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Abstract

Background: Fish consumption advisories are developed to prevent overexposure
to various contaminants. Recently, discussion has centered on the need to
consider the benefits of fish consumption alongside possible risks when providing
guidance.

Objective: As part of the Arsenic Mercury Intake Biometric Study involving the
Japanese and Korean communities living in Washington State, we obtained fish and
nutrient intake data. Japanese and Korean women of childbearing age (n = 214)
participated in this longitudinal study. We used these data, along with hair-
mercury data to determine the need for both the nutritional benefits and concern
about contaminants to be included when providing guidance.

Design: We examined the intake of 2 n—3 long-chain fatty acids, eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), found in fish and associated with a
variety of beneficial health effects. Intakes of these lipids were used as surrogates
to characterize the beneficial effect from fish consumption, and the intake of
mercury was used to establish the risk from consumption.

Results: These 2 populations provided an ideal basis from which to examine this
issue because their fish consumption rates were identical and higher than national
rates, but their mercury intakes vary substantially because of different
consumption behaviors. Results indicate that basing fish consumption guidelines
on contaminant concentrations alone can have the unintended consequence of
causing a portion of the population to have inadequate intake of required
nutrients.

Conclusion: Public health goals may be better served if nutritional elements and
contaminant concerns are quantitatively incorporated into fish consumption
guidelines.

INTRODUCTION

The health effects from mercury exposure are well understood and, depending on
the type, duration, and extent of exposure, can vary with different systems or
organs being affected (1). The most severe health effects observed in humans have
occurred from accidental high-level exposure in Japan and Iraq (2-4). In response
to results from ongoing studies in human populations and work conducted in
animals, the US Environmental Protection Agency established a reference dose of
0.1 ug - kg=' - d~7 for methylmercury (1, 5-14). Because the most prominent
nonoccupational source of exposure to mercury comes from the consumption of
fish, this reference dose has become the health benchmark from which to provide
fish consumption guidelines and recommendations centered on mercury-
contaminated fish (1).

In contrast to the detrimental developmental and neurologic effects that can come
from consuming fish contaminated with mercury, many important beneficial
effects are linked to fish consumption (15-27). Eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) are considered among the major benefits to fish
consumption (28-31). This past year, proceedings of a workshop after the
conference “n—3 Fatty Acids: Recommendations for Therapeutics and Prevention”
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suggested that women should consume 100-300 mg DHA/d (22). Although
improved data are required to determine dietary intake values or ratios among
EPA, DHA, and EPA and DHA combined, the American Heart Association has
recommended consuming 2 fish meals (preferably oily fish) per week, which
results in an intake of ~400-500 mg DHA + EPA/d (15, 22, 32).

Several studies examining fish consumption have investigated nutrient intake and
contaminant exposure with some works suggesting that the benefits from fish
consumption may exceed the possible health effects from contaminant exposure,
whereas others suggest that the benefits provided when mercury is present as a
contaminant are still debatable (33-39).

In this study we examined 2 fish-consuming populations to determine how the
intake of these nutrients relates to methylmercury exposure and how the relations
affect fish consumption guidance.

SUBJECTS AND METHODS

Arsenic Mercury Intake Biometric Study

The main goal of the Arsenic Mercury Intake Biometric Study was to determine
whether exposure to mercury in excess of the reference dose was occurring within
the Japanese and Korean communities in Washington State, because these
populations consumed fish in large quantity. This was a longitudinal study in
which the Japanese cohort was interviewed 3 times and the Korean cohort was
interviewed twice. To be included in the study, a participant had to have lived in
the Puget Sound area of Washington for 6 mo, be willing to provide a hair sample
from the nape of the neck (0.5 cm in diameter), and allow us to conduct a fish
consumption survey. Participants were also asked, but could decline, to provide a
second hair sample along with urine, blood, or toenail samples and to complete a
food-frequency questionnaire (FFQ).

Group and data collection from the Arsenic Mercury Intake Biometric Study

The populations and sample collection methods were described previously (40). In
brief, study participants were women of childbearing age (18-45 y) who identified
themselves as Korean, Japanese, or of Japanese or Korean descent. Recruitment of
participants occurred through a women's health clinic; a Women, Infants, and
Children clinic; a local population-specific website; church functions; newspaper
advertisements; posted project-awareness sheets; and local grocery stores that
served the Asian community. Interviews were conducted in Japanese, Korean, or
English, depending on the participant's preference. The fish consumption survey
was based on survey instruments previously used with several Native American
Tribes, recreational fishers, Asian Pacific Islanders, and the general public (41-43).
The FFQ was a validated tool developed at the Fred Hutchinson Cancer Research
Center that determines how often particular types of food are consumed and was
augmented slightly for use in this study (eg, the addition of an accompanying
section specific to food items consumed by these 2 populations) (44-46). As part
of the oral survey, we asked participants a series of general demographic
questions and questions about their fish consumption behavior. We provided
participants a pictorial fish booklet containing pictures with names in 3 languages
of finfish and shellfish that are commonly consumed by Japanese and Koreans as
well as fish species commonly found in this area. We asked the participants
questions about the frequency of consumption and of serving sizes for each
species consumed. Serving sizes were determined with the use of fish models
consisting of steaks, fillets, and sushi pieces, as well as shellfish samples. As part
of the survey, participants were weighed unless they were pregnant, and we
obtained self-reported prepregnancy weights from pregnant women. Participants
were asked their age categories, (18-19, 20-24, 25-29, 30-34, 35-39, 40-45, 46-
49, and =50 y). The survey contained a series of questions that allowed for a
cross-check of participant response about consumption. We determined
participant sample size for each population to provide a reasonable precision of
estimates of mean consumption rates such that the upper and lower bounds of Cls
for means remained within 20% of an estimated mean. The study enrolled 214
women of childbearing age, (n = 106 Japanese; n = 108 Korean). We used all
participant data from the orally administered fish consumption survey. We did not
include FFQ data from 1 Japanese woman and 19 Korean women, based primarily
on incomplete surveys (1 Korean women) or if the calculated individual caloric
intake was <600 kcal/d (n = 19). We obtained informed consent from all
participants. All materials, including the consent forms, were available in 3
languages (Japanese, Korean, and English) and were approved by the State of
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Washington Department of Social and Health Services Human Research Review
Board.

Fish tissue mercury concentrations

Fish species commonly consumed by these 2 populations were purchased at local
Asian grocery stores for mercury analysis, and edible portions (n = 115) were
measured for mercury (40). The resulting data were used along with other fish
tissue analysis work (47-51) to obtain mean mercury fish tissue concentrations for
the fish species consumed by these 2 populations and are described by Tsuchiya
et al (40).

Outcome measures

This study uses survey and FFQ information obtained from each woman during the
initial visit. The validated FFQ uses a series of 5 questions to determine
consumption of various fish types [dark (fatty), light, or tuna] with DHA and EPA
concentrations for the fish types derived from nutrient databases (44-46). DHA
and EPA concentrations for the individual fish were combined, based on answers
provided to determine individual DHA and DHA + EPA intake concentrations.

Individual fish intake estimates were also determined from each participant's
consumption pattern behavior with the use of data from the fish consumption
survey. For each participant, the frequency of consumption of a particular fish was
multiplied by the serving size. For all species consumed, species intake values
were combined and divided by body weight to obtain a daily fish intake value on a
per kilogram body weight basis. The individual fish species consumption rates
were used to derive DHA and DHA + EPA intake values. DHA and EPA
concentrations were obtained from the literature with summary values provided by
Mahaffey (52) (53-55). These values were weighted and combined, based on which
species were eaten by a participant and in what amounts, so as to derive an
individual DHA and DHA + EPA intake value. Either surrogate values from similar
species were used or the fish species were omitted from the person's total DHA
and EPA intakes for fish species without published values of fatty acids. Greater
than 50 species were examined of which 8 were omitted. None of the 8 species
represented >4% of the total fish consumption by each population (data not
shown). To determine the effect of not having DHA and EPA values for those
species consumed, sensitivity analyses were performed by comparing changes in
fish consumption rates within the 2 populations. With all fish species removed for
which no available DHA and EPA values could be obtained, average fish
consumption values for the 2 populations changed <10% (data not shown).
Accordingly, survey results and distributions depict consumption values based on
all fish consumed and nutrient intake for which DHA and EPA fish values were
available.

We used individual hair mercury values from each participant to determine
mercury exposure for use in this comparative analyses (40). A 1.2 ppm Hg in hair
value is considered to be the exposure equivalent of the reference dose and is
used for the purposes of public health protection in this study (1).

Statistical analyses

We performed analysis of variance with post hoc comparisons using Tukey's
honestly significant difference test to compare means of fish consumption across
age groups. We used a Student's t test to compare means of fish consumption
based on pregnancy status. Regression analyses were performed to compare
intakes of n—3 fatty acids with mercury exposure on an individual basis. We
assumed a significance level of 5% (P < 0.05), and we analyzed data using STATA
(version 10.0; Stata Corporation, College Station, TX), EXCEL (version 2003 SP2;
Microsoft Corporation, Redmond, WA), and SPSS (version 14.0; SPSS Inc, Chicago,
IL).

RESULTS

All study participants had lived in the Puget Sound area of Washington State for >6
mo before enrolling in the study. Within the Japanese cohort, all but 3 of the 106
women participants preferred to speak in Japanese. In the Korean cohort, 71 of the
108 women participants preferred speaking Korean. Although 25% of the Japanese
were pregnant at some point during the study, only 5% of the Koreans were
pregnant during the study period. Results of a cross—-check of participant response
evaluating daily fish consumption using 2 sets of questions from the fish
consumption survey showed a significant and positive correlation (r = 0.79, r2 =
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0.63,P < 0.01).

Total daily consumption rates of finfish and shellfish obtained from the fish
consumption survey data for the 2 populations on a per person basis are provided
in Table 1. Both populations consume nearly identical amounts of finfish with the
Japanese consuming 59.5 g - person~! - d~! and the Koreans consuming 59.1 g
person”! - d~'. This similarity remains across the finfish consumption
distribution because the 95th percentile values do not differ markedly (159 and
147 g/d for Japanese and Koreans, respectively). Accordingly, the difference
observed in total amounts of fish consumed by each population results from the
Koreans consuming nearly 70% more shellfish on a daily basis (22.7 g/person)
than the Japanese (13.5 g/person). Another difference between the 2 populations
is in the amounts consumed of particular finfish types. For example, the Japanese
cohort consumed 3 times as much salmon on a daily basis (1820 g/cohort) as did
the Koreans (581 g/cohort), whereas the Korean cohort consumed ~4 times the
amount of squid per day (1461 g/cohort) as did the Japanese (356 g/cohort).

) : TABLE 1
View this table:

In this window  In a new window Finfish, shellfish, and total fish
consumption rates (g - person
-1 . d-1) for Japanese (n =
106) and Korean (n = 108) women along with total fish consumption
norms for the United States as provided from the Continuing Survey of
Food Intake by Individuals (CSFIl) and the National Health and Nutrition
Examination Survey (NHANES) data!

The mean consumption rates of fish, shellfish, and total fish according to
pregnancy status and age for the 2 populations on a per kilogram body weight
basis are shown in Table 24. These data are derived from the fish consumption
survey. The mean (+SD) weights were similar; the Japanese weighed 55 + 8 kg and
the Korean group averaged 59 + 11 kg. Most of the Japanese participants were in
the age categories of 30-34 and 35-39 y, and these 2 categories represented 76
of the 106 women. The Korean population was spread evenly over all the age
categories, with the highest number of participants (n = 29) being between 40 and
45 y of age. For analysis, age groups were combined to form 4 groups (<30, 30-
34, 35-39 and, =40 y) because of the small number of subjects in some age
categories. Results did not indicate a significant difference in fish consumption
across the age groups for the Japanese and Koreans. In addition, an independent
samples t test found no significant difference in fish consumption with pregnancy
status in the Japanese population. This calculation was not performed for the
Korean cohort because of the small number of pregnant women enrolled.

_ . TABLE 2
View this table:

In this window In a new window Fish consumption for Japanese
(n = 106) and Korean (n = 108)
women categorized by

pregnancy status and age'

Estimated rate of total fish intake ranged from 0.05 t0 6.55 g - kg~! - d~! for the
Japanese women and from 0.06 to 8.31 g - kg~! - d~! for the Korean women.
Shellfish intake rates were a fraction of the total fish intakes for all age groups
within the Japanese population. Average intake of total fish for Japanese and
Korean participants was 1.4 g - kg~ - d~'and 1.3 g - kg~ - d~!, respectively.
Geometric mean values are provided because the fish intake distribution for both
populations showed positive skew.

A comparison of consumption results for the Koreans and Japanese was made with
US norms with the use of data from the National Health and Nutrition Examination
Survey (NHANES) (56) and the Continuing Survey of Food Intake by Individuals
(CSFIl) (57). The CSFIl data provided for an average shellfish and finfish
consumption rate along with various percentile values (Table 11%). The NHANES
results provided for a geometric mean consumption value and percentile values
from within the consumption distribution (Table 11). The Koreans and Japanese
women consume fish in quantities that exceed the national average. Mean values
for the average American consumer are <20 g/d, whereas the average values for
the Japanese and Korean cohorts are significantly higher (73 and 82 g/d,
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respectively). Values of significance within the NHANES and CSFII distributions are
the 95th percentile values (87 and 72 g/d, respectively) because the remaining 5%
represent many persons. The average consumption values for the Koreans and
Japanese approach or exceed these 95th percentile values, indicating that these 2
populations may be contained within the remaining 5th percentile of the NHANES
and CSFII distributions. On the basis of the percentile values for the consumption
distributions from CSFIl and NHANES, the 2 populations investigated by us have
central estimate shifts in consumption, leading to distribution patterns displaced
to the right and further down the abscissa. Specifically, all the percentile
consumption rates representing the national fish consumer were below those

determined for the Japanese and Koreans.

Correlations were determined between the n—3 fatty acids and total fish intake
values derived from both the FFQ and the fish consumption survey data (Table
34). Correlations were significant (P < 0.05) in both populations with the use of
data from both the FFQ and the fish consumption survey. In both data sets, the
Japanese had equal or slightly higher r? values for DHA and DHA + EPA than did
the Koreans. The r2 values for n—3 fatty acids in the Korean cohort ranged from
0.62 to 0.79, whereas in the Japanese cohort the range was from 0.79 to 0.88.
Accordingly, for both survey tools, the DHA and DHA + EPA intakes based on total
fish species consumed explain a significant portion of the variability observed in

the total fish consumption rates.

. . TABLE 3
View this table:

In this window In a new window Participants within Japanese (n
= 106) and Korean (n = 108)
cohorts categorized by
docosahexanoic acid (DHA) and DHA + eicosapentaenoic acid (EPA)
intakes and by hair mercury values and the correlation coefficients (r
and r2) between n—3 fatty acids and fish consumption for each survey
tool’

For both populations, DHA intake values obtained from the FFQ and the fish
consumption survey were plotted separately against hair mercury values (Figure
14). Intake values for DHA and EPA combined were also obtained from both data
sets (FFQ and fish consumption) and distributions plotted using hair mercury
values for both populations (Figure 24). A comparison of the number of persons
with DHA intake < 100 mg/d based on data from the FFQ and the fish
consumption survey indicates that for each population, ~20% of the participants
are below this value (Table 31). The number of participants with an intake of <400
mg DHA + EPA/d (considered protective) within the Korean cohort were 62 and 73
(57% and 82%, respectively) with the FFQ data providing the larger number of
participants (Table 3f). For the Japanese, the FFQ data suggested that 61
participants (58%) were below the intake value of 400 mg DHA + EPA/d, whereas

the consumption survey data provided a smaller number of 40 (38%) (Table 31).

- FIGURE 1.

For Japanese (n = 106) and
Korean (n = 108) cohorts,
individual hair mercury values
plotted against individual
docosahexaenoic acid (DHA)
values obtained from the food-
s frequency questionnaire (FFQ)

View larger version: and from the fish consumption
In this page In a new window survey. All results are based on
Download as PowerPoint Slide data from the FFQ and the fish

consumption survey for each of
the 2 populations. Sample size
for FFQ results from the Japanese cohort was 105 because 1 participant
had a calculated caloric intake < 600 kcal/d. Sample size for the FFQ
results from the Korean cohort was 89. In total 19 data points were not
used; 1 woman had an incomplete survey and 18 women had calculated
caloric intake < 600 kcal/d. Beneficial and protective health effects
values are indicated (100-300 mg/d DHA and 1.2 ppm hair Hg/d). The
DHA daily intake valued considered beneficial was adopted from Akabas
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et al (22), which pertains to proceedings of a workshop after the
conference “n—3 Fatty Acids: Recommendations for Therapeutics and
Prevention.” The mercury exposure values used in this study for the
purposes of public health protection are the reference dose and its
biometric equivalent of 1.2 ppm Hg in hair (1). Note: one data point in
each panel was not depicted because the hair mercury value was off the
scale provided.

- FIGURE 2.

For the Japanese (n = 106) and
Korean (n = 108) cohorts,
individual hair mercury values
plotted against individual
docosahexaenoic acid (DHA) +
eicosapentaenoic acid (EPA)

= values were obtained from the
View larger version: food-frequency questionnaire

In this page In a new window (FFQ) and from the fish
Download as PowerPoint Slide consumption survey. All results

are based on data from the FFQ
and the fish consumption
survey for each of the 2 populations. Sample size for FFQ results from
the Japanese cohort was 105 because 1 participant had a calculated
caloric intake < 600 kcal/d. Sample size for FFQ results from the
Korean cohort was 89. In total 19 data points were not used; 1 woman
had an incomplete survey and 18 women had calculated caloric intake <
600 kcal/d. Beneficial and protective health effects values are indicated
(400-500 mg/d DHA + EPA and 1.2 ppm hair Hg/d). DHA + EPA daily
intake values considered beneficial were obtained from Gebauer et al
(15), Akabas and Deckelbaum (22), and Kris-Etherton et al (32), which
pertain to the American Heart Association's recommendation that
persons consume 2 fish meals (preferably oily fish) per week. The
mercury exposure values used in this study for the purposes of public
health protection are the reference dose and its biometric equivalent of
1.2 ppm mercury in hair (1). Note: one data point in both panels
depicted as hair mercury value was off the scale provided, and 1 and 3
data points in both panels, respectively, were not depicted because DHA
+ EPA intake values were off the scale.

An examination was also made of those participants that have low daily intakes of
DHA and DHA + EPA while also exceeding the 1.2 ppm hair mercury value (Figures
1 and 2f; Table 3f). Results suggest that there are few women in either
population that do not ingest a sufficient amount of DHA on a daily basis who also
exceed the reference dose for methylmercury (no Koreans; 6 Japanese participants
from the FFQ; 3 Japanese participants from the consumption survey data). Values
of DHA + EPA determined from the consumption survey as well as the FFQ suggest
that the Korean cohort has few participants (5 and 7 participants, respectively) that
exceed the value of concern for mercury intake while not obtaining a sufficient
amount of DHA + EPA. The DHA + EPA results from the FFQ data for the Japanese
suggest that ~20% of the participants fall into this category, whereas the fish
consumption data suggest a value half that amount.

Correlation coefficients between DHA intake and hair mercury values were
determined and found to be similar and significant for the Japanese (FFQ: r = 0.41,
r2=0.1 7, P < 0.05; fish survey: r = 0.42, r2 = 0.18, P < 0.05), whereas the values
were significant but not as similar for the Koreans (FFQ: r = 0.12, 2 =0.02,P<
0.05; fish survey: r = 0.04, r2 = 0.002, P < 0.05). Results for the combination of
DHA and EPA followed those seen with DHA intake compared with hair mercury
values for both populations. For the Japanese, the correlation coefficients were
once again significant and similar between hair mercury values and DHA values
obtained from the FFQ and the fish survey (FFQ: r = 0.40, r2 = 0.16, P < 0.05; fish
survey: r = 0.41, r2 = 0.17, P < 0.05). For the Koreans, the resulting correlations
were significant but not as similar (FFQ: r = 0.16, r2 = 0.03, P < 0.05; fish survey:
r=0.04,r2 = 0.001, P < 0.05).

DISCUSSION
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Our analyses support the premise that nutrients as well as contaminants should be
concomitantly considered when providing fish consumption guidelines for public
health protection. We investigated 2 populations consisting of Japanese and
Korean women of childbearing age that are similar in many respects yet have
important differences. Both populations consume, on average, nearly identical
amounts of finfish and have 95th percentile consumption rates for finfish that are
within 10% of each other (Table 11). However, their finfish choices resulted in
markedly different mercury intake amounts. Both populations consume fish in
large quantity because they have consumption rates that are among the highest in
the United States. However, regardless of which survey tool was used, both
communities have a percentage of persons not obtaining their daily dietary
requirement of DHA (100-300 mg/d) with the percentage being greater within the
Korean cohort than in the Japanese cohort. If the DHA + EPA dietary intake of 400-
500 mg/d is confirmed as the amount required to provide health benefits, both
populations have a large percentage of persons who do not consume these 2 lipids
in sufficient quantity on a daily basis.

When examining mercury exposure conjointly with nutrient intake, we observe that
Japanese women, with 53% of the cohort exceeding the reference dose, have a
lower percentage of persons not obtaining their dietary DHA and EPA intakes than
do the Koreans, with only 13% of their cohort exceeding the reference dose. We
cannot conclude, however, that there is a direct or linear relation between DHA or
DHA + EPA and mercury exposure. The correlation coefficients were significant but
weak between DHA (and DHA + EPA) intakes and hair mercury values in this study.
The coefficients (r) observed for the Japanese cohort (range: 0.40-0.42), were
similar to the correlation (r = 0.35) observed by Sakamoto et al (36) between fetal
red blood cell mercury values and fetal plasma DHA concentrations in Japanese
mothers and infants at parturition. The lack of a strong correlation between these
nutrients and mercury should not be surprising because fish tissue mercury values
are associated with large, long-lived fish and with piscivorous fish species more so
than with nonpiscivores, whereas n—3 fatty acid intake is associated with oily fish
species that are not necessarily piscivorous (58-66).

With 1 in 2 persons within the Japanese community overexposed to
methylmercury, guidance needs to be presented 1) knowing that a portion of the
community can reduce their exposure while still obtaining their recommended
dietary intakes of these n-3 fatty acids and 2) in such a manner that the
percentage of persons obtaining their dietary intake of DHA increases. The Korean
community had only a small percentage of participants exceeding the reference
dose (1 in 8), but 1 in 5 participants did not obtain their dietary requirement for
DHA, and >1 in 2 possibly had a low DHA + EPA intake. The Korean community
needs guidance that does not restrict fish consumption but actually promotes
increased consumption of those oily fish species that have low amounts of
mercury.

Even with limited exposure or consumption data, the goal should not be to just
minimize exposure to the contaminant but also to ensure that optimal health is
achieved. For example, if we consider just DHA and mercury in fish tissue, for any
one species or for a combination of species consumed by a community, there are 3
consumption alternatives available relating DHA and mercury. 1) DHA
concentrations in tissue so low or mercury amounts so high that based on a
person's consumption rate, the person's mercury intake will reach the reference
dose before meeting the nutrient intake recommendation; 2) DHA concentrations
so high and mercury amounts sufficiently low that the daily nutrient requirement
and consumption amount is attained without ever approaching the reference dose;
or 3) at some given concentrations of DHA and mercury in fish tissue,
consumption behavior will lead to the nutrient recommendation being met with
some amount of exposure to mercury or the reference dose will be exceeded while
the persons still lacks adequate amounts of DHA. The first 2 options allow for fish
species to be identified that should be consumed rarely (or possibly not at all) as
well as those that will not result in exceeding the reference dose even when fish is
consumed in quantity. The third option is challenging because fish contaminant
concentrations and nutrient values have to be considered in combination. An
elementary approach could use a ratio between DHA intake and mercury exposure
that is de minimus. For DHA and mercury, this ratio could be represented by the
following simplified ratio: DHA, X 1/CR:RfD x 1/CR x BW; in which DHA, is the
minimum daily requirement of DHA (100 mg/d), CR is the daily fish consumption
rate (60 g/d), RfD is the reference dose for methylmercury (0.1 ug - kg~ ! - d1),
and BW is body weight in kilograms (60 kg assumed for this example). The
resulting ratio is 17 mg DHA to 1 ug Hg. This represents the minimum ratio of
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DHA intake to mercury exposure that a person or population should have from
consuming fish so as to meet the daily recommended intake for this nutrient while
not exceeding the reference dose. A more accurate expression of this equality
would address (among other factors) nutrients such as EPA, various individual
body weights, and health effect exposure values for other contaminants. However,
with a ratio such as this for DHA and mercury, even limited data sets relating
exposure with consumption in a population or populations could be used to
develop strategies providing for protection of public health. Along with
determining fish species that should not be consumed because of elevated tissue
mercury amounts, species that should be consumed because of high tissue DHA or
DHA + EPA values while having low tissue mercury amounts could be provided to
the consumer. The consideration of DHA and mercury in this manner would allow
for the development of guidance resulting in consumption distributions that place
a greater number of consumers above the recommended nutrient intake values
and below the reference dose (depicted in the bottom right quadrant of each
figure).

Results from this work suggest that both nutritional elements and contaminant
concerns need to be quantitatively incorporated into fish consumption guidelines.
Public health goals can be better served by being cognizant of both the potential
harm from toxicants and the nutritional benefits when offering fish consumption
recommendations.

Acknowledgments

All of the authors reviewed the literature and aided in writing the manuscript.
None of the authors had a personal or financial conflict of interest.

Footnotes

2 The contents of this manuscript are solely the responsibility of the authors
and do not necessarily represent the official views or policies of the National
Institute of Environmental Health Sciences (NIEHS), NIH, National Science
Foundation (NSF), EPA, or the Washington State Department of Health.

3 Supported by the US Environmental Protection Agency, Region 10 [Clean
Water Act, 104 (b)(3): 66-463], Pacific Northwest (PNW) Center for Human
Health and Ocean Sciences (NIH, National Institute of Environmental Health:
P50 ES012762; and National Science Foundation: OCE-0434087).

J4 Address reprint requests to K Marién, Department of Health, Office of
Environmental Health Assessments, PO Box 47846, Olympia, WA 98504-7846.
E-mail: koenraad@doh.wa.gov.

Received October 19, 2007.
Accepted February 13, 2008.

REFERENCES

‘I. Natimnmal DacAanev~ h Favimcil Tavicalanical Affa s of methylmel’cul’y.
Washington, DC: National Academy Press, 2000.

2. Polie B Moealndi €0 Awnive 7ali o ~e =l Mothylmercury poisoning in Iraq.
Science 1973;181:230-41. FREE Full Text

3. Harada M. Minamata disease: methylmercury poisoning in Japan caused by
environmental pollution. Crit Rev Toxicol 1995;25:1-24. Medline

4. Vanmda i/ FCaunmcawmieal Mitmamanba Aicanca: tiimnviaimms I.—AMJapan'S eXperIence.J
Child Neurol 2000;15:458-64. Abstract/FREE Full Text
5 Femnndianim D Wailha D Naandhawma 11 e Al DAalatinin Af A cAanfand Adias to

hlorine concentrations in human milk. Environ Res 1995;71:29-38.
Medline

6. Grandjean P, Weihe P, White RF. Milestone development in infants exposed to
methylmercury from human milk. Neurotoxicology 1995;16:27-33. Medline

7. Grandjean P, Weihe P, White RF, Debes F. Cognitive performance of children
prenatally exposed to “safe” levels of methylmercury. Environ Res
1998;77:165-72. Medline

8. Grandjean P, Weihe P, White RF, et al. Cognitive deficit in 7-year-old children
with prenatal exposure to methylmercury. Neurotoxicol Teratol 1997;19:417-

http://ajcn.nutrition.org/content/87/6/1867.long 8/11


http://ajcn.nutrition.org/cgi/ijlink?linkType=PDF&journalCode=sci&resid=181/4096/230
http://ajcn.nutrition.org/external-ref?access_num=9600810&link_type=MED
http://ajcn.nutrition.org/cgi/ijlink?linkType=ABST&journalCode=spjcn&resid=15/7/458
http://ajcn.nutrition.org/external-ref?access_num=7603642&link_type=MED
http://ajcn.nutrition.org/external-ref?link_type=GEN&access_num=ES012762
http://ajcn.nutrition.org/external-ref?access_num=8757236&link_type=MED
mailto:koenraad@doh.wa.gov
http://ajcn.nutrition.org/external-ref?access_num=7734058&link_type=MED

3/16/2015

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

http://ajcn.

Fish intake guidelines: incorporating n—3 fatty acid intake and contaminant exposure in the Korean and Japanese communities

28. CrossRef Medline

. Murata K, Weihe P, Araki S, Budtz-Jorgensen E, Grandjean P. Evoked

potentials in Faroese children prenatally exposed to methylmercury.
Neurotoxicol Teratol 1999;21:471-2. CrossRef Medline

. Marsh DO, Clarkson TW, Cox C, Myers GJ, Amin-Zaki L, Al-Tikriti S. Fetal

methylmercury poisoning. Relationship between concentration in single
strands of maternal hair and child effects. Arch Neurol 1987;44:1017-22.
CrossRef Medline

. Axtell CD, Cox C, Myers GJ, et al. Association between methylmercury

exposure from fish consumption and child development at five and a half
years of age in the Seychelles Child Development Study: an evaluation of
nonlinear relationships. Environ Res 2000;84:71-80. CrossRef Medline

. Davidson PW, Myers GJ, Cox C, et al. Longitudinal neurodevelopmental study

of Seychellois children following in utero exposure to methylmercury from
maternal fish ingestion: outcomes at 19 and 29 months. Neurotoxicology
1995;16:677-88. Medline

. Myers GJ, Davidson PW, Cox C, et al. Prenatal methylmercury exposure from

ocean fish consumption in the Seychelles child development study. Lancet
2003;361:1686-92. CrossRef Medline

1IC Cuisivaninnanin #al Dentnactinim A nAunmes alatahl AMashidimmnveiim, Ilﬂ‘-’\-—v\r\‘-:
http://www.epa.gov/iris/subst/0073.htm (accessed 27 July 2007).

FAalhaiiAe ClV DeAas~ TI lawvwic \AIC Vevir Ctlhhaveinn DA D Catbs acid Aiakranm,
““““““““ Antinnc cnd fand cavivons tn ncbhinun accaadislics ~ed cardiovascular

benefits. Am J Clin Nutr 2006;83(suppl):1526S-35S. Medline

. Breslow JL. n—3 Fatty acids and cardiovascular disease. Am J Clin Nutr

2006;83(suppl):1477S-82S.  Medline

. Bouzan C, Cohen JT, Connor WE, et al. A quantitative analysis of fish

consumption and stroke risk. Am J Prev Med 2005;29:347-52. CrossRef
Medline

. Hu FB, Bronner L, Willett WC, et al. Fish and omega-3 fatty acid intake and

risk of coronary heart disease in women. JAMA 2002;287:1815-21.
CrossRef Medline

. Harris WS. The omega-6/omega-3 ratio and cardiovascular disease risk: uses

and abuses. Curr Atheroscler Rep 2006;8:453-9. CrossRef Medline

Konig A, Bouzan C, Cohen JT, et al. A quantitative analysis of fish
consumption and coronary heart disease mortality. Am J Prev Med
2005;29:335-46. CrossRef Medline

Auestad N, Scott DT, Janowsky JS, et al. Visual, cognitive, and language
assessments at 39 months: a follow-up study of children fed formulas
containing long-chain polyunsaturated fatty acids to 1 year of age. Pediatrics
2003;112:e177-83. Abstract/FREE Full Text

Alialias €D Naclalliaiiins DI Ciitnmnnsns ~f ~ viimavhichhia ~m s D Fasins ~nidas

mrreenmt cbotiis of vncneaennedssice s and future directions. Am J Clin Nutr
2006;83(suppl):1536S-8S.  Medline

Cohen JT, Bellinger DC, Connor WE, Shaywitz BA. A quantitative analysis of
prenatal intake of n—3 polyunsaturated fatty acids and cognitive
development. Am J Prev Med 2005;29:366-74. CrossRef Medline

Helland IB, Saugstad OD, Smith L, et al. Similar effects on infants of n—3 and
n—6 fatty acids supplementation to pregnant and lactating women. Pediatrics
2001;108:E82. CrossRef Medline

Smuts CM, Huang M, Mundy D, Plasse T, Major S, Carlson SE. A randomized
trial of docosahexaenoic acid supplementation during the third trimester of
pregnancy. Obstet Gynecol 2003;101:469-79. CrossRef Medline

Wainwright PE. Dietary essential fatty acids and brain function: a
developmental perspective on mechanisms. Proc Nutr Soc 2002;61:61-9.
CrossRef Medline

Jamean 1 Effacte ~fn D fnast ncide duvins wvagnancy and lactation. Am )
Clin Nutr 2006;83(suppl):1452S-7S.  Medline

AMMalividacs M NlAaiimannn A Ciurmnnmanv I/ Datav l Cilhcanw D Ava lawm~ :haln
alalaitieieles wrrentnd favis acide ~ocaesisl eytrients in infancy? Lancet

1995;345:1463-8. CrossRef Medline

Tapiero H, Ba GN, Couvreur P, Tew KD. Polyunsaturated fatty acids (PUFA) and
eicosanoids in human health and pathologies. Biomed Pharmacother
2002;56:215-22. CrossRef Medline

nutrition.org/content/87/6/1867.long

911


http://ajcn.nutrition.org/external-ref?access_num=10.1016/S0140-6736(03)13371-5&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=12002796&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=12636950&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=16242600&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=8714872&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=2443112&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=16841857&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1001/archneur.1987.00520220023010&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1016/j.amepre.2005.07.002&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1016/j.amepre.2005.07.001&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1006/enrs.2000.4082&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1079/PNS2001130&link_type=DOI
http://ajcn.nutrition.org/cgi/ijlink?linkType=ABST&journalCode=pediatrics&resid=112/3/e177
http://ajcn.nutrition.org/external-ref?access_num=10.1542/peds.108.5.e82&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1016/S0892-0362(97)00097-4&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=9392777&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1016/j.amepre.2005.06.008&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=16841863&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1016/S0753-3322(02)00193-2&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1016/S0140-6736(95)91035-2&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=16242601&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=16242603&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=11939867&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1007/s11883-006-0019-7&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=12199620&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=12767734&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1016/S0029-7844(02)02585-1&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=17045070&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=11068920&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=7769900&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10440491&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1001/jama.287.14.1815&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1016/S0892-0362(99)00026-4&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=16841864&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=16841854&link_type=MED
http://www.epa.gov/iris/subst/0073.htm
http://ajcn.nutrition.org/external-ref?access_num=11694666&link_type=MED

3/16/2015

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

http://ajcn

Fish intake guidelines: incorporating n—3 fatty acid intake and contaminant exposure in the Korean and Japanese communities

Yavin E, Glozman S, Green P. Docosahexaenoic acid sources for the
developing brain during intrauterine life. Nutr Health 2001;15:219-24.
Medline

MAmaffavinm N Dimauma D Fickh fmtnlia cambamminants ~nd hivmaan haalihe

~g the risks and the benefits. JAMA 2006;296:1885-99. CrossRef
Medline

Vevie Cthhavianm DM Uaveic WWIC Anmnnal 1l Ciclh cAanciimanm +innm ficlh All ’\Ml\ﬂa_3

fotn~cide ~ndq cardiovascular disease. Circulation 2002;106:2747-57.
FREE Full Text

Nanial~ 11 I Amvrn~nA~ Lav MDD DAawdand AC FAldinna | Cich inealia Aiivinaa~

""""""""""" A nanvlis conniviuna davalaement of offspring. Epidemiology
2004;15:394-402. CrossRef Medline

Oken E, Wright RO, Kleinman KP, et al. Maternal fish consumption, hair
mercury, and infant cognition in a U.S. cohort. Environ Health Perspect
2005;113:1376-80. CrossRef Medline

Budtz-Jorgensen E, Grandjean P, Weihe P. Separation of risks and benefits of
seafood intake. Environ Health Perspect 2007;115:323-7. Medline

Calimmnnta M Vithata M 1Lio VI Muvnba I/ Nabai 1/ Cakal L Matavanl ~nd fatg)

manvriims anmAd n D nmAahnincatiivarad Fakbis acide ac A vicl A A lhanafis AF Clsh

consumption to fetus. Environ Sci Technol 2004;38:3860-3. Medline

Stern AH. Public health guidance on cardiovascular benefits and risks related
to fish consumption. Environ Health 2007;6:31-4. Medline

Virtanen JK, Rissanen TH, Voutilainen S, Tuomainen T-P. Mercury as a risk

factor for cardiovascular diseases. J Nutritional Biochem 2007;18:75-85.

Al | Clne LM Tha fnflicnmca ~f cibvidinm am ommntbhod manvmiin,

intoxication. Environ Health Persp 2000;108(suppl):29-56. Medline

TA Diivhhaclhaw TR Caiimrtmnnin CAM Maviin IV 'Vlercury

- seithin tha ine~qage and Korean
communities. J Toxicol Environ Health (in press).

Charlhanna D 1inAa € | Avan—anna D ANalbiawmwa ™ Dalicraw N Cawncl.a D Arinnm
Avanvican an ADarific lelandar canfand canciiman S PR -A.M.M.....:;y_based
st e Vino Moot Wincbin~bae 1 Eyno Anal Environ Epidemiol

2003;13:256-66. CrossRef Medline

Marien K, Patrick GM. Exposure analysis of five fish-consuming populations
for overexposure to methylmercury. J Expo Anal Environ Epidemiol
2001;11:193-206. CrossRef Medline

T I/ A L2 N LY 1} lina C ANissnlrbands MmN A Eirlh mrvmciimmamtinm ~kAdis AF g
Terlnlin ced Covinncin dolnnd dvibns ~f vl Denne Cond region. Marysville, WA:

Tulalip Tribes, Department of Environment, 1996.

VAalavw AC Dastavenn DC Whita T A+ Al A mvackical mmathad fav ~Allactina~a D day

fand v~oqrds in a large cohort. Epidemiology 2005;16:579-83.  CrossRef
Medline

Kristal AR, Beresford SA, Lazovich D. Assessing change in diet-intervention
research. Am J Clin Nutr 1994;59(suppl):1855-9S.  Medline

PDattnvenn DC Veictal AD Tinbav IT Mavkar DA Daléan MDA ~iier Calline T

MAanciivanmnn + mrhavactavictice Af tha Wanaan'e Uaaleh Tnitiativin fand frequency

questionnaire. Ann Epidemiol 1999;9:178-87. CrossRef Medline

MeoDuida N Awnbocic ~f sbhaeisool ~gntaminant levels in store-bought fish from
Winrlhim~ataim Crnen alaYals liadAavin s

e+~ 1 /epa.gov/waterscience/fish/forum/2005/ (accessed 20 December
2006).

(MHLW) Japanese Department of Food Safety Ministry of Health, Labour and
Welfare. Seafood consumption of Japanese people. 2005. Internet:
http://www.mhlw.go.jp/english/wp/other/councils/mercury/index.html
(accessed February 2006).

US Department of Health and Human Services and US Environmental
Protection Agency (US FDA). Mercury levels in commercial fish and shellfish.
2006. Internet: http://www.cfsan.fda.gov/~frf/sea-mehg.html (accessed 27
July 2007).

Webb MA, Feist GW, Fitzpatrick MS, et al. Mercury concentrations in gonad,

liver, and muscle of white sturgeon Acipenser transmontanus in the lower

Columbia River. Arch Environ Contam Toxicol 2006;50:443-51. CrossRef
Medline

Naliamaiaia D Viimrita V ivamanta M Taral mmaveiims intalbia femmn ficl and

shellfish by Japanese people. Chemosphere 1997;35:2909-13. Medline

Mahaffey KR. Fish and shellfish as dietary sources of methylmercury and the

.nutrition.org/content/87/6/1867.long

10/11


http://ajcn.nutrition.org/external-ref?access_num=12003088&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=17047219&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10620521&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1007/s00244-004-0159-0&link_type=DOI
http://ajcn.nutrition.org/cgi/ijlink?linkType=FULL&journalCode=circulationaha&resid=106/21/2747
http://ajcn.nutrition.org/external-ref?access_num=17431478&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1016/S1047-2797(98)00055-6&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10.1289/ehp.8041&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=12923552&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=15951680&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=8279421&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=15232398&link_type=MED
http://www.cfsan.fda.gov/~frf/sea-mehg.html
http://ajcn.nutrition.org/external-ref?access_num=10.1038/sj.jea.7500274&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=16203250&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1001/jama.296.15.1885&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=17956606&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=15298193&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=16446999&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=11477517&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1097/01.ede.0000165363.27323.ac&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=9415980&link_type=MED
http://epa.gov/waterscience/fish/forum/2005/
http://ajcn.nutrition.org/external-ref?access_num=10.1038/sj.jea.7500160&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=10192650&link_type=MED
http://www.mhlw.go.jp/english/wp/other/councils/mercury/index.html
http://ajcn.nutrition.org/external-ref?access_num=10.1097/01.ede.0000129514.46451.ce&link_type=DOI

3/16/2015

53.

54.

55.

56.

57. .

58.

59.

60.

61.

62.

63.

64.

65.

66.

Fish intake guidelines: incorporating n—3 fatty acid intake and contaminant exposure in the Korean and Japanese communities

Armana_ 2 fattu aride airAacahavananaic acid anAd Anrnqahexaenoic aCid: risks
and benefits. Environ Res 2004;95:414-28. Medline

VAmaiaia V Ctandavd talhlar Af FAnAd mrrnmnmmarcitinm i lanman Tl vaidicad anAd

enlarged ed. Tokyo, Japan: Kagawa Education Institute of Nutrition, 2005.

Ackman R. Fatty acids in fish and shellfish. In: Chow C, ed. Fatty acids in
foods and their health implications. 2nd ed: Basel, Switzerland: Marcel Dekker
AG, 2000:153-74.

Culavl Wailhvaii~ L [ NEENNIN lhAanmecivia Avim litatinm ~AF fatty ac'ds |n foods- VI”
Finfish. J Am Diet Assoc 1976;69:243-8. Medline

MAlaffai, UD Flicliiae PN Dadiivna, 6 Dland mavmnmic mmnvciims ~n A dinsan,

manveiims dmbalias Klasinmal Llaalelh amAd ANkvisinm Cunmaimasin,e Survey’ ]999 and
2000. Environ Health Perspect 2004;112:562-70. Medline

lnralhe LUl Vahin UM Cteallia VA Dhinw MD Crtinnntnr ~Af tnnv ~anita fick

,,,,,,,, #imm i #hAa 11 € hhacrad An tha cAantinbine cimians ~AF FAnd ‘“take by

individuals (CSFII). Risk Anal 1998;18:283-91. CrossRef Medline

Patnvemm CA \/mnw Cicllla 1l Uavlila: AT Liinlhacs DR AMaveiim: mamcam temtian fn

Firls frmon ctvnnone cod vivines bhensn “~ut the western United States. Environ
Sci Technol 2007;41:58-65. Medline

Phillips GR, Buhler DR. The relative contributions of methylmercury from food
to water to rainbow trout (Salmo gairdneri) in a controlled laboratory
environment. Trans Am Fish Soc 1978;107:853-61.

Philibert A, Vanier C, Abdelouahab N, Chan HM, Mergler D. Fish intake and
serum fatty acid profiles from freshwater fish. Am J Clin Nutr 2006;84:1299-
307. Abstract/FREE Full Text

Kamman NC, Burgess NM, Driscoll CT, et al. Mercury in freshwater fish of
northeast North America-a geographic perspective based on fish tissue
monitoring databases. Ecotoxicology 2005;14:163-80. CrossRef Medline

Fujiki MH R. Yamaguchi S. The mechanism of methylmercury accumulation in
fish. In: Peterson SA, Randolph K, eds. Management of bottom sediments
containing toxic substances. Corvallis, OR: US Environmental Protection
Agency, 1977:89-95.

Grieb TM, Driscoll CT, Gloss SP, Schofield CL, Bowie GL, Porcella DB. Factors
affecting mercury accumulation in fish in the Upper Michigan Peninsula.
Environ Toxicol Chem 1990;9:919-30.

Andersen LF, Solvoll K, Drevon CA. Very-long-chain n—3 fatty acids as
biomarkers for intake of fish and n—3 fatty acid concentrates. Am J Clin Nutr
1996;64:305-11. Abstract/FREE Full Text

Moilanen T, Rasanen L, Viikari J, Akerblom HK, Nikkari T. Correlation of
serum fatty acid composition with dietary intake data in children and young
adults. Ann Med 1992:24:67-70. Medline

MNaveinilhs T Dlamcbhnt 7 Fimean € lamnine, € Laliilh DI Ficlh mamciimnmbin, ~nd

W~~d linid- i three ethnic groups of Quebec (Canada). Lipids 2003;38:359-
65. Medline

Articles citing this article

Low-Level Domoic Acid Protects Mouse Cerebellar Granule Neurons
from Acute Neurotoxicity: Role of Glutathione

Toxicol Sci 2013 132: 399-408
Abstract Full Text Full Text (PDF)

PUFAs in serum cholesterol ester and oxidative DNA damage in
Japanese men and women

Am J Clin Nutr 2012 95: 1209-1214
Abstract Full Text Full Text (PDF)

Balancing the benefits of n-3 polyunsaturated fatty acids and the risks
of methylmercury exposure from fish consumption

Nutrition Reviews 2011 69: 493-508
Abstract Full Text Full Text (PDF)

http://ajcn.nutrition.org/content/87/6/1867.long

111


http://ajcn.nutrition.org/cgi/content/full/95/5/1209
http://ajcn.nutrition.org/cgi/ijlink?linkType=ABST&journalCode=ajcn&resid=84/6/1299
http://nutritionreviews.oxfordjournals.org/cgi/content/full/69/9/493
http://ajcn.nutrition.org/external-ref?access_num=12848280&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1007/s10646-004-6267-9&link_type=DOI
http://ajcn.nutrition.org/external-ref?access_num=15931965&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=10.1111/j.1539-6924.1998.tb01295.x&link_type=DOI
http://ajcn.nutrition.org/cgi/ijlink?linkType=ABST&journalCode=ajcn&resid=64/3/305
http://toxsci.oxfordjournals.org/cgi/content/full/132/2/399
http://nutritionreviews.oxfordjournals.org/cgi/reprint/69/9/493
http://ajcn.nutrition.org/cgi/reprint/95/5/1209
http://nutritionreviews.oxfordjournals.org/cgi/content/abstract/69/9/493
http://ajcn.nutrition.org/external-ref?access_num=15220075&link_type=MED
http://ajcn.nutrition.org/cgi/content/abstract/95/5/1209
http://ajcn.nutrition.org/external-ref?access_num=15064162&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=947984&link_type=MED
http://toxsci.oxfordjournals.org/cgi/content/abstract/132/2/399
http://ajcn.nutrition.org/external-ref?access_num=1575962&link_type=MED
http://ajcn.nutrition.org/external-ref?access_num=17265927&link_type=MED
http://toxsci.oxfordjournals.org/cgi/reprint/132/2/399
http://ajcn.nutrition.org/external-ref?access_num=9664724&link_type=MED

