
P
O
P
s
C
o
n
ta
m
in
a
ti
o
n
 i
n
 t
h
e
 K
o
r
e
a
n
 C
o
a
s
ta
l 

E
n
v
ir
o
n
m
e
n
t 
a
n
d
 i
ts
 p
o
s
s
ib
le
 s
o
u
r
c
e
s

S
a
n
g
 H
e
e
H
o
n
g

K
o
re
a
 O
c
e
a
n
 R
e
s
e
a
rc
h
 a
n
d
 D
e
v
e
lo
p
m
e
n
t 
In
s
ti
tu
te



S
to
c
k
h
o
lm
 C
o
n
v
e
n
ti
o
n

•
T
h
e
 S
to
c
k
h
o
lm
 C
o
n
v
e
n
ti
o
n
 i
s
 a
 g
lo
b
a
l 
tr
e
a
ty
 t
o
 p
ro
te
c
t 
h
u
m
a
n
 

h
e
a
lt
h
 a
n
d
 t
h
e
 e
n
v
ir
o
n
m
e
n
t 
fr
o
m
 p
e
rs
is
te
n
t 
o
rg
a
n
ic
 p
o
llu
ta
n
ts
 

(P
O
P
s
).

•
T
h
e
 C
o
n
v
e
n
ti
o
n
 w
a
s
 a
d
o
p
te
d
 o
n
 2
2
 M
a
y
 2
0
0
1
.

•
T
h
e
 C
o
n
v
e
n
ti
o
n
 e
n
te
r 
in
to
 f
o
rc
e
 o
n
 M
a
y
 2
0
0
4
. 

•
R
e
p
u
b
lic
 o
f 
K
o
re
a
 ;
 s
ig
n
a
tu
re
 -
4
 O
c
t 
2
0
0
1
 

ra
ti
fi
c
a
ti
o
n
 -
2
5
 J
a
n
 2
0
0
7



P
O
P
s
R
e
g
u
la
ti
o
n
 i
n
 K
o
re
a

1
9
7
9

B
an

n
ed

 
E

le
ct

ri
c
al

 I
n

st
al

la
ti

o
n
 a

n
d

 I
n
sp

ec
ti

o
n
 A

ct

1
9
9
7

re
st

ri
ct

ed
 e

m
is

si
o

n
W

as
te

 M
a
n
a
g

e
m

en
t 

A
ct

D
io

x
in

s/
F
u
ra

n
s

N
o

 r
eg

u
la

ti
o

n
; 

T
h
is

 c
h
e
m

ic
al

 h
as

 n
e
v
er

 b
e
e
n
 m

a
n
u

fa
ct

u
re

d
, 

im
p

o
rt

ed
 o

r 
u
se

d
 i

n
 K

o
re

a.
M

ir
ex

N
o

 r
eg

u
la

ti
o

n
; 

T
h
is

 c
h
e
m

ic
al

 h
as

 n
e
v
er

 b
e
e
n
 m

a
n
u

fa
ct

u
re

d
, 

im
p

o
rt

ed
 o

r 
u
se

d
 i

n
 K

o
re

a.

H
ex

a
ch

lo
ro

b
en

ze
n
e

1
9

9
6

B
an

n
ed

 
T

o
x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

P
C

B
s

1
9
8
2

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
1

B
an

n
ed

 
T

o
x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

T
o
x
a
p
h
en

e

1
9
7
1

E
m

u
ls

io
n
: 

B
an

n
ed

 

1
9
6
9

W
et

ta
b

le
: 

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
1

B
an

n
ed

 
T

o
x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

D
D

T

1
9
7
9

E
m

u
ls

io
n
: 

B
an

n
ed

 

1
9
7
0

W
et

ta
b

le
: 

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
9

B
an

n
ed

T
o

x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

H
ep

ta
ch

lo
r

1
9
6
9

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
9

B
an

n
ed

T
o

x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

C
h
lo

rd
a
n
e

1
9
6
9

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
9

B
an

n
ed

T
o

x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

E
n
d
ri

n

1
9
7
0

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
9

B
an

n
ed

T
o

x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

D
ie

ld
ri

n

1
9
6
9

B
an

n
ed

 
A

g
ro

c
h

e
m

ic
al

s 
M

an
ag

e
m

e
n
t 

A
ct

1
9

9
9

B
an

n
ed

T
o

x
ic

 C
h
e
m

ic
al

s 
C

o
n
tr

o
l 

A
ct

A
ld

ri
n

Y
ea

r
R

eg
u
la

ti
o
n

R
el

a
te

d
 A

ct
P
O

P
s



P
O
P
s
u
s
a
g
e
 i
n
 K
o
re
a

C
o
m
p
o
u
n
d

D
D
T

A
ld
ri
n

D
ie
ld
ri
n

H
C
H

H
e
p
ta
c
h
lo
r

Usage (ton)

0

2
0
0
0

4
0
0
0

6
0
0
0

8
0
0
0

D
D
T

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

Usage (ton)

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

A
ld
ri
n

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

Usage (ton)

0

2
0
0

4
0
0

6
0
0

8
0
0

1
0
0
0

1
2
0
0

1
4
0
0

L
in
d
a
n
e

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

Usage (ton)

0

1
0

2
0

3
0

4
0

5
0

D
ie
ld
ri
n

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

Usage (ton)

0

2
0
0

4
0
0

6
0
0

8
0
0

1
0
0
0

1
2
0
0

T
e
c
h
n
ic
a
l 
H
C
H

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

Usage (ton)

0

5
0
0

1
0
0
0

1
5
0
0

2
0
0
0

2
5
0
0

H
e
p
ta
c
h
lo
r

1
9
4
5

1
9
5
0

1
9
5
5

1
9
6
0

1
9
6
5

1
9
7
0

1
9
7
5

1
9
8
0

Usage (ton)

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0



T
h
e
 d
a
n
g
e
r 
is
 n
o
t 
o
v
e
r

T
ra
n
s
fo
rm
e
r

C
a
p
a
c
it
o
r

T
h

er
e 

ar
e 

m
an

y
 h

u
n
d

re
d
s 

o
f 

to
n
n

es
o
f 

P
C

B
s 

‘s
to

ck
p

il
ed

’
in

 t
h

e 
w

o
rl

d
, 
fo

r 
ex

am
p

le
 

in
 t

ra
n

sf
o
rm

er
 a

n
d
 c

ap
ac

it
o

r.

T
o

x
ic

 c
h

em
ic

al
s,

 i
n

cl
u
d

in
g

 d
io

x
in

s,
 f

u
ra

n
s 

an
d
 P

C
B

s,
 c

an
 f

o
rm

 a
s

b
y
-p

ro
d
u

ct
s 

w
h

en
 c

h
lo

ri
n

at
ed

 c
o

m
p

o
u

n
d

s 
ar

e 
m

an
u
fa

ct
u
re

d
 o

r 
b

u
rn

ed
.



G
lo
b
a
l 
te
c
h
n
ic
a
l 
H
C
H
 u
s
a
g
e

G
lo
b
a
l 
D
D
T
 E
m
is
s
io
n
 i
n
 2
0
0
0

U
s
a
g
e
 a
n
d
 B
a
n
 f
o
r 
H
C
H
 a
n
d
 D
D
T
 

h
tt
p
:/
/w
w
w
.m
s
c
-s
m
c
.e
c
.g
c
.c
a
/d
a
ta
/g
lo
p
e
rd
/E
m
is
s
io
n
In
v
_
e
.c
fm

C
ro
p
la
n
d
 I
n
te
n
s
it
y

G
lo
b
a
l 
p
o
p
u
la
ti
o
n



E
s
ti
m
a
te
d
 c
u
m
u
la
ti
v
e
 g
lo
b
a
l 
u
s
a
g
e
 o
f 
P
C
B
s

B
re
iv
ik
e
t 
a
l.
 (
2
0
0
2
) 
S
c
i.
 T
o
ta
l 
E
n
v
ir
o
n
. 
2
9
0
(1
-3
),
 1
9
9
-2
2
4

E
s
ti
m
a
te
d
 g
lo
b
a
l 
p
ro
d
u
c
ti
o
n
 :
1
.3
 m
ill
io
n
 t
o
n
s
 (
1
9
3
0
 –
1
9
9
3
)

U
s
a
g
e
 o
f 
P
C
B
 i
n
 K
o
re
a
 :
5
6
0
 t
o
n
s
 (
1
9
7
5
  
-
1
9
8
4
)



C
a
s
e
 s
tu
d
y
 I
.

F
is
h
 m
o
n
it
o
ri
n
g
 s
tu
d
y
 o
n
 P
O
P
s
in
 t
h
e
 K
o
re
a
n
 C
o
a
s
ta
l 

re
g
io
n
s

C
a
s
e
 s
tu
d
y
 I
I
.

P
o
s
s
ib
le
 p
o
in
t 
s
o
u
rc
e
 o
f 
P
O
P
s
in
 t
h
e
 K
o
re
a
n
 C
o
a
s
ta
l 

re
g
io
n
s

C
o
n
te
n
t



L
o
c
a
ti
o
n
 m
a
p
 o
f 
fi
s
h
 s
a
m
p
li
n
g
 a
n
d
 p
u
rc
h
a
s
in
g
 s
it
e
s

E
lk

n
o
r
n
 s
cu

lp
in

 (
A
lc
ic
h
th
y 
a
lc
ic
o
rn
is

) 
(1
-1
)

B
r
o
w

e
n
 s
o
le

 (
L
im
a
n
d
a
 h
er
ze
n
st
e
in
i
) 
(1
-2
)*

E
lk

n
o
r
n
 s
cu

lp
in

 (
A
. 
a
lc
ic
o
rn
is

) 
 (
2
-1
)

E
lk
n
o
rn
 s
cu
lp
in
 (
a
lc
io
rn
is

) 
(2
-2
)*

E
lk

n
o
r
n
 s
cu

lp
in

 (
A

. 
a
lc
ic
o
rn
is

) 
(3
-1
)*

W
h
ip

 s
cu

lp
in

 (
G
ym
n
o
ca
n
th
u
s 
in
te
rm
ed
iu
s
) 
(3

-2
)*

G
r
ee

n
li
n
g
 (
H
ex
a
g
ra
m
m
o
s 
o
ta
k
ii

) 
(4
-1
)

E
lk

n
o
r
n
 s
cu

lp
in

 (
A
. 
a
lc
ic
o
rn
is

) 
(4

-2
)*

M
a
rb

le
d
 s
o
le

 (
L
im
a
n
d
a
 y
o
k
o
h
a
m
a
e
) 
(5
-1
)

W
il
lo

w
y
 f
lo

u
n
d
er

 (
T
a
n
a
k
iu
s 
k
it
a
h
a
ra
i
) 
(5
-2
)*

G
r
ee

n
li
n
g
 (
H
. 
o
ta
k
ii

) 
(6
-1
)

S
tr

ip
e
d
 m

u
ll
et

 (
M
u
g
il
 c
ep
h
a
lu
s
) 
(7
-1
)

W
il
lo

w
y
 f
lo

u
n
d
er

 (
T
. 
k
it
a
h
a
ra
i
) 
(7
-2
)*

F
in

es
p
o
tt

ed
 f
lo

u
n
d
er

 (
P
le
u
ro
n
ic
h
th
ys
 c
o
rn
u
tu
a

) 
(8
-1
)

G
r
ee

n
li
n
g
 (
H
. 
o
ta
k
ii

) 
(8
-2
)

S
to

n
e 

fl
o
u
n
d
e
r 

(K
a
re
iu
s 
b
ic
o
lo
ra
tu
s
) 
(9
-1
)

S
tr

ip
e
d
 m

u
ll
et

 (
M
. 
c
ep
h
a
lu
s
) 
(9
-2
)*

G
r
ee

n
li
n
g
 (
H
. 
o
ta
k
ii

) 
(1
0
-1
)

N
a
k
e-

h
e
a
d
e
d
 g

o
b
y
 (
F
a
vo
n
ig
o
b
iu
s 
g
ym
n
a
u
ch
e
n

) 
(1
1
-1
)

D
u
sk

y
 s
p
in

ef
o
o
t 
(S
ig
a
n
u
s 
fu
sc
ec
se
n
s
) 
(1
2
-1
)

S
il
v
e
ry

 p
o
m

fr
et

 (
P
a
m
p
u
s 
a
rg
en
te
u
s
) 
(1
2
-2
)*

S
tr

ip
e
d
 m

u
ll
et

 (
M
. 
c
ep
h
a
ls
u
s
) 
(1
3
-1
)

B
a
rt

a
il
 f
la

t 
h
ea

d
 (
P
la
ty
ce
p
h
a
lu
s 
in
d
ic
u
s
) 
(1
4
-1
)*

B
r
o
w

e
n
 s
o
le

 (
L
. 
h
er
ze
n
st
e
in
i
) 
(1
4
-2
)*

S
tr

ip
e
d
 m

u
ll
et

 (
M
. 
c
ep
h
a
lu
s
) 
(1
4
-3
)*

Y
el

lo
w

 d
ru

m
 (
N
ib
ea
 a
lb
if
lo
ra

) 
(1
5
-1
)*

G
r
ee

n
li
n
g
 (
H
. 
o
ta
k
ii

) 
(1
6
-1
)*

S
il
v
e
ry

 p
o
m

fr
et

 (
P
. 
a
rg
e
n
te
u
s
) 
(1
6
-2
)*

B
r
o
w

e
n
 s
o
le

 (
L
. 
h
er
ze
n
st
e
in
i
) 
(1
6
-3
)*

G
r
ee

n
li
n
g
 (
H
. 
o
ta
k
ii

) 
(1
7
-1

)*

M
u
d
 H

o
p
p
e
r 

(P
er
io
p
th
a
lm
u
s 
sp
. )
 (
1
8
-1
)

S
tr

ip
e
d
 m

u
ll
et

 (
M
. 
c
ep
h
a
ls
u
s
) 
(1
8
-2
)

B
la

ck
 r

o
ck

fi
sh

 (
S
eb
a
st
es
 s
ch
le
g
el
i
) 
(1
9
-1
)*

*
 F

is
h
 p

u
rc

h
a
se

d
 a

t 
lo

ca
l 
m

a
rk

e
t

N
0
 
2
5
 
5
0
 7
5
 k
m
 

1

2

3

4 5 6
7

8
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
81
9

K
O
R
E
A

K
O
R
E
A



P
C
B
s

D
D
T
s

H
C
H
s

C
H
L
s

H
C
B

D
ie
ld
ri
n

E
n
d
o
s
u
l

Concentration (ng/g lipid wt)

0

1
0
0
0

2
0
0
0

3
0
0
0

1
0
0
0
0

1
2
0
0
0

1
4
0
0
0

H
C
H
s

C
H
L
s

H
C
B

D
ie
ld
ri
n
E
n
d
o
s
u
l

Concentration (ng/g lipid wt)
0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

C
o
n
ta
m
in
a
ti
o
n
 S
ta
tu
s
 o
f 
P
O
P
s
in
 f
is
h
 f
ro
m
 t
h
e
 

K
o
re
a
n
 c
o
a
s
ta
l 
re
g
io
n
s



0

3
0

6
0

9
0

1
2
0

1-1

2-1

4-1

5-1

6-1

7-1

8-1

8-2

9-1

10-1

11-1

12-1

13-1

18-1

18-2

1-2

2-2

3-1

3-2

4-2

5-2

7-2

9-2

12-2

14-1

14-2

14-3

15-1

16-1

16-2

16-3

17-1

19-1

05
0
0
0

1
0
0
0
0

1
5
0
0
0

w
e
t 
w

e
ig

h
t 
b
a
se

li
p
id

 w
t 
b
a
se

0

1
0

2
0

3
0

1-1

2-1

4-1

5-1

6-1

7-1

8-1

8-2

9-1

10-1

11-1

12-1

13-1

18-1

18-2

1-2

2-2

3-1

3-2

4-2

5-2

7-2

9-2

12-2

14-1

14-2

14-3

15-1

16-1

16-2

16-3

17-1

19-1

05
0
0

1
0
0
0

1
5
0
0

2
0
0
0

0246

1-1

2-1

4-1

5-1

6-1

7-1

8-1

8-2

9-1

10-1

11-1

12-1

13-1

18-1

18-2

1-2

2-2

3-1

3-2

4-2

5-2

7-2

9-2

12-2

14-1

14-2

14-3

15-1

16-1

16-2

16-3

17-1

19-1

05
0

1
0
0

1
5
0

2
0
0

2
5
0

0246

1-1

2-1

4-1

5-1

6-1

7-1

8-1

8-2

9-1

10-1

11-1

12-1

13-1

18-1

18-2

1-2

2-2

3-1

3-2

4-2

5-2

7-2

9-2

12-2

14-1

14-2

14-3

15-1

16-1

16-2

16-3

17-1

19-1

05
0

1
0
0

1
5
0

2
0
0

2
5
0

012

1-1

2-1

4-1

5-1

6-1

7-1

8-1

8-2

9-1

10-1

11-1

12-1

13-1

18-1

18-2

1-2

2-2

3-1

3-2

4-2

5-2

7-2

9-2

12-2

14-1

14-2

14-3

15-1

16-1

16-2

16-3

17-1

19-1

02
0

4
0

6
0

8
0

Concentration (ng/g wet wt)

Concentration (ng/g lipid wt)

C
o
ll
e
ct

ed
P
u
r
ch

a
se

d
Σ ΣΣΣ
P
C

B

Σ ΣΣΣ
D

D
T

Σ ΣΣΣ
H

C
H

Σ ΣΣΣ
C

H
L

H
C

B

D
is
tr
ib
u
ti
o
n
 o
f 

o
rg
a
n
o
c
h
lo
ri
n
e
s
 i
n
 

fi
s
h
 m
u
s
c
le
 s
a
m
p
le
s



S
c
re
e
n
in
g
 v
a
lu
e
 o
f 
o
rg
a
n
o
c
h
lo
ri
n
e
s
 

(u
s
in
g
 t
h
e
 E
P
A
 a
p
p
ro
a
c
h
)

F
o
r
 n

o
n
c
a
rc

in
o
g
e
n
s:

S
V

 =
 (
R

fD
·
B
W

)/
C

R

F
o
r
 c

a
r
ci

n
o
g
e
n
s:

S
V

 =
 [
(R

L
 /
 C

S
F
) 
·
B
W

] 
/ 
C

R

S
V

 =
 S

c
r
e
e
n
in

g
 V

a
lu

e
 (
m

g
 k

g
-1
; 
p
p
m

)

B
W

 =
 B

o
d
y
 w

e
ig

h
t 
(k

g
),
 7

0
 k

g

C
R

 =
 C

o
n
su

m
p
ti
o
n
 r

a
te

 o
f 
fi
sh

 (
g
 d

-1
),
 5

8
.9

 g
 d

-1

R
fD

=
 O

r
a
l 
r
e
fe

r
e
n
c
e 

d
o
se

 (
m

g
 k

g
-1

d
-1
)

R
L

 =
 M

a
x
im

u
m

 a
c
ce

p
ta

b
le

 r
is
k
 l
e
v
e
l 
(d

im
e
n
si

o
n
le

ss
),
 1

0
-5

C
S
F
 =

 O
r
a
l 
c
a
n
c
e
r 

sl
o
p
e
 f
a
c
to

r
 (
m

g
 k

g
-1

 d
-1
)-

1



0
.8

0
.2

0
1

6
8

M
ir

ex

0
.0

3
0

7
0

.0
0
7

7
6

L
in

d
an

e

0
.0

2
5

0
.0

0
6

3
H

C
B

0
.0

0
4

3
9

0
.0

0
1

1
1

H
ep

ta
ch

lo
r 

E
p
o

x
id

e

1
.2

0
.3

0
2

5
1

E
n
d

ri
n

2
4

3
.0

2
5

1
3

E
n
d

o
su

lf
an

I 
an

d
 I

I

0
.0

0
2

5
0

.0
0
0

6
3

D
ie

ld
ri

n

0
.1

1
4

0
.0

2
8

8
1

C
H

L
s

0
.1

1
7

0
.0

2
9

6
6

D
D

T
s

0
.0

2
0

.0
0
5

0
4

P
C

B
s

E
P

A
 S

V
 f

o
r

R
ec

re
at

io
n

al
 F

is
h

er
sb

(p
p

m
)

S
V

 i
n

 t
h
is

 s
tu

d
y

a

(p
p

m
)

C
o

m
p

o
u
n

d
s

a P
il

o
t

S
tu

d
y
 S

cr
ee

n
in

g
 V

al
u

es
 d

ev
el

o
p

ed
 u

si
n

g
 E

P
A

 G
u
id

an
ce

 d
o

cu
m

en
t 

ap
p

ro
ac

h
. 

 V
al

u
es

 
re

p
o
rt

ed
 a

re
 f

o
r 

ca
rc

in
o

g
en

s 
o
r 

n
o
n
-c

ar
ci

n
o

g
en

s.
  

V
al

u
es

 b
as

ed
 o

n
 5

9
.7

 g
 d

a
y

-1
o
f 

fi
sh

 
fo

r 
a 

6
0
.2

 k
g
 a

d
u
lt

.
b
U

S
E

P
A

 (
2
0
0
0
a)

. 
V

al
u

es
 b

as
ed

 o
n
 c

o
n
su

m
p

ti
o
n
 o

f 
1
7
.5

 g
 d

a
y
-1

 o
f 

fi
sh

 f
o

r 
a 

7
0
 k

g
 a

d
u
lt

s.
 

C
o
m
p
a
ri
s
o
n
 o
f 
e
s
ti
m
a
te
d
 s
c
re
e
n
in
g
 v
a
lu
e
 

s
c
re
e
n
in
g
 v
a
lu
e
s
 (
S
V
s
) 
in
 t
h
is
 s
tu
d
y
 a
n
d
 U
S
 E
P
A
 

S
V
s
fo
r 
o
rg
a
n
o
c
h
lo
ri
n
e
s



C
o
m
p
a
ri
s
o
n
 o
f 
o
rg
a
n
o
c
h
lo
ri
n
e
 c
o
n
c
e
n
tr
a
ti
o
n
s
 i
n
 

fi
s
h
 m
u
s
c
le
 f
ro
m
 t
h
e
 c
o
a
s
t 
o
f 
K
o
re
a
 w
it
h
 e
s
ti
m
a
te
d
 

s
c
re
e
n
in
g
 v
a
lu
e
s
 (
S
V
) 
fo
r 
fi
s
h
 c
o
n
s
u
m
p
ti
o
n
 r
is
k

C
o
n
ce

n
tr

a
ti
o
n
 (
n
g
/g

 w
t)

0
.0
0
1

0
.0
1

0
.1

1
1
0

1
0
0

1
0
0
0

Σ ΣΣΣ
P
C

B

Σ ΣΣΣ
D

D
T

Σ ΣΣΣ
C

H
L

D
ie

ld
ri

n

E
n
d
ri

n

H
ep

ta
ch

lo
r

ep
o
x
id

e

H
C

B

L
in

d
a
n
e

6
.4

9
 n

g
/g

3
8
.2

 n
g
/g

3
7
.1

 n
g
/g

0
.8

 n
g
/g

3
8
9
 n

g
/g

1
.4

3
 n

g
/g

8
.1

2
 n

g
/g

2
5
9
 n

g
/g



F
is
h
 S
a
m
p
li
n
g
 i
n
 H
a
n
 R
iv
e
r
 E
s
tu
a
r
y

C
/B
-3

C
/B
-1

S
e
o
u
l

H
a
n
 R
iv
e
r



F
is
h
 S
a
m
p
li
n
g
 i
n
 

H
a
n
 R
iv
e
r
 E
s
tu
a
r
y

D
at

e
Si

te
Sp

ec
ie

s
Le

ng
th

(c
m

, 
m

ea
n±

SD
)

W
ei

gh
t

(g
, 

m
ea

n±
SD

)

cr
uc

ia
n 

ca
rp

 (
C

ar
as

si
us

 a
ur

at
us

)
30

.0
 ±

 0
40

7 
±

 0

st
rip

ed
 m

ul
le

t (
M

ug
il 

ce
ph

al
us

)
44

.5
 ±

 7
.0

7
75

4 
±

 2
07

ko
re

an
 a

nc
ho

vy
 (

C
oi

lia
 e

ct
en

s 
Jo

rd
an

 e
t S

ea
le

)
18

.1
 ±

 2
.8

1
15

.8
 ±

 9
.7

C
/B

-3
st

rip
ed

 m
ul

le
t (

M
ug

il 
ce

ph
al

us
)

45
.2

 ±
 0

86
7 

±
 0

06
/8

/2
4

C
/B

-3
ca

rp
 (

C
yp

rin
us

 c
ar

pi
o)

44
.3

 ±
 0

98
8 

±
 0

C
/B

-1
st

rip
ed

 m
ul

le
t (

M
ug

il 
ce

ph
al

us
)

12
.4

 ±
 1

.4
16

.4
 ±

 3
.6

C
/B

-3
m

ud
 h

op
pe

r (
Pe

rio
pt

ha
lm

us
 c

an
to

ne
ns

is
)

8.
3 

±
 2

.4
1

5.
87

 ±
 2

.7
8

C
/B

-1
st

rip
ed

 m
ul

le
t (

M
ug

il 
ce

ph
al

us
)

37
.5

 ±
 1

.3
9

50
6 

±
 5

3.
4

st
rip

ed
 m

ul
le

t (
M

ug
il 

ce
ph

al
us

)
11

.7
 ±

 0
.8

1
12

.4
2 

±
 2

.3
5

bl
ak

 m
ou

th
 g

oo
se

fis
h 

(L
op

hi
om

us
 s

et
ig

er
us

)
12

.5
 ±

 1
.9

9
32

.1
 ±

 1
3.

5

ko
re

an
 a

nc
ho

vy
 (

C
oi

lia
 e

ct
en

s 
Jo

rd
an

 e
t S

ea
le

)
16

.1
 ±

 1
.7

3
10

.3
 ±

 2
.6

5

m
ud

 h
op

pe
r (

Pe
rio

pt
ha

lm
us

 c
an

to
ne

ns
is

)
14

.6
 ±

 1
.7

6
17

.4
 ±

 2
.3

2

m
ud

 h
op

pe
r (

Pe
rio

pt
ha

lm
us

 c
an

to
ne

ns
is

)
9.

62
 ±

 1
.2

1
16

.3
 ±

 8
.1

9

re
d 

to
ng

ue
 s

ol
e 

(C
yn

og
lo

ss
us

 jo
yn

er
i)

19
 ±

 0
34

 ±
 0

ch
in

es
e 

m
itt

en
 c

ra
b 

(E
rio

ch
ei

r s
in

en
si

s)
2.

18
 ±

 0
.4

6
5.

05
 ±

 3
.0

9

06
/5

/2
5

C
/B

-1

06
/1

1/
9

07
/2

/2
3

C
/B

-3



C
o
n
ta
m
in
a
ti
o
n
 S
ta
tu
s
 o
f 
P
O
P
s
c
h
e
m
ic
a
ls

C
o
m
p
o
u
n
d

P
C
B
s

D
D
T
s

C
H
L
s

H
C
H
s

H
C
B

D
ie
ld
ri
n
E
n
d
o
s
u
lf
a
n
 I
I

Concentration (ng/g lipid wt)

0

5
0
0

1
0
0
0

1
5
0
0

2
0
0
0



H
C
B

H
C
H
s

C
H
L
s
E
n
d
o
s
u
lf
a
n
 I
I
D
D
T
s

P
C
B
s

Concentration (ng/g lipid wt)

0

2
0
0

4
0
0

6
0
0

8
0
0

1
0
0
0

1
2
0
0

1
4
0
0

1
6
0
0

1
8
0
0

M
a
y
-0
6
 

A
u
g
-0
6
 

N
o
v
-0
6
 

F
e
b
-0
7

S
e
a
s
o
n
a
l 
V
a
r
ia
ti
o
n
 o
f 
P
O
P
s
in
 F
is
h
 M
u
s
c
le

H
C
B

H
C
H
s

C
H
L
s

E
n
d
o
s
u
lf
a
n
 I
I

Concentration (ng/g lipid wt)

0

2
0

4
0

6
0

8
0

1
0
0



S
p
a
ti
a
l 
D
is
tr
ib
u
ti
o
n
 o
f 
P
O
P
s
in
 F
is
h
 m
u
s
c
le

H
C
B

H
C
H
s

C
H
L
s

E
n
d
o
s
u
lf
a
n
 I
I
D
D
T
s

P
C
B
s

Concentration (ng/g lipid wt)

0

2
0
0

4
0
0

6
0
0

8
0
0

1
0
0
0

1
2
0
0

1
4
0
0

1
6
0
0

1
8
0
0

C
/B
-1
 

C
/B
-3
 



W
a
s
te
w
a
te
r
 /
 S
e
w
a
g
e
 T
r
a
c
e
r
 

in
 t
h
e
 W
a
te
r
 c
o
lu
m
n

0

5
0
0

1
0
0
0

1
5
0
0

2
0
0
0

2
5
0
0

3
0
0
0

3
5
0
0

6
:3

0
7
:0

0
8
:0

0
9
:0

0
1
0
:0

0
1
1
:0

0
1
2
:0

0
1
3
:0

0
1
5
:0

0
1
6
:0

0
1
7
:0

0
1
8
:0

0

S
a
m

p
li
n
g
 t
im

e
 (
h
)

Concentration (ng/L)

C
B

-1

C
B

-3

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

6
:3

0
7
:0

0
8
:0

0
9
:0

0
1
0
:0

0
1
2
:0

0
1
3
:0

0
1
5
:0

0
1
6
:0

0
1
7
:0

0
1
8
:0

0

S
a
m

p
li
n
g
 t
im

e
 (
h
)

Concentration (ng/L)

C
B

-1

C
B

-3

0

1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

7
0
0

8
0
0

6
:3

0
7
:0

0
8
:0

0
9
:0

0
1
0
:0

0
1
1
:0

0
1
2
:0

0
1
3
:0

0
1
4
:0

0
1
5
:0

0
1
6
:0

0
1
7
:0

0

S
a
m

p
li
n
g
 t
im

e
 (
h
)

Concentration (ng/L)

C
B

-1

C
B

-3

0.
0

0.
0

0.
0

0.
0

0.
5

0.
5

0.
5

0.
5

1.
0

1.
0

1.
0

1.
0

1.
5

1.
5

1.
5

1.
5

2.
0

2.
0

2.
0

2.
0

2.
5

2.
5

2.
5

2.
5

3.
0

3.
0

3.
0

3.
0

15 151515
16 161616

17 171717
18 181818

19 191919
20 202020

21 212121
22 222222

23 232323

S
al

in
ity

 (
ps

u)
S

al
in

ity
 (

ps
u)

S
al

in
ity

 (
ps

u)
S

al
in

ity
 (

ps
u)

COP (ng/L) COP (ng/L) COP (ng/L) COP (ng/L)

S
a
li
n
it
y
 

S
a
li
n
it
y
 

S
a
li
n
it
y
 

S
a
li
n
it
y
 v

s
v
s

v
s

v
s

C
o
p
ro

s
ta

n
o
l

C
o
p
ro

s
ta

n
o
l

C
o
p
ro

s
ta

n
o
l

C
o
p
ro

s
ta

n
o
l
a
t 

C
B

a
t 

C
B

a
t 

C
B

a
t 

C
B

- ---
3 333

N
o
n
y
lp

h
e
n
o
l

N
o
n
y
lp

h
e
n
o
l

N
o
n
y
lp

h
e
n
o
l

N
o
n
y
lp

h
e
n
o
l

(W
a
s
te

w
a
te

r 
tr

a
c
e
r)

(W
a
s
te

w
a
te

r 
tr

a
c
e
r)

(W
a
s
te

w
a
te

r 
tr

a
c
e
r)

(W
a
s
te

w
a
te

r 
tr

a
c
e
r)

C
o
p
ro

s
ta

n
o
l

C
o
p
ro

s
ta

n
o
l

C
o
p
ro

s
ta

n
o
l

C
o
p
ro

s
ta

n
o
l

(S
e
w

a
g
e
 t

ra
c
e
r)

(S
e
w

a
g
e
 t

ra
c
e
r)

(S
e
w

a
g
e
 t

ra
c
e
r)

(S
e
w

a
g
e
 t

ra
c
e
r)

C
/B
-3

C
/B
-1

S
e
o
u
l



R
e
la
ti
v
e
 

c
o
m
p
o
s
it
io
n
 o
f 

O
C
P
s
in
 f
is
h
 m
u
s
c
le

α ααα
-C
h
lo
rd
a
n
e

γ γγγ-
C
h
lo
rd
a
n
e

c
is
-N
o
n
a
c
h
lo
r

tr
a
n
s
-N
o
n
a
c
h
lo
r

H
e
p
ta
c
h
lo
r

2
4
± ±±±
2
%

1
9
± ±±±
3
%

1
0
± ±±±
2
%

7
± ±±±
3
%

7
± ±±±
1
%
 

T
e
c
h
n
ic

a
l 
C

h
lo

rd
a
n
e

T
e
c
h
n
ic

a
l 
H

C
H

α ααα
-H
C
H

(5
5
-8
0
%
)

(5
-1
4
%
)

β
-H
C
H

γ-
H
C
Hδ
-H
C
H

(8
-1
5
%
)

(2
-1
6
%
)

D
D
T
s

D
D
M
U

o
,p
'-
D
D
E

p
,p
'-
D
D
E

o
,p
'-
D
D
D

p
,p
'-
D
D
D

o
,p
'-
D
D
T

p
,p
'-
D
D
T

Composition (%)

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

H
C
H
s

a
-H
C
H

b
-H
C
H

g
-H
C
H

d
-H
C
H

Composition (%)

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

C
H
L
s

a
-c
h
lo
rd
a
n
e

r-
ch
lo
rd
a
n
e

ci
s-
n
o
n
a
ch
lo
r tr
a
n
s-
n
o
n
a
ch
lo
r

Composition (%)

0

1
0

2
0

3
0

4
0

5
0

α
-H
C
H
  
  
  
  
  
  
β
-H
C
H
  
  
  
  
  
  
γ-
H
C
H
  
  
  
  
  
  
δ
-H
C
H



R
e
la
ti
v
e
 c
o
m
p
o
s
it
io
n
 o
f 
O
C
P
s
in
 f
is
h
 m
u
s
c
le
 f
ro
m
 

th
e
 K
o
re
a
n
 c
o
a
s
ta
l 
re
g
io
n
s
  
 

0
%

5
0
%

1
0
0
%

1
-1

2
-1

4
-1

5
-1

6
-1

7
-1

8
-1

8
-2

9
-1

1
0
-1

1
1
-1

1
2
-1

1
3
-1

1
8
-1

1
8
-2

1
-2

2
-2

3
-1

3
-2

4
-2

5
-2

7
-2

9
-2

1
2
-2

1
4
-1

1
4
-2

1
4
-3

1
5
-1

1
6
-1

1
6
-2

1
6
-3

1
7
-1

1
9
-1

0
%

5
0
%

1
0
0
%

1
-1

2
-1

4
-1

5
-1

6
-1

7
-1

8
-1

8
-2

9
-1

1
0
-1

1
1
-1

1
2
-1

1
3
-1

1
8
-1

1
8
-2

1
-2

2
-2

3
-1

3
-2

4
-2

5
-2

7
-2

9
-2

1
2
-2

1
4
-1

1
4
-2

1
4
-3

1
5
-1

1
6
-1

1
6
-2

1
6
-3

1
7
-1

1
9
-1

0
%

5
0
%

1
0
0
%

1
-1

2
-1

4
-1

5
-1

6
-1

7
-1

8
-1

8
-2

9
-1

1
0
-1

1
1
-1

1
2
-1

1
3
-1

1
8
-1

1
8
-2

1
-2

2
-2

3
-1

3
-2

4
-2

5
-2

7
-2

9
-2

1
2
-2

1
4
-1

1
4
-2

1
4
-3

1
5
-1

1
6
-1

1
6
-2

1
6
-3

1
7
-1

1
9
-1

D
D

E
D

D
D

D
D

T
α ααα
-H

C
H

β βββ
-H

C
H

δ δδδ
-H

C
H

γ γγγ-
H

C
H

α ααα
-c

h
lo

rd
a
n
e

γ γγγ-
ch

lo
rd

a
n
e c
is

-n
o
n
a
c
h
lo

r
tr
a
n
s-

n
o
n
a
ch

lo
r

o
x
y
ch

lo
rd

a
n
e

C
/B
-3

C
/B
-1

S
e
o
u
l

H
a
n
 R
iv
e
r



C
o
m
p
a
ri
s
o
n
 o
f 
o
rg
a
n
o
c
h
lo
ri
n
e
 c
o
n
c
e
n
tr
a
ti
o
n
s
 i
n
 f
is
h
 

m
u
s
c
le
 f
ro
m
 t
h
e
 c
o
a
s
t 
o
f 
K
o
re
a
a
n
d
 H
a
n
 R
iv
e
r 
e
s
tu
a
ry

w
it
h
 e
s
ti
m
a
te
d
 s
c
re
e
n
in
g
 v
a
lu
e
s
 (
S
V
) 
fo
r 
fi
s
h
 

c
o
n
s
u
m
p
ti
o
n
 r
is
k

C
o
n
ce

n
tr

a
ti
o
n
 (
n
g
/g

 w
t)

0
.0
0
1

0
.0
1

0
.1

1
1
0

1
0
0

1
0
0
0

Σ ΣΣΣ
P
C

B

Σ ΣΣΣ
D

D
T

Σ ΣΣΣ
C

H
L

D
ie

ld
ri

n

E
n
d
ri

n

H
ep

ta
ch

lo
r

ep
o
x
id

e

H
C

B

L
in

d
a
n
e

6
.4

9
 n

g
/g

3
8
.2

 n
g
/g

3
7
.1

 n
g
/g

0
.8

 n
g
/g

3
8
9
 n

g
/g

1
.4

3
 n

g
/g

8
.1

2
 n

g
/g

2
5
9
 n

g
/g



C
u
m
u
la
ti
v
e
 p
r
o
b
a
b
il
it
y
 o
f 
O
C
 c
o
n
c
e
n
tr
a
ti
o
n
s
 

in
 s
u
r
fa
c
e
 s
e
d
im
e
n
t
fr
o
m
 t
h
e
 c
o
a
s
t 
o
f 
K
o
r
e
a
  

C
o
n
ce

n
tr

a
ti
o
n
s 
(n

g
/g

 d
ry

 w
t.
)

0
.0
0
1

0
.0
1

0
.1

1
1
0

1
0
0

1
0
0
0

Cumulative probability (%)

0

2
0

4
0

6
0

8
0

1
0
0

M
ed

ia
n

∑ ∑∑∑
P
C

B
: 
1
.5

6

∑ ∑∑∑
D

D
T

: 
0
.6

8

∑ ∑∑∑
H

C
H

: 
0
.3

2
 

∑ ∑∑∑
C

H
L

: 
0
.1

4

P
C

B

D
D

T

H
C

H

C
H

L

H
C

B



C
u
m
u
la
ti
v
e
 p
r
o
b
a
b
il
it
y
 o
f 
O
C
 c
o
n
c
e
n
tr
a
ti
o
n
s
 

in
b
iv
a
lv
e
s
fr
o
m
 t
h
e
 c
o
a
s
t 
o
f 
K
o
r
e
a
 i
n
 2
0
0
0

C
o
n
c
en

tr
a
ti
o
n
s 
(n

g
/g

 d
ry

 w
t.
)

1
1
0

1
0
0

1
0
0
0

Cumulative probability (%)

0

2
0

4
0

6
0

8
0

1
0
0

Σ ΣΣΣ
P
C

B

Σ ΣΣΣ
D

D
T

Σ ΣΣΣ
H

C
H

Σ ΣΣΣ
C

H
L

M
ed

ia
n

∑ ∑∑∑
P
C

B
: 
4
5
.9

∑ ∑∑∑
D

D
T
: 
2
5
.8

∑ ∑∑∑
H

C
H

: 
3
.6

4
 

∑ ∑∑∑
C

H
L
: 
4
.4

4



C
a
s
e
 s
tu
d
y
 I
I.

P
o
s
s
ib
le
 p
o
in
t 
s
o
u
rc
e
 o
f 
P
C
B
s
 i
n
 t
h
e
 K
o
re
a
n
 C
o
a
s
ta
l 
re
g
io
n
s



S
u
rf
a
ce
 s
ed
im
en
t 
sa
m
p
li
n
g
 s
it
es

Y
o
u
n
g
il
B
a
y

B
u
s
a
n
B
a
y

U
ls
a
n
 B
a
y

G
w
a
n
g
y
a
n
g
B
a
y

K
y
e
o
n
g
g
i
B
a
y

N
0
 

2
5

 
5
0

 
7
5

 k
m

 

K
O
R
E
A

K
O
R
E
A1

2
3

4

5 6 7
~
1
5

1
6
~
2
6

2
7
~
3
6

3
7
~
5
6

5
7
~
7
9

8
0
~
8
9

9
0
~
9
8

9
9

1
0
4
,1
0
5

1
0
0
~
1
0
3

1
0
6

1
0
7

1
0
81
0
9

1
1
0

1
1
1

1
1
2

1
1
3
~
1
2
4

1
2
5

1
2
6
~
1
3
8



S
a
m

p
li
n
g
 s

ta
ti
o
n
s
 i
n
 f

iv
e
 m

a
jo

r 
in

d
u
s
tr

ia
li
ze

d
 b

a
y
s
  

S
a
m

p
li
n
g
 s

ta
ti
o
n
s
 i
n
 f

iv
e
 m

a
jo

r 
in

d
u
s
tr

ia
li
ze

d
 b

a
y
s
  

S
a
m

p
li
n
g
 s

ta
ti
o
n
s
 i
n
 f

iv
e
 m

a
jo

r 
in

d
u
s
tr

ia
li
ze

d
 b

a
y
s
  

S
a
m

p
li
n
g
 s

ta
ti
o
n
s
 i
n
 f

iv
e
 m

a
jo

r 
in

d
u
s
tr

ia
li
ze

d
 b

a
y
s
  

0
 

2
5

 
5

0
 7

5
 k

m
 

N

Ea
st

 
Se

a

Ye
llo

w
 

Se
a

So
ut

h
Se

a

Se
ou

l

Bu
sa

n

1
2
9
  
2
0
'

1
2
9
  
2
5
' E39  25' 39  30' N

U
1 U
2

U
3

U
5 U
6

U
7

U
8
U
9 U
1
0

U
1
1

U
ls
a
n
 B
a
y

O
n

sa
n

In
d

u
st

ri
al

C
o
m

p
le

x

Tae
wha R

iv
er

(d
) P

et
ro

ch
em

ic
al

C
o
m

p
le

xU
ls

a
n
 H

a
rb

o
r

S
h

ip
y
ar

d

P
o

h
an

g
 S

te
el

C
o
m

p
le

x

1
2
9
  
2
5
'

Y
9 Y
1

S
te

el
 C

o
m

p
le

x

Hyongsa
n R

iv
er

Y
o
u
n
g
il
 B
a
y

36  00'

Y
3

Y
2

Y
5

Y
6Y
7

Y
8

Y
4

(e
)

U
4

Y
o
u

se
u

n
g

C
h

e
m

ic
al

C
o

m
p

le
x

S
te

e
l 

C
o

m
p

le
x

3
5
'

1
2
7
  
4
0
'

4
5
'

5
0
'

35 50'55'

0
0

.0
5

0
.1

0
.1

5
0

.2
0

.2
5

W
o
r
k
s 
in

p
ro

g
re

ss
 

C
h
o

n
am

In
d

u
st

ri
al

C
o
m

p
le

x

Y
o
c

h
o
n

 I
n

d
u

st
ri

al
C

o
m

p
le

x

S
te

el
 C

o
m

p
le

x

Y
u

lc
h

o
n

 
In

d
u
st

ri
al

C
o

m
p

le
x

(b
)

G
1

G
2

G
3

G
4

G
5

G
6

S
h

ip
y
ar

d

K
y
e
o
n
g
g
i 
B
a
y

G
w
a
n
g
y
a
n
g
 B
a
y

S
o
u

th
 H

ar
b

o
r



S
it

e

0
4

8
1
2

1
6

2
0

2
4

2
8

3
2

3
6

4
0

4
4

4
8

5
2

5
6

6
0

6
4

6
8

7
2

7
6

8
0

8
4

8
8

9
2

9
6
1
0
0
1
0
4
1
0
8
1
1
2
1
1
6
1
2
0
1
2
4
1
2
8
1
3
2
1
3
6

ΣDDT concentrations (ng/g dw)

0

2
0

4
0

6
0

9
0

1
2
0

1
5
0

S
it

e

0
4

8
1
2

1
6

2
0

2
4

2
8

3
2

3
6

4
0

4
4

4
8

5
2

5
6

6
0

6
4

6
8

7
2

7
6

8
0

8
4

8
8

9
2

9
6
1
0
0
1
0
4
1
0
8
1
1
2
1
1
6
1
2
0
1
2
4
1
2
8
1
3
2
1
3
6

ΣPCB concentrations (ng/g dw)

0

2
0

4
0

6
0

8
0

1
6
0

1
8
0

2
0
0

1
9

9

'h
ig

h
' (

1
1
.1

)

'5
 x

 h
ig

h
' (

5
5
.5

)

'h
ig

h
' (

6
.5

3
)

'5
 x

 h
ig

h
' (

3
2
.7

)

S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
P
C

B
s
 a

n
d
 D

D
T

s
S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
P
C

B
s
 a

n
d
 D

D
T

s
S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
P
C

B
s
 a

n
d
 D

D
T

s
S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
P
C

B
s
 a

n
d
 D

D
T

s

＊ ＊＊＊
＊ ＊＊＊

＊ ＊＊＊
＊ ＊＊＊

Y
o
u
n
g
il

U
ls

a
n

B
u
sa

n
M

a
sa

n
G

w
a
n
g
y
a
n
g

K
a
m

a
k

K
y
eo

n
g
g
i

B
o
su

n
g

W
h
a
o
n
g

＊ ＊＊＊
＊ ＊＊＊

＊ ＊＊＊
＊ ＊＊＊

* ***
H
a
r
b
o
r
 a
r
e
a

* ***
I
n
d
u
s
tr
ia
l 
C
o
m
p
le
x

a
r
e
a



K
1

K
2

K
3

K
4

K
5

K
6

K
7

K
8

K
9

K
1

0
K

1
1

K
1

2
K

1
3

Concentration

(ng/g dry wt.)

0

1
0

2
0

G
1

G
2

G
3

G
4

G
5

G
6

Concentration

(ng/g dry wt.)

05

1
0

B
1

B
2

B
3

B
4

B
5

B
6

B
7

B
8

B
9

B
1

0

Concentration

(ng/g dry wt.)

0

5
0

1
5
0

2
0
0

U
1

U
2

U
3

U
4

U
5

U
6

U
7

U
8

U
9

U
1

0
U

1
1

Concentration

(ng/g dry wt.)
0

1
0

2
0

3
0

S
it

es

Y
1

Y
2

Y
3

Y
4

Y
5

Y
6

Y
7

Y
8

Y
9

Concentration

(ng/g dry wt.)

0

2
0

7
0

8
0

(a
)

(b
)

(c
)

(d
)

(e
)

S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
S
p
a
ti
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
P
C

B
 c

o
n
c
e
n
tr

a
ti
o
n
s
 i
n
 

P
C

B
 c

o
n
c
e
n
tr

a
ti
o
n
s
 i
n
 

P
C

B
 c

o
n
c
e
n
tr

a
ti
o
n
s
 i
n
 

P
C

B
 c

o
n
c
e
n
tr

a
ti
o
n
s
 i
n
 

s
e
d
im

e
n
ts

 f
ro

m
 

s
e
d
im

e
n
ts

 f
ro

m
 

s
e
d
im

e
n
ts

 f
ro

m
 

s
e
d
im

e
n
ts

 f
ro

m
 

in
d
u
s
tr

ia
li
ze

d
 b

a
y
s

in
d
u
s
tr

ia
li
ze

d
 b

a
y
s

in
d
u
s
tr

ia
li
ze

d
 b

a
y
s

in
d
u
s
tr

ia
li
ze

d
 b

a
y
s

K
y
eo

n
g
g
i 
B

a
y

G
w

a
n
g
y
a
n
g
 B

a
y

B
u
sa

n
 B

a
y

U
ls

a
n
 B

a
y

Y
o
u
n
g
il
 B

a
y

0 
25

 
50

 7
5 

km
 

N

Ea
st 

Se
a

Ye
llo

w 
Se

a

So
uth Se
a

Se
ou

l

Bu
sa

n

12
9 
 2
0
'

12
9 
 2
5
' E39  25' 39  30' N

U
1 U
2

U
3 U
5 U
6

U
7

U
8
U
9 U
10

U
11

U
ls
an
 B
ay

O
ns

an
In

du
st

ri
al

C
om

pl
ex

Taew
ha R iver

(d
) Pe

tr
oc

he
m

ic
al

C
om

pl
exU

ls
an

 H
ar

bo
r

Sh
ip

ya
rd

P
oh

an
g 

St
ee

l
C

om
pl

ex

12
9
  2
5'

Y
9 Y
1

St
ee

l C
om

pl
ex

Hyongsan R
iver

Yo
u
ng
il
 B
ay

36  00'

Y
3

Y
2

Y
5

Y
6Y
7

Y
8

Y
4

(e
)

U
4

Y
ou

se
un

g
C

he
m

ic
al

C
om

pl
ex

St
ee

l C
om

pl
ex

35
'

12
7 
 4
0
'

45
'

50
'

35 50'55'

0
0

.0
5

0
.1

0
.1

5
0

.2
0

.2
5

W
or

k
s 
in

p
ro

gr
es

s 

C
ho

na
m

In
du

st
ri

al
C

om
pl

ex

Y
oc

ho
n 

In
du

st
ri

al
C

om
pl

ex

St
ee

l C
om

pl
ex

Y
ul

ch
on

 
In

du
st

ri
al

C
om

pl
ex

(b
) G

1

G
2

G
3

G
4

G
5

G
6

Sh
ip

ya
rd

K
ye
on
gg
i B
ay

G
w
an
gy
an
g 
B
ay

So
ut

h 
H

ar
bo

r



A
1
2
6
0

B
3Y
1

K
C
-6
0
0

-6
-4

-2
0

2
4

6

-4-20246

K
1
K
2

K
3

K
4

K
5

K
6

K
7

K
8

K
9

K
1
0

K
1
1

K
1
2

K
1
3

G
1

G
2

G
3

G
4

G
5

G
6

B
1

B
2

B
4

B
5B
6

B
7

B
8

B
9 B
1
0

U
1

U
2U
3

U
4

U
5

U
6

U
7

U
8

U
9

U
1
0

U
1
1
Y
2

Y
3

Y
4

Y
5

Y
6

Y
7

Y
8 Y
9

A
1
0
1
6

A
1
2
5
4

A
1
2
4
2 K
C
-3
0
0

K
C
-4
0
0

K
C
-5
0
0

PC2

P
C
1

-0
.2

0
.0

0
.2

-0
.2

-0
.1

0
.0

0
.1

0
.2

0
.3

0
.4

C
B
8

C
B
1
8

C
B
2
8

C
B
4
4

C
B
5
2

C
B
6
6

C
B
8
7

C
B
1
0
1

C
B
1
0
5

C
B
1
1
0

C
B
1
1
8

C
B
1
2
8

C
B
1
3
8

C
B
1
5
3
C
B
1
7
0

C
B
1
8
0

C
B
1
8
7

C
B
1
9
5C
B
2
0
0

C
B
2
0
6

PC2

P
C
1

L
o
w

 c
h
lo

ri
n
a
ti
o
n

H
ig

h
 c

h
lo

ri
n
a
ti
o
n

P
ri

n
c
ip

le
 

P
ri

n
c
ip

le
 

P
ri

n
c
ip

le
 

P
ri

n
c
ip

le
 

c
o
m

p
o
n
e
n
t 

a
n
a
ly

s
is

 
c
o
m

p
o
n
e
n
t 

a
n
a
ly

s
is

 
c
o
m

p
o
n
e
n
t 

a
n
a
ly

s
is

 
c
o
m

p
o
n
e
n
t 

a
n
a
ly

s
is

 
s
c
o
re

 p
lo

t 
a
n
d
 

s
c
o
re

 p
lo

t 
a
n
d
 

s
c
o
re

 p
lo

t 
a
n
d
 

s
c
o
re

 p
lo

t 
a
n
d
 

lo
a
d
in

g
 p

lo
t 

o
f 

P
C

B
 

lo
a
d
in

g
 p

lo
t 

o
f 

P
C

B
 

lo
a
d
in

g
 p

lo
t 

o
f 

P
C

B
 

lo
a
d
in

g
 p

lo
t 

o
f 

P
C

B
 

c
o
n
g
e
n
e
r 

p
a
tt

e
rn

 i
n
 

c
o
n
g
e
n
e
r 

p
a
tt

e
rn

 i
n
 

c
o
n
g
e
n
e
r 

p
a
tt

e
rn

 i
n
 

c
o
n
g
e
n
e
r 

p
a
tt

e
rn

 i
n
 

fi
v
e
 m

a
jo

r 
b
a
y
s

fi
v
e
 m

a
jo

r 
b
a
y
s

fi
v
e
 m

a
jo

r 
b
a
y
s

fi
v
e
 m

a
jo

r 
b
a
y
s

B
u
sa
n
 B
a
y

Y
o
u
n
g
il
 B
a
y

C
l

C
l

C
l

C
l m mmm

C
l

C
l

C
l

C
l n nnn

m
 +

 n
 =

 1
 t
o
 1

0
m

 +
 n

 =
 1

 t
o
 1

0
m

 +
 n

 =
 1

 t
o
 1

0
m

 +
 n

 =
 1

 t
o
 1

0

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

C
l

P
C
B



C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 B

u
s
a
n

B
u
s
a
n

B
u
s
a
n

B
u
s
a
n

B
a
y
 a

n
d
 

B
a
y
 a

n
d
 

B
a
y
 a

n
d
 

B
a
y
 a

n
d
 Y

o
u
n
g
il

Y
o
u
n
g
il

Y
o
u
n
g
il

Y
o
u
n
g
il

B
a
y
 

B
a
y
 

B
a
y
 

B
a
y
 

(n
g
/g

 
(n

g
/g

 
(n

g
/g

 
(n

g
/g

 d
w

d
w

d
w

d
w

) )))

P
C

B
 C

o
n

g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

Concentration (ng/g)

0
.0

0
.5

1
.0

1
.5

2
.0

2
.5

Concentration (ng/g)

05

1
0

1
5

2
0

2
5

H
ex

a-
 ~

 D
ec

a-
C

B
s

D
i-

 ~
 P

en
ta

-C
B

s
B
u
s
a
n
B
a
y

Y
o
u
n
g
il
B
a
y



H
a
rb
o
r 
R
e
g
io
n

(B
u
s
a
n
B
a
y
)



C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 i
n
 B

u
s
a
n

B
u
s
a
n

B
u
s
a
n

B
u
s
a
n

B
a
y
 a

n
d
 K

C
B

a
y
 a

n
d
 K

C
B

a
y
 a

n
d
 K

C
B

a
y
 a

n
d
 K

C
- ---
6
0
0

6
0
0

6
0
0

6
0
0

P
C

B
 C

o
n

g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

PCBX / PCB153

0
.0

0
.5

1
.0

1
.5

2
.0

PCBX / PCB153

0
.0

0
.5

1
.0

1
.5

2
.0

H
ex

a-
 ~

 D
ec

a-
C

B
s

D
i-

 ~
 P

en
ta

-C
B

s
B
u
s
a
n
B
a
y

K
C
-6
0
0



C
o
rr

e
la

ti
o
n
 o

f 
c
o
n
g
e
n
e
r 

c
o
m

p
o
s
it
io

n
 b

e
tw

e
e
n
 B

5
 a

n
d
 

C
o
rr

e
la

ti
o
n
 o

f 
c
o
n
g
e
n
e
r 

c
o
m

p
o
s
it
io

n
 b

e
tw

e
e
n
 B

5
 a

n
d
 

C
o
rr

e
la

ti
o
n
 o

f 
c
o
n
g
e
n
e
r 

c
o
m

p
o
s
it
io

n
 b

e
tw

e
e
n
 B

5
 a

n
d
 

C
o
rr

e
la

ti
o
n
 o

f 
c
o
n
g
e
n
e
r 

c
o
m

p
o
s
it
io

n
 b

e
tw

e
e
n
 B

5
 a

n
d
 

K
C

K
C

K
C

K
C

- ---
6
0
0

6
0
0

6
0
0

6
0
0

X
/1
5
3
 i
n
 B
5

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

X/153 in KC-600

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

r2
 

 =
0
.7
1

p
 <
 0
.0
0
1



P
C

B
 C

o
n
g
en

er
 6

 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

CBX / CB153
0
.0

0
.5

1
.0

1
.5

2
.0

H
e
x
a
- 
~
 D

e
c
a
-C

B
s

D
i-
 ~

 P
e
n
ta

-C
B

s
B

u
sa

n
 (
S
e
d
im

en
t)

N
e
a
r
 s
h
ip

y
a
r
d
 i
n
 B

u
sa

n
 (
S
e
d
im

e
n
t)

P
C

B
 C

o
n
g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

CBX / CB153

0
.0

0
.5

1
.0

1
.5

2
.0

P
C

B
 C

o
n
g
en

er

N
e
a
r
 s
h
ip

y
a
r
d
 i
n
 U

ls
a
n
 (
S
e
d
im

en
t)

P
C

B
 C

o
n
g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

CBX / CB153

0
.0

0
.5

1
.0

1
.5

2
.0

C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
s
h
ip

y
a
rd

s
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
s
h
ip

y
a
rd

s
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
s
h
ip

y
a
rd

s
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
s
h
ip

y
a
rd

s

0
 

2
5

 
5

0
 7

5
 k

m
 

N

Ea
st

 
Se

a

Ye
llo

w
 

Se
a

So
ut

h
Se

a

Se
ou

l

Bu
sa

n

1
2
9
  
2
0
'

1
2
9
  
2
5
' E

39  25' 39  30' N

U
1 U
2

U
3

U
5 U
6

U
7

U
8
U
9 U
1
0

U
1
1

U
ls
a
n
 B
a
y

O
n
s
an

In
d

u
st

ri
al

C
o
m

p
le

x

Tae
wha

 R
iv

er

(d
) P

et
ro

ch
em

ic
a
l

C
o
m

p
le

xU
ls

a
n
 H

a
rb

o
r

S
h

ip
y
ar

d

P
o
h

an
g
 S

te
el

C
o
m

p
le

x

1
2
9
  
2
5
'

Y
9 Y
1

S
te

el
 C

o
m

p
le

x

Hyon
gsa

n R
iv

er

Y
o
u
n
g
il
 B
a
y

36  00'

Y
3

Y
2

Y
5

Y
6Y
7

Y
8

Y
4

(e
)

U
4

Y
o

u
se

u
n

g
C

h
e
m

ic
al

C
o

m
p
le

x

S
te

e
l 

C
o

m
p

le
x

3
5
'

1
2
7
  
4
0
'

4
5
'

5
0
'

35 50'55'

0
0

.0
5

0
.1

0
.1

5
0

.2
0

.2
5

W
o
rk

s 
in

p
ro

gr
e
ss
 

C
h

o
n
am

In
d

u
st

ri
al

C
o

m
p
le

x

Y
o
c
h

o
n

 I
n
d

u
st

ri
al

C
o
m

p
le

x

S
te

el
 C

o
m

p
le

x

Y
u
lc

h
o

n
 

In
d

u
st

ri
al

C
o
m

p
le

x

(b
)

G
1

G
2

G
3

G
4

G
5

G
6

S
h

ip
y
ar

d

K
ye
o
n
g
g
i 
B
a
y

G
w
a
n
g
ya
n
g
 B
a
y

S
o
u

th
 H

ar
b

o
r



P
C

B
 h

o
m

o
lo

g
u
e
 p

a
tt

e
rn

 n
e
a
r 

s
h
ip

y
a
rd

s
P
C

B
 h

o
m

o
lo

g
u
e
 p

a
tt

e
rn

 n
e
a
r 

s
h
ip

y
a
rd

s
P
C

B
 h

o
m

o
lo

g
u
e
 p

a
tt

e
rn

 n
e
a
r 

s
h
ip

y
a
rd

s
P
C

B
 h

o
m

o
lo

g
u
e
 p

a
tt

e
rn

 n
e
a
r 

s
h
ip

y
a
rd

s

X
/1
5
3
 i
n
 B
5

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

X/153 in U3

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

r2
 

 =
0
.8
4

p
 <
 0
.0
0
1

H
o
m

o
lo

g
u
e 

g
ro

u
p

D
i

T
ri

T
et

ra
P

en
ta

H
ex

a
H

ep
ta

O
ct

a
N

o
n

a
D

ec
a

Percent composition

0

1
0

2
0

3
0

4
0

B
5
 

U
3



S
te
e
l 
W
o
rk
s
 R
e
g
io
n
 



C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
S
te

e
l 
W

o
rk

s
 R

e
g
io

n
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
S
te

e
l 
W

o
rk

s
 R

e
g
io

n
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
S
te

e
l 
W

o
rk

s
 R

e
g
io

n
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
S
te

e
l 
W

o
rk

s
 R

e
g
io

n

P
C

B
 C

o
n

g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

CBX / CB153

05

1
0

1
5

2
0

G
w

a
n
g
y
a
n
g
 (
S
ed

im
e
n
t)

P
C

B
 C

o
n

g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

PCBX / PCB153

0
.0

0
.5

1
.0

1
.5

2
.0

Y
o
u
n
g
il
 (
S
ed

im
en

t)
H

e
x
a
- 
~
 D

ec
a
-C

B
s

D
i-
 ~

 P
en

ta
-C

B
s

0
 

2
5

 
5

0
 7

5
 k

m
 

N

Ea
st

 
Se

a

Ye
llo

w
 

Se
a

So
ut

h
Se

a

Se
ou

l

Bu
sa

n

1
2
9
  
2
0
'

1
2
9
  
2
5
' E

39  25' 39  30' N

U
1 U
2

U
3

U
5 U
6

U
7

U
8
U
9 U
1
0

U
1
1

U
ls
a
n
 B
a
y

O
n
s
an

In
d

u
st

ri
al

C
o
m

p
le

x

Tae
wha

 R
iv

er

(d
) P

et
ro

ch
em

ic
a
l

C
o
m

p
le

xU
ls

a
n
 H

a
rb

o
r

S
h

ip
y
ar

d

P
o
h

an
g
 S

te
el

C
o
m

p
le

x

1
2
9
  
2
5
'

Y
9 Y
1

S
te

el
 C

o
m

p
le

x

Hyon
gsa

n R
iv

er

Y
o
u
n
g
il
 B
a
y

36  00'

Y
3

Y
2

Y
5

Y
6Y
7

Y
8

Y
4

(e
)

U
4

Y
o

u
se

u
n

g
C

h
e
m

ic
al

C
o

m
p
le

x

S
te

e
l 

C
o

m
p

le
x

3
5
'

1
2
7
  
4
0
'

4
5
'

5
0
'

35 50'55'

0
0

.0
5

0
.1

0
.1

5
0

.2
0

.2
5

W
o
rk

s 
in

p
ro

gr
e
ss
 

C
h

o
n
am

In
d

u
st

ri
al

C
o

m
p
le

x

Y
o
c
h

o
n

 I
n
d

u
st

ri
al

C
o
m

p
le

x

S
te

el
 C

o
m

p
le

x

Y
u
lc

h
o

n
 

In
d

u
st

ri
al

C
o
m

p
le

x

(b
)

G
1

G
2

G
3

G
4

G
5

G
6

S
h

ip
y
ar

d

K
ye
o
n
g
g
i 
B
a
y

G
w
a
n
g
ya
n
g
 B
a
y

S
o
u

th
 H

ar
b

o
r



S
te
e
l 
W
o
rk
s
 R
e
g
io
n

H
ig
h
 V
o
lu
m
e 
S
a
m
p
le
r 
  
  G

la
ss

 f
ib

er
 f

il
te

rs

S
o
x

h
le

t 
ap

p
ar

at
u

s 

fo
r 

P
U

F
 c

le
an

u
p

 &
 

ex
tr

ac
ti

o
n

P
U

F
 (

p
o

ly
u
re

th
an

e 
fo

am
)



C
o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
C

o
n
g
e
n
e
r 

p
ro

fi
le

s
 a

t 
S
te

e
l 
W

o
rk

s
 R

e
g
io

n
S
te

e
l 
W

o
rk

s
 R

e
g
io

n
S
te

e
l 
W

o
rk

s
 R

e
g
io

n
S
te

e
l 
W

o
rk

s
 R

e
g
io

n

S
te

el
 W

o
rk

s 
(A

ir
)

P
C

B
 C

o
n

g
en

er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

CBX / CB153

05

1
0

1
5

2
0

H
ex

a
- 
~
 D

ec
a
-C

B
s

D
i-
 ~

 P
en

ta
-C

B
s P

C
B

 C
o

n
g

en
er

 6
 7/9
 8/5

 16/32
 17/15
 18
 19
 22

 24/27
 25
 26
 28
 29

 20/33/53
 31
 40

 41/64
 37/59/42

 44
 45
 46

 47/48/75
 49
 51
 52

 60/56
 63
 66

 100/67
 70
 74
 82
 83
 84
 85

 87/115
 91
 92
 95
 96
 97
 99

 101/90
 105
 107

 110/77
 118
 119
 128
 129
 134
 135
 136

 131/122/114
 137

 160/138
 141/179

 146
 149/123

 151
 153

 157/201
 158
 167

 170/190
 202/171/156

 172
 174
 175

176/130
 177
 178
 180
 183
 185
 187
 189
 191
 193
 173
 194
 197
 198
 199
 200

 203/196
 208/195

 207
 206
 209

PCBX / PCB153

05

1
0

1
5

2
0

2
5

S
te

el
 W

o
rk

s 
(E

ff
lu

e
n
t)



D
i

T
ri

T
et

ra
P

en
ta

H
ex

a
H

ep
ta

O
ct

a
N

o
n

a
D

ec
a

E
ff
lu
e
n
t

A
tm

o
s
p
h
e
ri
c

e
m
is
s
io
n

A
tm

o
s
p
h
e
ri
c

d
e
p
o
s
it
io
n

D
i

T
ri

T
et

ra
P

en
ta

H
ex

a
H

ep
ta

O
ct

a
N

o
n

a
D

ec
a

B
o
tt
o
m
 S
e
d
im
e
n
t

D
i

T
ri

T
et

ra
P

en
ta

H
ex

a
H

ep
ta

O
ct

a
N

o
n

a
D

ec
a



S
u
m

m
a
ry

S
u
m

m
a
ry

S
u
m

m
a
ry

S
u
m

m
a
ry

•
P
o
ly
c
h
lo
ri
n
a
te
d
 b
ip
h
e
n
y
ls
 a
n
d
 o
rg
a
n
o
c
h
lo
ri
n
e
 p
e
s
ti
c
id
e
s
 a
re
 w
id
e
ly
 

d
is
tr
ib
u
te
d
 i
n
 t
h
e
 K
o
re
a
n
 c
o
a
s
ta
l 
e
n
v
ir
o
n
m
e
n
t.

•
O
rg
a
n
o
c
h
lo
ri
n
e
 c
o
m
p
o
u
n
d
s
 a
re
 w
id
e
ly
 d
is
tr
ib
u
te
d
 i
n
 t
h
e
 c
o
a
s
ta
l 

e
n
v
ir
o
n
m
e
n
t 
o
f 
K
o
re
a
  
a
n
d
 P
C
B
s
 a
n
d
 D
D
T
 c
o
m
p
o
u
n
d
s
 a
re
 d
o
m
in
a
n
t 

o
rg
a
n
o
c
h
lo
ri
n
e
s
.

•
B
a
s
e
d
 o
n
 t
h
e
 e
s
ti
m
a
te
d
 s
c
re
e
n
in
g
 v
a
lu
e
s
, 
P
C
B
 c
o
m
p
o
u
n
d
s
 w
e
re
 

id
e
n
ti
fi
e
d
 a
s
 p
o
te
n
ti
a
l 
c
h
e
m
ic
a
l 
o
f 
c
o
n
c
e
rn
 t
h
ro
u
g
h
o
u
t 
th
e
 c
o
a
s
t
o
f 
K
o
re
a
.

•
O
rg
a
n
o
c
h
lo
ri
n
e
 c
o
n
ta
m
in
a
ti
o
n
 a
re
 c
lo
s
e
ly
 r
e
la
te
d
 t
o
 i
n
d
u
s
tr
ia
l 
a
c
ti
v
it
y
 

a
n
d
 s
h
ip
p
in
g
 a
c
ti
v
it
y



S
u
m

m
a
ry

S
u
m

m
a
ry

S
u
m

m
a
ry

S
u
m

m
a
ry

•
H
ig
h
 P
C
B
 a
c
c
u
m
u
la
ti
o
n
 i
n
 h
a
rb
o
r 
s
ta
ti
o
n
s
 i
n
 c
o
m
p
a
ri
s
o
n
 t
o
 i
n
d
u
s
tr
ia
l 

o
n
e
s
 i
n
d
ic
a
te
s
 t
h
e
 s
ig
n
if
ic
a
n
c
e
 o
f 
s
h
ip
-r
e
la
te
d
 a
c
ti
v
it
ie
s
 s
u
c
h
 a
s
 m
o
o
ri
n
g
 

a
n
d
 r
e
p
a
ir
in
g
 i
n
 K
o
re
a
n
 c
o
a
s
ta
l 
e
n
v
ir
o
n
m
e
n
t 
fo
r 
P
C
B
 c
o
n
ta
m
in
a
ti
o
n
. 

•
P
ri
n
c
ip
a
l 
c
o
m
p
o
n
e
n
t 
a
n
a
ly
s
is
 (
P
C
A
) 
re
v
e
a
ls
 t
h
a
t 
e
a
c
h
 b
a
y
 h
a
s
 i
ts
o
w
n
 

p
a
tt
e
rn
. 
 I
n
te
re
s
ti
n
g
ly
, 
s
a
m
p
le
s
 f
ro
m
 h
a
rb
o
r 
re
g
io
n
 a
n
d
 s
te
e
l 
c
o
m
p
le
x
 

re
g
io
n
 s
h
o
w
e
d
 d
if
fe
re
n
t 
d
is
tr
ib
u
ti
o
n
s
 o
n
 P
C
A
 p
lo
t.
 

•
L
o
w
 c
h
lo
ri
n
a
te
d
 c
o
n
g
e
n
e
rs
 w
it
h
 u
p
 t
o
 f
iv
e
 c
h
lo
ri
n
e
s
 a
re
 s
ig
n
if
ic
a
n
tl
y
 

a
b
u
n
d
a
n
t 
in
 s
te
e
l 
c
o
m
p
le
x
 r
e
g
io
n
 i
n
 c
o
m
p
a
ri
s
o
n
 t
o
 t
h
o
s
e
 o
f 
h
a
rb
o
r 

re
g
io
n
 (
S
tu
d
e
n
t 
t-
te
s
t,
 p
 <
 0
.0
0
1
).
 

•
T
h
e
 a
b
u
n
d
a
n
c
e
 o
f 
tr
i-
, 
te
tr
a
, 
a
n
d
 p
e
n
ta
-C
B
s
 i
n
 s
te
e
l 
c
o
m
p
le
x
 s
e
d
im
e
n
t 

re
s
e
m
b
le
s
 t
h
e
 P
C
B
 e
m
is
s
io
n
 p
a
tt
e
rn
 i
n
 a
ir
 a
n
d
 e
ff
lu
e
n
t 
d
is
c
h
a
rg
e
d
 f
ro
m
 

S
te
e
l 
p
la
n
t.
 



T
h
a
n
k
 y

o
u
 f

o
r 

T
h
a
n
k
 y

o
u
 f

o
r 

T
h
a
n
k
 y

o
u
 f

o
r 

T
h
a
n
k
 y

o
u
 f

o
r 

y
o
u
r 

a
tt

e
n
ti
o
n
!

y
o
u
r 

a
tt

e
n
ti
o
n
!

y
o
u
r 

a
tt

e
n
ti
o
n
!

y
o
u
r 

a
tt

e
n
ti
o
n
!


