i@ Journal of Ecological Engineering

Received: 2022.06.22
Accepted: 2022.07.11
Published: 2022.08.01

Journal of Ecological Engineering 2022, 23(9), 231-240
https://doi.org/10.12911/22998993/151906
ISSN 2299-8993, License CC-BY 4.0

Determining the Physico-Chemical and Microbiological Parameters
of the Water Quality in the Batllava Lake, Kosovo

Albana Kashtanjeva', Idriz Vehapi", Kemajl Kurteshi', Musaj Pacarizi?

! Department of Biology, Faculty of Mathematical and Natural Sciences, University of Prishtina, St. Mother
Teresa, 10 000 Pristina, Republic of Kosovo

2 Department of Chemistry, Faculty of Mathematical and Natural Sciences, University of Prishtina, St. Mother
Teresa, 10 000 Pristina, Kosovo

* Corresponding author’s email: idriz.vehapi@uni-pr.edu

ABSTRACT

The purpose of this study was to determine the quality of water in lake Batllava, through which, a part of the popu-
lation of the Pristina region is supplied with drinkable water. Lake Batlava is a lake built in the 1970s. This lake is
located in the village of Batlava in the municipality of Podujeva. The supply of this lake with water is made from the
Brvenica river. Monitoring was finished during the period from December 2020 to May 2021. The sample were taken
in three championic places: at the entrance of the lake, in the middle and in the spill, on two levels, in the surface and
at depth of 30 cm. The analyzed microbiological parameters are: total coliforms, fecal coliforms, fecal streptococci
and aerobic mesophilic bacteria. The physical-chemical parameters are: dissolved oxygen, saturation with O,, water
temperature, pH value, electrical conductivity, total soluble matter, total suspended matter, turbidity, chemical de-
mand for oxygen, biochemical demand for oxygen, total organic carbon, nitrate, total solidity of calcium, magnesium,
ammonia ion, chloride, sulphates, fluurite, M-alkalines, bicarbonates and heavy metals, such as: Fe, Pb, Mn, Cu, Cd.
The results showed that most physical-chemical and microbiological parameters are within the limit allowed by the
WHO and EPA, except in some cases where during the precipitation season there have been several overruns and for
this reason, it is recommended to take monthly monitoring of the water of Lake Batllava to achieve a real assessment.

Keywords: Batlava Lake, monitoring, physic-chemical, microbiological, heavy metals.

INTRODUCTION

The increase of population numbers, increase
of rapid globalisation, progressive urbanisation,
industrial development and increase of intensive
agriculture, have affected the surface water pollu-
tion [Ling et al. 2017]. The use of various fertilis-
ers to increase the productivity of lands where by
precipitation and later rinse arrives in waterways,
rivers and lakes increase the risk of eutrophica-
tion, causing biodiversity loss. Surface waters can
also be polluted by the erosion of rocks, mines,
etc. [Bhateria and Jain, 2016]. About two billion
people in different places of the world have not
found the right way to ensure the water quality
for drinking [Shamsuzzoha et al. 2018]. There-
fore, water quality monitoring has become a key

issue in assessing the state of lake waters in recent
years to preserve and establish lake management
even in the future [Seifert-Dahnn et al. 2021]. The
functioning and balance of a water environment
depends on its physical-chemical and microbio-
logical quality, which changes over time due to
human activities and/or climatic conditions [Gup-
ta et al. 2017]. Monitoring and controlling nutri-
ents and heavy metals in water resources is an im-
portant problem for both ecosystems and public
health. The assessment of physical-chemical and
microbiological parameters of rivers and lakes
waters has been the object of the study of many
foreign scientists such as [Dobrzynski et al. 2022;
Sulltana et al. 2021; Siddiqua et al. 2021; Loucif
et al. 2020; Haque et al. 2019; Lashari et al. 2022;
Al-afify et al. 2018; Ma et al. 2021].
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MATERIAL AND METHODS

Research area

Lake Batllava is known as an artificial res-
ervoir supplied by four subbastions, from which
three small rivers flow: Turiqic, Krushevic and
Ballaban [Avdullahu et al. 2012]. The lake is lo-
cated in the northeastern part of Kosovo, 34.3 km?
away from the capital Pristina, in coordinates: 42°
49" 16” in the north and 21° 18" 28” to the east
[Sahiti et al. 2018].Batllava Lake is estimated to
contain about 34.4 x 106 m? of water, with an an-
nual rainfall average of about 20 x 106 m?3. This
lake has a maximum length of 6 km?, maximum
width 700 m, area 3.07 km?, average depth 48 m
and surface height 640 m [Gashi et al. 2017].

Physical-chemical water analyses

Between December 2020 and May 2021, the
monthly championing from lake Batllava was
conducted at three stations or championing plac-
es, at two surface levels and 30 cm depth (Fig. 1)
with a total of 66 samples based on the standard
for lake monitoring ISO 5667-4:1987. The wa-
ter samples were analyzed within 24 hours of
taking the champion, while the parameters that
are directly measured in the locality are: water
temperature (WT), pH, dissolved oxygen (DO)
and electrical conductivity (EC). The physical-
chemical characteristics were taken by placing
the samples in clean and high density polyeth-
ylene bottles. Before each take, the bottles have
been washed 2-5 times with champion water
after being washed with diluted chlorine acid.

e by
Awvire.

Physical-chemical parameters were analysed
based on the ISO 5667-6 standard in the labora-
tory of the Kosovo Hydro-Meteorological Insti-
tute. Dissolved oxygen (DO) and oxygen satura-
tion (OS) are measured with the HI 9146 device
based on ISO5814:2012, water temperature (WT)
is measured by the HI 98130 device based on the
DIN 38404-C4 method, the potential of hydrogen
ions (pH) is measured with the HI 98130 device
based on the DIN 38404-C5 standard, Electri-
cal Conductivity (EC) with the device (WTW
315i) based on the DIN EN 27888 (C8) standard
method, Total Dissolved Solids (TDS) with WW
3151 device based on the DIN EN 27888 (C8)
(11/1993) standard methods, Total Suspension
Solids (TSS) with the AADAMLAB 250 device
based on the EN 872 standard method, turbidity
(NTU) with AQUALITIC/PC COMPACT device
based on ISO 7027; (11/1993), Biochemical Oxy-
gen Demand (BOD) with Winkler device based
on ISO 5815, Chemical Oxygen Demand (COD)
with chrome device based on ISO 15705, Total
Organic Carbon (TOC) with UVSECOMAM de-
vice based on the DIN EN 1484 (H3) Standard,
Nitrates, Nitrites, Phosphates, Total Phosphorus
as well as ammonium ions are measured with the
SECOMAM device based on standard methods.
In turn, heavy metals, such as Fe, Pb, Mn, Cu and
Cd, were defined at the Agricultural Institute of
Peja with the 4200 MP-AES device [Berg. 2015].

Microbiological analyses

Microbiological studies have been finished
using the standardized procedure [APHA,
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Figure 1. Sampling locations at Batllava Lake
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2005]. The number of coliform bacteria (E.coli)
is with the membrane filtration method accord-
ing to ISO 9308-1: 2014 [ISO. 2014] with a
volume of 100 ml water samples. Membrane
filters were incubated in Medium Chromatic
Coliform Agar at 36 + 2 °C for 24 hours. After
the isolation of colonies in the filter, blue colo-
nies closed in violet that are E.coli has been
counted, while suspicious colonies in red were
confirmed by oxidase test [Zhang et al. 2016].
Reporting was done as CFU/100 mL. The iso-
lation of fecal streptoheads is made using the
membrane filter method in Slanetz and Bartley
Agar, as CFU/100 mL. The colonies developed
were then then are carried on plates of agar bile
aesculin azide preheated in 44 °C for incuba-
tion of 2 hours. The parts stained in black and
confirmed by the catalysis test were confirmed
as fecal streptocoke [Zhang et al. 2016]. To es-
timate the number of mesophilic aerobic bacte-
ria, a champion 1 ml and 0.1 ml were planted
on coated plates in Agar peak extract (Plate
Count Agar) that was dissolved in a 44 °C wa-
ter bath, then the plates were incubated at 36 +
2 °C for 44 hours. Reporting was done as CFU
for sample 1 ml [ISO. 2014].

Statistical analysis

Principal component analyses (PCA) is one of
the most used methods of data analysis with many
variations that allows multidimensional data sets
with quantitative variables to be analyzed [Prieto
et al. 2020]. Correlations between components
and initial variables are used and displayed in the
form of vectors using XLSTAT statistical soft-
ware. Moreover, observation gifs are presented in
the PCA space. The correlation between physical-
chemical and bacteriological parameters is anal-
ysed with Correlation matrix (Pearson (n).

RESULTS AND DISCUSSIONS

Theresults of thisresearch show that the value
ofOTrangesfrom8.9mg/Lto12.1 mg/L(Table1),
while oxygen intake fluctuates from 73 mg/L to
85 mg/L. Depending on the month of sampling
the change in T values was observed too, from
2.06 °C in December, January to 17.70 °C in
April and May. As for the pH values, they range
from 7.78 to 10.30 mg/L. The highest EC values
in this research were recorded in May (308 pS/

cm), while those lower (22 pS/cm) in March and
April. According to Zhang et al. 2016 [Zhang et
al. 2019], the increase in the EC values can occur
as a result of rising saltvalues and water evapo-
ration during high temperatures. The values of
TDS and TSS in this research fluctuate from 112
mg/L to 154 mg/L for TDS and 4.8 mg/L to 50
mg/L for TSS. The increase in TDS mainly oc-
curred in December, January and continued in
February. According to Kiikrer and Mutlu, 2019
this increase in TDS leads to the increase of phy-
toplankton in water [Kiikrer and Mutlu. 2019].
The NTU values range from 1.09 to 51.7 mg/L.
The values for COD and BOD were recorded in
January and February but continued in March
with values of 3.1 mg/L to 21 mg/L for COD and
from 1.1 mg/L to 9.5 mg/L per BOD. This in-
crease occurred in the first locality as a result of
heavy rainfalls in these months and river flows.
High levels of COD and BOD are linked to an-
thropogenic activities, such as household waste
and fishing activities [Sallam et al. 2018]. The
lowest value for TOC that has been recorded is
0.8 mg/L while the highest 6.0 mg/L. Pollution
of water with nitrites and nitrates poses one of
the most dangerous threats to public health [Si-
pahi et al. 2016]. As for the distribution of NO
and NO, during this research values 0.56 mg/L
for NO, and 0.10 mg/L for NO, were recorded
which were within border values by WHO and
EPA. TH during this monitoring ranged from
5.54 mg/L to 16.8 mg/L for the month of April.
For HCa the average value recorded per month
is 4.80 mg/L, value that on the basis of WHO
water is classified as soft.

Cadmium concentration (Cd) changed just
in March with <0.002 mg/L, while other val-
ues were the same as <0.001 mg/L. Even in the
evaluation of Malsiu et al. 2020 [Malsiu et al.
2020], Cd concentration was <0.001 mg/L, the
values within the range set by Directive 98/83/
EC and WHO standards. Iron concentration (Fe)
reached the highest value in January by 0.060
mg/L, while in the study of Gashi et al.2017
[Gashi et al. 2017] the average concentration
was 0.23 mg/L. Lead level increased only in
March, in 3/H locality by 0.02 mg/L, the same
as Gashi et al. 2017, while in other months the
average concentration was <0.01 mg/L, within
the border values by WHO and Directive 98/83/
EC, the same as preliminary research by Malsiu
et al. 2020 (Table 3). The average concentration
of manganese (Mn) was 0.018 mg/L, this value
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Table 1. Descriptive statistics (mean = SD and range (min - max) of physicochemical parameters of water in

Batllava Lake
Locality
Physicochemical :
Symbol Mean = SD [min—-max]
parameters
Locality/1 S Locality/ 1D Locality 2/S Locality2/D Locality3/S Locality 3/D
Dissolved Do 11.036+1.259 10.67+0.894 10.74+0.96 10.40+1.17 10.01+1.30 10.01+1.30
Oxygen [8.9-12.7] [9-11.40] [9.2-11.7] [8.8-12] [8-11.30] [8-11.3]
99.294+15.187 | 97.13+17.012 | 98.60+20.15 96.60+ 20.12 89.43+11.28 89.37+£17.40
Saturation with O, | Sol O,
[85-126] [80—-130.00] [73-134] [81-136] [77-110] [76-124]
Water 8.578+5.821 8.22+5.615 8.67+5.90 8.40+5.52 8.67-5.90 8.63+6.07
T
temperature [2.06-17.4] [3.1-17.70] [3.6-17.4] [4.2-17.5] [3.2-18.8] [3.8-18.7]
8.380+0.30 7.63+2.530 8.47+0.73 8.37+0.54 8.35+0.31 8.18+0.31
Value of pH pH
[7.93-8.81] [2.78-10.30] [8.0-9.9] [7.85-9.3] [7.57-9.07] [7.78-8.61]
Electric EC 289.73+ 10.514 | 284.16+21.531 | 277.98+23.37 | 268.22+ 28.41 | 282.85+45.13 | 287.17156.34
conductivity [275.48-307.09] | [254.14-307.09] | [245.41— 302.81] | [233.77-303.88] | [226.01-342.16] | [224.07-378.0]
Total dissolved DS 144.55+ 5.365 | 140.75+9.901 | 137.57+10.94 | 131.36+£16.86 | 133.76+17.82 | 134.75+17.29
solids [137.74-153.545]|[127.07-153.55] |[122.705-151.405] | [112-151.94] |[113.03-155.15]|[112.03— 154.08]
Total suspended TsS 24.531+15.961 | 21.43+ 13.682 20.95+11.30 20.44+10.73 20.64+8.94 19.74+.8.34
solids [6.3-50] [8.1-46.00] [4.8-38.5] [6.3-37.2] [9.9-35.5] [8.10-33]
19.00+ 15.130 | 17.62+ 16.179 17.48+16.59 17.04+18.44 13.83+12.25 13.63+13.74
Turbidity NTU
[3.29-41.4] [3.94-45.90] [1.19-49] [1.09-51.7] [1.0-34.3] [0.61-38.90]
Chemical oxygen coD 11.43845.755 11.45 +4.924 9.68+5.28 9.48+5.94 10.456.0 10.45+6.50
demand [3.3-21] [3.8-17.50] [3.1-14.9[ [3-16.4] [2.8-16.8] [2.00-17.20]
Biochemical BOD 5.224+2.664 5.16+ 2.295 4.35+2.57 4.27+2.86 4.24+2.8 4.69+3.13
oxygen demand [1.4-9.545] [1.6-7.95] [1.1-6.77] [1.1-7.7] (1.1-7.63) [0.70-7.82]
Total organic ToC 3.345+1.674 3.34+ 1.422 2.85+1.66 2.83+1.89 2.80+1.89 3.09+2.04
carbon [0.9-6.0] [1.1-5.00] [0.8-4.7] [0.8-5.4] [0.8-5.2] [0.50-5.40]
Nitrat NO 0.548+0.265 0.67+ 0.369 0.56+0.19 0.60+0.31 0.65+0.24 0.79+0.33
itrate '
° [0.26-0.88] [0.398-1.15] [0.175-0.662] (0-0.87) [0.19-0.82] [0.21-1.6]
7.749+1.675 7.48+1.912 7.59+1.89 7.5+61.74 7.48+1.80 7.49+1.77
Total hardness TH
[6.76-10.47] [6.544-11.14] [6.768-11.2] [5.887-10.92] [5.48-10.81] [5.82—-10.86]
Hardness of Fea 5.093+1.504 4.48+0.942 4.46+0.85 4.40+0.80 4.52+1.07 4.80+1.39
calcium [3.58-7.84] [3.30-6.16] [3.86-6.14] [3.64-5.94] [3.58-6.61] [3.70-7.28]
Calci Ca? 36.430+10.780 | 32.08+6.760 32.24+6.95 31.45+5.76 32.34+7.71 34.311£9.96
alcium ast
[25.62-56.13] | [23.62—44.11] | [27.62—-46.11] | [26.026—42.55] | [25.63—-47.31] | [26.42-52.05]
12.258+ 3.396 12.98 4.585 13.36+4.24 13.71+4.38 12.82+4.03 11.70+7.80
Magnesium Mg?*
[8.50-18.22] | [9.7216-21.61] | [8.02—20.66] [9.75-21.61] [8.26—18.23] [0-22.83]
0.060+ 0.031 0.05+0.023 0.03+0.03 0.05+0.02 0.05+0.02 0.05+0.02
Amonium ion NH,*
[0.016-0.097] | [0.023-0.097] | [0.011-0.094] | [0.016-0.079] [0.02-0.074] [0.02-0.07]
0.036+ 0.018 0.02+0.004 0.03+0.02 0.04+0.05 0.04+0.027 0.02+0.00
Phosphates PO*
[0.025-0.07] [0.015-0.03] [0.025-0.072] [0.025-0.14] [0.025-0.09] [0.02-0.03]
Chiorid o 6.858+ 1.853 6.00+ 1.271 6.86+1.07 6.31£0.81 6.55+.0.75 6.25+1.30
oride -
[4.71-8.77] [4.562-7.50] [6.51-7.918] [6.167-7.22] [6.78-7.44] [4.39-7.67]
Sulfat - 20.304+ 1.352 | 20.49+0.917 20.43+1.65 20.39+1.47 20.52+1.67 20.46+1.49
ulfate -
¢ [18.71-22] [19.488-22.00] [18.8-23.5] [18.5-23] [18.9-27.3] [18.5-23.1]
0.10+0 0.10+0 0.08+0 0.08+0 0.07+0.0 <0.007+0
Nitritet NO,
[0.1-0.1] [0.1-0.10] [0.08-0.08] [0.08-0.08] [0.07-0.07] [[<0.007—<0.007]
Fluori . 0.145+0.039 0.16+0.053 0.18+0.07 0.15+0.04 0.14+0.06 0.15+0.05
uorine -
[0.07-0.18] [0.063-0.22] [0.102-0.30] [0.096-0.226] [0.09-0.26] [0.9-0.23]
2.750+0.783 2.51+0.576 2.51+0.56 2.48+0.55 2.39+0.54 2.47+0.55
M-Alkalinity MA
[2.06-4.41] [1.92-3.34] [2-3.34] [1.88-3.26] [1.84-3.4] [1.96-3.38]
167.75+47.751 | 153.31 £35.119 | 152.91+34.19 | 156.41+28.85 | 145.65+ 33.38 | 150.58+33.46
Bikarbonates HCO,
[125.7-245.3] | [117.1-203.74] | [122-203.74] | [125.7-198.86] [112-207.4] [119-206.18]
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Table 2. The spatial-temporal extenson (average + standard deviation) of microbiological parameters for Lake

Batllava
Locality

Microbiological parameters Mean + SD [min-max]

Locality/ 1S Locality/ 1D Locality 2/S Locality 2/D Locality 3/S Locality 3/D
Total coliform| CFUM00mI 37 +35.716 23.00 + 30.41 9.17 £ 19.08 5.33+6.15 13.33+21.93 33.5+26.80

[0-87] [0-81] [0-48] [0-14] [0-57] [0-67]

Fe_cal CFUM00mI 152.33 + 137.63 | 178.17 + 174.44 | 143.50 + 128.13 | 129.17 + 139.90 | 134.33 + 139.38 | 128.17 + 156.98
coliform [29-378] [21-434] [17-304] [6-325] [7-315] [7-401]
Fecal | cFuMoomi 60.67 £ 98.768 | 91.67 168.33 33.50 £56.63 | 23.67 £55.05 | 31.00+51.08 | 70.50 + 167.32
streptococci [0-252] [0-428] [0-138] [0-136] [0-126] [0-412]
Aerobic_ . CFUM00mI 55.33 £27.595 | 59.17 +35.47 | 52.33+37.96 | 49.83+52.14 | 58.83 +45.96 66 + 163
mesophilic [4-83] [9-96] [15-116] [4-145] [9-140] [6.33-163]
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D5
HCO3-
NTU
| solo2
DO
cH
Mg2+
Ca2+
EC
BOD
coD
z z z z z Z
3 B 3 g 3 B
Q o ko3 Q Q [+]
— - - - - -
2b
N, T po ¢
i3
| w E
Locaiit, 2
MRTES e | Loiya's
Locality2iD FLonsiy a0
£ Localily/1 3
w©
Q
S, Locality/ 10
Locaﬁl\lw
ity 25 1.
- 3 M

Figure 2. Heat map and distribution of physico-chemical parameters in localities; a) 12 different parameters were
selected. Blue highlight corresponds to a small expression value up to red which represents the highest level of
expression; b) distribution of some physico-chemical parameters (pH, T, DO, NO,", TH, Cl-, NO, and MA) in localities
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Figure 3. Principal component analyses (PCA) of the average of physical-chemical and bacteriological parameters
fot the months analysed taken at three water surface championing points (L1/S- L3/S); a) The correlation between
F1 and F2 variables between physical-chemical and bacteriological parameters; b) Distribution of the samples
taken in three localities by the PCA; c) Biplot correlation that presents the distribution of localities in relation to

the factors analysed in the F1xF2 plain

was smaller than the preliminary research by
Gashi et al. 2017 [Gashi et al. 2017] and Mal-
siu et al. 2020 [Malsiu et al. 2020]. The aver-
age concentration of Cr during the research was
<0.001, the same value as preliminary research
and within the limit allowed by the WHO and
Directive 98/83 EC. The spatial-temporal exten-
son of microbiological parameters is presented
in Table 2. The maximum number of TC 0.87
CFU/100 ml is recorded in L/1S in January, fol-
lowed also in L/1D with 81 CFU/100 ml. The
increase of the number of E. coli bacteria shows
fecal contamination and is considered to be
a risk to human health [Djuikom et al. 2006].
The highest numbered FC (E.coli) are regis-
tered in May, in L1/D with 434 CFU/100 mL,
followed by 357 CFU/100 mL in January, while
the smallest value is registered in March L2/D
with 5 CFU/100 mL. SF are very important in
raw water tests as they are used as an indicator

236

of the presence of fecal pathogens that survives
longer than E. Coli, within drinking water and
are more resistant to drying and chlorination
[WHO, 2011]. The maximum SF number is
reached the month of January and February, in
L1/D with 428 CFU/100 mL. AM reached the
maximum number in January, at L3/D with 163
CFU/100 mL, while the minimum in L/1S in the
April with 4 CFU/100 mL.

The PCA presents a useful tool to obtain data
for many variables and for focus there are only a
few components (Imtara et al. 2018). The results
obtained from the principal component analyses
(PCA) for the 23 physical-chemical and 4 bacte-
riological parameters of 3 localities (surface and
depth) for the months of sampling are presented
in Figure 2, 3, 4, 5 and Table 4. The results ob-
tained from the water surface analysis shows that
we have a biplot correlation between variables in
the F1 axis with (67.75%) and F2 (32.25%). The
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correlation between variables as well F1 dh F2
factors presented in Figure 3 shows a positive cor-
relation between most variables with the F1 axis
except Mg*, T, pH, NO,, PO * and fecal Strepto-
kokes. In turn, most variables present a negative
correlation with the F2 axis except mesophilic
aerobics, NH,, BOD, TOC and F. Regarding

water depth analyses for three champions as seen
in Figure 4, there is a high negative correlation
between most variables with the F1 and F2 axis,
except T, pH. TH, Cl, HCa and PO 43'. As for the
metals analyzed by the PCA (Fig. 5) indicates a
biplot correlation between variables in the F1 axis
with (66.29%) and F2 (21.82%), in total 88.10%.

4a Variables (axes F1and F2: 100.00 %) 4b Observations (axes F1and F2: 100.00 %)
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Figure 4. Principal component analyses (PCA) of the average of physical-chemical and bacteriological parameters
for the months analysed, taken at three water depth championing points (L1/D- L3/D); a) The correlation between
F1 and F2 variables of physical-chemical and bacteriological parameters; b) Distribution of the samples taken in
three localities by the PCA; c) Biplot correlation that precedes the distribution of localities in relation to the factors
analysed in the F1xF2 plain

Table 3. Distribution of heavy metals (current study) and preliminary studies

Month Cd Fe Pb Mn Cr Cu
December <0.001 0.015 <0.01 0.019 <0.001 /
January <0.001 0.060 0.002 <0.01 <0.001 /
February <0.001 0.052 <0.01 0.018 <0.001 /
March <0.002 0.010 <0.02 0.021 <0.001 /
Aprill <0.001 0.046 <0.01 0.015 <0.001 /
May <0.001 0.050 <0.01 <0.01 -0.001 /
Average <0.001 0.038 <0.01 0.018 <0.001
Gashi et al. 2017 / 0.23 0.02 0.024 0.0016 0.0077
Malsiu et al. 2020 < 0.001 0.264 <0.01 0.036 <0.001 0.006
EEC? 98/83 0.005 0.2 0.01 0.05 0.05 2
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a) | _ Variables (axes F1andF2: 88.1C 0%) b) Observations (axes F1and F2: 88.10 %)
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Figure 5. Principal component analyses (PCA) of the average for the months analyzed of heavy metals presented
by biplot corelation through F1 and F2 variables; a) Correlation of k and F2 variables for heavy metals;
b) Distribution of heavy metals taken in three localities; ¢) Biplot Corelation, which presents the distribution of
localities in relation to the factors analysed in the F1xF2 plain

Table 4. Pierson’s koreanation matrix (n) between physical-chemical and bacteriological parameters

Variabl
N by sol02 T pH EC TDS TSS NTU COD BOD TOC NO3- TH HCa Ca2+ Mg2+ NH4+ PO43- Cl- S042-NO2- F- MA  HCO3- TC FC SF AM

DO

Sol 02

T -0.261 -0.368,

pH -0.019  0.01]

EC 0.121 -0.187
DS 0.585 -0.
TSS 0.633 -
NTU

cob 0.356 0.108 -0.

BOD 0.586 0.391 -O.
TOC 0.537 0.347 -

TH 0.623
0.057
Ca2+ 0348 0.09 0.
Mg2+ 0.206  0.462 -0. -0.33 -0.163 0.372 -0. .

NH4+ 0.017 -0.128 -0.262 -0.217 0.408 0.273 0.473 0.044/ 0.625 0.538 0.55 0.147 0.223| 0.606 0.552 -0.46)
0.099 -043 -0.26 0238 0.114 -0.36 -0.483 -0.525 0.263 -0.064 -0.072| 0.449
Cl- 0.333 0.116 0.298 0.507 0.303 -0.16 -0.148 -0.211: 0.374 0.421 0.017 -O. 0.522,
-0.428 -0.02 -0.46 -0.08 -0.361 -0.326 0.591 0.04 -0. -0.326 -0
-0.46 0.273 -0.453 0.537 0.314 0.319 0.069 0.347 -0.158 -O.

F- 0284 0.415 -0.054 -0.065 -031 0.025 -0.274 0.264 -0.38 -0.168 -0.178 -0.179 -0.09 0497 -0.442 0.431)801808 -0.401

MA 0.103 0. 0519 0724 0686 -0.513 1026 0415 0.051

HCO3- 0.15 0. 0363 0616 0583 -0.566 009 0447 0179

T 019 -0.075 0.059 -0.266 0332 0.448 0604 -0458 -0.009 -0.31 0.366 -0.409 0599 O.

FC 0614 0.529 -0.186 0.159 0024 0033 0073 0103 -0432 -0.241 0.033[0:848 0234 0366 O.

SF 0104 -0.17/-0, 0424 0245 -0.212 -0.139 0,531 0547 0,593 -0.41 -0.027 -0.039_-0.38 0.075 0465 026 0179 -0.137 -0.
-0.32_0.347 0326 0.269 -0.418 0.478 -0.25_-0.274 -0.218 -0.

AM -0.524- 0.131 -0

0.051 -0.26 0.462 0.304 0.349

CONCLUSIONS limits of the WHO and EPA. The number of bac-

teria showed increases in the months of precipita-

The results obtained from this study shows  tion as a result of the large flows from the Brven-
that some of the physical-chemical parameters of  ica river that supplies water to this lake.

water quality during the season with lot of pre- On the basis of these observations, it is con-

cipitation are quite high and beyond the permitted cluded that the water of lake Batllava must be
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monitored every month to undertake the neces-
sary measures in the adequatetreatment before
it is used for drink. While this lake is also used
for recreation activities, it is necessary to take the
measures to prevent high pollution and introduce
appropriate guidelines at the time of crossing the
border of values allowed by the WHO and EPA.
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