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September 25, 2000

Mr. Joseph Levitt (202-205-4741)
Director, CFSAN

Food and Drug Administration
Federal Building 8

200 C Street, SW

Room 6815, Mail Stop HFS-001
Washington, DC 20204

Dear

you for agreeing to meet with NFPA and its coalition to discuss issues
related to methylmercury (MeHg).

We have prepared the attached paper, which speaks to several issues
surrounding this topic, Our purpose for requesting the meeting with you and
your staff is to present the relevant science on issues regarding MeHg and the
human diet and to engage in a dialogue designed to seek clarification on
questions surrounding recent reports that require further explanation.

We look forward to meeting with you on Monday and hereby transmit a copy
of our paper, which notes where we stand as to the basis of our position and
presentations,

N

Regards,

opy: Jane Henney, M.D., Commisgioner of Food and Drugs-FDA
_-- Mrs. Shirley Watkins, Undersecretary, Food Nutrition & Consumer
, Services-USDA
Rajen Anand, Ph.D., Executive Director, Center for Nutrition Policy &
( Promotion-USDA
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EXECUTIVE SUMMARY

Summarized herein are several issues focused on statements arising from the recent National
Academy of Sciences report, Toxicological Effects of Methylmercury. Details on each of the
four issues are elaborated upon in the attached document. This document in total, provides
information critical when considering changes in current public policy regarding
methylmercury.

Issue: Need for FDA Policy To Be Based on Totality Of The Scientific Data

The NAS Committee did not regard their conclusions as the final word, but rather made
numerous recommendations regarding development of meta-analytical models, improvements
of data systems, and consideration of non-toxicological issues that are essential for rational
formulation of public policy. The Committee made a key recommendation with regard to the
public health implications of its work: “Concurrent with the revision of the RfD,
harmonization efforts should be undertaken to establish a common scientific basis for the
establishment of exposure guidance and reduce current differences among agencies.
Harmonization efforts should address the risk-assessment process and recognize that risk-
management efforts reflect the differing mandates and responsibilities of these agencies.”
Industry strongly agrees with this recommendation.

Issue: Need For Up-To-Date Data On Fish Consumption, MeHg Concentranons In
Fish, and Biomarkers of Mercury Exposure
The NAS Committee repeatedly emphasized shortcomings in U.S. monitoring data. The
industry representatives agreed with the Committee’s concerns as well as its recommendations
urging use of multiple indicators, including the direct measurement of mercury in hait, rather
than relying solely on food-consumption data. NHANES IV is collecting such data for a large
sample of U.S. women of childbearing age; the data collected in 1999 will shortly be
published in the Morbidity and Mortality Weekly Report. These data can and should be used
to provide a more reliable estimate of the upper range of exposures of this group than is
currently available based on the dietary survey data.

To formulate public policy, the most useful information will be linkage of hair measurements
with food-consumption patterns of those with the highest exposures. This information is
needed to identify the most effective methods to limit exposures to highly exposed
individuals. Such information is being gathered with the 1999 and later hair data in the
NHANES IV study, and these data will provide the soundest basis available on which to base
evaluations of relationships between dietary intake and mercury body burdens and decisions
regarding appropriate interventions.

Issue: Estimated Annual Number of U.S. Newborns At Risk For Adverse
Neurodevelopmental Effects From In Utero Exposure To Methylmercury

The NAS report states, “Available consumption data and current population and fertility rates

indicate that over 60,000 newboms annually might be at risk for adverse neurodevelopmental

effects from in utero exposure to MeHg” (p. 273). No further indication is provided regarding

the derivation of this estimate. Given the potential for a considerable degree of public alarm
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over this figure, the industry representatives strongly urge that the basis for it be thoroughly
documented and reviewed,

Issue: Consideration of the Nutritional Benefits of Fish

The industry representatives noted that the NAS Committee—although its assignment was to
address the toxicological effects of methylmercury—recognized that seafood cannot be
regarded merely as a source of exposure to MeHg. Rather, it is an integral part of the
American diet and, as such, plays a key role in the nutritional status of the population.
Seafood offers nutritional benefits that, simply put, are not available through alternative foods.
Information was provided to FDA regarding the nutritional value of seafood, including its
ability to provide high guality protein and several valuable vitamins and minerals in foods
generally containing little fat, saturated fat, and cholesterol. Seafood is a uniquely abundant
source of taurine, an amino acid of particular importance to the developing fetus. Many
nutritionists and public health authorities have recommended that the American public
increase its consumption of seafoods in order to obtain higher levels of omega-3 fatty acids—
constituents that have been convincingly linked to neural development of the fetus and the
infant. Intake of omega-3 fatty acids is believed to continue to play a role in continned neural
develop of children after infancy, Further, relationships between intake of fish and of omega-
3 farty acids and several types of positive effects on the cardiovascular system of adults are
well established.
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Issue: Need for FDA Policy To Be Based on Totality Of The Scientific Data

In the House Appropriations Report for EPA’s FY-1999 funding, the Environmental
Protection Agency (EPA) was directed to contract with the National Research Council to
prepare recornmendations on the appropriate reference dose (RfD) for mercury (Hg)
exposure.

In the prepublication copy of its report, Toxicological Effects of Methylmercury, the
Committee on the Toxicological Effects of Methylmercury reviewed the RfD for Hg,
identified data gaps, and offered recommendations for future research.

It is important to note that the Committee did not regard their conclusions as the final
word, but rather recognized that gaps in the available data from the Faroe, Seychelles,
and New Zealand studies introduced uncertainties into the Committee’s assessments that
could be reduced if additional analyses were conducted. Further, they made numerous
recommendations regarding development of meta-analytical models, improvements of
data systems, and consideration of non-toxicological issues that are essential for rational
formulation of public policy.

The Committee also made a key recommendation with regard to the public health
implications of its work: “Concurrent with the revision of the RfD, harmonization efforts
should be undertaken to establish a common scientific basis for the establgk,ehment of
exposure guidance and reduce current differences among agencies, Harthonization
efforts should address the risk-assessment process and recognize that risk-management
efforts reflect the differing mandates and responsibilities of these agencies" (p. 276)

In this paper, we present brief discussions of some of the issues which, in our opinion,
need to be addressed by the Food and Drug Administration (FDA) in order to formulate a
scicnce-based public policy regarding monitoring of the methylmercury (MeHg)content
of fish, setting appropriate defect-action levels, and providing dietary guidance or safety
advisories to the U. S, population.
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Issue: Need For Up-To-Date Data On Fish Consumption, MeHg Concentrations In
Fish, and Biomarkers of Mercury Exposure

The Comimittee repeatedly emphasized shortcomings in U.S. monitoring data relevant to
assessing exposures of the total population and specific population subgroups to mercury,
This concern ran though many of the chapters of the report. For example, on p. 30, the
Committee noted that, “Uncertainties in such assessmenys [i.e., estimates of exposure to

i MeHg through consumption of fish] include those in recall and recording of intake

: frequency and portion size, misidentification of the species and consumed, and the
outdated and incomplete national database on average MeHg concentrations of different
fish species.”

This concern led to three related specific recommendations, as follows:

s “Exposure assessment of the U.S. population—including those with high fish
consumption—is needed to provide a full picture of the distribution of MeHg
ard total Hg exposyre nationally and regionglly” (p. 49).

e “Data are needed that reliably measure both Hg intake and biomarkers of Hg
exposure to clarify the relationship between the different dose metrics.
NHANES IV data should be examined when it becomes avatlablg to determine
it if satisfies those needs” (p. 114).

o “There is a critical need for improved characterization of population
exposure levels to imprave estimates of current exposure, track trends, and
identify high-risk subpopylations. Characterization should include improved

' nupritional and dietary exposure assessment and improved biomoniioring for
\ all population groups” (p. 276).

We strongly endorse these recommendations. The uncertainties in estimating the
distribution of exposure to MeHg are significant, and have many sources:

« Short-term general food-consumption surveys are the basis for the exposure
estimates cited in EPA’s Mercury Study Report to Congress and in the NAS
report, These studies are poorly suited for estimating the distribution of
consumption of seafood, and especially of seafood by species and source, due
to the infrequency of consumption. The upper end of the exposure distribution

s particularly uncertain.

e Inany event, food-consumption surveys are suybject to ettors and uncertainties
based on misidentification of the type of fish consumed and of the portion size
consumed,

e Data on the MeHg concentration of various fish types are limited and out-of-
date.



- " SEP.2S5.2000 B8:12AM NO.574 P.621

For these reasons we agree with the Committee’s conclusion (p. 112) that, “Each of the
dose metrics—dietary records, cord blood, and hair—provides different exposure
information, Use of data from two or more of these metrics will increase the likelihood
of uncovering a true dose-response relationship.” Regarding the valuye of measurement
of mercury in hair, such measurements remove the limitations and uncertaintics
associated with estimating cxposure by studies of fish consumption, and can also provide
demographic and regional exposure information, The NHANES IV study has collected
and is continuing to collect such data for a large sample of U.S. women of childbearing
age. We understand that the data collected in 1999 will shortly be published in the
Morbidity and Mortality Weekly Report. These data can be used to provide a more
reliable estimate of the upper range of exposures of this group than is currently available
based on the dietary survey data,

For the purpose of formulating public policy regarding seafood defect action levels or
consumption advisories, hair measyrements alone dp not provide information about the
food-consumption patterns of those with the highest exposures. This information is
needed to identify the most effective methods to limit exposures to highly exposed
individuals, Such information is reportedly being gathered with the 1999 and later hair
data in the NHANES IV study, and these data will provide the soundest basis available
on which to base evaluations of relationships between dietary intake and mercury body
burdens and decisions regarding appropriate interventions, ‘ .

It is important to note that the excellent EPA analysis of MeHg intake from fish, as
reported in the agency’s 1997 Mercury Study Report to Congress, did not include a
commodity contribytion analysis. Such an analysis would have estimated the impact of
different sources of MeHg at various points of the exposure distribution. Thus, these data
cannot be directly used to gauge the probable results of any public-policy action that
might affect seafood consumption patterns, particularly the impact of such actions on the
pregnant women at the upper percentiles of MeHg exposure. What is required is a set of
“what-if”” analyses estimating both mean and upper percentiles of MeHg exposure under
various scenarios representing potential changes in seafood consumption patterns.
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Issue: Estimated Annual Number of U.S. Newborns At Risk For Adverse
Nenrodevelopmental Effects From In Utero Exposure To Methylmercury

As stated in the NAS report: ““To further characterize the risks of MeHg, the committee
developed an estimate of the number of children born annually to women most likely to

be hzghly exposed through high fish consumption (highest 5 9 estimated to consume 100
g per day). Available consumption data and current population and fertility rates
indicate that over 60,000 newborns annually might be at risk for adverse
neurodevelopmental effects from in utero exposure to' MeHg” (p. 273).

» A source for the estimate of 100 g per day fish at the 95" percentile of intake is not

provided, but it is not far from Alan Stern’s estimate of 106,8 g/day for women aged

18-40 who consumed fish in a 7 day period, based on a telephone survey of New
Jersey residents. In our opinjon, it would be preferable to cite EPA’s estimate, based
on 1989-1991 CSFII data. EPA estimates that the 95" percentile value for fish
consumption by U.S. women aged 15-43 is 72 g/day.

e No further explanation is provided of the derivation of the 60,000 estirnate, and so it
is not clear whether or how the 100 g per day estimate influenced the derivation of the
60,000 figure.
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Issue; Committee Observations On The Limitations Of The Three Primary
Observational Studies And Requests For Additional Data Analyses

In the NAS report, the Committee observed that gaps in the available data from the
Faroe, Seychelles, and New Zealand studies introduced uncertainties into the
Committee’s assessments that could be reduced if additional analyses were conducted,

The Committee made a specific recommendation that potential inter-examiner effects in
the Seychelles study be studied and statistically controlled: “It would be helpful to obtain
more comprehensive nutritional data from all three populations [i.e., the cohorts in the
Faroe, Seychelles, and New Zealand studies] as well as single-strand hair analyses to
address more effectively the issue of spiking or bolus does. A reanalysis of the 5.5-year
SCDS [Seychelles] data controlling statistically for examiner might also be useful” (p.
224). This reanalysis has been done and the data will be available within a month.

On pp. 213-214, the Committee noted several scales used in the Seychelles study. that
actually comprise a number of subscales measuring different atttibytes, and indicated that
it would be more informative to report the subscale data as well as the integrated data,
This has now been completed and the data are available,

Also on p. 214, the Committee pointed out that, “A second important difference in the
assessment batteries used in the Faroe study and SCDS [Seychelles study] z-elates to the
age of assessment—7 year in the Faroe Islands and 5.5 years of age in the SCDS.” The
Committee went on to indicate that it regarded tests administered at age 5.5 as likely to
be “less sensitive in detecting subtle neyrotoxic effects” that those administered later.
Data from the administration of tests to the Seychelles study participants at age 9 have
now become gvailable. i

In a related issue, the Committee noted (p. 214) that the period covering ages 60-72
months, when the Seychelles tests were administered, is one of rapid developmental
change, which might obscure subtle differences in function. On p. 220, the Committee
suggested that, “Although it seems unlikely that the difference in approach to controlling
Jor age could account for the discrepancies in the findings of those two studies, it would
be of interest to see a re-analysis of the SCDS data using the approach that wés used in
the Faroe Study.” A re-analysis has been performed as requested and will be available
within a2 month: - ’

The Comn}ittce noted that the pattern of MeHg exposure in the Faroe study was quite
episodic iff nature, resulting from occagjonal exposure to pilot-whale meat with extremely
high concentrations of MeHg, while the Seychelles study was more similar to the U.S.
pattern, based on a more regular exposure to fish with much lower levels of MeHg. The
NRC report states (p. 215), “Thus, it is possible that the more episodic exposure pattern
in the Faroe Islands, with heavier doses per occasion, has a more adverse impact on
neyronal development than the more gradual exposure in the Seychelles.” The report
recommends (p, 224) that, “It would be helpful to obtain more comprehensive nutritional
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data from all three populations as well as single-strand hair analyses to address more
effectively the issue of spiking or bolus dose. "

These comments indicate that there are uncertainties regarding the dose measure that best
represents health risk from MeHg exposure. This could be important in applying the
results from the studies on highly exposcd populations to the U.S. population. For
example, if developmental effects result from episodic fetal brain exposures above a
threshold level, it would be important know what these critical concentrations are and
whether they occur in the U.S. population,
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Issue: Confounding of Effects of MeHg and PCBgs In The Faroe Study

In the NRC report, the Committee discussed at some length the possibility that the Faroe
Island study results reflect confounding with PCB exposures. (See especially pp. 220,
242-244.) The reason that this issue is important is that the effects from in utero
exposures to PCBs that have been reported in the literature are the same as those that are
at issue for methylmercury.

Two additional publications have recently become available with information relevant to
this issue. The first of these is a report from the Joint FAO/WHO Expert Committec on
Food Additives (JECFA), “Safety evaluation of certain food additives and contaminants,”
WHO Food Additives Seties: 44, WHO, Geneva, 2000. This WHO committee included
one member of the NRC methylmercury commitiee, In the section of this report
addressing methylmercury, the committeg made the following comment with regard to
the Faroe Island study:

“Because PCBs and persistent organic pollutants are associated with
both exposyre to methylmercury and child development in this study,
and because any confounding effects of PCBs will lead to g false-
positive association between exposyre to methylmercury and child
development, the confounding role of PCBs and persistent organic ,
pollutants should be reassessed in order to determine the role of .
methylmercury in the adverse effects reported in this study.”

Both the NRC report and the WHO report express reservations about the use of umbilical
cord tissue as an exposure measure for PCBs. The NRC Committee wrote: “In the Faroe
study, prenatal PCB exposure was measured in ymbilical cord tissue rather than cord
blood or maternal blood or milk, as in most previous studies, and specimens were
obtained for only half the newborns, Cord-tissue PCB concentration has never been
validated in relation to blood or milk concentration, and because cord tissue is lean, it
might provide a less reliable indication of total PCB body burden” (p. 220).

The WHO committee commented “Thus, umbilical cord appeat's to be unreliable tissue
for measuring exposure to PCBs; however, the effect of expressing PCBs on a whole
weight basis on the statistical power of the study is mitigated by the wide variation in
PCB concentrations between individuals... The reliability of cord tissue for measuring
PCB and persistent organic pollytants needs to be clearly demonstrated.”

Secondly, B presentation was given at the “Dioxin 2000” conference (August 13-17,
2000), Levels of PCBs and Hydroxylated PCB Metabolites in Blood from Pregnant Faroe
Island Women by B. Fiingstrém, M. Athanasiadou, A. Bergman, P. Grandjean, and P.
Wehle. This study reported the results of measurements of PCB and PCB metabolytes in
blood lipids collected from Faroese women in their 32nd week of pregnancy (not the
cohort of the original Faroe mercury study). The women were divided into two groups
based on reported pilot whale consumption. The “low” group reported 0-1 whale meals
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per month, while those in the “high™ group reported 2-8 meals per month. The study
found, in reference to the concentrations of PCBs and hydroxylated PCB metabolites,
that, “The results confirm that high exposure levels occur among some Faroese. Thus, the
results from the high-exposure group seem to be among the highest reported so far.”

These quotations indicate that significant uncertainties remain regarding the relatjve
contributions from methylmercury versus PCBs in the Farog Islands study.
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Issue: Consideration of the Nutritional Benefits of Fish and Some Impacts of
Replacement of Fish With Other Foods

To their credit, the members of the Committee—although its assignment was to address
the roxicological effects of methylmercury—recognized that seafood cannot be regarded
merely as a source of exposure to MeHg. Rathet, it is an integral part of the American
diet and, as such, plays 2 role in the nutritional status of the population, Seafood offers
nutritional benefits that, simply put, are not available through alternative foods. The
importance of taking this fact into account in developing public policy was emphasized
by the Committee by placing into the Executive Summary of the report the statement:

“Because of the beneficial effects of fish consumption, the long-term goal
needs to be a reduction in the concentrations of MeHg in fish rather than a
replacement of fish in the diet by other foods. In the interim, the best
method of maintaining fish consumption and minimizing Hg exposure is the
consumption of fish known to have lower MeHg concentrations” (p. 7). .

This concern was repeated in the body of the report in the form of a specific
recommendation; “Because of the recognized nutritional benefits of diets rich in fish, the
best method of maintaining fish consumption and minimizing He exposure is the
consumption of fish known to have lower MeHg concentrations” (p. 81).

x
In examining the nutritional benefits offered by seafood, it is appropriate ¢ review two
aspects of seafood’s role: first, what specific benefits will be lost or diminished if
consumers reduce or climinate fish in their diets and second, what nutritional
consequences will acerye due to increased consumption of the foods that they use to
replace fish. ;

Finfish and shellfish are important constituents in diets of cultures around the world,
providing substantial amounts of protein and many vitamins and minerals. Finfish
products contain relatively low concentrations of fat, saturated fat, and cholesterol, and
consumption of these foods therefore has been promoted by health professionals s part
of a heart-healthy diet. In recent years, seafood products have become the focus of
intense research as key dietary sources of omega-3 fatty acids and taurine, an amino acid.

Nutrient conceptrations in selected fish products are contrasted with those of selected
high-protein altematives in the following tables.

{
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Proximate composition and cholesterol

Shrimp, Chicken | Bocf,
Salmon,|Flounder, Egg, . * | Ham
Nutrient Units 'l"";'l":’ cooked, | cooked, ?&d’ hard- "; 'a| stoda”’ g::;:'d lcan’
H 1
dry heatl dry heat | "2 | boiled Wio skin | broiled (5% fat)
nutrient concenfration/oynce
Energy keal | 33 61] 33 28 44 - 47 71 3
[Protein g | 723 774 6.85 5.93 3.57 879 700 549
otal fipid (fat) g | 023  3m 0.43 osf] 3ol 10 523 141
amy aclds, g | 0064 0.07 0103 0087 0924 0288 205§ 0459
turated
“}‘;’u:‘:’a‘:j . g | 009d 0.19 0183 0128 o040l o218 0.194 0.136
olesterol mg | 851 023 1928 120200 5528 24.10 24.66 13.3ﬂ

Data source: U.S. Deparument of Agriculture, Agricultural Research Service. 1999, USDA Nutrient
Darabase for Standard Reference Release 13, Nutrient Data Laboratory Home Page,
hip://www.nal.usda. ic/foodcom ¢

As shown in the table, one ounce of light tuna provides 33 keal, 7.2 g protein, and only
0.2 g lipid. An equal amount of broiled, lean beef provides about the same amount of
protein, but over twice the calories (77 keal) and five times the total fat (5.2 g). Although
salmon, a relatively fatty fish, provides 3.1 g of fat per ounce, this fat contains a much
lower proportion of saturated fat than does beef or any of the other non-fish alternatives.
Tuna and salmon, like all animal products, contain cholestero}, but in conccntratmns less
than half that of lean chicken and beef.

Mineral cornposition
nlmon, [Flounder, Shrimp, Chicken | Beef, Ham,
Nutricnt Uity T:‘g';:;’ ioo.;::e:ll: cooked, c:?:(‘c; ' lﬁﬁ'- ::::t:té g!l'z'lll:'d II:I‘:
X dry heat| dry heat heat | PoWed | 0 skin brojled | fat)
nntrient concentration/ouncs

Celcium, Ca mg | 332 198  s10 1104 141 425 312 19

ron, Fe mg | 04 0.16 0.10 088 034 029 060 0.2
Magresium, Mg | mg | 7.6§ 879 1644 964 2384 824 595 48
Phosphorus, P mg | 4621 7825  81.93 388 4376  64.64 4479 61.80
Potassium, K mg | 67.19 10631 9752  s16q 357 7258 8533 99.23
Sodium, Na mg | 9587 1871 2977] 63.sd 351§ 2098 2183 40s.12
Eine, Zn A mg | 022 0.14 018 0. 0.30 0.28 1.52 0.5
Copper, Cu mg | 001 002 0.0} 0.05) 0.00 001 0027 002
Manganese, mg | 00d, 00l 0,0] 0.01 0.01 0000 000 001
Sclenium, Sc meg | 2279 1072 1650 112 3,73 782 822 459

Data source? U.S. Department of Agriculiire, Agricultural Research Service, 1999, USDA Nutrient
Database for Standard Reference, Release 13, Nutrient Data Laboratory Home Page,
hitp; .hal.usda. ov/ﬁnc/foodcom

Fish and fish alternates contain relatively low levels of calcium and most other minetals.
While iron concentration is high in beef (0.60 g per ounce), shrimp contains a higher iron
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concentration (0.88 g per ounce), and the concentration in light tuna (0.43 g per ounce)
are higher than that in lean ham (0.22 g per ounce).

Fish products, and particularly tuna products, are excellent sources of selenjum, an
important dietary antioxidant. Wheat provides a substential portion of selenium intake on
8 per capita basis; however, wheat is not a consistent source of selenium throughout all
geogtaphic regions, as wheat sclenium concentrations are dépendent on soil
concentrations, Seafood products may be important contributors to selenium intakes in
some geographic regions.

In addition to fish’s importance ss a dietary source of selenium, data from animal studies
have shown that organic and inorganic selenium influence MeHg deposition and protect
against toxicity (Ganther, 1972). Animal studies have shown that selenium ingestion
during gestation may reduce the neurodevelopmental effects following in utero exposure
to MeHg (for example, Fredriksson et al.; 1993).

Vitamin composition
Shrimp, Chicken | Beef,
Salmeon, [Floundor, Egge, Ham,
Nutrient Units T";; ?l:’ couked: cooked, ‘::’:5;;’ '1 hard- ::::u:t’d grlz:l:l’d lean
. N P
dry hoat ] dry heat heat boiled w/a akin | broiled (5% fat)
nutrient concentration/ounce .

Vitamin C mg | 0.00 0.00 0, 0.62 0.00 0000 o0.0f o.00
Thiamin mg | 0.01 0.06 0,02 0.01 0.02 0.02 001 0.6
Riboflavin mg | 0.02 0.03] 0.03 0.01 0.15 0.03 006  0.0§

iacin mg 3.74 1.89 0.62 0,73 0.02 3.89 .46 1.37

antothenic acid mg 0.0§ 0.20 0.1§ 0.]J0 0.40 0.27 0.11 0.1
Vitamin B-6 mg | 0.10 0,06 0.07 0.04 0.03 0.17 007 0.3

olate . mcg | 113 142 2,61 0.99 12.47 1.13 2.55 1.13]
Vitamnin B-12 meg 0.85 1. 0.71 0.42 0.31 0.10 0.67 0.21
Vitain A, RE | B | 482 1788 313 187) 1587 .70 000 0.0

. me
Vitamin B a0t 0.00 054 o4 47.53{ 008 004 oog
Data source; U.S. Department of Agriculture, Agricultural Research Service, 1999, USDA Nutrient
Database for Smndard Reference, Releass 13, Nutrient Data Laboratory Home Page, :

hup:// 5] da.gov/fnic/foodcom

Finfish, shellfish, and other animal protein products are poor sources of Vitarin C. Fish
are good sources of most B-vitamins, in general quite comparable to animal protein
altemates.{ Vitamin B-12, obtainable only from animal protein produets, is found in
seafood prbducts in relatively large concentrations.

Tuna contains Vitamin B in concentrations greater than those found in lean chicken, beef,
or ham. Vitamin E, an antioxidant vitamin, is a nuttient of concern for a number of U.S.
subpopulations, with many individuals failing to meet dietary recommendations. In the

Northeast U.S,, for example, over 20% of respondents in the 1994-96 Continuing Survey
of Food Intakes by Individuals failed to achieve 50% of the RDA for Vitamin E (USDA,

11
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1998). Of male and female children ages 1-2 in this region, almost 30% failed to
achieve 50% of the RDA for Vitamin E.

Omega-3 Fatty Acids
Tuna Saimon, |Founder, ﬂ':::g’ Egg, i‘:,i‘:::“ ﬁ;" Ham,
Nufrient Unity " ght, cooked, | cooked, moixt’ hnrd- roasted groun'd lean
»
dry heat] dry hent heat bojled wolskin | broiled (5% faf)
nutrient concentration/oynce
A 20:05 g {0013 0357 0069 004 000l 0003 o.00d 0.000
[pHA 22:06 g 0063 0711 0073 604 0011 0.008§ 0000 0,00

Data source: U.S. Department of Agriculture, Agricultural Research Service, 1999, USDA Nutrient
Database for Standard Reference, Releage 13. Nutrient Data Laboratory Home Page,

http://www .nal.usde gov/fnic/foodcomp

Data on concentrations of the omega-3 fatty acids EPA and DHA in fish and sltemates
demonstrate the superiority of finfish and shellfish as dietary sources. It must be noted
that these fatty acids are not concentrated in vegetable oils; finfish and shelifish truly are
unique in providing these important substances.
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Taurine

Taurine is g sulphur-contaitiing amino acid recognized to play a role in several
physiologibal functions, including retinal photoreceptor activity, bile acid conjugation,
white blood cell antioxidant activity, pulmonary antioxidant activity, decreased platelet
aggregation, and the development of the nervous system. Because taurine is the most
abundant free amino acid in the central nervous system (CNS), it has been postulated that
taurine plays a role in CNS development.
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The human fetys accumulates approximately 50-60 mmol per day of taurine during the
last 4 weeks of pregnancy. Thus taurine seems to be of benefit during development, an
observation that is underscored by the high concentrations in fetal brain. These transfers
are critical in the neonatal period and in early lifc because of the limited ability of
newboms to synthesize taurine de novo. If the exogenous neonatal supply of taurine is
limited, depletion of the body pool may occur during the first weeks of life.

The noteworthy relationship between taurine and digt is its absence from vegetable
sources and its abundance in animal products, particularly fish and shellfish, Frozen cod
contains 40 mg taurine per 100 grams, and canned tuna fish contains over 70 mg taurine
per 100 g. This in comparison to beef, liver, and chicken which average 30 mg tayrine

per 100 g.

Human breast milk contains an average of 50 mg taurine per 100 g. Taurine is added to
infant formulas to ensure that infants who, are not breast-fed receive an adequate supply
of this conditionally indispensable amino acid,

As stated above, breast milk contains an average of 50 mg taurine per 100 g, yet the
range varies from as little as 24 mg per 100 g to 85 mg per 100 g depending on the
mother's taurine status. As the mother's taurine intake increases, so does the breast milk
content of taurine.
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Omega-3 Fatty Acids

Another specific nutritional benefit provided by fish to a degree unmatched by any other
food is its content of long-chain polyunsaturated omega-3 fatty acids. The health benefits
of these farty acids to the developing fetus, the newborn, the child, and the adult have
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recently been the subject of a great deal of investigation, although in fact the role of n-3
fatty acids in the human diet has been studied for over 30 years (Connor 2000).

N-3 fatty acids are a structural component of phospholipid membranes in tissues
throughout the body, and are essential nutrients from fetal development during pregnancy
through adulthood. In the United States, the primary source of two essential n-3 fatty
acids, docosahexaenoic acid or DHA, and eicosapentsenoic acid or EPA, is fish or fish
oils (Kris-Etherton et al. 2000). Cutrent consumption in the U.S. is well below levels
recommended by various agencies, governments, and nutritionists to achieve the
recognized beneficial effects. Kris-Etherton and colleagues (2000) specify, that,
“increasing fish consumption by 4-fold is one strategy that will facilitate meeting the
recommendations that have been made for intake of EPA and DHA.”

The following sections detail the recognized health benefits of n-3 fatty acids,
. particularly DHA, to humans from fetal development through adulthood.

Benefits To the Developing Fetus o
There are two critical periods during hurnan growth and development in which n-3 fatty

acids are essential: during fetal development and after birth until the biochemical
development of the brain and retina is completed (Connor 2000). For the developing
fetus, the following beneficial effects are noted,

e DHA i3 an essential component of the neural and vascular ﬁssu;s of the brain,
including the retina (Neuringer 2000). The source of this DHA to be
incorporated into developing fetal tissue is from its mother’s diet, primarily
oily fish such as tuna, salmon, and other cold-water fish. DHA is selectively
transferred through the placenta, that is, more DHA and other fatty acids are
taken from the mother’s blood into the placenta and fetal circulation to

+ achieve higher concentrations in the fetal tissue than in the mother (Al 2000;
Innis 1991),

» The human fetal brain experiences a rapid growth spurt in the third trimester
of preghancy. Pre-term babies, those bom before development is completed,
have lower levels of DHA in their blood and brains than full-term infants,
suggesting lower exposures during a critical window of brain growth and
development (Monique 2000; Neuringer et al. 1988, Yamamoto et al, 1987,
Sinclair and Crawford 1973, and Galli et al. 1977 as cited in British Nutrition
Foundation 1992).

enefits Td Infants ’
Infants and young children continue to have rapid development of brain and vascular
tissues after birth (post-natal), and thus continue to need DHA in particular, as well as
other n-3 fatty acids. The following beneficial effects are noted for infants, particularly
infants that are breast-fed. Note that it remains a critical question for the scientific and
regulatory community to determine the kinds of n-3 fatty acids that should be included in
infant formulas (Connor 2000).
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e For a breast-fed infant, a mother’s diet high in DHA promotes high DHA
levels in breast milk (Cbappell et al. 1985; Finley et al. 1985 Harris et al.
1984; Harzer et al. 1984; Innis et al. 1988; Sanders et al. 1978).

® The biosynthesis of DHA from V-linolenic acid (ALA) consists of a series of
chain desaturation and elongation reactions at the carboxyl terminal. In
infants who are breast fed, the essential fatty acid metabolism is based on the
direct supply of long chain polyunsaturated fatty acids bypessing the
regulatory desaturation step. Barlier studies on n-3 faity acids requirements of
newbom infants suggest that the activity of the enzymes, particularly
desaturase, wete low during the newborn period. In addition, the effects of
DHA are not replicated by providing equivalent amount of ALA because there
appears to be inadequate conversion of ALA to DHA in infants. The
synthesis of DHA from ALA may be reduced due to the inhibition of the
desatyrase enzyme by an excess of ALA.

* Inseveral studies, pre-term infants whose diets were supplemented with DHA
(and other fatty acids) had greater improvement in visual and cognitive
function. These findings have also been found in term infants (Hoffman et al.
1993; Uauy et al. 1994; Birch et al. 2000).

Benefits to Children

Young children continue to develop neurologic and vascular tissues after infancy.
Benefits to children from n-3 fatty acids is an area of active research, but specific effects
are less well established than for the developing fetus and in infants, Possible roles of

DHA in childhood function include:
e [mprovements in dark adaptation and movement skills in dyslexic children
(Stordy 2000).

e A possible role in attention-deficit hyperactivity disorder. (ADHD) based on

- findings in several studies in which lower proportions of fatty acids were

observed in children with this condition (Burgess et al. 2000).

e An association with reactive airways disease and asthma, Hodge et al. (1996)
reported a lower prevalence of airway hyperresponsiveness and wheeze
(symptoms of asthma) among Australian children among children who had
more frequent consumption of oily fish.

Benefits To Adults
Effects on the cardiovascular system are established benefits to adult consurners of fish

containing high levels of omega-3 fatty acids.
» Effects on key risk factors for cardiovascular disease include reductions in
iglyceride levels (Nestel 2000; Roche and Gibney 2000) and in heart rete
{ variability (arthythmia) (Schmidt and Dyerberg 1999; Kang and Leaf 2000).

s Inaddition, reductions in blood pressure, especially among hypertensive
persons, have been noted (Lungershausen et al, 1994; British Nutrition
Foundation 1992).

e Separately, epidemiologic studies have shown inverse associations between
fish or fish oil consumption and cardiovascular events. Reductions in rates of
death, sudden cardiac death (Albert et al, 1998; Daviglys et al. 1997;
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Siscovick et al. 1995, 2000; De Logeril et al. 1999; Valagussa et al. 1999),
non-fatal heart attacks (myocardial infarction) (Daviglus et al. 1997; Dolecek
et al. 1992), and strokes (Dolecek et al. 1992) have all been observed in
persons who regularly consume omega-3 fatty acids.

Summary and Conclusions )

In summary, the essential role of n-3 fatty acids in the human diet has been studied for
several decades. Long-chain polynnsaturated fatty acids are essential nutrients from
fetal development during pregnancy through adulthood. During fetal development and

infancy, n-3 ﬁmv acids are 1ncomm'ated into developing neurologic tissnes and appear

necessary for normal neurologic ﬁmctmn For adults there are well-stuched
cardiovascular effects on triglycerides, platelet aggregation, and arrythmias, as well as
reductions in cardiovascular morbidity and mortality, Nutritionists from regulatory and
other government organizations advise that the U.S, population needs to increase dictary
intake of n-3 fatty acids, and that currently, the best source of these nutrients are fish
sources.
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