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The role of dietary patterns in colorectal carcinogenesis remains unclear in Asian populations. Using 1999~
2002 data, the authors investigated the association between dietary patterns and colorectal adenomas in 1,341
Japanese men who underwent total colonoscopy. Information about diet was obtained using a 74-item food
frequency questionnaire prior to the colonascopy. Three dietary patterns were generated by factor analysis: 1) a
high-dairy, high-fruit and -vegetable, high-starch, low-alcoho! pattern; 2) an “animal food” pattern; and 3) a
Japanese pattern. Logislic regression analysis was used to estimate the odds ratio of having colorectal
adenomas with the adjustment for potential confounding variables including body mass index, smoking, alcohol,
and leisure-time physical activities. A significant inverse association was found for the high-dairy, high-fruit and
-vegetable, high-starch, low-alcohol pattern; the odds ratios for the second, third, and fourth quartiles were 0.97
(95% confidence interval: 0.70, 1.36), 0.71 (95% confidence interval: 0.50, 1.01), and 0.62 (95% confidence
interval: 0.43, 0.90), respectively, compared with the lowest {p, ., = 0.003). Similar associations were observed
for larger adenomas or for each subsite of the colorectum. The Japanese and “animal food” patterns were not
clearly associated with colorectal adenomas. A dietary pattern including greater consumption of dairy products
and fruits and vegetables with low alcohol consumption may be associated with decreased risk of colorectal

adenomas.

adenoma; cross-sectional studies; diet

Abbreviation: DFSA, high-dairy, high-fruit and -vegetable, high-starch, low-alcohol (dietary pattern).

Colorectal cancer is a major cause of cancer deaths in
developed countries. Geographic and time-trend analyses, as
weli as migrant studies, strongly suggest that environmental
factors, especially diet, play an important role in the patho-
genesis of colorectal cancer (1-3). However, analytical
epidemiologic studies have yielded conflicting findings; for
example, a body of evidence suggesting a protective role of
vegetables or dietary fiber (4) has been either challenged (5-
8) or supported (9, 10) by recent large-scale studies. In
Japan, colorectal cancer mortality has markedly increased
over the last several decades (11) and is now among the
highest levels in the world (12). Time-trend analysis has
suggested that decreased consumption of dietary fibers (13)

or grains {14} may account for the increase in mortality. Yet
itis largely unknown which lifestyle changes associated with
Westernization or modernization have contributed to the
rapid increase of colorectal cancer in Japan, or whether the
traditional Japanese diet protects against this type of cancer.

Analysis of dietary patterns has recently drawn a great deal
of attention as a method of investigating the role of foods or
nutrignts in studies of chronic diseases. Approaches of this
sort, dealing with a combination of several foods, can over-
come problems arising from close intercorrelation and
potential effect modifications among numerous foods or
nutrieats {15). Factor-analysis studies of Western popula-
tions have suggested that a certain dietary pattern may be

Reprint requests lo Dr. Tetsuya Mizoue, Department of Preventive Medicine, Faculty of Medica! Sciences, Kyushu University, 3-1-1, Maidashi,
Higashiku, Fukuoka 812-8582, Japan (e-mail: mizoue @ phealth.med kyushu-u.ac.jp).
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predictive of colorectal cancer risk (16-18). Dietary patterns
generated by factor analysis, however, are sample specific
and may not be applicable to populations having different
dietary cultures. While having adopted a Weslern-style diet,
many Japanese still consume large amounts of traditional
foods, including rice, fish, and soybean products (19). Thus,
dietary patterns among Japanese may differ considerably
from those among Western populations.

The aim of the present study was therefore Lo investigale
dietary patterns in relation to the risk of colerectal adenoma,
a precursor of colorectal cancer (20, 21), using data from
preretirement check-ups among male Sclf-Defense Forces
officials in Japan.

MATERIALS AND METHODS
Study setting

The data used were derived from the Self-Defense Forces
Health Study, a cross-sectional survey of male Self-Defense
Forces officials who participated in a preretirement health
examination at (wo hospitals (Fukuoka and Kumamoto) in
Japan. The study procedure has been described elscwhere
(22, 23). In short, all officials underge a comprehensive
health examination before retirement; total colonoscopy is
included as a routine procedure. Study questionnaires about
health-related lifestyles were distributed prior to colonos-
copy to male examinees on the first day of hospital admis-
sion for examination. Research assistants checked the
questionnaire for unanswered questions and apparently
inconsistent answers and, if necessary, sought clarification
from the study subjects.

Results of laboratory tests and colonoscopic findings,
including histologies for polyp, were extracted from clinical
reports. Written informed consent was obtained from study
participants. The study protocol has been approved by the
ethics committee of Kyushu University.

Study subjects

The present study used data from April 1999 through
March 2002. Among 2,390 male Self-Defense Forces offi-
cials who underwent the examination, 2,370 (99 percent)
agreed 1o participate in the present study. After excluding
men with histories of cancer, stroke, myocardial infarction,
coronary revascularization, inflammatory bowel diseases,
colorectal surgery, or diabetes mellitus, we kept 2,141 men
in the analysis of dietary patterns. Of these, we excluded men
who did not receive colonoscopy (1 = 57), who underwent
partial or unsuccessful colonoscopy (n = 177), or who had
colorectal polyp removal prior to the examination (n = 148).
Of the remaining 1,759 subjects who completed total
colonoscopy, 764 men were identified as having colorectal
pelyps including hyperplastic nodules. Of these, 476 men
had their polyps histologically confirmed: cancer (n = 1),
carcinoid (n = 1), adenoma (n = 346), and other histologies
(n = 128). Only 29 men had adenomas of 10 mm or larger,
and nine had tubulovillous or villous adenomas. The data for
the 346 men who had adenoma (case group) and 995 men
who were free from any colorectal polyp and cancer
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(referent group) were analyzed to assess the association
between dietary patterns and colorectal adenomas.

Dietary assessment

Information about diet was collected using a food
frequency questionnaire designed to assess the average
intakes of 74 food items, food groups, and food preparations
over the previous year. The questionnatre was an expanded
version of a 45-item food frequency questionnaire that was
developed on the basis of a published questionnaire (24) and
was validated against the 28-day dietary record (25). The
expansion of food items was done with reference 10 food
consumption in the National Nutrition Survey (19) and a
dietary queslionnaire developed elsewhere in Japan (26).
Participants were asked to choose from seven response
options for most dietary items, ranging from “never/less than
one per month” 10 “two to three times per day.” Different
response schemes were used for green tea, coffee, and rice
(five options) and for alcoholic beverages (six options).
Daily consumers of green tea, coffee, or rice were asked
about the number of cups or bowls consumed per day.
Current drinkers, defined as those who have consumed alco-
holic beverages weekly for at least 1 year in their lifetime
and who were drinking at the time of the survey, were asked
about the frequency of consumption and the amount of
consumption per occasion of five alcoholic beverages, that
is, sake (a Japanese wine), shochu (a Japanese distilled
beverage), beer, whiskey, and wine. The amount of
consumption per occasion was used in the estimation of total
ethanol intake from these alcoholic beverages, but only the
frequency of consumption for each alcoholic beverage was
used in the analysis of dietary patterns.

Grouping of food factors

Before the analysis of dietary patterns, intakes of green
tea, coffee, or rice were converted into units of cups or bowls
per day, while those of other dietary items were quantified in
terms of frequency per week. Five dietary questions that
overlapped with or were duplicated by others (collective
consumption of cooked vegetables, apples, mandarin
oranges, other oranges, watermelons) and three questions
about food spreads (butter, margarine, and jam/honey) were
not used. Furthermore, some foods or food groups similar in
nutritional content of culinary use were combined, leaving
39 food items for the purposes of the present study.

Statistical analysis

Dietary patterns were generated by factor analysis (prin-
cipal components) using SAS PROC FACTCR statistical
software (27). Factor analysis is a technique to reduce a
number of variables into fewer independent factors. To make
interpretation easier, a linear transformation called a “rota-
tion™ is normally performed on the initial factor solution. We
used an orthogonal rotation procedure (varimax rotation),
which maintains the uncorrelated nature of the factors and
tries to get the original variables to load high on one of the
factors and low on the rest. When factor scores are used as

— 381 —



340 Mizoue et al.

independent variables in a subsequent regression analysis,
this procedure has the advantage over oblique rotation that
the analysis is less subject 1o problems of collinearity. In
determining the number of factors to retain, we consider
eigenvalue, the scree test, and interpretability. Eleven factors
satisfied the criteria for eigenvalues greater than one, and the
scree plot showed small breaks in the eigenvalucs after
factor 5, suggesting three or four factors to retain. Posl-
rotaled factor loadings revealed that three factors well
describe distinctive dietary patterns of the study population.

We thus retained the three dietary patterns and designated
them as 1) a high-dairy, high-fruit and -vegetable, high-
starch, low-alcohol (DFSA) pattern; 2) an “animal food”
paitern; and 3) a Japanese pattern, according 10 the food
items showing high loading (absolute value) with respect to
each dietary pattern. We confirmed that these three dietary
lactors emerged when all 74 food items in our questionnaire
were simply included in factor analysis. A factor score for
each dietary pattern was calculated by weighting consump-
tion of each food item by the corresponding factor loading
and summing the resulting values. This score ranks individ-
uals in terms of how closely they conform to the dictary
pattern.

The potential confounding variables considered were
hospital (Fukuoka or Kumamoto), age (treated as a contin-
uous variable), parental history of colorectal cancer (absent
or present), occupational rank (three categories), body mass
index (<22, 22-23.9, 24-259, and 226 kg/m?), smoking
(lifetime nonsmoker, former smoker, and current smoker
using <15, 15-24, or 225 cigarettes/day), and leisure-time
physical activity, expressed as the sum of metabolic equiva-
lents for each activity multiplied by the corresponding hours
of such activity per week (none, <20, 20-39.9, and 240
metabolic equivalent-hours). Quartiles of factor scores of
each dietary pattern among controls were used for cutoff
values. Multiple logistic regression that included terms for
the above-mentioned variables was performed to estimate
the odds ratio and 95 percent confidence interval of
colorectal adenomas according to quartiles of scores for each
dietary pattern, taking the lowest quartile group as the
referent group. Analyses were repeated for adenomas of 5
mm or larger (n = 140) or according to the location of the
lesion (proximal colon including the cecum, ascending
colon, liver flexure, transverse colon, and splenic flexure;
distal colon including the descending colon and sigmoid
colon; and the rectum). Logistic regression analysis was
performed using SAS PROC LOGISTIC software (27).

RESULTS

Table 1 shows factor loadings, which are equivalent to
simple correlations between the food items and the dietary
patterns. A positive loading indicates that the food item is
positively associated with the dietary pattern, and a negative
loading indicates an inverse association with the dietary
pattern. The DFSA dietary pattern was characterized by
frequent intake of fermented dairy products, milk, confec-
tionaries, bread, fruits, and vegetables and infrequent intake
of shochu, a local alcoholic beverage in the study areas. The
“animal food” dietary pattern was characterized by various

TABLE 1. Factor-lcading matrix for dietary patterns, Self-
Defense Forces Health Study, Japan, 19992002+

DFSAY  “Animalfood® Japanese

dietary dietary dielary

pattern pattern pattern
Fermented dairy products 0.61 - -
Confectionaries 0.55 0.18 -
Canned fruits 0.52 - -
Bread 0.47 - -0.39
Fruits {not canned) 0.47 - 0.21
Fruit juices 0.47 - -
Vegetable juice 0.41 - Q.17
Milk 0.40 - -
Cil drassing 0.33 0.18 0.26
Soda, cola 0.30 0.20 -0.18
Shochu (alcoholic beverage) —0.40 Q.15 0.24
Red meat - 0.68 -
Poultry - 0.63 -
Fried foods 0.25 0.49 0.29
Broiled fish/meat - 6.48 0.32
Seafood {except fish} - 0.47 0.18
Processed meat 0.17 0.46 -
Processed fish - 041 0.18
Gyozat - 0.40 -
Liver - 0.38 -
Eggs - 0.34 0.22
Noodles - 0.34 -
Soybean products - - 0.64
Cooked vegetables 0.36 0.23 0.56
Seaweed 0.27 - 0.55
Raw vegetables 0.45 - 0.52
Pickles 0.18 - 0.51
Green tea - -0.15 0.46
Fish - 027 0.38
Potatoes 0.33 0.24 0.35
Garlic 0.20 - 0.32
Variance explained (%) 8.5 79 7.7

* Factor loadings are equivalent to simple correlations between
the food items and the dietary pattems. Factor loadings less than
+0.15 were indicated by a dash; food items with factor loadings less
than +0.30 for all dietary pattems (rice, mayonnaise, nuts, coftes,
wing, beer, whiskey, sake) were omitted.

1 DFSA, high-dairy, high-fruit and -vegetable, high-starch, low-
alcohol {dietary pattern).

$ Dumpling with minced pork and vegetable stuffing.

kinds of animal foods, including red meat, poultry, seafood
excluding fish, processed meat and fish products, and fried
or broiled foods. The Japanese dietary pattern was character-
ized by traditional foods in Japan (soybean products,
seaweed, pickles, and green tea), vegetables, and fish. The
proportion of the total variance explained by the three factors
was 24 percent,

Am J Epidemiol  2005;161:338-345
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TABLE 2. Dietary patterns in relation to potential confounding variables and alcohol intake among referents, Self-Defense Forces

Health Study, Japan, 1999-2002

P \ Ph;sictz;l
. -arenta Body Smoking a rvn . Alechol
: Hospital Age Rank history of P o {madian -
Dietary patterns {% Kumamoto) (mean years) (% highest) cz‘:gm‘;') (mean Tg?’rer:) (s’?ngig;';t ;gﬂfj;,"a"r‘ft g’t‘rgg:)':
hours)
DFSAf dietary pattern
Quartile 1 (low) 28 52.4 10 6 237 45 15 62
Quartile 2, 3 27 52.4 14 4 240 38 16 32
Quartile 4 (high} 18 82.4 19 5 235 40 16 14
Prrendt 0.01 0.49 <0.01 0.66 0.46 0.26 0.84 <0.01
“Animal food” dietary pattern
Quartile 1 (low) 30 52.5 15 4 236 40 16 14.5
Quartile 2, 3 24 52.4 14 4 238 42 16 34
Quartile 4 (high) 22 523 13 6 239 37 15 49
Bhrend 0.05 0.23 0.43 0.52 0.15 0.56 0.87 <0.01
Japanese dietary pattern
Quartils 1 (low) 21 52.4 17 5 237 48 9.5 21
Quartile 2, 3 25 52.3 13 4 238 39 16 40
Quartile 4 (high) 29 52.5 14 4 239 36 19 38
Prend 6.02 0.58 0.51 0.66 ¢.51 <0.01 <0.01 <0.01

* Estimated from the consumplion of five alcoholic beverages: beer, sake, shochu, wine, and whiskey.

+ DFSA, high-dairy, high-fruit and -vegetable, high-starch, low-alcohol (dietary patiern).

t Mantel-Haenszel chi-squared test for categorical variables and linear regression analysis for continuous variables, assigning to categories
of each dietary pattern their median scores (physical activity and alcohol consumption were log transformed).

Table 2 shows the association of dietary patterns with
potential confounding variables and alcohol consumption
among men free from colorectal polyp or cancer (referent
group). Examinees at the Kumamoto hospital had a higher
score for the Japanese dietary pattern but lower scores for the
DFSA and “animal food” dietary patierns than those at the
Fukuoka hospital. This reflects the geographic characteris-
tics of dietary patterns; the southern parts of Kyushu Island,
including Kumamoto, are less urbanized than the northern
parts, including Fukuoka. Men with a high score for the
DFSA dietary pattern tended to have higher occupational
positions and consumed smaller amounts of alcohol. Men
with high scores for the “animal food™ dietary pattern tended
to consume greater amounts of alcohol. Men in the upper
quartiles of the Japanese dietary pattern tended to be
nonsmokers and engaged in higher levels of leisure-time
physical -activity, and they consumed greater amounts of
alcohol.

As shown in table 3, the DFSA dietary pattern was
inversely associated with the risk of colorectal adenomas,
showing a 40 percent reduced odds ratio among men in the
highest quartile of the dietary pattern compared with those in
the lowest. This association was slightly more evident for
adenomas with a diameter of 5 mm or larger. No apparent
association was observed for either the “animal food™ dietary
pattern or the Japanese dietary pattern.

The DFSA dietary pattern was inversely associated with
adenomas at all subsites of the colorectum (table 4). The

Am J Epidemiol 2005;161:338-345

association was slightly stronger for the proximal colon in
terms of the odds ratio of 0.5 for the highest quartile of the
dietary pattern score and test for the trend association
(Dyreng = 0.003), but the confidence intervals of odds ratios for
this site overlapped substantially with those for other sites.
The Japanese and *animal food™ dietary patterns were not
measurably associated with colon adenomas. However, a
nonsignificant positive association with rectal adenomas was
observed for the Japanese pattern, while a nonsignificant
inverse association was found for the “animal food” pattern.
The odds ratios for the upper three quartiles combined
compared with the lowest were 1.64 (95 percent confidence
interval: 0.83, 3.25) and 0.64 (95 percent confidence
interval: (.36, 1.13) for the Japanese pattern and “animal
food™ pattern, respectively.

PISCUSSION

We investigated the association between major dietary
patterns and colorectal adenomas among middle-aged Japa-
nese men. Of the three dietary patterns we identified, the
DFSA dietary pattern showed a significant, inverse associa-
tion with the risk of colorectal adenomas.

Strengths and limitations

Our study had several strengths. Selection bias in terms of
study participation was unlikely because of nonselective
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TABLE 3. Logistic regression results for the assoclation between dietary patterns and colorectal adenoma, Self-Defense Forces

Health Study, Japan, 1993-2002

Quartile*
Dietary pattern 2 3 4 (high) P
1 {low) Odds 95%confidence  Odds  95%confidence  Odds  95% conlidence
raliot interval ratio interval ratio interval

DFSAY dietary pattern

Adenoma of any size 1.00 0.97 0.70,1.36 0.71 0.50, 1.01 0.62 0.43, 0.90 0.003

Adenoma of 5 mm or larger 1.00 0.84 0.52,1.34 068 0.41,1.12 0.59 035,099 0.04
“Animal food” dietary pattern

Adenoma of any size 1.00 0.87 0.61,1.23 0.91 0.64,1.28 0.86 0.60,1.23 0.49

Adenoma of 5 mm or larger 1.00 1.05 0.64,1.72 0.84 0.50, 1.41 0.98 0.59, 1.63 0.75
Japanese dietary pattern

Adenoma of any size 1.00 0.96 0.67,1.38 1.13 0.79, 1.6% 1.18 0.83,1.69 0.26

Adenoma of 5 mm or larger 1.00 1.00 0.59, 1.70 1.1 0.66, 1.86 1.24 0.75,2.08 0.36

* Among referents.

t Adjusted for hospital, age, parental history of colorectal cancer,

activity.

occupational rank, body mass index, smoking, and leisure-time physical

1 DFSA, high-dairy, high-fruit and -vegetable, high-starch, fow-alcohol {diefary pattern).

recruitment for the preretirement health examination, which
included total colonoscopy as a routine procedure, and high
study participation ratc. The questionnaire was distributed and
collected prior to colonoscopy, and thus recall bias associated

with adcnoma status was also unlikely. The contro! series
consisted of only subjects who were confirmed via total colon-
oscopy to be free from any colorectal polyp and cancer,
leading 1o a more valid assessment compared with studies

TABLE 4. Logistic regression resuits for the association between dietary pattemns and colorectal adenoma according to the location
of the lesion, Self-Defense Forces Health Study, Japan, 1999-2002

Quartile*
Dietary pattern 2 3 4 {high) Birens
1 (low) Odds  95% confidence Odds  95% confidence Odds  95% confidence
ratiot interval ratio interval ratio interval

Colon adenoma {(n = 299)

DFSA{ dietary pattern 1.00 0.93 0.66, 1.32 0.70 0.48,1.01 0.59 0.40, 0.87 0.003

“Animal food” dietary patlern 1.00 0.93 D.64, 1.35 0.97 0.67, 1,40 0.95 0.65, 1.38 0.85

Japanese dietary pattern 1.00 Q.93 0.64,1.37 1.09 0.76, 1.59 1.1 0.77,1.62 0.45
Proximal colon adenoma {n = 158)

DFSA dietary pattern 1.00 1.00 0.64, 1.54 0.67 0.41, 1.09 0.50 0.30, 0.85 0.003

“Animal food” dietary pattern 1.00 0.84 0.51,1.39 1.08 0.68, 1.73 0.94 0.57, 1.53 0.95

Japanesa dielary pattern 1.00 0.87 0.53,1.42 0.92 0.56, 1.49 1.08 0.67,1.74 0.70
Distal colon adenoma (n = 171)

DFSA dietary pattern 1.00 1.00 0.64,1.54 077 0.48,1.23 0.68 0.42, 1.1% 0.08

“Animal food" dietary pattern 1.00 1.1 0.63, 1.62 0.95 0.59, 1.52 1.01 0.63, 1.62 0.97

Japanese dietary pattern 1.00 1.10 0.67,1.79 1.43 0.90,2.28 1.21 0.74,1.96 0.35
Rectal adenoma {n = 63)

DFSA dietary pattern 1.00 0.94 0.48, 1.84 0.64 0.30, 1.36 0.71 0.34, 1.48 0.26

“Animal food" dietary pattern 1.00 0.66 0.33,1.34 0.64 0.31, 1.32 0.62 0.30,1.28 0.22

Japanese dietary pattarn 1.00 1.58 0.71,3.51 1.56 0.70, 3.47 1.79 0.82, 3.92 018

* Among referents.

T Adjusted for hospital, age, parental history of colorectal cancer,

activity.

occupational rank, body mass index, smoking, and leisure-time physical

$ DFSA, high-dairy, high-fruit and -vegetable, high-starch, low-alcoho! (dietary pattemn).
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based on partial colonoscopy. We controlled for major known
or suspected confounding factors. The uniform background of
the study subjects in terms of occupation, sex, and age was
also advantageous in maintaining comparability between
cases and controls, although this uniformity limits the extent
to which we may generalize from the present findings.

The present study also features some limitations. For one,
the dietary questionnaire has not been validated. However,
the former version, including questions and response options
similar 1o those of the present questionnaire, has been vali-
dated against 7-day, year-round dictary records (25). Most
nutricnts and foods demonstrated fairly good correlation
between the dietary record and questionnaire; relatively high
correlation coelficients of 0.80, 0.77, 0.58, and 0.58 were
observed for bread, [ruits, dairy products, and pickled vege-
tables, respectively. Nondifferential misclassification in our
dietary assessment could distort risk estimates toward the
null. Such a bias may be minimal for the analysis of the
DFSA dictary pattern, composed of food items showing
good correlation between the dietary record and question-
naire, but this bias could be the reason for the lack of an
apparent association with the “animal food” or Japanese
dietary pattern.

Limitations of factor analysis arisc from the arbitrary deci-
sions (15) involved in selecting and grouping foods for anal-
ysis from the questionnaire, in determining the number of
factors Lo retain, in choosing the method of rotation of the
initial factors 1o increase the interpretability of the dietary
pattern, and in labeling dietary patterns according to their
factor loadings. Masaki et al. (28) identified four major
dietary patterns using baseline data of a cohort of male
employees in Tokyo. Similar to our study, their study identi-
fied a “Western breakfast™ dietary pattern and an “animal”
dictary pattern, suggesting the existence of dietary patterns
common to the Japanese. Our derived dietary patterns
accounted for 24 percent of the total variance, which is
comparable with a figure observed in a previous study (17)
but less than that reported in a Japanese study (28). Caution
nceds to be exercised when comparing the variance
explained across studies, which is determined by various
factors including the number of variables in analysis.

Interpretation of findings

A dietary pattern characterized by frequent intakes of
dairy products, confectionaries, and fruits and vegetables, as
well as by infrequent consumption of shochu, a local aleo-
holic beverage, was inversely associated with the risk of
colorectal adenomas. This dietary pattern seems to consist of
relatively healthy selections of foods found in Western coun-
tries and includes foods of probably low consumption in
Japan. According to the food balance sheet (29), per capita
supplies of dairy products in Japan and among developed
countries in the year 2001 were 66 kg (181 g/day)and 197 kg
(540 g/day), respectively; the corresponding values for fruits
were 53 kg (145 g/day) and 83 kg (227 g/day). Although the
associations between these foods and colorectal cancer have
been inconsistent, the present results are in agreement with
the existing body of evidence, including findings from recent
studies, indicating that high consumption of dairy products

Am J Epiderniol 2005;161:338-345

or calcium (30-34) and high consumption of fruits, fruit
juices, or fruit fiber (10, 35-38) are each associated with
reduced risk of colorectal cancer or adenoma. A positive
association of alcohol consumption and colorectal adenomas
or cancer has been reported in many studies, including those
in Japan (23, 39). In addition to independent effects, there
may be complex interactions among food factors consti-
tuting the DFSA dietary pattern. For example, fruit juices
may enhance calcium absorption (40), and reduced alcohol
intake increases the bioavailability of folate (41). The
glycemic effects of a high-starch or a high-sugar diet and
their contritnttion to increased risk of colorectal cancer have
been suspected, but epidemiologic findings are inconsistent
on this point (42, 43). Our finding of an inverse association
between the DFSA dictary pattern and colorcctal adenomas
provides the following suggestions: that a high-starch diet
may inhibit, rather than promote, the formation of colorectal
adenomas and that the adverse effects of a high-starch diet, if
any, may not be so strong as to negate the protective effects
of other foods contributing to this dietary paltern on
adenoma risk. The inverse association of this dietary pattern
with adenoma risk was somewhat stronger for the proximal
colon than for other sites, Random errer could be an explana-
tion. Alternatively, the dictary pattern may be more closely
involved in the formation of adenomas in the proximal
colon.

The Japanese dictary pattern was characterized by high
consumption of many plant foods, including traditional Japa-
nese foods (soybean products, seaweed, pickles) and vegeta-
bles. A diet rich in various plant foods could potentially
reduce cancer risk because of their many biologically active
chemicals (44). However, the Japanese dietary pattern was
not apparently associated with colonic adenomas. In studies
of Western populations, inverse associations between
similar dietary patterns (designated “prudent” or “healthy”
patterns) and colorectal cancer have been unclear (18) or
limited to subgroups (17). The lack of such an association in
our study may contradict a body of evidence supporting an
inverse association between vegetables and colorectal cancer
(4) but agree with results of recent prospective, but oot all
(10, 37), studies reporting no association between vegetables
or fiber and colorectal cancer or adenoma (5-8). As most of
the adenomas in the present study were small in size and less
malignant in nature, the present finding is in line with a
hypothesis that vegetables are inversely associated with the
progression of colorectal adenomas to cancer but not with
the initial appearance of adenomas (38). We found a nonsig-
nificant positive association between the Japanese dietary
pattern and the risk of rectal adenomas. Studies in Japan (45—
49} have consistently shown that frequent consumption of
preserved foods including pickled vegetables and dried/
salted fish, typical of the Japanese diet, is associated with
increased risk of colorectal cancer; of these studies, three
documented a significant association specifically for the
rectum (46—48). These preserved foods contain N-nitroso
compounds {50}, which are potent carcinogens (51). Among
other foods characterizing the Japanese pattern, broiled fish
is a potential source of exposure to carcinogenic heterocyclic
amine (52), although we are not aware of any epidemiologic
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findings suggesting a relation between broiled fish and
colorectal cancer risk,

Meat, especially red meat, processed meat, or meat broiled
at high temperature, has been associated with colorectal
cancer (33, 54) or adenoma (55). A study in Japan found a
significant positive association between intake of animal
protein and the risk of colorectal adenoma (56), However,
we {ind no increase in the risk of colorectal adenomas asso-
cialed with the “animal food” dictary patiern. Besides
possible bias due 10 misclassification in the dietary assess-
menl (as discussed above), the lack of such an association for
colon adenomas in our study may be attributable to the
moderate consumption of meat in Japan (mean daily intake
of total meat: 96 g for men aged 40-49 years (19)). In addi-
tion, poultry has contribuied to the healthy or prudent dietary
patterns in Western populations (16-18). The diversity of
animal food sources may dilute the potential carcinogenic
effects of a specific animal food. Furthermore, it is possible
that moderate intake of animal foods prevents carcinogen-
esis because these foods provide nutricnts such as
methionine and folate, which are beneficial in DNA
synthesis and DNA methylation (57). In this context, our
finding showing an increased risk of rectal adenomas associ-
ated with the lowest quartile of the “animal food™ pattern
may be of note and is consistent with results of certain
studies relating to colorectal cancer in Japan (435, 48, 58).

In conclusion, the present results indicate that a dietary
pattern characterized by frequent consumption of dairy prod-
ucts, confectionaries, bread, fruits, and vegetables but low
intake of local alcoholic beverages is associated with a
reduced risk of colorectal adenomas in Japanese men.
Nonsignificant associations for rectal adenomas, based on an
analysis including only 63 men with adenomas in the rectum,
should set a limit to causal inference. However, since the
incidence of rectal cancer in Japan has been high among
industrial countries (12), the question as to whether a Japa-
nese-style diet or a diet low in animal foods promotes
carcinogenesis of the rectum warrants further investigation.
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Abstract

Blood samples of 152 residents {male 75 and female 77) aged 20-60 years in Fukuoka, Japan, were analyzed for
dioxin toxic compounds of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs),
non-orthe polychlorinated biphenyls (non-ortho PCBs) and mono-ortho polychlorinated biphenyls (mono-ortho PCBs)
as well as 35 PCB congeners and 12 chlorinated pesticides by high-resolution gas chromatography/high-resolution mass
spectrometry. Average concentrations of dioxin toxic equivalents (TEQ) from PCDDs, PCDFs, non-ortho PCBs,
mono-ortho PCBs and their total in the blood of 152 residents were 10.28, 5.56, 7.75, 4.57 and 28.15 ppt in lipid, respec-
tively. These total TEQ levels were comparable to the blood TEQ levels of normal Japanese (n = 735). Lipid basis total
TEQ levels progressively increased in the males from 17.1 ppt at age 20s to 47.5 ppt at age 50s and in the females from
19.5 ppt at age 20s to 54.5 ppt at age 50s. Dioxin toxic contribution of PCBs to total TEQ was increased from 31% at
age 20s to 55% at age 50s. Average concentrations of total 35 PCBs and total 12 pesticides in the blood of 151 residents
were 386 and 1079 ppb in lipid, respectively. Average concentrations (ppb in lipid) of total PCBs and total pesticides
also progressively increased in the males from 213 and 444 at age 20s to 868 and 2140 at age 505, respectively, and in the
females from 199 and 588 at age 20s to 550 and 1977 at age 50s, respectively, The levels of TEQ, PCBs, hexachloro-
benzene, beta-hexachlorocyclohexane, dieldrin, p,p’-dichlorodiphenyldichloroethylene, p,p’-dichlorodiphenyltrichloro-
ethane, frans-nonachlor and cis-nonachlor were positively correlated with each other in most of the combinations,
and the highest correlations (r > 0.8) were observed between total TEQ and PCBs in both sexes,
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Dioxin toxic equivalents {TEQ) have been evaluated
from polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) and in some
cases additionally from non-orthe polychlorinated
biphenyls (PCBs} in the human blood of American (Pat-
terson et al,, 1994; Schecter and Piskac, 2001), German
(Pipke, 1998; Wittsiepe et al,, 2000), Japanese (lida
et al., 1999a,b; Watanabe et al., 2001), Spanish (Gonz-
alez et al., 1998), Belgian (Covaci et al., 2002) and other
countries. However, mono-orthe PCBs have not been in-
cluded in most of the TEQ evaluation. The World Health
Organization (WHQ) revised the Tolerable Daily Intake
(TDI) to 14 pg/kg/day of TEQ consisting of PCDDs,
PCDFs, non-ortho PCBs and mono-ortho PCBs in 1998
(Brouwer et al., 1998). The Japanese government also
revised TDI to 4 pg/kg/day of TEQ consisting of the
same polychlorinated compounds as WHO in 1999
(Environment Agency, 199%9a). Recent studies evaluated
TEQs in Japanese blood from all the four groups of chlo-
rinated compounds (Environment Agency, 1999b,c).
German milk and blood have been analyzed for the
TEQ of PCDDs, PCDFs, nen-orthe PCBs and mono-
ortho PCBs in the same samples (Fiirst and Pépke,
2002). For understanding the background levels of these
chemicals in Japanese, blood samples were collected
among residents in Fukuoka City and analyzed for not
only TEQ related PCDDs, PCDFs, non-ortho PCBs
and mono-ortho PCBs but also 35 PCB congeners,
hexachlorobenzene (HCB), p,p’-dichlorodiphenyltrichlo-
roethane (DDT), p,p’-dichlorodiphenyldichioroethylene
(DDE), p.p'-dichlorodiphenyldichloroethane (DDD),
beta-hexachlorocyclohexane (B-HCH), dieldrin, trans-
nonachlor (t-nonachlor), cis-nonachlor (c-nonachlor)
and others. The blood samples were also examined
for 20 clinical biochemical levels to investigate health
effects that may be caused by the chlorinated com-
pounds.

Yusho PCB poisoning occurred in Fukuoka and
Nagasaki Prefecture in 1968, and some patients are still
keeping body burden of dioxins and PCBs for mere than
30 years and are suffering from various symptoms (Ma-
suda, 1996). Data of this study will be helpful to under-
stand the changes of the body burdens in the patients by
comparing the blood levels of these chemicals in Yusho
patients and the Fukuoka residents.

2. Materials and methods

2.1. Chemicals

Standard chemicals of the PCB congeners listed in
Table 3, 10 PCDFs and 7 PCDDs were purchased from

Analabs, USA, Chembridge Isotope Laboratories, USA
or Wellington Laboratories, Canada. Carbon 13 labeled
PCBs, PCDFs and PCDDs were from Chembridge Iso-
tope Laboratories, USA. HCB, B-HCH, dieldrin, DDE,
DDD, DDT, tnonachlor, ¢-nonachlor, heptachlor
epoxide, (-chlordane, c-chlordane and oxychlordane
were from Wako Pure Chemical Ind. Ltd. Toluene, n-
hexane, acetone, dichloromethane, ethanol, sodium sul-
fate, silica gel used were dioxin analysis grade.

2.2. Study subjects and blood sampling

A total of 280 men and women aged 20-59 years
were randomly selected among residents in an area of
Fukuoka City (Located in southwest of Japan, area
340 km?, 1.315 million inhabitants, economic condi-
tions: the primary ¢.8%, the second 16.6% and the terti-
ary 80.3% industries), and 140 subjects were selected for
each sex with 40 subjects in the age classes of 20s and 30s
each and 30 subjects in the age classes of 40s and 50s.
They were invited to participate in the study by at most
three mails, and potential participants were further
asked by telephone whether they were eligible on the
basis of the criteria used for blood donation by the
Japanese Red Cross. Finally 152 subjects (75 men and
77 women, no Yusho patients included) participated in
the study, The participation rate was calculated
as 58% after exclusion of those who were found to be
ineligible (n=13), those who had moved out (» = 2),
and those with undelivered mail (#=15). The survey
was done in QOctober and November in 1999.

Research nurses drew 100 ml of non-fasting venous
blood at clinics or hospitals in the study area under phy-
sician’s supervision. Blood of 90 ml was drawn by using
nine glass tubes (10-ml size) treated with heparin; 70 ml
were transferred to a glass vehicle provided by ERGO
laboratory (Hamburg) and stored at —20 °C until ship-
ment to the Laboratory, and 20 ml was sent to Daiichi
College of Pharmaceutical Sciences on the day of
blood sampling. The remaining 10 ml was taken into
a plastic vacuum tube to separate serum, and the
scrum was frozen at minus 80 °C until biochemical
measurement.

2.3. Analysis of PCDDs, PCDFs, non-ortho PCBs
and mono-ortho PCBs

Blood sample, 70 ml, was added with the internal
standards of 7 '*C-PCDDs, 10 *C-PCDFs, 4 *C-non-
ortho PCBs and 8 *C-mono-ortho PCBs and mixed with
water/ethanol, eluted through silica phase column and
extracted with hexane. The hexane solution was evapo-
rated to dryness and remaining lipid was gravimetrically
determined. The lipid material was redissolved in hexane
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and passed through multi-layer column of sulfuric acid/
silica gel, cesium silicate and potassium silicate. The elu-
ate was concentrated and fractionated on a column of
carbon on glass fiber. The column was eluted with hex-
anef/dichloromethane for separating mono-ortho PCBs,
and later reversely eluted with toluene for the fractions
of PCDDs, PCDFs and non-orthe PCBs. Each fraction
was determined for individual congeners by high-resolu-
tion gas chromatography/high-resclution mass spec-
trometer (HRGC/HRMS) in ERGO Laboratory
(Masuda et al., 1998).

2.4. Analysis of PCBs and chlorinated pesticides

Blood sample, 10 ml, was extracted with acetone/hex-
ane (2:1) and the extract was concentrated to dryness to
determine the lipid weight, The lipid was dissolved in
hexane/dichloromethane (1:1), added with internal
standards of 12 *C-PCBs and fractionated on a gel per-
meation column of Bio-Beads 5-X3. The fraction for
PCBs and pesticides was analyzed for PCB congeners,
HCB, DDT, DDE, DDD, 3-HCH, dieldrin, t-nonachlor,
c-nonachlor, heptachlor epoxide, t-chlordane, ¢-chlor-
dane and oxychlordane by HRGC/HRMS (Hewlett
" Packard 5890J gas chromatograph-JEOL SX-102 mass
spectrometer) (Mimura et al., 1999).

2.5. Measurement of clinical biochemicals

Frozen serum samples were sent to an external labora-
tory (SRL, Tokyo), en bloc for determination of clinical
biochemicals including thyroxin binding globulin, triiodo-
thyronine, free-triiodothyronine, thyroxine, free-thyrox-
ine, thyroid-stimulating hormone, total cholesterol,
triglyceride, creatinine, uric acid, amylase, gamma-gluta-
myl transpeptidase, cholinesterase, glutamine-oxaloace-
tic transaminase, glutamic-pyruvic transaminase,
albumin, testosterone, free testosterone, luteinizing hor-
mone, follicle-stimulating hormone.

2.6. Statistical analysis

All statistical analyses were carried out using statisti-
cal analyses software of StatFlex version 5, 2000, Ar-
tech, Osaka. If the levels of the pollutants are below
detection limit, half values of the detection limit are used
as their concentrations.

3. Results

For estimating the TEQ concentrations, half values
of the detection limit were introduced to the spaces of
nd (not detectable) and TEQ factors established by

WHO in 1998 (Brouwer et al., 1998) were used for calcu-
lation. Table 1 displays the concentrations of TEQ from
PCDDs, PCDFs, non-ortho PCBs and mono-ortho
PCBs in the blood of Fukuoka residents. All 152 sam-
ples were separated into four groups of female aged
20-39, female aged 40-60, male aged 20-39 and male
aged 40-60, because the values in the older group were
higher than those in the younger group in both sexes.
Table 2 lists the TEQ concentrations in the blood of
the four groups and their ratio of older/younger groups.
Total TEQ concentrations in the older groups are about
two times higher than these in the younger groups in
both sexes. The TEQ concentration ratios are ranged
from 1.2 to 4.0 in PCDD/PCDF congeners and from
1.9 to 3.9 in PCB congeners. Differences of TEQ concen-
trations between the older group and the younger group
are greater in PCB congeners than in PCDD/PCDF con-
geners. Fig. 1 shows accumulated TEQ concentrations
from PCDDs, PCDFs, non-ortho PCBs and mono-ortho
PCBs in the blood by sex and age-class. Total TEQ lev-
¢ls progressively increased with advancing ages 20s to
50s in both sexes. Percentage of the TEQ contributed
from non-ortho PCBs to total TEQ increased from
18.1% to 35.3% in males and from 17.5% to 37.5% in
females when age advanced from 20s to 50s. On the
other hand, the TEQ contributed from PCDDs de-
creased from 46.7% to 28.3% in male and from 46.7%
to 28.9% in female when the age changed from 20s
to 50s.

Table 3 shows lipid basis concentrations of PCBs
and chlorinated pesticides in the blood of 151 Fukuoka
residents, data were missing with one female. Total
concentrations of PCBs and chlorinated pesticides are
386 and 1079 ppb in lipid, respectively, and are
13700 and 38000 times higher than the TEQ concentra-
tion, respectively. Table 4 lists the concentrations of 33
PCB congeners and 12 chlorinated pesticides in the
four divided groups of age and sex. Total concentra-
tions of PCBs and pesticides of older females are 1.8
and 1.7 times higher than those of younger females,
respectively and total concentrations of PCBs and pes-
ticides of older males are 2.6 and 3.1 times higher than
those of younger males, respectively. The concentration
ratios of older/younger in males are greater than those
in females. Concentrations of PCB and pesticide conge-
ners in older groups are mostly higher than those of
younger groups except those of PCB #101/90/89, -
chlordane and c-chlordane in females. Accumulated
concentrations of PCBs and nine chlorinated pesticides
in 151 residents are shown in Fig. 2. These concentra-
tions also increased with advancing ages. Considerably
elevated concentrations of B-HCH were observed at age
50-60 in both sexes.

As shown in Fig. 3, significant positive correlations
were observed between TEQ level and age. Fig 4
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Table 1

Concentrations of TEQ from PCDDs, PCDFs, non-ortho PCBs and mono-ortho PCBs in the blood of Fukuoka residents (total 152:

female 77, male 75)

TEF Numbers TEQ concentration® (pg/g lipid)
detected Mean SD Median Min Max
Age 36.68 11.83 35.07 20.03 60.03
Fat content (%) 0.34 0.06 0.33 0.22 0.78
2,3,7,8-Tetra-CDD 1 123 1.67 0.91 1.50 0.50 5.00
1,2,3,7.8-Penta-CDD 1 151 5.68 2.28 5.25 1.70 15.00
1,2,3,4,7,8-Hexa-CDD 0.1 120 0.30 0.17 0.26 0.05 0.93
1,2,3,6,7,8-Hexa-CDD 0.1 152 2.05 0.96 1.90 0.44 4.50
1,2,3,7,8,9-Hexa-CDD 0.1 135 0.34 0.19 0.30 0.05 1.00
1,2,3,4,6,7,8-Hepta-CDD 0.01 152 0.20 0.15 0.16 0.05 0.96
OoCDD 0.0001 151 0.04 0.05 0.02 0.00 0.42
Total PCDDs TEQ 152 10.28 4.21 9.50 349 26,34
2,3,7,8-Tetra-CDF 0.1 21 0.10 0.08 0.10 0.05 0.57
1,2,3,7,8-Penta-CDF 0.05 20 0.03 0.04 0.03 0.01 0.44
2,3,4,7,8-Penta-CDF 0.5 152 4.13 2.22 3.68 1.10 13.00
1,2,3,4,7,8-Hexa-CDF 0.1 151 0.51 0.30 0.46 0,13 2.90
1,2,3.6,7,8-Hexa-CDF 0.1 151 043 0.20 0.40 0.19 1.80
1,2,3,7,8,9-Hexa-CDF 0.1 0 0.09 0.07 0.05 0.05 0.50
2,3,4,6,7,8-Hexa-CDF 0.1 109 0.21 0.16 0.18 0.05 1.40
1,2,3,4,6,7,8-Hepta-CDF 0.01 63 0.03 0.04 0,02 0.01 0.39
1,2,3,4,7,8,9-Hepta-CDF 0.01 10 0.01 0.01 0.01 0.01 0.05
OCDF 0.0001 2 6.00 0.00 0.00 0.00 0.00
Total PCDFs TEQ 152 5.56 277 5.10 1.82 20.66
3.3,4,4'-Tetra-CB (#77) 0.0001 1 0.00 0.00 0.00 0.00 0.00
3,4,4' 5-Tetra-CB (#81) 0.0001 58 0.00 0.00 0.00 0.00 0.00
3,3',4,4' 5-Penta-CB (#126) 0.1 131 7.49 7.7 4.75 0.50 43.00
3,¥.,4,4',5,5-Hexa-CB (#169) 0.01 152 0.45 0.30 0.37 0.10 1.60
Total non-orthe PCBs TEQ 152 7.75 7.93 5.00 0.28 43.98
2,3,3",4,4-Penta-CB (#1035) 0.0001 151 0.27 0.27 0.18 0.02 1.80
2,3,4,4',5-Penta-CB (#114) 0.0005 152 0.40 0.33 0.31 0.05 1.90
2,3',4,4' 5-Penta-CB (#118) 0.0001 151 1.08 0.96 0.77 0.14 6.00
2'3,4.4',5-Penta-CB (#123) 0.0001 82 0.03 0.04 0.02 0.00 0.26
23,3 44" 5-Hexa-CB (#156) 0.0005 147 2.16 1.57 1.63 0.25 8.00
2,3,3',4.4",5'-Hexa-CB (#157) 0.0005 152 0.57 0.42 0.45 0.09 2.65
2,3 4.4' 55 -Hexa-CB (#167) 0.00001 150 0.02 0.01 0.0t 0.00 0.08
2,3,3',4,4',5,5"-Hepta-CB (#189) 0.0001 147 0.05 0.04 0.04 0.01 0.21
Total mono-ertho PCBs TEQ 152 4.57 3.46 3.61 0.75 18,70
Total TEQ 152 28.15 16.98 23.08 9.13 101.96

* Half value of detection limit was introduced to nd (not detectable).

illustrates correlations in pairs of major components of
the PCDDs, PCDFs, PCBs and pesticides. They were
positively correlated with each other and with age.
High correlation coefficients were observed for 1,2,3,7,
8-penta-CDD, 2,3,4,7.8-penta-CDF, and 2,3,3',44,
5-hexa-CB, very toxic components, and 2,2',4,4',5,5'-
hexa-CB, the most abundant component among PCBs
retained in human.

Table 5 summarizes correlation coeflicients between
age and the levels of TEQ, PCBs, HCB, p-HCH, dield-
rin, DDE, DDT, t-nonachlor and c-nonachlor in the
blood of Fukuoka residents of male 75 and female 77
{or 76). Age was highly correlative with nine retainable
chlorinated chemicals in males and females except with
dieldrin and DDT in females. Significant positive corre-
lations were recorded between the concentrations of nine
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chlorinated compounds in both males and females with
exception for DDE and dieldrin as well as for DDT and
B-HCH in females. The highest correlation was between
TEQ and PCBs in both sexes.

As the concentrations of TEQ, PCBs and pesticides
were positively correlated with age in the blood of Fu-
kuoka residents, these concentrations were naturally
correlated with levels of biochemicals such as total cho-
lesterol, triglyceride, thyroxin and others of which levels
generally change with advancing age. These investiga-
tions will be reported elsewhere after careful examina-
tion of the levels and ages.

4. Discussion

Total TEQ concentrations in the blood of Fukuoka
residents were comprised of non-orthe PCBs from 17%
to 38%, mono-ortho PCBs from 14% to 20% and the
both PCBs from 31% to 55% in different age groups
from 20s to 50s. Non-orthe PCBs and mono-ortho
PCB constituted 37% of total TEQ in Nose residents,
39% in Saitama residents, and 60% in the six area
Japanese (Table 6). In German breast milk and blood,
non-erthe PCBs and mono-orthe PCBs accounted for
51% and 52% of total TEQ, respectively (Fiirst and
Pipke, 2002). The PCBs in human blood contributed
to about a half of total TEQ concentrations and were
considered to be important factors for evaluating dioxin
toxicity.

One of the important findings in this study is that the
levels of TEQ, PCBs and some pesticides in the blood
were positively correlated with age. The correlations be-

-tween TEQ and age have been recently examined in Ja-
pan as shown in Table 6. Average TEQ level in the
blood of Fukucka residents was 28 ppt in lipid, and
the value was similar to those reported in other three
studies in Japan. The increment of TEQ per age, 0.95
ppt, in this study is higher than observed in other two
studies, 0.35 and 0.37 ppt per age. Results from the
study of Nose and Saitama residents could not be com-
parable, because the Nose study included the blood sam-
ples from a dioxin-polluted area. Time trend of TEQ
body burden (lipid base TEQ concentration) has not
been examined in Japan except the report of Japanese
Environmental Agency (Environment Agency, 1999d).
That is, the breast milk samples stored in the laboratory
in Osaka from 1973 to 1995 were analyzed for PCDDs,
PCDFs and coplanar PCBs. TEQ concentrations in fat
base were steadily decreased with the year of sampling
from 57 ppt in 1973 to 23 ppt in 1996. Supposing that
the milk donors were about 30 years old at the time of
milk sampling from 1973 to 1996, they are considered
to have been from 56 to 33 of their age in 1999. As
shown in Fig. 5, the TEQ levels in milk fat can be ap-
plied to the fat base TEQ level in the blood of 77

® The ratic was not shown because of many nds (not detectable) where half of the detection limits were introduced.
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Accumulated concentrations of TEQs from PCDD/PCDF/PCE

60

b} B Mono-oPCBs
% 0 Non-oPCBs
£ W PCDFs
& W PCDDs

F20-29 F30-39 F40-49 F50-60 M20-29 M30-39 M40-49 MS50-60
(25) (28} {13) (11} (25) {17 (14) {19)
Percent TEQ concentrations In the btood of Fukuoka residents (152)
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Fig. 1. Accumulated concentrations of TEQs from PCDDs, PCDFs, non-orthe PCBs and mone-ortho PCBs (upper) and percent of

TEQs from PCDDs, PCDFs, non-orthe PCBs and mono-orthe PCBs (lower) in the blood of 152 residents in Fukuoka. F: female, M:
male, range of ages, and number in parentheses.

~-395—



Y. Masuda et al. | Chemosphere 58 (2005) 329-344 337

Table 3
Concentrations of PCB congeners and pesticides in the blood of Fukuoka residents (female 76, male 75)

Numbers PCB concentration {ng/g lipid)

detected in 151 yrean D Median Min  Max
Age 36.6 11.8 35.1 20.0 60.0
Fat content (%) 0.19 0.04 0.19 0.10 0.29
2,44"-TriCB (#28) 151 2.6 2.0 2.0 0.2 11.7
2,2,5,5'-/2,2',3,6'12,3' 4,6-Tetra-CB (¥52/46/69) 148 20 1.3 1.9 0.1 7.7
2,4,4',5-2,3,4,5-Tetra-CB (#74/61) 151 11.8 1.1 8.1 0.6 64.9
2,3',4,4'-Tetra-CB (#66) 150 22 2.0 i6 0.3 12.2
2,3,3',4'42,3,4,4"-Tetra-CB (#56/60) 150 1.1 0.7 09 0.1 37
2,2' 4,5,5-12,2",3,4',5-12,2' 3,4,6'-Penta-CB (#101/90/39) 151 52 2.5 4.5 1.8 14.0
2,2' 4,4’ ,5-Penta-CB (#99) 151 10.0 3.1 7.8 1.1 46.1
2,3'4,4',5-12,3,3' 4,5-Penta-CB (#118/106) 151 19.6 15.8 14.6 3.5 81.9
2,3,4,4',5-Penta-CB (#114) 150 1.3 1.0 1.0 0.1 68
2,3.3,44'4/3,3 4,55 -Penta-CB (#105/127) 150 44 3.6 3.2 0.5 20.6
2,2',3,3",5,5'-Hexa-CB (#133) 135 2.0 1.9 14 0.2 10.5
2,2',3,4',5,5'-Hexa-CB (#146) 151 9.2 7.5 6.8 1.5 454
2,2'.4,4' 55 -Hexa-CB (#153) 151 86.8 73.8 65.0 6.6 387.5
2,2',3,4,4" 5-Hexa-CB (#137) 150 2.3 1.9 1.7 0.2 9.4
2,2',3,3 4,5'-Hexa-CB (#130) 151 3.0 .8 26 0.6 10.9
2,3,3",4',5',6-12,3,3 4',5,6-Hexa-CB (#164/163) 151 12.9 9.9 9.9 2.1 48.9
2,2',3,4,4",5'-Hexa-CB (#138) 151 42.3 322 333 13 178.7
2,3,3 44’ ,5-Hexa-CB (#156) 151 9.2 6.7 6.9 0.7 1.2
23,344, 5'-Hexa-CB (#157) 151 4.2 54 11 0.6 62.6
2,2'.3,3,5,5 6-Hepta-CB (#178) 151 44 4.0 2.8 0.6 222
2,2'.,34,4',5,6'-/2,2 3,4' 55" 6-Hepta-CB (#182/187) 151 214 16.6 17.0 31 87.8
2,2/,3.4,4" 5 ,6-Hepta-CB (#183) 151 6.8 57 5.1 0.6 388
2,2'.3,3',4',5,6-Hepta-CB (#177) 143 4.5 37 34 0.6 19.9
2,2,3,3',4,4' 6-Hepta-CB (#171) 142 1.7 1.3 1.2 03 7.8
2,2',3,3'4,5,5"-Hepta-CB (#172) 146 22 1.9 1.6 0.3 10.9
2,2',3,4.4' 5,5 -Hepta-CB (#130) 151 64.9 474 50.0 9.0 266.5
2,2,3,3 44" ,5-Hepta-CB (#170) 151 20.0 14.2 16.0 3.0 73.9
2,3,3' 4,4' 5 6-Hepta-CB (#190)} 149 1.9 1.3 1.5 0.2 7.1
2,3,3,4,4'.5,5 -Hepta-CB (#189) 131 1.1 0.8 038 0.1 5.6
2,23,3,5,5,6,6'-OctaCB (#202) 133 1.8 1.6 12 02 7.2
2,2:.3,3'4,5,5 6-OctaCB (#198) 151 6.2 5.1 4.7 0.6 28.0
2,2'.3,44',5,5 ,6-OctaCB (#203) 149 56 5.9 37 0.6 35.6
2,2',3,3,4.4°,5,6-0OctaCR (#195) 130 1.8 1.4 1.3 0.2 6.9
2,2.3,3',4,4’ 5,5-OctaCB (#194) 151 9.0 1.5 6.3 0.7 40.2
2,2,3,3,4,4'.5,5 6-NonaCB (#206) 138 1.8 [.3 14 0.3 6.2
Total PCBs 151 386 284 314 64 1433
HCB 151 23.1 15.5 21.6 1.2 84.7
B-BHC 140 564 742 280 59 4830
Heptachlor epoxide 138 5.6 43 4.3 0.7 21.7
Dieldrin 150 17.3 31.7 10.3 14 274.1
p.p'-DDE 148 364 248 312 40 1598
pp'-DDD 151 9.4 7.2 7.3 1.0 39.6
pp'-DDT 149 40 k)] 28 5 157
+-Chlordane 140 1.3 0.9 1.0 0.1 6.6
¢-Chlordane . 141 38 2.8 31 0.1 15.6
t-Nonachlor 151 73 74 50 9 566
¢-Nonachlor 148 13.0 13.2 8.5 1.1 67.8
Oxychlordane 128 16.8 15.6 13.8 14 99.1
Total pesticides 151 1079 951 762 &4 5755
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