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Abstract: Consumption of Seafood, Serum Liver
Enzymes, and Blood Levels of PFOS and PFOA in
the Japanese Population: Miwa YamacucHi, et al.
Department of Preventive Medicine, Institute of
Health Biosciences, the University of Tokushima
Graduate School, Japan—Objective: Perfluorooc-
tanesulfonate (PFOS) and perfluorooctanoate (PFOA)
have been shown to accumulate in the human body.
The purpose of the present study was to examine the
factors associated with the blood levels of PFOS and
PFOA. Methods: A cross-sectional study was
performed on 307 men and 301 women (aged 16-76
years) living in 15 prefectures in Japan. Blood levels of
PFOS and PFOA were measured by liquid chromatog-
raphy-mass spectrometry. Hepatic enzymes (y-GTP,
GOT, and GPT) and w-3 polyunsaturated fatty acids
(DHA and EPA) levels in serum were also measured.
Associations between the levels of PFOS and PFOA in
blood and the intake frequency of 41 kinds of dishes,
foods and beverages and the serum levels of liver
enzymes and w-3 polyunsaturated fatty acids were
examined using rank correlations. Results: Frequency
of intake of boiled fish in broth, sliced raw fish and
coastal fish showed significant positive correlations with
PFOS concentrations in blood after adjustments for
potential confounders. Serum levels of GOT, GPT, DHA
and EPA showed significant positive correlations with
PFOS and PFOA in blood. There was also a significant
regional difference in the blood levels of PFOS and
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PFOA, with medians being highest in the Tokai/Hokuriku/
Kinki region. Conclusions: These findings suggest
that the concentrations of PFOS in blood were mainly
associated with fish consumption and that the levels of
PFOS and PFOA were associated with the serum levels
of liver enzymes in Japanese populations. Further
investigations are required to clarify the reason for the
regional differences in blood levels of PFOS and PFOA
in Japan.
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Perfluorochemicals (PFCs) are man-made chemical
substances containing C-C and C-F bonds. PFCs are
extremely resistant to degradation, and accumulate in
the environment. Perfluorooctanesulfonate (PFOS)
and perfluorooctanoate (PFOA) are two of the main
PFCs. PFOS and PFOA have both hydrophilic and
lipophilic properties. PFOS bioaccumulates in animal
tissues through the food web", and exposure to PFOA
occurs in part through drinking water and beverages?.
The geometric mean elimination half-lives of PFOS
and PFOA from human serum are approximately 4.8
and 3.5 years, respectively?.

Recently, it has been reported that PFOS and PFOA
have toxic effects on wildlife and humans. The toxic-
ity includes neurobehavioral defects®, hepatotoxicity®,
immune toxicity and carcinogenicity®. A reduction in
human exposure to PFCs has been reported following
the phasing-out of perfluorosulfonyl-based compounds
and the Environmental Protection Agency’s program
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to reduce PFOA emissions and content in products”.
Decreasing levels of PFOS and PFOA have been
observed in biomonitoring studies in the United States
as well®.

Dietary habits may play a crucial role in the accu-
mulation of PFOS and PFOA in the human body.
However, there is still debate over the sources of
dietary exposure to PFOS and PFOA in humans.
Several reports have indicated that PFOS and
PFOA were transferred into the human body mainly
through fish intake®!”. On the other hand, research
in Denmark showed positive associations between
concentrations of PFOS in blood and consumption of
red meat, animal fat and snacks, but not fish'".

Few studies have investigated the factors associ-
ated with blood levels of PFOS and PFOA in Japan.
Therefore, we intended to clarify the factors correlated
with blood levels of PFOS and PFOA, especially with
regard to sex, age, residential area, lifestyle, repro-
ductive history, and blood biochemical tests, in the
Japanese population.

Materials and Methods

Study subjects

The study subjects were participants in the “Survey
on the Accumulation of Dioxins and Other Chemical
Compounds in Humans” project, which has been
performed under the supervision of the Japanese
Ministry of the Environment since 2002. The purpose
of this project is to collect data on blood levels
and the dietary intake of dioxins and other chemi-
cal substances and their determinants in Japanese
populations without occupational exposure!>'¥. The
surveys were carried out in five regional blocks:
Hokkaido/Tohoku, Kanto/Koshin-etsu, Tokai/Hokuriku/
Kinki, Chugoku/Shikoku, and Kyushu/Okinawa. In
2008, one prefecture was selected from each of the
five regional blocks, and from each prefecture, three
study areas (urban, agricultural and fishing areas)
were selected. Urban, agricultural and fishing areas
represent the places where industries of commerce
and manufacturing, farming and fishing take place,
respectively. In each prefecture, 50 subjects, 20 from
the urban area and 15 from each of the agricultural
and fishing areas, were recruited. In 2009 and 2010,
two study areas (an urban area and an agricultural
or fishing area) were selected from each prefecture,
and 35 subjects, 20 from the urban area and 15 from
the agricultural or fishing area, were recruited. The
number of study subjects was reduced in 2009 and
2010 because of financial constraints. Participants
were recruited through magazines, posters, the website
of a local government office, and broadcasts in the
area. Subjects were eligible if they were 15-76 years
old, had lived for at last 10 years without frequently

leaving the residential area for work or other reasons
and were not suffering from severe anemia. The
project collected data on blood levels of PFOS and
PFOA from 608 subjects (307 men and 301 women)
during 2008-2010. Written informed consent was
obtained from each participant. The study protocol
was reviewed and approved by the Ethical Committee
of the Ministry of the Environment of Japan.

Questionnaire

Participants were requested to complete a ques-
tionnaire that included questions on residential and
occupational histories, history of previous diseases
and treatments, smoking habits, and dietary habits.
Regarding dietary habits, the subjects were asked
how often they had consumed 41 dishes, foods, food
groups and beverages over the previous month. For
rice, the amount consumed (how many cups/day) was
asked. For the other 40 dishes, foods and beverages,
the frequency of intake was classified into 5 catego-
ries: rarely, 1-2 times month™!, 1-2 times week™,
3—4 times week™' and almost every day, which were
converted to times week™, i.e., 0.1, 0.35, 1.5, 3.5 and
6 times week™!, respectively. We did not specify the
unit or portion of the foods consumed.

Collection and analysis of blood samples

Blood samples were collected in 10-m/ Vacutainer
tubes containing sodium-heparin solution (Terumo
VT-100 or Becton, Dickinson and Company 367677).
PFOS and PFOA were extracted using a method
previously described by Hansen et al.'¥, with some
modifications. Briefly, 0.5 m/ of blood, 1 m/ of 0.5 M
tetrabutylammonium hydrogen sulfate solution, 2 m/ of
0.25 M sodium carbonate buffer, 10 ¢/ of 500 ng mi/™!
PFOS-"C, and 10! of 500 ng m/"' PFOA-"C, were
added to a tube and mixed. Following addition of
5ml of metyl tert-butyl ether (MTBE) to the solu-
tion, the organic and aqueous layers were separated
by shaking and centrifugation, and the organic layer
was removed and retained. The raffinate was rinsed
with MTBE and separated. The organic layer of the
first and the second extractions were combined, and
the extract was evaporated and dissolved with 1 ml
of acetonitrile. Then, the sample was passed into a
cartridge column (Oasis MCX Vac Cartridge [3 cc,
60 mg, Waters], and eluted with 10 m/ of acetonitrile.
The sample was further evaporated, reconstituted
in 1 m/ of methanol and passed through a filter to
remove suspended materials and insoluble particles.
PFOS and PFOA concentrations were determined
using liquid chromatography (Agilent 1100, Agilent
Technologies, Palo Alto, CA, U.S.A.)-mass spectrom-
etry (API 4000 QTrap, AB Sciex, Framingham, MA,
U.S.A.). The limit of quantification was 0.20 ng m/™!
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for PFOS and 0.32 ng m/"! for PFOA. In the recovery
test (No.=7), percentage recovery was 95.6% (coeffi-
cient of variation [C.V.]=1.7%) for PFOS and 100.9%
(C.V.=2.1%) for PFOA. In this study, whole blood
was used for analysis of PFOS and PFOA because
not only the serum fraction but also red blood cells
contain PFOS and PFOA.

Blood samples were also collected into 9-ml
Vacutainer tubes and used for the measurement of
y-glutamyl transpeptidase (y-GTP), glutamic-oxaloace-
tic transaminase (GOT), glutamic-pyruvic transaminase
(GPT), docosahexaenoic acid (DHA) and eicosapen-
taenoic acid (EPA). Liver enzymes and @-3 polyun-
saturated fatty acids in serum were determined by an
automatic biochemical analyzer (Hitachi 7450, Japan)
and by a gas chromatograph (Agilent Technologies
6890N, U.S.A), respectively, at SRL, Inc., (Tokyo,
Japan).

Statistical analysis

The statistical significance of differences in blood
levels of PFOS and PFOA according to sex, age cate-
gory, regional block, residential area, smoking habits,
reproductive history and method of nursing in women
was tested using general linear models, adjusted for
age, sex, log (BMI), regional block, residential area
and smoking habits, excluding the independent vari-
able of interest. In this analysis, the levels of PFOS
and PFOA in blood were log-transformed because
they were positively skewed. The antilog values of
least-square means, adjusted for other factors included
in the models, are presented. Associations between
the concentrations of PFOS and PFOA in blood and
the frequency of intake of dihses, foods and alcoholic
beverages and the serum levels of liver enzymes and
-3 polyunsaturated fatty acids were examined using
the Spearman rank correlation, after adjusting for the
effects of age, sex, BMI, regional block, and smoking
habits (Model 1). Using items that showed significant
correlations in Model 1, fully adjusted analyses were
performed for dishes, and foods and alcoholic bever-
ages, separately (Model 2). In the analysis of liver
enzymes, frequency of intake of alcoholic beverages
was further adjusted (Model 2). In multivariate analy-
sis, indicator variables were created for sex (No.=2),
regional block (No.=5), smoking habits (No.=3), and
frequency of alcohol drinking (tertiles, No.=3), and
all categories except for the reference categories were
included in the models. We performed all statistical
analyses using the GLM and CORR functions of the
SAS software package (version 8.2; SAS Institute Inc.
1997)!>. Results were considered statistically signifi-
cant if p-values were less than 0.05 (two-tailed).
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Results

Table 1 shows the characteristics of the study
population. The proportions of men and women
were 50.5 and 49.5%, respectively, and the mean age
was 46.3 years (S.D. 13.2 years). Because of the
study design, the participants were distributed almost
equally according to regional block. The propor-
tion of subjects from urban areas comprised 44.2%,
followed by fishing villages (33.6%) and farming
villages (22.2%). Table 1 also shows the propor-
tion of nonsmokers, current smokers and ex-smokers,
according to sex.

Table 2 presents the medians (with 25th and 75th

Table 1. Characteristics of the study population

No. (%)

Total 608 100
Sex

Men 307 505

Women 301 49.5
Age

16-29 71 11.7

30-39 134 220

40-49 141 23.2

50-59 151 24.8

60-76 111 18.3
Survey year

2008 257 423

2009 178 293

2010 173 28.5
Regional block

Hokkaido/Tohoku 123 20.2

Kanto/Koshin-estu 122 20.1

Tokai/Hokuriku/Kinki 127 20.9

Chugoku/Shikoku 120 19.7

Kyushu/Okinawa 116 19.1
Residential area

Urban 269 44.2

Farming villages 135 222

Fishing villages 204 336
Smoking habits (men)

Nonsmoker 117 38.1

Current smoker 94 30.6

Ex-smoker 96 31.3
Smoking habits (women)

Nonsmoker 265 88.0

Current smoker 20 6.6

Ex-smoker 13 4.3

Unknown 3 1.0
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Table 2. PFOS and PFOA concentrations in blood, @-3 polyunsaturated fatty acid and hepatic enzymes levels in serum, body mass
index, and frequency of intake of dishes, foods and alcoholic beverages

No. Median 25 percentile 75 percentile

PFOS (ng/ml) 608 5.8 3.7 8.8
PFOA (ng/ml) 608 2.1 1.5 33
DHA (mg/l) 608 127 97 162
EPA (mg/l) 608 55 33 83
y-GTP (1U/1) 608 23 16 40
GOT (1U/1) 608 20 17 25
GPT (IU/I) 608 19 14 28
BMI (kg/m?) 608 229 20.9 25.5

Frequency of food intake
Dishes (times/week)

Grilled fish 608 1.5 0.35 35
Eel 601 0.1 0.1 0.1
Boiled fish in broth 605 0.35 0.35 1.5
Deep-fried seafood or vegetables (tempura) 606 0.35 0.35 0.35
Sliced raw fish (sashimi) 608 0.35 0.35 1.5
Chinese-style dumpling (gyoza) 606 0.35 0.35 0.35
Pork cutlets 606 0.35 0.35 0.35
Grilled meat 607 0.35 0.35 0.35
Hamburger 607 0.1 0.1 0.35
Chicken nuggets 607 0.1 0.1 0.35
Croquette 608 0.35 0.35 0.35
French fries 606 0.1 0.1 0.35
Chinese noodles 608 0.35 0.35 1.5
Rice (bowls/day) 608 2.5 2.0 3.0
Food items (times/week)
Coastal fishes (horse mackerel, mackerel, sardine, etc.) 606 1.5 0.35 1.5
Other fishes (tuna, salmon, bonito, etc.) 608 1.5 0.35 1.5
Squid, octopus 606 0.35 0.35 0.35
Crab 605 0.1 0.1 0.35
Shrimp 604 0.35 0.1 0.35
Boiled fish paste, tubular roll of grilled fish paste (kamaboko, chikuwa) 606 0.35 0.35 1.5
Short-neck clam, corbicula 606 0.35 0.1 0.35
Beef 606 1.5 0.35 1.5
Pork 607 1.5 1.5 35
Ham, sausage 607 1.5 0.35 1.5
Bacon 604 0.35 0.1 1.5
Egg 606 3.5 1.5 6.0
Milk 607 1.5 0.35 6.0
Cheese 607 0.35 0.1 1.5
Yogurt 608 L5 0.35 35
Butter 603 0.35 0.1 1.5
Green-yellow leafy vegetables (spinach, komatsuna, etc.) 605 1.5 1.5 35
Other green-yellow vegetables (carrot, pumpkin, etc.) 607 35 1.5 6.0
Beans 607 1.5 1.5 3.5
Sea tangle, seaweed 607 1.5 1.5 35
Mushrooms 608 1.5 1.5 3.5
Fruits 608 35 1.5 6.0
Vegetable oil 602 35 1.5 6.0
Margarine 605 0.35 0.1 1.5
Beer 603 0.35 0.1 35
Rice wine (sake) 598 0.1 0.1 0.1
Spirits (syochu) 599 0.1 0.1 0.35
Alcoholic beverages (beer, sake, syochu) 593 0.55 0.3 5.35

PFOS, Perfluorooctanesulfonate; PFOA, perfluorooctanoate; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; y-GTP,
y-glutamyl transpeptidase; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase; BMI, body mass index.
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percentiles) of PFOS and PFOA levels in blood, serum
levels of hepatic enzymes (y-GTP, GOT and GPT) and
-3 polyunsaturated fatty acids (DHA and EPA), BMI
and frequency of intake of dishes, foods and alcoholic
beverages. The medians of PFOS and PFOA levels in
blood were 5.8 and 2.1 ng ml™!, respectively.

Tables 3 and 4 present adjusted mean blood
concentrations of PFOS and PFOA according to sex,
age category, regional block, residential area, smok-
ing habit, reproductive history and method of nurs-
ing. Because of the positively skewed distributions
even after log-transformation, adjusted mean concen-
trations of PFOS and PFOA were somewhat higher
than the medians. Men showed significantly higher
blood levels of PFOS than women. In both men and
women, blood levels of PFOS increased with age,
with statistically significant differences among five
age categories. In women, levels of PFOA in blood
also increased with age, and the difference among the
age categories was significant. With regard to region-
al block, PFOS and PFOA levels were by far the
highest in the Tokai/Hokuriku/Kinki region, where the
adjusted means of PFOS and PFOA were significantly
higher than those of all other regional blocks (p<0.05
by Tukey-Kramer’s method). Concentrations of PFOS
were highest in fishing villages, followed by urban
areas and farming villages. However, there was no
significant difference in PFOA levels in blood accord-
ing to residential area. No significant difference was
found in the blood levels of PFOS or PFOA accord-
ing to smoking status. In women, those with experi-
ence of pregnancy had significantly lower PFOS and
PFOA levels in blood. There was no difference in
blood levels of PFOS or PFOA according to method
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of nursing.

Table 5 shows the correlation coefficients of PFOS
and PFOA levels in blood with the frequency of
intake of dishes, foods and alcoholic beverages and
the serum levels of w-3 polyunsaturated fatty acids
and liver enzymes. After adjustments for age, sex,
BMI, regional block, smoking habits and other poten-
tial confounders (Model 2), frequency of intake of
boiled fish in broth, sliced raw fish, and coastal fish
showed significant positive correlations with PFOS,
but not with PFOA. Some other dishes or food items
were negatively correlated with blood levels of PFOS
and PFOA. However, interpretation of the results was
rather difficult. Serum levels of DHA and EPA had
significant positive correlations with PFOS and PFOA.
Serum levels GOT and GPT showed significant posi-
tive correlations with PFOS and PFOA in blood. On
the other hand, frequencies of intake of beer, rice
wine (sake) or spirits (syochu) were not significantly
correlated with blood levels of PFOS or PFOA.

Discussion

In the present study, median PFOS and PFOA
concentrations in whole blood were 5.8 and 2.1 ng m/-!,
respectively. Most previous studies used serum or
plasma as a biological medium to evaluate the body
burden of PFOS and PFOA, and mean ratios of serum
to whole blood concentrations were reported to be
approximately 2.3 for PFOS and 2.0 for PFOA'®.
The estimated median serum level of PFOS in our
study (13.3 ng m/™"), using the ratio of 2.3, was similar
to those in serum or plasma reported for Germany'?,
Australia and Japan (10.9-18.3 ng m/™!)!319, higher
than those reported for Italy?® Korea and Vietnam

Table 3. Adjusted mean concentrations of PFOS and PFOA in blood according to sex and age category

Men Women
PFOS PFOA PFOS PFOA
No. Means (ng/m/) Means (ng/ml) No. Means (ng/m/) Means (ng/ml)
Total 307 6.8 24 298 4.9 24
p-value (sex) <0.0001 0.90 — —
Age category
16-29 39 5.5° 24 32 33 2.2
30-39 75 6.1 24 59 32 2.0
40-49 78 6.1 24 63 39 2.5
50-59 74 7.5 2.4 76 59 2.6
60-76 41 8.6 2.3 68 11.5 4.3
p-value (age) <0.0001 0.96 <0.0001 <0.0001

¢ Adjusted for age, log (BMI), regional block, residential area, and smoking habits. ® Adjusted for log (BMI),
regional block, residential area, and smoking habits. PFOS, Perfluorooctanesulfonate; PFOA, perfluorooc-

tanoate.
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Table 4. Adjusted mean concentrations of PFOS and PFOA in blood according to regional
block, residential area, smoking habits, reproductive history and method of nursing

PFOS PFOA
No. Means (ng/ml/) Means (ng/ml/)
Regional block®
Hokkaido/Tohoku 123 4.4 1.8
Kanto/Koshin-estu 122 6.1 23
Tokai/Hokuriku/Kinki 127 7.5 4.6
Chugoku/Shikoku 120 6.0 2.2
Kyushu/Okinawa 113 5.2 1.9
p-value <0.0001 <0.0001
Residential area®
Urban 266 5.3 23
Farming village 135 5.0 2.5
Fishing village 204 7.2 24
p-value <0.0001 0.48
Smoking habits®
Nonsmoker 382 6.0 2.3
Current smoker 114 5.3 2.3
Ex-smoker 109 5.9 2.6
Unknown 3 — _
p-value 0.12 0.16
Experience of pregnancy®
Yes 230 4.8 2.5
No 66 7.2 3.6
Unknown 2 — —
p-value <0.0001 <0.0001
Method of nursing®
Breast 63 6.1 2.7
Breast and bottle 136 5.6 2.6
Bottle 27 4.7 2.7
No delivery or unknown 72 — —
p-value 0.17 0.89

* Adjusted for age, sex, log (BMI), regional block, residential area, and smoking habits,
excluding the independent variable of interest. ® Adjusted for age, log (BMI), regional block,
residential area, and smoking habits. PFOS, Perfluorooctanesulfonate; PFOA, perfluorooc-

tanoate.

(5.6-8.4 ng m/™")?":?» and lower than those in the
U.S.22Y and Denmark (30.2-35.8 ng m/™")*>. On
the other hand, the estimated median serum level of
PFOA (4.2 ng m/™") was similar to those reported for
Germany'”, Denmark®), the U.S.22Y, Ttaly?®, Australia
and Japan (3.6—-6.8 ng m/")'®!® and higher than those
in Vietnam and Korea (0.58—1.6 ng m/~")*"??,

With regard to gender, levels of PFOS but not
PFOA in blood were significantly higher in men than
in women. This result for PFOS was in line with
those of other studies!”!®20:2.26  One reason for this
sex difference may be the effects of pregnancy. In

our analysis in women, PFOS levels in blood were
lower among those with an experience of pregnancy.
One report showed that maternal serum levels of
PFOS decreased significantly from 24-28 weeks of
gestation to the time of delivery?”. Menstruation
has been suggested as another route of excretion of
PFOS?. Although we could not evaluate this possi-
bility because of a lack of data on menopausal status,
high blood levels of PFOS in women aged 60 years
or older were in accord with this notion. The effects
of breast feeding seemed small, since there was no
difference in PFOS levels in blood according to the



J Occup Health, Vol. 55, 2013

190

'] [9POJA 03 UOLIPPE Ul $AZBIIAQ JI[OYOI[E JO LIUL JO KO
-uonbaxy 103 paIsnlpy , 1 [OPOIN UI GO'0> sonfea-d YiIm SWd)I pooj Iylo JO ayejul Jo sarouanboiy pue syiqey Sunjows “Yo0[q [euoISa1 ‘TG ‘93e Xas 10J paisn(py , " [OPOIA Ul GO'0>
son[ea-d yIim SOUSIP JAUI0 JO EUT Jo sarouenbay pue syiqey Suryows Yoo[q [euoISar TN ‘@Se ‘Xas 10J pasnlpy 4 's}iqey Surjows pue yoo[q [euoISar TN g Xos ‘oSe 103 pasnlpy .

0°0 600 065 200 600 S09 00°0 1o 06S €000 cro  so9 ILdD
2000 €I'o0 065 100°0 Y1'0  S09 100 IT°'0  06S 100 1170 <09 10D
cro 900 065 €00 600 S09 cro 900 068 €0°0 600 <09 d1o-4
1000°0> 0CT0  S09 1000'0> 9¢0  S09 vdd
€000 cro  so9 1000°0> 820 <09 VHA
WNISS Ul UONIBIUIDOUO))
900 800 965 ¥T°0 SO0 965 (nyoo4s) syrdg
91°0 900 S6S 010 €00  S6S (oyes) ourm 201y
750 €00 009 L0 1000 009 Ioog
80 10°0— <09 €0 +0'0— <209 SuLESIEIN
€60 000 66S ST°0 90'0— 665 [10 S[qeIe8aA
€0 00— S09 8°0 1000  S09 Sy
750 €0'0— €09 09°0 20°0— <09 swoorysnjN
610 S0'0— %09 €0 S0'0— %09 pasmess ‘d[3ue) eas
8S°0 00— +09 860 000 +09 sueoq
0S°0 €0'0— %09 61°0 S0°0 +09 (910 ‘unjdwnd 0118) SO[qRIOFIA MO[[QA-UIAIS I0YI0
020 SO0 209 01’0 100 209 (*010 ‘eunsjewioy ‘yorurds) so[qe1oSoA KJeo] MO[[QA-UdaID)
91'0 900 009 LT°O 900 009 lonng
€80 10°0— S09 SO0 80°'0— <09 1n30x
120 S0'0— %09 80°0 LO'0— <C09 SO0 80°0— %09 9saYD
660 000 +09 160 S000— %09 SN
820  ¥0'0 €09 0I'0  L00 €09 8394
L6°0 000 109 S1°0 90°0— 109 uooseq
Sv0 €0'0— %09 €000 <CI'0— <209 2000 €r'o— %09 ofesneg ‘weH
9%°0 €00 %09 1o 900 ¥09 3104
0S50 €00 €09 o €00 €09 . Joed
S1°0 90°0— €09 S0 €0'0— €09 B[NO1GI0S "UIR[D }Oou-H0yS
100°0 €r'o— €09 61°0 S00— €09 (emnyryo ‘oyoqeurey) dsed ysy pa[[LI3 jo [[o1 re[nqn) ‘v)sed ysiy porrog
110 LO0 109 9%°0 €00 109 dutyg
IS0 €00 <C09 91°0 900 209 qe.rn
61°0 S0'0— €09 600 LO0 €09 sndoyoo ‘pinbg
1€°0 00  S09 89°0 20'0— <09 (010 ‘0j1uOq ‘Uowi[es ‘euny) sAysLy PO
960 TO0'0— €09 €000'0 -ST'0 <209 100°0 €I'o €09 ("910 ‘ouIpIEs ‘JOIOBW ‘[9I9JLUI 9SIOY) SAYSI) [BISEOD)
SWId)I POO]
10°0 01°'0— <209 100 01°0— S09 8L°0 1000  S09 Y
€10 90°0— <09 €000 11°0— S09 €10 90°0— <09 S[pOOU IsauIYD
16°0 000 €09 1T0 S0'0— €09 SoL} Youalg
€00 600— <T09 1000 v1°0— S09 000 CI'0— 109 100 I1°0— <09 anenbor)
L0 1000  +09 60°0 LO'0— 109 €00 60'0— %09 sjo33nu uayOIYD
89°0 00— +09 6S°0 00— ¥09 Io3mquieH
LSO 00— +09 Se€0 00  ¥09 jeaul pa[[LID
01°0 LO'0— <209 1000 ¢r'o— €09 810 S0'0— €09 S3o[INo 3Iod
#1I'0  900— €09 LEO  ¥0'0— €09 (ez0A3) Surpdwmnp o[k1s-esoury)
01°0 LO0  S09 €00 600 109 €0000 SI'0 <09 (Twryses) ysiy mer padi|s
610  4SO'0— <T09 100  I1°0— €09 680 100 €09 (emduway) so[qe1adaa 10 pooyess pary-deag
600 LO'0  T09 1000°0> o61'0 109 1000'0> 0CT0 <709 301q Ut ysiy po[iog
98°0 100  86S w0 €00 865 °d
L0 00— <09 6°0 000 109 €00 600 <09 Ysty po[IH
saysIq
anrea-d 1 ‘ONl anjea-d 1 ‘ON anfea-d 1 ‘ON anfea-d 1 ‘ONl
T ISPOIN «1 [9POIN T I9PON +1 [9POIN
vOdd SOdd

SQWAZUQ ISAI] pue spIoe Anej pajernjesunkjod
€-® JO S[OAQ] WINIOS PUB ‘S9TLIAQ JI[OYOI[B PUEB SPOOJ ‘SAYSIP JO ayelul Jo Aouanbaiy o) Yim VOId pue SOAd JO SUOTIBIIUIOUOD POO[q ) JO UONR[QLI0D Yuel ueuleadsS °g d[qe],



Miwa YamacucH, et al.: Seafood, Serum Liver Enzymes, PFOS and PFOA in Blood 191

method of nursing. Other studies also showed that
the milk/serum ratio of PFOS levels was approxi-
mately 0.01?%29, suggesting the transfer of PFOS
from mother’s blood to breast milk to be rather small.
Most of the earlier studies'”>?*2>29 but not others's ¥,
showed significantly lower serum levels of PFOA in
women than in men. The reason for the lack of sex
difference in PFOA levels observed in our study may
be in part because lower blood levels at reproductive
ages (16-39 years) were canceled out by the higher
blood levels at postmenopausal ages (260 years) in
women; it has been reported that blood levels of
PFOA also decrease during pregnancy?” and increase
after menopause?.

PFOS levels in blood increased with advancing
age in both men and women, whereas PFOA levels
increased with age only in women. The age-depen-
dent increase in blood levels of PFOS and PFOA
has been reported in earlier studies from Japan?,
Germany!” and Italy>® but not in studies from the
U.S.22, The age-related increase in blood levels of
these PFCs may be explained by the long biological
half-lives and lower elimination rate after menopause
in women. However, the reason for the lack of posi-
tive correlation between age and the levels of PFOA
in men is unclear.

Regarding the relationship between blood levels of
PFOS and smoking habits, the results from previous
studies were inconsistent. Eriksen et al.*® reported
that serum levels of PFOS were significantly lower in
current smokers than never smokers and ex-smokers
among Danish men. On the other hand, one Japanese
study reported that there was no difference in PFOS
levels in serum between nonsmokers and smokers®®.
In our analysis, blood levels of PFOS were somewhat
lower among current smokers than non- or ex-smok-
ers, but the difference was not statistically significant.

Frequencies of intake of cooked fish and coastal
fish, and serum levels of DHA and EPA, established
biomarkers of fish intake3”, were positively corre-
lated with levels of PFOS in blood. Few studies
have investigated the determinants of dietary intake
or blood levels of PFOS in Japan. However, market
basket studies have shown that dietary intake of PFOS
derived mainly from fish and seafood in Spain'®, and
cereals and cereal products, milk and dairy products,
fish and seafood, and meat and meat products in
Norway?. Two previous reports also reported that
consumption of fish and shellfish was positively corre-
lated with plasma or serum concentrations of PFOS
in Norway®?3", 1In contrast, meat, but not fish, was a
significant predictor of PFOS levels in plasma among
pregnant Danish women'V. The high bioaccumulative
potential of PFOS in the food web? and high intake
of seafood in Japan, Spain and Norway may explain

these results. The higher frequency of intake of fish
may explain the higher blood levels of PFOS in fish-
ing villages than urban areas and farming villages.

Levels of PFOS and PFOA in blood were found
to be significantly correlated with the serum levels of
hepatic enzymes. PFOS and PFOA are known to be
hepatotoxic in rodents. Exposure of Sprague-Dawley
rats to PFOS and PFOA at a dose of 20 mg/kg result-
ed in hepatomegaly and severe histological changes
of the liver, such as fatty degeneration, hepatocytic
necrosis, and inflammatory cell infiltration®. Positive
correlations of serum levels of PFOA with serum liver
enzymes (y-GTP, GOT or GPT) have been reported in
several studies on fluorochemical workers with heavy
exposure to PFOA or its related substance®*® but not
in others* 3. Positive correlations were also observed
between serum levels of PFOA or PFOS and hepatic
enzymes (y-GTP and/or GPT) in populations of the U.S.
with high or background exposure to these PFCs*37,
One explanation for the positive associations found in
the present study may be that liver cell damage alters
the rate of elimination of PFOS and PFOA from the
human body. Alternatively, background level exposure
to PFOS and PFOA might have some adverse effects
on liver function. Because this was a cross-sectional
study, it was not possible to precisely discuss the
cause-effect relationship.

Concentrations of PFOS and PFOA in blood were
highest in the Tokai/Hokuriku/Kinki region. This
regional difference persisted even after adjustments
for age, sex, log (BMI), residential area, and smok-
ing habits, and after exclusion of 91 subjects with
liver dysfunction (serum GOT=2401U [-' or GPT=>
351U /7!, data not shown). If the subjects were
limited to Kinki region (No0.=92), the median (25th
percentile, 75th percentile) levels of PFOS and PFOA
were 10.5 ng ml™!' (6.7, 16) and 6.8 ng ml! (5.0, 9.6),
respectively. Harada et al.?® indicated that serum
levels of PFOS and PFOA were significantly higher
among subjects who had lived in the Kinki region for
at least two years than other subjects. Another report
also showed contamination of river water by these
PFCs discharged from facilities such as a public water
disposal site and an airport in the Kinki region’®.
Concentrations of PFOS and PFOA in tap water were
more than five times higher in the Kinki region than
in the Tohoku region®®. Industries such as metal plat-
ing, firefighting, textile treatment, and semiconductor
manufacturing have been considered as a source of
environmental pollution by PFOS*). Our results may
support the notion that environmental contamination
by PFOS and PFOA released from various industries
account for the higher blood levels of these PFCs in
the Kinki region.

Several limitations of the present study should be
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addressed. First, our questionnaire on the intake of
foods and beverages queried the frequency but not
portion size. However, it is generally recognized that
most of the between-person variation in food intake
is explained by the frequency of consumption, not
portion size*®. Second, frequency of intake of foods
and beverages over only the last month was asked,
although dietary habit may be rather stable within
the same person. Third, interindividual variation in
the frequency of intake was small for several food
items, as seen by the small interquartile ranges, which
interfered with meaningful analysis of the associa-
tion between dietary habits and blood levels of PFCs.
Fourth, factors associated with blood levels of PFOS
and PFOA were examined using a large number of
items, which might have yielded spuriously signifi-
cant results for some items. Fifth, because of the
study design, subjects engaged in fishing and farm-
ing may have been oversampled compared with the
general Japanese population (0.3% for fishermen
and 4.4% for farmers) (Statistical Bureau, Ministry
of Public Management, Home Affairs, Posts and
Telecommunications, 2005). Thus, mean blood levels
of PFOS in the present study were considered to be
somewhat higher than those of the general popula-
tion. Finally, we did not examine the effects of other
factors, such as drinking water and cookwares used.

In conclusion, our results suggest that blood levels
of PFOS were mainly associated with consump-
tion of fish. Blood levels of PFOS and PFOA were
positively correlated with the serum levels of hepatic
enzymes. Further investigations are needed to clarify
the reason for the marked regional differences in the
blood levels of PFOS and PFOA in Japan.
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