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Considerable numbers of endocrine disruptors (67 compounds) are known today
(Japan Environmental Agency, 1998). Among them, phthalates are considered to
be in most abundance in our environment. The production of phthalates in Japan
was 474 thousand tones in 1998 (Kasozai Kogyo Kai, 1999), around 56 % of
which was di(2-ethylhexyl)phthalate (DEHP) used mainly as plasticizers in
polyvinyl chloride (PVC) products. Di(n-butyl)phthalate (DBP), about 3% of the
total production, is widely used in PVC, nitrocellulose polyvinyl acetate, painting
inks, adhesives and lacquers. PVC contains up to 40% phthalates by weight
without covalently binding to other ingredients in the PVC (Needham et al., 2000).
Thus, significant amounts of DEHP and DBP are easily released from the plastics
into the environment during production, use and disposal, resulting in the pollution
of food, air, water, soil and homes.

In recent years phthalates have received a great amount of public attention from
various aspects since some of them are suspected of possessing endocrine
disrupting properties either by acting as hormone mimic or antagonists, or by more
indirect mechanisms (Tyler ef al., 1998). Although the risk to humans from
phthalates is currently theoretical, it has been suggested that increased exposure to
phthalates may be partially responsible for the recent decline in the male ratio
(Moller, 1996, Vartiainen ef al., 1999), for the decreasing values of sperm density
(Murature ef al., 1987) and motility (Fredricsson et al., 1993), for the earlier
pubertal maturation observed in young American girls (Herman-Giddens ef al.,
1997), and for the premature breast development in young Puerto Rican girls
(Colén et al., 2000). Furthermore, at present, it is completely uncertain, but there is
a possibility that phthalates themselves or their cocktails with other chemicals may
exert profound effects on normal brain development leading to loss of intelligence,
mental retardation, and abnormal behavior such as attention deficit hyperactivity
disorder (ADHD), which are gradually increasing in the industrialized countries
(Robinson et al., 1999; Krimsky, 2000; Rice, 2000).

Recently, we studied phthalate levels in the blood of wild and breeding monkeys in
Japan demonstrating the importance of environmental factors for uptake of
phthalates in these animals (Asaoka et al., 2000). Since animals and humans
mainly uptake these agents through their diets including food contamination and
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Figure 1. HPLC chromatograms of water (A), Korean red wine (B), and Japanese
red wine (C). Diheptylphthalate (DHP) was used as an internal standard (7.5 u g of
DHP in 5 g of a sample).
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polluted drinking water, it is important to collect the reliable data on phthalate
levels in foodstuffs in the separated regions for evaluating the epidemiological data
that might be due to the estrogenic effects of phthalate on humans. Thus, we have
investigated the amounts of DBP and DEHP in the same kinds of beverages sold in
Japan and Korea.

MATERIALS AND METHODS

All solvents, water, sodium chloride, and sodium sulfate used were high purity
grade for analysis of phthalates and obtained from Wako Pure Chemical Industries,
LTD, (Osaka, Japan). Standard phthalates, DBP, diheptylphthalate (DHP) and
DEHP, were also purchased from Wako Pure Chemical Industries, LTD. Bottled
waters, beers, fiber drinks, juices, alcoholic drinks (sho-chu), nutritive drinks,
vinegars, rice punches (nigori sake), and red and white wines were purchased from
supermarkets or local open markets in Saitama (Japan) and Seoul (Korea) in 1998.
The nutritive drinks, fiber drinks and wines used were packed in glass bottles with
metal caps, the beers in aluminum cans, the rice punches in stainless steel cans or
glass cups with metal caps, the alcoholic drinks and juices in cartons and the others
in plastic bottles with plastic caps. Korean samples were sent to the department of
chemistry at Saitama Medical School for evaluation of phthalate levels, and kept in
a refrigerator until used.

All glassware used for the extraction and aluminum foil were heated at 220C
overnight before use, and the glassware was wrapped with the aluminum foil prior
to the experiment. To 5 g of a sample, were added 500 mg of sodium chloride and
50 u1 of DHP solution (151 g/ml of acetonitrile) as an internal standard. The
resulting mixture was extracted with 2.5 ml of a mixture of hexane and
dichloromethane (10:1) twice. The organic solution separated was dried over 500
mg of sodium sulfate, and the solvents were removed under nitrogen flow. To the
dried sample, was added 200 u | of acetonitrile, and the resulting solution was kept
in a refrigerator until analyzed. A Shimadzu LC-10A high-performance liquid
chromatograph (HPLC) (Shimadzu, Corp., Kyoto, Japan) was used for analysis of
phthalates (Yano et al., 2000). Typical HPLC conditions were as follows: column,
TSK-GEL (4.6 mm x 25 cm) (Toyo Soda, Tokyo, Japan); column temperature,
40°C; gradient elution, from acetonitrile-water (50%) to acetonitrile (100%) over
15 min; flow rate, 1.3 ml/min; UV detection, 254 nm. The test solutions (20 1 I,
each) were injected into the HPLC column.

RESULTS AND DISCUSSION

We chose retail beverages as the samples for analysis of phthalates in food,
because the same kinds of samples that were made in Japan and Korea were easily
collected in both countries. The amounts of phthalates in the bottled waters (n=3),
beers (n=3), fiber mini (n=3), alcoholic drinks (n=2), nutritive drinks (n=4),
vinegars (n=2), juices (n=2), red wine (n=1), white wine (n=1), and rice punches
(n=2) were measured by the HPLC method. The typical HPLC chromatograms of
water, Korean red wine, and Japanese red wine are shown in Figure 1. To
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Figure 2. Averages of phthalate levels in each group of samples. The bottled
waters (n=3), beers (n=3), fiber mini (n=3), alcoholic drinks (n=2), nutritive drinks
(n=4), vinegars (n=2), juices (n=2), red wine (n=1), white wine (n=1), and rice
punches (n=2) were used, and each sample was measured twice. The white bars
indicate the concentrations of DBP and the black bars indicate the concentrations
of DEHP.

quantitatively evaluate the amounts of phthalates, the correlation coefficients were
calculated from the calibration lines of DEHP/DHP (w/w) vs. DEHP/DHP (A/A)
and DBP/DHP (w/w) vs. DBP/DHP(A/A), giving 0.92 and 1.43, respectively.
Using these values, we determined the amounts of DBP and DEHP in the
beverages and the solvents used for extraction, and then subtracted the solvent
value from each sample value. The detection limits were 0.004 u g/g. Since the
values within each sample in the same group were scattering, the averages in each
group were calculated for a comparison of phthalate levels in both countries. The
results are summarized in Figure 2.

DBP level in the Japanese red wine was extremely high when compared with that
in the Korean one. To confirm this high DBP level, a similar type of another
Japanese red wine (180ml in a glass bottle with a metal cap) produced by the other
factory was analyzed in the same condition, giving a very similar result (data not
shown here). On the other hand, out of four Korean nutritive drinks, two drinks
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contained a large amount of various ingredients as well as quite a large amount of
DBP. These findings suggest that accumulation of DBP might have occurred
through the ingredients that have some affinity with DBP or through the various
processes of production.

We directly compared the phthalate levels in all the samples examined here using
the average values. The DBP level (1 g/g) in the Japanese beverages (0.034=
0.059) was about 1.5 times higher than that in the Korean beverages (0.023*=
0.042), but it was not statistically significant. On the other hand, the DEHP level
(1 g/g) in the Japanese beverages (0.032+0.028) was 1.8 times higher than that in
the Korean beverages (0.018£0.22) (p<0.01). Further the DBP level in Japanese
beverages was found to be rather higher than the DEHP level in agreement with
the result published by Tomita et al.(1977). The high level of DBP in the living
environment in Japan was also supported by our finding that the DBP level in the
blood of breeding monkeys is much higher than that of the wild monkeys (Asaoka,
et al., 2000). Furthermore, Tokyo Sanitary Bureau (2000) reported that the DBP
level in the indoor air in Japan is about 10 times higher than that in the outdoor air
and that the DBP level in the indoor is about 3 times higher than the DEHP level.
These results indicate that Japan seems to be more polluted by these phthalates
than Korea and that everywhere in the town sites in Japan seems to be highly
polluted by DBP.

To get some information on the factors to affect phthalate levels in each country,
the amounts of plastic production and consumption were compared in Japan and
Korea in 1998 when the samples were collected. The former were 13,909,000t
(Japan) and 8,940,000t (Korea) and the latter were 10,938,000t (Japan) and
3,270,000t (Korea), respectively (Japan Plastics Industrial Association 2000).
These data indicate that Japan produced 1.6 times and consumed 3.3 times larger
amounts of plastics than Korea did. These ratios suggest that the phthalate
pollution of beverages observed here is somehow related to the processes of plastic
production and/or the consumption of plastics since the beverages are
contaminated with phthalates by contacting containers, processing equipment, and
various types of tubing, which are made of plastic or plastic parts

The highest values examined here are 0.275ug/g of DBP and 0.127 12 g/g of
DEHP in Japanese red wine and beer, respectively, corresponding to 0.275 mg/kg
and 0.127 mg/kg, which are well below the specific migration limits of DBP (6
mg/kg) and DEHP (3 mg/kg) laid down by the EU Scientific Committee for Food
(1999). Thus, these phthalate levels may not provide serious problems for adult
people to take these beverages. It may be better, however, for women in pregnancy
to avoid taking the beverages containing the high level of phthalates since
phthalates easily pass through the placenta (Tomita et al. 1977), because organs of
the developing embryo and fetus are especially sensitive to low concentrations of
endocrine disruptors (Bigsby et al., 1999).

Faced with gradually increasing number of children with abnormal behavior such
as ADHD in the industrialized countries (Robinson ef al.,1999; Krimsky, 2000;
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Rice, 2000), it may be considered that the behavioral and neurophysiological
effects induced by endocrine disruptors are more important rather than their
reproductive effects. At present, we don’t know whether phthalates themselves or
their cocktails with other chemicals may exert profound effects on the normal
brain development or not. Ema ef al. (1994), however, reported that some
phthalates have teratogenic effects when pregnant rats are treated with them,
suggesting that the perceived increase in ADHD in the population may be in part
the result of early exposure to the phthalates. Therefore, it is urgent to get the
reliable data on the amounts of phthalates not only in food but also in our living
environments to correctly understand their biological effects on humans (Page et
al., 1995; Colén et al., 2000).
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