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Abstract Dioxin contamination on agroproducts is one of the
most important issue in food safety. Herein, we measured
concentration of 17 dioxins polychlorinated dibenzo-p-dioxins
(PCDDs) and polychlorinated dibenzofurans (PCDFs) and 14
dioxin like-polychlorinated biphenyls (DL-PCBs) in the main
grain (rice and barley) that were produced in Korea. The 36 rice
samples were collected from rice processing complex at eight
provinces, and the average concentrations of each province were
ranged from 2.98 pg/g wet weight (w.w) to 4.98 pg/g w.w. as total
PCDD/Fs and DL-PCBs. The seven barley samples were collected
from Jeon-nam and Jeon-buk provinces, and their average total
concentrations of PCDD/Fs and DL-PCBs were 3.00 pg/g w.w.
and 3.24 pg/g w.w. respectively. The residual amounts and toxic
equivalent (TEQ) of DL-PCBs in rice and barley were higher than
PCDD/Fs. The average total TEQ of rice and barley were 0.0056
pe-TEQ/g and 0.0092 pg-TEQ/g on lower bound estimation
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respectively. Estimated daily intake of dioxins from rice and
barley were calculated 1.03 pg-TEQ/day/person and 0.0534 pg-
TEQ/day/person respectively. These were estimated 0.46% and
0.03% of Korean TDI based on 55 kg body weight.

Keywords grain - Korea - polychlorinated biphenyls -
polychlorinated dibenzo-p-dioxions -+ polychlorinated
dibenzofurans

A 8

2ESEFGS B9 AAEHe 7Y 7712922 (Persistent
organic pollutants, POPs)& 14%2] ARE-FA] FekFe} thols:
AR, FEstetE F 20119704 F 22%9] fefstekede] A
AEo] Szl A e WS AzstsiAy 28] 9
3l AA3] HAelEIL Utk 53] ol F HelSARE ERE
polychlorinated  dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzofurans (PCDFs) —L2]3L dioxin-like polychlorinated biphenyls
(DL-PCBs) & =2 3 743, AE 5549 ¥ =494 &
o= <la] SAWT ohg} FAFAE IFEATE AFS]H L
2 3A UFEL UtkParzefall &, 2002; Grassi %, 2010;
Moon 5, 2010). 53] tho]SAF72] X84 EAH0= <lsl] &
., olfGS AR Al gk IR A1%/d0] Allgel w
gt A AAR SR §R/E HIES XA srsAEed o
g R BUEE A97F F5Es] 218 AL vk (Bemard
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1999; Edwards 5, 2004; Guruge 5 2005; Kim 5, 2008).
o]E tjo]2AlF = 2,3,7.8-PCDD/Fs¢} non-ortho-PCBs & &
F 3132 aryl hydrocarbon receptor (AhR)e} 73sHAl Adst
o] DNA 971X<¥€ % dioxin response element (DRE)S} A%
doz s o A, AT, WYY T8 JEhe=
Rnoz dHA JrkSafe 5, 1986; Sutter®} Greenlee, 1992;
Park 5, 2010). o]&& tho]SAlR7e] we@dgez Qlsf =)
of|A] WL LHFHZH(TDIE 4 pg-toxic equivalent (TEQ)wpo/
kg body weight (b.w.)/day= A3l |5 tho] ARl Ulsh
obd#ElE 38l @31 UtH(European Commission, 2000; Oh
=, 2010).

Baars 5(2004)°] A4 wER, HZGAe] tho] SAlRF
AA=EHZE 5 o] SF 2 A= 23443 9% =
22 Ao AN, FUeME X842 tholsAlRe &
o= Qe FAHE, AR T A AFel gk thol
2% AFAEEAPE A&H 02 1gHY JTHKim 5 2007;
2008). 3FAIRE, 7] 79 20108 Oh 5(2010)° <Jaf 2004
WRE 20079704 597 & 14389 A8 oigh dFEAd
Tt FAENS ¥, AP 10037 A G9E FF7E] tho]SAlRF
ecdde 9 AHHEEE oS0 &8 T F de T AT
7F FHER] Bl £ dAoas Fu A FR79] o)
SAF ARY 2 AFA=ET S Q8 S o] 3]
Fol 2769 kg/fh) 2 (33.7kg/?)), BEl(1.1kegRl) = FHA
£0] =& 2(95.8%) HE](523%)E AAsiien, 2
M| Bou AFE0] 03%E vl wol it 3
BUEE tielx] A )SIEHMIFAFF, 2010). ¥ A7xe
A= g oA 20108 Ak 2 3633 S RE] Ao
A Ak 2011dat Bel 73 thde® 1759 PCDD/Fs <F
145¢] DL-PCBs°l| ti3h IRAEHE AbelarL, =l At 557
£ 58 d=R19] tolsAl AF S ALt

i £ s

Az 2 Wy

AEAR. 2 AFedA FREAES st AFE FHE 2010
dak 2L WnPER =5 fEEEE EE 3679
EE 7} A9 IR EEE 33, A= 3, T4
T 33, FAYE 64, AR 53, defde 61, AR
A, AT 48l AR BEle 201194 4817
& FAAR AepdmolA 43, HEREeA 33HES At
AR =439 ZE A5E EUE 2438 F 0.5mm o3}
YA AEste] W R AT

EZEE 2 Ak A Fo AMgE EFEES BCEYagR
PCDDs 7%, PCDFs 10%, DL-PCBs 14%°] £3% X&F
(Catalog No. DFP-LCS-A)#} 2%9] BC-5994%A] PCDFs
(1,2,3,4,6-PeCDF, 1,2,3,4,6,8,9-HpCDF, Catalog No. DF-IS-G40)
EFEEE, 359 PC-EYY4EA PCBs (PCB #70, #111,
#138, Catalog No. PCB-IS-B20) &3 X5+ Wellington
Laboratories (Canada)ollA] #4351t} &2 2er, ndit =
o, oM, 74, oAlHolHolEe GCE 55 MerckA
A 9 (Merck KGaA, Germany)dtiom, B3V EE, 4
EF, 32 ACSTHS MerckAHKGaA I 481t A
Aol AR 52 18mQ SFHTE ARSI Glass wool
2 cellulose thimble (Advantec, Toyo Roshi Kaisha Ltd., Japan)

<

b1 4o >

N

=

Table 1 LODs of PCDD/Fs and DL-PCBs

LOD
2,3,7,8-TCDD 0.01 pg/g
1,2,3,7,8-PeCDD 0.01 pg/g
1,2,3,4,7,8-HxCDD 0.02 pg/g

PCDDs 1,2,3,6,7,8-HxCDD 0.02 pg/g
1,2,3,7,8,9-HxCDD 0.02 pg/g
1,2,3,4,6,7,8-HpCDD 0.02 pg/g
OCDD 0.05 pg/g
2,3,7,8-TCDF 0.01 pg/g
1,2,3,7,8-PeCDF 0.01 pg/g
2,3,4,7,8-PeCDF 0.01 pg/g
1,2,3,4,7,8-HxCDF 0.02 pg/g

oD 1,2,3,6,7,8-HxCDF 0.02 pg/g
1,2,3,7,8,9-HxCDF 0.02 pg/g
2,3,4,6,7,8-HxCDF 0.02 pg/g
1,2,3,4,6,7,8-HpCDF 0.02 pg/g
1,2,3,4,7,8,9-HpCDF 0.02 pg/g
OCDF 0.05 pg/g

PCB #77 3,3',4,4'-Tetrachlorobiphenyl 0.1 pg/g

PCB #81 3,4,4',5-Tetrachlorobipheny! 0.1 pg/g

PCB #126 3,3',4,4'5-Pentachlorobiphenyl 0.1 pg/g

PCB #169 3,3',4,4',5,5'-Hexachlorobiphenyl 0.1 pg/g

PCB #105 2,3,3',4,4'-Pentachlorobiphenyl 1.0 pg/g

PCB #114 2,3,4,4',5-Pentachlorobiphenyl 1.0 pg/g

PCB #118 2,3',4,4'5-Pentachlorobiphenyl 1.0 pg/g

PCB #123 2'3,4,4',5-Pentachlorobiphenyl 1.0 pg/g

PCB #156 2,3,3',4,4',5-Hexachlorobiphenyl 1.0 pg/g

PCB #157 2,3,3',4,4',5'-Hexachlorobiphenyl 1.0 pg/g

PCB #167 2,3',4,4',5,5'-Hexachlorobiphenyl 1.0 pg/g

PCB #189 2,3,3',4,4',5,5'-Heptachlorobiphenyl 1.0 pg/g

< EFQloZ 3AI7HE9t Soxhlet FE3I] Ax F ARSI
o AEsdE 72 azetEa v Power-Prep™, FMS Co.,
UsA)2l ZHe 1358¢ 4g)7ka Z(Silica #CLDS-ABN-
STD, FMS Co.), €Fn|yZH(Alumina #CLDA-BAS-011,
FMS Co., USA)#} 7H2Z-%(Carbon #CLDC-CCE-034, FMS
Co.)s AR&-3HAT.

AEAAE. tolSalFe] A AL BFEH, BAE &
TEA, 717 RS EFEA, A3 VIS EPA 1613
Holl wet ARSI, AlEHAE= Choi 5(2012)°] ARE-SH
WS gEste] TSIt 94, telSAl BAE Qs AR
50 g2 nAihOEREMEk1/1) E3FE 300 mLE AHE3H
16~]17H52F Soxhlet 2 (5 cycle/h)d 7 3} AFE 200 mL
< ARgste] ERAE, f718mES 3e ¥ FAE 30
mLE A7 F 24A7HEt fU1ES E3lEith. R8s
FHT(500 mL x 3)Z EAsl] Ak AAT T AeksE3
th FEAEE 03 smLE LS F ZE AR BeF
$9¥4%A 31% PCDD/Fs¢t DL-PCBs E3#ZLHS spike
star, Ael7bad, GFuvEE, 7HEdH] AR AEs 2
HAagnETHS GHE Sate] FAsth $41 1059 DL-
PCBs (#105, #114, #118, #123, #156, #157, #167, #170,
#180, #189) H418 AAXE= A7z FAEAES
71k ngit 90 mLE £EA17|2, 2 £E9S GFrvEd
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of 7kt ¥ 72mL n-SRHCOFEE2HEH98/2, viv) O& £EA
A A5 2™ (Fraction 1), ©]9141 120 mL n-gRHc]EZ 2|
EH(50/50, viv) &Hog AdTupAES SEAIA JHEZAH
7helar 8F%E 89S Fraction 13 TRtk o]F, 7R
odolAE| o] E/2FA(50/50, viv) 8 4mL 2 n32t 10
mLe] £ 7 WelEdS AAT v 7 75mLE 988
Slo] 4% DL-PCBs (#77, #81, #126, #169)2} 17% PCDD/Fs
298 YA F (Fraction 2)& AFESIATE. Fraction 13 2= 7+
7} Fs=slt & p3Aako g 2|88 k3, Fraction 19+ °C-
FAYATEA] PCB (#70, #111, #138) H7ISF%aL, Fraction 2

= 359 PC-E¥AaEA PCB (#70, #111, #138) T3 W
ZFEAID 259 BCEYLEA PCDFs (1,2,3,4,6-PeCDF,
123,4,6,8,9-HpCDF) <3 ZF8AE 71 § A58 A
THYE 100 pLE 2HEA

RN, Dol SR AREAS A3 TRl shadzeiE
22 9] (High resolution gas chromatography)= DB-5MS (60
m x 0.25 mm x 0.25 um)&} SP-2331 (60 m x 0.25 mm x 0.2 um)
7} 42 2= Agilent 6890 (Agilent, USA)Y 735 27k
E297] Autospec Ultima (Micromass, UK)E AF8-5}$3t}. Fraction
1> DB-5MS Z#HS ARgstod 23819991, Fraction 2= -

Table 2 Concentration of PCDDs, PCDFs and DL-PCBs in Korean rice (pg/g w.w)

Gangwon (n=3)

Gyeong-gi (n=3)

Range Average* SD Range Average SD
2,3,7,8-TeCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,6,7,8-HpCDD <LOD-0.598 0.299 0.189 <LOD-0.132 0.0782 0.0565
OCDD <LOD-0.166 0.0829 0.0632 <LOD <LOD -
2,3,7,8-TeCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDF <LOD <LOD - <LOD <LOD -
2,3,4,7,8-PeCDF <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDF <LOD-0.369 0.185 0.175 <LOD <LOD -
2,3,4,6,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,4,6,7,8-HpCDF <LOD-0.0553 0.0276 0.0180 <LOD <LOD -
1,2,3,4,7,8,9-HpCDF <LOD <LOD - <LOD-0.390 0.130 0.184
OCDF <LOD-1.45 0.727 0.707 <LOD <LOD -
non-ortho PCBs
PCB #77 <LOD-0.135 0.0677 0.058 0.145-0.289 0.232 0.0628
PCB #81 <LOD <LOD - <LOD <LOD -
PCB #126 <LOD <LOD - <LOD-0.268 0.0894 0.127
PCB #169 <LOD <LOD - <LOD <LOD -
mono-ortho PCBs
PCB #105 <LOD <LOD - <LOD <LOD -
PCB #114 <LOD <LOD - <LOD <LOD -
PCB #118 <LOD-1.20 0.598 0.468 1.27-1.900 1.56 0.258
PCB #123 <LOD <LOD - <LOD <LOD -
PCB #156 <LOD <LOD - <LOD <LOD -
PCB #157 <LOD <LOD - <LOD <LOD -
PCB #167 <LOD <LOD - <LOD <LOD -
PCB #189 <LOD <LOD - <LOD <LOD -
di-ortho PCBs
PCB #170 <LOD <LOD - <LOD-2.35 0.784 1.108
PCB #180 1.46-1.47 1.47 0.0087 1.63-1.81 1.70 0.079
PCDDs 0.166-0.598 0.382 0.216 <LOD-0.132 0.0782 0.0565
PCDFs 0.055-1.823 0.939 0.884 <LOD-0.390 0.130 0.184
2PCDD/Fs 0.221-2.42 1.32 1.10 <LOD-0.493 0.208 0.208
DL-PCBs 1.47-2.79 2.13 0.657 3.32-5.97 4.37 1.15
ZPCDD/Fs+DL-PCBs 1.69-5.21 345 1.76 3.32-6.46 4.58 1.36

* Average were calculated with <LOD as zero.
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Table 2 Continued

Chung-buk (n=3)

Chung-nam (n=6)

Range Average SD Range Average SD
2,3,7,8-TeCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,6,7,8-HpCDD <LOD <LOD - <LOD-0.448 0.108 0.159
OCDD <LOD <LOD - <LOD-0.222 0.0371 0.0829
2,3,7,8-TeCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDF <LOD <LOD - <LOD <LOD -
2,3,4,7,8-PeCDF <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDF <LOD <LOD - <LOD <LOD -
2,3,4,6,7,8-HxCDF <L.OD <1.OD - <L.OD <LOD -
1,2,3,4,6,7,8-HpCDF <LOD <LOD - <LOD-0.070 0.0117 0.0261
1,2,3,4,7,8,9-HpCDF <LOD <LOD = <LOD <LOD -
OCDF <LOD <LOD - <LOD <LOD -
non-ortho PCBs
PCB #77 0.226-0.276 0.252 0.0202 <LOD-0.429 0.108 0.164
PCB #81 <LOD <LOD - <LOD <LOD -
PCB #126 <LOD <LOD - <LOD-0.106 0.0177 0.0396
PCB #169 <LOD-0.233 0.0778 0.110 <LOD <LOD -
mono-ortho PCBs
PCB #105 <LOD <LOD - <LOD <LOD -
PCB #114 <LOD <LOD - <LOD <LOD -
PCB #118 1.42-1.92 1.61 0.222 <LOD-2.73 1.29 0.822
PCB #123 <LOD <LOD - <LOD <LOD -
PCB #156 <LOD <LOD - <LOD <LOD -
PCB #157 <LOD <LOD - <LOD <LOD -
PCB #167 <LOD <LOD - <LOD <LOD -
PCB #189 <LOD-1.28 0.486 0.568 <LOD-1.08 0.180 0.403
di-ortho PCBs
PCB #170 <LOD-1.49 0.496 0.702 <LOD-1.29 0.214 0.479
PCB #180 1.65-2.55 2.06 0.372 1.25-2.31 1.70 0.349
PCDDs <LOD <LOD - <LOD-0.448 0.145 0.156
PCDFs <LOD <LOD - <LOD-0.070 0.0117 0.0261
XPCDD/Fs <LOD <LOD - <LOD-0.448 0.157 0.147
DL-PCBs 3.37-6.42 4.98 1.25 1.45-5.30 3.51 1.39
2PCDD/Fs+DL-PCBs 3.37-6.42 4.98 1.25 1.52-5.43 3.67 1.38

2 DB-5SMS Z#S& |83} Fraction 13 ThE GC Z710lA
4%2] DL-PCBs (#77, #81, #126, #169)$} 5%2] PCDD/Fs
(1,2,3,4,6,7,8-heptachlorodibenzodioxin  (HpCDD), octachloro-
dibenzodioxin (OCDD), 1,2,3.,4,6,7,8-heptachlorodibenzofuran
(HpCDF), 1,2,3,4,7,8,9-HpCDF, octachlorodibenzofuran (OCDF))
E ARSI, SP-2331 ZlA] UmA] o] & Aol gk
AFEAE 2AET PCDD/Fs 2 DL-PCBs®] A &2
F9192 sel wek Aggeld AEY AT W
EFERT ASATE Zgsle] Artsidct. 94 2 4
A Jeolte] Diok FHRAZZIYS ol85RL, 2 o]

ZJAE LODZ Table 19 YERASITH

TEQ ¥ Holidf =&%F dF. 717t Almor] ZFE 32
WHO-TEFsE #-8-sl3oH, 7t o|4dA IFwM4+4 5 E4
Z%<] <LODE 022 FA3t] o|53h= Lower bound (LB)
o} <LODE 7} o419 LOD #Hoz FAHsY o Z3h=
Upper bound (UB)®] 71 AlUE]E &3l TEQE Akt
th w3 FRE B9 o)Al mEHe 2008 FAZA Y
ZAHE (Korean CDC, 2008)2] =11 19 HH 3 (g/day) 2 3
TAF (S5 kgye It =E3S T35

v
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Table 2 Continued

Jeon-buk (n=5) Jeon-nam (n=6)

Range Average SD Range Average SD
2,3,7,8-TeCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,6,7,8-HpCDD <LOD-0.0465 0.0093 0.0186 <LOD-0.193 0.0624 0.0884
OCDD <LOD-0.145 0.052 0.0647 <LOD-0.476 0.0792 0.177
2,3,7,8-TeCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDF <LOD <LOD - <LOD <LOD -
2,3,4,7,8-PeCDF <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HXCDF <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HXxCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDF <LOD <LOD - <LOD <LOD -
2,3,4,6,7,8-HXCDF <L.OD <1.OD - <L.OD <LOD -
1,2,3,4,6,7,8-HpCDF <LOD-0.0383 0.0077 0.0153 <LOD <LOD -
1,2,3,4,7,8,9-HpCDF <LOD-0.167 0.0334 0.0668 <LOD <LOD -
OCDF <LOD <LOD - <LOD-0.403 0.0973 0.1518
non-ortho PCBs
PCB #77 <LOD-0.199 0.109 0.0900 <LOD-0.332 0.166 0.101
PCB #81 <LOD <LOD - <LOD-2.83 0.471 1.05
PCB #126 <LOD-0.286 0.0573 0.115 <LOD <LOD -
PCB #169 <LOD-0.406 0.141 0.176 <LOD <LOD -
mono-ortho PCBs
PCB #105 <LOD <LOD - <LOD <LOD -
PCB #114 <LOD <LOD - <LOD <LOD -
PCB #118 <LOD-1.65 0.851 0.728 <LOD-1.55 1.14 0.526
PCB #123 <LOD-1.04 0.208 0.417 <LOD <LOD -
PCB #156 <LOD <LOD - <LOD <LOD -
PCB #157 <LOD <LOD - <LOD <LOD -
PCB #167 <LOD <LOD - <LOD <LOD -
PCB #189 <LOD <LOD - <LOD <LOD -
di-ortho PCBs
PCB #170 <LOD-1.18 0.656 0.538 <LOD-1.04 0.343 0.4850
PCB #180 1.31-1.87 1.66 0.193 1.44-1.54 1.50 0.0320
PCDDs <LOD-0.163 0.0616 0.0757 <LOD-0.657 0.142 0.241
PCDFs <LOD-0.167 0.0411 0.0647 <LOD-0.403 0.0973 0.152
2PCDD/Fs <LOD-0.184 0.103 0.0841 <LOD-0.657 0.239 0.231
DL-PCBs 1.61-5.00 3.68 1.16 2.83-4.34 3.62 0.509
ZPCDD/Fs+DL-PCBs 1.61-5.16 3.78 1.23 2.83-4.63 3.86 0.594

A3 4 3F 74l et PCDD/Fs 3472 <LOD-0.722 pg/g w.w.oI13L,

DL-PCBs Z+-52 0.827-4.68 pg/g w.wo|th Y A olA
A= @i ZollA Aike & 365 sl PCDDs, PCDFs 3 AAkel o] tho]SAlF 7543 o], PCDDs Hi#ol
DL-PCBsol| ™3 ZFEX A3 PCDDFs ZHF#HS <LOD- PCDFs Bt} & 43S Yehliler, DL-PCBs 2538 2
3.67 pg/g wet weight (ww.)Z FAFAN ™, 73, A7), A&, olxel 7o) PCDDFFs ¢4t ZAF#EHTh =& 718 golgd 4
AHgA o A= PCDFs #H©] PCDDs Rr} =2 A4S U ASth 7k Adeolja] Aatd Az Helo] F ool 2y
BRI gk H= BE A ] & A|8A] DL-PCBs 3 #2 4 1.14 pg/g wwolAl ol 642 pg/g ww.elz, z}
F2 143642 pgg wwE ERIEOH, PCDDFFs HF#dH A9 Hod FFHEFS 298498 pg/g ww oz FAMESTH
o =2 AFEAS BT A8 ARge A 2 AEXY (Table 2, 3) TAA G Aar®l ®3 wele] pCDDs¢}
Aakeo] 2008 71 U WA AYake] 91%E XKL 9 PCDFs #R3-S ¥wd Az, dds) A8 Ao F A&
O (Statistics Korea, 2011) ©] A|ollA 2011d AAHE Wzl & 3.78-3.86 pg/g ww., B9 #F HAEFHS 3.00-3.24 py
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Table 2 Continued

Gyeong-buk (n=6)

Gyeong-nam (n=4)

Range Average SD Range Average SD
2,3,7,8-TeCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,6,7,8-HpCDD <LOD-0.0768 0.0243 0.0344 <LOD <LOD -
OCDD <LOD-0.207 0.0344 0.0770 <LOD <LOD -
2,3,7,8-TeCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDF <LOD <LOD - <LOD <LOD -
2,3,4,7,8-PeCDF <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDF <LOD <LOD - <LOD <LOD -
2,3,4,6,7,8-HxCDF <L.OD <1.OD - <L.OD <LOD -
1,2,3,4,6,7,8-HpCDF <LOD-0.146 0.0243 0.0542 <LOD-0.172 0.0429 0.0743
1,2,3,4,7,8,9-HpCDF <LOD-0.423 0.0779 0.155 <LOD-1.51 0.378 0.654
OCDF <LOD <LOD - <LOD-2.16 0.539 0.933
non-ortho PCBs
PCB #77 <LOD-0.147 0.0445 0.0634 <LOD-0.150 0.0723 0.0723
PCB #81 <LOD <LOD - <LOD <LOD -
PCB #126 <LOD <LOD - <LOD <LOD -
PCB #169 <LOD-0.261 0.0637 0.0986 <LOD <LOD -
mono-ortho PCBs
PCB #105 <LOD <LOD - <LOD <LOD -
PCB #114 <LOD <LOD - <LOD <LOD -
PCB #118 <LOD-1.23 0.767 0.546 0.919-1.42 1.21 0.183
PCB #123 <LOD-1.20 0.201 0.449 <LOD <LOD -
PCB #156 <LOD <LOD - <LOD <LOD -
PCB #157 <LOD <LOD - <LOD <LOD -
PCB #167 <LOD <LOD - <LOD <LOD -
PCB #189 <LOD <LOD - <LOD <LOD -
di-ortho PCBs
PCB #170 <LOD-1.30 0.217 0.486 <LOD-1.00 0.251 0.434
PCB #180 1.30-1.63 1.53 0.113 1.45-1.84 1.64 0.168
PCDDs <LOD-0.283 0.0587 0.104 <LOD <LOD -
PCDFs <LOD-0.423 0.102 0.153 <LOD-3.67 0.959 1.56
2XPCDD/Fs <LOD-0.429 0.161 0.189 <LOD-3.67 0.959 1.56
DL-PCBs 1.43-4.02 2.82 0.754 2.42-4.19 3.17 0.653
2PCDD/Fs+DL-PCBs 1.49-4.45 2.98 0.859 2.42-7.85 4.13 2.17

g ww. 08 A=54 ¢ ZHHH7I7J°ﬂ e R xlol= FA
HEHRA] edrh. A AE 7 ) AGelM F ZFTF oy
%HET 7l&& t%&t& DL-PCBs>PCDDs>PCDFs AR

RIS, olefst A Ay Ry FUsh TEEHSA
E}. olE fol&ilRe AE wE4E= U] € FHEAN E
4S T FHolso] aHEL ‘RJOD# o] ﬂlﬁH Uegaki &
(2006) & o tjst ﬂr°1i*1‘§«l TFoldl ARE A&z
WA= E975 PCDD/Fs @ DL- PCBsoﬂ 2%k F4=0)3) 7]
Tt 23, FEVIE HAEFE W T3 S501d V9=
7F = Ageta ok &, 5l 74A t7](Kwon &
2006; Kim 2009) ¥ ESK(Kwon 5, 2006)014 #FHo] =&

OCDD, HpCDD ¥ OCDF7} o &3 Helo] Fia] A+
olME ERIFY], tho| SR IZFIL A== *ﬂﬂEA =5
O|SAF WiIEAI A2AHe] 7R tigt PCDD/Fs ¥ DL-
PCBs2] RUE o] F a3 Aoz Aoker} Tk, M=t 87H =
oAl AAHE & A E9] PCDD/Fs o|AAAE F7]odgo] &
A3AY FAREA] AL A AGHZ Aol A2 =) ti7]

°] PCDD/Fs #F3gls} ti7]edzgo] Al714, =218 22l
wel 2 xpolE yehlz] wEel Zeg ddkEtkShin 5,
2011).

o SAIFE 1 88lge] S wet AA 549l
24 UrEMD#, olz{ gt Od%éﬂ% Z3Fste] WHOOA 1998
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Table 3 Concentration of PCDDs, PCDFs and DL-PCBs in Korean barley (pg/g w.w.)

Jeon-nam (n=4)

Jeon-buk (n=3)

Range Average SD Range Average SD
2,3,7,8-TeCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDD <LOD <LOD - <LOD <LOD -
1,2,3,4,6,7,8-HpCDD <LOD-0.0938 0.0404 0.0478 <LOD-0.0948 0.0600 0.0522
OCDD <LOD-0.227 0.128 0.113 <LOD-0.419 0.140 0.242
2,3,7,8-TeCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8-PeCDF <LOD <LOD - <LOD <LOD -
2,3,4,7,8-PeCDF <LOD <LOD - <LOD <LOD -
1,2,3,4,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,6,7,8-HxCDF <LOD <LOD - <LOD <LOD -
1,2,3,7,8,9-HxCDF <LOD <LOD - <LOD <LOD -
2,3,4,6,7,8-HxCDF <L.OD <1.OD - <L.OD <LOD -
1,2,3,4,6,7,8-HpCDF <LOD <LOD - <LOD-0.0446 0.0149 0.0257
1,2,3,4,7,8,9-HpCDF <LOD <LOD = <LOD <LOD -
OCDF <LOD-0.0936 0.0234 0.0468 <LOD-0.200 0.121 0.106
non-ortho PCBs
PCB #77 0.0797-0.354 0.197 0.123 <LOD-0.445 0.148 0.257
PCB #81 <LOD-0.0406 0.0102 0.0203 <LOD <LOD -
PCB #126 <LOD-0.492 0.149 0.234 <LOD <LOD -
PCB #169 <LOD <LOD - <LOD <LOD -
mono-ortho PCBs
PCB #105 <LOD <LOD - <LOD <LOD -
PCB #114 <LOD <LOD - <LOD <LOD -
PCB #118 <LOD-1.56 1.08 0.742 <LOD-2.22 1.37 1.20
PCB #123 <LOD <LOD - <LOD <LOD -
PCB #156 <LOD <LOD - <LOD <LOD -
PCB #157 <LOD <LOD - <LOD <LOD -
PCB #167 <LOD <LOD - <LOD <LOD -
PCB #189 <LOD <LOD - <LOD <LOD -
di-ortho PCBs
PCB #170 <LOD-1.04 0.260 0.521 <LOD <LOD -
PCB #180 <LOD-1.82 1.07 0.859 1.25-1.49 1.36 0.123
PCDDs 0.105-0.314 0.169 0.110 <LOD-0.511 0.199 0.263
PCDFs <LOD-0.0936 0.0234 0.0468 <LOD-0.208 0.136 0.118
2XPCDD/Fs 0.105-0.388 0.233 0.140 <LOD-0.722 0.360 0.314
DL-PCBs 0.827-4.68 2.77 1.72 1.49-3.66 2.88 1.20
YPCDD/Fs+DL-PCBs 1.14-5.06 3.00 1.75 2.21-3.82 3.24 0.888

o tholSAF2 el TEFsE WHE3SI, 200539] TEFs
= £ HI3SItHvan den Berg %, 2006). ¥ AFole
2005 ¥3EE WHO TEFs g3 ®bgstel TEQE AHdsisith
Aol 7} A|9E TEQ %2 LB AU 2.2 7% 0.0009-0.0220
pe-TEQ/g ww.2 ERlFen HiF TEQE 0.0056 pg-TEQ/g
ww.2 eI (Table 4), ©] Z¥= 20009 Kim 5(2000)°]
B8 00123 pe-TEQ/gd Hlwate] 50% F3=0I.2H, 2010
¥ Oh 5(2010)°] Eirgk 2k} zFo] Wim] 5 tjo] &4l g
F <001 pg-TEQ/g wwol FARE A= gRl=nt. 2837,
UB Alyglee] 79 29| 7z} A9 TEQx= 0.0630-0.0830
pg-TEQ/g wwollom, B /a2 0.0661 pg-TEQ/g w.w.

{1

{Oe]

ol ek, B3 HElo] R tho]$4l TEQE LBAIUE L] A
$ A& Ago] z+zb 0.0009 pg-TEQ/g ww., 0.0154 pg-
TEQ/g ww.2 UEem, UBAUE L2 4% 0.0629 pe-
TEQ/g ww2l 0.0725 pg-TEQ/g ww-= ZFF Ytk Table
4). A= gl A Ae] tolSAlR MRS LBAYELE 7]
Fo= 3 2008 5= Shenzhen XY =HF F Uo|3Al TEQ
H21(0.0053-0.29 pg-TEQ/g w.w., 1%k 0.022 pg-TEQ/g w.w.)
HUh=s We 530 A1o=7 i ¥rh(Zhang &, 2008). E3h, o]
XA 25E(PCDD/Fs, DL-PCBs) #F7]9%= 7oA LB
AU Q8] g T 2Fo tol&AlRel tig et 1HR7Io
T xo)7} 0.0006 pg-TEQ/g ww.2 A gkgkort, UBAUE]
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Table 4 The average TEQ concentration of PCDDs, PCDFs and DL-PCBs in Korean grains, (pg-TEQ/g w.w.)

PCDD/Fs DL-PCBs Total TEQ
Province
LB* UBf LB UB LB UB
Rice Gangwon 0.0220 0.0697 0 0.0133 0.0220 0.0830
Gyeong-gi 0.0021 0.0508 0.0090 0.0189 0.0111 0.0697
Chung-buk 0 0.0489 0.0024 0.0113 0.0024 0.0602
Chung-nam 0.0012 0.0500 0.0018 0.0134 0.0030 0.0634
Jeon-buk 0.0005 0.0493 0.0100 0.0200 0.0105 0.0694
Jeon-nam 0.0007 0.0495 0.0002 0.0134 0.0009 0.0630
Gyeong-buk 0.0013 0.0500 0.0019 0.0142 0.0032 0.0642
Gyeong-nam 0.0044 0.0532 0 0.0133 0.0044 0.0665
Average 0.0025 0.0513 0.0031 0.0148 0.0056 0.0661
Barley Jeon-buk 0.0008 0.0495 0.0001 0.0133 0.0009 0.0629
Jeon-nam 0 0.0493 0.0150 0.0232 0.0154 0.0725
Average 0.0006 0.0494 0.0086 0.0190 0.0092 0.0684

*LB was lower bound estimation, "UB means upper bound estimation (<LOD = LOD)

Table 5 Estimated daily intake (EDI) to the dioxins of Korean grains

Daily intake of dioxins

Estimated intake of dioxins

Proviinee Daily Intake (g)* (pg-TEQ/day/person) (pg-TEQ/kg b.w./day)
LB' UB? LB UB

Rice Gangwon 4.04 153 0.0735 0.277
Gyeong-gi 2.04 12.8 0.0371 0.233

Chung-buk 0.441 11.1 0.0080 0.201

Chung-nam 0.551 11.7 0.0100 0.212

Jeon-buk 183.1 1.93 12.8 0.0351 0.232

Jeon-nam 0.165 11.6 0.0030 0.210

Gyeong-buk 0.588 11.8 0.0107 0.214

Gyeong-nam 0.808 12.2 0.0147 0.222

Average 1.03 12.1 0.0187 0.221
Barley Jeon-buk 0.0052 0.364 0 0.0066
Jeon-nam 5.8 0.0893 0.420 0.0016 0.0076

Average 0.0534 0.397 0.0010 0.0072

Total TEQ 1.08 12.5 0.0197 0.228

*Daily intake values were referenced from Korea National Health and Nutrition Examination Survey in 2007 (Korean CDC, 2008), "LB means lower

bound estimation (LOD = zero), ¥ UB means upper bound estimation (<LOD = LOD)

29| 7% PCDD/Fs9] TEQ B+ 7]oJ%=7} DL-PCBs Xt}
0.0365 pg-TEQ/g ww. =2 A I 4 YUt

tiehl=r 430 2 AP 183.1 g2 7o R 7 X9 A
A FE tlSAl HFES 7T A LBV A
% 0.165-4.04 pg-TEQ/day/person BHS VERNoH | B4
FFe 1.03 pg-TEQ/day/person® 2 UENTE ©]= Kim %
(2000)°] B3 AEF =& 4335 pg-TEQ/day/persone]
24% Tl B3 B F3 tol AR dd HAHxE
%2 0.0534 pg-TEQ/day/person®| 2, o]= &3} HEE F
3 tolSalR AU gAwEo] 27} 00187 pg-TEQKg body
weight (b.w.)/day=} 0.0010 pg-TEQ/kg b.w./day> 2 2]Fe|ekE
bAoA sl TDI 4 pg-TEQkg b.w/dayoll thu]sled
Z¥740.46%%k 0.03% F=elem, d=ele] 20108 4FS 5
gk o] Al HA| =F% 24.46 pg-TEQ/day/person (Oh %,
2010) & 71=o® & o A3 wele] AFAF 7ldeo] 4
429 02%20 Aoz RIFATKTable 5). T3, UBAURILE

71Fo R A3 BEje] tolSAlF HAREES FHoke] A=
FAst dEsidets, 27F 0221 pg-TEQkg b.w./day <t
0.0072 pg-TEQ/kg b.w./day= TDI thH] 55%2} 0.18%%, =

A =4 Fas & 5 Ut

z 5

PCDD/Fs ¥ DL-PCBs= 524% 5 féled 5 52 A&
54 B AREREer A fEvt wol B dvAkEo]
IS = FelEE sl SR, Uit SRt E
Ao 22 §7F 9 HES AR o]FoR1 9l
of, ThaH] FAER] IFRE o= ¢ folsal ZHFEA 4
TAIE BFsle] AoldFE 5o tolSAF =EHE &
Yah=] ofelgol k. B =RellAE 1789 PCDD/Fs 2
14%2] DL-PCBl thate] 2010084 &=t 201134 Hzjo] of
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gk 2 B E olE 5ot d=jle] Y HAxREEES A}
st A= &l =ollM AHAS 36589 wmA s} Ad
ARl 2(FE 789 B gl gk R4 Wn] F
to]galRel 7 = i RS 2.98-4.98 pg/g ww.olSd
o, He|o] to|SAlF it FFHFS 3.00-3.24 pg/g ww.E
LA A HElE T 7 19019 oSl A==
& 1.03 pg-TEQ/day/person®} 0.0534 pg-TEQ/day/person <~
TN, o5 F=el HHAFT 55keS VIEoR IS Ag
Lower bound Alu2]2.2] 7% TDIHH] 0.469} 0.03%52H,
Upper bound AlU}2]2.9] 79 559 0.18%= =fuist A B
& T3 golSAlF =EVHEE vngt ZoR ArkE
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