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ABSTRACT (NSC 98-2221-E-039-012)

The exposure of human skin to physical agents present in the environment—solar UV
radiation and heat stress—has long been recognized as a health risk, and in the last decades
this risk has been exacerbated with the formation of urban heat island effect and the global
warming due to depletion of stratospheric ozone. Currently, the Global Solar UV Index
(UVI) system and Wet-Bulb Globe Temperature (WBGT) are the predominant tools of
communication for the hazards resulting from over-exposure to UV irradiation and heat
stress, respectively. The UVI ranks the potential hazard of exposure based on the solar
irradiance reaching the earth’s surface and correspondingly suggests recommendations of
protection. The WBGT reports the intensity of thermal factors present in the indoor or
ambient environment. As of current, both systems do not causally relate, in
(semi-)quantitative terms, the exposure level to the potential human health impact that may
arise from over-exposure to solar UV irradiation or heat stress. Consequently, these
systems in their current formats are limited from providing warnings to information users
on the health hazard resulting from excess exposure to UV irradiation, heat stress, or both.

This study quantitatively investigated the changes in human skin physiology and in
thermal sensation in response to exposure to various thermal factors in the environment,
including solar UV radiation, so to evaluate the applicability of these changes as an
indicator to health hazards from over-exposure. The skin physiological responses
attempted as biomarkers included transepidermal water loss (TEWL), skin temperature,
skin moisture, erythema (reported as erythema-index, E-index), and melanogenesis
(reported as melanin-index, M-index). Subjective thermal sensation was gauged using a
standardized questionnaire developed by the American Society of Heating, Refrigerating,
and Air-conditioning Engineers (ASHRAE) Standard 55. The expriements were conducted
outdoors on campus twice a week for a total period of six weeks. In the study, the
biomarkers were evaluated for their changes following short- and long-term solar UV
radiation, and the dose-response relationships between biomarkers and examined physical
forces were developed to investigate any variations between physiological and
psychological indicators. Simultaneously collected were the hourly UVI forecasts
monitored in the Taichung area by the Central Weather Bureau, Taichung Meteorological
Station for evaluation of immediate and cumulative solar UV irradiance reaching the
campus where the study took place.

The results show: the TEWL and skin temperature changed significantly with
environmental temperature, but responded less to RH. The skin moisture was the only of
the above indicators that reflected the alteration in both environmental temperature and RH.
As for the psychological indicator, the thermal sensation votes (TSVs) of the participants

were influenced proportionally by alterations in the examined thermal factors, particularly
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the environmental temperature. The TSV was most significantly correlated to skin
temperature (r > 0.868). The skin moisture and melanogenesis were better indicators of
potential health hazards from single and cumulative solar UV radiation, respectively, than
the others. Erythema as reported in M-index corresponded linearly to cumulative solar UV
exposure for the female participants, but did not reflect acute injury if any, possibly due to
the low intensity of solar UV radiation at Taichung during the period of investigation. The
outdoor thermal sensation was markedly influenced by the radiant heat; the variation
between the physiological and psychological indicators was most significant when the
participants were in the period of thermal adaptation or in a thermal transition zone. The
distributions of E-index against UVI and M-index against cumulative UV irradiance were
linearly regressed to establish dose (UV irradiance)-response (quantifiable biomarker
change) relationships that might be applied in hazard exposure assessments and as a

warning tool of harmful UV exposures.

Keywords: Global solar UV Index, skin exposure, transepidermal water loss, skin

physiological indicators, thermal sensation
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£ 45 £

R S ey %%m TEWL ~ & § lopadsd M2 =~ L FIBR -~ 12 4
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Ao REAMEEAREDPF LIRS LRBE 2B R -

AFE G R fr+4ﬂ%ﬂ$_;yuﬁﬂ%e%ﬁ4ffﬁﬁwﬁéffm&eeb
it FRE T mae s M R LR RE R M o= ks
BBERE CHRBEBE S ME P REHPCH APPSR RS R RS D
BRI IS S RRAZ B R R TREFERAT T Y 2 B0

JE



e Fyi

F-& PpRPEBMAHRLIALKT

ﬂ\f-ﬂi g piE X P4 qu Al F P ERERELD ’J’F’%’Eﬁ‘}’;}k,‘iﬁ—f ’ﬁlﬁ 4 12
FaH(TEWL ~ 4 8 & ~ 4 §BA& - E-index ~ M-index) i % i LA g o(TSV)*F 4
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AT EEEY L F R R «g%gﬁ@ﬁwﬁﬁﬁﬁﬂﬁéﬁﬁ“Hﬁiﬂﬁﬂ
St B (UVD) T pEpSR T 0 132G p KR RY FIE 59 2 Hp 2R b2 5
Boo? b dh2 FHRHARZE LY F dsb(Rat 50 SFIP)TERIZF | BFEE
[WB@%%’Eﬁﬁlwﬂﬁhwﬁﬁ SRR WL P RRET A R
A B RS B HiE T AN B R bk B A i S48 B (irradiance) ¢

Current Measure

Irradiance, ,, = >, (UVI

1st Measure

sinouny - WEIGht Of EXxposure)
He UVlgihoury » P B AR kBRHFTHBR I AR BFEIFEIFF LT > ¢ L Eﬁ 4
b ERE P T QPET TS GEFFEETET REZEFA ) EFLIEE(EPET S
TEE s A5 ER10F X IOFLT = 12pF 2= 12T T2 255 Tz
24]39? 2 T X 46 pF2_PEE P E) ; Weight of Exposure 5 F p & A ] PR LR R
ﬁwﬁﬁmiwiwﬁwrrﬁé% DA )t ARl A 8500,1,2,3,4,
» R R RGERER S XY 20 A 45~ 20-40 & 45~ 40-60 4 48~ 60-80 4 45 ~ 80-100 A,\éi\
100-120 4 45 - #7r2 lrradianceyy (100 J/mz/hr),iA KT BB % Tz,ﬂﬂ EIES
- SRR P T B pEAT o iR R P 2 Bk b ok A R dg s

\m&‘.‘jﬂ

FIH PR ERBMHARLEENI A

*ﬂ?*%k%*ﬂﬁ4@ﬁﬂﬁﬁﬁﬁw(\ REAR HEHE A
H) v AR RIE (RN R AR )~ 2 REAE (R £ﬁﬂ)/ﬂ\g

.f‘ ;‘l /»\ ’}'? J: 8 el A IR UVI (28 # A E H i~)% irradiance (& ¥ ':E\EE%'J E_
H )2 A 05 247w Bl(scatter plot) B3R > A 45 4L F 2 gk p ko LR A E R
2 Ap B IE o 3% @ A §F 2 A2 5% (linear regression equation) £ it f& # 4 4 A K F4E
ERHE AR AL 2 AP o 2T LM PR RlE SRR R A A
AR ZEY &5 N ER 3@ F 4 R g Tstudent's ttest) A 17 7 R E P
BRI EL T A2 B E AT RN FLR o AT Rl PR M LA 4T
(correlation analysis) : 14 A f &4 £ 4p B 7% #ic(Preason product-moment correlation
coefficient, )T A § 2 B Bt H LW p KT RBFEF 2 AP M 12 > T4 TP
Pk B2 %él'r* 5§i55 P2) MUtha BRI FFA AR A R ey p R
hER PR B 2 SRR 2 v SUMERE Tk 2 &) LTk die(coefTicient of determination, R?)
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B AR R RSTEOT MR X 2 P F O doB i X RIF TP R R E AL
AT RSBt R - SRS FIEN L NEEA AR TR LB
(Thermal Sensation Vote, TSV) o > 484 B ~ § &L 43 =X P £ 2.3 gguérif g (TSV
B)F 2 £ B (ATSV)RI$ &% P UVI B2 {7 o - TSV & L 2 Wi k2 Ap M {2
BIAR 2R AR TSV Y - A KRR ERIEFicH B> & &
TR E IR AR 0 MR A B s T WhEE2ZLE o 2 T A
TSV #jt BFp gz 5 BF b ) L KR AE AT b PR (7 M B4 47 1 2 S pdae R
AEBR AL FRRET AR -

Pk PR BT SR T B 2 Hodp 300 5 9 5V AR i §F 4 47 2 2 (multiple regression analysis)
oRBEBE R ~ REAPEIRR ~ PRI H(Z ©H 2 L )~ 2 R TS
EARE R AR ARPRAE - 218 % 0 S B SR RS
(polynomial multiple liner regression equations) - ik % ﬁﬁ‘ % # (partial-regression
coefficient) ~ 4 48 B % #c(multiple correlation coefficient) ~ 4F 2| Z_i% #(coefficient of
multiple determination) ~ 3% % 4§ 21| ©_i% #ic(adjusted coefficient of multiple determination)
BIARRE S R A T o AT T AT Y 1 R AP ¥r(collinearity diagonostics)k F F 7B 3

W EFS AR AE 5§ 5 R & S (multi-collinearity) - 77 T & LR A ) LR R
BETERFRAME - 2 RET 2 %L HEWE F)F (variance inflation factor, VIF) < 3
10> P32 e Q8B ZBFAM > 4w ,éﬁ; #234 ¢ 390 (degressed) & H — %38 o 4
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F- & pREGAEHE TEWL 2 B2 5

BS-1977F 2 XA BT A RIAFER ©H o LRF(0L» ) EHRERFED
B UVI 2 TEWL & @ &8t bF - a3 > Y FRIE ¥~ TEWL i@ />
5-50 g/m%/hr 2. f¥ o e ¥ R 8 ¥ p UVI #id 43t 5 pF > TEWL &> 9 35 g/m*/hr 1

;% UVI %+ 5 g > TEWL B & 345~ 3 304845 - fﬁlkﬁ‘ W R A SR RSB
g 'r+§i?'lﬂ1 TEWL % UVI 3 5 8 b+ 5 1 gl 2 TEWL RISE UVI S 4 @

ZREF ol LufFoaas? vERA B F lﬁﬁ'xrs*“ﬁ” o BEoR R Rkl AL
R R B F AR R o Lk OV ERIRT TRt 1 BT
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= TEWL ¥ ig stz %1 -
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543 £ (irradiance)3 4v 2 A ff 27 S fF o 4o WA ¢ LRl B LK TEWL E5 A
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2o g A E R M TEWL 2 it tghfs o8- HA475 %2 L8 >
FHY P TEWL LR ffa st W 4em + 2 o AT 5 HE DR IG5 P
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71 %k TEWL Al 4304 flppard $2 AP aATF S F A
AR 2 R AP RE P ARF 2§ 45“’3‘}1%‘1 c BHEAR NI § MR
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2519 L P AR LB TERY 2R AR AN e Fobfpl £ B TEWL 2 B
B~ 7 — 4l 2RI E o d 27 VRENT H"”PP\ R](¥F P& =) TEWL
RIBER LM W E AN AR F A 1 2 E 3 :%T’Eéﬁ%’ EIR L
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BB BT M RN R RAE BRIEE B YL (T — 4 (21 1.09-1.66) -
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TR RIAERERN F BRI MAESD ARFERBZFRLAREEL LR
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B (bF)F > 4425 30-45 B (b9 e § AP ABE T R4 B(-0.08) 0 & 15
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B o

FI 8 pREAMRGHELRAR w2 P

Bl 5-9 #7715 LRl A B3 2 0hp RS ES R~ P AR ATRIE TSV 2 £ B
o — dem 2 o g LB A R T 2T % (thermal transitionzone)F > A ELEL R AT
APERL o AT S0k AR BRI AGE » R A TSV A4 &
TRE(>R A BATSV I35k T % 10 X FBRIF 1) BT P oSk BB A4 S
iluf*w WAL i S FE PEATSVE X BN AT 3R (ATSV
1.92) » § P = *hIRE R A 5 35.0°C ~ Ap R R 48.2% » WBGT % 30.10 °C ; ATSV
ﬁx/l‘f_‘iﬂ'l’sﬁ‘i*“” 10 Bl £ (ATSV=025) % P = *HBEE 5 28.9°C iR A
74.0% » WBGT 5 26.34 °C o &4 5 » ATSV SR BB R 2 B @ H 4c > e 2 TR R
B2 SR EPE2ZBG §BATSVE L B 4% 4508 p (ATSV=2.17)% I35 >
%a':' E‘ bR BE R S 34.6°C ~ ApERA 51.0% > WBGT % 30.02 °C ; %+ {2ATSV £

G % 3R PP NI(ATSV=2.00) o § {32 B8 B2 ATSV 28T 355 1.46
%%M'ria 133> PRI HATSV Z S B> F REREAZ ST 47 9423
BARZRLYMIZBREERLPE

B 5-10 #7775 %1 4 f o0 % b Esin ko TSV 4t b AR P 182 5 BRI AL B
BF-ZERIE - d BlY 7 REI TSV Sk AP R & h Rl F R A b
ARITATORTE MU B A A G RF AU T T A R rag 35 7 L4 ERR
rgux‘ﬁ?%oulyg_azm,]v}g];_,ﬁj7 f,;gzc

ﬂ,

m&x e =R

(w,

34

A GMRBRERS SR L ERERLFE DY
2055907 4 p AP LR sk B Aol L B ~ E-index M-index~ 2 TSV

HERBE R APHRAR S UVICEY RFER E) (252 AR 750 5547 @ §F > 4250
AEAR B Tl s AR ] TRl AR S Tl R MU TR S e e BRI R G
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B Ay 0 AT S RS R gAY A D (T AR ) d AP F
BARIARBEFES (RBER #E'?r BR 2P RE PR BT LT 0 w A RIL
% &R ~E-index ¥ M-index 32p & Xt 5] £ B 2 @ 8(& & /& & ~E-index~ 2 M-index
z_ slope 4 %] 2 0.231+-1.057~ % -1.259); E-index ¥ M-index 2_ # i W GlcF A p B
W § o EF et ip) B-index 27 M-index Bl & B33 34 M A FRE P S HERE
A BB SR AR S AR 2 AT AR M G HCTY 1 K(r=021) B RS E T AL SR
?K%iﬂmwwwzomm’ﬁﬁ?ﬁﬁw@wﬁmiﬁﬁﬁﬂﬁﬁiﬁipmw
FHPEFNIFIF2ZH G A AP TER 2 RBFEF T 222 2B BAFRE A
ETER Y 2 i ottt d A R T RIRR IS B n2 ﬁ?“@ﬁﬁ”ﬁ}
¢OERLRT R N TG B 0 TRBE R B B TSV 2 % 1t (slope = 0.244) » H =
;Uwgmm=@0nyT$HN%WﬁWﬁ%ﬁﬁ*%ﬁmﬁﬁﬁﬁw:»1?&*@%
0212 0.04; st T AE kx4 8 (p-value=0.177) > ¥ 7 7 ;N 45w ETF ER T e
FABRBR T APy T REREF I G A ARy ER 2 BB PFEFT &
ERIBREAIBEAR A PRREY 281

T\ 56MTT?-E])J—B7EP€§T'a,%E‘:‘ a|lﬁ¥l‘]F'J4Iﬂ7#ﬂJfﬂbhilﬁ[L ){if)@; f’%;}—”ﬂ*
FHEu 2 B F At o 40 TRBIF R AN & 5L&¢@ I s
I

5§ H s §F > 4238 (simple regression equations) © Br © j B F] 3 ¥ Eg.fi
PRA RS o AR BARA T ARG L UVIFFRF Wﬁ&p4
e Ap B 127 Bg ¥ (r=0.18) - ¥} E-index £2 M-index ¥ & + 2 F|F Z M u L B | 3@ T? %
@:/»\ W 5-2.572 $2-7.129 © TSV RIS e 8UE BB R~ > 3w bF Thdic s 0.082 - 4,%

ﬁﬁ;‘;z i is kﬁfﬁﬂ% A ”‘ié-‘%&:”é Stk A B (p-value <0.05) > B
g %Fﬁ BUPLRE The B o d P RaREFES R O - B P R Flptim g A2t 2
LB L EES > VIF ¢ 13 1.00 -

F5-7T#170 2 pARpkBEFHY A |4 K RAE ~EB-index » M-index~ 2 TSV
HEERBEAR  AHHRRE - irradiance( R AR FEH B) ~ w2 ﬂ%ﬂ?ﬁwa&
AR~ AFAPM AN T B A Y Rl E AP TR N R g o d A7
FTREZINAFHITRBEFEAS T w AR A K RAE > E-index ~ ¥ M-index 5P & X 4
LA Bz BE(R KRR ~E-index~ 2 M-index 2. slope 4 %] 5 0.203~-0.981~-1.147) -
PR FFEFTREFIAL KRR LR HRERELERS > E-index & M-index
RIS AFRFEPFh S > B P £ Meindex 5 # o L FIBR T 4530 jF > 42
N2 AFARRE B K(r=0.160) T EF T AE R F L B (p-value=0.436) - d
AR TR IS S u R AR G AR Y W ORR T AR TN RS
(S BUE R Bt B TSV 2 % 1 (slope = 0.314) # = 5 Ik 5t 4p R & (slope = 0.096)
20k kA 4 54 £ (slope = 0.074) = TSV #3145 3% §F = 425 2 47 48 B 0 22 47 2]
Tl B s 0228 0055 st T AEHF L R (p-value =0.144) -

258407 5P R pRRRETR S W AT R4 R 1 B X HH TR EL LT
;ﬁﬁwiﬁﬁﬁﬁ*ﬁﬁ°d%6?ﬁﬁﬂﬂéﬁ§iﬁﬁﬁ‘ﬁiﬁd‘ﬁﬁﬁ
EBEEERAT ERFFEAEHRF ALY AP RBERTT  RAFLE

|
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G~ 2 u xR LERE R Rl KRR 2 %1 o E-index ¥ M-index Z_4f
WEF ARG D 1B PRI é*ﬁ%%ﬁﬁwﬂﬁww BT 4t = T3 B
# 2 E-index ¥ M-index % i ; 47 4P B T2~ %) 5 0.57 22 0.69 > & Lé% 9:f Fuit kg
;az £ B (p-value < 0.001) o d 2% @ fFid 5% Ap MR L2 o %38 > ] E-index

M-index & SUIEZ 475 % - VIF 327 13 1.04 - TSV 2 47 3% jF = 423% 1% 4 @ ﬁﬁ; PES

e énhn iy

Z o 5§ H  §F > 423 (simple regression equations) > ot X F RELE AT
F2 TSV #it(slope = 0.082) » w fF> el 2 R T kTR F LA (p-value =
0.012)> B3 £ 2 ﬁﬂﬁﬂbP4°d¥T$MJ$1ﬁ§éBE—@ﬁ%ﬁ’ﬂ

SR AR L R ST % o VIF ¥ KT 100 -

o8 BHzaEi
RHEEBTFELER ALK RN AMAF 2B BAR TP

BEREFEATEFERE > AFLFENNZ BT

I TEWL ¥¥¥ XBREAPT HRLELZRBWRERBER 20 BFH
b RBBAE B SIERERM cTEWL 27 F A AN bt PRl L8 o &
Fi? TEWL RlB 2% i Focs F RAMA KGR 24 el & L RE

{624 7ML o
RAEBREAZFRBIVBAELSp XE M REHRF2 SRS ELERE; S

3. E-index A3 ¥ AnifRF BEH P LEPRBFELETEAL 2 ALK ERE %
B REES P KK PRRBRE2 BT B4R -

4. +r@Ey3 ¢ "Tﬁ%?] M-index it oA F BRAE X KA REDRFE S rd 2 B
et T EIRL AP AR XD %VTWEP‘iﬁ‘—}UbLﬁUiig#ﬁﬁ%°

5. 9 pAEe Y Lp kRFEA K N2 E-index 27 M-index ¥ & o4 4 4
FoOFRAMTTIMEFALRAFNRY AFFEBII LR B L]
nikﬁﬂﬁmﬁﬂuﬁwwi7éw’mAgéﬂf*ﬁP7iJ i 2 4t
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6. AHABRBRTPEIRRERE P ERETEE LRBAAFIBRED TR
HEEEEN  F-25- f‘—";\ﬂ&?*éﬂ AEERBG LAFBENAMLIBEAR -

7. EE U RBEBEELFSRFL LRI PRSI RRT T ST
¥ E_UVI (C28p % *h 545 543 £ )2 irradiance (& 2 % *F 45 55 & 0
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B SATERET  AF BESEAMLEH RIS 6 TR R
o S AR ER L S HESLLE ] B BRI FRAL L B
15 5 UVL; E-index # M-index RI R £ 25/ £ B P FH 4 - Ry R 0 Lig &
TSV 12 1 & %%  F REPH PR EHwfF s o LK BRAFR G
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. ZRlp xRyl eh B LPL LK EE ek 7L

M-index %5 3® % dptk > ~ f£R12 M-index 175 3% 6 % ?P,%FQ«E fff:/*;:f@ Elndex

FIELAAMEZ AHFERFEFRLEL o A FERHETRE UVI &

irradiance ¢ ¥ 5 & i &5 1 & » ;ﬁ.‘lﬁjﬁﬁfﬁﬁﬁ%?"—%ﬁﬁﬁ e
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% 5-1 PHAR TR RN RE R R R T AP RRAMT &
& g oK 474 R (transepidermal water loss, TEWL) z_ | & & *~ § — 4t
A
4 EEPN ] TEWL £ p) &

= #c B 1 g & g /4 p-value

% 1= 12.54 £8.60  14.77 £ 11.65 10.32 +£3.90 1.43 0.395

% 2= 13.29 £1047 18.57£13.06 8.01 +£1.85 2.32 0.105

% 3= 13.93 £10.16 19.35+12.08 8.52+3.32 2.27 0.017¢

% 4= 14.19+£10.92 15.68 +11.67 12.69 +10.99 1.24 0.657

% 5= 11.81 £5.34 12.31 £5.76 11.31 +£5.38 1.09 0.761

% 6= 10.33 £ 6.88 13.26 £+ 8.74 7.39 £2.67 1.79 0.167

% 7= 9.70 +£3.17 10.01 £3.71 9.38 £2.85 1.07 0.751

% 8 = 13.16 £9.11 15.20+10.14 11.11 £8.35 1.37 0.463

% 9= 9.87+4.39 11.10 £ 5.41 8.65+3.10 1.28 0.359

% 10 =t 8.92+5.92 10.74 £ 8.12 7.11+£1.82 1.51 0.329

% 11 =% 8.86 £4.21 9.00+3.10 8.72+£5.42 1.03 0.916

% 12 = 9.29+9.27 10.72 £ 12.56 7.85+5.14 1.37 0.616

AR ehipl TEWL 2 ) &

= #ic UVI > g -~ g /% p-value
% 1= 3.78 9.99 +2.82 9.96 +£2.60 10.01 +3.28 1.00 0.979
% 2= 6.04  11.27+£5.48 13.35+6.44 9.19 +£3.78 1.45 0.210
% 3= 6.61 12.83 £9.00 13.50 £ 9.28 12.15+9.52 1.11 0.809
% 4= 7.67 12.24+9.48 12.46 +7.95 12.02 £ 11.60 1.04 0.941
% 5= 5.92  13.04+8.53 14.40 £ 11.35 11.68 £5.18 1.23 0.606
% 6= 5.54 11.32+£7.00 14.14 £9.02 8.50+2.70 1.66 0.194
% 7 =% 6.86 13.82+£13.08 8.93£2.22 18.71 +£17.72 0.48 0.236
% 8 =% 7.14 1233+ 6.46 13.02 +£7.82 11.65+5.42 1.12 0.733
% 9= 371 10.16+5.14 9.34+3.36 10.99 £6.72 0.85 0.604
% 10 2.07 9.19+4.62 10.35 £6.28 8.02 £2.08 1.29 0.408
% 11 565 1091+6.96 10.38 £4.67 11.44 +9.17 0.91 0.806
% 12 545 9.08+7.12 9.84 +£10.18 8.31£2.55 1.18 0.728

* pl# & 5 Mean+ SD

® 3 %44 TEWL £ £ 2 Student’s t test ¥ %_

¢ p-value < 0.05
p-value < 0.01
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252 RABAR TR RN RE TR RIA RO AR REMR R (2

HER AL A BAEZRIRES T — 2t 2 Bk

FRERN ORI EREERIE(S AR )

= #c B 1 g & g /4 p-value
% 1= 633 £419 790 + 538 476 + 196 1.66 0.226
% 2= 675 + 447 837+ 573 514+ 217 1.63 0.242
¥ 3= 644 + 379 809 411 479 + 287 1.69 0.138
% 4= 510+ 321 634 + 393 386 + 190 1.64 0.195
% 5= 739 + 445 846 + 571 632 + 287 1.34 0.437
% 6 =% 545 £471 718 £ 574 371 £295 1.93 0.217
% 7= 604 + 541 680 £+ 726 528 £319 1.29 0.653
% 8 = 733 £ 541 764 + 700 702 £ 388 1.09 0.853
% 9= 599 + 417 656 + 566 534 +234 1.21 0.666
% 10 =% 390 + 267 339+ 298 441 + 249 0.77 0.534
% 11 = 489 + 351 532 +420 445 £ 300 1.20 0.688
¥ 12 613 +404 603 + 483 624 + 354 0.97 0.934
AR R RR R RIE(S AR )
= #ic UVI > g ~ g /% p-value
% 1= 3.78 564 + 248 578 =308 550+ 200 1.05 0.852
% 2= 6.04 517 + 346 606 + 459 429 + 181 1.41 0.400
¥ 3= 6.61 545 + 345 552 + 286 539 +£ 424 1.02 0.954
% 4= 7.67 554 £ 211 514 £ 124 593 +281 0.87 0.545
% 5= 5.92 706 + 327 678 £ 305 734 £ 375 0.92 0.784
% 6 =% 5.54 486 + 343 622 £426 351 £ 184 1.77 0.196
% 7 =% 6.86 547 + 402 475 £ 394 620 + 434 0.76 0.556
% 8 =% 7.14 742 + 494 623 + 492 860+ 510 0.72 0.431
% 9= 3.71 614 + 424 478 £390 750 £ 446 0.64 0.287
% 10 2.07 376 +£316 274 +269 478 + 349 0.57 0.283
% 11 & 5.65 567 £ 356 480 + 361 655 £ 360 0.73 0.421
% 12 545 613 +424 467 £ 395 759 + 434 0.62 0.251

* pl€ & 5 Mean+SD
b gL g FiRA LR 2 Student’s t test & T
¢ p-value < 0.05

p-value < 0.01
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%53 2HAR T Z PPN RE BRI F T R R R
A Jzpadp fic(erythema-index, E-index)2. Rl & & “~ § — 4L {5 ~ 2 ¥3h
%
+ EFpN fg] E-index £ B &

= #& i} g - g/ * p-value

% 1= 8.92 +1.68 8.47 £ 1.44 9.38+£1.90 0.90 0.372

% 2= 9.41+1.70 924 +1.48 9.59 +£2.02 0.96 0.738

% 3= 9.37+1.60 9.64 +£1.27 9.10 £ 1.96 1.06 0.582

% 4= 9.15+1.53 8.75+1.31 9.56+1.74 0.92 0.386

% 5= 9.03+1.69 8.83+1.30 923+2.12 0.96 0.697

% 6= 9.16 £1.73 8.70 £ 1.35 9.63 +£2.06 0.90 0.378

% 7= 948 +1.77 9.16 £2.00 9.81+1.63 0.93 0.551

% 8 = 9.30+0.196 9.32+1.82 9.29+227 1.00 0.978

% 9= 9.39+1.53 9.67+1.32 9.11 £1.80 1.06 0.548

% 10 =t 9.79+1.99 949+1.14 10.09 £2.68 0.94 0.623

% 11 =% 9.69+1.71 9.69+1.45 9.69 +2.09 1.00 0.999

% 12 = 9.494+1.90 9.03+1.43 9.94 +2.33 0.91 0.435

o &F ¢k ip] E-index € ip| &

= #ic UVI > g -~ g /% p-value
% 1= 378  14.19+2.04 1523 +£1.58 13.16 £2.02 1.16 0.076
% 2= 6.04 14.35+2.62 15.53 +£2.39 13.16 £2.45 1.18 0.122
% 3= 6.61 14.51 £2.75 15.89 £2.58 13.13+2.34 1.21 0.081
% 4= 7.67 14.71+£2.76 16.02 +£2.90 13.40 £2.06 1.20 0.101
% 5= 5.92 14.52+2.44 15.89 +1.94 13.14 £2.18 1.21 0.044°
% 6= 5.54 15.00+2.52 16.55 +1.67 13.46 +£2.34 1.23 0.025°
% 7 =% 6.86 15.24+2.31 1597 £1.93 14.50 £2.58 1.10 0.290
% 8 =% 7.14  14.49+2.49 16.30 £1.95 13.59 £2.34 1.20 0.055
% 9= 371  1533+£2.43 16.67 £1.88 13.99 £2.26 1.19 0.050°¢
% 10 2.07 15.14 2.92 16.86 +£2.22 13.43 £2.61 1.25 0.034°
% 11 =% 5.65 15.26+2.30 16.41 £2.02 14.10 £2.08 1.16 0.080
% 12 = 5.45 15.12+2.28 16.43 £1.59 13.81 £2.19 1.19 0.039°

7 % 4 E-index # £ 12 Student’s t test #& %_

p-value < 0.05
p-value < 0.01
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%54 2HAR TP F LB PRERREDEARAFID R KBRET KT
A2 ip #i(melanin-index, M-index)2_ i#] £ & g Rl iE R
%
+EEp ] M-index & B iE

= #& i} g - g/ * p-value

% 1= 30.25 £2.61 28.47+2.02 32.03 £1.83 0.89 0.010¢

% 2= 30.78 £3.20 29.23 +2.77 32.33+3.02 0.90 0.093

% 3= 30.36 £2.60 29.13+2.34 31.59+£2.39 0.92 0.102

% 4= 30.48 £2.68 28.78 £2.13 32.17+2.10 0.89 0.020°

% 5= 31.76 £2.78 30.39 £ 2.63 33.12+2.38 0.92 0.088

% 6= 31.84+£2.77 29.84 +£1.98 33.84 +1.81 0.88 0.004¢

% 7= 31.65+2.79 30.62 +£3.04 32.69 +£2.31 0.94 0.214

% 8 = 31.89 £3.01 30.63 +£3.38 33.15+£2.17 0.92 0.155

% 9= 31.09+2.24 30.07 +£2.33 32.10+1.77 0.94 0.121

% 10 =t 30.99 £2.79 29.35+2.22 32.63 £2.39 0.90 0.033°¢

% 11 =% 31.50 £2.67 30.27 £ 3.05 32.73+£1.65 0.92 0.112

% 12 = 30.93 £3.19 28.74+£2.74 33.12+£1.81 0.87 0.009¢

K #F ip] M-index & | &

= #ic UVI > g -~ g /% p-value
% 1= 3.78 38.84+5.25 42.23 +£4.95 35.45+2.93 1.19 0.016°
% 2= 6.04 39.59+5.64 42.72 +5.89 36.45+3.42 1.17 0.048°
% 3= 6.61  39.66+5.85 42.81 +£6.28 36.50 +3.47 1.17 0.057
% 4= 7.67  39.22+5.96 42.59 £6.35 35.84 £3.25 1.19 0.043°
% 5= 5.92  40.47+5.58 43.99 +5.39 36.96 +3.13 1.19 0.020°
% 6= 5.54 41.86+6.32 45.83 £6.39 37.90 + 3.07 1.21 0.028°
% 7 =% 6.86 41.09+5.94 44.03 £ .654 38.14 £3.73 1.15 0.084
% 8 =% 7.14  41.29+5.64 4484 +£5.40 37.75 £3.28 1.19 0.020°
% 9= 371  41.83+6.38 46.66 = 4.88 37.01 £3.16 1.26 0.002¢
% 10=x 207 4030+6.23 4444 +£5.82 36.17 £3.22 1.23 0.012°
% 11 =% 5.65 41.30+5.89 4476 £5.91 37.84 £3.56 1.18 0.034°
% 12 = 545 3997+4.74 43.30+4.26 36.64+£2.16 1.18 0.007¢

7 % 4 E-index # £ 12 Student’s t test #& %_

p-value < 0.05
p-value < 0.01
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% 5-5 pARPRBRHFRY 2P AR AR RE 3 BRAE T U HERBE R () ~ PEIBR(X) ~ PR aU B(xs) HBl(xe) 2
TR SR A b #2 3% (standardized multiple regression equations)® ~ 4§ 4 B % #ic(r) ~ 4F 21 %_f4 #c(R?) ~ 23 B4 ) % s e

(adjusted R?, Adj. R?) ~ £ #1132 #7(collinearity diagnostics)® #2 513 # %_

KR R R Standardized multiple regression equation r R? Adj. R? p-value® VIFyean"
Moisture y =-0.008x; - 0.020x,+ 0.175x5+ 0.231x4- 0.115 0.21 0.05 0.02 0.160 4.94
E-index y =-0.330x; - 0.284x,+ 0.035x3 - 1.057x4+ 0.529 0.54 0.30 0.28 <0.001** 4.94
M-index y =-0.149x, - 0.169x, + 0.014x5 - 1.259x4+ 0.629 0.64 0.40 0.39 <0.001** 4.94

a LR AT Standardized multiple regression equation R R? Adj. R? p-value VIFyean'
TSV y=0.244x,+ 0.017x; - 0.037x5+ 0.005x4+ 0.001 0.21 0.04 0.02 0.177 491

TRIEAK A ELE R L LR S J§ B & (moisture) ~ ‘= 524y #ic(erythema-index, E-index) ~ 2. % 4p #(melanin-index, M-index) ;

vote, TSV)
® 4w & %R %98 (Dummy variable) % % > § 1 =0~ 44 =1
CHEHBBRERSIERAREFREN

4 1y % B W E F]5 (variance inflation factor, VIF)£ 77 @ VIF> 10> £ &M 423 5 VIF< 10 £ S5 4T 1<

RIS AT RSN AE R R TR

" p-value < 0.05

ug

p-value < 0.01

" VIFyean & & %8 VIF T35 5 X~ X, ~ X3~ x4 2 VIF A 5] % 851~ 8.87~1.39 -~ 1.00
D VIFyea 5 & %8 VIF T35 5 X, > Xo > X3 ~ xa 2 VIF 2 % % 842~ 8.81 ~ 1.42 ~ 1.00
25
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256 pRPEBRMIRT AR AF L ELEE L RAR T HBRREER () A HIBR () Y PR AR, f(xs) N (xe) 2 i
§f > #2.5% (regression equations)iZ # it i (stepwise regression)® ~ 4p B % #c(r) ~ #) TLik (R ~ 2 5 2] 2t #c(adjusted R, Adj.
R?) + £ %2 #7(collinearity diagnostics)® £7 s34 %

w ARl 4 32 4 4R Stepwise regression equation r R’ Adj. R? p-value® VIF"
Moisture y =42.338x;+ 355.877 0.18 0.03 0.03 0.031° 1.00
E-index y =-2.572x4+ 16.146 0.53 0.28 0.28 <0.001¢ 1.00
M-index y =-7.129x,+ 44.017 0.63 0.40 0.40 <0.001¢ 1.00

4 LR AT Stepwise regression equation R R’ Adj. R? p-value VIF'
TSV y =0.082x,-2.452 0.21 0.04 0.04 0.012F 1.00

CRIR A K A2tk e 45 0 L K JBJR (moisture) ~ ‘= 524p #ic(erythema-index, E-index) ~ 2. % 4; #ic(melanin-index, M-index) ; 3 gip R 5 #
J Fo & i@ (thermal sensation vote, TSV)

® w2k 8 % 0E (Dummy variable) E 3R § . =0 %4 =1

¢ i&J5 Group partial F test 4~ 475 % i€ 5 p %38 » F B Q| © p-value <0.05 B » i¥ ; p-value >0.10 R # ‘J“,l]%

4 12 % B g 98 7] 5 (variance inflation factor, VIF) % 77 @ VIF> 10> £ 5 A 388 5 VIF<10 > & SR 3L

CtR R G AR AT L MU R

p-value < 0.05

€ p-value <0.01

" VIF % % %#c VIF & ; x5 (moisture) ~ X4 (E-index £ M-index)2. VIF 2% 1.00

" VIF % x, %# VIF i@ ; VIF % 1.00
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% 5-7

R? Adj. R?) ~ £ #1142 #7(collinearity diagnostics)? 27 5.3 # %

AP RS s B L 2 AR LR S RTERE R () P EHRA Q) R A REAR ()~ BH () 2 R

it % 78 3% 47 3% §F * 423" (standardized multiple regression equations)® ~ 47 4p B % #(r) ~ 48 | T 1% #(R?) ~ 2 FAF 2] 2% fic(adjusted

KR MR R Standardized multiple regression equation r R’ Adj. R? p-value® VIFyean
Moisture y = -0.059%, - 0.155%, - 0.057x; + 0.203x4 - 0.102 0.16 0.03 <0.01 0.437 5.28
E-index y = -0.143x, - 0.147x,+ 0.194x; - 0.981x,4+ 0.491 0.57 0.33 031 <0.001¢ 5.28
M-index y=0.121x,+ 0.054x, + 0.281x; - 1.147x4+ 0.573 0.69 0.47 0.45 <0.001¢ 5.28

AR Standardized multiple regression equation r R? Adj. R? p-value VIFpean®
TSV y = 0.314x, + 0.096x, + 0.074x; + 0.037x4- 0.016 0.22 0.05 0.02 0.144 5.23

a

- 0 h @

BIE A K 2 RApdR e 45 0 L F B & (moisture) ~ iz 57y fic(erythema-index, E-index) ~ 2. % 4 #ic(melanin-index, M-index) 5 2 #dp #% = # & “4k & & (thermal sensation

vote, TSV)

M%) 02 4% % 78 (Dummy variable) & 3 > ¥

SRR RS AAHIBR AR

r s R %k 73 (variance inflation factor, VIF) £ 77 ¢ VIF> 10> ¥ 538 F 5 VIF<10 > X 54 R 3 1<

A
[

p-value < 0.05
p-value <0.01
VIFMean é‘ éz" %&VIF ’lf;fg': P Xp Y X X3
VIFMean ::-" )/é' %ﬁIVIF li’:—:’f_ﬂi ; X1~ Xp X3

=04 =1

~x42 VIF & %] % 9.60 ~9.26 ~ 1.19 ~ 1.05
~Xq2 VIF # %5 9.50~9.17 ~ 1.19 ~ 1.05
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# 5-8 ﬁ PP ERHFRY AR AR 2EPEE ABRAL T OHEREERX)  AHBRX)  AFRE ﬂ(Xa) ~ 1] (x4)” 2 (3F)
éﬁ; = 4750 (regressmn equations)—i% ¥ 1% fip: /% (stepwise regressmn) (AF)4p B T dc(r) ~ (AF) ] Tk ﬂz(R )~ AR )H ik
(adjusted R%, Adj. R?) ~ £ #1142 #7(collinearity diagnostics)® 27 5.3 # %_

KR MR R Stepwise regression equation r R’ Adj. R? p-value® VIF"
Moisture y =-0.059%; - 0.155x, - 0.057x3+ 0.203x4- 0.102 0.16 0.03 <0.01 0.437 5.28
E-index y = 0.005x;- 2.368x4+ 15.466 0.57 0.32 0.31 <0.001¢ 1.04
M-index y =0.014x;- 6.539x,+ 42.051 0.69 0.46 0.46 <0.001¢ 1.04
A LR AT Stepwise regression equation r R? Adj. R? p-value VIF!

TSV y =0.082x, - 2.452 0.21 0.04 0.04 0.012° 1.00

TR A K 2 IR e 45 0 4K IR (moisture) ~ iz a4p Hic(erythema-index, E-index) 2. % 4 #i(melanin-index, M-index) ; i jdp 5 £
Jo Fr L i@ (thermal sensation vote, TSV)

® 4w & & %8 (Dummy variable) % 5 > § 1 =0~ %} =1

¢ i&J5 Group partial F test 4~ 475 % i€ 5 p %38 » B Q| © p-value <0.05 B » i¥ ; p-value >0.10 R # ‘J“,l]%

R w*’ E F]F (variance inflation factor, VIF)% = : VIF>10> X A4 388 5 VIF<10 > £ AR {5714

WG AR LT RGOS T

p-value < 0.05

p-value < 0.01

VIF 5 % 88 VIF T35# ; x3-x42 VIF 355 1.04

" VIF % x, %# VIF & ; VIF % 1.00

a

=0 - o
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(: L3 (69 6%) :)

WP kB ARE R4 AR RR 0 F 104

v

S RS TS g

e B BRI RA RS
CRR 128°C; &R 1 70%) 5 3 M3 4% bk f20-304 48

v

¥ pITEWL ~ 4 & 8
(FE A F 453518 0 a8 3 F904) )

v

¥ /#|M-index + E-index @ ift 4 4z B~10=x

<§WMA@&§’ﬁimﬂ>

l 4-1 E Rp ’E%}’T? :%L?.%/ﬁﬁiﬁ 7 }%E' ilﬂ_;}l}lﬂ}% ~ A 'Eg,éi‘%}lﬁ}i,—l/wi;% 4
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2
TEWL (g/m*/hr) (@)

TEWL (g/m?/hr)

TEWL (g/m?/hr)

(b) (©)
50 50 50
y = 0.53x + 8.70, . y = 0.50x + 9.10, y = 0.54x + 8.33, .
40 1 r=0.11, R*=0.01, 40 1 r=011,R?*=0.01, 40 1 r=0.10, R*=0.01,
p = 0.200 . . p = 0.356 p =0.383 .
[ ] [ ]
30 | o« % 30 | * % 30 | . °
[ [ ]
[ ] [ ]
20 * ':-‘ 20 | * ':-' 20 ° e
. ® o N e o .
¢ O ¢ o ® ® . ¢ O
10 ,W 10 ,/'“"—h:.//i/
el . - IS R USRS
[ ] [ ]
0 : : : : 0 ‘ ‘ ‘ ‘ 0 :
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 10
UVI (100 J/m?%hr) UVI (100 J/m?/hr) UVI (100 J/m?%hr)
®l 5-1

AR ek Rl F S5 ALK 4 KT 4 & (transepidermal water loss, TEWL) ¥R 8 B p sk % b adp f(UVI 2 » fF 22 e §F @ (a) 2

WAR (0T (0%
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TEWL (g/m?/hr) () TEWL (g/m?/hr) (b) TEWL (g/m?/hr) ©
50 50 50
o y =-0.14x + 11.51, y = 1.96x + 8.95, o y=-1.18x + 12.19,
40 1 r=-0.02, R <0.01, 40 | r=0.22,R*=0.05, 40 | r=-0.18, R* = 0.03,
o o p =0.816 p =0.061 o o p=0.133
[ ] [ ]
30 {%e ° . . 30 | ° . d 30 {%e
[ ] [ ]
207. ~.. .. [ N ] 207 o .. o0 207. ° °
o °® ° .’.n °
'.. '.‘i !.' . ° ' ° ° [ ]
10 4 el _° © hd ® 10 1 o .°
.&.ﬂ.-‘-u. . e o ¢ o o ....s:" :.o.-‘ ~,. .
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Irradiance (10 kJ/mZ/hr) Irradiance (10 kJ/mzlhr) Irradiance (10 kJ/mZ/hr)

W 52w RRR LR A kA 4T A (transepidermal water loss, TEWL)¥ s % & % *F S0 4 £ (irradiance)2. & 7 &2 &L 12w §f
@28A A ~bOF - (*1E
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Moisture (uS) (@) Moisture (uS) (b) Moisture (uS) (c)

2000 2000 2000
y = 42.34x + 355.88, r = 0.180, R? = 0.03, y = 80.66x + 120.41, r = 0.357, R* = 0.13, y = 0.10x + 600.51, r = 0.011, R?* < 0.01,
p=0.031 p = 0.002 p=0.925
1500 o 1500 A o 1500
L] e® 8 (] e® 8
[ ] ° : [ ] b
. (] Qo ° L (] (]
1000 . T, 1000 1 1000 * * .
° ° % [ 4 °
[ ] [
A
500 1 500 - 500 1 o8 3%
° ° oo [ ] ° [ ]
[ ]
.: o .} .... [
0 ‘ 0 ‘ 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
UVI (100 J/m?/hr) UVI (100 J/m?/hr) UVI (100 J/m?/hr)

B 5-3 @ AR RIL R R (moisture) B B E(F ISR AR B)HERELD T P K E PR B(UVD2Z & GE e iF (2L |~ (b)
T~ (0

32



Moisture (uS) (a) Moisture (uS) (b) Moisture (uS) (c)
2000 2000 2000
y = 2.67x + 453.81, r = 0.01, R* < 0.01, y = -35.64x + 474.25, r = -0.13, R? = 0.02, y = 29.40x + 460.26, r = 0.12, R® = 0.01,
p = 0.900 p=0.282
1500 1500 A 1500
[ ] ° ° [ ]
1000 . 1000 - ° 1000
[ ] ° o
e
500 a o 500 - 500
° 4 hd
’.. ® LN J ° °
s 8 W2,
0 - " " — " " 0 " " " " " 0 " " " " "
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Irradiance (10 kJ/m?/hr) Irradiance (10 kJ/m?/hr) Irradiance (10 kJ/m%/hr)
) 5-4

KR R F R R (moisture) £ R E Bk 3 A @ 48R £) ¥R A P kK o SR LA R (irradiance) 2 4 1 & AL BF 0 (a) 2 8 4

A0)7 (i
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E-index (a*) (a) E-index (a*) (b) E-index (a*) ()
25 25 25
o
20 A 20 1 .: ....p.. . . 20 4
\o—%s.‘u;\ . coq . <
o * o o, . hd
ce 000 %
10 A 10 - 10 - LI 5.:.
5 y = 0.05x + 14.63, r = 0.03, 51 y = -0.09x + 16.59, r = -0.07, 5 y = 0.16x + 12.76, r = 0.11,
R*<0.01, p=0.732 R®<0.01, p = 0.564 R®=0.01, p=0.342
0 ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
UVI (100 J/m?/hr) UVI (100 J/m?/hr) UVI (100 J/m?/hr)

B 5-5 A AR Rl Kl mrdp dic(erythema-index, E-index)$+ &R FH B p % % ¢ adp (UVD 2 » G @it i - (@28 | ~ ()7
T (o)*
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E-index (a*) (a) E-index (a*) (b) E-index (a*) ()
25 25
20 20 1 i.i., .
%o o .‘ ) . ._. e ®
I ¥ (AL *
15 15 e BT
[
10 10
5 y=0.73x + 14.01, r = 0.31, 5 1 y =-0.02x + 16.18, r = -0.01, 5 y=0.73x + 12.87, r = 0.40,
R?=0.10, p < 0.001 R?<0.01, p=0.933 R?=0.16, p < 0.001
0 - ; ; ; ; ; 0 ; ; ; ; 0 - ; ; ; ;
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Irradiance (10 k3/m?/hr) Irradiance (10 kJ/m?/hr) Irradiance (10 kJ/m?/hr)
®l 5-6

(o)™
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Melanin (b*) (@) Melanin (b*) (b) Melanin (b*) (©)
60 60 60
[ ]
50 4 ° 50 A . = oo ':z.z !' . [ ] Y 50 1
. . S ; . o o o
40 e 40 | . '; s lt;;n:." . 401 e * eemel e ‘.
! ¢ .: s .o ¢ [ J °
30 30 30
20 20 20
10 | y=0.13x + 39.79, r = 0.04, 10 | y =-0.08x + 44.42, r = -0.02, 10 | y =0.28x + 35.47,r=0.14,
R?<0.01,p=0.676 R®<0.01, p=0.848 R?=0.02, p = 0.246
0 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ 0 ‘ ‘ ‘
0 2 4 6 8 10 0 2 4 6 8 10 0 4 6 8 10
UVI (100 J/m?/hr) UVI (100 J/m?/hr) UVI (100 J/m?/hr)
B 5-7 A AR RIAF 2 % 4p #k(melanin-index, M-index)$ R FH 7 p % 5 g Fo(UVD 2 & i 2R jF L (2L R~ (b) 7

2~ ()=t

36




Melanin (b*) (@) Melanin (b*) (b) Melanin (b*) (©)
60 60 60
50 50 50 -
40 40 A 40 1 L
30 30 30 -
20 20 1 20 1
10 y =2.07x + 38.03, r = 0.38, 10 1 y =2.34x + 40.80, r = 0.35, 10 1 y =1.02x + 35.91, r = 0.40,
R?=0.14, p < 0.001 R?=0.12, p=0.003 R?=0.16, p = 0.001
0 - ; ; ; ; ; 0 ; ; ; ; ; 0 ; ; ; ; ;
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Irradiance (10 k3/m?/hr) Irradiance (10 kJ/m?/hr) Irradiance (10 kJ/m?/hr)

B 5-8 A AR RIALF 2 % 4 #ic(melanin-index, M-index)$f & & Af P & % h SUR U] £ (irradiance) 2. 4 1 2 AL §F () 21 4 R~ (b)
E AN () I A
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ATSV @) ATSV (b) ATSV ©)
31 31 31
2 1 2 A 21
1 14 14
01 01 01
-1 T T T T T T T T T T T T -1 T T T T T T T T T T T T -1 T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Temp | 345 [ 36.2 | 35.0 | 346 | 336 [ 348 | 36.7 | 35.9 | 33.7 [ 289 | 339 | 31.5 Temp | 345 | 36.2 | 35.0 | 346 | 336 | 348 | 36.7 | 35.9 | 33.7 [ 289 | 33.9 | 31.5 Temp | 345 | 36.2 | 35.0 | 346 | 336 | 348 | 36.7 | 35.9 | 33.7 | 289 | 33.9 | 31.5
RH 566 | 49.0 | 48.2 | 51.0 | 59.5 | 52.8 | 41.9 | 44.9 | 543 | 74.0 | 50.3 | 59.5 RH 566 | 49.0 | 48.2 | 51.0 | 59.5 | 52.8 | 41.9 | 44.9 | 543 | 740 | 50.3 | 59.5 RH 56.6 | 49.0 | 48.2 | 51.0 | 59.5 | 52.8 | 41.9 | 44.9 | 543 | 740 | 50.3 | 59.5
WBGT | 30.28 | 29.87 | 30.10 | 30.02 | 29.53 | 29.89 | 30.72 | 30.84 | 28.89 | 26.34 | 29.88 | 28.09 WBGT | 30.28 | 29.87 [ 30.10 | 30.02 | 29.53 | 29.89 | 30.72 | 30.84 | 28.89 [ 26.34 | 29.88 | 28.09 WBGT | 30.28 | 29.87 | 30.10 | 30.02 | 29.53| 29.89 [ 30.72 | 30.84 | 28.89 | 26.34 | 29.88 | 28.09
uvi 378 [ 6.04 | 661 | 7.67 | 592 | 554 | 686 | 7.14 | 3.71 | 2.07 | 5.65 | 5.45 uvi 378 | 6.04 [ 661 | 7.67 | 592 | 554 | 6.86 | 7.14 | 3.71 | 2.07 | 5.65 | 5.45 uvi 378 | 6.04 | 661 | 7.67 | 592 | 554 | 6.86 | 7.14 | 3.71 | 2.07 | 5.65 | 5.45

®59 A

RpkPREF %Y B8R ok L & (Thermal Sensation Vote, TSV)2_ £ B (TSV % -TSV {4, ATSV) : (a) 248 4~ B ~ (b)) T 1+ ~
)& (R RIETHE  FARILEZL)
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TSV TSV

3, . @) 3, 0 (b)

2 e o0 ® o e 2 4 e oce® o0

1 o coomemmees ane o (1) [} 11 0 ecemEOPOO QDO @ oe °

0 m 0

500 1000 1500 2000 500 1000 1500 2000
-1{ eeee e o ®w oo Matstitre (1S) 11 ooe0o e o oo Motstare (1S)
2 . -2 °
® male

3 3 O female
TSV TSV

3, . (© 3, . (d)

2 4 oo mese o 2 4 e 0o @ooe o

1 {e cemanen 00 0O © ® ° -e 1 {ecxD @™ 00 @O © ® ° ae

0 0 —m

500 1000 1500 2000 500 1000 1500 2000
-1{wese we oome o Moisture (1S) -1{®oe0 wo oeocee o Moisture (1S)
2 . -2 °
® male
3 34 O female

B 5-10 =P+ R AR ik & i@ (thermal sensation vote, TSV)¥t (a) > %8 ~ R + AP p
INCXEEUEY SR SNTNCE R L SNV
RE b il 2. & B & (moisture) & i 22 &L e
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