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Fig. 38. Total monthly doses of VIT-Dsradiation in the years 1976-2014 for April, May and June. Con-
tinuous curves illustrate values smoothed using the “loess” function.

Fig. 39. Total monthly doses of VIT-Ds radiation in the years 1976-2014 for July, August, and Septem-
ber. Continuous curves illustrate values smoothed using the “loess” function.

Preliminary analysis of the course of the graphs leads to the conclusion that the long-term
variability of vitaminal doses is similar to the variability of erythemal doses. For the April-
September season, an increasing trend is observed in 1976-2005, and in 2005-2014, probably
a decreasing trend exists. For individual months, an increasing trend is observed in the years
1976-2005, while in 2005-2014, a clear decreasing trend can only be seen in May and June.
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The next step is to examine the residual series and to determine the autoregressive models
(according to the method presented in Subchapter 3.1). It is stated, with the help of the series
randomness test, that all tested time series (1976-2014) of residual values Res;viT-p3, as well as
the & viT-p3 values are random. The results of the distribution normality tests, statically signifi-
cant autocorrelation coefficients and the order of the matched autoregressive model are pre-
sented in Table 14.

Table 14
The results of the Shapiro-Wilk test (Werit = 0.939 with N =39 and o = 0.05),
statistically significant autocorrelation coefficients
and the order of the fitted autoregressive model for deviations of values
of seasonal and monthly doses from the corresponding smoothed values (the VIT-Dj3 radiation)

Autocorrelation
Month W Ho (+1) coefficient n
. k=5ry=-0.45
April-September 0.9650 + K=7ry =044 8
. k=1ry=-047
April 0.9444 + k=7 ry = 0.42 6
k=5ry=-0.45
k=7ry=0.35
May 0.9753 + k=8 ry=-0.39 6
k=10ry=0.41
June 0.9633 + k=1ry=-0.33 1
July 0.9774 + - -
August 0.9733 + k=5ry=-0.5 5
k=3ry=-0.39
September 0.9914 + k=4ry=-047 5
k=6ry=0.44

As in the previous subchapters, the hypothetical series Resivit-ns? are determined using the
autoregressive model and drawing with the return of the values & vit-p3 or Resivit-p3 with the
lack of autocorrelation and determined randomness of the series of residual values.

Subsequently, the hypothetical time series of mean seasonal and monthly vitamin doses for
jmax = 100,000 are determined using Eg. (10) and the course of the long-term variability is ana-
lysed (Table 15). For each j series, the mean seasonal doses are calculated for the 1976-1985
and 2005-2014 periods. Furthermore, linear trends are calculated for the years 19762005 and
2005-2014. The mean values are expressed in kJ/m? and the trends in kJ/(m? year).

Based on the analysis of the entire statistical ensemble of hypothetical time series yivit-ns?,
it is found that the mean values of annual doses of the vitaminal irradiation from the 1976-1985
decade are lower than the means from the 2005-2014 decade in 100% of cases for the April—-
September season and for April, May, June, and September, in 99.99% of cases for August and
in 99.56% of cases for July. The mean level of growth is determined by comparing the mean
values from the last decade with the mean values in the first decade (Table 16).
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Table 15

VIT-D3; means for the 1976-1985 and 2005-2014 decades and trends in the years 1976-2005
and 2005-2014 in the period from April to September, calculated for jmax = 100,000 draws

Parameter Median 5% 95% Mean o?;?/?:t?g?\
April-September

Mean values 1976-1985 665.9 660.0 671.7 665.9 3.56

Mean values 2005-2014 756.9 750.9 762.6 756.9 3.54

Trend 1976-2005 4.98 4.49 5.46 4.98 0.29

Trend 2005-2014 -5.03 -9.92 -0.23 -5.04 2.95
April

Mean values 1976-1985 68.2 66.4 70.7 68.3 1.32

Mean values 2005-2014 83.6 81.2 86.2 83.6 151

Trend 1976-2005 0.60 0.45 0.75 0.60 0.09

Trend 2005-2014 0.02 -1.27 1.44 0.04 0.82
May

Mean values 1976-1985 122.0 118.6 125.3 122.0 2.05

Mean values 2005-2014 135.2 131.6 138.6 135.2 212

Trend 1976-2005 1.17 0.92 141 1.17 0.15

Trend 2005-2014 —2.22 —4.53 0.06 -2.23 1.39
June

Mean values 1976-1985 144.0 139.4 148.9 144.0 2.87

Mean values 2005-2014 161.8 157.2 166.7 161.9 2.89

Trend 1976-2005 1.16 0.84 147 1.16 0.19

Trend 2005-2014 -2.08 -3.83 -0.27 -2.07 1.07
July

Mean values 1976-1985 145.7 136.5 154.7 145.7 5.54

Mean values 2005-2014 166.1 157.0 175.1 166.1 5.52

Trend 1976-2005 0.93 0.32 1.53 0.93 0.37

Trend 2005-2014 0.15 -3.02 3.34 0.16 1.93

August
Mean values 1976-1985 118.4 114.2 122.4 118.4 2.50

to be continued
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Table 15 contd

Mean values 2005-2014 131.7 127.3 135.8 131.6 2.58
Trend 1976-2005 0.63 0.33 0.93 0.63 0.18
Trend 2005-2014 -0.13 -2.79 2.54 -0.13 1.62
September
Mean values 1976-1985 67.4 65.0 70.0 67.5 1.54
Mean values 2005-2014 78.5 75.5 81.4 78.4 1.79
Trend 1976-2005 0.49 0.33 0.64 0.49 0.09
Trend 2005-2014 -0.73 -1.87 0.39 -0.73 0.69

Note: Statistically significant trends are marked in bold.

Table 16

Growth of the mean VIT-D; values in the years 2005-2014 with respect to the means
in 1976-1985 for the considered seasonal and monthly series for VIT-Ds irradiation

Growth of the mean values 2005-2014

Standard deviation

Period with respect to the mean values 1976-1985 [%]

[%]
April-September 13.66 0.83
April 22.41 3.24
May 10.85 2.53
June 12.45 3.00
July 14.24 5.7
August 16.34 3.79
September 15.95 541

For the April-September period, an increasing trend is observed in the years 1976-2005,
whereas in 2005-2014, a decreasing trend was detected. For 19762005, the coefficient of var-

iation is approx. 6%, while for 2005-2014 it is 58%.

For all months in the years 19762005, an increasing trend is observed, with the coefficient
of variation of approx. 13-18% (April, May, June, September), 29% (August), and 40% (July).
In the years 20052014, a statistically significant decreasing trend is noted only in June (with a
coefficient of variation of approx. 50%), with the level of VIT-D3 radiation higher than in 1976—
1985 by approx. 12%. There is a lack of a clear trend direction in the remaining months. After
2005, the level of VIT-D3 radiation in July and August remains trendless, which is approx. 14—
16% higher than in years 1976-1985. The highest increase in the level of VIT-Ds radiation (i.e.
22% and 16%) in 20052014, in relation to the 19761985 period, is observed for April and

September, and the lowest for May (11%).
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3.4.2 Irradiation with anti-psoriatic efficacy

Figures 4042 show the time series of monthly and seasonal sums of the anti-psoriatic irradia-
tion (for the April-September period) as well as the corresponding smoothed values for these
series.
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Fig. 40. Total seasonal doses (April-September) of the AP radiation in the years 1976-2014. The con-
tinuous curve shows values smoothed with the “loess” function.
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Fig. 41. Total monthly doses of the AP radiation in the years 1976-2014 for April, May, and June.
Continuous curves illustrate values smoothed using the “loess” function.
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Fig. 42. Total monthly doses of the AP radiation in the years 1976-2014 for July, August, and Septem-
ber. Continuous curves illustrate values smoothed using the “loess” function.

By analysing the course of the graphs, it can be stated that the long-term variability of the
AP doses is similar to that for erythemal and VIT-Ds radiation, i.e. for the April-September
season in 19762005 an increasing trend is observed, while in 2005-2014 probably a decreas-
ing trend or no trend exists. For individual months, an increasing trend is observed in the years
1976-2005, while in 2005-2014, a clear decreasing trend can only be seen in May and June.

The next step is to examine the residual series and to determine the autoregressive models
(according to the method presented in Subchapter 3.1). Moreover, with the help of the series
randomness test, it is concluded that all tested time series (1976-2014) of residual values
Resi ap, as well as & ap values are random. The results of the conducted normality test, statically
significant autocorrelation coefficients, and the order of the fitted autoregressive model are pre-
sented in Table 17.

Similarly to previous subchapters, the hypothetical series Resi ap? are determined using the
autoregressive model and drawing with the return of & ap values or Resiap with the lack of
autocorrelation in series of residual values with determined randomness.

Subsequently, the hypothetical time series of mean seasonal and monthly doses with anti-
psoriatic efficacy for jmax = 100,000 are determined utilising Eq. (10) and the course of the
long-term variability is analysed. For each j series, mean seasonal doses are calculated for the
years 1976-1985 and 2005-2014. In addition, linear trends were calculated for 19762005 and
2005-2014. The mean values (Table 18) are expressed in kJ/m? and the trends in kJ/(m? year).

Based on the analysis of the entire statistical ensemble of hypothetical time series yiap®, it
is found that the mean values of annual doses of the AP from the 1976-1985 decade are lower
than the means from the 2005-2014 decade in 100% of cases for the April-September season
and for April, May, June, and September, in 99.99% of cases for August and in 99.48% of cases
for July. The mean level of growth is determined by comparing the means from the last and
first decade of the yiap® series (Table 19).



ANALYSIS OF MEASUREMENTS AND MODELLING OF THE BIOLOGICALLY ACTIVE UV SOLAR RADIATION ... 53

Table 17
The results of the Shapiro-Wilk test (Werit = 0.939 with N =39 and o = 0.05),
statistically significant autocorrelation coefficients and the order

of the fitted autoregressive model for deviations of values
of seasonal and monthly doses from the corresponding smoothed values (the AP radiation)

Autocorrelation
Month w Ho (+1-) coefficient n
. k=5ry=-045
April-September 0.9646 + k=7 1y =044 8
. k=1ry=-047
April 0.9463 + k=7 ry =042 6
k=5ry=-045
K=7ry=0.35
May 0.9757 + k=8 ry =039 6
k=10ry=0.41
June 0.9632 + k=1ry=-0.33 1
July 0.9774 + - -
August 0.9733 + kK=5ry=-05 5
k=3ry=-0.39
September 0.9917 + k=4ry=-047 5
k=6rxy=0.44
Table 18

AP means for the 1976-1985 and 2005-2014 decades and trends in the years 1976-2005
and 2005-2014 in the period from April to September, calculated for jmax = 100,000 draws

Parameter Median 5% 95% Mean oslé?/ri]ai?cr)?w
April-September
Mean values 1976-1985 243.1 241.0 245.2 243.1 1.28
Mean values 2005-2014 275.9 273.7 278.0 275.9 1.28
Trend 1976-2005 1.79 161 1.96 1.79 0.11
Trend 2005-2014 -1.84 -3.62 -0.10 -1.84 1.07
April
Mean values 1976-1985 24.9 24.2 25.8 24.9 0.47
Mean values 2005-2014 30.4 29.6 31.4 304 0.54
Trend 1976-2005 0.21 0.16 0.27 0.22 0.03
Trend 20052014 0.00 -0.46 0.52 0.01 0.30

to be continued
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Table 18 contd

May
Mean values 1976-1985 44.6 43.3 45.8 44.6 0.74
Mean values 2005-2014 49.3 48.0 50.5 49.3 0.77
Trend 1976-2005 0.42 0.33 0.51 0.42 0.05
Trend 2005-2014 -0.80 -1.63 0.03 -0.80 0.51
June
Mean values 1976-1985 52.8 51.1 54.5 52.8 1.04
Mean values 2005-2014 59.1 57.4 60.9 59.1 1.04
Trend 1976-2005 0.41 0.30 0.53 0.41 0.07
Trend 2005-2014 -0.76 -1.39 -0.12 -0.76 0.39
July
Mean values 1976-1985 53.2 49.8 56.4 53.2 2.01
Mean values 2005-2014 60.5 57.2 63.8 60.5 2.01
Trend 1976-2005 0.33 0.11 0.56 0.33 0.13
Trend 2005-2014 0.06 -1.09 121 0.06 0.70
August
Mean values 1976-1985 43.0 41.5 445 43.0 0.91
Mean values 2005-2014 47.9 46.3 49.4 47.9 0.94
Trend 1976-2005 0.23 0.12 0.34 0.23 0.07
Trend 2005-2014 -0.04 -1.02 0.94 —0.04 0.59
September
Mean values 1976-1985 24.7 23.8 25.6 24.7 0.56
Mean values 2005-2014 28.7 27.6 29.8 28.7 0.66
Trend 1976-2005 0.18 0.12 0.24 0.18 0.03
Trend 2005-2014 -0.27 -0.69 0.14 -0.27 0.25

Note: Statistically significant trends are marked in bold.

For the April-September period, an increasing trend is observed in the years 1976-2005,
while for 2005-2014, a decreasing trend exists. For the years 1976-2005, the coefficient of
variation is approx. 6%, and for 2005-2014 it is 58%.

For all months, an increasing trend is noted in the years 1976-2005, with the coefficient of
variation of approx. 12-17% (April, May, June, September), 30% (August), and 39% (July). In
the years 2005-2014, the statistically significant decreasing trend is detected in June (with the
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Table 19

Growth of the mean values in the years 2005-2014 in relation to the means in 1976-1985
for the considered seasonal and monthly series for AP irradiation

Growth of the mean values 2005-2014

Standard deviation

Period with respect to the mean values 1976-1985 [%]

[%]
April-September 13.47 0.82
April 22.14 3.19
May 10.58 2.52
June 12.00 2.96
July 14.07 5.65
August 11.26 3.26
September 16.39 3.79

coefficient of variation of approx. 50%), with the AP irradiation higher by approx. 12% than in
1976-1985. There are no clear trends in the remaining months. After 2005, the AP irradiation
in July and August remains trendless, which is approx. 11-14% higher than in 1976-1985. The
highest increase of the AP irradiation (22% and 16%) in 2005-2014, in relation to the 1976—
1985 period, is observed in April and September, and the lowest in May (below 11%).

3.4.3 Irradiation with the DNA structure destruction efficacy

Figures 43-45 show the time series of seasonal irradiation totals (for the April-September pe-
riod) and separately for each month, as well as the appropriate smoothed values of these series.
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Fig. 43. Total seasonal DNA doses (April-September) in the years 1976-2014. The continuous curve

shows values smoothed with the “loess” function.
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show values smoothed with the “loess” function.
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Fig. 45. Total monthly DNA doses in the years 1976-2014 for July, August, and September. Continuous
curves show values smoothed with the “loess” function.

Initially, it can be concluded from the course of the graphs that the long-term variability of
the anti-DNA irradiation is similar to the erythemal, vitaminal and anti-psoriatic data, i.e. for
the April-September season in the years 1976-2005, an increasing trend is observed, whereas
in 2005-2014, probably a decreasing trend occurs. For individual months, an increasing trend
is observed in the years 1976-2005, while in 2005-2014, a clear decreasing trend can only be
seen in May and June.
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The next step is to examine the residual series and to determine the autoregressive models.
With the help of the series randomness test, it is found that all tested time series (1976-2014)
of residual values of Resipna, as well as & pna values are random. The results of the conducted
distribution normality tests, statically significant autocorrelation coefficients and the order of
the fitted autoregressive model are presented in Table 20.

Table 20
The results of the Shapiro-Wilk test (Werit = 0.939 with N =39 and o = 0.05),
statistically significant autocorrelation coefficients and the order
of the fitted autoregressive model for deviations of values
of seasonal and monthly doses from the corresponding smoothed values (the anti-DNA radiation)

Autocorrelation

Month W Ho (+1) coefficient n
. kK=5ry=-0.46

April-September 0.9676 + K =7y = 0.45 6
. k=1ry=-0.44

April 0.9355 - K=7ry =041 6
k=5ry=-042
k=7ry=0.36

May 0.9634 + k=8 ry=-0.40 6
k=10ry=0.43

June 0.9615 + k=1ry=-0.32 1

July 0.9797 + - -
k=5ry=-0.50

August 0.9725 + k=8 Iy = 0.36 6
k=3ry=-0.38

September 0.9921 + k=4ry=-047 5
k=6ry=0.46

Similarly to the previous subchapters, the hypothetical series Resipna® are built using the
autoregressive model and drawing with return of values & pna or Resipna with a lack of auto-
correlation in the series of the residual values with the determined randomness.

Subsequently, the hypothetical time series of mean seasonal and monthly doses with DNA
destruction efficacy for jmax = 100,000 are determined using Eqg. (10). The course of the long-
term variability is analysed. For each j series, the mean seasonal doses are calculated for the
years 1976-1985 and 2005-2014. In addition, linear trends for the 1976-2005 and 2005-2014
periods are also calculated (Table 21). The mean values are expressed in kJ/m? and the trends
in kd/(m? year).

Based on the analysis of the entire statistical ensemble of hypothetical time series yipna®,
it is found that the mean annual DNA doses in the 1976-1985 decade are lower than the means
in the 20052014 decade in 100% of cases for the April-September season, and for April, May,
June, August, and September and in 99.80% of cases for July. The mean level of increase of
the mean values in the last decade in relation to the mean values in the first decade of the series
is presented in Table 22.
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Tab

le 21

DNA means for the 1976-1985 and 2005-2014 decades and trends in the years 1976-2005
and 2005-2014 in the period from April to September, calculated for jmax = 100,000 draws

Parameter Median 5% 95% Mean (?é?/?;jt?ggl
April-September

Mean values 1976-1985 170.0 167.5 172.2 169.9 1.41

Mean values 2005-2014 196.4 193.5 199.0 196.4 1.66

Trend 1976-2005 1.45 1.27 1.61 1.44 0.10

Trend 2005-2014 -1.33 -2.98 0.21 -1.35 0.97
April

Mean values 1976-1985 16.6 16.0 17.2 16.6 0.36

Mean values 2005-2014 20.8 20.1 21.5 20.8 0.41

Trend 1976-2005 0.17 0.13 0.21 0.17 0.02

Trend 2005-2014 0.01 -0.35 0.40 0.02 0.23
May

Mean values 1976-1985 30.9 29.9 31.8 30.9 0.56

Mean values 2005-2014 34.9 33.9 35.8 34.9 0.58

Trend 1976-2005 0.34 0.27 0.40 0.34 0.04

Trend 2005-2014 -0.60 -1.21 0.01 —0.60 0.37
June

Mean values 1976-1985 37.1 35.9 38.5 37.2 0.80

Mean values 2005-2014 42.6 41.3 44.0 42.6 0.80

Trend 1976-2005 0.35 0.26 0.44 0.35 0.05

Trend 2005-2014 -0.58 -1.07 -0.08 -0.58 0.30
July

Mean values 1976-1985 38.0 355 40.5 38.0 1.50

Mean values 2005-2014 44.1 41.6 46.6 44.1 1.50

Trend 1976-2005 0.28 0.12 0.45 0.28 0.10

Trend 2005-2014 0.02 -0.85 0.88 0.02 0.53

August
Mean values 1976-1985 30.4 29.4 31.4 30.4 0.59

to be continued
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Table 21 contd

Mean values 2005-2014 34.2 33.1 35.2 341 0.62
Trend 1976-2005 0.18 0.10 0.25 0.18 0.05
Trend 2005-2014 -0.03 -0.82 0.75 -0.03 0.48
September
Mean values 1976-1985 16.8 16.2 17.5 16.8 0.39
Mean values 2005-2014 19.7 18.9 204 19.7 0.46
Trend 1976-2005 0.13 0.09 0.17 0.13 0.02
Trend 2005-2014 -0.18 -0.48 0.10 -0.18 0.18

Note: Statistically significant trends are marked in bold.

Table 22

Growth of the mean values in the years 2005-2014 in relation to the means in 1976-1985
for the considered seasonal series for anti-DNA data

Growth of the mean values 2005-2014

Standard deviation

Period with respect to the mean values 1976-1985 [%]

[%]
April-September 15.56 1.42
April 25.30 3.72
May 13.07 2.80
June 14.74 3.28
July 16.23 6.02
August 12.36 3.06
September 17.28 3.93

For the April-September period, an increasing trend in the years 1976-2005, with the coef-

ficient of variation of approx. 7% is observed.

For all months, an increasing trend is noted in the years 1976-2005, with the coefficient of
variation of approx. 12-15% (April, May, June, September), 28% (August), and 36% (July). In
the years 2005-2014, the statistically significant decreasing trend is noted in June (with a coef-
ficient of variation of approx. 50%), with the anti-DNA irradiation approx. 15% higher than in
1976-1985. There is no clear trend in the remaining months. After 2005, the level of the anti-
DNA irradiation in July and August remains stable, which is approx. 12-16% higher than in
1976-1985. The highest growth of the level of the anti-DNA radiation in the years 2005-2014
(25% and 17%), in relation to the 1976-1985 period, is observed for April and September. For

May, this growth is approx. 13%.
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3.5 Summary

Based on the study of statistical ensembles of biologically active irradiation doses, it can be
concluded that for irradiation with erythemal, vitamin, anti-psoriatic and anti-DNA efficacy, a
higher level of biologically active radiation is observed in the years 2005-2014 than in 1976—
1985. In addition, a statistically significant increasing trend is detected in the years 1976-2005.
This tendency is noticed both for the seasonal data in the April-September period (Fig. 46) and
for individual months (Fig. 47). The percentage trends in the seasonal sums of erythemal, vita-
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Fig. 46. The trend in the years 1976-2005 for the seasonal sums of biologically active irradiation doses
(April-September). The edges of the rectangle mark the standard deviation, the horizontal line inside —
the median, the point — the mean, the whiskers — the 5% and 95% percentile. In the left figure trends are
in kdgior/(m? year), on the right figure in %/year.
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Fig. 49. Trends in 2005-2014 in June (left panel) and July (right panel). Markings as in Fig. 46.

min and anti-psoriatic radiation are at a similar level (~0.7%/year). The seasonal trend in anti-
DNA irradiation is slightly higher (~0.8%/year). For all considered biological effects, the high-
est percentage trend (~1%/year) is observed in May. On the other hand, the smallest percentage
trend (~0.5%/year) was found in August for vitaminal, anti-psoriatic and anti-DNA irradiation.
For the erythemal irradiation, the smallest percentage trend (~0.5%/year) was determined in
July.

In the years 2005-2014, a statistically significant decreasing trend for seasonal doses (an-
nual and seasonal together) of the erythemal, vitamin and anti-psoriatic irradiation is detected
(Fig. 48). The level of the trend remains at a similar level for all biological effects. However,
for the anti-DNA irradiation, the trend is statistically insignificant (values for the 5% and 95%
percentiles have different signs).

For monthly doses, the decreasing trend in these years is detected in May (only erythemal
data) and in June (all considered biological effects and the UV index; Fig. 49). The trends in
June (%/year) are similar for all analysed biological effects. In the remaining months in the
years 2005-2014, the trends are not statistically significant. It should be noted that the decreas-
ing trends observed in June are of particular importance due to the fact that the highest UV
radiation values of the year are observed in this month.

In the last 10 years, the statistically significant decreasing trend of UV index is found in
June and July (Fig. 49).

In summary, it can be concluded that around 2005, there is a change in the trend direction
in the biologically active radiation at Belsk. The clear increasing trend in the years 1976-2005
in the seasonal and monthly sums is replaced by a decreasing trend in 2005-2014, which is best
shown in the seasonal sums. These trends are less visible in the monthly totals.
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Fig. 50. Annual (left panel) and seasonal mean from April to September (right panel) of total ozone in
the years 1976-2014 from the measurements by the Dobson spectrophotometer at Belsk. Continuous
curves show the values smoothed by the “loess” function.

The factors that affect the level of UV radiation are: total ozone, cloudiness, and aerosol
content in the atmosphere. With the monthly means of TO3 measured using the Dobson spec-
trophotometer in 1976-2014, it was possible to check whether the detected change in the trend
direction could be explained by the changes in TOz. Figure 50 illustrates the time series of the
annual and seasonal means of TOa.

Based only on the comparison of Fig. 50 with Figs. 25 and 31, it can be concluded that the
change in the biologically active radiation trend in 2005 cannot be explained by the trend in
total ozone. Figure 50 indicates that the change in the trend of total ozone was in 1995.

It will be assessed, how the percentage change in TOs transforms into a change (in %) of
the erythemal irradiation to determine the impact of ozone changes on the level of erythemal
irradiation in individual months.

For example, the procedure is shown for April. The observed percentage differences of TOs
in subsequent years from the long-term mean value (1976-2014) for April are determined:

ATOS(l) — T03(i)_T03,1976—2014 . 100%

TO31976-2014

(11)
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Fig. 52. Time series (1976-2005) of the monthly deviations of erythemal irradiation from the long-term
mean monthly doses from the April-September period. The values from observations at Belsk are
marked in black, while the values modelled on the basis of the observed changes in the total content of
ozone are marked in red. Continuous curves determine the values smoothed by the “loess” function.

Next, the percentage difference of the modelled clear-sky erythemal dose rate at local noon
corresponding to the percentage differences of TO3z are determined:

ADR(i) — DRERyT(Y)—DRERYT,1976—2014 .100% (12)

DRERYT,1976-2014

The FastRT radiative transfer model is used (Engelsen and Kylling 2005), which is de-
scribed in Chapter 4. The input parameters are TOz and the noon SZA for 15 April. Subse-
quently, a line was fitted to the data using the standard least square linear regression (Fig. 51).
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The slope of the regression line (the so-called erythemal irradiation strengthening coefficient —
EISC) is:

_ ADRggyT(%)
EISC, = —1.15 [~orERTd) . | (13)

where “4” denotes the value for April.

The procedure is repeated for the subsequent months in the April-September period, ob-
taining the following EISCn: —1.15,-1.16,-1.11,-1.13, and —1.17 for May, June, July, August,
and September, respectively.

Using the aforementioned EISCr, values and the observed deviations of TO3 from the long-
term mean (ATOsions), the percentage differences of the monthly means of irradiation,
AUVimodel, induced by ozone changes, are determined according to Eq. (14):

AUVi,model = EISC,, - AT03i,0bs (14)

where m is the calendar month corresponding to the value of i, which is the subsequent number
of the month counted from the beginning of the series i = (year-1976) x 12 + m.

Figure 52 shows the modelled and observed values of the percent deviations of monthly
erythemal doses from long-term mean doses for 1976-2014. The best agreement is observed in
July, and the worst in September. In May and June, when a significant decreasing trend in
monthly doses of the biologically active radiation is detected in the years 2005-2014, no similar
relationship is observed for the modelled values. The figure shows that in the first period,
changes in TOz lead to an increase of the erythemal irradiation doses in the series of monthly
measurements. On the other hand, changes in TO3 in 2005-2014 are trendless and do not lead
to the decreasing trend in the erythemal irradiation. The possible reason for the change of the
UV trend in 2005 is the increase in the attenuation of solar radiation reaching the ground by
clouds (greater cloudiness or optical thickness of clouds) or aerosols (the increase in radiation
extinction). Only in July, in both the modelled and observed data, a similar course of long-term
changes can be observed, i.e. an increase in the initial period (to approximately 1990), after-
wards followed by a constant level of erythemal irradiation.

4. SHORT-TERM CHANGES IN THE BIOLOGICALLY ACTIVE IRRADIATION —
THE BALTIC 2014 MEASUREMENT CAMPAIGN

During an over two week stay (16 days) at the Baltic Sea, the measurement campaign on the
intensity of the erythemal irradiation, was carried out, using low-cost personal hand-held UVI
meters, available in supermarkets. The aim of the study was to check the relationship between
the modelled UVI with the use of the radiative transfer model, and UVI measured by the afore-
mentioned meters. The UVI values obtained by the selected meters correspond to the UVI meas-
ured by the professional devices (Krzyscin et al. 2014). In the current chapter, by comparing
the results of the FastRT model with UVI observations by hand-held meters, the availability of
such measurements during holidays (for example in the summer by the Baltic Sea) has been
studied. The meters, pre-calibrated prior the field measurements, were used to monitor the UV
intensity during the Baltic 2014 measurement campaign. The usefulness of the personal hand-
held UVI meters for conducting individual heliotherapy is discussed.

Furthermore, the UVI measurements are utilised to calculate the erythemal, vitaminal and
anti-psoriatic doses using the model presented in Subchapter 2.1. The calculations will help to
answer the question whether a person, during a typical stay on the beach, using a sunscreen
with SPF 30 (following the dermatologists’ recommendations), is able to obtain an adequate
dose of vitamin D3, i.e. equivalent to 1000 international units (IU) taken orally. The methodol-
ogy presented in the work by Sobolewski et al. (2014) is employed herein. These calculations
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will also help to establish whether the minimum erythemal dose is exceeded and whether during
a beach stay, the dose of solar radiation would be sufficient to cure psoriatic lesions.

4.1 Characteristics of the measurements
4.1.1 Measurement location

The measurements have been carried out in July in Katy Rybackie. It is a small, tourist resort
by the Baltic Sea (Gdansk Bay), located on the Vistula Spit (longitude 54.3°N, latitude 19.2°E)
(Figs. 53 and 54).
The UV index was registered at two measurement points:
o agarden next to a residential property, approx. 1.3 km from the sea,

o beach.
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Fig. 53. Geographical location of Katy Rybackie (source: maps.google.com).

Fig. 54. Measurement point — beach (photo by the author).
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4.1.2 Instruments

The following instruments were used for the measurements (Fig. 55):
o Oregon Scientific model EB612/UV888 (measurement scale = 1 UVI),

o Silver Crest UV Meter model H14338A/H14338B (measurement scale £ 0.5 UVI).

Fig. 55. Meters used for the measurements. Oregon Scientific — left, Silver Crest UV Meter — right
(photos by the author).

In 2013, UVI values obtained from the aforementioned meters were compared with values
indicated by the Davis meteorological station, equipped with the broad-band UVI meter, located
on the roof of the main building of the Institute of Geophysics of the Polish Academy of Sci-
ences in Warsaw (Krzyscin et al. 2014).

4.1.3 The time of measurements and the measurement series

The measurements were carried out from the 7 July to the 22 July 2014, from 9 am to 3 pm
local time (time interval between the single measurements varied from 15 to 60 minutes). Both
meters were used, and for the second device (Silver Crest) the measurements were taken in a
horizontal position and perpendicular to the solar rays (the maximum UVI reading). Though,
three measurement series were obtained during this campaign: “Observation 17, “Observation
2_hor” and “Observation 2_max”. On the 12, 13, and 20 July, the measurements were not car-
ried out (due to the heavy overcast). Moreover, on the 14, 16, and 17 July, the measurements
were conducted under partially clouded sky.

4.2 FastRT model

The FastRT model used for further calculations (http://nadir.nilu.no/~olaeng/fastrt/fastrt.html)
allows fast and accurate calculation of the spectral irradiance in the UV range from 290 to
400 nm with a resolution of 0.05 nm (Engelsen and Kylling 2005). The input parameters of the
model are: SZA, TOs, optical thickness of the clouds and aerosol, Angstrdm exponent for aer-
osol, the type/albedo of the ground, altitude and the type of cloudiness.

The UVI values are taken from look-up table algorithm using the input parameters defined
by the user. Despite the simple design of the FastRT model, the accuracy of the calculations is
comparable to the accuracy obtained by solving the radiative transfer equation, using the
LibRadtran model (Mayer and Kylling 2005). The biggest errors were noted for wavelengths
less than 300 nm and in the presence of clouds.
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4.3 Discussion of results

The results of the measurements are compared with the forecast of the maximum UVI and the
values calculated on the basis of the FastRT model. It uses SZA as one of the input parameters,
not the time and geographical coordinates. Therefore, the function calculating SZA for a se-
lected location, date and time is added. The constant values used in the model are visibility
(23 km) and altitude above mean sea level (0.001 km).

TOs values, used as one of the input parameters, are selected as follows:

a by utilising the 24 hour forecast of the global ozone distribution according to the
Global Forecast System (GFS) model,

o from measurements obtained using an Ozone Monitor Instrument (OMI) spectropho-
tometer, located on the Aura satellite platform.

Data from the GFS prognostic model have been available for each day at hourly intervals
(for full hours). TOz values for measurements time are calculated using the linear interpolation.
For one day (19 July 2014), the predicted daily ozone value from the prognostic model available
at http://www.temis.nl/uvradiation/nrt/uvindex.php_is used.

The satellite data are available with a resolution of 0.25° x 0.25°. For the considered loca-
tion, TOgz is determined based on the value from the nearest grid point. For 9 July 2014, the
nearest point for which TOz is determined is more than 1° away from Katy Rybackie; therefore,
it is not taken into consideration. The satellite data are obtained from a single measurement
around noon. Thus, constant TOs value is assumed for the whole day.

It should also be noted that for the first two days of the measurements (7 and 8 July 2014),
it was noticed that the values recorded with the Silver Crest meter are considerably smaller than
those recorded with the Oregon Scientific meter. On the 8 July, the battery was replaced in the
above-mentioned instrument. It is also possible that the sensor was soiled with sunscreen, which
could have affected the measurement result.

4.3.1 Cloudless sky

Figures 56 and 57 show the worst and the best fit of the UV index measurements to the model
values during the Baltic 2014 campaign, respectively. On 8 July 2014, after 1 pm local time, it
was observed that the measured UV index is lower than the forecast value by 1.5 units at most.

Fig. 56. Results of UVI measure-
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Fig. 57. Markings as in Fig. 56, for the best fit (18 and 21 July 2014).
7 1 1 1 1 7
6] L i
" :
5 | g
o T
£5- 5 - =g L
3 ] 3 |
(70 3 2 i
64 2 5, i
T il
T Q T
g | 3 2
3 8 - 3] i
r=0.92
2 B r=0.091
5 et , 18~ model=1.05%0bs+0.39
LT B S S B R | RS S S O B SR [N TR I 1 r
2 3 4 5 7 T AT o
i 2 3 4 5 6 7
Obsaneation: 1. (¥ Irdex) Observation 2_hor (UV Index)
7 1 L L 1
] Q
; g
6~ (e} Ll
Q
] g
= 3
@
T Q.
Es54 b4 -
> 2
2, 8
[ Q . .
S, - Fig. 58. Results of the UVI measurements in rela-
3 . tion to modelled values, utilising total ozone from
2 | the GFS model. r is the correlation coefficient, the
5 i regression line is solid, and the best fit line is
] dashed. Observation 1 means measurement with
] § r=0.88 i the Oregon Scientific sensor; Observation 2_hor
5107 model=1.18%bs-0.60 & and Observation 2_max indicate measurements
> 3 a4 s T T ey with the Silver Crest UV Meter in the horizontal
Observation 2_max (UV Index) position and perpendicular to the sun rays.

Figures 58 and 59 demonstrate the relationships between the observed and modelled UVI
(using ozone data from GFS and OMI). The correlation coefficients, as well as the regression
lines (f(x) = a*x + b) and the best fit line (f(x) = x, diagonal of the square) are also shown.
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High values of correlation coefficients (~0.9) indicate a good fit with the results of the GFS
model, particularly for observation 1, where UVI usually reaches higher values than in other
observations. For observation 2_hor (horizontal position of the meter), the regression coeffi-
cient a is close to one, and coefficient b is the closest to zero (in comparison to other observa-
tions), which indicates a dependence similar to the perfect dependence.

Comparing the observed with the modelled UVI based on the total ozone from OMI, the
highest correlation coefficient is found for 2_hor observations. Moreover, for this observation
the slope coefficient a is also close to one. For the remaining observations, there is a good
agreement between the measured and the modelled values.

Table 23 shows the percentage of cases for which the model did not differ from observations
by more than 0.5 UVI (for the Silver Crest meter) and 1.0 UVI (for the Silver Crest and Oregon
meters). Approximately 80-95% of the measurement results are within the range, modelled
value £1.0 UVI, while ~50% within £0.5 UVI. The best fit during the Baltic 2014 measurement
campaign is achived for the Oregon meter, and marginally worse for the Silver Crest meter,
measuring in the horizontal position. It can be initially estimated that under the conditions of
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the Baltic 2014 experiment, the measurement accuracy of the index is within +1.0 UVI, which
is not surprising in the case of the Oregon meter, indicating only integer values.

Table 23

Comparison of the UV index measured with the personal meters with modelled values
(total ozone from the GFS model or from the OMI observations)

The percentage of cases The percentage of cases
JUV Linogel — UV lops <| 0.5 [%] JUVimodet — UV Iops <| 1.0 [%]

Cloudless sky (model based on the data from GFS)
Observation 1 - 95.37
Observation 2_hor 50.00 79.63
Observation 2_max 55.56 90.74

Cloudless sky (model based on the data from OMI)
Observation 1 - 93.58
Observation 2_hor 58.72 81.65
Observation 2_max 56.88 85.32

Note: Percentage of cases for clear-sky conditions, where the UV index difference between the model
and observation does not exceed 0.5 or 1.
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In Fig. 60, TO3 from the 24-hour forecast using the GFS model is compared with the corre-
sponding satellite data from OMI measurements interpolated to the location of Katy Rybackie
for days with UVI observations have been carried out. On the basis of the figure, it can be
concluded that in most cases (except for one day), the OMI TO3z was greater than the data cal-
culated with the GFS model. Therefore, the modelled UVI based on the observations taken from
OMI will be smaller. Nevertheless, the difference between the modelled UV indexes, calculated
using GFS and OMI, is small (Figs. 56 and 57).
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4.3.2 Partly cloudy skies

Figure 61 illustrates the results of the UV index measurements for three measurement series
taken in the partly clouded sky days as well as the corresponding model values for cloudless
sky with GFS and OMI total ozone. The measured values are lower than the forecasted ones.
The models significantly overestimated the index values over this period, not taking into ac-
count the attenuation of solar radiation caused by clouds.

On 14 July 2014, the weather rapidly changed after 12:30 pm local time. After 1:30 pm, the
sky was so cloudy that no further measurements have been possible. On 16 July, the cloudiness
was variable. A significant decrease in UVI value was observed at 10 am and 11 am when the
meters indicated 0 UVI due to heavy clouds. On 17 July, after 10 am local time, the measured
UVI was lower than the modelled values — the cloudiness persisted until the afternoon.

Personal hand-held meters work well in any conditions, allowing the assessment of UV
intensity directly at the user’s location. In this regard, UVI obtained from personal meter are
better than the modelled values, especially in cloudy sky conditions.
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4.4 Erythemal, vitaminal and anti-psoriatic doses

This part of the subchapter presents the calculation results of erythemal, vitamin and anti-pso-
riatic doses obtained during a stay on the beach on cloudless and partly cloudy days during the
Baltic campaign.

In order to calculate erythemal doses, the irradiance intensity (DRervT) is determined from
the UV index values measured with the Silver Crest UV Meter set in the position directly “to
the Sun” (Observation 2_max). UVI is converted to DReryT according to the following formula:
DReryT = UVI*25 [MW/m?].
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Subsequently, DRviT-p3 and DRap are calculated using the model presented in Subchap-
ter 2.1, according to Eq. (2), using the currently measured TOs (from OMI observations) and
SZA, corresponding to the moment of the UVI measurement.

The next step is to determine the doses of biologically active UV radiation during the actual
stay on the beach. The doses for the periods between successive measurements, i.e. between t;
and t, moments, are determined according to Eq. (15):

Dgior(t1,t2) = 0,5 (DRpoL(t = t1) + DRpjoL(t = t3)) - (t2 — t1) (15)

where the dose of the biologically active radiation, DgioL, is expressed in J/m?.
To calculate the personal dose of vitamin radiation Person_Dvit-ps(t1, t2), the formula de-
scribed by Sobolewski et al. (2014) is employed:

Person_Dyir_p3(ty, tz) = Dyir—p3(t1,t2) X FRarga X FRposTURE (16)

FReosTuRE IS a coefficient dependent on the position of the body with respect to the position
of the Sun. The value of 0.5 is assumed for sunbathing in a vertical position with randomly
oriented face towards the Sun. FRarea is a coefficient dependent on the area of the exposed
skin, determined using Lund and Browder’ chart (http://www.emed.ie/Trauma/Wounds/Burns.
php). This diagram was initially used to determine the burnt body surface area, e.g. during a
fire. Then it was adapted by dermatologists to determine the exposed body surface area in per-
cent of the whole skin.

The FRarea coefficient is calculated for an average adult wearing a one-piece swimsuit,
according to Fig. 62.

When determining anti-psoriatic doses, it is assumed that small psoriasis lesions located on
one side of the body are irradiated, and this part of the body is maximally exposed and oriented
directly to the sun. Therefore, the doses are calculated excluding the FRarea and FRposTurE
coefficients.

Fig. 62. The Lund and Browder chart with indication of the body surface area covered with swimsuit
and headwear (headscarf). According to the diagram for an adult, area A indicates 3.5%, area B —4.75%,
and area C — 3.5% of the body surface area.
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The doses are determined for the actual time of staying on the beach for three sunny and
three cloudy days. For two cloudy days, the hypothetical tanning time is assumed. During those
days, measurements were taken only at the first site (the garden next to the residential property).

Subsequently, the calculated erythemal doses are compared to the critical erythemal dose,
causing skin redness, i.e. MED = 250 J/m? for skin phototype II. Vitaminal doses will be com-
pared to the minimum dose necessary for the skin synthesis of vitamin D3 corresponding to the
daily intake of 1000 1U, i.e. 1 MVD3D = 100 J/m? (Krzyscin et al. 2011a). Anti-psoriatic doses
will be compared with the minimum dose, corresponding to the dose obtained in the dermato-
logical cabin during exposure to the TL-01 fluorescent lamps, i.e. 1 MAPD = 317.9 J/m?
(Krzyscin et al. 2014).

The doses are calculated assuming the following options for sunbathing: no sunscreen, sun-
screen used only after a short (~30 min) sunbathing time without UV protection, sunscreen with
SPF 30 used all the time (the option recommended by dermatologists).

4.4.1 Cloudless sky

Figure 63 shows the maximum duration of the sunbathing without sunburn depending on the
skin phototype and the UV index (for the most common skin phototypes in Poland). The dura-
tion of the safe exposure for a person with skin phototype 1l to get the dose of 1 MED, is up to
33 min for UVI =5. On 18 and 21 July, when arriving at the beach, the UV index was ~6 and
the safe tanning time was 28 min (Fig. 63). Thus, in-situ readings of UVI from the personal
hand-held meter can provide information to optimise the sunbathing duration.

Figure 64 demonstrates the results for erythemal and vitaminal doses on 8, 18, and 21 July.
The measured UVIs in those days have been shown in Figs. 56 and 57. Based on Fig. 64, it can
be concluded that the maximum dose for the entire stay on the beach (for all days), when using
SPF 30 sunscreen, does not exceed the dose of 1 MED and 1 MVD3D. Without photoprotection,
MVD3D would be reached faster than the MED.

Further in this chapter, pro-healthy scenarios of staying on the beach to obtain the adequate
dose of vitamin D3 as a result of sunbathing (the vitaminal dose > 1 MVD3D) while avoiding
sunburn (erythemal dose <1 MED) are presented. The following pro-healthy scenario is ex-
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Fig. 63. Maximum duration of safe tanning (without sunburn) depending on the UV index and skin
phototypes (most commonly occurring in Poland). Black line — phototype 1, red line — phototype I,
green line — phototype 111
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Fig. 64. Dose rates and ERYT (left panels) and VIT-Ds (right panels) doses on 8, 18, and 21 July 2014.
Red vertical lines indicate the time spent on the beach, black horizontal dashed lines indicate the mini-
mum doses needed to achieve a given biological effect. Solid black lines indicate the intensity of UV
radiation [mW/m?] determined from UVI measured by the Silver Crest meter. The remaining lines indi-
cate the doses obtained during the stay on the beach: red — without using photoprotection, green — using
SPF 30, purple — 20-30 min without photoprotection, and then applying SPF 30.

amined: do not use a sunscreen for the first 20-30 min of being on the beach, afterwards apply
a cream with SPF 30. The erythemal and vitaminal doses obtained by the person based on this
scheme are shown in Fig. 64 (purple line). The duration of short sun exposure without photo-
protection for this scenario is determined from the UV index adding 1 to the personal meter
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Fig. 65. UV index measured with Silver Crest on 8 July 2014 — solid black line. The blue line indicates
the combined dose obtained when applying the scenario without personal meter readings (for a maxi-
mum UVI = 8). Doses are demonstrated for ERYT (left panel) and VIT-Ds effects (right panel). Other
markings as in Fig. 64.

reading at the moment of arriving at the beach in the morning hours (due to the fact that in the
summer, between 9 am and 12 pm, UVI increases rapidly). When arriving at the beach around
noon, it is assumed that the measured UVI represents its later values. In both cases, 5 min is
included for the sunscreen’s application. For example, on 7 July 2014, the measured UVI at the
moment of arriving at the beach (at 10:35 pm) was 4 (Fig. 64). Subsequently, 1 UVI is added
to this value, and finally, 33 min duration of safe sunbathing is determined for phototype II
(Fig. 63). On 18 July 2014, when arriving at the beach (at 12:50 pm), the UV index was 6.
Hence, 28 min duration of safe tanning is determined.

If personal hand-held meter is not at the disposal, the duration of safe tanning can be deter-
mined based on the maximum UV index recorded in central Poland (8 UVI at Belsk, July 1996).
Hypothetical doses, calculated using Egs. (15) and (16), are illustrated for 8 July 2014 (Fig. 65).
This figure shows the erythemal and vitaminal doses for exposures without the sunscreen, with
the use of SPF 30 during the whole stay, and doses according to the aforementioned pro-healthy
scenario — short time without photoprotection, next application of SPF 30. The duration of safe
tanning is determined for the measured UVI + 1 (purple line) or the UVI = 8 (blue line). Fig-
ure 65 demonstrates that even without knowing the current value of UVI, the recommended
dose of vitamin D3 (1000 1U) can be obtained by assuming 21 min of safe tanning (for skin
phototype Il) for UVI = 8 (when going to the beach in the morning and following the previously
proposed scenario). Similarly to the previous case, 5 min is reserved for the application of the
sunscreen. The duration of exposure, needed to obtain 1 MVD3D, since arriving at the beach,
would be approximately 3 hours.

When applying SPF 30 sunscreen before arriving at the beach (as recommended by derma-
tologists), the required dose of 1 MVDsD will not be obtained, even after several hours. It is
calculated that even with the application of SPF 10, MVD3D would not be obtained.

In Poland over 90% of people have vitamin D3 deficiency (Ptudowski et al. 2014). Vitamin
D3 deficiency can result in not only incorrect bone mineralisation, but also muscle pain and
atrophy, cardiovascular and autoimmune diseases, and lowering the body’s immunity. Moreo-
ver, it can adversely affect the nervous system and contribute to the occurrence of depression
(Holick and Chen 2008). The presented results indicate that the vitamin D3 deficiency cannot
be filled by sunbathing using the sunscreen with high SPF all the time. Hence, one should sun-
bath without photoprotection for a short time (~30 min), and then apply sunscreen.
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4.4.2 Partly cloudy skies

Figures 66 and 67 present the results of calculations for erythemal and vitaminal doses for 14,
16, and 17 July 2014. The purple line indicates the dose of biologically active UV radiation,
corresponding to the scenario of safely (without erythema) reaching 1 MVDsD (described in
the previous chapter).

On these days, partly cloudy skies were observed: on 14 July there was a sudden change of
weather after 12:30 pm, on 16 July, the cloud cover was variable with sunny moments, while
on 17 July the cloudiness was almost constant throughout the day. The actual time spent on the
beach is presented for 14 July. On 16 and 17 July, measurements were conducted only at the
first site (the garden near residential house), thus hypothetical duration of sunbathing at the
beach is assumed. For 16 July, at 10 am and 11 am, the UV radiation was significantly attenu-
ated by clouds (the meter indicated “0”).

Combined doses (allowing to achieve 1 MVD3D without sunburn) are calculated according
to the pro-healthy scenario proposed for the cloudless sky, i.e. after a short time (20—-30 min)
without photoprotection, the SPF 30 sunscreen is applied (purple line on Figs. 66 and 67). The
duration of safe tanning is determined based on the personal meter measurement. The calcula-
tion procedure for such doses is presented in Subchapter 4.4.1. For 17 July, two hypothetical
beach stay periods were considered, from 9.30 am to 1.10 pm and from 12.00 pm to 3.00 pm.
Results for 17 July are presented in Fig. 67.

The pro-healthy tanning scenario, which allows to obtain 1 MVD3D without sunburn, pre-
sented for cloudless sky conditions, also works in the case of cloudy sky, which slightly atten-
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Fig. 67. Dose rates and ERYT (left panels) and VIT-D; (right panels) doses on 17 July 2014. Other
markings as in Fig. 64.

uates the solar radiation intensity (14 and 17 July). In the case of variable cloudiness with sunny
moments (such as 16 July), when the clouds temporarily block the solar radiation (the meter
indicates “0”), it would not be possible to obtain 1 MVD3D using the proposed scenario. Cal-
culation of the exact time needed to obtain 1 MVDsD without photoprotection, taking into ac-
count the low UVI due to with heavy clouds, would be impossible during a recreational stay on
the beach from a technical point of view (no computer). However, it is assumed that in such
situation, staying on the beach would be significantly shortened anyway due to bad weather.

4.4.3 Anti-psoriasis heliotherapy

This subchapter describes whether anti-psoriasis heliotherapy could be conducted by the Baltic
Sea in the summer of 2014. For the purpose of heliotherapy it is assumed that the exposure goes
over 1 MED, thus the skin must be prepared to high UV intensity. Therefore, it is necessary to
carry out initial pre-tanning with increasing UV doses to adapt to high UV doses, the so-called
skin photoadaptation. Anti-psoriasis heliotherapy was performed in just a few places, e.g. in
Israel by the Dead Sea (Cohen et al. 2008), as well as on the Canary Islands (Nilsen et al. 2009).
In both cases, heliotherapy was conducted after one-week photoadaptation of the psoriatic pa-
tients.

In an experiment carried out by the Dead Sea, photoadaptation consisted of skin exposure
to solar radiation for 15 minutes on the first day, and then in the following days, the duration
has been gradually increased up to 3 hours. For people with skin phototype Il and 1V, the
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adaptation time was 5 days, and for people with phototype 11, the adaptation time was 6 days.
The assumption of the experiment was that patients’ exposure should not exceed in total 3 hours
per day (divided into morning and afternoon sunbathing), because according to Cohen et al.
(2008), a longer stay in the sun could lead to harmful unnecessary effects. In the experiment on
the Canary Islands, the process of photoadaptation looked different. On the first day, between
11 am and 1 pm local time, the patient was supposed to expose the front of the body for 30 min,
the back for 30 min, and then each side for 15 min in a horizontal position. In the afternoon,
patients could stay in the sun using the sunscreen with SPF 25. On the following days, this
period has been gradually increased to 3 hours. Some of the exposure took place before noon
and some in the afternoon. At this time, the patients were not allowed to use sunscreen, except
on parts of the body that are very sensitive to sunburn. After 10 days, the patients could stay in
the sun without any restrictions, except for cases of sunburn. In both situations, the photoadap-
tation process was conducted under medical supervision. In this subchapter, calculations of the
duration of anti-psoriatic heliotherapy refer to people after photoadaptation, i.e. those prepared
for high erythemal doses.

A heliotherapy scenario is proposed, according to which the patient would stay in the sun
without photoprotection until she/he obtains a dose of 1 MAPD = 317.9 J/m?, i.e. the dose re-
ceived in a dermatological cabin, while being irradiated the artificial light (TL-01 fluorescent
lamp; Krzyscin et al. 2014). Next, the patient should apply a cream with an SPF 30 filter to
avoid fourther exposure to the UV radiation. The time needed to get 1 MAPD is determined on
the basis of the UVI measurements with a personal hand-held meter and the corresponding du-
ration of the tanning taken from Fig. 68. The figure shows the relationship of the duration of
the tanning which is needed to obtain 1 MAPD, on the UVI. The conversion ratio of the ERYT
to AP is calculated according to Table 2A (Appendix), assuming the mean values of
SZA =42.6° and SZA =33.9°at9 am—12 pmand 12 pm — 2 pm local time, respectively, and
TO3 = 330 DU (mean value from 7-22 July 2014).
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Fig. 68. Duration of tanning to get 1 MAPD by the Baltic Sea (by a person with skin phototype Il) as a
function of the UV index. The blue line refers to the doses achievable between 9 am — 12 pm, the red
line refers to 12 pm — 2 pm, TO3 = 330 DU.
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Figure 69 demonstrates the anti-psoriatic doses (purple line) calculated for 8, 18, and 21
July 2014 based on the following scenario. At the moment of arriving at the beach before noon,
the personal meter reading is increased by 1 UVI. Thus, for 8 July, based on Fig. 68, 60 min of
tanning to get 1 MAPD is determined (blue line). For 18 and 21 July (going to the beach in the
afternoon), the duration of tanning time to get 1 MAPD is determined on the basis of the first
measured UVI, i.e. for 18 July the measured UVI at the moment of arriving at the beach was 6,
thus the duration of tanning to gain 1 MAPD is 43 min (red line on Fig. 68).

Analysis of Fig. 69 reveals that the duration of tanning to get 1 MAPD was correctly deter-
mined using Fig. 68 and aforementioned heliotherapy scenario. The results indicate that anti-
psoriatic heliotherapy is possible by the Baltic Sea in the summer.

When conducting anti-psoriatic heliotherapy by the Baltic Sea during a stay on the beach,
even in the case of cloudy skies, it is possible to achieve 1 MAPD (Fig. 70). As a result of
attenuation of the radiation due to clouds, according to our estimates, the time needed to reach
the dose of 1 MAPD may be approximately 3 hours. The scenario of self-controled heliotherapy
would only work for 17 July 2014 and partly for 14 July 2014, when the obtained dose was
~1 MAPD. For 16 July, the dose would be much smaller than 1 MAPD. When conducting pro-
fessional anti-psoriasis heliotherapy, a qualified person who continuously monitors the ultravi-
olet radiation is required. Measurements with the personal meter on days with variable
cloudiness are insufficient to precisely determine the exposure duration to get the dose equal to
1 MAPD. It is possible to create a scenario, involving entering the measured UVI into a
smartphone and summing up the irradiation doses obtained in the periods between the UVI
measurements by an appropriate application (created for the needs of heliotherapy). Then, dur-
ing the stay on the beach, in variable cloudiness, the duration of tanning to get 1 MAPD could
be precisely determined.
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Fig. 70. Dose rate and AP doses on 14, 16, and 17 July 2014. Other markings as in Fig. 69.

4.5 Summary

In summary, it can be concluded that:

o when the sky is cloudless, the results of the UVI measurements obtained using low-
cost hand-held personal meters are consistent with the modelled values of UVI ob-
tained from the radiative transfer model;

o in cloudy skies conditions, personal meters can be used to assess in-situ the condi-
tions for pro-healthy tanning;

o when using the SPF 30 sunscreen during the entire sun exposure, it is not possible to
reach a VIT-Dz dose corresponding to the required vitamin D daily dose taken orally;

o anti-psoriasis heliotherapy could be conducted by the Baltic Sea coast in the summer.

A pro-healthy scenario is proposed to safely obtain a vitamin D dose from the skin synthesis,
which is equal to 1000 1U vitamin D3 taken orally (recommended dose). For this purpose, pho-
toprotection should not be used for a short period (20-30 min), afterwards a cream with SPF 30
should be applied. The time without photoprotection for a selected skin phototype can be de-
termined on the basis of the UVI measured with the personal meter and a diagram (Fig. 63).
When staying on the beach in the morning, the increase in the observed UV index should be
taken into consideration, and 1 should be added to the UVI value. Without any measurements,
UVI =8 (maximum value, recorded in CGO at Belsk in 1993-2014) can be assumed for the
calculations. However, by measuring UVI, the optimal scenario of obtaining the adequate dose
of vitamin D3 can be determined. Some types of personal meters show the duration of safe
tanning after imputing skin phototype data into the device. A sound signal informs us about
exceeding the safe tanning duration.
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During a stay on the beach, even on a cloudy day, anti-psoriatic heliotherapy can be carried
out, as it is possible to achieve 1 MAPD in 2-3 hours. The duration of heliotherapy needed to
achieve the 1 MAPD = 317.9 J/m? (i.e. the standard dose that a patient would receive in a der-
matological cabin, being irradiated by the TL-01 fluorescent lamp) can be determined using the
UVI measurements and the diagram presented in Fig. 68. In the future, it is possible to introduce
a smartphone application that would significantly simplify the conducting of anti-psoriatic he-
liotherapy.

5. THE IMPACT OF ACITY ON THE BIOLOGICALLY ACTIVE SOLAR
RADIATION REACHING THE EARTH’S SURFACE

The atmosphere over Poland is one of the most polluted by dust in Europe. This is particularly
true for industrial regions such as Silesia, Cracow, but also Warsaw, where the dust concentra-
tion in the air with a diameter smaller than 10 and 2.5 um (PM10 and PM2.5) is exceeded
repeatedly during the year (WIOS 2015) according to the Regulation from the 24 August 2012
by the Minister of the Environment considering the levels of selected substances in the air (Min-
sterstwo Srodowiska 2012). This chapter presents to what extent the Warsaw urban agglomer-
ation influences ultraviolet radiation with erythemal efficacy reaching the Earth’s surface. The
difference in UV radiation level between Warsaw and the less polluted rural area, Belsk, is
determined on the basis of the measurement data obtained from the Brewer spectrophotometers
operating simultaneously in these sites. This will allow to assess whether the conditions in War-
saw are adequate for conducting heliotherapy and the synthesis of vitamin D3 in human skin.

Zawadzka et al. (2013) confirmed on the basis of observations using simple spectrophotom-
eters such as Microtops Il and a CIMEL Electronique 318A solar photometer (installed in CGO
Belsk) that the difference in the atmospheric optical depth (AOD) for the wavelength of 500 nm
between Belsk and Warsaw was < 2% (up to 4% at higher wind speeds). This difference was
~5% in relation to the satellite observations from the MODIS spectroradiometer on the Aqua
and Terra satellite platforms. The authors did not demonstrate a significant difference in the
value of the Angstrom coefficient for aerosols present in the considered sites.

Studies on the effects of atmospheric aerosol on the ultraviolet solar radiation have been
previously conducted by Papayannis et al. (1998). Measurements taken in the suburbs and the
centre of Athens, where a higher concentration of the atmospheric aerosols was observed, were
analysed. However, the measurements were not carried out at the same time. The group found
that for similar total ozone and for greater AOD, erythemal UV in the centre of Athens was
approx. 30% smaller. Similar changes in the strength of the UV radiation were found on the
basis of numerical simulations of the intensity of UV-B, using AOD and TO3 measurements in
the suburbs of Athens. Papayannis et al. (1998) concluded that differences in AOD in these
locations lead to an increase in UV level in the suburbs.

Similar observations were made in Mexico from September 1994 to 1995 (Acosta and Ev-
ans 2000) in the city centre and in the suburbs. During winter, the intensity of erythemal UV
radiation was 9% higher in the suburbs than in the city, while in the summer this difference
reached 43% (on average 21% in the period considered). Considering the scale of dust pollution
observed in Mexico and the specific location of the city, a similar attenuation of UV radiation
in Polish cities cannot be expected.

The Institute of Geophysics of the Polish Academy of Sciences has two Brewer spectropho-
tometers. Brewer 064 has been operating at the CGO Belsk since 1992, while Brewer 207 has
been operating on the roof of the IG PAS main building in Warsaw since 2013. Using meas-
urements from the Brewer spectrophotometers in 2013-2014, the comparison of the erythemal
UV radiation in Warsaw and at the CGO Belsk is shown in this chapter. Calculations are made
for cloudless sky and for all-sky conditions. Previously, to assess the difference associated with
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technical parameters of the spectrophotometers, the results of the UV measurements from the
period 2010-2013 (when the instruments worked simultaneously at Belsk) are compared. The
Brewer 064 spectrophotometer (operating at the CGO at Belsk) is an older generation Mark 11
type instrument, which is equipped with a single monochromator. The accuracy of the meas-
urements using this type of instrument decreases with increasing proportion of the scattered
radiation in total radiation, i.e. in case of large AOD and SZA. In addition, the instrument is not
equipped with a ventilation system. Brewer 064 output is in the spectral range from 290 to
325 nm. The Brewer 207 spectrophotometer, Mark 111, is a newer generation instrument type.
It is equipped with a double monochromator, which significantly reduces the measurement error
associated with the instrument’s straylight. Moreover, Brewer 207 is also equipped with a ven-
tilation system, which protects the instrument from the overheating on hot days. Mark 111 spec-
tral range is 290-365 nm. Both instruments are regularly calibrated using a set of calibration
lamps. The UV radiation measurement accuracy for both instruments is approx. 5%
(Jarostawski 2015). Reconstruction of the UV spectrum in the spectral range up to 400 nm is
performed using the SHICRivm method. The SHICRivm method of reconstructing Brewer
spectra to the full UV range (290-400 nm) was proposed by Slaper et al. (1995) and Slaper
(2002). For selected days for which the total ozone measurements were available, numerical
simulation results are also presented to estimate the geographical location influence on the War-
saw—Belsk’s UV difference.

5.1 Comparison of the instruments

The Brewer spectrophotometers, used to monitor UV radiation, located on the roof of the Insti-
tute of Geophysics of the Polish Academy of Sciences main building in Warsaw and at the CGO
Belsk (Fig. 71), have been operating simultaneously at these locations since 2013. In the years
2010-2013, both instruments were installed at Belsk. For this period, the values of UV dose
rate with erythemal efficacy DReryT (t) are calculated according to Eq. (1) from Chapter 2.
Then, the near-noon doses are calculated for a period of £3 hours from the solar noon (tnoon),
determined according to astronomical formulas for a given day of the year. DeryT (t1,t2) values
are determined according to Eq. (5), where instead of the sunrise and sunset hours, t1 = tnoon —
3 handt; =tnoon + 3 h are inserted, respectively. The values of DReryT(t1) and DRery(t2) in
the absence of measurements are interpolated from the nearest observations. The doses are cal-

Fig. 71. Brewer 064 spec-
trophotometer — left and
Brewer 207 — right (photo
by Izabela Pawlak and the
author).
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Fig. 72. Comparison of near-noon doses of the erythemal radiation measured by the Brewer spectropho-

tometers no. 064 and 207 in all-sky conditions. The solid red line indicates a curve smoothed using the
lowess function.

culated for all-sky and separately for cloudless conditions. The cloudless days are identified
according to the following algorithm: by the time of solar noon, when the radiation is strongest,
each subsequent measurement should be higher than the previous one. Further, after the solar
noon, the criterion that each subsequent measurement is lower than the previous one was em-
ployed. Using this approach, the situations when the sky was partly cloudy or overcasted during
the measurement are eliminated.

Figure 72 presents a comparison of daily doses for all-sky conditions when both instruments
operated at Belsk. The figure shows that the near-noon doses measured at Belsk by both instru-
ments were practically the same. The coefficient of determination is 0.99 and the mean differ-
ence between the measurements obtained from Brewer 064 and Brewer 207 for all-sky
conditions is approx. 2%, with the coefficient of variation not exceeding 7%. Larger differences
between doses (above 2%) are due to the fact that measurements were not always taken simul-
taneously, and therefore the effect of variable cloudiness should be taken into account.
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Fig. 73. Markings as in Fig. 72 but doses are for cloudless conditions.

Figure 73 presents a comparison of near-noon doses for cloudless days. The agreement be-
tween erythemal doses from both instruments is even better when the sky is cloudless. The
coefficient of determination is 0.998 and the mean difference between the measurements ob-
tained using Brewer 064 and Brewer 207 is approx. 1%, with the coefficient of variation not
exceeding 3.5%.

Figure 73 (top) shows (smoothed curve) that in the colder period, Brewer 064 indicates
higher values than Brewer 207. The opposite situation is observed in the warm period of the
year. For the Brewer spectrophotometers, the temperature effect has been set. An increase in
temperature inside the device by 4°C relative to the reference temperature (20°C) results in a
decrease in the instrument by 1%, which means that the measured UV radiation values are lower
than in reality. When comparing Mark Il and Mark Il type Brewer spectrophotometers, it is
necessary to consider the significant temperature difference inside the instruments, resulting
from the ventilation system and forced air circulation in the Mark III device (Jarostawski
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Fig. 75. The daily dose percentage deviations between Brewer 064 and Brewer 207 spectrophotometers
on the dates indicated. The solid red line indicates a curve smoothed using the lowess function.

2015). During a hot day, the inside temperature difference between the instruments can be
~13°C.

Figure 74 shows the temperature inside Brewer 064 and 207 spectrophotometers for 4 July
2015, when the air temperature was above 30°C.

In this case, observations from one instrument in relation to the other differed by approx.
3% due to the strong heating of the Brewer 064 spectrophotometer.

The thermal effect is the cause of seasonal differences in the readings of both spectropho-
tometers observed in the spring/summer 2011 — winter 2011/2012 period (Fig. 73). For this
period, Fig. 75 presents the time series of the instruments’ relative differences [%]. The differ-
ence between the measurements is larger by approx. 5% in the winter comparing to the summer
one.
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The accuracy of the measurement depends not only on the temperature inside the instru-
ment, but also on the individual characteristics, e.g. the geometry of optical parts. For the
Brewer spectrophotometers, a decrease in the measurement accuracy is also observed with the
increase of SZA. However, this decrease is an individual characteristic of each instrument.

Based on the presented comparison of the measurements at Belsk, after eliminating the
cloud factors and temperature effect (it does not occur in the winter, because both instruments
are heated to a temperature of ~10°C), it can be concluded that in the winter Brewer 064, indi-
cates on average 3% higher values than Brewer 207. In the summer, Brewer 207 indicates more
erythemal UV radiation (2%), which is a consequence of the lack of air circulation inside the
Mark 11 spectrophotometer. Averaging the measurements of both instruments in the whole pe-
riod considered, Brewer 064 indicates values by 1% higher than Brewer 207 in cloudless con-
ditions (Fig. 73).

5.2 Comparison of the modelled values — the impact of geographical location

Numerical simulations are carried out for the days on which both spectrophotometers operated
simultaneously in Warsaw and Belsk. The simulations are conducted using the FastRT model,
which was also used for the calculations presented in Chapter 4. The geographical location,
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TOs3, and the value of the £ parameter referring to the aerosol content in the atmosphere were
included into the model input. The value of the g parameter is constant (for both locations) and
is 0.09 (which is the mean value obtained from the AERONET network for Belsk from the
period of simultaneous Brewer measurements). The mean daily total ozone for individual days
was obtained from Brewers’ TO3z measurements using the direct sun method (DirectSun). For
calculating the daily mean, values were taken from hours when the optical mass x did not ex-
ceed 3. A comparison of the daily values of TOs is demonstrated in Fig. 76. Calculations reveal
that the total ozone was approximately the same at Belsk and in Warsaw. Thus, it can be con-
cluded that for the comparison of the near-noon erythemal doses between these locations, the
differences in total ozone are of secondary importance.

Subsequently, the influence of the geographical location of Warsaw (52.25°N) and Belsk
(51.84°N) on the differences between the erythemal doses is assessed. Figure 77 presents a
comparison of modelled values of the near-noon erythemal doses for Belsk and Warsaw, deter-
mined on the basis of the measured TO3 values.

Figure 77 indicates that the mean ratio between the near-noon doses determined from the
cloudless sky model, when the total ozone used in the model is obtained from observations, is
around 1. The coefficient of determination is 0.999 and the mean modelled value difference
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between Belsk and Warsaw for a cloudless sky is 2%, with the coefficient of variation not
exceeding 1.5%. Based on the presented comparison of the modelled erythemal doses, it can be
concluded that the combined differences due to the geographical location and TO3 cause that
the doses at Belsk are higher by approx. 2%.

5.3 Comparison of erythemal doses of UV radiation measured at Belsk and Warsaw

For the days when both instruments worked simultaneously at Belsk and Warsaw, the near-
noon erythemal doses are calculated according to the method described in Chapter 4. These
values are subsequently compared for all-sky conditions (Fig. 78). Calculations show that the
level of UV radiation at Belsk for all-sky conditions is approx. 6% higher than in Warsaw, with
the coefficient of variation of approx. 17%. The coefficient of determination is 0.96.

Subsequently, the mean ratio of the near-noon doses, calculated on the basis of measure-
ments by the Brewer 064 and 207 spectrophotometers at Belsk, is compared with the mean ratio
of doses, when both instruments were in different locations. For this purpose, a statistical test
is carried out to determine if two population means are equal for a random distribution of sam-
ples (Balicki and Maka¢ 2004). The test statistics are calculated according to Eq. (17):
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z7=X% 17)

where X1 and X are the means from the samples, S; and S are corresponding standard devia-
tions, and nz and n; are the sample sizes.

The critical value (Z. = 1.96) is read from the standardised normal distribution table and for
the significance level «=0.05. The null hypothesis is that these means are equal, while the
alternative hypothesis is that the means are significantly different. The alternative hypothesis is
confirmed by satisfying the following inequality: |Z| > Z.. Statistic Z =-4.63 is calculated for
the mean dose ratio from the Belsk intercomparison, 1.0177 +0.0659 and the mean dose ratio
between Belsk and Warsaw is 1.0583 +0.1819. Therefore, an alternative hypothesis with a sig-
nificant difference in the means can be confirmed. Based on the analysis of the mean dose
ratios, it can be concluded that higher near-noon doses at Belsk are not only a consequence of
technical differences.

Figure 79 shows a comparison of the near-noon erythemal doses for cloudless sky condi-
tions. After eliminating cloudy days, the standard deviation between the measured values at
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Belsk and Warsaw is significantly reduced. The coefficient of determination amounts to 0.997.
The dose difference between Belsk and Warsaw amounts to 5% with the coefficient of variation
not exceeding 5%. The coefficient of variation for a cloudless sky is considerably lower than
the one determined for all-sky conditions. A similar relationship was also observed when com-
paring the measurements from the instruments situated in the same site.

For the cloudless sky, as in the case of the measurements for all-sky conditions, a statistical
test of the similarity of the mean dose ratios between the instruments is carried out for the period
when both Brewers were located at Belsk and when they were operated at Belsk and in Warsaw,
respectively. Statistic Z=-4.19 was calculated for the mean dose ratio from Belsk =
1.0118 +0.0344 and the mean dose ratio between Belsk and Warsaw = 1.0489 +0.0484. Thus,
also in this case, the alternative hypothesis with a significant difference between the means can
be confirmed. After eliminating the cloudy days, it can be concluded that in addition to technical
parameters of the instruments, there are other factors which could affect the difference between
near-noon doses measured at Belsk and in Warsaw.

5.4 Summary

When comparing the near-noon erythemal doses between Belsk and Warsaw, atmospheric con-
ditions, geographical location as well as technical parameters of the instruments should be taken
into account. The mean difference between the instruments does not exceed 5%, for a cloudless
sky, while this difference is over 1% when the instruments operated simultaneously at Belsk.
Model calculations demonstrated that the mean difference reaches ~2% due to geographical
location. Therefore, it can be concluded that the effect of a specific urban aerosol on biologi-
cally active ultraviolet radiation in the case of Warsaw is minor (~2%) and comparable to the
difference resulting from the geographical location.

For measurements performed during all-sky conditions, the mean difference of the near-
noon erythemal doses between the two stations is 1% higher than for the cloudless sky, with a
simultaneous increase in the coefficient of variation, which is a result of variability of the local
cloudiness.

Haberlie et al. (2015) demonstrated on the example of Atlanta that a metropolitan area can
generate the formation of additional convection centres and, thus, increased cloudiness com-
pared to the area outside the city. Nonetheless, by averaging the results of measurements carried
out at Belsk and in Warsaw during all-sky conditions, it can be concluded that Warsaw does
not generate specific clouds affecting UV radiation. Thus, carrying out pro-healthy heliotherapy
is also possible in Warsaw and it is just as effective as in the sites located near Warsaw.

6. SUMMARY OF THE RESULTS

The subject of the study was undertaken as a result of the on-going global debate on balancing
the beneficial and harmful effects of solar ultraviolet radiation on the human health. This is
crucial because of the growing interest in the level of vitamin D3 in the body, which largely
depends on UV-B irradiation of the skin (Norval and Wulf 2009). Currently, it is proved that
90% of Poles suffer from deficiencies of this vitamin (Ptudowski et al. 2014). The exceptions
are the groups with the greatest attention of doctors, i.e. newborns and pregnant women. It is
widely believed that one of the reasons of vitamin D3 deficiency is a growing social campaign
against skin cancer, recommending to avoid solar radiation during midday hours, as well as to
use sunscreen with a high SPF value 15 minutes before going outdoor (Janda et al. 2007; Bag-
gerly et al. 2015). Baggerly et al. (2015) quotes the results of mortality statistics among the
United States population. According to them, only by increasing the level of vitamin D3 in the
body, the number of people dying would decrease by 336 thousand a year (out of 2 million dead
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from diseases associated with the deficit of this vitamin), while among 5 million people suffer-
ing from skin cancer, 13 thousand die every year. It is estimated that on the list of the 30 causes
of death in the United States in 2010, 19 were associated with vitamin Dz deficiency.

Some skin diseases, e.g. psoriasis or albinism are treated with UV-B rays from artificial
sources. Similar therapy can be employed utilising solar radiation. The theoretical foundations
for conducting anti-psoriatic heliotherapy in Poland were determined by KrzysScin et al. (2014).
In practice, anti-psoriatic heliotherapy has been used for a long time in selected treatment cen-
tres. The radiation doses received during solar heliotherapy in the Canary Islands and at the
Dead Sea are higher than the doses causing erythema and much higher than those needed to
produce the adequate level of vitamin Ds. However, based on research and many years of ob-
servations of patients participating in anti-psoriatic heliotherapy, no increasing incidence of
skin cancer was noted among them (Larko and Swanbeck 1982; Kushelevsky et al. 1998).

This study presents pro-healthy scenarios for balancing the health-promoting and harmful
effects of UV radiation during controlled exposure to sun radiation in order to limit its harmful
effects (destruction of the DNA structure, erythema) and to achieve maximum benefits, such as
an increase of vitamin D3 levels in the body or treatment of psoriatic lesions. The need to intro-
duce actions in this area, as well as to find optimal scenario that enables the simultaneous as-
sessment of risks and benefits of UV exposures are indicated in the literature (Springbett et al.
2010; Baggerly et al. 2015).

The paper determines a method for converting erythema radiation from, e.g. broadband bi-
ometers commonly used at meteorological stations or low-cost hand-held personal UV index
meters, to other biologically active radiation used to describe, for example: the destruction of
DNA structures, skin synthesis of vitamin Ds, and removal of psoriatic lesions.

In Chapter 2, a procedure allowing the conversion of erythemal doses into doses of different
biological efficacy is developed. The procedure is created based on many years of measure-
ments using the Brewer spectrophotometer at Belsk. Tables of ratios between the DNA-
damaging, anti-psoriatic and vitaminal irradiation and the intensity of erythemal irradiation (Ta-
bles 1A-3A in the Appendix) are determined. Similar tables for vitaminal irradiation can be
found in the literature. However, those are based on model values rather than measured ones
(McKenzie et al. 2009). Until now there was no conversion procedure for intensities with anti-
psoriatic efficacy. In addition, tables of daily dose quotients (Tables 7A-9A in the Appendix)
are also developed.

Monitoring of the intensity of UV irradiation has been carried out around the world for many
years. At the beginning of the 1970s, a Robertson—-Berger meter was constructed to measure
the intensity of erythemal ultraviolet radiation. It was a precursor of currently widely used
broadband meters, e.g. SL501 or Kipp and Zonen UVS-E-T. Irradiation for other biological
processes could only be determined from spectral measurements using expensive instruments,
for example a Brewer or Bentham spectrophotometer. Because of the associated costs, such UV
spectrophotometers are not suitable for setting a dense measuring network. Hence, it was not
possible to assess the conditions for conducting heliotherapy anywhere in Poland, except for
places where such spectrophotometers were installed (Belsk, Warsaw). Thanks to the proposed
method, personal pro-healthy tanning can be carried out in order to improve the health status.

Using the procedure described in Chapter 2 and having the series of measured doses of
erythemal irradiation from 1976-2014 at Belsk, non-erythemal daily doses are reconstructed
(Chapter 3). Subsequently, UV radiation trends are calculated for erythemal, vitaminal, anti-
psoriatic and DNA destruction efficacy. It is observed that in 2005 there was an overturning in
the trend direction, from increasing to decreasing. Therefore, a non-standard (non-linear) trend
testing method is used. The approach is based on the generation of hypothetical time series with
features similar to the measurement series, and then determining the statistical significance of
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the linear trend coefficient in years 1976-2005 and 2005-2014 based on the properties of a set
consisting of many such hypothetical series (in our case 100,000). This methodology is known
as bootstrapping.

Using this procedure (Chapter 2) as well as the results of the measurements conducted in
this study during the Baltic 2014 campaign, pro-healthy scenarios of tanning in order to achieve
the adequate dose of vitamin D3 and performing anti-psoriatic heliotherapy at the Baltic Sea are
presented (Chapter 4). The previous researches focused on measuring the level of the vitamin
Dz in the serum (e.g. Kligman et al. 1989; Marx et al. 1995; Farrerons et al. 2001). Sayre and
Dowdy (2007) carried out calculations of the hypothetical vitamin doses achieved after appli-
cation of a cream with SPF 15 based on ultraviolet radiation spectra measured in Kuwait during
the period of over two years. Usually, the UV measurements are conducted in order to assess
workers’ exposure to the erythemal radiation (e.g. Thieden et al. 2005). Within the presented
study, contrary to the examples presented, the measurements with selected, low-cost hand-held
personal meters, which may possibly be found in a widespread use to assess vitaminal and anti-
psoriatic irradiation directly at the tanning site, are presented. The duration of safe tanning as
well as the time of self-administered vitaminal and anti-psoriasis heliotherapy can be deter-
mined by means of these intruments.

In the next part of research, the influence of the urban environment on the erythemal doses
is assessed on the example of Warsaw. A comparison is made with a rural site located outside
the city, Belsk (Chapter 5). Haberlie et al. (2015) demonstrated that the large city can cause an
increasing cloudiness, while Acosta and Evans (2000), using Mexico as the example, described
that ultraviolet radiation can be more than 20% smaller in the city than in suburban areas. How-
ever, the examination of the difference in doses of erythemal radiation between Warsaw and
Belsk shows that Warsaw does not generate increased cloudiness and specific aerosols loading
that attenuates ultraviolet radiation. Thus, heliotherapy in the city can be as effective as in non-
urban areas.

The most important conclusions and achievements resulting from the study reported here
are presented below:

o a procedure for determining dose rate with vitaminal, anti-psoriatic and anti-DNA
efficacy based on the erythemal dose rate measurements is developed,;

o in 2005, an overturning of the UV trend from increasing to decreasing is observed
for most of the biological effects discussed. This change is not the result of a reversal
of the trend in total ozone but is probably due to an increase in cloudiness or the
optical depth of the atmospheric aerosol;

o properly calibrated personal hand-held meters can be used to determine non-erythe-
mal irradiation doses directly at the place of outdoor activities;

o during the summer period at the Baltic Sea coast, anti-psoriatic heliotherapy can be
effectively performed;

o safe tanning scenario determined strictly according to dermatologists’ recommenda-
tions, i.e. applying SPF 30 sunscreen according to the instructions (15 minutes before
going out into the sun, and then repeating it every 2 hours and after playing sports or
bathing), does not provide the recommended vitamin dose even for a few hours stay
on the beach;

o it is possible to produce the adequate dose of vitamin D3 due to the skin synthesis
during a stay on the beach, following a scenario of short (~20-30 minutes) tanning
without photoprotection and next applying a cream with SPF > 15;

a in Warsaw, the conditions for heliotherapy are the same as in “clean” suburban areas
of the Mazowieckie voivodeship;

o Warsaw does not generate a specific aerosol or cloudiness affecting the UV radiation.
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The results presented here are an important contribution to the state of knowledge in the
field of photobiology and at the same time have a direct link with practical applications. In
response to the scientific needs (Baggerly et al. 2015), a method to assess the duration of self-
administered anti-psoriatic and vitaminal heliotherapy using personal UVI meters, which are
widely available for a small price, is proposed. In the future, it is possible to introduce a
smartphone application that would significantly simplify the administration of anti-psoriatic
heliotherapy.

APPENDIX

The tables presented below include coefficients used for the determination of the dose rate with
non-erythemal efficacy from the erythemal dose rate values: Tables 1A-3A. The corresponding
standard deviations for the presented coefficients are in Tables 4A—6A.

Tables 7A-9A show coefficients for determining daily non-erythemal UV radiation doses
from the values of erythemal doses. Tables 10A-12A contain the standard deviations for the
determined coefficients.

Figures 1LA—6A present a visualisation of the dependence of coefficients on TO3z and SZA.



94

A.E. CZERWINSKA and J.W. KRZYSCIN

Table 1A
DRona/DReryT quotient matrix

SZAITOz | 275 | 325 | 375 | 425 | 475 | 525 | 575 | 625 675|725 | 775 | 825 | 875
245 0.627]0.599 0.595|0.586 |0.587 |0.5720.517|0.469 | 0.424 | 0.356 | 0.292|0.267 | 0.307
255 0.627/0.599 0.595|0.586 |0.587 | 0.54 1 0.522|0.452|0.403 | 0.34 |0.2780.257 |0.296
265 0.627/0.599 0.595|0.586 | 0.568 | 0.536 | 0.486|0.439| 0.39 | 0.33 |0.2750.253|0.288
275 0.627]0.599 0.595|0.587| 0.56 | 0.52 1 0.471|0.4260.372|0.316 0.265|0.246 | 0.281
285 0.627/0.599 0.586|0.5770.542|0.505 0.4580.411|0.362 |0.308 | 0.26 | 0.241|0.274
295 0.627/0.6130.585|0.558 | 0.527 | 0.486 1 0.441|0.399|0.351|0.301 |0.2530.237|0.275
305 0.62 |0.601|0.5760.549|0.5120.4740.426 | 0.385|0.337 | 0.289 | 0.248 | 0.232 | 0.267
315 0.601| 0.59 10.565|0.536| 0.5 |0.459 0.416|0.373|0.331|0.285|0.2430.229|0.263
325 0.593| 0.58 1 0.551|0.523|0.487|0.4470.403|0.364 | 0.32 |0.277|0.2380.225|0.258
335 0.574/0.5630.537|0.507 |0.476 | 0.436 1 0.391|0.3530.314 | 0.269 | 0.233  0.222 | 0.256
345 0.568|0.5510.526|0.498 | 0.463 | 0.4250.381|0.3430.303 | 0.263 | 0.23 | 0.219|0.249
355 0.554/0.5410.514|0.486 |0.451|0.4130.372|0.3380.297 | 0.26 |0.226 0.216|0.245
365 0.551| 0.53 10.507|0.47410.445/0.407 0.364|0.329| 0.29 |0.254 0.222|0.214 | 0.242
375 0.534/0.5170.486|0.464 | 0.431|0.396 1 0.355|0.3230.285|0.249 /0.218 | 0.21 |0.238
385 0.505/0.504 10.478|0.456 |0.423|0.385/0.343|0.312|0.277|0.241 /0.214  0.208 | 0.235
395 0.508/0.491 0.47 |0.444/0.417/0.3810.341|0.308 |0.273|0.239 1 0.213|0.206 | 0.232
405 0.468 | 0.47 10.458|0.4280.407/0.368 | 0.33 |0.301|0.268 |0.235|0.209 0.204|0.228
415 0.499/0.478 0.452|0.418 |0.399| 0.36 1 0.322|0.297 |0.264 |0.234|0.209  0.205|0.226
425 0.499/0.473/0.443|0.413|0.388 |0.354 1 0.319|0.288 | 0.255|0.224 1 0.204| 0.2 |0.221
435 0.499| 0.48 4 0.44 |0.411/0.382| 0.35 1 0.308|0.2840.251|0.221| 0.2 0.196|0.213
445 0.499/0.467 0.402|0.3920.377|0.346 1 0.314|0.278 | 0.242|0.221 | 0.201 | 0.194 | 0.206
455 0.499/0.467 10.426| 0.4 | 0.37 |0.333/0.299|0.281|0.242| 0.22 |0.205 /0.201|0.214
465 0.499/0.467 1 0.426|0.389|0.346 | 0.315/0.293|0.264 | 0.237 | 0.213 1 0.195/0.192 | 0.211
475 0.499/0.467 1 0.426|0.364 |0.354|0.319  0.284|0.258 | 0.232 | 0.207 1 0.193|0.188 | 0.207
485 0.499/0.467 1 0.426|0.346 | 0.35 |0.3190.274|0.245| 0.22 |0.201/0.191 0.191|0.208
495 0.499/0.467 1 0.426|0.346 | 0.336 | 0.3050.2740.251|0.229|0.203 | 0.19 | 0.19 |0.205
505 0.499/0.467 1 0.426|0.346 |0.322| 0.3 10.275|0.256|0.229/0.203 | 0.19 | 0.19 |0.205
515 0.499/0.467 1 0.426|0.346 |0.335| 0.3 10.275|0.256|0.229/0.203 | 0.19 | 0.19 |0.205
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Table 2A
DRap/DReryT quotient matrix

SZAI/TO3| 275 | 325 | 375 | 425 | 475 | 525 575 | 625 | 675 | 725 | 775 | 825 | 875
245 10.774/0.754 1 0.753 1 0.748 | 0.747 1 0.736 | 0.695| 0.659 | 0.623 | 0.572 | 0.534 | 0.534 | 0.567
255 0.774/0.754 1 0.753 1 0.748 | 0.747 1 0.712 | 0.693 | 0.645 | 0.607 | 0.561 | 0.526 | 0.528 | 0.563
265 |0.774/0.7540.7530.748 1 0.7320.709|0.672 | 0.635| 0.597 | 0.554 | 0.524 | 0.527 | 0.557
275 0.774/0.754 1 0.753 1 0.747 1 0.727 1 0.697 | 0.66 |0.623|0.584 | 0.545|0.519|0.524 | 0.553
285 |0.774|0.754/0.744| 0.74 | 0.7140.686| 0.65 |0.614 0.577| 0.54 |0.516|0.521 | 0.55
295 |0.774]0.7640.745/0.726|0.703 | 0.672 | 0.637 | 0.604 | 0.569 | 0.536 1 0.513 | 0.52 |0.548
305 0.77 10.756 |0.739| 0.72 |0.692|0.663|0.625|0.594|0.559 |0.529|0.511 |0.517 | 0.545
315 ]0.756|0.749/0.731| 0.71 |1 0.682|0.651|0.617|0.585|0.555|0.527|0.509|0.517|0.543
325 |0.751/0.742| 0.72 | 0.7 |0.672|0.642|0.608|0.578|0.548|0.522|0.506|0.516 | 0.54
335 |0.738/0.729| 0.71 |0.688 | 0.664|0.633|0.598|0.571|0.543|0.518 |0.505|0.515|0.538
345 0.734] 0.72 |10.702|0.681 | 0.654|0.624 | 0.591 | 0.563 | 0.536 | 0.514 | 0.503 | 0.512 | 0.535
355 ]0.723]0.713/0.693|0.672|0.645|0.616 | 0.584 | 0.559 |0.533|0.512|0.501 | 0.511|0.531
365 |0.721/0.705/0.688|0.662 | 0.64 |0.611|0.578|0.553|0.529|0.509|0.501|0.511|0.531
375 ]0.708 |0.695/0.672|0.655|0.629|0.603 |0.572|0.549 | 0.525| 0.507 | 0.499 | 0.509 | 0.527
385 |0.686|0.686 | 0.666 |0.648 | 0.623|0.594 |0.563|0.542 |0.521|0.504 |0.498 | 0.508 | 0.526
395 10.689|0.675|0.659| 0.64 10.618|0.591|0.561|0.539|0.519 0.502|0.498 0.508 | 0.524
405 | 0.657| 0.66 |0.649|0.627|0.611/0.582|0.554 1 0.5350.515/0.501|0.497 |0.506 | 0.522
415 0.683|0.668 |0.645|0.619|0.605/0.575|0.548 1 0.5320.513| 0.5 |0.496|0.507|0.521
425 0.683|0.657|0.639|0.615|0.597 |0.571|0.5450.526 | 0.509 | 0.497|0.496 | 0.505|0.519
435 0.683|0.666 |0.637|0.615|0.592 | 0.567 |0.539 0.524 | 0.507 | 0.495|0.494 |0.502 | 0.516
445 10.683|0.659|0.608| 0.6 |0.589 0.565|0.5420.521|0.502|0.496|0.493| 0.5 | 0.51
455 1 0.683|0.659|0.626|0.604 |0.583 | 0.557 |0.534 1 0.521 | 0.503 | 0.495|0.497 | 0.506 | 0.515
465 0.683|0.659|0.626|0.595|0.567 |0.5470.529 /0.513| 0.5 |0.493|0.493|0.502|0.513
475 10.683|0.659|0.626|0.579|0.5710.546 |0.524 | 0.51 |0.498|0.491|0.493/0.501| 0.51
485 0.683|0.659 |0.626|0.564 |0.568 | 0.546 |0.519 | 0.503 | 0.494 | 0.491|0.495|0.502 | 0.513
495 0.683|0.659|0.626|0.564 |0.558  0.537 | 0.52 1 0.506|0.495|0.489|0.492/0.501| 0.51
505 ]0.683|0.6590.626|0.564 | 0.547{0.532|0.518{0.508 | 0.495|0.489|0.492|0.501 | 0.51
515 ]0.683|0.6590.626|0.564 | 0.557{0.532|0.518{0.508 | 0.495|0.489|0.492|0.501 | 0.51
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DRvi7-03/DReryT quotient matrix

Table 3A

SZAITO3 275 | 325 | 375 | 425 | 475 | 525 | 575 | 625 | 675 | 725 | 775 | 825 | 875
245 2112 |2.055|2.077|1.997 | 2.068 | 2.058 | 1.977|1.886 | 1.774 | 1.549 | 1.237 | 0.976 | 1.033
255 2.112|2.055|2.077|1.997 | 2.068 | 2.012 | 1.957| 1.85 | 1.718 | 1.491 1.174|0.933|0.999
265 |2.112|2.055|2.077|1.997 | 2.058|2.011| 1.92 |1.819 1.678 |1.454 1.157|0.912|0.977
275 2.112|2.055|2.077|2.069 | 2.043|1.983 |1.893 |1.773 | 1.623 | 1.396 | 1.107 | 0.87 | 0.952
285 |2.112|2.055| 2.06 |2.063|2.019|1.959|1.865|1.745/1.587 |1.361 1.082 |0.853|0.926
295 2112 2.095| 2.07 |2.036|1.993|1.922|1.823|1.709 | 1.543 | 1.3251.046 | 0.828 | 0.922
305 |2.091/2.083|2.054|2.021|1.967|1.899|1.786|1.665|1.494 1.273 1.021|0.804 | 0.897
315 |2.0842.077|2.043|2.005|1.947|1.864 |1.753|1.624 | 1.466 | 1.253 1 0.986 |0.781 | 0.892
325 |2.073|2.065|2.029 |1.987 |1.922|1.836 |1.722|1.595|1.425|1.217 | 0.959 | 0.766 | 0.876
335 |2.056|2.043|2.007|1.958| 1.9 |1.813|1.685|1.5591.391|1.177 0.926|0.749|0.865
345 [2.046/2.024|1.982|1.941|1.871|1.784|1.653|1.522 1.351 |1.144 | 0.91 |0.737|0.837
355 2.029|2.015|1.969|1.919|1.847|1.753|1.628 |1.504 | 1.33 |1.128 0.884|0.718|0.818
365 |2.0261.994|1.961|1.897|1.836|1.736|1.602|1.471/1.2941.094 | 0.86 |0.705|0.812
375 [2.017| 1.98 |1.919|1.877|1.801|1.705|1.567 | 1.444 1 1.2721.065  0.837 |0.688 | 0.797
385 [1.959/1.956|1.904 1.861|1.778|1.671|1.528|1.398  1.233 | 1.023 0.806 | 0.674 0.784
395 [1.958|1.926|1.893|1.831|1.765| 1.66 | 1.52 |1.383 | 1.211|1.006 0.797 |0.661|0.769
405 1.868|1.877| 1.87 |1.7921.736/1.616 |1.474 1.353|1.187|0.982|0.771|0.651 |0.753
415 | 1.95 |1.899| 1.85 |1.762|1.714/1.592|1.444 1.331|1.165|0.976 |0.774|0.655 | 0.737
425 | 1.95 |1.983/1.822|1.7521.682  1.568 | 1.436 1 1.294|1.118|0.915|0.735|0.629 | 0.726
435 | 1.95 /1.948/1.817|1.736 | 1.667 | 1.558 | 1.388 1.278|1.094|0.895|0.712| 0.61 |0.692
445 | 1.95 |1.865/1.708 | 1.688 | 1.649  1.545|1.419 1.241|1.042|0.888|0.718|0.607 | 0.653
455 | 1.95 |1.865/1.7841.731 1.624 1 1.482|1.342 1.27 |1.035|0.889 |0.743| 0.63 |0.683
465 | 1.95 |1.865/1.784 1.712| 1.53 |1.391 1.323 1.171|1.012 0.842|0.667 | 0.572 |0.674
475 | 1.95 |1.865/1.7841.602 1.566 1 1.435| 1.28 1 1.139|0.976|0.794 |0.652 | 0.553 | 0.639
485 | 1.95 |1.865/1.784|1.555|1.5531.438 |1.225 1.059 |0.895|0.744 |0.619|0.575|0.653
495 | 1.95 |1.865/1.784|1.5551.506 | 1.373|1.213 1.098 |0.963|0.773 |0.633 | 0.568 | 0.645
505 | 1.95 |1.865|1.784|1.555| 1.45 |1.363| 1.24 |1.125/0.963 | 0.773 1 0.633 | 0.568 | 0.645
515 | 1.95 |1.865|1.784|1.555|1.504|1.363 | 1.24 |1.125/0.963 | 0.773 1 0.633 | 0.568 | 0.645
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Table 4A
Standard deviation matrix for DRpna/DReryT quotients

SZAITO3z| 275 | 325 | 37.5 | 425 | 475 | 525 | 575 | 625 | 675 | 725 | 775 | 825 | 875
245 10.016 0.079|0.036  0.023|0.0340.006 | 0.013|0.015|0.016 |0.021|0.016 | 0.005 | 0.017
255 10.016 0.079|0.036  0.023|0.0340.023 | 0.108 | 0.02 | 0.021|0.022 | 0.015|0.009 | 0.012
265 |0.016 0.079|0.0360.023|0.013/0.023 | 0.02 |0.018|0.021 | 0.02 1 0.015|0.007 | 0.018
275 10.016 0.079|0.036 0.027 |0.023 | 0.02 | 0.019|0.063|0.021 | 0.02 1 0.014|0.007 | 0.016
285 |0.016 0.079|0.057 0.024 | 0.02 | 0.02 | 0.019/0.019| 0.02 |0.019 0.014|0.008 | 0.015
295 0.016|0.028 |0.029 | 0.023 | 0.026 | 0.025 | 0.023 | 0.025 | 0.028 | 0.026 | 0.02 | 0.019 0.066
305 0.031/0.034|0.036|0.036|0.022 | 0.019|0.022 | 0.023 |0.023 | 0.02 | 0.014|0.007 0.038
315 1 0.028 |0.025|0.032 | 0.024 | 0.024 | 0.025 | 0.048 | 0.025 | 0.035 | 0.029 | 0.02 | 0.016 0.018
325 10.028 |0.023|0.026 | 0.024 | 0.022 | 0.021 | 0.02 1 0.021|0.022 |0.019 | 0.015|0.012 0.016
335 0.03 10.029/0.028 |0.024 | 0.023 | 0.021 | 0.021 | 0.023 | 0.056 | 0.021 | 0.012 | 0.009 | 0.012
345 1 0.026 |0.028 | 0.0340.032|0.025| 0.02 |0.024 | 0.02 | 0.02 |0.0170.014|0.008 0.013
355 | 0.033| 0.03 |0.0280.026 | 0.023 |0.021| 0.02 1 0.018|0.018|0.014 | 0.011|0.007 0.014
365 0.03 | 0.03 | 0.02 |0.023|0.021|0.018|0.017| 0.02 |0.019|0.015| 0.01 |{0.005|0.012
375 10.034|0.033|0.031|0.0240.019|0.017| 0.02 1 0.019|0.018|0.014 | 0.01 |0.006 0.014
385 0.031/0.027|0.0210.022|0.017 | 0.02 |0.0190.022 | 0.018 |0.014 | 0.009 | 0.008 | 0.011
395 0.028 | 0.03 |0.025|0.019|0.021|0.017|0.021/0.018 | 0.019|0.014 | 0.01 |{0.005|0.011
405 |0.028 | 0.03 | 0.026|0.025|0.018| 0.02 |10.018|0.019|0.017|0.013|0.009 | 0.006| 0.01
415 |0.004 0.042|0.024|0.016|0.0160.0190.012 | 0.02 | 0.015|0.0170.012 | 0.017 | 0.009
425 |0.004| - |0.032|/0.019|0.017| 0.02 |10.017|0.015| 0.02 | 0.01 | 0.006 0.005|0.012
435 |0.0040.032|0.001|0.022|0.0140.014 | 0.009 | 0.014 | 0.014|0.011 | 0.007 | 0.005 | 0.009
445 |0.004 0.042|0.031|0.025|0.015|0.012 0.011|0.014 | 0.013 | 0.021 | 0.005 | 0.003 | 0.007
455 |0.0040.042| - |0.019|0.014|0.0090.013|0.018|0.011| 0.01 |0.017| 0.01 | 0.01
465 |0.0040.042| - | 0.03 |0.015/0.012| 0.01 |0.013|0.013| 0.01 | 0.006  0.004 |0.006
475 |0.004 0.042| - |0.011| 0.02 | 0.01 | 0.007|0.015|0.016|0.0120.007 | 0.004 | 0.006
485 |0.004 0.042| - |0.006|0.006|0.014, - - — — - - —
495 |0.0040.042| - |0.006|0.014| 0.01 | 0.007|0.013|0.011|0.008  0.005 0.004 |0.006
505 0.004(0.042| - |0.006| - - — — 10.011|0.008 | 0.005|0.004 | 0.006
515 |0.004 |0.042| - |0.006/0.001| - — — 10.011|0.008 | 0.005|0.004 | 0.006
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Table 5A
Standard deviation matrix for DRap/DReryT quotients

SZAITO3z| 275 | 325 | 375 | 425 | 475 | 525 | 575 | 625 | 675 | 725 | 775 | 825 | 875
245 10.011/0.059|0.026 | 0.015|0.025/0.004 | 0.01 1 0.0120.0120.015|0.009 |0.003|0.012
255 0.011/0.059|0.026 | 0.015|0.025/0.017 | 0.051  0.015|0.016 | 0.015| 0.008 | 0.004 | 0.007
265 0.011/0.059|0.026 | 0.015| 0.01 1 0.018|0.015 0.0140.016 |0.014|0.007 |0.005|0.012
275 ]0.011/0.059 | 0.026 1 0.021|0.018 | 0.015|0.015|0.027 | 0.016 ' 0.013 | 0.006 | 0.004 | 0.01
285 0.011 0.0590.042 0.017|0.0150.015|0.0150.015|0.014  0.012 | 0.006 | 0.006 | 0.01
295 ]0.011/0.021|0.021/0.017 | 0.019/0.019  0.018 0.019|0.019|0.018|0.011 |0.011|0.024
305 ]0.023/0.025|0.026 | 0.025|0.016 1 0.014|0.017 0.0170.015|0.011|0.005 |0.007 | 0.021
315 0.02 10.019|0.022|0.019  0.018 0.019| 0.02 |0.018|0.024 |0.019|0.011|0.009| 0.01
325 ]0.021/0.018| 0.02 10.0180.0170.016|0.0150.015|0.015 0.011 | 0.006 | 0.006 | 0.01
335 ]0.023/0.022|0.021/0.019  0.017 0.016 | 0.016 0.016|0.021| 0.01 | 0.004 |0.005 | 0.008
345 0.02 10.021|0.024 |0.024 | 0.017  0.015|0.015/0.013|0.013| 0.01 | 0.006 | 0.005 | 0.008
355 10.0260.023|0.021/0.019|0.018  0.016 | 0.014 | 0.013 | 0.011  0.007 | 0.003 | 0.005 | 0.01
365 0.022/0.023|0.016 | 0.018 | 0.016  0.013|0.012 0.014 0.0110.007 | 0.002 | 0.004 | 0.007
375 ]0.0260.025|0.022 | 0.019 | 0.014  0.013  0.014 0.012| 0.01 |0.006 | 0.003 |0.005 | 0.008
385 0.025/0.021|0.016 /0.017 | 0.013/0.014 | 0.013  0.014| 0.01 |0.006 | 0.003 |0.004 | 0.008
395 ]0.021/0.024|0.0190.014  0.016 1 0.0120.015/0.012|0.011 | 0.006 | 0.002 | 0.004 | 0.008
405 ]0.024/0.025| 0.02 |0.019|0.014|0.014|0.012|0.012|0.009 | 0.005 | 0.002 | 0.004 | 0.007
415 |0.002| 0.03 |0.018|0.011{0.012 0.013|0.008 | 0.013|0.008 | 0.007 | 0.004 | 0.006 | 0.009
425 ]0.002| - 0.021/0.014|0.013|0.014|0.011/0.009|0.011|0.0030.002 | 0.003 | 0.007
435 ]0.0020.022|0.001|0.016| 0.01 | 0.01 |0.007 |0.008 | 0.006 | 0.004|0.002 |0.004 | 0.004
445 10.002 | 0.034|0.021|0.018| 0.01 1 0.008 | 0.006 | 0.008 | 0.007 | 0.009 | 0.001 | 0.003 | 0.006
455 ]0.0020.034| - |0.011| 0.01 ' 0.008|0.008 | 0.009|0.0050.002|0.005 |0.004|0.005
465 |0.0020.034| - |0.021| 0.01 '0.007|0.006 |0.007|0.0050.002|0.002|0.002|0.003
475 ]0.0020.034| - |0.007{0.014 0.006 |0.004 |0.008|0.006 0.002|0.002|0.001|0.004
485 ]0.002/0.034, - |0.005|0.003| 0.01 | - - - - - - -
495 ]0.0020.034| - |0.005| 0.01 0.006|0.008 0.008|0.004 0.002|0.003|0.002|0.003
505 ]0.002 0.034| - |0.005| - - - — 0.004|0.002  0.003|0.0020.003
515 ]0.002/0.034| - |0.005 0.001 - - — 0.004|0.002  0.003|0.0020.003
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Table 6A
Standard deviation matrix for DRvit.ps/DReryT quotients

SZAITO3z| 275 | 325 | 375 | 425 | 475 | 525 | 575 | 625 | 675 | 725 | 775 | 825 | 875
245 10.014/0.123|0.034 | 0.07 | 0.0390.006 | 0.023 | 0.03 |0.043|0.083|0.089 |0.025|0.045
255 ]0.014/0.123|0.034 | 0.07 |0.0390.038|0.029 0.046 | 0.063 |0.087 | 0.088 |0.062 | 0.047
265 ]0.014/0.123|0.034 | 0.07 | 0.019 0.045/0.048  0.05 |0.071|0.088|0.089 |0.047 | 0.058
275 ]0.014/0.123|0.034 | 0.023 | 0.038 | 0.041 | 0.046 | 0.057 | 0.075|0.089 | 0.089 | 0.043 | 0.054
285 0.014/0.123|0.111/0.044 | 0.04 0.049| 0.05 0.057|0.072|0.091|0.093|0.052 | 0.052
295 10.014|0.039|0.0480.041|0.063|0.065|0.062|0.075|0.104 |0.106 | 0.109 | 0.097 | 0.123
305 |0.065|0.065|0.089|0.114| 0.05 | 0.05 |0.067|0.079/0.108 |0.111 | 0.094 | 0.042 | 0.094
315 |0.047| 0.05 | 0.1 |0.057/0.065| 0.06 | 0.07 |0.086|0.104 |0.121 | 0.116 | 0.085 | 0.094
325 0.06 {0.048|0.062|0.055|0.058 0.061|0.064 |0.079|0.097|0.103 | 0.101|0.073|0.077
335 |0.062|0.062 | 0.066 | 0.059 | 0.065 | 0.062 | 0.066 | 0.084 | 0.095 |0.119 | 0.093 | 0.056 | 0.051
345 | 0.067|0.066 | 0.106 | 0.105| 0.097 | 0.066 | 0.109 | 0.084 | 0.095 | 0.094 | 0.095 | 0.048 | 0.053
355 |0.073|0.074|0.073|0.0840.074|0.071|0.073|0.074 | 0.088 | 0.087 | 0.089 | 0.036 | 0.064
365 |0.079|0.082|0.053 | 0.064 | 0.065|0.061|0.064|0.084 |1 0.099 | 0.09 |0.085| 0.03 |0.053
375 10.085|0.078|0.107 | 0.073|0.059 | 0.06 | 0.08 |0.083|0.093|0.091|0.081 | 0.035|0.075
385 10.089|0.079|0.064 | 0.065|0.058 | 0.07 |0.077|0.107 | 0.098 |0.096 | 0.078 | 0.041 | 0.053
395 |0.078(0.079| 0.08 | 0.065|0.067 | 0.062|0.087|0.0810.097|0.091|0.087 | 0.03 | 0.05
405 |0.058/0.072|0.084|0.079|0.057|0.0740.078 1 0.091  0.099 | 0.089 | 0.076 | 0.031 | 0.054
415 ]0.002|0.147|0.086| 0.06 |0.057|0.077|0.054 0.087  0.085|0.106 | 0.089 | 0.069 | 0.063
425 10.002| - ]0.129|0.069|0.055|0.0810.076 0.0730.107|0.072 | 0.057 | 0.021 | 0.039
435 0.002|0.124|0.008|0.084|0.045|0.062 | 0.037 1 0.069 | 0.081 |0.076 | 0.062 | 0.034 | 0.054
445 10.002|0.082|0.117|0.091|0.065|0.048 | 0.063 1 0.072 | 0.077 | 0.13 | 0.049 0.018|0.046
455 0.002/0.082| - |0.086|0.056|0.0380.068 0.103 0.072|0.077|0.121  0.055|0.044
465 |0.002/0.082| - |0.125|0.069|0.0670.047 0.075/0.091|0.077 | 0.066 | 0.018 | 0.034
475 10.002/0.082| - ]0.049|0.077|0.045/0.035| 0.08 1 0.104|0.093 | 0.07 | 0.019|0.033
485 0.002/0.082| - |0.016(/0.031|0.056| — - — — - - —
495 10.002/0.082| - |0.016|0.054|0.045/0.026 |0.069 |0.075|0.061 | 0.051|0.026 | 0.027
505 |0.002(0.082| - |0.016| - - — — 10.075]0.061|0.051|0.026 | 0.027
515 0.002(0.082| - ]0.016/0.011| - — — 10.075]0.061|0.051|0.026 | 0.027
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Table 7A
Dona/DeryT quotient matrix

SZAITO3z| 275 | 325 | 375 | 425 | 475 | 52.5

245 ]0.558|0.553|0.521/0.536|0.574|0.449

255 10.558|0.553|0.521/0.5360.574|0.449

265 | 0.558|0.553|0.521/0.5040.471|0.449

275 ]0.5580.553|0.527/0.493]0.459|0.449

285 0.558|0.535|0.513/0.475]0.447|0.449

295 0.543/0.524| 0.5 10.468]0.439|0.449

305 ]0.545/0.521|0.488 | 0.46 |0.421|0.449

315 ]0.535|0.513| 0.48 10.461|0.412|0.459

325 ]0.519/0.5020.474/0.462|0.435/0.435

335 0.507/0.4930.4710.457/0.4420.436

345 10.492/0.4890.4720.465|0.4370.425

355 10.487/0.478|0.454/0.4470.436|0.402

365 | 0.477/0.468 0.458 0.435/0.4180.398

375 0.451/0.4570.4460.428 1 0.409|0.388

385 0.442/0.445/0.435/0.418/0.3980.378

395 0.434/0.441|0.422/0.408 |0.396|0.382

405 ]0.4090.423| 0.42 |0.404/0.374| 0.38

415 ]0.4090.433/0.403/0.4040.365| 0.35

425 10.409 0.433/0.405/0.372]0.349|0.347

435 ]0.4090.443/0.4060.371]0.347|0.332

445 10.409| 0.35 |0.406/0.371]0.344|0.348

455 10.409 | 0.35 |0.406/0.371]0.354|0.309

465 |0.409| 0.35 |0.406/0.371/0.333|0.304

475 10.409| 0.35 |0.406/0.371]0.325|0.325

485 |0.409| 0.35 |0.406/0.371]0.308|0.312

495 10.409| 0.35 |0.406/0.371/0.308|0.304

505 |0.409| 0.35 0.4060.371/0.308|0.304

515 ]0.409| 0.35 0.4060.371/0.3080.304
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Table 8A
Dar/DeryT quotient matrix

SZA/TOs| 275 | 325 | 37.5 | 425 | 475 | 525
245 10.724|0.732|0.713| 0.72 |0.716 | 0.655
255 10.724|0.732|0.713| 0.72 |0.716 | 0.655
265 0.724|0.732/0.713/0.691|0.677 | 0.655
275 10.724|0.732|0.715/0.686 | 0.667 | 0.655
285 10.724|0.715/0.699 | 0.674|0.654 | 0.655
295 10.721/0.7040.688 0.667|0.646 |0.655
305 |0.722/0.705/0.681 | 0.66 |0.635|0.655
315 |0.712/0.697|0.676 0.659| 0.63 {0.678
325 |0.705| 0.69 |0.6720.663|0.642|0.653
335 10.694 0.686|0.672|0.656|0.649| 0.64
345 |0.685/0.683/0.671|0.6630.641|0.629
355 0.68 |10.673/0.655| 0.65 |0.638| 0.62
365 |0.677| 0.67 |/0.661/0.643| 0.63 | 0.62
375 |0.668|0.665| 0.65 |0.636/0.625|0.611
385 0.66 |0.648/0.644/0.6270.617|0.601
395 10.644/0.646| 0.64 0.619|0.605|0.594
405 10.613|0.627| 0.63 | 0.61 |0.5940.592
415 ]0.613|0.633|0.609/0.611|0.594 0.593
425 10.613/0.608|0.627|0.596|0.5820.578
435 10.613|0.633|0.623|0.586|0.584 0.568
445 10.613|0.608 |0.623/0.586 |0.566 | 0.569
455 10.613|0.608|0.623/0.586|0.5730.569
465 10.613|0.608|0.623/0.586|0.5590.539
475 10.613/0.608|0.623|0.586|0.5530.553
485 10.613/0.608|0.623|0.586|0.541 0.544
495 10.613|0.608|0.623/0.586|0.5410.539
505 |0.613/0.608/0.623|0.5860.541|0.539
515 |0.613/0.6080.623|0.5860.541|0.539
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Table 9A
Dvit-os/DeryT quotient matrix

SZAITO3z| 275 | 325 | 375 | 425 | 475 | 52.5
245 11.997|1.967| 1.9 11.958]1.921|1.791
255  11.997/1.967| 1.9 11.958]1.921|1.791
265 1.997/1.967| 1.9 1.912]1.829|1.791
275 11.9971.967|1.926 1.885|1.803|1.791
285 1.997/1.956| 1.92 11.848|1.789|1.791
295 1.955/1.943|1.906/1.836|1.778|1.791
305 1.967|1.932|1.878/1.823|1.729|1.791
315 ]1.963/1.918 1.8631.826|1.697 |1.798
325 11.92411.901|1.846/1.818| 1.76 |1.749
335 1.904/1.882|1.834/1.817|1.779|1.777
345 1.877|1.874| 1.84 |1.836|1.777|1.756
355 1.876/1.858|1.8091.795|1.779|1.679
365 1.846/1.829|1.814/1.764|1.723|1.662
375 1.77 |1.798|1.7941.748|1.698 | 1.637
385 |1.755|1.788|1.766 | 1.73 |1.671|1.609
395 |1.748| 1.78 |1.719/1.701/1.679|1.635
405 1.71 |1.728|1.732/1.701|1.603 | 1.636
415 1.71 |1.776|1.698 | 1.701| 1.57 /1.508
425 1.71 |1.776|1.676|1.591|1.515/1.513
435 1.71 |1.806| 1.7 |1.599|1.501 1.454
445 1.71 | 1.47 | 1.7 |1.599|1.515/1.523
455 1.71 | 1.47 | 1.7 |1.599|1.5441.352
465 1.71 | 1.47 | 1.7 |1.599|1.464 1.349
475 1.71 | 1.47 | 1.7 |1.599|1.434/1.433
485 1.71 | 1.47 | 1.7 |1.599|1.372/1.385
495 1.71 | 1.47 | 1.7 |1.599|1.372/1.349
505 1.71 | 1.47 | 1.7 |1.599|1.372/1.349
515 1.71 | 1.47 | 1.7 |1.599|1.372/1.349
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Table 10A
Standard deviation matrix for Dpna/DeryT quotients

SZAITO3z| 275 | 325 | 37.5 | 425 | 475 | 525
245 10.035/0.011| 0.02 |0.015| 0.14 | 0.046
255 10.035/0.011| 0.02 |0.015| 0.14 | 0.046
265 |0.035/0.011| 0.02 |0.015| 0.03 | 0.046
275 ]0.035/0.011/0.014/0.021| 0.03 | 0.046
285 ]0.035/0.021/0.021| 0.02 |0.021| 0.046
295 0.043|0.029| 0.02 |0.024|0.018| 0.046
305 0.02 | 0.02 |0.021|0.026|0.029| 0.046
315 |0.019/0.027/0.021/0.031/0.039| -
325 10.021/0.024/0.0270.033|0.028 | 0.024
335 |0.025/0.024/0.0280.033|0.022| 0.013
345 10.023/0.025/0.028|0.0230.016| 0.012
355 0.02 |0.025/0.026|0.024|0.016| 0.017
365 |0.016/0.026/0.021/0.0180.025| 0.019
375 10.018/0.017/0.017/0.022/0.018| 0.012
385 10.028 0.02 | 0.02 |0.015|0.027| 0.015
395 10.028/0.016/0.022|0.0180.013| 0.009
405 — 10.019|0.014|0.021/0.012| 0.013
415 — 10.015|0.033|0.0080.016 | 0.014
425 — 10.015|0.008|0.022|0.023 | 0.023
435 - — 10.029|0.004|0.022| 0.02
445 - — 10.029|0.004|0.012 | 0.006
455 - — 10.029|0.004| 0.01 | 0.025
465 - — 10.029|0.004|0.002| -
475 - — 10.029|0.004|0.002| -
485 - - 10.029|0.004| - | 0.008
495 - - 10.029/0.004| - —
505 - - 10.029/0.004| - —
515 - - 10.029/0.004| - —
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Table 11A

Standard deviation matrix for Dap/DeryT quotients

SZAITO3z| 275 | 325 | 37.5 | 425 | 475|525

245 10.026|0.006 |0.009|0.004|0.0670.017

255 10.026|0.006 |0.009|0.004|0.0670.017

265 0.026|0.006 |0.009|0.006|0.0140.017

275 10.026|0.0060.011/0.013|0.0170.017

285 10.026|0.014/0.015/0.012|0.008 | 0.017

295 10.026| 0.02 |0.013/0.017|0.015/0.017

305 ]0.015/0.011/0.013/0.019|0.0130.017

315 ]0.014/0.015/0.014/0.023|0.024| -

325 10.011|0.017/0.019/0.028|0.023 0.001

335 ]0.012|0.017/0.018/0.024|0.021 0.005

345 10.014|0.0160.0220.011|0.009 0.009

355 10.012|0.016|0.023/0.017|0.013/0.013

365 0.011|0.014/0.012/0.015| 0.01 10.014

375 ]0.016/0.012|0.011/0.016 /0.011| 0.01

385 0.01 |0.013/0.014/0.011/0.017|0.008

395 10.012|0.008|0.009/0.011| 0.01 1 0.006

405 — 10.013|0.008 0.015|0.009|0.009
415 — 10.011|0.024 0.007 |0.011| 0.01
425 — 10.011/0.014 0.006|0.011|0.005
435 - — 10.002|0.003/0.009/0.013
445 - — 10.002|0.003/0.009|0.004
455 - — 10.002|0.0030.006 |0.007
465 - — 10.002/0.003/0.003| -
475 - — 10.002/0.003/0.002| -
485 - — 10.002/0.003, — ]0.004
495 - — 10.002|0.003| - -
505 - — 10.002|/0.003, - -

515 - — 10.002|/0.003, - -
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Table 12A
Standard deviation matrix for Dvit-ps/Deryt quotients

SZAITO3| 275 | 325 | 37.5 | 425 | 475 | 525
245 0.0540.054 | 0.055|0.049 0.038|0.137
255 |0.0540.054 | 0.055|0.049 0.038|0.137
265 |0.0540.0540.055|0.055 0.086|0.137
275 |0.0540.0540.047 0.064 0.086|0.137
285 |0.0540.057|0.054 | 0.065 0.075|0.137
295 |0.096|0.064 |0.053| 0.07 |0.057|0.137
305 0.05 | 0.055| 0.06 |0.071|0.097 |0.137
315 |0.048|0.054|0.061/0.078/0.119| -
325 |0.059|0.061|0.071/0.078|0.075| 0.09
335 |0.052]0.066|0.0790.086 | 0.062 | 0.055
345 |0.065|0.069|0.073/0.072| 0.06 | 0.045
355 |0.061|0.072|0.064 0.073|0.048 | 0.066
365 |0.056| 0.08 {0.0690.062|0.095|0.076
375 |0.054|0.062|0.062 | 0.076 | 0.068 | 0.063
385 |0.108|0.067|0.069 0.059|0.097 | 0.068
395 |0.091|0.062| 0.08 | 0.068|0.043|0.036
405 — 10.057{0.067 | 0.07 |0.052|0.046
415 — 10.04 {0.105 0.018|0.071|0.071
425 — 1 0.04 |{0.043/0.098|0.101 | 0.104
435 - — 10.113|0.018 1 0.096 | 0.09
445 - — 10.113|0.018  0.042 | 0.027
455 - — 10.113|0.018 0.036 |0.123
465 - — 10.113|0.018|0.004| -
475 - - 10.113|0.018|0.007| -
485 - - 10.113|0.018, - 0.045
495 - - ]0.113|0.018, - -
505 - - ]0.113|0.018, - -
515 - - ]0.113|0.018, - -
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200 20

Fig. 1A. Visualisation of the dependence of
DRpna/DReryT coefficients on total ozone and
solar zenith angle.

200 20

Fig. 3A. Visualisation of the dependence of
DRvit-03/DReryT coefficients on total ozone and
solar zenith angle.
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Fig. 2A. Visualisation of the dependence of
DRap/DREeryT coefficients on total ozone and solar
zenith angle.
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Fig. 4A. Visualisation of the dependence of
Dona/Dervt coefficients on total ozone and solar
zenith angle.
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Fig. 5A. Visualisation of the dependence of
Dar/DeryT coefficients on total ozone and solar
zenith angle.

Fig. 6A. Visualisation of the dependence of
Dvit.os/DeryT coefficients on total ozone and solar
zenith angle.
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List of abbreviations and terms used in text

AERONET - an international network for monitoring parameters that determine the proper-
ties of atmospheric aerosol (Aerosol RObotic NETwork),

“AP” index — a biological effect of UV radiation — removal of psoriatic lesions (anti-psoriatic
effect),

“BIOL” index — any chosen biological effect of UV radiation,

CGO - Central Geophysical Observatory located at Belsk,

CIE — the International Commission on Illumination (the Commission Internationale de
1"Eclairage),

DgioL — irradiation dose causing a given biological effect,

“DNA” index — a biological effect of UV radiation — destruction of the DNA structure,

DReioL — irradiation intensity, so-called dose rate causing a given biological effect,

DU — an unit expressing the total ozone content in the atmosphere (Dobson Unit),

EISC — Erythemal Irradiation Strengthening Coefficient,

“ERYT” Index — a biological effect of UV radiation — erythema formation on the skin,

FastRT — a model for ultraviolet radiation simulation (http://nadir.nilu.no/~olaeng/fastrt/
fastrt.html),

FRarea — a coefficient for calculating the individual dose of vitamin D3 referring to the per-
centage value of the body surface area exposed to radiation,

FRrosTure — a coefficient for calculating the personal dose of vitamin D3, dependent on the
position relative to the Sun,

GFS — the Global Forecast System,

GMT — Greenwich Mean Time,

IU — an International Unit of vitamin D3 content, 1000 1U = 25pug,

loess — a function in the R program, based on the improved LOWESS method,

LOWESS — a smoothing method (Locally Weighted Scatterplot Smoothing),

MAPD — minimum anti-psoriatic dose,

MED — minimum erythemal dose,

MODIS — a spectroradiometer on the Aqua and Terra satellite platform (Moderate Resolution
Imaging Spectroradiometer),

MVD3D — minimal vitamin (vit. D3) dose,

OMI — an instrument monitoring total ozone on the Aura satellite platform (Ozone Monitor
Instrument),

PUV-A — phototherapy with UV-A radiation using a photosensitising substance (Psoralen),

SDD - (standard vitamin D dose),

SPF — sun protection factor against UV-B radiation (Sun Protection Factor),

SUP — Selective UV-B Phototherapy,

SZA — the solar zenith angle,

TOs — total ozone,

UV — ultraviolet,

UV-A — ultraviolet in the 315-400 nm range (long wave),

UV-B — ultraviolet in the 280-315 nm range (medium wave),

UV-C — ultraviolet in the 100-280 nm range (short wave),

UVI — UV index,

“VIT _D3” index — a biological effect of UV radiation — induction of vitamin D3 synthesis,

WHO — World Health Organisation.
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