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ABSTRACT : To provide some insights into the distribution and emission characteristics of VOC from
major landfill areas in Korea, the concentrations of major aromatic VOCs were determined from
landfill gas (LFG) from a total of six municipal landfill sites in Korea which include: Nan Ji (NJ),
Woon Jung (WJ), Sam Poong (SP), Hoei Chun (HC), No Hyung (NH), and Bang Chon (BC). The
patterns of the VOC distribution were distinguished mainly in terms of a number of parameters such as
landfill aging, landfill size, and maintenance patterns. The VOC concentrations measured from the
unclosed landfill sites (e.g., WJ and BC) were characterized by exceedingly high VOC values above a
few tens of ppm. It was most striking to find a systematic dominance of toluene over other aromatic
VOC under most circumstances. Using the LFG flux values of aromatic VOC for each vent pipe, the
fluxes of the average BTEX quantity emitted per vent pipe were quantified such as 0.05 (SP) to

*AlE A8 A8t B9 (Associate Professor, Department of Earth & Environmental Sciences, Sejong University).
=T A,
SN RASAATY B354 (Chief Manager, Seoul Metropolitan Research Institute of Public Health and Environment)
E Ay $h4 ¥ 87 H 147 (Associate Professor, Department of Environmental Engineering, Konkuk University)
ek A2y A e et A+ (Research Technician, Department of Earth & Environmental Sciences, Sejong University)
ek o) A 7-$7 3383} A3 (Research Technician, Department of Earth & Environmental Sciences, Sejong University)



100 M2ZAET ®53 M35 2004. 9

56.0kg/yr (BC). The LFG flux values of aromatic VOC, when compared to the contribution of
non-methane hydrocarbons (NMHC), were able to explain a constant, but minor, proportion of the LFG

carbon budget. According to our study, we propose that management strategy may be required for the

installation of landfill venting system because of its potential role for air quality degradation.

Key Words : VOC, landfill, emission, urban air pollution
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(B 1) 2 AT0IM Z=AE U R X9 S5

Short ) Operation . Operation period | Area | Volume Study period
Order Name Location Size \ , .
Name type Start| End | (ki) | (nd) (Sample collection)

1 Nan Ji Do NJ Seoul | Nonsanitary | Large [1978| 1992 | 272 |1.10x108| 20 Sept.~4 Oct. 2000

9~11 Dec. 2002/

2 |Woon Jung Dong| WJ | Gwang Ju | Mixed |Medium 1991 | Present | 0.28 |4.37x106 9~10 Aug. 2003

Sam Poong Dong| SP |Kyung San| Nonsanitary | Small [1989| 1997 | 0.03 |2.90x104|  14~15 Jan. 2003

Hoei Chun Dong | HC Jeju Sanitary | Medium | 1992 | Present | 0.2 |2.29x106|  22~23 July 2003

No Hyung Dong | NH Jeju Nonsanitary | Small 1980 1992 | 0.08 [1.66x106|  22~23 July 2003

(o] &2 I = OV

Bang Chun BC | Dae Gu Sanitary | Medium | 1990 | Present | 0.6 {1900 t/d 13~16 Jan. 2004
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5 Ak 549 F 2 A g o dE Zelvt dF FAFATE ), T
FoE WHF VOCH AT WAl ARE 79 H&(EFA/MA) o] BE WY
FE7h 9 ppbell o]2X, T2 ARES £~ AY TAME fAG FEPoR Yephd
A ppmell ©]2& Zlo® Hi® wh 9lok = A2 dde] wE 44 548 43
(Schweigkofler and Niessner, 1999). o} A UAl W AeZ E 4 Qi)
Auitt t)7] F /W8 VOC AR = $F
(HE 28> EIE HiE7t20| BRE F2 VOCHEe SAMZINEE S ppbEkel)

Landfil D | BEM* oo | BB [ wpxt 0X STR

[. Aromatic VOC compositions in LFG collected from each study site

A NJ

3184618 (149)"

2594287 (204)

1042169 (412)

451611 (28.3)

022~320 (52)°

358~1431 (53)

0.16~694 (25)

0.14~311 (51)

B. WJ [1] Winter

2345143 (201)
3H~479 (14)

1088310355 (7218)
1018~32316 (14)

29782286 (2286)
604~8133 (15)

2362+1553 (2142)
454~7072 (15)

259041501 (3015)
895~4795 (8)

[2] Summer

924£1054 (494)
135~2767 (6)

261042354 (1484)
661~6341 (6)

9824498 (999)
412~1723 (6)

1045522 (960)
509~1794 (6)

915¢795 (56.0)
373~248 (6)

C.Sp 251307 (1.24) 34287 (245) 111992 (840) 10.247.33 (8.56) 1342151 (87)
049~862 (10) 6.03~102 (10) 247~32.3 (10) 322~245 (10) 243~52 (10)
D. HC** 828718 (697) 1808£1529 (1566) | 1264874 (1624) | 946+691 (1012) 1269+886 (14%5) | 65.8¢32.7 (58.6)
184~1603 (3) 414~3444 (3) 267~18%9 (3) 225~1602 (3) 292~2020 (3) 373~101 (3)
E. NH 117 219 937 342 49 248
F. BC 15641695 (1178) |64765:74438 (28002)| 58933423 (6120) | 443142656 (4644) | 1001745 (1081) | 1130+2234 (551)

126~7125 (14)

411~253370 (14)

686~10683 (14)

472~8374 (14)

64.7~1993 (14)

40.0~8844 (14)

1
3. HC = *% 27n el gt d UE

A (S5, 2

Hel (AE)

G P oY EA T

(E 20y DEE 2= X2 SBU7[AIZ0] thHet VOC d=ef 24z
Landfill ID BEN* TOL EB MPX* 0X STR

AN

096065 (0.72)

899:6.10 (6.32)

0.89:0.72 (0.66)

0212020 (0.16)

0.28~324 (28)

027~226 (28)

0.00~2.78 (28)

0.07~070 (10)

B. WJ [1] Winter

1304199 (2.44)
058~36.0 (3)

10231650 (110)
30.4~2927 (3)

250401 (26.3)
108~714 (3)

151241 (16.1)
712~429 (3)

184300 (15.9)
6.61~530 (3)

(2] Summer

C. Sp 0.99£081 (0.80) 9.189.63 (6.03) 186286 (0.76) | 088018 (086) | 0.720.26 (0.62)
0.20~197 (6) 271~283 (6) 0.46~768 (6) 067~117 (6) 049~118 (6) -
D HC 0.79:0.66 (0.72) 959501 (8.80) 1042717 (852) | 9862687 (782) | 153£108 (129) | 359« 2.75 (385)
015~183 (5) 363~162 (5) 274~187 (5) 266~182 (5) 375~211 (5) 0.76~7.06 (5)
E. NH - - - - - -
F. BC 091£1.14 (0.63) 842538 (8.28) 134144 (099) | 101096 (0.79) | 0242019 (021) | 0452044 (0.31)

0.15~669 (43)

057~177 (43)

019~782 (43)

0.18~537 (43)

0.05~103 (43)

010~250 (43)
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(OZ 23> W) DHRZOIM BE6H =2 9eER VOCe sEREX(XE=tIES ¥H3)

(E Polle 72 Mg we, o]ibsers, S AHE AFsth B AT AFdA dA &
NMHCE A& F2 Wigrkze] s=8 A 9 fg s=7 v doder ke &
Near olgdd Aol MnE WY@sts £ ASE XY A2 A 02 AdFE
VOC 43t Uil 22 wigrtae FEE @A FolE vehin oS e Fre o
Z A PR thd Aot e AX B EgETh Dot o Aoje] Ak FrE
Aok AAZ wEse) 14 B sRE A4 7] F 5E@0%)9% A ZHD FEOEA
she foloRE My Be] AR, YA W o] A BE A vaf xS AL I 5 9
FEA Y, B AAGA, (7FAFEE WE) ot olgst A= A5 A, thdst LFG
7k 38 ®E SOl ZIdskeE AR U AT HiEPoEZA Y] miyA FHo] thdt
A A th(Schweigkofler and Niessner, 1999). Aoz Atz dtt Iy AEH 7e A9 7+
o AT uhe} Zol, Z47ke] PN # 9 VOC FE L FL hskzY Aod 7
S5 VOCY & FFo| Wigdel e e Aulel = B3k, VOC 7€ e oF
EY 4 UE FLW Q00 48 5 9 A vHE B 4BWAS YL
T AAE, T WHItE AR FEEE & Ath= Holl FHT 7t YTtH(IHE 3)).
& wgA e 4HE HET + 9 3L
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Major gases in percent unit

NMHC

CH,y

CO.

O,

58.0+4.38 (59.9)

27.7+3.15 (29.3)

50.4~634 (44)

20.7~31.0 (44)

B. WJ [1] Winter

[2] Summer

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) 350~142 (4)
0.62%0.32 (0.53) 28.6%135 (25.9) 21.4£11.2 (18.0) 7.85£5.24 (9.40)
0.25~1.01 (6) 129~448 (6) 810~35.2 (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+ 441 (20.3)
0.00~0.32 (10) 0.00~9.41 (10) 0.00~134 (10) 8.40~20.5 (10)
D. HC 0.80+0.36 (1.00) 381115 (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 2.45 377 215 1.50
. 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)

0.28~1.25 (14)

155~524 (14)

23.0~449 (14)

0.60~8.80 (14)

T/B EBTEX/NMHC* CH/NMHC
A NJ 9.84+1.67 (10.2) - -
789~11.7 (5) - -
B. WJ [1] Winter 55.4%30.3 (53.9) 1.88+1.66 (1.40) 53.716.6 (56.6)
763~103 (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) 4847+11.1 (48.2)
0.75~129 (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%119 (44.7)
251~263 (3) 0.12~1.48 (3) 44.4~652 (3)
E. NH 0.22 0.04 32.0
F. BC 52.6456.5 (374) 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)

CANE % FHY.
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3. LFGel w&% & = ARgatslth 2 g Qoo Vo W&
TEE APge] 918 7 71RH FEl
AT FL 5A Fo shibes myrsts 2 AFS Fd RY LFG TR WEF
24 VOCH WS A8sA F@sherl o SRAN MISEES Aese e wWE
gk ol g A4 A= Folxl wiyd 7 Fol W VOC Awdl MEdS AEstlt
o FAA MEFS Frrsted ol e (& Dole EE A gl did wiE
A ARE AT Bk oled HHom o 2o SAAAE AL ol o
B Apde BE WIS VOoCs F& vy HAE v A dehdRel, ME thE
7ol wWjEEFS 2AEGT, WESE A2 A7 LFG W& Pl FEF ghe & o]
Kim & Kim (2002)91 o1& WA= g wf  Hol BA=HIS. BTEXS 7€z & Wz
3 £ MEF AF A fAke By Fe Wes 005(458) ~56.0kg/yr(H A
OF AEdgth B dFdA 5" A7 A B F A3 v 2 Zol2 vEhdh
o vigge] A vlad B717ke) dEe § ob&# (& 3)9 LFG 7+9] F& H&A
3 Az FHo| ofFeiom, ofF o)t T TARFANMHO) tig BTEX &= &
WEee] AEAA7} zhe vl AFez 9 ¥E A Agnit bE2A Yeus 2E
ARAY F= k. o] S Adate], AEd W ol Wl FR doot vk A BE v
2% A= A2 O gy 843 a8 #BAGeA BTEXS 74 Hl&2 NMHC
o Frgomm MYy o weh FEE WEE dids] 22 Ads & gl
E LFGY] W& H=E Wristked g
(E & H2E a7l 5 Fo 2aS Mo SMAMHE3LR HuE: oel = gyr)
BEN TOL EB MPX* 0X STR
AN 588148 494689 - 24£392 97.3+133 -
0.17~902 (42) 1.33~2979 (43) - 0.13~113 (15) 0.04~632 (41) -
B. WJ [1] Winter 988633 3095246279 1030814176 73605886 - 61524298
62.7~2558 (14) | 2394~180985 (14) | 1636~59042 (15) | 1227~22589 (15) - 1811~14571 (15)
(2] Summer 1230£1186 40782279 2130£960 2190714 48051836 169+66.1
21~3018 (6) 2008~T7131 (6) 97~3417 (6) 1167~3125 (6) 2289~6960 (6) 99.2~282 (6)
C. 5P 1284157 198135 7642688 142102 9.36<11.4
024~491 (10) 380~42.7 (10) 140~250 (10) 316~380 (10) 1.23~403 (10) -
D. HC 16071390 41363757 33382515 49853973 33452557 14343831
236~319 (3) 627~8100 (3) 466~5147 (3) 784~8683 (3) 509~5474 (3) 992~173 (3)
E. NH* 100 21 62.3 794 %38 282
F. BC 762927 (405) | 43627457676 (14680) | 43745545 (3027) | 66378475 (5439) |  557+467 (596) 653+ 1076 (305)
HA~3UE (14) | 136~117687 (14) | 145~22305 (1 218~34038 (14) | 32.0~1200 (14) 14.9~4065 (14)

*NH A A%, Nege 5
sk AL

4)
FIFAAANA A5, webr FE

Z
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RS} Edsteh 71
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