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ABSTRACT

Using the Shannon-Weaver index (H’), the link between the physical and chemical
components of the biological component in the Bosnia River was examined. The results
showed that pH and H’ had a strong link (rs = 0.59), while total nitrogen and H’ had a poor
relationship (rs = 0.44), and COD-Cr had a weak relationship (rs = 0.34). KPK-Cr (I water
class) had the lowest parameter concentrations, whereas electrical conductivity (IV-V water
class) showed the highest. The values of the biological elements range from a poor 0.267 to a
high state of 2.26.

ZUSAMMENFASSUNG: Korrelation zwishen  waserqualitetselmenten  und
diversitasindex des flusses Bosna in der gegend Zenica (Bosnien und Herzegowina).

Die Beziehung zwischen den physik-chemischen Elementen der biologischen
Komponente im Bosnien-Fluss wurde mithilfe des Shannon-Weaver-Index (H’) analysiert. Es
wurde eine starke Beziehung zwischen pH-Wert und H’ (rs = 0,59) und eine schwache
Beziehung zwischen Gesamtstickstoff und H’ (rs = 0,44) und CSB-Cr mit H’ (rs = 0,34)
gefunden. Die hdchsten Parameterkonzentrationen wurden fur die elektrische Leitfahigkeit
(IV-V-Wasserklasse) und die niedrigsten fur KPK-Cr (I-Wasserklasse) beobachtet. Die Werte
der biologischen Elemente reichen von einem schlechten 0,267 bis zu einem hohen Zustand
von 2,26.

REZUMAT: Corelatia dintre calitatea apei si Indicele de Diversitate al raului Bosna
din regiunea Zenica (Bosnia si Hertegovina).

Folosind indicele Shannon-Weaver (H’), a fost examinata legatura dintre componentele
fizice si chimice ale componentei biologice din din raul Bosna. Rezultatele au ardtat ca pH-ul si
H’ au avut o legatura puternica (rs = 0,59), in timp ce azotul total si H’ au avut o relatie slaba
(rs = 0,44), iar COD-Cr a avut o relatie slaba (rs = 0,34). KPK-Cr (clasa I de apa) a avut cele
mai scazute concentratii de parametri, in timp ce conectivitatea electrica (clasa de apa IV-V) a
aratat cea mai mare. Valorile elementelor biologice variazi de la o stare slaba de 0,267 la o
stare ridicata de 2,26.
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INTRODUCTION

Many stresses substantially impact freshwater, which is why ongoing technique
development, evaluations, and monitoring are crucial (Bandduc et al., 2022). The largest
watercourse in the Zenica area, in Bosnia and Herzegovina, is the Bosna River, which flows
from Drivusa through the city. The Bosna River flows through the fields of Sarajevo, Visoko,
Kakanj, and Zenica on its upper course. The Bosna River flows through the Zenica region and
is around 32 kilometers long. The Koceva, Babina, and Gracanicka rivers are in addition to the
Bosna River; the latter only reaches the area under investigation at its confluence. Zenica is
categorized as a heavy industrial city that has unreasonably contaminated and deteriorated the
environment. The construction of industry and the city in the conditions of a closed basin, with
little space for both, creates anthropogenic climate factors that, in their extremity, modify the
climate. The northern region of the Zenica basin is home to all industries, with the Arcelor
Mittal Zenica company taking up the most space in the industrial zone.

Due to its population density and development, the Bosna River is most exposed to
anthropogenic influences, significantly compromising water quality. This condition results
from both industrial activities and the influence of the local population. Extensive industrial
production processes, such as those in steel mills, must be viewed as sources of complete
interaction with the environment. Environmental incidents are becoming more and more
noticeable in the Bosna River in the Zenica region. These occurrences show themselves as
mass mortality of fish populations, changes in water color noticed by visual inspection, and
disagreeable scents. This is the outcome of adding non-native materials to the watercourse,
upsetting the natural equilibrium.

Certain freshwater organisms larger than 0.5 mm are known as macroinvertebrate
benthos and live on the bottom of aquatic environments. Due to their relatively long lifespan
and limited mobility, changes in environmental conditions, alterations in physical water
properties (water flow rate, temperature, and light), chemical water properties (nutrient levels,
oxygen, and carbon dioxide), as well as seasonal and daily changes in water flow regimes,
result in modifications to the qualitative and quantitative structure of the macroinvertebrate
community. Under the influence of organic pollution, there is a reduction in species diversity,
accompanied by an increase in the number of individuals within the same species. In contrast,
clean waters support a greater variety of species but with lower individual abundance
(Rosenberg et al., 1993). Consequently, it is possible to evaluate the decline of aquatic
ecosystems from one or more causes using the taxonomic makeup of macroinvertebrates.

According to WFD 2000/60/EC, the quality of surface water is determined based on
the assessment of its “ecological status”, which encompasses the study of physicochemical
elements (thermal conditions, oxygen regime, acidification, nutrients, and specific pollutants),
hydro-morphological elements (flow, hydrological regime, river continuity, and morphological
conditions) that accompany biological elements (composition and richness of benthic
macroinvertebrate fauna). The outcomes form the foundation of future management plans that
involve taking all required steps to attain good status

In the rivers Una, Vrbas, Bosna, Drina, and Neretva with Trebisnjica, the research led
by Blagojevi¢ (1984) showed that the correlations between saprobic parameters and water
oxygen content, oxygen saturation, and BODs vary with watercourses biogeographical,
regional-hydrographic, and seasonal conditions. Physicochemical parameters, commonly
determined in routine monitoring, can be compared with various ecological parameters derived
from biomass, diversity, and saprobic index. Furthermore, studies on the relationships between
saprobic conditions and chemical factors relevant to the Miljacka River’s oxygen regime have
shown no agreement among individual results of measured parameters.
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MATERIAL AND METHODS

Twenty samples were collected at five sites along the Bosha River during seasonal
aspects, except for total nitrogen, for which 15 samples were taken. The parameters used for
assessing water status through intercorrelations are presented in table 1.

Table 1: The applied elements for the analysis of intercorrelations

Hidromorfological elements | River flow Q (m°/s)
Physico-chemical elements
Thermal conditions Water temperature (°C)
Acidification pH
] BPKSs (mg/O,l)
Oxygen regime KPK-Cr (mg/O,l)

Electrical conductivity
Total suspended solids
Ammonium ion (ug/l)

Nutrients Total nitrogen (ug/l)
Total phosphorus (ug/l)
Biological elements Shannon-Weaver index of diversity (H”)

Table 2 shows the chemical techniques used to test the specified parameters. Air
temperature was measured in the field using a glass thermometer, while water temperature was
measured using a multifunctional environmental meter — PCE-222 type device.

Water quality assessment is determined by comparing physicochemical parameters
with the limit values of substances in current legal regulations. The pH, BODs, COD-Cr, and
total suspended solids are compared with the maximum permitted concentrations of specific
hazardous and harmful substances in surface waters by the Regulation (Official Gazette of the
Socialist Republic of Bosnia and Herzegovina, 19/80).

Table 2: Chemical methods for testing water parameters.

Orr]c:.er Parameter Measuunr;atment Standard-Technique
1. pH — JUS H.Z1.111 — Potenciometric
2. BPKs mg O./| JUS H.Z1.136 — Titrimetric
3. KPK-Cr mg O,/ JUS H.Z1.165 — Titrimetric
4. Electrical conductivity uS/cm JUS H.Z1.112 — Conductometric
5. Total suspended solids mg/l JUS H.Z1.160 — Gravimetric
6. Total phosphorus pg/l ICP* — Spectrophotometric
7. NH,4-amonium ion ug/l MERCK ** ~ UV VIS -

Spectrophotometric

8 Total nitrogen ng/l MERCK ** — Kjeldahl method

* PERKIN ELMER Analytical Methods for OES-ICP.
** The testing of Water.
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Ammonium ion and total phosphorus are compared with the provisions of the
Regulation (Official Gazette of the Federation of Bosnia and Herzegovina, 43/07). In contrast,
electrical conductivity and total nitrogen are classified according to the Regulation (Official
Gazette of the Republic of Srpska, 3/97, 3/98, and 29/00). These comparisons will determine
whether there is an environmental burden associated with individual parameters and possible
causes of elevated concentrations. The biological elements (Shannon-Weaver index — H’) for
Type 3 are compared according to the Decision (Official Gazette of the Federation of Bosnia
and Herzegovina, 1/14).

The research of the relationship between water quality elements was conducted using
statistical tools in the Excel program. The association of variations in the values of two or
more variables is called correlation. By applying the correlation coefficient, we aim to
determine whether measured physico-chemical parameters can serve as a basis for biological
indicators or vice versa.

A complete correlation or functional relationship exists when there is a one-to-one
correspondence between every value in variables x and y. When there is a partial correlation,
several values of variable y correlate to a given value of variable x. The lower the correlation,
the greater the variability of values of variable y that appear with a specific value of variable x.

The relationship between two continuous variables is depicted graphically through a
scatter plot of pairs of values of the two continuous variables. Each point on the scatter plot
represents a pair of data from one statistical unit. The scatter plot suggests the shape of the
relationship between the two variables (Figs. 3-8). A linear relationship between two variables
exists if the straight line drawn through the center of the points on the scatter plot best fits the
given observations. The correlation coefficient measures the closeness of points to the straight
line.

The Spearman rank correlation coefficient, a nonparametric equivalent to the Pearson
correlation coefficient, is calculated when one or more of the following conditions is true:

At least one of the variables, x or y, is measured on an ordinal scale;

Neither x nor y follows a normal distribution;

The sample size is small.

We need a measure of association between two variables when this association is not
linear.

To estimate the population value of the Spearman coefficient, we use its value
calculated on the sample, denoted as rs: we arrange the values of x in ascending order starting
from the smallest value and assign successive ranks (numbers 1, 2, 3, ..., n) to them, with
identical values receiving the average rank of the values they would take if they were not
identical. We assign ranks to the values of variable y in the same manner. rs is the Pearson
coefficient between the ranks of x and y.

6) d’
= 1——22: '
n(n°-1)
as it is: d;— difference of ranges, n — number of samples.

Characteristics of the Spearman correlation coefficient: it shares the same features as
the Pearson correlation coefficient, denoted as rs, providing a measure of association, not
necessarily linear, between variables x and y. rs"2 is not calculated since it does not represent
the proportion of total variation in one variable that could be attributed to its linear relationship
with others.
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Table 3 provides interpretations of linear correlation coefficients, based on which
conclusions about the strength and nature of the relationship between the observed variables
are drawn. The strength of the association (interpretation) is the same for negative values of the
correlation coefficient.

Table 3: Criterion of the strength of the linear relationship between ranked variables
expressed through the values of the Spearman correlation coefficient.

Correlation coefficient Strength of the relationship between variables
1 Total
0.80 < r <1 Strong
0.50 < r <0.8 Medium strong
0.20 < r <05 Weak
0.0< r <0.2 Slightly
0 Totally absent

The diversity of macroinvertebrate communities will be represented by the Shannon—
Weaver diversity index (H) (Shannon et al., 1949), which utilizes the relative abundance of
individual taxa:

HI:_ZPilong’i asitis P, :%;

as it is: H> — value of the diversity index, Pi — the relative representation of that taxon in the
sample and log; (x) = log(x)/ log2

This index starts at zero if only one species is present in the sample, and as the number
of species increases, the index value also increases, reflecting an increase in evenness.

RESULTS AND DISCUSSION

Data on the Bosna River's water level and flow values at the Raspotocje gauge station
were provided by the Agency for the Water Area of the Sava River Basin - Sarajevo database,
covering the period from January 2014 to April 2015. During the investigated period,
fluctuations in the water level of the Bosna River triggered by heavy rainfall and floods were
observed. High water levels were recorded, reaching around 520 cm in May 2014 and
approximately 320 cm in January 2015, causing widespread flooding (Figs. 1 and 2).

H

2

level H (em)
Water flow Q (m?/s)

Water level

Figure 1: The maximum water levels of the Figure 2: The maximum water flow of the
Bosna River. Bosna River.
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In the following tables 4, 5, 6, 7, and 8, the values of the studied elements for assessing
the water category are presented for five sampling sites collected in annual periods.

Table 4: The values of hydromorphological, physico-chemical, and biological

elements of the Drivusa site.

Parameters 08.10. 15.01. 06.05. 23.06.
2014 2015 2015 2015
The flow rates of the Bosna River Q (m®/s) 27.25 39.10 27.89 15.22
Water temeperature (°C) 121 2.6 13.9 12.3
Air temperature (°C) 14.2 3 26.4 22.7
pH 7.6 7.3 7.5 7.4
BPKs (mg/O,l) 1.95 0.35 1.33 1.29
KPK-Cr (mg/O,l) 4.61 0.78 1.90 1.84
Electrical conductivity (uS/cm) 1,109 1,058.6 970.1 1,258.9
Total suspended solids (mg/I) 8 50 24 34
Amonium ion (pg/l) 2,180 14,010 1,400 1,400
Total nitrogen (ug/l) — 15.410 2,800 2,800
Total phosphorus (ug/l) 74 76 88.5 107.8
Shannon-Weaver index of diversity (H”) 1.39 1.15 1.86 0.627

Table 5: The values of hydromorphological, physico-chemical, and biological

elements of the Raspotocje site.

Parameters 08.10. 15.01. 06.05. 23.06.
2014 2015 2015 2015
Flows of Bosna River Q (m*/s) 27.42 39.80 28.21 15.63
Water temeperature (°C) 13 15 14.7 16.5
Air temperature (°C) 14.25 3.3 30.1 25.3
pH 7.8 7.3 7.5 7.5
BPKs (mg/O,l) 1.73 0.37 0.89 1.29
KPK-Cr (mg/O,l) 4.10 0.78 1.27 1.84
Electrical conductivity (uS/cm) 1,136 1058.6 931.6 1225.8
Total suspended solids (mg/I) 12 65 18 25
Amonium ion (pg/l) 2,180 16,810 1,400 1,400
Total nitrogen (ug/l) - 18,210 2,800 2,800
Total phosphorus (ug/l) 74 72 84.0 113.4
Shannon-Weaver index of diversity (H”) 211 0.92 1.89 0,267
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Table 6: The values of hydromorphological, physico-chemical, and biological

elements of the Hotel Metalurg site.

Pk
Flows of Bosna River Q (m®/s) 28.92 41.30 29.71 17.13
Water temeperature (°C) 12.6 3.9 16.2 17.3
Air temperature (°C) 155 3.7 30.4 23.2

pH 7.8 7.2 7.8 7.7

BPKs (mg/O,l) 0.68 0.71 2.67 0.86
KPK-Cr (mg/O,l) 1.57 1.96 3.81 1.23
Electrical conductivity (uS/cm) 1,136 1,012.6 950.6 1194.3

Total suspended solids (mg/I) 18 28 27 37
Amonium ion (ug/l) 2,800 11,210 1,400 2,800
Total nitrogen (ug/l) — 12,610 2,800 2,800
Total phosphorus (ug/l) 650 63 79.1 101.2
Shannon-Weaver index of diversity (H’) 1.48 0.92 1.26 0.794

Table 7: The values of hydromorphological, physico-chemical, and biological

elements of the Coastal Channel of the Ironworks site.

RS
Flows of Bosnia river Q (m%/s) 29.10 41.50 30.10 17.53
Water temeperature (°C) 14.5 3.6 18.2 20.6
Air temperature (°C) 19.2 3.8 32.7 24.3

pH 1.7 7.2 1.7 1.7

BPKs (mg/O,l) 0.95 0.70 3.59 0.86
KPK-Cr (mg/O,l) 2.35 1.96 5.08 1.23
Electrical conductivity (uS/cm) 1,606 1,083.2 991.1 1,293.9

Total suspended solids (mg/I) 51 34 67 39
Amonium ion (pg/l) 6,550 19,610 2,800 5,600

Total nitrogen (ug/l) 21,010 15,410 7,000

Total phosphorus (ug/l) 790 77 90.0 146.4
Shannon-Weaver index of diversity (H’) 2.08 0.97 1.52 2.075
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Table 8: The values of hydromorphological, physico-chemical, and biological

elements of the Banlozi-Jelina site.

08.10. 15.01. 06.05. 23.06.
Parameters 2014 | 2015 | 2015 | 2015
Flows of Bosna River Q (m°/s) 30.20 42.40 31.21 18.60
Water temeperature (°C) 13.6 2.3 16.6 17.6
Air temperature (°C) 16.5 1.1 30.9 27.2
pH 7.7 8.5 8.0 7.6
BPK;s (mg/O,l) 0.71 1.80 1.78 2.24
KPK-Cr (mg/O,l) 1.57 4.70 2.54 3.20
Electrical conductivity (uS/cm) 1,194 1,035.1 1,013.0 1,330.8
Total suspended solids (mg/I) 36 65 24 33
Amonium ion (ug/l) 5,600 15,410 3,200 4,200
Total nitrogen (ug/l) 16,810 4,200 5,600
Ukupni fosfor (ug/l) 800 69 91.1 121.2
Shannon-Weaver index of diversity (H") 0.92 1.91 2.26 0.809

The studied river Bosna in the Zenica region increases its flow downstream through its
entire course, mitigating anthropogenic influences and resulting in the partial flushing of
sediment containing different harmful substances. Due to a more prominent food source, this
condition leads to a slightly higher diversity of macroinvertebrates at the lower river sites
(Tabs. 4-8). In January, the highest flows were recorded at 42.40 m%s, leading to significant
water levels.

During the study period, the lowest air temperature occurred in January (1.1°C) and
the highest in May (32.7°C). Water temperature is directly dependent on air temperature.
Lower water temperatures were observed at the upper Bosna River sites. In comparison, higher
temperatures were recorded at the lower sites, as expected, due to more prolonged exposure to
sunlight, causing downstream water warming (Tabs. 4-8).

The water is weak to moderately basic, ranging from 7.2 to 8.5 (Tabs. 4-8). The pH
value fluctuates slightly over the observed period, consistently falling within Class | of water
quality. The higher pH values are likely a result of a significant reduction in water quantity,
leading to increased concentrations of detergents, which are strongly basic substances (Duran
et al., 2000-2001).

BODs values ranged between the values of 0.71 mg/O,l to 3.59 mg/O,l, classified as
Class Il of water quality (Tabs. 4-8). COD-Cr values ranged from 0.78 mg/O,l to 5.8 mg/Oal,
meeting the requirements of Class | of water quality. There is no evidence of significant
organic pollution due to relatively low BODs and COD-Cr values during the observed period.
Variations in daily chemical oxygen demand may be attributed to sampling at different times
when the quantity of municipal wastewater changes throughout the day (Duran et al., 2000-
2001).
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In contrast to the oxygen regime, electrical conductivity reached high values from
991.1 uS/cm to 1,606 puS/cm (Tabs. 4-8). It can be classified as Class 1V-V of water quality,
indicating significant pollution. Increased conductivity values suggest a higher concentration
of salts in the water, a result of wastewater discharge accumulating in sediment, adversely
affecting aquatic life. Conductivity values are influenced by temperature, pH value, and, to
some extent, dissolved carbon dioxide (Trozi¢-Borovac, 2001).

Total suspended solids (TSS) concentrations ranged between the values of 8 mg/l to 67
mg/l (Tabs. 4-8), falling within the limits for Class II-111 of water quality. Determining and
analyzing this parameter in water is very important due to the fact that it leads to forming
sediment deposits, favoring the creation of anaerobic conditions at the bottom of the aquatic
ecosystem.

Ammonium ion concentrations ranged from 1400 pg/l to 19610 pg/l (Tabs. 4-8),
exceeding Class IV of water quality limits. Oscillations in ammonium content indicate that
sewage and industrial wastewater significantly affect the studied river’s water quality.
Ammonium is commonly considered an indicator of fresh fecal pollution. Still, increased
concentrations can also result from applying fertilizers near the river and wastewater rich in
mineral and organic materials. High ammonium values are likely due to the high water levels
of the river, leading to flooding of areas around the river and causing increased nutrient
concentrations through leaching and accumulation of organic matter from the surrounding
vegetation.

Total nitrogen varied during the observed period, ranging from 2,800 pg/l to 21,010
pg/l (Tabs. 4-8), categorized as Class Il to IV of water quality. Nitrogen content in water is
considered an indicator of water pollution due to insufficiently treated wastewater and
excessive fertilizer use.

Total phosphorus levels ranged from 72 pg/l to 800 pg/l (Tabs. 4-8), falling into Class
I-11 to HI-1V of water quality. Phosphorus is an indicator of water pollution, indicating the
presence of sewage and artificial fertilizers

The biological diversity index fluctuated from poor at 0.267 at the Raspotocje site
(Tab. 5) to high at 2.26 at the Banlozi site (Tab. 8). Differences in diversity and abundance of
individuals were observed between seasons. Considering consistent physico-chemical analyses
at the sites, variations in diversity index values should be sought in other potential significant
influences. Flooding events in 2014 led to changes in hydromorphological elements of water
quality, mainly in substrate structure and homogeneity, affecting the composition and structure
of macroinvertebrates and other biological communities (Novakovi¢ et al., 2015). Specifically,
during high water levels in May 2014, a portion of benthic macroinvertebrates was washed
away, directly related to increased water levels, as the flow velocity increases with rising water
levels (Figs. 1-2), making it difficult for some organisms to resist. After heavy rainfall or
floods, drift occurs, the passive transport of macroinvertebrates when the water quantity in the
riverbed rises, carrying insects downstream. In this study, the highest number of taxa,
individuals, and diversity index values were detected downstream at the Banlozi site of the
Bosna River.
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Table 9: Comparison of correlation coefficients for the considered relationships
between elements.

Orderer Considered relationships Spearman’s correlatlon_ coefﬁment and the
strength of the relationship between
nr. between elements :
variables
1. Q-H 0.24 — weak and positive
2. T_H 0.13 — minor and positive
3. pH — H’ 0.59 — medium strong and positive
4, BPK5 — H’ 0.24 — weak and positive
5. KPK-Cr — H’ 0.34 — weak and positive
6. Electrical conductivity — H’ —0.24 — weak and negative
7. Total suspended solids — H’ —0.11 — minor and negative
8. Amonium ion — H’ 0.13 — minor and positive
9. Total nitrogen — H’ 0.44 — weak and positive
10. Total phosphorus — H’ —0.02 — totally absent

The correlation between elements is weak (Tab. 9), except for the established
correlation with a moderately strong relationship between pH and H’ (rs = 0.59) (Fig. 3).
Within the achieved weak connection, we highlight the total nitrogen — H’ correlation (rs =
0.44) (Fig. 4) and KPK-Cr — H’ correlation (rs = 0.34) (Fig. 5). The same correlation value (rs
= 0.24) is achieved for flow (Fig. 6) and BPKs. Therefore, a statistically significant connection
between elements exists for pH and the Shannon-Weaver diversity index, meaning that the
most critical influence on H values is the pH. Also, it can be concluded that there is a
connection between total nitrogen and KPK-Cr with H’. The low correlation coefficients for
temperature (rs = 0.13) indicate that its influence is insignificant for H’. Achieved negative
values for electrical conductivity (Fig. 7) and total suspended solids (Tab. 9) imply that H’
increases as the value of these elements decreases. A negative value is observed for total
phosphorus and a complete absence of correlation with H’ (Fig. 8).

In the study (Imamovié, 2005) on the water quality of the Bosna River, the best
correlation was found with the saprobic index for nitrates (r = 0.52), temperature, and pH (r =
0.42). Examining the quality of the Sava River (Cuk et al., 2014), it was observed that, in
addition to physico-chemical indicators, the highest number of taxa is directly connected with
the diversity of dominant substrate with a higher proportion of rocks and gravel. The smallest
number of taxa inhabits habitats with a proportion of sand and mud without large substrate
fractions. Williams and Williams (1998), determined that the composition of the riverbed (size
and heterogeneity) and the presence of aquatic vegetation play a dominant role in the
composition of macroinvertebrate communities.
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Figure 7: Connection electric conductivity — H’. Figure 8: Connection total phosphorus — H’.

As this analysis revealed a significant dispersion of results and negative outcomes, it is
necessary to increase the number of sites in further research, analyzing a greater number of
samples over a longer period of approximately three years. This is aimed at obtaining more
efficient data that would provide a better correlation between ecological parameters.

CONCLUSIONS

Based on the results of the water quality assessment, which included analyses of
essential physico-chemical and biological elements of the Bosna River in the Zenica area from
October 2014 to June 2015, it can be concluded that multivariate analysis demonstrated the
interconnection of water quality elements using the dependent variable with the Shannon-
Weaver Diversity Index.

A statistically significant correlation of moderate strength was achieved between pH
and the Shannon-Weaver Diversity Index (rs = 0.59). Additionally, there is a connection
between total nitrogen and KPK-Cr with the diversity index. In further research, it is necessary
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to increase the number of sites with a more significant number of samples over a more
extended period in different seasonal conditions of watercourses to have more effective data
that would provide a better correlation between elements determining water quality.
Continuous monitoring of the Bosna River’s quality is essential not only for pollution
assessment and implementing preventive and practical protection measures but also for more
specific requirements to polluters to introduce and implement protective measures preventing
or reducing water pollution within permitted concentrations.
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