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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.
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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.

3 MIRLELH

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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7 ANZENERbIS.

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).
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