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Abstract 
 

Many outdoor workers are exposed continuously to ultraviolet radiation; it is 

present everywhere; it known to very high risks on the human body and 

causes various health effects. The eyes and skin are the first organs affected 

by long-term and acute exposure to Ultraviolet rays. Despite this, ultraviolet 

exposure will be a high risk if neglected, and it is dangerous if increased 

exposure to it. Which exposure to ultraviolet rays is affected by 

environmental, individual, and Professional Factors; this is why it is 

necessary to understand better, know the risks and measure them to develop 

strategies properly and plans to avoid them. At the same time, there is a 

major problem the lack of available and sufficient methods to measure global 

exposure to ultraviolet rays, especially long term exposure. This study 

proposes to give a general overview of the Ultraviolet exposure risk of 

outdoor workers in Baghdad and to estimate the beneficial and harmful 

effects of adequate Ultraviolet exposure on human health using the portable 

sensor during working days. The results show that maximum and minimum 

temperature data for Baghdad's city were highest in July and August for five 

years from 2015 to 2019, the lowest temperature was in January and 

December. And the DTI the relationship of temperature and relative 

humidity, the results were most days of TDI class A( No discomfort), with a 

few days of TDI class B (Under 50% of the population feels discomfort ) and 

C (Over 50% of the population feels discomfort). 
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1 Introduction 
 

Sunlight has played an essential role in the development of life on earth. 

The visible regions and infrared of the solar radiation comprise 95 percent of 

the total radiation reaching the earth's surface[1]. 

 The ultraviolet component comprises approximately 5 percent of the 

radiant energy; although, this component is for the most part responsible for 

the deleterious effects of solar exposure [1] 

 Ultraviolet has a wavelength from 100 nm (with a comparable frequency 

of approximately 30 PHz) to 400 nm (750 THz) and its forms of 

electromagnetic radiation, longer than X-rays but shorter than that of visible 

light. UV radiation is present in sunlight and composes about 10 percent of 

the sun's total electromagnetic radiation production[2].   

 

2 Ultraviolet Radiation  
 

Everyone is exposed to UVR from the sun as a natural source and from 

different artificial sources [3]. Ultraviolet radiation is divided into three 

bands with rang of wavelength λ[3]: 

 

UV--A (λ: 315 to 400 nm) 

UV--B (λ: 280 to 315 nm) 

UV--C (λ: less than 280 nm)  

 

Notwithstanding, dermatological photobiologists commonly and 

environmental use lightly different divisions, more nearly associated with the 

biological effect of the various wavelengths [3] 

No. Acronym Description  

 

1 ICNIRP International Commission on Non-Ionizing Radiation Protection 

2 UVI Ultraviolet Index 

3 UVE Ultraviolet exposure 

4 UVR Ultraviolet radiation 

5 λ Wavelength 

6 µm 
Micrometer = 10

-6 
m 

7 UV Ultraviolet Radiation  

8   nm 
Nanometer 10

-9
 meter 
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U--A (λ: 400-320nm) 

UV--B (λ:  320-290nm) 

UV--C (λ: 290-200nm) 

 

  UV--A is only fractionally effected, but Atmospheric ozone shields life 

at the earth surface from about 90 percent of the UV--B and almost all of the 

UV--C. therefore UV-B is biologically very effective and the most 

significant dangerous portion of Ultraviolet radiation reaching the earth 

surface [4]. 

UV rays are impossible or nearly impossible to see to most humans. In 

the wavelength range of 300 to 400 nm. The blocks most radiation by lens of 

the human eye and shorter wavelengths are blocked by the cornea.[4] 

Humans also lack colour receptor adaptations for UVR. even so, the retina 

photoreceptors are sensitized to near Ultraviolet, and people without a lens (a 

condition well known as "aphakia") perceive near Ultraviolet as whitish-

violet or whitish-blue.[5] So,  children and young adults in some situations 

can see UV down to wavelengths of about 310 nm.[6] [7] But, Near 

Ultraviolet radiation is visible to birds, insects, and some mammals. Baby 

birds have a fourth colour receptor for Ultraviolet radiation; this gives birds 

"true"  Ultraviolet vision.[8][9] 

The Main Factors Affecting the Outdoor Worker from Ultraviolet  

Rays [10]  

 

2.1 Environmental Factors   
 

 A leading environmental factors According to (ICNIRP), affecting on 

solar UVR that reaching the earth's surface area is both (spectral composition 

and the total amount) are [11]:  

 

2.1.1 Altitude of the Surface  
 

The ability to cause sunburns by solar UV exposure will increases by 4 

% at every 300 meters  so that UV exposure increases with altitude. 

 

2.1.2 The Angle of the Sun on the Horizon Depends Upon 
 

 The Latitude: with increasing distance from the equator, The total of 

UVR exposure decreases. 

 In the seasons: there are significant seasonal variations in exposure 

of UVR; in temperate countries, where the changes are less if they 

became closer to the equator of the earth. 

 The number of hours of the day: about 75% between( 9:00 am - 3:00 

pm ), and  about 20 to 30%  between hours (11:00 am - 1:00 pm)  of 

total exposure to UVR is happening In summer. 
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2.1.3 Atmospheric and Ozone Composition  
 

Pollutants particles and other gaseous that existence in the atmosphere 

which interacts with UVR, producing different optical phenomena, like 

diffusion, absorption, reflection, and refraction. Nevertheless, the increase in 

pollutants in the atmosphere, especially the troposphere, reduces exposure to 

ultraviolet rays, but this phenomenon may increase in some cases. 

 

2.1.4 Clouds  
 

With complete cloud cover, the Solar UVR is generally reduced by 50%, 

but cannot adequately shield UVR with incomplete coverage of cloud, but 

may be blocked by the clouds only 10%. In some time, refraction, reflection, 

and diffusion phenomena may increase UV exposure.  

 
2.1.5 Reflection from Surfaces  
 

Reflection from surfaces can increase exposure to UV rays. Which may 

be protected from ultraviolet rays, such as the eyes, the reflection may be 

from leaves or grass, which represents approximately 2%,  sand, which 

represents approximately 15 to 20%,  snow, which is approximately 8 to 9%,  

water may depend on the angle of reflection  which represents approximately 

10 to 65%.  [11] [12] 

 

2.2  Individual Factors 

 
UVR exposure affects individual factors like outdoor activity, sports or 

leisure time on holidays or outdoor hobbies, and work. For that reason, It 

must be noted that (20–30 minute)  in the sun in the most heated hours in the 

day of summer to induce erythema in pale skin individuals at intermediate 

latitudes of outdoor activity, but in winter, more hours could be necessary. 

   The common relevant factors influencing solar UVE are Individual 

behaviours, like wearing a wide-brimmed hat, sunglasses to protect the eye, 

using sunscreen to protect the skin, protective clothes and seek shade [11] 

[13]. These behavioural and cultural factors, which are necessary to prevent 

excessive  UV exposure, 

  Moreover, It is essential to determine the potential harms of exposure to 

ultraviolet rays, especially exposure to the skin, because some people have 

less exposure than others. [14]. There are skin diseases that do not have any 

relationship to ultraviolet rays, such as psoriasis, scleroderma and lupus 

erythematosus of the skin. Thus these diseases may enhance by exposure to 

ultraviolet rays. [11] [13]  [14] 
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2.3 Professional Factors 
 

The environmental factors affect long-term and severe, which is 

cumulative on the body as well as individual factors. For instance: the solar 

UVE of outdoor workers may include the presence of reflective surfaces in 

the work environment, such as glass or water and metal. Besides, my be the 

workers are must do their activities in the hottest seasons or in the middle 

hours in the day, as happens typically both in the ( agricultural and 

construction ). Additionally, the working site determines which areas of the 

body are most exposed to ultraviolet rays, which leads to extensive exposure 

to the face, neck and hands. Lastly, the worker must use individual 

protection, such as sunscreen, adequate clothes, sunglasses, and caps, to 

determine worker skin and eye exposure [13]  [14] [11]. Outdoor work is 

unusually relevant in cumulative exposure, then ending in adverse effects, 

According to Agency for Safety "the European Agency for Safety and Health 

at Work", outdoor work is exposure at least the75% for Solar radiation at the 

working time, and it covers a non exhaustive listing of activity: farmers, 

Construction workers, garden and park worker, traffic policemen, police, and 

a lot of them who have outside work [15]. 

 

3 Relationship between Temperature and Relative 
Humidity 
 

The months of comfort and discomfort will be determined using the 

temperature and relative humidity index, which is an appropriate standard to 

describe people's sense of hot weather. One of the advantages of this law is 

that it used two elements to express a person's comfort: heat and humidity 

[16 -21].  

This equation was used as a result of the availability of climatic elements 

such as temperature and humidity to suit the climatic conditions, and The 

data that been used included the monthly average of the temperature shown 

in the Table 1, to determine The months of satisfaction and discomfort  from 

average temperature and average relative humidity data were used to 

calculate the HDI using the following equation of (TDI in °C)  [17] [18]  as 

follows : 

 

 TDI = (Td )−( 0.55 (1 − 0.01 RH) (Td − 14.5)) [17]  

TDI Calculation: Thom's discomfort index. 

Where: 

 T: air temperature (◦C). 

 RH: relative humidity (%). 

 

 

 
 

 



 
 

 

 

 

 

 

1802 Seroor Atalah Khaleefa Ali et al 

 
Table 1: Description of comfort, Types of TDI, and ranges the index of Thom's 

discomfort (TDI) [17] [18]. 

Description of comfort Types of TDI  Range in (C°) 

There is no discomfort  A Less than 21 

There is less than 50% of a population feels 

discomfort 

B 21 to 23.99 

There is more than 50% of a population feels 

discomfort 

C 24 to 26.99 

Most of the population will feels discomfort D 27 to 28.99 

Almost Everyone feels discomfort E 29 to 31.99 

It the State of a medical emergency F More than 32 

 

 

4 Experimental Work 
 

  The discrete wearable sensor is 12mm wide and 6mm high and weighs 

17.4 grams, including the clip. 

The sensor is the first battery-free wearable electronic sensor to monitor 

personal UV exposure. The personalized technology provides updates in 

real-time, stores up to three months of data and shows exposure trends over 

time. The sensor and its accompanying app make personal UV data easily 

accessible, allowing users to track their UV exposure—as well as humidity 

and temperature, as shown in the Figure1. 

 

 
Figure 1: a sensor to indicate  the amount of UV 
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4.1 Data Collection Method 

The study was conducted in the winter season from the beginning of 

November 2020; at first, began to search for the selection of a worker who 

works the most time in the open air outside the buildings for a period ranging 

from two hours to four hours or more during the daylight, so that the worker 

is exposed to an enormous amount of sun and exposure to radiation 

Ultraviolet. 

The workers site was chosen in different locations in Baghdad from both 

sides of al-Karkh and al-Rusafa, but the focus was on the Rusafa side. Most 

of the workers were construction workers, and there are also scattered 

workers such as those working in public parks, traffic and police officers, 

and their ages ranged between 20 and 50 old. 

Workers had different skin colours during working days ranging from 3 

to 5 days per week, depending on the working days. 

The readings were taken by a sensor device that is attached to the collar 

of the shirt, wrist, or hat of the working person, where the number of UV 

rays that reach them can be measured during the working day and at the end 

of each working day, the data is downloaded to the mobile device using the 

NFC feature where the reading is stored and recorded, So that every one day 

work, one reading is taken. 

 

5 Results and Discussion 
 

5.1 Temperatures 
 

 When the average maximum and minimum temperature data for the city 

of Baghdad are collected, the data were taken from the Ministry of 

transportation Iraqi Meteorology and Seismology,as shown in the Figure 2, 

we notice that the highest temperatures were in July and August for a period 

of five years from 2015 to 2019  and in the in the Figure3 the lowest 

temperature was in January and December. 
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Figure 2 : The mean max temperature in Baghdad from 2015 to 2019. 
 

 
Figure 3: Mean Min Temperature for 2015 to 2019. 

 

 

5.2 Relative Humidity  
 

When the data of mean Relative humidity for the city of Baghdad are 

collected, the data were taken from the Ministry of transportation Iraqi 

Meteorology and Seismology; the Relative humidity during five years from 

2015 to 2019, shows that the less relatively humid in June, July, August and 

September. But In January, February, May, November and December, the 

relative humidity was high, as shown in the Figure 4. 
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Figure 4: the mean relative humidity from 2015 – 2019. 

 

Temperature and relative humidity readings were taken by the sensor at 

the highest degree of ultraviolet rays and ranged between 3 and 4, and at 

11:00 am to 1:00 pm in both ( November and December) in 2020. 

And when using the mathematical relationship of DTI to determine the 

days of rest and discomfort, the results were as shown in the Figure5 most 

days of TDI class A( No discomfort), with a few days of TDI class B (Under 

50% of the population feels discomfort ) and C (Over 50% of the population 

feels discomfort). 

 

 
 

Figure 5:  TDI for November and December with TDI class. 

 
5.3 Ultraviolet Rays 
 

The results of exposure to ultraviolet rays in the open air were as shown 

in the table 2 for November and December 2020 and January 2021. 
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Table 2  Ultraviolet exposure on outdoor worker. 

 
No. date No. of 

Readings 

mean 

exposure 

to UV 

rays 

mean 

exposure 

to UVA 

Mean 

exposure 

to UVB 

The 

number 

of safe 

days 

The 

number 

of high 

risk 

days 

Total 

exposure 

rate per 

month 

rate 

of 

UV 

index 

1 11/2020 15 1.53 0.695 0.404 6 9 0.5 3.65 

2 12/2020 20 1.44 0.7 0.279 10 10 0.5 2.8 

3 1/2021 27 1.61 0.75 0.388 15 12 0.8 3.16 

 

 

Figure 6 shows the total exposure to the ultraviolet rays and a percentage 

of the exposure for types, UVA and UVB rays. 

 

 
 

Figure 6 :  total exposure of UV % , UVA% and UVB%  

 

 

6 Conclusions 
 

In this study, ultraviolet radiation, its types, and its effect on the body, as 

well as the effect of temperatures and relative humidity on the outdoor 

worker, were explained, and the data were collected from various sources of 

temperature, UV data, cloud cover and relative humidity. 

In the current study, the effect of ultraviolet rays reaching the worker 

working in the open air was studied by a sensor placed in the working 

person's clothes during working hours. And At the end of each working day, 

the readings are taken and recorded manually in the Excel program to be 

analysed. 
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This study showed that the beginning of the study was in the winter 

season in November. However, the ultraviolet rays were relatively few, 

ranging between 3 and 4, but that there are high risks due to the long work 

time under the sun's rays and even safer days appeared.  

The data were collected from the outdoor worker the UV exposure in 

November 2020 for 15 days with average UV index 3.65, and the mean UV 

exposure was 1.53 most of the exposure is UVA 0.695 with UVB 0.404, so 

there were six days safe and nine days high risk. 

The UV exposure in December 2020 for 20 days with average UV index 

2.8, and the mean UV exposure was 1.44 most of the exposure is  UVA 0.7 

with UVB 0.279, so there were ten days safe and ten days high risk. 

  The UV exposure in January 2021 for 27 days with average UV index 

3.16. The mean UV exposure was 1.61; most of the exposure is UVA 0.75 

with UVB 0.388, so there were fifteen days safe and twelve days high risk. 

The results show that maximum and minimum temperature data for 

Baghdad's city the highest temperatures were in July and August for five 

years from 2015 to 2019, and the lowest temperature was in January and 

December. and the DTI the relationship of temperature and relative humidity, 

the results were most days of TDI class A( No discomfort), with  a few days 

of TDI class B (Under 50% of the population feels discomfort ) and C (Over 

50% of the population feels discomfort) 

 

 

7 Recommendations for future work 
 

In light of the results, this study suggests the following paragraphs for 

future research work: 

1- Measuring regularly over a whole year from the beginning of the first 

month of January to December to know the number of ultraviolet rays that 

the worker is exposed to in the open air and compare it between the previous 

seasons year. 

2 - Measuring the percentage of exposure to ultraviolet rays in a 

straightforward way for each type of work on the outdoor worker, taking into 

consideration the working times, duration, weather condition, skin type, 

person's medical history, and sample collection, especially in times of high 

exposure such as summer, where due to the difference in the amount of 

sunlight falling On the surface of the earth, this data could assist future 

studies. 

3 - Spread awareness among workers to know the risks to which they are 

exposed and pay attention to personal protective equipment such as glasses, 

hats, appropriate clothes and sunscreens, pay attention to working times, 

especially in the summer when the amount of exposure to radiation is very 

high. 
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