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Objective: This study conducts a comprehensive evaluation of the physicochemical
water quality and longitudinal monitoring of rivers in Lar National Park over two
consecutive summers (2017 and 2018).

Method: Water samples were collected from 20 stations across 10 rivers and springs.
Nine key parameters were measured, including temperature, acidity (pH), dissolved
oxygen (DO), biochemical oxygen demand (BOD:s), total nitrogen, total phosphorus,
turbidity, electrical conductivity (EC), and total dissolved solids (TDS), along with two
derived indices (BOD/DO and N/P ratios). Statistical analyses, including Spearman
correlation, hierarchical cluster analysis, and the Kruskal-Wallis test, were performed
using R software

Results: Results indicated that overall water quality is favorable (mean BODs < 0/27
mg/L and DO > 7/32 mg/L), with mean electrical conductivity ranging at 345 uS/cm;
however, significant longitudinal heterogeneity was observed. Downstream sections,
particularly the Siah-Polas River, exhibited intense anthropogenic pressure, with total
phosphorus reaching a maximum of 0/59 mg/L at station LNP11 in 2018 and turbidity
peaking at 9.2 NTU at station LNP12.

Conclusions: A significant negative correlation was found between elevation and total
nitrogen (p=0/004 ,r=0/45). Furthermore, the Kruskal-Wallis test revealed significant
spatial differences among upstream, midstream, and downstream groups for total
nitrogen (p<0/001) and electrical conductivity (p<0/01), confirming the accumulation of
anthropogenic pollutants downstream. These findings underscore the necessity for
targeted management based on spatial zoning in Lar National Park.
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Extended Abstract
Introduction
Rivers are vital components of aquatic ecosystems and their physicochemical quality directly

impacts human health and biodiversity. Lar National Park, a unique mountainous ecosystem in
Iran, plays a strategic role in supplying drinking water to Tehran province and harboring
endangered species such as the Brown trout (Salmo trutto macrostomus). However,
anthropogenic pressures, including nomadic livestock grazing, seasonal tourism, and
unauthorized constructions, threaten the hydro-geochemical integrity of this protected area.
Traditional water quality assessments often rely on generalized averages or single-parameter
indices, which fail to capture localized Longitudinal Analysis dynamics.

The primary objective of this study is to comprehensively evaluate the physicochemical water
quality of Lar National Park's rivers over two consecutive summers (2017 and 2018) using an
integrated statistical and Longitudinal approach. We hypothesize that calculating derived
stoichiometric indices (BOD/DO and N/P) combined with longitudinal Longitudinal Analysis
analysis will reveal hidden, localized anthropogenic impacts more effectively than traditional
raw-data assessments. This research targets environmental managers and ecologists, utilizing
an observational and interpretive design to highlight Longitudinal Analysis practices and
ecological bottlenecks, ultimately providing a scientific basis for targeted, longitudinally zoned
management strategies.

Method
This study employed an observational field monitoring design. Water samples were collected

from 20 stations across 10 rivers and springs within Lar National Park. Nine primary
physicochemical parameters, temperature, pH, dissolved oxygen (DO), biochemical oxygen
demand (BOD:s), total nitrogen (TN), total phosphorus (TP), turbidity, electrical conductivity
(EC), and total dissolved solids (TDS), were measured. Additionally, three derived indices
(BOD/DO, and N/P) were calculated to assess organic load balance, nutrient limitation, and
ionic composition. Field measurements (DO, pH, EC, turbidity) were conducted using a
portable multiparameter device (Hach HQ40D, USA), while laboratory analyses (BODs, TDS,
TN, TP) followed standard APHA (2017) protocols. Data gathering procedures included in-situ
hydrometric measurements (depth, width, velocity) to calculate discharge. Statistical analyses,
including Spearman correlation, hierarchical cluster analysis (Ward.D2), and Kruskal-Wallis
tests, were performed using R software (v4.2.2).

Sampling Procedures

A purposive stratified sampling method was implemented along the river continuum, from
upstream headwaters to downstream outlets. The sampling network covered the main tributaries
(Varav, Delichay, Ab-Sefid, Almal, Gazal-Dareh, Siah-Plas, and Lar rivers) and major karstic
springs (Khuni, Siah, and Doobar). Data were collected during the summer baseflow periods of
2017 and 2018. This specific timing was chosen to capture the peak of anthropogenic pressures
(nomadic migration and tourism) under minimal natural dilution from snowmelt or seasonal
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rainfall. No human or animal subjects were involved in the data collection; sampling was
strictly non-invasive environmental monitoring.

Sample Size, Power, and Precision

The intended and achieved sample size comprised 20 stations monitored over 2 consecutive
years, yielding 40 Longitudinal-temporal samples. The sample size was determined based on
the longitudinal coverage required to represent the entire hydrological network of the national
park, ensuring that all major sub-basins and spring inputs were captured. Given the non-normal
distribution of environmental data and the limited number of spatial nodes, non-parametric
statistical tests were utilized to maintain the precision and robustness of the parameter estimates
without relying on strict normality assumptions.

Mixed methods research

While this study is fundamentally a quantitative environmental monitoring research, it
integrates quantitative laboratory data with qualitative field observations (an explanatory
integrated approach). During sampling, qualitative field notes regarding anthropogenic
activities (e.g., density of nomadic encampments, livestock presence, and tourist infrastructure)
were recorded at each station. This integration is appropriate given the paper’s goals, as
statistical anomalies (such as sudden nutrient spikes) require qualitative ecological context to
be accurately attributed to specific point-source pollution rather than natural geochemical
background variations. The combined approach adds significant value by transforming abstract
statistical clusters into actionable, real-world management zones.

Results
The overall water quality of Lar National Park was favorable, with mean BODs < 0/27 mg/L

and DO > 7/32 mg/L, indicating no significant organic pollution at the park scale. However,
significant longitudinal heterogeneity was observed. Downstream sections, particularly the
Siah-Plas river (stations LNP11-LNP14), exhibited pronounced anthropogenic stress. Total
phosphorus peaked alarmingly at 0/59 mg/L at LNP11 in 2018, and turbidity reached 9/2 NTU
at LNP12.

Spearman correlation revealed a significant negative correlation between elevation and TN
(r = -0/45, p = 0/004), confirming the downstream accumulation of anthropogenic nutrients.
The Kruskal-Wallis test confirmed significant Longitudinal differences among upstream,
midstream, and downstream groups for TN (p < 0/001), N/P ratio (p < 0/001), and EC (p <
0/01). The regional N/P ratio (>100) indicated severe phosphorus limitation (oligotrophic
status), making the localized phosphorus peak at LNP11 a critical ecological warning sign.
Notably, discharge (Q) showed no significant correlation with chemical parameters,
highlighting that in this mountainous network with point-source pollution, flow volume alone
cannot predict water quality; rather, localized inputs and downstream spring dilution govern the
chemical regime.
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Conclusions
The findings demonstrate that managing Lar National Park based on "park-wide average water

quality" is inadequate and potentially misleading. The Longitudinal analysis identified Siah-
Plas as a critical "hotspot"” for anthropogenic stress, driven by its flat topography, accessibility
from the Haraz road, and concentration of nomadic grazing. The study confirms that the river
system possesses a natural self-purification capacity downstream, primarily driven by the
massive dilution effect of karstic springs (Khuni, Siah, and Doobarar).

The practical significance of these outcomes dictates a shift from generalized monitoring to
"Longitudinally zoned management.” Strict regulatory restrictions on livestock and tourism
must be enforced specifically in the Siah-Plas mid-reach. Furthermore, protecting the
endangered Brown trout requires monitoring extreme thermal and nutrient conditions
(ecological bottlenecks) rather than just favorable averages. These findings provide a direct,
evidence-based framework for conservation policies in mountainous protected areas.
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