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Abstract

PCDDs(Polychlorinated dibenzo-p-dioxins) and PCDFs(polychlorinated dibenzofurans) are measured in soil of Yeungju
and Sangju on North Gyeongbuk to investigate the risk assessment of dioxins. Dioxins are analyzed by HRGC/HRMS(high
resolution gas chromatography - high resolution mass spectrometer). 2,3,7,8-T4CDD and 1,2,3,7,8-Pe5CDD in soil on
Yeungju and Sangju are not detected. Also, 2,3,7,8-TACDF is not detected in soil on Yeungju and Sangju. PCDDs and
PCDFs in Yeungju soil are 1.957 pg/g and 0.294 pg/g, respectively. Total of dioxins in Yeungju soil are 2.251 pg/g. PCDDs
and PCDFs in Sangju soil are 1.220 pg/g and 0.420 pg/g, respectively. Total of dioxins in Sangju soil are 1.640 pg/g. PCDDs
and PCDFs in Yeungju soil are 0.0049 pg WHO-TEQ/g and 0.0123 pg WHO-TEQ/g, respectively. Total of dioxins with
PCDDs and PCDFs in Yeungju soil are 0.0172 pg WHO-TEQ/g. PCDDs and PCDFs in Sangju soil are 0.0065 pg
WHO-TEQ/g and 0.0213 pg WHO-TEQ/g, respectively. Total of dioxins with PCDDs and PCDFs in Sangju soil are 0.0278
pg WHO-TEQ/g. Amount for pg/g concentration unit of PCDDs is higher than amount of PCDFs in soil. But, WHO-TEQ of
PCDFs is higher than WHO-TEQ of PCDDs in soil.

Key Words : Dioxins, POPs, PCDDs, PCDFs, TEF, TEQ, Soil, Risk assessment, Hazardous materials
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0|9 3lsHE = PCDDs9} PCDFs & £77} )t}
(Fig. 1). Dioxinsofl+= 87l 2] 7|0l =471 HAE X
gt d 4= gledl o9 7= PCDDs7} 7574
PCDFs7} 1357]o|ck. Dioxins52] 2 9YEL2 &
E PCDDs9} PCDFs9] B3} 3HEa &gkl
1996; Kiviranta -5, 2002).

Dioxins {844 B7}oll A e =E8 7= v o]
3 st A2 dioxins® G5k 24
3fjof 5}7] wjEo) n|#Fo] dioxing HAS 4= Q=2
A7]&0] FR3ItH7 5, 2004). Dioxins #Aojl=
akso] Bl ol Ekago] vl o] 4
7} ko] EA5}7] ufEolt. ]HXﬂ—J 7N4== PCDDs

7} 757 PCDFs7} 1357 & o]
A= IEF= 7}éiiU}EJ_EH JJ(HRGC: high
resolution gas chromatography)7} ZH@Q3}c} ESH
2,3,7,8-TCDD2} 1,2,3,7,8-Pe5CDD= & =2 =
d= 7HAAL Q7] wiZel pg/g7tAl =R &)
7Hs%t 31855 AR A 7] (HRMS: high resolution
mass spectrometer)”} Z 235}c}. wl2bx] HRGC/HRMS
S AR Fofl nFe® EA5}= dioxins 2] 7
sfat 2 9 Aol o9 ket BAMPOITh(A 5,
2003; & %5, 2003).
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fat o]tk §-H A o)A dioxinsH PCDD/PCDF 17
T 2587 4, #A19] 1F6.0 peTEQ/g, &
©] 4.0 pgTEQ/g, & ¥ & 7}8-% 3.0 pgTEQ/g, 7H=+
571 2.0 pgTEQ/g, 4-2] fat 3.0 pgTEQ/g, &35 5
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Fig. 1. Structures of PCDDs(Polychlorinated dibenzo-p-dioxins) and PCDFs(Polychlorinated dibenzofurans).
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5}tk o] §& 9HL rotary evaporator 2 ©F 5 mL7}
A] 4s%3al H5NS conical tubeol] $71 TR A4
%712 AR ool 2 mL7k E w7k SEsleict
o| S Aej7H A=l SAIA FAISHAT
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2011; 2 5, 2003).

2.3. Dioxins2| £
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spectrometer(MS)E ARESIFATH A, 2011). HHL
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siloxane, 60 m x 0.25 mm x 0.25 ; m)S ARESFICh
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reference E2(m/z 331) 2 3lo] E2)%5 10,0000]4 A
K31k %8 2 congenere] ket ko] o]
£ 919U} SN > 304 tH2H0.01 pg/mlL 0] ic

PCDD/DFs®] 741 Cambridge Isotope
Laboratories(CIL)2] EDF-9999 Method 1613
Calibration Solution2] CS1, CS2, CS3, CS4, CS5=
olgs}e] 2Agahoit. Dioxins 17749] o] Ao} ch
ARl BAek M} M2, s M4 o] o] 7%
(Ion intensity) H]7} 99% AlZ|17to)] S0 2H A4
Shold Aoz gl tidEde] HAEE Atole

olo]] tj-3-5l= Labelled Compounds Standard(LCS)
of that W2 A|4%(RR : relative response)S 0|83+ =
Q4 3] (isotope dilution method)o]| whel ATk
sttt E3HISDE AREEE ¥Cip-1,2,3,7,8,9-HXCDD
9 LCS+= AHES-A4RRF : relative response
facton) 2 o83 YrEEMel et Yt 2t
Zro] Al&zof| sl AhEH A= WHO-=/d5 71t
AHAISX(TEF, toxic equivalence factor)E 4-8-3}o] =
X571 HTEQ, toxic equivalence quotient) &2 FhAk
SHATHZ 5 2004; 2] 52003).
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o] a=ntE %L 717} Fig. 2(B)(C)eF A3ttt 4+
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o] ARulE WL Fig. 3(A)2} Eou], Bt 4
T EFARY A=ntEIHE 717} Fig. 3(B)(C)¢}
AUk Table 13} o] QFEFo 4] Hx6CDD 2] o]
24 1,2,3,4,7,87}1,2,3,6,7,8 2 1,2,3,7,8,97} 212}
0.006 pg/g, 0.011 pg/g X 0.012 pg/g AE= U A
ZEokol| A= Hx6CDDS] o|dAA| 1,2,3,4,7,87}
123,678 2 123,7,8,97F 22+ 0.009 pg/e, 0.032
pg/g % 0.008 pg/g H=E5 Uk

Dioxins-2 B313)3tE |2 =43t 2+ 33t
o] =4o] Aelalet. wfehA] dioxinse] 91} ko]
A SASIRMATER) WS A8t 54
SISHAASTER e S0] 714 743 2.3.78-
TCDD®] 54& 12 131 o ol 2ol jsial
ololl tet AliElel e | ko) BAE
7FMIAISTER) k& Rbe 91714 24249 dioxins
Feof| 42| =457 EMASTER) ol &38to] =
AS7HHTEQ) .2 YERHCKSE 1996; Van den
Berg -5 2006).



454

o
o
}011

— TacoD 3193965 ricon 3193065
8742 6992
o4 s - w5 J v
200 204 s B 20 ;e s 2 s ns 52 00 ;e s de mo me n 20 20
Retenton Time i) Recmion Time (i)
TacoD 3118036 Ticon 3218036 oD 3218936
# 157
0 - w6 s
;o W4 s 22 26 mo w4 s 20 we ;s 2 26 mo ma ws n2 0 ma ;s A2 26 5 20 20
[ ———" Retnton Tie (i) Retemion Time i)
1CTICOD /333999 CTUCoD 333999 LCTICoD (333999
e 209 . 2
I | | i
I £
0 0 ) ol -
20 Wi s 22 26 mo e s 20 Wme Ws 22 ;s mo ma ms B2 20 ;e ws w2 26 B 2 20 24
[ ——— Retetion Tie i) Reetion Time (i)
BcTicoD /3319368 1CTiCoD (3319368 c:TicoD 331368
e 14 ,
I 1" I
it i
I I
0 - — o AN 0 : e
20 24 228 22 A5 20 28 B2 26 U0 W4 00 4 w8 22 26 2 4 28 B2 u6 0 4 00 24 28 22 A6 2. 28 B2 B6 M0 244
Retnion Time (i) Reteion Time i) Retetion Time (i)

Fig. 2. HRGC-HRMS chromatogram of standard 2,3,7,8-T4CDD, and soil samples of Yeungju(B) and Sangju(C).
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and Sangju(C).
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Table 1. WHO TEQ of residual PCDDs(Polychlorinated dibenzo-p-dioxins) in soil on Yeungju

Congeners WHO-Toxic equivalence Concentration
factor pg/g pg WHO-TEQ/g
2,3,7,8 TACDD 1 ND" ND
1,2,3,7,8 Pe5CDD 1 ND ND
1,2,3,4,7,8 Hx6CDD 0.1 0.006 0.0006
1,2,3,6,7,8 Hx6CDD 0.1 0.011 0.0011
1,2,3,7,8,9 Hx6CDD 0.1 0.012 0.0012
1,2,3,4,6,7,8 Hp7CDD 0.01 0.159 0.0015
O8CDD 0.0003 1.769 0.0005

1) ND: Not detected

Table 2. WHO TEQ of residual PCDDs(Polychlorinated dibenzo-p-dioxins) in soil on Sangju

Congeners WHO-Toxic equivalence Concentration
factor pg/g pg WHO-TEQ/g
2,3,7,8 T4CDD 1 ND" ND
1,2,3,7,8 Pe5CDD 1 ND ND
1,2,3,4,7,8 Hx6CDD 0.1 0.009 0.0009
1,2,3,6,7,8 Hx6CDD 0.1 0.032 0.0032
1,2,3,7,8,9 Hx6CDD 0.1 0.008 0.0008
1,2,3,4,6,7,8 Hp7CDD 0.01 0.130 0.0013
O8CDD 0.0003 1.041 0.0003

1) ND: Not detected

£ ¥ PCDDs 4% 5=(pg/g)E 57 =
(pgTEQ/g) = FHiF5HH Table 13} L. 54457 =

(TEQ)+= dioxins 0] ‘5=l WHO 57457} gHitAl4=
(WHO-TEF)E &3t X2 FA|5}ith Table 13}
Zro] Hx6CDD2] o424 1,2,3,4,7,81} 1,2,3,6,7,8
1l 12,3,7,8,97} Q=B okl 4] 742} 0.0006 peTEQ/g,
0.0011 pgTEQ/g ¥ 0.0012 pgTEQ/g AEE A} AF
ZEoko| A= Hx6CDDS] o|dAA| 1,2,3,4,7,87}
123,678 2 1,23,7,897} ZF2F 0.0009 peTEQ/g,
0.0032 pgTEQ/g % 0.0008 pgTEQ/g HEE ST}

1,2,3,4,6,7,8-Hx7CDD+= G E9F Sof4] 0.0015
pgTEQ/go] 2.1, O8CDD+= 0.0005 pgTEQ/go]t
t}. AR A= 1,2,3,4,6,7,8-Hx7CDD+= 0.0013
peTEQ/g®]%1 2, O8CDD+= 0.0003 pgTEQ/go]3
THTable 1).

3.2, EY¥ & PCDFs

PCDFsA €A== F& 2,3,7,8-T4CDFe] a2 20}
ETIRE Fig. 4(A)%} 29EO0], §F 4T B
59 ARokE e 247} Fig 4B)C)S Lkt
T B9 £ 2.3,78-TACDF= HAEEA] ¢ofoH, A

T EYolM = A=A St

471A] o|ARA7} &gk ¥51,2,3,4,7,8 +1,2,3,6,7,8
+1,2,3,7,8,9 4+2,3,4,6,7,8 -Hx6CDF2] I Zu}&E 13
< Fig. 5(A)2} Agton, 50 5 B RS 2
E2OFETHS 247} Fig. 5(B)(C)oF &ttt 45 =%
2= Hx6CDF2] o|AZ&A 1,2,3,4,7,8%} 1,2,3,6,7,83}
1,2,3,7,8,9 9 2,3.4,6,7.82 7z 0.020 pg/g, 0.015
pg/g, 0.011 pg/g & 0.017 pg/golth. 5 E 5
Hx6CDFe] o|A&Z&A 1,234,783 1,236,787}
1,2,3,7,8,9 W 23.46,7,82 Z+ZF 0.034 pg/g, 0.033
pg/g, 0.018 pg/g X 0.043 pg/g O 2 JENITE

tH dioxins®] =5 EA57FsE(pgTEQ/g) =
SHAlsHE, JFESFO)A 1,2,3,7,81) 2,3,4,7,8-PeSCDF
7} 242} 0.0004 pgTEQ/g2} 0.0048 pgTEQ/go] it}
ArzEokol A 1,2,3,7,83} 2,3,4,7,8-PeSCDF7} zFz¢
0.0011 pgTEQ/gS} 0.0063 pgTEQ/go|ich. 181
1,2,3,4,6,7,81} 1,2,3,4,7,8,9-Hp7CDF+= HFE ok
A= 717} 0.0007 peTEQ/gS} 0.0001 pgTEQ/go] Sl
O, ARFEE ol A= 212} 0.0010 pgTEQ/g<} 0.0001
pgTEQ/go] 3tk
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Fig. 4. HRGC-HRMS chromatogram of standard 2,3,7,8-T4CDF(A), and soil samples of Yeungju(B) and Sangju(C).
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Dioxins 2] B A2 = F& FHER 0] A|ZFA,
H71&E 224574, € 374 5ol Atk o2ttt A==
Y dioxins 1242 T 7], B9, & & 2e ARk
7ol R AR1810] HRE dioxins & 2742
A, SARE, ofF R Soll ZHRstal A= Ql1tol| =
ZETHE 5, 2008; 0] 5, 2007; 5 5, 2003).

olH3t =] s E = ARHES] =44t
e % 55 wote] YEhdtDragan 9}
Schrenk 2000; Sweeney 2} Mocarelli, 2000). =%
7] S 1w Ao Agetel AR i
2HgollA] dioxins 72| FEE S5kl 11 A
AR A eEES A7Esks Iolt) o] S =
Al BErEE Bl QAkEE IR FHEETHEE
1996; Tuomisto 5, 2004). o}714 FA-EEE H7}
3] SlaiAle A ol RRE dioxins®] S5

£ ZAstolokal, 53] E9F 5 dioxins 2] 2t 5=
= 371 a7t Utk o] 5, 2009).

PCDFsA| BollA EY 5 7P wol xH74 dioxins
2 O8CDF= of|Al= 0.118 pg/g, dFollAl=
0.115 pg/g O =& Vehgtt 1o 5457 Fs=(pgTEQ/g)
2,3.4,7,8-PeSCDF7} 959} AFeol| A 217} 0.0048
pgTEQ/g®} 0.0063 pgTEQ/g o= 71 w=Skth. o|¢}
o] dioxins9| “5=+= pg/g¥t pgTEQ/g .2 Shitet
o) xpo)7} Q&0 &, ZAH dioxins 9] FEE 545
7F& = (pgTEQ/g) & 3Hitsto] HESH a7} 9l

3.3. EY & Dioxins9| &A=

EY 5 dioxins o] A pg/g w== ALFSHA
Table 59} At 95 E9F & PCDDsy} PCDFs&
3t 1759 & dioxins2 2.251 pg/go| 3t of7]A

Table 3. WHO TEQ of residual PCDFs(Polychlorinated dibenzofurans) in soil on Yeungju

WHO-Toxic equivalence Concentration
Congeners factor ; WHOTE
pg/g pg Qg
2,3,7,8 T4CDF 0.1 ND" ND
1,2,3,7,8 Pe5CDF 0.03 0.016 0.0004
2,3,4,7,8 Pe5CDF 0.3 0.016 0.0048
1,2,3,4,7,8 Hx6CDF 0.1 0.020 0.0020
1,2,3,6,7,8 Hx6CDF 0.1 0.015 0.0015
1,2,3,7,8,9 Hx6CDF 0.1 0.011 0.0011
2,3,4,6,7,8 Hx6CDF 0.1 0.017 0.0017
1,2,3,4,6,7,8 Hp7CDF 0.01 0.070 0.0007
1,2,3,4,7,8,9 Hp7CDF 0.01 0.011 0.0001
O8CDF 0.0003 0.118 0.0000

1) ND: Not detected

Table 4. WHO TEQ of residual PCDFs(Polychlorinated dibenzofurans) in soil on Sangju

WHO-Toxic equivalence

Concentration

Congeners factor ;
pg/g pg WHO-TEQ/g
2,3,7,8 TACDF 0.1 ND" ND
1,2,3,7,8 Pe5CDF 0.03 0.038 0.0011
2,3,4,7,8 Pe5CDF 0.3 0.021 0.0063
1,2,3,4,7,8 Hx6CDF 0.1 0.034 0.0034
1,2,3,6,7,8 Hx6CDF 0.1 0.033 0.0033
1,2,3,7,8,9 Hx6CDF 0.1 0.018 0.0018
2,3,4,6,7,8 Hx6CDF 0.1 0.043 0.0043
1,2,3,4,6,7,8 Hp7CDF 0.01 0.103 0.0010
1,2,3,4,7,8,9 Hp7CDF 0.01 0.015 0.0001
O8CDF 0.0003 0.115 0.0000

1) ND: Not detected
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Table 5. Concentration(pg/g) of residual total dioxins in soil

Yeungju Sangju
Concentration(pg/g)
PCDDs PCDFs PCDDs PCDFs
1.957 0.294 1.220 0.420
Total 2.251 1.640

Table 6. WHO TEQ(toxic equivalence quotient) of total
dioxins in soil

Yeungju Sangju
Concentration(pg WHO-TEQ/g)
PCDDs PCDFs PCDDs PCDFs
0.0049 0.0123 0.0065 0.0213
Total 0.0172 0.0278
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