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Abstract
This study aimed to demonstrate the effect of chemical properties on water in Baiji district, which includes
determining the quality of this  water. The study began in September 2024 and continued until February
2025. The study included some chemical properties such as (salinity, pH, dissolved oxygen, total alkalinity,
total hardness, calcium hardness, magnesium hardness, and biological oxygen demand, in addition to some ions
such  as  chloride  ion,  sulfate  ion,  nitrate,  nitrite,  and  phosphate).  The  results  were  compared  based  on
international and Iraqi standards. The results of this study showed that the highest value of salinity was 285
g/L, and the lowest value was (230) g/L. As for the pH, the lowest value was 6.4 and the highest value was
8, and its rates ranged between (7.23 -7.44), and its values ranged between weak acidity and weak basicity,
which is within the Iraqi water specifications. As for the dissolved oxygen, its rates ranged between (7.478 -
8.685) mg/L, while the biological oxygen requirement had its highest value of 168 mg/L and its lowest value
was zero, while the total alkalinity ranged between (90 - 188) mg/L, and the total hardness ranged between
(275.7-302.3) mg/L, and the calcium rates ranged between (61.17 - 64) mg/L, and the magnesium had its
lowest value of 14 mg/L and its highest value of 77 mg/L, and the sulfate rates ranged between (70.7 - 72.5)
mg/L,  and  the  chloride  ranged  between  (17 -36)  mg/L,  while  the  nitrate  had  a  lower  value  of  2.598
micrograms/L and the highest value was 8.116 micrograms/L, and the nitrite had a lower value of 0.035
micrograms/L and  the  highest  value  was  0.759 micrograms/L,  while  the  effective  phosphates  had  rates
ranging from (1.537 - 2.010) micrograms/L.

Keywords:  Baiji Water Station, Chemical Properties of Drinking Water, Iraqi Standard SpecificationsNo.
417 for drinking water (2001)

INTRODUCTION:
Water is of great importance to living organisms, no less important than air. It is an important
source for drinking and other daily uses. Rivers are an important source of water used by humans,
but human activity and residential areas have contributed to the pollution of its water (Awad and
Shahata,(2017), Water  has  distinct  chemical  properties  that  make  it  important  in  its  uses  for
various purposes, and the organisms in it show a high sensitivity to the changes that occur in its
chemical properties. These factors affect...The nature of life for the organisms that live in it (Melo
&  Haszar,  2000),Aquatic  organisms  such  as  fish  show  high  sensitivity  to  changes  in  these
characteristics of the environment in which they live (Mahmoud et al.,2018)Anything that reduces
the quality  of water makes it  unsuitable and negatively affects  living organisms,  including fish.
(Cunningham et  al.,  2007),  there  are  millions of  people  around the world  who are  at  risk  of
consuming contaminated water, as the aquatic environment has not been spared from the negative
impact of humans on it due to their agricultural and industrial activities that have exacerbated the
problem (Al-Hamdany et al., 2022; Rukavishnikov et al., 2024; Hassan and Ali, 2022), as providing
drinking water suitable for human consumption is a vital measure for human health (Li et al.,
2023),  as  administrations  and  institutions  around  the  world  work  to  monitor  the  quality  of
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drinking water periodically to prevent the spread of epidemics, diseases and infections transmitted
among  consumers  (Al-Barzegar  et  al.,  2023;  Shanona  et  al.,  2020;  Yasmeen  and  Yasmeen,
2023).Water often contains elements and compounds that vary in concentration and are beneficial
to living organisms. However, increased concentrations of these elements cause water pollution,
which prevents its use in various aspects of life (Al-Kamar, 2018). Polluted water is one of the
causes of the spread of diseases and the high number of deaths, as approximately25 million people
die annually due to contaminated water, according to reports from the World Health Organization
(Al-Safawi et al., 2018). The Tigris River is the main source of drinking water in the city of Baiji,
and the potential for changes in chemical properties and the need to monitor water quality before
it enters the Baiji desalination plant. Therefore, this study was chosen to achieve a healthy and
clean environment in line with what other developed countries are striving for.

Materials and method of work:

 Sample collectionSamples collection  

Water samples were collected from five study sites, one sample per month, during the study period,
which extended from September 1, 2024, to February 1, 2025. The samples were collected to study
some chemical properties of the water.  They were collected in plastic bottles.(Polyethylene) size
(2.25) liters after washing well with water,  

To determine the amount of dissolved oxygen (DO) and biological oxygen demand (BOD) were
collected in opaque Winkler bottles of (250) ml capacity with (BOD) and transparent bottles for
measuring (DO) were collected in sterile plastic bottles of (50) ml capacity.

The plastic bottles were tightly closed and the necessary information was recorded on each bottle,
then they were transferred to a refrigerator at a temperature of4C° for chemical analysis.

 Chemical tests:

 pHpH

    The pH value was recorded using a type (pH meter Lovibond Germany) after calibrating it with
buffer solution pH (4,7,9) at the beginning of each measurement.

 Dissolved oxygen measurementDissolved Oxygen

According to the method mentioned in (2005(APHA) Dissolved oxygen was measured using a
device (Oxygen meter lovibond) made in Germany in the laboratory. The device was calibrated at
each reading by calibrating it  with the amount of oxygen in the atmosphere. The device reads
(20.9), which is the amount of oxygen in the atmosphere.

The reading is then converted to mg/L and the oxygen in the water is measured.

 biological oxygen requirementBiological Oxygen BOD  

    The biological oxygen requirement was calculated using the method used to measure dissolved
oxygen.  The opaque  Wakar bottles  were placed for  five  days  at  a  temperature of  (25)  degrees
Celsius  inside  a  water  bath.Water  Bath  then  determines  the  dissolved  oxygen (DOS)  and the
difference between the initial  dissolved oxygen (DO),  represented by the BOD value in mg/L
(APHA 2005).

-DO5 = DO0 BOD5

 Total base   Total Alkalinity

265



International Journal of Environmental Sciences 
ISSN: 2229-7359
Vol. 11 No. 4s, 2025
https://www.theaspd.com/ijes.php

The base was determined according to the method described by ((1984) Welch expressed the results
in mg/L. 50 ml of the sample was taken and 3 drops of methyl orange indicator were added to it,
resulting in a yellow color. It was sensitized with 0.02N sulfuric acid until the color changed, and
the average of two readings was taken. The basicity of calcium carbonate was calculated according
to the equation:

Total Alkalinity (mg¿ )=VH 2SO 4×NH 2SO 4×1000×M .W asCaCo3
Vsample

 Sulfate measurement Sulphate SO4

Sulfate ions were determined by the methodTurbidity Method: A volume of 100 ml was taken,
then 5 ml of the conditioned solution was added and mechanical shaking was carried out at a
constant  speed  using  a  magnetic  stirrer.  Then  barium  chloride  crystals  were  added  while
mechanical shaking continued for another minute. After that, the concentrations were read and
calculations were carried out by comparing them with the standard curve, and the results were
expressed in mg/L (Abawi and Hassan, 1990).

 Chloride 

   Chloride  was  measured  according  to  the  American  Society  for  Testing  and  Methods
(ASTM).(1984) ASTM water tests were carried out by taking 50 ml of sample water and adding a
few drops of potassium dichromate to it. Then, the water was titrated with a standard silver nitrate
solution at a concentration of 0.025 N until the colour changed from yellow to reddish brown, and
it was expressed in mg/L.

 Nitrate measurement Nitrate (NO3)

    Nitrates were measured using the indole method at a wavelength of394 nm and is expressed in
micrograms per liter.

 Phosphate Ort hophosphate 

The phosphate value was recorded based on the method published by (Abawi and Hassan:1990)
Phosphate content of the samples was determined using a spectrophotometer CE 1011CECIL at a
wavelength  of  690  nm.  The  results  were  expressed  in  terms  of  micrograms  of  phosphorus-
phosphate atoms/L. (10 g) ml of the sample was placed in a beaker and a solution of 2 ml of
sulfuric acid with (40) ml of deionized water was added to it. The reaction mixture was then cooled,
(2) ml of aluminum molybdate solution was added and the solution was diluted to 100. 5-7 ml
drops  of  stannous  chloride  solution  were  added  and  heated until  the  dissolution process  was
complete.  A  blue  color  was  formed,  the  intensity  of  which  depended  on  the  phosphorus
concentration in it.  The solution was left  for (10-15) minutes, after which the absorbance was
measured  at  a  wavelength  of  (690  nm).By  preparing  the  standard  solutions,  the  phosphate
concentration  was  found  from  the  equation  for  each  curve.  The  results  were  expressed  in
micrograms of phosphorus-phosphate atoms/liter. (Abawi and Hussein,1990).

1. Results & Discussion

 Hydrogen base (pH)

The results of the current study shown in Table (1) showed that the lowest value was in the first
station in October, which was (6.4) While the highest pH value in the water was (8) at the fourth
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and fifth stations in January, as shown, the pH values were close and within the basic level, and this
is a distinctive feature of Iraqi water. The reason for the stability of the pH in this narrow range of
low basicity is the presence of bicarbonate ions in the Tigris River water, and due to the lack of
addition of alum and chlorine, the pH values did not reach less than (77). The process of adding
chlorine leads to the formation of hypochlorous acid (HOCl) and hydrochloric acid (HCl), while
adding alum leads to the formation of carbon dioxide gas, which reacts with water to form weak
carbonic acid, which leads to a reduction in pH (Al-Lahibi, 2021).The results of this study were
consistent with the results of the study by Al-Naimi (2017) on the Tigris River, and they were (8.4-
7.7)  and (6.8-8.0)  respectively.  From this  it  is  clear  that  the  Tigris  River  water  is  suitable  for
filtration plants because it falls within the permissible range for drinking water (8.5-6.5)The results
of the statistical analysis using analysis of variance showed that there were significant differences
between the pH values  at the stations, and also significant differences between the months at a
significant level.)  0.05 ≤ P (and between Pearson’s correlation coefficient, as there is  a positive
correlation between the pH of salts, electrical conductivity and temperature at a significant level
r=0.513, 0.361, 0.376)), as the pH results in the current study were within the permissible limits of
the Iraqi standard specifications 417 for drinking water (2001) and the World Health Organization
(WHO, 2004), which ranged between (8.5-6.5).

Table (1) Monthly and site-specific changes in pH at the stations during the study.

Stations

The
months

First station
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September6.917.357.697.117.617.34 bc

October6.47.216.986.987.257.00 c

November6.876.986.877.036.627.10 c

December7.47.57.67.267.737.50 b

January7.97.97.4887.84 a

February7.97.77.37.17.17.42 b

Average
station type

7.23

a

7.44

a

7.31

a

7:30

A

7.39

a

 Dissolved oxygen (Dissolved Oxygen (DO)

    The table shows (2) Dissolved oxygen values where the lowest value was (5.32) mg/L at the fifth
station during the month of October, while the highest value was at the third station in the month
of November.(12.97) mg/L, as the results of this study were close to the results of the study (Al-
Douri, 2019), as the dissolved oxygen values reached (9.1-4.9) mg/L, and close to the results of (Al-
Bayati, 2023) and (Al-Sabaawi, 2023), (11.2-4.4) and (6.1-10.6) mg/L, respectively, while the results
of the study (Saleh, 2020) for the dissolved oxygen values were between (1.7-4.4) mg/L, and were
less than the results  reached by the researchers Al-Nasiri  (2019) and Al-Dulaimi (2021), as the
studies recorded the dissolved oxygen values (7.4-14.5-5.8, 12.5) mg/L, and among the sources of
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dissolved oxygen in water is the atmosphere, which is in contact with the water surface, which is
considered the main source of oxygen, and the speed of its penetration into the water depends on
the difference in atmospheric pressure and speed Flow, water body area and also phytoplankton
activity  (Ayanshola  et  al,  2019)  are  generallyThe  efficiency  of  the  water  produced  from  the
liquefaction  plant  is  considered  good  and  matches  the  dissolved  oxygen  values  proposed  for
drinking water within the limits of Iraqi specifications.  417 for drinking water (2001) and the
global limit of >5 mg/L (WHO, 2004).

Table (2) Monthly and site-specific changes in dissolved oxygen (mg/L) at the studied stations

   Stations

The
months

First station
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September6.166.336.546.766.626.482 CDs

October5.855.885.765.85.325.722 d

November10.719.2612.978.249.4710.130 a

December6.949.4210.419.18.368.846 b

January98.47.898.78.580 b

February6.2057.868.638,3657.67.732 bc

Average
station type

7,478

b

7,858

b

8.685

a

7,878

b

7.678

b

 Biological Oxygen Demand (BOD)

The results  are  shown in  the  table  (3)  The  lowest  value  was  (0)  mg/L in  the  first  station  in
September,  and  in  the  first  station  in  October,  and  the  second,  fourth  and  fifth  stations  in
December,  and the fifth  station in  February,  while  the  highest  value  of  the  biological  oxygen
requirement in the studied water was (19) mg/L in the third station in September, as the results of
this study were close to what was stated by (Al-Hadith, 2023) as the values ranged between (10-16)
mg/L and higher than the results of (Al-Nasiri, 2019) as they recorded values ranging between (3.3-
0) mg/L. The reason for the increase in the values of theBOD is due to the arrival of some human
pollutants to the water and the occurrence of an oxidation process for organic materials (Negi et al.,
2020), as the increase in the values of biological oxygen demand affects and negatively reflects on
the amount of dissolved oxygen (Awad et al.,  2020). The reasons for its decline in general are
continuous mixing, good ventilation, low temperature, and self-purification of the water surface (Al-
Sarraj  (2019),  as  the activity  and effectiveness  of  microorganisms  results  in  an increase  in the
decomposition process  of  organic  materials  and thus  the depletion of  dissolved oxygen in  the
water).Ibo et al, 2020), and it was shown through statistical analysis using analysis of variance that
there were no significant differences in concentrations between the five studied stations,  while
significant differences were recorded between the study months at a significant level (P ≤ 0.05).
Pearson’s correlation coefficient also indicated the presence of a positive correlation between the
biological oxygen demand, salts and turbidity at a significant level (r = 0.580, 0.155). Most of the
rates of biological oxygen demand were consistent with the values of the biological oxygen demand
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for drinking water within the standard specifications of the World Health Organization (WHO,
2004), which amounted to < 3 mg/L.

table3)  Monthly  and  local  changes  in  the  biological  oxygen  demand  (mg/L)  at  the  studied
stations.

Stations

The  most
famous

First station
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September02019161517.5 a

October091423311.6 b

November1310717610.6 b

December204001.20 d

January1.90.90.90.70.81.04 d

February4113705.0 c

Average
station type

3,483

d

6,817

c

9.65

b

11.16

a

9.133

b

 Total Alkalinity (TH)

  Table (4) shows different values  of total alkalinity, where the lowest value of alkalinity was (90)
mg/L in the first and third stations in October, and the highest value of alkalinity in the water was
(188) mg/L in the first station in January, as alkalinity represents the amount of negative ions
present in the water that work to resist hydrogen ions, so it expresses the ability of the water to
neutralize acids or what is called ANC. Al-Fatlawi (2007) indicated that the reason for the decrease
in  the  alkalinity  values  in  the  water  during  the  dry  season  may  be  due  to  the  depletion  of
bicarbonates due to an increase in the rate of photosynthesis resulting from an increase in the
number of algae. The lowest value recorded in the current study (106) mg/L, which is less than the
value recorded by (Al-Hamdani,  2013) which is  (140)  mg/L and higher  than the lowest  value
recorded by (Al-Duri, 2024) which recorded (40) mg/L, and Al-Dulaimi also (2021) which recorded
(62) mg/L, and the reason may be due to the effect of alkalinity on the filtration process due to the
addition of alum and chlorine which works to decompose bicarbonates and release carbon dioxide
gas (Gebbie, 2000), as the results of the study showed that the Tigris River water was alkaline, and
this is what previous studies indicated that alkalinity is a common characteristic of Iraqi water and
is consistent with other studies (Al-Fatlawi, 2007 and Al-Moussawi and his group, 2012 and Al-
Azzawi, 2010), as the results of the statistical analysis of alkalinity using the analysis of variance test
showed the presence of significant temporal differences within the study months at a significant
level  (P≤0.05)  with the presence of  significant spatial  differences within the study stations and
between the Pearson correlation coefficient indicating the presence of a positive correlation with
turbidity at a significant level r=0.651), as the results were identical to the current study in most of
its  rates  for  the  total  alkalinity  values  proposed  for  drinking  water  within  the  standard  and
international specifications (WHO, 2004; US-EPA, 2002) amounting to 250 mg/L.

Table (4) Monthly and site-specific changes in total alkalinity (mg/L) at the studied stations.
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Stations

The
months

First stop
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September158152150130130144 b

October9011090150140116 c

November140160140140150146 b

December150140140140160146 b

January188166166140146161 a

February142150160148140148 b

Average
station type

144.7

A

146.3

a

141.0

a

141.3

a

144.3

a

 sulfates Sulphates (SO4-2)

    The results of the current study showed variations in sulfate concentrations as shown in Table
No. (5), where the lowest valueFor sulfates(59)mg/L in September for the first and fourth stations
and in October for the second and third stations, and the highest value was recordedFor sulfates
(90) mg/liter in February in the first and second stations, and the reason for the high sulfate ion
values may be the presence of sulfur springs near the Tigris River in Baiji. In general, the current
recorded  results  match  the  specifications  of  Iraqi  drinking  water,  which  is  less  than  (250)
mg/liter.The results of (Al-Hibeeb,2021) between 27)-59) mg/L, and (Furtum, 2018) mentioned in
his  study that  the sulfate values  ranged between (130-37.7)mg/LThe results  of what Al-Zuhairi
(2024) reached were less than the results of the current study, as he stated that the values of sulfates
in  the  Tigris  River  ranged  between  (39-60)  mg/liter.And  less  than  what  he  reached  (Al-
Majmai2024) which ranged between (32.6-189) mg/L, as this variation in sulfate concentrations in
the stations may be due to the decomposition of organic materials in the soil in those areas, as this
ion has the ability to reach the water source when using agricultural fertilizers, as well as the water
discharged from domestic sewage, which usually contains this ion (Varol et al. 2011,) that sulfates
do not cause harm or problems at concentrations below 250 mg/L, and therefore the current study
stations do not need sulfate removal units at the present time, as the sulfate concentrations in the
current study were below the permissible limit set by the US Environmental Protection Agency
(US-EPA, 2002), the Iraqi Standard Specifications No. (417) for drinking water (2001), and the
World Health Organization (WHO, 2004), which set a level of 250 mg/L as an upper limit.

Table (5) Monthly and locational changes in sulfate values (mg/L) at stations during the study.

Stations

The
months

First station
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September596060596360.2 d
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October615959626060.2 d

November807976777878.0 b

December737773727173.2 c

January727071737371.8 c

February909087877986.6 a

Average
station type

72.5

a

72.5

a

71.0

a

71.7

a

70.7

a

 Chloride (Cl−)

       The results showed that the lowest value was (17) mg/L at the fifth station in January, and the
highest value of chloride ion in the water was (36) mg/L at the second station in September, as
shown in Table (6), andThese results were close in terms of the minimum values with the results of
each study.From (Al-Majmai, 2024) and (Al-Bayati,2023)And (2020 AL-Sarraj,) where the values  
ranged)17)(18)(11)mg/L  respectivelyand  inconsistent  with  the  results  reached  by  (Sultan,2019)
where it was limited to (30.0-60.0) mg/L, and (Al-Laheebi, 2021) who recorded in his study (55-28)
mg/L during the study period.,  The results of the current study showed an increase in chloride
values in September as a result of the rise in temperature, which increases the evaporation process
of water and thus increases the concentrations of ions, and a decrease in values in the winter. The
reason for this is attributed to the rise in water levels due to rain, which leads to the dilution of
river water (Al-Rubaie, 2007). The results of the current study showed that they were less than the
results recorded by (Al-Kubaisi et al.,2001) and (Al-Lami et al., 2005) as they recorded (183-73.4,
180-80) mg/L respectively, and accordingly the results of the current study appeared within the
permitted  and  suggested  chloride  concentrations  for  drinking  water  within  the  Iraqi  and
international standard specifications (WHO, 2004 US-EPA, 2002) proposed for drinking water
which amount to 250 mg/L.

Table (6) Monthly and locational changes in chloride ion (mg/L) at stations during the study

Stations

The months
First station

Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September343623292529.4 ab

October292226282726.4 b

November272627272827.0 b

December202120202220.6 c

January282626191723.2 c
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February303434342832.0 a

Average  station
type

28.0

a

27.5

a

26.0

a

26.2

a

24.5

a

 Nitrates (NO3)

The results of the current study shown in Table (7) showed that the lowest value was (2.598)mg/L
at the fourth station of January, while the highest value of nitrates (8.116)mg/L in the first station
for the month of October, and the results of the current study did not agree with the results of the
study (Al-Dulaimi, 2021), as his study recorded values ranging between (1.26-0.35) Milligram/liter,
and the values of the current study were higher than what was reached by (Al-Hadith, 2023), whose
study  recorded values  ranging from (1.8-0.9)  mg/liter,  and the  study  (Al-Duri,  2019)  recorded
values  ranging  from  (24.75-1.06) mg/L,  as  the  results  of  the  current  study  showed  higher
concentrations than what was reached by (Al-Majmai, 2022), as these values ranged between (2.30-
6.04) mg/L, and also the results of the study (Al-Hadidi, 2018), in which the values of the nitrate
ion ranged between (0.09-6.27) mg/L, and less than what was obtained by (Al-Janabi, 2020), in
which the values of the nitrate ion were recorded between (1.3-36.7) mg/L. These results came in
accordance with the standard specifications No. (547) for drinking water, which amount to 50
mg/L as a maximum.

Table (7) Monthly and site changes in nitrates (mg/L) for stations during the study

Stations

The
months

First station
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September7.925.8217,0456,0196.6226.685 a

October8.1166.357,0967,0666,4617.018 a

November7,4845.366,3165,4695,9586.117 b

December6,4365,9495,7474,2115.1245.493 c

January2.9212.7832.7832.5982,5992.737 e

February4.8624.0755.2964.7264.2324.638 d

Average
sample type

6,290

a

5,056

b

5,714

a

5,015

b

5.166

B

 Effective phosphates ((PO4 Reactive phosphate

The values of the current study shown in Table (8) showed that the lowest value was (0.8) mg/L at
the  fourth  station  in  January,  while  the  highest  concentration  of  phosphate  in  the
water(2.598)Milligrams per liter in the third station during the month of September, as the values 
of this study were close to the values  of the results of the study (Al-Dulaimi,2021) whose study
recorded values ranging between (3.6 -0.02) Milligram/liter, as it came close to the results of what
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Al-Hadith (2023) reached, as his study recorded values ranging between (2.92-1.39) mg/L, while the
highest value recorded in the current study was less than what was mentioned by (Al-Zuhairi, 2024),
as his studies recorded(0.19-0.011) mg/L. The results  of the statistical analysis showed that the
phosphate values did not conform to the standard specifications No. 417 for drinking water (2001),
which amounted to 0.4 mg/L.

Table (8) Monthly and site changes in phosphate (mg/L) in the studied stations

Stations

The
months

First station
Second
station

The  third
station

The  fourth
station

Fifth
Station

Average
months

September1.7840.9332.5982,2382.4371.998 a

October2.3741.91.6562.131.5161.915 a

November2.261.8151,9131.8211.5991.881 a

December1.8991.4151.7982,0211,4071.708 ab

January21.71.70.81.11.460 b

February1.6021.542.3951.8611.1621.712 ab

Average
sample type

1.986

a

1,550

b

2,010

a

1.812

a

1.537

B

CONCLUSIONS
     All chemical tests were within the permissible limits set by Iraqi drinking water specifications,
with the exception of phosphate levels, which were higher than the permissible limits. Awareness
campaigns  should  be  conducted  to  highlight  the  reasons  for  the  increased  phosphate
concentrations. Farmers in areas close to the river should also be instructed to limit the use of
chemical fertilizers, which increase water pollution.
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