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Executive Summary

The Office of the Special Counsel retained me in December of 1999 to provide a
toxicological evaluation of the possible effects of the methylene chloride (MC)
exposures to the Branch Davidians inside the Waco Compound on April 19, 1993.  MC
exposures occurred as a consequence of its use as a solvent for solid CS in the tear
gas ferret rounds and canisters.  Specifically, I was asked to investigate the following
two questions:

♦  Did the MC exposures inside the Waco Compound kill any of the Branch
Davidians on April 19, 1993?

♦  Did the MC exposures inside the Compound significantly impair the judgment
of the Branch Davidians such that they were unable to escape the fire on April
19, 1993?

My approach to this task was several fold involving:

♦  Analysis of the scientific literature for health effects and toxicity of MC in
humans and experimental animals.  Since MC is a commonly used solved in
many industrial settings, there is a wealth of scientific literature available as
well as the existence of numerous risk assessments made by Federal and
State regulatory agencies.  Rigorous analysis of the existing literature was not
done in previous investigations.

♦  Analysis of the remains of the Branch Davidians for residues of MC.  This was
not done in previous investigations.

♦  Predictions of the uptake and retention of MC following various exposure
scenarios for April 19, 1993.  The predictions employed existing
physiologically-based pharmacokinetic (PBPK) models for MC and were
based on the MC exposure estimates made by Dr. Jerry Havens using
information supplied by the Office of Special Counsel on the number and
timing of tear gas ferret rounds fired (386) and canisters inserted (20) into the
complex on April 19, 1993.

PBPK models predict the behavior of MC and it's breakdown products inside
the body and have not been used in any previous analysis of possible
toxicities caused by MC exposures encountered by the Branch Davidians.
PBPK models are a commonly used tool in risk assessments made by
Federal and State agencies as well as other organizations.

♦  Experiments were conducted in rats to determine if the carbon monoxide
(CO) produced from MC inside the human body could render the animals less
able to avoid or escape from an electric shock.  When trapped in a fire people
often asphyxiate from high carbon monoxide exposures.  Because MC
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exposure also produces CO in the blood, it was important to determine
whether MC exposure prior to a fire could have possibly rendered some
individuals inside the Compound less capable of escaping from the fire.  Such
experiments were not conducted in previous investigations.

Careful evaluation of the results of this strategy leads me to make the following
conclusions:

1. MC exposures did not kill any of the Branch Davidians on April 19, 1993.  The
highest blood concentrations predicted from a worst case exposure scenario was
65 mg/L.  This compares to the range of blood MC concentraitons in cases of
fatal MC poisoning of 281-700 mg/L.

2. MC is a central nervous system (CNS) depressant and this effect appears to be
the most sensitive response following MC exposures of less than one day.
Based on evaluation of several possible exposure scenarios and the application
of PBPK models to the relevant data it is likely that some of the Branch Davidians
experienced some form of CNS depression.  This effect on CNS function could
have led to decreased responsiveness to visual or auditory signals, irritation or
dizziness.  The mechanism for this response could possibly have been a direct
effect of MC on the CNS or less likely oxygen deprivation from CO produced by
MC degradation inside the body.  Blood concentrations of 2-12 mg/L MC have
been reported to cause mild CNS depression and higher blood levels of MC were
likely experienced by some of the Branch Davidians at some point during the
morning of April 19, 1993.

3. Children would likely be slightly more sensitive to a given air MC concentration
than adults because of physiological differences between adults and children
including the fact that children breathe faster than adults.

4. It is possible that exposure to MC during the morning of April 19, 1993 caused a
few of the Branch Davidians to become unconscious from smoke inhalation
slightly earlier than they would have if MC exposures had not occurred.
Controlled testing provided evidence against this possibility as rats administered
low levels of CO (mimicking MC metabolism to CO) followed by much higher CO
exposures (mimicking fire exposure) exhibited the same or better escape
reactions than rats receiving only the high CO exposure.

5. The Branch Davidians were exposed to a mixture of chemicals (CS, MC and their
metabolites) on April 19, 1993.  Exposure to such mixtures raises some concerns
because little is known regarding the toxicological consequences of exposure to
complex mixtures.

I was retained by the Office of Special Counsel in December of 1999 while I was
employed by the National Institute of Environmental Health Sciences (NIEHS), one of
the National Institutes of Health which is administered by the U.S. Department of Health
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and Human Services.  On December 7, 1999, I requested and received permission to
assist the Office of Special Counsel as part of my official duties with the understanding
that I would not give information to or discuss the investigation with any government
officials.  My position at the NIEHS had two parts.  One as a senior scientist and the
other as Director of the Environmental Toxicology Program.  In that capacity, I was
responsible for coordinating the National Toxicology Program (NTP) generally
considered the world's most comprehensive toxicology research and testing program.
It's charged with providing toxicological evaluations on substances of public health
concern.  I retired from the NIEHS on June 30, 2000, after 30 years of service.  My
written report was prepared after I left government service.
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Chemical Properties

Methylene Chloride (MC) is a halogenated aliphatic hydrocarbon, a widely used class of
chemicals.  It is also known as dichloromethane and its structure is shown below

Cl
|

H - C - H
|

Cl

MC is a colorless liquid with a boiling point of 39.8ºC.  It is generally considered
nonflammable and non-explosive.

MC has a number of trade names including Narkotil, Solaesthin and Solmethine.  It has
many identification numbers as indicated below:

Chemical Abstract Service 75-09-2

National Institute of Occupational PA 8050000
Safety and Health Registry of Toxic
Effects of Chemical Substances

Environmental Protection Agency U080F002
Hazardous Waste

Oil and Hazardous Materials/ 7217234
Technical Assistance Data System

Department of Transportation/ UN1593,IMCD6.1
United Nations/North America/
International Maritime Dangerous
Goods Code

Hazardous Substances Data Bank 66

National Cancer Institute C50102

Production and Use

MC is produced by the chlorination of methane with chlorine or by the chlorination of
methanol with hydrogen chloride.  Production of MC grew steadily through the 1970's
and early 1980's with a peak production of about 620 million pounds in 1984.  Since
then there has been a small but steady drop in production.  There are currently 867
facilities that produce or process MC in the United States including 41 in Texas.
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MC is used as a solvent in paint strippers and removers, as a propellant in aerosols, as
a process solvent in the manufacture of drugs, pharmaceuticals, and film coatings, as a
metal cleaning and finishing solvent and in foam production.  Aerosol products in which
MC can be found include paints, automotive products and insect sprays.  However,
because of labeling regulations and concerns over health and environmental issues, the
use of MC in consumer aerosol products has declined.  MC was once used in hair
sprays but the FDA banned this use in 1989.  MC had been used extensively to remove
caffeine from coffee, however because of concern over health risks; most decaffeinators
no longer use MC.  In any event, use of MC as a solvent in tear gas canisters and ferret
rounds is a minor use of this commercially important solvent.

MC has been detected in ambient air samples taken from around the world.
Background levels are usually about 50 parts per trillion (0.17 µg/m3) (Singh, 1982).
Concentrations in some urban areas and in the vicinity of hazardous waste sites are
generally 10-100 times higher.  These values are all much lower than the
concentrations found inside buildings and in workplaces where MC is used.

Federal and State Regulations

Because of its widespread use Federal and State agencies have developed regulations
for allowable levels in the workplace and general environment.  Permissible levels in the
workplace are generally far greater than those allowed in the general environment.

The Occupational Safety and Health Administration (OSHA) recently conducted a
quantitative risk assessment (1998) for MC exposure in the workplace.  Based on this
assessment OSHA requires employers to keep exposure levels at or below 25 ppm (88
mg/m3) averaged over an 8-hour workday.  Respirators must be used in circumstances
where this level is exceeded.  The OSHA regulation is based on central nervous system
effects following short and long term exposures and cancer effects following long term
or chronic exposures.  EPA has calculated a reference concentration (i.e. safe exposure
level) of 3-mg/m3 (1 ppm) based on a two-year inhalation study in rats, which did not
detect adverse effects at or below 200 ppm.  The Agency for Toxic Substances Disease
Registry (ATSDR) established a short-term safe exposure level of 3 ppm and 0.3 ppm
for long term exposures.  In addition, a number of states have set acceptable ambient
air concentration at the fence line of industrial facilities.  Some current Federal and state
regulations are indicated below:

OSHA Maximum Peak for 8 hour 25 ppm

EPA Safe Exposure Level (Chronic) 1 ppm

Massachusetts Acceptable Ambient Level 0.0008 ppm

New York Acceptable Ambient Level 0.009 ppm
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North Carolina Acceptable Ambient Level 0.008 ppm

Washington State 0.007 ppm

These regulations employ a large margin of safety and can be considered a virtually
safe dose for breathing MC over a lifetime.  Most states allow much higher levels for
short-term exposures than for lifetime exposures.

Health Effects

There have been a number of studies that have examined health effects from MC
exposure.  These studies have examined adverse effects in people exposed to MC
vapors in the workplace and in animals exposed to varying amounts of MC administered
by varying routes (i.e. inhalation, ingestion or skin contact).  Some of the studies
evaluated effects arising from long term exposures (months or years) while others
evaluated shorter-term exposures (one day or less).  Information on the shorter-term
exposures is, of course, most relevant to the situation for the Branch Davidians in Waco
on April 19, 1993 so I will focus on those effects in my evaluation.  For example, there
have been several studies that have determined that MC exposures at high lifetime
concentrations (> 3000 mg/m3) causes cancer in rodents.  The chances that exposure
to high concentrations of MC for one day would cause cancer is remarkably close to 0.
In the very remote probability that such exposure did cause cancer, this cancer would
not become clinically detectable for at least 10 years.  The U.S. Department of Health
and Human Services has classified MC as "Reasonably anticipated to be a human
carcinogen" and the World Health Organization classifies it as a possible human
carcinogen.  Although cancer effects of MC in people exposed occupationally or
environmentally has been a highly controversial issue in regulating decision making by
agencies such as OSHA, EPA, CPSC and FDA) it is of little concern regarding use of
MC as a solvent in tear gas in riot control or crowd control situations.

There are publications in the scientific literature that have evaluated a number of non-
cancer effects of MC and these are summarized below.  These are of more interest to
the Waco investigation.

Organ or System Evaluated Findings

Death High exposures for 4 hrs (> 17,000 ppm)
can cause death in experimental
animals and people

Neurological Mild effects on central nervous system
function by doses as low as 200 ppm
for 4 hrs or 300 ppm for 1.5 hrs in
workers.
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More severe effects such as
unconsciousness occur at high
exposures (about 10,000 ppm/ 4 hrs)

Cardiovascular Very high exposures (10,000 - 30,000
ppm) might cause cardiac arrhythmias
based on studies in animals but no such
effects have been detected in people
exposed to MC occupationally.

Respiratory High exposures (8400 ppm for 13
weeks) caused lung inflammation in
rodents.  The clara cells of the lung
appear to be sensitive to MC.  Irritative
symptoms of the respiratory tract have
been observed in people using large
amounts of MC-based solvents.

Gastrointestinal No reported effect of MC

Hematologic Elevated carboxyhemoglobin levels
following occupational exposures to MC
which diminishes oxygen carrying
capacity of red blood cells.  This could
cause unconsciousness and possibly
death following very high exposures and
could exacerbate existing cardiac
conditions.

Liver No reported effects of MC in humans
although chronic exposure to MC
causes liver damage in rodents.

Kidney Effects No reported effects in people although
mild kidney damage seen in rats
exposed to MC for 100 days.

Immune Effects No reported effects in people although
some spleen effects were observed in
rats and dogs after chronic exposure.

Reproductive and Developmental One study reported low sperm counts in
Effects MC-exposed workers however

extensive studies in experimental
animals did not detect effects on
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reproduction or development.

Based on the above summary, the health endpoints of interest for the Waco
investigation are death, unconsciousness and central nervous system effects because
these effects can occur following short-term exposures (6 hrs or less) to sufficiently high
concentrations of MC.  Each of these endpoints is discussed in more detail in the
following narrative.

Death

There are several case studies in the scientific literature, which clearly demonstrate that
MC can be fatal to humans when large amounts are used in poorly ventilated areas.
The most common cases of fatal poisonings have occurred in paint stripping operations.
Other cases of death occurred in metal cleaning operations, in workers burying barrels
containing MC, and cleaning of underground storage tanks with MC-based solvents.

The air concentrations of MC that caused death was not reported or estimated in most
cases.  However, these were all very high exposures and in some cases may have
been over 100,000 ppm for several hours.  Information from rodent studies indicates
that 16,000 - 19,000 ppm MC for several hours is fatal to rats and mice.  These same
studies indicated that there is a narrow margin between the concentrations that cause
unconsciousness and death.  For example, no deaths occurred in mice exposed to
16,800 ppm for 4 hrs although all mice were unconscious.  In contrast, 70% of mice
died when exposed to 17,250 ppm for 4 hrs.

One way of comparing MC exposures that are known to have been fatal to exposures
that occurred in Waco, is to compare blood levels of MC across several studies.  In the
case of MC-caused fatalities blood concentrations have ranged from 281 mg/L to 710
mg/L although blood MC measurements were not made in most fatal cases.
Unfortunately, I could not find any cases where blood MC measurements were
quantified in individuals who were rendered unconscious by MC and did not die.  Since
the exposure level required to cause unconsciousness is roughly 1/2 that required to
cause death, it is reasonable to assume that blood concentrations of greater than 100
mg/L would be required to cause unconsciousness.

Neurological Effects

MC acts on the central nervous system (CNS) as a CNS depressant.  Mild forms of
CNS depression have been described in people following exposures as low as 200 ppm
for several hours.  The measures of CNS depression included subtle changes in visual
and auditory functions.  These findings were characterized by the authors as decreased
vigilance and responsiveness to visual and auditory signals.  The MC exposure that
produced these effects are roughly equivalent to a blood concentration of approximately
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4 mg/L (approximately 1/100 of a lethal amount) and a carboxyhemoglobin (COHb)
level of 6%.  These effects would be similar to someone consuming 2-3 drinks over a 1-
2 hr period.  Other studies, measuring different neurological endpoints were negative.
Higher concentrations of MC cause lightheadedness, difficulty in maintaining
concentration, dizziness, irritation, and unconsciousness as summarized below:

Estimated Blood
Concentration

Effect
Concentration

ppm
Exposure

Concentration
MC

(mg/L)
COHb

(%)

Odor Threshold 100-300 On exposure -- --

No acute effects 100-200 Up to 7.5 hrs 1-2 3-5

Altered responses on
sensory and
psychomotor tests

200-800 At least 40 min 2-12 5-10

Lightheadedness 500-1000 1-2 hr 7-20 7-12

Irritation, dizziness 2300 30 min 20 10

Paresthesia 7200 10 min 40 6

Unconsciousness 8000-20,000 30 min - 4 hr 100 --

These effects and the corresponding blood MC and COHb levels will be evaluated in
relation to estimated MC exposure in Waco in the section on physiologically based
pharmacokinetic models.

Absorption and Metabolism of Inhaled MC

Evaluation of pulmonary uptake in humans demonstrates that 70-75% of inhaled MC
vapor is absorbed.  Absorption is rapid, and once exposure ceases, MC is rapidly
cleared with only trace levels being present 6 hrs even after exposure to high
concentrations of MC.  Excretion of MC occurs in expired air and urine.  Following
exposure of volunteers to 350 ppm MC for 3-hrs, blood concentrations averaged 5.9
mg/L.  This compares to the blood levels of 280-700 mg/L in fatal poisonings from MC
exposure.

There are two pathways by which inhaled MC is metabolized inside the body illustrated
in the figure below:
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One pathway utilizes an enzyme system called the mixed function oxidases and this
pathway produces carbon monoxide (CO).  The other pathway involves glutathione
transferase enzymes leading to carbon dioxide (CO2) production.  Although both
enzyme systems function in people exposed to MC, the preferred pathway appears to
be the mixed function oxidase system.  Therefore, people exposed to MC have elevated
levels of CO in their bodies.

Inside the body, CO binds to hemoglobin to produce carboxyhemoglobin (COHb).
When hemoglobin is bound to CO it cannot bind oxygen leading to potential health
concerns arising from diminished blood oxygen levels in the brain and other tissues.  In
two fatal cases of MC poisoning COHb was elevated to 30% of total hemoglobin.  In
several non-fatal cases of MC exposure, COHb increased from 1% to 4-15%.  COHb is
much more persistent in the body than either unbound CO or MC and this property
makes COHb a good biomarker for exposures to MC.  The half-life of COHb in people is
approximately 5 hrs, which means that once formed, one half of the total amount of
COHb is degraded after 5 hrs.  In addition, some MC is stored in the adipose tissue and
slowly released to the blood so COHb is still being formed several hours after MC
exposure.

CO exposures can occur in a number of different ways.  For example, CO produced
from cigarette smokers leads to a significant enhancement of COHb levels.  COHb
levels in heavy smokers average 4-5%.  In addition, CO-exposure occurs in fires and
results in oxygen deprivation and asphyxiation.  COHb levels in cases of fatal
asphyxiation range from 20-70%.  COHb levels are elevated in firefighters to levels up
to 20%.

It is well known that different individuals have different sensitivities to the adverse
effects of chemical exposures and MC is no exception.  Sensitivity is often based on a
variety of factors including genetic predisposition, gender, age (children or the elderly),
diet, and co-exposure to other chemicals.  There is good evidence in the scientific

Glutathione
Mediated
Enzymatic Steps

MC

Carbon Dioxide (CO2)

Carbon Monoxide (CO)

Mixed Function Oxidase

Mediated
Enzymatic
Steps
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literature that people vary in their ability to metabolize or degrade MC, which would
cause some people to be more sensitive than others to MC-mediated toxicities such as
central nervous system effects.  There is little information available on the possible
sensitivity of children to MC exposure.  However, children would likely absorb slightly
more MC than adults from inhalation exposures because they have a faster breathing
rate.  It is estimated that the variation in MC metabolism to CO would vary 2-3 fold in the
human population.  This means that if 100 people were exposed to the same
concentration of MC for the same period of time one person might have 10 units of MC
in their body whereas another could have 20-30 units.

Role of Metabolism in Neurotoxicity

There are two possible ways for MC to cause neurological effects such as CNS
depression.  The first is oxygen deprivation of the brain as a consequence of MC
conversion to CO in the body and subsequent binding to hemoglobin.  The COHb
complex prevents oxygen from binding to hemoglobin, which in turn prevents sufficient
amounts of oxygen from reaching critical organs such as the brain.  If this mechanism
were entirely responsible for the MC-mediated neurotoxicity, then COHb levels should
be a good predictor of neurotoxic effects but they are not.  Several studies have shown
that MC-induced unconsciousness can occur in cases where there is only a small
increase in COHb.  Moreover, in some cases high concentrations of COHb have been
observed in workers exposed to MC or CO without effects on the central nervous
system.  These findings have led to the scientific consensus that MC must have central
nervous system effects, which are independent of COHb concentrations.  This second
possible mechanism for CNS depression is not well understood and it may or may not
require metabolism of MC.  Of course, both possible mechanisms may be acting in
concert to produce neurological changes.

Therefore, prediction of possible neurological changes in the Branch Davidians will
require consideration of both peak MC levels in the blood and peak COHb levels during
the six-hour period that preceded the fire on April 19, 1993.

MC

CO (CNS depression because of
oxygen deprivation)

direct effect on the brain
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Physiologically-Based Pharmacokinetic (PBPK) Models for Estimating the
Amounts and Fate of Methylene Chloride in the Branch Davidians on April 19,
1993

It is impossible to know with absolute certainty the exposures that the Branch Davidians
encountered on April 19, 1993.  However, we do have good information on the number
of ferret rounds and canisters emptied into the Compound.  We also have reliable
information on the times that the ferret rounds were fired or the canisters inserted.
According to the information supplied to me by the Office of Special Counsel 386 ferret
rounds were fired and 20 canisters inserted as described in the report provided to the
Office of Special Counsel by Dr. Jerry Havens.  This information was applied to the
COMIS computer model to estimate the concentrations of MC in each room of the
compound from 6:00 a.m. to 12:20 p.m.  The COMIS model estimates the effect of
ventilation in each room on the dissipation of MC after ferret rounds were fired or
canisters inserted.  Thus, highly ventilated rooms would be predicted to retain MC for a
shorter period of time than rooms where there is poor ventilation.  These models which
are reported in the analyses of Dr. Jerry Havens assumed that all ferret rounds entered
the building and completely discharged their contents, which is unlikely, and so is a
worst case scenario.  Based on information supplied to us by the Office of Special
Counsel and confirmed by Dr. Jerry Havens it is assumed that each ferret round
contained 33.25 g MC and each canister contained 1070 g MC.

These data, supplied to me by Dr. Havens, were applied to PBPK models for predicting
the uptake metabolism and retention of MC in blood and the formation and retention of
COHb.  A short description of the use of PBPK models follows.

PBPK Models are Commonly Used in Risk Assessment

PBPK models use mathematical descriptions of the uptake and disposition of chemical
substances to quantitatively describe the movement of a chemical and its breakdown
products over time inside the body following different exposure scenarios.  PBPK
models are also called biologically based tissue dosimetry models.  They are being
used increasingly in risk assessments designed to set safe exposure levels for a wide
variety of chemical substances in the workplace or the general environment.  The U.S.
Environmental Protection Agency (EPA), The Occupational Safety and Health
Administration (OSHA), The Food and Drug Administration (FDA), and the National
Toxicology Program (NTP) use PBPK models as an important scientific tool important in
meeting their regulatory and public health mandates.  These agencies or organizations
use PBPK models to predict the concentration of a given chemical that will be delivered
to a particular part of the body following various combinations of route, dose level and
species.  PBPK models are most credible and useful in making health assessments
when they are validated for multiple exposure scenarios.  In other words, when model
predictions are shown to be accurate when compared to real data for some exposure
scenarios, they become more useful in predicting chemical disposition following
exposure scenarios for which real data are not available.  In the case of MC, PBPK
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models have been used by OSHA, EPA, the Agency for Toxic Substances Disease
Registry (ATSDR) (responsible for making health assessments for people residing in
the vicinity of superfund sites) and several states as a key component in setting
standards of acceptable exposures for MC.

PBPK Models for MC

We are fortunate to have a scientifically credible model for evaluating MC exposure
encountered by the Branch Davidians (Andersen et al., 1991).  A schematic
representation of the model is found in Andersen's full paper in Appendix C.

This model describes the uptake, metabolism, tissue distribution and excretion of MC
and CO in both rats and humans following inhalation exposure.  It also models the
formation and retention of COHb.  Predictions in humans from the model were
compared to several data sets in the scientific literature from volunteers exposed to CO
or MC.  An example of some of the human data used in model development is given
below.

Concentrations of MC and COHb in venous blood samples from volunteers exposed to
350-ppm MC vapor for 6 hrs.

Time (hr)
Blood MC

(mg/L)
COHb

(% of Total Heme)

0    0.016 1.5

3 5.9 5.3

5 5.9 7.6

Exposure stopped at 6 hrs

7 0.9 9.0

12 0.3 6.5

22 0.08 3.8

30 0.04 1.9

In humans, the model was consistent with all available human data that ranged in
exposure concentration for 50 - 1000 ppm and duration of exposures from 2 - 8 hrs.
Likewise, in rats the model accurately predicted MC behavior following 4 hr exposures
to 200 or 1000 ppm MC as well as a 1/2-hr exposure to 5160 ppm.  Therefore, the
model appears to be valid for both rats and humans over a wide exposure range for
MC.  We conclude that the Andersen model is the best scientific tool available to predict
the uptake and disposition of MC inside the bodies of the Branch Davidians on April 19,
1993.  It is worth noting here that none of the previous evaluations of the potential



15

health effects of MC at Waco used these models or in any way attempted to evaluate
the amount of MC inside the bodies of the Branch Davidians.  These previous
investigations are therefore, incomplete.

Application of PBPK Models for MC Exposures to Adults and Children inside the Branch
Davidian Complex

Six exposure scenarios were used for the PBPK models.  All of them assumed that the
386 ferret rounds fired on April 19 reached the inside of the Compound.  Five of the
exposure scenarios vary only in the room locations of the two CS canisters inserted by
CEV-1 at 11:49:45 and 11:50:25 a.m.  The possible scenarios are listed below:

1. Room 27 - 2 canisters

2. Room 8 - 2 canisters

3. Room 8 - 1 canister; Room 27 - 1 canister

4. Room 30 - 2 canisters

5. Room 27 - 0.5 canisters; Room 30 - 1.5 canisters

Based on an extensive review by Office of Special Counsel staff of eyewitness
statements, Davidian statements, mensuration data, FLIR imagery and technical
capabilities of the M-S canisters, scenario 5 is considered the most likely scenario.  The
worst case scenario for MC exposure listed above would be 2 canisters in Room 27
because of the poorer ventilation in that room (bunker).  Although we have considered
this scenario, we agree with Office of Special Counsel analyses, that such a scenario is
virtually impossible.

We assumed that, for all 5 scenarios described above, individuals would have stayed in
the same room from 6:00 a.m. until 12:20 p.m.  We also applied a 6th exposure
scenario, which can also be considered worst case;

6. Individuals in Room 19 from 6:00 a.m. to 8:30 a.m. who then moved to the
bunker (Room 27).

This scenario was added because individuals in Room 19 would have had significant
exposure to MC over the course of the morning of April 19 (see Dr. Haven's room by
room predictions of MC air concentrations) and would already have COHb levels higher
than in any other room prior to insertion of the canisters at 11:50 a.m. (see Figures 2
and 9 in the appendix).

The PBPK model developed by Andersen (1991) and used in our evaluation of possible
MC-mediated neurotoxicity consisted of physiological parameters present in 183-LB
adult males.  Since children were also inside the Compound and were likely exposed to
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MC, we modified the PBPK model to account for physiological parameters common to
50-LB children.  Parameters modified for children are as follows:

Parameter Adult Child
Body weight (kg) 83 22.7

Alveolar ventilation (L/hr) 394.6472 151.3339

Cardiac output (L/hr) 330.7089 133.5594

Vmax metabolism constant
(mg/hr)

137.7954 55.6497

Kf metabolism constant
(hr-1)

0.5313 0.7835

RENCO (endogenous CO
production) (mg/hr)

4.6233 1.8672

DL (diffusing capacity of the
lung for CO) (liter/hr/mm
Hg)

3.3805 1.0267

All other parameters used by Andersen (1991) were assumed to be the same for adults
and children.

Model predictions were made for blood MC levels, blood CO levels and the percentage
of blood heme occupied by CO (COHb) for people in every room of the Branch Davidian
Complex.  Heme is the component of blood, which binds oxygen and carries it to
various cells and tissues of the body including the brain.  These predictions span all
time points between 6:00 a.m. and 12:20 p.m. and are made for both a 50-LB child and
a 183-LB adult.  As stated earlier, the models are based on the MC concentration
estimates provided by Dr. Havens. Our review of Dr. Haven's findings satisfied us that
his data are credible and appropriate for our use in applying them to our PBPK models.

Tables 1-10 (Blood MC) and 11-20 (COHb) depict some of the model results for adults
and children for each of the six exposure scenarios.  These tables are found in
Appendix A at the end of the report.  For blood MC and COHb concentrations, results
are given for the time of peak concentration, the amount of MC or COHb at that peak,
and the concentration of MC or COHb at 12:20 p.m.

In general, the models indicate that children would have slightly higher blood MC and
COHb levels than adults from exposure to equivalent air concentrations of MC.  Figures
1-14 (1-7 children, 8-14 adults) in Appendix B illustrate the time course for air
concentrations of MC (from Dr. Haven's analyses), blood MC levels, blood CO
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concentrations and COHb concentrations.  Figure 1 is shown here as an example to
illustrate the kind of information obtained from the models.

It is evident from these figures that while air MC concentrations rise and fall rapidly as a
consequence of exposure to MC released from canisters or ferret rounds, blood MC
concentrations are slower to decline. This difference in the rate of decline is because
MC is quickly lost from the air by ventilation.  However, MC must be either exhaled or
degraded for it to be removed from inside the body.  Also, MC is stored in fatty tissues
to some extent and then slowly released into the blood, so it takes several hours for MC
to be removed from the body whereas air concentrations dissipate rapidly in rooms
where there is good ventilation.

The highest blood MC concentrations predicted were 65 mg/L in children in Room 27 (2
canisters in Room 27 scenario).  Adult concentrations in the same scenario would be 62
mg/L.  In general, for each scenario, predicted concentrations in adults are slightly lower
than in children.  The 2 canister in Room 27 scenario is considered by the Office of
Special Counsel to be essentially an impossible scenario due to the depth of
penetration by the CEV, location of the bunker, range and width of the spray emitted
and other factors.  The most likely scenario would be the 1.5 canister in Room 30 and
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0.5 canister in Room 27 scenario.  In that scenario the predicted blood concentration in
Room 27 would be 16 mg/L for children.  Below is a list of any predicted blood MC
concentrations of greater than 20 mg/L for any of the scenarios evaluated:

Scenario Room Blood MC Peak
Time of
Peak

Blood MC at
12:20 p.m.

      MG/L
   Children        Adult

2 can Room 27 5 52               46 6:07 a.m. 0.1

7 42               38 9:12 a.m. 0.2

19 37               33 11:56 a.m. 0.2

27 65               62 12:12 p.m. 61

2 can Room 8 5 52              46 6:07 a.m. 0.1

7 41              38 9:12 a.m. 0.2

8 26               23 11:56 a.m. 1.8

19 37              33 11:56 a.m. 0.2

1 can Room 8 5 52             46 6.07 a.m. 0.1

1 can Room 27 7 42             38 9:12 a.m. 0.2

19 37             33 11:56 a.m. 0.2

27 34             32 12:16 p.m. 32

2 can Room 30 5 52              46 6:07 a.m. 0.1

7 42              38 9:12 a.m. 0.2

19 37              33 7:21 a.m. 0.2

1.5 can Room 30 5 52              46 6:07 a.m. 0.1

0.5 can Room 27 7 42               38 9:12 a.m. 0.2

19 37               33 11:56 a.m. 0.2

It is interesting to note that in the most likely scenario (1.5 can Room 30; 0.5 can Room
27) the highest predicted blood MC concentrations in children in Room 30 were 10 mg/L
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and 16 mg/L in Room 27.  The expected ventilation rate in Room 30 lessened both the
magnitude and duration of MC compared to Room 27.

The Tables (1-20) also provide predictions for COHb based on each of the various
exposure scenarios.  COHb concentrations in the body are slow to respond to MC
exposure because the inhaled MC must be metabolized to CO before the CO binds to
hemoglobin and this involves multiple enzymatic steps as described earlier.  The
predicted time course for COHb as well as MC is illustrated in Figures 1 - 10.  Figure 1
(shown earlier) depicts the predictions for 2 canisters in Room 27, which show that
while MC concentrations were high from 11:50 a.m. to 12:20 p.m. COHb concentrations
would only start increasing around 12:05 p.m. and still were not considered high at
12:20 p.m.  Once formed COHb has a 5-hr half-life so the highest COHb levels were
predicted in rooms where canisters were inserted earlier in the morning.  For example,
the highest predicted COHb concentration (5.4) occurred in children who were in Room
19.  This peak COHb concentration would have occurred at 8:58 a.m. over an hour after
the canister was inserted; the predicted COHb concentration in these same children at
12:20 p.m. was 3.9.  If, however, a child moved from Room 19 to Room 27 at 8:30 a.m.
and stayed there COHb levels would have been 5.3% at 12:20 p.m.  These points are
illustrated in Figure 2 from the appendix shown below.
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within the general U.S. population COHb levels in heavy smokers range from 4-5%
compared to 1.5% for non-smokers.

Relevance of predicted MC and COHb concentrations to possible health effects

There were two overarching questions posed by the OFFICE OF SPECIAL COUNSEL
regarding MC effects on the Branch Davidians in the Waco Compound:

1. Did the MC exposures inside the Waco Compound kill any of the Branch
Davidians on April 19, 1993?

2. Did the MC exposures inside the Compound significantly impair the judgment of
the Branch Davidians such that they could not have escaped the fire on April 19,
1993?

My answer to the first question, based on the PBPK models for various exposure
scenarios is, no.  The highest blood MC predicted was 65 mg/L in children if 2 canisters
were inserted in the bunker (Room 27) at approximately 11:50 a.m.  This scenario,
according to the Office of Special Counsel, is mathematically impossible.  The next
highest prediction was 52 mg/MC/L MC for children in Room 5 at 6:07 a.m. caused by a
canister insertion at 6:05 a.m.  None of the scenarios for insertion of 2 canisters around
11:50 a.m. alter this prediction.

Since the lowest blood MC measured in cases of fatal MC poisonings is 281 mg/L
following several hours of exposure in an unventilated room, I conclude that MC
exposures did not kill any of the Branch Davidians in Waco.  This conclusion is
strengthened by a number of other points:

1. In cases of fatal MC or CO poisonings, the blood COHb ranged from 20-70%.
This compares to the highest prediction of 5.4% in the Waco Compound.

2. The predicted blood COHb and MC concentrations assumed that the Branch
Davidians did not leave rooms that received canisters or ferret rounds.  If they did
leave the rooms, the predicted values would represent overestimates of the
exposures experienced by the Branch Davidians.

3. The predicted blood COHb and MC concentrations assumed that exposures
were not mitigated by the wearing of gas masks, by putting wet blankets or
towels over children or any other technique attempting to limit inhalation by
exposure.  If exposures were mitigated in these ways the predicted values shown
in this document would be overestimates.

4. The predicted MC and COHb blood levels assumed that all 386 ferret rounds and
canister insertions found their mark.  This is unlikely for the ferret rounds.  If
some of the ferret rounds did not reach the interior of the Compound, then the
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predicted values could be overestimates.  In fact, government agents have stated
that many ferret rounds did not penetrate the complex.

5. Although rigorous analyses were used to count the number of the 386 ferret
rounds fired into the building, there have been claims that as many as 400 were
fired.  This would represent only a 2.5% increase in MC and since each ferret
round contains 33 g MC compared to the 1070 g present in each canister, the
effect of an additional 14 ferret rounds would cause a less than 1% increase in
the blood MC or COHb levels.

6. Although MC concentrations could have been very high for a short period of time,
room ventilation would lead to rapid dissipation of the MC thereby preventing
accumulations of lethal levels of MC and its metabolites inside the body.

My answer to the second question, "Did the MC exposures significantly impair the
judgment of the Branch Davidians such that they could not have escaped the fire on
April 19, 1993," is that some CNS effects likely occurred in some of the Branch
Davidians inside the Compound.

The table below helps put the MC exposures of the Branch Davidians in the context of
CNS effects reported in the scientific literature.

Estimated Blood
Concentration

Effect
Concentration

ppm
Exposure

Concentration
MC

(mg/L)
COHb

(%)
Odor Threshold 100-300 On exposure -- --

No acute effects 100-200 Up to 7.5 hrs 1-2 3-5

Altered responses on
sensory and
psychomotor tests

200-800 At least 40 min 2-12 5-10

Lightheadedness 500-1000 1-2 hr 7-20 7-12

Irritation, dizziness 2300 30 min 20 10

Paresthesia 7200 10 min 40 6

Unconsciousness 8000-20,000 30 min - 4 hr >100 >20

Waco Worst Case Scenario                                                             65                     5.4
(2 canisters in the bunker at 11:50 a.m.)
Waco Most Likely Scenario                                                             16                     3.0
(1.5 canisters Room 30, 0.5 canisters Room 27)
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Effects  experienced by the Branch Davidians could include subtle alterations in CNS
function such as responses to visual and auditory signals, lightheadedness, dizziness
and nausea.  It is important to note that many of the Branch Davidians would not have
experienced those effects based on Office of Special Counsel information on which
rooms were occupied during the morning of April 19.

Of greatest concern are the blood MC concentrations rather than the COHb levels since
only small effects were observed in studies reported in the scientific literature at blood
COHb of less than 5%.  The predicted COHb levels at 12:20 p.m. or later were 5% or
less in any room.  In the bunker (Room 27) predicted COHb levels were 3.4% in
children at 12:20 p.m. if 2 canisters (considered an impossible situation) were inserted
directly inside the bunker at approximately 11:50 a.m.  This number would be higher
(5.3% COHb) if, as discussed earlier, a child moved from Room 19 into Room 27 prior
to 11:50 a.m. (Figure 2).  In contrast to the situation for blood COHb, predicted blood
MC levels are clearly in the range of where CNS effects are known to occur.  Although
predicted concentrations should have not rendered any of the Branch Davidians
unconscious, diminished responsiveness and lightheadedness likely occurred in some
of the Davidians even if the blood MC predictions are overestimates because of the
reasons presented earlier.  It is difficult to speculate on the consequences of these
effects although reaction times and ability to focus thoughts could have been
compromised.

The greatest concern for a possible MC-mediated effect on the Branch Davidians
appears to be the impact of MC exposure on their ability to escape the fire.  Although
such an effect cannot be predicted with any degree of certainty, predicted blood MC
concentrations raise this possibility.  The greatest concern would be for people in the
bunker if any of the canisters were inserted there at approximately 11:50 a.m.  The most
likely scenario (0.5 canister in the bunker, 1.5 canisters in Room 30) gave predicted
blood concentrations of 16 mg/L for children inside the bunker at 12:10 p.m. (Table 9
and Figure 7).  Fire experts have concluded that the cafeteria fire started between 12:05
p.m. and 12:06 p.m. so it seems reasonable to assume that if someone wanted to
escape the fire, they would do so a few minutes after it started or around 12:10 p.m.
The data presented in Figure 7 simulate MC exposures for a child who was in Room 19
(where canisters were inserted early in the morning) then moved to the bunker at 8:30
a.m.  Therefore, this Figure presents what could be considered the highest MC
exposure from the most likely scenario for canister insertions at 11:50 a.m.  This
concentration of 16 mg/L would likely cause mild CNS effects such as diminished
reactions to visual and auditory stimuli, lightheadedness and other sensations similar to
those after a few drinks of an alcoholic beverage.  However, it is well known that
different people respond differently to alcoholic beverages and to CNS depression so it
seems reasonable to assume that some Branch Davidians would be more impaired
than others.  However, in my opinion, most if not all of the Branch Davidians would have
been able to understand the danger of the fire and been able to escape it.
Unfortunately, children would be at the greatest risk for not properly understanding the
danger of the fire because of their greater sensitivity to a given air concentration of MC
and possible controlled information given to the children by adults inside the complex.
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The greatest risk for MC influences on escaping the fire would be for the hypothetical
case of a person who made an initial decision not to leave or was prevented from
leaving then attempted to leave after they had suffered significant smoke inhalation
effects.

An additional concern relevant to the issue of whether MC exposures could have
diminished the ability of any Branch Davidians or children to escape the Branch
Davidian Complex after the fire started is raised by our knowledge that MC is
metabolized to CO inside the body.  This is because CO is produced by fire and this CO
binds to hemoglobin to form COHb that in turn causes oxygen deprivation to the brain.
CO mediated oxygen deprivation is the cause of death from smoke inhalation as well as
fatal CO poisonings that have occurred in parked cars with the engine running.  Since
some of the individuals inside the Compound had elevated COHb levels because of MC
exposures they could be sensitized to smoke inhalation once the fire started and
consequently would become unconscious slightly sooner than they would have if they
had not already been exposed to MC.  It is important to reemphasize here that this
would likely not be a large effect since even in the worst case scenario, elevated COHb
levels would be no worse than those occurring in smokers or less than that experienced
by firefighters as illustrated below:

♦  Normal COHb 1.5%

♦  COHb in firefighters 3-15%

♦  COHb in smokers 4-6%

♦  COHb in worst case 5.3%
scenario in Waco
at 12:20 p.m.

♦  COHb in CO-caused greater than 20%
unconsciousness

An additional concern regarding the possibility of neurological effects of the tear gas
exposure of the Branch Davidians inside the Compound is based on the possible
additive or synergistic effects of exposure to multiple chemicals.  These chemicals
include MC, CO produced from MC inside the body, CS gas and metabolites of CS.
This mixture could be more potent in producing neurological effects than exposure to
any of the individual agents present in the ferret founds or canisters.  If this were the
case, then the possibility is enhanced that some of the Branch Davidians were unable to
escape the Compound after the fire started.  Dr. Heinrich's report on CS gas health
effects expands on this possibility.  Children remain the greatest concern in this regard
because they would have higher amounts of MC, CO and CS gas in their bodies than
adults as a consequence of exposure to MC and CS gas from the ferret rounds and
canisters.
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MC Concentrations in Remains of the Branch Davidians

In order to determine if residual MC was present in the remains of the Branch
Davidians, samples were analyzed by a sensitive and specific gas chromatographic-
mass spectrometry detection system.  It would be expected that most, if not all, of the
MC present in the Branch Davidians prior to their death would be vaporized by the
intense heat of the fire and therefore not present in the remains.  Never the less the
Office of Special Counsel concluded that MC analyses should be conducted in order to
leave no stone unturned in the Waco investigation.

The samples were collected on March 15, 2000, at the Armed forces Institute of
Pathology, where they were in the custody of Chief DNA Analyst Demris Lee.  They had
been stored for some time in a -20ºC freezer wrapped in plastic bags containing smaller
bags with each of the tissues from one subject and covered with a paper envelope.

The area where samples were taken was determined to be free from possible
contaminating sources.  Sample identifications were compared and verified with the list
of samples to be taken and opened under the hood.  Approximately 5 grams of tissue
was collected, put into precleaned amber glass bottles, and labeled with the sample
identifier.  For some samples, only 3 grams of tissue was collected because it was the
only tissue from a given subject.  In all cases, there was twice as much sample left as
was taken. Between samples, cutting tools were cleaned with ethanol provided by Ms.
Lee and wiped dry with laboratory wipes.  Only NIEHS personnel handled the samples.

Most of these samples were in a very compromised condition.  Deterioration and prior
handling was evident.  Many of the smaller plastic bags had been cut and frozen tissue
was simply placed in the cut bag and stored with other tissues from the same subject
without being sealed in any way.  The tissues looked not only burned, but also
dehydrated and in many cases there was less tissue than expected from the manifest.
One hundred eleven samples from 60 different individuals were taken.

At the end of the sampling effort, the labels were again verified with the list of samples
to be taken and the samples were taped with plastic tape over the edges of the screw
caps.  The samples were placed, with plastic "bubble wrap" between layers in a
styrofoam cooler.  To each cooler was added an unopened bottle to serve as a Trip
Blank and a bottle opened under the hood, left for approximately the amount of time it
would have taken to collect one sample, then closed.  This bottle served as a Field
Blank.  The coolers were packed with "blue ice", sealed with evidence tape, and stored
overnight in a locked freezer in a laboratory with access controlled by Ms. Lee.

On March 15, 2000, the coolers were retrieved from the freezers and the evidence tape
was found to be intact, indicating that there was no tampering.  The coolers were placed
in cardboard boxes and sealed again with evidence tape.  Chain of Custody documents
were signed at that time showing release of the samples to NIEHS personnel by Ms.
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Lee.  The coolers were then taken by plane to the contract laboratory for analysis.  They
were not out of sight at any time.

Once at the contract laboratory, the same Chain of Custody documents were checked
against the sample labels, signed by NIEHS and laboratory personnel, and the samples
were stored in a locked box in a locked freezer, in a controlled-access laboratory for
later determinations of methylene chloride.  Personnel conducting the chemical
analyses were not informed of the origin of the samples.

MC was only detected in one sample obtained from an individual identified as 5B.  This
was a sample of heart tissue from Douglas Martin whose body was found in the
stairwell above the auditorium and he died of smoke inhalation.  The MC concentration
was low in this sample.  This result does not permit us to conclude that people inside
the Compound were not exposed to MC because of the condition of the samples and
the recognition that the fire would likely vaporize any MC present in people.

Experiments in Rats

Evaluation of the data from the MC exposure and PBPK models raised several issues
relative to the effects on CNS function.  These issues include the following:

1. What is the nature and magnitude of effects on CNS function following
possible MC exposure scenarios encountered inside the compound?

2. Were elevated levels of CO and COHb, and subsequent oxygen deprivation
inside the bodies of the Branch Davidians the cause of any CNS effects?

3. Did elevated levels of blood CO and COHb because of MC exposure render
any of the Branch Davidians more susceptible to smoke inhalation and less
able to escape the fire?

4. Did the direct effects of blood MC on CNS function render any of the Branch
Davidians more susceptible to smoke inhalation and less able to escape the
fire?

5. What were the CNS effects of combined exposures to MC and CS gas?

Although we will never know with absolute certainty the magnitude of CNS effects
occurring inside the compound we can use predictions from the exposure and PBPK
models to design experiments in rodents to provide the best possible answers to the
five questions listed above.  Animal models are frequently relied on to set safe exposure
levels in the workplace (OSHA), general environment (EPA), consumer products
(Consumer Products Safety Commission), pharmaceuticals and food additives (FDA)
and around Superfund sites (ATSDR) for a wide variety of chemicals.  However, rodents
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are not people and from time to time rodent data will either over or underestimate
human risks.

With these issues and thoughts in mind, we conducted some neurobehavioral studies in
rats.  Our studies are limited in scope because of the time frame required to conduct
them, and analyze the data in a scientifically credible way.  The only question that we
have addressed in our rodent neurobehavioral studies is question three.

"Did elevated levels of blood CO and COHb because of MC exposure
render any of the Branch Davidians more susceptible to CO (mimicking
smoke inhalation) and less able to escape the fire?"

Although each is important, this questions specifically addresses the issue of the
Branch Davidians ability to escape the fire because of elevated CO blood levels
consequent from MC exposure.  Failure to address the other four questions does
not influence my overall conclusions presented in this report as they would serve
only to provide more detail on the magnitude of CNS depression likely
experienced by the Branch Davidians.  The behavioral test used on the rats is
called an aversion avoidance test, which will be described in more detail under
Experiments 4 and 5.

Five separate experiments were conducted to validate methodologies and
conduct neurobehavioral assessments in rodents.  These are summarized on the
following pages.  A National Institutes of Health Animal Care and Use
Committee, which reviews the procedures used to insure humane and ethical
treatment of animals, approved animal experiments reported on in this report.  All
experiments were conducted according to guidelines for Good Laboratory
Practices designed to minimize cases of improper or invalid experiments.

Experiment 1

Objectives:  To verify blood collection method, to determine the stability of rat
blood COHb, and to evaluate the variability in COHb levels between unexposed
rats.

Methods:  Blood (1 ml) was collected from unexposed rats (not restrained in nose
tubes) by open chest cardiac puncture using blood-gas syringes.  Blood samples
were placed on ice for 0, 30, 60, or 120 minutes, then delivered to Duke
University Medical Center (DUMC) for analysis.

Results:  Two of the 20 samples clotted.  This will be prevented by collecting 0.5
ml samples and mixing more thoroughly.  Approximately 15-20 minutes were
required to deliver samples from Research Triangle Park to DUMC.
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Blood COHb was very stable under the conditions of the experiment.  %COHb
levels ranged from 1.1 to 1.3 over the 2-hr time period.  Within group variation
was acceptable.  Therefore, we conclude that we can reliably quantify blood
COHb levels in subsequent experiments.

Time %COHb
0     1.2
30     1.3
60     1.1
120     1.1

Experiment 2

Objectives:  To determine the optimal CO concentration that rats can breathe for
15 minutes and still respond in the aversion avoidance test.  This CO
concentration is designed to mimic CO exposure from the fire.

Methods:  Male rats (10-weeks old) were exposed to 0, 6000, 4000, 2000, or
1000 ppm CO for 15 minutes.  Immediately after exposure animals were briefly
observed for visible CNS effects and then blood was collected for COHb
determinations.

Results:  CNS Effects:  Rats exposed to 6000 ppm were very lethargic, with
uncoordinated movements, and had reduced response to pain (foot pinch).  Rats
may still be able to respond in the aversion avoidance test after exposure to 6000
ppm. In rats exposed to 4000 ppm CNS effects (lethargy and uncoordinated
movement) were present although less obvious than observed at 6000 ppm and
symptoms appeared to improve within about 5 minutes after exposure.  Rats
exposed to 4000 ppm would likely still be able to respond in the aversion
avoidance test.  Exposure to 2000 or 1000 ppm had no visible CNS effects on
rats.

Blood COHb Levels:

%COHb levels were significantly greater than controls in all CO exposure groups.
%COHB levels at 6000 ppm were significantly lower than levels at 2000 ppm.
%COHb levels at 1000 ppm were significantly lower than levels at 2000 and
4000 ppm.

CO conc. ppm:     control 1000 ppm 2000 ppm 4000 ppm 6000 ppm
%COHb         0.7     24.7     39.7     36.3     30.7
Based on COHb levels and CNS effects, 4000 ppm CO was selected as the high
concentration to use in future 15-minute exposures (simulation of fire).  4000
ppm CO was considered to be the optimal CO exposure concentration after
which animals could still respond in the aversion avoidance test.
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Because young rats will be used in future experiments, a pilot test was
conducted to determine if 4000 ppm CO would be too toxic for the younger rats.
Five 4-week old rats (about 50 gm) were exposed to 4000 ppm for 15 minutes
and then evaluated for CNS effects.  Exposure to 4000 ppm appeared to have
greater CNS effects (lethargy, uncoordinated movements) on young rats than on
older rats.  The severity of the effects appeared similar to that observed in 10-
week old rats exposed to 6000 ppm.  Rats seemed to recover slightly after about
5-10 minutes after exposure.

Experiment 3

Objective:  (1) To determine the CO exposure concentration that results in
approximately 5% COHb in rats after exposure for 2 hours (mimics % COHb
predicted to occur by PBPK models in worst case scenarios in the Branch
Davidian complex; (2) To evaluate the CNS effects of sequential exposure to 50
ppm/2 hr (mimicking COHb levels from MC exposure) + 4000 ppm/15 minutes
(mimicking fire).

Methods:  Based upon computer simulations (PBPK models), exposure of rats to
about 50 ppm CO for 2 hr was predicted to result in about 5% COHb; therefore
50 ppm was the initial exposure concentration.  If 50 ppm CO did not produce
approximately 5% COHb then additional exposures were to be conducted at 60
or 40 ppm CO. Rats were exposed to 50 ppm CO for up to 2 hours.  Blood was
collected from 5 rats after exposure for 15, 30, 60 and 120 minutes and analyzed
for %COHb.

Results:  Exposure to 50 ppm CO resulted in approximately 5% COHb after
exposure for 60 minutes.  Blood COHb remained at about 5% throughout the
remainder of the 2-hour exposure.

An additional exposure to 60 ppm CO was conducted to see if a %5 COHb level
could be attained more quickly.  However, the %COHb continued to increase
throughout the 2-hr exposure to about 6%.  The 50 ppm exposure concentration
produced the best results.

A pilot study was conducted to ensure that the combination of 50 ppm for 2 hours
followed by 4000 ppm for 15 minutes would not render the rats unable to respond
in the avoidance aversion test.  Five rats were exposed to the combination
exposure and observed for adverse effects.  The animals were lethargic with
uncoordinated movement but did not appear to be more affected than the rats
exposed only to 4000 ppm for 15 minutes (Expt 2).  The mean %COHb in rats
exposed to 50 ppm + 4000 ppm was 32 + 6%.
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The results generated in Experiments 1-3 were used to establish the final design
for the neurobehavioral assessments.  A description of the procedures used to
assess avoidance/escape abilities of rats is presented next.

Avoidance/Escape Learning Procedures for Rats Used in Experiments 4 and 5

The two-way shuttle box procedure utilizes the aversive nature of either a mild
shock or a sharp blast of air as a negative reinforcer to evalute learning and
memory functioning.  This procedure does not depend upon performance of a
food motivated response thus, food or water deprivation is not required.
Acquisition of discriminated avoidance response is measured in a shuttle box
comprised of two compartments with an access to each chamber allowed
through a guillotine doorway.  The chambers have a floor of stainless steel grids
approximately 11/16" apart for rats and 1/2" for mice to which a 0.4mA electric
foot shock is applied via a computer controlled shocker scrambler.  Chambers
have low level house lighting, a cue light in each chamber and a speaker for
delivery of tonal cue.  Equipment available at NIEHS was obtained from San
Diego Instruments, Inc.

Animals were acclimated to handling prior to testing.

Each session began by placing rat into one compartment, closing the chamber
door and opening the guillotine door between the two chambers. The computer-
controlled session was started and allowed for automatic activation of stimuli and
recording of responses.

Animals were allowed a 240-second habituation to the chambers.  During this
period, the activity of each animal was monitored by investigator observation.
Following this warm-up period, the training trials are initiated automatically by the
computer program.

Each trail consisted of the presentation of a paired light and tone conditioned
stimulus (CS) in the compartment containing the animal.  The animal had 8
seconds from the initiation of the light/tone until delivery of the shock.  An
avoidance response was recorded if the animal exited the side where the light
and tone are being delivered with this 8-second interval.  If the animal failed to
leave the side having the CS within 8 seconds an electric foot shock (0.4mA) is
applied to the grids of the floor.  Moving to the safe (non-shock) side was
recorded as an escape response.  If the animal does not make an appropriate
response to remove itself from the shock within the 10 seconds shock delivery
period, the shock was terminated and the response recorded as an escape loss.
Following avoidance response (latency less than 8 seconds), the light-tone cues
and/or shock were terminated and a variable inter-trial interval (ITI) 15 seconds
initiated.  Responses (crosses between chambers) during the ITI were recorded.
Latency to make an avoidance response or escape response was recorded.



30

All animals were given 60 training trials for a total time of approximately 30
minutes per session.  Within 3 days of the initial training session, and 24 hours
prior to the experimental exposure, animals received a short (30 trials) session to
verify performance and retention of the learned task.  Immediately following
exposure, animals were placed in the shuttle box apparatus and the session
started.  Each session included a 240-second habituation period followed by 10
trials.  During the habituation period animals were observed for activity level and
general behavior.  Behavior during the testing trials was monitored and recorded.

Experiments 4 and 5

Objectives:  (1) Experiment 4: To evaluate the effects of sequential CO exposure
50 ppm/2 hours (mimicking CO exposure from MC metabolism) followed by 4000
ppm/15 min. (mimicking CO exposure from fire) on active avoidance
performance.  (2) Experiment 5: To evaluate the effects of 15 min. of 4000 ppm
CO exposure alone on rats' active avoidance performance.

Methods:  Ten (10) ten-week old Fisher 344 rats were trained, verified, and
tested in the shuttle box procedure per CO group, and for the control group in
experiment 4. In experiment 5, 4 control animals were tested.  See attached
shuttle box protocol.

Results:  Relative to air-exposed control rats, those exposed to CO, by either
protocol, were lethargic, with uncoordinated movements. All animals had
achieved a reliable escape or avoidance response by their verification trial.  CO
exposed animals largely lost the escape response, or decreased from an
avoidance to an escape response.  In most cases, CO exposed animals'
sessions were terminated after 10 trails because the animals were demonstrating
a "shut down" response with complete escape loss.  They seemed unable to
locomote well, although they were clearly anticipating and reacting to the shock.
However, immediately on return to the home cage, all CO exposed animals
alerted, increased arousal level, and began moving about the cage.  Hind limb
strength and extensor reflexes were weaker than air-exposed controls
(approximately 15 min. after end of exposure).

Experiment 4______________________________________________________
Air Controls 50/4000 ppm CO Exposed

Escape latencies (sec)       9.3    10.8
Avoidance latencies (sec       2.6      5.3
Number of escapes       4.4      3.7
Number of Avoids       5.4      1.3
Number of escape losses       0.2      5.0
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Experiment 5______________________________________________________
Air Controls Air/4000 ppm CO Exposed

Escape latencies (sec)       8.6    11.9
Avoidance latencies (sec       3.3      3.3
Number of escapes       1.0      1.5
Number of Avoids       9.0      0.0
Number of escape losses       0.0      8.5

The most important comparison relevant to the ability of the Branch Davidians to
escape the fire is the number of escape losses.  All animals, not exposed to CO
had essentially no escape losses and therefore they exhibited full ability to
escape or avoid the electric shock.  This ability to escape the electric shock was
diminished to 15% of normal when rats were exposed to 4000-ppm CO alone
(mimicking fire without preexposure to MC).  However, when rats were exposed
to 50 ppm for two hours (producing 5% COHb) followed by 4000 ppm CO,
escape reactions were diminished to only 50% of normal.

Therefore, results from the rat experiments do not support the possibility that CO
produced from MC exposure rendered the Branch Davidians, including children,
less able to escape the fire.  In fact, pre-exposure to low levels of CO either
improved or did not change escape/avoidance reactions in rats when they were
exposed to high levels of CO (mimicking CO from fire).  However, it is important
to remember that MC has direct effects on CNS function independent of its
metabolism to CO.  This would be the case posed in question 4, which was not
addressed in our rodent neurobehavioral studies.  Therefore, no firm conclusions
can be drawn from the rodent studies.

General Conclusions

This report is based on a rigorous and thorough evaluation of the scientific
literature concerning health effects of MC coupled with state-of-the-art simulation
modeling to predict the possible effects of MC on the Branch Davidians at the
Waco Complex on April 19, 1993.  In addition, experiments were conducted in
rats to evaluate some effects of MC on the Central Nervous System (CNS).

In my opinion, MC exposures did not kill any of the Branch Davidians.  However,
it appears likely that some Branch Davidians could have experienced CNS
depression because of MC exposures.  This could have caused decreased
response to visual and auditory stimuli, lightheadedness and irritation.  It also
appears possible that the CNS depression, coupled with decreased oxygen
carrying capacity of red blood cells (because of degradation of MC to carbon
monoxide inside the body) could have slightly diminished the ability of the Branch
Davidians to escape the fire.  In my opinion, Branch Davidians would have been
able to escape the fire if they decided to right after the fire started.  The greatest



32

risk for MC influences on escaping the fire would be for the hypothetical case of a
person who made an initial decision not to leave or was prevented from leaving
then attempted to leave after they had suffered very significant smoke inhalation
effects.
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Appendix A



Results from Methylene Chloride and Carbon Monoxide calculations

Table 1
Blood MC (mg/L) in Adults
Exposure scenario – 2 canisters in room 30

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:10 6.72 0.03
Rm1 6:04 9.39 0.02
Rm2 9:17 0.40 0.04
Rm3 9:56 0.10 0.08
Rm4 9:20 0.28 0.07
Rm5 6:07 46.43 0.12
Rm6 9:09 16.92 0.03
Rm7 9:12 37.85 0.22
H8 6:12 0.89 0.01
Rm8 6:15 0.82 0.01
Rm9 6:39 0.18 0.03
Rm10 6:35 0.18 0.02
Rm11 6:17 0.37 0.02
Rm12 7:22 2.70 0.07
Rm13 11:14 1.29 0.01
Rm14 7:15 2.60 0.06
Rm15 7:13 2.80 0.08
FO 11:55 1.30 0.01
SFO12 6:11 1.07 0.01
Rm16 6:37 0.12 0.03
Rm17 8:19 0.59 0.15
Rm18 12:05 14.33 0.24
Rm19 7:21 33.36 0.14
Rm20 7:35 3.60 0.02
Rm21 12:20 0.00 0.00
Rm22 6:14 0.40 0.00
Rm23 6:16 0.14 0.00
Rm24 6:16 2.18 0.01
Rm26 6:12 2.37 0.06
Rm27 12:20 0.36 0.36
Rm29 11:53 2.88 0.28
Rm30 11:50 12.13 0.21
H31 7:55 2.44 0.01
Rm31 6:23 1.66 0.00
Rm32 7:53 11.67 0.01
Rm33 7:55 11.69 0.01
Rm34 7:55 0.95 0.00
Rm35 11:37 0.76 0.00
Rm36 6:58 2.96 0.02
Rm37 7:56 2.03 0.01
Rm38 7:56 2.02 0.01
Rm39 7:56 2.02 0.01
Rm40 7:56 2.16 0.01
H40 6:12 1.82 0.01
SCA12 6:12 1.81 0.01
H41 6:09 2.36 0.01
Rm41 11:28 2.55 0.03



Rm42 11:25 1.81 0.01
Rm43 11:23 1.58 0.02
Rm44 11:21 1.45 0.02
Rm45 11:19 1.37 0.01
Rm46 11:17 1.31 0.01
Rm47 7:39 0.17 0.09
H48 6:09 6.68 0.01
Rm48 11:05 0.75 0.00
Rm49 11:03 0.74 0.00
Rm50 6:08 8.70 0.00
Rm51 6:51 1.23 0.01
H53 6:09 2.34 0.01
Rm52 6:11 1.29 0.01
STO24 6:09 2.13 0.00
Rm53 6:09 2.17 0.01
Rm54 7:35 0.84 0.01
SST12 6:09 1.20 0.00
Rm55 6:07 3.64 0.01
Rm56 6:08 2.87 0.01
SLN23 7:55 2.38 0.01
Rm57 7:56 1.97 0.01
SLS23 6:09 1.06 0.00
Rm58 6:13 1.06 0.00
Rm59 6:10 1.95 0.00
Rm60 6:10 1.31 0.00



Table 2
Blood MC (mg/L) in Adults
Exposure scenario – 2 canisters in room 8

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 5.06 0.02
Rm1 6:04 9.39 0.03
Rm2 6:19 0.25 0.03
Rm3 9:22 0.06 0.04
Rm4 6:24 0.13 0.04
Rm5 6:07 46.47 0.12
Rm6 9:09 16.97 0.04
Rm7 9:12 38.18 0.23
H8 11:55 0.80 0.01
Rm8 11:56 23.30 1.48
Rm9 12:04 0.06 0.03
Rm10 11:59 0.09 0.02
Rm11 11:58 0.10 0.02
Rm12 7:22 2.81 0.08
Rm13 11:14 1.29 0.01
Rm14 7:16 2.69 0.07
Rm15 7:13 2.82 0.08
FO 11:55 1.09 0.01
SFO12 11:55 0.84 0.01
Rm16 7:42 0.06 0.03
Rm17 8:20 0.62 0.20
Rm18 12:05 14.28 0.24
Rm19 7:21 33.13 0.14
Rm20 7:35 3.51 0.01
Rm21 12:20 0.00 0.00
Rm22 6:13 0.40 0.00
Rm23 6:16 0.14 0.00
Rm24 6:16 2.18 0.01
Rm26 6:12 2.42 0.08
Rm27 7:53 0.16 0.14
Rm29 12:11 1.47 1.26
Rm30 12:03 2.04 0.92
H31 7:55 2.52 0.01
Rm31 6:23 1.73 0.00
Rm32 7:53 11.34 0.01
Rm33 7:55 11.46 0.01
Rm34 7:55 0.93 0.00
Rm35 11:37 0.74 0.00
Rm36 6:58 2.66 0.01
Rm37 7:56 2.09 0.01
Rm38 7:56 2.09 0.01
Rm39 7:56 2.08 0.01
Rm40 7:56 2.23 0.01
H40 6:12 1.60 0.01
SCA12 6:12 1.65 0.01
H41 6:09 1.97 0.01
Rm41 11:28 2.21 0.02



Rm42 11:25 1.73 0.01
Rm43 11:23 1.53 0.01
Rm44 11:21 1.42 0.02
Rm45 11:19 1.34 0.01
Rm46 11:17 1.28 0.01
Rm47 7:41 0.10 0.07
H48 6:09 6.55 0.01
Rm48 11:05 0.74 0.00
Rm49 11:03 0.73 0.00
Rm50 6:08 8.65 0.00
Rm51 6:51 1.12 0.00
H53 6:09 1.95 0.01
Rm52 6:11 1.04 0.01
STO24 6:09 1.74 0.00
Rm53 6:09 1.78 0.01
Rm54 7:35 0.84 0.00
SST12 6:09 1.20 0.00
Rm55 6:07 3.64 0.00
Rm56 6:08 2.87 0.00
SLN23 7:55 2.47 0.01
Rm57 7:56 2.03 0.01
SLS23 6:09 1.04 0.00
Rm58 6:13 1.06 0.00
Rm59 6:10 1.90 0.00
Rm60 6:10 1.09 0.00



Table 3
Blood MC (mg/L) in Adults
Exposure scenario – 1 canister in room 8, 1 in room 27

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 5.06 0.02
Rm1 6:04 9.39 0.03
Rm2 6:19 0.25 0.03
Rm3 9:22 0.06 0.04
Rm4 6:24 0.13 0.04
Rm5 6:07 46.47 0.12
Rm6 9:09 16.97 0.04
Rm7 9:12 38.18 0.23
H8 11:55 0.80 0.01
Rm8 11:56 11.64 0.62
Rm9 12:04 0.06 0.03
Rm10 11:59 0.09 0.02
Rm11 11:58 0.10 0.02
Rm12 7:22 2.81 0.08
Rm13 11:14 1.29 0.01
Rm14 7:16 2.69 0.07
Rm15 7:13 2.82 0.08
FO 11:55 1.09 0.01
SFO12 11:55 0.84 0.01
Rm16 7:42 0.06 0.03
Rm17 8:20 0.62 0.20
Rm18 12:05 14.28 0.24
Rm19 7:21 33.13 0.14
Rm20 7:35 3.51 0.01
Rm21 12:20 0.00 0.00
Rm22 6:13 0.40 0.00
Rm23 6:16 0.14 0.00
Rm24 6:16 2.18 0.01
Rm26 6:12 2.42 0.08
Rm27 12:16 32.38 32.31
Rm29 12:11 0.77 0.66
Rm30 12:02 1.05 0.48
H31 7:55 2.52 0.01
Rm31 6:23 1.73 0.00
Rm32 7:53 11.34 0.01
Rm33 7:55 11.46 0.01
Rm34 7:55 0.93 0.00
Rm35 11:37 0.74 0.00
Rm36 6:58 2.66 0.01
Rm37 7:56 2.09 0.01
Rm38 7:56 2.09 0.01
Rm39 7:56 2.08 0.01
Rm40 7:56 2.23 0.01
H40 6:12 1.60 0.01
SCA12 6:12 1.65 0.01



H41 6:09 1.97 0.01
Rm41 11:28 2.21 0.02
Rm42 11:25 1.73 0.01
Rm43 11:23 1.53 0.01
Rm44 11:21 1.42 0.02
Rm45 11:19 1.34 0.01
Rm46 11:17 1.28 0.01
Rm47 7:41 0.10 0.07
H48 6:09 6.55 0.01
Rm48 11:05 0.74 0.00
Rm49 11:03 0.73 0.00
Rm50 6:08 8.65 0.00
Rm51 6:51 1.12 0.00
H53 6:09 1.95 0.01
Rm52 6:11 1.04 0.01
STO24 6:09 1.74 0.00
Rm53 6:09 1.78 0.01
Rm54 7:35 0.84 0.00
SST12 6:09 1.20 0.00
Rm55 6:07 3.64 0.00
Rm56 6:08 2.87 0.00
SLN23 7:55 2.47 0.01
Rm57 7:56 2.03 0.01
SLS23 6:09 1.04 0.00
Rm58 6:13 1.06 0.00
Rm59 6:10 1.90 0.00
Rm60 6:10 1.09 0.00



Table 4
Blood MC (mg/L) in Adults
Exposure scenario – 2 canisters in room 27

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 5.06 0.02
Rm1 6:04 9.39 0.03
Rm2 6:19 0.25 0.03
Rm3 9:22 0.06 0.04
Rm4 6:24 0.13 0.04
Rm5 6:07 46.47 0.12
Rm6 9:09 16.97 0.04
Rm7 9:12 38.18 0.23
H8 11:55 0.80 0.01
Rm8 11:57 0.17 0.01
Rm9 12:04 0.06 0.03
Rm10 11:59 0.09 0.02
Rm11 11:58 0.10 0.02
Rm12 7:22 2.81 0.08
Rm13 11:14 1.29 0.01
Rm14 7:16 2.69 0.07
Rm15 7:13 2.82 0.08
FO 11:55 1.09 0.01
SFO12 11:55 0.84 0.01
Rm16 7:42 0.06 0.03
Rm17 8:20 0.62 0.20
Rm18 12:05 14.28 0.24
Rm19 7:21 33.13 0.14
Rm20 7:35 3.51 0.01
Rm21 12:20 0.00 0.00
Rm22 6:13 0.40 0.00
Rm23 6:16 0.14 0.00
Rm24 6:16 2.18 0.01
Rm26 6:12 2.42 0.10
Rm27 12:12 61.77 60.59
Rm29 6:27 0.64 0.11
Rm30 6:18 0.86 0.10
H31 7:55 2.52 0.01
Rm31 6:23 1.73 0.00
Rm32 7:53 11.34 0.01
Rm33 7:55 11.46 0.01
Rm34 7:55 0.93 0.00
Rm35 11:37 0.74 0.00
Rm36 6:58 2.66 0.01
Rm37 7:56 2.09 0.01
Rm38 7:56 2.09 0.01
Rm39 7:56 2.08 0.01
Rm40 7:56 2.23 0.01



H40 6:12 1.60 0.01
SCA12 6:12 1.65 0.01
H41 6:09 1.97 0.01
Rm41 11:28 2.21 0.02
Rm42 11:25 1.73 0.01
Rm43 11:23 1.53 0.01
Rm44 11:21 1.42 0.02
Rm45 11:19 1.34 0.01
Rm46 11:17 1.28 0.01
Rm47 7:41 0.10 0.07
H48 6:09 6.55 0.01
Rm48 11:05 0.74 0.00
Rm49 11:03 0.73 0.00
Rm50 6:08 8.65 0.00
Rm51 6:51 1.12 0.00
H53 6:09 1.95 0.01
Rm52 6:11 1.04 0.01
STO24 6:09 1.74 0.00
Rm53 6:09 1.78 0.01
Rm54 7:35 0.84 0.00
SST12 6:09 1.20 0.00
Rm55 6:07 3.64 0.00
Rm56 6:08 2.87 0.00
SLN23 7:55 2.47 0.01
Rm57 7:56 2.03 0.01
SLS23 6:09 1.04 0.00
Rm58 6:13 1.06 0.00
Rm59 6:10 1.90 0.00
Rm60 6:10 1.09 0.00



Table 5
Blood MC (mg/L) in Adults
Exposure scenario – 1.5 canisters in room 30, 0.5 in room 27
Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 6.00 0.03
Rm1 6:04 9.39 0.02
Rm2 9:17 0.36 0.04
Rm3 9:41 0.09 0.07
Rm4 9:20 0.24 0.06
Rm5 6:07 46.44 0.12
Rm6 9:09 16.94 0.03
Rm7 9:12 37.93 0.22
H8 11:55 0.67 0.01
Rm8 6:15 0.62 0.01
Rm9 6:39 0.14 0.03
Rm10 6:34 0.14 0.02
Rm11 6:18 0.28 0.02
Rm12 7:22 2.73 0.07
Rm13 11:14 1.29 0.01
Rm14 7:15 2.62 0.06
Rm15 7:13 2.81 0.08
FO 11:55 1.25 0.01
SFO12 11:55 0.98 0.01
Rm16 6:37 0.10 0.03
Rm17 8:19 0.60 0.17
Rm18 12:05 14.32 0.24
Rm19 7:21 33.29 0.14
Rm20 7:35 3.58 0.01
Rm21 12:20 0.00 0.00
Rm22 6:14 0.40 0.00
Rm23 6:16 0.14 0.00
Rm24 6:16 2.18 0.01
Rm26 6:12 2.38 0.07
Rm27 12:10 15.07 14.67
Rm29 11:53 2.16 0.23
Rm30 11:50 9.10 0.18
H31 7:55 2.46 0.01
Rm31 6:23 1.67 0.00
Rm32 7:53 11.59 0.01
Rm33 7:55 11.64 0.01
Rm34 7:55 0.94 0.00
Rm35 11:37 0.75 0.00
Rm36 6:58 2.88 0.02
Rm37 7:56 2.05 0.01
Rm38 7:56 2.04 0.01
Rm39 7:56 2.04 0.01



Rm40 7:56 2.18 0.01
H40 6:12 1.76 0.01
SCA12 6:12 1.77 0.01
H41 6:09 2.26 0.01
Rm41 11:28 2.46 0.03
Rm42 11:25 1.79 0.01
Rm43 11:23 1.57 0.02
Rm44 11:21 1.44 0.02
Rm45 11:19 1.36 0.01
Rm46 11:17 1.30 0.01
Rm47 7:40 0.15 0.09
H48 6:09 6.65 0.01
Rm48 11:05 0.74 0.00
Rm49 11:03 0.74 0.00
Rm50 6:08 8.69 0.00
Rm51 6:51 1.20 0.01
H53 6:09 2.24 0.01
Rm52 6:11 1.23 0.01
STO24 6:09 2.03 0.00
Rm53 6:09 2.07 0.01
Rm54 7:35 0.84 0.01
SST12 6:09 1.20 0.00
Rm55 6:07 3.64 0.01
Rm56 6:08 2.87 0.01
SLN23 7:55 2.40 0.01
Rm57 7:56 1.98 0.01
SLS23 6:09 1.05 0.00
Rm58 6:13 1.06 0.00
Rm59 6:10 1.94 0.00
Rm60 6:10 1.25 0.00



Table 6
Blood MC (mg/L) in Children
Exposure scenario – 2 canisters in room 30

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:10 7.11 0.03
Rm1 6:04 10.23 0.02
Rm2 9:17 0.40 0.04
Rm3 9:55 0.10 0.08
Rm4 9:20 0.28 0.07
Rm5 6:07 51.59 0.13
Rm6 9:09 19.23 0.03
Rm7 9:12 41.43 0.17
H8 6:12 0.94 0.01
Rm8 6:15 0.84 0.01
Rm9 6:40 0.18 0.03
Rm10 6:34 0.18 0.02
Rm11 6:16 0.38 0.02
Rm12 7:21 2.94 0.07
Rm13 11:14 1.42 0.01
Rm14 7:15 2.83 0.06
Rm15 7:12 3.04 0.08
FO 11:55 1.50 0.01
SFO12 11:55 1.19 0.01
Rm16 6:36 0.12 0.03
Rm17 7:07 0.59 0.15
Rm18 12:05 16.28 0.28
Rm19 7:21 37.02 0.14
Rm20 7:35 3.89 0.02
Rm21 12:20 0.00 0.00
Rm22 6:13 0.43 0.00
Rm23 6:16 0.14 0.00
Rm24 6:16 2.31 0.01
Rm26 6:12 2.47 0.06
Rm27 12:20 0.36 0.36
Rm29 11:53 3.09 0.32
Rm30 11:50 13.63 0.26
H31 7:55 2.71 0.01
Rm31 6:23 1.85 0.00
Rm32 7:53 13.46 0.01
Rm33 7:55 13.51 0.01
Rm34 7:55 1.09 0.01
Rm35 11:37 0.87 0.00
Rm36 6:58 3.22 0.02
Rm37 6:26 2.26 0.01
Rm38 7:56 2.20 0.01
Rm39 7:56 2.19 0.01
Rm40 7:56 2.35 0.01
H40 6:12 1.93 0.01
SCA12 6:12 1.94 0.01
H41 6:09 2.58 0.01
Rm41 11:28 2.79 0.03
Rm42 11:25 2.04 0.01



Rm43 11:23 1.80 0.02
Rm44 11:21 1.66 0.02
Rm45 11:19 1.56 0.01
Rm46 11:17 1.50 0.01
Rm47 7:39 0.17 0.09
H48 6:09 7.39 0.01
Rm48 11:05 0.84 0.00
Rm49 11:03 0.83 0.00
Rm50 6:08 9.97 0.00
Rm51 6:51 1.34 0.01
H53 6:09 2.56 0.02
Rm52 6:11 1.45 0.01
STO24 6:09 2.32 0.00
Rm53 6:09 2.36 0.01
Rm54 7:35 0.91 0.01
SST12 6:09 1.31 0.00
Rm55 6:07 4.12 0.01
Rm56 6:08 3.13 0.01
SLN23 7:55 2.64 0.01
Rm57 7:56 2.14 0.01
SLS23 6:09 1.15 0.00
Rm58 6:12 1.17 0.00
Rm59 6:10 2.12 0.00
Rm60 6:10 1.41 0.00



Table 7
Blood MC (mg/L) in Children
Exposure scenario – 2 canisters in room 8

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 5.46 0.02
Rm1 6:04 10.23 0.03
Rm2 6:19 0.25 0.03
Rm3 9:22 0.06 0.04
Rm4 6:24 0.13 0.04
Rm5 6:07 51.64 0.13
Rm6 9:09 19.27 0.03
Rm7 9:12 41.84 0.17
H8 11:55 0.91 0.01
Rm8 11:56 25.82 1.77
Rm9 12:03 0.06 0.03
Rm10 11:58 0.09 0.02
Rm11 11:57 0.11 0.02
Rm12 7:21 3.05 0.07
Rm13 11:14 1.42 0.01
Rm14 7:15 2.93 0.06
Rm15 7:12 3.06 0.07
FO 11:55 1.27 0.01
SFO12 11:55 0.97 0.01
Rm16 7:41 0.07 0.03
Rm17 8:19 0.62 0.20
Rm18 12:05 16.23 0.28
Rm19 7:21 36.77 0.13
Rm20 7:35 3.80 0.01
Rm21 12:20 0.00 0.00
Rm22 6:13 0.43 0.00
Rm23 6:15 0.14 0.00
Rm24 6:16 2.31 0.01
Rm26 6:12 2.50 0.09
Rm27 7:28 0.17 0.14
Rm29 12:11 1.49 1.28
Rm30 12:02 2.09 0.95
H31 7:55 2.81 0.01
Rm31 6:23 1.92 0.00
Rm32 7:53 13.11 0.01
Rm33 7:55 13.23 0.01
Rm34 7:55 1.06 0.00
Rm35 11:37 0.85 0.00
Rm36 6:58 2.88 0.02
Rm37 7:56 2.27 0.01
Rm38 7:56 2.26 0.01
Rm39 7:56 2.26 0.01
Rm40 7:56 2.42 0.01
H40 6:09 1.72 0.01
SCA12 6:12 1.77 0.01
H41 6:09 2.15 0.01
Rm41 11:27 2.45 0.02
Rm42 11:25 1.95 0.01



Rm43 11:23 1.74 0.02
Rm44 11:21 1.62 0.02
Rm45 11:19 1.53 0.01
Rm46 11:17 1.47 0.01
Rm47 7:40 0.10 0.06
H48 6:09 7.24 0.01
Rm48 11:05 0.83 0.00
Rm49 11:03 0.82 0.00
Rm50 6:08 9.91 0.00
Rm51 6:51 1.22 0.00
H53 6:09 2.12 0.01
Rm52 6:11 1.18 0.01
STO24 6:09 1.89 0.00
Rm53 6:09 1.93 0.01
Rm54 7:35 0.91 0.00
SST12 6:09 1.31 0.00
Rm55 6:07 4.12 0.00
Rm56 6:08 3.12 0.00
SLN23 7:55 2.74 0.01
Rm57 7:56 2.20 0.01
SLS23 6:09 1.13 0.00
Rm58 6:13 1.17 0.00
Rm59 6:10 2.07 0.00
Rm60 6:10 1.18 0.00



Table 8
Blood MC (mg/L) in Children
Exposure scenario – 1 canister in room 8, 1 in room 27

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 5.46 0.02
Rm1 6:04 10.23 0.03
Rm2 6:19 0.25 0.03
Rm3 9:22 0.06 0.04
Rm4 6:24 0.13 0.04
Rm5 6:07 51.64 0.13
Rm6 9:09 19.27 0.03
Rm7 9:12 41.84 0.17
H8 11:55 0.91 0.01
Rm8 11:56 12.86 0.77
Rm9 12:03 0.06 0.03
Rm10 11:58 0.09 0.02
Rm11 11:57 0.11 0.02
Rm12 7:21 3.05 0.07
Rm13 11:14 1.42 0.01
Rm14 7:15 2.93 0.06
Rm15 7:12 3.06 0.07
FO 11:55 1.27 0.01
SFO12 11:55 0.97 0.01
Rm16 7:41 0.07 0.03
Rm17 8:19 0.62 0.20
Rm18 12:05 16.23 0.28
Rm19 7:21 36.77 0.13
Rm20 7:35 3.80 0.01
Rm21 12:20 0.00 0.00
Rm22 6:13 0.43 0.00
Rm23 6:15 0.14 0.00
Rm24 6:16 2.31 0.01
Rm26 6:12 2.50 0.09
Rm27 12:20 34.27 34.27
Rm29 12:11 0.77 0.66
Rm30 12:02 1.07 0.50
H31 7:55 2.81 0.01
Rm31 6:23 1.92 0.00
Rm32 7:53 13.11 0.01
Rm33 7:55 13.23 0.01
Rm34 7:55 1.06 0.00
Rm35 11:37 0.85 0.00
Rm36 6:58 2.88 0.02
Rm37 7:56 2.27 0.01
Rm38 7:56 2.26 0.01
Rm39 7:56 2.26 0.01
Rm40 7:56 2.42 0.01
H40 6:09 1.72 0.01
SCA12 6:12 1.77 0.01



H41 6:09 2.15 0.01
Rm41 11:27 2.45 0.02
Rm42 11:25 1.95 0.01
Rm43 11:23 1.74 0.02
Rm44 11:21 1.62 0.02
Rm45 11:19 1.53 0.01
Rm46 11:17 1.47 0.01
Rm47 7:40 0.10 0.06
H48 6:09 7.24 0.01
Rm48 11:05 0.83 0.00
Rm49 11:03 0.82 0.00
Rm50 6:08 9.91 0.00
Rm51 6:51 1.22 0.00
H53 6:09 2.12 0.01
Rm52 6:11 1.18 0.01
STO24 6:09 1.89 0.00
Rm53 6:09 1.93 0.01
Rm54 7:35 0.91 0.00
SST12 6:09 1.31 0.00
Rm55 6:07 4.12 0.00
Rm56 6:08 3.12 0.00
SLN23 7:55 2.74 0.01
Rm57 7:56 2.20 0.01
SLS23 6:09 1.13 0.00
Rm58 6:13 1.17 0.00
Rm59 6:10 2.07 0.00
Rm60 6:10 1.18 0.00



Table 9
Blood MC (mg/L) in Children
Exposure scenario – 2 canisters in room 27

Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 5.47 0.02
Rm1 6:04 10.23 0.03
Rm2 6:19 0.25 0.03
Rm3 9:22 0.06 0.04
Rm4 6:24 0.13 0.04
Rm5 6:07 51.64 0.13
Rm6 9:09 19.27 0.03
Rm7 9:12 41.84 0.17
H8 11:55 0.91 0.01
Rm8 11:57 0.18 0.01
Rm9 12:03 0.06 0.03
Rm10 11:58 0.09 0.02
Rm11 11:57 0.11 0.02
Rm12 7:21 3.05 0.07
Rm13 11:14 1.42 0.01
Rm14 7:15 2.93 0.06
Rm15 7:12 3.06 0.07
FO 11:55 1.27 0.01
SFO12 11:55 0.97 0.01
Rm16 7:41 0.07 0.03
Rm17 8:19 0.62 0.20
Rm18 12:05 16.23 0.28
Rm19 7:21 36.77 0.13
Rm20 7:35 3.80 0.01
Rm21 12:20 0.00 0.00
Rm22 6:13 0.43 0.00
Rm23 6:15 0.14 0.00
Rm24 6:16 2.31 0.01
Rm26 6:12 2.50 0.10
Rm27 12:12 65.01 64.35
Rm29 6:28 0.65 0.11
Rm30 6:17 0.87 0.10
H31 7:55 2.81 0.01
Rm31 6:23 1.92 0.00
Rm32 7:53 13.11 0.01
Rm33 7:55 13.23 0.01
Rm34 7:55 1.06 0.00
Rm35 11:37 0.85 0.00
Rm36 6:58 2.88 0.02
Rm37 7:56 2.27 0.01
Rm38 7:56 2.26 0.01
Rm39 7:56 2.26 0.01



Rm40 7:56 2.42 0.01
H40 6:09 1.72 0.01
SCA12 6:12 1.77 0.01
H41 6:09 2.15 0.01
Rm41 11:27 2.45 0.02
Rm42 11:25 1.95 0.01
Rm43 11:23 1.74 0.02
Rm44 11:21 1.62 0.02
Rm45 11:19 1.53 0.01
Rm46 11:17 1.47 0.01
Rm47 7:40 0.10 0.06
H48 6:09 7.24 0.01
Rm48 11:05 0.83 0.00
Rm49 11:03 0.82 0.00
Rm50 6:08 9.91 0.00
Rm51 6:51 1.22 0.00
H53 6:09 2.12 0.01
Rm52 6:11 1.18 0.01
STO24 6:09 1.89 0.00
Rm53 6:09 1.93 0.01
Rm54 7:35 0.91 0.00
SST12 6:09 1.31 0.00
Rm55 6:07 4.12 0.00
Rm56 6:08 3.12 0.00
SLN23 7:55 2.74 0.01
Rm57 7:56 2.20 0.01
SLS23 6:09 1.13 0.00
Rm58 6:13 1.17 0.00
Rm59 6:10 2.07 0.00
Rm60 6:10 1.18 0.00



Table 10
Blood MC (mg/L) in Children
Exposure scenario – 1.5 canisters in room 30, 0.5 in room 27
Room Time of peak Blood MC at peak Blood MC at 12:20
H1 6:07 6.50 0.03
Rm1 6:04 10.23 0.02
Rm2 9:17 0.36 0.04
Rm3 9:48 0.09 0.07
Rm4 9:19 0.23 0.06
Rm5 6:07 51.60 0.13
Rm6 9:09 19.24 0.03
Rm7 9:12 41.53 0.17
H8 11:55 0.76 0.01
Rm8 6:15 0.64 0.01
Rm9 6:39 0.14 0.03
Rm10 6:34 0.14 0.02
Rm11 6:17 0.29 0.02
Rm12 7:21 2.97 0.07
Rm13 11:13 1.42 0.01
Rm14 7:15 2.85 0.06
Rm15 7:12 3.04 0.07
FO 11:55 1.44 0.01
SFO12 11:55 1.13 0.01
Rm16 6:36 0.10 0.03
Rm17 8:19 0.60 0.16
Rm18 12:05 16.25 0.28
Rm19 7:21 36.95 0.14
Rm20 7:35 3.87 0.02
Rm21 12:20 0.00 0.00
Rm22 6:13 0.43 0.00
Rm23 6:15 0.14 0.00
Rm24 6:16 2.31 0.01
Rm26 6:12 2.48 0.07
Rm27 12:10 15.77 15.52
Rm29 11:53 2.31 0.26
Rm30 11:50 10.22 0.21
H31 7:55 2.74 0.01
Rm31 6:23 1.86 0.00
Rm32 7:53 13.38 0.01
Rm33 7:55 13.44 0.01
Rm34 7:55 1.08 0.01
Rm35 11:37 0.87 0.00
Rm36 6:58 3.13 0.02
Rm37 6:26 2.26 0.01



Rm38 7:56 2.21 0.01
Rm39 7:56 2.21 0.01
Rm40 7:56 2.37 0.01
H40 6:12 1.87 0.01
SCA12 6:12 1.90 0.01
H41 6:09 2.47 0.01
Rm41 11:28 2.69 0.03
Rm42 11:25 2.02 0.01
Rm43 11:23 1.78 0.02
Rm44 11:21 1.65 0.02
Rm45 11:19 1.55 0.01
Rm46 11:17 1.49 0.01
Rm47 7:39 0.15 0.09
H48 6:09 7.35 0.01
Rm48 11:05 0.84 0.00
Rm49 11:03 0.83 0.00
Rm50 6:08 9.95 0.00
Rm51 6:51 1.31 0.00
H53 6:09 2.44 0.01
Rm52 6:11 1.38 0.01
STO24 6:09 2.21 0.00
Rm53 6:09 2.25 0.01
Rm54 7:35 0.91 0.01
SST12 6:09 1.31 0.00
Rm55 6:07 4.12 0.01
Rm56 6:08 3.13 0.01
SLN23 7:55 2.67 0.01
Rm57 7:56 2.15 0.01
SLS23 6:09 1.14 0.00
Rm58 6:13 1.17 0.00
Rm59 6:10 2.11 0.00
Rm60 6:10 1.35 0.00



Table 11
Blood %COHb in Adults
Exposure scenario – 2 canisters in room 30

Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:21 2.09 1.94
Rm2 10:51 1.93 1.90
Rm3 12:20 1.75 1.75
Rm4 11:51 1.93 1.93
Rm5 9:20 4.16 3.46
Rm6 10:7 2.21 2.10
Rm7 11:42 3.44 3.37
H8 7:44 1.68 1.63
Rm8 7:45 1.67 1.62
Rm9 9:14 1.73 1.68
Rm10 8:42 1.67 1.63
Rm11 8:35 1.69 1.64
Rm12 11:57 2.01 2.00
Rm13 11:51 1.58 1.58
Rm14 11:53 1.96 1.96
Rm15 12:5 2.07 2.06
FO 7:43 1.68 1.63
SFO12 7:41 1.68 1.63
Rm16 9:18 1.67 1.64
Rm17 9:52 2.40 2.32
Rm18 12:20 2.46 2.46
Rm19 9:27 4.45 3.79
Rm20 8:28 1.96 1.82
Rm21 6:0 1.50 1.50
Rm22 8:35 1.55 1.54
Rm23 8:48 1.55 1.54
Rm24 8:35 2.17 1.91
Rm26 12:10 1.93 1.93
Rm27 12:20 1.73 1.73
Rm29 12:20 2.02 2.02
Rm30 12:20 1.96 1.96
H31 8:32 1.75 1.68
Rm31 8:22 1.63 1.58
Rm32 9:10 1.72 1.67
Rm33 9:15 1.72 1.68
Rm34 12:7 1.53 1.53
Rm35 12:12 1.52 1.52
Rm36 8:31 1.93 1.81
Rm37 8:31 1.77 1.69
Rm38 8:35 1.75 1.68
Rm39 8:34 1.75 1.68
Rm40 8:32 1.77 1.69
H40 7:54 1.75 1.67
SCA12 7:57 1.78 1.69
H41 7:54 1.74 1.67
Rm41 12:20 1.66 1.66
Rm42 12:4 1.58 1.58
Rm43 12:19 1.58 1.58



Rm44 12:20 1.58 1.58
Rm45 11:56 1.55 1.55
Rm46 11:56 1.55 1.55
Rm47 12:20 1.92 1.92
H48 7:56 1.76 1.66
Rm48 11:37 1.54 1.54
Rm49 11:37 1.54 1.54
Rm50 7:60 1.71 1.62
Rm51 7:58 1.70 1.63
H53 7:54 1.75 1.69
Rm52 8:21 1.68 1.67
STO24 8:14 1.65 1.60
Rm53 8:18 1.73 1.67
Rm54 8:32 1.65 1.62
SST12 8:31 1.61 1.57
Rm55 8:29 1.68 1.62
Rm56 8:29 1.71 1.63
SLN23 8:35 1.73 1.67
Rm57 8:37 1.76 1.70
SLS23 8:2 1.61 1.56
Rm58 8:11 1.63 1.57
Rm59 8:15 1.62 1.58
Rm60 8:14 1.62 1.59



Table 12
Blood %COHb in Adults
Exposure scenario – 2 canisters in room 8

Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:48 2.14 2.03
Rm2 10:8 1.72 1.71
Rm3 12:20 1.64 1.64
Rm4 10:31 1.68 1.67
Rm5 9:20 4.18 3.48
Rm6 10:6 2.25 2.13
Rm7 11:42 3.49 3.42
H8 12:11 1.56 1.56
Rm8 12:20 2.34 2.34
Rm9 12:20 1.56 1.56
Rm10 12:20 1.56 1.56
Rm11 12:20 1.57 1.57
Rm12 11:56 2.04 2.04
Rm13 11:51 1.58 1.58
Rm14 11:52 1.99 1.98
Rm15 11:53 2.07 2.06
FO 12:17 1.54 1.54
SFO12 12:12 1.55 1.55
Rm16 9:29 1.59 1.59
Rm17 9:56 2.43 2.37
Rm18 12:20 2.47 2.47
Rm19 9:27 4.42 3.76
Rm20 8:32 1.86 1.73
Rm21 6:0 1.50 1.50
Rm22 8:35 1.55 1.54
Rm23 8:48 1.55 1.54
Rm24 8:35 2.17 1.91
Rm26 12:15 1.94 1.94
Rm27 12:20 1.95 1.95
Rm29 12:20 2.14 2.14
Rm30 12:20 2.22 2.22
H31 8:38 1.72 1.66
Rm31 8:22 1.63 1.58
Rm32 9:10 1.71 1.66
Rm33 9:15 1.71 1.68
Rm34 12:7 1.53 1.53
Rm35 12:12 1.52 1.52
Rm36 8:35 1.84 1.75
Rm37 8:35 1.75 1.67
Rm38 8:40 1.72 1.66
Rm39 8:38 1.73 1.66
Rm40 8:36 1.74 1.67
H40 7:54 1.68 1.63
SCA12 7:54 1.73 1.66
H41 7:55 1.63 1.61
Rm41 12:17 1.62 1.62



Rm42 12:4 1.58 1.57
Rm43 12:18 1.58 1.58
Rm44 12:20 1.58 1.58
Rm45 11:56 1.55 1.55
Rm46 11:55 1.54 1.54
Rm47 12:20 1.76 1.76
H48 7:56 1.71 1.63
Rm48 11:37 1.54 1.54
Rm49 11:37 1.54 1.54
Rm50 7:59 1.71 1.62
Rm51 8:1 1.64 1.59
H53 8:20 1.65 1.63
Rm52 12:1 1.64 1.63
STO24 8:15 1.63 1.59
Rm53 8:19 1.65 1.62
Rm54 8:31 1.65 1.60
SST12 8:31 1.61 1.57
Rm55 8:28 1.68 1.61
Rm56 8:28 1.70 1.62
SLN23 8:41 1.70 1.65
Rm57 8:43 1.73 1.69
SLS23 8:3 1.61 1.56
Rm58 8:12 1.63 1.57
Rm59 8:15 1.62 1.58
Rm60 8:15 1.61 1.58



Table 13
Blood %COHb in Adults
Exposure scenario – 1 canisters in room 8, 1 in room 27

Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:48 2.14 2.03
Rm2 10:8 1.72 1.71
Rm3 12:20 1.64 1.64
Rm4 10:31 1.68 1.67
Rm5 9:20 4.18 3.48
Rm6 10:6 2.25 2.13
Rm7 11:42 3.49 3.42
H8 12:11 1.56 1.56
Rm8 12:20 2.16 2.16
Rm9 12:20 1.56 1.56
Rm10 12:20 1.56 1.56
Rm11 12:20 1.57 1.57
Rm12 11:56 2.04 2.04
Rm13 11:51 1.58 1.58
Rm14 11:52 1.99 1.98
Rm15 11:53 2.07 2.06
FO 12:17 1.54 1.54
SFO12 12:12 1.55 1.55
Rm16 9:29 1.59 1.59
Rm17 9:56 2.43 2.37
Rm18 12:20 2.47 2.47
Rm19 9:27 4.42 3.76
Rm20 8:32 1.86 1.73
Rm21 6:0 1.50 1.50
Rm22 8:35 1.55 1.54
Rm23 8:48 1.55 1.54
Rm24 8:35 2.17 1.91
Rm26 7:58 1.92 1.90
Rm27 12:20 2.82 2.82
Rm29 12:20 2.01 2.01
Rm30 12:20 2.05 2.05
H31 8:38 1.72 1.66
Rm31 8:22 1.63 1.58
Rm32 9:10 1.71 1.66
Rm33 9:15 1.71 1.68
Rm34 12:7 1.53 1.53
Rm35 12:12 1.52 1.52
Rm36 8:35 1.84 1.75
Rm37 8:35 1.75 1.67
Rm38 8:40 1.72 1.66
Rm39 8:38 1.73 1.66
Rm40 8:36 1.74 1.67
H40 7:54 1.68 1.63



SCA12 7:54 1.73 1.66
H41 7:55 1.63 1.61
Rm41 12:17 1.62 1.62
Rm42 12:4 1.58 1.57
Rm43 12:18 1.58 1.58
Rm44 12:20 1.58 1.58
Rm45 11:56 1.55 1.55
Rm46 11:55 1.54 1.54
Rm47 12:20 1.76 1.76
H48 7:56 1.71 1.63
Rm48 11:37 1.54 1.54
Rm49 11:37 1.54 1.54
Rm50 7:59 1.71 1.62
Rm51 8:1 1.64 1.59
H53 8:20 1.65 1.63
Rm52 12:1 1.64 1.63
STO24 8:15 1.63 1.59
Rm53 8:19 1.65 1.62
Rm54 8:31 1.65 1.60
SST12 8:31 1.61 1.57
Rm55 8:28 1.68 1.61
Rm56 8:28 1.70 1.62
SLN23 8:41 1.70 1.65
Rm57 8:43 1.73 1.69
SLS23 8:3 1.61 1.56
Rm58 8:12 1.63 1.57
Rm59 8:15 1.62 1.58
Rm60 8:15 1.61 1.58



Table 14
Blood %COHb in Adults
Exposure scenario – 2 canisters in room 27

Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:48 2.14 2.03
Rm2 10:8 1.72 1.71
Rm3 12:20 1.64 1.64
Rm4 10:31 1.68 1.67
Rm5 9:20 4.18 3.48
Rm6 10:6 2.25 2.13
Rm7 11:42 3.49 3.42
H8 12:11 1.56 1.56
Rm8 12:18 1.56 1.56
Rm9 12:20 1.56 1.56
Rm10 12:20 1.56 1.56
Rm11 12:20 1.57 1.57
Rm12 11:56 2.04 2.04
Rm13 11:51 1.58 1.58
Rm14 11:52 1.99 1.98
Rm15 11:53 2.07 2.06
FO 12:17 1.54 1.54
SFO12 12:12 1.55 1.55
Rm16 9:29 1.59 1.59
Rm17 9:56 2.43 2.37
Rm18 12:20 2.47 2.47
Rm19 9:27 4.42 3.76
Rm20 8:32 1.86 1.73
Rm21 6:0 1.50 1.50
Rm22 8:35 1.55 1.54
Rm23 8:48 1.55 1.54
Rm24 8:35 2.17 1.91
Rm26 7:58 1.92 1.86
Rm27 12:20 2.84 2.84
Rm29 8:25 1.95 1.85
Rm30 8:11 1.91 1.83
H31 8:38 1.72 1.66
Rm31 8:22 1.63 1.58
Rm32 9:10 1.71 1.66
Rm33 9:15 1.71 1.68
Rm34 12:7 1.53 1.53
Rm35 12:12 1.52 1.52
Rm36 8:35 1.84 1.75
Rm37 8:35 1.75 1.67
Rm38 8:40 1.72 1.66



Rm39 8:38 1.73 1.66
Rm40 8:36 1.74 1.67
H40 7:54 1.68 1.63
SCA12 7:54 1.73 1.66
H41 7:55 1.63 1.61
Rm41 12:17 1.62 1.62
Rm42 12:4 1.58 1.57
Rm43 12:18 1.58 1.58
Rm44 12:20 1.58 1.58
Rm45 11:56 1.55 1.55
Rm46 11:55 1.54 1.54
Rm47 12:20 1.76 1.76
H48 7:56 1.71 1.63
Rm48 11:37 1.54 1.54
Rm49 11:37 1.54 1.54
Rm50 7:59 1.71 1.62
Rm51 8:1 1.64 1.59
H53 8:20 1.65 1.63
Rm52 12:1 1.64 1.63
STO24 8:15 1.63 1.59
Rm53 8:19 1.65 1.62
Rm54 8:31 1.65 1.60
SST12 8:31 1.61 1.57
Rm55 8:28 1.68 1.61
Rm56 8:28 1.70 1.62
SLN23 8:41 1.70 1.65
Rm57 8:43 1.73 1.69
SLS23 8:3 1.61 1.56
Rm58 8:12 1.63 1.57
Rm59 8:15 1.62 1.58
Rm60 8:15 1.61 1.58



Table 15
Blood %COHb in Adults
Exposure scenario – 1.5 canisters in room 30, 0.5 in room 27
Room Time of peak %COHb at peak %COHb at 12:20
H1 9:25 2.34 2.12
Rm1 9:27 2.10 1.96
Rm2 10:46 1.88 1.85
Rm3 12:20 1.72 1.72
Rm4 11:49 1.87 1.87
Rm5 9:20 4.17 3.46
Rm6 10:7 2.22 2.11
Rm7 11:42 3.45 3.38
H8 7:45 1.65 1.61
Rm8 7:47 1.64 1.61
Rm9 9:14 1.69 1.65
Rm10 8:43 1.64 1.61
Rm11 8:37 1.65 1.62
Rm12 11:57 2.02 2.01
Rm13 11:51 1.58 1.58
Rm14 11:53 1.97 1.96
Rm15 12:3 2.07 2.06
FO 7:42 1.65 1.61
SFO12 7:41 1.65 1.61
Rm16 9:20 1.65 1.63
Rm17 9:54 2.41 2.34
Rm18 12:20 2.47 2.47
Rm19 9:27 4.44 3.78
Rm20 8:29 1.94 1.80
Rm21 6:0 1.50 1.50
Rm22 8:35 1.55 1.54
Rm23 8:48 1.55 1.54
Rm24 8:35 2.17 1.91
Rm26 9:22 1.92 1.91
Rm27 12:20 2.56 2.56
Rm29 12:20 1.99 1.99
Rm30 12:20 1.95 1.95
H31 8:33 1.74 1.67
Rm31 8:22 1.63 1.58
Rm32 9:10 1.72 1.66
Rm33 9:15 1.72 1.68
Rm34 12:7 1.53 1.53
Rm35 12:12 1.52 1.52
Rm36 8:32 1.91 1.79
Rm37 8:32 1.76 1.69
Rm38 8:36 1.74 1.67
Rm39 8:35 1.74 1.68
Rm40 8:33 1.76 1.69
H40 7:54 1.73 1.66
SCA12 7:56 1.76 1.68
H41 7:54 1.71 1.65
Rm41 12:20 1.65 1.65
Rm42 12:5 1.58 1.58



Rm43 12:18 1.58 1.58
Rm44 12:20 1.58 1.58
Rm45 11:57 1.55 1.55
Rm46 11:55 1.55 1.54
Rm47 12:20 1.88 1.88
H48 7:56 1.75 1.65
Rm48 11:37 1.54 1.54
Rm49 11:37 1.54 1.54
Rm50 7:59 1.71 1.62
Rm51 7:58 1.68 1.62
H53 8:19 1.73 1.67
Rm52 8:21 1.67 1.66
STO24 8:14 1.64 1.60
Rm53 8:18 1.71 1.65
Rm54 8:31 1.65 1.61
SST12 8:31 1.61 1.57
Rm55 8:29 1.68 1.62
Rm56 8:28 1.70 1.63
SLN23 8:36 1.72 1.66
Rm57 8:38 1.75 1.70
SLS23 8:2 1.61 1.56
Rm58 8:12 1.63 1.57
Rm59 8:15 1.62 1.58
Rm60 8:15 1.62 1.59



Table 16
Blood %COHb in Children
Exposure scenario – 2 canisters in room 30
Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:20 2.23 1.96
Rm2 10:36 2.06 1.97
Rm3 12:20 1.81 1.81
Rm4 11:15 2.05 2.02
Rm5 8:13 4.81 3.53
Rm6 9:53 2.45 2.18
Rm7 10:47 3.95 3.74
H8 7:40 1.76 1.64
Rm8 7:40 1.73 1.63
Rm9 8:52 1.81 1.70
Rm10 8:23 1.73 1.64
Rm11 8:18 1.75 1.65
Rm12 11:54 2.14 2.13
Rm13 11:45 1.59 1.59
Rm14 11:50 2.09 2.07
Rm15 12:1 2.22 2.20
FO 7:20 1.75 1.64
SFO12 7:20 1.75 1.63
Rm16 8:60 1.72 1.65
Rm17 9:31 2.69 2.46
Rm18 8:36 2.72 2.64
Rm19 8:58 5.41 3.93
Rm20 8:23 2.13 1.84
Rm21 6:0 1.50 1.49
Rm22 8:30 1.56 1.53
Rm23 8:42 1.56 1.53
Rm24 8:5 2.42 1.92
Rm26 7:27 2.05 2.00
Rm27 12:20 1.80 1.80
Rm29 12:20 2.21 2.21
Rm30 12:20 2.11 2.11
H31 8:24 1.84 1.69
Rm31 7:25 1.67 1.58
Rm32 8:52 1.80 1.68
Rm33 8:56 1.80 1.70
Rm34 12:4 1.53 1.53
Rm35 12:5 1.52 1.52
Rm36 8:24 2.09 1.83
Rm37 8:24 1.87 1.70
Rm38 8:25 1.84 1.69
Rm39 8:25 1.84 1.69
Rm40 8:24 1.87 1.70
H40 7:41 1.84 1.68
SCA12 7:54 1.88 1.70
H41 7:41 1.83 1.68
Rm41 12:13 1.70 1.70
Rm42 11:59 1.60 1.60
Rm43 12:11 1.60 1.60



Rm44 12:16 1.61 1.61
Rm45 11:51 1.56 1.56
Rm46 11:49 1.55 1.55
Rm47 11:41 2.00 2.00
H48 7:16 1.86 1.66
Rm48 11:33 1.54 1.54
Rm49 11:32 1.54 1.54
Rm50 7:56 1.78 1.61
Rm51 7:52 1.77 1.63
H53 7:41 1.85 1.70
Rm52 8:18 1.74 1.69
STO24 7:39 1.70 1.60
Rm53 7:41 1.81 1.68
Rm54 8:27 1.70 1.62
SST12 7:9 1.65 1.57
Rm55 8:26 1.74 1.62
Rm56 8:3 1.77 1.64
SLN23 8:25 1.82 1.68
Rm57 8:26 1.86 1.72
SLS23 7:58 1.64 1.56
Rm58 7:59 1.67 1.57
Rm59 7:39 1.66 1.58
Rm60 7:38 1.67 1.59



Table 17
Blood %COHb in Children
Exposure scenario – 2 canisters in room 8
Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:43 2.30 2.08
Rm2 9:60 1.79 1.74
Rm3 12:20 1.67 1.67
Rm4 10:17 1.72 1.70
Rm5 8:14 4.83 3.55
Rm6 9:51 2.50 2.21
Rm7 10:47 4.02 3.80
H8 12:10 1.57 1.57
Rm8 12:20 2.69 2.69
Rm9 12:20 1.57 1.57
Rm10 12:20 1.57 1.57
Rm11 12:20 1.57 1.57
Rm12 11:53 2.19 2.17
Rm13 11:45 1.59 1.59
Rm14 11:49 2.12 2.10
Rm15 11:49 2.22 2.19
FO 12:15 1.55 1.55
SFO12 12:10 1.55 1.55
Rm16 9:14 1.62 1.59
Rm17 9:34 2.74 2.52
Rm18 8:35 2.73 2.64
Rm19 8:58 5.37 3.90
Rm20 8:24 2.00 1.74
Rm21 6:0 1.50 1.49
Rm22 8:30 1.56 1.53
Rm23 8:43 1.56 1.53
Rm24 8:5 2.42 1.92
Rm26 7:29 2.08 2.03
Rm27 12:20 2.05 2.05
Rm29 12:20 2.32 2.32
Rm30 12:20 2.44 2.44
H31 8:27 1.80 1.67
Rm31 7:25 1.67 1.58
Rm32 8:52 1.79 1.67
Rm33 8:56 1.79 1.69
Rm34 12:3 1.53 1.53
Rm35 12:5 1.52 1.52
Rm36 8:25 1.97 1.77
Rm37 8:25 1.84 1.69
Rm38 8:27 1.80 1.67
Rm39 8:27 1.81 1.67
Rm40 8:26 1.84 1.68
H40 7:42 1.75 1.64
SCA12 7:41 1.82 1.67
H41 7:42 1.68 1.61
Rm41 12:10 1.65 1.65
Rm42 11:58 1.59 1.59



Rm43 12:10 1.59 1.59
Rm44 12:15 1.60 1.60
Rm45 11:50 1.56 1.55
Rm46 11:48 1.55 1.55
Rm47 12:20 1.81 1.81
H48 7:14 1.78 1.63
Rm48 11:33 1.54 1.54
Rm49 11:32 1.54 1.54
Rm50 7:56 1.78 1.61
Rm51 7:53 1.69 1.60
H53 7:42 1.70 1.64
Rm52 8:18 1.67 1.65
STO24 7:39 1.67 1.59
Rm53 7:41 1.70 1.63
Rm54 8:27 1.70 1.61
SST12 7:9 1.65 1.57
Rm55 8:26 1.74 1.61
Rm56 8:3 1.77 1.62
SLN23 8:28 1.77 1.66
Rm57 8:30 1.82 1.70
SLS23 7:58 1.64 1.55
Rm58 7:59 1.67 1.57
Rm59 7:39 1.66 1.58
Rm60 7:38 1.65 1.58



Table 18
Blood %COHb in Children
Exposure scenario – 1 canisters in room 8, 1 in room 27
Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:43 2.30 2.08
Rm2 9:60 1.79 1.74
Rm3 12:20 1.67 1.67
Rm4 10:17 1.72 1.70
Rm5 8:14 4.83 3.55
Rm6 9:51 2.50 2.21
Rm7 10:47 4.02 3.80
H8 12:10 1.57 1.57
Rm8 12:20 2.42 2.42
Rm9 12:20 1.57 1.57
Rm10 12:20 1.57 1.57
Rm11 12:20 1.57 1.57
Rm12 11:53 2.19 2.17
Rm13 11:45 1.59 1.59
Rm14 11:49 2.12 2.10
Rm15 11:49 2.22 2.19
FO 12:15 1.55 1.55
SFO12 12:10 1.55 1.55
Rm16 9:14 1.62 1.59
Rm17 9:34 2.74 2.52
Rm18 8:35 2.73 2.64
Rm19 8:58 5.37 3.90
Rm20 8:24 2.00 1.74
Rm21 6:0 1.50 1.49
Rm22 8:30 1.56 1.53
Rm23 8:43 1.56 1.53
Rm24 8:5 2.42 1.92
Rm26 7:29 2.08 1.96
Rm27 12:20 3.33 3.33
Rm29 12:20 2.12 2.12
Rm30 12:20 2.19 2.19
H31 8:27 1.80 1.67
Rm31 7:25 1.67 1.58
Rm32 8:52 1.79 1.67
Rm33 8:56 1.79 1.69
Rm34 12:3 1.53 1.53
Rm35 12:5 1.52 1.52
Rm36 8:25 1.97 1.77
Rm37 8:25 1.84 1.69
Rm38 8:27 1.80 1.67
Rm39 8:27 1.81 1.67
Rm40 8:26 1.84 1.68
H40 7:42 1.75 1.64
SCA12 7:41 1.82 1.67
H41 7:42 1.68 1.61



Rm41 12:10 1.65 1.65
Rm42 11:58 1.59 1.59
Rm43 12:10 1.59 1.59
Rm44 12:15 1.60 1.60
Rm45 11:50 1.56 1.55
Rm46 11:48 1.55 1.55
Rm47 12:20 1.81 1.81
H48 7:14 1.78 1.63
Rm48 11:33 1.54 1.54
Rm49 11:32 1.54 1.54
Rm50 7:56 1.78 1.61
Rm51 7:53 1.69 1.60
H53 7:42 1.70 1.64
Rm52 8:18 1.67 1.65
STO24 7:39 1.67 1.59
Rm53 7:41 1.70 1.63
Rm54 8:27 1.70 1.61
SST12 7:9 1.65 1.57
Rm55 8:26 1.74 1.61
Rm56 8:3 1.77 1.62
SLN23 8:28 1.77 1.66
Rm57 8:30 1.82 1.70
SLS23 7:58 1.64 1.55
Rm58 7:59 1.67 1.57
Rm59 7:39 1.66 1.58
Rm60 7:38 1.65 1.58



Table 19
Blood %COHb in Children
Exposure scenario – 2 canisters in room 27
Room Time of peak %COHb at peak %COHb at 12:20
Rm1 9:43 2.30 2.08
Rm2 9:60 1.79 1.74
Rm3 12:20 1.67 1.67
Rm4 10:17 1.72 1.70
Rm5 8:14 4.83 3.55
Rm6 9:51 2.50 2.21
Rm7 10:47 4.02 3.80
H8 12:10 1.57 1.57
Rm8 12:16 1.57 1.57
Rm9 12:20 1.57 1.57
Rm10 12:20 1.57 1.57
Rm11 12:20 1.57 1.57
Rm12 11:53 2.19 2.17
Rm13 11:45 1.59 1.59
Rm14 11:49 2.12 2.10
Rm15 11:49 2.22 2.19
FO 12:15 1.55 1.55
SFO12 12:10 1.55 1.55
Rm16 9:14 1.62 1.59
Rm17 9:34 2.74 2.52
Rm18 8:35 2.73 2.64
Rm19 8:58 5.37 3.90
Rm20 8:24 2.00 1.74
Rm21 6:0 1.50 1.49
Rm22 8:30 1.56 1.53
Rm23 8:43 1.56 1.53
Rm24 8:5 2.42 1.92
Rm26 7:29 2.08 1.91
Rm27 12:20 3.36 3.36
Rm29 8:3 2.12 1.89
Rm30 7:56 2.07 1.87
H31 8:27 1.80 1.67
Rm31 7:25 1.67 1.58
Rm32 8:52 1.79 1.67
Rm33 8:56 1.79 1.69
Rm34 12:3 1.53 1.53
Rm35 12:5 1.52 1.52
Rm36 8:25 1.97 1.77
Rm37 8:25 1.84 1.69
Rm38 8:27 1.80 1.67
Rm39 8:27 1.81 1.67
Rm40 8:26 1.84 1.68
H40 7:42 1.75 1.64



SCA12 7:41 1.82 1.67
H41 7:42 1.68 1.61
Rm41 12:10 1.65 1.65
Rm42 11:58 1.59 1.59
Rm43 12:10 1.59 1.59
Rm44 12:15 1.60 1.60
Rm45 11:50 1.56 1.55
Rm46 11:48 1.55 1.55
Rm47 12:20 1.81 1.81
H48 7:14 1.78 1.63
Rm48 11:33 1.54 1.54
Rm49 11:32 1.54 1.54
Rm50 7:56 1.78 1.61
Rm51 7:53 1.69 1.60
H53 7:42 1.70 1.64
Rm52 8:18 1.67 1.65
STO24 7:39 1.67 1.59
Rm53 7:41 1.70 1.63
Rm54 8:27 1.70 1.61
SST12 7:9 1.65 1.57
Rm55 8:26 1.74 1.61
Rm56 8:3 1.77 1.62
SLN23 8:28 1.77 1.66
Rm57 8:30 1.82 1.70
SLS23 7:58 1.64 1.55
Rm58 7:59 1.67 1.57
Rm59 7:39 1.66 1.58
Rm60 7:38 1.65 1.58



Table 20
Blood %COHb in Children
Exposure scenario – 1.5 canisters in room 30, 0.5 in room 27
Room Time of peak %COHb at peak %COHb at 12:20
H1 9:23 2.55 2.16
Rm1 9:27 2.25 1.99
Rm2 10:32 1.99 1.91
Rm3 12:20 1.77 1.77
Rm4 11:11 1.96 1.94
Rm5 8:14 4.81 3.54
Rm6 9:52 2.46 2.19
Rm7 10:47 3.97 3.75
H8 7:40 1.70 1.62
Rm8 7:41 1.68 1.61
Rm9 8:53 1.74 1.66
Rm10 8:27 1.68 1.62
Rm11 8:23 1.70 1.63
Rm12 11:53 2.15 2.14
Rm13 11:47 1.59 1.59
Rm14 11:50 2.09 2.07
Rm15 11:50 2.22 2.20
FO 7:39 1.69 1.61
SFO12 7:22 1.70 1.61
Rm16 9:4 1.69 1.64
Rm17 9:32 2.70 2.47
Rm18 8:36 2.72 2.64
Rm19 8:58 5.39 3.92
Rm20 8:24 2.09 1.81
Rm21 12:20 1.49 1.49
Rm22 8:31 1.55 1.53
Rm23 8:44 1.55 1.53
Rm24 8:6 2.42 1.92
Rm26 7:27 2.05 1.98
Rm27 12:20 3.01 3.01
Rm29 12:20 2.15 2.15
Rm30 12:20 2.08 2.08
H31 8:25 1.83 1.68
Rm31 7:27 1.67 1.57
Rm32 8:52 1.79 1.67
Rm33 8:57 1.79 1.70
Rm34 12:6 1.53 1.53
Rm35 12:9 1.52 1.52
Rm36 8:24 2.06 1.81
Rm37 8:25 1.86 1.70
Rm38 8:26 1.82 1.68
Rm39 8:26 1.83 1.68
Rm40 8:25 1.86 1.70
H40 7:41 1.81 1.67
SCA12 7:54 1.86 1.69
H41 7:41 1.78 1.66
Rm41 12:13 1.69 1.69
Rm42 11:60 1.59 1.59



Rm43 12:12 1.60 1.60
Rm44 12:16 1.60 1.60
Rm45 11:52 1.55 1.55
Rm46 11:51 1.55 1.55
Rm47 12:20 1.95 1.95
H48 7:16 1.84 1.65
Rm48 11:35 1.54 1.54
Rm49 11:34 1.54 1.53
Rm50 7:56 1.77 1.61
Rm51 7:53 1.74 1.62
H53 7:41 1.80 1.69
Rm52 8:18 1.72 1.67
STO24 7:39 1.69 1.59
Rm53 7:41 1.78 1.66
Rm54 8:27 1.69 1.62
SST12 7:10 1.64 1.56
Rm55 8:26 1.74 1.62
Rm56 8:3 1.76 1.63
SLN23 8:26 1.80 1.67
Rm57 8:27 1.84 1.72
SLS23 7:58 1.64 1.55
Rm58 8:1 1.67 1.57
Rm59 7:39 1.66 1.58
Rm60 7:38 1.66 1.58



Appendix B



Figures: Methylene Chloride and Carbon Monoxide model results

Figure 1 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child in room 27; exposure scenario – two canisters in room 27
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Figure 2 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child moving from Room 19 to Room 27 at 8:30; exposure scenario 2 canisters in room 27
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Figure 3 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child in room 8; exposure scenario two canisters in room 8
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Figure 4 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child in room 8; exposure scenario is one canister in room 8 and one in room 27
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Figure 5 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child in room 27; exposure scenario one canister in room 8, one in room 27
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Figure 6 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child in room 30; exposure scenario two canisters in room 30
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Figure 7 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Child moving from Room 19 to Room 27 at 8:30; exposure scenario 1.5 canisters in room 30 and 0.5 in
room 27
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Figure 8 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Adult in room 27; exposure scenario two canisters in room 27
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Figure 9 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to 12:20PM
Adult moving from room 19 to room 27 at 8:30; exposure scenario is two canisters in room 27
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Figure 10 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to
12:20PM Adult in room 8; exposure scenario two canisters in room 8
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Figure 11 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to
12:20PM Adult in room 8; exposure scenario one canister in room 8 and one in room 27
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Figure 12 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to
12:20PM Adult in room 27; exposure scenario one canister in room 8 and one in room 27
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Figure 13 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to
12:20PM Adult in room 30; exposure scenario two canisters in room 30
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Figure 14 MC air concentration, MC blood concentration, CO in blood and %COHb from 6AM to
12:20PM
Adult moving from Room 19 to Room 27 at 8:30; exposure scenario 1.5 canisters in room 30 and 0.5 in
room 27
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CURRICULUM VITAE

Name:  George Wayne Lucier

Date and Place of Birth:  June 23, 1943, Southbridge, Massachusetts

Citizenship:  United States

Education:

June 1961 - Graduated from High School
June 1965 - B.A. (Biology), Clark University, Worcester, Massachusetts
Feb. 1968 - M.S. (Entomology), School of Agriculture, University of Maryland
June 1970 - Ph.D. (Entomology), School of Agriculture, University of Maryland

Brief Chronology of Employment:

1965 - 1970 Graduate Assistant, Department of Entomology, University of Maryland
1970 - Date National Institute of Environmental Health Sciences, Research Triangle

Park, North Carolina
1970 - 1972 Staff Fellow
1972 - 1974 Senior Staff Fellow
1974 - Date Research Chemist
1979 - 1980 Acting Chief, Laboratory of Organ Function and Toxicology
1981 - 1984 Head, Section on Receptor Pharmacology, Laboratory of Pharmacology
1984 - 1996 Chief, Laboratory of Biochemical Risk Analysis, Division of Intramural

Research
1993 - Date Director, Environmental Toxicology Program, National Institute of

Environmental Health Sciences -- Senior Executive Service

Bio Sketch

Dr. George W. Lucier is Director, Environmental Toxicology Program, at the National Institute
of Environmental Health Sciences (NIEHS) and in that capacity is establishing new directions for
the National Toxicology Program, the nation's most comprehensive toxicology testing program.
He also serves as Chairman of the Scientific Advisory Board for regulation of toxic air pollutants
by the State of North Carolina.  Dr. Lucier has been a researcher at NIEHS since 1970, and his
research group focuses on molecular epidemiology and dosimetry.  His recent work is attempting
to use fundamental knowledge to reduce uncertainty in risk estimates of endocrine disrupting
chemicals.  He is widely recognized for his work in the areas of steroid action, mechanisms of
dioxin toxicity, and xenobiotic metabolism, and has published more than 200 articles in these
areas.  During the last 10 years, he has helped to forge the emerging areas of molecular
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epidemiology and the development of laboratory approaches to improve the risk assessment
process and in this capacity, he frequently advises Federal and state agencies on high visibility
human health risk assessments.  He received his Ph.D. from the School of Agriculture,
University of Maryland, College Park.  He also serves as Co-Editor-in-Chief of Environmental
Health Perspectives.

Editorial Responsibilities:

1973 - Date Co-Editor, Environmental Health Perspectives, National Institute of
Environmental Health Sciences

Societies:

American Society for Pharmacology and Experimental Therapeutics
Society of Toxicology
American Association for the Advancement of Science
Endocrine Society
American Association for Cancer Research

Major Awards:

NIH Director’s Award for research excellence in perinatal aspects of toxicology,
pharmacokinetics and enzymology, June 1978.
NIH Award of Merit for Scientific Excellence, 1986.
Outstanding Performance Awards - 1990, 1991, 1992, 1993, 1994. 1995, 1996
Senior Executive Service Performance Awards – 1997, 1998
NIH Director’s Award for developing partnerships in environmental health and risk
assessment, June 1997.

Academic Activities:

Adjunct Faculty Member, University of North Carolina, Department of Biochemistry and
Nutrition, 1977 - Date

Faculty Member, University of North Carolina Curriculum in Toxicology (Ph.D. Granting
Program) and University of North Carolina Toxicology Training Program, 1980 - Date

Doctoral Dissertation Committee, Dr. Winifred Curley, University of North Carolina,
Department of Biochemistry and Nutrition (Ph.D. awarded 1983)

Doctoral Dissertation Advisor and Chairman of Dissertation Committee, Dr. Claudia
Libman Thompson, University of North Carolina, Department of Biochemistry and
Nutrition, 1978 - 1982 (Ph.D. awarded May, 1982)
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Academic Activities: (continued)

Doctoral Dissertation Advisor and Chairman of Dissertation Committee, Dr. Diane
Campen, University of North Carolina, Curriculum in Toxicology, 1982 - 1988 (Ph.D.
Awarded, 1988)

Doctoral Dissertation Advisor and Chairman of Dissertation Committee, Dr. Tamra
Goodrow, University of North Carolina, Curriculum in Toxicology, 1986 - 1989 (Ph.D.
Awarded, 1989)

Doctoral Dissertation Committee, Dr. James Conway, University of North Carolina,
Curriculum in Toxicology, 1981 - 1984 (Ph.D. awarded 1984)

Doctoral Dissertation Committee, Dr. Jane Gallagher, University of North Carolina, School
of Public Health, 1984 (Ph.D. awarded, 1986)

Doctoral Dissertation Committee, Dr. Susan Borghoff, University of North Carolina, School
of Public Health, 1984 - 1987 (Ph.D. awarded, 1987)

Doctoral Dissertation Committee, Dr. Dennis Chapman, University of North Carolina,
Curriculum in Toxicology, 1985 - 1988 (Ph.D. awarded, 1987)

Doctoral Dissertation Advisor and Chairman of Dissertation Committee, Dr. Jay Goldring,
University of North Carolina, Curriculum in Toxicology, 1987 - 1990 (Ph.D. awarded,
1990)

Doctoral Dissertation Committee, Dr. Beth Mileson, University of North Carolina,
Curriculum in Toxicology, 1987 - 1989 (Ph.D. awarded, 1989)

Doctoral Dissertation Advisor and Chairman of Dissertation Committee, Dr. Charles
H. Sewall, University of North Carolina, Curriculum in Toxicology, 1991 - 1994 (Ph.D.
awarded, 1994).

Biochemical Toxicology Course; Lectures on Teratology, Toxicokinetics, Toxicant-
Receptor Interactions, Conjugation Reactions, Physiological Factors Affecting
Metabolism and Biochemical Risk Assessment, University of North Carolina,
Department of Biochemistry and Nutrition (Graduate School), 1979 - Date

Chairman, Grant Proposal Review Committee for Dr. Will Harrelson, University of North
Carolina, Department of Biochemistry and Nutrition, 1982

Introduction to Research in Biochemistry Course, University of North Carolina, Department
of Biochemistry and Nutrition, 1978 - Date

Chairman, Written Exam Committee for Graduate Students, University of North Carolina
Curriculum in Toxicology, 1984.

Executive Committee, University of North Carolina Curriculum in Toxicology, 1984 -
1987.

Doctoral Dissertation Advisor and Chairman of Dissertation Committee, Mr. Michael
Wyde, University of North Carolina, Curriculum in Toxicology, 1998 - Date.

Doctoral Dissertation Advisor, Ms. Amy Kim, University of North Carolina, Curriculum in
Toxicology, 1998 - Date.
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Invited Seminars, Presentations, Symposia: (1988 - Date)

Seminar to Worcester Foundation for Experimental Biology, "Molecular Approaches in
Epidemiology and Risk Assessment", March, 1988.

Co-Organizer of Symposium on "Benzene Metabolism Toxicity and Carcinogenesis,
Research Triangle Park, March, 1988.

Seminar to Texas A and M University, Department of Pharmacology, "Placental Markers of
Human Exposure to Environmental Chemicals", April, 1988.

Presentation to American Chemical Society Symposium on Biological Markers of
Environmental Contaminants "Placental and Lymphocyte Markers of Human Exposure to
PCBs and PCDFs, Los Angeles, California, September, 1988.

Panel presentation to Workshop on "Interspecies Extrapolation" sponsored by the American
Board of Toxicology and Society of Risk Analysis, October, 1988.

Presentation to Symposium on Assessment of Inhalation Hazards: Integration and
Extrapolation Using Diverse Data "Molecular Dosimetry in Risk Assessment", Hannover,
Federal Republic of Germany, February, 1989.

Presentation to Workshop on Experimental and Epidemiologic Applications to Risk
Assessment of Complex Mixtures "Placental Markers of Human Exposure to PCBs and
PCDFs, Espoo, Finland, May, 1989.

Presentation to Gordon Conference on Toxicology "Interactions of TCDD with Receptors",
Kimball Union, New Hampshire, July, 1989.

Presentation to International Life Sciences Institute Regional Risk Assessment Workshop,
"Overview of Biomarkers", Chicago, Illinois, June 1989.

Presentation to NIH Workshop on Hormonal Carcinogenesis, "Liver Models of Estrogen
Induced Carcinogenesis", Gaithersburg, Maryland, September, 1989.

Presentation to SETAC symposium on Long-Term Effects of Bioaccumulated
Polyhalogenated-Hydrocarbons, "Placental Markers of Human Exposure to PCBs and
PCDFs:  Implications for Risk Assessment", Toronto, Canada, October, 1989.

Presentation to NIH workshop on Human Health Effects of Halogenated Biphenyls and
Related Compounds, "Effects of Halogenated Aromatics on Multiple Receptor Systems in
Animal Models and Human Tissues", Ann Arbor, Michigan, November, 1989.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to Society of Toxicology Symposium on Comparative Dosimetry of Inhaled
Materials:  Differences Among Animal Species and Extrapolation to Man, "Biomarkers of
Dose of Inhalants", Miami, Florida, February, 1990.

Presentation to Symposium on Application of Molecular Markers in Epidemiology,
"Relationships Between Various Markers of Genetic Damage in Blood Cells", Research
Triangle Park, North Carolina, February, 1990.

Seminar to N.C. State University, "Interactions of TCDD and its Structural Analogs with
Multiple Receptor Systems", Raleigh, North Carolina, April, 1990.

Seminar to Chemical Industry Institute for Toxicology, "Role of Estrogens in Promotion of
Liver Tumors by TCDD in Rats, Research Triangle Park, North Carolina, June, 1990.

Discussant to Third International Conference on the Use of Human Cell, Tissues and Organs
in Research", Washington, D.C., September, 1990.

Seminar to Washington State University Pharmacology Department on "Ovarian Hormones
are Essential for TCDD Hepatocarcinogenicity," Pullman, Washington, September, 1990.

Presentation to Banbury Conference on the Biological Basis for Risk Assessment of Dioxin
and Related Compounds, "Dioxin and tumor promotion", Cold Spring Harbor, NY.,
October, 1990.

Presentation to Society for Risk Analysis "Animal Studies on TCDD and Related
Compounds:  Toxic and Biochemical Effects", New Orleans, Louisiana, October, 1990.

Presentation to Society of Toxicology Symposium on "Assessment of Exposure to
Pulmonary Toxicants:  Use of Biological Markers", Dallas, Texas, February, 1991

Presentation to Conference on Hormonal Carcinogenesis, "Issues on Risk Assessment",
Cancun, Mexico, March, 1991.

Co-organizer, Dioxin 91 Conference, Research Triangle Park, September 1991.  Presented
conference summary on integration of biological data in risk assessment and paper on
animal cancer.

Presentation to the American Cancer Society's Mary Lasker Conference on Molecular
Epidemiology of Risk Assessment entitled, "Will Biomarkers Lead Us Out of the
Wilderness," Sarasota, Florida, April 3-5, 1991.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to the Eighth Health Effects Institute Annual Conference on, "Animal Models
for Cancer and Human Risk:  Potential Role of Biomarkers," Colorado Springs, Colorado,
April 21-24, 1991.

Participant in IARC Workshop on Use of Data on Mechanisms of Carcinogenesis in Risk
Identification.  Prepared background paper on "Receptor-Mediated Carcinogenesis" and
Chaired Working Group on Mechanisms.  Lyon, France, June 11-18, 1991.

Speaker and Chairperson at IARC meeting on "Biomonitoring and Susceptibility Markers in
Human Cancer:  Applications in Molecular Epidemiology and Risk Assessment," Kailua-
Kona, Hawaii, October 27 - November 2, 1991.

Presentation to Society of Risk Analysis Symposium on Dioxin Risk Assessment.
Presentation entitled, "Relevance of Animal Data to Human Responses,"  Baltimore,
Maryland, December 9, 1991.

Presentation to ILSI Seminar Series at the Brookings Institution entitled, "Dose-Response
Relationships for Dioxin's Effects," Washington, D.C., March 19, 1992.

Presentation to Symposium on Incorporating Molecular Mechanisms into Estimates of
Cancer Risk.  Presentation entitled, "Dose-Response Relationships for Dioxin in a Rat Liver
Tumor Promotion Model: Implications for Risk Assessment."  University of Connecticut,
Storrs, Connecticut, April 23-24, 1992.

Presentation to EPA Open Meeting on Reevaluation of Dioxin's Risks.  Presentation
entitled, "Dose-Response Models for Dioxin's Effects," Washington, D.C., April 28, 1992.

Plenary Presentation to Dioxin '92 Symposium, "Receptor-Mediated Responses and Dioxin
Toxicity."  Tampere, Finland, August 23-27, 1992.

Presentations to EPA Peer Review Panel for Reevaluation of Dioxin's Risks.  Presentations
entitled, "Carcinogenesis in Experimental Animals," and " Dose Response Models for
Dioxin's Effects," Washington, D.C., September 22-24, 1992.

Seminar to Rutgers University and Robert Wood Johnson Medical School entitled, "Dose
Response Relationships for Dioxin's Effects," Piscataway, New Jersey, October 22, 1992.

Presentation to US-Italy Symposium on Molecular Epidemiology.  Presentation entitled,
"Lab Studies of dioxin and Cancer Risks:  Implications for Risk Assessment," Genoa, Italy,
November 2-3, 1992.
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Invited Seminars, Presentations, Symposia: (continued)

Seminar to University of Milan entitled, "The Ah Receptor and Dioxin:  Human and Animal
Data", Milan, Italy, November 6, 1992.

Presentation to Toxicology Forum on Current Views on the Impact of Dioxins and Furans
on Human Health and the Environment.  Presentation entitled, "Hormonal Influences on
Tumor Induction," Berlin, Germany, November 9-11, 1992.

Presentation to Washington, D.C. Society of Toxicology Symposium.  Presentation entitled,
"Dose Response Relationships for Dioxin's Effects," Washington, D.C., December 3, 1992.

Presentation to Conference on Receptor-mediated Biological Processes:  Implications for
Evaluating Carcinogens.  Presentation entitled, "Receptor-mediated Responses:  Estrogens,
Dioxins, and Interactions," Barton Creek, Texas, December 8-11, 1992.

Presentation to Society of Toxicology Symposium on Hormonal Carcinogenesis: Challenges
for Future Research.  Presentation entitled, "Receptor-mediated Carcinogenesis," New
Orleans, Louisiana, March 14-18, 1993.

Presentation to Symposium on Human Tissue Monitoring and Specimen Banking.
Presentation entitled, "Choice of Bankable Tissues for Evaluating Intra and Interindividual
Variation," Research Triangle Park, North Carolina, March 30-31, 1993.

Presentation to International Congress on the Health Effects of Hazardous Wastes.
Presentation entitled, "Molecular Epidemiologic Approaches to Assessing Public Health
Impacts of Hazardous Wastes," Atlanta, Georgia, May 3-6, 1993.

Presentation to International Congress on the Health Effects of Hazardous Wastes.
Presentation entitled, "Receptor Mechanisms and Risk Assessment," Atlanta, Georgia, May
3-6, 1993.

Presentation to International Congress on Toxic Combustion By-products.  Presentation
entitled, "Molecular Dosimetry of Environmental Carcinogens," Cambridge, Massachusetts,
June 14-16, 1993.

Presentation to Gordon Research Conference on Hormonal Carcinogenesis.  Presentation
entitled, "Risk Assessment of Receptor-mediated Carcinogens," Salve Regina College,
Newport Rhode Island, August 8-13, 1993.

Symposium on "Breast Cancer and the Environment:  What We Know, What We don't
Know, What We Need to Know," Chairman, Workgroup on Identification of Breast
Carcinogens, Adelphi University, Garden City, New York, November 15-16, 1993.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to AACR Conference on Risk Assessment in Environmental Carcinogens on
"Receptor-Mediated Responses and Risk Assessment," Whistler, British Columbia, Canada,
January 17-22, 1994.

Presentation to American Society of Preventive Oncology on "Gene/Environment
Interactions," Bethesda, Maryland, March 7-9, 1994.

Presentation to Carcinogenesis Specialty Section of Society of Toxicology on "NTP Science
and Policy Issues," Dallas, Texas, March 14-17, 1994.

Seminar to University of Cincinnati, Department of Environmental Health entitled,
"Mechanism Based Toxicology and Risk Assessment," Cincinnati, Ohio, May 11, 1994.

Panel Member, Chlorine/Dioxin Plenary Session, Public Relations Society of America 1994
National Environmental Conference, Washington, D.C., June 20, 1994.

Co-Chair of Workshop on Risks and Benefits of Hormone Replacement Therapy and Oral
Contraceptive Use, Stockholm, Sweden, July 1994.

Presentation to NIEHS Advisory Council on "Mechanism Based Toxicology and Risk
Assessment," Research Triangle Park, NC, September 1994.

Presentation to North Carolina Supercomputing Center Symposium on Environmental
Impact Prediction, "Comparison of National, State and Local Decision-Making and the Role
of Simulation Technology," Research Triangle Park, NC, October 6, 1994.

Presentation to IARC Workshop on Receptor-Mediated Carcinogenesis:  Receptor-
Mediated Events and EPA's Reevaluation of Dioxin's Risks, Lyon France, October 14-16,
1994.

Presentation to American Public Health Association Symposium on Environmental
Exposures Affecting the Health of Children:  Problems and Solutions, Washington, D.C.,
November 1, 1994.

Presentation to North Carolina Society of Toxicology Entitled, "Recent Scientific Advances
and Dioxin Risk Assessment," Chapel Hill, NC, November 1994.

Chair, Organizing Committee for NTP Workshop on Mechanism-Based Toxicology in
Cancer Risk Assessment:  Implications for Research, Regulation and Legislation.
Presentation Entitled, "NTP in The Third Millennium."  Chapel Hill, NC, January 11-13,
1995.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to Toxicology Forum Entitled, "Mechanism-Based Toxicology and Risk
Assessment," Washington, D.C., February 1995.

Organizer and Chair of Society of Toxicology Workshop on NTP Studies:  Principles of
Dose Selection and Applications to Mechanistic-Based Risk Assessment, Baltimore, MD,
March 1995.

Presentation to Society of Toxicology Symposium on Cell Cycle Controls and
Carcinogenesis. Baltimore, MD, March 1995.

Presentation to Society of Toxicology Symposium Entitled, "Debate on Risk Assessment for
Receptor-Mediated Carcinogens," Baltimore, MD, March 1995.

Plenary Presentation to Symposium on Managing Occupational and Environmental Health
Hazards, Helsinki, Finland, March 1995.

Chair, Organizing Committee for Workshop on Review of the Criteria and Listing in the
Biennial Report on Carcinogens, Washington, D.C., April 1995.

Chair, Working Group on Research Needs for Dose Response Relationships.  EPA
Workshop on Endocrine Disrupters, Research Triangle Park, NC, April 1995.

Chair and Presenter in Session on "Biomarkers of Exposure," International Congress of
Toxicology, Seattle, WA, July 1995.

Panelist on American Chemical Society Panel on "Changing Regulations, Chicago, IL,
August 1995

Chair, Session on Hormonally-Active Chemicals at Gordon Research Conference on
Hormonal Carcinogenesis, New Hampshire, August 1995.

Briefing to White House Staff on "Endocrine Disrupters, What We Know and What We
Don't Know," Washington, D.C., September 1995.

Presentation to Dupont Chemical Company Entitled, "Mechanism-based Toxicology,"
Wilmington, DE, September 1995.

Presentation to Conference on Receptor-Mediated Toxicants and Their Risk Assessment,
Entitled, "Confounding Factors for Endocrine Disrupters," Washington, D.C., October 1995.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to Conference on Prevention of Environmentally-Related Cancer, Entitled,
"Problems in Estimating Cancer Risks," Alburqueque, NM, October 1995.

Presentation to NIEHS Grantees in Worker Training, Entitled, "The NTP and Occupational
Health," Research Triangle Park, NC, October 1995.

Presentation to Collegium Ramazzini Symposium on Living in a Chemical World, Entitled,
"Molecular Toxicology and Risk Assessment," Washington, D.C., November 1995.

Plenary Presentation to NTP Workshop on Validation and Regulatory Acceptance of
Alternative Toxicological Test Methods, Entitled, "The Role of the NTP in Test Method
Development and Validation," Arlington, VA, December 1995.

Presentation to Meeting on Validation of Transgenic Animals in Toxicity Testing, Entitled,
"Transgenic Animals and the NTP," Research Triangle Park, NC, February 1996.

Panelist on Implementation of EPA Revised Cancer Assessment Guidelines: Incorporation
of Mechanistic and Pharmacokinetic Data, Society of Toxicology, Anaheim, CA, March
1996.

Chair, Session on Risk Assessment of Methylene Chloride, Society of Toxicology,
Anaheim, CA, March 1996.

Presentation to Health Effects Institute Annual Meeting, Entitled, “Mechanism-based
Toxicology and Risk Assessment: Use of Biomarkers,” Ashville, NC, April 1996.

Plenary Presentation to Conference on Modulation of Chemical Toxicity and Risk
Assessment, Entitled, “Dietary Factors and Risk Assessment Complexity”, Tucson, AZ,
June 1996.

Presentation to NTP Workshop on Developing Partnerships for the Validation of New
Approaches for Toxicological Evaluations, Entitled, “New Initiatives for the NTP,”
Research Triangle Park, NC, July 1996.

Panelist on Society of Environmental Journalists Panel on Endocrine Disruptors, St. Louis,
October 1996.

Presentation to Conference on Chemistry, Man and Environment, Entitled, “Use of
Toxicology, Epidemiology, Toxicokinetics and Mechanisms in Risk Assessment of TCDD,”
Milan, Italy, October 1996.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to Symposium on Dioxins and Furans: Epidemiologic Assessment of Cancer
Risks and Other Human Health Effects, Entitled, “Molecular Epidemiology and Dosimetry
of Dioxin and Related Chemicals,” Heidelberg, Germany, November 1996.

Presentation to NIEHS Grantee Meeting On Endocrine Disruptors, Entitled, “Linking
Fundamental Knowledge, Epidemiology, Toxicology and Risk Assessment: Good Science
for Good Decisions,” Research Triangle Park, NC, November 1996.

Presentation to BELLE Symposium on Toxicological Defense Mechanisms and the Shape
of Dose Response Relationships, Entitled, “How Regulatory/Public Health Agencies
Consider the Biological Effects of Low Level Exposures,” Research Triangle Park, NC,
November 1996.

Presentation to American College of Physicians, “Strengthening Science Base for
Regulatory Decisions,” NJ, January 1997.

Presentation to Society of Toxicology Workshop on the Use of Mode of Action Information
in Cancer Risk Assessment, “Receptor Mediated Responses and Dioxin Cancer Risk,”
Cincinnati, OH, March 1997.

Presentation to EMF Science Review Symposium, “Risk Assessment: Salient Points and
Steps for Consideration,” Research Triangle Park, NC, March 1997.

Presentation to Environmental Management Commission, State of North Carolina, “Role of
the Scientific Advisory Board in Risk Management,” Raleigh, NC, April 1997.

Presentation to Workshop on Mechanistically-based Alternative Models for Toxicity
Testing, “NTP Initiatives in Alternative Models,” Research Triangle Park, NC, July 1997.

Chair of Organizing Committee for NIEHS Conference on Estrogens in the Environment.:
Linking Fundamental Knowledge, Risk Assessment and Public Policy.  Presentation
Entitled, “Risk Assessment Issues: What We Know and Don’t Know,” Arlington, VA, July
1997.

Chair of Gordon Research Conference on Hormonal Carcinogenesis, Tilton, NH, July 1997.

Moderator, Session on Research Needs, Workshop on Marine Toxins, Research Triangle
Park, NC, August 1997.
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Invited Seminars, Presentations, Symposia: (continued)

Moderator, Workshop on Research Needs in Chemical Carcinogenesis, Conference on the
Chemical Industries’ Long-Range Research Initiatives, Research Triangle Park, NC,
November 1997.

Chair of Organizing Committee for Workshop on Strategies for Assessing the Implications
of Malformed Frogs for Environmental Health, Research Triangle Park, NC, December
1997.

Moderator, EPA Low Dose Workshop on Screening and Testing for Endocrine Disruptors,
Washington, D.C., February 1998

Discussant, Conference on Superfund Communities: Who’s Exposed and Who’s at Risk,
Session on Mechanistic Paradigms, Boston, MA, March 1998.

Internet Presentation, Talk City - Breakthroughs in Medicine, on Environmental Agents and
Human Health, March 1998.

Presentation to Conference on Unique Freshwater Models for Environmental Health
Research, “Uses of Aquatic Models by NIEHS and the NTP,” Research Triangle Park, NC,
April 1998.

Presentation to Science and Math Students at Northwood High School on “Rule of Science
in Public Health Policy,” Pittsboro, NC, April 1998.

Presentation to EPA Symposium on Extrapolation in Human Health and Ecological Risk
Assessment, “Future Approaches for Improving Extrapolations to Health: Integration of
Diverse Data Sets,” Research Triangle Park, NC, April 1998.

Presentation to Workshop on Characterizing the Effects of Endocrine Disruptors on Human
Health at Environmental Exposure Levels, “Quantitative Approaches to the Study of
Homeostasis,” Raleigh, NC, May 1998.

Presentation to Conference on Characterizing Human Risks, “The Changing Face of
Toxicology: Mechanisms, Human Studies and Risk Assessment,” Washington, D.C., May
1998.

Presentation to EPA Public Meeting on Drinking Water Disinfectant Byproducts,
“Evaluation of New Science for Use in Chloroform Risk Assessments, Washington, D.C.,
May 1998.

Introductory Presentation to Peer-Review Panel on the Validation of the Local Lymph Node
Assay for Use in Toxicology Testing, Gaithersburg, MD, September 1998.



George W. Lucier 13

Invited Seminars, Presentations, Symposia: (continued)

Introductory Presentation and Charge to Workshop to Evaluate Research Needs on the Use
and Safety of Medicinal Herbs, Raleigh, NC, September 1998.

Introductory Presentation to Public Meeting on NIEHS Working Group Report on
“Assessment of Health Effects from Exposure to Power-Line Frequency, Electric and
Magnetic Fields, Washington, D.C., September 1998.

Presentation to Mississippi State University, “Critical Issues in Linking Science to Public
Health Policy,” November 1998.

Presentation to Symposium Honoring David Rall entitled, “Can Rodent Cancer Tests Predict
for Human Cancers: The Role of Mechanistic Studies in Cancer Testing,” Little Rock, AR,
November 1998.

Chair of Organizing Committee for OSTP (White House) Workshop on Scientific Issues
Relevant to Assessment of Health Effects from Exposure to Methylmercury, Raleigh, NC,
November 1998.

Introductory Presentation to Peer Review Panel on Validation of Corrositex Assay for Use
in Toxicology Testing, Bethesda, MD, January 1999.

Presentation at Society of Toxicology Meeting (Epidemiology Section) on the “Integration
of Diverse Data Sets in Toxicological Evaluations,” New Orleans, LA, March 1999.

Presentation at Conference on Fumonisn Toxicity, “Developing Partnerships between FDA
and NIEHS: Linking Science to Public Health Policy, Washington D.C., June 1999.

Presentation to NCI/NIEHS Joint Meeting on Environmental Health, “Opportunities for
Collaborative Research,” Research Triangle Park, NC, June 1999.

Presentation to Workshop on Thimerosal Containing Vaccines, “Pharmacokinetics and
Toxicity of Ethyl and Methylmercury,” Bethesda, MD, August 1999.

Moderator of EPA/NIEHS Workshop Roundtable on Applying Biomarker Research to Risk
Assessment and Public Health, Chapel Hill, NC, August 1999.

Moderator (Research Recommendations Session) and Member of Steering Committee of
Chemical Manufacturing Association Workshop to Evaluate Research Priorities for
Endocrine Active Compound Risk Assessment Methods, Research Triangle Park, NC,
August 1999.
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Invited Seminars, Presentations, Symposia: (continued)

Presentation to Expert Panel Meeting on Reproductive Toxicity of Phthalate Esters (NTP
Center for the Evaluation of Reproductive Risks), Washington, D.C., August 1999.

Chair, Session on Toxicokinetics at Dioxin 99 Meeting, Venice, Italy, September 1999.

Presentations, to NIEHS Council on “NTP Research Priorities and External Reviews” and
“Medicinal Herb Research,” Research Triangle Park, NC, September 1999.

Presentation to Stakeholder Public Meeting on the NTP’s Report on Carcinogens,
Washington, D.C., September 1999.

Co-Chair Organizing Committee and Moderator of Breakout Group Presentations for
Workshop on “The Role of Human Exposure Assessment in the Prevention of
Environmental Disease,” Rockville, MD, September, 1999.

Member Organizing Committee, Workshop on the Harmonization of Cancer and Non-
Cancer Risk Assessments, Washington, D.C., October, 1999.

Selected Advisory Boards and Related Activities:

Toxicology Forum; expert on developmental pharmacology for the purpose of protocol
development for in vitro toxicity testing, 1978.

Environmental Protection Agency; implementation of Toxic Substances Act as it applies to
children, 1981 - 1984.

Education program for nurses to increase their skills in environmental health, Health
Resources Administration, 1981.

Member, Peer Review Panel, Food Chain Transport of Synfuels, Comparative Animal
Research Laboratory, Oak Ridge, Tennessee.

Temporary Advisor to International Agency for Research on Cancer, "Mechanisms by
which Hormones Influence Carcinogenesis," Lyon, France, April, 1983.

Consultant - Centers for Disease Control, Health Implications of TCDD Contamination of
Residential Soil, June, 1983.

Consultant - U.S. Environmental Protection Agency, Risk Analysis of Synfuels, Corvallis,
Oregon, October, 1983.
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Selected Advisory Boards and Related Activities:  (continued)

Peer Review Panel, National Center for Toxicological Research, Food and Drug
Administration, Washington, D.C., November, 1984.

Organizing Committee, Section on Environmental Toxicology and Pharmacology,
American Society for Pharmacology and Experimental Therapeutics, 1984 - 1987.

Chairman of Panel on "Application of Biochemical Markers in Risk Assessment",
Committee to Coordinate Environmental Health and Related Programs, Department of
Health and Human Services, 1986 - 1988.

National Institute of Environmental Health Sciences' Representative for NCI, NIOSH, EPA,
NIEHS Extramural Program in Biochemical Epidemiology, 1986 - Date.

Member of Subcommittees of Research Needs and Risk Assessment, Committee to
Coordinate Environmental Health and Related Programs, Department of Health and Human
Services, 1986 - 1993.

EPA Scientific Advisory Board, Subcommittee on Halogenated Organics, September, 1986.

Office of Science and Technology Policy Panel on Risk Assessment, 1986.

International Program on Chemical Safety, Commission of the European Communities,
WHO Committee to Prepare Consensus Report on "Biological Methods for Monitoring
Exposure to Mutagenic or Carcinogenic Agents", July, 1987.

Member of the National Center for Toxicological Research Sponsored Panel on
Reproductive Risk Assessment for Dioxin, Little Rock, Arkansas, September, 1987.

Scientific Advisory Board, PMI Strang Clinic, New York, 1987 - 1990.

Member of DHHS panel on "Evaluation of Risk Assessments of Dioxin", August, 1989.

Contributor to WHO/IPCS Monograph on Principles for the Assessment of Risk from
Exposure to Chemicals.  Prepared Background paper on Biological Markers of Exposure
and Effect, 1989 - 1990.

Chairman, Dioxin Review Panel for Chemical Industry Institute of Toxicology, 1990 - 1992.

Member, Department of Health and Human Services Committee on Revision of Policies on
Risk Assessment and Risk Management, 1990.
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Selected Advisory Boards and Related Activities:  (continued)

Member, Scientific Advisory Panel, Chemical Industry Institute of Toxicology, 1990.

Member, Subcommittee on Risk Assessment, DHHS Committee to Coordinate
Environmental Health and Related Programs, 1990-1993.

Member, Working Party on Research Needs of the Committee on Life Sciences and Health
Subcommittee on Risk Assessment, 1991.

Preparation of background paper on "Animal Cancer" for EPA's Reevaluation of Dioxin's
Risks, 1991.

Co-chair Committee on "Dose-Response Model for Dioxin's Effects," for EPA's
Reevaluation of Dioxin's Risks, 1992 - Date.

Health Effects Institute Panel on Research Needs for Mobile Air Emissions; chaired
benzene working group, 1992 - 1993.

Chairman, Scientific Advisory Board for North Carolina Air Toxics Regulations, 1992 -
Date.

Scientific Advisory Board, Chemical Industries Institute for Toxicology, 1993.

Organizing Committee, International Symposium on "Butadiene Health Effects," Helsinki,
Finland, May 1993

IARC Workshop on Quantitative Estimation and Prediction of Cancer Risks to Humans,
Lyon, France, October 18-22, 1993.

Vice Chair for Science, National Science and Technology Policy Subcommittee on Risk
Assessment, 1994 - 1997.

Federal Liaison to EPA Science Advisory Board, Environmental Health Committee, 1994 -
Date.

Co-Chair, Interagency Committee to Assess Health Effects of Oxygenated Fuels, 1995 -
1996.

Chair, National Occupational Research Agenda:  Experimental Priorities, Washington,
D.C., December 1995.
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Selected Advisory Boards and Related Activities:  (continued)

Congressional Testimony to House Science Committee, "Scientific Integrity, and Federal
Policies and Mandates, December 1995.

Chair, Search Committee to Select Director for NIOSH Health Effects Laboratory Division,
1996.

Chair, IARC Monograph Meeting on Carcinogenicity of Tamoxifen and Other
Pharmaceuticals, February 1996.

Presentation to National Research Council Committee on Research Opportunities and
Priorities for EPA, May 1996.

Chair, National Science and Technology Interagency Review of EPA’s Revised Guidelines
for Reproductive and Developmental Toxicology, August 1996.

Steering Committee for Scientific Review of EPA’s Methylene Chloride Risk Assessment -
Co-Sponsored by EPA, NTP, ATSDR and the Halogenated Solvents Industrial Alliance,
1996 - Date.

Vice Chair for National Science and Technology Council Committee on Human Health
Effects of Endocrine Disruptors, 1996 - Date.

Member, North Carolina Legislative Committee for Review of Air Toxics Programs in
North Carolina, 1996 - 1997.

Member, Endocrine Disruptors Screening and Testing Advisory Committee (EDSTAC) for
Addressing EPA’s Congressional Mandates on Endocrine Disruptor Screens, 1996 - Date.

Member, Committee for Implementing NIOSH’s National Occupational Research Agenda,
1996 - 1997.

Risk Characterization Writing Team for EPA’s Reevaluation of Dioxin’s Risk, 1996 - Date.

Chair, IARC Monograph Meeting on Carcinogenicity of Dioxin and Related Chemicals,
February 1997.

Member, Technical Panel for World Trade Organization Adjudication of International Trade
Dispute on Export of Animals Fed Growth Promoting Substances, February 1997.

Chair, Cancer White Paper Group, State of the Science Steering Committee, Chemical
Manufacturing Association, 1997 - 1998.
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Selected Advisory Boards and Related Activities:  (continued)

Member, Endocrine Disruptor Steering Committee, Chemical Manufacturing Association,
1997 - Date.

Member, North Carolina Task Force on Human Health Effects of Pfiesteria Toxins, 1997 -
1998.

Member, Peer Review Panel for Review of Environmental Toxicology Program, NHEERL,
EPA, 1997.

Member, Scientific Advisory Committee, Chemical Industries Institute for Toxicology,
1997 - 1998.

Chair, OSTP Coordinated Interagency Review of EPA’s Report to Congress on Health
Effects of Mercury, 1997 - Date.

Member,  ILSI Risk Science Institute Steering Committee, Framework for Cumulative Risk
Assessment, 1998 - 1999.

Member, WHO Steering Committee on Endocrine Disruptors, 1998 - Date.

Presentation on Research Priorities in Environmental Health to National Research Defense
Council, June 1998.

Co-Chair, NC Department of Health Panel to Investigate Possible Health Effects of
Intensive Livestock Farming, 1998 - Date.

Presentation to EPA Science Advisory Board for Integrated Exposure Assessment,
“Exposure Assessment Issues for NIEHS and the NTP,” March 1999.

Presentation to National Academy of Science Panel on Interagency Evaluations of Human
Health Effects from Methylmercury Exposure, Washington, D.C., June 1999

Interagency Committee on Evaluation of European Union Risk Assessments on Health
Effects of Consuming Meats from Growth-Promoted Animals, May 1999 – Date.

Science Advisory Board for Chemical Industries Institute for Toxicology, August 1999.

Co-Chair Committee on Environment and Natural Resources (White House Science Office)
Review of NAS Report on Endocrine Disruptors, September 1999.
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