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Abstract. The Tigris River is the main water resource in central Iraq, yet its quality is increasingly threatened by
pollutants from its tributaries. This study assessed the impact of the Diyala tributary on the environmental characteristics
of the Tigris River by analyzing physicochemical and biological parameters across four stations from October 2024 to
June 2025. Results revealed elevated turbidity, total dissolved solids, biological and chemical oxygen demand, and
nutrient concentrations downstream of the confluence, particularly during low-flow seasons. Dissolved oxygen levels
decreased significantly, reflecting high organic loads from untreated sewage and agricultural runoff. This study highlights
significant spatial variation in the relative abundance and composition of rotifer species (Rotifera) across the four
sampling stations in the Diyala and Tigris rivers and their confluence. The dominance of specific taxa such as Rotaria
sp., R. neplunia, Monostyla bulla, and Keratella quadrata reflected differences in organic load, nutrient enrichment, and
hydrological conditions. These findings confirm that rotifers are sensitive bioindicators of ecological status and water
quality, providing reliable insights into the impacts of natural variability and anthropogenic activities on river
ecosystems. Consequently, the study underscores the importance of using rotifer communities as effective tools for
ecological monitoring and river management strategies.

Keywords: Tigris River, Diyala tributary, Water pollution, Physicochemical parameters, Rotifera, Biodiversity,
Environmental characteristics, Iraq.

INTRODUCTION

The Tigris River is one of the most vital water resources in Iraq, supplying water for domestic, agricultural, and
industrial purposes. With a basin area of approximately 190,000 km? and a total length of nearly 1,970 km, the river
receives significant inflows from its tributaries, including the Greater Zab, Lesser Zab, Adhaim, and Diyala (1).
Among these, the Diyala River is the third largest tributary, extending 574 km with a drainage area of 33,240 km?,
of which 75% lies within Iraq and 25% within Iran (2).

The river plays a crucial role in supporting agricultural irrigation and municipal water supply for surrounding
populations. However, the Diyala catchment is currently subject to both water scarcity and elevated pollution levels,
making it a major hydrochemical contributor to the deterioration of Tigris water quality (3, 4). Environmental stress
on Iraqi rivers has intensified over recent decades due to anthropogenic pressures such as untreated wastewater
discharges, agricultural runoff, and industrial effluents. These inputs significantly alter the physicochemical
properties of river water, including dissolved oxygen (DO) and biological oxygen demand (BOD5) (5).

In addition, nutrient enrichment from elevated nitrate and phosphate concentrations contributes to eutrophication,
further threatening aquatic biodiversity (6, 7). Heavy metals such as lead, cadmium, and chromium, often
originating from industrial activities, have also been reported as major contaminants in the Iraqi river system (8).

The ecological consequences of these pollutants extend beyond water quality degradation to impact freshwater
biodiversity (9). Aquatic organisms, particularly zooplankton such as rotifers, copepods, and cladocerans, are highly
sensitive to changes in water quality and can serve as bioindicators of pollution (10, 11).

Studies have shown that pollution-induced variations in temperature, dissolved oxygen, and nutrient load can
cause structural shifts in plankton communities, reducing biodiversity and destabilizing aquatic ecosystems (12).
Given the ecological and socio-economic importance of the Tigris River, assessing the influence of pollutants from
the Diyala tributary is essential for sustainable water management.



This study aims to evaluate the impact of Diyala River pollutants on the environmental characteristics of Tigris
River water, with emphasis on physicochemical parameters and ecological indicators, while benchmarking against
international water quality standards (WHO, FAO, USEPA).

MATERIALS AND METHODS

Study Area

This study was conducted in Baghdad, Iraq, focusing on the confluence of the Diyala River with the Tigris
River. The Tigris is the main water resource in central Iraq, supplying water for drinking, irrigation, and industrial
use. The Diyala tributary, which receives agricultural drainage, sewage, and industrial effluents, is considered one of
the most polluted tributaries discharging into the Tigris. The climate of Baghdad is semi-arid, with hot, dry summers
and short, cold winters, and rainfall occurs mainly between November and February (13, 14).

Sampling Stations
Four sampling stations were selected to evaluate the impact of pollutants from the Diyala tributary on the water
quality of the Tigris River (Fig. 1):

Station 1 (Upstream Tigris): Located on the Tigris River before the confluence with the Diyala, representing
background water quality.

Station 2 (Diyala River): Located on the Diyala tributary before it merges with the Tigris, directly influenced by
agricultural runoff and sewage inputs.

Station 3 (Confluence): Situated at the junction where the Diyala enters the Tigris, representing the immediate
mixing zone.

Station 4 (Downstream Tigris): Located on the Tigris after the confluence, representing the integrated effect of
Diyala pollutants.

Geographical coordinates were recorded for each station using a GPS device.
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FIGURE 1. Map of the study area showing the four sampling stations (1. Upstream Tigris, 2. Diyala tributary, 3. Confluence of
the Diyala tributary with the Tigris River and 4. Downstream Tigris).



Sample Collection

Water samples were collected monthly from October 2024 to June 2025. Physicochemical samples were taken at
a depth of 15-20 cm below the surface using 2.25 L polyethylene bottles. For biological analyses, 45 L of water
were filtered through a 55 um plankton net and concentrated to 10 ml. Samples for chemical analysis were stored at
4°C until analysis, while zooplankton samples were preserved in 4% formalin.

Physicochemical Analyses

The following environmental parameters were measured:
Total Dissolved Solids (TDS): measured in situ with a portable EC/TDS meter (15).
Turbidity: measured with a portable turbidity meter, expressed as NTU (16).
Dissolved Oxygen (DO): determined using the Winkler azide titration method (17).
Biological Oxygen Demand (BODj5): measured after 5-day incubation at 20°C in dark bottles (18).
Nutrients: nitrate concentrations measured spectrophotometrically at 220/275 nm; reactive phosphate measured
using the ascorbic acid method at 860 nm (19).
Phosphate (PO,*7): concentration measured using the molybdenum blue spectrophotometric method with a UV—
Visible spectrophotometer (Shimadzu UV-1800, Japan), with results expressed in mg/L (20).

Biological Analyses

Rotifera were identified under a compound microscope (Kruss MBL 2100) to the lowest possible taxonomic
level using a Sedgewick—Rafter counting chamber (21). All taxa present in each sample were counted. Identification
followed standard taxonomic references (22, 23, 24). The abundance of rotifers was expressed as the number of
individuals per cubic metre (Ind./m?).

Statistical Analysis

Data were analysed using SPSS v.25 (2019). Two-way ANOVA was applied to test the effects of stations and
months on water quality parameters. The Least Significant Difference (LSD) test was used for mean separation.
Pearson’s correlation coefficient (r) was calculated to assess relationships between physicochemical factors and
rotifera abundance.

RESULTS

The physicochemical parameters varied considerably across stations (Table 1). Dissolved oxygen (DO) was
highest at the upstream Tigris (6—11 mg/L; mean 7.94+0.79), indicating good aeration, but dropped sharply in the
Diyala tributary (1-6.5 mg/L; mean 2.45+0.47) due to the heavy organic load. At the confluence, DO averaged
5.45+0.62 mg/L, reflecting the effect of water mixing, and slightly improved downstream (5.5-9.2 mg/L; mean
6.89+0.72). In contrast, biochemical oxygen demand (BOD5s) was extremely high in the Diyala tributary (3.3-78.2
mg/L; mean 19.20+£7.68), compared with much lower values in the upstream Tigris (0.80—4.6 mg/L; mean
2.36+0.37), confluence (2.9-7.6 mg/L; mean 5.03+0.48), and downstream Tigris (0.90-5.4 mg/L; mean 3.33+0.16).
Similarly, total dissolved solids (TDS) reached the highest levels in the Diyala tributary (880—1920 mg/L; mean
1699+380), whereas the upstream Tigris (330-810 mg/L; mean 559+160), confluence (540-980 mg/L; mean
775+220), and downstream Tigris (450—1210 mg/L; mean 742+190) exhibited comparatively moderate values.
Turbidity followed the same pattern, with the Diyala tributary showing the greatest range (2.25-34.99 NTU; mean
19.20+6.74), followed by the downstream Tigris (0-27.81 NTU; mean 8.59+0.79), while lower levels were observed
at the upstream Tigris (0-20.91 NTU; mean 6.63+0.76) and confluence (1.10—18.52 NTU; mean 6.99+0.68).
Overall, these findings clearly indicate that the Diyala tributary is the major contributor of organic matter, salts, and
suspended solids to the Tigris River, leading to a significant deterioration in water quality at the confluence, with
statistically significant differences among stations (p<0.05).

Nutrient concentrations varied significantly among the studied stations (Table 2). Nitrate levels were extremely
elevated in the Diyala tributary (0.042—-37.00 mg/L; mean 12.60+3.04), reflecting strong inputs from agricultural
runoff and sewage discharge. In contrast, much lower concentrations were observed at the upstream Tigris (0.019—



5.00 mg/L; mean 2.50+0.37), the confluence (0.028—13.00 mg/L; mean 5.514+0.49b), and downstream Tigris (0.017—
7.00 mg/L; mean 3.60+0.41). A similar trend was noted for phosphate, where the Diyala tributary recorded the
highest values (0.1178-0.982 mg/L; mean 0.429+0.17), while concentrations remained relatively low at the
upstream Tigris (0.010-0.0601 mg/L; mean 0.020+0.005), the confluence (0.053-0.4211 mg/L; mean 0.154+0.06),
and downstream Tigris (0.0322-0.1531 mg/L; mean 0.089+0.07). These findings indicate that nutrient enrichment is
primarily driven by the Diyala tributary, leading to significant increases in nitrate and phosphate concentrations
downstream, with statistically significant differences among stations (p<0.05).

The relative abundance index of rotifer species (Rotifera) across the four sampling stations (S1-S4) revealed
noticeable variation, with the dominance of a particular species at each station. This pattern reflects differences in
environmental and physicochemical conditions between the Diyala River, the Tigris River, and their confluence area
(Fig. 2).

At station S1, Rotaria sp. was the dominant species (61%), suggesting a relatively stable environment with
medium to low organic load. At station S2, higher diversity was observed, with species richness including R.
neplunia (16%), Asplanchna priodonta (14%), and Keratella quadrata (13%). At station S3, the species Monostyla
bulla dominated (17%), indicating site-specific conditions. Meanwhile, station S4 exhibited relatively balanced
dominance, with R. neplunia (21%), M. bulla (15%), and K. quadrata (12%) occurring in comparable proportions

(Fig. 2).

Overall, the results confirmed that the Diyala tributary exerts a strong influence on the environmental
characteristics of the Tigris River, contributing to deterioration of water quality and altering aquatic biodiversity,
particularly through increases in suspended solids and organic matter.

TABLE 1. Physicochemical parameters of water samples across stations. The results show higher TDS, turbidity, and BOD5
downstream of the Diyala inflow compared to the upstream station.

Station DO (mg/L) BODs (mg/L) TDS (mg/L) Turbidity (NTU)
Upstream Tigris (S1) 6-11 0.80-4.6 330-810 02091
7.94+0.79 2 2364037 b 559+160 b 6.6340.76 b
o 1-6.5 33-78.2 8801920 2.25-34.99
Diyala tributary (S2) 2.45£0.47 b 19.20+7.68 a 1699380 a 19.2046.74 a
Confluence (S3) 42-79 2.9-7.6 540-980 1.10-18.52
5.45:0.62 ab 5.0340.48 b 775 4220 b 6.9940.68 a
Downstream Tigris (S4) 5.5-9.2 0.90-5.4 450-1210 0-27.81
6.89+0.72 a 3.3340.16 b 7424190 b 8.5940.79 a
LSD-value 3371% 4.027 * 0.708* 3.577*

The means with different capital letters within the same row and different small letters within the same row differ

significantly from each other.
*P <0.05: significance different

TABLE 2. Nutrient concentrations (nitrate and phosphate) at the sampling stations. Nutrient enri

Station Nitrate (mg/L) Phosphate (mg/L)

Upstream Tigris 0.019-5.00 0.010-0.0601
2.50+0.37b 0.020+0.005b

Diyala tributary 0.042-37.00 0.1178-0.982
12.60+3.04a 0.429+0.17a
Confluence 0.028-13.00 0.053-0.4211
5.51+0.49b 0.154+0.06b

Downstream Tigris 0.017-7.00 0.0322-0.1531
3.60+£0.41b 0.089+0.07b
LSD-value 3.955% 0.146*

The means with different capital letters within the same row and different small letters within the same row differ

significantly from each other.
*P <0.05: significance different



Brachionus
s 1 angularis K quadrata SZ Asplanecna
4% . ) priodonta
(short spin)
2% 14%
Other Rotifera b Other Rotif
er Rotifera .
15% K quadrata 5% Brachlon_us
{logn spin] angularis
. 8% 10%
R.neplunia °
3%
B.plicatlus
%
Rouseletia
corniculata K. valga
6% Rotaria sp. 59 K.quadrata
61% ) (logn spin)
R.nep!;ma 13%
16%
a b
Asplanecna
53 Brachionus 54 priodonta
angularis 4% Brachionus
Other Rotifera 9% Other Rotif angularis
er Rotifera 7%
40% Rouseletia 28% ’
corniculata C. pelagi
6% %
Epiphanus
branchinus
6% ) K.quadrata
ROTZ’; Sp- (logn spin)
K.quadrata ' 12%
Rotaria sp. (logn spin)
9% 13% R.neplunia Monostyla bulla
Monostyla bulla 21% 15%
17%
c d

FIGURE 2a,b,c,d. Rotifera abundance and diversity indices at different stations.
DISCUSSION

The results of this study clearly demonstrate that the Diyala tributary has a substantial impact on the
environmental characteristics of the Tigris River, particularly at and downstream of the confluence. The observed
increases in TDS, turbidity, and suspended solids are consistent with findings from (3) and (4), who highlighted the
role of the Diyala River as a major carrier of agricultural and municipal pollutants into the Tigris. These pollutants
reduce water transparency and alter sedimentation dynamics, thereby degrading aquatic habitats (25).

The decrease in dissolved oxygen (DO), coupled with elevated BOD5 value, indicates a high organic load, likely
originating from untreated sewage and industrial effluents, in line with similar reports from other Iraqi rivers (5, 6,
26). Such conditions can create localized hypoxic zones, impairing aquatic life and limiting the self-purification
capacity of the river.

Nutrient enrichment, as evidenced by elevated nitrate and phosphate concentrations, suggests strong inputs from
agricultural runoff and domestic wastewater. These results agree with (7), who emphasized the risk of eutrophication
under high nutrient conditions. The Diyala’s contribution to nutrient loading is particularly critical in summer when
reduced flow enhances pollutant concentration and biological uptake.

The dominance of Rotaria sp. at station S1 (61%) indicates a relatively stable environment with medium to low
organic load. This finding is consistent with (27), who reported the dominance of Rotaria species in the Tigris River
under conditions of relatively stable temperature and moderate nutrient availability.

At station S2, the greater diversity and higher richness of rotifer species (e.g., R. neplunia 16%, A. priodonta
14%, K. quadrata 13%) suggest a more disturbed environment or seasonal fluctuations in temperature and nutrient
availability. These observations align with the results of (28) and (29) on the Diyala and Tigris Rivers.



In station S3, the dominance of Monostyla bulla (17%) likely reflects nutrient-enriched conditions, particularly
in areas influenced by agricultural runoff. This interpretation is supported by other study, such as (30) on the
Yangtze River basin, which linked M. bulla with elevated concentrations of phosphate and nitrate in water.

Station S4 showed relatively close percentages of dominant species, including R. neplunia (21%), M. bulla
(15%), and K. quadrata (12%). This pattern may be attributed to the combined environmental influences of the two
rivers’ confluence and anthropogenic organic loading. A similar interpretation was reported by (21) in their study of
river confluences within Iraqi river systems.

When compared with recent studies, such as (31) in Kangsabati River, West Bengal, India, and (32) in Tigris
river in Iraq, it becomes evident that rotifer species serve as sensitive bioindicators of water quality changes,
particularly in relation to temperature, dissolved oxygen, and nutrient availability. This agrees with the findings of
the present study, where variations in species diversity and distribution provided reliable indicators of the distinct
environmental conditions across the four sampling stations (33).

The variation in physicochemical parameters was directly reflected in the composition of rotifer communities.
Elevated nitrate and phosphate levels were associated with the dominance of nutrient-tolerant species such as M.
bulla and R. neplunia, while reduced DO and higher BODj5 coincided with a shift toward more pollution-tolerant
taxa (34). This confirms that integrating biological indicators with water chemistry provides a clearer and more
comprehensive assessment of river health (35).

Overall, these findings confirm that pollutants from the Diyala tributary compromise the ecological integrity of
the Tigris River by degrading water quality and reducing biodiversity. This underscores the urgent need for
improved wastewater treatment, stricter regulation of industrial discharges, and the adoption of sustainable
agricultural practices to mitigate nutrient and organic inputs.

CONCLUSION

The study demonstrates that pollutants from the Diyala tributary have a pronounced negative impact on the
environmental characteristics of the Tigris River, leading to increased turbidity, organic and nutrient enrichment,
reduced dissolved oxygen, and a decline in rotifera diversity. These findings highlight the urgent need for improved
wastewater management and stricter control of agricultural and industrial discharges to protect the ecological
integrity of the river.
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