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Abstract

Traditional methods of pesticide detection used on Prince Edward Island (PEI) are very
expensive and time consuming. These methods are typically only useful after harm has been done to the
environment, and cannot be used in prevention. A new ﬁethod for rapid, qn-site detection of these
pesti.cides would not only be of value financially, it couid also prove to be essential in preventative
measures, for example by monitoring streams. Fluorescence, the light emitted by electronically excited
molecules, is a highly sensitive technique for detecting and measuring the concentration of molecules in
solution. Most pesticides used on Prince Edward Island show only weak native fluorescence in water.
However by forming a supramolecular.host:guest inclusion complex, in which the pesticide “guest”
becomes included within the internal cavity of an organic host molecule, this fluorescence is increased
for many guest molecules. In some cases, this enhancement of the fluorescence might be sufficiently
large enough to allow for the development of a fluorescence-based trace analysis technique with
sensitivity in the required ppb Ievvel. In this project, native and modified cyclodextrins and their effecf on
the fluorescence of a series of pesticides used on PElI, Specifically carbofuran, carbaryl and chlorothalonil
along with five others, is measured with results vary'ing from 670 parts per trillion for carbaryl to 69 ppb
for Chlorothalonil. In addition, UV photolysis of certain pesticides can also lead to enhanced
fluorescence such as azoxystrobin and imidacloprid, and thus also be a technique used in the trace
detection of pesticides. This occurs via creation of a more highly fluorescent molecule from a previously
non- fluorescent or weakly fluorescent pesticide. Synchronous scanning, a method of measuring
fluorescence by scanning both‘excitation and emission wa\)elengths simultaneously, which results in
narrower measured emission bands is also examined in detail to separate fluorescent bands of similar
emission wavelengths, and thus simultaneously measure. a set of two or more pesticides in solution.
Overall, the main goal of this work is to develop a sensitive, enhanced fluorescence based trace analysis

XVi



technique for pesticides, which could eventually be carried out using a portable fluorimeter, so that

samples could be analyzed on site, in a matter of minutes, rather than in a lab over a period of days.
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R INTRODUCTION

While the heated debate on banning dbmestic pesticides for cosmetic use on Prince
Edward Island (PEI) carries on in the media, farmers continue to apply copious amounts of
agricultural pesticides to their crops with much less media éttention. With the goals of
producing Healthier crops with higher yiel_ds.,‘ farmers on PEI continue with the practice of
industrialized farming with emphasis on production. This involves Iérger and larger fabrms., with
highly sophisticated machinery, huge volumes of pesticides, and an ever growi}ng strain on the
local and global environments. PEI continually relies on agriculture as one of its primary
industries. PEI is known worldwide for its main crop, the potato, and local farmers are
determined to live up to that reputation by producing a premium product each growing season.
With this reliance on préduction in order to make a living, farmers find themselves turning to
agricultural p’esticides in Qrder to prevent any pests or disease from destroying their valuable
crops. It is estimated that a single field can have as many as 19 pesticide applications in a single

year.!

PE!l, being the smallest Canadian province, cultivates over 44% of its total land area;
660,000 acres out of a total of 1.4 million acres.? This area of land is farmed on an annual basis
and considering the fact that PEl is surrounded by water, there are clear implications from
having such an extensive amount of agricultural area in such a close proximity to waterways.
Another of PEI's major industries is golf. As of 2009, PEI boasts 30 beautiful courses scattered

throughout the province. This land area is not accounted for in the previous statistic regarding



total cultivated land on PEI. Each golf course can be and usually is another source of pesticides

entering the environment, although not as significant a source as the farming sector.

Agricultural contamination of Prince Edward Island’s water table is always a major
concern to the residénts living on PEI. Many rural residents depend on water from wells for
their drinking water. With all of these pesticides being deposited into the waterways, testing of
water continues to be an issue for local residents. Whether it is the misuse of pesticides during
application or by unexpected extreme weather events, pesticides have been showing up in
water and air tests as far back as when testing of local waters and air began in 1994. In 2006, a
study was done on the air quality of Prince Edward Island, in order to see if all these pesticide
applications were having any negative effects. The study showed that in every single air sample
taken, the pesticide chlorothalonil, which has proven cancer causing effects®, was present. Even |
in samples taken from villages whefe chlorothalonil had not been applied, trace amounts were
detected. Because of spray drift, a typical cause of the contamination of water, pesticides had
actually spread from fields to villages where no farming took place.? This was a major wakeup

~ call for the Government of Prince Edward Island.

In the last 15 years, over 26 fish kills have been reported on PEI *, with the possibility of
many more kills having gone unreported or unnoticed. Two of the more recent fish kills
reported on PEl happened at the Dunk and Tryon rivers in the summer of 2006. In each case, it
was two and three days respectively, aftér the fish kill occurred that therihcide‘nts were
reported and water samples from those rivers sent to the Environment Canada research lab in

Moncton, New Brunswick. These samples were then analyzed, showing amounts of



chl’orothal'onil five times greater than the acceptible level for this pesticide in water. It is
believed that at the time of the fish kills, the concentraftion would have been much higher but
due to the time spent in water and exbosure to UV light from the suﬁ, it is expected that much
of the chlorothalonil‘was bhotolyzed into bi-products.” Strict regulations on pesticide usage
have been put in place by the Government of Prince Edward Island to help with a reduction of
these fish kill events. The Pesticide Control Act was written in 1988 but without much
enforcement prior to the late 1990s. The occurrence and frequency.of fish kills is a devastating

fact to all residents of PEI.

Application of pesticides is restricted by the Pesticide Control Act so that farmers may
not apply pesticides in winds less than four kilometres per hour or higher thah fifteen
kilometres per hour. Thé province has also created strict buffer zone regions- the area of land
between cultivated fields and natural water bodies- which is at Ieasf 25 metres wide.® The
govefnment of Prince Edward Island has also placed strict buying regulations on farmers and
require them to have an extensive amount of training in handling, moving and application of

pesticides.

Pesticide sales on Prince Edward Island have been on the decline in recent years with
the popularity of “organic” farming practices drawing many new proponents. In 2007, 630 282
kg of active ingredients (Al) were purchased according to '_che non-domestic pesticide retail sales
report of 2d07 down from 718 410 kg of Al during the previous year.” In the year 2000,
pesticide application reached an all-time high at 1.62 kg per acre of land on PEL° The trend

since then has been decreasing due to more enforcement of the Pesticide Act and a steep rise



in fines in 2003.° In more recent years, new, more efficient pesticides have been and continue
to be developed. The “new generation” pesticides target a wider range of pests. These broad
spectrum pesticides, which can kill more than one species of pests per application, are being
applied less often than single target organis_rr1 pesticides that require many applications.
Insecticide sales on Prince Edward Island have been decreasing since 1993, down 72%
according to Statistics Canada. Even with this enormous drop in sales, the rate of fish kills
remains equal with previous years dating back as far as any pesticide related fish kills have been
recorded.’ This illustrates the importance of a reliable method of pesticide detection in natural
waters that is fast and cost effective as current methods tend to be expensive and often time
conéuming. Also, it shows an even greater value for a detection method that could be
potentially used as a rr\ethod to monitor water systems, for prevention of contamination of

natural water bodies from pesticide runoff and drifts.

I.1. Standard Methods of Pesticide Detection on Prince Edward Island

Currently on Prince Edward Island, there is no accredited water testing laboratory in use
by either the Government of Prince Edward Island or Environment Canada. All water samples
that are taken from areas of suspected pesticide related fish kills are sent away to Moncton,
New Brunswick where an Environment Canada research laboratory carries out the required
testing. This lab usually performs a sample extracfion and then High Performance Liquid’
Chromatography (HPLC) or gas chromatography-mass spectrometry (GC-MS) on the sample.

The required time for the completion of experiments and reporting of results can take



anywhere from a few days to several weeks depending on the availability of the Environment
Canada employees and lab space. The cost of these tests can run the province of Prince Edward

Island substantial amount of money.

In order to perform these types of experiments for the trace detection of pesticides in
natural waters, extraction must be done on the samples to separate the pesticides present.
Carbon tetrachloride (CCly) is often used to perform this task. CCl, is a known agent in ozbne
depletion in the stratosphere. It also accumulates in tissues in aquatic species and is a known
human carcinogen.? Along with the drawbacks of using these methods of detection méntioned,
neither method (HPLC or GC-MS) of testing can be performed on site. All samples must be

collected, stored properly for transporting and then taken to the laboratory for analysis.

Using HPLC or GC-MS as a means of trace detection of pesticides in natural waters has
the benefit of high accuracy and sensitivity. In most cases, depending on the type of pes';icide,
levels as low as 1 part per billion (ppb) and in some cases, in the parts per trillion (ppt) range
can be detected and quantified.> 2° Although it is not a requirement for a detection limit to be
that low, it is helpful in cases where time has passed between the fish kill occurring and the
discovery of the polluted water body for most pesticides have a lifetime of only a few days
when present in water. In these cases, only small amounts of pesticide may remain in the

water.“

With these considerations in mind, it is easy to see why the development of a rapid, on-

site method for detection of pesticides in water would be of such a value to the province of PEI.



In this project, the application of fluorescence-based trace detection techniques for pesticides

will be investigated.

1.2. Enhancement of Natural Fluorescence

Molecular fluorescence is a process that occurs when a molecule absorbs UV or visible
radiation at a particular wavelength, known as the excitation wavelength, and is promoted ffom
its ground electronic state (Sp) to an excited electroni.c state of the same multiplicity (S,
n=1,2,3,...) (denoted by A in Figure 1). On;e excited, the molecule can then return to its ground
state in a number of different ways. Two possible ways of releasing this excitation energy are by
heat (non-radiative decay) or by releasing a photon (radiative decay). There are tw§ distinct
non-radiative pathwéys. Internal conversion (IC) occurs when an exéited molecule transfers
from the Iowést vibrational energy level of the excited electronic state to a high vibrational
energy level of a lower state of the same multiplicity, typically the ground electronic state (an
isoenergetic process) followed by rapid vibrafioﬁal relaxation (VR) to the lowest vibrational
level of the ground state. Thus, the excess energy is released as heat. Intersystem crossing (ISC)
differs in that the excited singlet molecule transfers to a vibrational level of a triplet state (e.g.
T1). The excited triplet molecule can‘then relax back to the original ground state radiatively by a
process known as phosphorescence (P). The radiative decay of the excited S, state back to the
singlet Sp ground state is the process referred to as fluorescence. Fluorescence is a radiative
decay between states with the same multiplicity, whereas phosphorescence involves a change

in sbpin. The intensity of the emitted fluorescent photons is measured in a fluorescence



experiment. A plot of the intensity of the emitted light as a function of a wavelength is referred
to as the fluorescence spectrum. The two pathways, radiative and non-radiative, compete with
one another. It is when the non-radiative pathway is minimal that fluorescence is at a

maximum. These various pathways are illustrated in the Jablonski diagram shown in Figure 1.

So JT%

Figure 1. A simplified version of the Jablonski diagram. 1> 13

There are many different types of experimental fluorescence techniques. These include
steady state, time-resolved, synchronous scanning and fluorescence depolarization.*> * This
project however, only deals with steady state and synchronous scanning fluorescence
spectroscopy. The most common and easily understood fluorescence technique is steady state
fluorescence, in which a fluorescent species, present in a solution, is exposed to an excitation
sourﬁe that is stable and constant. As long as the excitation source remains stable, thére éxists

a steady state concentration of excited molecules in the S; state, as the rate of Spto S;



excitation will equal the rate of’51 to So decay. For a given pépulation of S; molecules, since the
fluorescence intensity is directly proportional to the vconcentration of excited S; molecules, it
can be deduced that the fluorescence intensity is also cohstant, and directly proportional to the
concentration.’*?® A steady state fluorescence spectrum can then be obtained by measuring
that intensity as a functidn of the emission wavelength, using an emission monochrometer

which will select and scan the wavelength.™

From steady state fluorescence spectroscopy, two important piecgs of data are
obtained quantitatively: both the fluorescence intensity at a given wavelength (l¢)and the
wavelength of the maximum intensity (Afmax, can be more than.one) can be_ determined from
the fluorescence spectrum.' In addition, the total fluorescence emission (F) can be determined

as the area of the measured fluorescence spectrum.

Fluorescence quantum vyield (¢r) is defined as the fraction of the number of photons
emitted by an excited state molecule during its relaxation to the ground state relative to the

number of photons that are absorbed.*? Quantum yield is defined by Eq 1.1

k, \

=— Eq.1.1
Tkt &5

The fluorescence quantum yield is determined from the rate of total fluorescence (k) divided

by the sum of the rate of total fluorescence and the rate of non-radiative decay pathways (kyg).



Those non-radiative pathways include the rate of internal conversion (kic) and the rate of

intersystem crossing (kisc).

Fluorescence is a process that requires certain criteria in a molecule that allows it to
fluoresce significantly. Aromatic molecules are ideal for molecular fluorescence because of their

delocalized nt-electrons, due to the conjugated double bond system. These electrons can be

efficiently excited from their ground @ energy level (So) to an excited nt* energy level (S;) in the
UV-A to visible region. The energy gap between the Sp and S; states are relatively large for such
aromatic compounds, making competing internal conversion relatively low, resulting in
Significant fluorescence. Pesticides have a wide variety of shapes and configurations and many

are aromatic, making them of potential interest in fluorescence experiments.

In synchronous scanning fluorescence spectroscopy, scanning of both the excitation
wavelength and emission wavelength occurs simultaneously. Through this synchronized
scanning, a constant wavelength interval between the two wavelengths is maintained.™ If this
interval is equal to the Stokes’ shift; the difference between maxima of the absoiption and
emission spectra, then the resulting fluorescence spectrum will have a much narrower band
without any loss in sensitivity.'* Thisbbecomes ideal when working with two or more

fluorophores present in one solution, to reduce or even eliminate spectral overlap.

There exists large numbers of different pesticides that exhibit natural fluorescence that
are used in farming practises today."® In most cases however, the fluorescent signal is too weak
to be of any interest in trace detection. To be a worthwhile technique, detection levels would

ideally be in the low ppb range. A major goal of this project is to use various methods to



enhance this fluorescence signal to a level where it would be of use in the trace detection of

pesticides and in particular, those of interest on PEI, in natural waters.

There are several studies reported in the literature that discusses the use of
cyclodextrins, a common molecular host (see later) to enhance the fluorescence emission of

1518 pasticides coumatetralyl, chlorpyriphos, deltametrin, and fenvalerate

some pesticides.
have all shoWn promising results from the addition of cyclodextrin to enhance the natural
fluorescence of the pesticide molecules. These pesticides are not specifically relevant to PEI for
they are currently not applied here. Cyclodextrin addition with a goal to enhance the natural
fluorescence will be explored further for a wide range of besticides used on PEIl. Furthermore,
moét previous studies used native cyclodextrins only; better results can be obtained using

chemically modified cyclodextrins. ***°

1.2.1  Supramolecular Host-Guest Inclusion Complexes

Supramolecular chemistry, in particular, host-guest supramolecular chemistry is one of
the possible methods of increasing fhe natural fluorescence of a pesticide. In his Nobel lecture,
J.M. Lehn described supramolecular chemistry as “chemistry beyond the molecule”.®® It
involves two or mbre molecules that are held together, not by an ionic or covalent bond(s), but
by intermolecular forces such as van der Waals forces and/or hydrogen bonding. Host-guest
supramolecular chemistry occurs when a smaller molecule, the guest, becomes included within
a hollow, usually larger, host molecule. There are many types of _host-guest complexes th‘at can

form but the most common and simplest is a 1:1 host:guest complex. An example of 1:1
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host:guest complexation is illustrated in Figure 2. Other possible complexes include 2:1, 2:2,

and 1:2 but in this project, only 1:1 complex‘e’s were found.

Guest Host ” Host-Guest
Inclusion Complex

Figure 2. An illustration of a 1:1 host:guest inclusion complex being formed. hv, représents the
light being absorbed by the complex. hvg is the fluorescence being emitted.

The inclusion of a guest within a host can be well studied using guest fluorescence.*” *"

2 Fc;r example; the fluorescence of a polarity-sensitive guest iﬁ aqueous solution is often
increased, or enhanced, upon inclusion into a molecular host. Fluorescence enhancement, F/F,
is measured by first determining the fluorescence of a pesticide molecule without the présence
of a host, (Fg), and then determining the fluorescence of the pesticide in the presence of a host,
(F), and dividing the two. The enhancement as a function of host concentration can be

" determined by a fluorescence titration. Essentially, a fluorescence titration is a measure of the
F/Fo at a fixed guest concentration as a function of varying host concentrations. For a 1:1‘
host:guest complex, the data collected from the quorescence titration can be fit using eq'. 1.2 as

21,22

shown, to extract the binding constant, K.
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F. Fo 1+[HOSt]oK

Eq.1.2

The quality of the data and the goodness of the fit can then be determined by
comparing the experimental data with a plot of Eq. 1.2 with the recovered values of Fnax/Fo and
K. Furthermore, a simple double reciprocal plot of 1/(F/F,-1) vs. 1/[Host] will show if it is indeed
a 1:1 complex. A linear plot will be obtained in the case of a simple 1:1 complexation but will be
curved if higher order complexes form." There are more complicated equations for other

complexes but for the sake of this project, only 1:1 host:guest complexes will be discussed.

Although there are many different types of organic and inorganic hosts, only one type of

host molecule was used for this project, namely cyclodextrins.23'26

Cyclodextrins (CDs) are of vast importance in supravmolecular host-guest chemistry for a
number bf reasons. CDs are made from starch and are non-toxic. They are relatively easy and
environmentally friendly to make. CDs are made in large quantities and are reasonably
inexpensive to purchase, they can be consumed safely by humans and finally, by using them as
hosts, the physical and spectroscopic properties of guest molecules can be altered, in sorﬁe
cases significantly, to obtain desired informatéon. 1920 They are also easily chemically modified

in order to improve upon their properties.z“’26

Cyclodextrins come in a variety of sizes ranging from six, seven or eight glycopyranose
units. a-cyclodextrin denotes the six unit CD, B-cyclodextrin denotes the seven unit CD and y-

cyclodextrin, the eight gyclopyranose unit CD. These native CDs each have a distinct cavity size
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which makes choosing the right sized CD an important part of host-guest inclusion chemistry.??
Figure 3 shows a cartoon depiction of a-, B- and y-CD when dissolved in an aqueous solution.
‘These hosts take on a truncated cone shape or “molecular bucket”, due to the hydrogen

bonding that takes place within the molecule.”

srad  frsad asas

a-CD B-CD v-CD

(6 glucose units) (7 glucose units) (8 glucose units)

Figure 3. The three types of cyclodextrins with the various cavity sizes.

The CD molecule has twice the number of secondary hydroxyls as it does primary
hydroxyls, which make up the larger and smaller rims of the “molecular bucket” respectively. In
each CD, there are three hydro*yl groups attached to one glycopyranose unit, as shown in
Figure 4. These hydroxyl groups allow, through fairly simple techniques, for substitution and
modification of the CD. These modifications Iare usually done iﬁ efforts to improve the effects
of the host molecule. Properties such as cavity size, solubility and polarity of the cavity can all

be affected by a modification to a native parent cyclodextrin.?> 2
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Figure 4. Chemical structure of B-cyclodextrin and hydroxypropyl-B-cyclodextrin.

As previously discussed, cyclodextrins are important as hosts because of their hollow
internal cavities. When dissolved in aqueous solutions, the inner cavity fills with water
ﬁwolecules. This tends to be an energetically unfavourable situation and thus any presence of a
less polar molecule in solution, usﬁally displaces the water molecules and enters the cavity
itself. The less polar molecule, in this case, the pesticide molecule, becomes included within the

cavity of the CD and forms an inclusion complex. Inclusion occurs until equilibrium is reached.”

The equilibrium formation of the complex {H:G} for the free host (H) and guest (G)
molecules is expressed as shown in Eq. 1.3." The important parameter is K, the binding
constant. The magnitude of K is a reflection of how strongly the host binds the guest. The

equation for K is shown in Eq. 1.4.
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H+G—->{H:G} Eq.1.3

x =[G}  Eq.1.4

[H][G]

In host-guest inclusion, the included guest often experiences changes in some of its
characteristics. In this case, the sought after change is the enhancement of the fluorescence
signal of the guest. When the guest pesticide molecule enters the hbllow cavity of the holst,
fluorescence property changes such as a shift in emission maxima, a change in the fluorescence
lifetime and the quantum yield of the pesticide can all occur.'® *® There are several possible
reasons fori the alteration of these fluorescence properties.*> * The most important is the
difference in polarity inside the cavity as opposed to that of the aqueous solufion, which can
result in a change in the relative spacing of energy levels. If the excited state, S;, is more polar
than the ground state, So, then it is more destabilized in the less polar cavity. This results in a
larger S;-So energy gap, as illustrated in Figure 5.. This increase in energy gap means that
fluorescence is occurring at a higher energy. If this is the case, a blueshift (emission shifts to

lower wavelength, i.e. to the left on an emission spectrum) will result.
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Figure 5. Increased energy gap due to Change in polar’ity of environment.

Another important effect of the polarity-induced increased energy gap is the resultin'g decrease
in the rate of internal conversion. According to the energy gap law,?’ the rate of internal
conversion (kic) decreases as the difference in energy between S; and Sg increases; k¢ o

exp {-(E1-Eq) /ksT}*’ where kg is the Boltzmann constant. This reduction in kc upon inclusion
results in an increase in the fraction of excited state molecules that relax via fluorescence; i.e.
the fluorescence quantum yield incréases (seé Eq. 1;1), and so does the measured fluorescence

intensity. This can result in a significant fluorescence enhancement.

A second possible effect of inclusion on guest fluorescence results from the constrictive
nature of the host cavity. When a fluorophore is free in aqueous solution, it can undergo
relatively unrestricted intramolecular rotations. This can lead to the formation of a Twisted
Intramolecular Charge Transfer (TICT) excited state, especially in aqueous solution, as such a
char-ge transfer state represents a relaxation in energy compared to the initially formed, locally

excited state S;.2 This results in red-shifted, lower intensity emission for such fluorophores in
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aqueous solution. When included inside a host cavity, the intramolecular rotation or “twisting”
motion required by the molecule to form the TICT state can be significantly restricted, toa
point where this rotation can no longer occur, thus eliminating the formation of the TICT state,

resulting in a blue-shifted, enhanced fluorescence relative to aqueous solution.

Finally, a third possible reason for the enhancement of fluorescence due to inclusion is
that the cavity of the host can profect the pesticide fluorophore from quenchers. O,, the most
common quencher, is very efficient at quenching'tﬁe excited state of many fluorophores and is
present at a significant concentration in water at room temperature. With the addition of the
host molecule, the pesticide fluorophore can become included within the cavity and thus

returning its natural fluorescence to that similar to an oxygen-purged solution.** *°

1.2.3. Photochemically Induced Fluorescence (PIF)

Many farms are not located near major water bodies but rather, small branches of a
larger body. Streams and smaller ponds are more common around farms and that is a major
source of where the contamina"cion begins. This contaminated water then flows to larger bodies
and if this occurs before breakdown of that pesticide occurs, contamination of a much larger
body of water can occur. These water bodies are generally shallower and for the most part,.
sunlight can penetrate through to the bottorh. Photochemical degradation, the process in
which a harmful pesticide molecule breaks down into smalier molecules thaf may or may not
be as harmful to the environment, can occur faster in these more shallow water bodies due to
more direct exposure to UV light from the sun.
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However, the breaking of bonds in a molecule from the direct exposure to UV radiation
can sometimes yield a product with completely different photocharacteristics than the parent
pesticide molecule. Previous studies in our and other labs on the pesticides azinphos-

methyl,“"“"29

azoxystrobin,*® ‘and imidacloprid ! have shown that, although the parent pesticide
molecules are weakly or non-fluorescent, exposure to UV irradiation can create new molecules
that have significantly greater fluorescent signals. This is referred to as photochemically .
induced fluorescence (PIF) and is known to be a rapid, inexpensive, and simple method to
transform‘ non- or weakly fluorescent molecules into much stronger fluorescent
photc.)prciducts.32 This method of combining UV photolysis with fluorescence based trace
detection could potentially be a useful technique for obtaining fast, accurate results, with
minimal sample preparation and experimental wastes. It can also be combined with incIﬁsion

into CDs, to increase the fluorescence signal even further; this will be attempted on

azoxystrobin and imidacloprid for the first time in this project.

1.3. Pesticides of Interest

The application of the different types of pesticides on Prince Edward Island is vast.”*
Various amounts of herbicides, insecticides and funéicides are used on agricultural fields. The
most abundant type of pesticide applied on Prince Edward Island is fungicides, and of those the
most used is chlorothalonil)(2,4,5,6-tetrachIoroisophthalonitrile, CHT, in Fig. 6.a). This fact
makes studying this pesticide a major priority. Chlorothalonil is a fully substituted benzene ring,

containing four chlorine atoms and two nitrile groups. In Prince Edward Island in 2007, CHT was
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considered to be a class A pesticide, with sales greater than 50 000 Kg.” It is a broad spectrum

- fungicide that is used on vegetables, turf, and some fruits. It is primarily used to combat grey
mold, early and late potato blights, fruit rot and some types of mildews.** CHT is highly toxic to
fish and in particular, rainbow trout, one of Prince Edward Island’s main fresh water fish.
Extremely low levels of CHT in fresh water seem to affect the natural lives of this species of
trout, with amounts as low as 1 pg/L causing irreversible effects. LCso, a toxicology term, is the
lethal concentration of a pesticide dissolved in water in this case, that would kill fifty percent of
the population of a specific species.> CHT has an LCsq value of between 10 pg/L and 76 pg/L in

rainbow trout.3*

I
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Figure 6. The two fungicides used in this project. a) Chlorothalonil, CHT b} Azoxystrobin, AZO

Azoxystrobin (AZO, in Fig. 6.b) is a fungicide that belongs in the class C pesticides as
reported by the non-domestic annual pesticide sales report of 2007.” AZO is a natural product

found in certain wood decaying mushrooms which inhibit the growth of other fungi. AZO comes
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~ from the family of strobilurins and is considered highly toxic with a LC 5o value of 0.47 mg/L in

rainbow trout.>®

Carbofuran (2,3-dihydro-2,2-dimethylbenzofuran-7-ol methylcarbamate, CAF, Fig 7.a)
and carbaryl (1-Naphthyl-N-methylcarbamate, CAB, Fig 7.b) are considered old in the pesticide
world, with evidence of use dating back to 1969 and 1956 respectively.>”*® They are both
insecticides of the carbamate pesticide family and work by disrupting the normal nerve
functions of an organism. Carbaryl and carbofuran are both class C pesticides on Prince Edward
Island, with sales in the range of 1000 to 10,000 Kg. They are applied mainly to crops such as
potatoes, sugar beets, corn, and a range of smaller vegetables. Salmon, trout and perch are the
most sensitive aquatic species to these pesticides, and levels between 250 ppb and 970 ppb will

result in death.3”- 38

Azinphos-methyl (AZM, Fig. 7.c) was another commonly Qsed insecticide and acaricide |
on Prince Edward Island until recently, when the province of PEl put in place a very strict’
regulation on its use. AZM is highly toxic to fish and other non-target species and is responsible
for several of the more recent fish kills on Prince Edward Island.*® The United States
Environmental Protection Agency recently banned all use of AZM due to a large number of
applicatoré developing illnesses. AZM was used primarily on potatoes, but was also used 6n

many other fruits and vegetables.*
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Figure 7. The insecticides used in this project. a) Carbofuran, CAF b) Carbaryl, CAB c) Azinphos-
Methyl, AZM d) Imidacloprid, IMI.

Imidacloprid ([1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine], IMI,
Fig. 7.d) is a class C insecticide used mostly for termite and flea control. It is taken up readiI‘y by
the roots and leaves of plants and works to block the nerve transmissions in insects. It is
considered to be an environmentally friendly pesficide due to its relatively low persistence in

soil and water. It also shows above average activity, even in very small amounts.**

One of only two herbicides of interest that was studied in this project was atrazine [(2-

chloro-4-(ethylamino)-6-isopropylamino-s-triazine), ATR, Fig. 8.a]. Atrazine is another class C
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pesticide with sales between 1000 and 10 000 Kg on Prince Edward Island.” It is considered to
be one of the most widely used and persistent pesticides on the market today. The issue that
arises with atrézine is its ability to bind with hu_mic substances in soil and water, which allows it
to exist in the environment for extended periods of time.** It is a member of the triazine family
of pesticides and usually targets broadleaf or can be used as a non-target herbicide on plowed
lands. Atrazine is considered to be only sl_ightly toxic to aquatic life,** although in some
laboratory experiments, low part-per-billion aliquots have shown endocrine disruption in

certain species of frogs.*?

The second of the two herbicides that were studied is metolachlor (MET, Fig. 8.b). It is a
class C herbicide’ with suspectéd carcinogenic activity as well as a possible endocrine inhibitor.
It has a relatively high solubility in water which makes this pesticide a contamination risk.

Metolachlor is only moderately toxic to fish when contaminations occur.*
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Figure 8. The herbicides used in this project. a) Atrazine, ATR b) Metolachlor, MET
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1.4. Overall Project Goals

The main focu§ of this project from beginning to end was to survey a list of pesticides
from the non-domestic annual pesticide sales reports of Prince Edward Island from recent years
and to-see which pesticides would be possible candidates for detection by fluorescence. This
required measurement of the UV-Visible absorption spectrum of each pesticide, followed by
measurement of the fluorescence spectrum. Once fluorescence data was collected on each
pesticide, a systemic method of approach was used to determine whether or not this
fluorescence could be enhanced by either supramolecular host-guest inclusion using native and
modified cyclodextrins, or by UV photolysis. If successful in enhancing the fluorescence signal of
a particular pesticide, analytical information was then gathered in various ways. Firstly, the
proper fit of the hést was determined. Choosing which host molecule to use is an intricate part
of trace detection of pesticides by fluorescence. The best host was chosen as that which gave
the largest overall enhancement of the pesticide fluorescence. After the proper host was
determined, a fluorescence titration was then performed, a measure of enhanced fluorescence
as a function of host concentration. This provided information on thevmagnitude of the binding
constant of the pesticide in the cyclodextrin. The host enhanced fluorescence was then used to
obtain a calibration curve of fluorescence signal versus concentration of the particular pesticide
in the presence of the preférred cyclodextrin. With a precise calibration curve, a limit of }

detection (LOD) and limit of quantification (LOQ) could be determined.

After finding out which pesticides can be detected in the required part per billion levels,

pesticide “cocktails” were then analyzed in an attempt to detect multiple pesticides at the same
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time from the same solutions. Oftentimes, with heavy rains and soil runoff, more than one
pesticide is involved in contamination of a water body.” If this fluorescence-based method of
trace detection of pesticides in water is to be useful, it will have to be able to detect more than
one pesticide in a water sample. These home}made cocktails are designed to replicate real
world situations where more than one pesticide is present and responsible for environmental

disasters such as fish kills.

The overall focus of this projecf is to compile a list of pesticides that are commonly uéed
on PEI that can be detected in the low ppb range using CDs or UV photolysis to enhance the
fluorescence signal of the pesticide while present in water. Once this is achieved, it is a goal to
use the enhance\ment of the fluorescence from either UV photolysis or CD inclusion and to
incorporate synchronous scanning fluorescence, to detect different pesticides simultaneously
~ and accurately from one mixed solution. The resuiting methods and protocols developed in this_
project vusing a desk fluorimeter will then be applied by a future research student in this lab to
use a portable fluorimeter run by a laptop computer, to develop a field-uge fluorescence-based

trace analysis technique.
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il. EXPERIMENTAL
1.1. Materials Used

Table 1 lists the chemicals that were used in this project; all were used as received.
Special safety precautions were taken while working with pesticides. A properly fitted
respirator with cartridges, vinyl gloves and eye goggles were all used while handling these toxic

compounds and all solution preparation took place in a fumehood.

Materials Used v ~ Manufacturer, Stated Purity
Anthraniliﬁ Acid Aldrich, 98%
N-Methylanthranilic Acid Aldrich, 98%
Atrazine : Fluka, 97.2%
Azinphos-methyl | Riedel-de Haen, 98.6%
Azoxystrobin | Fluka, 99.9%
Benzazimide Aldrich, 98%
Carbaryl Riedel-de Haen, 99.7%
Carbofurah Aldrich
Chlorothalonil Riedel-de Haen, 99.2%
a-Cyclodextrin Sigma, 98%
B-Cyclodextrin Cerestar
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Materials Used o ‘Manufacturer, Stated Pui'ify

y-Cyclodextrin | | Cerestar
Hydroxyprqpyl-a-CycIodexfrin ' Aldrich
Hydroxypropyl-B-Cyclodextrin Aldrich
Hydroxypropyl-y-Cyclodextrin Aldrich
Imidacloprid Riedel-de Haen, 99.9%
Metolachlor Riedel-de Haen, 98.0%
9,10-Diphenylanthracene Aldrich, 97%
Methanol Sigma-Aldrich, 99.9%
Water UPEI Chemistry Lab, Nanopure De-ionized

Table 1. Chemicals used during this project and their sources.
I.2.  Instrumentation

1.2:1. UV-Vis Absorbance Spectroscopy

A Cary 50 Bio UV-Vis spectrophotometer was used to perform all absorbance

measurements.

A 3 mL aliquot of solution was added to a 1 cm®quartz cuvette and placed in the sample
holder of the spectrophotometer. An absorbance scan of each solution was measured from 600
nm to 250 nm using the medium scan rate speed. An absorption spectrum was collected for

each of the eight different pesticide solutions and analyzed to determine the wavelength of
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maximum absorbance of each solution and to help in determining the optimum excitation

wavelength for fluorescence measurements.

11.2.2. Steady-State Fluorescence

For the steady state fluorescence experiments, 3 mL aliquots of solution were placed in
the same 1 cm? quartz cuvettes as used in the absorbance ekperiments. Samples were run on a
PTI luminescence fluorimeter equipped with Felix’ software and on a Perkin-Elmer LS 55
Luminescence Spectrometer.b Some solutions required dilution in order to have the optimal
absorbance between 0.25 and 0.30, this absorbance range is considered_idéal for obtaining
'fluérescence sbectra.12 Other solutions did not absorb enough to fall in this range so the
experiments were run at the highest possible concentration that the solubility properties of the

pesticides would allow.

The cuvette was placed in the sample compartment obf thé fluorimeter and each
excitation and emission slit was opened to allow for the proper amount of light to come in
contact with the sample and the photomultiplier tube. The slit widths used were varied for each
individual sample. The excitation wavelengths were typically chosen based on the maximum
absorbance previously determined from the UV-Vis spectra. In the case of chlorothalonil, the
fluorescence was measured at increasing inc‘rements of 10 nm to see if any excitation
wavelengths would produce fluorescence. Once the excitation wavelengths were chosen for

each pesticide solution, the emission wavelength range was selected in relation to the selected
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excitation wavelength. It was usually set at 10 nm past the excitation wavelength and scanned

for 200 nm.

Fluorescence spectra were then obfained énd studied in order to determine several
valuable pieces of data. The maximum fluorescence intensity (I¢), the wavelength of maximum
fluorescence intensity (Armax), and the integrated /area of the fluorescence spectrum (F) were all
determined, to be used to give informati-on on specific properties of the solutions being
analyzed. Solvent blanks were also scanned and subtracted from the original spectra to énsure

that there were no solvent effects or contributions to the fluorescence information.

11.2.3. UV Photochemistry

} All photochemical reactions were performed in 1cm? quartz cuvettes in one of two
photochemical reactors. For the UV-A photochemistry of azinphos-methyl and imidacloprid,
reactions were performéd in a Rayonet Photochemical Reactor, consisting of 16 UV-A Xenon
lamps (maximum emission wavelength of 350 nm) arranged vin a circle with equal spacing
between each lamp. A cuvette holder was designéd in house that allows for replicable

positioning of the sample cuvettes at the centre of the lamps. A cooling fan was also used to

ensure temperature change effects were minimal.

For the UV-C photochemistry of azoxystrobin, a phofochemical reactor was built in-lab
which consisted of a fastened Pyrex beaker on the inside of a cardboard box that had been

lined with aluminum foil. A small portion of the top of the cardboard box was removed in order
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to allow a handheld UV-C lamp (maximum emission wavelength of 254 nm) to fit properly in
place. On one sidé of the box, a door was added to allow access to the inside of the box where
the sample was placed. The entire box was then covered with a black cloth to ensure that no

additional light got in or out.

I.3.  Pesticide Stock Solution Preparation

All solutions were made up to volume accordingly with nanopure de-ionized water that
was collected from a Sybron Ultrapure water filter connected to a de-ionized water line in the
lab. Further dilutions of these stock solutions will be discussed in more detail later on in the
experimental section as appropriate. Tablé 2 lists each pesticide, how much of the pesticide
was dissolved and the total amount of water used to make up to volume. Each pesticide -
solution required a minimum of 5 minutes sonication in order to fully dissolve. Each solution
was stored in a dark cupboard at rodm temperature for the duration of the fluorescence trials.
Solutions were stable under these conditions for up to three weeks and then new solutions

would be made if trials went longer than that time period.
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‘ Eesﬁicigg SR

Chiorothalonl ———G6.001L — 1600 41x10°
Azoxystrobin 0.0031 500 1.5-x10'5
Carbaryl 0.0025 250 5.0x10~
Carbofuran 0.0039 : 100 1.75x10™
Azinphos-Methyl 0.0079 | 250 7.6x10°
Imidacloprid 0.0052 100 2.0x10™
Atrazine 0.0016 250 3.0x10”

Metolachlor .0.0057 100 7.0x10™*

Table 2. Pesticide stock solution preparation details.

.4 Determination of the Percent Water in the Cavity of Various Cyclodextrins

The determination of the amount of water that is present in the cavity of a particular
cyclodextrin is important for determining the actual mass of the CD being used in order to
accurately calculate the CD concentration in solution for the experiments described in Section

11.7.1.

For this project, new bottles of HP-y-CD, HP-B-CD and B-CD were used and thus the
percent water present in the cavity of each had to be determined. For y-CD, HP-a-CD and a-CD, .

the percent water had previously been determined in our lab.
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To determine the percent water present in the cavity of the CD, a vacuum oven was
used for drying and a weigh by difference method was used for determination of water lost
from each sample. To begin, the masses of six previously dried vials were recorded and
approximately 0.1 g of CD was placed into each individual vial. Each vial was then weighed with
the CD present, and the mass of each vial was recorded again. By subtracting the mass of the
vials with CD by the mass of the vials without CD, the precise amount of CD in each vial was
found to an accuracy of 0.1 mg. The vials were then placed in the vacuum oven for one hour to
dry. After each hour, the vials were taken out of the oven and weighed. This was repeated for a
total of four hours. The samples were dried until three consecutive measurements had
consistent masses to ensure that all the water that was present in the cavity had been
removed. The new mass was then determined by subtracting the mass of the vial with CD after
four hours of vacuum drying by the maés of the vial with CD that had not been dried. By
dividing the lost mass by the “wet” CD mass and'multi;‘)lyi‘ng by 100, the percent mass of water

lost is determined.

I.5.  Fluorescence Quantum Yields and Extinction Coefficients

Fluorescence quantum yield measurements were carried out using the relative
technique,*** in which the fluorescence emission of the fluorophore of interest is compéred to
that of a fluorophore with a well known quantum yield. A fluorescence quantum yield

experiment was done for azinphos-methyl and for its highly fluorescent photochemical

intermediate, N-methylanthranilic acid (NMA, see Fig. 9.a). This experiment was carried out by
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making three solutions; 4.0x10* M N-methylanthranilic acid, 9.13x10° M AZM and 2.66x10* M
9,10-diphenylanthracene (DPA, the quantum yield standard, see Fig. 9.b). A solution of DPA is
commonly used as a standard in quorescence quantum yield measurements because of its high |
fluorescence efficiency, and well determined quantum yield (¢ = 0.90).>* Figure 9 shows

the molecular structures of NMA and 9,10-DPA.

OH

Figure 9. Chemical structures of a) N-methyl anthranilic acid (NMA) and b) 9,10-
Diphenylanthracene (DPA)

I1.5.1. Quantum Yield and Extinction Coefficient Solution Preparation

The solution of NMA was made by dissolving 0.0030 g of NMA (98%) into 50.00 ml of
nanopure water. The solutibn of AZM was made by dissolving 0.0029 g into 100.00 ml of

nanopure water. It required one hour of sonication to dissolve. The solution of DPA was made
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by dissolving 0.0022 g of the DPA into 25.00 ml of cyclohexane. All solutions were prepared in

volumetric flasks.

11.5.2. Quantum Yield and Extinction Cofficient Procedure

Purging the 9,10-DPA solution of O, was necessary in this experiment due to oxygen’s
efficiency as a fluorescence quencher. To purge this solution, an airtight septum was placed on
the top of a quartz cuvette containing the DPA solution. A needle tip was then inserted to
release pressure of the sealed cuvette and to allow oxygen to de-gas. A gas line with a long
needle tip was connected to allow Argon gas to be passed through the solution. The sample
was left to purge for approximately five minutes to ensure all oxygen had been flushed from

the solution.

The absorbance spectrum was measured for each‘solutidn with a Cary 50 Bio UV-Vis
spe;tfophotometer between 600 nm and 250 nm at medium scan speed and the absorbance at
315 nm was recorded. The fluorimeter was set up to have an excitation wavélength of 315 nm

| with emission wavelengths frorﬁ 325-550 nm and 0.25 mm slit widths. The ﬂuorescence speétra
were obtained from the PTI luminescence fluorimeter with those same solutions from the

absorbance experiments.

The fluorescence spectrum of each solution was recorded and the area under the
spectrum, integrated. With this absorbance (A) and the integrated fluorescence data (area), the

refractive indices (n) and the fluorescence quantum yield of the standard solution of DPA (¢«s),
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which has been reported in literature to be 0.90,* the fluorescence quantum yields of AZM and

NMA were determined using Eq. 2.5. The subscript S refers to the standard, DPA.

Area As g n’

Or = Dr,sx 5
Areas A ns

Eq. 2.5

The extinction coefficient, g, is a measurement of how strong a molecule absorbs at a
particular wavelength. The extinction coefficients of AZM and NMA were determined by using

the Beer-Lambert Law (Eq. 2.6).

A =gct EqQ. 2.6

The absorbance, A, at 315 nm was previously determined from the absorbance spectra
and the concentration, ¢, is the concentration of the AZM and NMA solutions that were made.

The path length, |, of the quartz cuvette was 1.0 cm.
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I1.L6.  Photochemically Induced Fluorescence
11.6.1. Imidacloprid Photolysis and Steady State Fluorescence

A 3 mL aliquot of the imidacloprid stock solution was placed ina 1 cm? quartz cuvette
and the fluorescence intensity measured. The excitation wavelength was set at 337 nm and the
emission wavelength range was measured from 365 nm to 550 nm with a 1 mm slit width. After
measuring the fluorescence of the unphotolyzed imidacloprid solution, it was placed in the
Rayonet photochemical reactor and irradiated under UV-A (max. emission, 350 nm) light for 15
minutes. The fluorescence was measured again with the fluorimeter set to the same settings.
This process was repeated every 15 minutes,vfor one hour, until the fluorescence intensit_y had

stopped increasing.

I1.6.2. Azoxystrobin Photolysis and Steady State Fluorescence

Azoxystrobin photolysis was performed in a home-made photochemical reactor under
UV-C exposure. 3 mL of 1.5x10™ M AZO solution in a 1cm? quartz cuvette was placed in the
photochemical reactor for 30 minute increments and the fluorescence intensity measured,
once with no exposure time, and then again after each 30 minute interval until fluorescence
intensity ceased to increase; The fluorescence experiments were run at an excitation
| wavelength of 369 nm and the emission wavelength was measured between 400 and 600‘nm.

The excitation and emission slit widths were set at 1 mm.
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I.L7.  Host:Guest Enhanced Fluorescence

The procedure for determining enhancement by CD is a rather simple one. 3 mLof a
stock solution of pesticide was added to the proper mass o‘f each of the thl;ee native
cyclodextrins along with each of the three modified cyclodextrins to obtain a CD concenfration
of 10 mM. The solutions were then placed in the fluorimeter and run ét the excitation and
emission wavelengths and slit widths along with the stock solution with no CD. The
fluorescence enhancement, F/Fg, was then calculated as the ratio of the integrated area of the
fluorescence spectrum of the stock solution with CD relative to the stock solution with no CD.

CDs that produced an enhanced fluorescence signal were then studied further by performing

fluorescence titrations.

I1.7.1 Determination of the Binding Constant, K

The pesticide solutions that showed enhancement of fluorescence by CD inclusion were
studied further to extract the binding constant, K, by performing a fluorescence titration. This is
a measurement of fhe fluorescence enhancement, F/Fg, as a function of CD host cohcentration.{
It was done for each pesticide by adding 3mL of the pesticide solution to 1 mM increments of
D, varying the amount of CD to give solutions with CD concentrations from 1 mM to 10 mM,
and then determining F/Fo for each concentration. A solvent blank 'was also measured and
subtracted from each solution. The measured data was then fitted by the program CDEQWIN
(written in the Wagner research lab) which performs a non-linear Iéast squares fit of the data ;co
equation 1.2. 12
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Eq 1.2 is used when a 1:1 host:guest inclusion complex is formed to extract the value of
K. It is then plotted using the commercial graphing program, Fig.P. as a function of F/Fy vs host
concentration. If a 1:1 host:guest complex is formed then a double reciprocal plot of 1/[F/Fo-1]

vs. 1/[CD] will result in a linear plot.

Each pesticide required different settings on the fluorimeter and different CDs (due to
size and shape) to optimize the enhancement of the natural fluorescence signal. The optimized

settings are listed in Table 3.

Pesticide | Concentratidﬁ Aex ” Aem  slit Widths
Chlorothalonil 4.1x10°M 290 nm 310-506 nm 2mm
Carbofuran 1.75x10*M 280 nm  290-400 nm 1mm
Carbaryl 5.0x10° M 280 nm 300-425 nm 1mm
Azoxystrobin 1.5x10° M 369 nm 400-600nm 1mm
Imidacloprid 3.0x10° M 290 nm 350-550nm = 1mm

Azinphos-methyl 9.1x10° M 31Snm 325-525nm 2 mm

Table 3. Different fluorimeter settings and CDs used for each pesticide.

11.7.2. Calibration Curves

Calibration curves were created by making five solutions of known pesticide

concentration (ranging from 20 ppb to 100ppb by increments of 20) by dilution of the stock
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besticide solution. 3 mL of each concentration of pesticide solution was then added to the
apprqpriate mass of CD to obtain a 10 mM CD concentration and dissolved by five minutes of
sonication. Each sample was run in the fluorimeter at set excitation and emission wavelengths
and proper slit widths. The spectra were all corrected by running a solvent blank with CD and
subtracting it from the pesticide spectra. The fluorescence intensity value was recorded from
the maximum infensity wavelength and plotted using the grapHing program Fig.P as a function
of pesticide concentration. Calibration curves in this project were deemed satisfactory with a

linear correlation coefficient, r, between 0.999 and 1.000.

11.7.3. Limit of Detection and Quantification

The slope of the line was found from the regression statistics in the graphing program,
Fig. P. A nanopure water blank was measured 10 times and the intensity was recorded from
each spectrum at the maximum intensity wavelength of the pesticfde solution and the standard
deviation was calculated from those values. Using Eq. 2.7 and 2.8, the limit of detectioh (LOD)*
and limit of quantification (LOQ)*® were found, where Sq represents the standard deviation of

the water blanks and m is the slope of the calibration curve.

Lop =35 Eq. 2.7
m

Log =195 Eq. 2.8
m
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I.8.  HPLC Experiments

For the HPLC experiments, solutions of azinphos-methyl, benzazimide (1,2,3,-
benzotriazin-4-(3H)-one,BA, Fig. 10.a), N-methylanthranilic acid and anthranilic acid (AA, Fig.

10.b) were all studied. The structures of BA and AA are shown in Figure 10.

O o)

OH.

Z
ju

\

Figure 10. Chemical structures of a) Benzazimide (BA) and b) Anthranilic Acid (AA).

11.8.1. HPLC Solutions Preparations

A 2.5x10™ M solution of AZM and a 2.5x10™* M solution of benzazimide Were prepared
in order to be studied via HPLC analysis. 0.0079 g of AZM was dissolved in to a 60:40 mix of
water:methanol in a 100 mL volumetric flask and was sonicated for 36 minutes. 0.0018 g of BA
was dissolved in a 60:40 mix of water:methanol in a 50 mL volumetric flask and sonoicated for

30 minutes.

Eight 3 mL aliquots of the 2.5x10™ M AZM solution were irradiated in the photochemical
reactor for varying amounts of time. Solution 1 was irradiated for one hour, solution 2, for two
hours and so forth until solution 8 was irradiated for 8 hours, the time when photolysis of AZM

had been deemed complete.
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Another 3 mL solution consisted of a mixture of 1.5 mL of the 2.5x10% M AZM and 1.5

mL of the 2.5x10™ M BA solution was left unphotolyzed and run as a standard.

Fina.lly, 2.5x10™ M solutions of N-methylanthranilic acid (NMA) and anthranilic acid (AA)
were prepared in order to determine the retention times of these two solutions, as they were
possible intermediates of the photolysis reactions. 0.0038 g of of NMA was dissolved into a
60:40 mix of water:methanol in a 100 mL volumetric flask. 0.0034 g of AA was dissolved into a
60:40 mix of water:methanol in a 100 mL volumetric flask. Both solutions required 5 minutes of

sonocation in order to dissolve.

11.8.2. HPLC Analysis

All HPLC experiments were run on a Varian HPLC machine that consisted of a Varian
Autosampler Prostar 410, Varian PDA Detector Prostar 330, and a Varian Solvent Delivery
Module Prostart 240. A Pursuit C18 reversed-phase column and a UV wavelength detector set

at 285 nm were used.

A total of thirteen solutions were analyzed in the HPLC. A 20 uL sample of the 2.5x10™
M AZM solution and a 20 pL sample of the 2.5x10 M BA solution were measured as standards,
along with 2.5x10™ M solutions of NMA and AA. 20 pL of each of the eight solutions of varied
UV exposure and 20 plL of a 50:50 AZM:BA mixture were measured as well. A 20 minute run

time was sufficient to show optimal separation of peaks.
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I.9.  'H NMR Solution Preparation and Analysis

Four different solutions were prepared for the *H NMR experiments. A 300 mHz Bruker
“UltraShield NMR wa§ used for all 'H NMR experiments. A 3.0x10> M solution of AZM in
methanol-d4 was prepared as the solution to be studied. Reference solutions of aniline, N-
methylanthranilic acid, and benzazimide were prepared to the same concentration as the AZM
solution, all in methanol-d4. The 'H NMR spectrum of AZM was obtained, firstly without any
exposure to UV-A light and then again after being photolyzed in the Rayonet photochemical

reactor for 6 hours and then again after 36 hours of exposure.

11.L10. Synchronous Scanning Fluorescence Experiments
11.10.1 Sample Preparation

For the first part of the synchronous scanning experiments, pesticide mi-xtures, along
with standard pesticide solutions were measured to determine if an individual pesticide could

be detected in the presence of other pesticides in a solution.

In the first set of experiments, seven solutions were prepared; 100 ppb carbofuran,
carbaryl, azinphos-methyl and chlorothalonil were all made by adding the appropriate amount
of pesticide to water and dissolving. Using those solutions, three pesticide mixtures were

created.
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Mixture one contained equal parts of carbofuran, chlorothalonil and azinphos-methyl.
Mixture two contained equal parts carbafyl, chlorothalonil, and azinphos-methyl and mixture

three contained equal parts of each of the four pesticides used in this experiment.

In the second set of experiments, calibration curves of both carbofuran and carbaryl
were prepared by proper dilutions of their respected stock solutions to make five new solutions
for each pesticide. The concentrations increased by intervals Qf 20 ppb starting at 20 ppb and
Ngoing to 100 ppb. Once the calibration curves were prepared, six spiked sample solutions were
prepared by Carrie Snow, a fellow gfaduate student. These solutions contained known (only to
her) equal concentrations of CHT and AZM and known differing amounts of CAF and CAB. This
was done to ensure the testing be a blind testing procedure which would replicate field testing
whereby the tester is unaware of the concentrations present until after the experiment is

completed.

11.9.2. Synchronous Scanning Procedure

The synchronous scanning option on the fluorimeter was selected and the emission and
excitation wavelengths were chosen depending on which pesticide would be looked at first.
Since carbofuran and carbaryl are much more fluorescent pesticides than CHT or AZM, they
were the only two that were studied. The excitation wavelength interval for carbofuran was
266 nm to 416 nm and the emission wavelength interval was 290 nm to 440 nm. This

“maintained a constant difference of emission waveleﬁgth to excitation wavelength of 24 nm..
The excitation and emission wavelength intervals for carbaryl were 256 nm to 406 nm and 300
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nm to 450 nm respectively. This maintained a constant difference of 44 nm between the
excitation wavelength and emission wavelengths. The slit widths were set at 1 mm for all

synchronous scanning experiments.

The spiked sample procedure using synchronous scanning fluorescénce was slightly
different. Once the calibration curves were created in the fluorimeter using the same specifics
as used in the first set of exberiments, the six solutions of unknown amounts of carbofuraﬁ and
carbaryl were measured. The peak intensities at the maximum fluorescence intensity fér each
of the two pesticides being observed were recorded. Those intensity values were then
substituted in to the equation of the line, calculated from their respected calibration curve, and |
the concentration of the unknown solution was calculated. Only then were the actual values

revealed and a percent error calculated.
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lil. RESULTS AND DISCUSSION: Enhanced Fluorescence of Pesticides in Water by Cyclodextrin

Inclusion

Each pesticide was extensively studied to determine whether it would be a candidate
for fluorescence enhancement via UV photolysis or supramolecular host:guest inclusion using
native or modified cyclodektrins. This chapter is focused on the details of how the fluorescence
of each pesticide responded to cyclodextrin addition, and whether a large enough fluorescence
enhancement is obtained to allow for its trace detection at the ppb level. This chapter also
examines the possibility of more than one pesticide being detected accurately in a mixture of

pesticides using fluorescence.

l.1. Determination of the Percent Water in the Cavity of Various Cyclodextrins

Cyclodextrins, in their natural form, contain water molecules inside the cavity of the CD
itself. In order to accurately determine the cencentration of a »prepared CD solution, it was
necessary to determine the amount of water present inside the cavity of the solid CD prier to
dissolving it in the pesticide solution using a vacuum oven. The resulting water contents
(average of two samples)-were: HP-y-CD: 5.1%, HP-B-CD: 3.9%, and B-CD:'.11.8%. The percent
water content for a-CD, HP-a-CD and y-CD were previously determined by the Wagner group

and were found to be 8.8%, 3.3%, and 6.7% respectively. These percent water contents were

taken into account in calculating the concentrations of the pesticide-CD solutions.
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lIL.2. Carbofuran

The pesticide Carbofuran (see structure, Fig. 7.2) was selected as a pesticide of interest
for this project due its high sales volume and applicétion rates on PEl according to the Prince
Edward Island Non-Domestic Pesticide Sales Report of 2007.” The aromatic structure of the CAF
molecule makes it an ideal starting point for thevfluorimetric based trace analysis of pesti'cides

in water.

111.2.1. Absorption and Fluorescence Measurements

A solution of 1.75.x10'4 M carbofuran in water wa;s chosen as the concentration of the
stock pesticide solution because absorbance measurements of this solution showed. that this
pesticide absorbed in the UV-B region with an absorbance peak from 290 nm to 270 nm. The
maximum absorbance at 280 nm is 0.35 and this is an ideal absorbance for fluorescence
- éxperiments. At any wavelengths lower than this, there exists a risk of the cyclodextrin host
absorbing some of the light. The absorption spectrum of 1.75x10™ M carbofuran in water is

shown in Figure 11.
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Figure 11. Absorption spectrum of 3mL of 1.75x10™*M carbofuran solution in the absence (—)
and in the presence (- - -) of B-CD.

For the fluorescence experiments, an excitation wavelength of 280 nm was chosen
based upon the absorption results. The emission wavelengths were chosen in relation to the
excitation wavelength. The emission wavelengths were measured from 290 nm to 500 nm. A 10
nm buffer region from the excitation wavelength to the emission w‘avele‘ngth was used to
ensure that no scattered excitation light was detected. The emission range was 210 nm to
ensure that none of the fluoresﬁencé band was cut off. The actual slit widths (bofh excitation
and emission) were set to 1 mm in order to provide the best possible signal with minimal
backgrdund noise. This was done by meaéuring a solution of carbofuran in the fluorimeter and
adjusting the slits and re-running until the optimum slit width was found, based on the total

fluorescence to noise ratio.
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[1.2.2. Fluorescence Enhancement by CD Inclusion

Since Carbofuran was found to be fluorescent in water, it made it worthwhile for the
purposes of this project to test various CDs in order to possibly enhance that fluorescence

signal by way of forming host:guest inclusion complexes between the CDs and the pesticide

molecules.

B-CD and HP-B-CD were tested with the carbofuran pesticide solution as per the
experimental procedure in Chapter 2. In both cases, significant enhancements of the
fluorescence were found, indicating that host:guest inclusion complexes are likely being

formed. In Figure 12, the natural fluorescence of CAF, the enhanced fluorescence of CAF with j-

CD and the enhanced fluorescence of CAF with HP-B-CD are shown.
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Figure 12. Fluorescence spectra of 1.75x10™*M CAF without CD (—) with the addition of p-CD
(10mM) (- - -) and with the addition of HP-B-CD (10mM) (:--).
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The natural fluorescence of the pesticide was enhanced by a factor 2.8 in tbhe presence
of B-CD and 3.5 In HP-B-CD. This additional enhancement is attributed to the fact that modified
CDs are usually more effective at forming host:guest inclusion complexes and provide a less
polar environment.'?> The modified CD has a slightly less poiar environment inside the cayity
relative to the inside cavity of a native CD, therefore increasing the binding of the h?drophobic
pesticide molecule. In addition, HP-B-CDs, with the substituted hydroxypropyl groups, have a
slightly larger cavity than the un-substituted cavity of the B-CD. The hydroxypropyl groups act
like arms, extending the cavity further than in the case of an unsubstituted cavity. This allows
for more of the molecule to be included within the cavity and the}efore bind more strongly and

experience more of the effects of the CD.

I11.2.3. Investigation into the Mechanism for the Enhancement of CAF Fluorescence

There are various reasons why enhancement of fluorescence can occur when a weakly-
or non fluorescent molecule becomes included within the cavity of a host molecule. There are
- several tests that can be performed in order to gain a better understanding of why this )
enhancement 6ccurs for a specific fluorescent guest. Quenching of fluorescence can cause a
fluorescence signal to be drastically reduced or even eliminated if there is the presence of a
quencher in the solution. The host molecule cah often offer protection ffom quenchers such as
oxygen. While the CAF moluecule is included within the cavity, it is safe from éollisions with

oxygen molecules that are present in the sample that will increase the rate of internal

conversion. With this protection, kic is decreased and thus fluorescence is increased. To test this
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idea, the fluorescence ofé sample of unpurged 1.75x10™* M CAF solution was measured. The
same solution was then purged for five minutes with Argon gas to flush out any oxygen present
in. the sample and the spectrum was‘ measured again. Purging the sample resulted in only a 7%
increase in fluorescence, compared to 350% in HP-B-CD. The difference in spectra showed that
oxygen did play a part in quenching some of the fluorescence but it was a very minimal effect
compared to the large enhancement shown from Cb inclusion. This indicates there are still

other factors contributing to the enhancement that need to be investigated.

As was briefly discussed in Chapt'er 1, the less polar environment of the substituted CD
can result in an increase in the energy gap between the S; and Sp energy levels of the molecule
and thus fluorescence of this molecule is occurring at a higher energy than fluorescence of an

“un-bound molecule. It also increases the likelihood that fluorescence will occur rather than by
relaxation, by the non-radiative decay pathway of internal conversion. Looking at the
fluorescence spéctra of the CAF:B-CD and CAF:HP-B-CD however, there is no measurable
blueshift.in the maximum intensity wavelength (304 nm) which would be observed if there was
an increase in the energy gap. Therefore it is not expected that this is the reason behind the | ,

enhanced fluorescence.

Further experimentation by testing the fluorescence of the molecule in a less polar
medium was done. Ethanol was used as a solvent because it is less polar than water and

because the polarity of cavity of the HP-B-CD was measured to be very similar to ethanol.*> " %
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A 1.75x10™* M CAF solution in ethanol was prepared in order to test the effect of a less
polar solvent on the fluorescence by comparing maximum emission intensities. Figure 13 shows

the comparison of the fluorescence of CAF in ethanol to the fluorescence of CAF in water.
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Figure 13. Comparison of 1.75x10™*M CAF in ethanol (- - -) to 1.75x10™*M CAF in water (—).

This experiment showed that the pesticide molecule, CAF, had an enhancement in
ethanol as compared to water, thus proving that the enhanced fluorescence is due largely to
the change in polarity of its environment. This experiment also showed that there is in fact, a
very small change in the maximum intensity wavelength that could not be seen in the
fluorescence spectrum of CAF in water with CD most likely due to the enhancement not being

as substantial. The Ag max shifted from 304 nm in water to 302 nm in ethanol.
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The polarity sensitivity factor (PSF), which is the ratio of fluorescence of a fluorophore in
ethanol, Feou, to fluorescence of a fluorophore in water, Fyater, corrected by the difference in
absorption of each solution, gives an idea of how sensitive the fluorescence of that particular

molecule is to the polarity of its local environment.”*° The PSF equation is shown Eq. 3.6.

F EtOH A Water
X

PSF =

Eq. 3.6
Fwater  Agon

The PSF for CAF was determined from Eqg. 3.6 to be 19.0 which illustrates exactly how -
sensitive the CAF molecule is to the change in polarity. The high sensitivity from the change in
polarity is most likely the reason for the substantial enhancement of the fluorescence of CAF.
However, the observed enhancement of 3.5 in CD is much lower than the PSF, indicating that
the pesticide is not experiencing the full possible polarityveffect. This suggests that the pesticide
is only partially included within the cavity, or perhaps that there are still water moleculeé

associated within.

Since fluorescence was shown to enhance by such a large factor’in changing the solvent
from water to ethanol, much like the change of local environment in going from water to the
cavity of a CD, it is unlikely that the restriction of rotational motion of the molecule would be a
major cause of the increased ﬂuorescence. It is possible that seme restriction could lead to
enhancement of the fluorescence, but in this case, the most probable reason is the sensitivity

of the molecule to polarity.
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111.2.4. Fluorescence Titrations

Fluorescence titrations were performed using the 1.75x10™* M CAF solution and the

~ correct masses of B-CD and HP-B-CD. By performing this titration, F/Focan be determinéd by
dividing fhe integrated fluorescence spectrum of the CD:Pesticide solution, F, by the integrated
fluorescence spectrum of the pesticide solution without the presence of the CD, Fo. By fitting
F/Fo vs. the concentration of the B-CD to Eq. 1.2 using CDEQWIN, the binding éonstant, K, of the

host B-CD and the guest, CAF was found to l:_)e 177 M + 60 M (average of three trials).

For HP-B-CD, using the data from the titration, F/Fy vs. concentration of HP-B-CD was
fitted to Eq. 1.2 and K was found to be 204 M1+ 9.0 M™ (average of three tvrials).The slightly
higher value of K for CAF:HP-B-C[.)‘ shows that the pesticide molecule binds better to the cavity
of the modified CD as compared to the native D (although the two binding constants are not
significantly different when the error limit for K in 3-CD is taken into account). Although it is nqt
a large difference, when combined with the slightly larger enhancement by HP-B-CD, it is
considered to be the more favourable host. It is postulated that the hydroxypropyl groups on
the CD are acting like arms, creating a cavity that is more protected, more non-polar and
slightly Iafger which provides a better environment for the pesticide guest molecule.” The

fluorescence titration of CAF with HP-B-CD is shown in Figure 14.
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Figure 14. Fluorescence titration of CAF with HP-B-CD. A binding constant average (3 trials) of
204 M £ 9.0 was calculated from the data F/FO vs [HP-B-CD].

I'Zluorescence titrations are also very useful for determining the stoichiometry of the
host:guest complex that it is being formed between the pesticide molecule and the host CD.
This is done by generating a double reciprocal plot of the titration data; if this plot is linear, it is
indicative of a 1:1 complex. If it is not linear then a more complex host:guest complex is being
formed. In the case of both B-CD and HP-B-CD, the double reciprocal plot showed that it is
indeed a 1:1 complex being formed between the host CD a;md the guest CAF molecule. Figure
15 shows the double reciprocal plot of the fluorescence titration of CAF with HP-B-CD. The

linearity (0.999) of this plot confirms that a 1:1 host:guest complex is being formed.

53



1.50 4

1.25

1I(FIF ;1)
(=] (=] —
N =) (=]
[ =] [3,] (=]

0.25

0.00 T 1 | | 1 1
0.0 0.2 0.4 0._6 0.8 1.0 1.2

mM/[HP-B-CD]

Figure 15. The double reciprocal plot of the fluorescence titration of CAF with HP-B-CD.

l11.2.5. Calibration Curve, LOD and LOQ

Once the binding constants were found and HP-B-CD was clearly established as the best
host for CAF for inclusion complexes, work with B-CD ceased. Calibration curves of carbofuran
in water with the addition of 10 mM HP-B-CD were then determined. The first calibration curve
was from 10 ppm to 2 ppm in order to see if it is possible using fluorescence to detect the
pesticide at this level. The 2 ppm solution still has a very strong fluorescent signal so the
concentrafion was decreased and a new calibration curve was made from 500 ppb to 100 ppb.
At 100 ppb, the fluorescence signal was still distinguishable so a third and final éalibration curve

was created. The concentrations of the solutions for this calibration curve decreased from 100
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ppb down to 20 ppb. The calibration curve required a linear correlation coefficient, r, of at least
0.999 to be deemed satisfactory, which at this small of a concentration took several attempts.
The fluorescence spectra of the calibration solutions are shown in Figure 16.a and the plotted

calibration curve data are shown in Figure 16.b
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Figure 16.a. Fluorescence spectra of the CAF calibration solutions with 10mM Hp-b-CD. The
solutions range from 100 ppb (top) in equal decreasing concentrations to 20 ppb (bottom).
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Figure 16.b Calibration curve of 10mM HP-B-CD with various concentrations of Carbofuran. The
calibration curve has a linearity of 0.9993. '
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_.Once the calibration curve met acceptable Iinearllimits, the slope of the line, m, of the |
calibration curve was found from the graphing program, Fig.P. The slope from the calibration
curve of CAF with HP-B-CD was 533.8 cps/ppb. A solvent blank of nanopure water was
measured ten separate times in the fluorimeter. The intensities at 304 nm were recorded from
each and the standard devia.tion was calculated. The standard deviation of the water blanks
was found to be 745.46 counts per second (éps). Using Eq. 2.7 and Eq. 2.8 from Chapter 2, the
limit of detection and the limit of quantification of CAF in water with the addition of HP-B-CD
for enhancement of the fluorescence were determined. The limit of detection by using
supramolecular host:gueét chemistry to enhance the natural fluorescence of CAF in water was
found to be 4.2 ppb. The limit of quantification was found to be 14.0 ppb. In terms of detection
levels, this is well below required detection levels to make this method of detection

worthwhile.

The non-zero value of the y-intercept is attributed to the relatively high baseline of this
particular fluorimeter, and the very low concentration and thus low fluorescent signals involved
for this calibration curve. The solvent blank could be subtracted from the calibration solutions

but it was decided against for it adds an extra unnecessary step to the procedure.

It was discovered during calibration curve trials of this pesticide, that there was one
previous literature report on the fluorescence enhancement of carbofuran, along with carbaryl
by CD addition in the journal Analytica Chimica Acta.*® Pacioni et al. had looked at the
determination of carbofuran and carbaryl in certain fruits and tap water. Since it was

discovered so late in the experimental process, it was decided that work would be completed
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on this pesticide and results would be compared. Also, because one of the goals of this project
was to compile a list of pesticides used in PEl that are naturally fluorescent, and that the
fluorescence be enhanced by CD,‘Iiterature work would provide userI information. The limit of
detection that was reported in this journal article was 15.9 ppbl. The LOD in this current work
thus represents an improvement of a factor ‘of approximately 4. The work done on CAF was
~completed for comparison but aI;o, more importantly, to p'olssibly‘investigate further the‘
fluorescence of this pesticide in a mixture and also by another fluorescence method,

synchronous scanning fluorescence, which was not used in the Pacioni paper.

Pacioni et al. also reported binding constants for B-CD and HP-B-CD as 190 + 10 M and
123 +7 M7, respectively.'® The B-CD values is fairly similar to the current results however the
binding constant for HP-B-CD iss much lower than that founa in this project. This ivs attributed to
the lower degree of substitution of the HP-B-CD that was used by Pacioni et al." The HP-B-CD
that was used in the literature report had a degree of substitution of 5.5 hydroxypropyl groups
per CD. The HP-B-CD that was used for this project had a degree of substitution of 7.0 |
hydroxypropyl groups per CD. The additional hydroxypropyl groups would most likely be the

reason behind the higher binding constants and lower LOD found in this work.

[1.2.6. Spiked Samples

It was determined that using fluorescence with supramolecular host:guest inclusion to
detect trace levels of carbofuran in water was possible in the ppb range. To build upon this, the

next logical step was to determine how accurately one could determine the concentration of
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this pesticide in water test samp[es. Several unknown spiked water samples were prepared in
order to mimic real-world situations, whereby the user is unaware of the concentration present
in the sample being.tested. In this experiment, three unknown solutions were prepared and
measured under identical conditions to previous fluorescence trials performed on CAF in this

project.

By firstly creating a calibration curve (r =0.999), an equation for the line can be
calculated by plotting the intensities of the fluorescence band at 304 nm for each of the |
concentrations, 20 ppb to 100 ppb. The line equation in this experiment was y =
(1000.6cps/ppb) x + 83281 cps where y is the intensity of the peak of the unkhown spiked
sample and x is the concentration in ppb. By recording the intensities of each of the unknown
solutions at the same maximum intensity wavelength, in this case 304 nm, the user can then
substitute in those values for y and then solve the equation for x which will give the
concentration of the unknown solution. Table 4 shows the results of the unknown spiked water

sample trials.

. Sample  Calculated Concentration (ppb) Actual Concentration (ppb) Percent Error (%)

A 39 37 5
B 65 96 32

C 44 57 23

Table 4. Results from CAF spiked sample trial using steady state fluorescence.
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There is a fairly large percent error present in the spiked sample trials that were done.
Only one trial of unknown spiked sample detection was performed on this pesticide. However,
this work does demonstrate that this method for detection of an unknown concentration in

water is feasible.

I.3.  Chlorothalonil (CHT)

Chlorothalonil (see structure, Fig 6.a) is a relatively small pesticide molecule in
comparison to the other fnolecules of interest in this project. It has a fully substituted benzene
ring involving four chlorine atoms and two nitfile groups. It continues to be the most used
pesticide on PEIl and has been so for the last several ye‘ars.7'33 Due té this fact, this pesticide was

at the top of the list of pesticides to be ektensively studied in this project.

[11.3.1. Absorption and Fluorescence Measurements

CHT has a low solubility in water and required the stock solution to be made at the
maximum solubility in order to observe any absorbance from the absorbance measuremenfs of
this relatively small pesticide molécule. In these studies, a 1.1 ppm stock solution was prepared
which was the maximum concentration of CHT which would dissolve. For fluorescence
measurements, a pesticide solution will ideally absorb at the excitation wavelength betw‘een
0.2 and 0.3. In this case, the pesticide showed very little absorbance due to the small

concentration of chlorothalonil present in the solution. The absorbance spectrum showed a
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very minimal peak in the high UV-B, low UV-A region around 320 nm. This made finding an ideal

excitation wavelength for fluorescence a trial and error process.

Fluorescence experiments were performed on the chlorothalonil solution by changing
the excitation wavelengths by 10 nm increments from 340 nm down to 280 nm and changing
the emission wavelengths in relation to the excitation wavelengths. Each spectrum was
collected and compared in order to determine if any furtﬁer fluorescence trials would be done.
After comparing all the spectra, the excitation wavelength of 290 nm was chosen as it produced
the high.est fluorescent peak. The emission range of 300 nm to 475 nm was found to be optimal
in viewing the entire fluorescence band. Chlorothalonil, in water, was found to be only weakly

fluorescent with a maximum fluorescence intensity measured at 340 nm.

[11.3.2. Fluorescence Enhancement by CD Inclusion

Due to th.e relatively small si_ie of the CHT molecule, a-CD and HP-a-CD were first
selected to be the trial host molecule for experimentation. .The fluorescence of each 10 mM
solution of CHT with CD was fneasured and with each CD, substantial fluorescence occurred.
For a-CD, fluorescence enhanced by a factor of 9.0 and for HP-a-CD, fluorescence enhanced by
a factor of 8.2. Since such a large enhancement of the natural fluorescence occurred with the
addition of the native and modified a-CDs, solutions of B-CD, HP-B-CD, y-CD and HP-y-CD were |
prepared using the same method and testing at identical conditions. In each case, varying
degrees of fluorescence enhancement occurred, as described in the next section. Figure 17

shows the enhancement of the natural fluorescence of CHT with the addition of a-CD.
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Figure 17. The fluorescence emission of CHT without a-CD (- - -) and with (—)10 mM a-CD.

111.3.3. Fluorescence Titrations

Once it was determined that each CD produced an enhancement of fluorescence,.
fluorescence titrations were done with each of the CDs to find the binding constants and
host:guest complexes. The results of the various CDs on the total enhancement of the CHT

fluorescence along with binding constants are shown in Table 5.
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Cyclodextrin Total Ehhancemént; F/Fo o Bihding Constant,K(M'l)

a-CD 9.0 280
HP-a-CD 8.2 78
B-CD 54 | 110
HP-B-CD 110 20
v-CD 9.8 73
HP-y-CD 10.0 250

Table 5. Results from the fluorescence trials of CHT with various CDs.

Table 5 illustrates that all CDs gave somewhat similar results in terms of enhancerhent,
ranging from approximately 5.5 to 11. HP-B-CD gave the largest enhancement of all the CDs but
when a fluorescence titration was done using this CD, it was found that it had a very low
binding constant, most likely due to the very small size of the moleéule resulting iﬁ a poor fit
inside the relatively large cavity size. a-CD had the highest binding constant of all the CDs a-nd a
relatively large enhancement so it was chosen as the CD that would be used for calibration

curves and to find the LOD and LOQ.

In a comparison of the K values found with the addition of the un-substituted a-, B- and
y- CD to the pesticide solution, a-CD clearly showed the most favourable fit. The K value
decreased as the size of the cavity of the host CD was increased. For t.he modified CDs, HP-a-CD
did not have as high a binding constant as the un-substituted a-CD and K decreased even more
for HP-B-CD. It has the lowest binding constant out of any CF that was tested. The K valué of

HP-y-CD is higher than the other substituted CDs but not quite as high as a-CD. This is the
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reasoning behind the choice of a-CD as the host to be used. Figure 18 shows the fluorescence

titration of CHT with a-CD
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Figure 18. A fluorescence titration of CHT with 10 mM a-CD.

Only one trial was done for each of the CDs so there are no error values to repoft, Itis
hypothesized that since the size of the a-Cb cavity is so small, the hydroxypropyl arms of the
HP-a-CD are interfering with the pesticide molecule entering. The opposite is thought to be
happening with HP-y-CD, where the arms are going inside the cavity résulting ina tigﬁt, optimal
fit for the péstici.de, thus preventing the CHT molecule from leaving once it enters. This was |
hypothesized by comparing the binding constants that were found as a-CD had the best binding

constant and HP-y-CD was second highest.
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111.3.4. Calibration Curve, LOD and LOQ

Since all fluorescence experiments with CHT were done on a1 ppm solution, and a
reasonable detection level is required to be in the part per billion levels to make this a
worthwhile detection techhique, the concentrations for tHe calibration curve were chosen to be
from 500 down to 100 pvpb. A linear calibration curve was obtained with a linear correlation

coefficient value of 0.993.
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Figure 19. Calibration Curve 6f CHT. Various concentrations of CHT with a-CD (10mM). The
curve has-a linearity of 0.993
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Several attempts were made-at obtaining a calibration curve with a linear correlation
coefficient of 0.999 but these attempts were unsuccessful. The fluorescence at these

concentrations was very small, although still distinguishable, as shown in Fig. 20.
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Figure 20. The fluorescence spectra of 10 mM a-CD with CHT. Concentrations rangevfrom 500
ppb (top) to 100 ppb (bottom).

A calibration curve with lower concentrations was not attempted due to the small
fluorescence signal of 100 ppb, any lower peak intensity would have been too difficult to
distinguish between the peaks of the different concentrations. Once the calibration curve
intensities were plotted, the slope of the calibration curve wais found to be 191.30 cps/ppb. The

standard deviation was calculated as per the experimental procedure to be 4423.6 cps. Using
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this data, the LOD and LOQ were calculated. The limit of detection for CHT using host:guest
inclusion with a-CD as the host, for the enhancement of natural fluorescence in water was
found to be 69 ppb. The Ijmit of quantificatio.n using the same mefhod of enhancement was
found to be 230 ppb. T.his method of detection would be border line effective in trace detection
of pesticides in natural waters. Oftentimes only traces of contamination remain in water bodies
due to the time between actual contamination and the discovery of that particular
contamination. Although peaks would be distinguishable in the higher ppb range, lower ppb
concentrations would be difficulf to calculéte due to the overall weak fluorescence of this

- pesticide molecule even when incI-uded within the cavity of a CD. Without the addition of CD, a

LOD would have been impossible to find due to the weak fluorescence signal.

IlI.4; Carbaryl (CAB) -

Carbaryl (see structure, Fig 7.b) belongs to the carbamate family of insecticidés along
with carbofuran and is primarily used on PEI to control mosquitoes, ticks, anté and beetleys.50
Results on the fluorescence of carbaryl have been feported by the Pacioni group* in the Same
paper that discussed the enhancement of carbofuran. Since one of the main goals of this
project was to compile a list of pesticides that could be detected in ppb concentration range -
using the‘ CD enhanced fluorescence technique, it was decided that this pesticide would be
studied as it would be also included as one of the pesticides used in pesticide cocktails and
synchronous scanning experiments (again, both of which were not studied in the Pacioni

Paper).
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I11.4.1. Fluorescence Experimentation

1.
15,5 it was

Since the fluorescence properties of this pesticide molecule are well known,
reasonable to omit the primary fluorescence trials that involve determining optimal excitation
and emission wavelengths, as was previously done for carbqfuran and chlorothalonil. A 10 ppm
carbaryl stock solution was prepared for thé initial fluorescence trial. The concenfration was

chosen because at this concentration there is an excellent fluorescence band at the reported

excitation.and emission wavelengths.

I11.4.2. Fluorescence Enhancement by CD Inclusion

The fluorescence measurements of 10 mM B-CD- and HP-B-CD- carbaryl solutions were
obtained to determine the F/F of carbaryl with the excitatio.n'wavelength set at 290 nm and an
emission wavelength from 300 nm to 400 nm. Carbaryl is a very fluorescent molecule evén
without the addition of CD and thé slit widths had to be adjusted accordingly to keep the
fluoresecence signal from going too high on the fluorimeter, thus tHe reasoning behind such
narrow slits (0.5 nm) for this experiment in relation to the other fluorescence trials. Withvthe
addition of B-CD, a fluorescence enhancement of a factor of 1.6 was obtained. With the
addition of HP-B-CD, a total fluorescence enhancement of a factor of 1.9 was obtained. Like
carbofuran, this pesticide gives better results with the modified CD cavity as compared to the
native CD. Investigations into the reasoning Behind the enhancement showed very similar

results to that of carbofuran, as discussed in the next section.
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111.4.3. Investigations into the Enhancement of Fluorescence

Purging of the carbaryl solution with argon gas to rid the solution of any oxygen
molecules showed no increase in the fluorescence intensity, indicating that no quenching of the
fluorescence was takihg place by the presence of oxygen in the solutions. Also by examining
and comparing the spectra of the fluorescence of CAB with the fluorescence of CAB in the
presence of the host CDs, there appeared to be no shifting of the wavelength of the maximurh
emission. The fluorescence spectfum of the carbaryl solution in water was also compared to a
fluorescence spectrum of a carbaryl solution in ethanol to see if any shift in maximum intensity
would occur due to the change in polarity. In both fluorescence spectra, the maximum intensity
wavelengths is at 334 ﬁm, however iﬁterestingly enough, the molecule is actually less
fluorescent in the less polar medium by a factor of 1.9. A polarity sensitivity factor was
calculated for this molecule to be 0.41. T‘his experiment di‘sproves that the change in polarity
causes the increase in quorescehce: Iﬁ fact this molecule shows an opposite polarit.y ‘
dependence then the many usual cases of fluorescence eﬁhancement (explained earlier in
terms of S;-Sy energy gaps). A possibility is the internal rotation of the side arm off the
naph’thalene group be;omes restricted once it becomes included withjn the cavity, thus
reducing the efficiency of a non-radiative decay pathway. In fact, such an increase in the
fluorescence would have to be substantial in the HP-B-CD, to overcome the decrease in
fluorescence due to polarity. There is no evideﬁce for this, it is strictly hypothesized and could
only be confirmed by further>investigations-, possibly by substituting water with a highAviscosity
solvent, such as glycol. Furthermore, the mechanism for the observed polarity-induced

reduction in fluorescence would also need to be investigated by future photo-physical studies.
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11L.4.4. Calibration Curve

Once it was determined that the fluorescence of this pesticide could be detected with
ease at the ppb level, a calibration curve of CAB was prepared in order to get the necessary
data to calculate the limit of detection and limit of quantification. The calibration curve of CAB

is shown in Figure 21.
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Figure 21. Calibrati.on curve of CAB with HP-B-CD (10mM). Concentrations of CAB ranged from

100 ppb to 20 ppb and the curve had a linearity of 0.999.

From the calibration curve (r = 0.999), the slope is found to be 7700 cps/ppb and the
standard deviation is 1800 cps. Using Eq. 2.7 and Eq. 2.8, the LOD and LOQ for the pesticide

carbaryl with the presence of HP-B-CD, were determined to be 300 ppt and 2.30 ppb

69



respectively. The limit of detection for CAB is considered to be excellent as it can be detected in
the ppt range. In comparison, Pacioni et al*™® had reported a LOD value of 1.9 ppb while another
literature report, using HPLC/MS/MS, had a limit of detection of 1 ppb® so this result is

. extremely promising.

Because work on the binding constants of this pesticide with B-CD and HP-B-CD had
been done by the Pacioni group previous to these experiments,15 fluorescence titrations‘with
CAB were not determined in this project in order to focus time on the simultaneous detection
of pesticides presént in a sample. The binding constant for HP-B-CD with carbaryl Was 640 £ 53

M as reported by Pacioni et al.”®

lIl.5. Atrazine (ATR)

Atrazine (see structure, Fig. 8.a), a common herbicide used frequently on Prince Edward
Island, was another pesticide of interest in this project due to its application rates and
environmental concern.® Atrazine has been linked to significant decrea‘se in birth weight of
babies where traces have been discovered in drinking water.*® It is even more commonly used
in the United States where it is ranked second most applied pesticide. It caus’e.s numerous

irreversible health effects to fish and amphibians.>®
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II1.5.1. Absorption and Fluorescence Measurements

A stock solution of atrazine was prepared according to the e'xperimental procedure to
give a concentration of 3.00x10™ M. 3 ml of the solution was placed in a quartz cuvette and the
absorbance of the solution was measured. This pesticide absorbed strongly in the UV-C range
and moderately in the UV-B range and very minimally in the UV-A. At 290 nm, the solution had
an absorbance of 0.024. This was chosen as the excitation wavelength to be trieql initially in
order to determine if atrazine is fluorescent. Again, due to thé absorbance of CDs in the lower
UV-B range and higher UV-C, the absorbance at wavelengths less than 270 nm by the molecule

was ignored to avoid CD absorbance during fluorescence trials.

Fluorescence trials were performed by a trial and error method as used before with
chlorothalonil to see if any fluorescence would occur despite the low absorbance by ATR.' The
first trial was at an excitation wavelength of 270 nm and emission from 280 nm to 600 nm. The
rest of the trials went in increments of 10 nm up until an excitation wavelength of 330 nm with

an emission of 340 nm to 600 nm.

The results from the fluorescence trials showed that there is a very smali fluorescence
peak around 348 nm. The excitation wavelengths each produced a slightly different intensity

with 290 nm producing the largest intensity peak out of all the wavelengths measured.
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l11.5.2. Enhancement of Fluorescence by CD Inclusion

Atrazine was then tested to see if the weak fluorescence signal in water could be
enhanced by the addition of nétive or modified CDs. Similar to the previous experiments, 6
solutions were preparéd, each with a different CD, and were tested to see if any enhancement
dccurs from the addition of these modified and native CDs. Fluorescence measurements on all
six solutions were obtained with excitation wavvelength‘of 290 nm and an emission wavelength

range of 305 nm to 575 nm.

For each of the solutions, there is only a slight enhancement of the fluorescent signal.
Without a substantially large enhancement of the very weak fluorescent signal of the pesticide,
using fluorescence to detect this pesticide in low ppb levels in water would be impossible,
therefore it is concluded that this method would not be practical for detection of atrazine in
water. Figure 22 shqws the weak fluorescent band of Atrazine along with the minor

enhancement from the addition of HP-B-CD.
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Figure 22. The fluorescence spectra of 3.00x10™° M ATR in the absence of CD (—) and in the
presence of HP-B-CD (- - -).

The enhancement of fluorescence by CD addition was observed. The weak fluorescence |
of ATR at 7 ppm was enhanced by a factor of approximately 2, but was still too low for trace
detection of this pesticide to be possible in the low ppb levels. Scattered light or background
noise from the CD is significant in this case, due to the low intensity of the fluorescence of ATR

and is a problem for the accurate detection of this pesticide at low concentrations.

L.  Metolachlor (MET)

Used to control outbreaks of broadleaf species, metolachlor (see structure, Fig. 8.b)

became one of the more prominent herbicides that are predominately applied on potatoes for
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protection against a wide range of broadleaf species. It is also commonly sprayed on golf'
courses to combat crab grass. Metolachlor is a member of the chloroacetanilide family of

“herbicides that contain well over twelve other equally as harmful herbicides.*

I11.6.1. Absorption and Fluorescence Measurements

The absorbance of an aliq‘uot of 7.0x10™* M stock solution of metolachlor in water was
measured. The pesticide solution absorbs fairly well at 275 nm. It has an absorbance of 0.289
which is a strong absorbaﬁce compared to the other pesticides in this project. This strong
absorbance would most likely be related to the large concentration of the solution due to the’
high solubility of metolachlor in water. Unfortunately, 275 nm is in the region where most CDs
will start to absorb. Solutions of metolachlor with B-CD and HP-B-CD were measured in the UV-
Vis spectrophotometer and there was no chaﬁge on the absorbance, it remained at 0.289. It

was therefore decided fluorescence experiments with CDs could be carried out.

For the initial fluorescence experiment, an excitation wavelength of 275 nm was chosen
as this was the maximum of the absorption band. The emission wavelength was from 285 nm to
550 nm. Un'fortunately, there was no sign of fluorescence from this molecule. Similar to the
other pesticidés in this project, several excitation wavelengths were chosen above an‘d below
the 275 nm peak and to ensure that this molecule is not fluorescent. There was still no evidence

of fluorescence.
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Two solutions of metolachlor with B-CD and HP-B-CD were made and measured in the
fluorimeter under identical conditions and produced similar disappointing results. The lack of
measureable fluorescence from this molecule indicates that it cannot be determined using

fluorescence based detection in water.

N.7. Imidacloprid (IMl)

Imidacloprid (see structure, Fig. 7.d) is an insecticide that is used fairly extensively on
Prince Edward Island. It is a member of the controversial neonicotinoid family of insecticides
that have very strong toxicity to insects but very low toxicity to mammals. Since IMI has é high
toxicity to insects, it has a very low application rate. This, in addition to its non-persistence in
aqueous habitats, has resulted in IMI being considefed to .be a more “environmentally friendly”

insecticide.!

H1.7.1. Absorption and Fluorescence Measurements

A broad absorbance peak was present at approximately 278 nm. At 290 nm, the -
absorbance was 0.2781, which was previously discussed as in the ideal absorbance range (0.2 to
'0‘4) for fluorescence experiments. In comparison to other pesticides used in this project,
imidacloprid has a cbnsiderably strong absorbance, even at this low concentration. A
wavelength of 290 nm was chosen because as discussed previously, the lower the excitation

wavelength, the greater the possibility of the CD absorbing some of the light.
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The solution of IMI was measured in the fluorimeter as described in the experimental
section. The results from the fluorescence experiment showed no traces of fluorebscence, even
at large slit widths. The excitation wavelength was adjusted in increments of 10 nm from 270
nm to 320 nm in hopes of seeing some fluorescence at a differenf excitation wavelength but
unfortunately there was none. With no evidence of natural fluorescence, IMl is not a t_andidate

for direct fluorescence based trace detection.

During each lbf these fluorescence scans, the same solution was used and it remained in
the fluorimet‘er between each scan. The light source remained on and thé sample was present
under constant exposure to uv light from the xenon Iamp; Slowly, over the course of several
scans, a fluorescent band started to appear, using an excitation wavelength of 300 nm with an
emission band from about 375 nm to 500 nm. This indicated that there exists a potential for
using UV radiation to photolyze IMI, to produce a more fluorescent photoproduct, which will be

explored in Chapter 4.

I1.8. Azoxystrobin (AZO)

There are presently nine different fungicides used on Prince Edward Island and only
three of those nine are candidates for fluorescence based trace detection. Chlorothalonil. is
presently the most used fungicide on PEl and was studied in detail Yielding favourable results.
Aszystrobin (see structure, Fig 6.b) and propiconazole are the other fungicides tﬁét are

possible candidates.
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Azoystrobin has unique properties that set it apart from other pesticides in this project.
The sheer size of the molecule is unique to the project as well as the fact that this fungicide is

relatively new and derived from a natural product found in mushrooms.>> >

IvV.2.1. Abéorption and Fluorescence Measurements

A 1.5x10™ M azoxystrobin solution was prepared as described in the experimental
section. The absorbance spectrum shows two small broad peaks at approximately 370 nm and
310 nm, each with an absorbance around 0.025. Despivte the low absorbance at this
concehtration, fluorescence trials were performed because the sfructure of AZO contains three

aromatic rings; it has the potential to be fluorescent.

Fluorescence trials were performed on the same stock solution as used in thé
absorbance measurements and in the same quartz cuvette. The excitation wavelength was
chosen as the peak of the absorbance band and the emission wavelengths were chosen in
relation to the excitation wavelength. Identical to previous fluorescence experiments in this
project where the pesticide did nof absorb well, the excitation wavelength was chosen by trial
and error. The first excitation wavelength was 290 nm and then increased by 10 nm to 340 nm.
There was no evidence of fluorescence at these excitation wavelehgths thus if was concluded

that AZO was not a candidate for direct fluorescence based trace detection.

Interestingly enough, in a very similar manner to that in which the photoproduct of

imidacloprid was found, a fluorescent band gradually appeared as the amount of time under
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exposure to UV light increased while the solution was in the sample compartment of the
fluorimeter. The generation of a highly fluorescent photoprodUct by UV radiation will be

examined in detail in Chapter 4.

11.9.  Simultaneous Detection of Pesticides in a Sample

The ultimate real-world setting that would be faced in a contamination of a w‘ater'
system would typically involve multiple pesticides being washed down into a body of water at
the same time. To be a replacement met:hod of detection for HPLC, it would be necessary to
have the ability to detect mulfiple pesticides in a sample simultanéously or at the very least,
through several runs of the same sample in the fluorimeter with changes to the excitation and

emission wavelengths.

In this project, four of the pesticides that have been studied in the Wagnér lab (including
three in this project) were mixed together in a single sample for fluorescence experiments.
Equal 100 ppb concentrations of carbofuran and carbaryl, which showed very promising results
along with chlorothalonil which also showed promise, and azinphos-methyl, a pesticide that has
undergone previous extensive study by Wagner et al.?® were added together in a volumetric

flask.

The major issue that can arise from multiple pesticides in one solution is the similarity of
excitation and emission wavelengths. Since CAF is excited best at 280 nm and both CHT and

CAB are best excited at 290 nm, one of three possible events can occur..With the additional
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pesticides present in the solution, they could all absorb at the excitation wavelength and
reduce a particular pesticide’s fluorescence. This is unlikely because of the very low levels of
pesticides present and small absorbance of each pest.icide at 100 ppb. Another possible result is
that the emission of two or more pesticides will overlap, increasing the signal for each
pesticides and thus indicating a hiéhér concentration‘ than is actually present. A third oufcome,
the one which would be necessary to use this technique on mixed solutions, would be that each
pesticide has a unique maximum emission wavelength, separated enough that the fluorescence
signal from each pesticide is unaffected by the presence of the others. This would be the ideal
outcome. Unfortunately, becau!se of the additional pesticide molecules all absorbing in the
same region and the broad fluorescence spectra involved, the fluorescence bands were strongly
bverlapped and could not be resolved. This is shown in Figure 23. Since the ﬂuorescence of
AZM and CHT at 100 ppb is very weak relative to CAB and CAF, neither could be detected in the
spectrum. There is a slight shoulder on the left side of the fluorescence spectrum that was
originally thought to be the CAF fluorescence. It was later proven to be CAF by measuring a 100
ppb CAF solution without the other pesticides present and comparing the maximum

fluorescence intensities of each (304nm).
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Figure 23. Fluorescence spectrum of the mixed pesticide solution containing CAF, CAB,'CI-iT and
AZM. -

In Figure 23, one broad peak is shown. The broadness of each of the fluorescence bands
makes it difficult to distinguish between individual peaks. fhe CAF peak on its own matchés the
peak from fhe mixed solution perfectly but the CAB peék from the mixture is skewed and
doesn’t look the same as the CAB peak from the CAB solution without the presence of the other
pesticides. The excitation and emission wavelengths were also shifted 1Q nm lower and 10 nm
higher to see the effects on the fluorescence. By shifting lower, the peaks all looked very similar
but they were slightly lower in intensity because the pesticides don’t absorb as well at 270 nm.
When the excitation wévelength was changed to 290 nm, the CAF peak disappeared
completely. This is to be expected because the previous work on CAF showed that using an

excitation wavelength of 290 nm produced no fluorescence band. This change of excitation
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wavelength brought the fluorescence intensity of the mixed solution down to a much lower

intensity, similar to the standard 100 ppb CAB solution.

It was decided that due to the broadness of the fluorescence peaks, this method would
not be of much use for the detection of various pesticides simultaneously. Band overlaps causes

too much interference so the detection would be very difficult and inaccurate.

11.10. Synchronous Scanning Fluorescence (SSF)

Synchronous scanning fluorimetry was used to possibly narrow the broad fluorescence
peaks that are obtained from steady state fluorescence. By maintaining a constant separation
between excitation and emission wavelyengths, both are scanned sync‘hronously and
sim’ultaneously in order to maximiie signal at the maximum intensity wavelength and minimize
the broad “shoulders” of the fluorescence bands. The separétion between th‘e excitation and
emission wavelengths is determined from the range between the maximum excitavtion of a
pesticide molecule and maximum intensity wavelength of the fluorescence. To elavboratel, the
carbofuran absorption maximum is at 280 nm and its peak fluorescence intensity occurs at a
- wavelength of 304 nm, therefore the spacing is fixed at 24 nm. This allows the molecule to be
excited at the maximum excitation wavelength only when the emission is being measured at
the peak emission spectrum, thus reducing or eliminating the “shoulders”. Spectra for both
carbofuran and carbaryl were obtained by both steady state flu_orescencé and synchronous
scanning fluorescence to see if the broadness of the fluorescence bands could be reduced in

efforts to separate the peaks enough that they did not interfere with one another when both

81



are present in a sample. It was also hoped that that intensity of the peaks would not be
affected by this or at worse, any decrease in intensity would be minimal. The spectra are shown

in Figures 24 and 25.

12

n

&

< 10

=)

=

2 ¥

7]

S

E ®

]

c 4

o

(3

@

£ o

3

™
0 L T T -I
290 330 370 410 450

Wavelength/(nm)

Figure 24. Synchronous scanning fluoresence spectrum (—) vs. Steady state fluorescence
spectrum (- - -) of a CAF solution. The synchronous scanning wavelengths are optimal for the
pesticide CAF.
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"Figure 25. Synchronous scanning fluorescence spectrum (—) vs. Steady state fluorescence
spectrum (- - -) of a CAB solution. The synchronous scanning wavelengths are optimal for the
pesticide CAB.
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It is clear from the comparison of the two spectra that the broadness of the peaks was
substantially reduced and the intensity was only minimally affected by the change in
fluorescence technique. In CAB, there was no change in the intensity at all. This is a positive
step in being able to determine two or more pesticides in a solution due to t‘he distinguishablé

nature of the separation of peaks.

11.10.1. Calibration Curves, LOD and LOQ Using SSF

_Early fluorescence trials using SSF indicated that there was a slight reduction in the
maximum intensity of the fluorescence bands. If this is to be a worthwhile addition to the
enhancement of fluorescence by host:guest inclusion, the loss of sensitivity can only be
minimal. Therefore, two calibration curves were prepared to get the LOD and LOQ of each
pesticide using synchronous scanning fluorescence and those values would be compared to
previously determined LOD and LOQ of steady state flﬁorescence to see if thereis a loss in

sensitivity.

Since CAF and CAB are the only two pesticides that have been studied that can be used
to illustrate multiple pesticides visible in one solution, they were the two that were used to see
if the calibration curves, limits of detection and limits of quantification could still be found and |

- to determine the cost of using SSF.

Five solutionsb of CAF and five solutions of CAB were made with concentrations from 20

ppb to 100 ppb were prepared identically to the previous calibration curve solutions. Again,
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solutions of CAF and CAB in 10mM HP-B-CD were then made and the fluorescence measured in
the fluorimeter. The excitation wavelength region for CAF was 266 nm to 416 nm and the
emission Wavelength region was 290 nm to 440 nm. The spacing for CAF was chosen to be 24
nm because that is the difference between the maximum excitation and maximum emission
wavelengths. The excitation wavelength region for CAB was 256 nm to 406 nm and the
emission wavelength region was 300 nm to 450 nm. This was chosen because the difference in
the maximum excitation wavelength and maximum emission wavelength (Stokes’ shift) is 44

nm. The two calibration curves are shown in Figures 26 and 27.

Fluorescence Intensity (/10° cps).
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Figure 26. A calibration curve for CAF using SSF using the scanning wa\)elengths optimized for
the pesticide CAF. The line has an r value of 0.999.
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Figure 27. A calibration curve for CAB using SSF with the scanning wavelengths optimized for
the pesticide CAB. The line has an r value of 0.999.

Calibration curves for both pesticide:HP-B-CD solutions were successfully obtained by
using SSF and each had the required 0.999 linear correlation that was deemed satisfactory.
Figures 28 and 29 show the synchronous scanning fluorescence spectra obtained from the PTj
fluoriméter when the fluorescence of the calibration solutions of both CAF and CAB (100 pbb. to

20 ppb) were measured.

85



- 12~

Flubrescénce Intensity (/1 o* cps)

0 T 1
290 ' 340 390 -

" Wavelength/(nm)

Figure 28. The fluorescence spectra of the calibration curve solutions of CAF. 100 ppb solution
is highest and followed in decreasing order down to 20 ppb by increments of 20 ppb.
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Figure 29. The fluorescence spectra of the calibration curve solutions bf CAB. 100 ppb solution
is highest and followed in decreasing order down to 20 ppb by increments of 20 ppb.
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After obtaining these calibration curves, it was then necessary to find the slope of the
line which was calculated by Fig. P. and the standard devi}ation by measuring the water blank
ten times and colleéting the intensities from each of the maximum intensity wavelengths. The
maximum intensity wavelengths did not change from steady state fluorescence and were used
in th;IS experiment as well. A wavelength of 334 nm was chosen for the CAB solution and 304 '
nm was chosen for the CAF solution. The standard deviation was calculated to be 1760.92 for
CAB and 2550.40 for CAF. The slopes were calculated to be 7668.76 cps/ppb for the CAB curve
and 1455.55 cps/ppb for the CAF curve. By entering this data into Eq. 2.7 and 2.8, the limit of
detection for CAB was found to be 690 ppt and 5.3 ppb for CAF. The limit of quantification for

CAB was 2.3 ppb and for CAF it was calculated to be 17 ppb.

The effect ofvswitching from steady state fluorescence to synchronous scanning
fluorescence on the limit of detection was determined to be minimal. The LOD for CAF using
steady state fluorescence was 4.2 while synchronous scanning fluorescence gave an LOD of 5.3.
This was npt considered a significant loss of sensitivity and is a major step in the right difection
towards achieving the goal of detecting multiple pesticides in one solution. The limit of
detection using steady state fluorescence on the PTI fluorimeter was 3OQ ppt. The LOD reported

by the Pacioni group for CAB using steady state fluorescence was 1.9 ppb.

In theory, synchronous scanning fluorescence shouldn’t produce any less of a
fluorescence signal than steady state fluorescence because at the maximum intensity
wavelength, it is absorbing-at the maximum excitation wavelength. This method should also

reduce the effect of contaminants that are present in the sample, especially with tests on
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natural waters. More likely than not, even after filtration, natural water samples will have trace
contaminants that could possibly affect the fluorescence of a particular pesticide. Since
synchronous scanning fluorescence is fine tuned to a particular molecule, it has the potential to

help reduce these effects.

111.10.2. Simultaneous Detection of Pesticides Using Synchronous Scanning

The idea of using synchronous scanning fluorescence to distinguish between carbémate
pesticides is a fairly new idea. Ni and Cao did work on carbamate pesticides where they worked
with synchronous scanning for detection in vegetables.?” In that paper, the authors were
focused on separating three pesticides (carbofuran, carbaryl and propoxur) in vegetable
samples. However, they did not use CDs to enhance the fluorescence. In fact, the ulse of CDs to
enhance the fluorescence of any pesticides using SSF to separate the spectra has never been

.attempted previous to this thesis project. With each pesticidé respondiﬁg differently to the
inclusion into a cavity of a CD, each enhancing by different factors, it becomes difficult to detect
some weaker fluoreséent moiecules in thé presence of more fluorescent molecules. Early
findings in this project have determined that, despite an overlap of fluorescent bands in a
mixture of pesticides, it is possible through the use of synchron.ous scanning fluorescence to
eliminate the unwanted “shoulders” of a fluorescent band and therefore it may be also possible
to eliminate overlap between other fluqrescent molecules with similar emission wavelengths

and thus distinguish between many fluorescent molecules at the same time.
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A solution of four different pesticides mixed together was prepared as explained in the
experimental section. Proper aliquots of CHT, CAB, CAF, and AZM were put intova 100 mL
volumetric flask and diluted to mark to give equal concentrations of 100 ppb for each of the
pesficides. A synchronous scan of this solution was lperformed b;/ ;canning excitation
wavelengths from 266 nm to 416 nm and scanning emission wavelengths from 290 nm té 440

- nm. Due to the low concentrations of pesticides present in the solution, the actual slit widths
were opened up to 1.25 mm. A 100 ppb solution of CAF was run by itself to act as a reference
to the pesticide cocktail solution in order to determine if the fluorescence is affected. After
bdth solutions were measured, it was noticed that distinguishable peaks for CAB were also
present so a third solution of 100 ppb CAB without the presence of other pesticides was

measured. These fluorescence spectra are shown in Figure 30.
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Figure 30. Synchronous Scan of 100 ppb CAF(—), 100 ppb CAB(---) and a Mixture of 100 ppb of
each CAF, CAB, CHT, and AZM (- - -). The scanning wavelengths are optimized for CAF detection.
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This scan was done at the optimum wavelength ranges for CAF to see if it could be
detected in a mixture. The results from this experiment were promising in terms of peak.
separation. There was no effect on the intensity of fluorescence of CAF and very little effect on
the intensity of fluoresceﬁce of CAB vfrom the presencev of CHT and AZM. The carbofuran peak
was vi.rtually unaffected by the additional pesticides attributable to the finely tuned settings of
synchronous scahning fluorimetry. It was surprising that at these wavelength settings, carbaryl
was so distinguishable but did not seem to hinder or enhance the fluorescence peak of the

carbofuran.

.A solution of 100 ppb carbaryl was measured using synchronous scanning with the
excitation and emission wavelength ranges ‘s_et for optimal fluorescence of this pahicular
pesticide. The excitation wavelength range was from 256 nm to 406 nm and the excitation
wavelength range was from 300 nm to 450 nm. The actual slit widths were the same as the
previous experiment in order to maintain consisténcy and to be able to compare the loss of
fluorescence displayed from the change in excitation and emission wavelength ranges. Figure
31 shows the fluorescence spectrum of 100 ppb CAB and the pesticide mixture using

synchronous scanning fluorimetry.
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Figure 31. The Synchronous Scanning Spectra of 100 ppb CAB and a Mixture of 100 ppb of each
CAF, CHT, CAB and AZM. The scanning wavelengths are optimized for the detection of CAB.

The wavelength regions were set at the optimum range for CAB fluorescence for this
fluorescence measurement. This eliminated the CAF peak entirely without affecting the

intensity of the CAB peak.

As was the case with the carbofuran solution under optimal conditions, carbaryl does
not seem to suffer from loss of intensity due to the presence of other pesticide molecules in
_ solubtion at these wavelength ranges. The difference in the two spectra shown is very rﬁinimal in
relation to the intensity Iof the peaks. It is interesting to note that the base of the fluorescence
peak of the pesticide mixture is slightly broader than the CAB solution on its own. This
broadening could be a result of the fluorescence of the CHT present in the solution. Looking at
the emission wavelengths, it seems the shoulder is approximately where CHT fluorescence
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would be occurring. If this is due to CHT it does not seem to have any effect on the peak

" intensity, which is the main goal of this section.

11.10.3. Spiked Samples Using Synchronous Scanning Fluorescence

Synchronous scanning fluorescence is a valuable tool for eliminating the broadness of
fluorescence peaks which in turn can allow for peak separation between overlapping
fluorescent bands of two separate molecules. Previously, it has been determined that no loss of
signal from a target pesticide molecule is reported from the presence of other fluorescent
molecules in a solution. The focus now shifts to determine whether or not spiked samples of a
target pesticide can be éccurately 'measured while. in the presence of other fluorescent

pesticides using SSF.

Carbofuran and carbaryl were both examined in order to see if the concentration of an
unknown spiked water sample could be accurately determined while in the presence of each
other. CHT and AZM spiked sample trials were not performed due to their very weak -

fluorescence in solutions of low ppb concentrations.

11.10.3.1. Carbofuran Spiked Sample Detection

A new calibration curve of CAF was prepared for these spiked sample trials as explained
in Chapter 2. Again, like the previous spiked sample trials, the solution concentrations were
unknown to the tester until after the experiments were completed. Two of the four solutions
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contained only unknown amounts of CAF. The other two contained unknown amounts of CAF,
plus 100 ppb CHT, 100 ppb AZM and 100 ppb CAB. The reasoning for the differences in
solutions with addition of 100 ppb of each of the different pesticides is to see if the
concentration can be accurately determined not only on its own, but in the presence of other
fluorescent pesticides. The results from the spiked sample trial are shown in Table 5. The actual
slit widths for the experiment were adjusted to 1 mm as this proved to be the ideal width for
these concentrations and the excitation and emission wavelength regions were set at thé
optimum regions for CAF as determined in the previous section. The equation of the line

derived from the calibration curve is y = (1748.2 cps/ppb) x + 3108.3 cps.

Solﬁtioh | Calculated Conc. (ppb) Actual Conc. (ppb) | Error (%)
A : 89 | | 88 ‘ ' 11
B 52 52 0
C | 66 65 1.5
D | 89 98 : . 9.2

Table 6. Results from spiked sample test using SSF for the detection of CAF in the presence of
three other pesticides and 10 mM HP-B-CD.

Solutions A and C contained the additional 100 ppb of CAB, AZM and CHT, but did not
affect the accuracy of the CAF detection. The results from the spiked sample tests using SSF are

very accurate, with only minor percent errors ranging from 0% to 9%. In fact, for all four.
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samples these spiked sample tests for CAF using SSF were more accurate than those discussed

previously for CAF using steady state fluorescence (Section 111.2.7.)

111.10.3.2. Carbaryl Spiked Sample Detection

A series of spiked sample detections for carbaryl were performed using the same
procedure as the previous spiked sample experiment for carbofuran. A new calibration curve
was made using proper dilutions and the addition of 10 mM HP-B-CD. For this experiment, a
total of four solutions of unknown concentrations were again blindly prepared. Two of the four

_solutions contained unknown amounts of CAB with the presence of CAF and two of the four
solutions did not have CAF present. The excitation and emission wavelength regions were
changed to the optimum settings for CAF as determined previously. The slit widths remained
unchanged at 1 mm for they were ideal fo.r these trials. The results of this experiment are
reported in Table 6. The equation of the line derived from the calibration curve was y =

(3284.949 cps/ppb) x + 33744.08 cps with an r value of 0.992.

Solution Calculated Conc. (ppb) Actual Conc. (bpb) | Error (%)

A 35 44 20
B 99 96 3
C 79 69 13
D 91 96 5

Table 7. Results from spiked sample tests using SSF for the detection of CAB in the presence of
" three other pesticides and 10 mM HP-B-CD. '
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The results from the spiked sample test for carbaryl were not quite as aécurate as for
the carbofuran trial. It is not fu"y understood what céused the greater inaccuracy, wheth'er it
was user errors, such as improper dilutions or loss of solution froh transferring the solution
from a vial to a quartz cuvette or just inaccuracy from the calibration curve bn‘ot being

sufficiently linear as the calibration curve prepared for this trail had an r value of 0.992.

Overall, the spiked sample trials were considered successful as it was possible to detect,
with accuracy ranging from 0% to 9% for CAF and 3% to 20% for CAB, each pesticide in the low
ppb range even in the presence of the other highly fluorescent pesticide, which is necessary to

be considered a worthwhile method of trace detection of pesticides.

I1.11. Conclusions

In this chapter, a total of seven different pesticides, presently used in varying amounts
on Prince Edward Island, were studied in detail. Each pesticide was examined to see if firstly,
the pesticide showed any natural fluorescence in water, and secondly, if that natural
fluorescence could be enhanced by forming an inclusion complex with a host cyclodextrin

molecule, native or modified, to a point where it could be detected in trace amounts in water.

Out of the seven pesticides tested, CAF and CAB showed excellent results with LOD
values in low part per billion levels (4 ppb, 0.3 ppb, respectively), CHT showed promising results

and could be detected at 70 ppb. Binding constants and host:guest complexes between the
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guest pesticide molecules and the host cyclodextrin molecules were also determined and

reported.

Spiked samples were done on twovof the pesticides (CAF and CAB) and s»how'ed accuracy
in the detection of these pestiéides from 0% to 9% for CAF and 3% to 20% for CAB. Mixtures of
- different pesticides were tested to determine if each could be detected simultaneously and by
use of synchronous scanning quorescenfe, this was possible for tWo of the four. qu to the
weak quorescen_ce band of CHT and AZM relative to CAB and CAF, it waé only possiblé to:

identify CAF and CAB in the mixtures.

Atrazine and Metolachlor were not successfully detected in water due to the very weak
fluorescence of atrazine and absence of measureable fluorescence of metolachlor.
Azoxystrobin and imidacloprid also showed signs of fluorescence but only after exposure to UV
light. These pesticides will be examined more closely in Chabter 4, using photochemically

induced fluorescence.
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V. RESULTS AND DISCUSSION- Photochemically Induced Fluorescence of Pesticides

Many aromatic pesticides are fluorescent and make 'for good candidates for
supramolecular host:guest inclusion in order to enhance the natural fluorescence of the
mole;ule. However, there are some aromatic pesticides which contaminate natural water
systems nearby to the applic.ation sites, which are non-fluorescent, and thus not directly
detectable using fluorescence based methods. There are numerous cases i‘n'the literature that
have dealt with certain pesticides such as a-cypermethrin and fenvalerate, in w‘hich the
pesticide showed no measureable fluorescence in water but when photolysed be UV light,
produced a strongly fluorescent photoproduct.*’ 8 érevious work on the photolysis of AZM also
shows the generation of a highly fluorescent _intermediate by UV phqtolysis and will be further
discussed in Chapter 5. This chapter will describe two non-fluorescent pesticides used on PEI
which were exposed to ultraviolet light in an effort to create a fluorescent photoproduct,‘ and

attempts at further enhancement by host:guest inclusion using CDs.

IV.1. Imidacloprid (IM])

As was shown in Chapter 3, IMI does not directly exhibit any natural fluorescence in
water. It was discovered however, that under the exposure to UV radiation, IMl is photolyzed
and a strongly fluorescent photoproduct is generated. It was this generation of a fluorophore
from previously non-fluorescent IMI that allowed for the possibility of further enhancing this

fluorescence via the formation of host:guest inclusion complexes.
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IV.1.1. Photochemically Induced Fluorescence

At this point, a detailed and precise literature search was conducted to see if there were
any reports on the photochemistry of IML. This revéaled a very recent (2007) paper from Flores
et al®! discussihg imidacloprid and the photochemical degradation reaction that takes place
when IMl is under constant UV exposure. In that paper, it wés discussed how imidacloprid is
photolyzed into a highly fluorescent molecule when irradiated with UV Iightband could be
detected in trace amounts .in water and certain peppers.’!>® Flores et al. were also able t’o
elucidate the highly fluorescent intermediate in their work. The highly fluorescent
photoproduct of IMI was found to be 1-(6-chI6r0-3-pyridyl-methyl)-2-(hyd‘roxyimino)-3,4-

didehydroimidalozolidene.

The ébility to detect this fluorescent product of IMI was a promising lead into the
addition of CDs in efforts to further enhance the ﬂuorescénce of the photoproduct, which to
our knowledge, had previously never been done. The Flores paper did not specify the
wavelength region that was used for the UV exposure to the IMI sample. In the present Work,

the exposure wavelength of 350 nm in the photochemical reactor was used.

An initial fluorescence measurement was taken fqr imidacloprid without any exposure
to UV light. The solution was then photolyzed for 5 minute intervals with th»e fluorescence
measured after each interval. After 35 minutes of exposure, the fluorescence signal stopped
increa’sing and remained at a constant intensity. It was decided that the solution would be
measured for an additional 15 minutes to ensure that the newly formed photoproduct was

stable. The fluorescence intensity remained unchanged for those additional three 5-minute
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intervals, thus proving that the newly formed fluorophore was stable under these conditions.
Figure 32 shows the fluorescence signal of the IMI solution before any UV exposure, after 5
minutes in the photochemical reactor and the same solution after 35 minutes in the

photochemical reactor.
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Figure 32. Fluorescence of imidacloprid before UV exposure (—), after approx. 5 minutes (- - -)
and 35 minutes (- - -) of UV-A exposure.

A limit of detection for this new fluorophore was not determined in this project for it
had previously been done by the Flores group.®! They reported a LOD of 2 ppb. However, the
possibility of improving upon this reported PIF trace detection method by the addition of CD

had not been previously explored.

99



IV.1.2. Fluorescence Enhancement by Cyclodextrin Inclusion

The LOD reported by Flores et al.>* was a very promising result for the detection of an
ori‘ginal!y non-fluorescent pesticide in water. It was decided that, since this newly formed
fluorophore had been detected in the low ppb range and the structure of the photoproduct had
been elucidated, some further experiments on the effects of CD addition on the fluorescence of

this molecule would be studied.

Five solutions of photolyzed imidacloprid were prepared as per the experimental
section. Four of those solutions were then added to one of four CDs; B-CD, HP-B-CD, y-CD and
HP-y-CD. The size of the cavity of a-CD was assumed to be too small to enclose the relatively
large IMI photoproduct and depending on the resulting data would be examined later on if any

enhancement occurred with the addition of other CDs.

The fluorescence spectra were obtained for each of the squtions_to determine if eny
further fluorescence enhancement occurred from the addition of CD. Unfortunately, there was
no further enhancement of the fluorescence of the already highly fluorescent photoproduct of
imidacloprid. It was decided that a- and HP-a-CD would not be revisited based on the results

from the other host molecules.

IV.2. Azoxystrobin (AZO)
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Az‘oxystrobin, like imidacloprid, did not show any native fluorescence in water. During
fluorescence tria[s, exposure to UV light while in the sample compartment of the fluorimeter
caused photolysis of the AZO to occur. During photolysis of AZO, the generation of a stro‘n‘gly
fluorescent photoproduct took place. This made AZO a candidate for ';he fluorescence-based
trace detection iﬁ water by PIF coupled with enhanced fluorescence by CD addition. A precise
literature search for the photochemically induced fluorescence of azoxysfrobin revealed
another very recent (2007) paper by the Flores group in which they developed a
photochemically induced fluorescence based trace detection of azoxystrobin in musts; and
wines.*® To date, there haye been no studies performed on the photochemically induced

fluorescence of azoxystrobin in water. Also, there were no attempts at further enhancing the

" fluorescence of the newly generated fluorophore.

It was reported in the literature that the optimal excitation wavelength for a photolysed
solution of AZO was 374 nm but work done during this project showed that an excitation
wavelength of 369 nm produced a slightly higher maximum fluorescence intensity value than

374 nm. The maximum fluorescence intensity value was found to occur at 462 nm.

IV.2.1. Photochemically Induced Fluorescence

3 ml of the 1.5x10° M AZO stock solution was used in order to determine the total time
needed to fully photolyze the AZO solution. A fluorescence spectrum was obtained prior to any
UV exposure and then the solution was placed in the home-made photochemical reactor

equipped with a handheld UV-C lamp (~254 nm) for 30 minute intervals with the fluorescence
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~ measured after each interval for a total of 360 minutes. By tﬁis point, there was no further
increase of ﬂuore?;cence as the maximum intensity value stayed relatively constant for séveral
30 minute intervals. This proves that the photoproduct of AZO is stable at the UV wavelength
that it is being exposed to and that it is fully photolyzed after approximately 2 ho.urs of
exposure. Figure 33 shows that there is no fluorescence of the unphotolyzed AZO solutioln

- along with the fluorescence band produced from the photolyzed solution.
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Figure 33. The fluorescence spectrum of AZO without any UV exposure (---)and the
fluorescence of photolyzed AZO (—)

Absorption measurements of the fully photolyzed solution showed that it maintained

the same two broad peaks in the same wavelength region as the unphotolyzed solution,
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however each peak approximately doubled in absorbance, thus illustrating that there likely was

a change in the structure of the molecule. The absorption spectrum is shown in Figure 34.
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Figure 34. The absorption spectrum of unphotolyzed (—) and photolyzed (- - -) AZO.

IV.2.2. Fluorescence Enhancement by Cyclodextrin Inclusion

It was determined in the literature that azoxystrobin can be detected in trace amounts
as low as 16 ppb via photochemically induced ﬂuoreséence in wine.*® Once it was discovered
that photolysis creates an ext;emely fluorescent fluorophore from a previously non-fluorescent
mole_cule, it became a,molecu}e of interest for host:guest inclusion with the addition of CD; to

investigate which CDs could provide a more sensitive trace analysis technique.
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The AZO solution was photolyzed for 2.5 hours until the photochemical reaction was
completely finiéhed. The fluorescence measurement of the fully photolyzed solution was
performed using 369 nm as the excitation wavelength and 400 nm to 600 nm was the emission
wavelength region, as was determined to be the optimal conditions for the fluorescence of this
molecule in water. The integration of the fluorescence peak of the fully photolyzed soluti‘on
without the presence of CD is used as Fg in the fluorescence enhancement calculation. HP-y-CD
was added to the 3 ml aliquot of fully photolyzed AZO to create a 10mM solution of HP-y-CD
with the newly formed fluorophore. The AZO:HP-y-CD solution was measured in the fluorimeter
under identical settings and that fluorescence peak was integréted in order to determine if
there was any enhancement of the fluorescence by host:guest inclusion. The results from the
F/Fo equation show that there is a large enhancement of fluorescence. It increased by a factor

of approximately 2.9.

The same experiment was carried out again with HP-B-CD and resulted in an
enhancement of a factor of 3.3. Both fluorescence peaks are shown in Figure 35, along with the

fully photolyzed solution of AZO without the presence of either CD.
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Figure 35. The fluorescence spectra of a photolyzed solution of AZO w/o CD (—), a photolyzed

solution of AZO w/ HP-B-CD (- - -) and a photolyzed solution of AZO w/ HP -y-CD (- - +). The
enhancement of fluorescence by CD addition is illustrated. '

It is interesting that the overall F/Fo of AZO with HP-B-CD was larger than the F/Fy of
AZO with HP-y-CD except the maximum fluorescence intensity at the peak was higher for HP-y-
~ CD. This is not something that was seen before in any other pesticide experiments. It was also
unique that the addition of HP-B-CD resulted in a blue shift in the quorescénce spectra and
there was no observed blue shift in the fluorescence spectra with the presence of HP-y-CD as
cé}n be seen from the rﬁaximum fluorescence intenslity wavelength of 462 nm remaining the
sarme from the photolyzed solution without CD as the Apaxr With HP-y-CD. The Apmax g Of the
photolyzed solution of AZO with HP-B-CD shifted fo 444 nm. The reasons for the observed
fluorescencé enhancement of AZO by both HP-y-CD and HP-B-CD was not invéstigated in detail,

although by studying the spectra, it can be concluded from the visible blue shift of the
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photolyzed AZO with HP-B-CD, that the photolyzed AZO is polarity sensitive and the chénge in
polarity between environments greatly increased the quoresce'.ncé.‘ There is also the potential
of two different mechanisms existing between the photolyzed AZO solution and eéch of the
CDs. Thesize differences of the two ‘cavities could be producing alternate mechanisms or
modes of inclusion causing the resulting blue-shift in one case but hot the other. It would be
difficult to elucidate these mechanisms without first knowing the structure of the new
photoproduct. This unknown photoproduct has not previously been elucidated by Flores et al.

or in this project.

IV.2.3. Determination of Binding Constants

Fluorescence titrations for the pesticide azoxystrobin with HP-y-CD and HP-B-CD weré
performed using a slightly different procedure. Rafher than create ten different solutions, all
with different concentrations of CD from 1 mM to 10 mM, one photolyzed solution was created
and enough CD was added to the solution to increase the ‘soI‘ution concentration by 1 mM for
each fluorescenceAmeasurement. The reasoning for this was the length of time it takes to fully
photolyze one solution of AZO was two hours. Previous fluorescence titrétions done in this
project did not require the two hour photolysis for each solution énd therefore experimental
time was not an issue. Photolyzing 11 solutions of AZO for two hours each would be far tbo '

time consuming and unnecessary.

The fluorescence titration was performed by increasing the concentration of CD in the
photolyzed AZO solution by 1 mM increments rather than by creating 11 solutions as was done .
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in all previous fluorescence experiments. Each peak was corrected for solvent and integrated.
Those integration values were fitted to equation 1.2 to calculate the binding constant. F&r HP-y-
CD, the calculated binding constant is 550 M #22 M (two trials). In comparison to the other
binding constants jn this project, this value is relatively large. It indicates that it is a very
favourable situation for the guest pesticide molecule to become included within the cavity of

the host.

The identical procedure was used to determine the binding constant for HP-B-CD. In this
case, the calculated binding constant of 270 M + 44 M'l is not nearly as large as for HP-y-CD
but is still large compared to other pesticide binding constants in this project. This binding
constant, in comparison to all the other pesticide molecules used in this project, is still a
favourable result; however this difference in binding constants between hosts suggests that the
photoproduct of AZO is still a relatively large pesticide molecule as it favours the larger cavity

size of HP-y-CD.

Figure 36 shows the integration values from the fluorescence titration with HP-y-CD,

along with the actual fit curve, calculated from Eq. 1.2.
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Figure 36. Fluorescence titration of photolyzed AZO with HP-y-CD. The solid circles represent
the F/Fo vs [CD] data and the solid curve represents the calculated fit from equation 1.2. The
binding constant was found to be 550 M +22M™ (average of two trials).

The data from the fluorescence titration was also used to create a double reciprocal plot
to determine the host:guest complex that is formed. With both hosts, a 1:1 complex had
formed with the fluorescent photoproduct of AZO. This was concluded from the plot of data

showing a straight line with an r value of 0.981 for HP-y-CD and an r value of 0.980 for HP-B-CD.

IV.2.4. Limit of Detection and Quantification

A calibration curve of photolyzed AZO solutions with HP-y-CD was created from proper

dilutions of the stock solution into concentrations of 20 ppb increments from 20 to 100 ppb.
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Each solution was rmeasured in the fluorimeter with an excitation wavelength of 369 nrﬁ and
an emission region of 400 nm to 600 nm. The spectra for the five solutions were corrected for
the solvent and the maximum peak intensity values were recorded at the maximum emission
wavelength of 462 nm. These intensity values were plotted in Fig. P. and fro.m that, the ('
equation of the line was calculated. The equation for this calibration curve was y =
(2057.394cps/ppb) x + 11598.49 ppb. A solvent blank was run ten times and the intensity at 462
nm was recorded. A standard deviation of the blank solution was calculated to be 1018.74. A
-calibration_curve of photolyzed AZO with HP-B-CD was not done only because the larger
enhancement of HP-y-CD made Using HP-B-CD irrelevant, for the limit of detection and limit 6f

quantification would not be as low as it is with HP-y-CD.

Using equations 2.7 and 2.8 and the calculated values of the standard deviation of the
solvent blank and slope of the calibration curve, the limit of detection and limit of
quantification wer.e found. The limit of quantification for photolyzed AZO in the presence of HP-
y-CD was 5.0 ppb and the limit of detection was 1.5 ppb. To date, as stated earlier, the only
other published study on the detection of azoxystrobin using a photochemically induced .
fluorescence based trace detection method involved musts and grape‘s.30 The authors reported
a limit of detection level of 6 ppb in the extracts of musts, wines and grapes but did not report a
limit of detection in water. The addition of HP-y-CD substantially improved upon the detection

limits that were reported in the literature by a factor of approximately 4.

The low limits of detection and quantification found in this project indicate that the

photochemically induced fluorescence coupled with host:guest inclusion is a viable method of
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detection for trace amounts of azoxystrobin in water. HPLC-MS studies have shown the ability
to detect this pesticide in the range ofS ppb in surface waters.”® This new method, that has
been developed in this project, that combines photochemically inducéd fluorescence and CD
enhancement of fluorescence, improves upon the standard method of detection presently
used. The lower limit of detection is important in fluorimetric based method but also by having
Ies§ impact on the environment due to not having to use potentially harmful chemicals, this
method can be considered worthwhile for further investigations. This method of combining UV
photolysis with host inclusion has not been performéd on AZO previous to this research. It also
opens the door for the other pesticides that have been_previously studied and concluded to
have no measureable fluorescence, for further studies to combine UV photolysis with host

inclusion including pesticides atrazine and metalochlor.
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V. RESULTS AND DISCUSSION- UV-A Photochemistry of the Pesticide Azinphos-Methyl

As can be seen from Chapter 4, the identificétion of the highly fluorescent
photoproduct- in the case of photochemically induced fluorescence of a pesticide would be
extremely important and useful, for example, in predicting the best host for further
enhancement of the PIF sighal for trace detection applications. This has not yet been done for
azoxystrobin which had been discussed in that chapter. However, the photochemistry of
another pesticide, azinphos-methyl, which has been recently restricted on PEI, will be the fo;us

of this chapter.

The fluorescence of azinphos-methyl (AZM, Fig. 7.c) has been extensively studied by the

Wagner group in the past.”>*°

It has been a significant pesticide on Prince Edward Islandifor a
number of years and has been directly linked to several fish kills.>? Cyclodextrin inclusion, base
hydrolysis of AZM and UV photolysis have been studied in detail with successful efforts to
enhance the weak natural fluorescence of the pesticide molecule.’® Work on the UV phofcolysis
of AZM as a means of enharncing the fluorescence had bee‘n undertaken by Lovely Yeasman, a
previous graduate student in the Wagner group. In that work, the identity of the fluorescent
photoproduct and a mechanism for its formatidn were proposed. However, the relative
importance of the two competing photolysis pathbways identified, only one of which leads to
the highly fluorescent phdtoproduct, was.not investigated. This chapter will examine, in more
detail, the UV-A photolysis of AZM, identify/confirm the intermediates ahd products of the

photolysis, as well as investigate the mechanism and pathway partition for the photolysis of

AZM using fluorescence, HPLC and NMR spectroscopy as analytical tools. The results of the
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work described in this chapter, combined with those of Yeasmin®® were recently published in
the Journal of Photochemistry and Photobiology A: Chemistry.” This work will also serve as a -

template for similar work carried out in the future on the photochemistry of azoxystrobin.

V.1.  Calibration Curve, LOD and LOQ of AZM

Although studies had been previously done on the enhancement of AZM with HP-pB-
CD,* the limits of detection and limits of quantification using enhanced fluorescence based
trace detection by CD addition had not been determined prior to this cubrrent project. The weak
overall fluorescence of AZM even in th.e presence of HP-B-CD only allows for the calibration
curve to go as low as 1 ppm. The calibration curve was successfully prepared with
concentrations frorﬁ S ppmto 1 ppmwithanr value of 0.998. The standard deviation was
calculated from the solvent blank to be 263.30 cps. The slope of the calibration curve Iiné was
calculated using Fig. P. to be ‘2.91 cps/ppm. Using equations 2.7 and 2.8, the LOD was calculéted
to be 270 ppb and the LOQ was calculated to be 900 ppb. fhe limit of detection is not low
enough for this method Qf detection to replace any othe.r methods of detection as the
fluorescence signal of AZM, even with the enhanced fluorescence by CD addition, is not high

enough to detect in low ppb levels.
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V.2.  Fluorescence-Based Studies of the UV-A Photolysis of AZM.

V.2.1. Previous Work

1639 the fluorescence of fully

In experiments previously done. in the Wagner group,
irradiated samples of AZM in water and AZM in methanol were measured and the maximum
fluorescence i‘ntensity values recorded. That work showed thaf the highly fluoréscent species is
in fact unstable to UV-A light, and undergoes subsequent photolysis to final photoproducts.
Samples of proposed intermediates, N-methylanthranilic acid (NMA, Fig. 9.a) and anthranilic
acid (AA, Fig. 10.b) in both water and methanol were also measured under identical conditions
and the resulting maximum fluorescence intensity values were compared. It was conc'lud'ed
through comparison of the maximum intensity values and the shape of the fluorescence
spgctra that the unknown fluorescent intermediate was N-methylanthranilic acid, as both had

identical maximum emission wavelengths (407 nm in water and 405 nm in methanol), and the

spectra overlapped very closely.

Yeasmin59 also studied the effects of UV-A exposure on AZM in both methanol and in
water over a longer period of time and found the gradual production of the highly fluorescent
intermediate and its subsequent decay to a photochemically stable final product, concluding

that it follows a consecutive first order reaction mechanism as shown in Equation 5.10.

ks ka2 .
Af’B—*C _ Eq. 5.10
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In this equation, A is AZM, B is the highly fluorescent intermediate, and C is the
relatively non-fluorescent final photoproducts. k; and k; are the rates of reaction between each

of the steps in the reaction.

Based on the results of Yeasmin,’® and other previous literature work,*® % 3 complete
mechanism was proposed for the UV-A photolysis of AZM.>® Two competing reaction pathways
were proposed; one leading to the highly fluorescent intermediate NMA, and the other to the

stable photoproduct, BA. The proposed mechanism is shown in Figure 37.

V.2.2. Goal of this Work

There were limitations to the work performed by Yeasmin. Thére was no other direct
evidence of NM\A besides that of the fluorescence studies. Using NMR and HPLC, it was
investigaterd whether more evidence of the formation of the intermediate NMA could be
provided, and to quantify the amount of the non-fluorescent product formed. Furthermore, by
the fluorescence q'uantum yields of AZM and NMA, it would be possible to determine the
concentratiqn of NMA that is present in the photolyzed solution. This, combined with the
determination of the concentration of BA in the final photolysis mixture using HPLC, will allow
for the determination of the relative importance of the two photolysis pathways in Figure 37.
This is important for the overall understanding of the photolysis mechanism and

photochemically induced fluorescence for AZM.
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Figure 37. The proposed mechanism of AZM with both major and minor pathways.59

V.3,
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Further studies were carried out during this Masters project in support of the
identification of the intermediate as NMA through its photolytic cleavage properties. A new
solution of NMA was photolyzed under UV-A light and its fluorescence was measured as a
function of time exposed to the UV light. The fluorescence inten;c.ity was recorded at the |
maximum intensity wavelength. every 30 minutes for a total time of 600 minutes. These values
were plotted with the graphing program Fig; P, and fit to a single exponential decay equation:
I{t)=lop exp{-kt)+residual. The‘rate constant, k, obtained was 0.0041% 0.0005 min’}; the data and

fit are shown in Figure 38.

Thi-s decay raté constant calculated from the measured intensity vs. time of irradiation
of NMA matches ektremely well with the rate constant of 0.0038% 0.0008 min™ for the
photolysis of the fluorescent intermediate of AZM to the stable photoproduct (k; in Eq. 5‘.10) vin
experiments previously completed by Yeasmin. This work provides further confirmation of the
assignment of the intermediate as NMA. This wbrk had originally been performed by Yeasmin
but data was highly scattered.. It was redone in this project to ensure reproducibility, andto’
obtain a more accurate measurement of the rate constant for the decay of NMA for a |
compérison to that obtained for the decay of the intermediates in the photolysis of AZM

experiments obtained performed by Yeasmin.
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Figure 38. The fluorescence intensity of NMA vs;, uv expo’sure time.

V.3.1. Quantum Yields and Extinction Coefficients

Using quantum yields and extinction coefficients of NMA and AZM, the concentration of
NMA, the proposed highly fluorescent intermediate, in the solution of AZM that had been
irradiated for 8 hours (peak enhancement time) can be calculated. This information can be used

to investigate the relative efficiency of the process leading to enhanced fluorescence.

Solutions of 9.19x10°° M AZM and 4.0x10™* M NMA were prepared and the fluorescence
of each was measured. The integrated fluorescence (area), the absorbance of the solution at '
the excitation wavelength (A) and the refractive index of the solution of AZM (n), combined
with‘ the quanfurﬁ yield standard, 9,10-DPA (¢ s), its absorbance at the excitation wavelength

(As), the refractive index of its cyclohexane solution (ns), and the integration of the fluorescence

117



peak (areas) were all measured and recorded in order to calculate the quantum yield from

Eq.1.1.

In this experiment, the excitafion wavelength that was used for the AZM and NMA
solutions was 315 nm. The absorbance of each solution was measured using the UV-Vis
spectrophotometer to give values 6f 0.301 for fhe NMA solution and 0.340 for the AZM
‘solution. The fluorescence quantum yields were calculated to be7.0£0.9x10™ for AZM and
0.25+0.01 for NMA (average of 3 trials). These measurements were also performed on the
Perkin Elmer fluorimeter ﬁsing the corrected emission spectrum modg. In this case, the
absorbance values were 0.339 fof AZM and 0.340 for NMA and the quantum vyield values were
0.30 for NMA and 6.0x10™* for AZM. Thus excellent agreement was obtained using the two

different fluorimeters.

The absorption data obtained for the quantum vyield calculations can also be used with
the solution concentrations to calculate the extinction coefficient for each of the two solutions.
By rearranging the Beer-Lambert law (shownv previously in Eq. 2.6.), it is possible solve for
extinction coefficient (e): e‘=A/(c/), where c is the concentration and / js the path length. The
extinction coefficients for AZM and NMA were calculated to be 575 M''cm™ and 1800 M™*cm™

respectively.

Like the quantum yield calculations, the absorbance for the extinction coefficient is
measured at the excitation wavelength (315 nm) that was used for the quantum yield
calculations. The path length is the length of the quartz cuvette which was 1 cm and the .

concentrations were from each of the individual solutions. Combining the Beer-Lambert law
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and the quantum yields, Equation 5.12 can be derived, where the enhancement is the
measured increase in fluorescence at the maximum of the intermediate formation relative to

that of AZM (a factor of 46).

[NMA] =[ AZM |x Enhancement x 9L‘M'x Eazu. Eq.5.12

NMA 8NMA

Using this equation, the concentratioh of NMA was calculated to be 1.6 x 10° M. Since
the initial concentration of AZM was 2.5x10'4M, this corresponds to only about a 4% conversion
per mole. NMA has a quantum yield a factor of 360 times larger than AZM and this is what
accounts for the large enhancement of 46, and results in such a small concentration of NMA
resulting from the photolysis of AZM displaying such a large fluorescence signal. Thus,
unfortunately the photolysis pathway leading to fluorescence enhancement (path 1 in Fig. 37)
would seem to be the minor pathway; it is predicted that most of the photolysis produces the
- non-fluorescent product benzazimide. This will be further investigated and confirmed using

HPLC as described in section V.3.3.
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v.3.2. 'HNMR Spectfoscopy Studies of the UV-A Photolysis of AZM

'H NMR spectroscopy was chosen as an alternate method for studying the photonSis of
AZM and to possibly provide additional proof of the identity of the intermediate and
photoproducts. AZM solutions, photolyzed and unphotolyzed, were prepared in methanol-d,.
Solutions of the possible intermediates, NMA and AA were prepared in methanol-d, and the

stable final photoproduct, BA (refer to Fig.10.a) was also made in methanol-d,.

The unphotolyzed AZM solution *H NMR spectrum showed that the four aromatic
protons were found as expected at 8.35, 8.24, 8.11 and 7.98;ppm. The non-aromatic —CH,
pfotons were at 5.81 ppm and the —OCH; protons were found at 3.76 ppm. *H NMR spectra
were obtained for the solutions of NMA, AA and BA in order to compare with th;e photolyzed

solution of AZM.

The AZM in methanol-d, solution was photolyzed for 6 hours in order to produce the
highest concentration of NMA before subsequent decay to BA occurs. 6 hours was fouﬁd to be
the optimum irradiafion time for a solution of AZM in meth‘anol. This 'H NMR spectrum
revealed a new peak that was very weak in intensity and cbuld not be identified by comparison

to any of the expected intermediates or final product.

A third AZM in methanol-d, solution was irradiated for 36 hours in order to fully
photolyze the solution. The *H NMR spectrum of the fully photolyzed solution showed that new
aromatic peaks were present in the sample at 8.32, 8.19, 8.09, and 7.92 ppm and that the

aromatic peaks from the AZM solution were no longer present and had been replaced by BA.

120



There were also peaks at 5.80 ppm and 3.79 ppm, and it was concluded that they were most

likely from unidentified final products.

Unfortunately, thére was no trace of either NMA or AA in the 6 hour irradiated sqlution.
The large presence of BA in the 36 hour irradiated solution clearly shows that this is indeed the
final product that is photochemically stable under UV-A irradiation. To préve this
photochemical stability, a solution of BA in methanol-d, was irradiated for 12 hours and tﬁe H
NMR spectrum was compared to that of a *H NMR spectrum of a solution of BA that had no UV-
A exposure. There was no change in the spectrum of the photolyzed so‘lution thus confirming

BA as a stable photoproduct of AZM under UV-A exposure and thus, a final product.

-V.3.3. HPLC Studies of the UV-A Photolysis of AZM

HPLC analysis was done as a third method for identifying fhe intermediates and
products in order to confirm or disprove the .proposed mechanism of the photolysis of AZM
under UV-A irradiation. Unexposed solutions of AZM, NMA, AA, ahd BA were run in the HPLC as
standards in order to get accurate retention times in the column. They were prepared as 60/40
Water/methanol solutions. A solution of AZM was photolyzed for 8 hours at 350 nm in an effort
| to produce the sought after intermediates at the highest possible concentration. Two major

peaks showed up in the chromatogram with retention times of 3.1 and 8.8 min, which matched
- up perfectly with the standards of BA and AZM respectively. The concentration of the AZM
remaining from the initial 2.5x10™ M was found to be 1.2x10™*M after the 8 hours of exposure.
This represents a total of 52% conversion of AZM from 8 hours of UV-A exposure. The BA
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concentration calculated from the HPLC chromatogram was 7.0x10°° M. This concentratii;n
represents 54% of the total photolyzed AZM concentration and 28% of the overall initial
concentration of AZM. This clearly indicates that BA is the major stable photoproduct of AZM
under UV-A conditions, and that “path 2” in Fig. 37 is the major photolysis pathway. This is in
agreement with the results from the quantum yield experiments, which indicate that formation
of the highly ﬂuorescent NMA at peak conversion represented only 4% conversion of AZM after

8 hours.

A third peak in the 8 hour solution, with a retention time of 1.5 min was not able to be
accurately identified due to the fact that both NMA and AA standards shared that same
approximate retention time. It was not possible to say with certainty which intermediate was

present in the sample, only that it was most likely one of the two.

V.4. Conclusions

The work performed in this chapter, in conjunction with the previous work by Yeasmin®®

has resulted in a full understanding of the photochemistry and photochemically induced |
fluorescence of AZM. This combined work ultimately led to a’publication in the Journal of
Photochemistry and Phqtobiology A: Chemistry *° on AZM photochemistry. The photolysis
mechanism of AZM was proposed by Yeasmin and Wagner based on various fluorescence
spectral and kinetic experiments. HPLC experiments that were performed in the work and
described in this chapter provided information on the partition of the competing pathways; by
comp.gring the concentration of BA in a fully photolyzed solution from the HPLC experiments to
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the concentration of NMA from the fluorescence quantum yield experiment, it is clear that

pathway 2 is the major photolysis pathway.

The work in this chapter is an illustration of the work that needs to be done in the future
for the pesticide AZO as well as other pesticides that have not been identified in this thesis, that

show photochemically induced fluorescence.
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VL. CONCLUSIONS AND FUTURE WORK

Pesticides continue to find ways to enter water systems on Prince Edward Island and
wreak havoc on the natural ecosystems. A fast, inexpensive method of pesticide detection that
has potential preventative measures would be of high value, financially and environmenfally.
With no end in sight for industrialized farming practises including heavily me;hanized methods
and applications of large quantities of pesticides and fertilizers, the future of PEI's water

systems looks as bleak as the past.

A total of eight pesticides were studied in this project encompassing a variety of
insecticides, fungicides and herbicides, all of which are found in PEI's Non-Domestic Pesticide

Sales Reports of 2007

Fluorescence-based methods of trace detecti‘on of pesticides in water using
'supramolecular host:guest inclusion, phofochemically induced fluorescence, or a combination
of the two, were developed for various pesticides. PIF or host:guest inclusion was used to
_enhance the non- or weakly fluorescent band produced from a pesticide molecule to a degree
at which it could be detected in low part per billion co‘ncentrétions..The host molecules used for
this type of supramolecular chemistry ranged from modified to native a-, B- and Y-

cyclodextrins.

Carbofuran, carbaryl, azoxystrobin, imidacloprid, chlorothalonil, atrazine, metolachlor
and azinphos-methyl with various CDs were all studied in detail in this thesis project. Work
done by Pacioni et al.”® showed cyclodextrin enhanced fluorimetric-based trace detection of a

pesticide in water could be used for carbofuran and carbaryl, two members of the carbamate
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family of pesticides. Since one of the major goals of this project was to compile a list of valid
candidates of pesticides used on PEI for this metﬁod of detection, both carbofuran and carbaryl |
were ‘studied more extensively. From that starting point, binding constants, host:guest
stoichiometry, and limits of detection and quantification were obtained and imp‘roved upon
from that publvication. Spiked samples with unknown concentrations for both carbofuran and

carbaryl were analyzed with promising preliminary results.

Chlorothalonil, the highest selling pesticide used in Prince Edward Island and most
controversial due to its persistence in the atmosphere, had a v‘veak.fluorescent band that
increased substantially witH the addition of a-CD. ‘Binding constants with all six host CD
molecules were obtained, a calibration curve was suc;essfully created and limits of detection
and quantification were found using a-CD as the host. Due to the weak natural fluorescence of
the molecule however, even with the increase in the presence of CD, the fluorescence was not
strohg énough to detect the pesticide in low ppb concentrations. Spiked sampI‘es were nét

performed due to the difficulty in obtaining a calibration curve in the parts per billion range.

Metolachlor and atrazine are two pesticides that shows little or no natural fluorescence.
The addition of CD did not increase the fluorescence to a point where it was worthwhile to

continue therefore both pesticides were omitted from further experimentation.

Synchronous scanning was successfully used in efforts to separate broad fluorescent
“bands that overlapped when two or more pesticides were present in a solution. The work done

by Ni and Cao>® on carbofuran, carbaryl and propoxur paved the way for trials invoiving
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- synchronous scanning of a mixture of pesticides including chlorothalonil, azinphos-methyl,

carbaryl and carbofuran with CDs that was completed in this project with excellent results.

Accidentally, the pesticides imidacloprid and azoxystrobin is both discovered to have
highly fluorescent photoproducts when'exposed to UV light. Both pesticides, when left in the
fluo.rimeter for varying amounts of time under exposure to the lamp, showed that the
photoproduct was highly fluorescent, so much so that it was reasonable to expiore further the
possibility of trace detection of these pesticides by photochemically induced fluoréscencé.
Literature reviews found that imidacloprid had previously been found to photolyze under UV
light to a highly fluorescent photoproduct that has been extensively studied by Flores et al.>***
It was then attempted in this project to further enhance the fluorescent band of the

photoproduct by host:guest inclusion by CD addition but no further enhancement occurred.

Initial fluorescence t}ials of azoxystrobin found that it was not a fluorescent molecule
but after exposure to UV light and subsequent photolysis produced a highly fluorescent
photoproduct. A literature paper féund from a revamped literature search discussed the
photolysis of azo;(ystrobin in grapes, wines and musts but no such paper was found on the
- photolysis of azoxystrobin in water. Studies revealed that under UV-C light, azoxystrobin
photolyzed into an unknown fluorophore that was stable and did not undergo further
photolysis. Further tests revealed that with the addition of CD, the photochemically-induced
fluorescence could be significantly enhanced. Binding constants and calibration curves were
successfully obtained as well as limits of detection and quantification. A preliminary spiked

sample trial was performed with promising results.
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Work on azinphos-methyl, a pesticide that had previously been studied extensively by
Wagner et al.®* and Wagner and Yeasmin,*® was undertaken in this project to complete work
on the proposal of a mechanism for the UV-A photolysis of AZM in water. Through a series of
experiments involving extinction coefficients, quantum yields, decay rates, HPLC, and *H NMR,
a mechanism for the photolysis of AZM under UV-A conditions was successfully elucidatéd,
involving a major pathway in which benzazimide is the final stable product and a minor
pathway in which a highly fluorescence intermediate N-fnethylanthranilic acid is formed, and
then subsequently photolyzed further, to a stable final product, aniline. Furthermore, the
relative partitioning of the two proposed pathways was determined, with the pathway leading
to non-fluorescent products dominating that lead to the highly fluorescent intermediate by a

factor of 14:1. This work was subsequently published.?

A calibration curve was successfully obtained for AZM as well as limits of detection and
quantification using HP-B-CD as a host molecule. The limit of detection, due to the weak
fluorescent signal, even in the presence of CD was not low enough to perform spiked sample

experiments.

With the non-domestic pesticide sales report changing on a yearly basis and the
continuous development of pesticides, there exists a significant need for a fast, inexpensive,
environmentally friendly method of trace detection of pesticides in water. There is an even
greater potential worth if this could also serve as a mefhod of prevention. Fully developihg this
fluorescence-based method, firstly by creating an extensive list of pesticides used on PEI that

exhibit natural fluorescence, and that can have this fluorescence enhanced photochemically or
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by supramolecular host:guest chémistry and secondly by sepafrating each fluorescence band of
an individual pesticide using synchronous scanning that it can be distinguished from other
pesticides preseﬁt in a solution, are the main goals of this work. This work has successfuliy
demonstrated that such enhanced fluorescence based detection methods have the potential to

be useful for the detection of pesticides in natural waters.

Immediate future work will include performing more spiked sample trials with the
pesticides that showed promise in this project as well as elucidating the mechanism of
azoxystrobin photolysis under UV-C Iight. Expanding on the list of pesficides that form
host:guest inclﬁsion corﬁplexes that results in fluorescence enhancement would be a high
priority. Other work that could be undertaken is the continuation of spiked sample trials With
the addition of natural water and determining if there are any background effects from natural
water itself. There is tremendous potential in photochemically induced fluorescence studies of
pesticides and a list could be generated, consisting of pesticides that undergo photolysis a‘nd

generate a highly fluorescent products.

Finally, and most importantly, the eventual use of a portable fluorimeter which we have
in our lab, would allow for rapid on-site field testing, will be examined with the very recently
obtained diodes for excitation at 290 — 300 nm. The portable fluorimeter can be controlled
from a laptop computer and can easily be transported around in order to measure water
samples in the field. The work done in this project will provide the foundation for moving

forward with developing a portable method.
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Figure 39. The portable fluorimeter. A quarter is included to give the reader a sense of the size
of the fluorimeter.

In closing, the potential exists for a fluorimetric-based trace detection of pésticides
‘using host:guest chemistry and this project illustrates the basic foundation and procedlures
behind it. There is also promise for photochemically induced fluorescence based trace
detection as shown from the work done on imidacloprid and azoxystrobin. Using both methods
in conjunction with one another, and the further inclusion of synchronous scann‘ing to narrow
the fluorescence bands, opens up a new door in the fluorescence based trace detection of

pesticides.
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