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Fe R

Volatile organic compounds (VOCs) are a group of compounds with high vapor
pressure and low water solubility, prevalent in the environment. Various microbial
communities within the human body produce diverse VOCs through different metabolic
pathways. Previous studies have systematically analyzed VOCs exhaled by humans and
those produced post-mortem. This study employs the recently developed solid-phase
microextraction arrow (SPME arrow) method to experimentally develop an analysis
platform. After establishing methods for VOC extraction, practical applications in
forensic science involve analyzing VOCs produced by microbial communities under
different environmental conditions and over time. The study also compares VOCs
produced by different organs within the same environment, categorizing their types and
discussing influencing factors. Additionally, experiments using human tissues aim to
identify potential VOCs for estimating post-mortem intervals. Challenges in obtaining
forensic samples and insufficient related information, coupled with numerous variables
affecting post-mortem changes, have hindered the effective identification of VOCs

suitable for determining post-mortem intervals.

KEY WORDS: Volatile organic compounds (VOCs), Solid phase microextraction arrow
(SPME arrow), Gas Chromatography Mass Spectrometry (GC-MS), Forensic, Post-

Mortem Interval (PMI).
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FRNEY AR AL EHTE AR« DR ENH T FHE- TR GM
(Polyacrylate, PA) % & = ¥ A # % 'z (Polydimethylsiloxane, PDMS) {r4f & + &

CWR/PDMS % DVB/CWR/PDMS -
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1.4 5 48 & #7 F# & GC-MS (Gas chromatography-Mass spectrometry)

Pandtdt VOC Pl 2 A E X R f AT RE A1 E > B5E7 F VOC 3
# % PR RT (Retention time) # VOC A B » o £ W T# KRITL ERE - T
P oA Rl WAPFELRERI LRI P R P LS + T
GHPREAFATBAL I BRI (o) 5K EHRY T L VOC e

1B

T

B 5 Thermo Scientific™ Glass Crimp Top Headspace Vials 20 % = 78 7 3y > #-{F B

PoaorER B R G RRATEE RS FRPE Y T ERREF T
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=% PR s
2.1. #3#
2.1.1 # gt eng gg (SPME Fiber)

P BTG A P o GH D L P A A S
MR R TR AR ARREA AR EOE IS AFHREP DR D
58 5 7 5= %  Supelco SPME Fiber 60 ym PDVB/DVB ~ Restek® SPME Fiber
CWR % Restek® SPME Fiber DVB/CWR/PDMS ° = f 4% @8 chF AL AF32 > 4 2

ZE e Al 60 vE- R W2 F R G A KA o

2.1.2 % A5 (SPME Arrow)
FPRORAYFF ENERIFTRGHT o AP AR Y AR AT R
e i B T 0 R 5 Resteck™ ~ st 5 DVB/CWR/PDMS >
thickness 120 um % length 20 mm % | * K EZ B0 474 (4cB 7) 0 2 5 A5

LRI HERHT (TS BN EA LR A T PE B

213 e p E
BIcE f A S et QHE2 2R CERRMY BRERis

* 7 A3 * Thermo Scientific™ Glass Crimp Top Headspace Vials 20 % 2 ({5 &

uaz%ﬁi’%@5»?uzﬁﬁﬁﬁﬁﬁﬁﬂiiﬁﬁ%ﬁﬁmﬁﬁﬁ*%

RO AL B E B AP N L HE o T G s s A

-p.

‘ﬁ%ﬁ,)\xaﬁﬂ.ﬁx,u/ﬁ\. ,'_gy.pi;#]mﬂi§ N R

AVER R BE R AL E

FHAFEPRS N2 LR R 3

doi:10.6342/NTU202401817



Hub-Color

signifies
Hub-Color Adjustable
signifies phase needle guide
depth gauge
Septum
Adjustable needle .
piercing needles
guide depth gauge
Fused silica
Septum piercing Arrow-shaped phase
needles septum piercing

tip

b EE T R y fo ik MR =
Fused silica ‘ ‘ Bl 7 SPME Arrow *H@LT & Bl > frdk aEiip e 12
MR pEd b PREE Y K H A o e R A oin

Bl 6 =48 SPME Fiber “tgt R B > "4 2B *HE + 357 % gad dultheg 2
% RrRET PR M h R T - BEYGLS Y RS

4R RO T RAE R DX T A A A T .
F F Hlmengh Eg o
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2.1.4 & 5,
AFEF % A fEd Sigma-Aldrich 2 73 & ¢ VOC 8 507 5 = 2 B3 i@
* > w5 EPA 502/524 Volatiles Organic Calibration Mix (1 & ff #i- 1% % & EPA)

Fr C7-C30 Saturated Alkanes (f¢ o fj f-1%% & Alkanes)> H ¢ &% & EPA ¢ 7 63

8 VOC (dr# 3) & 2 & Alkanes ¢ §

% 3 L% 5 EPA #73 VOC =4 7|4 o

C7-C30 e

BARE (dod 4) o

Benzene 1,3-Dichlorobenzene Naphthalene
Bromobenzene 1,4-Dichlorobenzene Propylbenzene
Bromochloromethane 1,1-Dichloroethane Styrene
Bromodichloromethane 1,2-Dichloroethane 1,1,1,2-Tetrachloroethane
Bromoform 1,1-Dichloroethylene 1,1,2,2-Tetrachloroethane
Butylbenzene cis-1,2-Dichloroethylene | Tetrachloroethylene
sec-Butylbenzene trans-1,2- Toluene

Dichloroethylene
tert-Butylbenzene Dichloromethane 1,2,3-Trichlorobenzene

Carbon tetrachloride

1,2-Dichloropropane

1,2,4-Trichlorobenzene

Chlorobenzene

1,3-Dichloropropane

1,1,1-Trichloroethane

Chloroform

2,2-Dichloropropane

1,1,2-Trichloroethane

2-Chlorotoluene

1,1-Dichloro-1-propene

Trichloroethylene

4-Chlorotoluene

cis-1,3-Dichloropropene

1,2,3-Trichloropropane

trans-1,3-
Dibromochloromethane ) 1,2,4-Trimethylbenzene
Dichloropropene
1,2-Dibromo-3-
Ethylbenzene Mesitylene
chloropropane
1,2-Dibromoethane Hexachloro-1,3-butadiene | m-Xylene
Dibromomethane Cumene p-Xylene
1,2-Dichlorobenzene p-Cymene o-Xylene
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% 4 % 5. Alkanes 7% Alkanes = & 7| % o

Decane Hexadecane Pentacosane
Docosane Heptane Pentadecane
Dodecane Nonacosane Tetracosane
Eicosane Nonadecane Tetradecane
Heneicosane Nonane Triacontane
Heptacosane Octacosane Tricosane
Heptadecane Octadecane Tridecane
Hexacosane Octane Undecane

2153 KA

2151 "Bz it f 0K 47 F ¥ & HS-GC-MS

AP G R TE B G AP A 47 B ¥ & (Headspace-Gas Chromatograph-Mass
Spectrometry, HS-GC-MS) % Thermo Scientific™ = & #1#]:% 4 & »4]%. % Thermo
Scientific™ TRACE 1300 Series GC gas chromatograph % Thermo Scientific ISQ
7000 single quadrupole GC-MS system » 4 7 ¢ £ = Rtx-BAC2 (30 m x 0.32 mm ID,
1.2 pm df) » & 478 * chftin § 48 (carrier gas) 5 % # (He) (4rf@] 8) o d >+ 2 &
FARMCE B R A X A AR R AW BRI AT
L RRIER R S R Rt 2 R E et Rl R S SR E e J L R

7 A4

2152 F AP AT &R SR T

AT RSB T B AR TS 200°C 0 T o ik dR T chik ER 2 4 A EE 0T
S EA T F R M T A R P E AL AT B B RS
FAFARAFTERLIHR T BEFT-HEB - A 2 EH AT 40°C &
2 Aeis o uE s A 15°C ik 85°C A A4 A 7°C FliE 200
CorgFruisgmt s 10°C 1)k 210°C > 4% 2 A4 AEFEAT FRP T
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e ATk o B EETH RK R R AR T 284 #57Y (Full scan mode) » M/Z

A3y 35-250 ePFTEAY > ER L PR R FEDEF MG B TSR TR

(3 52 9)-

Jor_mm

(ﬂ@

(=" @)

~_

B8 T AR AR

ERAE Rkt n 2t A Ul

T

305 A4 L R R R HR R

R AR Al Fe e £ s R F AR S P

Retention Time Rate Target Temperature | Hold time

(min) (°C/min) °O) (min)

0 Run

2 0 40 2

5 15 85 0
21.43 7 200 0
24.43 10 210 2
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2R (°C) GC setting
250

200
150
100

50

0 5 10 15 20 25
Retention Time (min)

DICIPRTE R E-Frr Y

2.1.6 » 7888
BF AT T H R R4 T 0 0 MZ mine 2 B E TR R E 0 T

Metaboanalysis # MZ mine2 #tf i plit it £ B 44 o

22.1 i 2 FApACE Bk FRATE G 1 5% (VOC) 19 Siniz

B A E GRS 1A P R T PRI S Bk

i\4

Akt AR AR R A E A F I PR NE PR I R R K R
EPord R EMUTE G R PRy P RIEESE TR ZIPN SEF PR

i T 2% o
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2211 W7 o T e

SR OB g o e H SRR B en X B o 30T T AL A
» 100 pg/mL -8 5 EPAOSuL # 3 5 A4 &8 T e > o w#7 ot
chigh sg (CWR/PDWS » DVB/CWR/PDWS » PDWS/DVB) ## » 78 7 515 » 5 ¥ i

TEBE IS sgmis o R I REEREI ) GC-MSiEfT ¢ BT A4T o

22.1.2 R s e R 2 H A

AL GV RE FENRGIRNFAPHEFERZ R G LS FET R o d 20

F % (22.1.1) 3% 47 5 DVB/CWR/PDWS FPorch @07 a4 & (#3%%%
3.1.2 @&i7343) 0 F E 4 file 5 DVB/CWR/PDWS s w4} enigh s 2g 2 4 )
BR o TR ZFLP 4v ~ 100 pg/mL iR 5. EPA v 100 pg/mL %% 5 Alkane
£ 05pL 6 #E 5 A4EFE THTE o A W BRI T G aER 2 AR 2

PIE AR T EE 15 A4S F A TR GC-MS kv ¢ EFAITo

2213 RiLEBER

2212 YRR SR TR R 2 B A1 T A A B F Bk
FORENHRAT 0 A H 2210 FHEF AP H TG 2 FAMEBRERE
1Bt E 5 DVB/CWR/PDWS e e H X Bk BdF (30 3.1.2 £ 73 %) -
AR T 1S R %ttt T 5 DVB/CWR/PDWS e 4| 5 B4R e 5 B2 17 5 5
Pk B oo

BAOF RIS FRR Y FRF TS RPRAP 0 OFERY RF DEE
ARE nERpERE 0. d Gk gk B AT Bk BN GRS
G MR Tl ERBERRRK LA ET @A VR P E BT
Bt B AR o AR ZELPN 4~ 100 pg/mL e & EPA 4 100 pg/mL sk
5 Alkane % 05pL S8 % 5 A4 AR UHYGFHFET R F P TR
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AUl G Sads 10 2415 248E 30 A4ERS 0 B4 3R > GC-MS ik

YA o

2.2.1.4 E Zigenikaz ok

AT RS &R TE VOC 2177 % > BR- 7 NEFBEIHRE L

>

Epd wHRAFENZRIA 0 - AEBN R AT AN LEARP 9 VOC
TR ARl A HT I GFRCFEAEHTA AL D VOC F %
FBO ko 2R BRI HRASHT 0 FIE* Thermo Scientific™ Glass Crimp Top
Headspace Vials 20 £ 2 A 72 3g o d R 2R A* 2 Tiv 5 g Ap k7 &R* K&
NERP RN FHELFLL RPN L S WP L AR E AT TIEDETE
ZAEHITRE S AORE T A E R E VOC R FER SR B
AR TR

IS
FHRMEIPN - KPR 2 REAT 7 R NAEAS - HRFF KD

~

ARFA c GPFET O AFTRIT A 6 FLTEZ AN 4o r 10 ug/mL HiRE 5 EPA
v 10 pg/mL &% % & Alkane # 0.5 puL ™% 6 L7 £ FLM 4 ~ 100 pg/mL #h
£ 2 EPA fr 100 ug/mL % & 5. Alkane + 0.5 uL > B~7% fp kB chif 8 5. %
3N AR FPRRAFTHR  AMPITAIRERE 3T ERETRET 3 XL

BEFEBAHT o

2215 &457 F drEsx

w2 R R E B VOC hh 47> 2 15 > F il - k72 2 2/ ¢ F5R 2
A~ 2T (LOQ) -~ Wipl ™ (LOD) ~ # % & % Frm ik » 354Kk FDA B>
XL REE 3 Lo LR o LS IR

gt pts AR S FAFE R A WA 0 A LOQ ents Tk 5 iR
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R LR T AT BL SBEER £20 %0 LOD SRA RS B 2 EARE

WELE o Bar AP SRS ROE ¢ MOER ST E 4 (HQC » MQC {r LQC)
RrE o B iz & 100%+20% 2. BF o ¥ b o 3 FH4p e

kim0 v F (%) L

FPrang s AR el EAR Y 22 B L F Pt T ek (carry-over) TR R &

222 SR
L Pl BV x;%;f;;,fr»];:g; VOC gi7itfr e 2% B afp~ At D4

GG (2 R TR R I B B R B R G (T A T

2221 &4 i vk

AR e VOC 22 = 5 A5 FARME B2 en 2 88 > AP 7 B f#3
A A VOCo 5 £l ¥ RT A fikeddf

Hlrz v L A kEM (TLERE) NTELZIA N P HMRE PSR

RS AA o B TY IR (HRE) ApI g R QA ET B

2222 A A5 A8 VOC

wiﬁ@%%ﬁa’A@%wmgwﬁgVm:?ﬁ?uﬁ;&gﬁgis

LR KRS TR R A LR R A L ST R A

Y

B FRm k-

B R A o BT AR T SR MR 2 SR 5 iR
£

T
T
v

I vl !
I‘:‘I 1

2

Sy

PHcE e VOCed A m AT+ 5% FAFFITEFBRA > AT RER* 5

BAIS R FE 0 B AR T L E R0 DA B A

@%?ﬁ%wrwmo?%%%{§£Wﬁ@#ﬁﬁ#&ﬁf@1/M%;’

L]
PR R AP B R LB - R ATE AT R A
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2223 4 &% {5 VOC
PR F B 22220 F BT A E P FRROR NS (5 BN s )
F AR T RS AR L E I AR % B A4 o TP RSl Al Kk

E;
A
BT 1 PR AR iz g M » B AN B (S A e R T A

a

$o (GEF R 2221 Stk G ) BRGNS A4 Lt SRR RS

FAPN BT RE o R AR H AT IR T E B o

2224 %I E BLERF vk

wEFIEFRER G S R Nk R RTE 0 d ST DR R 7 R TR
BATE G e P AL R HEMET 52 5 VOC o3 R ink 0 7
BT e ek g L R N D AR T ST SR e BE AR AT d B
%éilkﬁﬂmc’EE%%?%%&iQEQ@%%K&%%P*%@@W
(Postmortem Interval, PMI) ™ 2 B IR it b F 5 % - > FIU A3 3
A A R BGE T AT B N R kAL B - B g
- BFERFREY AL VOC gt o

ARG B AGFAMEDE SR P L R B
BRA RS SRR - LT RE - ERY F R AR R E R - &
LRI IR R R R R R S BEREIR S T i ®
Fo DL A kEE TR B AR ARTR R LHRF R TR

4 &wﬁﬁﬁﬁag,wrzxwmAT.g,gmwﬂﬁmiﬁﬁm%

A
HEREESRT - H AN WA FREREFA A KRR A BR
A H|E A IRE P IRABAF IR H P P IRA B T2 b R T B IR e B (R
iUM%@%@ﬁﬁﬁ,f—&%%ﬁﬁ%ﬁzﬁwyiﬁ#@&@@yﬁgwwug
PEEA RN R BEFT L RS ERRERN AT L ST (%
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223 S PERE IR A AT
demog AT M FREEREL IR EH AR LS i*ub AZETREEEFREH

T hr SRR Ad A EE BTSSR ORE A8 U BB

RF T EZ2RT A MERERITEY b e S m A U RS R
PomEPH BRI N R E BRSNS RS P RE RS 0 X (B
BEI)-% 3 2~ -FB - F - B B 2B B SRR
H05em* Ao AuErTEZAP o FFE TG L AW H G FIET F

oo ZBER L 10 /V\fﬁ‘mif—?wﬁxk\ﬁ°’T‘9§—‘«+§§*"1J§I@— U e '*‘ B

i?éi%ﬁt%ffﬁu%%%iw“#ﬁ%f F1E RN E R LR AL S Y A 5B
KRBT @ “"ﬁ é%‘}lﬁ.ﬁ#”;ﬁi ’94'—% _‘ﬂ‘tpgg‘g?f}?‘ag\, W= 2| T e

B R R L R R AV GER S BERF R AL 2 VOC bl de
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¥=F 8%
30, 22 ¥ RN RApKE B
3.1.1 &% 5 EPA % Alkanes &3 ¥ pF i
AR Y Ryt~ R 2 EPA 2 Alkanes 16 0 A W0 EER 2 & A X
B iis 0 AT Y F AR K AT T R TR ST 0 AT e VOC & E
Js i 7 P (Retention time) (4e 2 6) 2 f 49 & 47 74 B (B 10) - & F & &
Nen VOC HE Lo 3t 0.1 ~48

% 6 &% 5. EPA %2 Alkanes p #& 4! VOC 2z & FprfF o

VOC Retention time (min)
Octane 53
Nonane 6.92
Decane 8.75
Undecane 10.67
Dodecane 12.62
Tridecane 14.54
Tetradecane 16.41
Pentadecane 18.2
Hexadecane 19.9
Benzene 5.06
1,2-Dichloropropane 6.52
Dibromomethane 6.89
Bromodichloromethane 7
Toluene 7.21
Tetrachloroethylene 7.25
1,3-Dichloropropane 8.41
1,1,2-Trichloroethane 8.73
1,3-Dichloropropane 8.86
Ethylbenzene 9.05
p-Xylene 9.2
1,1,1,2-Tetrachloroethane 9.53
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o0-Xylene 9.91

Styrene 10.16
Propylbenzene 10.65
1,2,3-Trimethylbenzene 10.95
Tribromomethane 110.3
tert-Butylbenzene 11.27
4-Chlorotoluene 11.34
1,2,4-Trimethylbenzene 11.55
p-cymene 11.75
0-cymene 11.82
1,2,3-trichloropropane 12.06
1,3-Dichlorobenzene 12.28
Butylbenzene 12.4

1,4-Dichlorobenzene 12.53
1,2-Dichlorobenzene 13.19
Hexachloro-1,3-butadiene 14.94
1,2-Dibromo-3-chloropropane 15.48
1,2,4-Trichlorobenzen 15.75
Naphathalene 16.94
1,2,3-Trichlorobenzene 17.07

1 620221210 #3 1210_A1_(DVB_CWR_PDMS) NC_Mixed_100ppm3

TICTIC

counts

Bl 10 # 205 AR ACE it R 5 > 0 F AR AT TR E R -
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3.2 7 i e s
Bk 22,01 A o TS R 0 2555 AP K 1T RA 2 9 Raw
Data i&- # 4 45" ${5 » £1F Heatmap = ;8 TRV % (4oR] 11)0 & 12
BRI - PO TR AT Az X PR hE R R LAt d A Z B B
i e T S R R R E Bonk E A Ak 5 Z AR e 0 F A Y
73 TCWR, $2M 538 5.c0 VOC F B~ fidd > @ T DVB/CWR/PDWS | i fé

W B T A R R R PR 5T 0 H R A L E Bk Ut TCWR o

& class . class

Taluene CWR

1 DvB_CWR_PDMS
amene (94 POMS_DWVE
Henzene, 124-fime a5
Siryrens

4]
Tribromameathans

Etfyibanzanalxyian 05
p-Xylana I "
Tetrachloroathylan

1 3-Duchloropropan
Maphthalane

1.2 4-Trichlarohen
1.2 3-Trichlarohen
1.2 3-wichlaropro
mefane, bromadich
1,1 2-Trichlaroeth
B 1.1.12-Tewachlar
Banzana, 123-wima
meathana, dibrama
Prapylbenzane
A-Chioroioluana
sert-Butyibenzensl
Butylhenzens

1 2-Dibrama-3-chio
Hexachloro-1,3-bui
1.2-Dichlarabenzan
1 3-Dichlorabenzen
L A-Dichlarobenzen

oAd SWad

TEAD SMad
Tand” swad
SHOd B2 8Ad
TSWad HMo BT
THMD

THMD

TEWOd B BAD

B 11 w3 o 72 85 0 1 Heatmap &R (f= 4 465 CWR . %4
#4# % DVB/CWR/PDMS > £¢ #4# % PDMS/DVB - ¥ VOC kA& p & 7
MR Reserid TIRES LR A) o
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3.1.3 4B e S ri it B ek S ER 2 4 A B
o 2212 ¢ 3R AR e e e A 0 s X gﬁ'§§,$< .
H R 5 EPA 0 VOC b i 45 0 %56 Heatmap 9% 3N B L g % (4o

Bl 12) > 7 3 A S TR ROT R  FhE Bk o

| |
M class I class

Rexachiora-1,3-but [ pron
1,2-Diromo-3-chlo
Maphthalene

1,2 A-Trichkoroben
1.2 3-Trichloraben
Promyibanzena
Banzena, 124-mime N
1 3-Dichlorabenzen
1,2-Dichlorabenzen
cymene {o,0-)
Benzens, 123-mma
1.2 3-inchloropro
A-Chlaroioluens
Siryrane
ter-Butyibenzenal
Etyibanzenaliyian
Bunibanzena
a-Xylana
Tetrachloraethylen

1 3-Dichloropropan
1,1 2-Trichloroeth
1,1,1,2-Tewachlor
Banzans

Taluena

methane, dibrama
methane, bromadich

1

0

1

-2

R
Bl 12 EPA % 5% 5 > 2 Heatmap %I (=& R 5 Arrow % ¢ 45

Fiber » X B~d1 VOC kR p B DI MR Fewreid TIRES 2 ®A) o

m H % Alkanes 1% 3 &8 F.PFiE {7 4 17> %8 Heatmap 1= ;N R I %
% (oB] 13) TR EV R FFFFEFE G { DX Bk o

BAp 312 RHES APV UE R R KRR A g T
PE o B § 4 & st T DVB/CWR/PDWS 5 4 en¥ Bosck | @ 1345 3.1.3 i
FoE% R BRSO T DVB/CWR/PDWS *t# 3|55 2 S Bepps > 7
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AT H A NE Bk TR RA o FEA F P RES T UFREE
AR TR ROFA AR P2 SRk ¢ o 4 l5E 2 2 DVB/CWR/PDWS % 3
R E § F B AR hE Btk > Tt AR T i L EF S 0 A5 AR

M Pk dig & it DVB/CWR/PDMS 1% 5 583K # o

%um ? class
AT
Haxadacans
Figar
1

Tewadecans
Pantadecans
MNanane
Haptana
QOclane

Dodecans -1
Tndecana
Dacane 2

Undecans

]

S

Bl 13 Alkane i% 3 &% % > 2 Heatmap T3 (k= d #8 5 Armrow % d &4 5

Fiber » 3B~ VOC JER p B FIMP| L Feweetd T RES 5 R A ) o

314 i FoepE Ry
- SRR o FPER LT kI VOC BEEEA 5T IRR
Bz % o B 14 RS EPA SR FH R B 5@ R > 5 Heatmap
VRIS A B 1S5S RIAVER R EPA 2 Alkanes & —‘5,» LiTLF
FEM o TUEEETE A5 VOC ¥ #3023 B S Bl g a2 B o kg h
FLEEFREE 10 s 7EIapHER B HBEERF A& 15 A4at 4
30 A 48) HE EPEER 15 24823 30 2458 5Pk MMM BERF 5 o4

(RE{ AR A Fr IR T g LB o
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07 AuG ERER VOC 2t fFast 2 il (R QC (ng/ml) ~ Haz ik ~ &4 H (pg/mL) ~ LOD (ug/ml) % LOQ

(ug/mL) °

Compound i fFam e R? QC RrRER e X g LOD LOQ

Benzene y=5E+06x + 1E+07  0.9901 MQC 50 101% 50-500 5 50

|Octane y=bE+06x + 1E+08  0.9834 LQC 10 90% 10-500 5 10
MQC 50 102%

Ethane, 1,2-dichloro- y=1E+06x - 3E+06  0.9975 LQC 10 93% 10-500 5 10
MQC 50 101%
HQC 200 86%

[Propane, 1,2-dichloro- y=2E+06x + 1IE+07  0.9868 LQC 10 113% 10-500 5 10
MQC 50 93%

Toluene y=2E+07x + 7TE+08  0.9291 LQC 10 111% 10-500 5 10
HQC 200 92%

1,2-Dichloropropane y=798348x + 2E+07  0.9961 LQC 10 108% 10-500 5 10
MQC 50 115%
HQC 200 103%

Tetrachloroethylene y=4E+06x + 2E+08  0.9966 MQC 50 99% 50-500 5 50
HQC 200 101%

1-Propene, 1,3-dichloro-, y=1E+06x + 3E+07  0.9525 LQC 10 115% 10-500 5 10
HQC 200 82%

Nonane y=6E+06x + 2E+08  0.9953 MQC 50 103% 50-500 5 50
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1-Propene, 1,3-dichloro- y=6E+06x + 2E+08  0.9953 MQC 50 110% 50-500 50

Ethane, 1,1,2-trichloro- y=6E+06x + 2E+08  0.9542 MQC 50 119% 50-500 50

|[Propane, 1,3-dichloro- y=4E+06x + 9E+07  0.9607 LQC 10 98% 10-500 10
MQC 50 119%

[p-Xylene y=2E+07x + 1E+09  0.9964 LQC 10 115% 10-500 5 10
HQC 200 91%

Benzene, chloro- y=2E+07x + 9E+08  0.9568 LQC 10 95% 10-500 5 10
HQC 200 91%

Ethane, 1,1,1,2-tetrachloro- y=8E+06x + 3E+08  0.9921 HQC 200 84% 200-500 5 200

Decane y=2E+06x + 1IE+08  0.9537 MQC 50 109% 50-500 5 50

[o-Xylene y=569288x + 3E+07  0.9933 MQC 50 116% 50-500 5 50

[cumene y=8E+06x + 4E+08  0.9945 HQC 200 118% 50-500 5 200

Styrene y=1E+07x + 7TE+08  0.9899 LQC 10 104% 10-500 5 10
HQC 200 104%

Benzene, propyl- y=3E+06x + 1E+08  0.9973 LQC 10 93% 10-500 5 10
HQC 200 109%

Benzene, 1,2,3-trimethyl- y=9E+06x + 8E+08  0.9354 MQC 50 111% 50-500 5 50

Methane, tribromo- y=8E+06x + 6E+08  0.9373 HQC 200 96% 200-500 5 200

Benzene, bromo- y=7E+06x + 4E+08  0.9982 LQC 10 101% 10-500 5 10
HQC 200 111%

Benzene, tert-butyl- y=6E+06x + 3E+08  0.9867 HQC 200 110% 50-500 5 200

Benzene, 1-chloro-3-methyl- y=7E+06x + 5E+08  0.9746 HQC 200 111% 200-500 5 200
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Benzene, 1,4-diethyl- y=6E+06x + 4E+08  0.9794 HQC 200 118% 200-500 200

[o-Cymene y=7TE+06x + 4E+08  0.9696 MQC 50 119% 50-500 50
HQC 200 110%

Ethane, 1,1,2,2-tertchloro- y=7E+06x + 8E+08  0.9383 HQC 200 96% 200-500 5 200

Benzene, 1,3-dichloro y=1E+07x + 7TE+08  0.982 HQC 200 109% 200-500 5 200

Benzene, butyl- y=b5E+06x + 3E+08  0.9759 MQC 50 109% 50-500 5 50

Benzene, 1,4-dichloro- y=6E+06x + 8E+08  0.9802 HQC 200 110% 200-500 5 200

Dodecane y=2E+06x + 8E+07  0.998 LQC 10 80% 5-500 5 5
MQC 50 80%

Benzene, 1,2-dichloro- y=6E+06x + 9E+08  0.9659 HQC 200 120% 200-500 5 200

Propane, 1,2-dibromo-3-

chloro- y=6E+06x + 6E+08  0.9647 HQC 200 89% 200-500 5 200

Benzene, 1,2,4-trichloro- y=4E+06x + 2E+08  0.9812 MQC 50 104% 50-500 5 50
HQC 200 106%

Tetradecane y=360430x + 2E+07  0.997 LQC 10 119% 10-500 10

Naphthalene y=8E+06x + 3E+08  0.9922 MQC 50 85% 50-500 50

Benzene, 1,2,3,-trichloro- y=4E+06x + 2E+08  0.9793 LQC 10 95% 10-500 10
HQC 200 110%

[Pentadecane y=116659x + 5E+06  0.9966 LQC 10 101% 10-500 5 10
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2-Propanone, 1-methoxy- 3.16
Ethyl Acetate 4.2
1-Butanol, 3-methyl- 4.63
Butanal, 3-methyl- 5.27
1-Butanol 6.08
Disulfide, dimethyl 6.57
1-Butanol, 3-methyl- 7.32
Butanoic acid, ethyl ester 7.4
Butanoic acid, 3-methyl-, ethyl ester 7.93
Propanoic acid 8.27
Diallyl sulfide 8.26
4-Methyl-1-heptyn-4-ol 8.74
2-Methyl-Propanoic acid 9.17
Benzene, (1-methylethyl)- 9.33
4,4-Dimethylpent-2-enal 9.55
1-Hexanol 9.85
Benzene, propyl- 9.94
Butanoic acid 10
1,3-Dithiane 10.08
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Furan, 2-pentyl- 10.26
Benzyl chloride 10.52
D-Limonene 10.52
beta-Phellandrene 10.85
Butanoic acid, 3-methyl 11
Benzene, 1,4-diethyl- 11.05
1,3,8-p-Menthatriene 11.2
Dimethyl trisulfide 11.42
Butanoic acid, 3-,methyl-, butyl ester 11.8
Pentanoic acid 12
Benzaldehyde 12.8
2-Propanol, 1,3-dichloro- 13.59
Diallyl disulphide 13.76
1,6-Octadien-3-ol, 3,7-dimethyl- 14.06
Benzeneacetaldehyde 14.91
3-Methyl-1-hexanoic acid 15.17
Acetophenone 15.27
Terpinen-4-ol 15.71
Estragole 16.25
Cyclohexene, 4-ethenyl-4-methyl-3-(1- 16.46
methylethenyl)-1-(1-methylethyl)-, (3R-trans)-

Benzene, (1-ethylpropyl)- 17.1
alfa.-Copaene 17.24
p-Cresol 17.73
Anethole 18.48
Caryophyllene 18.87
Phenol, 4-ethyl- 19.42
Humulene 19.68
1H-3a,7-Methanoazulene, 2,3,6,7,8,8a-hexahydro- 03
1,4,9,9-tetramethyl-, (1alfa,3aalfa,7alfa,8abeta)-

2-Propenal, 3-phenyl- 20.56
Eugenol 21.1
Indole 22.75
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Decay Lung in Water of VOC Retention Time (min)
Methylamine, N,N-dimethyl- 2.36
Ethanol 3
1-Propanol 4.56
Butanal, 3-methyl 5.25
1-Butanol 6.03
Toluene 6.43
Disulfide, dimethyl 6.5
Butanoic acid, ethyl ester 7.1
1-Butanol, 3-methyl- 7.28
1-Butanol, 2-methyl- 7.33
Acetic acid, butyl ester 7.46
1-Pentanol 7.9
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Ethylbenzene 8.15
Benzene, 1,3-dimethyl- 8.29
2-Pentenal, 2-methyl- 8.6
p-Xylene 8.95
Propanoic acid, 2-methyl- 9.26
Acetic acid, pentyl ester 9.39
2-Hexenal, 2-methyl- 9.49
Propanoic acid, 2-methyl-, butyl ester 9.82
Butanoic acid 10
Benzene, 1-ethyl-3-methyl- 10.07
Pentanoic acid, 4-methyl-, ethyl ester 10.12
Butanoic acid, butyl ester 10.76
Butanoic acid, 2-methyl- 11.06
Hexanoic acid, 2-methyl- 11.3
Dimethyl trisulfide 11.45
Butyl 2-methylbutanoate 11.59
Butanoic acid, 3-methyl-, butyl ester 11.68
Pentanoic acid 12.03
Pentanoic acid, butyl ester 12.68
Heptanoic acid, ethyl ester 12.84
Pentanoic acid, 4-methyl- 13.38
Hexanoic acid, butyl ester 13.94
Benzeneacetaldehyde 14.9
3-Methyl-hexanoic acid 15.15
1,2,4-Trithiolane, 3,5-dimethyl- 15.23
Heptanoic acid, butyl ester 15.94
Phenol 16.04
Disulfide, bis[1-(methylthio)ethyl] 16.36
p-Cresol 17.79
Benzeneacetaldehyde, alpha-ethylidene- 19.88
2-Piperidinone 20.71
Indole 22.72
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Ethanol 3.02
Ethyl Acetate 4.32
1-Propanol 4.32
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1-Butanol 6.08
Disulfide, dimethyl 6.55
Butanoic acid, ethyl ester 7.11
1-Butanol, 3-methyl- 7.26
Butanoic acid, 2-methyl-, ethyl ester 7.81
Propanoic acid 8.26
1-Butanol, 3-methyl-, acetate 8.63
Butanoic acid, propyl ester 8.93
Pentanoic acid, ethyl ester 9
Propanoic acid, 2-methyl- 9.17
2-Hexenal, 2-methyl- 9.51
2,4-Dithiapentane 9.79
Propanoic acid, 2-methyl-, butyl ester 9.84
Butanoic acid 9.97
Butanoic acid, butyl ester 10.86
Butanoic acid, 3-methyl- 11.03
Butanoic acid, 2-methyl- 11.07
Dimethyl trisulfide 11.46
Butyl 2-methylbutanoate 11.62
Butanoic acid, pentyl ester 12
Pentanoic acid, 4-methyl-, pentyl ester 12.13
4-Methyl-1-heptyn-3-ol 12.2
4-Heptanol, 2,6-dimethyl- 12.69
Butanoic acid, 2-methyl-, 3-methylbutyl ester 12.76
Benzaldehyde 12.82
Pentanoic acid, 4-methyl- 13.37
Pentanoic acid, 3-methylbutyl ester 13.95
Hexanoic acid, butyl ester 14.02
2-Isopropyl-5-methylhex-2-enal 14.12
1-Propanol, 3-(methylthio)- 14.23
Benzeneacetaldehyde 14.9
Pentanoic acid, 4-methyl-, pentyl ester 15.12
Acetophenone 15.25
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p-Cresol 17.72
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trimethylpentyl ester

Indolizine 22.74
5-Methyl-2-phenyl-2-hexenal 23.34
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2011 LHRR R VOC 2 HutBpr (RT) ©

Decay tissue in Mountain of VOC Retention time (min)
2-Propanone, 1-methoxy- 3.25
2,3-Butanedione 4.66
Butanal, 3-methyl- 5.38
1-Butanol 6.1
Disulfide, dimethyl 6.52
Acetic acid 6.58
Butanoic acid, ethyl ester 7.19
1-Butanol, 3-methyl- 7.38
Acetic acid, butyl ester 7.55
Butanoic acid, 2-methyl-, ethyl ester 7.89
1-Pentanol 7.93
Butanoic acid, 3-methyl-, ethyl ester 8
Propanoic acid 8.29
Diallyl sulfide 8.29
Butanoic acid, propyl ester 8.86
Pentanoic acid, ethyl ester 8.99
2-Methyl-Propanoic acid 9.23
Butanoic acid, 1-methylpropyl ester 9.34
Benzeneacetaldehyde 9.8
Butanoic acid, 3-methyl-, butyl ester 9.87
Butanoic acid 10.11
Butanoic acid, butyl ester 10.81
Butanoic acid, 3-methyl- 11
Butanoic acid, 2-methyl- 11.15
Dimethyl trisulfide 11.5
Butyl 2-methylbutanoate 11.65
Hexanoic acid 12.04
Pentanoic acid, 4-methyl- 13.38
Butyrolactone 14.17
1-Propanol, 3-(methylthio)- 14.41
Butanamide 15.64
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Decay tissues in House of VOC Retention time (min)
Methylamine, N,N-dimethyl- 2.51
Acetic acid 3.04
1,2,4-Butanetriol 3.6
Butanal, 3-methyl- 3.81
Ethyl Acetate 4.12
2,3-Butanedione 4.67
Butanoic acid, 3-methyl- 6.42
Disulfide, dimethyl 6.5
4,4-Dimethylpent-2-enal 6.67
Butanoic acid, ethyl ester 7.4
Butanoic acid, 3-methyl-, trimethylsilyl ester 7.6
Benzaldehyde 8.31
4-Methyl-1-heptyn-3-ol 8.74
Butanoic acid, 2-methyl-, propyl ester 9.67
Propanoic acid, 2-methyl-, butyl ester 9.84
Pentanoic acid, 4-methyl-, ethyl ester 10.27
Pyrazine, 3-ethyl-2,5-dimethyl 10.37
Butanoic acid, butyl ester 10.89
Butanoic acid, 3-methyl- 11.01
Hexanoic acid, butyl ester 14.11
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