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Human Biomonitoring to Optimize Fish Consumption Advice:
Reducing Uncertainty When Evaluating Benefits and Risks

National fish consumption
advisories that are based
solely on assessment of risk
of exposure to contaminants
without consideration of con-
sumption benefits result in
overly restrictive advice that
discourages eating fish even
in areas where such advice
is unwarranted. In fact, ge-
neric fish advisories may
have adverse public health
consequences because of
decreased fish consumption
and substitution of foods that
are less healthy.

Public health is on the
threshold of a new era for de-
termining actual exposures
to environmental contami-
nants, owing to technologi-
cal advances in analytical
chemistry. It is now possible
to target fish consumption
advice to specific at-risk pop-
ulations by evaluating indi-
vidual contaminant expo-
sures and health risk factors.
Because of the current epi-
demic of nutritionally linked
disease, such as obesity, di-
abetes, and cardiovascular
disease, general recommen-
dations for limiting fish con-
sumption are ill conceived
and potentially dangerous.
(Am J Public Health. 2005;95:
393-397. doi:10.2105/AJPH.
2004.042879)
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BOTH THE US ENVIRONMENTAL
Protection Agency (EPA) and the
US Food and Drug Administra-
tion (FDA) have issued national
fish consumption advisories that
recommend women of childbear-
ing age restrict their consump-
tion of fish to avoid excessive ex-
posure to methylmercury. These
advisories were issued on the
basis of methylmercury levels
found in fish in specific locations
across the country and estimates
of dietary consumption, and they
were issued across the country
regardless of actual levels of mer-
cury found among human popu-
lations. Thus, we question the
wisdom and the validity of the
scientific basis of these advi-
sories. First, by ignoring the ben-
efits associated with consuming
fish and the potentially decreas-
ing fish consumption among
women of childbearing age,
these advisories may violate the
ethical principles of beneficence:
do not harm, and maximize
possible benefits and minimize
possible risks.! Second, the advi-
sories ignore the evolution of
public health’s ability to measure
actual exposure to environmental
contaminants among specific
populations.

Both advisories, which were is-
sued in 2001 and reissued in
2004, restrict the fish consump-
tion of women of childbearing
age: the EPA’s advisory restricts
consumption of recreationally
caught fish to no more than 6
ounces a week; the FDA’s advi-
sory restricts consumption of
commercially caught fish to no
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more than 12 ounces a week.*™
These consumption levels seem
overly cautious after reviewing
the 1999-2000 National Health
and Nutrition Examination Sur-
vey (NHANES), which found that
929% of women of childbearing
age (n=1709) had blood total
mercury concentration levels that
were below 5.8 pg/L, which is
the blood level that corresponds
with the EPA’s conservative ref-
erence dose. The EPA’s reference
dose—the safe dose that can be
consumed every day during a
70-year lifetime without any
adverse health effects—was de-
rived from the “benchmark dose”
blood mercury concentration of
58 pg/L divided by a 10-fold un-
certainty factor.” The 95th per-
centile geometric mean from the
NHANES study was 7.13 pg/L
(95% confidence interval [CI]=
5.79, 8.48), which was well
below the EPA’s “benchmark
dose” level of 58 pg/L.°

Many Alaskans have no read-
ily available alternative to fish.
In fact, a large number of
Alaskans rely on locally caught
fish as their primary protein
source.® Thus, for Alaska public
health officials, the EPA/FDA
advisories have been particularly
problematic. Even though avail-
able data show methylmercury
concentrations in the most fre-
quently consumed Alaska fish
(e.g., chinook, coho, sockeye,
chum, and pink salmon) are
among the lowest of all fish
species (average <0.05 mg/kg),”
many Alaskans, particularly
Alaska Natives, have begun

questioning the safety of their
traditional diets. The adverse ef-
fects on public health in commu-
nities that have moved away
from traditional foods have been
well documented.®® In Alaska,
there is now evidence that
Alaska Natives are replacing
their traditional diets with foods
that are far less healthy,'*"!
Alaska Natives are experiencing

and

a significant increase in the
prevalence of diabetes® and
overweight/obesity.”* Addition-
ally, many Alaskans have serious
problems with alcohol use and
lack of physical exercise,” condi-
tions that may be partially attrib-
uted to the abandonment of a
traditional diet and lifestyle.™
Alaska’s public health re-
sponse to the EPA/FDA advi-
sories has been to recommend
unrestricted consumption of fish
caught in Alaska waters.” Fur-
thermore, a biomonitoring pro-
gram has been implemented to
determine actual exposure levels
of environmental contaminants
among concerned populations.
The program tests methylmer-
cury exposure among pregnant
women, with limited testing
among women of childbearing
age. It is expected to expand
and eventually include all
women of childbearing age; it
also will test exposure to other
chemicals of concern, such as
polychlorinated biphenyls
(PCBs), pesticides, and heavy
metals. Exposure is determined
by analyzing total mercury con-
centrations in hair, which is
both noninvasive and relatively
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inexpensive. Hair mercury is a
well-established biomarker for
determining methylmercury
exposure among fish-eating
populations.**~2°

The Alaska Division of Public
Health (ADPH) began its State-
wide Mercury Hair Biomonitor-
ing Program during June 2002,
when it offered free, confiden-
tial testing to all pregnant
women in Alaska.”! The initial
results of this program and the
utility of targeted screening
when recommending specific
local-consumption advice are
described in this article.

METHODS

All health care providers in
Alaska received introductory ma-
terials during June 2002 and
were encouraged to provide test-
ing for their pregnant patients.
Upon request, the ADPH pro-
vides health care providers with
materials for collecting and sub-
mitting hair samples.”’ The sam-
ples are about 1/8 inch in diam-
eter and are collected from the
back of the head close to the
scalp. Initially, samples submitted
to ADPH were analyzed by
Frontier GeoSciences in Seattle,
Wash, with cold vapor atomic
fluorescence spectrometry.22
Today, unwashed samples are
analyzed by the Alaska Public
Health Laboratory with a direct
mercury analyzer (DMA-80,
Milestone, Inc). Samples that
have total mercury levels higher
than 10 mg/kg are sent to Fron-
tier GeoSciences for methylmer-
cury analysis.

Individual results and refer-
ence levels are sent to each
woman’s health care provider.
Women who have hair mercury
levels higher than 5 mg/kg are
interviewed to determine proba-
ble exposure sources, and their
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health care providers are con-
sulted to determine optimal di-
etary advice.

The program also supports
targeted testing of all women of
childbearing age aged 15 to 45
years in areas of the state where
relatively more fish, marine
mammals, or both are consumed.
In June 2003, ADPH began ac-
cepting hair samples from
women of childbearing age who
lived in 1 area of the state where
there is heavy subsistence use.

RESULTS

There are approximately
12000 births per year in Alaska.
Between June 4, 2002, and De-
cember 31, 2003, the ADPH ana-
lyzed hair samples from 150 preg-
nant women and 52 women of
childbearing age who lived in 34
Alaskan communities (Figure 1).
The median and mean ages of the
pregnant women were 28 and 29
years, respectively (range=15—47
years). The median and mean

hair mercury levels among preg-
nant women were 0.47 mg/kg
and 0.72 mg/kg, respectively
(range=0.02—-6.35 mg/kg)
(Figure 2). One pregnant woman’s
hair mercury level was 180 mg/kg,
but she was excluded from the
statistical analysis because she
was not representative of the pop-
ulation of interest and because
her hair mercury level probably
did not accurately reflect her in-
ternal exposure level (see next
paragraph). The median and
mean ages of women of child-
bearing age were 32 and 31
years, respectively (range=
16—45 years). The median and
mean hair mercury levels

among women of childbearing
age were 0.64 mg/kg and

1.12 mg/kg, respectively (range=
0.15-7.82 mg/kg). Overall, 77%
and 91% of all women had levels
of hair mercury below 1 and

2 mg/kg, respectively, and 81%
had levels below 1.2 mg/kg, the
level that corresponds with the
EPA’s reference dose (Figure 2).

Atgasuk

Fairbanks

Nikolai—@

Kasigluk
St Paul
ﬁ -
-
-,
‘.\ R Dutch Harbor A 0Old Harbor
-~ m e
Atka Unalaska

Tok—e

Eagle River Chugiak

diak

To date, 4 women have been
found to have hair mercury levels
higher than 5 mg/kg (Figure 2).
The pregnant woman whose level
of hair mercury was 180 mg/kg
was visiting from Tanzania,
Africa, and delivered her infant
in Alaska. Although she had an
extremely high level of hair mer-
cury, she reported no clinical
symptoms of mercury toxicity.
She also reported that she had
not consumed Alaska fish. An
extensive case investigation—
including testing the species of
African fish she consumed—failed
to identify a potential source of
mercury exposure. Her blood
mercury level was 23 pg/L, and
her infant’s blood mercury level
was 15 pg/L. Unfortunately, the
small amount of hair initially col-
lected precluded methylmercury
analysis, and the patient would
not provide another hair sample
for additional testing.

Two pregnant women from
western Alaska had hair mer-
cury levels of 6.4 mg/kg and

Ketchikan
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FIGURE 1-The community residences (n=34) of pregnant women (n=150) and women of childbearing
age (n=52) who participated in the Alaska Statewide Maternal Hair Mercury Biomonitoring Program.
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T Inl
13 14 180

5.2 mg/kg, respectively. They
are enrolled in the Alaska Native
Tribal Health Consortium’s
maternal-infant cord blood study
and have had medical follow-up
as part of that project. One
woman of childbearing age had
a hair mercury level of 7.8 mg/
kg. This level was confirmed dur-
ing her follow-up investigation.
Interviews with her family indi-
cated the most likely food item
that contributed to her mercury
exposure was marine mammal
muscle or organ meat. Testing
was then offered to the entire
community, and an additional
25 individuals provided hair
samples. This community, which
consists primarily of Alaska Na-
tives, is very remote and has no
readily available alternative to
traditional subsistence foods. We
are currently consulting with
village-based community health
aides and the regional Tribal
Health Board to (1) analyze food
items that may have high levels

of methylmercury, and (2) evalu-
ate the benefits of subsistence
food consumption and the poten-
tial risks from exposure to
methylmercury to determine
optimum dietary advice.

DISCUSSION

To date, the hair mercury lev-
els among pregnant women and
women of childbearing age in
Alaska are well below the World
Health Organization’s No Ob-
served Effect Level NOEL) of
14 mg/kg'®; however, our prelim-
inary results are not representa-
tive of the entire Alaska popula-
tion. Additionally, the small
number of biomonitoring samples
tested in Alaska to date precludes
the development of a generalized
estimate of mercury exposure
statewide. However, our results
are similar to the results (mean=
1.5 mg/kg; median=1.2 mg/kg)
of a hair monitoring study con-
ducted by Rothschild and Duffy*®
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FIGURE 2—The frequency distribution of hair total mercury levels among pregnant women (n=150 [white bars]; median=0.47 mg/kg) statewide
and women of childbearing age (n=52 [black bars]; median=0.64 mg/kg) who participated in the Alaska Statewide Maternal Hair Mercury
Biomonitoring Program, June 4, 2002-December 31, 2003.

in the western Alaska village of
Napakiak (n=16). Similarly, low
mercury levels have been observed
in the blood of mothers who deliv-
ered babies from the Bethel (geo-
metric mean=>5.5 pg/L; n=23)
and Barrow areas (arithmetic
mean=1.3 pg/L; n=23).>* The
World Health Organization’s
NOEL for blood is 56 pg/L."®
Recent advances in laboratory
analytical methodology now
allow public health officials to
routinely measure exposure to
mercury and other environmen-
tal contaminants.?>*® When high
levels of contaminants are found
in local foods, the ADPH sug-
gests that human biomonitoring
be used to identify at-risk sub-
populations so that consumption
advice can be tailored locally to
balance benefits and risks. Bio-
monitoring can then determine if
the advice needs to be changed.
We hold that dietary guide-
lines that are based on the EPA
reference dose result in highly re-

strictive consumption advice that
fails to consider the many bene-
fits of fish consumption. Exten-
sive scientific research has docu-
mented the numerous health,
social and cultural, and economic
benefits of eating fish.*” Proven
health benefits include protection
from cardiovascular disease*°
and diabetes® and improved ma-
ternal nutrition and neonatal and
infant brain development.**~*
Additionally, fish consumption
has been linked to the prevention
of cancer, including cancers of
the gastrointestinal tract and
prostate gland.**>" In the Sey-
chelles Child Development Study,
positive neurodevelopmental out-
comes were shown among chil-
dren exposed to methylmercury
prenatally (mean maternal hair
mercury level=6.8 mg/kg) and
postnatally (mean child hair mer-
cury level=6.5 mg/kg).*® It was
hypothesized that nutrients de-
rived from fish consumption pro-
vided the beneficial effect,>*3°
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and a new cohort has been es-
tablished to evaluate this.>®

CONCLUSION

When creating ethical public
health recommendations for fish
consumption, it is essential to
weigh both benefits and risks.
The Belmont Report: Ethical Prin-
ciples and Guidelines for the Pro-
tection of Human Subjects of Re-
search identifies 3 “basic ethical
principles” for protecting human
subjects of research: respect
for persons, beneficence, and jus-
tice." The principle of benefi-
cence has been expressed as 2
complementary actions: (1) do
not harm, and (2) maximize pos-
sible benefits and minimize possi-
ble risks. Although national fish
advisories are not intended as re-
search, they overemphasize risks
and undervalue the benefits of
fish consumption. Highly restric-
tive generic fish consumption ad-
visories, such as the ones issued
by the EPA and the FDA, can
cause harm by unnecessarily
warning people not to consume
fish. Among Alaska Natives who
rely heavily on these foods for
their nutritional, spiritual, and
cultural health, the results can be
disastrous.***!

The current EPA and FDA
advisories should take into ac-
count recent advances in our
ability to quantify actual expo-
sure levels to environmental
contaminants. These advances
have made biomonitoring a
cost-effective public health tool
for helping federal, state, and
local health agencies develop
optimal dietary guidance. ®
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