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Introduction: UV index is a precaution index that shows level of exposure to 
sunlight UV. UV index can be calculated by the related formula according to 
solar spectral irradiance (Eλ). But this formula and others like this are mostly 
used when sky is clear. The aim of this investigation is determination of effect 
of PM2.5 and NO2 concentration on UV index.
Material and methods:  Two points with the same altitude were chosen and 
the PM2.5 and NO2 concentrations, and UV index were measured 4 h every 
day from 11am to 3 pm, in these points during one month from 15 October 
till 15 November 2016. 
Results: Simple and interaction regression models showed significant reverse 
relationship between contaminants concentration and UVI (Pvalue ≤ 0.05), al-
though the effect of PM2.5 concentration was more significant than NO2 (Pvalue 
≤  0.001), in both point. 
Conclusions: There is a strong correlation between PM2.5 concentration and 
decrease in UV index. Also a significant correlation between NO2 concentra-
tion and UV index was found and any significant correlation between UV 
index and interaction effect of NO2 - PM2.5 was not appeared. Results of this 
study showed that air pollutants concentration can reduce UV index, thus it 
can change the risk of skin eczema and skin cancer.
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INTRODUCTION

From the total spectrum of sunlight Ultra violet 
(UV) radiation, almost entire UVA spectrum (315 
- 400 nm) can be received by the earth surface [1]. 
Small amount of UV radiation may be beneficial 
for medical supervision such as vitamin D gen-
eration, or treatment of some dermal disease such 
as eczema and psoriasis [2]. But, long time ex-
posure to UV radiation can lead to a lot of health 
effects such as sunburn, tanning; degenerative 
changes in dermal cells induced by UV radia-
tion, eye’s inflammatory reactions such as pho-

tokeratitis could occur, besides, exposure to UV 
radiation can induce skin cancer [3 - 4]. As result, 
for protection of public health from UV radiation 
effects, the UV index (UVI) must be calculated 
and announced by the related agencies in several 
countries as a caution to the public for health pro-
tection [5]. The UVI  can be determined by Eq. 
(1), suggested by the International Commission 
on Illumination (CIE) reference action spectrum 
for UV induced erythema on the human skin [6] 
(ISO 17166:1999/CIES 007/E-1998) : 
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                 (UVI calculation formula)      

IUV: UV index
Eλ : solar spectral irradiance (W/m2.nm) at wave-
length λ
dλ : wavelength
Ser : erythma reference action spectrum
Ker: 40 m2/W (constant)
Also another formula was suggested and applied 
to calculate UVI [7]. A little part of UVB spec-
trum (280 to 315 nm) can be received by the earth 
surface, therefore some parts of the formula us-
ing for UVI calculation can also take to account 
for this spectrum either [8]. As the result, the 
main differences between different formulas are 
in range of measured wavelength. All of the for-
mula in this issue is applicable for clear sky, but 
air pollutants concentration may effect on UVI as 
mentioned by several studies.
The concentration of anthropogenic pollutants 
in the urban areas, in different seasons is differ-
ent because of several meteorological conditions 
such as air temperature, humidity and wind speed 
[9]. So, UVI must be determined by taking to ac-
count of pollutants effect. As the result, the main 
aim of this study is to determine NO2 and PM2.5 
concentrations on UV index.

MATERIALS AND METHODS

In a clear atmosphere, the received UV to the 
earth surface in areas where have same altitude 
, are the same [10]. In addition, the points with 
different altitudes, have achieved different values 
of UV [11]. Therefore, for prevention from these 
confounding effects on measurements, two points 
with the partially same altitude and latitude were 
chosen.  The first point was in: 35.69” N, 51.39 “ 
E and 1194:00 m elevation and the second point 
was in: 39.70” N, 51.28” E and 1180 m elevation. 
The measurement period was from 15 October 
2016 to 15 November 2016. As world health or-
ganization (WHO) reported, dangerous hours for 
UV exposure are from 11am to 3 pm [6]. So, the 
UV radiation intensity was measured every day in 
this time period.  These measurements were done 
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IUV= ker .  . Ser ( λ) dλ     (UVI calculation formula)                                      (1) 

IUV: UV index 

Eλ : solar spectral irradiance (W/m2.nm) at wavelength λ 

dλ : wavelength 

(1) simultaneously in both points by Hand-held-lux-
UV-IR meter (LABOLD, Germany) device.  For 
measurement of the NO2 the Griess- Saltzman 
method was applied. The impingers contents 
were unloaded every hour and were renewed. In 
addition for measurement of PM2.5 concentration, 
the Grimm fine particle analyzer (environ check 
1165) was used. The sampling periods were 4 h 
continuously (11am to 3 pm every day). The UV 
index (UVI) was calculated by mean of measured 
UV radiation intensity values (every day) using 
Eq. (1). For determination correlation between 
UVI and two air pollutant concentration, and 
for comparison of UVI value in these points, the 
achieved data were analyzed by R i386 3.4.1.

RESULTS AND DISCUSSION 

The calculated UVI, NO2 and PM2.5 concentra-
tions in both points were reported in Table 1.
The relationship between NO2 and PM 2.5 con-
centration and UVI was examined by interaction 
multiple regression and simple regression mod-
els. The summary of these statistic exams were 
mentioned in Table 2.
For the comparison of UVI values in different 
places the paired t- test was used. The Pvalue of the 
t- test was < 0.001, that shows significant differ-
ences between UVI in two difference points. 
As shown in Table 2, there is a significant cor-
relation between PM2.5 and NO2 concentrations in 
the air and UVI value in both of point1 and point 
2 (Pvalue < 0.05), also the effect of interaction of 
PM2.5 and NO2 was significant at 0.9 confidence 
interval.  In analysis of AIC was shown that in 
the first point, the best regression model is inter-
action model, while in second point, there was 
not any differences between two fitted models for 
prediction UVI. On the other hand the paired t-
test result shows significant differences between 
UVI in the two measurement points. In this study, 
for elimination of time and place confounding 
effects the UV radiation was measured in both 
of points simultaneously and also was tried that 
latitude of both points be the same. The result of 
this study shown there are reverse relationship 
between UVI and PM2.5 and NO2 concentration 
in the atmosphere.   
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Table 1. UVI values and NO2 and PM2.5 concentrations in measurement periods

Table 2. Summary of regression models between UVI value and pollutants concentration

Table 1. UVI values and NO2 and PM2.5 concentrations in measurement periods 

Days of 
sampling 

Point 1 Point 2 

NO2 concentration 
(µg/m3) 

PM2.5 concentration 
(µg/m3) 

UVI 
NO2 concentration 

(µg/m3) 
PM2.5 concentration 

(µg/m3) 
UVI 

1 29.87 57.29 5 11.95 20.05 3 
2 41.79 88.16 3 16.72 30.86 2 
3 46.5 102.54 2 18.60 35.89 1 
4 40.91 104.41 2 16.36 36.54 1 
5 37.2 91.37 2 14.88 31.98 1 
6 43.45 91.25 4 17.38 31.94 2 
7 37.08 69.33 4 14.83 24.27 2 
8 30.58 26.83 9 12.23 9.39 5 
9 41.37 56.7 4 16.55 19.85 2 

10 52.33 81.12 3 20.93 28.39 2 
11 44.54 89.29 2 17.82 31.25 1 
12 46.7 93.62 2 18.68 32.77 1 
13 31 49.41 9 12.40 17.29 5 
14 30.95 22.25 9 12.38 7.79 5 
15 28.83 18.04 9 11.53 6.31 5 
16 30.95 26.95 8 12.38 9.43 4 
17 46.7 62.2 4 18.68 21.77 2 
18 52.25 87.16 3 20.90 30.51 2 
19 56.2 103.62 1 22.48 36.27 1 
20 54.83 106.75 1 21.93 37.36 1 
21 40.33 59.04 3 16.13 20.66 2 
22 48.95 80.04 4 19.58 28.01 2 
23 42.25 57.7 5 16.90 20.20 3 
24 37.54 61.25 5 15.02 21.44 3 
25 31.33 34.54 8 12.53 12.09 4 
26 31.75 39.45 8 12.70 13.81 4 
27 37.58 59.79 5 15.03 20.93 3 
28 41.04 57.58 5 16.42 20.15 3 
29 43.58 65.37 5 17.43 22.88 3 
30 44.29 79.04 4 17.72 27.66 2 

 

The relationship between NO2 and PM 2.5 concentration and UVI was examined by interaction 
multiple regression and simple regression models. The summary of these statistic exams were 
mentioned in Table 2. 

 

 

 

Table 2. Summary of regression models between UVI value and pollutants concentration 

Variables 

Point 1 Point 2 

Interaction model 
Simple regression 

model 
Interaction model 

Simple regression 
model 

Estimate Pvalue Estimate Pvalue Estimate Pvalue Estimate Pvalue 
Intercept 16.56 > 0.001 12.22 > 0.001 22.75 > 0.001 17.68 > 0.001 

PM2.5 - 0.13 > 0.001 - 0.07 > 0.001 - 0.42 0.002 - 0.29 > 0.001 
NO2 - 0.18 0.02 - 0.06 0.09 - 0.61 0.04 - 0.25 0.06 

PM2.5 * NO2 0.001 0.07 - - 0.01 0.17 - - 
R2 0.89 0.88 0.88 0.87 

AIC 82.03 83.66 117 117 

 

For the comparison of UVI values in different places the paired t- test was used. The Pvalue of the 
t- test was < 0.001, that shows significant differences between UVI in two difference points.  

As shown in Table 2, there is a significant correlation between PM2.5 and NO2 concentrations in 
the air and UVI value in both of point1 and point 2 (Pvalue < 0.05), also the effect of interaction of 
PM2.5 and NO2 was significant at 0.9 confidence interval.  In analysis of AIC was shown that in 
the first point, the best regression model is interaction model, while in second point, there was 
not any differences between two fitted models for prediction UVI. On the other hand the paired 
t-test result shows significant differences between UVI in the two measurement points. In this 
study, for elimination of time and place confounding effects the UV radiation was measured in 
both of points simultaneously and also was tried that latitude of both points be the same. The 
result of this study shown there are reverse relationship between UVI and PM2.5 and NO2 
concentration in the atmosphere.    

Many of the related studies reported UV significant effect on increasing the incidence rate of 
skin eczema. Many researchers  demonstrated the reverse correlation between UVI and skin 
eczema incidence [12]. As the result, reduction of UVI by PM2.5 and NO2 can increase the risk of 
eczema. But about the skin cancer, the effects are different. It was  reported by some researchers 
the significant relationship between UVI and incidence of all the tree types of skin cancer 
including squamous cell carcinoma (SCC), basal cell carcinoma (BCC) and cutaneous melanoma 
(CM) [13]. 

As IARC mentioned, UV spectrum from sunlight is major part of background radiation that 
exposure to this sources is unavoidable [14]. But in case of UV spectrum, the exposure could be 
decreased by suitable clothing, anti sunlight cream and also as a major protection method, 
avoiding exposure to sunlight in critical time so the well and valid information about UVI is 
important for choosing the best protection strategy. Therefore, report of UVI from correspond 
agencies must be by attention to the air quality. Also, the calculation of UVI should not be 

Many of the related studies reported UV signif-
icant effect on increasing the incidence rate of 
skin eczema. Many researchers  demonstrated the 
reverse correlation between UVI and skin eczema 
incidence [12]. As the result, reduction of UVI by 
PM2.5 and NO2 can increase the risk of eczema. 

But about the skin cancer, the effects are differ-
ent. It was  reported by some researchers the sig-
nificant relationship between UVI and incidence 
of all the tree types of skin cancer including squa-
mous cell carcinoma (SCC), basal cell carcinoma 
(BCC) and cutaneous melanoma (CM) [13].
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As IARC mentioned, UV spectrum from sunlight 
is major part of background radiation that expo-
sure to this sources is unavoidable [14]. But in 
case of UV spectrum, the exposure could be de-
creased by suitable clothing, anti sunlight cream 
and also as a major protection method, avoiding 
exposure to sunlight in critical time so the well 
and valid information about UVI is important for 
choosing the best protection strategy. Therefore, 
report of UVI from correspond agencies must be 
by attention to the air quality. Also, the calcula-
tion of UVI should not be performed according 
to default values of Eλ (calculated from altitude) 
and must be measured by UV meter. 

CONCLUSIONS

The UVI can be affected by the ambient air pol-
lutants such as PM2.5 and NO2. These pollutants 
and maybe others can decrease UVI level. So, the 
report of UVI for public health protection must 
be by attention to these pollutants effect on UVI. 
In the urban area with long time periods of ele-
vated concentrations of PM2.5 and NO2 , exposure 
of  people to the UV could be significantly lower 
than an area with the same altitude and longitude, 
where have higher air quality.    
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