
Polybrominated Diphenyl Ethers, Polychlorinated Biphenyls,
and Organochlorine Pesticides in Adipose Tissues
of Korean Women

Hyo-Bang Moon • Duk-Hee Lee • Yoon Soon Lee •

Minkyu Choi • Hee-Gu Choi • Kurunthachalam Kannan

Received: 23 December 2010 / Accepted: 4 May 2011 / Published online: 19 May 2011

� Springer Science+Business Media, LLC 2011

Abstract Studies on residue levels and accumulation

profiles of persistent organic pollutants (POPs) in human

adipose tissues of Korean populations are scarce. In this

study, concentrations and accumulation features of poly-

chlorinated biphenyls (PCBs), organochlorine pesticides

(OCPs), and polybrominated diphenyl ethers (PBDEs)

were measured in adipose tissues of Korean women age

40–68 years. The highest concentrations were found for

PCBs and DDTs, which were 1–2 orders of magnitude

greater than the concentrations of hexachlorocyclohexanes,

chlordanes, and PBDEs. The concentrations of PCBs and

OCPs were lower than those reported for other countries.

However, PBDE concentrations were greater than those

reported for other countries, suggesting that ongoing

exposure to PBDEs is a concern in Korea. The profiles of

PBDEs were characterized by the predominance of BDE

209, followed by nona- and octa-BDEs, which are con-

sistent with the consumption patterns of products contain-

ing PBDEs in Korea. The concentrations of PCBs and

some OCPs were significantly correlated with each other,

whereas PBDEs showed low or moderate correlations with

other POPs, suggesting differences in exposure routes and

biotransformation potentials of the compounds studied.

The concentrations of organochlorines and PBDEs were

not correlated with subjects’ age and body mass index. The

results of this study provide baseline information on POPs

in adipose tissues of the general population in Korea.

Polybrominated diphenyl ethers (PBDEs) have been used

as brominated flame retardants (BFRs) in many products,

such as electronics, plastics, paints, textiles, and building

materials (Watanabe and Sakai 2003). Environmental

contamination by PBDEs is of global concern due to their

persistence, bioaccumulation, and long-range transport,

traits that contribute to PBDE’s occurrence in various

environmental compartments and in human tissues around

the world (Law et al. 2006; Wang et al. 2007; Shaw and

Kannan 2009). PBDEs exert neurodevelopmental and

endocrine-disrupting effects in laboratory animals (Birn-

baum and Staskal 2004; Costa and Giordano 2007;

Messer 2010). In 2009, selected mixtures of PBDEs were

listed as persistent organic pollutants (POPs) under the

Stockholm Convention (United Nations Environment

Program 2009).

BFRs were not produced in Korea but were imported

from other countries. The total consumption of BFRs in
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Korea in 2002 was 49,050 tons (Moon et al. 2007). A major

share of the BFR consumption in Korea was deca-BDE,

which accounted for 25% (12,324 tons) of the total BFR

market, whereas penta- and octa-BDEs accounted for only

a minor proportion (0.2% [84 tons]) (Moon et al. 2007).

Considering the rapid growth of the electronics market in

Korea and the associated increase in demand for PBDEs, it

is important to investigate exposure of the Korean general

population to PBDEs.

Concentrations of organochlorines (OCs), including

polychlorinated biphenyls (PCBs) and organochlorine

pesticides (OCPs), have generally been decreasing in the

environment and in humans during the past few decades

(Hagmar et al. 2006; Rappolder et al. 2007; Helgason et al.

2008; Lignell et al. 2009). In Korea, studies on PCBs and

OCPs have been focused on residue levels and sources in

environmental matrices, such as air, soil, or sediment, and

wildlife (Kim and Smith 2001; Hong et al. 2006; Choi et al.

2008; Moon et al. 2009; Park et al. 2010).

Human specimens, such as breast milk, serum, and

adipose tissue, have been used in biomonitoring the extent

of human exposure to organohalogen contaminants (Covaci

et al. 2008; Jin et al. 2009; Hardell et al. 2010). Mea-

surement of contaminants in adipose tissue can provide

information on steady-state concentrations and integrated

levels of accumulation over time. Although the collection

of blood and breast milk samples is relatively simple and

less invasive than the collection of adipose tissues, residual

levels of lipophilic contaminants in whole blood, sera, or

plasma may fluctuate with surges in blood lipids (Johnson-

Restrepo et al. 2005). Thus, for assessing human exposure

to lipophilic contaminants, adipose tissue is preferable

when available.

Although human exposure to OCs and PBDEs is of great

concern (Kang et al. 1997; Moon et al. 2009), few studies

have examined residue levels in blood of the Korean

population (Lee et al. 2007; Kang et al. 2008). Moreover,

before this study, no studies have examined PBDE accu-

mulation in human adipose tissues from Korea. The

objective of this study was to determine the concentrations

and accumulation features of OCs and PBDEs in adipose

tissues of Korean women.

Materials and Methods

Sample Collection

The use of human tissues for this study was approved by

the Ethics Committee of the Kyungpook National Uni-

versity Institutional Review Board. A total of 53 female

myoma patients who were undergoing laparoscopy-assisted

surgery at Kyungpook National University Hospital agreed

to provide adipose tissue samples. Omental fat samples

were obtained from the donors between May 2007 and

May 2008. All samples were stored at -70�C until anal-

yses. Participant’s age, body mass index (BMI), and

extractable lipid are listed in Table 1. The age of the

subjects ranged from 40 to 68 years (average 47), and lipid

content of the adipose tissue samples ranged from 63 to

83% (average 73%).

Chemical Analysis

We analyzed 22 PCB congeners (PCBs 8, 18, 28, 29, 44,

52, 87, 101, 105, 110, 118, 128, 138, 153, 170, 180, 187,

194, 195, 200, 205 and 206), 23 PBDE congeners (BDEs

17, 28, 47, 49, 66, 71, 85, 99, 100, 119, 126, 138, 153, 154,

156, 183, 184, 191, 196, 197, 206, 207 and 209), and 14

OCP compounds in 53 adipose tissues. Dichlorodiphenyl-

trichloroethanes (DDTs) analyzed include p,p0-DDE,

p,p0-DDD, o,p0-DDD, p,p0-DDT, and o,p0-DDT; chlordanes

(CHLs) included oxy-chlordane, trans-chlordane, cis-

chlordane, trans-nonachlor, and cis-nonachlor; and hexa-

chlorocyclohexanes (HCHs) included a-, b- and c-HCH.

Hexachlorobenzene (HCB) was also analyzed. Internal

standards of 13C-labeled PBDEs (BDEs 28, 47, 99, 153,

154, 183, 197, 207 and 209) and 13C-labeled PCBs (PCBs

28, 52, 101, 138, 153, 180 and 209) were purchased from

Wellington Laboratories (Guelph, ON, Canada). All sol-

vents were of ultratrace residue-analysis grade (J. T. Baker,

Phillipsburg, NJ).

Analyses of PBDEs and OCs in adipose tissue samples

were performed according to methods described elsewhere

(Moon et al. 2009; 2010; Park et al. 2010). In brief, sam-

ples were homogenized with anhydrous Na2SO4 and

extracted for 20 h in 400 ml a 3:1 mixture of dichloro-

methane (DCM) and hexane using a Soxhlet apparatus.

Before extraction, surrogate standards PCBs 103, 198, and

209 were spiked into the samples. Aliquots of extracted

Table 1 Sample information and concentrations (ng/g lipid weight)

of PCBs, OPs, and PBDEs in the adipose tissues of Korean women

Parameters Mean ± SDs Median Min–Max

Age (years) 47 ± 6 47 40–68

BMI (kg/m2)a 24 ± 3 23 19–34

Lipid (%) 73 ± 5 73 63–83

PCBs 270 ± 140 250 40–720

DDTs 250 ± 210 190 32–940

CHLs 18 ± 14 14 1.5–77

HCHs 12 ± 11 11 1.2–35

HCB 8.6 ± 4.7 7.4 1.0–21

PBDEs 16 ± 20 11 5.3–150

a Body mass index
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samples were subsampled for lipid measurement. Lipids

were removed from the extracts by gel permeation chro-

matography using Bio-beads S-X3 (Bio-Rad, Hercules,

CA). The columns were eluted with a mixture of 50%

DCM in hexane (flow rate 5 ml/min). The first 100 ml of

eluant was discarded and the resultant 150-ml fraction,

which contained PBDEs and OCs, was collected and pas-

sed through a cartridge packed with 0.5 g silica gel (neu-

tral, 70–230 mesh; GL Sciences, Tokyo, Japan). The eluant

was concentrated to 10 ml and spiked with internal stan-

dards, 13C-labeled PBDEs, and 13C-labeled PCBs. The

extracts were cleaned by passage through a multilayer

silica gel column with 150 ml 15% DCM in hexane using

the Dioxin Cleanup System (DAC695/DPU8; GL Sci-

ences). The eluant was concentrated to approximately 1 ml

and then evaporated at room temperature to 50–100 ll. The

residues were dissolved in 100 ll n-nonane for instru-

mental analysis.

A high-resolution gas chromatographer (GC)/mass

spectrometer (JMS 800D, Jeol, Tokyo, Japan) was used for

identification and quantification of PBDEs based on the

relative response factors of individual congeners. The high-

resolution mass spectrometer was operated in the electron

ionization mode, and ions were monitored by selected ion

monitoring. PBDE congeners were quantified separately

for tri- to hepta-BDEs and octa- to deca-BDEs using a

DB5-MS capillary column (15-m length, 0.25-mm inner

diameter, 0.1-lm film thickness; J & W Scientific, Palo

Alto, CA). PCBs and OCPs were determined using a gas

chromatographer (Agilent 6980 N) coupled to a mass

spectrometer (JMS GC Mate II; Jeol). The GC/MSD was

operated in the electron impact (70 eV) and selected ion

monitoring modes for most intensive ions of the molecular

ion cluster of individual compounds. A DB5-MS capillary

column (30-m length, 0.25-mm inner diameter, 0.25-lm

film thickness; J & W Scientific) was used for analyses of

PCBs and OCPs. Quantification of each compound was

performed by external standard method.

Procedural blanks (n = 8) were processed in the same

way as the samples and were included after every seventh

sample. With the exception of the presence of deca-BDE

(approximately 1 ng/g) in the blanks, they did not contain

quantifiable amounts of the target compounds. The

respective recoveries of PCBs 103, 198 and 209, spiked into

all samples before extraction, ranged from 86 ± 9%

(average ± SD), 87 ± 10%, and 86 ± 11%. Recoveries of
13C-labeled PBDEs and PCBs were 87 ± 15% and

91 ± 11%, respectively. The calculated limits of detection

(signal-to-noise ratio = 3) were 0.1–0.5 pg/g for tri- to

hepta-BDEs, 1–5 pg/g for octa- to deca-BDEs, 0.05–0.5 ng/g

for individual PCB congeners, 0.5 ng/g for DDTs, 0.1 ng/g

for CHLs, 0.2 ng/g for HCHs, and 0.05 ng/g for HCB. To

assess the quality of the analytical procedures and

instrumental conditions, we analyzed standard mussel

(Mytilus edulis) reference material (SRM 2974; National

Institute of Standards and Technology [NIST]; Gaithers-

burg, MD) and cod liver oil (SRM 1588b; NIST) for OCs

and tri- to hepta-BDE congeners, respectively. Our values

(n = 4) were 76–115% of the certified values for PBDEs,

78–95% of the certified values for PCBs, and 72–104% of

the certified values for OCPs.

Statistical Analyses

Kolmogorov–Smirnoff and Shapiro–Wilk tests were per-

formed to assess normality of concentrations of PCBs,

OCPs, and PBDEs in the adipose tissues. Spearman’s

correlation analysis was performed to investigate the rela-

tions between the chemical concentrations and demo-

graphic factors, such as BMI and age. All analyses were

performed using SPSS software version 18.0 (SPSS,

Chicago, IL) for Network.

Results and Discussion

Concentrations of PCBs, OCPs, and PBDEs

Concentrations of PCBs, OCPs, and PBDEs in adipose

tissues of Korean women are listed in Table 1. Among

OCs, concentrations of PCBs (270 ± 140 ng/g lipid wt)

and DDTs (250 ± 210 ng/g lipid wt) were the highest.

Concentrations of CHLs (18 ± 14 ng/g lipid wt), HCHs

(12 ± 11 ng/g lipid wt), and HCB (8.6 ± 4.7 ng/g lipid

wt) were 1–3 orders of magnitude lower than the concen-

trations of PCBs and DDTs. This pattern is similar to that

reported for fish, shellfish, squids, and cetaceans from

Korean coastal waters (Moon et al. 2009, 2010; Won et al.

2009; Park et al. 2010). Although the consumption of

HCHs is greater than that of DDTs in northeast Asian

countries (Li 1999; Yang 2008), HCH concentrations were

lower than those of DDTs in adipose tissues of Korean

women. This is due to the greater bioaccumulation poten-

tial of DDTs than HCHs (Loganathan and Kannan 1994)

and the rapid evaporation of HCHs to the atmosphere after

their application (Ramesh et al. 1991). The distribution of

concentrations of HCHs in adipose tissues was different

from that of other POPs, with majority of samples showing

concentrations \2 ng/g lipid wt (Fig. 1).

Most of the adipose tissue samples contained PBDE

concentrations in the range of 4–20 ng/g lipid wt. The

highest PBDE concentration (149 ng/g lipid wt) was found

in sample from a 50-year-old woman; this was considered

as an outlier value in subsequent statistical analysis. The

concentrations of PBDEs (16 ± 20 ng/g lipid wt) in

178 Arch Environ Contam Toxicol (2012) 62:176–184

123



adipose tissue samples were similar to those of CHLs and

HCHs but were greater than those of HCB. Although HCB

was never used as pesticide in Korea, this compound was

found in adipose tissues from Korean women.

Comparison of PCBs, OCPs, and PBDEs in Human

Adipose Tissues with Those Reported by Other Studies

Although the sampling campaign was different among

countries investigated, the overall concentrations of OCPs

(e.g., DDTs, CHLs, HCHs, and HCB) in adipose tissues of

Korean women were lower than those reported for other

countries (Table 2). In particular, residual levels of DDTs,

CHLs, HCHs, and HCB in samples from Korea were the

lowest among the reporting countries. The concentrations

of PCBs (270 ± 140 ng/g lipid wt) in our study were lower

than those measured in adipose tissues from Italy

(1550 ± 1532 ng/g lipid wt [Schiavone et al. 2010]), Japan

(850 ± 600 ng/g lipid wt [Kunisue et al. 2007]), the Czech

Republic (626 ± 376 ng/g lipid wt [Pulkrabová et al.

2009]), and Belgium (490 ± 341 ng/g lipid wt [Covaci

et al. 2008]). However, PCB concentrations in our study

were greater than those reported for adipose tissues from

women in Singapore (68 ± 87 ng/g lipid wt [Tan et al.

2008]), Brazil (80 ± 70 ng/g lipid wt [Kalantzi et al.

2009]), and New York, United States (157 ± 152 ng/g

lipid wt [Johnson-Restrepo et al. 2005]).

PBDE concentrations (16 ± 20 ng/g lipid wt) found in

our study were comparable with those reported for Italy

(11 ± 10 ng/g lipid wt [Schiavone et al. 2010]) and

Singapore (10 ± 21 ng/g lipid wt [Tan et al. 2008]).

Although the average concentrations of PBDEs

(253 ± 639 ng/g lipid wt [Johnson-Restrepo et al. 2005])

in adipose tissues from women in New York City were

approximately 15 times greater than those measured in our

study, adipose tissues from women in countries such as

Japan (Kunisue et al. 2007), the Czech Republic (Pul-

krabová et al. 2009), Belgium (Covaci et al. 2008), Spain

(Fernandez et al. 2007), and Brazil (Kalantzi et al. 2009)

had concentrations lower than those reported in our study,

\10 ng/g lipid weight. Large amounts of deca-BDEs were

consumed in Korea in 2001, accounting for approximately

50% (12,324 tons) of the total deca-BDE demand in Asia

(Watanabe and Sakai 2003; Moon et al. 2007). Our results

suggest that high levels of PBDE contamination in Korea is

a great concern. In fact, environmental monitoring of POPs

in Korean coastal waters has shown significant contami-

nation by PBDEs (Moon et al. 2010; Park et al. 2010).

Distribution Profiles of OCPs, PCBs, and PBDEs

The distribution profiles of OCPs, PCBs, and PBDEs in

adipose tissues of Korean women are shown in Fig. 2.

Among OCPs, the major compound was p,p0-DDE, which

accounted for 80% of the total OCP concentrations. The

greater proportion of metabolites, such as p,p0-DDE,

compared with the parent compound, p,p0-DDT, suggests

historical sources from technical mixtures of DDT used

in Korea. Some amounts of p,p0-DDT (and o,p0-DDT)

were detected in adipose tissue samples, which may be

Fig. 1 Frequency distributions of concentrations of a PCBs, b DDTs, c CHLs, d HCHs, e HCB, and f PBDEs in the adipose tissues of Korean

women
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associated with exposure through seafood consumption,

which is a major DDT exposure route for the general

Korean population (Moon et al. 2009). The proportion of

p,p0-DDT in seafood commonly consumed in Korea was

[10% of the total OCP concentrations (Moon et al. 2009).

Although a-HCH comprises the majority of HCH technical

mixtures, ranging from 55 to 80% (Willett et al. 1998),

only b-HCH was detected in adipose tissue samples due to

its greater persistence compared with other HCH isomers

(Loganathan and Kannan 1994). The major CHL com-

pound identified in this study was trans-nonachlor,

accounting for [60% of total CHL concentrations, fol-

lowed by oxychlordane (30%).

Hexa- and hepta-chlorobiphenyls constituted the great-

est proportions ([75%) of total PCB concentrations.

Pentachlorobiphenyls accounted for a small portion

(approximately 10%) of total PCBs. For all tissue samples,

the major congeners were PCBs 153, 138, 180, 187, 118,

and 170, which collectively accounted for 80% of total

PCB concentrations. The accumulation profiles of OCPs

and PCBs in adipose tissues are similar to the results

previously reported for seafood (Moon et al. 2009), ceta-

ceans (Park et al. 2010), and human sera (Kang et al. 2008)

from Korea.

Several studies have reported PBDE concentrations in

human samples from other countries, but those studies

measured only tetra- to hepta-BDE congeners, such as

BDEs 28, 47, 99, 100, 153, 154 and 183, which are the

major components of penta- and octa-BDE technical

mixtures (La Guardia et al. 2006). However, data on more

highly brominated octa- to deca-BDE congeners in human

samples are scarce. In our study, BDE 209 (deca-BDE)

was a predominant PBDE congener, accounting for

25 ± 15% of total PBDE concentrations. In addition, more

highly brominated congeners, such as octa- to nona-BDEs

(BDEs 197 and 207), accounted for 35% of the total PBDE

concentrations. This result is likely related to the high

consumption of deca-BDE technical mixtures in Korea and

its ongoing release into the environment (Thuresson et al.

2006). Similar to our study, some studies showed the

dominance of BDE 209 in human serum, breast milk, and

adipose tissues from Japan (Takasuga et al. 2004; Inoue

et al. 2006; Kunisue et al. 2007) and China (Jin et al.

2009). Koh et al. (2010) reported a shift in the congener

pattern of PBDEs found in breast milk from Taiwanese

women between 2000 and 2001 and 2007 and 2008. Dur-

ing the study period, the results showed a significant

increase in the proportions of more highly brominated

congeners, such as BDEs 183 and 209, to total PBDE

concentrations in breast milk of Taiwanese women.

As mentioned previously, the major source of PBDE

contamination in Korea is associated with the extensive

use of deca-BDE technical mixtures (Moon et al. 2007),T
a

b
le

2
C

o
m

p
ar

is
o

n
o

f
co

n
ce

n
tr

at
io

n
s

(a
v

er
ag

e
±

S
D

;
n

g
/g

li
p

id
w

ei
g

h
t)

o
f

P
C

B
s,

O
P

s,
an

d
P

B
D

E
s

in
ad

ip
o

se
ti

ss
u

es
o

f
K

o
re

an
w

o
m

en
w

it
h

th
o

se
re

p
o

rt
ed

fo
r

o
th

er
co

u
n

tr
ie

s
af

te
r

2
0

0
0

C
o

u
n

tr
y

n
S

ex
S

am
p

li
n

g
y

ea
r

P
C

B
s

D
D

T
s

C
H

L
s

H
C

H
s

H
C

B
P

B
D

E
s

R
ef

er
en

ce
s

K
o

re
a

5
3

F
em

al
e

2
0

0
8

–
2

0
0

9
2

7
0

±
1

4
0

2
5

0
±

2
1

0
1

8
±

1
4

1
2

±
1

1
8

.6
±

4
.7

1
6

±
2

0
T

h
is

st
u

d
y

Ja
p

an
1

0
F

em
al

e
2

0
0

3
–

2
0

0
4

8
5

0
±

6
0

0
1

3
0

0
±

1
2

0
0

2
2

0
±

1
3

0
9

0
0

±
9

2
0

3
5

±
2

6
3

.7
±

1
.3

K
u

n
is

u
e

et
al

.
(2

0
0

7
)

S
in

g
ap

o
re

8
8

F
em

al
e

2
0

0
4

–
2

0
0

6
6

8
±

8
7

6
4

0
±

7
5

0
1

9
0

±
3

6
5

2
0

±
1

2
1

0
±

2
1

T
an

et
al

.
(2

0
0

8
)

T
h

e
C

ze
ch

R
ep

u
b

li
c

9
8

5
M

al
e

an
d

9
3

fe
m

al
e

2
0

0
7

6
2

6
±

3
7

6
6

1
6

±
4

3
7

2
4

±
1

9
1

2
0

±
1

3
3

4
.4

±
6

.1
P

u
lk

ra
b

o
v

á
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which are composed primarily of BDE 209 but also include

minor proportions of nona-BDEs 206 and 207. In our

study, BDEs 49 and 66 were detected in almost all adipose

tissue samples (100% for BDE 49 and 80% for BDE 66),

which is different from the results of previous studies that

have rarely found BDEs 49 and 66 in biotic compartments

(Stapleton et al. 2006; Shaw et al. 2009). Results from this

study are consistent with penta-BDE, comprising a small

portion (\0.2%) of technical mixtures used in the Korean

BFR market. The proportion of BDEs 49 and 66 in penta-

BDE technical mixtures is only 0.6–1.3% of total PBDEs

(La Guardia et al. 2006), consistent with the pattern

observed (0.9 ± 0.5% for BDEs 49 and 66) for human

adipose tissues in our study.

Correlations Among POPs

Previous studies have reported age-dependent accumula-

tions of some legacy POPs in human adipose tissue samples

(Johnson-Restrepo et al. 2005; Kunisue et al. 2007; Covaci

et al. 2008). However, in this study no age-dependent

accumulation of PCBs and OCPs were found, except for

CHLs (r = 0.341, p \ 0.05) (Fig. 3). The departure from

previously reported results is likely attributable to the age of

the subjects, which ranged narrowly from 40 to 70 years, as

well as the sex. Adipose tissues were sampled only from

adult women, and women can eliminate POPs through

maternal transfer and lactation (Hardell et al. 2010; Tsang

et al. 2011). Similar to PCBs and OCPs, PBDEs were not

correlated with subjects’ age, which is consistent with data

reported in previous studies (Johnson-Restrepo et al. 2005;

Fernandez et al. 2007; Kunisue et al. 2007; Covaci et al.

2008; Pulkrabová et al. 2009; Petreas et al. 2011). In par-

ticular, greater levels of PBDEs were found in the youngest

age group (40 years old), suggesting that PBDEs have an

additional exposure route to humans other than food con-

sumption. Johnson-Restrepo and Kannan (2009) showed

house dust to be the major source of human exposure to

PBDEs in the United States. Karlsson et al. (2007) showed a

positive correlation between PBDE concentrations in house

dust and human serum. Whereas the major source of human

exposure to legacy POPs, such as PCBs, is dietary (Kannan

et al. 1992; Arnich et al. 2009), ingestion of dust is the

major pathway for human exposure to PBDEs (Frederiksen

et al. 2009). Further studies are needed to assess the mag-

nitude of exposure to PBDEs by way of dust ingestion by

the Korean population.

We recently reported concentrations of polychlorinated

dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) (Moon

et al. 2011a), polycyclic aromatic hydrocarbons (PAHs),

and synthetic musk compounds (Moon et al. 2011b) in

adipose tissue samples from the same set of samples.

Relation between BMI and organohalogen contaminants in

adipose tissue was investigated using Spearman’s correla-

tion analysis. There were no significant correlations

between BMI and concentrations of PCBs, PBDEs, and

OCPs, except for HCHs (r = -0.330) and PAHs (r =

-0.335) (Table 3). Previous studies showed positive (Ar-

rebola et al. 2010) or negative (Fernandez et al. 2008)

correlations between BMI and PCB levels. Wolff et al.

(2005) reported a negative correlation between BMI and

OC levels in pregnant women from New York in 1998 to
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Fig. 2 Distribution profiles of a organochlorine pesticides, b PCBs,

and c PBDEs in adipose tissues of Korean women. Data were

normalized to the total concentrations of each chemical group. Error
bars represent SDs
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2001. Given the range of results found in previous studies,

it appears that BMI is not a sole predictor of OC levels in

humans.

Concentrations of PCBs, DDTs, CHLs, HCB, and

PCDD/Fs (r = 0.402–0.834) were significantly correlated

with each other but not with HCHs. These correlations

suggest that the contaminants share similar exposure

routes, such as food ingestion and bioaccumulation in

human bodies. PBDEs showed low and moderate correla-

tion with other POPs, indicating that their exposure routes

and bioaccumulation potential are different. We also

investigated the relationship of POPs with synthetic musks.

Concentrations of synthetic musks had no relations or

negatively correlated with concentrations of POPs, sug-

gesting that musks have different exposure routes, such as

dermal exposures (Reiner and Kannan 2006).

Conclusion

The results of this study provide valuable baseline infor-

mation on exposure to OCs and PBDEs in the Korean
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Fig. 3 Correlations between subjects’ age and concentrations of each chemical group in adipose tissues of Korean women: a PCBs, b DDTs,

c CHLs, d HCHs, e HCB, and f PBDEs

Table 3 Spearman’s correlation coefficients among the concentrations of toxic organic contaminants measured in adipose tissues of Korean

women

PCBs DDTs CHLs HCHs HCB PBDEs PCDD/Fs Synthetic musks PAHs

DDTs 0.547***

CHLs 0.688*** 0.811***

HCHs 0.150 -0.289 -0.214

HCB 0.414** 0.692*** 0.834*** -0.439**

PBDEs 0.234 0.458** 0.345* -0.133 0.296*

PCDD/Fsa 0.542*** 0.425** 0.402** 0.124 0.384** 0.232

Synthetic musksb -0.116 -0.134 -0.177 -0.045 -0.046 0.127 0.043

PAHsc 0.026 -0.341* -0.290* -0.441** -0.420** -0.304* -0.076 -0.188

BMI -0.052 0.137 0.230 -0.330* 0.249 0.132 -0.262 0.072 -0.335*

a PCDD/Fs are actual concentrations of tetra- to octa-chlorinated dibenzo-p-dioxins and furans (Moon et al. 2011a)
b Synthetic musks are sum of HHCB, 6-acetyl-1,1,2,4,4,7-hexamethyltetraline, and musk-ketone, xylene, and moskens (Moon et al. 2011b; in

submission)
c PAHs are sum of 16 PAHs recommended by the USEPA as priority pollutants (Moon et al. 2011b; in submission)

* 0.01 \ p \ 0.05

** 0.01 \ p \ 0.001

*** p \ 0.001

182 Arch Environ Contam Toxicol (2012) 62:176–184

123



general population. The concentrations of legacy POPs, such

as PCBs and OCPs, in adipose tissues of Korean women were

lower than those reported for other countries, whereas PBDE

concentrations were greater than those reported for East

Asian and European countries. The accumulation profiles of

PBDEs were characterized by the dominance of BDE 209,

followed by nona- and octa-BDE congeners, consistent with

the consumption pattern of BFRs in Korea. The concentra-

tions of legacy POPs in adipose tissues were correlated with

each other, whereas PBDEs showed only moderate correla-

tions with other POPs, suggesting different exposure routes

and biotransformation potentials in the human body. The

concentrations of OCs and PBDEs in adipose tissues were

not correlated with age and BMI of donors.
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