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ABSTRACT

In order to accurately evaluate the distribution and emission characteristics of
volatile organic compounds(VOCs) produced in the landfill environment, we
conducted a series of field campaign to measure VOC emissions from a total of
eight landfill sites located all across the Korean Peninsula. During the field
measurements made from Sept. 2000 to Dec. 2004, we investigated VOC emission
characteristics from 1 large scale, 5 mid scale, and 2 small scale landfill sites. The
results from our 4-years study is used to provide valuable information for the
management of landfill facilities in Korea. If annual emission rates of VOC are
compared in terms of toluene, the magnitude of its emission differed between the
closed and active landfills. Whereas closed landfills show emission rates from a
few tens to 500g/yr, those of active ones were recorded as 1,000 to 40,000g/yr.

Keywords : Landfill, VOC, Methane, Emission, Emission control
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Y2 Z58E wEEE A F7133HE A E(volatile organic compounds: VOCs)9] #j
&2 48 714 A8 FAE op7|dth wi@A #4 9 VOCe #HE A7 o7
T2 FES UE AU A 7HAZ 298 Qi o] FAME 53] WiHA EF iR
A BdstA BAE T, gAY A EHo|Y wiEF 5§ 3 wiEEE VOC HEEC]
FH A9 AEA F% T g)F A3 2T 7 ke FES Y
olZd SQIEZR U8, MY NG AN we= HAE FHAA G ALY
273813 Qi o) A H o2 olgfd EHo| 23| YA E, iEEY 43 FF, A
24, WHEEAY), ol AAEY] FR T3 o] 7|EAQ Feid] g AR 9
T QYEAY 7, A4, o570 9AY F2 873U UiFd AR F& %A VOCY
HEEAT JAAIIZ A8 F UE7H 477 FostH Y 5, 2002). °l& VOC
o} 2L F8F 2LEEAEY WEHEE AAse EFH vFEH FEst] dEel
1= 4 gl

E A3Ae 20000 H|F HF9 AFE ALeA dAE fPAe ARG o8
Ao 2 2001AFE 2004Q 717K A ATFHA A F8E B ol AT
g A&Hoz §Asgth B AL 2001358 A7A Aol AHAIRE e F R
WHFES vz AFsd, VOC slEEA4E #9337 A% A7E AS3aAth 2003d
A, BFA ERE, AAEE AAAY AT, AFAY 20 AG(=3, 34) Tl A
3 FAS dig 2AE SR 283 2004d0E AL A& AR, FFA
TR FHE m@dd e d7A JAdF W@ AGd gigd 2AE F7lsE.
a3 20049 v ARER Al - T WPGA AR AT Al & FYeE F
A 27 FHE EFE dPdes AR ARG 53] ol vldFe B, A
A A% gl AHA wgete ARE FUkk 1o PETE AE 71EAA VOCH
HEEAS ZAREE REME 7129 d7d9ET 2004 AR2e] F71e At
ZANWEA G g e ATARES TZFH 0T 23, AT WHALES d@
VOC 429 wi&HEs} w5438 A9stazt 3%
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£ QFME F 89 u@de e 49 olade) 717k dA VOCY WE54¢
ZARIT o2 A7ZAIE EGE VOC A2 WEEAS ZARIAY. 4 g3l
WE AEE <F 1> AASA By vadyd i@ T rdu o] 272w TR
7t 74 2 YAEE dudgos BRaANAC. ol vl VoFrEe FR H3EE 2
< 27, I, A, 8 A - F @A FHoE ERAAT. 2L o]F THEET
TorEo2 A 4F, =Y YA 2 dPNMELE FFAUT. E ThE SHA
AA 874 v F Aol A wigol Y Foln, YuiA= vjHo] 43| FEHA
U 7oz kst dAZt A Fol vk dAR A E AA #ASUE viEA Fol
7P 2 Wi By es 2AEM AFFHQ v gy s Hed e 7P 28
g WA 29 R 3Fdn. 2 Q7L GAE ye e F2R 2L F
TS A2 dF A58 QA vt glon, o9k FAle] VOC 4&e F8 slEdesy
W@Fe] £ AAE 20 vt JATHKim et al, 2002). wido] 8 WA= W@
HE AFASLE A A5 DAz Fol== 000d 99 FFHoE HASiT
3 g A3H =3, T3 7 oiPA=E TEE RFoz B/ 5 Ak ol zHe
2 SR AP APk 24, 34, A, T3 A @A 2006d AHE 1=
E5 23 vide] 1 T AQ] HF. 4 AT W@ ¥ #=2 VOC
HEF S A% B4 vl Wy AFe veh= AR 746} VOCH] miE574(d
9 ASD)E FR3lA de dx grlE FUA 23T W@ dd 5L AL
(2002 129)3 HE24 (0039 79), 7 Ateldl 2A At WA @A o9 A
3HA Ae(004'd 18)3 4S5 BY)dl 2 AEH weE A5 22a 7P viA|
Yoz 449 T3 Wy oln] wige] Fad T @RI ofd AFF A wHF] F
Edhe TTE NLEEAM & AR 25 st 4482004 5, 7, 10, 11, 12€)9] EA
ARdH BFeE n2A AR :

Aol Med Whdtest vifAPqR oo = vt FFH F7& vud
T Atk F3 T WHES ALY 419 FHE EFL BF A4 d@iAs 385k
o] AP T E= FEE Felolth. o] ¥Ef, dA L AFE wjYA| M= iF-E ol
d ARTE SRR B @A e] F2 HEHUT o 2AF BA AF WER
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<E 1> A list of Korean landfill sites investigated in this study: detailed information of all
sites is provided.

! Operation .
Short | Operafion | o ~ Area} Volume Study period
Odder|  Name | N | Locaon | = ™01 See Starrt)en Ognd o) | () (Sample collecion)

Nanji-do NJ | Seoul [Nonsanitary| Large | 1978 | 1982 | 272 | 1.10x108 20 Sept.~4 Oct ‘00

Unjeong-dong | WJ | Gwangju | Mixed* |Medium| 1991 |Present| 0.28 |4.37x106|  9~11 Dec. '02/ 4~5 Aug. ‘03
Sampung-dong | SP Gyeongsan| Mixed* | Small | 1980 [ 1997 | 0.03 | 290xI104 14~15 Jan. '8
Hoecheon-dong | HC Jelu | Sanitary |Medium | 1992 [Present| 02 {2.29x106 2~23 July ‘83
Nohyeong-dong { NH Jeju | Nonsanitary| Small | 1980 | 1992 | 0.08 | 1.66x106 Same as above

Do | N —

Bangcheon BC | Daegu | Sanitary {Medium| 1990 |Present} 06 | 1900 ¥d 13~16 Jan,14~15 Aug. ‘04

7| Dongae  [DH-New| Dongrae |Nonseniiary| Medum | 1961 | 1999 | 022 |050x106 30 O‘CTgE;V‘aN{;V“‘zB‘fmJ”{j&_ "

8 Donghae  [DH-Oid| Donghae | Sanitary |Medium i 1999 |Present| 0.35 | 0.32x106 Same as above

* Mixed type denotes that nonsanitary treatment was applied in the early phase of operation, while
sanitary one in the later phase.
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@7tE F VOC A8E F2 Ak Al E4402 AHEHE FAFE g 10(E
© 3 #H 2719 HEYBE JFY FHAAAN L dF3to] AU wWiET oz
FE HEEE VOC 485 i@ AsAFSt A0 o159 wiEae ] 913 )
27129 WiESE, 2E Y F8 FAUTE F5353A(Model 8330-MBC, TSI
Instrument)& ©]-&3te] A3 FA3AE £F FAlo wjE7lzo] SiH dE, olitsg
& T F8 315 AR dig 4 gas)h ofeE tiRE] gl wHF &
59 71l dENE AR S-S A 83, Bzl #4dE VOC B89 &
EE4E AT ABARE A 3.

3. Azl B4

MEZoSNE MEHE VOC A2 $58 AsH) 245 AL WEASe 44
2 23S A2 o oA 7HE 71RA BRe] SR 2 ATIME ST
22E MEHE 7l2(0)slME landfll gase] )2 LFGE E/el #4d W=
VOC HEE3} 78 7h2dy2Ee) $46) 35t B85 VOC 429 BHL 2 9
Fro) AAATNN 848 AP o] GC-FID(Model DS 6200, Donam Instrument,
Korea)st 2 -87)(Markes International Ltd, UK)E Z¥& 212 L4228
S 4FAHIAR 5, 2009). -

HEH Wol 97 A2 Ae® 9% A47] Wie] F3e $IWr MFC(mass
flow controller) & 53] YA #HOm/min) 02 5% AT LH A§7] WRZ FYA
ATHE BAGEE 40ml 52). 2 vl2 "] 2E o484 10T $A3H= 24|
A, cold trapel B A&7} L% %(cryo-focusing) o) HES FESHAT oA 5
29 gt 92ARFETIA 1087)E AR %, GOlgas chromatography) column
(DB-VRX, 60m x 0.32mm x 1.8m SGEA} AZ) 0.2 FUAA, HEH AL 242 54
8tk olm GCY oven 2L 27]2E S0TAA 587 A8 &, 6C/mine2 230T7
A N7, AELENA 5B Sk A5 GC BHE 98 7hazde g 2
Aoz FAEIE He= 30; No(Makeup gas)= 30; Air= 300mil/min. ;

E Q7N B85 HRSe AR gravimetric W02 Zu)d EF AR(EPA
Volatile Organic Compounds Mix2, SUPELCO)E 7|3tA)7)& Wl o2 HIetgch o)&
A FH18 AYE BE7R2 e WSATE, I FEH(0, 20, Ong)l A W20
2 BASE B0 ARNL Huagth olg 2o MEENe AR2RH YHEZL
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A2 A3, BE AREM ARLE o 9% o]8tE fAlskE Aeg Yehyt B &
AA| 2" 9] é.z} £ TO-14 EF712 5§ o| &3t v T4fz A 5% Y2 Eels

Atk A FE 71Fo2 @ v, E Aol $88 GCFIDA2DL benzened 71E 2.2
2 01ng T%:-A AERAE SASG, & EEAA AN TVOCH S GOFDAIA
AP RE VOC 4R 37 n@ae.z HHol 75 B 77 Y Hrow Hue
S, Ui 45E 25 S34 4908 Ao s A9 gelth

HlE 7] dFdE 7‘/‘}7]?iﬂ G| 2=)(SPIS, Donam Instrument) & AHE3FIA| T
W2 ol 3] A5 E42 MarkesAte] Unity@€3718 AAE GC-FID ¥4 & o] &3}
Aot 2y deF oz 98T WEAY 14 ZAPIZH AL #4T A8EL B
3% A8 ZH B4 &o)3 F¥ GC-PID(Voyager Assay # 1, Photovac, Inc.)S
AHEEHATE B Al2"E EAOPY B3R BAEE 7102 light, medium, heavy VOC
AEE dste 24z S8H 02 UAE 3/ ZHE o83t BT 5 A AN
o 223 o] WBAY A, 71719 544 EPA 601 ¥Wiel wet v $2AE U
A3, EPA 602 Hgle) Wk HEE EPA 624 Wil 23 7|l AEES ¥2Hog ¥
ke 409 7HA RS BAshe Ao] 7hsslth olgjdt wale) A, @A iE 3
3] iEEA A8E EYE AUEE AEEY, BTEX AEE5S UEg 5% W99 42eE
A4t GC-PIDAI Y9 #4542 GC-FIDA 2|7 ¢] 43 va4 oz AR
o & Al2"e) E4ATE dE 10%E B33 HY WA $35§ dAEE 2o FY
o ZnE AAAAZE Bt vl oJ3hd, durEd BEARE ARSI £48 A
5% o8] HEEE FAlgte AR delA UTHEbersold and Young, 2002). GC-PIDA]
SE AAS 7|Ee2, o S0ppb FE HETAE B
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VOC ¥E22 5T=X

<IE Dol & A7 tide] 8 F8 UH%” AHEES MBARI AXE =43
oh <& 2>% <E 3>ole BTEXE HAT F8 3FE VOC HAEES SALZ 39
LFGA &9 si g7 F3¢] &4 f\lﬂ—oﬂ 3k EAZHE T4 o8 22
<2y 2~5>elle EARAW]), HABC), T A 1R FHDH-New), &3 + =g%
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Astgieh. <E 2>9) Aol A5, HYFY 5 A% 4 4@ SOl w2t WET R
A3} B 78 HES FHO

Fro B FF Aol doe Ae AT + Yo EF
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<32 1> A geographical location of five landfill sites investigated in this study(For details

of each study site, refer to Table 1).

South of Korea

D)HC

e,

Seoul ° Gwangju |
B) WJ
Gyeongsangbuk-do Jeju-do : '
E)NH a &)
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<E 2> A statistical summary of major aromatic VOC concentrations determined as LFG for
all 1andfill sites investigated in this study(all units in ppb).

Landill 1D BEN* ToL B | Mx o | Sm
|. Aromatic VOC compostions in LFG collected from each study site
AN 3186180149 | 250£287(204) 10416.9(4.12) | 45.1461.128.3)
022~30652" | 358~ 143153) 0.16~69.4125) | 0.14~311(51)
B. WJ 1] Winter 234+143(201) | 1088310355(7218) | 2076+2286(2286) | 2362+1553(2142) 2590+1501(3015)
B~479014) | 1018~32316(14) | 604~8133(15) | 454~T072(15) 895~4795(8)
[2ISummer 924+1054(494) | 2610£2354(1484) | 962:498(999) | 1045¢522(%60) 91.5¢79.5(56.0)
135~ 2767(6) 661~ 63416) 412~172306) | 509~ 1794(6) 37.3~24816)
C. 5P 251230700.24) | 344:287045) | 11.1£9.928.40) | 1027.33(856) | 13.4¢15.188.7)
049~862010) | 6.03~102(10) | 247~323(10) | 3.2~245(10) | 243~52(10)
D. HC* 828+718(697) | 1808+1520(1566) | 1264+874(1624) | 946¢691(1012) | 1269+886(1495) | 65.6+32.7(58.6)
184~ 1603(3) 414~ 344403) 267~18%0(3) | 225~16023) | 292~202008) | 37.3~101(3)
E. NH 17 {K] 57 H2 489 248
F.BC [1] Winter 1564+ 1695(1178) | 64765¢74438128902) | 5693+3423(6120) | 4431:£2656(4644) | 1001£745(1081) | 113042234(551)
126~T125014) | 411~253370(14) | 686~10683(14) | 472~8374(14) | 64.7~1993(14) | 40.0~8844(14)
2} Summer 267412186 3059337690 695413027 40122164 256141488 284+102
831~852010) | 2123~90965010) | 2088~ 11150(10) | 1588~7650(10) | 107~4732010) | 95~417(10)
G. DH-New [1] Spring 642405 514123101 1991745 1081394 5361273 16894
285~ 1220(4) 1962~ 9036(4) 996~2703(4) | 693~1519(4) | 244~82014) 77~ 26403)
[2] Summer | 50913695 614216749 33533216 255621719 176041062 480263
1276~8611(4) | 719~ 15984(4) 568~632014) | 374~4503(4) | 212~256714) | 138~T71%4)
3] Fall 171150 1364899 17781226 TTT+501 80.3:859 7074450
17.2~328(4) 390~2148(4) 133~30304) | 113~1312(4) | 0.12~18404) | 744~11300)
[4] Winter 136112 5381363 1293+1013 5364435 1424123 151581351
169~238(3) 133~8340) 124~1900(3) | 882~957(3) | 18.3~26403) | 42.3~26%6(3)
H. DH Oid [1] Spring 2054108 303495 1074625 1234709 533244 60.7
28~4203) 246~3330) SII~17503) | 494~19183) | 255~T1.209) 60.7(1)
[2) Summer |  7.73+0.69 2114845 19.4£21 126413 9.3419.09 293£203
731~85309) 135~30.2(3) 094~42304) | 0.18~2620) | 1.77~19403) | 126~5.190)
3] Fal 0.44£0.15 883504 4334179 29621.17 2591266 1.89+0.76
0.27~056(4) 251~13() 175~5624) | 1.22~36704) | 037~6.15(4) | 076~2.4014)
{4] Winter 5274101 582753 1741226 128£180 839158 96.1£133
0.35~2034) 6.78~1613(4) 302~488(4) | 236~38714) | 043~321(4) | 141~28614)

Superscript 1 denotes mean and 1SD with the median value in the parenthesis. In addition,
superscript 2 shows the concentration range with the total number of measurements.
* Short names of BEN through STR denote benzene, toluene, ethylbenzene, m, p-Xylene, o-xylene,
and styrene, respectively.
** In the case of HC site, the values were derived from 3 LFG samples that cover both vent pipes(2
sites) and a centralized collection system.
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<3 3> A statistical summary of aromatic VOC compositions determined from ambient air
samples collected in the vicinity of landfill sites.

Landil 1D BEN* ToL EB MPX* 0x STR
AN 096£085(0.72) | 8.99 ¢ 6.106.32) 0.89+0.72(0.66) | 0.21:020(0.16) -
028~32408) | 027 ~ 226(8) 0.00~278(28) | 0.07~0.70(10) .

B. WJ [1] Winter 130¢19.90244) | 1023 + 1650(10) | 250+401(263) | 151+241(16.1) | 1842300(159) -
058~360(3) | 304~ 2027(3) | 108~71403) | 7.12~4200) | 6.61~530(3) -

[2)Summer - - - - - -
C.SP 0.99+0.81(0.80) | 9.18 + 9.63(6.03) | 1.86+2.86(0.76) | 0.880.18(0.86) | 0.7240.26(0.62) -
0.20~1.97(6) 274 ~ 28.3(6) 046~76806) | 067~1.17(6) | 049~1.18(6) -

D. HC 0.79£0.6600.72) | 9.59 + 501(8.80) | 104£7.17(852) | 9.86:687(782) | 15.3£108(12.9) | 359+2.75(385)

0.15~1836) | 363~ 162(5) | 274~187() | 266~1826) | 375~27.15) | (0.76~7.060)

E. NH - - - - - -

F. BC (1] Winter 0914114063 | 8.42 + 5.38(8.28) | 1.34+1.44(099) | 1.010.96(0.79) | 0.2420.19(0.21) | 0.45¢044(0.31)
0.15~660(43) | 057~ 17.743) | 0.19~7.8243) | 0.18~5.37143) | 0.05~1.03(43) | 0.10~2.50(43)
2} Summer - - - - - -

G&H. DH [1] Spring 335206 15.3£124 1.9641.30 400:2.70 0.352 051044
058~658(9) | 250~3598(9) | 044~41400) | 1.05~8.19(9) 0.352(1) 0.18~1.42(9)
[2) Summer 8341126 11.2¢763 1.72£0.60 201£0.59 3111674 1.02¢0.30
178~3798) | 427~2938) | 097~2630) | 1.19~3.19@) | 020~198(8) | 0.67~1.700)
(3] Fall 0471007 2.72¢0.65 04540.13 1114028 0.450.13 0491011
0.43~0.5814) 192~3374) | 028~058(4) | 077~14204) | 035~0624) | 039~0644)
(4] Winter 0.560.06 2311808 3521887 311£7.78 178410 0.48:0.54
048~061(4) | 1469~32414) | 27.89~48.104) | 25~4244) | 148~2374) | 0.12~12604)

A2 wigo] WY Z &7, WA, W, T4 A NPF 59 AS, MEslAdN BS
& VOCS) F57t A2 4 ~ 4 pom@ 713k Ao UEidt oldE FEFEL
ojn] FujelE uteslm, wigo] Ay F¢ dPPeld Yo wAsHE VOCY 1%
& FEd 7Rt A1E, 599 F =4 A9 YqFe oz $PE VOCE B5¢
Aol olst, WAle) FEIt 59 ppbol 0|23, THE ARBE £ ~ 54 pomell Bk
A2 VerstthSchweigkofler and Niessner, 1999). o|oll wtsll, vige] F88 4%, =9,
B3 7 Y3 SAME dAZ SN £ prbe) SES 72U 1A, S
T EgeN gRE NETY FEE AT MY Ws} dold e el &
th. 28] 54 ppb $EL 4AGAY, 712 A ATE oY 109 W] ¥ E/H BES
Ha] Ft | g | |

ol Tie 2AI} B 8] 39 SES BAF Ao ek <E 3>, W]
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WalA JPE = f@g T8 L A2 N GolA #3231 VOC FEE dAE VOC 2.99]
A3 AAEA| G 2 FolA BEHE £ES EH ¢ A3EE Aoz IAHAL 948
£9], VOC 2,85 ZARR tif-#9] d7olA A9 o9 glo] 7H =2 H7sE #4]
AE, EFAE 7102 & njushd, & Ao|E B 5 givh AdAsF A3 &4ko]
U AAGR] A A #E3 EFA9] BRFEE 22} 399 2pphE 71239 THNa et al.
2001). AFLHY T Gl E oz JidHe ASAY AFY AFE e 1d
ool A4 34T AFHJME EF9] FEAE 238 AABANY =L 64ppbE 715
T ASE H1HT JrHNa and Kim, 2001). £ 7oA #E3 i) vF3olA o]
A T8 448 438 10ppboll AHIAY T 12 o) FFol HE 73 o
A 299 VOC 2940] Azsitke RS & F 3ok 53] 359 4% WEg v
A BEZF ALE 7179 FH W] F =7 lppmE 233 FHA FFE02 ey
el & FAAFAETRE 1009 vf ZolE Rk

<E 4A>90= ZF vigE dg, o)ikslekA NMHCE YA’ F8 vldrtae] 58 8
% AT 21 <E B>elle F8 FRED VOC AEE 7l $4HE =Y 3%
T AR AXSIAT. E7tAE 2 A FEEXE v|wE] BEH, VOC AEE
of g W@ PE EA4E TR wdshe Aoz Jehdth HAZ AYPATEY AHE
B vjgriae] 74 2 FEE AAsE 802 WYEY AR, WEA YRy 2
g, 23 JAGA, UlaFE&0l ©e) 7t 749 ¥F So| F4T Ao vyd vl 9l
THSchweigkofler and Niessner, 1999). &4 A& uje} o) z}z}ke] wjyAolN #ASF
VOCe] &5 =rt vigde] JeE A9 & e 83 AR 58 F v 4A>.

£ AT Ao gsEe d@ge VOC Mg s o= AX 73 dANS 28
T itk gAZ o] FEH PAHEENAE ¥A VOCY At FAHA 433
S22 FE EEEE Holv ZoF 4EA vk 2¥ATW 47 w@FeME ol
AEAQ1 73k ‘Z’-li] AFEe dge] FF #hHE Ak Vet dAE A Qe
=3 W@ A$, desErl di deos aEEE fRFE Ao 2Agd
R | R % 3 T ol FAe) Ae, e AGAE AT AolE RY AERE % B
EE I o8t FFE€ fAse Ao g YEith diskrt @A 22 diggEdsE
9] glol AAFET W) 39 FEQ0%)0 2HI FEo2 Vel
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<H 4> A statistical summary of the major LFG components and their concentration
ratios(all units in %).

A. The concentrations of major LFG components

NMHC CHa CO, (O]
A. NJ - 58.0+4.38(59.9) 27.7+3.15(29.3) -
50.4~63.4(44) 20.7~31.0(44)
B. WJ [1] Winter 0.51+0.38(0.39) 26.8+17.7(26.0) 18.9+9.36(17.2) 9.40+4.64(10.0)
0.20~1.05(4) 6.93~48.3(4) 9.80~31.4(4) 3.50~ 14.2(4)
[2] Summer 0.62+0.32(0.53) 28.6113.5(25.9) 21.4+11.2(18.0) 7.85+5.24(9.40)
0.25~1.01{6) 12.9~44.8(6) 8.10~35.2(6) 1.30~13.6(6)
C. SP 0.06+0.10(0.01) 1.53£3.01{0.20) 3.35+4.95(0.15) 17.4£4.41(20.3)
0.00~0.32(10) 0.00~9.41(10) 0.00~13.4(10) 8.40~20.5(10)
D. HC 0.8020.36(1.00) 38.1:115(44.7) 29.7+9.24(34.8) 4.83+7.59(0.50)
0.38~1.01(3) 24.8~44.8(3) 19.0~35.2(3) 0.40~13.6(3)
E. NH 245 377 215 1.50
F. BC [1] Winter 0.71£0.28(0.73) 40.0+12.7(44.3) 38.0+7.54(41.7) 2.19+2.60(0.98)
0.28~1.25(14) 155~52.4(14) 23.0~44.9(14) 0.60~8.80(14)
[2] Summer 1.63+0.88 38.0£155 41.3+179 28.8+124
0.32~3.08(10) 9.84~57.1(10) 10.2~63.4(10) 6.70~41.1(10)
G. DH-New [1] Spring - 15.2+11.1 "12.9+6.19 -
- 3.20~26.8(4) 5.79~20.83(4) -
[2] Summer - 3.82+2.35 2.37+1.22 -
- 0.66~6.22(4) 0.77~3.70(4) -
(3] Fall - 24.5+9.46 18.8175 -
- 13.3~33.3(4) 12.1~28.2(4) -
[4] Winter 151119 1.08+£0.67 -
0.16~2.41(3) 0.34~1.65(4) -
H. DH Ofd [1] Spring - 0.01+0.01 0.07+0.02 -
0.001~0.02(3) 0.06~0.10(3) -
{2} Summer - 0.01 - -
- 0.01(1) - -
(3] Fall - 0.10 -
- 0.10(1) -
[4] Winter - 0.10 -

0.10(1)

10 A=

Fe T
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B. The volume to volume ratios between major components.
T/B 2BTEX/NMHC* CH4/NMHC
A NJ 9.84+1.67(10.2) - -
7.89~11.7(5)
B. WJ [1] Winter 55.4+30.3(53.9) 1.88+1.66(1.40) 53.7+16.6(56.6)
7.63~103(13) 0.57 ~4.16(4) 34.0~67.6(4)
[2] Summer 6.28+4.41(6.07) 1.18+0.63(1.10) 48.47+11.1(48.2)
0.75~12.9(6) 0.53~2.17(6) 32.0~65.2(6)
C. SP 39.8+53.8(15.6) 0.85+2.42(0.02) 1.04+0.03(1.03)
5.06~174(10) 0.00~7.30(9) 1.01~1.09(9)
D. HC 2.59+0.07(2.62) 0.83+0.68(0.90) 51.4+11.9(44.7)
251~2.63(3) 0.12~1.48(3) 44.4~65.2(3)
E. NH 0.22 0.04 320
F. BC [1] Winter 52.6+56.5(37.4) 0.09+0.10(0.06) 59.6+17.6(57.8)
1.35~207(14) 0.00~0.31(14) 31.1~108(14)
[2] Summer 15.8%£13.6 0.03+0.01 29.08+16.97
0.79~36.5(10) 0.005~0.04(10) 9.46~61.5(10)
G. DH-New [1] Spring 8.65+4.60 - -
4.98~15.4(4) - -
[2] Summer 1.24+064 - -
) : 0.57 ~1.86(3) - -
[3] Fall 2142208 0.13+0.10 6.35%+3.16
1.19~46.9(4) 0.01~0.25(4) 3.24~9.57(4)
{4] Winter 5.13+2.38 - -
3.50~7.86(3) - N
H. DH-OId [t} Spring 10.94+£3.29 - -
7.94~14.5(3) B -
[2] Summer 2.68+0.85 - -
1.85~3.54(3) - -
(3] Fall 20.1£11.5 - -
9.42~355(4) - -
[4] Winter 19.5+28.9 - -
3.5~62.9(4) - -

* Computation based on carbon based concentration(such as ppb C or ppm C); results are shown

in percent unit.

2. AZEH 29210 [ME vOC ¥=2

AdA ANZFoz @Y uE
A, BP9 3, S A
Yo A, 7129 Folsk M & AL A
o] A3e 747 <ad 2, 3>

AP Fol WPPE B

6w o,

7 o193 5

AR

SIEXE

$9 VOC 33238 4% + U= 4%
g ANE A UF =
o AH Bo] o

olel ), Al - 7

AF, 7, ALY 4A- BAH 1124 o

CERES

ofd

el

7

Ho

%

ek &

Folxth ol ¥
o] 77 Al
oAt <2 4, 5>.

Nlﬂ ol

o
2 o}



82 #3Y[A7

o5 I A% 4 NINYEES e PHAHAEL NP NETL T N2
VOC 42e) 55 $EE AdA2% Qs 49T 5 ok

i

<38l 2> The LFG concentration of major aromatic VOC determined from the WJ site
during winter 2002 period are compared as a function of vent number.
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<%l 3> The LFG concentration of major aromatic VOC determined from the BC site
between winter(Jan) and summer(Aug.) 2004 period are compared as a function
of vent number. ' '
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<38 4> Comparison of major aromatic VOC in LFG samples, collected from the new

landfill site in Donghae, is made as a function of vent number.
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<&} 5> Comparison of major aromatic VOC in LFG samples, collected from the old
landfill site in Donghae, is made as a function of vent number.
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<H 5> A statistical summary of landfill gas(LFG) fluxes of major aromatic VOCs from all landfill
sites. LFG fluxes are computed as mean values for all vent pipes(all units in g yr-1 ).

BEN TOL EB MPX* 0X STR
AN 58.8+148 4941689 - 224+392 97.31133 -
0.17~90242) |  1.33~2979(43) 0.13~113015) [0.04~632(41)
B. WJ [1] Winter 5881633 30952146279 10308414176 | 736045886 - 6152+4298
62.7~2558(14) | 2394~ 180985(14) | 1636~59042(15)| 1227~ 22589(15) 1811~ 14571(15)
{2 Summer 1230+1186 4078+2279 21304960 2190714 489511836 169+66.1
221~3018(6) 2058~7131(6) 917~3417(6) | 1167~3125(6) 12289~6960(6)| 99.2~282(6)
C. sp 128157 1984135 7641688 14.2410.2 9.36¢114 -
0.24~491(10) |  3.80~427(10) 1.40~25.0110) | 3.16~38.0010) 11.23~40.3(10)
D. HC 160741390 413613757 333842515 4985+3073 | 3345£2557 | 14313881
236~3196(3) 627 ~8100(3) 466~5147(3) | 784~8683(3) |509~5474(3) | 99.2~173(3)
E. NH+ 100 22.1 623 794 56.8 282
F. BC {1} Winter 762+927(405) | 43627+57676(14689} |4374+5545(3927)166378475(5430}| 557+ 467(596) | 653+ 1076(305)
35.4~3148(14) | 136~ 117687(14) | 145~22325(14) | 218~ 34038(14) {32.0~ 1200(14) 14.9~4065(14)
2] Summer 7021628 13908+ 18129 278742502 17901670 | 105741006 108+89.2
97.6~1878(10} |  184~54698(10) | 267~7891(10) | 134~5416(10) [8.70~3229(10)] 14.3~288(10)
G. DH-New [1] Spring 608411 4047£1490 262141556 1339+421 6261220 160445.9
239~1188(4) 3474~6971(4) 1490~4861(4) | 838~1722(4) | 452~939(4) | 124~212(3)
{2 Summer |  6989+2873 86797021 58614156 4407£1566 | 30111053 9191154
3157~9593(4) | 4302~ 19120(4) 940~9840(4) | 2576~6207(4) |1461~3756(4)} 706~ 1069(4)
(3] Fal 109+97 1665+ 1291 172111321 779£600 94184 712547
21~248(4) 112~ 3024(4) 220~2856(4) | 186~153914) | 33~190(4) | 123~ 1246(4)
4] Winter 205£182 9794809 2835+2972 13331601 2651212 3016+2937
29.8~392(3) 276~ 1863(3) 206~6104(3) | 43.1~464(3) | 43.1~464(3) | 102~5974(3)
H. DH-Old [1] Spring 11.0£6.06 128+34.3 5621414 64.4145.7 215160 345
6.48~17.903) 106~ 167(3) 197~1013) | 19.0~11003) | 9.8~41.203) 34501
2] Summer 2.90+0.78 974533 114123 7.20£757 5231543 1.56%1.26
2.08~363(3) 453~15.2(3) 0.36~245@) | 007~15.1(3) |0.68~11.2(3) | 0.48~2.95(3)
3] Fall 0.25£0.07 5304283 3.18:1.24 2.1610.77 1.7521.59 1.40£0.53
0.20~0.36(4) 2.11~8.60(4) 157~456(4) | 1.11~2.88(4) |034~375(4)| 0.68~1.95(4)
(4] Winter 1.31£1.36 122208 5541618 3294365 3.38+4.58 21.0+296
0.29~3.324) 6.49~ 433(4) 3.33~14014) 260~84(4) 1046~10.2(4)| 156~66.914)

*In the case of NH site, samples were collected from a centralized collection system. Hence, for
the computation of fluxes, vent pipes of the same physical condition as the HC site were assumed.
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