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Abstract: Emission characteristics of major offensive odorants were investigated using odor samples collected
from two urban stormwater catch basins with highly contrasting environmental conditions. A total of 6 major
offensive odorants (H,S, CH;SH, DMS, DMDS, CH;CHO (AA), and NH;) were measured. For this comparative
analysis, odor intensity (OI) of all odorants was derived from their concentration data via empirical equations
introduced by Nagata. Both the absolute magnitude of odorant concentrations and their OI values were used
concurrently to evaluate the occurrence pattern of each individual odorant. According to our analysis, RSCs
including CH;SH, H,S, and DMS tend to exhibit the highest odor strengths among all 6 compounds investigated.
The overall results of our study suggest that the emissions of major offensive odorants from urban stormwater

catch brains can be explained at least partially by the temporal trend of human activity.
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Table 1. A list of target odorants investigated in this study

Pollutants CAS  Odor threshold® MDL® Precision®
Type Full name —m— Structural formula o
Short name number  (ppb, v/v)  (ppb) (RSE, %)
S
Hydrogen sulfide H,S  H,S /N 77830604 041 052 8.09
H H
Reduced H H\
A. Sulfur Methyl mercaptan CH;SH CH;SH \/C _S\ 74-93-1 0.07 0.34 7.38
Compounds H q
S
Dimethyl sulfide DMS (CHs),S / \ 75-18-3 3.00 0.24 9.38
R R'
S R
Dimethyl disulfide DMDS  (CHy),S; /N / 624-92:0 2.20 0.2 595
R S
Formaldehyde FA HCHO /ﬁ\ 50-00-0 500 2.11 0.74
H H
Carbonyl
B. Compounds* Acetaldehyde AA CH;CHO 75-07-0 1.5 1.15 0.49
H
Acetone AC CH;COCH; /ﬂ\ 67-64-1 NA 0.63 0.74
—~—
C. Nitrogenous Ammonia NH; NH; H/ I\\ H 7664-41-7 1500 30.0 0.81
H

?0dor threshols measured by the triangle odor bag method (Nagata, 2003)

®Method detection limit: SD (of 7 replicate analysis)x3.14

‘Relative standard error= {SD / sqrt (n)} ~ mean value

dAlthough FA and AC do not belong to strong odorant category, their data are also presented: as these compounds were frequently detected
above DL, their data were also provided as reference components of odor analysis.
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‘W=wet, "D=dry system

Fig. 1. A picture of two sewer grate (stormwater catch basin) sites for the collection of the major odorant samples.

Vol. 23, No. 4, 2010



350 9

Ehsanul Kabir -

Janice Susaya * 1718

Table 2. Information of sample collection intervals and the corresponding environmental condtions in this study

Sampling condition

Temperature (°C)

Humidity (%)

Time

Day Date W point D point W point D point
10:00 29.6 27.6 NM*? M

Ist 09-08-18 14:00 279 31.2 82.5 67.1
18:00 31.1 29.0 62.6 64.0
10:00 26.8 29.3 824 76.8

2" 09-08-19 14:00 313 29.5 72.5 74.7
18:00 29.0 30.5 78.3 65.3
10:00 29.3 25.9 71.0 85.0

30 09-08-21 14:00 27.6 30.6 61.3 48.6
18:00 29.7 30.5 39.0 39.0
10:00 27.5 25.7 80.0 88.0

4t 09-08-25 14:00 28.0 27.2 82.0 83.0
18:00 27.2 26.7 68.5 73.5
10:00 27.6 26.2 M 100

st 09-08-26 14:00 26.8 28.0 94.5 96.7
18:00 24.5 25.1 93.9 84.0

*Not measured
Gt BAE A, IFAF B2 Lung  HE HAY RO B skE A& 7t A
sampler(ACEN, Korea)oll 10 L %3] 2] Tedlar bage Frd o 'Er@u o] golg d&z #A7|(thermal
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Reduced sulfur compounds (RSC) AEE th3h &
218 9l3l, pulsed flame photometric detector (PFPD:
Model 5380, OI Co., USA)E ZHE71E 23t gas
chromatography (GC) A]Z=¥l(DS 6200, Donam
S AREERTh FsketEoe] vl

Instrument, Korea)

desorption (TD): Unity, Markes International, Ltd, UK)
£ GC/PFPD AN Z&¥l3} 23tele], A5 Whao=g
£A81TE RSC AJE-9] 739, air server (AS)E 53,
40 mL/min®] £%2 2 157 TDO| A|l5E FYshH
M AeEZe Swalgnh ek B Ao ox AA]
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Table 3. The operational conditions of all instrumental systems employed in this study
A. GC/TD system for RSC analysis
[1] GC system®
1) Injector 3) PFPD
Off Model 5380, O.I. Analytical (USA)
detector temp.: 250 °C
air(1) flow: 10 mL/min
2) Oven air(2) flow: 10 mL/min
initial temp: 80 °C H, flow: 11.5 mL/min
rate: 20 °C/min 4) Column
final temp: 200 °C BP-1, SGE (Australia)
initial hold: 4.5 min film thickness: 5 pm
final hold: 9.5 min length: 60 m
total time: 20 min diameter: 0.32 mm
2GC (DS 6200, Donam Instrument, Korea)
[2] Thermal desorption conditions of AS/TD®
cold trap: Carbopack B+Silica Gel =1.5:2.5 (volume ratio)
split ratio: 10:1 trap low: -15 °C
split flow: 15 mL/min trap high: 250 °C
hold time: 5 min flow path temp: 80 °C
°TD (UNITY, Markes International, Ltd., UK)
B. HPLC/UV system® for carbonyl compounds analysis
1) Injector 3) UV detecor
volume: 20 puL Model 500, Lab Alliance (USA)
wavelength: 360 nm
2) Pump 4) Column
flow rate: 1.5 mL/min Model: 5 C18, Hichrom (UK)
mobile phase: acetonitrile : water =173 film thickness: 4.6 pm
analysis time: 15 min temp: 20 °C
‘HPLC (Series 1500, Lab Alliance, USA)
C. UV/VIS? system for ammonia analysis
1) Impinger system 2) UV/VIS
pump Flow rate: 2.5 L/min. wavelength: 635 nm
volume absorbed: 5 L temperature : 20 °C
absorption time: 2 min. He flow : 10.6 mL/min
temperature: 20 °C Air flow : 175 mL/min
boric acid volume: 50 mL °e °e
dUV/VIS (GenesysTM 10 series, Thermo Electron Corp., USA)
AEE AU FFEG64 nm)E T 2 5, ol FUL fI8h 20 uL AEFZE o]gdt FAZFS
360 nm2 g3 Th HPLCE HZ &= o]5 3= I A F9th DNPH cartridgedl] 554171 Al8&
ZE o]g3ste] mo|2E HASAFAT. A5 A A HPLCE Acetonitrile €< 5 mLZ &%3% §, HPLC
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Table 4. Information of three approaches used for the conversion of concentration into odor strength indices

A. Notation of summation terms for individual odorants and the associated conversion formula

Order Odor parameter Acronym

Function

1 Odor intensity Ol

Derived from functional formula of individual odorants, as shown in ‘B’ section

2 Sum of odor intensity SOI

Log (10°" + 10°2 + + 10°%)

B. Odor intensity (OI) fomula for reduced sulfur compounds?®

Odorant Odor intensity and corresponding concentration (ppm)
Name Funtional formula® 1 2 3 4 5
Group —
(short) very week week distinct strong  very strong
Reduced H,S Y= 0.950logX+4.14 5.0x<10*  5.6x107°  63x1072  7.1x107 8.00
Sulfur CH;SH Y= 1.250logX+5.99 1.2x107*  6.5x10™  4.1x107  2.6x1072  1.6x107"

compounds DMS Y= 0.784logX+4.06 1.2x10™  23x107  44.5x107°  8.4x107 16.0
DMDS Y= 0.985logX+4.51 2.8x107%  29x10°  29x107%  3.0x107 3.10

Carbonyl FA® Y=1.530logX+1.59 4.1x10™ 1.90 8.30 38.0 170
compounds AA Y=1.010logX+3.85 1.5%x10% 151072 1.4x10™" 1.40 14.0
AC* Y=1.790logX-1.64 30.0 110 390 1400 5100
Nitrogenous Ammonia Y=1.670logX+2.38 1.5x107"! 5.9x107! 2.40 9.30 37.0

* Nagata (2003), Odor intensity (Y) and odorant concentration (X)
PAll concentrations are plugged in ppm unit
‘Refernce compound
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Fig. 2. Comparison of the mean emission concentrations and
the associated Ol values of 6 individual odorants
measured from two sewer grates during the entire
study period. (a) Emission concentration of odorants
and (B) the corresponding OI values of odorants
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Fig. 3. Temporal changes in odorant concentration levels from two sewer grating systems during the entire study period. (a)

W(wet) point, (B) D(dry) point
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