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Abstract

In this research, atotal of 11 newly designated offensive odorants in Koreain 2008 and 2010 (styrene(S), toluene
(T), p-xylene (p-X), methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), butyl acetate (BUAc), isobutyl
acohol (i-BuAl), propionic acid (PA), butyric acid (BA), isovaeric acid (I1A), and valeric acid (VA)) were selected
as target compounds and analyzed from two types of gutter system in the urban environment. Because of the environ-
mental significance of these compounds as offensive odorants, the results are meaningful enough to explore their
behavior and distribution in the urban environmental systems. In the course of this study, samples were collected
three times a day from two different gutter systems representing the wet (W) and dry (D) conditions. A large frac-
tion of volatile organic compounds (VOCs) data fell into method detection limit (MDL) range with exceptions of
toluene, p-xylene, and methyl ethyl ketone. In contrast, the results of organic fatty acids were distinguished by the
relative dominance of butyric acid and propionic acid over others. If the concentration data of all odorants were
converted into odor intensity (Ol), the results of aromatics, ketones, acetate, and alcohol groups approached zero
level. However, odor intensity of organic fatty acids was noticeably higher with the value of 2.8 (on average) from
both W and D system, suggesting their potent roles as odorants in gutter system.
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Fig. 1. Pictures showing gutter system sampling point
investigated in this study.
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Table 2. Instrumental operation conditions for GC and
thermal desorber system for the analysis of VOC
and organic acid components.

a. GC/M S system (for VOC)

Injector Temp.: 250 °C
Column flow: 12 mL min
Split ratio: 10:1
Oven Initia temp.: 50 °C
Hold time: 3 min
Ramping rate: 6 °Cmin
Max temp.: 200 °C
Hold time: 5 min
Total running time: 33 min
Detector lonization mode: El (70eV)
lon source temp.: 200 °C
Interface temp.: 200 °C
TIC scan range: 35~250 m/z
Threshold: 500
b. GC/FID system (for acid)
Oven Temp.: 50 °C(5min.)
Ramping rate: 6 °*Cmin?
Max temp.: 230 °C(5min.)
Total running time: 40 min
Detector Temp.: 240 °C
H, flow rate: 30 mL min~t
N, flow rate: 29 mL min™*
Air flow rate: 30 mL min™t
¢. Thermal desorber (for acid)
Sampling tube desorption temp. 300 °C
Sampling tube holding time 10 min
Cold trap temp. low 5 °C
Cold trap temp. high 300 °C
Cold trap hold time 5 min
Valve temp. 120 °C
Transfer line temp. 120 °C
Minimum pressure 10 psi
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2o RSEEX 0.56~1.46%=% 5 5% o] A
A9l A= ¥t =3k MDL Ft= 0.14~0.39 ppb
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Fig. 2. Temporal patterns of odorant concentrations bet-
ween wet (W) and dry (D) gutter system during this
study period: (a) aromatic group: styrene (S), tolu-
ene (T), and p-xylene (p-X), (b) ketones, alcohol,
and acetate group: methyl ethyl ketone (MEK),
methyl isobutyl ketone (MIBK), isobutyl alcohol (i-
BuAl), and butyl acetate (BuAc), and (c) organic
acid group: propionic acid (PA), butyric acid (BA),
isovaleric acid (1A), and valeric acid (VA).
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E, a3.&, o} E o] E (ketone, alcohol, acetate), (c)
$-7] A ukAk (organic faity acids) 102 FEI
A AE S W A AN = weks 152 tolueneo)
# 4 11.4ppbel| A W 146 ppb7tA] A|7tel] whe F
=2Al pERsE HoAFSIT (Y 2). 84 25¢) 14
A Aol A3t A|ZellA toluene Fto] FHhA]Q1 146
ppbE 7153 AL Ashd, QAX oz oA ARt
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AF7 AlzelA] 153ppbz 7MY 2 AAYE B
Aok 22y o] 5 Al9E A, A= 1.38~9.36ppb
oo F=RZE Mo} pxylene dA] A77|zH
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shapr el Al 22mell A 2Bk VOC 4] 5
2% % o oz Brlstan) AR ATES)
Tholl dulsle WAloz W mEAe A Esideh L
etal. (2004)°] ATeNE ) A= 4 9 o
A &elA]e] VOC v=% vlm Frlsidvh 1 2
ol 2]5tH toluenes A28t VOC7F et
A, vERFEe R AE] o]FelAH $evtet
o} o yete] &2lA] Foll VOC v=g vlugt 2
Ftell M = British Columbia, Canada, Spaineil 42 &
A At FlEe 3 pF0 2 vehd. o2t
AL Al A o, A Al alelA] wHAYst
+ VOCY F=i= 3wt ALA 31¢E vls] 4
YHom e fFoletm BT 4 dnh(lLee
al., 2004). =3}, elo]ghel] A3t 42| Al 2w ol
Hste] AF3 A}e| 2]spd, acetone, isopropanol,
DMS7} F8 AR sidslit. o] 5] 1 §
X 7}7}b 400, 22.8, 641 ppbE e (Wu et al.,
2006). 2eHoz AYAT H £ A7 AIdE F
Alef| Zhetd o, st Aol sl s BAE F
ks AREe] 7=t A oer w4 dve
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Apol s Hebstaal il BAA o)Al
H WS Al=siiet (& 3). & A7 Tt =
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MDL o35 it wiebr] FAZe] AFES S,
ol AEIHAAE 1 V24 sl ghe= At
F, A%E AZadd. 2 23, methyl isobutyl
ketone, propionic acid, butyric acid AJ #-1to] (DA] A ¢l
vs]) WAI-M Hatzghe] =7 vebdeh t AA &
A g Aol s, 90% 41| $FellA methyl
isobutyl ketone (P=0.09), methyl ethyl ketone(P=0.08),
isovaleric acid (P=0.08) A ¥-2] =w=x17} 23t A
o2 vepyith & A9t FAlel A3 EEE
o] ¥MAIE B, ulE o] WA WA= 3}
3}gEo] xRz VOCHS AAsA F3o] o
FoiAE A& & 4 3loh(Hong et al., 2010). We}
DA A 2] H,Se] H+ wiEsx=rt 77t 2,550(£532)
9} 700(£334) ppboz HAZ Aol B} w3t
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Table 3. Statistical summary of all odorous volatile organics measured during this study . (unit: ppb)
Order Sagg’i’r':t”g Sttigic S T pX MEK i-BuAl MIBK BuAc PA BA IA VA
1 Mean 0.18% 328 308 138 0.17 0.28 049 050 052 007 010
2 SD - 329 272 38.7 - 0.34 0.78 0.71 0.82 - -
3 Wetsystem  Median 018 237 215 267 0.17 0.16 019 019 015 007 010
4 (W) Min 018 114 104 138 0.17 0.16 019 019 010 007 010
5 Max 0.18 146 10.1 153 0.17 134 3.23 2.39 318 0.07 0.10
6 n 15 15 15 15 15 15 15 14 14 14 14
7 Mean 0.18 111 7.99 250 0.17 0.16 0.66 0.49 040 015 0.12
8 SD - 321 252 645 - - 125 063 043 020 007
9 Dry system  Median 018 258 130 7.48 0.17 0.16 019 019 022 007 010
10 (D) Min 0.18 7.72 0.16 1.49 0.17 0.16 0.19 0.19 0.10 0.07 0.10
11 Max 018 1269 989 2258 0.17 0.16 504 225 132 066 036
12 n 15 15 15 15 15 15 15 13 13 13 13

3For the derivation of statistical parameters, DL values were replaced with one half of their original values.
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AE #elglh vl 9o (Kimet al., 2006). 3+
HIA Ao A o] A T, Tl ohE oF
Aol A A=

Al

O

DMS¢} DMDS7} 0.2~9.8ppbe} 0.1~5.6 ppb =
Be (Kim

2 (Eh5 98 Hldl) £

etal, 2005h). 454l sle] o3 MAEHE
QR AA QTN s FER

BIEE

T =2
o=

A1

ol 573}

E A]x=3% ulx= ¢l (Dincer and Muez-
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zinoglu, 2007; Stuetz et al., 1999). A3 Aol A o]m]
ghelgt wie} 7o), FpA|AElo| A Wb E= 33}t
%% o A=A 2 HFE AAFNE Aoz
Sk ol & Al H]shH, VOCTH]
HlxdHol| A #A]s}A oFslA 24
S 4 gleh

334 AsAAE
ke, A1) sl e
o) wse Wb DAHoIA F Al
Al AN (2 ). e

601 °

Humidity (%)

40+ .
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Fig. 3. Temporal variabilities of the basic environmental
parameters measured in both wet and dry gutter
systems: (a) temperature and (b) relative humidity.
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Table 4. The results of correlation analysis between target odorous compounds and relevant parameters.

a. Wet (W) system

o -

9 - o] 23 - AR

o

Humidity T p—X MEK BuAc PA BA
r —0.602* 0.054 —-0.028 —0.035 0.096 -0.430 -0.389
Temp. P 2.95E—-02 8.47E-01 9.22E-01 9.00E-01 8.78E—-01 7.17E-01 3.88E—-01
n 13 15 15 15 5 3 7
r 0.173 0.092 0.151 0.164 0.998* 0.162
Humidity P 5.71E-01 7.66E—-01 6.22E—-01 8.36E—-01 3.81E-02 7.59E-01
n 13 13 13 4 3 6
r 0.820** 0.959** 0.987** 0.825 —-0.230
T P 1.79e-04 1.60E—-08 1.69E-03 3.82E-01 6.20E—01
n 15 15 5 3 7
r 0.746** 0.969** 0.586 0.398
p-X P 1.42E-03 6.52E—-03 6.02E—-01 3.76E—-01
n 15 5 3 7
r 0.995** 0.601 0.300
MEK P 4.36E—04 5.89E-01 5.14E-01
n 5 3 7
r @ —1.000**
BuAc P
n 0 2
r 1.000**
PA P
n 2
b. Dry (D) system
Humidity T p—X MEK BuAc PA BA
r —0.704** 0.185 0.165 0.443 —0.465 0.383 0.018
Temp. P 4.94E—-03 5.09E—-01 5.72E-01 9.83E—-02 5.35E—-01 7.50E—-01 9.70E—-01
n 14 15 14 15 4 3 7
r 0.021 0.033 —-0.100 0.881 0.371 0.018
Humidity P 9.42E-01 9.15E—-01 7.34E-01 3.14E-01 7.58E—-01 9.70E—-01
n 14 13 14 3 3 7
r 0.998** 0.482 -0.020 0.991 0.441
T P 142E-15 6.90E—02 9.80E—-01 8.34E—-02 3.22E-01
n 14 15 4 3 7
r 0.429 0.843 -0.494 0.863*
p-X P 1.26E-01 1.57E-01 6.71E—-01 1.23E-02
n 14 4 3 7
r -0.237 0.972 -0.101
MEK P 7.63E—-01 1.52E-01 8.29E—-01
n 4 3 7
r —1.000 1.000
BuAc P
n 2 2
r —0.060
PA P 9.62E—-01
n 3

**Correlation is signification at the 0.01 level (2-tailed), * Correlation is signification at the 0.05 level (2-tailed).
3Pearson correlation coefficient, PProbability of no correlation (2-tailed), “Number of matching cases
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Fig. 4. The results of correlation analysis between tolu-
ene and p-xylene in wet gutter system.
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Fig. 6. Comparison of the sum of odor intensity (SOI) bet-
ween different sampling points.
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