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The Composition and Emission Characteristics of VOC from Major Waste
Landfill Sites in Korea: a Comprehensive Report on a Four-year
Study of LF Emission Inventory from 2000 to 2004

Ki-Hyun Kim', Ye-Jin Choi and Young Sunwoo

Dept. of Earth & Environmental Sciences, Sejong University
Dept. of Environmental Engineering, Konkuk University

In order to accurately evaluate the distribution and emission characteristics of volatile organic compounds
(VOC) produced in the landfill environment, we conducted a series of field campaign to measure VOC emis-
sions 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 of our 4-years study are 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 500 g/yr, those of active ones were recorded as 1,000 to 40,000 g/yr.

Key words: landfill, VOC, methane, emission, emission inventory
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Table 1. A list of Korean landfill sites investigated in this study: detailed information of all sites is provided.

Order Name Short Location Operation Size Operation period Area Volume Study period
Name type Start End Gkm® (m®) (Sample collection)
1 Nan Ji Do NJ Seoul  Nonsanitary Large 1978 1992 2.72 1.10x10° 20 Sept.~4 Oct. '00
2 Woon Jung Dong WJ Gwang Ju Mixed* Medium 1991 Present 0.28 4.37x10° 9;;151 [I\)f; ,(());/
3 Sam Poong Dong SP  Kyung San Mixed* Small 1989 1997 0.03 2.90x10* 14~15 Jan. '03
4 Hoei Chun Dong HC Jeju Sanitary Medium 1992 Present 0.2 2.29x10° 22~23 July '03
5 No Hyung Dong NH Jeju Nonsanitary Small 1980 1992 0.08 1.66x10° Same as above
6 Bang Chun BC Dae Gu Sanitary Medium 1990 Present 0.6 1900 t/d 13~16 Jan.,14~15 Aug. '04
15~16 May, 14~15 Jul,,
7 Dong Hae  DH-New Dong Hae Nonsanitary Medium 1981 1999 032 0.60x10° 8~9 Oct., 6~7 Nov.,
20~21 Dec., '04
8 Dong Hae DH-Old Dong Hae Sanitary Medium 1999 Present 0.35 0.32x10° Same as above

*Mixed type denotes that non-sanitary treatment was applied in the early phase of operation, while sanitary one in the

later phase.
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Fig. 1. A geographical location of five landfill sites investigated in this study (For details of each study site, refer to Table
1).
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Table 2. A statistical summary of major aromatic VOC concentrations determined as LFG for all landfill sites investigated
in this study (all units in ppb).

Landfill ID BEN* TOL EB MPX* (0):¢ STR

A NJ 31.8+61.8(14.9)'  259+287(204) - 10.4£16.9(4.12) 45.1£61.1(28.3) -

’ 0.22~320(52)> 3.58~1431(53) - 0.16~69.4(25) 0.14~311(51) -

B. WJ 234+£143(201) 10883 £10355(7218) 2978 +2286(2286) 2362 +1553(2142) - 2590 £1501(3015)
[1] Winter 35~479(14) 1018~32316(14) 604~8133(15) 454~7072(15) - 895~4795(8)
[2]Summer 924+1054(494) 2610+2354(1484)  982+498(999) 1045 +522(960) - 91.5+79.5(56.0)

135~2767(6) 661~6341(6) 412~1723(6) 509~1794(6) - 37.3~248(6)

C. SP 251+3.07(1.24) 34.4+28.7(24.5) 11.1£9.92(8.40) 10.2+7.33(8.56) 13.4+15.1(8.7) -

) 0.49~8.62(10) 6.03~102(10) 2.47~32.3(10) 3.22~24.5(10) 2.43~52(10) -

D. HC** 828+£718(697) 1808+1529(1566) 1264 +874(1624) 946+£691(1012) 1269+886(1495) 65.8+32.7(58.6)
) 184~1603(3) 414~3444(3) 267~1899(3) 225~1602(3) 292~2020(3) 37.3~101(3)

E. NH 117 21.9 53.7 34.2 48.9 248

E BC 1564 £ 1695(1178) 64765 & 74438(28902) 5893 &= 3423(6120) 4431 +2656(4644) 1001 £745(1081) 113042234(551)
[1] Winter 126~7125(14) 411~253370(14)  686~10683(14)  472~8374(14)  64.7—~1993(14)  40.0~8844(14)
[2] Summer 267412186 39593 +37690 6954 +3027 401+2164 2561+ 1488 2844102

831~8529(10) 2123~90965(10)  2988~11159(10) 1588~7659(10)  107~4732(10) 95~417(10)

G. DH-New 642 + 405 5141+3101 1991745 1081+394 536+273 168 +94
[1] Spring 285~1220(4) 1962~9036(4) 996~2703(4) 693~1519(4) 244~820(4) 77~264(3)
[2] Summer 5091 £ 3695 6142 £ 6749 3353+3216 2556 £1719 1760 £ 1062 488 £263

1276~8611(4) 719~15984(4) 568~6320(4) 374~4503(4) 212~2587(4) 138~719(4)
[3] Fall 171£150 1364 £899 1778 £1226 7771501 80.3£85.9 707 £450
17.2~329(4) 390~2148(4) 133~3030(4) 113~1312(4) 0.12~184(4) 74.4~1130(4)
[4] Winter 139+£112 5381363 1293+1013 536 +435 142+ 123 1515+1351
16.9~238(3) 133~834(3) 124~1909(3) 88.2~ 957(3) 18.3~264(3) 42.3~2696(3)

H. DH-Old 29.5+10.8 303+49.5 107 £62.5 123 +£70.9 5331244 60.7
[1] Spring 22.8~42(3) 246~333(3) 51.1~175(3) 49.4~191(3) 25.5~71.2(3) 60.7(1)

[2] Summer 7.73£0.69 21.1+8.45 19.4+21 126+13 9.34+£9.09 2.93+2.03
7.31~8.53(3) 13.5~30.2(3) 0.94~42.3(4) 0.18~26.2(3) 1.77~19.4(3) 1.26~5.19(3)

[3] Fall 0.44+0.15 8.83+ 5.04 4.33+1.79 2.96+1.17 2.59+2.66 1.89+0.76
0.27~0.6(4) 2.51~13(4) 1.75~ 5.62(4) 1.22~3.67(4) 0.37~6.15(4) 0.76~2.40(4)

[4] Winter 52.7£101 5821753 1741226 128 £180 83.9+158 96.1£133
0.35~ 203(4) 6.78~1613(4) 3.02~488(4) 2.36~387(4) 0.43~321(4) 1.41~ 286(4)

Superscript 1 denotes mean and 1SD with the median value in the parenthesis. 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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Table 3. A statistical summary of aromatic VOC compositions determined from ambient air samples collected in the
vicinity of landfill sites.

Landfill ID BEN* TOL EB MPX* (0):¢ STR

A NJ 0.96 £0.65(0.72) 8.99+6.10(6.32) - 0.891+0.72(0.66) 0.21£0.20(0.16) -

' 0.28~3.24(28)  0.27~22.6(28) - 0.00~2.78(28)  0.07~0.70(10) -

B. W] 13.0£19.9(2.44) 1023 £1650(110) 250+401(26.3) 151+241(16.1) 184+300(15.9) -
[1] Winter 0.58~36.0(3) 30.4~2927(3) 10.8~714(3) 7.12~429(3) 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) 0.88+0.18(0.86) 0.72 £0.26(0.62) -
' 0.20~1.97(6) 2.74~28.3(6) 0.46~7.68(6) 0.67~1.17(6) 0.49~1.18(6) -

D. HC** 0.79+0.66(0.72) 9.59+5.01(8.80) 10.4£7.17(8.52) 9.86+£6.87(7.82) 15.3+10.8(12.9) 3.59+2.75(3.85)

) 0.15~1.83(5) 3.63~16.2(5) 2.74~18.7(5) 2.66~18.2(5) 3.75~27.1(5) 0.76~7.06(5)

E. NH - - - - - -

F. BC 0.911+1.14(0.63) 8.42+5.38(8.28) 1.34£1.44(0.99) 1.01£0.96(0.79) 0.24£0.19(0.21) 0.45%0.44(0.31)
[1] Winter 0.15~6.69(43)  0.57~17.7(43) 0.19~7.82(43) 0.18~5.37(43)  0.05~1.03(43)  0.10~2.50(43)
[2] Summer i i i ) i

G. DH-New 3.35+2.06 153+12.4 1.96£1.30 4.00£2.70 0.352 0.51+0.44
[1] Spring 0.58~6.58(9) 2.50~35.98(9) 0.44~4.1409) 1.05~8.19(9) 0.352(1) 0.18~1.42(9)
[2] Summer 8341126 11.2£7.63 1.72£0.60 2.01+0.59 3.11£6.74 1.02£0.30

1.78~37.9(8) 4.27~29.3(8) 0.97~2.63(8) 1.19~3.19(8) 0.20~19.8(8) 0.67~1.70(8)
(3] Fall 0.47£0.07 2.72+0.65 0.45%+0.13 1.11£0.28 0.45%+0.13 0.49+0.11

0.43~0.58(4) 1.92~3.37(4) 0.28~0.58(4) 0.77~1.42(4) 0.35~0.62(4) 0.39~0.64(4)
[4] Winter 0.56+0.06 23.11£8.08 35.21+8.87 31.1+7.78 17.8+£4.10 0.48+0.54

0.48~0.61(4) 14.69~32.4(4) 27.89~48.1(4) 25~42.4(4) 14.8~ 23.7(4) 0.12~1.26(4)

Table 4. A statistical summary of the major LFG components and their concentration ratios (all units in %).

A. The concentrations of major LFG components

Major gases in percent unit

NMHC CH, CO, 0,
AN - 58.0+4.38(59.9) 27.7+3.15(29.3) -
' 50.4~63.4(44) 20.7~31.0(44)
B. W] 0.51+0.38(0.39) 26.8+17.7(26.0) 18.9+9.36(17.2) 9.40+4.64(10.0)
[1] Winter 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) 28.6+13.5(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) 174+ 4.41(203)
' 0.00~0.32(10) 0.00~9.41(10) 0.00~13.4(10) 8.40~20.5(10)
— 0.80+ 0.36(1.00) 38.1+11.5(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 37.7 215 150
F BC 0.71+0.28(0.73) 40.0+12.7(44.3) 38.0+7.54(41.7) 2.19+2.60(0.98)
[1] Winter 0.28~1.25(14) 15.5~52.4(14) 23.0~44.9(14) 0.60~8.80(14)
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Table 4. Continued

AN+ Hold - 43

E BC 1.63 £ 0.88 380L155 435179 288 12.4
[2] Summer 0.32~3.08(10) 9.84~57.1(10) 10.2~63.4(10) 6.70~41.1(10)
G. DH-New - 152+11.1 129+6.19 -
[1] Spring ; 3.20~26.8(4) 5.79~20.83(4) ;
- 3821235 2371122 -
[2] Summer . 0.66~6.22(4) 0.77~3.70(4) ]
- 2451946 188175 -
[3] Fall . 13.3~33.3(4) 12.1~28.2(4) ]
: - 151+ 1.19 1.08+0.67 -
[4] Winter ; 0.16~2.41(3) 0.34~1.65(4) .
H. DH-OId - 0.01+0.01 0.07£0.02 .
[1] Spring ; 0.001~0.02(3) 0.06~0.10(3) ;
- 0.01 - -
[2] Summer i 0.01(1) ] )
- 0.10 - -
[3] Fall ] 0.10(D) ) )
) : 0.10 - -
[4] Winter i 0.10(1) ) )
B. The volume-to-volume ratios between major components.
T/B YBTEX/NMHC* CH,/NMHC
9.84+1.67(10.2) - -
A-NJ 7.89~11.7(5)
B. W] 55.4+30.3(53.9) 1.88 +1.66(1.40) 53.7+16.6(56.6)
[1] Winter 7.63~103(13) 0.57~4.16(4) 34.0~67.6(4)
6.28 +4.41(6.07) 1.18+0.63(1.10) 48.47+11.1(48.2)
[21Summer 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)
: 2.51~2.63(3) 0.12~1.48(3) 44.4~65.2(3)
E. NH 0.22 0.04 32.0
E BC 52.6 56.5(37.4) 0.09+0.10(0.06) 59.6 +17.6(57.8)
[1] Winter 1.35~207(14) 0..00~0.31(14) 31.1~108(14)
15.8+13.6 0.03%0.01 29.08 +16.97
[2] Summer 0.79~36.5(10) 0.005~0.04(10) 9.46~61.5(10)
G. DH-New 8.65+4.60 - -
[1] Spring 4.98~15.4(4) - -
1.24+0.64 - -
(2] Summer 0.57~1.86(3) - -
(3] Fal 21.4+20.8 0.13+0.10 6.35+3.16
1.19~46.9(4) 0.01~0.25(4) 3.24~9.57(4)
- 5131238 - -
4] Winter 3.50~7.86(3) ; -
H. DH-OId 10.94+3.29 - -
[1] Spring 7.94~14.5(3) ; ;
2.68+0.85 - -
[2] Summer 1.85~3.54(3) ; ;
20.1+11.5 - -
[3] Fall 9.42~35.5(4) ; -
- 19.5+28.9 - -
[4] Winter 3.5~62.9(4) : :

*Computation based on carbon based concentration (such as

ppb C or ppm C); results

are shown in percent unit.
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Table 5. A statistical summary of landfill gas (LFG) fluxes of major aromatic VOCs from all landfill sites. LFG fluxes are

Running Title

computed as mean values for all vent pipes (all units in g yr).
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BEN TOL EB MPX* (0):¢ STR

AN 58.8+148 494 +689 - 22.4+39.2 97.3+133 -

: 0.17~902(42) 1.33~2979(43) - 0.13~113(15) 0.04~632(41) -

B. W] 588+ 633 30952 & 46279 10308 +£14176 7360 + 5886 - 6152 4298
[1] Winter ~ 62.7~2558(14)  2394~180985(14) 1636~59042(15) 1227~22589(15) - 1811~14571(15)
[2]Summer 12301186 4078 2279 2130+960 2190+ 714 4895+1836 169+66.1

221~3018(6) 2058~7131(6) 917~3417(6) 1167~3125(6)  2289~6960(6)  99.2~282(6)

C. SP 1.28+1.57 19.8+13.5 7.64+6.88 14.2+10.2 936114 -

’ 0.24~4.91(10) 3.80~42.7(10) 1.40~25.0(10) 3.16~38.0(10)  1.23~40.3(10) -

D. HC** 1607 +1390 4136 +£3757 33382515 4985+3973 334542557 143+38.81
’ 236~3196(3) 627~8100(3) 466~5147(3) 784~8683(3) 509~5474(3) 99.2~173(3)
E. NH 100 22.1 62.3 79.4 56.8 282
E BC 762+£927(405) 43627 +57676(14689) 4374 +5545(3927) 6637 +8475(5439) 557 +467(596) 653+ 1076(305)
[1] Winter ~ 35.4~3148(14) 136~117687(14)  145~22325(14)  218~34038(14)  32.0~1200(14)  14.9~4065(14)
[2] Summer 702 +628 13908 +18129 2787 + 2502 1790 £ 1670 1057 +1006 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 608 +411 4947 +1490 2621+ 1556 1339 +421 626 +220 160 +£45.9
[1] Spring 239~1188(4) 3474~6971(4) 1490~4861(4) 838~1722(4) 452~939(4) 124~212(3)
(2] Summer 6989 + 2873 8679 +7021 5861 4156 4407 +1566 3011+1053 919+154

3157~9593(4) 4302~19120(4) 940~9840(4) 2576~6207(4)  1461~3756(4)  706~1069(4)

(3] Fall 109497 1665+1291 1721+1321 7794600 94+84 712 +547
21~248(4) 112~3024(4) 220~2856(4) 186~1539(4) 33~190(4) 123~1246(4)

[4] Winter 205+ 182 979+ 809 2835+2972 133341601 265+212 3016 +2937
29.8~392(3) 276~1863(3) 296~6104(3) 43.1~464(3) 43.1~464(3) 102~5974(3)

H. DH-Old 11.0£6.06 128 +34.3 56.2+41.4 64.4+45.7 275+16.0 34.5
[1] Spring 6.48~17.9(3) 106~167(3) 19.7~101(3) 19.0~110(3) 9.8~41.2(3) 34.5(1)
[2] Summer ~ 290%0.78 9.7+5.33 11.1+12.3 7.20+7.57 5.23+5.43 1.56+1.26

2.08~3.63(3) 4.53~15.2(3) 0.36~24.5(3) 0.07~15.1(3) 0.68~11.2(3) 0.48~2.95(3)
(3] Fall 0.25+0.07 5.30+2.83 3.18+1.24 2.16+0.77 1.75+1.59 1.40£0.53
0.20~0.36(4) 2.11~8.60(4) 1.57~4.56(4) 1.11~2.88(4) 0.34~3.75(4) 0.68~1.95(4)
[4] Winter 1.31+1.36 122 +208 55.4+61.8 32.9+36.5 3.38+4.58 27.0+29.6
0.29~3.32(4) 6.49~433(4) 3.33~140(4) 2.60~84(4) 0.46~10.2(4) 1.56~66.9(4)

*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.

A8k #

3

“

4. 4

=
—

o] FhEolo} & Row AlRET.

2 AT A APARde] ke 200095
E] 2004d9] 717 g2t 2 iAol LFGS] FH
2 &= VOCe] 244 miEsdE s f13
A7E AHHoR s ofe ATARIY 4
A T30, Aol AR vt MyASel Wi 9

4 FA0 B2ARE Fusy Ry 23399 )

2ARE QST B Aol Al w29, vy
Ao ek VOC Aol e wyetast e
270 we} oieks) chret el VOC e %
o] ool A A F Uitk olE Sol, u)
Yol F2E igFl VOC MEFE wgol )
Fl vyt @AsP e $E0E Ve 1
e} Rhe) A9l 1 wge A% S F
o FERTh o 1006 e FEM B FEE
T8 WiEo] oFolAT e AT F AT

Fug RS 7Fow HH wjEFoA wEEE



108

EFdle] viEe] mige] FRE AEESNNE 2
A A B9 I5E A, A5E FE )l
A Hd 500 giyrs A3lske £ (A=A GF
sAl UERstTE. ool v, migo] 18 1 AdEE
ANe EFAe viEo] HA 1000 gyr (R E3l
Aol Al Hh 40,000 gyr (ASd o4, AL
W i) 7 B FES HRlolA 1=

B A7A3E EUE VOCY wiEE4e AdAd
712X = Blas) BSkth, ole|gh EA AT o5k,
] gt olut Fell wet 1 54d0] vegst
Al vebd 4 Slvke Zlo] ERIFIT wetA olE 4
o] WiESAS A A AAst] dHstr]
feirE, Bot AEe 2ApF 2od Z10R AlgHETh
53] W VOCE 9IS T8 Awsd] WiEsAe
BesA gostr] faixe g =, 98,
WMYFE Fof A A S AAT Al wl
S54s AT F e 9] FUlEH o & Ao
2 AlEHh

2 AP SRlE niel Fho], migHellA BTEX
5 NS T VOC s e wiEsar
Atk ol oz dal, FH 7] FTolM A5
VOC 8wE9 =% il 58 AdrAe] <3
Aol Uehhs o] F ulE dBlehs Zles &
AETh wEbA, <] Wiy W ohuel
AHe] B4 AU dEdiF e e A A
TFHolof & Zlojth. 53] Aj2o] AES ALY
Tk A EEES 7 EAASANE ZREAHA
At ALAE ol tieh a7t 7123 o 3o
oF & ot} |3 o]F A=l et 2] 7HA]

AT & YTk D WY A, 1 A=
BAE 23, A A8 =i AtE wag
S A, E e Ao B A7glo] XA
AEY 5 23 P ARE AYsnh gd A
2 Belshe RE BRI Bt 43508 B4
Aolsle} 3 MRS SRS TR 80, ol
39 Y= AAE Pske A DA Fels) 2

AN - Aol - 199

ofof @& Agoltt.

10.

11.

12.

LA™, AR,

- FHox, 2239l

. Ebersold, P and W. Young,

o
i

i

. James, K. J. and M. A. Stack, The impact of leachate

collection on air quality in landfills, Atmospheric
Environment, 1997, 34(8), pp. 1713-1721.

0= =ZXZE

AR, &3, 2857, A9, wiEes 53 VvoC

el wfETRES SAe) U AF: BAE A9
FHoR @ AAT, FIIFRANIA,

5(1), pp. 13-24.

. Kim, K. H. and M. Y. Kim, The distributions of BTEX

compounds in the ambient air of the Nan-Ji-Do landfill
site in Seoul, Atmospheric Environment, 2002,
36(14), pp. 2433-2446.

CAZIE, 928, HoR, A9, =g, WiEEe] wis

7¥2= FVOC AR 243 wiE 75 4] &
TR A ek AT, F=EAEAEkE], 20034,
6(1), pp. 7-14.

A7, AR, 223, Hoxl, A, W, F=

9, BFYAA $F iAo VOC MR
o A3} WEEA] U AT, FRENILHA,
2003b, 16(5) pp. 407-417.

S, 0491, Aol T8 v
Aol Hgk VOC %l 24 wE 4ol e
AT AEEAIAT. 2004, 5(3). pp. 99-116.7.

AR, A7, v, A9, AR, e St

B OuigEe dideR g wiEvk: F VOC Adwe
4 WS AT-sAG S e, SN
73gs)7], 2005, 4(1), pp. 5-14.

ANE, MEA BN 3
F71sl3HES] AL ASHS A7, SE13PEEE]
A, 2003, 19(5), pp. 491-502.

“Here and now”,
Environmental Protection, May 2002. 2002,
Schweigkofier, M. and R. Niessner, Determination of
siloxanes and VOC in landfill gas and sewage gas by
canister sampling and GC-MS/AES analysis,
Environmental Science & Technology, 1999, 33, pp.
3680-3685.

Na, K., YP Kim, K.-C. Moon, 1. Moon, and K. Fung,
Concentrations of volatile organic compounds in an
industrial area of Korea, Atmospheric Environment,
2001, 35, pp. 2747-2756.

WA, AR, AE, A5E, 995, 28, A%
8, =4 2] WY AR VOC HEEA,
S 3Eks]A], 2003, 25(10), pp. 1258-1270.



