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Abstract The serum levels of organochlorine pesticides
(OCPs) and polychlorinated biphenyls (PCBs) were measured
in a middle-aged Korean population and investigated associ-
ations with age, gender, body mass index (BMI), metabolic
syndrome (MS), type 2 diabetes mellitus (T2DM), and dietary
habits. The median concentrations of 22 OCPs and 34 PCBs
in the serum samples were 483 and 216 ng g−1 lipid, respec-
tively. Themost abundant compoundwas p,p’-DDE, followed
by PCB 153, β-HCH, PCB 118, and PCB 180. The results of
multiple linear regression and other statistical analyses re-
vealed that serum OCP and PCB levels were higher in women
and were positively correlated with age. BMI was positively
associated with serum OCP and PCB levels, reflecting the
influence of food intake and the preserving effect of body
fat. MS and T2DM were significantly associated with serum

OCP and PCB levels. The intake of animal foods had positive
associations with serum OCP and PCB levels, whereas the
intake of phytogenic foods showed negative associations, pre-
sumably because of contamination levels in food items and
food matrices that governs absorption and excretion of OCPs
and PCBs in the body. The relationship between dietary habits
and serum OCP and PCB levels were different in participants
with MS compared to healthy participants, suggesting MS
may alter the influence of food intake on serum OCP and
PCB levels.
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Introduction

Organochlorine pesticides (OCPs) and polychlorinated biphe-
nyls (PCBs) are groups of persistent organic pollutants (POPs)
that are frequently detected at high levels in the environment
(El-Shahawi et al. 2010). Although the Stockholm
Convention on POPs agreed to cease production and usage
of the chemicals, OCPs and PCBs persist in nature because of
their physicochemical and biological stability. Resistant to
metabolism and excretion, the chemicals accumulate in organ-
isms and increase through the trophic levels (Metcalf et al.
1973). Humans, as a top predator, are also exposed to OCPs
and PCBs via dietary intake, respiration, dermal contact, and
intrauterine exposure. OCPs and PCBs in the human body
have been reported to be associated with various adverse
health effects, including immunological, neurological, and re-
productive effects, in addition to the development of cancer
(ATSDR 2000, 2002, 2005).
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Recently, a growing body of evidence has suggested that
exposure to low levels of OCPs and PCBs is associated with
environmental diseases, such as metabolic syndrome (MS),
including obesity, dyslipidemia, and insulin resistance (Lee
et al. 2011a), and type 2 diabetes mellitus (T2DM) (Lee
et al. 2010). Furthermore, some toxic effects of POPs showed
higher responses at lower doses, suggesting non-monotonic
dose-response relationships (Vandenberg et al. 2012).
Therefore, the importance of risk assessment for low-dose
and chronic exposure in daily life, even without occupational
and accidental exposure, has been increasing.

As the primary route of human exposure to legacy POPs is
dietary intake (Lohmann et al. 2007), previous studies have
attempted to evaluate dietary POP exposure by analyzing POP
levels in food items and total daily intake (Storelli et al. 2011;
Trudel et al. 2011). These approaches have helped provide
estimations of total external dietary exposure and major food
sources of POPs. The foodstuff analysis and total daily eval-
uations, however, could not determine the influence of dietary
intake on POP levels in the body, because the absorption,
distribution, and excretion of POPs vary with the physico-
chemical properties of individual compounds, the physiolog-
ical characteristics of subjects, and the matrices of foods
(Escher and Hermens 2004; Jandacek and Tso 2001).

A biomonitoring study combined with lifestyle surveys
could be appropriate to investigate the actual influence of
dietary intake on POP levels in the body as these approaches
can identify direct associations between dietary habits and
serum POP levels. Previous studies reported associations be-
tween dietary habits and serum POP levels (Gasull et al. 2011;
Lee et al. 2007; Tsukino et al. 2006), but discussions regarding
the causal relationship were limited. While several studies
reported OCP and PCB levels in food items (Moon and
Choi 2009; Son et al. 2012) and human samples (Kang et al.
2008; Park et al. 2014, 2007) in Korea, there have been no
studies that investigated the association between dietary habits
and body conditions with internal OCP and PCB exposure in
Korea.

The aims of this study were to determine serum OCP and
PCB levels and investigate their associated factors in a Korean
population; we investigated associations of OCP and PCB
levels with age, gender, body mass index (BMI), MS,
T2DM, and dietary habits.

Material and methods

Study subjects

A community-based health survey was conducted between
June and December 2006 in Uljin County, South Korea.
This county is located on the shore of the East Sea, and the
majority of the population is involved in fishery and

agriculture. Residents over 40 years of age volunteered, and
a total of 180 subjects who had not been occupationally or
accidentally exposed to OCPs or PCBs were selected. As all
participants were life-long residents of this county, there were
no geographical differences among the participants.
Demographic information and dietary intake were recorded
for all participants by trained interviewers using a standard-
ized questionnaire during face-to-face interviews. This study
was approved by the Institutional Review Board at the
Kyungpook National University Hospital.

Table 1 presents demographic characteristics and dietary
habits of the participants. Among the total 180 participants,
70 weremale and 110were female. Themean ages of the male
and female participants were 54.8 and 57.0 years, and average
BMIs were 24.6 and 23.8 kg/m2, respectively. Twenty-five
participants were smokers, and 70 participants consumed al-
cohol. Fifty participants had MS without T2DM, 40 partici-
pants had T2DM without MS, and 90 participants had neither
MS nor T2DM.

MSwas diagnosed based on the concomitant presence of at
least three of the following five features: waist circumference
≥ 90 cm (men) or ≥ 80 cm (women); arterial pressure ≥ 130/
85 mmHg or the receipt of antihypertensive medication; tri-
glyceride (Tg) levels ≥ 150 mg/dL; fasting blood glucose
≥ 110 mg/dL; and high-density lipoprotein levels < 40 mg/
dL (men) or < 50 mg/dL (women). T2DM was defined as
fasting blood glucose level ≥ 126 mg/dL or the receipt of
antidiabetic medication.

Food frequency questionnaire

Individual dietary intake over the past 12months was assessed
using a 106-item food frequency questionnaire (FFQ). This
FFQ was developed for the Korea Genome Epidemiology
Study and was validated for large population-based studies
in Korea (Ahn et al. 2007). Participants recorded serving size
(small, medium, or large) and the frequency of consumption
of specific foods and beverages. We used nine predefined
frequency categories: never or seldom, once a month, 2–3
times a month, 1–2 times a week, 3–4 times a week, 5–6 times
a week, once a day, twice a day, and > 3 times a day. Images of
food item serving sizes were provided for easy reference. The
consumption frequency of each item was weighted according
to the reported serving size. Items reported with a serving size
of Bsmall^ were assigned a weightage of 0.5, and items re-
ported with a serving size of Blarge^ were assigned a
weightage of 1.5. The weighted frequencies were uniformly
converted to servings per day. Food items included in the FFQ
were categorized into nine food groups: meats, seafood,
grains, vegetables, fruits, seaweeds, beans, dairy products,
and eggs. For a detailed investigation, meats and seafood were
subcategorized into beef, pork, and chicken and fish and shell-
f i sh , respec t ive ly. Dr ink ing and smoking were
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treated as dichotomous variables without considering quantity
or frequency.

Measurement of OCPs and PCBs

The analytical method described by Kang et al. (2008) was ap-
plied with some modifications. Two milliliters of serum samples
were spiked with 13C-labeled OCP (ES-5349; Cambridge
Isotope Labs, USA) and PCB (P48M-ES; Wellington
Laboratory, Canada) standards and allowed to equilibrate. The
samples were denatured and diluted with equal amounts of
formic acid and deionized water and then extracted with C18

SPE cartridges (Waters, USA). The eluates were applied to a
silica gel and Florisil cartridge (Waters, USA), dried, and then
transferred to vials. Before the instrumental analysis, the samples
were reconstituted with 13C-labeled standards (EC-5350;
Cambridge Isotope Labs, USA and P48M-RS, Wellington
Laboratory, Canada). A high-resolution mass spectrometer
(JMS-800D; JEOL, Japan) interfaced with a 6890 N gas chro-
matograph (Agilent Technologies, USA) was employed to mea-
sure the levels of the analytes. Total lipids were estimated using
the following formula (Phillips et al. 1989): total lipids
(mg dL−1) = 2.27 × total cholesterol + Tg + 62.3.

Quality control

The resolution of high-resolution mass spectrometry was
maintained higher than 10,000 in all selective ion monitoring
ranges, and the linearity (r2) of relative response factors were
higher than 0.99. The instrumental limit of detection (LOD)
was employed, and LODs were calculated as three times the
signal to noise ratio of the chromatogram. The isotope dilution
method was used for OCP and PCB determinations, and the
recoveries of 13C-labeled compounds were within 50–120%.
A method blank sample was analyzed for every 11 samples,
and the blank contaminations were less than 5% of the average
concentrations. The blank levels were corrected by subtracting
from measured sample levels. The accuracy of the

measurement was tested analyzing standard reference mate-
rials (SRM 1957 and SRM 1958 from NIST, USA), and the
measured concentrations were within the given ranges.

Statistical analysis

PASW Statistics for Windows, Version 18.0 (SPSS Inc.,
Chicago, USA) was used for all statistical analyses. The correla-
tions among the variables were tested using Spearman’s rank
correlation, and the Kruskal–Wallis test and Mann–Whitney U
test were used to compare OCP and PCB levels among different
drinking, smoking, and disease groups. Values below the LOD
were considered to be zero for the Spearman’s rank correlation,
Kruskal–Wallis test, and Mann–Whitney U test.

Multiple linear regression (MLR) analysis was performed
to comprehensively investigate associations of age, gender,
BMI, T2DM, MS, and dietary habits with serum OCP and
PCB levels. The variables were input in a hierarchical order
in the MLR analysis: age, gender, BMI, drinking, and
smoking in the first group; and dietary habits in the second
group. Before analysis, all variables, except gender, smoking,
and drinking, were log transformed to correct skewed data,
and values below the LOD were considered to be LOD/2.
The optimal model for each compound was selected based
on the change in the adjusted coefficient of determination
(R2*) and F. We confirmed that the variance inflation factors
of all variables were < 5.0, and the results of the Durbin–
Watson test were within 2.0 ± 0.5.

Results and discussion

Serum OCP and PCB levels

The concentrations of OCPs and PCBs in the serum of partic-
ipants are shown in Fig. 1 and Table S1 in Supporting
Informat ion . Among 22 OCP compounds , p,p ’ -
dichlorodiphenyldichloroethylene (p,p’-DDE) was detected

Table 1 Demographic characteristics of the participants (n = 180)

Gender (n) Male 70 Female 110

Health condition MS 50 T2DM 40 Healthy participants 90

Smoking (n) No 130 Quit 25 Smoking 25

Drinking (n) No 94 Quit 16 Drinking 70

Mean Min 25% 50% 75% Max

BMI (kg/m2) 24.1 15.7 22.0 24.1 26.2 34.3

Age (year) 56 41 51 56 62 69

Triglycerides (mg/dl) 196 91.0 166 193 221 365

Total cholesterol (mg/dl) 131 24.0 72 101 168 394

BMI body mass index, MS metabolic syndrome, T2DM type 2 diabetes mellitus
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at the highest level, followed by β-hexachlorocyclohexane (β-
HCH), p,p’-dichlorodiphenyltrichloroethane (p,p-DDT),
trans-nonachlor, hexachlorinated benzene (HCB),
oxychlordane, and heptachlor epoxide. These seven OCP
compounds accounted for 93.2% of total OCP levels. The
serum levels of all 22 OCPs ranged from 38.8 to 4600 ng g−1

lipid, with mean and median levels of 638 and 483 ng g−1

lipid, respectively. Among the 34 PCB congeners, PCB 153
was detected at the highest level, followed by PCB 118, 138,
180, and 187. The serum levels of the 34 PCBs ranged from
35.6 to 1680 ng g−1 lipid, with mean and median levels of 294
and 483 ng g−1 lipid, respectively.

Fig. 1 Concentrations of major OCP and PCB compounds in the serum
of the participants. a Serum OCP levels. b Serum PCB levels. β-HCH β-
hexachlorocyclohexane; HCB hexachlorinated benzene; p,p’-DDE p,p’-
d i c h l o r o d i p h e n y l d i c h l o r o e t h y l e n e ; p , p ’ -DDT p , p ’ -

d i c h l o r o d i p h e n y l t r i c h l o r o e t h a n e ; p , p ’ -DDD p , p ’ -
dichlorodiphenyldichloroethane; OCP organochlorine pesticides; PCB
polychlorinated biphenyls
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These results provide valuable information on the back-
ground serum OCP and PCB levels of populations living in
a coastal/rural of Korea, because only a few studies have re-
ported serum levels of OCPs and PCBs in Korea, as discussed
above. The serum levels of most of OCP and PCB compounds
from this study were higher than those for adult from urban
areas in Korea, but the distributions of OCPs and PCBs were
similar (Kang et al. 2008; Park et al. 2014, 2007). However,
the OCPs and PCBs in the serum of prepubertal Korean chil-
dren were much lower than those from this study, likely be-
cause of the association of serum POP levels with age (Park
et al. 2016).

The OCP and PCB levels in this study were relatively
higher than those in studies conducted in Japan (Tsukino
et al. 2006), the UK (Thomas et al. 2006), and the USA
(CDC 2005), but lower than those reported in a Romanian
population (Dirtu et al. 2006). Finally, serum OCP levels were
lower and serum PCB levels were higher in the present study
than in studies conducted in China (Bi et al. 2007, Lee et al.
2007). Regional differences in serum OCP and PCB levels
can be explained by different dietary habits and different con-
tamination levels in these countries, both in food and in the
environment.

According to the results of the Spearman’s rank correlation
analysis among the major OCP and PCB congeners, serum
levels of the OCPs and PCBs were significantly and positively
correlated with one another (ρ = 0.257–0.969, p < 0.01). The
highest correlation coefficient was between PCB 153 and
PCB 180 (ρ = 0.969). The correlations between OCPs and
PCBs were substantially strong (ρ = 0.257–0.864), with the
highest correlation observed between trans-nonachlor and
PCB 138 (ρ = 0.864). The correlations between heptachlor
epoxide and other contaminants were relatively weak
(ρ = 0.257–0.503) but significant (p < 0.01). The significant,
strong correlations among OCPs and PCBs implied similar
exposure routes and toxicokinetics of the chemicals. After
the manufacture and usage of OCPs and PCBs were banned
in Korea a few decades ago, environmental levels and sources
of direct exposure have been decreasing, and therefore, dietary
exposure became the major source of exposure to OCPs and
PCBs. Meanwhile, the correlations of some metabolites, such
as heptachlor epoxide, with the other compounds were rela-
tively low, presumably because of different exposure routes.

Association of age, gender, and BMI with serum OCP
and PCB levels

The results of the MLR analysis are presented in Table 4, and
the bivariate associations of gender, age, and BMI with serum
OCP and PCB levels and food intakes are shown in Table S2
in Supporting Information. The results of the MLR and
Spearman’s rank correlation showed that age was positively
associated with some serum OCP and PCB levels. It is well

known that increased age is associated with a higher body
burden of POPs due to greater exposure before the ban of
POP production in addition to bodily accumulation of POPs
over a longer lifetime (Hirai et al. 2005; Ben Hassine et al.
2014; Mori et al. 2014). In addition, age-associated deteriorat-
ing metabolism (Laden et al. 1999) and lower dietary intake in
older groups in this study could result in lower serum OCP
and PCB levels (Table S2 in Supporting Information).

According to the results of theMLR andMann–Whitney U
test, serum levels of most OCP and PCB congeners differed
significantly by gender and were higher in male than female
participants. In general, men have higher body POP burdens
than women because women lose POPs through parity and
breastfeeding (Hardell et al. 2010, Mori et al. 2014). In addi-
tion, as men generally consume more foods than women do, it
may be speculated that higher dietary POP exposure could
increase POP levels in the male body.

BMI was positively associated with serum OCP and PCB
levels in this study, while previous reports on the association
of BMI with POP levels have been inconsistent. A larger body
size can increase the half-life of POPs by preserving them in
fat, according to the toxicokinetics of POPs (Jandacek and Tso
2001). In previous studies in adults, positive associations be-
tween BMI and serum POP levels were found (Lee et al. 2007;
Cao et al. 2011). On the other hand, as BMI is linked to fat
storage of lipophilic compounds in the human body, larger
body size can act as a larger reservoir to dilute POP concen-
tration. In the studies of adolescents and pregnant women,
whose bodies are growing, BMI and serum OCP and PCB
levels had negative correlations (Nawrot et al. 2002; Dhooge
et al. 2010; Humblet et al. 2010). The participants in this study
were middle-aged, and BMI was positively associated with
serum OCP and PCB levels, in accordance with previous
studies. In addition, it is also possible that higher dietary intake
may have contributed to higher POP exposure, since there is a
significant association between BMI and food intake
(Table S2 in Supporting Information).

Association of MS and T2DM with serum OCP and PCB
levels

Table 2 compares serum OCP and PCB levels between
healthy participants and those with MS or T2DM; levels were
higher in participants with MS or T2DM than in healthy par-
ticipants, although the dietary habits among the participant
groups were not significantly different (data not shown).
Participants with MS showed significantly higher serum
levels of β-HCH, heptachlor epoxide, and trans-nonachlor
than healthy participants and compared to healthy partici-
pants; those with T2DM had significantly higher serum levels
of all individual OCPs, total OCPs, and PCB 105, 118, 138,
and 146.
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The associations between MS and T2DM with POP levels
were identified in a few previous studies (Lee et al. 2010,
2011a). The causal relationship, however, has only recently
begun to be clarified. As discussed above, increased body fat
may extend the half-lives of POPs, or other confounders, such
as dietary, socioeconomic, and genetic factors, might affect both
the prevalence ofMS and T2DMand serum POP levels. Recent
studies have suggested toxic mechanisms that lead to the devel-
opment of MS and T2DM (Lee et al. 2014), including gene
expression alterations (Arzuaga et al. 2009, Lyche et al. 2011),
chronic inflammation in adipose tissue (Arsenescu et al. 2008),
interactions with gut microbiota (Lee et al. 2011b), global DNA
hypomethylation (Rusiecki et al. 2008), and mitochondrial dys-
function (Lim et al. 2010). In-depth research is required to
understand the comprehensive association among these dis-
eases and serum POP levels.

It should be pointed out that the data from patients withMS
or T2DM in this study might have measurement biases. Porta
et al. (2009) pointed out that the lipid adjustment method
reported by Phillips et al. (1989), which was used in this study,

might inaccurately estimate serum POP levels in patients with
high serum lipid levels, such as patients with MS or T2DM. In
addition, a simulation study by Schisterman et al. (2005) noted
that lipid-standardization of serum POP concentrations could
be biased when additional factors influence both serum PCB
levels and serum lipid contents. Lastly, as patients with dis-
eases tend to modify their lifestyles after diagnosis, the FFQ
data might not reflect the long-term dietary habits of the sub-
jects. Therefore, we subdivided the subjects into three sub-
groups for partial correlation and MLR analyses: participants
with MS, participants with T2DM, and participants who did
not have MS or T2DM (healthy participants).

Association between serum OCP and PCB levels
and dietary habits

Although there have been a few studies reporting the internal
burden of OCPs and PCBs in Korean populations, the influ-
ence of dietary intake on the body burden of OCPs and PCBs
has not been thoroughly investigated. To our knowledge, this

Table 2 Comparison of serumOCP and PCB concentrations in participants with andwithoutmetabolic syndrome and type 2 diabetesmellitus (ng g−1)

Healthy participants
(n = 90)

Metabolic syndrome
(n = 50)

p valuea Type 2 diabetes mellitus
(n = 40)

p valuea

Median Range Median Range Median Range

β-HCH 37.3 (7.2–208) 52.2 (15.5–179) 0.001 52.3 (18.9–127) 0.001

HCB 13.9 (0.0–41.6) 8.6 (0.8–48.1) 0.276 22.7 (0.0–63.6) < 0.001

Heptachlor epoxide 5.3 (0.0–32.8) 9.8 (2.5–120) 0.001 9.8 (0.0–28.0) < 0.001

Oxychlordane 7.3 (0.0–32.1) 8.0 (0.0–35.7) 0.529 10.5 (0.0–35.6) 0.010

trans-Nonachlor 16.9 (0.0–119) 19.6 (6.7–138) 0.040 24.1 (6.7–170) 0.004

p,p’-DDE 329 (6.8–1500) 307 (115–1560) 0.410 467 (119–4000) 0.002

p,p’-DDT 20.2 (0.0–65.4) 18.0 (0.0–66.1) 0.843 31.9 (0.0–95.3) < 0.001

Mirex 1.8 (0.0–13.6) 1.3 (0.0–10.9) 0.204 3.1 (0.0–14.6) < 0.001

OCPs 453 (38.8–1870) 441 (186–1950) 0.279 642 (226–4600) 0.001

PCB 74 6.6 (0.0–18.7) 7.1 (2.5–29.3) 0.196 5.9 (0.0–27.4) 0.942

PCB 99 8.4 (0.0–50.0) 9.9 (3.3–47.5) 0.124 12.3 (2.1–75.3) 0.062

PCB 105 5.7 (0.0–58.6) 6.6 (1.3–40.0) 0.089 7.8 (1.7–50.4) 0.039

PCB 118 29.1 (1.4–131) 28.4 (6.9–162) 0.390 39.8 (7.7–254) 0.005

PCB 138 26.1 (1.3–131) 23.7 (6.9–141) 0.422 35.3 (5.5–245) 0.033

PCB 146 6.0 (1.0–30.2) 6.4 (2.0–31.4) 0.239 7.1 (1.2–49.6) 0.046

PCB 153 47.7 (0.0–238) 43.6 (16.1–256) 0.605 65.2 (10.2–440) 0.101

PCB 156 4.3 (0.8–54.3) 3.5 (1.5–19.9) 0.561 4.9 (0.8–27.1) 0.065

PCB 164 9.6 (1.5–43.4) 9.5 (3.7–44.7) 0.596 11.9 (2.1–73.0) 0.201

PCB 170 6.6 (1.6–42.9) 6.8 (2.7–39.4) 0.495 9.0 (1.4–91.6) 0.094

PCB 180 28.0 (4.2–150) 26.9 (8.8–165) 0.979 34.5 (6.2–206) 0.101

PCB 187 8.9 (0.0–54.6) 10.0 (3.4–69.4) 0.081 8.9 (2.2–71.0) 0.722

PCBs 205 (35.6–885) 203 (84.9–999) 0.434 260 (48.7–1670) 0.073

β-HCH β-hexachlorocyclohexane, HCB hexachlorinated benzene, p,p’-DDE p,p’-dichlorodiphenyldichloroethylene, p,p’-DDT p,p’-dichlorodiphenyl-
trichloroethane, OCP organochlorine pesticides, PCB polychlorinated biphenyls
aMann–Whitney U test: comparison to healthy participants
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is the first study to investigate associations between serum
OCP and PCB levels and dietary intake in the Korean popu-
lation, which can help improve our understanding of the in-
fluence of dietary OCP and PCB exposure.

The partial correlation coefficients between log-
transformed serum OCP and PCB levels and dietary intake
for the healthy participants, adjusted for age, gender, BMI,
drinking, and smoking, are shown in Table 3, and the results
of the MRL analysis are shown in Table 4. In general, the
intake of animal foods, including meats and seafood, was
positively correlated with serum OCP and PCB levels, while
the intake of phytogenic foods, including grains, fruits, and
vegetables, was negatively correlated with serum OCP and
PCB levels.

The association between animal food consumption and el-
evated serum POP levels has been reported by many previous
studies, including those by Arrebola et al. (2009), Tsukino
et al. (2006), and Gasull et al. (2011). The positive associa-
tions between animal foods and serum POP levels were attrib-
uted to the high POP levels in animal foods (Moser and
McLachlan 2001) as a result of biomagnification. The results
of this study could also be explained by high PCB levels in
animal food items in the previous market basket surveys in
Korea (Son et al. 2012; Shin et al. 2015). In addition, the
digestible fat in animal foods helps to absorb POPs in the
gastrointestinal tract; this enhances the formation of bile salt
micelles that carry POPs to the intestinal lumen, and the ab-
sorption of digestible fat accelerates POP absorption by

increasing the fugacity of the ingesta and decreasing the
POP fugacity in intestinal cells (Kelly et al. 2004).

The scarce positive associations of phytogenic foods with
serum OCP and PCB levels resulted from the low OCP and
PCB levels in phytogenic foods (Son et al. 2012).
Furthermore, it was noteworthy that phytogenic food intake
did not just increase serum OCP and PCB levels, but rather
decreased them. If total daily OCP and PCB intake governed
serum OCP and PCB levels, serum OCP and PCB levels
should be positively associated with the intake of phytogenic
foods, because intake of grains and vegetables accounted for
the majority of total PCB consumption in the Korean popula-
tion (Son et al. 2012; Shin et al. 2015). The negative associa-
tion was likely attributable to the non-digestible fraction of
phytogenic foods that inhibit the absorption of POPs in the
gastrointestinal tract and enhance their fecal excretion (Kelly
et al. 2004; Jandacek and Tso 2001).

The results of the Kruskal–Wallis test showed smoking was
positively associated with serumOCP and PCB levels, where-
as those of the MLR did not show a significant association
(Table S3 in Supporting Information and Table 4). The posi-
tive association between smoking and serum POP levels was
previously reported by Mcgraw and Waller (2009), whereas a
negative association was reported by Hsu et al. (2009),
Ibarluzea et al. (2011), and Arrebola et al. (2012). Arrebola
et al. (2012) found a positive association of smoking habit
with p,p’-DDT, and a negative association with its metabolite,
p,p’-DDE, suggesting that exposure to polycyclic aromatic

Table 3 Partial correlation coefficients between serum OCP and PCB levels and dietary intake in healthy participants

β-HCH HCB trans-Nonachlor p,p’-DDE OCPs PCB
118

PCB
138

PCB
153

PCB
180

PCBs

Grains

Fruits

Vegetables − 0.225* − 0.255* − 0.269* − 0.246* − 0.225* − 0.232*

Beans − 0.241* − 0.240* − 0.320** − 0.314** − 0.346** − 0.333** − 0.306** − 0.343** − 0.362**

Seaweeds

Meets 0.322* 0.325** 0.240* 0.338** 0.228* 0.281* 0.270* 0.236*

Beef 0.358** 0.234* 0.267* 0.255* 0.229* 0.264* 0.260*

Pork 0.224*

Chicken 0.259* 0.246*

Seafood 0.255* 0.261* 0.314** 0.236* 0.246*

Fish 0.242* 0.255*

Shellfish 0.324**

Dairy products

Eggs

All variables were log transformed

Adjusted for age, sex, body mass index, drinking, and smoking

β-HCH β-hexachlorocyclohexane, HCB hexachlorinated benzene, p,p’-DDE p,p’-dichlorodiphenyldichloroethylene, OCP organochlorine pesticides,
PCB polychlorinated biphenyls

*p < 0.01; **p < 0.001

Environ Sci Pollut Res (2018) 25:249–259 255



hydrocarbons in cigarette smoke might enhance cytochrome
P450 activity and stimulate POP metabolism. The insignifi-
cant association found in this study with the MRL, unlike the
result observed with the Kruskal–Wallis test, implied that
smoking was not directly associated with serum POP levels,
but related with other dietary habits.

Compared to non-drinkers, participants who currently or
previously consumed alcohol showed higher serum levels of
most OCPs and PCBs (Table S4 in Supporting Information
and Table 4). A positive correlation between POP levels and
alcohol consumption has been observed in various human
samples, including milk, serum, and adipose tissue
(Dewailly et al. 1996; Ibarluzea et al. 2011; Mcgraw and
Waller 2009). Dewailly et al. (1996) suggested that the asso-
ciation between elevated POP levels and alcohol consumption
might be a result of impaired hepatic metabolic rates and en-
hanced POP absorption by increased solubility in the gastro-
intestinal tract.

The FFQ approach employed in this study may have some
limitations. First, although the FFQ used in this study was
verified (Ahn et al. 2007), the quantitative analysis of food
intake in the Korean population still had some uncertainties
because Korean people consume mixed foods and share
dishes. In addition, the number of subjects included in this
study might be insufficient to make conclusions.
Nonetheless, the results consistently showed significant asso-
ciations between dietary habits and serum OCP and PCB

levels. Our findings suggested that using food matrices rather
than the total amount of OCPs and PCBs in food items is more
important in estimating the actual influence of dietary intake
on internal levels of OCPs and PCBs. In addition, the previous
total OCP and PCB daily intake studies might have
overestimated the health effect of dietary OCP and PCB ex-
posure on subjects mainly exposed to OCPs and PCBs
through phytogenic foods, such as in the Korean population.
In addition, the increase in OCP and PCB exposure should be
considered in future risk assessments in the Korean population
due to the increasing intake of meats.

Influence of dietary habits on serum OCP and PCB levels

The results of the correlation analyses in participants with MS
or T2DM showed just a few significant findings (data not
shown). The intake of fruits with HCB, beans with HCB,
PCB 138, and PCB 153, and shellfish with HCB showed
positive correlations in those with MS (Table S5 in
Supporting Information). Only the intake of fruits with β-
HCH and beef with HCB showed negative correlations in
participants with T2DM. The MLR models for participants
with MS (Table 5) showed fewer independent variables com-
pared to those for healthy participants. Gender differences and
drinking remained significant in all models, whereas age was
significant only in some PCB models. Like the results of
healthy participants, the intake of grains and vegetables were

Table 4 Multiple linear regression models of healthy participants

Dependent variables Independent variables R2* p value

β-HCH + 0.444 × sex + 0.437 × age + 0.282×drinking
− 0.296 × vegetables − 0.255 × beans + 0.256 × eggs + 0.326 × fish + 0.260 × beef

0.387 < 0.001

HCB + 0.455 × age − 0.231 × smoking + 0.357 × drinking
− 0.314 × beans + 0.352 × fish + .229 × chicken

0.304 < 0.001

trans-Nonachlor + 0.366 × age + 0.247 × drinking
− 0.249 × grains −0.293 × vegetables + 0.248 × beef + 0.250 × chicken

0.311 < 0.001

p,p’-DDE + 0.330 × age + 0.384 × drinking
− 0.472 × vegetables − 0.243 × beans + 0.240 × shellfish

0.287 < 0.001

OCPs + 0.356 × age + 0.378 × drinking
− 0.430 × vegetables − 0.232×beans + 0.255 × shellfish

0.306 < 0.001

PCB 118 + 0.331 × age
− 0.438 × beans + 0.408 × fish

0.239 < 0.001

PCB 138 − 0.254 × sex + 0.285 × age
− 0.383 × vegetables − 0.316 × beans + 0.274 × fish + 0.235 × beef

0.356 < 0.001

PCB 153 + 0.490 × age + 0.228 × drinking
− 0.301 × beans + 0.180 × beef

0.258 < 0.001

PCB 180 − 0.349 × sex + 0.452 × age
− 0.304 × beans

0.346 < 0.001

PCBs + 0.409 × age + 0.249 × drinking
− 0.285 × vegetables − 0.349 × beans + 0.271 × beef

0.341 < 0.001

The coefficients are the standardized coefficients (β)

All variables, excluding sex, drinking, and smoking, were log transformed

The significance levels (p value) of independent variables were < 0.05

β-HCH β-hexachlorocyclohexane, HCB hexachlorinated benzene, p,p’-DDE p,p’-dichlorodiphenyldichloroethylene, OCP organochlorine pesticides,
PCB polychlorinated biphenyls
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negatively associated, and the intake of shellfish and pork
showed a positive association. A positive association of
OCP and PCB levels with bean intake and a negative associ-
ation with the intake of dairy products were also identified.
The results of the MLR analysis for participants with T2DM
were not significant (p > 0.05).

Despite the potential uncertainties, the results of the MLR
analysis for participants with MS could help assess the risk of
dietary OCP and PCB exposure. The differences between
healthy participants and those with MS could suggest that
MS might alter the influence of dietary intake on serum
OCP and PCB levels. The positive association of bean intake
with serum OCP and PCB levels is particularly noteworthy
because bean-rich meals have been recommended as dietetic
therapy for MS patients. Several studies have reported alter-
ations in metabolism due to intake of beans. For example,
Nagasawa et al. (2003) found that the intake of soy protein
isolate increased plasma adiponectin and decreased PAI-1 ex-
pression, fatty acid synthase mRNA, and plasma Tg levels.
Soy-based diet supplements reduced plasma levels of total
cholesterol, Tg, non-high-density lipoprotein cholesterol,
and free fatty acids (Dyrskog et al. 2005). In addition, soy
intake altered lipid peroxidation in postmenopausal women
with MS (Azadbakht et al. 2007), and dietary soy protein
isolate affected the peroxisome proliferator-activated receptor,
liver-X receptor, sterol regulatory element-binding protein
signaling, and the attenuation of MS (Ronis et al. 2009). The

data from participants with MS might have significant biases;
therefore, further research is necessary to verify these results.

Conclusions

This study reported serum OCP and PCB levels in a Korean
population. As previous reports on serum OCP and PCB
levels in Korean populations have been insufficient, this study
provides valuable information on serum contamination levels
in a general Korean population. In addition, this study found
significant associations of the OCP and PCB levels with age,
gender, BMI, MS, T2DM, and dietary habits, which was the
first study to elucidate factors associated with internal OCP
and PCB exposure based on toxicokinetics and OCP and PCB
levels in regional food items. Although this study has several
limitations and uncertainties and therefore the conclusions
may not be generalized, the findings in this study can improve
our understanding on the risk and mitigation of the dietary
OCP and PCB exposures and their associations with body
conditions. The results of this study must be verified in care-
fully designed studies with larger numbers of subjects.
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Research Foundation of Korea (NRF) grant funded by the Korea govern-
ment (MSIP) (NO. NRF-2017R1A2B3012681) and a research grant
(PE17040) from the Korea Polar Research Institute (KOPRI).

Table 5 Multiple linear regression models of participants with metabolic syndrome

Dependent variables Independent variables R2* p value

β-HCH − 0.375 × sex + 0.288 × drinking
+ 0.373 × fruits − 0.422 × vegetables + 0.305 × beans

0.306 < 0.001

HCB − 0.334 × sex + 0.259 × drinking
− 0.254 × grains + 0.451 × beans

0.322 < 0.001

trans-Nonachlor − 0.706 × sex + 0.272 × drinking
+ 0.344 × beans − 0.522 × dairy products

0.546 < 0.001

p,p’-DDE − 0.527 × sex + 0.282 × drinking
+ 0.391 × beans

0.427 < 0.001

OCPs − 0.524 × sex + 0.295 × drinking
− 0.261 × vegetables + 0.404 × beans

0.438 < 0.001

PCB 118 − 0.616 × sex
+ 0.296 × beans − 0.253 × dairy products

0.427 < 0.001

PCB 138 − 0.644 × sex + 0.273 × drinking
+ 0.410 × beans − 0.229 × dairy products + 0.283 × shellfish

0.556 < 0.001

PCB 153 − 0.742 × sex + 0.209 × age + 0.233 × drinking
− 0.272 × vegetables + 0.414 × beans − 0.205 × dairy products + 0.295 × shellfish

0.628 < 0.001

PCB 180 − 0.754 × sex + 0.226 × age
+ 0.300 × beans

0.587 < 0.001

PCBs − 0.686 × sex + 0.230 × age + 0.226 × drinking
− 0.318 × vegetables + 0.418 × beans + 0.226 × pork

0.588 < 0.001

The coefficients are the standardized coefficients (β)

All variables, excluding sex, drinking, and smoking, were log transformed

The significance levels (p value) of independent variables were < 0.05

β-HCH β-hexachlorocyclohexane, HCB hexachlorinated benzene, p,p’-DDE p,p’-dichlorodiphenyldichloroethylene, OCP organochlorine pesticides,
PCB polychlorinated biphenyls
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