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One effective method for assessing the health of rivers and the impact of human activities
on water quality is the use of macrobenthos populations as indicators of pollution. This
study investigated the diversity and abundance of macrobenthos in the Karaj River over
four months—August, September, October, and November—at six different stations in
2022. Sampling was conducted using a Surber sampler (30 x 35 cm) with three replicates
per station, and the samples were transferred to the laboratory for analysis. We calculated
several diversity indices, including Simpson and Shannon-Wiener, as well as
bioindicators such as the Hilsenhoff Index, BMWP, EPT, dominant family percentage,
and species richness for all stations. A total of 14 families of large benthic invertebrates
were identified, representing 7 orders and 4 classes, with the Baetidae family from the
Ephemeroptera order being dominant across all stations. The highest biodiversity was
observed in August. Overall, upstream stations showed higher diversity indices than
downstream stations. The dominant family percentage index revealed that the Baetidae
family was the most frequent, and approximately 72% of the EPT index was associated
with the three upstream stations near the dam. According to the BMWP index, all stations
were classified as "very bad" or "severely polluted.” The Hilsenhoff Index assessed the
Pol-e-Khawab station as "very good" (indicating very low pollution risk), the Asara,
Sierra, Vine, and Purkan stations as "good" (indicating moderate organic pollution), and
the Adran station as "suitable” (indicating significant organic pollution). The Shannon
Index identified all stations as relatively polluted. In conclusion, the Hilsenhoff
biological index is a reliable tool for evaluating the water quality of the Karaj River,
which, based on this index, is considered to be in an average state of quality.
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EXTENDED ABSTRACT
Introduction
Rivers are vital freshwater ecosystems that support a range of life-sustaining functions.
However, industrialization and urbanization have led to significant water consumption and
pollution, making water quality monitoring essential, especially in areas where water serves as
a drinking source. While traditional water quality assessments are useful, biomonitoring
provides a more comprehensive indication of pollution levels. Among the various bioindicators
used for monitoring river ecosystems, benthic invertebrates are the most effective.
Bioindicators based on benthic macroinvertebrates are widely employed for the ecological
assessment of ecosystems. Aquatic organisms are typically classified into four groups based on
their pollution tolerance: sensitive, semi-sensitive, semi-resistant, and resistant to pollution.
Historically, indices focused primarily on diversity and density, such as abundance, diversity,
and dominance indices. Today, however, a variety of indices are used to assess the resistance
of macrobenthos to pollution, including EPT, ASPT, Hilsenhoff, and BMWP. The objective of
this study was to use organisms that are present year-round in aquatic ecosystems and are
sensitive to environmental conditions, as they can provide valuable insights for water quality
classification. Given the critical role of benthic organisms in biomonitoring, this study used
macroinvertebrates as bioindicators to evaluate the pollution levels in the Karaj River.
Materials and Methods
This study focused on a section of the Karaj River, spanning approximately 32 kilometers
between Pourkan and Asara. Six sampling stations were selected: Pourkan, Vineh, Adoran, Pol
Khab, Sira, and Asara. The stations at Pourkan, Vineh, and Adoran are located downstream of
the Karaj Dam, while Pol Khab, Sira, and Asara are situated upstream, allowing for a
comparison of water quality between the downstream and upstream areas. Sampling took place
during the summer (August and September) and autumn (October and November). At each
station, water temperature was measured and recorded. Macroinvertebrates were collected
using a Surber sampler (35 x 30 cm), with three replicate samples taken at each station. The
samples were placed in plastic containers labeled with station details, location, and sampling
date, then transported to the laboratory for analysis. To assess the water quality, several
indicators were used, including taxon richness, Shannon-Wiener diversity index, EPT, BMWP,
and Hilsenhoff indices.
Results
In this study, approximately 10,088 benthic organisms were isolated and identified. The lowest
number of invertebrate samples was recorded at Station 3 (Adoran) in September, with 92
samples across three replicates, while the highest was found at Station 4 (Pol-Khab) in August,
with 1,078 samples across three replicates. The analysis of benthic invertebrate samples
collected from the Karaj River over a four-month period at six stations revealed 14 families, 7
orders, 4 classes, and 3 phyla. Among the seven identified orders, Ephemeroptera exhibited the
highest abundance, followed by Diptera and Trichoptera. The Ephemeroptera order had the
highest frequency across all benthic groups, with its abundance significantly higher at upstream
stations compared to downstream ones. Three families from this order were identified, with the
Baetidae family showing the highest abundance and distribution across all stations. The
Baetidae family was present at every station and throughout all seasons, and it accounted for
the highest percentage of abundance among all benthic families. The Diptera order had the
second highest abundance at all stations, after Ephemeroptera. Four families from this order
were identified, with the Chironomidae family being the most prevalent, found at all stations
and in all seasons. The third most abundant order in terms of density was Trichoptera, with two
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identified families, the Hydropsychidae family showing the highest abundance. The highest
BMWP index value was recorded at Station 4 (Pol-Khab) in August (5.6), while the lowest was
at Station 3 (Adoran) in November (2.9). According to the Hilsenhoff index, water quality at
the upstream stations (Pol-Khab, Sira, and Asara) was classified as good, whereas at the
downstream stations (Pourkan, Vineh, and Adoran), water quality ranged from good to
acceptable and poor. The EPT index was higher at the upstream stations, indicating better water
quality compared to the downstream stations. The Shannon-Wiener index indicated that the
water quality at the upstream stations ranged from relatively polluted to heavily polluted.
Conclusions

In this study, the BMWP index indicated that all stations in the Karaj River had very poor water
quality. According to the Hilsenhoff biological index, the water quality at the upstream stations
of the Karaj Dam (Pol Khob, Sira, and Asara) was classified as good, while the water quality
at the downstream stations (Pourkan, Vineh, and Adran) ranged from good to suitable and poor.
The use of different biological indices revealed that the Hilsenhoff biological index is
particularly effective for assessing the water quality of the Karaj River, and based on this index,
the river is in an overall average quality state. The downstream stations, influenced by the
leakage and infiltration of residential sewage and nearby recreational and tourism centers,
showed unfavorable water quality. In contrast, the upstream stations, which are located at higher
altitudes with faster water flow, experience lower pollutant retention, leading to less
accumulation of pollutants in these areas.
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