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Shilim—dong San 56-1, Seoul 151-742, Korea

ABSTRACT

Since dioxins became a serious concern in Korea, a significant number of investigations have been conduct-
ed to address diverse issues related to dioxins. However, the results have not been organized for ready access
and use. The principal purposes of this work were to i) provide an archive of dioxin researches in Korea and ii)
give an overview of dioxin contamination. The focus of this work was placed on the contamination levels and
characteristics concerning the waste incinerators emissions, environmental media, and biological samples
(fishes/shellfishes, foods, and human body). Principal component analysis was conducted to identify common
and/or unique features and the important variables associated with the congener patterns. From a comprehen-
sive search of academic journals, research and monitoring project reports, dissertations, and periodicals of
other forms, a total of 115 counts were found that met the purposes of this study. The contamination levels of
various samples were summarized and compared to those reported in foreign literatures. The congener patterns
varied largely with environmental media and distinguished particularly by OCDD, 1,2,3,4,6,7,8-HpCDF, and
OCDF for the samples within the same media. The proximity to emission sources differentiated the congener
patterns in air and soil samples by the fraction of OCDD.
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Fig. 1. The number of retrieved publications on dioxins
during the period from 1994 to 2003, Korea.
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Table 1. PCDD/Fs in stack samples from incinerators

2 oy

AA| 63 Review 3

PCDDSs/Fs (ng/Nm”) TEQ (ng-1 TEQNm’) Sampling Refecence
Incinerator size, waste type Mean  Sd  Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs period
LMW 11 746 949 19~2490 42:38 57 84 0.1~231 25:75 '97.1~'975 &73z] 3, 1997

Aodg = 1997,

LMWI 2 130 80 74~186 63:37 05 02 03~06 28:72 1997 ’;313751 _,:;_’ 1999
LMWI-boiler outlet 1 840 . . 48:52 . . AAH 5, 1997
LMWI 1 25 . . 43:57 . . . 41:59 . ”
LMWI-boiler outlet 9 1519 2425 240~7857  45:55 58 91 12~296 22:78 °98.2~'98.11 A %, 2000
LMWI 9 129 16.1  0.2~430 41:59 1.0 09 00~46 24:76 ” ”
LMWI-inlet of bagfilter 2 213 . . 2377 91 - . 9:91 2000 o)A & %, 2000
LMWI 357 . . 69:31 02 - . 39:61 ” ”
LMWI 12 18243 43877  1.0~153003 28:72 323 365 02~1294 20:80 ’99.7~'00.2 =HFHAQF, 2000
LMWI 1 3823 29:71 365 - . 17:83  1999~2000 ©A-2- 2001
MS¥ HWIY, MWL, IWI” 3047 1092 142~2190  24:6 75 89 13~176 34:66 '97.7~'97.11 &73¥e]3dt, 1997
MS MWI 14 6535 10281 33~36282 24:76 683 1240 05~4242 20:80 ’99.7~'002 FHIAAFS, 2000
MS IWI 243991 6276 0.0~23454 27:73 308 539 0.0~2052 20:80 ” ”
MS MWI, IWI 37675 4828 427.5~1320.1 24:76 392 144 269~55  20:80 ’99.8~'00.1 =%HAATF, 2000
Paper-Mill sludge waste Inc. 4 1.1 L7 01~36 65:35 00 00 00~01 38:62 2000 A& £, 2000
MS MWI 10 18652 28025 55.7~89415 30:70 1479 1825 6.0~5179 25:75 '017~'025 27T, 2002
MS MWI, IWI 10 9368 21340 433~6990.1 24:76 37.1 406 3.6~1167 22:78 ” ”
MY IWI (A) 7 7536 4821 2342~14580 23:77 222 136 69~497 12:88 '01.3~'01.11 A%gF, 2002
MIWI(B) 4 46556 51200 900.8~120204 12:88 545 568 164~1378 9:91 ” ”
M Infectious Waste Inc. 6 1832 3654 24~9270 23:77 1921 394 0.1~99.5 23:77 *0L.11~'01.12 12, 2002

L : Large scale; ’MWI : Municipal Waste Incinerator; ?MS : Middle or Small scale; “HWI : Hospital Waste Incinerator; *IWI: Industrial

Waste Incinerator; M : Middle scale
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Fig. 2. Congener patterns of PCDD/Fs in stack emission samples as grouped by incinerator size and waste type : (a) large

scale MWI, (b) medium or small scale MWI and TWI.
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Table 2. PCDD/Fs in bottom and fly ashes from incinerator
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PCDDs/Fs (ng/g)

TEQ (ng-1 TEQ/g)

Incinerator size, N Sampli(rilg Reference
waste type Mean  Sd  Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs PeT0
LMWI-bottomash 1 44 . 65:35 0.1 61:39 A4 = 1995
LMWI-fly ash 9 4333 5429 79~13603 64:36 68 78 02~206 58:42 '97.1~'975 AT, 1997
LMWI-fly ash | 86.9 57:43 . . . . AHY 5, 1997
LMWI-fly ash 1 9793 84:16 68 . . o] 5% = 1998
LMWIA)-flyash 1 238 66: 34 0.9 51:49  1997.11  #7]¢l &, 1999
LMWIB)-flyash 1 1005062 74:26 22518 49:51 ” ”
MISVEYJf%yIZIs\I?}I 5 939 1614 29~3815 41:59 68 114 02~271  45:55 '97.7~'97.11 SAWTD, 1997
S MWI-fly ash 1 3034 94 - . . . o|EE % 1998
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Table 3. PCDD/Fs levels in air
PCDDs/Fs (pg/Nm’) TEQ (pg-1 TEQ/Nm’) ~
N pe pe Sampllgg Reference
Sampling site Mean Sd Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs PerO
Near incinerator 10 112 58 39~21.1 44:56 07 03 02~12 29:71 ’99.8~'00.5 2.A-2 2001
Near incinerator 2 139 26 12.1~158 15:85 06 01 05~06 17:83 199 ARz 5 2001
(Bucheon)
Urban area - . - . , ’ ) =
(Seoul station) 2 09 02 08~10 18:82 0.1 00 00~01 17:83  °98.3,799.1 ZAl= % 1999
Near industrial 234 03 31~36  22:78 03 01 02~03 13:87 o~ "
complex (Incheon)
Urban area (Pusan) 24 1.1~243 0.0~03 '99.3~00.4 7} 5, 2001
Land use type
—residential area 39 32:68 0.2 239 = 2001
—-commercial area 3.6 35:65 0.3 "
—industrial area . 7.2 38:62 0.3 . . ”
—rural 3 0.1 0.0~0.1 01.6~'02.5 = 14,2002
Size of the city
~large (Seoul, Taejon) 9.7 32:68 0.6 23:77 23 = 2001
-middle (Jeonju) 4.5 42:58 0.2 29:71 ”
—small (Cheonan, Kunsan) 1.3 35:65 0.1 27:73 ”
Size of the city
-large 15 0.2 0.1~0.7 0L6~025 ZFHRAQTY, 2002
-middle or small 8 0.6 00~1.7 ” "
Nationwide 24 30:70 04 09 0~4.5 15:85 °99.4~°003 ZFH3AATY, 2000
” 26 . 03 04 00~15 00.6~'01.3 =HA G4, 2001
" 26 03 - 00~17 016~02.5 FH3A 54, 2002
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Table 4. PCDD/Fs levels in soil
PCDDs/Fs (pg/g) TEQ (pg-1TEQ/g) Sampling
™ od Reference
Sampling site Mean Sd Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs Pero
Near Masan bay 71~12107 0.2~3719 . . 448 5, 1995
Near incinerator . . 100 4. g =

(Seoul) 1 1653 50:50 66 - : 30:70 '99.4~99.7 Fe1A £ 1999
N‘("E e 10 5620 6611 160~19964 53:47 191 234 12~750 80:20 1999~2000 2422001
Near paper-mill N . N . ! =

incinerator (< 2km) 3 432 354 33~712 54:46 19 15 02~29 23:77 &3 = 2002
Near incinerator

- . - . s o o

(Pyeongiack) (< 1 km) 26 249.6 22177 45.0~10144 69:1 48 37 14~155 63:37 ’02.12~°03.3 ZE]A], 2003
Park (Seoul) 1 789 - . 88:12 28 - . 47:53  ’99.4~'99.7 5914 X 1999
Landfill (Seoul) 1 2629 - . 91:9 33 - . 69:41 ” ”
Terrace (Seoul) 1 727 - . 66:34 .7 - . 45:55 ” ”
Clean area (Seoul) 1 380 . 92:8 09 . 46:54 ” ”
Urban (Taegu) 9 . 121.6~12441 - C . LI~173 0 - 199900 ZEE T 2001
Urban area (Pusan) 15 6579 - . 62:38 105 - . 54:46  °98.5~'98.6 71A}=z, 2001

» (Taegu) 7 576.1 . . 51:49 70 - . 26:74 1999.10 ”

» (Kwangju) i1 37192 - . 40:60 42 - . 22:78 1999.10 ”

#» (Changwon) 15 2068 - . 49:51 42 - . 52:48  1999.9 ”

# (Cheju) 3 1467 - . 84:16 05 - . 58:42  1999.10 ”
Background (rural area) 1 1289 - . 89:11 09 - . 62:38 1999~2000 2.A-2, 2001
Background area

(0km from paper-mill | 142 - : 7:23 08 - - s4:45 - A2 £, 2002

incinerator)

Backgroundarea (Risan) 1377 767 7351820 73:27 15 02 13~L6  88:12 *02.12~033 A, 2003
(7 km from incinerator) ) : ’ ’ : ’ I ’ ’ woenth
Nationwide 35 3804 16413  0~97358 93:7 09 38 00~224 74:26 °99.4~’00.3 =334 434, 2000
, 35 17 68 00~405 A 2R, 200
” 35 1.7 0.0~43.3 014,°01.10  ZFHFAHTY, 2002
Land use type

—agricultural field 25 0.0~433 ” ”

-industrial field 4 0.0~0.6 " ”

-athletic field and park 3 0.0~0.1 ” ”

-others 4 0.0~1.8 ” ”
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B2 AFAE Al A= 19993 32E] 200137}1%]
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= WM E 29 = FE2 WS G
et}
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Table 5. PCDD/Fs levels in water and wastewater

=TT

Al

2 o] AZA £33 Review

PCDDs/Fs (pg/ 1) TEQ (pg-ITEQ/ ! ) Sampling
N - - od Reference
Sampling site Mean Sd  Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs  Pero
Nanji landfill leachate 4 2735 2033 97.5~4937 63:37 143 14 13.0~161 39:61 '98.12~'99.3 o]&= %, 1999
Landfill leachate-raw 2 765.6 203.4 621.8~909.4 68 16 56~79 '93~97.5 784 %, 2001
Landfill leachate 2272 U3 10~443 09 02 08~L1 , ,
-effluent
Paper-mill
wastewater (acid)
-before bleaching 1 1649 61:39 1.8 38:62 Ael3] = 1998, 2001
~-after bleaching 1 12919 61:39 514 37:63 ”
Paper-mill
wastewater (alkali)
—recovery 1 504.1 24:76 422 18:82 AAA E, 2001
~finishing 1 3795 38:62 227 8:92 ”
~catch basin influent 1 3302.6 97:3 2266 96:4 ”
—catch basin effluent 1 584.8 62:38 317 59:41 ”
Rivers, lakes
-nationwide 43 36 50 0~206 84:16 0.1 01 0~05 51:37 °99.9~°99.10 Z3AHTH, 2000
’00.5~6, -
” 43 0.1 - <00~11 "009~10 237 A4, 2001
p 43 01 0~10 OL4~5, Samaazg 200
: : '01.9~10 ex e
Water type
—rivers 34 0.055 ” ”
-lakes 5 0.012 ” »
~effluents 4 0.298 ” ”
olAe] E FAMEAFAEL 29 FHAIGL  Fo] AsE £AFANAAN guRAAEe] A
=FegErt A55e] Qg A TEAez  AE B Uy 2o gelgal wWEe pad
Vepl T glow o] Eofo] el S 3 glont 1 AR v|AkAel FAwe] xgd o
Aslel AAR HAYE RelFTh 53 LEE ol $ARE F24Y Wz ol 422 1A
£ TEQ®E 7|Fog Hrleles A$ I Ak o] AZ| 1 9lc}. Table 59 F+8 A mfe} #H5 F
9% Fosl e 497 ok uE A o cholsal 2dxE 2oelgls

t-7AAE olg3le] 29 FHAH = Y
9] ¥x5Es vEHPL o 2 ezt F5HA
el = okgkAlEl, Fig. 6] Weld whel zhe)
o)A 38 wm A7AA FZux|Ho g rE
QxR gut mefe s 42 OCDDY =
H&S ZrlE 3 RAH FEREL Fam:
AgFE E 5 Ut

32

ol gA41E d7l2RE Axen §o90 wa
Bz 9 AXFAY A A7) BANGA A2
5¢ 58 fUH7)E W) B3], Dol gale) F2

wAdez A e 2R A FA7

19999 50] FAVAATFAANE $EUA
MEEeiAE Gt 0 AR W WA
= WA D24 24 A 4329 o8 FE

£ 2SR &%), 1999). 744 F(2001)
=AARI7IEE F2 djYekn e SRR,

AR 52 A 971l BHHE @ Y
Aol YA A2 5o BRES F ol Al E
254 AH BAstAd, 925 A A8E =
5 AR RaelAe) wErt 24 E901} 47
A7 F2 s e Yo WA A2e
2AAFET 5~05u) ol ¥T WS FTEE
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Fig. 6. Congener patterns of PCDD/Fs in soil by distance
from incinerator: (a) near incinerator (<12 %
1999; 21 &3 X, 2002; & A], 2003), (b) back-
ground (5+<18 —‘;- 1999; &= = 2002; A,
2003), (c) nationwide (=3 87 %1, 2000).
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Fig. 7. Congener patterns of PCDID}/Fs in water and waste:_
water: (a) landfill leachate (o] &= %, 1999), (b)
paper-mill sludge waste water (%3 <33] %, 1998; A
13 % 2001; A7 5, 2001), (c) rivers and
lakes (=+8] 373 | 7, 2000).
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Table 6. PCDD/Fs levels in sediment

=
w

a)
-~

oA $9 Review 11

PCDDs/Fs (pg/g d.w.)

TEQ (pg-1TEQ/g d.w.) Sampling
N od Reference
Sampling site Mean Sd Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs  Peft0
Masan bay 11 31:69 1~76 1992.5 9g&d 1995, 2002
Coast . . 2~32 . G.Oketal., 1999
Southeast coast;
~Pohang (Youngil bay) 5 40:60 59 17 44~86 2971 2000.2 H. Moon ez al., 2002
~Pusan bay 5 68:32 26 19 12~59  42:58 ” ”
~Jinhae 5 65:35 21 1.0 05~32 41:59 ” ”
-Ulsan 6 . 67:33 08 02 06~12 43:57 ” ”
Ulsan bay 2 27113 79:21 32 - 13~55 33:67 2000.11 H. Moon et al., 2002
Jeonju river 4 89 80 25~201 74:26 02 02 01~04 32:68 1999.11 & 22000
Han river (Group-1) 7 77 42 39~140 64:36 02 01 01~02 23:77 2000.1 E]%*_i,ZOOO
» (Group-2) 7 1047 99.2 247~2452 68:32 20 19 02~44 18:82 2000.3 ”
Rivers, lakes
-nationwide 11 59:41 0.2 0~1.0 39:61 °99.9~’99.10 ZFYPIALFY, 2000
’00.4~6,
P 1 0.1 0~02 0ol FREAATY, 2001
'01.4~5, .
” 11 0.1 0~0.5 01.9~10 Ao 4, 2002
100
T A7tz W&t~ §33 §-A13F EAS vE (a) W Jeonju river, upstream
75 | =] juri
W3 Qo Ho] ZEHT. b & down stream
4) X‘IE 25 F
thel g4l Ak ez Bl A %A g A 100 : e
" | W Hao river (Group-1
¢ 7HEe A2 408 Fol Al Ay 2§ st £ tHan ive Group-2)
B WP Aeteel Asel FA=A ® F w0
£ 1
t} Table 60l =W SHQPA A = 7} 814, 3442 & 25¢
=M 2AE GolAle] B 2SS o) e et
B&H F(19952 vhae] 2FA AR, & 75 © e pokes
W 5(2002)2 Faaietel e AMYEAR EY 50+
Al 23k VAL 24k A 2] 2100 A QP2 Ax A 25t
,E_.)s ]&—,—— K=N LR} ol R e d]
iert AEs sonns Afes SR EEEEEEEEEEEEEEE
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20 AH, 3% 1) AHANM 2% Som 2re) A «2333T 224223333
B I el
= Nag AFstgch H44 000 B} 2F R R s
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Aot 2F 12 A m Qe A 47
o shHot AFUE SOmARAAAA A® =23
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AL giE F AHAM AFsAS 2F 2
B IF 1 AHT X F919 clay 9} silt Aol

.

Fig. 8. Congener patterns of PCDD/Fs in sediment: (a)
Jeonju river (1 &= %, 2000), (b) Han river (3] &
2], 2000), (c) rivers and lakes (=3 A 34,
2000) and Ulsan bay (H. Moon et al., 2002).
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Table 7. PCDD/Fs levels in fishes/shellfishes and amphibia

Vol. 19, No. 1

AER A2 oha 30, Tol SAlFel vl #
B eEHlEE wodt dAde] HuA ¥
A e A Azt s sas A=
TEQs= &L SAM=zs {43 Aol7t gl
' Aoz vt

Fig. 80 & A= Fo <’V:V“
HE sl At Al el el ket
227 A, 3 0~S5cm)llA £A 2
ol £ at 2] e A d2 A
FH AR, zEla 4wt A, 34580049 o)A
AA FHol A8 iR A& 2H= 0CDDS
B FEHEe] BF 50%% dowA v w1,
1,2,3,4,6,7,8-HpCDD ¥ 1,2,3 4,6,7,8-HpCDF,
OCDF7} B0 & ul&& el

PCDDs/Fs (pg/g)

- o Reference
Species Mean Sd Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs  Pero
Masan bay fishes/shellfishes 52~3419 0.1~22 . . 4d %, 1995
Coastal shellfishes o o
(Incheon, Kunsan, Yosu, 5 161 - 113~215 67:33 03 0.1 0.1~05 1095 AFEMAEIY, 1999
HES 5,199
Pusan, Sokcho)
Oyster (Seoul market) 1 21 57:43 02 - . 28:72 1999.3 ”
Fishes-pollack, anchovy N . N . . ,
(Seoul market) 2 28 37 01~54 86:14 02 02 00~03  52:48
Jeonju river fishes 15 137 122 26~525 42:58 1.1 09 0.1~34  32:68 1998.10 712 %, 2000
5 large city market
—mackerel 15 1.0 09 81:19 01 01 73:27 . 44 F,2002
-pollack 15 20 17 92:8 0.0 00 14:86 . ”
-yellow corvina 15 16 27 76:24 00 00 53:47 . ”
~cutilefish 15 22 08 87:13 0.0 0.1 28:72 . ”
PCDDs/Fs (pg/g) TEQ (pg-WHO TEQ/g)
5 city fish
-hairtail, mackerel, 15 0.8 09 00~29 . . AAE £ 2000
yellow corvina
5 city shellfish
-oyster, granulated ark, N . . .
short-necked clam, 20 0. 03 0.~12
sea mussel
3 city fish
-mackerel, hairtail, eel, N 5T &
pollack, yellow corvina, 27 04 14 0~72 77 %5, 2002
flatfish, saury, octopus
3 city shellfish
~crab, oyster, shrimp 12 01 01 0~03 . . ”
short-necked clam
Fishes
~crucian, carp, dace, 0~13 00. 12~ 28774, 2002

gobiidae, dark chub
amphibia-3 frogs

0~1.3 . ” ”
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7€) Ali—g AT ol Al B & vERiSIE
W AlsE A Im o]l HA7 vy 2w} aan|Atd el AARE AE F el
el A gl A= Fel] AAT duke A AFE ZUEY 2AH1999)eME SHAAM A
e}t A% 452 7 AEE 4768, 3271, 3 19F9 A AES Gz tho|3Al AR
212.7,166.4,283pg/g dw. o2 AEHALoH o]  Fxg ZARKIG. AN Alss ALl A
SAFek FRAFE) HE FE WSS 41592 = WA B Y AFRM st M2 oE
A Sl 3N A sdXsE Fd3H £t s
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Table 8. PCDD/Fs levels in foods

N PCDDs/Fs (pg/g) TEQ (pg-I1TEQ/g) Sampling
Food Mean Sd Min~Max PCDDs:Fs Mean Sd Min~Max PCDDs:Fs  Period

Reference

Meat (beaf, pork, _ i _ ) 1007 AN AR 54,1999
chicken) 5 1.69 263 0.11~6.33 88:12  0.03 0.04 0.00~0.10 50:50  ’99.3~'99.6 A2T = 1999
Milk 1 002 - . 40:60 000 - . 31:69 ” ”
Cereals(rice, 3 493 007 084~098 88:12 001 000 001~002  44:56 ’ ’
wheat, corn)
Bean 1 161 . . 92:8 001 - . 44:56 ” ”
Fruit (iangerin, 047 009 037~053  90:10 001 000 0.01~001  42:58 ’ ’
apple, orange)
Vegetables 5 090 020 076~104  76:24 002 0.02 001~004  40:60 . "
(cabbage, radish)
Potato 1 043 - . 87:13 001 - . 36:64 ” ”
Hamburger 3 226 041 187~2.70 93:7 0.03 001 0.02~0.04 57:43 ” AAA = 1999
Fried chicken 2 235 004 233~238 89:11 004 0.01 0.03~0.05 41:59 ” ”
Milk_Seoul market 4 20.5 . . 44:56 26 14 03~35 62:38 1999 294 =, 1999
Scallion 4 139 040 092~1.88 49:51  0.11 003 0.07~0.14 30:70 . A2 2002
Rice 4 007 0.14 0~027 100:0 0.0 . . 100:0 *03.1~°03.3 =), 2003
Radish 4 0 . . . 0 . . . ” "
Milk 7 0.03 0.08 0~0.21 0:100 0.01 0.04 0~0.1 0:100 ” ”
PCDDs/Fs (pg/g) TEQ (pg-WHO TEQ/g)
Rice 5 0.00 0.00 0~0.01 2000 Q7AE 2000
Bean 5 0.01 0.01 0~0.03 ” ”
Meat (beaf, pork. 5 007 006 002~0.13 , ,
chicken)
Egg 5 002 002 0~0.05 y ,
Meat (beaf, pork, - 3 E=
chicken) 3 0.01 0.01 0.0~0.01 2000 2 %0 =, 2001
Meat (beaf, pork, N v =
oo 3 0.07 0.11 0~0.19 002 TR E 2002
egg 3 0 0 . ” ”
milk 3 0.00 0.00 0~0.00 ” ”
cheese 3 0.01 0.01 0.00~0.02 ” "
butter 2 0.04 0.01 0.04~0.05 ” ”
rice 3 0 0 . ” ”
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Fig. 9. Congener patterns of PCDD/Fs in foods: (a) Jeonju river fish (&= 5, 2000), (b) fishes CAAA -, 2002; A E==
1

Z, 1999), (c) shellfishes-oyster (123 &, 1999), (d) meats, cereals, fruits and vegetables A2 5,

milk (&= 5, 1999; 784 %, 1999), (f) fast foods (734 5, 1999).
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