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1. INTRODUCTION
The honey bee population worldwide is decreasing - in the United States, the
number dropped from 3 million to 900 thousand in just the span of four years. It
is thought that the use of pesticides, coupled with environmental factors are
likely causes for the population decline

WHY DO BEES MATTER?
Bees are essential to our environment and to our
economy. Without them, much of the food that we
consume daily would not exist and multiple crops would
disappear.

4. RESULTS & ANALYSIS
ELEMENTAL COMPOSITION

BROMINE SPECIATION

CRYSTALLINE STRUCTURE

The elemental composition of our samples
had some differences, which are
summarized below.

The species of bromine consistent across
all of our samples was either 4-Brphenylalanine, or 3,5-dibromotyrosine.

The chemical bonds in our beeswax
samples are very similar, which suggests
that all the beeswax samples have a similar
chemical makeup. We found carboncarbon and carbon-hydrogen bonds, which
we expected because beeswax is made of
carbon, hydrogen, and oxygen.

WHY STUDY PESTICIDES?
Pesticides leave residues in beeswax. They inhibit bees'
long-term memory and capacity to retain important
information, such as the directions to their hive. In
addition, pesticides disrupt bees' abilities to reproduce.
Both of these factors contribute to an increased rate of
bee mortality.

We do not believe that either compounds
are naturally occurring. While we could
not find much information on 3,5dibromotyrosine, we did find that 4-Brphenylalanine is acutely toxic, though not
a known constituent of pesticides. Prior
to our experiment, the IDEAS Beamline
had never used XANES to scan for
bromine.

HYPOTHESIS
The presence of pesticides will affect the chemical composition and alter the
crystalline structure of beeswax

GOALS
(1) Investigate differences in chemical composition within and between samples
(2) Determine the effects of pesticides on crystalline structure

2. MATERIALS
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Overall, we found a minimal relationship
between the crystalline structure of
beeswax and whether or not they have
been exposed to pesticides.

SAMPLES
We obtained samples from Dr. Leonard Foster from UBC, who is conducting
agrochemical testing for pesticide residue in beeswax. We received 14 cuvettes with
two beeswax samples each, classified by apiary, crop type, and exposure to
pesticides. We also took samples of beeswax from the hive on the roof of our
school.
Unexposed: Beeswax samples
next to crops not exposed to
pesticides
Exposed: Beeswax samples
next to crops exposed to
pesticides
Cranberry: Beeswax samples
next to cranberry crops
Blueberry: Beeswax samples
next to blueberry crops

5. CONCLUSIONS & FUTURE RESEARCH
IDEAS BEAMLINE
The presence of pesticides does not affect the relative
abundance of elements within beeswax.

BROCKHOUSE BEAMLINE
The presence of pesticides does not change crystalline
structure of the beeswax.

Possible areas of future research:
Conduct experiment with a larger sample size/more diverse
samples (e.g. different crop types, locations around world,
etc.)
Determine whether 4-Br-Phenylalanine or 3,5Dibromotyrosine were present/how they could have
accumulated in samples

Possible areas of future research:
Look more into PDF bond length
Look at variation of crystalline structure between healthy
and unhealthy beeswax
Look into the pattern in the medium or long range of PDF (~5
- 60 angstroms)

3. METHODS
IDEAS BEAMLINE
We used XRF techniques on the IDEAS
Beamline to find the elemental composition
of all of our samples. We plotted our data
to look for similarities or differences in the
elements of our samples.
We also used the XANES technique on the IDEAS Beamline to find the species or
oxidation state of bromine in each of our samples, because there was the greatest
variation in the abundance of bromine in our samples based on XRF measurements.
Bromine is also a component of certain pesticides.

BROCKHOUSE BEAMLINE
In addition to the IDEAS Beamline, we were fortunate
enough to access the Brockhouse Beamlines, allowing
us to carry out our research in further detail! We used
the pair distribution function (PDF) technique to
investigate the crystalline structure. Beeswax is not
highly crystalline, so normal diffraction cannot be
done.

There is a regular repeating pattern that can
be seen in all samples, and indicates a
chemical regularity in the not-so crystalline
structure of beeswax. This discovery was
surprising to us.
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