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BTEX - Benzenes, Toluene, Ethyl benzene, Xylene
CAR/PDMS - Carboxen /Polydimethylsiloxane
Divinylbenzene/ Carboxen /Polydimethylsiloxane - DVB/CAR/PDMS
D/T — dilution to threshold

Gas Chromatography-Mass Spectroscopy - GC-MS
HS-SPME - Head Space Soild Phase Micro Extraction
PDMS/DVB - Polydimethylsiloxane/Divinylbenzene
part per million — ppm

ppb — part per billion

retention time — RT

solid phase microextraction— SPME

volatile organic compounds - VOCs
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oY NYN ,0MNIAD DTIVAY HNIWI NVIN MYTINT DY MIAPYL NININND ONYA
DY9Y NV OMNONN DYIAND NI YTIVNY YIND DXAVIN DY NN 190N NINWNIYN
DY ND”) N YTIVN NN TDIN (1961 ,Y°210 PIN) DIWINN NYINY PIND .TOPRIPN MDY
NP NOY DIVN TPV ,NYaNN N1 PIND NIN 00N (7...920 dND N P3N MY DTN
TNY ¥ NN NIYIRNT NPYPN IWARD 1IN DY 720 SN HWIND MDVPMIIN NITHN
PANSN DD HY DTN DY DDAV PIAD MNDA N NITIND DDOLPMAIN KTV NN
DMV MMNPNY DPINNIN

IINXIND) PXVDIINP NIPNN N PPYNN APV DIVYN NIVI/NPRIPNN 12202 DY NN
POV DOVOA) POV THNPYN NAD DX NN .DPNRIPN MTYI NN DOIAT NN
ND M) MYIYH DINNXY MNMPN NPNINIVN .IOYYN OIYINNI DIINPY DAY NIV 21501
NPNID NIPN NPOX ONTIPI NPNN PRY MLV NNPORNN KD J21712) MDY PN
MOIND OTRD 2 2 OV MIN G0 :NPIPOY MDD SNYN THPNMYI NI STIVN NYIND
29 NN NN NN NDXN 1) ; DPVIIIND DIPYIND 2 DY NDNN G0N TN MINNON
DTN 2 P2 TIND NNV NN PDVPMND

DY9¥TI OPNTNIN DN YW NI )INN JY MAIYNY NN YIN NNNL XD NN DY 0PN
MDIN T HY HH 7772 DX DY) XY MM .(Volatile Organic Compounds; VOCs)
NI, M P MXMIN 7NN ,NPIHNN JPIN NN ,I9) 129 NPINTNIN 1IN
,DMLP L, OPATON NI, NMY MXIPN DINK DT OMNNN DX DITINXY DN
DY MMPHNN DY MMM DV MON 157N DIYNN ,DMVMIN) DPVIN DNININND
NPXA DMWY DIXDIINND Y AN NTYNN MINNY NXIN DNRD N DY 179 NPHYINA
AN NN OINNR DY NYIVNN 1PV YIY DY235997 NN NN

, DN NN MY APIVMVPANIN. MTTH N YTIVN NIIWND MYN DY MNP
IN,DIRNND ONIID TNINNN GINVMND 1) O7Y) TPVIIN DTN (NTY T0NIVID) TOMLPIIIN
(D890 DIND) TIVNI TMINNDT YMIONINI GN NIY2

DAY DTIND PUNIN NIV PIIN N TIVN DMIXPN MNPNR NY TN 1IN 1B NTIAYA
D377 OPNNN OMMIN NTTHY FINNTINDN NN DN SPWND TN Y M NI NV
MY YTV MNDN HY MIOVPMAIN NYIPY DIDID NLWI MNP NTTN IYIND NN DY NYY)
NINAN DY NNNSN I NYIND NPNDNOV MMNAY DI IN

DY NPV NINY OMIMANND NI PN DY IRNYM POX .1 DD PPN MILVN
MM .3 ;NTYA N ININ DY DINTY MNTINID DY NNRNN MDD .2 ;P2 N9 DONPY
Y2591 P2 WP MNM .4 - ; MNY MXIAPN N MI/IN NID NPNTIYN NPVIDIN MOV
NN O DY NYT NN MDD NMVN NN NN

DY29Y MNDMITIY Y 1) NN DT MNDTA TN NININ NN T HY Y8IND 0NN

Headspace Solid Phase ) N9 20 n7tya y8m n¥dnpn . NMON DNoNN M
MDN OVMIVPOD ORI TINHNT JINVMID 2 NPINY (Microextraction; HS-SPME

N9IDY DAY NV NINY OMIMNIND N 1235710 HYW DM NDXN M2 19 1M (GC-MS)
-1 25972 MV MNN IRYM) 55 TITA — MPTN NPOXTA .1 : 550 7OINTINND NN .IP2A



NN .2 ; NPTNN NTND DINOVN PNLY P PR WP K8 XY .0NowN )novay VOCs
ND ©MP1RN 2192 (NDN NODIN NODY DY ,ANIPN ,NPP ,2I0) NHNTH PNONK NN NYIVN HY
MNXONTY RNV NPIV MNXDNT NAY DAPNNY OXTIN 215702 DOMYHYN DTN IND
Y2591 NXMD NMPN PN NN NDIMIN NODIN D NN MNIIND H90N .INOPNL NONMNY
NI MNY DN MNP DY INY NN WAYN NONNRD ININ NV MINDNTIN N
D20 NWIYY HY DM NPT - 2ON ND .3 ;Y 71 N NPVN PN P2 NINYINA DTN
5955 NNYADA NMIYNYN NN DY TAN D N8N XD .NMVY MXIAPN D91 D209 NNMNID
D2’ HY DNV YNVLYA DY TN IPTIY - NN TYN .4 ; DIVANND NN JNIN MIOINN
TUNRY D5 NN .NDOWN dOWN NYIDYIY ,DMNYN D0 NWIDY T DY 19PNV DNNMN
P DONOYN SNLYY ,DXIMN DY AN DY) 990N MNTD 7P 1N ,IANY PIN 7N NOOWNN
-1 20N NN O DY DMV MADIN 22D DINY P DIRSNND .0NDN 91D 1Y 9N 09V
1) DY DTN DIMNN DY DY NN 21720 7N DY NNYY N NPT - NHNTH NIDdY .5
VINT AWANNT 92T 2PON 1) DY INYI DIND NI ADIINRD TY DINTNH 2OVN ON
.T2YNN NP2 DPNY DIDNT

Y IYANND DYV DY 1PN YY) N 3991 DX9XT) DIMIN PINI NNY NOOYW MNP INND
YNLYN NN YANND DYV .Y M NI 7PYNIN NNV PNIDNI MNWN DTN MTIP)
9) 122D TNNNR NTTHM DINT NTIPY 9D DIMINND DIPTIN DMIMNN HY DINOVN
NYVIPNYTY TN NIONL PN DIROYN NLY D PIXY VYN .NPDVPOD YIN MINAY NMYNNINI
MLP DYDY NN MND DIV DT DXININ DIV .NMIN NYINH NP 90NN INMNX HY
SYNN GNA NOAPNNN NNV XY MY NYINNY 1222 (NNMPN DT THN NN

D19 D599 DIMP ,NNT DY DTN 257102 XVANNN YDVINV N XYY DINT NTIPI DD
VYN WNNV Indole -1 ,Limonene ,Dimethyl disulfide 5 £ 10 my1ip) 955 oranmwnn
259N2 MY OMP ,MNYN DTN MTNIPIA DTN 25912 DY TANN TAYN .OWTH MTIPI D02
NIIWYN ONX DY DIMN DY NN 12D D1D%) DDV N ,DMUN NTTHIN 132 DX TIN
(DMNOI2 289 DYNN DY NNTNN V12D D1DY) NS Y (A1aN

LDYNIN NNY WD MYNND NN DYIND PAY DX TN 259D P2 WP DX PNAY 1IN DY
MdYIN NTN) ONTN NV NPITY N NNXIW NIIYN NNV NI N 55OV 1NN Iy NN
AT .SPME myxnna now mindyT 159y MPVN 1190 NV DXNPINN NNN NXINY 5’1pna
NP2 MMIN MNIWN .NON DINTD MTIPIN DNN DI Y ONTN NV NHXW 19D INSN
DY NN TNON Y MW (NI DY NIDYIN IDIND DNMNNN) TNV TN INTHN POM
MPOT PNV MIMN IPPYA WON MNP Tmoa wHpy SPME 1 2y by .noran ypnn
LDYVON DNINDMNIN)

PYANND DYV YINRD MIRNN XN HS-SPME nip»50a n 010 nNTnon 01509
NN NNXIYD DTN 25910 P2 IWPN NPNIAD DTN MM TNNN DMWY N MNPH YV
Y PITY TPDUPMIN NN A0 ONTI N NITIND 10D NND TN DY DOP OINTIN POM
T2I DT OPTI2 ,NLYA YASND NIV DY NPMINTN 1PIRD 7INIITIND MM TUNNL TN
NPT IPOX HY ¥INI NNONNDY YTN DINNI NPTNY MTIAYY D0 NN 1N NTIAY . NPNRIN
N Sy



Nan

Sva 30 ,N20MN PYA ONNNI DONMYYN DIXOPN MNMPHRN 1D DXIAN DY MMM
NN DOTPYY NI NN NN MNPNRA DIV FVIPN DY 1) NN NYINNA NPVPION
LDMNN MR NYNAN MY ONJ NYNIN NXIN ININYDN DONY TR OMINMD W9 1IN
LY TITY 10D DINMVIDY MNP0 XNYY NN ,0»NN MN DY NYAVN N NV
YA 72y PIY DN DONIND NIMNPY MMOIIVIIN MAIPNN .NNMINN2 NN NN TIDN
MNONA POYY 122290 NIRD NIMDID NMYTINM HPNADN MYTINA POV YDIDV 179 9N
YOTIVN DY

NLANNN DINPTD PNRY DIIMYN ,DPNRIPN DIPYNNI DXV D19V NPNNN DIVINN D)
92y2 .DNAIPA DY) N2XADN XAVIND TIVN DMNN ,ION MNPHRN DIIAND MNMN .NM2A
MTINY DINANY TPIIINNN TONN YW, 01D .2 DIPHN DIPINT PN DY NNV MON
92y2V DXV IN D221V NIIPA D2)) YW MMPNY OINND NPV NN ,NIN YPIPD
MM 123D D) 127N T .(DHMP NPV MNON DN DNYN TYNI 1PN 1IININN DOPINT PN
IUN ,D2AVINN DN 1Y DIVOIN T2y DI DN ININKD .OMNOPN DXPYNND DOYINN
DXPYN P2 NAIPY 2PN MOITHIN DXIYN NANTIM DITHN 12 19D .PYNN MNP NOIIN NPN
JONPY POIVIND DONIPN

791 ,0O¥7 MNIY TPYOYN NANNM DTRN 2 MIAIN HINX NMO NN VINY DTN Hva
D9V NNV WY IROPNN PYNI NXN MNIN) DIPMI NYIAPA NI MIYIAY NN KUY
NIMN N NNID MWNN DNPN IR DNIPIVP DNMOP RY PITY INIWI .iDdYYN oyan)
.D2WIND N YTIVN FTYND PPIVIPN TADN ,0ONRIPN DIPWNNI NNV MNONN

NMT IWANND PV D»PN YVIDIND NWONN .(Goldstein, 2001) »2>0»210 W NIN Y7 N
MDINY OTRN M2 2 DY NN G0 : NPT NPYI ONY MNMP OIN,0229 N 21D DY
2 P2 TIND NV NN NDON 1Y ; DOVIVIND DXPYINN 217 DY MDD Q0N TN MNNON
NN NYPY 1NN KO 1Y 01T ONMIPRYIID I8N 9% OMINID ANNND NYOIVINY DTN
SY NPYDINN MITHN NYIPA 27 OWIP DY )INPDN NNSYY NN ODDIN P NIV
NTMY VW MM Mt PN (Gostelow, p. et al, 2001) NINNHN NPYPN PNPD
.Y 0259971 DXTIN 2VI0N PON OINNNN (NMID 1D MYNNNI) DT OMNNN DIMN
DY MNPNN N 2DI99 DY NPIN IWINRN I NTTI

MN9INM VYN NN NDMIN ,OYND .THPMIAIN NN OPNN NNIRD NYP TIVND NN

McGinley et al., ) ©»PROPN NYYY OMNPY DIAVIN 27P2 MY NN DIV DI1DVN)

NN 1D D27 DMIVNIN DIVIVIN DN IV SW D17 YNAN MNIW T T30 7avn (2000
NPNNN DWVANT MNP 0N NIV JMINY DIV YNN DN NONN NN 0NN WYa
SV NPMIAINN NOXNN DI 1D INNRND DIN J9INY DIDVN NPNTNOVA OMDN DAY D19V
DVNIY DINNNY NYP ,NNTNRD NPTHN NNNYND DMVYY NN MIMIND DI DY NN
.DYNMPN DXOITVD TNY YN DMINDIDNN

97105 ;99 1IN P2 N MONIN DAY NPV NN : N MNPN NYD DNMNN N NTIAY2
PDIZOIND N TIVN INNY DINTY IWNR MM NPND DY MNPN NYD



M99 999 .1

199979017 N9 1.1
NOWNN NRYI HVIND NN YIN DD N XN T DNV IYIND N Y
DYLN YIND 80% -2 PADN NI .OXWIND NUNN P2 THVPH)Y 257110 2WNI T NVPININD
McGinley et ) DY MMM NTHD NYIND NN 7Y NN OYNNIND WNIYNI NP¥IRN TONNA

Sy DYRINND NI DXNINX MWD NNVP SYNRND NN YIN MYSNNI NN Noan .(al., 2000
1Y HY OWI T TIN DXODPI PNNI DINSNIN N MIDIN .TNDDPDIN NINYPDIN NOONN
901 DXPIAYNN AXY IRND DINYP DNVIPN .NINM RN TIYNI P2 NXRNNDIN DNVNP NN
Hamilton and ) n>Y 9000 DX 0XINH NND .0MDdD DMINPIN DX DN IWRD Mnd
NIM NN NVIOYPD DXPNIIN DNVIPN 190N , DTN A7) YW NN (Arogo,1990
DTND MY N MmN (Brewer and Cadwallader ,2004) (nnY) n7vH9n0) 12200

AWang et al. 2003) ©»n NN POV PMNMD 2NN D% ,NPXONN NYAVII N DTND
MM DNXW .NINN NHOYNI NDIYY NN NPRY NOVINND NHYN INRD NTIV T MY
vNWUN D) XD NM) NN NPND 9190 MIAN NN DY NN DY MNOYIN NTNN D) NYaUIN
NY7) NN PAIN H9ID DY TTN 901 DY NODIANN N YTIVN NITHN (NIMN YD KD 7772
NN NAXIY L (MIDIYIN OX IN NDYIN THT) ONTIN PON (1) O1N DY ¥ 077D ,aN2
DAN NN TN 92N N DI I I TYNI) WIPRD TYUN L(NDDOP1N0 I NIIYN)
NN XY HHN DTN DY 120NN VPIRD (NN WITN NI MNYIVN) YINRND MM ,(N*MD
M5 .(Gostelow et al., 2001, McGinley et a/, 2000) 0PYR NNZ31N NINYNN NXY DY TIVNIN
TMVYNIY PN YSINN NXXIIN DTND 12 O910990N 11D ATNNN N DI NN IPIND D
SYHOTINMT PN NN MNTY DXNNN NINN 12 X91009N 112D FTNNN NPT G0 NN DPPA
.(Hamilton and Arogo, 1990) n»n

NMYaUN SPVO PR IR TENND09 NYAUN POV NPN DTRN 9N DY MNIN NYavn
,PTO ND 0OV L0 DY N0 NOMIIN L NIAND I0IN NN DIBY DOV XY N .NYMNIIA
NY N 910y 0»NNP 0MPn1a (Harrison and Oakes, 2002) »wa) OpY )XY MNRPH ,M>N2
DY02)N TIY NN TP DXINN PN N OTIVN .OWIN P2 NNYPN MYIND DN D)
.(Metcalf and Eddy., 2003) 1xa

N19%91 N25202 N 27901 9PN D29V NNV ) 1.2

: DMIPOY DAY NYAIN DIYY NOYNWN NN NVIYA DIIMNBN DI NNV M1ONI
DYINDD DMV MYSNNI DIIOWNN DIOIN DIPIIIN DPNNN N YW - DXTPN NPV
VN NINN NN NNDNN) MIDN MY NDIIN DX NI NIIVINN NN .(DX2NN)
MNPV NDMA YN DY DTN DWH (NP8 NOIDD

DM DXOXN DXPIIND DD AR DDAV PININY NN DT 2DY NIVN - MNMYNI NPV
290 DOYPIY DN, MYV 1901 NXIN DPNHYNI VIPOY 1IN NMONIYN NN .01 DN



990N JPNN DX MPIYN NIPI210 NN PTHPNYNRI NN IP YPIYN 90NN .OOPXINN
SOMNYRD DXNDIPY DMNDN NPV INNRD DIV 2190 TVNND

M2’122 .0”NYRIN DNNIPN DI JPIN MNTI MDD - (MINNINN) MY NNV
DNPIN DNDNNNIIPID MY OMPN DININA MIDPIAN 1PN PYNIN WNIND N
21NN 9129y 7Y PADN NIONIPINN MDIYAD WITTN 1NN .09V MINNIND 1NN
DYAYN L PNRD MYID) (VIVDAIDN) DXIAVA NN NN ,NDNAN P YIN NPXN
N¥IAD DXPTHNN NONYI NYPIY DN DMIPIYN NPIYN NN DX DNINN DINVNN
PN ON MARYHD MYSNNI TN INANND PON .(7DMPY DINDPY) DINPNIN NTIOMN
L("nSymwN NN PHINMD 31T NN NYTHND MNINND

TMPIYN NXIAN MNYNRIN MPIVN PR TPNNNND ARSPT THINYNIN NNAN - DX NIV
3-5 DY 1H9D) NONON DY TONN NI DMIPIVN NPIUN MNNI NOTIVI NN NNIPHRY

NY 7ONNa (digesters) DMMND DYDIMN SAYPNIN D1V 1PN NN (DPNIN NN
YN DY910 (NN 97°¥2) DT ADY DINMYHNN DIN .DMNIIND DXININD NP2 DIPIdNN
DN NNNN DY PONN NXIAN NI NIN 2DWA INSY JPNND NOYOND NN NPoND
191919 M9 (1999 1979919 ,0°p8)M1 NINX 20-25 DY NN NVIND)

N9 97901 DYI¥1N MNPN

AUN L(VOCs) ©9>7) D»NNN D170 DY 2N PN D¥DDN 7PYYN 9Y) DONPY DIV
NYYTIN NYOYNN MDY 11 NXI91) MADIN , D IMNN YD P .DXWP NI Y TIVN NN DI
ov 0MpPnN (Abalos et al., 2002) .1INKX NPNNIN M2IDTIM JPIN MIDIN JMINKD) IN»2
D18 DIYNNA DNYY DINVN YIONNA IN NI DIWINN DMNYNN DYDY NXIN NN 1IN
21900 INXIND DMINNYNN DXDINN DY SONN NN .OOWTN OMNIVN DN
Suffet et al., ) 190N NV PNMYYN/SNY) DXIAWN NPH ,DII9UN VN YOV DIIOVA

VN NN HN DIAVYN DIWNIN 12 DXTPNN DIV DY RIN NMIY MNMYNIN NP (2004
2590 22N NN DMOWN DINID) 12 PITN THNNI .NIMND 2P2 NOIWNI ONMNIY INNY
PN NOWNN DDOYN NNOX NYA .ADNNN DY TPWN NPYD Wi DTN DIMIND
DXTI DMNINN DIMIN DY IPI1AN SNDI MINY IS DPYN MNYN NXRNY NIIWNN ,NINON
DINY 91> DY 5190N PONINA 2OV Y5 (Morton, 2002 ) Pdnxn Yon SN (VOCs)

(Kim et al., 2002) ©»3»9N N 925590 NINYD

: DMIPOY DDHNN T90NNI YOIV NMVN NINM N Y2359 1T

DY OYTIR NLY DY M2 DTN DY NN IN,NNVINNVA DY - D1HPIDIS DIHNIN

2512 pH 2 »»w Sund 055va 519010 ToNNa DMNHIDN DININI NPV -O»ND D¥IONN

IR NINYD 80aN pH -2 775y .My M10IN SY 3301 DPwnn NPY Dy Wawnd
LDMAININ PIDOININ T DY DY MNP MNP - DN DIONN

N9 YTI0NY NPRD MWD NPHNN MDD DY NPDI0I MNAYN YAIN MNP NUYND
DMINNN , NI M’IN MOTI NPNNX NMDIM MI9) 1222 .1 : NPV MNDNY DMIMIND
TINGD TIF) M2 DI MADIN DY NN QD ONNIN IDIN DY DOIAVPNRIN PP YNNI

D112 MY NPNY MNDY NMNY NI MODIN .(ppb) 11972 %pHN HW HTN 9703)



Abalos et al., ) DTRD NMIN2D 12I0N N DOV 11D TN NDNN G0N NN DI

MYMN PIPY OV ONPRIN TONNT TMINN (DPHN ,7NNIN) 1PN MdIN .2 (2002
DONINI MIXN (FTHENNVIDY ,THERNIIG ,TPVIN N¥MN) MDTI Y2 MNNIN.3 ; NPIHN
DYURPON DMNVP) D PNTON .4 ; NINDN DY NPV ,NINND DY NDXONN DM PNIN
Camus, 1994, Alain et al., ) ©»21PNINX DNIN2 NMYOHNNI NDXON YV IRND I8N DN

P79 ">HNN2 DMIINNYN IN DAIXN MNN MY NI (1994, Suffet er al, 2004
N DN (D2959H1 115) NN (D397)1DHD DY23571D MNDN) NN PNIN,DPINIAIPMN
, M0 180N 11D) DYNIIADN DININD DRNNA MNWNN TPINOAIPINN MDD NN
(2006 ,m7297 NNXY) (pH Yy n1hv1anv

PIND PYPD TONNA PAVPRIN TONNL DIIXNN DXTI DMOVMIN DN D) DIDIN DIV
DIMIN .212N NN IX MY IMINNY 0»NNIN 0N (Clyde and Charles., 1990)
NTND ¥ (IRIZIVY 12 D) DIDNTND DXIAYN) TN DOWP N YTIVN NIONA DN XD NON
PYND DXTYMNN DINIIPA INND NOY

TPONINN APV DOV N¥IA DIDYVN IRNIND DIIXNN NN :NXAA NAYVY BINUPH NN
MODIN IN NPYYN 9N ,POPYI IN PIVINI WD D) D91 MNMIN DPNIND PIVON
DYHNN D¥2D7NDY VA M ,DMNNN DX0NN 1N N 125D 2PN NIIWN OX YOO
o»IPYyN 029N .(Rosenfeld et al.,2001) NN n»yad MY DMHNIN ,DMINN DIT)
.DMLP INA DYPATON IV M¥MN PN MIDIN , N9 MIDIN DN N¥IA DY DOMIIN
2NN 9 P29 NN NOYI NX PN NOXNNIN N2 I9N PIM XIN OVIPNYTH NN NPH
DVTPN ,DOPNIN ,MMNNIX MDD DXYI MNMID NPNR INNND JPIN MDIN NN XOT> YO0
NMXNIND DI DIPNHN . NPININ MXNINY DINIADN ,NNNIN NI DX )PIND NPH 0P
DN DMLPY DWND DIPNTON ,MTI AW MXNMIN .NPDPOPIATP NNAP NN 7Y NPININ
(N8Y122 D10 TNPHNI) Y2PRIN IV DY DY TIT2 NMINN ,NMININNI NDION HYW HORNY I8N
.(Gostelow et al., 2001)

19950 N2%202 N Y1991 NPNI N Ypwn 1.3
9915 PN PYNIA N0 DY OAYPRIN P11 MIAPY DN DPRIOPN DXPWNN MNMN NN
DININD PIVA .NVY M) DYTHN YNN NN NPINY 09V ,0>TMY DIDIAT IN DMV O
,D"91201 DONNHN DNY N PN L,(VOCS) D97 DMNTNIN DIMIN NPXY DN DPIHNNND
MIN DY DYDIN YN DDOINND DT OUNIIPINN PYNNN DY DN DN N
:N7YA Y MDY I8IN 0PNV N 123990 (Jacobson et al., 2006) N9DINVLNI TIIINONND)
D JPIN 12397N VLN NN PATINVIN D DMIVON) DIPATON KNV N YO
2NNDY TANDIT PN ,2I9) I 1D NI 1235I1D ,DI0VPDY DITON ,PHN DOUNIV ,MNNIN
Yy¥a5 \N PN 2590 (Schult, 2000) 15093 JTHIX D DPVMIN DD |, )VIPIN
IMNND NNMIN .NINM NPXY DIND WIT MNI OMIAYN GTIY .NMIN 2970 DY Wavn D»NN
DN OXTAND DIVPDY DVTPXRD TN PPV NDIP-NIND DNAD NINN INRNVIIV
55% - 45% 2 MINN DX TPNANY NMIVY NN M0 NIATN NN .PROLDXY PIPNNNI



DNYPN N ONIN DY 219 190Hn M1 >wvip o»p (Schult, 2000, Mackie et al., 1998)
NPDOVPNT LN NPAVIP) NPVIND DY NPHPIOA/NPNION MNONN HHH2 ©»N YDya Hara
MIPM (PAND NN TON MND ,NNVINNY) 220N PNRN 2990 DY NMVYN (MO

.McConnell and Trabue, 2006) N11755 D»VIVIN DXVLITIVD NP2

N9 YW NPOIN 1.4
ANNI IN,MOTI NP MDIN DY DTN ,DPINNNIN DITID PNNI DINY) DY NN
(NH3) moamxy (HzS) 0190 1201 .0391071RY PNIND DIRYIN PAR YPPoN »1) DY Mo
YD) NN NN INN NN 2V INNY 1NN XD DODIN DM 1YY MO0 NYI DN
DNMPN OMY 015712 WX (VOCs) D7) DMIHNN DX DY NN NIYID ON»NND
MAIYNY 1NN YNMYA 1NN NI NP .(2006 ,71772IN) TIND) DIODIDVN PINIRND NN N*ID
NI NTTNHD DOVUP MN .INY N MOYI NPNY MDD DT HY NMT 25710 MY N
D YY MAYN DN MNIN N2 DY DDA MNMD DY DY DIVINY
NOIYNN T DY DI AUR ,TIND DN DI DT DMINNN DMIDINY DPNNNIN
DN OVIDIND NYNN 217 DY MDNN QOY NNNN DINNNDI TN TPYNND TINOPIIND
N1 Y92 NPTN NNOYND .NIN NDIN DY YIYN NAIYNIA 22591 DI DY OVINDIRM YONN
.(Jacobson et al., 2006) VIOIN N1NAN NAINNMY NIP> NYI ,23099) DD YD Ty THY Vv
DY2°5991 NX NN NP DAMYN D259D1 KV 2NN NTYNN MNND XN 7D DX NNND
MNITY NN TYAND 120202 DX9>TIN 257N 72D FVIDIN DINNI DIDA NI .IYAVNN 1Py YA
Wright ef al., ) .non Yy DN ¥Y NYAVYND DN DNOY MXUNN ITD 295 NNON 123591 HV

(2004

;1P TIVN NIIWND MY ONY MNMP

NPYTAN .D»DYON DDINN DY MIDUPIN TP VIR NONON — MOYIN NN .1
DMMINN 1T NN NIVANNAD NNTIINNT PN NHNT NN INRY 27 9 DY Nysann
GC-) MONN TVNIVPADI TINVMID T MYSNNI NHOINY (DMWY DD NMNND MINY)
NN 0919 DM OPON ,022599 HYW 291 190NN DY TIND NN N DTN .(MS

9apNNN MNN DY NOLANN NN NAXY NN - (odorimetric) N NN DOV .
NN DHYMNN (DN MNN) DNDI NXAP 7Y MUY MTDTNN .IHPVIND NOIYNI
NHXWY NTTNY MNDNN GO NXIN 11D NTTN : DTN OND MY NYDD NYININ .IDIVIIND
LVNMLPATIND YIDY MY NYXIAND NTITHN .NYRPDD DN NNNI NPIDINOLN DY NN
D259 117 220 PNNTNOPN TN THVITIND NVOWN T IR 1T MNDIOUN MOIWN SNY
N9 MYNIN NOPD 19 HY INDIADI INND NN NN NN NTTHY NN NIYNI DXTA
YTIVNY TTNI DMINAD DN DY MVIDIN NTITHA MIPOYN PNIDINN .IMDIVIIND NN INMD

Jacobson et ) Yy X NN NDXON Y (N2IIYNA INDM) YN0 1) HY INYAUNY NN N

Aal., 2006



MAIVMOVPATIN MVIVA NI NIYN 1.4.1

GONI PNNRD . TIVND NDXRND PNX MXHONT N MYSIND NTIVNI NPNVPAN MTTNH
DOVIN NI AINNN PR DTV NPPY 0PN vidw oy (Tedlar bag) 9570 nypwa
) DXOINNN PON MNMND 1N 2D KX¥NI ,NPDNY NPVIVN Y G DY .M MINONT PIOND
.DXNIN NN TVMVPAIIN NITYA NYNANND NN NN NOIWN (Koziel ef al., 2005
NYNIND NN NIYIN .MINGY DIWIN NYIIND 25707 TN 1N DN NN : 0NN NN
NNONND) DMV MNM PA MNAN OODON ,NTAYN NN ,0MIPdY DNINIAN DYDY DPP MY
DNIYON NN WTND DXNMIND ANY 2N DY NTIN NOD NYIAPY N NHRXIY NPT (19T KNP
SV NP MY TPVYI M NTTND SYNX ORI WIDY L(N2A0N NNNY TIVNN) .MYD NNNX
NP1 ONN,(MNOYIN NN MIVTN NV LMY NN GO ,(PIIN) NN NNXIY : DNIPIVIP NYAIN
POPIAN0 DTTH NPIY NI TPNMYIOYNN GN MYNNINI TN (TI00)

N2 IDIND DY NNIN DY DDIANT PNN MNDNTA N NTTHD PYIN = 90MVPIYIN
oNVI2 5Y TIT) MIT VLITIVOD NRNYN IR (NN NNXIYY MNDN NYIAPD) NNV DNPN
YNY MNMP .IDTV NPPYIA NION) PNRD NNDNT (N1 MDY Dy 108 90N INY

TY NONNI NPITN TYRD N GO D197 NN INP2 NDIPNN : NP NDMTH NPNOLY MY
DYNN 190D ININD 1NN .(ININ D) SYNNR M YIN MY NMIMD P 1NN IWN
ANV NN NOT AUND NN D197 DY N0 MIVON .90 11D MvnD DXWIN
DXIPNN MNYA .MYINN DN DY SOINPNPR DD NININKD ANNIND MMM N»M90H
92N ATTNRN GOY TY NDYTA .ATTHN NPDVPMID NN PLPN TVMVPIDIND YVIDOWUN
VAT MIND 92N ,NIN PHIN NPT N2 YIND 17 XY IN 112 OND 1XYW NS

.( Gostelow et al., 2001) Y790 DNNDN DMMDN 112212 NONTH INY NN OND PIND
DOWITIN OPI PN Oy DTN 1901 NN (Dilution to threshold; DT) nn 9o 557
919519 NavNIN (Odor unit; OU) N> NTXNY .NYIN NN NN DXNYINN DINN 50% W 295

- Va,m oy M- Vo 0 qod 919907 - DT) DT = (Vgt+Va)/ Vo (DT) nman qod
2N HY PXADN 190N MIAD DY VIV VD 7Y SMHINND 2PN TVMVPININ . OPI MIN
Gralapp A.K. et ) .n¥n »2am 77NN N2X20N YAV NN 27T .NHDIND VXY NN
.(al, 2001

NNINN NIIYNA XY NXINY NANNND PAY NXIN P2 DY WP RN TONMLPIIIND I
1IN NOY D990 NI HY NDDIAN NPNY NDIDY SYNN DI NANN , TV 7ay0 .FPVIND
WP, MM NOYON NMMHDYY DINVYP TVNMIVLPAIIND NNTIDN ONIVPIHN G N GC/MS

INNYNL Y10 WX NN (Turkmen ef al., 2004) mx»n NNNT DY NPHRYY POINI
DY DOWIN P2 NI YINT NNMPN NNV NN IPX IUR NPVIDIN NP MDTND
YN PITY TVMVPAIIND ,NNT DY .MM 2977 72XD TIXNTNON M) XD TOMVPIIIND
oNpm (Jacobson et al., 2006) N> S¥ NPYW NTTNRY INPA NIV NN NPIIDVD

PIVMLPAIIN MPITA DY DXODIAN PITY DMNINDI
wiwn (Ullery et al., 2003) nTva nd 1127 RHTNY WHRWNN OIT PYIN 909100
TAT PO MY N GXD NYPY DIDNY D127 PNNRD .IVNMIVIDN TIT PIN NORY MY YY)



NN ST P2 ONOYN MDY IT DY MNP PNINRN NN NN NN NI 1NN .DO¥9 DN TV
OO ,MOLYS ,MITM 051D JVNIVION MNIN . PIDN NI PMIDNN PNIND NOND
ANND MY MLHNON DY NPYA DO PRIMION OTHN PN NI 1D MM Yapd
NYI9Y NN DY NYY NN TNPOIY T0NMIVID NRMP ALY NN NPNY NOVIND NYN
.(Hamilton and Arogo, 1990) NN DIpnd NyINn DY NNPIY NXMIPN NNY NPNY
19 91901 NIYNI NN MNYL

NPAPYN NIMIYLN .OMVIVIND DIPYWINI NN NDIDMI NN YWY DIND DY NN 90
)01 Y9I1NN 19N NPNIAA

NN AR MM 212> XY NINNY TI NN DV YPI 11D NOWINN NVN -MDNON .1
N> .TMNNA 2N NMIND DY NYNN NIIYN YPIN N MINY? TURD .0°10) DM
20N0N NIN PONX N DY MNDN MM DI XY MZINDN DY NYIN NIIYN Syl

)T 999D MYNNINI T PO Y MDY 1N N DY 2597 11D - NHNTI OODY .2
IONRDIOND NPAY TN NNNTH DY NONIND AT 71017 2255992 MDY YNnY mn by
NNNYY 521102 913> 927N NN MHINDN DY INWDD Y11 ¥ PTIAD TUNRD - NPDLVPMND .3
AN IN NN L9 10D DY DIND DAPNND D1 NI DY YR .ATTHN WIiN DY
MY 7PDYa PNHAND 1N NNT ININA N DY TAN NPNN INY ¥ IUNRD - DVYIND .4

.( Metcalf and Eddy, 2003 ) 9nx 1> MmN 5532 790N mnono p1an

%9 YV 19355 NN 1.4.2

2590 DY, 100 IN,TPYPIDIA NN DY NTITHND NAYN) TOVIDIN DTN SPVIVIN N1
TN PYT TN L, NPDOPMIIN OO POVILIND NTTRN DY PN NN
N SY NV NPYA DIPDIVN DPVNNIN DDTIN VNYD NODOYW TPNNMION NN
DX SV (MNH IN MIYY) 2970 190100 DIXNYP NOPVIIND DT THN DY MdNINION
LPVIDIND NN GON DIINNI) INPA DI DI DPONDY NN NN NN DNV
.(Gostelow et al., 2001)

YIN IR NMINTY MOIY YT NNMAY , NN NIIYND MININIV NN INITVPIN GN 990D 9N
NYI90N IXRNIN 1NN NXID PTHIN DTRNY DOYPIDIN NN NNTN INITVPIND GNRN IVNIND NN
0 WONN NNT DY ,DOP YW 2N7 OINND ORINK 112 YWw»n (Stuetz e al., 1999)
1NN NN MY ,NNM2) MDX DY NPNY PIAY JWHONN .PINI N 0IMNY NNV 19N
Gostelow, 2001, Brewer, 2004, ) ©3w»N 20 Ty 51 995 7772 257 MNIVPONN GN8N TN
.(Nicolas, 2000

SY NPV YNRNWND D3N 1209 NN NP IR MM HvIip 079 :GC — 9900195
Gas ) 9MMUNMID D NN DT DIMN NTIOND  WNRYNN IPOYN PYONN .NTIN
Mass Spectrometer; ) mMDN IONILPID NON NI 572 MYNN (chromatograph; GC

MDA TN W DIIYY .NNNTA DHOPN DIMNN TY N MY Iwann MS -n (MS
A0IN TIT NPT NNDONT SW TPON NSITY MIND DY NI2YN Y Y810 3TN .IDDIN DYDY YT
D PN W .DINTN DI NDIDN IINM Y MNSOI NN MNIMN MNP .NND >0



NN .(Gralappa ef al., 2001) ©TRN >’y NN NDON NN NIONL XM KD NPIOVN
LDMMYN D091 DY NPIDIN OXIRN XNDD ONNNA YD 119 GC - 5 panmn
Brewer and Cadwallader., 2004 ) £ NXOX> %1011 DOROWI DN DX TI9NIN DY230991N

.DAVNIND YN ONNND IN DXOITIVDY DARNYN YT DY DOMYN ,(
1989 nmwa PN 9119 7y NS SPME - 1 :Solid Phase Microextraction- SPME
M) TN NN MY TNXN NN NHONNND NIYTN NYND ,NTIPIY 1DI0N NVIDIININA
n Yv 1vwa nwyy SPME 2 vwwn (Supelco, 1998) »»y N onn m7tya (NP X
N9¥NN 0 Y915 SPME -n .HPLC n9twya w (GC-MS) mon qumavpam 9Invmnd
2 - 9 197INY 220N NX D)ONDY XIXIND 1) NN NN VN (holder) 2>0 Pr3NN 9192

92NN MND NPNTY 0N P HPYN NPV N XD (Gyorgy and Karol., 2004) .n7o
2-30 T9D1na 9772 DAPHNN HPWN NPV .DNNTI INDMID OIS ON 1) DY NIDIN
, D3P NOWN MNXIN DNV TURD (TN 1NN TPYN NPYY 1Y AN DXDTI OMININ) MPT
»oya 0»n SPME 1 Yv o200 (Turkmen et al., 2004) Xon HYpwn Mo wiand 718 PN

DY72)) DY DN DXV DINDMP .DY¥TI DMINIIN DININ DY NI 1MNNY NN NN
DMINA MYN >ON ND2 NPNIAN TURD (199N DY NN 1Y NP NN

DY’0 YND MY MNYY oM (Kim et al, 2002) MDy DYNYH DMNX DN
DY DN PNX NYXTY NP2 OMINNN 020N .(Supelco > DY) »MNDN PN DPNYNN
-y (PDMS/DVB) 112 9917 102120 90> 1919 (PDMS) 01270 97Ny 1919 Non NN
91 MNT 9 NI PDMS -n 9y (Carboxen/PDMS) 021299 10120 50199
- N OY INADIV DX2357DN NN .O0MIAPI DI POV ON DINKD AP KD 0NN
2 (adsorption) NN*9o >y PDMS/DVB 2 YNy (absorption) ny»ap >y nwyy PDMS
Koziel and Novak, ) (capillary condensation) »>*9p »2y 1 by Carboxen/PDMS
DTN TYN 1) DINTI OIVNID SV NMPAPYN N NWN SPME - 1 5v max py15 (2002
D201 M P2 MYNI2 TanN .(Supelco, 2001) Spwn NPYH NYIN TUNRN (NNNTH TN
SPME 1 nX 79 XN I8N 9TV 2202 9NN DY DXTHN DXI/INND P2 MIND ,00IVN
Vizan and ) D7) 0»)NN 025970 NMD PNN NN PADND) TPMN NPVIND DIRNN
.(Parker, 2004

NPYTA0 OIRNM) DI NAMD KDY , 0NN VINOYW TINN XD,V w) N vvs : SPME 1 mman
SPME - 2 anm wvyw o»p (Turkmen et al., 2004) ©9>1) 019N HY D1 DINDM
DT DMNININ OMINMIN DWTY 1T DNV SPME - 5 .1nay nnivna apnn mnond
P05 D10 XIN NPIPIANPN MOYOWN DI IR PONNY 5190 XD SPME - v ax Sy . pxa

.(Koziel and Novak, 2002) v N nip»50) N2VITOON



1992 919509 NNV 1.6

M DD TITA INNKIY NTNN NIODN MIN DY NWINM NDT WP NI NPYA PIND
OO5N NN NMYIY YN NPONN IMDYN NN NPHN IR YT TN ¥ 1N NIVN MY

MDNN N OYIOND DXNXD N NIV NMY DL NPV MNP»p .(Frechen, 2004)
M1 01D IN OPNDPA DMOPIDA DIIINN HY MDDIN WX NPNVNIV .0 NV
NPON TIT PIND NN : OMHPIDIY DOYNNIN .1 .MPNIV 190N DY 1OV IN TI9) WD
5S¢ NNYNIN NTIPIV DI .DNSN YN KV DNON YNLY 12X DY DMININ DY NNOD)Y DO¥9 DN
DY DPN DNY DNAM DN DY NIDNN .INY NP 7PN NN’ADN TI TN NMIAX NDINN
Y DIDM MM G0 NN TNND TN DY OPI PINA NN DY PIND 212Y, M) PIN MPraDa
N> DY NPWN DIMDN DMIPNL) NXIN DY TIDM NPOY NN MNP DXIONND TINDL DWIA
NN ,D9W2 NIDVN PONNY PIN NDION L(IDVN TONNND YIAND NINN Y OWVIAN
L2 5 0ONY N DTN T IND N WA VIDOY N M) NPNIND NINN ODINY PIND
VINIWY I 18NN D) PUIR NI 110D DIDIN Y NYIN FDIIND NN DM DIYNNIN
MNPV NPY OWY 5191 5772 PNONN NN NADIN ,NLY DY NYAPN NNMP BN MMPNI
DOT) YV NIV IN N 1235910 NYIVINY DI TIXPNRI NP DWY PINI DIMIN DIDM

1) DY NNPAD : (02912) MNP TV ,: DPNOP DOYNNN .3 ;800-1400°C S NNVINNLVI
NN NN .ND DPTHI (ODIVMIP ,NNTN 912D 19D) DMYAV DMININK YD TIT2 NVUYN YN
NN POINN PV N DY NPAOR T HY NNV DINTNY DINDNNNIIPIN MYSNNI

Camus, 1994, Metcalf and Eddy., 2003, Stenberg et al, ) .511) £9 NLWY TSN TN PN

(2004
NN PNNY -NIT T2V YIDY : DMOPIDI DIWNHN .1 0N SPYNN MM DIDVO MLV
oy PY WP NYIN NN N DINNY - MIN DY TPPON NNDION [, PIND DY )1PD NIWIRD)
DIPN N ,MNON DYDY NIPIN MYYN NDOLY 51NN HAIN N9 NLY DINNY L (MDITIIND
0N NINN,(MNINNI HINK 70-90 DXNNY) PPOOY WP (DXNIND DX9IMI) MDY D3N NONN
NONNY L(MIN2) DIWANN NMDYY TPNYRIN MDYN TR NI DY NNNN TWAND) MINDN DY
INDINN NANT HY AW NINN : DI DOYNNN .2 ; (NN N NN PVLPN) NNPN DIPNIA DN
YA DY MINNA MNPY 0D  DMNYPI DOYNNN .3 (PION INDIN NI PAN NNNNNND)
12977 NN NIIDIM PYAVN NIAPIIN PONN NN PR NVYY NNN IO D02 Y 01NN

.(Pfost et al., 1999, Toombs, 2003, Gustafsson et al., 2005) N> 90N MY

mMpm o*pn 1.7
OMYNYN 7Oy NON ,0»NIIA0 DXTIVNY NDEN MYTINA POY MIAPYI MNINKD DNYI
Y10 WNA ,NPMIPHIN NMIVAN DN) 1122207 MDONY TIVNN DN DXAWIN DY NI 99001
DXMIPN OPXIPN MTYA DN NN NMPHI) TOROPN MDY MMV MNONN DOYIAND N
12D NN TIVNN NRNIND OPNMINID DOYINN DY MNYNI NN INDN DOXNYD (W DPNRD
SOUND 1PMAIN NOONDY DMNN NTNIND NYP TIVND N DMWY AP MMNIND ,M>Na
NPWYY OONPY DAVIN 17P2 NV PNN DD9W IPVNY MN VOAN NN NDAN



901 TN MMDN MOINY OTRN M2 A Yv NN qo (Charles et, al 2000) ©»N5pN
1N XD DY DTN N2 P2 TIND MY NN NDMN 1D ,DPVIDIND DYPYIND 2 DV NDNN
MITHN NYIAPA 29 OWVIP DY PNPON NNSY NN OO P DLV NN NYPY
AGostelow et al, 2001) NNXNN NPXPNY PN HY NPHDIDNN

-NOWN 2N PIN) DN NYINY PIND N YTIVN NN IDIND XNIND PIN OOP ,NVND
IN,YI91) NI DN NINY NPN Y910 ;920 dNY2 IN PIN MDY DTN DY NI 2D yayp (1961
N9 NN PIND NOON ,DDIN 7.0 DII12I1YY IN DIPHN NATPA NNNN OTNY W91 WY
DY NPI09 DY NID ANNA /PAD ONDY AWIND THYNPYNI TN NITHIN NNMP XDV DIVN 1Pyl
POPMAID NPIDIN NN PRYNY NPTXIND AWNdNID 191D INYN YD ,MVPMID NMIVI
MY MPTNI .NPIVMVPANIR MTTH DY IPOYa MDOINHD OIYI NNPNN 0PN NI)
IN DY, NNPN ,OOPIN DOI1DN 7N IPINY MYNNNI NI YTIVND MONMNN NNMP OOl
DNPIVAIP DMMP DX P DMDLVPAN DN N >N P 1Y (Both et al.,2004) nvym
MY DOMN NN DM PAD PVILIN DTN P2 WP NYP .NMON DINYY DODVPMIIN
2 NY 919N 92T ,0MY N MNPN P2 PIPRIVIND VY DY 0PN VINL DTN
NI MMANND DN 7O NN DY PMIAIND NDXANN DIV 1NI.AMD X YVD)IND LPIND
DYVITIVDA TN Y DPIRDIDININ DIVNIY DINNNY NYP NP THD NPTHN NNNYND DMWY
NN’ TN WY ,NDIN NIWIRNDN NPPPN IWIRD 1 By .( Gostelow et al., 2001) .o»mpn
PANSN SN DY TPMND DTN DY DOIANY PAD ONYA N NITHIND PDLVPIAN DTN
DY MNPNRY DMMNIN

D02 1)1 .0 D112 MNID DY DINY DIVIRY NP DT THY DOWP MNd) 01000
970 295 NN9M 123591 DY NITI NN VAN 122D DTN 2070 12D YVIVIN DN
.M DY DND YW NYOVYND DN’ DNYY MIVNN

IN DY MMM DMNNNN DTN DINMIND DY DMIPOYN DIADINN DT NMNS0N
DMIMIN TITAD NI D T .NPTHD NPTHNY ,DMIVN NN MNPN P2 DMWY 1ON DXIIN
VINY DY) ¥IND DMP )2 10D .9INVMIND 1) NNHNTI DMVIVIN DIYNNNI DT DMNIN
ND ,D»9X9D MNPNRN NN PPARD NIND 1PN NYYI XD MITN DD NNT DY .0 NNNA
DXNIN TN DY NYTN INN P2 IWPN NI XY DTV N 21N DINTY TINNTIND NNOP
DPVDIN MTTN PO

nYMO’N

YOP 790N DDA DY 2D NMIND JN ,NNT DY .0¥TI DMININ DY 27 190NN DX DX NN
NV OMNONN DODIV MM PIARY I (10-20 -3) OMIPYY DT DMIMIN HY PO
ONOPYNN

1197 129 SUNNR GN 7Y NDIMN PNION NKBI NN NNKIY P DXNN DMP 2D NN D) 1NN
9N DY) OIMIN



9PNNN MION

97195 P2 N OMNPY DAY NV NN OMINAIND NN 12390 DY IRNIYM JPON -
INIVI N OPYND DINYPN MINID

TV N IMIN DY DNITO DINIPIVIND MNTIIID DY NNPNNN MNP -

MY MNIAPN NN ND NPVIIN MOLIY MM -

NN NN DY NYT AINM MININ NNPON 1NN NN 12390 P2 PN M) -

MYV OMIDIN .2

099 MNI DY 93 1PPARY NI NINN NN 2.1
N2 POXIN NNVN PIN N TIVN DNV MNPNY ITID MMIPN MY 1IN 1T NTIAYA
TONOYTINHND DAY N HOPYNRD DTN Y M) NN (DOXW70N) DAY NPV MDNY H1INd
TNYA IYIARNY NVXY MNP 1T NTIAYD 1INV NXIN MNPN NMD NNIRNND NIVNI NNYY)
21909 NPNTNOVL MM DIDID N TIVH NN NYIAPY DXDIAD NLYI MM NN
M3
NTIAYD NYIRNND TPNIITIND NNIY NVIN2 MION PO YONAY MNP MOV PNNN THINN

DY NTIAY2 NN YV MYON 29NN 1PIND DY NN NVevo RPN HS-SPME -oy

NN DTN D297 DY NNADN ,MNY NN MLV IX DNN1 viddy w1 X9 SPME
Y LN YAPY WA ,NLYI DTN 19N DY YN DIAPY MY IO ON 1) DY MW

DTN THNNI WNINNT MDIDY NPIPRIIN NINIINI MINNIND
NAD D NITYA DAY DT MNONTI NN NN NN YT DY YNIND DINTH

923NHN 9INVMID A NPOINY (Head Space Solid Phase Microextraction; HS-SPME)

N9 GC PPiapa HY N PNRN NN wsann o1 (GC-MS) mon qunmIvpav NI
12 MP>TA NITO 555 MMNITINNDD MM .51 N DT HY NDIPY NIND NOIN PYONR 97N 20
DONTN Y ,NOWNN TYN 0N ND MINNN 3D NNNTN PNONN ONIN NYAYN NN
DYIMIIND N 1230919 DY DMNN NN NN ,NHDIND TV NWNN ADWN PON DY NNIOIN
P2 N9IDY DY NV NOND
(D19°0N TN NMY MTIPIN) MOXINT NPV NN : DINNR NN MNDNT 19ON)
LONON 2) MO NOIDS DO NV NN DINTN (2,1 MNNKN) Y AN IPAN NI
NP NNDM ((DXNDIP) DXAVIN DI PNYRIN NPIVYN PRND DD [, IIINN PR DIV
9 NI N9 DINTN (NVINDI DY INKD DX ,NONDN INND NIYN XY NXIA ,NDID)
NN TIND NDON) DY IN DAY HY VD 1 -5 .MINSVN RXIIN ODTN-I8N HAT DY DIWNT DO
MNINIY DA .NTAVNHN IX NINPN MITINI 1IN ,0NTN NTIPI2 H12NYY INNKD P OO
(D29W) 971D 3N (NXI/PXIN HAT) 3 3 -5 12NN 19N INKRDY NDIDT HPHN NIYA 2V>N 22Ny

,D29>T) NPNIND N2 TvND 105°C -1 135 OTP MMIN W) D71 20 N2 GC »mprapa Pnd

TY AROPNY AWM L(NDODN Twnd DN D) 1NMINY) NVID DY DPIMDN PP 1NON
DOIND



2291 NN N933) HS-SPME GC-MS mysnNa Ao 2.1.1
SY NTVINNVA DD VINNI MMSDIPIND AN INOPNN OMNPIAPAN INXIN NDLIN TNSD
NNYY 200 NOOYN .NPaApan DX SPME - 1 220 910N 1910 9NXD.AYY Tund moyn 30

VNN .M VNNN DON DX PO DINN NDWNN AT DN .MPT 15 Tvnd DMPnn 2172
Ty (DX9DN DIMIN NNYOD N DXIIMIN DY »NNMI2Y YNNY 1IN DY) P Ni?I1aPa DN NYTNIN

(3 7IN) MNNOHNN INNY T NPITHIN NYSAND DMPnn 212 .GC-MS 5 npatny
1IN NPT AY PWRIN WIdwn N9 conditioning a1y SPME -n v o1on
300°C Yv N7v19nVa1 NMyw 2 ; (DVB/CAR/PDMS 2>0) 270°C v 'anva nyw 1 : (Supelco)
vInYo vy pa (PDMS/DVB 2'v) 250°C Sv anva mipT 30-) ;(CAR/PDMS  2>0)

MpT 16 U5, 230°C S NP 79902 G0N NP DXDN 1NAY

Hewlett n92n S¥ (Mon 20NMILPAD INVNITO 1)) GC-MS PYI NIV W MPLIND
o Yy SPME mysnxa »1 19ra npann nanTn (G1800B GCD) Packard
VNI X2 NP KB 0.25 DY 10IPY 101 30 DY TINA Rt-BDEXsm »on

;41: 300 mM/z YR9IN MON NNV ; 230°C MXIHN NNVLINNVI NPITNN NINVIVNY : NXINN ONIN
oY NMVLIMNLY TY NNONIN NPT TYND 50°C NNMN NN OV TPNONNNN NNVINVN
P12 10°C 5w aspa 200° C 5S¢ NMVI9nYY Ty 2NN NPT 4°C 5w aspa 150°C
YA T/973 0.8 DY AXPA DPON 1) DI NOIWNA T 5 TUND NVIAP NIRWIN N NNVINY
Enhanced ChemStation, 121n2 vy > DY NYY) DNMIN Y T 36 NNINN DY 99150
99197 TNND 12N MNANT HY 17 1901 HY MNHINN NP0 ©01 Yy .Agilent Technology
5y YY) DMIMIND NMT DMWY ML ,IP2 DAY DN DT DD 60-1D NHYNID
71905 MS - 0 Sv nxnvn TN (RT, Retention time) NnYIipa ©10I0N NYNY 19T ©02
DYINRNN OXOITIVD INYD) XY DN DIPNRIN YOP PINT .DMPI DXOITHVDIY NIWMNN

DY DY NINTA NOVN DY MDNN D1IVPID P2 (80% HyN) NIV NNNNN DY DDIANN NN
NYYI NOVN NLY WON .A9IN DI DMIPOY DN 4 VIO YT DY M) NNNN .NMIVDL DOPY

1x10* -n 0210 Drown sNLY .1x10% 5w 9PN NW NV DY MPYN N NLY O LY
PN DY ORTY NPT DAIVAND DN (baseline) ypan >wyy YW DINN2 DYN (area counts)
(3.2 1920) MNNNTN Y2 NYN DMNX DXINN 60 - 3 OY NN 1IN YN DN NN

HP-SPME n9tya 09 013919 02999971 09N901 D20mM5N YW N’na 2.1.2

DNOXMNN OXININ I90N DXIMNT DY VNNV TINN 1IN OOPNINTINNDD DXVINYRN NPN1AD
DMLY ,DXINI , M) PNV MXNIN ,NPIHNN NI MDIN) OXIDN DY NMY MNP
Y02 NXY 1N DY NPNIITINNN NMPITAN D 12)X0 1PT2) YN 010N (OMVION DN
1N NPVN NINN DAY NXA DY N IPTA OONIDYTINNDN DOXVPAOND DD .ANNYND NN
LAY N N9 DAY



MNDHND MY1n 2.1.2.1
NVIZYD 172N UK (971D 3 IX D) 3 2) MINDNT-NN VDY S NITO NNPDI OWT NTIPI DN

95 .NNX OY9 NPT PP 952 (Head Space) ndmnD 970 20 Hv Noa DMWY OMPI1APa
INDT NN VDY DV 1PN NPV DOYNINNIN NX DNNMN NTIAYI OININ

Ha1m NYIAN HY PONNRN ININ NYawn 2.1.2.2
NTAYNY NLYNN INNAN INRD MNNTN DY PONND NMIYON NN PNAD 1N DY
5y MINA NONNND NNVIDNV NYIYN .DX9>TIN 25971 DY DMV NONNX ININ HY DNYOVN NPT

(-20°C -2) NxaPN2 X (4°C ) MPPA NONIRY MINDITY NPV MNDNT P2 IRNYN O
NYH NN DY NYIWN D) NN IPON NNVINNVN MNIN D2 ,q0NA DM 990N TwNd
(U711 3 5v N9 N ) 3 5w Hpwna NnnTo) NaCl 20% nodnn v H7n 3 Navin > DY NPNTY
DY NN NOTIND 1D DMIYNIPMI P19 70NN 21D°¥A NYOVN NPND NDID NDNN NODIND
N2PNN 112NN MNNDNTN IPTY NONRN ONIN Y2 (salting-out effect) ©»ON DN
MNXONTN OMIPNN D32, 1D NONKRY 112NN IR (2.1.1 Pyoa aNINnd) GC »Npriapa 7ind
DTN 025991 .(2.1.1 PYDA ININNI) MH¥N 23Y 30°C -1 NYY HY IN¥IPIN MY
NVDIND NN NIDNY NIV NHPNTI OITIN 1IN NYIN DNV NONKD ININD INNNDIY

oW oraGC-a

200 W0 nyavn .2.1.2.3
2 DY2TANN DMV DXXIIN DY NNYADY DIDIRNND YK DMV DINDN DD DINMP

,Carboxene (CAR) Sv DMy DY Ipoya) »MmdD10n MNPNN 15702 DN 0X2ON
YLV IPT n NMaya (Divinylbenzene (DVB) -y ,Polydimethyl siloxane (PDMS)
yax-(Carboxen /polydimethylsiloxane) CAR/PDMS mon Tnxn ,Supelco msinn 0o
YW Man yax-(Divinylbenzene/CAR/PDMS) DVB/CAR/PDMS non »wn ,nv

DdON MY 5N> yas-(Polydimethylsiloxane/Divinylbenzene)PDMS/DVB  non
DY NOOWN YOVUNI MNY MXIAPN DT DININ 22D NPT DN

20N NOYYN TYN NYavNn .2.1.2.4

MNNT NVIVYI NPT 2DDY DXNDIN DININD DY NN TYUN) 2DON NOWN TUN NYIVN
OMPNN Y92 T 60 ) 1T 15 TUND NPT TUNY NOYN  DXON DYDY 12D DMV NOWUN
.2.1.1 Y02 ININNI PINN N9 NYY DY MMXNPIN IY MINDNTD

NVYIND 79 0NN 010N 220N HY NNINTH IV .2.1.2.5



5Y NNADIV NOXYTH I X2XD NTNN 2D NMIVN TINN AN NTayn »nona SPME -2 vinmw
LDWTN NRY R nyxann GC-MS 1 9wond Npatnn NYvaw own (I8N 25Y) P00

AN WD TN VL (NTY1A) MNS NLYA DN NS SPME -1 oownnwn qund 09N
TN ©X01 DMIMIN DY NNAD YNNI PNDINT IN 2PDY INADIV DIMIN TIVN DY NMITVIND
DTN TNN VW, NTIVHNND PRIN DTYNY DAIPNIA .NVIND TV NTIYNY 2ON NIaYN
.NIYY 9010 TYND 230N NONRD NIINNN

.2.1.1 yDa ININDI YA NHINTN NN NXIND 19IND NPT 20N DY NDOIVN NN MDY
SN VNNN NITMN NN VNN NN INDIDM NPIAPAN DY NPNRY 2PDN NVWN INND
Ty MY 20 - 5 qunY  (4°C) MPPY AN WX (VNN TIN2 NNIY ON) PP NP
DXY0NN OMPIAPA NITD DY IPNN TIND OODIAPN OMNN 6 WX 13D 19N .APIIND
3 =N DAPNNY 0NN L(2.1.1 PYDI ININNDD ,P1APAa N 3) NN IN DT DY MNONT-NN
IPINN DXADNN DMINNT NVIDYY Ty ;10N HY NHOWNN DPD DY THN IPINN ONPIAPA
DINSIND P2 NNV N9V .90 ININND NP NOOIIN DXDON IWND [, NINnY P9
INND INSDIY MINSIND P INADN INND MDY PINN 1Y IINNY DONN NYAPNNIY
2P 0N MY

("field blank") 70172 1N DNPNRY DT DXD90 MNDN KW MIVIND NPT 90N
17509 105°C SW N1VI19HVA NN NDD TYNY IDIDN DPP DXP) DOPIAPI : NI J9INI
TURo 30°C H¥ N7IVINIVI DM VINNA MXNPIN 1Y ONPIAPAN .ANNNND DRI DY
5N SPME - 1 2>0 0390 Nyw AINKXD .(MNONTH Y DHYDPY DNTXIND NN 29 DY) Ny
71222 MYV 20 - 95 ON INWI NHVYNN INKRD MPT 15 TUND qun) OM NP1Ipan

.GC-MS 2 nv5ND 1y P2

PN DIYNONIVION NN NNPN YU NN VYASND NYIAV” 1PON 2.2

Y% NI NBAY NHNIN NNV

NN DAY NPV PHTINT MNY MTIPINY Y NI NI NIINT INPI IPNNN ToNN3
DT NTIPI DD PIAND N DTN DIPIVIID 19 DY WY MIPDIND NITYA .1PONIN NPVN
D91 DIDVN THNNA DXTIN DMIIINT DINNDN DMPWN NN IPYY 1) NPV PN
18

DY 952 UKD , DMWY DIINN 15 - 52 NNIT INPDI DINTN MTIPI DY AN DaApD M Dy
DXVUTINA D»MIYI TONNI INPII DMINTD .NYN DTN MTIPIND MNDNT INPD) 0INT
PONY WX NTAVHN IR MINONTH NNAD DY .2.1.1 PYyDa ANINND WNINT DMWY
:MININ MP>TIN MNINTINA

772 pH -n .(pH 1-14) pH ) myynNa np71) (pH) nvsmn nny .1 01550 mprTa
DN DPPIN DX DY NPXINN NIIDN NA2NY MPIID MNDNTI .O0MITNN D9V MPY?

DD 9901 TWNY 70°C S¥ N7IVINNVIA NNNTN YIAM INNRY PTL) ,DOPNIN NN .2 .1: 10 YV



9713 250 N9Y2 NYI1DTD IIIVIN YYD NININA NNWY) NPYTIN I J220) TPNINX NP> T2
mMHI9Mow Kitagawa Nanwn MysNnNa W8 MTTHN .D0NTIN 97D 100 5 1039 1IINY
0.2-20 ppm P2y DXNNLI N N MDY PN MNNND YINN MINIY .NPDVPID yaN
H,S o105 (10 ppm 5w noap P71 nv) 5-260 ppm WX (1 ppm S IXAP YT NNLV)

.0.25 ppm Sv¥ P71 NIV MOYa 0.2-6 ppm PAY DALY YIX MINAVA NYNNYN

.GC-MS 2 mNmTN Y92 P12y DTN 209D

S92 AN ND92Y NHNPVN 1IN ONNNI NI 1IN 2.3

NN OMPT 19ONN SPME n9iya 03910 0XmNND 10X DLV NININ 1PIN TNNSD
TPNNND P11 DX YTTHI DINTN TONNI .(4 MININ) Y M NI NMVN NIN NLYIA DININ
,IND ,NMVINNL) OMMIPNRT DPNINRVNT DININD ITTNI GONI PN MDD YIMNIM
Nielsen-Kellerman naxn gestrel 4000 2010 177D WD MYSNNI (NI MPIN

NDD MINAN NN OMINNN OMININD N1NIAD 7YPI NTITIY IY NN NN NYNIAND ) MO
LOWTN TP WP

0NN MY DY NHYEM N9WHIN 2.3.1

NYY) DNN INSN YATIV NIVINN TONN .NOLYO NNIND TYPNHN NN 1N DININ NN
: DMINAN NIV MYNHNI

5 30200 MY NMNXIM NPXTAN TONNI (MODMIN DY DY DMND) — DY N ") .1

DY) YIZUNN NHY NNNX NDYHN MITON 1D NNKN D2 GUNRD DMNP1APA 3 YV MITO

ION IAPY TN NN (DM THNY DMDN 1122 HNVIA DON DMNPIAPA MY
A9YTN NN NN NN

I-butanol S¥ 0127 10 S¥ 1MNMIND NITO DaAPN NN - NI NN NP> .2

NN NI NN (MM NN D) 125-64,000 ppm Pav NMva ;2 S¥ M»ad1
TN D HY NN NHNXIY NN XD NITDI DINDINND TNNR DI NIKNY NPNND
,IND WoN=1 ,m) PR=0 :TWUKD ,6 -9 0 AV NYPOI (MY THNN) DININN
I NN NN G0N D20 MNDA NI=6 ,TIND PIN=5 ,PIN=4 PN»1=3 WON=2
NN JNID IMN YIM (DNN NVR YTV NNV Y030) DIXNDIN TANR NN NITON

0NN PIAPAN DX INNT W PO (D3DNIDN DI MY PI) DIPHN NX PINY TIN

SV MMOYIN N IN NIYIN NHTT NNOND TTH NI MNTNN NON - INTON VD NPT .3

NPYTAN oA (NP2 O X)) -4 -5 (N2 o) +4 Pay NORPDA Yapn MmN
IWINY DXININN DY NPIND NN NN JNN DY MNP DY MDNN JN2ID DNNIN
.N9P0N %9 HY NMNOYIN NN NN XN NDMHNI



nvLwa N 019 SPME -2 vinrw 2.3.2
257 3PN (5 MMN) NLY *NIN2 SPME - 1 nTaynd 1pnn mad NLYS NN TINY
N .NVN AT IMN NIIMNMND NONN NDNP INXPIAY XY VN 257 1DINY \Y DY0IN
ToNPa DVIN M P M 0NV 10 SPME - 1 n»Ynd nTyynn nxHvan v noopn
200 IX NPYNY v) SPME -0 N 02920 DTTHN NTIPI JPNND NTHYN INND .DINTH

DIDIN DTN INKRD MYV 3.5 - 59 250N qUNI DINT NTIPI YD1 .NOMPN M DN (NH1ANN MY
2P PPIAPAY ITMN VLNNPN KON DX 2PON
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Head Space Solid Phase Microextraction (HS-SPME)

Plunger N - - P,rr-

l / W&
Barrel
\W— Z slot
b Adjustable
depth gauge
Septum

piercing
needle
Fiber Coated fused
attachment silica fiber
needle

Sample

.SPME - 1 220 "M GC-MS - N won 050 0NN INDPPN 3 NN




95919 TINDA - A MIPIVN PRD TINDA-NX .1POXIN NMPVN NN NVYWA SPME - 1 \pnn: 5 nnnn
Balvapbia)



191 MINSIN .3

PN MPrTa 3.1
0T Mo 3.1.1

990N NMMYN DINTA MTIPIN NP MINTN 2.1.1 PYDA ININND NNYY) DINTN NOWI

.3.1 19202 LN DMWY DTN DINY

MPITA TN AP M P2 NI MYXIN NN PNINN WONIY NIITH DIPDO : 3.1 1YV

.HP-SPME nv5in5v nyasminn

DT YTVIN

DTN NIVNH

(MN9VL RX¥HIN) Y NN NI

P28 NPV oD

6.11.05 (TPON N¥12) 10.11.05 | TwmM 2>ON N Nyswn npo1a
n9WUN
31.05.05 (1IN PN) 19.05.05 ONTN NONNONIN NP>T

((519°y 795 NNII) 2.06.05

(MPPW IN) 14.7.05

(5199 95 NN) 28.07.05

1IN DYDY MY NNA) 11.08.05
(N9591

(NP>Y PN) 18.08.05

(n©17)) 18.08.05

NN DYDY NSY NN) 1.9.05

(M52wn
4.07.05 | »95 NN MNPV PNR) 14.07.05 | YMOY DY nyavnn . npdT1a
(910y DINTN YATH ON Y NONTN

(5199 95 NN 1.09.05

(Noown NNHA) 1.09.05

(noY7)) 18.08.05

(MPPY PN N9 213) 28.07.05

(5199 795 N1 5.01.06

PVOIND TV (10N DY NYYVN)

DNMNVNND 312

723591 NOZD DMIMINN NYOYWI 3.2 NYAVA 0IDNY 2.1.1 PYDA ININND M) OINMN NNN

GC-MS > 5y N7 9pNNI MNHNTI INNY DMVINMIT DXIMN 121 MIADNND DN N

DMNIY DXIMN PN MNONT DY NHIR D02 DY NNNY 1INV DIMND .DXVITIVD)




NN2

.(80%

S5yn) DM NMDNA PH MavNmn MS nyIopd DnprRnNn nItya

N DY NOVN NLY DY DXODIN NNNTI IRYMIY DIMNN DY DNV YNLY ,MNINVNIION

MINN DY OMIPIYN

TVOIN MINNIN 29 DY NHNODN 29 DY 1)) TNNDN .OMININ NN DININD NNOWA : 3.2 1YV

.DMIPOXYN DMPN DI LY ,NAVNINNDD 17900 INNYNA

NN OMIPOY DNV NN 0T

wITIND 117) NN DN | YU NN It noNTA
# MINNNON OPYN N XN ™Y | (MPT) VITIVD (Mp) NN
MMID D1 47,48,45,46 CH,4S * 1.10 Methanethiol
NPT NYOT 76,44,78,77 CS, 212 1.43 Carbon disulfide
1P NS 62,47,61,58 C,H¢S 213 1.52 Ethanthiol
PO 62,47,45,46 C,HeS * 1.59 Dimethylsulfide
?Inn 43,58,42,44 C;HO 2.19 1.63 Acetone
N7 30,28,31,29 C,H:sN 1.68 1.65 Methylamine
49,84,86,51 | CH,Cl, 2.39 1.82 Dichloromethane
21N 58,57,59,55 C;H¢O 2.16 2.16 Propanal
NN 45,72,57,42 C,H;O 2.53 2.93 2-Butanone
N7 44,86,42,58 | C¢H;sN 3.38 3.49 Diisopropylamine
PInn 83,85,47,87 CHCI; 3.57 3.57 Chloroform
o7 73,44,56,42 | C4H; N 3.79 3.79 n-Butylamine
o7 86,58,101,44 | C¢HsN 3.74 3.81 Triethylamine
9N 78,77,52,50 CsH6 4.02 4.16 Benzene
7N 95,132, 60,97 | C,HCl; 4.78 4.74 Trichloroethylene
61,90,48,75 | C4H;(S * 5.27 | 1-(methylthio) Propane
NI 88, 73, 45, 61 C4HsS * 5.42 Methyl allyl sulfide
SOMIN 91, 92, 65, 51 C;Hg 6.11 6.2 Toluene
NN 43, 45,60,42 | C,H,0, 6.34 6.9 Acetic acid
?mn 166, 64,129,131 C,H, 7.04 7.01 Tetrachloroethylene
791 94,79,45,61 | C,H¢S, 7.26 7.44 Dimethyl disulfide
NN 45,43, 88, 44 | C,Hz02 * 8.04 3-hydroxy-2-butanone
PIN 43,58, 57,100 | C¢H,;,0 * 8.18 2-Hexanone
43, 57,85, 71 CoH,0 8.96 8.88 Nonane
omx | 91, 106, 105, 77 CgHyo 9.27 9.3 Xylene isomer (1)
91, 106, 51, 77 CsHyo 9.33 9.44 Ethyl benzene
125,140,111,126 | CgHp;nS * 10.11 2,5-diethylthiophene
91, 106, 51, 77 CgHyo 10.22 10.22 Xylene isomer (2)
111,140,112,113 | CgH;5S * 10.52 2-Methyl-5-propyl-




thiophene

N 74,45,73,57 | C;HO, 11.21 11.36 Propanoic acid
oNT 86, 44,57,129 | CgH N 12.32 12.37 Dibutylamine
PO 57,43,71,85 | CjHx 12.56 12.54 Decane
oM TN 68, 93, 79, 136 CioHs 15.45 15.43 Limonene
waYN 60, 73,42,45 | C,H30, 15.51 15.59 Butanoic acid
PO 57,43,71,85 | CjHy 16.23 16.23 Undecane
IMNIN 126, 79, 45, 111 C,H,S; * 16.3 Dimethyl trisulfide
NOSN 58,43,71,142 | CoH;50 * 19.02 2-Nonanone
DWW N 60, 73, 45,55 | CsH,,0, 19.32 19.4 Pentanoic acid
91, 124, 65, 89 C;HgS 19.34 19.74 Benzylmercaptane
PNNS 57,43,71, 85 C,Hys 19.91 19.89 Dodecane
latab) 81, 152, 96, 55 | C,H;c0 * 20.42 cis-2-Decalone
noIN 112,69,139,154 | C,,H 50 * 21.33 Menthone
106,121,77,79 | CgH{N * 22.05 N-Ethyl-benzenamine
vawn ,9In 60, 73, 43, 87 | C¢H,,0, 22.46 22.46 Hexanoic acid
NN 94, 66, 65, 55 C¢HO 22.85 22.75 Phenol
N> 90N 57,43,71, 85 C3Hyg 23.19 23.21 Tridecane
YNIN ,PINN 107, 108, 77, 79 C,HzO 24.69 24.69 p-Cresol
158, 79, 45,64 | C,H¢S, * 24.79 Dimethyl tetrasulfid
wawn ,5pnpn 60, 73, 87,55 | C;H4,0, 25.28 25.31 Heptanoic acid
o | 108, 107,79, 77 C;HgO 25.51 25.6 m-Cresol
0" TN 58,43,71,59 | C;{HxO * 25.76 2-Undecanone
P97 230NN 57,43,71, 85 C4Hs 26.4 26.38 Tetradecane
o1 107,122,77,108 CsHjo 27.18 27.28 4-Ethyl phenol
9PN, WNYN 60, 73,43, 101 | CgH,40, 27.67 27.67 Octanoic acid
(E2al 57,43,71, 85 CisHs, 28.66 28.66 Pentadecane
P97 ,WoN D) 105, 122, 77,51 | C;HO, 28.83 28.8 Benzoic acid
RRNYA OTINIY 117, 90, 89, 63
no»na CsH/N 31.72 30.2 Indole
58, 43,59, 71 | C3Hy0 30.0 30.2 2-Tridecanone
57,43,71, 85 CieHas 3.36 30.37 Hexadecane
R 2SIN¥ | 130,131,77,103
no»na CoHoN 31.1 31.3 Skatole
57,43,71,85 Cy7H36 31.82 31.82 Heptadecane
186,185,184,51 | Ci,H;oS 32.05 32.05 Diphenylsulfide
won poT 57,43,71, 85 CigHsg 33.49 33.48 Octadecane




DM MR INMT XD VX DMININY NN VITIVD 9 DY NP DINDD YNDNN NI YT
.39 MY
LDINNN VITIVD VMY N ROY NPON VLITIVDD HY2PNA DT NOY 19N N8N NI

# Morton, 2002, Hamilton and Arogo, 1990, Wright ef a/, 2005, Suffet et al., 2004,
Gostelow et al., 2001, Metcalf and Eddy, 2003.

MNHND M40 3.1.3
95 May MmN 3wy HS-SPME myxnxa nHDIND NINSIN MVTN DTN DX PITA0 1 Dy
MV MITN IRYNI DD TITA .(MNXONT - NN NN OPHN D¥TI ONPIIPA 3) NINT
970 O8N5 DY ODTIN WAPNN OMIPHNN PHNA NNY DY .0XNWN NV VOCs -n 15902
DONOYN YNLY UKD HHD T972) DIPN D) PN .DIMDN DO HY DINOVN YHLYI DTN
M .NNNNN PONA P9 OMDN 23090 DY DOV WD 01 (<10ES) non oavp v
MNYN MITN VAPNNY 1PNN NMVLD MNINK DY DOYXINN DY DOINND MIINN DY YODVLD
NN MIXID ) DT MNN .OMY DTN 2ITDI DINOY ONLY NI DNX»N DN NIY
(MINNX 20-35) PONY DNLP PN NMVD ONNK DY NV MPTN NYAPNN .1 : MNXIN MNINN
INT) DN DX W ,ONNYY .OPVPON DNNNN ITHX DY 022359901 PON NIY
) .2 ; Dimethyl disulfide Y p-Cresol Swn5 (HNKX 65 2>20) 9N 0X112) 1PN NPV INN
Methyl nmy9 9.45x10° Yv Now NOWI (68%) TPONY M) VD MNK p-Cresol 9 73 MNY
p- 1 (5.04x 10*) 571 77052 MY VP NW NV 51% YW JPT NPV HNX DY allyl sulfide
23% 7N PNN NV NN p-cresol - 25 NMINIY 1N TP KT MINPITA (3.3 NY2V) Cresol
) Am» Ty N nowy 11% Sv ypn n»oo oy Skatole Ny 8.53x107 v W NLW

TINX DY AN N0 ANMA MPTAN ,OITY N BN9Y Nown NLWY DAmN1 .3 ;(1.04x10’
NINN MNDNTL VN INDY OOVPON DNIPNNNI IPOYL 1T X PO YOP NPVD
NINND MINANTL AWRND NP NV DIPD MPTIN Y 71N IPA DT MXONTL . NNPVN
oY N N2 MNONN YIN 12T PN (3.4 NYAV) INY YOP PN NMVON HNKY NMVN
PR MNTA 0) IR OY .(GC 2 019NN NTIND WI9NY DXYTI DXIMN NMINT) D3IMIN
0D N XD YD NDIY OVDIVLVLON MMIND XV DTN VP NXOY JPNN NMVDA OYTIN IND
NPVO NPNRY DTN DY .MPTNN PIAD NOVN NOVY TN P WP WY OYNYN TN 19INA
MY (DTN 29D NAANYY R DY) NIONTN DY NPINNMIN 10NN 12D 5197 M1 X PN
YNTIY NTTIA NTTN DY THNDNY Y KD ,PWINN 28N MV IN (MPIN 190N) 1O a8Na
2590 MNDN DY TPIPHR INNN DAPY 7N DY NPYTA 535 MNN WIDY MINAD Y8I5 NNIIWND

T DTN

.HS- SPME n15382 92pnny ©oNown YNOLY DY mMPTHN NPdTa : 3.3 1Hav
wapnnv (Standard deviation/Average®*100) nnunwnn »NTPN DWW NYILN DY /N PONI

DNX 0y ¥¥IMN1a v Dimethylsulfide May wapnnw Nown >NOY ,NNNTY . NIT 3 DY mMItNa



YN MNNNT 20 -2 122APNNY JPNN NPV VNN NN DY DD MY T .52.61% SV 1PN NMLO
MPHIN 60 57N1D) MM 3 -2 DY )N DNNX DD

LDONOVN DT 290 MPTNN NMINNIN NN DO0N NDIVN DY A PoN

X
NINYNN 'nTEn
yxinn NIXNAITN 190N
n¥Aa | m7imam noMa | VIp'y AR 7710 I7T2Iv
Dimethylsulfide 37.12 88.34 39.27 45.71 52.61 20
Methyl allyl sulfide 37.08 50.96 50.96 12
Dimethyl disulfide 18.16 25.07 173.21 46.35 65.70 23
p-cresol 66.97 63.68 71.30 69.42 67.84 16
Indole 34.21 23.02 26.12 27.78 23
Decane 21.44 25.70 15.56 31.50 23.55 26
Undecane 21.52 28.39 30.86 47.90 32.17 26
D'X'YUN 'NUY yYXINN 7715 yxinn 1o0n
nov v mTm NIRNAITN
nxi m722m | noMm VIg'W AR | O'R'WN NNNWNN | IPTY
Dimethylsulfid | 2.79E+05 | 7.00E+04 | 7.00E+04 | 3.78E+04 | 1.14E+05 | 52.61 20
Methyl allyl sulfide | 7.43E+04 2.65E+04 | 5.04E+04 | 50.96 12
Dimethyl disulfide | 7.52E+06 | 7.43E+04 | 1.61E+04 | 4.40E+05 | 2.01E+06 | 65.70 23
P-cresol | 8.57E+05 | 2.54E+06 | 2.62E+05 | 1.62E+05 | 9.54E+05 | 67.84 16
Indol | 4.23E+05 2.08E+05 | 1.08E+05 | 2.46E+05 | 27.78 23
Decane | 4.67E+07 | 1.22E+06 | 3.39E+07 | 4.20E+05 | 2.06E+07 | 23.55 26
Undecane | 1.34E+08 | 3.15E+05 | 1.43E+08 | 6.61E+05 | 6.95E+07 | 32.17 26

MNDNT DY (DINND) NNNWNN MNDTPNI DINROWN XNVY  MNDINTH MIPTN DY NPYTA 3.4 1YV
LY M P2 N9 S

NI'VO YXINN NIXNAITN 190N
N'YU NOY [7Nn I7T2v

Dimethylsulfide | 5.18E+05 19.34 9
Dimethyl disulfide | 1.21E+06 27.56 6
Decane | 5.93E+04 173.21 6
Tridecane | 2.56E+05 17.77 9
p-cresol | 8.53E+07 22.84 9
4-ethyl phenol | 8.56E+06 11.30 9
Indole | 1.92E+06 39.89 9
Skatole | 1.04E+07 10.98 9
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DMYN MINDNTIN N DI

P0N NIN P2 NINKINA DTN IR OINN MNP DY MY NN IWAYN NONND ONIN .3
919 M OMVP 209N XNMYNYN DTIN DX XY, NINN DNPDIY NNNTL .Y M) NN
92717 191 YN M DIDTIN IR NNPVN NINN NNPYIV NHNTI.MNYND NONNRD MNINI
NOUN NLY) NN NNWO NMPVN PINA NN DIMIND NP DY TPONY TN 1IN Yan
DYIPN) INY D) DN NIV YNOY NPV NN 1PN 1x10° Syn 1A N9 MNDNTA
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Abstract

Due to a rise in public awareness of environmental nuisances, there has been a
significant rise in complaints made by residents regarding offensive odor nuisances
from municipal wastewater treatment plants and agricultural activity. The Nuisance
Prevention Law (Kanovitz 1961) bans causing odor nuisances ("'no one may cause a
strong or unreasonable odor..."), however, enforcement of the law is limited
especially due to the fact that there is no existing objective definition of
"unreasonable". In order to achieve legislation with the ability to enforce, an objective
model of defining unreasonable odor based on measurements of "key components"
typical of different sources must be developed.

Offensive odor in agricultural\rural areas comes predominantly from livestock,
compost facilities and as a result of manure and sludge application on agricultural
fields. Bad odors in and around urban areas are mostly emitted by municipal
wastewater treatment plants and industry. The existing technology for reducing odor
emissions is not always effective and is mostly unsuitable for emissions that are not
from a specific source. The enforcement of environmental standards for the
prevention of odor nuisances is problematic for two main reasons: the human nose is
much more sensitive to certain compounds than most analytical measuring devices; in
addition, the perception of odor is very much subjective and differs among people.
Defining odor nuisances is based on a number of variables including the character of
the odor, the strength, the length and the recurrence of the event. The cumulative
effect of these four variables creates the nuisance and the complaints that follow.
Odors are actually mixtures of a wide variety of volatile organic compounds (VOCs).
Bad odors are usually created by organic sulfur and hydrogen sulphide compounds,
organic nitrogen compounds, ammonia, volatile fatty acids and by-products of phenol
and indole. Organic volatile components from other groups such as aldehides,
ketones, hydrocarbons, alifats and aromatics, are found in the chemical make-up of
bad odors from different sources such as waste water plants. In a chemical analysis of
odor, the challenge is extracting the components with the greatest effect on the
character and strength of the odor from the wide variety of components.

There are two approaches to assessing odor nuisances: olfactometric measurements
(by a team of sniffers, an olfactometer and a field sensometer), and analytical
measurements (with a gas chromatograph equipped with a suitable detector or with an

artificial nose equipped with an array of specific detectors).



In this paper two odor sources were chosen as models for odor nuisances. The
Herzelya municipal wastewater treatment plant as a model for wastewater treatment
plants and the Newe Ya'ar dairy-farm as a model for livestock farms. The
development of a methodology for measurement of VOCs was made to carried out to
be able to measure odors in the field as a basis for determining the presence of a
nuisance or as a basis for developing techniques to treat the odors.

The goals of the research included: 1.characterization and comparison of the odor
components common to urban waste treatment plants and dairy-farms; 2.
development and matching of procedures and protocol for sampling odors in the field;
3. development of analytical lab methods for identification of odors from different
groups; and 4. analysis of the relationship between odor components in the Herzelya
treatment plant and the opinions of the odor panel.

Sampling was done by extraction of the gas phase of calves manure samples from
Newe Ya'ar and from sewage and sludge samples from the wastewater plant.
Extraction was performed by headspace solid phase micro extraction (HS-SPME) and
analysis with a gas chromatograph equipped with a mass spectrometer (GC-MS). In
addition, a database of odor components characteristic of wastewater plants and dairy-
farms was built. The development of the methodology included: 1. repeatability —
mostly there were good repetitions found in the make-up of the VOCs and in the peak
2. the ;areas. No clear link was found between the peak fields and the repeatability
effect of sample storage conditions (fresh, cooled, frozen, with/without salt) was
tested. In most cases no significant differences were found in the make-up of the
volatiles for fresh samples compared to frozen ones. Of all of the results, it seems that
adding salt is not vital for extracting odor components from the different samples.
Storage conditions affected the material groups differently and a difference was found
between the results from Herzelya and Newe Ya'ar; 3. fiber type — the efficiency of
three fibers was tested by extracting volatile components from different groups. No
one type of fiber was found to have an advantage over the others in adsorption of the
compounds we were looking for; and 4. length of exposure — differences in the peak
area of representative components obtained from the three fibers were tested as well
as exposure lengths. It seems that the longer the exposure, the more substances were
identified, and the peaks areas were larger to a certain point. The findings were
different among various compounds on the same fiber; and 5. sample preservation —

this test was done to test the preservation of the volatile compounds on the fiber from



sampling time to analysis. Most compounds were well preserved on the fiber,
allowing sampling away from a laboratory.

After developing a method for identification and characterization of volatile odor
causing materials, a "finger print" characterization of odorous compounds collected
sampling points in Herzelya and Newe Ya'ar was obtained. The "finger print" was
constructed from the peak area of the volatile characteristic of each sampling point
and from amonia and hydrogen sulphide measurements by color selective tubes. It
should be noted that peak size is not necessarily a variable of dominance of a material
in creating odor. There are volatile materials that even in minute quantities
(sometimes too small to measure) will cause an unpleasant odor to the human nose.
Each sampling point has its typical odor that is expressed in the volatile make-up,
however, several compounds were common to several sampling points such as
Dimethyl disulphide, limonene and indole appeared in almost all of the sampling
points. In addition to the differences in the make-up of the volatile compounds in
different sampling points there was also a difference in the make-up of the
compounds in the sewage on different days of measurement in the sewage (which
could be a result of different material flowing through the sewer system), and in the
dairy farm (could be a result of the animals diet as well as health).

In order to test the difference in the make-up of the volatile compounds and the
human sense of smell, an odor panel was trained. The team was tested in detecting
different scents, estimation of odor strength and hedonic tone. At the same time that
the odor panel visited the purifying plant, field sampling was run using SPME. The
team report included strength and hedonic tone by each of the plant's sampling points.
The strongest odor and the lowest hedonic tone (referring to the unpleasantness of the
odor) were found near the sludge thickener and the grit plant. At these points the
SPME picked up mostly volatile fatty acids and hydrocarbons.

In conclusion, the HS-SPME technique for odor sampling was found suitable for
"finger print" characterization of different odor sources. There is a need for
development of a model to determine the connection between volatile make-up and
the strength and hedonic tone in order to create a tool for defining unreasonable odor
objectively. There is also still a need for developing a methodology for characterizing
the dynamics of the finger print in the field, at a growing radius from the source. This
paper is a base for future work in a developing a new area of characterization and

measuring of odors in Israel.
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