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Abstract: In this study, we have developed a cryogenic concentration system for the analysis of non-methane
hydrocarbons (NMHCs) in air sample. NMHCs with nmol/mol level of concentrations in the atmosphere were
quantified by a comparative method with certified reference gas mixture. GC/FID with cryogenic concentration
system operated in the range from -67 °C to 180 °C was adopted. After cryogenic concentration, a fast desorption
by heating could achieve a large amount of sample injection into the GC/FID. The linearity of the system
was verified with the peak areas of NMHCs of the concentration amount of sample. The reproducibility is
less than 10% and the limit of detection (LOD) is 0.1 nmol/mol. For the application of this system, we analyzed

NMHCs in gas samples taken from air and soil in Daejeon, Seosan and Goheung.
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Q1 Akl wet A sHA
= NMHCs (non-methane hydrocarbonsy= CH,E A
g C-Cpol B4R A E ] Atk NMHCs=
g2t Au7bs g AR AN, Fira, A,
21357, biomass burning, oceanic source 52 FH-E
A SHA| QU}Z
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olgt A7t WAR AEL AHElOLT 2 EA
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NMHCs= NOxo} ¥kg-3j] <17ke] A7}, T4 2=
a3 g FAAQ] FE AT &S A4
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Chromatograph/Flame Tonization Detector, GC/FID)2] A}
grrozE w0 otk Mol SR BAE
7) 918l B, FAES Al Hid dusos
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2.1. GC/FD2} XN2s&EX

EF3} =4 F(hydrocarbons)= YW S 2 GC/FIDE
ARE-3she] B3t} GC/FID (Agilent, HP6890, USA)
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#J (mass-sensitive)= H.21T},
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10005 AH&-3FA T "
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¥ NMHCsZ 180 °Ce] F20 2 wa7 &eFo] 5
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FUPORA 7 JRo] I FEE 2D & A
dh AR FHAAE AR BTt FESE 7
g ANF U HRelN &5 AFIIEE A%
THZFCZN A8 298 WX, dead volume
= E9Eh FEA N4 GCFIDE A5 FUHE
FH A ANEE B4 6H7] 918 GCFIDE #4271
2v7} Fig. 13+ Table 19 YFERHSITE.
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Fig. 1. Procedure of pre-concentration system.

Table 1. Analytical condition of GC/FID

Analytical Condition

Column Activated Alumina, 12 ft
85 °C, 21 min, 5 °C/min, 175 °C, 7 min
N,, 28 mL/min

Detector temperature 250 °C

Oven temperature
Carrier gas, flow

H, flow 45 mL/min
Air flow 450 mL/min
Make up flow 25 mL/min

0.15) nmol/mol, C;Hg (49.37+0.15) nmol/mol, C;H¢
(49.87+0.15) nmol/mol, i-C;H,¢ (50.37+0.15) nmol/mol,
n-C4H;((50.37+0.15) nmol/mol, i-CsH;,(49.37+0.15)
nmol/mol, 1-C,Hg (49.87+0.15) nmol/mol, CO,(49.87+
0.15) nmol/mol7} £ = UtHESEE GHELE
24 AW E k=2). PRMS A2 o, N, 987+
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(1.79+£0.09) nmol/mol, C,H; (3.29+0.22) nmol/mol,
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mol, C,H, (3.20£0.10) nmol/mol (k=1)2S PRM} H]
I A ske] Flski.
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ol th(Fig 2).
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dolt}, HlSH WS A5 Ed A gt Fol e
A& B2 BETEES AA3] $138H4 99.9999%
9] 4= A7k (pure N)E F 24 F2]4d(cleaning)
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Fig. 2. Sampling sites.
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Fig. 3. Sampling system for chamber method: tedlar bag, air
pump and chamber.
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Table 2. Reproducibility test of cryogenic concentration system

CyHg C;Hg C3Hg CqHig

2 @3S 1l CGHeoll talA 0.1 nmol/mol 2 A4+
R, T2 AEE 0.1 nmol/molo|HZ2 S =31t

Test Number (nmol/mol) (nmol/mol) (nmol/mol) (nmol/mol)
1 1.82 132 0.44 329 LOD(PRM) = 3 xnoisex conc.:entratlon (1)
2 1.81 133 0.51 333 peak height
3 1.70 1.35 0.50 3.25
4 1.76 1.32 0.49 3.26 glf]\/[i—l-ﬁ/\]——:—l::l :i? A gol tshel Wl m A 5
5 1.72 1.36 0.50 327 = 7o = T
6 187 125 043 3.14 A3}, i AEo] 0.4~20 nmol/mol FEFFE B
7 1.91 127 0.45 3.08 3, 7N B E A, Add E & ol &
8 1.96 128 0.47 3.13 }_gr 2= otk ey Awo)A X e Al ZolA]
9 1.89 1.27 0.40 3.09 L =20 o]F ATS = C3H6v/] Ew7} AL
0 IE M0 A5 o iig Syuan, 4 Adue 2AE Ase
12 169 12 0s4 329 FE Tuble 30 HEHH I
13 1.70 124 0.55 323 2 Aoz "HlEewe L3 AIEE o Wk
14 178 1.28 0.48 2.99 A4S 7] W2l A7t S5 JAp Fojd
Average 1.79 1.29 0.47 3.20 T}E o] 22 Poison theoryS & &3) 7} A|BF %9
Standard Deviation  0.09 004 005  0.10 Bave 1302 ojge] Bl 2je FRE
%, RSD 4.87 3.20 9.71 3.17 Ao QAN FLdle] o 2 B2 2g
ahaicy
NMHCse] 3% A3 A@Ao] sl0%el 2 Se1s] 3 298 4 499 Bxo] 7odse AAES
AT, Golr 7] 9siA dwkzl ez delxl LNG LPGe A
z} AJEol t)gk & 3HAl(Limit Of Detection, LOD) B 28 zA}Ele] Toble 49 UJERAQATH?
£ PRME AFgaled 4 (el ols) ANEUT. 7HE Tuble 39 Tuble 4% uhFOE 7 Ao )t 7)o
Table 3. Data of sampling sites (in Daejeon, Seosan, Goheung)
Sampling Sites CaHy CsHy CsHy Catlio
(nmol/mol) (nmol/mol) (nmol/mol) (nmol/mol)
ws? 1.79+0.09" 1.29+0.04 0.474£0.05 3.20+0.10
Daejeon G® (W¢, 1 month) 0.7120.05 0.41£0.02 0.45+0.04 1.71£0.07
Dagjeon Air (W, 1 month) 3.00+0.11 1.64+0.05 0.43+0.04 0.894+0.05
Seosan G (W, H®, 1 month) 5.04+0.15 4.51+0.08 0.65+0.05 1.91+0.08
Seosan G (W, roadside, 1 month) 3.21+0.12 2.22+0.05 0.34+0.04 0.71+0.05
Seosan G (W, R, 1 month) 3.51+0.12 2.46+0.06 0.71+0.06 0.86+0.05
Seosan Air (W, 1 month) 3.58+0.12 2.97+0.06 0.99+0.07 2.16+0.08
Dacejeon G (W, 3 months) 1.06+0.07 1.41+0.04 0.71£0.06 5.80+0.14
Daejeon Air (W, 3 months) 3.67+0.12 2.254+0.05 1.22+0.07 5.56+0.13
Seosan G (W, H, 3 months) 3.73+0.13 2.56%0.06 0.81+£0.06 4.48+0.12
Seosan G (W, R, 3 months) 5.78+0.16 4.61+0.08 1.63+0.09 5.89+0.14
Seosan Air (W, 3 months) 3.28+0.12 1.73+0.05 0.93+0.06 7.09+0.15
Goheung G (S¢, WL 1 month) 6.50£0.17 3.98+0.07 7.51+0.18 2.55+0.09
Goheung G (S, L', 1 month) 18.88+0.28 16.21£0.15 6.90+£0.18 10.74+0.19
Goheung Air (S, 1 month) 3.53+0.12 1.85+0.05 5.99+0.16 1.49+0.07
Dagjeon G (S, 1 month) 2.95+0.11 1.71£0.05 3.21+0.12 0.97+0.06
Dagjeon Air (S, 1 month) 3.64+0.12 0.98+0.04 2.85+0.11 1.19+0.06

"WS=Working Standard, ®G=in the ground, “W=winter, ‘S=summer, “H=near houses, ‘R=near river, *WL=wetland, "L~lawn

“Uncertatinties in concentration are k=1
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Table 4. Component ratio of LNG and LPG (from household gas and motor vehicle gas)

Component LNG LP.G LPG bLP(.} LPG
(H?, winter) (H, summer) (M”, winter) (M, summer)
CH,4 90.68% <1 ppm <1 ppm 0.02% 0.01%
C,Hg 6.00% 0.90% 0.42% 0.64% 0.22%
CoH, <1 ppm <1 ppm <1 ppm <1 ppm <1 ppm
C;Hs 2.12% 97.51% 98.76% 32.46% 5.66%
C;Hg 0.001% 0.02% 0.03% 0.15% 0.10%
C4Hyo 0.97% 1.57% 0.79% 62.97% 89.68%
Others 0.21% - - 3.75% 4.32%

"H=for household gas, "M=for motor vehicle gas

ARG dotry] F3) vlgel dig 2P zE 23
Fig. 59151 C3Hy/CsHgO A Fig. 69141 C,H,/C3Hy
o} CGHy/CsHsol A o1 E HolEEol tiste] 53] &2
v &9 Bol4E Bt 2= LPG LNG2
AAE olF HL vl&9 CHS CGHE T3 Q)
o] LPGS} LNG9] x=Fo] 9le] old Zo =2 ity
H, 2RT= 25 A5 2 =2 Q3 bio-activity7} €t
3 ol w} o] ERHE WEHUS 7FsAol O
u, o]& SEks AT AFER SR8 Y

CHE FHA7) BE 904 $4 BUAT, o]

= o) A = X E o135 3
TALE Zhe AR Solde s fal o=
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Fig. 5. Ratio graph of C3H¢/CsHg and C4H;¢/C3Hs.
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