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1

PCB concentrations in soil and 
sediment

As polychlorinated biphenyls (PCBs) accu-
mulate in the organic fraction of soil and sedi-
ments, the PCB content of the sample will depend 
on the sample material. For sediments, fine 
material is generally preferred (OSPAR, 2002). 
The analysis of soil and sediment samples poses 
the general question as to whether or not samples 
should be dried and if so, how. Drying of soil and 
sediment samples ensures defines water content 
and facilitates homogenization, thus improving 
reproducibility in PCB determination; however, 
it also increases the risk of contamination and 
losses via volatilization (Smedes & de Boer, 1998; 
Wilcke et al., 2003). Smedes & de Boer (1998) 
suggest that freeze-drying is less susceptible to 
losses than evaporation at elevated temperatures. 
Water can also be removed by water-absorbing 
reagents such as sodium sulfate and hydromatrix.

While most extraction techniques aim to 
remove as much of the analyte as possible from 
the soil or sediment matrix for determination of 
total concentrations, equilibrium sampling tech-
niques (passive sampling) have been applied to 
analyse the concentration or chemical activity 
of the freely dissolved, which is considered more 

relevant in an exposure context (Määenpää et al., 
2011).

The Nordic guidelines for chemical analysis 
of contaminated soil samples describe extraction 
of PCBs from soil by sonication (Karstensen et al., 
1998). Other extraction methods include Soxhlet 
(Gibson et al., 2005), pressurized liquid extrac-
tion (PLE) (Wang et al., 2010) and microwave-as-
sisted extraction (MAE) (Düring & Gäth, 2000), 
including low pressure MAE (Bruzzoniti et al., 
2012). A comparison of Soxhlet, PLE and MAE 
for the analysis of soil samples showed that MAE 
and PLE were comparable to Soxhlet and even 
gave better extraction efficiencies for PCBs with 
high Kow values (Wang et al., 2010). Dispersive 
liquid–liquid microextraction, a ternary compo-
nent solvent system, has also been applied to soil 
samples (Hu et al., 2009).

According to Webster et al. (2013), Soxhlet is 
the benchmark technique for PCB extraction from 
sediments. A comparison of different extraction 
methods for PCBs in sediment concluded lower 
recoveries for ultrasonic extraction than for PLE 
and MAE (Zhang et al., 2011b).

Several studies have analysed soil and sedi-
ment samples together. EPA method 1668B also 
describes analytical methods that are suitable 
for both matrices and suggests a Soxhlet/Dean-
Stark extractor for PCB extraction (EPA, 2008a).

PCB CONCENTRATIONS  
IN SOIL AND SEDIMENT

This supplementary material to Section 1, Exposure Data, formed part of the original 
submission and has been peer reviewed.
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Hawthorne et al. (2009) used a solvent-free 
method combining subcritical water extraction 
with solid-phase microextraction for PCB extrac-
tion from soil and sediment. In this method, 
hot water is used under pressure, so it remains 
liquid, but polarity and surface tension are 
reduced, while viscosity is increased (Hawthorne 
et al., 2009). Avoiding the water phase, headspace 
solid-phase microextraction has been applied as 
well, after warming soil and sediment samples 
(Llompart et al., 1999).

For determinations of total PCB concentra-
tions in soil and sediment, conversion reactions 
have been pursued, including perchlorination to 
decachlorinated biphenyl, hydrodechlorination 
to biphenyl (Wu & Marshall, 2001), and hydrog-
enolysis to dicyclohexyl (Ehsan et al., 2003). 
Obviously, information on congener-specific 
concentrations and PCB patterns are lost with 
these methods.

Soil and sediment samples usually contain 
sulfur, which is co-extracted with PCBs and will 
interfere with subsequent analysis (Smedes & de 

Boer, 1998). PLE offers the possibility of in-line 
clean-up in the extraction cell, for example by 
addition of activated copper (Webster et al., 
2013). Copper can also be used in other extraction 
techniques, for example, mixed with the sample 
or together with general adsorption chromato-
graphic techniques. Other methods for sulfur 
removal include saponification, reaction with 
tetrabutylammonium salts, and gel permeation 
chromatography (GPC) (see Smedes & de Boer, 
1998; and Mechlińska et al., 2012, for reviews).

Apart from sulfur, crude extracts of soil and 
sediment contain many other natural and anthro-
pogenic compounds that have to be removed 
before instrumental analysis. In principal, the 
same techniques as those described for the other 
matrices are suitable, i.e. alumina (Smedes & de 
Boer, 1998), silica gel (Jayaraman et al., 2001), 
Florisil (Castells et al., 2008) and GPC (Wang 
et al., 2010). According to the EPA (2008a), GPC 
should be used for all soil and sediment extracts.
Data on PCB concentrations in soil and sediment 
are presented in the Table.



PCB concentrations in soil and sediment

3

Ta
bl

e.
 P

CB
 c

on
ce

nt
ra

ti
on

s 
in

 s
oi

ls
 a

nd
 s

ed
im

en
ts

 w
or

ld
w

id
e

R
eg

io
n,

 c
ou

nt
ry

Ti
m

e
So

ur
ce

s
M

ea
su

re
m

en
ts

PC
B 

co
nc

en
tr

at
io

ns
R

ef
er

en
ce

A
sia

La
ke

 B
ai

ka
l, 

th
e 

Ru
ss

ia
n 

Fe
de

ra
tio

n
M

ay
 1

99
2

Fo
ur

 su
rf

ac
e 

so
il 

sa
m

pl
es

 fr
om

 
ag

ri
cu

ltu
ra

l fi
el

ds
 

ar
ou

nd
 Ir

ku
ts

k

K
an

ec
hl

or
s 3

00
, 4

00
, 5

00
, 6

00
 

as
 st

an
da

rd
s

Ra
ng

e,
 1

.4
–9

2 
ng

/g
 d

w
Iw

at
a 

et
 a

l. 
(1

99
5)

G
ui

yu
, G

ua
ng

do
ng

 
Pr

ov
in

ce
, C

hi
na

A
ug

us
t 

20
03

Se
di

m
en

ts
 fr

om
 

Li
an

jia
ng

 ri
ve

r c
lo

se
 

to
 e

-w
as

te
 si

te

To
ta

l P
C

bs
M

ea
n,

 7
43

 μ
g/

kg
 d

w
Le

un
g 

et
 a

l. 
(2

00
6)

C
an

 G
io

, H
ue

, H
an

oi
, 

V
ie

t N
am

20
03

15
 se

di
m

en
t s

am
pl

es
D

L-
PC

Bs
 a

s s
ta

nd
ar

ds
M

ea
n 

D
L-

PC
Bs

: 
C

an
 G

io
, 2

52
 n

g/
kg

 d
w

 
H

ue
, 2

65
 n

g/
kg

 d
w

 
H

an
oi

, 1
2 

72
0 

ng
/k

g 
dw

K
is

hi
da

 et
 a

l. 
(2

01
0)

Su
bu

rb
an

 a
nd

 u
rb

an
 

lo
ca

tio
ns

, O
sa

ka
, J

ap
an

20
03

14
 se

di
m

en
t s

am
pl

es
D

L-
PC

Bs
 a

s s
ta

nd
ar

ds
M

ea
n 

D
L-

PC
B:

 
Su

bu
rb

an
: 2

.3
 ±

 4
.7

 to
 2

00
 ±

 2
10

 n
g/

kg
 d

w
 

U
rb

an
: 2

1 
± 

17
 to

 5
4 

00
0 

± 
78

 0
00

 n
g/

kg
 d

w

K
is

hi
da

 et
 a

l. 
(2

01
0)

N
or

th
-w

es
te

rn
 A

ra
bi

an
 

G
ul

f
N

R
Se

di
m

en
t c

or
e

PC
Bs

 1
8 

17
, 3

1 
28

, 3
3,

 5
2,

 4
9,

 
44

, 7
4,

 7
0,

 1
01

, 9
9,

 8
7 

11
0,

 
15

1,
 1

49
, 1

18
, 1

53
, 1

05
, 1

38
, 

13
2,

 1
87

, 1
83

, 1
28

, 1
77

, 1
71

, 
15

6,
 1

80
, 1

91
, 1

69
, 1

70
, 2

01
, 

20
8/

19
5,

 1
94

, 2
05

, 2
06

, 2
09

Ra
ng

e,
 8

75
–1

4 
67

1 
pg

/g
 d

w
 fo

r d
iff

er
en

t 
se

di
m

en
t d

ep
th

s
G

ev
ao

 et
 a

l. 
(2

01
2)

N
or

th
 A

m
er

ic
a

N
or

th
 A

m
er

ic
a

So
il

Av
er

ag
e 

of
 4

30
0 

(r
an

ge
, 1

10
–2

5 
00

0)
 p

g/
g 

dw
; 

ho
w

ev
er

, s
om

e 
sit

es
 h

ad
 c

on
ce

nt
ra

tio
ns

 a
s 

hi
gh

 a
s 1

00
 0

00
 p

g/
g

Li
 et

 a
l. 

(2
01

0)

U
SA

So
il 

fr
om

 2
7 

ru
ra

l 
an

d/
or

 re
m

ot
e 

ar
ea

s
30

89
 (S

E,
 1

00
9;

 S
D

, 5
24

1)
 p

g/
g 

dw
EP

A
 (2

00
7)

H
ig

hl
y 

co
nt

am
in

at
ed

 
N

ew
 B

ed
fo

rd
 H

ar
bo

r, 
M

as
sa

ch
us

et
ts

, a
nd

 a
 

co
nt

ro
l s

ite
, U

SA

So
il 

co
nc

en
tr

at
io

ns
 

fr
om

 3
4 

ho
m

es
G

eo
m

et
ri

c 
m

ea
n 

co
nc

en
tr

at
io

n:
 

N
ew

 B
ed

fo
rd

 H
ar

bo
r: 

20
0 

ng
/g

 d
w

 (r
an

ge
, 

23
–1

80
0)

; c
om

pa
ri

so
n 

ne
ig

hb
ou

rh
oo

d:
 

60
 n

g/
g 

dw
 (r

an
ge

, 1
5–

29
0)

Vo
rh

ee
s e

t a
l. 

(1
99

9)

So
ut

h 
an

d 
C

en
tr

al
 

A
m

er
ic

a
Br

az
il

Bu
lk

 d
ep

os
iti

on
 fr

om
 

ai
r i

nt
o 

so
il 

in
 u

rb
an

, 
su

bu
rb

an
, r

ur
al

, a
nd

 
ba

ck
gr

ou
nd

 si
te

s

28
 P

C
B 

co
ng

en
er

s
M

ea
n 

an
d 

ra
ng

e,
 1

3 
10

0 
pg

/m
2  (

24
00

–1
5 

30
0)

 
in

 u
rb

an
, 6

00
0 

pg
/m

2  (
14

30
–6

80
0)

 in
 

su
bu

rb
an

, 5
00

0 
pg

/m
2  (

14
00

–6
10

0)
 in

 ru
ra

l 
an

d 
82

00
 p

g/
m

2  (
29

00
–8

60
0)

 a
t b

ac
kg

ro
un

d 
sit

es

M
ei

re
 et

 a
l. 

(2
01

2)



IARC MONOGRAPH – 107

4

R
eg

io
n,

 c
ou

nt
ry

Ti
m

e
So

ur
ce

s
M

ea
su

re
m

en
ts

PC
B 

co
nc

en
tr

at
io

ns
R

ef
er

en
ce

So
ut

h 
A

m
er

ic
a

Re
vi

ew
 o

f v
ar

io
us

 
st

ud
ie

s
Av

er
ag

e 
of

 1
40

0 
(6

1–
95

00
) p

g/
g 

dw
Li

 et
 a

l. 
(2

01
0)

N
or

th
-e

as
te

rn
 S

ao
 P

au
lo

 
St

at
e,

 B
ra

zi
l

So
il

Su
m

 o
f s

ev
en

 c
on

ge
ne

rs
0.

02
–0

.2
5 

ng
/g

 d
w

 
C

on
ce

nt
ra

tio
ns

 w
er

e 
hi

gh
er

 in
 fo

re
st

 a
re

as
, 

pr
ob

ab
ly

 re
fle

ct
in

g 
th

e 
in

flu
en

ce
 o

f t
he

 
ca

no
py

R
is

sa
to

 et
 a

l. 
(2

00
6)

R
io

 d
e 

la
 P

la
ta

 e
st

ua
ry

, 
A

rg
en

tin
a

C
oa

st
al

 se
di

m
en

ts
Su

m
 o

f 4
1 

co
ng

en
er

s
< 

0.
1 

to
 1

00
 n

g/
g,

 w
ith

 le
ve

ls 
hi

gh
er

 n
ea

r 
in

du
st

ri
al

iz
ed

 a
re

as
 c

lo
se

 to
 B

ue
no

s A
ir

es
 

[6
1 

± 
37

 m
g/

g)
 re

la
tiv

e 
to

 c
le

an
er

 n
or

th
er

n 
st

at
io

ns
 [3

.6
 ±

 2
.2

 n
g/

g]
 

Th
e 

co
ng

en
er

 p
at

te
rn

s i
nd

ic
at

ed
 tr

an
sf

or
m

er
 

oi
ls 

co
nt

ai
ni

ng
 A

ro
cl

or
s 1

25
4 

an
d 

12
60

C
ol

om
bo

 et
 a

l. 
(2

00
5)

Sa
nt

os
 a

nd
 S

ao
 V

ic
en

te
 

Es
tu

ar
y 

sy
st

em
, S

ao
 

Pa
ul

o,
 B

ra
zi

l

Se
di

m
en

ts
Su

m
 o

f 3
0 

co
ng

en
er

s
Ra

ng
e,

 0
.0

3–
25

4 
ng

/g
 d

w
Bí

ce
go

 et
 a

l. 
(2

00
6)

C
hi

le
Se

di
m

en
ts

 fr
om

 fo
ur

 
re

m
ot

e 
A

nd
ea

n 
la

ke
s 

(a
s a

n 
in

di
ca

tio
n 

of
 a

tm
os

ph
er

ic
 

tr
an

sp
or

t)

Su
m

 o
f 4

3 
co

ng
en

er
s

To
ta

l P
C

B 
flu

xe
s i

n 
th

re
e 

la
ke

s w
er

e 
si

m
ila

r 
to

 th
os

e 
in

 o
th

er
 re

m
ot

e 
la

ke
s i

n 
th

e 
no

rt
he

rn
 

an
d 

so
ut

he
rn

 h
em

is
ph

er
e,

 b
ut

 in
 L

ak
e 

Ve
nu

s, 
on

 th
e 

w
es

te
rn

 si
de

 o
f t

he
 A

nd
es

, l
ev

el
s w

er
e 

sig
ni

fic
an

tly
 h

ig
he

r (
76

58
 n

g/
m

2  p
er

 y
ea

r)
 

In
 a

ll 
la

ke
s t

he
 h

ig
he

st
 c

on
ce

nt
ra

tio
ns

 w
er

e 
in

 se
di

m
en

ts
 d

ep
os

ite
d 

in
 1

99
1–

19
98

Po
zo

 et
 a

l. 
(2

00
7)

A
fr

ic
a

A
fr

ic
a,

 v
ar

io
us

 lo
ca

tio
ns

So
il

Av
er

ag
e,

 3
90

 (r
an

ge
, 9

4–
62

0)
 p

g/
g 

dw
. M

os
t 

sit
es

 w
er

e 
< 

50
0 

pg
/g

 d
w

Li
 et

 a
l. 

(2
01

0)

M
et

ro
po

lit
an

 D
ur

ba
n,

 
Kw

aZ
ul

u-
N

at
al

, S
ou

th
 

A
fr

ic
a

Su
rf

ac
e 

so
ils

82
 c

on
ge

ne
rs

Av
er

ag
e 

(s
ur

fa
ce

 so
ils

), 
10

9.
64

 (S
D

, 1
16

.0
7)

 
Av

er
ag

e 
(s

ha
llo

w
 so

ils
), 

19
.2

2 
(S

D
, 3

3.
23

)
Ba

tt
er

m
an

 et
 a

l. 
(2

00
9)

C
oa

st
al

 b
ay

s, 
Eg

yp
t,

Es
tu

ar
in

e 
an

d 
co

as
ta

l 
se

di
m

en
t s

am
pl

es
Ra

ng
e,

 3
9–

74
4 

ng
/g

A
bd

-A
lla

h 
&

 
A

bb
as

 (1
99

4)
A

le
xa

nd
ri

a 
ha

rb
ou

r, 
Eg

yp
t

Es
tu

ar
in

e 
an

d 
co

as
ta

l 
se

di
m

en
t s

am
pl

es
Ra

ng
e,

 0
.9

–1
21

0 
ng

/g
Ba

ra
ka

t e
t a

l. 
(2

00
2)

N
ile

 R
iv

er
, n

ea
r C

ai
ro

, 
Eg

yp
t

Se
di

m
en

ts
26

 c
on

ge
ne

rs
Ra

ng
e,

 1
46

1–
22

44
 p

g/
g

El
-K

ad
y 

et
 a

l. 
(2

00
7)

N
or

th
er

n 
M

or
oc

co
Se

di
m

en
ts

 in
 sa

lt 
m

ar
sh

es
< 

1 
ng

/g
Pi

az
za

 et
 a

l. 
(2

00
9)

Ta
bl

e 
1 

  (
co

nt
in

ue
d)



PCB concentrations in soil and sediment

5

R
eg

io
n,

 c
ou

nt
ry

Ti
m

e
So

ur
ce

s
M

ea
su

re
m

en
ts

PC
B 

co
nc

en
tr

at
io

ns
R

ef
er

en
ce

Po
rt

 o
f T

an
gi

er
, M

or
oc

co
86

 c
on

ge
ne

rs
16

4 
ng

/g
Pi

az
za

 et
 a

l. 
(2

00
9)

M
ed

ite
rr

an
ea

n 
co

as
t, 

M
or

oc
co

Ra
ng

e,
 0

.1
–1

.8
 n

g/
g

Pa
vo

ni
 et

 a
l. 

(2
00

2)
A

lg
ie

rs
 B

ay
, A

lg
er

ia
Se

di
m

en
t

Ra
ng

e,
 0

.3
1–

32
3 

ng
/g

 d
w

 
Th

e 
pr

ofi
le

 o
f t

he
 P

C
Bs

 w
as

 v
er

y 
cl

os
e 

to
 th

at
 

of
 A

ro
cl

or
 1

26
0

G
ha

r E
l M

el
h 

la
go

on
, 

Tu
ni

si
a

Su
m

 o
f 2

0 
co

ng
en

er
s

Ra
ng

e,
 0

.4
54

–3
.9

87
 n

g/
g

A
m

eu
r e

t a
l. 

(2
01

1)
Bi

ze
rt

e 
la

go
on

, T
un

is
ia

Se
di

m
en

ts
 fr

om
 1

5 
sa

m
pl

in
g 

st
at

io
ns

Su
m

 o
f 2

0 
co

ng
en

er
s

Ra
ng

e,
 0

.8
9–

6.
63

 n
g/

g
D

er
ou

ic
he

 et
 a

l. 
20

04
Se

ne
ga

l
Se

ve
n 

in
di

ca
to

r P
C

B 
co

ng
en

er
s

Ra
ng

e,
 0

.3
–1

9.
1 

ng
/g

 d
w

Bo
di

n 
et

 a
l. 

(2
01

1)

11
 A

fr
ic

an
 c

ou
nt

ri
es

 
(G

ha
na

, T
og

o,
 E

gy
pt

, 
U

ga
nd

a,
 K

en
ya

, 
M

au
ri

tiu
s, 

N
ig

er
ia

, M
al

i, 
Za

m
bi

a,
 D

em
oc

ra
tic

 
Re

pu
bl

ic
 o

f C
on

go
, 

Et
hi

op
ia

, S
en

eg
al

, a
nd

 
Ba

rb
ad

os
)

13
 se

di
m

en
t s

am
pl

es
D

L-
PC

Bs
Ra

ng
e,

 0
.0

06
–0

.6
4 

pg
 W

H
O

19
98

-T
EQ

/g
 

dw
 (c

om
pa

ra
bl

e 
to

 lo
w

 b
ac

kg
ro

un
d 

co
nc

en
tr

at
io

ns
 in

 E
ur

op
ea

n 
U

ni
on

)

A
N

SE
S 

(2
01

1)

Eu
ro

pe
Sl

ov
ak

ia
So

il 
sa

m
pl

es
Ra

ng
e,

 1
–2

8 
ng

/g
 d

w
 in

 re
fe

re
nc

e 
ar

ea
s 

Ra
ng

e,
 1

70
–8

60
0 

ng
/g

 d
w

 fr
om

 d
um

p 
ar

ea
s 

Ra
ng

e,
 4

3 
ng

 to
 5

3 
m

g/
g 

dw
 fr

om
 h

ot
-s

po
t 

ar
ea

s

K
oc

an
 et

 a
l. 

(1
99

9)

Ea
st

er
n 

Fr
an

ce
50

 w
as

te
w

at
er

 p
la

nt
s

0.
05

–1
.1

3 
m

g/
kg

A
D

EM
E 

(1
99

8)
, 

Pr
ed

a 
et

 a
l. 

(2
01

0)
Pa

ri
s r

eg
io

n,
 F

ra
nc

e
50

 w
as

te
w

at
er

 p
la

nt
s

0.
5 

m
g/

kg
A

D
EM

E 
(1

99
8)

, 
Pr

ed
a 

et
 a

l. 
(2

01
0)

Fr
an

ce
Sl

ud
ge

s d
is

po
se

d 
in

 
ag

ri
cu

ltu
re

M
ea

n,
 0

.1
9 

m
g/

kg
A

D
EM

E 
(1

99
8)

, 
Pr

ed
a 

et
 a

l. 
(2

01
0)

Ta
bl

e 
1 

  (
co

nt
in

ue
d)



IARC MONOGRAPH – 107

6

R
eg

io
n,

 c
ou

nt
ry

Ti
m

e
So

ur
ce

s
M

ea
su

re
m

en
ts

PC
B 

co
nc

en
tr

at
io

ns
R

ef
er

en
ce

Sa
in

t-E
tie

nn
e,

 F
ra

nc
e

32
 so

il 
sa

m
pl

es
PC

Bs
 7

7, 
81

, 1
26

, 1
69

, 1
05

, 1
14

, 1
18

, 1
23

, 1
56

, 
15

7, 
16

7, 
18

9,
 3

56
–5

20
0 

ng
 T

EQ
/k

g 
PC

B-
in

di
ca

to
rs

 (P
C

B 
co

ng
en

er
s 2

8,
 5

2,
 1

01
, 

11
8,

 1
38

, 1
53

, 1
80

), 
3–

15
8 

m
g/

kg

D
en

ys
 et

 a
l. 

(2
01

2)

K
ra

ko
w,

 K
at

ow
ic

e,
 a

nd
 

C
ho

rz
ow

, s
ou

th
er

n 
Po

la
nd

Sa
m

pl
es

 
co

lle
ct

ed
 

in
 1

99
4

Su
rf

ac
e 

so
il 

an
d 

se
di

m
en

t s
am

pl
es

So
il 

fr
om

 K
at

ow
ic

e 
w

as
 re

la
tiv

el
y 

m
or

e 
po

llu
te

d 
th

an
 so

il 
fr

om
 o

th
er

 p
la

ce
s

Fa
la

nd
ys

z 
et

 a
l. 

(2
00

1)

Po
la

nd
, f

or
m

er
 

C
ze

ch
os

lo
va

ki
a,

 
th

e 
fo

rm
er

 G
er

m
an

 
D

em
oc

ra
tic

 R
ep

ub
lic

 a
nd

 
fo

rm
er

 U
ni

on
 o

f S
ov

ie
t 

So
ci

al
is

t R
ep

ub
lic

s

19
94

So
il 

sa
m

pl
es

 fr
om

 
fo

rm
er

 S
ov

ie
t a

rm
y 

ba
se

s l
oc

al
iz

ed
 

ne
ar

by

El
ev

at
ed

 c
on

ce
nt

ra
tio

ns
 o

f P
C

Bs
, s

im
ila

r t
o 

th
os

e 
re

po
rt

ed
 in

 fo
rm

er
 m

ili
ta

ry
 U

ni
te

d 
St

at
es

 b
as

es
 in

 V
ie

t N
am

Fa
la

nd
ys

z 
et

 a
l. 

(1
99

7)

U
ni

te
d 

K
in

gd
om

, N
or

w
ay

46
 si

te
s a

cr
os

s t
he

 
U

ni
te

d 
K

in
gd

om
; 1

2 
sit

es
 in

 N
or

w
ay

H
ig

h 
re

la
tiv

e 
pr

op
or

tio
n 

of
 th

e 
m

id
m

ol
ec

ul
ar

 
w

ei
gh

t c
on

ge
ne

rs
 in

 th
e 

sa
m

pl
es

 fr
om

 
N

or
w

ay
 

Th
e 

so
ils

 fr
om

 so
ut

he
rn

 N
or

w
ay

 a
nd

 th
e 

U
ni

te
d 

K
in

gd
om

 c
on

ta
in

ed
 si

m
ila

r a
m

ou
nt

s 
of

 P
C

Bs
 p

er
 u

ni
t a

re
a;

 th
os

e 
fr

om
 n

or
th

er
n 

N
or

w
ay

 c
on

ta
in

ed
 le

ss
er

 a
m

ou
nt

s

Le
ad

 et
 a

l. 
(1

99
7)

, 
M

ei
je

r e
t a

l. 
(2

00
2)

D
L-

PC
B,

 d
io

xi
n-

lik
e 

po
ly

ch
lo

ri
na

te
d 

bi
ph

en
yl

; d
w

, d
ry

 w
ei

gh
t; 

PC
B,

 p
ol

yc
hl

or
in

at
ed

 b
ip

he
ny

l; 
N

R
, n

ot
 re

po
rt

ed
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 S

E,
 st

an
da

rd
 e

rr
or

Ta
bl

e 
1 

  (
co

nt
in

ue
d)



PCB concentrations in soil and sediment

7

References

Abd-Allah AM, Abbas MM (1994). Residue levels of 
organochlorine pollutants in the Alexandria Region, 
Egypt. Toxicol Environ Chem, 41(3–4):239–47. 
doi:10.1080/02772249409357979

ADEME (1998). Health regulations knowledge of domestic 
sewage sludge. FNDAE, Technical Document  No 20. 
Agence de l’environnement et de la maîtrise de l’énergie

Ameur WB, Trabelsi S, El Bedoui B, Driss MR (2011). 
Polychlorinated biphenyls in sediments from Ghar 
El Melh lagoon, Tunisia. Bull Environ Contam 
Toxicol, 86(5):539–44. doi:10.1007/s00128-011-0258-3 
PMID:21465108

ANSES (2011). M. Merlo (coordinatrice). National study 
on polychlorinated biphenyl ingestion by fish-eaters. 
Rapport d’étude scientifique. Agence nationale de 
sécurité sanitaire de l’alimentation.

Barakat AO, Moonkoo K, Yoarong Q, Wade TL (2002). 
Organochlorine pesticides and PCB residues in sedi-
ments of Alexandria Harbour, Egypt. Mar Pollut Bull, 
44(12):1426–34. doi:10.1016/S0025-326X(02)00313-2 
PMID:12523549

Batterman S, Chernyak S, Gouden Y, Hayes J, Robins T, 
Chetty S (2009). PCBs in air, soil and milk in indus-
trialized and urban areas of KwaZulu-Natal, South 
Africa. Environ Pollut, 157(2):654–63. doi:10.1016/j.
envpol.2008.08.015 PMID:18838199

Bícego MC, Taniguchi S, Yogui GT, Montone RC, Moreira 
da Silva DA, Lourenço RA et  al. (2006). Assessment 
of contamination by polychlorinated biphenyls and 
aliphatic and aromatic hydrocarbons in sediments of 
the Santos and São Vicente Estuary System, São Paulo, 
Brazil. Mar Pollut Bull, 52(12):1804–16. doi:10.1016/j.
marpolbul.2006.09.011 PMID:17107692

Bodin N, N’Gom Ka R, Le Loc’h F, Raffray J, Budzinski 
H, Peluhet L et  al. (2011). Are exploited mangrove 
molluscs exposed to Persistent Organic Pollutant 
contamination in Senegal, West Africa? Chemosphere, 
84(3):318–27. doi:10.1016/j.chemosphere.2011.04.012 
PMID:21550627

Bruzzoniti MC, Maina R, Tumiatti V, Sarzanini C, 
Rivoira L, De Carlo RM (2012). Fast low-pressure 
microwave assisted extraction and gas chromato-
graphic determination of polychlorinated biphenyls in 
soil samples. J Chromatogr A, 1265:31–8. doi:10.1016/j.
chroma.2012.09.089 PMID:23084486

Castells P, Parera J, Santos FJ, Galceran MT (2008). 
Occurrence of polychlorinated naphthalenes, poly-
chlorinated biphenyls and short-chain chlorin-
ated paraffins in marine sediments from Barcelona 
(Spain). Chemosphere, 70(9):1552–62. doi:10.1016/j.
chemosphere.2007.08.034 PMID:17910973

Colombo JC, Cappelletti N, Barreda A, Migoya MC, 
Skorupka CN (2005). Vertical fluxes and accumulation 

of PCBs in coastal sediments of the Río de la Plata estuary, 
Argentina. Chemosphere, 61(9):1345–57. doi:10.1016/j.
chemosphere.2005.03.090 PMID:15896822

Denys S, Gombert D, Tack K (2012). Combined 
approaches to determine the impact of wood fire on 
PCDD/F and PCB contamination of the environment: 
a case study. Chemosphere, 88(7):806–12. doi:10.1016/j.
chemosphere.2012.03.086 PMID:22542082

Derouiche A, Sanda YG, Driss MR (2004). Polychlorinated 
biphenyls in sediments from Bizerte Lagoon, Tunisia. 
Bull Environ Contam Toxicol, 73(5):810–7. doi:10.1007/
s00128-004-0499-5 PMID:15669723

Düring R-A, Gäth S (2000). Microwave assisted method-
ology for the determination of organic pollutants in 
organic municipal wastes and soils: extraction of poly-
chlorinated biphenyls using heat transformer disks. 
Fresenius J Anal Chem, 368(7):684–8. doi:10.1007/
s002160000559 PMID:11227548

Ehsan S, Prasher SO, Marshall WD (2003). Estimates 
of total polychlorinated biphenyl (PCB) compounds 
in soils/sediments by hydrogenolysis to dicyclohexyl. 
J Environ Monit, 5(4):644–8. doi:10.1039/b304716d 
PMID:12948242

El-Kady AA, Abdel-Wahhab MA, Henkelmann B, Belal 
MH, Morsi MK, Galal SM et al. (2007). Polychlorinated 
biphenyl, polychlorinated dibenzo-p-dioxin and poly-
chlorinated dibenzofuran residues in sediments and 
fish of the River Nile in the Cairo region. Chemosphere, 
68(9):1660–8. doi:10.1016/j.chemosphere.2007.03.066 
PMID:17531284

EPA (2007). Pilot survey of levels of polychlorinated 
dibenzo-p-dioxins, polychlorinated dibenzofurans, 
polychlorinated biphenyls, and mercury in rural soils 
of the United States. EPA/600/R-05/048F:1–310, United 
States Environmental Protection Agency.

EPA (2008a). Method 1668B: Chlorinated biphenyl conge-
ners in water, soil, sediment, biosolids, and tissue by 
HRGC/HRMS. EPA-821-R-08–020. Washington (DC): 
Office of Water, Office of Science and Technology, 
Engineering and Analysis Division, United States 
Environmental Protection Agency.

Falandysz J, Brudnowska B, Kawano M, Wakimoto T 
(2001). Polychlorinated biphenyls and organochlorine 
pesticides in soils from the southern part of Poland. 
Arch Environ Contam Toxicol, 40(2):173–8. doi:10.1007/
s002440010160 PMID:11243318

Falandysz J, Kawano M, Wakimoto T (1997). 
Polychlorinated biphenyls (PCBs) contamination of soil 
in a former Soviet army base in Poland. Organohalogen 
Compd, 32:172–177.

Gevao B, Aba AA, Al-Ghadban AN, Uddin S (2012). 
Depositional history of polychlorinated biphenyls in 
a dated sediment core from the northwestern Arabian 
Gulf. Arch Environ Contam Toxicol, 62(4):549–56. 
doi:10.1007/s00244-011-9739-y PMID:22218707

http://dx.doi.org/10.1080/02772249409357979
http://dx.doi.org/10.1007/s00128-011-0258-3
http://www.ncbi.nlm.nih.gov/pubmed/21465108
http://dx.doi.org/10.1016/S0025-326X(02)00313-2
http://www.ncbi.nlm.nih.gov/pubmed/12523549
http://dx.doi.org/10.1016/j.envpol.2008.08.015
http://dx.doi.org/10.1016/j.envpol.2008.08.015
http://www.ncbi.nlm.nih.gov/pubmed/18838199
http://dx.doi.org/10.1016/j.marpolbul.2006.09.011
http://dx.doi.org/10.1016/j.marpolbul.2006.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17107692
http://dx.doi.org/10.1016/j.chemosphere.2011.04.012
http://www.ncbi.nlm.nih.gov/pubmed/21550627
http://dx.doi.org/10.1016/j.chroma.2012.09.089
http://dx.doi.org/10.1016/j.chroma.2012.09.089
http://www.ncbi.nlm.nih.gov/pubmed/23084486
http://dx.doi.org/10.1016/j.chemosphere.2007.08.034
http://dx.doi.org/10.1016/j.chemosphere.2007.08.034
http://www.ncbi.nlm.nih.gov/pubmed/17910973
http://dx.doi.org/10.1016/j.chemosphere.2005.03.090
http://dx.doi.org/10.1016/j.chemosphere.2005.03.090
http://www.ncbi.nlm.nih.gov/pubmed/15896822
http://dx.doi.org/10.1016/j.chemosphere.2012.03.086
http://dx.doi.org/10.1016/j.chemosphere.2012.03.086
http://www.ncbi.nlm.nih.gov/pubmed/22542082
http://dx.doi.org/10.1007/s00128-004-0499-5
http://dx.doi.org/10.1007/s00128-004-0499-5
http://www.ncbi.nlm.nih.gov/pubmed/15669723
http://dx.doi.org/10.1007/s002160000559
http://dx.doi.org/10.1007/s002160000559
http://www.ncbi.nlm.nih.gov/pubmed/11227548
http://dx.doi.org/10.1039/b304716d
http://www.ncbi.nlm.nih.gov/pubmed/12948242
http://dx.doi.org/10.1016/j.chemosphere.2007.03.066
http://www.ncbi.nlm.nih.gov/pubmed/17531284
http://dx.doi.org/10.1007/s002440010160
http://dx.doi.org/10.1007/s002440010160
http://www.ncbi.nlm.nih.gov/pubmed/11243318
http://dx.doi.org/10.1007/s00244-011-9739-y
http://www.ncbi.nlm.nih.gov/pubmed/22218707


IARC MONOGRAPH – 107

8

Gibson R, Wang M-J, Padgett E, Beck AJ (2005). Analysis 
of 4-nonylphenols, phthalates, and polychlorin-
ated biphenyls in soils and biosolids. Chemosphere, 
61(9):1336–44. doi:10.1016/j.chemosphere.2005.03.072 
PMID:15979687

Hawthorne SB, Miller DJ, Grabanski CB (2009). 
Measuring low picogram per liter concentrations of 
freely dissolved polychlorinated biphenyls in sedi-
ment pore water using passive sampling with polyox-
ymethylene. Anal Chem, 81(22):9472–80. doi:10.1021/
ac9019413 PMID:19908907

Hu J, Fu L, Zhao X, Liu X, Wang H, Wang X et al. (2009). 
Dispersive liquid-liquid microextraction combined 
with gas chromatography-electron capture detection 
for the determination of polychlorinated biphenyls in 
soils. Anal Chim Acta, 640(1–2):100–5. doi:10.1016/j.
aca.2009.02.055 PMID:19362627

Iwata H, Tanabe S, Ueda K, Tatsukawa R (1995). Persistent 
organochlorine residues in air, water, sediments, and 
soils from the lake baikal region, Russia. Environ 
Sci Technol, 29(3):792–801. doi:10.1021/es00003a030 
PMID:22200290

Jayaraman S, Pruell RJ, McKinney R (2001). Extraction 
of organic contaminants from marine sediments 
and tissues using microwave energy. Chemosphere, 
44(2):181–91. doi:10.1016/S0045-6535(00)00201-0 
PMID:11444299

Karstensen KH, Ringstad O, Rustad I, Kalevi K, Jørgensen 
K, Nylund K et  al. (1998). Methods for chemical 
analysis of contaminated soil samples–tests of their 
reproducibility between Nordic laboratories. Talanta, 
46(3):423–37. doi:10.1016/S0039-9140(97)00401-3 
PMID:18967163

Kishida M, Imamura K, Takenaka N, Maeda Y, Viet PH, 
Kondo A et al. (2010). Characteristics of the abundance 
of polychlorinated dibenzo-p-dioxin and dibenzo-
furans, and dioxin-like polychlorinated biphenyls in 
sediment samples from selected Asian regions in Can 
Gio, Southern Vietnam and Osaka, Japan. Chemosphere, 
78(2):127–33. doi:10.1016/j.chemosphere.2009.10.003 
PMID:19892385

Kocan A, Petrik J, Chovancova J et al. (1999). Environmental 
contamination following PCB manufacture in Eastern 
Slovakia. Organohalogen Compd, 43:105–109.

Lead WA, Steinnes E, Bacon JR, Jones KC (1997). 
Polychlorinated biphenyls in UK and Norwegian 
soils: spatial and temporal trends. Sci Total Environ, 
193(3):229–36. doi:10.1016/S0048-9697(96)05345-4 
PMID:9260309

Leung A, Cai ZW, Wong MH (2006). Environmental 
contamination from electronic waste recycling at 
Guiyu, southeast China. J. Mater. Cycles Waste Manag., 
8(1):21–33. doi:10.1007/s10163-005-0141-6

Li YF, Harner T, Liu L, Zhang Z, Ren NQ, Jia H et al. (2010). 
Polychlorinated biphenyls in global air and surface 
soil: distributions, air-soil exchange, and fractionation 

effect. Environ Sci Technol, 44(8):2784–90. doi:10.1021/
es901871e PMID:20384373

Llompart M, Li K, Fingas M (1999). Headspace solid-phase 
microextraction for the determination of polychlorin-
ated biphenyls in soils and sediments. J Microcolumn 
Sep, 11(6):397–402. doi:10.1002/(SICI)1520-
667X(1999)11:6<397::AID-MCS1>3.0.CO;2-G

Määenpää K, Leppänen MT, Reichenberg F, Figueiredo 
K, Mayer P (2011). Equilibrium sampling of persistent 
and bioaccumulative compounds in soil and sediment: 
comparison of two approaches to determine equilib-
rium partitioning concentrations in lipids. Environ 
Sci Technol, 45(3):1041–7. doi:10.1021/es1029969 
PMID:21174455

Mechlińska A, Wolska L, Namiesnik J, Wolska L (2012). 
Removal of sulfur from a solvent extract. Trends Analyt 
Chem, 31:129–33. doi:10.1016/j.trac.2011.06.022

Meijer SN, Steinnes E, Ockenden WA, Jones KC (2002). 
Influence of environmental variables on the spatial 
distribution of PCBs in Norwegian and U.K. soils: 
implications for global cycling. Environ Sci Technol, 
36(10):2146–53. doi:10.1021/es010322i PMID:12038823

Meire RO, Targino AC, Torres JP (2012). Bulk atmos-
pheric deposition of persistent toxic substances (PTS) 
along environmental gradients in Brazil. Environ 
Sci Pollut Res Int,  doi:10.1007/s11356-012-1072-0 
PMID:22828922

OSPAR (2002). JAMP Guidelines for Monitoring 
Contaminants in Sediment. OSPAR Commission 
Monitoring Guidelines. Ref. No. 2002–16. Available 
from: www.ospar.org. Accessed 1 July 2014 

Pavoni B, Mecozzi M, Berto D et al. (2002). Micropollutants, 
organic carbon and textural properties in surface sedi-
ments in the Moroccan coast. Toxicol Environ Chem, 
84:53–67.

Piazza R, El Moumni B, Bellucci LG, Frignani M, Vecchiato 
M, Giuliani S et al. (2009). Polychlorinated biphenyls in 
sediments of selected coastal environments in northern 
Morocco. Mar Pollut Bull, 58(3):431–8. doi:10.1016/j.
marpolbul.2008.11.020 PMID:19111328

Pozo K, Urrutia R, Barra R, Mariottini M, Treutler 
HC, Araneda A et  al. (2007). Records of polychlo-
rinated biphenyls (PCBs) in sediments of four 
remote Chilean Andean Lakes. Chemosphere, 
66(10):1911–21. doi:10.1016/j.chemosphere.2006.07.080 
PMID:17049964

Preda M, Dumitru M, Vrînceanu N, Tãnase V (2010). PCBs 
in sewage sludge from wastewater treatment plants 
uasvm Bucharest. Series A, Vol. LIII, ISSN 1222–5339.

Rissato SR, Galhiane MS, Ximenes VF, de Andrade RM, 
Talamoni JL, Libânio M et al. (2006). Organochlorine 
pesticides and polychlorinated biphenyls in soil 
and water samples in the Northeastern part of São 
Paulo State, Brazil. Chemosphere, 65(11):1949–58. 
doi:10.1016/j.chemosphere.2006.07.011 PMID:16919310

http://dx.doi.org/10.1016/j.chemosphere.2005.03.072
http://www.ncbi.nlm.nih.gov/pubmed/15979687
http://dx.doi.org/10.1021/ac9019413
http://dx.doi.org/10.1021/ac9019413
http://www.ncbi.nlm.nih.gov/pubmed/19908907
http://dx.doi.org/10.1016/j.aca.2009.02.055
http://dx.doi.org/10.1016/j.aca.2009.02.055
http://www.ncbi.nlm.nih.gov/pubmed/19362627
http://dx.doi.org/10.1021/es00003a030
http://www.ncbi.nlm.nih.gov/pubmed/22200290
http://dx.doi.org/10.1016/S0045-6535(00)00201-0
http://www.ncbi.nlm.nih.gov/pubmed/11444299
http://dx.doi.org/10.1016/S0039-9140(97)00401-3
http://www.ncbi.nlm.nih.gov/pubmed/18967163
http://dx.doi.org/10.1016/j.chemosphere.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19892385
http://dx.doi.org/10.1016/S0048-9697(96)05345-4
http://www.ncbi.nlm.nih.gov/pubmed/9260309
http://dx.doi.org/10.1007/s10163-005-0141-6
http://dx.doi.org/10.1021/es901871e
http://dx.doi.org/10.1021/es901871e
http://www.ncbi.nlm.nih.gov/pubmed/20384373
http://dx.doi.org/10.1002/(SICI)1520-667X(1999)11:6<397::AID-MCS1>3.0.CO;2-G
http://dx.doi.org/10.1002/(SICI)1520-667X(1999)11:6<397::AID-MCS1>3.0.CO;2-G
http://dx.doi.org/10.1021/es1029969
http://www.ncbi.nlm.nih.gov/pubmed/21174455
http://dx.doi.org/10.1016/j.trac.2011.06.022
http://dx.doi.org/10.1021/es010322i
http://www.ncbi.nlm.nih.gov/pubmed/12038823
http://dx.doi.org/10.1007/s11356-012-1072-0
http://www.ncbi.nlm.nih.gov/pubmed/22828922
http://www.ospar.org
http://dx.doi.org/10.1016/j.marpolbul.2008.11.020
http://dx.doi.org/10.1016/j.marpolbul.2008.11.020
http://www.ncbi.nlm.nih.gov/pubmed/19111328
http://dx.doi.org/10.1016/j.chemosphere.2006.07.080
http://www.ncbi.nlm.nih.gov/pubmed/17049964
http://dx.doi.org/10.1016/j.chemosphere.2006.07.011
http://www.ncbi.nlm.nih.gov/pubmed/16919310


9

PCB concentrations in soil and sediment

Smedes F, de Boer J. (1998). Chlorobiphenyls in marine 
sediments: Guidelines for determination. ICES 
Techniques in Marine Environmental Science no. 21. 
Copenhagen, Denmark: International Council for the 
Exploration of the Sea.

Vorhees DJ, Cullen AC, Altshul LM (1999). Polychlorinated 
biphenyls in house dust and yard soil near a superfund 
site. Environ Sci Technol, 33(13):2151–6. doi:10.1021/
es9812709

Wang P, Zhang Q, Wang Y, Wang T, Li X, Ding L et al. 
(2010). Evaluation of Soxhlet extraction, accelerated 
solvent extraction and microwave-assisted extraction 
for the determination of polychlorinated biphenyls 
and polybrominated diphenyl ethers in soil and fish 
samples. Anal Chim Acta, 663(1):43–8. doi:10.1016/j.
aca.2010.01.035 PMID:20172095

Webster L, Roose P, Bersuder P, Kotterman M, Haarich 
M, Vorkamp K (2013). Determination of polychlo-
rinated biphenyls (PCBs) in sediment and biota. 
ICES Techniques in Marine Environmental Sciences 
(TIMES) No. 53, pp. 18. Available from: www.ices.dk, 
accessed 1 July 2014.

Wilcke W, Krauss M, Barancikova G (2003). Persistent 
organic pollutant concentrations in air- and freeze-
dried compared to field-fresh extracted soil samples of 
an eastern Slovak deposition gradient. J Plant Nutr Soil 
Sci, 166(1):93–101. doi:10.1002/jpln.200390018

Wu Q, Marshall WD (2001). Approaches to the 
Determination of Polychlorinated Biphenyl (PCB) 
Concentrations in Soils / Sediments by Dechlorination 
to Biphenyl. Int J Environ Anal Chem, 80(1):27–38. 
doi:10.1080/03067310108044383

Zhang P, Ge L, Zhou C, Yao Z (2011b). Evaluating the 
performances of accelerated-solvent extraction, 
microwave-assisted extraction, and ultrasonic-assisted 
extraction for determining PCBs, HCHs and DDTs in 
sediments. Chin J Oceanology Limnol, 29(5):3268–74. 
doi:10.1007/s00343-011-0243-z

http://dx.doi.org/10.1021/es9812709
http://dx.doi.org/10.1021/es9812709
http://dx.doi.org/10.1016/j.aca.2010.01.035
http://dx.doi.org/10.1016/j.aca.2010.01.035
http://www.ncbi.nlm.nih.gov/pubmed/20172095
http://www.ices.dk
http://dx.doi.org/10.1002/jpln.200390018
http://dx.doi.org/10.1080/03067310108044383
http://dx.doi.org/10.1007/s00343-011-0243-z

	Reference 50
	Reference 49
	Reference 48
	Reference 47
	Reference 46
	Reference 45
	Reference 44
	Reference 43
	Reference 42
	Reference 41
	Reference 40
	Reference 39
	Reference 38
	Reference 37
	Reference 36
	Reference 35
	Reference 34
	Reference 33
	Reference 32
	Reference 31
	Reference 30
	Reference 29
	Reference 28
	Reference 27
	Reference 26
	Reference 25
	Reference 24
	Reference 23
	Reference 22
	Reference 21
	Reference 20
	Reference 19
	Reference 18
	Reference 17
	Reference 16
	Reference 15
	Reference 14
	Reference 13
	Reference 12
	Reference 11
	Reference 10
	Reference 9
	Reference 8
	Reference 7
	Reference 6
	Reference 5
	Reference 4
	Reference 3
	Reference 2
	Reference 1
	Table 001



