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Abstract

In order to reflect variability due to exposure factors as well as to assess uncertainty associated with cancer risk
posed by airborne trace metals, a Monte Calro analysis has been made in this study. Input parameters for Monte
Carlo analysis were developed or adjusted using body weight, lifetime, and exposure frequency of Koreans.
Ambient distributions of toxic metals were founded to be lognormal distributions for most of them using
goodness—of -fit tests. Thus, the 95% UCL and 95% LCL of carcinogenic metals were estimated by H-statistic
method for lognormal distribution, respectively.

The results of Monte Carlo analysis of 95% UCL showed that the 95th percentile risks for men and women were
1.2 and 1.1 times higher than an acceptable risk of 107, respectively. The probabilities which those risks exceed
the acceptable risk were estimated to be 8% and 6%, respectively, while to be 95% and 94%, respectively on the
basis of the minimum acceptable risk of 107%, respectively. Approximately 90% of total cancer risk came from
human carcinogens such as arsenic and hexavalent chromium. Therefore, it is necessary to properly manage both
arsenic and hexavalent chromium emissions in the study area.

Key words : Monte Carlo analysis, cancer risk, airborne trace metals, exposure variables, variability, uncertainty,

sensitivity, confidence interval
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22 o] QF AdAxE ¥ HHeE Frlee o
TE A9l F31. vls AwW#@7 A (US EPA:
environmental protection agency)}-2 PM 10¢]] <3l
TAHE 19873988 A)zFslglen, 199734 = PM
258 F7tstd PM 103 @A FAIsn Qi) 52
et oA 199438 PM 109 f3t FA7F A=}
Hadx 20005 12€e)l3= TSPol| w3 A& 7
33 PM 1002 4 & Dd3tsig on) PM 25 7]
F2 FF 371 A eld 19959 o) F et
2] PM 10 5= 199830 7ke] AAH o} 7o)
FA %ot g FAaT AL ALY, dxA] A
& FHLE Fxrt 2318 UG =v e
3tA ke AgS Belm sk (AR, 2000). 1
o= ¥F3ta, AA7A PM 108 W3 A71H<)
AF7F 4743 wekstn M} 2.9e] AlslElelm
#E e FHDA @SN 231 PM 10¢]
HE A7)el gr1ed Awrt glen aeld, A
717¢ Azl vieksl AA Yl B o] £ X
SEIES

2ZF WS opekA] (variability) E-2A1A] (uncer-
tainty)?] A& AT Ued, ol#d Aoz
s} AR qlgE x2Sl o3l Y= 2A A
#7b 2A AFH7|= ek webd], 47} (recep-
tor) ¥ 79 S0 Adz wgdd xFHLE
4338 FEAT xE3W P W3 FHGFE o
&3] v]E AAelgt I EAXe] AR el
Al g3 Ao Atge] ¥Feoz vyehe =E3HS
o BFAAL A FHoz A £ gle
v ook ZaEA] gon webA, 7 xEHS
2] cjefAle &Y =4 (PDFs: probability den-
sity functions)& ©]8-3}e A 3h= o] P4 o)
t}(US EPA, 1997a).

2 d7e FH F3EAG2] PM 10 W v)skg4ol
43 Ag 4 P XL EHoz AyPH A7
Z JdRFoz 199833E 200057Hx] 3xdel] AA
d4A 1,2 F2A e PM10Y ST of 1558
At L, W B S wkedste AUEAY B3
2 ZHPE o] g3l H7F viFgFLen A7
4ot 9)8l =2 multipoint 1D-Monte Calro Analysis
MCA)E B3] H7kstdo.
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1,2 Ao, ¥
4% shdel g dahgAl
Fa SAEA oF 65me wehdllA A=
Azl AF 773l 19983 XE] 200051712 A A
o] ZIAAE (RA7144A, 1998~2000)= HAF
Aol 2637%2 BZ 7.19% D MF 5.02%& =%
A4S oF 39%7F FFI MFAbelz, T @
% sdel A28 dEATa 48D A3 A
AEE & 4 Qo 22 A' A 2 19
3 BAFI MY R}t 20% Y22 Hl%
3t veldz e, 2= B7sla A3 A
e el dlFele BES EAF E 55T
=7t FMES G533 W e goh =3
AH A FFelle 74 @A) A 7] AE
of MAE AH AHL T2 A9 ed=F Hr}
st dEdyes WYY ez B w3,
il 8= Ahe) BHez sl melsof
@ Aol Mgl BN B
S EEERIEESESN
et

PM 10 A8+ &8 -£7143]7) (high volume air
sampler: Graseby Andersen SAUV-10H model)& o]
£3}e] Al T v)EkF4-2 microwave digestion
oz Axe g & ICP-MSe} ICP-AESE o]-&3}
o BAslolen AT e 7] LI E (o]
A F,2002)0] eht Aok
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2. 2 Multipoint 1D-MCA

Monte Carlo analysis (US EPA, 1997a)¥ point
estimate analysis (US EPA, 1999)¢} &g, 2+ »24
Gl 3] FEL=FFE Yridted A Y=
Hrreted, 224 R 2 =Y
g 4 A ¥ ohel A sz WHE ¢4
o EHE 7P Pk MCAE flsi=e] =

£ 4> lo ap

a

gei ha}

2 AEYsle 71eg B, o2 <ls x&W

So A BHAMe] =% A W=xd
(US EPA, 1997a).
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oedde 2EE B, 2E3iE, 28T =%
717t B0l iAo wiel g2 Jehda, et B
A2 % Wt A w9 Fe] dF Fol, 3}
A Hell gt fgate] WY ZE {14 A
oldl M= vehdct ol2ldl oipAE HE a9
A4 wet o & PEHA AAAY i
A devh 2HANL SIS GEEEwd,
249 AR} (d, deA iz HEFH TFEUA),
a3 B4 vx Asd] 5 U2 Y
ol 23 veb=d, Gk iz 2y
FA02 ZaAF £ glvh

ol2{g ztm o] vhefAdIt BEAAL MCAA
gededsez dHPozn A wedEEd,
ERFEY BHALE Asz A dE Iy
H7b FE FHavrie e FAAA d4E s
A gk v, ] BEAAE ez el
Y = gride] BNl g A%
& M& 7heslA st

BE Aadd 9 2A, AdEAT 94" =
o) B8AAME T2Er] 98] 95% UCL (upper
confidence limit)e] WA= v} (Ashok ef al., 1997: US
EPA, 1992b). 78] 3 95% UCL%} ol %o} 37 (sam-
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ple mean)3} 95% LCL (lower confidence limit)¢] <}
H 12 FEFEAH EA& 6kE 3 (multipoint
ID-MCA)3lH, 370 2] fJsl= $xE d& 4 9
mebr, =] BHANC oE dsE i
A #]F7} (confidence interval) & A& 4= ¢Joh.

MCA¢} 2], point estimate analysis: Sl 4
5o} chepyst AN E 28T 4 gleh 9, o
A& =¥s)7] 28]l CTE (central tendency expo-
sure: mean or the 50th percentile) $] 3] =2} RME (rea-
sonable maximum exposure: high-end) Y| =& A
Akste} (US EPA, 1992a; US EPA, 1992¢). US EPA
(1992a)= eExtz o] z7|zko2 RME 93 =9
HI7HA A S A3t 2FFH &7k e
= 49 (high-end) k& AH83}71, CTE $lsh=2]
TRl e A Fgh, 183 sE5 277
o M= o (central) Fh-& AH43l=s ARt}
R =

el A2 RE AAE BBy A3 risk
criteria (5§ 7]1&x))= 1074~10¢ ¥ 27} At
(US EPA, 1990). L.E ¢)a = Hrjal xjedo] £4
o BtA 34 71EAE HAA AHE 4 AL
el = B=22 high-end risk (the 90th~99.9th

Table 1. Input parameters for point estimate analysis and MCA.

Input variables Point estimate

Probability density functions

analysis
Symbol Description Units CTE RME Type Parameters Source
Arsenic 7.40,7.89,846 4 51 Samples
Beryllium 05% 95% 0.065, 0.071, 0.089 A 74 Samples
C Cadmium ng/m? U C]’i ¢ CE Multipoint value  2.63, 2.89, 3.21 4 119 Samples
Hexavalent chromium 2.13,2.30,2.054 66 Samples
Nickel subsulfide 3.05,3.25,3.48 4 99 Samples
. M 14 M 16 M(14.1.1.15)B Adjusted by BW
3
R Inhalation rate m/day F12 F 14 LN F (119, 1.13)" (USEPA, 1997b)
ED Exposure Duration yIS 9 32 Truncated LN (8.96,7.55,0,32) ¢ Developed
EF Exposure frequency days/yr 260 350 TR (180, 260, 350) © Developed
. M67 Me67 M(66.7, 12.5, 40,90) ©
BW Body weight kg Fs7 E57 Truncated LN F (56.7, 10.2, 35.75) € Developed
. . M72 MT72 . M71.71
AT Averaging Time yrs F79 F 79 Point value F 7992 (NSO, 1999)
., Point  Point . Adjusted Adjusted by BW and
- 1
CPF |Cancer potency factor (mg/kg~day) value  value Point value IRIS Value IR (IRTS, 2001)

LN : Lognormal; TR : Triangular; M : male; F : Female

A LCL, UCL, and mean calculated by H-statistics and minimum variance unbiased estimates, respectively
8 mean of In(x), stdev of In (x); € average, stdev, min, max; ° min, mode, max
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percentile risk) 2 99.9 29 $JPxx 104 2
1A ghotol gl

2.3 LEHE

& HPEL A3 vke} o] I H A 95
Ao wredxlolol Bl & 12 5§57 =2 sl L
o} 23l o) 2 W3kl &} (CPF: cancer potency factor) X}
B7 A HAFE 5% 9% MCAS point
estimate analysis® 2|8t x&WiEo o= 71e
Ry 7 xZ WS ol wiez s
HAY ®A =g

2. 3.1 95% upper confidence limit

W7 248 =09 AFFE AAs
ule] o 1) H-statistic, 2) Jackknife procedure, 3)
Bootstrap procedure, 4) Central limit theorem, 5)
Chebychev theorem S-0} $1T} (Ashok er al., 1997). o}
% H-statistic2 JHAA8S dieAFEZE 717
¥ o 2ARY A7 2 AT AAFRE T
¥= H} o] central limit theorem2 & FE X9
a4 T2 AAsted fE3 i elh v
A e AR Wa S g MY
T "ert g vlEsA Whyeln.

$A,95% UCLE AR 9hgg Ags)r) 9
3 AA) £702 Chi-square Y p-value A& o
48 A%x Al (Decisioneering, 1997; US EPA,
1997a)& S8 AP ¥2F AN & 2%
Cristal Ball (Decisioneering, version 4.0)& o]-23F A
g = A4 (goodness—of-fit tes)2] Z=<ldl, PM 10
F 7)E HAAFE5LS lognormal, extreme, gamma,
weibullzt Zo] dZog X943 wiA Rx7} A
g5 222 AR} Chi-square ¥ p-valued]
o8] Fojz £z £HE A EA, lognormal ¥
27} A1 A Fxql A¥-E PM 10, Cd, M, Co,
Cu, Fe, Se, Zn ¢t} o)# 3 ABEF Zns A%
AH¥-E2] p-valuer RF 05 o]4& Helx gl
lognormal 226 9% AHIPEr} o}F E9hth As,
Be, VAR Al Agt X7} extreme £-¥ ¢ o}
V Al &2 p-value gto] 047= lognormal ¥*2 7}
Y 4 oo ¥R, o AN ABRES Al AY
¥-27} lognormal 2 AEE) w3 AZP=s}
FA goked, o A=) H7) e Ao

27124 A 187F A6z

Ao} (US EPA, 1997a). Cr, Ni, Sb A £-& gamma
27} Al A 2x=2 Jedten, o] F Nig
lognormal XA & p-valueZ} 0.5 o]Ato 2 ie}
v ¥ Ry 2% X3 ez Jepgoh Pbe} Ti
£ weibull ¥Eeol AHg=s} whed, Tie log-
normal £Zo| % ¥ H3=E Bk A or,
PM 10& u] 23] 15%9 SX4F4F 1050 log-
normal £-2o) s & AFYEE BHD (=as
7} @&42 p-value g2 =715 lognormal %
9 #9= M Aoz Jeht W73 2AHIFS

Table 2. Results of goodness- of - fit test.

Distribu- Chi- p-  Skew- Kurto- No.of
tion square value  ness sis  samples

PM10 LN 533 0.87 1.3 6.16 129

Al E 11.63  0.17 243 1436 82

As E 383  0.69 193 1043 51
LN(G)* 671 035

Ba G 478 069 251 1560 74
LN (2) 579 065

Be E 895 035 256 1496 74
LN@) 1162 017

Ca LN 564 058 202 1076 69

Cd LN 674 075 317 2108 119

Co LN 6.53 0.77 2.18 11.59 110

Cr(6) G 733 029 235 1408 66
LN(©2) 9.15 024

Cu LN 871 056 301 2068 112

Fe LN 9.16 052 215 1128 114

K w 1.98 096 2.04 1091 82
LN (2) 546 071

Mg LN 1096 020 282 19.67 83

Mn LN 693 0.73 294 2103 122

Na LN 040 053 249 1582 20
IN@) 1244 0.13

Ni(s) G 561 069 219 11.28 99
LN (2) 779 056

Pb w 517 082 354 2713 18
LN@) 1222 027

Sb G 924 042 459 38.13 108
LN@4) 2007 0.03

Se LN 7.27 051 223 11.80 85

Si E 520 0.39 1.70 8.26 40
LN (2) 6.00 031

Ti w 041 1.00 319 2413 78
LN @) 351 090

\4 E 486  0.68 223 1454 70
LN (2) 6.57 047

Zn LN 1694 002 243 1504 64

LN : Lognormal, EV : Extreme, G : Gamma, W : Weibull
A The number of () is the rank of lognormal distribution
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9 xx B H[thA EZF lognormal £X & 7}
At Aol el Aoz AR (Kim er al,
2002).

wekgdor A Y=g HrEy] A8 Cr
(6)7} Ni (subsulfide)?] ¥ =+ & Cr3¥} Ni %9
°F 10%2 7= AT d71W F Cr 5 Cr(6)%] &
fo #3 AsE A A%, &2 RE wWE
== Cr & 10% ©|38}7} Cr(6)¢)3 (Jerry and Mills,
1988; US EPA, 1986) ¥talqlz}e] ZFx]Xx]e] u}elo)
¥l Mancuso2] 93%+zxA} (Mancuso, 1975)e| M = Cr
F /7] Cr()2 7MHE vl U 2 d+ Z
2} (Bell and Hipfner, 1997)ol] waw, 87 7%
Cr(6)®] &2 % CrF 9 20~25%2 Yepitx|
7k 438 Atzrb BFH8lar o] Aol E Y A
29 FJr7IX = WER g, olx WAAI} Cr
(6)8] ¥-&o wel 28kg A BRAE7]) fEe)u)
273 71 & Ni & subsulfide®] 28] #3 2}
By 79 gl7] "ol & d7eME Cr6)d £
&3} Ze] oF 10%2 I = et

Ashok et al. (1997)2 WA FEZo 3k H-
statistic W2 z12.9] 47} 30 u]9ke] 2 CV (coef-
ficient of variance)7} 1 o]Abe]m] Eo|x7} &A1&
9 UCL Zrel &E822] 95 &4 grcke A
YAA ZA el AdA g2 Aoz Bistw
et 28y, 2 dF%= net-to-blank®} 3SD (stan-
dard distribution)el] &J¥F F <hAle}] AHAA (o)A
¥ 5,2002) 0.2 z|¢} 27 oJ} So]XE 7|
g AAsH T AEE 28] b ZE AR o
3l 4 5170 ojAte]w, CV EAX = 1 vntez =
AtE gt =g A= Al Al vHA =
F WPAFEEY Aol AFHAT Wi
H-statistic B'H (Ashok ef al., 1997; Gilbert, 1987)2
2 95% UCL¥} LCL%& AAlstglc) §h8, mxwhe)
HF A2 MVUE (minimum variance unbiased
estimate)ql (i€ o]&3}9 ) (Ashok et al., 1997;
Gilbert, 1987).

2.3.2 &&I2h =BT, BE oY
*27)ZHED)E WA 12 @A ] A o
850 FUFHAL (HEFAF4, 200008 vheke
2 AT AYd=g 2Aabste] ALeh At
o) ggHdoz 19681 olHe] HYY 137178

Ak 2 39517178 2AR A P AF
A 896y, 2FWAE 7.554, Ad AF 94
©3des AEEh W, 19 PR AZAL
1%, 1~59 AAFA7} 48%, 5~ 100 AFA7} 20%,
10~2061 AFA7} 23%, 200 ©)4 AFA7} 9%=
0] 72 RZE Arr} 9Foz FE o)
ALEE Hold glemg lognormal BEXE 7HA
shish w2712 AdEe) 4Y A% A= u
Hgoz uEgenz Adq FA4Y 259 =87
el wls) oha ARk 4 Aok zEhd 2
T7F 2041 o]ike] Al Fiel dE = H7}
st Adze s Wrle AEE 24 e Ao
2 gl

E=EH=ERE WA L2 39A9Y A=7F 9
7] W&ol 7= (20009 Al BE AL &g A
BE o] §3fe] AEEIGIH. o] Aol o
AZHE Hd 71N, 2od 73417 Doy 824]
oz zAFPEY, & A7l B4Ad H7t
E 98 Hd HE AR TAAZHE AlLstn
A (Z5A17 el RS Aok 7)) Aleel
A 2E 7] 3 =2€ 7PsA el s 7
o] WP x=F NEE 2609/80=2 AAbsigieh
T, A AFATL A5 Bof, vo|7t 2A RES

S 2 Al 4A-3] sloit daw MR E 4
At ' 159 A== JPste HY x2l=

350U 2 sfodom, HA mEFWlmr wbd (180%)
o2 7}As}e] triangular # X (Smith, 1994)2 ¥
et

5= (AT: lifetime for carcinogens)-& ¢} £
Hx= Hrlolmz Rexor AAote] 7| (B
A A, 1999y AH8-8hd o).

2.3.3 A5, 28 gn

AF BW)2 B ATAe] B4 Am(2A
FAH, 1999) 2 BAAY A7 AR (AR,
1999)& o]&3le] AZ3pAT. Al HFAFL
A ete) P 7l sgel FA TLIA, |4 79.2
Aelag o]& el FAL2 20~744 (770
Azzt SH M2 FolA Ql7] wEel 20~724)]
At ALg), A2 20~79M el ARt BRA
A AmE olgsl =AY BH FAHXE A
25kt oA FAE BT AU HFAFS
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61.43+£11.2kg ('FA 66.7kg, 94 56.7kg)olsdek.  HFAFL Wi 10kg oA} #}o)7} Ymz o=l
FE = lognormal BX (B]EA R, 1999)2 7}As H=z ﬂlr«l zle| Rt B A sl

Aok ghzele] irekelabi IRIS (2001)9] wskelzb =}
9 FE2EFFAVE FW A=cF A g7 =el A B P xﬂﬂ AEsEEE o
Wl w1% QURARS time-activitys] HE 3 F3fe] AEeh B, =3P WAL

% A5 (USEPA, 19970)8 ol4ataied, &%l A4t of shilx A9 874, £3kea, AU, 7
o) A el LAHGT USEPA(I997) 478 A%, 1724, 0% ol L5 485 2 A
Asiuw, v)7qs] WF tme-activis BEA  ohweA, 30 9 A9 54 A@a deple
HEdel 547 Y WY TP Aolrh o xWSE FoT Aol Asx BN E ek
=2 peeln ¢gtch 2o, @2 62 Fasc

100% — |

o o T R
PRA : Pt.risk Point Est CTE : 4 30E-06
80% | 'RME :RME Point Est RME : 2.35E-05
- ° | : PRA 50th %ile - 3.62E-06
:‘_—g 90th %ile - 9.50E-06
[+ 95th %ile : 1.19E-05
8 60% 99th %ile : 1.68E-05
& 99.9th %lle : 3.68E-05
> .
5 40% |
g ﬂ ) t::>-
3
© 20% | RME range
[9.50E-06~3.68E-05]
0% /] . . L . L
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05
carcinogenic risk
(a) Male
100% S |
fr » Pt.ris
. PRA ' AME Point Est.CTE - 3 89E-06
80% k- ' RME . Point Est.RME : 2 20E-05
> : . PRA 50th %ile | 3.27E-06
% 90th %ile : 8.30E-06
] 95th %ile : 1.07E-05
o o -
s 60% 99th %ile - 1.52E-05
° : 99.9th %ile : 2.49E-05
=3 . .
E 40% . N
= :
g 1] e———
8 . . T
20% , RME range
: : [B.30E-06~2.49E-05]
OO/° : . L ; L
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05

carcinogenic risk

(b) Female

Fig. 1. 1~D MCA results (n = 10,000 iterations) showing a cumulative distribution function (CDF) for cancer risk on an
exposure scenario of Table 1(95% UCL). Bold lines correspond to the risk of 10-% and 10-5, respectively.
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3. g 5! nH

3.1 gt flslx

A 1,2 FHAY FH) AFHIT e 204
ol Al el it gl $lsl=F point esti-
mate analysis2 H7}5F 43}, CTE ¥t sl ¢
Al 4.30%x10°°% oA 3.89 x 10 %¢])¢l 51, RME e}
S EE FA 235%x107°, oJ4) 220x 10702 &
F A 84 71EAQ 109 23si e 2,
RME #st sl =rb 29 #471Exd 107 vzt

=

2 vIFF&e Yo Sleime] Y Bel shEE #H 471
o2 ek A 324 99 9sEe) A2E

7] $18 MCA7} $aiEget 213 18 95% UCL-&
ol §-8te] MCAo| 2|8 ol fsi=g riat 25
9] A7 5 &4 (CDF: cumulative distribution func-
tion) ¢ld], RME H$] 2} point estimate analysisol] <
3 RME 9t $lsi= 2 CTE ¥ fsi=rt €4
BAE glom 4 7]EX 2 B mF g
MCAE £33t ZHa}, 50 24 A=) FA9
742 362%x10° JAle] AL 327 x100e2 vje}
sl 47139 W 104~10° F H A 4
Fx]9l 107°2] Ztzb 3.6uf e} 3.3ul o]t} RME (90~

100%

=

% Narrow 90% Cl

‘8 [Lower Uncertainty]

2 90% |

:

% MCR _mean

§ ------- MCR _LCL
------- MCR _UCL

80% L
0.00E+00 1.00E-05 2.00E-05 3.00E-05 4.00E-05
carcinogenic risk
(a) Male
100%

2>

el Narrow 90% Cl

S [Lower Uncertainty]

2 90% |

2

3 WCR _mean

% ------- WCR _LCL
------- WCR _UCL

80% - L A
0.00E+00 1.00E-05 2.00E-05 3.00E-05 4.00E-05

carcinogenic risk

(b) Femaie

Fig. 2. 1-D MCA results (n = 10,000 iterations) showing the CDF for the carcinogenic risk. Bold horizontal lines are the
corresponding 90% confidence intervals. The graphs display the upper portion of the risk distribution because
risk managers should generally use the RME range as a basis for remediation decision.
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99.9th) et s = FA (9.50 X 1076~3.68 x 107)
I oA (830x107~249x 1075 =% FHu &
71ZXQ 104& 2354 woteh 18, MCA9)
RME #$] & F2 A-EE 959489 ik A3
= o] e 22t 1.19x 10753} 1.07x 10772
2 HEEAE 107502 & A3, o A8} 7
7z 718219 1240¢} L2 el sk, A
FRA G F Fule Wt Halx 1079 F
27N EANE =20 FgEo| P 47 8% 6%, 1
g 1009 HA HEIEXE 23T FEg2 @
W 77 95%9} 94%= Jehgel 2Eln Ass Cr
(G2 A 2 Y= F It dd=e o
90%% As3he Aoz zA ] AsH Croll H3t
FE)7t A3l eA " 281, Py 84 387
27 x3x §83 2924 (probable human car-
cinogen)e] X gt #ekelzbel| Wit zpmr} gle] Hr}
A oS Heol =3 we{Fofof & He|oh

3. 2 Uncertainty and sensitivity test

I8 2e wFEe] F=e] diste] 95% LCL,
95% UCLz} A% nsFg o]L3te 1D-MCA
ML B3 wx=o W3 23Ade Hg 29
ok A Ash Wy =¥ Ut Pehe) 90% A
2 77be) F3kood we, 95% UCLe) ejat i3
= ZAzbe] AL B oz fxtEd
xe] BMo] A Hrld olft F A9
AEAARE B3 HolAY A e wiAlg =
BE o83l F v A 95% LCL L 95%
UCL 5 =& AFE319l7] wio]ot

23 32 95% UCL =& o]43% 1D-MCA &
A ZAstel g A s wel o2 UH HWete
A AP Ao} o] 139 () R*(R=
spearman rank correlation coefficient) S HolF= 4=
Bao) 2 Lo, (b)= R*) AL =79} w
F (& P BT pYYY gz g tor-
nado graph gt7.% 3}t 37 A, kel Qe = A AA
o] AR (5%, T &7 22U E)S A
o H3led oke] WIAAE, 1B X R (AF)S
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Fig. 3. Chart for sensitivities of exposure factors. R? val-
ues are the square of spearman rank correlation
coefficients, respectively (top panel-male, bottom
panel-female).
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