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Abstract: During our work, we investigated the physical and chemical variables of a small surface
watercourse to investigate how different anthropogenic effects affect its water quality. Along this
small watercourse, there are well-separated areas that are affected by various anthropogenic effects.
In addition to its origin and branches, in many places it is surrounded by agricultural land with
insufficient buffer zones, which burdens the small watercourse with nitrogen and phosphorus
forms. In the lower stages, artificial damming inhibits the natural flow of the Técé Canal, thereby
creating eutrophicated stagnant water areas. This is further strengthened by, in many cases, illegal
communal and used water intake that further burdens the small watercourse. Considering the
experience of our investigation, it can be stated that the examined small watercourse could barely
suffer human impacts, and it could be described with great heterogeneity using physical and
chemical variables. We experienced that this heterogeneity caused by anthropogenic effects
appeared in all hydrologic states and seasons. Furthermore, our research showed that these small
watercourses had such high heterogeneity that their monitoring and examination should be taken
just as seriously as when it comes to larger watercourses.

Keywords: urban water; anthropogenic impacts; land use; small lowland stream; physical-chemical
variables; EU Water Framework Directive

1. Introduction

Human settlements are typically located alongside the banks of larger and smaller rivers [1].
Often these are the only watercourses or surface waters in the vicinity of the settlement, so they have
a much greater value for such a settlement than their size might indicate [2]. The water quality of a
small watercourse may further deteriorate in relation to climate change [3], and the decrease in water
flow due to the lack of precipitation may mean that it becomes intermittent [4-6]. In the case of
Mediterranean streams and rivers, Reference [7] found evidence that they become temporary waters
or even dry out during drought periods. Some research has proposed that temporary water bodies

Water 2019, 11, 2002; doi:10.3390/w11102002 www.mdpi.com/journal/water



Water 2019, 11, 2002 2 of 14

are the most complex and dynamic ecosystems [8]. For settlements, watercourses are of crucial
importance from economic, tourist, recreational, and urban points of view. Because watercourses that
affect inhabited areas are exposed to different anthropogenic effects, gaining information about the
quality of running water systems is necessary for different purposes, such as irrigation or domestic
use [9-13].

Numerous studies have dealt with larger rivers and streams. The processes that take place
within them and the events that have affected them, including climate change and various human
activities, have been extensively studied [14-17]. Different types of land use have different effects on
water quality in watercourses [18]. Various studies have shown that water pollution is derived from
different sources. Human activities also play a significant role in the nutrient cycle of water [19,20],
and the accumulation of nutrients often leads to an increase in the trophic level of water [21]. In the
case of urban land uses, the most common contamination is caused by detergents, urban and
industrial leaching, and surface runoff [22]. Contamination is also caused by agricultural land uses
[23], with the most common being caused by chemical and biological fertilizers.

However, little research has been done on smaller watercourses. It is important to know the
processes that occur in small watercourses, as their catchment areas are affected by increasing
agricultural and forestry utilization [24,25]. Ultimately, small watercourses create the lower sections
of streams, so their impact is not negligible [26]. In many cases, small watercourses react more
responsively and sooner to the effects that occur only later in our larger waters, so they can play a
kind of predictive role. Contamination frequently limits available water resources [27-30], so the
protection of running-water systems from contamination would be cost effective [31]. Deteriorating
water quality can also be a damaging process for settlements, adversely affecting water resources and
also jeopardizing urban planning processes and recreational opportunities for residents, which can
also be seen in declining tourist indicators.

For small watercourses, the European Union Water Framework Directive (EU WFD) considers
a comprehensive, large-scale study to be necessary. Often, only one or two sampling points are
required to cover the length of the entire watercourse. Since these small watercourses have many and
varied effects, which begin at their emergence, the sampling scale recommended by the EU WEFD is
unable to track and characterize the effects and changes in these small watercourses and their living
community. It is particularly important to obtain a finer resolution of the small watercourses whose
origins are in near-natural environments, possibly with any anthropogenic effects, and then also in
their lower reaches, where they are also affected by metropolitan areas [8,18,23,24]. Current water
rating systems attach less importance to small watercourses due to their water flow.

Our research object was a small watercourse, the T6cé Canal, which plays a regionally important
role, as there is no large river or other watercourse nearby. Its origin is in an agricultural field, and it
flows through several settlements, including a small town, as well as a regional metropolitan area
[32-36], which means it collects wastewater (from more than 200,000 people) along with rainwater
and then flows into the River Tisza and ultimately into the Danube.

Our goal was to separate sections of a small watercourse with different characteristics and
different anthropogenic loads in different seasons based on physical and chemical variables and to
detect the changes in anthropogenic effects caused by the water quality change.

2. Materials and Methods

The Toco Canal is located in a north—south orientation in the eastern region of Hungary. Its
catchment area has been hit very hard by climate change due to changes in the annual amount and
temporal distribution of precipitation. Its water supply relies heavily on groundwater kit. The
region’s major watercourse is the River Tisza, which regularly flooded the area in the past, ensuring
a water supply for the wetlands in this area. The wetlands area was reduced by the regulation of the
Tisza, and the typical land use of the area has changed, with intensive arable farming becoming more
characteristic. Furthermore, the proportion of forest-covered areas has also been reduced, which has
had a more negative influence on the balance of soil water. Consequently, in many cases, the
remaining wetlands have continued to dry out or shrink. Due to all of these factors, the role of the
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To6co Canal has increased, since it has become the only watercourse in the area. Considering the fact
that the Tocé Canal’s flow touches the region’s largest settlement, it has always had great economic
significance. With regard to climate change, the region is characterized by an increasing lack of
precipitation. According to a study dealing with the region’s precipitation and hydrological
conditions, in the past 50 years the amount of rainfall has decreased, and because of that, some of the
small watercourses have become temporary, such as the Téc6 Canal [37]. While the Téc6 Canal’s rate
of flow in the 19th century provided for three water mills in Debrecen, now the riverbed often dries
up, and a constant watercourse has become a periodic one. Today, this small watercourse suffers
from agricultural activities in addition to modern urban problems. Consequently, we can say that
along the Técé Canal’s source and flow we can find a great diversity of landscape-use areas, including
agricultural areas surrounded by smaller or larger buffer zones, livestock farms, and main roads and
highways. In addition, it can flow through a rapidly developing small town—Debrecen-J6zsa—and
a large city —Debrecen—as well. Debrecen has more than 200,000 inhabitants, while Debrecen-J6zsa
has only 9500. The fact that it touches several protected natural areas of local significance is also of
importance. Moreover, its geographic position and orientation in the region also mean it plays a
significant role as a green corridor.

The sampling period lasted from 28 April 2013 to 31 March 2015. During this period, the Téc6
Canal was studied in all typical seasons and under typical water conditions. Our sampling times
were the following: 28 April 2013, 2 and 5 August 2014, 5 November 2014, and 31 March 2015 (the
Téco Canal dried out in different seasons of the year, and we were not able to track it over one year).
We marked out our sampling sites from the source branches of the Técé Canal —beyond Debrecen-
Jozsa—to main road No. 33 to Debrecen, a length of about 15 km.

Three distinctly different areas could be distinguished along with the origin and flow of the
small watercourse (Figure 1). In the Upper Area, there were the branches of the watercourse and the
arable land surrounding them. In the Middle Area, the watercourse flowed through a relatively
natural, well-preserved area and then touched a small town. The third area, the Lower Area, was a
metropolitan area characterized by urban waterway interventions (damming, tight piercing) and
regular rainwater discharge.
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Figure 1. Sampling area of the small watercourse and its sampling points. Upper Area: U1-U9; Middle
Area: M1-M11; Lower Area: L1-L6.

The positioning of the sampling point was done by a Garmin eTrex30 type Global Positioning
System (GPS) device. At the sampling points (on the spot), we measured the temperature of water
bodies, their pH levels, the conductivities, total dissolved solids, optical dissolved oxygen (%), optical
dissolved oxygen (mg/l), turbidity (formazin nephelometric unit), chlorophyll-a (ug/1), blue-green
algae (ug/l), fluorescent dissolved organic matter (relative fluorescence units), and fluorescent
dissolved organic matter (quinine sulfate units) variables with YSI EXO-2-5S3 equipment. During the
laboratory tests, we detected nitrite ions, nitrate ions, dissolved orthophosphate ions, ammonium
ions, and chemical oxygen demand (COD) based on the Methods for Chemical Analysis of Water and
Wastes [38]. The determination of the nitrite ion concentration was based on United States
Environmental Protection Agency (EPA) method 354.1, the nitrate ion concentration was based on
EPA method 352.1, the definition of the orthophosphate ion concentration followed EPA method
365.3, the definition of the ammonium ion concentration was carried out according to EPA method
350.2, and the definition of the COD was carried out on the basis of EPA method 410.3.

Principal component analysis (PCA) was used to determine the key trends between the changes
in the environmental variables and the sampling sites. The normal distribution of variables was
checked using the Mardia test. Logarithm transformation was used to linearize the dataset. All data
analysis was done with PAST (PAleontological STatistics) software.

In this present study, not all results are presented (only those datasets that were characteristic
for certain seasons and water regimes), and we drew conclusions by analyzing these sets.

3. Results

3.1. Spring
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The spring period was characterized by the fact that the sampling points could be divided into
three groups based on principal component analysis (Figure 2). The first axis explained 60.92% of the
total variance, while the second axis explained 23.78% of the total variance. During the spring period,
the sampling points U7, U8, U9, and L3 belonged to Group I due to the very high concentrations of
nitrate and nitrite. Based on principal component analysis, the sampling points Ul, U3, and L2
belonged to Group II due to the high orthophosphate ion concentrations. The sampling points of
Group III were characterized by very low concentrations of nitrite, nitrate, and orthophosphate ion.
Many of the points in this group originated from the Middle (small town) Area (M2, M5, M7, M9,
and M11) and a smaller proportion from the Lower (metropolitan) Area (L4, L5, and L6).

Component 2

Component 1

Figure 2. Results for the spring period of the principal component analysis applied to the physical
and chemical variables at the sampling points of the sampling area. Group I: cross (+). Group II: empty
square (0). Group III: empty circle (o). Upper Area: U1-U9; Middle Area: M1-M11; Lower Area:
L1-L6.

3.2. Summer

During the summer period, the sampling points could be divided into six groups based on
principal component analysis (Figure 3). The first axis explained 87.49% of the total variance, while
the second axis explained 10.42% of the total variance. According to the PCA carried out on the basis
of the varying concentrations measured at the sampling points, this period was the most
heterogeneous of the seasons examined. During the summer, sampling points U5, U8, and M5
belonged to Group I due to the high nitrate and nitrite concentrations. M8 and L5 belonged to Group
IT due to their high orthophosphate and nitrite concentrations. M2 and L1 belonged to Group III due
to their low nitrite and nitrate concentrations. Based on principal component analysis, U2, M4, and
M7 belonged to Group IV, which was characterized (in contrast to the previous group) only by a low
nitrate ion concentration. Group V included sampling points L3 and L6 and was characterized by a
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low nitrite concentration. Based on principal component analysis, U1, M6, and M11 were included in
Group VI, which was characterized by high nitrate and low nitrite concentrations.
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Figure 3. Results for the summer period of the principal component analysis applied to the physical
and chemical variables at the sampling points of the sampling area. Group I: cross (+). Group II: empty
square (o). Group III: empty circle (o). Group IV: full square (m). Group V: full triangle (A). Group
VI: rotated cross (x). Upper Area: U1-U9; Middle Area: M1-M11; Lower Area: L1-Lé.

3.3. Autumn

It was characteristic of the autumn period that the sampling points could be divided into four
groups based on principal component analysis (Figure 4). The first axis explained 75.04% of the total
variance, while the second axis explained 21.46% of the total variance. Group I consisted of U7 and
U8 due to the high concentrations of nitrate and nitrite. The sampling points U1, U3, M7, L3, L4, and
L6 belonged to Group II. This group was defined by high concentrations of nitrite and
orthophosphate ions. M2, M9, M11, and L2 were included in Group III, with low nitrite and

orthophosphate concentrations. Sampling sites U9 and M5 constituted Group IV due to their low
nitrate concentrations.



Water 2019, 11, 2002 7 of 14

0.9 1.2 1.5 L5

Component 2

Component 1

Figure 4. The results for the autumn period of the principal component analysis of the physical and
chemical variables measured at the sampling points. Group IL: cross (+). Group II: empty square (o).
Group III: empty circle (o). Group IV: full square (m). Upper Area: U1-U9; Middle Area: M1-M11;
Lower Area: L1-Lé.

4. Discussion

Much research has been done over the years with regard to large watercourses: it has been
conducted at a large number of sampling sites and has been supported by long series of observations,
often lasting decades [39-42]. On the other hand, small (even artificial) watercourse research has been
very limited [43]. In many cases, a small number of studies have been carried out or classified on the
basis of the small size of the watercourse [44]. Often these small watercourses can have a wide variety
of effects, and a few samples of these effects can coalesce or in many cases not be detected. Thus we
know very little about the characteristics and the operational features of small watercourses, the
impurities that reach them, and the extent to which pollution has been eliminated. Considering that
larger watercourses are formed from the confluence of smaller watercourses, the effects and
contamination of small waters will eventually appear in larger rivers. In addition, we should not
ignore the fact that very often small waters are of major importance in a given region, since in many
cases these waters are the only watercourses in the area. It is even more important to know the
operating mechanisms of the watercourses that affect settlements and large cities in the region, as
their relationship is important both for the watercourse and the settlement.

This work addressed human stressors and their impacts on water quality by analyzing single
and multiple stressors and their interactions in a canal that originates in a natural environment and
flows into an urban area. Based on the patterns of stressors, their combinations and the nature of their
interactions were investigated.

Based on our study, the sampling points could be divided into three groups based on the
principal component analysis for the spring period (Figure 2). The classification of the sampling
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points in Group I was based on very high nitrate and nitrite concentrations. The combined presence
of nitrite and nitrate forms indicated their origin from external sources, since the ammonia content of
ammonia-based fertilizers used in agriculture is converted to nitrite during nitrification [45,46]. The
high nitrate content of U7, U8, and U9 can be explained by the use of fertilizers containing nitrate in
the agricultural area around the origin (Upper Area), which increases the nitrate content of
groundwater and runoff [47,48] and which can be explained by the effect of minimal or nonexistent
buffer zones in many places. Buffer zones are bands that mitigate or inhibit protected areas from
adverse effects. In this case, the areas between the agricultural land and the watercourse are separated
from each other. If there is an appropriately large buffer zone, the ratio of the groundwater absorption
of chemicals and fertilizers used in agricultural cultivation is reduced or totally inhibited [49]. The
filtering effect of buffer zones is even more pronounced when it has vegetation [50]. The nitrate
concentration at the L3 sampling point in the metropolitan area (Lower) was due to the various urban
sewer water inlets entering the watercourse, which may contain nitrate-loaded wastewater and
airborne nitrogen oxide from industrial activities and transport exhaust [51]. The load on the
watercourse can increase significantly during heavy rain [52]. The separation of the sampling points
in Group II was caused by the high orthophosphate concentration. Organisms use orthophosphate
quickly during their lives, so its concentration can change quickly, but it can be the primary excitatory
of eutrophication according to the Liebig minimum principle. The high concentrations of
orthophosphate at sampling points Ul and U3 indicate the use of orthophosphate-containing
fertilizers related to cultivation in agricultural areas (Upper Area) around the branches of origin, and
because there is no buffer zone of appropriate size, concentration of orthophosphate reaches the area
with rainwater in a non-point-like, barrier-free manner [53]. The metropolitan L2 sampling point,
where rainwater enters the watercourse, was characterized by a high orthophosphate content, which
indicated local contamination, since no high orthophosphate concentration was found above or
below this sampling point. Phosphorous-free detergents have been available since the 1980s, but the
release of phosphorous from households is still significant [54]. The sampling points in Group III
were characterized by very small concentrations of nitrite, nitrate, and orthophosphate, which
indicated their near-natural state in the small watercourse.

According to the PCA, the summer period was the most heterogeneous among the examined
seasons, with six groups emerging (Figure 3). The classification of Group I was caused by high nitrate
and nitrite concentrations. The high nitrate content of U5 and U6 indicated the amount of significant
and continuous nitrate from fertilizers in the area of origin (Upper Area), which was caused by high
rainfall in the summer and the absence of buffer zones. At these points, the high nitrite concentration
indicated the presence of anaerobic bacteria in an oxygen-deficient environment, which promoted
the formation of nitrite against the nitrate during the denitrification process [55]. M5 was also
included in Group I and is located in the small-town area (Middle Area). It was also characterized by
a high concentration of nitrites and nitrates, and their combined presence clearly indicated an external
source [56]: the introduction of a rainwater collection system in the small town. The classification of
the sampling sites of Group II was the result of high concentrations of orthophosphate and nitrite.
The two sampling points in Group II were at a greater distance from each other, but the accumulation
of a large amount of organic matter due to the slowing flow was characteristic of both points, which
explained the higher orthophosphate concentration [57]: a long-lasting oxygen-free period was
indicated by the high concentration of nitrite [58]. In addition to a low nitrate concentration, Group
III also had a low nitrite concentration, indicating that the load in the vicinity of the sampling points
in this group did not reach the watercourse: this low value is the basic characteristic of lowland
watercourses [59]. The classification of the sampling points in Group IV was the result of their low
nitrate concentration. Particularly high (U5 and U6) and small (U2) nitrite concentrations could be
detected in the same area (Upper Area), which indicated that there were significant differences
between the relatively close sampling points, and these loads could be detected clearly. Group V was
characterized by low nitrite concentrations. Both sampling points in this group were in the
metropolitan area. The lack of a reduced form of nitrogen indicated flowing aqueous and oxygenated
conditions [60]. Sampling points in Group VI were characterized by high nitrate and low nitrite
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concentrations. The sampling points in this group were geographically distant, but they could be
classified in the same group based on the principal component analysis. An explanation for their
similarity was mineral nitrogen intake, which took place in an oxygen-rich, flowing aqueous
environment where nitrite is not formed or is rapidly converted into nitrate [61].

In the autumn period, the sampling points could be divided into four groups based on principal
component analysis (Figure 4). The classification of Group I was the result of high nitrate and nitrite
concentrations. Each of these two points was located on one of the branches of the arable land (Upper
Area), where a very small buffer zone separated the land from the watercourse, which explained the
high nitrate concentration [62]. Moreover, the groundwater supply of the watercourse runs out, even
in the autumn period, so the water bed dries out. In this case, the water remaining in the stationary
water will be characterized by an anaerobic condition that favors the formation of nitrite. The
classification of Group II was caused by the high concentrations of nitrite and orthophosphate. These
two ions appeared in significant amounts in an oxygen-depleted environment during the
decomposition of organic matter [63]. The sampling points of the group were located at a very great
geographical distance from the branches of origin in the arable land (Upper Area), the area after the
small town (Middle Area), and the metropolitan area (Lower Area). The sampling points of Group
III were characterized by low concentrations of nitrite and orthophosphate. Many of the sampling
points were at a great geographical distance from the rest of the group. Low orthophosphate and
nitrite concentrations indicated that the water flows in these places, resulting in oxygen-rich
conditions. No great amount of organic matter enrichment would break down under anaerobic
conditions. In addition, it does not reach the missing buffer zone as a result of the fertilizer load on
the watercourse [64]. All of this indicates typical characteristics of this type of watercourse. The
classification of the sampling points in Group IV resulted from low nitrate concentrations, which
indicated flowing water in these areas and also indicated favorable conditions.

It can be stated that the concentrations of the main variables (nitrite, nitrate, and
orthophosphate), which had the greatest impact on the classification of the sampling points of the
studied watercourse, were very diverse at different sampling sites both in the same period and in
relation to the three seasons studied (Figure 5). There was no single point that had the same main
variable (in all of the seasons examined) influencing its characteristics and water quality. Moreover,
the different areas (Upper, Middle, and Lower Areas) could not be classified on the basis of a distinct
variable. Even during one season, we found that there were marked differences between the
individual sampling points within each area.
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Figure 5. The concentrations of various ions determined by principal component analysis at different
sampling points along the Técd. The nitrate ion is yellow, the nitrite ion is purple, and the
orthophosphate ion is blue.

5. Conclusions

Based on our results, it can be stated that the concentrations of the main variables (nitrite, nitrate,
and orthophosphate), which had the greatest impact on the classification of the sampling points of
the studied watercourse, were very diverse at different sampling sites, both in the same period and
in relation to the three seasons studied (Figure 5). There was no single point that had the same main
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variable (in all of the seasons examined) influencing its characteristics and water quality. Moreover,
the different areas (Upper, Middle, and Lower Areas) could not be classified on the basis of a distinct
variable. Even during one season, we found that there were marked differences between the
individual sampling points within each area. The most varied picture was found in summer (Figure
3), when six groups were identified based on the principal component analysis. The fewest groups
were found in spring (Figure 2). In almost all cases, the sampling points constituting the groups
belonged to at least two of the three large areas (Upper, Middle, and Lower Areas). The water quality
of the watercourse was shaped by very diverse conditions and effects in the same area.

Nowadays, water classification systems such as the EU WFD are being used cost-effectively and
simply to sample water bodies, taking both sampling and sample numbers into account. This often
means only one or two sampling points for small watercourses during monitoring and certification.
During our work, we found a great variety between the sampling sites in terms of the water quality
in the small watercourse investigated. Often, within a small geographical distance, we identified
different loads on the basis of the PCA. The water quality of the watercourse and the load on the
water changed not only by areal and geographical distance, but also over time. In many cases, the
same sampling point was characterized by different loads in different months. In our study, we tried
to point out that in the case of small watercourses, it is important to have more detailed monitoring
than can be provided by, e.g., the EU WED.
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