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Abstract

Anthropogenic activities deteriorate the quality of water resources, which reduces their socio-econom-
ic suitability, endangers public health, and affects aquatic life. This work presents the results of physic-
ochemical monitoring of the Provadiyska River (Northeastern Bulgaria) and aims to assess water qual-
ity status according to the guidelines pointed out in the National regulatory standard — Regulation
H-4/2012 for characterization of the surface waters. The selected river has become one of the most se-
riously polluted streams in the territory of the country due to the effect of various human practices oc-
curring in the drainage basin, such as agriculture, industry, and urban development. Data about the val-
ues of ten physicochemical variables (pH, EC, DO,, N-NH,, N-NO;, N-NO,, N-tot, P-PO,, P-tot, and
BOD;), recorded at four measuring points during the period 2015-2020 have been used. Results ob-
tained indicate that almost all of the parameters considered do not meet the reference norm for “Good
status”, thus water quality could be assessed as “Moderate”. Failed variables appear to be EC, N-NH,,
N-NO3, N-NO,, N-tot, P-PO,, P-tot, and BOD; whose highest observed content remains from two up
to nine times above the maximum permissible limits of Regulation H-4/2012. Water contamination
arises from different sources and activities, including the excessive fertilization of croplands, the unreg-
ulated release of animal manure from livestock farms, the uncontrolled discharge of municipal and in-
dustrial effluents into the river, etc. The expansion of sewerage systems in the settlements, the con-
struction of wastewater treatment facilities, as well as the adoption of codes for best farming practices
are among the most important actions that should be taken to reduce the deleterious effects of various
anthropogenic activities on water quality.
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Introduction

Water, a prime natural resource and precious social as-  try, etc. Agriculture provides employment to millions
set, forms habitats for aquatic species, serves vital hu-  of people and is responsible for feeding the growing
man needs, and at the same time plays an increasingly =~ world’s population (Kernebeek et al., 2016). Howev-
important role in various sectors of the global and na-  er, some farming practices, such as the excessive us-
tional economy. As a result of this multipurpose use,  age of fertilizers and pesticides, enrich surface water
water quality suffers from a range of anthropogenic ~ bodies with nitrogen and phosphorus, which causes
activities like agriculture, urban development, indus-  structural changes in the freshwater ecosystems and
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provokes eutrophication (Chislock et al., 2013, With-
ers et al., 2014, Dodds & Smith, 2016, Romanelli et al.,
2020). The expansion of urban regions due to the rap-
idly rising population also brings environmental is-
sues. The untreated or inadequately treated municipal
effluents contain fecal coliforms and so import patho-
genic bacteria into the waters. Such microbial organ-
isms pose a serious threat to public health (Mills et al.,
2018, Nazemi et al., 2018). Industrial wastewaters in-
flict no less harmful effects. Two examples include the
chemical factories emitting synthetic materials and
the mining enterprises releasing heavy metals into
the rivers. Those substances often engender intoxica-
tion and hide carcinogenic risks, so their presence in
the aquatic bodies is an issue of great concern (Mo-
hammadi et al., 2019, Ravindra & Mor, 2019, Sall et
al., 2020).

The implementation of the Water Framework Di-
rective (WFD) 2000/60/EC of the European Parlia-
ment and the Council of 23 October 2000 requires all
EU member states to protect and improve the quali-
ty of their surface and sub-surface water resources, so
that all streams, lakes, and aquifers achieve “Good sta-
tus” at the latest by 2027. Currently, five years before
the stated deadline, the implementation of the men-
tioned objective seems to be a difficult task. Although
a set of rules, measures, and action programs in this
field were prepared by decision-makers and stake-
holders during the last two decades, about 40% of the
EU waters still do not meet the requirements. One of
the main obstacles hindering the European states to
achieve the WFD’s target remains the anthropogenic
influence on the aquatic streams (Vilmin et al., 2018).

Study area
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Bulgaria is among the European countries with
most dramatically declining population and shrink-
ing economy during the last decades. As a result of
those socio-economic processes, the human impact
on the environment gradually weakens and a lot of
water bodies tend to improve their quality (Varbanov
& Gartsiyanova, 2015, Seymenov, 2019). However,
some regions in the territory of the country contin-
ue to be pressured by various anthropogenic activi-
ties and so critically contaminated rivers can still be
established (Radeva & Seymenov, 2021). One such ex-
ample includes the Provadiyska River, which has been
classified as “an ecological hot-point with seriously
polluted sections” due to the discharge of wastewater
products from farmlands, settlements, and industri-
al enterprises. Gartsiyanova (2016) reported elevated
concentrations of ammonia ions, nitrates and nitrites
in the river waters for the period 1993-2014. The an-
nual bulletins published by the Executive environ-
ment agency between 2000 and 2018 concerning the
ecological status of the rivers in the Black Sea drain-
age area showed severe contamination with increased
values of suspended solids, nitrates, phosphates, and
organic matter as a result of the direct discharge of
untreated municipal and industrial effluents into the
stream channel.

Thus, this work aims to assess the water quality sta-
tus of the Provadiyska River in compliance with the
reference norms pointed in Regulation H-4/2012 for
characterization of the surface waters. The realization
of the stated objective is expected to update the exist-
ing knowledge from previous investigations with new
data for a more contemporary period.

The Provadiyska River is a watercourse in the north-
eastern section of Bulgaria, which flows in a length of
119 km and has a drainage basin of 2132 km? The in-
vestigated stream originates from the eastern slopes
of the Samuil hills in the Eastern Danube Plain at an
altitude of 441 m above sea level, later runs southeast
and northeast, and empties into the Beloslav Lake,

Data and methods

which is connected with the Varna Lake, which in
turn drains into the Black Sea (Figure 1).

The hydrological features of the Provadiyska River at
the gauging station near Sindel include a mean annual
flow 2.33 m?/s. The high runoff phase occurs from Feb-
ruary to April, while the low discharge period is most
typical between August and October (Hristova, 2012).

Statistical information about the values of ten phys-
icochemical variables has been used. Data concern
the measured content of the following parameters:
pH, electrical conductivity (EC), dissolved oxygen
(DO,), ammonium nitrogen (N-NH,), nitrate nitro-
gen (N-NO;), nitrite nitrogen (N-NO,), total nitro-
gen (N-tot), orthophosphates (P-PO,), total phospho-

rus (P-tot), and five-day biochemical oxygen demand
(BOD:;), in-situ collected and then processed in an ac-
credited laboratory following a standardized proce-
dure. The measurements were carried out by the Ex-
ecutive environment agency at four sampling points
during the period 2015-2020 with a frequency of the
observations four times per year. The monitoring sites,
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Figure 1. Map of the relief and drainage network showing the location of sampling points

falling within surface water bodies of type R4: Semi-
mountain rivers in a Pontic province (a measuring
point near the village of Dobri Voynikovo) and R11:
Small and medium Black Sea tributaries (monitoring
sites after the towns of Kaspichan and Provadiya, and
near the village of Sindel), have been selected so that
cover parts of upstream, midstream, and downstream
reaches of the Provadiyska River (Figure 1). Water
quality status has been analyzed following the guide-
lines of the National regulatory standard — Regula-
tion H-4/2012 for characterization of the surface wa-
ters (Table 1). The term “water pollution” will be used

in this paper when the value of a given physicochem-
ical parameter does not meet the reference norms for
“good” and “excellent” status, recommended in Regu-
lation H-4/2012.

Descriptive statistics, i.e. minima, maxima and
means, calculated for each variable have been pre-
sented in the first stage of the work. Water quality has
been related to the land use/land cover structure. For
this purpose, a map of the CORINE land cover in the
Provadiyska River basin has been made using the da-
tabase of COPERNICUS Land Monitoring Services
(2018).

Table 1. Reference values of physicochemical parameters at different water body types as pointed out in Regulation
H-4/2012 for characterization of the surface waters

Water | Water Water quality parameters
body | quality y | EC.uS/ | DO, | N-NH,, | N-NO;, | N-NO,, | N-tot, | P-PO,, | P-tot, | BODs,
types | status P cm mg/l | mg/l mg/l mg/l mg/l mg/l mg/l mg/l
Excellent - <700 >8.0 <0.04 <0.5 <0.01 <0.5 <0.02 <0.025 <1.2
6.5- 700- 8.0- 0.04- 0.01- 0.02- 0.025-
R4 | Good 85 | 750 | 60 04 | 971 003 | %7 004 | 0075 | 2730
Moderate - >750 <6.0 >0.4 >1.5 >0.03 >1.5 >0.04 | >0.075 >3.0
Excellent - <850 >6.0 <0.3 <1.0 <0.03 <1.0 <0.07 <0.15 <2.0
6.5- 850- 6.0- 0.3- 0.03- 0.07- 0.15-
R Good 85 900 50 065 1.0-2.5 006 1.0-2.5 015 03 2.0-5.0
Moderate - >900 <5.0 >0.65 >2.5 >0.06 >2.5 >0.15 >0.3 >5.0
Results

The physicochemical parameter pH is a measure in-
forming about the active reaction of water (acidic,
neutral, or alkaline). The possible numerical range
varies from 0 up to 14. Generally, values less than 7
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mean an acidic reaction; numbers equal to 7 indicate
a neutral reaction, and ratings greater than 7 reveal an
alkaline reaction. The value of this variable depends
on some natural conditions. For instance, river waters



flowing over karst terrains with limestone rocks are
more often alkaline, unlike those running through
volcanic and metamorphic formations that are chief-
ly acidic. In addition, the wastewaters from mines and
metallurgical enterprises usually decrease the values
of pH. Neutral to weakly alkaline water is considered
to be most suitable for aquatic life and human use
(Omer, 2019). Results obtained show that the waters
of the Provadiyska River are characterized by neutral
to slightly alkaline reaction (Table 2). A possible ex-
planation of this result gives the significant share of
sedimentary rocks, as well as the lack of ore mines in
the drainage basin. Frequency analysis indicates that
from 90.9% (the Provadiyska River after Kaspichan)
to 100.0% (the Provadiyska River near Dobri Voynik-
ovo and after Provadiya) of the collected samples fall
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Kaspichan. On the other hand, the highest levels are
recorded at the measuring sites after Provadiya and
near Sindel. Frequency analysis gives the following
information: from 7.7% (the Provadiyska River after
Provadiya) to 87.5% (the Provadiyska River near Do-
bri Voynikovo) of the collected samples achieve “Ex-
cellent status”. Excluding the sampling points near
Dobri Voynikovo and after Provadiya, where no val-
ues within the numerical range for “Good status”, in
the rest measuring sites between 4.3% (the Provadi-
yska River at Sindel) and 4.5% (the Provadiyska Riv-
er after Kaspichan) of all tests fall into “Good status”.
Increased values of EC are established at all measur-
ing sites, so between 9.1% (the Provadiyska River af-
ter Kaspichan) and 92.3% (the Provadiyska River af-
ter Provadiya) of the samples could be assessed into

Table 2. Descriptive statistics of the values of physicochemical variables in the surface waters

River = water EC,uS/ | DO,, | N-NH,, | N-NO;, | N-NO,, | N-tot, | P-PO,, | P-tot, | BODs,
sampling Values pH
point cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l | mg/l
Provadiyska Minimum 8.03 578 7.00 0.22 3.50 0.02 350 | 005 | 0.08 | 158
— Dobri Average 8.25 638 914 0.53 8.24 0.06 9.18 0.06 013 | 450
Voynikovo Maximum | 8.48 810 10.60 1.10 11.70 0.15 1210 | 0.08 019 | 8.40
Provadiyska Minimum 7.26 458 3.00 0.05 113 0.04 1.60 0.03 010 | 132
— after Average 814 709 8.55 0.62 5.98 0.11 7.62 0.10 0.25 | 4.65
Kaspichan Maximum | 8.66 990 | 14.20 2.50 13.20 0.50 1510 | 0.50 0.90 | 12.00
Provadiyska Minimum 772 760 5.52 0.08 2.21 0.03 268 | 0.04 | 009 | 151
— after Average 8.04 | 1163 7.93 0.46 5.64 0.07 6.49 | 0.20 | 0.28 | 2.87
Provadiya Maximum 832 | 1590 | 10.20 1.91 9.69 012 9.81 0.53 066 | 6.30
' Minimum 7.47 723 3.57 0.03 3.16 0.02 3.20 | 003 | 0.06 | 070
Eir::j’:f'”ka = | Average 818 | 1252 | 7.84 | 023 | 6.34 om | 672 | 021 | 027 | 248
Maximum | 8.67 | 2606 | 11.89 11.40 0.46 | 11.80 | 0.55 078 | 730

within the numerical range for “Good status” recom-
mended in Regulation 4/2012 (Figure 2).

Electrical conductivity (EC) is a physicochemi-
cal parameter showing the ability of water to conduct
electricity. Waters are among the natural resources
that are electrical conductors, but this property is in-
fluenced by multiple factors like turbidity, mineraliza-
tion, lithology, and land use. The increased values of
EC usually do not cause great concerns because they
are often a reflection of natural conditions, such as the
presence of calcium ions, which seems to be closely
linked to lithology. However, some unsustainable an-
thropogenic practices like the unregulated disposal of
solid or chemical wastes can also provoke increased
electrical conductivity (Omer, 2019). The measure-
ments show that the waters of the Provadiyska Riv-
er are characterized by an elevated ability to conduct
electricity (Table 2). The lowest values are established
at the sampling sites near Dobri Voynikovo and after

“Moderate status” following the norms of Regulation
4/2012 (Figure 2).

Dissolved oxygen (DO,) is a measure showing the
amount of oxygen that is present in water. Surface wa-
ter bodies absorb and dissolve a part of the available
oxygen in the lowest layer of the atmosphere. The pres-
ence of sufficient oxygen in water maintains aquatic
life and protects natural habitats. However, unfavora-
ble hydro-ecological conditions, such as eutrophica-
tion, can critically reduce the dissolved oxygen levels
(Omer, 2019). The lower oxygen saturation usual-
ly leads to suffocation and death of aquatic species,
which is closely related to the loss of biodiversity in the
aquatic ecosystems. The resulting information reveals
that the waters of the Provadiyska River almost do not
suffer from oxygen deficit (Table 2). Two exceptions
are the monitoring sites after Kaspichan and near Sin-
del, where 13.9% and 4.3% of all samples remain un-
der the reference range for “Good status”. Regarding
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Figure 2. Frequency (% of all samples) of water quality variables in a certain status according to the reference values
stated in Regulation H-4/2012 for characterization of the surface waters

all analyzed water measuring points, from 4.3% (af-
ter Kaspichan) up to 25.0% (near Dobri Voynikovo)
of the collected tests fall in “Good status”, while be-
tween 75.0% (near Dobri Voynikovo) and 81.8% (after
Kaspichan) of the recorded samples achieve “Excellent
status” according to Regulation 4/2012 (Figure 2).

Ammonium nitrogen (N-NH,) is a chemical com-
pound of ammonia - a colorless gas with a pungent
smell and one of the three inorganic nitrogen forms
(the other two include nitrates and nitrites). Ammo-
nia and its compounds are released as a result of the
decomposition of organic matter by aerobic bacteria
during the microbiological process of ammonification.
The elevated concentrations of ammonium nitrogen
in water bodies usually indicate an inflow of sewerage
wastewaters or livestock farming effluents containing
excrements, urine, and liquid manure. Ammonia and
its compounds are able to inflict toxic effects on fresh-
water ecosystems (Omer, 2019). Results show the wa-
ters of the Provadiyska River suffer from ammonia
pollution (Table 2). Excluding the monitoring point
near Dobri Voynikovo, where no values in the numer-
ical range for “Excellent status”, frequency analysis re-
veals that in the rest measuring sites from 40.9% (af-
ter Kaspichan) to 73.9% (near Sindel) of the collected
tests achieve the best status. Between 17.4% (near Sin-
del) and 50.0% (near Dobri Voynikovo) of the samples
fall in “Good status”, and from 8.7% (near Sindel) to
50.0% (near Dobri Voynikovo) of the recorded tests
could be assessed into “Moderate status” in accord-
ance with Regulation 4/2012 (Figure 2).

Nitrate nitrogen (N-NO;) is a chemical compound
of the nitrate — a water-soluble salt of the nitric acid
and one of the three inorganic nitrogen forms (the
other two include ammonia and nitrites). Nitrates are
formed as a result of the oxidation of ammonia ions by
aerobic bacteria during the microbiological process of
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nitrification. Nitrates are not toxic substances, but un-
der certain conditions, it is possible to transform into
carcinogenic nitrosamines (nitrites). Nitrate pollu-
tion almost always indicates an inflow of soil runoff
saturated with chemical agents like artificial fertiliz-
ers, pesticides, and plant protection products, which
continue to be widely used for agricultural purpos-
es. Those products are applied onto arable lands in or-
der to be achieved an accelerated yield of crops or the
same crops to be protected from pests, but their ex-
cessive dispersal causes unfavorable effects on water
quality (Withers et al., 2014). Results obtained show
the waters of the Provadiyska River suffer from signif-
icant nitrate pollution (Table 2). The measured max-
imum content of this variable exceeds the reference
norm for “Good status” at all monitoring points. Most
severe is the contamination at the water sampling site
after Kaspichan, where the highest observed value
is almost six times above the maximum permissible
limit. Frequency analysis indicates that samples fall-
ing in the numerical range for “Excellent status” are
not recorded. Between 81.8% (after Kaspichan) and
100.0% (near Dobri Voynikovo and near Sindel) of the
tests could be assessed in “Moderate status”, which re-
veals permanent nitrate contamination (Regulation
4/2012) (Figure 2).

Nitrite nitrogen (N-NO,) is a chemical compound
of the nitrite — a water-soluble salt of the nitrous acid
and one of the three inorganic nitrogen forms (the
other two include ammonia and nitrates). Nitrites
originate from nitrates that have been transformed
under certain conditions like acidic pH or increased
temperature. A further chemical reaction of the ni-
trite with amines forms nitrosamines - carcinogen-
ic substances, which can inflict toxic or mutagenic ef-
fects on aquatic ecosystems and human health (Omer,
2019). Consequently, the presence of nitrites in waters



is an issue of great concern. The sources of nitrite ni-
trogen in the watercourses include discharges of do-
mestic, industrial, and agricultural effluents, which
have been nitrate polluted. Later, under some condi-
tions, a part of those nitrates have been transformed
into nitrites. The resulting data reveals that the wa-
ters of the Provadiyska River are polluted with nitrite
nitrogen (Table 2). The measured maximum levels of
this variable exceed the highest permissible limit for
“Good status” at all sampling points. Therefore, from
52.2% (near Sindel) to 75.0% (near Dobri Voynikovo)
of the collected tests could be assessed into “Moder-
ate status”. Frequency analysis also shows that from
23.1% (after Provadiya) up to 39.1% (near Sindel) of all
tests fall within the numerical range for “Good status”
following Regulation 4/2012 (Figure 2).

Total nitrogen (N-tot) is a physicochemical param-
eter showing the overall content of nitrogen in the
waters — both in the form of inorganic compounds
(ammonia, nitrates, and nitrites) and as an organ-
ic substance as well. Nitrogen is an essential nutrient
for aquatic ecosystems, but its increased content caus-
es adverse hydro-ecological effects (Omer, 2019). Al-
though nitrogen is naturally occurring in environ-
ment, water pollution is often provoked by human
activities. The untreated municipal wastewaters, as
well as the chemicals, which are often dispersed onto
arable lands, appear to be among the leading causes
of nitrogen contamination (Withers et al., 2014). The
conducted measurements indicate that the waters of
the Provadiyska River seem to be seriously loaded
with respect to nitrogen (Table 2). The maximum val-
ues of this parameter exceed the highest permissible
limit for “Good status” at all monitoring sites. Most
polluted are the waters of the river after Kaspichan,
where the highest content is about seven times higher
than the reference norms. Frequency analysis shows
that 9.1% of the measured concentrations at the Pro-
vadiyska River after Provadiya achieve “Good status”,
while values falling within this numerical range in the
rest of the monitoring points are not established. Be-
tween 90.9% (after Provadiya) and 100.0% (near Do-
bri Voynikovo, after Kaspichan, and near Sindel) of
the tests could be categorized into “Moderate status”
according to Regulation 4/2012 (Figure 2).

Orthophosphates (P-PO,) are water-soluble salts of
orthophosphoric acid. Orthophosphates are nutrient
components naturally presenting at low levels in wa-
ters, soils, and plants. However, increased values of or-
thophosphates in the rivers can cause an overgrowth
of algae, resulting in algal blooms and eutrophica-
tion. The process of eutrophication blocks sunlight,
decreases oxygen amounts, and so affects aquatic life
(Withers et al., 2014). The pollution sources could be
both natural (like soil erosion) and human-induced
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(as uncontrolled disposal of agricultural and domestic
effluents containing phosphorus-rich fertilizers and
laundry detergents). Results show the waters of the
Provadiyska River are contaminated with orthophos-
phates (Table 2). The highest observed values seem to
be higher than the maximum permissible limit for
“Good status” at all monitoring sites. Frequency anal-
ysis confirms this statement and reveals between 4.5%
(after Kaspichan) and 100.0% (near Dobri Voyniko-
vo) of all tests could be assessed into “Moderate sta-
tus”. Excluding the sampling site near Dobri Voyniko-
vo, where no values in the numerical range for “Good
status” and “Excellent status”, in the rest measuring
points: from 38.5% (after Provadiya) up to 59.1% (after
Kaspichan) of the collected tests achieve “Good sta-
tus”, and between 7.7% (after Provadiya) and 36.4%
(after Kaspichan) of all samples fall within “Excellent
status” in accordance with the guidelines of Regula-
tion 4/2012 (Figure 2).

Total phosphorus (P-tot) is a physicochemical pa-
rameter informing about the overall content of phos-
phorus and its compounds in the waters — both as in-
organic salts (like phosphates and orthophosphates)
and as an organic substance. Phosphorus is a nu-
trient with an essential role for plant and animal
growth. However, elevated values of this parameter
cause an overgrowth of algae, which provokes struc-
tural changes in aquatic ecosystems and leads to eu-
trophication (Withers et al., 2014). Water pollution
with phosphorus comes from some natural process-
es occurring in the drainage basin (such as soil ero-
sion or weathering of phosphorus-containing rocks)
and anthropogenic activities as well (like unregulat-
ed disposal of untreated agricultural and household
wastewaters). The conducted measurements show the
waters of the Provadiyska River appear to be polluted
with regard to phosphorus. The highest observed con-
tent remains above the maximum permissible lim-
it for “Good status”. Frequency analysis confirms this
result and informs: from 22.7% (after Kaspichan) up
to 100.0% (the near Dobri Voynikovo) of all tests fall
into “Moderate status”. Excluding the monitoring site
near Dobri Voynikovo, where no values falling in the
numerical range for “Good status” and “Excellent sta-
tus”, in the rest measuring points between 40.9% (after
Kaspichan) and 53.8% (after Provadiya) of the samples
achieve “Good status”, and from 21.7% (near Sindel)
up to 36.4% (after Kaspichan) of all tests could be cat-
egorized into “Excellent status” following Regulation
4/2012 (Figure 2).

Biochemical oxygen demand (BOD;) is a measure
showing the amount of dissolved oxygen consumed
by aerobic bacteria and microorganisms while they
decompose organic matter over a specific time pe-
riod (five days). Microorganisms living in surface
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water bodies use oxygen to support their vital and
metabolic processes, but under some circumstances,
such as nutrient enrichment and eutrophication, mi-
crobial metabolism consumes dissolved oxygen in a
larger amount than normal (Omer, 2019). The prob-
lem arises from the fact that aquatic species may die
if oxygen is depleted by microbial metabolism. The
lack of sufficient oxygen in water due to its exces-
sive consumption by aerobic bacteria results in long-
term hypoxia, which causes a loss of biodiversity and
degradation of the aquatic ecosystem. Therefore, bi-
ochemical oxygen demand is often used as an indi-
cator of the overall degree of water contamination
with organic matter (Omer, 2019). Results show the

Discussion

waters of the Provadiyska River are characterized
by increased biochemical oxygen demand (Table 2).
The highest values of this variable exceed up to three
times the reference norms for “Good status”, mean-
ing the river waters suffer from significant organic
pollution. Frequency analysis shows that from 7.7%
(after Provadiya) up to 50.0% (near Dobri Voynik-
ovo) of all tests could be assessed into “Moderate
status”, between 26.1% (near Sindel) and 53.8% (af-
ter Provadiya) of the recorded samples fall in the nu-
merical range for “Good status”, while from 13.6%
(after Kaspichan) up to 60.9% (near Sindel) of the
collected tests achieve “Excellent status” according
to Regulation 4/2012 (Figure 2).

Compared to a previous research article, the results
obtained in the current work demonstrate a lot of
similarities, but highlight some differences as well.
Gartsiyanova (2016) explored water quality of the riv-
ers in the Black Sea drainage basin in Bulgaria dur-
ing the period 1993-2014. The cited author reported
that the Provadiyska River is the most contaminated
watercourse in the investigated territory. The leading
pollutants before its mouth include nitrate nitrogen
and nitrite nitrogen - the average values of those pa-
rameters are 5.08 mg/l and 0.21 mg/l, while the max-
imum levels reach 16.50 mg/l and 0.45 mg/l, respec-
tively (Gartsiyanova, 2016). The resulting data in this
work establishes a slightly lower maximum content of
nitrate nitrogen, but higher average values. Respect-
ing nitrite nitrogen, the mean concentrations calcu-
lated in the present paper appear to be lower than
those in the cited study, but the highest observed val-
ues remain approximately the same (Table 2). In ad-
dition, in the annual bulletins of the Black Sea ba-
sin directorate concerning the ecological conditions
of the surface waters in the period from 2000 to 2018,
the Provadiyska River was defined as “an ecological
hot-point with increased values of various chemical
parameters”. The obtained results in the current re-
search reveal an analogous situation. All this suggests
the waters of the Provadiyska River do not significant-
ly improve their quality and continue to be serious-
ly polluted during the period 2015-2020. The failed
variables at all sampling points are ammonia nitro-
gen, nitrate nitrogen, nitrite nitrogen, total nitrogen,
orthophosphates, phosphorus, and biochemical oxy-
gen demand whose highest content exceeds from two
up to nine times the maximum permissible limits for
“Good status”, recommended in Regulation 4/2012 for
characterization of the surface waters. In contrast, the
pH-value and the dissolved oxygen level remain most-
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ly within the reference norm (Table 2). The analysis of
the territorial distribution in the content of the phys-
icochemical variables does not find any spatial chang-
es along the length of the river. Most of the parameters
considered maintain relatively similar concentrations
or demonstrate unsustainable increase/decrease of
the values from one sampling site to another without
a clearly expressed direction of change. An exception
is an electrical conductivity whose values obviously
increase from upstream to downstream part.

Water quality is a reflection of natural process-
es and anthropogenic activities occurring in the riv-
er basin. A detailed picture of spatial distribution of
both primary and human-transformed landscapes in
a given catchment area gives the land use/land cov-
er structure. The predominant land cover class in the
study region is “Non-irrigated arable lands”, which
occupies 72.4% of the total area. Some of the rest most
character lands include “Forest” (14.3%), “Urban ar-
eas” (3.6%), “Shrub and/or herbaceous vegetation”
(3.2%), “Industrial units” (2.3%), “Permanent crops”
(1.9%), while the other classes have a smaller relative
share (Figure 3). In short, there is a significant pre-
dominance of human-transformed landscapes. The
drainage basin of the Provadiyska River is tradition-
ally pressured by anthropogenic activities, such as
agriculture, industry, and urban development. The
Eastern Danube Plain is occupied by farmlands with
cereal and technical crops, while the foothills of the
Provadiya Plateau and the Frangen Plateau are cov-
ered by vineyards and orchards. In addition, a lot of
livestock farms exist in the vicinity - e.g. the swine-
breeding complex near the village of Avren, the poul-
try farm near the town of Devnya, etc. The Provadiys-
ka River basin concentrates a total of 113 settlements,
including the third most populated town in Bulgar-
ia - Varna with a population of about 330 000 people,
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Figure 3. CORINE Land Cover (2018) of the Provadiyska River basin

smaller cities like Kaspichan, Novi pazar, Provadiya,
Devnya, and Beloslav, as well as over 100 villages (Fig-
ure 1). The agglomeration of Varna, which attracts al-
most 25-30 km from the surrounding territories, is
a highly industrialized zone with some of the larg-
est enterprises in the Balkan Peninsula. In this region
operate cement, glass, porcelain, and faience produc-
tion factories (near Kaspichan and Novi pazar), a syn-
thetic soda ash production site and an artificial fer-
tilizer enterprise (“Solvay sodi” and “Agropolychim”
near Devnya), a salt mine (“Provadsol” near Provadi-
ya), a coal-fired thermal power plant (“Varna Power
Plant”) (Figure 3). Moreover, three agglomerations
(Kaspichan, Novi pazar, and Beloslav) with a popu-

Conclusion

lation equivalent of greater than 2000 people still are
not connected to sewage systems and thus they do not
meet the requirement of Directive 91/271/EEC con-
cerning the collection, treatment, and discharge of
wastewaters released from urban areas and certain in-
dustrial sectors. Consequently, water pollution orig-
inates from many sources. The leading polluting ac-
tivities include the excessive fertilization of the arable
lands, the unregulated disposal of animal manure
from the livestock farms, the uncontrolled deposition
of solid wastes into illegal rubbish dumps, as well as
the widespread discharges of household and industri-
al effluents from the settlements with a lack of public
sewerage network and wastewater treatment facilities.

The conducted analysis, based on the recorded val-
ues of ten physicochemical variables at four sam-
pling points in the period 2015-2020, shows that al-
most all of the parameters considered do not meet
the reference norms for “Good status”, recommend-
ed in the National regulatory standard — Regulation
4/2012 for characterization of the surface waters. The
failed variables at all monitoring sites include am-
monium nitrogen (N-NH,), nitrate nitrogen (N-
NO;), nitrite nitrogen (N-NO,), total nitrogen (N-
tot), orthophosphates (P-PO,), total phosphorus

(P-tot), and biochemical oxygen demand (BOD;)
whose maximum concentrations remain from two
up to nine times above the highest permissible lim-
its stated in Regulation 4/2012. Thus, water quality
could be assessed as “Moderate” regarding those pa-
rameters. Compared to a previous study, the result-
ing information in this work shows a partly similar
situation and suggests that the Provadiyska River is
one of the most seriously and permanently polluted
watercourses in the territory of Bulgaria during the
last three decades. Water contamination is due to the
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effect of various anthropogenic activities occurring
in the catchment area, especially agriculture, urban
development, and industry. The unregulated dispos-
al of untreated effluents from arable lands, livestock
farms, urban and rural settlements, and industrial
units is a major issue. Construction of public sewage
network and wastewater treatment infrastructure in
the agglomerations with a population equivalent of
greater than 2000 people to remove the release of raw
municipal and industrial wastes is strongly recom-
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