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PROCEEDI NGS
Wel come and | ntroductions

DR. MLLER Good norning. | am Sandy M Il er and
| am serving as the Chairman of the Food Advisory Conmttee
for the Center for Food Safety and Applied Nutrition. |
would like to welconme you all to this neeting, which was
called in order to help the Center develop a policy for
met hyl mercury in food.

The Center has devel oped a nunber of questions
whi ch they want the comnmttee to consider, and these wl
be discussed in just a few nonents.

Let me just go into the agenda. Let nme just see
if I can get some ground rules in place. This is a very
tightly packed agenda. |If we are going to be done anytine
within the next nonth or two, we are going to have to stick
to the exact tinmes that have been assigned by the
secretary. These generally have been determ ned by the
speakers thensel ves, but in sone cases, in order to finish
t he agenda, the tinmes have slightly changed.

Neverthel ess, the inportant thing is that exactly
on time, I wll ask you to step dowm. | wll try five
m nutes before the end of your tinme to rem nd you that

there is five mnutes to go, but it is really inportant

that we stick to the tinme.
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| know this is an issue of sonme concern and a
great deal of passion to a |lot of people, and it is of
vital i1nportance to us, but we want to be fair to
everybody, the times nust really be kept.

Secondly, just to indicate the basis for which
the commttee is operating, it is the function of this
comrittee to | ook at these questions which we will be asked
on the basis of the science. OQur recomendations are
i ndi vidual recommendations to the Center to be based
entirely on that issue.

Policy determ nations are conplex and they
involve things that are equally inportant to the science,
but are different. This commttee is not designed to deal
with those issues, so | amasking you all to try to focus
your attention on the issues concerned with the science and
t he science only.

Let me introduce to you Cat hy DeRoever, who is
t he Executive Secretary of the Food Advisory Conmttee, who
wi Il talk about some housekeepi ng issues.

MS. DeROEVER: Thank you, Dr. MIller.

Good norning. | would like to welcone all of our
menbers and our tenporary voting nenbers. Thank you very
much for being here today. Before | do actually the

adm ni strati ve announcenent, for the record, | want to
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announce that we have appointed several tenporary voting
menbers.
Conflict of Interest Statenent

The authority to appoint such nenbers is granted
to the Center Director, and | have letters for the
tenporary voting nenbers that state: By the authority
granted under the Food Advisory Commttee Charter, |
appoint Dr. Aposhian, Dr. Friedman, Ms. Halloran, Dr.
McBride, Dr. Nordgren, and Dr. Scherer as tenporary voting
menbers of the Food Advisory Commttee for the July 23rd
t hrough 25th, 2002 neeting on nmethyl mercury

The letter is signed by the Center Director,
Center for Food Safety and Applied Nutrition, U S. Food and
Drug Adm nistration, M. Joseph Levitt.

Second, also for the record, all nmenbers and
tenporary voting nenbers have been screened for financial
conflicts of interest. Upon review of the FDA Form 3410,
which is the financial disclosure report for special
governnent enpl oyees, we have determ ned that no financi al
conflicts exist.

Simlarly, we have asked all our guest speakers
to complete a financial interest and professional
relationship certificate for guests and guest speakers to

identify any potential conflicts.
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We have not received all of those forms, but for
the record, there are two that | would |ike to nention.
Dr. Heimbach has had a relationship with the seafood
i ndustry, and Dr. Kris-Etherton, who will be speaking I
believe it's tonmorrow, has a relationship also with the
seaf ood i ndustry.

Moving on to the adm nistrative matter, for the
people at the table, in your notebook is a nenu that we are
going to ask you if you would |like to have |lunch, we have
tried to overcone sonme past problens we have had with
respect to timng, so if you would take a nonent and
conplete it, the staff will collect it and your lunch wll
be ready, hopefully, when we break. |[If this works well, we
will try it again for Wednesday and Thursday, but | wll
appreci ate your feedback on that.

Wth that, | turn it back to Dr. Mller.

DR. M LLER: Thank you, Cathy.

To open this session of the Food Advisory
Committee, M. Joseph Levitt, who is Director of the Center

for Food Safety and Applied Nutrition, has sone opening

remar ks.
Openi ng Remar ks
Joseph A. Levitt
MR. LEVITT: Good norning. Again, my nane is Joe
Levitt. | amDirector of the Center for Food Safety and
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Applied Nutrition. | ampleased to welcone all of you here
for a nmeeting of the Food Advisory Commttee.

This is my first visit with the commttee since
you were reconstituted. | was on vacation when there was a
neeting earlier this spring. | welcome Dr. MIler, who is
chair of our commttee. Sinply no one has nore experience
in the broad issues facing our Center than Dr. MIler given
hi s past experience at the Agency and his work on many
Nati onal Acadeny of Sciences committees.

| also will ook forward to working with the
commttee as a whole and its many subcommi ttees over the
com ng nonths and years, and in the fall, | will |ook
forward to providing you on a day when we have a | ess
i ntense agenda with an overview of our Center's activities
and on engagi ng your advice on a nunber of inportant
scientific and public health issues, which brings ne to
this week's nmeeting on FDA's Consunmer Advisory regarding
met hyl mercury and seaf ood consunpti on.

We consider this issue to be a very inportant
public health issue. Indeed, | can't think of anything
nore inportant than ensuring the health of pregnant wonen
and their unborn children.

That is why we went to great |lengths to assenble
such a distinguished coomttee. For those not famliar

with our comrmittee structure, we have included here nenbers
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of our standi ng Food Advisory Commttee, nenbers of our new
Subcomm ttee on Food Contam nants, and additi onal
scientific experts in specialties needed for the
met hyl mercury issue that we did not already have.

This includes nedical experts in pediatrics and
neur ol ogy, as well as additional experts in devel opnental
psychol ogy and ri sk comuni cati on.

Finally, I want to thank Jean Hall oran of

Consuners Union for serving as our consunmer rep given that

our standi ng consunmer rep was not here. | am not sure |
see her yet, but we will thank her in advance of her
arrival .

Again, | want to thank everybody for taking the

time fromyour very busy schedul es to address this subject.
This issue nethylmercury in fish has a |ong
hi story dating back to the 1970s. This includes industrial
poi soni ngs in Japan and Iraq, mjor studies being conducted
i n geographi cal areas of heavy fish consunption, steps
being initiated by both the FDA and the Environnmental
Protecti on Agency, as well as a nunber of risk anal yses and
data gat hering exerci ses.
You wi Il hear about all of this and nore over the
next three days | can assure you. The critical point of
departure for this week's discussion is a report issued by

t he National Acadeny of Sciences on July 11th, 2000. The
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report was actually directed to EPA under the rubric of
reduci ng environmental pollution by this relevant to FDA
regardi ng comerci al seaf ood consunption was readily
apparent.

Therefore, after the National Acadeny of
Sci ences' report, we, at FDA, undertook a very extensive
process to exam ne the risks of nethylnercury in comrerci al
seafood and to determ ne what advice to give consuners at
t he national |evel.

We consulted with nmany of the sanme peopl e and
organi zations that you will hear at this neeting. W
conducted a series of focus groups with consuners to
exam ne comruni cation style and format that any new
advi sory woul d have, and we consulted with EPA, which
i ssues advisories to states for recreationally caught fish.

| personally led this outreach effort and I
participated in every or nearly every neeting with outside
groups. | also net regularly with our internal staff on a
regul ar basis. The culmnation of this effort was an
updat ed consuner advisory that FDA issued in January 2001
with a small revision in March a couple nonths |ater.

Let me now summari ze the advisory itself. The
consuner advisory was addressed to pregnant wonmen and wonen
of chil dbeari ng age who nay beconme pregnant. 1In short, the

advisory has two main parts. The first part says to avoid
M LLER REPORTI NG COVPANY, | NC
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eating four kinds of fish with the highest |evels of
mercury, nanely, shark, swordfish, king mackerel, and
tilefish, avoid these conpletely if you are in that
cat egory.

No. 2. Eat 12 ounces per week of a variety of
ot her fish including shellfish, canned fish, smaller ocean
fish or farmraised fish. Just be sure to pick a variety
of different species.

| tend to summari ze this advisory to say avoid
the top four fish and eat the rest in noderation.

Now, in issuing this advisory, FDA also put on
our web site our witten rationale for the advisory and
data tables showing | evels of nethylnmercury in different
speci es of commercial fish, so the public could see how we
reached the conclusion we did.

We foll owed the issuance of the advisory with an
ext ensi ve outreach canpaign and were able to get our
message into a nunber of newspapers, nmgazine, and ot her
i nformation outlets.

When we issued this advisory in early 2001, it
was our genuine belief that if wonmen conscientiously
followed this advisory, based on know edge of methyl mercury
levels in fish and consuners' fish consunption |evels, that
t hese women woul d be protecting their unborn children from

harm due to nmethyl mercury. That was our goal.
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But | can tell you, a year and a half later, the
subj ect remains controversial and I will tell you quite
candidly that a nunmber of persons and organi zations still
feel that we fell somewhat short of the mark. That is why
we are here.

We want Anerican wonen to have the best advice
possi bl e and for that advice to be arrived at in an open
and transparent way. At the tinme that we constructed our
advi sory a year and a half ago, CFSAN did not have at the
time the benefit of our Food Advisory Commttee. We were
in the process of recharging and restructuring it, and so
forth.

So, we assenbl ed the advisory ourselves using the
best informati on we had and the process that | descri bed,
but now t hat we have reconstituted this advisory commttee
and it is fully functioning, we wanted to bring the issue
to you. We look forward to a full airing of the issues,
ultimtely focusing on whether, after everything is
consi dered, the advisory is as strong as it needs to be to
protect public health.

Now, over the next three days, you will hear a
wi de range of views on this subject. Your job is first to
listen critically to the whole story that will be presented
to you over the next three days. You will hear, starting

with the representative fromthe Acadeny that issued the
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report. You will hear directly froma nunber of
researchers who have conducted the key studies.

You will hear fromstate and federal officials,
from physi cians, from consunmer groups, fromindustry
representatives. Finally, you will hear from experts in
our center who will try to explain how we arrived at the
concl usions that we did.

Then, we will stop and you will have your
di scussion. We want your best thinking and advice on our
advi sory on whether it is adequate in its present form or
whet her any adjustnents need to be nmade.

Now, | et me go through the specific charge.

This will be circulated and everybody wi |l have
copies of this if they don't already. It will be conm ng
around shortly.

[ Slide.]

The charge to the conmttee, | have kind of a
| ong version and a short version. The long version says:

The committee is being asked to evaluate, in
light of all the relevant information about potenti al
consunption, exposures, popul ati on body burden, hazard and
consumer nessages, whether the Agency's Consuner Public
Heal th Advi sory on Methylmercury is adequate to protect the

health of those who foll ow that advice.
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Wen | read that, | said that covers everything,
but let's say it a little nore sinply.

[ Slide.]

To put it nore sinply, does the FDA advi sory
provi de adequate protection for pregnant wonmen and wonen of
chil dbeari ng age who may becone pregnant? That's the
bottom |line question. |If not, what changes are needed and
why? |f yes, are there neverthel ess enhancenents to the
advi sory that would make it easier and nore effective for
wonmen to follow it?

Now, to help answer this general charge, we have
framed it in five questions.

The first question says: Has the Agency
adequat el y addressed and appropriately considered all the
rel evant factors and information that bear upon the
el aborati on of a consuner advisory on fish consunption?
Are any factors not relevant? Are there additional factors
t hat should be relevant? In other words, have we
consi dered the | andscape.

No. 2. Focusing on the first part of the
advi sory, should the advisory have specifically advised
pregnant wormen to avoid any ot her species not specifically
mentioned, and if so, what would be the scientific

rati onal e?
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Il will tell you as you will hear, that the
speci es nost commonly nmentioned would be fresh tuna is the
fish you will hear a | ot about, whether it ought to be
i ncl uded here or not. So, we want that to be tal ked about.

No. 3. In the second part of the advisory,
shoul d the Agency issue a fish listing as an adjunct to the
advisory to clarify what is nmean by "variety of fish?"

As we have gone back and | ooked at the advisory
wi th hindsight, we knew what we neant, but have we provided
enough informati on on how to eat the appropriate variety of
fish, so that wonmen are adequately protected. W woul d
i ke advice there.

No. 4. You will hear a | ot about FDA and EPA, so
we ask the question: Should the Agency revised our
advisory to make explicit that the 12 ounces per week
i ncludes all sources of fish, both recreational and
commercial, so there is a better nexus? There nmay be
addi ti onal ways you consi der how we and EPA can better be
sure that we are connected, we have our web sites joined,
and so forth, maybe there are additional ways.

Finally, a subject of nonitoring. Should the
Agency increase its nmonitoring of methylmercury in
commercial fish in order to keep this advice current? Wen
you go through the data tables, you will see that some of

t he species have | ots of sanples, some have very few
M LLER REPORTI NG COMPANY, | NC
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sanpl es associated with them and the question of
nmonitoring and i nportance of that comes up, so we would
i ke your advice on that.

Let me conclude. Dr. MIler asked that |
describe for you two things: Nunber one, why you are here,
and, two, what FDA needs from you over the next three days.
| hope | have done that.

| also hope that | have conveyed that we are
truly open and i ndeed want your best advice whether you
agree with us or not. You wll see | believe, as | did,
that there is a wide range of strongly differing views
about nethylmercury in fish. 1t is an enotionally charged
I ssue.

There is also a long history of scientific debate
about this issue that will not likely end with this neeting
al though it would be nice. Qur collective challenge,
therefore, during the next three days will be to rise above
any such divisiveness. W need to do what is best for the
American consumer, in this case, American wonmen and their
offspring. They certainly deserve no | ess.

Thank you very nmuch. | will try personally to

stay for as nmuch of the neeting as | can although |I am sure

a couple tines I will get pulled out for different issues.
Agai n, thank you for your time. You will have a
fascinating three days, | can assure you, but nobst
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i nportantly, we hope that you will help us nove and advance
this issue in a way that will be best for American wonen
and their children.

Thank you again very, very much, and thank you,
Dr. Mller, for chairing the nmeeting.

DR. M LLER: Thank you, Joe.

I ntroducti ons

Before we proceed, let nme take this opportunity
of having the various nenbers of the comm ttee introduce
t henmsel ves, at |east for the record, so we know you are
her e.

We will begin with Dr. Scherer

DR. SCHERER: Cliff Scherer, Cornell University,
Departnment of Conmunications. M specialty is risk
conmuni cati on.

DR. NORDGREN: Dick Nordgren. | ama pediatric
neur ol ogi st from Dartnmouth Medi cal School .

DR. McBRIDE: Margaret MBride. | ama pediatric
neur ol ogi st from Rochester, New York, and Akron, Ohio.

DR. FRIEDMAN: Sarah Friedman from the Nati onal
Institute of Child Health & Devel opnent, one of the NIH
institutes. | am a devel opnental psychol ogi st.

DR. RUSSELL: Rob Russell. | amDirector of the

Human Nutrition Research Center at Tufts.
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DR. MONTVILLE: Tom Montville, Professor of Food
Sci ence from Rutgers, The State University of New Jersey.

DR. FULLER Marion Fuller. | amthe Director of
Food Safety for the Florida Departnment of Agriculture and
Consuner Servi ces.

DR. FISCHER: | am Larry Fischer, Director of the
I nstitute for Environnental Toxicology at M chigan State
Uni versity.

DR. HOTCHKI SS: Joe Hotchkiss fromthe Depart nent
of Food Science at Cornell University.

DR. LEE: Ken Lee, Chio State University,

Depart nent of Food Science, Professor and Chair.

DR. KUZM NSKI: | am Larry Kuzm nski, a retired
Vice President of Technol ogy from Ccean Spray, had previous
positions to Ocean Spray that included officer positions
with the Kellogg Conpany and tenure professorship at
Uni versity of Massachusetts.

DR. MLLER | am Sandy MIler and | am
associated with the Center for Food Nutrition Policy at
Virginia Tech University.

MS. DeROEVER: Cat herine DeRoever, FDA.

DR. BUSTA: Frank Busta. | am a Professor
Enmeritus, Departnment of Food Science and Nutrition, at the

Uni versity of M nnesot a.
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DR. ACHOLONU: Al ex Acholonu. | amfrom Alcorn
State University in Mssissippi. | ama Professor of
Bi ol ogy and ny specialty is epidem ol ogy of diseases.

DR. DI CKINSON: Annette Dickinson, Vice President
for Scientific and Regulatory Affairs with the Council for
Responsi bl e Nutrition.

DR. DWYER: Johanna Dwyer, Assi stant
Adm nistrator for Human Nutrition, Agricultural Research
Servi ce, USDA.

DR. SHANNON: | am M chael Shannon. | ama
pedi atri cian and toxicol ogist at Children's Hospital and
Harvard Medi cal School in Boston.

DR. APOSHI AN: | an Vas Aposhian fromthe
Departnent of Mol ecular & Cellular Biology and the
Department of Pharnmacol ogy at the University of Arizona.
My research interests have for many years been the
t oxi col ogy of heavy netals including nercury and arsenic.

DR. MLLER Thank you all. There are still a
coupl e of nmenbers of the commttee that have not yet
arrived. When they do, we will have themintroduce
t hensel ves.

Let me make a request, that when you speak, try
to speak into the m crophone since there is a record of
this meeting being kept.

M LLER REPORTI NG COVPANY, | NC.
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Qur first speaker is Dr. Joseph Jacobson, a
menber of the National Acadeny, Committee on Methyl nmercury.
Dr. Jacobson is from Wayne State University.

Dr. Jacobson.

Nati onal Academny of Sciences Report on

t he Toxi col ogical Effects of Methyl nercury
Dr. Joseph Jacobson

DR JACOBSON: First of all, I want to apol ogi ze.
| am not quite sure how |l got to the 20 m nutes, but in
reviewng this norning, | really amgoing to need 30. W
are a little ahead, so hopefully, that won't be a problem
for your schedul e.

DR. MLLER: Ckay, as long as we stay within the
schedul e, the exact nonent.

DR. JACOBSON: | am a devel opnental psychol ogi st
and | amgoing to be giving you an overview of the history
behind the constituting of the NAS panel, as well as sone
of the logic and thinking that went into the process of the
concl usi ons that we reached in our report.

Vas Aposhian was a nmenber of the panel. He is
here, so he can correct nme if | get some of the details
wr ong.

[Slide.]

Cbvi ously, everyone here | amsure is fam|liar

with the fact that prenatal exposure to nethylnmercury can
M LLER REPORTI NG COMPANY, | NC
735 8th Street, S E
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

have very serious devel opnental consequences for the
central nervous system was first established in the

M namata i ncident in Japan, that led to sonme of the nore
severe deficits that were seen at the very heavy |evels of
exposure in that popul ation.

[ Slide.]

And then, of course, the second fanmous mass
poi soning was in Ilraqg in the early 1970s when seed grain
t hat had been contami nated with the nethyl mercury fungicide
was used to bake bread because there was drought and the
i nfant who were born to nothers who ate the contam nated
bread while they were pregnant showed very sin|ar severe
neur ol ogi cal probl ens.

One inportant difference between the two epi sodes
as that in Iraq, a group of researchers fromthe University
of Rochester went in and did systematic assessnents of a
| arge number of the infants who were exposed, very
systemati c devel opnental assessnents, and so we had, not
just the qualitative descriptions, but also sone reasonably
sem -quantitative data that risk assessnent could be based
on.

[ SlIide.]

EPA, when it did, not the nost recent risk
assessnment, but the one before that, used the Iraqi data as

the basis for the risk assessnent, and the devel opnent al
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endpoi nts that they used were devel opnental m | estones -
age of wal king, age of tal king, which were affected by the
very heavy exposure levels in this population.

The EPA Iraqi risk assessnent was the first to
use a benchmark dose anal ysis for purposes of risk
assessnment. Prior to that, the nethod used was the NOAEL,
the No Observed Adverse Effect Level method, which tended
to be based on animal studies where different groups of
ani ml s woul d be exposed at different |levels, and the
| owest | evel at which no adverse effect was seen was the
one that was used for the EPA reference dose, the reference
dose being an estinmate of the average daily intake at which
you wouldn't find adverse effects.

When EPA and ot her agenci es began to nove to
human data, we got the increasing popularity of the
benchmark dose statistical assessnment, which doesn't | ook
for discrete groups, and, of course, in hunan exposures,
you don't get discrete groups, people tend to be exposed
over a broad range of exposures, and the benchmark dose
anal ysis uses the full range of exposures and the outcones
associated with those exposures to arrive at a
statistically driven estimate of the |evel where you m ght
not see an adverse effect.

To do the benchmark dose anal ysis, you have to

start out by taking a cutoff. Well, first of all, you have
M LLER REPORTI NG COWPANY, | NC
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

to start out by picking an endpoint, and I will talk |ater
about the choice of endpoints that the NAS Panel considered
based on the data that were before us, but you have to pick
an endpoi nt.

Once you have that endpoint, you have to pick a
cutoff, and the cutoff represents the |level at which you
are saying the child is doing very poorly and we beconme
very concerned. On an IQtest, we will often pick the
| evel of 70, the borderline for nental retardation, and we
wi Il talk about 70 as the cutoff, that is, 70 as the |evel
of poor performance that we are trying to prevent an
i ncreased incidence of.

So, we take an endpoint that nmethyl nmercury
i ncreases the incidence in the popul ati on, an endpoi nt
where nmethylmercury makes it nore |ikely that we are going
to get a bad effect, and we pick a cutoff, and we say we
want to make sure that we do not appreciably increase the
nunber of children who are perform ng at that |evel just by
virtue of the fact that they were exposed to nethyl mercury.

The benchmark response is our criterion for how

much of an increase we are willing to tolerate. Let's say
we are willing to tolerate a deficit of 70, an 1Q deficit
of 70, and we are willing to tolerate an increase of 1

percent or 2 percent.
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Typically, we don't want there to be enough
met hyl mercury exposure in the popul ati on that the incidence
of mental retardation is increased by 5 percent or 10
percent. So, the benchmark response is our decision.

These are all policy driven, what |evel of
performance is the cutoff, what |evel of performance are we
really trying to prevent an increased incidence of, what
benchmark response are we willing to tolerate how nuch of
an increased incidence of poor performance are we willing
to tolerate, and once we have nmade those decisions, we use
t he dose-response data fromour studies to plot a dose-
response line, usually, it is done as a straight line, and
t hat dose- response data lets us determ ne the dose, the
| evel of exposure at which we get that increased incidence
that we are very, very eager to prevent.

So, this is a statistically driven analysis. W
use the full range of the dose-response data to derive a
benchmark dose, and then we set 95 percent confidence
l[imts around that dose, and the | ower 95th percentile is
called the BVMDL, the lower Iimt of the benchmark dose.

That is the point of departure that EPA used in
its lraqi risk assessnent, as well as in the nore recent
ri sk assessnent to derive the RiD. What | am | eaving out
of this is once you get the BMDL, once you get the | owest

| evel at which we expect to see a deficit in the nornal
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popul ati on, then, you add the uncertainty factors that | am
sure this group will be considering in nore detail |ater
on.

[ Slide.]

As | said, the Ilraqi data were used in the
initial methyl mercury assessnent by EPA, but there were
several problens with using the Iraqi data, and those
i ncluded the fact that the devel opnental m | estones, age of
wal ki ng, age of talking, are fairly gross endpoints. They
are not very sensitive, and they are not very predictive of
how a child is going to do | ater on.

They were used because they were the best that
was avail abl e using human data. The alternative was to
extrapol ate from ani mal data, but humans and animals w ||
often netabolize nmetals differently, and so the feeling is
that if we go with human data, there are sone advantages to
t hat .

The other major disadvantage with the Iraqi data
was that the exposure was so high, that there were very few
individuals in that sanple who were exposed in the range at
whi ch we get exposure in the general popul ation.

So, we were plotting a dose-response curve and
t hen extrapol ati ng down to apply to our population in a

range at which there were very few datapoints.
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So, although from some perspectives, the Iraqi
ri sk assessnent represented a real advance froma
scientific point of view, there were really very serious
problens in using it to make inferences for contenporary
exposure, the other being, of course, that an acute
exposure from seed grain is not necessarily going to have
t he same kind of danmage as a chronic exposure fromfish
over a |long period of tine.

As a result, N EHS, the National Institute of
Envi ronmental Health Sciences, funded two very | arge and
very wel |l -desi gned, prospective |ongitudinal studies of
prenatal nmethyl mercury exposure that started during the
early 1990s.

One was in the Seychelles Island in the Indian
OCcean, the other in the Faroe Islands in the North Sea.
Those | ocati ons were chosen because they had popul ati ons
where there were people who ate a lot of fish, and so you
could get--and it is always optimal in these kinds of
sanpl es--to take a popul ation where there is a broad range
of exposures, in other words, you are going to get the
clearest picture if you can see the full dose-response
curve.

There still was good overlap with the exposures
that we get in the U S. population, but there was a broader

range, and so that made those two popul ati ons opti mal.
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[Slide.]

The Seychelles Islands was the first to report
effects, and the first effect that they reported cane from
a pilot study. It's actually rather |arge by ny standards
for a pilot study, and this was 217 children who were
assessed at age 5, and they actually, mainly had very | ow
exposed children and heavily exposed chil dren.

They assessed 9 devel opnental endpoints, and | am
showi ng them 3 of them here, but actually, they found
statistically significant associations between prenatal
met hyl mercury exposure and adverse outcone on 4 of their
devel opnent al endpoi nts.

One was the General Cognitive Index, which is
like an 1 Q score for pre-schoolchildren fromthe MCart hy
scales of children's abilities, which is an | Qtype test
for pre-schoolchildren. Another was on the Perceptual
Performance subtest of the MCarthy, visual-spatial
function, preschool |anguage, and Auditory Conprehension
was the fourth one that is not shown.

What was unusual about this report was that the
i nvestigators thenselves, after reporting the data, tended
to discount it, and they discounted it on two grounds -
one, that there were 4 outliers, which when they were
dropped fromthe analysis, the results were no | onger

statistically significant, and the other was that they had
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not nmeasured a full range of potential confounding
vari abl es, particularly social class, and had not
controlled for them

The Panel review ng these data raised questions
about whet her they should have been discounted. Dropping
outliers, not all statisticians agree that is the best way
to handle outliers. A lot of statisticians feel they
shoul d be recoded. The social class, we did not think was
necessarily such a serious problem here, because
met hyl mercury tends to be nore concentrated in nore
expensive fish, and, if anything, it is likely that the
nore mddl e class children got the heavy exposures.

But again, this is a pilot study, and these are
tentative data, and no one would do a risk assessnment based
on these data, but they were the first indication fromthis
nore recent series of studies of adverse effects.

[ SlIide.]

However, when the Seychelles group, which is the
Uni versity of Rochester group, assessed the main study, the
full cohort several years |later, at the sane age, that is,
at age 5 1/2, they found no evidence of adverse effect.

[ SlIide.]

| have a slide here to denonstrate there just was

no rel ati onshi p between exposure and outconme. | nean, you
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know, you can | ook and | ook and | ook, but there is nothing
going on in these data of this second main cohort.

[ Slide.]

The endpoi nts they assessed tended to be
relatively gl obal endpoints, that is, again the MCarthy
General Cognitive Index, preschool |anguage tests, tests of
academ c achi evenment as opposed to what we call narrow
band, domain-specific tests where a test mght ook in
great detail at one aspect of cognitive function, such as
sust ai ned attention or vocabul ary or visual-spati al
reasoni ng, and so forth.

Here, the Seychell es group tended to use nore
gl obal tests and saw no adverse effect.

[ SlIide.]

They al so used maternal hair as their neasure of
prenatal exposure. Mercury is excreted in the hair, and so
if the nother has |ong hair, which nost of the wonmen in
this popul ation do, and you get a sanple of her hair after
she delivers--and hair we know grows at a rate of about 1.1
cm per nonth--you can take the hair, you can estinmate when
duri ng pregnancy the nmercury was excreted into the hair,
and get a very accurate retrospective picture of the
mercury intake during pregnancy.

[Slide.]
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So, as | said, Seychelles, age 5 1/2, min study,
no evidence of adverse effect, not even a hint or a
suggestion in the data.

By contrast, we had the Faroe study at age 7,
whi ch did not use gl obal tests, they used nore narrow band,
domai n-specific tests, and they reported I think it's out
of 20 outconmes, they found adverse effects on 8 of them
and these were actually in many domai ns.

Even t hough they were dommi n-specific tests,
adverse effects were found across the full range of
cognitive and neuronotor functioning including fine notor
function, finger tapping, sustained attention, short-term
menory as assessed in the digit span test, vocabul ary as
assessed in the Boston Nam ng test, and verbal |earning and
menory as assessed in the California Verbal Learning test.

The publication of these two studies, as | said,
both well designed, both very |arge sanpl es, exposure
| evel s, very simlar, presented quite a quandary both to
scientists and regulators - howis it possible that you can
conduct two | arge-scal e conprehensive, state-of-the-art
studi es and cone up with such absolutely contradictory
findi ngs.

One of the first responses to the appearance of
these two sets of contradictory data was that N EHS and

EPA, and ot her agencies, ATSDR, Chris DeRosa was invol ved
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in this who is here today, convened a workshop in Ral ei gh,
North Carolina in 1998, where there were 50 scientists
assenbl ed. Larry Fischer was one of the scientists on that
panel. We spent 2 1/2 days intensively scrutinizing these
two studies, and we brought in the investigators, and, boy,
| woul d not have liked to have been in their shoes for the
cl ose questioning, detail by detail, that these people
under went .

But we learned a lot. W learned a | ot about the
studies at that tinme, and the question, as | said, froma
scientific point of view, is how can you have two | arge-
scal e studies come up with absolutely contradictory
findings.

[ SlIide.]

At the end of the 2 1/2 days, having considered
the data, the panel concluded that there were several
di fferences in exposure and design that could explain how
one study concl uded there were adverse effects and the
ot her study concluded no adverse effects.

One had to do with biomarker of exposure. As |
mentioned, the Seychelles study used maternal hair nercury.
| didn't nmention the Faroe study, in their initial reports,
used cord blood mercury. Now, cord blood nercury reflects
i ntake during pregnancy during the last, | think it is 12

weeks or the latter part of pregnancy, and that is the
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peri od when we get a |lot of neuronal proliferation
differentiation and brain devel opnment that m ght well be
involved in the kind of endpoints that were being assessed
in these studies.

So, it was plausible to say naybe the Faroe's
group was measuring mercury at the right time to see the
problem However, subsequently, the Faroe's group, they
al so had the hair sanples, they just hadn't analyzed them
yet, analyzed the maternal hair and | ooked at it in
relation to these devel opnental endpoints, and found the
sanme adverse effects as they had found with cord bl ood, so
the first theory which seened to explain the differences
kind of fell by the wayside.

The second was that global tests were used in the
Seychel | es, domain-specific tests in the Faroes. In
retrospect, that doesn't seemall that convincing to ne,
because the Faroes group used the domain-specific tests,
but found adverse effects across a broad range of donmmins,
so the global tests, in ny view, should have picked up
The narrow band tests are inportant if the deficit is only
in one or two narrow domains, but it is clear fromthe
Faroe's data that it isn't.

So, in retrospect, that one, | think we should
have not put as much stock in as we did at the time. The

age point, 5 1/2 years, is not a good tinme to do
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devel opnental testing because it is a period of rapid brain
growth, rapid cognitive reorgani zation, and relatively
subtl e neurotoxic effects are not likely to show up

The Faroe's group, | think picked a better age
point, 7. Once children have gotten past that
devel opnental period, they usually performin ways that are
nore stable and reliable over tine.

Then, a fourth difference was the source of
exposure. Both popul ations ate a ot of fish, but in the
Faroe's, they also get a |lot of nethylnmercury exposure from
whal e neat, and the difference in the fish, it is a |ow
| evel chronic exposure, the woman is eating a little bit
every day.

The whal e neat, the nethylnmercury is nuch nore
concentrated, and they will beach the whale, there will be
a big party, there will be splurging on whale neat, so to
speak, and you could get sone very heavy doses that perhaps
coul d explain why you m ght see the adverse effects in the
Seychel l es, and not in the Faroes.

The fifth difference, that is not up there, is
that the Faroes were heavily exposed to PCBs, which is a
ubi qui t ous environnental contam nant, and there are two
concerns about PCBs that you have to understand.

One is that it is possible, since you get PCBs

fromfish and methylmercury fromfish, it is possible that
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we have confounding. It is possible that the sane children
who get heavy net hyl mercury exposures, also get heavy PCB
exposures, and that where you think you are nmeasuring

met hyl mercury, you are really neasuring PCBs. That is one
possi bl e problemwi th the PCB exposure.

A second possible problemis that there may be
synergi sm between the PCB and net hyl mercury exposure, that
i's, being exposed to nethylnercury when you are also at the
sanme time being exposed to PCBs may make the nethyl nercury
more toxic. There is no good nechani smthat has been
hypot hesi zed as to why the synergi sm woul d exist, but it
certainly is possible in theory.

So, basically, these differences between the two
cohorts allowed the 50 scientists in the Raleigh nmeeting to
come up with an intellectually very satisfying
under st andi ng about why one wel | -designed study would | ead
to one set of results and another two, a very different set
of results, but it presented no relief to the regulators
who these are the data they have, and they have to one way
or anot her nmake sense of them and come up with sone
criteria and reconmmendati ons.

Around this time, EPA was eager to set up sone
new rules to regulate em ssions fromcoal-fired utility
plants in the Mdwest, and nmethylnercury is a major

pol lutant fromthat source.
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They tried to issue the regulations and were
bl ocked by congressnmen from West Virginia and Ohio, and
then the resulting battle in Congress led to a directive to
NAS to convene an expert panel to try to |look nore
carefully at the data and froma regulator's point of view,
do a better job than the Ral eigh group and come up with
sonet hing that could be useful froma regul atory point of
Vi ew.

[Slide.]

That is how the NAS panel was convened with
representatives froma broad range of rel evant disciplines,
epi dem ol ogy, devel opnmental psychol ogy, statistics,
met hyl mercury chem stry, and so forth.

[Slide.]

One key difference in our deliberations, in the
del i berations of the NAS panel, over what had conme before
in the Ral eigh panel, was that in the NAS panel, we
considered the results froman earlier study, froma study
t hat was conducted in the [ate 1980s in New Zeal and, which
t he Ral ei gh panel was instructed not to pay attention to
because it wasn't published.

Well, after the Ral eigh panel neeting, sone of it
became published, and we considered it in the NAS panel.
Al though it is not as |large a sanple, |I think there were

about 230 children, not as well designed in terns of
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controlling for confounders. There was sone control, but
not as conprehensive. It is actually quite a good
epi dem ol ogi cal study as these studies go.

What is interesting about it is that in terns of
t he sources of exposure and the design of the study, it is
very simlar to the Seychelles study, that is, the
met hyl nercury was neasured in the nother's hair, the
children were assessed at about the sanme age, it was age 6
rather than age 5 1/2, the devel opnental endpoints were
very many of the same gl obal 1Q and achi evenent tests, and
so forth.

The difference was that the New Zeal and study
found adverse effects using the sane exposure neasures, the
sanme research design, essentially the same research design
as the Seychelles, they saw adverse effects.

I n epi dem ol ogi cal studies, oftentinmes what you
have to do is go with the weight of the evidence.

Actually, let me put that off, because that point
will be alittle bit easier to make toward the end.

[ SIide.]

So, basically, when we included the Seychelles
pil ot data and the New Zeal and data, these differences that
we t hought had expl ai ned why we are seeing effects in one

study, and not in the other, fell by the wayside.
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We are seeing adverse effects with cord bl ood,
mercury, and maternal hair mercury in nultiple studies. W
are seeing themon global tests, not just on narrow band
tests. We are seeing themat age 5 1/2 and 6, and we are
seeing themin popul ati ons where the exposure is just from
fish.

PCBs, we don't know what the PCB exposures are in
New Zeal and, but there is no reason to expect there to be
particularly high | evels of exposure in New Zeal and.

DR. MLLER: Dr. Jacobson, we have about five
nore m nutes.

DR. JACOBSON: | will just try to say very
briefly what the other slide was going to show, which has
to do with the confounding of PCBs and net hyl mercury in the
Faroe study. There were four endpoints which we shown on
the slide where nmethylnmercury affected the endpoi nt and
PCBs did not. There were four where both methyl nercury and
PCBs affected the endpoint, and it was very difficult to
tease apart that difference, and if people have nore
questions about it, I will try to explain that in greater
detail.

Basically, once we see that these factors do not
explain the differences between the two studies, you are
left with the question, who could explain the difference

bet ween t he two studi es.
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Wel |, one conclusion that we canme up with on the
panel was that we think that there is an issue of power.
Now, when you have sanples of 700 and 900 children, it is
kind of funny to tal k about power, because that woul d seem

to be an adequate sanple size to detect anything.

[ Slide.]
There are two factors. First of all, nuch of the
effect is going to be seen above 15 parts per mllion in

mat ernal hair. W have got |lots of cases at the | ower end,
but when you think about power, power is going to be
weakened in these studies--this is the Seychel |l es data--
even in a study of 700 children when you have a |limted
nunber of chil dren whose exposure is in the upper end of
the distribution where nost of the effect is going to be
seen, so there may have been a power problem fromthat
poi nt of view.

[Slide.]

Then, we took the raw regression coefficients
t hat had been reported in the studies and transfornmed the
standardi zed regression coefficients to try to get a sense
for the magnitude of the effects, and what we find is that
the magnitude of a ot of these effects is very, very
small, so even very large sanples may find it difficult to
detect sonme of these very small effects.

[Slide.]
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The other issue in an epidem ol ogical study is
there are many uncontrolled factors, there are nmany
possi bl e unneasured confounders. W find this in the | ead
literature, the PCB literature, these other exposures where
many studi es have been done. You can have a well -designed
study that fails to detect an effect that is seen in study
after study.

The reasons are probably that in many popul ati ons
or in any given sanple, there may well be unneasured
factors that you are unable to control for because it
doesn't occur to you that there could be confounders, and
that is basically why you have to go with the weight of the
evi dence.

The basic conclusion in the NAS panel was even
t hough one very well -designed study clearly failed to find
effects, one very well-designed study did, one quite well -
desi gned study did, and even the Seychelles pil ot gave sone
i ndication, so the weight of the evidence seened to be
pretty clearly in the direction of adverse effect.

[Slide.]

When you do the benchmark anal ysis, you have to
figure out, the way the methodol ogy works is you have to
choose a devel opnental endpoint that is going to be your
guide, that is going to be the one that you do your

statistic anal yses based on.
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Sone people argue it should be the nost sensitive
endpoint, that is, the endpoint at which you see an effect
at the | owest level of exposure. |If we had recommended the
nost sensitive endpoint to EPA, we would have gone with the
New Zeal and data because effects were seen at the | owest
| evel s in the New Zeal and st udy.

We felt that since it was not a well-designed
study, it had not had as extensive peer review, it was not
as |large a sanple, that we would do better going with the
Faroe study, which did show adverse effects at sonmewhat
hi gher | evel s of exposure.

Based on nmethyl mercury maternal hair, the
endpoi nt at which we saw effects at the | owest doses was
the Boston Naming Test, it's a vocabulary test, so that was
t he endpoint that we decided to go with in terns of
recommendation for EPA for its risk assessment benchmark
dose conputati on.

Thank you.

DR. M LLER: Thank you very nuch

Comment s, questions fromthe conmttee? Yes, Dr.
Russel | .

Questions of Clarification

DR. RUSSELL: | was wondering, is another

possi bl e expl anation for the differences that the diets

eaten in these various areas differ in other conponents
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that could affect the absorption or the bioavailability, if
you will, of the methylmercury? 1In other words, if the
rest of the diet that was eaten with fish is vastly
different fromplace to place, could that affect the anopunt
that is absorbed?

DR. JACOBSON: In principle, yes. | amnot sure
and | don't think there is any really good theory sketching
out what conponents of the diet that woul d be.

There has been research on selenium | ampretty
sure--well, actually, | am not sure about the Faroes--how
is the seleniumlevels in the Faroes, are they fairly high?
| am pretty sure they are fairly high in the Seychell es.
Maybe we will that off until Philippe has his talk.

It is certainly plausible. Then, of course, you
have to ask yourself would those particular nutrients be
particularly high in the U S. diet, but, yes, that is
sonmet hi ng that obviously should be considered and sonet hi ng
that we don't have good conprehensive data on.

DR. M LLER  Dr. Fischer.

DR. FI SCHER: Joe, when you chose the Boston
Nam ng Test as the test that was nost sensitive to the
effects, and cal cul ated a benchmark dose using that, why
did you pick a single test instead of picking a score of a
group of tests, either those tests that showed an effect or

maybe even the whol e neurol ogi cal analysis, a score?
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In other words, it seens to ne what you are doing
there is picking data froma single test and using it to
regul ate, when, in fact, you had a whole | ot of data that
you just seened to not use.

DR. JACOBSON: It is traditional in risk
assessnment to go with the nost sensitive endpoi nt because
from nmy understanding, the philosophy is we want to
protect, so we want to err in the direction of caution, we
want to pick the npst sensitive endpoint.

| was particularly confortable with taking the
Bost on Nam ng Test because vocabulary is actually a very,
very good surrogate for overall 1Q and if you had to pick
a specific test that would be likely to be predictive of
how the child would do |ater on, you would do best with the
Bost on Nam ng Test.

VWhen we | ooked at the cord bl ood neasure in the
Faroe study, there was another test that was actually nore
sensitive, which was the Sustained Attention Test. |
wasn't confortable going with that one, first of all,
because data had been collected only on half the cohort.
Secondly, it doesn't have very good predictive validity to
a broad range of other aspects of function, the way the
vocabul ary di d.

| woul d phil osophically see nothing wong with

devel opi ng a conposite measure, and we considered it, but
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we went in this direction to follow what is traditionally
done in the field, that is, to err in the direction of
caution.

DR. FI SCHER: So, scientifically, you would have
pi cked a group of scores, right?

DR. JACOBSON: Normally, but | can't make a
strong scientific argunment that a group of scores woul d
have been any better than vocabul ary, because vocabulary is
such a robust predictor of a broad range of effects.

DR. FI SCHER: Then, why do the other tests?

DR. JACOBSON: Scientists do the other tests
because they want to get a conprehensive understandi ng of
what is going on. A risk assessor may or may not take al
of that information. You know, fornulas are devel oped,
procedures and approaches are devel oped for various
reasons, and as | said, | think the rationale here is to
try to get maxi mal protection.

DR. M LLER: Dr. Dwyer.

DR. DWER: Are there any other confounders that
conme to your m nd?

DR. JACOBSON: M sense was that these groups did
an excellent job of controlling for confounders, and we
actually |l ooked at that in great detail in the Raleigh

meeting, and were very inmpressed with it.
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We put the Faroes people, we raked them over the
coal s, we made them construct an urban/rural variable, and
t hey seenmed to pass all the tests. It seenmed no matter
what you controlled for, the effects were still there.
Sonmetinmes the effects |ooked a little weaker, sonetinmes a
little stronger, but my sense is all the things | can think
of were controlled for

DR. MLLER:. O her questions?

DR. KUZM NSKI: Pl ease correct me if | am w ong,
but the question is along the sane line as Dr. Fischer's,
and that in your presentation here today, you have outlined
the three studies and the differences and the paraneters,
but fromwhat | have read in the pre-read material --again,
correct me if I am wong--the Acadeny commttee did not
consider the results of the Seychelles study in the
del i beration towards recomendations to the EPA on the RfD

Am | interpreting that correctly?

DR. JACOBSON: Well, we actually did two
exercises. W did one exercise where we took the data from
the three studies and integrated them This was a
statistical exercise, which is kind of averaging al ong the
lines that Dr. Fischer was recomrendi ng, and that anal ysis
woul d have led to a set of recommendations that were

surprisingly simlar to those that we finally did make.

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

But again, we felt that it was appropriate to
foll ow sone of the protocols of the way risk assessnent has
traditionally been done, and typically, what is done is a
single study is selected, the best study is selected, the
one that appears to be nost valid, npbst sound, nost solid,
and then within that study, the nost sensitive endpoint is
sel ect ed.

So, in our final recomendations, we went with
what we considered to be the traditional risk assessnent
approach. However, as | said, the other exercise did |lead
us to a surprisingly sim/lar conclusion.

DR. M LLER: Thank you very nuch.

There are two speakers now dealing with the two
principal studies. The first, Dr. Philippe G andjean from
Odense University to tal k about the Faroe |Islands study.

Dr. G andjean.

Faroe |sl ands Study

DR. GRANDJEAN: Thank you. | amvery pleased to
be here. | have previously worked with coll eagues in the
U.S. EPA at the ATSDR, at the European Comm ssion. | am

very pleased to be here with FDA now to tell you about our
experience in the Faroe |slands.

[Slide.]
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What | am going to do today is try to | ook at
t hat research and see what can we learn fromthat
experience if we go beyond the results as such.

[ Slide.]

Let me just give you a brief overview of why we
chose doing research in the Faroe Islands. It is a rainy
place in the North Atlantic between |Icel and and Norway.
It's rather cool in sumrer, but the winters are mld. The
reason it is interesting to us environnental
epi dem ol ogists is that people in the Faroes have this
tradition of eating pilot whale.

They chase pods into shall ow bays, pods that cone
near the coast, and for hundreds and hundreds of years, the
tradition has been that they kill of pods of these snmall
whal es that are nonendangered, it's a sustainable use of
the species, so they get this extra supply of proteins and
fatty acids, essential fatty acids and vitam ns, but
unfortunately, it has turned out that the neat and the
bl ubber are contanm nated with nmethyl mercury and PCBs
respectively.

[ Slide.]

The reason for doing the research in the Faroes
is that it is alnmost like a natural experinment because the
pods do not cone in regularly, and when they cone in, when

t hey cone near the coast, you can't be sure if they wll be
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near one island or another island, therefore, the
communities are exposed to nmethylmercury or PCBs on an
irregular basis. You can't choose it, so it depends on
availability of the whale neat.

At the sane tinme, these people eat a lot of fish,
they eat fish for dinner three tines a week on the average.
They eat |ots of cod, halibut, salnon, the types of fish
t hat you would normally eat when you are in the North
Atl antic.

It is a honbgeneous population. It is a wealthy,
devel oped, industrialized country wth scandi navi an
background, with what you would call socialized nedicine,
equal access to social support and health care. In studies
we have conducted there, we have had a high participation
rate.

[ Slide.]

Now, this study has been in international
col | aborati on between Faroes and Dani sh researchers,
researchers fromthe U S., Sweden, Japan primarily. So far
we have | ooked at three cohorts, and here, | amgoing to
tal k about, first of all, Cohort 1, I wll talk a little
bit about Cohort 2, and we have sone prelimnary findings
on Cohort 3.

[Slide.]
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First of all, the conclusions so far fromthese
studi es have been that we see neurobehavi oral adverse
effects associated with devel opnental nmethyl nercury
exposure. We see that that exposure is al so associated
with increased bl ood pressure, poorer heart rate control,
and al so decreased growth of all physical growth
postnatally, and we see that the prenatal exposure is much
nmore cl osely associated with these adverse effects than the
post nat al .

The prelimnary results fromthe foll owup at age
14 of Cohort 1 are in agreenment with the results that we
saw at age 7. This is not published, so | can only give
you the prelimnary results.

[ SlIide.]

When you do research on this area, there are a
coupl e of very crucial issues. One issue that Dr. Jacobson
t ouched upon was the validity of the exposure estinmate. |f
you do a regression analysis to assess the effects of an
exposure with regard to sonme effects, your basic assunption
is that the exposure is neasured without error, it is a
preci se nmeasure, but there is no such thing as a precise
exposur e measurenent because what you would like to knowis
how nmuch nmethylmercury is there at the target, let's say,

of some particular part of the brain.
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W will never know that, so anything else that we
are using is a proxy. That means we are going to have an
underestimation of the true effects of nethylmercury. Now,

these are the exposure bi omarkers that we have used, and I

will talk a little bit about those.

[ Slide.]

First of all, you have to have as precise a
result as possible fromthe layout, and I will show you

briefly on the next slide what | nean when | say that. The
other issue here is that the timng of the sanple has to
relate to the toxicokinetics of behavior of nmethylnmercury
in the body, and you also have to consider the
characteristics of the specinen, and particularly that is a
problemw th hair.

Hair varies a | ot between people, and hair
structure or hair treatment even varies a |lot, and that
causes uncertainty. Finally, the bottomline is obviously
the predictive validity, which one correlates the best with
t he outcones that you are | ooking at.

[ SIide.]

So, here are the issues in regard to the
| aboratory validity. | think we have done as well as we
can possibly do with nodern atom c absorption techni ques

and supporting nmethods. The chem sts told nme that the
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i mprecision of the mcroanalysis, it should be better than
5 percent.

So, being confident environnental
epi dem ol ogi sts, we thought, oh, wonderful, we have an
exposure estinmate which has an inmprecision of about 5
percent, that is great, we are in a fabulous position here.

Well, I will tell you a little bit down the road
that this was a naive assunption. These exposure
bi omarkers are not all that precise.

[ SIide.]

Here is one issue, though, you have to consider,
and that is a variability of exposure. Now, the coll eagues
in Rochester |ooked at hair fromthe Faroes that they
chopped into segnents, and we foll owed up on that issue,
and we have a total of 21 |ong hair sanples where the
average was above 10 ppm that we had chopped into these
segnents, and these are the three that showed the greatest
variability with a coefficient of variation of about 25
percent .

Actual ly, you can see there is only one of them
where there is a definite clinal tendency. It is only 1
out of 21 sanples, but anyway, this kind of tenporal
variability will nmean that you will have an inprecision

associated with just about any exposure biomarkers that you
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choose, sinply because there is variability during
pregnancy.

Now, we have chopped this into segnents of 1.5 or
1.1 cmsinply because the nercury half-life is about 45
days, so each segnment corresponds to a half-life. That is
the reason for doing this. W have also | ooked at profiles
with colleagues in New York, trying to see if there were
shorter termvariabilities.

We conpared hairs fromthe Seychelles and the
Faroes. | have reservations about the technique that they
use, because the results, in ny view, were not all that
reliable, but the conclusion fromthat study was that the
profiles were indistinguishable between the Faroe and the
Seychel | es.

[ SIide.]

The first biomarker we |ooked at in this regard
was the long hair sanple of 8 or 9 cmfromthe wonen, that
the hair was taken at parturition, at the tinme of
childbirth, and this graph essentially shows you the
contribution of mercury exposure during pregnancy and
before actually to the hair nmercury concentration in that
particul ar sanple we obtained at childbirth, which is here
i ndi cated as Week 40.

There is a lag tinme because sone of the nost

recently observed nmethylnmercury will still be in the hair
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root, soit wll not have made it into the maternal hair at
t he point where we sanpled the hair, but then you can see
that this type of a sanple will overestimate the inportance
of the first and second trinesters of pregnancy.

We then, for about 600 of these kids, we were
able to obtain fromthe remaining hair sanple, if there was
any hair sanple or remaining after the first analysis, we
were able to cut off the proximal 2 cm hair sanple, the one
closest to the root, and you can see fromthis
representation that that would better reflect the end of
the second and the early part of the third trinmester
met hyl nercury exposure.

[ Slide.]

When we conpare them as predictors of the
outcones that Dr. Jacobson al so focused on, the finger
tappi ng, the attention, the Bender/Gestalt, the Boston
Nam ng, and the California Verbal Learning Test, you can
see that there is perhaps a slight tendency that the
proxi mal hair sanple is better than the |ong hair sanple,
but these small differences are by no neans significant,

al so because we are | osing power as we get fromthe 900 to

t he 600.

[ Slide.]

This slide shows you the correlation between the
two hair mercury concentration measures. | have indicated
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the ones with open circles where the coefficient of
variation is nore than 25 percent. This is about 10
percent of the sanples where the coefficient of variation
based on those two measurenents only was | arge.

So those nust have been the individuals where the
not her had a variable methyl mercury exposure during
pregnancy. Now, the interesting thing is then going to be
what happens if we renove the 10 percent of the kids who
had a variable nmethyl mercury exposure during pregnancy.

[ SIide.]

This is what we did. W used the third exposure
bi omar ker, nanely, the cord bl ood neasure as the
i ndependent judge. |Is there any difference between stable
and variable or nmercury exposure, and indeed the bottom
line is that if you renpove the ones with vari able
met hyl mercury exposure, you get an increased power. It is
easier to see the nercury exposure sinply because you
elimnate one source of inprecision.

So, on the other hand, this also indicates to us
t hat vari abl e exposure or peak exposure cannot be the
reason for our seeing that there is an association with the
cord bl ood neasure.

[ Slide.]

We also did a separate analysis, let's say, a

neutral statistical analysis to see what are the
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uncertainties involved here if we have absolutely no other
assunptions other than the three exposure measures nust be
in sone way a neasure of sone sort of true nmercury exposure
that we don't know.

Each of them has to be a reflection associ ated
with some error indicated by the epsilon on the right of
this equation. In order to solve this equation, you have
to have three sets of equations, and then you can do a
factor anal ysis.

So, we used the cord bl ood neasure, the long hair
mercury nmeasure, and there is a third i ndependent vari abl e,
the dietary questionnaire information, nanely, how often
have you eaten pilot whale for dinner during the pregnancy.
So, when we fed that into the conputer and cal cul ated the
overall epsilon for each of those three biomarkers, then,
this is what we find.

[ SlIide.]

We set the | oading factor for the cord blood to
1. You can see that the two other paraneters are |ess good
i ndicators of the true nercury exposure defined as the
best, let's say, background that can be cal cul ated from
this inprecise information that we have here.

But the inportant thing is that the coefficient
of variation is, nunber one, 30 percent for the cord bl ood

mercury. This is much nore than what the chem sts told us,
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much nore than the 5 percent. The other inportant
information is here that hair mercury is nmuch nore
i npreci se than the cord blood is.

This is not based on any toxicokinetic
information. It is sinply based on the concrete nunbers
for each child with regard to these three exposure
vari abl es only, nothing el se.

[ Slide.]

So how come a hair neasure is nore inprecise than
a bl ood neasure? Well, there are sone issues involved here
like | referred to before, that hair is not just hair, it
vari es between people, and there are several issues that
you m ght want to consider, and it was actually done in the
NAS report. They |ooked at this very carefully.

[ SIide.]

| am showi ng you again this hair curve because
wanted to conpare with the cord blood. The cord bl ood is,
of course, obtained at the only time you can obtain it, at
the time of parturition.

[ SIide.]

Here, you actually have a representation of the
last trimester. |If we want to consider cord blood in
regard to the predictive validity, you have to think of the
wi ndows of vulnerability here - is it inportant to have a

representation of the last trinmester?
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Peopl e who work in devel opnental psychol ogy, |ike
Dr. Jacobson, would say the third trinester is certainly
very inportant with regard to the progranmm ng of the brain.

[ Slide.]

These are the results that we published in 1997,
but what | have done here is to conpute the regression
coefficients as percent of the standard deviation for each
out cone vari abl e associ ated with a doubling of the mercury
exposure.

The doubling is obviously you take the regression
coefficient for the log transformati on and nmultiply by
0. 301, and then you divide by the standard devi ation that
is present in percent. You can do it yourself fromthe
regression coefficients, but this way you can actually
conpare the results fromthe different domai ns, and you can
see that it is really attention and | anguage that appear to
be the nobst sensitive.

Here, we are in a way going beyond the
psychonetric properties of each of these tests. It |ooks
|'i ke attention and | anguage are the nodalities that are
affected the nost.

The inmportant thing is here, blood is a nmuch
better risk indicator than is hair.

[Slide.]
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Concl usi ons on these issues is that the cord
bl ood is the best risk predictor, but it is still
i nprecise. We still have to consider this 30 percent
imprecision, and I will get back to that. The nore
i npreci sion we have, the nore we underestimte the true
extent of the effect. There is nothing newin this, this
is in perfect accordance with everything we have |earned in
the past from | ead and many ot her situations.

[ Slide.]

Now, if we go back to the regression coefficients
for blood, we can actually do a sensitivity analysis and
adjust for the 30 percent inprecision, and this is what |
have done here. | am giving you the regression
coefficients before, adjusted, and then you can see the
i ncrease.

Overall, it looks |ike for each doubling of the
mercury exposure, you |l ose sonething that corresponds to
about 10 percent of the standard devi ati on, perhaps a
little nore for attention and | anguage, about 10 percent
for these sensitive nodalities.

[ Slide.]

Now, | amgoing to talk a little bit about the
out cone vari abl es, because that is a second issue that you

have to consi der.
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I n regression analysis, you do take into account
that they are inprecise, but there are psychonetric issues
that are inportant because sonme tests are very useful and
sone tests have a | ot of noise involved |ike they may
depend on the child's notivation or the testing situation
or the testing situation, the training of the tester, or
what ever. Many variables may play a role here, so you have
to consider these tests very carefully and al so the age of
testing.

[ SIide.

These are the criteria that we use for the
sel ection of clinical tests. Unfortunately, the Faroes is
a scandi navi an society, so what we did was to apply tests
that are also applied in Denmark and Norway and ot her
countries like that, also the United States, but we did use
i nternal age standardi zation and we piloted the tests, we
transl ated them of course, and made sure that they
functioned in that society before we went ahead.

[ SlIide.

Now, |let nme just point out a couple of concerns
t hat we have about outcomes like this. The first issue |
wanted to bring out is that it is inportant that a test has
as many possi bl e outcomes as possible nmeaning that if you
do the clinical tests of catching a ball, it is something

t hat pediatric neurologists do, they throw a ball in the
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clinic and then the child has to catch it a distance of 10
feet, and the ball has to have a particular size. Either
the child catches the ball or the child funbles or the
child doesn't catch the ball, so you have only three

out cones.

This is a very sinple test, and it shows an
association with mercury in the right direction, but the p-
val ue doesn't prove anything, but if you use tests that
reflect attention and which have an increased nunber of
possi bl e outcones, then, the digits bend forward score is
better and the conputer assisted reaction tinme is even
better than that sinply because it is better to dissociate
within the patterns of gray, because we are |ooking for
sone subtle, we are not |ooking for sick kids, we are
| ooki ng for sonething subtle.

[ Slide.

The second issue here is that sone of these tests
are | would say they are conplicated to do the sanme way
every tinme. They have to be done in an extrenely
st andardi zed way, and you sonetines run into trouble if you
have technicians or nurses do the test, and we have
enphasi zed that we wanted the hi ghest possible expertise,
board-certified staff to adm nister the tests, and we saw a
cl ear exanple when the simlarities tests sinply could not

fit into the neuropsychologist's time allotnment.
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We had to nove the test to another exam nation
station where a technician did it, and when we | ooked at
the kids that the neuropsychol ogi st had exam ned, there was
a nmercury effect, but the result that we published in 1997
was the bottomIline where we used the results from both
stations and adjusted for the exam ner and then you don't
see a nercury effect.

The question is if it is not nore reliable to
| ook at, even if it is a smaller nunber, than to | ook at
t he kids that were exam ned by the neuropsychol ogi st.

[ Slide.

Let nme just say a few words about the outcones at
age 14. These results have not even been submtted for
publication yet. W are still grinding confounder
adj ust nents through the conputer, but let ne give you one
which is reasonably sinple to explain and one of the tests
that Dr. Jacobson al so nentioned, the reaction time neasure
using the NES continuous performance test.

We actually used a revised version with ani nal
sil houettes because at age 7 we were not sure that all the
kids all knew the letters--and that is a standard version
for adults--equally well, but we were quite sure that they
all knew ani mal sil houettes. So, instead of the letters,
we used five different animls, and the kids had to react

to the. You see this cat on the screen here.
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So, the only difference between 7 and 14 years is
that at 14 years, the test was extended to |ast for 10
m nutes rather than 4, which was the time we used at 7
years. Now, this was adm nistered by the
neur opsychol ogi st.

[ Slide.

These are the results. These are the correlation
coefficients that are not adjusted for confounders, but
what you see here is that cord blood is still a significant
predi ctor of the outcone 14 years later, and it is actually
better than maternal hair and al so better than the
post natal measures.

At age 14, it turns out that the kids' exposure
at that tine actually correlates pretty well with what the
mot her had 14 years before, possibly an indication that
dietary habits are quite stable within famlies at
particul ar | ocati ons.

So, when we do a nultiple regression analysis, we
try to leave in as many predictors of mercury exposure as
possible. It turns out that the cord bl ood
m croconcentration is the only one that remains.

[ SIide.

The inportant thing with this slide is that the
beta for age is alnpost the sane as the beta for nmercury,

which nmeans that if you increase the nmercury exposure by a
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factor of 10, then, the child has a result which would have
been simlar to the situation had the child been one year
younger .

In other words, if you increase the nercury
exposure by 10-fold, then, the effect is simlar to | osing
one year of devel opnent.

[ Slide.

Now, let nme just say a few words the Cohort 2.

DR. MLLER Dr. G andjean, you have five nore
m nut es.

DR. GRANDJEAN: Okay. | will run through this
qui ckly.

Cohort 2. These results were published in the
Journal of Pediatrics. These are the results for age 2
weeks.

[ Slide.

This is PCB. Dr. Jacobson tal ked about this. W
have | ooked into PCB.

[ Slide.

And we have validated the cord tissue PCB and
even if we assune that there is a large inprecision in the
PCB neasure, PCB is not a significant determ nant of the
outconme in this study.

[Slide.
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These are the results fromthe paper published
| ast year that shows that PCB has an effect in this
popul ation, but only in the kids who have a high nmercury
exposure at the sanme tine.

[ SIide.

These are results of brain stem auditory-evoked
potentials fromtwo |ocations, the Faroes and Madeira, and
we see that the evoked potentials increase in | atency, and
the increase is simlar in the Faroes and in Mudeira.

[ SIide.

The results of brain stem auditory-evoked
potentials used for cal cul ation of benchmark doses are very
parallel to the results that the National Acadeny canme up
with. You can see that the results for Madeira and the
Faroes are quite simlar to the neuropsychol ogi cal
benchmar k doses published by the National Acadeny.

[ SIide.

These are the bl ood pressure results. You have
the publication, so | won't dwell into that. | wll just
say that this is an effect which is seen below the current
reference dose that the EPA has deci ded upon. W don't
know the inplications yet, but | amjust saying this is an
effect which is seen in very | ow exposure |evels.

[Slide.
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These are unpublished data on Cohort 2 where we
show t he wei ght at age 18 nonths adjusted for confounders.
We see that kids with the highest nercury exposure actually

wei gh about 1 kilogramless than kids with the | owest

exposure.
[ Slide.
The bottomline of all of this is how do we
translate this to public health. | have already said that

you can conpare this to the age, the effect of age on
devel opnent, and the result that we see is that for every
time you double the nercury exposure, the child | oses sone
nmonths in its devel opnent.

Ten percent of the standard deviation had this
been an 1Q it would have been 1.5 points of I1Q so our
results would translate to a | oss of about 1.5 I Q points
every tinme you double the exposure.

Thank you very nuch.

DR. M LLER: Thank you.

Questions fromthe commttee? Dr. Dwer.

Questions of Clarification

DR. DWER: | was wondering if there would be any
ef fect of al cohol on absorption of nethylnercury.

DR. GRANDJEAN: The Faroes is a very traditional
soci ety where nen drink, but wonen don't, and it is a very

smal | percentage of wonmen who have at all touched al cohol
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during pregnancy. The Faroes have the | owest al cohol use
inl think all of European countries sinply because it is
nore traditional.

DR. RUSSELL: | wonder if you would clarify one
thing for me. |Is the level in codfish caught in the Faroe
| slands likely to be the sane as caught in Cape Cod, for
exanpl e, or anot her geographical |ocation?

DR. GRANDJEAN: | don't know what the level is
here, but in the Faroes, the nercury content of cod is
about 0.1 ppm Does that nake sense?

DR. RUSSELL: | guess what | amgetting at is
whet her there is | arge geographical distribution, w de
variation in nmercury levels in a particular species of fish
dependi ng on the geography of where it is caught in the
Atlantic or the Pacific.

DR. GRANDJEAN: | am not an expert. All | can
say is that the main source of exposure is pilot whale,

whi ch overlaps with swordfish and tilefish, et cetera, but

the average is higher. It is about 2 ppm The Faroese eat
it both as chunks, as steaks, and they also eat it I|ike
pemm can, like little slices, and that exposure is sort of

di l uted because they eat a lot of fish at the same tine, so
t hey may have sonme peak exposures now and then, but then

t hey al so have a background fromthe penm can and the fish.
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DR. LEE: | was wondering if you can give ne a
feel for how much the mercury in the hair comes from
di etary versus environnmental exposure.

DR. GRANDJEAN:. What do you nean when you say
envi ronment al ?

DR. LEE: Well, for exanple, polluted water or
snmoke. | nmean if | am being exposed to nercury via
pol luted water, will it get into my hair? What kind of
exposure can | expect fromthat?

DR. GRANDJEAN:. It is possible that the hair and
al so the bl ood may contain sone inorganic. In the
speci ati on that we have done, nore than 90 percent is
met hyl mercury, and not inorganic nercury.

Met hyl mercury woul d, as far as | know, conme from
mari ne food or freshwater fish only. | amnot aware of any
ot her inportant sources except perhaps if there is sonme
internal methylation of inorganic nercury, but | think it
woul d be an extrenely small contribution.

DR. LEE: So, you are saying all the mercury that
| would find in ny hair would be from food sources?

DR. GRANDJEAN: | would think so, but there is a
possi bility which has been seen in various instances that
hair m ght absorb inorganic in particular mercury from

out si de sources.
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DR. FISCHER: Dr. Grandjean, tell nme or tell us,
knowi ng the exposure to PCBs of this popul ation that we
have studied, would you expect that the |evels of PCBs
woul d all ow a contribution of those substances to the
effects that you are attributing to nethyl mercury?

DR. GRANDJEAN: It is a very good question and
per haps Dr. Jacobson m ght also contribute to this. The
di fference between the evidence that we have on PCB and the
evi dence we have on methylmercury is that the PCB studies
t hat have been carried out in North Carolina, with the
Great Lakes, and in the Netherlands, have not been adjusted
for methyl mercury, so we don't really know what the
met hyl mercury contribution to the PCB associ ated or
attributive effects m ght have been.

In the Faroes at |east, we have neasured the PCB
both in Cohort 1 and Cohort 2, and we have been able to
adjust for PCB, and it is very hard to see what the PCB
contribution is in these cohorts because the nercury effect
is so strong, so we were not able to discern any clear PCB
effect.

It doesn't nmean that PCB is not neurotoxic in the
Faroes. It sinply means that it is |less neurotoxic than
met hyl mercury at the levels that we have in that

popul ati on.
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DR. FI SCHER: And the nethod you use to adjust
for the PCBs, would you explain that to us?

DR. GRANDJEAN:. We did regression anal ysis that
have been published. W also have a paper in press where
we used structural equation analysis, and the structural
equation analysis indicates that even if we assune that our
PCB neasure is vastly inprecise, it never reaches a |level
of statistical significance of 0.05. It sinply doesn't
beconme significant, but mercury is.

DR. DWER: Have you ever |ooked at nmeconiumin
the fetus?

DR. GRANDJEAN: No.

DR. MLLER  Dr. Friedman.

DR. FRIEDMAN: Is there a reason why you | ooked
only at cognitive outcones, cognitive/achi evenent outcones,
and not at social/enptional outcomes?

DR. GRANDJEAN: We | ooked at the Child Behavi or
Checklist, but we had difficulty translating it into
Far oese.

DR. FRI EDVMAN: What was that neasure that was
menti oned?

DR. JACOBSON: Child Behavi or Checkli st.

DR. FRI EDMAN: CGCL, okay.

DR. GRANDJEAN: Which is the standard neasure,

and it is only currently being standardi zed into the
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| anguage of Dani sh, and we tried to translate it and pil ot
it in Faroese, and the nothers sinply had great difficulty
answering these questions perhaps because of |inguistic
probl ens and perhaps because of cultural problens.

This is a test that has been |I think devel oped in
New Hanpshire?

DR. JACOBSON: In Vernont, but it has been
standardi zed in the Netherlands and many European
countri es.

DR. GRANDJEAN:. Anyway, we could not apply it.
We tried and we failed, and it was, in our hands, a very
unreliable instrunent and therefore we did not dare to go
ahead with this. | think you are right, that it is an
aspect that should be | ooked into, but I think that one
shoul d not | ook at that aspect in the Faroes popul ation
wi t hout having sonething that is standardi zed, and we
don't.

DR. APCSHI AN: Dr. Grandjean, would you say
sonet hi ng about the anmount of seleniumin the diet in the
Faroe | sl ands, Seychelles Islands in New Zeal and, please?

DR. GRANDJEAN: We neasured seleniumin cord
bl ood and the average concentration is | think about 30 or
40 percent higher than in the Dani sh popul ation, clearly

because the Faroes depend so heavily on seafood.
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We al so | ooked at the nmercury-seleniumratio as a
predi ctor of these outconmes because both nmercury and
sel enium were neasured in cord blood, and the nmercury-
seleniumratio was not a better predictor than the nercury
concentration as such.

So, it looks like seleniumdeficiency does not
explain the effects, nor does high intakes of selenium
protect against nmercury toxicity. W have done the sane
exercise in Cohort 2 with essential fatty acids especially
docosa- hexaenoi ¢ acid, and DHA prol ongs pregnancy and
mercury has no effect on birth weight.

It could be that the DHA intake protects agai nst
effects on birth weight by nethylmercury, because we have
been unable to see any effects. Likew se, we have not seen
effects on visual -evoked potentials in the Faroes, perhaps
because DHA protects the visual part of the brain.

These are research issues. | can't nake any
conclusions, but it is speculation that sone of these
essential nutrients in seafood are perhaps nodifying,
however, only slightly the mercury toxicity that we see.

DR. RUSSELL: | think in the Faroe Islands, the
dietary fiber levels are fairly | ow because of a |lack of a

| arge anount of fruit and vegetabl es.
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| s there any evidence at all that dietary fiber
alters the bioavailability? It does for other netals. |
have no i dea about nercury.

DR. GRANDJEAN: | think the difference between
nmet hyl mercury and other netals is that nethylnercury is
al nrost conpl etely absorbed in the gut, and any interference
due to dietary fibers would have a very small inpact sinply
because of the lipophilic character of the methyl mercury
species. \Vhether it mght affect the bacteri al
environnent, so that it mght affect the nmethylation or
denethylation in the gut, | can't say, but | amnot able to
make any judgnent. | would think, if anything, it would
only have a m nor effect.

DR. KUZM NSKI: Dr. Grandjean, is there, in your
data, any way of backing out the effects of the whale
consunption and isolating only the fish consunption,
because in the conparison of the Faroese consunption of
fish and whal e conpared to U. S. consunption, that seens to
cone out as the one big difference?

DR. GRANDJEAN: | think had the Faroese have
exposure through drinking water, you would pose the sane
guestion. We |ook at nmethylmercury as the toxic species,
and it doesn't matter fromwhere it cones. | may be w ong,
but sonetinmes a methylmercury concentration in the whale

meat is like 0.5 or 0.8 ppm which you would not consi der
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hi gh. Sometinmes it is as nmuch as 3 ppm and people who eat
the whale neat don't know. It is only after the
met hyl mercury has been absorbed from fish or whol e or
shel | fish, wherever it conmes from that we can detect it,
and then we neasure the blood or the hair or whatever.

| would have sincere disagreenents with you if
you felt the methylmercury from whal e neat woul d have any
different effects fromnethylmercury fromfish. 1[It is the
sane speci es.

DR. KUZM NSKI: \Where | was headed, this is
intuitively, was trying to ascertain an effect just due to
fish consunption and not whal e consunption. It is not the

whal e mercury being different fromfish mercury, no.

DR. GRANDJEAN: | don't think we can do it. [
also don't think that | understand what the scientific
basis woul d be, but even if one would do it, | don't think

it is possible to do sinply because people who eat a | ot of
whal e neat also eat a lot of fish, so it is very difficult
to sort out where it conmes from
DR. RUSSELL: | have one final question on the

diet. Can you give us sone feel for the percentage of
calories coming in as fat in the Faroe |Islanders? |n other
words, is it nore or |ess conparative to American fat
intake or is it higher because of the bl ubber and the | ack

of fruit and vegetabl es?
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DR. GRANDJEAN: | think fat intake may be nore
rel evant because of the |ipophilic character of the
met hyl mercury. People who would eat a | ot of blubber m ght
have a higher relative fat intake than people who eat |ess.

The overall average in the Faroes has not been
calculated. | would assune it is simlar to scandi navi an
| evel s, which are simlar to U S

DR. McBRIDE: Do you have any information on
birth weight? Fatter babies m ght store nmercury and have
an exposure after birth. Do you have any information on
birth wei ght effects and their vari abl es?

DR. GRANDJEAN: Number one, the Faroese have one
of the highest birth weights in the world, and our
interpretation is that they have such a high intake of
essential fatty acids from seafood, especially DHA, and we
have al so been able to show that the high the DHA intake,
the | onger the duration of pregnancy.

| mean nost of these wonen have a pregnancy
duration of 40 weeks, sone of themeven 41, so it is an
effect of prolonged gestation. Wen we tried to figure out
if there is a nmercury or a PCB effect, because this has
been seen in sone studies that these toxicants m ght affect
birth weight, we don't see anything, but when we | ook at
postnatal growth, we see that the prenatal nercury exposure

affects the postnatal weight gain.
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DR. McBRIDE: But does birth weight affect the
out come on your psychol ogical tests?

DR. GRANDJEAN: It would have been if we had used
ki ds who were also pre-term Al of these kids were norm
full term

DR. McBRIDE: But | am not thinking of pre-term
effects, | amreally thinking of birth weight.

DR. GRANDJEAN. No, birth wei ght does not have an
effect. | nean all of these birth weights are above 2,500
granms, and we |ooked at it. It doesn't affect anything.

DR. McBRIDE: So, | mean you | ooked at birth
wei ght conpared to outcone.

DR. GRANDJEAN:. Yes, birth wei ght was included
with other risk factors like previous history of skul
trauma, history of nmeningitis, neonatal jaundice. W
| ooked at all these factors, and we didn't find an effect.

DR. FRIEDMAN: There is no way in your study,
which is a kind of a natural history study, to disassociate
the prenatal effects fromlater effects, right? That is,
the children continued to have high consunption of the sane
foods that their nothers had.

s there a way to know whet her this could be
reversible if the nothers had high consunption and then,
after birth, it stopped, would the children | ook the same

|ater on? This is all hypothetical, but | guess we are
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tal king a |l ot here about prenatal effects, and I am not
sure if those are really just prenatal effects of
cunul ative effects over tine.

DR. GRANDJEAN: There are two things here. After
the child gets born, the nercury content in the child would
drop way down, because the supply fromthe nother woul d
cease except for those kids who get breast fed.

We see at age 12 nonths that there is a very
cl ear association between the hair nercury concentration of
the child and the duration of breast feeding, so those who
have been breast fed for a long tinme have nore
met hyl mercury in the hair because the nother continues to
contri bute.

However, the hair mercury concentration at 12
months is only about 20 percent of the average of the hair
mercury concentration of the nmother, so there is |less
mercury com ng through human mlk. W can still see it,
but it's |ess.

Now, after weaning, it is going to take sone tine
before a child start eating whale neat. Usually, they wll
get other kinds of food before the nother will introduce
fish or whale neat. At age 7, | don't renenber the
percentage of children who had started eating whal e neat,

but it was not a nmpjority.
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So, it is only when you get up to age 14 that
they are closer to eating the adult diet. W have two
i ssues involved here, nanely, one, we have a scal e of
mercury, potential nercury exposures, and then we al so have
a scale of susceptibility that we have to take into
account .

It is going to be very difficult to figure out
how these two different factors play a role. The only
thing we can do is to do nultiple regression analysis and
al so structural equation analysis, and the cord bl ood
measure i s way, way, way strongest predictor of these
out cones.

DR. M LLER: One nore question and then we have
got to nmove on.

DR. APOSHIAN: Did the Faroe |Island studies
separate the effects of breast feeding and no breast
feeding as far as the domain results were concerned? As a
confoundi ng factor, in other words.

DR. GRANDJEAN: We did two things here. W
| ooked at m | estone achi evenent during the first year of
life, and it is very clear that there is an advantage to
bei ng breast fed that overrides the possible adverse
effects of getting nethylnmercury from breast m | k.

We have al so | ooked at the outcomes at age 7, and

there is an advantage associated with having been breast
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fed for a long time. There were very few nothers who
didn't breast feed at all, so | can say is there is an
association with the duration of breast feeding, and the
duration of breast feeding is not associated at all wth
t he exposure level, neither mercury nor PCB, there is no
associ ation here, so it is not really a confounder, but
there is a small advantage that we can see.

This is a paper which is going to be submtted
very shortly, and | don't quite renmenber if there was a
difference in the domains.

DR. APOSHI AN: Al ong those sanme lines, and this
may not be a fair question, maybe | should wait for Dr.
Myers, is there a difference in the I ength of breast
feeding of a child in the Seychelles Islands versus the
Faroe | sl ands, do you know?

DR. GRANDJEAN. All | can say is that kids in the
Faroes are being breast fed nuch | onger than kids in
scandi navia. They do not live up to the World Health
Organi zation recommendati on, as nobody does, so breast
feeding is the rule in the Faroes, and we see an advantage
associated with it, and the duration is not associated wth
t he exposure |evel.

DR. MLLER  Thank you very much.
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| will take this opportunity, another nmenber of the
comm ttee has shown up, Ms. Halloran from Consuners Uni on.
Vel cone.

The next speaker is Dr. Gary Myers of the

Uni versity of Rochester to tal k about the Seychell es study.
Seychel | es St udy
Dr. Gary MWers

DR. MYERS: Thank you very nmuch for inviting us
here to present our study.

| would like to go through the Seychel |l es study
with you and then answer whatever questions | can.

[ Slide.

This is the hypothesis that we have been
addressing in the Seychell es study - whether or not
prenatal exposure to nethylmercury from maternal fish
consunpti on during pregnancy can adversely affect
children's devel opnental outcones.

[ Slide.

Thi s hypothesis actually cane out of work that we
did in Iraqg, which was nentioned earlier. This is just one
of the graphs froma publication that Dr. Cox was the first
aut hor in back in 1989, and this one |ooks at the frequency
of retarded wal king, and as was nentioned earlier, the

endpoints in Irag were sonmewhat | ess sophisticated that
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they were in our Seychelles study and as they have been in
ot her studies since that tine.

Ret ar ded wal ki ng was sinply defined as wal ki ng
before or after 18 nonths of age. When one plots the
abnormal s versus the nornmals and does this hockey stick
plot, if you will |look at the top of the graph, there are
all these little pluses, those are individual cases where
the child had an abnornmality of wal king. Al ong the bottom
the pluses are all individual cases of where the child was
normal in wal king.

As you can see, there are a couple of things that
cone out of the graph. The first is that if you project
this lying downward, it |ooks |Iike you m ght have effects
down around 10 to 20 parts per mllion. These are
concentrations in maternal hair, which is, in fact, the
bi omar ker whi ch has been used by every other study,
studying this issue, and for reasons which I will try to
address briefly in a noment.

So, that is one thing. You see that down around
10 to 20 parts per mllion, one m ght expect to have sone
effects. The other thing that you see is that when you
| ook at the top, there isn't any data or very little or
very few points of data bel ow about 50 parts per mllion.

[Slide.
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Foll owi ng that, we actually proposed this
hypot hesis that these Iower levels in fish mght actually
have sone sort of adverse effect, and we | ooked at the
literature and we cane to sone interesting conclusions.

First, it seenmed pretty clear that the feta
brain was nmuch nore sensitive than the postnatal brain to
the effects of nercury.

The second was that it |ooked |like fromthe
neur opat hol ogi cal studies and all of the other clinical
t hi ngs that had been done previously, and which have, in
fact, been done since, that the effect really should be
global. W couldn't see a reason why it would be donain
specific fromour review of the literature.

We decided that if there were going to be any
effects fromthe consunption of fish at these | ow
exposures, they would probably be subtle effects. W
woul dn't expect any of the major things that were seen at
M namat a.

Just an aside about M namata, one of the
interesting things about Mnamata is there were either
serious affected children or they were non-affected
children. Nobody really described this spectrum of
decreasing norbidity. Wether that was because it wasn't

studi ed or because it didn't occur has never been clear,
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but it still hasn't been described fromthe Japanese
experience.

The other thing is that we thought that peer
analysis was really an excellent way of |ooking at exposure
and, in fact, we have subsequently | ooked at neuropat hol ogy
in relationship to hair mercury concentrations, and they
correlate better than fetal blood in our pathol ogical
speci nens, and there is sone evidence--and Dr. Clarkson
will be down in a day or two and perhaps speak nore
el oquently to this--that the transport nmechanisminto hair
for methylmercury is nmuch nore akin to what happens in
mercury getting into the brain. O course, the brain is
the target organ that we are all worried about.

The last thing is that actually, you ought to be
able to detect these effects early on. After all, the Iraqg
study, the average age of the children studied in Irag was
30 nmonths, so waiting five or six years didn't really make
sense to us.

When Dr. Marsh talked ne into going out to
Seychell es and starting this study, he told me, he said if
you don't find anything in six nmonths, you probably won't
find anything. It turned out that wasn't necessarily true.

[ Slide.

Anyway, we | ooked for a population that had | arge

consunption of fish. W actually started several studies
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S E
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

before we ended up in Seychelles, and there were a variety
of reasons why the other studies didn't work out, but it is
very difficult to set up these studies. Dr. Gandjean is
fortunate to have the Faroes, and we are fortunate to have
t he Seychelles. There are many places in the world where
these sorts of detailed studies sinply can't be done.

For those of you who are not famliar with the

Seychelles, it is where the three red |lines cone together

t here.

[ SIide.

These are sonme of the characteristics of
Seychelles, and I will be glad to el aborate on them |l ater

i f anybody wants to ask, but they have a high fish
consunption. Dr. Grandjean presented sone evidence earlier
that in Faroes, they have three fish neals a week.

Well, when | started the study there to gather
the main cohort, we asked a question how nmany fish nmeals do
you eat a week, and they told us 12 was the average, so
between 10 and 12 fish neals a week is the average in
Seychel | es.

It has been a socialistic state for quite sone
time, for the last 30 years. They have free universal
health care. The infant nortality is lower than in the
U.S. They have a 98 percent immunization rate, which is

better than the U S. You wouldn't want to get sick there,
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S E
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

but actually, the preventive care is excellent. Free
uni versal education. All the child start in the
educational systemat age 3 1/2, and it goes on fromthere
up into the teenage years.

They have really very limted poverty. There is
a social structure, but it's very conpressed. There is
literally no malnutrition on the island, and they quite | ow
| evel s of other sorts of contam nants.

[ Slide.

This is downtown Victoria, which is really the
only major city on the island.

[ SIide.

This is just the fish market. People go the
mar ket every day and buy fish or they buy it on the
roadsi des or the beaches, but the people eat |arge
gquantities of quite fresh fish.

[ SIide.

We have | ooked at PCBs in Seychelles, and they
are really bel ow detectable Iimts. W have | ooked at
| ead, and lead levels are quite low. We haven't actually
measured PCBs, but we are told that the | evels of pesticide
exposure are substantially bel ow the FAO Codex Alinentarius
reference levels for a problem

[Slide.
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So, as best we can tell, the other sorts of
exposures that one m ght be exposed to are very |ow |l evels.
Let's go back to that slide a second.

We measured prenatal exposure in maternal hair.
This gives you really a very excellent index of exposure
for the whol e pregnancy as opposed to just the final

trinmester. We have not measured cord blood in Seychell es.

The exposure averaged about 7 parts per mllion and ranged
frombelow 1 part per mllion up to about 27 parts per
mllion.

[ Slide.

This gives you sone idea. W adopted a
| ongi tudi nal design to the study which I will show you in a
nmoment, but this gives you sone idea of the nunbers of
children that have been seen at each one of these ages, so
we have actually exam ned these children on five occasions
now.

We have been able to maintain quite a substanti al
nunber of the cohort. It is a small island, there is not a
great deal of the population that emgrates, and it is easy
to find them

We have excl uded individuals for various reasons.
Among the 39, the mmjor reason for exclusion was that we
really couldn't recapitulate their mercury exposure. When

we | ooked at the hair sanples that we had, we sinply
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couldn't recapitulate their exposure, but we have al so
renmoved fromthe cohort, a few individuals who had
perinatal seizures, intraventricul ar henorrhage,
substantial head trauma, and other things that are known to
be highly correlated with abnormal children's devel opnent.

[ Slide.

We | ooked at a variety of covariates in our
popul ati on. We have | ooked at soci oeconom ¢ status, |Q
We have been to every one of the homes in Seychelles and
assessed their honme environnent with the Cal dwell Bradl ey
assessnment of the hone.

We have | ooked at maternal snoking and al cohol
They are extrenely low in Seychelles. W have | ooked at
t he medi cal history of the nothers, and we have al so | ooked
carefully at the |l anguage spoken in the honme. About 98
percent of the people there speak Creole, so the vast
maj ority of them actually have Creole.

[ Slide.

This is sinply one of our testing roons and one
of our testers admnistering the KBIT for naternal
intelligence.

[ SIide.

This is a typical honme in Seychelles. The two
wonen on the left are the nurses who were in the hone doing

t he hone environment, the HOVE Scal e.
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[ Slide.

We have | ooked at a numnber of covariates that
affect the children. W have | ooked at gender obviously,
because that is a significant thing. W have | ooked at
hearing in the children. W have | ooked at their health
hi story, their birth weight, gestational age, birth order,
|l ength of breast feeding, and a variety of other things.

[ Slide.

This is the design of the study. W started the
mai n cohort. W did have a pilot cohort, as Dr. Jacobson
mentioned earlier. The pilot cohort was done originally by
nmysel f before we started the main cohort, and then | went
to Seychelles and lived there for a year to enroll the
children at the six-nmonth evaluation, so I did all of the
Denvers and Fagans and neurol ogi cal exam nations at that
point in time.

Subsequently, we have used a battery of
Seychel | es professionals who have done the testing for us.
We have now exam ned the children, over 700 children at
each one of these five points, and the list of test is
shown there.

| did put down in the corner there, there has
been a double-blind study just to rem nd nyself to nmention
to you that fromthe begi nning, we have never shared

mercury levels with anyone in Seychelles, nor with any of
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the investigators who are clinically | ooking at the data.
So, it has been double-blind fromday one, which goes back
to about 1987. The Seychell es have been very cooperative
with that.

They have reviewed all of the data that we have
publ i shed and made their own deci sions about their choices
in terns of regul ation.

[ Slide.

We have felt that the npst inportant thing is not
so nmuch the tester, although we have used professionals,
but doing reliability on the testers to be sure that, in
fact, they are reliable. So, we have used two types of
reliability.

First, we have used what we call the gold
standard. The gold standard is one of our psychol ogists
from Rochester, a Ph.D. psychol ogi st, who goes to
Seychelles, sits down with the tester, and actually scores
the test while the tester is adm nistering the test.

Then, we have used interscore reliability, which
is each week we have two of our testers score the sane
child independently, and we have conpared them We have
| ooked carefully at those statistics, and they have had
very high correl ation.

[Slide.
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This is Dr. Davidson here on the right, one of
our nurses, is sinply doing a gold standard.

[ Slide.

When we | ooked at our results during infancy,
this is what we found. W did find the expected effects of
covariates - maternal intelligence, birth weight, and ot her
things. We had nost r-squareds for our study. This is
consi stent with what has been found in nost devel opnent al
st udi es.

We did not find any adverse associ ati ons between
t he prenatal exposure and any of our endpoints at 6, 19,
and 29 nonths. We did one association between an item from
t he infant behavior record and nethyl mercury, and at 29
nont hs, on the infant behavior record, there was a decrease
in the examner's scoring of the activity level, and it was
present only in boys.

We have been confused as to how to interpret
that. It is a very subjective endpoint, the infant behavior
record, and we are not sure whether it is better for boys
to be less active or nore active.

[ Slide.

W |ike data. We like to see the points and
share themw th people, and |l et them know what, in fact,
the data | ooks like. This is the visual recognition nenory

on the top and the visual attention on the bottom This is
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data fromthe Fagan test, which is | amtold by
psychol ogists felt to be one of the premer tests for
intelligence at these early ages.

This is at the 6-nonth exam nation, and there was
no association with mercury within the range we have been
st udyi ng.

[ SIide.

This is data fromthe 29-nonth exam nation. This
is the netal devel opnental index fromthe Bailey, at 19
mont hs on the top and at 29 nonths on the bottom and that
is onthe left. On the right is this infant behavior
record. You can see that in girls, the slope is flat, and
in boys, it tails off as one goes to higher nercury |evels.
That is the association that we are not sure whether it is
a beneficial or adverse association.

[ Slide.

When we get up into early childhood, again, we
find the effects that we would expect froma variety of
different covariates. Again, nost r-squareds. Again, no
associ ati on between exposure and the endpoint. W did find
one beneficial association

[ SIide.

This is the McCarthy GCI adjusted for covari ates,
and these are partial residual plots. Again, we |ike data.

This is the 66th nonth exam nation all plotted agai nst
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prenatal nethylmercury exposure, and there is no
significance there.

[ Slide.

This is the PLS | anguage score adjusted for
covariates at 66 nonths. There is an association, but it
seens to be a positive association here, we are not sure
what to make of that, but no adverse associ ation.

[ Slide.

This is the Woodcock-Johnson applied problens,
which is the mathematical part of it. Again, no
associ ation at 66 nonths.

[ SIide.

This is the Bender. \What you see here is that
this is the errors on the Bender test. What you see is
that males are flat and in fenmales, there is a slight
downwar d sl ope neaning fewer errors. This is one of the
ones where when it goes down, there are fewer errors, so
that is a beneficial effect.

[ SlIide.

At 107 nont hs, we exam ned the children again.
This is the nine year evaluation, which we are in the
process of publishing. Again, we | ooked at soci oecononi c
status, maternal 1Q age, famly status, health history,
and the home environnment.

[ SIide.
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For the child, we did use postnatal
met hyl mercury, age of testing, gender, hearing |level, and

exam ner. We have included exam ner in these anal yses, as

wel | .

[ Slide.

This is just one of the tests. | just have a
couple pictures of the tests. This is finger tapping. It

is how many taps you do in a certain period of tine.

[ Slide.

This is a grooved pegboard using either preferred
or non-preferred, and these are little pegs that have a
little notch in them and you have to fit theminto hol es.
It is how quickly one can do the test.

[ Slide.

This is a picture conpletion. It is just a
series of pictures, and you have to put themtogether in a
story fromthe W SC.

[ Slide.

This is fromthe Wodcock-Johnson test.

DR. MLLER. Dr. Mers, you have five nore
m nut es.

DR. MYERS: Okay.

[ Slide.

VWhen we | ooked at the results fromthe 107th

nmont h eval uati on, again, we found the expected associ ati ons
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with covariates. Again, nodest R-squareds. Qut of the 21
endpoi nts that we exam ned, we found 1 adverse associ ation
and 1 beneficial association.

[ Slide.

This is the Connors Teacher Rating Scale, the
hyperactivity index fromit. W had every teacher of al
of our main cohort children evaluate the children on this
scale, and the |line goes down, which is a beneficial
effect.

[ Slide.

This is our adverse effect here. This is the
grooved pegboard, and it is of the children using their
non- preferred hand, and what you see is that in fenmales,
the slope is essentially negative, it is not significant,
or flat and nonsignificant.

In mal es, one sees that there is a slight upward
sl ope here, and that means that it takes them | onger to do
t he grooved pegboard, so that would be an adverse effect.

So, out of 21 endpoints, there is 1 adverse
effect we found at 9 years of age.

[ Slide.

This is just a graph to show you the effect of
covariates on the various tests here. W found a |ot of

associ ations with covariates, so we have every confidence
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that the tests are working there. They are picking up
ot her things that we know affect child devel opnent.

[ Slide.

So, our outcome so far is that we found a | ot of
associ ati ons between predictors and between covari ates of
t he endpoints at every age. W have not found an
association with mercury exposure fromthe fish
consunpti on.

| didn't nmention, but the people in Seychelles do
not eat whales at all, they don't eat sea mammals, it is
purely fish consunption. All of these associations were in
the direction that one expects. W have only found one
adverse association in our five eval uations.

That raises the question of how do you interpret
it. Well, it is good to renenber that we were the group
that originally raised the issue fromlraq and proposed the
hypot hesis, so we like to think that, you know, our studies
have becone nore sophisticated since that tinme rather than
that we have lost our ability scientifically.

So, we | ook at other interpretations. One
interpretation may be that the exposure level is sinply
bel ow the toxic threshold. Another possibility, though,
that we are currently exploring in Seychelles is that there
is neurotoxicity, but sonmehow it is nodified at these

|l evels. Either there is sonmething beneficial about fish
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t hat overconmes whatever the toxic effect is, or maybe there
is sonmething else in fish that is mtigating that, either
fatty acids or seleniumor sonething else.

We are looking currently at a new cohort that is
bei ng studied very carefully fromthe tine the wonen are
first pregnant, |ooking at these nutritional factors. The
ot her possibility is that perhaps there is toxicity, but it
sinmply doesn't occur until nmuch later in life.

[ Slide.

We like to think that the Seychelles is a bit of
a sentinel population for the U S. One reason is that the
source of exposure is about the sane as what we have here
inthe US It is really open ocean fish.

The second reason is that we have | ooked
carefully at the nmercury content of the fish in Seychelles,
and it is very simlar to what is on the market here in the
US., but, in fact, the wonen's hair |evels are between 10
and 20 tinmes those of the U S. |evels.

So, we like to think that perhaps Seychelles
could serve as a sentinel population for the U S.

| woul d be happy to answer questions.

DR. M LLER: Thank you.

Comrent s, questions fromthe commttee? Dr.

Fri edman.

Questions of Clarification
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DR. FRIEDVAN: Dr. MWers, | was wondering
whet her--1 am sure you | ooked, but only didn't present--at
interactions. Do children of poor quality hone
environments show different outcomes relative to the
effects of--

DR. MYERS: W have included soci oeconom c status
in all of our analyses.

DR. FRI EDMAN:  You controlled for everything.

DR. MYERS:. Yes.

DR. FRI EDVAN: But | am asking whether if you
t ook out the control of the HOWE, for exanple, and then
| ooked at the children who are high on the HOVE versus | ow
on the HOVE, would you find the same relationship hol ding
in the two extreme groups.

DR. MYERS: W have | ooked at social effects, and
there are sone. | amnot very good at this. Dr. Cox, who
is in the audience, may recall the social effects better
than I.

Chris, the question has to do with the soci al
effects on the outcones.

DR. FRIEDMAN: The interaction.

DR. COX: | will do nmy best. As | heard it, the
termwas interaction, so the way | would interpret that is

to ask whether the effects of mercury are nodified by
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| evel s of other variables, for exanple, socioecononic

st at us.

| s that the question?

DR. FRIEDMAN: | guess so. Let me try to phrase
it. 1 realize there are many things that operate to

produce the outcones that we see on psychol ogi cal testing,
and what we are trying to do with statistical analysis is
to clean out the effects of variables that we are not
interested in and ask if this was an experinmental design,
woul d nmercury have an effect, but as |I said before, we
realize different things work together, and it may be that
a high-quality famly environnment and high-quality out of
home environnent actually work against the ill effects of
mercury.

DR. COX: That is nodify the effect.

DR. FRI EDMAN: Ri ght .

DR. COX: So, we are both saying the sane thing.
Do | evel s of whatever factor you m ght want to | ook at
change or nodify the association between nercury and
outconme, right?

That is | think what is usually nmeant by the term
"interaction."” Because of results in a study done in
Canada, we felt there was sone evidence for an interaction

bet ween gender and nercury, and that interaction was
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included in all the nodels that we | ooked at, and you saw
an exanpl e of that here.

Dr. Davidson, who unfortunately couldn't be here
today, was also interested in interactions between nmercury
and ot her variables - socioeconom c factors, naternal age,
what have you. One problem was | ooking at such
interactions, there is a very long list, and one can | ook
at a great many interactions, and it is difficult. You
have to be careful, we all have to keep our hats on

| ama statistician, | amnot a toxicologist, |
am not a devel opnental psychol ogist, but ny sense is that
it is difficult to know what interactions one ought to | ook
at .

We have, however, done, to get to the answer to
your question, we have done and published sone anal yses
| ooking at interaction effects. | can give you a reference
to a paper if you are interested.

| didn't know that that question would conme up,
so | can't summarize the results very well for you, but ny
own viewis we didn't find anything that was very
consistent, but we did find some evidence for differential
effects. It is hard for nme to know what it neans.

| think that kind of question is very difficult.
There has been some work done in the lead literature, as

well, looking for interaction effects. It is tough. So, |
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don't think, besides gender, | don't think we have any very
consi stent evidence for nodification of nmercury effects by
ot her variables that would be fromthe Seychell es study.

DR. FRI EDMAN: Thank you.

DR. M LLER: Dr. Nordgren.

DR. NORDGREN: This may be unrel ated, but a
recent area of controversy is the subject of autism and
was going to ask also Dr. Grandjean, did you find any
increased | evel of autismon the Seychelles or in your
cohorts?

DR. MYERS: Well, the answer is no, but | qualify
it by saying we have not done tests for autism |In fact,
we are in the process now of putting together a proposal to
do that very study with detailed tests | ooking for autism
in Seychelles to see if there is an increased incidence.

Just from our casual experience, we have not
recognized it, if there is, but that doesn't nean that it
is not there.

MS. HALLORAN: Do you have information on the
types of fish that were comobnly eaten and what the nercury
| evel s were, the range commonly seen in those species, and
whet her there is any season variation? | amtrying to get
at whether there m ght have been peak exposures or it's a

very constant exposure.
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DR. MYERS: W have | ooked at hair anal yses
|l ongitudinally, and there are season vari ations, but they
are not |like what we saw in Irag. They are down in the |ow
range, and if they go up 30 percent, they go from6 to 7 or
8 or 9, so it is within a very narrow range basically even
t hough there are seasonal differences that we have seen.

We have quite a bit of information about the
mercury content of fish in Seychelles. The mpjority of the
fish eaten, probably the compnest species is the species
call ed Karong, and the nmercury concentrations in it are
bel ow a half part per mllion, down around 0. 3.

They eat a lot of reef fish, and the reef fish,
sonme of those are some of the |owest concentrations that we
have ever recorded in fish

DR MLLER Can we let Dr. Dwer ask a question?

DR. DWYER: Thank you. Just two perhaps silly
ones. One is do you have any infornmation on fetal wastage,
and secondly, were there other prespecified interactions
that you | ooked at.

DR. MYERS: As far as fetal wastage, we don't
really have any information on fetal wastage, so | can't
really provide anything on that. W have thought about
| ooking at it, but we have not done it yet.

As far as other interactions, the only

interaction that we have consistently had in our anal yses
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is that for gender. | think that is correct, isn't it,
Chris?

DR. COX: Yes.

DR. APOSHI AN: Dr. MWers, as | renenmber fromthe
Ral ei gh White House Conference and fromthe NIEHS, the
recommendati on was made that both groups standardize the
neur obehavi or tests or neuropsychol ogi cal tests being used.

The 107-nmonth study that you say is in press or
is about to be witten, either one, does that have the same
tests that were done in the Faroe Islands? | wasn't quite
certain about your abbreviations. For exanple, the Boston
Nam ng Test, was that done?

DR. MYERS: Actually, the tests are al nost
identical. The Faroes were good enough to share their test
battery with us, and we | ooked at the tests and deci ded
what to do, and there is a great deal of overlap in the
testing.

DR. APOSHI AN:  The second question | wanted to
ask was everyone, of course, is concerned about the
di fference between the Faroe |slands and Seychel |l es
| sl ands. Nowhere have | seen anything take into
consideration racial, genetic makeups. For exanple, for N
acetyltransferase, as | amcertain you know, but let nme

just say for the others, that the American population is
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quite different fromthe Chinese mainland popul ation, which
is also different fromthe Egyptian popul ati on.

Has any attenpt been nade to do genetic markings
or genetic marker tests to see whether the differences
bet ween the Faroe |Islands and the Seychell es |sl ands
studies on nmethylmercury are due to difference in genetic
makeup?

DR. MYERS: | don't know whet her that has been
done in the Faroes. W have not done it in Seychelles. As
part of our current study, studying the nutritional
conponents, we are neasuring sonme DNA things, but not a
wi de range of them

| think there are a |lot of differences between
t he Faroes and the Seychelles. ©One is in cold water, one
is in warmwater, one is predom nantly scandi navian, one is
predom nantly African in origin. Their diets are vastly
different really. The exposure is different. There are a
whol e series of things that differentiate the two
popul ations in my mnd.

DR. MLLER: Dr. Lee.

DR. LEE: Dr. Mers, your last slide indicated
that we are eating sone of the same seafoods here in the
United States, yet, the maternal hair there is about 10 to

20 times the nercury than U. S. sanpl es.
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Do you attribute all of that 10- to 20-fold
difference to diet?

DR. MYERS: As far as we can tell, it is dietary,
yes. They literally eat fish twice a day in Seychelles.
Even given a choice, they |love fish.

DR. LEE: So, that is corroborated by your direct
measurenents of the mercury in the diet?

DR. MYERS: No, that is not corroborated by
mercury nmeasurenents in the diet. W are currently doing
that in a new cohort. The main cohort that | have just
been tal ki ng about, this was exam ned longitudinally five
times over nine years. That cohort was enrolled at six
nmont hs of age, so we did not do things prospectively in
t hat cohort.

We had prenatal exposure because we had been
collecting hair at antenatal clinics for a long tine, so we
had quite a bit of prenatal exposure data on all of these
wonmen, but we didn't have other things. W didn't neasure
nutritional factors during pregnancy, which we are doing
with this cohort.

DR. M LLER: Dr. Fischer.

DR. FI SCHER: Looking for differences between the
two studies, have you | ooked at the differences in

preparation of the fish in each case? | have no idea how
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the whale neat is eaten, for exanple. Anyway, the
possibility exists that there could be sonmething there.

DR. MYERS: M only experience with whal e was
when | attended a conference there, and they eat it, |ike
Dr. Grandj ean said, as penm can, you know, just a chunk of
bl ubber and you put it in your mouth, and I think it is an
acquired taste nyself.

[ Laught er. ]

DR. MYERS: As far as food preparation in
Seychel |l es, you know, they are eating fish tw ce a day,
they are eating a great variety of fish, and really it is
prepared in nultiple different ways, and we are actually
| ooki ng at preparation and other things for fish at the
current tinme, but in the main cohort, we did not do that.

DR. M LLER: Just the one question. Hopefully,
as the Chair, maybe | could ask the | ast question before
getting on.

Why don't you ask your question and then | wl|
hopefully get to ny naive one.

DR. ACHOLONU:. The | ast speaker, Dr. Grandjean,
made reference to the fact that the concentration of
met hyl mercury drops after a child is born, and you have
said that the toxicity of nmethylmercury may show later in

life.
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VWhat | would like to knowis, is the
concentration cunulative in the person, the concentration
of methylmercury, is it cunulative in the person?

DR. MYERS: Well, there is a half-life toit, and
there is excretion, but it is slow excretion. W, as in
t he Faroes, have nmeasured hair levels in the children, and
they are generally fairly low until the children get ol der.

It is excreted sone in breast mlk. Chris, do
you want to answer that?

DR. COX: Well, | think Dr. Clarkson will be
here, you could ask him but | believe the half-time is 50
days.

DR. MYERS: That was nentioned earlier, that is
correct, 45 to 50 days.

DR. M LLER: Just one question that kind of
puzzles me. Gven actually in both popul ations, but given
in the Seychelles that you have a population that is
conpressed socially, | think you said, that this is a
relatively isolated community, at least in ternms of its
dietary sources, what explains the 27 tines variation that
you found | think in your hair?

DR. MYERS: That's a good question. | am not
sure we have an answer. W have assuned that it is dietary
and related to the species of fish that is being eaten and

favorite. People have different favorites, and there are
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fish that have higher concentrations. Mackerel and bekin,
which is--1 have forgotten the nanme--barracuda, barracuda,
shark do have hi gher concentrations.

So, if you eat enough of the higher concentration
fish, that could explain everything, but we have not
studied it specifically.

DR. M LLER: Thank you very nuch.

We are going to call a break now, 10 m nutes,
pl ease, and be back about 10:15.

[ Break. ]

DR. M LLER: The next speaker is Dr. Christopher
DeRosa from Centers for Disease Control to tal k about the
recommendations fromthe Agency for Toxic Substances and
Di sease Registry.

Agency for Toxic Substances and Di sease Registry
Dr. Christopher DeRosa

DR. DeROSA: | would like to thank FDA for the
opportunity to share with you sonme of our Agency's
perspectives regarding the Agency's views on nercury and
rel ated conmpounds. | would also like to acknow edge ny
col | eagues John Ri sher and Dennis Jones, who assisted nme in
preparing sone of the materials for today's neeting.

Today, what | would like to do is provide you a
bri ef background of our agency. W are affiliated with the

Centers for Disease Control, but we are actually one of
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ei ght i ndependent agencies of the U S. Public Health
Service within the Departnent of Health and Human Servi ces,
and we are the primary health agency or the primary federal
agency dealing with the inplenentation of the health
mandat es of Superfund.

It is not totally incorrect to affiliate me with
CDC because our adm nistrator is also the director of CDC,
as was currently announced, Dr. Julie Cerberding.

| would also like to provide a chronol ogy of sone
of our key activities over the years, tal k about the
rationale for the position we took in our toxicological
profile, a docunent that we published in 1999, an update of
two previous toxicological profiles, and then sone insight
as to our future activities and sonme current ongoing
activities that may have a bearing as this dialogue at this
meeting will have as we go forward with a reassessnent of
met hyl mercury, as well as other forns of mercury.

[ Slide.

Among the health mandates that we have under the
Superfund or CERCLA |l egislation are to prepare
t oxi col ogi cal profiles. These are docunents that appear
and publicly reviewed, articulating what we know in the
broad areas of exposure, toxicity, and epi dem ol ogy.

They attenpt to provide health guidance for

met hyl mercury, as well as other conpounds that identify
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what the adverse effects are that we need to be concerned
about and at what |evel those effects m ght be a concern.

These are based on a list of priority pollutants
that we prepare in conjunction with our coll eagues at EPA
on a biannual basis. It lists in priority order the 275
substances nost frequently encountered at waste sites, on
control |l ed hazardous waste sites, based on the probability
of human exposure, toxicity, and frequency of occurrence at
t hose sites.

So, we have prepared 250 profiles addressing sone
1,000 chem cals, and they are inclusive of nmercury, which
is No. 3 on our priority list of 275 chem cal s.

We al so are mandated to initiate a research
program an applied research programto address what we
don't know. | think it is inportant that the profiles, in
addition to setting forth what we do know, al so address
what we don't know, which is sonetinmes a challenging effort
in terms of identifying mechanisns to fill those data gaps,
but we have identified 200 priority data needs, and they
are currently addressing those in cooperation wth our
col | eagues at EPA, NIEHS, and through sonme grants
mechani sms, as wel | .

Once a site becomes listed on what is referred to

by EPA as an NPL or National Priorities List site, we are
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required by law to prepare a public health assessnent on
the health hazards associated with that site.

This is based on four general avenues of
information - health outconme data that the community m ght
provi de, what the comrunity concerns are, environnental
nonitoring data provided by EPA, as well as the information
contained in our toxicological profiles prepared on those
substances that m ght be encountered at a given site.

Finally, we are required to update those profiles
at intervals not to exceed three years. Qur first profile
on nercury was released in 1989, and we have had subsequent
updates on two occasions since then.

[ Slide.

This slide is really some of what we knew and
when we knew it in ternms of the docunentation regarding
mercury. | nmentioned the first profile in 1989. 1In 1993,
we updated that profile using the Iraqi study to devel op
the chronic MRL of 1 m crogram per kil ogram per day,
simlar to EPA"s current val ue.

We had convened an expert panel to discuss a
benchmar k dose approach for nethyl nercury, but we are
advi sed that the Iragi study at that tinme had been sonewhat
overextended and overinterpreted and that it would be
better that we wait for the outconme of the information

com ng out of the Seychell es.
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We convened a second expert panel in '95 to
address the issue of bioavailability. This is working
intermttently, which is worse than not at all, and then we
began consideration of the update of our profile from'93
based on the publication in 1995 of sone of the data com ng
out of the Seychell es.

So, we initiated the update in '97, and the next
slide is a continuation of that.

[ Slide.

We involved in that process an extensive peer
review process including an expert panel review of the
post - public comrents that we had on the draft that was
rel eased for public cooment. W had representatives of EPA
and ot her federal agencies, but inportantly, fromthe
Faroes and the Seychelles there to further vet sone of the
data that they had devel oped to date.

| am sure there is an activation point on this
one, too, but | can't quite see it, but at any rate, the
poi nt being that one of the things that we were strongly
reliant on was this workshop that was referenced. It was a
wor kshop initiated by the President's O fice of Science and
Technol ogy Poli cy.

It was one which brought together four expert
panels in some broad disciplinary areas to really dig into

the critical data sets, not only in the Seychell es and
M LLER REPORTI NG COMPANY, | NC
735 8th Street, S E
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

Faroes, but sonme of the work that Donna Mergler [ph] in
Canada had done, as well as others.

So, we followed that very cl osely and we used
that as a key basis for some of the decisions we made in
rel easing the nmercury profile to the public. | would |ike
to just nmention for a second that our mandate is one of
getting information in the hands of citizens, so that they
can make infornmed decisions about their health.

In addition to nethyl nmercury, elemental nmercury
is an issue fromthe standpoint of enmergency response,
whi ch we al so have responsibility for under the National
Contingency Plan. It is the nunber one agent that is
i nvol ved in energency responses at our agency.

We al so have concerns about the salts of nercury,
al so di nmet hyl mercury, which was responsible for the
unfortunate death of a researcher at Dartnouth because it
is used as a calibrating agent in some instrunentation.

More recently, since the publication of the
profile, the question of the safety of vaccines has cone
into play based on the use of thinmerosol ethylmercury as a
preservative in batch vaccines, and then finally, nore
recently, we have becone very concerned about the use and
m suse of chelation therapy by a nunmber of individuals who

are profiting at the expense of both physiologically and
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financially of the people they are treating in sone
i nst ances.

The next slide really talks a little bit about
what you have already heard, and I am not going to spend a
ot of time on this because it has al ready been discussed
at | ength.

[ SIide.

| would say that two key issues with respect to
the Seychell es that have been cited is this issue of |ack
of an effect although we now have seen that there are
effects. The reason that |ack of an effect may be of
concern to sone is that it may suggest that your protoco
was not vigorous enough to detect what you were | ooking
for, there may be sone other issue that you need to be
concerned about, but they have, in fact, denonstrated sone
enhanced performance on sonme of the tests and, as we just
saw, one report of an adverse effect in addition to the one
at 29 nmonths in the boys.

Then, the m ssing donmain-specific endpoints that
had not yet been assessed at 66 nont hs was sonething that
we took into consideration in our treatnent of uncertainty,
and we relied in part on the Faroes data to hel p us deal
with that.

In ternms of the Faroe Island, another excell ent

study, we have the benefit of two very fine epidem ol ogic
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studies. There is the issue of the type of and duration of
exposure. By that, | nean the whal e bl ubber being consuned
perhaps once to twice a nonth at relatively high levels, 3
parts per mllion as opposed to 0.3 parts per mllion,
which is characteristic of fish sold comrercially in this
country.

Then, the concurrent exposure to PCBs and ot her
persi stent organic pollutants. PCBs are at levels 10 tines
hi gher than in the U S. population in the Faroes, and at
three tinmes the |level of FDA' s tolerable daily intake.

Ot her persistent organic pollutants are also a
concern because PCBs are generally considered to be a
mar ker for other POPs. For exanple, DDT is present at a
level, in ternms of exposure, five tinmes our health guidance
val ue for that conpound.

This has already been referenced in terns of the
wor k of Todd Kel strom [ ph] and his coll eagues done in New
Zeal and, and the sensitivity to outliers. The initial
report, the initial analysis was not significant until one
of the nobst highly exposed individuals, who showed no
adverse effects or associations, was deleted, and then we
did see the association in sone areas becone positive. So
that is just the issue of the sensitivity to one outlier,
and the question is, is the outlier relevant statistically,

is it relevant biologically, and |I think as genetici st
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Di janski [ph] said many years ago, "Treasure your outliers
or your exceptions.” That is a significant issue.

[ Slide.

Now, going ahead to the workshop held in "98 in
North Carolina, you can see a very distinguished panel
dealing with the confounders and vari abl es issue including
Dr. Jacobson, who is here with us today.

| would Iike to share with you just sonme of the
findings that we have really centered on as we went forward
intrying to bring our docunent to cl osure, because | think
it illustrates some of the deliberative process and sone of
the key concerns that we had as we attenpted to deal with
this issue.

[ SlIide.

This is the first of one of the findings dealing
with PCBs. When PCBs and nmercury are included together in
t he nodel that was used to anal yze the out cones, one of the
outconmes is specifically related to nercury exposure, one
of the four that had been reported as positive. For the
ot her three, which included the Boston Nam ng Test, both
PCB and nercury effects fall show of conventional |evels of
statistical significance. So, | think that that is a key
finding that we focused on.

[Slide.
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Again dealing with this issue of PCBs is that it
is likely that both of these contam nants adversely affect
t hese three outcones, but the relative contributions cannot
be determ ned given their co-occurrence in the popul ation.

[ SIide.

Finally, regarding the concurrent PCB exposure,
the Statistics and Design Expert Panel determ ned that the
best nethod to deal with this would be to study a
popul ati on where exposure to PCBs is not an issue.

[ SIide.

This is sinply a listing of those individuals who
served on that, and these peopl e have published extensively
inthis field and are recogni zed obviously as experts in
the field.

[ SIide.

Turning now to a little bit about the health
gui dance value, well, let me just back up and tal k about
why we use the Seychelles cohort as the primary study, but
we also relied heavily on the Faroes study, as well.

Wth the exception of two things, these issues,
these attributes are all |inked to both the Faroes study,
as well as the Seychelles study. The two that |I would |ike
to bring out, that |I think relate specifically to the
Seychelles, is the issue of the pattern of exposure and the

| evel s of exposure over tine.
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OQbviously, there are 10 to 20 tinmes higher
| evels in the Seychelles, but it is not because the fish is
nore contam nated, it is because they eat nore fish. They
have the hi ghest per capita consunption of fish in the
wor | d.

Then, the issue of confounding factors, we felt
that there were fewer personal and lifestyle confoundi ng
factors, that it is a relatively pristine environnent, and
t hose | evels of sone of the other contam nants of concern
were shared by Dr. Myers. As he also pointed out, there is
basi c health and education infrastructure that is really
quite remarkable in nmy m nd, having had the opportunity to
visit and observe sonme of the activities of the researchers
there, and then again this issue of confounding for a
nunber of other factors.

[ Slide.

Turning to the issue of health guidance, there
are a nunber of different terns used for health guidance
factors. They are very much anal ogous in the way that
these different ternms are derived. Qur agency uses the
term"mniml risk level,” which is anal ogous to the
reference dose, the tolerable daily intake, and previously
referred to as the "acceptable daily intake."

So, it is an estimte of exposure that is thought

to be without significant risk of an adverse health outcone
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over a given route and duration of exposure in addition to
deriving chronic oral exposures, chronic inhalation
exposure gui dance values, we also deal with acute, defined
as |l ess than 14 days, and internediate, 15 days to a year
in our docunents.

[ Slide.

This is the generic fornmula that we used to
derive a mnimal risk level. If it is not visible, it is
probably because there is a rule that you have to have at
| east one slide that no one can see when you present. This
probably is not the only one, but at any rate, the MRL is
sinmply derived operationally in a very straightforward way,
anal ogous to the reference dose.

You identify a toxicity benchmark, a no observed
adverse effect level, or a | ow observed adverse effect
| evel, or a benchmark dose, as was nentioned earlier,

di vided by an uncertainty factor whose magnitude is
inversely related to our confidence in the database. The
| arger the uncertainty factor, the | ess our confidence in
t he dat abase.

DR. MLLER Dr. DeRosa, you have 5 m nutes nore.

DR. DeROSA: Thanks.

[ Slide.

In the derivation of the MRL, the issue is that

you have nercury ingested by the nothers, the offspring of
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the group of concern. Hair nercury |levels are nmeasured in
the nothers, and you have to have hair-to-blood ratio in
order to calculate a daily intake based on the bl ood
concentrati on.

Fortunately, we have sone very good human data to
provide this ratio. The point of central tendencies of
about 14 studies is about 250 to 1.

[ Slide.

This just shows you sonme of the cal culus that
goes into identifying what the dietary intake is. It is
related to this issue of the fraction of the daily intake
that is actually taken up by the blood, which is defined by
what i s absorbed, and then what portion of what is absorbed
actually makes its way into the bloodstream It also is
related to the blood volune, which is about 7 percent.
That is about standard, about the second trinmester of
pregnancy.

This is what we have the concentration in the
bl ood is based on what we see in the hair and the ratio
that | just nentioned.

[ Slide.

This just lays out the mathematics of this and
the concentration in the blood that equates to dietary

intake in mlligrans per kilogram per day was divided by an
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uncertainty factor of 4.5, providing us with an MRL of 3
m crograms or 0.003 mlligram per kilogram per day.

[ Slide.

Sone people say that | posed for this, but I did

not pose for this slide. How certain are we about what we

know?

[ Slide.

This attenpts to lay out--this nmay be one of
those other illegible slides--the standard factors of 10

that are typically used in deriving an MRL, 1 to 10 for
human variability, 1 to 10 for animl to human
extrapolation, 1 to 10 for extrapolation froman NOAEL to a
LOAEL, a nodifying factor to adjust for scientific quality
of the database | ack m ssing datasets perhaps, and 1 to
extrapol ate across duration.

Some have said that we do this because we have 10
fingers, but these are biologically distributed phenonena
that we are | ooking at, generally speaking, so dividing by
10, you enconpass 95 percent of the variability. So, it
does have sone basis in biological science.

[ Slide.

This slide sinply sorts out our treatnment of
uncertainty. Because we have human subjects being
assessed, there is no species-to-species extrapol ation

factor other than 1, because we used the NOAEL identified
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in the Seychelles study. W used a 1 because of the issue
of lifetime or long-termstudy over nultiple generations or
exposure over nultiple generations we use 1.

In ternms of human variability, we used a factor
of 3. This is a factor of 1.5 for pharnmacokinetics, which
we had determ ned through some nodeling that | believe
Harvey Clewell or Kenny Krump [ph] did for us, and then we
have the World Health Organization Steering Commttee on
Ri sk Assessnent pointed out, and | participated as a nmenber
of the Steering Commttee, that these are equally
det erm ned by pharnmacodynam cs and phar macoki netics.
Kinetics is howit gets there, dynamcs is what does it do
once it gets to the target.

So, we added these two conponents of this, and it
soneti nes has been said that we nultiplied uncertainty
factors. We did not do that. W added these two
conponents of this uncertainty factor and then nultiplied
it by a nmodifying factor of 1.5 to account for our concern
regardi ng domai n-specific effects out of the Seychelles.

[ Slide.

In summary, we have MRLs for nultiple forms of
mercury. The critical study was based upon sone of the
things that | have just nmentioned and that have been
t ouched upon el sewhere.

[ SIide.
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Sonme ongoing activities. W are just again
following the science, where it leads in ternms of the data
com ng out of the Seychelles and the Faroes. W have
devel oped an interaction profile on the contanm nants
typically found in contam nated fish in this country in
cooperation with EPA's O fice of Research and Devel opnent.

We are engaged in a study in the Czech and Sl ovak
Republics to | ook at perinatal exposures to persistent
organic pollutants. W are |looking at thinmerosol in sone
rodent studies to identify the conparative kinetics of
t hi merosol and nethylmercury , and it turns out that while
met hyl mercury has a half-life of from45 to 50 days,

t hi merosol ethylmercury has a half-Iife about one-fifth of
t hat .

We are planning a chelation workshop to cone
around this issue of chelation. The nercury docunent also
served as the basis for WHO s International Assessnent
docunment recently released. John Risher, who is here
today, is the author of that docunment. We are
participating in the OSTP-CNR Wor ki ng group.

| think there is one nore slide and I wll be
fini shed here.

[ Slide.

Cbvi ously, there is a lot of work going on, not

only on nmethyl mercury, but other fornms of mercury. W are
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commtted to a continuing evaluation and understandi ng
i nsofar as we can reduce uncertainty and provi de sone
i nproved gui dance to the public.

We will be |ooking carefully at the deliberations
of bodies, such as this, as we go forward with the update
of our tox profile later this year.

Thank you.

DR. M LLER: Thank you.

Questions, comrents?

Questions of Clarification

DR. HOTCHKISS: | just wanted to make sure that |
under st ood. You went through your MRL pretty quickly.
Your kind of bottom|ine nunber was 0.3 ncg/ kg/day?

DR. DeROSA: It was 0.3 ntg/kg/day, and it was
0. 0003 ny/ kg/ day.

DR. HOTCHKI SS: Then, | got that nunber, and that
is based on a number of factors, but, in essence, on one or
nore studies during the outcome of exposure during
pregnancy, is that correct?

DR. DeROSA: Yes, the two studies that were
pi votal there were the Seychelles, we used the nean hair
| evel and the highest quartile studied in the Seychelles of
| think it was 15.3 ppmin maternal hair, converted that to

a blood | evel, then used that blood | evel to back-cal cul ate
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a daily intake, and that daily intake was then divided by
the uncertainty factor of 4.5.

DR. HOTCHKI SS: And the 0.3 ntg/kg/day, can you
tell me when your agency publicly rel eased that anount and
what the response to that has been? Is it published in the
scientific literature?

DR. DeROCSA: The 0. 37

DR. HOTCHKI SS: Yes, and the rationale for it.

DR. DeROSA: Yes, the rationale and the overal
eval uation of the database is in the toxicological profile
on nmercury. That is about a 750-page docunent. It went
t hrough sonme extensive peer review, as well as public
comrent peri od.

We have had a range of different comrents on
that. There is a wi de spectrum of opinion about what the
heal th gui dance value for mercury should be, but | think
that nmore inportant than what the divergence of what that
opinion is, is that there is no disagreenment that
met hyl mercury is a neurotoxicant of the first degree, the
one that we have to be concerned about m nim zing exposures
to, and that while we continue to espouse the benefit of
fish as a conmponent of the diet, that because nmercury is
bad, if you had consumed fish with highly contam nated
| evel s of mercury, there may be inplications for your

heal th depending on the tinme of your exposure.
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DR. HOTCHKI SS: Thank you.

DR. M LLER: Dr. Nordgren.

DR. NORDGREN: | was wondering, would it be
possi ble for you to make copies of the last few slides on
how you determ ned this?

DR. DeROSA: Yes, we can meke those available to
you.

DR. NORDGREN: | think that is kind of crucial to
what we are trying to do here.

DR. DeROSA: Right.

DR. MLLER: O her questions or comrents?

| f not, we thank you very nmuch. It |looks |ike we
are right on schedul e.

W will now break for lunch. Please be back here
at 1 o'clock. W will begin at 1 o' clock precisely whether
it's just me or anybody el se.

[ Wher eupon, at 11:50 a.m, the proceedi ngs were

recessed, to be resuned at 1:00 p.m]
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AFTERNOON PROCEEDI NGS
[1: 00 p. m]

DR. MLLER | call the conmttee to order

Qur first speaker this afternoon is Dr. Penny
Kris-Etherton of Penn State University, who will be talking
about consumer nessages.

Dr. Kris-Etherton.

Consunmer Messages
Dr. Penny Kris-Etherton

DR. KRI S- ETHERTON: The topics | amgoing to
cover are shown on this slide. | wll talk about fish
recommendati ons from professional organizations and
gover nment agencies, such as FDA.

| amgoing to just give a real brief truncated
version of a talk that | give conmunicating fish
recommendati ons from both American Heart Associ ation, other
prof essi onal groups, and FDA, and then we will talk a
little bit about effective risk conmunication principles.

Then, | am going to present a consunmer research
nodel devel oped by the International Food |Information
Counci |l for comrunicating food and nutrition nessages
effectively. Then, we wll sumit up.

[Slide.
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A nunber of professional groups have nade
recomendati ons for fish consunption. Anerican Dietetic
Associ ation recommends eating two to three fish nmeals per
week to decrease risk of cardiovascul ar disease. 1In the
| ate 1990s, ADA published a position paper on wonmen's
health and nutrition, and this recommended consum ng fish
two to three tines a week.

[ Slide.

In the year 2000, the Anmerican Heart Association
rel eased their revised dietary guidelines, and | had the
distinct privilege of serving on the Nutrition Commttee
t hat devel oped these food-based dietary recomendati ons.
They differed fromother dietary recomendations that were
nutrient based in ternms of specific percent
recommendat i ons.

So, Anerican Heart Association recomends two
servings of fish per week to confer cardioprotective
effects.

Then, USDA, Departnment of Health and Human
Services, in their dietary guidelines as presented in the
Food Gui de Pyram d, encourages two to three servings of
fish weekly.

[ Slide.

In terms of the fish recommendati ons nade by

Anmerican Heart Association, as | noted, in the 2000 dietary
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gui delines, a fish recommendati on was made, and that was
publ i shed in 2000. There was a science advisory published
in 1996 entitled, "Fish Consunption, Fish G, Lipids, and
Ri sk of Coronary Heart Disease.” WlIlIl, a |ot has happened
since 1996 with respect to fish and health benefits in
terms of heart disease, so there is another science
advisory in the pipeline, and I amnot at liberty to tell
you what it says except to say that at least it is in the
pi peline, it is going to be published pretty soon, and the
Anerican Heart Association took the position of |ooking at
heal th benefits with respect to heart disease and safety
issues with respect to environnmental contam nation

So, they bal anced a consuner nessage on the basis
of health and risk. That will be com ng out sonewhat soon.

[ SIide.

As | said, | amgoing to give just a truncated
version of a little talk that I give on fish and
cardi oprotective effects of onega-3 fatty acids. | have
given this talk many times and, as a cardi ovascul ar
nutritionist, I amdeeply commtted to the health benefits
of omega-3 fatty acids.

You are going to hear a detailed discussion on
nutrition issues tomorrow fromDr. Bill Connor, and this is
just sort of the tip of the iceberg of what | present.

[ SIide.
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The exact quote fromthe HA Dietary Guidelines is
shown on this slide. "Because of increased evidence for
t he cardiovascul ar benefits of fish, particularly fatty
fish, consunption of at least two fish servings per week is
now r ecomrended. "

VWhat is the science evidence that led to this
recommendati on?

[ Slide.

Well, this particular slide just shows the nmany,
the nultiple cardioprotective effects of onmega-3 fatty
acids in fish, and in particular, I will show you sone
evi dence that shows decreased incidence of sudden death,
reduced arrhythm as, antiplatelet effects which protects
agai nst thronbosis, marked triglyceride |owering such that
onega-3's are used by sone physicians in
hypertriglyceridem c patients, reduced coronary disease,
norbidity and nortality, and what we know is that both
al pha-linolenic acid, the plant derived source of onega-3
fatty acids, and mari ne-based onega-3 fatty acids, EPA and
DHA, have cardioprotective effects, higher intakes, about
900 ng/day of EPA and DHA given as a fish oil suppl enent
may benefit patients with coronary di sease.

Tonmorrow, you are going to hear about striking
neur ol ogi cal benefits in terns of the brain, the

vascul ature, eyes, for fetuses, infants, and young
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children. So, again, many, many health benefits of onega-3
fatty aci ds.

[ Slide.

Here are sone of the epidem ol ogi c evidence that
we have | ooked at that we took into account when we nmade
t he recomendation for two servings of fish per week. This
is fromthe Physicians Health Study Foll ow-up fromthe
Harvard Group. It was published in 1998.

What you see here is that with one to two
servings of fish per week and nore, risk of sudden death is
cut in half.

[ Slide.

In a very wel |l -known study, the DART study, which
stands for Diet and Reinfarction Trial, a secondary
intervention study, it was shown that nen with heart
di sease who were given fish advice to consune between 6 and
12 ounces of fish per week had a nuch greater survival
rate, as you can see, than nmen who got no fish advice.

In fact, for people who didn't want to eat fish,
they were given a fish oil supplenent of about 1 gram per
day, and those individuals have the same greater survival
rate as did individuals who ate fish, showing that the
cardi oprotective effects are due to onega-3 fatty acids.

[Slide.
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So, given all this, and given the FDA advice,
think that we have to put recommendati ons for fish
consunption in perspective, in the proper context, so that
people realize benefits and risks associated with fish
consunpti on.

This is a slide that Bill Harris put together,
and this is what we tell people. For pregnant wonmen and
wonmen who may becane pregnant, the risk for CVDis very
low, the risk for nmethylmercury toxicity is very high, and
so the recommendations for fish consunption are to avoid
shark, king mackerel, tilefish, swordfish, consume no nore
than 12 ounces per week of fish low in methylmercury, and
select a variety of fish lowin nmercury and PCBs.

[ SlIide.

To deal with other population groups, nmen under
45 and prenmenopausal wonmen, they have a noderate risk of
heart disease, risk of nethylnercury is pretty low, and the
fish nmessage for themis consune at |east two servings of
fish, preferably fatty fish, per week, consunme a variety of
fish, follow state and federal advisories, and for nen
greater than 45 years of age and postnmenopausal wonmen, who
have a high risk of CVD and | ow risk of nmethyl mercury
toxicity, we give themthe sane recomendati ons as we do

for the younger cohorts - consume at |east two servings of
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fish, eat a variety of fish, and follow state and federa
advi sori es.

So, this is one way | think of balancing the
health nessage with a risk nmessage, and that is, telling
peopl e health benefits and what FDA is recomrendi ng.

[ Slide.

Let's talk a little bit about effective
communi cati on strategies for consuners. | just want to say
two things real quickly on the side.

| have given the talk that | just showed you in
nore depth to a nunber of groups to date, and | talked to
di eticians and nurses and students, many of whom are non-
nutrition majors, and they are very interested in the fish
data, and | also talk about FDA recommendati ons.

| mention those four fish that should be avoi ded
by certain popul ation groups, and they are intensely
interested in this, they haven't heard this nmessage before
and | see themwiting furiously when | give that nessage.
Many of them come up to nme afterwards and want nore
i nformation about it.

So, | amfeeling that the nessage is getting out,
health benefits, but there are these risks because these
peopl e now are conduits to consuners. Hopefully, they are
getting the nmessage to bal ance health issues with risk

concer ns.
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Then, one other thing that | do want to say is
t hat because of new processing techni ques and pl ant
breedi ng techni ques, consunption of alpha-linolenic acid in
the United States is decreasing. Soybean oil and canol a
oil are rich sources of al pha-linolenic acid, the plant-
derived source of onega-3 fatty acids, and a | ot of food
processors are trying to decrease al pha-linolenic acid in
these oils to make these oils nore stable and increase
their shelf life.

We have actually had an increase in al pha-
linolenic acid since the 1970s. W used to eat corn oil
and safflower oil, and now that we eat soybean oil and
canola oil, the intake of al pha-linolenic acid has
i ncreased markedly.

Now, it is going to decrease with these new pl ant
br eedi ng techni ques and food processing techni ques, and so
t hat door is closing, and consunmers need a source of onega-
3 fatty acids, and that can be fish eaten in the proper
cont ext .

So, let's ook at effective consunmer nessages.
want to talk a little bit about challenges and barriers in
conmuni cating risk-benefit messages. You have to keep in
m nd that people are different. Sone understand and want a

| ot of technical information, and others do not.
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So, the current advisory that FDA has, has an 888
nunber, so consumers have easy access to additi onal
i nformati on, sonmewhat extensive personal control over
potential risks and others prefer not to be bothered. They
say, okay, FDA is taking care of this, | don't need to
worry about it.

Here is where | think there is sort of a double-
edged sword here in that often nmessages are precise and
accurate, and they are too conplex for nost to understand,
and yet, on the other hand, sinpler nessages may be accused
of being inaccurate, inconplete, or manipulative, and so
sonehow we have got to cone up with a bal ance here and
communi cate effectively with consunmers, giving them a
nmessage that they can understand quite sinmply, but then
giving them access to additional information.

| think FDA does a wonderful job with that.

[ SIide.

What are sonme factors that interfere with
nmessages being heard? Well, at the top of the list is
credibility of the source, and here is where FDA has no
problemw th credibility. They are seen by consuners as
bei ng a safety net for the public. They are not an
advocacy group, they are not a self-serving group.

One ot her problemthat consumers are faced with

is inconsistent and contradictory nessages across credible
M LLER REPORTI NG COMPANY, | NC
735 8th Street, S E
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

sources. This happens all the tinme. It happens with
pr of essi onal organi zations, and | think we all know about
conflicting agency nessages, as well.

These are all problenms that | think can be dealt

with

[ Slide.

So, how can we overconme barriers? That is with
credibility and trust. It is really inportant to know and
target an audi ence, respect their concerns. | think FDA

does a real good job with that in terns of printed guidance
Wi th pregnant wonen. We need to use plain, clear |anguage.
Keep nessages short, but refer to other references, and
there are sone people who really do want a | ot of
addi tional information, and that can be done using an 800
nunmber or a web site.

DR. MLLER: Dr. Kris-Etherton, you have five
nore m nutes.

DR. KRI S- ETHERTON:  Okay.

[ SlIide.

| just want to say that it is really inportant
t hat messages be placed in the proper context.

[ SIide.

We have very good exanples where this isn't done.
Here is a headline that cane out in the |local news -

"Transfusion fat is unsafe to eat," and this is in response
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to a National Acadeny of Science reconmendati on saying that
there should be no upper Iimt for trans fat and that the
recommended | evel then is at zero.

Well, we know that it is inpossible to eat a
healthy diet, for the nost part, with a trans fat intake of
| ess than zero, but here is an exanple where | think a
wel | -i ntended nessage got m sconstrued, so that with fish,
then, it is really inportant that consumers understand the
context of the health nessage and the risk nessage.

So, for exanple, one way that this could go awy
is if we say to pregnant wonen elimnate these fish, well,
shoul d pregnant wonen elimnate all fish, that is one thing
t hat could happen, and then finally it could be
m sconstrued that everybody should elimnate all fish.

So, we have got to be real careful to get our
messages out carefully.

[ SIide.

Just real quickly. Here is an IFIC nodel for
effective communi cation in health nessages.

[ SIide.

Consuners want nessages that are positive, short
and sinple, individualized, specific and nanageabl e,
provi de a payoff, and they want things to be fun. Life
needs to be a |ot of fun.

[ SIide.
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Here are sone exanples, real quickly. Be
positive. | amgoing to use an exanple fromthe Consuner
Advi sory from FDA. Seafood can be an inportant part of a
bal anced diet for pregnant wonen. It is a good source of
hi gh-quality protein and other nutrients, and is low in
fat. A very positive nessage.

[ Slide.

Crafting tips with consunmer appeal. Keep it
short and sinple. Try a different fish reci pe each week.
Try many different species of fish.

[ Slide.

| ndi vi dual i ze the message. |If you |l ove deep-
fried fish, try pan-fried fish with just a little vegetable
oi l.

[ Slide.

Crafting tips with consuner appeal. Here is one
that | think is very relevant to the topic at hand. Make
it specific and manageable. |If you are pregnant or
pl anning to become pregnant, avoid shark, tilefish, king
mackerel, and swordfish

[ Slide.

And then provide the payoff. Follow EPA, FDA
ADA, AHA, USDA guidelines for fish consunmption. You wl
be safe and healt hy.

[ SIide.
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Finally, make it fun

[ SlIide.

My last slide is a sunmary. | have shown you
significant health benefits of fish consunption, and
because of this, the scientific conmmunity has nmade a
specific dietary recommendati on, however, consuners have to
be aware of recommendati ons of FDA for fish consunption,
and they need to know how to bal ance benefits and risks in
i mpl enmenti ng these reconmendati ons.

Thank you very nuch.

DR. M LLER: Thank you.

Questions? W©Ms. Hall oran.

Questions of Clarification

MS. HALLORAN: I n your presentation, you
menti oned that when you indicated these species of fish,
that shouldn't be eaten by pregnant wonen, everyone takes
avid notes.

DR. KRI S- ETHERTON: Yes.

MS. HALLORAN: It was al so ny experience in
preparing for this neeting and nentioning to people what it
was about, that it was very nuch the same, nobody knew that
pregnant wonen weren't supposed to eat swordfish

DR. KRI S- ETHERTON: Yes.

MS. HALLORAN: | wonder if you know--to nme, this

is nore of negative nessage than a positive one, that this
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message is not getting out and that sonmehow this is not an
effective public health tool, at least as it is being done
presently--1 wonder if you are aware of or if anybody is
aware of information or surveys or research indicating how
much of the American public of child-bearing age who is
femal e actually knows about this advice.

DR. KRI S-ETHERTON: | don't know t hat
information, but your point is very well taken because,
frankly, with every talk that | have given, at |east 10 and
probably nmore than that, it is clear to ne that this is
news to everybody, virtually everybody.

DR. MLLER  Dr. Dwyer.

DR. DWER: | have a Boston Nam ng probleml
guess. | don't know what tilefish is. 1s there another
nanme for tilefish, does it go by another nane?

| guess | know what mackerel is because | am
I rish, but what about tilefish, is there a nane that people
recogni ze when you give these tal ks?

DR. KRI S- ETHERTON: Actually, when | say

tilefish, nobody knows what it is. It is a fish that is
not commonly consuned. | have never seen it in
restaurants, | have never seen it in the supermarket.

PARTI Cl PANT: Gol den or white mackerel it is

cal | ed.
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DR. KRI S- ETHERTON: No wonder | have never seen
it. Thank you.

DR. RUSSELL: Another question with regard to
nam ng. King mackerel, is there other types of mackere
and does someone have to go in and say is this king
macker el ?

DR. KRI S- ETHERTON: | have seen nmackerel in the
super mar ket as macker el

DR. RUSSELL: Yes. | have never seen it
otherwi se differentiated. Johanna, you being Irish, are
there several types of mackerel ?

PARTI CI PANT: There are a | ot of types of
macker el

DR. RUSSELL: |Is that the type that woul d be nost
commonly in the fish store? | just don't know.

PARTI CI PANT:  You see Spani sh mackerel a lot in
the sushi restaurants, that is the one with shiny skin on
the outside with the yell ow spots.

DR. M LLER: Could you identify yourself for the
record?

DR. RAINES: Yes, sir, Ben Raines [ph]. [OFf
m ke. ]

DR. BUSTA: Penny, | am assum ng that these

studi es that show i ncreased fish consunpti on being
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beneficial take into consideration that this reduces the
eating of other kinds of food.

DR. KRI S- ETHERTON: That is a very good point,
and that is another benefit of eating fish is that
oftentines it is a substitute for fatty neat, and so it is
a real good way to decrease calories, total fat, and
saturated fat.

DR. BUSTA: |Is that possibly the main reason it
wor ks rather than the fish itself, if you just didn't eat
12 ounces of neat?

DR. KRI S- ETHERTON: That is a very good question,
and, in fact, there are a couple of supplenent studies out.
One is a very fanmous one, Jissie [ph] study, and it's a
long Italian nanme. It was a very |arge secondary
prevention study where people who had a heart attack got a
fish oil supplenent every day conpared with those that
didn't, and with the fish oil supplenent, there was a
mar ked reduction in all secondary events.

DR. M LLER  Dr. Fischer.

DR. FISCHER: In the recommendations, it is
indicated that if the woman is pregnant or considering
becom ng pregnant, they should not eat the list of fish.

This tells me that we think that the damage done

to devel opnment by met hyl mercury can occur very early,

M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

during the first trimester anyway, right? Now, is there
scientific data to back that up, that you know of ?

DR. KRI S- ETHERTON: The data that | know of is
what happened in World War |1, when wonmen were exposed to
enor mous doses of nethylnercury in the early trinmester.
There were effects at that point, but these were really
huge, enornous doses of methyl mercury.

So, early on in pregnancy, it can have an effect
is my understanding, but it has got to be real |arge doses.

DR. FI SCHER: We heard some reference that the
effects were nore toward the end of pregnancy, during brain
devel opnent, that was the critical time, so | amjust
aski ng whet her these recommendati ons were based upon firm
scientific data.

DR. KRI S- ETHERTON: | guess what | know is, you
know, from what happened in World War 11, that sonme wonen,
even in their first trinmester of pregnancy, had adverse
pregnancy outcone, that's all

DR. APCSHIAN: Is Dr. Myers still here, because
in his review article, | think he--is he here or has he
left--in a recent review article, he points that
nmet hyl nercury has an effect on brain growh during the |ate
period of pregnancy and during the first few years of the

person's life.
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DR. MLLER: Well, | think in listening to Dr.
Kris-Etherton, she is tal king about pregnancy outconme, so
the influence of mercury was on the pregnancy rather than
on the fetus. Isn't that what you were saying, Penny?

DR. KRl S- ETHERTON:  Yes.

DR. APOSHI AN:  Then, the Anerican Heart
Associ ati on has not taken a stand on the vul nerability of
the fetus to methylmercury in fish?

DR. KRI S- ETHERTON: They really haven't
consi dered that.

DR. DWER: Is there, in fact, firmevidence that
the only effects of nethylmercury are on the third
trimester of pregnancy?

DR. KRI S-ETHERTON: | don't think so, Johanna,

based on what | know about what happened in World War 11,

but that is ny only knowl edge of that, | don't know.
DR. FISCHER: | nust say | don't know this World
War || dat a.

DR. APCSHI AN: Is that published in the
scientific literature, the Wrld War |1 data?

DR. KRI S- ETHERTON: Let ne delve into this a
little bit further.

DR. M LLER: O her comments?

I f not, thank you.
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DR. M LLER: Just to explain to those of you who
t hought you would see Dr. Schober, Dr. Kris-Etherton has to
make a plane, and Dr. Schober agreed to nove down one sl ot.

Qur next speaker is Dr. Susan Schober to talk
about the NHANES st udy.

Nati onal Health and Nutrition Exam nati on Survey
Dr. Susan Schober

DR. SCHOBER: (Good afternoon

[ Slide.

This afternoon, | wll describe the current
Nati onal Health and Nutrition Exam nation Survey or the
NHANES and present data fromthe just released 1999-2000
NHANES on bl ood nmercury levels in children and in wonen of
chil d-bearing years.

[ Slide.

First, I would like to acknow edge that the
NHANES mercury conponent is the result of collaboration
with several agencies. In addition to the CDC, ny center,
t he National Center for Health Statistics and the Nati onal
Center for Environnmental Health that did the | aboratory
wor k, the coll aborators in this conponent are the Food and
Drug Adm nistration, EPA, the Department of Energy, NH
and the National Oceanic and Atnospheric Adm nistration.

[Slide.
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The primary objective of the NHANES programis to
assess the health and nutritional status of adults and
children in the United States.

[ Slide.

The anal ytic and research goals for NHANES are
listed in this slide and the next one. These goals are
driven by what is unique about this survey, and that is the
ability to address public health issues that can best be
addressed t hrough physical exam nations of the U S.
popul ati on.

The goals are to estimate the preval ence of
health conditions and related risk factors in the U S., to
descri be awareness, treatnent, and control of selected
di seases, to nmonitor trends in health and risk behaviors
and environnental exposures over tine.

[ Slide.

To study the relationship of diet, nutrition, and
health, to explore energing public health issues, and to
establish a national probability sanple of genetic
mat eri al .

[ Slide.

The survey is conprised to two parts. There is a
househol d i ntervi ew and an exam nation conponent. The
househol d interview covers a wi de range of topics including

soci odenogr aphi ¢ i nformati on, questions on medical history,
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health care coverage and need, health behaviors, nutrition,
and there are sonme questions on environnental occupational
exposur es.

The exam nati on conponent of the survey is
conducted in specially outfitted nobile exam centers.
There is an exanple of one shown in this slide. The
topics, the major health topics that we cover in the
exam nati on conponent include cardiovascul ar di sease,
ost eoporosis, oral health, vision, hearing, bal ance,
fitness and strength, nutrition, anthroponetry - thereis a
whole list, nental health risk behaviors, and environnent al
exposures and infectious diseases.

As part of the exam nation, blood is obtained by
veni puncture fromall participants who are one year and
ol der.

[ Slide.

The NHANES uses a conplex sanpling strategy to
obtain a sanple that is nationally representative of the
civilian non-institutionalized househol d popul ation.
Persons of all ages and fromall states and the District of
Colunbia are eligible to be included in this survey.

The first stage of sanple selection is the
sel ection of counties or primary sanpling units, and then
within those counties, household segnents are sel ected, and

finally, sanple persons fromthe sel ected househol ds.
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It is inportant to note that within each
geographi c | ocati on where we conduct the study, people are
not selected to be representative of that | ocation.

[ Slide.

Begi nning in 1999, NHANES becanme a conti nuous
survey with annual sanples representative of the U S.
popul ati on. The continuous survey will be rel eased as
public use data in two-year groupings or cycles in order to
provi de adequate sanple size for subgroup anal yses.

Typically, we go to 15 primary sanpling units
each year, are selected each year, and the annual sanple
size is approximtely 5, 000.

[ Slide.

The NHANES sanpl e design includes oversanpling of
m nority popul ati ons and other groups in order to provide
reliable estimtes for these subgroups. |In the current
survey, we are oversanpling adol escents, ol der persons,
pregnant wonen, bl acks, Mexican-Anericans, and beginning in
2000, we al so oversanpled | owinconme whites.

[ SIide.

This slide shows the response rate and sanpl e
size information for the 1999-2000 NHANES t hat was | ust
rel eased. We went to 26 | ocations throughout the United
States; 12,160 people were selected to participate in the

study, and, of those, alnost 9,300 participated in both the
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interview and the exam nation, which gave us a response
rate to the exam nation conponent of 76 percent.

[ Slide.

The NHANES nercury conmponent was conducted for
two subgroups for whom mercury exposure is of particul ar
concern - wonen in child-bearing years, and in our study,
we define that as wonen 16 to 49 years old, and in children
1 to 5 years old.

As we know fromthis neeting, the mercury
exposure anong wonen of chil d-bearing age is of particular
concern because the devel opi ng nervous system of the fetus
is nost sensitive to the adverse effects of nercury
exposure.

Mercury exposure in young children is al so of
i nterest because of continuing neurobehavi oral growth and

devel opment in this period of life.

[ SIide.
Today, | will be presenting information on tota
mercury concentrations in blood. 1In the future, there wll

al so be information on hair nercury levels in the wonen and
children, and also on urine nmercury levels in just the
wonen.

[ Slide.

The sanple size for the children 1 to 5 years old

is 705, and the sanple size is 1,709 for the wonen.
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[ Slide.

The bl ood speci nens were anal yzed for total
mercury and inorganic nercury in the Trace El enents
Laboratory of the National Center for Environmental Health
at CDC in Atlanta. The |aboratory used an automated cold
vapor atom c absorption spectrophotonmetry to conduct these
measurenents. The detection |imt was 0.14 ncg/liter or
ppb for total mercury, and 0.4 for inorganic nercury.

The inorganic mercury was non-detectable in 98
percent of the sanple, and | will only be presenting
information for total mercury.

[ SIide.

The distribution of blood nercury levels in
children and wonmen for this presentation are described
t hrough the cal cul ation of percentiles in geonetric neans.
Sanpl e wei ghts were used to account for the conplex survey
desi gn, the oversanpling, and for non-response.

Standard errors are calculated with a statistical
package of prograns call ed SUDAAN, which accounts for the
conpl ex survey design.

[ Slide.

The nmercury conponent al so includes questions
about fish and shellfish consunption. Survey participants
or its proxy respondents for the children were asked about

fish and shellfish consunption during the past 30 days.
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They answered questions about fish and shellfish
separately.

The basic question is: "During the past 30 days,
did you eat any types of fish listed on this card? |Include
any foods that had fish or shellfish in them such as
sandwi ches, soups, or sal ads."

The list of fish and then also the |ist of
shel | fish included ot her and unknown categories, as well as
specific species.

These questions were asked after respondents had
conpleted a 24-hour dietary recall that is conducted in the
nobi |l e exam center, so there is also information fromthe
24-hour recall about fish consunption.

[ Slide.

The geonetric nmean concentration of total nercury
in blood was 0.3 ncg/liter for the children 1 to 5 years
old, and approximately 1 ncg/liter in the U S. wonen 16 to
49 years old. We can see fromthis that the blood nmercury
| evel s were approximtely 3-fold higher in the wonen
conpared to the children.

[ Slide.

This slide shows the cunul ative distribution of
bl ood nercury levels in the children and wonmen, so it is
showi ng the percentiles on the X axis, and the bl ood

mercury levels in ncg/liter in the Y axis.
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One can see fromthe graph that the difference
bet ween | evel s of wonmen and children is greater at the
upper percentiles.

[ Slide.

| actually show the nunbers for the upper
percentiles, the 90 at the 95th for wonmen and chil dren.
The confidence intervals around those estimtes are in
parent heses and | see that in the 95th percentile, it goes
over to the left.

[ SIide.

Bl ood nercury levels were positively associ ated
with fish consunption in the past 30 days. This graph
again shows the cunmul ative distribution of blood nercury
| evels, and this is for wonen for three categories of fish
consunption - those who ate no fish in the [ast nonth,

t hose who ate one or two servings, and those who ate three
or nore servings.

Bl ood nercury levels increased with the fish
meal s consuned. The pattern was observed throughout the
distribution fromthe |Iowest to the highest percentiles.

| don't have a slide for this, but the geonetric
mean nmercury |levels were alnost 4-fold higher in the wonmen
who ate three or nore servings of fish in the past nonth
conpared to wonen who ate no fish in that time period

[ SIide.
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Here, | show the cunul ative distribution for fish
and shellfish consunption together to sort of exam ne how
we need to look at this. | understand that there can be
some exposure to nmercury fromshellfish, but what we see in
this slide is that wonen who ate both fish and shellfish
had the highest mercury concentrations conpared to wonen
who ate only fish or shellfish.

This could be related to the fact that wonen who
eat both just eat nore, and the wonen who ate only
shell fish had slightly higher |evels than wonen who ate
neither fish or shellfish during the past 30 days.

[ Slide.

Anong wonen 16 to 49 years, | have already shown
that the 90th and 95th percentiles for blood nmercury
concentrations were 4 and 7 ncg/liter respectively.

I n 2000, we have already heard discussion of the
Nati onal Academny of Sciences committee report. They
recommended a lower |limt benchmark dose or BMDL nodel ed
fromthe Faroe Island study of the devel opnental effects of
in utero exposure.

The BMDL that was recomended was 58 ncg/liter.
| am conparing the NHANES results to just the NAS
recommendations, not to other effects or risk |levels that

have been identified by other groups.
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In order to account for the uncertainties of
exposure neasures and the variability in individual
response to toxic effects of mercury, the National Acadeny
of Sciences conmttee further reconmended using an
uncertainty factor of 10 to calculate the reference dose.

This corresponds to a concentration of 5.8
ncg/liter of mercury in cord bl ood.

[ Slide.

In the NHANES, 1999-2000, there were no women who
had bl ood nercury concentrations at or above the BMDL of 58
ncg/liter. The highest blood nmercury concentration that we
measured in this sanmple of wonen was 39 ncg/liter.

But if you | ook at the proportion of wonen whose
mercury levels were at the value of 5.8 or higher, that
proportion is 7.8 percent. The confidence intervals around
that estimte are from5 percent to 10 percent.

[ SIide.

On this slide, | have |listed a coupl e of
[imtations of the NHANES with regard to providing
information on nmercury exposure in the U S.

First, the NHANES sanpl es was not designed to
over sanpl e subgroups within the U S. popul ati on, who are
frequent consuners of fish or who m ght be frequent
consuners of fish, so it was just sports fishernmen or

certain Anerican Indian or Alaskan Native groups, or
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popul ati on groups who may have higher mercury exposure
because of geographic | ocation.

Related to this point, it is not possible to
exam ne geographic variation in nmercury exposure in this
study, and this is partly because we didn't oversanple
based on geographic |ocation, and al so we do not provide
geographic information in the public rel ease data because
of statistical disclosure issues.

Finally, even the sanple sizes m ght seem quite
adequate, they are still quite small for subgroup anal yses
t hat people m ght be interested in.

DR. MLLER: Dr. Schober, you have five m nutes.

DR. SCHOBER: Thank you

[ SlIide.

The major strength, of course, of the NHANES is
that the survey provides estimtes that are representative
of the general U S. population. |In the case of the mercury
measures, we just did it in these two age groups, so these
are representative of young children and wonmen of child-
beari ng age.

These estimtes my be used as a reference for
studi es conducted in other comunities or groups who m ght
have potentially higher exposures.

As we continue to neasure blood nmercury levels in

future years of this study, these data will allow
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exam nati on of secular trends to eval uate conti nuing
efforts to reduce nercury exposure in the United States.

This survey al so provides soci odenographic
information, as well as fish and shellfish consunption
information that nay be exam ned in relation to the bl ood
mercury | evels.

I n concl usi on, the NHANES neasures of nmercury
exposure in wonmen and children are well below the |evels
consi dered hazardous fromthe epidem ol ogi c studies,
however, al nost 8 percent of wonen had bl ood nercury |evels
at or above the cord blood concentration that corresponds
to the reference dose recomended by the NAS conmm ttee.

This is a level that takes into account
uncertainties in neasurenents in the epiden ol ogic studies
and variation in individual response to the adverse effects
of mercury.

| hope that these NHANES data will be useful to
the FDA, the Food Advisory Commttee, as well as other
groups in devel oping the best advice for pregnant wonen and
wonen of chil d-bearing age about the inclusion of fish in
their diet.

Fish is a nutritious food. W have heard that
fromthe | ast speaker, and we don't want to tell wonmen not
to eat any fish at all.

[ SIide.
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My | ast slide shows the web site for NHANES where
one can go for nore information about the study, the
survey, as well as to find the link to download the data
that we just released fromthe 1999-2000 survey.

Thank you.

DR. M LLER: Thank you.

Comrents or questions fromthe commttee?

Questions of Clarification

DR. HOTCHKISS: | just wanted to nake sure
under st ood. The NHANES popul ation that you are talking
about, particularly the wonen in here, you would consi der
representative of the U S. fenmale population in |arge, but
not representative of any subpopul ati on of that group, am|l
correct in that assunption?

DR. SCHOBER: It is representative of the U S
popul ation in total, but we cannot say anything about
within the U S. population smaller groups. W couldn't
make separate estimates for groups that m ght have a higher
| evel of exposure because of nore frequent fish
consunption. That is beyond what is the average in the
U.S. popul ation.

DR. HOTCHKI SS: Then, the assunption that 8
percent of the female U. S. popul ati on woul d have a bl ood

| evel above 5.8, which thunbnail | cal cul ate out about 11
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mllion wonen in the U S. probably have a bl ood | evel above
that level, is that correct?

DR. SCHOBER: | didn't actually look at the
nunber of wonen, but it would be--

DR. HOTCHKI SS: |If you consider there are 280
mllion residents and roughly half of them are wonen, |
think probably it is alittle nore than half.

DR. SCHOBER: We can actually get that figure
exactly from our analysis.

DR. HOTCHKI SS: So, it would roughly be 11
mllion give or take a few probably.

DR. BUSTA: This is the first time | have heard
shell fish nentioned. | know we have been tal ki ng about
fish, and I am not sure that we have included shellfish in
this activity.

Did you do nuch differentiation about shellfish
and fish, the way it is prepared, what types, any kind of
ot her specifics?

DR. SCHOBER: We didn't. In this analysis, is it
just | ooking at any shellfish at all in the past 30 days.
DR. BUSTA: And any fish in the past.

DR. SCHOBER: And any fish except for that first
slide where | had the three levels of fish consunption, but
that was in the past 30 days.

DR. M LLER: Dr. Shannon.
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DR. SHANNON: | have actually nore than one
guestion, so you will have to tell ne when ny tinme is up.

My first question is | wonder why the nercury
isn't speciated. W are here to discuss nethyl nmercury, but
only total is being neasured, and, for exanple, | think
about either measuring mercury in children during a tine
when they are getting so many i muni zati ons, and you can't
tell us if the nmercury you are nmeasuring is nethyl or from
the thimerosol or what the source is.

| am sure your |ab has the ability to do that
speci ati on, so why wouldn't it?

DR. SCHOBER: As | understand, the | ab has, at
| east during the tinme period for these two years, had the
ability to do the speciation to neasure inorganic mercury.
| norganic mercury is best neasured in urine rather than in
bl ood, so the inorganic mercury |levels were belowthe limt
of detection for the mpjority of the wonen and children in
the sanple, so we feel that the total nmercury is a good
i ndi cat or of methyl mercury.

DR. SHANNON: But it wouldn't be in a child,
right?

DR. SCHOBER: | am not sure about that part of

DR. SHANNON: And if you look at children between

1 and 5, and you are neasuring nmercury, you don't really--
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think it is nmore likely to be fromethyl mercury and
thimerosol than it is fromnmethylnmercury and eating fish in
alto 5-year old.

DR. SCHOBER: | don't know what the | aboratory
pl ans are for further speciation particularly in the
chil dren.

DR. SHANNON: Am | able to ask another question?

DR. M LLER: Go right ahead.

DR. SHANNON: One of the advantages of the old
NHANES net hodol ogi es was that even though it took | onger,
there was | arge enough sanpling that you coul d produce nore
accurate estinmates of preval ence.

So, for exanple, the data that we still hear
about, the preval ence of childhood | ead poisoning is based
on the 1991-94 data, and in doing annual surveys with such
a smaller sanple size, the best we can do is what you have
given us here, are sonme 95 percent confidence intervals.

So, | am wondering if there is any type of plan
to take advantage of what the old NHANES offered in terns
of giving us preval ence data that we can feel confortable
wi t h.

DR. SCHOBER: The survey is now continuous, sSo we
wi |l be putting data out into your groupings. The next
data release will be data for 2001 and 2002, and then the

two, two-year releases can be conbined for four years of
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i nformation, which would provide | arger sanples sizes for
sone of these smaller groups in the |ower preval ence,
estimates that are of interest.

DR. SHANNON: Just finally, a comment nore than a
guestion. | wonder and worry about the value in | ooking at
the blood nmercury in wonen and extrapolating it to a cord
bl ood nercury. Do we really know enough about the kinetics
of methylmercury to feel that what you have in ternms of
bl ood nercury really is going to accurately reflect what
the cord bl ood woul d have been?

DR. SCHOBER: | am not an expert in that at all,
but | do believe fromthe literature that there are
different estimtes of the correspondence between what
woul d be neasured in cord bl ood versus maternal bl ood.

In sonme cases, | have heard there is a 1to 1
ratio, in other cases |I have heard--and | hope |I get the
direction correct--that it is a1 to 2 for maternal to cord
bl ood--or 20 percent higher, actually, not 1 to 2, but 20
percent higher.

MR. CLEVELL: Anywhere fromthe sane to 2 tines
hi gher in the cord bl ood.

DR. MLLER  Dr. Dwyer.

DR. DWYER: Thank you. | was interested in the

probe after you ask have you had fish in the |ast 30 days
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or shellfish, and then you show thema card with all of
t hese different nanes of fish on it.

DR. SCHOBER: Yes.

DR. DWER: Do you have the nanes of the fish
t hat you asked for, or could you make it avail able to us?

DR. SCHOBER: Yes, | could do that.

DR. DWYER: Thank you.

DR. M LLER: Dr. Nordgren.

DR. NORDGREN: The slide with the three different
groups of consunption, could you repeat those?

DR. SCHOBER: The | owest was no fish consunption
at all in the past 30 days. Then, it was one to two fish
servings in the past 30 days. Then, three or nore fish
servings in the past 30 days.

DR. NORDGREN: So, this is 30 days versus the
recommendation that we have for tw ce a week.

DR. SCHOBER: Right.

DR. NORDGREN: Two servings per week.

DR. SCHOBER: The reason | showed the data the
way | did, I was interested in show ng the cunul ative
di stribution, the upper percentiles.

The sanple size for wonmen who ate fish twice a
week or eight tines in the past 30 days or nore is 99, and
that is getting to be a pretty small sanple size to be

| ooking at these distributions.
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DR. MLLER  Dr. Friedman.

DR. FRIEDVAN. | aminterested if you have in the
dataset in general, not the part that you presented today,
denographi c i nformati on about the wonen and the
devel opnental data about the children.

DR. SCHOBER: We have sone denographic
i nformati on about the wonen, but not devel opnent al
i nformati on about the children. It's a cross-sectional
study. You nean the children--

DR. FRI EDVMAN: Assessnent. It could be cross-
sectional .

DR. SCHOBER: You nean the children 1 to 5.

DR. FRI EDMAN:  Yes.

DR. SCHOBER: | don't think we do this tine, no,
we don't. We have done the WSC rat in the previous
survey, but we are not doing that currently.

DR. FRI EDMAN: Thank you.

DR. ACHOLONU: You showed that in your studies
you used bl ood | evel of nmercury. Sone people have done
sonme work and have shown that the two mpjor target organs
for long-tinme exposure to nmercury is the nervous system and
t he ki dney, which means that we should be testing urine.

Wiy is your work limted to bl ood, why have you
not checked urine? And if you have not, why have you not

done the urine sanpl es?
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DR. SCHOBER: | didn't speak conprehensively
about everything that we do in the survey. W do a very
| arge nunmber of |aboratory assessnents. W do coll ect
urine sanples. | know that there is a couple of tests that
we do in the urine, sanples that m ght speak to kidney
dysfunction. | can't say exactly what those m ght be.

We could look at that. One would have to keep in
mnd that this is a cross-sectional study and we are
| ooki ng at current exposure, and it would a current
assessnent of kidney dysfunction. W wouldn't be able to
say anyt hing about the exposure over the lifetime of the
person.

DR. NORDGREN: Can | respond to that question?

DR. M LLER  Yes, sure.

DR. NORDGREN: It would be very hard to do urine
because nmercury levels in urine would be pretty neani ngl ess
unless it was a 24-hour urine because the urine is so
diluted and concentrated, so if you are measuring nmercury
at levels in a spot urine check, it would be pretty
meani ngl ess versus doing a 24-hour urine.

DR. SCHOBER: Excuse nme. | m sunderstood the
guestion. | was thinking that you were referring to tests
that would be reflective of kidney dysfunction in the

urine. We are neasuring nercury levels in urine, but I
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woul dn't think that that would be an indication of known
effect on the kidney, and it is a spot urine.

DR. APOSHI AN: | think, going back to nercury in
the urine, that that is still one of the classical ways of
detecting mercury toxicity by doing a creatinine that goes
along with it. So, spot urines are perfectly acceptable in
t he toxicology community.

DR. SCHOBER: We do do creatinine correction for
our urine assessnments.

DR. APOSHI AN: But urine nmercuries are usually
considered to be indicative of |ong-termexposure, whereas,
as you said, blood nercuries are indicative of short-term
or recent exposure.

DR. NORDGREN: | thought he asked nmercury |evels
in the urine. | thought that was the question.

DR. APOSHI AN:  Mercury |l evels can be done
relatively routinely, automatically now. Mbst |abs can get
down to 2 ncg/liter w thout any trouble whatsoever. | see
mass spec and ot her techni ques, and even with the cold
vapor nethod of determ ning nercury, you can get down to
about 2 ncg/liter if it is a good |aboratory.

DR. NORDGREN: But that is on a one sanple. |If
you are neasuring--the concentration in the urine depends
how dilute the urine is. So, if you drank a gallon of

wat er just before you gave your sanple--
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DR. APOSHI AN:  But that is why the creatinine is
done.

DR. NORDGREN: Ri ght.

DR. APCOSHI AN:  So, if you base your data on the
creatinine concentration, it does away with the dilution
factor.

DR. SHANNON: Isn't the primary issue, though,
that methylmercury is not excreted in urine, the primary
route of excretion for nethylnercury is bile, so we
woul dn't be that interested in nmeasuring nmercury in urine
anyway if we were interested in the extent of nethyl nercury
exposure.

DR. M LLER: Any other coments or questions?

I f not, thank you.

The next speaker is Ms. Caroline Smth DeWaal
from CSPI to tal k about Ri sk Managenment Strategies for
Met hyl mercury in Seafood - A Consunmer Perspective.

Ri sk Managenent Strategies for Methylmercury in
Seaf ood - A Consuner Perspective

Ms. Caroline Smth DeWaal

MS. SM TH DeWAAL: Good afternoon. | want to
t hank FDA for inviting me. | also want to apol ogize. W
had a maj or outbreak and recall |ast Friday, which has kept

me fully occupied, and I do not have a Power Poi nt

presentation, so | apol ogize.
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Leora Begosin, however, is going to hand out a
petition and al so consuner advisory that we have prepared
that is part of ny presentation, and, in addition, probably
tomorrow or the next day, we will get you copies of the
actual presentation.

CSPlI is supported by 800,000 consuners in both
the U.S. and Canada, and we are totally independent. W
don't accept governnent, industry, or even union
contri butions. We are really supported by consuners.

Met hyl mercury in seafood is not a new issue to
t he Food and Drug Adm nistration, but luckily for the
public, it is one that is getting increased attention.
apol ogi ze in advance if ny talk seens sonewhat |ike a
hi story |l esson, but this is a topic that | have been
wor ki ng on since the early 1990s, and there is a | ot of
hi story that | don't think this conmttee has gotten yet.

The Food Advisory Conmttee is being asked to
eval uate whether FDA's Consuner Advisory on Methyl mercury
is adequate to protect the health of those who follow the
advi ce.

To answer this question, | believe that the
committee nmust first be satisfied that the FDA's standard
or action level is sufficient to protect vul nerable
consuners. This is the sanme standard that the National

Acadeny of Sciences harshly criticizes in 1991 with the
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publication of a report called Seafood Safety, which I
don't believe has been discussed yet at this neeting.

Second, the commttee should eval uate the
appropri ateness of placing the entire burden for preventing
t he adverse consequences of methylnercury in seafood on the
consum ng public. This conmttee should explore the issue
whet her FDA shoul d be nore proactive in preventing the nost
hi ghly contam nated seafood fromreaching the marketpl ace
especially given the current status of the at-risk
popul ati on and the failure of FDA's past seafood safety
policies in addressing nethylmercury.

In 1999, we got the first glinpse of the current
| evel s of consunmer exposure to nethylmercury in the NHANES
study, the data which has just been presented.

This study showed that 1 in 10 wonen of child-
bearing age in the U S. are at risk of having babies with
| earning disabilities or other devel opnental defects
because of in-utero nercury exposure, primarily through
fish consunpti on.

This data shows, gives real-tine neasurenent of
the effectiveness of current risk management strategies in
protecti ng wonen of chil d-bearing age from accumul ati ng

| evel s of nmethylmercury that nmay have adverse effects.
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Unfortunately, the structure of the federal food
safety regulatory systemis fragmented and it is il
equi pped to neet this chall enge.

Two federal agencies, the Food and Drug
Adm nistration and the EPA, both have regulatory authority
over this issue, and a third federal agency has an
addi ti onal standard which we have heard about today, the
Agency for Toxic Substances and Di sease Registry, the
ATSDR.

Al'l three agencies have established standards for
human exposure of nethylmercury fromfish and shellfish
but none of the standards agree on what | evel of
met hyl mercury represents a threat to consuners.

The FDA has primary authority for regulating
seafood that is in the marketplace, that is commercially
sold, and it is nost of the seafood that is being consuned
by the U. S. public.

Using its public health mandate, the FDA
establi shed an action level of 1 part per mllion for
mer cury-contam nated commerci al seafood. For
recreationally caught freshwater fish, however, that
st andard doesn't apply, and EPA has issued its own
met hyl mercury gui deline under water pollution |aws.

The EPA's water quality criterion is based on the

Agency's reference dose for nmercury, which is 0.1
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ncg/ ki | ogram body wei ght/day. | think we have heard this
already, this is the daily exposure of the human popul ation
i ncludi ng sensitive subgroups that is likely to be w thout
appreci able risk of deleterious effects during a lifetine.

In sinpler terns, a reference dose represents the
daily dose of a substance that would be acceptably safe
even to sensitive subgroups. So, in the case of nmercury,
EPA' s reference dose is designed to account for effects on
t he devel opi ng fetus.

I n addition, we have al ready heard about the
ASTDR st andard, which has its own standard of 0.3
ncg/ kil ogranfday. Ironically, the nost protective public
health standard is the one put forward by the Environnenta
Protection Agency, and not the one put forward by FDA.

FDA's action level of 1 part per mllion for
mercury in fish was cal cul ated only to protect adults. It
was not devel oped with the consequences to the fetus in
mnd, and I will go into that later in nmy paper.

In terms of human exposure, and it is difficult
to make all these nunbers fit, but the FDA' s action |eve
translates to 4 ncg/ kg/ body wei ght/day. So, EPA is at 0.1,
ASTDR is at 0.3, and FDA is at 0.4 ntg/ kg/ body wei ght/ day,
which is four tinmes higher than EPA's reference dose.

Unfortunately, for pregnant wonmen and their

children, the seafood sold in supermarkets and restaurants
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is regul ated under FDA's weaker standard. Moreover, the
FDA's action level is only an informal enforcenment policy,
and it is not legally binding either on the Agency or on
t he seaf ood conpani es.

More inportantly, it does absolutely nothing to
prevent heavily contam nated fish from being sold to
consuners. FDA's action level on nethylnmercury is truly a
t oot hl ess tiger.

What FDA has done in response to the nounting
evi dence about the inadequacy of its standard is to issue a
consuner advisory, placing the burden firmy on consuners
to protect thenmselves fromthe risks that this toxic agent
i n seaf ood poses.

I n January of 2001, FDA issued a press release
telling wonen who are or may becone pregnant not to eat
shark, swordfish, king mackerel, and tilefish due to likely
contam nation. These wonen were told that it was safe to
eat up to 12 ounces per week of other types of cooked fish,
no warning. The warning was silent on tuna.

The FDA advisory also states that it would be
prudent for nursing nothers and young children to foll ow
t he sane recomrendati ons as wonmen who may or are pregnant,
may beconme or are pregnant.

FDA's decision to regul ate by press rel ease has

been highly ineffective and here are a few reasons. First,
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there was major rollout of the new advisory. There weren't
public nmeetings, there wasn't a press conference. There is
al so no | abeling or retail display prograns as part of this
program

Second, many consuners who need to hear the
advisory are very likely to actually hear it. Media
outlets frequently don't reach people who don't speak
English as a primary | anguage. Moreover, half of al
pregnanci es are unplanned, so to reach the appropriate
audi ence, the nessage really needs to be directed to all
wonmen of chil d-bearing age.

FDA's advice is so inconplete that several other
consumer and public health groups have devel oped conpeting
advice in order to fill this void. CSPlI issued its own
advice in the Nutrition Action Health Letter, which goes to
our 800, 000 nenmbers back in Septenber of |ast year, and we
have very specific recommendati ons for young chil dren about
tuna consunption, an area where FDA has been notably
sil ent.

I n addition, Consuner Reports magazi ne has issued
their own consuner advice including young children, and
Envi ronment al Worki ng Group has anot her piece of advice and
has |isted many nore types of fish. | know you will be

hearing from Richard Wl es tonorrow.
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At the sanme tinme that FDA came out with its new
consunmer advi sory, EPA issued a national consumer advisory
on recreationally caught freshwater fish, and EPA
recommended that wonmen who are or may become pregnant or
nursi ng nothers should eat no nore than 6 ounces of cooked
freshwater fish per week, and young children should eat no
nore than 2 ounces of cooked freshwater fish.

Al t hough EPA' s gui dance covers different fish
species, for nost consunmers, they were hearing a
conflicting nessage - should | be eating 12 ounces of fish,
6 ounces of fish. It is very difficult to conmunicate
clearly when we have all these conpeting nessages coni ng
out of the governnent.

Fundanmental |y, one of the problens that exists is
t he advisories for recreationally caught fish are put out
by the states and | ocal governnments. They get to pick and
choose which standard they use. So, you can have one state
using the FDA standard, you can have another using the EPA
st andard, even sonme states using nore protective standards
some using the Canadi an standard, which is nore protective
t han FDA.

So, again, consunmers are getting nessages that
are conpeting and are not clear because of these problens

with the federal standard for methylmercury.
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What is the response to all these conflicting
nmessages conming fromthe government? | think consuners
learn to m strust the governnment nessages and al so there is
huge confusion. People really don't know what advice to
fol | ow.

The result is a loss of confidence that the
nmessages that are com ng out of the governnment are really
truthful. W think one of the responses to this, and a
critical response, is to have an actual enforceable
standard for nmethylnmercury and seafood that FDA enforces.

The current action |level was first issued as an
adm ni strative guideline for fish in 1969 in response to
the M namata outbreak. At that tinme, the Agency set the
perm ssible | evel of mercury at 5 parts per mllion--0.5,
0.5 parts per mllion.

FDA converted this standard to an action level in
1974, recogni zing that chronic exposure to fish and
shel I fish containing nmethylmercury poses a greater
potential for danger to wonmen of chil d-bearing age than to
t he general popul ation.

So, in 1974, they recognized that pregnant wonmen
were an inportant subgroup to consider, but in later
action, FDA ignored this critical public health
consideration. Following litigation challenging its

mercury action level, in 1979, FDA relaxed the nercury
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standard to 1 part per mllion because of new information
on consunption and soci oecononi ¢ i npacts presented by the
Nati onal Marine Fisheries Service.

According to FDA, NMFS, National Mrine Fisheries
Service, concluded that--and |I am quoting here--"The hi gher
| evel would provide a significant econom c benefit to those
i ndustries nost seriously affected by regulatory actions
under the 0.5 part per mllion guideline."

In 1984, FDA revised the 1 part per mllion
mercury action level again, so that it applied only to
met hyl mercury. I n doing so, FDA acknow edged that the
revision of the action |evel mght result in increased
consuner exposure to nmethyl mercury, but concluded that this
increase in exposure will not be a public health concern.

Despite the recognition by FDA in 1974 that
exposure to nethylmercury m ght harmfetuses, no all owance
was nade in setting the action level and in revising this
action level to provide protection for pregnant wonen and
chi |l dren.

Later decisions in 1979 and 1984 that increased
exposure to mercury never revisited the issue of fetal
effects. It should not be surprising then that when the
Nati onal Acadeny of Sciences issued its seafood safety

reports in 1991, it extensively criticized FDA' s
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met hyl mercury action |evel for not adequately protecting
pregnant wonen and chil dren

Most notably, the NAS criticized FDA for basing
its standard on the | owest blood | evel of nmercury reported
to produce effects, the LOAEL, not the NOAEL, rather than
its typical approach of using the no observable effects
| evel .

Addi tionally, NAS pointed out that the FDA
standard failed to account for two critical variables, the
wel | -docunent ed di fferences anong i ndividual rates of
mercury elimnation and anong the fetal response to nercury
exposure.

The NAS concl uded--and | am quoti ng--"Although
the 10-fold safety factor as applied appears to offer a
reasonabl e degree of protection for adult effects,
projections of the fetal dose-response data suggest the
possibility of appreciable risk from nethyl nercury exposure
even at |levels to which many people are exposed via their
diet."

FDA did nothing to respond to this damming
report. Based on the mounting evidence of flaws in FDA's
mercury action level, in 1992, | petitioned FDA on behalf
of a consuner organization to establish a regulatory limt
for methyl mercury in seafood that woul d protect pregnant

wormren and chil dren.
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There were two significant conmponents to this
petition. First, we sought nore stringent standards that
woul d account for the fetal effects, but equally inportant,
it asked FDA to set a regulatory limt rather than just an
action |evel.

An action level identifies the |evel of
contam nati on above which FDA may bring enforcenent action.
At best, an action level is a yellow light for the industry
signal i ng when FDA may consider a food to be adul terated,
but each time FDA brings a case to renpbve seafood on the
basis of that action level, it nmust prove the threat to
public health caused by the seafood in question. You have
to bring the sane case over and over again.

A regulatory limt, by contrast, is a red light.
It signals to the industry that it cannot sell seafood that
exceeds that limt. It is a legally enforceable standard
that is binding both on the Agency and on the industry.

It elimnates the need for FDA to justify and
rejustify its action level in every separate case.
Unfortunately, FDA never responded to this petition.

During the 1990s, nmuch of the public debate over
mercury centered on EPA's efforts to clanmp down on nercury
em ssions fromfossil fuel -burning power plants. The issue

of mercury-tainted fish was never far fromthe spotlight,
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however, since Congress had asked EPA for a report on the
health effects of such em ssions.

DR. MLLER: Caroline, five m nutes.

MS. SM TH DeWAAL: Five mnutes? Thank you.

In its mercury study report to Congress in 1997,
EPA estimated that between 1 and 3 percent of wonmen of
chil d-bearing age eats sufficient ambunts of fish to be at
risk for nethyl nercury exposure. We now know that to be an
under esti mat e.

EPA also reaffirmed its 1 ncg/ kg standard as
protective of brain devel opnent in young children. EPA's
report was not well received, however, and so Congress
instructed EPA to conm ssi on anot her NAS study on the
appropriate reference dose for nethyl mercury.

The new NAS report was released in July 2000 and
garnered significant nedia attention. The 2000 NAS
comm ttee endorsed EPA's nercury standard of 1 ntg/kg/ body
wei ght / day.

NAS said EPA' s reference dose is "scientifically
justifiable for the protection of public health.” O
particul ar note, the NAS estimated that over 60,000 U. S.
children are born each year at risk or neurol ogical
probl ems due to in-utero exposure to nethyl nmercury.

What got little attention in the report was the

commttee's call for harnonization of the mercury standard
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anmong the different agencies, and as the earlier NAS report
found, several of the panel's recomrendati ons, when applied
to FDA's action |evel for nmethylnercury, reveal ed fatal
flaws in FDA's standard-setting process.

Specifically, the 2000 NAS panel found the
followng: There is a strong database of human and ani mal
st udi es showi ng neurotoxic effects, but that these are not
included in the basis for FDA's current action |evel.

Second, the NAS said that the devel opnenta
neurotoxicity should be the endpoint in calculating the
appropriate regulatory level for nethylnercury, but FDA has
used overt neurol ogical synptonms in adults as the endpoint,
therefore, its action level is set to protect adult nen
wei ghi ng 154 pounds and over.

Third, the NAS recommended a benchmark limt of
58 parts per billion in the cord bl ood, which corresponds
to approximtely 12 parts per mllion in hair, but FDA s
standard is approximtely four times higher than this.

This report added to the | arge body of science
showi ng the adverse effects of |ow |level nmethylnercury
exposure on the devel oping fetus, and since then, CSPI has
resubm tted our petition asking again for FDA to take
action.

More than a decade has passed since the first

Nati onal Acadeny of Sciences' report criticized FDA's
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standard for failing to offer adequate protection
especially for the unborn. A full decade has passed since
consuner groups first petitioned FDA to address this flaw.

Consuners should not have to continue to wait.
We have waited through the publication of two National
Acadeny of Sciences' reports, which essentially reached the
sanme conclusion, for the FDA to take action to protect our
heal th and our chil dren.

We have a nmountain of evidence today supporting
our call for a nore protective standard for nethyl mercury
in seafood, and we hope that this commttee will help nove

the Agency in the direction of setting an enforceable

st andar d.

Thank you.

DR. M LLER: Thank you, Caroline.

Comrent s, questions?

Questions of Clarification

DR. APOSHI AN: If there are no questions, | would
like to make a comment and a request. Fromthe reading
that | have done, especially on Sunday, there is a report

put out by the General Accounting Ofice--is that what it
is called, GAO of the U S. Government.

It is dated January 31st, 2001. It is a critique
of the FDA's Seafood Safety Program It is GAO 01204.

Coul d the nmenbers of the commttee get an executive
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sunmary, a copy of the executive sunmary of that report?

| s that possible, because | think it would be val uable for
us especially in light of what was just said in criticism
of the FDA to see what the General Accounting Ofice's
comments were. Thank you.

DR. DI CKINSON: Caroline, I saw your petition on
the web materials that were provided for us here. |
bel i eve you asked for an actual action level or limt or
regulatory limt of 0.17?

MS. SM TH DeWAAL: No, 1 part per mllion is the
current standard. We considered asking for--actually, no,
you are right, the cover letter to the petition this tine
asked themto use the EPA reference dose as their new
action level while they set a formal regulatory limt.

DR. DI CKI NSON:  And that would be 0. 1.

MS. SM TH DeWAAL: Yes.

DR. DI CKI NSON: M crograms per what?

M5. SM TH DeWAAL: M crograns per kil ogram

DR. DI CKI NSON:  Per kil ogram of ?

MS. SM TH DeWAAL: Body weight. The problemis
they have got to transfer that back to allowable level in
fish.

DR. DI CKI NSON:  And what, in your view, would be
t hat |evel ?

MS. SM TH DeWAAL: It would probably be 0.25.
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DR. DI CKI NSON: And we have been given a nunber
of tables.

M5. SM TH DeWAAL: That is 0.25 part per mllion.

DR. DI CKINSON: Parts per million, right. W
have been given 0.25 parts per mllion, right?

MS. SM TH DeWAAL: 0. 25

DR. DI CKI NSON: We have been given a nunber of
tables on mercury levels in fish, and a substantial nunber
of the sanples do appear to exceed that |evel.

MS. SM TH DeWAAL: Yes.

DR. DI CKI NSON:  What woul d be your comrent on the
i npact of that?

MS. SM TH DeWAAL: Well, | think, nunber one, it
woul d all ow them to make consuner advice that is nore
consi stent and nore health protective than the advice they
have today, but in addition, the data that you have on the
ampunt of nmercury in fish is quite flawed. It is based on
sone data that was collected, sonme of it 20 years ago, 30
years ago.

There has been ongoing investigation of this by a
newspaper down in Al abama, the Al abama Regi ster, and they
found significant anmnount of methylmercury in a number of
species that aren't even |listed by FDA

They al so note that the U S. Conmerce Depart ment

has admtted that the data that FDA is using today to
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anal yze nmet hyl nercury concentrations in seafood is
seriously flawed, and |I believe they are doing a new study,
a new seafood fish study to determ ne what are appropriate
| evel s.

DR. DI CKINSON: W thout regard to exactly how old
this data is, because I think we do have sone newer data
here, what is your comment if the result of that is to
basically put out of bounds a large fraction of the current
seaf ood supply?

MS. SM TH DeWAAL: Well, first of all, | think
the first question this commttee needs to |look at is
regardi ng the consumer advisory and whet her the basis, the
1 part per mllion standard should be the basis for that
consumer advi sory.

| think you need to have a nobre protective
standard in order to evaluate the fish that are taken in as
part of that consuner advisory.

Secondly, there are sonme species of fish which
will never come within the legal limt. | believe that
sonme species of shark and there are probably sone species
of swordfish which are regularly exceeding that limt.

| think they need significant warnings. You
know, we are basing these advice on the average consuner,

but realistically, people who eat swordfish, eat it over
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and over again. People who eat shark, eat it over and over
agai n, and nost of us never eat it.

So, | think we need to be realistic about who the
consuners are, and there may be sone species of fish which
shoul dn't be sold comrercially. They could still be
recreationally caught perhaps, but they shouldn't be sold
commercially if they can't nmeet governnment limts.

DR. SHANNON: | have for you, Dr. Mller, a
guestion of process. You gave us five specific charges and
gquestions we are here to address, and the issue that has
come up here is both the maxi num daily intake that the FDA
uses of 0.4, should that be revised, and the issue of
whet her the FDA should be thinking about a regul atory
action.

Nei t her of those are part of the five questions.
Should we, as the commttee, therefore assunme that we are
not going to touch that?

DR. MLLER: No, | think there are issues. W
want to concentrate on the five questions, because that is
t he questions the Agency asked us to respond to, but the
guestion of the dose level, | think is one of the
guestions, it is included in one of the questions.

Al'l of these issues have to be determned if you

are going to try and answer the questions.
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DR. RUSSELL: You didn't speak too nuch about the
ATSDR advi sory, which I think their conclusion was that the
| evel should be set at 0.3 ncg/kg/ day.

As | | ook at that study, |ooked at the way they
did it, they used the Seychelles study as the | ead study or
the critical study, whereas, the National Acadeny, as I
| ook at their summary, | don't have the whole report, but
as | look at the sunmary, is the Faroes study is the
critical study.

So, it is judging the science, | guess--see if |
have got this right--it is two different conmttees, each
feeling, one feeling that the science that should be
enphasi zed in one analysis was different fromthe other
analysis, so it is sort of a scientific disagreenment, I
gather. Is that correct?

M5. SM TH DeWAAL: Yes, and | think there are two
points | would make on this question. The first is that
there are actually two studies that show adverse effects.
One is the Faroe Islands, but the other is the New Zeal and
dat a.

So, | think you have to | ook also at the New
Zeal and study because that should be weighted into this
deci sion of which study to use. But the other thing is the
Faroe Island study--and | attended the neeting down in

Ral ei gh, North Carolina, where all the scientists from both
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studi es, and actually, it was about four studies, got
together to conpare their studies--and clearly, there is a
confounder in the Faroe Island study because of the
presence of PCBs in that study, that is probably not in the
fish in the Seychelles Islands.

But a key consideration is in the U S.
popul ati on, we probably have simlar consunption of PCBs in
t he seafood, so if there is a synergistic effect because of
those two chemicals in the diet or in the fish at the sane
time, that may al so be happening in the U S. popul ati on.

So, again, this is difficult because they are
bot h wel | -desi gned studies, they are both by very excell ent
researchers and groups of researchers, but | think you need
to figure out what best applies to the U S. popul ati on.

| will note that under the Food Quality
Protection Act, which isn't applicable here, but it wll
tell you where Congress is going with that, they have told
EPA to consider the synergistic effect of different
chem cals in our diet.

So, that is something that is currently going on
at EPA in terns of their analysis of pesticides, and |
t hi nk chem cal residues in seafood is an extension of that
anal ysi s.

DR. HOTCHKI SS: We have heard and | think nost

woul d agree that there is good evidence for positive health
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benefits fromconsum ng seaf ood products, and | think it is
reasonabl e to expect that any restriction in the standard
for methylmercury or nercury conpounds in fish will either
drive up the cost or reduce the availability of seafood

pr oducts.

Are you concerned that this may, in fact, have a
negati ve health benefit for the U S. popul ation rather than
a positive?

MS. SM TH DeWAAL: Well, | think we are talking
about different types of fish. | nmean there are over 300
species of fish for sale in the US. There is a huge
variety of fish. Sonme of them have nethyl nercury, a | ot of
them don't. The ones that have nethylmercury tend to be
predatory fish, they tend to be at the top of the food
chain.

You know, consumers could reduce their
consunpti on of swordfish and shark and even fresh tuna
steaks, and probably fill in with other species of fish
that don't raise this problem So, | don't see it as an
ei ther/or issue.

DR. M LLER: Dr. MBride.

DR. McBRIDE: | sense your concern about this
i ssue, and perhaps we are not here to address the question
of a reqgulation, but does your organi zati on take a stand on

the availability of cigarettes for the pregnant woman?
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MS. SM TH DeWAAL: The avail ability of
cigarettes?

DR. McBRI DE: Should they not be sold because
they are toxic to pregnant wonen?

MS5. SM TH DeWAAL: We haven't worked on that
issue. | don't know what our formal position would be.
mean there are specific warning | abels on cigarettes that
deal with pregnancy and on al coholic beverages that deal
wi th pregnancy.

| don't see specific warning | abels on seafood
products for pregnant wonen.

DR. McBRIDE: M ght that not be an alternative to
regul ati on?

M5. SM TH DeWAAL: As long as the science is good
and the data is good about which species of fish are
actually the ones that are nost at risk of causing harm
i ncludi ng recomendati ons on tuna and ot her things, yes,
warni ng | abels m ght be a risk managenent strategy.

DR. MLLER Dr. Mntville.

DR. MONTVILLE: Dr. MIler nmentioned this norning
when we started that science is an inportant conmponent of
policy, but not all of it, and while we discussed the
nunbers, whether they should 0.1 or 0.4, | amreally struck
by Dr. Hotchkiss' coment and yours that 1 in 10 wonen are

over the current standards, so we have 11 mllion wonen
M LLER REPORTI NG COMPANY, | NC
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546- 6666



aj h

over the current standard, and | don't think whether we
lower it to 0.1 or 0.01, will have nmuch effect on that.

As a consuner activist, how can we get that word
out and nmake it nore effectively received, so that we have
t he end product we want, which is fewer wonen goi ng over
the limt?

MS. SM TH DeWAAL: | have struggled with that
question because this is, as | said when | started, thisis
sonet hing | have been working on for about 10 years with
very little success.

But one concept is the fish we are tal ki ng about
tend to be pricey, they tend to be top end. Now, there is
a whol e i ssue about recreationally caught fish and
subsi stence, people who are fishing to actually provide
protein for their famlies, but for the FDA nodel, we are
really dealing with fish that are top-end fish

You know, perhaps there is a way to get the
message out to those consumers who tend to be--you know, |
mean wonen who are anticipating becom ng pregnant tend to
be information seekers.

We are trying to get consunmer nessages out to him
on listeria already, | nean so there m ght be a way to do
this, but the NHANES data clearly shows that the risk
managenent strategies in use today are not working

adequately to protect this popul ation, and so we need, you
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know, and one idea is to just let's take the worst fish off
the market to get the |l argest--because it's not all tuna,

it's probably not all shark, it's the |large ones, it's the
ones that are really that are older that have lived a | ong
time. They are probably also the breeders.

So, you need to figure out how you are going to
manage this, and one way to nanage it is the size of the
fish that is allowed for commercial consunption, and if you
had small er versions of that--1 would urge people on this
commttee to go back and | ook at the original 1991 NAS
study, because they actually went through and anal yzed if
you reduced the size of the fish available for commerci al
consunpti on, what kind of inpact that m ght have.

DR. MLLER: O her questions?

MR, SCHOLZ: Could you maybe just spend a m nute,
that you had nentioned in passing, a little bit on |abels
and signage at retail, what would your expectations be
consi dering what you just said about which fish should be
made avail abl e based on size, what if we have acceptable
| evel s, and because we are targeting a certain part of the
popul ation at retail, what would the expectation be to try
and address it with either warning | abel or signage?

MS. SM TH DeWAAL: Well, | think the nost
effective tool is to use a |label that actually affixes to

t he package, and the reason being that sonmetines the person
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who is doing the shopping is not, in fact, the at-risk

person.

So, if you have it actually affixed to the
package as it goes to the home, | think that is preferable
to in-store signage, but it still doesn't deal with howto

deal with the problemin restaurants. A lot of this fish
is sold through restaurants.

You know, it is a very popular nenu item and I
suggested actually to the National Fisheries Institute that
they run a canpaign tal king about how it's okay to have
swordfish for your 50th, your golden anniversary, but it's
not okay to celebrate the birth of your grandchild.

You know, they are trying to put a nessage out
there that people within a certain age group, wonen within
a certain age group should not be eating these species of
fish and trying to get that nessage out because a | ot of
it, even packaged stuff, label affixed to the package won't
address the conpl ete problem

Consuner education also is limted. | nmean we
have a | ot of nessages we need to get out to consuners.

Ri ght now I am working on |ike cook your hanmburgers, which
after years and years, 10 years of major problens, we are
still having to get that nessage out, and we are still

having a limted effectiveness.
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So, | just want to tell you from soneone who
really works hard to get good consuner nessages out to the
public, and with a readership of 800,000, this is tough to
get nmessages out and have them i stened to.

DR. APOSHI AN: | have | earned nore about fish
during the |ast three weeks than | thought | would ever
know in my whole life, but I ama skeptic and | went
| ooking for data, and it is ny understanding that the FDA
does not have enough noney to assay fish for nercury.

So, | took that on nyself. | didn't do it in ny
own lab. | bought 11 cans of tuna fish. | went to the
store and | was quite shocked. M wfe doesn't let nme into
grocery stores because she knows | am going to buy cakes
and jelly doughnuts all the time, but | was surprised to
find there are 21 different kinds of end brands of canned
tuna fish, 6-ounce cans. | amnot tal king about the big
one.

| wonder about sonme uneducated person wal king in.
But anyway, we took 1 of 11. W bought 11 different cans
for I think it was about $12.00.

| called the Clarkson Laboratory. | didn't want
to bias this with my own | aboratory doing the work. The
Cl arkson Lab at the University of Rochester is considered
to be the best analytical |aboratory for mercury in the

worl d. Sonme people m ght argue that, but | think the
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maj ority of people would say that, and they were very
graci ous.

They agreed to analyze the tuna fish. Now, the
action level of the FDAis 1 part per mllion, as |
understand it, so | was curious to see how many of these
sanpl es were anywhere near 1 part per mllion.

| also was surprised to find in ny reading that
sonmething |ike 27 percent of the seafood consuned in the
United States is canned tuna. | think there is a figure
sonmething |like that, that you can verify by going to sone
FDA dat a.

To make a long story short, one of the sanples, |
won't say the brand name, but it was a sanple of | ow
sodium so if your wife is pregnant, has high bl ood
pressure, | amnot a clinician, but | assunme soneone m ght
say if you are going to eat canned tuna fish, take the | ow
sodi um one.

That sanple had 1.24 parts per mllion. It has
207.6 m crograns of nmethylmercury we are tal king about in
t he six-ounce can. The mean of all these 11 was on the
order of 0.233 parts per mllion.

| am sort of surprised that our governnent
doesn't give the FDA enough noney to do this kind of
survey. We just did 11 cans, but certainly I would not,

and ny wife still could beconme pregnant, that is,
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certainly would not want her to be eating tuna fish with a
1.24 parts per mllion of methylmercury, and | think

sonet hing has to be done about protecting pregnant wonen
and, nore inportant for the future of the country, the
children that are going to be born to these wonen from
met hyl mercury, and if we don't advise themby putting it on
a can, then, | think we are sort of wasting our time if it
i s canned.

Certainly, when | go to a store now, or even when
| buy a candy bar, | read how nmany calories are on the
candy bar, and what else is in there, and | shoul d think
that the | abeling of the amount of nethylnercury, | know it
is difficult in fresh fish bought in the market or in the
restaurant, but in the can, the | abeling of nethylnercury
in a can of fish ought to be a relatively easy thing to do.

Thank you.

DR. MLLER: That is an issue. Rather than get
into a debate on solutions before we are ready for that
debate, that issue will come up when we neet on Wednesday.

Are there other comments?

I f not, thank you. You can run off to your
chopped neat now.

It is time for a break. Please be back and we
wll start exactly at 3:10.

[ Break. ]
M LLER REPORTI NG COVPANY, | NC.
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

Before Dr. Heimbach makes his presentation, Ms.
DeRoever has a comment to nmake.

M5. DeROEVER: This norning | believe | nentioned
t hat we have asked our guest speakers to fill out a form
related to possible financial associations with the seafood
industry. | believe | this norning | nmentioned that one of
the gentlenen did, but at this time, the other form has
come back and, for the record, |I do want to announce that
both Dr. Heinbach and M. Clewell do have a financi al
relationship with the seafood industry.

DR. M LLER: The next speakers are Dr. Janes
Hei mbach and M. Harvey Clewell fromthe Environ
Cor poration tal king about Fish Consunption Data and Ri sk
Assessnment Cal cul ati ons.

Fi sh Consunption Data and Ri sk Assessnent Cal cul ati ons
Dr. James Hei nbach

DR. HEI MBACH: Thank you very rmuch, Dr. Mller.

My name is Jim Hei nbach. | was asked to just
real quickly fill in who is JimHeinbach. | worked for the
Food and Drug Adm nistration for 10 years, from 1978 to
1988, which is a period just about concurrent with Dr.
MIller's tenure as the director of the Center for Food
Saf ety and Applied Nutrition.

After that, | spent four years in the Departnment

of Agriculture as Associate Adm nistrator of the Human
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Nutrition Information Service, Acting Adm nistrator for two
years. That is the part of USDA that does the food
consunption surveys, so | had a fairly heavy hand in
redesi gning the continuing survey of food intakes for
individuals to the formthat it has taken and the data that
we are going to be | ooking at today.

In 1992, | left and went into consulting, and was
most recently with Environ, which is how!l amlisted in the
program al though in point of fact, about three weeks ago,
| took early retirenment and am now a private consul tant.
So, | should announce that nost of the work that | am going
to be reporting here was done while | was at Environ even
t hough I am now presenting this as a private consultant.

[ SlIide.

From where | am standing, | can't see this, so
amgoing to pull this out just to make sure | don't |ose ny
pl ace. You do have a handout version of ny presentation.
The handout version includes an abstract, which I am not
putting on the screen for obvious reasons. It has |ots of
little words and you wouldn't be able to read it on the
screen.

Does exposure matter? Why am | tal king about
exposure? The EWG brochure suggested that the anmount of
fish that women eat should not have no inpact on whet her

t hey receive sound advice about safe consunption |evels.
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VWhat | am sinply pointing out is that the
begi nni ng of safety evaluation is |ooking at exposure, and
while | am not going to presune to advise either the Food
and Drug Adm nistration or this commttee on how you should
approach your risk managenent responsibilities, | am going
to suggest that an understandi ng of what the actual
exposure situation |ooks like is an inportant starting
point in determ ning how you want to nove ahead.

[ Slide.

| so want to start with a very frequently
m squoted line from Hi ppocrates, "Make a habit of two
things - to help, or at least do no harm™

Can we nove quickly through these slides.

[ SlIide.

This is sinply a rem nder to everyone that fish
is not sinply a carrier for nethylmercury or a carrier for
dioxin or a carrier for PCBs or whatever we may be
concerned about at the nonent.

It is a food. It is a food that is a very
i nportant part of the healthy diet.

[ Slide.

It has various benefits.

[ Slide.

Ot her speakers are going to be talking in far

nore detail as was already nentioned by Penny Kris-Etherton
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earlier. Both the American Heart Association and the
American Dietetic Association, representing also the

di eticians of Canada, have been recommendi ng actually
i ncreasi ng consunption of fish in this country.

[ SIide.

That being said, let's take a | ook at what is the
real information about fish consunption in the United
St ates and exposure to nethylmercury fromthis consunption.

[ Slide.

For some of you, this is going to be taking you
back to kindergarten, but for those of you who do not neke
a career of dietary assessnment, | just want to explain that
t he standard nodel that is used by virtually everyone who
does dietary assessnent as a portion of a risk analysis is
t hat exposure is a function for each source of the food,
what is the concentration of the contam nant of concern,
and how nuch of that food do people eat.

You multiply those two together, sumit over all
of the different foods, and that gives you the total
exposure.

[ Slide.

The information that we are using here or that we
are going to be tal king about here to estimate exposure are
two sets of food consunption surveys. There is the

Conti nuing Survey of Food Intakes by Individuals, known in
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typi cal governnental ese as the CSFIl, 1989 to 1991, which
was a three-day survey with one day of 24-hour recal
followed by two days of food records kept by the
respondents. That reports all foods consumed either at
home or away from home, and includes estimtes of the
portion sizes of the food.

I n that survey, anong the wonmen age 15 to 44,
30.5 percent reported consumng fish at | east one tinme over
the three-day period.

A nore recent survey is the CSFII, 1994 and 96.
This is also a national sanple. This has two non-
consecutive days of 24-hour recalls. That was part of the
redesign that | was responsible for back when I was the
Acting Adm nistrator.

Agai n, though, it reports all foods consunmed both
at honme and away from hone, and includes estimtes of
portion sizes.

In that survey, 25.4 percent of the wonen age 15
to 44, who provided two days of data, reported consuni ng
fish on at | east one of those days.

[ Slide.

Now, here is basically the way we estinate
exposure. Suppose we are interested in |ooking at exposure
to caffeine. We mght for a fairly typical wonan that on

day 1, she reports 180 grans of coffee and 240 grans of
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tea, and | provided here sone representative values for
what the caffeine concentration m ght be in the coffee and
the tea, which would lead to estimates of 90 m I ligranms of
caffeine and 72 mlligrams of caffeine fromthe coffee and
tea respectively.

On day 2, this woman m ght have had the sane
amount of coffee, and on that day she didn't have tea, but
she had 360 grans of a soft drink with a caffeine content.

So, what we would sinmply do is add up the
caffeine intake across the 2 days and get 288 m | ligrans.
Since that represents caffeine intake over 2 days, we
divide by 2 to get an intake estimate of 144 mlligranms of
caf fei ne per day.

Now, for a frequently consuned food or nutrient
or contam nant, that is one, that has a non-zero exposure
al nost every day, this can be up to a point regarded as an
estimate of the usual intake.

In other words, it would not be unrealistic to
say that this woman, this fictitious woman, usual intake is
144 mlligrans of caffeine a day. You mght legitimtely
estimate that her consunption over a week is about 7 tines
that, and over a nonth, is about 30 tinmes that.

[ Slide.

However, if you are dealing with an infrequently

consuned food, you can't use exactly that nodel, and ny
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favorite exanple of an infrequently consuned food is liver
In the 1994 and 96 survey, about 1 percent of the
respondents reported consumng liver.

The 2-day average nean daily intake is 38 grans
for these people who consuned liver. That would work out
toalittle over 30 pounds of liver a year. It would be
really not very valid to assune that this 38 grans a day
represents a usual intake, that liver consuners consune 38
grams of |iver day-in, day-out, over a year.

The 95th percentile would be over 100 pounds of
liver in a year. So, we cannot for an infrequently
consuned food, just take the information froma 2- or 3-day
survey and directly regard it as the usual intake.

[ Slide.

Now, that may sound |i ke sonething that no one
woul d do, but in point of fact, it does happen, and here is
a case where it did happen. This 60,000 newborns annually
at risk has beconme sort of an urban |legend. As a matter
of fact, we just heard it in the previous presentation.

This was given in the NAS report, the
Toxi col ogi cal Effects of Methylnercury. 1In the report
itself, there was no expl anati on provi ded of where that
nunmber cane from and consequently, Joseph Levitt, the

Director of CFSAN, wrote a letter to Dr. Robert CGoyer, the
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chair of the commttee, asking if he could provide nore
i nformati on about the basis for that nunber.

[ Slide.

Fromthe letter that Dr. Goyer wote back on
Decenber 6, 2000, this information was provided both in the
body of the letter and in an attachnment of a table from
EPA, that the U. S. popul ati on of wonmen of that age is 60
mllion, 30.5 percent are fish consunption, gives you 18
mllion. The highest 5 percent consum ng 100 grans of fish
per day gives you 918,000. Then you apply the birth rate,
and you get 60,000 newborns at risk.

[ Slide.

| want to focus on two of these nunbers, the
percent reporting fish consunption, 30.5 percent, and the
hi ghest 5 percent exposed consunme 100 grans of fish per
day.

[ Slide.

At the top, it just repeats those nunbers. The
bott om shows where those nunbers cone from They were both
buried in the EPA Mercury Study Report to Congress from
1997, which reported in the text, it actually wasn't in any
tabl es, that 30.5 percent of wonen aged 15 to 44 report

fish consunption during the 3-day survey period.
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This is not the percentage of wonen who consuned
fish, which is nore |ike 80-sonme percent. This is how nany
women consuned food during that 3-day period.

Simlarly, the 95th percentile fish consunption
of women age--it said 15 to 45, | don't know if they
changed the base or just wote the nunmber down wrong--is
113 granms based on the average of 3, 24-hour dietary
recalls. Now, it is actually one dietary recall and 2-day
records, but the point is that is a 3-day average. That is
not for an infrequently consunmed food, such as fish, a
legitimate estimator of the usual intake.

[ Slide.

I n conclusion, the figure on fish consunption is
3-day average. It represents only the distribution of fish
consunpti on over those 3 days by the wonen who reported
fish consunption during that peri od.

It overestimates the usual intake of fish even
for those wonen who were going to be obviously over-
representing frequent fish consumers, and it clearly
overestimtes the usual intake of fish for the wonen
popul ati on aged 15 to 44 in the U S. The actual best
estimator is nmore on the range of 45 grans, as we will see
| ater.

So, this shows the inmportance to nmy mnd of doing

your exposure estimations correctly.
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[ Slide.

When we are | ooking at an infrequently consuned
food, then, we have to have a different way of approaching
what constitutes the consunption, and the way that is
uni versally used by FDA, by EPA, by JCFA, part of WHO
pretty universally around the world is to redefine the
consunpti on as being the amunt consumed per eating
occasion or the portion for short, times the frequency of
eati ng occasi ons.

So, now, our exposure estimator is what is the
concentration of contam nant X in the food, what is the
portion size chosen of that food, and what is the frequency
with which that food is eaten. You nultiply those three
toget her and sumit over all of the sources, and that is
your estimator of usual exposure.

[ Slide.

Now, in a dreamworld, we would have all this
informati on on the sane people. The only way we coul d have
that is to have many days of intake data, have data for a
mont h, say, or possibly to have intake data and a food
frequency questionnaire admnistered to the sane
popul ati on, which is now what has been instituted with
NHANES, but had not been done before the 1999-2000 survey.

Even there, there are sonme questions about the

validity of food frequency questionnaires.
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I f you do not have information fromthe sane
peopl e, then, what you do is you use probabilistic nethods
to put these distributions together. So, we will select
froma frequency distribution that has a distribution of
how frequently wonen of age 15 to 44 consune fish.

W will select for each eating occasion from what
amounts of fish they consume on each of their eating
occasions, and we will select fromdistribution depending
on what species of fish we have here fromthe mercury
concentration distribution for that species of fish, and
bring these all together with Monte Carl o.

[ SIide.

So, we need information on the concentrations,
the distribution of concentrations of methylnercury in al
species of fish for which consunption is reported in the
surveys. We need to know the fish dishes and the portion
sizes that are selected by wonen age 15 to 44, and the
frequency of fish eating occasions.

[ SlIide.

First, methylmercury concentrations. There are
| ots of datasets. This has been alluded to with
met hyl mercury concentration. W specifically and very
del i berately use the nean methyl mercury concentrations that

EPA used in its 1997 Report to Congress.
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The reason for this is sinply that with different
estimati on met hods, you end up with slightly different
nunbers. It is nice to have at | east sone things in
common, so that you can understand what is the effect of
your met hods versus what is the effect of different
dat abases that you used, so we deliberately start with the
same dat a.

We use that same information in a report that we
provided to FDA in 2000 and in a paper that we presented at
the Society for Risk Analysis in Seattle in Decenber of
2001. Those were only point estimates.

The distribution data came fromthe National
Marine Fisheries Service 1975 Interim Report. The conplete
dataset that relates to those nmeans has been | ost, and
despite a | ot of efforts by FDA and the National Marine
Fi sheries and us and the National Fisheries Institute, and
who el se defined it, we never could, so we found this
interimreport, and we used that as the basis to use
regressions to derive log-linear nodels of the
met hyl mercury distribution for fish

| should nmention, by the way, that when you use a
mat hemat i cal nodel, you realize they are unbounded,
wher eas, biological distributions usually are bounded, so
we actually produced some mat hematical estinmators of

mercury concentration in fish that probably woul d never be
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met with in real life, even higher than even nunbers that
have ever appeared in analytical testing. W used them
anyway.

Finally, when you apply these nethyl mercury
concentrations that were nmeasured on raw fish to fish as
consunmed, you have to take into account the fact that when
fish is prepared, usually with heating methods of one sort
or another, it drives off noisture, and since the
met hyl mercury is not driven off, the fish, as consunmed, has
a higher concentration of nethylmercury than the raw fish
did. So, that needs to be taken into account when you are
estimati ng exposure al so.

[ Slide.

For portion sizes, we used data fromthe CSFI
94-96, where the foods are reported "as consuned.” Now
t hat means that sonebody says | had a tuna casserole or |
had fish sticks. They don't say | had 13.6 granms of
sal non, for exanple. To go fromthe food as consuned to
how much fish peopl e consumed, we used these two
translation files, first, the EPA translation file foll owed
by the recipe files from USDA.

[ SIide.

Here is an exanple. Here actually are two
exanples, | amjust going to nmention the top one, Food Code

28355260 is | obster gunbo. That is a noist heat processing
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

meani ng that whatever is the concentration that we draw in
the Monte Carlo for the mercury concentration of the

| obster, we will multiply that by 1.14 to estinmate what the
mercury concentration is going to be in the | obster as
consunmed in this.

This recipe file shows the | obster constitutes
11. 06 percent of this dish, so for every 100 grans of
| obster gunbo sonmebody consunes, the assunption is they got
11. 06 grams of | obster

The second one there is sinply to point out that
some foods actually contain nore than one type of fish, and
if so, we need to sumthe nercury concentration fromall of
the fish to estimate what the person is getting fromthat
eati ng occasi on.

[ SIide.

In the CSFIl, 593 wonen reported a total of 717
fish-eating occasions, representing 34 species of fish.
Now, this 34 species, there are actually nore forns than
t hat because we have fresh tuna, for exanple, separately
from canned tuna. W have fresh | obster separately from
canned | obster, and like that. W have farm trout
separately from caught trout.

This, you are going to see the significance of in
a mnute. For the wonen who reported nore than a single

fish-eating occasion, the sane species was reported 30
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percent of the tinme. This refers back to sonething that a
coupl e of previous speakers have alluded to, that there is
a certain degree of species loyalty, if you will. Wonen
who eat canned tuna tend to re-eat canned tuna. Wnen who
eat salnon tend to re-eat sal non, nen, too, | suppose, but
we are | ooking at wonmen here, so you will see what we did
with that in a nonment.

Al so, you will see what you did with this in a
nmoment, 64 percent of the reported fish-eating occasions at
honme, 36 percent away from hone.

[ Slide.

Now, to estimte frequency, first, we used a
single food frequency question from NHANES |11 that asked
the nunmber of times fish was eaten per day, per week, or
per nonth. The problemw th that data set is it provides
very weak information at the higher frequencies of
di stribution.

One of the things that you have in your packet of
materials is an analysis that we provided to FDA back in
2000 on consunption of canned tuna. There, we did a little
convergent validity study |ooking at three different ways
of estimating frequency.

One was just using the NHANES question al one.
The second brought in the NET survey, which I wll describe

in a nonent. Using the NET survey, actually, it gave us
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t he hi ghest estimtes of frequency of consunption, so it is
a very conservative way to go, but it does give us a better
estimator, and that is our goal, was to get the best
estimate we can.

The National Eating Trends Survey is a diary of
foods eaten over 14 days. It is a denographically bal anced
sanple, but it is a national probability sanple. They do
not report portion size data, they nerely report the fact
of eating.

We put together four years of data to get a
reasonabl e sanple size, and we had a sanple size of 3,881
women age 18 to 44 was the closest we could get to our 15
to 44 group that we were using, of whom just over half
reported eating fish consunption at |east once over the 14
days. O those, just over half reported eating it exactly
once.

However, that is only fish eaten at hone. So,
first, we nmultiplied by 30/14ths to estimate tines per
nonth and then we estimated total consunption by
mul ti plying by 100/ 64, renenber that 64 percent of fish was
eaten at hone, to get include neals away from hone.

Now, that does mean that the m nimmthat could
be reported, if a woman reported eating one fish nmeal in
t hat 14-day survey, it would be estinmate of three fish

meals a nonth would result fromthat estinnate.
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So, then we used the NHANES data to estimate the
proportion of people eating fish once or two tinmes a nonth,
and for the analysis we did, of course, we sinply did not
include at all wonen who did not report eating fish ever.

[ SIide.

Now, the first study we did with using this
approach was done foll ow ng exactly that nethodol ogy except
we did not get into the nmercury concentrations, we sinply
used the point estimate fromthe EPA Report to Congress,
and this is what we used for the report that we provided to
FDA in Novenber of 2000 and presented at the Society for
Ri sk Anal ysi s.

[ Slide.

According to that analysis, the data on the
consunption of fish--and the reason | am goi ng back here is
because on the current analysis, we focused only on
mercury, and actually, we didn't estimate fish, the Mnte
Carlo took us right through fish to mercury--estimated that
the nean, and | amgoing to go straight to the nean intake
of fish per eating occasion, so that is the average portion
size is 32.4 grans.

| want to interrupt to point out that is 2.6
ounces, and there seens to be a tendency to take FDA's

advi sory of not go over about 12 ounces a week to two, 6-
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ounce servings. Very few wonmen eat a serving of fish
anywhere near 6 ounces.

It is no accident that the reference anount
commonl y consuned for the purpose of |abeling set by FDA
was 55 grans for canned fish and 85 grans for fish steaks
and fish fillets, and so forth, and those nunbers are
actually based on information fromthe 1989 to 1991 CSFI I,
about what portion sizes are nobst commonly chosen.

So, this 72.4 granms that we have represents an
average of the roughly 30-odd percent that was canned fish
combined with the others. So, the wonmen actually only
average 2.6 ounces per eating occasion of fish.

The average frequency of eating fish is about 4.6
times a nonth, a little over once per week, and
consequently, the usual intake is about 11.3 grans a day,
which is the equival ent of about 2.8 ounces of fish per
week. So, that is the nmean fish intake of wonen age 15 to
44 in the United States.

The 95th percentile intake, taking us up near the
top of the distribution, cones out to about 11.3 ounces per
week. Now, interestingly enough, FDA al so estimted usual
intake at relatively high | evels of intake using a somewhat
di fferent nethodol ogy and estimated that the 96th
percentile is the 12 ounces of week that is the limt of

their recomended intake, so there is very high
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correspondence between our estimate of the 95th percentile
is 11.3 ounces, and FDA's estimte that the 96th percentile
is 12 ounces.

[ Slide.

So, for the current analysis, we did a 100, 000
iterations. The basic approach is first you do draw from
the frequency distribution. You m ght draw this woman, has
3 fish-eating occasions per nonth.

Then, you go into the CSFII dish/portion
di stribution, randomy select one of the 717 eating
occasions, say this is what that woman ate, and then for
t hat portion, depending on what species, howit is
prepared, you draw from the nmethyl mercury concentration
distribution for that species, adjust for the cooking
factor to increase the nethylnmercury content, and then you
go back to the basically draw the second occasi on.

[ Slide.

Now, let's see what we did with the repeat neal
probability. For the repeat neal probability, based on the
fact that wonen have a preference here to go back to the
sane foods, what we did was establish a 0.3 probability
t hat when we go back for the second draw for the sane
woman, for the one that we have drawn, let's say she is

going to have fish 3 times in the nonth.
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If our first draw was, let's say, 85 granms of
sal non, for the second draw, instead of draw ng randomy,
if that 0.3 probability conmes up, we give her 85 granms of
sal non again. Now, we redraw fromthe methyl mercury
di stribution because it is going to be a new source of
sal non, but she has a 0.3 probability of getting exactly
t he same species and the same portion size again.

This tends to increase for this brand loyalty.
Some who was first selected as having canned tuna, is nore
l'ikely on the next draw to get canned tuna again than
sonebody who had a different species, and so forth.

VWhat this does tend to do, it tends to draw out
your extrenmes. It increases the 95th, 99th, and so forth,
percentiles. It doesn't change the mean, but it puts the
percentiles further out because the wonen who have a
preference for relatively high nmethyl mercury-containing
fish, will get up higher by repeating that fish for them
over and over than if we were randomy selecting the fish
each tine.

[ Slide.

Here is where we cone out. The mean intake of
nmet hyl nercury is about 1.4 ntg/day. Now, in conparing that
with the EPA RfD, which is 0.1 ncg/kg, our intake of course
is per person, not per kilogram For a 60-kg woman, that

works out to 6 ncg a day. That is a little conservative.
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More often you use 65 kg, which would give you 6.5 ncg a
day, but | ooking at what would be protective for even a
sonmewhat smaller than average woman.

Al the way down at the 95th percentile of
intake, we are still |ooking at an intake of about 4.7
ncg/ person/day or, for a 60-gram woman, 0.08 ncg/kg/ body
weight. It is not until we get up well beyond the 95th
percentile that we pass the RfD

At the 99th percentile of intake, we are | ooking
at 8.9 ncg/day. Keep in mnd what | told you, though, that
this is an unbounded distribution. As we get up high
enough, we begin to see nore and nore the effects of us not
drawing a limt on biological plausibility for how nmuch
mercury one sanple of fish m ght be assuned to have.

[ Slide.

We conpared the intake distribution with three
endpoi nts that have been discussed - the EPA RfD of 0.1
ncg/ kg, the ATSDR m nimal risk level of 0.3 ncg/kg/body
wei ght/day, and EPA's BMDL of 1.0 ntg/kg/ day.

Now, | am not a toxicologist, I amnot going to
attenpt to discuss what the biological significance of
exceedi ng those nunbers is. | amsinply using those as
mar kers.

What we get is that about 2.9 percent of wonen,

assum ng 60 kg wonen, are above the RfD, 0.2 percent above
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the MRL, and sonething on the order of 0.0001 percent above
t he benchmark dose.

[ Slide.

Now, you may renenber that FDA' s advisory had put
sone enphasis on variety. | highlighted it a couple of
pl aces here by putting it in red. As |long as you select a
variety of other kinds of fish, you can safely enjoy eating
them Just pick a variety of different species.

Now, we can | ook at the effect of increasing the
variety of fish by taking out that repeat neal probability.
Renmenber, we basically mde a woman who sel ected one type
of fish for her first meal, to have a 0.3 probability of
getting that same fish assigned to her willy-nilly. Just
by taking that down to zero, so that each neal is assuned
to select according to marker probability, now, canned tuna
still has about a 29 percent chance of being selected and
porgy has a very small chance of being selected, but we are
not enforcing it.

[ Slide.

The effect of dropping that repeat neal
probability fromO0.3 to zero is to reduce the nunber of
exposures over the RFD by about 10 percent, from2.9 to 2.6
percent, drop exposures over the MRL by about 50 percent,
fromO0.2 percent to about 0.1 percent, and exposures over

the BMDL were essentially at zero anyway, and they add
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anot her couple of decimal points before the first figure
when you increase the variety.

[ Slide.

So, what do we conclude? First, at current
| evel s of fish consunption, wonen age 15 to 44 are very
rarely exposed to nethylmercury fromcomercial fish, and I
do want to enphasize we are only | ooking at commercial fish
here. W are not taking into account recreational or
subsi stence fisher information, which are not fish that are
regul ated by FDA, and it is not directly influenced by FDA
advi sory.

They sinply are not exposed to |evels of
met hyl mercury that woul d place the newborn children at
risk.

Second, FDA's current advisory, assumng it is
adequately publicized, is adequately protective of pregnant
women, not just average wonen, but also wonen who are
fairly heavy consunmers of fish

Finally, further, FDA s advice to choose a
variety of fish is appropriate advice, it is well-conceived
advice, it is certainly very sound nutritional advice, and
also is advice that will result, to the extent that it is
foll owed, in reducing nmethylnmercury intake for the sane
| evel of consunption of fish.

[ SIide.
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Addi ti onal conclusions. The exposure data do not
suggest a need to revise the current FDA advisory. They do
not suggest a need to advise wonmen to avoid or limt
consunpti ons of species of fish other than those |isted.

As | said, the nodeling indicates that increasing
the variety may reduce exposure to nethylmercury, and
suggests that perhaps that part of the advisory m ght be
strengt hened.

Thank you very nuch for your attention.

DR. M LLER: Thank you.

Comrents or questions?

Questions of Clarification

DR. NORDGREN: How nany people eat porgy? That's
the worst tasting stuff.

DR. HElI MBACH: | suspect very few. That is
actually why | selected it as an exanple of one that is
infrequently reported. To tell you the truth, | don't know
if we even had a single eating occasion of it reported.

| should nention, by the way, that we are witing
up these data now for publication, believing fairly
strongly that sonmething is not really a scientifically
justifiable piece of material until it has been peer
revi ewed and publi shed.

DR. SHANNON: If | have been follow ng the

afternoon, your data are very different fromthe data from
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NHANES, whi ch suggested that sone significant percentage of
wonmen have excess ampunts of mercury in their blood froma
source that seens to be fish, and that there is a fairly
good correl ation between their fish consunption and their
bl ood nercury.

Can you kind of help me reconcile what you just
told us with what she said? They are different, aren't
t hey?

DR. HEIMBACH: Only to a point can | help you
reconcile, and actually Harvey is going to address that
nore. | have no expertise whatsoever in the
phar macoki netics of mercury transport and the |inkage
bet ween what fish goes in and what ends up in your blood or
in your hair is not where | have experti se.

| would sinply point out that although for nost
people, nmy understanding is fish is the major, not to say
t he predom nant, source of nmethylnmercury in the diet, it is
certainly not the only source of either methyl mercury or
mercury in general

As a matter of fact, although I have not | ooked
at the raw data, | amgiven to understand that the woman
t hat was nentioned as having the highest blood | evel that
they got in the survey, 29--was it mcrograns per liter--is
actually sonebody who had reported no fish consunption, so

there are other possible sources of nmercury in the diet.
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So, | would not necessarily expect to find an
exact--1 would expect to find a correlation certainly, but
not necessarily an exact one-to-one correspondence between
fish consunption or even nethyl nmercury consunption and
bl ood net hyl nercury | evel.

DR. SHANNON: But | am | ooking at a result based
on sonmeone's real data on real American wonen, and really
what seens to be a |l ot of probability really and nore
theory on your part, and | see differences, and actually
what you just said doesn't help ne in terns of
under st andi ng why you can say that you don't think there is
excess exposure, no reason to change anythi ng when we have
real |live data neasurenents in blood to suggest that there
is a problem

DR. HEI MBACH. As | said, | amgoing to |et

Harvey address nmost of this. | don't see that what you see
as a difference is that great. | will point out | nean we
are talking real live people in the exposure estimte, too,

but we are tal king about dietary intake, not blood nercury
| evel s.

According to the dietary intake data, we would
have approximtely 2.9 percent of women ingesting
met hyl mercury fromfish above the RfD, and | believe the
NHANES had an estimate of 7.8 percent above the RfD based

on bl ood | evel s.
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| woul d be perfectly happy to suggest that as
estimates of this kind of thing go with the unanswered
guestion, those are actually not trenmendously divergent
nunbers.

DR. M LLER: Before we go ahead, | hadn't
realized that M. Clewell was going to speak al so on the
subject. \Why don't we let himprovide his informtion.
That may help clarify some of these issues.

M. Harvey Cl ewel

MR. CLEWELL: | am going to continue on from
where Jimleft off.

[ Slide.

He was predicting intakes. W use very simlar
met hods in ternms of the Monte Carlo analysis, selecting
fish neals, to what he described, but we used a
phar macoki neti ¢ nodel to predict blood | evels as opposed to
just predicting intakes.

[ Slide.

First of all, I was asked to | ook at the
Envi ronment al Worki ng Group panphlet that is called "Brain
Food, " that tal ked about analysis of maternal blood |evels,
and see if we could reproduce their cal cul ations and what
we woul d say about those cal cul ations.

| will tell you a little about that, and then

w il talk about one of the kind of inplicit assunptions in
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many of the anal yses that have been done and tal ked about,
which is the appropriateness of using the reference dose as
a bright line for evaluation of safety.

Then, | will give you our analysis, which is the
end- gestation blood | evels associated with current fish
i ngestion patterns in U S. wonmen of child-bearing age.

Finally, I will conpare that with the NHANES
analysis in terns of a reality check for the cal cul ati ons.

[ Slide.

The initial scenarios that we ran were based on,
as | nentioned, analyses perfornmed by the Environnmental
Worki ng Group. One was a maxi mal ingestion of a variety of
fish, two, 6-ounce neals each and every week through
pregnancy, and then the second was the repeated ingestion
of just a single type of fish through pregnancy.

We tried as best as we could to reproduce the
assunptions of the Environnmental Working G oup analysis in
terms of the scenario for the exposure, and what we were
really doing was using our published physiol ogically-based
phar macoki neti ¢ nmodel of nethylmercury kinetics during
pregnancy instead of the one conpartnment nodel of Allen
Stern that was used by the Environnental Working G oup.

The nodel that | am going to show you on the next
couple of slides is the sanme nodel that Dr. DeRosa

mentioned this norning. | did some cal cul ations that were
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used by ATSDR in the devel opnment of their mniml risk
| evel , and that anal ysis has been published in that
Clewell, et al. 1999 risk anal ysis.

[ Slide.

This is the nodel, and there is a | ot of
conpartnents, and actually, years ago when | started
wor ki ng on nethyl nercury, | thought it was kind of funny to
suggest using nore than one conpartnment for nethyl mercury
ki netics, but I found when you are doing Monte Carlo
anal ysis, you actually need all those conpartnents, and in
particular, if you are trying to nodel gestation, pregnancy
and gestation, they are absolutely critical to | ook at the
changes in tissues during gestation, changes in fluids.

The nother's tissues, of course, change relative
volunme at the sane tinme that the fetus is growing, and so
all of these many conpartnents are actually required in
order to track the behavior of nmethyl mercury during
pregnancy and gestation as opposed to just in a non-
pregnant adul t.

So, the nodel actually has tine-dependent val ues
for all of the paraneters for the various tissues, blood
flows, and so on, in both the nother and the fetus.

[ Slide.

You see here just an exanple of using the nodel.

We actually devel oped the nodel originally in nonkey data
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and then we extrapolated to the human and validated it wth
the human data. This is a study by Gunderson, which shows
the tinme course. The actual bars there are the best

estimates and error bars for the data that was coll ected by
Gunderson for a 50 ntg/ kg/ day net hyl mercury exposure in the
di et of nonkeys, and the dotted line represents conception.

You can see a fairly conplex tine course of
met hyl mercury even though the daily dose is constant, and
this is because, of course, the change in the tissues in
both the fetus and the nother through pregnancy and al so
the nother's tendency to change her dietary ingestion rate,
t he nunmber of kilograns she ingests per day of food.

So, the solid lines then, they are thick because
actually, the nodel is dosing each day with whatever the
dietary intake is, and so there is alittle bit of increase
at the time of the neal, but those are the predictions of
the nmodel for this nonkey study, the |ower points and |ine
being the nother, and the upper one being the bl ood of the
infant at birth.

| want to nention while this rem nds ne regarding

sensitive window. |If you have high enough nercury |evels,
you can actually kill the fetus. See the fetal toxic
| evels, that will occur in the first trinmester, they won't

make it past the first trinmester.
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Lower |levels, still very high, Mnamta type
| evel s, you actually will survive and be born, however,
there will be severe malformations. Choi [ph] has shown

that those primarily occur. The major malformations,
primarily the effects occur in the second trinester

For the subtle neurol ogical effects that we are
tal ki ng about now, the group at Rochester has argued, and |
agree, that the effects are primarily third trinester and
probably continue on postnatally if there were exposure.
Typically, mercury exposures reduce at birth because you
don't imediately begin eating fish, and there is not very
much | actational transfer.

So, the susceptible wi ndow for what we are
worryi ng about here is the third trimester.

[ SIide.

This is an exanple one of the validation
datasets. This is a nother-infant pair fromthe Iraq
poi soni ng. Am n-Zaki recorded the blood |evels and hair
| evel s of this individual. She was adm tted because of
toxicity to the hospital after she had al ready been
pregnant for sonme tine.

They were able to reconstruct her exposure using
hair segments, and so you can see the circles and the solid
line are the observed and predicted maternal hair |evels

during the period of pregnancy as shown by the solid bar
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near the bottomthere, that goes from about 200 days to 460
days.

Then, once she was admtted, they began to
measure her blood, and those are the triangles. You can
see the nodel predictions for the blood. It shows the
concentrations during pregnancy were actually nmuch higher
than they were during early pregnancy, were actually nuch
hi gher than they were at the tinme she was admtted to the
hospital, which was during the third trinester

Finally, when the infant was born, then, they
measured its blood levels. Those are shown as the
di anonds, and you can see that the nodel also predicts the
bl ood levels at birth. So, this is the nodel that we used
in this analysis.

[ SIide.

Unfortunately, we were unable to reproduce the
Envi ronmental Working Group's results for their first
scenario. The 12 ounces per week, we were able to generate
a |lot of different nunbers, but none that were anywhere
near the ones that they had reported in their figure, so we
finally gave up

We were, however, able to reproduce the second
scenario, which is using a single type of fish. It was a
sinpler analysis, and it was easier for us to figure out

what they had done.
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So, when we used the same pharmacoki neti c nodel
t hey used, the Stern nodel, then, we were able to reproduce
their data, but as | will show you on the next slide, if we
used the nodel | just showed you, we actually get | ower
bl ood | evel estinmates.

| actually anticipated this would be true because
in sonme earlier work I did, | found that Allen Stern's
nodel overesti mates bl ood concentrations resulting from
di etary nethyl mercury exposures. He was doing a Monte
Carl o analysis, and wasn't actually validating the nodel
agai nst the exposure data that was available, so it just
happened that the nodel paraneters give you high estinates.

That is docunented in a publication, which is an
entire of issue of Toxicology and Industrial Health, Shipp
et al--1 amone of the al's--that came out recently.

[ Slide.

On the left is the actual figure fromthe Brain
Food panphlet. W have nmade all of the curves bl ack except
for the ones that we reproduced or attenpted to reproduce.
We just selected sone in order to test whether our
under st andi ng of the nmethodol ogy was correct.

| f you conpare the green and purple and yell ow
and orange lines, you will see we got fairly good
reproductions given the fact that we were using a very

di fferent pharnmacoki netic nodel. The only one we weren't
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able to really reproduce was sea bass, which is the hi ghest
val ue up there, but so we felt reasonably good that we
probably understood what the Environmental Working G oup
was doi ng.

We were using the Stern nodel there, | am sorry,
but so we were able to roughly reproduce what they had
done.

[ Slide.

Now, this slide shows the difference between
using the Stern pharnmacoki netic one-conpartnent nodel and
using our nodel on the right. You can see that the sea
bass nowis the purple line in the center of the diagram on
the right. All of the predicted concentrations cone down.

| don't actually know how to describe what these
plots are. | presune you will hear that fromthe
Environmental Working Group. The Y axis is kind of
astoundi ng. Percent increase in the nunber of wonmen whose
bl ood nmercury | evel would exceed 5.8 parts per billion for
nore than a nonth of pregnancy. | have never actually seen
a risk netric described that way.

At any rate, it is sort of a neasure of blood
l evels, and | believe that the EWG s are overesti mates.

[ Slide.

Thi s has been described in three different talks

this nmorning, but | just want to rem nd you that the basis
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of the reference dose, the RfD was the neurol ogical effects
in fishing, the populations that were exposed for
gener ati ons.

The dose-response was used to predict a benchmark
dose. | ama benchmark dose nodel er and a BVMR of 5 percent
is quite conservative. Actually, in studies where they
have conpared it with the NOAEL, it is nore conservative
than a No Effect Level, so this is a very conservative
estimate of an effect level. This is not an estimte that
shoul d be conparable to a | owest observed adverse effect
level. It is actually nore conservative than a no observed
adverse effect |evel.

The Boston Nam ng Test, BMDL of 5 was used with
an uncertainty factor of 10 to drive the RfD

[ SIide.

As has been nentioned a nunber of tinmes, the
Faroe |slands study was a |arge study, but it was
conprom sed in terns of inplications of fish ingestion by
t he consunption of whale neat, as well, which is not only
hi gher in nmethylnmercury and the bl ubber contains PCBs, but
also it's a seasonal thing, so that there is nore spiking
in terns of |arge presentation of nercury to the fetus.

As a result, there is a continuing controversy
which will not be resolved regardi ng co-exposure to PCBs

and other potentially confounding factors, such as the
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Tor shaven effect. Sonme people with |ow nmercury nostly
lived in Torshaven, whereas, the people with high nercury
typically live out on the Islands. It is very difficult to
wor k out that kind of an issue.

One quick comment on the PCB co-exposure. | am
the only one here who can probably tell you this, because
Kenny Crunp is not here, he's in China teaching Chi nese how
to speak English, but he was the one who, at that neeting
that Chris DeRosa nentioned, pointed out that if you have
CO- exposure to two contam nants, and the uncertainty in the
measurenents of one of those contam nants is greater than
the other, then, the statistical analysis will always tend
to suggest that the primary factor in the effect was the
nore precisely defined co-exposure chem cal .

So, this is a statistical outconme, and | can't
get into the details of it, but that was the basis for that
deci sion by that particular group in North Carolina that it
would really be nice if you could have an exposure w t hout
PCBs because it is probably not going to be possible to de-
convol ute the inpact of PCBs, the fact that on a particular
test, it was not significant for PCB doesn't nmean that it
doesn't have an effect on the benchmark for mercury, and
the extent to which it has an effect is not determ nable.

DR. MLLER: Five nore m nutes, please.

MR. CLEWELL: OCkay, good.
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[ Slide.

So, it's a highly conservative estimate for
conti nuous exposure throughout pregnancy. The neasure that
was actually used in the Faroe Islands was the end
pregnancy bl ood | evel, cord blood |evel. The blood |evels
could fluctuate higher or |lower than that value for
durations during pregnancy, that was not the maxi mum val ue
achi eved during pregnancy and trying to conpare it with a
maxi mum val ue achi eved woul d be i nappropriate.

To conpare with the RfD blood | evel, one needs to
cal cul ate the end pregnancy bl ood I evel to be able to
conpare apples with apples.

[ Slide.

The Presbyterian Book of Order says that despite

the fact that there is but one truth, there will always be
matters upon which men of goodwill will nonethel ess
di sagree, and here are sone nmen of goodw ||, various

organi zati ons, who di sagree about the proper limt for

met hyl mercury exposure. At the |ow end, as they al ways
are, is the USEPA, and they work up fromthere through
ATSDR, FDA, WHO, and TERA has a risk assessnent, the

Toxi col ogy Excel l ence for Risk Assessnent, M ke Darson's
group, has one on their web site, International Toxicol ogy
Estimates of Risk 0.35, so you can see there is a range of

esti mat es.
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[ Slide.
So, what | did in order to try to characterize
for our analysis the results, | used not only the RfD bl ood

concentration, but also the MRL bl ood concentration, and
al so the BVMDL, which was actually the "No Effect level"” in
t he Faroe I|slands study.

You can see this is the distribution, this is our
main results. W have determ ned that 2.3 percent of the
wonmen at the end of pregnancy woul d be at or above the RfD
bl ood concentration of 5.8 ncg/liter and that about 0.4
percent woul d be above the MRL.

So, this actually conpares reasonably cl osely
with Jims analysis on the basis of intakes. | think he
was 2. 9.

As a reality check, the question that came up is
exactly the question |I had, so how does this relate to the
data that has been col |l ected?

[ Slide.

We have a NHANES anal ysis, and you can see that
the results of the NHANES anal ysis, as was nenti oned
earlier today, | mght be off by 0.1 percent there. |
can't remenber whether she said 7.8 or 7.9, but 7.8 percent
of wonen at or above the RfD bl ood concentration, and as it

turns out, 0.4 percent above the MRL.
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So, al though there are a small proportion of
wonen that are above the RfD blood concentration at the end
of pregnancy using--well, no--well, the drawback of this is
this is not wonen at the end of their pregnancy. This is
worren. Sone of them were pregnant when these NHANES
measurenments were made, nost of them were not.

So, this is wonen in general, age 14 to 45. So,
it is not exactly the sane thing that | just showed you, it
is not. So, you can't really say, well, this is ground
truth and the other thing is just a prediction.

The other thing is predicting what we want to
know, which is what you could relate to the RfD bl ood
level. This is sonething that is simlar to that, but
different, but it does, in nmy mnd, just as Jim said,
that's good agreenent to ne.

When | say it's about 3 percent, and this says
it's 7.8 percent, that is still a small fraction of the
popul ati on bei ng above the RfD, and conpl ete agreenent
about the MRL, 0.3 ncg/kg/day |level, that only | ess than
0.4 percent of the wonen woul d exceed that. Also, it
agrees that none of the wonen are above the BVDL, the No
Ef fect Level of 58 ntg/liter.

[ Slide.

This is the sunmary. Maternal bl ood

concentrations may i ndeed sonetines exceed the RfD bl ood
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concentration for worst-case or high-end exposure
scenari os.

The use of the RfFD as a bright line for
eval uati on of safety, though, is not appropriate. That is
not the only information one should use in order to process
the question of is there a potential for health effects.

As Dr. Grandjean said, they were |ooking for
subtl e effects, these are not sick kids. So, the kinds of
t hings that you have to bring into play are all of the
various factors that determ nes the word "safety."

The realistic exposure scenarios result in
maxi mum bl ood | evels that are within a factor of three of

the RfFD and are well below the effect |levels in the Faroe

| sl ands.

Thank you.

DR. MLLER | just want to rem nd the commttee
that the Environmental Working Group will have an
opportunity tonmorrow to present their data. | want to nake

sure that we understand that.
Questions of Clarification
DR. APCSHI AN  Can we go back to Dr. Hei nbach for
a mnute? | ama little disturbed about one conment that
you made, nanely, that there are other sources of
met hyl mercury than fish or seafood.

To ny under st andi ng--and you can correct ne--
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DR. HEI MBACH: What | neant to say, if | didn't
say, is there are other sources of nercury, |I don't knowif
they are nethyl or not.

DR. APCSHI AN: That is not what you said. You
sai d other sources of methylmercury.

DR. HEI MBACH: | apol ogize. In the blood
mercury, there could be other sources of that.

DR. APOSHI AN:  But since you brought up again
ot her sources of mercury, | think the conmttee ought to
realize that there are other sources of nercury, not
met hyl mercury, but other sources of nmercury that can al so
do simlar danage to a child and to a pregnant woman, and
that is mercury fromdental amal gans.

| amnot trying to tell you that mercury from
dental amalgans is safe or not safe. | amnot getting into
that argument. Al | amsaying is it is well established,
the Worl d Health Organi zati on has published such data, it
is in the peer-reviewed literature that the maj or source of
the Anerican population to nercury is fromdental amal gans,
whether it is toxic or not, | don't want to get into it.

But the other point I want to make about
met hyl mercury is there is increasing data that
met hyl mercury in the brain is slowy converted to nercuric

mercury, as is elenmental nmercury that gets from denta
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amal gans to the brain is slowmy converted to nmercuric
mercury.

So, in the real world, you have got to consider
nore than one kind of mercury in any kind of risk
assessnents, and | think Harvey knows that. | am a great
adm rer of Harvey's, by the way, we have known each ot her
for a long time, but it seems to nme that just to make a
ri sk assessnent on nethyl mercury and ignoring the potenti al
of amal gam nercury or elenmental nmercury affecting the brain
i s dangerous.

Again, | will say one nore thing and then I wll
shut up I think for the day because | amgetting tired, |
don't know about the rest of you, but there is a classical
exanple in this country of a famly in New Mexico who ate a
pig, a swine, that was contam nated with nethyl nercury, a
| arge anmount of methyl mercury.

One child was born--the woman was pregnant, and
two ot her young children--anyway, one of those children
lived to 21 years of age, and the Rochester group was
involved in these anal yses also. At 21 years of age, that
person who di ed and had been exposed to nmethylmercury had a
| evel of inorganic mercury in her brain 100 tines the |eve
that is normally seen.

So, | think in the real world, toxicity usually

is not due to one conpound or one agent. In the real
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wor | d, you have got to consider the other sources of

mercury, but i did want to clarify the nmethyl nmercury.
MR. CLEVELL: | will go ahead and take that as a
guestion, so | can answer sonething, but | agree with you

certainly in ternms of risk managenent particularly, since |
have a risk managenent, we need to consider all the
sources. We were just asked to look at the contribution
fromfish ingestion, and it would be obviously problematic
to do an estimate of the contribution from amal gans,
because it is very poor data in that area.

Anot her area that | had | earned from ATSDR, to ny
shock, that contributes to high end exposures is religious
practices and putting nercury in candles. So, as Jim
menti oned, the highest blood level in this was for someone
who said they don't eat fish, so there is sonething el se
going on with that woman.

So, this analysis is indeed--and then | woul dn't
say that that is all the difference, but that is one of the
reasons for the difference between the results of our fish
i ngestion analysis and the NHANES survey, which the NHANES
is looking at total nmercury in the blood, so it is
amal gans, burning nercury, everything.

DR. M LLER: But surely, you would not disagree

with any attenpt to reduce any one of the sources.
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DR. APOSHI AN: | would be delighted if every one
of the sources were reduced.

DR. MLLER: | amglad to get it on the record.

DR. DWER: | don't know which of you to ask, but
if you could go back to the 60,000 estimte again and j ust
gi ve us what your estimte would be.

DR. HEIMBACH. | will answer first. | don't have
an estimate, | seriously don't.

MR. CLEWELL: \Why did you want to go first?

DR. HEI MBACH. There are a |lot of issues that go
into a question of, quote, how many newborns are at risk
fromanything, and I don't know the answer for anything.

Al'l 1 knowis that the basis that was provided to
expl ain where the NAS Methyl mercury Committee derived that
60, 000 nunber was not a valid basis for establishing a
nunmber of newborns at risk. That is all | know | do not
have an estimator of my own.

MR. CLEWELL: | also don't have a nunber, but |
can tell you a reason for a substantial overestimte, which
is because the analysis requires assum ng that the
uncertainty factor of 10 actually doesn't |lower the risk.
If the entire population remains at the risk associ ated
with the benchmark analysis of the Faroes popul ation in
spite of a reduction of 10-fold, and so if | had to hazard

a guess, | would say it is probably 10-fold too high,
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because if the high end exposures are in the vicinity of
the RiD, which is 10-fold bel ow where there is the MDL 0.5,
then, statistically speaking, even if you assunme a l|linear
nodel for the risk, which is the kind of worst-case
typically, then you would say that the risks were actually
down about 10-fold on a popul ation basis, so nmuch lower is
about all | can really say.

DR. RUSSELL: Perhaps, Dr. Heinbach, you can
answer this. | was very inpressed with Dr. Aposhian's tuna
fish data show ng the huge variability of levels can to
can, and | am wondering, is that known for other fish
speci es, what kind of variability it is?

He was show ng over 12 tines variability for the
sane type of canned, chunk, white tuna in water, for
exanpl e, just a huge variability, and |I was wonderi ng what
is the variability in other fish species.

| was wondering also, a question | asked before,
does it vary by geography of where the fish is caught.

DR. HEI MBACH: | don't have answers to all of
that. The answer to the first part is that generally
speaki ng, the nethyl mercury concentration in fish does seem
to be quite highly variable. It certainly has to do with

the maturity of the fish, size of the fish.
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| woul d be somewhat surprised if it doesn't have
some geographical variability, but I don't know for certain
that it does.

| was surprised at his nunbers sinmply because
that--1 amnot surprised at the average he found, the 0.22,
that's probably in about the right range. FDA's estimte
based on several hundred cans analyzed in the early 1990s
was 0.17, which is again, as we said, for these kinds of
esti mates, when you are within 20 percent of so of each
other, that constitutes agreenent to my mnd. The 1.24 is
ki nd of a shock. Certainly, FDA never came up with

anyt hi ng anywhere near that high in its hundreds of

anal yses.

If there isn't some sort of error in the analysis
of this can, | suspect sonething odd sort of happened that
caused a contami nation of the fish, I don't know The

variability is not nornmally that variable, particularly for
sonet hing |ike canned tuna, which tends to, by the nature
of how the fish is processed, have |ess variability can to
can than you would have fish to fish for raw fish, but it
does tend to be fairly highly variable concentrati on.

DR. M LLER  Dr. Hotchkiss.

DR. HOTCHKISS: | amjust trying to get a picture
| understand of sonme of these nunbers. \When you are

tal ki ng about 2.3 percent above the reference dose, you are
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considering EPA's reference dose. Earlier, there was a
nunber of 2.9 percent, | don't think that is a | ot
different, but am | understanding that correctly?

MR. CLEWELL: 2.3 percent was based on bl ood
| evel calculations at end of pregnancy, and 2.9 percent was
based on just tissue changes.

DR. HOTCHKISS: Diet. So, we are faced with a
nunber that was about 7.8 percent based on the HANES data
for which you are saying that basically, at least in a
dietary sense, sone inportant considerations were not
accounted for, particularly for a food that is eaten
infrequently, is that right?

DR. HEI MBACH: No, no, | am not saying that. |
am saying ny estimate based on fish intake al one was about
2.9 percent above the RfD. Harvey's estinmate, based on
both fish ingestion and pharmacoki netics, is that we woul d
expect about 2.3 percent blood | evels above. Now, | was
strictly talking ingestion. Then, the HANES nunber that we
are tal king about, the 7.8 percent, is the total nercury
concentrations in blood that are above, and what we are
suggesting is that some of that total mercury in blood for
sone individuals may be due to sources other than fish
consunpti on, and that m ght explain why the 7.8 percent,

there is a few nore above the RfD in actual total mercury
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content that would be predicted based on fish ingestion
al one.

DR. HOTCHKI SS: So, if we took that over the
popul ati on, we just divided roughly that half of the

popul ation is female, which it is a nunber smaller than

t hat - -

MR. CLEWELL: Sixty mllion.

DR. HOTCHKISS: So, if we multiply 2.3 percent
times 60 mlIlion, we are still talking about roughly 3
mllion wonmen who, on the | owest estimte, are above the

reference, EPA's reference dose. At the high end, we are
tal king at something like 10 mllion.
So, we are considering that whatever end of this

data you believe, you believe the | owest end that we have

heard so far, we are talking roughly 3 mllion wonmen in
t hat cohort or group, up to sonething like 10 mllion.
MR. CLEVELL: | amnot very confortable with

back- of -t he-envel ope cal cul ati ons, particularly when you
can get 7 percent of 60 mllion being 10 mllion. | don't
t hi nk that works.

It m ght be better if you actually |et sonmebody
calculate it. | would guess that it is actually less than
that, but as | just got through nentioning, that is
assumng that the risk at the reference dose is the sanme as

the risk at the benchmark, which is 10-fold higher. In
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ot her words, that uncertainty factor didn't buy you
anything in terms of protecting health.

So, it is actually not a good cal culation. You
know, sonmetines it is better off not doing a calcul ation
that is neaningless than it is to do one and then people
will believe it.

DR. HOTCHKI SS: Let nme understand that then. The
| owest we have heard is 2.3 percent, what you are
suggesting is 2.3 percent receive above the RfD dose from
fish, and you are saying that that population is 60
mllion, but you are telling me | can't nultiply--

MR, CLEWELL: So, that is 1.2 mllion people that
are above the reference dose, that's right.

DR. HOTCHKI SS: So, the lowend is 1.2 mllion,
t he high end of what we have heard, sonmewhere between--

DR. HEI MBACH: What | would like to say, and |
said at the beginning I amnot going to presune to advise
either FDA or this commttee how to do your risk
managenent, but | do want to put this in the context,
however, and | will et sonebody from FDA or from EPA
address this also, in estimting what are safe | evels of
i ntake of contam nants, pesticide residues, food additives,
and so forth, there is never an expectation that you are
goi ng to have 100 percent of the population with expected

exposures bel ow | evel of safety.
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FDA standard rule, and there are other people
here who can address this, for intake of food additives,
color additives, GRAS ingredients, is |look at the 90th
percentile of intake, and assure that the 90th percentile
of intake is within safe |evels. EPA s approach to dealing
with pesticide residues historically has been to | ook at
the 95th percentile | evel of intake, and assure that the
95th percentile of intake is within safe limts.

Now, all | amsaying is that is the rubric that
has nost often been used. | amneither recomending it,
nor disagreeing with it.

DR. HOTCHKI SS: Thank you. Let ne follow that
up. Thank you for that clarification. |, too, ama forner
FDA enpl oyee and understand what they are doing there.
What | amtrying to get is, okay, let's take whatever
nunber you |like. If you take the 90th percentile, how many
actual individuals is that, and | think that is something
we have to consider

DR. M LLER: Dr. Nordgren.

DR. NORDGREN: You had a study from 1975 on
| evel s of nmethylmercury in fish. You threw that up. M
guestion is, are those levels different than what have in
our book here from 1998?

DR. HEI MBACH: | have not done a conparison of

t hem | used those data sources because those are the data
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source that EPA used for the 1997 Report to Congress on
Mer cury exposure.

MR. CLEVELL: | mght say that our analysis
actually used all the data, not just the '75 study, but
used everything that is out there, and we ended up in
roughly the same place. | don't think there is any
evi dence that the | evels have changed.

DR. M LLER: Dr. Shannon.

DR. SHANNON: Would it be fair, then, | guess
this question goes to both of you, to summarize your main
findings as being the rate of exposure to excess nmercury in
women i s nmuch | ess than NHANES woul d suggest, the reference
dose that is being used is useless, the nmercury neasured in
NHANES may not be fromfish at all, and we don't have
anything to do here, because there is no reason to nake any
changes?

MR, CLEWELL: It sound a bit argunentative to ne.
| m ght be being defensive, though. | thought we were
actually just trying to project what we would expect the
bl ood | evels to be for nethyl mercury exposure fromfish
i ngestion, and you can kind of take your own spin on it,
which | am sure you will.

| wasn't asked to give a risk managenent i nput,
so | won't. You have the data in front of you. You can

i nterpret NHANES any way you want to. We were just trying
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to--1 was actually pleased, really, that the prediction of
the distribution of blood | evels for wonmen eating the
reported fish ingestion is consistent with NHANES. | think
it probably is actually to sone extent you could argue that
it is a better estimate of the contribution of fish

i ngestion, but as Vas has nentioned, froma risk managenent
perspective, it is all inportant exposure to nercury.

One of the things | find unfortunate is that the
agencies don't do a very good job of translating their
exposure limts into health and safety guidance, and that
people will take a dose-response analysis in a study of an
af fected popul ation, divide it by an uncertainty factor,
and then talk as if the value they just derived is the
borderline between safety and sonme sort of devel opnenta
deficit, which | think unfairly scares the popul ati on.

DR. MLLER: W have reached | think the |ast
part of our day's work. It is part of these hearings that
at the end of the day, we provide sone period of time for
what is called Public Cooment. G oups, and so on, who want
to make short statenments, are allowed to make them at that
time if they have signed up with the Secretary.

We have three requests for today. First, Dr.
Rhona Appl ebaum of the NFPA.

Rhona, you have five mnutes. Renenber, it is

t he end of the day.
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Publ i ¢ Commrent

DR. APPLEBAUM  Absolutely, Dr. MIller. Trust
me, | won't go beyond ny five mnutes. Qur witten
coments are at the desk, so | won't belabor the entire
testi mony before you today.

Thank you for this opportunity and NFPA
appreci ates our tine here to offer our comments on FDA's
Consumer Advi sory on Methyl mercury and Fish Consunption.
NFPA supports the use of sound scientific information in
deci sions affecting food safety and the food i ndustry.
Most inportantly, we strongly advocate the use of sound
science as the basis for any and all health advice given to
consumers.

There is every indication that FDA nmade its
deci sion on how to frame the fish consunption advisory to
consuners on the basis of the best science available to
t hem

Advi ce to consunmers on fish consunption, as with
all health advice--and we heard this, this norning, as well
as this afternoon--is a very conplex issue that cannot and
shoul d not be addressed by | ooking at any one piece of
i nformation.

We believe FDA nmet the challenge of integrating
information froma w de variety of sources on the nunerous

factors that nust be considered in providing sound,
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actionabl e advice to the public on safely consum ng fish,
whi ch has repeatedly been recognized as contributing to a
heal t hf ul di et.

FDA, from our perspective, and that of recognized
scientific experts and groups, |ooked at the totality of
t he evidence and the data before them including quantities
consunmed and the benefits of fish consunption.

As a public health agency, FDA then nade a ri sk
managenent deci sion and produced a risk communication
message that provided the facts to consuners, as well as
t he necessary advice on nmethylmercury and fish consunption.

Consequently, it is inconceivable that any public
heal th agency, particularly FDA, would risk consuner health
by doi ng anything other than | ooking at this issue from an
objective scientific perspective.

Health officials, the scientific comunity, and
consunmer advocates all nmeet regularly with the regul atory
agencies. In fact, during the process of revising its
seaf ood consunption advisory with respect to methyl mercury,
FDA actively sought input from and net with, a nunber of
different stakeholders to ensure that all sides of this
i ssue were heard and valid scientific information
considered. We believe this exchange of information is
appropriate and necessary for bringing the best avail able

science to bear on any action.
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NFPA itself regularly neets with regul atory
agenci es overseeing U S. food production, and we provide
themwi th information on industry progranms and activities
affecting safe food production, as well as with research
findings that are intended to assist their science-based
deci sionmaking. In turn, the food industry regularly seeks
information and input fromthe regul atory agencies on a
variety of food science and food safety issues.

NFPA does not al ways agree with the Agency's
concl usions or decisions on all matters. In fact, Dr.
MIler, that would take nmore than five mnutes for nme to
identify all those areas. However, we firnmy believe that
FDA bases its decisions on what they believe the facts to
be after careful and diligent efforts to identify, assess,
consider, and interpret relevant, scientifically valid
information. Their goal is always the health of the
public, all subsets, all sectors.

In closing, let me state again ny Association's
belief that FDA did an exenplary job in the devel opnent,
focus, and wordi ng of the Advisory with the information
available to themat the tinme on the risks of nethyl nercury
in fish and the docunmented benefits of fish consunption
with focus on the targeted popul ation, that being pregnant

wormren and wonen of chil d-bearing age.
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Agai n, we thank you for this opportunity to
provi de our comrents on this very inportant topic.

Thank you.

DR. M LLER: Thank you.

The next speaker is Dr. Lee fromthe National
Center for Policy Research. Five m nutes, please.

DR. LEE: Good afternoon. | amDr. J. Huang Lee.
| am a physician and the senior nedical policy anal yst at
the National Center for Policy Research for Whnen and
Fam i es.

| would like to thank the commttee and the
speakers today for a day of very interesting presentations.

It appears that the Food and Drug
Adm nistration's current efforts at protecting the American
public fromthe health risks of nmethylnmercury are
i nadequate. First, the Agency is unable to provide
consunmers with truly up-to-date information since the
Agency has failed to adequately nonitor nethylmercury
| evels in commercial fish supplies.

Second, the FDA's rationale in performng its
advisories is flawed and poorly suited to the chronic | ong-
termnature of the health risks associated with
met hyl mercury contam nation

Third, the FDA has failed to effectively

di ssem nate its findings and recomendati ons to the genera
M LLER REPORTI NG COVPANY, | NC
735 8th Street, S.E.
Washi ngton, D.C. 20003-2802
(202) 546-6666



aj h

public. Mst consuners remain unaware of the health risks
associated with nmethylmercury in fish, and even the npst
heal th consci ous nenbers of Anerican society tend to be
poorly infornmed of the dangers.

During a Consumer Roundtable nmeeting with
Director Joseph Levitt and other senior officials fromthe
Center for Food Safety and Applied Nutrition here in
Col | ege Park on June 20th of this year, | asked whether the
Center was nonitoring |l evels of nethylmercury in conmercia
fish supplies. To ny dismay, | was infornmed that the
Center was not currently nmonitoring nmethylmercury |evels
and had no plans to initiate a surveillance program

We heard very briefly nmention of possible
budgetary reasons for this, but as a scientific explanation
for the Center's disinterest in a surveillance program |
was infornmed by the Director of the Center's O fice of
Sci ence that nmethyl mercury levels in fish do not change
significantly over tine.

| am puzzled as to how this can be known wi th any
certainty if no one is nonitoring nethylmercury levels in
the comrercial fish supply. Historical data are no
substitute for diligent surveillance.

One can i magi ne how nunerous factors including
changing | evels of environnental mercury contam nants from

fossil fuel, utility plants can alter the |evel of
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met hyl mercury contam nation if both freshwater and
saltwater fish

I n order to provide the American consunmer with
valid and up-to-date information, the Center should
initiate routine surveillance of nethylnercury levels in
all comercially avail able fish species.

I n addition, comercially processed fish products
shoul d be nmonitored for nethyl mercury contam nation in a
manner anal ogous to the nonitoring for bacteri al
cont am nati on.

| should note that with the previous discussion
regardi ng nethyl mercury |l evels in canned tuna, the range in
248 sanpl es of canned tuna ranged from non-detectable to
0.75 parts per mllion, so the range offered here today is
not that surprising.

To continue, even if we were to assune that
reliable and valid information is avail able on
met hyl mercury levels in fish, the FDA has not properly used
these data in fornmulating its consuner advi sori es.

Currently, only those fish species with the
hi ghest known | evels of nmethylmercury are naned in the
FDA's consumer advisory. This approach may be suitable if
the main concern were acute nmethylnmercury toxicity,
however, in the United States, the primary threat for

met hyl mercury is chronic |ong-term exposure.
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It is therefore crucial to fornul ate advisories
based on the overall public health inmpact of a particular
fish species. The question is which fish species and fish
preparations will contribute nost to nethyl nmercury exposure
in vul nerabl e segnents of the popul ati on.

Answering this question requires one to consider
t he annual per capita consunption of a particular fish
species in addition to the nmean nethyl nmercury |evels, and
this is seen in the Seychelles Island study.

For exanple, canned tuna accounted for 75 percent
of the canned fish consuned in the United States in 2000.
In that year, nore than 980 mlIlion pounds of canned tuna
were supplied to the American consuner.

Al t hough nmet hyl nercury levels in canned tuna are
t hought to be |l ower than in other fish species, and | ower
than that in fresh or frozen tuna, the sheer quantity
consunmed makes the public health inpact of canned tuna far
greater than that of any other species.

It is nmore likely that women and children will be
exposed to nethylnmercury through canned tuna consunption
t han through eating shark, swordfish, king mackerel, or
tilefish.

Therefore, canned tuna should specifically be
named in any future advisory on methylmercury. Consuner

advisories are a step in the right direction, but they are
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i nadequate for dissem nating information about the health
ri sks associated with nmethyl mercury contam nati on.

It is fair to say that nost Anmericans remain
unaware of the current advisory for shark, swordfish, Kking
mackerel, and tilefish. Even fewer are aware of the FDA's
recommendation to limt fish consunption to an average of
12 ounces of cooked fish each week.

The occasi onal advisory news story is sinply not
enough to properly informthe Anmerican consumer. So, what
shoul d be done?

We can begin by placing the advisories where
consuners are nost likely to see them on the packagi ng of
fish. |If the FDA believes pregnant wonmen and young
children should limt their consunption of cooked store-
bought fish to an average of 12 ounces a week, why not say
so on the package?

DR. MLLER: Dr. Lee, can you consider summ ng
up?

DR. LEE: Yes, | am alnost finished.

I f the FDA believes that canned tuna consunption
should be limted to an average of 9 ounces per week, why
not place such an advisory directly on the cans?

In summary, clearly, the FDA nust do better in
collecting reliable and valid information regarding

met hyl mercury contam nation in fish. It is time for the
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Agency to adopt a nmore public health oriented approach to
formulating its advisories.

More inportantly, the American consuner deserves
better access to the information issued by the FDA. | urge
the Advisory Committee to recomrend significant changes in
the way the Agency is managing this serious problem

Thank you.

DR. M LLER: Thank you.

The next and final speaker is Dr. Richard Fisher
Five m nutes, Dr. Fisher.

DR. FI SHER: Thanks.

| want to thank the panel for allowing me a few
m nutes of your tine.

My nane is Rich Fisher. | ama dentist. | have
practiced in suburban Washi ngton for the |ast 30 years.
The first 10 years of ny practice |, |ike nost of ny
col | eagues, placed nercury-containing fillings into ny
patients' mouths thinking |I was doing themthe best service
that | knew how.

In 1981, it was first published in the dental
literature that the nmercury fromdental fillings escaped
the fillings and was absorbed into the human body. We
didn't know back then what we know now as far as how nuch
was absorbed and to what |evels they accumul ated, but it

seened to ne, as a health practitioner, whose first m ssion
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is to protect the health of ny patients, that | would not

use amal gam nercury fillings after that period of tinme, so
in 1982, when | learned of this research, | stopped using
mercury fillings, so for the |ast 20 years | have been

doing it right, so to speak

| am a nmenber of the Anmerican Dental Association
al though I am not here as their official representative, as
you m ght guess. Dental amal gam or nercury fillings
contribute, as Dr. Aposhian nentioned earlier, nore nercury
to the human body burden than all other sources put
t oget her by far.

The data that we have from Wirld Health
Organi zation, from Dr. Aposhian's study, as well as from
t he textbook published by Dr. Clarkson and Dr. Freiberg
over 10 years ago, all show the sanme thing, and that about
four tinmes the amount of nmercury that we absorb and retain
fromdiet is comng in fromour fillings, so we are getting
four times that we are discussing here today.

| am here to appl aud your efforts on the dietary
sources of nmercury, but | do think we need to nake sone
efforts to your colleagues within the FDA to address the
even bigger aspect of this problem

To put it in another way, one average size dental

mercury filling contains a half a gram of nmercury. That,
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according to EPA standards for human exposure for adults,
woul d exceed 100 years' worth of exposure.

From anot her perspective, if we were to disperse
that half a gramof nercury into a 10-acre | ake, you

woul dn't be able to eat any of the fish com ng out of that

| ake.

There has been nove afoot in this country to get
rid of amalgam to phase it out. There is a bill before
Congress now to do that. | would |ove to see the FDA

support that action. Oher countries, such as Canada,
Sweden, Norway, Denmark, United Kingdom and France have
al ready issued advisories in those countries to avoid using
mercury fillings in pregnant wonmen and young chil dren,

whi ch again are the nost vul nerable citizens.

Looki ng at the data that we have from those
studies, | have cal culated for the nine-nonth gestation
period, that dietary sources alone contribute about 620
m crogranms into the pregnant woman during the nine-nonth
gestati on.

About 10 percent of that goes into the fetus or
about 62 mcrograns enters the fetus fromthe nother's diet
during that nine nonths. During that same nine nonths, the
cal cul ations for the nmercury going into the nother from her
fillings, on average, run 2,700 m crogramnms, and again, 10

percent of that, which is 270 m crograns, goes into the
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fetus, again, four times the amount that the dietary
exposure generates.

In addition, there is a secondary route of
exposure com ng fromdental offices, which is largely
over| ooked. There have been several studies now, the |ast
of which was funded by the Anerican Dental Association,

t hat shows that between 14 percent and 75 percent of the

mercury com ng out of municipal wastewaters is traced back
to dental offices fromthe scrap amal gam the stuff that is
not put into the tooth, that is |left over and di sposed of.

This, of course, gets bioconverted in the aquatic
and marine environments. It is converted into
met hyl mercury, which then gets into the food chain and the
tuna, and so forth. So, | think this is another part that
dentistry has to clean up its act.

So, again, | amhere for two reasons today, one,
to appl aud your efforts in what you are doing here, and |
appreciate that very nmuch, and to plead that you | obby your
col |l eagues within the FDA to | ook at this other aspect of
mercury poisoning, which is the dental amal gamissue.

Thanks very nmuch for your tine.

DR. M LLER: Thank you.

This brings us to the end of this rather |ong
day. W will adjourn for the nonent until tonorrow norning

at 8:30, when we will begin pronmptly on tinme | hope.
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p. m,

a.m]

[ Wher eupon the proceedi ngs were recessed at 4:30

to reconvene on Wednesday, July 24, 2002, at 8:30
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