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ABSTRACT

Polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) were measured in soil samples of
Ansung in Kyonggi-province to investigate concentration distribution of PBDEs and PCBs. The 10 soil samples were
collected using a stainless steel hand-held corer that was cleaned before and after each sample using hexane. Total con-
centration of PBDE and PCBs were 2,205.3 and 348.1 pg/g dry weight (DW) in soil sample, respectively. BDE-209
showed as the most abundant congener in soil samples which was related to imported amount and usage amount of
deca-BDE technical mixture in Korea. Also, BDE-99, BDE-47, BDE-100 deposition in soil sample was higher than
other congeners and was related to the imported and usage amount reported for penta-BDE technical mixture in Korea.
Correlation coefficient between PBDE contribution and technical mixture formulation (Bromokal 70-5DE) were sig-
nificant (r=0.91, p<0.01) which suggests the influence of sources in this technical mixtures.
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POPs®] th3E49l 28221 polychlorinated biphenyls
(PCBs), orgnochlorine pesticides(OCPs) = polychl-
orinated dibenzo-p-dioxin/furan(PCDD/F)= th7], 2]1&,
A 5 A 34 wEZ XA Ad AE H At
o] ¥ 754571313 (Persistent Organic Pollutants:
POPs)®] t)7] 5 ¥X& 77t POPs &5 &
gsketa 54, sERRHE, $71d, IAEE A=,

Sale Sl <l AT B H2S T ] T w=

o JEgs o Eh HEA FAA|(Brominated
flame retardant(BFR]) % PBDESs(polybrominated

diphenyl ethers)= TV AE, 71?1 HFH <7, 7]
3= 71 Fo EEkeY B HE, 7HEE 7HS T
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PBDE $HiAl% (13} technical mixturey> penta-BDE,
octa-BDE, deca-BDE technical mixture®] A &7 9]
™, ©]5% deca-BDE technical mixturee 97%7} deca-
BDE°|X 3% A X7} nona-BDE®]™, penta-BDE
technical mixturei= BDE-47, 99, -100°] Z}Z} 37%,
35%, 6.8%% T/d%o] 3Tt decaBDEE Aol
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(TBBPA, PBDEs%)2| 2 19961 31,000%, 19973
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53,0002, 2001 46,000%, 2002 55,000, 2003
58,000%, 20043 69,0002 7 10897 9
BEA dAA YRS diZF 100% o1 7.
o|x¥ HAAIZ 2 PBDEs¢t PCBsoll Wt 347 w
Egxd7], EY, 385, 7MY s 2 As
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1. AIBxF & X2

Sl 7L 2 98 ek e
3REVE =, 2 g
S elA 2006“‘ 1€l 1070¢] 285 AFHIAT Al
BEE REFO05cm)] EYS AFH F 44
QogH & gﬂg}oq ARSIt EEE A E
§7)80] Z13le] PBDEs¢} PCBs7} T 3#w7)
A9 A7k SHE S Tk F S A
2 =] At A5 dXEle EY 40g
(wet weightys &3] Hlo|7o] EH sl FEAAE
18l #<4-3WEH (anhydrous sodium sulfate)?} &3}
AT EFEL 200 ml glass timbleZ HF oW, ©

] FERA 2 35E 2PS $s] Al8ol surrogate
2 YC,,-labelled PBDEs®} PCBsE spikingd}iTh. Al
2 92kYZ 2 29 gdichloromethane:DCM] (9:1)
200 ml& ©]-8-3lA] soxhletoﬂ*i 247 FE3Y F
=3 AE S A g A AAS) S8, 29
of FrIMIEF 15 ¢S FX8H] AEE FHA
ot 4 AN EE IHFTEEETIR o 1A 55
sto] itk 59 EPAEE 244 WeleE
2 Agske A B JF4LE AAN] SlsiA v%
(multi-layer) A7} ZEg SAIKITh. A7t 44
SIHRE FAdA 87 Hneutral silica) 0.6 g, &2E] Az
7HKOH coated silica) 1g, 5% A27} 06¢g, 44%
238 7Hacidic silica) 3 g, 22% AH3ARIT) 3¢ &

A Ag7t 0.6 g, FAHe AE]FHAgNO; coated silica)
3g, ¥4 Na,SO,(Dulksan jit, GR grade) 6g H-=
e 2t 30miE X BEE AR &
3 Ak E]ﬁiiﬂﬂ‘:/}@ 1) 100 miE Aol FT3AI1
ot de7t Zes FH9 AEe 3 SEEF7104
°F 1 mi7HA %‘»TOP Jok 2y degt 29 %+
oﬂt: Zﬂ 7.]5];] ok= ooiﬂ'zl ‘:ﬂ Z] FAN-R GPC(gel
permeation chromotography) 2 ¥ (column) 2.2 T}A]
A%}, Bio-Bead(Bio-RADIit, 152-2750)7} 3%
GPC AL FiknEE=uekl:il w) EFEME
WmiE AH&3td ABE EEA7I=H &4 AS
Mdmie AE B EEEo] 8EHE FEolBE wEa
UHA semig Fsto] AT RES7IE 2ml FE7t
A &%3l keeperZ dodecane(Sigmajit, D-4259),
internal  standard 2]  4,4'-dibromooctafluorobiphenyl
(4,4-DBOB) 25 W= spikingdt T3 hot plate 2]l
ALE FHFHIE 25 WA SEHAIZL F HRGC/
HRMS(high resolution mass spectrometry, Hewlett-
Parkard 6890/JMS-700yS ©|-8-3l>] PBDEs®t PCBs=

ZAH
S T

R

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

Instrument PBDEs PCBs
Column DB-5MS capillary column DB-5MS capillary column
length 15 mx0.25 mm, film thickness 0.1 um  length 60 mx0.25 mm, film thickness 0.25 pm
Inlet Splitless Splitless
Aux temp. 280°C 300°C

Injection volume 2 pl/

110°C for 5 min.
Temp. program

He(99.9999%)

Total run time 32 min.

Carrier gas

40°C/min. to 200°C, 200°C for 5.5 min.
10°C/min. to 325°C, 325°C for 5 min

1wl

150°C for 2 min.
4°C/min. to 320°C
320°C for 10min

He(99.9999%)

51 min.
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E23}H(Table 1)32

2. Mz

PBDEs®} PCBs®] A=delE flslir 3l5g 29
(recovery analysis), =23 (duplicate analysis) 2 7
%374 A ¥(detection limit)S 4 A5+t PBDEs
surrogate (°Cj,-labelled PBDEs)®] 3|58 (n=5) Ztz}
BDE-3 (116+£10%), BDE-15(147+15%), BDE-28(149+
11%), BDE-47(130+7%), BDE-99(130+9%), BDE-153
(137+5%), BDE-154(126+10%) % BDE-183(100+5%)
2 Hd 129+16%= HSt}. PCB surrogate®] 3|58
(n=5)2 77} PCB 28 (100.5£8%), PCB 52(99+
19%), PCB 101(110£17%), PCB 153(115+19%), PCB

Table 2. Concentrations of PBDE, PCB congeners and homologs

138(109+17%), PCB 180(119+17%) Z PCB 209(106+
15%)= B+ 108x7%% 2345 Hepioh 548
(duplicate test)S EYAEE FAHZ 23¥ FF
(sample-1, sample-2)3}o] 7}ZFe] Algo|A] HEH
PBDEs®} PCBs congeners®l] tgh 3] 7] &2 (SPSS
version 10, SPSS Inc.)S }3litt. == Z3} PBDEs
congeners*to]2] 72 AAAFR)= 0.95(p<0.001),
718715 1.56(p<0.05)°11t}. PCBse] 74%-, 3194 2
AATFR)E 0.92(p<0.001), 71&71E 0.99(p<0.001)°]
St} PBDEs] ZZ3A]2]l LOD(limit of detectiony=
qEE AEAL 1L A== =7 Azt 63
HHE BA8 335 s ol xRk 3
HE w2 S ATHLOD= 3w +37xE A,

in Ansung city

PBDEs(pg/g DW)

PCBs(pg/g DW)

Congeners Homologs Congeners Homologs
BDE7 2.4 . PCB47 24.6
Di-BDE 6.5
BDEI15 4.1 PCB52 37.0 Tetra-CB 69.9
BDE17 2.4 . PCB60 83
Tri-BDE 17
BDE28 54 PCB87 13.0
BDE47 19.5 PCB101 72
BDE49 43 Tetra-BDE 29.8 PCB105 12.5
BDEG66 6.0 PCB110 13.8 Penta-CB 95.9
PCB114 6.2
BDES5 7.0
PCB118 229
BDE99 324 Penta-BDE 55.0 PCB126 20.2
BDE100 129 PCB138 12.9
BDEI119 2.7 PCB141 49
BDEI153 6.1 PCB149 16.0
Hexa-BDE 12.5
BDEI154 6.4 PCBI51 9.9
BDE183 6.8 PCB153 21.5
Hepta-BDE 9.8
BDE184 3.0 PCB155 3.6 Hexa-CB 109.9
BDEI196 12.1 PCB156 9.9
Octa-BDE 26.3
BDE197 142 PCB157 9.1
BDE206 33.6 PCB167 7.0
Nona-BDE 60.5
BDE207 26.9 PCB169 4.6
BDE209 1997.1 Deca-BDE 1997.1 PCB170 104
PCB180 135
PCB183 6.9
PCB185 73 Hepta-CB 419
PCB187 8.5
PCB189 5.7
PCB194 5.6 Octa-CB 5.6
PCB209 249 Deca-CB 249
Sum 2205.3 348.1
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PBDEs congeners'¥ LOD+  0.08(BDE-7,-17,-28)
-10pg/g dry weight(DW)(BDE-209)°] 2 t}.  PCBs
congeners'® LODE 0.94(PCB 60)-249 pg/g dry
weight(DW)(PCB 52)°]3]t}.

L. Zzt & 03

1. PBDEs2} PCBs?| & s EM
Table 2= E% % PBDE®} PCB9| congeners %
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Fig. 1. Total concentrations of PBDEs, PCBs in soil.
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Fig. 2. Concentrations of PBDEs, PCBs homologs in soil.

2 513
homologsd =5 YERA Hlolth,

Flg 12 EY 5 33#% % PBDEs®} % PCBs9

E(pg/e DW)E UERd Rolth, 9  PBDEsS}

PCBs— Z¥zy 20% 9 28F°] HEHIAL, ¥ PBDEs
¢} PCBs 5% (pg/g DW)= 7#7# 2,205.3, 348.1 pglg
DWe|lth. & PBDEs®| 5%=7} % PCBsel H|3l] 6.3
vl =4 ZALE =Y o] PBDE 2099 H%7}
1,997.1 pg/lg DWSE % PBDEs®| 90%Z xA|&}7)
o g ety =, PBDE 2092+ PCB 2092 A
93 e 747 208, 323 pg/lg DWLE % PCBsE
%7} PBDEsS B8] 1L6M) H& =S Hoh

2. PBDE2} PCB homologs 5= S

Fig. 29} 32 =43 ¥ PBDE® PCB homologs
o] ¥ 9 AAEH 2= veld Aotk PBDE
homologs &%+ deca-(1997.1 pg/g DW) > nona-(60.5
pg/g DW)>penta-(55.0 pg/g DW) > tetra-(29.4 pg/g
DW) > octa-(26.3 pg/g DW) > hexa-(12.5 pg/g DW) >
hepta-(9.8 pg/g DW) > wi-BDE(7.7 pg/lg DW) > di-(6.5
pg/g DW) <2012, deca-BDEE HNEEZ, tri-
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PBDE congeners
L

1= 0.999(p<0.001)

Conc.(pg/g DW) of Soil

o 50

Concpg/g DW) of Soil

1000 2000 3000 4000
Cone.(pg/g DW) of Pine needles

=0.884(p=0.01)

Conc.(pgg DW) of Pine needle

PCB congeners

r= 0.73(p<0.05)

100 150

Cone.(pg/g DW) of Soil
1
=

Cone.{pg/eg DW) of Pine needle

Fig. 3. Correlation coefficients of PBDE, PCB congeners between soil and pine needle.

BDEE HA5EE UEUTE ol= Lee ef al? Y
A9 A 1dA)ell - A PBDE homologs &
%<l deca-(3103.9 pg/g DW)>nona-(162.5 pg/g
DW) > penta-(106.3 pg/g DW)>octa-(79.2 pg/lg DW)
> tetra-(62.0pg/lg  DW)>tri-(16.3 pg/g DW)> hexa-
(148 pg/g DW)>di-(12.6 pg/g DW) > hepta-BDE
(62 pg/e DW) €02 UERjo], T WEL 2=, &
L 2yollA] &% PBDE congeners Ako|2] Al
Al@7F 0.99(p<0.00H)E o3t Fo FadS Uepd
AUrh(Fig. 3). -+ HIEZZolA ZEE PBDE homologs
o Aigee 2 8l F57 Y] skl ¥l
3l 6.5 Ekov T e Ak

&3k PCB homologs®] EY% FEF hexa-(109.9
pg/e DW)>penta-(95.9 pg/lg DW)>tetra-(69.9 pg/g
DW) > hepta-(41.9 pg/g DW)>deca-(24.9 pg/lg DW)
>octa-CB(5.6 pg/lg DW)Z Lee et al¥°] FUA Y
AUEQlel A ZARE PCBs homologs & %91 tetra-
(2872 pg/lg DW)>ui-(285.5 pg/lg DW)> hepta-(260.1
pg/g DW)>penta-(227.0 pg/lg DW) > hexa-CB(218.8
pg/g DW)E Hoj, F HEZ oM 7EH PCB con-
geners®] AAAA (1= 0.75(p<0.05)2 F2l8A LFERY
A ThFig. 3). PBDEs®} w71 E2 PCB homologs]
AdfsEs b o] w7t EY 5o s=d M|
3 2990 A JERNATE Yeo er al”o] w1
7] FolM ZARE PCBs] 7RIS F% 3= A
A3} PCBsYTE(<tetra-CBs) th7] oA 7124 A&
FEAEE : 95%) 22, 193} PCBsYS= (>penta-
CBs) YA HEEEE : 5%) 22 EA8tar A
Heginh ol bl 1daeld AEdE PCBsel
F5t BEFFAA AEE sl vla] =4 JeRd A
2., 2048 el AS Wr1F 2 PCBse] HE
e N, B2 A7 d71Sel =%
=o] 7] Wl Fese] & A 943t PCBs7F 13

H3 1948} PCBsol| M3 75 o® A9 &

o] IY¥48} PCBse] F=7F AvpElo vis) Ath3
oz =/ Vet Aoz wvrdct & PBDE ¥
PCB homologs EF EY FT LY A3 (=penta)
homologs7} F/g4-0]om, A YFole Adis)
homologs7t T2 AEHS IR 5 AAUTH

PBDE homologs®] &% ¥&& di-, tri-, hexa-,
hepta-BDE®] 73-9- 1%V %] 2™, tetra-, penta-,
octa-, nona-BDE+= 1%~5%"]%o|1 2, deca-BDE7}
90%°)do 2 HEES RATE Deca-BDE technical
mixture®] F+A &2l deca-BDE, nona-BDE, octa-
BDE®] Hw#§%=9} penta-BDE technical mixture®] -+
4 E72¢ BDE47(tetra-BDE), -99(hepta-BDE), -100
(hepta-BDE)2] %557} TR2 congenersoll B3l =7
el ol Sl Y€ BEEAl Y94 PBDEs
o] A3 LHT HEFS 7HE Aoz AAE
o 2 Axh, el FYgE BEA JGAA|(TBBPA,
PBDEs )2 %2 1996 31,0005, 1997%d 39,000
E, 1998 38,000%, 1999 45000%, 2000
53,0002, 2001 46,0002, 2002 55,0002, 2003
58,0002, 2004 69,0008 7 10d7F 2
BEA A Fh=2 digF 100%013 ST
Tremolada et al'® ©] BEA WA FAHF F
PBDEs’} ZA|sle &8 19.3%(deca-BDE), 0.1%
(penta-BDE) 2 0.5%(octa-BDE)E YEFEO ™, TBBPA
7t 36.5%= 7V WAL 71} HESPAAAT) 157%2
2 ZAERITE &, MRS EY £ deca-BDE} TFE
PBDE homologsell Hlall =4 Yehd 22 =] BEE
A FAAe] FUH wE AMS-Fo] T technical
mixture(penta-BDE®} octa-BDE)°] ¥]&| &7] fjl&o 2
A0 ek B AGo|A] ZAME deca-BDES}
nona-BDE®| #&& Z+7z} 97.1%, 2.9%F technical
deca-BDE mixture®] FAH8&91 deca-BDE”} 97%,
nona-BDE7} 3%<} SARSISITE. o= 2 71A] Q1o ®
Ast o= gler AR PBDEY TAY-H7]-EYe
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29 o] xZ2A27} 7EH PBDE congenersl| T
2 AR ¥Fe + AoE ALY T wiAs
PBDEs 2ol A] viE% congenerS©] th7] FollA
U EGoR wjg HAstE FEE EAlst 714
(weathering) W3} £-3] (degradation) 27, 3 (alter-
ation) el & G WX e Aoz AT,
T BEA PBDEsS] Ul $EF el A=
Al FYE 2 Yol o]2 Adl Al BE = technical
mixtures®} FAFE 2AAEES E AeA vERL A
o= gk,

PCB homologs?] =& 31.6%(hexa-) > 27.6%
(penta-) > 20.1%(tetra-) > 12.0%(hepta-) > 7.2%(deca-)
2 1.6%(octa-CBs)Z A 23} homologs (<tetra)©ll
uls] 29 43k(>penta)e] &) 6.58) =A YRS
o} olE H71F PCBso| E¢ew IR tls
oM A PCBsS 2 EA|sHe 2843} PCBs7) F

[e) (o)) 2= 12
%E O]_?—:ﬂ_ 2}]\\:1—:’_ OE']_—'I_ %13}- )

3. PBDE2} PCB congeners ST S

Fig. 4= E%Y % PBDE congeners®} Bromokal
70-5DE(PBDE technical mixture)@}o] AFzHA] Z3jo]
t}. Bromokal 70-5DEE TA3k= Z7te] AEEEY
I B AFdA FAlel 71E¥ PBDE congeners &
Fo] AAALF (= 091(p<0.0DE §93+ FF8 B
o &, E¥ % 7% PBDE congeners®] A%
& $-gygtollA] ALE-E technical mixture(%d], Bro-
mokal 70-5DE)l| 2|3} #-9-==vl, o= PBDEs £
HollA vl&% congeners7t W75l MU Bl ol
T ¢FgslE FEHIR EAlste] 7)), el 3 HE
Aol FA IS BA 2 AR ddEr S B
% % PCB congeners®] F=EYXE AHE A3} A
A3} PCBs(<tetray= PCB 47, 52, 6022 3%°] 7

40 ]

Contribution(%) of PBDEs
congeners in Soil

1
BDEI7 BDE2E BDE47 BDE66 BDESS BDESY BDEIO) BDEIS3 BDEIS4 0

Contribution(%:) of Technical Mixture
(Bromokal 70-5DE)

O Bromokal 70-5DE(%)
g= O Soil sample(%s)

2% ¥bH, 7923} PCB(zpenta)?] PCB 87, 101,
105, 110, 114, 118, 126, 138, 141, 149, 151, 153,
155, 156, 157, 167, 169, 170, 180, 183, 185, 187,
189, 194, 209 5 25%2] congeners’t HAEFSTH &
St PCB congenerss FH ¢} HAweg HS A2 7t
7} PCB 52¢} PCB 1692 UERNATE #1943} PCB
congeners(20.1%)°l B]3] 39943} PCB congeners”}

¥ T =S E8(799%)y Xl Christopher'7}
It} Sagrek Bay 4X]7olx ZARSE B A E(sedi-
ment) & AF43} PCBs ¥ Y43} PCBse] Hit
&2 7217t 15%, 85%, Motelay et al.™0] Z#9]
Seine River basin®] 271 R|HolA ZA}EE ESF = A
H4&8} PCBs9} 43} PCBse| Hait&2 7zt
16.6%, 83.4%, Nadal et al.'9) 2=#]219] 2R 5
LAXA ) - ARG P43} PCBset LY
28} PCBs Wit &2 717t 34%, 96.6%, Batter-
man et al.'"°] ‘Folze]7ke] PR F EAR] e
A ZAVSE A 943} PCBs9t A 943} PCBs®| ¥+
&2 4 153%, 84.7%= H A7} FABIAY B
2 EEEES B o= U7l F PCBse] &
2 71233 YA PCB congeners”} 712
2oz FAll HFEA A P48l PCBse &
AZE Q7 Fdo] Aste] AFAERZ F
Hzrgo] A}, whHd 943l PCB congenerse
2 PRI R EAstaL 7kl vlE] AR A
| W] B A&HoR 74 JRE7] qiEoR
st

i

oy of

o o2 B

o]

=

NN

e

v. 4
B AFE 2Rl oHgelA EY 5 PBDEs$}
PCBs¢| s% X 9 HAEAS e Ao=E As)
& 40
-]
H r=0.91 (p=<0.01) [ ]
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Fig. 4. Contribution and correlation coefficient between PBDEs in soil and Technical Mixture (Bromokal 70-5DE).
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= o A

I. % PBDEsS} PCBs ¥%(pg/e DW)E 7tz
2,205.3, 348.1 pg/lg DWZ PBDEs &%7} PCBsel
Hl3] 63w ESkomw, 53] PBDE 2099 FX7}
1,997.1 pg/e DWLE % PBDEsY] 90%= X}A81it).

2. PBDE®} PCB homologs®] &=#&S AHE Z
7}, 943} homologs®] EY T F=7F A P43}
homologs?ll B3] F A& 2% =4 Ueidct o=
#1943} PBDEsY} PCBs= E0l 2= Tyt 3
go] Zsle] AR Eof FH H2hgo] A& ¥, 3
A43} PCB congenerss= T2 YAVFOZ EAslaL
7h22gel] vlE] FAE A7) wiel] Eel] A&HH 0
2 74 AFE A2 Aok

3. Bromokal 70-5DE®] A E-&3} £ AolA %
ARt E4F % PBDEs #&2 "¢ fAkp<0.01)3H]
UelstEdl, o= PBDEse| oM FE t7E &
3 Bz HAEE ol ZZA|~7F PBDE conge-
ners?ll sl fFARHI @35 & AR ddhdr.
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