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Abstract : In this study, the thermal desorption-cryofocusing-gas chromatographic(TD-C-GC) method
was developed for determination of volatile organic compounds(VOCs) in ambient air and was applied
at the municipal solid waste landfill sites. On-column cryofocusing was possible only with a 100 ml
dewars bottle in TD-C-GC method with a stainless steel column. However, high operating pressure was
needed for purging VOCs from the absorbent trap, which was able to solve by pressure programming
with a electric pressure controller. By using both pressure and temperature programming brought

2
=
&

increasing of resolution power in on-column cryofocusing method, but the high pressure caused
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a leakage of sample tube with repeated use. A loop cryofocusing devise was also developed and

compared with the direct on-colurnn method. In loop cryofocusing method, VOCs were concentrated on

a 0.8mm id. loop which is located between the injector and separation column by using liquid

nitrogen. In order to purge VOCs from the absorbent trap, only 0.4 psi of pressure was need in the

loop cryofocusing method. Dual detection system was applied for the analysis of VOCs; a FID was

used for hydrocarbons and a FPD was used for sulfur-containing compounds. Qualitative analysis was

done by on-column cryofocusing GC-MS system. Among the large number of VOCs, toluene was the
most abundant. Hydrogen sulfide, dimethyl sulfide, carbon disulfide, dimethyl disulfide and methyl

propyl disulfide were detected at landfill site by FPD.

Key words : landfill, VOC, thermal desorption-cryofocusing-GC/FID/FPD
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Table 1. Optimum conditions of the loop cryofocusing analysis

Sampling
Portable gas sampler
Adsorption trap

Stainless steel tube (100 mm length X 4.7 mm 1LD.)
Tenax-GR(60/80 mesh, 0.4 g)
Sampling volume : 3 L(230 mL/min for 13min)

Thermal desorption

10 mL/min for 9 min at 200°C / He

Cryofocusing Loop(1 m><0.8 mm), Stainless steel
Liquid N2 (-196C)
Analysis
Gas chromatograph HP-5890 series I
Column UA-5, 60 m x0.25 mm, 1.0 gm(Frontier Lab. Japan)
Carrier gas He, 0.7~ 1.3 mL/min
Oven temp. 30(9)-3-40(5)-2-60(10)-4-200(5)

Column head pressure
Detector split ratio
Injection temp.
Detector temp.
Detector
Gas FID

FPD

0.4 psi(9.3 min)-5 psi/min-40 psi(60 min)
FID: FPD = 1:22

200C

230C

Air(350 mL/min), H>(35 mL/min)
Make-up gas(30 mlL/min)
Air(100 mL/min), Hy(70 mL/min)
Make-up gas(30 mL/min)
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Fig. 1. Background chromatogram of the thermal desorp-
tion-cyrofocusing-GC/FID/FPD.(A) FID and (B) FPD signal.
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Fig. 2. Stability of VOCs in a refrigerator afer spiking
mixed standard of BTEX and n-C¢~Cio,
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Fig. 3. Schematic diagram of cryofocusing system. A :Thermal desorption, B :Lig.-N,,
:FPD

Separation column, D : Loop, E : Y splitter, F : FID, G
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Fig. 4. Comparison of pressure program of (A)
on-column and (B) loop cryofocusing system.

Fig. 5& ¥ As3¥ie AH8Ue o VOCs
o g ®eleg vin HEY AZciEayeln F
=33 8x}Fo] H]4:3 styrene, o-xylened} nonane?]
LA SOmgL 1408 F3ao) U F on-column
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Fig. 5. Comparison of resolution between two cryofocusing systems. a: styrene, b: o-xylene, c: nonane
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3.5. HEXIOIN Wisks VOCs
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A (A9} vigo] Y A= FYd FFE AR
(B)®] FID(a), FPD(b) ZE}ETHE HEPYTE (A=
19973 3¥el AHHF Algo)x, B)e 19983 249
AHg Folot.

FID A2oteddly F wjgdA|dM FFHe2
7A&9 2732 hexane, 2-methyl hexane, heptane, toluene,
octane, ethylbenzene, o-xylene, nonane, dichlorobenzene
59 VOCs¢} ot E4Z ¢el7 styrene, limonene 5
o]t} 2 WA vigo] WA 23 (A9 AY
€ 3IMEY vigr|te] & FFBe HEHA
&2 cyclohexane, methylcyclohexane, 1,3-diethylcyclohe-
xane 59 cyclic 3gEC] HEHU dwHoz
cyclic 3= Hr1E9 EaAg U YAHE A
o2 @A U WPAAAN LEHe fErta F
ot Boe #AVIEY 24T BICA E5o o)
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Fig. 6. Chromatogram of the volatile organic compounds detected by FID(a) and FPD(b) emitted from municipal
sanitary waste landfill place at Guenhwa-Dong(A) and Hyuldong-Li(B), Chunchon in Korea. (A) 1: cis-1,
2-dichloroethylene, 2: hexane, 3: methylcycolpentane, 4: cyclohexane, 5: 2-methylhexane, 6: trichloroethylene, 7
heptane, 8: methylcyclohexane, 9: 2-methyl-3-hexane, 10: toluene, 11: 1,3-dimethylcyclohexane, 12:
tetrachlorodthylene, 13: octane, 14: chlorobenzene, 15: ethylbenzene, 16: m,p-xylene, 17: styrene, 18: o-xylene, 19:
nonane, 20: 1,3,5-trimethylbenzene, 21: 1,3-dichlorobenzene, 22: limonene, 23: dimethyl sulfide, 24: carbon disulfide,
25: dimethyl disulfide, 26: methyl propyl disulfide. (B) 1: hexane, 2: 2-methyl hexane, 3: heptane, 4: toluene, 5:
acetic acid, 6: octane, 7: ethylbenzene, 8: p-xylene, 9: styrene, 10: o-xylene, 11: nonane, 12: dichlorobenzene, 13:

limonene, 14: Cl11, 15: C12, 16: C13, 17: C14, 18: dimethyl disulfide.

T T Ao gA Ak

FPD AZulENY e HET FD9} viixg 2
35(A)0] FB)ED 2 FFEo] ASHAG
Z3HE(A)l M= dimethyl sulfide, carbon disulfide,
dimethyl disulfide, methyl propyl disulfide o] A=5
A1, AEB)N < dimethyl disulfider} AEEQe
. 33 F dimethyl disulfide x5 ¥E(B)d)
vl& Z8kE(A)e] 7.74) A= A Yehdth

Table 2= 2353 58 AEAVIE H2F9
EA4& vaste) Jebd Zloli, Table 32 2+ wi@F
] gas stackollA} AAFT VOCse] F=F wimste]
bl Aotk AlRE 235 E 8% BT vyl A
$E 2 23 6k o He Al7]9 3~5€0 AHIA

o F w@ge gas stackelA AFHF VOCs F 7+
ES FEE YER toluenedt AFHEAZ LA 3l
€ styrene®} dimethyl disulfide®] L2 vlws) B4,
A EE BF 2850 e 52 =8 etk
FAde ZEoM 9Tmgym 2 gF2lol vl 80.9v)
& F57 UYWL, styrened} dimehtyl disulfide
T Z4Z 17mgm, 25.8ugm o2 HFaEo) uig] 27.8
W, 38 A= A JEikt F g3 55 =A4
g2 718 sjddle XoB2 SAE 2y}t R
S AR Yok 23d, WYY Hele s
W@ FHE HA HUES HE F HEd=
gl H(open dump)olx, Fe BFH e H2F
< igA nige] A&7t 2WER gxE Ay
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Z. HDPE (High density polyethylene) sheet, R ej&&
A2 A A Hisanitary landfil) 22 ¥H71ES
fPd & mjd BEES Fx vk ", 23kF o
Aol dwel ARHIE G vlE 6 =L
VOCs ¥&r7F Jeid 22 dige] el 2g 3o
2ta Azhg

Table 2. Characteristics of Guenhwa-Dong and
Hyuldong-Li sanitary landfill

Guenhwa-Dong Hyuldong-Li

Sampling period 1997. 3~1997. 5 2000. 3~2000. 5
£
The age of the 32~34 months  29~31 months
Jandfill
Characteristics of the
Open dump itary landfill

Jandfill Sanitary landfi

Table 3. Concentration of toulene, styrene, dimethyl
disulfide emitted from the gas stack at Guenhwa-Dong
and Hyuldong-Li

Concentration(ug/m’)

Compounds
Guenhwa-Dong ~ Hyuldong-Li
Toluene 9800 121.1
Styrene 1700 61.1
Dimethyl disulfide 25.8 8.6

e AH7E AHPdAM JHHANES 7
A wige] AR 1997 1145H 2000 10€974A]
39zt A vigo] o]FojXe AFAM WEHE F
VOCse] HiAEEE AUtk old £ VOCse 5
EE & 3L toluene® & #4435 ppbC 52 A
el FEkin)h dgRAge] e FRwWsE By,
1997 1195 19983 109717] wige] Ajztd 1d

7 % VOCs ¢ HHET e 21.53.7~60.9) ppbCZ L}

Eta, o 23RE 40.4(4.3~149.9) ppbC, 3dAIE
123 (52~253) ppbCo 2 Uehdth Wy 27)9 ¥
= vl oy 3dA He el F VOCs BAFE
7h 23S gk Aoz Ut o WY o]
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EFEEY 3uLE FF Do spikingAlH HFHE A4
3lgth. A& A Al (lower detection limits ] 3}
LDL) H7}el= 717174 %A (instrumental detection
limits, ©]3} IDL)&} "7 & 3}A (method detection
limits, ©]3} MDL) %5 7}x ®o] glcth o] 5 IDL&
GC ZZvlE 1949 signal to noise ratio(S/N M)
§ 71eo2 FAHeH, £ dFdMe SNy 3
o e B¢l WH 10mV -secoldtE HE3}
ek IAEMAR 7 JFEY Fxd i 29
AHe] ARAFR)E 09842099999 WYZ F&
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Table 4. Concentration of the wvolatile organic
compounds emitted from Hyuldong-Li sanitary landfill
during July, 1999 to July, 2000

Concentration(gg/m')

Avg.  Min. Max. IDL

Heptane 2.5 1.5 50 0.6
Toluene 16.8 35 79.2 0.3
Octane 26 0.2 18.1 0.1
Ethylbenzene 30 1.5 79 1.4
P-xylene 65 1.1 398 04
Styrene 4.1 1.5 217 1.1
o-xylene 32 1.0 154 0.6
Nonane 25 0.2 249 0.1
Decance 1.1 0.6 1.5 0.5
Dimethyldisulfide 8.54 03 21.8 0.01

* L.D.L: Instrument detection limit at threshold of peak
aera is 10 mV - sec
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