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Abstract

In this study, we investigated the seasonal variations in the composition and emission patterns of VOC ventilated
as landfill gas (LFG) from an urban municipal landfill site during the winter (2002) and summer (2003) period. The
results of our study, when examined using the major aromatic VOC components as BTEX, indicated the existence
of diverse characteristics in the LFG emissions of VOC. It was found that the relative extent of benzene emission
showed most significant increase in the summer season, while most species underwent notable reductions. Despite
the presence of certain patterns in the seasonal emissions of BTEX, the gross picture of their emission between
summer and winter was not different distinctively so that the wintertime emissions exceed their summer
counterparts by about three times. The observations of moderate enhancement in wintertime LFG emissions of
BTEX appeared to reflect such environmental changes in the winter season as favorable conditions for LFG
ventilation with reduced surface emissions due to frozen soil layers.
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Table 1. A list of target VOC compounds analyzed as landfill gas (LFG) during the two study periods.

Order Chemical name Chemical form Short name Group Study period
1 benzene CgHg BEN
2 toluene C,Hg TOL
3 ethylbenzene CsHyg EB Aromatic Both seasons
4 m,p-xylene CsH,g MPX
5 o-xylene* CgH, (6).4
6 styrene CyHy STR
7 tetrachloroethylene C,Cy TCE Chlorinated
8 methylisobutylketon C¢H,,0 MIBK Ketone
9 1, 2-dichloropropane C;H(Cl, 1,2-DCP Chlorinated
10 1, 2-dichloroethane C,H,ClL, 1,2-DCE Chlorinated
11 bromodichloromethane CHBrCl, BDCM Chlorinated
12 acetone C;HO Acetone Ketone Winter only
13 1, 1-dichloroethylene C,H,Cl, 1, 1-DCE Chlorinated
14 carbondisulfide CS, CD S-compound
15 vinylacetate C,H(O, VA Ketone
16 methylethylketon C,HgO MEK Ketone
17 1, 2-dichloroethylene C,H,Cl, cl, 2-DCE Chlorinated
18 bromobenzene BrCg¢H, BrB Br-compound
19 1, 3, S—trimethylbenzene CyH,y, 1,3,5-TMB Aromatic
20 1, 2, 4-trimethylbenzene CoHy, 1,2,4-TMB Aromatic Summer only
21 p-isopropyltoluene CioHyy p-isoPT Aromatic
22 n-butylbenzene CoH 4 n-BtylB Aromatic

*Because of limitations in the analytical system, no data available during winter period.

J. KOSAE Vol. 21, No. 2(2005)



A 2:#l (Syringe Pump Injection System: SPIS, Donam
Instrument, Korea)s} GAl¥ GC/FID 2] x| AHE o
2 AAslsidl. SPIS = I9A7] ujde] 8-
ANE FEL(~250uL)E 3l Al8E GC A|xgle
2 FYAIE Aoz, FAwEs ARE ¥4
sedl A3t ygelw. B2 W& o83l A
Hg Al Aedt dHAPA] Rz FYA F
cold trap& ©]-&3}e] 2233 (cryofocusing) cycleol]
& A3k o]FA focusing® AuE FHAIAA
(320°Col| A 23#7h& AXA 3 ¥, BP-1 column (60
m 0.32mm, SGEA} A|lx2)e g FYA)Fe =3t col-
umn el YUY EPIEE A7 DUPres
#2lst7] Slsled, & ol LEEZ 2 (tem-
perature program)-2 71Estdtl &= 50°CeollAM 1%
7+ $RA3 & 6°C/mine® L%E AbL (ramp time)
AF)31, #F 210°CAlAM 287 F-AAH - vA] A &
2 Zgsr] 93, (BTEXE 2FsE) 1371
VOC A¥& #F3he A4 EFA&(EPA VOCs
Mix 2)& AN o8 S8, A BEAEE
A7\ shdel Phsates 1R 4ARS £
Zefa3oA 7)FA] F 2 2eE A409.999%)
2 FAMAA 244 EF AR (working standard) 2.
Agsgs 59 RS 1 ¥4I AoE 1R
2 ANEF AT o83t AU=s AET A
oF 0% ol FE FAsHe Aoz et 2
B A 2ES) Af e TO-14 EF7FAS 0] 4-81o]
v wEAsE A 5% ez FAHNT. A=k
NEoz & ), & A7 43 GC-FID A|2H
2 AL NFes A 0.1ng o5 AEIAE

SR8,

3. A3 Azt

3.1 7id v|EZS E¢ LFG #&Ax

2 AFoMe AL o8-, F e A B
FA 2% A Gol] xF wHA A wiETE
dale = VOC RS AT oF AA L] #350
ARgEl BA Alawle] xleo]l2 qldl], BTEX, styrene
=2 A5, oF AR ¥ FAd AP HEE
2 gt (& 1o AAE vpe}l Zo], A" 16714
g8l 983 1171 AR wiEs gdsddh)

fadRARAN A2 A2

- F ezl - A2 AN - YA

wetd oF AF b FEH o=z F&3 BTEXS}
styreneS $JA18F S7FA] A8 Aoz AAE £
ZEARE vlwsigel & 20 24} W] ® &
E g mlEFe=re #&% BTEX A&} 7]
F8 W E&AE-NMHC, CH,, CO,, Oy¢l] HE =%
AAskEr obed pE wlEFe] W3 A4S A
o3t7] SJsl, W Evtae] wiEg e 2uw FA
AAsGeHel2 8 AH= Az EHA S AES
i glejA 7)1& Alg2 ARgEdh). 2149 o3t
vl A B3] §% AL, <k FZ7| 7l £A
A Wl EFe] A 7] AAFA Fel7} B3}
doks A & 4 STk 1% Q7 717kl 15709
WMEFS SR HZFo] o|Foixcl 1A, 2
2} 717l e o gAY AA wjE2ItAE $odES v
Aoz moy] &, 7|1E] WEFe] wE £=2
A Fsle A71G0h AAZ o] 27 oo 23}
77kl & 67 A gt o= w&7tAe]
HZo| o] Foizich

ok A7)t Foll vlEItAnS 229 £EF v|w
g Al wlE7iae] 22 23 FAPIZHEER)C
o A #SHGS v, &S sE 13 247070
ARl 2o} o A REE 99 L=3b
7} B3] FEEE oF 2APIZE B A W
ol A WAE Wl Eriae] 2ot ABPRTWET
9] AEAFH Fold sl ALAA A
F2HE= AL ojx AE pdne]E Aok g
A ALH wEg<o] A Jehle olgz: A
Ahes 3 wjErtAY ALEge] £7]9he
LxFul7t 45 st AYE7] @il e
2 & $ 9ok 3R ez o9} e el HF
ARE] 29314 kAo wiEYes} vlHA B
Fo] FFgx ojx AHx 4T sPAE wiAZ 5
olvh 2211 488 ALAe 7kt wiee 2hg
& 4 glovt, (miEx] =l vlsl) 3] g4 W)
230 dg Ak AdHes ZAY £ S
oz Atmsd

Zb &g Wse 2A A7) BSpA ol ol
oz AAstH, MiEFT HE 1~40] deM=
At B4, T Ael 24 717 FUT #A
2 FEslo HZo] o|Folzch M wiETH=
%9 Alzel 9igt B4 23] MEAEEE HE 7]
2oz sget wiEE HE 1-1,2-2,2-59 A3



263

B

e

WG] W &7k F FEA RS Az 24X

“Pasn QI SJUAWAINSEIW SNONUNUOCD INOJ WOIJ PIUIULIANP SDOA DT JO SUOHEBIUIIUOD UBOW YL, 4

YUSFSYL TIFVIT SCIF98C TEOFTO0 TU'IF6CT TSOFSOT 0S0F860 SETFINT SOTFI6E0 600FSTO 6STFECPe ASTFuesy
611 0Ll 0'LT 1$°0 600+€0 1 CTOOFTSO0 TOOFIY0 O00FLOT TOOFHIO €0 145 9-C 8661 6-8-¢€0
056 (a4t 6ClL §C0 POOFITT 100F1S0 100F0S0 I100F99°0 100F¥I0 8¢°0 w *$-C ol 6-8-¢0
9l 01'8 9Ll S0 SI'0F80€ SOOFTSL €00F9I'T TIOFPEY CTIOFLLT o 123 ¥-C 681 6-8-¢0
0£'6 061 8vC 8¢0 POOFLST 000F66'0 €00F9T1 000FO06'T TOOFLIO 8C0 6C €-T 8781 6-8-¢0
(U [4%3 8y 101 POOFC6'T TO0F¢6'0 100FH80 LOOF8O FOOFIS|T 80 4 *C—C SYYA 6-8-¢€0
0s'1 8'PE Lvy 00°1 SEOFI6'C O10F6LT 600FCLT €I0FILY 910FT80 81°0 LE 1-C CeiLl 6-8-¢0
‘0 ‘00 "HO DHIN X0 XdN a4 T0L NH4
Jun u0012d Ut sased Jofe ¥ EMW\MW\/ n_mwmwr ONRA AL w::ﬂm_ﬂm
1 I 595 fe]Al (gs F ueay) yrun widd ur vonenuasuo))
(€007 “3nv) udtedwes sowwng 007 (4)
“Pas QB SJUSWIBINSEIUW SNONUNUOD IAY WOLJ PAUIULIANP SIOA DT JO SUOHBIUIOUOD UBSU Y] 44
*A[uo sadidiuai Inoj woly apew 21dm $1UUOdWod JOfEW JO SIUDWAINSEIN 4
Wr+or'e 01'8+681 €SIFROT €COFISO 9T0F9LT 6CTFRO'T VOIF601 vIOFETO SIOFTED €T9FCLT ASFUedN

07’8 10T gce 80 9TOFSET 9I'0FL6'0 TTOFELT TOOFB00 L0 8T SI-1 SSIIL T1~-T1-20
(44! 086 961 620 65T L0T Ll 9C0 810 4! ri-1 Sv-11 11-T1-20
OVOFLET 6L 1FEI'S VCPFLYT €00F8H0 L0 9¢ gr-1 oy 1t 11-T1-20
OTOFPIT LOIFLE9 €8CTFETLE 000F0¥0 €ro 9T cl-1 eIl 11-21-20
LO'L 68°C S84 Ly'0 £€0 Lc -1 0¢:11 11-21-20
Sv'T or'c €T LI0 wo LE 01-1 SCIT T1-21-20
I€0FISe TCOF6CT €00F01'E 000F¥00 §T0 6C 6-1 06:01 11-21-20
86°¢ ¥S'€ o€l 9€°0 €0 [43 8- 1 0TIl 11-21-20
8TOF6ST €TOF9CT 08°0FL9Y €O0FITO wo (43 L-1 SI-IT T1-21-20
08¢ yIe €8y SO'1 01'0FLTT 100F09'1 000F86¢ 100F1C0 0 Lz 9-1 €Ol 11-21-20
Yo 090 'l 870 99 -1 GO-LT 01-T1-20
€1 8¢'1 1o S0 £C p-1 Ly 91 01-T1-20
LT1 (a4l €69 0Z0 €COFTI'L  1T0F6T1 ¥90F0T€ TOOF900 [\ [43 -1 Levl 01-21-20
eF0F90C tHOFEST TETFIL6 VOOF610 £0 0c -1 STyl 01-71-20
€TOFSST 8I'IHE9¢ TLYF6SL €00F610 §T0 14 w1 0c:¢t 11-21-20

‘0 ‘00 "HO OHWN X0 XdIN a4 0L Ndd (syw) O ‘ aep

wun (95) wao1ad ur sases Tofepy (s F ueapy) nun wdd ur uorenuasuo) Lioorap duog ONJEIRA - SHL Fundureg

(2007 "22Q) udredures 13w 7007 (V)

“yun wdd uy uanlb aJe sadidiuaa [ENPIAIPU] JO} BIEP UOHEIIUSIUOD By B [IJpuE] Np ~Buemo ul X314 40} sishjeue H47 Jo synsal ay] "z ajqe)

J. KOSAE Vol. 21, No. 2(2005)



264 2718 - 94l - A90d - HeIA - AR - A - 217

AME 43] o] wbE $AHE AABIed, Ades Fse Aoz dveRgeh. 1,23 2AP|7 B¢t @
22} (%.RSE)E Es3f BA Axte] AHAL 73 E QBREe AA7 xuive] B 7bzb
A%}, BE QuHo] 148~159%2) Wl Aoz o okyA AR wikez obg Ae) wwd 7
AREEE 2 oglell 5] HAlES] WiRg O Aoz sgstual s

$]2 Z4)8l= NMHC (Non—Methane Hydrocarbon),

[
Ay
rﬂ
l-n
¢

CH, CO, 0, £ 2& 4¥5e] A= 2T 3.2 BE2S S8 BIEX S5 AW 8|z
& FU WEFSE FAAGS ofF FL ARE b L2} 2D 5% PEoz B3y
o A9 7S B4 S0 Qs 1 2AIZO]  BTEXSH syrene Aol W% BARATE AN
e ahsl bE RN Budes REel o ddlz A s 44 ppvold 4 ppm

A= Tu, 23 2472l VOC 2] 9 FEREs vt o= dt v 45& I
o] Foizl A HAZY A} wiEFel Haly $HSE A A BAXYE FAow #2H VOC 2l=9) v)wsE)
Aot A vl EgelA FASE Ade] ARH RS o, oF 1,000W] JHEF w8 fEelet & 4 9l
BIopts Ay 98, ME-g AdEs HxF %  FF7]8 S, 2001; Na and Kim, 2001; ¥A3-2-3} 7]
RSD)E o|&3le] WEASE Fahaeh 2 @A o9l 1996). ob2e toluene} xyleneFs o AAol
BTEX®] 7%, A-&Hlt= wluene (95%), 5= A 7]el &l vl 71 2 Floz eyt
benzene (114%)o] wjEZulc} 7}AF Hxlr) A)EF u) E3] tolueneo] 13} ZAZ|7bol|A] T Al RS H]
FH4E Jelz Qe 2 digsis AR & FseiAA 2eEE EXEk o] #FE
A%, AA AR A& 7%573_ 43~65%, A8H  ASHAEY AHH =9 W= benzene s A3
47~67% B9 HAHE Bovt (Weir] o] & AEE JE-Eo] 23} ZA|IQl o F&-el| oF 3~4u) 7}“
< BTEXe) wlsl] AdAoez FAs = LEE sl Age] vehdeh 53], styrenc®] A4, %5

E

}.

Table 3. A statistical summary of LFG concentrations of aromatic VOCs in Gwang-Ju landfill site. Comparison is
made in various units.

BEN TOL EB MX 0OX STR BEN TOL EB MPX 0X STR
(A) Winter Campaign (Dec. 2002) (B) Summer Campaign (Aug. 2003)
(1) Concentration (ppm)
Mean 0.23 10.9 2.98 2.36 2.59 0.92 2.61 0.98 1.05 2.29 0.09
SD 0.14 10.4 2.29 1.55 1.50 1.05 2.35 0.50 0.52 1.11 0.08
Min 0.04 1.02 0.60 045 0.90 0.14 0.66 0.41 0.51 1.03 0.04
Max 0.48 323 8.13 7.07 4.80 2.77 6.34 1.72 1.79 391 0.25
N 14 14 15 15 8 6 6 6 6 6 6
Cl1(90%) 0.07 490 1.04 0.71 1.0t 0.87 1.94 0.41 043 0.92 0.07
(2) Concentration (ppmC)
Mean 1.40 76.2 23.8 18.9 120.3 20.7 5.55 18.3 785 167 18.3 0.73
SD 0.86 72.5 18.3 124 12.0 6.32 16.5 3.98 8.36 8.92 0.64
Min 0.21 7.13 4.83 3.63 7.16 0.81 4.63 3.30 8.15 8.23 0.30
Max 2.87 226 65.1 56.6 38.4 16.6 444 13.8 28.7 31.3 1.98
N 14 14 15 15 8 6 6 6 6 6 6
CI(90%) 0.41 343 8.32 5.65 8.04 5.20 13.6 3.28 6.87 7.34 0.52
(3) Concentration (mg/m®)
Mean 0.75 41.0 12.9 10.3 11.0 2.96 9.84 4.26 9.08 9.95 0.39
SD 0.46 39.0 9.93 6.75 6.40 3.37 8.88 2.16 4,54 484 0.34
Min - 0.11 3.84 2.62 1.97 3.81 043 2.49 1.79 442 447 0.16
Max 1.53 122 353 30.7 20.4 8.85 23.9 748 15.6 17.0 1.06
N 14 14 15 15 8 6 6 6 6 6 6
CI1(90%) 0.22 18.5 4.52 3.07 4.29 2.77 7.30 1.78 3.73 3.98 0.28

g7 @A A A2 A%
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Fig. 1. A seasonal comparison of LFG concentration of major aromatic VOCs as a function of vent number.
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Table 4. A statistical summary of LFG fluxes of aromatic VOCs in Gwang-Ju landfill site. Comparison is made in

various units.

BEN  TOL EB MX 0X STR BEN TOL EB MPX (6.4 STR
(A) Winter campaign (Dec. 2002) (B) Summer campaign (Aug. 2003)
(1) Flux (Kg/yr)
Mean 0.59 31.0 103 7.36 6.15 1.23 4.08 2.13 4.38 490 0.17
SD 0.63 46.3 14.2 5.89 4.30 1.19 2.28 0.96 1.43 1.84 0.07
Min 0.06 2.39 1.64 1.23 1.81 0.22 2.06 0.92 2.33 2.29 0.10
Max 2.56 181 59.0 22.6 14.6 3.02 7.13 342 6.25 6.96 0.28
N 14 14 15 15 8 6 6 6 6 6 . 6
C1(90%) 0.30 21.9 6.45 2.68 2.88 0.98 1.87 0.79 1.17 1.51 0.05
(2) Flux (Kg Clyr)
Mean 0.54 28.3 9.34 6.67 5.68 1.14 3.72 1.93 3.97 443 0.16
SD 0.58 423 12.8 5.33 3.97 1.10 2.08 0.87 1.29 1.66 0.06
Min 0.06 2.19 1.48 1.11 1.67 0.20 1.88 0.83 2.11 2.07 0.09
Max 2.36 165 53.5 20.5 13.5 2.79 6.51 3.10 5.66 6.30 0.26
N 14 14 15 15 8 6 6 6 6 6 6
Cl1 (90%) 0.28 20.0 5.84 242 2.66 0.90 1.71 0.72 1.06 1.37 0.05
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Fig. 2. A seasonal comparison of LFG concentrations
and fluxes of all carbon compounds in Gwang-Ju
landfill site.
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Table 5. The composition of aromatic VOCs and major gases in terms of carbon concentration (ppmcC) or flux. Average

values are presented for each parameter.

(1) Absolute values of LFG parameters

BTEX NMHC THC CH, CO, o,

A. Concentration (%)

a) Winter NA* 0.51 273 26.8 18.9 94.0

b) Summer NA 0.62 29.2 28.6 214 78.5
B. Concentration (% C)

a) Winter 1.1SE-02 0.51 27.3 26.8 18.9 - NA

b) Summer 6.67E-03 0.62 29.2 28.6 21.4 NA
C. Flux (Kg C/yr)

a) Winter 44.8 1186 65092 63906 44682 NA

b) Summer 152 1548 75977 74429 57925 NA

* NA =not applicable to compute the sum values in ppm unit.

(2) Concentration ratios between different parameters measured as LFG

BTEX/NMHC  BTEX/THC NMHC/THC CH,/THC NMHC/CH, CO,/THC
A. Volume-to-volume concentration ratio is shown in percent (%) unit
a) Winter 227 0.04 1.85 98.1 2.68 69.1
b) Summer 1.08 0.02 2.11 97.9 2.88 73.1
B. Mass-to—mass concentration ratio per carbon basis is shown in percent (%) unit
a) Winter 3.78 0.07 1.82 98.1 2.65 68.6
b) Summer 0.98 0.02 2.04 97.9 2.67 76.2
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