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Abstract: The aim of the study was to gather information necessary for the examination of the
river Ćehotina water quality as well as the air pollution in the urban area of Pljevlja (far north of
Montenegro), from 2011 until 2018. The water quality of the Ćehotina River was observed by the
Water Quality Index (WQI) method, based on ten physicochemical and microbiological parameters
from five hydrological stations. In order to examine the air quality, we used data on the concentration
of the PM10 particles from the station located in the center of Pljevlja. The obtained results of river
water quality indicate that the situation was disturbing (bad quality dominates). The results of the
air quality analysis indicate that the situation has been alarming and Pljevlja itself as a “hot spot”
of Montenegro. Annual, seasonal and daily mean concentrations of PM10 particles were above the
prescribed limit values, except during summer. Sources of pollution were mostly known, and in order
to protect public health, it is necessary to take appropriate measures as soon as possible, primarily
the introduction of modern exhaust gas treatment technology TPP “Pljevlja” and construction of a
heating plant that would replace numerous individual (home) fireplaces in Pljevlja.

Keywords: air and river water quality; PM10; WQI; pljevlja; montenegro

1. Introduction

Rapid population growth (e.g., in Asia, Africa and Latin America), accelerated eco-
nomic development (e.g., Brazil, China, Russia, India, Turkey, Indonesia, Mexico, etc.) and
socio-economic changes are the main drivers of increasing water demand, but also factors
that pose a primary threat to water safety. Water-related problems, especially surface water
quality, are ranked second as a serious threat to human society—energy issues are high [1].
Right now or in the near future, the water demand is higher than the supply in many
countries [2]. Most studies dealing with this issue provide an analysis of river water quality,
as one of the most important indicators for assessing the sustainability of a particular
basin [3,4]. In addition to urban and industrial sources, surface and groundwater pollution
also occurs due to various agricultural activities [5].

Various techniques were used to monitor and assess the quality of surface and ground-
water, and the Water Quality Index (WQI) method was widely used [6,7]. There are
different variants of this index, but most WQI methods treat all three groups of indicators—
physical, chemical and biological parameters of water quality [8–11]. CWQI (Canadian
Water Quality Index) or CCME WQI (Canadian Council of Ministers of the Environment
Water Quality Index), OWQI (Oregon Water Quality Index), NSFWQI (US National San-
itation Foundation Water Quality Index) and others are often used [12–15]. The water
quality of the Motru River in Romania was observed using WQI, while the ecological
status of natural waters in the Alps region was determined by analyzing phytoplankton as
indicator—Brettum Index (BI) in Austria and Slovenia, Phytoplankton Saprobic Index (PSI)
in Germany and Phytoplankton Trophic Index (PTI). In Italy [16] WQI methods are very
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useful in the management of water resources and surface water catchments [17], so they are
also used in the region to which Montenegro belongs (Southeast Europe and the Balkans).
Danube water quality assessment in Serbia [18–21], as well as its tributaries—the rivers
Timok [22] and Tisa [23] was mostly done using the Serbian Water Quality Index (SWQI).

The WQI method was almost not considered in the assessment of surface and ground-
water quality in Montenegro, but other techniques were also used. Though, research
showed that most surface waters in Montenegro were of good quality [24]. For example,
Djurašković [25] pointed out that from 2005 to 2009, the water quality of Skadar Lake
belonged to class “A”, mostly. Vukašinović-Pešić et al. [26] found an increase in surface
water quality in Montenegro since 2012 but pointed out that there are significant differences
in the values of the considered chemical parameters between the rivers in the north (Black
Sea basin) and in the south (Adriatic basin). Analysis of data from 2009 to 2018 indicates
that the overall microbiological water quality in Montenegrin rivers is quite good [27].

Air pollution is now considered to be the world’s largest environmental problem,
especially in urban areas and industrial regions. Back in 1958, the World Health Organiza-
tion (WHO) recognized that air pollution is a significant risk factor for human health [28].
Among the pollutants that have a very harmful effect on human health, which can be
both short-term and long-term [29,30], atmospheric aerosol particles or particulate mat-
ter (PM) are noticeable. They are classified as air pollutants that are directly emitted
(primary particles) or formed in the atmosphere from precursor gases through reactions
(secondary particles).

According to WHO data [31], 4.2 million premature deaths were registered world-
wide in 2016 due to exposure to increased concentrations of PM2.5 particles. The urban
population is particularly endangered by PM particles, because there are numerous sources
in cities (traffic, industry, heating plants, individual furnaces, etc.) that increase the concen-
tration of these particles in the air [32,33]. In neighboring Serbia from 2011 to 2016, there
was a growing trend in the number of inhabitants exposed to higher concentrations of
PM2.5 particles, because of urbanization [34]. The particles were of natural (aquatic and
biological vaporizer, volcanic ash, dust, etc.) or anthropogenic origin (combustion of fossil
fuels, of domestic heating, engine production) [35–37]. The suspended PM10 tanks were
a mixture of smoke, fumes, exhaust gases, dust, acids, metals, etc. These particles have a
very negative impact on the human body, because they are inhaled and deposited in the
respiratory system, and some are carcinogenic or lethal, especially as a consequence of
long-term exposure [38–41].

The subject of research (the Pljevlja municipality and the surroundings of the rural
settlement), was industrially, morphologically and climatically unique compared to the rest
of Montenegro. In the morphological sense, the city is located at the bottom of the valley
where the river Ćehotina flows. The valley is surrounded by the sides of high mountains
and due to this closure in the colder part of the year, temperature inversions are frequent,
i.e., the formation of the so-called “cold air lakes”. Furthermore, Pljevlja is the city with the
highest frequency of wind silence and the lowest amount of precipitation in Montenegro.
In Pljevlja, at the end of 1982, the thermal power plant (TPP) “Pljevlja” started operating.
The plant still works today and is the only one in Montenegro. TPP “Pljevlja” is supplied
with coal (lignite) from nearby mines and uses water from the Ćehotina river system to
cool turbines and other needs. It returns the used water back to the system of the river. In
2018, TPP “Pljevlja” produced 1443.8 GWh of energy [42]. It is important to highlight that
a numerous individual households use coal for house heating.

Taking into consideration the mentioned characteristics (terrain configuration, climatic
characteristics and large coal combustion for the needs of TPPs and for heating houses—
individual fireboxes) Pljevlja is often under fog of smog and smoke in the colder part of the
year. Therefore, this paper aimed to obtain a more complete picture of the envirnomental
situation in the area of Pljevlja, through the assessment of river water and air quality. It
is certain that the results obtained in this paper will have practical significance and that
they can help decision makers, above all to understand the seriousness of the situation



Sustainability 2021, 13, 5229 3 of 15

and need for fast response. It would be desirable for this research to encourage experts
from other fields to consider the problem of pollution in the area of Pljevlja, primarily
medical scientists who would indicate the degree of danger of the current situation to
human health. In general, through a multidisciplinary approach, it is necessary to start
solving the problem of water and air pollution in Pljevlja as soon as possible, in order to
protect the health of the population.

2. Research Area, Materials and Methods
2.1. Research Area

The study included an assessment of river water and air quality in Pljevlja, the largest
city in the far north of Montenegro. According to the last census from 2011 [43], the
municipality of Pljevlja (a city with surrounding rural settlements) had 31,060 inhabitants,
or 5% of the total population in Montenegro (625,266 inhabitants).

The basin of the river Ćehotina, which flows through Pljevlja, is located on the border
of Montenegro, Serbia and Bosnia and Herzegovina (Figure 1). The area of the Ćehotina
river basin is 1296 km2 and mostly belongs to Montenegro. Ćehotina is a right tributary of
the river Drina, and the Drina is a tributary of the Sava (the river Sava is a tributary of the
Danube), which means that the river Ćehotina belongs to the Black Sea basin. The river
Ćehotina starts from a spring called Glava Ćehotina (945 m above sea level), located on the
northern slope of the mountain Stožer [44].
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Figure 1. Position of Montenegro (MNE) on the Balkan Peninsula and the studied area in MNE.

According to the data of the State Institute of Hydrometeorology and Seismology of
Montenegro (IHMSM) [45], the length of the river Ćehotina is 128.5 km and on its course it
receives a large number of streams and rivers. On the profile of the hydrological station (HS)
Gradac, which is located in the central part of the flow, the average annual flow of Ćehotina
is 13.4 m3/s, while the extreme values range from 2.1 m3/s (min) to 414 m3/s (max).

According to the data of the main meteorological station in Pljevlja, which is located
at 788 m above sea level, the average annual rainfall is 802 mm, and the average annual
temperature is 8.5 ◦C (mean years 1951–2020). Monthly precipitation amounts range from
49 mm (March) to 86 mm (June). Otherwise, Burić et al. [46] point out that Pljevlja is the
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city with the lowest annual rainfall in Montenegro. Snow and the formation of snow cover
are common in winter. The average annual number of days with precipitation is 142 days,
and the average annual number of days with snow cover is about 65 days. Pljevlja is
characterized by other meteorological features, such as the highest frequency of silence
in Montenegro (windless days), which is about 15% per year. Let us add that the most
common winds are up to 1 m/s (42.5% per year). Winds of over 5 m/s are very rare (on
average about 3.4% per year). The two mentioned facts (relatively small annual rainfall
and high frequency of quiet and low wind days), along with the terrain configuration (the
city is located at the bottom of the valley closed by the sides of the mountains from 1500 to
2238 m above sea level), have a great diminishing effect on natural air purification.

2.2. Materials and Methods

For the purposes of this paper, we used data from the annual reports on river water
quality (IHMSM) [45] and monthly reports on air quality of the Center for Eco-toxicological
Research of Montenegro (CETRM) [47]. The analysis included a total of 5 hydrological
stations (HS) where water samples were taken and 1 air quality station located in the center
of Pljevlja (see Figure 1). Data from HS in the Ćehotina basin in Montenegro were used,
with two rivers: Ćehotina (4 stations) and Vezišnica (1 station). The Vezišnica River is a left
tributary of the Ćehotina and is 15 km long. The mouth of the Vezišnica in Ćehotin is on the
outskirts of the town of Pljevlja, and along the right bank of the lower course of the river
Vezišnica is the TPP “Pljevlja”. The assessment of river water and air quality was done for
the period 2011–2018. A total of 10 parameters of physico-chemical and microbiological
water quality were considered from the 5 mentioned profiles (HS): oxygen saturation (%),
biochemical oxygen consumption for 5 days (BOD5 in mg/L), ammonium ion (mg/L), pH
value, total nitrogen oxides (mg/L), orthophosphates (mg/L), suspended solids (mg/L),
temperature (◦C), electrical conductivity (µS/cm) and coliform bacteria (MPN in 100 mL).

River water quality assessment was done using WQI methods. In short, all 10 men-
tioned parameters were combined into one surface water quality indicator. But the share of
each of them in the total water quality did not have the same relative importance. There-
fore, each of the 10 parameters got its weight or rank of implication (wi) and number or
registered value (qi) according to its share in endangering water quality. Finally, summing
the product (WQI = qi × wi) gave an index of 100 as the ideal sum of the quality shares of
all parameters [16,23,48]:

WQI = 1/10 (Σqi × wi) (1)

For the parameters used to calculate WQI, data for their annual mean values were
available. When it comes to PM10 particles, which are 10 microns or less in diameter or
micrometers (≤10 µm), for the purposes of this paper we had average daily concentrations
(µg/m3 (microgram/cubic meter)), so except for the annual, analysis performed both on a
seasonal and daily basis. In Pljevlja, the concentration of PM10 suspended particles was
measured in the city center (Centar Station, see Figure 1) and based on 24-h measurements,
the daily mean value was obtained. As far as it is known, no categorization (separation
of classes) has been given for the concentration of PM10 particles, but a limit value has
been adopted.

The number and type of parameters for calculating WQI, as well as their weighting
coefficients, can be modified (adjusted) according to local or regional conditions [49,50],
hence there were differences in class intervals. Consequently, the classification of surface
water quality according to WQI values (Figure 2) was applied, which was officially in
use in Montenegro by the State Agency for Nature and Environmental Protection of
Montenegro (ANEPM).
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It should also be mentioned that there were no missing data for WQI, while a total
of 7.5% of daily mean values for the entire observed period (2011–2018) were missing for
PM10, but they were not included in the analysis. Of the 7.5% of missing data for PM10,
most of them referred to June and July (3% in total), i.e., October (1.4%), while in other
months the percentage of missing data was negligible. For the purpose of more detailed
analysis, we calculated both parameters (WQI and PM10) the trend and correlation with
precipitation and temperature. The linear trend was calculated by the method of smallest
amount of squares, and its significance was examined using the Student’s test (t-test).
To examine the relationship with temperature and precipitation, the Pearson correlation
coefficient was calculated, and the significance of the test using the t-test.

3. Results
3.1. Water Quality Index Analysis (WQI)

The analysis of the river Ćehotina was conducted at the measuring stations Rabitlja,
Below Pljevlja, Below firth of Vezišnica and Gradac, while on its left tributary Vezišnica
the analysis was conducted at Firth Vezišnica, HS located at the mouth of Ćehotina. At the
measuring station Rabitlja, which is located upstream from Pljevlja, outside the urban zone
and the impact of TPP “Pljevlja”, water quality in the entire observed period ranged from
very good, WQI = 86–89 (2012, 2016 and 2017) to excellent, WQI = 90–92 (2011, 2013–2015
and 2018). Downstream from HS Rabitlja, the river Ćehotina flows through the city area of
Pljevlja and collects water from its tributaries Vezišnica, so the water quality is deteriorating.
Thus, at HS Below Pljevlja, the water quality in the entire observed period had values
ranging from 46 to 68 WQI (bad quality). At the mouth of the Vezišnica in Ćehotina (HS
Firth Vezišnica), the average annual WQI values changed almost alternately from bad
to good quality class: bad quality classes belong to 2013, 2015 and 2017 (WQI = 64–71),
and good 2011, 2012, 2014, 2016 and 2018 (WQI = 73–79). On the next HS, below firth of
Vezišnica, which is located on the river Ćehotina downstream from the mouth of Vezišnica,
almost in the whole observed period the water was of bad quality (WQI = 44–68), and only
2018 belonged to the class of good (WQI = 74).

The previously mentioned 4 HS (Rabitlja, below Pljevlja, firth Vezišnica and below
firth of Vezišnica) are located in the urban zone of Pljevlja or in the immediate vicinity of
the city, i.e., they are located in the sector of the river Ćehotina for a length of about 8 km.
Downstream, there was only one other measuring point in operation, and that was on the
profile of Gradac, HS, which is about 15 km away in relation to the previously analyzed
(below firth of Vezišnica). During the observed period (2011–2018), HS Gradac recorded
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variations in water quality. For 2011, good river water quality was obtained, and for 2012,
bad (Table 1). In the period 2013–2015, water quality again belonged to the class of good
(WQI = 73–82), and then in 2016 and 2017 it deteriorated and was classified in the class of
bad (WQI = 53–71). At the end of the observed period, in 2018, there was a re-improvement
of water quality at HS Gradac, because the water of the river Ćehotina was assessed as
good quality (WQI = 72).

Table 1. Mean annual values of WQI, trend of WQI of the river Ćehotina and its tributary Vezišnica, correlation of WQI
with precipitation (P) and temperature (T) for the period 2011–2018.

River Hydrological
Station

Mean Annual Values of WQI Trend
(WQI/year)

Correlation

2011 2012 2013 2014 2015 2016 2017 2018 WQI-P WQI-T

Ćehotina Rabitlja 90 68 90 90 92 89 86 94 0.14 0.10 0.36
Ćehotina Below Pljevlja 59 74 60 68 56 66 46 68 0.17 0.60 0.25

Ćehotina
Below firth of

Vezišnica 64 72 59 65 59 68 44 74 0.19 0.49 0.19

Ćehotina Gradac 75 78 73 75 82 71 53 72 −1.13 0.01 −0.26
Vezišnica Firth Vezišnica 77 77 64 73 71 79 67 78 0.00 0.17 −0.12

The obtained results indicated that the state of water quality of the river Ćehotina
and its tributaries Vezišnica was alarming, especially in the part of the flow through the
urban zone of Pljevlja and downstream from the mouth of Vezišnica. In almost all observed
profiles there were year-on-year variations in water quality, which were most likely related
to increased/decreased amount of wastewater from settlements, agricultural sources (e.g.,
livestock and poultry mini farms) and illegal disposal of garbage and other waste both
along the stream and in the forest and in the river itself. Year-on-year variations in WQI also
occurred in part due to changes in hydrological conditions. In years with an unfavorable
hydrological situation (less rainfall and lower runoff than average), river water was of
poorer quality (2011 and 2015), in general. On the other hand, the state of water quality in
2018 was slightly better, which can be related to higher water levels, i.e., more favorable
meteorological conditions (higher precipitation and higher temperature compared to the
average). It should also be mentioned that in recent years, certain measures have been
taken to prevent pollution (e.g., the penal policy of illegal waste disposal), and this may be
one of the reasons for improving the quality of river water for 2018. Of all the observed
HS, the worst quality is the water of the river Ćehotina on the profile of below Pljevlja,
and this is the result of an increased amount of municipal wastewater (mostly untreated)
from the urban area of Pljevlja. Wastewater from TPP “Pljevlja”, low water levels and
human activities along the stream, are the primary causes of water pollution in Vezišnica
(a tributary of Ćehotina).

With the aim of analyzing WQI in more detail, the trend was calculated and its signifi-
cance for the period 2011–2018 was examined. Calculations of the correlation coefficient
between WQI and precipitation, i.e., temperature (see Table 1) were also performed. Nev-
ertheless, the value of the WQI trend is minor and has shown no significant bias in the
data used. The lack of significance of the trend is likely related to the short record lengths
(only 8 years, 2011–2018). The absolute values of the correlation coefficients ranged from
0.01 to 0.60. We are also sure that the reason for the weak correlation (lack of significance)
between WQI and precipitation (temperature) is because the coefficient was calculated for
annual values, thus canceling the relationship between these two climate elements and
WQI. There is no doubt that this connection would be noticed on a monthly basis (probably
also seasonally), but, unfortunately, we only had the annual WQI values.

Observing the average annual WQI values for the whole observed period (calculated
as the arithmetic mean of annual WQI from 2011 to 2018), the calculation results showed
that the water quality of the river Ćehotina was excellent (WQI = 90) and good (WQI = 73)
at one HS, and bad at 3 HS (Figure 3). Downstream from the city of Pljevlja and the
mouth of the river Vezišnica, the water quality of the river Ćehotina was deteriorating,
and this was a consequence of the discharge of municipal city water and wastewater from
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TPP “Pljevlja”. We should mention other factors that had a negative impact on the water
quality of the river Ćehotina: anthropogenic impact along its course (large amount of
various wastes in its bed and along the banks, agricultural activities, wastewater from mini
farms—livestock and poultry, etc.) and low water level (especially tributaries of Vezišnica).
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Comparing the data for the 10 mentioned physicochemical and microbiological pa-
rameters used to obtain WQI, it is noticeable that their values at HS are located in the part
of the flow through the city area of Pljevlja and at the mouth of Vezišnica, which is in
line with the above. Thus, at HS Below Pljevlja and HS Firth Vezišnica there were higher
concentrations, e.g., BOD5 and ammonium ions relative to the other 3 HS, in general. In
addition, increased concentrations of BOD5 and ammonium ions were observed on almost
all profiles for the years with the lowest WQI. This was also logical, because the value of
BOD5 was an indicator of the biological activity of wastewater i.e., the degree of pollution
with organic substances. Ammonium ion concentrations are an indicator of pollution from
agricultural sources and industrial facilities [51].

During hydrologically unfavorable years, such as 2011 and 2015, the highest average
annual concentrations of BOD5 and ammonium ions (up to 7.2 mg/L and up to 1.33 mg/L,
respectively) were registered at HS Below Pljevlja and HS Firth Vezišnica (see Table A1
in Appendix A). Therefore, the quality of the river water quality of Ćehotina was worry-
ing, especially in the part of the flow that flows through the urban zone of Pljevlja and
downstream from the mouth of Vezišnica. In the south of Montenegro, the Morača river
basin, the situation was much better, except in the part of the flow through the capital
Podgorica [24].

There are two important benefits of using the WQI method. Firstly several variables
are included in one number and it gives the possibility to compare water quality of one
water body in time and secondly we can compare several water objects in space. The main
disadvantages of this methodology are that it does not take into account data on some
important parameters, such as inorganic pollution (e.g., heavy metals) and that WQI can
be calculated even if not all of the mentioned parameters are available [52]. One of the
parameters which indicates increased pollution of watercourses is the disturbed natural
Ca/Mg ion ratio, which is not taken into account when calculating WQI. Therefore, in
future research, the WQI method should be used in combination with other methods to
assess water quality.

3.2. Analysis of PM10 Concentration of Suspended Particles

In the observed period (2011–2018), the lowest annual mean value of PM10 particles
was in 2014 (77.7 µg/m3), and the highest in 2015 (101.5 µg/m3). It is a known fact that
the air is cleaner after precipitation (rain, snow). The highest precipitation in Pljevlja
(972.9 mm) was in 2014 while the lowest (672.5 mm) was noticed in 2015. This implies
that there should have been a significant correlation between these two parameters (PM10
particle concentration and precipitation amount). However, a relatively low and statistically
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insignificant correlation coefficient (−0.48) was obtained, most likely due to the fact that it
was calculated between annual values.

Air quality protection in Montenegro is regulated by new legislation. For the purposes
of this paper, the lower thresholds for the concentration of PM10 particles were the values
adopted by the State CETRM [47] based on the recommendations of EU Directives [53]
and WHO [54], which are 40 µg/m3 on an annual and seasonal level and 50 µg/m3 on a
daily basis. CETRM has adopted 35 days per year as a tolerance limit, which means that
exceedances above 35 times a year with a mean daily concentration >50 µg/m3 are not
desirable (Table 2).

Table 2. Limit values of PM10 particles according to Montenegrin legislation, based on EU directives
and WHO recommendations.

Parameter Limit Value Tolerance Limit

Daily mean (PM10) 50 µg/m3 35 times per year

Annual mean (PM10) 40 µg/m3 /

It is important to point out that the annual mean concentrations in the entire ob-
served period (2011–2018) were above the prescribed limit value (50 µg/m3), so it can be
concluded that at the annual level the air in Pljevlja is significantly polluted with PM10
particles (Figure 4, left). When it comes to seasons (Figure 4, right), the winter (December–
January–February) mean concentration of PM10 particles ranged from 73.0 µg/m3 (2013)
to 196.5 µg/m3 (2016). It should be noted that the winter of 2013 had an extreme amount
of precipitation (274 mm), or 1.6 times higher than the average (170 mm). Regarding
spring (March–April–May) and summer (June–July–August), 2012 with the highest mean
concentration of PM10 particles (spring = 67.6 µg/m3, summer = 40.4 µg/m3) and 2018
with the lowest concentration (spring = 41.1 µg/m3, summer = 20.7 µg/m3). In the autumn
season, 2018 also had the lowest average concentration of PM10 (59.2 µg/m3), while the
highest average concentration was registered in 2011 (94.1 µg/m3).
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Previous results showed that the highest mean concentrations of PM10 particles were
recorded during winter and autumn, i.e., in the colder part of the year, and the lowest
were recorded in summer. This was to be expected, because during the heating period of
houses and flats (in winter, and generally in the colder part of the year) the emission of
pollutants (from individual fireboxes) is much higher. Additionally, the meteorological
factor (temperature and precipitation) is important. In Pljevlja, there is less precipitation
in winter, temperatures are often below 0 ◦C (average winter temperature is −1.2 ◦C, the
absolute minimum is −29.4 ◦C, recorded on 26 January 1954), and cold air is heavier, so it
settles in the valley, because poor air purification (frequent silences and days with light
wind). Though, in summer the amount and frequency of precipitation is higher, the warm
air is lighter, so it rises.

The average concentration of PM10 particles of 40 µg/m3 was accepted as a limit value
and at the level of seasons (up to 40 µg/m3 allowed (acceptable) concentration, and above
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40 µg/m3 dangerous concentration for human health). It was clear that during the winter,
autumn and spring, the average concentration of PM10 particles in Pljevlja was above the
allowed limit. It could be argued that the situation was alarming in winter, because the
average values of PM10 particles were higher than 1.8 to as much as 4.9 times (2016) than
allowed (40 µg/m3). In summer, the mean concentration of PM10 particles was within the
permitted values. The only exception is 2012, when the summer mean concentration of
PM10 particles was 40.4 µg/m3, i.e., slightly above the permitted limit.

The analysis of the number of days with the average concentration of PM10 particles
in the air in the urban zone of Pljevlja indicates that the situation was more than worrying.
Specifically, if we take the value of 35 times per year as the tolerance limit, it could be
argued that the situation was alarming, because every year in the observed period (2011–
2018) this threshold was exceeded from 3.7 to 5.4 times. For instance, in 2018 it had
129 days with an average daily concentration of PM10 particles greater than 50 µg/m3, and
in 2011 it had as many as 189 such days (Figure 5). As already mentioned, the biggest air
pollution is in winter, especially in January, which is the coldest month of the year. In the
period 2011–2018, daily mean concentrations of PM10 particles in January ranged up to an
enormous 793.9 µg/m3 (absolute daily maximum, registered on 10.01.2015). Rarely has
a day in January been without a high value. In other words, out of 248 January days for
the 8 mentioned years, only 37 times (or 37 days) the daily mean concentration of PM10
particles was below the prescribed limit value of 50 µg/m3.
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In the previous part, the influence of the meteorological factor (precipitation and
temperature) on the air quality was mentioned several times. Therefore, the results of
the calculation of the correlation coefficients of PM10 particles with precipitation and
temperature are given below, and the trend of PM10 concentration for the period 2011–2010
was also calculated. It should be noted that the obtained results should be accepted with a
certain dose of caution, especially when it comes to the trend, because it was too short a
period. Only in the winter season did the average concentration of PM10 particles increase
(0.45 µg/m3/year), but the trend was insignificant. In other seasons, as well as on an
annual basis, the linear trend was negative (Table 3).

Table 3. Trend of average seasonal and annual values of PM10 particles (µg/m3/year) and correlation
coefficients (C) of PM10 with precipitation (P) and temperature (T).

Parameter Winter Spring Summer Autumn Annual

Trend PM10 0.45 −2.82 * −1.29 −4.56 ** −3.88 *
C (PM10 and P) −0.51 0.20 −0.76 * −0.54 −0.48
C (PM10 and T) 0.04 −0.89 ** 0.23 −0.33 −0.87 **

Significance: * p < 0.05 and ** p < 0.01.
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Consequently there was a decrease in the concentration of PM10 particles in the
air. This was an encouraging fact, before the trend of decreasing PM10 particles meets
the conditions of significance at the level of acceptance of the hypothesis of 95% (risk
level p < 0.05) during the spring and annually (trend = −2.82 µg/m3/year and trend =
−3.88 µg/m3/year), i.e., by 99% (p < 0.01) in the autumn season (trend = −4.56 µg/m3/year).
When it comes to correlation, in most cases negative values of the coefficients (C) were
obtained, the higher the amount of precipitation (higher temperature) the lower the concen-
tration of PM10 particles, and vice versa. The inverse correlation between PM10 particles
and precipitation was significant for the summer season (C = −0.76), while in other cases
it was insignificant. A significant relationship was obtained with temperature for spring
−0.89) and on an annual basis (C = −0.87).

The WHO has not defined any value of the concentration of PM10 and PM2.5 particles
as a lower threshold below which the impact of these substances on human health would
be completely eliminated. The limit values for the concentration of PM particles mentioned
in the WHO document [54] are given as lower thresholds, i.e., concentrations that can be
reached in order to minimize the effects on human health.

The previous analysis showed that during most of the year there was a lot of air
pollution in the urban zone of Pljevlja. Three groups of factors had a major impact on
the excessive concentration of PM10 particles in this city, especially in the colder part of
the year: economic, morphological and meteorological. In addition to the usual economic
elements, such as exhaust gases from cars and small and medium enterprises that consume
fossil fuels, it can be concluded that the major impact had a huge combustion of coal
for the needs of TPP “Pljevlja” and heating of individual households (houses). When
it comes to the configuration of the terrain (morphological factor), Pljevlja is located at
the bottom of the depression (valley), which is surrounded and quite closed by the sides
of high mountains. This form of relief makes natural air ventilation very difficult. The
influence of morphological factors was reflected through temperature, precipitation and
frequency and wind speed. Pljevlja is the city with the lowest amount of precipitation, the
highest cloudiness [55] and with the highest percentage of silences (days without wind or
with wind of negligible speed) in Montenegro. Winters are long and cold, i.e., negative
temperatures are frequent. Higher amount and frequency of precipitation purifies the
air, and the same goes for higher frequency and wind speed. Cold air is heavier, so in
conditions of lack of precipitation and wind, it settles along the bottom of the Pljevlja valley.
Consequently temperature inversions were of a common occurrence. Along with the cold
air at the bottom of the valley (in the ground layer of the atmosphere), pollutants were
also deposited.

In addition to all the above, Pljevlja is the city with the largest number of foggy days
in Montenegro (it is not uncommon to have about 200 days a year with low fog). All
three groups of the mentioned factors contributed to the increase of the concentration of
pollutants in Pljevlja and frequent fogs of smog and smoke in the colder part of the year.
The primary sources of emission of suspended PM10 particles in Pljevlja were those related
to coal exploitation and fossil fuel combustion (TPP “Pljevlja”, individual combustion
plants, motor vehicles and dust emitted from the surrounding coal mines). In the MORTA
document [56], agriculture, i.e., synthetic N-fertilizers, was mentioned among the main
sources of PM10 particulate emissions.

4. Conclusions

This study presents the results of the quality of river water (using WQI method) and
air pollution in Pljevlja (one of the largest urban areas in the northern Montenegro), using
the methods of categorization, trends and correlations. The results of the analysis of WQI
and concentration of PM10 particles showed that the waters of the river Ćehotina and
its tributaries Vezišnica, which flow through Pljevlja, as well as the air in this city, were
unacceptably polluted. Pljevlja is a “hot spot” in terms of water and especially air pollution.
During the period under review (2011–2018), in most cases, the water of the mentioned
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rivers belonged to the class of bad quality. The WQI trend is negligible, i.e., showed no
significant bias. Likewise, no significant relationship was obtained between air temperature
and precipitation on the one hand and WQI on the other. The weak correlation is most
likely due to the fact that WQI was considered only on an annual basis. When it comes to
PM10 particles, we had daily data, and the general conclusion is that the situation is more
than worrying. Average concentrations of PM10 particles (daily, seasonal and annual) were
above the prescribed limit values (>40 and 50 µg/m3, respectively), except during summer.
Pljevlja is a city with 129 to 189 days per year with a concentration of PM10 particles higher
than 50 µg/m3, which is much higher than the legally adopted tolerance limit (35 days per
year). Nevertheless, it is encouraging that the concentration of PM10 particles decreases
(negative trend) during spring, summer and autumn, as well as on an annual basis. The
results further showed that the concentration of PM10 particles is significantly related to
the temperature in the spring season and at the annual level, while the best connection
with precipitation is during the summer. The main disadvantages of the WQI method were
that it did not take into account data on some important parameters (e.g., on inorganic
pollution). The drawback of this paper was the relatively short record lengths of water and
air (2011–2018) on the observed profiles.

Sources of pollution in this area awere wastewaters, exhaust emissions from TPP
“Pljevlja”, individual furnaces, motor vehicles, then agricultural activities, illegal garbage
disposal, etc.). Therefore, it is compulsory to take certain measures as soon as possible
in order to improve the quality of both river water and air in Pljevlja, and thus protect
human health. In order to obtain a more complete picture of the ecological condition (river
water and air), not only in this city but also in other parts of Montenegro, it is necessary to
continue monitoring and work on developing citizens’ consciousness of the importance of
preserving and improving water, air and soil quality. The protection of rivers and other
water bodies, air and land, should be one of the priority tasks of the current generations,
because pollution grows into a “monster” that seriously endangers today’s civilization.
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Appendix A

Table A1. Average annual values of 10 physicochemical and microbiological parameters used to obtain WQI on five considered hydrological stations (HS).

No. Parameter HS Rabitlja HS Below Pljevlja

(Unit) 2011 2012 2013 2014 2015 2016 2017 2018 2011 2012 2013 2014 2015 2016 2017 2018

1. WT (◦C) 12.75 12.25 13.8 13.6 11.5 10.65 11.35 13.6 12.8 14.55 14.75 13.4 12.1 10.9 12.05 13.45
2. pH (0–14) 8.4 8.1 8.1 8.2 8.1 8.1 8.1 8.1 8.2 8.1 7.9 7.9 7.9 7.9 7.8 8
3. EC (µS/cm) 303 295 311 309 316 302 309 300 386 400 398 386 393 366 420 364
4. SS (mg/L) 0 5 1 3 4 4 4 3 6 10 2 1 44 34 17 3
5. OS (%) 101.5 96 98 104.5 100.5 95 99 103.5 88.5 76.5 79.5 93.5 82.5 90 40 87.5
6. BOD5 (mg/L) 1.5 2.2 1.8 1.4 1.8 1.9 5.4 1.9 7.2 6.8 7.3 4.8 6 3.7 7.4 4.6
7. NH4 (mg/L) 0.03 0.12 0.12 0.06 0.08 0.03 0.04 0.01 1.33 1.30 0.89 0.53 1.07 0.65 1.29 0.61
8. PO4 (mg/L) 0.06 0.07 0.08 0.07 0.05 0.09 0.03 0.03 0.39 0.35 0.3 0.24 0.38 0.29 0.46 0.25
9. NO3 (mg/L) 1.78 1.87 1.98 3.02 2.24 2.57 1.94 1.46 2.9 3.8 3.06 5.35 4.18 4 3.07 2.87
10. CB (MPN in 100 mL) 286 167 162 222 228 261 41 221 14550 3785 7175 6410 7770 3650 4000 1075

HS Below Firth of Vezišnica HS Gradac

2011 2012 2013 2014 2015 2016 2017 2018 2011 2012 2013 2014 2015 2016 2017 2018

1. WT (◦C) 13 15.15 15.15 14 12.7 10.75 12.3 13.5 12.8 14.6 15 13.35 11.9 10.7 12.3 13
2. pH (0–14) 8.3 8.2 7.9 8.1 8.2 8 8 8 8.4 8.3 8.2 8.3 8.3 8.2 8.2 8.1
3. EC (µS/cm) 385 387 386 385 389 377 504 399 359 365 373 366 376 351 423 386
4. SS (mg/L) 1 13 2 3 24 18 21 4 0 15 2 10 17 24 19 27
5. OS (%) 87.5 80 80 95.5 83.5 89.5 68 93.5 114.5 102 102 110 105 89.5 74 109
6. BOD5 (mg/L) 3.9 5.6 6.7 5.4 4.6 3.7 6.7 3.1 2.9 4 4.3 3 2.8 4.1 6.7 4.4
7. NH4 (mg/L) 1.03 1.41 1.06 0.63 1 0.52 3.54 0.41 0.29 0.23 0.39 0.25 0.08 0.32 1.67 0.3
8. PO4 (mg/L) 0.39 0.36 0.39 0.34 0.48 0.36 4.26 0.24 0.24 0.6 0.27 0.18 0.11 0.15 0.93 0.14
9. NO3 (mg/L) 3.23 3.8 3.64 5.91 4.31 4.18 22.37 4.27 4.57 8.8 4.53 4.68 5.42 3.86 4.92 4.28
10. CB (MPN in 100 mL) 12,250 2502 1400 705 1150 1035 10,840 755 3195 1377 369 625 755 1990 3735 255

HS Firth Vezišnica

2011 2012 2013 2014 2015 2016 2017 2018 Definition

1. WT (◦C) 13.2 16 15.4 13.85 12.7 11.1 12.7 13.5 WT—Water temperature
2. pH (0–14) 8.5 8.6 8.7 8.4 8.8 8.3 8.7 8.5 pH value
3. EC (µS/cm) 370 386 379 444 460 385 422 417 EC—Electrical conductivity
4. SS (mg/L) 13 6 10 39 12 17 6 9 SS—Suspended solids
5. OS (%) 87 93.5 89.5 95 81.5 91 87 89 OS—Oxygen saturation
6. BOD5 (mg/L) 1.7 3.9 5.8 2.6 2.2 1.8 5.3 2.5 BOD5—Biochemical oxygen consumption for 5 days
7. NH4 (mg/L) 0.25 0.22 0.47 0.26 0.46 0.21 0.46 0.34 NH4—Ammonium ion
8. PO4 (mg/L) 0.26 0.15 0.57 0.21 0.18 0.13 0.22 0.16 PO4—Orthophosphates
9. NO3 (mg/L) 2.24 2.49 4.29 3.54 3.82 3.22 2.93 2.21 NO3—Total nitrogen oxides
10. CB (MPN in 100 mL) 2325 4385 1728 1145 730 1250 1720 747 CB—Coliform bacteria
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