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Abstract

Determining the texture of flavor neutrino mass matrix is the important issue in neutrino
physics. We decompose a simplest Dirac flavor neutrino mass matrix as M = M’ + M°. We
show that if M’ obeys magic square, texture of M° becomes the three zero-texture. Although
M? is too large to be regarded as a perturbation, the neutrino mass ordering may be normal
mass ordering in the context of the magic square.
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M),  0.64 0.019 0.021 0.053 35.9 40.5 8.7 179.9
MYy 0.64 0.019 0.021 0.053 35.7 41.1 8.8 179.3
MY, 0.64 0.019 0.021 0.053 35.9 40.5 8.7 179.9
MY, 0.64 0.019 0.021 0.053 35.9 40.5 8.7 179.9
M3, 0.64 0.019 0.021 0.053 35.7 41.1 8.8 179.3
M2 0.59 0.015 0.017 0.052 35.3 39.8 9.0 179.7
M§ 059 0.015 0.017 0.052 35.3 39.8 9.0 179.7
MY 0.59 0.016 0.018 0.053 35.7 39.9 8.9 178.4
M{ 051 0.017 0.019 0.052 35.8 39.7 8.8 181.5
M 0.45 0.018 0.020 0.054 35.4 39.7 8.8 178.3
M2, 045 0.018 0.020 0.053 35.0 39.9 8.9 180.0
M2 0.43 0.030 0.031 0.058 35.8 50.7 8.4 282.4

NO M, 0.42 0.018 0.020 0.054 35.7 50.9 8.9 348.9
M35 0.42 0.018 0.020 0.054 35.7 50.9 8.9 348.9
M3, 041 0.018 0.020 0.054 35.1 50.7 8.9 349.9
MY 041 0.030 0.031 0.058 31.3 49.6 8.9 348.9
My 041 0.030 0.031 0.058 31.3 49.6 8.9 348.9
M2 0.40 0.030 0.032 0.058 31.6 50.6 8.3 282.3
Mg 0.40 0.030 0.032 0.058 31.4 50.3 8.4 283.0
MY 0.38 0.030 0.031 0.058 35.4 50.9 8.9 294.3
M 0.38 0.019 0.021 0.053 35.8 50.8 8.9 348.8
M?  0.33 0.000 0.009 0.051 34.7 41.0 8.9 349.8
M, 0.31 0.030 0.032 0.058 32.1 39.8 9.0 183.0
MY 0.29 0.000 0.008 0.050 31.6 39.9 8.8 346.1
M 0.60 0.049 0.050 0.005 31.4 51.5 8.3 344.8
M? 057 0.049 0.050 0.006 32.2 51.4 8.4 344.8
MY, 0.54 0.049 0.050 0.006 31.7 51.4 8.3 344.7
M? 053 0.050 0.051 0.009 31.3 51.6 8.3 344.3
MY, 0.53 0.050 0.050 0.004 31.4 51.2 8.3 344.9
My 051 0.050 0.050 0.004 31.4 51.3 8.3 344.9
M2 0.50 0.051 0.052 0.012 31.8 51.6 8.6 194.5
M3,  0.50 0.051 0.052 0.017 35.8 46.3 8.8 344.9
MY  0.50 0.052 0.052 0.013 31.5 51.5 8.2 255.0
M§ 048 0.051 0.052 0.016 35.7 45.4 8.4 344.7
MY, 0.47 0.051 0.052 0.016 35.8 40.1 8.9 197.0
MY 045 0.050 0.051 0.010 32.4 51.5 8.4 345.0

10 Mg 0.42 0.051 0.052 0.017 32.2 39.9 8.5 195.9
MY 041 0.051 0.052 0.016 31.4 40.3 8.7 194.3
M?5  0.40 0.050 0.051 0.009 35.8 51.4 8.4 344.4
My 0.40 0.051 0.052 0.016 31.3 39.8 8.3 199.4
MY, 0.39 0.051 0.052 0.017 35.6 47.7 8.3 344.8
M2 037 0.051 0.052 0.017 32.9 39.9 9.0 195.1
M3, 0.36 0.051 0.052 0.017 32.6 47.9 8.7 344.8
M3, 0.33 0.049 0.049 0.000 31.3 51.6 8.9 342.5
MJ  0.33 0.048 0.049 0.000 31.3 39.9 8.5 338.5
MYy 0.32 0.051 0.052 0.017 31.3 40.8 9.0 344.9
M3 031 0.051 0.052 0.016 35.3 39.9 9.0 344.3
MY 027 0.051 0.051 0.011 31.3 50.3 8.3 344.9
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£2 NO DOBAEFTEDO IR SUFE Ly MYy, MYy, MYy, MY, MSy @

ZEEN, ENPTEBEARLEL . HAVNEWIZEEE L BT
Mp, Mis M, MY, Mgy
daop; | 0.18 0.18 0.19 0.17 0.18
Sbo,i; | 0.68 0.69 0.68 0.68 0.69
8coij | 0.00  0.00 0.00 0.012 0.007
ddo,i; | 0.00 0.001 0.01 0.00 0.001
deos; | 0.00 0.00 0.00 0.00 0.00
8foij | 0.003 0.00 0.005 0.002 0.00
8goij | 076 0.77 076 0.76  0.77
Sho,i; | 0.007 0.012 0.00 0.00 0.00
Sio; | 172 172 173 1.76  1.72

DEEIEDE L 68%, T6%, 172% R > TWb I EWbh b, 22451 T v 7 EEfTHHS
TEEBBEHMEIHE > TWL I LR TER WD, 3XUT 2 AF v =W HMEH HBERE
LI EF#IoNw, T, PLTOEAMOIRTHE L W3 X7 7 AF v —23EN200
IZEHT 5.

WIZIO O EERTAHALS . £1 L), BHEOLROTTROIFE LWV ERT 7 AF ¥ —DfE
%

ap bo 0
Mys=1do 0 fo |, (44)
go ho O

THAH. LLars,
(5@0715 = 0.08, (5()0)15 = 0.02, (5d0715 = 0.10,
(5f0’15 = 095, (590,15 = 065, (5h0’15 = 2657 (45)

%o T, NO O LFEIRIC3 DOMAVES A RKE LWL D, TOHENLOKE 1T 95%(fo),
65%(go), 265%(ip) &7 1) NO O LIRTRKEWV, ZOZ b, BHBOIRTIZ NO OBED
FHRI0 OHBEL Y DIHFFLWEF 2 5. U, NO OBEIZOAEHT 5.

FEJEORE LCTHFE L\ MYy OBED, €19 & =2 — N1) V3T A =% my, ma, m3, 012, 03,013,
dcp PBBREZK 1IIRY (B0 @ 4 D0 LWITHIT b FEkOR R E 7). O, IR
OXARE LTIROBTFELL AW MY, OBELH1LITRLE. K1 25RO EDFRANNS.

 FEHEDO IR TH- £ L WITHI OB 6, B&Emy,me 74 7 v 7 CP A dcp & €10 EIZHBDRES
ns.
hd ﬁﬁﬁﬁﬁ@iﬂ)ﬁfﬁ}i L< tfl/‘ﬁim]@i%{ﬁ\, €11 t*ﬁﬁgﬁ{%%h% @Ci mq, Mo @J‘}\VC})%

745 v 27 CP Ml Scp DIEFERBIEDFEER 7 )V — 712X o> THATW A7, T2K FEk L NOvA 5
BRCORVEVATEEIZZ 5T [101,102]. NO O¥é, NOvA ZV—T@ERA M7 1 v MiEx

dcp ~ 145°, (46)
EHELTWAEDY, T2K VNV —TIERA 74 v ME%

Scp ~ 250°, (47)
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WHEAMT 4 Ty 7 =a— M) JEBETHIORENHE 3 X077 AF ¥ —I12 & 250 %

& T2K @ 90% C.L. 2 HIdFEH SN TUIWn .
4 L

KEFFECld, HAF=a— 1) ) OREMEFERLZHFICEONIROBELT 1Ty 7O =2 — |
)7 L—=N—EETE M =M +M° 5Lz &, M HEEHEICHE) BEIS MO 253 25D 0
PEERAF O3 XU T /A F v —L bl bR L. LT, EBRELEBENTREEZ 3 XTT 7 AT v —
224 X5 =2 H DN, TOLRPTRETMEROMEEORVWI YO Tr 7 AF ¥ —id=a— 1) /HEE
BIHFICR L L EIBONLE Db oz, Za— M) OERIAFESIEERIER 7% O 58 g = fF
ThHLPEI LB TVRWA, RO 2— ) VEBRIIBWCEERIERETH S 2 & MRS
WL, AR CTRLETA Iy 78O =a— 1) ) 7L —N—HEBITHORE L 3 X052 A5 v —
WL DG MOEENEE L EHFTCEL. —HT, —a— ) OEEPNEERIEFIZE->TWEZ
EDHO DI o 1A, R TR L2 EETH O 0 RIS ISR SN P RIEZRIBIE % 3K
OENBLI LR L, —a— M) OEBEIHFICOWTIE 2027 EEEBRRGETEDNA /8= I+ H »
7°[103,104] = EORMR =2 — + Y VEBRFEETHREINL LRI N TWD. 20720, KD
AREEIECIFR, FEERIIC DM REIC R 5 L E 25N 5.

ZIT, RWIZETITo 7 EBATH & R L72iER, MO #BEHE AR L2 LIZOoWTERT A7
W, RIFFE TR DB OFHEN RV E S MY, IZOWTHIET . £ 1 Tl 8 = 0.64 AR
ENTVDEH, K1 %2R EBENLETORH 0.55 B2 TW5H72TTE L DFIX 0.3 - 0.4 OFFHIC
HHLZENDbhDL, ZOZEnrs, MO LD bt LA Lucas {[TAIO 2 BENHE AL TEZ LD 5.
2, FmTOER LZE) Ao~ F T =—a— ) OEEFTIIRE LRI LTS
BEJTHERD (Lucas 1751) 725, T4 9 v 7 =a— ) JOBEICL ENLZTENTH L0922 LT
Hotld, K CTREFEOIRE L LT MY #BEHE EZE2 52 21207 R RELDPS
WO BEIEE L CARE LTI ERET A EIETERLP 72N, —a— ) OEREREIZH
FTLFERBRIILIIERV DL EEZTVD.

AL, ABE=a2— M) JOREBHMRIZOVTIALY MLTBELW, KIETIET 4 7 v 78O
Za— N VEETHIO—HEE LT, Hagedorn & Rodejohann 12X > TIRESIN TV AR D Hilik
EEHH LTz [91]. o7, BEfTHNob&EE=a— M)/ ORAMEFEH STV 4
BEZa—N)JOREEEZEELIGEICE, RmoOmsMEIELZ2T5 2 L PHENE. ZohH%
EZa— M) OREFRIZOVTIE, SHOET—< & L7z,
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Abstract

In the previous study we showed that the critical micelle concentration (CMC) of
dodecanoyloxymethyl-18-crown-6 (C11®96) in the presence of 0.22 mol kg~! alkali metal cation
was the highest for K™ having an ionic diameter comparable to the hole size of 18-crown-6
ring and decreased as an ionic diameter of added cation departed from the hole size. To
investigate the cause of these observations, we evaluated stability constants of C11®6/alkali
metal cation complexes from electric conductivity data in this work. The stability constant
of C1196/alkali metal cation complex was found to be the largest for Rb™. Excluding the
case of KT, in which the obtained stability constant was much smaller than the expected
value although the reason is unknown, the stability constant decreased with the deviating of
the cationic diameter from the hole size of the crown ether ring as previously reported for
octanoyloxymethyl-18-crown-6 having the higher CMC. The larger stability constant and the
lower cation selectivity than 18-crown-6 were observed, suggesting that the oxygen atom of
carbonyl group in joint part between crown ring and alkyl chain of C11®$6 participates in the
complexation with alkali metal ion.

Keywords: Crown ether surfactant; Stability constant; Alkali metal ion complex

1 Introduction

Crown compounds having a hydrocarbon tail are multifunctional surfactants with the ability to
include cation selectively and are called crown ether surfactants or amphipathic crown compounds.
Many researchers have studied water-soluble crown ether surfactants [1-4]. Ozeki et al. investi-
gated the concentration dependence of surface tension for aqueous solutions of dodecyloxymethyl-
18-crown-6 in the absence and presence of KCI and observed that all surface tension vs. logarithm

of surfactant concentration curves had several break points below the critical micelle concentra-
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tion (CMC) [5,6]. They suggested that these break points were attributed to the formation of
premicellar aggregates with aggregation number from 2 to less than 5.

In the previous work [7], we synthesized dodecanoyloxymethyl-(C11®5) and octanoyloxymethyl-
15-crown-5 (C7®5) and measured surface tensions of their aqueous solutions in the absence and
presence of alkali and ammonium chlorides to investigate the effect of selective inclusion of added
cation on their adsorbed films and aggregation behaviors. It was observed that all surface tension
vs. logarithm of surfactant concentration curves had two break points. One break point at the
higher concentration corresponded to the CMC and another break point was suggested to be at-
tributed to the formation of premicelle with aggregation number of 2-4. In addition, it was found
that the CMC of C11®5 in the presence of 0.22mol kg~! salts was the highest for Na* having an
ionic diameter comparable to the hole size of 15-crown-5 ring and decreased as an ionic diameter
of added cation departed from the hole size.

In the cases of dodecanoyloxymethyl-(C1196) and octanoyloxymethyl-18-crown-6 (C7®6) with-
out and with 0.22mol kg~! alkali metal cation [8], two break points were also observed in all
surface tension vs. logarithm of surfactant concentration plots and the CMC of C11®96 was found
to be the highest for K™ having an ionic diameter comparable to the hole size of 18-crown-6 ring.

Then, we used C7®6 exhibiting the higher CMC and measured electric conductivities of aqueous
C7®6 solutions in the presence of alkali metal cations to evaluate stability constants of C7®6/alkali
metal cation complexes[9]. As a result, it was found that the stability constant of C7®6/alkali
metal ion complex was the largest for K and decreased as a diameter of cation departed from the
hole size as expected. Additionally, C7®6 was found to exhibit the larger stability constant and
the lower cation selectivity than 18-crown-6, suggesting that the oxygen atom of carbonyl group
in joint part between crown ring and alkyl chain of C7®6 participates in the complexation with
alkali metal ion.

In this study, we measured electric conductivities of aqueous solutions of the same surfactant
C11®6 as the previous study [8] with alkali metal cations and evaluated stability constants of
C11®6/alkali metal cation complexes to confirm that the dependence of CMC of crown ether
surfactant on the ionic diameter of alkali metal ion, which observed in the previous work [8], is

attributed to the selective cation inclusion of its crown ring.
2 Experimental

Dodecanoyloxymethyl-18-crown-6 (C11®96) were synthesized from dodecanoyl chlorides (99%
purity) and 2-hydroxymethyl-18-crown-6 (93%) purchased from Tokyo Chemical Industry Co.,
Ltd. as described previously [8]. Sodium (99.5%), potassium (99.5%), rubidium (98%) and cesium
(99.5%) chlorides purchased from Nacalai Tesque Inc. were dried at 120°C for 10h before use.
Solvent was ultrapure water produced by the Milli-Q Labo.

The electric conductivities of 5.00 x 104 mol dm 2 alkali metal cation solutions with increasing
CT7®6 concentrations were measured at 25 + 0.1°C under nitrogen gas flow. The DKK-TOA con-
ductivity meter CM-30R was used with the conductivity cell CT-57101B having the cell constant
of 106.3m™1.

Stability constants of C1196/alkali metal ion complexes were evaluated as follows [10]. Assum-
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Stability Constants of Complexes of Crown Ether Surfactant with Several Kinds of Alkali Metal Cations
ing that the 1 : 1 complex is formed and ignoring the activity coefficients because of low salt
concentration the stability constant is written as

ML
Ks = nrm @

where [ML*], [M*] and [L] are the molar concentrations of complex, free cation and free surfactant,

respectively. Since total concentrations of surfactant and cation are represented by
C=IL]+ [ML+] and Cg = [Mﬂ + [ML+] , (2)

respectively, the concentration of complex is given by

2
1 1 1
MLT] = -{C+Cs+— —1[/|C+Cs+— ) —4C C 3
[ML™] 5 +s+KS \/(+S+Ks> S (3)
Assuming that cations take one of two states, i. e., a free state and a complex state, and that the
molar conductivities of free cation and complex, Ay+ and A+, are different and do not depend
on the surfactant concentration, the molar conductivity observed Agps is represented by
Cs — [ML* ML*
A P L
Cs Cs

Therefore, the stability constant Kg and the molar conductivities, Ay+ and Ay, +, were obtained

Aobs = AML* (4)

by fitting the above equations to the molar conductivity data measured with the increasing sur-

factant concentration and the constant cation concentration.

3 Results and Discussion

Figure 1 shows the dependence of molar conductivity of 5.00 x 10~ mol dm~2 alkali metal
chloride solution on the C11®6 concentration. Solid lines in the figure represent the results of
curve fitting mentioned above and the values of Ay+, Ayp+ and Kg evaluated are summarized in
Table 1. Alkali metal cations can take one of three states, i.e., a free cation, a monomeric com-
plex and a micellar complex, because the CMC of C1196 is 0.6 —2 x 104 mol dm~3 [8]. However,
the curve fitting with two-state assumption works well as shown in Fig. 1, so it seems that the
conductometry cannot distinguish between monomeric and micellar complexes, as observed for the
complexation of C7®6 with alkali metal cation [9].

In all cases, the molar conductivity increased with the increasing C11®6 concentration. This
means that the molar conductivity of C1196/alkali metal cation complex is larger than that of
free alkali metal cation, indicating that the size of the moving entity is smaller for the alkali
metal cation complex than for the uncomplexed cation. The same phenomena were observed for
the C7®6/alkali metal cation complexes [9] and the complexes of Lit and Nat with 15-crown-
5 in propylene carbonate [10]. The cause of the increase in molar conductivity with increasing
concentration of crown compound remains unsolved.

It was found that the stability constant of C1196/alkali metal cation complex was the largest
for Rb™ against our expectation. The cause of this is that the stability constant of C1196/K*
complex is much smaller than the expected value, although the origin of the small stability con-

stant for K+ is left unsolved. Excluding the case of KT, the dependence of the stability constant
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Fig.1 Molar conductivity observed vs. C11®6 concentration curves for 5.00 x 10~ mol dm~2 alkali
metal chloride solutions. A: Na™, O: KT, ©: Rb™, [0: Cs™.

Table 1  Ay+, Ayp+ and Ks evaluated for C11®6/alkali metal ion systems by curve-fitting technique
and the literature values of Ky for C7®6 [9] and 18-crown-6 [11] /alkali metal ion systems.

C1196 C796 18-crown-6
Ayt A+ log(Ks log(Ks log(Ks
/(mS m? mol™') /(mS m? mol™!) /mol™! dm?) /mol™" dm?®) /mol™! dm?®)
Na™ 134 25.2 1.43 2.51 0.80
Kt 16.3 40.8 1.70 2.66 2.03
Rb* 16.2 47.9 2.31 2.58 1.56
Cs™ 17.1 27.1 1.96 2.44 0.99

of C11®6/alkali metal cation complex on the ionic diameter of cation was almost the same as
C7®6/cation complex: the stability constant decreased as an ionic diameter of cation departed
from the hole size, although the difference in stability constant was small among four alkali metal
ions, that is, the selectivity of cation inclusion of C11®6 was the lower than that of 18-crown-
6. The larger stability constant and the lower cation selectivity of crown ether surfactant than
18-crown-6 would suggest that the oxygen atom of carbonyl group in joint part between crown
ring and alkyl chain of crown ether surfactant participates in the complexation with alkali metal

cation.
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Abstract

Ammonia emanating from human skin surface is often increased by physical exercise in-
cluding walking. The physical load induced by walking to human body may vary with the
kind of shoes. This study aimed to verify the effect of walking in different kinds of shoes on
the dermal emission of ammonia. The dermal emission fluxes of ammonia were simultane-
ously measured at sole (center), forearm and axilla of a healthy female volunteer by a passive
flux sampler coupled with ion chromatography before and after 30 min-walk. The results
showed the changes in the dermal emission flux of ammonia were different by shoes, and a
remarkable increase caused by the physical load was found at forearm and axilla, rather than
sole (center). This was probably because the waking is a whole-body exercise, not just the
sole of the foot. Additional measurement was conducted at five points of the sole of foot,
including thenar, center, arch, edge and heel, employing a tablet type colorimetric indicator
for ammonia. Among the five points, the heel, arch and thenar were more sensitive to the
physical stress by walking rather than the center of sole because of greater planter pressure
on these points.

Keywords: Human skin gas; Ammonia; Dermal emission; Passive flux sampler; Ion chro-

matography
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1 # =

© N ORER A S H RS A ME 2 R T A IR | A L[], & bOKRROER [2-4] &
BRDHIZTTHRL, BNESPICHEHL CTENREAICHEET LI L [5,6) ML TS, FEFT A,
RFEH 2 6 B S N AR EOER - LA TH Y, TAVF-YE (AL, %328, B
H) FEORBMAERY, WHANMEIC & 25 @AERY, WA - BOERS AR E, REERIC
BT HEWN - AL % SUMEBI 5 EP DB EN]L], TYEZTIEZO—2TH 5.

HENOT7 v BT, EELTRAESE - 73 VBORBERD TH Y, ORI R
FHA 7 VP CIRFICEE SN, BliELE L ORPICHRE S NG, —J, s &8 265 288812
BWC, P57 Y E7HHER L CREREBITL, RETAL LTSNS 720, KE»S
DT YEZTOREER, MPT B TIREICEES L2 EPMONT WA (79 £/, TYES
TALEENEATIC K o TRIE DS OBGELSENT 5 2 056 5 [10]. EBRAMFREO T » =7 ORELER
B2, 7 X7 AT FEEPES LTE), EFolzo vy i LTHHEINZT T/ ¥
YEVYRRIEE, 7Ty VRRICE TR ENG. SOT T Y =) VEBEBBLT I BEOEH
ZEDA Y VBBICIT I AL SN BBICT Y ESTHELE SN[, TOT ¥ EZTOHAMED S
MAICBTT I EICL ), —EMICp 7 v B 7EESEINL, KE2L0T v = 7 ibimsd
M3 % [10]. —7J5, WIEMELSFEETH Y, SR 7 >~ €= 7 A5FHR % i U C Rz 2 20 5 ik
ENHTENDH 5.

Furukawa et al. [9] 13287 =T DEF AN DL720, BUET 747 10 H 2w RICE
WO 4 5 13 07 (BHER, ZHEP, WodB, BEEP, &0, MEES, 7o LWEs, Zoniluds, FEE, B, KR
B, TR B L ORIER) (2B 27 Y E=TIEE A EE LR, BAES 205K (E0) o
BEP RS Er o2 WG L T d. RIEMOE TIIZMESZES AL TH Y, MEHROBE 7
ADEREELL T b &2 5N b. Biride bORRNLBERES CH Y, F/-HOMEIC L > TH
TTEED B R 20, RIKES7Z20 Ch L &FoREIT 53 2 RS 5. RIFFEo Hi,
L NEEPSHHEND T VST OEFIIRITTRTOEEEWNEPICT LI ETHY, KITIHED
ORELR (EL), BiliEs X OREEBICHBIT 57 v B T REEOZb 2 o2 Z 2 TR, &5
WCQREEFICBIT 2 T ¥ =7 R OGS & AR, ARZARPE SN0 THRET .

2 Bk

21 &

WY M (RS, Bk, > 85%), 7Vt v (MsAbAs, Bk, > 99%), A%
7= (M3 d$, HPLC 7L —F), 7t bF= by (BB ¥4, HPLC 7L —F) BX U
WEET v '= o (BARLAAEE, Bk, > 99.5%) % w7z,

2.2 BERHERER (1)

BATIHE D) R DO T ¥ E= T OZAL 2 AL 720, 2021 4F 11 JICHERE 1 %2R
(M OTERE % 28 2 CBAT L2 IE 0 RIS 20y, Bilists & OREEIC B 57 Y E=THET7 7 v
JARWE LIz KRBT v E=T Ot EEAMZESKE V0, SENIIZEO By - 8 A ERO R
PNFFIZOWTHY L CHESE O NHERE 14 (KM, 25m) 2XRE L. BT ADOWEID
&, TUYE=ZTUMEMSSY YT 7Ty 7 A % T T — (Passive Flux Sampler, PFS) [9] & H\27-.
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Fig.1 Schematic view of the passive flux sampler (PFS) and sampling positions for the determination

of ammonia emanating from skin surface.

Fig. 1 1Z/RT X )12 PFS WAMKE (A7 VAR A Y& 045), 7 v HEBIRR, 7 v E=T7Hl%EMB X
UCHOHE (0-1) »7) THEEB SN, #EME, 2% ) YBA% 7)) &) ¥ /X5 7 — ViR E v —
A 5k (Advantec ¥L# No.51A, 20mme¢, 0.18mm) |2 Dipping TR &, HET I Fr—4% —
WT 1 REHIET M S & TR L 72

MEH L H, 3 LOICHBREORKH (L), AikiiBs & ORI K8 &I PFS % #&iE L,
Y= h N7 =7 (HRETHEENRO 7V 7 7) ZHWCEEL, EF7 Y E=7 % 30 5 M8
FIVCHEEE L7z, W, BB I RECLRICET L7z, WICHERE T2 B O, BRI S
17 FHEN & 30 3 IAAT L7z, BATHITE & OSATHEEZ VWS oRBRICB W T H—& L7z, AT
%, FRRICRER, WEEE L ORI PFS 273 E L, HE7 v E=7% 30 oL L. #ofd
iz, BEREBEHIE S LEEH, LA T =Y, A= TV BIUNf -V 4R E LT
(Fig. 2). #BRIZEHICOWT 3 MR D K L CTITv, REIEIET v 7 afb L7z, METEER L a0 o 7.
W, 7B TEGEICIE, F S HENDSSRET A LD 700, WEREIIHERLYH O ES X

Sneakers Rain boots Mouton boots High heels

Fig.2 Photos of four kinds of shoes used in this experiment. All shoes were owned by the tested healthy

female volunteer.
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VEEIZBVWTA, fi, KEZEOBEBIUIER 720 /2, FITRHOMO MO - HIHEE 2 5% L
7o WIEEE, BAYLEY (74T A3, TR-72w) v, FHEMB L CEZOHONE
W2 a2 ER I AL TERF L.

PFS (2 727 v £ =713 Milli-Q 7k 8.0mL TR & 9 #iit (150 rpm, 15 47f) L, Millex-HP
7 4% — (Millipore #:#, 13mm, L 0.45ume) 2L ) A8EH%E, 1470~ 7T 7HEEIE
ALTCT Vv EZ I LAFT Y RER L. A+ 7u~ 7T 7HBOSEM% Table 1 1R, &
AR OEMERRIZIE, WEET v €= AKEBROHHGRY (0.0, 0.20, 0.50, 2.0 BE U 5.0mgL~1)
EH, BHIRES LY — 7 TR ORI B2 EABERSRO Sz (r = 0.996). SEHERO
E— 27 Hifi e BERICRAL, BoNe7 v ET7HER W (ng), HWEERM ¢ (h) B X OHETOmE
F& S (em?) 225, ORI VLI i 1IBITE2T7 Y EZTORELT 7 v 7 A E; (ngem™2h™1) %3k
D7z,

Bi=— D

Table1l Analytical condition of ion chromatography for the determination of ammonia trapped by PFS.

Pump Shimadzu, LC-20AD
Conductivity detector Shimadzu, CDD-10Avyp
Recorder Shimadzu, C-R8A
Auto-sampler Shimadzu, SIL-10Ai
System controller Shimadzu, SCL-10Avp
Column oven Shimadzu, CTO-10Avp
Column Shimadzu, IC-C4 (4.6 mm¢ x 150 mm)
Oven temperature 313K
Carrier solution 3.0mM Phosphoric acid/acetonitrile
Flow rate 1.0 mL min~*
Injection volume 20 pLL

2.3 HEBmERER (2)

RIETICBIT 27 VBT MmO 5 2 TH5 720, 2021 4F 11 HITHERE 1 22t RICH T L2
o R EORHEER, 1B E 3, EOE, ENEBLOCEICBIL 7 VB THENT T v 7 ARHE LT
el 3B (1) cF—& L, #EBREORBERNT 5700, HEREZ 2N T2 EE#H L Hv, Tl
B & ARRERD 2 MO AFEM L7z (KRB FHABROBRE LY BCHIL Tw0 T, HRIEARBRO
AFLT). TYEZTOMFEIZIE, PFS LV A XDNECT VBT A VI r—5— (FAT v
L EEERI, CID-3F) [12] # iz, 7Yy E=7 A vV =% —id, B 24mm, & 7.6mm O
7Ly NRTHY, TYEZT EORBIISIZE ) FEapHREIZE(LT S (Fig. 3).

AERLH, X UOICHEBRE ORHEEL, T ET, RO, BUMBIOEICT Y E=ZTA I —
Y —% 15 srakiE L CoZ(b 2R L, F—OMRHEMNET, A~— b7+ X Oh X T THRAG %
L CHIEEIY AL, 67 7)) % HvT CIELAB £ R CERENS L* (W), o R~ko
BEAWV), b (E~FOEAGV) 2B L%, BEAE*ab 28I L, A —7— X ) RESNRER
EHWCT Y EZTHECT 7 v 7 AZE L7 £7:50%, EEHE RO REafi%E 1 v — VAR
JEEE (VvT 4 R SI-GP190) (& W#lE L7z, ZORERN, JEEKEBIZ 22205 E 5576 % 1%
L, HHETERTL2HDTH%.

RHFZEIE, HHERFEMmERE [ANERRE T 2%E] MERBROKRELH CTHEML 72,
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Fig.3 View of the ammonia indicator for the colorimetric determination of ammonia emanating from
skin surface and the deployment at thenar, center, arch, edge and heel of the tested healthy female

volunteer.
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3.1 BFICHED 7 v ES TR O

BATHIRIZ BT B MO B & CHXHEE 0L L% Fig. 4 12R T (3 BIHIEOFIMH) . HMAES
DML, BITHOEBREDERE LY, WFNROHIMEMARL, ZOMNE&EbRSETH -7z,
B, NMEe— VLTI e R TRWEEZ R L, FHOSSIAVZOICENREICLYEL 2o
bl EZOND. —H, MHREEIZOWT S HITRICHEINT 2 @R EZ R L0, BinglE o
FICLOoTRRY, LAV T =V =b—= T =I>NL =V >EHHOIETH 72, LAV T—
RL—brT7=viE, EEETELNIEETHY), TLEMBEFTHL720, BAKPILHRT
Moz EzHND. EEHNIHETFOMEM O 70BN, REOMMAHH Sz e Bbh
. N =L, HOBIEIKEZNE 00, FMPANLEETH L7290, EEHHIC LR THARE D
X lrolzbDEEZOND.

BATHI RO RIEE 0, FEE L ORETICBIT2T7 Y E=THET 7 v 7 AOMERER%E
Fig. 5 IIRT. 77 7 3&5ME BN TEITT LHIEDOT YV E=ZT T 7 v 7 ADVHE, ©7—
N—IERFETHE (BHn=3). FITHOT VESTHET I v 7 ACEHT L L, dEdhH, L1
YT=UBIPL- Ty EENTLIRBTI, WEL> AR = LER L0 2R, Zokk
Bt OBA IEERIC B TEDS KNS 572, —F, N e— Vv eERT 88T, RKEE
(L) >WEE > i OMEm & 72 o 72, S OBEIIIHME TIZ 2 WS, HEE O.CIUIREEDS L S U
ZZH RN E R OGNL. KEPSDT VDT HE I HEMEDS G L, SRR AL ORI
$513]. L72AoT, 7Y EZTHHEICIZCHMA ML AL EEL, K TH - THOHIKREIZ
Lo TEBLRT W[4, N L= VIIBEBREIWO TERT LM TH Y, T3 2 8w (1
R &) DRI 2 BRI S8, ZOREDHREE L OWEIRICBILT7 277 I v
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Fig.4 Changes in temperature and relative humidity inside the each shoe before and after walking in

these shoes for 30 minutes (average of three repeated trials of one healthy female volunteer).
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Fig.5 Dermal emission flux of ammonia measured by the PFS - ion chromatography methodology at sole
(center), forearm and axilla of the tested female volunteer before and after walking in shoes: a)
in sneakers, b) in rain boots, c¢) in muton boots and d) in high heels. Error bar shows a standard

deviation of triplicate runs (n = 3).
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BB IHERE S ERIEE LN T2 b0 TH ), EEH AR -ORMT L2546, RIKE (B0) 126
FAEATRIOT Y EZTOWERT I v 7 ZAH52.0 x 102 £88ngem 2h™! THo7z0I2xf LT, HITHk
1£23%x102+£1.2x10%ngem2h~! TH ), HELRMRITA SN R -7z AT L OHEETICB
WTHRIBICZBILIIR SN o7z, —H, LA 7=V I3HBEDSHEBICECTHHET A LD TH
O, BRI BB TR, oL A YT =Y RRWTHRIT LA, RES (EL0) 12815
Wb 7 9 v 7 A48 D 1.9 x 102 £79ngem 2 h 1 12xF LT, #1713 3.0 x 102+ 66ngem2h~!
E ), 15 EOFEERMIMASE SN (Paired t-test, p = 0.064). F7-HiBEHE T 1.6 f50E = b
MRS (p=0.044), BEETIZ 1.4 FroMMERS RSNz, A= T7T—=VId, #EEH»T T
ANR—=FNTHETZECEHT A0 T, EHHICKROCTHABENSV. COLA— N T—V%5EH
L72me, TYyE=THERT 7 v 7 AZRIEE (BL0) BLORET TIIZ Ao N 7255, Fi
AT 2.8 fEDEFEARMMA R SNz (p = 0.057). N1 b — VIZHERE WD TERTLHHmTH-
727z, BEREISATT ORI AR 2 7. RIKE (BL) OT YEZTET 7 v 7 AIZEEE %
ZALIZ A S N h o 7275, BilEE T 4.5 % (p = 0.013), MEEHTIL 2.1 15 (p=0.071) OFEARIEN
MRRO LN, EHEOET EB NIz, TNHDORRENS, BT 7 v BT FEoZbiE, F—
WEETHo TOMOTEIC L o TRLY, FBTrEGEOERTHL Z Lhs, BIKEH (L)
L) LRI RIS BV TELASEZ VR T W I Ehbhol. Thbh, EEPLBEE AT
BB O A, 30 5 OBAT T HENEAMA D%, MEMBMICBIT LT Y E=TREEHMAS ¢
LIZWRES Lol —H, NMe— O L) ICEREXENL TV LZWHOGE, KeffonNs v 2%
Pro THRATT 72012 LR FICOHREF AL, RIS RICB W CHELR T Y E= T RE 7
T 7 ADMMMRO bz EZHND,

LA L7255, BTG RIKEIIZHLOBM I o Tnb EEZ 6N, SROERTRELICE
FHTVEZTET 7 v 7 AL AEZAL L e h o 72D TR TH - 72, RO ELRMIZ L
D, PFS OffE LOMAICE 250 TH Y, HE 3.3cm O PFS 2RISR WL ) IEEETE
BEALIIELDOARTH o7z, 22T, BE23ecm DESZ LT VEZTA I r—8—%2 T, RBIE
BB LT VEZTHEHT 7 v 7 AOFEM A % R~z

3.2 RIEHICB T BT VE= TR A

L2 AR U CORT LRIt O BEER, 1P E 3, RO, BIIHB L OEICBE 7 VBT
W77y 7 2A0MEMLRE Fig. 6 a) |87, 3B (1) CERICELTIE, TYEZTHRHBT7I7v 7 A
OWIMEOT N TH o 7225, HRLHF 3 CIZBEFICINL, Rk TIESATRIID S B E i 7
7 v 7 A%k L7z Fig. 6 b) (ZEBHE RO RIESATH Y, 1, R CEHRERICE WE A% o
TWH I EDbhb. $hbb, REMIZAPLENEBMIIE o TREY, REOEHVEMIZET ¥
EZTHET 7 v 7 ADE, FLRRBTROBIADPKREN EAbhrorz, T FI3ME»S
EbLHEEZHO T LEEELH L2 b, ZOFMOBHAI S EBHEAMAS2LoTVEEEZILN,
TYEZTOMENT Ty 7 A ENTZbDEEZ LN,

FEPRIFE A > 2) Y OVERARIC & 2 Wb 2 55 e T2 RBRETH Y, HHOGIHELFI ST
I RBGIHERFEIC BT 5 TRUMOERO—>TH Y, RiEHOY A7 HF & L CRERE A
ST [15]. BERFEE BT 2 THEIN & T+ 21208, SATR O RERHE & SAATIRE = &
Ez2H6N5[16. LaLedrs, BECHKFMMICHATE 2 2EftEsffTdh, FtBIdok
I RIS RN L 2D, RFEICL Y, HEALOT B THREEE, REIIC» A2
T 7 BB BT & LS 28N A~ — 7 — L 2RSS V), SRITEE & BEEOBRIZO VT
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Fig.6 Dermal emission flux of ammonia measured by the ammonia indicator at thenar, center, arch,

edge and heel of the tested healthy female volunteer before and after walking in sneakers (a) and

the distribution of plantar pressure when putting on the sneakers (b).

MRS 2 & & DI, RERHMIZA M 2BAMTEOREE HiF L 72w,

4 &

MBS END T VBT OEBIZRIFTHEITOEE LWL T 720, HEE AR
TolzfEd, UTOZENHLII 7.
OB T BT 7 5 v 7 ADZALIE, F—#EBE CTho THHOMEIZ L > TRL D, &
FEER R0 X0 QRIS B VTR ) RT W Eavbh o7z,
QRIEEIZ 22 E NI L o TR Y, BEOBWEALIZET Y E=THENT 7 v 7 ADEW»
F ISR OZANREN L bh o7
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