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ABSTRACT 
Two systems were used for assessing the quality of the water of Vjosa River: biological parameters and nutrient 

content. Samples are collected every month from March – August, 2011 at six stations along the upstream of the 

Vjosa River, Albania. Nutrient content and biological assessment were used to identify the environmental 

conditions in the river at the time of the sampling time. The benthic macro-invertebrates are analyzed based on 

the number of individuals per taxa, the value of biotic index, EPT and tolerance values. Total coliform bacteria 

and the number of heterotrophic bacteria in water are used as microbiological parameters of water quality. The 

nutrient contents (nitrate, ammonium, nitrite and phosphate) are analyzed using standard methods. The load of 

fecal coliform bacteria and heterotrophs in sample stations near urban areas were higher. According to the 

data concerning benthic micro-invertebrates, the water of Vjosa River is, in total, of good quality. The values of 

parameters like EPT, biotic index, tolerance value and nutrients are in correlation with bacterial loads in the 

water. The human impact on the quality of water of Vjosa River is more than evident. The uncontrolled 

disposals of untreated industrial and domestic wastes in Albania are considered the main pollution sources so 

that it is necessary to strength the environmental periodic control of the contamination factors and parameters.  
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I. INTRODUCTION 

Water is very important for human, animal and plant life. It is the most important natural resource in 

the world. The ability of a water body to support aquatic life, as well as its suitability for other uses, 

depends on water contamination caused by nutrients and trace elements, and particularly by the bacterial 

contamination. Water pollution may cause serious ecological problems worldwide. The contamination 

process of the environment has attracted the attention of the scientists all over the world (Nadal et al. 

2005; Zeng et al. 2009; Wang et al. 2010). The increase of the concentrations of different 

contaminants in the environment may have a potential hazard to humans caused by the accumulation 

in our food chain after a long time of exposure. The distribution of the contaminants in the 

environment is depended strongly to weather and local conditions (Nali and Lorenzini 2007), 

especially to wind speed and direction, and vertical and horizontal thermal gradients (Lee and Hieu 

2011). 

The main problems that affect the water quality of the river are the high pollution caused by different 

human and industrial activities. Eutrophication, or nutrient enrichment, is the main problem of water 

quality that may be caused by organic and biodegradable materials derived from domestic sewage, 

industrial sites and runoff from agricultural and urban land surfaces (Crouzet et al. 2000). The effects 

of eutrophication may cause problems for the use of surface waters. The presence of bacteria and 
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nutrients in water system may cause the formation of organometalic compounds that have the tendency 

of bio-accumulation (Diagomanolin et al. 2004) and may cause severe toxicological problems on 

human health and the aquatic ecosystem, when a certain limit is exceeded (Bruins et al. 2000), and 

when complexes are formed with organic compounds (Akbulut et al. 2011) Atmospheric inputs of 

dust to the water system are major sources of nutrients (Jickells et al. 2005). Atmospheric sources of 

dust are generated by the erosion of land surfaces, but also by direct emission from anthropogenic 

activities (industry, agriculture, transportation). The dissolution of the natural and anthropogenic 

particles depended on their origin, and on the origin and size of the particles; the type of deposition (dry 

or wet), and the pH of the rains (Journet et al. 2008, Desboeufs et al. 2005).  

The microbiological contamination is another important water-quality problem worldwide. 

Pathogenic organisms are normal species of all ecosystems, but microbiological contamination with 

fecal bacteria is considered to be a crucial issue throughout the rivers (Bayoumi Hamuda & Patko 

2012). Human and animal pathogens of enteric origin transmitted through the soil, agriculture, water 

and sediment, are considered important contaminants of the environment (Bonetta et al. 2011).  

Albania is a small country in South-West part of the European continent. The social-economic 

development of the country has been accompanied by considerable changes in aquatic and terrestrial 

ecosystems. The pollution of surface water in Albania is principally caused by the uncontrolled 

disposal of untreated industrial and domestic wastes. Vjosa River is one of the most important rivers 

in the southern part of Albania. It is a trans-boundary river, shared between Greece and Albania, with 

the origin of Pindi Mountains, Greece. The total length of Vjosa River is about 272 kilometres. The 

first 80 kilometres are in Greece, and the remaining of 192 kilometres are in Albania, where it passes 

through many urban areas (Pano 2008). In general, there are not sewage treatments and industrial 

discharges are usually poorly controlled in Albania.  

The objective of this study was the monitoring of the water quality of Vjosa River, Albania based on 

biological and nutrient assessment to evaluate the role environmental parameters, and human impact 

on them. This survey uses a random sampling design to provide regional estimates of the condition of 

a part of Vjosa River.  

Freshwater macro-invertebrates larger than ½ millimeters, live embedded in rocks, sediments and 

snippets of aquatic plants during some period of their lives. Unlike fish species, macro-invertebrates 

more or less are stationary species; that cannot move away from their environment and as a 

consequence from the pollutants present in the water. For this reason, benthic macro-invertebrates are 

used to give us reliable information about the water quality of rivers and lakes. Their long life cycle 

gives us the opportunity to continue studying about changes in the water quality of aquatic 

ecosystems. Environmental changes and pollution directly affect the community of macro-

invertebrates (Voeiz 2001; Meybeck 1989).  

In general, the use of microbial indicators of fecal contamination includes the coliforms, fecal 

coliforms and fecal streptococci. The presence of fecal coliforms in water indicates the presence of 

fecal material from warm-blooded animals (Meybeck, 1989) and humans (Furuse et al. 1983). The 

feces of animals such as cows and pigs generally contain higher densities of coliphages than that of 

humans, and the percentage of many animals which excrete phages tends to be higher than for humans 

(Grabow et al. 1993; Grabow et al. 1995) that may have an influence on the water quality in the 

vicinity of the farms. Total coliform was used as indicator for many years in evaluating water quality 

for several water uses with respect to domestic waste (Hill, 1996; Tyrrel, 1999; Kashefipour et al. 

2002). The survival of enteric bacteria in the aquatic environment has attracted interest regarding its 

public health significance (Nelson et al. 1996).  

The bacterial occurrence in water depends upon to complex interaction of chemical, physical and 

hydrological parameters. The occurrence of coliform bacteria in water can be related to the 

temperature, nutrients and organic carbon content. Temperature is widely recognized as an important 

controlling the factor that influence the bacterial growth. The movement of the water keeps the food 

particles in suspension (Papadopoulou et al. 1998) that serve as feeds of bacterial growth. Water 

quality and sediment characteristics (Karakassis et al. 2001), the aquaculture inputs have been shown 

to affect both the functioning and the structure of microbial communities in the ecosystem. Nutrient 

concentrations of water in the vicinity of the farms, exhibit daily cyclical changes and it strongly 

suggest that the nutrient dispersion is a very efficient mechanism of microbial growth (Karakassis et 

al. 2001). Industrial wastewater effluents are potential sources of hazardous pollutants that are 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3809112/#r5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3809112/#r5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3809112/#r7
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discarded into the water courses; hence they pose a serious threat to aquatic organisms as well as 

human health (Aksoy et al. 2012).  

II. MATERIALS AND METHODS 

Samples were collected at regular intervals for 6 months during two different seasons: a) during the 

wet period of raining spring (March to April 2011), and b) during the dry period of hot summer (May 

to August 2011) at six stations along the upstream part of the Vjosa River as is shown in Fig. 1.  

 

Fig. 1. Sampling sites along Vjosa River, Albania 

2.1 Sampling procedure for biological parameters 

Sample collection was done by following the methods suggested by different authors (Campaioli et al. 

1994; Rundle et al. 2002; Horning&Pollard 1978; Pollard 1981; Lenat 1998). Kick nets with 0.5 mm 

holes space were selected. Determination of species was based on the determination key after 

observation in stereo microscope of collecting individuals. The EPT Richness value (Bode et al. 1996; 

Bode et al. 1997) and Biotic index-EPT Family Richness (Kloiber&Nijboer 2004; Lenat, 1998) were 

evaluated.  

2.2 Sampling procedure for chemical parameters 

1.5 liters PET bottles are used for water sample analysis. Sampling was conducted according to 

standard methods described in "Standard Methods for the Examination of water and wastewater" 

(APHA, AWWA, WPCF, 1998) and Standard ISO 5667-2 (1991). The samples were transported to 

the lab within the same day using cooling boxes to keep the temperature of +4 ° C. The samples were 

stored under standard conditions (APHA, AWWA, WPCF, 1998) till the analysis. The water samples 

are not treated with chemicals before the analysis. This procedure is followed in order to preserve the 

natural conditions of the samples. 

2.3 Microbiological Analysis  

The microbiological analysis was carried out in the Laboratory of Microbiology at Faculty of 

Sciences, University of Tirana. The sampling and the tests was performed in accordance with the 

International Standard Methods (ISO 1991; CEC 1978; WHO 1984; ISO 1999; UNECE 1994; 

Camper et al. 1996). Water samples were collected by using sterilized glass bottles. The water 

samples were placed in cool boxes and transferred in the lab within 24 hours.  MPN index was used 

for the evaluation of total coliform bacteria in water. Diluted samples were cultivated in a series of 

five tubes with Lactose Broth, that were incubated at 35°C, for the preliminary test, and at 44°C for 

the confirmation test, for 24 to 48 h. The MPN index was calculated by using the MPN statistical 

tables and is expressed as the number of organisms per 100 ml (CFU/100 ml). The number of 

heterotrophic bacteria was determined by counting colonies on plates with Plate Count Agar, 

cultivated with 0.1 ml sample after three series dilutions.  

2.4 Chemical Analysis  

Chemical analysis of nutrient content of water samples was performed using spectrophotometric 

methods by using a Shimadzu PC2400 spectrophotometer and following the procedure described by 

standard analytical methods (APHA, AWWA, WPCF, 1998). 
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2.5 Water classification 

The EPT Index is named for three orders of aquatic insects that are common in the benthic 

macroinvertebrate community: Ephemeroptera (mayflies), Plecoptera (stoneflies), Trichoptera 

(caddisflies). The EPT Index is based on the premise that high-quality streams usually have the 

greatest species richness. Many aquatic insect species are intolerant of pollutants and will not be 

found in polluted waters. The greater the pollution, the lower the species richness expected, as only a 

few species are pollutant most tolerant.  

The EPT Index method uses a rapid sampling technique for determining between-site differences in 

water quality or watershed studies with a large number of sites, and “emergency” sampling where it is 

desirable to rapidly assess the effects of spills and unusual discharges. The EPT Index is a versatile 

index because of certain characteristics of benthic macroinvertebrates. Benthic macroinvertebrates are 

sensitive to stress, both natural and human-induced. When human actions affect their environment, 

the population will change, leading to an impaired or imbalanced community. Because many aquatic 

insects spend their entire lives within aquatic systems, they show the effects of physical habitat 

alteration, point and non-point contaminants, and cumulative pollutants over their life cycle.  

The EPT Index is the total number of distinct taxa within the groups, Trichoptera, Ephemeroptera, and 

Plecoptera. The EPT Index is then compared to values in an EPT rating chart. The EPT Index 

increases with improving water quality i.e. there should be a greater number of EPT insect taxa in 

cleaner water. Ratings are tailored to account for differences in species pollution tolerance between 

regions. Beside it, the Biotic Index –EPT Family Richness (Kloiber&Nijboer 2004, SWRC Bouchard 

R.W.Jr., 2003; SWRC 2007) that is based upon the sensitivity of the taxa to respond to changes in 

water quality condition (Lenat, 1998) and assigns the water quality and level of impact is calculated 

by the following formula: 

Biotic Index - EPT Family Richness = TV*d/D 

Where TV are given tolerance values for the families constituting EPT group (SWRC Bouchard 

R.W.Jr., 2004; McGonigle J., 2000), d is the density of each family and D, the total amount of 

densities. 

The criteria of water quality classification based on Biotic Index –EPT Family Richness and the No. 

EPT-families are shown in Table 1.  

Table 1. EPT rating chart based on the number of EPT-families (Bode et al. 1996; Bode et al. 1997) 

No. EPT-families < 2 2-5 6-10 >10 

Water quality Poor Good Very good Exellent 

Level of impact Impacted Moderated impact Fair impact No impact 

Biotic Index –EPT  

Family Richness 

0-3.75 3.75-6.50 >6.50  

Water quality No impact Moderated impact Impacted  

2.6 Statistical analyses 

All field observations, analytical data, and measurements were entered into a data matrix. Descriptive 

Statistics were applied to each data set in order to analyze and interpret the results, to explain the 

variations in the data, or to predict the future data. The data matrix of 7 parameters  in river water 

from 6 sampling sites was used for cluster analysis by means of  highest similarity (up to 80%) 

regarding parameters distribution in a group of  sample sites. The numbers of the groups were 

determined and discussed. Cluster analyses, as important tool in multivariate statistical analysis, were 

used to identify and characterize the contamination sources and the most contaminated areas. Partial 

component Analysis (PCA) was used for the reduction and organization of the results in order to 

indicate important implicit features. PCA is a method of data reduction. The correlated variables are 

grouped together and separated from other variables with low or no correlation (Konishi, 2013). The 

results of a PCA’s are usually discussed based on the component scores (the transformed variable 

values corresponding to particular data) and loadings. PCA is relatively objective and provides a 

reasonable but crude indication of relationships. MINTAB 17 software package was used for data 

analysis. 
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III. RESULTS AND DISCUSSIONS 

The mean values of each biological and chemical parameter are summarized in Table 2 and are 

discussed separately. Small variations of the parameters within the same station were found, so the 

mean values of each parameter were used for evaluating the environmental situation of the upstream 

part of the Vjosa River. 

Table 2.  The mean values of each biological and chemical parameters 
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NH


4 - N 

(mg/l) 

NO


3 - N 

(µg/l) 

N0


2 - N 

(µg/l) 

PO
3

4 - P 

(µg/l) 

St.1 612 7.0 2.71 2 130 0.027 0.311 0.0045 0.013 

St.2 274 5.5 3.30 5 213 0.030 0.212 0.0036 0.014 

St.3 633 5.6 3.06 20 238 0.024 0.235 0.0032 0.018 

St.4 2100 6.4 3.23 84 2058 0.127 0.339 0.0084 0.014 

St.5 1729 6.4 3.54 210 734 0.094 0.282 0.0062 0.013 

St.6 722 5.6 3.80 222 1051 0.079 0.284 0.0079 0.014 

* T.N.I. - Tot. Number of individuals  

3.1 Biological and Habitat Data 

The purpose of biological sampling was to sample citywide and to help determine the areas where 

more in-depth monitoring could be conducted or sites where future development may adversely affect 

stream conditions. The selected results and the associated metrics are listed in Table 3.  

Table 3 Values of EPT Index and Biotic Index –EPT Family Richness in six sampling stations. 

Sampling stations St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 

No. EPT-families 7.0 5.5 5.6 6.4 6.4 5.6 

Water quality Very good Good Good Very good Very good Good 

Biotic Index –EPT  

Family Richness 

2.71 3.3 3.06 3.23 3.54 3.8 

Level of impact*  No 

 impact 

No 

impact  

No 

impact 

No 

 impact  

No  

impact 

Moderated 

impact 

* Klober&Nijboer, 2004  

 

  
 

Fig. 2 The map of distribution of EPT Index and Biotic Index –EPT Family Richness in upstream part of Vjosa 

River 

 

The comparisons of the mean values of EPT Index and Biotic Index –EPT Family Richness in six 

sampling stations revealed little variation in both parameters as it is presented in Table 3. The EPT 

Index and Biotic Index –EPT Family Richness (Klober&Nijboer 2004) reflects the sensitivity of the 

taxa how it responds to the changes of water quality condition (Lenat 1998). A moderated impact 
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level was found at water samples of stations 2, 4 and 6 (see table 3).  The positions of these stations 

close to urban areas can justify this result. 54 taxa were found during the monitoring period March-

August, 2011 at six stations of Vjosa River that belong to three different groups: insects, molluscs and 

crustaceans. The largest part of those belonging to the group of insects. Among water 

macroinvertebrates founded in each station, the aquatic insects are the most represented group. 6378 

individuals were defined in total for all stations, whereas 6334 individuals or 99% are insects. Some 

further determinations were done at the family level. Based on these examinations, we can say that the 

insects were represented by 29 families out of 54 in total, by accounting 78% of all families identified 

at all sampling sites. The order of the number of families is as follows: Ephemeroptera with 13 

families;  Plecoptera with 7 families; Trichoptera with 9 families; Diptera with 10 families; 

Coleoptera with 4 families; Odonata with 3 families, and Heteroptera represented by 1 family. 

3.2 Microbiological analysis data 

3.2.1 Coliform bacteria 

To assess the water quality of Vjosa River, total coliforms and heterotrophic bacteria were determined 

(see Table 4).  

Table 4. The data of Descriptive statistics of the results from analyzes of  total coliform (CFU/100ml) (n=6x6) 

Statistical Parameters St.1 St.2 St.3 St.4 St.5 St.6 

Mean 2 5 20 84 210 222 

Median 2 3 17 41 160 195 

Standard Deviation 0.82 6.49 20 89 213 199 

Sample Variance 0.67 42 389 7878 45320 39709 

CV (%) 49 126 99 106 101 90 

Kurtosis 6.00 2.01 -1.59 -1.10 -1.03 -0.14 

Skewness -2.45 1.53 0.51 1.01 0.69 0.70 

Minimum 0 0 2 12 17 2 

Maximum 2 17 49 220 5401 5402 

1 St.5 - Maximum value obtained in July; 2 St6 - Maximum value obtained in August 

High disparity exists in the number of  coliform bacteria in the water of Vjosa River. Coefficients of 

variation (CV) for all sampling sites are high. The data of station 1 are characterized by high a 

coefficient of skewness (>׀2׀) and positive coefficients of kurtosis. It indicates that the distribution of 

these data obtained from different sampling time in the water sample of this station is negatively 

skewed, by suggesting that the coliform bacteria in the water of the Vjosa River are affected by the 

sampling time conditions. The statistical data from the rest of stations are more stable, with low 

variability and small values of skewness and kurtosis, by indicating low environmental impact in 

these sampling sites. 

As it was expected, the number of total Coliform bacteria was increased from March (with a 

minimum of 0 CFU. 100 ml-1 in March, 2011, founded at the sampling sites no. 1 and 2) to August 

(with a maximum of 540 CFU. 100 ml-1 in June, 2011, in the sampling site no. 6), a pattern that is 

normally influenced by seasonal changes of temperature and runoff conditions. The highest value of 

total coliform bacteria in water registered in June, is probably associated with the temperatures and 

raining weather. The highest value of total coliform bacteria in water registered in June, is probably 

associated with the increasing of the temperatures and runoff during the June 2011. Bacteria numbers 

often increase as the runoff and water temperature increased and higher coliform bacteria counts may 

be found in suitable warmer waters. Despite the high temperature of July and August, the number of 

coliforme bacteria at stations 1, 2 and 3 are lower compared to stations 4, 5 and 6. Ultraviolet rays of 

sunlight, however, can also kill bacteria, so a warm sunny day may produce numbers lower than 

expected. It has been shown that both total and fecal coliform bacteria die away more rapidly in the 

environment with increasing temperatures (Ballentine and Kittrell, 1968). The ecological conditions 

regarding the high plant vegetation along the stations of Vjosa River are different, so the effects of the 

sun shining during the summer period at each monitoring site are different. It effected the spatial 

distribution of coliform bacteria.  
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The data show clearly that the number of total coliform bacteria is higher in sampling sites 4, 5 and 6 

(with a maximum of 540 CFU/100 ml), that are situated near urban areas; while the counts of three 

other sampling sites is much lower (with a maximum of 49 CFU/100 ml). According to common 

water quality standard, a total coliform count over 200 bacteria/100 ml of water (U.S. EPA 1986) 

indicates swimming may be unsafe.  

3.2.2 Heterotrophic bacteria 

The number of heterotrophic bacteria was determined, as an indicator of water quality of surface 

waters. The highest number of heterotrophic bacteria is found in sampling sites no. 4, 5 and 6 (Table 

5).  

Table 5 The data of  Descriptive statistics of the results from analyzes of  Heterotrophs (CFU/ml) (n=6x6) 

Statistical Parameters St.1 St.2 St.3 St.4 St.5 St.6 

Mean 130 213 238 2058 734 1051 

Median 126 73 229 1586 766 865 

Standard Deviation 91 301 229 1997 509 949 

Sample Variance 8261 90841 52244 3989676 258864 899977 

CV (%) 70 141 96 97 69 90 

Kurtosis 1.168 2.865 -3.175 4.836 0.987 -1.802 

Skewness 0.974 1.773 0.031 2.065 0.479 0.459 

Minimum 29 7 12 275 56 115 

Maximum 286 780 480 6000 1560 2356 

* (Bode et al. 1996; 1997)  

High disparity exists in the number of heterotrophic bacteria in the water of Vjosa caused mainly from 

their spatial distribution at each monitoring station. It was found that the number of heterotrophic 

bacteria is more or less at the same level during the investigated period, except the March, when the 

low number of heterotrophic bacteria in water was found. It could be due to low temperatures during 

this sampling period.  

  

Fig. 3 The map of distribution of the microbiological parameters in upstream part of Vjosa River 

3.3 Nutrients data  

The nitrogen and phosphorus are discussed in this article as both are major nutrients whose 

concentrations in surface water are affected mainly by anthropogenic activities. Nutrient content in 

water samples like ammonium-N, nitrate-N, nitrite-N and phosphate-P were chemically determined at 

the six sites as is shown in Fig. 1. Aiming to evaluate the contamination level and nutrient 

distribution, the analytical results were statistically treated by using Descriptive statistics. The results 

of the Descriptive Statistic analysis of the nutrient concentrations determined in the Vjosa River water 

samples (min, max, mean and median) were compared with those given by  UNECE (1994) as the 

normal level in surface water.  
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Fig. 4 The map of distribution of the microbiological parameters in upstream part of Vjosa River 

3.3.1 Ammonium. 

Ammonium concentration ranged between 0.037 mg/l to 0.201 mg/l (see Table 6).  

Table 6. Descriptive statistics of the results from analyzes of NH


4  (mg/L) (n=6x6) 

Statistical Parameters  St.1 St.2 St.3 St.4 St.5 St.6 

Mean 0.027 0.030 0.024 0.127 0.094 0.079 

Median 0.027 0.031 0.023 0.105 0.076 0.076 

Standard Deviation 0.007 0.004 0.005 0.047 0.047 0.023 

Sample Variance 0.053 0.019 0.021 2.171 2.178 0.521 

CV(%) 27 15 19 37 50 29 

Kurtosis -1.29 -1.02 -1.52 -0.74 -1.84 -1.22 

Skewness 0.25 -0.6 0.32 1.05 0.76 0.39 

Minimum 0.019 0.024 0.019 0.085 0.051 0.052 

Maximum 0.037 0.035 0.030 0.201 0.155 0.112 

Low disparity exists in the concentrations of ammonium in most of water samples. The variances of 

ammonium mean concentration are comparable for stations 1, 2 and 3, indicating their normal 

distribution. Based on the statistical parameters, ammonium content in stations 4, 5 and 6 have lower 

mean values compared to their high variance, that mean they are positively skewed, by suggesting that 

the ammonium concentrations were affected by different factors. 

Most of data are found at very low level, lower than 0.1mg/L N, given by UNECE (1994) for the first 

class of surface waters, unpolluted status. The level of ammonium in river water higher than 0.2mg/l 

N is usually indicative of pollution (CEC, 1978). Domestic sewage, animal slurries and some 

industrial processes are the most important sources of ammonium in surface water. The total 

ammonium is highly undesirable as an oxygen consumer  

3.3.2 Nitrate 

Nitrate concentration ranged between 0.146 mg/l to 0.456 mg/l (see Table 7). 

St.1 

St.2 

St.3 

St.5 

St.6 

St.4 

St.1 

St.2 

St.3 

St.5 

St.6 St.4 

St.1 

St.2 

St.3 

St.5 

St.6 St.4 

St.1 

St.2 

St.3 

St.5 

St.6 St.4 



International Journal of Advances in Engineering & Technology, Nov., 2014. 

©IJAET  ISSN: 22311963 

1367 Vol. 7, Issue 5, pp. 1359-1374 
  

Table 7. Descriptive statistics of the results from analyzes of  NO


3  (mg/L) (n=6x6) 

Statistical Parameters St.1 St.2 St.3 St.4 St.5 St.6 

Mean 0.311 0.212 0.235 0.339 0.282 0.284 

Median 0.270 0.222 0.266 0.303 0.305 0.290 

Standard Deviation 0.072 0.055 0.055 0.093 0.038 0.011 

Sample Variance 0.005 0.003 0.003 0.009 0.001 0.000 

CV(%) 23 26 23 27 13 4 

Kurtosis -1.875 -1.875 -1.875 -1.875 -1.875 -1.875 

Skewness 0.951 -0.398 -0.945 0.760 -0.959 -0.939 

Minimum 0.260 0.146 0.164 0.257 0.233 0.270 

Maximum 0.404 0.268 0.275 0.456 0.309 0.292 

Most of data are found at very low levels, lower than 5 mg/L, N, given by UNECE (1994) for the first 

class of unpolluted surface waters. Waste discharges and run-off from land treated with artificial 

fertilizers are the main sources of nitrate in surface water. Low disparity exists in the concentration of 

nitrate in most of water samples. Based on the statistical parameters, their variances in comparison to 

the variances of ammonium mean concentration are very low, indicating their normal distribution. 

Most of the nitrate concentrations founded in surface waters of Vjosa River appear negative skewness 

indicate data that are skewed left (stations 2, 3, 5 and 6).  

3.3.3 Nitrite 

The content of nitrite in water samples was very low. It ranged between 0.0014 mg/l to 0.0072 mg/l 

(see Table 8). Based on nitrite concentrations (< 0.05 mg/L N), all sampling sites belong to unpolluted 

waters. Nitrite content in water samples is an intermediate product during the oxidation process of 

ammonium to nitrate. Many effluents, including sewage, are rich in ammonium high levels of nitrate 

in river waters may indicate recent pollution. 

Table 8. Descriptive statistics of the results from analyzes of  N0


2  - N (mg/L) (n=6x6) 

Statistical Parameters St.1 St.2 St.3 St.4 St.5 St.6 

Mean 0.005 0.004 0.003 0.008 0.006 0.008 

Median 0.004 0.003 0.003 0.008 0.007 0.008 

Standard Deviation 0.002 0.001 0.002 0.006 0.003 0.004 

Sample Variance 0.005 0.002 0.003 0.034 0.009 0.015 

CV(%) 50 37 52 70 50 48 

Kurtosis -1.875 -1.875 -1.875 -1.776 -2.13 -0.967 

Skewness 0.541 0.791 0.045 0.323 -0.378 -0.234 

Minimum 0.002 0.003 0.001 0.002 0.002 0.002 

Maximum 0.007 0.005 0.005 0.017 0.009 0.012 

The highest concentration of nitrite in Vjosa River water was found in station 4, followed by St. 5 and 

6. The enrichment of water by nitrogen compounds may cause the growth of algae. Comparable mean 

values compare to their variances, mean they are characterized by low positively skewed.  

3.3.4 Phosphate 

Phosphate ranged between 0.010 mg/L to 0.026 mg/L (see Table 9). In general, the phosphorus 

loading in rivers is closely linked to human activity. Based on phosphate concentrations (< 10 mg/L 

P), all sampling sites under investigation belong to unpolluted waters. 
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Table 9 Descriptive statistics of the results from analyzes of  PO
3

4  - P (mg/L) (n=6x6) 

Statistical Parameters St.1 St.2 St.3 St.4 St.5 St.6 

Mean 0.013 0.014 0.018 0.014 0.013 0.014 

Median 0.012 0.014 0.018 0.014 0.012 0.015 

Standard Deviation 0.002 0.001 0.005 0.002 0.003 0.003 

Sample Variance 0.005 0.001 0.022 0.006 0.007 0.008 

CV(%) 17 9 26 17 20 21 

Kurtosis 0.2 -0.96 1.31 -0.88 -0.08 -0.92 

Skewness 0.78 -0.4 0.94 0.5 0.97 -0.99 

Minimum 0.010 0.012 0.013 0.012 0.011 0.009 

Maximum 0.016 0.015 0.026 0.018 0.018 0.016 

The highest concentration of phosphate in Vjosa River water was found in station 3. Run-off from 

agricultural land and sewage and agriculture discharges are the main contributors of phosphorous to 

surface waters. Low disparity exists in the concentrations of phosphate in most of water samples of 

Vjosa River. The variances compare to phosphate mean concentration are lower, mean they are close 

to the normal distribution and low skewed. 

3.4 Correlation analysis and multivariate analysis 

3.4.1 Correlation and Cluster analysis 

Attempts were made to separate points which were more affected by the sewage when determining 

the correlation between different nutrients and biological parameters. Most of these parameters 

indicated the tendency to increase/and or decrease simultaneously between them in river water, as 

these points had concentrations which were significantly outlying. The results of correlation analysis 

are listed in Table 10. 

Table 10 Pearson Correlation between the parameters content in the studied area pameters 
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NO2
- - N 

B.Ind_EPT      -0.533       

Coliforme  -0.081 0.854      

Heterotrophs 0.114 0.388 0.444     

NH4
+ - N 0.210 0.513 0.648 0.9333    

NO3
- - N 0.750 -0.108 0.277 0.681 0.673   

NO2
- - N 0.191 0.557 0.706 0.8964 0.9144 0.742  

PO4
3- - P -0.559 -0.158 -0.331 -0.201 -0.380 -0.473 -0.445 

Cell Contents: P-Value: 1 P<0.001, 2 P<0.005, 3 P<0.01 

Strong positive correlations (r2=0.933) but not significant (P<0.01) were found between Heterotrofs 

bacteria and  ammonium content in water samples of Vjosa River thatt is probably affected by the 

sewage discharging in river water.  For a better interpretation of the results, the Cluster Analysis 

(Correlation Coefficient Distance, Single Linkage, Amalgamation Steps, Similarity Level 80%) of 

Variables (EPT_Fam, B. Ibd_EPT, Col, Heterotr, NH4
+ - N, NO3

- - N, NO2
- - N and PO4

3- - P) were 

done as is shown in Fig. 2. 
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Figure 2 The result of cluster analysis of the variables (except T.N.I.) of Vjosa River upstream 

All biological parameters and nutrients (except phosphates) are grouped together in the first cluster, 

by indicating they have similar variations in the Vjosa River water. The phosphates stand alone in 

cluster 2, by indicating different origin of this parameter in Vjosa River water. To distinguish the 

factors affecting this clustering, the Principal component analysis was performed. Beside it, the 

cluster analysis of the observation sites was performed. The result of cluster analysis of the 

observation sites (6 monitoring stations of Vjosa River) is shown in Fig. 3 (Euclidean Distance, Single 

Linkage, and Similarity Level 80%). 
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Figure 3 The result of cluster analysis of observations (6 monitoring stations of Vjosa River) Final Partition: 

Cluster 1: Stations 1, 2 and 3; Cluster 2: Stations 5 and 6; Cluster 3: Station 4 

The results of the cluster analysis of the observation sites are probably reflecting the environmental 

situation of each monitoring site. Stations 1, 2 and 3 are positioned in the first part of upstream river 

far from urban areas and are classified as unpolluted sites regarding nutrients content and biological 

parameters. Stations 5 and 6 are positioned in vicinity of Kelcyra and Tepelena small towns at 

Kelcyra-Tepelena valley. This part of the river is characterized by lower slope and lower water flow 

compare to other stations that effect the distribution of all parameters and particularly the highest 

content of coliforme bacteria present in these stations. Station 4 stand alone and is positioned close to 

Permeti town urban area and the highest content of nitrogen containing nutrients (ammonium, nitrite 

and nitrate) are found in this station, that reflect the highest effect of urban waste discharges in this 

station. 
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3.4.2 Principal Component Analysis  

The main factors were extracted and the minimum number of factors=3 was selected (eigenvalues≥1) 

through the Principal Component Analysis. The results of PCA analysis are shown in Table 11 and 

Fig. 4. 
Principal Component Analysis: EPT-Fam, EPTIB.Ind, Tot.Col., Heterotr., NH4(+),   
Eigenanalysis of the Correlation Matrix 

Eigenvalue   4.404   2.202   0.945   0.328   0.120   0.000   0.000   -0.000 

Proportion   0.550   0.275   0.118   0.041   0.015   0.000   0.000   -0.000 

Cumulative   0.550   0.826   0.944   0.985   1.000   1.000   1.000    1.000 

Table 11 The results of PCA analysis 
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Figure 4 The diagrams of loading plots of the water parameters at the upstream of Vjosa River 

Three principal components were extracted from PCA analysis of the data. 

PC1 is the strongest factor representing 55.0% of the total variance. It is influenced by moderate 

positive loads of all microbiological parameters (total coliform and heterotroph bacteria) and nitrogen 

contain nutrients (nitrate, nitrite and ammonium), which mean that anthropogenic pollution caused by 

sewage discharges is the main factor control the environmental status of Vjosa River. This factor is 

very important and lead to the conclusion that the water of Vjosa River should be under strong 

control. The negative loads of phosphate ions indicate adverse effect to this parameter. The 

phosphorus loading in rivers is closely linked to human activity and however, this relationship is not 

always direct.  

PC2 is a weak factor representing 27.5% of the total variance. It is influenced by the moderate 

negative load of the number of EPT Families and  as well  nitrates,  and  moderate positive loads of  

the Biotic Index –EPT Family Richness Index  of water samples of Vjosa Rivers that is probably 

related to weak anthropogenic process at down part of the studied area. Nitrate are the final product 

during the oxidation process of ammonium and the negative loads of nitrate may explain the 

presence of the reduction process caused by the increase of anthropogenic factors. 

PC3 is the weakest factor representing only 11.8% of the total variance. It is mainly influenced by 

the high negative loads of phosphate ions. Phosphorus gets into water in both urban and agricultural 

settings. It tends to attach to soil particles and, thus, moves into surface-water bodies from runoff. 
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The weather conditions and the content of particulate matter in water of Vjosa River are the main 

factors controlling the content of phosphates in surface water. The period of May to August 2011 

was mostly a dry period that is probably affecting the negative loads of phosphates in water samples 

of Vjosa River.  

IV. CONCLUSION  

Based on the taxa of microinvertebrates found, we can say that the water of Vjosa River is of good 

quality. These data show that there is no long term chemical pollution in river water that belong to 

Class I and II of water quality, according UNECE (1994) classification.   

This result is supported by the nutrient content in the water of the Vjosa River (UNECE 1994), while 

the investigated groups of bacteria show, in general, the impact of human activities in water quality. 

The highest total coliforme counts are observed at the stations near urban areas. It was shown that the 

number of total Coliform bacteria is probably affected by the weather conditions and seasonal 

changes of temperature and raining conditions, and from UV rays of sunshine conditions. The 

ecological conditions regarding the high plant vegetation along the river are different, so the influence 

of the sun shine during the summer period at each monitoring site are different.. The data show clearly 

that the number of total coliform bacteria was higher in sampling sites close to urban areas  

High disparity exists in the number of heterotrophic bacteria in the water of Vjosa by indicating 

diversity regarding their spatial distribution at each monitoring station. It was found that the number 

of heterotrophic bacteria is more or less stable during the investigated period, except the March, when 

the low number of heterotrophic bacteria in water was found. It is probably due to low temperatures 

during this sampling period.  

Statistical treatment of the data followed by multivariate analysis is a powerful technique in 

environmental monitoring. A clear view of the environmental status of the area is obtained through 

the cluster analysis and PCA analysis of the observations stations and variables (monitoring 

parameters). 

V. RECOMMENDATIONS  

The human impact on the quality of water of Vjosa River is more than evident. The pollution of 

surface water in Albania is principally caused by the uncontrolled disposal of untreated industrial and 

domestic wastes, so that it is necessary to strength the environmental periodic control of the 

contamination factors and the level of the contaminate indicators.  Beside the biological and nutrient 

assessment, the assessment of heavy metal content and physico-chemical parameters is necessary to 

be included to evaluate the sources and the role environmental parameters, and the human impact on 

them. The reliable information about the water quality of rivers are important to be collected through 

the further study. 
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