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Study on the Effect of Surfactant on Sorption Behavior of Body Odor
on Fabrics

Abstract

In recent years, there has been increased concern regarding body odor among consumers. The
causative agent of body odor is a volatile compound produced via the decomposition of an
organic compound secreted on the skin from the eccrine, apocrine, and sebaceous glands by
indigenous bacteria in the skin. Consumer feedback has revealed that the chemical substances
responsible for such odors are sorbed in underwear, leading to unpleasant odor during long-term
wear, and cannot be completely removed by washing. Hence, many laundry products and
underwear with deodorizing effects have been developed to meet consumer needs.

However, there have been only a few basic studies on the mechanism underlying the sorption
of body odor components onto clothes. Although there are reports on the mechanism underlying
the sorption of malodorous components such as ammonia, hydrogen sulfide, acetic acid,
acetaldehyde, and formaldehyde on various fibers, there has been no report on the sorption of
body odor components on fibers.

This study aimed to clarify the sorption behavior of body odor components on fibers. The
typical body odor components were vaporized and brought into contact with various textile
fibers, and then, the sorption rates of these substances were measured. Based on the results, the
interaction between the odorous substances and fibers during sorption was discussed. In addition,
the effects of surfactants and softeners used when washing clothes on the sorption mechanism

of odorous substances on fibers were investigated.
The results are as follows:

(1) A method for measuring the sorption rate of typical body odor components, isovaleric acid,
isovaleraldehyde, pelargonic acid, and 2-nonenal, on various textile fibers was investigated. The
measurement method for isovaleric acid and 2-nonenal was set with reference to the evaluation
methods for deodorant properties defined by the Japan Association of Fiber Evaluation
Technology Council. These odorous substances were vaporized and brought into contact with
cotton, wool, nylon, and polyester in a glass Erlenmeyer flask. After a predetermined time, the
concentrations of the odorous substances in the gas phase were analyzed by gas chromatography
(GC). Since isovaleraldehyde and pelargonic acid are difficult to detect by GC, these odorous
substances in the gas phase were extracted by solid phase micro extraction (SPME) and analyzed
by GC.



(2) The sorption of odorous substances onto cotton was largely attributed to hydrogen bonding
to the hydroxyl groups of cellulose, which is a component of cotton. It is suggested that the
sorption of odorous substances on wool and nylon may involve not only ionic bonding to the
terminal amino groups of the fiber, but also other sorption mechanisms. Since the polyester
fibers have only a few reactive functional groups on the surface, the sorption rate of the odorous
substances was the least. These results suggested that chemical processes such as ionic bonding
to the functional groups on the fiber surface as well as physical processes such as Van der Waals
binding to the hydrophobic part of the fibers acted as the driving forces for the sorption of the
odorous substances on the fibers. The contribution of the physical and chemical processes to the
sorption varied depending on the type of fiber. The polarity and hydrophobicity of the odorous

substances influenced the sorption amount.

(3) The sorption rates of pelargonic acid, isovaleraldehyde, and 2-nonenal correlated with the
solubility parameter (SP) of each fiber. However, isovaleric acid showed a low correlation due
to its specifically high sorption rate on nylon, which suggested that it is impossible to explain

the correlation based on the SP alone.

(4) Upon immersing the fibers in aqueous solutions of surfactants, the sorption rate of the
odorous substances in vapor form changed.

The sorption rate of isovaleric acid on cotton and wool increased, while that on nylon decreased
upon the immersion of these fibers in aqueous solutions of linear alkylbenzene sulfonate (LAS).
Since LAS has a benzene ring, it has high polarity and shows strong interaction with the polar
isovaleric acid. Since sorption of LAS on the fiber occurred first, followed by the binding of
LAS with isovaleric acid, the sorption rate of isovaleric acid increased. Alternatively, LAS could
block the sorption sites of isovaleric acid on the fibers, thereby reducing its sorption on the fibers.

Upon immersion of the fibers in aqueous solutions of sodium lauryl sulfate (SLS), the sorption
rate of isovaleraldehyde increased. Since SLS has lower polarity than LAS, hydrophobic
interaction with the aldehyde might be stronger than that with the polar fatty acid.

Immersion of the fibers in aqueous solutions of sodium laurate (Ci>-Na) led to an increase in
the sorption rate for isovaleraldehyde on cotton, nylon, and polyester. It is considered that C»-
Na formed metal soap by interacting with the metal ions in tap water; sorption of this soap on
the fiber rendered the fiber surface hydrophobic and increased the sorption rate of the
hydrophobic aldehyde on the fiber.

When the fibers were immersed in aqueous solutions of polyoxyethylene alkyl ether (AE), it

was sorbed on cotton via its hydrophilic group; the hydrophobic group aided the sorption of
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isovaleric acid, isovaleraldehyde, and 2-nonenal. AE was sorbed on wool via a hydrophobic
bond, and isovaleric acid was thought to be sorbed via its hydrophilic group. AE treatment
increased the sorption rate of isovaleraldehyde on polyester. AE was considered to show
hydrogen bonding to the terminal hydroxyl and carboxyl groups of the polyester fiber, and
isovaleraldehyde was sorbed to the alkyl chain of AE.

These results suggest that the surfactant contained in the laundry detergent differs in the state
of sorption on the fiber depending on the fiber type, and as a result, the amount of odorous

substances sorbed on the fiber changes.

(5) Pelargonic acid and 2-nonenal were less susceptible to the effects of the surfactants than
isovaleric acid and isovaleraldehyde. Pelargonic acid has a high sorption rate on fibers other
than polyester, so it is difficult to express the influence of the surfactant. The contribution of 2-
nonenal to the sorption on fibers is greater for hydrophobic interactions than for polar
interactions. Therefore, the sorption rate of 2-nonenal on fibers is lower than that for odorous
substances that are more polar than 2-nonenal. The low sorption rate of 2-nonenal on fibers is

did not change significantly by the surfactants.

(6) Upon immersing the fibers in aqueous solutions of the cationic surfactant N, N-
distearoyloxyethyl-N-methyl, N-hydroxyethyl ammonium sulfate (TES) used in softeners, the
sorption rates of isovaleric acid and isovaleraldehyde on cotton increased significantly, and this
trend was notable for isovaleraldehyde. TES was sorbed on the fiber by the cationic hydrophilic
group, and the sorption rate increased notably due to hydrophobic adsorption on the alkyl chain
of TES.

(7) Since the pH of the TES aqueous solution was approximately equal to the isoelectric point
of wool and nylon, the sorption rate of TES on wool and nylon was low. As a result, it is
considered that the ionic interaction with TES was suppressed, and the sorption rate of the
odorous substances onto the fiber was low. The sorption rate of the odorous substances on

polyester did not change significantly due to the low sorption rate of TES on polyester.

(8) The influence of TES on the interaction between fibers and odorous substances was
examined by focusing on the correlation between the SP of each fiber and the sorption rates of
the various odorous components. No significant change was found in the correlation coefficient
between the SP and the sorption rate under the TES and water treatment conditions. This
suggests that the change in the physicochemical properties of wool, nylon, and polyester fibers

due to TES treatment is small.
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(9) The effect of sebum adhered to the fibers on the sorption of odorous substances differed with
the fiber type. The sorption rate of odorous substances on polyester increased by the deposition
of sebum fouling, which in turn was probably because the hydrophobic interaction between
polyester and each odorous substance was strengthened through sebum fouling. The adhesion
of sebum fouling significantly reduced the sorption rate of isovaleraldehyde on wool and nylon.
The sorption of isovaleraldehyde on both fibers was inhibited because the sebum fouling
partially blocked the sorption sites on the fibers. In addition, the change in the physicochemical
properties of the fiber due to the adhesion of sebum fouling greatly influenced the affinity of

pelargonic acid and isovaleraldehyde to the fiber.

(10) We attempted to explain the intermolecular interactions contributing to the sorption of
odorous substances using the Hansen solubility parameter (HSP), based on which the SP is
divided into the dispersion power term, polar term, and hydrogen bond term.

By examining the correlation between the sorption rate of odorous substances on various fibers
and the constitutive parameters for the HSP, we found that the sorption of odorous substances is
largely affected by the hydrogen bonding term. A simple regression equation was obtained from
the hydrogen bonding term and sorption rate of odorous substances on water treatment fibers.
Subsequently, this regression equation and the sorption rate of the odorous substances on the
surfactant-treated fiber were used to estimate the change in the hydrogen bonding term due to
the surfactant treatment. The change in the hydrogen bonding term reflects the change in the
physicochemical properties of the fiber surface due to the sorption of the surfactant. From the
change in the hydrogen bonding term, the sorption state of the surfactant on various fibers and
the sorption behavior of odorous substances that were in contact with the surfactants sorbed on

various fibers were discussed.

Based on the findings of this study, a method to measure the sorption rate of body odor
components on fibers is established. Furthermore, it is found that the abovementioned sorption
rate is affected by the type of fiber and odorous substance, surfactants used in detergents and
softeners, and sebum fouling. Moreover, the interaction of the odorous substances with the fibers
is related to the HSP of the fibers.
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2.1 AR
2.1.1. BRDESE

FR LT, EFHORERITEIN TV RVA, —RICE hOFKI Y BEELNLRKD
PR E S D, MEOFAETANL, FITEHEL, APE, Ux, K, 2 THY ., 2t
BAOE ERRWE N R > TN\ D, FAERROEERYE 7 % Table 2.1 1277,

Table 2.1 Main factor substances of body odor according to body part -7

body part Main factor substances of odor

Scalp Diacetyl, Lower fatty acid, Aldehydes

Oral cavity | Methyl mercaptan, Hydrogen sulfide, Dimethyl sulfide

Axilla Pelargonic acid, Capric acid, 3-Methyl-2-hexenoic acid, Vinyl ketones
Torso Pelargonic acid, 2-nonenal

foot Isovaleric acid, Isovaleraldehyde

HFEFE IMERIZOWT EDIL A2 KU LTV A Z Tl L7 fE 5%, Table 2.28 (TR
EOZ, IR TR 2R ER>TWVD, ZTHODOEFNITKRIZENZ &N, K
BERLKMRICUE L CRIBEE 72 2 FREMENE 2 bivd, £ 2T, AR TIIEDD FOES
MAZRAET DRR, T2 U X, B, ERBEHSICHAET LRI OV TH L D,

Table 2.2 Investigation result of body odor to be worried about®’
B THSDOEDOHSORNRRIT D £ (EEIEIE)

N Pk B
bx 54.9% 57.9% 48.2%
j 43.3% 42.8% 44.2%
FARZ 37.7% 40.7% 31.3%
o 13.4% 11.5% 17.8%
KUTTR B 7R 12.5% 12.2% 13.2%
Z D 9.2% 10.0% 7.4%
b7 5.6% 4.7% 7.6%

Hill : k&t e 2 —< 1 TRRIZHT2EHR & RICOWT) KD 1ER
A EMEWIN - R 23#ESH6 A~7THTH 10-60 fX B4z n=1348

2.1.2. KRR D3RS
KEOERFRWE X, =7 Vg, TARZ U B X OISR S & FITmE



NBITRRIRIC S £ D AL, SRR AERIC &> THRELIZY | &5\ 54
BT K D EE S RE 0 LT LRI A Tl 5 (Fig 2.1).
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Fig. 2.1 Mechanism of body odor generation

(1) ITHRDORK

E ROFRRIZIZ= 7 VR, TARZ UV RO 2FEERH Y . TnEn&EE & HWT 5
TFORSY. DWD A T = X LN FEI>TND Y,

T DB S DT IR A2 T 2 % E 2 £, BITITRIRZ T 2012
KON TFETH Y, RERII W SNITNERT 2 Z &, JUbEUT L v 2,
ERNTZENTE D, 29 LICREFATH OO OFRITIX NREWVERIT) LRI TR
D, ZTOAH=ALNILLTDOHEY Th D,

R DR T EBII AR E FAX 3 & 0 | R 7R RHIIRE AR A 37°CIm IR D
LN TN D, RIEITFET DIRZERPIRED EHAZK U D & ZOFEHRPINIC
moh | FHKRTEHND DEFRES] AHISid, AT ERH LREIED Y |
FiR%E 2 b o — /L 5 2R 2 Bl S, S 5122 OFE 5B RITARO KD 5 ik
HEneTEFral) Ak oT=7 U I RES L, BT 5 (Fig. 2.2),
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Fig. 2.2 Mechanism of thermal sweating'®

=7 U URREE P TIRFEEAEETFITHM L, ZORBIEELRVDOIX, NEXHZE,
IR DOREBCIRFE DO DT DREAICR O TN D, =7 U U RIE—AROE O—i03 %k
BEADEELIBREEELERIRTH D, ZOEEORE VRIS A TZEH 5 OIRRIX,
T O T & 5 BRI 2 AT 2 50 W s & T % B T 2 5858 ORI 4y CTd S ih
EENSK D, BEIXZDOERE T SREITAD, FRENTESR S WFER O£ FZNE
FER0 | RIEOREITRRIZEA D L TITFLE R L TV 5,

FHITRANT 7 U R ED D & s O BRI S RSN & D v A A
ZHIFNICEI E ALy, ZHUCE S TH NI UAALF L DY DAL F L HEBEZATEH
HEZR AR AME) & | BRI ORSEIE D & < 7o TISEDS AN IZ | Z A F ., RiBETFA
AR END, O ORIBRNTIXME S IEIEFE CESREEZ LS &2 5, 2 ORIBET
PNEE IR DRI, HIRICH BT N U U AL F RO FRA A T E I I X
U, B TR DNT & 72> T BRI S5 (Fig. 2.3),
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Fig. 2.3 Mechanism of sweat formation in the eccrine gland'®

AL HPEH S DIT D 99%13K 55 CTdo 5 23, I Sk D EARE AL AW 03 &
IZEENTWD (Table2.3), 2D 9 HH U T LA F T L D & 005 W E TR
EENDD, TIUTRIBNT A EE 2@ AR NV U AR AL >TFHF R U A
AT DT DA T NHRWSINDHTDTH D, AILAEM TITIRFEST v
=T, HABAMKEL Y HITTICEL<EEND, 209 BIRFEIZOW TR E ML Y
HEBEICRDONEHLNICR > TR, TUrE=T O8R4, Pl vy
VEBEREAE LTI THEL TV, IR TSN THOT V=T DilEfET 56 0
EINTVD ITFHOABEITMAED HIFRRICER VA E N THFRICHTE 2O TiE2R <,
FRROHIEOHFTT RUBENSER SN D LR LTV,

IRES, HE DY B M ISR S E D RESNTIFR AR B B, FITNEL 72D &R
FREELZRZRBEORTTLEI D, ZEOT M U LA F U OWHFRA U DBER
INZGENTLED, [FOHEDIBEN LR D Z L1/ b, 28 LVES I 3mEh o
TR T RENEEEOBEC L R0 TR OT =T RELZNICSE U TE
7ed, ZNHN, KEOFNERDLZ ERNDH D,



Table 2.3  Main component of sweat secreted from eccrine gland
and plasma concentration of the component *

T Mm%z
TR L 30~120 142
e 10~100 102
Hry L 5~35 4
AL L 0.5~10 5
BHiRER 0~>30 26
TUoEZT <2~86 0.03
FR% 12~27 4
FLER 8~40 1

SFIXEBEHEE ., mFITIEEEERT (mM/L)

EROFRRICIE, =27 U UIRDIENICS 5 —D . TR Y U VIR E W I ITFIRBTFET 5,
T U UBRNEIEEHICOMAT 20 L, TARZ U RIS, B, Hin, B
SANEGE, @3, BFIEER EO—FOEBIZRE L TFEET 5, ﬂf%i@%%l,fb\%.’ﬁﬂ
NAFHRERTEDS, ZOEALDOT R 7 U ANHIFES TIEE T 67, BFEMCES
WD GUWIEEID MR E D, TR T U UIRDFIET DEALOIE & A EITIFRVMREN R
bbb, 2F V., b b~DOELOWE THEPIZAEZ TOWIZHIES BT 5L & biT, 7
N7V b= U T L DT NICRIENER D AT A7 U b5k - T
HLEEZLENTVWS, FEAEDT R ) MIBFICHBEL TR, =27V VigD#E
EREEEICEZH O L TCWDolIext L, 7R 7 U U ROEZEIZBLOFIZE O LT
% (Fig.2.4),
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Fig. 2.4 Model of apocrine gland '¥

T YRS ZWMENDITIE. ZTDIIFEAENKGTHLIOIZK L, THRZ U
DORWENDITIEL, X7 , AR, IBE. FEE., 7oE=7%0M, VA7
AF L EVWIBENGENTND, T7 U VRN B SN DTSRRI D% E 21
IO L, TARZ U VRN DITFORENT LS Do TE LT, 7 = v 53k
BOXKRTHDEHLEZLNTWD, TRZ U VIROSUWEIZH D BRI TIZIT R
S EHEZTHELNTEY  BFEOESY CHWERAMZZ L&, 7 FKLF Y
NEEN I D AR AR N SR U | S WE I B D i ERGHRAANE TS Z & TR LS
o, 1EOTRZ U EBFE S THWT 5T O®EIT 0.00lmL EHOTNTHY | 1
[l WG ED 2 L7212 121% 24~48 REFIZ IS U722 WREI N 5 5

T Y UROTF ST AR Y UROTF S WS EZRITIIFER TH 508, TFICE
ENDRIDLEOFEEEICL VDRI ND Z L TREERTNDIHET D, FrCHEEY &
ZLEGULT R ) VIROIFIXEERICOMEND Z &L THRREREFE L, 2hinb
DL DENORFEE 72D, KEOMEE & U CUIFRMEERE, 77 m A R,
BRKMEY 7T aA R, RET FUKESCHEEER:, 77 A@EERENRHD . DEROFRN
BWIHEEY 778, RTHLaV XA TV AR EELELTHbo TS EEN
TWo,

(2) FARHRD R

FEREIE, PR CIIAEIRE R OREE 2532 IRFZ CIIEIRECRIEE & 77 F 7 W
A b (AR EROIBEMREC 72, KEREICHFETLIRE R, KR
HORIEEICIZ, U ZURY R, 7V %Y R, £/ 7V%D N, EEEEVR, A7V
Vo, Uy AT ATIN, £ler 7F 7 %A FERIFEICIZ=2 v AT 12—, 2L A


https://www.sccj-ifscc.com/library/glossary_detail/517
https://www.sccj-ifscc.com/library/glossary_detail/517
https://www.sccj-ifscc.com/library/glossary_detail/729
https://www.sccj-ifscc.com/library/glossary_detail/616

Ta—)VERATNND L, RIFIIRERE TITFER TV AW, RIEREAZEK TS, 20
FEREME 1L, B2 DK R FHERSCRBEER L SMNRPERITR OFEFER 72 & 5 & 2 (R4
LEEREEN DL EEZLNTND,

FENERRE S DIREII IR DK 95% % HdTW\WD, RIFIRO KT TR U R
ERI U BALITAHE L TW D25 —EBIEFR s L ORIIRIZ8E N EHZB 0 LT\ % (Fig.
2.5),

FEHEHRS B W SN D AR DMBIIKER N N 7T A4 R, Uy I AT AT )L,
AT LU ThHLN, TGO B, NI Z VBT KRRV v I AZ AT LO—
X, BALA @S TRERAICHEN SN DR CRIGHIERSFICHRT 2RI Lo T
IRy S Av, WEBERGIAIE & 72 5, WERERERIIE ORI DWW TIHE N EDIEFIT R E W
N, 7OV FURR OV R L UER, A LA VEENHEINZ S . S 3 TR
F DK 60% % 5D 5,
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Fig. 2.5 Model of sebaceous gland '¥

FREIRIE, TEAROWVCREEZRS 2 ORE & —EORBICOMA L TERBY ., KEIC
FAET DRI BEICAE L TWD, REICEBER 0T 2 M 5T, 08, iw, T
., BERLIZHMA LTS,

FERERRDS & < HEEL TWAERLIE, BARRCIE, BATH, AiZE. B, S3, S LV
STENDWD T Y —r, FIKRTIIEE, JFHEHE, M., SMEE, BoEML ETh
% (Fig. 2.6), ZAU D OEALIZIRIREAL & FEEIL, 8%, SIS T DHRIROEIE 100
fEl/em? LLF CTd D DIzxt L, ARIREBAL Tk 400~900 ffH/cm? & %< 72 v | FER G K&
Wieh, FIERHZL< 0D, 207D, FIEHRO BKUTKARD Z OFAIZIGE LT
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https://www.sccj-ifscc.com/library/glossary_detail/1321
https://www.sccj-ifscc.com/library/glossary_detail/269
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Fig. 2.6 Body parts with high sebum secretion '¥

FRERIIIREREAZEN S D & & bIC KIFRISET DR & LT, M A,
L7 EN DD, ZDIENTEE, RLEL, ARKY XA, KR, JIERZICHERK
DI ENMBLNTND, &%%mx@&%i EANZE, HALZEDKZ N, 2.0~0.1
mg/cm?-min FEEEPEH S 4, RERIITET 0.4~0.05 mg/em? FEE DRI ENFIET D &
AR

FNEZJRIR & T KRRy & LT, Mo TRAET LT VAL 2-/ 1T
=R HINTND, ZIVDITIEIZ RN W S D AR DR 323 kT % Z & T4
L%,

RINVIUBRITIRFHE 9 OfafEEECH O | TV Le g Il AP B
W) ERO, RIEOBRKIZ L D 130 fREBMERFADIZEVY) & LT, 2008 FFIZFE S
7210, BIERSEML S LD ER & LT, MR EDSI e b O, A R LR - AEH
BOENREIZEI DAL ORH D, FRZ 30 RBMITRESWEN Y —2 L7225 1D
DT, BILNBEEZ L SbhTWb (Fig. 2.7), X7/ I lRlHEDBKRORETNIL
JRREAL CTH DM, Fh., BEY TH D,
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Fig. 2.7 Sebum secretion by sex and age

- FF =i, Rfafi7 T e RO—FTHY, HELS THERW=AFAEHT 5,
EARIZ LY PEEICFRAOERRRNS. Wb D DR OFKRHE L LT 1999 4
IZHRFE ST 1D, 2- 2T —NFAED A B = X LZHONWTIE, BIEFICHFEET 012
NA LA CERD BB LIREIC X > T L ® D WIXREFIEREICL > THfisihvnd 2 &
WZEHbDTHD,

FEEDS O E, FICE TN D8 & 72 o CRAR T O AR IIEE D3 L X
N, Vo LERRERTHE= AT DUVEBERSND Z EEHE L TN D,

2.1.3 fEEIC X AR OZEAL

BRITFERICE > THEET D2 N RIZHHN TS (Fig. 2.8), & HDIEERE
X7 U VRO OIFICHEKT D, YU ETHROWRETH LM, BEM/ TR
7V R E BZIRIROTEEN MG E D L RR N 72 | RROE b EMELT 5, 3018T
X, BRI SR L LTe R T VT BT IS =A A ORRWE L 725, S BITHF
ZENPDE, WDhWDLIMER LTS (RO HARO L S 2R LT
SNOMFFORKIRFAET D, M ROFERWEIL2-/ % F—1LThHY . ZOWHEIT
40 I H BIR 2 T 2 1R, 50 F~60 fRIZ/ T TSN 2@ m 23 H 5,
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Fig. 2.8 Difference in body odor between generations (image figure) '*

2.2 IRE DI

RROMEIFiEE LCE, ORKESOREEZMZ D, @%E LI R5s & W
Hy, AL IR LV ER LTS, LW ) 2 FAO T Fa—Fnbh 5, O EICEEE
7 7u—F95FETHY ., BBLT S I3 EHOSNHANC RRIHIRSRE & R 5
D, BESONFRHLE N e FEE L 70 D, QOHIEIL, RERUSMNT, FEE2E 5 K
RICKT L CHlHT 2 2 & T TRVWOREZE <) VERHIETX 5,

Sweat secretion suppression
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of odorous components bacteria
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body odor T

masking of odors

Deodorize odorous Deodorization by physical adsorption

comp onents

Deodorization by chemical reaction

Fig. 2.9 Control method of body odor
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X ANCBMEDKRRR DO —FETHD [T FaRT v OREMEINENH D Z L
EHRELTWD, 7V FRRAT ) %, REEEEICED T v Re 27 ) UREBED
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B9 B 5,
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ELFHINTWD, v A% ZFEHE, HFRI%E O8RS oM, A OPEREREIC
fifi i &40 2% iRt BRI~ OIS B S 20,
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L U RSOV NE IR R AR 0 W FRIC B CIAD TRWAE LS T HETH D |
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LT RVWERIZHIRNH L5, Bt (BiA) L TERRBICRLZL6H D, HlVTHl
X AE O bEsh, Bk~ 7 Ro v h, U WEOEEREN VLI, B
IR EWAE T D LRI, GV T YT L L@z 59 200808 H 5,
FROEHEARDOHER - BEANITAAEZIZERAHMETH D720, T+ 51
XIS X DBICHENNEThH D, EWEMAMEZ R 57212, #Y
ZBRBHDHNNEIANAAL E— DR BRI L 725 10,

3) ALFEEOGIC L D mRAL

BER Z BBACBSCHRISIZ K o TIRFEICE (L S ETRWE T HIETH
0. FFEDORZY ULOIERN 20D, IRAGERFICZ 5720,

B HhEOERBRIEMIT, BOOFRKME SALFEICHES LEREE KT 5 2
IR, HEMERERET LB LN TS, iR VIE, HIFFAIHOF B
ThoHv 72T L) DOEEREDN, ZAENIC X 2WHANET T T B
ERREDOEBA A & BRI & DFREAIT L DALFHILFEIT L0 &R R4 S84
THZEEHELTND,

ARAE L LTI, 4 )| U iR & 2 il @RI N A ekt 2 8E L 72N
TxEETZEICED, BERK, 7V HER, THREKET, LfELEKOHER
IR EFEBLLIBIC, TATE REDOISEREWE BT 2 ALEW & I [E % S
W BENTND 19,

2.3 fRHEOFEEE & WP LR
AL HW O D8 LT, v—b, RY ATV FAarnhb,
BARHE DR A LA F IR,
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X7 A A BHEY OFE 1284 L= T EOMMETH 5, flfED By ixt Lo —
AT AT v 7 A JEE. X7 F o EORME ST, 2D OARKITRIE -
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KEWT D=, Yt DN T 21T 5 BT E Y — 0T b U U L7 E ORI T
— EREAEP T 2L (FE8R) 12X - THD BR<, B/ r— 2 DOHEIEI Table 2.4 127 F
WY T 2O RulED S b, TEDKEE LBKES LI2EOELES—ZADOEALK
Thbd, MOEAEIL2000~3000 TH 5,

T w — ZEMEL PO IR L O—BALOHIIKFERES DS ATRE AR & LT 6
fEHD-OH M & 4 HD-0-F%FFo, ZDT-DITWIBMHENE <, Yottt b BIFTH D3,
FEAEIRTE (20°C, 65%) TIEAKYHIT T%FEE CTRIRMHEF Cldf BV, Nz <k
RKTHY, O L U DD, MHEESARE LTTEmmicen, i<, Alfi
DIRRW, KBHHDORMHED 5 6 40%IIAMEDN DTV D

232 U—)b

U WIREDORRIZEET HMETH D, VIO ERDIIF T EO—FET
HDHrTF T, LFREEIL Table 2.4 0@ TH D, 77 F IIEHRT I /BB TH D
VAF U S G MEDFICEV T TFUEHERI LR ANLVT ¢ FiES (S-S
B) THREBINTWD, 7— WTEARTEFIZ-CONH-ZF 5| #MERIRGIZIE-NH, <°-
COOH % £f> (Table2.4), Z 15 DOMRMEILIFIKEFREBLOA ARG HE L 72
Do SSHEEAITEUK, KER., TAH VB IOETHIZEICI VOSN3, K
DEBRSDETCHEZEHIE L EHOSSHAENBE, BEIND, S-SHEAEINTT
L7 F o EHTBELT 20 Rl iR EOERNRES RSN, BRO
FESSTHEEETDELEZOERERFTHZENTES, v—ABEO oty M
TREBEDO N —~ X MNIZOWEZFIHL TV D

U= )UHE DRI A T — A3 0 | x&w»@%&Aw X5 7 v MERIL
ML, U—nNOREEE X TND, £l —MZF7 V7 e BARO L U
HY . v VR EE SSOMENEE 5 2, FRBESCHE R & TV D,

=L DKy I TAEARIRTE T 16% & HE T ThHReoRMEZ 7R L, iR, WoKPED &
2, IR A b7, ZAUE, KD T — AV RE ORI AE ST, EE R
XN XL X — BB S, BT H20TH S,

U — VDRI R E A0S, HERKE WD R LR X AR, F R
BERBRWOTLDLIZZRDIZS W, Lo L—RICEMBHEIZ T v 0 V) 1295, v—%
TNTVERPTEE NEMA D ERED AT — /VRER LT, MHERKEE L AV,
BLWIHEDN AT D, Z OO PR OBRIZITH S RRBER 2 vy, 35°CLL N DR
EBFVEE ) TR D R EREERLETH D,

233 KRUxTATL
R AT IR LCIE7T 7 Vv e A Tl b & - AERNZ ), 1941
FEIZAXVRADT 4 T 4=V RET 4 7 ko> TED L, 1947 I T¥bESh
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Too ABFAITARY 2 ATV« T LT X L— T, BEREETFIZ-COO- (AT V) &
D (Table2.4), T AT NAEGITITMIEN & 503, £ O ZBKEICITSEN TS
O s X DR DG 2 ) N B
AERMEHED TR o8R0 JREE L HRE S /NI WINTHT U S KXW,
F IR RITIEREIRRE T 04% EIEFIT/NE L, KFPTHIFE A EHERENBED L2,
AHAE LT, LbIcZe DI S e EZ 07 FPANWMEZ LD 2 b H 0 |
FEERAYIZE K U, ZBHHG BGMET . & b MEWED K& < BRI 2 R L <. N
TSR, ETAEE LTOT Y =YL EERGITITI TN TE 5, MSEMAME, it
PEE B REVHPEMEITR S 20,

234 FAnmr

FA B NTREOT 2R oD H r—F R Lo TSN LR T TH
W2 6 DI TH D | 1938 FFEITH KR, ERLES Tz, T4 v & ARNINENIE
RYT I REBMHEDORIRE LTHEDRLTWD2, b e b IRt mEETH 5, BE
IIARHOMHEE LCid A rr 6 Amr 66 NEELELTHREBEBLTEY, TOLK
R ORFEHER L TND, A1 66 DIE D) DETHEEIZENLD,

FA v IR TR BB IRV BRESIR S ED U — LIV ERE W
M, IhEWTT i#fé@@%vbéwﬁﬁerEX7w4:iﬁﬁé%ﬁ@(@é
FTAmANTT— L LR U AT FIZ-CONH-Z 17 5| filiffE ARG 121X-NH, °-COOH
%%OCMMZ@O%4D/@%é\%W%U@%?V/%@ﬁ%ﬂ?~wibﬁwt

BRI Y — L J D BB B AERHET TR e = v AR TR E WK -

wm@%%o IRAEIREE T ORI RIL45% TH D,
FEFE, BEEICTRS | MRS BB TV D AN, BRICIEEI, AfliiHE o b Tk
WE < KRERSTEEEOMR B LT WH OO, #10IR LERIZHRV & W 5 RO
SR 2RO, Guta b LT <L FIRTHEE S TRWAERNZ TE 5,
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Table 2.4 Chemical structure of fiber 'S

Fiber Structural formula Polar grou
group
CHzOH H OH
— —<
Cotton E/E o\gog/gH N -OH
(cellulose) NS4 INL__ /Lo -O-
H OH CH.CH N
wool ] i ) N&_
o -CONH-CH-CONH-CH-CONH-CH- -COOH
(keratin) CONLL
-NH,
Nylon 66 -(CH,) (NHCO(CH,),CONH- -COOH
-CONH-
polyester HO{ oC —@— COO(CH,) ZO]L” H -COO-

2.4 B & DR BAEH]
241 BRERR EHEE OO R EBE —aE, I, IG5 —

BRRGy EARHEN B L= & & TORMEIZET S 2818 & LT, (W&, QWRIL,
GMLE 2N E 2 HND,

()WA&

W Lid, KRR, HRFEHREE . RAEERE, R [EIRE 7R oA G b D
RIZBWT WTIAOHEOME DR, £ 7-13%F OFIEMR L TV HIEEOREN,
R & RETRRLIBLOZ L EZBL, BFIINE CTOREN VLI L bEL R
L5 a WA (EWE) EMES, RHZ, BE L TWemER R E»6lths 2 &%
Wi F 72 1B & eSS, R OJRFI1E, WENEORFO K5I8 & FE LT
W, HRHZRAVFXF =P RE< 25 REAHT R LX—), 207, i1k
T LT R AU O FREEE L B R L F —2/ s LL D 75,
ZOBGRWNETH DL, WEBGIZIL, 77 T VT — VAN K mEaE L 4
BREAICE DILFERAEN D D, WERE T LEAG5 < . IR0 O FlE TRz
Wi CE D,

()W
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WL & 1T, HDFRICE LT WERREEZBY . BOMICBEIT 585 TH 5,
WS I IWE N 2 FHO SR EICERE T 2 B8 e 03t L, WISV 7 RSB 5 80
HipoTWb, WINE, WEDSG LR, 77 7T AT —/V 2 J)7e 81T X2 ek
W&, EHERAICEDFRIIS T Hiv, —RICHERARIUI S TH Y | (BT
HIIUIAR AR 72 & DR Z U,

B

KAE ERRRCHAR, A O SRR o E s Shd & &, BEIERRER~D
WEEORINEES ZERnHDH, ZDOLDITHE L RINAFRFICE X 2815, £721%
ZO2HGEXBITE RV EIGE LN D,

2.4.2 RS EkiHE & O EAERNCBIT D S TSR

By & e & O BEAERICBI T 5 BB 2 e i, KU R ICEI AR
HEEHAD/WEENRELN L HH 0, £ T30,

IS UL, HRHED B K EDIKEEME DR FAL G DWE 2 KITTREIZ OV TR
AL, BRIV LT T B ROWAEBITHHEOZARRITEHAI L, WA 85%E X DEREE T
IZHRWTIE, AV LT VT b RIRMED ISR T 2 KIZEMET 2T TRE ST
WD EWIHIREHR TS, Kl P X, #iE~ORKr ~OWE BT HIR 1 &
L., D EKREDOM, BEES DN TORE S Lk, WO BA AR EE, ik
MEOREEMELZET TWDHD, FEHIZ OV TIEHE TRV E LTV 5,

B Gy EHME & OFBEAERIZIBNT, v—2A 2 (N 26T 5/M°7 7F 84
MY ANT 4 RERZEICLVEBEIN TN D T — O X ) ISEKRIgE AT 2 iliED
Bt BRI OHER E~DWAE T2 T < MiEONEEE~ORIN S 555
EEZDND, £ TAFETIEL, R EHHEE DB ZIGE &5 2. £ OkE
ERRAT 22 R AN E T 5, BREHME~ D LKA OIERREZ ] 522 T 51
X, ZENENOYELERFRED D RAATICB T 2 EERZR CO2MNERDH D, &
7o OREHERIT, THRRE RO T HEICEH T 272O0ER ] 252 51ChHiz>T
AR AEGZG2bDEEZ D,
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3.1 HWY

H 2 BT K 52 KM ORI PHEICIUE T 2 Z LI K DMEE A E
BOMTHZENEHELWZ EEHY | fHE~D RS OXARNGE T T 2 8 T,
TR TRBNVAT VT E REET VRLG E L THWEBHE EMER 72 F 581
LEEHoTWA,

ARG TIL, B & 70 D BRI DI ICE T 2532 3+ Z L2 HE L,
Z DIZOITIIKH I BT DR 5 DMIAE~ DS 8 % E BT 5 ik 2 ML T
L2 ENEER D, & TARETIEL, (KR ZMERRT D FER ) & KAE R TRk I B2
fih SH, AT O RS DIREZCEZRET 5 Z & T IEELZRET L HIEICSN
THRFZITo 72,

—RIZ, BAFORKIBEZRET 2 HikE LT, BRAEZ AW HENS ST
%o ZHUTRBREARZ A NICE L, £ OIS N ORI B SR L FOG LT
AT HZDEGNIE > TERT D HIETH D, RAEIRITEIESFIENIER ICHET
DT, RRGERLENRREOFMECLEASN TS, LiL, BIETEXR
KRSy OFEFENIR D, F 72 BAOREHEIC X » T+ 2 HERE R E B8 5 20
Band 5,

FERIVE NRMERFE A BT a2 23 78 8D 2 #liffe B i O T B BERHIE Tk, 10 FHO
By e it A MHE DO RIMERE A R 3~ 5 FIENHE SN TR Y | BRSO FIEIC
DT, FRAE TxHG ATRE R I EE A L, TSN OWEIZ T A7 n~
NTT TR EITO EERTWD Y, ZOREICE VT, MR ORI A
VEBEBBLIO 2-/ X =D 2 WEPRINTEY, E~DOINERE T A v~
N7 27 (LLF GC) THMT 28 GIENRENTND,

ARFZECTIE, IREOEEM Y & L ORLEZE 2 3 Table 2.1 O D, [RFEEL S HO
AVERBBIOA YNV AT AT R REH 9 HOXT LT @B IO 2-7 37
—/b, O ATEORKETIER U, I E T hag s O RIEEFIE 2 2512, )
Me~DUUE B ORE LA #a L,

32 B
3.2.1 Rk
(1) #ERAR

ARBRAT 1 JIS Y B A 5 BB IR B OfE, v—L, T4 e, RYZ AT LD
AFEEEHA L7, Z0oix0T s Bk ¢ BT 024mm, 7 —/L73 0.29mm,
FTABRCBLORY Z AT 0.10mm Th 5 Y, KRERATZ 10x5cm [ZFWr L, ATLER
& LTA A U AZHAKIT 24 AR L 7=, KIEKT 3 B O T T E&21TV, EO%E
FEE KON 105°C, 2 W OAEREALER 21T > T, POERBRICHE A L7z,
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(2) BAAST

BRI E LTRE LA Y EERR, XTIV, A Y NLLT AT E REBEO 2-
J X F DAL A Table 3.1 123 d, RFEHUL S E & 9 fE, [P FITARNIEE R &
THATE RRELTEY, KRR OMHME~DIE B OFE W 2L PR IE D b AT -
BRI DHIHNE Lic, AV EERE, XTI UER, 2- /) X —)v (trans-2-/ X T —)V)
TR LR TERORIEE A VNV ATATE R (Y HEBT LT R) e
T EEMORIEE FVT-,

Table 3.1 Structure of odorous substances

carbon chain Cs Co
length
Fatty acid Isovaleric acid Pelargonic acid
/j\)?\ i
OH \/\/\/\)J\OH
Aldehyde Isovaleraldehyde trans-2-nonenal
/l\v/\\ /A\/\v/\é%\?o
o
3.2.2 HBRTIL

(1) A YV EERE X O trans-2- / 3T — /L OULE SRR E VL

A4 VERERE LW trans-2-7 32— (LLF 2 2T —/v) OIGERBIEET, FEEE
NARAMERTEAR BT o ate 22 23 7 8D 2 T RARME RS L RRRIE AR ME  (GFRK 10 4F 2 AHlE, Rk 30
4 AUGTR) ICHUE SNTCEHEMERBR GIEEAZZBIC L U TO L T2, A VE
BB IO 2 =&, =4 )= EHAWT0.5~2.0wN%IRIE & Uiz, Fig 3.1 [Tk
T X O TR 21T - 7=l B 2 5 & 500mL OH T AR =7 T 22z Aju, 22
A Y EEBIRIEE L OV 2 — RGBS LW E SIS FLTRT 7 ¢
IVITEE L, ZA7 7 A aNORBRES OWFIREN, A Y & HEITA 38ppm, /
FF— UK ldppm & 72D £ HI2 Y FREK O FRERE L, Zo=fA7 T
&b FORERICV 32°CY OMER FICHE L. SI6 LT- BA /0 1o R 2 128
7o, FrEREEEG, ~y RAR—AEORUEE T AL A F3) VT 2omL I,
SETICEENLRARSEE I A7 0~ 7T 7 (LUFGC) ICk->THHr Lz,
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32CHBETT ' -
BEMSEREBEMIC » GCHRIE
E=E3 )

HEERICDONVRNE DT AN RZR—=ZD
BRENEET BRERE

Fig. 3.1 Exposure of odorous substances to test cloths

GC DZEE T Agilent B Agilent6890N T, 7 AlL Agilent #> HP-INNOWAX
(0.25mm i.d.x30m, 0.25um) % H\ 7=, GC 3#r5tt% Table 3.2 12/~

Table 3.2 Operating condition for GC analysis of body odor (1)

odors Isovaleric acid, trans-2-nonenal
Injection temperature |180°C

Carrier gas He

Oven temperature 100-160%C (5°C/min)

GC HIFEfED HAE 2B L T, BESOIGE TR ClIxtit L L THRATIC
Ob\-(nit%ﬁﬁ%djj\ L/i:ﬁb\ nﬁ*/"%fﬂﬂ%b nit%ﬁuih*/l'k H*%@%&VE%’fTO 71:_ ui%ﬁ%]\
T, WU X 0 HE~ D BRIy DIE R 2 R T=,

WHE~DEL R DOIER (%) = [(Sb—Sm) ,Sb] x100

Z 2T, SbiFZERERO GC v — 7 HFEDO ) (n=3), Sm TEEREEIO GC v — 7
FEONY) (n=3) TH 5D,

(2) REKST OUSHIISAFEORE!

FEBRRRZEZ T 5720, BRI OUIMEZOWTIRET Uiz, TH Rk EE
HLUEOYRAMRBRITIEEBEIC, A7 7 A aNORKT DOUIFEIREN, AV H R

13K 38ppm, /R F—IUIEK ldppm & 72D X DI Y. FRER ORI T O RS SY
IR X ORI T &%, 2 k#EL L7z (Table 3.3),

AERAT 2 N2 TV 500mL DA T AR =47 5 2 2 |ZH Gl TR 2 T .
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32°CC 60 43, 90 4. 120 4y, 150 Z3EiE L72fBlo~y RANX—AH A %4058 L, HIE
EDIFEHERRZED R & &G ~72, GC ot s L OV & 3.2.2 (1) & RARIZ LTz,

Table 3.3 Concentration and addition amount of odorous substances

Sample | Concentration Addition
odors No. (W/Vv%) amount(pL)
. . @ 2.0 5

Isovaleric acid

@ 1.0 10

©) 1.0 5
trans-2-nonenal

@ 0.5 10

(3) BAE S OIEFEIF O Rt

BRRy OMEBRHENT, SRBRAGRT CA YV HEEER, / X T —/VORENEHIZET D
IR 22 F L J%E L7z, 500mL DO H 7 AR =47 T 2 3 |ZFFERE DK RE Ky D= X
J —VEEIR % SuL i R, 23T 7 4 L A TEEN L, 32°CT 1543, 30 47, 60 43, 90 57,
120 43, 150 70 #iE L7212, ~y RAN—=ZA T A %5581 LTz, GC ik s L OV
ZARIx 322 () ERERIC LT,

@) ARV ATATE REBIORT LI U BROIGE FRHE L

AYNVILT VT e RBEXOXRZ LI UEIT GC TIIMHNEE L e, BEfE~ A 7
2 fifiH} (Solid Phase Micro Extraction : SPME) £ T~ R AR—AD Ky 2t L.
GC THMIET 5 FilEz A7z, SPME [ Raer, BEAREEE, RGEE) B IR %
fH « I L T A 7 a~ 7T 7 4 —TCRBESIT 21T O FIETH D . 1990 4
RAJIAIZ T F—H —)L— KO Pawliszyn D 7 /L—7 12 & - TR S /=, SPME |1,
AR, iR L ORENTHORE O IR TH v | Wi 2T FIiTH> 2 &
NTED, TERENHEC, iSRRI O2EE GC ~E AT 5%, b TEND
BEOY 7L (ppt~ppb IBE) IZOWTHIENATRETH D & WV FiZ > T\ b

5)

o

AR D VER G 1 By D KAIREE | 36 K ONRRBRAT ~ D IREEREFIE, 3.2.2 (1)~(3)
TRRE LTS L IRIRRIZ U Te, BAUS DRRBRAT ~DIRFEHE T4, Fig32 DX I~y
R A2~ — 2D B4y % Supelco #5100 SPME (65um PDMS/DVB) T 20 43 fél#hiH L .
Bz LT GC THIE L7, GC DB B L OH 7 A1X322() EREEO S D% T,
GC #4413 Table 3.4 i@ v & L7,
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Fig. 3.2 Extraction of odor gas by SPME

Table 3.4 Operating conditions for GC analysis of body odor

odors Isovaleraldehyde Pelargonic acid
Injection temperature |180°C 230%C

Carrier gas He He

Oven temperature 100-160%C (5°C/min) |150-210°C (5%C/min)

A INRUAT LT RBXORT LI U EROTINEREIL, 500mL O H 7 Al = {4~
T A 3K RERSY & 0.1vIw%~2.0v/w% DR FEFPH T SuL N L CHRERR 2 7ERk L .
T 3 O FPH & S CRRE L=,

3.2.3 HIERER D 95%(EHEIX [ DR

M, U VEORRMMES, REESSEREEODMCAY MR H Y, T IER
DT OEZHETHZ ENTHIEND, &2 THRE LIZRBRIEE AW T, &Kl L 2
K5 DETOMABEDEITONTIERZHE L (n=14-15) . 15 DITRERD B X[H]
HEEIZ L0 RO 95%EFHEXE 2 F M L TIUERD N T DX DR E I 2R LT,

33 fER

3.3.1 BRSO OfE

B IRER X ORI T EE2E 212 v 7L O~@D~y R A=A DA
HHBEEZIL ) X F— D GC B — 2 HfE (pA) DORERZE{bLZHIE L7-#E R % Fig. 3.3
(T, A Y EEBROPEMOMERERZE TV > 7 VDO TIL 0.9~3.5 OFEENTH HDIT
KU, 7@ TIL22~49 EREL, A Y HEHEBIEKOM FENPZ & FERFAZEN
RELBRDBMBEANCH D Z EBNbnoTz, 32T — IV OREMOIERERZE T 7 @)
25 0.8~3.0, YT N@N0.7~32 L. ZD 2 KER TITIRMSGEO BT L A ER
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D ool LEDORRNG, BRSO S ) — VIR LA Y & EER)
20WN%, /3T —UiE 1.0wiv%E L, il FRITMmRS &b Sul & Lz,

Sample® Sample@
) - +\ﬁ-}—4
f&zto L 40
0 =
o o
< 20 <20
O T T T T T O T T T T T
0 30 60 90 120 150 180 0 30 60 90 120 150 180
exposure time (min) exposure time (min)
3 Sample@
20 Sample 3 20 ple@
30 -+ 30 A
T 20 S50 |
m m
‘D(i [
10 - <9 |
0 T T T T T 0 T T T T T
0 30 60 90 120 150 180 0 30 60 90 120 150 180
exposure time (min) exposure time (min)

Fig. 3.3 Concentration of isovaleric acid in headspace of samples (n=3)

3.3.2 BAURST OMRFERH ORET

ZEHBRIZBIT D~y RAR=2P DA VEFEBEL L X F—1O GC B—7 Hfd
(pA) DRI ZHE LT-#5 R % Fig. 3.4 BL OV Fig. 3.5 1277, A YV EEBB IV
J 32— TR SR~ OWEIC L0 R TR T ORENRED T IS 5D
120 Z3 AR T2 LT, RIS, SREMRHEIC X L T4 Y ERBB L0 1 — /L &g
B SH T, ~y RAXR—=Z2HORZES DREELEZRE LT, £O/R% Fig. 3.6 B
KON Fig. 3.7 (2R, B REREHE~ DILE EBRICE WO T b BAR TR & & bIichd L,
120 3 FREE CILRIEEHICET D 2 L 2R Lz, UL EOREN L, IOFHRBRICKE T 5 R
KRSy OVEFERERIT 120 4 L34 E LT,
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80 40

AREA(pA)

60 - 30 1 S
2 . g b
S 40 - + ------ % ____________________ 220 PO
< ; % ; """"" A & Ameeeeea- A
o =4
< <C
20 - 10 1
O - T I O T T T T
0 30 60 90 120 150 0 30 60 _90 _120 150
exposure time (min) exposure time (min)
Fig. 3.4 Concentration of isovaleric acid Fig. 3.5 Concentration of frans-2-nonenal
in headspace of blank sample (n=3) in headspace of blank sample (n=3)
40
--A--blank(without fibers) --A--blank(without fibers)
60 - —e—cotton ; —e—cotton
- wool i —&—wool
—+—polyester 30 TSl —e—polyester
—=—nylon
40 4 oA 1 ~
= ‘é 20
<L
w
g
20 | 10
0 T T T T T 0 T T T T T
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Fig. 3.6 Concentration of isovaleric acid Fig. 3.7 Concentration of trans-2-nonenal
in headspace when fibers are brought in headspace of samples when fibers are
into contact (n=3) brought into contact (n=3)

333 A VAL ATATE RBLONT LI UEROUSHIIRE Ot

AYNULAT AT e REXORNI LI U iga By & L THOWZZERBRIZEB VT,
~y RAR—=AH DK RS % SPME-GC {ETHIE L, B — 7 mifE & AR5 OUshn
REORf%R%Z Fig. 3.8 BX O Fig. 3.9 IR~ 7, 4 VAL AT AT E RTIE 0.1w/v%~
2.0WN%DIEFEFIIH T, T /LT R TI 0. 1wv%~ 1.OW/vY% DI FE#G I CRBIE AR L
77

INOORENSL WERBRICBIT 2WINREZ A Y S L LT VT B RiX 2.0 wivk,
NRINLAUEBIE 1.0 W%t T5H5Z 8T, =7 HBOBDENSHH SN DINERE
90%FEE F CRMIEAIRETH D = L MR TX 7=,
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Fig. 3.8 Calibration curve for

0.6% 0.8% 1.0%
Concentration of pelargonic acid(w/v)

pelargonic acid (n=3)

3.3.4 REEYE D 95% 5 HEIX [

Bflite & B DR T OMAEDEIZHONT, 14-15 Yo P DOIEREZHE LT
FERD . KEHEEIZ LV B L2 RO 95%(5#E X M % Table 3.5 (2R, fMED
FEIC L VIGEREDONT DX OREINELRSTEY | RN = AT VMO MGHE & bk
THERTOINRKREVHAICH > T2, Z OFEFITES % OMFHIIBN T, UG RHE RS

RICBT 2 REEAHRIT BROEET -2 L LT,

Table 3.5 The 95% confidence interval of samples estimated by t-distribution.

100
. y = 3798.9x - 0.4879
. RZ=0.9982 )
|
Lo
<
w
o
- .
20 .-;~§-u»----.u4
s
0 [ J
1.2% 0.0% 0.5% 1.0% 1.5% -

Concentration of isovaleraldehyde(w/v)

Fig. 3.9 Calibration curve for
isovaleraldehyde (n=3)

2.5%

Cotton Wool Polyester Nylon

(n=14) (n=15) (n=15) (n=15)
Isovaleric acid 63.63,70.80 49.48,67.09 7.40, 19.66 75.45,92.25
Pelargonic acid 84.06. 95.60 81.64.94.02 33.58.47.94 68.51.87.56
Isovaleraldehyde 49.91, 59.29 69.78,76.21 -10.5,23.98 53.87, 86.56
trans-2-nonenal 26.78,41.63 32.51,51.70 1.71,20.02 3.99,38.76

Yt 2A
34 /\;:uﬁ{m?

PLEDHER LD AWFFEIZ B0 TRRM OMHE~OIUE REEIEIT FRUISRT L 91

RIE LT,
(1) #ERAR

JIS et B2 A 5 BB IR A Dffs, v—b, TAmr | RUZZAT VD 4Fix %
LI 10x5em IZHWT L7 b O&2 WD, BRI E LT, 2o ORERAM & A 4 2 22t
AKIZ 24 FERFTRIE U724, KIEK T3 BIED T2/, ORI L ON105°C, 2
e DMEFZ LR 24T > C, IUERBRIZHEH T 5,

(2) BRI ERIR O FHE

BRIV Inb=Z ) —ZEnL, 4 Y EREBB L O, Y XL LT LT B R
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2.0 WV%IRIR, / 3T — B IO T T BT 1L.OWNY%IBK &35,
()RR Sy D FRERAT ~ DGR FE S 15

ATLER 21T - 72 B A 2 A8 500mL OF 7 AR =47 T 2 aiZ A, Z ZITRAK
IYDITH ) — AR & i BRA | H%L&wioc SuL i F L T/87 7 4 L A CEE
o ZO=AT7 T Ak FOKFRIZE 32°COMER FIZ 120 /RiEHE L, &Kkl
7o R BT 2 R R S E D,
(5) RAHST D GC ZoHTh ik

R DOFBAT~DIREK TH%, A YV HEERBRB X 27—~y RARX—2
TORMEETTAZA ) P T2mL BEIL, K[EFIZE ENL BXA T EE GC I
Ko THITT %,

AVNUAT AT E REXOXRT LI URIE, ~y RAX—=AHDO RN %
Supelco t-84 SPME (65um PDMS/DVB) T 20 Zrfifhiti L, #Ylig LT GC THIES
D

717 2% Agilent #.> HP-INNOWAX (0.25mm i.d.x30m, 0.25um) Z{fH L. GC %y
Wiz Fatom@n L4 5,

Table 3.6 Operating conditions for GC analysis of body odor

odors
Isovaleric acid,
trans-2-nonenal, Pelargonic acid
Isovaleraldehyde
Injection temperature 180°C 230°C
Carrier gas He He
Oven temperature 100-160°C (5°C/min) 150-210°C (5°C/min)

(6) IAERDH Ik

GC HITEM D H A 2 EZ B L, & L THERLEDIT OV TRERA 2 £ A L722W
22 2R U RBRECEL & FIER DM E 21T o 72285 R 2 AT, AU X 0 ke~
BT DINEFREZRD D,

WHE~DRZ T DINER (%) = [(Sb—Sm) ,Sb) x100
Z 2T, SbiFZERER O GC v — 7 miED ) (n=3) . Sm ITEEREEID GC B — 7 1

O] (n=3) ThbH,
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T, INBRFHE TR 435, 26, 185-195(1977)

HEHF, 3—F7 77 412K D525 LKA R EROHEE, FBUFHES,
31(6), 461-463 (1980)

Kataoka H, Saito K., Recent advances in SPME techniques in biomedical analysis, J.
Pharm. Biomed. Anal., 54(5), p.926—-950 (2011)
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4.1 BB

IR, AATEE OIFREMO®mE Y NS | MagAE S 2 ST HEKDIT, RORHREA~
D=—=ZAPPLR L TV D, IREIC K 2 EE A O & OBREEZ S Z O HH
ZNTTEY EFlemimbits ez, MR R~D=—XbmE>TWN D, FH2E
TR X, RRETITROFEEME X, =27V U, TARZ U R L ORE
B> 5 B2 B3 S D BRILE W & BB AR N 0l U 7o i SR A U D JRs M LA
WMThd, ZHDEENPKRITIGE LT, LENRR D &0 AJEFEOFRNRZE  Hri
B8 ARG OREHE~DIERERE I Z SV T ORI 2R BT D 7 < L BT
S TR0,

FI3ETIE, RROFERR D THLA VY EERE, A YNV AT AT e R, ~F1A
. 2- 7 2T L DB FERGHE~DINGE R DORNEEZOWTIHRE LTz, AETIXZ DN
EATER L, KRR L & OMBAERICET 2 AR EEZ52 2 &2 BRI, (KR
D F R R 7 % SAH R THEHE & B ST CTERZJE L, ZOFEENDIEICBIT 5
B Gr & e & O BEERIZ O W TIRE 21T o 72,

4.2
4.2.1 Rk
(1) #BrAm

AERATIIESE 3 LM L JIS Yeta B2 A 5 BB IR B O, v—b, T A m |
RY T AT ND 4 % ZEI 10x5em ([ZEBr L7-b O &2 v, aille LT, Zh
B DOFRERAT % A A 2 KT 24 REENRIE U728, KEK T 3 BIED T T 24TV, £
D% RFELFS L OV 105°C, 2 RE OMEEAVER 217 - C, PaEBRICHER L7z,

(2) RA&AGY

RERTE 3 T LA UHRIAB R L MDA YV HHEBEB LW L3 VEE, TV T &
RRICEH DA VY NUALT AT e RBELW2-/ 27— VERE LT, 1Y EHEE, 7
LI UEE. 2-7 32—V (rans-2-/ % F—v : LLF J 2 —) TR FA bR TR
WHa A YNRNVALTILTE B ([ YHFEBET LT B R) [ZREHMERE TR OFE % v
7=

4.2.2 BRI 5

Tl RSy DS ZRILH 3 B TRt L2 Hika W CRIE L7z, REARDIE= %
— VI L, A Y EHEBRB L OA Y RL AT LT R 2.0WwN%IRIK. / 3T —LB
L ORT IV T URIT 1.OWNY%IAHR &2 8L U 7= RE VB A 1T - 72 5B AT 2 25 5 500mL @
NI A= 7T AT AN, T IR TRKR T OTF ) — VIR & B |2 #efil L
RNVEDNT SUL iR LTI 74 WV ATEE LT, ZO=M7 7 2a%t FOKER
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(2 32°CYDTER FIZHHE L, Kb L 7c R CEBRT & 120 rMigE S ¥ie, £
D%, AV %ﬁuooto/z%—/v TOWNTIE, ~y RAR—=ZES DR A T AR A
Fo Do Toml L, REFICEENIREKKDEE VA7 0~ 7T 7 (LIF
GO) IZX>THtrLiz, £ Y NLATATE REBXORI LI UBOIGERIL, GC-
SPME {EIZ X VHIE LTz, 4 YNV AT LT B RBIXOWRT LI B ORERAT ~ DR &
%QT?& ~y RAA— 2O R[Sy % Supelco #E820> SPME (65um PDMS/DVB) ©

0 syl L, Bliiag LT GC THIE L7,

GC DO¥EET Agilent LD Agilent6890N T, #17 AL Agilent F> HP-INNOWAX
(0.25mm i.d.x30m, 0.25um) % M\ 7=, GC Z3#r5eff% Table 4.1 (ZR7,

Table 4.1 Operating condition for GC analysis of body odors

odors
Isovaleric acid,
trans-2-nonenal, Pelargonic acid
Isovaleraldehyde
Injection temperature 180°C 230°C
Carrier gas He He
Oven temperature 100-160°C (5°C/min) | 150-210°C (5°C/min)

GC HIEMEDO AMZE#HZ2EE L T, ML L TEREKRDITHOWTREBRAT 2 E A L7
W TR L BRBREEE & [RIRR D BE R 1T - T2 2838 &2 AT, kI X 0 ke~
D RBZR DINERE KD T,

WHE~DEL T DOIER (%) = [(Sb—Sm) ,Sb] x100

Z 2T, SbiFzERERO GC v — 7 HFEDO ) (n=3), Sm TEEREEIO GC v — 7
FEONY) (n=3) TH 5D,

4.3 R
A FEARAME (2692 By DIGE R (mean+SD, n=3) % Fig. 4.1 (27”7,
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adsorption rate(%)

adsorption rate(%)

@DIsovaleric acid @Pelargonic acid

<100 g 100
80 T 80
4
©
60 S 60
c
40 £ 40
o
20 ézo
0 ] B o0
cotton wool polyester nylon cotton  wool polyester nylon
®lsovaleraldehyde @trans-2-nonenal
100 $'100
80 8 80
i
60 C 60
40 '8 40
o
j -
0 ® 0 J -—  mm |
cotton wool polyester nylon cotton  wool polyester nylon

Fig.4.1 Sorption rate of odorous substances on fibers (n=3)

HHE~OIGEFIX, BRD OFEIZ LY B7ro Tz, IBIERRILEHDOA V&
B X O T VI U ROIGERIL, v — VLIS ORHEIZ R LT, 7T e RR{LE
MDA IRV LT AT e R, 3=l el L TR EVEE R Lz, RAK
IAINCRD & A Y ERBRITT A v AT DINERD RS KELS, IRWTHL, 7—
Ny WY T AT NAVDNAE 8%, RTTBITRE XD — /L ~DIFE ) 90%LL I
EREL, nTHA Yy, RIVZATADIEE /25T, A VYNV LT AT E Rt 4
T DFHE DO P TITFFZ T — T L TRWVIERZ R L, RWTHA r | i, R
U AT NEWINETH -T2, /3T — /L OXFEEMELS ﬂ#éﬂ%4i4/Avw7
T RERBROBM TdH 03, o Ry & kg % & 4T OMHE TR ME 2
L. BREEZRLET—LTh 39%FRE Th o 7=,

MHEICIER T2 &, FEIC K DICEROMENBHETHY , M, vV—N, T
D & 9 IRUE R EOHE, R Y = AT 0 K9 ARIGERAMEOHEIC KB S v,
BARRIZIZ, MBI A m i, A VEEBE TV I N 69%LL . 7 —iZ
S LUTIEA YNV AT LT B RERT LI UEEN T3%LL EEEWIEREZ R L, R
TAT IR TORKES Tk bIRWIERZ R LT,

4.4 HE
S EIOMENC AW 4 FEO BTN HONWT, A7 Z ) —)V KRS E R RE L L
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Boiling Point (C)

300

tﬁm-ﬁﬁ@%i@%ﬁ%%ﬁ&Ltﬁﬁ@k%é#%VyﬁyﬁﬁékFg42@
B SN D, 26 BRSO & S FEHE~OIGE RN D, KJHERICET
5%xm Y OMAE~DILFE L, SHER I OB REFE~D A 4 A ZE DL EEH
& BRHED B S ~D T 7 TN T — L AFES SO BRI EER VT T O &
IHHATE S, BIEEROA VEREREXT LI VERIX, TIATE RRELEWMDOA
VYRV T AT e RBEIO R —)b & g U TR~ DI A3 m MEANZ 8 o 72
D, AT E TH D RENIIER DR OIEIZ, A FURaNRESFEL
Tl tEZX NS, ﬁmﬁ#ﬁ%wA7w:/%@W% A AU HEEE T 7T
T — )V AFES DM ST NEGT D0, MORKMS LD b EERMICEWIE R 2R
T EHEE SN,

hydrophilic {ssssssss—) hydrophobic

r‘E 100 Dnlnrgnnir acid
g - .
250 I
Pelargonic acid ~—~ 80 |Isovaleric acid *
S A
200 - T ¢
]
© 60 Isovaleraldehyde
Isovale"ric acid - *
150 - < ;
2
a 40 [ ]
100 5 é +
e A trans-2-nonenal
Isovaleraldehyde S o
50 g_ © 20 *
trans-2-nonenal | g +
0 . . “ 0 i
0 1 2 Logp,,3 4 5 cotton wool  nylon  polyester
Fig.4.2 Chemical properties of Fig.4.3 Sorption rate of odorous
odorous substances substances(n=3)

WIT, FEHEM T O RS DINGEZEB) DEWZ T 5720, BT DIE R %
FAERIN A~ 2 T2 X% Fig. 43 12T, Mpld, RXIVITUWm> AV ERBE> A VL
AT NTE R> X VOIRICPE RN E L, BRRR T OMBEDORE S DJEE —F
LT\, BRI O S T Th 5o — 2D KEEEER A F o YA
BELTWNDEEBERADND, BRI DM~DIUE I Z OKFERE DFFE5 R RKE
<, ZOTOIERERNELE T OMEOREZINAT L Z EilholztEZEZbD,

TV B IO A v AR ORI T R EBEATAMMETHY . 2N
KT DIEERE CHDH EEZBND, LnLenb, v—uIxt LT, X713
VEESA Y RNUAT AT E R>A VYERE> ) 2TV OIAIZIEERE LS, A A
LVT AT B Ri3A Y EEREL D BBEN NS WICHEDL 53, IEEEN EF SRR
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Elpote, TOEBIZOWTIIRMIATH L0, 4 YNV T VT b ROBKMENRA

HHEBLD BREWZ 00, U— LREDOEHKIBIIHT AN ES L
&%mbfwéo@rﬂmé<\ﬁm@#k%w/x%—wmﬂﬁ$ﬁ%4uyiw
T TEWI L, FOBEBICLSZbDEEZTND

A v AT D RAM D OINERIT, AV %%>~7w2/%>4/ﬂvw7
NT e R>7 3 F—bie A4 EEBEREbEN-TZ, EES 2%, KT/
KEBORRD 3FHAD 6-F 4 0 It D WYkt Ol S B4 g U, fafnilag &
XA m A HEORE T X REARLALTFERIICIZTE LRI, HHFEDR
ICBWTIE, BEYeE oS BN R T 2 EEBEZ I EEDLDZ L2 HEL
TW5, SEIORFHIBWCTEEME TH D14 Y HFEERN T A 1 A% LE WIS R
ZRLEEBE LT, EHOORER & FERIC KRG T X 2 DA A UG SN OB
HRNGEIZFH G LTV A AEBENE X DL DD, EOFEMIZ OV TIARER O RO
HNBHEET HZ LIFTET, A%OBFEE Loy,

R T AT IR TDORLGRS CTIGE RPN/ MEZ R Uiz, 2 AUEEHESR 2 e
ﬁ#mwﬁﬁgﬁﬁfbﬁwt@ 7y T IVT — VAR L B AEERIC L o
TORBRLKRIBIGE LIEREEZ BN D,

BLRRSY EfEHE S O BEAEFIZOW T, RS L, RV LT VT B ROfHE~D K
EED, WHEENENDOIEMRENT A —% (SP ) (2325 Z & 2@HiE L T\D,
SP X 2 SOWEROBIFIMEZFHDHEE L LTSN TR Y | STEE SR S
NTW5, I THBEDOBREHIIWT-AHMED SP I (CTHEME ¥) & & Ff R KU 53 DUL
HREOMEAZIME L7, TOE% Fig. 44 (R T, BT Y OFMBUREOMRIE 21T
IRk BRI OIUER & A#ED SP 1 & OMITITIEDMHEENRD b
(p<0.01), T NI, AV NLILT AT E RBLO X F—/UZBW CTIIHEREMR
$08~09 Zx L. SPHLINEROMICEWVHEBENRD bR, L, 1Y S5
IIAHBEMREL 0.37 TH Y | MHBITIK o T2, A Y EREBRONGE & &l SP a0 Btk
HhDHE, FTArrOTay MIESEEIREN G KE S BT, 22T

VEFREOTA 7 ~OUERIMMOMHE & LR TRRRICE W RSz, 2
D EiE, —HEOMIGE & RS O A/ERICOW T, SP EZT TIEEMA TE 22
ZEE LTS,
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®Isovaleric acid @Pelargonic acid
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Fig.4.4 Relations between sorption rate of odorous substances and SP value of fibers (n=3)

45%d:§/4\
ARETIE, KROTERES THLHA VY EHERE, A Y SLAT AT E R, XFra
fe, ) T — I ORFERME~DIEF % GC LB L UNSPME-GCIEIC XV HIE LT, %
DFER, LLFORNHA LN 25T,
() RZR S DI~ DIE L, MHEO B RERA~D A F U FEAE ORI AAER & |
HWEHEDBUKE 3 ~D 7 7 TN T — )L ZAFEGE OB EEAN TS L TR, &
TEROWE~DFEOKE ST, MHEORIEIC L > TRZ2 5 Z L3bioTz,
QUL D K/IMTITRE LSy ORMED K& & L BUKMEABE L TRV | bk - Bk & b
IZRENWST LT R, %@@%TW%@#MWOKO
Q)BT 2 BRI I, MO T CTh D m— 2 DKEEHE~DKFHE
FHENRELFLELTNDLZ <‘:7D>Tﬂ§?§h7‘:o
AT =, FTA v ~DEKS DG, FEDOKIGT I ) DA A URE T2
T < OISR G L T2 ATREMEAVRIR ST,
SR Y = AT L, BTORKMF BN TR BIRWIGER A 7R Lz, ZiudikiERm
RO R WERENFIE L 2N EBE I 6D,
(6) XTI, A VNLAT T E RBIO R — L OGS SR T4 O TR iR L
INT A—5 (SPH) & DORMICEVVFERENRO b, A YV EERILT A v ~DIL
FHHEPFFREICE W OIZHBENME S | SPEZ T TIIMH EERZ BB T 20 2 &R
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KEDFHI X o T, KR ZAERL T D Ry OB TEHE~OIUE I OW T,
R B AR D Z ENTET, A Y RNVAT AT RET—b, A Y ERfRL T A 1
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5145

KikE RHIRAER T2 & PLEICERENIGE L, PR TIIE & LENRWVEN D FER
Z< D, ZORRE LT, 5RO R LIC K0 iR mE T 5 22021k
WU, REOBHE~DIE T L2 KT L TWDAREERE 2 bND, HIRS D, 4
H5 D, AT D NIARBRAEANCIAMICHER S5 7 =24 o FUmiE R 23 veiE R &
FEMGHEICRE L, 79 ERICHLEREL VDL L2RE LTS, 202D, B
HNZAKIED 7 T & LT T T 2 el OB TG A 25 ME IS 32 2 & T, flif
REOYIENEL L, RGOS IRIEICEE LY KT T AREENE 2 bivd,

4 EIZR W TR ORME~ DO ICEIEIZ B3 2 SR 2 m R 2155 2 L 2
I, R AR DA HE R KUy & S R TRl & Bt S & CUGE B4 llE L, IUE
BT DRSS OMEAERICOW TR E{ToT2, ZOfE. ST TOR
KRGy DR FEHE~ DI E T ETH RIA T 74 —A L LT EREE 7 7
TNT—=)VAINZ LB AERDH D Z L FI-RKT ONE RO R/MIIL, B
Oy DRRMED K Z X3 LOBIKYE « BUKMERB S LT\ Z EBH L MR- 72,

ARFE T, VERIDRME~D RKR D DILE I RITTHEZH ST 5720, KEHH
PEANCILRAMICHE A &b 7 =4 FEA A4 FEmiE AR IERE & OUKIC &R
ZARIEAEE U 721212, KU R TRkl & Ry & Bl S TUE R A HE L, £ Off
R B | FHITEPER DO IR K 2 e~ D B XU DIGE B D ZZLIZ DWW TG 2,

5.2 5EBR
5.2.1 &k
(1) #BAm
FRIBRAT 135G 3 B & [A] U JIS Y A 5 FERB IR A Off, 7 —L, T4 rr | K
YT AT VD 4Tl % ZEI 10x5em (BT L= d 0 & Huviz,

(2) FtmiETEH

FEEA L LT, fiiROZEHBEANC LN N STV D 7 = S E A
DEGHT NVFNANRXEANVKR BT N 7 A (LAS), 7 7 U EEET R U o A (SLS),
T YT N Y UL (Cp-Na)  FEA A U FiEEEAI O 7 v a—Lx k%2 L — | (AE)
Zi&5E L7z (Table 5.1),
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Table 5.1 Profile of surfactants

Carbon number of Acti
Surfactant chain EO . clive 0 Manufacturer
length moles ingredient(%)

Linear Alkylbenzene Sulfonate 10-14 _ 96 LION SPECIALTY

(LAS) CHEMICALS CO_LTD.

. _ KANTO CHEMICAL
Sodium Lauryl Sulfate (SLS) 12 99< CO.INC.
Sodium Laurate (Cy,-Na) 12 - 61 FUJIFI.LM Wako Pu_re
Chemical Corporation
) LION SPECIALTY

Alchol Ethoxylate (AE) 12-14 15 90 CHEMICALS CO_LTD.

(3) BRIy

RRRZAY T 3 3 L A UIEIE R b A D A YV EHBB L ORI LT Uk, T ATk
RBIEEMDA Y RLATATE RBIW2-/ 3T =LA RE L, 1 Y 55, L7
T UEE, 2-) R F =V (rans-2-7 FF—/v  LUF 7 X F—V) IZH bk TR OR
W A VRUATIATE R (f VEEBT AT E R) TREHEE T 3R o2 v
770

5.2.2 HBR Gk

(1) FRBAT DIZIEILER

FRRAT 2 A A 28K, E T ETEPERIRESIRIZ IR (20-25°C) T 24 IfElIRE L
7et%, KIEKT 3 O T T ATV, EO®REFZI LN 105°C, 2 Kefi] O L %
T T, IWERBRICH A Lz, REiEER OREIZHIRERI ORI ERIN TV DR
EEBEIZ, EROWEROERREEZHEEL 0.03%NIRE Lz, SFEF Gk
VR D pH 1L Table 5.2 D EH 0 TH 5,

Table 5.2 pH of water solution of surfactant

Surfactant(0.03%)
LAS SLS C;»-Na AE
pH(207C) 6.7 74 8.7 6.0

(2) RASy DULE R E

AV ERRER LU 2 — /L OGS ST 3 B CHRE L FiEa W THIE L7z, R
REFET S ) — VP L, A Y EEBRB IO VN LT LT B RIE 2.0W/V%IRTR .
J AT B L ORI T R 1LOWNY%IEK 2 8 U 7o, IRIEAEE 21T - 72 3R %
KNE S00mL OH T AM=MAT7 F7 2 |Z A, I K BERKR DY ) — VIER %
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RERATICEAL L 7oK 512 SUL i F LT T 7 4 VA TESE LT, Z0O=M7 7 A=
ZE NOREIRIZIT 32°CODTEIR FICFRE L, Sk L2 B IR A % 120 4 ﬁ
Bz S ET, T0%, 4 VEEBB LV X2 — 2o TiX, ~y RAR—2ES;
SKHETAEA R ) 2T 2mL FRE L, ARSI ’aiﬂé%ﬂﬁ“a%ﬁX7D7
£7Z 7 (LLF GC) k> ThHhrLi,

AVNRUILT T E RBEXORTZ LI UEOIGESRIT, GC-SPME 1EIZ LV JIE LT,
A VNRNVLT VT RBRIONRT LI BORBRAT~OURGEE TH, ~y RAX—2h
DX %Sy % Supelco L8> SPME (65um PDMS/DVB) T 20 43l L, 2Bl L C
GC THIE L7,

GC DZEE T Agilent # Agilent6890N T, 7 AL Agilent #¢> HP-INNOWAX
(0.25mm i.d.x30m, 0.25um) %\ 72, GC #7454 Table 5.3 IZ7R" 7T,

Table 5.3 Operating condition for GC analysis of body odors

odors
Isovaleric acid,
trans-2-nonenal, Pelargonic acid
Isovaleraldehyde
Injection temperature 180°C 230°C
Carrier gas He He
Oven temperature 100-160°C (5°C/min) | 150-210°C (5°C/min)

GC HIFEfED H A E 2B L T, BED OIGE TR ClIxtit & L THRSTIC
OUWTEBRAG 2B L2225k 2 550 U | 3Bkl & R O E 21T - 722235k 2 A
T, WU X 0 HE~ D BK Ry DIE R Z R 1=,

WHE~D RLRR DINER (%) = [((Sb—Sm) ,/Sb] x100

Z 2T, SbiFZERERO GC v — 7 HFEDO ) (n=3), Sm TEEREEIO GC B — 7
FEONY) (n=3) TH 5D,

(3) HEEHIET

A A AR ES O TE AR IE L% O & FEAHE~ D RSy OBUGEH X, W
b EHSMICHE D EAE L. B/ TOSFEEEDFEIZ DU T Student's t FiE & i L
7o AEZEITERE 5% A DOGAICHEAZNH D (p<0.05) & L7z,
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DIsovaleric acid

100

5.3 fE S
5.3.1 iSRS B AUk S @%@@ﬁm@ﬂ% AEICR -7

Al S ETE A ORIFAFIC K 5 . BRI OMFE~DIE S (meantSD,n=3) D%
{b% Fig.5.1~5.4 |\T~T, &%Lﬁ_mwtﬁﬁ%@ﬂwﬁﬁ_;D\%@%mmn
HESDOIGE IZRIETHEORE IR > T,

LAS ZLBRIZ LV | A VY EEHBOMB LY — L ~OIGEENF RN LIz, —H,
AV ERBOT A v AT HIGERITAEICEA Lz (Fig.5.1), SLS Z&BRIZHWNT
I, A Y ARVLILT AT E ROMBIONT A 0 U ~DINERNEZIZHEML, 7—/L~D
INERG, AEZITIRD LN 0 OOBIMEB 27~ L7, SLS I LAS & R4k %
w$VM%®7:ﬁ/ﬁﬁﬁﬁﬁfkéﬁ AV HEROIEHRIT SLS AFIZ BT
36 EEERBO b oTe (Figs52), 7V U VBT FY UL (Cp-Na) AAERIZ X
D, AYNVLATATE ROM, R ZATLVEBLINFA B ~DIUER, XTI
FEDRY T AT VA~OIGERNAEIEM L (Figs3), 7/ha—LT hF¥b—h
(AE) MLERIZEBWTIE, 4 Y HFEBOMB IO —L 4 Y NLLT T ROMK X
ORY Z AT )L, ) FF—)LO~DOIGERNA BN LZ (Fig5.4),
BEBNCERT D E, RINVITUEEE ) 3T — IV OMHE~DOIUE X, 1 Y HHEERE
FOA IRV AT LT e REWKT D & SElEMEA O L2 Z I WHEIANZH > 72,
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Fig.5.1 Changes in sorption rate of odorous substances by LAS treatment on various fibers

43



@Isobaleric acid @Pelargonic acid
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Fig.5.2 Changes in sorption rate of odorous substances by SLS treatment on various fibers
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Fig.5.3 Changes in sorption rate of odorous substances by Ci;-Na treatment on various fibers
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Fig.5.4 Changes in sorption rate of odorous substances by AE treatment on various fibers
54 BE
5.4.1 FUmETEMEAIDEAE & RAWE & O AR KT

93 BEIZBW T, BMHEOWIRE NT XA —% (SP i) & RS DS FRIZFEBEH
BN EEWE LT, SPEIL 2 >OWEROBMMEEZFH DL LT —&IcH
5TV D, FEIEMERI M & BRSO AEERICRIETHELTMT 5720, 45
[0l D FEERAE R 6 | R ETEEANRELEE (UL R A mEHEALE) 36 L0 4 A2 HiokiR
FEALEE (LA FARALER) @ 2 RINZHOWT, Bifffd SPE CTHEME ©) & A8 B Uk )
DULEZR L OB Z RO, RIIB O Z T o7z, EORER% Fig5.5~58 |27,
JEPERVLEIC K0 SP il & NEROMHEBRE NS K E S BL L IZRKRDDBRBO B, £
DOEAITF G A OFSEIC X > T2 > 7o, LAS B DA 131 HERE (Figs.5)
SLS ALFRDIGAIFA V3L LT VT e R (Fig5.6), Cl12-Na JLBRDIGAIIRT /L TR
BLOA YN AT AT E R (Figs 7). AELBLOLAEITA Y EEfE, 4 VNV ALT L
T FBXO/ 27— (Fig5.8) THEMRENZE LT,
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Fig.5.5 Changes in correlation between sorption rate of odorous substances and
solubilityparameter of fibers by LAS treatment on various fibers (n=3)
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Fig.5.6 Changes in correlation between sorption rate of odorous substances and solubility
parameter of fibers by SLS treatment on various fibers (n=3)
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Fig.5.7 Changes in correlation between sorption rate of odorous substances and solubility
parameter of fibers by Ci»-Na treatment on various fibers (n=3)
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Fig.5.8 Changes in correlation between sorption rate of odorous substances and solubility
parameter of fibers by AE treatment on various fibers (n=3)
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ZIH L Figs.1~54 OFERAZAET L & FEEMERILERIZ 20 HE~OIUERBE
BAZE b LT B & | Fig5.5~5.8 ICBWTIE R & SP i & BN L LIz RA
BATIRIEE B L T\ e, T7ebb RmiEHEAIRERIC L0 IEEPRE B LIZR
RSy L RRME DR B DI N T, #HED SPENZEL TWD Z Lvbinoiz,
ZDZ &, FETEMERIDSHE SIS LTe 2 & T & o TSR i o W ERA L 2 BRI 23
AL L. Z D= DRIy EEHEOBFWEN (L U CIGE RN L Z 122 L 2Rk
THHLDOEEZEZ LD,

LUF ., Stils A O BRI &R I~ OIS IRIE & | (2 A&l SL SRR Sy S B
L7ZBR O EAEIZOWTEERT S,

542 EE#ET VAR RVKRUEET N Y U ABEKAG O TR~ OIS IC
EI R

EET VXA B O ANVR BT FY UL (LAS) ORfE~DOWERIZOWT,
e D, AL T, v—A>F A ur>HE>RY T AT ADNEICS N & E2HE LT
W5, SRIOMEHRERD D HEHEIZ LAS BIGE L7efER. v — /B XU TIX LAS %

ML TA Y EERONESNHEIML, Ao TiE LAS 12XV A %&@W%@m
iénkk%ﬂf%éomJiXTw«@LAS®W%gi¢@wkw\%ﬂmn
FHIZLAS WLEEN B Lo T B2 B,

=B LT A B ~D LAS OIFEIZIE, LAS O 7 /L3 L EEER 5y & ik o B
5y & DBUKMEF EAER OM, $HECFATET 2 K07 X 2 2k & LAS ORIk & o1 4
EANFHE LWL EBEXLND, V—ILBLOT A v O%E AL, pHS Bitt T
HY | RHELBRIZMHEH L7z LAS KIS pH X 6.7 EEHEA LD H00m0 728, K
TR EOMBEIETMEIENTEBY, 7—r VLT TV L ANICE D
WENEN. TH D EHEII SN D, T D72, BIKIEESMINZ AT CTHEREIZELM LT\ 2
LAS WEWERET S &, 4 O RZRSYD 9 B, BKETHOMMEDO K& WA Y EE
fel OMABAEANR LIRS BIL LI AREENREZOND, 4 YV EERE LD &85 %
HLOA Y NRLILT LT E Rid, AEEITRD LN o7 b OO, LASALEIZ LY v —
NTIEERSHEINL, A 0 T OEmE R0 A Y EFERE R E8 2R LT,
ZOZ EE, FRROWEMEE IR T IO LEE XD,

NI NAERIIYEDE TH DM, M. T, T A a0 ~DIERNEN T, LAS
LB D BN o Te &EE X D,

A VEEBOTA 0 ~OIEFD LAS AEIZ X 0 b L7Z#8 Bz VW CTid, miik
DEREGEDETUTFTOIICEZLND, A VEEBROTA v ~DOIEIZIE, T4
0y ORET X FEREENLSMCHA VE %%®W%Fﬁ#%<fﬁ#étwﬂ%®ﬂ
ERPFFRIIZEWNZ & 237725, LAS 2K o TA Y HEEEDOE T O —FRANFEN
Nz, TGENHESNT- EHEEEND, Z LT LAS ICL > CEREEZIT 51
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HEBO®EN, LAS #0h LTHA a U ClFET 24 YV EEBEOREL EElo 2GR, &
%&LT@W%@#@&LK&%KTPéO&%JASK%ﬁMéW%@%ﬁWT&é
X BRI NMEE W Z D,

f~D LAS OULEITIL, fROKERIE~DKERES & BKAIGE S ~DFE BAEFH O i
HNFEELTWEEEZONS, LEEBN-> T, A Y EEBOM~DOIZE RPN L7z
X, VA OEE LRERIC, MICBKIGEE LT % LAS OMBMEREIZ A & B3
ALl EZTNWS,

543 Z U UNEEET R U U LD R DS FEHE~ OIS 12 KT 52

SHBI RKTHNE, Z UV EEET FY oA (SLS) OffHE~DWAERIL LAS &
FULL, U= >FAar>H>R) AT ADOIEICS N L2 #HE LT\ 5, SLS O
FTA v BLOY— I A~OIGEIZIX, LAS & RIERIZ SLS O 7 /L3 L3 & e O BRKES
53 & OBUKVER EAER OM, SHECAAET 2 K07 X 2 2k & SLS Okl & D1 4
ANTEL WS EEZLND,

FERIZH N = SLS KIS D pH 28 7.4 L HETH D Z Lvh . LAS E[RERIZ SLS @
WHE~DIE X, 77 > T T — VAN X DIENENL TH D EHERI <4, SLS 1381
IKFEZIMANC AT PR BE CREMEIC B L CW D B2 B d, LIzdd > T, SLS JLEfi
TlX, WEME DA Y FEHEBEOFRIGE LT WEE X HILDH DN, Figs.2 O R Tl
PEE DAV EEREI VL. A VY NLAT AT ROWERNEZ ML, Z O
HIZOWTIILLFDO L 9ICE R D, #MEICIE L7 SLS & Ry & OMAEMN 2%
Z 7ot &, SLSIZLAS L0 b#EN/ NS WD, A VERREE OMAEMRIZLAS IEE
BRSFEBLL RV, £ LT, SLS & BRI OB I IS K 0 & Bk A AR
ROHFGOTNRE WD, SLS DT /L F VA BKMEOINES & L TR L TWA A
VRV AT VT B ROWERNBFFITHMLI-EE 265,

BKMEOREZ N 27—V T, HEEITBO Lo hd, SLS WERIZ L > THAa
BB IR — A ~OPFERPEIMEFICH D Z L1, FRROB2 2 IFH L TNnDH EFE
z bbb,

KT DA VY XL AT AT B ROWEREIMNI, LD X 512E X 5, SLS D~
DILFEIT T, fkiEL ff#é*%%«@m$FA&ﬁm%ﬂ%%~®ﬁ5¢%®ﬁﬁﬁ
FHL TR, KNGS Lz SLS & R & OMAENEZE 2 -RE, RS
&s@7»%»%kﬁmﬁ®ﬁﬁ%ﬂﬁ%kLfﬂﬁf%éoLﬂbmm@kkb\
SLS & RASy & O AAERIZE T 2WHENE D FHGITNENEBZ BN H7-9H, SLS
DT NAFAEZIER L LTHEHTES A YA LAT AT ROIGERNHEM LT &
HEEL T D,
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544 T 00 VBT R U D LD RKR ) OB FEEHME~ OIS 12 R IT T 528

R L > TREAAICINGE L72T7 v ) VT F Y U A (Cp-Na) 1E, 79 FWRC
KA F L DF Y T ANKEKIZEEND DL T AR TR T DEOEBA A
ICEBRIN T, BRATAICEN L TND EEZILND, DT OMMEZREITAKICAE
DAJBANT ANZTBDOINTREE & 7o o THUKERE K L, BUKEDR K E WREA TH D
AV NVAT VT R R0 3 iR & OBUKAIFE BEAERIC X 0 IS 4 H
mEgEtEBEZLNS, LL, NI NVIAUBBITRY = AT VDN DOHEIZ BT D
&b L DIGERBENTZD, Co-Na B DFEN RN oToEBEZTND, REB, A
VEFRBB IO X =D Cp-Na EAA~OINGELE S, AEEITED HIRVN,
WAL ORRMELZ X L CHIIMBERNIC S 0 | 2 b BRA T A DIGEIZ K 2 ikiEZR i o Bf
KepdwmELTWb EEZLND,

545 7a—Lx b Fx 2 L— RIS OB FEMHE~DIGE 12 K IT T 58

Weatherburn?(%, FEA A4 2 FEIEHERI O ~DOWERITT—L - FA B DB LE 5
BFThHLZLZHRELTWVDZEG, MIZITV—L - T A e L0 HLED AE DY
ELTBY, 2z LTRARSOIGEREN/EMLI-EE 2605, T/va—x k
XL — |k (AB) 130 FREETICKRE RBIKEZ RS-0, M~DIEIZIX, AEDT
VRNV L DBAREA LV b, BIKE L ORI L OKRFBR-EEDBRKELHFEL
TWAEHEI SN, ZOHA. AE X7 /LR A8 ZIMINC T TR 5720, 7R
oy R ST L XA VY EEBL D bBUKERKRE WA YN LALT AT E FEB X
O FF— /L OPGERNBE ML= L5 2 5,

AE O 7 —/UIZHT BDINEICIL, 7 —LOBUKIINEY; & AE O T VXV & D
FIEAERD, MHEOBRERE~DOBE LV b RELSFET D LR S ND, ZOHEA. AE
IEBUKEEZIMANC AT TR L TS EB X b5, I ZICRRM My Z S ¥ & &
SMA % VT2 AR DBUKIEETR I IKIBEEDR B A Y HEEEAE L, DGER ML 7=
EEZ TS,

WY T AT ~D AE LB X0 | JENESR R DA Y HERB L O~ T L3
B DI ERIZKEX R EALITRBO LN Todd, TIVT B RRERK G DA 3L LT
AT ROBGERIZARITHM L7, AL T AT E RRD ) 32— LORERLHE
ZEXRBO DR e BEIMEMIC B o 7o, ZOBEBIZOWTIZ LA FTDO X 2 I2E Z 5,

FFERKE DWAERIZER T D & BV AT VOKLEA~DT LT b RRER
B DUCE FIFREMIEE R B R ONGER LY H/hS W, 2O Z E0n | iofikie & b
XL EDLTNTEH L, RV AT AKEIZ, T/VT b FREKTITNGE LIZ< D
3, BERAIE RS ITUE Lo WA S OFEET D EHERI SN D, R = AT L5
T OEBER I SEHED B REIEDFIE LRV, Rk & L THARF I VEE LoKg
ErfFroZ enmonTksh 19 ZZRENBRRESRIOINESL THDL EBEZ B
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Do WY T AT ~D AE VOB &, Z ORI VAR F 2V EL L KBRS AE O
WAESGE LTHRELIZESZE 26N, AL, RUTZZXT /0~ AE LWHIZL Y, AE O
BUKHSE A DRHER I DK IE I L O AR X LR L AKBEREAT 5, FOREER. sMil
ZAW TR\ L7 AE DT LR LEHER N T LT b RRRGS DIES L IroT- L&
ZTCTW5, BB R DREESIE. AE IZ XK » TR Y = A7 )L O RIIE~DILE 2 HLE
INDDAE DT L F VI3 ~DBUKINGE T & 0 R~ DS HE 5 23R S,
ZORER, B E L TONGERIZRE RE(LRBIN 2o 7z EHERIT 5, A EZEITR
LIRS T2, AR B L0 A Y HEEIEOR Y = AT )L ~OIUE B DT 0N
LTWbHDIE, RYZ AT NAA~OEBEOIEN AE IZ X > THE SN EENREZ XS
s

5.4.6 FEMT S5 150D 24

ARRFTOMHT TIL, KIs KO TG AL ERE D & R HE~ D By DIE )
WIS IEHOARICHE D EAGE L., M TOFEMEDZEDRRIE % Student’s t-test % ]
WTAT o7z, IS, REEFO BB FARBAICIE, 72 BER L TR
ZLEEBEL, AEEREIZ ) VT AN v IREEANVDZERHDH, E T,
MESTIED LMW 5720, ARIOEBRFERICONT S T A M v 7 BE
T& 5 Mann—Whitney U test CH B ZEME LTV, Student’s t-test |Z L 5 H E 2R E D
fER L LT,

Mann-Whitney U test (XEEZT 5 2 7 L—T O EF > 7 VEMN 7 UL E TR0 & fERR
FS%DA BRI TE WD, KOBEEEZHOWT, [UERT—F %7 —/ 1L,
n=12 & L THEZIT -7 (Table 5.4), A EZEMRE DR % Table 5.5~5.8 IT/”7,

Table 5.4 Sample size used for significance test

Mann—Whit
Student’s t-test ann—Whitney
U test
Water treatment group n=3 n=12%*
Surfactant treatment group n=3 n=3

*Pooled sorption data of odorous substances for various fibers after water treatment
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Table 5.5 Significance test result (1) Comparison of LAS treatment group and water treatment

group
HE®EHY : p<005p<00l HEEZRL : NS
e
WE 77 i v —) RYZATFA| FAmrv
AV HEER Student’s t-test p<0.05 p<0.01 N.S. p<0.01
Mann-Whitney U test p<0.01 p<0.01 N.S. N.S.
Y=/ Student’s t-test N.S. N.S. N.S. N.S.
Mann—Whitney U test N.S. N.S. N.S. p<0.05
A YRV LT IIVT B R |Student’s t-test N.S. N.S. N.S. N.S.
Mann—-Whitney U test N.S. N.S. N.S. N.S.
2-) FF—n Student’s t-test N.S. N.S. N.S. N.S.
Mann—Whitney U test N.S. N.S. N.S. N.S.

Table 5.6 Significance test result (2) Comparison of SLS treatment group and water treatment

group
HExEHY : p0.05p<00l  AHEHEARL NS
#HE
T E J7 i # =) RYTATN| FAuy
A VR Student’s t-test N.S. N.S. N.S. N.S.
Mann—Whitney U test N.S. p<0.01 N.S. N.S.
¥ %=1 Student’s t-test N.S. N.S. N.S. N.S.
Mann—Whitney U test N.S. N.S. p<0.05 N.S.
A YNRNLLT T E R |[Student’s t-test p<0.05 N.S. N.S. p<0.01
Mann-Whitney U test p<0.01 N.S. p<0.05 p<0.01
2-) X F— Student’s t-test N.S. N.S. N.S. N.S.
Mann-Whitney U test N.S. p<0.05 N.S. N.S.
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Table 5.7 Significance test result (3) Comparison of C»>-Na treatment group and water treatment

group
fAEAEDY : p<005p<00l  HEERL : NS
AL
i Iy i i R LV T
AV EER Student’s t-test N.S. N.S. N.S. N.S.
Mann—Whitney U test N.S. p<0.05 N.S. N.D.
%=1 Student’s t-test N.S. N.S. p<0.01 N.S.
Mann-Whitney U test N.S. N.S. p<0.05 p<0.05
A VYNUAT AT E R [Student’s t-test p<0.01 N.S. p<0.05 p<0.01
Mann-Whitney U test p<0.05 N.S. p<0.05 p<0.01
2-) %= Student’s t-test N.S. N.S. N.S. N.S.
Mann-Whitney U test N.S. p<0.05 p<0.05 p<0.05

Table 5.8 Significance test result (4) Comparison of AE treatment group and water treatment

group
HEZHY 1 p<0.05 p<0.0l  AHE&EAL : NS
Al E
D7 i v—)  |RYVZZFA| FAfur
AV H R Student’s t-test p<0.05 p<0.01 N.S. p<0.01
Mann-Whitney U test p<0.01 N.S. N.S. N.S.
VU= Student’s t-test N.S. N.S. N.S. N.S.
Mann—Whitney U test N.S. N.S. N.S. N.S.
A YN LT LT B R |Student’s t-test p<0.01 N.S. p<0.05 N.S.
Mann-Whitney U test p<0.01 N.S. N.S. N.S.
2=/ = Student’s t-test p<0.01 N.S. N.S. N.S.
Mann—Whitney U test N.S. N.S. N.S. N.S.

Mann-Whitney U test TOREDFER, 10 5t DT —Z 2O T, Student’s t-test TlIAk H
SN AEEDRE SN, £ & 3FIT, Student’s t-test CTHE ZNH X
A7 H3. Mann-Whitney U test TIIMRH SRz T7 —Z N 53t o7,

Student’s t-test {3 Mann-Whitney U test XV &G EZOKRH DA @EmNZ E R HIL T
DM, AEIORE TIE Mann-Whitney U test O 5 B3 A BEZOBRHEE N L -T2, Tt
Mann-Whitney U test (23T, KABRFEDOH > TP A4 X% 12 ERE LIZZ &I
0. 7t A X083 O Student’s t-test LV b AEEZDOBRE NN EETlod EE R

5D,
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—J5C. Student’s t-test CHEZED R 417225, Mann-Whitney U test T3k H S
RNT—=H RN SFAHELTEY , ZORBICOVWTIIUTOLIITERD,

Student’s t-test 23 Y > 7 VEEDNEE 2 Ll U CRE T 5 DIZ%F L, Mann-Whitney U
test [ LW o T AREDO IR A T D EE TH S, 418D Mann-Whitney U test (2 K 5
FREIZIBUWTIE, n=12 OKLERRE & | n=3 O FEIEMERALELEE O Z 2 Sufil & Lhig
LTWABTZH, —fOT —Z2 IO TE, KUEBEO R RENARKOT —4 (n=3) »»
LRENTAEE 720 | ZORDICHEENPBRH S RhoTclEZX NG, Thbb, K
RBHENDITTOREEDRE L SN TLESTAREMEN D D,

O END, ARFHIB T 2 HEEREITIE, n=3 O¥ > T NEEOFHE % g T
&5 ttest DEFEMAZ U TH D &E R, UBEOKETH Student’s t-test 2 VN TRER D L
AT/ ) Z I,

5.5 A

VElE S AHE~ D B KU DS 2 KT T RE G 2720 AHUA IS AR g
RICHABMARE L, MRS ELBRORK[E D OIERZME Lz, TOME, LT
DA SN2 5T,

(OBEHIH O FETEMERI KSR 2 IRIET 2 Z LIk D KAERICRIT 2 B
DOILERNENT D, REEHANRIELEIC L0 | #HE~ONERNGEICE(L LT
By & e & ORMAE DREIZIB W TIE, D SP ENZEL L TWDH Z &R
SN, 2O Enb, BT ETEMERIANE Lo R, FmiE MR oM EIC L -
T, BKT DBHESDINEEN L LT b D EEZ BILD,

(Q)LAS IIHEENICN VB UVRZA L TB O MIENRKRE W, WEmE DA Y H 5
EOHALMERNTRV, LASERIZ LY | MBI NT — 1 ~D A Y FEFEOPE FITHE
mu., FAar~oAf Y FEERBOWERITHAD Lc, MBI —ZBnTid, %k
(CHEHEICINAE LTV D LAS 2095 2 & T Y ERBOPGEENEMNT 5 &2 5
oo TA v DA, WHEICEZE K FET DA Y HEBOIUEFER )Y LAS IZ X -
TENIL. ZORER. AV EEBROMHEDIEDPLEF S TUEROBAIZEED -
T EHERI L TV 5,

G)SLSLEIC LV . B LT A a o ~DA YN LT LT e ROIERNEIN L7z,
SLS 1% LAS XV HARMED/ NS W o | it E T o D RN R O R & O AAE
HAEo b, 77 RROBKS & OBUKEIFEAAEF O 55358 < Bliv 75 5% & HER
LTWb,

(4)Cip-Na LHIZ L0 MBI A ar~DA IR LATIVT B ROIGERPEIN L
To Fioy WU ZRATNAADA I NLLT VT B REBIONRT LI OIS RN
MMU7Tz, Co-Na (33 ERFICKEKFOBEREA F NIV BBEATAZKT 57280,
IDMEDORIT A BRI L. Z O/, BUKIED B O NI L7z &%
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wa\é
G)AERUBRIC LV | #i~DA VY EERE, 4 VY ASLATATFE RBLO 32— OIE
%ﬁ%MLK)EA@ﬁA@W% I3, MUCAFET DK~ DK FEREE DR E L F
HLTWD EHEHI SN D, DA, AE X7 /LS L8 % SMANZ E1F C Rl Bl L C
WAHZ LI BRI AE O T LR LI ICERAKIGE L TWA EHERI S S,
AEQFRIZ LY | U= ~DA YV ERBONELR SN LI, ZiUuxy — VBRI E
%LtAE@ﬁm%*“ AV EERBINE LR EELTND, R ZAT LT
X, AEWEIC XD A YR L ALT VT B ROWERBEINN LIz, R Y = 27 Ui#EO R
Utk T o DKL KON VR X VEITKFBRES LT AE 20 L, A Y NLILT L
T b RRBUKINGEZ LR EEZTND
O)XT AL ) T =ML, AV %&%io4/ﬂvaw7tkkw@¢é
&L BmTEMERI OB A 2 T < o T, _®@mkbf RINVITUERITARY =R
T VLA O~ DIE LD @2 d . SETEPERNC KX 2 ERBHE LIZS 2 oTe b
DEZEZDBIND, /AT —ITHONTIT, @%«@M%&% BWTHHENE LD b
BKAREEROTENIEFITRENWEBRAOND, £DH, /3T —/L LD b
PEDREWEERS & T 5 & BRI IEE~DOIGE R MK < . 2 O T ikHE
W& LT REIEHER 2 L TChED b Rholeb D EE X TN D

ARIRFTOFESE, ABHHTEANCE £ 2 FEIETEAIDRHECDCE T 5 Z Llc kv,
HE~DRZR D OIERENEL L, F2F OBLIT BRI W 72 FLEiE Al O FEEEIC
Ko THERRDZ LRGN RoT,
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6.1 HHY

KRz EMFAERT 5 &0 MEICERBIGE L, BRETIIHE L LENRNE D) FR
Z< D, ZORRE LT, 5RO R LIC K0 iR mE T 5 22021k
WAET, EEOWBHE~DOIE I ELZ KIT L TV D AREERE X b b,

B S EIZBWT KIROZ T & LTIT o T 5 BEIE DS R AR 5 DO ~DIUE I KIE
TRELZAONICT 5720, KEAERIOER D TH DT =4 FEiErEARR L OJEA
F U REIEHANC DWW TRE 21T o 7o, ZORER, AN E Fh 2 R mTE e ke
IWETHZLICED ., HHE~DRL D DINERNLENT D Z EBRHLNT RS T2,

B % OLFA 7 7 TIXPHEOZIZ LHHDJAA W _EF 0 A1) & B ISRkt B %
AT 2560132 <. BOEORHE TITAEEE DN TEIL oo TWnD D, —RICTEHE D
W UAT &0 KRIEOMHMEC TR EOUE L L KIEAR O HESF B E 3 Kb
T, HS &6 &6 & LIl 2 b 5, Fedlift: B Al R m oW L CRim% M
WL, KEORAEWZEE LT, EHEOPENE AR T 2720l I D Y,
A BRI FEEEMIT N T A R EEERI S A S, TREO T E TRICBE W TH
T 2 SIS MEA DI HE 2R T AR MR AAE 3 KX OVBUKBIM AAERNC K- TIE LT,
e S A Bl E e D Y,

ARFE T FRAE BT RIDHE~ D BRI DS IZ R IETHELZ P DT 5720,
FM AT BT HIOFEM & U CHER & D 0 F A4 v RS R T4 R AR | F L %
T T2, KUHHR CRBRAG & RRR D 2 il S CIEREZRE L, TORBRNG,
A F A FEAEER O I TEIT K 2 i~ D RSy DB SRS D ZALIZ OV TRRGET
%,

6.2
6.2.1 A
(1) #BAm
FRBRAT IXEE 3 L [A U JIS Y A 5 BB IR A Off, 7—L, T4 KN
U AT LD 4 FhiZE Z 2 10x5em ([ZHEK L7zt D% vz,

2) B F A FmiE

HF A FEIESEAE LT, AT AEIRT =T MO NN-UVAT T aA
NAFTZTFNN-AF /I N-E kX 2T AT v EFog b LT o— bk (T4 A
R VT A IDNART (F ) 7 X —EQ) & LIz, Db F4EE% Fig.6.1
WZART RBII RNV A X F L AFAT =T LA ML T = — N OfEHB=
AT INTH Y AN T FR A BITAIEM & LTl T 5,
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Fig.6.1 Structure of N, N-Distearoyl oxyethyl-N-methyl, N-hydroxyethyl
ammonium methylsulfate (TES)

(3) RSy

KRR T 3 3 L A UIEIE R b A D A YV 5B L ORI LT Uk, T ATt
RBIEEMDA Y RLAT AT RBXIW2-/ 3T =LA RE L, 1 Y 55, 27
VIR, 2- 7 FF—)v (trans-2-/ FF—)v : LT 2 —/0) 1T bR TER O
WrE L AYNRVATATE R (f VEERT AT R) 3R TER oKL A
77

6.2.2 HER Tk
(1) FRBRAT D FHRALER

B A A A AWK, 2T NN-U AT T aA A F v =F)L-N-AF /)L, N-t R
RXEZFIUNT R LPAT =— R (BUF TES) OKEKICEIR (20-25°C) T 24
IRFRTE L 72t s JTOY 105°C, 2 RfE] ORERLALEE 24T > T, & sBR I T L 72,
TES /KEHE DO EEIISCHRIG R V2 BB, IRGZ A TR TR R END W F A
FEEEAIE 259 25% & L, K 30L %7- 0 OEUEFHEN 10mL TH D Z Lnn, il
A1 D ZEERALERERIR O TES #2EE 1T 80ppm & L7z, WSO BRIZ TES D7 /WALRNK Z 5
7=, Ak AL 7 B 3ppm BRI LT LA L7, 88 L7 TES KK D pH
IX£54 ThHoTo,

(2) BRE DULAE M E 15

BRESr ONGERILE 3 O L7e FiEZ2 W TRE Lz, RREmyIE=% 7 —v
WL, A Y BEEBEB IS Y RLAT LT R 2.0WwV%IEAETK. / 3T —LEB L,
NIRRT 1OWN%IEIR 2R U7z, IR 21T - 73R 2 & & 500mL D W
FAM= T T 2 I, T ICBFRR T DT H ) — VIR A e R A [l U7
WEIIZ SuL @ FLTART 74 VA TEE LT, TO=A7 7 Aa%k b FORERIC
TV 32°COTEIR TIZFRE L. Kb L7z R IR 4 120 SRR S ¥, 20
%, AV EREBRB IO 2T —ZONWTIE, ~y RAR—=ZXEHDORMEE T AL A T
U YT 2mL R L KIETICE EN D R EE WA 7 v~ 7 Z 7 (LT GO)
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Lo THHT Lz, A YRV AT AT E RBLORI VI U BOIGEFRIL, GC-SPME
EIZKXORE LT, 4 YN LT VT B REBEIUNR T LI U RORBRAT~DIREK T,
~y RANR—2H O B4 % Supelco #1484 SPME (65um PDMS/DVB) T 20 43 [#1fh
HL., 2Wiss LT GC THIE LT,

GC DIEEIT Agilent LD Agilent6890N T, H 7 AlL Agilent #D HP-INNOWAX
(0.25mm i.d.x30m, 0.25um) % v 7=, GC Z#75(4% Table 6.1 IZ/~ 7,

Table 6.1 Operating condition for GC analysis of body odors

odors
Isovaleric acid,
trans-2-nonenal, Pelargonic acid
Isovaleraldehyde
Injection temperature 180°C 230°C
Carrier gas He He
Oven temperature 100-160°C (5°C/min) 150-210°C (5°C/min)

GC HIFEfED B AE 2B L T, BRD OIGE TR ClIxtit L L THRSTIC
OWTERERA 2B A LR 022506 2 5L U RBREE & R DB E 21T - 7= 283l 2 A
T, WAUT K0 FilE~ D B DS F &2 KD T,

WHE~DEL R DOIER (%) = [(Sb—Sm) ,Sb] x100

ZZ T, ShiFZERERD GC v — 7 miED Y (n=3)., Sm (FEERFEIDO GC v¥— 2 m
DY) (n=3) ThbH,

6.2.3 MEHENT

W55 2L [FBEIC, TES & LB (BLF TES AFL) & A A o A8k BR (BLRK
m@)%#ﬁ?@¥Wf0#’owTSMMMt@E%£mLtoﬁ%%mﬁ@$5%
K DOGEIHAEENH D (p<0.05) & L7,
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6.3 fti I L OEL

TES LB ;5%@%nm T DFHE~DIEFEDZAE (meantSD, n=3) % Fig.6.2 |T
%#;ms@ 2k DA YV EERE. A VNLAAT AT E ROWNGERNG B H
MLTED\%K /AVwTwTEF®W%¢ik%<%mbfwto

DIsovaleric acid @Pelargonic acid

100 100
~ 80 — 80 .
2 60 2]
E § 60
.5 40 g
B 2
2 20 g

0 0
Cotton Wool Polyester ~ Nylon Cotton Wool Polyester ~ Nylon
%lsovalera]dehyde @trans-2-nonenal

100

fec]

o
00
o

(2]
o

ey
o

sorption rate(%)
3
3

sorption rate(%)

(]
o

[

[=]

T“ al._a

0
Cotton Wool Polyester ~ Nylon Cotton Wool Polyester ~ Nylon
[ : Water M TES meanxSD, n=3 *: p<0.03, ¥* : p<0.01

Fig.6.2 Changes in sorption rate of odorous substances by TES treatment on
various fibers

fi~D TES OFFITIX, TES O h FA i EMICHFET DKL L OKFBREG N H
HLTWbEEE26N5, ZOF:, TES ITBKIEASMANZ AT TEA LTV 5 & HERIC
X%, FEIDIE, T BB X0 ITEUK LT A LA L TR, 2o L
FRA B A T OBUKENHE O R A B 5 2 L T, kiER w2 BUKIC B b s
TWAHZEZRBL TS, LIER-> T, A VYEHEHEEBE, AV N7 LT RILTES O
TIVFIBHER I~ DBKREIZ LD | fE~OINERDAEEICENLIZEER D, A VE
B LD LBUKMERE WA YRV T AT b RIEBEICICGEENEM L2 &id, 2h
EXFFLTWD, STEABETRO LN ST, 23— b A Y EHER, A N
LT VT e REFE Utﬁﬁ%r LCWe, RIVITURIZEIL T, R U =27 LS
DREHEI 6 U CRILBRD S TULE RN T2 8D, TES AL A AT o T2 A ~ DL R DZE
LB o T EHERI L TV 5,

LIS OREHEIZ BN TIE, WTERO RS IZOWT S TES ALFR & KA & DT
WAERIZABZETRD DN holz, KT NE, B FF o FmiEERKERICHE, v —
w\%4uy\meXTw%z4ﬁ%&@Lf\@ﬁ«@ﬁ%ﬁ/ﬁﬁﬁ@ﬂ@&%
BEHELTEBY, WERIZV—ADRHEL, KOTHREIO® A n 20 20

60



BIXT LD 2B3~1/6 FRETHDL EHELTWD, ARFICIEv—ABLOF a0
KALEE & TES WUEE 1% D45 Fl BAR Sy DIE B OMICH BEZITE O T KT Y0HE
DHPHENDREREIR 2D LD L Ro7, TOEBIZOWTELTOLIIZEZ D,

U=k, FTA AT D TES OUUEHNE L LT, IS ET 2 R LR % v
NWHE TES ODATF A HEE OA A MHAEERE . BHEOBKER > & TES DT LF /L
HEOBUKMEMEERRSZS 2 6Nd, V—ABINT A v OEELIL, pHS A% TH
D oD IREALFRICAE ] L7z TES KIS D pH 1L 5.4 SIRIFEESICE LN LD,
TES RHEMLER T T OMEHMED SN BT ITMD T/ISVREETH D, D78, TES & ki
OHAEERICR T L7 —a U NOFEITIEFIT/NE <720 | TES OfEME~DIE &
RN LD, RRRG OMHE~DIUERIZKRE RN ECRP o7 B ZTND,
FARTF NE, KUY ZZTCHT D 0 F A o RETEER O S BIXFEF 12D 72 < |
LD 1/10~120 FEETH D EHME L TV D, KU T AT /L OEBHEIISSED
BRENFAE LRV ED DB, TES OR Y = AT A~OIGFEIZFHT DM EERIL,
TES O 7 VX VY & OBUKMREERANZE A S THY IERITDT I TH D &
HHICTx 5, RY T AT ILOKMEE L TES AHLIC L DK RARSINERICHES %
P ZAEMBD BN T-DIE, RY T ZF/L~D TES DINEREND R T27280
EEZBND,

TES 723kt & R O AAERNIC KT B2 51l 3 2 72 TES AP L UKL
O 2 RINTHONWT, FhfEd SPE CUEMIE ®) & A FE B KU DINGE R & DR %
Kb, RINMOEZIT72 7=, T DOFEFR % Fig. 6.3 I8 7,
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@&)soovalerlc acid @Pelargonic acid TES : Wool
TES 100 Cotton R=0.8594 e
— Cotton R=0.7423 - L
9&180 < 80 Nylon 7 e
] )
Q
‘@ 60 20 e
c =TT e R=0.8104
5 c o’
=R Sa40 a
5 e Polyester
w» 20 e}
Polyester A 20
0 . o
10 12 14 16 18 20
10 12 14 16 18 20
SP value SP value
lsovaleraldehyde @trans-2-nonenal
100 100
& &0 28 TES -
g g R=0.9322
© 60 @ 60 o Wool
- Nylon otton
é 40 240 J h
L UNPPRITT L
= 2 Polyester a Polyester & ik
@ 20 @ 20 Water :
N R=0.9378
0 0
10 12 14 16 18 20 10 12 14 16 18 20
SP value SP value
A  Water @ :TES —— : Approximatestraight line (TES)  ======= : Approximatestraight line (Water)

Fig.6.3 Changes in correlation between sorption rate of odorous substances and
solubility parameter of fibers by TES treatment on various fibers (n=3)

TES LR KL OUKMLEED 2 RAFIEIT, SP B & IS R OFBAREIT K X 72 2L I3EE
BNehotz, TOIZ i, fMUSNOHHETIZ TES ALERIC X 2 HHE O W E b 2 Rk
BEOEAN VRN L ZRBLTEY, Uv—b, TArVBLORY ZXT7MITEBWT
TES OUUE BNV IR oo | BT DFHHESDIE RIZKR E BB BN R 0o T2
ZEEREMITWD EEZD,

6.4 A

Vel I S 4L 2 el T B3 gt ~ D RSy DS |2 M AE T B Z it
B2, Fe#At EFANHER S5 F A4 o REiEHAITH D NN-U AT 7 0 A LA
XL TFILN-AF/L,N-E ReFxF o omF LT o= AH L7 — |k (TES) KIAHK
(SRR ARIE L, FRSEIBORR Dy OICERZNE LTz, TORME, LLTO
S BN Ao Tz,
(1) TES {Z{ELIRIZ LY | Ma~DA Y EFRE, A VST IT B ROWFERNFEIC
ML, BRZA YN ULAT AT E FOIERITIRE ML TV, A Y HEER X
A I XLV T T B Rid, fRICIEE Lz TES O 7 VS VI 0 ~ DBk 5 12 &
D, M~OIGERPERICHM LI B2 0D, A Y EHEE KL T, LBk
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PERENA VYNV T VT B ROIGEROEMNEE Tho72Z L1X, ZNEFFL
TW5,

()FRLAS DREAHE I IV TIE, TES ALBE A B KU DI RIZ KT T RIS o 72,

=), FA B AW TIE, RIELEIZH VWS TES KIEIRO pH 87— /LB L O
A DFEBRETFFE LTI ED DM FENEMRBIEF ISR, 20D
fEF. TES & DA A AEFHAAER B H] S 4, ik~ TES OIGEENME S Mz b1
bl EZbND, RY T AT ATONTIL, #HEDESE T St D B RE
fFAE L7228 TES & O AEEANTI< | TES DIEFEEN DTN THoT-fER, B
R DIERIZRKE RN E L 2ol EZX DS,

(3) TES 23k & RAR D O AAERIC KIE T EZ G35 729, TES AMFLE LU

T ASHAKALEL D 2 RHNZDOWNT, Kk D SP B & & Fl RSy DULE 3 & OFES
R, RYNE O ZITIR o, ZOFEE., WRFIHE T, SPE & IG5 EOHHBIREL
WCRERBTRD BN oT-, 2O X, ML OMEKE TIX TES AL X D
HEOWEAL AR DALV I D L ZRIB L TRY, v—L, T/ erBIY
R Y 2 AT /L~D TES ODYAE RV IR0 By D FHRHE~ DR RIC K & 72
FAERBINIR o Z 2B ST TNDH EBZHND,

ARIRFF ORGSR, Fedktt BIFRBRIC KOt T 24 YV ERE, 4 VSV AT AT E R
DOWE RN 5 Z EBRAL NIRRT, FEARERSEM FICBN Iy — LB IO
FA v OEB RN ETHIO pH L2 &G, L BT AR OGS 13D
< BRG DIUE DTN S W LBbhrolz,
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7.1 B

KRz EMFAERT 5 &0 MEICERBIGE L, BRETIIHE L LENRNE D) FR
Z< D, ZORRE LT, 5RO R LIC K0 iR mE T 5 22021k
WAET, EEOWBHE~DOIE I ELZ KIT L TV D AREERE X b b,

FWAFERBIOE S ZETIE, KEOZ 7 L LT Th TV A TRIEIZB WD THAI S A3
MDD RGQDIWE BT 5 2 & AT L, YEAFS OSB3 o0 S e 23 5
R[ROIE T 5 Z LR om-oTz,

AREETIT, KRDAE I Lo THHECATE T 215503 BHE~D RKROIUE IZ RIFET
WEEMRTTT 5, AED NIEM UTKIRICAE LI Z2 08 LIS, KEana
WETHY ., ZOERMILIGHERKOENEE, MU 7 VY K, RIGKFLEDES IO
Ty A THDHZ LA RE LTS, T2 TR T, SRR ICE T VEIETS
NEAMNE S, SR TRAED ZHEMSETIERZRIE L, T OMEND, i~
D RZRGT DUE N BAETVHYR OBV TR 5,

7.2 Bk
7.2.1 B
(1) #BrAm
FRBRAT IXEE 3 B L A U JIS e A 5 FERB IR A Off, v —b, T4 rr | K
VT AT )VOD 4Tl % ZIEI 10x5em (BT L= H D& Huviz,

2) ET MG

Wo 203, FH FEICAE LG22 = F Lo —T LTt LTt L7kE 3, 1585
IZE D EHEY O 30%% EEBERITRE A D T D L s L5, IEREIR IR Ok
WIZCOWTIIEAERH D DD, 7SIV IFUfiE, 7OV LU, LA VEERS WD
EDRHBNTWND I, KFFETITEIR TR TH Y | FHROLNA LA U Ba®REL
Teo A UA UBRIT, FOCHIEE TR ORIEL iz,

(3) RSy

R NIHE 3 EER UL BEBR GO Y ER-BB LT LA, 7v
T RREEMDOA IRV LT AT E RBLO2-/ 2T —VERE LT, A Y5,
NI UWE, 2-7 32T =)V (trans-2-/ T —/v : LLF /2 32T —/v) 1T H A bk TR
DRIz, A YNV AT AT R (Y EEBRT VT e R) 3R TER ORI 4
A=,

7.2.2 WRBRI7IE
(1) #BRAT ~ D75 e 75 AL P
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M5 NE, FH LKA E T DEHROEITFHIC L > TRR DN, FROFEH =
TIHHAADOERED 15%RETHDLZ L. 12205 LAEMIENTIK 1.2%THDH 2 &
EHELTWD, £ THOERED 1.22% % ZEHENEOBRZ L Lz, RO EREY
HEST D&, Of:0.50g. @7 —/L:0.60g, @R Y =AT /L :029g, DF A =2 :0.32g
ThHY. 1.22%=TD6.10mg, @7.32mg, @3.54mg, @3.90mg & 725, ZiLbHDFHIfH
235.22mg THHZ b, B — i dH72 0 ORIEHG N EZ Smg & LT,

BT IESROA LA VP 1.25g Z~F 42 50mL (SR L, T BRI 2 TR L
Too WIZZDET IVIEYRIRRE~A 71> P T500uL 0B L, Fig 7.1 loR-7 X9
(27 7\ RO BIZHRE TR — AU T UG L, il TR S 721212 105°C
T2 WREARERL L. £ T /WEYRIG YA & LTz,

RS OIGERBROBICIT, 22 ha—H 7 b LT, RO 4 1F
L7,

Oleic acid
2.5%Hexan soln.
100mm 500uL

| [ -

Test fiber

50mm

Fig.7.1 Preparation of Oily soiled fiber

(2) BRE DULAE M E 15

FRERAT ~D BRIy DIERIL, 53 BRI LI FEEZ AW TTo 7, BRI
TH )=V L, A Y HHEBB I OA Y RLILT LT RIL 2.0WN%IATKR., / 3T
— B LN T LT UPRIE 1LOWN%IEIR 2R LT, B 7 MGIRH AT £ T2 3R D
ARG A KR 500mL DA T AR=AT7 T 23l A, ZZICHEREKRS DT F ) —
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TR 2 S BRI L7 W R DU SpL i FLTANT 7 4 VA TREE LT, 2D =
7ZAakt FOEFRITEV 32°COMER FICHE L, Kb L7z B e &
120 3 fAIREE S W70, ED%, A4 Y EEBRB IO X — 2 o0 T, ~y I\;««\—
BORMEEH AL A R Y VT 2omL S+ L, [EPICE D Ry BEE
Arma~ 777 (LLFGC) IZXosTothLie,

A VNUAT VT RBIONRT LT OIS %, GC-SPME EIZ L 0 JlE L7z,
A VNRNVLT VT RBRIONRT LI BORBRAT~OURGEE TH, ~y RAX—2h
D XK Sy % Supelco 81> SPME (65um PDMS/DVB) T 20 43 fElflit L, 2iias L <
GC THIE L7,

GC DZEE T Agilent B Agilent6890N T, 7 AlL Agilent #> HP-INNOWAX

(0.25mm i.d.x30m, 0.25um) % AV 7=, GC W&t Table7.1 (27”7,

Table 7.1 Operating condition for GC analysis of body odors

odors
Isovaleric acid,
trans-2-nonenal, Pelargonic acid
Isovaleraldehyde
Injection temperature 180°C 230°C
Carrier gas He He
Oven temperature 100-160°C (5°C/min) 150-210°C (5°C/min)

GC WEME D A A 2B L T, RS ONGE R TIIXR & L THERX D
DV TRERAT 2B L7 Z2alkt 2 g U alBReUEL & RIER D BB ZAT > 7222 .ﬁﬁ%ﬁ’a}]\
T, RIS K0 e~ D RS DI R 2 R 7z,

HHAE~ D R DIESR (%) = [(Sb—Sm) Sb] x100

T, ShiFZERBRO GC B — 7 IO (n=3) . Sm ILHRBREIO GC B — 27 I
O (n=3) Thb,

RBETIETE LTHWEF LA VERD XY A % Table 7.1 DS T GC 4y
Hri, LA riBoGCE— 7 PEFRRNTD GC E—7 LERLBRWI & 2R L
72

(3) HEatfFHT
¥ 5 ELFEBIC, TTATEIRAT B L RO LR TOEBEDZEICHONT
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Student's t fRE % FhtE L7=, A BEZITEHRE SURMOLEICHERBRENRH D (p<0.05) &
L7,

73 fERIB L OB
F T IS ERERIC X D A R RS DFHE~ DI S R D LAV % Fig. 7.2 1R T,

ﬁUiX?wm®&7w2/@®W%¢#ﬁﬁ_%ML\?—wk;o?4u/m®
A IR ILT VT B ROWNERNPAEIZHAD Lz,

DIsovaleric acid (@Pelargonic acid o
100
100 [ 1
L 1
~ 80 g 80 l
s <
= =
% 60 % 60
e g
a0 £ 40
= £
S 20 2 20
0 0
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(dlsovaleraldehyde @®trans-2-nonenal
100 100
*%
x | —
Z 80 I 80
=~ —_
£ 60 T 3 60
«
g i "
g 40 g 40
g E
20 ] 3 20 ﬁ.
0 | 0
Cotton Wool Polyester ~ Nylon Cotton Wool Polyester ~ Nylon
[ :untreated M : Oily soiled mean®SD, n=3 *: p<0.05, **: p<0.01

Fig.7.2 Changes in sorption rate of odorous substances by QOily soiled treatment on various
fibers

RY AT N OBESHNAISIEED BERREDFE L 2N D R Y AT b~
DR DIE I F ST DAL, BKMMHEERNRE THD EEZDND,
F 7R Y = AT IVITBKYE DOMEHE T B D 720 M OFHE & el % & FE 2SR ICTEN
RTWI EBWREIND, BT /WEIRMELEIZL Y | R Y =27 )V O OBKED
R L72Z & T BRRBG DRI THBUKMED R ENAT L T R OINGE 3N B 1T
MLz EZDND, XTI URIET TR, A4 VEFRE, 4 LA T AT E R,
) AT =N DRY ZATA~OIERS | GEATRD bNRnoTehy, 7 WGTT
EUBZ X > THMLTEY, 202 LIFRY = ATV &K BRIy & OBUKMER AAE
AN, T NWEHREZN L TRESTZZEEZRBL TS EEZ D,

U—LBLOTA B ~OET G ELIICELY A ST VT e RO
BRARIIKRTLEEBEZ, F4EBO0BLELEAEDETCUTOLIITELZLND, U—/b
Xt A VS LILT LT b ROPGEZ IR B AR R OIS B BAER 0% 5
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MAKENEEZLND, T— T, A4 Y NLAT LT RBNERTE BRI SL
MELSAHET D EHERIS LD 23 BT MIHHRIC K - T Z OGS BT O—H A ZE D iz T
Dy AN UALT AT E RO —L~OIENRES N EHLE LTS, £ LTET
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—VET HA YN LT AT e RO&EE ERl- 7R, 2 E L TOIEERN D

L72EEZTWS, FA B ~DA Y NULLT LT b ROWERN, EF NG5
FUIC K> TR T LB B, v— Vv Rk, A 0 U REIFET D4 VY SLAT VT
vt ROWEGDO—HNET WIEHRICEVEINTZTDEBEZLND, A NV T VT
b RERI-HEEEZ b oA Y ERBO T A 1o ~DIUER S AEZITRO b hoT-
23, [EMER 278 LTz,

Fi~ DB TR KIS DIERIZOWTIL, B 7 WG YRA S L & R & ORI E
RAATRD R o T, B 4 BEORER N G ~D RS OGS 2861 % % 5- I T
KA EAER £ 0 b KFREE FOMMAEAET OB RENLEZZ S, fOBKE
(BT IGIRPET D 2 LI 80 RERy & OBUKMEMR BN RE 505, 2R E L
TORERIZIIRE READBO bR oToEBEZTND,

WHE~ D BNR RSy DT DS | fhiE & R O AAEMIZ KT T RHEO R E S 27
T D720, BT IERAMELELE L USRLELD 2 RN HOWT, EikiED SP il (it
fEY) &KFRRT OWEFR L OMBEEZRD, RO Z1TieoT, TORR%E
Fig. 7.3 2”7,
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X X
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s} Polyester R=0.5580 g
“ 20 20
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10 12 14 16 18 20 10 12 14 16 18 20
SP value SP value
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Fig.7.3 Changes in correlation between sorption rate of odorous substances and solubility
parameter of fibers by Oily soiled treatment on various fibers (n=3)
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FICE VT2 Z ERH BN
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i, AV NNL AT LT ROWENHE SN EHEL TS,

() TET /WGTR O F LRI K o THHESDINE RN RES L LT VI VR L

AV ANRNVILT T e RTIEL SPAEENGEROHBEMEN RE BT 5 Z Lvbhro
7o AU, BT WIETROMEIC X D HER E OB L PR O L, <L

AUBBIOA YNV AT AT REilEE OBFMEICREREBELZRIFLZ L%
RIETHHEDEEZD,
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8.1 HM

A4 TEIZRBWT, SFEMAEORMEE T A —4% (SPfE) &X_XT/LITUER, A VN
VAT AT E RBLO 2T — VO~ DIUE R & ORIIEEWERBENRD bz
WL A Y EERRIIT A 7 ~DONFE RPN FFRAICRKEWZDIZ, SPE & OFRITK
<, SPAE/Z T TIINCEFENZ BT DA ZRATE 02 E R I N7,

R /X7 A —4  (Solubility parameter ; SPH ; 6) IFWENA T D ERET R/LF—
B DFMEE TS Y . Hildebrand & Scott 12 X » THRE S Y, WIETIZEBIT 54 [
NORS, TbbBfEEZETERE D, SPIE (0) 1%, BAARE S0 DT
TARNF =D FHRTERR S 4L, Fedors EEUZ IS RT3 L OB/ RFEEZ VT
ToXTERbIND,

5:(AE/V) 172 i (1)

ZIT, VIZEMERE, 4E 3BT LF— (BETXLE—) ThHD,

—HRIC, TRE LRI SPAEDZED /NS VNG EYEIRIEN BAFIC /R D 2 L DMRBRIIC
Mo TR, BECEEAOIE., EELMESNO T v 77 U AN = AT 4
OMFFREICIRIRS R ST D, L, SPIE (6) 1%, B & wWE & OMDOEE
NINT 7 T NT =V AREFICBRT D58 25 260 THY . TOMICIAET
L FHMEEERN. T2R0LEEMEEN (4 U6) . 26 OKFERE) . st
HAEER (R) IZBEL TWRY, ZOTOKOAKEE EKRE-AKEEZ AT
DB DOEGEITIE. SPAEZT TIHHAEN L FoICB R TE R,

Z ORI Z R 3~ < | Hansen |Z(1)= % & LT, M AVEH % London 77 #
71 (d) . BHRFRT) (p). KFEREET (h) O3 OOBEFIZHEILTERDLZ Lo
R L7229, Hansen 2% LT-{AfRE/NZ A —4% (Hansen Solubility parameters : HSP)
X, WEOEBEOZRNVF—% W (50 /0 IE (6,) . KFERMEH (6) D3O
DINT A= E L TR - TS,

Hildebrand DR /ST A —2% (5) L HSP & DRICITA FORERH 5,

52 — (Sdz + 5[,2 + (5;,2 ........ (2)
P> T, SIFRITRD BN D,
o= (5d2+5p2+5h2) 2. e eeeee e (3)

ZOADNG, HSP TR & 3 IRICEEEE (Oa, Op, 0n) & DEREE L X2 R~ LD J71m % 5
HEZ TS D TH D, AETIH, BRART & MHEE OBRIME, 70 6 ONTACE HTEA R
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K OZR#h A BRI O S s PR Rl 2 LB U 72 & 2 OB DIEIZEHGT 5
ORI EAERZ, HSP 28325 3 DD/ T A—2 W TERT H I & AikA
776

82 JHik
8.2.1. f#k#ED HSP D& H

o(Ero—2) BEXOF Aoy (54112 66) O HSPIZLEME Y255 L L
Too U IVITEOBENEMETH D720, HSP OBEHMBEE L < | ITOM GBI L
72o AU T A7 LD HSP I van Krevelen and Hoftyzer 15 )12 L D GHHE L TR 7=, da,
Op, On DEFEFIFEIZLL F(@)~6) D TEIND,

5d:2Fdi/V ........ (4)

XD Fy, Fyi, By 13 Table 8-1 [IRT 7 —FR_FGA—=Z L ORODHZENTE 5D,
22T, Fyu (MYm®) "mol) 1%, IR« 2EABINERTH D, ks
DT )L F—{3 Table8-1 IZ/RT ZI/N—T T A —ZOHHMRINEIC L > TEHE SN
%,

5p: (EFpiz) [ /S R R (5)

ZZ T, F? ((MI/m?) Y/mol) 1RGN KR T 5ENAGINERTH D,
YRR O AEAEN TH 2720, PG S OINEITEMINFEIZ 1T/ > T 72Rvy, F
7o, [Al— ORPEED KR ONEIZAFIET D56 (ex A R ¥ /) 1T, §, 1% Table
SAITRTHIENMA HILD,

5h: (th[/V) 72 il e e (6)

Z 2T, Eu (J/mol) ITKFHEA T HKNLF—ThbH, Hansen (2L - THEIES L—7
B2 DKERBEZFVF—BIEE—ETHDL I ERFESINTND720, KER/E
TRV F—DOMEITR(6) THRIAIND,

UEDOFHEEZRNTRY ZAT LD S BELW 040, o EH L, fABI O A1
IZOWNWTIEELE—2B IO A 1 66 DIEEY 25 L. Zi5 % Table 8.2 12
N
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Table 8.1 Group parameters of van Krevelen and Hoftyzer for estimation of Hansen solubility
parameter >

Table 8.2 HSPs characteristic parameters for fibers

P Y Jp S
Polyester 22.02 18.62 7.21 9.29
Cotton (Cellulose) ¥ 18.03 8.27 8.00 13.88
Nylon (Nylon66) ¢ 22.87 18.62 5.11 12.28
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8.2.2. HSP |Z L 2 #life & U5y DA BAEFH O ftfr
(WREES DI & 53 M AEAEH & OFHE

K REASAED HSP 24552 3 DD/XT A —H% (64, 0,, O) ZHEEHIZ, FHA4ZETHRL
T 45 B AT S FEIAE ~ D SRRy DUUGE A fitihc 7w » b L7 BRI 2 ER L, 8
BRE AR R Uiz, INERLKNRNT A—2 L OMBBREN S, i ~DRS K DX
FIZwET D0 TRMAEEROERZ 2R Lz,

Q) ETEVEANLERIC X 5 ik D HSP 2L & DOHEE

FS BRI 6 ETRLIEL DT, M2 RS ERKESIRICRIET 5 2 & T,
Z DRI KR Tl S W70 BAUR S OIS SRS U 7o, ke L i T A S I S
L7z 2 & X0l & Rk & OFBERNENT 52 L%, HSP 2> CTHlT %
N

Tt ~D R EIE A OIEIZ LV | fkiED HSP 24+ 5 /37 X —2 BT 5
EWGER A NET, A A AZHAKRIELEE (LR, AKUEE) A U 7l & L miE Ml
RIEAE (LUF, FmiEtEAss) % L7~ 0 Ry OIGE R L, £ 0
70D, HSP ORERR/NT A — 2 O EEHEE T 5 HIEERE Lz, &Moo HSP
%ﬁﬂﬁf~&Q%%&)%E%’\%5%%&@%6%?ﬁ%nkmﬂ@m%%
F S ETEPE RN 3 1T 2 fliHE~ D By DIUE R 2 f{tihiz 7 e > b U728 X
%Wﬁbto%bfﬂ%@ﬁﬁm®%ﬂﬁ TOWAEF L HSP FER/NT A — 2 B H

MR Z KTz, ZDORZE T, KLPRHE & ST A B~ D By D
WNERDFENS, F3T7 A =X DOEAbE A #FH I L7, (Fig. 8.1)

Ad= (Sm-Sd) /a
Z 2T, Sm F SR ETEMEAISLERRAE ~ D RSy OUEZR DL (n=3) . Sd 137K
BRAAHE~ D BR R  DIE R DY) (n=3), a [TH[EF y=ax+b DHEX TH 5,

HRHER X ORIy ORI L » CTRIEIEMER & OMAEER B R/ D720, Ad X
e & R DA L > TERERDEICRDZ ZERTRHIEND,
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Sorption rate(%)
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o

20 @ Deionized water immersion treatment
B :Surfactant immersion treatment
0 | | |
0 2 4 6
Fig. 8.1 Estimate method of change of HSPs characteristic parameter for fibers by surfactant
treatment
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BREOREEFT RS T ER. P OBMRCHAL Y 7 7 Tk, W LM% 0.8
L ED @ WFEBRRIFE O B LT,

A VEEBRBLOA YRV AT T b ROKAEREHE~DIE R L i b 5RO FHE B
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ThHHIEDRENTZ, XTIV IO R — L O KBRS~ DI E = & 78
WHHBAZ R L7237 A =2 1%, B0E (60 EAKFE/EEGH 6) D2 2Thol, B
KEDORENSRTG VTR E ) 3T — NV OFFEMHE~DOIUE IR LT, KEEEIC
Mz TT7 7 FNAT—=NVANEEGTD 2 EREMT LN, O S 13K
FREA S PR ENEN > 7 7 Vo F AT =L ZANDIETH D Z &b, ARFZEDER
FIFTIZBWTRAN ) &l & D BEERICR bRET 537 A — 2 ITKF/-GH
(6n) ThdHEEZLND,
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Fig. 8.2 Relations between HSPs characteristic parameters for fibers and sorption rate of
odorous substances onto fibers (n=3)
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8.3.2 SV MEA TR U 7o jlliffe & AUy DIE I H 53 % 4y 1T BAEH
ATEDRE R D By &k & OMBAERIKERGHE (6) PRbHFETDHZ
EWGy ool AR FEIEER ORI X B KERAEOL b &S, 822 IZ7
FHOFEEHNTHRE L, XTIV VBB I 2T — MO0 TESHEE (64)
DEEEBEME L THRE L, ThODOELE S EB IO 6$®W%¢@%%
OWHE G, FETE LB B AR & A HEfkiE & O BRI IO
THEEL,

(1) EHT L F AR Y v 2R T kYU & L0 5

KAV L OVESET VX AR_B o AR U R U 7 A (LAS) WEICEBIT 54
T LRy DULE H & AifiME D HSP HER /X T A — % OBAfR % Fig.83 IZr L, ZDOH
T LAS ALBRIZ X 2 KEREATE (6) BIODHEA (0) OE(LEZHR LI-ERE
1hMe83c:ﬁ*¢

LAS PRI L0 | Ry L MEDOM EAERIC I D KFEREEH 6 DA H PR E <
B L %mﬁ\®mﬁi%%zéﬁﬁ LD, WIKBREEHOTEP/NS L 2D
k\Wﬂ%_Aﬁ@@®%5#k%<ﬁofwé*&ﬁb#é

RIZ, Table 8.3 |27~ L 72 LAS MUHIZ 1 % RSy DA FRIHME~ DIE R DL LI K
O HSP HEfl/X T A — & O L OUKKEFEEHO b Z |, BRI i L 7= X &
Fig.8.4 |Z7"7,

RS EBHEDO W T OMAEREIZIB N T BRI ORRHE~ D IS 5 0 HE )
EIKFAEGHOIHUT —E L T vie, BRI DIEZEENIZ OV THREEDBWIZE R
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Fig. 8.3 Relations between HSPs characteristic parameters for fibers and sorption rate of
odorous substances onto fibers (Water treatment and LAS treatment, n=3)
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Table 8.3 Changes in HSPs characteristic parameters for fibers by LAS treatment
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Fig.8.4 Changes of sorption rates of odorous substances and HSPs characteristic parameters
by LAS treatment on fibers

RUVZZATFABLIRT A 2 DOBE . LAS AU L 5 BSR4 DIERO LI,

81



BERSY DIRFIIC K » CTEDHAB R e - T, IRFE S MDA Y EHEE IO
AYNLAT AT KX, AU ZAT L EOHBEERIZE O CKE-BEHEORTENK
EL R MERLHML TWD, KFBRIBORT LI B L R F—/L Tl
FIEAERIZB T D KERMATEE SBIEIZIZ E A EB LT, IERL AL LT,

RY AT AOEE, H S BEBLOE 6 TR X HI2, BEICKISHED B
PIEE A EFE LR BRI DIUGE R DHERHMEIT T v T o fR 2 BRu TR
W7 RETEERIUEOFE T/ NS, LAS UWHEZ T 5 L [REK S HOA
HEREL A VNV AT LT ROIGERNMEM L0, R o 27 )VREIZHKIL
L7 LAS #40 LC, BUKEDKBREGHOFGIZ L VIGE LI LB 25 (Fig.8.5),
REF Y HDOLT LA UEEB IO X F—E, REH S MORKHS & T 5 &
HAKEDOKEBAHEOEG NV RN, WAERITE L holm L EZ D,

FA v DS, LASKREE T 52 LT, KBS HORK D & OMEERICE
T HKRBEREGHEOFTEB/NE LY | WEERNBD LTS, RFEE 9 O RKAS
EOMBEMERATIE, KERBAEOFRLGDRKE L Lo TIEERMEML, SHIEOHRS
RIS TR > TS, T2bb, A midida YV iEEmR CARE/SEN TS
T HULEEG 3% < AFIE L TWAD A, LAS IT X » TEDO—ERENILD T2 DI E R
WA LT WR D, RRETORER, IRFEH S HOA YNV AT LT e Rb RO
ARl TRY, LRROAREEZXFT 20D EE XD, e T RAVIZ, LAS 73
F A m AT LT 2 LT K0 BKPEDS @R EEL 9l 0 RSy DS 283 ¥ N %
R LTz Z &I, LAS PEES C5 WE OIUEFER I THARMED Y A N Th D Z & Zmmed
HZHDTHDLN, FEMCOWTIEE LR IMANMKETH D,

ARRET L0 HEER SN D HE & LAS OFAEAEM, 38 KLU LAS 290 E L7 BT D
HHE~ DI EHAE DT T VX% Fig8.5 ITRT,

. C5-COOH : Isovaleric acid CSE-H : Isovaleraldehyde
OO LAS
[o:Xeso] W : Pelargonic acid CQ-E-H : trans-2-nonenal

1
C9-C-H Fas 0%

4 © NH; COOH O
N-SOs f0s

Polyester Nylon

Fig. 8.5 Sorption model of LAS and odorous substances on cotton, polyester, and nylon
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Fig. 8.6 Relations between HSPs characteristic parameters for fibers and sorption rate of
odorous substances onto fibers (Water treatment and SLS treatment, n=3)
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Table 8.4 Changes in HSPs characteristic parameters for fibers by SLS treatment

WEEDE | sdngie | S10%lcE
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AT XTI 4. 30 0.44
e 7.25 #k 0.74
I e 3.22 -2.73 0.70
AT XTI -0. 32 0.27 -0.07
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Fig.8.7 Changes of sorption rates of odorous substances and HSPs characteristic parameters
by SLS treatment on fibers
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Fig. 8.8 Sorption model of SLS and odorus substances on cotton, polyester, and nylon
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Fig. 8.9 Relations between HSPs characteristic parameters for fibers and sorption rate of
odorous substances onto fibers (Water treatment and Ci,-Na treatment, n=3)
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Table 8.5 Changes in HSPs characteristic parameters for fibers by Ci,-Na treatment
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+-ra Q.73 0.78
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Fig.8.10 Changes of sorption rates of odorous substances and HSPs characteristic parameters
by Ci»-Na treatment on fibers
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Fig. 8.12 Relations between HSPs characteristic parameters for fibers and sorption rate of
odorous substances onto fibers (Water treatment and AE treatment, n=3)
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Table 8.6 Changes in HSPs characteristic parameters for fibers by AE treatment
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Fig.8.13 Changes of sorption rates of odorous substances and HSPs characteristic parameters
by AE treatment on fibers
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Fig. 8.14 Sorption model of AE and odorous substances on cotton, polyester, and nylon
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Fig. 8.15 Relations between HSPs characteristic parameters for fibers and sorption rate of
odorous substances onto fibers (Water treatment and TES treatment, n=3)
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Table 8.7 Changes in HSPs characteristic parameters for fibers by TES treatment

NEEDE

(1=3) SanTERE | SwOELRE
S e 3.69 =* 0.73
T AT -1.06 -0.08
o 5.65 0.43
A5 T B e -1.89 (.56 -0.18
R AT 8.39 -2.47 0.80
F-raL 1.23 -0.36 012
AL ILTILTER s 18.69 *= 1.84
R AT 4.38 0.43
F-raL 1.08 0.1
=L %3 4.35 -4.84 1.45
T AT -6.35 7.07 -212
O 10.34 -11.50 3.45
* ok ZRALIREDEIZBEBRZEHY  *:p<0.05, **: p<0.01
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Fig.8.16 Changes of sorption rates of odorous substances and HSPs characteristic parameters
by TES treatment on fibers
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Fig. 8.17 Sorption model of TES and odorous substances on cotton, polyester, and nylon
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