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Introduction 

Maggot debridement therapy (also known as larval 

Water in nature does not exist in a completely pure 

form; rather, it always contains small amounts of salts 

such as sulfate, suspended materials, and dissolved 

gases (1). A person drinks approximately 2 to 2.5 

liters of water daily, and this amount of water 

accounts for about one-third of an individual's weight 

(3). For this reason, access to safe drinking water 

sources is one of the vital issues in many countries 

around the world. According to the latest statistics 

from the World Health Organization, 1.1 billion 

people lack access to safe drinking water each year, 

and approximately 80% of child mortality is due to 

gastrointestinal diseases caused by the lack of access 

to safe drinking water and the consumption of 

contaminated water (4). Given the increasing public 

awareness and the attention that people pay to the 

qualitative and aesthetic aspects of water, in addition 

to the quantity of water, the quality of water is also 

an indicator that requires more attention. Therefore, 

the physical, chemical, and microbial properties of 

water are among the parameters that play a very 

important role in the health and safety of drinking 

water, as well as in the level of consumer satisfaction 

(7). Therefore, the presence of safe drinking water in 

society is very vital and ensures the health of the 

community. For this reason, the first step in 

understanding water is to examine the parameters of 

drinking water (10).  

One of the common and non-toxic compounds that 

are naturally found in water and wastewater is 

sulfates. The presence of sulfates in water is due to 

natural or human sources such as atmospheric 

precipitation or industrial effluents. High 

concentrations of sulfates can lead to the 

mineralization of water, corrosion of metal 

equipment, harm to living organisms, production of 

toxins, and the generation of hydrogen sulfide gas in 

wastewater systems (9-12). The undesirable taste of 

water varies with the nature of the corresponding 

cation, with the taste threshold for sodium sulfate 

ranging from 250 mg/L to 1000 mg/L for calcium 

sulfate (1,10,13). The maximum permissible and 

desirable sulfate levels in the Iranian national water 

standard are 400 mg/L and 200 mg/L, respectively, 

while the World Health Organization standard sets 

these levels at 500 mg/L and 250 mg/L (9-11). The 

increase of iron in drinking water sources leads to the 

occurrence of taste, color, odor, and turbidity issues. 

At concentrations above 0.3 mg/L, iron can cause 

staining of clothes during washing and also change 

the color of the water (2,10). For this reason, 

continuous monitoring and control of iron 

concentration in water sources is essential to improve 

drinking water quality in accordance with national 

and global standards, to enhance public health, and to 

minimize public dissatisfaction (6). The maximum 

desirable and permissible iron levels in the national 

water standard of Iran are 0.1 and 0.3 mg/L, 

respectively, while the maximum permissible iron 

level according to the World Health Organization 

standard is 0.3 mg/L (10,11). 

Another highly influential parameter in creating taste 

in drinking water is TDS, or total dissolved solids. 

The report from the International Water Management 

Institute (IWMI) indicates that TDS does not play a 

direct role in creating health hazards, but it disrupts 

the absorption and excretion of soluble salts in the 

human body, potentially leading to the formation of 

kidney stones. Water with a TDS level of less than 

500 mg/L is considered very good from the 

perspective of drinking water standards. TDS levels 

between 500 to 600 mg/L are desirable for drinking, 

while levels between 1000 to 1500 mg/L are 

permissible for drinking. However, water with a TDS 

level exceeding 1500 mg/L is not acceptable for 

drinking. According to Iran's national standards, the 

maximum permissible TDS level in drinking water is 

1500 mg/L, and in situations of water scarcity, a level 

of 2000 mg/L is also permissible. The World Health 

Organization (WHO) also sets the maximum 

permissible TDS level at 1000 mg/L for drinking 

water (2,8,10). Phosphate is a common form of 

phosphorus that is relatively soluble in water. The 

presence of phosphate in water is one of the 
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parameters that can lead to a decrease in the quality 

of water resources. Although phosphates are not toxic 

substances and do not pose a direct threat to humans, 

they can indirectly cause issues such as unpleasant 

taste and odor, reduced dissolved oxygen in water, 

and interference in the treatment processes. 

Phosphates have widespread applications as additives 

in chemical fertilizers in agricultural lands. They can 

enter surface water resources through leaching or 

infiltrate into groundwater. Another significant 

pathway for phosphates to enter water resources is 

through urban wastewater (14,15,16). According to 

the World Health Organization, the maximum 

allowable concentration of phosphate in drinking 

water is 1 mg/L. The National Health Agency of 

Canada has set the maximum allowable phosphate 

level at 0.2 mg/L, while the European Economic 

Community has established it at 0.54 mg/L. The 

Environmental Protection Agency of the United 

States has also set the maximum allowable phosphate 

concentration at 0.2 mg/L (14,16). In the national 

water standards of Iran, the maximum allowable and 

desirable phosphate concentrations are set at 0.2 

mg/L and 0.1 mg/L, respectively (3,5). 

Considering the significance and substantial impact 

of the aforementioned chemical parameters on the 

quality of drinking water in all countries, national 

standards have been developed and approved to 

ensure the health and well-being of individuals. In 

this context, the present study aims to determine the 

concentrations of sulfate, phosphate, iron, TDS 

(Total Dissolved Solids), and EC (Electrical 

Conductivity) anions in the drinking water sources of 

Ilam city and compare them with national and global 

standards from 2019 to 2023. 

Materials and methods 

This study has been conducted in a descriptive-

analytical manner with the aim of determining the 

concentrations of sulfate, phosphate, iron, TDS 

(Total Dissolved Solids), and EC (Electrical 

Conductivity) parameters in the drinking water 

sources of Ilam city from 2019 to 2023. The study 

population consists of the sources supplying drinking 

water for Ilam city, including treatment plants and 

groundwater sources, as well as the water derived 

from these sources. The drinking water sources of 

Ilam city include 13 sources, and samples are 

collected from these water supply sources (wells and 

springs) in Ilam County. For each sample, the 

chemical variables of sulfate, phosphate, electrical 

conductivity, iron, and TDS are examined. Samples 

are collected using manual sampling methods and are 

sent to the reference laboratory for water and 

wastewater of the province under standard 

temperature conditions. The instrumental tests 

conducted in the provincial water and wastewater 

laboratory include measuring the concentrations of 

sulfate, phosphate, and iron ions using the Hach 

DR/6000 spectrophotometer, as well as measuring 

electrical conductivity and Total Dissolved Solids 

(TDS) using the Hach HQ30d conductivity meter. All 

the aforementioned tests are conducted in the 

laboratories of the Health Center of Ilam County and 

the Water and Wastewater Company, following the 

methods outlined in the Standard Methods for 

Examination of Water and Wastewater. The results 

are compared with the latest edition of the National 

Standard of Water in Iran, and finally, the data are 

analyzed using SPSS software and statistical tests. 

Results 

By analyzing sulfate, phosphate, iron, Total 

Dissolved Solids (TDS), and electrical conductivity 

(EC), we can understand the story behind what is 

present in our water and its impact on us. Five 

parameters were examined in 13 drinking water wells 

in the city of Ilam, and after comparing them with the 

provided standard levels, it was determined that most 

parameters in the groundwater resources of the region 

were in a suitable condition for drinking (1,2).
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However, In Table 1, the three-year average 

concentration of iron in the drinking water sources of 

Ilam city is shown. As observed, the three-year 

average concentration of iron in the Haft Cheshmeh 

rural well (0.208) and Khoramroudi Boulevard 

(0.202) is higher than in other sources, while the 

concentration of iron in the veterinary well (0.106) is 

the lowest among all. The maximum iron 

concentration in the Assyrian screw well is 0.35, 

while the minimum iron concentration in the 

veterinary well and Qoochali 4 is 0.2. It is noteworthy 

that the measured iron levels in the Haft Cheshmeh 

rural sources and Khoramroudi Boulevard, which are 

the highest, are lower than the national and global 

standards of 0.2 and 0.3, respectively. Therefore, the 

iron parameter levels in these sources do not pose a 

risk to human health. The results of this study indicate 

that the drinking water from the sources covered in 

this county is acceptable for consumption concerning 

the maximum recommended iron levels set by 

national and global standards, and it does not pose a 

health threat to consumers. The average iron 

concentration in the water sources of Bushehr city in 

1391 was 0.115 mg/L, ranging from 0.046 to 0.366, 

which is below the national and global standard 

range, consistent with the results of this study. The 

research by Alighadri et al. in 2007 on the 

concentration of heavy metals, including iron and 

manganese, in the drinking water sources of Ardabil 

city showed that in all samples, the iron concentration 

was below the national and global standards. In the 

present study, the iron concentration was also found 

to be below the standard limit at all stations, 

indicating that the results of the two studies are 

consistent(13).
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As shown in the results of Table No. 1, the highest 

three-year average sulfate concentration is related to 

the terminal well with a value of 352, while the 

lowest value is associated with the Pich Ashouri well 

at 105.3. Considering that the average measured 

sulfate concentration in the terminal well is lower 

than the maximum allowable national and global 

standards, which are 400 and 500, it does not pose a 

health risk to consumers. Additionally, in this table, 

the maximum sulfate concentration in the Haft 

Cheshmeh rural well during the second half of the 

years 2021 and 2022 is 540, which is above the global 

and national standards. Based on the results, potential 

factors contributing to the high sulfate concentration 

in these sources may include the geological structure 

of the water supply sources, increased rainfall and 

runoff resulting from it, reduced water quantity, and 

a decline in the groundwater table, in other words, an 

increase in the depth of the groundwater level, 

agricultural activities, and the use of chemical 

fertilizers(5). In this study, the sulfate anion levels in 

most water supply sources were close to the 

maximum allowable and desirable limits. Very high 

levels (over 500 mg per liter) may cause laxative 

effects and gastrointestinal impacts in some 

individuals(11). A study in Wisconsin found that well 

water with high sulfate levels (over 250 mg per liter) 

is associated with diarrhea in infants. In the study by 
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Kalantari and colleagues in 2008, which examined 

the quality of groundwater sources in the Abadan 

plain of Khuzestan, it was determined that sulfate 

anions and calcium cations were predominant in the 

studied area, which is not consistent with the results 

of this study(13). Additionally, the results of the 

study by Shabankareh Ard and colleagues in 1391, 

which examined the physical, chemical, and 

microbial characteristics of drinking water in 

Bushehr, showed that TDS and sulfate levels in this 

city were above the national and EPA standards at 

some stations, which could partially lead to laxative 

effects for consumers and also cause corrosion in the 

water supply network. This finding is not consistent 

with the results of this study(12). Sadeghi and 

Rouhollahi, in their study of the physical and 

chemical indices of drinking water sources in Ardabil 

in 2007, stated that the sulfate levels in 9% of the 

samples and phosphate levels in 71% of the samples 

exceeded the national and global permissible limits, 

which is not consistent with the results of this 

study(13). 

 

As shown in Table 3, the average concentration of 

phosphate in the Ghouchali 2 and Ghouchali 4 wells 

and the Haft Cheshmeh rural and urban wells are 

0.65, 0.98, 0.54, and 0.324 mg/L, respectively. These 

values are above the maximum national standard (0.3 

mg/L) and below the maximum global standard (1 

mg/L). The maximum level of this parameter in the 

drinking water of the Haft Cheshmeh rural well under 

the coverage of the county is above the maximum 

permissible national standard and below the 

maximum permissible global standard. The values of 

this parameter in the drinking water of the other 

covered wells were below the maximum permissible 

global standard. Possible reasons for the elevated 
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levels of this parameter in the drinking water of some 

sources may include industrial activities near water 

supply sources, the entry of wastewater and cleaning 

agents, and phosphate compounds present in 

agricultural chemical fertilizers used in upstream 

areas(3). Phosphates indirectly cause the 

development of taste and odor, reduce dissolved 

oxygen in water, and interfere with the treatment 

process. A case study in Lake Erie demonstrated how 

agricultural runoff leads to toxic algal blooms that 

impact human health and the environment. Phosphate 

is an inorganic compound and a salt of phosphoric 

acid that, in the form of calcium and magnesium 

phosphates, contributes to non-carbonate hardness in 

water. The numerical range of this parameter in the 

tested samples was from 0 to 0.7 mg/L (Figure 2). 

The results of the study by Panahi et al. in Qazvin in 

2017 and the study by Do Brothers et al. in 2015 in 

Bushehr were reported to be consistent with the 

national standard values, which does not align with 

the results obtained from this study(7,8). Sadeghi and 

Rouhollahi, in their study of the physical and 

chemical indicators of drinking water sources in the 

city of Ardabil in 2007, stated that the sulfate 

parameter exceeded the national and global 

permissible limits in 9% of the samples, while 

phosphate exceeded the limits in 71% of the samples. 

These findings do not align with the results obtained 

from this study.

 

As shown in Table 4, the highest average TDS 

concentration in the three studied sources, namely 

Ghouchali 4 well, Gol-Gol spring, and Terminal well, 

are 1139, 1065, and 1493.3 respectively. These 

values are lower than the maximum national standard 

of 1500 but higher than the global standard of 1000. 
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Additionally, the results of this study indicate that the 

TDS concentration in the Haft-Cheshmeh rural well, 

with a value of 1847, exceeds both the national and 

global maximum standards. The maximum TDS 

related to the Haft-Cheshmeh rural well is 2535.6, 

while the lowest value is associated with the 

Cooperative well. Given these findings, this level of 

TDS may cause issues related to taste and odor in the 

drinking water sources of Ilam city, leading to 

consumer dissatisfaction and a tendency to use 

alternative drinking water sources, such as private 

and household water purification systems or bottled 

water(10). Additionally, high TDS levels can affect 

taste and flavor and cause problems such as pipe 

scaling. Major reasons for the discrepancies in the 

drinking water values from the aforementioned 

sources compared to national and global standards 

include the influence of water supply sources, 

rainfall, flooding of water supply sources, and the 

infiltration of agricultural wastewater into water 

sources. In the other studied stations of this city, the 

TDS levels did not exceed the limits set by this 

organization. Possible reasons for the favorable 

levels of this parameter in other sources of the county 

may include continuous monitoring of water supply 

sources, the suitability of the geological structure of 

the water supply locations, appropriate distances of 

the supply sources from agricultural lands, and the 

prevention of agricultural wastewater from entering 

the water supply sources(5). In a study conducted by 

Davoudi and colleagues (2018), which examined the 

physicochemical characteristics of 8 wells in the 

Taybad county, the results indicated that some of the 

wells had TDS levels exceeding the permissible 

standard limits, which aligns with the findings of this 

study(10,11). Additionally, the results of the study by 

Shabankareh Fard and colleagues (2016), which 

examined the physical, chemical, and microbial 

characteristics of drinking water in Bushehr city, 

showed that the TDS and sulfate levels in some 

stations of the city were above the national and EPA 

standard limits. This can lead to laxative effects for 

consumers and corrosion of the water supply 

network, which is consistent with the findings of this 

study(12). 

The measurement of this parameter by Azarpira and 

colleagues in Saveh, Dinarloo and colleagues in 

Bandar Abbas, Doobradran and colleagues in 

Bushehr, and Ranjai and colleagues in Birjand and 

Qaen in the year 2011 was reported to be inconsistent 

with national standards, which aligns with the 

findings of this study(5).
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EC measures the ability of water to conduct electric 

current, which is largely determined by TDS (Total 

Dissolved Solids). It is an important indicator of 

salinity that can affect both human consumption and 

irrigation use. High levels of EC can lead to poor 

taste, pipe corrosion, and reduced crop yield(13). As 

observed in Table No. 5, the highest three-year 

average EC concentration is found in the Haft 

Cheshmeh rural well and the terminal well, with 

values of 2842.5 and 2297.5, respectively, which 

exceed the maximum permissible and desirable 

standards of 2000 and 1500 microsiemens per 

centimeter. The lowest average is related to the 

Cooperative well, with a value of 562. Additionally, 

according to Table No. 5, the maximum electrical 

conductivity corresponds to the Haft Cheshmeh rural 

well, with a value of 3921. The lowest electrical 

conductivity is associated with the Qoochali No. 1 

well, with a value of 278 microsiemens. EC levels 

above the desirable maximum of 1500 and the 

permissible maximum of 2000, along with their 

variations in the examined locations, may be due to a 

pollution source, particularly industrial pollution in 

the area. When electrical conductivity exceeds 1500 

microsiemens per centimeter, it can lead to corrosion 

in urban water distribution network structures. 

Research by Zazooli and colleagues in 2012 

regarding the physical, chemical, and microbial 

parameters of water in the city of Khoy showed that 

the concentration of nitrate and electrical 

conductivity in the water of this city is significantly 

lower than the national standard, which is 

inconsistent with the results obtained from this 

study(7). Similarly, the study by Samiei and 

colleagues (1982) showed that the average electrical 

conductivity of drinking water in Yazd city is at an 

acceptable level, which is inconsistent with the 

results obtained from this study(7).
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Conclusion 

A comprehensive analysis of sulfate, phosphate, iron, 

TDS, and EC levels in drinking water sources is 

essential for maintaining water quality standards and 

ensuring community welfare. By understanding and 

monitoring these anions, authorities can implement 

targeted interventions to address pollution issues and 

improve overall water quality. Ongoing research and 

monitoring efforts are crucial for informing policy 

decisions and interventions aimed at protecting 

valuable water resources.Prioritizing water quality 

improvement plans based on the findings of such 

analyses will be vital for promoting sustainable 

access to clean and safe drinking water for current 

and future generations. These findings provide 

valuable insights into the spatial variability of water 

quality in the studied area, which can be critical for 

water resource management, environmental 

monitoring, and public health considerations. 

Suggestions 

Conducting qualitative studies of groundwater is a 

fundamental and practical step to obtain quality 

information from water sources. Therefore, in order 

to prevent further pollution of groundwater and 

surface water resources, it is essential to carry out 

extensive and comprehensive studies to monitor their 

chemical quality and to provide practical programs 

such as accelerating the implementation of sewage 

collection and treatment networks and determining 

the sanitary protection zones of wells. 
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