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Abstract   

The Tigris, a vital source of fresh water in Iraq, is a major source of 

pollution. Its sediments act as sinks and carriers of pollutants and pose a 

burden on the environment and a health risk to the population. A study 

analyzed the chemical and biological pollution of sediments from five 

areas affected by domestic wastewater discharges in the winter of 2025. 

The study examined the physico-chemical properties of the sediments, 

including particle size distribution, organic matter content, pH, electrical 

conductivity, and total dissolved solids, as well as their relationship to 

pollutants such as heavy metals and total coliform bacteria. The results 

showed a significant increase in cadmium and nickel concentrations, 

especially in areas with high organic content. In contrast, iron remained 

within the globally permitted limits, while concentrations of chromium 

and lead were relatively low. Grain size analysis revealed that all 

sediments were of the sandy silt type, which is associated with the 

stabilization of heavy elements within the sediments, especially in a 

slightly alkaline environment with normal EC values. High levels of total 

coliform bacteria were detected at all sites, indicating widespread 

microbial contamination directly related to wastewater discharge. The 

non-cancer health risk (HQ, HI) and cancer risk (CR) coefficients were 

then calculated to assess potential human health impacts of heavy metals 

on human health. Some sites had levels that exceeded the permitted limits, 

indicating potential health risks that require attention and monitoring. 

These results underline the need to improve wastewater management and 

strengthen river pollution monitoring programs to reduce potential 

environmental and health risks. 

Keywords: Tigris River, heavy metal pollution, total coliforms, physical 

and chemical properties, risks to human health, environmental pollution.

 
 

1. Introduction  

Sediments are ecologically important components of aquatic ecosystems, a source of 

pollutants, and play a crucial role in maintaining the nutritional status of any water body
1
. 

Natural sources of sediment pollution include runoff, geological weathering, and erosion, while 

many industries discharge their waste and effluents directly into water bodies and indirectly via 

urban surface runoff
2
. Sediment quality has been defined as an important indicator or 

geochemical marker of water pollution
3
. Sediment pollution of water bodies refers to the 

contamination of water bodies by suspended solids, toxic substances, and pollutants resulting 

from human activities, such as industrial production, construction projects, and agricultural 
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practices. These pollutants can affect plants and wildlife and clog drainage pipes, requiring 

costly clean-up efforts
4
. 

Soil texture refers to the relative content of particles of different sizes. Soil consists of varying 

amounts of sand, silt, and clay. Each soil texture reacts differently to water. Sandy soils are 

characterized by the largest particle size, which allows water to drain away quickly, so their 

ability to store water and nutrients is low. In contrast, silty soil has medium-sized particles, 

which improves its water retention capacity compared to sandy soil
5
. 

Surface sediments are among the most important reservoirs for organic material and are very 

dynamic in terms of their inventory
6
. Investigating the physical and chemical properties of 

sediments, especially organic material, can provide a basis for interpreting ancient climatic and 

environmental conditions. Sedimentary organic matter, which consists mainly of organic carbon 

and nitrogen, has an impact on the sustainable performance of ecosystems
7
. 

Organic matter enters the aquatic environment, including rivers, streams, lakes, and even oceans, 

through sewage effluents. After entering the aquatic environment, decomposed organic materials 

do not decompose completely but accumulate in the sediments. In the aquatic environment, 

decomposed organic materials also participate in biological transformation and form compounds 

that can be more or less toxic
8
. Physical and chemical factors of sediments, such as electrical 

conductivity and pH, can control the presence and abundance of the species found in them. 

Organic and inorganic pollutants dissolve in or are absorbed by suspended solids and sediment 

particles, depending on their properties
9
. Heavy metals are naturally occurring trace constituents 

in river sediments, but elevated concentrations can lead to significant pollution of rivers
10

. 

Pollution from heavy metals is a major problem due to their high concentrations in the 

environment, which often exceed permissible standards and regulations
11

. Most of the geological 

makeup of the Tigris consists of sedimentary rocks, with the exception of a small area containing 

igneous and metamorphic rocks, as found in the north and northeast of the country
12

. 

These deposits consist of gravel, sand, and clay and cover large areas in central and southern 

Iraq. The city of Baghdad lies in the alluvial sedimentary plain of the river on the stable shelf of 

the Arabian Plate; the Tigris represents the western part of this 
13

. The river Tigris flows into the 

city of Baghdad and divides it into two sides: Karkh and Al-Rusafa. The main sources of 

sediment pollution in the Tigris River include industrial effluents, municipal wastewater, 

agricultural runoff, and surface erosion from adjacent lands. These inputs contribute heavy 

metals and other contaminants that accumulate in river sediments and serve as long-term 

indicators of environmental degradation
14

.  

This study aims to evaluate the levels and spatial distribution of heavy metals in the sediments of 

the Tigris River and to assess their environmental significance as indicators of pollution. The 

novelty of this research lies in focusing on sediment contamination rather than water quality 

alone, providing a clearer picture of long-term pollutant accumulation and potential ecological 

risks. The findings are expected to support future monitoring and management strategies for 

river ecosystems in Iraq. 

 

2. Materials and Methods  

2.1. Description of the study area 

The study included five main areas spread over the urban area and nearby suburbs of Baghdad 

province in central Iraq, namely Al-Kuraiaat, Al-Shuhada Bridge, Al-Doura, Diyala Bridge, and 

Al-Swaira. The locations were determined using the Global Positioning System (GPS), and the 

coordinates ranged from the northernmost point of the study area in Al-Kuraiaat (33.390517, 

44.358589) to the southernmost point in Al-Swaira in Wasit province (32.928432, 44.794017), 

thus within a relatively narrow geographical range that ensures similarities in environmental 

conditions. Figure 1 illustrates the study area. 
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Figure 1. Shows an image of the study area that was designed using GIS software. 

 

2.2. Sampling 

Sediment samples were collected at five different locations along the Tigris River on three 

consecutive days in winter (December and January 2025), between 8:30 and 11:00 am. Samples 

were collected in clean 200 g plastic containers, with pre-labeled samples to avoid mixing, and 

packed in special boxes to protect them before shipment to the laboratory. 

2.3. Laboratory analysis 

The sediment texture was analyzed using the pipette method to determine fine particle fractions 

(silt and clay). The sediment texture was analyzed using the pipette method to determine fine 

particle fractions (silt and clay). It is then allowed to settle in a cylinder, and samples are taken 

with a pipette from a specific depth and at a specific time. The samples are dried and weighed to 

determine the percentage of grain size
15

. The pH of a 1:2.5 (w/v) sediment–water suspension was 

measured after 30 min of shaking and equilibration using a calibrated pH meter
16

. 

Electrical conductivity (EC) and total dissolved solids (TDS) were determined on a 1:5 (w/v) 

sediment–water extract; EC was measured directly with a conductivity meter, and TDS was 

calculated as TDS = 0.64 × EC (µS/cm). Organic matter was determined by loss on ignition: 

samples were first dried at 105 °C for 24 h, then ignited in a muffle furnace at 550 °C for 4 h; 

OM (%) was calculated from mass loss
17

. Total coliforms were enumerated by multiple tube 

fermentation (Standard Methods APHA 9221 B), with 10 g of wet sediment in 90 mL of 

buffered peptone water, serial dilutions to 10⁻³, and incubation at 35±2 °C for 24±2 h
16

. For this 
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purpose, ten grams of wet sediment were homogenized in 90 ml of buffered sterile peptone 

water, serial dilutions were performed, and they were incubated at a temperature of 35 degrees 

Celsius for a period of 24 to 48 hours. The tubes that showed positive gas formation were 

considered, and the most probable number (MPN) of total coliform bacteria per gram of 

sediment was calculated using the standard tables for the MPN method
16

. 

Heavy metals were analyzed using an X-ray fluorescence spectrometer (XRF; Thermo Fisher 

Niton XL3t). The instrument was calibrated with certified reference materials (NIST SRM 2709a 

and 2710a) to ensure accuracy. Method detection limits ranged approximately from 0.5–5 ppm 

for Cd, 5–20 ppm for Cr, Ni, and Pb, and 50–200 ppm for Fe. Quality control included analysis 

of duplicates and blanks, with recoveries between 85–115% and relative standard deviation 

below 10%. All reported concentrations represent the average of duplicate measurements within 

accepted precision limits
18

. 

2.4. Assessment of health risks of heavy metals 

2.4.1. Assessment of non-carcinogenic health risks using indicators (HI, HQ) 

Hazard Quotient (HQ): It expresses the ratio of the daily dose to which one is exposed by each of 

the three routes (ingestion, inhalation, and dermal contact) divided by the toxicity threshold, 

known as the reference dose (RFD) for a given chemical substance, the values of which are 

given in Table 1. The hazard quotient is determined according to the following Equations (1-4): 

   
   

   
                                                                                                                                      (1) 

       
                   

       
                                                                                                   (2) 

       
              

           
                                                                                                            (3) 

          
                     

       
                                                                                       (4) 

Table 1. Shows the values of the data for adults and children for the equations (ADD inh, inh, dermal)
19

. 

Exposure parameters Symbol Unit  Categories 

Adult Child 

Concentration of heavy metal C (mean) ppm 200 100 

Rate of ingestion R ing mg / day 10 20 

Rate of inhalation R inh m3 / day 350 350 

Exposure Frequency EF day / year 6 30 

Exposure Duration ED year 15 70 

Body weight BW kg 1.36*109  

Particle Emission Factor PEF m3 / day 2800 5700 

Skin Area avalable for soil contact SA cm3 0.2 0.07 

Adherence Factor AF mg /cm3/ day 0.001 0.001 

Dermal absorption factor ABS unit less ED*365 ED*365 

Average Time- Non carcinogenic AT day ED = 6 ED = 30 

     

 

Where ADD represents the daily dose for the three pathways (ADD ing, inh, der), RFD 

represents the reference dose for the element
19

. According to the Environmental Protection 

Agency (EPA)
20

, if the hazard quotient (HQ > 1) indicates the potential for non-carcinogenic 

effects of heavy metals, while if its value is (HQ < 1), this indicates the absence of any non-

carcinogenic health effects. 

B- Hazard Index (HI) for children and adults to assess overall non-cancer effects according to the 

following Equation (5). 

   ∑                       
                                                                                (5) 

If the value of (HI ≤ 1), it indicates the absence of non-carcinogenic health risks for the heavy 

metal; however, if the value is (HI > 1), it is considered an indication of the potential presence of 

non-carcinogenic health effects
21

. 
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2.4.2. Carcinogenic risk assessment 

The health risks of carcinogens are assessed by multiplying the value of the daily dose for the 

three pathways (ADD ing, ADD inh, ADD der) by the Slope Factor (SF) provided in Table 2 for 

the inhalation pathway (Equation 6). 

                                                                                                                 (6) 
Then, determine the total cancer risk (TCR) using the following Equation (7)

20 

    ∑                      
                                                                                          (7) 

It was indicated that if the carcinogenic risk value (CR) is less than 1*10
-6

, it signifies that the 

risk of developing cancer is very low. If it ranges between 1*10
-4

 and 1*10
-6

, it indicates the 

possibility of developing carcinogenic diseases, while if CR is greater than 1*10
-4

, it indicates a 

high likelihood of developing cancerous diseases
21

. 
Table 2. Represents the reference dose for the heavy element (RFD, SF). 

Adults and Children 

SF derm SF inh SF ing RFD derm RFD inh RFD ing Element 

/ / / 0.738
 

0.7
 

0.7
 

Fe 

/ 42
 

/ 0.00006
 

0.0000286
 

0.003
 

Cr 

/ 0.84
 

/ 0.0054
 

0.0206
 

0.02
 

Ni 

/ 6.3
 

/ 0.00001
 

0.001
 

0.001
 

Cd 

/ / / 0.000525
 

0.00352
 

0.0035
 

Pb 

 

2.5. Statistical analysis 

The collected data were organized in IBM SPSS version 25.0 for statistical analysis. That means 

the standard division and minimum and maximum of all measured variables, including physical, 

chemical, microbial, and heavy metal parameters, were calculated. Significant differences among 

sites and variables were assessed using one-way analysis of variance (ANOVA), followed by the 

least significant difference (LSD) test at a significance level of p≤0.05. Furthermore, Pearson’s 

correlation coefficient was applied to examine relationships among sediment characteristics, 

microbial load, and heavy metal concentrations. This approach allowed for identifying 

significant interactions and potential environmental indicators in the study area
22

. 

 

3. Results 
The physical and chemical properties of the deposits sampled in the study area are 

summarized in Table 3. Sediment texture analysis at all sites indicates a silty clay classification, 

comprising predominantly silt and clay fractions. The silt content ranged between 45.87% in Al-

Swaira and 51.27% in Al-Doura, while clay content ranged between 37.30% in Al-Doura and 

43.97% in Al-Shuhada Bridge. Sand was present in smaller proportions, ranging from 8.17% in 

Al-Shuhada Bridge to 11.87% in Al-Swaira. Statistical analysis showed significant differences in 

clay, silt, and sand content among the studied sites (p≤0.05). Clay content was significantly 

lower at Al-Doura (37.30%) compared to other sites, while Al-Shuhada bridge had the highest 

clay content (43.97%). Silt percentages were significantly higher at Al-Doura (51.27%) and 

Diyala Bridge (50.47%) compared to Al-Swaira (45.87%), while sand percentages were 

significantly higher at Al-Swaira (11.87%) and Al-Doura (11.47%) compared to Al-Shuhada 

Bridge (8.17%). The organic matter (OM) content ranged between 2.27% at Al-Kuraiaat and 

13.10% at Diyala Bridge, with highly significant differences between stations (p=0.001). Diyala 

Bridge had the highest OM (13.10%), followed by Al-Swaira (7.23%); Al-Kuraiaat and Al-

Doura recorded the lowest OM (2.27% and 2.90%, respectively). The pH values ranged between 

7.10 at Diyala Bridge and 7.77 at Al-Doura, with significant differences among sites (p ≤ 0.001). 

All values indicate slightly alkaline conditions. Electrical conductivity (EC) values varied 

significantly (p=0.001), ranging between 0.50 mmhos/cm at Al-Kuraiaat and 0.93 mmhos/cm at 

Diyala bridge. Similarly, total dissolved solids (TDS) values differed significantly (p=0.003), 

ranging from 421.67 ppm at Al-Kuraiaat to 591.67 ppm at Diyala bridge. According to Soil 

Science Division Staff
23

, the studied deposits are classified as sandy mud, slightly alkaline, and 
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non-saline, with site-specific significant differences in organic matter, EC, TDS, and particle size 

distribution. 
Table 3. Physical and chemical properties of the deposits in the study area. 

OM% 
TDS 

ppm 

EC 

Mmhos/cm 
pH Type of texture Clay% Silt% Sand % Site 

2.27
a 

421.67
a 

0.50
a 

7.50
a 

Sandy mud 40.80
a 

47.97
a 

11.23
a 

Al-Kuraiaat 

3.57
b 

547.33
b 

0.64
b 

7.20
b 

Sandy mud 43.97
b 

47.87
a 

8.17b Al-Shuhada bridge 

2.90
a 

483.33
c 

0.77
c 

7.77
c 

Sandy mud 37.30
c 

51.27
b 

11.47
a 

Al-Doura 

13.10
c 

591.67
d 

0.93
d 

7.10
b 

Sandy mud 40.93
a 

50.47
b 

8.60
b 

Diyala bridge 

7.23
d 

552.33
b 

0.67
b 

7.53
a 

Sandy mud 42.27
b 

45.87
c 

11.87
a 

Al-Swaira 

0.001
* 

0.003* 0.001
* 

0.01
* 

1.000
No 

0.03
* 

0.01
* 

0.05
* 

p-value 

*Significant differences at a probability levels p≤0.05. 

Different small letter in same columns indicated that significant differences. 

 

Total coliform results are shown in Table 4. Significant differences were observed between the 

studied sites (p=0.001). The highest mean concentration was recorded at Al-Shuhada Bridge 

with 561,666.67 cells/100 ml, followed by Al-Kuraiaat at 120,000 cells/100 ml. Intermediate 

values were observed at Diyala Bridge (14,333.33) and Al-Swaira (7,466.66). The lowest 

concentration was found at Al-Doura, with only 266.67 cells/100 ml. The ranges of coliform 

counts also varied considerably between sites. The minimum values ranged from 200 cells/100 

ml at Al-Doura to 70,000 cells/100 ml at Al-Shuhada Bridge, while the maximum values ranged 

from 400 cells/100 ml at Al-Doura to 1,100,000 cells/100 ml at Al-Shuhada Bridge. Standard 

deviation values were particularly high at Al-Shuhada Bridge (521,973.82), indicating great 

variability in coliform counts. 
Table 4. Shows the microbial load (cell/100 ml total coliform) in the sediments of the study area. 

 
Al-Kuraiaat Al-Shuhada bridge Al-Doura Diyala bridge Al-Swaira p-value 

Min 20000
 

70000
 

200
 

9000
 

1400
 

 

Max 170000
 

1100000
 

400
 

17000
 

17000
 

 

S.D 52535
 

521973.82
 

103.28
 

4131.18
 

7475.47
 

 

Mean 120000
a 

561666.67
b 

266.67
c 

14333.33
d 

7466.66
e 

 
*
 0.001 

*Significant differences at a probability levels p≤0.05. 

Different small letter in same row indicated that significant differences. 

 

The results of heavy metal analysis (Table 5) showed significant differences between sites 

(p≤0.05). Iron concentrations ranged from 36,537.25 ppm at Diyala Bridge to 44,492.25 ppm at 

Al-Shuhada Bridge (p=0.012). Chromium recorded the lowest value at Al-Kuraiaat (69.70a ppm) 

and the highest at Diyala Bridge (258.98c ppm) (p=0.01). Cadmium levels were elevated at all 

sites, ranging between 9a ppm at Al-Kuraiaat and 41.38c ppm at Diyala Bridge (p=0.002). 

Nickel concentrations varied significantly (p=0.001), with the lowest at Al-Kuraiaat (122.49a 

ppm) and the highest at Al-Swaira (197.24e ppm). Lead values ranged between 11.99a ppm at 

Al-Kuraiaat and 39.43d ppm at Al-Swaira, also showing significant differences (p=0.003). 

Overall, Al-Shuhada Bridge, Diyala Bridge, and Al-Swaira recorded the highest levels of heavy 

metals, particularly Cr, Cd, and Ni, which exceeded the permissible limits.  
Table 5. Shows the concentration rates of heavy metal elements in ppm in the sediment samples from the study 

area. 

Pb Ni Cd Cr Fe Site 

11.99
a 

122.49
a 

9
a 

69.70
a 

38468
a 

Al-Kuraiaat 

19.81
b 

155.32
b 

26
b 

168.02
b 

44492.25
b 

Al-Shuhada bridge 

14.34
c 

168.68
c 

10.33
a 

224.10
c 

37925.85
c 

Al-Doura 

19.58
b 

190.30
d 

41.38
c 

258.98
c 

36537.25
c 

Diyala bridge 

39.43
d 

197.24
e 

21.5
d 

162.27
b 

42383.12
b 

Al-Swaira 

0.003 0.001
* 

0.002
* 

0.01
* 

0.012
* 

p-value 

 

The correlation matrix of physical, chemical, microbial, and heavy metal parameters is presented 

in Table 6. The analysis showed a significant positive correlation between sand content and pH 
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(r=0.888, p=0.044). A highly significant positive correlation was also observed between EC and 

TDS (r=1.000, p=0.000) as well as between EC and Cr (r=0.968, p=0.007). Organic matter (OM) 

showed a significant positive correlation with Cd (r=0.890, p=0.043). In contrast, a negative 

relationship was noted between pH and Cd (r=-0.860, p=0.061, nearly significant). Other 

correlations, such as between total coliform and Fe (r=0.728) and OM with Ni (r=0.727), were 

positive but not statistically significant (p>0.05). Overall, the results indicate strong 

interrelations between some soil physicochemical properties and heavy metals, particularly the 

role of EC, TDS, and OM in influencing the accumulation of Cr, Cd, and Ni in sediments. 
Table 6. Pearson correlation between soil texture, physicochemical properties, organic matter, microbial load, and 

heavy metals in the study area sediments. 

 

S
a

n
d

 

S
il

t 

C
la

y
 

p
H

 

E
C

 

T
D

S
 

O
M

 

T
o

ta
l 

co
li

fo
rm

 

F
e 

C
r 

C
d

 

N
i 

P
b

 

Sand 1             

Silt 
-

.221 
1            

Clay 
-

.510 

-

.72

6 

1           

pH 
.888

*
 

.06

2 

-

.67

9 

1          

EC 
-

.372 

.62

3 

-

.28

8 

-

.32

0 

1         

TDS 
-

.372 

.62

3 

-

.28

8 

-

.32

0 

1.000
*

*
 

1        

OM 
-

.385 

.14

9 

.13

8 

-

.61

3 

.789 .789 1       

Total 

colifor

m 

-

.642 

-

.25

9 

.68

3 

-

.45

3 

-.364 -.364 
-

.363 
1      

Fe 
-

.164 

-

.71

7 

.75

0 

-

.12

9 

-.457 -.457 
-

.340 

.72

8 
1     

Cr 
-

.375 

.62

7 

-

.28

8 

-

.23

1 

.968
**

 
.968

*

*
 

.647 

-

.23

9 

-

.30

5 

1    

Cd 
-

.741 

.10

3 

.43

0 

-

.86

0 

.713 .713 
.890

*
 

.09

5 

-

.03

6 

.63

3 
1   

Ni 
-

.032 

.00

8 

.01

6 

-

.14

0 

.741 .741 .727 

-

.39

0 

.00

9 

.74

6 

.60

1 
1  

Pb .235 

-

.68

1 

.43

6 

-

.02

6 

.076 .076 .358 

-

.15

9 

.49

3 

.08

8 

.26

9 

.71

7 
1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

The results of Table 7 for non-carcinogenic and carcinogenic risks indicated that all HQ (hazard 

quotient) and HI (hazard index) values for all exposure pathways (ingestion, inhalation, and 

dermal contact) and all age groups were below 1. 



IHJPAS. 2026; 39(3): 1-11 

8 

Therefore, there is no significant likelihood of non-carcinogenic health risks. For carcinogenic 

risks (CR), the values for cadmium (Cd) and nickel (Ni) for both adults and children were below 

the reference limits. In contrast, chromium (Cr) showed CR values exceeding the recommended 

limits, indicating potential carcinogenic concern and suggesting that there must be continuous 

monitoring of its concentrations. 
Table 7. Presents the average daily dose (ADD), hazard quotients (HQ) for the three exposure pathways (ingestion, 

inhalation, and dermal contact), hazard index (HI), and inhalation carcinogenic risk (CR) for adults and children in 

the study areas. 

Pb Cd Ni Cr Fe   

Child Adult Child Adult Child Adult Child Adult Child Adult  

2.69×10 
-4 

2.88×10 
-5 

2.77×10 
-4 

2.96×10 
-5 

2.13×10 
-3 

2.28×10 
-4 

2.25×10 
-3 

2.41×10 
-4 

5.10×10 
-1 

5.47×10
-

2
 

ADD 

ing 

9.89×10 
-9 

4.23×10 
-9 

1.02×10 
-8 

4.36×10 
-9 

7.84×10 
-8 

3.36×10 
-8 

8.30×10 
-8 

3.55×10 
-8 

1.88×10 
-5

 

8.05×10 
-6

 

ADD 

inha 

7.53×10 
-8 

1.14×10 
-8 

7.75×10 
-8 

1.18×10 
-8 

5.97×10 
-7 

9.11×10 
-8 

6.32×10 
-7 

9.65×10 
-8 

1.43×10 
-4 

2.18×10
-

5
 

ADD 

der 

7.68×10 
-2 

8.23×10 
-3 

2.76×10 
-1 

2.96×10 
-2 

1.06×10 
-1 

1.14×10 
-2 

7.75×10
-

1 
8.06×10 
-2 

7.29×10 
-1 

7.82×10 
-2 

HQ 

ing 

2.89×10 
-6 

1.23×10 
-6 

1.02×10 
-5 

4.36×10 
-6 

3.80×10 
-6 

1.63×10 
-6 

2.90×10 
-3 

1.24×10 
-3 

2.68×10 
-5 

1.15×10 
-5 

HQ 

inha 

1.43×10 
-4 

2.19×10 
-5 

7.74×10 
-3 

1.18×10 
-3 

1.10×10 
-4 

1.68×10 
-5 

1.05×10 
-2 

1.60×10 
-3 

1.94×10 
-4 

2.95×10 
-5 

HQ 

der 

7.69×10 
-2 

8.25×10 
-3 

2.84×10 
-1 

3.08×10 
-2 

1.06×10 
-1 

1.11×10 
-2 

7.66×10 
-1 

8.35×10 
-2 

7.30×10 
-1 

7.82×10 
-2 

HI 

/ / 6.41×10 
-8 

2.74×10 
-8 

6.58×10 
-8 

2.82×10 
-8 

3.49×10 
-6 

1.49×10 
-6 

/ / CR 

inh 

 

4. Discussion  

The dominance of sandy mud texture in the sediments reflects the geomorphological 

characteristics of the study area, which lies within Iraq’s alluvial sedimentary plain. This texture, 

composed mainly of silt and clay, influences both the transport and deposition of particles, as 

well as the geochemical behavior of contaminants. The observed variation in grain-size 

distribution among sites indicates differing hydrodynamic conditions and sediment sources, 

consistent with findings by 
24

 and
 25

, who reported that floodplain deposits of the Tigris River are 

dominated by fine particles. Fine-grained sediments provide a larger surface area for sorption 

and thus serve as effective sinks for pollutants, particularly heavy metals and organic matter. 

The relatively high levels of organic matter, especially at Diyala Bridge and Al-Swaira, likely 

result from the discharge of domestic and agricultural wastewater that enriches the sediments 

with decomposed organic material
26,27

. Under slightly alkaline and reducing conditions, organic 

compounds resist decomposition and become incorporated into the fine-grained fraction, where 

oxygen diffusion is restricted
28

. The preservation of organic matter within aquatic sediments is 

strongly influenced by both physicochemical and biological interactions. Under slightly alkaline 

and reducing conditions, organic compounds tend to resist degradation and become incorporated 

into the fine-grained fraction of sediments, especially clays and silts, where microbial activity is 

limited and oxygen diffusion is restricted
9, 29

. This stabilization process facilitates the binding of 

heavy metals through complexion and adsorption mechanisms, as organic matter contains 

functional groups such as carboxyl, phenolic, and hydroxyl that readily form chelates with metal 

ions such as Cd, Pb, Ni, and Cr
30

. Consequently, sediments enriched in organic matter often 

exhibit elevated concentrations of heavy metals, not necessarily due to increased pollution input 

but as a result of the strong sportive capacity of organic–mineral complexes
31

. These interactions 

indicate that organic matter plays a dual environmental role: it acts as a preservative matrix for 

organic residues while simultaneously functioning as a natural scavenger that immobilizes toxic 

metals and reduces their bioavailability
32

. This process ultimately affects sediment geochemistry, 

influencing both pollutant persistence and ecological risk levels in aquatic systems. 
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Microbial contamination patterns were consistent with the physicochemical conditions of the 

sediments. The significantly elevated total coliform counts at Al-Shuhada Bridge and Al-

Kuraiaat correspond to their proximity to untreated sewage outfalls, indicating the influence of 

domestic wastewater on microbial load. Fine-textured and organic-rich sediments promote 

microbial colonization by providing moisture, nutrients, and microhabitats that protect bacteria 

from environmental stress
33

. This phenomenon explains why sites with higher organic matter 

also exhibited greater bacterial abundance compared to Al-Doura, where both organic matter and 

coliform levels were lowest. 

The concentrations of heavy metals varied significantly among sites, with Cr, Cd, and Ni 

exceeding permissible limits in several areas. Elevated Fe levels largely reflect the geochemical 

composition of Iraqi soils and the erosion of iron structures
29

. Lead contamination likely 

originates from domestic plumbing and storage materials
34

. Nickel and chromium enrichment is 

linked to vehicular emissions, industrial waste, and agricultural runoff
35

. The positive 

correlations between organic matter and Cd (r = 0.890, p = 0.043) and between EC and Cr (r = 

0.968, p = 0.007) suggest that both physicochemical parameters and organic content strongly 

influence metal accumulation within sediments. Clay-rich and organic sediments act as effective 

adsorbents for heavy metals
31,33

, limiting their mobility and controlling their distribution. 

The health risk assessment revealed that all HQ and HI values were below 1 for both adults and 

children, indicating no significant non-carcinogenic risks. However, the elevated carcinogenic 

risk (CR) values for chromium indicate potential long-term concern, consistent with previous 

reports highlighting its carcinogenicity and environmental persistence
36,37

. Continuous 

monitoring of Cr levels and improved control of industrial effluents are therefore necessary to 

reduce potential human exposure through sediment contact and resuspension. 

Therefore, the interdependence of sediment texture, organic matter, and microbial load plays a 

central role in controlling the geochemical behaviour of heavy metals in the Tigris River 

sediments. These factors collectively determine pollutant retention, microbial activity, and 

potential health implications. Effective wastewater management and regular monitoring are 

essential to mitigate future contamination and ensure sediment quality sustainability in the river 

system. 

 

5. Conclusion  

The Tigris River's riverbed sediments, particularly near domestic sewage discharge points, are 

prone to high levels of chemical and biological pollution. Significantly elevated cadmium and 

nickel levels confirm anthropogenic inputs and accumulation in the sediment matrix. The soil 

texture and organic matter content also contribute to the accumulation of heavy metals, 

especially under alkaline conditions and normal electrical conductivity. Sediments trap these 

pollutants, leading to their accumulation over time. Sediments rich in clay and organic matter 

foster total coliform proliferation, underscoring their role as microbial reservoirs under alkaline 

conditions. Non-carcinogenic HQ and HI values were below unity, but calculated carcinogenic 

risk for chromium exceeded acceptable thresholds, warranting ongoing sediment monitoring and 

pollution control. 
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