Spatial and Temporal Assessment of Gorganrud River Water Quality
Using an Integration of Water Quality Indices and Multivariate Statistical
Approaches

Abstract
Spatial and temporal assessment of water quality in the Gorganrud River (Golestan Province), one of the most critical
hydrological systems in northern Iran, was comprehensively conducted across 14 sampling stations over four distinct seasons.
To precisely evaluate water quality, 12 physical, chemical, and microbiological parameters—including temperature, dissolved
oxygen (DO), Biochemical Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), nitrate, phosphate, electrical
conductivity (EC), Total Dissolved Solid (TDS), turbidity, pH, ammonium, and fecal coliform (FC)—were measured.
Laboratory data were analyzed using three standard indices, namely Iranian Water Quality Index for surface water (IRWQIsc),
National Sanitation Foundation Water Quality Index (NSFWQI), and Canadian Council of Ministers of the Environment
Water Quality Index (CCMEWRQI). Additionally, advanced multivariate statistical methods, including Pearson correlation
matrix, Principal Component Analysis (PCA), and Hierarchical Cluster Analysis (HCA), were applied for pollutant source
identification and data dimensionality reduction.
Results indicated that river water quality is strongly governed by seasonal variations and anthropog

lvities, such as

dominance of point-source pollution, whereas during cold and rainy seasons,
turbidity and suspended solids. Evaluation of quality indices showed that th
poor classes, facing serious environmental challenges at certain stations due to hi
highlighting the urgent necessity for dynamic management and pollution control.
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Introduction
Rivers serve as vital arteries of dr
regional hydrological cycles, suppor ic Njodiversity, and providing essential water

growth, unplanned urb&gjzation, int&gsive agri practices, and industrial expansion have
i Imate receptors of diverse anthropogenic
effluents. The ecolggi riverine ecosystems thus acts as an integrated

mirror reflecting
variability. Within the ge
River basin Iggated in &ol

intensity of human interventions and regional climatic
I and hydrological context of northern Iran, the Gorganrud
Province stands out as one of the most critical, strategic, and
er systems, supporting a vast agricultural economy and urban
centers before dis into the Caspian Sea basin. Despite its critical importance, the
| been subjected to mounting environmental pressures, leading to severe
tion, nutrient enrichment, and ecological imbalance.

Traditional aches to water quality assessment often rely on single-parameter evaluations
or isolated physicochemical measurements, which fail to capture the complex, multi-
dimensional nature of aquatic pollution. Furthermore, relying on a single water quality index
can introduce methodological biases due to varying mathematical formulations, weighting
schemes, and parameter sensitivities. To address these limitations, the primary objective of this
comprehensive research is to execute a rigorous, multi-faceted spatial and temporal evaluation
of water quality dynamics along the Gorganrud River. This is achieved through the innovative
integration of three distinct, widely recognized standard water quality indices: the Iranian
Water Quality Index for surface waters (IRWQIsc), the National Sanitation Foundation Water
Quality Index (NSFWQI), and the Canadian Council of Ministers of the Environment Water
Quiality Index (CCMEWQI). By combining these indices, the study aims to establish a robust
cross-verified assessment of water health classes. In addition to index-based evaluations, this
research incorporates advanced multivariate statistical techniques to trace pollution origins,



dissect hidden data structures, reduce dimensionality, and evaluate underlying geochemical and
anthropogenic drivers shaping the water quality matrix of the Gorganrud River basin. Through
this holistic framework, the study seeks to bridge critical knowledge gaps regarding spatial
pollution gradients, seasonal variability, and the relative contributions of point versus non-
point source loads, thereby providing actionable scientific insights for watershed managers,
environmental policymakers, and regional conservation planners.

Method
To achieve a comprehensive, representative, and scientifically rigorous evaluation of the water
quality across the Gorganrud River, a systematic spatial and temporal monitoring framework
was established. The investigation encompassed fourteen distinct sampling stations (designated
sequentially as S1 through S14) strategically distributed along the longitudinal profile of the
river, capturing headwater conditions, middle agricultural zones, and do am terminal
segments influenced by intensive urban and rural discharges. Sampling i
executed across four distinct hydrological and climatic seasons of the ye

measures was selected to quantify the aquatic environme including water
temperature, dissolved oxygen (DO), biochemical oxygen d (BOD:),
1 nductivity
coliform counts.
Water sampling, preservation, and laborator nducted In strict accordance
with standard methods for the examination of ewater, ensuring high analytical
precision and reproducibility.
Following laboratory determinations ts were processed using three distinct water
quality indexing models: the IRWQI
complex interrelationships, eliminate
advanced multivariate ‘tistical apgroaches
generated to examine lineagassociatos and

nd trace precise sources of pollution,
oyed. Pearson’s correlation matrix was
e dependencies among physicochemical
CA) was performed on standardized data
xtract principal latent components, and identify underlying
ce drivers after verifying data suitability via KMO and

characteristics and pollution profiles, spatially delineating the

on shared water
i cological zones.

waters i0to disti

Results
The spatial evVafuation of the Gorganrud River revealed pronounced longitudinal gradients in
water quality from pristine headwaters to heavily impacted downstream reaches. Station S1,
situated in the upper catchment and protected by high elevation and distance from major
anthropogenic activities, maintained an optimal water quality status across all evaluated
indices, characterized by high dissolved oxygen levels, low nutrient concentrations, and
minimal microbial contamination. However, as the river traversed the middle and downstream
sections (stations S2 through S14), a systematic and severe deterioration in water quality was
observed, directly correlated with the progressive influx of untreated municipal sewage, rural
domestic wastewaters, and agricultural return flows laden with high concentrations of
nitrogenous and phosphatic fertilizers.

The application of the IRWQIsc, NSFWQI, and CCMEWAQI indices demonstrated converging
outcomes, classifying overall river water quality from moderate to poor, with terminal stations



plunging into critical and marginal categories due to high nutrient loading and localized
eutrophication phenomena. Seasonal variation analysis further highlighted that hydrological
dynamics heavily govern water quality fluctuations. Warm seasons, particularly summer,
experienced significant reductions in river discharge, elevated water temperatures, and severe
dissolved oxygen depletion, exacerbating point-source pollutant impacts. In contrast, cold and
rainy seasons were dominated by non-point source pollution, where intensive surface runoffs
mobilized soil particles, organic debris, and accumulated agricultural chemicals, leading to
sharp spikes in turbidity, suspended solids, and particulate-bound nutrients.

The deployment of advanced multivariate statistical analyses provided robust validation:
Pearson’s correlation revealed a very strong, stable, and statistically significant positive
correlation between electrical conductivity (EC) and total dissolved solids (TDS) (r > 0.90),
confirming that ionic composition and salinity are primarily governed by natural geogenic
processes and mineral weathering. A strong correlation between BODs and pointed to a

Conclusions

The findings of this comprehensive investigag i demonstrate that the aquatic
ecosystem of the Gorganrud River has substantia om its natural baseline stability,
currently experiencing severe ecological stress |ndu intense anthropogenic interventions
and compounding climatic pressures and temporal convergence of the IRWQIsc,

NSFWQI, and CCMEWRQI indices co
in headwaters to marginal and critical iddle and downstream segments, driven
by nutrient enrichmentgarganic pol jal contamination.

The theoretical, practical, i [ cance of these outcomes highlights an

urgent requirement for para
underscores that readive
dynamic watershed

water authoriyes, enV|r n

ing is insufficient; instead, proactive, science-based, and
ameworks must be implemented immediately by regional

s to curb non-point source nutrient runoff.

ification of geogenic versus anthropogenic factors through multivariate
statistics provies a scientific foundation for separating natural baseline conditions from
human-induced impairments, enabling targeted remediation. While this study provides a robust
spatial and temporal evaluation, future research should integrate continuous real-time telemetry
sensors with predictive hydrodynamic and ecological modeling to forecast eutrophication
events and ensure sustainable preservation of the Gorganrud River basin.
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