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Groundwater quality as a source for irrigation in Strumica valley, Republic of Macedonia

B. Kovacevik*, S. Mitrev, B. Boey, |. Karov, V. Zajkova Panova

Laboratory for Plant Protection and Environment, Goce Delcev University of Stip, Krste Misirkov, 2000 Stip, Republic of Macedonia

Abstract. The quality of groundwater was investigated for possible agriculture pollution in the traditional agriculture region of Strumica, situated in the
southeast part of the Republic of Macedonia. Almost 200 samples of water from boreholes in 14 different points were collected and analyzed by relevant
standard methods for a total content of Na', K', Ca’", Mg™*, NH,, CI, HCO,, SO,%, NO,, NO,, and PO,”. The results showed that groundwater in the studied area
is generally neutral to slightly alkaline. The abundance of the major ions is Mg®*>Ca*>K">Na" and HCO,>CI>P0,*>S0,”. Concentration range of the main
cations Na', K', Ca” Mg* and NH," is 1.40 - 36.71mg/L, 0.68— 354.44 mg/L, 7.43—411.18 mg/L, 1.07-96.14mg/Land < LOQ (limit of quantification) — 55.89
mg/L, respectively. Regarding anions CI, HCO,, SO,7, NO,, NO,, and PO,” concentration range is 4.19- 614.31mg/L, 0.04 - 750.97 mg/L, < LOQ - 300.45
mg/L 0.14 - 284.44 mg/L, < LOQ - 35.85 mg/L and < LOQ - 7.80 mg/L, respectively. A multivariate statistical analysis is performed to evaluate the possible
interrelationship within a set of variables. Statistical and hydrochemical analysis suggest that the quality of groundwater is mainly affected by the geological
composition of the area. Factor analysis (FA) revealed five significant factors of 14 variables and account for 71.54 % of the total variance. Although nitrates are
considered a significant source of widespread groundwater contamination, when it comes to agricultural areas the result didn't show any severe contamination
except in the periphery of the valley which is considered to be related to the thickness of the basal lithozone represented by sandstones and the shallow

aquifers.

Keywords: irrigation quality parameters, hydrochemical analysis, multivariate statistical analysis, agricultural pollution.

Introduction

Groundwater is a significant water supply in many developed
and rural area. It often occurs in association with geological
formations thus containing higher concentrations of dissolved salts
compared to surface waters. Naturally groundwater contains
dissolved solids in concentrations ranging from few mg/l to several
hundred mg/l. Major dissolved components of groundwater include
the anions bicarbonate, chloride and sulphate and the cations
sodium, calcium, magnesium and potassium (Karanth, 1987). The
type and concentrations of major ions depend on the geological
composition of the unsaturated zone and the aquifer. The
concentrations of these major ions in the groundwater may increase
due to the impact of the anthropogenic factor and make it unsuitable
for domestic or agriculture use. The most recognized pollutants are
industry, agriculture and sewages. The pollution of groundwater is
recognized as one of the most serious environmental problems in
many areas, worldwide. Since the 1980s the concern over
groundwater agricultural pollutants in Europe has been growing.
Agriculture has been cited as a leading non-point source of
groundwater pollution in many areas of the world (FAO, 1996; Ignazi,
1993; EEA, 2012). The European Community responded with the
groundwater Europe legislation focused on controlling groundwater
pollution from industrial and urban sources — Directive 80/68/EEC
(EC, 1979) and the Directive 91/676/EEC (EC, 1991) regarding
protection of waters against pollution by nitrates from agricultural
sources. In accordance with Directive 2000/60/EC (EC, 2000), the
EU member states are obliged to prevent and control the pollution of
the groundwater and to established criteria for assessing its good
chemical status.

The most important agricultural pollutant of groundwater is
nitrate. High concentration of nitrate in drinking water is a possible
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health threat. Its concentrations in groundwater can reach high
levels of leaching or runoff from agricultural land or contamination
from human and animal wastes as a consequence of the oxidation of
ammonia (US EPA, 1994). Nitrate pollution in groundwater has been
announced in many agriculture developed areas of Europe such as
Austria, the Czech Republic, France, Germany, Romania and the
Slovak Republic (EEA, 1999). Slovenia published thatin almost 25%
of sampled wells, concentrations of nitrates in groundwater
exceeded 25 mg/L. In Moldova this value exceeded MCL of 50 mgl/L.
In Northern Europe (Iceland, Finland, Norway and Sweden) nitrate
concentrations in groundwater are relatively low (EEA, 2012). In
Bulgaria, in a region with high anthropogenic impact from industry
and agriculture Georgieva et al. (2011) established in groundwater
from drilled wells levels of NO, up to 140 mg/l, NO, up to 0.352 mg/|
and NH," up to 0.260 mg/l. The results of PCAfor NO,, NO, and NH,"
showed that two rotated principal components (varifactors), with
eigenvalues higher than 1, were extracted (they described about
70.3% of the overall variance). The correlation matrices revealed
positive mutual relationships between NO, and NO,, and between
NO, and NH,’ contents. In the same region Kostadinova (2014) has
investigated the presence of nitrates during a period of one year and
found out that the concentrations are higher in the low underground
water period, from October till December with maximum
concentration of 94.6 mg/L. No data is available for the nitrate
concentrations in groundwater in the Republic of Macedonia until
now.

The aim of this study was to investigate the quality of
groundwater for the possible non pointed pollution in the region of
Strumica and determine the agricultural pollution impact relative to
the other types of pollutants using a multivariate statistics analysis.
The investigated region is a vulnerable zone because of the 50 years
of traditional vegetable production, thus it is important to have an



insight into the possible threat of groundwater in this area from the
agricultural pollutants. This is a first study about the quality of
groundwater in the region of Strumica.

Materials and methods

Area of investigation

Strumica and its municipality are located in the southeast end of
the Republic of Macedonia, below the borders with Greece and
Bulgaria at 22°35' North latitude, 23°45' East longitude and 256 m
altitude with the average rainfalls of 70.50 mm. The municipality has
atotal area of 963 km” and about 95000 inhabitants. Alluvial soil type
and the Mediterranean climate are the main reasons for becoming
the most important region for early vegetable production in the
country in the last 50 years. Since the 1980s the main source for
irrigation are groundwater aquifers which agricultural producers
explore mostly through the boreholes. Agriculture and food industry
are the main activities in the region and possible source of
groundwater pollution. Wastewater from the industry, agriculture
and sewage goes into the canals which seep into the Struma river,
passing through the villages of Dobrejtsi, Piperovo, Prosenikovo,
Dabilje, Robovo, Bosilovo and Ednokukjevo. Although geologically
unexplored, itis considered that the region is rich in gold, radioactive
substances and quartz as well as non-metallic minerals such as
feldspars and calcium carbonate (Rakicevicetal., 1973).

Sampling

Groundwater samples are collected from boreholes in 14
different areas in the Strumica region, Republic of Macedonia. The
investigated area includes the villages of Borievo, Kuklish,
Monospitovo, Prosenikovo, Dabile, Sachevo, Ednokukjevo, llovica,
Banica, Robovo, Piperevo, Dobrejtci, Bansko and the town of
Strumica (Figure 1). Samples were collected in May and June, 2013.
Each sample was collected from a single borehole. Latitude and
longitude are determined using a Global Positioning System
(Garmin Ltd., UK). Specific well information such as the depth of the
well is obtained from the owner. Samples were collected after
10 minutes' flushing, transferred into a sterile dark glass bottles and
transported in a refrigerated bag to the laboratory. Samples were
acidified with the addition of sulfuric acid (Fluka). No acidified
fractions were used for measurements of anions such as CI", SO,”
and alkalinity. Samples were kept at 4°C and analyzed in the
maximum period of three days (Johnston, 2007).

Analysis

Groundwater samples collected from the field are analyzed for
the quantity of major cations (Mg”, Na', K, Ca* and NH,") and
anions (HCO,, CO,", SO,*, PO,”and CI). Anions like CI', CO,” and
HCO, are analyzed by volumetric methods. Sulphates (SO,”),
nitrates (NO,), nitrites (NO,) and ammonia (NH,") are determined by
colorimetric method using spectrophotometer type JENWAY 6715,
UV Vis (EPA375.4; EPA 352.1; EPA 354.1; EPA 350.2). Magnesium
(Mg™), sodium (Na"), potassium (K'), calcium (Ca”) and phosphorus
(P*) are analyzed by inductively coupled plasma-mass
spectrometry (ICP-MS), (Agilent 7500 CX). pH is measured by pH
meter HANNA HI 2211-01. Electrical conductivity is measured with
conductometer JENWAY 4520. Hydrochemical variables are used
to characterize the chemical evolution of the groundwater and
identify the possible controlling factor. lon exchange between
groundwater and its host environment is performed from the chloro-

alkaline indices (CAl) suggested by Schoeller (1977). The origin of
chloride ion in the groundwater is determined compared with the
relationship to other cations and anions. R square graphical analysis
between mol ratio of chloride and cations is used to detect the
dissolution of chloride salt. Statistical analysis is performed using the
program Statistica, version 10. Descriptive statistics analysis is used
to perform analysis of data, including maximum and minimums,
means and medians, percentiles, variance and standard deviation.
Factor analysis is used to detect the general relationship between
variables and to find the main process that controls the pollution of
groundwater quality (Wang, 2013; Ujevic et al., 2012). Important
indicators like: permeability index (PI) (Doneen, 1964), residual
sodium carbonate (RSC) (Eaton, 1950), sodium adsorption ratio
(SAR) (Karanth, 1987), percentage of sodium (Na%) (Willox, 1955)
and magnesium ratio (MR) (Paliwal, 1972) are used for the
investigation and assessment of groundwater quality for irrigation
purposes.

Results and discussion

A total number of 216 groundwater samples have been
analyzed for their physicochemical parameters. The summary of
descriptive statistical analysis is given in Table 1. The majority of the
investigated boreholes, around 69.5% are shallow (0 — 50 m), while
26.8% are with depth between 51 — 100 m. Other 3.7% have more
than 100 m depth and are located mostly in the village of Borievo.
Waters are generally neutral to slightly alkaline. Considerable spatial
variation is observed for the distribution of major cations with the
dominance of Mg*>Ca”>K'>Na" and anions with the dominance of
HCO,>CI>P0,*>S0,”. Bicarbonate is the major anion in the
groundwater of the study area and responsible for the slight alkalinity
of the water. According to Sawyer and Mc Cartly (1967), around 32%
of groundwater samples belong to a very hard category, 25% to hard
category, 28% belong to moderately hard category and the
remaining samples fall in the soft category. The research shows that
34.45% of the investigated samples exceeded the national MCL for
drinking water quality of 10 mg/L for nitrate. Considering the fact that
almost the entire study area is vulnerable regarding the presence of
septic tanks, fertilizer application and plant debris, it is surprising that
nitrate pollution is not spatially present in the study area. The most
affected are the villages llovica, Kulklish, Banica and Bansko
situated at the periphery of the valley. It is assumed that higher
nitrate concentration in groundwater at the periphery of the valley is
associated with the thickness of the basal lithozone represented by
sandstones, which ranges from 20 - 50 m depth (Figure 1)
(Rakicevic et al., 1973). Boreholes in these villages are shallow with
the medianof 12m.

0

Figure 1. Geological column of the Strumica basin. 1 -
basal lithozone, 2 - upper flysch lithozone, 3 - paleorelief
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Table 1. Descriptive analysis of groundwater quality data in the study area

Parameters Median Mode Minimum Maximum Std.Dev. Coef.Var.  Percentile 10 Percentile 90
d (m) 21 18.00 45 130 34.31 85.36 13 945
pH 7.81 8.20 6.84 8.67 0.44 5.61 7.27 8.43
ECw 4.72 6.26 1.22 17.49 2.42 50.38 2.26 7.35
HCO, (dS/m) 257.53 Multiple 0.04 750.97 156.19 58.22 91.47 454.2
Cl'(mglL) 24.76 11.09 4.19 614.31 54.20 139.93 8.74 73.31
NO; (mg/L) 2.98 69 0.14 284.44 44.29 196.47 0.61 65.73
NO, (mg/L) 0.03 025 <LOQ 35.85 3.85 565.55 0.025 0.025
Nh, (mg/L) 0.08 025 <LOQ 55.89 4.84 459.59 0.025 1.96
S0, (mglL) 17.69 2.50 <LOQ 300.45 36.57 149.78 2.5 48.73
Na'(mg/L) 6.03 Multiple 14 36.71 4.97 69.95 2.69 11.28
PO, (mglL) 0.18 025 <L0oQ 78 1.07 204.45 0.025 1.07
K* (mg/L) 543 Multiple 0.68 354.44 35.05 298.18 2.35 16.45
Ca'(mglL) 39.51 28.50 7.43 411.18 38.98 77.75 19.99 95.42
Mg'(mg/L) 9.72 Multiple 1.07 96.14 12.69 94.87 3.45 29.94

Once the nitrate is found in anaerobic conditions it may degrade
to much more toxic nitrite. According to WHO (2011) nitrite
concentration in drinking water should not exceed the value of 3.3
mg/L. The Macedonian standard is stricter as permitted content of
nitrate in drinking water is up to 0.01 mg/L (Government of the RM,
1999). In this study NO, was found in detectable concentrations only
in the villages of Monospitovo and Borievo in 24% and 15.4% of all
samples collected, respectively. Considering the fact that canning
industry is also developed in the region, we investigate the NO,/NO,
and Na'/NO, mol ratio of the samples collected from the village of
Monospitovo and Borievo in order to find out if NO, originates from
sodium nitrite, high water soluble substance used as a food
preservative. Samples from the village of Monospitovo show
different NO,/NO, mol ratio from the samples collected in the village
of Borievo indicating that nitrite is associated with different sources
of pollution. Samples from the village of Monospitovo show a molar
ratio of NO,/NO, in the range from 1.3 — 1.34 very close to the mol
ratio of 1:1in the reaction of nitrate degradation which means that
the origin of nitrite is related to the nitrogen cycle in anaerobic
conditions. The molar ratio of Na'/NO, of the samples collected from
the village of Borievo show values between 0.41 and 0.56, very close
to the mass ratio of sodium nitrite (0.50). Considering the fact that
food canning industry is located near this village, it is assumed that
the pollution of nitrite in these samples comes from the canning
industry. The presence of deep boreholes in this village contributes
to the formation of anaerobic conditions which results in reduced
oxidation processes.

Ammonia was found under the instrument detection limit in
65.3% of the samples. Natural levels of ammonia in groundwater are
usually below 0.2 mg/L. Anaerobic groundwater may contains up to
3mg/L (Waltonetal., 2012). Itis considered thatammonia in water is
an indicator for possible bacterial, sewage and animal waste
pollution. No significant contamination of ammonia was found in the
investigated period which means that ammonia couldn't contribute
to the increase of nitrate concentration as a result of oxidation. The
concentration of chloride in groundwater can be a useful indicator for
the anthropogenic contamination. Usually concentration below 100
mg/L is considered normal for groundwater (Walton et al. 2012).
Investigation for chloride pollution in the study area shows that only

346

3.4% of the investigated samples had concentration greater than
100 mg/L, 21.2% had concentration between 50 — 100 mg/L and the
majority of the samples (75.4%) had concentration lower than 50
mg/L. The most affected where the villages of Borievo, Prosenikovo
and the samples from the town of Strumica. Chloride may reach
groundwater in agriculture land leaching from fertilizers usually in
the form of KCI. But it can also have a natural origin dissolved in
water from halit minerals such as NaCl or other less common salts
such as MgCl and CaCl,. The CI/HCO, mol ratio ranges from 0.03 to
1 suggesting that the aquifers are not saline and there is no
introduction of saline water in the investigated aquifers. The plot of
Ca” against Cl, concentration suggests that most of the samples
have input of CI from CaCl,(Figure 3).

Gypsum (CaS0,.2H,0) or its anhydrite are used as inorganic
fertilizers and source of sulphate and calcium to improve soil quality.
The investigation shows that sulphate in the study area is present in
very low concentrations. Around 35% of investigated samples have
concentration of sulphate below the limit of instrument detection.
Only seven samples exceed the value of 100 mg/L and one sample
exceeds the value of 250 mg/L. The Ca*/SO,” mol ratio of this
sample is very close to the unity suggesting a common source of
these ions. Since the depth of the borehole is 5.5 m and the location
of the borehole is in the field it is assumed that the pollution
originates from the fertilizer usage.

The molar ratio of Ca” versus Mg* ranges between 0.18 and
30.31 indicating the excess of Ca”* over Mg*' in 95% of the samples.
CAl is performed to access the ion exchange between the
groundwater during its travel in the sub-surface according to
Schoeller (1977). In this study 56.7% of the samples have positive
values for both equations which means that in these groundwater
aquifers there is an ion exchange between Na“ and K" from the
groundwater with Mg” and Ca®" from the rock formation in the area.
Other 43.3% have negative values for both indices and therefore a
reverse exchange is present in the investigated period in these
samples. The presence of phosphate ion is not a cause for concern
because most of the samples have concentration lower than 1 pg/L
(Table 1).

Factoranalysis

Factor analysis revealed five factors (Table 2). The first factor
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Figure 2. R square graphical analysis between mol ratio of chloride and calcium

(F1) shows significant relationship between chloride, sulphate,
calcium and magnesium indicating that the presence of these ions in
the investigated samples originates from the geological composition
of the rock formations. The second factor (F2) shows the relationship
between nitrates, sodium, phosphate and potassium. This factor
indicates the role of fertilizers in groundwater pollution. The third
factor (F3) is for the dissociation of carbonates and their influence to
the acidity and hardness of the groundwater. Factor four (F4) shows
significant relationship between nitrite and depth of the borehole with
factor loadings of 0.73 and 0.73, respectively. But the loading of
nathrium (0.54) should not be underestimated in this factor.
Therefore, this factor is related to the causes of groundwater
pollution with nitrite in the same way as anaerobic conditions are
related to the depth of the borehole and the canning industry.

Irrigation water quality

Permeability index (PI). Calculated values for Pl range from
4.33% to 152.25%. The result shows that only 4.6% of all
investigated samples belong to class Il (< 25%) which according to
Raju et al. (2009) are not suitable for irrigation. All of these samples
are located in the village of Kulkish except two which are located in
the village of Monospitovo. Around 54% of the samples belong to
class Il (27% — 75%) and the rest 41.4% belong to class | (>75%)
whichindicates that they are suitable for irrigation.

Residual sodium carbonate (RSC). RSC values for all
investigated samples do not exceed MCL of 1.25 meq/L, which
means that there is no hazardous effect of carbonate and
bicarbonate from the irrigation water in the investigated samples.

Sodium Adsorption ratio (SAR). This indicator characterizes the

relationship between infiltration capacity of the soil and water
salinity. Infiltration rates increase as water salinity increases (Ayers
and Westcot, 1985). In the investigated samples SAR ranged
between 0.023 and 1.34. According to Richards (1954) all samples
belong to the excellent category and there is no negative sodicity
effectfrom the investigated water samples in this period.

Table 2. Factor analysis: Percent contribution of each factor

Parameters F1 F2 F3 F4 F5 Comm.
d 038 -009 -01 073 013 038
pH 016 -013 077 -017 -026 054
ECw 04 041 063 -011 022 074
HCO, 033 007 084 001 027 089
cr 09 007 000 -004 -006 089
NO; 042 055 -034 000 002 058
NO, 003 -005 -02 073 -001 02

NH," 003 -001 01 002 093 034
S0, 074 018 003 -012 -008 073
Na' 013 047 025 054 -018 028
PO 022 057 -033 007 036 029
K' 012 079 02 -008 -008 063
Ca® 087 007 02 004 002 093
Mg? 076 -007 024 -018 002 081

Eigenvalue 411 198 16 12 112 10.01

Total variance 29.39 14.13 1143 855 8.04 7154
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Percentage of sodium (Na%). Another indicator for the sodium
hazard in irrigation water is the percentage of sodium. High
concentration of sodium in irrigation water results in poor internal
draining of soil. The computed %Na for the study area ranged from
2.23% t0 67.3%. Around 70% of the samples belong to the excellent
category (<20%), 23% to the good category (20 —40%) and the rest
7% are classified as permissible.

Magnesium ratio (MR). The effect of Mg” in irrigated water is
expressed by the magnesium ratio. The computed MR values in the
study area range from 3.2 % to 85.74%. Around 7% are unsuitable
forirrigation mostly located in the village of Dobrejci.

Conclusion

The groundwater quality in the Strumica region has been
evaluated for its chemical composition and suitability for agriculture
uses. Agriculture producers in this region heavily depend on
groundwater as an irrigation source because of its low economical
consumption and the suitable location of the borehole which is
usually very close to the area of irrigation.

Chemical analysis shows that 35% of the groundwater in the
region of Strumica belongs to the very hard category, 25% to the
hard category, 28% to the moderately hard category. Only 12% are
soft waters. Waters are generally neutral to slightly alkaline. The
abundance of the major ions is in the following order Mg” >Ca”>
K">Na" and HCO,>CI>S0,”. Hydrochemical analysis shows that
chloride salt dissolution is the major source of the cations and
chloride in groundwater. More than half of the samples are affected
by the ion exchange Na" and K’ from the groundwater with Mg”* and
Ca”™ from the rock formation in the area. According to the
classification of water based on SAR, RSC and %Na all samples are
suitable for irrigation. Regarding Pl and MR only 23 of the
investigated 216 samples are not suitable for irrigation located
mostly in the villages of Kuklish and Dobrejtci.

Although the study area has more than forty years' tradition in
agriculture production, severe contamination from fertilizers has not
been found except in the villages located in the periphery of the
valley associated with the thickness of the basal lithozone
represented by sandstones. The conducted analysis indicates that
the geological composition of the area has a major role in preventing
the leaching of fertilizers from the agriculture land.
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