soil pest insects; (3) 
endrin dust containing 1.5-2% of ingredient incorporated 
30-60 kg/ha for control of soil pest insects but with a lower 
effect than aldrin and dieldrin, its emulsion containing 
19.5% of ingredient sprayed after 200-1000 times dilution 
for control of aerial part pest insects, and its granules con-
taining 2-5% of ingredient could be used similarly to its 
dust (Fukunaga 1967). 

The tendency of past drins use was not exactly clear, 
however it can be guessed as follows. All prefectural go-
vernments in Japan made independent annual manuals for 
pest control which reflected local necessity for pest control 
from the 1950s. It is likely that farmers used pesticides ac-
cording to this manual in the 1950s-1960s, because they 
could not get any kind of information on pesticide use that 
is available nowadays. Therefore, it is reasonably that the 
mentions in the manual suggest drins use in the past almost 
exactly. For example, the manual of Tokyo in 1969 noted 
the use of aldrin dust for rice, wheat, tomato, eggplant, 
green pepper, burdock, potato, cucumber, pumpkin, sweet 
potato, lettuce, green soybeans, rape vegetables and water-
melon, the use of endrin emulsion for cucumber, pumpkin, 
sweet potato, lettuce, green soybeans, rape vegetables, wa-
termelon, broad bean and celery while mention of dieldrin 
was only as an emulsion for watermelon. Therefore, in 
Tokyo, it is possible that almost all the residual dieldrin at 
present originates from soil-applied aldrin. On the other 
hand, the use of endrin was mentioned as an emulsion in 
the manual. In other prefectures, also, aldrin was treated on 
soil and dieldrin and endrin were applied on foliage (Han-
kawa 1993). 

 

Table 1 Information for drins. 
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Molecular formula C12H8Cl6O C12H8Cl6 C12H8Cl6O 

Molecular weight 380.91 364.91 380.91 

IUPAC 1,2,3,4,10,10-hexachloro 

-6,7-epoxy-1,4,4a,5,6,7,8,8a-

octahydro-1,4-exo-5,8-

dimethanonaphthalene 

1,2,3,4,10,10-hexachloro 

-1,4,4a,5,8,8a-haxahydro 

-1,4-endoexo-5,8- 

dimethanonaphthalene 

1,2,3,4,10,10-hexachloro 

-6,7-epoxy-1,4,4a,5,6,7,8, 

8a-octahydro-endo-1,4-exo-5,8-

dimethanonaphthalene 

 
Table 2 Use of drins in several countries around the globe in 1967. �  

�  Japan  USA  Canada Italy  Greece Poland Spain India Israel UAE 
Drinsa 363 39,140 309 4,449 132 180 132 1,365 123 520
Cultivated areab 5,753 176,440 43,404 15,213 3,851 15,518 20,482 162,434 411 2,801
a / bc 63.1 221.8 7.1 292.4 34.3 11.6 6.4 10.3 299.3 185.6
a Effective ingredient conversion, t         
b 1000 ha         
c kg / ha         
  Source: Goto 1970         
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Use of drins outside Japan 
 
In 1967, drins were used in Canada as they were in Japan, 
and more than four times the amount of drins were used in 
India compared to Japan, more than ten times the amount 
were used in Italy, and a hundred times more drins were 
used in the USA (Goto 1970). They seemed to be used for 
corn cultivation in the USA, although no information could 
be obtained on any of the other countries (Jorgenson 2001). 
Considerable quantities of drins were used in other coun-
tries, too. The amount of drins used per unit area in Japan 
was lower than that in the USA, Italy, Israel and UAE 
(Table 2). 
 
PRESENT DIELDRIN CONCENTRATION IN SOIL 

 
Drins concentration in Tokyo soils 
 
The sampling test for pesticide residue in food-containing 
agricultural crops and processed food goods was done 
based on the Food Sanitation Law by the institutes of health 
sciences in every prefecture in Japan. Samples are generally 
collected at sales points but not at production locations, 
therefore, who produced the sample is unknown. However, 
in recent years, in Tokyo, direct sales style has increased by 
producers in direct sales shops and in front of their fields, 
and the number of samples that could be traced back to the 
producer increased. In 2002, cucumbers which contained 
dieldrin exceed the tolerance level specified by their pro-
ducer and the production location. This resulted in the 
clearing of fields containing dieldrin in soil. Such a case 
has seldom happened, but might be a reality in Tokyo from 
now on. Tokyo, being the biggest consumption area, attracts 
the attention of food safety, which is ignored in agriculture 
areas. Therefore, it was necessary that we pay attention to 
field soil in Tokyo, and study drins residue in soil in Tokyo 
for the establishment of safe agriculture. 

Soil samples were obtained from 814 places in Tokyo 
in 2002. All sampling points were used as a field. Almost 
all samples were Andosol. The number of fields sampled 
was decided based on the area ratio of farmland in Tokyo. 
There is little farmland within a 15-km radius and beyond a 
45-km radius of Tokyo Station. Most agricultural land in 
Tokyo lies between 15 km, which is residential, to 45 km 
from Tokyo Station. The soil was collected from five sites 
chosen at random and from a depth of 0-15 cm using a core 
sampler 10 cm in diameter. 

Aldrin was not detected in any soil samples, and endrin 
was detected in only three. On the other hand, dieldrin was 
detected in 85 of the 814 samples, i.e., 10.4%. In 70% of 
the samples in which dieldrin was detected, the concen-
tration of residue was 100 ng/gdw or less. The concentra-
tion was 500 ng/gdw or less for 95% of these samples 
(Hashimoto 2005). 

The horizontal distribution of dieldrin was examined in 
three places where dieldrin remains on farms in Tokyo. The 
area of the three sampling plots were 10 m × 30 m, 10 m × 
36 m and 20 m × 20 m, respectively, and the number of soil 
samples was 15, 18, and 25, respectively. Dieldrin was not 

uniformly distributed, with the concentration varying from 
less than the limit of detection (10 ng/gdw) to 730 ng/gdw, 
the limit of detection to 160 ng/gdw and from 60 ng/gdw to 
260 ng/gdw, respectively. The area of each field was 
between 300 m2 and 400 m2, which is normal for the culti-
vation of a single crop in Tokyo. Even over a distance of 
only two or three meters within one small farm, dieldrin re-
sidue levels are 4-70 times different (Hashimoto 2005). Re-
sidual dieldrin in Tokyo soil diffused during long term after 
use, although soil-applied pesticide was generally detected 
on every site on the field just after application. 

The vertical distribution of dieldrin was examined in 
three places where there were differences in the horizontal 
distribution of dieldrin remains on farms in Tokyo. One had 
not been plowed deeply over the past 30 years, while the 
others were regularly plowed deeply. The soil was gathered 
every 10 cm from the surface of the earth after the soil was 
dug down to a depth of 1 m. Dieldrin was distributed to a 
depth of 30 cm from the soil surface on farms which had 
never been plowed deeply. On the other hand, dieldrin was 
scattered from the surface to a depth of 50-70 cm on farms 
which had been plowed deeply. In about 1970, it was 
suggested that deep cultivation had a restraining effect on 
drin residues in crops, and a diluting effect of the residual 
amount in soil (Yamamoto and Nutahara 1974). Therefore, 
many fields were cultivated deeply. Deep cultivation is a 
method to improve soil physical property by the addition of 
permeability to soil, and is usually conducted reasons other 
than residue evasion. of the decision to plow deeply is made 
by each farmer, and it is regularly done among farmers who 
plow deeply. Dieldrin seldom moves in soil because of its 
low water solubility, and it was localized only at 30 cm 
from the soil surface 1-10 years after application, however 
residual dieldrin in soil moves automatically by plowing 
deeply (Kawahara et al. 1971; Kiritani 1971; Kawahara 
1973; Otani 1988). It is thought that the use of a farm af-
fects dieldrin distribution in the soil. 

In other prefectures, drin concentrations in soil had been 
detected in the 1970s (Table 3). Aldrin and dieldrin were 
seldom detected in soil of paddy rice field in Hokkado in 
1973 (Saito and Kitayama 1974) and in Sendai in 1978 (Ta-
kahashi et al. 1978). On the other hand, in vegetable fields, 
total concentration of dieldrin and aldrin was detected in 
Saitama at 20-850 ng/gdw, 9-319 ng/gdw and 10-30 ng/gdw 
in 1971, 1972-1975, 1977, respectively (Nakamura 1993), 
and in Hyogo 30-140 ng/gdw in 1977-1979 (Otani 1988). 
Separate concentrations of dieldrin and aldrin were detected 
in Sendai (Miyagi prefecture), Fukuoka and Niigata. No 
aldrin was detected while dieldrin at 442 ng/gdw, ND-324 
ng/gdw, and 120-680 ng/gdw in the soil of vegetable fields 
in 1975, 1976 and 1978, respectively were detected in Sen-
dai (Osawa et al. 1975; Hiroshima et al. 1978); aldrin at 19 
ng/gdw and dieldrin at 745 ng/gdw was detected in the soil 
of lettuce and spinach fields in Fukuoka in 1978 (Suzuki et 
al.1978), and aldrin at 3 ng/gdw and dieldrin at 200 ng/gdw 
in the soil in Niigata in 1980 (Homma et al. 1980). There 
are few reports on the concentration of drins in soil after the 
1980s. 

 

Table 3 Dieldrin and aldrin concentration in soil in Japan. 
Year Prefecture Sample Dieldrin Aldrin Reference 
�  �  �  (ng/gdw) �  
1973 Hokkaido paddy field 0 0 Saito 1974 
1971 Saitama vegetable field 20-850 Nakamura 1993 
1972-1975 Saitama vegetable field  9-319 Nakamura 1993 
1977 Saitama vegetable field 10-30 Nakamura 1993 
1975 Miyagi (Sendai) vegetable field 442 0 Osawa 1975 
1976 Miyagi (Sendai) vegetable field ND-324 0 Hiroshima 1978 
1978 Miyagi (Sendai) vegetable field 120-680 0 Hiroshima 1978 
1977-1979 Hyogo vegetable field 30-140 Otani 1988 
1978 Fukuoka vegetable field 745 19 Suzuki 1978 
1980 Niigata vegetable field 200 3 Homma 1980 
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Drin concentration in other countries 
 
In many countries, research and monitoring of organochlo-
rine pesticides containing drins efforts have continued on 
soil and river sediment (Wegman and Hofstee 1982), water 
in rivers and bays (Zimmerman et al. 2000; Xu et al. 2007), 
surface water (Nwankwoala and Osibanjo 1992; Hung and 
Thiemann 2002), earthworms and fishes (Nair et al. 1995; 
Shokrzadeh et al. 2005) and air (Manay et al. 2004), among 
other examples. Focusing on soil after the 1990s, dieldrin 
and aldrin concentrations in soil were 0.009-249, 300 ng/ 
gdw and 0.017-1041 ng/gdw, respectively in 1996-1997, in 
Thailand (Thapinta and Hudak 2000; Table 4). In China, 
the concentrations of total organochlorine pesticides (aldrin, 
dieldrin, endrin, heptachlor, heptachlor epoxide) in soil was 
5-215 ng/gdw in 2005 (Zhou et al. 2006), and the total con-
centration of 31 pesticides containing organochlorine pesti-
cides in the Beijing river sediment was 7.6-36 ng/gdw (Xue 
and Xu 2005). On the African continent, the concentration 
of total organochlorine pesticides containing dieldrin from 
the top to 50 cm depth soil was 8-9.5 ng/gdw in Egypt in 
1995-1996 (Ahmed et al. 1998). On the American continent, 
dieldrin concentrations was 0.53-23.8 ng/gdw in Alabama, 
USA in 1999, 1.88 ng/gdw in Jamaica in 1992 and 4-
118,380 ng/gdw in Brazil in 2002 (Mamsingh and Wilson 
1995; Harner et al. 1999; Barra et al. 2006). Although these 
data should not be directly compared because of incomplete 
information and historical use of soil, it is suggested that 
dieldrin widely persists in soil all over the world at present. 

 
Half-life of drins in soil 
 
In Nagano prefecture in 1971, the total average concentra-
tion of aldrin and dieldrin was reported to be 400 ng/g dw 
in fields for chinese cabbage and burdock after aldrin had 
been used for ten years until 1971 (Kawahara et al. 1971). 

In Tokyo in 2002, the concentration of dieldrin residue 
was less than 100 ng/g dw in almost all soil samples, but 
the concentration of high residual soil was 2600 ng/g dw. 
When dieldrin is used in a field at a rate of 0.6 kg/ha, the 
half-life of the soil obtained from the field is an average of 
2.6 years, at 2.2 kg/ha, it is 4.1 years, and at 9.6 kg/ha it is 
12.5 years (Beyer and Gish 1980; Jorgenson 2001). In brief, 
if the application rate of drins to soil increases 15 times, the 
half-life of drins becomes 5 times longer (Nagai 1973; Jor-
genson 2001). From these findings one can conclude that it 
is not an unusual phenomenon for current dieldrin residue 
levels in Tokyo to range widely. It is thought that the vari-
ous levels of dieldrin residue have been caused by treat-
ment of various quantities of drins in the 1960’s on each 
farmland. 

 
Dieldrin residue in soil caused by aldrin use in 
Tokyo 
 
The residual dieldrin concentrations in soil are high, sug-
gesting either that the rate of pesticide degradation in soil is 
low, or that a lot of pesticide was applied to the soil. 
Information on the cultivated acreage of Ando soils, 

pesticide purchase amounts, and the main crops harvested 
were selected from agricultural censuses on all farmers in 
Tokyo in February, 1965. It could be seen that the amount of 
pesticide purchased per cultivated acreage in cities with 
high dieldrin residues was more than in cities with low 
dieldrin residues. Moreover, in 1965, the main crop in cities 
with high residual dieldrin levels was wheat, used as a food 
crop (Tokyo Metropolitan Government 1965). Wheat is 
prone to being damaged by soil insect pests very soon after 
sowing, and drins were the most effective in preventing this 
(Masaki 1958, 1959; Fujiyoshi 1984). Aldrin, in particular, 
could be used by mixing with fertilizer at dissemination, 
because of the stability of the active ingredient under both 
acidic and alkaline conditions (Fukunaga 1967). 

On the other hand, the residual concentration of pesti-
cides in soil is also effected by its reduction rate and some 
soil properties participate in its reduction rate. The factors 
affecting the reduction rate of residual pesticides in soil are 
soil temperature, soil moisture, humus content, pH, availa-
bility by microbial action in soil (Adams 1973; Hankawa 
1980; Ibrahim et al. 1981). The half-life of DCPA (3’,4’-
dichloropropionanilide) ranged from 92 d at 10°C to 18 d at 
30°C and 49, 33, and 31 d in 0.1, 0.2, and 0.4 kg H2O kg-1 

soil moisture levels, respectively (Choi et al. 1988). The 
persistence of dieldrin residues in soil was proportional to 
the organic content of the soil when soil types were used 
with organic contents ranging from 1 to 70% (Harris and 
Snas 1972). Toxic activity of dieldrin increased as pH in-
creased since the pH of a soil is a reliable soil property in 
predicting pesticide adsorption (Hermason and Forbes 1966; 
Adams 1973). BHC is easily degraded when there is a low 
level of nitrogen sources, for example in sandy soil rather 
than clay soil (Singh et al. 1989). This suggests that BHC 
was used by soil microbes because no other substrates were 
available (Singh et al. 1989). Additionally, some organo-
chlorine pesticides are likely to be used by microbes when 
their adsorption to soil is weak (Ghadiri et al. 1995). Bio-
availability can also be estimated by the strength of pesti-
cide adsorption to soil. This adsorption strength increases in 
soils with higher moisture contents and larger CEC (Choi et 
al. 1988; Kottler et al. 2001). However, the chemical pro-
perties of the soil in Tokyo such as humus content, pH, EC 
and base cations, cation exchange capacity and total carbon 
contents did not differ between high and low dieldrin resi-
dual soil (results in submission). Therefore these soil factors 
might not affect different levels of residual dieldrin in 
Tokyo. 
 
LAW CONCERNING SOIL CONTAMINATION IN 
JAPAN 

 
Agricultural Chemicals Regulation Law in Japan 
 
Regulation concerned drins in soil contamination are found 
in the Agricultural Chemicals Regulation Law and the Agri-
cultural Land Soil Pollution Prevention Law while the Soil 
Contamination Provision Law targets no agricultural chemi-
cals. The Agricultural Chemicals Regulation Law was legis-
lated in 1948. When it was revised in 1971, dieldrin and al-

Table 4 Dieldrin and aldrin concentration in soil in recent years in selected countries around the world. 
Year Country (City) Sample Dieldrin Aldrin Reference 
�  �  �  (ng/gdw) �  
1992 Jamaica sediment 1.88 0 Mansingh 1995 
1995-1996 Egypt soil 8-9.5  Mohamed 1998 
1996-1997 Thailand soil 0.009-249.3 0.017-1.041 Thapinta 2000 
1999 Alabama soil 0.53-23.8a Harner 1999 
2002 Brazil soil 4-11,838 2.8-24,280 Barra 2006 
2002 Japan (Tokyo) soil 20-2600 0 Hashimoto 2005 
2005 China (Beijing) sediment 7.59-36.0b Xue 2005 
2005 China soil 5.04-214.9a Zhou 2006 

a: Total OCPs contained aldrin, dieldrin, endrin, heptachlor and heptachlor epoxide. 
b: Total OCPs (top soil to 50 cm depth). 
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drin were specified as a soil persistent pesticide and their 
use was regulated (Goto 1971; Sasaki 1973; Nakamura 
1973; Yoshioke 1974). Their registration lapsed in 1975 in 
Japan and their use was prohibited in the Stockholm Con-
vention on Persistent Organic Pollutants adapted in 2001 
(Environment Agency 1977). Therefore, all mentions of di-
eldrin and aldrin as a soil persistent pesticide were elimi-
nated from the Agricultural Chemicals Regulation Law in 
2002. 

The Agricultural Land Soil Pollution Prevention Law 
regulates only farmland and it specifies Cd (cadmium), Cu 
(copper) and As (arsenic) as specific hazardous substances, 
but drins are not mentioned. 

 
Standard value for pesticide residue in soil in 
Japan 
 
Environmental Quality Standards for Soil Contamination is 
prescribed for five pesticides, namely organophosphorus 
pesticides, 1,3-dichloropropene, thiuram, simazine and 
thiobencarb based on the Basic Environment Law. However 
there is no tolerance for drins. It is difficult to set a uniform 
standard value for an aged drin in soil and it might be sig-
nificantly scarce. It is more important to clarify the actual 
drin uptake to crops in various statuses of drin residue in 
soil of many prefectures (Hashimoto 2007). 
 
CONCLUDING REMARKS 

 
There is much data of dieldrin in the environment, which 
ranges widely. The meaning or impact of such concentra-
tions is not fully known but the existence of dieldrin in the 
soil or environment is not good. Therefore, a tolerance for 
drin residue in soil has not yet been legislated. A more ex-
tensive understanding about residue status in soil of dieldrin, 
drins and POPs is necessary. 
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