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Abstract: Polycyclic aromatic hydrocarbons (PAH᾽s) are chemical compounds considered as pollutants of high priority due to their 
carcinogenic potential. PAH᾽s can appear in water, soil or in the atmosphere as adsorbed on particulate material or in the gas phase. An 
increased number of studies on atmospheric PAH᾽s in urban areas have been published in the last decade, especially in the last years. 
This study describes a simple, sensitive method to determine the – PAH᾽s in the air of the city center. Moss bags technique [active 
biomonitoring] was applied to assess levels of hydrocarbons in the air of the Absheron peninsula, Azerbaijan. This paper provides a brief, 
focused overview of what constitutes a PAH᾽s found in mosses, highlights the harmful effects they may have on the human population, 
make some comments on their environmental sources and analysis. 
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1 INTRODUCTION 

   

olycyclic aromatic hydrocarbons (PAH᾽s) are a class of 

organic pollutants existing extensively in the atmosphere 

and mainly formed and emitted as a result of incomplete 

combustion of organic matter such as fossil fuel and biomass. 

PAH᾽s have been extensively studied in the urban atmosphere 

over the past two decades mainly due to the public health ef-

fects associated with their carcinogenic and/or mutagenic 

properties [1], [2], [3]. 

The main source of PAH is engine combustions, industrial 

processes, domestic heating systems or natural sources such as 

volcanic eruptions and wildfires [4], [5]. 

With the increasing awareness day by day about envi-

ronmental degradation and pollution, the field of ecology has 

become an entirety in itself [6]. The pace with which this 

stream of environmental science has progressed has invented 

a lot of newer terms with meanings totally unrelated to the 

common words [7]. Ecology is all about how the environment 

is maintained, degrades and destroyed by man and the vari-

ous harmful effect that can be associated with the ecological 

imbalance [7]. The gravity of this ecological imbalance has 

been well understood by the ecologist, one of the consequenc-

es of this is the emergence of terminologies in the science of 

ecology [8]. 

Over the past two decades, the percentage of the 

population who live in urban areas has risen to over 50% and 

this proportion is expected to increase to over 70% by 2050 [9]. 

In highly populated areas, anthropogenic activities can cause 

very high air pollutant concentrations. This includes emissions 

both from stationary sources such as industry and domestic 

combustion and mobile sources, especially road traffic. Vari-

ous organic and inorganic pollutants have been studied as 

tracers of urban atmospheric pollutants on a regional scale 

[10], [11], [12], [13], [14]. 

Additionally, some previous studies showed that the 

main sources of PAH in urban areas from Asia and Europe 

were traffic exhaust (diesel or gasoline) and certain industrial 

processes, as shown by Kong et al. [15]. The health assessment 

document from the USEPA mentions that diesel exhaust (DE) 

is likely to be carcinogenic to humans by inhalation. This evi-

dence has been shown in different studies [16], [17] and from 

several years ago [18]. Recent data from Liu et al. [19] had 

shown that diesel engine contributes to a higher amount of 

PAH than gasoline. However, PAH᾽s seem to present more 

carcinogenic potential in gasoline [19]. Although the majority 

of research works show cancer as a consequence of occupa-

tional exposure due to pollution like DE, it is reasonable to 

presume that the hazard extends to environmental exposure 

levels [20].  

PAH᾽s are slowly transformed into the environment 

through chemical and biological processes. The chemical reac-

tions which take place during the transformation and degra-

dation of PAH᾽s are particularly catalyzed by sunlight and 

involve volatilization and oxidation, nitration, and other 

chemical processes that take place in the interaction between 

the PAH, the atmosphere, and aqueous environments [21], 

[22], [23]. 

The volume of pollutants emitted into the atmosphere 

from stationary sources and cars decreased by 37.9 tons com-
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pared to 2017 and amounted to 1.122.600 tons in 2018 [24] The 

rapid development of all spheres of economics and human 

activity has led to an increasingly negative impact on the envi-

ronment, including the inefficient usage of natural resources. 

As can be seen in many other countries, Azerbaijan is interest-

ed in finding solutions to the problems of environmental pro-

tection and rational utilization of natural resources. In support 

of Azerbaijan's environmental protection goals, a number of 

important laws, legal documents, and state programs, all of 

which conform to European law requirements, have been de-

veloped and approved in order to improve the ecological situ-

ation in the country. Generally, there are still several environ-

mental problems which are expressed in air pollution from 

industrial plants and transport vehicles, the pollution of water 

resources by way of introduction of contaminated water, in-

cluding transnational pollution, the supply of low-quality wa-

ter to inhabited regions, the loss of fresh water prior to it de-

livery to the end consumers, degradation of soil (erosion, des-

ertification, etc.) and decline in biological diversity. Air pollu-

tion leads to asthma, allergies, heart failure, chronic respirato-

ry diseases, and other diseases. Considering all this, it would 

be advisable to carry out measures to improve the ecological 

condition of the city, namely; to plant green spaces which are 

currently being done [25]. 

The aim of this study was an assessment of the Polycyclic 

aromatic hydrocarbons in the atmosphere of central districts 

of Baku. 

 

2 MATERIALS AND METHODS 
 

Active biomonitoring using a moss transplant (moss bags) 

of Sphagnum girgensohnii Russow was collected in appropriate 

amounts from relatively clean locations by the end of Novem-

ber 2016 from a pristine wetland area located near Dubna, 

Russian Federation (P349+RQ Novoye Domkino, Tver Oblast, 

Russia, altitude 120 m). This area is considered uncontaminat-

ed of airborne elements; materials from this area have been 

previously successfully used in several previous studies [26], 

[27]. All samples exposed in plastic bags, at Nasimi, Sabayil 

and Yasamal districts of Baku (Azerbaijan Republic). Exposi-

tion time was 3 months (from November 2016 to February 

2017). 

 
2.1 Study Area 

For the determination of the different content of pollu-

tants of the atmosphere, such as heavy metals, and organic 

matters, we studied their contents in all areas the cities of Ba-

ku and the Absheron peninsula. For this purpose, the moss-

biomonitors [26] of the species Sphagnum girgensohnii were 

exposed for three months in 21 areas (Fig. 1). Studied areas 

included points of the intensive construction, production of 

asphalt bitumen, stone quarry, furniture factory is underway, 

enterprises to produce cast iron, concrete, asphalt, a garbage 

processing plant.  

 

 
Fig. 1. Map of the location of moss-biomonitors in the territory 

of Baku and Absheron peninsula, Azerbaijan Republic. 

 

3 EXPERIMENTAL 
 
3.1 Sampling Program and Collection 

In order to better understand the used method of active 

moss biomonitoring, a concise description of the moss sam-

pling is going to be given. It is mentioned before that the 

transplanted moss, or active method of biomonitoring, is the 

use of moss in another place to quantify the extent of pollution 

in the investigated areas [26]. Moss samples were collected in a 

relevant amount from a pristine wetland area located near 

Dubna, Russian Federation by the end of November 2016.  

Moss samples were air-dried and cleaned carefully from ad-

hering extraneous particles. Moss bags were prepared by 

weighing out 3 g air-dried weight and packing it loosely in 

nylon nets of 10 cm × 10 cm with meshes of 1 mm2 [28, 29]. 

Moss bags were suspended at 5 – 10 m above the street level 

and simultaneously exposed for 3 months. Considering the 

spatial distribution of industries and features of the landscape, 

a total of 21 moss bags were suspended in the central zone of 

the Peninsula as shown in Fig. 1. After exposure time, the ex-

traction of samples of mosses was made. Following exposure, 

the moss samples were removed from the nylon net, manually 

homogenized, and dried at 40°C to a constant weight. 

 
3.2 Sample preparation 

Approximately 0.5 g. (in some samples the weight range 

can be 0,3-1 g.) of each sample were selected for extraction in 

the glass conic bowl which is in advance cleaned with meth-

ylene chloride. Extraction was carried out under an ultrasonic 

bath with the use of dichloromethane. Extracts were filtered in 

a round-bottom flask and concentrated by means of a rotor 

evaporator at a temperature of a water bath of 30±5°C up to 
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the volume of 2 ml, then was transferred to samplers in a vol-

ume of 1 ml under a thin stream of nitrogen. 

 
3.3 Materials and chemical reagents 

During the analysis of the samples, dichloromethane sol-

vents (Rathburn, Scotland) were used (chromatographic puri-

ty). Purposeful measures were taken to prevent contamination 

from glassware, teflon, steel materials. All the glassware used 

in the analysis were cleaned with the methylene chloride and 

deionized water, then kept in the oven to dry. 

 
3.4 Instrumentation and Conditions 

Qualitative analysis was carried out on the Agilent 6890N 

gas chromatograph, with masses the selection detector Agilent 

5975, GH-MD of production of Agilent Technologies equipped 

with a flawless injector and a capillary column ZB-5 (Phenom-

enex, USA). Column ZB-5 had the following specifications: 5% 

-diphenyl, 95% -dimethylpolysiloxane copolymer, length - 60 

m, inner diameter - 0.25 mm, film thickness - 0.25 μm. As the 

gas carrier helium was used. Samples were introduced using 

an automatic sampler. The analysis was carried out in the 

scanning mode (SCAN). WILLEY and NIST libraries were 

used as spectral databases. 

 

4 RESULTS AND DISCUSSION  

For the three above mentioned neighborhood areas, the 

data are shown in the below table (Table 1). The results ob-

tained from the chromatogram are qualitative, not quantita-

tive, only the exit time, the percentage of a single component (-

%) about all components (100%). This analysis does not pro-

vide any information on the quantitative content of the stud-

ied components.  

Table 1. The results of the chromatogram by using moss biomonitors in the territory of Yasamal, Sabail and Nasimi districts. 

№ Industrial enterprises Peak Min. 
Absorption,  

% 
Name of substance  

Percent of 

peak's 

credibility 

1 

Yasamal dis-trict 1 [1a] 

bakery, building, traffic intensi-

ty, publishing house, military 

factory. 

183 429,828 0,2939 
Benzo[1,2-b:4,5-b']bisbenzofuran-6,12-dione, 2,3,8,9-

tetramethoxy- 
42 

202 462,424 0,0677 Naphthalene, 1-iodo-2,6-dimethoxy-5-nitro- 9 

203 464,572 0,1442 
4a[2H]-Phenanthrenemethanol, 1,3,4,9,10,10a-hexahydro-6-

methoxy-1,1-dimethyl-7-[1-methylethyl]-, [4aR-trans]- 
45 

2 

Yasamal dis-trict 3 [1b] 

building construction, traffic 

intensity, asphalt, and concrete 

production, iron workshops. 

57 220,722 0,048 Naphthalene, decahydro-, cis- 38 

202 430,687 0,39 2,3a-Dimethylhexahydrobenzofuran-7a-ol 35 

233 548,451 14,705 3-Methyl-1-phenyl-2-azafluorene 38 

3 

Sabail district 4 [2a] 

Azerbaijan TV  studio, a work-

shop for the production of plastic 

doors and windows, woodwork-

ing workshop. 

81 288,489 0,0408 Retene 94 

180 426,981 0,9382 Anthracene, 9,9'-[1,2-ethanediyl]bis[10-methyl- 27 

205 49,287 0,1005 
10,11-Dihydro-7,12-bis-dihydroxymethylbenz[a]anthracene 

-trans-10,11-diol 
43 

4 

Sabail district 5 [2b] 

construction of buildings, traffic 

intensity, metro 

85 274,527 0,0971 Fluoranthene 76 

103 300,142 0,0292 Anthracene, 9-dodecyltetradecahydro- 14 

136 345,249 0,367 9,10-Anthracenedione, 1,8-dihydroxy-3-methoxy-6-methyl- 97 

5 

Nasimi district 20,  [13a] 

heavy traffic, bread work-shop, 

boiler room, sweets workshop 

49 237,904 0,0649 1,2,3,4,5,6,7,8-Octahydrotriphenylene 43 
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Fig. 2. Chromatogram of moss bags  taken from the territory of Yasamal district [1a-1c] 
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Fig. 3. Chromatogram of moss samples  taken from the territory of Sabail  [2a, 2b] and Nasimi [13a] 

 

Considering the potential health impact of airborne 

PAH᾽s, an accurate assessment of their concentration levels in 

target environmental settings is crucial to establish their prop-

er management, to assess abatement strategies and to develop 

future policy options. As the physicochemical properties of 

PAH᾽s vary between lighter and heavier compounds, they are 

fractionated differentially between gas phase (lighter with 

high volatility) and particle-phase (relatively heavy PAH᾽s). 

As such, a suite of PAH᾽s can exhibit noticeable differences in 

concentration levels in line with their molecular weights. For 

this reason, it has often been a challenge to develop precise 

techniques to measure their distribution in a particular envi-

ronment. 

As can be seen from chromatograms (Fig. 2 and Fig. 3) 

based on the analysis in the air of the city center districts, dif-

ferent derivatives of PAH᾽s, such as Retene, Fluoranthene, 

Naphthalene, Anthracene, and other hazardous substances are 

present in the air. A recent study has shown retene, which is a 

component of the Amazonian organic PM10, is cytotoxic to 

human lung cells [30]. 

Fluoranthene is found in many combustion products, 

along with other PAH᾽s. Its presence is an indicator of less 

efficient or lower-temperature combustion since non-alternant 

PAH᾽s are less preferred information than alternant PAH᾽s.  

Naphthalene can enter through the air into your lungs, 

through the skin Exposure to a large amount of naphthalene 

may damage or destroy some of the red blood cells. This could 

cause to have too few red blood cells until the body replaces 

the destroyed cells.  

 

5 CONCLUSION 
 

Atmospheric PAH᾽s pollution has become a serious prob-

lem in the world. More and more researchers have put effort 

into this field. Though there are many reports on toxicity, con-

centration, distribution of PAH᾽s and their derivatives, there 

are still many unknown mutagenic compounds of PAH᾽s 

which are too low to be detected but have high mutagenicity. 

How to avoid the volatilization and loss of PAH᾽s in the sam-

pling, the reaction between PAH᾽s and other compounds and 

the redistribution among different size particles; and how to 

develop new, noiseless and lower-volume sampler; to realize 

the pretreatment automatically, innocuously, rapidly, low-cost; 

to protect peoples’ health from PAH᾽s; all these problems need 

further endeavors. 

This pilot study shows air pollution in the Absheron pen-

insula using the moss bag technique. The complex of various 

measures allowing a decrease in anthropogenic loading is nec-

essary for environmental protection. Accordingly, this data 

may serve as a baseline in constituting the local guidelines by 

regulatory bodies in the Republic of Azerbaijan. 
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