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l. INTRODUCTION .

Anthropogenic redases of mercury in the environment are primarily from tdssil
power plants, especially cofiled utility boilers® It is estimated that these plants release 48 tons
of mercury annually in the United Stafes.Globally, coalfired power plants and st
incinerators release about 1,500 tons of mercury anntiaigditional emission sources include
those from the chlealkali industry and crematoriums. Interestingly, the latter soureme

specifically mercurycontaining dental amalgams of the desszhaccounts for up to 16% of
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! Natl. Research CounciT,oxicological Effects of Methylmercuty(Natl. Acad. Press 200aJf. Jerome Nriagu &
Christian Beckeryolcanic Emissionsf Mercury to the Atmosphere: Global and Regional Inventpg@4 Sci. of
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mercury emissions in the United Kingddm.

Mercury released from industrial sources exists in three forms: particulate mercury;
inorganic mercury (Hg); and elemental mercury (Pg Following release into the
environmentthe conversion of inorganic mercury to methylmercury 48¢{) occurs primarily
in microorganisms, especially in aquatic systém®©nce in the methylated form, mercury
bioaccumulates through the food chain; fish consume the microorganisms, and largerpred
fish, such as tuna arshark, consume the smaller fish

Mercury is not only found in fish but also in mamade materials, like dental amalg&m.
Thus, human exposure to mercury may be in the form of methylmercury via consumption of
contaminated fish particularly large predatory fish species such as tuna, swordfish, and shark
or as elemental mercuifireleased from dental amalgam, which may contain approximately 50%
mercury’ Human exposure to methylmercury from riish sources is very lo# In the

absence of fish consumption, the mean concentration of mercury in wholecolosidtsof 5 1

* Mercury Emissions Clampdown Announc@8 British Dental J. 191 (Arveen Bajaj ed., 2005).

® Infra fig. 1.

®1d.

"1d.

8 Natl. Research Counciupran. 1, at 41.

°1d. at 24.

YA EIl ement al ?iswaefamiliar,rdgnse| sivgry liquid at room temperature. It volatizes readily, emitting
mercury vapor, which is readily absorbed in the lungs; however, elementakynsreery poorly absorbed
through the skin or gastrointestinal tract. . . . Humans are exposedporHg mar i |y by i nhal ati on
Gochfeld,Cases of Mercury Exposure, Bioavailability, and AbsorptEéEcotoxicology & Envtl. Safety 174
175(2003).

M d. at 41;see alsdGochfeld,supran. 10, at 175.

1294,
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10 pg/L (5 7 10 ppb)** This concentration is likely due to dental amalgams or other
environmental sources of elemental mercury since inorganic mercury, one of the forms emitted
from coalfired power plants is not readily retained in the body compared toyhmegtcury and
elemental mercury?

Once methylmercury is consumed, the estimated total bodylifeai 707 80 days-
Methylmercury is primarily eliminated from the body via feces (~90%) with the remainder
excreted in the urine as inorganic merctfryMethylmercury that reaches the brain is slowly
biotransformed to inorganic mercury (Gity" A Hg?),!’ as is elemental mercury (R
Hg?").'® However, it is not clear whether the deleterious effects of methylmercury at the cellular
level in the central nervolsystem are caused by methylmercury or its metabake ihorganic
mercury)™® If the toxicity of methylmercury is in fact due to its inorganic metabolite, then the
risks of toxicity from mercury in the form of methylmercury from fish and elementatungr
from other sources may be cumulatfie.

The harmful effects of methylmercury on the central nervous system were tragically

Bd.

“d.

15|d. at 50;Gochfeld,supran. 10, at 17%Absorption of methylmercury from the gastrointestinal tract and
elemental mercury from the lungsnisarly complete (clasto 100%,) whereas there is moderate to high
absorption of methylmercury through the skin. Humans are exposed to methylmercury primarily by ingestion.)

'°1d. at 49.

1d. at 52.

®1d. at 56.

%1d. at 5657.

20 |d. at 57; MarkCohen et alModeling the atmospheric transport and deposition of mercury in the Great,Lakes

95 Envtl. Researcl247, 248 (2004) (The predominant form of mercury in the atmosphere is elemental mercury,
and it is estimated that the average atmospheric lifetime is ofdee of 0.5 to 1 year.jee alsoGochfeld,supra

n. 10 at 174
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revealed with the mass poisonings that occurred in Minamata Bay, Japan, in the 1950s and
1960s, and Iraq in 1974. Both of thesamass poisonings were attributed to the consumption of
methylmercury, either from fish that fed on microorganisms tainted with meladen
industrial effluent or grain dusted with methylmercury as a fungicide, respectivefhese
tragedies revealed ttsisceptibility of both the adult and fetal brain to methylmercury, although
the developing nervous system was shown to be more sergitive.

In adults, the most prominent sites of injury are areas of the brain controlling vision and
voluntary muscle conot.?* In children, especially those exposeduterq the damage to the
central nervous system is widespread and results in mental retardation and garalysis.
Differences in susceptibility have also been observed based on §&nBler.instance, in the
Iraqi epidemic, neurological sequelae were observed in three times as many females ds males.

Oppositegenderspecific effects have been noted, with male infants and children exhibiting

2 Douglas C. Anthony et alToxic Responses of the Nervous Sysie®a s ar ett & Doul | 6s Toxi co
Science of Poison844 (Curtis D. Klaassen ed., 6th ed., McGidil 2001).

2d.
% Natl. Research Counciupran. 1, at 53.

% Anthonyetal.supran. 21, at 544 (AThe most dramatic sites of i
small internal granular cell neurons of the cerebellar cortex, whose mdsgjgneration results in blindness and
mar ked ataxia. o).

%1d.; Lucio G. Costa et alDevelopmental neuropathology of environmental agefténnual Rev. of
Pharmacology and Toxicology 87, at 88, 90 (200%)e susceptibility of the developing brambased on the
timing of neuronal development, the rapid growth that occurs in the third trimester and early infancy, and the lack
of a protective barrier early in lifdn the cerebellum, Purkinje cells develop early, weekdrbhumans, whereas
granuk cells are generated much later, gestational weeke 2humansh [ He Heveloping brain is
distinguished by the absence of a bldwedin barrier. The development of this barrier is a gradual process,
beginningin uteroand complete at approximatedix months of age. Because the bldwein barrier limits the
passage of substances from blood to brain, in its absence, toxic agents can freely enter the develdping brain.

% Natl. Research Counciupran. 1, at74.

4.
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greater effects than females of the same age dfouoreover, the dhical manifestations of
methylmercuryinduced neurotoxicity vary with the degree of exposure and the age of the
victims 2

Due to the public health concerns over exposure tthyhlmaercury and adverse health
effects, several studies have been conducteddoitor the levels of methylmercury in readily
obtainable sample¥. Typically, monitoring for methylmercury is performed using scalp hair,
blood, or botH' Methylmercury incorporated into hair can serve as a historical record by
comparing the level of meary in hair segments, based on a constant rate of hair growth, with an
approximated time period of expostifeAbout 90% of the mercury present in hair is in the form
of methylmercury; however, external deposition of mercury compounds can pose as abource
error, and thus adequate washing of the hair sample is nec&sdanying late gestation, the
level of mercury in umbilical cord blodtis expected to strongly correlate with febahin
mercury concentrations, although umbilical cord blood is nalyliko correlate as well with
maternal mercury intake as compared to maternal hair mercury concerittation.

Three large epidemiological studies have been conducted in populations that consume

21d.

29 Anthony et al.supran. 21, at 544.

¥ nfra pt. II.

31 Natl. Research Counciupran. 1, at 38.

21d.

®1d.

% Blood collected from the umbilical cord of a fetus or newborn.

% Natl. Research Counciupran. 1, at 7.
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fish as a regular part of their diéfs.Two of these studiesne conducted in the Faroe Islatids

and the other in New Zealafd found an association between prenatal exposure to
methylmercury and decrements in tests used to measure neurological development; however, the
third major study conducted in the Seychelisiand$® did not find an adverse associatfSn.

These studies have formed the basis for determining safe levels of exposure to methyfthercury.
However, controversy has shrouded this process because of the studies selgctédrfe

Islands [positive ihdings] versus Seychelles Islands [negative findings]) and the levels of
uncertainty applied for deriving safe levels of exposure by different agéfcies.

In Section Il of this article, an overview of the epidemiological studies used for
establishing sa&f levels of exposure to methylmercury is provided. To set the stage for
addressing the methods utilized for deriving these safe levels of exposure to methylmercury,
Section Il provides an analysis of the risk assessment process and the procedurdgifgr app
uncertainty factors in the derivation of safety values. Within this risk assessment framework,
Section IV describes the different approaches used by regulatory and public health agencies

when applying uncertainty factors and deriving safe leveéxpbsure to methylmercury.

3¢ Natl. Research Counciupran. 1,at 4.

37 Group of islands between the Norwegian Sea and the North Atlantic Ocean; geographic coordin@tes662 N, 7
0 0 6 Ow¥ord Atlas of the World4 (11th ed., Oxford U. Press 2003).

38 |sland country located in the South Pacific Ocean, soutbéasistralia; geographic coordinates: 36° 51' S, 174°
46' E. Oxford Atlas of the Worl@30-131 (11th ed., Oxford U. Press 2003).

39 Group of islands in the Indian Ocean, northeast of Madagascar; geographic coordirgatesh 4 °3,0 65 E .
Oxford Atlas of the Worldl21 (11th ed., Oxford U. Press 2003).

0 Natl. Research Counciupran. 1, at 4.

1 James Gormari)oes Mercury Matter? Experts Debate the Big Fish Quesfi6@ N.Y. Times F5 (July 29,
2003).

42q.
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Section V examines the existing international controls for mercury emissions and the
seemingly antagonistic approach chosen domestically for mercury emissions versus safety values
for consumption of methylmercury in food. Thasticle concludes in Section VI with a
precautionary reminder that the choices made today may have detrimental effects on future
generations. The issue of Asilento neurotox
exposure today may result in neurgittal impairment years or decades from now, is presented

as a primary reason for establishing regulations that protect rather than predict adverse outcomes.

Il. EPIDEMIOLOGY STUDIES USED BY |INTERNATIONAL PuBLIC HEALTH AND
REGULATORY AGENCIES.

When evaluatingthe adverse health effects due to prenaial utero exposure to
methylmercury for the establishment of a reference ¢foeee major study cohoftsare often
cited: the Faroe Islands birth cohort; Seychelles Child Development Si8@GDE&); and a
study focusing on a sample of children from New Zealand. These longitudinal $twlidscus
on prenatal exposure to methylmercury via fish and marine animal consumption by pregnant
women?®

Methylmercury levels have also been measured in different pamdatvorldwide,

including pregnant women in the Madeira Islands (Portf§aisidents around the St. Leemce

“3EPA, Integrated Risk InformationyStem Glossary of IRIS Termbttp://mwww.epa.gov/iris/gloss8.htmir
(accessed HeferencePDose RIDAT &stimatéd (with uncertainty spanning perhaps an order of
magnitude) of a daily oral exposure to the human population (including sessitigeoups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime. It can be derived from a NOAEL, LOAEL, or
benchmark dose, with uncertainty factors generally ap

“nfratbl. 1.

“5 A study in which an individual or group of individuals is followed over a period of time to discover changes that
may be attributable to exposure in the form of a treatment or environment, or influenced by maturation.

“6 Natl. Research Courlcsupran. 1, at 4.

" A. Renzoni et al. Mercury Levels Along the Food Chain and Risk for Exposed Populafi@riEnvtl. Research 68
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River Basin (Canadd}f and motheiinfant pairs along the Upper Madeira River (BrdZiiind
Mancora (Peru)® Additionally, reports have been eit on highlevel exposures to
methylmercury in Iraqi children, residents of Minamata Bay (Japan), and in animal Studies.
However, the Faroe Islands, Seychelles, and New Zealand studies are preferred by public health
and regulatory agencies for determgnisafe levels of exposure because they are more reflective

of low-level exposures to methylmercury that may occur in the general popufation.

The Faroe Islands cohort study consisted of 1,022 births assembled between 1986 and
1987 Prenatal exposure as measured by cord blogticollected at birth, with subsequent
methylmercury exposure measured via hair samples collected from these children at ages 7 and
14 years” In the most recent assessment, at age 14 years, 878 of the children from the original
cohort were evaluated for neurodevelopment efféctStudyfindings were consistent with the

previous evaluation of the same cohort at age 7 yedasming prenatal exposure to

(1998).

“8 Kathryn R. Mahaffey & Donna MergleBlood Levels of Total and Organic Mercury in Residents of the Upper St
Lawrence River Basin, Quebec: Association with Age, Gender, and Fish Consumiptomvtl. Research04
(1998).

9 Anna Amelia Peixoto Boischio & Elsa Cernichidrgngitudinal Hair Mercury Concentration in Riverside
Mothers Along the Upper MadeiRiver (Brazil) 77 Envtl. Researcr9 (1998).

*0D. 0. Marshet al, Fetal Methylmercury Study in a Peruvian Fishting Population16 Neurotoxicology 717,
(1995).

°1 Anthony et al.supran. 21, at 544.
2 SeeGorman supran. 41.

%3 Katsuyuki Muraa et al, Delayed Brainstem Auditory Evoked Potential Latencies ilYddrold Children
Exposed to Methylmercyrg44 J. of Pediatrickr8, 179 (2004).

54 Also referred to as umbilicalord blood.
> Murata et al.supran. 53, at 179

%% |d. (Details d the rationale for exclusion of the remainder of the original cohort were not provided.).
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methylmercury may result in neurotoxic effects, as indicated by prolongedaardtimes for
processing image¥. Brainstem auditory evoked potential (BAEP) is measured #clannel
electromyograph with peaks used to reflect volkmorducted electric activity from the acoustic
nerve (Peak 1), pons (Peak Ill), and midbrain (PB&k*® Peak latencies correspond to the
conduction time from the retina to the visual cortéx.

The SCDS originally enrolled 779 mothiefant pairs from 1989 to 1990 with maternal
hair samples collected &he time of birth to determine the level of préakmethylmercury
exposure? Children were enrolled into the study at six months of age withuatians of
neurodevelopmentalffects performed at ages 0.5, 1.3, 2.4, 5.5, and 9 Y&dFhe most recent
evaluation of this cohort of 643 children at ageyé€ars reported an association prenatal
methylmercury exposure and batbcreased performande the grooved pegboard test using the
nondominant hand in males amchproved score®n t he hyperactivity i
teacher ratig scalei both testsare designed to detect neurodevelopmental deficit¥hese
findings are consistent with previous studies in this cohort in which the results do not provide

evidence to support an association between prenatal exposure to methylmercury and

*"1d. at 180.

% See idat 178.

*See id.

%0 Gary J. Myerst al.,Prenatal Methylmercury Exposure from Ocean Fish Consumption in the Seychelles Child
Devebpment Studyd61Lancet 1686, 1686687 (2003) (Exposure was determined by assuming a hair growth
rate of 1.1 cm/month and a delay of 20 days between current blood concentrations and appearance of mercury in
the first cm of scalp hair.).

514.

®2|d. (Of the original 779 children, 717 (92%) were still eligible at age 9 years. Of the eligible children, 74
additional children were not tested. The final sample size was 643 children.).
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neurodevelopmeat effects®

The New Zealand study compared children of mothers with high hair mercury levels (> 6
ppm) during pregnancy with children whose mothers had lower hair mercury &vélsir
samples were collected from 10,970 new mothers between 1977 antf 19#8y-one children
with mothers that originally reported high fish consumption and had high hair mercury levels
were matched with three controls each, at7 6years, to evaluate the potential
neurodevelopmental effects of methylmercury exposure fronemmedt fish consumptioff A
statistically significant association was found between high prenatal exposure and decreased
neurodevelopment test performari€e.

Findings from the study cohorts and subsequent extrapolations of reference doses for
methylmercuy, especially between the Faroe Islands studies and the Seychelles studies, have
been controversiaf The crux of controversy has been the discrepancy in findings between the
two studie€® For example studies from the Faroe Islands cohort have foundhssociation

between prenatal methylmercury exposure and neurodevelopmental effects in hidnde

531d. at 1688.

% Kenny S. Crumet al, Influence of Prenatal Merey Exposure Upon Scholastic and Psychological Test
Performance: Benchmark Analysis of a New Zealand Cph8Risk Analysis 701, 702 (1998).

55 4.
5¢14.
571d. at 705706.

% Wendy Thomas, Student Authdhrough the Looking Glass: A Reflection@uarrent Mercury Regulatior29
Colum. J. Envtl. L. 145, 15154 (2004).

%9 Gorman,supran. 41.

" Murata et al.supran. 53, at 182.
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studies rooted in the Seychelles cohort do not support this hypothests side by-side
comparison of findings from these cohorts is a not a straigifolr process, as the study
logistics for each cohort differ in the marker for prenatal exposure and measurement of
neurodevelopmental effects as well as a number of other confounding factdrs.the
assessment of neurodevelopmental effects, a seriesest$ tare performed to evaluate
neurocognitive and behavioral function as well as language, memory, motor, and perceptual
motor skills”®

Because the two main studi¢ise Faroe Island and Seychelles studies, are longitudinal in
design, they are both subjeto the same general shortcomings, such as the lack of proper
comparison groups, as all participanis the studies had some level of exposure to
methylmercury. To obtain a more accurate reflection of the true relationship between
methylmercury exposure@uring pregnancy and neurological development, a proper comparison
group is necessary. ldeally, the comparison group would be as similar as possible to the exposed
motherchild pairs with the exception of being exposed to methylmercury. Such a comparison
group would rule out cases with neurolodevelopmental effects that were independent to
methylmercury exposure and adjust for factors such as level of fish consumption, socioeconomic
status, and demographics.

Some of the specific issues relating the Eddands and Seychelles cohorts are outlined

in Table 2’ Among these is the use of cord blood and maternal hair samples as markers of

" pPhillip W. Davidsonet al.,Effects of prenatal and postnatal methylmercury exposure from fish consumption on
neuralevelopment: outcomes at 66 months of age in the Seychelles Child Developmeg288tiidédmMed.
Assn.701, 06 (1998).

"2 Sedd. (A confounding factor is an unknown or unaccounted factor in a study that may cause bias.

3 Crump et al.supran. 64, at 703

™ Infra tbl. 2.
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prenatal exposure. In studies of methylmercury exposure in Minamata, Japan, where prenatal
effects from ingestion ahercurycontaminated fish was first recognized, umbilical cord samples
were used to estimate expos(ite.Such samples were attainable because of the Japanese
tradition to keep part of the umbilical cord after bitthit should be noted that data derivedrh
the Japanese cohort is thus subject to bias, as only mothers that practiced the tradition and were
willing to participate in the study were includé&d.

Cord-blood samples, collected at birth, served as the prenatal biomarker for estimating
methylmercuy exposure in the Faroe Islands studiesCord blood use is criticized because of
the 50day halflife of methylmercury in this source and the inability to adequately measure
methylmercury exposure that might result from altered eating patterns dugirigsthtrimester
of pregnancy”

Maternal hair samples, as used in the Seychelles studies, have been frowned upon due to
the uncertainty of the dose that may be delivered to the fetus and the lack of evidence to confirm
that such samples are adequatertzickers forin uteroexposuré® Maternal hair sample use is

further scrutinized because the Seychelles studies have, thus far, failed to produce evidence to

5 d.

® Hirokatsu Akagiet al.,Methylmercury Dose Estimation from Umbilical Cord Concentrations in Patients with
Minamata Diseaser7 Envtl. Research 98, 98 (1998).

d.

®1d. at 101.

"9 Murata et al.supran. 53, at 178.

8 SeeDonna R. Palumbet al, Association between Prenatal Exposure to Methylmercury and Cognitive
Functioning in Seychellois Children: A Reanalysis of the McCarthy Scales of Children's Ability from the Main
Cohort Study84 Envtl. Research 81, 87 (Z0).

81 SeePhilippe Grandjean et alCognitive Performance of Children Prenatally Exposed to Safe Levels of
Methylmercury77 Envtl. Research 165, 170 (1998).
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support the notion of neurodevelopmental risk from prenatal exposure to methylnfércury.
Currently, there $ no consensus on the most appropriate biomarker for assessing prenatal
exposure to mercury and a combination of the two is preféfred.

Another major controversial issue between the Faroe Islands study and the SCDS is the
form of methylmercuryexposuré* Methylmercury exposure among Seychellois is primarily via
ingestion of contaminated fi¢A. The most recent study of this population found a positive
association between methylmercury exposure and better performance on one of the
neurodevelopntal testd® This finding could be a confounder in which increased
methylmercury exposure serves as a marker for increased fish consumption and better nutrition.

Proponents of the Seychelles studies claim that the predominant exposure to
methylmercury s via fish consumption, and thus, the study findings are more reflective of
potential health events in the general populationOn the other hand, the Farose diet is
comprised of not only fish, but also a significant portion of whale meat and blukdéod
source that has been found to have higher levels of methylmercury (up to 3 ppm) tBamfish.
further confounder with consumption of whale meat is the exposure to other environmental

contaminants such as polychlorinated biphenyls (PCBs) and diximsth of which have

82 SeeMyerset al.,supran. 60, at 16941692.
8 Natl. Research Counciupran. 1, at7.

84 SeeMyers et al. supran. 60, at 1691.

% 1d.

8 Murataet al.,supran. 53, at

87 palumbo et alsupran. 80, at 87.

4.

89 4.
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potential for adverse human health effects, including developmental neuitgtdkic

The issues raised in discussing the most cited reports from the Faroe Islands and
Seychelles studies, in conjunction with the discrepancies in cotiyeardiets, possibly
containing other contaminants, add to the uncertainty in determining a safe level of
methylmercury in the diets of pregnant or lactating women. This uncertainty is addressed by
different agencies through a general process of rislssisgnt and the application of uncertainty

factors and will be discussed in greater detail below.

Il. Risk ASSESSMENT, UNCERTAINTY, AND SAFE LEVELS OF EXPOSURE TO
ENVIRONMENTAL POLLUTANTS.

With the escalating number of chemicals that are present in foodr,vaaid air, public
health and or regulatory agencies have been forced to address the risk of potential adverse health
outcomes to chemical exposures. The development of the risk assessment process began in the
1950s; although, the most widely applied huets were those established by the National
Academy of Sciences in 1983. This risk assessment paradigm consists of four basic steps (or
components) that have since been incorporated by public health and regulatory agencies

worldwide: 1) Hazard Identifidcion;®®> 2) DoseResponse Assessmént;3) Exposure

% Gerhard Winneke et aPCB-Induced Neurodevelopmental Toxicity in Human Infants and its Potentiaatited
by Endocrine Dysfunctiori81-182 Toxicology 161, 16162 (2002); Masaki Kakeyama & Chiharu Tohyama,
Developmental Neurotoxicity of Dioxin and its Related Compqutdsidus. Health 215, 21830 (2003).

1 Natl. Acad. of Sci.Risk Assessmentthe Federal Government: Managing the Process (Working
Papers)84, http://www.nap.edu/openbook/POD115/html/84.h{adcessed Feb. 3, 2007).

%2 The Interdepartmental Group of Health Risks from Chedrertainty Factors: Their Use in Human Health
Risk Assessment by UK Governm@at http://www.silsoe.cranfield.ac.uk/ieh/pdf/cr9.pdf (accessed Feb 3, 2007)
(AHazard identification is the identifi catatctivity of t he
relationships, in vitro, animaladldu man st udi es), that may | ead to adver st

9 EPA, supran. 43, athttp://www.epa.gov/iris/gloss8.htm#dbose Response Assessmenk determination of the
relationship between the magnitude of an administered, appti@tternal dose and a specific biological
response. Response can be expressed as measured or observed incidence or change in a level of response, percent
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Assessment? and 4) Risk Characterization.

These steps have been further complicated by the inherent need to extrapolate findings of
toxicity, under specific conditions, to the general population, as enestable data that risk
assessments are based upon come from experimental affiff@saddress this, general default
values that represent uncertainty for the safe levels of exposure to a chemical have been
developed” For example, if an animal studyas conducted and found that a chemical did not
cause an adverse effect at a dose of 1 mbykiglay, a public health agency may apply an
uncertainty factor (UF) of 10 to account for differences between animals and humans and a UF
of 10 to cover differencelsetween humans (e.g., age, gender, ethnicity). This would result in a
safe level of 0.01 mg/kbgw/day (1 mg/[10 x 10] = 0.01 mg).

UFs address the lack of information for a specific effect in five main areas with a general
10-fold default reduction foeach®® The standard UFs and rationales used by public health and
regulatory agencies can be summarized into five categories. First, the variation from average

humans to sensitive humans (intraspecies). Reference values obtained from studies that apply t

response in groups of subjects (or populations), or the probability of occurrence or changeofiréspeinse
within a population. o).

%Id. at http://mww.epa.gov/iris/gloss8.htmitdixposure AssessmentAn identification and evaluation of the
human population exposed to a toxic agent, describing its composition and size, as well as the typeemagnitud
frequency, route and duration of exposure. 0).
®ld.at http:// www. ep aRiskChafaiteridation: Ghie integsaBon ¢f infar#ation Erfihazard,

exposure, and dosesponse to provide an estimate of the likelihood that any of the iddradverse effects will
occur in exposed people. d0).

% J.L.C.M. Dorne et allncertainty Factors for Chemical Risk Assessment: Human Variability in the
Pharmacokinetics of CYP1A2 Probe Substre®8sFood & Chem. Toxicology 681, 681 (2001).

4.

% Toxicology Excellence for Risk Assessmextncancer Risk Assessment Methods
http://www.tera.org/iter/methods/noncancer.htm#ERécessed April 20, 2007).
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the human population, including sensitive subgroups, rarely target sensitive Himass.
sensitive humans could be adversely affected at lower doses than a general study population,
generalpopulation neobserveeadverseeffect levels § NOA B'°0are rediced to
accommodate sensitive humafis.

Second, the uncertainty in extrapolating from animals to humans (interspecies). If a
reference value is developed from animal studies, the point of dep&R@BX)'*is reduced to
reflect the potentially higher ssitivity of humans than animals to the chemial.

Third, the uncertainty in extrapolating from levbservedadverseeffect levels

(fi L OA B'{ to NOAELs. Reference values estimate a dose without appreciable risks, but

% The Interdepartmental Group of Health Risks from Chesogran. 92, at 2122,

10EPA supran.43,atht t p: / / www. e p a. g dleeQbservédédverde Bffecs [Rveh(NOABLR  ( fi
The highest exposure level at which there are no biologically significant increases in the frequency or severity of
adverse effect between the exposed populationtaraghpropriate control; some effects may be produced at this
l evel , but they are not considered adverse or precurs

191 The Interdepartmental Group of Health Risks from Chesogran. 92, at 2122.

192EPA, supran. 43, athttp:/Avww.epa.gov/iris/gloss8.htm#pFoint of Departure: The doseresponse point that
marks the beginning of a ledose extrapolation. This point can be the lower bound on dose for an estimated
incidence or a change in response level from a-desgonse mod€BMD), or a NOAEL or LOAEL for an
observed incidence, or change in | evel of response. 0
consensus view is that when data are available, BMD models are to be used, as it provides a more accurate
estimate POzompared to the traditional NOAEL/LOAEL approach. This approach is gaining international
acceptance, as notedWorld Health OrganizatiorRrinciples for Modeling Dos&esponse for the Risk
Assessment of Chemicals(Drdff), 41,
http://www.who.int/ipcs/nethods/harmonization/draft_document_for _commeni{acifessed Feb. 3, 2007), and
the application of the BMD approach for Acrylamide, ethyl carbamate, and polycyclic aromatic hydrocarbons by
the Joint Food and Agriculture Organization of the United NatWihkd Expert Committee on Food Additives
(JECFA),Sixty-Fourth Meeting Summary and Conclusions
http://www.who.int/ipcs/food/jecfa/summaries/summary_report 64 finajamtfessed Feb 3, 2007). However,
the BMD approach has seen little application in Unitéagom Regulatory activities. The Interdepartmental
Group of Health Risks from Chensupran. 92, at 17.).

193 The Interdepartmental Group of Health Risks from Cheopran. 92, at 16.
W EPAsupran. 43, at http:// wwwwonwep@bsegvedhAdverseEffedtigeleb s s 8. ht m# | (

(LOAEL): The lowest exposure level at which there are biologically significant increases in frequency or severity
of adverse effects between the exposed population and

122



sometimes, adverse effects are obserat all doses used in a stdfy. If a reference value is
developed from a dose where there are adverse effects, the lowest dose is adjusted by a factor of
10 to estimate a NOAELviz., NOAEL = LOAEL/10)

Fourth, the uncertainty in extrapolating froobshronic NOAELs to chronic NOAELSs.
Reference values target lifetime exposure, but sometimes the best available data come from
shorter studie®’’ Lifetime exposures can result in effects that may not appear in a shorter than
lifetime study, consequentlp, fisafedo dose for | ifetime exposu
for a shorter period® If a reference value is developed from lgsanlifetime studies, the less
thanlifetime NOAEL is adjusted by a factor of 10 to estimate a lifetime NOAEL.

Fifth, the uncertainty reflecting incompleteness of the overall database. In addition to the
data gaps identified above, some databases do not include evaluations of toxmoppritant
respects, such afevelopmental/reproductive processes, neurotoxieing immunotoxicity™*°
This UF can be used to reflect these and other professional judgments of scientific uncertainties
not explicitly treated by the first four categories of UFs.

Each of the five areas of uncertainty can decrease the reference valteetoy af 10!

However, in recognition of the lack of independence in these factors, the decrease can only occur

195 The Interdepartmeal Group of Health Risks from Chersypran. 92, at 2224.
1% gee id.

1971d. at 24.

108 Id

19 gee id.

110 Id

111d. at 3.
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up to a total possible composite value of 3,000 or 10,000, depending on the &geRasther,

the derivation of a reference value that seesn®quire the application of the full 46ld factor

in four or more of these categories is universally avotd&dDf these UFs, discrepancies in the

way that public health and regulatory agencies approach the UFs for interspecies and intraspecies
uncertaity are the most contentiot$. As a result, a split in the methodology has occurred
between two of the most heavily relied upon organizations, the U.S. EnvintedniFotection
Agency )anilEBéeWald Health OrganizatiofiyHOo).

For the past seveladecades public health and regulatory agencies have derived
reference values by dividing the NOAEL, or more recently the BMmy default UFs for
compounds that exhibit a threshold eff€¢t.fiDepending on the risk assessment procedure, the
safe level ohumanexposure can be described asdbeeptable daily intake (ADIjhetolerable
daily intake (TD), or thereference dose (Rf0)-*® Despite these differences in nomenclature,

they all represent values for a chemical that are expected to be withoatiapfar risk if an

12 Ref. Dose (RfD) Technical Pan#l,Review of the Reference Dose and Reference Concentration Ptekkess
http://www.epa.gov/is/RFD_FINAL[1].pdf(The Technical Panel recommends continuing the current [EPA]
practice of limiting the total uncertainty factor applied for any particular chemical to 3088.);
Interdepartmental Group of Health Risks from Chemsgran . 9 2, cataintydact@raiotigneater than
10000 are not applied since the limitations in the database are such that they are judged to preclude development
of (reference values). o0).

13 Ref. Dose (RfD) Technical Pansljpran. 112.

14 SeeThe International Programe on Chemical SafetyPCS Harmonization Project
http://www.who.int/ipcs/methods/harmonization/@akt accessed May 15, 2007).

15 gee id.
MeEpAsupran. 43, at http://epa.gov/iris/gloss8.htm#b (A be
precetermined change in response rate of an adverse effect (called the benchmark response or BMR) compared to

background. 0) .

"7 Dorne et al.supran. 96, at 681; EPAsupran. 43, at http://www.epa.gov/iris/gloss8.htm#t (defining threshold as
Al t] heexdmesxeuroe bel ow which no deleterious effect is e

18 Dorne et al.supran. 96, at 681 (internal citations omitted).
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exposure occurs for the lifetime of the per§hMoreover, a common UF of 180ld is used to
covert the NOAEL from animals to humans when deriving ADIs, TDIs, Réfzs?° This value
accounts for a Hbld uncertainty when extrapolagrfrom animals to humans (interspecies UF),
and an additional X®ld uncertainty when extrapolating from humans to humans (intraspecies
UF).**' No interspecies UF is applied if data from a human study is'&ed.

The use of a 10@ld UF (interspecies x trnaspecies), originially, was based on a
comparison of the perceived toxicity of fluorine and arsenic in humans with the available
toxicological information of fluorine in rats and arsenic in d&gsHistorically, this designation
was essentially arbitrargnd was devoid of any real scientific ba$fs.However, several recent
investigations have been conducted to determine their validity and whether tf@dLQF is
overprotective or underprotective’

Renwick suggested a subdivision that would capturerspecies and intraspecies

differences in toxicokinetic¢4® (TK; 10°° = 4.0) and toxicodynami¢¥ (TD; 1¢°*= 2.5)*?® The

119 Id

120 Id

121 Id
122 g5ee id.
12 The Interdepartmental Group of Health Risks from Chesngran. 92, at 26.

1241d. (quoting A.J. Lehman & O.G. FitzhughQ0-Fold Margin of Safetyl8 Assn. Food Drug Off. U.S. Q. Bulletin
3335, 34 (195D) d( malhrgi M1 ®©®dF safetyd is a good target b
safety. There are no scientific mathematical means by which we can arrive at an absolute value. However, this
factor of 100 appears to be high enough to reduce the hazard of food additives to a minimum and at the same time
low enough to allow some use of chemicals which are necessarfiood pr oducti on or proces

125 Dorne et al.supran. 96, at 681.
1%EpAsupran. 43, at http: // wwwWoxEgkiaeticg: Fhe determinatibongghdo s s 8 . ht m#t  (
guantification of the time course of absorption, distribution, biotransfoomedind excretion of chemicals

(sometimes referred to as pharmacokinetics). o Mor e g
chemical.).
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International Programme on Chemical SafefiPCS)'*° has accepted this designation for
situations where there are appropriate compespetific toxicokinetic and/or toxicodynamic

data (dataderived factors) that account for interspecies variability; however, the intraspecies
values for toxicokinetics and toxicodynamics have been given an equal valu®>¢81@®)

In contrast, he EPA has not adopted this split approaeiz( interspecies TK = 4.0 and TD =

2.5; intraspecies TK = 3.16 and TD = 3.16). Rather, they apply defaulridgifof-magnitude
partitions (18° [3.16]) for each UF (interspecies and intraspecies) for toxicakmednd
toxicodynamics due to insufficient support of related knowledge or availablé*dataat is, if

there is no evidence to the contrary, an equal contribution from each source of uncertainty is
assumed. This conservative approach is based on tleel nfiet promising, results from studies
addressing the validity of dather i ved factor s, C o mmo-specyfic r ef er

adjustment f¥ctorso (CSAF).

2d.at http:// www. ep aTogiandyhamicsi Tee/detérnoirmtion andcuantificatiolttie
sequence of events at the cellular and molecular levels leading to a toxic response to an environmental agent
(sometimes referred to as pharmacodynamics). o Mor e g
the body.).

128 A G. Renwick,Data-Derived Safety Factors for the Evaluation of Food Additives and Environmental
Contaminants10 Food Additives and Contaminants 275,-305 (1993).

129 |nternational Programme on Chem. Safety, (availabiétpt//www.who.int/ipcs/en/(accessed Fet812007)
(AThe I nternational Programme on Chemical Safety (I PC
Cooperating OrganizationslLO [(International Labor Organization)], UNEP [(United Nations Environment
Programme)] and WHO [(World Healrganization)], implementing activities related to chemical safety. WHO
is the Executing Agency of the IPCS, whose main roles are to establish the scientific basis for safe use of
chemicals, and to strengthen national capabilities and capacities forccheimi s af et y. 0) .

130|pCs Project on the Harmonization of Approaches to the Assessment of Risk from Exposure to Chemicals,
ChemicalSpecific Adjustment Factors for Interspecies Differences and Human Variability: Guidance Document
for Use of Data in Dose/CoratrationResponse Assessméif
http://whglibdoc.who.int/publications/2005/9241546786_eng(pdfessed May 16, 2007).

131 SeeToxicology Excellence for Risk Assessmesipran. 98.
132 Sedid.
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Recently, the scientific community has started addressing this concept of subdivision
using adanced molecular techniques; in particular, to study intraspecies toxicokiretics.
Dorne investigated the intandividual variability (intraspecies) in toxicokinetics of substrates
for CYP1A2™*in the healthy adult population, as well as in potentiallgepsble subgroups of
the population, to determine the appropriateness of th2(80L6) human toxicokinetic default
factor’®® It was determined that pathwaglated factors for human variability in CYP1A2 for
the whole of the healthy population would c@vered by this default factor, assuming a normal
distribution, and that more than 99.9% would be covered assumingreiowl distributior*°
However, the factor of 3.16 would not cover the whole of the population, especially in subgroups
such apregnat women and neonates’

Similarly, Dorne presented findings for the estimation of a factor relating to CYF2DS6,
and concluded that if the parent compound were assumed to be the active form, the default UF of
3.16 for intraspecies toxicokinetics would nadequately cover the difference between the

general healthy population and subgrotis.Finally, Dorne conducted a mesaalysis on

133Dorne et al.supran. 96, at 681682.

134 Natl. Ctr. forBiotechnical Info.OMIM i Cytochrome P450, Subfamily I, Polypeptide 2; CYRP1A2
http://www.ncbi.nIm.nih.gov/entrez/dispomim.cgi?id=124@@8 e hepatic cytochrome P450 [CYP] system is
responsible for the first phase in the metabolism and elimination afnowisendogenous and exogenous
molecules and ingested chemicals. CYP1A2 accounts for nearly 15% of the CYP in thdilemawiore than
20 clinicallyused drugs are partly or predominantly metabolized by CYP1A2 including caffeine, theophylline,
imipramine, clozapine, and propranolol.)

13%Dorne et alsupran. 96, at 682.
1%%1d. at 689690.
¥71d. at 692.
138 Andrew ParkinsonBriantransformation of Xenobiotick)Ca s at et t & Doul | 6s Toxicol ogy:
Poisons133, 185, 187 (Curtis D. Klaass ed., 6th ed., McGratill 2001) (CYP2DE6 is a type of CYP that is
absent in about 7% of Caucasians. There are about 50 known drugs that are metabolized by CYP2D6. Therefore,

individuals lacking this enzyme [poor metabolizers] may have an exaggerspedse to some of these drugs.).

139 J.L.C.M. Dorne, et alHHuman Variability in Polymorphic CYP2D6 Metabolism: Is the Kinetic Default
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available studies that derived pathwayated UFs in subgroups of the populatierg( healthy
adults, elderly, infantsetc).**° The data showed that an intraspecies toxicokinetic UF of 3.16
would adequately cover only seven of the 12 forms of CYP stddfied.

It should be noted that the U.S. EPA has occasionally utilized the intraspecies
toxicokinetic/toxicodynamic concept rfats risk assessment. Recent health assessments of
methylmercury**? and boron and compounds, are two noted example®espite taking into
account the toxicokinetic and toxicodynamic factors, the U.S. EPA applied a composite UF of
10, the standard intraspies, default for each of these assessments.

V. INTERNATIONAL HEALTH ASSESSMENTS FORMETHYLMERCURY .

Compared to the other forms of mercury, methylmercury poses the most risk in terms of

ease of involuntary exposure, adverse health effetts!* Thus, threbolds established by most

regulatory agencies are for methylmercury and not mercury pet*sayhe ecommended

Uncertainty Factor Adequate40 Food & Chemical Toxicology 1633, 1651 (2002) (CYP2Blated factors of
2.7, 3.3, 4.1n (extensive metabolizers), or 15, 16, and 18 in (poor metabolizetdll be necessary to cover 95,
97.5, or 99% of each subpopulation.).

140 3 ..C.M. DorneJmpact of Interindividual Differences in Drug Metabolism and Pharmacokinetics on Safety
Evaluation, 18 Fundamental & Clinical Pharmacology 609, &% (2004).

141 Id

142 EPA, Integrated Risk Information System, Methylmergimyp://www.epa.gov/iris/subst/0073.hifaccessed
Feb. 18, 2007) (Aln calcul ati ng wasused [Bg 3 =h9yrbundedte ur y Rf D
10]. This choice was made to account for the following factors: 1. Pharmacokinetic variability and uncertainty in
estimating an ingestadercury dose from cortlood mercury concentration: a factor of 3 was applied. 2.
Pmer macodynamic variability and uncertainty: a factor

3EPA, Integrated Risk Information System, Boron and Compaqttigis// www.epa.gov/iris/subst/0410.htm
(accessed Feb. 1-t8-humah @rdl Bensitidediburm umcersaty factoas! (Ul and UFR) are each
split into toxicokinetic (TK) and toxicodynamic (TD) components to apply existing rat and human toxicokinetic

data to reduce the uncertainty in the boron RfD. The default values for the toxicokinetic and toxicodynamic
components of both UFand UF; are set at orbalf order of magnitude 86 , or 3. 16, each. o).

144 Suprapt. |.

¥ nfrathl. 3
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acceptable levels of methylmercuexposureby federal and state governmeras well as by
international organizationaresummarizedn Table3.14

Two federalagenciesareresponsible for regulatingercuryin the United State¥’ The
U.S. Food andDrug Administration (U.S. FDAgnsureghat levels ofmercuryin commercially
sold seafood and fish do not exceed its action f&¥eln addition,the U.S.FDA regulates the
use of mercury compounds tine cosmeticindustry**® The U.S. EPA monitormercury levels
in the environment antegulaesindustrialreleases to the environmént The U.S.Agency of
Toxic Substances aridiseaseRegistry (U.S. ASDR), although not a regulatory agency, also
assessethe health effect®f environmental pollutants*

The U.S. FDA establishedn action level of0.5 ppm for methylmercury ithe edible
portion offish; however, litigation ensued from this action levetidhe FDA ended up using 1
ppm as its action level based on a court ottfeThe 1 ppm limit for mercyrwas, fidbased only
on the scientific and empaal data accepted into evidence. . It may be that further studies
will reveal the decisions hereamle were based on erroneous or insufficient @gitZ. The 0.5

ppm value initially established by the U.S. FDA was established to limit consumers

146 Id

7 Thomassupran. 68, at 150.

148 SeeU.S.Food & Drug Admin, Backgrounder for the 2004 FDA/EPA Consumer Advisory: What Yo
Need to Know About Mercury in Fish and Shellfish
http://www.fda.gov/oc/opacom/hottopics/mercury/backgrounder.taodessed May 16, 2007).

149.S.Food & Drug Admin, Ingredients Prohibited and Restricted by FDA Regulations
http://www.cfsan.fda.govidms/cos210.html(accessed May 15, 2007).

150EPA, Mercury, http://www.epa.gov/mercury/regs.hifaccessed May 15, 2007).

151 Agency for Toxic Substances and Disease Registiy;//www.atsdr.cdc.gowaccessed May 15, 2007).

1521y.S. v. Anderson Seafoods;.|r622 F.2d 157 (5th Cir. 1980).
1531d. at 162 (quotindJ.S. v. Anderson Seafoods, €77 F. Supp.1151, 1160 (1978)).

129



methylmercury exposure to levels 10 times lower than the lowest levels associated with adverse

effects obsemd in poisoning incidentS? This value was based on a protective measure of
safety for the most sensitive population and a continuation of the defatfttldlQJF
(intraspecies) that was initially applied in 19532,

The U.S. EPA derived the RfD for methgercuryby evaluaing three epidemiological
studiesandusing a series of benchmark dose analyses by the NaResahrctCouncil (NRC)
of the National Academy of SciencB8 All three studies evaluated weoensidered as
critical™’ (principal) and suppoirig studies>® The derivedRfD was based on developmental
neurological abnormalities in human infafts

Briefly, five endpoint&®® from the Faroe Islands study weasalyzedby the benchmark
dose(BMD) approach andonverge at potentiaRfDs of 0.1ug/kg-day for methylmercury®

A similar value was obtained using amegrative analysis of all three stud88. A total UF of

154 SeeStudent CommenEDA Swordfish Ban85 Harv. L. Rev. 1025, 1028028 (1972) (explaining the historical
reasoning for settindie 0.5 ppm maximum).

155 |d
18 EPA, supran. 142.
157 EPA, supran. 43(The EPAdefines a critical (principa) study adi [he dtudy that contributes most significantly

to the qualitative and ogsupaantihg studies aseben [@des that comieenn t o f
information that are useful for providing insight
18 EPA, supran. 142.

1591d.; see alsdRice et al. Methods andRationale forDerivation of aReferenceDose forMethylmercurnyby the US
EPA 23 Rsk Analysis 107,107-115(2003)

10 EPA, supran. 43 The endpoint is defined ipe EPA asfi [ naopservable or measurable biological event or
chemical concentratiore(g, metabolite concentration in a target tissue) used as an index of an effect of a
chemical exposure.) .

181 EPA, supran. 142.

162 Id
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10 was applied for intrahuman toxicokinetic and toxicodynamic variability and uncert&imty.
addition to the BMDthe lower limit on he 95% confidence interval of the BMD (the BMDL)
was also calculatet? In other words, a benchmark response (BMR) of 0.05 was chdsieh
could result in a doubling of the number of childi@me most susceptible populatiowjth a
response at or belowefifth percentilein anunexposegbopulation.

The change in response rate over background of the BMR is usually in the range of 5
10%, which is the limit of responses typically observed in-sefiducted animal experimerifs.
These BMDLs were considetes potentiaPODsfor the RfD derivatiort®® This point can be
the lower bound on dose for an estimated incidence or a change in response level from a dose
response modek(g. BMD), or a NOAEL or LOAEL for an observed incidence, or change in
level of reponse™®’

At the state level, theCalifornia Environmental Protection AgencyiGalEPA0)
developedProposition 65Safe Drinking Water and Toxic Enforcement Act of 1986) safe harbor
levelsi no significant risk levels (NSRLSs) for carcinogens amaximum allovable daily levels
(MADLs) for chemica$ that cause developmental aegroductivetoxicity.'®® The MADL is

the level at which thehemicalwould have no observable adverse reproductive effect assuming

lGSId.
164|d.
165|d.
lGGId.

167 Id

188 calEPA, Proposition 65 Status Report: No Significant Risk Levels for Carcinogens and Maximum Allowable
Dose Levels for Chemicals Causing Reproductive Toxicity
http7/www.oehha.ca.gov/prop65/pdf/Aug2006 StatusRepor{gcfessed May 16, 2007).

131



exposure at 1,000 times that leV® The NSRLs and MADE are promulgated ime California
Code of Regulationto assist interested partiesdeterminingwhether discharges to sources of
drinking water argrohibited" "

For the purpose of Proposition 65, r@-observeeeffect level (NOEL)"* of 5-ug/kg-day
was deived based on an animal stuly The dose level was calculated by multiplying the
selection NOEL by the assumed female human body weight of 58 kildgfartsing the
NOEL, the MADL was calculated to be 2@@/day’’* To derive the Proposition 65 MADL, the
converted NOEL was derived by a scientifically undefined factor of 1:60@sing the 290

pg/day NOEL, the MADL for methylmercury was calculated to bep@@lay (290/1000 = 0.290

~ 0.3), for both oral and inhalation routes of expostifte.

1%91d. at 8.
170 cal. Code Regs. tit. 22, § 12705, 12805.

1EPA,supran .  MlBObgefvedEffect Level (NOEL): An exposure level at which there are no statistically or
biologically significant increases in the frequency or severity of any effect between the exposed population and its
appropriate control . o).

172 M. Bornhausen et alQperant Behavior Performance Changes in Rats After Prenatal Methylmercury Exposure
56 Toxicology & Applied Pharmacolog805, 305310 (1980) (Pregnant female Wistar rats were administered
methylmercury by stomach tube in doses of 0.005, 0.01, or 0.05 mg/kg on the sixth, seventh, eighth, and ninth day
of gestation. The gestation period in Wistas liatabout 21 days, compared to 9 months in humans. After birth,
untreated foster parents reared the offspring of methylmet@eged and untreated [control] rats.
Methylmercury exposure did not have an effect on the litter size, sex ratio, or gfdtwhrat pups. Operant
behavior changes were determined by Adifferential rei
press a level a specific number of times during a certain time period to receive a pellet of food. Performance of
this program was altered for male and female rats whose mothers had received dosesgfk@.05
methylmercury on the sixth, seventh, eight, and ninth day of pregnancy. Significant, though less uniform,
differences were observed in the offspring of mothecsiving 4 doses of 0.6hg/kg methylmercury. Offspring
of mothers receiving 4 doses of 0.08/kg methylmercury did not display any alteration of behavioral
performance. This value served as the NOEWwerehor deri v
sexspecific differences in behavioral performance noted within any of the treated groups of offspring.).

13 SeeCal. Code Regs. tit. 22, § 12803.
7 Seeid

175 CalEPA,supran. 168.

176 Id
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The U.S.ATSDRG chronic oralminimal risk level MRL) of 0.3 pg/kg-day wasbased
on the neurodevelopmental effect;n a study vinere children were exposedn utero to
methylmercury from maternal fish consumptidh. The MRL is based on théive and a half
year evaluationof the SCDS.’® The highest exposure in the studys.@ ug/kg-day) is
considered a NOAEL by.S.ATSDR, as no adverse effects were reportet| formed théasis
for derivation of the chronic oral MRL for methylmercury.

An aggregate uncertainty factor ob4was based on three componemtsh two being
interrelated(toxicokinetic and toxicodynami@nd the other being independédbmain specific
findings)'®® The two interrelated values were added to give a composiertaintyfactor of
three,i.e, 1.5+ 1.5 = 3.0, to account for the full range of variability (including human
toxicokinetic andtoxicodynamic variability) to be conservati¥&. The independent factor of
1.5, which was used to address the dorspiecific findings, as in the Faroe study bat im the
SCDS studywas themmultiplied by the aforementionedF of 3.0 (for uncertaintyattributable
solely to the SCDS) to yieldnauncertainty factor of 4.582 Thus the chronic oral MRL for
methylmercury waset at0.3 pg/kg-day (1.3 pg/kg-day/ 4.5(UF) = 0.3ug/kg-day).*®

At the international levela meeting of the Joint Food and Agriculture Organization of

177U.S. Agency ofToxic Substances ariseaseRegistry (U.S. ATSDR) Toxicological Profile for Mercun239,
http://www.atsdr.cdc.gov/toxprofiles/tp46.pdflarch 1999).

178 Id

179 Id

18019, at 255.

1811d. at 255256.

182 Id

1831d. at 256.
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