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2 ok 449 529H2004-2007) =] 55591 AF F 221748 FY3le] to]SAIF(PCDD/DF + THo)<:
A4+ PCBs)E %ﬁ’—l%ifﬂéi W o]&atd EAEAL, ‘3&% 19] o] 22l 1Y =&FS 2T
2E F tho]&AlF AT 200437 20053 2 FE AR 1998 WHO TEFZES, 2006 37E =
A= X}EOH 2005 WHO TEF#tS AH&-sted EM%*JW TS AEslon, W AEFE Wnle
<0.01 pg TEQ/g, 23271 0.13 pg TEQ/g, R137] 0.07 pg TEQ/g, §3.7] 0.04 pg TEQ/g, 9+ 0.04 pg
TEQ/g, 1= 0.05 pg TEQ/g, AP (=E4H)E 0.13 pg TEQ/g, FAHE 5 L5olE 1.35 pg TEQ/g, 4+
1.03 pg TEQ/g, Z=] 1.00 pg TEQ/g, 7] 0.16 pg TEQ/g, HE| 0.11 pg TEQ/g, 4] 0.52 pg TEQ/g, &
0.32 pg TEQ/g, 27| 0.14 pg TEQ/g FF0.2 ZAMEITH 2 ES B sh=9le] tho]SAlFe] wmZe
S AF 1 kg T 1Y 047 pg TEQE tho]S4l72] TDI (4 pg TEQkg bw/day) thH] oF 11%5F02 %
AFEoH, o] e A7 S1si7E fls AR WrkE .

Abstract: A total 221 samples of the retailed foods collected from 2004 to 2007 was examined to estimate

A

the level of dioxins(29 congeners) by the isotopic dilution method, and the exposure of population of Korean
to dietary of dioxins was performed. Dioxins levels were calculated using TEF values established in 1998 and
2005, respectively. The average levels (pg TEQ/g) were less than 0.01 for polished rice, 0.04 (poultry)-
0.13 (beef) for meats, 0.04 (milk)-0.05(cheese) for milk and dairy products, 0.13 for egg (york, only) and
0.11 (alaska pollack)-1.35 (pacific mackerel) for fishes. The estimated daily intake of Korean through foods was
0.47 pg TEQ/kg bw/day, and it was estimated as about 11% to tolerable daily intake (TDI; 4 pg TEQ/kg bw/
day) of Korea and Japan. Consequently, it was concluded that there was no health risk.
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o] &A1 F2] ¢ shr]wl 2 tho] £-41 7 (Polychlori-
nated-dibenzo-p-dioxins, PCDDs, 75%) 2 £ 43}t
Wl Z 327 (Polychlorinated dibenzofurans, PCDFs, 135
F) 2107 FFAe] £des FH6H, o F
2,3,7,8-TCDD(Tetrachlorinatedibenzo-p-dioxin) S 3}
TN FFATE 540 B2 Aew dEA Utk
G, tho] Sl o] 9fdll E 2] 510 #H 4 (PCBs; Poly-
chlorinated-biphenyls)9] 5] (209%) 5 tho] Al F
S} FAME 54 2be tolSAl fAF PCBs (o] 8t
DL-PCBs; dioxin-like PCBs Y=+ co-planar PCBs) 12
£ TPl F 2052 tolSA R Bkl o5
EH4ES ﬂ%‘vﬂﬁ CHEAR AESESA|ZG &
1 77173 29 EZ (POPs; Persistent Organic
Pollutants)® #+2] =3 AT},

TPl SARE AEA 77k, A, 2d)7) L7t
5 OgE Ao 37 Fo 098 F o
Ao glol e SAR wekd L ol
A olE B3HEC @ eEe Al At g
e B A543 e} sl
A Al B 7 7] 7+(WHO; World Health and Organization)
FEoete] st B 9fSellA = o]g} 2 B9
= A LHERES HEE] Aste] dUA
7] A ZH(TDI; Tolerable Daily Intake)S A% dlo] <
atal el IR o8 TDI= $EAAZ #]
NOAEL(Z t] 28-3%; No Observed Adverse Effect
Levely&AH8-ste] ®H71gE 2102 WHOOIM & 711747
Q3 flo] A Bt AT & e AR AF &
2 FASIAL AFolu SR S Hrpitha
AFstdet’ $-2uetsE 20003 00 4 pg TEQ/kg
body weight/day® TDIE A7 3 o] F 20073 % A%
7].{;]_@] %_g_—g]_j_ [} orJ:] Oéﬁ_l: E-?—:]_fﬂ- TDI71-.Q. }\4
sl &85t ATkt 20010 FAO/WHOES 2]
FATEAE7H 93] (The Joint FAO/WHO Expert
Committee on Food Additives)= 2,3,7,8-TCDD®| =
9 72 rasol tis] AFE AEE AR AT
A7& B3E S8 ZAHLAEATAZEL PIMI
(Provisional Tolerable Monthly Intake) 70 pg TEQ/kg
bw2 A¢HlEd, o 7S TDI 2 pg TEQkg bwdl
S FE T g2 F < (FSA: Food Safety Agency)
=4 9193 FAO/WHO®| TDIS} Y= E]A] 34| vt
fraslsle] AFaetees]olA H7HgE TDI 2 pg
TEQ/kg bwS #Ac}S

AC)

Hllﬂl

08, =

A - A - 03 %

S, WHO= 200539 tho]S-217(29% )l thsf
5745 7} 47(TEFs; Toxic Equivalency FactorS)E A
Frrstsled, ol SAAET MY w2 23,78
TCDD (Tetrachlorinatedibenzo-p-dioxin)< “1”Z 3},
PCDDs % 1%(0CDD), PCDFs % 3%(OCDF,
1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF) % DL-PCBs % 10
Z(#81, 169, 105, 114, 118, 123, 156, 157, 167, 189)
o] AF7 = ATt (Table 2).5

oS A mEe HEHA, £F, APHE
T OYR AEE ko] o]FoA L o 4
Aol ol wZo] 90% oL AR FL glen
2 59 vl w2Y Wike AT 4F B
o w$ Fasitha g e &
# oF, F71EE 58
EE el gp
7], EHX]E—J], L ]
(17%, DL-PCBs A £])<] ]
ATk EF -2 e] 5%7} l

O
=

o]ﬂ
:\m
]
£

o R=4 q_o]_‘?_/\] =

gkl &8sk
15 tholSAlel
3l TholSAlol
ol Ax =FE S fxlg— U= AL Qi
e md HF F tolsAl BUEE 2345 IR
3k glow, Seuehs vjd sk ek
B dFelM = 2004L4~2007Lﬂ 7 S el f55
Qe F8 AZ L YAate g tho| A F 17%, DL-
PCBs 12%° EH?SH 2035 AE =AM 238 B
Z F=Qlo] AFogRE e tol il =& FS Bt
aF17190 ol ®arstarah gt

al

2.4 #
. AENE=E
2004 20079 B =FW FEFA FFHE ) 147,
F 6042327 2274, A7) 224, §327] 167),
vﬂli 28AS-F 124, A= 167), ¥FAT; =
22h 164 2 FAHE 10374(3/_% 147, A2 144,
Z+2) 1474, 7] 874, We 114, ;gjoq 147, 2 144,

27 147), F 22148 F2 57 EAAE, UiAd, F
A B F2yel A FYEte] ApA R (GrakRe] Ao
WS A &st 5)Rk Felete] AlRR ARSI

2.1. EE23

gl AJok

t}o] 221 (PCDDs/Fs) 2 DL-PCBs ¥&&2-& |t
EPA Method 1613'9) we} A 2H AFS FY3h
AHESATE Al tZE v, gl =g
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(dioxins&, Wako Pure chemical Inc. Osaka, Japan), |
BHg olM|E, EFA(GC-MSE, Burdick & Jackson
Co., Muskegon, MI. USA), 32+ E1| FEA8, Wako
Pure chemical Inc. Osaka, Japan), 9| 2o H| 2, F-43
MU EFFF 5 EA S, Wako Pure Chemical Inc.
Osaka, Japan), A4tZ-F(Junsei Chemical. Japan),
IM S EF 89 (Wako Pure chemical Inc. Osaka,
Japan)& AH&-3FATh A E]o] AMEE £ 18 mO
o] & AE-3FAHh Glass wool ¥ cellulose thimble
(Supelco inc., Bellefonte. PA. USA)S SFQN O 2 34]
7+ &%t Soxhlet FEsto] AZRAIX Fof] ARE-SFAATE

22, ClOISAUENE &Y

AEsteddagntEaggo)dyd o2 =13]8<
Silica gel column (11 mm x 177 mm SIL-061; 5734
g7 15 g G718 2 g, AR 4 ¢
9] =AM =ZE FZ), Alumina column (11 mm x 177 mm,
ALUO071:8 718 €57 12,5 g2% %)Y carboncolumn
(11 mm x 100 mm, CAR-081: 8% 7}¥&/Celite545-AW
0275 g& X)) A& A THFEMS, Waltham, MA,
USA). RE Al2ol] tsirs REste 28 azns
a3 ¥ A BEES AAY 52 S ZHDPE
(High-density polyethylene) filter (Lida corp., 11-387-
50, Kenosha, W1. USA)E A3} T).

23. BMFH|

t}o] LA F(PCDDs/Fs, DL-PCBs X3 A& A=
A As BAE 27 A2 wE22) 3 (DPS: Dioxin
Prep System)Z Power-Prep (FMS, Waltham, USA)S-
AREEFATE Thol AR/ A8 £ 98 ALEsT
7+23 2 wkE 12 9 (HRGC; HighResolutionGas Chroma-
tography):= 71222 Z% DB-5MS (60 mx0.25 mmx
0.25 um)©] FZ¥ Thermo trace GC Ultra (Thermo
Finnigan, Bremen, Germany)E AF8-3}91 3, JL&E3) 5
A ZE-2 7](HRMS: High Resolution Mass Spectrometer)
= DFS (Thermo Finnigan, Bremen, Germany)E& A}-8-

stk

2.3, AU

231 EE3He| =A|

t}o] $A1(PCDDs/Fs)se] 7 #38 EFEZ (EPA-CSL,
EPA-1613 CS-0.5, EPA-1613 CS-1.0, EPA-1613 CS-
2.0, EPA-1613 CS-3.0), 3 5&=4 4 ZFEZ(LCS:
EPA-1613 LCS), HF 3 FEZ(ISS: EPA-1613 ISS),
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HZE X5 (WD;Window Defining)#} DL-PCBs 7

& ¥FEH(CS: WP-CVS), 3FE&2H & xFE2
(LCS: WP-LCS), W FFE=EZ((ISS: WP-ISTD), HZ
¥ FEZ(WD: WP-STK)-S 1]+ EPA 1613 3100
wEl 2R ARSI, A 348 =22 (EPA-
1613 PAR, WP-STOKE)S =1ko 2 %A, 343t 4
ng/mLE ¥HEo] ARE-3ISITH

232 HzM =N

t}o] £ A (PCDDs/Fs) el A #HA S vl EPA 1613
W0 wEl WellingtonA}2] EPA-CSL, EPA-0.5,
EPA-1.0, EPA-2.0, EPA-3.0% ©]-&31o] 5719 Fxd
9= 2,3,7,8-TCDD ¥ 2,3,7,8-TCDFE 0.1-10 ng/mL,
OCDD$F OCDF+ 1.0-100 ng/mL, Z & FZA&
0.5~50 ng/mL, DL-PCBsE 0.1-800 ng/mLE ZA)3}o]
AFgAE At 24 A 717138 E dAs]
A8l 10 ng/mL TE EFAE AME-ste] vid HA

STt

=

233. Algade| =x|

) 5=

(1) A A=

t}o] S A (PCDDs/Fs) 4% 8 23 s A&
1520 g& FFIFIUEFS 7ot 2 £ & o
o] &4l 348 =48 BFEZ(EPA-1613 LCS)E &
7Flal Y222 n-F 211, viv) S8 300
mLEAFE 310124 2] 7HE <t Soxhlet5=3(5 cycle/hr) &}
o] FF3AUTh M=, FAE 2 L35 A=
T TdsHA AFskT

DL-PCBs= @#d3ld A& 5 g8 F3bERF
AL g 7HE58FE7HE 58433 mL)dl ¥
3 7148132 7](ASE; Accelerated Solvent Extraction
system, Dionex Corp. Sunnyvale, CA, USA)E ©]-&3}
o FE3TE oA FE3 VA E FAIR
(blank), 32 3)5E& SHE AEQC) % BE AR
DL-PCBs 3]& 44 EFEZ(WP-LCS)E H7Ist
AthHFig. 1).

) HA A E(F-1)

AlE 200 mLoll SALHEE 2 g8 ol 3087
g3t T g oH 24 FAH E(1:1, vv) EFE
300 mL& 23] &3} YAEE](3,000 rpm, 20%)
o5, BANE 32 FHGT 2 X3} NaCl &9
AA st B EES 7t S AlA S

EESFATHFig. 2).
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Homogenization

Soxhlet extraction

Acid silica Wash

Column clean up

Concentration

HRGC/HRMS

Fig. 1. Schematic diagram for dioxin(PCDDs and PCDFs)

2) Ak

FZAS ANA7(30)S o]-&5te] FFo] 2 )
7R F53aL, T el weh AW RS Ak ok

3) AEsl

T Zufr]e] e fElE, T UEEF, A
A0 gAY 1 g)o] TAE FHE n-F4t
o= AgAEIAS S8 Al F, A 3 2F
o] ¥t A8 E 71tk oF 2087k HkS- & n- 2k
150 mLZ §EAIAoH S5 NS 8304 3]

=
2 557140 °O)2 5531
4) A
PCDDs/Fs¢t DL-PCBs A189] 7-$ dgj714 A9
o] AA& ANZE 7hste] n-F Ak 90 mLE &3EA]7)
3, 1 £ENS YFU AR 7ke F ok
SEZMEH95:5, viv) EFY 90 mLE &ZFAA DL-
PCBs &ZH ()2 AE3I3ATE o]ojA -3kt &
Z2UEH50:50, viv) EF 120 mLE &Fuv A9
S SEXNA SEYE 7HE A rtstae] AolAlE|

O E: 1l A (50:50, v/v) EFH 4 mL E n-#4F 10 mL

971 -

Sample amount
Standard : LCS, PAR

Thimble
Sodium sulfate
Solvent

AnE - ol

20 g

. cellulose (43 x 123 mm)

1 80~160 g
: DCM: n-hexane(1:1) 300 mL

Extraction : 24 hour. (5cycle/hr)

Acid Silica gel 10 g / lipid 1 g
Solvent : n-hexane 200 mL

Silica, Alumina, Carbon column

Standard : CSS
Turbo vab : 40 C
Standard : ISTD

Resolution > 10,000
S/N > 3.0

and DL-PCBs analysis in food..

o o g W EHAS AAT v EFA 55 mLE
| SR 33
CAA= 189 sAIEA AAIFAT. AA 7 B
4 Turbo-vap concentration workstation
2 N-Evap™ (Buchi, Flawill, Switzerland) AFH&-3l] &
39l em, tho] 2 A1 (PCDDs/Fs) & (Il & Tho)
SAF-E AUA] H7HE WE-EF=2 1SS (EPA 1613
ISS) 100 uLE, DL-PCBs &% ¥ (I)°|= DL-PCBs&
ISD (WP-ISS) 100 uLE z+z+ 375l HRGC/HRMS
& ALY o2 AT

234. 7|7|12M

t}o] 2-41(PCDDs/Fs) 17% % DL-PCBs 12% 5=
A BALE A3 N7 RAZRAL Table 13 2T} Tho)
<-A1(PCDDs/Fs) % DL-PCBs9] A #HL U4 3
Ao o} ARgl A AEE g BT Y
R A e va A E S48 Altsisich B4
2 A2 FinniganAHe] DFS (Double Focusing Sector)
Mass Spectrometer® =43} FHFEAZZ I3
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Sample amount : 200 mL
Homogenization Sodium oxalate : 2 g
Standard : LCS, PAR

o ) Ethyl ether/petroleum ether(1:1) : 300 mL
Liquid-Liquid Extradtion

2 times
!
Centrifuge 3,000 X g, 20 min
{
Concentration Evaporator
!

Acid Silicagel 10 g / lipid 1 g

Acid silica Wash
Solvent : n—hexane 200 mL

i

Silica, Alumina, Carbon column
Column clean up

Standard : CSS
!
i Turbo vab : 40 C
Concentration
- Standard : ISTD
!
HRGC/HRMS Resolution > 10,000

S/N > 30

Fig. 2. Schematic diagram for dioxin(PCDDs and PCDFs) and DL-PCBs analysis in milk..

Table 1. HRGC/HRMS conditions for the analysis of dioxin (PCDDs and PCDFs) and DL-PCBs

Dioxin (PCDDs and PCDFs) DL-PCBs
Column DB-5MS (60 m x 0.25 mm x 0.25 pm)
160 °C ------- > 220 °C 150 °C ------- > 185 °C
(1 min) 5 °C/min (15 min) (1 min) 20°C/min (3 min)
Oven 220 °C------- > 290 °C 185°C ------- > 245 °C
5°C/min (10 min) 2°C/min (3 min)
290 °C------- > 300 °C 245 °C —--—--- > 290 °C
10°C/min (7 min) 6°C/min (4 min)
Carrier gas He, 1.0 mL/min
Injector 280 °C
Transfer line 280 °C
Type of injection Splitless mode
Injection volume 1 puL
Ionization type EI (positive)
Electron energy 35 eV
Resolution 10,000 at m/z 314 (PFTBA)
Monitoring MID, 5 windows MID, 4 windows
Ion source 260 °C

Vol. 23, No. 6,2010
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Table 2. 2,3,7,8-TCDD toxic equivalent factors (TEFs) for the dioxin (PCDDs and PCDFs) and DL-PCBs established by WHO

Congeners WHO 1998 WHO 2005
2,3,7,8-TCDD 1.0 1.0
1,2,3,7,8-PeCDD 1.0 1.0
1,2,3,4,7,8-HxCDD 0.1 0.1
PCDDs DRSO
(Polychlorinated dibenzo-p-dioxins) 1,2,3,6,7,8-HxCDD 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01
OCDD 0.0001 0.0003
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PeCDF 0.05 0.03
2,3,4,7,8-PeCDF 0.5 0.3
1,2,3,4,7,8-HxCDF 0.1 0.1
PCDFs 1,2,3,6,7,8-HxCDF 0.1 0.1
(Polychlorinated dibenzofurans) 1,2,3,7,8,9-HxCDF 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0003
3,3',4,4'-TCB(77) 0.0001 0.0001
Norortho 3,4,4',5-TCB(81) 0.0001 0.0003
3,3',4,4',5-PeCB(126) 0.1 0.1
3,3',4,4',5,5-HxCB(169) 0.01 0.03
2,3,3',4,4'-PeCB(105) 0.0001 0.00003
DL-PCBs 2,3,4,4',5-PeCB(114) 0.0005 0.00003
2,3',4,4',5-PeCB(118) 0.0001 0.00003
Mono-ortho 2'3,4,4'5-PeCB(123) 0.0001 0.00003
2,3,3',4,4',5-HxCB(156) 0.0005 0.00003
2,3,3',4,4',5-HxCB(157) 0.0005 0.00003
2,3',4,4'5,5'-HxCB(167) 0.00001 0.00003
2,3,3',4,4',5,5'-HpCB(189) 0.0001 0.00003

Table 3. List of dioxin (PCDDs and PCDFs) and DL-PCBs for analysis

Congeners e Theoretical ratio
M* (M+2)* (M+4)*
2,3,7,8- TCDD 319.9 321.9 0.77
1,2,3,7,8- PeCDD 355.9 357.9 1.55
1,2,3,4,7,8- HxCDD 389.8 391.8 1.24
PCDDs 1,2,3,6,7,8- HxCDD 389.8 391.8 1.24
1,2,3,7,8,9- HxCDD 389.8 391.8 1.24
1,2,3,4,6,7,8- HpCDD 423.8 425.8 1.05
OCDD 4577 459.7 0.89
2,3,7,8- TCDF 303.9 305.9 0.77
1,2,3,7,8- PeCDF 339.9 341.9 1.55
2,3,4,7,8- PeCDF 339.9 341.9 1.55
1,2,3,4,7,8- HxCDF 373.8 375.8 1.24
1,2,3,6,7,8- HxCDF 373.8 375.8 1.24
PCDFs
1,2,3,7,8,9- HxCDF 373.8 375.8 1.24
2,3,4,6,7,8- HxCDF 373.8 375.8 1.24
1,2,3,4,6,7,8- HpCDF 407.8 409.8 1.05
1,2,3,4,7,8,9- HpCDF 407.8 409.8 1.05
OCDF 4417 443.7 0.89

*( ) IUPAC number (International Union of Pure and Applied Chemistry)

Analytical Science & Technology
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Table 3. Continued
m/z
Congeners Theoretical ratio
M* M+2)* (M+4)*
3,3'4.4'- TCB(77)* 289.9 291.9 0.77
3,44'5- TCB(81)* 289.9 291.9 0.77
23,3 4,4'- PeCB(105)* 3259 3279 155
23,445 PeCB(114)* 325.9 327.9 1.55
2,3'4,4'5- PeCB(118)* 3259 3279 1.55
2'3,4,4'5- PeCB(123)* 3259 3279 1.55
DL-PCBs 3,3.4,4',5- PeCB(126)* 325.9 3279 1.55
2,3,3',4.4,5- HxCB(156)* 359.8 361.8 1.24
2,3,3',44'5'- HxCB(157)* 359.8 361.8 1.24
2,3',4,4'5,5'- HxCB(167)* 359.8 361.8 1.24
33'4,4'5,5"- HxCB(169)* 359.8 361.8 1.24
2334455 HpCB(189)* 393.8 395.8 1.05

*( ) IUPAC number (International Union of Pure and Applied Chemistry)

(Xcalibur 2.0y& ©]-&-3}dth. 242te] AlgoA A
kS WHO-TEFs (Toxic Equivalency Factors)S
3l] TEQ (Toxic Equivalents)@ 3HiHa} )

%
48

24, =& I}
AFE T HolSAlFe] HEF, 200549 =
o ZARR"S dig A EE e 1Y
day) 2 A= H A S5 kg)?e 2 st S+t
o =&2%S 4 2)

ZK(TDI) 4 pg TEQ/kg bw/day=} ¥ 3T},

)

|

=

=}
=

3. &3 il
3.1 AE F Clo|SURe HESTE
PCDDs/Fs$t DL-PCBs (£ 29% $Z4)8] HA&3H

= PCDDs/Fs 0.01-0.04 pg/g, DL-PCBs 0.01-0.02 pg/

gol 943, 348 PCDDs/Fs 93.1-101.4%, DL-PCBs

99.0-102.4%S1 TH(Table 4).

HZ 43 59H2004-2007) ZAFE
AF] AEFLE 200433 20053
1998 WHO TEFZES, 20061 5
2005 WHO TEF#HS ARS-3te] tho] &4l R s
E3ATE. Table 5914 B0l 3/ 5 #w
pg TEQ/g &~F0|3L, &7/ F £37] <0.01-0.46(%
0.13) pg TEQ/g, A7) <0.01-0.44 (B 0.07) pg
TEQ/g, §3L7] <0.01-0.30(3 <+ 0.04) pg TEQ/g,
F F - <0.01-0.19(%8+ 0.04) pg TEQ/g, A=
<0.01-0.13(F+ 0.05) pg TEQ/g, &7 = A9

A) 3
a

[e]

L

o

=
=
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Table 4. LODs and recoveries of dioxin (PCDDs and PCDFs)

and DL-PCBs
Congeners LOD Rec(g/:/;: Yy
2,3,7,8- TCDD 0.01 98.2
1,2,3,7,8- PeCDD 0.02 99.6
1,2,3,4,7,8- HxCDD 0.02 98.9
PCDDs 1,2,3,6,7,8- HxCDD 0.02 101.2
1,2,3,7,8,9- HxCDD 0.02 100.3
1,2,3,4,6,7,8- HpCDD 0.02 100.9
OCDD 0.04 100.4
2,3,7.8- TCDF 0.02 101.0
1,2,3,7,8- PeCDF 0.02 100.4
2,3,4,7,8- PeCDF 0.02 100.9
1,2,3,4,7,8- HxCDF 0.02 93.1
1,2,3,6,7,8- HxCDF 0.02 100.7
PCDFs 1,2,3,7,8,9- HxCDF 0.02 101.3
2,3,4,6,7,8- HxCDF 0.02 100.9
1,2,3,4,6,7,8- HpCDF 0.02 101.4
1,2,3,4,7,89-  HpCDF 0.02 99.1
OCDF 0.04 100.8
33'4.4'- TCB(77)* 0.01 99.9
344 5- TCB(81)* 0.01 99.6
2,3,3',4,4- PeCB(105)*  0.01 102.4
2,3.4.4',5- PeCB(114)*  0.01 101.6
2,3'4.4',5- PeCB(118)*  0.01 100.9
2'3,44'5- PeCB(123)*  0.01 101.7
DL-PCBs 3,3'.4.4'5- PeCB(126)*  0.02 101.5
2,3,3'.44'5- HxCB(156)* 0.02 101.5
2,3,3',4,4'5'- HxCB(157)*  0.02 101.1
2,3'4,4'.5,5'- HxCB(167)* 0.02 99.0
3,3.,4,4'5,5- HxCB(169)* 0.02 101.1
2,3,3'4,45,5- HpCB(189)* 0.02 101.3
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Table 5. Levels of the dioxins (included DL-PCBs) in foods monitored during 2004-2007 (Unit : pg TEQ/g fresh weight)

No. of

Food Sample 2004 2005" 2006% 2007 Average
Cois R Ty
N T
ST TS
L A
Milk and daily Milk 12 <00l 0?01;)02;)2 0(()5-(())3())4 0?(;‘-1%)19 0.04
products Cheese 16 02)01;)09)13 <0(.8.10—’(7)).12 0?()1;)(;;)4 (zggi) 0.05
et 6 CWRP b0 owam o,
Pacific mackerel 14 2(324 _733;‘ 8 0(653 _915)1 ? 0(811 ;)17 0 0(1(;‘ ;102)7 ! 1.35
Spanish mackerel 14 0(106 ;8)8 2 0?12 ;)19;‘ 0 12515 _920)2 3 0?05 _205)6 0 1.03
i TS G LR LB
e Yellow croaker 8 0?; -106)3 0 - - <0£.11_ %49 0.16
Alaska pollack 11 0?01;)(;;) 7 - 0?07 _201;‘ 7 0?02 ;)09)1 ? 0.11
ol L
Oyster 14 02)03-102)28 021(;3-701538 0?()6-319;)2 <0£.10-2523 032
T o

Y For Toxic Equivalent Factors (TEFs), 1998 WHO TEFs was used from 2004 to 2005
? For Toxic Equivalent Factors (TEFs), 2005 WHO TEFs was used after 2006

9 : Average

A= 0.01-0.44(BF 0.13) pg TEQ/gL & ZAH )T}

SabEo] Ae Eol: (.14-348(H T 1.35) pe
TEQ/g, 4+ 0.05-2.23(F < 1.03) pg TEQ/g, Z =X
0.11-5.12(H 7+ 1.00) pg TEQ/g, Z7] <0.01-0.49(H o+
0.16) pg TEQ/g, B El 0.01-0.47(B+ 0.11) pg TEQ/g,
o] <0.01-1.52(3F 0.52) pg TEQ/g, & <0.01-1.02
(E++ 0.32) pg TEQ/g, 4 <0.01-0.54(3 o 0.14) pg
TEQ/g 722 ZAME ST

2 4497 ZAKSE A F F tol Al F
FAE QLT >ARA>LAR>To>) > 2517 > Al

(=87h colslen, 4F2E AEv e ke

L

HEFS

91.0%, &7 4.7%, &7 2.6%, F7FEF 1.6%, I7F
0.1% o2 ZAE I THFig. 3).

EFSA(fFE 21 &%)l 20100l LESH G, &
o, W7lo] F 23/ F o2 HE o] SAF RUE Y
A 55 Holr A2 d 2431998 WHO TEFE A14)
AMe &, & 5 WEFFE 2.69 pg TEQ/g fat, ¥|A| 2L
7] 047 pg TEQ/g fat, 7FEFF(EL7] %) 0.72 pg
TEQ/g fat, f7HaF(HE 23 0.78 pg TEQ/g fat,
LF U JFEE 094 pg TEQ/g fat, o] F(Fo] #l<))
pg TEQ/g, o] 2.59 pg TEQ/g F°]Ath!

B AT A A F(EGFAHE ALY tdeR
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Fig. 3. Ratio relative of dioxins levels in food.

2} 4E APFS TG ol SN AFFLS &
2NEE AT

2 \FeheF 23.8%) 0.54 pg TEQ/g fat, 5]

271 (B A4 33.8%) 021 pg TEQ/g fat, §3L
71(#Bd A3 10.2%) 0.39 pg TEQ/g fat, Al ¥HH
o AWEEF 34.1%) 038 pg TEQ/g fat, F713F&
0.80 pg TEQ/g fat(X|= ¥3HOoZ, ?ﬂﬁ?&(wyoﬂﬁ
T Tho| SAI R 71EA] o) Bl ulg- W ol
3, Syl s F4 8k e PCDDs/Fs (17%5)°]

3t A8 7)ZX] o) BFIN T o] e 3o YT).
AdBo] A 19999 HE] 20049714 61d Bk 2

ALgE kg o] tho] SAIR AE S 0.44-098 pg

=
o
°
o

3
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Fig. 4. Distribution of dioxin(PCDDs and PCDFs) and DL-

PCBs in food commodity.

TEQ/g FFo = feluetet Ak FFo =
Ak

ojg|old] 7%, &7/ F 437]1= 0.16 pg TEQ/g,
sjx]327] 0.11 pg TEQ/g, §327] 0.13 pg TEQ/g°] <,
A 0.05 pg TEQ/g, $F 0.02 pg TEQ/g, °1F %
ol 111 pg TEQ/g, B 0.63 pg TEQ/g, %
0.41 pg TEQ/g, I%5°] 0.22 pg TEQ/g, 5] 0.53 pg
TEQ/g, -1 0.18 pg TEQ/gZ AT o]F< 74
T o7 TR/l Wt teolSAle] HEFS wlg- o
Fataach

2]% % PCDDs/Fs¢} DL-PCBs®| A&7
Table 63} Fig. 404 B0l 47 &7, f7HeE, ¢
F R AE FAEE, BH, 2, #A)e fAREE F
TOE F AolE Ho|X] & WHH, FAHE F Ak
oF A= PCDDs/Fsoﬂ v]3] DL- PCBs-/] HEHo] oF
A= O Bk, ook & oF 2uj Y &= T
ol A&EHe uHEj" Bt

24}

HxE=

Table 6. Levels of the dioxin (PCDDs and PCDFs) and DL-PCBs in foods monitored during 2004-2007

(Unit : pg TEQ/g fresh weight)
Food 20049 2005 2006% 2007 Average
00
PCDD/Fs DL-PCBsPCDD/Fs DL-PCBs PCDD/Fs DL-PCBsPCDD/Fs DL-PCBsPCDD/FsDL-PCBs
Cereals Rice <001 <001 <0.01 <0.01 <001 <001 <001 <001 <0.01 <0.01
Beef <0.01 0.08 0.08 0.14 0.01 0.09 003 <0.01 0.05 0.08
Meats Pork <0.01 0.01 0.10 0.05 0.01 0.06 007 <0.01 0.04 0.03
Chicken <0.01  <0.01 0.06 0.01 0.02 0.05 <001 <0.01 0.02 0.02
Milk and daily Milk <0.01 <001 <0.01 0.02 0.01 0.01 0.09 0.01 0.03 0.01
products Cheese 0.03 0.03 0.05 0.02 0.01 0.02 <001 <0.01 0.03 0.02
Eggs Egg(york, only)  0.04 0.16 0.13 0.04 0.02  <0.01 0.14  <0.01 0.08 0.05

U': For Toxic Equivalent Factors (TEFs), 1998 WHO TEFs was used from 2004 to 2005
2 : For Toxic Equivalent Factors (TEFs), 2005 WHO TEFs was used after 2006

Vol. 23, No. 6,2010
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Table 6. Continued
Food 2004 year" 2005 year" 2006 year” 2007 year” Average
00!
PCDD/Fs DL-PCBs PCDD/Fs DL-PCBs PCDD/Fs DL-PCBs PCDD/Fs DL-PCBsPCDD/Fs DL-PCBs
Pacific mackerel  0.89 184 034 058 047 083 028 0.4 050 085
Spanish mackerel <0.01 080 040 070 044 146 0.6 009 025  0.78
Hairtail 0.15 033 063 160 031 064 001 032 028 072
Fish Yellow croaker 0.09 0.07 - - - - 0.01 0.14 0.05 0.11
SIS Alaska pollack  <0.01  0.03 - - 002 019 009 <001 004 007
Eel 023 086 026 009 <001 043 010 010 0I5 037
Oyster <001 012 037 035 009 030 006 <00l 013 019
Crab 012 018 019 005 004 002 <001 <001 009 0.5

12): For Toxic Equivalent Factors(TEFs), 1998 WHO TEFs was used from 2004 to 2005, and 2005 WHO TEFs was used after 2006

Table 7. Estimated Daily Intake to the dioxins (included dioxin-like PCBs) of Korean

Daily Estimated intake of

Food items ( TLEeg;ls ww) F(();)/c;;nt)a]t}(e intake of dioxins dioxins (pg TEQ/kg
pe & Y (pgTEQ/person/day) bw'%/day)
Cereals Rice <0.01 205.7 0.62 0.01
Beef 0.13 17.8 2.33 0.04
Meats Pork 0.08 37.2 2.68 0.05
Chicken 0.04 15.2 0.56 0.01
Milk and dairy Milk 0.04 66.5 2.46 0.05
product Cheese 0.05 0.6 0.03 <0.01
Eggs Egg(york, only) 0.13 253 3.37 0.06
Pacific mackerel 1.35 5.8 7.82 0.14
Spanish mackerel 1.03 0.6 0.62 0.01
Hairtail 1.00 22 2.20 0.04
. Yellow croaker 0.16 3.5 0.54 0.01
Fishes
Alaska pollack 0.11 33 0.36 0.01
Eel 0.52 0.6 0.31 0.01
Oyster 0.32 0.8 0.26 0.01
Crab 0.14 2.1 0.30 0.01
Sum 24.46 047
79 AS UOISAF F DLPCBsS] AEFS %F 60 U =FFS W A% NFS FF Dol SAF |
-70% ©°F ZFA| g Ao 7 ZALE AT d =E7F2 24.46 pg TEQ/person/day®] L, gh=<l %
olge], & TP Byt FAE F F PCBso| A A B AT 55 kg 2HT W] =S 047 pg
2o 72+ > 27] > A >a50] > Fo] o7, TEQ/kg bw/dayZ tho]&A17F2| TDI[4 pg TEQkg
% PCBs % DL-PCBs9] &3] dlgoz Bttt bw/day (TDI)x55 kg bw=220 pg TEQ/person/day] Tt
B B FAEY A ofRe] F tholSA  H] o 1%5EoR RAHYLH, o] £FE AR
o & PCBs®] A =T AHdAIE S Jer  ffEivh e Ao HrHEn.
setEn AEFEE 5] B2 A ETLE FAEE, o)F
25017} 0.14 pg TEQ/Kg bwiday= AA| =22
32. 121 1Y Clo|SAFe &8 Wi} oF 30%AHA B o, L o 2% =E2) 0.06 pg

2004 KB 20073714 tho| Al RUE Y A3}
£ EUE &5 199 19 HFEHTFE 272 1

TEQ/kg bw/day, HA3271¢} = 0.05 pg TEQ/kg
bw/day°] ATk
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SEvEtel 7P Algate] fARE di2e] A, 6d
529H1999-2004d) ZALE 1Y =&HS AUH
% 50 kg& TE s 1.55(2004'3)-2.18(1999%) pg
TEQ/kg bw/day?] S=5=0]H, o]F F2HE0o] 50% °]
A 8kaL, T £7, F7HES @6kl oF 90%
o]’ ApA|BtaL Arkar Bargk up QIrhe K Q2o
t}o] 22172 TDI 4 pg TEQ/kg bw/day ThH] 2] &S
53 1d =% 9F 39% (2004%)-55% (19993) 2. =
A eH, ol eyt SRSl AF 2T Y
&2 1Y =EFHET £ Z 08 A"

olggole] 1Y =& %2 9 3.24 pgTEQ/kg bw/
day, ¢ 5 2.34 pg TEQ/kg bw/day, &3.7]1& 1.67 pg
TEQ/kg bw/day, 7| 0.64 pg TEQ/kg bw/day o2
B7tE R ol vt ErFo] 2 A
o7 FAETH

T, Ul E=s 200400 AR Tho] SA4I 7 of
Sk Sl E Lol E2 fAIF 9% thol
SAF =52 AA F 38%EA FL =EYo|H,
7 5d Rt ol SR/ &2 FES 35%7HA] 7
28t FAlolH, ol i B SRHIA TholSAlo]
S FEOR AZFHY

71 T"}O]E]’ O]'ME]'-W
4.4 B
Y HE A AE F 2108 oz 4 F

?K(2004-2007) THol S A 729 &4l A=+
vt S9EY] 3 AHF 2 =] A A
FE AR tol Sl =2HIHE AAEISiT AF
% o] Al F9] AEHS 2004 A3 20053
279 1998 WHO TEF3ES, 200610 FE =
Z+E0) 2005 WHO TEFZHS ARg-sted Thol2-Al
gFS AESAT L9 % A FF/F F v
<0.01 pg TEQ/g F<olL, S/ % 4£i7] 0.13 pg
TEQ/g, A 27] 0.07 pg TEQ/g, E 7] 0.04 pg
TEQ/g, %xﬂ%— Z % 0.04 pg TEQ/g, = 0.05 pg
TEQ/g, €7 % AT =EA+E 0.13 pg TEQ/g, &
2He £ 159 1.35 pg TEQ/g, 4+*] 1.03 pg TEQ/
ZHA] 1.00 pg TEQ/g, =71 0.16 pg TEQ/g, El 0.11
pg TEQ/g, &°] 0.52 pg TEQ/g, = 0.32 pg TEQ/g,
£7 0.14 pg TEQ/g FFO 2 ZAIE AT g tho]

0

ofN
o
14

POP

fr dn @ o

|y

a
s
a

_r>

SAF AEF, 20059 FUAY - JEZAHEAEA]
2y A% BE AT 55 kel olgetel Sele
g FFES 2A AT AT 1 ke T 1Y =

222 047 pg TEQ/kg bw/day = Tho] LA F¢] TDI
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