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AN INTEGRATED PHYSICOCHEMICAL AND 

MICROBIOLOGICAL ASSESSMENT IN THE VJOSA RIVER

SUMMARY

Once regarded as a pristine freshwater system, the Vjosa River is increasingly 
subject to anthropogenic pressures that compromise both ecological integ-
rity and public health. This study presents an integrated twelve-month assess-
ment (October 2024-October 2025) combining microbiological indicators 
Escherichia coli and intestinal enterococci with physicochemical parame-
ters measured in situ using a multi-parameter probe (AP-2000 Aquaread). 
Thirteen monitoring stations were established along the main channel and 
principal tributaries, with sampling conducted on a monthly basis. Pro-
nounced spatial and seasonal variability was observed throughout the study 
period. Water temperature ranged from winter minima below 10°C to sum-
mer maxima exceeding 24°C, while dissolved oxygen exhibited an inversely 
correlated seasonal trend. Electrical conductivity and total dissolved solids 
(TDS) were elevated at stations influenced by urban inputs and tributary in-
flows. Microbiological analysis revealed widespread faecal contamination, 
with mean E. coli concentrations predominantly classified within Class II; 
however, episodic peaks reaching Class III were recorded at several stations. 
Following internationally accepted microbiological water quality classifica-
tions, Class II denotes moderate faecal contamination, while Class III reflects 
critical pollution levels associated with elevated sanitary risk for both rec-
reational and agricultural water use, consistent with Apha et al. (2017) and 
Who (2017) guidelines. Elevated water temperatures, reduced discharge, 
and moderate declines in dissolved oxygen during summer months coin-
cided with marked increases in faecal indicator bacteria (FIB). Conversely, 
cooler, high-flow periods were associated with significantly lower microbial 
loads. Stations characterised by elevated conductivity and TDS consistently 
demonstrated higher levels of faecal contamination, suggesting a strong link 
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between physicochemical conditions and microbiological water quality. 
These findings demonstrate that physicochemical and hydrological condi-
tions substantially modulate microbiological pollution dynamics in the Vjosa 
River. The integration of microbial and physicochemical monitoring provides 
a more robust and comprehensive framework for assessing river health, and 
enables the identification of critical temporal windows and spatial hotspots 
of heightened sanitary risk.

Keywords- Faecal contamination; Escherichia coli; Physico-chemical param-
eters; River water quality; Seasonal variability; Vjosa River.

INTRODUCTION

Rivers are inherently dynamic systems, continuously shaped by natural pro-
cesses and anthropogenic activities. Water quality in riverine environments 
reflects the cumulative influence of upstream land use, adjacent catchment 
conditions, and prevailing waste management practices. Over recent de-
cades, accelerating urbanisation, agricultural intensification, and inadequate 
wastewater treatment infrastructure have contributed to a measurable dete-
rioration of surface water quality across Mediterranean and Balkan river sys-
tems (Bartram, 2000; Çullaj  et al., 2005; Çullaj et al., 2007). Microbiologi-
cal pollution represents one of the most pressing water quality challenges, 
posing risks not only to public health but also to ecosystem functioning and 
integrated water resource management. Faecal indicator bacteria (FIB) prin-
cipally Escherichia coli and intestinal enterococci, are widely employed as 
reliable proxies for faecal contamination of human or animal origin (Edge 
and Boehm, 2010; Boehm and Sassoubre, 2014). Elevated FIB concentrations 
are indicative of potential co-occurrence with pathogenic microorganisms, 
thereby increasing the risk of waterborne disease transmission, particularly 
in contexts involving recreational exposure, agricultural water use, or direct 
human consumption (Kay et al., 2005; Who, 2017). International guidelines 
and regulatory frameworks accordingly mandate routine monitoring of these 
indicators for sanitary risk assessment and surface water quality classifica-
tion (Apha et al., 2017; Who, 2017). The principal sources of microbiologi-
cal contamination in river systems include untreated sewage discharges, 
livestock effluents, and agricultural runoff (Jamieson et al., 2002; Servais et 
al., 2007). However, the fate, transport, and persistence of FIB within river-
ine environments are substantially governed by prevailing physicochemical 
conditions (Davies-Colley and Smith, 2001; Herrig et al., 2019). Parameters 
including water temperature, dissolved oxygen, pH, electrical conductivity, 
and total dissolved solids exert considerable influence over bacterial me-

Thalassia Salentina n. 48-2026



63

tabolism, growth dynamics, and spatial distribution (Leclerc et al., 2001; 
Edge and Boehm, 2010). Elevated temperatures accelerate microbial meta-
bolic activity and reproduction, while reduced river discharge diminishes 
the dilution capacity for pollutant loads (Kay et al., 2005). Fluctuations in 
dissolved oxygen and ionic concentrations further affect microbial stress re-
sponses and broader ecosystem processes. Despite the general recognition 
of these relationships, field-based studies that rigorously quantify the physi-
cochemical drivers of microbiological pollution remain limited, particularly 
in lesser-studied catchments of Southeast Europe (Çullaj et al., 2005; Miho 
et al., 2006). 

The Vjosa River basin constitutes a particularly pertinent study system in 
this regard. Its longitudinal gradient spanning mountainous headwaters to 
densely populated lowland areas incorporates tributaries draining agricul-
tural zones, rural settlements, and urban centres, creating a complex mosaic 
of pollution pressures. Previous investigations have documented faecal con-
tamination in portions of the river; however, these studies were largely con-
fined to microbiological indicators and did not systematically examine the 
physicochemical drivers underlying observed contamination patterns (Miho 
et al., 2006; Çullaj et al., 2007). 

The present study addresses this gap by providing the first comprehensive, 
year-long water quality assessment of the Vjosa River (Çullaj et al., 2005; 
Miho et al., 2006; Çullaj et al., 2007). Through monthly measurement of key 
physicochemical parameters alongside microbiological sampling at thirteen 
monitoring stations, this investigation examines: (i) spatiotemporal variabil-
ity in water quality; (ii) relationships between environmental conditions and 
microbial contamination; and (iii) the identification of critical periods and lo-
cations of elevated sanitary risk (Edge and Boehm, 2010; Herrig et al., 2019). 
These findings advance mechanistic understanding of microbial pollution 
dynamics in comparable riverine systems and provide an evidence base for 
improved monitoring strategies and basin-scale water resource management.

MATERIALS AND METHODS

Study Area and Sampling Design
The present study was conducted within the Vjosa River basin in Albania, 
a system of recognised ecological significance in Southeast Europe (Çul-
lay et al., 2005; Miho et al., 2006; Çullaj et al., 2007). Originating in the 
mountainous headwaters, the river traverses a longitudinal gradient through 
agricultural lowlands and urban settlements, receiving inflow from several 
tributaries that drain a diverse mosaic of land uses, including rural com-
munities, livestock farming areas, and cultivated fields (Çullaj et al., 2005; 
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Miho et al., 2006). This spatial heterogeneity renders the basin particularly 
suitable for investigating the interplay between environmental gradients and 
multiple pollution sources (Jamieson et al., 2002; Servais et al., 2007). Thirteen 
monitoring stations were established along the main channel and principal 
tributaries (Tab. 1). Stations were stratified according to their position along 
the river continuum and the prevailing degree of anthropogenic influence. 
Upper catchment sites were located in headwater reaches with minimal hu-
man disturbance, mid-channel stations were situated in zones characterised 
by intensive agricultural activity, and downstream stations were positioned 
in areas subject to elevated urban pressures and the cumulative effects of 
tributary inflows (Çullaj et al., 2005; Miho et al., 2006).

Tab. 1 - Geographic coordinates of monitoring sites along the Vjosa River.

By structuring the monitoring network in this manner, longitudinal chang-
es in water quality could be tracked along the river continuum, and the influ-
ence of specific locations on overall water quality could be assessed. Sam-
pling was conducted monthly from October 2024 to October 2025 (Fig.1). 
At each station, surface water samples were collected at a depth of 30-50 cm 
using sterile glass bottles in accordance with ISO 19458 for microbiological 
sampling (ISO, 2006). Samples were immediately stored in insulated con-
tainers at 4°C and transported to the laboratory within 6-7 hours of collec-
tion. Upon arrival, microbiological analyses were initiated without delay to 
preserve sample integrity, following standardised laboratory protocols (Apha 
et al., 2017).
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Physico-Chemical Measurements
At each sampling event, physicochemical parameters were measured in situ 
using a multi-parameter probe (AP-2000 Aquaread) (Fig.2). This portable in-
strument is designed for field deployment in riverine, lacustrine, and transition-
al water environments. It records data digitally, thereby eliminating manual 
transcription and the associated risk of data entry error (Goblirsch et al., 2023). 

The following parameters were recorded at each station: water tempera-
ture (°C), pH, electrical conductivity (EC, µS/cm), total dissolved solids (TDS, 
ppt), and dissolved oxygen (DO, expressed as both percentage saturation 
and concentration in mg/L) (Leclerc et al., 2001; Edge and Boehm, 2010).

Fig. 1 - Sampling stations along the Vjosa River (GIS-generated).

Fig. 2 - Field measurements of physico-chemical parameters in the Vjosa River.
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Prior to each sampling event, the probe was calibrated in accordance 
with the manufacturer’s specifications. Where conditions permitted, mea-
surements were taken at mid-channel positions to ensure adequate water 
mixing and to obtain readings representative of the full cross-sectional water 
body at each station (Davies-Colley and Smith, 2001). The selected parameters 
were chosen on the basis of their well-documented influence on microbial 
survival, transport, and proliferation in freshwater environments (Leclerc et 
al., 2001; Edge and Boehm, 2010).

Microbiological Analysis
The microbiological quality of water samples was assessed through the enumer-
ation of faecal indicator bacteria, specifically Escherichia coli and intestinal en-
terococci (Edge and Boehm, 2010; Boehm and Sassoubre, 2014). Analyses were 
performed using the Most Probable Number (MPN) method, in accordance with 
ISO 9308-1 and applicable standard protocols (Iso, 2014; Apha et al., 2017). 
Serial dilutions were prepared for each sample and inoculated into selective 
growth media. Standardised laboratory procedures were followed throughout 
incubation and result confirmation to ensure accurate detection and enumera-
tion of faecal indicator organisms (Apha et al., 2017). Following incubation, 
MPN values were calculated using probability tables and expressed as CFU 
or MPN per 100 mL. Samples were subsequently classified into microbiologi-
cal water quality categories based on internationally established thresholds for 
surface and recreational waters (Who, 2017), providing a basis for inter-station 
comparison and the identification of periods of elevated sanitary risk.

Data Analysis
Descriptive statistics were calculated on both a monthly and an annual basis 
for all physicochemical and microbiological parameters (Apha et al., 2017). 
Spatial variability was assessed through systematic comparison of param-
eter values across monitoring stations, while temporal variability was evalu-
ated by examining seasonal and month-to-month fluctuations throughout 
the study period. To characterise the relationships between physicochemical 
conditions and microbiological contamination, covariations among water 
temperature, dissolved oxygen, electrical conductivity (EC), total dissolved 
solids (TDS), and the concentrations of E. coli and intestinal enterococci were 
examined (Edge and Boehm, 2010; Herrig et al., 2019). Particular emphasis 
was placed on contrasting seasonal hydrological regimes, specifically, the 
warm, low-flow conditions characteristic of summer months and the cooler, 
high-flow periods associated with winter and spring (Kay et al., 2005). This 
comparative framework enabled a systematic assessment of the combined 
influence of hydrological and environmental factors on microbial pollution 
dynamics within the study basin.
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RESULTS AND DISCUSSION

Spatial and Seasonal Variability of Physico-Chemical Parameters
The physicochemical conditions of the Vjosa River exhibited marked spatial 
and temporal variability throughout the study period (October 2024-October 
2025). As presented in Tab. 2, parameter values varied considerably across 
monitoring stations, reflecting systematic longitudinal gradients along the 
river channel as well as pronounced seasonal fluctuations.

The table condenses the complete annual dataset into minimum, mean, 
and maximum values, facilitating direct inter-site comparison and delineat-
ing the overall range of variability within the basin. It illustrates the inherent 
heterogeneity of the river system, capturing both upstream-downstream gra-
dients and the influence of tributary inputs and anthropogenic activities (Çul-
laj et al., 2005; Miho et al., 2006). By synthesising the annual behaviour of 
water temperature, dissolved oxygen, electrical conductivity, total dissolved 
solids, and pH, the table provides a reference framework for interpreting 
the spatial and seasonal patterns presented in the subsequent Figs, and for 
evaluating the extent to which physicochemical conditions govern the mi-
crobiological status of the river (Leclerc et al., 2001; Edge and Boehm, 2010).

Water temperature ranged from winter minima below 10°C to summer 
maxima exceeding 24°C at several monitoring stations. The monthly tem-
perature evolution (Fig. 3) reveals a well-defined seasonal cycle, character-
ised by minimum values recorded during December-February, a progressive 

Tab. 2 - Summary statistics of physico-chemical parameters (temperature, dissolved 
oxygen, electrical conductivity, total dissolved solids, and pH) across monitoring sta-
tions (October 2024–October 2025).
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increase through spring and early summer, a peak in July-August, and a sub-
sequent decline into early autumn (Kay et al., 2005). Downstream stations 
and tributary-influenced sites consistently exhibited higher summer temper-
atures relative to upstream mountainous reaches, a pattern attributable to 
both broad climatic gradients and reduced riparian shading in lowland areas 
(Davies-Colley and Smith, 2001).

Fig. 3 - Monthly variation of water temperature 
across the Vjosa River stations.

Dissolved oxygen levels peaked in autumn and winter, often going above 
100% saturation. But in summer, especially July and August, those numbers 
dropped sharply (see Fig. 4). The lowest oxygen readings lined up with the 
hottest months and low river flow, which points to less mixing with air and 
higher metabolic demand in the water (Davies-Colley and Smith, 2001; Herrig 
et al., 2019). If you look at different locations, spots influenced by tributar-
ies and areas down in the lowlands had lower DO in summer than places 
upstream (Çullaj et al., 2005; Miho et al., 2006).

Fig. 4 - Seasonal trend of dissolved oxygen (DO%) 
in the Vjosa River.
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Electrical conductivity (EC) and total dissolved solids (TDS) exhibited 
considerable spatial variability across the study area (Tab. 2). Upstream sta-
tions recorded comparatively low EC and TDS values, consistent with mini-
mal anthropogenic influence in headwater reaches. Elevated EC and TDS 
concentrations were recorded at stations subject to urban proximity and 
major tributary confluences, notably Poçem, Sarandoporo, Drino, and Kard-
hiq, indicative of wastewater discharges, agricultural runoff, and enhanced 
geochemical inputs to the river (Çullaj et al., 2005; Miho et al., 2006; Servais 
et al., 2007). A seasonal increase in both parameters was observed during 
summer and early autumn, corresponding to reduced river discharge and 
diminished dilution capacity (Davies-Colley and Smith, 2001; Herrig et al., 
2019). pH values remained largely stable throughout the study period, rang-
ing between 7.4 and 8.8 and indicating near-neutral to mildly alkaline con-
ditions. Minor seasonal variation was recorded, with a slight elevation in pH 
during summer months, attributable to enhanced photosynthetic activity and 
reduced buffering capacity associated with lower flow conditions (Leclerc et 
al., 2001). Collectively, these results demonstrate that the physicochemical 
environment of the Vjosa River is subject to continuous seasonal dynamics 
and is responsive to anthropogenic inputs, particularly at identified pollution 
hotspots. The convergence of elevated water temperatures, reduced dissolved 
oxygen, and increased ionic concentrations during summer months creates 
conditions known to modulate microbial survival, transport, and prolifera-
tion within the riverine system (Edge and Boehm, 2010; Herrig et al., 2019).

Relationship Between Physico-Chemical Conditions and Microbiologi-
cal Indicators

Concentrations of faecal indicator bacteria exhibited marked seasonal 
variability, fluctuating in accordance with prevailing physicochemical con-
ditions, particularly water temperature and ionic composition (Edge and 
Boehm, 2010; Herrig et al., 2019). Escherichia coli concentrations increased 
substantially during summer months, reaching peak values in August, before 
declining through winter and early spring (Kay et al., 2005; Servais et al., 
2007). A consistent positive association was observed between rising water 
temperatures and elevated bacterial concentrations, reflecting the well-es-
tablished influence of thermal conditions on microbial growth and reproduc-
tion (Leclerc et al., 2001).
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Tab. 3 - Mean and maximum Escherichia coli (FC) and intestinal enterococci (EF) 
concentrations and water quality classification across Vjosa River monitoring stations 
(October 2024–October 2025).

The mean and maximum concentrations of Escherichia coli (FC) and in-
testinal enterococci (EF) recorded at each monitoring station throughout the 
study period, are summarized in Tab. 3. The disparity between mean and 
maximum values reflects the occurrence of episodic contamination events, 
particularly during warmer months, and corroborates the observed associa-
tion between seasonal temperature elevation and increased bacterial con-
centrations (Kay et al., 2005; Servais et al., 2007). Based on internationally 
accepted microbiological water quality classifications, stations exhibiting 
moderate E. coli loads were designated as Class II, corresponding to moder-

Fig. 5 - Monthly mean Escherichia coli concentrations in re-
lation to water temperature.
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ate faecal contamination, while stations recording elevated maximum con-
centrations and heightened sanitary risk were classified as Class III, indicative 
of critical pollution levels (Apha et al., 2017; Who, 2017). This classification 
framework, grounded in established microbiological water quality criteria, 
was applied consistently across all monitoring stations and is further elabo-
rated in the Results and Discussion section (Apha et al., 2017; Who, 2017).

When water temperatures exceeded 20°C, E. coli concentrations in-
creased markedly (Fig. 5), whereas values falling below 12°C were associated 
with a substantial decline in bacterial counts. This thermal response is con-
sistent with established evidence that elevated temperatures promote E. coli 
persistence and proliferation, while cold conditions impose physiological 
stress and suppress bacterial survival (Leclerc et al., 2001; Kay et al., 2005). A 
significant inverse relationship was also observed between dissolved oxygen 
concentrations and faecal indicator bacteria. Reductions in dissolved oxygen 
corresponded with elevated E. coli counts, a pattern particularly pronounced 
during summer low-flow periods. The concurrent occurrence of high water 
temperatures and depleted dissolved oxygen appears to create conditions 
conducive to enhanced bacterial survival, while simultaneously attenuating 
natural microbial die-off processes (Davies-Colley and Smith, 2001; Herrig et 
al., 2019).

Fig. 6 - Relationship between dissolved oxygen (DO%) and 
faecal indicator bacteria.

Integrated analysis of the physicochemical and microbiological datasets 
reveals that faecal contamination in the Vjosa River is not solely a function of 
pollutant loading, but is substantially modulated by prevailing environmental 
conditions (Edge and Boehm, 2010; Herrig et al., 2019). Elevated water temper-
atures, reduced river discharge, increased ionic concentrations, and depleted 

Thalassia Salentina n. 48-2026



72

dissolved oxygen collectively create conditions that favour bacterial persis-
tence and proliferation, amplifying episodic pollution events into sustained 
public health risks (Leclerc et al., 2001; Servais et al., 2007). Summer low-flow 
periods emerge as the critical window of concern, during which the river’s 
natural capacity for contaminant dilution and buffering is most severely dimin-
ished, and environmental conditions are most conducive to bacterial survival 
and accumulation (Davies-Colley and Smith, 2001; Kay et al., 2005). This is 
corroborated by the spatial distribution of contamination: stations consistently 
recording elevated EC and TDS values, notably Poçem, Sarandoporo, Drino, 
and Kardhiq, also exhibited the highest E. coli concentrations. These sites are 
predominantly located at tributary confluences or within zones subject to ur-
ban and agricultural influence, where the concurrent accumulation of pollut-
ants and dissolved constituents intensifies contamination pressure (Çullaj et 
al., 2005; Miho et al., 2006; Servais et al., 2007). As evidenced by Tabs 1-2 and 
Figs 5-6, the data collectively demonstrate that environmental conditions are a 
primary determinant of microbiological water quality, capable of transforming 
moderate contamination inputs into critical sanitary risks. This effect is most 
pronounced during summer months, when bacterial survival is enhanced, and 
the river’s intrinsic self-purification capacity is at its seasonal minimum (Davies-
Colley and Smith, 2001; Kay et al., 2005; Herrig et al., 2019).

CONCLUSIONS

The present study demonstrated that faecal contamination is widespread 
along the Vjosa River and is strongly influenced by both anthropogenic ac-
tivities and seasonal physicochemical conditions (Çullaj et al., 2005; Çullaj 
et al., 2007). During the monitoring period (October 2024-October 2025), 
the highest Escherichia coli concentrations were recorded during summer, 
with a peak monthly average of approximately 301-302 MPN/100 mL ob-
served in August 2025. In contrast, the lowest average values were recorded 
in June 2025 (216 MPN/100 mL), coinciding with higher river discharge and 
dilution effects (Kay et al., 2005; Servais et al., 2007).

Spatial analysis revealed that contamination was not uniformly distributed 
along the river. Stations located near tributaries and areas affected by urban 
and agricultural activities, particularly Poçem (Site-03), Sarandoporo (Site-
11), Drino (Site-15), and Kardhiq (Site-16), consistently showed the high-
est microbial loads, with maximum values reaching up to 1100 CFU/100 
mL (Miho et al., 2006; Servais et al., 2007). Although average contamination 
levels generally remained within Class II water quality, several stations epi-
sodically reached Class III levels, indicating periods of elevated sanitary risk 
(Apha et al., 2017; Who, 2017).
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The study also showed a strong relationship between microbiological 
contamination and physicochemical conditions. Increased water tempera-
ture, reduced dissolved oxygen, elevated electrical conductivity, and higher 
total dissolved solids were associated with increased bacterial concentra-
tions, especially during low-flow summer conditions (Davies-Colley and 
Smith, 2001; Leclerc et al., 2001; Edge and Boehm, 2010; Herrig et al., 2019).

Overall, these findings indicate that the Vjosa River remains under sig-
nificant pressure from faecal contamination, particularly during the summer 
months and in tributary-influenced areas (Çullaj et al., 2005; Miho et al., 
2006). Continuous microbiological and physicochemical monitoring, im-
proved wastewater treatment, and better management of agricultural and 
livestock activities are necessary to reduce pollution and protect both eco-
system integrity and public health (Apha et al., 2017; Who, 2017).
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