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ABSTRACT

A decrease in stratospheric ozone probably caused by chloroflurocarbons (CFCs) emis-
sions, has been observed large parts of the globe. It is generally accepted that if ozone
levels in the stratosphere are depleted, greater amounts of shortwave ultraviolet radiation-
B (UVB) will reach the earth's surface, resulting in increased incidence of nonmelanoma
skin cancer.

In this study, we evaluated several mathematical models, such as a power and an
exponential model, and a geometric model considering the surface area of a human body
part and ages for the prediction of skin cancer incidence caused by exposure to the UVB
radiation,

These models basically estimated the risk of skin cancer based on those measurements
of the local ozone in stratosphere and UVB. Both were measured at a part of Seoul with
a Dobson ozone spectrometer and Robertson-Berger UV Biometer for 1995. As a result,
we calculated the point estimation applying a biological amplification factor (BAF), UVB
radiation and other factors.

We used a Monte-Carlo simulation technique with assumption on the distribution of
each considered factor. The sensitivity analysis of model by there components conducted
using Gaussian sensitivity method. The annual integral of UVB radiation was 2275 MED
(minimal erythema :lose)/yr. Also, an estimate of the annual amount of UVB reaching
the earth’s surface at a korea’s latitude and altitude was 3328 MED/yr. The values of the
radiation amplification factor (RAF) were ranged from 0.9 to 1.5 in Seoul. To give the
effective factors required to model the prediction of skin cancer incidence caused by
exposure to the UVB radiation in Korea, we studied the pros and cons of above
mentioned models with the application of those parameters measured in Seoul, Korea.
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Comparision of health risk models estimating skin
cancer caused by UVB radiation

Power model Inlij=Inaj-+ BjlnDij+ eij
Exponential model  Inlij=Inaj+ 8iDij+ eij
Age-specific model I(a)=k(Deff)cad-1

Estimation of health risk of skin cancer caused by
UVB radiation in an area of Seoul

Epidemiological

Database of UVB database

radiation in Seoul in the whites
Estimation of RAF” — ”
Estimation of BAF

l J
l
Estimation of relative risk of skin cancer in Seoul
1) Point estimation I={(D, BAF)
2) Distribution estimation PDF(I)=
PDF(f(D, BAF))

l

[ . Sensitivity analysis |

a) RAF : radition amplification factor
b) BAF : biological amplification factor

Fig. 1. Frame of study.
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Fig. 2. Distribution of monthly cumulative UVB in
an area of Seoul (souce : Kwon”, 1995).
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Table 1. Comparisons of charateristics of mathematical models.
Model Equation Characteristics Exposurf; assessment Limit
InR;=Ineg+BInU+e; -log-log relation | -retrospective follow-up study |-not regard
Ry skin cancer incidence for | -BAF constant] ~-nonmelanoma skin cancer of| for location
Power the th age group at location ;| -independ on age | the whites specification
model U.. annual UVB count at the| -depend on gender| ~Poission distribution ~-not regard
(Fears & th location ~fitting by least square for human
Scotto, 1983)| a;,B;; constans for the th method on age race
age group -erythema dose
e, error -RB-counts/yr”
InR;=Ine;+BU +e; -log-log relation| -retrospective follow-up study |-largely
Ryi skin cancer incidence for | -BAF depend on| -nonmelanoma skin cancer of | effected by
Exponential | the th age group at location ;| latitude the whites latitude
model Ui; annual UVB count at the th| -independ on age | -Poission distribution -not regard
(Fears & location ~depend on gender | ~fitting by least square for human
Scotto, 1983)| e, 8; constans for the jth age method on age race
group -erythema dose
e, error -RB-counts/yr?
I(a) =K(D.¢)ad -log-log relation | -retrospective follow-up study |-not regard

Age-
specific
model
(Slaper, 1993)

I(a): the cumulative incidence
Dei: the effective annual dose

c: the dose-dependence parameter
d: the age-dependence parameter
k: the genetic susceptibility of the
population parameter, a: age

—non—linear relation
* exposure/latitude

-depend on age

—estimation of skin
cancer incidence
on age

-nonmelanoma skin cancer of
the whites(BCC, SCC)
-Poission distribution
-erythema dose
-RB-MED/yr"™

for location
specification
-not regard on
cumulative
UVB dose for
chronic effects

a) annual integral of UVB counts at seoul as measured by a R-B meter x 10**

b) annual integral of UVB MED by a R-B meter
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ence dose) = FAGe] 1.56%3} 2.71%2) )R-}
o] Z718 el Exponential modelo] 4=
2% % 2275 MEDo| M= 1,05%, o274 Zxx=g
3328 MEDoIM+ 1,54%2] 339t wbae] 2712 o
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Table 2. Relative risks of skin cancer by various
levels of UBV increasement,

UVB conc. | Relative risks of skin cancer(%)

UVB conc. |increasement

(%) Power  Exponential Age—specific
measured 1.56 1.05 2.71
conc, 5 7.90 5.38 14,01
2275 MED 10 16.01 11.05 29,26
(91 counts)|  9q 32.85 23.33 63.64

30 50.50 36.96 103.54
estimated 1.56 1.54 2.71
conc, 5 7.90 7.96 14,01
3328 MED 10 16,01 16,56 29,26
(133 counts)l  9g 32.85 35.86 63.64

30 50.50 58.35 103.54
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Fig. 3. Relative risks of skin cancer by various le-
vels of UBV increasement.
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Table 3. Distribution types of parameter for Monte-Carlo simulation,

Model Parameter Distribution Type Mean Std Min Max
Power UVB® Empirical 95.8 12,1 - -
B Uniform - - 1.35 1.80
Exponential uvB* Empirical 95.8 12.1 - -
B Uniform - - 0.001 0.013
UvB’ Empirical 2396.7 301.8 - -
a Uniform - - 20 70
Age-specific k-becs Un?form - - 1.51E-13 4.5E-13
k-scc? Uniform - - 5.40E-18 8.08E-17
c-bec Uniform - - 1.0 2.0
c-sce Uniform - - 1.8 3.2

a : annual integral of UVBcounts at seoul as measured by a R-B meter x10™*

b . annual integral of UVB MED
¢ : bce-basal cell carcinoma d @

scc-squamous cell carcinoma
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Table 4. Relative risks of skin cancer by various level of UBV increasement using Monte-Carlo simulation

technique.
UVB conc. Relative risks of skin cancer (%)
increasement (%) Power M Exponential M Age-specific M
50th 95th 50th 95th 50th 95th
1 1.56 1.74 1.10 1.42 2.05 3.14
5 7.86 8.84 5.60 7.33 10.52 16.35
10 15,93 18.00 11.51 15.19 21.62 34.45
20 32.69 37.26 24,35 32.68 45, 56 76.22
30 50,24 57.74 38.67 52.83 71.94 125.89
< Frequency chart> <Cumulative chart>
Forecast: R Inc(1%) Forecast' R Inc(1%)
Cell F13 Frequency Char1000 Trials Shown Cell F13 Cumulative Chil rials Shown
22 1 . 1000
1“ ] o
2 i Z 3
3 v 2 E 20 3 w 5
.é § 2 &
£ o 8| |k = - §

-Power model-

Forecast: R Inc(1%) Forecast: R Inc(1%)
Cell F13 Prequency Chart1000 Trials Shown Cell F13 Cumulative C| 0 Trials Shown
Y » 1. 1409
- IIMF n » -
2 2 2 2
:= n - é z - w 3
[3
2 ] e 5 E 39 » ﬁ
» . . » | ’
“e "»m 116 .9 1.0
—-Exponential model-
Forecast: R Inc(1%) Forecast: R Inc(1%)
Cell F16 Frequency Char1000 Trials Shown Cell F16 Cumulative Char10 ials Shown
2 » 1. 10
n I [} 3 w "
g i L. .4 E £ g
E 12 g i - o8 i
r-]
£ ”n | ] 5 E » » s
» L] 0 i ®
m . EAE) mm "

—-Age-specific model-

Fig. 4. Result of BAF estimated from Monte-Carlo simulation technique.
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Table 5. Estimate of BAF considering the surface

shapes.
Relative risks of skin cancer (%)
UVB . ial| Age-specifi
conc BAF Power M Exponential| Age-specific
M M
measured plane 1.56 1.05 2,71
conc. sphere 1.77 1.19 3.06
2275 MED | cylinder 1.86 1.25 3.22
(91 counts)
estimated plane 1.56 1.54 2.71
conc. sphere 1.77 1.74 3.06
3328 MED | cylinder 1.86 1.84 3.22
(133 counts)

Table 6. Estimates of TAF considering the surface

shape.
Relative risks of skin cancer (%)
UVB conc.| TAF Exponential |Age -specific
. Power M
M M
measured plane 1.87 1.26 2.05
conc, sphere 2.12 1,43 2.31
2275 MED | cylinder 2.23 1.50 2.44
(91 counts)
estimated plane 1.87 1.85 2.05
conc. sphere 2.12 2,09 2.31
3328 MED | cylinder 2.23 2.20 2.44
(133 counts)
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