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ABSTRACT 

 Estradiol is the most potent form and main estrogen form of all the estrogenic compounds 

in the body. It has been shown in studies involving mice that estradiol is 10 times more potent 

than estrone and 100 times more potent than estriol. In 2008, tap water tests were performed by 

the U.S. Geological Survey in different states across the country resulting in the existence of 

eighty-five different man-made chemicals present in the tap water samples. Various other 

researchers have also tested tap water and have found different pharmaceuticals in their samples, 

one being synthetic hormones; this sparked interest in oral contraceptives and their presence in 

the Maumee River Watershed. Hormones can enter drinking water in various ways. The main 

sources are homes, industry, landfills, and agricultural runoff. Waste water from homes and 

industries is sent to a wastewater treatment plant in an attempt to filter out all the chemicals from 

different pharmaceuticals and personal care products before it is returned to the local stream. 

Agricultural chemicals, livestock and landfills all contribute to the chemicals that leak into the 

local streams and other ground water sources. This project involved looking into different 

techniques for testing for the presence or absence of hormones in drinking water.  While there 

are several different approaches that can be utilized, an ELISA test was used in this work. 
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INTRODUCTION 

There are four major naturally occurring estrogens in the body and they are as follows: 

estrone, estradiol, estriol and estetrol. Estradiol (1,3,5(10)-estratriene-3,17β-diol; 17β-estradiol; 

E21) is one of these major forms of the hormone estrogen as well as C18 steroid lipid hormone. 

Estradiol is the most potent form and main estrogen form of all the estrogenic compounds in the 

body. It has been shown in studies involving mice that estradiol is ten times more potent than 

estrone and 100 times more potent than estriol (Baumrucker & Macrina, 2016).  

 

 
Figure 1.  Chemical structures of major endogenous estrogens, including estrone (E1), estradiol 

(E2), estriol (E3), and estetrol (E4).  Source: https://healthjade.com/estrogen/ 

 

Estradiol is produced, like all other estrogens, in large amounts by the Graafian follicle of 

the ovary and in small amounts by the adrenal gland and male testes. From these production 

sites, estradiol is secreted into the bloodstream where it binds to sex hormone binding globulin 

(SHBG), a chaperone complex, or in more rare cases, to a serum protein. Estradiol is almost 

always bound to a chaperone complex; approximately ≤ 2% of the hormones travels the 

bloodstream as a free hormone (“Estradiol - Wikipedia,” n.d.). 

 

https://en.wikipedia.org/wiki/Chemical_structure
https://en.wikipedia.org/wiki/Endogenous
https://en.wikipedia.org/wiki/Estrone
https://en.wikipedia.org/wiki/Estradiol
https://en.wikipedia.org/wiki/Estriol
https://en.wikipedia.org/wiki/Estetrol
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Estradiol acts as an estrogen receptor agonist, meaning it binds and activates the estrogen 

receptor subtypes ERα and ERβ as well as membrane estrogen receptors. The activation of these 

receptors causes the modification of gene transcription and expression of the estrogen receptor 

cells. Membrane estrogen receptors such as GPER (G-protein coupled receptor) are more 

selective for estradiol than other the other estrogen receptor subtypes, ERα and ERβ, that have 

higher affinities for other estrogens (Health Jade Team, n.d.). 

In the estrogen (E2) classical pathway, estradiol interacts with the estrogen receptors after 

it enters the cytoplasm. Once estradiol binds to a receptor, the estrogen receptors separate from 

their chaperone complexes, form a dimer by pairing with another similar molecule, and migrate 

to the nucleus of the cell where it then binds to DNA sequences, starting gene transcription 

(“Estradiol - Wikipedia,” n.d.). 

 

The most common target sites that are triggered by the estrogen receptor complexes 

include the breasts, uterus, follicles, vagina, urethra, hypothalamus and pituitary (Brechon, 

2012). Other target sites can also be triggered but to a lesser degree. Estradiol secretion (in 

nonpregnant women with normal menstruation) is at its highest right before ovulation due to a 

positive feedback loop response at the pituitary gland due to the preparation for the loss of 

hormones, follicle stimulating hormone, gonadotropins, and luteinizing hormone, that are all 

secreted in high amounts when the female body is ovulating. After ovulation, estradiol levels fall 

until a secondary response is triggered that causes estradiol levels to slowly rise and level off at 

normal concentrations within the body (Simpson et al., 2000). 

Water Contaminants  

 Upon starting this experiment, research involved looking into different techniques for 

testing for the presence or absence of hormones in drinking water. Further research led me to 
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finding that one of the most successful analysis of human hormones in drinking water is 

performed using solid-phase extraction along with liquid chromatography mass spectrometry.  

(Manickum & John, 2015) 

In 2008, tap water tests were performed by the U.S. Geological Survey in different states 

across the country resulting in the presence of eighty-five different man-made chemicals present 

in the tap water samples (“Can Birth Control Hormones Be Filtered from the Water Supply,” 

n.d.). Various other researchers have also tested tap water and have found different 

pharmaceuticals in their samples, one being synthetic hormones; this sparked interest in oral 

contraceptives and their presence in the Maumee River Watershed.  

Hormones in Drinking Water  

 Hormones can enter drinking water in various ways. The main sources are homes, 

industry, landfills, and agricultural runoff. Waste water from homes and industries is sent to a 

wastewater treatment plant in an attempt to filter out all the chemicals from different 

pharmaceuticals and personal care products before it is returned to the local stream. Agricultural 

chemicals, livestock and landfills all contribute to the chemicals that leak into the local streams 

and other ground water sources. Groundwater/local stream water is purified within drinking 

water treatment plants before it is sent to the water tap we drink from in our homes and 

businesses. The wastewater and drinking water plants filter out contaminants and purify large 

percentages of the water that go through them. However, there are still trace amounts of 

chemicals, typically in concentrations of parts per million or parts per trillion, present in the 

water after they go through this process. These trace amounts may seem harmless, but they can 

build up in our bodies and wreak havoc inside our bodies.  
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Health Risks for Aquatic Life  

 The bodies of aquatic animals that live in these contaminated waters are much smaller 

than our human bodies. Harmful chemicals can build up much quicker inside of them and cause 

more intense damage. Therefore, even diluted concentrations of hormones in water can lead to 

serious health complications and even death for aquatic animals.  

There is a phenomenon called the “stew effect” that is referred to in environmental 

science when talking about interactions that may occur between trace amounts of chemicals with 

one another in water (“Can Birth Control Hormones Be Filtered from the Water Supply,” n.d.). It 

is known that diluted concentrations of identified contaminants are present in water. However, 

the interaction of these dilute contaminants with one another is unknown. It has become a 

growing concern that the unknown results of these interactions may cause adverse health 

problems not only for aquatic life, but for humans as well which is causing scientists to ask more 

questions and focus their research on the interactions of contaminants (“Can Birth Control 

Hormones Be Filtered from the Water Supply,” n.d.). 

Endocrine Disrupting Chemicals  

 Endocrine disrupting chemicals (EDC’s) make up the largest portion of the chemical 

contaminants found in water. These substances are found in our water, food and consumer 

products and eventually find their way into our environment. Research shows that EDC’s are 

capable of interfering with hormone biosynthesis and metabolism (Bay, K., Anand-Ivell, R., 

2014); these compounds are specifically designed to interrupt normal hormonal processes that 

take occur through multiple different pathways within the human body. Endocrine disrupting 

chemicals are suspected to be involved in the development of different metabolic diseases, 

cancers and reproductive toxicity.  
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Endocrine disrupting chemicals that find their way into surface water eventually 

accumulate in the fatty tissues of aquatic life. These chemicals have been found in high 

concentrations in fish and shellfish (Lecomte, Habauzit, Charlier, & Pakdel, 2017). 

Xenoestrogens are estrogenic compounds that mimic estrogens that are made naturally within the 

human body. These are considered “foreign” estrogens due to their mimicry and are almost 

identical in structure to endogenous estrogens that they can bind to endogenous receptor sites 

(Comhaire et al., n.d.). Xenoestrogens can either carry out the job of estrogenic compounds 

correctly or interfere with normal processes resulting in hazardous outcomes. These compounds 

are present in our everyday household items, the most commonly known being plastics 

(“Xenoestrogens and How to Minimize Your Exposure,” 2013). The combination of 

xenoestrogens in humans with our naturally occurring estrogens cause a high level of estrogen 

that if maintained, can lead to reproductive related health issues such as endometriosis, infertility 

and miscarriages in women as well as decreased sperm counts and reproductive cancers in men 

(Comhaire et al., n.d.). 

Reproductive toxicity is the occurrence of developmental toxicity in offspring as a result 

of harmful effects of chemical substances interfering with the sexual functions and fertility of a 

male or female (SCHC-OSHA Alliane GHS/HaxCom Information Sheet Workgroup, 2017). 

The research on endocrine disrupting chemicals is still in progress. There is research that 

suggests the exposure to EDC’s in industrialized countries is linked to the increase in breast 

cancer percentages. There are many risk factors for breast cancer that are known such as 

menopausal hormone replacement therapies, early menarche and late menopause. These risk 

factors are related to an overexposure of estradiol, meaning that an exposure to an endocrine 

disrupting chemical might be a risk factor as well (Diamanti-Kandarakis et al., 2009). 
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Impacts of Estradiol  

 Research has shown that estrogens are present in the highest concentrations compared to 

other chemical contaminants; estrogen levels have risen over the past fifty years in the local 

water sources due to an increase in the use of pharmaceuticals and agricultural use of hormones 

for their livestock. (Lecomte, S., etal., 2017)  

Although there is not enough concrete evidence of the harmful effects these hormones 

may have on humans, it is still a growing concern. The hormones in water that are affecting the 

aquatic life have produced results in labs that show they can impair human cell function. While 

showing results in a petri dish is different than showing results within a human body, the issue is 

still concerning (Diamanti-Kandarakis et al., 2009). 

 

Testing the Impacts 

As of right now, U.S. EPA Method 539 is the preferred method used for the 

Determination of Hormones in Drinking Water. This method uses Solid-Phase Extraction (SPE) 

and Liquid Chromatography Electrospray Ionization Tandem Mass Spectrometry (LC 

Spectrometry) (LC -ESI -MS/MS). Without access to a tandem mass spectrometer an alternate 

method of analyzing the collected water samples was needed. Due to limited funds, the salivary 

estradiol ELISA kit purchased met the cost-effective need for analyzation of the collected water 

samples (ThermoFisher Scientific, n.d.). 

Horseradish Peroxidase Compete 

The ELISA Salivary Estradiol kit used estradiol conjugated with horse-radish peroxidase 

compete for the binding of estradiol to the antiserum that came precoated onto the wells of the 

microplate in the kit. Although it was studied years prior, horseradish peroxidase was first 

noticed in the scientific literature world approximately two hundred years ago and was used 
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extensively at the end of the twentieth century when molecular biology and genetics research 

started blossoming; it is now one of the most commonly used enzyme conjugates when 

performing enzyme linked immunoassays.  

One of the reasons it is so highly valued is its stability and that it is less expensive than 

other alternatives. The conjugate allows strong signals to be produced in a short amount of time, 

meaning it is important to analyze samples quickly. In this experiment, the absorbance values 

had to be read within ten minutes of culmination. Another reason it is so highly valued is its 

capability of producing a color change that is detectable by spectrophotometers when a substrate 

is oxidized by the horseradish peroxidase. It is widely used in environmental science for water 

treatment due to its ability to remove hydroxylated aromatic compounds, which are deemed to be 

primary contaminants of industrial wastewater (Veitch, 2004).  

DRG Salivary Estradiol ELISA kit    

 The Salivary Estradiol ELISA kit purchased and used in this experiment used a protocol 

that is accepted for human saliva. This protocol (DRG International, 2010) had specific steps that 

were excluded because they were not necessary when the protocol was tailored for 

environmental water samples. The ELISA protocol had specimen collection and preparation 

instructions for how to prepare the individuals for their saliva sample collection. Specimen 

collection specified what equipment to use, sampling increments, and fasting instructions. 

Specimen storage and preparation specified how to freeze, thaw and centrifuge the samples in 

order to separate the mucins in the samples collected. Specimen dilution specified how to dilute 

the samples if the specimen contained more than the highest standard. These parts of the protocol 

were not used; however, the assay procedure of the protocol remained the same.  
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 The ELISA kit did meet the cost-effective need for analyzation of the collected water 

samples, however the kit still presented limitations. The ELISA kit protocol stated the 

absorbance of each well was to be read at 450 ± 10nm with an environmental impact assessment 

(EIA) microtiter plate reader. This was not available for use at Lourdes University so the first 

challenge was changing the part of the ELISA assay procedure that used the EIA microtiter plate 

reader and adapt it so that a Vernier SpectroVis Plus Spectrophotometer could be used to analyze 

the samples.  

 Upon arriving at the part of the ELISA protocol stating to read absorbance with an EIA 

microtiter plate reader, each microtiter well was emptied into a separate cuvette and read by the 

Vernier SpectroVis Plus spectrophotometer at 450 ± 10nm. Analysis of the insufficient final 

solutions was unable to be performed due to the size of the cuvettes being too large for the 

limited 300 µL final sample solution volume in each microtiter well. 

 Using the Vernier SpectroVis Plus Spectrophotometer at Lourdes University produced 

insufficient results after analysis. As a last resort, faculty at the University of Toledo were 

contacted so that maybe, in collaboration with a few of their graduate students, their SpectraMax 

iD5 microplate reader could be utilized for analysis of the samples collected. The faculty there 

were kind enough to volunteer their time and let me use their equipment. The final analysis 

attempt to determine the absorbance readings for the microtiter plate was performed using the 

SpectraMax iD5 microplate reader at the University of Toledo.  

 

MATERIALS AND METHODS 

 Field collection methods were used, and equipment was autoclaved before 

collection. Samples were gathered from three different water sources around the Toledo, Ohio 
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area including Maumee River, Swan Creek and Ottawa River. The goal was to obtain one sample 

from a downstream location and one sample from an upstream location for each water source. 

One sample was taken from two access points from each of the rivers. The Maumee River had 

access points at the following locations: N 41°48.688, W 083°73.412 (upstream, location 4) and 

N 41°33.156, W 083°40.109 (downstream, location 5). Swan Creek had access points at the 

following locations: N 41°36.996, W 083°38.557 (upstream, location 2) and N 41°55.784, W 

083°68.114 (downstream, location 3). The Ottawa River had access points at the following 

locations: N 41°67.301, W 083°71.339 (upstream, location 6) and N 41°42.825, W 083°41.961 

(downstream, location 1).  

Field Collection 

 During collection, at each water source, a water collection device was used to obtain each 

sample. After each sample was taken, the Field Data Stream Survey Form was filled out by 

observing the environment and using a Neilson-Kellerman Kestrel 3000 Pocket Weather Meter 

to measure relative humidity, heat index, dewpoint, wind speed, average wind speed, maximum 

three second wind gust, and air temperature. A Garmin eTrex HC series personal navigator was 

used to determine the coordinates of each collection site. A cooler filled with ice was taken when 

completing the sample field collection. After each sample was taken, they were placed in a 

cooler that was filled with ice. The cooler provided a space the samples could be stored in that 

prohibited the occurrence of photosynthesis and was temperature controlled so that bacterial 

growth could be limited, if not completely avoided. The samples were returned to the lab and 

stored in a refrigerator at 2-8 degrees Celsius until used for the experiment.  
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Sample Preparation  

 The ELISA kit and micro titer wells were stored at 2°C to 8°C to ensure the reactivity 

retention of the unopened reagents until use. After opening, the reagents were stored at the same 

temperature.  

The day prior to running the experiment a set of concentrated samples was made. 100 mL 

of each sample was boiled down to ≤ 10 mL. The remainder of each sample was decanted, 

leaving the sediment behind, into a 10 mL volumetric flask. Distilled water was added to each 

volumetric flask to bring the sample volume to 10 mL. These samples were stored in the 

refrigerator at 2-8 degrees Celsius with the other samples until it was time to start the 

experiment.  

ELISA Procedure 

 The ELISA kit came with a protocol (DRG International, 2010) to follow for the use of 

salivary collection that was revised to meet the needs of this experiment. All reagents in the kit 

and samples were brought to room temperature before use by allowing them to sit out in the lab 

for approximately 30 min. Approximately 20 mL of each of the samples were pipetted out of 

their sample container and into their own beakers so they could warm to room temperature faster. 

All reagents were mixed so that foaming did not occur. A wash solution was prepared by adding 

1170 mL of deionized water to 30 mL of the 40X Wash Solution that came with the ELISA kit 

for a total final volume of 1200 mL of wash solution.  
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Table 1. Arrangement of standard solutions and samples of the microplate wells in the holder.  

Standard Solutions Empty  Samples Empty  Diluted Samples (1/10X) 

0 pg/mL Empty Location 3 Empty Location 3 

1 pg/mL Empty Location 4 Empty Location 4 

5 pg/mL Empty Location 5 Empty Location 5 

10 pg/mL Empty Location 6 Empty Location 6 

50 pg/mL Empty Location 1 Empty Location 1 

100 pg/mL Empty Location 2 Empty Location 2 

Control Low Empty Empty Empty Empty 

Control High Empty Empty Empty Empty 

 

 Once started, all steps were completed without interruption. Disposable pipette tips were 

used for each sample, standard and controls to avoid cross contamination. Six standards, two 

controls, six samples and six concentrated samples were tested. Three microtiter well rows (rows 

of 8) were used in the holder. 100 µL of each standard, controls and samples were dispensed into 

the appropriate microtiter well, each with a new disposable tip. The wells were then left to 

incubate at room temperature for 30 min. 200 µL of the Enzyme Conjugate, provided by the 

ELISA kit, was dispensed into each sample and standard well. The microtiter well plate was 

mixed completely by swirling the plate for 10 seconds. The wells were then left to incubate at 

room temperature for 120 min.  

After the 120 min had passed, the contents of the wells were shaken out by turning the 

upside down onto paper towel and lightly tapping. Each of the wells were rinsed three times with 

400 µL (each time) of the prepared Wash Solution using a micropipette. After each rinse, the 

wells were struck sharply against absorbent paper towel to make sure there was not any residual 
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solution left in the wells. 200 µL of Substrate Solution, provided by the ELISA kit, was added to 

each well and left to incubate for 30 min. The enzymatic reaction was ended by adding 100 µL 

of Stop Solution, provided by the ELISA kit, to each well.  

Data Analysis 

 Data analysis was conducted using a DRG Salivary Estradiol ELISA and SpectraMax 

iD5 microplate reader along with its associated software, SoftMax Pro 7.0.3. Within ten minutes 

of adding the Stop Solution, the absorbance (optical density) of each well at 450±10 nm was 

determined with the SpectraMax iD5 microplate reader.  

The absorbance values for the standards, controls, samples and diluted samples were 

calculated by the SpectraMax iD5 microplate reader. A standard curve graph was created and 

plotted by the microplate reader; concentrations for the standards, controls, samples and 

concentrated samples were determined by the microplate reader using the standard curve 

produced.  

RESULTS 

 The results from this experiment are considered inconclusive and faulty/unreliable.  

 

Figure 2. Absorbance values of the microtiter plate produced by the SpectraMax iD5 microplate 

reader. Source: Sarah Wisser.  
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 The plate above shows absorbance values produced by the SpectraMax iD5 microplate 

reader. Column 8 contained the standard solutions that came with the ELISA kit; the solutions 

increase from 0 pg/mL to 100 pg/mL starting from row A and continuing to row F. As seen 

above in Figure 2, the absorbance values decreased as the concentrations of the standards 

increased. This is not the typical pattern when producing standard curves from known 

concentrations of standard solutions.  

 There are many explanations for why the absorbance values of the standard solutions did 

not increase as expected. Many of these explanations are related to limitations of UV-Vis 

spectrometry, explained later. Other explanations were specific to this experiment. If more time 

had been allowed, the experiment could have been performed multiple times. However, the 

ELISA kit had a shelf life of two weeks after opening and multiple tests were unable to be 

completed.  

 Due to budget and equipment limitations, the SpectraMax iD5 was used at the University 

of Toledo as a courtesy from their staff. The microplate had and all other materials had to be 

transported to the University of Toledo during the two-hour incubation period of the experiment. 

This could have affected the results in a negative way. Coordination with University of Toledo 

graduate students was required due to inexperience with the SpectraMax iD5 microplate reader 

and its corresponding software. While working with the microplate reader, the type of plate had 

to be selected in the program before running the test; the type of plate was not listed in the 

ELISA kit protocol, therefore we used the most similar layout option.  
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Figure 3. Absorbance values and calculated concentrations corresponding with microtiter wells 

A8-F8 of the microtiter plate (Standard Solutions 1-6) produced by the SpectraMax iD5 

microplate reader. Source: Sarah Wisser.  

 

 
Figure 4. Standard Curve produced from absorbance values corresponding with microtiter wells 

A8-F8 of the microtiter plate (Standard Solutions 1-6) produced by the SpectraMax iD5 

microplate reader. Source: Sarah Wisser.  
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The standard curve, Figure 4, produced by the absorbance values and concentrations of 

the given standard solutions was opposite the orientation the it should have been. The graph was 

a linear with a negative decreasing slope. 

The standard curve, Figure 4, should have been a linear graph with a positive increasing 

slope. If in the correction orientation, the standard curve would have acted as a calibration curve, 

with the concentration of the standard solutions on the x-axis and the absorbance values for the 

standard solution on the y-axis. Thus, allowing the unknown concentrations of the samples to be 

determined by interpolation of the known standards on the standard curve graph.  

 The standard curve graph produced a linear coefficient, R2, value of 0.712. When 

preforming an experiment with quantitative results in analytical chemistry, the accepted R2 value 

needs to be as close to 1.0 as possible (O’Haver, 2008) indicating that fit is perfect. The results 

of this low R2 value indicates the fit is imperfect and insinuates there was a large source of error. 

When results produce an R2 value as low as 0.7117, the experiment should be repeated so a new 

curve is produced. If more time, equipment and solutions had been available then this may have 

been possible.  

 When looking at standard curves for experiments using spectrophotometry, the 

concentrations of the standards must be within the working range of the instrument. The line of 

linearity marks this “working range” of instruments in analytical chemistry and is typically 1.0. 
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Figure 2.  Calibration Curve. Source: https://en.wikipedia.org/wiki/File:Calibration_curve.png 

 

Instrumental response depends upon the condition of the solution being analyzed. The 

ideal analyte is a pure solution that has been filtered multiple times. The standard solutions and 

controls were assumed to be pure due to their inclusion in the ELISA Salivary Estradiol kit. 

However, the samples that were obtained from the water sources of the Maumee River 

Watershed were not pure; these samples had not been filtered. There were sediment particles in 

the water samples that could be seen with the naked eye that had settled in the bottom of each 

collection container. When transferring the samples into the microtiter wells, the water was 

carefully pipetted off the top of the solution, avoiding any of the sediment at the bottom of the 

collection containers. 

Other factors such as unknown particles in the water may have also affected to assay 

results. In unfiltered water, there is the possibility of the presence of heavy metals, particular 

proteins and other chemicals that may have caused interference when the instrument was reading 

(“Worksheet for analytical calibration curve,” 2017). The ELISA protocol mentioned that 

concentrations greater than or equal to 0.02% could interfere with the assay and lead to false 

results. The protocol also mentioned that cross reactivity of estradiol with either estron of estriol. 

https://en.wikipedia.org/wiki/File:Calibration_curve.png
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Estron has a known cross reaction with estradiol of 0.20% and estriol has a known cross reaction 

with estradiol of 0.05%.  

 Due to the SpectraMax iD5 microplate reader taking absorbance readings, any slight 

interference may have caused the instrument to produce false readings. Thus, being said, to 

ensure that the microtiter assay worked in the most efficient way, it would have been better to 

filter the solutions multiple times through high quality filter paper before completing the 

experiment. If more time had been allowed and the equipment was readily available, the samples 

could have been filtered in a way that removed organic compounds.  

Calibration curves are plots of an analytical signal, in this case absorbance, vs. the known 

concentration of the standard solutions. Precision of measurements when making the standard 

solutions is imperative. Accuracy regarding measurements is larger when handling larger 

volumes that it is handling smaller volumes (“Worksheet for analytical calibration curve,” 2017). 

Analytical signal (absorbance) measurement error depends on the accuracy of the instrument, the 

measurements of the operator, and other interferences of the analyte. Other research has 

performed multiple tests and the ELISA protocol stated all solutions should be run in duplicate, 

both allowing for the average signal measurement to be derived from the repeat measurements 

(O’Haver, 2008). Due to the measurement of concentration for this experiment being in 

picograms, one set of samples in this experiment were diluted to 1/10 of the concentration of the 

original samples with the hope that the more concentrated samples would show a more accurate 

absorbance measurement for the presence of estradiol.  

Limitations of Ultraviolet-Visible Spectroscopy 

Ultraviolet-visible spectroscopy (UV-Vis) uses the principles of Beer-Lambert’s Law to 

determine the concentration of an unknown sample using the measured absorbance of the 
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unknown by observing the direct correlation of the unknown absorbance and the concentrations 

plotted on the standard curve created. This relationship is linear unless certain circumstances 

arise such as real, chemical and instrumental deviations (Mehta, A., 2012). The linear 

relationship is best observed when the absorbance wavelength readings are taken at the 

maximum wavelength.  

 Real deviations relate to the concentration of the analyte. UV-Vis does not work as well 

when performed on an analyte with a high concentration; at high concentrations the analyte can 

act differently as it interacts with the solvent, solute and their various bonds due to the copious 

amounts of different charge distributions within the solution (Mehta A., 2012). High 

concentrations can cause the absorption wavelength of the analyte to shift, causing the 

absorbances read to be outside the line of linearity. UV-Vis works better when analyzing 

solutions with low amounts of solutes dissolved in it.  

 Chemical deviations relate to a new product creation due to analyte and solvent 

interaction, association or dissociation. Typically, the new product formed displays different 

absorption characteristics that will affect the absorbance wavelength range of the solution.  

 Instrumental deviations can typically be caused by one of two things, the presence of 

stray radiation and mismatched cells/cuvettes (Mehta A., 2012). Stray radiation is radiation from 

the instrument itself that is outside the wavelength selected for the machine to read absorbance. It 

is typically caused by reflective surfaces in the vicinity of the instrument. If the analyte absorbs 

at the wavelength of the stray radiation, a deviation occurs. A deviation can also occur if the cells 

or cuvettes holding the analyte and the blank have different optical characteristics (Mehta, A., 

2012).  
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CONCLUSION 

Originally, three different water sources in the Maumee River Watershed were to be 

tested to analyze the presence of synthetic hormones, specifically estrogens. The goal was to 

determine whether the presence of estrogens was higher or lower at sources that were upstream 

or downstream of water treatment plants.  

Analyzation presented an issue when looking for techniques due to budget and equipment 

limitations. It was realized that startup costs for the analyzation of environmental water samples 

is well over one hundred thousand dollars. This caused a need for alternative methods. As stated 

previously, solid-phase extraction and gas/liquid chromatography tandem mass spectrometry is 

one of the best ways to analyze human hormones in drinking water. An alternative protocol 

within budget parameters was created in an attempt to test the water samples for presence of 

Estradiol using an ELISA kit manufactured by DRG Industrial. The samples were analyzed in 

two different ways using UV-Vis spectrometry and a SpectraMax iD5 microplate reader to 

determine the optical density of the samples.  

The ELISA Salivary Estradiol kit used for this experiment was intended to be used as an 

enzyme immunoassay for the quantitative analysis of free Estradiol in human saliva. The results 

of this kit were intended for diagnosis and assessment of different hormonal disorders as well as 

evaluation of estradiol’s effect on placental function in women experiencing pregnancy 

complications (ThermoFisher Scientific, n.d.). 

The results of this experiment did not yield any reliable data. With a more affordable and 

easier analysis method of testing for synthetic hormones in water, data could have been produced 

quickly with ease. A more affordable and easier analysis method would have also possibly have 

been able to show the presence of different hormones, rather than just one (estradiol). A 
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difference in concentrations of these hormones at different point sources within the three 

different water sources tested within the Maumee River Watershed might have been observed. 

An easier test method such as a quick field test using a dip stick that will show the presence of 

certain synthetic hormones; more research is needed to develop a method with high sensitivity. 

Potentially, the field test developed will be affordable as well in hopes that research can be 

contributed to the overall effect of synthetic hormones on aquatic life and humans.   
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