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Abstract : We investigated the levels and distribution patterns of 16 priority polycyclic aromatic hydrocarbons (PAHs), 12 Coplanar
polychlorinated biphenyls (Co-PCBs) and organochlorine pesticides (OCPs) in the surface sediments from the Nakdong river basin,
Korea. The levels of 16 PAHs and 12 Co-PCBs in the river sediment samples ranged from not detected (N.D.)~969.3 ng/g-dry, 
4.2~7716.5 pg/g-dry (0.0~10.1 pg-TEQ/g-dry), respectively. Also, the levels of 16 PAHs were from 5.8~2987.2 ng/g-dry and 4.3~461.1
pg/g-dry (0.0~0.6 pg-TEQ/g-dry) for 12 Co-PCBs in the lake sediment samples. Only dichloro-diphenyl-trichloroethane (DDT) were
detected among target OCPs and the concentration ranged from N.D.~1.5 ng/g-dry in the river sediment samples. These conta-
mination levels were far below the guideline values suggested for environmental quality assessment. Low molecular weight PAHs 
were dominant in the river sediment samples, while middle and high molecular weight PAHs were dominant among 16 PAHs in 
the lake sediment samples. PCB-118 and PCB-105 were predominant congeners in the sediment, which were similar to the results 
obtained from previous studies. With these results, the assessment of potential sources of PAHs and Co-PCBs contamination in the
sediments of the Nakdong river basin was performed. The pyrogenic-PAHs originated from combustion of fossil fuel and biomass 
were related with the PAHs contribution in most of the sediment samples, and Co-PCBs in the sediment samples were related with 
commercial PCB products.
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, (endocrine disruptor, )
(persistent organic pollutants, POPs) 
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Benzo(a)anthracene, Benzo(a)pyrene, Chrysene, Fluorene 
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Acetone, Pentane) J. T. Baker (USA)
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, Accu-
standard (USA), Dr. Ehrenstorfer (Germany), Wellington labo-
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- (GC 6890 series 
II/JMS 800D, Japan) , PAHs OCPS Agi-
lent(USA) - (GC 6890- 
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, 2008 5 60 (38 , 22
) (Fig. 1). ․ ․
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, .

, .
US EPA 

.10)

4℃ .
(sand) 2 mm  

(10 mesh) , (clay)
63 µm (230 mesh) .

2.3. 

10 g ASE (Acce-
lerated Solvent Extractor) (Dispersants) 1:1

, (1:1) ASE
. 1/2 (PAHs: 

Z-014J, Accustandard; OCPs: XA 12041100AC, XA 14073100 
CY, XA 13121100AC, Dr. Ehrenstorfer; Co-PCBs: 68A-LCS, 
Wellington) PAHs/OCPs Co-PCBs

,
, ( ) US EPA me-

thod 1668A . PAHs/ 
OCPs 

,
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Pentane 2:3 .
,
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’ ’ ’
’ ’ ’

.
(Co-PCBs: 68A-IS, 

Wellington) .
PAHs, OCPs, Co-PCBs

65.4±16.5%, 60.2±9.1%, 70.5± 
7.9% . Table 1

.

2.4. 

PAHs PCBs .
(Multivariate statistical analysis)

,

.
(Principle component analysis, PCA)

. (Eigenvalue) 1
(Principal components, PCs) .

(Ward's method) .
SPSS 14.0K(USA) .

2.5. QA/QC

3 ,
7

. PAHs
0.5 ng/g, OCPs 0.2 ng/g, Co-PCBs 0.5 pg/g .

NIST (National Institute of 
Standards and Technology, USA)

(Certified reference materials : CRMs) 5
, PAHs 96.7~101.8%( : 2.1~ 

15.0%), OCPs 97.2~107.0%( : 3.3~10.0%), 
Co-PCBs 97.2~103.1%( : 1.1~9.9%)

.

3. 

3.1. 

3.1.1. PAHs
38 22
16 PAHs ,

Fig. 2 . PAHs
N.D.~969.3 ng/g-dry( ± : 66.6± 

167.2 ng/g-dry) .
7.1±7.7, 14.6±25.8 ng/g- 
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dry , 120.7±149.8 ng/g
.
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/ /
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ng/g-dry( : 210.6±624.4 ng/g-dry) .
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5.8~277.7 ng/g-dry( : 78.4±74.3 ng/g-dry) 
. NL19 ( )

,
.12)
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, .
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(National Oceanic and Atmospheric administration, 

NOAA) Sediment quality guidelines (SQG)
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low, 4,022 ng/g-dry) 
.
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OCPs 4 BHC ( -, -, -, -), 2

Endosulfan (I, II) .
6 DDT (p,p'-DDE, o,p'-DDE, p,p'-DDD, o,p'-DDD, 
p,p'-DDT, o,p'-DDT) . DDT

,
N.D.~1.5 ng/g-dry( : 0.6±0.5 ng/g-dry)
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(Fig. 3).
NOAA ERL (1.58 ng/g-dry) ,

ERL .
(1.1~8.9 ng/g-dry)

.14) 10 DDT 
, , , /

(N.D.~1,700 ng/g-dry)
.15~19)

3.1.3. Co-PCBs

12 Co-PCBs , Fig. 
4 . Co-PCBs

4.2~7716.5 pg/g-dry( : 281.5± 
1278.8 pg/g-dry), TEQ 0.0~10.1 pg-TEQ/g- 
dry( : 0.3±1.6 pg-TEQ/g-dry) .

22.1±35.3, 19.0±30.0 pg/g-dry
76.9±121.0 pg/g-dry(NR26 

) .
, ( , )

(NR13) / / NR25/ 
26/31 108.7, 216.6, 1969.3, 7716.5 pg/g-dry
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. ,

2.9~6,550.4 pg/g-dry( : 501.2 
pg/g-dry) ,20)

(
)

.

470~1,840 NR26, NR31 
Co-PCBs

4.2~216.6 pg/g-dry(0.0~0.2 pg-TEQ/g-dry) ,
Co-PCBs

4.3~461.1 pg/g-dry( : 52.2±93.2 pg/g-dry), TEQ 
0.0~0.6 pg-TEQ/g-dry( : 0.1±0.1 pg-TEQ/ 

g-dry) . NR26
Co-PCBs

, NR31
. Co-PCBs

/ 21)

NL03( ) Co-PCBs
. NR26

Co-PCBs
.
Co-PCBs

.
Co-PCBs NOAA

PCBs .
total-PCBs (209 ) , Co- 

PCBs PCBs 5%
NOAA ERL (22,700 pg/g-dry) 

. NR26 NR31 ERL
, ERM (Effect range median, 180,000 pg/g-dry) 

.
,

PCBs St. Lawrence 
0.036~5.7 mg/g-dry ,

.22)
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3.2. 

3.2.1. PAHs 
Fig. 5 16 PAHs

. PAHs Phenan-
threne 42.4±31.5% , Na-
phthalene 12.2±13.2% , 1~3
PAHs 50% .

, 16 PAHs Benzo[b]fluoranthene 17.8± 
6.0% Pyrene (14.4±10.3%), Fluoran-
thene (14.3±2.3%), Phenanthrene (12.2±4.4%) 

, PAHs 
.

PAHs
Phenanthrene(Ph), Anthracene(An), Fluoranthene 

(Fl), Pyrene(Py), Indeno[1,2,3-cd]pyrene(IP), Benzo[g,h,i]pery-
lene(BP) Diagnostic ratio

, Fig. 6 . PAHs
An/(An+Ph) 0.1 , 0.1 

. IP/(IP+BP)
0.2 , 0.2~0.5 , 0.5 

, Fl/(Fl+Py) 0.4 
, 0.4~0.5 , 0.5 

.23)

Fig. 6 An/
(An+Ph), IP/(IP+BP), Fl/(Fl+Py) 0.1~0.2, 0.3~0.5, 
0.5~0.6 PAHs

.
NR 25, 26, 30

.

Co-PCBs
.

3.2.2. OCPs 
OCPs BHC ( -, -, 

-, -) Endosulfan (I, II) DDT
. DDT o,p'-DDT p,p'-DDT
p,p'-DDE (83.1± 

27.8%), p,p'-DDD .
DDT DDE

, DDD
.24) DDT

. DDT DDE
80% ,

.
DDT 1970

DDT ,
.

3.2.3. Co-PCBs 
Fig. 7 Co-PCBs

. Co-PCBs
2,3',4,4',5-PCBs (#118) 57.8±20.4%

, 2,3,3',4,4'-PCB (#105) 19.7±
9.5%, 3,3',4,4'-PCBs (#77) 10.5±13.4%

. Co-PCBs 2,3',4,4',5-PCBs (#118)
47.3±10.1% , 2,3,3',4,4'-PCB 

(#105) 19.3±6.4%, 3,3',4,4'-PCBs (#77) 14.0±12.3%
.

Co-PCBs
PCBs 17 (Aroclor

mixtures: 6 , Kanechlor mixtures: 6 , Clophen mixtures: 
4 , Sovol mixture: 1 )25)

PCBs26)

(Fig. 8). Fig. 8(a)

PCBs , Fig. 8(b)
. Co- 

PCBs
. 2,3',4,4',5- 
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PCBs (#118) 2,3,3',4,4'-PCB (#105)

. Ikenaka 2,3',4,4',5-PCBs (#118)

2,3,3',4,4'-PCB (#105) 50%
. , TEF 3,3', 

4,4',5-PCBs (#126) 3,3',4,4',5,5'-PCBs (#169) .27)

, Co-PCBs PCBs

, Arochlor, Kanechlor, Clophen, Sovol mixture
PCBs .
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