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There are health safety concerns about the use of aerosolized Checkmate LBAM-F spray
as a mechanism to address the Light Brown Apple Moth in the San Francisco Bay Area
that have not been addressed or investigated.

The ingredients in the proposed Checkmate LBAM-F spray and the spray capsules are a
health concern. Neither has been tested in humans. Some of the ingredients, individually,
are know to be toxic to humans or animals.

Butylated hydroxytoluene (BHT) and 2-hydroxy-4-n-octylbenzophenone are of
particular concern. BHT is used in animal studies to induce lung damage and cancer in
areas of the respiratory system that are reachable by the planned spray. BHT is
activated into a more potent toxin and then cleared by the major detoxification enzymes
cytochrome P450 and glutathione-S-transferase, which are variable in the population.”
The effects of inhaled BHT in humans have not been studied. The benzophenone in the
spray has not been tested but other benzophenones have been found to be stronger
endocrine disturbers than bisphenol-A, a very concerning chemical.

The capsule particle size and how it interacts in the human respiratory system is a known
health hazard.>* The urea particles in the spray can be expected to reach areas of the lung
that can cause damage. Further, the particles and the chemicals they carry can cause
damage in the nasal passages and more proximal respiratory tract.

There is a general lack of information about the other ingredients in the spray and any
characteristics that may exist when the ingredients are combined', making it difficult to
make informed decisions about their safety. What we do know is concerning because of
the emerging knowledge about how potential chemical toxins interface with individual
human biochemistry.

Toxins and noxious particles can set off complex cascades of regulators and inflammation
that lead to disease and even cancer. Individual capacity to detoxify toxins varies, making
some of the population more vulnerable to harm. When looked at from this 21st century
perspective, the spray can conceivably be expected to cause a wide variety of health
problems, ranging from increased cardiorespiratory illness to hormone related illness such
as breast, reproductive and thyroid illness and even cancers.



Overview

The Checkmate LBAM-F spray is reported to contain the following ingredients: water,
(E)-11tetradecen-l-yl acetate (pheromone), (E,E)-9,11 tetradecadien-1-yl acetate
(pheromone), ammonium phosphate, 1,2-benzisothiazol-3-one, 2-hydroxy-4-n-
octylbenzophenone, cross linked polyurea polymer, butylated hydroxytoluene (BHT),
polyvinyl alcohol, tricaprylyl methyl ammonium chloride and sodium phosphate.

The pheromone component is synthetically derived. In this discussion, it will not be
differentiated from inert ingredients in keeping with the scientific evidence that both inert
and active ingredients can have biologic effects.’

Particulate matter is a known health risk. Studies have shown increased mortality from
exposure to particulate air pollution from cardiovascular and respiratory disease.”

There is the issue of the chemical constituents, alone and in combination, of the proposed
spray and their known behavior in biologic systems. There is the lack of study in humans
of those constituents, particularly via the proposed aerosolized polymer capsule delivery
method. And, there is concern, derived from the accumulating evidence, that individual
genetic variation and epigenetics are intricately related to how substances are processed
by humans, and vary from person to person.

Thus, while the average of a population may not be adversely affected by an
environmental chemical or particulate insult at all, or only at higher doses, individuals
with less tolerant genetic predispositions may be more easily affected. Furthermore,
since these predispositions are normal variations, they can affect significant percentages
of a population. Therefore, this phenomenon should be taken into consideration when
making decisions about any substance that will be applied, as the aerial spray program
will be. Individuals who are already known to be at increased risk include infants and
children, the elderly, and those with respiratory, cardiovascular or cardiopulmonary
conditions and people with pre-existing environmental illness.

Lastly, any decision that is made must take into consideration future effects of the spray.
We now know that exposure to substances of many types can have effects that become
apparent only at a future time, such as hormone disruption, developmental defects, lung
disease or cancer. Reliance on short-term symptoms, or lack thereof, as the major
determinants of safety is misguided given our current, and growing, knowledge base.

Genetics, Detoxification and Biotransformation
Progress in the understanding of the inter-relationship between environmental exposures

and illness manifestations is in its fledgling stages. Nonetheless, much has been
discovered and patterns are becoming apparent.



We now know that each person carries within them a collection of genetic
polymorphisms, or variations, that code for a wide variety of biochemical enzymes and
proteins. Genetic susceptibility appears to be greater at low dose.” Furthermore, there is
an interconnected web of hormonal and inflammatory feedback mechanisms, with
complex systems of receptors, transporters and kinases at play in health and disease. In
addition, we have learned that genetics is not as simple as once thought, and that
epigenetics may be even more important and immediate in regards to human health. °

Humans process substances and toxins for neutralization and removal via a two step
detoxification process aptly called phase I and phase II detoxification. These substances
can be physiologic products, such as estrogen, or products of external exposure such as
environmental toxins. Substances can become more toxic once processed through phase
I, with the danger being amplified if phase II is not efficient enough to complete
processing of that toxin or if anti-oxidant capacity is insufficient. Increasingly, to
understand the mechanism of illness, and of environmental exposure induced illness in
particular, it is necessary to understand the intricate system of biotransformation and the
variability of genetic predisposition.

This becomes especially important considering that we know through body burden
studies that all Americans are accumulating multiple potentially harmful chemicals
derived from our environment, within them.®’ Environmental chemicals that are
lipophilic have the capacity to become stored in body fat indefinitely.

Biochemical enzymes of importance for detoxification include the wide ranging family of
cytochrome p450 (CYP 450) enzymes (phase I) and, glutathione-S-transferases (GST),
N-acetyl transferases (NAT) and super oxide dismutases (SOD) (phase II) to name a few.
For the most part, rather than being “diseased” enzymes, these enzymes differ from
individual to individual much the same as the external characteristics of people vary. You
could think of it as akin to the consequence seen when a light skinned, blond haired
person stays in the sun the same length of time as a darker skinned more sun tolerant
person. Same exposure. Different result.

Given the current scientific knowledge base, any discussion of indiscriminate and
unavoidable exposure of an entire population to any environmental substance must
include knowledge of and acceptance of the biotransformation, carcinogenic,
inflammatory, hormonal and other biochemical consequences of such exposure by that
substance in order to be fully informed. The science has expanded beyond a simple
exposure and symptom production model.

Particle Effects
Of first concern regarding the Checkmate LBAM-F spray is the vehicle of delivery.
An independent analysis by Dennis L. Knepp, Ph.D. and Jeff Haferman, PhD. has shown

the polyurea capsule size to be an average of approximately 17 microm and a median of
at most 10 microm.” Thus, the presence of particles less than or equal to 10 microm can



be expected with the spray. Particle sizes 2.5-10 microm are referred to as PM10 and are
considered inhalable into the deeper lung. In comparison, the Consensus Statement of
the Department of Pesticide Regulation reports a particle size of 25 microm. Particles of
10 microm can be expected to reach the bronchioles but not the deepest lung.® Particles
smaller than 10 microm, however, can reach into the lower bronchioles and alveolar
areas, with the smallest, theoretically, reaching the deepest.

We know that pollen and subpollen can reach the lower airways.” Larger particles can be
expected to lodge, be exhaled, be expectorated or be swallowed. Individuals with
impaired ciliary sweeping action or cough efforts can be expected to have increased
lodging. In a small human study, particles of 6, 8 and 10 microms were inhaled.
Retention after 24 hours was 100% in the ciliated bronchioles and 20% in the large and
small ciliated airways.®

There is no information on how lodging will be affected by the surfactant, tricaprylyl
methyl ammonium chloride, or polyvinyl alcohol, the plastic resin emulsifier. The
tricaprylyl methyl ammonium chloride MSDS identifies hazard for ingestion and
inhalation. Also, mouth breathers would bypass the nasal filtration mechanism. Little is

known about the fate of inhaled particles in children, but children may be at increased
risk.'?

We have no data on what will happen to the size of particles as they age. All scenarios
involve the dispersal over an extended 30-90 day time period of the chemical contents of
the capsules so that at least some constant chemical exposure can be expected. There has
been no examination of the deposition pattern and the effect of prolonged repetitive
exposure lasting multiple years, to the Checkmate LBAM-F spray in human lung and
respiratory tissues. It is unclear how much atmospheric pollutant matter will adhere to
the water encased capsules and what additive hazard that will cause.

Particulate mater of the PM10 type has been associated with increased hospital
admissions for myocardial infarction, congestive heart failure and possibly ischemic
cerebral vascular stroke.'"'>"* PM10 exposure has also been linked to increased blood
coagulation and altered heart rate variability.'*"?

Multiple studies have found that coarse particles of 2.5-10 microm (PM10) are involved
in a pro-inflammatory cascade involving bronchial epithelial cells and alveolar
macrophages with cytokines such as TNF (tumor necrosis factor), IL-6 and Cox-2 and
increased bone marrow polymorphonuclear leukocytes (PMN) and monocyte production.
Toll-like receptors in macrophages appear to be reduced. The inflammatory cascade
results in vascular endothelial dysfunction, possibly resulting in PM10 related
atherosclerotic vascular events.'®'"'%

Coarse particles of 2.5-10 microm (PM10) are more potent at inducing inflammatory
cytokines than smaller particles.'®*° Coarse PM10 particulate matter has caused
inflammation, regardless of the location of sampling and has been associated with
increased TNF alpha and glutathione depletion, an indication of oxidative stress, though



oxidative stress appears to be greater at smaller particle size. TNF alpha and IL8 are also
seen to extend to sampled blood.'® >

It cannot be concluded that larger particles will not have untoward consequences, as
particles need not reach the deep lung to have adverse effects. Inflammatory and
biotransformation cascades can result from inhalation at the proximal respiratory system
as well.”® Bioorganic pollutants activate toll-like IL-1 receptors, then activating TNFkB,
followed by proinflammatory cytokines. Associated metals can induce reactive oxygen
species causing damage to lipids, proteins and DNA. Stress activated protein kinases
incite activation of transcription factors with chronic inflammatory reactions of the
mucous membrane of the upper respiratory tract. Chronic inflammation from constant
activation of mucin genes causes goblet cell hyperplasia. This leads to dysregulation and
hyperviscous secretion with impaired mucocilliary transport, allowing colonization. The
mucous membrane of the nose and tracheobroncheal tree is the most active metabolic
organ after the liver.”***>**?" It is the site of both phase I and phase I
biotransformation with polymorphisms in these enzymes implicated as possible
contributors to head and neck tumours.””****  Xenobiotics have been shown to be
metabolized by a wide variety of cytochrome P450 enzymes in multiple areas of the
respiratory system, including the bronchial and bronchiolar epithelium, Clara cells, type
11 pneumocytes and alveolar macrophages.’'

There has been no study looking at inflammation and biotransformation cascades
triggered by the capsules or chemical constituents of the Checkmate spray.

The capsules themselves, cross linked polyurea polymer, could be either urea
formaldehyde or phenylhexylurea. We know very little about the actual polymer, its
characteristics when inhaled, or, human response to it. We do know that formaldehyde in
other inhalation scenarios can produce respiratory, eye, nose and throat irritation. Animal
inhalation studies show high acute toxicity. Female workers using urea-formaldehyde
resins have shown menstrual disorders. And, the EPA considers formaldehyde to be a
probable human carcinogen.*® There has been no study of the effect of urea on
inflammatory and biotransformation cascades.

Aerial spray substances can be expected to redistribute into households via air and foot
transport. Studies in communities with pesticide treatment have shown movement of
pesticides from outdoors to indoors. Residents in those studies experienced indoor
inhalation, dermal contact and oral ingestion of outdoor contaminants. Carpets and fabric
were seen to be significant source of accumulation.®*>*

BHT: Mechanisms of Lung and Liver Injury

Butylated Hydroxytoluene (BHT), also known as 2,6-di-tert-butyl-4-methylphenol, is
commonly used in studies to induce lung damage and cancer so that they can be studied.
The damage from BHT appears to come about because CYP1B1 (cytochrome P450 1B1)
biotransforms BHT, during phase I detoxification, into a much more toxic adduct, BHT
quinone methide (BHT-QM), which is an unstable electrophile that requires conjugation



to glutathione, a strong antioxidant. Thus, a toxin or carcinogen can be activated by the
cytochrome P450 system. Cytochrome P450 enzymes vary from person to person, are
determined by genomic predisposition and can be inhibited or induced by various
pharmaceutical medications and foods. BHT has also been shown to inhibit GST P1-1 (a
glutathione S-transferase enzyme subtype), a phase II enzyme. Thus, when exposed to
BHT, it is not only changed into something more toxic (via CYP1B1), but the mechanism
to remove that more dangerous toxin during phase II (via GSTP1) is also slowed. The
damage is worse when glutathione, a strong anti-oxidant, is depleted. In combination,
this serves to compound and prolong toxicity. These effects are seen consistently across
many studies.

There are no studies in humans examining inhaled BHT.
BHT is currently banned in food products in, Australia, Japan, Romania and Sweden.

In addition to the more toxic activated forms of BHT, resulting pathologic and
compensatory cascades come into play, which in turn can be affected by individual
capacity. In mouse lung, BHT metabolized to its more toxic quinone methide (BHT-
QM), has been found to substantially increase lipid peroxidation, hydrogen peroxide and
superoxide, with inhibition of the anti-oxidant proteins peroxiredoxin 6 (Prx6) and Cu-
Zn-superoxide dismutase (SOD1).*° In mice, BPPOH-QM has been found to be even
more toxic than BHTOH-QM and at only half the dose.?’

Glutathione S-transferase P1-1 is over expressed in tumors. GST P1-1 also protects cells
from unstable molecules and oxidants, and plays a regulatory role for stress kinases.
GSTP1 has been found to be more abundant than other GST isoforms in tumorigenic
cells. Treatment with BHT-QM decreased GSTP1 activity by 28-44%, with inhibition
exacerbated by glutathione depletion, thus decreasing cellular protection and influencing
cell growth.*®

Though Checkmate is not a classic pesticide, pesticide-exposed fruit growers with
GSTP1 genetic polymorphisms have been found to have increased risk of DNA
damage.”’

Prevalence of GST P1 (+/- and +/+) polymorphisms with reduced efficiency are present
in 48 % of the population. GSTP1 is found predominantly in lung, while GSTM1 is
found predominantly in liver and is absent in about 50% of the population. GSTT1
activity is deficient in about 20% of Caucasians. Individuals with polymorphisms in all
three GST’s have been found to be at particularly increased risk for chronic lymphocytic
leukemia, perhaps linking the role of environmental toxins to risk for CLL.* In addition
to its role in detoxification of chemical toxins, CYP1B1 is an important estrogen
metabolizing enzyme with variations occurring in normal populations. Medications can
also inhibit the efficiency of CYP 1B1. Individuals with polymorphisms can be expected
to be at increased risk of complications from exposure to substances utilizing these
various detoxification pathways.



The Clara cells of the lung bronchioles appear to be a major source of BHT metabolism
and site of BHT induced damage. Clara cells are secretory cells in the bronchioles of the
lungs. They protect the bronchiolar epithelium by secreting surfactant and detoxifying
harmful inhaled substances. They perform their detoxification duties via cytochrome
P450 enzymes. The bronchioles reside between the larger airways and the deep lung and
10 microm particles can be expected to lodge there. Investigation has determined that 10
microm and smaller particles are the smaller end of the spectrum of particle size seen for
the Checkmate LBAM-F spray. It is unknown what changes may be seen in particle size,
over time, of lodged particles. Furthermore, no testing has been done to see where and
how much lodging would be seen in humans of varying age and respiratory
characteristics.

In mice, BHTOH, more so than BHT, causes lung damage and tumor development by
killing bronchiolar Clara cells and inhibiting lung epithelial gap junction intercellular
communication.*’ BHT has also been shown to inhibit epithelial gap junctions in liver as
well as lung.*?

The bronchiolar Clara cells of the lung have been found to be the major site of pulmonary
xenobiotic metabolism in mice, converting BHT to the more toxic adduct, BHTOH.
Substantial amounts of BHTOH further converted to the even more toxic BHTOH-QM.
BHTOH and BHT were both toxic to the Clara cells, and the toxicity and metabolism, as
in other studies, was reduced with a CYP450 inhibitor.*

BHT has also been seen to cause lung damage with death of alveolar type I pneumocytes
and proliferation of subsequent replacement with type II cells via inflammatory response
involving bronchiolar Clara cells. **

BHT toxicity in not confined to the lung but also affects the liver. BHT has been found
to decrease liver cell viability by 80% upon exposure in rats. At the same time,
intracellular glutathione levels decreased prior to the onset of cytotoxicity. And, CYP450
inhibition attenuated the toxicity.* Electron microscopy of rat liver cells fed BHT has
shown widespread hepatotoxicity.*®

Inflammatory and Immune Manifestations

The use of BHT to induce lung injury in laboratory animals brings up several issues. One
is the simple fact that BHT is so commonly used to induce injury. This begs the question
of what the effect of extended inhalation and ingestion of BHT in humans would be. The
second issue is the variety and cascade of events that it seems capable of setting off and
the regulatory mechanisms that are involved. Third, some of the resulting events, such as
inflammation, may hold information regardless of how the inflammation was induced and
could perhaps be applicable to inflammation of other causation. It appears that inhaled
Checkmate capsules will be an additional source of inflammation, as discussed
previously.



Severe airway disease with increased mast cells and increased mast cell degranulation has
been seen when using BHT to induce lung injury in mice with Forkhead Box F1 (+/-
transcriptional factor expressed in endothelial and smooth muscle cells in lung. Increased
CXCL12 (chemokine ligand 12, a leukocyte activator and proinflammatory stimulant)
was seen, which is essential for mast cell migration and chemotaxis. Looking at
embryos, it was found that, during lung development, there was a marked increase in
pulmonary mast cells prior to birth, also associated with increased CXCL12 in lung. ¥/

Mast cell degranulation in the lung in response to BHT brings up the possible relationship
of mast cell degranulation at distant sites as well, such as the intestine. Was the diarrhea
reported by some individuals after the 2007 spray mast cell mediated, regardless of the
exact spray constituent that may have triggered it? Studies have shown profound
ingested allergen induced mast cell mediated diarrhea in the absence of histamine,
associzitged with Th2 intestinal inflammation, IgE, serotonin and platelet-activating

factor.

Studies have also found relationships between BHT, inflammation and carcinogenesis.
BHT treated mice were found to have common chromosomal locations regulating both
inflammation (via cyclooxygenase-2 (COX-2) induction), and carcinogenesis, with the
conclusion that pathogenic inflammatory mediators play a role in tumor development.*
Toll-like receptors (TLR’s) have also been found to modulate chronic lung inflammation
and tumorigenesis in mice given BHT to induce lung injury.”

In addition to its endocrine-disrupting characteristics, benzophenone has also been shown
to cause strong polarization to Th2 inflammation via depletion of intracellular glutathione
levels and modulation of IL-10 and IL-12 with exacerbation or airway inflammation in an
allergic asthma model.”!

GST polymorphisms have been implicated as increased risk factors for asthma in
association with environmental exposures.>

The issues of lung irritation, asthma, and emphysema are not a small or theoretical
problem. From 2001 to 2003, according to the California Health Interview Survey,
asthma and difficulty breathing was found to increase to 6 million individuals. 3.4
million Californians had asthma-like symptoms, such as wheezing, but not classified as
asthma. Nineteen percent of children age 5 or under were affected.” Also as of 2003,
according to the National Conference of State Legislatures, asthma in California cost the
state $720 million in direct medical expenses and $544 million in lost school and work
days for a cost to the state of greater than $1.2 billion.”*

Benzophenones and Hormone Disruption

Benzophenones, often used as UV binders, are estrogen receptor binders. The particular
benzophenone used in Checkmate LBAM-F, 2-hydroxy-4-n-octyloxybenzophenone, does
not appear to have been tested. An extensive testing of potential xenobiotics included
benzophenones, but not 2-hydroxy-4-n-octyloxybenzophenone.’”



In a Japanese study, benzophenone and derivatives were tested for estrogenic activity.
Fifteen showed estrogenic activity. Of those benzophenone substances that were
estrogenic, four were more estrogenic than bisphenol-A.*® Bisphenol-A has been
associated with developmental abnormalities and the later development of breast cancer
on the basis of its estrogenic acivity.

Bisphenol-A, at the time of this writing, is in the process of being banned in Canada for
use in baby bottles. A bill has also been introduced into the United States Senate to
institute a ban of bisphenol-A in infant and early childhood products. There have been no
studies on the effect of long term inhaled benzophenone. But the possibility exists that it
is potentially as damaging or more so than bisphenol-A.

Benzophenones have been shown to have estrogenic and anti-androgenic activity.
Benzophenone-2 in utero exposure causes hypospadias, perhaps via estrogen receptor
signaling.”” Benzophenones have also been shown to affect not only the estrogen
receptors, but also the pituitary, uterus and thyroid. **

It appears that benzophenone can affect sex hormone receptors by using a pregnane X
receptor (PXR) to activate CYP3A, which in turn induces higher concentrations of
effective metabolites leading to endocrine disruption.”® As with all cytochrome P450
systems, inter-individual variability can be expected. Benzophenone and its metabolites
also appear to have genotoxic potential via activation by human P450 2A6 and NADPH-
cytochrome P450 reductase, which allowed benzophenones to show umu gene
activation.®’

Thyroid

In addition to effects on the reproductive system, there is increasing evidence that
endocrine disturbers affect the thyroid and the hypothalamic-pituitary-thyroid axis.®!

Benzophenone-2 has been found to inhibit thyroid peroxidase (TPO) more than
methimazole or propylthiouricil (PTU), two anti-thyroid medications used for
hyperthyroidism, thus having a hypothyroid effect. This was more pronounced in the
absence of iodide.®> Meanwhile, BHT in rat diets has caused increase in iodine uptake.®

A Brazilian study found those with GSTP1 polymorphisms to have increased risk for
papillary and follicular thyroid carcinomas. ®* If BHT is relevant in the presence of
GSTP1 polymorphisms in respiratory tissues, the possibility must be entertained that it
could be associated with thyroid illness as well.

Carcinogenesis
The advancements in the understanding of carcinogenesis are rapidly expanding. Key is

the incorporation of the concept of genetic predisposition, which is turning out to be
multi-factorial rather than single gene related. Some of the single nucleotide



polymorphisms of note include CYP1BI1, and the GST family. It is perhaps not
surprising then that these polymorphisms present in recurring themes.

As previously described, CYP1BI is active in the biotransformation of BHT to a toxic
BHT-quinone adduct. CYP1BI is a major enzyme responsible for the formation of 4-
hydroxyestradiol, which is genotoxic. CYP1BI1 also activates polycyclic aromatic
hydrocarbons and heterocyclic aromatic amines, which are mammary carcinogens in
animals.

Study has shown that women with breast cancer express variations of glutathione-S-
transferase and cytochrome P450 genotypes. Different combinations appear to alter
susceptibility to breast cancer and prognosis depending on race, age and environmental
exposures. For example, in Caucasian women, CYP1B1 seems to be associated with a
poorer prognosis, particularly with the absence of GSTT1.°>% Women with CYP1BI1
polymorphisms appear to be at higher risk for breast cancer when exposed to xenobiotics
that induce CYP1BI1. ¢’

BHT has also been shown to strongly increase DNA methyl transferase in liver, kidney,
heart, s6pleen, brain and lungs while altering methylation of total DNA and various genes
in rats.” Localized methylation in the usually unmethylated promoter regions of genes,
together with increased expression of DNA methyltransferase, has become a recent
important topic of research as an etiology of cancer promotion.*’

GSTM, GSTP and GSTT appear to be involved in an array of cancers, with
environmental toxin exposures that involve them thought to play a part in carcinogen
activation,’***%*

Current Directions in Medical Understanding and Pre-Exposure Probability

The stronger the pre event probability, the more likely the association being examined is
likely to be true and related. This concept becomes especially important when the
characteristics in question are common and could be attributable to a number of things.

The best true and related answers can come only after asking the most pertinent
questions. We are just beginning to be able to ask the right questions in the realm of
environmental exposures and our evolving view of human biology. Increasingly, these
questions not only involve symptom generation, but also, the very earliest precursors to
later symptoms.

But truths exist regardless of our ability to ask the right questions or figure out the right
answers. An earthquake will happen at whatever magnitude it occurs regardless of our
ability to predict it or measure it correctly. Likewise, if a river is dammed and the
floodplain developed, when nature’s force exceeds the capacity of the riverbank, the river
will overflow and the floodplain will flood. The more the insult exceeds the capacity to
cope with it, the worse the potential disaster.
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As humans, we are not invincible. If we flood our systems with that which exceeds our
natural coping capacity, we pay the consequences.

A report by the Office of Environmental Health Hazard Assessment, the Department of
Pesticide Regulation and the California Department of Public Health determined there
was found to be no causative effect of the September, October and November 2007 Santa
Cruz and Monterey spray on reported symptoms.’” This conclusion was not based upon
findings, but rather, upon lack of useful data gathering. However, lack of appropriate
data gathering has no bearing on the actual occurrence or non-occurrence of a situation
being studied. It simply reflects our inability to document it. It does not reflect the truth.
Likewise, data gathered appropriately but absent the right questions does not reflect the
truth. Given what is known about the biochemical actions of the chemicals involved in
the spray and current knowledge of human biology, there exists the possibility of an
increased pre-exposure probability that could make the symptoms reported more likely to
be related to the spray than random.

Symptoms reported after the 2007 spray included widespread respiratory system
complaints, eye, nose and throat irritation, sinus bleeding and skin rashes. Generalized
symptoms included headaches, dizziness, gastrointestinal pain and diarrhea and muscle
aches, malaise and fatigue. Breast and menstrual symptoms were reported as were
cardiopulmonary symptoms such as tachycardia and arrhythmia. The symptoms reported
were common symptoms and potentially attributable to a number of things. But viewed
within the time window of the spray, and in conjunction with the known mechanisms of
toxicity of some of the spray constituents, together with potential population genomic
predisposition and particulate effects, the probability of causative association with the
spray is elevated and could potentially make those complaints more probably associated
with the spray. This will remain a statistical uncertainty.

An added issue with toxicants in general is the multi-factorial nature of their actions and
the systems they affect. This adds layers of complexity that scientific method has
difficulty accommodating. However, this relates to our difficulty in devising a method of
unbiased study, not on the presence or absence of such multi-factorial actions. It is fair to
say that numerous studies are bearing out the previously unrecognized biologic actions of
a wide variety of environmental toxins.

Lastly, genomic predisposition testing, including for the polymorphisms discussed in this
writing, is in use currently and can be expected to increase, particularly with the likely
passage of the Genetic Information Nondiscrimination Act (GINA). Markers of
oxidative stress and inflammation are also available. Furthermore, it is likely that our
understanding will continue to progress so that relationships that are not apparent or
confirmed currently may be so in the not too distant future.

Conclusion

The 21* century has brought with it a new paradigm of biomedical understanding. The
advent of biochemical, genetic and epigenetic understanding is incomplete but expanding
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rapidly. While we may not know all of the specifics at this point, they will come. What
we do know is that new layers of explanation have been opened before us as well as an
explosion of questions. Even though it is early, we are discovering a highly integrated
and complex web of organization.

What is clear is that individuals experience unique predispositions to illness dictated by
individual biochemistry, genetics, epigenetics and exposures. In the majority of cases,
illness is a manifestation of placing a normal spectrum of individual biochemistry and
genetics into an environment it is ill equipped to cope with, whether it be dietary, habit,
stress or environmental exposure. This forces us to come to grips with the likelihood that
using averages to make statistical medical decisions, will give way to using meaningful
sub areas within the curve, depending upon individual variability. This raises the
complexity and challenge of the medical investigations that we use to make complex
decisions.

When viewed from this perspective, the symptom complaints after the 2007 Checkmate
spray in Monterey and Santa Cruz are more likely to be true, because of heightened pre-
event probability, than random. One could even argue that the complaints may have
under-represented the true presence of symptoms. We know there is variable genomic
predisposition in the detoxification pathways of the population and that at least some of
the ingredients of the Checkmate spray are known to interface with these pathways. We
know that these pathways can involve complex cascades of inflammation and regulation.
We know that there is known hazard associated with particular mater. There exist
plausible explanations for lung irritation and toxicity, endocrine disruption, inflammation,
immune system triggering and, in some predisposed individuals, depletion of anti-oxidant
coping capacity. We know that the particle size of the Checkmate LBAM-F spray can
trigger these same complex pathways.

Given what we know, it is reasonable to conclude that, because of individual genomic
predisposition and the expected biochemical behavior of the chemicals and encapsulated
delivery mechanism involved in the proposed apple moth spray, a percentage of the
population can be expected to experience a variety of symptoms and illness from the
spray, either immediately or at some time in the future. There exists no testing of the
Checkmate LBAM-F product that clarifies any of these specific scientific concerns, nor
does there appear to be any plan to do so. Any decision to spray must weigh the danger of
the pest, all other available methods to solve the problem, and, whether or not any need to
spray justifies the illness that will be caused by the spray, acutely or in the future.

In this author’s view, attempting to eradicate the light brown apple moth with this spray

is ill advised and not worth inducing the reasonably expected, and significant, illness
consequences in the population.

12



References:

1. Cox C, Surgan M. Unidentified Inert Ingredients in Pesticides: Implications for
Human and Environmental Health. Doi:10.1289/ehp.9374 (available at
http://dx.doi.org/) Online 18 August 2006.

2. Vineis P, Martone T. Genetic-Environmental Interactions and Low-Level Exposure
to Carcinogens. Epidemiology. 1995 Jul;6(4)455-457. Lippincott, Williams & Wilkins.

3. Dennis L. Knepp, Ph.D. and Jeff Haferman, Ph.D. Analysis of the micro-capsule size
distribution from the aerial application of the CheckMate pesticide.

4. Review of the National Ambient Air Quality Standards for Particulate Matter: Policy
assessment of Scientific and Technical Information. OAQPS Staff Paper. EPA-452/R-
05-005a December 2005.

5. Jones P, Baylin S. The fundamental role of epigenetic events in cancer. Nature
Reviews Genetics. 2002 Jun;(3):415-428

6. EWG Report. Body Burden 2 - The Pollution in Newborns.
http://archive.ewg.org/reports/bodyburden2/excecsumm.php

7. CDC National Report on Human Exposure to Environmental Chemicals. Third
Report. http://www.cdc.gov/exposurereport/report.htm.

8. Camner P, Anderson M, Philipson K, Bailey A, Hashish A, Jarvis N, Bailey M,
Svartengren M. Human bronchiolar deposition and retention of 6-, 8- and 10-micrograms
particles. Exp Lung Res. 1997 Nov-Dec;23(6):517-35.

9. Dharajiya N, Boldogh, I, Cardenas, V, Sur S. Role of pollen NAD(P)H oxidase in
allergic inflammation,. Mechanisms of allergy and adult asthma. Current Opinion in
Allergy & Clinical Immunology. 2008 Feb;8(1):57-62.

10, Asgharian B, Menache MG, Miller FJ. Modeling Age-Related Particle Deposition in
Humans. Journal of Aerosol Medicine. 2004 Sep 1;17(3): 213-224.
Doi:10.1089/jam.2004.17.213

11. Zanobetti A, Schwartz J. The effect of particulate air pollution on emergency
admissions for myocardial infarction: a multicity case-crossover analysis. Environ
HeallthPerspect. 2005 Aug;113(8):978-82.

12. Wellenius GA, Schwartz J, Mittleman MA. Air pollution and hospital admissions

for ischemic and hemorrhagic stroke among medicare beneficiaries. Stroke. 2005
Dec;36(12):2549-53. Epub 2005 Oct 27.

13



13. Wellenius GA, Schwartz J, Mittleman MA. Particulate air pollution and hospital
admissions for congestive heart failure in seven United States cities. Am J Cardiol. 2006
Feb 1;97(3):404-8.

14, Gilmour PS, Morrison ER, Vickers MA, Ford I, Ludlam CA, Greaves M, Donaldson
K, MacNee W. The procoagulant potential of environmental particles (PM10). Occup
Environ Med. 2005 Mar;62(3):164-71.

15. Lipsett MJ, Tsai FC, Roger L, Woo M, Ostro BD. Coarse particles and heart rate
variability among older adults with coronary artery disease in the Coachella Valley,
California., Environ Health Perspect. 2006 Aug;114(8):1215-20.

16, Becker S, Mundandhara S, Devlin RB, Madden M. Regulation of cytokine
production in human alveolar macrophages and airway epithelial cells in response to

ambient air pollution particles: Further mechanistic studies. Toxicol Appl Pharmacol.
1005 Sep 1;207(2suppl):269-75.

17, Ishii H, Hayashi S, Hogg JC, Fujii T, Goto Y, Sakamoto N, Mukae H, Vincent R,
van Eeden SF. Alveolar macrophage-epithelial cell interaction following exposure to
atmospheric particles induces the release of mediators involved in monocyte mobilization
and recruitment. Respir Res. 2005 Aug 1;6:87.

18. Mukae H, Vincent R, Quinlan K, English D, Hards J, Hogg JC, van Eeden SF. The
effect of repeated exposure to particulate air pollution (PM10) on the bone marrow. Am
J Respir Crit Care Med. 2001 Jan;163(1):201-9.

19. Tamagawa E, Bai N, Morimoto K, Gray C, Mui T, Yatera K, Zhang X, Xing L, LiY,
Laher I, Sin DD, Man SF, van Eeden SF. Particulate Matter Exposure Induces Persistent

Lung Inflammation and Endothelial Dysfunction. Am J Physiol Lung Cell Mol Physiol.
2008 May 9. (Epub ahead of print)

20. Becker S, Dailey LA, Soukup JM, Grambow SC, Devlin RB, Huang YC. Seasonal
variations in air pollution particle-induced inflammatory mediator release and oxidative
stress. Environ Health Perspect. 2005 Aug;113(8):1032-8.

21. Schins RP, Lightbody JH, Borm PJ, Shi T, Donaldson K, Stone V. Inflammatory
effects of coarse and fine particulate matter in relation to chemical and biological
constituents. Toxicol Appl Pharmacol 2004 Feb 15;195(1):1-11

22. Li XY, Gilmour PS, Donaldson K, MacNee W. Free radical activity and pro-
inflammatory effects of particulate air pollution (PM10) in vivo and in vitro. Thorax.

1996 Dec;51(12):1216-22.

23. Thornton-Manning JR, Dahl AR. Metabolic capacity of nasal tissue interspecies
comparisons of xenobiotic-metabolizing enzymes. Mutat Res 1997;380:43-59.

14



24. Blanchard KT, Morris JB. Effects of m-xylene on rat nasal cytochrome P450 mixed
function oxidase activities. Toxicol Lett 1994;70:253-259.

25. Gervasi PG, Longo V, Naldi F, Panattoni G, Ursino F. Xenobiotic-metabolizing
enzymes in human respiratory nasal mucosa. Biochem Pharmacol 1991;41:177-184.

26. Dahl AR, Hadley WM. Nasal cavity enzymes involved in xenobiotic metabolism:
effects on the toxicity of inhalants. Crit Rev Toxicol 1991;21:345-372.

27. Bogdanffy MS. Biotransformation enzymes in the rodent nasal mucosa: the value of
a histochemical approach. Environ Health Perspect 1990;85:177-186.28.

28. Gronau S, Koenig-Greger D, Jerg M, Riechelmann H. Gene polymorphisms in
detoxification enzymes as susceptibility factor for head and neck cancer? Otolaryngol
Head Neck Surg 2003;128:674-680.

29. Willey JC, Crawford JT, Olson G, Hammersley JE, Jenning CA, Weaver L et al.
Expression measurement of genes related to cancer susceptibility in human bronchial
epithelial cells. In: Bates D.V., Brain JD, Driscoll KE, Dungworth DL, Grafstrom R,
Harris CC et al.m (Hrsg.). Relationships between acute and chronic effects of air
pollution. Washington: ILSI Press, 2000:79-96.

30. Riechelmann. Cellular and molecular mechanisms in environmental and
occupational inhalation toxicology, GMS Current Topics in Otorhinolaryngology — Head
and Neck Surgery. 2004;3:Doc02. http://www.egms.de/en/journals/cto/2004-
3/cto000002.shtml

31, Castell JV, Donato MT, Gomez-Lechon MJ. Metabolism and bioactivation of
toxicants in the lung. The in vitro cellular approach. Experimental and Toxicologic
Pathology. 2005 Jul 22;57(sup 1):189-204.

32. EPA Technology Transfer Network Air Toxics web site. Formaldehyde Hazard
Summary. 1992 April; Revised 2000 Jan.
http://www.epa.gov/ttn/atw/hlthef/formalde.html

33. Lewis RG, Fortune CR, Blanchard FT, Camann DE. Movement and deposition of
two organophosphorus pesticides within a residence after interior and exterior
applications. J Air Waste Manag Assoc. 2001 Mar;51(31):339-51.

34. Obendorf SK, Lemley AT, Hedge A, Kline AA, Tan K, Dokuchayeva T.
Distribution of pesticide residues within homes in central New York State. Arch Environ

Contam Toxicol. 2006 Jan;50(1):31-44. Epub 2005 Oct 19.

35. Bradman A, Whitaker D, Quiros L, Castorina R, Henn BC, Nishioka M, Morgan J,
Barr DB, Harnly M, Brisbin JA, Sheldon LS, McKone TE, Eskenazi B. Pesticides and

15



their metabolites in the homes and urine of farmworker children living in the Salinas
Valley, CA. J Expo Sci Environ Epidemiol. 2007 Jul;17(4):331-49. Epub 2006 May 31.

36. Meier BW, Gomez JD, Kirichenko OV, Thompson JA. Mechanistic basis for
inflammation and tumor promotion in lungs of 2,6-di-tert-butyl-4-methylphenol-treated
mice: electrophilic metabolites alkylate and inactivate antioxidant enzymes. Chem Res

Toxicol. 2007 Feb;20(2):199-207.

37, Kupfer R, Dwyer-Nield LD, Malkinson AM Thompson JA. Lung toxicity and tumor
promotion by hydroxylated derivatives of 2,6-di-tert-butyl-4-methylphenol (BHT) and 2-

tert-butyl-4-methyl-6-iso-proplyphenol: correlation with quinone methide reactivity.
Chem Res Toxicol. 2002 Aug;15(8):1106-12.

38. Lemercier JN, Meier BW, Gomez JD, Thompson JA. Inhibition of glutathione S-
transferase P1-1 in mouse lung epithelial cells by the tumor promoter 2,6-di-tert-butyl-4-
methylene-2,5-cyclohexadienone (BHT-quinon methide): protein adducts investigated by
electospray mass spectrometry. Chem Res Toxicol. 2004 Dec;17(12):1675-83.

39. Liu YJ, Huang PL, Chang YF, Chen YH, Chiou YH, Xu ZL, Wong RH. GSTP1
Genetic Polymorphism Is Associated with a Higher Risk of DNA Damage in Pesticide-

Exposed Fruit Growers. Cancer Epidemiology Biomarkers & Prevention. 2006
Apr;15:659-666

40. Yuille M, Condie A, Hudson C, Kote-Jarai Z, Stone E, Ecles R, Matutes E, Catovsky
D, Houlston R. Relationship between glutathione S-transferase M1, T1, and P1
polymorphisms and chronic lymphocytic leukemia. Blood. 2002 Jun1;99(11):4216-4218

41. Dwyer-Nield LD, Thompson JA, Peljak G, Squier MK, Barker TD, Parkinson A,
Cohen JJ, Dinsdale D, Malkinson AM. Selective induction of apoptosis in mouse and
human lung epithelial cell lines by the tert-butyl hydroxylated metabolite of butylated

hydroxytoluene: a proposed role in tumor promotion. Toxicology. 1998 Sep 15;130(2-
3):115-27.

42. Guan X, Hardenbrook J, Fernstrom MJ, Chaudhuri R, Malkinson AM, Ruch RJ.
Down-regulation by butylated hydroxytoluene of the number and function of gap
junctions in epithelial cell lines derived from mouse lung and rat liver. Carcinogenesis.
1995 Oct;16(10):2575-82.

43. Bolton JL, Thompson JA, Allentoft AJ, Miley FB, Malkinson AM. Metabolic
activation of butylated hydroxytoluene by mouse bronchiolar Clara cells. Toxicol Appl
Pharmacol. 1993 Nov;123(1):43-9.

44. Meyer AM, Dwyer-Nield LD, Hurteau G, Keith RL, Ouyang Y, Freed BM, Kisley

LR, Geraci MW, Bonventre JV, Nemenoff RA, Malkinson AM. Attenuation of the
pulmonary inflammatory response following butylated hydroxytoluene treatment of

16



cytosolic phospholipase A2 null mice. Am J Physiol Lung Cell Mol Physiol. 2006
Jun;290(6):L1260-6. Epub 2006 Jan 27.

45. Reed M, Fujiwara H. Thompson DC. Comparative metabolism, covalent binding
and toxicity of BHT congeners in rat liver slices. Chem Biol Interact. 2001 Nov
28;138(2):155-70.

46. Safer AM, ai-Nughamish AJ. Hepatotoxicity induced by the anti-oxidant food
additive, butylated hydroxytoluene (BHT), in rats: an electron microscopical study.
Histol Histopathol. 1999 Apr;14(2):391-406.

47. Kalin TV, Meliton L, Meliton AY, Zhu X, Whitsett JA, Kalinichenko VV.
Pulmonary Mastocytosis and Enhanced Lung Inflammation in Mice Heterozygous Null
for the Foxfl Gene. Am J Respir Cell Mol Biol. 2008 Apr 17.

48. Brandt EB, Strait RT, Hershko D, Quan W, Muntel EE, Scribner RA, Zimmermann
N, Finkelman F, Rothenberg ME. Mast cells are required for experimental oral allergen-
induced diarrhea. The Jounal of clinical investigation. 2003;112(11):1666-1677.

49. Malkinson AM, Radcliffe RA, Bauer AK. Quantitative trait locus mapping of
susceptibilities to butylated hydroxytoluene-induced lung tumor promotion and
pulmonary inflammation in CXB mice. Carcinogenesis. 2002 Mar;23(3):411-7.

50. Bauer AK, Dixon D, DeGraff LM, Cho HY, Walker CR, Malkinson AM, Kleeberger
SR. Toll-like receptor 4 in butylated hydroxytoluene-induced mouse pulmonary
inflammation and tumorigenesis. J Natl Cancer Inst. 2005 Dec 7;97(23):1778-81.

51. Kato T, Tada-Oikawa S, Takahashi K, Saito K, Wang L, Nishio A, Hakamada-
Taguchi R, Kawanishi S, Kuribayashi K. Endocrine disruptors that deplete glutathione

levels in APC promote Th2 polarization in mice leading to the exacerbation of airway
inflammation. Eur J Immunol. 2006 May;36(5):1199-209.

52. Tamer L, Calikoglu M, Ates NA, Yildirim H, Ercan B, Saritas E, Unlu A, Atik U.
Glutathione-S-transferase gene polymorphisms (GSTT1, GSTM1, GSTP1) as increased
risk factors for asthma. Respirology. 2004 Nov;9(4);493-498.

53. Babey S, Meng YY, Brown ER, Hastert TA. Nearly Six Million Californians Suffer
from Asthma Symptoms or Asthma-like Breathing Problems., UCLA Health Policy
Research Brief. October 2006.
www.healthpolicy.ucla.edu/pubs/publication.asp?pubID=197#download

54. National Conference of State Legislatures. The Forum for America’s Ideas.

California State Program Related to Asthma. Updated January 2003.
www.ncsl.org/programs/environ/envhealth/asthma3.htm

17



55. Blair R, Fang H, Branham W, Hass BS, Dial SL, Moland CL, Tong W, Shi L,
Perkins R, Sheehan DM. The Estrogen Receptor Relative Binding Affinities of 188

Natural and Xenochemicals: Structural Diversity of Ligands. Toxicological Sciences 54,
138-153 (2000).

56. Kawamura Y, Ogawa Y, Nishimura T, Kikuchi Y, Nishikawa J, Nishihara T,
Tanamoto K. Estrogenic Activities of UV stabilizers Used in Food Contact Plastics and
Benzophenone Derivatives tested by the Yeast Two-Hybrid Assay. Journal of Health
Science, 2003:49(3):205-212.

57. Hsieh MH, Grantham EC, Liu B, Macapagal R, Willingham E, Baskin LS. In utero
exposure to benzophenone-2 causes hypospadias through an estrogen receptor dependent
mechanism. J Urol. 2007 Oct;178(4 Pt 2):1637-42. Epub 2007 Aug 16.

58. Schlecht C, Klammer H, Jarry H, Wuttke W. Effects of estradiol, benzophenone-2
and benzophenone-3 on the expression pattern of the estrogen receptors (ER) alpha and

beta, the estrogen receptor-related receptor 1 (ERR1) and the aryl hydrocarbon receptor
(AhR) in adult ovariectomized rats. Toxicology. 2004 Dec 1;205(1-2):123-30.

59. Mikamo E, Harada S, Nishikawa J, Nishihara T. Endocrine disruptors induce
cytochrome P450 by affecting transcriptional regulation via pregnane X receptor.
Toxicol Appl Pharmacol. 2003 Nov 15;193(1):66-72.

60. Takemoto K, Yamazaki H, Nakajima M, Yokoi T. Genotoxic activation of
benzophenone and its two metabolites by human cytochrome P450s in SOS/umu assay.
Mutat Res. 2002 Aug 26;519(1-2):199-204.

61. Schmutzier C, Gotthardt I, Hofmann PJ, Radovic B, Kovacs G, Stemmier L, Nobis I,
Bacinski A, Mentrup B, Ambrugger P, GrutersA, Malendowicz LK, Christoffel J, Jerry
H, Seldlova-Wuttke D, Wuttke W, Kohrie J. Endocrine disruptors and the thyroid gland-
a combined in vitro and in vivo analysis of potential new biomarkers. Environ Health
Perspect. 2007 Dec;115 Suppl 1:77-83.

62. Schmutzier C, Bacinski A, Gotthardt I, Huhne K, Ambrugger P, Klammer H,
Schlecht C, Hoang-Vu C, Gruters A, Wuttke W, Jarry H, Kohrie J. The ultraviolet filter
benzophenone 2 interferes with the thyroid hormone axis in rats and is a potent in vitro

inhibitor of human recombinant thyroid peroxidase. Endocrinology. 2007
Jun;148(6):2835-44. Epub 2007 Mar 22.

63. Sendergaard D, Olsen P. The effect of butylated hydroxytoluene (BHT) on the rat
thyroid. Toxicol Lett. 1982 Feb;10(2-3):239-44

64. Granja F, Morari J, Morari E, Correa L, Assumpcao LVM, Ward L. GST profiling

may be useful in the screening for thyroid nodule malignancy. Cancer Letters. 2004 Jun
25;209(2):129-137.

18



65. Haas S, Pierl C, Harth V, Pesch B, Rabstein S, Bruning T, Ko Y, Hamann U,
Justenhoven C, Brauch H, Fischer HP. Expression of xenobiotic and steroid hormone

metabolizing enzymes in human breast carcinomas. Int J Cancer. 2006 Oct
15;119(8):1785-91.

66. Van Emburgh BO, Hu JJ, Levine EA, Mosley LJ, Perrier ND, Freimanis RI, Allen
GO, Rubin P, Sherrill GB, Shaw CS, Carey LA, Sawyer LR, Miller MS. Polymorphisms
in CYPIBI1, GSTMI, GSTT1 and GSTP1, and susceptibility to breast cancer. Oncol
Rep. 2008 May;19(5):1311-21.

67. Saintot M, Malaveille C, Hautefeuille A, Gerber M. Interaction between genetic
polymorphism of cytochrome P450-1B1 and environmental pollutants in breast cancer
risk. Eur J Cancer Prev. 2004 Feb;13(1):83-6.

68. Vanyushin BF, Lopatina NG, Wise CK, Fullerton FR, Poirier LA. Butylated
hydroxytoluene modulates DNA methylation in rats. Eur J Biochem. 1998 Sep
15;256(3):518-27.

69. Baylin SB, Herman JG, Graff JR, Vertino PM, Issa JP. Alterations in DNA
methylation: a fundamental aspect of neoplasia. Adv Cancer Res. 1998;72:141-96.

70. Summary of Symptom Reports in Areas of Aerial Pheromone Application for
Management of the Light Brown Apple Moth in Monterey and Santa Cruz Counties
September, October, and November 2007. Office of Environmental Health Hazard
Assessment, Department of Pesticide Regulation, California Department of Public
Health. April 10, 2008

Author Affiliations: None. Dr. Haiden is an internist in private practice with a special
interest in environmental, nutritional and behavioral impacts on health.

Financial Disclosures: None

Sponsors: None

Copyright 2008

19



