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ABSTRACT 

Air pollution has grown to be a serious environmental problem in recent years, having an impact on both the 
environment and human health. Air quality indicators were calculated using the U.S. Environmental Protection Agency 
procedure in order to assess the state and quality of air surrounding Brega city. The study examined the air quality during 
the period of February 2020 to June 2021, using an average standard of 24 hours to measure pollutants such as sulfur 
dioxide, nitrogen oxides, respirable suspension particles, and suspended particles in four different locations. The findings 
showed that the levels of air pollution for sulfur dioxide, nitrogen oxides, PM10, and PM2.5 were consistently above the 
allowable limit at all sampling sites and that the relative air quality index fell within the severe air pollution range. 
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1. INTRODUCTION 

Rapid industrialization worldwide, along with 
multiple increases in urbanization and economic 
expansion, has ended up resulting in a significant rise in 
air pollution emissions and related severe problems with 
air quality. (1.2) There are negative effects of air pollution 
on human health. (17) Air pollution has long been a 
concern in many nations and areas of the world, 
contributing to a number of issues like climate change, 
greenhouse gas emissions, and environmental 
damage.(10,13,8)  It is characterized as a variation in any air 
ingredient from the value that would have occurred in the 
absence of human activity and worsens ecological 
conditions.(18)Air pollution has long been a concern in 
many nations and areas of the world, contributing to a 
number of issues like climate change, greenhouse gas 
emissions, and environmental damage.(19) Refineries in 
Brega emit a wide range of metals and gases along with 
petroleum.(9,10) The amount of harmful gasses released 
into the air by manufacturing smoke worsens the state of 
the environment and human health, and it's thought that 
each year, millions of tons of hazardous chemicals are 
emitted into the atmosphere. Particles and gases are 
released into the air during any combustion. These can 
include trace amounts of organic compounds, radioactive 
isotopes, soot particles, carbon monoxide, and oxides of 
sulfur and nitrogen. (4) 

Particulate matter (PM) pollution, comprising PM2.5 
(particles with aerodynamic diameter < 2.5 µm) and 
PM10 (particles with aerodynamic diameter ≤ 10 µm), 
has been the focus of attention; nevertheless, the amount 
of other pollutants, particularly ozone (O3), is also 
rapidly rising. Since its debut in the summer, O3 
pollution has tended to surpass PM2.5 as the primary 
pollutant in major Chinese cities, according to statistics 
from national monitoring programs. (3,6). These automated 
stations focus on six pollutants, reporting hourly over the 
internet: carbon monoxide (CO), sulfur dioxide (SO2), 
nitrogen dioxide (NO2), ozone (O3), particulate matter < 
2.5 microns (PM2.5), and particle matter < 10 microns 
(PM10).(8,12,14). Like many other nations, Libya 
experiences air pollution from sources both natural and 
artificial, including transportation. Lack of access to 
public transit leads to an increase in private automobiles, 
which pollute the air and fuel climate change and global 
warming. Libya has five refineries that are located within 
its borders: the Sarir refinery, the Brega refinery, the Ras 
Lanuf oil export port, and the Al Zawiya refinery. The 
primary source of pollution emissions into the 
atmosphere is the refining industry. Natural gas and 
naphtha are among the goods produced by the 
petrochemical sector. (16,20) Our study was carried out 
between February 2020 and June 2021. The study aims to 
evaluate air quality with pollution indicators around the 
Industrial Zone of Brega City. 

2. MATERIALS AND METHODS 

2.1. Study areas 

Brega is an industrial town situated on the southeast 
corner of the Gulf of Sirte, at 30°26′06.0′′N 19°40′01.0′′E 
(Fig. 1). Nowadays, Marsa al-Brega, the original Brega 
settlement, is all but abandoned. The contemporary town 
of Brega, which is separated into three urban sections 
called Brega Area One, Brega Area Two, and the New 
Brega, is located about 4 km north of this settlement. 
North of the local airport and approximately 2 km 
southwest of the seaport is Brega Area One 
(30°24'17.95"N, 19°34'17.89"E). Brega Area Two 
(30°25'2.49" N and 19°38'30.91E) is located 
approximately 6 km east of Brega Area One, and the New 
Brega (30°28'51.92" N and 19°43'37.71" E) is located 
approximately 10 km northeast of Brega Area Two. 

 
Fig. 1. Map of Brega City (the northern and southern Brega City) 

2.2. Study sites 

In order to ascertain the present and spatiotemporal 
aspects of ambient air pollution in Brega City, this study 
investigated the air pollution data that were gathered 
there. To measure the concentration of air quality 
monitoring data (PM2.5, PM10, SO2, and NOx 
concentrations), data from three monitoring sites in and 
around Brega city were used. The information utilized 
covered the months of February 2020 through June 
2021.For ambient air, three sample locations were 
chosen. Brega City's three areas (First Area, Second Area 
and Third Area) were observed. To gather samples, 8 
hours of sampling were conducted at each site. 

Air sampling was conducted using the DV3000, and 
all parameters were examined in accordance with BTEX 
regulations. In order to compute the monthly moving 
average concentration, air was added. 

2.3. Monitoring of ambient air quality 

The air quality index, or AQI, calculates the ratio of 
the ambient air quality to the quantity of pollutants in a 
given area. The AQI's simple calculation and strong 
scientific basis are its main advantages. 

Some of the factors taken into account while selecting 
the parameters to compute the AQI include the index's 
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objective, the significance of the air quality indicators, 
and the availability of data. 

The study region's air quality may be evaluated using 
the air quality index. The AQI may be calculated using a 
variety of formulae and methods. However, in this 
instance, the equation shown below [4, 15] has been 
employed in the AQI value computation. 

 AQI = ¼ × (IPM10/SPM10 + IPM2.5/SPM2.5 + ISO2 
/SSO2 + INO2 /SNO2) × 10 

Where PM2.5, PM10, SO2, and NOx indicate the 
actual pollution values discovered during sampling, and 
SPM10, S SOx, and SNOx represent the revised ambient 
air quality requirements as set out by the Central 
Pollution Control Board of India. Following the findings' 

compilation, an AQI was created from each pollutant's 
concentration. 

The five categories that comprise the AQI scale define 
the range of air quality and its potential health impacts 
(Table 1). There are five levels on the air quality index, 
ranging from 0 (very low) to > 100 (very high). In this 
study, mild air pollution was defined as having an index 
value between 26 and 50, while clean air was defined as 
having an index value between 0 and 25. The pollutant 
with the highest AQI number was added up to calculate 
the total AQI for a particular location. A higher AQI 
score indicates more air pollution and the ensuing health 
impacts. 

 

 

Table 1. Interpretation of the air quality index (AQI) values 

Value Description Health Effects 

0-25 pure air  None or very little impact on health  

26-50 minimal air pollution  Potential cardiac or respiratory effects in the most susceptible people  

51-75 Mild air pollution  Growing probability of respiratory and cardiovascular disorders and symptoms 

76-100 severe air pollution  
worsening of lung or cardiac conditions. higher chance of mortality in kids. (Lung and 

heart problems); heightened consequences among the broader populace 

>100 extreme pollution of the air  
severe worsening of lung or heart illness; increased chance of dying young. significant 

risk of cardiopulmonary symptoms in the general public  

 

3. RESULTS AND DISCUSSION 

In the four Brega City areas that were chosen for this 
study, the concentration levels of air contaminants such 
as NOx, SO2, PM2.5, and PM10 were found to range 
from low to very high for both years. (Figs. 2 and 3, 
Tables 1 and 2) The highest recorded PM2.5 value for 
2020 was discovered to be 80.9µg/m3 at Industrial Area 
2. In 2021, data and the lowest value were recorded at 
73.5 µg/m3 in residential area 2. All PM2.5 values at the 
chosen stations were higher than the allowable limit of 60 
µg/m3 for the two years of study. 

Similarly, for both of the two years under study, 
PM10 was found at all of the chosen stations to be above 
the allowable levels (100 µg/m3). In 2020, the highest 
recorded value of PM10 was 442 µg/m3 at Industrial 
Area 2, while in 2021, the lowest recorded value was 
158.20 µg/m3 at Residential Area 2. Strong and medium-

sized winds produce localized disturbances and turbulent 
environments, which lead to hazy conditions and dust 
storms, which increase the size of the particles. 19,21[. 
Furthermore, SO2 was noted to be higher than the 
allowed thresholds (80µg/m3) The highest recorded value 
was 117µg/m3 at Industrial Area 2 in 2020, while the 
lowest recorded value was 112 mg/m3 at the same 
location in 2021. Similarly, NOX was also observed 
beyond the permissible limits (80µg/m3). The maximum 
value was found at 332µg/m3 at Industrial Area 2 in year 
2020, and the minimum value was observed at 222 
mg/m3 at Industrial Area 2 in year 2021. A limit of 80 
µg/m3 was observed for SO2 and NOx concentrations at 
Residential Area 1 and Residential Area 2 in the study 
period. Our findings here are consistent with earlier 
research evaluating the effects of upcoming emissions 
changes driven by NOx emission reduction. (19,22,23,24) 
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Fig. 2. Showing concentration of parameters (PM2.5, NO2, SO2, and PM10) in 2020 

 

Fig. 3. Showing concentration of (PM10, PM2.5, SO2 and NO2) parameters in 2021 
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Table 2: Estimated value of our sites measuring air pollutants (PM10, PM2.5, SO2, and NOx) of Brega City 

years Parameters Standards (µg/m3) 
Stations 

residential area 1 Industrial area 1 Industrial area 2 residential area 2 

2020 PM2.5 60 111 136 128 75 

 Pm10 100 245 170 442 166 

 SO2 80 6.9 36 117 6.7 

 NOX 80 67 268 332 76 

2021 PM2.5 60 98 120 118 73.5 

 Pm10 100 198 249 345 158.20 

 SO2 80 7.9 18.40 112 10.2 

 NOX 80 19.3 28.3 222 63.5 

Standards Source: Ministry of Environment and Forest, New Delhi, Notification, Dated 16th Nov, 2009  

3.1. Index of Air Quality (AQI) 

The AQI score for the ambient quality of the air 
monitoring data in Al Bubrah City was converted to a 
value during the study period (Table 2, 5). In 2020 and 
2021, the level of air pollution was found to be severe 
and more common in industrial areas than in residential 
areas. In 2020, the level of pollution was high in both 
residential and industrial areas, with the AQI value in 
residential areas falling between the limits of 117.44 and 
130.59 and in industrial areas between 294.15 and 
304.14. While the amount of air pollution in industrial 
regions was high in 2021, only the AQI value was found 
to be within the range of (126.28-239.78), and the AQI 
value in residential areas with high air pollution was 
found to be in the range of (98.20-98.80). 

Table 3: Category of air quality determined by AQI of four 
locations of Brega City in 2020 

Stations AQI AQI Category 

residential area.1 130.59 Severe air pollution 

Industrial area 1 294.15 Severe air pollution 

Industrial area 2 304.14 Severe air pollution 

residential arean.2 117.44 Severe air pollution 

 

 

 

 

 

Table 4: Category of air quality determined by AQI of 
four locations in Brega City in 2021 

Stations AQI AQI Category 

residential area 1 98.80 Heavy air pollution 

Industrial area 1 126.82 Severe air pollution 

Industrial area 2 239.78 Severe air pollution 

residential area 2 
 

93.20 Heavy air pollution 

 

4. CONCLUSIONS 

Al Brega City has measured air pollution and air 
quality, and the outcomes show that PM2.5 and PM10 are 
always outside the allowed limit everywhere. However, 
nitrogen oxides and sulfur dioxide were consistently 
below the allowed limit in residential areas and outside 
the allowed limit in industrial zones. It was discovered 
that relative AQI accurately represented potential extreme 
air pollution that could worsen existing health and 
environmental issues. 

 

 

 

 

 

 



 
 

SJUOB (2024) 37 (2) Applied Sciences: 26 – 31                                                                                   Alghamq and Falani.  

©2024 University of Benghazi. All rights reserved. ISSN:Online 2790-1637, Print 2790-1629;  National Library of Libya, Legal number : 154/2018 
 
      31 
 

REFERENCES 

1. An Z, Huang R-J, Zhang R, Tie X, Li G, Cao J, Zhou W, 
Shi Z, Han Y, Gu Z, Ji Y (2019) Severe haze in northern 
China: a synergy of anthropogenic emissions and 
atmospheric processes. Proc Natl Acad Sci 116:8657–
8666. https://doi.org/10.1073/pnas. 1900125116. 

2. Maji, K. J., & Sarkar, C. (2020). Spatio-temporal 
variations and trends of major air pollutants in China 
during 2015–2018. Environmental Science and Pollution 
Research, 27, 33792-33808. 

3. Chaurasia, S., Dwivedi, P., Singh, R., & Gupta, A. D. 
(2013). Assessment of ambient air quality status and air 
quality index of Bhopal city (Madhya Pradesh), India. Int. 
J. Curr. Sci, 9, 96-101. 

4. Joshi, P.C., and Semwal, M. 2011. Distribution of air 
pollutants in ambient air of district Haridwar (Uttarakhad), 
India: a case study after establishment of state industrial 
development corporation. Int. J. Environ. Sci., 2(1): 237-
243. 

5. Patel, J. A., Prajapati, B. I., & Panchal, V. (2017). 
Assessment of ambient air quality and air quality index 
(AQI) in Dahej Area, Gujarat, India. Nature Environment 
and Pollution Technology, 16(3), 943. 

6. Peng, R.D.; Bell, M.L.; Geyh, A.S.; McDermott, A.; Zeqer, 
S.L.; Samet, J.M.; Dominici, F. Emergency admissions for 
cardiovascular and respiratory diseases and the chemical 
composition of fine particle air pollution. Environ. Health 
Perspect. 2009, 117, 957–963. [CrossRef] [PubMed] 

7. Potential links between environmental exposure to oil 
refineries and non-Hodgkin lymphoma mortality in Spain’, 
International Journal of Health Geographics, 11, pp. 14. 

8. Rohde, R. A  &  ,.Muller, R. A. (2015). Air pollution in 
China: mapping of concentrations and sources  .PloS one  ,

10 )8 ,( e0135749. 

9. Ramis, R., Diggles, P., Boldo, E., Gracia-Perez, J., 
Femendaz-Navarro, P., and Lopez-Abente, G. (2012). 
‘Analysis of matched geographical areas to study. 

10. Salah A. Gadalla*, Wafa A. Hamad, Samah F. 
Abdelwahab, Asma M. Muhammed, and Dalal F. 
Muhammed (2018): Health effects and complaints among 
sample residents who live close to petroleum plants in El 
Brega, Libya. Journal of Science & Technology 8:1 pp. 
3739 

11. World Health Organization. WHO methods and data 
sources for global causes of death 2000–2012. Global 
Health Estimates Technical Paper 
WHO/HIS/HSI/GHE/2014.7. 2014. Available: 

http://www.who.int/entity/healthinfo/global_burden_diseas
e/GlobalCOD_method_2000_2012.pdf 

12. Wang J, Xua X, Spurr R, Wang Y, Drury E. Improved 
algorithm for MODIS satellite retrievals of aerosol optical 
thickness over land in dusty atmosphere: Implications for 
air quality monitoring in China. Remote Sensing Env. 
2010; 114: 2575-2583. 

13. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et 
al. Rapid health transition in China, 1990–2010: findings 
from the Global Burden of Disease Study 2010. Lancet 
2013; 381: 1987–2015. pmid:23746901 

14. Zhang Q, Geng GN, Wang SW, Richter A, He KB. 
Satellite remote sensing of changes in NOx emissions over 
China during 1996–2010. Chinese Sci. Bull. 2012; 57(22): 
2857–2864. doi: 10.1007/ s11434-012-5015-4. 

15. Zlauddin, A., and Siddique, N.A. 2006. Air quality index 
(AQI)—a tool to determine ambient air quality. Pollution 
Research, 25: 885–887. 

16. AL-Salihi, A.M.; Mohammed, T.H. The effect of dust 
storms on some meteorological elements over Baghdad, 
Iraq: Study Cases. J. Appl. Phys. 2015, 7, 1–7. 

17. Macintyre, H. L., Mitsakou, C., Vieno, M., Heal, M. R., 
Heaviside, C., & Exley, K. S. (2023). Future impacts of O3 
on respiratory hospital admission in the UK from current 
emissions policies. Environment International, 178, 
108046. 

18. Ubuoh, E., Kanu, C., & Mpamah, I. (2017). Assessment of 
Air Quality Status Using Pollution Standard Index in 
Udeagbala Industrial Area, Abia State, Nigeria. Int J Geogr 
Environ Manage, 3(3), 47-57. 

19. Jumaah, H. J., Ameen, M. H., Kalantar, B., Rizeei, H. M., 
& Jumaah, S. J. (2019). Air quality index prediction using 
IDW geostatistical technique and OLS-based GIS 
technique in Kuala Lumpur, Malaysia. Geomatics, Natural 
Hazards, and Risk, 10(1), 2185-2199. 

20. Eslami A, Ghasemi SM. 2018. Determination of the best 
interpolation method in estimating the concentration of 
environmental air pollutants in Tehran city in 2015. J Air 
Pollut Health. 3(4):187–198. doi:10.18502/japh.v3i4.402. 

21. Mamta P, Bassin JK. 2010. Analysis of ambient air quality 
using air quality index—a case study. Int J Adv Eng 
Technol. 1(2):106–114. 

22. Fenech, S., Doherty, R.M., O’Connor, F.M., Heaviside, C., 
Macintyre, H.L., Vardoulakis, S., et al., 2021. Future air 
pollution related health burdens associated with RCP 
emission changes in the UK. Sci. Total Environ., 145635 
https://doi.org/ 10.1016/j.scitotenv.2021.145635. 

23. Heal, M.R., Heaviside, C., Doherty, R.M., Vieno, M., 
Stevenson, D.S., Vardoulakis, S., 2013. Health burdens of 
surface ozone in the UK for a range of future scenarios. 
Environ. Int. 61, 36–44. 

https://doi.org/10.1016/j.envint.2013.09.010. 

24. Hedegaard, G.B., Christensen, J.H., Brandt, J., 2013. The 
relative importance of impacts from climate change vs. 
emissions change on air pollution levels in the 21st 
century. Atmos. Chem. Phys. 13, 3569–3585.  

https://doi.org/10.5194/acp-13-3569-2013.  

 

 


