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Polychlorinated biphenyls(PCBs) and polybrominated diphenyl ethers (PBDEs) were measured in pine needles
of Seoul, and Ansung(GyeongGi-do) to investigate composition, source, and regional concentration of PBDEs.
Concentration of total PCBs in Seoul and Ansung showed 608, 945 pg/g DW (mean: 777 pglg DW), re-
spectively, also concentration of total PBDEs(pg/g DW) in Seoul and Ansung showed 7944, 14,255 pg/g
DW(mean 11,100 pg/g DW). Tetrachlorinated biphenyls(Tetra-CBs) and Decabromodiphenyl ethers (Deca-BDE)
were detected in relatively high concentration compared to other PBDE congeners in Seoul and Ansung.
Correlation coefficients(r) of between PCB congeners in pine needles detected of Seoul and Ansung were sig-
nificant (r=0.85, p<0.01). It suggested that PCBs concentreation in pine needles may originate from secondary
sources such as air-plant partition.

The similarity of between PBDE congeners profile to those of the technical mixture formulation (Bromkal
70-5DE) suggests a source of this product in these sites.

Key Words : PCBs, PBDEs, Pine needles, Technical mixture, Secondary sources
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tants: POPs) ‘C k3 R7181 8-S (semivolatile
organic compounds : SOCs)2 EFZIA % 714,
=24 2 9o By E4o8 A AFFHO
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POPs9] tjE3<Q 2¥9EFQ  polychlorinated
biphenyls(PCBs), orgnochlorine pesticides(OCPs)
2 polychlon'nated dibenzo-p-dioxin/furan(PCDD/
PE 7], A8 44 S odd $AgAdN AL AFH AFA] FAH AHg-o] FAHIA PBDEs
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2o & 39, X4 FEYAAE 27 24
g 27 YA} RUAeE AAY =9 Rog @
24 9t} PBDE &-4A1E(]8} technical mix-
ture)2 penta-BDE, octa-BDE, deca-BDE techni-
cal mixture®] Al FF ©|¥ o|F deca-BDE tech-
nical mixturex 97%7} deca-BDE®]il 3% A %7}
nona-BDE ©|9, penta-BDE technical mixture™
BDE-47, -99, -100°] 22} 37%, 35%, 68%Z T3
Hojk A BE3} 334EQ tetra-BDES} pen-
ta-BDEE Audoz 3 BESF SFERT AR
FZo] Z Hed ol AAWAAN 1 BES 3
29 Hy wEd Roz ¥4 9o’ =@
deca-BDE® A&4dM 1322 =398 4¢ ¢
&2 74540 By 592em® octa-BDES} pen-
ta-BDE= deca-BDER.T} W &HIA, A7AA, 47
59 4L ¢ go] HXE AL g H2
7tA PBDEs® 22 BEA 3PELS 873 Fo o
Zgoz &g e d7], EY 74 2 UA A
T AZHT e 4otk

o]x¥ PCBs% PBDEse] i3l @74 #WEZ-HX
(A7), EY HAE, $A)ANY T @ A% &4
S ggstA setstn o FE 2 ojuR A¥
< B3 A4 fA HME NA&He= At
QAo aEu @A FudA 874 F PCBs$
PBDEse] i@ A7 38 mag Jeolh. o
B A7E U A9 AT AE52A
AUE 98 AR e PR FAA AYF
Qo Azg PCBs? PBDEs] FA] A8 A
2 F Qo9 sEEAL Hrlstaa s

2. Mg 9 Wy

21 AEAA 2 AAE

AR 98 MeREIFYE)F AU
A AUE Qe AFdgeH, AAT ST
geo iz dZzadeo s ule A &5
F 594 2o AW naste -26TY Y54
o g A7A BA3Q).

AVE Qo A e AHF LAuF ¢
35¢7 &AM hexane):o} & (acetone) (41 v/v) TF
£ 100mlE 250ml ZAHe ¥y oju TEHA
2 35g AFe 95 Agd surrogate “Cro-
labelled PCBs$} Cio-labelled PBDESE spikedt %
th AEE 289 FE27I4M 24 945532
F2dE 250 ml Fg222 27 g, GA gk
LA E (41 v/A) E5HEY 100 mIE 718t 1213
o 239 F2AE F3 F AL TFV

(rota—evaporator: BUCHI jt, R-124)9l4 2-3 ml

NA &340 58 Algc B4A PEd=
A N2 D FELE AA 939 9=
(multi-layer) 427} Z¥-& FHAHT. He7t 2
3 R FA4487Hneutral silica) 06 g, 2
7] A2]9HKOH coated silica) 1 g, £4 4&7} 06
g, 449% A28 FNacidic silica) 3 g, 22% A4
27} 3 g, 24 A7} 06 g, A AP I7HAgNO;
coated silica) 3 g, ¥4 NaSOs(Dulksan jit, GR
grade) 6 ¢ ¥ oS 4 30 mE 3 22& A
H3 3 A8E 93 4P E= 2991 100 ml
Ao BRAZT A7 S THAL AR
A 2dFEEI)A % 1 ml 7AA F5FA
a8y 487 23 59 Fl= AAHA & 2
AE7 2@ AL GPClgel permeation chromotog-
raphy) 23202 Al AA AU Bio-Bead(Bio-
RADit, 152-2750)7F 39 GPC & dikdE
B v/v) EZEUE 90 mlE AHEste Al
25 &3Aled £2A AE 34 mie AE 3
BBl §E2He FEolma Wi JmzA 56
miE 3ty SIS L EFVIZ 2 ml BEAA §F
3le]  keeper® dodecane(Sigmaiit, D-4259), in-
ternal standard2A4] 4,4’ -dibromooctafluorobiphenyl
(44'-DBOB) 25 4 spikedt T8 hot plate $JollA
AL2 HAZFHAE 25 wA A F HRGC/
HRMS(high resolution mass spectrometry, Hewlett-
Parkard 6890I/JMS-700)2 o}&3td PCBs%
PBDEsE #4383 th(Table 1).

22. A=#E

PCBs$ PBDEs®] A=#eE 93iA Fo& 4
¥ (recovery analysis), %58 % (duplicate analysis)
2 XFA 89 YA Hregression analysis)s
AABYTh PCBse 348 AL A 59 A
HBHAEY &, 75 2 AN ddFHe=
FHtEl= Alg9) £48 B3] Y3 759 PCB
THYAE o] &3l AR WAY AR Y3
Z22 Y3 F LA Frel spikingdt ¥ EE H|
el 35&E AHHLY olF o A
At 2 A3 PCB 59994 (°C PCBs)Y 34
(n=6)& ZZt PCB 28 (1005t8%), PCB 52(99+
19%), PCB 101(110+17%), PCB 153(115+19%),
PCB 138(109+17%), PCB 180(119+17%) 2 PCB
209(106+15%) % B 108%<] %4353 A74E e
Uk, B Ao AdE AUy 9 F PCBsY
FEE 348 HAL s AT GC/MSD
o] AAAL 39%2 PCBs EFEZL 103 w5
A A& AN EFEHAHRSD: Relative Standard
Deviation)2 o|&3tgoen 21 Ax 25%-197% 2

e w
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%l % PCBs¢} PBDEs

Table 1. Analytical conditions of PCBs and PBDEs with HRGC/HRMS™

Instrument PCBs PBDEs
Col DB-5MS capillary column DB-5MS capillary column
umn length 60mx 0.25mm, film thickness 0.25pm | length 15mx 0.25mm, film thickness 0.lum
Inlet Splitless Splitless
Aux temp. 300C 280
Injection volume 1 e 2 1
150C for 2min. 110C for 5min.
Temp. program 4C/min. to 320C 40°C/min. to 200°C, 200C for 5.5min.
320C for 10min 10C/min. to 325 C, 325C for 5min
Carrier gas He(99.9999%) He(99.9999%)
Total run time 51min. 32min.

#E Vet AHE 2UFE 4S FR9E 23
A ZZ(sample-1, sample-2)3tY FEAYL 314
2 Zzbel Agd AEE PCB 52A Y W3 3
AEA(SPSS version 10, SPSS Inc.) & #3594
a2 A% AAASERYE 092(<0.00D) 0] Ao 37
A9 71&71E 099(p<0.00DE %53 AdE e
Witk PCBs® &A1) LOD(limit of de-
tection)= AAEHE AZEAY 15W] AEZ FA
5lo] 63] whE B 48 ZFEAY w59 Hd %
FHA 39S FaA 2HgstdTh (LOD = Ha +
3x BFHA). 1 AR AE F PCB 5ZAE LOD
= 094(PCB 60) - 249 pg/g dry weight(DW)PCB
52)0]%At}. PBDEs9] 3l4& 4@ A 59 AH=
HBHAEY FZ, FF % HAhoA HdHo=
FHEls Alg9 &48 BAII] A 8T
PBDEs surrogate(*Cio-labelled PBDEs)S o] 43}
o A8 AAD AHFY Y 2FE P F F
e x99 spikedt FEE Blasle IFES A
Adgct. PBDEs surrogated] 3¢&& 77
BDE-3(116%), BDE-15(147%), BDE-28(149%),
BDE-47(1309%), BDE-99(130%), BDE-153(137%),
BDE-154(126%) % BDE-183(100%)& 3T 129%
29 FJES BRIy 2UF 98 TR 234
F&3te] ZEAYE 392 44 A BN AE
® PBDEs E2Ad g s ARAS P 23, 2
AASRY) 2 A4 71277 47 099(p<
0.001), 0.69(p<0.05)E el =3 PBDEs %
ZE A(calibration standard) 262 7THAE 3A
ste)l AL veots Adx A 7127t
0.991(BDE 85) - 1.000(BDE 126, 196, 20N & &}
wtt}. PBDEs®} 7&8hA¢l LOD(limit of detection)

>

E JAHE A2 159 AEE ZA A 63
HEE B8 §FEF v i U

e FaAM AHSAT (LOD = BE + 3x EFE
wzh., 1 A% 4E F PBDEs $24¥ LOD=
0.08(BDE-7,-17,-28) - 10 pg/g dry weight(DW)
(BDE-209)°] 1 tt.

3. A% 9 n%

3.1. PCBs¢ PBDEsY] %%

Fig. 12 239 &U% o " F PCBs9}
% PBDEsY #%(pg/g DW)E Jeld oot 4
UR Q= PCBs$ PBDEs= Ztzt 26 9 20%0]
A% HU1, £ PCBs ¥X(pg/g DW)= A&7 ¢t
AdlA 608, 945 pg/g DW ol9lon & PBDEsY]
Ex(pg/g DW= AMEF Mgl 4 7944,
14,255 pg/g DWZ F A& EF A Go] A&
g vls =A JeERFTE = - el ZAME
AUF 9F £ PCBsY 2EEE UG 43,
Shim et al”o] M€ (2,308 pg/g DW), A13H2,230
pg/g DW), 78H2197 pg/eg DW), 45649 pg/g
DW) 2 22 (600 pg/g DW)dlA A€ % PCBs
9 Fre B A7 M2n A Haw=(T7T

r[] Seoul mAnsung I
16000,
14000+
12000-
100004

Concentration (pg/g DW)

Y PCBs

> PBDEs

Total PCBs and PBDEs

Fig. 1. Total concentrations of PCBs, PBDEs in pine
needles of Seoul, Ansung.
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pg/g DW)ell Hlal Mg, A8, ZAsiRte ¥e 3§
55 9%, FF9 v 55E H¥Y.
Chun'’o] GFoA FHAGF A 1AM 24}
& % PCBs s%% 4%l pg/g DWE £ d79
Hl& 68 B ¥52 BYc} Tremolada et al.’”o]
gz WA XA QAT 2UFE U F F
PCBs? F=+ 340 pg/g DW — 8,700 pg/g DW=
ZANHYZ & TEA)E B o FHAA
FHol A G799 77 PCBsY AHS-#FF wf$
943 #AbA4L 7IXe AeE #AGHY. Yeo et
al%] Ty Az 13 AUR 92 AFs
BA3% & PBDEsY] $Ev 3T (94227 pg/g DW),
746,320 pg/g DW), 24H4,067 pg/g DW), F-4
(2752 pg/g) 2 H=2(2,160 pg/g DW)E £ I+
o A& ¢S HHESE (11,100 pg/g DW)Hell H]
& AFE eEX9nn £ ¥ QY 59, 9
w2 AYo|Ax & PBDEsY %7} A4 HQ o]
Fe olAFe] vt wjAFEA S22 PBDEs
J BdE 5¥I oA e XY WA FF
A Qe HAL A3, LA B/33F PBDEsS]
A dAYo 2 HriEe Fol7] WEolz &
89 H?, o]x¥ PBDEsE PCBs¢} mha7tA=
23X FHo Hgde {fFe BUA U
Ao g godd

3.2. PCBs¢} PBDEs %3 (homologs) 5% 54

Fig. 2& 24A% ¥ PCBs% PBDE homologs
9] ¥=& Yeld Aotk AM&AH <] PCBs homo-
logs® ¥E+E tetra-CBs> penta-CBs> tri-CBs>
hexa-CBs> hepta-CBso|1eH, St XA tetra-
CBs> tri-CBs> hepta-CBs> penta-CBs>> hexa-
CBsZ FAY 2F tetra-CBs7} AFEE B
W HAEEE B9 homologsE AolE EAT
A&A1¥ 2] PBDE homologs 5%+ deca- > penta-

=0
T

Concentration(pg/g DW)

100 |

Tri Tetra Penta

PCB homologs

Hexa Hepta

Concentration(pg/g DW)

> tetra- > octa- > nona- > hexa~ > tri- > di-
> hepta-BDE &olgler, ¢HEAHL deca- >
nona- > penta- > octa- > tetra- > tri- > hexa-
> di~ > hepta-BDE &°]312™, deca-BDEE +
ARM 2F JAREEE BHOY hepta-BDEE
H2FEE FUSA Jehidch Ed SHAH E
FEES(%)E AHE ZAzg NEAHAA PCBs
homologs®] #-&-& 43%(tetra-), 23%(penta-), 21%
(tri-CBs)o]1.2.% hexa-9} hepta-CBs& 10%v] 7t
< Yehd ghd PN HNMNE tri-CBsol A hep-
ta-CBs7H A 17%-22%7M A W% FAE 58

g}, =3 XA A PBDE homologse] £&<
deca-BDE, penta-, tetra-7} Zt2} 65%, 16%, 10%
o]i, ¢t AH L deca-BDES} nona- 7} 2tz 87%,
5% ¢ % E&S Byt 3] deca-BDES M&
I QtAe & B&L 65%, ST%EIA A e
Wt} Deca-BDE technical mixtured] 74 32
2# 2 deca-BDE, nona-BDE, octa-BDE9] H#F
%9} penta-BDE technical mixture®d] 74 EA=
& 2 BDE-47(tetra-BDE), -99(hepta-BDE), -100
(hepta-BDE)®] H#%¥ %57} th& congenersell Hl3)
A Uehgth ol Fuldl YE BEA ddA
PBDEs9] AH&-33 94 #lA4E 712308 @
a5t 2 Ay FUd FYE BEA 3aA
(TBBPA, PBDEs%)2] %2 19961 31,000, 1997
d 39,000%, 19983 38,0008, 19991 45,000+, 2000
d 53000, 2001'd 46,0008, 200214 55000%, 2003
d 58000, 20049 69,0008C2 HZ 10d3F FU
o] BEA ddA F£YFe g 100%01d S48t
At} Tremolada et al'? o] B&A daAe ¢
2 2200334 8) PBDEs7l AAsle E&&
19.3%(deca-BDE), 0.1%(penta-BDE) ¥ 0.5%(oc-
ta-BDE)Z uEehgoen, TBBPAZ} 365%Z 713
23 7 2EFIAAI) 157%L 8 ZAEATH

20000

16000

12000

Concentration(pg/g DW)
- 8 8 8 8 8

8000

4000

Di Tri Tetra Penta Hexa Hepta Octa Nona Deca

PBDE homologs

Fig. 2. Concentrations of PCBs, PBDEs homologs in pine needles of Seoul, Ansung.
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Tremolada et al'? Z, Zo] AAste 2UF
A deca-BDE7} 42 PBDE homologse] 413} ¥
A Jehd Ae U BEA GAAY FdFd o
2 Apg#o] t}E technical mixture(penta-BDES}
octa-BDE)O ¥lg| #7] QR o2 Addd,

Ae3 A A PCB homologs §=9 A&
B ABAF@7E 054(p<0.05)E R HE
™, PBDE homologs 559 7<% homologs 7t %
FAF7F FA% 5 ¢ = 097, p<0.0D)S EHh
ol Shim et al”o] $-2luet A A4sE
Uz AL A3t PCBs homologs 7t} &%
A(r=058, p<0.05)& & Az} At =¥
Chen et al®o] South China®] Guangzhou?r] [E%
A9 2%, =AXG 1 2 wiAAH(city back-
ground site) 132114 t”] & PBDEs$] A+4 &
BEHLS Y3 A FAHr=0.78, p<0.01)3} A2
® olE techmical mixtures (penta-, octa- %
deca-BDE)E TAsH= AEE0 U7 3 24
2 28397 Eez wudn & B S3AH
Z9 A9 EAzoldr EFdyn 2UE Yo 3
29 homologs® % ZTEHYo] FALSHA YeERD
AL Tl ALE FolAY A ALE-E PCBs
9} PBDE technical mixtures7} fAHF 244 714

o=
2 Qen o 4ESe] AZHoz T 87 AY
o %9 Hx 9ee

A AR,
3.3. PCBs$} PBDEs %2 A (congeners) % 54
Fig. 3& A< A 2UF dalA FAld 2=
® PCBs$ PBDEs9] A#&4 A#E vepd Ao]
T}, PCBs congeners AtolY) @A F(r)& 085 (p<
0.01), PBDEs congeners Abol9] A#A ()<
053p<0.B)E F AR EF 7 58 BJh
PCBs® A #A 47} PBDEs® A#AFRT EA
velt=d o] PCBsY A% 197094 o] F AL

e b

hte

~
e
=3

PCBs

—
(=)
=]

1= 0.85(p<0.01)

-
N
=)

0
=1

40 F

Concentraion of PCBs (pg/g DW) in Ansung

—

o

40 60 80
Concentraion of PCBs (pg/g DW) in Seoul

100

o)
v

% PCBs¢ PBDEs

o] X9 #HeEdolng e BAGl 214 T
A9 ko] AwjH o g JehtA et PBDEsS] 4
£ 20043 o]Fo] FHE FH2E YR technical
mixtures®ll W3 A}-g-o] FA = o] 2xEAY ¢ (secon-
dary source)d) 93¥ HUE= 1A2AY(primary
source)®] BEFo] ZA Yelgr) WEe NGz
PBDEs $E£89 o]§ vehd 2o wddn,
Z Mg ot AUE AojA AEF PBDEs con-
geners? FAEE&L Sl A AHE-E technical
mixtureo] 18] #-$5E0, Sjodin et al'¥o] w2
™ Bromkal 70-5DE(PBDEs technical mixture)®}
24 B-8(%)& BDE-47(37%, tetra- BDE), BE-99
(35%, penta-), BDE-100(6.8%, penta-), BDE-153
(39%, hexa-), BDE-154(25%, hexa-), BDE-8
(16%, penta-), BDE-138(0.41%, hexa-), BDE-66
(0.22%, tetra-), BDE-28(0.11%, tri-), BDE-17
0.022%, tri-)2 Bustgch & Q7oA AR &

2o F 9 AR Hi &2 BDE-47(264%),
BDE-99(40.1%), BDE-100(13.1%), BDE-66(5.0%),
BDE-28(4.8%), BDE-85(3.4%), BDE-153(25%),
BDE-154(3.6%), BDE-17(1.0%)% Bromka 70-5DE
o B&¥ ¢ FABIAI(E<0.01) UEETh F,
penta-BDES] I EA Q) technical mixture® ¢#HA
Bromkal 70-5DE'Y9} 24 B&3 B AFdA 24}
3 AR Y F9 B&2 ¢ FAHr=0.89, p<0.01)
9. o]= PBDEs9| WA ARE thr1E 53
AUy 9oz AZEe ol XZIFAX7} PBDE
congenersell &l A2 FAEHA 43S F Ao
2 sagEg?,

=2

4.2 £
B ATE AL N AYHE $USY
aby 2 AFAste] 2P Lol A3HE PCBssh

20000 r
PBDEs

500

16000

a0 r = 0.53(p<0.05)

Ansung

[ r=0.97(p<0.01)

12000

8000 F

o 200 w 6o 00 1000
Concentraion of PRDEs (pg/g DW) in Seoud
N " 2 :

I

Concents akon of PEDE: (pg/g DW) i

4000

Concentraion of PBDEs (pg/g DW) in Ansung

0

0 4000
Concentraion of PBDEs (pg/g DW) in Seoul

Fig. 3. Correlation coefficients between PCBs(n=22) and between PBDEs(n=18) in pine needles of Seoul, Ansung.
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PBDEsY] 24, 5% £X € #4¥ 548 Ak}
At

1) & PCBY %% A&7 A 247 608,
945 pg/g DW (F7 777 pg/g DW)L.2 YEld vk
W ZFPBDEs9 FXZ(pg/g DW)E A& oA
Z}yZ} 7944, 14,255 pg/g DW(H 11,100 pg/g DW)
2 F AR BT Yo HE&AF B3 =
Uehd Ag3og & 4L B9

2) A& MY AR QAN FA HEdE
PCBs$} PBDEs¢] A#EA A3 PCBs congeners
Alojel ABAS()E 0.85(p<0.01), PBDEs con-
geners Aol9] ABAIS (e 053(p<0.05)2 &
FEE< YA

3) Bromkal 70-5DE9] &4 E&3 B oA
ZA48 AUE 4 F9 PBDEs &8 wl$ /A
(p<0.0D3HA b= ©]= PBDEs®] Aol
AREH g71E B8 AUF doE JFHe °oF
3 2 4|27} PBDE congeners®ll a3l fAMSHAl 93
< F Aoz wdd
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