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ABSTRACT 

Estradiol is known as the indicator of the presence of hormones as Endocrine Disruptor Compounds (EDCs) 
in water and wastewater. The entrance of these compounds into water resources through daily liquid 
wastes of societies as well as pharmaceutical industries, ranching, and pathology laboratories leads to an 
increase in their concentrations in these resources. Consequently, due to the metabolic properties of 
these substances they can cause adverse effects on consumers and aquatics. The main purpose of this 
research is to determine the occurrence and the fate of estradiol as indicator of endocrine-disrupting 
compounds in drinking water, surface water, and wastewater in Ahvaz, Iran. 17β-estradiol was detected 
in 37.5% of samples obtained from drinking water and 68.75% of samples from the Karun River. In the 
urban drinking water and Karun River, the mean concentrations of 17β-estradiol were 2.96 and 13.66 
ng l-1, respectively. 

In the domestic and industrial wastewater, the concentrations of 17β-estradiol were higher than that 
detected in the drinking and surface waters. The mean concentrations of this hormone in these 
wastewaters were 57.46 and 70.6 ng l-1, respectively. The highest amount of 17β-estradiol was measured 
in the hospital wastewater. The fate of 17β-estradiol in the slaughterhouse wastewater treatment plant, 
in which a septic tank, an anaerobic pond, and an aerobic tank were used for wastewater treatment, was 
higher than 75%. The highest level of removal in the aerobic stage was also obtained by breaking estradiol 
down to other metabolites. 

Keywords: estradiol, slaughterhouse wastewater, Ahvaz, Karun River, domestic wastewater 

 
 
1. Introduction 

 
Recently, disposal and discharge of solid, liquid and gas wastes into water resources have been increased 
drastically. These wastes include a wide range of natural and synthetic substances such as chemicals, 
medicines, human wastes, and dead or alive remains of human activities. One of the most important 
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pollutants, which discharged to the environment, is Endocrine Disruptor Compounds (EDCs), which have 
attracted a lot of attention (Bhandari et al., 2014; Irwin et al., 2001). These compounds mainly include 
natural and synthetic steroid hormones and their derivatives, surfactants, chemical drugs and cosmetics 
(Caliman& Gavrilescu, 2009). Due to their high environmental sustainability, their variety, their different 
effects at cellular and molecular levels, and their destructive physiological effects, these compounds 
require regular attention and control (Hamid& Eskicioglu, 2012). The common hormones in this group of 
compounds include 17-alpha estradiol, 17-beta estradiol, estrone, estrogen, estriol, and ethinylestradiol 
(Purdom et al., 1994; Tyler et al., 2005). The adverse effects of these compounds include changes in sexual 
cycles and sexual behavior, negative effects on the immune system, abnormal sexual differentiation, 
tumor development, and cancer. Their most important negative effect is their participation in the 
development of cancer in hormonal areas of the body such as breasts, testis, and prostates. They also 
cause damages in utero and during infancy (Damstra et al., 2002). Discharge of these compounds into 
water resources leads to adverse effects on aquatic ecosystems and fishes. Damages to the reproductive 
cycle and spawning at the wrong times are two of the adverse effects of hormones on aquatics (Coe 
et al., 2010; Esplugas et al., 2007). 

The 17-beta estradiol (C18H24O2) hormone is among the most common steroid hormones with toxicity of 
approximately 1000 to 10000 times higher than that of Nonylphenol (Tanaka et al., 2001). This hormone 
is a sex hormone, which is at its highest levels in women and especially pregnant women. This hormone 
is responsible for the growth of breasts, proliferation of epithelium cells, and development of sexual 
characteristics (Havlíková et al., 2006). Every day 2.4 microgram of this hormone can be disposed through 
a woman’s urine (Damstra et al., 2002). In addition, the average excretion of this hormone in men and 
pregnant women is more than 1.5 µg per day and 259 µg per day, respectively (Johnson et al., 2000; Sun 
and Zhou, 2014). The entrance of these compounds to water resources through daily liquid wastes of 
societies as well as pharmaceutical industries, ranching, and pathology laboratories leads to an increase 
in their concentrations in these resources. Consequently, due to the metabolic properties of these 
substances they can cause adverse effects on consumers and aquatics.  

 

Figure 1. Structure of the 17-beta estradiol hormone 

Previous studies indicated that the amount of endocrine disruptor compounds in water resources as well 
as urban and industrial wastewater is increasing. In a study carried out in the Aveiro District in Portugal it 
was found out that the levels of estradiol were very high. It should be mentioned that the levels of this 
hormone in water and wastewater resources were between 0.03 and 200 µg l-1 (Silva et al., 2013). 
Moreover, the average concentrations of this hormone in the wastewater treatment plants in Ontario, 
Canada were 15.6 ng l-1 and 1.8 ng l-1 for the inflow and outflow, respectively (Servos et al., 2005). Regular 
examination of the levels of hormones in the inflow of different treatment plans in France also revealed 
the presence of the beta estradiol hormone with a concentration of 3.5 to 50 ng l-1 in all samples. Results 
of this study indicated that these compounds are present in the urban and rural wastewaters of this 
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country (Gabet-Giraud et al., 2010). The presence of this hormone in hospital effluents is proved as well. 
Pauwels et al., reported a concentration of 16.9 ng l-1 for the estradiol hormone in the hospital effluents 
of the Gent City of Belgium (Pauwels et al., 2008). Although the efficiency rate of different wastewater 
treatment processes reflects a significant decrease in the concentrations of estradiol hormone in urban 
and industrial wastewaters, the insignificant concentration of this hormone in the effluents of treatment 
plants requires attention. Low concentration of this hormone results from the discharge of these effluents 
to surface and groundwater resources, the leakage of agricultural runoffs, and unauthorized disposal of 
urban wastewater into different water resources, especially rivers. These instances can leave negative 
effects on the lives of aquatics while this hormone can also cause risks if the effluent carrying it is meant 
to be reused. Research results indicated that the concentration of estrogen hormones in rivers receiving 
urban and industrial wastewaters is a lot higher than that of restricted rivers. For instance, the 
concentrations of estrone and estriol hormones in the Thames river, which receives wastewaters at 
different points, are more than 29 and 8 ng l-1, respectively (Lishman et al., 2006). Hence, the objective of 
the present study was to carry out quantitative and qualitative examinations of the estradiol hormone in 
different urban, industrial and hospital wastewaters, surface runoffs, the Karun River, which is the most 
important river in Khuzestan Province supplying drinking water distributed by the Water Distribution 
Network for Ahvaz population.  
 
2. Materials and Methods 

 

2.1. The Study Area 

Ahvaz City is the capital of Khuzestan Province. This city has the latitude of ''2021 N and the longitude of 
''4048 E. It is located on a plain with an altitude of 18 m. This city has an area of 20477 ha, which 6923 

ha of it is being consumed by the urban context. The most important water resource in this city is the 
Karun River, which has a longitude of E''3052''1548   and a latitude of E''4933''1730   (Naddafi et al., 
2007). As this river flows through different cities, a large volume of urban, industrial and hospital 
wastewaters pour into it. The average discharge of this river is 90 m3 sec-1 in warm seasons and 2500 
m3 sec-1 in cold seasons with high levels of rainfall (Mojahedi and Attari, 2009).  

 

Figure 2. Sampling sites on the map of Ahvaz 
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This river is a very important source of water in Khuzestan Province. Its water is used for different 
industrial demands as well as for agricultural and urban needs (Babaei et al., 2015). The drinking water 
for Ahvaz City is obtained from the Karun River. Water from this river enters a treatment plant and then 
flows into the distribution network. Areas used for collecting samples are shown on the map depicted in 
Figure 2. 

2.2. Sampling 

This study was conducted in 7 months. It involved 12 stages of sampling and lasted from May 2014 to 
December 2014. Water and wastewater samples were obtained from some marked areas of the Karun 
River in the course of sampling. Urban wastewater and hospital wastewater were also collected using dark 

250-cc glass containers, which were stored at a temperature of 4 C . The samples were transferred to the 
laboratory after acquisition. The sampling areas were marked as follows based on the research objectives. 
Four points were marked along the Karun River: the first point was marked 5 kilometers to Ahvaz City; the 
fourth point was marked 10 kilometers after Ahvaz City; and the other two points were also marked along 
the river’s path across Ahvaz City. Four points were selected for urban wastewaters and surface runoffs 
sampling. Three points were also selected in the drinking water distribution network as well as the point 
of harvest of urban drinking water. In order to estimate the content of estradiol in the hospital effluents, 
samples were obtained from the effluents discharged from the Imam Khomeini and Golestan hospitals in 
the course of research. Samples were also obtained from the wastewater produced by the slaughterhouse 
in Ahvaz City using the following 6 sources: raw water, septic input, anaerobic pond input, anaerobic 
process input, treatment plant output, and water resources adjacent to the place where the effluent was 
discharged.  

2.3. Analysis Method 

The concentrations of estradiol in the samples were determined using different methods based on the 
possible concentrations predicted for water resources. Samples obtained from the Karun River and the 
urban water distribution network were examined through ELISA method (Silva et al., 2013), a Hiperion 
NP4 plus Elisa Reader and GmbH and IBL assay kits made in Germany were used. The concentration of 
hormones in samples obtained from the raw wastewater and slaughterhouse effluents were measured 
using the Electrochemiluminescence by Elecsis 200 (Hitachi, Japan) and E2 ‖ kit (Hitachi, Japan). 

 
3. Results and Discussion 
 

3.1. Concentration levels of Estradiol in Drinking Water of Ahvaz City 

Raw water samples were collected from a basin before the treatment plant to measure the levels of 
estradiol. The source of drinking water for Ahvaz City is the Karun River and water from this river enters 
the distribution network following treatment. Results of analyses of samples obtained from July 2014 to 
December 2014 showed that the concentration of estradiol varied between 5.4 and 7.7 ng l-1. According 
to the results, estradiol existed in 37.5% of samples obtained from the distribution network. The average 
concentration of this hormone in the distribution network was also 2.96 ng l-1, which is higher than that 
previously reported in the literature (Benotti et al., 2008; Kuch and Ballschmiter, 2001). Seemingly, with 
an increase in the distance from the water treatment plant as well as the distance transferred by water in 
the distribution network, the concentration of estradiol increases due to the following reasons: leakage 
of urban and industrial wastewater; the high level of groundwater resources; the possibility of entrance 
of chemicals and hormones into the water pipes through human urine and excrements, household wastes, 
and medicines (Manickum& John, 2014). In 7 of the 8 stages of obtaining samples from Kian Abad station 
of the urban water distribution network, the concentrations of estradiol were insignificant. It is worth 
noting that the very trace concentrations could not be measured using the measuring methods used in 
this research. However, in 5 of the 8 samples obtained from Pardis Station, which has a longer distance 
from the water treatment plant and thus receives water after a longer time, the concentrations of 
estradiol could be measured. The average concentration of estradiol in these samples was 2.92 ng l-1. 
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Results showed lower concentrations compared to the results reported by Nie et al., (2014). Due to the 
lack of an acceptable standard for the concentration of estradiol and since this hormone is classified as a 
CCL3 (Contaminant Candidate List 3) compound by the US Environmental Protection Agency (US.EPA, 
2014), it is necessary to minimize the concentration of this hormone in the distribution network using 
different treatment and regular examination methods. The objective is to minimize different risks 
associated with contacting and drinking this hormone.  

3.2. Concentration of Estradiol in the Karun River  

According to the results of examinations aimed to measure the levels of EDCs, the level of estradiol in the 
samples was high. Table 1 shows the concentrations of estradiol in different samples obtained from the 
Karun River. As seen in this table, the concentration of this hormone increases as the water of this river 
passes through Ahvaz city. This considerable increase can be ascribed to the targeted unauthorized 
discharge of urban and industrial wastewaters. In 31.25% of the samples, the concentrations of estradiol 
were not measurable. The total average concentration of estradiol in Station K4, which is located 10 
kilometers to Ahvaz City, was 13.66 ng l-1. This value is almost higher than the results obtained for other 
world rivers (Johnson et al., 2000; Writer et al., 2011). Table 2 shows the concentrations of estradiol in 
other world rivers. These figures were obtained through different separate studies. The results of this 
research suggest that the concentration of estradiol in the Karun River is much lower than the 
concentration of this hormone in the southern rivers of Jiangsu Province in China (Yuan et al., 2014). It is 
worth noting that the average concentration of estradiol in the sampling areas of Ahvaz City and Jiangsu 
Province was 13.66 ng l-1 and 52.71 ng l-1, respectively. However, the concentration of this hormone in the 
Karun River is higher than the results obtained for five rivers in the Queensland State of the United States 
(Ying et al., 2009). Hence, it seems that the increase in the concentrations of this hormone in the surface 
waters of developed countries can be ascribed to the lack of proper management of urban and industrial 
wastewaters and the uncontrolled discharge of these wastewaters into water resources.  

Table 1. Concentration level of 17- β estradiol in Karun River at different sample sites 
 July August September October October November November December Average 

K1 ND ND 5.6 6.2 5.4 ND 6 4.7 5.58 

K2 7.6 6.4 6.8 8.7 9.6 ND 8.9 7.6 7.94 

K3 11 9.7 ND 11.6 12.4 ND ND 10.3 11 

K4 12.4 13.7 ND 12.9 ND 14.5 ND 14.8 13.66 

Results indicated that with a decrease in air temperature and with the onset of autumn, the concentration 
of estradiol in the Karun River escalates. This can be explained by the reduction in chemical interactions 
as well as biological processes, which eventually leads to a decrease in the breakdown of estradiol (Zhao 
et al., 2006). On the other hand, the increase in the concentration of estradiol over time can be ascribed 
to a reduction in the discharge of the river water because with a decrease in the discharge the rate of self-
purification and rarefaction increases. This increase consequently leads to an increase in the 
concentration of pollutants. The highest concentration of estradiol recorded for the Karun River was 14.8 
ng l-1 which was recorded in December in the K4 sampling station. 

Table 2. Concentration level of 17- β estradiol in different rivers of world 

River Country E2 concentration (ng l-1) Reference 

Jiulongjiang River China 52.71 (Yuan et al., 2014) 

River Arun England 0.6 (Peck et al., 2004) 

River Ouse England 0.6 (Peck et al., 2004) 

Rivers in Tianjin China 1.87-11.5 (Rao et al., 2013) 

Dan-Shui River Taiwan 1.4-33.9 (Zhang et al., 2014) 

Dutch surface water Netherlands 0.3-7.2 (Zhang et al., 2014) 

Redwood River USA 0.96 (Writer et al., 2011) 

Jalle d’Eysines France 4.4 (Labadie and Budzinski, 2005) 
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3.3. Concentration of Estradiol in domestic wastewater 

The levels of estradiol in all of the samples obtained from the untreated wastewater of Ahvaz City were 
measureable. The average concentration of estradiol in the wastewater treatment plant input was 57.46 
ng l-1. The most important source of the entrance of estradiol into domestic wastewater is human urine, 
which is disposed on a daily basis. Estradiol is known as the indicator of the presence of EDCs in 
wastewaters. Therefore, numerous studies have been carried out on the control and measurement of this 
hormone. Measurements of the concentration of this hormone in the urban wastewater of Ahvaz City 
indicated that the concentration of this hormone is high in this city. The overall characteristics of the 
wastewater produced by Ahvaz City are shown in brief in Table 3. This wastewater is composed of human 
wastes, industrial wastewater, wastewater produced by small-scale workshops, and runoffs.  

Table 3. Qualitative characteristics of Ahvaz domestic wastewater 

pH BOD (mg l-1) COD (mg l-1) TSS (mg l-1) Total P (mg l-1) Total N (mg l-1) 

7.3 189 314 310 5.7 49 

As the distance from the treatment plant and ending points of the wastewater collection system reduces, 
wastewater discharge increases, and consequently the concentration of estradiol rises slightly. The high 
concentration of suspended solids in the urban wastewater provides a great opportunity for the 
absorption of pollutants and organic compounds. Due to its high absorption properties, estradiol tends to 
be absorbed by solids, which settle at stagnant points or at areas where the velocity of the wastewater 
flow is very low. Therefore, the aforementioned solids leave the wastewater flow through settlement (Koh 
et al., 2008). Breakdown of estradiol into its intermediate compounds or metabolites such as estrone (E1) 
and 17-alpha estriol (E3) can reduce its concentration at the end of the wastewater system (Hashimoto 
et al., 2007).  

 

Figure 3. Average levels of estradiol in different municipal wastewater 

However, the discharge of wastewaters containing high concentrations of estradiol, effluents of pathology 
laboratories and different industries such as the pharmaceutical industry, increased the levels of this 
hormone. The concentrations of this hormone in the urban wastewater produced in Ahvaz City varied 
between 31.3 and 69.4 ng l-1. The lowest concentration was recorded in July for runoffs discharging into 
the wastewater system while the highest concentration was observed in the input of the wastewater 
treatment plant in October. The insignificant transformation of estrone into estradiol in anaerobic 
conditions caused by the use of the existing oxygen by microorganisms in the wastewater can also 
contribute to the increase in the concentration of estradiol at the ending points of the wastewater 
collection system (Ren et al., 2007). Figure 3 shows the average levels of estradiol reported by different 
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studies from all over the world (Carballa et al., 2004; Martín et al., 2012; Pessoa et al., 2014; Servos et al., 
2005; Ternes et al., 1999; Tilton et al., 2002). 

3.4. Concentration of Estradiol in Hospital wastewater 

Based on the results, the amount of wastewater produced by Iranian hospitals is 400 to 1100 liter per bed 
per day (Mesdaghinia et al., 2009; Sarafraz et al., 2007). Hospital wastewaters contain a wide range of 
toxic chemical pollutants, antibiotics, hormones, heavy metals, and radioactive substances (Suarez et al., 
2009). All of the samples obtained from the wastewater of the hospitals under study contained a high 
level of estradiol. The average concentration of estradiol recorded for Golestan and Imam Khomeini 
hospitals of Ahvaz City during the study was 93.53 and 83.22 ng l-1, respectively. Figure 4 shows different 
concentrations of estradiol from July 2014 to December 2014. As seen in this figure, the concentration of 
estradiol in the effluent of Golestan Hospital is slightly higher than that of Imam Khomeini Hospital. The 
quality of hospital wastewaters is determined by the number of patients, geographical location and 
climatic conditions, which cause changes to the concentration of different types of pollutants. The 
wastewater produced by the hospitals under study is discharged either directly or indirectly into the 
surface water resources of the city, namely the Karun River after being treated by hospitals wastewater 
treatment plants. The higher concentration of estradiol in the hospital wastewaters compared to the 
urban wastewaters can be ascribed to the use of drugs containing sex hormones in different hospital units, 
higher disposal of human wastewater, such as urine and blood due to the high population density, the 
higher number of pregnant women, and the operation of the labor units in hospitals (Pauwels& 
Verstraete, 2006; Suarez et al., 2009). The higher concentration resulted from the present research 
compared to the concentration reported by Pauwels et al., can be explained by the discharge of 
pharmaceutical wastes and drugs as well as unused hormones into wastewaters, structural differences, 
and the type of services provided in hospitals (Pauwels et al., 2008).  

 

Figure 4. Concentration of Estradiol in Hospital wastewater in sampling period 

3.5. Occurrence and fate of Estradiol in the Slaughterhouse Wastewater 

Slaughter and cleaning of livestock in slaughterhouses lead to the discharge of different pollutants and 
micro pollutants into the wastewater cycle. These pollutants include a wide range of organic substances 
present in liquid and solid wastes produced by cleaning corpses of animals and their body contents. 
Natural and synthetic hormones in the body of animals find their way to the wastewater system through 
these wastes. Results of the present study indicated that the levels of estradiol in the wastewater of the 
slaughterhouse in Ahvaz City are high. The average concentration of estradiol in the wastewater of this 
slaughterhouse from May 2014 to November 2014 was 70.6 16.98 ng l-1. The maximum concentration 
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of estradiol in the studied samples was 98.3 ng l-1, which was recorded in November and belonged to the 
raw wastewater entering the treatment plant.  

The slaughterhouse wastewater is entered to a wastewater treatment plant, which includes a septic pond, 
which is mainly responsible for equalization and preserving the input, followed by an anaerobic pond, an 
anaerobic pond, and an activated sludge treatment system. Analysis of the qualitative properties of the 
resulting wastewater revealed the high concentrations of pollutants in the wastewater. Although the 
existing treatment plant is highly productive in omitting different pollutants and reducing the levels of 
qualitative parameters of the input wastewater, the effluent produced by the treatment plant contains a 
high level of pollutants, which reduces the quality of the effluent resulting to the lower quality of the 
untreated urban wastewater. Figure 5 shows the levels of BOD, COD, pH, TSS, TKN, oil and fat in the input 
of the treatment plant as well as its treated effluent. As seen in this figure, the removal rate of COD and 
BOD is approximately 90.7% and 90.8%, respectively. In addition, the pH of the wastewater entering the 
slaughter wastewater treatment plant is 7.9, while the pH of the effluent leaving the treatment plant is 
7.5 due to an increase in the acidity of the wastewater.  

 

Figure 5. Removal efficiency of various qualitative parameters in Ahvaz slaughterhouse wastewater 
treatment plant 

Levels of estradiol were measured in different phases of the treatment plant from May 2014 to November 
2014 through 11 steps.  

Table 4. Occurrence of estradiol in specified sites of slaughterhouse wastewater treatment plant 

May May June June July August September October October November November 

Raw water ND 6.2 2.8 3.7 ND 4.4 ND ND 6 3.2 5 

septic 

influent 
64.5 74.8 81.9 42.5 88.4 53 53.8 64.1 70.9 98.3 84.5 

Anaerobic 

tank 

influent 

58.4 63.7 75 36.5 80.6 46.8 47.6 56 63.5 90 69.2 

Aerobic 

tank 

effluent 

43.2 48.5 56 26.4 69.8 40.1 41.7 43.6 46.2 74.6 54.5 

WWTP 

influent 
20.2 17.5 18.6 8.9 15.9 13.5 13.6 16.8 21.5 23.3 19.8 

Water 

resources 
14.2 13.5 14.5 8.6 14.2 13.4 13 12.5 14.8 14 13.6 
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In May, June, October, and November two sampling rounds were completed while in other months one 
sampling round was completed. The sources of sampling include raw water, septic pond input, anaerobic 
pond input, aerobic pond input, and treatment plant effluent.  

Table 4 shows the levels of estradiol recorded for the samples through 11 phases of sampling. The total 
average rate of removal of estradiol in the treatment plant over 7 months was 75.38 82.3 %, which is 
lower than the figure reported by Servos et al., (2005) Seemingly, with an increase in the sludge retention 
time and duration of aeration process, the amount of estradiol removed in the treatment plant and 
especially in the aerobic pond can be increased (Hashimoto et al., 2007; Ifelebuegu, 2011). The aerobic 
process used for treating slaughterhouse wastewater yielded the highest rate of removal of estradiol from 
the input wastewater. The average rate of estradiol removal through the aerobic process was 
64.41 6.77%. The anaerobic pond and septic tank demonstrate average removal rate of 20.97  5.73 
and 11.68 3.06%, respectively. Considering different processes employed for the removal of estrogen 
hormones from wastewater in the anaerobic stages, it can be said that the major removal was obtained 
by inhibiting the surface absorption of estradiol by solids, which were prone to sedimentation, and 
lightweight floating materials. The highest level of removal in the aerobic stage was also obtained by 
breaking estradiol down to other metabolites.  

Regular monitoring of groundwater and surface water resources near the treatment plant revealed an 
increase in the concentration of estradiol in these water resources. The concentration of estradiol in the 
water resources near the slaughterhouse and the wastewater treatment plant varied between 8.6 and 
14.8 ng l-1 with an average level of 13.3 1.69 ng l-1. 

 
4. Conclusion 

 
The presence of estrogen hormones such as estradiol in different water resources as well as urban and 
industrial wastewaters is undeniable. Due to the reported complications and physiological disorders, it is 
necessary to control and measure the levels of hormones in water resources on a regular basis. The 
present study was an attempt to measure the levels of estradiol in different water resources such as the 
drinking water in the distribution network, the water of the Karun River, urban wastewater, hospital 
wastewater, and slaughterhouse wastewater as an industrial effluent. Samples were collected within 6 to 
8 months and through 8 to 11 phases, which lasted from May 2014 to December 2014. Samples were 
obtained from 20 points of the aforementioned sources. A total of 162 samples were analyzed in this 
study. In all of the samples obtained from urban, hospital and slaughterhouse wastewaters, 68.75% of the 
samples obtained from the Karun River, and 37.5% of the samples obtained from the urban water 
distribution network the levels of estradiol were measureable with average amounts of 57.46, 83-93, 70.6, 
13.66 and 2.96 ng l-1, respectively.  

The Karun River, as the largest river in the southwest of Iran, contains a high level of contamination due 
to the discharge of untreated urban and industrial wastewaters. It is possible to prevent further 
contamination of this river by controlling the unauthorized discharge of urban and industrial effluents, 
establishing the necessary treatment plants in urban areas and near-river industrial sites, and improving 
treatment processes in the existing treatment plants. The total removal rate of estradiol in the wastewater 
treatment plant for the slaughterhouse in Ahvaz City is 75%. Since 64% of this figure is explained by 
aerobic processes while 21% belongs to anaerobic processes, it is concluded that aerobic processes are 
more effective in removing this hormone from the wastewater system. Finally, considering the adverse 
effects of estrogen hormones on the consumers and living beings (especially aquatics), it is necessary to 
measure the concentrations of other natural and synthetic hormones in different water resources of 
Ahvaz City to prevent their possible threats.  
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