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ABSTRACT 

	
[bookmark: _Hlk199425772]Aims: Estimation and Measurement of some physical and chemical properties and heavy elements of the water and fishes of Tigris and Lower Zab rivers in Iraq
Study design:  A Cross-Sectional Analytical Study (field sampling with repeated measures)
Place and Duration of Study: The study was carried out during the period between September 2024 and February 2025 in four stations 
Methodology: The samples were collected from the area of confluence of the lower Zab River with the Tigris River and the areas near it using polyethylene pots with a size of 2.25L to measure some physical and chemical properties.
Results: , the averages of the values of turbidity, pH, nitrates, phosphates, total Alkalinity and potassium ranged between (57.183-72.585), (7.7983 - 7.9683), (1.35083- 1.8193), (1.2563-1.8263), (85.64016- 94.8045), (1.353 -1.4801) respectively As for heavy elements, copper, zinc, lead and iron were measured in water, and the results of the average values of copper, lead and iron in water were between, (0.115783 - 0.1587906) , (0.08913 - 0.1476) , (0.0511-0.1230) , (0.0906 -0.1463) respectively In the fish, four types of fish were collected, namely golden sea bass, Common carp, Grey Mullet and Iraqi Shilag fish, and their average sizes ranged between (13.2325- 65.7475  ) cm and their average weight between (115.4000-1357.1250) g and heavy elements in fish, the average values of copper, zinc, lead and iron ranged between (0.0161 - 0.0283).  (0.1063 -0.1735), (0.0044 - 0.070), (0.1171 - 0.1715) respectively.
Conclusion: The proportions of physical and chemical properties and heavy elements were differed according to the difference in temperature and the rainfall rates, as well as the impact of the lower Zab River on the Tigris River in that region, which flows into it, so the heavy elements reach fish through the food chain, as heavy elements move from water to phytoplankton. So, the fish and water have a comparable heavy elements ratio.
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1. INTRODUCTION 

The fish wealth is considered one of the most important wealth that has the ability to regenerate, especially if the appropriate environmental conditions are available for it, and it is also one of the most important sources of food for humans, because it is an important source that contains protein and fats (Nur et al.,2020). and due to the fact that water is a natural habitat for fish, it focuses heavily on its quality on the growth and presence of fish and assessing its impact on the environment (Al-Shawani, 2001). The term "water quality" is associated with the elements in water that play a crucial role in achieving the optimal growth of aquatic organisms (salih et al.,2023).  The level of water quality is affected by physical and chemical factors and the presence of heavy elements in the water, which also affects the presence, growth and reproduction of fish (Ahmed et al., 2024). waterborne diseases are widespread, with (2.5) billion people not having access to improved sanitation and more than (1.5) million children died each year as a result of diarrhea (Ahmed et al ., 2024). and explained (Abdul-Jabbar and Abdulqader, 2002). the effect of the lower Zab River on the environment of the Tigris River in some physical and chemical traits that are considered to be Great importance in prosperity and biodiversity, and among what has been measured pH is one of the most important chemical properties, as it is considered an indicator of the base of the medium or acid (Al-Taay and Abdulqader, 2024).
And the total Alkalinity, which varies according to the sites due to the decomposition of organic substances consumed by living organisms, as it turns into carbon dioxide gas, then into unstable carbonic acid, then into bicarbonate and carbonate, as in the following equation

  H2CO3↔ CO2 + H2O 
Ca(HCO3)2↔ HCO3+CaCO3

H2CO3 dissolves CaCO3 from the base sediment of the source and converts it into low-water soluble bicarbonate compounds (Al-Taay and Abdulqader, 2024). Heavy elements such as zinc, lead, cadmium, mercury, zinc and other heavy elements are considered high risk to water sources, especially if they are close to them and the proportion of these elements has increased over time due to the tremendous industrial development and the increase in the use of various industrial materials and their spread near water sources (Nasr et al., 2012). one of the advantages of heavy elements is that they are slow to decompose, unlike the rest of the other organic materials with the ability to decompose and move through the food chain, such as iron, which is one of the nutrients useful for plants and organisms and has several compounds, including hydroxides and iron oxides (Abdul-Jabbar and Abdulqader, 2004). and that the main reason for the high proportions of heavy elements is the introduction of untreated outfall pollutants to the river and that its rise in December may be due to the evaporation of water as well as the low level of the river, Thus, the rate of concentrations of heavy elements in the waters of the Tigris River increased (Abbawi and Hassan, 1990). Since increasing levels of pollution in the aquatic environment, including heavy element pollutants, usually lead to multiple changes in aquatic organisms as a result of environmental degradation, this is especially evident when the pollutant remains ,Fish contribute mainly to achieving food and economic self-sufficiency in the world, which can be achieved in three basic aspects, the first aspect is the care and attention to the food provided to fish (Briffa et al.,2020). One of the advantages of heavy elements is that they are slow to decompose, unlike other organic matter that have the ability to decompose and transport through the food chain. (Tiimub and Afua, 2013). The presence of heavy elements in the water is one of the dangerous indicators of water pollution and its unsuitability for human use, as shown in the Hendron-River in India, where the proportion of heavy elements in the water as a result of the discharge of large quantities of pesticides and chemicals in large quantities (Hood et al., 2015). The effect of heavy elements is direct on all living things in the water (Najm and Al-Shwany, 2022) especially on fish, due to the ability of fish to preserve heavy elements and store them in an important part of their body, which is the muscles, which are an important food source (Garnero et al.,2020).
 This study was aimed to Estimation and Measurement of some physical and chemical properties and heavy elements of the water and fishes of Tigris and Lower Zab rivers in Iraq

2. material and methods 

[bookmark: _Hlk199425877]2.1 Description of the study area
Samples were collected from the study stations within the boundaries of Kirkuk Governorate, Hawija district, the lower Zab district, within four different stations and include three repeaters for each station, and these stations are 
1 - The first station is the lower Zab River (the village of Shamit)
2 - The second station is the lower Zab River (the village of Alshg)
3 - The third station mixed (the mouth of the Zab River below the Tigris)
4 - The fourth station is the Tigris River (the area of the water project of the lower Zab district)
of work Polyethylene pots with a size of 2.25ml were used to measure heavy elements, and the sample collection period was between September 2024 and February 2025 per month, and as for fish, meat was digested in a wet digestion method after the process of cleaning the fish and cutting the studied parts using a plastic knife, which was washed using washing liquid and water and kept in hydrochloric acid for a whole day in order to get rid of the effects of washing liquid on the knife And then half a gram was placed (1/2 gm) of each meat sample in a 250 ml container and then add 10 ml of organic acid (perchloric acid and sulfuric acid concentrated) according to (Tiimub and Afua, 2013) i.e. 5 ml of each and leave for 24 hours at room temperature. After filtering the digested samples, they are heated on a sand bath by placing sand that is sieved and getting rid of large lumps and coarse gravel in a metal tray and the glass baker is stirred for 5 minutes until it turns into a liquid with a dark brown color and then it is diluted by adding distilled water until the volume is complete to 100 ml and the color turns into an almost transparent colo r Heavy elements are measured inthe laboratories of the University of Tikrit Faculty of Engineering, Department of Chemical Engineering _ Laboratory Instrumental analysis using SHIMADZA AA-6200 atomic absorption spectrometry. Under suitable operational conditions for each element .
2.2 Classification 
Golden Sea Bass (Gilt-head Bream) (Sparus aurata), Grey Mullet(Mugil cephalus),Common carp (Cyprinus carpio ),Iraqi Shilag fish(Cyprinus carpio carpio). (Cuvier and Valenciennes, 1836)

3. results and discussion

The results of the current study showed that the average values of distress ranged between (57.183-72.585) N.U.T, which is higher than the values created by  (Al-Taay and Abdulqader, 2024). as it ranged between (N. D- 0.779) N.U.T, The difference in turbidity in the water during the study period is due to the difference in rainfall rates during the study period, which leads to an increase in turbidity rates during the study period, especially in winter(Al-Tayyar and Al-Shwany, 2024) . The results of the Pearson correlation coefficient showed a negative significant correlation between turbidity and pH (r = -0.544) and a positive correlation with water temperature reached (r = 0.568) at a significant level of (P≤ 0.01) Dunkin' test showed no spatial significant differences at a significant level (P≤0.05). Table .1

Table .1 Average of Turbidity, pH, Nitrates, Phosphate, Total Alkalinity, Potassium, Copper, Zinc, lead and iron in study stations

	Fourth
	Third
	Second
	First
	Sites

	57.183a
	68.513a
	72.585a
	66.608a
	Turbidity (N.U.T)

	7.825a
	7.916a
	7.9683a
	7.7983a
	pH 

	1.35083a
	1.7423a
	1.592a
	1.8193a
	Nitrates(mg/L)

	1.0795b
	0.8263b
	1.00484b
	1.2563a
	Phosphate(mg/L)

	88.0796a
	87.3836a
	94.8045a
	85.64016a
	TotalAlkalinity (mg/L)

	1.45816a
	1.4801a
	1.388a
	1.353a
	Potassium(mg/L)

	0.1585a
	0.1538a
	0.1587906a
	0.115783a
	Copper(mg/L)

	0.1476b
	0.08948a
	0.0923a
	0.08913a
	Zinc(mg/L)

	0.1230b
	0.0518a
	0.0511a
	0.0616a
	Lead(mg/L)

	0.1463b
	0.132b
	0.10683a
	0.0906a
	Iron(mg/L)


*Means with the same letter (a, b) are not significantly different; different letters indicate significant differences (Duncan’s test)

The average of pH values ranged between (7.7983 - 7.9683), which is higher than the results of (Al-Taay and Abdulqader, 2024).as they ranged between (6.2-7.7) Acidity or pH is one of the most important chemical properties, serving as an indicator of the medium's alkalinity or acidity, and playing a significant role in reactions and the growth of various organisms (Al-Shanona et al., 2020). and the results of the coefficient showed Pearson correlation showed a positive significant correlation between pH and nitrate reached (r = 0.531) at a significant level (P≤ 0.01) and the results of Dunkin' test showed that there were no spatial significant differences at the level of (P≤0.05) Table .1

[bookmark: _Hlk199427242]The result in the Table .1 showed that the average nitrate values ranged between (1.35083 -1.8193) mg / liter , , which is less than the results of (Jamal, 2022). as it ranged between (3.07-10.12) mg / liter, The decrease in nitrate values is due to bacterial activity or through self-purification of the river or through nitrate reduction or loss as nitrogen (Ali, 2013) .The results of the Pearson correlation coefficient showed a positive correlation between nitrate and magnesium hardness of (r = 0.483) at a significant level (P≤0.05) The results of the Dunkin' test showed that there were no significant differences at the level of significance (P≤0.05). which is less than the results of (Jamal, 2022) as it ranged between (0.09-2.43) mg / liter, The increase in relative phosphate values in river water is due to the use of phosphate fertilizers and excessive irrigation practices near the study area (Al-Alawi, 2017). The results of the Pearson correlation coefficient showed that there is no correlation between phosphate and any other physical and chemical properties of water during the study period and in the study sites and the results of the Dunkin' test showed that there are spatial significant differences at the level of (P≤0.05).
 
[bookmark: _Hlk199427525]The results of the statistical analysis showed also in the Table .1 that the averages of the total Alkalinity values ranged between (85.64016- 94.8045) mg / liter, , which is less than the results of (Al-Taay and Abdulqader, 2024) as they ranged between (100-140) mg / liter, The difference in total alkalinity values is due to the rock formations, geological nature, and biological activity of the study sites(AL-Radayda, 2002). and the results of the Pearson correlation coefficient showed that there is no correlation between the total Alkalinity and any other physical and chemical properties of water during the study period and in the study sites and the results of the Dunkin' test showed no spatial significant differences at the level of (P≤0.05) and the average values of potassium ranged between (1.353 -1.4801) mg / liter, , which is less than the results of (Jamal, 2022) as it ranged between (1.86-4.96) mg / liter. The presence of potassium is due to excessive use of chemical fertilizers, while the decrease is due to low concentration in water discharged into the river (Agarwal, 2009)The results of the Pearson correlation coefficient showed that there is a negative correlation between potassium and total hardness amounted to (r = - 0.481) at a significant level (P≤0.05) and the results of the Dunkin' test showed that there are no spatial significant differences at a significant level (P≤0.05).

[bookmark: _Hlk199427722]Also, the copper levels in Table .1 ranged between (0.115783 - 0.1587906) mg / liter, which is less than the results of (Al-Juhaishi, 2021) as it ranged between (0.2129-0.4012) mg / liter, Copper exists in low concentrations in nature (less than 0.05 mg/L) and reaches the environment through mining, electrical, and textile industries via wastewater (Gautam et al ., 2014). The results of the Pearson correlation coefficient showed that there is a positive correlation between copper and turbidity amounted to (r=0.521) and a negative correlation between copper and pH and has reached (r = - 0.540) at the level of significance (P≤ 0.01) and the results of the Dunkin' test showed that there are no spatial significant differences at the level of significance (P≤0.05). Whereas the average values of zinc in the study sites ranged between(0.08913 - 0.1476) mg / liter, which is less than the results of (Al-Juhaishi, 2021) as it ranged Between (0.2129-0.4012) mg / liter, The increase in zinc levels is due to the discharge of untreated pollutants into the river(Abbawi and Hassan, 1990). the results of Pearson's correlation coefficient showed that there is a negative correlation between zinc and electrical conductivity amounting to (r =- 0.510) At the level of significance (P≤ 0.05) and the results of the Dunkin' test showed that there are spatial significant differences at the level of (P≤0.05) and reached (0.000).

The results of the Table .1 also showed the average lead values that ranged between (0.0511-0.1230) mg / liter, which is higher than the results of (Al-Bajari, 2023) which ranged between (0.01-0.035) mg / liter. The increase in lead concentration is due to the discharge of large amounts of liquid waste from factories and industries into the river(Al-Fatlawi, 2007). The results of the statistical analysis of the Pearson correlation coefficient showed that there is a positive correlation between lead and zinc amounting to (r = 0.528) at the level of significance( P ≤ 0.01 ) and the results of the Duncan test showed that there are spatial significant differences at the level of (P≤0.05) and it reached (0.044). in the same time the average levels of iron in the study ranged between (0.0906- 0.1463) mg / liter, which is lower than the results of(Abdul-Jabbar and Abdulqader, 2004). as the iron values ranged in the waters of the Tigris River between (N. D.-4.8255) mg / liter , The increase in iron during winter is due to the erosion of lands adjacent to the river due to rainfall and the geological nature of the area(Hammoud et al.,2005).The results of the Pearson correlation coefficient showed that there is a positive correlation between iron and turbidity (r =0.434) at a significant level (P≤ 0.05) The results of the Dunkin' test showed that there were no significant differences in time and there were spatial significant differences at a significant level (P≤0.05) and amounted to(0.024).

On the other hands, during the period of collecting fish samples the results of Table .2 showed different sizes, the largest averages of fish were running fish 65.7475 cm and the least size is the golden sea bass 13.2325 cm The results of the statistical analysis of the Pearson correlation coefficient showed that there is a positive correlation between the size of fish and the type of fish amounted to (0.449 =r) at the level of significance (P≤ 0.01) and the results of the Duncan test showed significant differences in the volume of (P≤0.05) and amounted to(0.00). and appeared that the most average fish weight Grey Mullet fish and has reached 1357.1250 g and the least weight is the golden sea bass and has reached 115.4000 g The results of the statistical analysis of the Pearson correlation coefficient showed that there is a positive correlation between the weight of fish and their size and has reached (r = 0.896) At the level of significance (P≤ 0.01) while the results of the Dunkin' test showed that there are significant differences in weight at the level of significance (P≤ 0.05) and reached (0.000).











[bookmark: _Hlk199428865]


Table 2. Average of Size, weight, copper, zinc, lead and iron in fish in study stations

	Iraqi Shilag fish
	Common carp
	Grey Mullet
	Golden sea   bass
	Type of fish

	31.1075b
	34.8325b
	65.7475c
	13.2325a
	Average of Size(cm)

	201.6750a
	353.3750b
	1357.1250c
	115.4000a
	Average of weigh(g)

	0.0161a
	0.0187b
	0.0283d
	0.0246c
	Average of copper(mg/g)

	0.1164a
	0.1218a
	0.1063a
	0.1735b
	Average of zinc (mg/g)

	0.070b
	0.0069b
	0.0053a
	0.0044a
	Average of lead(mg/g)

	0.1171b
	0.1630a
	0.1715a
	0.1671a
	Average of iron(mg/g)




















*Means with the same letter (a, b, c, d) are not significantly different; different letters indicate significant differences (Duncan’s test)

[bookmark: _Hlk199429421]Grey Mullet fish was shown in Table .2 the highest average of copper levels 0.0283 mg / kg and the lowest in the Iraqi Shilag fish and reached 0.0161 mg / Kilogram, which is less than the results reached by (Khafif, 2022) when studying on heavy elements in fish in the province of Basra, as it amounted to between(3.464-5.774) mg / kg  Copper is considered one of the heavy elements deposited in water, and can accumulate in fish tissues(Tuzen and Soylak, 2007).and the results of the statistical analysis of Pearson's correlation coefficient showed a positive correlation between copper and iron and has reached (r=0.258 ) at a significant level (P≤ 0.01) .The results of the Duncan test showed that there are significant qualitative differences (as a result of the difference in the type of fish) at a significant level of (P≤ 0.05) amounting to (0.000). whereas in the golden sea bass and has the highest average values of zinc which reached about 0.1735 mg / kg and the lowest levels in the Grey Mullet fish and has reached 0.1063 mg / kg and is thus different from the results (Khafif, 2022) as it ranged between (0.120-0.127) mg / kg Zinc is considered one of the important elements for normal growth and development in fish(Authman et al.,2015). and the results of the statistical analysis of the Pearson correlation coefficient showed a negative correlation between zinc and weight and has reached (r = -0.282) at the level of significant (P≤ 0.01) and showed the results of the test Duncan There are significant qualitative differences (as a result of the difference in the type of fish) at the level of significance (P≤ 0.05) and it reached (0.000). 

[bookmark: _Hlk199429531]Iraqi Shilag fish showed the highest average values of lead which reached to 0.070 mg / kg and the lowest in Golden sea   bass fish and has reached mg / kg 0.0044 in Table .2, which is higher than the results (Khafif, 2022) as the values were imperceptible (N.D) Lead accumulates in fish tissues through the food chain and is transferred to them through polluted water(Bhateria and Jain, 2016). The results of the statistical analysis of Pearson's correlation coefficient showed that there is no correlation between lead and other elements and the physical and chemical properties of water at a significant level (P≤ 0.01) and the results of the Duncan test showed that there are Qualitative significant differences (due to the difference in the type of fish) at a significant level (P≤ 0.05) and amounted to(0.084). In the Grey Mullet fish Table .2 showed that the highest average values of iron which reached about 0.1715 mg / kg and the lowest in the Iraqi Shilag fish and has reached to 0.1171 mg / kg, which is less than the results (Khafif, 2022) as it ranged between (2.881-5.968) mg / kg Iron is considered one of the essential elements in fish tissues, playing a crucial role in metabolic processes(Al-Shanona et al.,2020).and the results of the statistical analysis of the Pearson correlation coefficient showed a negative correlation between iron and the type of fish and has reached( r = -0.316) at the level of significance (P≤ 0.01) and The results of the Duncan test showed that there are qualitative significant differences (as a result of the difference in the type of fish) at the level of significance (P≤ 0.05) and reached (0.000).

4. Conclusion

The difference in the proportions of physical and chemical properties and heavy elements is caused by the difference in temperature and the change in rainfall rates, as the highest rainfall rates were in the month of February, as well as the impact of the lower Zab River on the Tigris River in that region, because the lower Zab River flows into the Tigris River in that region, and that heavy elements reach fish through the food chain, as heavy elements move from water to phytoplankton. Then the fish so the proportion of heavy elements in the fish and water is close.
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