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ABSTRACT

This study was conducted to measure the concentration of PCBs in pine needles and soil in urban (Seoul, many
artificial sources of PCBs), semi-rural (Anseong, small town located below Seoul in wind direction) and rural
areas (Jincheon, rarely artificial sources of PCBs) in which the artificial production amount of PCBs are different.

The total PCBs concentrations in pine needles, which did not show big difference in three sampling sites, were
107.5 pg/g (urban), 94.8 pg/g (semi-rural) and 78.8 pg/g (rural) respectively. The low chlorinated PCBs were
major component in pine needles and the PCBs congener concentration profile of each sampling area were
similar each other, and the octanol-air partitioning coefficient, Koa, highly correlated with the PCBs concentra-
tions in pine needles. The total PCBs concentrations in soil which did show big difference in three sampling sites,
were 830.0 pg/g (urban), 314.1 pg/g (semi-rural) and 136.5 pg/g (rural) respectively. The high chlorinated PCBs
were major component in soil and the PCBs congener concentration profile of each sampling area were similar
each other. There was no similarity between the PCBs concentration of pine needles and those of soil at each site,
because of the different mechanism of deposition and volatilization processes of PCBs.

The total PCBs concentrations of 2009 became 12.9 times lower than those of 2001. The reduce rate of PCB
28 was the greatest.
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1989; Erickson, 1992).

PCBs, t}o]-2-21/3%2 (PCDD/Fs), 7|9 44 AF
ZA (OCPs) 3 o}3h}ef= wh3144 (PAHs) 2H2
ZFA 7] 29954 (persistant organic pollutants,
o]3} POPs)2 ubs|wrA $-7]3}3HE(semivolatile
organic compounds: ¢]&} SOCs)Z 7] Fr=
7y A 3 dxpAk o 7 28l (Yeo et al., 2002a, b,
2003b). "FeF 7] F¢] POPs 5=7} =7y 7]
o e de Aol =k el 3 e
POPs7} =3 vl 2 o)7] Zo|A] POPs =
7 gt slee] pem =k Rl 3 4l
A H71 2 3pEEe sk ) (HES 5 2001;
o8 F = 2002; Yeo et al., 2002a, b, 2003b; Gouin
et al.,2004).

POPs:= 154 (lipophilicity) o] =2 7] 3 POPs
T R AT (cuticle)ol] B g2 (wax)ot
Ef Foll EAE e {718 AFAAG (AR,
1998, 2005a, b; Gouin et al., 2004). 1822 &
4 2ok d7] F2| POPs 5wx=& EA37] 9
3} passive sampler® Apg-o] 753l 71 Sl A
® aubrAe AA) B Adeln A44sa 9l
o Aze] A7 Solshw, T 42uct Aol 4
Iof] &7} gelr ZFAQ POPse] Fe] 4
o = ASREA ALd=® A8t 7hsst e
59 Fol| A = passive sampler® 7} o] o] 4
=2 ek (duked, 1998, 20054, b; F-A1 4, 1999). =
o w3 A, el M A BAF 7 7t f
71% el ol 7] % POPs7} 34 Azhem
2 passive sampler22] A}lg-o] 7}53lo} (Zqkad,
2009). ?j7] % POPs7} zbwole] =g wof
7}2sp POPsE AR ze] ol QA
7o) 37 2ko] ol shzch Teime snp
A& 7] 3 POPs9] passive sampler2 A48 7
Foll= o7 AauFdS ARESte] 7|7k 7]
% POPs x5 ZA3 7lo] o 18v &S
Zd|= "7l F 7}~ POPse}t iAHA}F POPs 2%
7} 74 FAAEER A7|7ke] B7] 5 POPsE &
UEE & 7$oll= EoFS passive sampler2 o] &
e Aol o Foh aEu Aoy B §
passive sampler= ©7] 3 POPs®] A 7|7t 4
¥ 2 R 52 AYs Akl olE Y
A7) & POPse] AHFA Q] F=g AAFE7] Bl

7t Ao weg che vlwehs 4ol A9
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o2 AlLo] 7}Esio (A EHed, 2005b, 2009).
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Fig. 1. Location of PCBs sampling site.
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2. Al ok

Aol AHg-d FErtE Tete] g A (Si0,,
70~230 mesh ASTM, Merck)Z} $%A| 780z
AbgE YA} Fp3HAREF (NaySOs, Duksan
Pure Chemical Co., Korea)-2 130°C 229 ‘301 =
3 Bed duich Aol Lol Wik F ALE
stodet. W& el AH8-¥l GPC (gel-permea-
tion chromatography) 23 oj| &= bio-beads (S-X3, 40~
80 um, BIO-RAD, Hercules, CA, USA)E A}-£-3}191
G35 Z4-=4] & (Matsuneon Chemicals
Ltd., Osaka, Japan)< AF8-3}9ic}.

Calibration standard-§- PCBs Z38-94-2 Welling-
ton Laboratories Inc. (Guelph, ON, Canada)ol|A] -
mj &+ PCB 28, 52, 101, 138, 153, 180 mixture (P48-M-
CS5)E Al&steict AAE WE=ZFEA (internal
surrogate standard) Wellington Laboratories Inc.
] C»-PCB 28, 52, 101, 138, 153, 180 mixture (P48-
M-ES)E ARS8, 718 WH-2FEA (recov-

S (<]
3, Ak
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ery surrogate standard)® 4,4-dibromo-octafluoro-
biphenyl (Supelco, Bellefonte, PA, USA)Z A}&-3}
Atk = BE 2A| T 2552 AFS Az
AlZ]1 3 acetone, n-haxane % dichloromethane
(DCM)e.2 747} 33) AA3 o2 ALesislch &
m ¢l DCM, acetone 3! n-hexane-2- HPLC grade (J.T.
Baker, Phillipsburg, NJ, USA)E A}&3lgl o n-
hexane2 ZAPZ|F= FF3he] AML-3IITh &Fn]
% 392 n-hexaned DCMeo g A3 o}& A}
gahgch

al 7]

[

B

3. F

T

b9 oF 100g< 1,000mL §2)el] Wi A
A4 HWE2FEA dAFE F38 o2 n-hexane:
acetone (4 : 1) &34v) 900 mLE %g3} FZ7]d)
A 17 3zl 2308 52 Soade
27|31 ©}A] n-hexane : acetone (4:1) 900 mL=Z. 1A]
2o 22 B AL doel Amz A
Sodeh mARE AR oF 1003} Fahant
S0g Hlol7lel W3 AAE yEE
A& F5bo] 948 &3] oS glass thimbleo]]
Y37 n-hexane : acetone (4:1) 400 mLZ &£ F
2AA o 2487 2SS 2bRAT =
FAE F pEY e As o 10gE 95°C e
SN oF 24A%E AZAZ] F AE FA o]z
sk

EEO
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1) Acidic silica column

A|BoA 323 PCBs & 1}
71eA oF 2~3mL7}A] 53 % Aa 5 B
B2 acidic silica column .2 A A|3}Ae}t A A c>]]
AHEE columne- Y7 20mm, Z o] 300 mmgl glass
columnel] e A X E] acidic silica (30% H,SO4) 20
g, neutral silica 10 g, ¥4> NaxSOs ¢f 5¢& =
Y 371 n-hexane 300 mLZ columna A& 3 o}& A
2 F9¢ & n-hexane 300 mLE £Z3lo] A8 F
ukl| 228 A A5kl ek
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2) GPC column

Acidic silica column%t o 2= A]go]] Z3+5 o]
U W EAe] F83| AAHA domz YA
20 mm, Z ] 220 mm §-2] el Bio-beads 12g& =
AAZ] GPC column® 2 ©}A] A8 AA s
GPC Columng- n-hexane:DCM (1:1) &3+8n) oF
100 mLZ AM|&3}3, acidic silica columne 2 £33
3§ golg A2 557104 o nlx) 5=
3} & GPC columnel] F%3}3 n-hexane: DCM
(1:1) &g 90mLz §ZAIF} 8-&H4] A
& 34mLol: Wal gl xgEe] derz we
3 Y] 56 mL: PCBs 23 oz FAe o] 43}
At

o
HI

PS|
~

GPC columne 2 £Z&3F PCBs #3&
57114 o 1~2mL7kA] 553 v 10mL
viale] AeFdos $713 Hrhe WyEFEd
(recovery surrogate standard)3} keeper®2A] n-nonane
& 7H F 7w 9lolA Ads AAF) o SouL
74 Z8le] GC-MSDZ #43}¢] =1, Table 1
o PCBs ¥4 z71& velligde Al 23A170
PCBs congener: 3| = F7|7} #AA Agko] 73
o 28,52, 101, 138, 153, 180 5 6Z |t} RE &
A E-A-& SPSS 2000 (SPSS for windows 10.0)2 o]

AN
il

Table 1. GC/MSD operating parameters for PCBs analysis
GC HP 6890

Detector HP Mass Selective Detector 5973
HP-5MS capillary column
(5% diphenyl & 95%
Column dimethypolysiloxane)
length 30 m X 0.25 mm,
film thickness 0.25 um
Inlet Splitless
Aux temp. 300°C
Injection volume 1uL

150°C for 2 min.

30°C/min. to 170°C

4°C/min. to 200°C for 13 min.
4°C/min. to 268°C

70°C/min. to 320°C for 4.09 min.

Temp. program

Carrier gas He (99.9999%)

Total run time 45 min.

Vol. 24, No. 3
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6. QA/QC

PCBs®] Ao A] A=wnlET3}] Fol7} xo]=
o] 3wl o]Arel At Ao EFAF oM, AHAS
WizEEde AHeE 659 “Chp PCBsE o4
sl F 53] =& A AAd W IS
Hr1et A 3582 81.2~110.5%% 0 Hx}k
o] &5 3|52 Wt (R ES 5, 2001). A
=rhe 7 7l (duplicate)®] FA 58 whEe] 243}
GEd, T B8 7+ HolA S (variance)= 0.0~
25.0%% ).

1. X|9d 2179 5 PCBs Sk

Fig. 2= =AAY (ML), F=AIAY (7] ¢HA)
U AFAG (FF ARDAA AHE b7 F
PCBs %5 Jehd Zo|th =AIX Y, FxA2]H
2 A|ZA| Q2] & PCBs x5+ 7z+7} 107.3,94.8 2
78.8 (pglg dry)2 =AIA Y >F XA A A > Al FA]

o7 rwyl =9lov} A9Y Exa= Fx] ¢
9Fch (ANOVA p value=0.0002). & A}5olo] 3
#%¥ PCBs®| congenerd %2 Hw A A m
T PCB 280] ZZ&HA] ok AL Alejshd Ada
3} PCBsd42 ¥x7l 2o #Aee vy, 7+
PCBs congener?] %% profile= w|-% $-A}3F 73F

& nsieh

#x) PCBs7} ¥ o=z AAE AL} AHEH A
= o Teid AR ok slds, HTehE
Az Al Az A" Bk ol H e, H
A% 27 9 4R A PAF] apelAY @
73 o2 wlEE 3 gJt}(Tanabe, 1988; Voogt and
Brinkman, 1989; Erickson, 1992). Z8]|22 A
o2 ob4] 219149l PCBs WA e] T, A A4
o Asidel Aol A9 glom, TRAA e
o= Ax2 QA WAIE 73 Q7] W
o] ®AA| 9] Au}He]l = PCBs 357} 714 =
= Aoz AZH o] Wl Alags AFH T AlFA
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Fig. 2. PCBs concentrations on pine needles at urban, semi-rural and rural areas (a) total concentrations (b) each congener

concentrations.

Table 2. The physio-chemical properties of PCBs congeners*

Tri- Tetra- Penta- Hexa- Hepta-
PCB congeners
28 52 101 138 153 180
Vapor pressure (mmHg, 25°C) 7.7%107° 8.6x107° 2.1%x107° 40%107 52x107° 9.9% 107’
LogKoa 8.15 8.38 9.04 9.84 9.72 10.42

*adapted from Mackay et al., 1992 and Thomas, 1998

o] FaA ol (37 A 7137 A 1, 2008). A
Aofe] PCBsz. 24 3717 FoiAod oz B
2] o] 52 37| witel <9l WAdo] A2
e AlEAY d7]= PCBsZ 2= glom, df7]
Zo) PCBst abyale] HAvme 227
AU F PCBs ¥=% AW =4 vehd Ao
2 A= (Abked, 1998, 2008; 71l 2001). A
2] 4359l ZF PCBs F=of ol glA|ut
7 Ao} A ghehe AL obdE mAA oA
81 PCBs ARG Bl d7] Foz
PCBs7} v &= 3L QUAIRE 1 oF2 g4 dohe 7
& ojulale ez Aztea,

Table 2= PCBs congener?] -%-&hg--37] HulA
4> (octanol-air partition coefficient, Koa)e} Z7]%}
& enl Aoz Agas) PCBsASE 5719
=3 Koa %2 2}-2-d] (Mackay et al., 1992; Thomas,
1998), Koa7} 2t-&45, F71%t¢] ¥&45 PCBs
E A7) SolA dxadRG 7oz EAF 7}
SAo] o ZAT(Yeo et al., 2002a, b, 2003b). = A
Jpalel POPs7E A2 del skaabe A2

o] deJupARt YA FHA ] douiA] ¢

Table 3. Correlation coefficient (R) between PCBs concen-
tration in pine needles and octanol-air partitioning
coefficients (LogKoa) and vapor pressure of each
PCBs congener

LogKoa Vapor pressure
Urban 0.9397 (p=0.0180) 0.8115 (p=0.0960)
Semi-rural 0.9593 (p=0.0100) 0.8098 (p=0.0970)
Rural 0.9673 (p=0.0070) 0.8263 (p=0.0850)

om2 AjRel Foll= A 43} PCBs ¥ =7}
943} PCBs F=HT o] 2 7oz gt
o} (A3, 20052, 2009).

Table 32 7} x| 2] A} = PCBs congener
=2 LogKoa 3 378t Atele] A#A4R)E
Uepd Aot (=7t HEHA 42 PCB 282
AR A A 951 H). Table 304 & 4 Q%]
bl 5 PCBs =9} LogKoaZl AHA &+
0.9397~0.9673 0.2 A o] we- =A Jehgo).
ey &bl F PCBs s=9b 7|9 2F A
A4 0.8098~0.82630.2 PCBs ¥x9} LogKoa
7t ARAGRERE B YeRt a3 b))

e
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% PCBs 5% Ato]o] ARAAE A7 Agol=
PCBs¢] Z#7]|3txRtl= LogKoar} o d sk =
Ae & & A

Table 4= _‘;—‘;/\]X]Oﬂ ZE}\]X]OJ(7~1ﬂ g}: 50 km),
EAAG-AFA S (AT ¢ 65km) B FEAIA G-

A|ZA S (A <oF 15km)7\} Zu}%el = PCBs &
= Abole] ARAISE vehd A o]t} Table 441 A
EAAG-FZEA RS 7] AR 09042, =

A A BH L 08892 8 FEAIA] -4 27
2 099722 A A2 4214 HY 3 PCBs % A
olell= & WA o] Hebtom, £ A4zt A=zt
ke ARASY o Aok oA ATAY
3 FEAAGEe 2AAge] Aoz =A
Aol o5l F7I7F EEAAGE AH A FAY
©2 o]F3dER PCBsZ 293 =AAH2] 7]
7} A7 olgste] T APl kS w|H7] WE
olol, PCBs7} A7) o5& shuA el £
9 Aol A4 8 SRR ANE PSR
g o] IAA 319943} PCBs7} #9435 PCBs
ne} A7 o] golAlmz A 2k Az} 7t
<95 PCBs 5% 7t AHAIS kel 24 vehd
Roz AZ+ET}(Yeo et al., 2002a, 2004; Gouin et
al., 2004; A =ted, 2008).

Table 4. Correlation coefficient (R) between PCBs concen-
tration in pine needles at urban and semi-rural and

rural
Urban Semi-rural Rural

Urban 1
Semi-rural 0.9042 (p=0.0130) 1
Rural 0.8892 (p=0.0180) 0.9972 (p<0.001) 1
(a) 1000

’E, 800

o

Lo

600

g

S 400}

=

o

= 200

1 1 | |

Urban Semi-rural Rural

—~
o
=
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2. X|9¥ EY T PCBs &

Fig. 32 A x|l A AF 3 & = PCBs 5=
E veRd Aoloh =AA Y, 22AAY I A]FHA]
¥2] PCBs 5=+ 77 830.0, 314.1 2 136.5
(pglg dry) 2 EAA G >EEA XG> A FA S &
02 2wy} =9ton] (ANOVA p value=0.0001),
41}Rel = PCBs x9: uidlz w1943}
PCBs¥ 45 =7} 2 AskS Byrh = A A

39] PCBs %% profile2 vj-$- A3t =ofkS ®
At

A Aol E9F F PCBs 527t Aubrdl &
FexHo o 22 AL ‘/]’ gL 1dyE =
Fs1s17) W] H7] F PCBs7h 4nbmole] %
A= 717k F 1oz Ty Al o
7] & 7k2es EXS= PCBswb A3 % o)

YolpAg ool dl7l 7 PCBs7h AAH
AE fHez Aw A7) F ke dA
POBUL 5419 A7) o Ak

, 2005b, 2009). == 19343} PCBs =7} =7
I/}F/]-"P A2 QA EALE A7) FellA 35 (con-
densatlon)a} 27 (coagulation) Ao 2 X7} A
& Qs YAt AAR A7) FAA =ekelt
G2 A4 3 §AA] 97 Lolohzd (Hinds,
1982), t7] oA 12943} PCBsYdS4= 7F2AF
Hele ixoz EAE 7hsAd ol A wj7elA
wefoz Aol 2 =y WEow A7Es
wofoli} A0 AAEU PCBs 7]-20] o}
AW GAl A7) 23 HA9 319431 PCBs

= LogKoa f2 Z71 Z7]9}2 olr] EoF 3= &
7]@4 738t AgeEz 7)) Folw H7] F

rl

©-

¢

350
| | [ Urban ]

o0 [ Semi-rural
> 250} | EH Rural
3
on |
£ 200
&
s 150F
=}
I}
© 100}

501 | I:I
0 Il 1 1

28 52 101 138 153 180

Congener No.

Fig. 3. PCBs concentrations in soil at urban, semi-rural and rural areas (a) total concentrations (b) each congener concentrations.
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o2 FE77F Pk (8T 5, 2002; Yeo et
al., 2003a). = =A|A| el = Al FA| R oA <l
31794l PCBs A Q10| Tho] EA|The. o] 43} e
A wgol E9F % PCBs HEE mAIZ|e] A
d F3 AFAGe] AY dow, 1943} PCBs
Q4% FEsh we Aoz Azd,

Table 5= A #]%j¢] E=°F 3 PCBs congener %
= Aele] A4A%S (R)E Lrehd 7 o]tk Table 5
NA =AIRAGF=AA o 7k A= 0.9925,
EAA A A FAGL 0.9261, FEAA F-A]ZA] A
2 0.9469=2 Al A P2 E9F = PCBs % 7=
AAdel AM M A BF vk PCBs A<
ol &jste] Eofo] 2= GIHa A7HT 53] =
A A G-F=A XY 7] AFRA| 47} 099252 74t
2 7e % A9 ofx 51l PCBs WA glo]
231, PCBs WAz xolli= A}o]7h QUAIRE WA
g A9 5] Woz Y2 =AHY-
AFAS ZF ARASE 092612 Al 2| AFA|
5 F Al wokek o7& PCBs7L A e o5&
A Ural ok 9 el A4 2 $AE
7} A 3]te "EE-31=v] (grasshopper effect) o] 3}
Aol A Al eo] Bz =AIA oA Hojd
% YArew EAsh: 1Yadt PCBE A4
3} PCBsue} A7 & obalr] wloz A7kel
o} (Jones et al., 1994; Gouin et al., 2004). ==X A]
G ATA G AIASE 094692 EAAG-Fx
AR 7E ARAG(0.9925) Bk AAIRE =4
A1 -2 FA 8] A G(0.9261) W= Zld o]
Ae =R FEAA ol w53 PCBs W
o] A AT A o ks FEA|A 2ol A
WASE PCBs Fwv} Uk 283 A2Age
PCBs UL 7o) 2AsA Al wAIx
ExAA o] FahA el AT Yol A
d(Ag °oF 65km)} F=AA A (78] oF 15km)
oAl PCBsz 2% df7]9] esks FAlel A
T Az ® AelelA o1 27k 494 o)
== grasshopper effectel] 2]3}o] 7}2AF PCBse] &
ol ¥& 3717k HYHL 7he AelolA] PCBs
= 238 2A7h 4908 e Ao YA
PCBs £-&¢] ¥ 37|17} FYHER o] o]
A ehp) oz JrtEc

Table 62 A| 2|2 Av}HY3t £9F = PCBs
55 Apole] ARASRE el 2o]eh Table
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Table 5. Correlation coefficients (R) of PCBs concentration
in soil between urban, semi-rural and rural

Urban Semi-rural Rural
Urban 1
Semi-rural 0.9925 (p<0.0010) 1

Rural 0.9261 (p<0.0080) 0.9469 (p<0.0040) 1

Table 6. Correlation coefficient (R) between PCBs concen-
tration in pine needles and in soil at urban, semi-
rural and rural

Urban Semi-rural Rural
0.5026
Urban (p=0.3100) - -
Semi-rural — 0.1860
(p=0.7240)
0.0200
B ) } (p=0.9700)

604 BZo] A A9 mFE b B F
PCBs 5= Atelolli= A4 o] vehdA] gstet. o
A SlellA elm] 71&dkd %ol #7] % PCBse]
Aubrelst 2eoko g o] I AIL vy Ee]
Zpo] WFoz ARG T B2 Aoy E
oF& t)7] & SOCs¢] passive sampler2 o]-£-&}11
2 & Agels o3 BAS FE3] Aty
=717ke] d7] F PCBs®] s=% oA & 79
o AvelE o]4stx AV|7He] =S et
At & A felle B0k o83 Aol o E
& Zlez A7 (ARhed, 2005a, b, 2009).

3. ti7| & PCBse| Zi4

=

Table 7-2 200133} 20093 2] 722 AAol|A] A
A =AAY ab7e F PCBs ¥ =5 el
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Table 7. PCBs concentrations in 2001 and 2009 on pine needles in urban
PCBs congener Concentration (pg/g d.w.)

Year 28 52 101 138 153 180 Total
2001 (Shim et al., 2002) 1,202 69.9 40.5 12.6 335 233 1,381.8
2009 (this study) 0.0 41.2 22.2 13.0 20.7 10.1 107.3
2001/2009 conc. ratio 1,202 1.7 1.8 1.0 1.6 2.3 12.9
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