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Abstract 
 
The aim of this study was the monitoring of estrogens along the Baliqlychay River as a drinking water source of Ardabil City in Iran, annually. 

Eight sites were selected and the effect of Nir City crude sewage and wastewater of two fish farms on the amount of hormones in Baliqlychay 

River and drinking water distribution network of Ardabil City were studied. Samples were tested for Estrone and 17β- estradiol using HPLC. 

It was found that there was no Estrone in the studied stations but all of them were polluted by 17β- estradiol. During the grazing season and 

entrance of contaminated crude sewage of Nir City, animal feces are the main source of 17β- estradiol pollution. The efficiency of the Ardabil 

wastewater treatment plant depends on the water consumption rate. In normal conditions, the wastewater treatment plant showed an acceptable 

performance and removed 58.82- 63.25% of E2. But, at high consumption seasons, hormone removal is negligible. 
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INTRODUCTION 
 
Water is the most abundant compound worldwide and the 

main source of life. The water availability affects the life and 

health of all living beings, including humans, plants, and 

animals [1]. The availability of clean water is of tremendous 

importance. As water consumption increases, especially in 

industries; water resources are being contaminated by 

pollutants in different ways and these issues will result in 

problems in the future. Roughly, three decades ago, the 

World Health Organization (WHO) and the United Nations 

Global Environment Monitoring System (GEMS) have 

recognized environmental quality regarding air and water 

quality, food contamination etc. Moreover, the biological 

indicators have been monitored [2]. The presence of 

endocrine-disrupting compounds (EDCs) in the environment 

and their adverse effects on human and animal health has 

been favored recently [3]. Estrogens, androgens and thyroid 

hormones are the most common endocrine disrupters [4]. 

Estrogens include natural and artificial estrogens and 

industrial compounds that have estrogenic activity. Estrogens 

are steroid hormones that are mainly synthesized from 

cholesterol [5].17β- estradiol (E2) is the strongest natural 

primary estrogen among the numerous classes of natural and 

synthetic estrogen hormones. Estrone (E1) is a metabolite of 

E2 and slightly weaker (Fig.1). Estriol (E3) is the ultimate 

metabolite and the weakest natural estrogen, which has only 

10% E2 activity. 17- Ethynyl estradiol (EE2) is one of the 

synthetic estrogens applied in contraception [6].  

The reproductive performance of mammals [7], fish [8], 

amphibian [9], reptiles [10], birds [11], aquatic invertebrates [12] 

and plants [13, 14] can be influenced by estrogens and 

estrogenic endocrine-disrupting compounds. Estrogen has an 

exasperating influence on breast tumor development and 

about 36% of breast cancers depend on this hormone. These 

hormones also contribute to cancers of the uterus, ovaries, 

and other cancers [15, 16]. 17β- estradiol is at the highest level 

in women, particularly pregnant women; it is involved in 

breast growth, the proliferation of epithelial cells and sexual 

development [17]. Recently, researchers have been trying to 

shed light on the fate of these compounds entering the 

environment with large volumes and thousands of sources of 

release [18]. The EDCs are released into the environment 

chiefly through sewages. Sludge and treated water are the 
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results of sewage treatment in treatment plants. Sludge is 

frequently applied as a fertilizer in farms and treated water 

for irrigation [19]. Possible problems of EDCs discharge to the 

environment are influencing soil microorganisms, pollution 

of ground and surface waters and affecting all living 

creatures. Day-to-day excretion of estrogens from women, 

men and pregnant women are 2.4, 1.5, and 259 µg, in the 

respective order [20-22]. It is believed that estrogen in the sheep 

is excreted more often through feces and in the pigs through 

urine [23]. Most of the estrogen excreted from animals consists 

of naturally occurring estrogen, E1 and E2 [24, 25]. Following 

excretion, the first estrogen is exposed to the stool and urine, 

enters the soil, and then enters the flow of natural water. 

Estrogens are found in current waters around worldwide [26, 

27]. It is necessary to manage these compounds because of the 

high diversity and high environmental sustainability and 

impacts on cellular and molecular levels, the physical and 

destructive effects of EDCs [28]. The negative effects of these 

compounds include changes in cycles and sexual behaviors, 

negative effects on the immune system, abnormal sexual 

differentiation, tumors, and cancer. The main negative effect 

is there in involvement in the development of cancer in the 

body's hormonal regions, such as the breast, testicles and 

prostate as well as damaging the uterus during the postpartum 

period [20]. Such effects are dependent on the level of contact, 

life span and exposure time of the population. It has been 

reported that the maximum impact happens during fetal 

growth and childhood development [29]. The release of these 

compounds into water resources affects the aquatic and fish 

ecosystems negatively. Damage to fertility and mistakes 

during spawning are two of the negative effects of the 

hormone in aquatic animals [30]. In 1995, Palmer reported that 

1 µg of hormone E2 per gram of frog and tortoise is capable 

of exerting carcinogenic effects [13, 14, 31].  

The increased presence of EDCs in the surface, groundwater, 

and even drinking water have raised concerns in terms of 

preventing and removing these compounds using 

conventional treatment processes [32]. Humans and animals 

excrete large quantities of medicine and they enter the soil or 

nature by sewage, fertilizer, or sludge and most importantly, 

contraceptives including estrogen hormones that are excreted 

at high levels in humans. Upon the consumption of a drug, 

roughly 50-90 percent of it is excreted unchanged, and the 

rest is excreted from the body interactions in the form of 

chemical metabolites, such as byproducts, [33, 34]. The level of 

estrogen hormone in urban sewage is higher in many 

countries ranging from 12.5 to 23.7 ng L-1 [35]. The steroid 

hormones in the British internal wastewater are released into 

the rivers [36, 37], Italy [38, 39], China [40-42], the Netherlands [43], 

sewage in South Korea [40] and Germany [44, 45] and in water 

and wastewater in the cities of Tehran, Hamedan and Shiraz 

in Iran [16]. It is also found in drinking water in some parts of 

the United States [46]. Moreover, it has been observed in the 

shellfish and fish of Japan and Spain [47], China [48], river 

sediments in Spain [47, 49, 50]  and French molluscs [51], as well 

as in crustaceans [52]. 17β- estradiol might amass in the 

bedding and plants of the sea and enter the human body 

through the food chain threatening the safety of the 

environment and marine life and human health in the end [53, 

54]. As specified by the Australian Recycling Organization, 

the highest concentration of estrogen hormone is 74ngL-1 in 

water. According to WHO and FAO, estrogen hormone levels 

in drinking water is 0.03ng L-1 and the daily human intake is 

at a maximum of 0.0008 Micrograms per kilogram of weight 
[55, 56]. The European Watch list of emerging pollutants has 

been updated in 2013 by adding E2 and EE2. Contaminated 

food (milk, meat, etc.) and water expose human to estrogenic 

hormones [57].  

The current study was carried out to assess drinking water 

sources in the city of Ardabil, Ardabil Province, Iran 

(Baliqlychay River and Yamchi dam). This catchment area is 

entirely inland and is one of the natural and virgin areas of 

Iran. Recently, this area has been experiencing developed 

touristic industry (hot water springs), fish farming, and 

urbanization. Thus, monitoring the target pollutants could be 

a good indicator of water quality in this region.  

EXPERIMENTAL 

MATERIALS AND REAGENTS 

Estrone and 17β- estradiol; both were of analytical grade and 

were purchased from Sigma-Aldrich (USA). HPLC grade 

solvents including acetonitrile and water, KOH and n-

Octanol were purchased from Merck (Germany). 

Polypropylene hollow fibers were purchased from Membrana 

(Germany).  

Instruments 
A Rigol high-performance liquid chromatograph (HPLC) 

model L3000 (China) equipped with UV/Vis detector was 

used for separation and quantification of Estrone and 17β- 

estradiol. The separation was carried out on Knauer ODS 

column, 250×4.6, 5 µm (Germany) using acetonitrile: water 

mixture (80:20) with a 1 mL min-1 flow rate as the mobile 

phase. 

The Study Area 
Ardabil is the capital of Ardabil Province in the north-west of 

Iran (N 38° latitude and E 48° 02' longitude). It is in the west 

south of the Caspian Sea and between two mountains of 

"Sabalan and Baghro" (Fig.2) [58]. Ardabil is 70km far away 

from the Caspian Sea and 210km away from the city of 

Tabriz. It is located in the basin of the Baliqlychay River. It 

has an average altitude of 1263 meters (4144 ft.) and a total 

area of 18011 km2 (6954 sq. mi). Neighboring the Caspian 

Sea and the Republic of Azerbaijan, Ardabil has been of great 

political and economic significance throughout history, 

especially within the Caucasus region. It is also located in the 

East of Mount Sabalan (4811 m), where its peak is covered 

with snow throughout the year. According to the reports of 

the statistics center of Iran, the population of this city in 2011 

was about 485,153 persons and the density of the city was 74 

persons in a hectare and in 2016 was about 605,992 persons. 
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Yamchi dam in Ardabil Province, with the aim of providing 

safe water for the needs of agriculture and drinking water in 

Ardabil, was constructed on the Baliqlychay River. This dam 

was designed to provide 65 million m3 of water for agriculture 

and 20 million m3 per year for urban use in Ardabil [59] 

Climate 
Due to its cool climate during hot summer months, many 

tourists come from regions with a semi-arid climate. The 

winters are long and cold, with a record of a low temperature 

of −33 °C. The annual rainfall is around 380mm per year. The 

temperature of the Ardebil is between 35°C to -33°C during 

a year. 

Sampling 
This study was conducted over a 12-month period including 

four sampling periods (four seasons) from March 2018 to 

February 2019 and 23 samples were collected from the 

Ardabil drinking water supply river (Baliqlychay River). 

Samples were collected from 8 stations in the specified areas 

along the Baliqlychay River, the sewage outlet of Nir fish 

farms, crude sewage of Nir City, sewage treatment plant of 

Ardabil City and Ardabil drinking water distribution network, 

according to the standard sampling procedure of water and 

sewage using 250ml glass containers. The samples were 

transferred to the lab in an ice-cold box at 4 °C. Sampling 

areas (Fig. 3) were selected based on the research objectives 

as follows, using the GPS device and the geographic 

coordinates were presented in Table 1. 

Extraction and Determination of Estrogenic 
Hormones in Water Samples 
N-octanol loaded HF with length 2.5cm was immersed 

directly in the 50ml of aqueous sample (pH= 10.6). After 25 

min of laboratory temperature, the extraction equilibrium was 

reached. The fiber was transferred into 2ml methanol as a 

desorption solvent under sonication. After 15 minutes, the 

analytes were desorbed. Finally, methanol was evaporated to 

dryness under the nitrogen stream; then, the residue was re-

dissolved in the 40μL mobile phase and directly injected into 

the HPLC system for analysis. 

RESULTS AND DISCUSSION 

The Concentration of 17β- estradiol (E2) and 
Estrone (E1) in Water Samples of the Ilianjug 
Station (Station No. 1) 
The 17β- estradiol (E2) is the primary natural estrogen 

released from natural sources. The Estrone (E1) is a 

metabolite of (E2) and is slightly weaker in terms of 

estrogenic activity. The results show that in all samples for 

one year, the amount of E1 was less than the detection limit 

of the method. However, E2 concentration changed during 

four seasons. At this station, the concentration levels of E2 in 

the summer and autumn were under the detection limit but in 

winter, they reached the maximum level. The source of water 

in Ilianjug station melted snow and ice on Mount Sabalan 

peak which is covered by snow and glaciers throughout the 

year. During summer and autumn, the source of river water 

springs which are uncontaminated.  During the summer, the 

slopes of the Sabalan Mountains, which are used as nomadic 

litter and the sheep grazing fields, soil contamination 

occurred due to sheep feces and urine. In recent years, the 

area has been favored by tourists and climbers. Regarding the 

dryness of the air and lack of proper rainfall during the 

summer and early spring, E2 accumulates on the surface of 

the soil. During autumn and winter with the beginning of the 

rainfall and flowing the surface waters, the entry of hormones 

into the water stream reaches its maximum level, with the 

highest concentration of E2 in winter estimated at 6.82μgL-1. 

Soil surface and its pollution were washed by rainfall during 

the autumn and winter; on the other hand, the accumulation 

of the hormone contamination was decreased due to nomadic 

litter and tourists leaving the region. In addition, frost on the 

slopes of Mount Sabalan decreases the concentration of 

hormones in the spring significantly. The amount of E2 was 

reported as 0.86 μgL-1 (Fig. 4). 

Monitoring of the E2 and E1 in Reserved Water of 
Yamchi dam at the Jorab Area 
At station No. 2 (Jorab area, the entrance of the dam), the 

lowest, and highest levels of E2 hormone were measured in 

the spring and summer, respectively, at 0.59 and 5.53 µgL-1. 

In autumn and winter, the concentrations of E2 were found at 

1.42 and 4.89μgL-1, respectively. Various factors affect the 

amount of E2 in the reserved water of the dam including the 

volume of inputs to the dam by the rivers (including sewage 

of the city of Nir and wastewater of fish farms). So, the 

difference between the amount of E2 in stations No.1 and 

No.2 in summer was mainly related to the sewage of Nir and 

wastewater of fish farms. Thus, the amount of E2 in Nir crude 

sewage and fish farms wastewater were studied too. In 

addition, the sedimentation of E2 in sedimentary layers, its 

release, and re-entry from sediments, plants, and animals in 

the dam can affect the E2 amount in this station. In all 

seasons, E1 was not detected in this station just like station 

No.1. 

The Concentration of E2 and E1 in Yamchi dam 
Outlet 
Water drainage from the dam, which is used as drinking water 

in Ardabil, and for agricultural use, is without lining system 

and after about one km; it is entered into Ardabil Drinking 

Water Treatment Plant. Sampling was performed exactly at 

the exit point of the dam. E2 was detected in all samples 

during four seasons. The results show that in spring and 

winter, the lowest amount was 1.53 and the highest was 

6.15μgL-1, respectively. In addition, the reported E2 for 

summer and autumn levels were 5.30 and 1.74 μgL-1, 

respectively. Due to sunlight and composition of entry flows 

to the dam, the water drainage layer, and evaporation affect 
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E2 level in station No. 3. E1 was not detected in this station 

for a year. 

The Monitoring of the E2 and E1 in Ardabil 
Drinking Water Treatment Plant 
Similar to previously studied stations, E1 was not detected in 

the Ardabil drinking water treatment plant outlet. However, 

E2 was detected in all samples. The results show that the 

lowest level of E2 was 0.63 μgL-1in spring and its highest 

level was 5.23μgL-1 in summer. In addition, in autumn and 

winter, it was 1.98 and 2.26 μgL-1, respectively. These results 

show that during spring and winter, the water treatment plant 

has acceptable efficiency and removes about 58.82% and 

63.25% of E2, respectively. Nevertheless, during summer and 

autumn, there are no significant differences between input 

and outlet of the plant, which could be related to the increased 

water consumption during these seasons affecting the 

performance of the water treatment process negatively. 

The Concentration of E2 and E1 in Ardabil Drinking 
Water Distribution Network 
The drinking water distribution network of the Ardabil is 

26km long, and during this period of study, it was monitored 

for E1 and E2. The E2 hormone was detected in all samples 

during four seasons. According to the results, the lowest level 

of E2 was recorded in the summer at 0.06μgL-1 and the 

highest level of E2 was measured in the autumn at 1.68μgL-

1. The concentration of E2 was measured at 1.57 and 0.87μgL-

1 in spring and winter, respectively. According to section 3.4, 

the highest amount of E2 was recorded in the outlet of the 

water treatment plant (5.23μgL-1). So, a significant decrease 

was observed from the water treatment plant to the water 

distribution network (0.06μgL-1). Due to the weather 

conditions, it is obvious that water consumption in the urban 

area is high during summer. So, this excess consumed water 

was supplied from wells in the city. Therefore, the most 

logical reason for the decreasing concentration of the target 

compound in this study is dilution by adding well waters to 

treated water from the water treatment plant. 

The Concentration of E2 and E1 in Wastewater of 
Fish Farms (Bolaghlar area of Nir) 
The Bolaghlar area is located in the northwest of the city of 

Nir. In recent years, the salmon waterfowl farms were 

established in this region. Estrogenic hormones are widely 

used as growth agents and mono sexuality factors in fish 

production. The maximum feeding of the fish and their 

reproduction happens in spring. So, it seems that the amount 

of estrogenic hormones in the wastewater of the fish farms 

reaches the maximum level in this season. The wastewater of 

these farms will eventually enter the Yam Dam reservoir 

without any treatment. For this purpose, the outlet of two fish 

farms were sampled and analyzed. According to the results 

during the four seasons of the year, E1 was not detected in the 

samples, but E2 contaminated the Baliqlychay River through 

fish farms. The amount of E2 in the first fish farm station 6 

(S6) during the study period was estimated to be 3.60, 3.52, 

3.30 and 2.98 μgL-1 and in the second fish farm station 7 (S7), 

it was 3.54 and 3.49 and 3.22 and 2.25 μgL-1 respectively. 

The S7 fish farm was at a higher elevation than the S6 and 

part of the water needed was supplied from the water outlet 

S7. Therefore, it is only natural that the level of E2 

contamination in the fish farm S6 was above S7. 

The Concentration of E2 and E1 in Crude Sewage 
Discharges of Nir 
The city of Nir is the closest city to the Yamchi dam and in 

the southwest area, has a population of roughly 20,000 

people. The city lacks a wastewater treatment plant and its 

crude sewage containing urban, hospital, industrial and 

agricultural wastewater enters the Yamchi dam reservoir 

without treatment. For evaluation of its effect on the amount 

of estrogenic hormones on the quality of reserved water in the 

dam, sampling was carried out from crude sewage of the Nir 

during four seasons. Results show that E1 was not detected in 

the samples, but the E2 level in sewage cannot be ignored. 

Results show that the concentration of E2 in these samples 

was 4.12, 6.20, 3.89, and 3.98 μgL-1during spring until 

winter. The results of hormones residues annual variation in 

8 stations are presented in (Fig. 4).   

CONCLUSIONS 

In this study, the annual variation of E1 and E2 concentrations 

in Ardabil city water sources were investigated. According to 

the results, E1 was not reported at any of the stations, but E2 

contamination was found in all seasons, with the main source 

being urban sewage and fish farms wastewater and surface 

wastewater from livestock and sheep grazing pastures. 
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Figure 1. Structure of the Estrone, 17β- estradiol 

 
Figure 2. The geographic location of Ardabil City 
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Figure 3. Location of sampling stations 

 
Figure 4. E2 concentrations in 8 stations during four seasons 
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Table 1: Coordinates of sampling sites Extraction and determination of 

estrogenic Hormones in water samples 

Station. no X Y 

Station 1 380048 475924 

Station 2 380305 480356 

Station 3 380426 480502 

Station 4 380509 480502 

Station 5 380509 480522 

Station 6 380209 475902 

Station 7 38008 475800 

Station 8 380141 480017 

 


