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P-R-0-C-E-E-D-1-N-G-S
(8:05 a.m.)

DR. LENTZ: Well, good morning and
welcome to this public meeting to present and
discuss the NIOSH draft document entitled
"Criteria for a Recommended Standard
Occupational Exposure to diracetyl and 2,3
Pentanedione."

My name is T.J. Lentz. I am the
Chief of the Document Development Branch in
the Education and Information Division at the
National Institute for Occupational Safety and
Health of the Centers for Disease Control and
Prevention, NIOSH CDC. I will be chairing
this morning®"s meeting and you will be hearing
presentations from a number of my NIOSH
colleagues who were on the team that developed
this document.

Our Division Director 1i1n the
Education and Information Division, Dr. Paul
Schulte, extends his regrets that he could not

attend this morning.




First as a matter of housekeeping,
I would ask you to please note the location of
the exit near the back on the right-hand side,
especially given the seismic events and
extreme weather that we are facing later on
this weekend, too. | think It Is important to
note that. But also the restrooms, 1f you go
out through the back where you came in, are
located near the elevator.

The purpose of this meeting 1s to
provide a public forum to present summaries of
the most salient scientific and technical
iIssues of the document and to provide an
opportunity for clarification of issues or to
raise issues for NIOSH to consider.

When NIOSH announced the
availability of the document, it also
announced the public comment period to last
through October 14th. Written comments are
requested to be submitted to the NIOSH docket
as iInstructed in the Federal Register notice.

This public forum will also be




recorded and transcribed and transcriptions
will be made available within 30 days i1n the
NIOSH docket office. Consequently, all
discussions, presentations, and comments as
part of this meeting are considered to be in
the public domain and will be documented 1in
the NIOSH docket. Therefore, 1f you have a
question, you are asked to step to a
microphone and 1i1dentify yourself and your
affiliation.

This forum not only satisfies our
Office of Management and Budget peer review
requirements for a highly influential
scientific assessment document, which this
document 1s, but we also see this as an
opportunity to allow the scientists, the
subject matter experts who are also the
authors of the document to present and also to
hear from stakeholders with the goal of
providing a document that 1s scientifically
sound, has relevance and utility, and 1is

developed according to a rigorous, consistent,




and transparent process.

Towards that end, I will Dbe
introducing members of the diracetyl team.
According to the agenda, the first part of the
morning will be dedicated to the scientific
and  technical presentations of specific
sections of the document. The second half of
the morning will focus a little more on some
of the recommendations and authoritative
guidance that i1s provided. There will be a
break at 10:00 and then another break near
noon for lunch.

When we return at 1:00, there will
be opportunity for stakeholders and members of
the public, first who have signed up, to give
brief presentations and comments. Those again
will become part of the public record and
archived 1n the NIOSH docket. If time allows,
there will be other opportunities Tollowing
those presentations for other members of the
public and those present to provide comment.

So without Tfurther ado, 1 would
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like to begin with our first presenter.
Commander Lauralynn Taylor McKernan
iIs an Environmental Health Officer in the U.S.
Public Health Service, a certified industrial
hygienist, and has been working as a research
industrial hygienist for NIOSH for 14 years.
Commander McKernan received her
Master of Science i1n Public Health from the
University of North Carolina at Chapel Hill
and a Doctor of Science degree in
Environmental Health, specializing in
industrial hygiene from Harvard University.
Commander McKernan has conducted
industrial hygiene field studies In a variety
of occupations and has 20 peer reviewed
publications in topics ranging from
bioaerosols on commercial passenger aircraft,
blood 1lead monitoring techniques, diacetyl
sampling, and Jlessons learned for TfTirst
responders.
Dr. McKernan is the project officer

for the criteria document, and she will be
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presenting an executive summary on the
criteria document and an exposure assessment
summary as well.

COMMANDER McKERNAN:  Good morning.

Thank you, T.J. Good morning. On behalf of
the entire diacetyl 2,3-pentanedione criteria
document team, thank you Tfor coming this
morning. Thank you for risking the elements,
those of you that have traveled. The public
meeting iIs a critical element of the criteria
document process. We really need your input,
we value 1t, and we thank you for being here
to provide i1t today.

The Criteria Document Team 1S
comprised of 22 authors from six different
divisions across NIOSH. And as T.J.
mentioned, several of us will be providing the
highlights of the draft criteria document for
you this morning. Then, this afternoon we
will be hearing your comments. Throughout the
day 1 expect that we will have a positive

exchange and i1nteraction of ideas.
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Many of our authors will Dbe
speaking today but we also have several
authors that are 1In the audience that will not
be speaking. 1 want to acknowledge all of the
authors and contributors to this document. In
addition to the 22 authors, there are also
approximately 10 contributors. This effort
has been comprehensive and 1 thank the team
for their contributions.

So, here i1s a brief overview of my
presentation this morning. First, |1 am going
to give you an update about the organization
of the criteria document, then go through our
process on the scope of the document. Then 1
am going to shift gears a little bit and
provide an executive summary of the document,
including our rationale of the recommended
exposure limits within 1t. And then 1 am
going to provide a synthesis of the exposure
assessment chapter in the document.

The criteria document contains a

review of relevant i1nformation related to
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diacetyl and 2,3-pentanedione and also
provides the rationale and criteria for
establishing appropriate risk management
recommendations.

Hopefully, you received a copy of
the criteria document when you came iIn this
morning. |If you didn"t, please ask for one on

your way out.

Yesterday, someone called it an
encyclopedia, a preliminary encyclopedia, and
I think that i1s true. Within the document
there are several chapters that fall within
two main parts. The TfiIrst section 1is the
synthesis of the scientific Iliterature to
date, as well as the quantitative risk
assessment both from epidemiologic data and
animal data. And so this morning you will see
that our presentations follow that format, and
it iIncludes an overview of the exposure
assessment, the health effects of exposures to

workers, the toxicology effects of exposure,
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the quantitative risk assessment for workers,
the quantitative risk assessment based on
animals, and then the basis of the standard.
The second part of the document 1is the
guidance portion of the document.

Within the guidance portion of the
document, we have several sections. Each one
of these sections will also be reviewed for
you this morning. The Tfirst one i1s a hazard
prevention and control. Specifically, it
makes recommendations for engineering controls
that facilities can implement, as well as work
practices to reduce exposures. And TfTinally,
1T necessary, what criteria you should use to
establish appropriate personal protective
equipment procedures.

Another element of the guidance
section IS medical monitoring and
surveillance, and Tfinally components of an
exposure monitoring program.

NIOSH follows a rigorous and

cohesive process to develop a criteria
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document. It begins with a topic concept memo
that 1s reviewed by our lead team and if
approved, then a criteria document team 1is
established.

Once the team is established, they
work diligently to produce a product, and that
product then goes through a comprehensive
review iInternally. Once that review 1s
complete, then 1t goes before external peer
review and public comment, which i1s where we
are now. The public meeting i1s a critical
element of this process. And as 1 already
said, 1t 1iIs very 1important to receive your
feedback and your comments, both from the peer
reviewers but also from the public.

We strongly recommend that you
provide comments to our docket. There are a
number of ways that you can submit your
comments, you can fax or email them to us, or
you can submit them online directly through
the docket. All of those comments will be

accepted from the public until October 14,
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2011. We really hope that you take the time
to Incorporate your comments into the docket.

After we receive comments from
public comment and our external peer
reviewers, we carefully consider them. Then,
we will respond to them and amend the document
accordingly. After the document has been
amended and has gone through another rigorous
review internally, i1t will be finalized and
published.

So let"s talk a little bit about
why we are here. Let"s go back to chemistry.
So these are chemical diagrams fTor both
diacetyl and 2,3-pentanedione. Both diacetyl
and 2,3-pentanedione are both alpha-diketones.
The diacetyl and 2,3-pentanedione molecules
contain two carbonyl groups; oxygen molecules
attached to carbon by a double bond. So there
iIs the double bond and here is the carbonyl
groups on both sides.

You can see that the figures are

very similar to one another. Diacetyl is a 4-
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carbon alpha-diketone and 2,3-pentanedione is

-

structurally very similar to diacetyl, as
IS a 5-carbon alpha-diketone.

The odor  threshold for both
diacetyl and 2,3-pentanedione 1s also very
similar, ranging from 0.01 parts per billion
to 0.02 parts per billion. The odor threshold
for both these compounds is very low In air.

Diacetyl i1s used extensively iIn the
flavoring and food production 1industry and
occupational exposure to the substance has
been associated with severe obstructive lung
disease, bronchiolitis obliterans and a
decrease i1n lung TfTunction. Bronchiolitis
obliterans i1s a life-threatening disease and
decreased pulmonary function has been
associated with reduced quality of life and
increased mortality.

2,3-pentanedione has been used as a
substitute for diacetyl. And this 1s a
concern not only because of 1ts structural

similarities to diacetyl, but also because
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preliminary animal studies show similar
pathology as seen with diracetyl 1n exposed
animals.

Here is a brief history of some of
the sentinel events. In 1985 two workers with
fixed obstructive lung disease suggestive of
bronchiolitis obliterans were observed 1In a
facility where flavorings with diacetyl were
made for the baking i1ndustry. The Tink
between exposure to diacetyl and the risk of
bronchiolitis obliterans was i1dentified i1n the
early 2000s, when a series of health hazard
evaluations iIn the microwave popcorn i1ndustry
confirmed a relationship exists between
diacetyl exposures and lower pulmonary
function. From 2000 to 2006, two cases of
bronchiolitis obliterans were identified 1iIn
two California flavoring plants and this

resulted 1n i1ndustry-wide surveillance.

NIOSH evaluated the cross-sectional pulmonary

function data from the diracetyl exposures at
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microwave popcorn plants, and NIOSH conducted
analysis to determine the exposure-response
and i1dentified the risk of pulmonary function
decrease at various levels of diacetyl
exposure. NIOSH found that a relationship
exists between diacetyl exposures and lower
pulmonary function.

Utilizing this quantitative risk
assessment, NIOSH recommends that exposures to
diacetyl be kept below a concentration of five
parts per billion as a time-weighted average
during a 40-hour work week. That is an eight-
hour time-weighted average during a 40-hour
work week.

NIOSH has determined that workers
exposed to diacetyl at this concentration
should have no more than a one i1n one thousand
chance of suffering reduced 1lung Tfunction
associated with diacetyl exposure and less
chance for developing bronchiolitis
obliterans.

To further protect against the
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effects of  short-term exposures, NIOSH
recommends a short-term exposure limit or a
STEL for diacetyl of 25 parts per billion over
a 15-minute duration. Additionally, NIOSH
recommends an action level of approximately
one-half the recommended exposure limit or REL
of 2.6 parts per billion.

In many operations, 2,3-
pentanedione and other substitutes are being
used to substitute for diacetyl. As 1
mentioned, they are very similar structurally.
There 1s little health effect on these
substitutes, but 1t Is appropriate to consider
some of them as potentially hazardous as
diacetyl. Specifically, 2,3-pentanedione 1s
not only structurally similar to diacetyl but
also published reports on the toxicity of 2,3-
pentanedione suggests that In rats it causes
airway epithelial damage similar to that
produced by diacetyl.

Because of this, NIOSH recommends

keeping occupational exposure to 2,3-
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pentanedione, below a level comparable to that
for dracetyl. However, analytical limitations
of the recommended method for 2,3-
pentanedione, that 1s OSHA Method 1016,
indicate that 2,3-pentanedione can only be
reliably quantified to 9.3 parts per billion.
This 1i1s slightly higher than 1is what is
recommended for diacetyl and 1is the reason
that the proposed recommended limit i1s 9.3
parts per Dbillion. It should not be
misconstrued to infer that 2,3-pentanedione is
of lower toxicity than diacetyl.

NIOSH recommends that exposure to
2,3-pentanedione be kept below a concentration
of 9.3 parts per million 1n an eight-hour
time-weighted average during a 40-hour work
week.

NIOSH also recommends a STEL for
2,3-pentanedione of 31 parts per Dbillion
during a 15-minute period. And because the
REL is established at the quantitation limit,

there 1s no action limit -- we are not
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proposing an action limit for 2,3-
pentanedione.

This 1s an important point, so |
want to make sure that | made it clearly.
Because of the reliable quantitation limit of
the OSHA method 1016, the proposed REL for
2,3-pentanedione is 9.3 parts per billion,
versus diracetyl, which 1s Tfive parts per
billion.

We Teel that engineering and work
practices are available to control diacetyl
and 2,3-pentanedione below the recommended
exposure limits. Validated analytical methods
are available that allow measurements at the
RELsS. This 1s significant because although
NIOSH considers the health effects and risk
assessment when creating the REL, we also look
at achievability and analytical feasibility.

NIOSH recommends that employers
develop and implement a comprehensive
occupational safety and health program to

protect workers with potential exposure to
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diacetyl, 2 ,3-pentanedione, and other
potentially hazardous flavoring chemicals.
This program should 1include exposure and
medical monitoring, implementation of exposure
controls, and i1t also should facilitate the
selection of appropriate personal protective
equipment, 1f appropriate. All of these
components, again, are covered In great detail
in the guidance portion of our document.

While the focus of this document is
on diacetyl and on 2,3-pentanedione, NIOSH has
concern about other flavoring substitutes with
structural similarities to diacetyl, which are
potentially capable of producing similar toxic
effects as diacetyl. Therefore, NIOSH
recommends that such exposures be considered
and controlled as low as reasonably
achievable.

I"m going to shift gears entirely
now and provide a summary of the exposure
assessment i1nformation. In your document,

this would be contained iIn Chapter 1 and
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Chapter 2.

It i1s difficult to quantify the
number of employees directly 1involved with
flavor manufacturing and more specifically
having diacetyl substitute exposure 1In the
United States. According to the EPA, Non-
Confidential Inventory Updating Report,
diacetyl had an aggregate production volume
between 10,000 and 500,000 pounds. According
to the North American Industry Classification
System category 311, which 1s the most
relevant category, there are 1.5 million
workers i1n food manufacturing. However, not
all of these workers would necessarily have
diacetyl exposure. According to FEMA, 6,520
employees work directly in flavor
manufacturing or laboratory activities.

Employers in the food manufacturing

sector are generally small business owners
with 89 percent iIn establishments employing
fewer than 100 workers and nearly 53 percent

of these establishments employing fewer than
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ten workers.

Measurement of diacetyl and 2,3-
pentanedione exposures IS helpful in
preventing Fflavoring-related 1lung disease,
even though flavoring exposures are often more
complex. Diracetyl and 2,3-pentanedione can be
monitored using personal and area air samples,
since the predominant route of exposure 1is
inhalational. Results from air sampling can
be compared with established criteria, such as
the proposed NIOSH recommended exposure
limits.

Measuring diacetyl and other alpha-
diketone exposures may help to 1i1dentify
hazards, guide corrective actions such as
engineering controls, 1identify improved work
practices, and select appropriate personal
protection to reduce or eliminate exposures.

Several i1nvestigations have been
completed by NIOSH and others within the
flavoring and food production industries.

Exposure conditions vary widely, depending
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upon site-specific parameters and the
processes employed. Many diracetyl samples
have been collected to evaluate occupational
exposures i1n the workplace. The specific
sampling methods utilized will be covered 1in
great detail iIn jJust a few moments by my
colleague, Dr. Robert Streicher.

Within Chapter 2, there are
detailed descriptions of every study that we
evaluated that cover exposure assessment
investigations. There are a series of tables,
this 1s a snapshot of one of those tables.

NIOSH conducted health hazard
evaluations at six microwave popcorn plants
from 2000 to 2003. In general, diacetyl
concentrations were higher 1In the mixing
rooms.

I am only going to highlight a few
things on these slides, but there i1s a full
description and evaluation of each of these
studies i1n your criteria document.

So as you can see here, there are
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several studies 1i1dentified. The top line 1is
the i1ndex plant, the second one is synthesis
of all six of the microwave popcorn health
hazard evaluations that NIOSH completed. And
as you can see, exposures are typically higher
In the mixing rooms, but they are also present
In packaging areas and in some iInstances, the
QC lab.

White, et al. conducted a repeat
monitoring campaign at four microwave popcorn
facilities and approximately half of the 639
samples collected were below the H§imit of
detection after correction for humidity.

NIOSH also conducted evaluations at
three California flavor manufacturing
facilities where we measured exposures to
diacetyl and other related compounds. The
objectives of these surveys included
identifying common work practices, plant
processes and procedures, as well as
characterizing potential exposure within the

flavoring industry. Most of these studies
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were completed and the samples were collected
not only 1i1n the liquid production side of
facilities, but also the powder production
side, and some of them included spray drawing
operations as well.

At one plant, the mean time-
weighted average diacetyl exposure after the
method correction was from a Tfull-shift air
sampling i1n the powder production Tfacility,
was 2.7 parts per million.

Martyny, et al. also conducted a
study at a 16 flavor manufacturing facilities.

During this study, he actually conducted what
we call worst-case sampling where we had them
use their Tformulations with the highest
potential exposure to diacetyl based on the
content of diacetyl in the formulation. These
exposures ranged from zero to 60 parts per
million. However, they were not corrected
with the new NIOSH correction factor. So the
values published likely underestimate

exposures.
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NIOSH has also conducted health
hazard evaluations at food production
facilities, including a bakery mix production
plant, a popcorn plant, and three office
building cafeterias.

At the Dbakery mix production
facility, workers combined liquid and powder
flavorings. At this fTacility NIOSH observed
2,3-pentanedione fTor the Tfirst time. This
sampling occurred because one of the
formulations had eliminated diacetyl but had
added 2,3-pentanedione in i1ts place.

No diracetyl was detected at the popcorn
production -- 1"m sorry -- the popcorn popping
plant. And then at the office building
cafeterias, diracetyl was not detected on the
area samples.

This concludes a quick synthesis of
the exposure assessments that have Dbeen
conducted to date. Obviously, there iIs more
information i1n your criteria document, which

we encourage you to review and provide comment
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on.

At this point, 1 believe 1 have
some time to answer some initial questions.
The way we are going to do it this morning is,
each presenter i1s going to talk and then we
will have some time for a few questions after
each presentation while i1t i1s fresh i1n your
mind. Later today we will also have open
questions as well.

So 1f anyone wants to start the
process, | am happy to answer any initial
questions that you may have. Again, as a
reminder, please come to one of the
microphones, 1identify yourself by your name
and your affiliation before you ask your
question.

MS.  MASHAYEKHI : Good morning.
Thank you. I am Azita Mashayekhi with the
Teamsters Union. | actually have a couple of
questions but i1f you guys will be covering it
later, that i1s fine. We can wait.

I just wanted to follow up on what
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you said, Lauralynn, about industries that you
guys went into for health hazard evaluations.
And as far as | know, you have done some work
iIn dairy or at least, you know, groups that
NIOSH are looking at; candy, snacks, dairy,
even there was a study | believe where
exposure to oil 1n the kitchens was an issue.
So 1 am not sure i1if that i1s something that is
-— 1 am not sure i1f 1t is iIn the document or
1T people will comment on later. So that is

one question.

Another question is about
maintenance workers. I did see the sections
of the fTacilities that you mentioned. But

maintenance workers were covered, right, 1in
these studies? People who were cleaners and
maintenance workers.

COMMANDER McKERNAN: Okay, so there
were two questions there. The first one, you
mentioned several different fTood production
facilities and the fact that NIOSH has

conducted studies iIn a variety of those.
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The first couple, you mentioned the
baking powder production, that is included in
the criteria document i1n detail iIn Chapter 2
and the also the medical aspects of those
investigations 1is also thoroughly reviewed.
Dr. Kay Kreiss will be providing a synthesis
of that work shortly.

The second half of your question,
was candy production and shack production.
There 1s an ongoing effort that NIOSH 1is
involved 1i1n-actually Dr. Brian Curwin 1s
leading that effort. He 1s here with us
today. Those study results are not final and,
therefore, are not 1i1n the draft criteria
document at this time. However, the work 1is
ongoing. Brian, I don"t know i1f you want to
say anything else on that?

DR. CURWIN: Yes, just you know --

COMMANDER McKERNAN: You have to
use the microphone.

DR. CURWIN: Oh, okay. So yes, I

mean the studies, we have the data now. We
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are just analyzing i1t and synthesizing 1t. We
just haven®"t got 1t to a point where we can
publish i1t 1n this document yet. But 1t
should be getting there soon.

We went to some chocolate
manufacturers, bakeries, dairy, snack food.

COMMANDER McKERNAN: Go ahead.

DR. EGILMAN: Thanks. I am David
Egilman and 1 am just going to try to put this
in the form of a question.

Since you talked about -controls,
this cover picture, 1iIs this what you mean?
Not closed systems? Stick a worker on a
respirator and have i1t all open and pouring
like this? A picture i1s worth a thousand
words. In this case, many more than all of
you gave today, at least.

So I wonder 1f -- So the question
IS, 1S this picture how you suggest that
controls be done?

COMMANDER McKERNAN: You know, no

matter what picture you use, there are always
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ISsues. But actually, 1f you look at that
picture, there is an engineering control hood
behind the gentleman that we actually
evaluated.

But in the criteria document, we
have a series of at least 13 different figures

for engineering control hoods that we

recommend. That is what we would recommend
that people do. Those figures are very
detailed. They have not only design

configurations but also airflow. And 1 know
Jennifer Topmiller will be reviewing what we
recommend.

But we appreciate the comment and
certainly we will take that under advisement.

DR. EGILMAN: Well 1 would suggest
you take one of those controlled systems where
the worker i1s not on a respirator and put that
on the cover.

COMMANDER  McKERNAN': Okay . We
appreciate the comment and we will definitely

take that under consideration.
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MR. UNGERS: Hi, Lauralynn.

COMMANDER McKERNAN: Good morning.

MR. UNGERS: Les Ungers, Ungers and
Associates. Just a quick question on the
time-weighted average.

Is there any reason specific to
diacetyl that you chose an eight-hour time-
weighted average versus the more traditional
ten-hour that NIOSH has done?

COMMANDER McKERNAN: No.

MR. UNGERS: Okay. Any general
reason for that?

COMMANDER McKERNAN: No, there 1is
not a general reason. I mean, you could
certainly make comments i1f you would prefer
that we do a ten-hour. |1 believe the decision
to do an eight-hour time-weighted average
reflected that what we observed iIn the field
most of the time were eight-hour work days.

MR. UNGERS: Okay, thank you.

DR. LENTZ: Thank you, Lauralynn.

And thank you, too, to the stakeholders and
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the public for those excellent questions and |
hope there will be more time to engage 1iIn
further discussion like this.

Our next speaker 1s Dr. Bob
Streicher. Dr. Streicher earned his Ph.D. in
organic chemistry from the University of
Cincinnati in 1987. Immediately upon
graduation, he joined NIOSH as a research
chemist iIn the Methods Research Branch of the
Division of Physical Sciences and Engineering.

Dr. Streicher®s research activities
focused on the sampling and analysis of mono-
and poly-i1socyanates in air.

In 1998, Dr. Streicher became a
Section Chief 1n the Methods Research Branch
and In 2007 was promoted to his current
position as Chief of the Chemical Exposure and
Monitoring Branch of the Division of Applied
Research and Technology.

Dr. Streicher has coauthored 29
publications and holds two patents. Since

2008, Dr. Streicher has served as project
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officer on a project 1investigating various
sampling and analytical methodologies from
measurement of diacetyl and other flavoring
compounds.

Dr. Streicher will be talking about
sampling and analytical methods for diacetyl
and 2,3-pentanedione.

DR. STREICHER: Thank you. As Dr.
Lentz indicated, | will be talking today about
the sampling and analytical methods used for
diacetyl and 2,3-pentanedione exposure
assessment.

Here 1s a general outline of what 1
will be talking about. My talk today will
focus on the methods that are the most
pertinent toward this criteria document. |
will start off with speaking about the origin
of OSHA Method 1013 for diacetyl, and 1 will
continue with a very similar method, OSHA
Method 1016 for 2,3-pentanedione.

OSHA Method 1012 for diacetyl 1is

more sensitive, developed to reach Ilower
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detection limits, and I will talk about that
next. | will talk briefly about NIOSH Method
2557 because most of the historical
measurements for diacetyl were obtained using
Method 2557, and 1t was discovered a few years
ago that there were issues related to humidity
that were causing underestimations when using
2557. So 1 will finish my talk, talking about
the work that has been done to correct those
historical measurements.

So 1 will start off with OSHA
Method 1013 for diacetyl. In 2003 OSHA
released Method PV2118 for diacetyl and
acetoin. Method 1013 1s really primarily
modification of 2118 in two major areas. The
first point was to try to 1iIncrease the
sampling capacity of 2118. The capacity when
you sample for diacetyl on these methods and
silica gel sorbent i1s really not, the capacity
IS not dependent on the amount of diacetyl you

are collecting. It 1s really dependent on the

amount of water you are collecting in the air.
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So 1n order to improve the method,
two things were done. A larger sampling bed
was used, a 600 milligram silica gel tube,
actually two silica gel tubes of 600
milligrams. And also the silica gel was
specially dried to remove the water before you
start 1t.

The second problem the 2118 had was
that having two beds within the same sorbent
tube, upon storage the diacetyl would migrate
from the front bed to the back bed. And when
you would analyze, you wouldn"t be able to
know whether you actually had breakthrough
during sampling.

And so method 1013 instead uses two
single-bed tubes so that after sampling the
tubes are separated and there IS no
possibility of confusing whether breakthrough
has occurred or not.

So sampling 1n Method 1013. As |1
said, you use two ‘tubes containing 600

milligrams of specially dried silica gel. The
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recommended flow rate 1s 0.05 liters per
minute for three hours. And that corresponds
to a nine-liter sample. I believe iIn humid
air the breakthrough was actually determined
to be about 12 liters. So there is a little
safety factor in limiting i1t to nine liters.

For a short-term sample, 0.2 liters
per minute is recommended for 15 minutes. The
one specification i1s to make sure that the
sampling tube is protected from light during
and after sampling.

The analysis i1n 1013 1i1nvolves
extraction of the tubes with 95 percent
ethanol, Tfive percent water, containing 3-
pentanone. 3-pentanone is an internal
standard, and using 1t improves the precision
and accuracy of the method.

The analysis 1s done by gas
chromatography and flame ionization detection.

And the reliable quantitation limit i1s 0.37
micrograms per a nine-liter sample. And that

corresponds to an air concentration of 41
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micrograms per cubic meter or 12 parts per
billion.

Now, a very similar method for 2,3-
pentanedione 1i1s Method 1016. The sampling
procedure 1i1s 1identical to Method 1013 for
diacetyl, except that the maximum volume that
can be obtained 1s slightly Ilarger because
pentanedione breaks through a little bit later
than diracetyl does. So you can do a ten-liter
sample. But the same flow rates, 0.05 liters
per minute TfTor long-term sampling and 0.2
liters per minute for short-term are
recommended.

As with diracetyl, it 1s recommended
to protect the sample from light. But 1n
addition to that, i1t is 1indicated that you
need to ship the samples cold and store
refrigerated prior to analysis because the
pentanedione has shown to be more sensitive to
instability with temperature.

The analytical portion of the

method for 2,3-pentanedione, Method 1016, is
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also very, very similar to 1013 for diacetyl.
Extracting again with 95 percent ethanol,
five percent water, and the same internal
standard, gas chromatography flame i1onization
detection. However, the chromatographic
conditions have been changed to accommodate
the slightly later eluting 2,3-pentanedione.

The reliable quantitation limit 1is
0.3 micrograms per a ten-liter sample,
corresponding to 38 micrograms per cubic meter
air concentration, which is 9.3 parts per
billion.

Now, you can sample wusing this
method and analyze for both 2,3-pentanedione
and dracetyl simultaneously, but you will then

be limited to the nine Hliter air sampling
volume maximum that 1i1s recommended for
diacetyl.

A more sensitive method that was
developed for diacetyl 1i1s Method 1012. The
sampling side of this i1s 1identical to Method

1013 that 1 have described already. You then
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extract the sampling tubes with 95 percent
ethanol, five percent water, but iIn this case
containing pentafluorobenzyl hydroxylamine
hydrochloride. The PFBHA reacts with the
diacetyl to create a derivative that can be
detected at much Jlower levels than the
underivatized diacetyl.

There is also a different internal
standard that IS used here, 4-
Bromobenzylbromide.

The analysis i1s gas chromatography
with electron capture detection, which takes
advantage of the derivatizing reagent”s
properties.

And the reliable quantitation limit
in this case 1s 0.041 micrograms per a nine-
liter sample, which corresponds to 4.6
micrograms per cubic meter ailr concentration
or 1.3 parts per billion.

Now, a couple of points to make
about Method 1012. You can analyze samples

that have already been analyzed by Method 1013
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because the sampling portion 1s identical.
Only 1n this case, you need to add the
derivatizing reagent after the fact, rather
than extracting with a solvent that contains
the derivatizing reagent. And that results in
a dilution of vyour sample, raising the
reliable quantitation limit by a factor of two
to 2.6 parts per billion.

Now, this derivatization procedure
Is not validated for 2,3-pentanedione. So
there 1s no corresponding derivatization
method for 2,3-pentanedione.

I will talk briefly about NIOSH
Method 2557 because there 1i1s so much
historical measurement that was obtained using
this method. You sample, iIn this case, with
carbon molecular sieve sorbent tubes and
extract with acetone/methanol mixture. And
like the other O0OSHA methods, use gas
chromatography with flame ionization
detection.

However, several years ago, 1t was




45

found that this method gives poor recoveries
of diacetyl when sampling in moderate to high
humidity environments. So as a result of
this, with a lot of data, trying to make that
data useful fTor risk assessment purposes, a
group of NIOSH researchers 1i1n collaboration
with OSHA did a study to try to work out a
procedure which correct those values that were
compromised by the problems with the humid
environment. And therefore, that leads to the
study that 1 will be talking about next.

The details of this work are 1in
this publication by Cox-Ganser et al in the
Journal of Occupational and Environmental
Hygiene. This paper has been incorporated in
Its entirety into the criteria document as an
appendix.

Basically, what these researchers
did was they generated known atmospheres of
diacetyl at different concentrations and
different humidities and collected samples by

method 2557. They also collected some samples
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by the OSHA Methods which did not have the
same problems with humidity and also did this
in a way that they knew what the concentration
was supposed to be as well during the
generation.

What they found was that the bias
In the measured value using 2557 was affected
by absolute humidity, the length of the
storage of the tubes before the analysis, and
by the actual concentration of the diacetyl.
And they then proceeded with that 1nformation
to develop a mathematical model that gives the
corrected diacetyl concentration, based on the
measured concentration from 2557; the absolute
humidity, and that iInformation was available
by taking the relative humidity on the day of
the measurement, day of the sampling 1 should
say; and the temperature and calculated the
absolutely humidity; and then also by the
storage time prior to analysis, prior to
extraction of the tube before analysis.

So that i1s all 1 have. Thank you
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for your attention and 1 will answer any
questions, 1f you have them. Can you please
go to the mic?

MR. HARNETT : In the 1 think it

was 1013 Method or 1t might have been 1012 --

DR. STREICHER: Please identify
yourself.

MR. HARNETT : Oh, I"m sorry.
Peter Harnett. You 1indicated a detection

limit of 0.041 micrograms. And there are now
some, rather than the GC-ECD method, there 1is
a modified method some folks are using that is
GC-MS. And they are reporting out at 0.03
micrograms. So 1t would give you a slightly
better detection limit.

DR. STREICHER: Who did you say
again was doing this?

MR. HARNETT: Well I can tell you
one lab that does 1t and that would be
Travelers Industrial Hygiene Lab.

DR. STREICHER: Okay, thank you.

Do you have a gquestion?
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DR. EGILMAN: Yes. David Egilman,
Brown University.

Am 1 correct that you could only
correct one or two of the previous studies
because the relative humidity or absolute
humidity had not been noted at the time the
sampling went on? | am talking about all the
NIOSH studies. You went back and tried to
correct them for this boo-boo.

DR. STREICHER: Yes. | may not be
the best person to answer which studies were
able to be corrected or not.

DR. KREISS: This 1s Kay Kreiss.
All of the NIOSH health hazard evaluations had
relative humidity, temperature, and time to
extraction in the analytical lab with which we
could correct the historical measurements. So
all of the NIOSH studies could be corrected.

In addition, the studies that were
conducted by Ken White and Jim Lockey also
were able to be corrected. The studies by

John Martyny at National Jewish did not
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collect that information. So that publication
IS not able to be corrected.

And there was one effort In a
California flavoring plant in which NIOSH did
not collect relative humidity and temperature.
So the vast bulk of Information on which the
risk assessment was made, In fact all of the
human 1nformation 1n which the risk assessment

was made were made with corrected values.

DR. EGILMAN: Okay. I didn"t see
in the charts, 1 know 1t said that for two of
them there were corrected values. In others

It didn"t say that. That"s why 1 asked the
question the way 1 did.

So 1s that data available some
place?

DR. KREISS: All of the
measurements that are listed iIn the criteria
document have been corrected with the one
exception that the quartile analysis for
exposure-response In the cross-sectional study

from the 1index plant has not vyet been
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corrected but 1i1s 1i1n the process of being
corrected.

So all of the measurements given in
the criteria document have been corrected.

DR. EGILMAN: Okay, thank you.

DR. LENTZ: Okay, thank you Dr.
Streicher. And you jJust heard from Kay
Kreiss, who also happens to be our next
presenter this morning.

Dr. Kreiss received her medical
degree from Harvard, completed her iInternal
medicine residency at the Beth Israel Hospital
In Boston, and became an Epidemic Intelligence
Service officer and completed her preventive
medicine residency at the Centers for Disease
Control and Prevention in Atlanta in the area
of Environmental Health.

At the University of Colorado and
National Jewish Health, she built an
occupational medicine research clinic and
accredited residency program.

Fifteen years ago, she came to
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NIOSH 1n the Division of Respiratory Disease
Studies 1In Morgantown, West Virginia, where
she has led the Field Studies Branch. Under
her direction, her branch has worked on
several emerging occupational respiratory
diseases, such as flock worker®"s lung,
dampness-associated asthma, alveolar
proteinosis in indium workers, beryllium
disease, and TfTlavoring-related bronchiolitis
obliterans.

Please welcome Dr. Kathleen Kreiss,
who will talk now about health effects of
exposure 1n workers.

DR. KREISS: Thank you, T.J.

I have listed here the health
effects that have been described In workers
exposed to diacetyl and other flavoring
chemicals. Obstructive lung disease such as
bronchiolitis obliterans; restrictive
pulmonary functions; rapid lung function
decline, which can occur either with

obstructive lung disease or restrictive
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pulmonary functions; asthma; mucus membrane
irritation; and dermatitis. And in my talk, 1
am going to highlight some of the evidence
that i1s presented in the criteria document for
each of these health outcomes 1i1n fTlavoring
exposed workers.

The rare disease bronchiolitis
obliterans is the most unusual disease found
In microwave popcorn workers. This photo
micrograph from a microwave popcorn worker®s
biopsy shows scarring constricting a
bronchiole, which i1s the smallest airway. The
arrow points to what i1s left of the airway
opening, which S narrowed, almost
obliterated, trapping air iIn the ailr sacs of
the lungs so that the affected worker has
trouble blowing out air fast.

On the breathing test, air flow out
IS obstructed so that the amount of air that
can be forced out iIn the first second, the
FEV,, 1s abnormally low and the proportion of

air that can be forced out In that second is
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abnormally low.

The scarring cannot be treated and
affected workers have no benefit from asthma
medications such as bronchodilators or anti-
inflammatory medicines. And that i1s why some
affected workers have been placed on lung
transplant lists.

Because bronchiolitis obliterans 1is
a rare condition, many workers are
misdiagnosed as having asthma or chronic
obstructive lung disease, both of which are
common . However, medical tests can
distinguish among these diseases 1In severe
cases.

In 2000, the Missouri Department of
Health and Senior Services requested NIOSH
assistance iIn investigating eight Tformer
workers with bronchiolitis obliterans from a
microwave popcorn production plant that
employed about 135 workers. Four of these
workers were on lung transplant lists, despite

being young with ages of 21 to 51 years.




54

Although only one worker per shift was a mixer
of heated flavorings in oil, four of the cases
In these former workers were mixers.

NIOSH conducted a survey of current
workers. This demonstrated that a quarter of
current workers had abnormal breathing tests.

The prevalence of obstructive abnormalities
on the breathing tests was 3.3 times the
prevalence iIn the U.S. general population.
These findings confirmed that there was a lung
disease risk in the plant but no known hazard
was present.

NIOSH measured chemical levels in
plant air 1iIn various jobs and areas. We
constructed a job exposure matrix with which
we estimated cumulative diacetyl exposure for
each current worker who participated. We
found that iIncreasing quartiles of cumulative
diacetyl exposure were associated with both
INncreasing prevalence of Dbreathing test
abnormalities and with decreased breathing

test measurements. This was consistent with a
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dose-response relationship.

NIOSH then worked with plant
management and workers to lower exposure to
flavoring chemicals over nearly three years,
with seven repeat medical surveys every four
to six months. Among workers present at the
time of the initial survey in November 2000,
chest symptoms, breathing tests, and breathing
test abnormalities did not improve. This was
consistent with an 1irreversible disease.
However, eye, nose, and throat irritation
decreased.

For new hires while exposure
controls were being implemented, symptom rates
were much lower, breathing test measurements
were higher, abnormalities in breathing tests
were fewer, and no average changes occurred
over time, suggesting that controls were
effective 1In removing the risk Tfor most
employees.

For workers who were tested i1n all

eight surveys, they had high average decline
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in the amount of air they could blow out 1iIn
one second iIn the Tfirst year of follow-up.
This high average decline fell iIn the second
year and became normal iIn the third year.
This showed that ongoing risk in this group of
workers fell to normal as exposures decreased
with the engineering controls and personal
protective equipment.

NIOSH went on to survey workers at
five additional plants 1n the microwave
popcorn industry. Including the index plant,
cases of bronchiolitis obliterans syndrome
occurred in five of the six plants, consistent
with an 1ndustry-wide risk.

Mixers iIn the six plants had more
respiratory symptoms and lower breathing test
measurements compared to persons who had never
spent even one day mixing. Mixers who had
worked more than 12 months had more symptoms
and worse lung function than mixers who had
worked 12 months or less, suggestive of an

exposure-response relationship.
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Packagers i1n plants where mixing
tasks were open to the packaging areas or
conducted 1i1n the packaging area had more
respiratory symptoms, more airway obstruction,
and lower average breathing measurements than
packagers In plants where mixing was isolated.

An academic researcher found that
mixers had more obstruction both before and
after respirators became mandatory in Tfour
microwave popcorn plants owned by one company
compared to non-mixers, as did workers with
higher cumulative diacetyl exposure.

In 1985, NIOSH found two definite
cases of bronchiolitis obliterans and two
suspect cases iIn an Indiana  flavoring
manufacturing plant that served the baking
industry. The cause was not determined but
diacetyl was used i1n that plant frequently.

In the mid-1990s, an academic
physician diagnosed an index case of
bronchiolitis obliterans in a flavoring

manufacturing plant. A plant survey uncovered
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four more cases, all of whom had normal lung
functions at hire.

In California, pulmonary physicians
recognized bronchiolitis obliterans in
flavoring exposed workers in two California
flavoring plants. The California Department
of Public Health and Cal/0OSHA responded by
asking Tflavoring manufacturers to report
questionnaire and spirometry data at six month
intervals 1In a prevention initiative supported
by Cal/OSHA consultation; 20 of about 27
companies responded and 16 had usable
spirometry data.

Only 18 of the 467 workers in these
companies had spirometric obstruction but the
distribution of severity of obstruction was
very abnormal. The prevalence of severe and
very severe obstruction was 2.7 times higher
than expected and 15 times higher than
expected in workers less than 40 years old, in
comparison to the general population.

Four flavoring manufacturing
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companies each had four cases of obstruction
and these companies each used at least 800
pounds of diacetyl per vyear. Workers 1in
companies using this much diacetyl had an odds
ratio of 4.5 compared to the risk of workers
In companies using less diacetyl. Since cases
of obstruction clustered iIn companies, having
a coworker with obstruction was a risk factor.

Of the 17 workers for which we had
occupational history, 16 had worked 1n
production and one had worked in production
support. Those with moderate or worse
obstruction had worked nine years, on average,
compared to 1.5 years for persons with mild
obstruction.

Only half of the workers with
obstruction had chest symptoms; one of six
with mild obstruction, three of seven with
moderate obstruction, and all five with severe
or worse obstruction. This means that
symptoms cannot be relied on for screening.

Many of these workers did not have medical
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testing results submitted to the California
Department of Public Health.

Of the 13 with post-bronchodilator
spirometry, 12 had fixed obstruction that is
consistent with clinical bronchiolitis
obliterans. Of the 289 workers with good
quality serial spirometry data, 21 had
abnormal decline iIn forced expiratory volume
In one second or FEV; and the abnormal decline
rate was greater iIn companies using at least
800 pounds of diacetyl per year; 7.3 versus
3.0 per thousand person months of follow-up,
the three being the rate 1In workers 1In
companies using less diacetyl. The workers in
the fTour companies with 4-person clusters of
obstruction had higher abnormal FEV; declines
as well.

Of the 21 with abnormal FEV;
declines over time, only one had an
obstructive abnormality, meaning that these
workers were iIn addition to those with

probable occupational lung disease denoted by
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abnormal obstruction on spirometry.

Some cases of restrictive
spirometry existed iIn almost every microwave
popcorn plant and many of those with Tfixed
obstruction had restriction as well. With our
concentration on the rare disease of
bronchiolitis obliterans, we have only
recently turned our attention to restrictive
spirometry associated with flavoring exposure.

In a recent health hazard evaluation iIn a
flavoring production plant, we found that 30
of 106 workers had abnormal restrictive
spirometry, three had obstruction and one had
a very severe combination of obstruction and
restriction.

The 28 percent prevalence of
restriction was 3.8 times that expected for
the general population, adjusted for body mass
index, race, ethnicity, gender, age, and
smoking status.

Of 70 workers with two or more

measurements, 13 or 19 percent had excessive
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decline i1n forced expiratory volume of one
second or FEV; and five of these 13 still had
FEV, within the normal range. Workers in
areas with higher potential for flavorings
exposures had seven-fold the odds of excessive
decline In FEV; compared to workers with lower
potential for exposure, suggesting that the
pulmonary function declines are work-related.

I have mentioned two examples of
excessive decline In FEV; iIn 1nvestigations of
obstructive disease in California flavoring
workers and restrictive lung functions iIn a
flavor manufacturing plant. In both
investigations, many workers had FEV; within
the normal range, suggesting that they will
develop spirometry abnormalities it the
excessive declines continue.

In workers with serial spirometry,
cases exist of loss of a liter or more lung
function within four to five months, both 1In
the 1ndex microwave popcorn plant and in

California flavoring plants. In the iIndex
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microwave popcorn plant, the median duration
of employment for the eight former workers was
two years and half were on lung transplant
lists, indicating very severe impairment.

In the Indiana flavorings plant
studied i1n the mid-1980s, the two employees
had severe lung disease within five to seven
months of employment.

The figure shows that in the i1ndex
plant interventions to control exposure
lowered average decline iIn forced expiratory
volume 1In one second or FEV, In the workers
who were tested i1n all eight cross-sectional
surveys. From 144 milliliters (mL) decline in
the first year to 40 mL average decline in the
second year to 22 mL in the third year. Thus,
control of exposure normalized average annual
FEV, decline.

Asthma 1s an obstructive lung
disease that differs from Dbronchiolitis
obliterans and emphysema in having reversible

air flow limitation in response to
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bronchodilators and normal lung function
between asthma attacks.

Unlike bronchiolitis obliterans,
work-related asthma symptoms and lung function
worsen in relation to exposures at work and
improve when away TfTrom work. In the 1index
plant and another microwave popcorn plant,
workers reported twice the prevalence of
physician-diagnosed asthma. But most of these
may have been misdiagnoses since nearly all
workers with obstruction had no 1mprovement
after bronchodilator in spirometry tests.

Dracetyl is an irritant which can
trigger worsening of pre-existing asthma.
Dracetyl 1i1s a skin sensitizer which would
theoretically cause asthma 1n sensitized
workers.

In one small business that added
flavorings to popped popcorn, all three
workers developed work-related asthma, one of
whom died of his severe asthma. Diacetyl had

been historically present but aldehydes were
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the predominant compounds i1n the air of the
plant when NIOSH conducted measurements.

Eye and nose irritation is frequent
in both microwave popcorn and Tflavoring
plants, with some flavoring plants having
higher prevalences of post-hire mucous
membrane irritation than many microwave
popcorn plants.

In the 1Index microwave popcorn
plant, mucous membrane irritation decreased
from 65 percent among production workers at
the 1i1nitial survey to 33 percent after
implementation of controls. In three plants,
workers had severe eye irritation historically
in relation to particular butter flavorings,
starter distillate, or diacetyl, which
precipitated ophthalmology attention 1In two
and use of TfTull-face respiratory protection
for mixers in the third plant, all years
before the respiratory hazard of Dbutter
flavorings was known.

In the 1Index microwave popcorn
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plant, one worker had disabling skin rash that
was demonstrated to be vrelated to butter
flavorings iIn the plant with patch tests to
all eight butter flavorings in the plant. His
skin disease improved when he stopped work in
the plant.

Post-hire skin problems were
reported by 12 to 36 percent of production
workers i1n popcorn and flavoring manufacture
with liquid flavoring producers having a
particularly high rate of 60 percent of skin
problems post-hire in one flavoring plant.

Cross-sectional plant studies taken
singly are often limited because they report
associations that may or may not be causal.
In the body of work by NIOSH and other
scientists presented in the criteria document,
all of the criteria  for interpreting
associations as causal for severe occupational
lung disease have been met.

The Ffirst criterion is that the

exposure has to precede disease development to
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be causal. In plants where longitudinal
spirometry was performed, this criterion was
met by showing that spirometry fell rapidly in
some individuals i1nto the abnormal range
within months. In addition, control of
exposure led to the —cessation of the
progressive damage i1n both sentinel former
worker cases i1n the index plant and current
workers.

The strength of association 1is
apparent in the 10.8-fold INncrease in
prevalence ratio of airways obstruction iIn
nonsmoking workers in the index plant,
compared to the expected rates for the
nonsmokers in the general population.

Many different clinicians and
scientists found cases of clinical
bronchiolitis obliterans in Tfive of six
microwave popcorn plants, in many Tflavoring
plants, and i1n workers manufacturing diacetyl

in the Netherlands. This demonstrates

consistency of findings.
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Workers with higher diacetyl
exposure had higher prevalence of disease 1In
the i1ndex microwave popcorn plant, In the six
aggregated microwave popcorn plants, in
California flavoring manufacturing workers and
in  flavoring workers with excessive FEV;
decline.

In the next talk, you will hear the
evidence that 1i1nhaled diracetyl and 2,3-
pentanedione cause respiratory epithelial
damage In rodent airways that i1s analogous to
the injury 1n the ailrways and terminal
bronchioles of workers.

And finally, inferring cause from
epidemiologic and clinical studies requires
consideration of alternate explanations. The
age distribution, clinical course, and medical
tests are inconsistent with smoking as a cause

of fixed airway obstruction.

And that concludes my remarks. And
do we have time for any questions? Okay, one

or two questions.
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MR. HARNETT : Hi, I"m Peter
Harnett. Dr. Kreiss, how did you deal with
folks who were out of work with confirmed lung
disease or lung i1llness in terms of
establishing incidence and prevalence rates?

So 1In other words, because of their
sickness or disease, they have recently left
employment at the plant.

DR. KREISS: Thank you for that
question. In the cross-sectional studies 1In
the 1ndex plant, which was the plant in which
we had the most attention to former workers,
we did not include those former workers in the
prevalence rates of abnormality. So in that
sense, the rates that we found iIn the iIndex
plant on the cross-sectional basis were
underestimates of the burden of disease iIn
people who had worked in the plant.

For the risk assessment, Dr. Park
will be talking about that Ilater. He did
present an analysis that i1s In the criteria

document of incidence based on symptom
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occurrence that included former workers. But
those are the only analyses i1n which former
workers were included. I think there were a
couple of other plants 1n which there was one
or two TfTormer workers that participated 1in
NIOSH health hazard evaluations but those
plants were not used, their data were not used
In the risk assessment.

MS. NOWELL: Good morning, Dr.
Kreiss. My name 1is Jackie Nowell and 1 am
with the Food and Commercial Workers Union.

Please correct me 1f | am wrong or
explain this. Am I hearing you correctly that
there was spirometry data before exposure and
that you were able then to measure change from
exposure to the butter flavoring or am |
hearing you wrong?

DR. KREISS: None of the microwave
popcorn plants had pre-placement or pre-
employment spirometry data. There was a
flavoring manufacturing plant about which an

abstract has been published that did have pre-
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placement spirometry data and that information
i1s included i1n the criteria document.

We established temporality as a
criterion for a causal relationship iIn those
sets of data for which we had serial
spirometry. So that 1included the 1i1ndex
microwave popcorn plant 1n which we saw
spirometry declines during employment. It
included a flavoring manufacturing plant that
supplied spirometry data, again not with pre-
employment data but showing excessive declines
during employment and in California, flavoring
plants where again we had spirometry during
employment that would allow us to look at
excessive declines and the evolution of
abnormality within some of those working
populations.

MS. NOWELL: Thank you.

DR. TOWNSEND: Hi, Kay. Mary
Townsend, Pittsburgh.

I didn"t get to read all of this.

It I1s a very interesting talk that you did.
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But 1 hadn"t seen the HHE from Indiana before,
where you were talking about Ilike the 30
percent prevalence of restricted 1mpairment.
Is that population primarily Caucasian, those
workers? Because this race adjustment factor
on NHANES 1f you have Asians i1s the 0.94 that
ATS uses gives a lot of ‘'restrictive
impairment,” which i1s why the ATS committee
that 1 am currently on is probably going to
come out recommending based on the MESA study
with John Hankinson that we use a 0.88 factor,
which then means people aren*t called
restrictive.

But 1f 1t is Indiana, my guess 1S
It 1s not Asians, 1t iIs Caucasians. |Is that -
- Because when you first said it, 1 thought
maybe 1t was California.

DR. KREISS: No, the recent health
hazard evaluation that was published this
summer 1n 2011, was in Indiana. And 1 don"t

recall the racial distribution but it

certainly would not have included many Asians
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and might not have included very many African
Americans.

DR. TOWNSEND: Okay.

DR. KREISS: But that i1s something
that we will 1look at and iInclude that
information.

DR. TOWNSEND: Because that hugely
Iimpacts how your decisions are.

The other comment or question --
What was the other question? I"ve kind of
forgotten i1t. Oh, well. Oh, right.

You said of the "usable
spirometry." And what fraction was usable from
that plant because very often what we find is
even 1T you achieve repeatability, 1t isn"t
really maximal 1inspirations and so i1t looks
useable but 1t isn"t really. And where that
happens a lot i1s when maybe you only have like
say a third of the spirograms end up being
usable. I wondered about that, too. Do you
have any idea?

DR. KREISS: The 289 1 mentioned
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were Tfrom the California data. So they
represent data from 19 or 20 different
providers. And there were real problems 1in
the quality from many of those providers.

Because looking at serial data
requires higher spirometry, we restricted our
analysis to the 289 people who met criteria
that we wouldn®"t use at NIOSH for our own
because obviously many of these providers
didn"t provide enough i1nformation with which
to review curves but we did require them to
have evidence of repeatability and statements
in the report about acceptable curves. We did
not have raw data submitted, although i1t was
requested by the California Department of
Public Health.

DR. TOWNSEND: Okay . And 1n the
Indiana plant where you were finding all that
restrictive 1mpairment, the 30 percent, was it
also a lIow? Because that was not your
testing. That was using existing data.

DR. KREISS: It was contractually
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acquired data by the company.

DR. TOWNSEND: Right.

DR. KREISS: Again, --

DR. TOWNSEND:  Which sometimes 1is
garbage, as we know. Yes.

DR. KREISS: Right. We actually
looked at within-person variation for that
data set and 1t was five percent.

So 1t wasn"t as good as we would
have hoped but then we used that five percent
within-person variation to adjust the
criterion for excessive decline. And the
decline we wused was 12.4 percent as the
criterion for abnormality in that group.

DR. TOWNSEND: Okay. And can 1 ask
you one overall question?

As you were talking about 1 think
It 1S reviewing the paper that probably is 1in
press about the California data, 1t sounded as
though what we are Blooking at i1s some people
who get clobbered by this exposure. Does that

sound correct?
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In other words, you had some people
who had terrible airways obstruction but not
millions of them. Do you know what |1 am
saying?

DR. KREISS: Well the data that 1
presented this morning that had to do with the
obstructed people within the California
flavoring manufacturers, there were only 18
people with obstruction iIn that data set of
400 and some people.

And so the prevalence of
obstruction was not abnormal but the
distribution of severity was very abnormal.
So people with severe or very severe
obstruction were prevalent 1i1n much greater
proportions than we would expect 1in the
general population.

So In that sense, one could say
that 1f you were, of the 18, six had mild
obstruction and seven had moderate obstruction
and the remainder would have been people with

severe and very severe obstruction.
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DR. TOWNSEND: All right, good.
Thank you very much.

DR. EGILMAN: Can I have one with
Kay?

DR. LENTZ: IT you have a quick
question, Mr. Egilman, we will take i1t really
quickly.

DR. EGILMAN: Okay, thank you.
This 1s Dr. Egilman from Brown University.

The temporary worker problem is an
iIssue In some of the plants, particularly a
ConAgra plant, and i1t 1s a problem In two or
three ways. First, the people who get
"clobbered” tend to do i1t relatively soon and
they leave. And they are not in any studies.

The second problem i1s that what is
written as the baseline iIn these studies are
actually levels of PFTs that are taken after
they have worked there between six months and
a year. And then so you are missing people
who are sick and you are also getting mistaken

baselines when that occurs.




78

Now 1 don"t think that occurred 1in
the plants that 1 am familiar with in NIOSH
but 1t 1s certainly true i1n the ConAgra plant.

And the last thing i1s in terms of
the Asians, | think that is a first generation
phenomenon, Asians who emigrated here. 1
think 1t 1s going to be less true of people
who were born here and grew up with a normal,
you know, McDonald"s diet.

DR. KREISS: Thank you for vyour
comments.

DR. LENTZ: Okay, thank you for the
questions again and thank you Dr. Kreiss. As
she 1i1ndicated, we will move from the human
health studies and HHEs iInto the discussion of
the toxicology.

Dr. Ann Hubbs 1s a veterinary
pathologist. She received her D.V_.M. from
Texas A&M, an M.S. from Purdue, and Ph.D.
from Colorado State University. [In addition,
Dr. Hubbs has practiced veterinary medicine

from 1981 to "83, and received a certificate
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of residency 1In veterinary pathology from
Colorado State University. She 1s board-
eligible i1n laboratory animal medicine, and a
diplomate of the American College of
Veterinary Pathologists.

Dr. Hubbs has been with NIOSH
within CDC since 1992 and i1s also an adjunct
associate professor at West Virginia
University. She i1s the author or coauthor of
more than a hundred peer reviewed papers and
abstracts, principally dealing with the
toxicological pathology of workplace agents
and has received many awards for many of her
publications and her research.

Dr. Hubbs has, in addition to these
awards for her scientific publications,
received awards from the Department of Health
and Human Services, CDC and NIOSH for her
scientific skills 1In responding to several
important events, including responses to the
anthrax events of 2001, Hurricane Katrina, and

monkey poxX.
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DR. HUBBS: Good morning. We are
going to talk about the toxicology data on
2,3-pentanedione and diacetyl. When we look
at the structure of the alpha-diketone that we
know as diacetyl, we commonly look at this
with the ketone groups shown this way. 1
prefer to look at it this way because this
shows the dancing electrons that help make
diacetyl a compound which is reactive and can
cause protein cross-links. Notably, that can
result i1n the 1nactivation of proteins and
also 1T we look at these structures, when we
look at 2,3-pentanedione, which 1is this
compound over here. This i1s diacetyl. If we
add the dancing electrons, we can see why we
would predict that this compound also will be
reactive, can cause protein cross-links, and
can inactivate proteins.

Both diacetyl and pentanedione tend
to particularly react with the arginine groups
and pentanedione i1s reported to be somewhat

more reactive with arginine groups than
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diacetyl i1tself.

Both compounds are metabolized.
The principal metabolic pathway that has been
described 1s the metabolism iIn the presence of
NADPH, i1n the presence of an enzyme, which 1
am going to abbreviate here as DCXR because it
IS easier for us to say, but i1t is known as
dicarbonyl/L-xylulose reductase as a fTull
name, and i1t results iIn the production of the
corresponding hydroxy ketone, 1irrespective of
whether you are looking at pentanedione or
diacetyl. You are just going to have an extra
methyl group on the pentanedione product. And
the resulting cofactor i1s then NADP.

So I first want to talk about the
experimental i1nhalation toxicology studies.
And what these show i1s that, of course, the
normal rodent airway, much like a human
airway, has a nice protective carpet that is
lined with mucous that 1s produced by these
cells. And i1t 1s cleared up by beating cilia,

which maintain a nice clean airway for all of
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us.

After exposure to diracetyl, the
picture has been remarkably changed. Instead
of those nice cilia, we see a loss of cilia.
We see shortened, flattened cells. We have
lost the nice mucous-secreting cells, and the
epithelial cells are dissociated and often
absent. Profound damage to the airway
epithelium. Now this particular image i1s from
a pretty high dose exposure.

When we looked at the effects of
2,3-pentanedione and here we are looking at
two levels of the airway, this is the first
nasal airway, which 1is section T-1 1i1n NTP
studies. Or 1T we look further back and again
we are looking here at nasal airways. And we
look at the curve for pentanedione, which 1is
the pathology score going up. It is more
affected higher up but 1t still goes up. As
we go further back, and that i1s in red and iIn
black, 1s the pentanedione effect. And we

have added In a control group here that 1is
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diacetyl shown here i1n white and green for
these respective portions of the airway. The
effects on the airway epithelium tend to be
comparable.

So summarizing the morphology data,
butter flavoring vapors, the mixtures that
contain diacetyl, cause airway epithelial
damage. If we look at single agent exposures
to diacetyl, we find they cause ailrway
epithelial damage In rats and In mice.

Importantly, In rats and In mice,
the nose 1s the most affected site. But we
also know that bronchi and bronchioles are
affected at the higher exposure doses.
Recently a new study has demonstrated that
bronchiolitis obliterans IS produced by
experimental aspiration of diacetyl and 1 will
discuss that a little more in a few seconds.
And acute exposures to 2,3-pentanedione are
comparable to diracetyl 1i1n their ability to
cause airway epithelial damage.

So what other toxicology data was
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needed? A pharmacokinetic model predicts that
more diacetyl 1s removed by the nose of rats
than by the nose of humans. So If you look at
a given exposure concentration as shown here
In the Morris and Hubbs paper as a 100 part
per million exposure, rats are able to absorb
a high percentage of the inhaled diracetyl. |If
a person 1i1s at rest and they are nose
breathing, there i1s going to be less absorbed
by the nose but people will go to
oropharyngeal breathing, particularly under
conditions of exercise. And there 1s a
significant percentage of workers that always
will breathe through their mouth because they
have nasal obstruction.

IT you look at what happens In a
mouth breathing worker and you compare that
with what happens 1i1n the obligate nose
breathing rodent, the rat, you are going to
see that there is almost a ten-fold greater
absorption by the nose of the rat than by a

mouth breathing person.
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Importantly, a recent publication
from the Morris Laboratory shows that the dose
to the bronchiolar epithelium of humans when
they are lightly exercising, as we would
anticipate i1n the worker conducting manual
work, there can be more than a 40-fold greater
dose to the Dbronchiolar epithelium than
experimentally exposed rats i1n pharmacokinetic
models.

I mentioned earlier that diacetyl
instillation causes bronchiolitis obliterans
In rats. So a large single dose of diacetyl
by i1ntratracheal instillations bypasses the
rodent nose. But possibly more important than
the demonstration that bronchiolitis
obliterans i1tself can be produced by diacetyl
in this model 1s the demonstration of the long
accepted basic principle that abnormal repair
of the 1i1njured bronchiolar epithelium 1s a
precursor lesion to bronchiolitis obliterans.

So, when we look at human relevance

of the toxicology data, damage to the
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respiratory epitheltum and the small
bronchioles has long been established as the
basic cause fTor bronchiolitis obliterans and
that i1s supported by the recent work from the
Palmer group.

The respiratory epithelium iIs
damaged by butter flavoring vapors as a
mixture, by diacetyl, or by 2,3-pentanedione.

Inhalation of diacetyl produces higher doses
to the bronchioles of humans than 1t does to
the bronchioles of rodents.

Diracetyl instillation causes
bronchiolitis obliterans In rodents and
clinical bronchiolitis obliterans i1Is seen in
workers i1nhaling diacetyl.

The toxicology also gives us an

indication of TfTunctional changes. Oh, I™m
sorry. This 1s a picture of the human
disease.

So 1f we look at the Tfunctional
changes that occur after i1nhalation, we know

that acute diacetyl inhalation decreases tidal
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volume 1n mid-expiratory flow rates in exposed
mice, that a prior high dose exposure
decreases the sensory irritation effects of a
subsequent exposure, so that they may not be
recognized, at least iIn rodent models.

Acute high dose exposures iIn a
recent published abstract from our group were
demonstrated to cause an iIncrease 1iIn the
number of substance P positive neurons in
ganglia of exposed rats. Mice exposed to 50
or 100 parts per million diacetyl have
decreased respiratory rates after a six week
exposure and mice exposed to 100 parts per
million have decreased minute volume after a
six-week exposure.

Effects of diacetyl and 2,3-
pentanedione on the trachea iIn vitro also
support there being functional changes. So we
see a variety of effects at ten to the minus
seventh to one millimolar 1In guinea pig
trachea. We see that methacholine, which

constricts airways, that that methacholine
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response S increased in vitro after
inhalation In vivo of diacetyl.

We see similar effects to exposures
to 2,3-pentanedione, although they occur at
lower exposures and importantly these in vitro
affects do not involve the epithelium,
suggesting that the epithelium i1s not the only
thing that is affected by these agents. And
importantly, 1t 1s a complex situation where
in vivo methacholine challenge 1s actually
decreased after exposures to 2,3-pentanedione.

And 1on transport i1n the epithelium 1is
affected at diacetyl concentrations.

There are some additional
toxicology considerations. Diacetyl IS
mutagenic In vitro and prior skin exposure to
diacetyl can sensitize to subsequent
exposures.

So 1In conclusion, diacetyl 1s a
reactive alpha-diketone. Diacetyl and
mixtures of butter flavoring vapors do damage

to airway epithelium. Airway epithelial




89

damage i1s believed to be the underlying lesion
for bronchiolitis obliterans In  humans.
Pharmacokinetic modeling indicates that at a
set concentration iIn air, more diacetyl
reaches the deep lung of humans than reaches
the deep lung of the rat. And the
structurally related alpha-diketone 2,3-
pentanedione 1s also able to damage the airway
epitheltum.

Are there any questions?

MS. MASHAYEKHI: Thank you. Azita
Mashayekhi with the Teamsters Union.

I have a question and 1 think you
probably would be the best person to bring it
up with because 1 don"t think there 1is any
more sessions later that would discuss these
substances.

I was wondering 1i1f vyou could
elaborate on or anyone on the panel on other
substances that NIOSH mentions would be
covered by this criteria document, you know,

those that would be structurally similar to
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diacetyl and expected to have similar or worse
toxic effects.

I know that NIOSH had requested in
February or earlier on in the Federal Register
to get information about those substances and
I know that FEMA submitted, and actually 1 am
looking at the document that FEMA submitted
about other substances, such as let"s say 2,3-
hexanedione and 3,4-hexanedione, and then also
those that are not alpha-diketone substances
such as acetoin and diacetyl primer.

So I just wanted -- 1 don"t see
discussion of this i1n-depth i1n the document.
I am just wondering what universe of data 1is
available to you on some data and also
toxicology and i1f you expect to do more.

DR. HUBBS: The diacetyl and
pentanedione criteria document, as with all
NIOSH criteria documents, iIs based upon peer
reviewed scientific data. So, we do not have
sufficient peer reviewed scientific data on

the toxicology and human health effects of the
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substitutes other than 2,3-pentanedione to
include them within the criteria document.

We do know from the recent
publication that was from Day et al. that some
of these other substitutes are present in the
workplace, i1ncluding 2,3-hexanedione and 2,3-
heptanedione. And | do not recall whether or
not he saw 3,4-hexanedione -- he did not see
3,4-hexanedione.

We are attempting to conduct
additional toxicology studies on other agents
that may be present i1n the Tflavoring
workplace. However, we need peer-reviewed
scientific data to write a criteria document.

Thank you.

COMMANDER McKERNAN: 1"d like to
add one comment on that. As was mentioned in
the executive summary and also the rationale
of the Dbasis of the standard, NIOSH 1is
concerned about compounds that are
structurally related to diacetyl. We

recommend that TfTolks use the precautionary
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principle and control exposures to
structurally similar compounds to as low as
reasonably achievable.

DR. BORAK: May 1 ask one more
question? Jonathan Borak, Yale. It 1s
probably my own slow thinking but you have
said something Dr. Hubbs and in the document
It states -- Let me jump In one paragraph from
the first to the last sentence.

“Diacetyl inhalation elicits
substantial histopathologic changes to airway
epithelium.” And the last sentence of that
paragraph says, "The effects of diracetyl in
isolated airways from naive animals does not
involve the airway epithelium."

And you had just also said that in
one of your last slides. And I don"t follow
that. It 1s probably my own problem and 1
thought maybe you could just clarify that.

DR. HUBBS: Dr. Fedan®"s laboratory

did that work. He 1s here today. That is

based on Tfunctional changes as opposed to
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pathology changes but I will let him take that
question.

DR. FEDAN: Thank you. We found
effects of diacetyl both on the airway smooth
muscle and on the epithelium. In those
studies, we were looking at function of the
airways and we wanted to examine whether or
not diracetyl would have any effect on the
absence of epithelium, which we removed from
those experiments and we did find effects on
the muscle directly.

DR. BORAK: And 1s the effect
comparable to the magnitude without the
epithel tum?

DR. FEDAN: Yes. The effect iIn the
smooth muscle 1s comparable 1In magnitude
without the epithelium present and that was
the thinking that we employed when we
hypothesized a possible effect on the muscle.

DR. BORAK: Just as a throwaway, 1
may not be the only person who does not see

the connection iIn there. And i1t might be in
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rewriting that one paragraph would help to
clarify 1t. Thank you.

DR. LENTZ: Thank you for that
suggestion.

In the iInterest of time, 1 would
like to continue with our next presenter, Mr.
Robert Park. He i1s an epidemiologist, who has
been with NIOSH in the Risk Evaluation Branch
for 12 years located i1n Cincinnati.

Prior to joining NIOSH, Mr. Park
spent 16 years 1investigating 1illness and
injury iIn the auto and related 1industries.
Worker populations included those exposed to
metal working Tfluids and to emissions Tfrom
welding, painting, forging electronics
assembly and other manufacturing operations,
as well as ergonomic stresses.

At NIOSH, Mr. Park participated 1in
a risk assessment for silica and lung diseases
and also for lung cancer related to hexavalent
chromium and cadmium. Other work has focused

on neurobehavioral effects of manganese, and
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back Injury In nursing home employees.

Mr. Park has an M.S. in
occupational health and biostatistics from the
Harvard School of Public Health. He will be
talking about the quantitative risk assessment
based on worker data.

MR. PARK:  Good morning. I think
we have heard a pretty compelling case now for
causation of respiratory diseases with
diacetyl and other related compounds.

Risk assessment is the stuff that
follows, where we try to establish a
quantitative relationship between prior
exposure and these outcomes, with the ultimate
goal of defining levels of risk corresponding
to lifetime work at different exposure levels.

You have already heard about the
six health hazard evaluations done in popcorn
plants. Four of them looked like we could
possibly use them for risk assessment purposes
based on exposure and outcome data. Three of

them we decided to analyze. And one of them,
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we chose as the primary basis for the risk
assessment.

The one we chose i1s the index plant
that Dr. Kreiss referred to. It is a plant
where there were eight surveys done over a
period of 32 months. In this plant there
were, at one time or another, 360 active
employees who participated In one or more
surveys.

Our analyses are based on employees
who were active on their first survey. They
may have subsequently become inactive but
returned for an assessment.

We did two primary approaches 1in
the risk assessment. We looked cross-
sectionally at the loss of breathing capacity
in the surveyed population. In this case, we
primarily looked at their last survey, if they
had more than one. We also defined cases and
onset and modeled the rate of new case onset
in the population.

You have already seen exposures
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summarized from some of these plants. This
just shows that the mixing areas had the
highest exposures. Generally most workers
were exposed on the production line where
flavorings are added. Quality control levels
are lower, although they have peak exposures
because they are actually popping popcorn and
opening bags. And then mailntenance 1s
generally lower.

So we are going to be looking at
these pulmonary function outcomes, FEV; for
example. And this 1s just an attempt to show
you how much variability there 1is 1iIn the
NHANES population. That i1s a large national
sample. NIOSH has studied 1t in some detail
and established prediction equations. That
IS, we can somewhat predict somebody®"s FEV;
based on theilr age, height, gender, race.

And so the x-axis here 1s the
predicted value and the y-axis 1s the observed
value i1n the NHANES population. And you can

see at a given predicted value, there i1s still
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a Tair amount of variability. So no matter
how good our statistical models are, we are
still dealing with some 1inherent variability
due to, well smoking 1is probably going to
contribute to some of those points that are
falling below, allergies, all kinds of other
factors we don"t have data on.

So the trick In risk assessment is
to come up with an appropriate exposure metric
and then do statistical models that relate
that metric to the outcomes. And so at this
index plant, this 1i1s looking at percent of
predicted FEV;. For each 1individual we can
calculate from those previous equations their
predicted value and then ask what percent of
their predicted value did they actually have.

In general 1n a healthy population,
half the people would be above 100 percent of
predicted and half would be below. And so we
are doing a multiple regression model of
percent of predicted using different metrics.

And so you see here that i1f you just look at
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thelr average exposure, discounting any
duration, that i1s the least predictive model.
And the R-squared there 1s the percent of
variability that i1s explained by the model.
So you can see that they are all pretty low
but they go from 12 percent up to almost 18
percent with the better predicting metrics.

IT we look at duration without
regard to what the exposure levels were, now
we get a somewhat better prediction. And then
with cumulative exposure, that is cum DA, DA
for diacetyl, somewhat better. We get a
better prediction with the second lowest
record there, which is the square root of
cumulative exposure. And that is kind of an
interesting finding which we will be
discussing further.

These are some of the actual models
for three of the outcomes. This iIs cumulative
exposure. This 1s the square root of that.
And so I just want to show we have smoking

data and this number here suggests that
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somebody smoking one pack a day for a year
woulld lose about 0.5 percent of their FEV;.
So for two years smoking, they would be down
one percent. A roughly comparable effect was
observed for exposure at one part per million
of diacetyl. So iIn 20 years, somebody would
lose ten percent of their FEV,; capacity.

And these other metrics are
somewhat better Tfitting, are a little less
interpretable because it 1s not a linear
relationship.

This 1s looking at three of the
study sites. This 1s the iIndex one that we
are actually using. And two of these other
ones that had at least some adequate exposure
data and outcome data were found to have much
higher exposure response estimates. And this
IS pretty surprising. This i1s based on much
less exposure data. We chose to go with the
index plant because 1t had much more extensive
exposure data but also over time we could see

a very substantial decline 1In exposures over
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time at this site. And we have pretty good
reason to think that the initial, at the first
survey, the initial exposures are probably a
pretty good estimate of what the exposures
were prior to that first survey, which is a
crucial issue.

And these two plants, our
speculation i1s that they had had previously
much higher levels and at the time of the
NIOSH survey, they had been lowered but we
don®"t have strong evidence on that.

This 1s looking at another measure
of mmpairment. And this iIs a measure that is
a little more appropriate Tfor obstruction.
This i1s the FEV; divided by the forced vital
capacity. That 1s the total volume of air
that somebody can hold in their lungs. So we
are looking at the proportion of that capacity
that can be expelled 1In one second.

And we see the same pattern here.
Much higher slopes for these two other plants.

And they are all statistically significant,
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of course.

So 1In addition to looking at FEV,
cross-sectionally, 1In a survey we also define
what we call a case two different ways and
then modeled the rate of new cases occurring
over time. So the first definition is the
FEV, 1s below the lower limit of normal. The
lower limit of normal 1Is a construct just like
the prediction equations, where the clinicians
have defined a relationship that they think is
clinically useful. So based on age, height,
gender, and race again, there 1Is an equation
that gives somebody®"s lower limit of normal.
And that i1s specific for FEV,; and also for the
ratio FEV, over FVC.

In order to do this analysis, we
have to know when somebody became a case.
Ideally In an epidemiological study, one would
like to start with a population at their first
exposure, follow them over time with frequent
repeated assessments and decide when they

became a case. We don"t have that here.
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So what we did was, based on the
questionnaire data, we asked when does
somebody first start reporting continuing
symptoms? At what point In time did they
develop a cough and i1t didn"t go away? And
there were TfTive different symptoms that we
used and we took an average date and we used
that as the date of onset.

Now you can see that i1f somebody
didn*"t have symptoms, they would not be a
case. So this whole analysis 1s restricted to
developing pulmonary mmpairment In people who
were symptomatic. As Dr. Kreiss pointed out,
there i1s a whole other 50 percent of
individuals who are experiencing declining
FEV;s who are not symptomatic at the level of
falling below their lower limit of normal.

So this rate analysis i1s going to
be a major underestimate of what 1is really
going on.

So these are some models of rate,

using Polsson regression. IT you look at
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duration alone, this is somewhat surprising.
It 1s a negative effect; that i1s the rate
declines with iIncreasing duration. It iIs not
significant. IT you 1look at cumulative
exposure, alone, 1t 1s positive but very
insignificant.

So this i1s strange. Normally you
woulld expect to see iIn a typical occupational
disease that the outcome, adverse outcome,
would increase with duration and even more so
with cumulative exposure.

IT we put both terms in the model,
things become a little more iInteresting. The
duration effect i1s now significant and more
negative and the cumulative effect is positive
and much more positive and approaching
statistical significance.

IT we go down to this metric,
things are quite statistically significant.
So this i1s a very bizarre observation. You
don"t wusually see this, a strong negative

duration effect and a strong positive exposure
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effect. So this 1i1s saying that following
people over time 1i1n this population, their
baseline rate is declining. But taking into
account their exposure, the rate of new cases
IS increasing highly significantly.

This just summarizes those
observations. These are the predicted rates,
using a uniform baseline rate, classifying
observation time on duration and on cumulative
exposure. So normally we would expect to see
no duration effect but just an iIncreasing rate
with cumulative exposure. But what we see
here 1s a pretty dramatic decline iIn the rate
with increasing duration at the lowest
exposure level. And then we see the usual
increase that we would think would happen.

So this 1s why we are seeing these
strange models and we are interpreting this as
evidence that there i1s variable susceptibility
in the population, that in the first months or
year of exposure people are at much higher

risk. So one explanation would be that early
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hires who are responding are leaving
employment, that some fairly extreme selection
Is going on like that.

So this 1i1s a complication 11n a
typical risk assessment. One doesn®"t usually
see something Hlike this. So we took some
steps to try to deal with this. This 1s a
statistical model. This 1s now a [linear
relative rate model 1n which we have a
multiplicative term for Jjust demographics,
age, gender, smoking, and so forth. Then we
have a Qlinear additive rate term which
includes pack years, cumulative duration --
I"m sorry, cumulative diacetyl. And also this
term which 1s somewhat novel. This Is a term
that 1i1ncludes duration as an exponentially
declining function. So this 1s like saying
there 1s 1iIncreased susceptibility at early
exposure and 1t decreases exponentially in
time. That 1s jJust an attempt to describe
this changing susceptibility situation.

And 1t turns out using a half-li1fe
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of two years seems to fTit better and using
average diacetyl exposure squared fits
somewhat better.

At this level of analysis there is
not a whole 1lot of statistical power to
distinguish other models but this one seems to
be pretty useful. These are those two terms.

And this term is actually dominating. This
IS a term that says that risk i1s very high at
zero duration and declining over time.

This 1s a very low intercept here,
very small, which means basically smoking and
diacetyl are accounting for most of the new
cases that appear in this population. And
with roughly comparable contributions after
long duration but with this much higher
contribution at short duration.

So this i1s the model that we used
to subsequently develop risk assessment based
on rate. There are two risk assessment
paradigms that we use. One 1s benchmark dose

and basically this 1s saying we have some
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outcome that we know the distribution of and
exposure 1s causing this outcome to shift.

So at increasingly higher
exposures, everybody 1i1n the population has
shifted over a bit. This assumes that
everybody has the same response, uniform
susceptibility. And what benchmark dose does
IS It tries to figure out how many people have
fallen below some definition of 1mpairment
like the Ilower Hlimit of normal. So with
Increasing exposure, how many additional
people have fallen below that level and are
now impaired that wouldn"t have been
otherwise?

So this 1s a benchmark dose
calculation. These are levels of exposure.
This 1s the corresponding 45-year cumulative
exposure. This IS a shift 11n that
distribution so i1t starts out at 100 with no
exposure and then i1t shifts over.

So for example, at 0.2 or

cumulative exposure of 9.0, nine times 0.5,
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which was the coefficient from the original
regression, we would expect a 4.5 percent drop
in FEV, and with that this is presenting two
definitions of Impairment. Sixty percent of
predicted 1i1s a TfTairly severe pulmonary
impairment. And these are the numbers of
people out of a thousand that In a 45-year
exposure would now be impaired that wouldn®t
have been otherwise. So at one ppm, 12
percent, at .05, about 3 percent and so forth.

This 1s a much less severe level of
impairment, the Tifth percentile corresponds
to roughly 80 percent of predicted.
Historically, this was used often clinically
in defining abnormal and again, i1t i1s these
numbers of excess cases.

Using the lower limit of normal to
define impairment, i1t makes the benchmark dose
calculation a little more complicated because
there 1s no longer a single distribution that
IS getting shifted. Every person has a

different distribution, depending on their age
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and height and so forth. So, we came up with
a different method but pretty similar results.
Again for different levels, different numbers
of excess prevalence.

Now going on to the second
approach, which 1s modeling rate of new cases.

This 1nvolves using a life table approach
where i1n the normal population we know how
many people have survived at different ages
across time and we can apply the rate of new
cases In each age interval, calculate how many
new cases there would be and then subtract
those folks from the surviving population over
time and basically come up with a lifetime
excess risk of being a new case.

And so again, we get these kinds of
numbers. So at 0.01 ppm, there would be three
out of a thousand new cases, using the second
case-definition, over a lifetime.

This 1s an additional life table-
based calculation. In the published

literature, 1t i1s pretty clear that FEV; 1s
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itself a risk factor for mortality. Studies
have been done that carefully control for age,
gender, race, BMI, and so fTorth and there
seems to be an independent contribution of
FEV, to somebody®"s mortality rate. And that
IS not entirely surprising. People that are
at the point of dying have a very stressed
medical situation and breathing capacity might
figure 1Into what happens.

Based on the literature about one
percent loss In FEV; iIs associated with a 1.5
percent increase in mortality. So now we can
turn the crank and do what we did previously.
We can predict FEV; loss from exposure and we
can predict mortality from FEV; loss. And so
doing that we get these numbers of excess
deaths for a 45 year exposure at these levels
of diacetyl.

This 1s a summary of what you have
seen. And so it i1s kind of iInteresting there
Is a fTair amount of concordance across these

different methods. Even this one, which 1s




112

surprising. This 1s mortality that is not
related to bronchiolitis obliterans. It is
just a generic effect of losing FEV;. These
individuals would also be developing, iIn some
cases, bronchiolitis obliterans and have other
increased mortality resulting from that. So
this 1s an underestimate of mortality.

The NIOSH proposed REL 1i1s 0.005
parts per million. So that corresponds to
about one 1iIn a thousand. IT we use this
outcome measure and the others are pretty
close, this 1s jJust that same table turned
inside out. So here 1s a level one iIn a
thousand and these are the corresponding parts
per billion diacetyl over 45 years that result
In that excess risk.

So in summary, we have an exposure
assessment that we think i1s pretty extensive
by most occupational disease standards. There
are hundreds of air-samples over time. We

have used several definitions of impairment

and got quite a high concordance across them.
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Cross-sectional studies have major
limitations, most or all of which seem to
result In our expecting underestimation. We
have missed asymptomatic cases. There has
been a lot of probably selection out of the
population before NIOSH got there, such that
at the first survey it is already a survivor-
biased population.

And then there 1i1s this mystery of
this variable susceptibility. There might be
other explanations for this but In any case it
has this impact on the nature of the outcome
over time and so we proposed one way to deal
with that.

Forty-five year exposure is sort of
a standard i1n risk assessment for OSHA. In
this case, 1T there is a susceptibility issue,
It raises other issues because one population
followed for 45 years i1s going to be quite
different from five populations Tfollowed for
nine years. There 1s going to be an

additional loss with each new hire group.
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And then most of this work implies
or requires some sort of low dose
extrapolation which i1s linear. So this just
indicates that actually 13 percent of workers
In the Index study had career exposures below
0.01. So there 1i1s a TfTair amount of low
exposure data i1n this analysis and 0.01 1is
only a factor of two above the proposed REL.

So there would have to be enormous

deviations from linearity to really change our

results.

And that 1s 1it. Thank you.
Questions?

DR. CHECKOWAY: Harvey Checkoway,
University of Washington. | have a couple of

questions, Bob.

First off, the selection or
susceptibility, would you call that a healthy
worker®s survivor effect? And is there any
way practically that NIOSH could contact
workers that left and put some reality on this

and ask why people left work? I don"t mean
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the cases but just why other workers left
work. So that 1s one question.

The other question 1iIs 1iIs it
possible to use the Netherlands study as a
sort of replication sample for the risk
assessments? Is that data in the right form
for you to use? Could you get access to that
and 1s that something you would consider?

And just to make a comment, It 1is
going to be discussed a lot but I mean nobody
works 45 years at anything, especially with an
acute exposure causing an acute outcome like
this. So that 1s really seemingly very
unrealistic to make a risk assessment on 45
years but | understand that that 1is the
standard.

MR. PARK: Okay. You"re going to
have to help me with number one, two, and
three.

DR. CHECKOWAY: Yes, well the first

one was Jjust the practical aspects of can

NIOSH contact workers that left.
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MR. PARK: Okay . In this plant,
actually some former workers did come in for
subsequent surveys. | presume there was some
outreach to achieve that but Dr. Kreiss could
say more about what the potential 1s for
contacting former employees.

I mean, i1deally, you would like to
know who was hired over time and follow all of
them. But I don"t know 1If that is feasible.

DR. KREISS: In the 1i1Index plant,
workers were almost always hired as temporary
workers Dby contract and there were many
temporary agencies that supplied workers to
this company.

When we initially were working with
the Missouri Department of Health and Senior
Services, there was certainly an attempt to
find out what workers from contract agencies
had been employed but we weren"t able to get
that information systematically.

So we were really at a loss of

really knowing the denominator for those
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former workers. We made estimates. We
actually had a comparable number of fTormer
workers come to be screened as current workers
in the initial survey but we really never had
a very good handle on the denominator. And 1
think with these lower age workers, i1t is very
hard to locate them.

So I don"t think that that 1is
feasible.

With respect to the Netherlands
data, the amount of exposure data available
for that cohort i1s minuscule. The researchers
published what they had, made many, many
assumptions but we never had very good
description of what the methods were either
for exposure characterization or for analytic
analysis of those samples.

So 1 don"t think that that would be
a feasible population to look at.

You know obviously, there may be
risk assessment work based on human population

that would be available using the ConAgra
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serial data. And that serial data, 1t i1s not
published yet, but my understanding is that
there are four or five years of follow-up. So
that would be another population that could
form the basis of risk assessment.

MR. PARK: On the 45 year question,
for a disease that does not have this kind of
susceptibility 1issue, 1iInstead of doing 45
years, one could use average duration of
employment. That of course would
underestimate the public health iImpact because
1T people are working nine years on average
instead of 45, then there have been five times
as many people doing that amount of popcorn
tonnage. And so i1f it 1s a linear effect, it
IS going to be about the same. But 1f you
just look at one population for nine years, It
will be one-fifth of the impact.

Now i1n this case where there 1is
this apparent high risk at short durations,
that i1s a whole different issue which | think

the policy makers have to address because




119

there 1s a big impact of short duration.

DR. CHECKOWAY: Thanks.

MR. SARGENT: Ed Sargent, Redstone
Group.

Does your risk assessment support
the recommended STEL for diacetyl?

MR. PARK: It doesn"t address 1t.
It doesn"t address i1t at all. So i1t 1sn"t
used In the support for that recommendation.
Correct.

MR. SARGENT: And 1 guess maybe the
question 1 also have i1s maybe for Kathleen.
Is there any data where you looked at effects
over the first day of a workweek and perhaps
the first day after the weekend, and then the
workweek? So 1 am looking at the changes over
the first initial day of the workweek and then
changes over the entire week.

DR. KREISS: With respect to that
question of a temporal association of
pulmonary function or symptoms with regard to

work, bronchiolitis obliterans does not have a
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temporal association with work. And so from a
clinical point of view, once people became
impaired, they noted no improvement away ¥rom
work on a weekend, or even a long vacation, or
even 1In the course of years. The only
improvement of the former worker cases who, of
course, all had moderate to severe disease was
that over the course of years after exposure
ceased, they tended to have less cough. But
in terms of their pulmonary functions, their
exercise ability, there was no improvement at
all. This is a disease that is very different
from occupational asthma where we expect to
see changes that are temporally associated
with work.

MR. SARGENT: But I am thinking of
the earlier, looking at the spectrum of the
changes, maybe looking at earlier pulmonary
effects.

DR. KREISS: Is your question
whether i1n the development of fixed ailrways

obstruction there might be a time in which
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people had asthma for example?

MR. SARGENT: Or some restrictive
airway changes that could be seen earlier.

DR. KREISS: I really --

MR. SARGENT: I"m looking for a
justification for a short-term exposure limit
i1Is what 1 am looking for.

DR. KREISS: | think your question
about the natural history is fascinating and
one that we don"t have good information on.
There are cases that have been seen for
example 1n California of people who were
thought to have asthma as they developed
bronchiolitis obliterans but those case
reports aren"t published and i1t is hard to
know. It would really require somebody who
was clinically managing somebody as they got
sick. And with medical surveillance, as we
have recommended, that information may become
available.

Now, with respect to short-term

exposure limits, 1 think that is an entirely
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different question but I would like to think
about i1t some more. The question for us, for
short-term exposure Qlimits, was 1is there
evidence that high-level exposures for short
durations of time can have effects. Because
that 1s the justification for controlling high
peak exposures.

And we certainly fTelt that peak
exposures might be very important. One reason
we felt that was that In the sentinel, In the
index popcorn plant, there were a group of six
workers who worked i1n quality control, each
popping about a hundred bags of microwave
popcorn every eight hours. And thelr average
exposure levels were about a quarter of what
the packaging line workers were. And yet, 1In
the cross-sectional evaluation in November of
2000, five of those six workers had
obstruction. So they had a really
disproportionate signal of abnormality and yet
theilr exposures were much lower on average.

And iIn reflecting about that, there
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were a couple of possibilities. One i1s that
when you pop a bag of popcorn and you open it,
you will have very high peaks when you are
opening the bag that will be very evanescent.
And secondly, the proportion of the volatiles
in the quality assurance area that diacetyl
accounted for was much lower than iIn the plant
area 1In general. Because at the high
temperatures of a microwave oven, virtually
everything that 1s in the flavoring is going
to volatilize and so that includes less
volatile contents. So they had a
qualitatively different exposure than people
in the packaging line, fTor example. So we
thought well maybe that is factoring in, too.
You know, the fact that 1In some
plants the mixers actually had relatively low
exposures compared to the 1i1ndex plant but
still had high rates of obstruction and
clinical bronchiolitis obliterans, again
pointed to the fact that the peak exposures

when somebody lifts the Iid to dump 1n
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flavorings, for example, might have a
disproportionate effect.

Dr. Hubbs tried to get some sense
of that i1n an animal model. I1"11 let her
speak to that.

DR. HUBBS: Yes, 1n the animal
models to address the short-term exposure
potential, we actually In one study, now this
i1s only dealing with the acute effects but we
had animals with the same time-weighted
average exposure that were divided iInto two
groups. One of those groups got that exposure
continuously over a six-hour period. The
other got that exposure as four approximately
15-minute bursts. That told us that those
four 15-minute bursts could do 1t as well.
Importantly, that was jJjust a short-term
exposure effect. It is just dealing with the
acute airway effects but we do know those four
short-term exposure [limits can produce that
precursor lesion, which is airway epithelial

Necrosis.
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So at this time there 1is some
limitation to the data but certainly there 1is
solid peer reviewed data that does iIndicate
short-term exposures can be a problem.

Now i1n terms of the criteria
document to clarify things, are you suggesting
that in the risk assessment section that we
clarify that the risk assessment i1s for the
exposure limit and that the short-term
exposure limit, 1 think we described that in
the basis for the recommended exposure limit.

I think we describe i1t as principally being
based upon the toxicology data. So that 1s
another section that will be described later
here.

But you would like some additional
clarity within the document as to what the
supporting literature 1is for each of the
recommendations?

MR. SARGENT: Yes.

DR. HUBBS: Okay, thank you.

DR. KREISS: I think the other




126

thing Lauralynn could comment on. In deriving
the short-term exposure Hlimit, we had no
quantitative data. We jJust used sort of rule
of thumb of what NIOSH has done in the past.
Is that correct?

COMMANDER McKERNAN: That"s
correct. And so you will notice that the
short-term exposure limit is TfTive times the
recommended exposure limit. For diacetyl, our
recommended REL i1s five parts per billion, so
the STEL 1s 25 parts per billion.

MR. HARNETT: Yes, Peter Harnett.

Mr. Park, I had gone back and
looked at the NIOSH 2006 study. It came out
In 2006 and had noted that the work had begun
in 2000, i1f that 1s correct.

MR. PARK: On the index plant?

MR. HARNETT: Yes.

MR.  PARK: I believe that 1is
correct.

DR. KREISS: The data for the index

plant were collected from the fall of 2000
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through late summer of 2003.

MR. HARNETT: Okay. And then how
many different times was ailr sampling
conducted?

DR. KREISS: Nine times during that
period.

MR. HARNETT: Okay . And 1In
looking at data, I am just curious about this.

Was there communication with the plant about
what the initial air sampling results were?

DR. KREISS: Absolutely. With each
survey an interim report was prepared that
gave the plant the air sampling measurements
which were much easier to convey than the
health measurements.

So the summary of the measurement
and health data together was disseminated to
the plant 1n August 2001 for the Tfirst two
surveys because the third survey actually was
that month.

MR. HARNETT: Okay . And then

along with that, were there suggestions on
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changes to work practices and perhaps
engineering controls?

DR. KREISS: Oh, absolutely. |
mean, as soon as we became engaged with the
current workforce, which we added walkthroughs
of the plant i1n September of 2000 and again 1
think 1n October. And at the end of October,
beginning of November was when we did the
first health survey. As soon as we realized
that a quarter of the plant had abnormal
pulmonary Tfunctions, we worked very closely
with the plant and actually brought powered
air-purifying respirators to the plant to put
the mixers i1n that started right after the
survey.

The Ffirst attempt to look at
engineering controls was 1n January. We
provided written recommendations on the basis
of that survey.

So we had worked with the plant to
essentially try to isolate the mixing room,

which was clearly the source of the flavorings
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right away. And so really with every survey
the justification for the surveys was to see
how were exposures coming down with the
implemented controls and changes 1In work
practices like lowering the temperature of the
holding tanks, exhausting them.

MR. HARNETT: Right. 1 got it.

So what 1 am curious about i1s iIn a
quantitative risk assessment, 1 am assuming
you used all of the data that NIOSH had
collected, what one would expect to happen and
NIOSH did the appropriate thing obviously
making recommendations on work practices, et
cetera, but are you Ilooking at data that
becomes skewed because as those work practices
are discussed and implemented by the plant,
the exposure levels are likely to come down
dramatically. And the initial cases that you
found there were likely a function of exposure
prior to 2000, whereas air sampling data
collected around say 2005 1i1s going to

demonstrate, 1 would 1imagine, significantly
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lower air sampling results from whatever, 2002
through 2005 due to work practices and
engineering controls.

MR. PARK: There were dramatic
changes, drops by more than a factor of ten or
even a hundred over that two and one-half year
period. There was an exposure matrix
developed that took that iInto account, not
only the measured levels but also known
changes i1n the plant configuration.

And so this speaks to the question
of what exposure metric to use. IT we are
using the right metric and we have a good
estimate of the actual exposure, then it
shouldn®t matter that things were dropping.

DR. KREISS: The assumption was
made that the measurements that were taken in
the fall of 2000 represented historical
measurements i1n the plant. There are
limitations to that assumption. For example,
when the plant started making microwave

popcorn in 1986, they had many fewer lines for
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production than they had when we got there in
2000. But from the beginning, they were using
diacetyl containing flavorings.

So exposures may have been lower iIn
the remote past but this was a plant that -- 1|
mean i1n fact we had some difficulty convincing
the plant that there was a hazard, even when
we showed them their data because you know,
they had consultants that told them that
everybody in that area of Missouri had bad
lung function anyway.

So you know, I think that there was
certainly no attempt on the part of the
company to lower exposures before we got
there. Because even after we got there, they
had a hard time believing that.

MR. HARNETT : I understand that
with the initial sampling. And 1 just wanted
to get off this i1ssue for a sec but I think 1
made my point and you answered it.

The other thing 1 wanted to point

out or would be interested in knowing is 1if
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this 1s the case | am aware of, there was a QA
individual who reported with an eight hour
time-weighted average of 0.2 parts per
million, 1If 1 remember correctly. And at that
time, was he or she taking samples from the
mix tank? Because that ends up being around
2000 and earlier the practice was to take your
jar and literally put your head inside of the
mix tank to get your sample.

Things have changed appreciably
now. Namely, the production floor worker will
capture the sample sometimes with a stick that
IS Immersed Into the tank, cap it off and move
It over to the QA room.

DR. KREISS: In microwave popcorn
QA only popped popcorn. They didn"t take any
samples to assess the constituents of
flavoring. 1 can"t speak for flavoring houses
where there may be a different kind of quality
assurance practice.

DR. LENTZ: 1°"d just like to break

in at this point. I think the discussion 1is
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helpful and we will keep going for about five
more minutes with these questions because this
IS an Important section of the document. But
I would Ilike to give our presenters an
opportunity to take a bio break.

(Laughter.)

DR. EGILMAN: Let me just follow up
on that. 1 think I was next.

There has never been any quality
assurance worker iIn a popcorn plant who took
samples out of a mixing vat. That i1s a fake
rumor that has been put out by i1ndustry to try
to explain away some of the data. It never
happened anywhere. I interviewed most of
those workers and examined most of the workers
at the index plant. It never happened there.

It never happened anywhere. They didn"t have
any way to test i1t in the QA room.

The turnover case 1issue, there are
about 700 workers from the ConAgra plant who
were hired by three separate companies. I

have thelir names. I don"t think 1t 1Is worth
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going after them but you can do i1t 1f you are
interested. The data i1s available.
The short-term exposure data can

come from the Lockey QA worker study. Lockey

has, and 1 have given these to NIOSH, the
actual data i1s different. It shows three or
four obstructive cases i1n QA workers. He

reported no one had obstruction who was a QA
worker in the published paper. That is just
not true. In addition NIOSH reports one or
two others.

Lockey has very good short-term
data on those 27 QA workers from the Tfour
ConAgra plants and that data should be looked
at because I think 1t will be human data that
will support a STEL.

There has never been a study that
showed any difference quantitatively or
qualitatively of any substance that is
different from popcorn popped from a bag and
that measured over a slurry. It just isn"t

out there. The only one who looked at that at
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all, and NIOSH never did although repeatedly
In their papers they put in oh, the popcorn
effluent 1s qualitatively different from a
slurry, with no data, no NIOSH studies looked
at that, ConAgra looked at i1t. And there 1is
no significant difference between the
measurements of fumes and releases from
popcorn bag and a slurry.

In fact, there 1s much more
variability between slurries. There are
hundreds, ©perhaps thousands of different
formulas for slurries with as few as five and
as many as probably 50 compounds iIn there. So
the inter-slurry differences are much greater
than the popcorn slurry differences 1iIn the
only data that 1 know that exists.

So 1 think that has been used as a
way of Tfalsely reassuring people about
popcorn. It is just not true. Because
although the inference of the statement 1is
well i1t 1s qualitatively different, 1t 1is

worse; the 1inference i1s i1t i1s qualitatively
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different, 1t 1is safer. That 1s how the
public 1s taking iIt.

And that"s all. Thanks.

Oh, the amount of diacetyl changed
dramatically in 1993. The reason for that was
fat-free popcorn. The way they made popcorn
fat-free was they substituted pure diacetyl
for the oil. Okay? Because that made a
caloric difference.

And so the percentages of diacetyl
in fat-free popcorn which began to be pushed
around 1992-1993 1i1s when the magnitude of
exposures went way up.-

DR. LENTZ: Thank you, Dr. Egilman
and we have time for one more.

DR. TOWNSEND: Can 1? One more. |1
will be quick. 1 know 1t Is break time. |1 am
desperate myself. Mary Townsend, Pittsburgh.

This 1s a question about the
modeling. It is very complex what you have
done and 1 didn"t get a chance, as | was

saying, last night to read all of this. But
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when you are trying to say what parts of the
time related things are, you do not want time
In your dependent variable. And percent of
predicted i1s confounded by age still because
you get 1iIncreasing proportions of people
falling below a certain whatever percent of
predicted as they get older.

So 1 wondered, and that would be a
problem 1f you have a wide age range that you
are looking at. And 1 think your workforce
probably goes from about maybe 20 to maybe,
what, 50 or 60? So i1t is fairly wide.

I wondered i1f you tried instead of
modeling percent of predicted FEV; 1f you
tried using deviation from the predicted. And
I presumed that you are holding your predicted
values at the NHANES, so that you are using a
constant reference source.

But 1 wondered i1f you tried that
because what that would do 1is totally
anything, any age, any duration, 1t is always

a problem the collinearity of what is due to
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aging, what is due to smoking, what iIs due to
occupational length of exposure, as you know.

But you don"t want to have your dependent
variable also still not being, you know, just
having age totally removed from 1t. Do you --

MR. PARK: Maybe. For the first
analyses for the multiple regression, just
doing a cross-sectional analysis.

DR. TOWNSEND: Yes, the Tirst,
where you were looking at your index plant |1
think 1t was.

MR. PARK: Yes, and looking at
percent of predicted.

DR. TOWNSEND: Yes.

MR. PARK: So that i1s already age
adjusted.

DR. TOWNSEND: Well but 1t iIsn"t
totally age adjusted. Percent of predicted is
not totally age adjusted because the
variability of the people remains Tairly
constant as you age and percent of predicted,

In order to be the same, you have to be
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assuming that the people are pulling together
as they age and they are not.

And that i1s why the ATS, since 1991
has said don"t define abnormality as 80
percent of predicted. It 1s because of that
fact that 1t 1iIsn"t constant. It doesn"t
totally account for aging effects. And that
iIs why the Jlower [limit of normal was
recommended in 1991 and now NHANES models it
statistically not clinically so that i1t cuts
off five percent of healthy, nonsmoking
people.

So 1n other words, what that 1is
saying 1s that the variability of the
population is normal, i1t"s not, and i1t doesn"t
get tighter as you age and percent of
predicted assumes that i1t does, In order to be
saying that 80 percent at age 35 i1s the same
as being 80 percent at age whatever 1t 1is.
But 80 percent at 35 i1s probably going to turn
InNto a 75 percent at age 55 or whatever.

MR. PARK: And the basis that we
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actually use for the REL was on the Ilower
limit of normal definition, --

DR. TOWNSEND: Yes.

MR. PARK: -- not on 80 percent.

DR. TOWNSEND: So then 1 was
wondering what the modeling was about because
there you were identifying whether 1t was
cumulative or duration. You were looking at
all these variables to say what would be 1in
the model or something. But that i1s when |1
kind of like 1 didn"t have a chance to read it
ahead. So 1t 1s complex.

MR. PARK: 1 agree.

DR. TOWNSEND: And 1 am sure you
are far more experienced with all that part
than me. But I know lung function and it
disturbed me to see percent of predicted as
your outcome variable anywhere.

COMMANDER McKERNAN: Thank you for
your comment and 1 would encourage you to put
that comment in writing in our docket. Please

recall that 