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with Different Characteristics

Gyorgy Szabd, Timea Vince and Eva Bessenyei
University of Debrecen
Hungary

1. Introduction

Recently, clean water became one of the most important natural resources. It is also proven
by the fact that the fight for water often causes conflicts, even wars as well (Sultana, 2011).
Although the water resources of the Earth are large, most of the water can be found in
oceans (96.6%), and this water is hardly available for the humanity since the desalination is a
very expensive process and the transportation of the cleaned water to the inner continent is
also difficult. Only 3.4% of the hydrosphere is fresh water; most of it is also hardly available
such as the water stored in the polar ice caps or the water resources found in the lithosphere
deeper than 5 km (Rakonczai, 2008). Easily available water resources are the surface waters
of the continents (rivers and lakes), and the groundwater such as shallow groundwater,
karstic water and deep groundwater.

Unfortunately, in the last decades the condition of the fresh water resources has worsened.
Especially the contamination of the surface water resources is significant in many places, but
the groundwater resources are also often in danger (Howden et al., 2009; Oprean et al., 2009;
Pal et al., 2009; Szalai, 2004). The mostly endangered groundwater resource is the shallow
groundwater since the contaminants can easily get into it due to its little depth. Karstic
water resources are also relatively sensitive since contaminants can get into the water
through the cracks of the rock. Deep groundwater is less sensitive to contaminants due to
the greater depth, especially when there is a confining layer (or layers) above it.
Unfortunately, this water reserve of strategic significance has already become contaminated
in several countries of the Earth.

Shallow groundwater is one of the most important water resources in several countries,
although the use of it is decreased in the developed countries in the last decades. For
example in Hungary, in the 1950s shallow groundwater was the most significant water
resource, but recently only 6% of the drinking water derives from shallow groundwater
(Steiner, 2010); the decrease is owing to the serious contamination. In the settlements several
pollution resources can endanger the condition of shallow groundwater, but contaminants
can also derive from agriculture in the outer areas.

In the settlements, one of the most important contaminants is domestic sewage that can
cause significant pollution in settlements where the sewer network is not constructed.
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Contamination occurs since the septic tanks, where domestic sewage is collected, are not
supplied with adequate insulation therefore sewage can infiltrate into the soil (Szab¢ et al.,
2010). Besides, significant pollution sources are the out-of-date landfills and sewage
disposals that are not supplied with adequate insulation, but the industrial activities can
also cause serious contaminations. The residues of fertilizers and insecticides used in the
agriculture can also appear in the shallow groundwater. Moreover, the manure deriving
from livestock farming, if the storage is not proper, can also endanger the shallow
groundwater.

The most common contaminants of the shallow groundwater are mainly the different
compounds of nitrogen (ammonium, nitrite and nitrate). Additionally, phosphates are also
important contaminants; they can derive from sewage, soil or the decomposition of the
organic materials. Phosphates usually appear as inorganic orthophosphate ions in shallow
groundwater. Bacterial pollution also causes problems; the sources of infection can be the
domestic sewage and the livestock farms. Near industrial areas, shallow groundwater can
often be contaminated with heavy metals and different hydrocarbon derivatives (Steiner,
2010).

Several papers have been published regarding the pollution of shallow groundwater, the
factors influencing the contamination and the risks resulted from contamination. Several
authors emphasized the determinant role of the agricultural contaminants. Jang and Liu
(2005) examined the nitrate and ammonium contamination of the water resources situated
in different depth in the alluvium of the Choushui River, Taiwan. They proved that the
main source of pollution was agriculture. Using isotope analyses, Widory et al. (2004)
investigated the nitrate pollution sources of the shallow groundwater in the sample sites in
the watershed of the River Arguenon, France. They determined that mainly organic manure
and sewage infiltrating into the soil cause nitrate pollution. The authors emphasize that in
spite of the more and more increasing national and European efforts (EC Directive
91/676/EEC) nitrate deriving from the intensive agriculture is still the most significant
contaminant of the shallow groundwater. Cey et al. (1999) also examined the nitrate
concentration of the shallow groundwater in agricultural areas. They proved that nitrate
mainly derives from organic manure and chemical fertilizers. The authors also showed that
when the shallow groundwater leaves the agricultural areas, the nitrate concentration
quickly decreases mainly due to denitrification. Goss et al. (1998) studied the pollution of
the shallow groundwater in some farms of Ontario, Canada. The authors also examined the
factors influencing the degree of contamination and proved, based on the examinations of
1292 wells, that the degree of nitrate pollution principally depends on the depth of the
shallow groundwater. The concentration was significantly lower in the deeper wells.
Warner et al. (2008) drew similar conclusion, they carried out water quality examinations in
Kathmandu valley, Nepal. They proved that regarding nitrate and bacterial contamination
shallow groundwater, that is closer to the surface, was the most polluted. This means
serious health risk since in the examined area 50% of the inhabitants used shallow
groundwater as drinking water. Chettri and Smith (1995) also studied the pollution of
shallow groundwater in Nepal. They experienced that nitrate contamination derived mainly
from septic tanks and waste disposal, but agricultural pollution was not significant.

Mufioz-Carpena et al. (2005) examined the nitrate, orthophosphate and total phosphate
concentration of the shallow groundwater in an agricultural watershed near the Everglades
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National Park. They proved that the temporal changes of the concentration of the examined
water quality parameters are significantly influenced by the rainfall and the depth of the
shallow groundwater. It was also determined that the concentration of the contaminants
increases after intensive rainfalls due to the increased leaching.

Other authors drew similar conclusions regarding the nitrate contamination of the shallow
groundwater wells examined in the rural area of SW Nigeria (Adekunle et al., 2007). They
observed that the water of the wells was more polluted in the wet season than in the dry
season. In the area the most important pollution sources are the waste landfills and the
sewage disposal. Moreover, the authors also proved that the contamination occurs mainly
within the 200 m radius of the pollution sources. In this zone the nitrate concentration of the
water exceeded the limit value determined for drinking water by the WHO. This means
serious health risk since the population consume mainly the water of the wells. In
Wisconsin, USA, Knobeloch et al. (2000) examined the effect of the nitrate content of
drinking water on infants. Two cases were demonstrated when the infants have the so-
called “blue baby” syndrome. In both cases the babies consumed the water of the private
well created by the families, and this resulted in their sickness. In the surroundings of the
polluted wells there were agricultural areas, and the high nitrate concentration of the water
presumably derived from nitrogen-rich fertilizers. It is also mentioned in the study that in
the USA, between 1979 and 1996, 6 children died in methemoglobinemia caused by the
nitrate contamination of the shallow groundwater. Since 1945, 3000 deaths are known in the
world, almost half of them occurred in Hungary (Barzilay et al., 1999). However, the high
nitrate concentration of the shallow groundwater is dangerous not only for infants but for
the adults as well; higher concentrations also have harmful effects on adults. Similar to
children, ruminant domestic animals such as goat, sheep and cow are also sensitive to
methemoglobinemia since their digestive system quickly transforms nitrate to nitrite
(Barzilay et al., 1999).

In this chapter two settlements with different characteristics were examined. We supposed
that regarding the quality of shallow groundwater there is significant difference between the
two settlements due to the different natural and social-economic characteristics. Thus, our
objective was to survey the contamination of the shallow groundwater, to examine the
factors influencing the quality of shallow groundwater, and to determine the most
determinant factor in terms of water quality. At last, we also intend to survey the health
risks related to the use of shallow groundwater.

2. Sample sites

Our examinations were carried out in a small town of Eastern Hungary, Mikepércs, and in a
Western Ukrainian town, Beregszasz (Fig. 1).

Mikepércs is situated in the eastern part of Hungary, about 5 km south from Debrecen.
Mikepércs has diverse pedological conditions as the settlement is situated in the boundary
of the Hajdusag and the Nyirség. The loess area of the Hajdusag extends to the western part
of the settlement where chernozem soils were formed. Soils of sandy texture can be found in
the greater part of the settlement that belongs to the area of the Nyirség. These soils are
much more sensitive than the chernozems: in addition to the coarser grain size distribution
the less organic matter content and the weaker buffering capacity of the sandy soils also
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contribute to the considerable sensitivity to contaminants. The depth of the water table in
Mikepércs is 1-3 meter but in the higher reliefs more than 5 meter deep water table can
occur. The shallow groundwater flows from the north-east to the south-west, towards the
Kondoros stream running near the west part of the village.

UKRAINE

@ Beregszasz
>

Fig. 1. The localization of the examined settlements

In the settlement of 4000 inhabitants the water supply system is almost 100% constructed
but the construction of the sewer system has begun only in the second half of 2006, and the
installation was executed only after the examinations, thus the positive effects of the
sewerage cannot be demonstrated in this examination series. The inhabitants use the water
of the dug wells to water gardens and domestic animals, even to wash cars, but sometimes,
mainly elder people drink water from the wells.

Beregszasz can be found in the western part of Ukraine, Transcarpathia, almost 50% of its
inhabitants are Hungarian. The town is situated in the landscape border of the inner
volcanic belt of the Eastern Carpathians, and the Great Hungarian Plain. The Bereg Plain is
very fertile since the River Tisza and its tributaries regularly flooded the area over
thousands of years, and humus-rich soils of good quality could be formed on the sediment.

The rivers that can be found in the surroundings of Beregszasz are lower-course rivers. The
River Tisza flows approximately 9 km from the town along the Ukrainian-Hungarian
border. The Vérke canal flows through Beregszasz and connects the Borzsa and the Latorca
rivers. Similarly to most of the plain areas in Transcarpathia, the shallow groundwater is in
the depth of 3-7 m in Beregszasz; above the water there are fine-grained sediments, often
clayey confining layers that make the infiltration of the contaminants into the shallow
groundwater from the surface more difficult (Molnar, 2009).

Beregszasz is the centre of Beregszasz district and the population of the town was 25200 in
2008 (Molnar, 2009). The sewer network is partially constructed in the town, 62.7% of the
residential area is supplied with sewer system. Unfortunately, the treatment of the collected
sewage is not adequate; it is observable in the Vérke Canal since it is the receiver. The water
supply system is also not entirely constructed in the settlement, therefore the inhabitants do
not use shallow groundwater only to water gardens and animals but they cook and wash
with it and also drink it. The inhabitants regularly drink from the water of 13 wells of the
examined 16 ones. According to our observations, the inhabitants occasionally used shallow
groundwater even if they can use tap-water. The main explanation is that they have to pay
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for tap-water, and on the other hand the taste of the water from the wells is considered to be
better than tap-water.

3. Methods

In our research the water quality of dug shallow groundwater wells was examined. In
Mikepércs 14 and in Beregszasz 16 wells were chosen; we tried to cover the whole area of
the settlements (Fig. 2 and 3).

Water samples were examined monthly: we have a two-year data set regarding Mikepércs
(from June 2005 to June 2006 and from July 2007 to July 2008), and in the case of Beregszasz
the examinations lasted a year (from April 2009 to March 2010). The samples were
transported in hermetically closed plastic flacons to the geography laboratory of the
University of Debrecen.

47450 I
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MP1 s

47445 —

47440 —
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@' MP13

200 m
1000 léh 22008 Google - Térképadalok ©2009 Tele Atlas -
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21.618 21.628 21.634 21.642 21.650

Fig. 2. The location of the groundwater sample wells in Mikepércs (The soil samples are
marked by the crosses)

Electric conductivity and temperature were measured in situ with a Schott electric
conductometer. The depth of the water table was also determined during the sampling. The
determination of nitrite, nitrate, orthophosphate, ammonium and organic matter, and the
measurement of the pH were carried out in the laboratory a day after the sampling
(Literathy, 1973).

Among the natural factors influencing the shallow groundwater quality, soil characteristics
were examined. Soil samples were collected from the surroundings of 13 wells, from
approximately a meter below the water table. Samples were taken from every 20 cm layers
and were examined in the geography laboratory of the University of Debrecen, according to
the Hungarian standards. We determined the grain size distribution with Kohn-pipette
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(MSZ, 1978a), the humus content after Tyurin’s scheme (MSZ 1977), and the pH with an
electric pH-meter (MSZ 1978b). The determination of the CaCOs-content was carried out
with Scheibler-calcimeter (Ballenegger & Di Gléria, 1962). Additionally, the rainfall and the
depth of shallow groundwater were also considered.

Beregszasz

43.22—>\
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48.18 T T
226 22.62 22.64 22.66

Fig. 3. The location of the groundwater sample wells in Beregszasz (The soil samples are
marked by the crosses)

Among the social-economic factors we examined the sewer network, the condition of the
septic tanks, the construction of the water supply system, the use of water and the sources of
pollution near the wells.

The results were saved in an Excel database, and the diagrams were also made with this
software. In the course of the statistical analyses normality test were executed with
Kolmogorov-Smirnov test. Since most of the data were not normal distribution data,
Spearman correlation coefficient was applied during the correlation analysis. SPSS 8.0
software was used in the statistical analyses and to make further diagrams. A questionnaire
survey was carried out in order to map the sources of pollution, and regarding the use of the
water deriving from the wells.

4. Results and discussion
4.1 The evaluation of the factors influencing the shallow groundwater condition

First, the natural factors are studied, and then the role of the anthropogenic factors is
surveyed as influencing factors.

Among the natural factors, the depth of the shallow groundwater is important since if the
shallow groundwater can be found deep, then the infiltration of the contaminants is more
difficult. There is significant difference between the two examined settlements because in
Mikepércs the water table was between 1.5 m and 2.5 m during the examinations (Fig. 4).
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However, in Beregszasz the depth of water was between 3 m and 5 m, but in some wells
there were deeper water tables than 7 m in the dry periods. Based on this we can say that
regarding depth Beregszész is in better situation.

800

600

400

200

0 N B
Beregszasz Mikepércs

The depth of the groundwater (cm)

Fig. 4. The depth of shallow groundwater in the examined settlements, based on the data of
all the examined wells. (Middle line: median, box: interquartile range, between upper and
lower edges: interquartile range by 1.5.)

The role of depth is also proven by the fact that there are significant negative correlations
between the concentration of all the examined contaminants and the depth of the shallow
groundwater. This means that the deeper shallow groundwater cannot be polluted easily.

Grain size distribution is also an important factor in the contamination of the shallow
groundwater. If the soil consists of finer grains, the infiltrating water and dissolved
materials, and colloids cannot easily get into the deeper layers of the soil (Nyizsalovszki &
Szabo, 2003). If a soil layer is enriched with smaller grains than 0.002 mm and becomes
clayey, it can be a confined layer that can prevent the transportation of the contaminants
into the deeper layers. In order to determine the grain size distribution we collected soil
samples from 9 boreholes in Mikepércs and from 4 boreholes in Beregszasz above the water
table. Based on the results we can say that in Mikepércs, in the cases of the layers above the
water-table fine sand (0.02-0.2 mm) dominates since the percentage of fine sand was more
than 80% in every sample. Therefore, the value of the infiltration coefficient is high. The
results of the sampled layers near the wells MP6 and MP11 can be seen in Figure 5. The
other samples in the settlement showed similar grain size distribution. Campbell’s
infiltration coefficient was calculated in every layers of the soil above the water table
(Campbell, 1985), and we proved that for example in the surroundings of the well MP6 the
infiltrating water reaches the water table in 3 m depth during 27 hours. In the surroundings
of the well MP11 the water from the surface reaches the water table during 33 hours due to
the higher percentage of the silt and clay fractions. In the surroundings of the other wells we
determined similar infiltration rates.

Examining the soil layers in Beregszasz, the results are totally different. It is observable in
Figure 6 that the finer grain size dominates in the layers: the joint percentage of the clay
(<0.002 mm) and silt (0.02-0.002 mm) fractions exceeds 50%. There were soil layers in two
sample points where the percentage of the clay fraction was more than 60%, that almost
made the given layer confined. For example in the case of BSZTF4 in the layer of the highest
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clay concentration (200-240 cm) the infiltration coefficient did not reach 2 cm/day (1.9
cm/day). Based on the infiltration coefficients determined from the sampled layers, in the
surroundings of BSZTF3 water needs 18 days to reach the water table in 4 m depth. Due to
the significantly higher clay concentration, water needs 54 days to reach the water table in 3
m depth near BSZTF4. Thus, it can be proven that in Beregszasz it is more difficult for the
contaminants to get to the water table, compared to Mikepércs.

MP6 0% 20% 40% 60% 80% 100% MP11 0% 20% 40% 60% 80% 100%

0-20cm 0-20cm
50-70cm 50-70 em

100-120cm
150-170 cm 100-120cm
200-220cm 150-170 cm
250-270cm 200-220cm
200-320¢m 250-270 cm

350-370cm
400-420 cm 300-320¢m

M coarse sand M fine sand M silt M clay M coarse sand M finesand W silt M clay

Fig. 5. The grain size distribution diagramms of the soil layers near the wells MP6 and
MP11, Mikepércs

BSZTF3 0% 20% 40% 60% 80% 100% BSZTF4 0% 20% 40% 60% 80% 100%
0-20cm | 0-20cm
10-60em 4 40-60cm
80-100cm | ]
120-140cm | 80-100¢m
160-180cm 120-140cm )
200-220cm | 160-180cm |
240-260cm B
7 200-220cm
280-300cm | )
320-340 cm | 240-260cm |
360-380cm 280-300cm
400-420cm | 320-340cm
440-460cm ! |
480-500cm
M coarse sand Mfinesand Mmsilt mclay Mcoarse sand Mfinesand ®silt Mclay

Fig. 6. The grain size distribution of the soil layers near the wells BSZTF3 and BSZTF4,
Beregszasz

The condition of shallow groundwater can be influenced by the climate of the area. Rainfall
has an important role among the climatic factors since contaminants move mainly with the
infiltrating water inside the soil layers. In the rainiest areas, leaching is typical of soils: the
direction of the water movement in the soil layers is mostly from the surface to the deeper
layers. Rainfall also has effects on the depth of water table: when the water table rises in the
rainy periods, it comes closer to the contaminants on the surface, and then the leaching
pollutants moves the most intensively toward the water table. However, in the cases of the
dug wells the dilution of the contaminants can occur due to the water abundance.
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In the surroundings of Mikepércs and Beregszasz, the leaching processes that also facilitate
the leaching of contaminants into the deeper layers become determinant above the
precipitation amount of approximately 500 mm/year. The precipitation conditions were
studied in both settlements in the research periods, and we proved that in Mikepércs, the
annual precipitation was 830 mm in the first research year, and 677 mm in the second one.
These values exceeded the average of many years (600 mm) that is typical of the region. In
Beregszasz, the amount of precipitation was 820 mm in the year of the research, and it is
also more than the average of many years (671 mm) measured in the town.

The problem of sewage is the most important one among the anthropogenic factors; it is the
most dangerous factor for the shallow groundwater under the settlements. The proportion
of the constructed sewer network has significant effect on the condition of shallow
groundwater, but the lack of sewer system by itself does not necessarily mean that the
sewage gets into the soil and the shallow groundwater since if the sewage is collected in
adequately insulated septic tanks and transported properly, the pollution of shallow
groundwater do not occur. Unfortunately, according to our experiences, in the settlements
where sewer network is not constructed the septic tanks are not supplied with adequate
insulation in many cases, so the collected sewage can infiltrate into the soil, then to the
shallow groundwater. In Mikepércs where the sewer network had not been constructed by
the time of the examination, the inhabitants collected the sewage in septic tanks. Comparing
the quantity of water consumption and the transported sewage we observed that more than
90% of the sewage infiltrated into the soil. The main cause of this was mainly that the septic
tanks were not supplied with adequate insulation, and sewage can easily infiltrate into the
soil since the soil consists of coarse grains and its water permeability is very good. In
Beregszasz, the situation is better since almost the two-third of the settlement is supplied
with sewer network but in the non-sewered parts only a little amount of sewage can
infiltrate into the shallow groundwater due to the high clay content of the soils. However,
we made a questionnaire survey and it turned out that in 10 cases of the 16 examined
households the sewage was not collected in septic tanks but the inhabitants pour it into the
drainage channel, or in the backyard and the garden. Obviously, these processes also do not
endanger significantly the shallow groundwater since the soils in the settlement have bad
water permeability so they can provide some protection against the contamination of the
shallow groundwater.

The shallow groundwater wells are endangered not only by the domestic sewage but other
pollution sources must also be considered. Manure and liquid manure from livestock
farming mean considerable contamination, especially when the proper storage of them is
not assured. Livestock farming and the related problems are rather typical of Mikepércs
since there was livestock farming in the direct surroundings of 12 of the 14 examined wells,
while in Beregszész livestock farming could be found in the close surroundings of only 6 of
the 16 examined wells. However, manure was collected in proper storage tanks in neither of
the settlements, thus the manure and liquid manure could infiltrate into the soil in both
towns, and they could easily reach the shallow groundwater in Mikepércs. In Beregszasz,
contamination deriving from livestock farming was not considerable due to the reasons
mentioned above.

Besides livestock farming, gardens can also be pollution sources if the fertilizer scattered in
the gardens and the insecticide infiltrate into the soil and reach the water table. In
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Mikepércs, gardens can be found in the surroundings of 86% of the wells, but fertilizers and
insecticides are used in only 25% of the gardens. In Beregszasz, gardens can be found in the
close surroundings of only half of the wells, and the use of fertilizers and insecticides are not
typical: fertilizer was used in only one garden and insecticide was applied in three gardens.
Summarizing the experiences we can say that gardens cause problems rather in Mikepércs
than in Beregszasz, but their significance is inconsiderable comparing to the problems
related to livestock farming and the lack of sewer network.

4.2 The pollution level of groundwater
4.2.1 pH

There is significant difference between the two settlements regarding pH. In Mikepércs, the
pH of the examined water samples was slightly alkaline, while in Beregszdsz most of the
samples were neutral or slightly acidic, but the measured values (except some of them) were
within the interval of the (B) limit values (pH > 6.5 and pH < 9.0) determined in the joint
decree no. 6/2009 IV. 14. KvWM-EuM-FVM (Fig. 7).

8,5

8,0

7’5 -
7‘0-'

6,5

E 6,0
N= 191 311

Beregszasz Mikepércs

Fig. 7. The pH of the water samples from Beregszasz and Mikepércs regarding the entire
research period

In both settlements a maximum in the autumn-winter months and a minimum in the spring-
summer months can be observed due to the acidic products deriving from the
decomposition of organic matter and increasing in the warmer periods (Fig. 8).

4.2.2 Electric conductivity

The electric conductivity of the water samples gives the total ion content of the samples
(Szabo, 2008; Szalai, 2008). It is observable in Figure 9 that the electric conductivity of the
wells was higher in Mikepércs than in Beregszasz. In Mikepércs the values were varied
between 1000 and 2500 uS/cm but in some wells we measured values above 4000 uS/cm. In
Beregszasz electric conductivity values were generally between 1000 and 1300 uS/cm but in
the case of the well 4 we usually measured values above 3000 uS/cm that indicates serious
pollution.

There are significant differences between the studied areas inside the settlements. However,
if the temporal changes of the contamination of a well are examined, we can say that
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contrary to most of the examined water chemistry parameters the values of electric
conductivity are not too variable as it can be seen in Figure 10.
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Fig. 8. The seasonal changes of the pH in the studied settlements
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Fig. 9. Electric conductivity in the studied settlements regarding the entire research period
(extreme values are not represented)

Following pH, this parameter has the least relative deviation, it slightly exceeded 20%.
Although, based on the high value of electric conductivity we cannot determine which ion is
mainly responsible for the high value; correlation analyses showed that there is a relatively
strong positive correlation between electric conductivity and nitrite content (r=0.62, p<0.01).
Earlier, significant correlation was proven between electric conductivity and nitrate
concentration in the cases of several settlements (Szab¢ et al., 2010).
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Fig. 10. The temporal changes of electric conductivity in the cases of the wells 11, 14 and 15,
Beregszasz

4.2.3 Ammonium ion

The ammonium ion concentration of the shallow groundwater originated from the
biodegradation of organic matter, so it is one of the most important indicators of the organic
contaminations. In water, ammonia can take up and also release protons. The percentage of
the ammonia and ammonium ion in water bodies depends on the temperature and the pH
of the water (Baré6tfi, 2000). With the increase of the pH and the temperature, the
concentration of the toxic ammonia also increases. Most of the samples from Mikepércs are
neutral or slightly alkaline, but the samples from Beregszasz were mainly neutral or slightly
acidic. The temperatures of the water samples varied between 4°C and 18°C. In this range of
pH and temperature the percentage of ammonium ion is 97-100%, thus the percentage of the
toxic, free ammonia is below 3%, in the cases of the samples from Beregszédsz it does not
even reach 1% due to the lower pH.

It is observable in Figure 11 that the wells in Mikepércs are more polluted with ammonium.
However, if we examine what percentage of the samples is below the critical contamination
(B) limit (0.5 mg/1; according to the joint decree no. 6/2009), there is only a small difference
between the two settlements. 34.5% of the samples in Beregszasz, and 28.3% in Mikepércs
contained less ammonium than the contamination limit value.

There is difference between the two settlements in the rate of contamination. In Mikepércs,
there are more samples that exceeded many times the contamination limit, 3% of the
samples exceeded more than a hundred times the contamination limit. In Beregszasz, only

one well contained ten times more ammonium than the contamination limit, but in
Mikepércs half of the wells did.

Especially high ammonium ion concentration means anthropogenic contamination, and the
extreme contamination values indicate direct sewage infiltration. Besides the domestic
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sewage, the improper treatment of the manure deriving from livestock farming could also
contribute to the extreme values.
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Fig. 11. The ammonium concentration of the water samples in the examined settlements
(excluding extreme values)

The highest ammonium concentrations were measured in the autumn-winter months (Fig.
12). In these seasons the degradation of the organic nitrogen occurs, but the oxidization of
the ammonium to nitrite is detained by the cold since the activity of the nitrifying bacteria
slows down below 10°C, thus ammonium ions accumulates in the water (Bir6 et al., 1998).
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Fig. 12. The ammonium concentrations in Mikepércs in the second research period, based on
the averages of 13 wells. (The figure does not contain the data of the well MP19 since
extreme high concentrations were measured in this well.)
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4.2.4 Nitrite

The next step of the organic matter degradation is the ammonia-nitrite transformation that is
a pH-dependent process; it is the fastest between pH 8 and pH 9.5. In Mikepércs, the
conditions are better for the transformation due to the higher pH of the water. Water
temperature also plays an important role since the nitrifying bacteria do not stand cold, their
activity slows down below 10°C, but with the increase of the temperature the nitrite
concentration also increases (Barotfi, 2000). It is observable in Figure 13 where the results of
the examinations in Mikepércs can be seen. The nitrite concentration of the shallow
groundwater decreases significantly in the colder autumn and winter months, the maximum
values are measured in the summer months. Among the examined water quality parameters
nitrite showed the greatest temporal variability. In some wells of Mikepércs the relative
deviation of the nitrite content was generally above 100%, and in Beregszdsz the mean
relative deviation was 83.5%. Nitrite does not accumulate in high concentrations since it
immediately oxidizes to nitrate under aqueous conditions.

The joint decree no. 6/2009 does not determine the contamination limit of nitrite in
underground water. In surface water bodies 0.3 mg/l nitrite concentration indicates
extremely contaminated water (MSZ 12749/1993). Regarding nitrite contamination, the
situation is worse in Mikepércs, although nitrite concentration was below 0.3 mg/1 in 78.4%
of the samples. Extreme nitrite contamination was observed in only one well (MP19) where
ammonium concentration was also extremely high. In Beregszédsz, 92.6% of the samples
contained less nitrite than 0.3 mg/1. In fact, we measured extreme values only in the wells
where ammonium concentration was also high.
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Fig. 13. The nitrite concentration of the water samples from shallow groundwater wells in
Mikepércs, in the two research period (Extreme values are not represented)

www.intechopen.com



Study of the Factors Influencing the Shallow
Groundwater Quality in Two Settlements with Different Characteristics

421

Fig. 14. The nitrite concentration of the water samples in the examined settlements
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After the ammonium-nitrite transformation the next step of the organic matter degradation
is the oxidization of nitrite to nitrate. During this process, the concentration of the dissolved
oxygen in the shallow groundwater decreases considerably (Barétfi, 2000). In Figure 15, the
changes of nitrogen forms in the shallow groundwater can be seen in the well no. 2,
Beregszasz. It is common that ammonium and nitrite concentrations vary inversely to each
other since ammonium oxidizes to nitrite, then to nitrate so it is natural that when the
concentration of ammonium decreases, the quantity of nitrate increases.
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Fig. 15. The changes of the nitrate, nitrite and ammonium concentrations in the well no. 2,

Beregszasz

Similarly to the other examined water quality parameters, the situation is worse in
Mikepérecs regarding nitrate (Fig. 16). The mean nitrate concentration of the shallow
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groundwater is 154.4 mg/1 here, while in Beregszasz it was only 57.2 mg/1. However, this
relatively low value also exceeds the contamination limit (50 mg/1) determined by the joint
decree 6/2009 and the directive on nitrates no. 91/676/EEC. In Mikepércs, nitrate
concentration exceeded the limit value in 83% of the water samples, and more than 20% of
the samples contained more than 250 mg/1 nitrate. Moreover, there were values over 500
mg/1. However, in Beregszasz only 27% of the samples contained more nitrate than the limit
value, and more concentration than 170 mg/1 was not measured in any sample.
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Fig. 16. The nitrate concentration of the water samples in the examined settlements

In the examined settlements the nitrate contamination of the shallow groundwater derived
from the domestic sewage, but in Mikepércs fertilizers containing nitrogen scattered in the
vegetable gardens and ploughlands near the wells can also contribute to the higher
concentrations (Szabé et al., 2010).

4.2.6 Orthophosphate

Although, the phosphorus content of the shallow groundwater can derive from natural
sources, higher concentrations are always due to anthropogenic effects. The most significant
pollution source is domestic sewage, but the residuals of the fertilizers containing
phosphorus can also cause contamination (Szabé et al., 2007).

There are great differences between the two settlements regarding orthophosphate
contamination (Fig. 17).

In Beregszasz the mean of the results is 0.56 mg/1, and only 27.7% of the samples exceeded
the 0.5 mg/1 contamination value (B) determined in the decree no. 6/2009. However, in
Mikepércs the mean value was 3.21 mg/1 and almost 94% of the samples contained more
orthophosphate than the contamination limit. The situation is bad since 1/5 of the samples
contained ten times more orthophosphate than the contamination limit. Although the
situation is much better in Beregszasz, more than V4 of the wells is considered to be polluted
but it is far less than the contamination experienced in Mikepércs.

The unfavourable conditions in Mikepércs occurred because the sewer network was not
constructed in the research period. On the other hand, the water table is very close to the
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surface, and it occurred in several times during the research period that the bottom level of
the sewage tanks in the surroundings of the wells was under the water table, therefore
sewage could directly mixed with the shallow groundwater.
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Fig. 17. Orthophosphate concentration of the water samples in the examined settlements

4.3 The health risks related to the use of groundwater

Health risks must be examined depending on the use of shallow groundwater. Based on our
questionnaire survey in the settlements, it is proven that in Beregszasz 81% of the
inhabitants, who live near the wells, generally consume the water of the wells; but in
Mikepércs it does not happen (except some cases). The inhabitants in Beregszdsz are in
greater danger in terms of human health. However, Mikepércs is more endangered in terms
of animal heath since the contamination of the dug wells is higher than in Beregszasz, and
water from the wells is used for watering animals in almost every household. In Beregszasz
only 1/3 of the wells are used for this purpose.

Human and animal health risk can be estimated based on the comparison of the values
measured in the examined water samples and the threshold limit values related to drinking
water and water for animals. (The evaluation was carried out based on the Hungarian
threshold limit values.) The threshold limit values of drinking water are clear, but the law is
not obvious regarding water for animals.

4.3.1 Human health risks

According to the part B of the Appendix 1 of the Government Decree No. 201/2001. (X. 25.)
on the water quality requirements, the threshold limit value is 50 mg/1 for nitrate and 0.5
mg/1 for nitrite. In the part C of the Appendix 1 of the government decree the threshold
limit values for indicator water quality characteristics can be found. It is 2500 uS/cm for
electric conductivity, and the range between 6.5 and 9 can be considered acceptable
regarding pH. The D part of the Appendix 1 of the decree describes threshold limit values
for karstic water, shallow groundwater and bank-filtered water resources. According to this,
if drinking water is provided from these water resources, the threshold limit value for
ammonium is 0.2 mg/1, and it is 0.1 mg/1 for nitrite.
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Regarding the threshold limit values it is proven that none of the examined wells in
Mikepércs meets the requirements. In the cases of the examined water quality parameters
we measured values that exceeded the threshold limit values many times, therefore the
water of the wells are absolutely inappropriate for human consumption.

In Beregszasz, the water quality of the wells was much better, but 4/5 of the inhabitants
regularly consume water from the wells. It is also observable that we can often find values
that exceed the threshold limit value. Electric conductivity was higher than the limit value
only in 6.8% of the samples, the percentages of the values above the limit value were 10.2%
regarding pH, 15.7% for nitrite, 27.7% examining orthophosphate and 45.2% regarding
nitrate. In case of ammonium, 92.1% of the samples contained higher concentration than the
limit value, if we consider the threshold limit value determined for shallow groundwater
(0.2 mg/l). However, if we would consider the threshold limit value regarding deep
groundwater (0.5 mg/l), the percentage would even be 65.4%. If we examine the wells in
Beregszédsz one by one, it is observable that there was not a single well where at least one
value of the examined parameters did not exceed the limit value. Regarding all the
examined water quality parameters, the values of only 2.6% of the 191 water samples from
Beregszasz were below the threshold limit values. These data are alarming, even if the water
of the wells in Beregszasz is less contaminated than the water of the wells in Mikepércs,
since if someone regularly drinks water that contains harmful components in higher
concentration, they must reckon with the risks of illnesses.

The effects of nitrate and nitrite on health are the mostly studied issues of the special
literature. In some cases such as methemoglobinemia the process of the illness and the
effects of the intoxication are well-known, but in other cases (such as the formation of
stomach cancer) the role of nitrate and nitrite is not clear (Barétfi, 2000; Du et al., 2007;
Kerényi, 1995; Milkowski et al., 2010; Yang et al., 2007).

Methemoglobinemia (or “blue baby” syndrome) occurs mostly in infants. The pH of the
stomach is almost neutral in infants - contrary to the acidic pH of the adults” stomach -, and
this is beneficial for the bacteria that transforms nitrate to nitrite. Nitrite reacts with
haemoglobin forming methemoglobin, thus it blocks the oxygen carrying capacity of blood
and can cause suffocation (Barzilay et al.,, 1999). In adults, there is a specific enzyme that
transforms methemoglobin back to haemoglobin so it can detoxify the body. This enzyme
appears later during the growth of the child, so in infants the detoxification do not occur
(Barétfi, 2000). In the case of nitrate concentration above 50 mg/1 this illness can occur in
infants, therefore in Beregszdsz people must not give the water of dug wells to infants since
less than 50 mg/1 nitrate concentration was measured only in 3 of the examined 16 wells.

4.3.2 Animal health risks

The decree no. 41/1997. (V. 28.) states that “As far as possible water of drinking-water
quality should be used for the watering of animals.” Thus, the decree do not make the use of
drinking water obligatory, just says that as far as possible water of drinking water must be
used. Unfortunately, it was not carried out in the cases of the examined households
(possessing dug wells) in Mikepércs since the inhabitants water the animals everywhere
with the water from the dug wells, but the quality of this water is not adequate regarding
the directions. On the other hand, they had the possibility to use water of drinking water
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quality as the water supply system is entirely constructed in the settlement. However, they
do not use drinking water due to financial and comfortable causes. The situation is similar
in Beregszdasz: people also used the water of the dug wells to water animals, but in several
cases tap-water was not available, and it is also true that where the water supply system is
constructed people also do not give tap-water to the animals.

Knowing the water quality of the wells in Mikepércs, we can say that the use of water from
the dug wells mean serious risk to animal health since we measured values that exceeded
the threshold limit values many times regarding several water quality parameters. It is often
proved that, due to some contaminants, in animals the same illnesses can arise as in
humans, such as methemoglobinemia. In the case of ruminant animals symptoms similar to
the infants” symptoms appear due to the consumption of water containing nitrate in high
concentration (Barzilay et al., 1999). An international research group examined the effect of
nitrate on human and animal organisms. They proved that besides ruminant animals, pigs
are also endangered by methemoglobinemia since they cannot produce enough MetHb-
reductase enzyme that transforms methemoglobin to haemoglobin (Cockburn et al., 2010).
The research group also studied what risks are caused if nitrite indirectly gets into the
human body through animal source foods such as milk, eggs, or meat. According to the
examinations only 2.9% of the accepted nitrite load per day gets into the human body with
animal source foods. Therefore, the authors state that the consumption of animal source
foods containing nitrite does not mean serious health risk to human health. However,
regarding several other contaminants (e. g. heavy metals) we must consider the process of
bioaccumulation since in the higher levels of the food chain such accumulation can occur
that can mean serious risk to human health.

Since in Beregszasz water of drinking water quality is not ensured for animals, some risks
must be considered, especially in the cases of the wells where significant contamination was
experienced regarding some parameters (wells no. 2, 7, 10 and 16). However, comparing to
Mikepércs, we can say that the risks to animal health are far less in Beregszasz.

5. Conclusion

The water quality of dug wells and the factors influencing water quality were studied in two
settlements with different natural and social-economic characteristics. Beregszasz is in better
situation in terms of the natural characteristics and the anthropogenic effects influencing
water quality since the water table can be found deeper, and the water permeability of the
soils is worse here. The sewer network is partly constructed in Beregszasz, and the role of
livestock farming and gardens, that endanger the quality of shallow groundwater, is less.

Our presumption that the water quality of the dug wells is better in Beregszasz (that have
more advantageous characteristics) is proven. In the cases of all the examined contaminants
(ammonium, nitrite, nitrate, orthophosphate) we proved that the contamination of the water
of the wells was much more significant in Mikepércs. Based on the results we can say that
among the factors influencing shallow groundwater quality the grain size distribution, then
the depth of the shallow groundwater play the most important role, so mainly natural
characteristics affect the water quality of the dug wells.

Studying the risks of the use of water from the dug wells it is proven that there are health
risks in both settlements. Mainly risks to human health are significant in Beregszasz since
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80% of the inhabitants living in the surroundings of the examined wells regularly consume
the water of the wells, while there was not a single well where at least one value of the
examined parameters did not exceed the limit value. In Mikepércs, the inhabitants do not
consume water from the wells, but 86% of the wells are used to water animals. This means
extremely serious risk to animal health since the water of the wells in Mikepércs is
absolutely inappropriate for animal consumption (due to the serious contamination).
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