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Removal Efficiency of Some Odorants against Water
as Sorptive Media: A Case Study on
Trimethylamine and Reduced Sulfur Compounds
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Abstract

In this study, the removal efficiency of trimethylamine(TMA) and four reduced sulfur compounds (RSC) of H,S,
CH3SH, DMS, and DMDS was investigated using deionized water as absorbent. To this end, two types of experiments
were conducted which include: (1) by passing both RSC and TMA standard gases through water contained in an
impinger system and (2) by passing TMA gases through a water spray system. In the former method, TMA standard
gases were effectively removed (below detection limit) in all experiments. Likewise, minor fractions of some RSC
(CH;SH, DMS, and DMDS) were removed by water in line with theoretical expectations. In addition, the first type
of our experiment was extended further to test some commercially available odor treatment products. The results of
this test showed that removal efficiencies of RSC (8.2+ 13.7~43.7+2.48%) were different significantly among 4
kinds of absorbent, while the removal of TMA was consistently good as water. In the second phase of experiment,
removal efficiency of TMA was tested by passing its standard gas through awater spray system. The overall results
of our study showed that the actual removal efficiency of odorants by water (as sorptive media) approached the val-
ues that can be predicted theoretically (by Henry’s law).
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ow clashe o] Fash Fo A8 Eel o
sl W "ol (trimethylamine: TMA) 3} 33}4=
A2 913 3+3)3)3E (reduced sulfur compounds
'RSC)2- & H4a3A s 2s 7hxl ARez A o
214 9leh(Nagata, 2009). o5 48 oe] W%
AeA B oh)e (AR SH oz qlsted) 37
=R oze 237 TRel T glet (Pandey
and Kim, 2009; Ying et al., 2009; Choi et al., 2005;
Malhautier et al., 2003).

A #e) AAE Buos ey mx —g—a
Al Aol Abg ¢ deiA ek 1 F
AzA &2 AAE S8 E‘ri.“ﬂzﬂl*ﬂ(chemlcal cr-
ubbing), &)= ¥} (thermal treatment), -4 €l (activ-
ated carbon) &2H4, biofilter ¥y 55 &3t A+
Al 7} @le} (Pandey et al., 2009; Couvert et al., 2008;
An et al., 2007; Chung et al., 2005). 3}sh4| WL o
Frg B em AHFAA &3 ==
A b e PUE GO A
o) 7%, Aejul o] Astehs EAe] glo], T
O A T
w3 Frdozt B(Ex 44d)E F2 AMge
7] wgel, Al WHe o3k shne] gal=s} A
Az gl A 33FS v]Ao (Alix et al., 2009).
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of mAE AgFE FAll Hristaat sl (Exp
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g3to] ot ARl A AALE A ST, YA )
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Table 1. Basic information of target odorants for the sorptive removal test against water and liquid treatment media.

Permissible
- Molecular  concentration” o
Order  Group Full name Short CASNo. Cf:hemltl:al Structure weight ——M——— Threshold
name ormula (gmole™® Industry Others (Ppm)
(ppm)  (ppm)
Comg‘oun g T’;Tﬁ]zy' TMA  7550-3  CiHoN -\~ 50.1 002 0005  0.000032
S
2 ng’ﬂogee” H,S 77830604  HS ./ \, 34.1 006 002 000041
H
3 m’\e"re‘hﬁ'an CH;SH 74931  CHsSH  "*le—s 48.1 0.004 0002  0.00007
RSC cap H H
f S
4 D;Tfeitdhey' DMS 75183  CHeS nc” “cn, 621 005 001l 0003
5 2;;“”9&3’; DMDS 624920  CHgS, | ~Sng~ 7" 781 003 0009  0.0022
3

3Reduced sulfur compounds; "Malodor Prevention law (Korea Ministry of Environment, 2005); “Nagata (2003)

Table 2. Preparation of working standards of trimethyl-
amine (TMA) and four reduced sulfur compounds
(RSC) in water sorption experiment.

a. Primary standard concentration
Compound name TMA RSC
(ppm) 5,010 10

b. Preparation of working standard for Exp 1A

and 1B

Concentration

Dilution factor Mixing formula
TMA RSC Final TMA RSC
TMA RSC
(mL) (mL) volume(L) (ppb) (ppb)
100,000 200 0.1 50 10 50.1  50.0
25000 50 04 200 10 200 200
100,000 200 1 500 100 50.1 50.0

c. Preparation of working standard for Exp 2

Dilution factor Mixing formula Concentration
TMA Final TMA
TMA (mL) volume(L) (ppb)
166,667 0.3 50 30.0
50,000 1 50 100

A2 (50ppb)= 10L Tedlar bage o] &3} TMAS}
RSC 9Zxx 28 013} 50mLE F438l3, vu=|
T IEE NoE o83t AYFE Aoz zA\3)
A F=re] A4 =FA| S (200pph)= 10L
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A FEde] 2lg 2EAEE TLREE T2 Tedlar
bage = AlYE AP35l Expl% = A I
SHEE 70mL F A 2N Age] AR

2150
AE ] AlaFins o 1 Fuet. o] g} Al
A4 Qo) Ay wF2A B FHRSE 5
AA# Zhel] 43 Tedlar bagez ZFA| 27}
AN =S =3 FUFH(TH D). ol 7L 28 =
T/\]EJ} 5 77 AIZkE 50, 20, 10802 =
Aslel, AR o]F F42] H#X|E 140, 350, 700
mL min"le =z gr3e] ZF9jt)

Exp 1BE Exp 1Ad] Evj4l Algixl o= su)Fql
e 7 FRAEE 2 W oz 2kl o
g B wAF L 5712 72 F44)] (EcoRant 9149
(ABS 1), Ecorant M (ABS 2), Ecorant J(ABS 3), Ecor-
ant Y (ABS 4), Ecorant F(ABS 5), Inwoo corporation,
Korea)g 70mLA whob] Alajselet (3 AFolA)
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TMA and RSC
mixture sample
(L)

(b) Gasoutlet

N

Water spray
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RSC —
mixture ¢ |
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| (100L)

Fig. 1. Schematic diagram of sampling apparatus to inves-
tigate sorptive removal of odorants in liquid media:
(a) sorption method (Exp 1A and 1B) and (b) spray
method (Exp 2) using a spray system with 0.6L
capacity.

g FRAE JRHARe) AAE
A Bz 53 ARBHAE B Pes
ZAR AFEI). 571 FA mF ARBAA
Ryoz 3, AR Bshehel FeatA bub
bleo] MAIsh= A7} Slck webd AlAHE 2%
S A A9 A R e s

S, A=A

Ak EAl= %%—’Fi Z+zZF 100u)8 3] A8}
5,990 A8, £D 149l 2710) BE bub.
ble?] IchiAde 7relste], TMAS RSCe &E3HA)

22 EAIE £452 oF 120mL mint4Es 2
HapA] oAl dA st A2 F 5 F sk

Exp 2% Zhe] 55t K R3S Al s, &
Sl A2 i A& A A TMA A&7t Awe] 9]
2R §E272 58k 27000 B& spray ¥
AATIE WA o AAEES FHrkskde(2E D).
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ol BHAA FUo 22 FHR4E BAAITIA
A Aol A @3] Zhel F4EE 533 TMAY
FEE A ARECEAEEE ]%5}‘”1) 0L
= ARG SR AP dle

BAHE k=3, o “’}7‘1]-4 Ags ZJ?“E@P%‘;}-
AR Alas AFHs
o] &3}od ztz} 503} 100mL
z7loz APt BE *li/l iﬂ%ﬂ%"’—F 1L
minle] oz 10807 TAE 10LTE A3
shodct Alge] HFHAZE D B2 FARZEE 1082
2 1A, 2759 2AF i blank Alg 2
FUg oz zeYslgint Exp 298] 4, 30Ppb94
A w9l 100ppbe] %= TMA ZFEA|8¢| =
FUg o=z A3

o2
£
2
X
>

P

Rt |82 1L =27)9) Tedlar bagel] &7 %, solid
phase microextraction (SPME) v}X] o2 =24 fx
3t GC A|2Elo = BA3t}(Kim et al., 2006).
Tedlar bage A 2.2] B34, F24 52 #4140
ZA)8e} Ty 2 A7ALe AsdFE B8 SPME
WAe] AR EAES SAE o A BABNS
B3 v} glop(Kim and Kim, 2009). TMA A]2-9]
== ol PDMS/DVB (polydimethylsiloxane/
divinylbenzene, 65um coating, Supelco) fiberz. 30%-
7 =3t 338 =3 fibers GC(Model:
Dani-GC 1000, Italy)®] injectorel] 33t AlejolA
230°C= 5%3F DA frEsiglet. debzte] o] fo]
A TMA J2-e ofulfe] 4o go]d CP 7448-
Volamin (length: 60 m, ID: 0.32 mm, film thickness: 1.8
um, Varian)o. 2 22]2 f=3F 3, Nitrogen phospho-

o
AT

o)/ 874352 A 257 A 6%

Table 3. Operational conditions of GC for the analysis of
TMA and RSC samples collected from water sorp-
tion experiment.

a. Trimethylamine (TMA)

Temperature 80 °C (8min.)
Ramping rate 20 °Cmin?t
a

CCOVEN” o Temp 240 °C (5 min.)
Total Time 21 min
Temperature 230 °C

Injector Column flow 3 mL mint
Split flow Splittess  mL min™?
Detector Temp: 300 °C
H, flow 6.80 mL mint

NPD He flow 10.6 mL min!
Air flow 175 mL min?
PDMS/DVB (65 um Coating, Supelco)
Conditioning: 250°C, 30min

SPME

Sample absorption time: 10min (1L-Tedlar bag)
Sample desorption time: 5min (GC injector at
230°C)

AGC-NPD system (Model: GC-1000, Dani, Italy)

b. Reduced sulfur compounds (RSC)

Temperature 80 °C (4.5min.)
Ramping rate 20 °‘Cmin?t
Max Temp 200 °C (9.5min.)
b

GC (oven) Total Time 20 min
Column flow 15 mL mint
Split flow 15 mL min?
Detector Temp: 240 °C
H, flow 11.5 mL min?

c 2

PFPD Air flow 10 mL min?
Air flow 10 mL mint
Cold trap temp low -15 °C
Cold trap temp high 230 °C
Cold trap hold time 5 min

d

ASTD Valve temp 80 °C
Transfer line temp 80 °C
Minimum pressure 5 ps

GC (Model: DS-6200, Donam, Korea)
°PFPD (Model: 5380, O.1. Co., USA)
IAS/TD (Model: Unity, Markes international, UK)

rous detection (NPD) v}A] o 2 7 &3¢ o).
galghgel N BHe FHYel Hel wes
1} o] GC/PFPD (Pulsed flame photometric detector:
0.l Co., Model 5380, USA) 4] Z:%‘ S o]%a}oﬂc}
Tedlar bago 2 )33t Zoelzt
A2~ (Air server (AS)¢} Thermal desorber (TD):
Markes, Ltd, UK)3} dA18}e] A8l ch(Ahnet al.,
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Table 4. The concentrations of TMA and RSC determined after passing 70 mL of water contained in an impinger sys-

tem (Exp 1A).

Final concentration® (pph)

Initial concentration? Flow rate
Order o
(ppb) (mL min™) TMA H,S CH,SH DMS DMDS

1 140 0.41° 97.4 163 153 159
2 200 350 041 110 167 159 144
3 700 041 110 172 163 141
4 140 041 19.6 41.9 395 375
5 50 350 041 30.8 43.6 47.3 39.8
6 700 041 26.3 42.1 40.7 40.0

#The concentrations of working standard before water sorption; "The concentrations of working standard after water sorption; °DL valueis underlined

2008). TD Wi 3ol A #3352 A2%ES s}
7] $)3}ed, cold trap (CT)ell -15°C &x9] 2702

A FHRE A B2E F3 RSC A E-Eof o
3l Aex2s $w3)7] )3, Carbopack B2} Silica

gels Z3% CTE ARgslode 28lx CTE <3
250°Ce| oz A5AA 5¥7F debEE f=s)
Atk ko] o]0l A= GC (Donam instru-
ment, Model: DS 6200, Korea)2] Z3 o2 o]FA]A
22518} GC W 3ol A RSC A H-E5-S Ba]37] 9
3], BP-1(Length: 60m, ID: 0.32mm, Film thickness:
5.0um, SGE) & 21435t TMASL RSCe| &
Aol A3t GC/NPDg} ASTD-GC/PFPD A]AElQ)
AAEA 27 = 3ol AlAE -

B oA A}&-sF GC/NPD2} AS/TD-GC/PFPD
A zElo] g3t BAAQHA (L)L Frkshr] 98,
AHd) £ ¢ 2} (relative standard error, RSE) ¢} 7] &3t
Al (method detection limit, MDL)S Al&3}9tl. RSE
t BFAEE $Ase] APAS F0g 9, F3ks
wol st 2EARS 33 W pas by
oz Fakdet. TMAS] 734, GC 4]l ~100ng

RHF 33) W% F918k93, RSCE H,58 71Fo2
Langehg Fshe wioz Agsige o A,
TMA<} RSCel| 3 RSE g2 77+ 1.93%¢} 0.62%
= gAY SFoz vehgeh WA e 2
Ryge] £ SIN=3 o]

TH(N=T)Z o] &3t Hav= X#v‘é— =54
A2 T8 oL, R Zo A A1F 77 90%Y we] o

A%k 3145 Fohe WA o= Axksisish 1 Az,
TMA$} RSCe] MDL ZH2- 0.4ppb(1ng)$} 0.03~0.1
ppb (0.02~0.04ng) = vehyde.

3. Zn o

km

=
(==

hi

2 ddME F2 dFHAAREcR 4 e
TMAS} RSC 4%& tjAto g F4wol 93 AR
£o] 712 BEAS A7t sk ol & $I3)ed,

192 =7 2714 e el Alssioleh

ot ETEatyel ¢
p 1A)

2 A7 2724 Exp 1AM = &5 “Hiﬂ
AHg-8ted, TMA S} RSC 4% AR50 AAEAEE
Abstaal slint. o] & 9)5)ed, 10L Tedlar bag<>1] 50
3} 200ppb F=d 2] 244 BFEARE
ste] Jrks AAlskdeh 7L S 2EAEE
70mL FH4E FYT G394 BIHAA FAH
FHrE 5 9, il 7 AAEEe] vus
«]6}04 £ 3717 o34 (140, 350, 700 mL min™Y)

o7 poir] Zze] AE A8Eks T o] 9 FEe]
E5 533 TMAS} 4%2] RSC A &2 #AAAE
Z 4o A B & 48 By, TMAE A3 =9}
e AlE BreA 453 Atgle] AE3HA ol
stz vebge) o] TMAS] Z4, A5} 5=
o] AlzollA] 100%e] ZA s AAEES Hlvkx
& 4 9lvh RSCe| 79, A5 mel A ARz o
I e AAEE (WS 2ok 49+11.3(H,S), 15
+1.90(CH,SH), 15+8.40(DMS), 22+ 2.82(DMDS).
w3t s xoA AAEE (%) 47+3.66(H,S), 16
+2.09 (CH,SH), 21+2.33(DMS), 26+4.62(DMDS)

£ Bt o7t Aol oJshd, Asteag Al ol7t

ot& MHE

747k 24
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RE QEEo] Wgwda AAEE] ueh 2 7
= e 2o AsslAel AAEES
wol o] el AAxEe] Aol EAHOs

Flstar} t-testS AAIEE ZH 2, 90% A1 7 el A
FAb 7ol F-oJ7F zpol7} Gl Aoz el (P=
0.34).

2 Q7o) Aol AZow st A AEEo]

o|EX o & 7lsst A} dupt Aoz} =
7Ve HrheE Bk ol% fld, =] WA AdA
3 2FA 89 x F93y 58 HL3le o]
Al g = AAEE A *&%Hi%‘u}

Ao HAAA A= &l
constant, HLC)= 317334l =74
o HPE ALz A
1999). At 2= 22 E8H 29lF) pHIY
of - A AR T= 2! 3}o] w9} 22 3]
g2 29le] A uwlg} f3FS P} (Staudinger
and Roberts, 2001). 53], %i—?oﬂ*iﬂ'% sty 2
Jun} ©hes] 2xel 2 EE|A 2glel 7IFEH
Jeks W= HAT 27 = offjg) Fe] L=
o] & Zhele 4 QxS RS ALgslE= 7
7Fs3let

oo ()

4= (Henry’s law
ow 23 37 2
4= 91} (Altschuh et al.,

o

o

—_

(ky: Henry's law constant, T: temperature, R: gas con-
stant, ®: standard condition, —AHsoln: enthalphy of
solution)

5 20 Al 7|xdt 7 ARe] AAEER
gzle] fH el o3t o5 AAELE FAlel AAe}
At 1 A3}, TMA2] o242l A& 100%:]

Aol AoE 3T 4 9ok wh, E RSCA
259 Aol o243 A&l 30% ol5}= o
A Fhseheh B3] HSS) A9, 3% w19 e A A
& A9 & gl ol o8 Az Ao 7]
2% A%e sl AAEE AES 2 2
3, TMAL ALl A7 o] 43 ko] 100% 4%
o2 et RSCA¥ % H,SE Al9IF vin)

100
90
80
70
60
50
40
30
20
10

Removal efficiency (%)

100
90
80
70
60
50

30
20
10

Removal efficiency (%)

DMS  CH.SH

'DMDS

‘ [ Theoreticd [ 143mL/min 350mL/min  EZZ1 700mL/min

Fig. 2. Comparison of water sorptive removal efficiency
of each compound between theoretical and obser-
ved values: standard gases of TMA and RSC pre-
pared initially at two concentration levels of (a) 50
and (b) 200 ppb (Exp 1A).

QA HAAE A ttest2 FriEidch 1 A, 1
Fx AlgoA]l 900% A FpFellA] o] 2l 3 A
Sl 7123 Fhell zbol7t gl Aoz vehdu(P=
0.56). ¥, A &A= o]z dt xjo]7} g-2ol8t 7
o bt (P=096). 24 el 9oz Ho|7}t =
o1 AF3 HSE o] 2H oz 26%°] AEE B
ofof 3}A|Ek, ASAIE= of 50%°] ¥ A|7ES
Hol Zloz vepydtl o] H S ARe] E<kAdh
speby SA2 A Alse] AF A ol A~
el M BpHQl FAEA Fo] WA How F

A 4 Qo T2 HSE Al 9ldt yex] 5714

ﬂ

HEEe wE d20) WAz o shsdt Al
SAT ATE wolvh 0% Abek, 2 A7e)
ol of7ks AARES ST oln = §
49 el e o 4 gleh
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Table 5. The concentrations of TMA and RSC determined after passing 5 types of commercial absorbents through an

impinger system (Exp 1B).

Order Odor treatment Concentration (ppb)?
product ID TMA H,S CH,SH DMS DMDS
1 ABS1 041° 9.35 17.3 39.4 483
2 ABS2 041 49.1 489 35.6 121
3 ABS3 041 411 451 39.1 320
4 ABS4 214 420 39.1 402 51.0
5 ABS5 0.92 26.8 29.7 284 276

#The concentrations of working standard before odor treatment sorption(Theinitial concentration is fixed at 50 ppb.)

DL value which used toluene peak are given for underlined
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Fig. 3. Comparison of water sorption removal efficiency
of TMA and RSC after passing through 5 types of
commercial odor treatment solutions contained in
an impinger system (Exp 1B).
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Fig. 4. Removal efficiency of TMA by the application of
water spray system (Exp 2).
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