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A Study on the analysis and causative chemicals of trace
multi-component odor using Proton Transfer Reaction-Time of

Flight-Mass Spectrometer

In-Ja Hwang

Interdisciplinary Program of Earth Environmental Engineering

Pukyong National University

Abstract

In various industrial sites and living environments, odorous substances generate
multiple components and cause odors even in trace amounts. Above all, it is
important to identify odor-causing substances through quantitative analysis of
odor-causing substances.

However, the analysis of trace odor substances of multi-component has different
sampling and storage methods for each substance, and it is difficult to analyze with
different pretreatment and detection methods. In order to simplify this difficult
analysis procedure, sample injection devices such as ATD (automatic thermal
desorption) and cryogenic concentrators and GC-MS have been used, but low
molecular weight and highly volatile substances are easily lost by oxidation or
decomposition, making it difficult to analyze. In addition, concentration media such as
liquid nitrogen or liquid oxygen are required during the low-temperature
concentration process, and it is not economical because it takes a lot of time and
manpower due to the complex analysis processes.

Recently, proton transfer reaction-mass spectrometer (PTR-MS) and selected flow
tube-mass spectrometer (SIFT-MS), which contain a quadrupole separator, are
analytes that can be directly injected into equipment without sample pretreatment
and quantitatively measured in real time.

However, these quadrupole separation methods have limitations in



multi-component simultaneous analysis because they have the disadvantage that
many substances with the same mass act as obstacles due to low resolution (1 m/z).

On the other hand, multi-component simultaneous quantitative analysis is possible
with high resolution (5500 m/Am, FWHM) and high sensitivity (detection limits for
m/z 181, 5 pptv in average over 60 sec) through time-of-flight mass separation.

In this study, 84 substances that frequently cause odors in industrial sites were
selected, and simultaneous quantitative analysis was confirmed in PTR-ToF-MS
(PTR-TOF 6000 %2, lonicon Analyticik Ges.m.b.H., Austria). The main variable values
for quantitative analysis were obtained through comparative experiments of 34
standard substances with research data from other researchers. The analysis method
using PTR-ToF-MS was verified by applying it to each process and exhaust gas
analysis at industrial wastewater consignment treatment facilities.

Specifically, two main characteristic data required for PTR-ToF-MS analysis are
important: proton transfer reaction rate constant and yield ratio of target ion. The
proton transfer reaction rate constant and yield ratio were measured directly by
other researchers and obtained by theoretical calculation. In addition, in this study
experiment, 34 standard substance experimental data were compared and utilized.

As a result of quantitative analysis of 34 standard substances with PTR-ToF-MS,
both showed linearity in correlation between each substance concentration and cps
(count per second), and detection sensitivity (sensitivity, cps/ppbv) showed a value of
197 cps/ppbv (detected contract of 5 pptv) for toluene. In addition, preparing 6
substances of BTEX standard substances, the comparative quantitative analysis of
ATD-GC-MS and PTR-ToF-MS showed a correlation of 0.994 (r¥ or more. However,
PTR-ToF-MS can detect high-resolution mass separation, but there are fundamental
limitations in individual quantities for isomers and isobaric. This limitation was
confirmed to be overcome through separation by ATD-GC-MS, and simultaneous
quantitative analysis of 84 odorous substances was possible.

This analysis method using PTR-ToF-MS and ATD-GC-MS was used to identify
odor-causing substances by measuring odor gases for each process of two types of
industrial wastewater consignment treatment facilities that frequently cause odor

complaints.
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The gas generated in each wastewater treatment process is treated in a wet
scrubber and then discharged to the exhaust. As a result of examining the
substances that cause odor in the final outlet gas, company A was found to be
pentanal, acetaldehyde, methylmercaptane, hexanol, and butanal company B was
found to be decanal, nonanal, acetaldehyde, butanal, 4-octen-3-one. In both
companies, most of the substances that cause odors were substances with low water
solubility and could cause odors even in very small amounts.

In conclusion, the existing odor substance analysis method is complex and
uneconomical because sample collection, pretreatment and device detection methods
differ from substance to substance, whereas PTR-ToF-MS enables multi-component
simultaneous quantitative analysis in real time relatively easily without pretreatment.
This method can be the basis for simplifying the quality management system of odor
analysis. In addition, it can be used to identify and evaluate odor-causing substances
and is expected to be one of the more economical and efficient analysis approaches

to solving odor problems.
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oF Ztk(Baek et al, 2004; Mao et al., 2006). °©]&3+ ol F23 AFHJYJAEALS
glstei ol AFAoln #HeHAl A WHPES AAE F Aok 2y AHAR
of REe HHEAEL EFHoE EFFHO oY 7HA FRo] T3] ¥ TER
HEE7] g FFAQA FHEA N F olEgol Ak HFERES AH AFAEL

oh

Foee, US| =R, AR 5 24 NEAR] FE GFHEH = 9o
_]

A BN 5 AdFHHIIE Folrry] JYEHKim et al, 2002; Murari 2007;

Dongbei et al., 2014; Yuta et al., 2020).
FHE THAHLE FAste YW A F4S EdE 5dA FHAVE 53
st #SAEHA thr] Foll 23H dHEEY sEFFS AFHOE Hriste 7]

o
2004; &4+ 2012). F ¥ 7HE Z Ael=

B5AYHE FAZESG ARAE S BB E 5o viwd FuHo Bl



i)

, 7171824 & GC-MS (gas chromatography-mass spectrometen)e} 22 7|71 &&
Foted /N FHEA S AFEASE Aotk

AsANFHL A= g &3@R), TAYHo| vfgHola HAHAe] F
B1 R Aed 24 AY S BHol ) Wl GAALE AsME AR

a8y 771 RAHE 283 AFFHEAS o ARe] ERHoE nEF WiEEHE &
gdoll oJste] oA F/F 771¢ HE717F Basty R[S AR Ay AA =E=3ZH
2 a3 o] 9JuKShukla, 1991; Ramel and Nomine, 2000; Kim et al., 2002; Park,
2003; Rappert and Miiller, 2005; Helsper et al., 2006; Mao et al, 2006).

ol FE3] it AFEE2rIeF GC-MS(Broadway, 1991, 1992; US EPA
Method TO17, 1999; ASTM D 6196-03, 2003; Seo et al, 2010), SAXFZFFY
GC-MS7} &&= 9t (Schmidbauer et al., 1988; US EPA Method TO14, 1997; Jeon
et al., 1999; ASTM D 5466-01, 2001; Seo et al., 2010).

AsdE27]e} GC-MS& 204 &2 AFHst7] ol MEdas, oHNELH
1=, Egvgelyl 5 JAAo] 3y BExF] Fe EFLS F2 AFHIT &olsHA
%}1, sl W agtd, A 52 340 CHES I3 oA A5 B
3, &4 Fo& AHA U= Xé FEAol oHEo] e A2 Bt JrkSeo et
GC-MS¢| Ao+
ZHANA 17k A F L Ze AqAGALTE L8 HY] wWEo] EAHEo] Bl
& @] JTHUS EPA Method TO14, 1997; Kumar and Viden, 2007; Krol et al.,
2010).

HZ AgHAgFol L AHZFRA7] (selected ion flow tube-mass spectrometer,

oll
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Hir

SIFT-MS)¢} kA xpxdo] A =gFE27] (proton transfer reaction-mass spectrometer,
PTR-MS)&= A& AAg flo] Aulddl A% Fdstd dAtow A, AFEH s
st BEA7I7I2 d7] F9 HAPs (hazardous atmospheric pollutants), && HFEZ
(ozone precursors), VOCs (volatile organic compounds) 4o &3 ot
(Lindinger et al., 1998; Hansel et al., 1998; Moser et al.,, 2005; Smith and Spanel,
2005; De Gouw and Warneke, 2007; Steele et al., 2011; Kim et al., 2013; Son et al,
2018; Shin et al., 2020).

SIFT-MS¢} PTR-MS& EF ®EFE=de 3% uA flo] A84 e AARL

b =A% =

240 Jbsd go] AAW, AF

-

o

28 (quadrupole) &=k



o2 @z 1 mizwe FES= @9 EE%s (unit resolution) EA#oz Ao
A ol 2L oy g2 BHES B3 de A EA%

2 AFdA 83 Aol vgAE  AZFEAZ] (proton  transfer
reaction-time of flight-mass spectrometer, PTR-ToF-MS)= SkA of7]1%+ 71713} o]
23 WHe T AH EAT FEo] AF=Ad Al HAAZE  (time of
flighhoz A=, AZFEINFT (m/am)e] 550001422 m=0.01 °|s7tA HF
(exact mass) Z7o] 7bssdtal, @At v 728 A SAHE & JtHRobert et
al., 2004; Cappellin et al., 2011).

meta B AFoA s AgEFA e A RS FHEA 84F S AAS)
3, PTR-ToF-MSel| A ot A& w|F AFHEHD A AFEA /M 9He FA5A
o AFEAd T8 Wl FAR
TAEY] AT7ARE A
skt

PTR-ToF-MS® B#F&A AgAS Hatr] 98] 24 242 5= PTR-ToF-MSe A]
AE5 o] YeldE cps (count per second)2te] A##AIQ] 7= (sensitivity, cps/ppbv)
£ sty o, BTEXZ ATD (automatic thermal desorption)-GC-MS<¢} PTR-ToF-MS
AN TY FFLE Hlu AFEME FHs5te AHEAN 2 Hrtel &8 IS &
A&tz sk
olg]gt ATE AFATFTAEAHEA Y HE S T3 AHAJAELG] F o HH
7hol &gt HAH GHAZL V2ARE FEY F AEE & Aot =3 7]
o A 7le 9 oAF HUt VlERT AAZ, agFoly wE ]
S v F Qs ASFE JgHETh

N

&



A2 A& EH 1F

2.1 PTR-ToF-MS

oFztAo] MIBAZE AEA7] (proton transfer reaction-time of flight-mass
spectrometer, PTR-ToF-MS)& F= Wi7] ZFol| ppbv FFo FAH7LEGE2
(hazardous air pollutants, HAPs), 34 f~713+3++= (volatile organic compounds.,
VOCs), 2& HFEZ (ozone precursors), AHEAES AAO R A3 A3V} F
=S w3 gJtHLindinger et al., 1998; Seo et al, 2013; Perraud et al., 2016; Kim et
al., 2019; Johanna et al., 2021). PTR-ToF-MS& &4k 7}~ glo] A|8E A7 2 H
FUHow HAY glo] AFEH & &+ Atk
Az} = Bzl o Z13} = (proton affinity, PA, kcal/moD)+
3 R P(+) =34 WSS wf DAS= oY Fo =
3G A 2-DF o] ZAGNA oW Fo]Lo] FAEA Holrk dojud FA
A7 == —ELX}7} Ha, Ao EFEA ARololA whZolA Q"] (enthalpy)
change®] &<olth. o] W5 Z|AGdA g Tdutgoln, qyA= HEHH

A S AslEE & ;s KT

=, 9 FAoA BAE HFoE IYPHRHE w AR 7} HEE
S 524 TE (exothermic) HEgolA R}, Ak Msl=+= I o] AUlgd 4=

AT &, Fof w2 0" seFo] A% WEolA de FESE AL 9

2
2
i
&
B

Chong et al(2003)= =9 <x H3lx=+E= 168 kcal/molZ2 AFH v dow,
Isabelle et al.(2013)> 165 kcal/molZ <du3ta Qom, NIST (National Institute of
Standards and Technology, U. S. Department of Commerce)ol| 4= Hunter et al.(1998)
o] AT o3t Eo A st== 691 kJ/mol (165.31 kcal/moDQ] ALz B3}
I Ut B2 AFAEY Eo %z HIE AsZRE dulAR o g 166.5 kcal/molE

_4_



FTEa=dANA HO, O, NO 59 o= 3l o] 4& reagent gas= st &
AdE A olo] AT FIolA T AR BAE &
Al @th 283 A dol® A oS BE AFRAVIE HET
ot G oS-} ToF-MSe| A& W2alS ZAde e AL E47|7E Iy o
=

PTR-ToF-MSe} a1 &3t



2.2 PTR-ToF-MS¢] #A43 &4

2.2.1 lon sources} FAALe FA

PTR-ToF-MS +4< Fig. 2-1¢ Yetlidth. PTR-ToF-MS& 1. Ion source -
hollow cathode glow discharge, 2. Dirft tube - DC only drift tube, 3. Ion funnel -
RF ion funnel, 4. lon guide - hexapole RF ion guide, 5. Mass spectrometer -

orthogonal-acceleration reflectron ToF-MSSo. & FAFo] A o] F F23F RS

Ion Source, Drift Tube, Mass Spectrometer o]t}

lon Source | PTR Drift Tube | Transfer Lens System TOF-MS

Transfer

lon Source ‘ Drift Tube » lens ToF MS » lon Detector ‘ PC

Hollow Cathode
system

Reagent Sample inlet

Gas inlet OC:
(H,0, NO, 0,) —

Fig. 2-1. Schematic drawing of the PTR-ToF-MS instrument.



o] 23}(ion source). 2 F49 reagent gas (H:0, O, NO )7 FE&&IHno
2 ole3l 9 z7t3y} ®o) Table 2-12 thr] 5 o] EAste EdE3 VOCs ¥
FHEZAEY ¥4 IE=E YEAH. 37 T tiFEEs AASL A= Ny, O,
Ar, CO, & B9 ¥A 3= 166.5 kcal/moli it} Br7] wj&Eo Fxp do] =R %35t
o PTR-ToF-MSelA HAZ&HA E3oh ¥4 =7 2Rt 52 VOCs 2 o3 &
22 A & Aol7} 7hsste] PTR-ToF-MSZ H=Eo] 7bsstth. AFEA 7= dst

£ WE BASW B4 Jheay] WEd] B4 BASL ojes AAc Ak

A Ao)Hk-2o 53A- o]e3) (chemical ionization, CD) el shvjelt). 3134
o]&3} WHE AAE BolAY AASE HASE WA = o3 Wz MHE
o] AAHRAHANA AR Dol oA o} wESEo 7t A o] - Ho] soft

ionizationo]2}al & < lot. o] whe} MAFA o] 23} (electron impact ionization,
ED L 70 eV S84 AqUA7E 34 24 == dAe =5t B2 24 o2
A7 29 EQS &1 ©| & hard ionizationo] 2t FTh

o]

PR B xZoleoE B4 Fx Ho] folaAw mEA

)= o ==
=5 e

of B3 o] &3} WHe =4t Ao YolkA o} 34

A4 A% 2AERS @7 WEed YA HHE 9g & Ak HeA



Table 2-1. Proton affinities of some common substances

Name Component ~ PA* (kcal/mol) Name Component (kciﬁr;ol)
Water H,O 166.5 Hydrogen sulfide H,S 170.2
Air components Hydrogen cyanide HCN 171.4

Name Component  PA* (kcal/mol) | Formaldehyde CH,0O 171.6
Helium He 42.5 Benzene CeHs 181.9
Neon Ne 48.5 Methanol CH;0H 181.9
Argon Ar 88.6 Acetonitrile CHsCN 188.0
Oxygen 02 100.9 Ethanol C2HsOH 188.3
Nitrogen Ny 118.2 Propanol CH3CH2CH,OH 190.7
Carbon dioxide CO» 130.9 Acetone CH;3COCH;3 196.7
Methane CH,4 129.9 Diethyl ether (C,H5),0 200.3
Nitrous oxide N,O 136.5 Dimethyl sulfide (CH3),S 200.5

*PA; Proton Affinity

Fig. 2-2.91 49} o] H,0E reagent gasZ ol &3 A$ FFSIWAeZ ofegf o]
Hh-g-o] dojte,

e+ H,O->H,0" + 2
e+ Hy,O—H, + O+2e”
e+ H,O—>H" + OH+ 2e”

e+ H,0—>0"+ Hy+2e”



Hellow cathode:
Cathode - i H20
0 —() v o

BN

Reagent gas pumped by
reaction TMP

Fig. 2-2. lon source-hollow cathode discharge.

A71M A7

| ol2E3 H08 F+ WA @A A wE
%E 7M1 &3 =

S5t Wl $ =& =0 995

H E ol2H0NeE AAgst AdHEHFig. 2-3). Table 2-2+
reagent gas(H,O, O,, NO)9] Aol F&, ET-=S UERAG.

Production of H3O* - Ion Molecule Reactions

Hy + HyO—~H,0" + H,

H + H,0->H,0 +H

O"+ H,0—->H,0"+ 0

H,O0"+ H,0—~>H,0 « H "+ OH I
Reagent gas neutral gas
pumped by
reaction TP
Fig. 2-3. Second part of the source.
Table 2-2. Reagent gas is a production ion and efficiency

Reagent gas Production ion Impurity ion Efficiency(%)
Water H,0" 0, .NO™ 99
Oxygen oM H,0",NO",NO, 90-95

Oxygen, Nitrogen NOT H,0",0, ,NO, 90-95




2.2.2 Drift tube$} %z} Ao] Hk3-

ol 23l A TEIZ Hs0'9F VOCs(B)o] dAFz olHEg-o] o] R A= o] thFig.
2-4). A3 H Eo]&H;0M7 VOCsB)7F A& 28 3le o A AE Eo]2(H0)
oAl VOCsB=E zHg=xol ol23td AAdo|2BHNY 4 EEAH0E Hth
PTR-ToF-MS¢] 718 ZzA2E= g3 2t}

Proton Transfer Reaction: AH T+ B—>A-+ BH™"

Charge Transfer Reaction: A"+ B—>A+ B"

Chemical lonization reaction scheme: H,O "+ BhBHt + H,0

lon Source | PTR Drift Tube |

Precursorions

H,O Inlet Sample Inlet

Fig. 2-4. Drift tube-proton affinity reaction.
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2.2.3 Ion funnel ¥ Ion guide

PTR-ToF-MSel|A] ion funnel> Wh& @Yo AF7} ofyet F+2 o]
3 A EA#oE JFA717] A% Aolth. HAE ion guidew RHE
W3gA Atole] AAEH & 2H Thg] Buk ofugt B2 AYF Hee B g4t
focusing 71%5<& ztFa At} oA oL %F
2 AAdgo] ¢ dojupa] FA AA = glo] PTR drift tube
o 4] lens system (ion funnel, ion guide)= F#3st= B o] &AHo] FolEo] I

o A% Bave Bolw A% WAL BFE 4Te B

Z*Q1 ion funnel?} ion guide”} €&

2.2.4 ToF mass spectrometer

HIPAIME AFEA7IE o2& 7HEAI7]IE 745 (acceleration)d & 7 A =%
g5 & Fleld-freed g2 FEHAT o|23d MF 7t2v HIANNY HAZFEAH A
HE fF95o] Pulserelx A71#Ql ez FHoz 7&HAG, ALx UE Fsi
Field-free 990 & 71&H o2 V o g H|gS 3l Ao =7|o uzt £
Hoh o]20] 7HE A § S5+ dFo| whvlgsta, AlZtel ot 4 AHEstdE m/z
E AL & Aok HRBALE Ao FARS (reflectons F 7 ARS-SHA
mode® ARE 7hsdtal, W modeZ &4 Al HIGYAIZEo] 2u) Ao 7] W&o A7 &
5ol soldnt. A7 Falsol otk Al reflectorol A o] &9 &4do] AT

Z%7] (microchannel plate, MCP)&= 5 719 ZHolER o]|Folx Jon dAE
Z AAE FZF3t. FHolE= A4 ¢k 10ume micro-channel2 o]Fo]x 31, A
HA FHoEE ¢F 8° A= 719l vk B2 micro-channelo| A Al HAE &
Zoto] T AR 2GS, dE)ol et BER JAFEEHIE FA ¥ BE T

o] gopxlth

_‘I‘I_



< A& Drift tubeoll reagent gas ion
L2 12 W& R dojdn, wEkA F

St HO'E B3l WEE, A olgdtel A ¥ & Ytk

Chemical lonization reaction scheme: H,O"+ B—BH + H,O

Chemical Kinetics: d[H#,0" |=—k[H,0" ] [ B]dt

I

[H30+] Concentration of primary ions
[B]
k

Concentration of the trace gas
Reaction rate constant
t, Reaction time t
ke WHe&E4golal ¢, VOCs7)F drift tubed] A|F/3te ATFo=2 A, 2%
befol we (2-3) Aoz ALY & ok

L L i,

t = —= T T . . TR 2_3
T WG DE A DT 273)
L Length of the drift tube
u(p,T)  Ton mobility
U Drift voltage
vy Drift velocity

WS- A7 drift tube AolE drift tube =2 Yo & £ 9o LT+ ion

mobilitye} A7) A71e] 8 shg

Vg

A7 A7le Adet Aoz w4 & F Ao

_12_



9] spshit-g2Ao A T3 o] = WAHXS E 4 At} reagent gas ion<

[in[#;07]] = /t~k[B]dt

In[H,0"],—InlH, 0], = fot— k[B]dt

[H30+]t _ [H30+]0'67 kBt
VOCs o] &9 Z7}= (2-4)¢F 2t}

d[BH™]
dt

= k[H,07)[B] = k[H,07)y-e " (B] i (2—4)

WS AL 0ol A ¢, 74 A Batw

(BH'] = /Ot’k[H(d,O*]o-e‘“B“‘[B]

_18_



—k[B]
5] 2
[B]—ln(l—[Hgoﬂ) In(l+a)=a— -+ 5=
(BH "]
5] —kt-[H;07],

reaction chamber Wl &7)¢ W&xE= (2-5)9 2t}

273.15K-6.02:10%cm™ - P, [hpal

iy = "~ 2—5
lair] T17 [K7-22400- 1013 [ipal (2-5)

Pyin Drift pressure

Thipe Drift temperature

Mg ATHE The} 2ok

_L?  L”27315K-Pylhpa] _28[cm2}
T WU o T (KT-1013[Rpa] O 10 T S

~

HFHo2 Ay To] 7hed AL 4 2-6)3 2-Del yehslen, 4 (2-6)
s=[ppbv] Atk el A AR Tl E ol mdst 2-N3 2ol yehd = o

_ Bl 0
[B]ppbv - [air] 10
[BH')- iy Tj 17 -1013%- U 902100 w0

kL% (273.15)% Pl [H,0')) 6.02:10%  Tirpy

2

+1. m 5 2 2, 2 2,
1 BE 5] T (KT 1018 [pa - U1V a0 Twmor
B ’ 6.02:10%cm ™ Trpy
—k[‘”: J-L[em®]- (273.15K)* P}, [hpal*- [H, 0], o i
................................................................................................................... (2—17)
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TTH30+ transmission factor for mass of regent ions (H,0" = 21)

Tr g+ transmission factor for mass of product ion (BH™)
BH™" product ion signal [cps or A]

o ion mobility = 2.8 [em?/ Vs]

Tyise drift temperature [K]

U drift voltage [V]

k reaction rate constant [em?/s]

L length of the drift tube [em]

Pis drift pressure [hpal

H,0" reagent ions signal [cps or A]

To avoid detector saturation effects, the isotope of
H,0"(on m/z 2Dis measured and the signal is corrected
by the isotopic ratio(x488). This is not shown in the formula.

PTR-ToF-MSe| ddl g Fag e M-S ¢ YAAL 58 7t &&
glo] Z4d 371 BFNA 43 B4 =5
s

drift 49, &%, 2o], A, H:0" Al1d

X
tubeoll 41 HzO"o] 23 VOCso| ®E-EA A FAIZbOl 8 L3t

t
sEass A 2x107 on'slow HgwTW ANom

A FAEHL TS =

VOCs 558 € 4 AW Ao HO A Al VOCse| Hake +30 %4 =0l
oh VOCs HH$4EE oled BAe $E4EC oEIEE WEERSFE o2
o7 A2 T 4y AFPFHoT AL SFx Qom we B =S £ 9t} )
AR obA FRlE A e @ VOCs BHEEE4TEC] A3 BEe HAFEAS 99
AE 0 BE ge A7 ol Fojxe} Fk
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gho] Aol Q= 2ol Abge

!
I deste Fe HAE Aot JArHEAEHF, 2019). 4=

F7hg AFete] 23
A =242 dAE Fdste 8 dFHLLEGEE4VE 1,000 Fo ol23 o

g 2o 4o BgHoz

i‘ -
of A7 Jaiet AAA, AvjHoz AAsA GgFe =T Selena, 2006). 1

1 =
Sy AAAR]D F2he] Aol BAH, S FH g @Azl webA v =
e}

b g2l des] Bl 4AE Bisn TAHCR §Fsrt Tas. Ho
GARAE WIDATH BB, HJBANN ALHA GuHAAGe] o] FofAL gl

ou, B2 F71E 87ske AW iSO vldE R S Sud 4
4

23 oA A 2 A QFHT Q= A Ho| @ AR , 2012).

241 oF =49 EA

o) Fa BAdomE HFEAL YR St 8- 2P AT LT -
E.FE-oE - Fohoy  AX =457 34 59 FHolt 34 A% 2o
SoAeAe g, HAF 5 AF A A, FEALA YRS A, 247
MYg 5 MEAd0) ule sk 4 F BAUeIA WBHE o FuRASe
#7149 bt RES AT Y BE]0 ABIAIEF FIEF, ofnF,
PFEAGER, QUSSR J2HZR, FAAEF Sol dow, WAL 2

SRl we} x}om jom oleld = %7} AR A4HA B oo Fa
JHRE AT A ol Ar A% 2 Ny WAl gmucld WAl F WAl
A% A4S FE WA Fo2 PRI B 5tk duHoR WAE fuss B
e 47 A" 5 A BATo) 300K 43, woleg HHEAR BA T2
9 2g7)ol wep WAl 40| 2t7) B2t Table 2-30) HEE) weE WAle) S5

el B RE P/ FAF FFI B AFo] A&H O FojAM A
ol AG5S 1 ATl FAHAA Hel AT M7k Ao wgEA WAl Hid o)
£S@ Yol Bk o w¢ @Yol FAAE Uehd] Heul By] Fol HER

of A7 EASE A ALt olF A AAsh, AzAtel wer WAl
o)l A WAoR F7ho WAl LE S ot o] WE Yol
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Table 2-3. Characteristics of odorous substances

Compounds Characteristics of odor Substances
) Methyl mercaptane(CH;SH),
onions, .
Methyl sulfide[(CH3),S],
Sulfurs rotten cabbages smell o
compounds Methyl disulfide(CH3sSSCH3) et al.
eggs rotten smell Hydrogen sulfide(H,S) et al.
Ammonia(NH3),
excrement smell .
Nitrogen Ethylamine(CH;CH2NH,) et al.
compounds , Methylamine(CHsNH,),
fishes rot smell ! p
Trimethylamine[(CH3);N] et al.
Acetaldehyde(CH;CHO),
. 3 Propionaldehyde(CH;CH,CHO),
stimulating,
n-Butyraldehydel CH3(CH»),CHO],
Aldehydes sour, .
; i-Butyraldehydel[(CH3);CHCHOQ],
burning smell
n-Valeraldehyde[CH3(CH»)sCHO],
i-Valeraldehyde[(CH3),CHCH,CHOQ] et al.
. . ' Ethyl acetate(CH;CO,CoHs),
stimulating thinner smell .
Methyl isobutyl ketone[CH;COCH,CH(CH3).] et al.
Hydrocarbons Toluene(CsH;CHs),
gasoline smell Styrene(C110gHsCH=CH,),
XylenelCeHs(CHs)2l et al.
stimulating sour smell Propionic acid(CHsCH,COOH) et al.
) sweat smell n-Butyric acid{CH3;(CH,);COOH] et al.
Fatty acids
n-Valeric acidlCH3(CH»)sCOOH],
wet shoes smell . . .
i-Valeric acid[(CH3);CHCH,COOH] et al.
Halogen stimulating smell Chlorine, Fluoride et al.
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242 AAEAAFTE

H LA 5% (threshold limit value, TLV)= Atgo] WAIZ =24 & 9= HATE
2 AFANA Aostn Yot “HATATE” & AHAPRC] Fe sEAAAE
7ol JIAEHA] govt =7t S7HEEA 7)o JAAWHH)EH = ol H 7 BAA
TE BS TeiH, olF AXNREBEHIE Tt oFFH o AVI(FE) SAHS BeAIEE
T 37184 sHE ol &3t fEvge dEA FE FUEAATH T 3713
AHS 39 AFFEHE NFE Sl JHEA ofF B4 EE AT A
= Y45 =435t 3d HE AYsta o™, Nagata (1990), Ishikawa <}

ok

A4 Zokel wet AFVANA LA 5465

Nishida (2000)2] 1ol W=
X3 Ao T3t B Auo ddte TEE HALUATER

oF Hx= A
Rl A

Table 2-4= Nagata (1990)7} A7 4HEZ 223F9 HAALTATEE
Bxigko]l e EARE & EF £0F 39 composition, mass(M+1), proton
affinityel] thall AHeletAqth o] F FFFNA AAHSS T8 FHAEZ 22FS st
ATH

5ol

e

AagAsEs YA B ue 2 ozt Ak ol: HUA B A
WS 71918 B3 B F714E 2E AARA A5s el § Be BAE
AFHER AR B GAETt £&5E FhAVIH HeAF) & PFem
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Table 2-4. Composition, Mass(M+1), TLV(Threshold limit values) and proton
affinity of 223 odor compounds(~continuous)

o TLV? Proton affinity” >
No | Compounds Composition Mass(M+1) pmy) (kcal/moD
1 Ammonia NH3 18.0338 15 204.21
2 Formaldehyde CH20 31.0178 0.5 170.55
3 Methylamine CH5N 32.0500 0.035 214.90
4 Methanol CH40 33.0335 33 180.45
5 Hydrogen sulfide* H2S 34.9950 0.00041 168.50
6 Chlorine Cl 35.9761 0.049 122.80
7 Acetonitrile C2H3N 42.0338 13 186.41
8 propene C3H6 43.0542 13 179.81
9 Acetaldehyde* C2H40 45.0335 0.0015 183.85
10 Propane C3H8 45.0699 1500 150.50
11 Ethylamine C2HIN 46.0651 0.046 218.18
12 Dimethylamine C2HIN 46.0651 0.033 222.37
13 Nitrogen dioxide NO2 47.0007 0.12 141.10
14 Ethanol C2H60 47.0490 0.52 185.74
15 Ozone 03 49.0000 0.0032 149.64
16 Methyl mercaptane* CH4S 49.0106 0.00007 185.02
17 Acrylonitrile C3H3N 54.0338 8.8 187.73
18 1.3-Butadiene C4H6 55.0542 0.23 187.42
19 Acrolein C3H40 57.0335 0.0036 190.67
20 1-Butene C4H8 57.0699 0.36
21 | Isobutene C4H8 57.0699 10
22 | Acetone C3H60 59.0491 42 194.26
23 Propionaldehyde* C3H60 59.0497 0.001 187.60
24 n-Butane C4H10 59.0861 1200
25 n-Propylamine C3HIN 60.0808 0.061 219.57
26 Isopropylamine C3HIN 60.0808 0.025 221.00
27 Trimethylamine* C3HIN 60.0808 0.000032 227.01
28 Carbonyl sulfide COs 60.9748 0.155 150.20
29 Methyl formate C2H402 61.0284 130 187.20
30 Acetic acid C2H402 61.0284 0.006 190.2
31 n-Propanol C3H80 61.0648 0.094 188.16
32 IsoPropanol C3H80 61.0648 26 189.71
33 Dimethyl sulfide* C2H6S 63.0263 0.003 198.80
34 Ethyl mercaptance C2H6S 63.0263 0.0000087 188.90
35 Sulfur dioxide 502 64.9692 0.87 160.50
36 Methacrylonitrile C4H5N 67.0892 8
37 Isoprene C5H8 69.0699 0.048 197.70
38 | Furane C4H40 69.0700 9.9
39 | Methacrolein C4H60 71.0491 0.0085 193.01
40 Crotonaldehyde C4H60 71.0491 0.023 198.70
41 Cyclopentane C5H10 71.0855 25
42 1-Pentene C5H10 71.0855 0.1
43 2,5-Dihydrofurane C4H60 71.0900 0.093
44 Isobutyraldehyde™ C4H80O 73.0648 0.00035 190.70
45 n-Butyraldehyde* C4H80O 73.0653 0.00067 189.50
46 Methyl ethyl Ketone C4H802 73.0653 0.44 197.80
47 n-Pentane C5H12 73.1012 14
48 Isopentane C5H12 73.1012 1.3
49 n-Butylamine C4HI1IN 74.0964 0.17 220.45
50 Diethylamine C4H1IN 74.0964 0.048 227.85
51 Isobutylamine C4H1IN 74.1400 0.0015
52 sec. Butylamine C4H1IN 74.1400 0.17
53 tert. Butylamine C4H1IN 74.1400 0.17
54 Ethyl formate C3H602 75.0441 2.7 191.24
55 Methyl acetate C3H602 75.0441 17 196.56
56 Propionic acid* C3H602 75.0441 0.0057 227.01
57 n-Butanol C4H100 75.0804 0.038 188.80
58 Isobutanol* C4H100 75.0804 0.011 188.80
59 tert. Butanol C4H100 75.0804 45 192.00
60 sec. Butanol C4H100 75.0810 0.22 194.80
61 Carbon disulfide CS2 76.9515 0.21 163.13
62 n-Propyl mercaptance C3H8S 77.0425 0.000013 189.70
63 Isopropyl mercaptance C3H8S 77.0425 0.000006 192.20
64 Benzene C6H6 79.0542 2.1 179.52
65 Pyridine C5H5N 80.0495 0.063 222.49
66 Dichloromethane CH2CI2 84.9606 160 151.00
67 | Thiophene C4H4s 85.0107 0.00056 194.98
68 Methylcyclopentane C6H12 85.1012 17 181.60
69 1-Hexene C6H12 85.1012 0.14 192.63
70 Methyl acryrate C4H602 87.0441 0.0035 194.80
71 Diacetyl C4H602 87.0441 0.00005 192.10
72 Isovaleraldehyde* C5H100 87.0804 0.0001
73 n-Valeraldehyde* C5H100 87.0804 0.00041 190.70
74 Methyl n-propyl Ketone C5H1002 87.0810 0.028 200.00
75 Methyl isopropyl Ketone C5H100 87.0810 0.5 200.00
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Table 2-4. Composition, Mass(M+1), TLV(Threshold limit values) and proton
affinity of 223 odor compounds(~continuous)

L TLVY Proton affinity>:
No | Compounds Composition Mass(M+1) @pmy) (kcal/moD
76 | n-Hexane C6H14 87.1168 15
7 Isohexane(2-MPen) C6H14 87.1168 7
78 3-Methylpentane C6H14 87.1168 8.9
79 | 2.2-Dimethylbutane C6H14 87.1168 20
80 | Methyl allyl sulfide C4H8S 89.0419 0.00014
81 | Allyl sulfide C4H8S 89.0419 0.00022
82 | Tetrahydrothiophene C4H8S 89.0419 0.00062 203.00
83 | n-Propyl formate C4H802 89.0597 0.96 193.30
84 Isoproryl formate C4H802 89.0597 0.29 193.90
85 | Methyl propionate C4H802 89.0597 0.098 198.50
86 | n-Butyric acid* C4H802 89.0597 0.00019
87 | Isobutyric acid C4H802 89.0597 0.0015
88 | Ethyl acetate* C4H802 89.0597 0.87 199.93
89 | n.Pentanol C5H120 89.0961 0.1 192.80
90 | Isopentanol C5H120 89.0961 0.0017
91 sec. Pentanol C5H120 89.0961 0.29
92 | tert. Pentanol C5H120 89.0961 0.088
93 | Diethyl sulfide C4H10S 91.0581 0.000033 204.50
94 | n-Butyl mercaptance C4H10S 91.0581 0.0000028 191.70
95 Isobutyl mercaptance C4H10S 91.0581 0.0000068 191.90
96 sec. Butyl mercaptance C4H10S 91.0581 0.00003 194.30
97 | tert. Butyl mercaptance C4H10S 91.0581 0.000029 195.10
98 | 2-Ethoxyethanol C4H1002 91.0754 0.58
99 | Toluene* C7H8 93.0699 0.33 187.56
100 | Dimethyl disulfide* C2H6S2 94.9984 0.0022 195.05
101 | Diethyl disulfide C2H652 94.9984 0.002
102 | Phenol C6H60 95.0491 0.0056 195.53
103 | Methylcyclohexane C7H14 99.1168 0.15
104 | 1-Heptene C7H14 99.1168 0.37
105 | Ethyl acryrate C5H802 101.0597 0.00026
106 | Methyl methacryrate C5H802 101.0597 0.21 198.90
107 | n-Hexylaldehyde C6H120 101.0961 0.00028 190.36
108 | Methyl n-butyl Ketone C6H120 101.0961 0.024 201.50
109 | Methyl isobutyl Ketone* C6H120 101.0961 0.17
110 | Methyl sec.butyl Ketone C6H120 101.0961 0.024
111 | Methyl tert.butyl Ketone C6H120 101.0961 0.043 200.98
112 | 2.3-Dimethylbutane CT7H16 101.1325 0.42
113 | n-Heptane C7H16 101.1325 0.67
114 | Isoheptane(2-MHex) C7H16 101.1325 0.42
115 | 3-Methylhexane C7H16 101.1325 0.84
116 | 2.2-Dimethylpentane C7H16 101.1325 38
117 | 2.3-Dimethylpentane C7H16 101.1325 45
118 | 2.4-Dimethylpentane C7H16 101.1325 0.94
119 | Triethylamine C6H15N 102.1277 0.0054 234.88
120 | n-Butyl formate C5H1002 103.0754 0.087 192.82
121 | Isopropyl acetate C5H1002 103.0754 0.16 200.14
122 | Ethyl propionate C5H1002 103.0754 0.007 200.00
123 | Methyl n-butyrate C5H1002 103.0754 0.0071 202.20
124 | Isobutyl formate C5H1002 103.0754 0.49
125 | n-propyl acetate C5H1002 103.0754 0.24
126 | Methyl isobutyrate C5H1002 103.0754 0.0019
127 | n-Valeric acid* C5H1002 103.0754 0.000037
128 | Isovaleric acid* C5H1002 103.0754 0.000078
129 | n-Hexanol C6H140 103.1117 0.006 191.15
130 | Styrene* C8H8 105.0699 0.035 200.84
131 | n-Amyl mercaptance C5H12S 105.0732 0.00000078 193.60
132 | Isoamyl mercaptance C5H12S 105.0732 0.00000077 193.70
133 | Ethylbenzene C8H10 107.0855 0.17 188.52
134 | o-Xylene* C8H10 107.0855 0.38 190.43
135 | m-Xylene* C8H10 107.0855 0.041 194.26
136 | p-Xylene* C8H10 107.0855 0.058 190.05
137 | o-Cresol C7H80 109.0648 0.00028
138 | m-Cresol C7H8O 109.0648 0.0001
139 | p-Cresol C7H8O 109.0648 0.000054 194.93
140 | 1-Octene C8H16 113.1325 0.001
141 | n-Hepthylaldehyde C7H140 115.1117 0.00018
142 | Methy n-amyl Ketone C7H140 115.1117 0.0068 202.10
143 | Methyl isoamyl Ketone C7H140 115.1117 0.0021
144 | n-Octane C8H18 115.1481 17
145 | Isooctane(2-MHep) C8H18 115.1481 0.11
146 | 3-Methylheptane C8H18 115.1481 15
147 | 4-Methylheptane C8H18 115.1481 17
148 | 2.2.4-Trimethylpentane C8H18 115.1481 0.67
149 | 3-Ethylhexane C8H18 115.2363 0.37
150 | Isobutyl acetate C6H1202 117.0910 0.008




Table 2-4. Composition, Mass(M+1), TLV(Threshold limit values) and proton
affinity of 223 odor compounds

i TLv? Proton affinity ©
No | Compounds Composition Mass(M+1) (pmv) (ecal/maD
151 | sec. Butyl acetate C6H1202 117.0910 0.0024
152 | tert. Butyl acetate C6H1202 117.0910 0.071
153 | n-Propyl propionate C6H1202 117.0910 0.058 202.40
154 | Isopropyl propionate C6H1202 117.0910 0.0041
155 | Ethyl n-butyrate C6H1202 117.0910 0.00004
156 | Ethyl isobutyrate C6H1202 117.0910 0.000022
157 | Methyl n-valerate C6H1202 117.0910 0.0022
158 | Methyl isovalerate C6H1202 117.0910 0.0022
159 | n-Hexanoic acid C6H1202 117.0910 0.0006
160 | Isohexanoic acid C6H1202 117.0910 0.0004
161 | n-Butyl acetate C6H1202 117.0910 0.016
162 | n-Heptanol C7H160 117.1274 0.0048 191.15
163 | Indole C8H7IN 118.0651 0.0003 223.30
164 | Chloroform CHCI3 118.9217 3.8 158.00
165 | n-Hexyl mercaptance C6H14S 119.0889 0.000015 209.60
166 | 2-n-Butoxyethanol C6H1402 119.1067 0.048
167 | n-Propylbenzene C9H12 121.1012 0.0038 189.02
168 | Isopropylbenzene C9H12 121.1012 0.0084 189.38
169 | 1.2.4-Trimethylbenzene C9H12 121.1012 0.12
170 | 1.3.5-Trimethylbenzene C9H12 121.1012 0.17 200.05
171 | o-Ethyltoluene C9H12 121.1012 0.074
172 | m-Ethyltoluene C9H12 121.1012 0.018
173 | p-Ethyltoluene C9H12 121.1012 0.0083
174 | 1-Nonene C9H18 127.1481 0.00054
175 | n-Butyl acryrate C7H1202 129.0910 0.00055
176 | Isobutyl acryrate C7H1202 129.0910 0.0009
177 | n-Octylaldehyde C8H160 129.1274 0.00001
178 | n-Nonane C9H20 129.1638 2.2
179 | 2.2.5-Trimethylhexane C9H20 129.1638 0.9
180 | Trichloroethylene C2HCI3 130.9217 39
181 | n-Propy n-butyrate C7H1402 131.1067 0.011
182 | Isopropyl n-butyrate C7H1402 131.1067 0.0062
183 | n-Propyl isobutyrate C7H1402 131.1067 0.002
184 | Isopropyl isobutyrate C7H1402 131.1067 0.035
185 | Ethyl isovalerate C7H1402 131.1067 0.000013
186 | n-Butyl propionate C7H1402 131.1067 0.036
187 | Isobutyl propionate C7H1402 131.1067 0.02
188 | Ethyl n-valerate C7H1402 131.1067 0.00011
189 | n-Octanol C8H180 131.1430 0.0027 191.15
190 | Isooctanol C8H180 131.1430 0.0093
191 | Skatole CYHIN 132.1720 0.0000056
192 | 2-Ethoxyethyl acetate C6H1203 133.0859 0.049
193 | 1,2,34-Tetrahydronaphthalene C10H12 133.1012 0.0093 193.71
194 | 1-Butoxy-2-propanol C7H1602 133.1223 0.16
195 | o-Diethylbenzene CI10H14 135.1168 0.0094
196 | m-Diethylbenzene CI10H14 135.1168 0.07
197 | p-Diethylbenzene C10H14 135.1168 0.00039
198 | n-Buthylbenzene CI0H14 135.1168 0.0085 189.45
199 | 1,2,3,4-Tetramethylbenznene C10H14 135.1168 0.011
200 | Ethyl-o-toluidine C9H13N 136.1126 0.026
201 | o -Pinene C10H16 137.1325 0.018
202 | g-Pinene C10H16 137.1325 0.033
203 | Limonene C10H16 137.1325 0.038
204 | n-Nonylaldehyde C9H180 143.1430 0.00034
205 | n-Decane C10H22 143.1794 0.62
206 | n-Propyl n-valerate C8H1602 145.1223 0.0033
207 | n-Propyl isovalerate C8H1602 145.1223 0.000056
208 | n-Hexyl acetate C8H1602 145.1223 0.018
209 | n-Butyl n-butyrate C8H1602 1451223 0.0048
210 | Isobutyl n-butyrate C8H1602 145.1223 0.0016
211 | n-Bultyl isobutyrate C8H1602 145.1223 0.022
212 | Isobutyl isobutyrate C8H1602 145.1223 0.075
213 | n-Nonanol C9H200 145.1587 0.0009
214 | Diallyl disulfide C6H10S2 147.0297 0.00022
215 | Carbon tetrachloride CCl4 152.8827 4.6
216 | n-Decylaldehyde CI0H200 157.1587 0.0004
217 | n-Undecane C11H24 157.1951 0.87
218 | n-Butyl isovalerate C9H1802 159.1380 0.012
219 | Isobutyl isovalerate C9H1802 159.1380 0.0052
220 | n-Decanol C10H220 159.1743 0.00077
221 | Tetrachloroethylene C2Cl4 164.8827 0.77
222 | n-Dodecane CI12H26 171.2107 0.11
223 | Geosmin C12H220 183.1743 0.000065

1 TLV is threshold limit value from the research data of Ishikawa and Nishida (2002), 2) Proton affinity value is from NIST
Chemistry WebBook(https://webbook.nist.gov), 3) Pagonis et al., https://tinyurl.com/PTRLibrary (2019), * Control criteria of
environmental law in Korea.
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Table 2-5. The permission criteria to emission

by odors sensoring test method in

Korea
Emission standard(dilution rate) Strict emission standards
Divisi
fvision . . Other . . Other
Industrial region . Industrial region .
region region
Vent 1000 below 500 below 500 - 1000 300 - 500
Site boundary 20 below 15 below 15 - 20 10 - 15

Table 2-6. The permission criteria to emission odors in Korea

Emission standard(ppm) Strict emission standards(ppm)
Compounds Industrial Other ) .
region region Industrial region

1 | Ammonia 2 1 - 2

2 | Methyl mercaptan 0.004 0.002 0.002 - 0.004
3 | Hydrogen sulfide 0.06 0.02 0.02 - 0.06
4 | Dimethyl sulfide 0.05 0.01 0.01 - 0.05
5 | Dimethyl disulfide 0.03 0.009 0.009 - 0.03
6 | Trimethylamine 0.02 0.005 0.005 - 0.02
7 | Acetaldehyde 0.1 0.05 0.05 - 0.1
8 | Styrene 0.8 04 04 - 0.8

9 | Propionaldehyde 0.1 0.05 0.05 - 0.1
10 | Butyraldehyde 0.1 0.029 0.029 - 0.1
11 | n-Valeraldehyde 0.02 0.009 0.009 - 0.02
12 | iso-Valeraldehyde 0.006 0.003 0.003 - 0.006
13 | Toluene 30 10 10 - 30

14 | Xylene 2 1 1-2

15 | Methyl ethyl ketone 35 13 13 - 35

16 | Methyl isobutyl ketone 3 1 1-3

17 | Butyl acetate 4 1 1-4

18 | Propionic acid 0.07 0.03 0.03 - 0.07
19 | n-Butyric acid 0.002 0.001 0.001 - 0.002
20 | n-Valeric acid 0.002 0.0009 0.0009 - 0.002
21 | iso-Valeric acid 0.004 0.001 0.001 - 0.004
22 | iso-Butyl alcohol 4.0 0.9 09 - 4.0
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HEs 5E4S dobsta PMpf71 88 AHst5A S vl 133 AA = Ao
Park et al.(2018)2 ©]ztfr7|dl2F FA o 7IHst= 820 F skl VOCsoll of
g AN FEE AESAFAA FAs O Exef SAS AT v Ak

Seo et al.(2013)& 2x&l7] WA & FAF AAFA AN BET 7= A sA AA
FHEH 22FS XTI VE dHEZE S FAHSE E4F vk Utk PTR-ToF-MS&

ofN

e

ofs
i
¢

5% 54 9 BHA%GE 3T BYE besy AQAHEL 2F 99 JeE
QR RN ¥ F AQoy AFsHL Aok

Kim et al(202De A f-813b07 Fwe] VOCs7h AlZtupd = #A7h 200 v
4] dEe] IHABPHOE BY A MY B e I 5 AW ASHAT
AL W eld AnE =Y £ e AFEHL Atk wekd HA 3%
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Table 2-7. Test methods of odorous compounds related with environmental law in

Korea
Compounds Sampling Pretreatment Seperation .
and detection
. HsBO; absorption by colorimetric i
Ammonia . impinger UV/vis
@ Ammonia sonication extracts and IC
HsPO, filter adsorption colorimetric
m—— . KOH base Headspace or
Trimethylamine Trimethylamine aadie T RATROY cryo-focusing injection GC
1 (FID, NPD)
() impinger adsorption SPME
Hydrogen sulfide
Sulfurs Methyl mercaptan i GC
0 Dimethyl sulfide tedlar or PE bag cryo-focusing injection (FPD. PFPD)
Dimethyl disulfide
: ProPieC gcid alkali filter adsorption
Fatty acids n-Butyric acid P headspace SPME with GC
4) n—Valeylc acid alkali solution o1 RRE adding 2% H,SO4 (FID, MSD)
i-Valeric acid
Acetaldehyde HPLC-UV
Propionaldehyde
Aldehydes Butyraldehyde DNPH cartridge acetonitrile extraction
®) TR 9 GC
n-Valeraldehyde
i~Valeraldehyde (FID, NPD, MSD)
Styrene
;F(Olliige tube desorption,
VOCs M}éthyl ethyl Ketone tube adsorption, cryo-focusing injection GC(FID. MSD)
() Methyl isobutyl ketone canister, tedlar or PE bag | headspace SPME
Butyl acetate
i-Butyl alcohol
UV/vis : ultraviolet/visible spectroscopy, IC : ion chromatography, GC : gas chromatography, SPME : solid phase micro

extraction, cryo-focusing injection :
2,4-dinitrophenylhydrazine, FID
photometric detector, PFPD :

performance liquid chromatography

flame ionization detector, NPD
pulsed flame photometric detector, MSD :
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using liquid oxygen or nitrogen and peltier as concentration material, DNPH :
nitrogen phosphorus detector, FPD
mass spectrometer detector, HPLC :

flame
high



2.6 g HG=E B7EH

L
-
=%

& A o

3 AT AEPAFEGE o F WA
Bag 3402

JetEE @47t 9

2 o
242 74Y 44, ddtAREE o
do] 73 % glth.
Ocr = Gi [ T 2-8)
Ocr : Expected odor intensity

Ci : Measured odor concentration(ppmv)
Thi :

TLV(Threshold Limit Value) of measured odor compounds(ppmv)

B AgAGE AN SHE GAFAW GAF FRBTE PPl =4
%}Eﬁ 223% 9o A2PAFE e gAY A% 59 189 B,
EARSERE 23T L ol

AolA WAl felo] @ &

= (e} h %ZE]
Z} 9] ﬂl%“”—f—%‘l%E% TFous dHAE o2 g
GHAJNEA S AT + Ut
Seo et al.(2009)& =

Fobel AHEY} A
21 o2 42

SERERE
WPS AAG e
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A 3 & PTR-ToF-MSE& &-&3%t

g o HE OHED SARY AT

31 A&

FAZAWRE ARe F4L ot BEARIUT 1718 ol gl oo
BEe BASE 71BAMe] Utk A7 EAEL ool o] Hi gde] R
o FEE A WorY 4 QY] WEe FAARE AAAL A EAH A By
o] @asit.

)
©
R
o
ol
Ded

>
RlooE 2

L

, F0°4AH, DNPH 7HEZ AN, &7+ 2+
g Wels 4-F F2H, FHA-AH T W, AR 5
SPMEXY o] dom, 7] = A<7]+= GCFID, FPD, PFPD, NPD,
MSD), HPLC & ttefst vz &-8-Foh(Park, 2003).

oj¢} Zo] U3 FH=AES AFEHSY] faA= AEAH H AN B
< AIZE, 1™, Blgo] &8 Fa HAAo] wl BRI thgsi A B oE gl A
tH(Shukla, 1991; Ramel and Nomine, 2000; Kim et al., 2002; Park, 2003; Rappert and
Miiller, 2005; Helsper et al., 2006; Mao et al, 2006).

olg3 olH& BHHEAE 1T 7] s ATV, SALFFEAL 2

2 e} GC-MSE &&a stot ExtaFo] Hu FdAdo] A3 &

A5 A A Bz £dEHE 540 o B4 ofEwo] At EI} AF
HFAGoNM= FAELE Z2 dALNLE T 5 wAZE esr|e &, 533
Aoz Qg Azt Qlgo] Wol £AQFHERE A FHolA I @ryo] JrHUS
EPA Method TO14, 1997; Kumar and Viden, 2007; Seo, 2010).

mEbA B AT s AidlE, 10 E AHFEA4 70 PTR-ToF-MSE €83t
o] FAE FBstaA ok FE] Nagata(1990)7F A3k otHEZ 2235004 4k
AAANA WA DA 84F S AdEste PTR-ToF-MSE Al AFEA 7hsst
55 AFE st

¢

2
23
2

A7

= *0]

% A]J‘ji o= T H

W

i

PTR-ToF-MS®| A& E=U4F= GFEH AFst=® A=Zol FAgAeH,
ToF-MSell Al A&dt A7 FAHS 93 A7 RA(mass calibration? o] F34&



(transmission rate, Tr¢] &4 51 BAst] AP@AA TAHE= o & S0F
o 2HEES FA AFEH] VMRS st

AFEAo F2 T FANSEEST, target ion B o] FEEES AW A
TAEY AFATEY B AFoA 34F dHEZFED PSS 53 FrATh

=3 PTR-ToF-MS¢|] AZEA AZALS dYslr] sl 4 52 %9
PTR-ToF-MSol| A &5 yelus= cps (count per second)ete] ###AQL =
(sensitivity, cps/ppbv)E <138l 2, BTEXZ ATD (auto thermal desorption)-GC-MS
2} PTR-ToF-MSellA Y HFOo=Z Hlu AHFEHS F3sle GHEY 2L HIlo
g8 7teAdS FedstaA st
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32 A4¥ AA ¥ A=
3.2.1 PTR-ToF-MS
B Aol 8w PTR-ToF-MSE PTR-ToF Series 6000x2, 2 <Eg|o}o]
IONICONOI A A x=H At F2 A%S Table 3-10] Yebd vle} o] response time
100 ms, resolution 5,500 m/am (FWHM), linearity range 5 pptv-500 ppbve]w Al
712 2 detection limit < 10 pptve]th.

FzLEt S 98l AFE3E= reagent ione H,O, 0, NOE FHT & UEE AHH

Table 3-1. The specification of PTR-ToF-MS in this study

Mass resolution 5,500 m/Am (FWHM)
Response time 100 ms
Sensitivity > 800 cps/ppbv for m/z 79 @ Resolution > 5,500

> 1,000 cps/ppbv for m/z 181 @ Resolution > 5,500

< 10 pptv (averaged over 60 sec) m/z 79
< 5 pptv (averaged over 60 sec) for m/z 181

Detection limits

Linearity range 5 pptv - 500 ppbv
Pulse frequency up to 200 kHz
Adjustable flow 50 - 500 sccm
Inlet system heating range up to 180 C

Reaction chamber heating range | 40 - 120 C
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3.2.2 PTR-ToF-MS$} A8 =89 74
Fig. 3-1¢ PTR-TOF-MSS} A& =1%o 74 Jehidch o E4e gof
N B nse] Bdol AT A4Sl alg Bdo] YA W AN H00l
3 wrgals ool Wyl wEel ThE mwe] Bdo] HO o3 W dae w3
o melA 24 ASe] 54 1%E £4 G ppmy FF
Qe A BrATEA FAste] Fslok F3 2
mela B ATAE AQAglA BAGE oA BASS BA0 B A8 &

o>
™ e
o
o
low
1=
N
1A
filo
=

N7 7F2E 34 FUe7] 93 b2 99.9999 %o AFS o] &3Pt A8 7}
29 AFL FFHEH] R} o3 24 Fo] mwz He 1/89x PTFE FHZ
FAE #@elo] MFC (mass flow controllenE E3le] f5x2o] 715322 stuth
=99 A5 AFLS mixing boxolld E&FF 3 120 C heating lines F3la] dirft
tubeol] =YE O] o] AoA YAEE reagent iond WH-ESte] A} HE-Zo] Uof
UES 7430t heating line®| HH TAL M dFols 1/8UR 2dAH

B7b EASR AF Fuel g MedE Azt HEol myHe} Qo] AW
Sa %e Mg 4 ARBHRG. AP Fue dnds 9e AT 4 UEs
heating coilo] ZAA Qor] olg B3 4 o] £58 2AY 5 UEE Hof
alck.

Jardine et al.(2010)® Barbara et al.(2016)2 PTR-ToF-MSE E£3F 3313tE 2 AzF
A A ="M BA 5o AFAE gHE] 95t B AT FASHA AlEH
T3t AT Bt Qo

tlo Mz
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lon Source  Drift Tube Transfer Lens TOF-MS

Reagent Silica Coated

Gas Inlet 1/8” SUS Tube
(H20, NO, 02) 120°C Heating

Sample Gas

Fig. 3-1. Dynamic sample injection system and the PTR-ToF-MS in this study.

3.2.3 PTR-ToF-MS¢] &4 =34

B AFo|A Table 3-2+= PTF-ToF-MSe| &4 ZAL AAS Yeliar Uth
Table 3-20l4 B x}3S 93k reagent ionS. 24 HO'24 thREo o3 EFE
< 84T F JEF sion, dRYoks H 0™ A& &S A e A
A A Qo] 0.5 reagent iono 2 F4J3F tHLindinger et al., 1998). <A+ Ho] ¥h&
o] dojupb= FXIQI drift tube Weoll %<} 9452 2.81 mbar, 393.15K (120C)=E A=A
sk 281 AP o]&o] ToF-MSE E¢o] d&stA olFojd F UE= =
amplitude Z¢te DC e w] 125 Volw, AC RE2 715 wo& 45 V7 ¢ 7}
A== 3tQ T} drift tube Woll AAAE, ENS 97 TdZ2 3t AA 2 o2 ToF
Yo FEE 57 x 107 mbarZ 34t Al89 3A7l~EE 99.9999 % AFS
ALt AT
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Table 3-2. Operating conditions of PTR-ToF MS

Parameters Conditions
Reagent ion H;O" and O,
P-drift (Drift pressure) 2.81 mbar
T-drift (Drift temperature) 393.15K
V-drift (Drift voltage) 600 V
U-Funnel (Funnel voltage) 125V(45V)
Amplitude Voltage 0 (B5V)
E/N 97 Td
Pressure in TOF-MS 5.7 x 107 mbar
Hexapoles on
Dilution gas 99.9999 % He
H,0O inj. 6 mL/min
Mode AC or DC

7}. ¥k8-& = Ab4=(reaction rate constant)

7 %=, Parent lon Mass ¢!
Ao 2 Busdla KSu and Chesnavich, 1982; Spanel et al. 1995; and 1997).
e BAsiH oA dEd 24 2-6003%

a =
@2-Dol A et FZ=AMEHS] gALCE BSETE4TE 45 5 S
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L}. Isotope pattern

PTR-ToF-MS+ 1&3ls AZFEA7|olB= Fedalsotope)ol gk 17t HQ
st dE Bol atio FYaE 0, YO, B0 374A7 EAEt, 247 100 %,
0.038 %, 0.205 %°] Hl&=Z ZEA 3},

PTR #4704 At&3lE= H0" & B0 & 71&o 2 243t} Sulfurtd Chlorine©]
239 3FgE HF YA v&o] A7) wEo dHoly EAd && r}esi).

ATl A Nagata(1990)7F A3 ATk oGHEA 223F o g A=, vh§
T, 2701 EE A A7 SRS E
o W& 8 27bol2 g gRly] olfe EHE Hol EAjdte] M
= = 712A 5 Aol EA A
meta] B AT 223F 5 4@ AA F8% JFHEHE AF BHEHE
S

WA EEAIFES 83l ARHUT 7M2A FEEEL 7 JHE FAPIR F
Zelgd (PE)o] ZEH 420y bagd] 2T+E AFo FAste A=A o
A EEAGOR AzE EF/teE vle]az AWUAEZ WA ppm FFEOE Az
O olF tA 7t ZEEEAE A5t AxEHIAY Axd ZEEHES &
IEF 5%, GUbIER 7F, WIFESF 7E, A=HER 2%, AT 7F, F3FEE

7 4%, Edv o, ¢

2uofolm 475 ~ 5,000 ppbve & dynamic dilution
injection systemoll A &4 F%

Aete HoRE E4d &&=
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Table 3-3. Initial standard material used in this study

Components Conc. level (ppbv) Maker
2-Propanol 118.89 junsei (1)
1-Butanol 99.51 junsei (1)
Alcohols(5) Isobutanol 97.39 junsei (1)
1-Pentanol 83.86 tci ()
2-Pentanol 81.81 merck (1)
Acetaldehyde 49.35 Rigas (g)
Propanal 48.55 Rigas (g)
n-Butanal 475 Rigas (g)
Aldehydes(7) Isobutanal 47.8 Rigas (g)
n-Pentanal 84.76 merck (D
Isopentanal 83.71 alfa ()
Hexanal 71.42 tci ()
Trimethylamine 66.07 merck (1)
Benzene 125.9 Rigas (g)
Toluene 66.05 Rigas (g)
Aromatic Styrene 79.57 junsei (1)
hydrocarbons Ethylbenzene 50.35 Rigas (g)
™ m-Xylene 50.35 Rigas (g)
0-Xylene 51.40 Rigas (g)
p-Xylene 50.35 Rigas (g)
Methyl acetate 109.63 junsei (D
Esters(2)
Ethyl acetate 93.65 alfa ()
Acetic acid 158.94 sigma aldrich (1)
Propionic acid 121.87 sigma aldrich (1)
Isobutyric acid 98.97 sigma aldrich (D
Fatty acids(7) n-Butyric acid 98.04 sigma aldrich (D
Isovaleric acid 83.60 alfa (D
n-Valeric acid 82.44 sigma aldrich (D
n-Hexanoic acid 71.84 merck ()
Hydrogen sulfide 667 Rigas (g)
Methyl mercaptane 680 Rigas (g)
Sulfurs(4) ) : )
Dimethyl sulfide 673 Rigas (g)
Dimethyl disulfide 673 Rigas (g)
Ammonia 5,000 Rigas (g)

1 : liquid phase, g : gas phase
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3.2.5 PTR-ToF-MS mass calibration

ToF-MS9] mass calibratione %2 o]E9)
H| &) A 2,
gk B PAIS Ao oF 753ty PTR-ToF-MS
(Jordan et al., 2009; Kim et al, 2017)7} <3 w+
B2 o]gsle] H;O' isotope (21.0221 m/2)¢F Wi
330.8480 m/z)3} 1 =

Fig. 3-2¢l Jelg At

&3t WAl ol 9ly] WEe] FFwHL A

=49 @,

2~

i Y

-

Fig. 3-20 B & nle} o] xF2& o|29 A7 of Hdstv] (m/z), y52 o|=2 vl
AIZE (timebin)S WERH Aotk o] &9 HPAZE HIPAIZT AWM= FUH ©
271" A7 A9} o]&o] TIAE L£EoUXE EFA HE micro secondz A4
% HAR B AulE dolE Ao &oldS 93l timebino® st eI
Utk PTR-ToF-MS+ A&£H o= 1Efss FAL & UAESF, 30 TAE mass
calibrationg A& TR} =F HA st E4 o] FPH AT

225000~ —p
200000 - 1.3-diiodobenzene fragment v T
o {m/z 203.9430) - 5
150000 f”j,r 1,3-diiodobenzene
5 125000~ .. (m/z 330.8480)
e -~
E 100000+ H,0* isotope f
75000-| {m/z 21.0221)
50000~ S
25000- /
ﬂ:_l ! i i i i i i i
0 50 100 150 200 250 300 350
Mass

Fig. 3-2. Mass calibration curve of PTR-ToF-MS.
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3.2.6 ©]2 %3} -&(transmission rate)
transmission ratex= ©]-2o°] transfer lens& %3 % ToF-MSZ pulsing € o] ZZz+
o] o] o] 7}xl EAF (m/2)9 A7]ol wet F3Eo] BE7] wie] E4&de &4
= e sHelk ol 2R o =4S RAFr] HF Aol
Hz g4 eEF (Supelco, USA)S o]&3te <k 107 o]d AHlg]
HAsES =43 3 <F 100 ppb VOCs £FE3 (Resteck, TO-14A aromatics mix
14 components, U.S.A)E ZA3tH T35ttt o] o FFAEY TEE WAFES
W cps S HASH, isotoped] HIEE YT} isotopeo] HlE ITH o] fE
chlorobenzene, dichlobenzene, trichlobenzene® 79 H4o]l29 FUA H|S
(CIYCl = 75.75 %:24.22 %)E 23l AFD FF 59 vuste] A4 FHILS
123 w2 AolE FHUL HIEEA BHACF 7] wiEolty. IHA BEAE
TEE Y4 PEE BHA A sglen, 11 AFE Table 3-40] YEH AT
Fig. 3-3¢] transmission curvex= =% 3 VOCs =& o250 Oty FLdar)
Bl

HAH wxo 7= Z+7+ 2&Est3, trichlorobenzene (181 m/2)< Hx 1& 71&

0L

k
ol

offt
i
to it
N\
o
flo

i

o2 &2 EHE9 4ol s 4AHAFste yEhd Aolt. transmission rate 21

m/z (H;00F8 200 m/z B lolA Aol HoldF5 Srlets 4 aFe] B

Table 3-4. VOCs concentrations corrected by isotope mass ratio

Isotope
Protonated | Concentration corrected
Name Formula Mass :
mass (ppbv) concentration
(ppbv)
Benzene CeHs 78.0470 79.0548 100.0 93.73
Toluene C7Hs 92.0626 93.0704 101.0 93.64
Ethylbenzene CsHio 106.0783 107.0861 101.0 92.63
Xylene CgHio 106.0783 107.0861 306.0 280.63
Trimethylbenzene CoHiz 120.0939 121.1017 208.0 188.68
Dichlorobenzene CeH4Cly 145.9690 146.9763 312.0 167.89
Trichlorobenzene CeH3Cls 179.9300 180.9373 107.0 43.63
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3-3. PTR-ToF-MS transmission ratio along

with mass.
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33 43 A%
3.3.1 &Z+ (Alcohols)

HE 374 RN FEtHE WAHE dFEHA SIESFEA 2-propanol,
n-butanol, isobutanol, n-pentanol, 2-pentanol 5©] {1t} Fig. 3-49A] Fig. 3-8 ©l&
T8 ¢FE 5T tiste] H 0%l o3k FAHo|k-godA Yehvte A7 ~HEH
zZtol P4 & RoFa ok

Fig. 3-40ll4 vebbE= 2-propanol®] 7-$ 41 m/z, 43 m/z, 61 m/z o] &o] YJeER}1L
Rom olF FZo|2E F 41 m/zvt M EE o]lRAEE ERAFH »5o=E 43
m/ze} 61 m/zE JERSTH

Fig. 3-59} Fig. 3-69 n-butanol¥} isobutanole] o] A A|e] FxpA ol o3 el
e 4% 2H9EJL W /AR des BYoH, 41 m/z, 57 m/z7b FE o] RAL
w 57 m/z 7} 41 m/zel| Hld} BhA =A JERRT

Fig. 3-79} Fig. 3-82] n-pentanol® 2-pentanol®] 7 $-o|&= butanol o] &9} &
A3 AFor A ~HAELH] FASHA UEEH F8 27022 41 m/z, 43 m/z,

]
71 miz 0% VEnts 54 B ¥ FRe) $nge o yuA woe] Az
1

Ztsl ¥l 548 Table 3-50 YEHI S W, 41 m/z, 43 m/z +
A&7 EAo ds FFS FlE ¢ e 240202 FriEAT
wlg} Al 2-propanol 61 m/z, n-butanol¥} isobutanol 57 m/z, n-pentanol3}
2-pentanol> 71 m/zE 43 FF flo] B AT 7hed AoE AU
Lindinger et al.(1998)2 ths<] 34 3}3-&ES online-monitoring 3171 $13+
PTR-MSoll A H3;0%ol ©]3F %=pdo] EAS =xAFE vl Ao} Lindinger et al.(1998)-&
propanole] H;O'oll oJ3F ¢katxo] HAoA Ao &8 + e 27 o] 61
m/z} 43 m/zQ1 Ao AF3a 9o, 61 m/z7} HlnH olF & abundanced U
U= Aoz Rydty Ao tix:AA o=, alcoholsell 4] propanols (2-propanal,
iso-propanol, n-propanoD)-> ¥ ATeF thE AFALY] AT A=A 41 m/z, 43 m/z
=]
1

O

°of & dEFY 4ol orEE EAHY] Wil EVHEA ®WIAE TA = 61
m/z2 A 7HsshARE ol AFEEe] 1 %= Yot £4 A dHARE bl Wl

ASEAZE 288 5 3tk

-

A gol 2L 53



Lindinger et al.(1998)¢] 2-propanol®] ®¥H2-< =A< (rate coefficient 10° cm®/s, k)
o] Agol= SAWUT o]EHOoE AL ghol TSl 289 ALE ®Hustal o
o, & dTA Z89 gk 2473 vlust 2ol 7h ot Fap o] A of A ¢
4 2 A5 29 =1 Fo] 27| g A

Buhr et al.(2002)2 PTR-MSZ ¢ 3&F/ 18% R 7+ ol AA =9 =73 1jdo
i A A3 vl Aok B AFolA BEAT dAEF[ 53 HwEHS W Aol
o] 9 %7t} FEe §ASHA YJEFATE I abundance: tha xpolrt Yt o
 FAAoNEEE Aiste F8 2 ARZAE, &5, Y, WY F,
drift tube Ao] Fo] th27] wjifo Hehe= Aer Addn. o3 =73t 4L
H;O%ll o3k FApdolkg-S & w) AAhE = FEolydAod o) o3t dgagE 7t
A EHEC] &5 FAHA 2438 He 2o E A

Buhr et al.(2002)-2 propanol, butanol, hexanol, octanol®] Z+ o] A ZA &2 =
sjelo] A9 FY3 abundanceE UYEMHI e ASE Hidi Ut ol E
o A 4=383%} butanols} pentanol Z} o] A AAE2] %7
A Vehd Ad 593 A3 Ax2 FosEo] ok 3 Spanel, P.3} Smith, D.
(1997)8] AFolAE L3 AHAE AF3HATH

Fig. 3-9% PTR-ToF-MSel|A| HsO%oll o|gt gApxo] Hhg & 2p s =H=E
signal®] 3k, cpsE YEIH o2 ¢FE 5F BF LS HHE= ATASF D9
At Fkel 0.9970] 30 2 Yehy ¢33k R8-S B

Table 3-6= ¢3I& 559 o]
A, cps¢t s =9 ZHAAE YEHAH. A AF
S AFEHANA dd AFEH S A% A
o7 AL F v ol ALty B HAT olks AT AHolth &H
Tl &
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propanol pentanololl A YERATE wElA FA] A EF = i
AlelgE x2to]2 F abundance’} WlalZ E& oS ZHzt AddEste A

&5 Zyzy A 7Hs A ST

metA 7 43 EF AFE A% AeY o] 2-propanole 61 m/z 2 %),
n-butanol¥} isobutanol= 57 m/z (100 %), n-pentanol< 89 m/z (40 %), 2-pentanol
89 m/z (43 %= StAT

d3FE 5T FARSI== 188.8 kcal/mole ~ 192.8 kcal/molee] W2 FZEslA
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nﬂm Tz,

m/z

i

o
o

- 44 -



UAA o7} JbsEtH, Aol WL EAdsE 247 - 10%cm¥s ~ 2.8 - 10%cms W
of AUk WHAHAEIAE 003 ~ 0482 HZ 2-propanol®] H-$ 61 m/zo
abundance’} ©& EZo| Hlg] Yo} &L S HYon, AgEe AHI He

neps/ppbvel #E 106.652 =& FHS HTh
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Fig. 3-4. Fragmentation patterns of 2-propanol by proton transfer reaction with

H30",
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Fig. 3-5. Fragmentation patterns of n-butanol by proton transfer reaction with HzO".
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Fig. 3-6. Fragmentation patterns of isobutanol by proton transfer reaction with Hs;O"
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Fig. 3-7. Fragmentation patterns of n-pentanol by proton transfer reaction with
H;0".
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Fig. 3-8. Fragmentation patterns of 2-pentanol by proton transfer reaction with

Hs0".

Table 3-5. The abundance ratio of each alcohol fragmented mass

Major 2nd 3rd 4th
Compounds | Composition M+1
ratio ratio ratio ratio
m/z % m/z % m/z % m/z o

2-propanol C3H80 61.0648 41.0386 100 43.0542 65 61.0648* 2

n-Butanol C4H100 75.0804 57.0699* | 100 41.0386 57

Isobutanol C4H100 75.0804 57.0699* | 100 41.0386 48

n-pentanol C5H120 89.0961 41.0386 100 43.0542 85 71.0855* | 40

2-pentanol C5H120 89.0961 41.0386 100 43.0542 91 71.0855* | 43

*Target ion for simultanious quantitation of 6 alcohols
Data is presented by normalising the background and transmission corrected counts per second of the
most abundant mass fragment to a value of 100. All other intensities are calculated relative to the
most abundant mass fragment. Data on mass fragments with intensities below 5 not shown.
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Fig. 3-9. The linearity of alcohols cps vs concentrations in transfer
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reaction with H;O" on the PTR-ToF-MS.
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Table 3-6. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of 5 alcohols

Targgi=Ongfor Abundance | Measured rate

simultaneous ; Proton affinity o MDL
Compounds M+1 . ratio coefficient, k ncps/ppbv

quantitation %) (kcal/mole) (em¥s. 97Td. 393K) (ppbv)

(m/2) v 5 i

2-propanol 61.0648 61.0648 1 189.71 2.47 0.48 108.65
n-butanol 75.0804 57.0699 100 188.80 2.50 0.04 961.97
Isobutanol 75.0804 57.0699 100 188.80 2.50 0.03 1034
n-pentanol 89.0961 71.0855 40 192.80 2.80 0.10 325.8
2-pentanol 89.0961 71.0855 43 192.80 2.80 0.11 328.41
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3.3.2 &H8| =5 (Aldehydes)

&3] =F+ acetaldehyde, propanal, butanal, pentanal, isopentanal, hexanal 6%

of thsled HiO'ell ©|g dApdolwkg A= ~HAEQH] ZZole FA Y-S Fig
3-10 ~ Fig. 3-14¢l JeERAT.

Fig. 3-1094 UElU+= acetaldehydee] -9 45 m/zoll4] 100 % abundanceE el
et acetaldehydes o] &2 (M=44 m/2)oll Hy0'9] F4o0]&o] o8] kA3l 5o
M+l = 45 m/z A7 o] o] A=W 27 o] T = AT Propanal®] 7
A= omEA (M=58 m/z)°] M+l=2 <Ast Ho] 59 mfz A o]&°] 100 %
abundance® &= At}

n-butanal®] 7 $-ol+= acetaldehyde @ propanal® ©2A oju]&Ez M=72 m/z2)7}
FAtstE o] M+1 = 73 m/z o]&°] A=HH FAll =243 H 55 miz= HEHAoH,
2~HEY €S Fig. 3-12¢] BojF1 Q)

n-pentanal®} 1 o]A4&A isopentanale ojw &z (M=86 m/z)7} UA3E H M+l
(87 m/z2)x} =73 B 69 miz= HAZEFATE Pentanal F o)A AA Y 73 EA 0]
GAEF ol AHA S YEhd 2743t 543 FAeHA UEsh mEkA ol dE@AE
7Nde Y93 27438 JeHS AYUs Zoz2 {FF8 4 AU Pentanale] F o] A4
Aol FAAolgk-go ojg =73} sjElg Fig. 3-12¢} Fig. 3-13¢) et

Hlwa BExlgFo] & n-hexanale] 7% 55 m/ze} M+1 (83 m/z) &7 o] EAE
LER AT

620 ousl=Eeo zztsl HEl E4S Table 3-76] vFERA S ™, hexanal®] 55
m/z7} butanal| A= ZZbolol7] W&o AFFEAd 42 &S vE F A= A
oz gt watbA acetaldehydeS 45 m/z, Propanal 59 m/z, Butanal 73 m/zZ
M+12 AHF7}s 3192, pentanal 3} isopentanale 69 m/z, hexanal2 83 m/z2 =%
kst g olgow B AT Jhed Ao AT

Lindinger et al.(1998)% acetaldehyde®] wWh3-&%2+<4 (rate coefficient 10 cm?s,
Kol -9 Z4% 36, ol8AHoE AT gho] 370 ALor Hista glon, & o
ol A % A" Z 3759 wlwstd #ASEAl UERsth. Butanal®k propanal®] k rate
o]l ALHES 3.8, 3.691 AoE KRty lom B AFAE 342, 3.62%0 AL
2 AZ5HA0.

Buhr et al.(2002)2 PTR-MSZ ¥HF =R 757 £ AFA a3 Frpzlo]
ztsl EA4& ¥lnd A7 abundancews =R Tha zpo|7t 9lov x7F o] #H

BN

¢
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< TLEA HERRTH

Fig. 3-15= PTR-ToF-MSellAl HiO%ol 2|3t FAldo] Hkg & 7z s =¥=E
+ signal®] %k, cpsE UERH ZoE dHE 6F EF AXAPES Fdote FBAT
(ne] A ghol 0.99601 o2 YelY Fasg A4S BAT

Table 3-8t W3 = 6% FFoled FANE, SHY FANTE=LF, 2
S, cpset F=O AURBAE U LU =Rl FasHA B
Z}o] & F 55 m/zE n-hexanal®} n-butanaloll Al Ztz} yeb, A wke] W o
& A AoE AJHAH. wEkA 4 LdHslE B AHS fT A
acetaldehyde+ 45 m/z (100 %), n-propanal 59 m/z (100 %), n-butanal 73 m/z ( 100
%), n-pentanol} iso—pentanad& 69 m/z (100 %), hexanal-> 83 m/z (78 %)Z 3} T}

dHF = 6529 YA =+= 183.85 kcal/mole ~ 190.7 kcal/mole o] W2 4=
Al FAHeIZt  JbssE,  FAbde]l  Mbg&EASE 334-10%am’s -
3.75 - 10%cm’/s Mol ARk WHAEIAE 0.02 ~ 0.462 WA E n-propanal®] 7
- ¥nEd =& e Jehiden, 8= A&7t HE ncps/ppbve L 8335 ~
14227 e 2 S EE BT
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Fig. 3-10. Fragmentation patterns of acetaldehyde and propanal by proton transfer
reaction with HsO".
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Fig. 3-11. Fragmentation patterns of butanal by proton transfer reaction with HsO".
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Fig. 3-12. Fragmentation patterns of n-pentanal by proton transfer reaction with
HsO'.
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Fig. 3-13. Fragmentation patterns of isopentanal by proton transfer reaction with
Hs0".

_54_



14000+

13000+
12000+
11000~

Raw Signal
)

4000~
3000~
2000~
1000+

0

1

14000

m 8308798

i i
55.03

= T [ i
55.05 55.06 55.0735.08

O (]
83.05

= t
83.08 8310

i
8312

Fig. 3-14. Fragmentation patterns of n-hexanal by proton transfer reaction with
H;O".
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Table 3-7. The abundance ratio of each aldehyde fragmented mass

1 I [ i i i [ [} I [ I 1 i [ 1 [ [ [ [ [ i ] | [ 1 O [ [ i
54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 TO-71 72 73 74 75 76 V7 73 79 80 81 82 83 ¥4

Major 2nd
Compounds Composition M+1
m/z ratio % m/z ratio %

Acetaldehyde C2H40 45.0335 45.0335* 100

Propanal C3H60 59.0497 59.0497* 100
(i and n)-Butanal C4H80 73.0648 73.0648* 100 55.0542 73
n-Pentanal C5H100 87.0504 69.0699* 100 87.0804 11
Isopentanal C5H100 87.0504 69.0699* 100 87.0804 26
n-Hexanal C6H120 101.0961 55.0542 100 83.0855* 78

*Target ion for simultaneous quantitation of 6 aldehydes

Data is presented by normalising the background and transmission corrected counts per second of the
most abundant mass fragment to a value of 100. All other intensities are calculated relative to the most

abundant mass fragment. Data on mass fragments with intensities below 5 not shown.
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Fig. 3-15. The linearity of aldehydes cps vs concentrations i
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reaction with HsO" on the PTR-ToF-MS.
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Table 3-8. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of 6 aldehydes

Target ion for

compounes | wor | mtaneon | Prqg | Pty | Goicnt' | ML | ot
(m/z) ’ 1 J
Acetaldehyde 45.0335 45.0335 100 183.85 3.75 0.075 1024
n-Propanal 59.0497 59.0497 100 187.60 3.62 0.46 833.5
n-Butanal 73.0648 73.0648 100 190.70 3.42 0.049 958.3
n-Pentanal 87.0504 69.0699 100 190.70 3.35 0.02 1194
Isopentanal 87.0504 69.0699 100 190.70 3.35 0.02 1185
n-Hexanal 101.0961 83.0655 78 190.36 3.34 0.04 1422
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3.3.3 AAHF (Fatty acids)

AHAA F A FRF T O SB A FHE FEAVIE AARE acetic acid,
propionic acid, n-butyric acid, isobutyric acid, n-valeric acid, isovaleric acid,
n-hexanoic acid 7] thdte] H;O%o 9§ FApdolnwts AF ~HEHH 7 o]
84 JES Fig. 3-16 ~ Fig. 3-22¢] Uehu 2ot

Fig. 3-16914 Uepd At Foll A vlwa vre ZATFS 713 acetic acide] 4%
M+1 (61 m/z)7} major ione. 2 Yelgton, thS-o 2= 43 mfzr}t 2Z43kE o] yElyt:
o} dlg 43 m/z2] exact masse 43.01782 & FE&FolA el 43.054290= o2 &
FHOoEA HE IFES FA &= Aoz AT, o]= PTR-ToF-MSe]
resolution®] 5,500 m/Am (FWHM)©.2 Amo] 0.01 o]&7tx &8 7}s3l7] o] &
gek dEpts 54 g 4 Uk

Haase et al.(2012) <30 <&} acetic acide] ¢ PTR-MSolA %7z+3} e o
B oA U3 A M+l 61 m/2)9t 43 m/ze 2 Jeld Aoe=E B1F ul
abundance ratiox= 7]7] &F< Z7o] Ao|dte] mlAd zo)7F Y= Ao=
=2

19 YA A Hak propionic acid 75 m/z, n-butyric acid 89 m/z, isobutyric acid

—_

o

o

E}

=2

o

’

N

kv

T

89 m/z, n-valeric acid 103 mj/z, isovaleric acid 103 m/z, n-hexanoic acid 117 m/zE
M+1E2 AZF 7}s3tH o™ Table 3-9o] UeFY A} butyric acide} valeric acid Z+-7z+2]
oA EE 248 HA e HEHoR FASA YEET

webA koAl AFE EIEFY o] AEA, LB =/ ol dHA et B AR
A v AAke] o] dAA S HiO'll o3k A olvks Aol A e 22t
st e ol dAAE7EE W AR EAES KHolr] Wil & F3Ed e o
AEA ] BedE LT HHES B Zo=E "

Lindinger et al.(1998) acetic acid®] W< =A< (rate coefficient 10 cm?/s, k)
o At SA 3.0, o]BH o= AL Fhol 27 Aew Husta o, E AT
oMM Z49E @ 265 PlastA FASHA YERE T U A AEAbRe tia A= oA
AT BE FotR7] PS5 AEHZQ] A7 B asit

Acetic acide] 9dAA o] %713} EAS x7ZM3yl dojux| ¥E A =Z Lindinger
et al.(1998)o] B3 v} Ut} B AFAE FL3HA YeEb o™, acetic acid ¢ Y
H A 65 AL E 224357 dojuA] G A E AE 54 BT

2Azx1Zel AFE7F HE cpset R AT 09 A kol 0.99801F o= e
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3L

=
Table 3-10% AWk 750 Adoles FANIE, SAH FANVGEEAS, 4
@7, cpsst FES ABBAS GEIAT Awate] Foolt the 8

A FAol AN 275 @ao] dojupx ol A5
102 AU waA 7t AR Bhe] ARe 9% 4G o

61 m/z, propionic acid 75 m/z, n-butyric acid®} iso-butyric acid 89 m/z, n-valeric

=
o=z

rlo
rlo
o
O
@
o
o
Q
(@)
r

acid¥® iso-valeric acid 103 m/z, n-hexanoic acid2 117 m/z2 HF APks 5A
A 73 Ao 2 s

Aol SARIB == acetic acid 190.2  kcal/mole, propionic acid 190.71
kcal/moleZ FnEAAA AT 4 Ao, I 9 AWty ARSI EE Zolr
7] olE gtk AatFe] FAbde] WHEEEASE 26-107cmYs ~ 2.92 - 10°cm?s
Aol Ut WHAEIAE 0.012 ~ 0.139) HBAE YEbdoh neps/ppbvel #He
720.71 ~ 1042 W99 #HSEE HEATh
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Fig. 3-16. Fragmentation patterns of acetic acid by proton transfer reaction with

H;0".
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Fig. 3-17. Fragmentation patterns of propionic acid by proton transfer reaction with
H;0".
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Fig. 3-18. Fragmentation patterns of n-butyric acid by proton transfer reaction with
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Fig. 3-19. Fragmentation patterns of isobutyric acid by proton transfer reaction with
H;0".
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Fig. 3-20. Fragmentation patterns of n-valeric acid by proton transfer reaction with

H;0".
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Fig. 3-21. Fragmentation patterns of isovaleric acid by proton transfer reaction with
Hs0".
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Fig. 3-22. Fragmentation patterns of n-hexanoic acid by proton transfer reaction
with H30+.
Table 3-9. The abundance ratio of each fatty acid fragmented mass
Major 2nd
Compounds Composition M+1
m/z ratio % m/z ratio %
Acetic acid C2H402 61.0284 61.0284* 100 43.0178 46
Propionic acid C3H602 75.0441 75.0441% 100
n-butyric acid C4H802 89.0597 89.0597* 100
Isobutyric acid C4H802 89.0597 89.0597* 100
n-valeric acid C5H1002 103.0754 103.0754* 100
Isovaleric acid C5H1002 103.0754 103.0754* 100
n-hexanoic acid C6H1202 117.0910 117.091* 100

*Target ion for simultaneous quantitation of 7 acids
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Fig. 3-23. The linearity of fatty acids cps vs concentrations in transfer reaction
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with H;0" on the PTR-ToF-MS.
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m103.0754 (Isovaleric acid)
[ y =1006.5x - 104.23
L R*=0.9993
o 20 40 60 20 100
ppbv



Table 3-10. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of 7 fatty acids

Targgi=Ongfor Abundance measured rate
simultaneous : Proton affinity o MDL
Compounds M+1 . ratio coefficient, k ncps/ppbv
quantitation ) (kcal/mole) (emfs. 97Td. 393K) (ppbv)
(m/2) ? ’ v
Acetic acid 61.0284 61.0284 100 190.2 2.60 0.055 608.35
Propionic acid | 75.0441 75.0441 100 227.01 2.63 0.025 768
n-butyric acid | 89.0597 89.0597 100 2.72 0.012 1,035.1
Isobutyric acid | 89.0597 89.0597 100 2.72 0.066 1,042.7
n-valeric acid | 103.0754 103.0754 100 2.90 0.03 750.55
Isovaleric acid | 103.0754 103.0754 100 2.90 0.051 1,006.5
n-hexanoic acid | 117.0910 117.0910 100 2.92 0.13 720.71
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3.3.4 o ~HZF (Esters)

AN2HERF FolA RIS oFFHd FFe& F= EZE methyl acetate, ethyl
acetateo] thste] H;O'ol o3t SFApxolvkg A& ~HAEYH] Z7tol2 JP4 sies
Fig. 3-24 ~ Fig. 3-25¢] Vel At

Fig. 3-249} Fig. 3-252] methyl acetate®} ethyl acetateollA] FE XS E 43 m/z7}
zZtol2o 2 Ueh} A5 Ao eyl 7] wjEo] methyl acetate= M+l (75
m/z), ethyl acetate= 61 m/zS A8 o]0 2 3l Zt7zt A 7M53=s & = AU
=3

Buhr et al.(2002)2 methyl acetate= 75 m/z, ethyl acetate= 61 m/z7} Z+ZF major
zx7b o] 29l Ao=w Hig vt glow, B Ao 273 SAH TS UERH

HF3-4 =)< (rate coefficient 107 cm/s, k)9 A5 o]&7F oz A4bg gho] 2.25,
2361 Aeo=w Husta glow, B AT FAHE & 225, 25= FASH UEN
th(https://tinyur]l.com/PTRLibrary).

AR AF7F He cpseh FEL AT DY A5 gk o] 0.9980]F o=
Ebst ot

Table 3-12&= o&HE 2F9 AZol&d FAXSE, FHE FARNSEEGT,
A=A, cpsot s 4HAAE HEHAH 7 olzE=E =29 FHFS 9% A
8l o] 22 methyl acetate= 75 m/z, ethyl acetatex= 61 m/z2 o2 E&F A A

o
7o = ohE W] 27t o]o] EXF JteAS AT F glo] B4 ol AA
498 4 Qo

Methyl acetate®} ethyl acetate®] WHAZIFAE 0.0212 FL3A YElFoH,
ncps/ppbvel 72 858, 11332 Z+zt vhehytth,
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Fig. 3-24. Fragmentation patterns of methyl acetate by proton transfer reaction with

H;0",
20000
8000 7000 15000 1700 T
L m 43.4]6?& 1500~ m £9.05651
el Ethyl gcetate 12500+ Ethyl acetate
16000+ 50001 1250~ i
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14000- 4000+ - 1000+ m: §9i0565 u
75001 = fwliry 40145 u
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— 12000-| 000 mgfwhrrg 6146
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=
& 10000- 1000~ 25001 250~
: N
& 8000 0-F T T T 0 T 0 T T T
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myz

Fig. 3-25. Fragmentation patterns of ethyl acetate by proton transfer reaction with
Hs0".
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Table 3-11. The abundance ratio of each ester fragmented mass

Major 2nd 3rd
Compounds Composition M+1
m/z ratio % m/z ratio % m/z ratio %
Methyl acetate C3H602 75.0441 75.0441* 100 43.0178 68
Ethyl acetate C4H802 89.0597 61.0284* 100 43.0178 51 89.0597 16
m75.0441 (Methyl acetate) m61.0284 (Ethyl acetate)
@ 120,000 @ 120,000
2 g =1132.7x +327.37 :
s 100,000 y =857.5x +86.174 = 100,000 - RI= o,.(sgss *
’ R?=0.9979 e ’
80,000 ‘v ‘ 80,000 | *
60,000 60,000 |-
40,000 . 40,000 -
-’ P
20,000 - 20,000 | B
' F
0 b 0
o 20 40 60 80 100 120 140 o 20 40 60 80 100 120
ppbv ppbv

Fig. 3-26 The linearity of esters cps vs concentrations in transfer reaction with
H3;0" on the PTR-ToF-MS.

Table 3-12. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of 2 esters

Target ion for Abundance Measured rate
simultaneous . Proton affinity - MDL
Compounds M+1 uantitation ratio (keal/mole) coefficient, k (Oby) ncps/ppbv
d %) (cm3fs, 97Td, 393K) | PP
(m/z)
Methyl acetate 75.0441 75.0441 100 196.56 2.25 0.021 858
Ethyl acetate 89.0597 61.0284 100 199.93 2.50 0.021 1133
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3.3.5 F3FEF (Sulfurs)

3313 F+= hydrogen sulfide, methyl mercaptane, dimethyl sulfide, dimethyl
disulfide 4%l thsle] HiO%ol &gk FAHolnt-g d&F ~HEF S Fig. 3-27 ~ Fig.
3-29° YERH A

Fig. 3-279llA 35 m/z, 37 m/z, 42 m/z, 49 m/z A& o]&o] Yelytt 7|4 35
m/ze} 49 m/z A o] 22 hydrogen sulfide®} methyl mercaptane®| Z+zb ojw] &=}
34 m/z9t 48 m/zo] M+1E ¢AtE A Aoz FHtt Fig. 3-279 I E A
37 m/z¢} 42 m/z A7 o]22 PE aluminum bag W¢] N, gas backgroundoll A Y2 +=
ol2E ALz FAHUI Fig. 3-28¢) R ot watA hydrogen sulfide<t
methyl mercaptane= M+1 2 o] o] 100 % abundance® AZEHi %7} o]&&
EbutA] gkt

Fig. 3-29¢|4 Yehd dimethyl sulfide®} dimethyl disulfide®] o= Z+zt ofw]
ZF 62 m/zet 94 m/z7F M+1Z2 FAsE FHo 63 m/za 95 miz AF o]o] 100 %
abundance® 7 &% At}

Lindinger et al.(1998)¢] oA = hydrogen sulfide®} dimethyl sulfide® 73-$-
HyO™oll &3k Fardolgh-g-o] o3k Ast A4 22357 dojubA] ¢d1 M+l=
FAst H= Ae2 Bugk bk ok &3 Lindinger et al.(1998)-2 hydrogen sulfide<}
dimethyl sulfide®] ¥h2<4%4+<F (rate coefficient 10° cm®fs, k)] A9 =AH ko] 2zt
149} 2.1, o]2& 0.2 A4kt gho]l ZhzF 1.99F 2,690 Ao E Hysta o, o9} f
AbstAl B AFolA SAE @ 1.663 2.3 e

Spanel¥} Smith (1998)¢] AFANAE F7IF3FE FAHoIHES Aol A
dimethyl sulfide, dimethyl disulfide”} H3O"el] 2]gF FAHolwt-g-o] 100 % abundance
2 M+1ZE I3 He= Aoz Busta o
Ao ARVt He cpset FEY ABAST DY A5 gkol 09990142 ek
=3
Table 3-13&= #sletE 459 AFol2d FAXSE, FHH FARNSEEGT,
=3, cpset =9 FHHAE HEHIT. FEFE A gole E}% shetE 1
3 t2A Aol HAFoNA 22EE FAdo] dojuA] Fob T N
= Ao® IJAHJT. wetA 2 FsltEde] AFS 93 Y O]Lt hydrogen
sulfide 35 m/z2} methyl mercaptane 49 m/z, dimethyl sulfide 63 m/z, dimethyl
disulfide 95 m/z2 A AHF 7153 Aoz syt

S

3L

a

= 77
=
3]
BA
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a3t E 4F9 ARSI == 1685 kcal/mole ~ 198.8 kcal/molee] WRIZE st
A AR 7b THssty, FAzo] WE&E 4 166 - 107cm’s ~ 2.74 - 107cm?s
Aol Atk WHAESIA = 0.087 ~ 2.942] HL|E hydrogen sulfide’} th4& =7
Uebt o™, neps/ppbvoll = 2452 S -85S Rt

Table 3-13¢] H &= npe} o] F3gtE & Islrihes & E4 Blste A

0

=
A7k 3, cpslppbvel grol A s BAHE Btk ol HuFas] PN
H;O (165.2 kcal/mole)ell 7}7b 168.5 kcal/moleZ=A o EHd| s SFAXIst=7}

gol 7] e Aoz B,
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700
650 LG 0
6o m 3489319 m 49.00860
600~ HS ol MM
50-.—
550~
500- il m: 0u 400- ;“ 9 !
30- m; 09069 u b 4
450~ fwhmi5108 m, n 5882
20+ : 7354 66
B 400- e2: §16. 200- *a \
& 10
5 350~
-4 0-5 T T i 0-% T T
a 300+ 34.979 34950  35.000 35.007 48,989 49,000 49.028
250~
200+
150+
100-
N l
0 1 1 [} ] 1 l ] I 1 [] 1 T 1 T 1 |
3 A 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
m/z

Fig. 3-27. Fragmentation patterns of hydrogen sulfide and methyl mercaptane by
proton transfer reaction with H;O".

Fig. 3-28. Fragmentation patterns of N, gas background by proton transfer reaction
with H30+.
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1800~ = m 6302444 1400 m 9489727
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fwipmg 010102 u
- 1200+ 750+ mffwhr 6182 600+
£ i agea: 19347.84 400+
& 1000+ 0
% 25,0_ EDG'—
= 800- 0-E - : ; 0-f [ T lj ]
63'00 63.02 53.04 ﬁslni 94.% 9".98 93.m 95-01. 95-04
600~
400~
200~
0 1 P |
[ 1 1 I 1 1 I [ 1 [ [ 1 " I ] ] 1
62 64 66 68 W72 744 TG 8 W5 B a 8 88 90 @ 94 9%
m/z
Fig. 3-29. Fragmentation patterns of dimethyl sulfide and dimethyl disulfide by
proton transfer reaction with HzO"
m34.9950 (Hydrogen sulfide) m49.0106 (Methyl mercaptane)
o 80 g 8000
£ 700 | y =24.489x + 0.2943 N £ 7,000 v=293.75x +11.167
o | R?=0.9993 - R?=0.9993 /
500 | 5,000 e
400 4,000 I
300 | J 3,000 o
200 / 2,000 ‘
100 1,000 ,‘
0 : 0w : :
[ 5 10 15 20 PL] 30 0 5 10 15 20 %
ppbv ppbv
m63.0263 (Dimethyl sulfide) m94.9984 (Dimethyl disulfide)
a 20,000 § 20,000
g 18000 ¥ =960.95x + 157.75 s € 18,000 | y =975.04x + 150.35
g w087 .. 16000 | Ri-09387
14,000 '.' 14,000 | ; ’
12,000 12,000 |
10,000 ’ 10,000 [ ‘
8,000 ‘ 8,000 | ‘
6,000 6,000
4,000 ~ 4,000 | 0
2,000 2,000 | '
e o L
0 5 10 15 20 0 5 10 15 20
ppbv ppbv

Fig. 3-30. The linearity of sulfurs cps vs concentrations in transfer reaction with
H;0" on the PTR-ToF-MS.
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Table 3-13. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of 4 sulfurs

Target ion for

simultaneous Apndance Proton affinit Medsurétl gt MDL
Compounds M+1 udntitation ratio (keal/mole) ¥ coefficient, k (dpbY) ncps/ppbv
q %) (cmfs, 97Td, 393K) | ‘PP
(m/z)
HS 34.9950 34.9950 100 168.50 1.66 0.61 24.5
MM 49.0106 49.0106 100 185.02 1.92 0.033 298
DMS 63.0263 63.0263 100 198.80 2.30 0.01 961
DMDS 94.9984 94.9984 100 195.05 2.74 0.03 975
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3.3.6 Trimethylamine

Trimethylamine& & FEZoAxE oF o] J&FS F= EFE H0o 93 AUA
oy A 29 EY N 7ol FA WS Fig. 3-31o HERHAUTE

Trimethylamine2 ojn]&E2} (M=59 m/z2)7} ¥A &= o] M+l (60 m/z) ©]2°] major
iono 2 HEHH} A 273} A 58 mizE HAEEHAo

Fig. 3-32dl= A A&7t HE cpset w59 #AAE Yetded, F3AF
(M) A5 #hel 0.998°.2 el

Table 3-14+= trimethylamine®| A #o]23 YA %, SFBH FATNSEEGF,
AETA, cpset w59 A#AAE YEFHAS. Trimethylaminee] A& 93 Ad

=
L2 major ion¢l 60 m/zol™, A== 227 kcal/mole, BHEEEA

coefficient 10 cms, K& 1.8, WHAEIA = 0.075, ncps/ppbve] e 7022 Lheh
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2800~ 3500

2600~ 3000-] m 6007782
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2400~ |

2200+ 204 m: fO0%ES1 u

2000 fwhrr: 00098 u

1000~ fuhm} 6135

_ 1800~ ea: $3854.28
= -
?}'l, ‘Em c l- : ] 1
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[+

1200+

1000~

800-

Bm- 1
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200~
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Fig. 3-31. Fragmentation patterns of trimethylamine by proton transfer reaction with
Hs0".

m60.081 (Trimethylamine)

§ 35,000
= 20,050 y =701.77x - 48.631
’ R? =0.9985 e o
25,000 |
20,000 | -
15,000 | -
10,000 i
5,000
0 ol 1 1 1 1 J
0 10 20 30 40 50
ppbv

Fig. 3-32. The linearity of trimethylamine cps vs concentrations in transfer reaction
with H30" on the PTR-ToF-MS.

_75_



Table 3-14. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of trimethylamine

Target" 190 e Abundance . Measured rate
. simultaneous : Proton affinity * MDL
ompounds M+1 o, ratio (kcal/mole) coefficient, k OpbY) ncps/ppbv
| % %) (cm’fs, 97Td, 393K) | ‘PP
Trimethylamine | 60.0808 60.0808 100 227.01 1.80 0.075 702
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3.3.7 W3&=F (Aromatics)
ek 7+ benzene, toluene, ethyl benzene, xylene, styrene 5%9l ths}e] H;0 ol
% < A& 2" e S Fig. 3-3337} Fig. 3-340] el do

ks 538 mE ouEaHM)e] M+1Z FAslE o] benzene M+1 (79 m/z),
toluene M+1 (93 m/z), ethyl benzene M+1 (107 m/z), xylene M+1 (107 m/z), styrene
M+1 (105 m/z)Z2 Z+Z} 100 % abundance®Z HEFHUth o] F ethyl benzene} xylene
= olAEAR Z& AIFFS JHAH HO' o3 FAdolnky & Aol % M+l
2 FYstr] wEol A4y ARFEHL olgle AoE AdHT

Gueneron et al.(2015)¢] 7+&d &3}<Fa7) HO'l 23 gAbdolukgo] e =
ztsl 9jel AFES Ay R W ethylbenzene, xyleneo] AR (Td) 8004 = M+12
o]&3ly 11, AAAE 12001 4+= ethylbenzeneo] M+1 major ion¥} 7z} o]29o] AA

Aoy B3t Q)

o
=3

Warneke et al.(2003)2 #2]9] 715 717 GCe PTR-MSE ZAdsteo] o|FAAE
By, ztzt A £ Q8-S Rysty Qut
=

wetA o] AAAE FAH oI e
4Y Agole GC A& WS AMgste A% 13 & vhsio.

Lindinger et al.(1998)2 uk8-4 =74 (rate coefficient 10° cm’/s, k) =3 g/l
237k 7% benzene 2.1/1.9, toluene 2.1/2.2, xylene -/2.29]1 Ao & RIS 9o,
Spanel and Smith(1998)2] AT A= benzene 1.9/1.9, toluene 2.2/2.2, xylene
2.2~24/2.2~2.4 22 eI STt & AFA SAHHA Fk benzene 2.2, toluene 2.15,
ethyl benzene+xylene 2.259} ¥l a &t F-ASA] LrEFRTH
2749 AR He cpset EY AHRAT 09 Aswkol 09980 o= e
=3
Table 3-15= W= 559
S, cps¢t =9 FuBAE YUeEhl A Ethyl benzene¥} xylene 7-¢- ©]/d @A
2 FAA|AAH A 243 o] dojuA il M+lE2 A3 H#F olzor &
QlE it wetA ethyl benzene9} xylened F EZo] oz HFENS WyYsHY

R

~

3L

ot
o

Folesh PANKE, ZHE FAVIEEGF, 2

W FE o °k?<}?1§}l£t 179.52 kcal/mole ~ 200.84 kcal/mole® <43 3}A kApA
58, Aol WL EAsE 215 10%cm’s ~ 2.29 - 10°%cm’s Mol
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Fig. 3-33. Fragmentation patterns of aromatics by proton transfer reaction with

H30".
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= — 2000
@ 3500
H 0 7 ;
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25001
2000~
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m/z
Fig. 3-34. Fragmentation patterns of styrene by proton transfer reaction with HzO".
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m79.0542 (Benzene) m93.0699 (Toluene)

@ 25,000 @ 16,000
o g
[
y =157.89x - 98.304 14,000 y =197.01x - 55.404
20,000 R? =0.9985 - R?=0.9989 .’
12,000 -
15,000 P 10,000 )
_.v-o:’ 8,000 ' ’
10,000 -~ P
P 6,000 e
-~ "
- 4,000
5,000
o |
0 0 \ )
0 20 40 60 80 100 120 140 160 0 10 20 30 a0 50 60 70 80
ppbv ppbv
m107.0855 (Ethyl benzene+Xylene) m105.0699 (Styrene)
2 60,000 4 80,000
g e y =884.45x + 598.48
70,000 R?=0.9984
50,000 y=229.58x - 175.76 ' )
R?=0.9986 o 60,000
40,000 50,000 -
40,000
30,000 :? s
o 30,000
20,000 .-.'
- 20,000
- pe
10,000 o 10,000
0 ) )
0 50 100 150 200 250 o 20 40 60 80 100
ppbv ppbv

Fig. 3-35. The linearity of aromatics cps vs concentrations in transfer reaction
with H3O" on the PTR-ToF-MS.

Table 3-15. Target ion for simultaneous quantitation, proton affinity, measured rate
coefficient, method detection limit, ncps/ppbv of 4 aromatics

Target ion for Abundance Measured rate
simultaneous ) Proton affinity - MDL
Compounds M+1 uantitation ratio (kcal/mole) coefficient, k (oby) ncps/ppbv
e %) (cm¥s, 97Td, 393K) | ‘PP
Benzene 79.0542 79.0542 100 179.52 2.2 0.43 157.89
Toluene 93.0699 93.0699 100 187.56 2.15 0.48 197.01
E“lylxt;f;fsne 107.0855 | 107.0855 100 190.81* 2.25 0.20 229.58
Styrene 105.0699 105.0699 100 200.84 2.29 0.085 884.45

*The mean of proton affinity(Kcal/mole) for Ethyl benzene 188.52, o-Xylene 190.43, m-Xylene 194.26, p-Xylene 190.05
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3.3.8 PTR-ToF-MS$} ATD-GC-MS<] H|nA g
B AFo A= ATD(ATD650, Perkin Elmer, USA)-GC-MS(QP 2010, Shimadzu,
Japan)¢} PTR-ToF-MSollAl Fd3tAl vlal BEFEA Hrlsto, o] dAAE 44 &
=< SRl vu AP oR A MRS At
7bd ®EE A BIEX 6% tiste] &S Al &8t ATD-GC-MSolA WA &4
33, YA ST EFEAEE PTR-ToF-MSol M B4 & =33ty F FF32 AZE
Hrtste 4 AFAS st
Fig. 3-36< =% (1 cycle) 1709 A#FAE S AY4HetE PTR-ToF-MS¢ 1,000 cycle
ool EAAEE HoAF dth. BTEXY HZX¥X+ benzene 125.9 ppbv, toluene
66.05 ppbv, o] ANZHN EAFo] FUI ethyl benzened}t xylened] F= 3t 202.45
pphve E EXo] PEFom, o]E Z-Z+ dynamic dilution injection systemoll A 3|4
FA3ked YEld 5% signal chartZ Yelbla ot
®F7 2 34 FYJA PTR-ToF-MSe] =% signal 845+ % ool A"
e Ueho] dHEHY AFEA #E €S F Ues FIY T
Z} BTEX 2% ToF-MS¢ signal 9! cps¢t 34 FUE ppbv ©99 5= #e
gk A= Fig. 3-35¢] HE Hiel o] AT (9] A5 Fhel 0.9989] 2314
< B3t
Fig. 3-37& PTR-ToF-MS¢} ATD-GC-MSe| A&%% Hlw AFS ¢33 2
t}. BTEX 5Y H% EFL 0] &3}o PTR-ToF-MS (H;0" reaction)oll Al vehd %
## ATD-GC-MSE &3 #4oA AEFH 5 S vlast 23 4aAF 09 A
S %ol 0.994¢] FAAHS YEL ol F AulY AT AATE A9 dAsE &4

PAR
RS FAT 5 Uk
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2-m79.053210 (Benzene)
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200 m
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Fig. 3-36. Signal flow charts of diluted injection BTEX in proton transfer reaction
with Hs3O" on the PTR-ToF-MS(nitial concentration benzene 125.9
ppbv, toluene 66.05 ppbv, ethyl benzene + m,p,0-xylene 202.45 ppbv)
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Fig. 3-37. The comparisons of detecting concentrations in PTR-ToF-MS(H;0"
reaction) and ATD-GC-MS.
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9 BEEHE B3 F8 Wy e
FEA o MjEHE B UFTS A
B4 Az F A4 NGz BAE Tl de zZol sjda o

= pu
5 38 SHEL, Be Ad ATASY AT A
= el
L =4

— o
[ ol

o
SN2
My
o e

o)

L L
>

LT
o 2

gRE st 34%F Alcohols(5), Aldehydes(7), Aromatic hydrocarbons(7), Esters(2),
Fatty acids(7), Sulfurs(4), Trimethylamin, AmmoniaZM 2z} EZ TIFAZ HIHEA
AGHFFe F= =doltt o5 4ol HES WHE E4ste, & dAFA
o Aol mus] EAHAacle] oy HIRE & A=A st =
ol telA= vttt & 345 ®Fd o3 AR PSS T3 FawTo &<
S o B2 dHEAS 2o FAEA & F AEE F V| 2AdP ol

19 34T AH AP AHE ENE AR D AL A A HIWEHA EA st
= IFHEF 84F9] wiste] Alcohols(10), Aldehydes(12), Aliphatic hydrocarbon(8),
Amins(2), Aromatic hydrocarbons(9), Esters(5), Fatty acids(8), Ketones(5), Nitrogenous
compounds(7), Oxides(3), Phenol - Cresol(4), Sulfurs(7), Terpenes(4) 137) IFo =
a4 2AE Mo A, TLV, FARSE, HO0'2 dAst 2 o yehvdes =274
ol el o] Axg FA Ao B3 target ionFH FANSETASFE Table
3-16° eI At

Table 3-1614 Jebd MassM+De= 2z B9 sl o2 HE] AAE + e
exact mass @toll H:O'l ¢fall ¢f#tet Hol yetd 5 Us FAACH) 2% #e
st YERA Aolth. HAZAFEF(TLV)S dddHAA =R 7o &85 F83
S 2 Nagata(1990)2] 223%2] A+ ARE &3ttt FAXIst= (proton affinity)=
e =do] FAE 2 £ e F82 ARE Uehle 5432 The National
Institute of Standards and Technology(NIST) chemistry WebBook(2021)3} Pagonis et
al.(2019)9] #FES FEstRon, BF £ FAMERT 2 Ao < HIYTh

¢

PN

A3 B HUAY 5 UUW GAVHEE §4 15 B BYFeH 4ol
FASTE A 1T W, AW o4H 84T BTE FHA P He Qow
Bt

[e]

o} Ao HHzow FEHE target ione H;O'l ol A3t 2 w) YA H
£ 2ol 3 B4 AFEA A AP 270]2g ekl Aotk MEd =7t
o A

1 €]
O AdE =de A 24T 1 4T WEA RES s HH WA Blad

_84_



Ae AP Aotk =R o ARo] BAA FAS He
B398} A 2ZbolLEo] WS,

2 =
g 2ol eSo] o]4AA T FEULE WsHo] 7 B Ao Wzt 2 7}
%

7)
A
2l o &, alcoholsell A propanols(2-propanol, iso-propanol, n-propano)2
& A7 A AsdA 2748 Aol HlwA FEEL 61 m/ze] o]
1 1 %= Yetstth o]= Table 3-5014 X+ uie} o] 41 m/z, 43 m/iz& t
Fol 2Zol2o2r E¥HY] Wil EVIASHA W& A ¥+ 61 mizE
SoHARE o] FEEo] 1 %= wof B4 A AAFT hsAdo] HlaF Eof
B3 ASIAVE 22T F Ao

2 = AFA NN AEE o] PFE & (yield ratio)S 1#H ] 2+ =
7] e B A7E sl RE" g oo g2 AA, Spanel et al.(1997), Spanel
et al.(1998), Lindinger et al.(1998), Buhr (2002), Warneke et al.(2003), Wang et
al.(2004), Haase et al.(2012), Pagonis et al.(2019)°] #<S Hsle] &3 = ==
stAth 84F9 4HHAEH 5 =738t #j®lo] YERU= alcohols, aldehydes, aliphatic
hydrocarbons, esters, terpenes =2 % 9F< AFEA Al drift tube &%, A} &
of 3o WE o]l ZAr& W3tE Hstof ot ¢ w2 A7t Fasith

o}z Bd 84Fo] YA ETASE o PTR-MS ATAKSpanel et al., 1995,
1997, 1998b; Lindinger et al., 1998; Buhr, 2002; Pagonis et al., 2019)¢] =A¥ 3}

JRHoE AN FES WA AT, B P TR 4L 35S A9

e

o TEEAS 53 AFAS FF F4@-6)0A FA4 s 5] FHEte o
2 AFASe] PSSR g3 AeolE va & ¢ UEF Y. FE A
H gt S LTt 77)e] BAzAo| o|2A el A4 wale] wekd o]zl Q)
o 2 AW, HAEY AFLFAY HAU) ga T EAS gREAL 23 2"
FARNSEEFSE ok Zo]l LY ALE FUEHUh

_85_



Table 3-16. 84 odor compounds TLV, proton affinities, selected target quantitation ions mass of the product ion and reaction rate
coefficients related to proton transfer reaction with H3O" on the PTR-ToF-MS for the 13 functional groups(~ continuous)

W) Target ion and yield ratio® Rate coefficient(10® cm?/s)

No | Groups Compounds Mass(M+1) TLV® Composition g(roat.%malgﬁnuy”

c target ion reference yield(%) yield(%) measured® calculated® This work®
T Methanol 33.0335 33 CH40 180.45 33.0335 100, 100™, 100™ 2.1, 2.2" 2.17, 2.3
2 Ethanol 47.0490 0.52 C2H60 185.74 47.0490 100, 100" 2.7 2.8, 231"
3 2-Propanol 61.0648 C3H80O 189.71 61.0648 1 2.79, 2,22 2.47
4 IsoPropanol 61.0648 26 C3H80O 189.71 61.0648 19 2.79, 2,22
5 | alcohols n-Propanol 61.0648 0.094 C3H80 188.16 61.0648 1 2.30 2.79, 2.16"
6 Isobutanol* 75.0804 0.011 C4H100 188.80 57.0699 68 2.79 2.50
7 n-Butanol 75.0804 0.038 C4H100 188.80 57.0699 68 2.89, 2.319 2.50
8 2-Pentanol 89.0961 0.1 C5H120 192.80 71.0855 18 2.89 2.80
9 n.Pentanol 89.0961 0.1 C5H120 192.80 71.0855 18 2.89 2.80
10 n-Hexanol 103.1117 0.006 C6H140 191.15 85.1012 2419 2.99 2.9
11 Formaldehyde 31.0178 0.5 CH20 170.55 31.0178 1007, 100™ 30 3.39, 2.730
12 Acetaldehyde* 45.0335 0.0015 C2H40 183.85 45,0335 100, 100% 100 357, 3.610 3.77, 3.09 3.75
13 Acrolein 57.0335 0.0036 C3H40 190.67 57.0335 100" 4,29
14 Propionaldehyde* 59.0497 0.001 C3H60 187.60 59,0497 100" 100 3.6 3.62
15 Isobuthylaldehyde* 73.0648 0.00035 C4H80O 190.70 73.0648 58 381 3,179 3.42
16 |, dehydes n-Butyraldehyde* 73.0648 0.00067 C4H8O 189.50 73.0648 58 382 3.810, 317" 3.42
17 Isovaleraldehyde* 87.0804 0.0001 C5H100 69.0699 78 79 3.6 3.35
18 n-Valeraldehyde* 87.0804 0.00041 C5H100 190.70 69.0699 90 3.6 3.35
19 n-Hexylaldehyde 101.0961 0.00028 C6H120 190.36 83.0588 5712 44 3.7 3.34
20 n-Hepthylaldehyde 115.1117 0.00018 C7H140 115.1117 519 3.79
21 n-Octylaldehyde 129.1274 0.00001 C8H160 129.1274 sl 3.8
22 n-Nonylaldehyde 143.1430 0.00034 CI9H180 143.1430 192 3.99
23 Isohexane(2-MPen) 87.1168 7 C6H14 87.1168 100"
24 n-Hexane 87.1168 15 C6H14 87.1168 1002 29, 205"
25 1-Heptene 99.1168 0.37 C7H14 99.1168 251 2219 239 2179
26 | Aliphatic 1-Octene 113.1325 0.001 C8H16 113.1325 301 2.4 2.3
27 | hydrocarbons | n-Octane 115.1481 1.7 C8H18 115.1481 100° 2.4 2.3, 2.311%
28 1-Nonene 127.1481 0.00054 CIH18 127.1481 301 2.5 2.4
29 n-Decane 143.1794 0.62 C10H22 143.1794 1007, 100" 2.69 1.6%, 2.5
30 n-Dodecane 171.2107 0.11 C12H26 171.2107 1002, 100" 2.89 2.719




Table 3-16. 84 odor compounds TLV, proton affinities, selected target quantitation ions mass of the product ion and reaction rate
coefficients related to proton transfer reaction with H3O" on the PTR-ToF-MS for the 13 functional groups(~ continuous)

; ; ) o 9 3

No | Groups Compounds MassthD) - Composition gggﬁﬁﬂ g]gﬁmiy» 15 Target ion and yield ratio Rate coefficient(10™ cm?/s)
target ion | reference yield(%) yield(%) measured? calculated® This work®

31 Amines Trimethylamine* 60.0808 0.000032 C3HIN 227.01 60.0808 84 181 1.80

32 Triethylamine 102.1277 0.0054 C6H15N 234.88 102.1277 80" 2.5% 2179

33 Benzene 79.0542 2.7 C6H6 179.52 79.0542 100°, 100 100 2.10 1.9, 1.93® 2.20

34 Toluene* 93.0699 0.33 C7H8 187.56 93.0699 100%, 100 100 2.3 2.1, 2.06® 2.15

35 Styrene* 105.0699 0.035 C8H8 200.84 105.0699 100" 100 2.339 2.24% 2.29

36 . Ethylbenzene 107.0855 0.17 C8H10 188.52 107.0855 1009, 100" 100 2.4 2.221% 2.25

37 ﬁ;gf;iszm m-Xylene* 107.0855 0.041 C8H10 194.26 107.0855 100°, 100 100 2399 2.219 2.25

38 o-Xylene* 107.0855 0.38 C8H10 190.43 107.0855 100%, 100 100 2.49% 2.25% 2.25

39 p-Xylene* 107.0855 0.058 C8H10 190.05 107.0855 100%, 100 100 2,299 2.2 2.25

40 1.2.4-Trimethylbenzene 121.1012 0.12 C9H12 121.1012 100?, 100 2499

41 1.3.5-Trimethylbenzene 121.1012 0.17 CYH12 200.05 121.1012 100?, 100 2.399

42 Methyl formate 61.0284 130 C2H402 187.20 61.0284 951 2.90® 2.26"

43 Ethyl formate 75.0441 2.7 C3H602 191.24 75.0441 951 3w 2479

44 Esters Methyl acetate 75.0441 17 C3H602 196.56 75.0441 60 2.8% 2.25% 2.25

45 Ethyl acetate* 89.0597 0.87 C4H802 199.93 61.0284 B> 60 2.99, 2.7 2.97, 2.36% 2.50

46 n-Hexyl acetate 145.1223 0.018 C8H1602 85.1012 69 3.20%

47 Acetic acid 61.0284 0.006 C2H402 190.2 61.0284 100", 81.8' 68 30 2.7, 2.2 2.60

48 Propionic acid* 75.0441 0.0057 C3H602 227.01 75.0441 100 2.7 2.28% 2.63

49 Isobutyric acid 89.0597 0.0015 C4H802 89.0597 100 2.9 2.72

50 Fatty Acids n-Butyric acid* 89.0597 0.00019 C4H802 89.0597 100 2.9 2.239 2.72

51 Isovaleric acid* 103.0754 0.000078 C5H1002 103.0754 100 2.9 2.90

52 n-Valeric acid* 103.0754 0.000037 C5H1002 103.0754 100 2.9 2.90

53 Isohexanoic acid 117.0910 0.0004 C6H1202 117.0910 100" 2.9

54 n-Hexanoic acid 117.0910 0.0006 C6H1202 117.0910 100 2.9 2.92

55 Acetone 59.0491 42 C3H60 194.26 59.0491 100, 100 3.9 417 3.970 3,239

56 Methyl ethyl Ketone 73.0653 0.44 C4H802 197.80 73.0653 100", 100" 3.21%

57 Ketones Methyl isopropyl Ketone 87.0810 0.5 C5H100 200.00 87.0810 100" 3.9® 3.19®

58 Methyl n-butyl Ketone 101.0961 0.024 C6H120 201.50 101.0961 100" 4.0

59 Menthol 157.1587 C10H200 157.1587 100® 31919 3.1¥
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Table 3-16. 84 odor compounds TLV, proton affinities, selected target quantitation ions mass of the product ion and reaction rate

coefficients related to proton transfer reaction with H3O" on the PTR-ToF-MS for the 13 functional groups

affinity? 19 Target ion and yield ratio® Rate coefficient(10° cm¥/s)
No | Groups Compounds Mass(M+1) TLV? Composition goton 3 i - -
calfmol) target ion | reference yield%) | yield%) | measured® calculated® This work®

60 Ammonia (O? reaction) | 18.0338 15 NH3 204.21 18.0338 100 2.34%9 2.39
61 Acetonitrile 42.0338 13 C2H3N 186.41 42.0338 1009, 1001, 100'? 4.7 5.1, 3.98"
62 | Nitrogenous | Acrylonitrile 54.0338 8.8 C3H3N 187.73 54.0338 100" 4,749 4,16
63 | compounds | Pyridine 80.0495 0.063 C5H5N 222.49 80.0495 100™, 100 3.3, 2,791
64 Indole 118.0651 0.0003 C8H7N 223.30 118.0651 100", 100 3.3, 3,621
65 Skatole 132.1720 0.0000056 CIHIN 132.1720 100", 100 3.3
66 Nicotine 162.2316 CI0H14N2 | 230.48 162.2316 100', 100 4,09 4,29
67 Furane 69.0700 9.9 C4H40 192.20 69.0700 100", 100'® 219 2
68 | Oxides 1.4-Dioxane 89.0597 C4H802 190.77 89.0597 100'?, 100 1.99 1.9, 1.8
69 Geosmin 183.1743 0.000065 C12H220 165.1638 991 3.16'Y
70 Phenol 95.0491 0.0056 C6H60 195.53 95.0491 100", 100 2,719 2.16'
71 | phenolCresol | m-Cresol 109.0648 0.0001 CTH80 109.0648 100 2.8"
72 o-Cresol 109.0648 0.00028 C7H80 109.0648 1001 2.8
73 p-Cresol 109.0648 0.000054 C7H80 194.93 109.0648 100" 2.8
74 Hydrogen sulfide* 34.9950 0.00041 H2S 168.50 34.9950 100" 100 1.4 1.9, 1.66 1.66
75 Methyl mercaptane* 49.0106 0.00007 CH4S 185.02 49.0106 100 1.92
76 Dimethyl sulfide* 63.0263 0.003 C2H6S 198.80 63.0263 1007 100 2.1, 2.5% 2.30
77 | Sulfurs Carbon disulfide 76.9515 0.21 cs2 163.13 76.9515 100", 100° 187
78 Thiophene 85.0107 0.00056 C4H4S 194.98 85.0107 100" 1.88%
79 Dimethy disulfide* 94.9984 0.0022 C2H652 195.05 94.9984 100 100 2,619 2.6 2.74
80 Diallyl disulfide 147.0297 0.00022 C6H10S2 147.0297 100'?, 100” 315 3%
81 « -Pinene 137.1325 0.018 C10H16 137.1325 6212, 501 2.619
82 | er / -Pinene 137.1325 0.033 CI0H16 137.1325 67", 57 269

penes ) 15) 15)
83 3-Carene 137.1325 0.038 C10H16 137.1325 752, 75 2.6
84 Limonene 137.1325 0.038 C10H16 137.1325 80'2, 80" 2.6%

1) TLV is threshold limit value from the research data of Ishikawa and Nishida (2002), 2) Proton affinity value is from NIST Chemistry WebBook(https://webbook.nist.gov), 3)The selected target ions for quantitation in the product ion masses fragmented after reactions with H3O".
4) and 5) Rate coefficient(10° cm®/s) is reference data from other researchers. 6) Mesurements made in this laboratory. 7) Spanel et al. (1995), 8) Spanel et al. (1997), 9) Spanel et al. (1998), 10) Lindinger et al. (1998), 11) Buhr (2002), 12) Warneke et al. (2003), 13) Wang et

al. (2004), 14)Haase et al. (2012), 15) Pagonis et al., https://tinyurl.com/PTRLibrary (2019), 16) Presume value from 2-propanol yield ratio of this work. *) Control criteria of environmental law in Korea.
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Table 3-17. Expected and required time of the procedures in 3 difference test
methods

The time required of the each test procedure (min)

Procedure
Test ethods ATD-GC-MS PTR-ToF-MS
Sampling 6x10 = 60 10 10
Pretreatment 6x10 = 60 15 -
seperation and 640 = 240 60 10
etection
Data processing
(identification and 6x120 = 720 60+60x3 = 240 -

3 point calibration)

- a limited analysis of

22 odor

- can’t identify the

odor-causing

- difficult to analysis of low
molecular weight and high
volatile compounds as like
methylalcohol, acetaldehyde,
TMA, H,S, CH,S etc.

- isobaric or isomers

can’ t be
separated.

Limitation
substances.
- separation column and
operation condition are
different to material group
or family.
. - only mixed standard
Standard need all 22 - need all compounds (transmission rate
compounds . .
calibration)
SUM 1,080 265 20

1) expected and required time according to the six test procedures of each other’ s difference.
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industrial
wastewater

Sludge evaporative

and vaccum drying

Processes -

Process gases

concentration = condenser

Odor - Exiik
Treatment

Site A
24 hr/day
operation

Reducing 10m?fday
Oxidative  10m? /day
Aciditic 40m? fday
Alcalilic 20m? /day
Etc. 120m?® /day

Site B
10 hr/day
operation

Reducing 10m?®/day
Oxidative  10m?® /day
Aciditic

Alcalilic } 120m*® /day
Etc.

Storage, Flow adjustment

pH adjustment, flocculation,
Precipitation, Aeration, Reation,
Floating, oxidation, etc.

Single wet scurubber
500m?® /min

3 series wet scurubber
80m3 /min - 150m3 /min - 160m3 /min

Fig. 4-1. Flow diagram of industrial wastewater treatment processes (site A and B).
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422 #HBS5H7E 2 TVOCs

A TH e ARG SHIPEE A 3T A PR oR EAb 391, oA 2
oz st F 5We Ide FAsHY HUbsiAdt. A dAsH 7= Table 4-10]
ERA mRe} o] QoA 6744 F THAR TR FATF F
et glom, o= 29 A9 F& HAMA 2D F Jde AR WAE =
Ne ZEaEeld, 4% 32 F& HAAA 3838 ==

3713 BSAIHE = GH AT w2t st on,
A=) (model OA-301A, Top trading ENG, Korea)S &
A Fate FE7HA st AAskAT
b sAANA e TAsts T2 AR frlede] =& &Qdsr] 9tk Aed
22 7](ATD650, Perkin Elmer, USA)®F GC-MS(QP 2010, Shimadzu, Japan)E &3}
TVOCs-A(Total volatile organic compounds, as toluene for total area of range from
hexadecane to acetaldehyde)s B#stH o™, Z A9 4H &5 & E4& ¥

2¥ 5 JI=% stark

N

NN

Al

Table 4-1. Odor impact description according to direct sensual impact degree

Impact degree | Odor description
0 Can’t feel a smell at all.
1 Don’t know what it smells like, but I can smell it a little.
2 Can feel it enough to express what kind of smell it is.
3 Can clearly feel what kind of smell it is.
4 Feel a strong smell that is easily detectable.
5 Feel disgust, strong pleasure or displeasure with a strong smell.
6 It’s a very strong smell that’s hard to resist.
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4.2.3 PTR-ToF-MSel| ¢J3F o3 &4

3ZA AFRE Fig. 3-12 PTR-MSO] Fdatdo] AFE47]e] BFolA He ut
9} o] WA o]&ihx FEA reagent iong MAEA FH i, drift tubeol] FID
Th22A 89t gAPHoluES-Ele] o] &S A, HEZoF Time of Flight Mass

Analyzer(M| Y A|3tY AR e)E Tt BYAZFIH

o]E GAZ oz Hstd

1A : lon sourcedll Al & &5 WHALE EEA7F H;0" o] 28 A
e + HHO — H, O+ + 2e”
HO" + HO — HO" + OH

2%+A) : Drift tubeodl A HyO'9F = Al ZEX}9} oFx}2 o] HE-3-
H:O" + M — MH" + H,O

3TA : MH" ionse] ®IYAIZFE A &FwA 7|(Time of Flight Mass Analyzer)
42+A . Microchannel-Plate (MCP) HZ7]ol|lA m/z 79 (Benzene) 71+ 10 pptv <

A A= 5 AT

£ AF A& PTR-ToF-MSE %3te] Nagata(1990)7F 9178 HA7ZA s=gko]
Bl Qe 223F9 =25 FoA 4Y @FCNA vl A @ol] AEHI Qe 84F°
ofF = thste] g Fsto] ol detF %
Atk ol BEZA Tol EAste FHAERS A ATD-GC-MSE2 &8 HEshY
PTR-ToF-MS®] A ZFEA A& AF 9 BAst &4 AIgHE FR&AT

PTR-ToF-MSe] B4 =z7-2 3%9] Table 3-12} Table 3-2914 UEIIE nHEe} o]
drift voltage (Vgir)= 600 V, Parre = 2.81 mbar, Teire = 393KoNA 33 EUS) EF,
GH I =EF(6F) EF, BIEX EFES 99.9999 %o dFo 2 3|45t A HeF
S AESAT WA HEAY] FFS olv B AFAEC] 4PF e o
E2H o2 AEZ FAHoNESE4& 544 (k = reaction rate for the VOC of interest)<}
2 AT AdolAN I5% FgS ol&ste] A

PTR-ToF-MS g&EAell Aedo] gk F712Q HAS #18te] ATD-GC-MSel A]
45 AEE 4G vmeted EXHEA 10 % oludS AESIY GHB o &85+

B
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Byoto] Afole oln AF-AHLindinger et al., 1998)7} &
A2 T AL )R] Hom, 0.1 ~ 25 ppme] W] ®
= 3ttt
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4.2.4 ATD-GC-MSel| o]t o3 E-4
B AFdA AFHE AR FFHAJNERS A5t st HA PTR-ToF-MSZ
AREAl FHHNeH, oA S o =dEVF dad Ff HHEE
AA, AFH FAe st F2A-ANFH &2 A" (ATD650, Perkin Elmer, USA)<t
GC-MS (QP 2010, Shimadzu, Japan)E ©|&3tAth. ATD-GC-MS ®EAZAAZEFH
TVOCs (Total volatile organic compounds, as toluene for total area of range from
hexadecane to hexane.)Z 4-4 &ttt
2 AFolA AREH ATD-GC-MSe] A x7S Table 4-2¢] Wetideh. &
A g Alz"o o3 AHFAIEEY FH oA AHEEH FRAFERE 3T FF
wHe ol ReH, ol METIIE F& AE LT GFHAAEAY gl o

A FES W Aoz gld v 9ItkSeo et al, 2010).

Table 4-2. Operating conditions of Automatic Thermal Desorption (ATD) and GC-MS

Parameters Conditions
Primary tube type Triple-bed
Cold trap type Tenax-TA 20 mg
1st Desorption 350C -4 min
ATD650 2nd Cryo temp. -30C
(Perkin Elmer, UK) 2nd Desorption 350C -1 min
Desorb flow 50.2 mL/min
Inlet split No
Outlet split 11.5 mL/min
35T -10 min
8C /min-120°C -10 min
Oven temp.

12°C /min-180°C -7 min
15C /min-230°C -10 min

GC-MS Column AT1-60 mx0.32 mmx1.0 xm
(Shimadzu, Japan) Interface temp. 230C

Mass range 20~350 m/z

Column pressure 15.9 psi

MS Det. temp. 250°C

Carrier gas He (99.9999 %)

Mass filter type Quadrupole
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4.3.2 AFuWE7r29 FFHEA
AdA o] HFuwET 72 Fol SAstE F8 dFHAJ=E A AGGHTE 1Y
I =AY o3 7]&& Table 4-59 WERH AT
o}# ¥JE2-& pentanal, acetaldehyde, methyl mercaptan, hexanol, butanal <=2
2 Uegtorn 5% dHIAEY F& o 86 %E AASAH. dFAHA ==
pentanale] 1712 7} =4 YEeElom thS o2 acetaldehyder} 4002 14!4‘*@.
o] F7tA =4 EF HATAsEgke] 22 0.41 ppbvet 1.5 ppbvE ml oA =
HAE st Edolth. 8 SHYUJEHE Top 159 FE =& 1,655 ppby, Oﬂl’é}
A E & 319, AH7IAE F2 96 %= HEFSH
BAAlel HAFuMET 7t FTol A8 T8 AHAJEE T dFddHAAE 1
3 S FEAL] oFF 7]o &S Table 4-6° YE AT
o}# Y2l E4 & decanal, nonanal, acetaldehyde, butanal, 4-Octen-3-one <o 2 1}
Eltom 5%F9] o7& e oF 83 %5 AA AT A FH A== decanalo]
2052 71 =4 Uebg o g2 22 nonanale] 1622 uElytth o] F 7% &3
RE HAaZAEE30] 242 04 ppbvet 0.34 pphvE H|FZ A= FHE Fitsle=
Ao}, 2 FHYAEA Top 159 =2 55+ 1479 ppby, AL HAAE &2 8
GH7IAEY F2 97 %= YEST
AdAI et BAIS] ot dd=4 Top 159 ddet#7d = < nlwstd 3199 83
2 2472 Yy BYAVE A4 2 dHAEE BT
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433 GHAJEADF FHAZ At

AdAel 2t FAE T8 dHAUJEEE Table 4-30 Yeti st Aol B wf
¢} Zo] methyl mercaptan, acetaldehyde, butanal, propanal, hexanal, n-decanal,
n-nonanal, ethanamine, 2-propanal, acetic acid, ethyl ester, diethylamine, pentanoic
acid, dimethyl sulfone. butyric acid, pentanal, heptanal, diallyl sulfide, dimethyl
ethanamine, dimethylamine, 1-fluoro octane, DMSZ Yelgt}, 33 o3 S ELS
Rro] HaPAFE ghol wu v M= S %o}

J'?"T’%‘ 39] %SHE7]- H]Iﬂ_ﬁ 17%_‘_3_ 7§‘__o] O:]‘G}:O U]X]

io r
l:I[o
tlo

I
o
m10{_5
¥
X9,
o
=

o slolgt 2=

Table 4—401]A1 BAle] 3AE F9 ofFHAJNEZ L acetaldehyde, trimethylamine,
nonanal, methyl mercaptan, hydrogen sulfide 522 AGA EA43 fAEHA 25 &
o gal=rt Hiwz w2 FHSolnh wEtA T WA AARNAHNEE GHE
Alojetr]odle= olE el e A2 FIEEH A

ARRARNGA7E JR9 75 o9 dHAZS ST VoS 7HAEY, 4T &
gl wAF7IE A st FE8AY FFHALES o] FaL, oA WA= o
A=de Has)t stojol & Ao=w HIuHHET

2719 olfE FAYLAH = AHE AFsts ARl7E otde Aol HRle o)
71 13 AHlE F71AQ A g Adr Yy AP GRS Aol Bad Ao=E AT
Hot
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Table 4-3. Site A odor-causing substances by major processes

Each sum of top

Sensoring test 15 odor
component ) .
Process TVOC-A — - Major 5 odor-causing substances
Dilution Direct
. : Conc. EQOI
geometric | impact (opmy) O
mean degree pp
Oxydation 16 53 140| 2425| 2,763 |Methyl mercaptane, acetaldehyde,
butanal, propanal, hexanal
Reduction 11 57 140| 0614  58p |acctaldehyde, decanal, nonanal,
butanal, methyl mercaptane
ethanamine, acetaldehyde,
general tank-A 4.2 1,667 4.40 18.80 1,095 | 2-propanal, acetic acid,
ethyl ester, hexanal
general tank-B 47 1,500 340| wiz.7| 940 | 2cctaldehyde, diethylamine,
nonanal, decanal, butanal
pentanoic acid, butanal,
general tank-C 45.8 933 3.60 181 | 48,717 | dimethyl sulfone. butyric acid,
pentanal
heptanal, methyl mercaptane,
Alkali tank 11.1 6,500 5.40 60| 11,372 |diallyl sulfide, acetaldehyde,
dimethylethanamine
pentanal, acetaldehyde, butanal,
Acid tank 144 400 5.00 39.2 3,718 | dimethylethanamine,
dimethylamine
pentanal, acetaldehyde,
Aeration-A 17.7 500 4.0 222 36,33 | fluorooctane, dimethyl sulfide,
butanal
Aeration-B 838 367 040| 116| 1,875 |Pentanal, acetaidehyde, decanal,
’ : ’ ’ nonanal, dimethyl sulfide
Aeration-C 42 267 260| 0614  4og|2cctaldehyde, pentanal, butanal,
methyl mercaptane, decanal
Ist Sedimentation 6.6 283 360| 234 6o |Pentanoic acid, acetaldehyde,
butanal, decanal, nonanal
. acetaldehyde, pentanal,
Atmosphere air of . ’
vacuum dry 39 87| 420 30s|  7eg|dmetty suide
FOCeSS met yl mercaptane,
p dimethylethanamine
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Table 4-4. Site B odor-causing substances by major processes

Each sum of top

Sensoring test 15 odor
Process TVOC-A — - component Major 5 odor-causing substances
Dilution Direct Conc EOI
geometric | impact ( m\}) o
mean degree bp

Low-concentration acetaldehyde,

wastewater screen 3.6 30 3.6 33.53 253 | 2-propyl-1-pentanol,
nonanal, hexanal, trimethylamine
acetaldehyde, trimethylamine,

Oil-water separation 2.4 180 4.0 3.47 256 | nonanal, hexanal,
hydrogen sulfide

Low-concentration acetaldehyde, trimethylamine,

Ist flow control 2.5 190 3.8 2.10 242 | nonanal, propane 1-methoxy,
methyl mercaptane
butanal, nonanal, dec-2-en-1-ol,

general tank-A 32 i 4 o8 2% trimethylamine, acetaldehyde
nonanal, trimethylamine

general tank-B 14 22 1.0 0.76 147 | butanal, acetaldehyde,
dimethyl disulfide
nonanal, acetaldehyde,

1st Neutralization 16 12 0.8 | WHOIGO | 64 g{g&%ﬁﬁﬁd&
methyl mercaptane
acetaldehyde, nonanal,

st reaction 31 2 12| 249| 46| ]ehyl mercaptane,
octadecanoic acid, ethyl ester
acetaldehyde,

1st cohesion 5.6 18 1.0 10.16 396 | methyl mercaptane, nonanal,
trimethylamine, hexacosanol
acetaldehyde, nonanal,

1st sedmentation 6.2 18 10| = 870| 306 |methyl mercaptane,
octadecanoic acid, ethyl ester,
hexacosanol
acetaldeyde, methyl mercaptane,

zc?r?t]; o? for flow 10.7 227 3.8 7.00 368 | nonanal, trimethylamine,
hydrogen sulfide
acetaldehyde, nonanal, octanal,

Zgr?t]; 0]]3 for flow 2.1 10 0.8 1.61 592 | methyl mercaptane,
trimethylamine
methyl mercaptane, hexenal,

Jank = for flow 14.7 77 28| 2860| 722 |acetaldehyde, trimethylamine,
methyl thiophene
acetaldehyde, nonanal, propanol,

Condensate tank A 65 37 14| 1630 401 |methyl mercaptane,

for flow control trimethylamine
acetaldehyde, butanol,

%)rmfli) Iisaginttigr B 9.7 12 0.8 18.10 570 | methyl mercaptane,
trimethylamine, nonanal
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Table 4-5. Site A 15 major odor substances and expected odor intensity at the final

outlet

No. Compounds (Jpr\i) Conc(;;tg)a tion Expected odor intensity Odor r(;ct)gggg)ution
1 |Pentanal 0.41 70 171.00 515
2 | Acetaldehyde 1.5 60 40.00 11.8
3 | Methyl mercaptane 0.07 2.18 31.10 9.39
4 | Hexanol 6 160 26.70 8.04
5 |Butanal 0.67 11.6 17.3 5.23
6 |Pentenal 0.41% 3.04 7.41 2.23
7 |Hydrogen sulfide 0.41 2.19 5.34 1.61
8 |Isobutanal 0.35 1.68 4.80 1.45
9 Propanol, methoxy-, g4 380 404 1.93

acetate

10 |Dimethyl disulfide 2.2 8.01 3.64 1.10
11 |Formic acid 6* 17.9 2.98 0.90
12 | Hexenal 0.28* 0.46 1.64 0.50
13 |Isopropyl peroxide 290* 420 1.45 0.43
14 |Heptanal 0.18 0.2 1.11 0.33
15 | Ethanol 520 518 1.00 0.30
Total 1655 319.28 96.04

TLV : theshold limit value(Nagata, 1990).

*TLVs are presumed from the same family or group, formic acid’ s TLV is from acetic acid,
Pentenal” s TLV is from pentanol, propanol methoxy acetate’ s TLV is from propanol, hexenal’ s TLV
is from hexanol, isopropyl peroxide’ s TLV is from sec-pentanol.
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Table 4-6. Site B 15 major odor substances and expected odor intensity at the final

outlet

No. Compounds (pTyha\i/) Conc(;rrl)tbr)a tion Expected odor intensity Odor r;(;relg%)ution
1 |Decanal 0.4 8.2 20.50 24.18
2 | Nonanal 0.34 5.5 16.18 17.94
3 | Acetaldehyde 1.5 21.7 14.47 17.05
4 |Butanal 0.67 79 11.79 13.91
5 |4-Octen-3-one 1% 8.6 8.60 10.06
6 | Propanol 94 458.4 4.88 5.74
7 | Dimethyl sulfide 3 9.1 3.03 3.57
8 | Ethyl alcohol 520 734.2 1.41 1.66
9 |Isobutyl alcohol 11 12.2 111 1.31
10 | Cyclopentane, methyl 150% 66.8 0.45 0.52
11 | Toluene 330 85.4 0.26 0.30
12 | Methyl mercaptane 0.07 0.0141 0.20 0.24
13 | Styrene 35 5.6 0.16 0.19
14 | Methyl ethyl ketone 440 54.6 0.12 0.15
15 | Formic acid 6* 0.741 0.12 0.15

Total 1479 83.28 96.97

TLV : theshold limit value(Nagata, 1990).

*TLVs are presumed from the same family or group, 4-Octen-3-one’ s TLV is from 1l-octene,
cyclopentane, methyl’ s TLV is from methylcyclohexane, formic acid’ s TLV is from acetic acid.
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