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ABSTRACT
Atrazine is the most widely used herbicides in USA, but its negative
impact on aquatic ecosystem cannot be over- looked. Atrazine was traditionally
determined through liquid/gas chromatography or IR spectroscopy. However,
these methods are either time-consuming or costly, so fluorescence
spectroscopy is investigated as a more cost and time efficient alternative.
Literature value of the optimal wavelength of atrazine was found to be 350 nm
emission. Experimental value for emission scanned of atrazine resulted in an
optimal wavelength of 363 nm. Known and unknown concentrations of atrazine
will be analyzed using fluorescence spectrophotometer to develop a calibration
curve.
The calibration concentration curve developed would be used in the future
as an analytical technique to determine the concentrations of atrazine in real
local water samples collected by the Biology Department at EKU.
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CHAPTER 1
INTRODUCTION
1.1

Purpose of the Project
Over 50 years, farmers across North America have been spraying
atrazine, an herbicide, on crops, mainly corn, applying millions of pounds a year 1.
The widespread use of the herbicide has led to a runoff. Atrazine is the number
one contaminant found in drinking water in the U.S and probably globally 1.
According to the Environmental Protection Agency (EPA) concentration of
atrazine above 5 µg/L can cause reproductive effect in fish culture and humans
as well2. Atrazine levels vary in different regions in the country3. Atrazine levels
are higher in corn growing regions. Most common used technique in detecting
atrazine concentration in freshwaters were High Performance Liquid
Chromatography (HPLC) and Infrared Resonance (IR). Due to the limitations
associated with these techniques, a more sensitive technique has been deployed
to determine the concentration of atrazine in freshwater. The goal of this project
is to develop an analytical technique to determine atrazine concentration in
freshwater using fluorescent spectroscopy.
1.2

Overview of Project
The goal of the project is to use fluorescence spectroscopy as a technique
to determine atrazine concentration in freshwater which could later be deployed
by the Kentucky division of water for water quality analysis. HPLC has been used
previously to obtain some meaningful results in the determination of atrazine in
freshwater but a rather more sensitive technique, fluorescence spectroscopy is
preferable in this modern time.
1.3
Aim and Scope of the Project
This project describes a procedure using a fluorometric technique for the
quantitative determination in water of triazine herbicides, atrazine. Preliminary
experiments were completed using standard samples4.This method provides a
single quantitative result, reported as atrazine, for all triazine herbicide
compounds detected. However, the extent to which other triazine herbicides and
other compounds are detected may vary between commercial testing products.
Testing products are commercially available from several manufacturers. The
testing product evaluated by EPA for this method employs a fluorimeter 5. Other
products differ in many respects, including the format of the test, the reagents
used, and the specific steps in the test procedure. The lower limit of
quantification submitted by the manufacturer of the testing product described in
1

sec. was 3 ppb /0.35 µg/ L for drinking water samples and is provided for
guidance purposes only2. The actual method of sensitivity may be highly
dependent on the sample matrix and may not always be achievable. Fluorometric
technique use light as a source. The light from the source is directed towards the
sample chamber at a 900 angle to avoid stray of light, and the light is then
separated by the excitation and emission monochromators towards a detector
(usually a photomultiplier tube). The results are analyzed on a readout device
(usually a computer).
According to the writers of the fluorometric manual6, before employing this
method, analysts are advised to consult the base method for each type of
procedure that may be used in the overall analysis and the manufacturer’s
instructions for additional information on quality control procedures, development
of QC acceptance criteria, calculations, and general guidance7. Analyst should
also consult the disclaimer statement at the front of the manual6.
In addition, analysts and data users are advised that, except where explicitly
specified in a regulation, the use of SW-846 methods is not mandatory in
response to Federal testing requirements7. The information contained in this
method is provided by EPA as guidance to be used by the analyst and the
regulated community in making judgements necessary to generate results that
meet the data quality objectives for the intended application 7. According to EPA,
the use of this method is restricted to use by, or under supervision of analysts
appropriately experienced and trained in the performance and interpretation of
fluorometric techniques2. Each analyst must demonstrate the ability to generate
acceptable results with this method4.
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CHAPTER 2
LITERATURE REVIEW
2.1

Atrazine Background
The IUPAC name for atrazine is 2-Chloro-4-ethylamino-6-(1-methyl-ethyl-)amino-sym-1,3,5-triazine atrazine (A)8. Atrazine is one of the most widely used
herbicides in agriculture in the United States. Atrazine is manufactured by
Syngenta, the world’s largest agribusiness. In 1982, the estimated total domestic
usage exceeded 34 million Kg9. Currently, the estimated total annual domestic
usage of atrazine averages about 76.5 million pounds of active ingredients 10.
Atrazine possess a major threat to the environment especially, about water
quality. Atrazine has been classified as a group III (possibly carcinogenic to
humans)11. Figure 2-1 shows the chemical structure of atrazine.

Figure 2-1: Chemical Structure of Atrazine
Source: Semmens, B. X.; Moore, J. W.; Ward, E. J. Ecol. Lett. 2009, 12 (3).
2.2

Atrazine Application and implications
Atrazine is extensively used for pre-and post-emergent weed control on
corn, wheat, soya beans, maize, and other crops throughout the Midwest and
elsewhere in the country. Typical application rates on corn are 200 to 400 mg/m 2
of active ingredient depending upon soil properties, nature of crop, atmospheric
conditions, and (or) irrigation program12. This large usage of a single weed
control agent has resulted in a great concern over the ultimate disposition of
atrazine residues in surface and ground waters.
An estimated 3 percent of all field-applied atrazine is lost to freshwater
streams from contiguous land13,14. Residues of atrazine (in combination with
other agrochemicals) resulting from field application to cultivated land have been
measured in shallow aquifers throughout the Midwest and Southeast as well as
3

identified in major river drainage basins using HPLC to obtain a reasonable data
for atrazine8.
Given the possibility for potentially massive contamination of natural-water
resources, most States have no enforcement regulations to deal with atrazine
residues in water supplies drawn for irrigation or potable supply. Many States,
some with major agriculture, do not require rigorous record-keeping practices on
sales or usage of pesticides15. An exception, the State of Wisconsin, Department
of Natural Resources, has proposed a not-to exceed limit for atrazine in ground
water of 0.35 (µg/L)16.
According to the Environmental Protection Agency (EPA), atrazine is
commonly used in corn cultivation and this poses a lot of danger to numerous
plants and animals, including birds, mammals, fish, reptiles, and amphibians 2.
The agency mentions the fact that, concentration of atrazine above 5 µg/L can
cause reproductive effect in fish culture2. Unfortunately, according to the
agency’s report, many waters around the corn-growing areas in the U.S exceeds
that level2. Atrazine shows other effects such as neuroendocrine in mammals,
alters hormone levels in rats, which can result in reproductive and developmental
effects, according to EPA. This assessment made by the EPA poses some threat
to many farmers with the fear that the use of atrazine would be restricted17. The
environmental-fate chemistry of atrazine is not well understood and probably
involves competitive and very complex processes5.
2.3

Atrazine Composition and Derivatives
Field-applied atrazine is known to undergo both N-desalkylation and
deamination reactions that are brought about by fungi present in the soil 18 and by
bacteria present in the soil4. Desalkylation reactions occur on either one or both
secondary amino-nitrogen atoms. Two- and three-carbon fragments apparently
are lost directly. These conversions produce desethyl- and desisopropylatrazine.
Each of these congeners of atrazine retains phytotoxicity in the soil. Loss of alkyl
substituents from both amino-nitrogen atoms produces desethyl, and
desisopropylatrazine. Atrazine is known to undergo abiotic hydrolysis reactions
leading to de-chlorination and the formation of hydroxyl derivatives, most of
which are not phytotoxic.
Table 2.1 shows the chemical structure, common chemical name and
International Union of Pure and Applied Chemistry (IUPAC) system name, and
Chemical Abstracts Service (CAS) registry number for each compound 4. The
desalkylation, deamination, and hydroxylation of atrazine probably occur
simultaneously through chemical, photochemical, and microbiological
4

transformations that are indistinguishable in the environment 19. These competing
pathways may provide alternate routes to indeterminate stages within an
essentially degradative pathway.
Table 2-1: Chemical Structures, IUPAC Names and CAS Registry Numbers for
Atrazine and its Derivatives

Source: Semmens, B. X.; Moore, J. W.; Ward, E. J. Ecology Letters 2009, 12 (3).

2.4

Atrazine Detection Methods
The concentration of atrazine in freshwaters can be determined by many
analytical techniques. The most common techniques used in the determination of
atrazine concentration in freshwaters are HPLC and fluorescent spectroscopy.
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2.4.1 HPLC Technique
The HPLC technique involves the filtration of water samples through 40
mm diameter organic-binder-free glass-microfiber depth fibers in an all vacuumfiltration apparatus19. 2.5-5.0 µL of a methanol solution of the surrogate
compound, 100 mg/L TBA was added to the water sample19. Extraction volumes
ranges from 0.1- 2.0L20. 0.25-0.50 L was found to provide a reasonable level of
enrichment with minimal loss during extraction20. Each water sample was
adjusted to a pH of 7.0-7.5 by dropwise addition of dilute aqueous ammonia or
phosphoric acid as needed before extraction19. Analytichem BondElut cartridges,
50 mg of cyclohexyl specificity were activated by delivering not less than 12 ml (
3 column volumes) of methanol followed by 12 ml of water in each cartridge 19.
The activated cartridges were placed on a multiport vacuum manifold fitted with
adapters and connected to a 250- ml reservoir19. Water samples were drawn
through the cartridges at a nominal flow rate of about 20 ml/min by using an
applied vacuum of about 0.015 kPa20. The cartridges were placed on a 15 ml
graduated centrifuge and centrifuge for about 1 min at 1500 rpm after extraction
to remove residual water19. The cartridges were eluted by air displacement of 2.0
ml of acetonitrile into a clean dry centrifuge tube19. The cartridge was placed in
the tube and centrifuge at 1500 rpm to ensure quantitative recovery of eluent
from the cartridge19. The total volume was vortexed and transferred into an
autosampler vial and seal for instrumental analysis19.
2.4.1.1

Programming
A LiChrospher 100 RP-18, 5 µm, 125 * 4 mm ( H-P p/n 799250D-564)
column was used by Steinheimer in the determination of atrazine concentration21.
Photodiode array data were acquired at 220, 235, and 254 nm, with a 4 -nm
bandwidth, and against a reference signal at 380 nm with a 40 nm bandwidth.
Detector sensitivity was set at 20 mAU full scale. Spectral data were acquired at
200 and 400 nm with a sampling frequency 640 ms. Injection volume was 25 µL.
Channel A, acetonitrile; B, methanol; C, water. Gradient separation conditions
were obtained.
2.4.2

Fluorescent Spectroscopy
In fluorescence, molecules get excited (outer shell electrons) and the
excited species gives an emission spectrum that provides information for
quantification and qualitification21. Fluorescence is short-lived, with luminescence
ceasing almost immediately ( ˂ 10-5 sec)22. Fluorescence is the emission of light
by a substance that has absorbed light23. The emitted light has a longer
wavelength, and therefore lower energy, than the absorbed radiation 22,23.
Fluorescent compounds give distinct colors that can only be seen when exposed
6

to UV light21. Jablonski’s diagram shown in Figure 2.2 depicts the process of
excitation
and
emission
scan(Fluorescence).

Figure 2-2: Jablonski Diagram
Source: Skoog, D. A.; Holler, F. J.; Crouch, S. R. Principles of Instrumental
Analysis; 2007.
2.4.2.1
Programming
Fluorometer is made up of four basic components: source, sample cell, two
filters, and a detector. Xenon arc lamp serves as the light source and is placed at
a 90-degree angle to the sample holder to avoid stray of light; primary filter
absorbs visible light and transmits UV light whiles secondary filter absorbs UV
light and transmits visible light which is analyzed using a photomultiplier tube
(PMT) detector. The basic instrumentation of a fluorometer is depicted in figure
2.3. The front, back and lateral view of the fluorolog™ Horiba Scientific Model
Sygnature-CCD used for all experimental testing in this project is provided in
7

figures 2.4-2.6 respectively. Figure 2.7 depicts a typical fluorometer. A typical
fluorometer is made up of two monochromators (wavelength selectors). A light
from a source (Xenon Arc lamp) reaches the sample in the sample chamber at a
900 angle to prevent stray of light and the two monochromators directs the light
source to a detector (photomultiplier tube) regardless of the type of scan and the
output is analyze on a readout machine like a computer.

Figure 2-3 Instrumentation of Fluorometer
Source: Skoog, D. A.; Holler, F. J.; Crouch, S. R. Principles of Instrumental
Analysis; 2007.

8

Figure 2-4: Fluorolog Horiba Scientific Model Sygnature-CCD (Front View)

Figure 2-5: Fluorolog Horiba Scientific Model Sygnature -CCD (Back view
showing the Power buttons)
9

Figure 2-6: Fluorolog Horiba Scientific Model Sygnature (Lateral View) showing
the Xenon Arc Lamp

10

Figure 2-7: Typical Fluorometer
Source: Skoog, D. A.; Holler, F. J.; Crouch, S. R. Principles of Instrumental
Analysis; 2007.
2.5

Limitations in Techniques
Unlike HPLC which is costly, complex, and does not work for all samples ,
fluorometer is a very sensitive technique about three orders of magnitudes higher
( ppb range)21. Flourometer has a larger linear concentration ranges of detection
and a higher signal-to-noise ratio but the demerit of this technique is that,only few
molecules exhibit luminescence compared to absorption spectroscopy19.

11

CHAPTER 3
METHODS AND MATERIALS
3.1

Materials and Equipment
Atrazine samples were purchased commercially (figure 3.1) ( Supleco
Solutions WithinTM) and diluted in a de-ionized water.
Sample testing was completed using a FluorologTM instrument from Horiba
Scientific Model Synature-CCD ( S.O 284679 FL-1016) as shown in figures 2.2.4
above.

Figure 3-1: A 100 mg Bottle of a Commercial Atrazine
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3.2

Sample Preparation

The amount of atrazine used in the dilution processes was based on
formulation from literature20,6.
3.2.1

Stock Solution
A 12 µM (3,080 ppb) stock solution was prepared by weighing 0.0026g of
atrazine ( MW 215.68 g/mol) into a 1000 ml volumetric flask, and diluted with a
de-ionized water to the final volume ( 1 liter).
3.3

Dilute soultions
About nine(9) dilutions were made out of the prepared stock solution as
shown in figure 3-2 below using dilution equation to calculate the initial volumes
needed in order to examine the effect of concentration and intensity.

Figure 3-2 Nine Dilutions of Atrazine Prepared from a 12 Micro- Molar solution

3.3.1: 83 ml of stock solution diluted with deionized water to 1 L
83 ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final volume
(1 liter).
3.3.2: 67 ml of stock solution diluted with deionized water to 1 L
67 ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final voume
( 1 liter).
13

3.3.3: 58 ml of stock solution diluted with deionized water to 1 L
58 ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final volume
( 1 liter).
3.3.4: 50 ml of stock solution diluted with deionized water to 1 L
50ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final volume
( 1 liter).
3.3.5: 42 ml of stock solution diluted with deionized water to 1 L
42 ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final volume
(1 liter).
3.3.6: 33 ml of stock solution diluted with deionized water to 1 L
33 ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final volume
(1 liter).
3.3.7: 25 ml of stock solution diluted with deionized water to 1 L
25 ml of solution was taken out of the prepared stock solution into a
new 1000 ml volumetric flask and was diluted with deionized water to the final
volume (1 liter).
3.3.8: 17 ml of stock solution diluted with deionized water to 1 L
17 ml of solution was taken out of the prepared stock solution into a
new 1000 ml volumetric flask and was diluted with deionized water to the final
volume ( 1liter).
3.3.9: 8 ml of stock solution diluted with deionized water to 1 L
8 ml of solution was taken out of the prepared stock solution into a new
1000 ml volumetric flask and was diluted with deionized water to the final volume
(1 liter).
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3.4

Testing Setup and Process
The fluorolog horiba scientific is made up of the state-of -the – art optical
components, a personal computer, and a FluorEssenceTM for Windows, the
driving software19.
3.4.1

Fluorimeter Calibration
Calibrations are done by scans of the xenon-lamp output and the raman
scatter band of water. In addition, the fluorolog is an autocalibrating
spectrofluorometer.Figure 3-3 below shows a calibration of a clean water Raman
scan.

Figure 3-3 Calibration of a Clean Water Raman Scan
Source: Lerner, J. M.; Thevenon, a. 1996-2013 HORIBA, Ltd 2013.
3.4.2 Sample Cuvette
3.4.2.1
Cuvette Preparation
All contents in the cuvette were emptied and was soaked in a 50%
aqueous nitric acid ( Sigma Aldrich) for 24 hours. Afterwards, the cuvette was
rinsed with de-ionized water and was cleaned in a cleaning solution with a testtube brush. The cuvette was again rinsed with de-ionized water before use.
3.4.2.2

Sample Preparation
A small volume of each of the diluted solutions from the stock solution
was placed in the sample cuvette into the sample holder for testing.
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Fluorescence data were detected at right-angle by placing sample cuvette at 900
to the incident beam of light.
3.4.3

Excitation and Emission Scan

3.4.3.1

Wavelength and Intensity
Excitation and emission scans were done on all the diluted solutions from
the stock. Both excitation and emissions scans were achieved in a similar
manner. In the toolbar on the FluorEssenceTM window, the experiment menu
button was clicked and the fluorescence main experiment menu appeared and
spectra button was selected from the options. The experiment type menu then
appears which involves excitation,emission, and synchronous and so for
instance, if the excitation button is selected and then the next step is to click on
the next button. File name was accomplished by clicking on the experiment file
field.All experimental parameters were verified to be correct and the scan
parameters were set. The sample was then inserted into the sample
compartment and the run button was clicked to begin the scan. The greatest
intensity was noted from the spectrum produced on the screen. With an
acceptable em peak in comparison with literature values, both the exciation and
emission wavelength were recorded. Normalized excitation and emission spectra
are shown in figure 3-4 below.

Figure 3-4 Normalized Excitation and Emission Spectra
Source: Lerner, J. M.; Thevenon, a. 1996-2013 HORIBA, Ltd 2013.
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3.4.4

Kinetics Scan
In the toolbar on the FluorEssenceTM window, the experiment menu
button was clicked and the fluorescence main experiment menu appeared and
kinetics button was selected from the options and the next button was clicked.
File name was accomplished by clicking on the experiment file field.All
experimental parameters were verified to be correct and the scan parameters
were set. The sample was then inserted into the sample compartment and the
run button was clicked to begin the scan. The change in the intensity of a
fluoresce compound as a function of time was determined.
3.4.4.1 Half- life ( Decay Time)
The Fluorolog can monitor fluorescence as a function of time by
setting the wavelengths (200 nm and 315 nm respectively) at the excitation and
emission peaks of atrazine. This enables the fluorolog to be able to be used for
reaction-rate determination by monitoring the formation or breakdown of
fluorecescence compounds. Reaction rate determination by the use of this
technique is highly selective because only changes in the intensity are taken into
accounts.The degradation of atrazine with time was well monitored using this
technique.
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CHAPTER 4
ATRAZINE RESULTS AND DISCUSSION
4.1

Introduction
Atrazine is the most widely used herbicides in cereal production in the
United states especially in areas where corn are grown the most8. Atrazine is
used for both pre- and post-emergent control of both grasses and broadleaf
weeds in corn, wheat, sorghum and many other crops throughout the Midwest
and across the nation1. The excess use of atrazine through human and farming
activities has resulted in a run off atrazine into nearby fresh waters. Research
has shown that atrazine has an endocrine effects on both amphibians and
humans when it exceeds certain levels in fresh waters24. The Environmental
Protection Agency (EPA) has shown over the past years on how to combat this
arising problem on the effect of water quality resulting from the excess use of
atrazine by corn growing farmers. This issue has brought the need for chemist to
develop an analytical technique to test the concentrations of atrazine in fresh
waters especially in areas such as the Midwest where the use of atrazine is very
excessive.
A FluorologTM Horiba Scientific Instrument Model Sygnature-CCD was
used to complete all the testing. Three different settings were used: excitation,
emission, and kinetics. In excitation, there was a scan of intensity verse
wavelength, where excitation wavelength was noted (200 nm). In emission, there
was a scan of intensity verse wavelength; where the emission wavelength was
recorded (363 nm). For kinetics a plot of intensity as a function of time was
achieved throughout the scan. All images of the various types of settings can be
found on Appendix A. Based on the upper and lower detection limit of atrazine
from literature25,26, a 12 µM stock solution was prepared and diluted into nine (9)
different solutions. According to Beers law, the amount of intensity produce is
directly proportion to the concentration. Thus, the intensities produced is
expected to vary with the concentrations determined. As the intensities produced
increases, the concentrations determined must increase as well and vice versa.
The emission intensities and calculated concentrations are shown on Table 4.1.
A calibration plot of emission intensity verse determined concentrations is
provided on figure 4.1. The initial volumes of the various dilutions were calculated
using Equations 4.1 through 4.10 using the dilution equation (M1V1= M2V2),
where M1 and V1 are the initial concentrations and volumes respectively, and M2
and V2 are the final concentrations and volume respectively. The mass of
atrazine used in preparing the stock solution is shown in Table 4.2.
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Table 4-1: Emission Intensities and Calculated Concentrations of Atrazine
Concentration /M
1.00E-06

Emission Intensities/CPS
1675

8.00E-07

1742

7.00E-07

1602

6.00E-07

1666

5.00E-07

1636

4.00E-07

1572

3.00E-07

1579

2.00E-07

1501

1.00E-07

1555
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Equation 4-1-4-10: Atrazine Dilution Equations

Table 4-2: Calculated Mass of Atrazine Used in Stock Solution Preparation
Molar Mass of
Atrazine
Final volume of 1 L
deionized
water for Stock
Solution
Concentration
of Stock
Solution
Mass of
Atrazine Used

The emission intensities from the dilutions were plotted against the calculated
concentrations as shown in figure 4.1. There was a linear fluorescence response
between the emission intensities from the various dilutions and the
concentrations with R2 value of 0.670 at an optimal emission wavelength of 363
nm. Thus, with the fluorometer, the emission intensities as well as the
wavelength of atrazine can be determined which can be used to deduce the
concentrations of atrazine.
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Figure 4-1: Calibration Curve of Atrazine

4.2

Excitation and Emission Spectra Results

4.2.1 Excitation Spectra
The excitation spectra of atrazine for the various dilutions with their
corresponding initial volumes and concentrations are shown below. Excitation
spectral acquisition was made at an instrumental setting wavelength range of
200-600 nm, entrance slit at 1 nm, wavelength peak at 350 nm, and gratings at
1200.400.12 based on manufacturers manual on the FluorEssence. Excitation
peaks started to show up at 200 nm but were intensified around 467 nm
throughout the measurements. The results obtained indicated how sensitive,
reproducibility, and repetitive the FluorologTM Horiba Scientific instrument is, in
the determination of analytes. The excitation spectral of atrazine obtained for the
various dilutions with the corresponding initial volumes and concentrations are
shown below from figures 4.2- 4.10. Also, the summary of all settings used in
data collection can be found on Table 4.3 below.
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Figure 4-2:Excitation Spectra of a 1.00E-07-M Atrazine Solution

Figure 4-3: Excitation Spectra of a 2.00E-07-M Atrazine Solution
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Figure 4-4: Excitation Spectra of a 3.00E-07-M Atrazine Solution

Figure 4-5: Excitation Spectra of a 4.00E-07-M Atrazine Solution
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Figure 4-6: Excitation Spectra of a 5.00E-07-M Atrazine Solution

Figure 4-7: Excitation Spectra of a 6.00E-07-M Atrazine Solution
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Figure 4-8: Excitation Spectra of a 7.00E-07-M Atrazine Solution

Figure 4-9: Excitation Spectra of an 8.00E-07-M Atrazine Solution
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Figure 4-10: Excitation Spectra of a 1.00E-06-M Atrazine Solution

4.2.2

Emission Spectra

The emission spectra of atrazine for the various dilutions with their
corresponding initial volumes and concentrations are shown below. Emission
spectra acquisition was made at an instrumental setting wavelength range of 350
nm, entrance slit at 5 nm, wavelength peak at 350 nm, and gratings at
1200.400.12 g/mm based on manufacturer’s manual on the FluorEssence. The
optimal emission wavelength obtained throughout the measurements were 363
nm. The results indicated how sensitive, reproducibility, and repetitive the
FluorologTM Horiba Scientific instrument is, in the determination of analytes. The
emission spectra of atrazine obtained for the various dilutions with the
corresponding initial volumes and concentrations are shown below from figures
4.11- 4.19.
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Figure 4-12: Emission Spectra of a 2.00E-07-M Atrazine Solution
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Figure 4-11: Emission Spectra of a 1.00E-07-M Atrazine Solution
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Figure 4-13: Emission Spectra of a 3.00E-07-M Atrazine Solution

Figure 4-14: Emission Spectra of a 4.00E-07-M Atrazine Solution
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Figure 4-15: Emission Spectra of a 5.00E-07-M Atrazine Solution

Figure 4-16: Emission Spectra of a 6.00E-07-M Atrazine Solution
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Figure 4-17: Emission Spectra of a 7.00E-07-M Atrazine Solution

Figure 4-18:Emission Spectra of an 8E-07-M Atrazine Solution
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Figure 4-19: Emission Spectra of a 1.00E-06-M Atrazine Solution

Table 4-3: Summary of Fluorescence Spectroscopy Setting
Spectra
Scan Range(nm)
Fixed Wavelength
(nm)
Scan Speed
(nm/s)
Slit Width (nm)
Gratings (g/mm)

Emission
350
350

Excitation
200-600
350

Kinetics
200-350
350

150

150

150

5
1200.00

1
1200.400.12

1
1200.400.12

4.3

Discussion and Conclusions
Nine (9) dilutions were made from the 12 µM stock solution of atrazine
using de-ionized water. Fluorescence properties were studied using fluorolog™
Horiba Scientific Model Sygnature-CCD. The fluorescence was measured using
a 1 cm quartz cell. The scan velocity for fluorescence spectroscopy was adjusted
to 150 nm min-1 for both emission and excitation monochromators. All spectra
were recorded with a 5 nm slit-width for the emission monochromator and a 1 nm
for the excitation monochromator. De-ionized water was used as a blank.
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Three types of spectra were recorded as shown in Table 4.3. Fluorescence
emission spectra were recorded at 350 nm with a fixed excitation wavelength of
200 nm. Excitation spectra were recorded with a fixed emission wavelength at
350 nm and a scan range from 200 to 600 nm. Kinetics would be discussed in
the next chapter.
Wavelengths and Intensity of peaks were obtained and compared with the
fluorescence spectra acquired from literature. Calibration curve was plotted using
emission spectra intensities and standard concentration of dilutions from the
stock solution.
Fluorescence Spectrophotometric studies on atrazine have been
conducted to get three spectrums, namely emission spectra, excitation spectra,
and kinetic. Atrazine has a fluorescent property mainly because of the presence
of aromatic moieties and unsaturated bond system capable of high degree of
conjugation. Figure 4.11 – 4.19 shows the emission spectra of the various
dilutions from the stock solution. All the emission spectra gave a sharp peak at
the same maximum wavelength (λemis) of 363.25 nm but varying overall
intensities with the different dilute solutions. The excitation spectra of the diluted
solutions (figure 4.2 - 4.10) mainly showed low intensity profiles. The excitation
spectra obtained cannot be used for quantitative study of atrazine because of the
low intensities recorded. The emission spectra gave a better resolved peaks to
distinguish between the various diluted solutions.
Apart from using the emission spectra differentiate between the various
fractions of the diluted atrazine, the intensity of emission spectra peaks can be
used to quantify atrazine. Figure 4.1 shows the calibration curve plotted between
the emission intensity peaks at 363 nm and the concentrations of the diluted
solutions from the stock. The emission intensity was linear with the
concentrations of the diluted solutions and gave a correlation coefficient, r2 value
of 0. 6703. Figure 4.1 is useful in estimating the concentration of atrazine in real
water samples directly.
4.4

Future Direction
With this analytical technique developed, future experiments of atrazine in
real water sample should be conducted. Atrazine is an herbicide which has been
considered a water pollutant, when carried away from the soil into water bodies 27.
The next phase of this research project would study how to test real water
sample provided by the EKU Biology department.

32

CHAPTER 5
TESTING THE ANALYTICAL TECHNIQUE USING AN UNKNOWN
CONCENTRATION OF ATRAZINE
5.1

Introduction
In the past 50 years, fluorescence has been extensively used in water
analysis studies28. It has been used in the determination of the composition,
concentration, distribution, and dynamics of all organic matters in aquatic
system2.
A FluorologTM
Horiba Scientific Instrument Model Sygnature-CCD was
used to complete all the testing. Two different settings were used: excitation and
emission. In excitation, there was a scan of intensity verse wavelength, where
excitation peaks began to appear at 200 nm. In emission, there was a scan of
intensity verse wavelength; where the emission wavelength was recorded (363
nm).
An unknown concentration of a stock solution of atrazine was prepared by
a lab mate. Nine (9) dilutions were made from the stock solution. Excitation and
emission spectra were conducted on each dilution. The calibration curve of the
known atrazine concentration (Figure 4.1) made in chapter 4 was used to
determine the concentrations of the various dilutions from the unknown atrazine
concentration. Table 5-1 depicts the initial volumes of the various dilutions made
from the unknown atrazine concentration and the corresponding emission
intensities at 363 nm. Table 5-2 indicates the estimated concentration of each
dilutions from the unknown atrazine concentration based on the emission
intensities recorded using the standard calibration curve of atrazine from Figure
4.1.

Table 5-1: Dilution Volumes and Emission Intensity of an Unknown Atrazine
Concentration
Dilution Volumes (ml)
70
60
50
45
40

Emission Intensities/CPS
1735
1728
1650
1665
1679
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Table 5-1 (Continued)
Dilution Volumes (ml)
35
30
20
10

Emission Intensities/CPS
1655
1587
1578
1538

Table 5-2: Estimated Concentrations and Emission Intensities of an Unknown
Atrazine Concentration
Emission Intensities/CPS
1735
1728
1650
1665
1679
1655
1587
1578
1538

5.2

Estimated Concentration/M
1.40E-06
1.20E-06
7.00E-07
9.00E-07
9.50E-07
8.00E-07
5.00E-07
4.00E-07
2.00E-07

Excitation and Emission Scan Results

5.2.1 Excitation Spectra
The excitation spectra for the various dilutions of an unknown atrazine
concentration are shown below. Excitation spectra acquisition was made at an
instrumental setting wavelength range of 200-600 nm, entrance slit at 1 nm,
wavelength peak at 350 nm, and gratings at 1200.400.12 based on
manufacturers manual on the FluorEssence. The excitation wavelength obtained
throughout the measurements started from 200 nm and intensified at 467 nm.
This show how sensitive, reproducibility, and repetitive the Fluorolog TM Horiba
Scientific instrument is, in the determination of analytes. The excitation spectra of
an unknown atrazine concentration obtained for the various dilutions are shown
below from figures 5.1 - 5.9.
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Figure 5-1: Excitation Spectra of a 10 ml Dilution of an Unknown Atrazine
Solution

Figure 5-2: Excitation Spectra of a 20 ml Dilution of an Unknown Atrazine
Solution

35

Figure 5-3: Excitation Spectra of a 30 ml Dilution of an Unknown Atrazine
Solution

Figure 5-4: Excitation Spectra of a 35 ml Dilution of an Unknown Atrazine
Solution
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Figure 5-5: Excitation Spectra of a 40 ml Dilution of an Unknown Atrazine
Solution

Figure 5-6: Excitation Spectra of a 45 ml Dilution of an Unknown Atrazine
Solution

37

Figure 5-7: Excitation Spectra of a 50 ml Dilution of an Unknown Atrazine
Solution

Figure 5-8: Excitation Spectra of a 60 ml Dilution of an Unknown Atrazine
Solution
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Figure 5-9: Excitation Spectra of a 70 ml Dilution of an Unknown Atrazine
Solution

5.2.2 Emission Spectra
The emission spectra of an unknown atrazine concentration for nine
different dilutions are shown below. Emission spectra acquisition was made at an
instrumental setting wavelength range of 350 nm, entrance slit at 5 nm,
wavelength peak at 350 nm, and gratings at 1200.400.12 g/mm based on
manufacturer’s manual on the FluorEssence. The optimal emission wavelength
obtained throughout the measurements were 363 nm. The result indicated how
sensitive, reproducibility, and repetitive the FluorologTM Horiba Scientific
instrument is, in the determination of analytes. The emission spectra of an
unknown atrazine concentration for the various dilutions are shown below from
figures 5.10- 5.18.
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Figure 5-10: Emission Spectra of a 10 ml Dilution of an Unknown Atrazine
Solution

Figure 5-11: Emission Spectra of a 20 ml Dilution of an Unknown Atrazine
Solution
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Figure 5-12: Emission Spectra of a 30 ml Dilution of an Unknown Atrazine
Solution

Figure 5-13: Emission Spectra of a 35 ml Dilution of an Unknown Atrazine
Solution
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Figure 5-14: Emission Spectra of a 40 ml Dilution of an Unknown Atrazine
Solution

Figure 5-15: Emission Spectra of a 45 ml Dilution of an Unknown Atrazine
Solution
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Figure 5-16: Emission Spectra of a 50 ml Dilution of an Unknown Atrazine
Solution

Figure 5-17: Emission Spectra of a 60 ml Dilution of an unknown Atrazine
Solution
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Figure 5-18: Emission Spectra of a 70 ml Dilution of an Unknown Atrazine
Solution

5.3

Discussion and Conclusions
Nine (9) dilutions were made from an unknown concentration of a stock
solution of atrazine using de-ionized water by a lab mate. Fluorescence
properties were studied using fluorolog™ Horiba Scientific Model Sygnature-CCD.
The fluorescence was measured using a 1 cm quartz cell. The scan velocity for
fluorescence spectroscopy was adjusted to 150 nm min -1 for both emission and
excitation monochromators. All spectra were recorded with a 5 nm slit-width for
the emission monochromator and a 1 nm for the excitation monochromator. Deionized water was used as a blank.
Fluorescence emission spectra were recorded at 350 nm with a fixed
excitation wavelength of 200 nm. Excitation spectra were recorded with a fixed
emission wavelength at 350 nm and a scan range from 200 to 600 nm.
Wavelengths and Intensity of peaks were obtained and compared with the
fluorescence spectra acquired from the known concentration as discussed in
chapter 4. The Calibration curve of the known atrazine concentration (Figure 4.1)
was used to predict the various concentrations of the diluted solutions from the
unknown stock solution of atrazine.
Fluorescence Spectrophotometric studies on atrazine have been
conducted to get two spectra, namely emission and excitation spectra. Figures
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5.10 – 5.18 show the emission spectra of the various dilutions from the unknown
stock solution. All the emission spectra gave a sharp peak at the same maximum
wavelength of 363.25 nm but varying overall intensities with the different diluted
solutions. The excitation spectra of the diluted solutions (Figures 5.1-5.9) mainly
showed low intensity profiles. The excitation spectra obtained cannot be used for
quantitative study of atrazine because of the low intensities recorded. The
emission spectra gave a better resolved peaks to distinguish between the various
diluted solutions.
Apart from using the emission spectra to differentiate between the various
fractions of the diluted atrazine, the intensity of emission spectra peaks can be
used to quantify atrazine. Table 5-1 shows the initial volumes of dilutions of the
unknown atrazine concentration and the corresponding emission intensities.
Based on the developed standard calibration curve from chapter 4, the emission
intensities can be used to predict the concentrations of the various dilutions. In
critically observing the calibration curve (Figure 4.1) above, and with the help of
the emission intensities obtained, the concentrations for the various dilutions of
the unknown stock solution of atrazine was determined as shown in Table 5-2.
Also, with the estimated concentrations of the various dilution obtained, the
concentration of the unknown stock solution could be deduced. Based on the
standard curve and the concentrations of the dilutions obtained, the
concentration of the unknown stock solution of atrazine was estimated to be
around 10- 12 µM. This is a very useful information because the toxicity level of
the water sample has been achieved and could be matched up with the
acceptable limit of atrazine proposed by the EPA (3 ppb)29.
In comparing the results of the unknown concentration of atrazine to that of
the known concentration of atrazine, it could be deduced that, the concentration
of the unknown stock solution of atrazine is somewhat equivalent to that of the
known stock solution of atrazine. This can be known through the sensitivity of the
Fluorolog™ instrument Model Sygnature-CCD. This is because the emission
intensities for the unknown concentrations of atrazine recorded by the instrument
appeared to be close to that of the known concentration of atrazine as shown on
Table 5-1 and Table 4-1 respectively. This means the instrument detected similar
levels in intensities for both the dilutions from the unknown stock solution and
that of the dilutions from the known stock solution of atrazine. In critically
analyzing the data obtained for both the dilutions from the known and unknown
stock solutions, it could be deduced that Beer’s law was followed. This is
because the concentrations obtained appeared to vary in direct proportion to the
intensities in most cases (Tables 4-1 and 5-2), except for some few deviations
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which could be attributed to instrumental errors such as quenching (a
nonradiative transfer of energy process) and self-absorption (an overlap in
wavelength).
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CHAPTER 6
KINETICS RESULTS AND DISCUSION OF ATRAZINE
6.1

Introduction
Water is a common substance, but its importance in the lives of living
creatures cannot be underestimated. Due to the tremendous impact water has on
living things, it is a very important task to study water quality 30. In the past
decades, more advanced techniques has been developed not generally to
characterized water quality, but also to analyze atrazine 31,32. Atrazine is a
restricted use pesticide that the general population are not allowed to use or
buy31,32. However, due to atrazine’s use as a herbicides, people who lives near
areas where crops are grown may have a higher risk of exposure through
ingestion contaminated well water33,34,31. There is evidence that dealkylation of
atrazine is mediated by cytochrome P-450 enzyme31. Atrazine, once absorbed
into humans takes a half-life of about 10.8-11.2 hours to be excreted from the
body through urine31. Atrazine metabolites and derivatives can serve as
biomarkers, and detection of atrazine metabolites in urine sample must be within
24 and 28 hours following exposure due to rapid elimination from the body 31.
Atrazine concentrations in water vary in seasons with the maximum and average
been 61.6 and 18.9 respectively35. Hence, there is a need a for study of the
degradation of atrazine with time; from the time it is being washed off from the
top soils into water bodies especially in areas such as the Midwest where the use
of atrazine in cereal cultivation is very high.
A FluorologTM
Horiba Scientific Instrument Model Sygnature-CCD was
used to complete all the testing. A plot of intensity as a function of time was
accomplished through the below settings: scan range 200-350 nm between
excitation and emission spectra wavelengths, 1 nm slit width, and a grating of
1200.400.12 g/mm as shown in Table 4.3. This aspect of the instrument enables
the fluorolog™ to be able to be used for reaction-rate determination by
monitoring the formation or breakdown of fluorecescence compounds. Reaction
rate determination by the use of this technique is highly selective because only
changes in the intensity are taken into accounts.The degradation of the 12 µM
stock solution of atrazine over a period of one month in the year 2018 is shown in
figures 6.1-6.5 in the kinetic scans. Figure 6-6 shows a kinetics scan of atrazine
over a month period. Also, the initial emission intensities for each of the days that
the spectra were taken is shown in Table 6.1 below.
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Figure 6-1: Kinetics Scan of a 12 Micro-Molar Solution of Atrazine on February
2nd

Figure 6-2: Kinetics Scan of a 12 Micro-Molar Stock Solution of Atrazine on
February 7th
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Figure 6-3: Kinetics Scan of a Micro-Molar Solution of Atrazine on February 16th

Figure 6-4: Kinetics Scan of a Micro-Molar Stock Solution of Atrazine on
February 23rd
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Figure 6-5: Kinetics Scan of a 12 Stock Solution of Atrazine on February 28th

Table 6-1: Days and Initial Emission Intensities for Atrazine Kinetics Over a
Month Period
Time/Days
1
6
15
22
27

Emission Intensity/CPS
500890
372500
127840
164050
301760
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LN [Intensity]
13.1241
12.8280
11.7585
12.0079
12.6174

Figure 6-6: Kinetics of Atrazine Over a Month Period

6.2

Discussion and Conclusion
A 12 µM stock solution of atrazine was used as a sample for the test.
Kinetics trend were studied using fluorolog™ Horiba Scientific Model SygnatureCCD. Tests were conducted using a 1 cm quartz cell. The scan velocity for
fluorescence spectroscopy was adjusted to 150 nm min -1 for both emission and
excitation monochromators. All spectra were recorded with a 5 nm slit-width for
the emission monochromator and a 1 nm for the excitation monochromator.
Ground water and river pollution by organic pollutants is a major concern in
the life’s of living things and requires a regular improvement in water treatment
so as to reach an acceptable level36. Agricultural activities involving the use of
herbicides, pesticides, and fungicides results in run- off these pollutants into
water resources when it rains. Hydrolysis is a reaction that involves the
breakdown of chemicals with water and some vital environmental process of
organic pollutants. Hydrolysis of synthetic organic pathway occurs via several
pathways which involve the specific- acid, - base, and neutral processes37.
According to Li et al6, three steps are involved in hydrolysis reaction of
atrazine:
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Reaction Scheme 0-1: Hydrolysis of Atrazine
In these reactions, step 2 appears to be the rate-limiting step which makes this
process a first order kinetics. This degradation process is expressed in a simple
form as shown in Figure 6-7 below. Hydrolysis leads to a less toxic derivative of
atrazine, hydroxyatrazine.

Figure 6-7: Hydrolysis of Atrazine
There is no set half-life for atrazine in ground water yet but, it has been
known that atrazine has a very short half-life. The half-life of atrazine in the soil is
about 90-130 days and that in water according to some researchers is about 335
days38. Also, the half-life of atrazine in the atmosphere is about 14-109
days31.The degradation trend of a 12 µM stock solution of atrazine was studied
over a period of a month. On the February 2nd, the emission intensity fell from
500,000 – 200,000 cps in about 60 secs after 2 hours the stock solution was
prepared as shown in Figure 6.1. On the February 7th, the emission intensity
increased from 400,000 – 700,000 cps between 52- 55 sec as provided in figure
6.2. This occurred 5 days after the stock solution was prepared and this seem to
fall out of trend and this might be due to factors which include but not limited to
quenching and self-absorption of atrazine. On the February 16th, the emission
intensity appeared to level out around 120,000 cps between 1-61 sec as
provided in Figure 6.3. This indicates the end of degradation of atrazine in the
sample since there is no significant changes in the intensity of the analyte. On
the February 23rd, the emission intensity seemed to increase a little further from
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160,000-140,000 cps and levels out again around 16-61 sec as shown in Figure
6.4. On the February 28th, the emission intensity went up to 300,000 cps but
decreased to 250,000 cps and begin to level out again between 25-61sec as
shown in figure 6.5. The half-life of the 12 µM atrazine stock solution could be
predicted to be around 16-28 days based on mere observation of the various
kinetics trends. This is because that was the time the trend appeared to level out
(no observable change in the intensities). The inconsistency in the
intensities(emission) leading to the up and down of the emission values could be
attributed to the complexity of the compound as the biogeochemical fate of
atrazine is not well understood. In addition, major factors such as quenching and
self-absorption which decrease fluorescence might have contributed in the
variations in the intensities obtained.
Table 6-1 shows the initial intensities(emission) from each day of spectra
acquisition as well as the natural logarithm of the intensities. A plot of the natural
logarithm of emission intensities against time/days is provided in figure 6-6 to
depict the degradative trend of atrazine over the one-month period. To a broad
extent, degradation of atrazine occurred from 13.1241(500,000 cps) to 12.6174
(300,000 cps). This indicates that, degradation occurred within the time frame of
study. In addition, the negative slope obtained from the plot of the natural
logarithm of the initial emission intensities against the time/days (Figure 6-6) is
an indication that, atrazine was broken down to some extent within the month of
study.
In the nutshell, observing the trend obtained critically and using the
chemical kinetics equation for a first order reaction, it could be deduced that the
half-life of the 12 µM stock solution of atrazine was 23.33 days. This value
matches with the predicted half-life above (16-28 days) obtained by just
observing the trend from the various spectra from the instrument. This indicates
the 12 µM atrazine solution has a very short half-life. The shape of the trend
(Figure 6-6) indicates a negative slope which suggests the degradation process
could be either a zeroth order or first order kinetics. A graph of the initial emission
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intensities against the time/days was plotted which showed a degradative pattern
with a negative slope but a zeroth order reaction depends on the initial
concentration. As a result of that, an error in the initial concentration would
definitely affect the half-life obtained and for the inconsistency in the intensities
obtained , the natural logarithm of the intensities were taken and plotted against
the time/days (Figure 6-6) which also showed a degradative pattern with a
negative slope as well, but since the first order kinetics does not depend only on
the initial concentration, the degradative pattern of the 12 µM atrazine stock
solution can be predicted to be a first-order kinetics as shown in Figure 6-6. In
addition, in zeroth order reaction the rate of reaction depends only on the rate
constant but that of a first-order reaction depends on both the rate constant and
the individual intensities which makes the 12 µM stock solution of atrazine a firstorder reaction.
6.3

Future Direction
With these preliminary results of kinetics over a period of one month
obtained, future experiments should be conducted. The next phase of this
research project is to extensively monitor the degradation process of atrazine in
de-ionized water over months to about a year to be able to determine the exact
half-life and degradation order kinetics of Atrazine.
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CHAPTER 7
CONCLUSION
7.1

Excitation and Emission Scan of a 12 µM Atrazine Conclusion
Preliminary experiments were completed by making nine (9) dilutions from a
12 µM stock solution of atrazine using de-ionized water. Dilutions were made to
plot a calibration curve (emission intensity vs concentration) for atrazine; which
was used in the determination of the unknown concentration of atrazine. The
behavior and characteristics of atrazine (MW 215.68 g/mol) in water was studied.
Using a fluorolog™ instrument Model Sygnature-CCD, the excitation, and
emission intensities of each dilution was efficiently studied. Also, the excitation
(200 nm) and emission (315 nm) wavelengths were obtained. The plot of
emission intensities against the calculated concentrations assists in the
determination of unknown concentration of atrazine in the de-ionized water. The
R2-value obtained was also an indicative of how close the plotted values were,
and the slope indicated how sensitive the instrument was based on the
concentrations tested.
7.2 Testing the Analytical Technique with an Unknown Concentration of
Atrazine Conclusion
Experiment was completed by testing nine (9) dilutions of an unknown
atrazine concentration already prepared by a lab-mate. The goal was to
determine the concentration of the unknown stock solution and to test the
efficiency and consistency of test results using fluorescence spectroscopy
technique in comparison to results of the known concentration as discussed in
chapter 4. Using Fluorolog™ instrument Model Sygnature-CCD, the excitation
and emission spectra were obtained for each dilution provided. Also, the
excitation and emission wavelengths obtained were 200 nm and 315 nm
respectively. A plot of emission intensity against the calculated concentrations of
each dilution was made, and the concentration of unknown stock solution of
atrazine determined (10-12 µM). The coefficient of correlation, R2- value obtained
was 0.496. The slope and the intensities of the unknown stock solution of
atrazine indicated a lower concentration in comparison to that of the known stock
solution of atrazine.
7.3

Kinetics of Atrazine Conclusion
Experiment was conducted within a month period (February 2018) from a 12
µM atrazine stock solution. Five different kinetics scans were made to observe
the trend of degradation of atrazine in de-ionized water with time. A plot of
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intensity as a function of time was achieved for five different dates in the month
of February 2018 using the Fluorolog™ instrument Model Sygnature-CCD. The
goal was to have an idea about the half-life of atrazine, which was deduced to be
within 16-28 days according to the 12 µM atrazine stock solution studied.
7.4

General Conclusion
The specific objectives of this project, per 1.2: Overview of the Project, was
to develop an analytical technique in the determination of atrazine concentration
in freshwater using fluorescence spectroscopy which could be deployed by the
Kentucky water department for water quality analysis. Both excitation and
emission scans as well as kinetics of atrazine were explored. Calibration Curves
were made for both known and unknown concentrations of atrazine in the lab
and proved evidence of consistency in all plots. Thus, an analytical technique for
the determination of atrazine concentration in de-ionized water has been
developed in the lab. Future directions lead to testing this technique with real
water sample suspected to contain atrazine and exploring the kinetics of atrazine
over a long period of time.
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APPENDIX A

IMAGES OF SETTINGS USED IN SPECTRA ACQUISITION
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IMAGES OF SETTINGS USED IN SPECTRA ACQUISITION

Figure A-1: Image View of Main Experimental Menu for Spectra and Kinetics
Acquisition
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Figure A-2: Image of Setting for Emission Spectra Acquisition

Figure A-3: Image of Setting for Excitation Spectra Acquisition
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Figure A-4: Image of Setting for Kinetics Scan Acquisition

63

APPENDIX B

DISPLAY ICONS FOR THE SUMMARY TABLES FOR PLOTTED EMISSION
AND EXCITATION SPECTRA
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DISPLAY ICONS FOR THE SUMMARY TABLES FOR PLOTTED EMISSION
AND EXCITATION SPECTRA

Table B-1: Plotted Emission Spectra for Known Stock Solution of Atrazine

APPENXDIX B.xlsx

Table B-2: Plotted Emission Spectra for Unknown Stock Solution of Atrazine

APPENDIX B
EMISSION UNKNOWN.xlsx

Table B-3: Plotted Excitation Spectra for Known Stock Solution of Atrazine

APPENDIX B
EXCITATION.xlsx

Table B-4: Plotted Excitation Spectra for Unknown Stock Solution of Atrazine

APPENDIX B
UNKNOWN EXCITATION.xlsx
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