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at Rural Area

Eun—-Sang Shin - Hyun-Gu Yeo
Department of Environmental Health, Dongnam Health College
*Busan-Ulsan Regional Office of Small and Medium Business Administration(SMBA)

Abstract

This study was to investigate concentration characteristics of atmospheric PCBs
in soil sample and pine needle at rural area. Profiles of PCB congener detected in
pine needle and soil sample have a difference that low molecular PCBs mainly
existed in pine needle, whereas high molecular PCBs were mainly existed in soil
sample because of their different vapor pressure and octanol-air partitioning
coefficient(Xpa) of each congeners.

Correlation coefficients(r) of PCB congeners simultaneously detected in soil and
pine needle were significant (r>0.71, p<0.01), which showed that PCB congeners
patterns of atmosphere could be estimated in using pine needle and soil sample
indirectly. The contributions(%) of higher molecular PCBs(>penta-CB) to total PCBs
in soil sample were higher than those of pine needle and the contribution of lower
molecular PCBs(<tetra—CB) in soil sample were lower than those of pine needle,
which showed that dry gaseous deposition was a principal pathway of PCBs

accumulation in pine needle.

Keywords: Soil, pine needle, deposition, PCBs
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I. M8

Polychlorinated biphenyls(PCBs)¢} #
< FAFAR7IEaAEH(persistent organic
pollutants: POPs) =& 3y #7]8%
E(semivolatile organic compounds : SOCs)
€ F74x9 Z719Hmoderate vapor pressure),
v (nompolar) B R FaliAd(ow degradability)
oz A AFAHoz A H 4£EE WE}
o dFARANN A7 T EAFLY. 53
PCBsE SOCsZ 7|&°] ¥& u& dr|F
PCBs7} E%, A&, #4 & 43 874 o
Aol ZZAHAGTL 71 20] golAE olE &

7 WAZEE di7] F22 AT Hol YR
Q9 Fa(wax)th A A(lpid)el FFEY, W
294 HFY PCBs:E 9 st A
Edd AAF 902, o8 PCBse A
AA e ¢@AL" i d7le 42,
EYZ PCBs ¥2& vl 233 FadA
g 7M1 len YRdH EFS PCBsE
A3 a wEss F2% PCBsY 23k ¢4
deg 493 Yo¥. et SOCs<
PCBse ®Atd X&#d ¥4 (homologue)
o e} Fdo] golstez ti7] FolA Z+
homologue® 7tA/YAE &0 h2x o
719t B, RAL &8 dAUEE 223l
g4 ® g8)m g )7]3 PCBs homologued
UEATG BEFo 2o AF WIUES ol
st A& AgANA PCBs «# W E
£ olHetE a8 240t a8 AE)
A AEEY dTE tirlF PCBs7t 249
Holel Hxof AFHE o FeHo I+
7t Aol g, a2y BExE Egl A
3 AdlA di71% PCBs7t HEEHIE 314
gt 7392l BlEo] 8 EFAAL upghol] o3t
o wiitg Z2dl EGAX 7L Bz A &

CHat B3I X Ji21 18(2006)

Ao gy Sxee 28 RIS A4
A dAGg gol o) FelA Ar] wEel ¢
o oubge] o % 2dl EGYRY FFo] Hn
dB-Eo] th7i% PCBse Aol ot 43
g W) i Exote e FE ik
Zo) 93ld PCBs7t A&d o2 AY7zd
FAME 2UF e & UR
&9 (cuticle)ell &2(wax)t A
Alipid)o} BolA AxZA A< PCBso &
o] 4t*? & g FFo v|ste] Yo} £
o] A1 99 544 W71F PCBs7t dl
A AFH=2 $£939 gr)F PCBs ¥ %
Bt Ui FEE & F don FFFol
7] o Agd= A& AH7t 7hsdivhe
FHe] ol YEY FAME 71F PCBs
o] Az g d7E strjdl B A
FEo|ghO old] B AFojME w9
g M AAztE 2T dF 2 A
dxyel EFANRE AFHHA dVF
PCBs 2 §4 ¥ #A4L veotstuzt
Lia=3

o. 48yy
1L N3 2 XY

EFNEY AAHYES MNE 156 glwet
weight)S A3 nlojAd EHeA &
AAE A8 T IEE(anhydrous sodium
sulfate)?t Egaldch E2L 100 m glass
timble2 &R o9, oW ¥Ry ¢ e

AL Y8 AlZel surrogate® BCra-labelled

PCBsE spikingglth. Alge tEzzdE
(dichloromethane) 100 m¢Z ©]-&3fA] soxhlet
AN A 24A17t FZ3151T). timble AFg H



WAXAUA AL 20 ES T PCBs2 5= 54 3

Al g

450TolA 12A412F o] 72 F
AHgE T FE8 NE F FES O
& A AAY] A8, dEd FEUE
F 15g& Sl ANEE FHEUT F
g AEE hexane 1 mg FLF ¥ 3
AZLFE7|2 4 1m7tH FFdd 2y
T AUF Qe AASEE HHE
¥ U A 77 15g3 #4k(hexane):
o} E(acetone) (4:1 v/v) E¢E0) 100mE
250 ml 2999 Y1 257 FE7]94
2N dEFE F F29E 250ml S
A2 FI Y A diholdE (4]
viv) E¥E0 100mlE 7Hetd 1A o
F239q F2AL J3 F HAAFTLFFHY
(rota-evaporator: BUCHI jit, R-124)°A
2-3 ml 7tA FEF%TE vE5d EYAES
AUS e BEMA wHEd2 A&3e
Ad R 4E2E AASY Ystd A9
248 e BAACh Ayt A dRE
A @] 7Hacidified silica) 3g, A Al
FHactivated silica: Merck fit, TA157134)
1.5g ¥ F4 NaSO.(Dulksan itt, GR grade)
& ¥43%F ¥& ud 84 30 mE 3
EZS AHE F A8E 932 4 30 ml
AP A, deEst ZYE B
ANgE I FEEF7IANM % 1 mizt
A F&sHch
aev deiFd Hy F9 Tz AAHA
e L9EA 2 AL GPC(gel permeation
chromotography) #H®(column)2& t}A]
A3}, Bio-Bead(Bio-RADJft, 152~ 2750)
7t 39 GPC ¥ FhDCM(L:L v/v)
EFEME 90 mlE AE38lq AEE &5
AAled &4 AE 3¢ mE XE 2 EE
B0 8EH: FEo=z HIEz vdHA
s6miE FHot IIFTLEFFVIZ 2ml A=

2
=

)
»y

i

h
P

7] 5%3to] keeper® dodecane(Sigmaijil.,
D-4259), internal standard® A 4,4'-
dibromooctafluorobiphenyl(4,4'-DBOB)
50uE spiked th& Hot plate HollA
42 HAFHEAE 50u7A FLAL F
HRGC/HRMS (high resolution mass
spectrometry, Hewlett-Parkard 68901
/IMS-700)& o] &3t PCBsE £433
t}H2(Table 1).

Table 1. Analytical conditions of PCBs
with HRGC/HRMS.

Instrument HRGC/HRMS
DB-5MS capillary
column
Column length 60mX 0.25mm,
film thickness 0.25m
Inlet Splitless
Aux temp. 300C
Injection volume 1

150C for 2 min.
4C/min. to 320 C
320 T for 10 min
He(99.9999%)
51 min.

Temp. program

Carrier gas

Total run time

2. A7

EGA g 2UF A& o]8¥ PCBsY
A=#EE o84 2 PCBse HE=Tg
& 81 F4E HAF(recovery analysis),
FEB A ¥ (duplicate analysis)5& AAEA
t} B&g dY9L A5 AXE AN
B9 & 5% ¥ AADAA ddFeoz=
FutsEl= Alge] &4& P37 A 7F
9] PCB surrogateZ o]&3&9 Alg9 A
Ad) g 9% 2L P F A4
F=9 spikingd FEE Wusty HeE
< ARt
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Table 2. Concentration of PCB congeners in pine needles (pg/g DW).

Homol No of Pine needle sample Soil sample
omoro congener | Conc., (pg/g DW)| Sum (pg/g DW) | Conc., (pg/g DW) | Sum (pg/g DW)
b 27 42187 -2
Tri-CB 8 260.01 881.88 - -
40 2145 -
44 21.84 -
47 3485 22.44
49 31.09 -
Tetra-CB 52 3262 211.21 25.08 55.73
60 19.83 821
61 14.54 -
66 21.30 -
74 13.70 -
87 - 10.30
101 - 13.41
105 - 13.84
Penta-CB 110 - 15.88 14.66 73.19
114 - 6.27
119 15.88 -
126 - 14.71
138 244 12.71
141 6.12 4.87
149 - 18.58
151 - 10.76
153 7.84 18.76
Hexa-CB 155 - 16.51 182 99.74
156 0.11 11.03
157 - 9.19
167 - 6.18
169 - 5.85
170 - 8.38
180 10.76 11.70
183 - 5.74
Hepta-CB 185 17.94 .02 47.30
187 7.18 7.86
194 - 5.60
Octa-CB 198 227 227 6.07 6.07
Deca-CB 209 7.62 7.62 5.52 5.52
Total PCBs 1153.30 287.55

Y CB: Chlorinated Biphenyl, 2 - : Not detectedl

O A EYAFGA e PCB surrogate
(°Cia-labelled PCBs)9] 34-&(n=18)&
Z+z} PCB 28(89+7 %), PCB 52(71%9
%), PCB 101(86+t5 %), PCB 153(74%18
%), PCB 138(100+13%), PCB 180

CHEH M35 X HI21 A 15(2006)

(101£11%) ¥ PCB 209(82+7 %)& ‘}Eeh
woh mg AU 9o F$E PCB 28
(100.5+ 8%), PCB 52(99+ 19%), PCB
101(110+ 17%), PCB 153(115% 19%),
PCB 138(109+ 17%)., PCB 180(119%



DAXGOA LLS YW EY F PCBsY 55 SH 5

17%) % PCB 209(106 15%)& ¢
108 %9 4% I+&E JehRdch A
AP EL A= FHY=z 234 F&
(sample—1, sample-2)3}e Z=HBAFH L 3}
g Zzte) AEdA HE" PCB $3A
of dig AALNE Pk 2 A 2
AAFRYE 0.83(p<0.001)0)Ren 3H
o] 7187 0.95(p<0.001)E %3 % 2
#& vyehhdth =23 &4 A& ol4d
2223 Z23g 498 Ax, AZAFRD
2 3 A2 9 718717t 42 0.92(p<0.001),
0.99(p<0.001)E E¥3FH w7tz ¢35
& 49E Yl

m. 22t

Ik

hS

1. & PCBs(SPCBs)Y] %

E 28 2UF 4 EGARAA AEd
PCBs¢] ¥x& uehd Zolth v Yo
A AZ2%¥ PCB congeners® TH#& PCB
27, 28(tri-CBs), 40, 44, 47, 49, 52, 60,
61, 66, 74(tetra-CBs), 119(penta-CBs),
138, 141, 153, 156(hexa-CBs), 180,
187(hepta-CBs) ¥ 209(deca-CB)Z 39
9 B4 oY 23 F 19%0 HEHN
o} =g 29%F HE&H PCB congenersd
FFE 47, 52, 60(tetra-CBs), 87, 101,
105, 110, 114, 126(penta-CBs), 138,
141, 149, 151, 1583, 155, 156, 157,
167, 169(hexa-CBs), 170, 180, 183,
185, 187, 194(hepta-CBs), 198(octa-CB)
2 209(deca-CB)E 39F¢l E4u4d E3
Z 27%0] AZHo] A4 goX HEE

PCB congeners Er} 8F°] EdA o
AEHA.

AU Ut 249l &8 PCB congeners
9 ¥9 % PCBs(ZPCBs)9 F:& Ztzt
1153 pg/g DW, 288 pg/g DWZ 4vF
Y % % PCBs9 =71 E¥9 % PCBs
2R 44 o ®A Jebdth ol EY
drxe AEHA &3 AT ddMT A
% PCB 273 289 w=7} #7 422,
460 pg/g DW& % EA Yvew7] @
oz gadnh. a¥4 F HEHA(LUYF
o} EqhellA FAlo] &€ PCBse ¢S
T3 A3, AT A3 EQAlA 72} 132,
134 pg/g DWZE uf$- fARSHAl YEbsTh

2. 2= (homolog)d 5%

a9 18 2 43 EFAEAA BE
® PCB homologs® ¥% BIXE el
Aolt} AUFE F PCB homologs® FEE
tri-CBs> tetra-CBs> hepta-CB > hexa
-CBs > penta-CBs > deca-CB > octa
-CB €22 ZA%% homologs 3 713 A

B

82 s DV

g8

BFne [Sdl

3

Conc., (pg/g DW)
g8

]

o

Ti Ttz Rea Haa Hya Qf Do
KBhomdags

Fig. 1. Homologs concentration of PCBs
in pine needle and soil sample.
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£z} PCBs? tri-CBs7l s =E 1
Z PCBs?l octa-CB7t HAE5E E3RY
o] penta-, hexa-, hepta-CBs9 FE+&
oS- FARSHA JEbte o7 E—ZHSH:—
7F2/A A SOCse] A&z
A AR AA/EA A E(dry/wet deposition)
Boie 7haat Qe i) Fod 4=
gt Busdoi®®, Trappst Matthies'
t E% ¥ PCDD/Fe #EAdde T3 4
Zo] AEH Hsl AU 2ol AE

ELE AYstae EG 93 JFS of
¢ Az w3yt £§ Tojo T3

CBSQ’]’ & S0Cs
o] AE2 olFFre E¥ A3 ¥R
T ti7le] o4& stad dEe FAFo F
g ol vzt Folztn ¥ F ok 19
22 B dFdA A avhF gelA A
£% PCBs9| di¥€L2 tri-9% tetra-CBs
2 o7 F ke AR A 9% 2
sz woagh?,

EYdA AZd PCB homologsd ¥
T hexa-CB > penta-CB > tetra-CB
> hepta-CB > deca-CB > octa-CBZ &
RoddA HAdsES B tri-CBse A
£5x ¢ton hexa-CB7} HUFZE
Q) ¥t octa-CB7F HAFEE BY &
U Qe s} mEA PCB homologs?
Egog Ho] Fg olF wWAUELEL
A8 F AYTh 53], EY F peta—CB
o}4+9] PCBs homologs & AUF &
o "l o 2 d& penta-. hexa-,
hepta-CB9} ol Z+z; 50 pg/g DW(aY
Hol), 220pg/g DW(EW)E EYo] a~upF

Tt a5l X RI21 A 15(2006)

ol vl&) 48} o]F & FE=E EATh
E§ 27 Ya EYAEAA F PCBs
% ztzbel homologs’t A st E&(%)
& sobgt An, 2% 99 A% 1i-CB
(76.5%), tetra-CB(18.3%)= % homologs
o] gol % PCBs ¥ 95%F #AAT i
U A homologs(peta-, hepta-,
octa—, deca-CB)E 2%u|%H& vehjglon,
ukd Eoke] 739+= hexa-CB(34.7%), penta-CB
(22.5%), tetra-CB(19.4%), hepta-CB(16.5%)
ol9la U E 2%u|Rtoldich. $eo A}
dME BRo] AT Yo Fzd PCBsE
< BEAFE 22 uy] FAA stad A

2oz EAshs Aol F2 Ushd ¥l E

hexa-,

4

ko) ZA$E= IEA PCBsZ t7] FolA
AAAA MEo =z EAFE PCBs/t F5&
ol 29t

S8

=

(=3
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]

'°6

]
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)

£4

3

‘.E‘

552
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S

=0

Ta Poa Ha Ha Ot Do
FCBhomlogs

Fig. 2. Homolog ratio of soil/pine
needles concentration.
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PCB homologs?] FEHE Jeld Aol
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CBe}l #& AEA}F PCB homologsell Hl&] 1



WAXAMA L2 L ES

¥4 homologs(penta-CBsol’HollX B4
W homologs ¥l7F A Vel ol o
22847t 2L homologsYdFE  AoalH
©@&/37] EAT)gol 3 3ol 7
3ty UF4Q, FA(water system) @ EF
of 2 HArErt 7)ol FobAR v F
o2 AT HIUF 4AT GE FGA4X
&7} & homologsd+= KOA%l'ol A4
‘%“%’: FA 2 EY IR F o7l F
o2 A% 7] Y™ amz ¢
&X 87 AL PCBsY+E 7] FolA
k2 Bgol ol AU Yo o] F
Ho, A5 Qo A&d PCBs d%E ¢
EHe) &2ZdA 320 nm o) &9 A A
st FEAHAY A7) Fo2 AIE
A Qe e gol AAEHE ¢rt o B
B ol 2vHF ol A P 2ol Fep,
a2} PCBS B4X 847}
'] 3N F2 gz Exag”.
YA AU Qo BarEE Qlzte] ZghE
o] 1 PCBs% ¥¥+ U9 waxZ o] §3t

%L homologs

E PCBsY 5% S48 7

o FFHE 51 YA Fol THE Fof
U= AT ool FAd YAE A BF

H ARES YAE 1] F-&go] v|nH of
ate] -9t vigdel ojste HA AAHE=R
AV gl A3 3ol A doAyA ge
90 gy EGE WIF 23 9%
% PCBs7} 145t &4 F vzt Fol ojat
o FAHD YRyl F&=o] Jud PCBs
T 9 3 oA EGez ARdE
w2 mge) AR PCBsF FAaAUF7}
& homologste 7]20°] & W= g7l &
oz AHLHAT JLAFFT B
homologue® EFF K71E ZsiA &&F
"ot Ego] 3 PCBso d¥& AelA
o et FEAHAY EFH B E 2N
T B37t HA) U PCBst dEsd o2 A
Al A BalEx] @ ZFsH 7]t A7)
HE] EG FAHAZe] dojue ez
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Fig. 3. Contribution(%) of PCBs congeners for total PCBs in pine needle and soii sample.
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3. @A (congenen? =

I¥ 32 2UF dF EQ AFE 7
PCB congeners®] % PCBso| tidl 5%
EE&(%)E Ul Aot auF A
Hoet HA =S 2 congenersE Z
Z} PCB 283} PCB 1560[%1le™ E%9] 7
$& Zt7Z} PCB 529 PCB 15593tk 2
By AUF QoA AEd AEA PCBs
(Ktetra-CBYe EFARAA A9 HEFH
2 gskon EYA A Asd n¥EA
PCBs(penta-CB)& AU FolAl A9
AEHA Gk &, A2UF YoM AR
2} PCB congeners’7} 2 7A&d vid E
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2 ZAEHAEE 9% F Al F
PCBsol tl@ congenersd] % #&& 4
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AE2 PCBsel H]g)
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ol EQo A&Hoz ¥4 AAHs uF
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