Appendix Q: -
The Benefits and Costs of Fish Consumption
Advisories for Mercury






 The Benefits and Costs of Fish |
Consumption Advisories for Mercury

Paul Jakus, Meghan MeGuinness, and Alan
Krupnick

October 2002 « Discussion Paper 02-55

Resources for the Future
1616 P Street, NW
Washington, D.C. 20036
Telephone: 202-328-5000
Fax: 202-939-3460
Internet: http://www.rif.org



The Benefits and Costs of Fish Consumption Advisories for Mercury

Paul Jakus, Meghan McGuinness, and Alan Krupnick

Abstract

Mercury contamination of the Chesapeake Bay is a concern to health authorities in the
region. We evaluate the economic and health effects of pos’tulated recreational and commercial
fishing advisories for striped bass on the Maryland portion of the bay. Awareness of and
response to the advisory is estimated using a 'meta—analysi's of the literature. Three values are
estimated: welfare losses to recreational anglers, welfare losses in the commercial striped bass
fishery, and health benefits. An estimate of percentage of consumer surplus loss is applied to the
value of all fishing days in the bay to estimate recreational welfare loss. Welfare losses to the
commercial fishery are estimated based on a model of supply and demand, Health benefits are
estimated using estimated exposure and epidemiological relationships, and while potentially
large, are highly uncertain. Results also suggest most ind_ividl_ials are below advisory standards

ex ante, such that advisories should target high-frequency consumers.
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Executive Summary

Mercury chtaIninaﬁOn of the C_hesapeake Bay is d,cl:enccm lo health au.t;horiﬁes in the .
region. Author-iﬁes are considering issuing fish consumption advisories (FCAs) to warn people-
about the health dangers of consuming contaminated fish. Prior to Deeember 2001, Maryland -
had issued only four fish consumption advisories. On December 12 2001, the state issued
several adv1sones concernmg contamination by polyclﬂormated blphenyls (PCBs) and mercury
Currently, there isno adv1sory on consumpnon of fish from the Chesapeake Bay. We evaluate
the economic and health effects of potential recreational and commermal fishing advisories in the
Maryland portion of the Chesapeake Bay, counting effects -expenence_d by or through all users of
this portion of the bay. Because the Maryland Department of Natural Resources indicates that -
striped bass (Morone saxatilis) is the species of greate-st concern for mercury contamination in
the Chesapeake Bay, we assume that advisories are limited to this species. Based on 19‘92v1‘994
weighted average tissue concentration levels of 0.205 mg/kg in Chesapeake Bay striped bass
from Gilmour (1999), and the current oral reference dose for methylmercury from the
Envnonmental Protectlon Agency (EPA), we postulate a recreatlonal FCA suggestmg restncted
consumption for the general populatlon (< four meals per month) and restncted consumption for
sensitive subpo_pulauons, < two me.als per month for children and women of childbearing age).
Furthermore, we 'pos.tulate that the state may issue “Commercial Health Advice” consistent in
severity with the projected FCAs for the recreational fishery, since the fisheries occupy

essentially the same area.

A rev1ew of the literature assesses the degree to which anglers are aware of advisories
a;nd engage in consumphon—related averting behaviors, based on estimates from ex post analysis
of fisheries with characteristics similar to the bay. The mean percentage of estuarine anglers who
are aware of advisories is estimated to be 48% (95% confidence interval, CI: 46%—50%).
Anglers Who are aware of advisories are 26. l% less hkely to consume hsted spec1es than anglers
who até not (95% CI 22 1%—30%) ' o



We estimate three endpoints: welfare losses to recreational anglers, welfare losses to \'
consumers and producers of commercial striped bass, and health benefits to recreational anglers
- due to reduced consumption of contaminated striped bass. Under a recreational FCA, aware
anglers will undertake some combination of behavioral adjustments that may range from
ignoring the advisory to altogether ceasing trips to the affected water body. Such behavioral
modification results in economic losses to anglers. Applying an estimate of the percentage of
consumer surplus lost due to an advisory from the literature to consumer surplus estimates for a
fishing day in the Chesapeake Bay, we estimate an annual consumer surplus loss over all
Maryland saltwater fishing days of $8.83 million ($2000). For the commercial striped bass
fishery, we estimate a very simple model of supply and demand that predicts equilibrium price
and quantity with reasonable accuracy. Using parameter estimates from this model, we estimate
annual consumer and producer surplus losses of $215,800 and $304,500, respectively, under
commercial consumption advice, for a total anmual surplus loss of $520,300.

In our analysis of health effects, we estimate changes in methylmercury uptake for
recreational anglers and their families as a result of the advisory, and quantify changes in three
primary endpoints: paresthesia (prickling, tickling, or itching sensation, and an initial symptom
of methylmercury disease), abnormal scores on tests of childhood neurolo gical development, and
cardiovascular health and mortality effects. Additionally, we estimate the number of individuals
exceeding both the Chesapeake Bay advisory and EPA’s reference dose (RfD). Although there is
no evidence of either paresthesia or childhood neurological development delays at current
exposure levels, we do predict reductions in acute myocardial infarction (AMI) and all-cause
mortality under an advisory because of a lower mercury exposure threshold for these effects.
However, these estimates are surrounded by much uncertainty, and because the study used to
estimate this relationship has not been replicated, our confidence in them is even further
attenuated.

‘We find that most anglers are in compliance with the advisory standards, even before the
advisory is announced. About 3% of anglers exceed advisory standards before it is implemented,
_and only 2% do so afterward. Furthermore, we find that approximately 9% of exposed women
of childbearing age exceed EPA’s RID, and 7% do so once the advisory has been implemented.
The finding that most individuals are already in compliance with advisory guidelines suggests
~ that advisories are likely to be relevant to only a small percentage of angler families at the high
end of the consumption distribution, and that compliance might be further increased if
educational efforts are directed at this segment of the population.




Finally, based on our mortality estimate, we estimate annual health benefits from an
adwsory to be approximately $14 million. The value of further information for this mercury-
mortality relationship is quite high, as it suggests that 51gmﬁcant health beneﬁts may accrue at
lower mercury levels than has been suggested by the research focusmg on neurologlcal
development effects from fetal exposure the health endpoint that has been the focus of pohcy
discussion to date. . v ' '
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The Benefits and Costs of Fish Consumption Advisories for Mercury

Paul Jakus, Meghan McGuinness, and Alan Krupnick*

1. Introduction

Mercury (periodic table element Hg) is found in the environment in a wide lvariety of
_forms. It generally appears in its elemental form .(Hgo_) or as divalent mercury (Hg®") and can be
found in the atmosphere, in rocks and soils, and in water (U; S. EPA 2000). Surface waters are
contaminated by mercury from both naturally occurring rélea‘se‘s. and industrial emissions.
Sources of mercury include emissions from power plants, paper and pulp mills, and wastewater
treatment plants; depositions from the at:rﬁosphere; and soil runoff. Some 85% of mercury
emissions in the United States are believed to come from power plants as a result of fossil fuel |
combustion (U.S. EPA 2001a). Fish encounter mercury. in the aquatic environment. Biological
‘proc.esses of animal species convert elemental and divalent mercury into an organic form called

methylmercury (MeHg). Nearly all (>90%) mercury found in fish tissues is MeHg.

Consumption of mercury-contaminated fish can cause serious health problerns in

humans. MeHg is rapidly absorbed by the gastrointestinal tract and binds itself to all tissues. In

* Dr. Paul Jakus is an Associate Professor of Economics at Utah State University, and Meghan McGuinness and
Alan Krupnick are at Resources for the Future. The anthors wish to thank Diane Brown, Manager, Energy Planning

. Projects, Power Plant Research Program (PPRP), Maryland Department of Natural Resources for support of this
research; John Sherwell and Paul Miller of PPRP for their generosity in providing guidance and expertise; and Matt
Kahal, Exeter Associates, Inc., for his project management. We would also like to thank Gina Hunt, Vicki Johnson,
Connie Lewis, and Harry Hornick, all of Maryland Department of Natural Resources, for providing fisheries data.
Finally, we would like to thank David Austin, formerly of RFF and now at the Congressional Budget Office, for his
initial design of the project and research and modeling efforts.
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‘humans.the _greétest concentrations.of MeHg are found in the kidneys, although MeHg easily

crosses the blood/brain and placental barriers. The estimated lethal dose of MeHg is 10-60
mg/kg. Methylmercury doés vacate the body, with an estimated half-life of 44-80 -days‘ {US.
EPA 2000)..

Two major MeHg contamination episodes have been associated with eating fish, both’
oceurring in regions of Japan where average per capita consumption of fish, 4 food staple, was
very high, about 300 g/day (U.S. EPA 2000; U.S. EPA 200'121)..'1 The symptoms of mercury
contamination are called Minamata disease, after the region of J apaﬁ where it was first
recognized. -Tho‘se with the disease suffer from impaired peripheral vision, paresthesia (prickling,
tickling, or ifching sensation), and some loss of motor control.2 In addition to these effécis,
recent studies have highlighted abnormal scores on tests of childhood neurological development

- as a result of fetal exposure, and ca:r.diovasguiar health and mortality effects.

To manage the risks associated with eating contaminated fish, federal and state.
authorities have issued fish consumption advisories (FCAs) to reduce the broba’b‘ility of health
effects, and in the case of commercial FCAs, to alter the behavior of the ﬁshmg industry
affected. Assuming such FCAs are perfectly cffectiVe, in theory, there would be no mercury-
rélated health effects, but there would be economic losses associated with the FCAs themselves
kand perhaps on ancillary fishing markets. In reality, many péople igno;e advisories, which

lessens the costs associated with the FCA but also reduces health benefits,

1In the United States, about 3% to 5% of the population regularly consumes in excess of 100 g/day.

2A major contamination episode in Irag was associated with mercury—contammated seed gram ThlS populatlon
suffered similar symptoms to the Japanese populations,
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In this study, we evaluate the econoﬁﬁc costs and health benefits associated with potential
recreational and commercial fish consumption advisories in the Chesapeake Bay.? Health
benefits are calculated for two endpoints: changes in children’s IQ score due to prenatal mercury
exposure, and mercury-related all-cause mortality in middle-aged men. Our model is applied to a
specific case study area (the Maryland i:)ortion of the Chesapeake Bay) and a specific species
(striped bass, Morone saxatilis), which the Maryland Department of Natural Resources considers

the species of greatest concern for mercury contamination in the Chesapeake Bay.

This project is designed to provide information useful to analyses of the benefits of
reducing mercury emissions. A ptimary benefit of reducing mercury emissions is the reduced
likelihood of fish consumption advisories and the resulting welfare losses from changes in
anglers’ behavior associated with advisory compliance. In addition, of course, reduced mercury
emissions will leaa to a reduction in mercury-related heaith effects, assuming that baseline
mer-cufy levels in fish (and other exposure pathways) are above those found to cause health
effects. However, health improvements may be mitigated if, with the lifting of a fish advisory,
consumption of fish containing methylmercury increases. Because we do not have information
linking mercury :emissions tol concentrations in the environment, our report focuses not on
mercury emissions reductions, but rather on the costs and benefits associated with fish

consumption advisories themselves.

3 Prior to December 2001, Maryland had issued only four fish consumption advisories. On December 12, 2001, the
state issued several consumption advisories for freshwater anglers concerning contammaﬁon by PCBs and mercury.
As of July 2002, there was no fish consumption advisory for the Chesapeake Bay,
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. .We develop three modules within theMarYlénd Externalities Screening and Valuation -
Model, or “Maryland Model,” developed for Maryland Departmént of Natural Resources by
' Resources for the Future. These are the Recreational Angler and Commercial Fishery Response
Modules, and the Mercury Health Effects Module. The basis for the Maryland Model is the -
- Tracking and Analysis Framework (TAF) model, a peer-reviewed probabilistic ‘model that was
ﬁsed by the National Acid Precipitation Assessment Prograrn to estimate costs and benefits
associated with reductions in acid precipitation in the United States. Fbr descriptions of TAF and

~ the Maryland Model, see Bloyd et al. (1996) and Austin et al. (1999).

1.1. Plan of thé Report

| Section 2 of the report provides background on FCAs, briefly reviewing the mechanisms
by which meicury concentrates in fish tissues. The current state of consumption -adViSories in the
United Stéfes and in Ma_rylan’d is then outlined, followed by a descﬁp.tion of the Environmental
Protection Agency (EPA) methodology for calculating safe levels of fish consumption and
: -appr.opr'iaté advi‘sdfy levels. Mercury concentration levels of Chesa"p.éake’Bay striped bass are
then evaluated within the context of EPA’s FCA methodolo gy to establish the likely FCA

outcome for the Chesapeake Bay.

Section 3 of fc'he report presents the model for estimating consumer surﬁlus losses from an
FCA for recreational fishing of striped bass in the Chesapeake, This_..s;ec;ticn has two parts: first, a
literature review and evaluation of behavioral choices made by anglers in response to an
advisory, and second, an economic analysis and model for estimating welfare losses associated
with these behaviors. Section 4 presents the inodel and results for an economic analysis of an

advisory on commercial striped bass fishing in the bay. Section 5 presents a literature review and
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analysis of the human health effects of methylmercury and describes the model used to quantify
and value such effects under a recreational advisory. Finally, Section 6 presents results of

sensitivity analyses.

2. Background

2.1. Current Fish Consumption Advisories ‘

Fish consumption advisories are a standard risk management tool in the United States.
The goal of advisories is to wam the public about contamination of wildlife species, the advetse |
health affects associated with consumption of these species, and the methods to avoid or
minimize poténtial contamination. The populations most at risk for MeHg exposure are those
who tend to have high fish consumption rates relative to the general public, so much of the effort
at publicizing advisories has been ;timed at those who consume :spoﬁ-harvested fish—that is,
anglers and their families. Fish consumption advisories generally come in one of five forms, four
of which recommend cénsumption levels for specific segments of the population; the fifth is
associated with commercial species (Table 2.1; U.S. EPA 2001b). If “restricted” consumpﬁon of
a partiéular species is tecommended, consﬁmptio_n levels are communicated in the form of
“meals per month™ for either the general population or a subpopulation. These consumption
levels are based on a standard portion, or “meal size,” and the level of contaminant concentration

found in the species at that site.
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Table 21.  Types of Consumption Advisories

Type of Advisory Mbbrevzatlon)

Def mtzon

- No Consumption; General Populatlon

(NCGP)

No Consumption: Sensitive
Subpopulation (NCSP)

Restricted Consumption: General
Population (RGP)

Restricted Consumption: Sensitive
Subpopulation (RSP)

Commercial Fishing Ban (CFB)

Issued when levels of chenucal contamination

in fish or wildlife pose a health risk to the
general pubhc The general population is

* ‘advised to ‘avoid eating cértain types of locally

caught fish or wildlife.

Issued when levels of cont-anﬁnation in fish or
wildlife pose a health risk to sensitive ,
subpopulations, such as pregnant women or
and children. The sensitive subpopulation is
advised to avoid eating certain types of locally
caught fish or wildlife.

Issued when levels of contamination in fish or
wildlife pose a health risk if too much fish or
wildlife is consumed. The general population
is advised to limit eating of certain types of
locally caught fish or wildlife.

Issued when levels of contamination in fish or
wildlife pose a health risk if too much fish or
wildlife is consumed. The sensitive
subpopulation is advised to limit eating of
certain types of locally cauglit fish or wildlife.
Issued when high levels of contamination are
found in fish caught for commercial purposes.
These bans prohibit the commercial harvest
and sale of fish, shellfish, and/or wildlife from
a desi gnated water body.




Resources for the Future Jakus, McGuinness, and Krupnick

fn addition to the advisory types listed above, ten states also issue “Commercial Health
Advice” (US EPA 2001c)# The advice falls well short of a commercial fishing ban and is
closely aligned with the information included in many consumption advisories. “Advice” is
generally targeted at .S'ensifivef»subpopulation"s' (children, prégnant women, women who may soon

be pregnant) and recommends restricted consumption of specified commercial species.

In 2000 almost 6,500 advisories were iséued, a 124% increase over 1993 (Figure 2.1;
U.S. EPA 2»QOlb). This increase was due to mofe intensive monitoring by federal and state
agencies rather than an increase in the general contaminant level (U.S. EPA 2.0015, 2). A sirﬁple
count of advisories, however, obscures the extent to which they vary. A §ingle advisory issued
by, say, a state agency may cover a single species at a single site for a single pollutant.

Alternatively, an advisory may cover multiple species and pollutants at multiple sites.

4 These are Connecticut, Maine, Massachusetts, Michigan, Minnesota, New Hampshire, New Jersey, Rhode Island,
Vermont, and Washington.
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1998 1999 2000

Figure 2.1. Number of Advisories, by Year. Source: U.S. EPA 2001b

By early 2001, apprdﬁmately 9% of the nation’s river miles and 23% of its lake acreage
were under some form of consumption advisory. As of July 2002, the ‘Chesapeake Bay was not -
under any type of advisory, but many of its tributaries (including the Potomac, James, Back, and . -
Anacostia Rivers) have had fish consumption advisories issued. Although there are different
ways of counting advisories, EPA reports that by 2001, some 2,259 advisories had been issued.
by 41 states for mercury céntaminaﬁon of a wide variety of fish species (U.S. EPA 2001c).
Twenty-six of these advisories have been issued by 12 states for mercury contamihation of
coastal or estuarine :regionsa Six of the 12 states are located along the Atlantic coast (Delaware;
Florida, Georgia, Maine, North Carolina, and South Carolina). In addition, 3 states in the
immediate vicinity of Maryland—Delaware, Pennsylvania, and Virginia—have issued fish

-consumption advisories for mercury (Figure 2.2),
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All st_a_tés that share a border with Maryland, including the District of Columbia, have
issued FCAs. Delaware has i.'s.sued 20 advisories covering a wide variety of ﬁsh ‘spec’ieé and
| -contaminants, mcludmg d10xms polychlormated biphenyls (PCBs), Dieldrin, arsenic, and
pesticides. One adv1sory was 1ssued for the Chesapeake and Delaware Canal, which links the
‘Chesapeake Bay and the Delaware River; the FCA recommends no co'nsumpﬁon by the general
population for any fish harvested from this water body because of PCB contamination. Five
Delaware FCAs address mercury contamination: Beck’s Pond (RGP, all species), the Delaware
~River (NCGP, all species), Silver Lake Dover (RGP, all species), lower Delaware River and Bay
(RGP, striped bass), and the St, Jones River (RGP, all species). The last 2 FCAs cover estuarine

waters.
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Figure 2.2. Mercury Advisories Issued by States Bordering Maryland.
" Source: 1.S. EPA 2001c

Pennsﬂvania has issued 36 advisories, 2 for mereury contamination. Other advisories
have been issued for PCBs, chloi‘dane, and mirex. The first mercury advisory, issued in 1993,
covers Lake Wéllenpaupack and recommends NCGP for walleye greater than 19 inches. The
second ﬁercmy advisory was issued in 2001 and cox}ers all freshwater rivers and lakes in the
state. This broad advisory recommends RGP for all species caught in any of Pennsylvania’s

freshwaters,

10
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- West Vi'rginia‘ has issued 11 advisories for dioxin, PCBs, and chlordane contamination.
There have been no FCAs for mercury. Two advisories have been issued for tributaries of the
Chesapeake Bay, the Potomac River, and the North Branch of the Potomac. Both advisories are

for dioxin contamination of nonsportfish species, with a recommendation of NCGP.

Virginia has issued 10 adVisories. because of contamination by three chemicals: mercury,
PCBs, and keponé. Mercury advisories have been issued for the North Fork of the Holston River
(NCGP, all species), the South Fork of the Shenandoah River (NCGP, all species), and the South
River (NCGP, all species). Tributaries of the Chesapeake are also under an advisory. The James
River has a kepone-related advisory recommending restricted cénémnption by the general
population of all species. The Potomac River has an FCA for PCB contaminatién of channel

catfish greater than 18 inches (RGP).

The District of Columbia has issued a single advisory covering all its lakes and rivers,
induding the Potomac and Anacostia Rivers, both tributaries of the Chesapeake Bay. This FCA
recommends no consumption by the general population of carp, catfish, or American eel, and it

also extends an RGP advisory on all other fish species.

Prior to December 2001, Marylénd had issued only four ﬁsh consumption advisories.
Three FCAs involved chlordane contamination; the fourth was due to PCB -contémjnation. Two
of the chlordane advisories were issued for .tributaries of the Chesapeake. Restricted
consumption by the general population has been recommended for channel catfish and American
eel on the Back River and for Baltimore Harbor. On December 12, 2001, however, the Maryland
Department of the Environment issued new FCAs covering a wide variety of water bodies and

fish species because of PCB, pesticide, and mercury contamination (Huslin 2001; Maryland

11
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Depaﬁment of the Environment 2001), The species under FCAs for PCB and pesticide - -
contamination now include channel catfish, white perch, striped bass, blue crab, American eel,
white catfish, brown bullhead, black crappig; ép‘ot, common carp, and yellow perch: Yellow
perch is also under an FCA because of mercury contamination, as are smallmouth bass, -
largemouth bass, pickerel, northern pike walleye, and bluegill. The advisories for all :sp:epie.s but
yellow perch ére statewide advisories for all publicly acbe,s:sible lakes and impoundments. The
bass advisory extends to all rivers and streams in Maryland. The 'yeIIQw perch advisory covers
Piney Dam, Deep Creek Lake, and the main stem of the Susquehanna River. All advisoties are
RGPs and RSPs, recommending limited meals for the general population and sensitive

subpopulations.

Finally, personal communicatiens with Maryland Department of Natural Resources
persoﬁnel indicate that the pr-iméry Ches‘apeake; Bay species for which there is concern regarding
MeHg contamination is striped bass, Morone saxatilis (Sherwell and Miller 2001). Some 43
advisories have been issued nationwide for striped bass, the majority due to PCB or dioxin
contamination. Fifteen of these advisories have been issued for estuarine waters, of which 11
cover the Newark—New York City region, including Newark Bay, New York Harbor, and the
Hudson River. Three of the advisories were issued for mercury contamination. Maine included

striped bass in its statewide mercury advisory. The other 2 mercury-related striped bass

advisories covered the San Francisco Bay and the Lower Delaware River and Delaware Bay.

2.2. Calculating Fish Consumption Limits
EPA has established a methodology for determining whether advisories for fish

consumption should be issued (U.S. EPA 2000), based on assessed risks of contamination, The

12
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variable needed is simply the contaminant concentration in the local fish population.
Calculations are sufficiently straightforward that a local agency with more information (e.g.,
details such as meal size and average body weight of consumers) can adjust the EPA

recommendations to fit local conditions.

To understand this procedure, a few preliminaries are in order. The first concerns how
mercury gets iﬁto'ﬁsh tissue. Fish draw oxygen from water via thin membranes of the gill
tissues. As water is pumped across the gills, fnercury and other contaminants cross the gill
membrane and enter directly into the blood (Reinert et al. 1996). Contaminants thus achieve a
concentration within a single fish that is greater than the surrounding aquatic environment. Fish
may also bioaccumulate contanﬁnants. from their food. Generally, the concentration of mercury
in tissues increases with the age and size of the fish. Finally, fish that are higher in the aquatic
food chain accumulate higher concentrations than fish or other organisms lower in the food
chain, a process known as biomagnification. Fish are relatively more susceptible to contaminant
concentration than terrestrial species because they accumulate contaminants not only through the
food they consume but also through their constant contact with water. In some cases, fish species
have MeHg concentrations 1,000 to 10,000 times greater than the surrounding aquatic
environment (U.S. EPA 2001a). In contrast, terrestrial species accumulate little mercury

contamination from airborne (vaporized) forms of mercury or from food sources.

13
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Mercury taken up by fish is deposited into muscle tissues (fillets) as well as skin‘and fatty
tissues, so it is difficult to remove the -confanﬁnaht prior to consumption by humans.5 Further,
there are no cooking practices that reduce potential cbnta;minant’ consumption; in fact, as cooking
-~ reduces the moisture content of the fillet, mercury actually becomes more concentrated per unit

of fish.

The other crucial concept is the oral reference dose (Rﬂ)), an estimate of the lifetime
daily e)ip'osure ;co a contaminant above which harmful health effects will occur (U.S. EPA
2001d). The calculation of an RfD alsc includes an “uncertainty factor;’ that adjusts the dose-
downward to reflect uncertainties about the accuracy of the calculated exposure le%fel‘ In 2001
EPA established the RfD for mercury at 1x107* mg/kg/day. The RfD is based on the “critical
effect” of deifelopmental neuropsychological impairment, which is measured using several
evaluative endpoints. The EPA RfD does not take into aécount potential carcinogénic impacts of
MeHg contamination because of inadequate data for humars and limited evidence from animal
studies (U.S. EPA 20014).

The calculation consists of two parts. Tiie first part calculates the inaximum daily

allowable consumption of contaminated fish for humans, expressed in kilograms of fish per day,

5 Other contammants such as PCBs bind primarily to fatty tlssues makmg contaminant reducﬁon pnor to
consumption much easier. A
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where CRy;y, is the allowable daily cohsumption.limit, RfD is the established reference dose
(mg/kg/day) of the contaminant, BWV is body weight (kg), and C,, is the estimated contaminant

concentration (mg/kg) in the fish species.

The reference dose is based on chronic exposure studies and assumes that a threshold
exists for toxic effects (U.S. EPA 2001d). It is an estimate of the daily exposure level below
which the risk of toxic effects in humans is “acceptable.” The unit of measurement expresses the
level of uptake per kilogram of weight in the subject; thus RfD measures the milligrams of
contaminant that can be consumed per kilogram of weight of the person. The body weight (BW)
variable in e:quétion (2.1) adjusts for consumption by persons of different size. Thus, the
.allowabie daily consumption limit for a heavier adult is greater than that for a small child, all else
equal. The final portion of the equation adjusts for the contaminant concentration in the species
of interest (C,,). All else equal, as the contaminant concentration in the species increases, the

allowable daily consumption limit falls.6

CRyim represents a maximum average daily consumption level that is “safe.” That is,
average daily consumption at this level over a lifetime would not result in adverse,
noncarcinogenic health effects. Exceeding this dose durihg é single day would not necessarily
cause either chronic or acute health effects, but exceeding the limit over a long period of time

would likely produce symptoms of contamination.

6 Equation {2.1) is the standard EPA calculation. One can modify the equation such that the contaminant
concentration is on the left side of the equation, as in C,, = (RfD x BW) + Cy,,, where Cj;,; measures average daily
consumption of fish in a given time-period. This form of the equation allows one to calculate the maximum
allowable contaminant concentration in a species at a fixed consumption rate.
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The daily limit can be converted to meals per unit of time, a measure that is more easily -
communicated to a target audience. The recommended consumption depends upon an assumed

meal size and is calculated as
CRoum = (CRipm x Ty) + MS | | 2.2)

Wherg CRym is recommended consumption (meals per month), CRy, is.,’ché maximum allowable
daily consumption hmlt, Ty 1s atime averaging period (1 month = 30.44 days), and MS'is meal
size. EPA recomxriendatiéns are based on a standard meal size of 227 g of fish (about 8 ounces).
Those who consume more than this amount are at greater risk of developing symptoms, whereas
those Who consume less than this amount are at less risk. In the case of extremely low allowable
daily consumption limits, the calculation Iﬁay yield a value for CR,,,, equal to zér‘o——that i8, no-

consumption.

2.3. Design -of Advisories for Chesapeake Bay

To date, the Méryland Depaftment of Environment (MDE) has not is'suéd any advisories
for the Chesapeake Bay, pending analysis of fish samples from the bay (Huslin 2001). For the
purp.o*se's of this project, it is hecessary to project the likely édvisories for the bay, As noted
above, state Department of Natural Resource officials anticipate mercury advisories to be issued
for striped bass. Mercury contamination concentrations vary by the size of fish, so project'ing the
potential set of advis*oriés will first require an estimate of the relationship between MeHg
concentrations and fish size. S_e'cpnd, the predicted concentration levels must be related to the ,
size of striped bass kept by Chesapeake Bay anglers. This will allow us to estimate the mean

concentration levels of MeHg in striped bass that are consumed. Finally, the predicted mean
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concentration can be used in the EPA recommended consumption equations ’(eqﬁations 2.1 and

2.2) to.predict the recommended consumption advisories to be issued by MDE.

2.4. Relating MeHg Concentration to Fish Size

The only available data on which a preliminary analysis of potential Chesapeake estuary
FCAé can be conducted are provided by Gilmour ( 1999). The Gilmour data consist of 18
sainples of striped bass from the upper bay, 10 samples from the midbay, near Annapolis, and 14
samples from the Potomac River, a tributary of the bay, all collected from 1992 to 1994. The
upper bay and midbay striped bass samples :(n¥28) showed a mean concentration of 0,182
mg/kg, with a median concentration of 0.155 mg/kg and a maximum concentration of 0.521
mg’kg.”? When the Potomac sample is included, thé mean, median, and 'maxjinmn conéentrations
are 0.201 mg/kg, 0.164 mg/kg, and 0.607 mg/kg, respectively. Regression analysis shows a
positive relationship between the fish weight and Hg concentraﬁons (Table 2.2). The models

indicate that for every 1% increase in weight, Hg concentrations increase by 0.6% to 0.9%.

New data will be available soon. The state collected striped bass from several regions of -
- the bay during fall 2001 and spring 2002 to ascertain a temporally relevant, comprehensive, fish-
length-based assessment of mercury levels before issuing an FCA, should one be deemed

necessary.
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" .- Table 2.2. . Regression Analysis of the Gilmour Data®

Variable - Potomac River” Upper Bay"” Midbay”
Intercept - -2.275 -2.180 -3.198
C s (9.303) (-10.508)" (-4.774)
- In(Weight) 0.876 ‘ 0.636 ~ 0.890
3154 @529 - (1.758)
Adjusted R? 0408 0.241 _ 0.188
N 14 ~ 18 - 10°

Dependent Variable: In(Hg concentratzon)
t—ratlos in parenthese§
Spemﬁcatlon from Gilmour (1999 16)

2.5. Estimating Mean MeHg Concentration Levels for “Kept” Ffsh
The me,an length of Chesapeake Bay fish in the Gilmour data was 64.4 cm, or a little aﬁer
25 inches, with a maximum length of 84 cm (33 inches); the mean weight of the sampled fish
was 2.76 kg. The Gilmour sample may not be representative of the size and number of fish kept
by Chesapeake anglers, however. Over the 19972000 period, anglers participating in the state’s
Cooperative Striped Bass Survey reported keeping approximately 5,300 striped bass. Using the
distribution of kept fish to calculate mean ﬁsh lengths and fish weights, the ave"rag_e “kept™
striped bass was 64 cm long and weighed approximately 2.75 kg, very close to the means from.
-the G_ilmeur sample.? The data also showed, however, that 12% of kept fish were larger .than the
largest fish m the Gﬂmgur sample. Because the Gihneur data did not include relatively large

fish, the mean concentration level using the Gilmour data alone may be underestimated. .

. 7 Samples measured iotal mercury, not just MeHg, This is falrly common, given the cost of MeHg measurement
relative to total Hg measurement costs and the fact that nearly all mercury in fish.is MeHg.

8 The survey data reported only the fish length. Predicted weights for the cooperative survey data were predlcted
using a model based on the Gilmour data. The weight-length relationship was modeled using a simple linear model,
Weight = -4.706.+ 0.116 Length, where the intercept and the length variables were highly significant. The model

* explained nearly 94% of the variation in weight.

18



Resources for the Future _ Jakus, McGuinness, and Krupnick

The distribution for “kept fish” using the 1997~2000 Cooperative Striped Bass Survey
data is given in Table 2.3, along with prechcted values for fish weight and Hg concentration
levels. The weight-length relationship given in footnote 8 and in the Gilmour mercury
concentration models was used to predibt Hg concentrations found in largcf ﬁsh. For example,
consider a 36-inch (91.4 cm) ;ﬁsh caught in the upper bay. The weight-length model predicts that
such a fish Would weigh 5.90 kg Using Gilmour’s upper bay mercury concentration model
(column 3 of Table 2.2), a fish of this weight is predicted to have a mercury concentration of

0.35 mg/kg.

2.6. Projecting Probable Fish Consumption Advisories

Given the distribution estimated from the 1992—1994 Gilmour data and the 1997-2000
striped bass survey, the probability-weighted estimate of mercury concentration of fish
consumed from the upper Chesapeake Bay is 0.205 mg/kg. This concentration value can be used
in EPA equations (2.1) and (2.2) to estimate the recommended number of meals per month for
consumers of striped bass. EPA standards assume an average adult body weight 0f 60 kg and an

RfD of 1 x 10 mg/kg/day. Given a contaminant concentration level (C,,) of 0.205 mg/kg,

equation (2.1) yields a maximum allowable daily coﬁcentration limit of 0.034 kg per day.
Assuming an 8-ounce meal size (0.227 kg), equation (2.2) indicates that an adult should consume
né more than four meals per month, .and a child of 35 kg, no more than two meals per month.
Given ;che advisory actions of other states, it is likely that the recommendation for women of

childbearing age will match that for children,
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Table 2.3.  Distribution of Chesapeake Bay Striped Bass Kept by Anglers {1997-2000),
Predicted Weight, and Mercury Concent_ration Leveis

, ' , : Midbay
Length. Fish Percentage of  Cumulative = Weight  Upper Bay Hg Hg

(i) (@ Fish Distribution (kg)* (mg/kg)® (mg/kg)®
18 252 4.8% o 4.8%. ~ 0.60 - 0.0815 0.0258
19 610 11.5% 16.3% - 0.89 0.1051 0.0369
20 550 C 104% 26.7% S L19 0.1261 - 0.0476
21 466 8.8% 35.5% 148 . 0.1452 0.0579
2 483 A 9.1% - 44.6% 1.78 0.1629 0.0681
23 299 5.7% - 50.3% 2.07 0.1796 0.0781
24 315 6.0% 562% 2.37 0.1955 0.0879
25 187 3.5% 59.8% 2.66 10.2106 0.0976
26 - 203 3.8% 63.6% . 2.95 0.2252 0.1071
27 115 2.2% 65.8% 3.25 0.2392 0.1166
28 208 3.9% 69.7% 3.54 0.2528 0.1260
29 226 4.3% 74.0% 3.84 0.2660 0.1352
30 212 4.0% 78.0% 4.13 0.2788 0.1444
31 207 3.9% 81.9% 4.43 0.2913 0.1536
32 202 38%  85.7% 4.72 0.3035 0.1626
33 125 v 2.4% 88.1% - 5.02 0.3154 0.1716
34 161 3.0% 91.1% 531 0.3270 0.1806
35 - 112 2.1% - 93.2% 5.61 0.3384 0.1895
36 104 2.0% 95.2% 590 03497 0.1983
37 60 1.1% 96.3% 6.20 0.3607 0.2071
38 50 0.9% 97.3% 6.49 0.3715 0.2158
39 29 - 05% 97.8% § 6.78 0.3821 - 0.2245
40 42 08%  98.6% 7.08  0.3926 0.2332
41 22 0.4% 99.0% 7.37 04029 - 02418 -
42 18 03% - 99.4% ' 767 - 04131 0.2504
43 11 0.2% 99.6% 7.96 0.4231 0.2589
44 11 0.2% 99.8% 8.26 0.4330 0.2675
45 6 | 0.1% - 99.9% 8.55 0.4427 0.2759
46 3 C0.1% 100.0% 885 0.4524 0.2844
48 2 0.0% 100.0% 9.44 0.4713 0.3012

Source: Chesapeake Bay Cooperative Striped Bass Survey, conducted by the Maryland Department of Natural
Resources.

*Calculated using the weight-length model in footnote 8-

"Caleulated using Gilmour’s (1 999) upper bay mercury conceniration model (Table 2.2).

°Calculated using ‘Gilmonr’s (1999) midbay mercury concentration model(Table 2.2).
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2.7. Summary

Given the scope of the most recent advisories issued by the state of Maryland and the Hg
concentration levels fouﬁd 111 Chesapeake Bay striped bass tissues, the most likely consumption
advisories can be hypothesize,d (Table 2'.4),.;At méah concentration levels, the advisory for
recreational anglers would most likely suggest that the general population re_strict consumbtion
of striped bass to no mc;re than four meals per month; the likely advisory for children and women |
of childbearin-g age would be no more than two meals per month. Given the concentration levels
found in Chesapeake Bay striped bass, a commercial fishing ban is very unlikely. Instead, MDE
would likely follow othet coastal states and issue “Commercial Health Advice” consistent with

the recommendations given to recreational anglers.

Table 2.4. Most Likely FCA Scenario for Chesapeake Bay Striped Bass

Population , Recommendation

General population Restricted consumption,
four meals per month

‘Children and women of childbearing age ~ Restricted consumption,

two meals per month

Commercial fisheries - © Issue “Commercial Health Advicé”‘ |

The FCA scenario summarized in Table 2.4 is based upon assumptions about how MDE '
might implement EPA’s FCA methodology. Should MDE choose a different set of default
parameters, such as meal size or body weight, reconnneﬁded consumption reStrictions. may

change. A smallermeal size will increase the recommended consumption rates; a larger meal
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size will decrease the recommended: consumption rate, all else equal. Similarly, larger body - -
weights would relax consumption restrictions; smaller weights would tighten them.? Itis

unlikely, however, that different parameter values for these variables will change the

restrictions are based on a contaminant concentration of 0.205 mg/kg, the mean of the
concentration levels in upper Chesapeake Bay fish based on the “kept fish” distribution in Table
2.3. The Chesapeake midbay fish have lower conc,entration_ levels. If the state agency bases its
recommendation on fish caught from all portions of the Chesapeake, the mean contaminant
concentration level would be loWer, and those lower estimates would loosen recommended

consumption restrictions.

3. Recreational Fishing Losses from an FCA

3.1. Awareness, Compliance, and Averting Behaviors Associated with FCAs

When a fish consumption advisory is issued, anglers have a number of potential responses:

ignore the advisory and continue current fishing practices;

follow advisory consumption limits or change target species {or both);
cease consumption of listed species and change target species;

cease consumption of all species from the affected water body; and
take fewer fishing trips, or none, to the affected water body.

H

SR e

In the absence of an original study designed to elicit the potential ‘reSponses of
Chesapeake anglers, it is necessary to review the literature on advisories and make an educated

guess regarding their awareness and their potential responses. This section and Section 3.2

10 Tn some cases one study may have reported a number of estimates, each of which is based on an independent
sample of 4 different population. Where possible, each independent estimate is reported. The source for each
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attempt to distill and synthesize the literature related to FCAs. As such, these sections should be

viewed as a meta-analysis of the literature.

The same parameter of interest—say, the pfoportion of anglers who are aware of fish
consumption advisories—may have many estimates, each of which comes from a different study
or study region. Each estimate of the parameter of interest is initially treated with equal weight,
in that all estimates from all studies are reported.10 This allows the reader to make an informed
judgment with respect to the subsequent treatment of the data. The information gathered from the
literatdre is then subjected to two filters. First, all estimates are evaluated with respect to
-applicabﬂity to the Chésapeake Bay region. Where a sufficient number of estimates are identified
for regions that share many attributes in common with the Chesapeake Bay region (e.g.,
estuarine waters located near major urban populations), only this subset of estimétes is retained
for analysis. For other parameters of interest, the literature yields so few estimates that this is not
possible; subsequent analysis is based oﬁ all estimates gleaned from the literature. The rationale

for each approach is explained in detail.

A second filter is used to incorporate the statistical properues of each estimate. A
| Bayesian welghtmg procedure, described below, is applied to the data. Essentially, this method
gives greater weight to parameters based on larger sample sizes (i.e., more precise estimates)
than those eétimafes bésed on smaller sample sizes. Admittedly, this is only o'né of many ways in

which a meta-analysis may be conducted.

estimate is always identified.
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Although the fish consumption advisory literature is not very extensive, it is adequate to
make reasonable assumptions regarding the potential behavioral impacts of any FCA issued for
the Chesapeak_e’.'ln all, some 20 advisory-related studies were reviewed to assess the following
recreational anglers’ behaviors:

1. awareness of fish consumption advisories; = o

2. probability of consuming species caught from waters under advisory, given an angler’s
~ awareness of the advisory;

3. the degree to which other averting behaviors are adopted; and

4.  probability of exceeding advisory limits.

Analysis of advisory awateness and changes in consumption behavior are used to assess
the de_greé to which mercury uptake by Che.sépeake Bay anglers will change under an adviiso.ry;

~This is done by relating the results of the literature review to data provided by the Chesapeake
Bay Coopetative Striped Bass Survey. -

3.1.1. Percentage of Recreational Anglers Aware of Advi,s”ories

The ﬁrobabilify of an angler’s awareness of advisories is the most frequently encountered
- statistic in the .advisorf literatute. Table 3.1 summarﬁes the studies used to estimate the

probability an anglér ;Niﬂ be aware of an -adirisory. Many .studies report on more than one region;
here; these are treated as separate samples where appropriate and where fche data permit. Fourteen

studies provide 22 estimates of the probability that an angler is aware of advisories. The vast
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majority of the studies reported in Table 3.1 are intercept surveys conducted at contaminated

sites,!!

" The estimates of angler .aWarenes'.s range widely, from 19% to 96%. Regression analysis
does not reveal a statistically significant relationship with the length of time an advisory is in
pléce. Thus, angler awareness is more likely a function of advisory severity, angler

characteristics, and state efforts to make anglers aware of advisories. 'Treating all studies equally,
the mean of all the estimates suggests that 71% of anglers were aware of advisories, iﬁdicating
that very high levels of angler awareness are possible. In particular, the ten estimates from the
Great Lakes states and states that border the Ohio River show exceptionally high levels of

advisory awareness, with a mean awareness of 87%.

Three of the studies concern freshwater anglers in southern states (the Tennessee studies
are not intercept surveys and include awareness of anglers who do not fish a contaminated site).
Two reports examine freshwater anglers from the New England states, and another examines
subsistence anglers in Puerto Rico. This leaves six estimates (from four studies) of interest: those

for estuarine and coastal waters. These are highlighted in bold italicized text in Table 3.1.

1 This type of study surveys people at the site where they recreate. As such, it is not a random sample even of
recreators, since the most frequent recreators are more likely to be “intercepted.” To the extent more frequent
recreators behave differently than less frequent recreators, the results of such studies may be biased with respect to
all recreators.
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-- Table 3.1.- - Pe’rcentage of Anglers Aware of an Advisory

_ Survey  Sample Percentage
Authors "~ Location Date Size Aware
Belton et al. (1986)  New York Harbor 1983-85 1900 50%
Burger and Gochfeld ‘ P B teee s 5 96%
(1991) ~ uerto Rico 1988 2 0
Burger et al. (1993) - Jamaica Bay, NY 1990 154 19%
Krieger and Hoehn (1998) Michigan waters 1991 951 86%

Lake Champlain, on - Aoy

Connelly and Knuth (1995) - NY and VT 1992 744 84%
Connelly et al. (1996) Lake Ontario 1992 366 95%
Knuth et al. (1993) Ohio River 1992 839 87%
Knuth et al. {1993) Ohio River, PA 1992 123 79%
Knuth et al. (1993) Ohio River, WV 1992 233 80%
Knuth etal. (1993) Ohio River, OH 1992 250 86%
Knuth et al. {1993) - Ohio River, IN 1992 - 265 90%
Knuth et al. (1993) Ohio River, KY 1992 278 92%
Knuth et al. (1993) Ohio River, IL 1992 - 119 87%
i(\f;;%?“?ld and-Boyle Maine open waters  1994-95 999 63%
May and Burger (1996) Arthur Kill, NJ 1994 168 60%
May and Burger (1996) Raritan Bay, NJ . 1994 60 28%
May and Burger (1996) New Jersey Shore 1994 44 30%
Phlugh et al. (1999) - Newark Bay, NJ 1995 300 - 60%
Burger (1998) Savamnah River, SC =~ 1997 258 62%
Jakus et al. (1998) Tennessee lakes 1997 222 65%
Jakus and Shaw (2002) Tennessee lakes  1997-99 457 70%
Breffle et al. {1999) Green Bay, WI 1998 647 - 85%

Bold italic type "i‘lidic'atves- es_timatefor"'esﬁlar‘i"nle-v ’\;)1" goastal 'régi'on.,

Ali of the estuarine and coastal estimates are derived from intercept surveys of anglers at
contaminated waters in the New York—New Jetsey tegion, As with the Chesapeake Bay region,
the waters are near a major metr,opoliitan area. Further, it seems likely that many of the -
characteristics of New York—New Jersey’s recreational anglers are shared by Che.sapéaké
anglers: they fnay be diverse in ethnicity, first language, and angling experience. A big

difference between the two regions is that the New York—New Jetsey estuarifie region has a “no
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consumption” advisory, a recommendation more severe than that anticipated for the Chesapeake

Bay.

The four estﬁa‘rine and coastal studies were conducted over a 13-year period (1983—1995)
and revealed a wide range df estimates for angler awareness, from 19% to 60%. Table 3.2 shows
the calculated standard error for each study, along with a 95% confidence inter\_zal «(Ci) for the

-estimate. Treating all the estimates equally, the mean probability that an angler was aware of
- advisories was 41%.

Table 3.2. Standard Errors and Confidence Intervals for Advisory Awareness Estimates,
Estuarine and Coastal Regions

Percentage Standard

Authors Location Aware Error 95% CI

Belton et al. (1986) New York Harbor 50% 1:1% 47.7%—52.2%
Burger et al. (1993) Jamaica Bay, NY 19% " 3.2% 12.8%-25.2%
May and Burger (1996)  Arthur Kill, NJ 60% 3.8% 52.6%—67.4%
May and Burger (1996)  Raritan Bay, NJ 28% 5.8% 16.6%—39.4%
May and Burger (1996) New Jersey Shore 30% 6.9% 16.5%—43.5%
Phlugh et al. (1999) Newark Bay, NJ 60% 2.8% 54.5%—65.5%

Some of the estimates (e.g., Raritan Bay and New Jersey Shore) are based on relatively -
small sample sizes, so it is advisable to take into aocount the error associated with each study
estimate. Similarly, oﬁe might not wish to assign the studies equal weight, instead giving greater
weight to studies with larger sample sizes. One method to accomplish both goals is a Bayesian
weighting methodology, in which the weights are based upon the inverse of the variance of each
estimate. In this case the estimate with the smallest variance (Belton et al.) receives the most

weight, and the estimate with the largest variance (May and Burget, New Jersey Shore) receives
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the least. Desvousges et al. (1998, 34) provide the formulas to calculate the updated mean and

variance, -

| E'[/;]_b] (B Los)t (b o)
' (U Top) + (170s)

1
(1/0‘,5)—1— (I/Gb)

Var [B|b] =

where f and o are the prior estimate of the mean and variance, respectively, and b and o3 are
;‘new” estimates of the mean and Variaﬁoe. The :equatioﬁs from Desvousges et al. provide
estimates for the mean and variancé of the posterior distribution. Ordering the estimates
Chronologically, the Belton ef al, mean-variance estimates becomé the basis for the subsequent
Bayesian calculations. Based upon this analysis, the mean percentage of anglers aware -_of

advisories is predicted to be 48%, with a 95% CI of 46%—50%.

3.1.2. Percentage of Recreational Anglers Consuming Sport-Caught Fish

Ten studies provided 12 estimates of thevpercentage of anglers consuming some or all of
their sport-caught fish. Table 3.3 presents these da‘tg.” The estimates range from 39% in
Tennessee to 160% among subsistence anglers of Puerto Rico. The mean proportion of anglets
- keeping séme or all of their catch is 0.69, or 69%. If thé estimate for subsistence anglers is
dropped, the mean per.céntage falls to 66%. If the data are restricted to the New York—New

Jersey harbor region, the estimated proportion of anglers consuming sport-caught fish is 71%.

12 The sample size for the Knuth et al. (1993) study changed from Table 3.2 to Table 3.3, This study compnses
several independent samples but the consumptlon estlmate is reported only for the combined dataset.
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Table 3.3. Percentage of Anglers Consuming All or Some of Their Catch

Survey Sample Percentage

Authors ' Location Date Size Consuming
Belton et al. (1986) New York Harbor 1983 | 1900 58%
3‘;'9&‘3;; and Gochfeld Puerto Rico 1988 25 100%
Diana et al. (1993) Lake Ontario 1988 256 70%
Burger etal. (1993) Jamaica Bay, NY 1990 154 85%
Connelly and Knuth (1995) [A<¢ SRR yo09 744 gy,
Knuth et al. (1993) Ohio River 1992 2110  43%
l(\f;;]%onald and Boyle Maine open waters  1994-95 999 41%
May and Burger (1996) Arthur Kill, NJ 1994 168 - 70%
May and Burger (1996) Raritan Bay, NJ 1994 60 88%
May and Burger (1996) New Jersey Shore 1994 44 82%
Burger (1998) Savannah River, SC 1997 258 82%
Jakus et al. (1998) Tennessee lakes 1997 222 39%

The consumption estimates presented in Table 3.3 do not account for the influence of

- advisory knowledge. How awareness of an advisory affects the probability of fconéump’tion is of
interest because changing propensity to consume is ‘a key averting behavior in response to an
advisory. Some percentage of anglers will choose not to consume listed species (or pg‘rhaps any
species) from the water body under advisory. What we need is a statistic that gauges the response
of consumption to the presence of an advisory. To do this, it is necessary to completely
characterize the sample of consumption anglers by knowledge of fish consumption advisories.

The following probability relationship must hold:

P(Consume) = P(Consume N Aware) + P(Consume N Not Aware)
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Conditional estimates of the:probabﬂity of consumptidn can be recovered according to
B P{Consume l AWare) = P(Consure N Aware) + P(Awal’;e_)' |
P:(Cpﬁsﬂnzé[ Not Aware) = P(Consume N Nat.Aw'c‘z}e) +.P(Not Aware)
The twé. coﬁdiﬁonél probability estimates then can b¢ used fo gauge the. degree to which

anglers will cease consumption of sport-caught fish when an advisory is in place. This will, in

turn, affect the overall probability (perCigntage) of consumption by anglers.

Unfortunately, only three studies (offering five estimates) provide the necessary
information. Table 3.4 shows the data from each of the studies and the estimates of the

conditional probabilities.

Table 3.4. Estimating Conditional Consumption Probabilities®

. ‘ PN
Study : P{) PMNA) P(C) PICNA) NA) P(Cl4)  P(CINA)

Beltonetal. (1986)  0.580 0420 6.500 0.205 0295 0353  0.702

May and Burger . 0 g s _
(1996), Arthur Kill 0.600 0400 0.700 0396 0.304  0.660 0.760

May and Burger ven (- N oo, N e .
(1996), Raritan Bay 0.280 0.720  0.880 0.280 | 0.600 1.000  0.833

May and Burger

(1996), New Jersey ~ 0.300 0.700 0.820 0210  0.610 0.700 0871
Shore ' ‘

MacDonald and o 1 q - naT 72
Boyle,(1997), All 0.630 0.370 0.413 0.236 }0.177 0375 0.478 .

®Abbreviations for Probabilities:

A = Aware of Advisories

NA = Not Aware of Advisories

C = Consume Fish from Contaminated Waters

Numbers in bold italics are provided in study documents.
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The two estimates of interest are shown in the last two columns of Table 3.4, the
consumption probabilities conditional on knowiedge of advisories. The probability that an angler
would consume fish from a contaminated water body given knowledgé of advisories ranges from
0.35 to 1.00. Denote this probability as P{Consume | Aware). If the 100% probability is nof |
included (it was based on a very small sample), the estimates of P(Consume | Aware) range from
0.35 to 0.70. The conditional estimates of the pfobability an angler would consume fish from a
contaminated water body given no awéreness of advisories, denoted P( Consume | Not Aware),
range from 0.48 to 0.87. In all cases except the 100% conditional probability estimate,
P(Consume | Aware) is less than P(Consume | Not Aware), This suggests that anglers who are
aware of advisories are less likely to consume fish than anglers who are not aware of advisories.
Applying the Bayesiaﬁ_ equations cited by Desvousges et al., the mean and variance for the
conditional consumption probabilities can be estimated. The mean P{Consume|Aware) is 0.493,
with a 95% CI of 0.473-0.51.3. The mean P(Consume|Not Aware) is 0.667, with a 95% CI of

0.642-0.692.13

These estimates can now be evaluated to gauge the degree to which anglers will cease
consumption of listed species. For example, the Belton et al. (1986) study shows that anglers
who were aware of advisories were only half as likely to consume fish from the contanﬁnated

water as anglers who were unaware of advisories. The degree to which aware anglers are less

likely to consume from contaminated waters is given by

13 The standard error for the conditional consumption probabilities is likely underestimated because they themselves
are a product of random variables. Not all the variance was accounted for, such that the 95% Cls are likely too
narrow. :
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- P(Consume |-Aware) — P(Consume | Not Aware). -

" %Reduction . x 100
P(Consume | Not Aware)

Eyaluated’at the means for P Consume|dware) and P(Consume|Not Aware), the
percentage reduction in the probability of consumption is 26.1%. An empirical distribution for
this value was formed by taking 1,000 random draws_t from'the distxibutions of
P_'(iConsume |dware) and P(Consume|Not Aware) and calculating the ’pércente‘lgc reduction for
each éraw. The empirical distribution yields a 95% CI for the percentage reduéﬁon of 22.1%—

30.0%.

3.1.3; Other Avei'ting Behaviors

Anglers can respond to advisories in several ways. The change in consumption
probaﬁility Célculatéd in Secﬁon 3.1.2 may occur because they targéf a diffeféht species for
consumption or, more 'siﬁiply, because they avoid-afl species from a water body with under an
FCA for any speciés. Anglers may also respond to an advisory by eating fewer meals of the
listed species or reducing the number of trips to contaminated water bodies. With many chemical
contaminants, consumptlon risks may be reduced by changing fish prepara‘non or cookmg
methods, thus making listed species safer to eat. But cooking and preparation methods do little to
reduce the risk of eating fish species contaminated by mercury. because unlike other
contaminants, mercury does not cbncenfrate in specific bodily tissues.!# This 'séc:tion focuses on

averting actions that are relevant to mercury contamination.

14 For example, PCBs concentrate in the fatty tissues of fish. Removal of these tissues greatly reduces PCB
contamination of those who consume these fish. Unlike PCBs, mercury is more evenly distributed throughout a fish,
 binding to the proteins in muscle tissues.
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 Table 3.5 presents consumption-related averting behaviors as reported in the literature.
Behaviors -are’ presented slightly differently from study to study, with different conditions
governing each response. Sometimes tﬁe'reéponse is based on behavior given the advisory, othe_r
times it is based on contingent behavior if the advisory were not in place.

The roughly 26% decrease in consumption of listed species calculated using condiﬁonal
probability rules described in Section 3.1.2 is supported by the consumption reductions noted by
the five studies reported in Table 3.5. Between 13% and 25% of those surveyed reported not

eating any fish from contaminated waters; 23% to 26% reported changing the species targeted

for consumption; and 15% to 54% reported adjusting overall fish consumption.

Table 3.5. Consumption-Related Behaviors Due to Fish Consumption Advisories

_guestion/Behavior ‘Loc_aﬁon Authors
If advisory were not in place...
. Lake . Connelly and Knuth
0,
54% would eat more fish Champlain (1995)
15% would consume more fish Maine ?f;g]?)onald and Boyle
In response fo present advisory... A ‘
42% reduced fish consumption Ohio River Knuth et al. (1993)
13% stopped eating all fish Ohio River Knuth et al. (1993)
26% changed target species Ohio River Knuth et al. (1993)
23% changed target species Green Bay Breffle et al. (1999)
45% changed species for consumption Green Bay Breffle et al. (1999)
If favorite site had an FCA...
25% would not eat any fish Michigan =~  Kreiger and Hoehn (1998)
14% would eat fewer fish Michigan : Kreiger and Hoehn (1998)

In addition to changing consumption behaviors in response to advisories, anglers may

also change trip-related behavior. For example, an angler may choose not to visit a contaminated
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site. ThlS in turn, may affect the total number of ﬁshmg trips taken durmg a season. Table 3.6

reports trlp—related averting actions. ~

Table 3.6. Trip-Related Behaviors Due to Fish Consumption Advisories

Question/Behavior Location  Authors
. If advisory were not in place... , ' . | |
10% would fish more days Maine lgfgg]%onald and Boyle
5% would fish more waters , - Maine ?fgg%onald and Boyle
5% would fish different waters Maine }\;Ig;?)qnald and Boyle
In response to present advisory...
7% do not fish contaminated water Lake P A
body Champlain Connelly and Knuth (1995)
0,
bz é’; do not fish contammated water GreenBay  Breffle et al. (1999)
- 37% take fewer trips Ohio River Knuth et al. (1993):
30% fish fewer days. Green Bay  Breffle et al. (1999)
26% change fishing site Ohio River  Knuth et al. (1993)
31% change fishing site Green Bay  Breffle et al. (1999)
If favorite site had an FCA.... , ' f
" 36% change fishing site Michigan  Kreiger and Hoehn (1998)
fobeccen s s e R e ST i s S

In addition to the studies cited in Table 3.6, a number of articles in the éc‘:onornics
literature examine the impact of advisories on the probability a site is visited and on the number
of trips taken over the course of the season. These studies support the general findings reported
in Table 3.6—that FCAs cause anglers to choose othel_‘ locations td fish and take fewer overall
fishing trips during any given time period. Jakus et al. (1997) examined the site location
preferenices of freshwater Tennessee :angle'rs, finding that the removal of an advisory at any one
site would increase the probablhty that site Would be v131ted on any glven occas1on by O 1% to

2. 55% Parsons et al ( 1999) examined fishing in mlddle Tennessee lakes (2 of 14 sites were
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contaminated) and predicted that total seasonal trips would increase by more than 0.3 trips per
person if advisories were remqved from both lakes (approximately a 2% incréase)i Employing a
different dataset for Tennessee anglers, Jakus et al. (1998) use a site—cﬁoice-only model to find
that anglers ére less likely to visits lakes with advisories than lakes without advisories, all else
' equalr. Other studies confirm a similar effect (e.g., Montgomery and Needelman 1997; Chen and
Cosslett 1998; Parsons and Hauber 1998; and Shaw and Shonkwiler 2000). Unfortunately, none
of these last five studies report the estimated change in seasonal trips due to advisories. The
welfare effects of changing trip-related behavior are examined in Section 3.2 of this report.
3.1.4. Percentage of Anglers Exceeding Recommended Consumption Limits

Thus far, this report has eﬁamined the degree to which anglers will eliminate or reduce
consumption of species undér an FCA. Despife FCAs, some anglers will continue to consume
listed species at current consumption fates, possibly in excess of recommended consumption
limits. Several authorsimeasure the degree to which anglers exceed limits. Table 3.7 summarizes

* this information.15

15 The Knuth et al. (1993) study consisted of independent samples conducted either at different times (the first
estimate in Table 3.7) or in different locations (the next six estimates). Data were reported in such a way that each
estimate can be calculated independent of the others.
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Percentage ‘
o ... . Survey Sample WhoExceed
Authors ' "~ Location Year Size Limit '

Dianactal (1993)  LakeOnmtario 1988 256  57.0%
Knuihetal (1993)  ° OhioRiver 1992 839  111%
Knuth et l. (1993) OhioRiver, PA' 1992  123.  19%

o OhioRiver, 100 233 66%
Knuthetal (1993) WV o
Knuth et al. (1993) OhioRiver, OH 1992 250 -~ 1.7%
Kouthetal (1993) ~  OhioRiver,IN 1992 265  4.8%
Knuthetal (1993)  OhioRiver, KY 1992 278  36.1%
Knuth et al. (1993) OhioRiver,IL 1992 119 ~ 0.0%

Lake

- ‘ - - L 1992 744 8.0%
Connelly and Knuth (1995) Champlain

May and Burger (1996) _ Arthur KilLNJ 1994 ‘168 30.0%

The Tilinois estimate is 0% only beéau‘s'e, the state had not issued an Ohio River FCA at
the time of the survey. Even so, the estimated pércentag.é of anglers exdegding adviéory lnmts
ranges widely, from 1.7% to 57%. The Desvousges et al. Bayesian calculations can be applied to
estimate the degree to which Chesapeake Bay anglers may exceed consumption limits.
Eliminating the Illinois estimate, these calculations yield a mean percentage of anglers exceeding

the limit of 9.6%, with. a 95% CI of 7.7% to 11.5%.
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3.1.5. Assessing Cﬁanges in Consumption-Related Behavior by Chesapeaké Bay Anglers
The analysis of this section can be combined with recreational trip and consumption
information to assess consumption-related behavior by anglers and see how this behavior might
change under an ad,viso-ry. In particular, we need to know how both the propensity to consume
and the number of tfips for stfiped bass change»undell* an advisory, so that we cén estimate pre-
and post-advisory per ¢apita mercury uptake. Although the per capita change in exposure under
an advisory depends upon the behavioral changes estimated in this section, this value is the
primary input to the lHe_alth Effects Module, and theéé calculations aré discussed in detail in
Section 5. The change in consumption can be calculated using the results of Sections 3.1.1 and
3.1.2, if one assumes that the current number of trips per angler is independent of anglers’
(‘;urrent propensity to consume fish. With this assumption, fhe current prébability that any given

angler will consmﬁe striped bass is 0.674.

Table 3.8 displays bur pre-advisory estimates of participation and consumption behaviors
for anglers from any state who use the Maryland portion of the C‘heéapeake Bay. Note, then, that
these estimates ignore benefits and costs associated with use by anglets of the Virginia portion of
| 't.he Chesapeake Bay. In particular, the costs of an FCA and the health benefits associated with an

FCA would both be larger if use of the Virginia portion were counted.
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Recreational Anglers

Table 3.8. Current Participétionkand Coneumption by ‘Chesapeake'Ba‘y

Row

- Measure

Value

Source

M

@

€)

)

©)

(©)

" Total Maryland saltwater fishing

trips (2000)

Inland (Chesapeake Bay) ﬁshmg
trips

(92% of row 1)

Percentage of trips for striped
bass fishing

Trips for striped bass fishing
(row 2 X row 3)

Percentage of trips on which
striped bass are kept for
consumption

Trips on which striped bass are
kept for consumption

(row 4 x row 5)

3722018

3,406,647

24.6%

836,672

67.4%

563,917

MRFSS

- MRFSS

1996 FHWAR-MD

19972000 MD
CSBS

MRFSS = Marine Recreational Fishing Statistics Survey.
FHWAR-MD = National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, Malyland
MD CSBS = Maryland Cooperaﬁve Striped Bass Survey. '

Wheti FCAs have been issued in other areas, studies have shown that anglers who are

aware of the advisory are less likely to consume listed species than those who aré not aware of

the advisory. The conditional consumption probability estimates of Table 3.4 depict this effect.

Under the assumption that anglers who are unaware of the advisory will not change their

consumption propensity, then P(Consume | Not Aware of ddvisories) is equal to the current

consumption probability. An estimate of P(Consume | Aware of Advisories) is given by the

following relationship,
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P(Consume | Aware)— P(Consume | Not Awatre)
P(Consume | Not Aware)

Reduction =

The left-hand side of this equation is given by the mean percentage reduction in
probabﬂity of consumption from Table 3.4, or 0.261. Given P(Consume|Not Aware) = 0.674,
P(Consume | Aware) is e.s.timéted to be 0.498. The overall consumption probability following an

advisory can be estimated using the following probability relationship,
P(Consume) = P(Aware of Advisories) x P(Consume | Aware) +-
P(Not Aware of Advisories) x P(Consume|Not Aware)

where P(Aware of Advisories) =0.48 and P(Not Aware of Advisories) = 0.52. These values were
estimated in section 3.1.1. Thus the overall consumption probability after advisories is estimated

to be P(Consume) = (0.48 x 0.498) + (0.52 x 0.674) = 0.590.

The second parameter of interest is the reduction in the total number of trips under an
advisory. In the presence of an advisory, anglers may choose not to visit a contaminated site, or
reduce their number of trips to the site. We apply the Parsons et al. (1999) estimate of a 2%
reduction in trips to all saitwater trips in Maryland, and assume that this reduction ocours
uniformly throughout the population. This estimate, along with the estimates of changes in
consumption behavior discussed above, are used to estimate the change in per capita mercury
uptake under an advisory in Section 5. Table 3.9 displays our postadvisory estimates of

participation and consumption behaviors.
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i Table 3 9. Partlc:patlon and Consumptlon by Chesapeake Bay Recreatlonal Anglers
\ . undera Strlped Bass Fish Consumptlon Advisory o

Row " Measure ‘ . Value ~ Source
) _‘é%tgg\daryland saltwater ﬁshmg trips 3,792,018 MRFSS
) Percentage reduction in total trips due to 2(y Parsons etal.
FCA i (1999)
Total Maryland saltwater fishing trips with R R
3) FCA A 3,647,578
(row 1 x (1 —row2)) 4
Inland (Chesa; eake Bay) fishing trips C
@ ¢ P y) s p ' 3,359,771 MRFSS
(row 3 x 0.92)
®) Percentage of trips for striped bass fishing = 24.6% 1996 FHWAR-MD
~ Trips for striped bass fishing
(6) : _ 825,520
(row 4 x row 5)
o Percentage of trips on which striped bass 50.0% This study

are kept for consumption
Trips on which striped bass are kept for
(8)  consumption | 486,661
(row 6 x row 7)
MRFSS = Marine Recreational Fishing Statistics Survey.

FHWAR-MD = National Survey of Fishing, Hunting, and Wﬂdhfe—Assocmted Recreation, Maryland.
MD CSBS = Maryland Cooperative Striped Bass Survey.

3.1.6. Summary

The advisory literature has been reviewed with respect to the consumption-related
_averting behaviors. Condiﬁonal consumpﬁon probability estimates show that the propensity to -
consume sport-caught fish is related to advisory awareness. These estimates will be used in
'S'e‘ctionAS to estimate the change in total Hg uptake by anglers. Table 3.10 summarizes the

parameters estimated for the Chesapeake Bay.
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Table 3.10. Summary of Parameters Estimated for Chesapeake Bay

Parameter Mean - 95% CI
P(Aware of Advisories) 0.48 0.46-0.48
P(Consume | Aware) - 0.498 0.478-0.518
P(Consume | Not Aware) - 0.674 0.645-0.699
Percentage reduction in probability of 26.1% 22.1%-30.0%
consumption (Aware vs. Not Aware)

P(Exceed Consumption Limits) 0.096 0.077-0.115

A number of assumptions Were required in the estimation of angler behavioral changes
under an advisory. Table 3.11 outlines the critical assﬁnptions and the probable direction of bias
in the estimate of the change i angler ‘stﬁped bass consumption. The various assumptions
suggest that in all likelihood, we are underestimating reductions in consumption and mercury

uptake resulting from anglers’ behavioral response to an advisory.
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Table 3.11. As_s.umptions_ and Limitations of Angler Behavior Estimates

Parameter, Limitations Probable Bias in Estlmate of
o ' AConsumption
P(Aware of Advisories) - _ L
« No control for severity of advisories, angler  Bias Aconsumption
characteristics, or state efforts to publicize advisories ~ downward

» Advisory awareness based upon awareness in
Northeast estuaries, which is low compared with other
regions; advisory awareness maybe greater in the
Chesapeake, espec1a11y if state educatlonal efforts are
extensive
P(Consume), P(Consume|Aware) and
P(Consume|Not Aware) Unknown
» Based on only three studies
» Standard errors do not fully reflect all sources of
random error
« For “not aware™ anglers, P(Consume) before FCA
- equals P(Consume) after FCA '
Average Consumption. (“Kept™ Fish) per Trip Bias Aconsumption
» Assumed constant after advisory; literature downward
suggests that those who are aware of advisories yet
still consume fish tend to reduce consumption
Reduction in Trips ‘
« Quantitative estimate based on only one study Unknown

3.2. Economic Analysis of Fish Consumption Advisories and Chesapeake Bay
Recreatlonal Fishing :

Economic losses are expected to result from the behavioral a\ldjustments undertaken by
anglers Who respond to a recreational advisory. The size of the total consumer surplus loss from
an advisory is proportional to the magnitude of the everage» _an:gler behavioral responseat the
margin. This marginal response is from a baseline angler behavior that reflects any preexisting
advisories, For example, if th'erc’ were already a consumption advisory in place for Chesapeake
- Bay .étriped bass. for a contaminant o’ch‘er than mercury, anglers would have already unde‘rtaken'

- some level of behavioral adjustment before the announcement of a mercury advisory. It is
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possible, then, that the behavioral adjustment under a mercury advisory might be negligible, such
~ that the consumer surplus loss from that specific advisory would be close to zero. In reality,
however, some incremental behavioral adjustment is likely as a‘result of such factors as the
increaséd severity implied by the existence of multiple advisories, increased awareness due to the
additional advisory, or possibly greater aversion to mercury contamination than to other
contaminants for some individuals. The size of this marginal response is also a function of
several other factors, such as advisory severity, agency outreach and information efforts, and ‘the

availability of noncontaminated substitute species or sites, among others.!6

Economists have only recently begunrto publish reports on the economic value of

behavioral changes induced by fish consumption advisories. Most freéuenﬂy, researchers have
_applied standard versions of recreational site-choice models to the problem, treating the presence
or absence of an FCA as a site athjibute. In g_eneral, these models have found that, all else equal,
anglers are less likely to visit fishing sites under an advisory than sites not under an advisory._
The models can then be used to estimate the dollar value of lost consumer surplus associated
with FCAs.

Although the major portion of the applicable literature useé. the approach noted in the
previous paragraph (and reported in detail below), economists have also used other techniques
and value measures to estimate the effects of an FCA. Four studies, in'particular, stand out.

Kreiger and Hoehn (1998, 1999) have published a pair of papers that examine the value of

information provided by an advisory. They note that an angler may use advisory information ex

16 Because there are currently no FCAs for fish caught in the Chesapeake Bay, we assume that anglers in this
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~ ante, prior to making site-choice decisions, and thus such information may have value to that
individual; they therefore estimate the value of “partial” versus “full™ disclosure programs. -
Partial di_éclosure programs report only those sites that have been tested and found contaminated,
whereas_aiﬁall disclosure program reveals the outcome—whether contaminated or s‘afe——for all
sites that have been tested. By implication, the full disclosure program also reveals which sites
have not been tested. The paymén_t vehicle in the contingent valuatién scenario is in‘créased
license feés.; anglers are willing to pay an additional $5.63 annually for full disclosure on all sites
that had been tested to that date, with an additional $0.005 for full diéclo‘sufe. on each additional
site tested (Kreiger and Héehn 1998); in 2000 dollars ($2000), the values are $6.97 and $0.006.
The ex ante value of the information estimate is not directly applicable to this study because we

are interested in potential losses of consumer surplus by Chesapeake anglers.

MacDonald and Boyle (1997) use contingent valuation to measure the impact of a ’
statewide mercury advisory for all open-water fishing in Maine. One of the authors® goals is
estimating the economic losses to anglers using' a contingent valuation que,sﬁon. Respondents
were presented with a dichotomous choice question a._skiilg whether they would have been
willing to pay X dollars more for fishing durmg the season. Questions were designed for the
“with” and “without” FCA scenarios. Empirical models showed that the presence of the advisory
was statistically insignificant; that is, the data suggest that the advisory does not significantly

change the net economic value of fishmg in Maine,

analysis have not undertaken any prior behavioral adjustment.
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Johnson and Desvousges (1997) use conjoint analysis to measure the value of advisories
(among a variety of other environmental goods). Advisories are directly linked to the reduction
of pollutants emitted by power plants, although it is not clear whether the survey instrument
explicitly references mercury contamination of fish. The payment vehicle is an increase in the
price of electrical power reflected in the respondent’s utility bill. The valuation scenario asks
willingness to pay (WTP) to decrease the number of fish cénsumption bans (the base number of
lakes was 200, although it is not clear how many were under an advisory). The valuation model
is linear in the number of lakes from which advisories would be lifted. The model indicates that
respondents are willing to pay approximately 1.1% higher utility bills to reduce emissions
enough to cancel an advisory on a single lake. The study does not name the location of the

survey, nor is the percentage of the electrical bill converted to a dollar value.

Finally, in a study of the Lavaca Bay region of the Gulf Coast of T‘éxas, MacNair et al.
(1998) use a combined revealed preference—stated preference site-choice model to estimate the
impact of a coastal consumption advisory. The authors find a statistically significant effect on
site choice, with anglers less likely to Viéit the contaminated site relative to other sites, all else
equal. The model is unconventional in the sense that it does not include a travel cost variable:
instead, the authors use only the distance traveled to the site as an explanatory'variable. Thus, the
report does not state a monetized estimate of economic losses, insteéd stating that anglers

suffered a 3.2% loss in the expected utility index.

3.2.1. Economic Losses Due to Fish Consumption Advisories
A number of economists have examined the angler’s economic losses due to the presence

of contaminants in sufficient quantity that an FCA must be issued. Ten studies are summarized in
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Table 3.12, which presents the estimates for Great Lakes sites first, followed by the Northeast
and concluding with the southern United States. As noted in the table, 'thelstudieis often diffef by
modeling approach. Most use some form of a linked site-choice-trips model, generally a
multinomial logit site-choice model linked to a trips model using either the Morey, RoWe, and
Watson (MRW) "or the Hausman, Leonard, and McFadden (HLM) version of the uﬁlity index.
Shaw and Shonkwiler’s (2000) seasonal model differs cOnsiderablsr from the MRW and HLM
indices,A relying on an indeg related to the total distance traveled during the fishing season as
opposed to the usual formulation based on the number of trips taken during a se;dso,n. Other
authors used FCA-related data to examine different model formulations. For examplé, Jakus et
al. ( 1997) estimated a simple site-choice model but linked this model to an equatioln expléining
other aspects of angler behavior (e.g., anglers’ catch rates), whereas Chen and: Cosslet‘t (1998)
evaluated different forms of the site-choice model, comparing multinomial logit models to

multinomial probit results.

The “seasonal”™ value models range from the March-Augnst season of the Tennessee
models and the April-October season of the New York State model to the full-year model of the
Green Bay study. Because the seasonal estimates are not strictly comparable, the focus of this
section is on per trip estimates of lost economic surplus. The range of estimates for these losses
from the sit'e%:hoice models is relatively narrow, from $2.04 per trip to $5.51 per trip ($2000).17

The lowest values in the range are given by the middle Tennessee studies, which are just over $2

171Tn a paper not reported in Table 3.12, Jakus and Shaw (2002) use a dummy variable to indicate the presence of an
advisory at a given site. This model, which predicts relatively large per trip losses, represents a significant departure
from previous studies in that the site-choice model uses a site-specific “perceived hazard” index that is related to the
probability an angler will keep fish at a given site. : :
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per trip. The choice set for these models includes 14 sites, 2 of Whicﬁ are co_ntaminated. Jakus et
allv. ( 1997) report losses in middle Tennessee representing about 8% of total per trip consumer
surplus. The lowest estimate of lost per trip consumer surplus in middle Tennessee ($2.04) is
matched by the estimate for New York State (Montgomery and Needelman 1997). The choice set |
for this study also includes very few.contaminated sites relative to the number of uncontaminated

sites (only 23 of nearly 2,600 sites had toxic species).
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Table 3.12. Estimates of Lost Consumer Surplus Due to Fish Consumption.»Advisqries

Lost Lost Value
- Economic - Economic  per Value per
Value per Valueper Trip Season
Authors Model Location . , Trip Season - (82000)  ($2000)
Chen and Cosslett - 41 Great Lakes PO <4 03¢
(1998) MNL sites , - .$3.06 '$4.93
Chen and Cosslett MNP 41 Great Lakes Q3 A =g
(1998) - sites 84z 3551 o
o F ] : $58.04
Breffle et a1, MNL  Green Bay, WI $417  $55.00  $440° (12
(1999) : 4 o N
. months)
Montgomery and . MNL 2,586 New York 1 2 2 Ak U $85.29
Needelman (1997) MRW  ponds, lakes $1.51 $63.25 $2.04 (7 months)
Parsons and _ - 2,029 Maine . .
_Hauber (1998) ML akes, rivers $ o] $ S
1 MNL 14 middle _ 1 och : PO $25.28
Jakus et al. (1997) MRW  Tennessee lakes® $1.85 $21.96  $2.13 (6 months)
oot ol oo MNL 14 cast Tennessee S AT A 290t $34.56
Jakus et al. (1997) MRW  Lakes $2.86 $47.40 $3.29 (6 months)
wifh 12 east Tenrie’s“see
Jakusetal. (1998) catch 07T T $2.33 $2.49
) T lakes ~
rate
model |
Parsons et al. . 14 middle S . " $24.80
(1999) HLM Tennessee lakes® $1.77 $21.55 §2.04 (6 months)
Parsons et al. o 14 middle - oAb T emngn : $27.19
(1999) MRW Tennessee lakes® $1.84 $2362. %212 (6 months)
Shaw and 'S8 14 middle $10" 67 $12.28
Shonkwiler (2000) Tennessee lakes® - (6 months)

MNL = Multinomial logit model,
MNP =Multinomial probit model.

HILM = Hausman, Leonard, and McFadden index. -
MRW = Morey, Rowe, and Watson index,

SS = Shaw and Shonkwiler “distance”

> index. |

" 3AT] 14 middle Tennessee lakes studles ‘nsed the same dataset '
bJakus etal. {1997) and Parsons et al {1999) We]fare estimates differ slightly due to the bootstrap process used in

calculations,

“Estimates in boldface are used in subsequent analysis. ;

In general, lafgér welfare estimates are obtained for yfeg.ibns. witha large prépcvirﬁonbf

contaminated sites. For example, Chen and Cosslett (1998), with 14 of 41 sites contaminated,
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obtain loss estimates of $4.93 (MNL) and $5.51 (MNP) per trip.!8 The two Jakus et al. east
Tennessee lakes models have choice sets of 14 (1997) and 12 (1998) sites each, of which 6 sites
have contaminated species. Thése mod‘els,kusing different datasets, yield economic surplus loss
estimates of $3.29 (1997) and $2.49 (1998) per trip ($2000). The first estimate represents

" approximately 6% of i)ef trip consumer surpius. The second estimate is restricted to consumption

anglers who were aware of the advisory.

Only a few of the estimates reported in Table 3.12 have an accompanying confidence
interval or standard deviation. Adjusted to $2000, the lost economic surplus estimates for which
- a variance is reported or could be estimated are shown in boldface 111 Table 3.12. The studies
selected for further analysis are quite comparable to one another, relying upon revealed
preference data to estimate a site-choice model. The only exception to this rule is the Breffle et
al. dataset, which augments revealed prefer.ence. data with stated preference data. Following the
Desvousges et al. Bayesian equations presented in Section 3.1, the mean and a 95% confidence

“interval for per trip losses can be estimated.

The Bayesian approach assumes that a “true” fixed value for per trip loss of consumer
surplus exists and is invariant to the other factors that affect recreational fishing. This may not be
the case, especially if the attributes and conditions under which the losses are estimated (say, for
freshwater fishing in the relatively small lakes of Tennessee) differ substantially from those

found in the Chesapeake Bay. One could hypothesize that the attributes and conditions of

18 Chen and Cosslett also estimate a varying-parameters version of the MNP model. The per trip welfare loss
estimated by this model is $0.73 per trip. Given that this estimate is derived from a model that has no benchmark
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recr‘eatiqnal fishing of the‘ Great Lakes are more élo_sely akin to the attributes and conditions
found in the Chesapeake. Thus, the Bayesian estimates of the mean and variance are first
calculated using just the three Great Lakes estimates (Chen and Cosslett 1998; Breffle et al. |
1_999).-1? or recreational anglers on the Great Lakes, the estimated per trip loss of consumer
surplus is $5.24 per trip, with a 95% CI of $4.87-$5.62. In contrast, using all six welfare
estimates for whlch the variance is provided, the mean per trip loss is $2.55, with a 95% CI of

$2.20-$2.90.

3.2.2. Economic Studies of Recreational Fishing in»'the Chesapeake Bay

Two studies, in particular, examine recreational angling in the Chesapeake Bay.
Bockstael et al. (1989) measure the aggregate value of water qualify improvements in the bay.
Their study includes not only recreational angling but beach use and swimming as well. The
angling portion of the research focuses on ‘striﬁed bass anglers fishing in Maryland. Data were
gathered from the 1980 Nétionai Fishing, Hunting, and Wildlife Associated Recreation
(FHWAR) survey. Rather than measure the demand for sﬁ‘iped bass fishing in terms of trips, the
FHWAR data provide information (;nly on the number of days of fishing by individual anglers at
three aggregate sites in Maryland, The statistical analysis of demand for fishing finds that trips
are positively related to the striped bass catch rate. With respect to welfal;e measures, the authors
do not report per day measures of consumer surplus. Rather, aggregate welfare measures are
provided fora water quality improvement scenario based on a 20% increase in the striped bass

catch rate, The aggregate annual increase in consumer surplus is estimated at $1.37 million with

against which to gauge its validity, it was decided to use the authors’ estimates from their fixed-parameter MNL and ,
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- arange of $0.66 million to $2.07 million, or $2.73 million with a range of $1.31 million to $4.12

million ($2000).

McConnell and Strand '(1_994) use 1988-1989 National Marine Fisheries Service data to
evaluate recreational ﬁshmg in ithé mid- and south- Atlantic sport fisheries. The authors use both
stated preference and revealed preference models to estimate the value of access to these
fisheries. In the first Value;of-access, model, a diéhotomous choice question asked anglers their
willingness to sell the right to fish in the state in which they were interviewed. For example,
people interviewed in Maryland were asked about their willingness to reliﬁquish the right to fish
in Maryland, leaving the resiaonde‘nts open to fish in other states. The statistical model shows that
willingness to sell access is negatively related to the small-game catch rate (the small-game
species category includes striped bass and 11 other 'ﬁsh). For those anglers interviewed in the
Chesapeake region (Maryland and Virginia), mean willingness to sell the right to fish for a year‘
is $573 with a 95% CI of $555-$591, or a'rﬁean of $769 with a 95% CI of $725-$813 ($2000).
This value can be considered the total annual consumer surplus associated with fishing in

~ saltwater regions of the Chesapeake.

A second value-of-access model is based on a willingness-to-pay framework, implying a
different property rights perspective. This question is limited to those anglers who had taken a
multiple-day trip on which they had spent at least one day fishing. Anglers were asked how
much the cost of fishing would have had to increase to make them give up one day of fishing on

that multiple-day trip. The statistical model indicates that WTP for the day of fishing is

MNP models.
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positively related to the small-game catch rate. The mean value for a day of Maryland fishing is
+ $20, with a median of $32, or $28 and $44 ($2000), respectlvely Results for Virginia show a
mean of $31 and a median of $53 or $43 and $73 ($2000), respectlvely No confidence lntervals

or standard errors are provided for these daily fishingvalues. = -

Finally, McConnell and Strand (1994) estimate a nested multmomlal 10g1t model for mid-
and south—Aﬂantlc sport fishing, The model includes a nest for mode and target species chmce ‘
and another for site choice, condmonal on mode and spec1es, choice.!® The revealed preferenc.e
data indicate that across all modes, some 32.1% of angler tnps were taken Wlth the goal of
targeting stnped bass,20 The models estimate that the value for a day of saltwater ﬁshmg in |
Maryland is roughly $27, or $37 ($2000), whereas a day of fishing in Virginia saltwater has a
v;due of approximately $42, or $58 ($2000). Again, no confidence intervals or standard errors
are provided. Still, the revealed préference valies é:rising frnm the nested multinomial lpgiit
model, which are based on single-day trips, ﬁe remarkably similar to the WTP estimates fot a
day of ﬁshing arising from the stated preference mo'dels-» |

The MoConnel‘l‘and Strand (19194) esﬁ‘mates :of.: access nalu_e (tntal pnr "kd’ay cnnsumer
surplus) can be linked to the consumption advisory literature via the Jakus et al. {1997) study.
This is the dnly study that compared welfare losses associated with FCAs to total consumer
surplus. In the two Tennessee study regions on which Jakus ét al. report, the 1os.s'es, associated

with FCAs represent 6%-8% of total per trip consumer surplus. Given that the data on which the

19 The different modes include party/charter boat, private/rental boats, or shore fishing,

20 This figure is reasonably close to the estimate from the 1996 FHWAR, which indicated that 24.6% of all saltwater
ﬁshmg days were for striped bass (Table 3.8).
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MNL models are based consist of single-day trips, this percentage can be directly applied to the
McConnell and Strand estimates. Assuming the midpoint of the Jakus et al. loss range (i.e., 7%),
Table 3.13 presents potential losses associated with an FCA. The average per day surplus loss, -

using just the estimates of the mean, is $2.42.

Table 3.13. Potential Consumer Surplus Losses for Chesapeake Anglers

McConnell and Strand (1994) Estimates with Jakus et al. (1997) Percentage FCA Loss

. Consumer
Type of Surplus
Location Data Measure (32000 ) 7% Loss
Maryland SP°  Per day WTP (mean) - $28 $1.96
Maryland | SP Per day WTP (median) $44 ' $3.08
Maryland RP Per day WTP (mean) $37 $2.59
Virginia SP Per day WTP (mean) $31 217
Virginia SP Per day WTP (median) $53 $3.71
Virginia RP Per day WTP (mean) $42 $2.94
Chesapeake SP Annual WTP (mean) $769 $53.83

SP = stated preference.
. RP =revealed preference.
. WTP = willingness fo pay.
Boldfaced values were used to calculate average per day loss.

The per day loss estimates are quite similar to the loss estimates presented in Table 3.12,
The per day range for the Chesapeake Bay region lies almost wholly within the range reported in
Table 3.1, $2.04-$5.51. The annual estimate of loss due to FCAs is also quite close to the Breffle

et al. (1999) measure ($58.04).
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3;2.3». Estimating Consumer Surplus Losses to Chesapeake Bay Anglers
The congruity between the estimated losses in Table 3.12 and Table 3.13 is remarkable.
The application of the Jakus et al. (1997) percéntage loss estimate to the McConnell and Strand
(1994) per day consumer surplus estimates results in an aVer:aée loss to Che‘sa'p‘éaké Bay anglers
of $2.42, which lies well within the 95% confidence interval implied by the boldfaced estimates
in Table 3.12 for which some measure of dispersiah is ’reiao:rted. Thus, the $2.42 per day loss for

Chesapeake Bay anglers seems a reasonable place to begin the welfare calculation.

The per unit losses reported in Table 3.12 are not restricted to those .aiiglérs: who targeted -
listed species. Rather, the estimates represent ex post losses in consumer "s’ur‘phis‘—that is, Ioéée‘s
accruing to all anglers after .they respond to FCAs. C—on.ceptual’ly? then, the surplus estimates
represent the. monetized -ﬁnpaot on ﬁﬁlity kof such averting vbehav'i-'ors as changing ﬁ‘s'hin’g sites,
changmgtarget species, and r.e.duci"n,g céﬁsum_pﬁon of listed spe'cies.' As suéh, the loss should be
applied to all fishing days for all po.tent"’iai Chesapeake Bay anglers. This figure is hot available,
but a conservative estimate would be to apply the $2.42 loss to all Maryland saltwater ﬁshiﬁg
days. If one applies the per day loss after anglers have adjusted total seasonal trips to saltvvéter
areas, the total annual surpius' loss is $_2.42 per .dayv X 3,647,578 days (Table 3.9, row 3), or $58.'83 »

million.2!

‘21 This I6ss estimate (as well as our health benefit esﬁihates) would be greater if trips in the Virginié. portion of the
bay were included in the analysis. :
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3.2.4. Summary

This section of the report summari_zed the recreational fishing liferamre. A
comprehensive review of the literature associated with consumption advisories yielded two
estimates of the per trip 10$S in consumer surplus (Table 3.14). A major study of Atlantic coast
fishing by McConnell and Strand (1994) yielded per day and seasonal estimates of the value of
saltwater fishing in the Chesapeake region. The percentage loss in per day consumer surplus
estimated by Jakus et al. (1997) applied to the McConnell/ and Strand (1994) estimates results in
estimates of daily losses in the Chesapeake. The per day loss is estimated tb be $2.42 (range

$1.96-$2.94), with an annual loss of approximately $8.83 million.

Table 3.14. Summary of Consumer Surplus Losses Due to Chesapeake FCAs

Measure Mean 95% CI

Per trip loss (Great Lakes only) . $5.24 $4.87-$5.62
Per trip loss (all studies) $2.55 $2.20-$2.90
Per trip loss: Apply 7% consumer

surplus loss to McConnell and Strand $2.42 $1.96-$2.94

daily consumer surplus estimate

Aggregate annual loss $8.83 million

The results of this section must be interpreted within the context of the assumptions and
limitaﬁ_ons of the analysis (Table 3.15). First, the per trip consumer surplus loﬁs estimates are
:a.veraged over all anglers. -“-Complete averters,” those who do not eat contaminated fish, are not
at risk yet may engage in unnecessary defensive actions, such as ceasing -consumption of all fish
or n.éver fishing a site under an advisory. These unnecessary actions are included in the consumer

surplus loss estimates. Second, FCAs may have effects that in turn affect different anglers in
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different ways. For exam‘ple,- Jakus et al. (1 998) hypothesized that recreational welfare losses .
may differ across those anglers who consume (or had planned on consuming) fish relative to
those who fish primarily for catch-and-release. Reductidns in harvest rates by consumption =
anglers in response to FCAs'may' increase the overall biomass in the estuary. Increased biomass.
may mean that catch-and-release anglers benefit from catching more; and larger, fish. Such
effects may cause the consumer surplus losses, which are estimated over all anglers, to be
smaller in the long run. Finally, the recreational losses do not include any.healtﬁ-riel-a’ced benefits
or losseé associated with (a) reduced Hg uptake by those anglers heeding the advisory é.r (b) the
health effects of continued Hg uptake by those anglers who do not know about the advis_o‘ry or

choose to igno.re it.

Table 3.15. Assu‘mptionfs-an'd Limitations of Consumer Surplus Estimates

Assumption, Limitation : Effect on Consumer Surplus
: ‘ Estimates

“Complete averters” may engage in unnecessary
actions to avoid Hg contamination. These actions are
included in loss estimate. -

Bias consumer surplus loss
upward.

Does not include poss1ble impacts of reduced harvest
on fish stocks, which may be viewed posmvely by
some catch-and-release anglers.

Bias consumer surplus loss
upward.

3.3. The Recreational Angler Response Module |

‘Within the Maryland Model, the Recreational Angler Response Module uses the
parameters described in this section to estimate two major endpoints: the consumer sur_plﬁs Toss
due fo an adyisory, and the per capita average change in methylmercury uptake un‘&‘er an

advisory, compared with a baseline of no advisory. When possible, tincertain parameters from

56



Resources for the Future ' Jakus, McGuinness, and Krupnick

either data or ﬁhe literature are specified as probability distributions, and this uncertainty is
propagated throughout the model. The model allows the user to vary angler awareness as well as
consumption preferences (explained in more detail in Sections 5 and 6). Additionally, the usér :

~ can choose between two options to estimate consumer surplus loss. Consumer surplus loss can.
be esﬁm-.ated using the Jakus et al. (1997) and Chesapeake Bay value of a fishing day estimates,
as reported in Table 3;.14, or the combined Great Lakes estimates of per trip welfare loss under

an advisory, described earlier in this section.

4. Commercial Fishing Losses from FCAs -

As noted in previous sections of this report, mercury contamination and consumption
advisories are a concern for striped bass. Not only is striped bass caught by recreational anglers,
it is also a major commercial species. Two studies from the literature are of interest. The-first
(Kahn and Kemp 1985) estimates é supply-and-demand system for commércial striped bass
fishing in the Chesapeake Bay, and the second (Buerger and Kahn 1989) estimates a supply-and-
demand system for Hudson River, New York, striped bass. The model spec-i'ﬁcatioqs used in
each of these reports (“the Kahn studies™) will be reviewed below. Thesg specifications then will

be used to help specify an “original” model of the Chesapeake Bay striped bass fishery using a
more up-to-date dataset, which is used to estimate losses under both a commercial fishing ban

and a fish consumption advisory.2?

22 Ancillary costs to a fishing ban or advisory, such as employment losses, are beyond the scope of this analysis.
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4.1. Commercial Striped Bass Fishing Models |

o Th@ Kahn and Kemp fcommérciai strlped bass modehs only a _Iﬁortion ofe larger fstﬁdy
aimed at estimating 10$SQS associated Wifh submerged aquatic vegetation in the Chesaijeake |
Bay.23 The suppl_y equation is specified as a function of the ratio of the striped bass price to the
price of two su‘téstitute species (oy'eters and clams), the price of fishing effort, the adult
poplilatien of striped bass, and a time trend. The ia‘rice ef fishing effort is deseribed as “an index
of labor opportunity costs and energy costs.” Details regarding the construction of the index are
not provided. The demand equation is specified as a function of the price of striped bass, the
price 51‘:‘ substitute goods (given by the consumer price index, CPI, for meat, poultry, and fish),
the regional population, regional per capita income, and a time trend.

The log-linear supply-and-demand model is estimated using two-stage least squares ona
dataset covering the 1965-1979 period. Exogenous variables include all the variables listed
above (except, of course, the endoge.neus» price end quantlty of stnped baS‘s),_ ﬂtlhe. lyaggedti‘ynrice of
_ striped bass, and an index of submerged aquatw Vegetatlon in the bay. Table 4 1 shows the sigh

and statlstlcal 51gmﬁcance of the variables i in each equatlon

23 In addition to the commercial fishing model, the authors also estimated a sport fishing model and hnked
submerged aquatic vegetatmn to an equlhbnum catch equatlon,
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Table 4.1. Kahn and Kemp 'Chesape_ake Bay Striped Bass Commercial Fishing Model®

Variable - Supply Demand

Intercept + -
In(Psiriped Bass P oyster) | +
In(Psiriped Bassy'P Clams) +*
'ZJ’L(P Effory) —*
Ln(Adult Striped Bass Population) +*
Ln(Time Trend) +* =
In(Psuriped Bass) .. -
In(CPlsupsututes) +
In(Population) , CF
In(Income) +

Dependent variable: /n(Striped Bass Catch).
"Statistical significance at 0=0.10.

All of the key coefficients have the correct signs as predicted by economic theory. The
. price of striped bass, the price of substitutes, and the “technology” variable of the supply
equation, as measured by the population of striped bass, all have the proper signs. The demand
equation, however, has only one significant variable (the price of striped bass). The price
coefficient can be interpreted as an elasticity, with a value of —1.28,

With respect to welfare analysis, the authors do not provide aggregate measutes of
producer or consumer surplus. Instead, welfare estimates are restricted to the reduction in
submerged aquatic vegetation and include welfare losées to sport anglers as well ,as'commercial

fisheries. An aspect of the study worth noting is that the stocks of striped bass in the Chesapeake

59




Resources for the Future Jakus, McGuinness, and Krupnick -

were giéclim'ng over much of the period covered by the data. Following the Kahn and Kémp
study, Chesapeake Bay stocks ldech'n‘ed to the point where the fishery was closed to bommercial :
fishing in the late 1980s. In response; many commercial anglers switched species or were
éng,aged by the state of Maryland in other fishing activities. After striped bass stocks had. -
recovered, the commercial fishery was reopened. Given the unsettled nature of the striped bass
fishery during the period subsequent to the Kahn and Kemp study, using the Kahn and Kemp -
equations for a direct function transfer to estiﬁlate commercial losées due to a striped bass FCA
may not be desnable B |

The second mvéstigétioﬁ of commercial striped bass fishing was condﬁété.d for the
Hudson River in New York State (Buerger and Kahn 1989). As in the Kahn and Kemp
Chesapeake Bay study, these authors link the supply—anfi-demand analysis to an equiiibrium
catch equation. The striped bass fishery in ;che Hudson depends not only on the _popuiaﬁon of
striped bass in the river but al*sb on the population of striped bass migrating from the Chesapeake
Bay.?* In this model, the supply eé’u-ation is specified as a function (')f the price of :étri‘p’ed bass,
indices of Hudson Bay (adult) and Che,sapeake Bay (juvenile) striped bass populations, and the
price of flukes, porgies, yellowtail flounder, i)lueﬁsh, and lobsters. The demand :equati-on is
specified as a function of the price of striped bass, income, New York State population, a time

trend, and the CPT for meat, poultry, and fish.

2 In this study of the Chesapeake Bay striped bass fishery, we do not consider the implications of migration
between the Chesapeake and the Hudson in the economic analysis. It is possible that FCAs imposed on the
. Chesapeake affect fishing on the Hudson, and vice versa,
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The supply-and-demand model is estimated using two-stage least squares for the 1964—
1985 period. Table 4.2 shows the sign and statistical significance of each variable in the model.
'S.inliiar to the Chesapeake Bay model of 'T'able 4.1, nearly all the important economic variables
havea coéfﬁcient with a sign cvor,responding to economic theory. Evaluated at mean values for
the indepe‘ndenf variables, the demand elasticity for Hudson River striped bass is estimated to be

—1.32.

Table 4.2. Buerger and Kahn Hudson River Striped Bass Commercial Fishing Model

Variable : Supply Demand
Intércept % +
Pstriped Bass | + %
Hudson Bay Striped Bass Population Index T+

Chesapeake Bay Striped Bass Population Index o+

Priite o

Pporgies e

Prentowtail flounder - +x

PBiucpish : +*

Probster ’ -~

CPlLsupstitutes | +#
Income o
New York State Population —%
Time 'Trend ' %

Dependent variable: Striped Bass Catch.
" Statistical significance at 0=0.10.
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4.2. Modeling the Commercial Striped Bass of Chesapeake Bay

A fn their ;econometric review of commetcial fishery demand elasticities, Roy et al. (1991)
note the extremely wide range of demand elasticities in the literature. For example, a variety of
. fish products have demands that "range ftbm the extremely inelastic (—0.05) to the extremely .
elastic (—22.73)., a range .that the authors cannot ..attrib‘ute fully to poor data or poor statistical
ana_lysis.j Monte Carlo analysis is used to evaluate the modeling decisions of an analyst and the |
subsequent 'impéct on elasticity estimates. T he authors find that a two-stage Jeast squares
approach leads to an accurate estimate of the d-emand elasticity relative to an :.ordfinary Ieast
squares aﬁproach. In the presence of a highiy overidentified model or model nﬁs,épeciﬁcaﬁon
(e.g., excluded exogenous variables), a quantity-dependent ;dema;nd model is preferred to an

inverse demand model.

Given the results from Roy et al. and the Kahn studies cited in the previous section, a
quantity-dependent, two-stage least squares approach is used to model supply and demand of tﬁe ‘
commercial Chesapeake Bay striped bass fishery. Further, the Kahn studies can help specify the
supply—and—demand models. Data on Chesapeake Bay commerci?al landings in Maryland and
value of landings were obtained from the Maryland Depa;rtment of Natural Resourées Web page.
These data provide qﬁantity and value of landings for a variety of corhmer;cial species. Agency
personnel supplied further iﬁformaﬁon useful in the modeling process, including the number of
commercial licenses used in any given year and the number of striped bass by age group.

Unfortunately, these data are not available for t'he full time period. License data are
available only for 1980-2000, w1th 1991 hoense data mlssmg, Stnped bass populatlon data are

ava:llable Only for 1982—2000 In addltlon ‘the stnped bass ﬁshery was closed for ﬁve yeats, from
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1985 through 1989. During this time the quantity of landings was zero, such that price could not
be defined as an equilibrium outcome of supply and demand. Thus, we have complete data for
only 13 years (1982-1984, 1990 , and 1992-2000). Given these data shortéomings, the sﬁpply-

and-demand model must be estimated with parsimony to conserve degrees of freedom.

In light of the Kahn commercial striped bass models cited above, the supply equation is
specified using the price of striped bass, the number of commercial licenses, and the total
population of three-, four-, and five-year-old striped bass in the bay.25 In addition, Maryland
personnel indicate that oysters and catfish were the primary alternative species sought by -
commercial operations duriné the striped bass fishery .closure of the late 1980s; thus, the
equilibrium prices for oysters and catfish are also included in the supply equation. On the
demand side, the specification includes thé price of striped bass, household income for mid-
Atlantic states, a price index for substitute goods (the CPI for meat, poultry, and fish), and the
regional population (Maryland, Virginia, and the District of 'ColumBia). The results are shown in

Table 4.3 .26

The three statistically significant variables in the supply equation all have the expected
sign. The price of striped bass is positive, the price of oysters is negative, and the sign of the
technology variable—the striped bass population—is also positive. Neither of the remaining

variables (the price of catfish and the number of commercial licenses) is statistically significant.

25 This is akin to the juvenile recruitment index of Buerger and Kahn,

26 Durbin-Watson statistics are reported. The data consist of fewer than 15 observations, however, makmg it
difficult to draw definitive conclusions regarding potential autocorrelation problems.
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Ewaluated at mean values for price and quantity, the own price supply elasticity is 1,13, or

slightly elastic.
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Table 4.3 Two-Stage Least Squares Model of Supply and Demand for the Commermal
Chesapeake Bay Striped Bass Flshery

Variable . Supply Demand
Intercent -250.51 ~18,709.92
Hwercep (-0.22) (-1.82)
P 643.49 ‘ —-911.73
Striped bass ‘ (2.38) (-1.50)
P -507.3
A" Oysters (_232)
P, ~749.82
Catfish : (-1.29)
o . 2 ‘ —0.06
# Commercial licenses (=0.09)
. o 0.18-
Striped Bass Population (4.69)
0.17
Household Income (1.15)
) -229.1
CP ISubstitutes -(__1 61)
. N 0.003
Regional Population (1.63)
R* 0.77 0.34
Durbin-Watson ‘ 2.32 1.34
Observations 13 13

Dependent variable: Striped Bass Landings (1,000 Ibs.).
*t-ratios in parentheses.

The demand equation has only one variable (the intercept) statistically significant-at
conventional levels. Many of the remaining variables are reasonably close to significance at the
0.10 level, however. The most important variable for this analysis is the own price effect. The P-
value for this variable is 0.14, suggesting that price is an .important influence on the demand for
striped bass even if it is not significant at conventional test levels. The price of substitute goods

is also close to significance (P=0.11) but has the wrong sign. Evaluated at mean price and
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quantity, the own price elasticiiy of demand is elastic, at a value 6f~1.60, very close to the
estimates ,obtainéd bY Buerger and- Kahn(——132)and Kalm andKemp (—-128) -

’v InQ_OQQ, 1apdings of Gheéapeaké"Ba‘}; striped ba‘ss‘.ft':citaled' 2.26 million poundg’ with an
equilibrium:ﬁr.iée -éf jf$l1 .53 per pound. Evaluated at yea:f 2000 values of the explanatory Variables,
the predicted quantity of landings using the supply equation overestimates actual Iﬁndin’gs by
0.3%. Although the statistical significance of the estimated demand parameteré is not ideal, the
model predicts quantity reasonably well, overestimating lanaings by 11.3%.27 The equilibrium
price and quantify given by the statistical models at year 2000 values for the .explanétory
variables :aré $1.69 per pound (10.4% error) and 2.37 million pounds (4.9% error), respectively.
Thus, the models appear to do a reasonable job of prediction. Further, an important economic
p’rop'erty' of the ﬁlodel~ﬂle~.demand elasticity—appears to be m line with demand elasticity
estimates appearing in the recent literature (Table 4.4). Note that the demand elasticities for
narrowly defined, single-species commodities tend to 'bé greater in absolute value than the
elasticity estimates for more bfoadly‘ deﬁnéd commodity groups, a result predicted by economic

theory.

27 In addition to the linear specifications reported in Table 4.3, log-linear and semﬂog forms were also estlmated
These models had inferior predictive capabilities relative to the linear specification.. :
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Table 4.4. Recent Estimates of Demand Elasticity for Fish

v Demand Species or Commodity

Study Location Elasticity

This study Chesapeake Bay -1.60 Striped bass
‘ Kahn and Kemp Chesapeake Bay -1.28 Striped bass
(1985) _

Burger and Kahn , 1 an P

(1989) Hudson Bay 1.32 | Striped bass
Wessells et al. : : e

(1995) MonfrealA -1.98 ‘ Mussels

Eales et al. (1997) Japan - =118 Medium-value fresh fish
Salvanes and _

DeVoretz (1997) Canada —0.98 Fresh fish
ﬁaglgsg)an d Wessells Japan -0.72 t0 -1.00 Medium-value fresh fish
Angrist et al. Y 1 " '
(2000) Boston 0.85to~1.24 Whiting

4.3. Welfare Analysis for the Commercial Striped Bass Fishery |
Evaluated at the equilibrium price and quantity predicted by the statistical models ($1.69
per pound and 2.37 million pounds, fespectively), annual consumer surplus is estimated to be
$3.08 miillion, whereas annual producer surplus is estimated to be $3.09 million, for a total
surplus value of $6.17 million. When estimated at the actual 2000 équilibrium price ($1.53 per
pound) and quanﬁty (2.26 million pounds), annual consumer surplus is $2.80 million, annual
producer surplus is $2.71 million, and total surplus is $5.51 million.28 These estimates can be
interpretéd as the loss that would be incurred by market participants under a commercial fishing

ban.

28 This approach essentially adjusts the intercept of each linear equation to force supply and demand curves through
the observed equilibrium price and quantity, but maintains the estimated price slopes.
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The statistical insignificance of many demand equation parameters, however, suggests
that the estimate of coﬁsume‘r surplus may be associated with a substantial amount of error.
Using the delta method to caleulate the variance of the consumer surplus estimate ,4(Greeﬁe 2000),
the 95% confidence li'nter'Val infeludes the value $0 (95% CI for consumer surplus is —$1.44
million to $7.60 miilion). A similar calculation for the variance of producer surplus in the 'stribed
bass fishery yielded a much narrower 95% confidence interval, $2.41 million to $3.78 rmlhon

The Welfare analysis for the commercial fishery should be evaluated in light of the wide variance

of the consumer surplus estimate.

Given the Hg COneentratien levels in striped bass as estimated 'b"aS_E:d on Gilmour (1999),
a complete ban on commercial striped bass fishing is unlikely. Instead, we assume the state is
likely to issue “‘Comﬁ*xereial He‘aith Advice” recommending restricted .eonsumption by both the
general population and subpopulations (children and women of childbearing age). Theoretically,
this can be modeled as a shift “to the left” of the deniand curve as sensitive subpopulations
restrict their consumption of striped bass. Unfortunately, the literature does not provide any
guidance for evaiuati’ng_ the magnitude of the shift in commercial demand. We can, however,
crudely model the impact of commefcial adviee by assuming that consumer surplus loss in the -
commercial fishery is of equal proportion io_ the 10‘sses incurred by recreational anglers. The only
estimates of percentage losses in consumer surplus are those given by Jakus et al. (1997) and

used in Section 3.2: approximately 6% to 8%.

If commercial advice is issued, it is assumed that consumer surplus losses will amount to
7% (SD 0.5) of initial consumer surplus a reductlon in annual consumer surplus ﬁom $3. 08

million to $2.87 mﬂhen ($21 5 800) Flgure 4.1 shows the levaard shlft in demand such that the -
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loss in consumer surplus_is equal to $215,800. It is seen that the equilibrium price fallé to $1.56,
a 7.7% drop from the initial equilibrium value of $1.69 per pound. Equilibrium quantity falls

* from 2.37 million to 2.29 million pounds, a 3.4% reducﬁoﬁ. The demand shift andsubséquent
changes in equilibrium price and quantity result in an annual net loss of producer surplus of
$304,500, or 9.9% of initial producer surplus. Aggregate. annual surplus losses in the commercial
striped bass market are estimated to be the sum of the changes in consumer and producer

surpluses, or $520,300.2

29 As in the recreational analysis, these estimates are specific to the Maryland portion of the bay. Extending this
analysis to include Virginia anglers would increase estimated losses (as well as health benefits).
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Price
$4.29 . .
Supply
| $4.07

$1.69 - \ 4 .
$1.56 N / \ Original Demand

/ \ Demand After Advisory

2287 " 2371 Quantity (1000 Ibs.)

Figure 4.1: Shift in Demand Following Commercial Advice

4.4, Summary

* This section has reviewed models of the supply and demand for commerc:lal striped bass.
Two articles were identified in the hterature Although both models have drawbacks that prevent
direct use for a funct1on transfer exercise, they do provide benchmarks against which to compare
the original modeling effort for the Chesapeake Bay striped bass fishery. The empmeal'
properties of the supply-and-demand models for the Chesapeake are not ideal (particular'l}'f for
the demand equatlon) but the predlctlve capablhty of each model appears acceptable Grven
condmons in 2000 the tatal annual economlc surplus in the commerc1al strlped bass ﬁshery is

estimated to be about $6.2. mﬂho‘n, The seohon cl"o'sed v\nth an -es.umate: that under a notice of :
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Commercial Health Advice, total annual losses in the market for commercially caught

Chesapeake Bay striped bass would be just over $520,000.

The limitations of this portion of the analysis stem from two sources. First, because of the
lack of any estimate of the change in commgrcial demand due to FCAs, 1t was necessary to make
an assumption based on changes in demand found in the literature on recreational fishing.
Unfortunately, only one estimate of the percentage consumer surplus loss could be found, so it is
difficult to assess transferability of this estimate to the Chesapeake Bay‘commercial striped bass
fishery. Second, whereas some properties of the demand equation suggest that the commercial
demand model is acceptable (e.g., its predictive ability and the point estimate of the demand
elasticity), the price parameter was not estimated with a great degree of precisién. That lack of
fre.ci_sion leads to an estimated consumer surélus loss with a very wide confidence interval.
When the 7% loss in consumer surplus is applied to the endpoints of the confidence interval,
annual losses could range from $0 to $530,000. In contrast, the producer surplus estimate is
relatively precise, Applying the 9.9% producer surplus loss to the endpoints of the producer
surplus CI suggests that annual losses range from $239,000 to $374,000.3¢ Given uncertainty
regarding the 7% consumer surplus loss assurﬁpﬁon, the actual confidence intervals are likely to

be even larger.

30 The 2SLS model generates two variance-covariance matrices, one for each equation. CS and PS depend on the
equilibrium outcome and thus depend on the parameters on both the supply equation and the demand equation. This
dependence is not accounted for in the reported CS and PS confidence intervals, which are based only on the
covariance matrix for the appropriate equation. Further, the percentage losses in CS and PS are assumed constant
when they are, in fact, random variables. In light of these simplifications, the range of CS and PS losses is likely to
be narrower relative to an than if the random nature of all parameters were fully incorporated.
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4.5. Commercial Fishing Response Module

In the Maryland Model, the Commercial Fishing Respoﬁse Module replicates the .
calculations described in this section. The model first replicates the consumer and prodﬁcer
surplus calculations based on the parameters discussed in this section. Both estimated and actual
equilibrium price and quantity for the commercial striped bass fishery are used as inputs to the
module. The module siﬁlultaneously applies consumer and producer surplus reductions for both

a ban and the more likely scenario, a commercial consumption “advice.”

5. Health Benefits of Mercury Exposure Reductions

This section reviews the epidemiological literature on the relationship between
methylmercury exposure and three Br;)adly defined health endpointsi adult central nérvou_s
system effects, childhood neuropsychological development, and cardiovascular hgalth and
mortality. The quantification of these endpoints in the Maryland Model for a recreational fish

consumption advisory is also described, and results and benefits estimates are reported.3!

5.1. Health Effects of Methylmercury

- Popular awareness of the health effects of mercury poisoning was first raised by a high-
dose exposure from consumption of contaminated ﬁsh near Minamata Bay in Japan during the
19505 and resulting in the coining of the term “Minamata disease.” In particular, the danger of

prenatal exposure was made apparent by the prevalence of congenital Minamata disease in.

31 Health benefits would also likely accrue tinder the issuatice 6f commercial consumptlon advice. Howevet, given:
an absence of commercial consumption data for the region as well as the reduced probability of such an adv1sory
relative to arecreational advisory, we do-not attempt to estimate any potential health effects or beneﬁts
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children born to exposed mothers, which manifested itself in the form of mental retardation as
well as several other signs and éymptoms. Akagi et al. (1998) estimate that the mean maternal
hair Hg concentration of patients with congenital Minamata disease was 441 mg/kg (range: 3.8,
133 mg/kg). A second mass poisoning occurred during the 1970s in Iraq, When‘ seed grain treated
with a fungicide containing MeHg was ground into flour and consumed by the public. It is
believed that this poisonjng episode involved higher and more acute exposures than did the
Minamata episode (NRC 2000). Data from these two studies provided the basis for the first
human dose-response studies for MeHg uptake.

A large body of literature describes the rélationsﬁip between MeHg exposure and a
number of health endpoints, such as cancer and immunological, reproductive, renal,
cardiovascular, and neurological effects. Within this study, we focus specifically on
cardiovascular and n‘eurolo gical effects due to adult and prenatal exposure, which currently
appear to be the most robust health endpoints for chronic low-dose MeHg exposure given the
existing literature. This section reviews the epidemiological literature pertaining to those broad

endpoints. (For a more comprehensive review of the literature; see NRC 2000.)

5.1.1. Central Nervous System Effects in Adults

- Minamata disease encompasses the combination of central nervous system effects that
adults may experiéncg in the event of mercury poisoning. Although there is no specific test to
confirm a diagnosis of Minamata disease, it has historically been identified based on a
-characteristic combination of symptoms. One initial symptom, and a commonly relied upon
indicator of me-thylrﬁercur& disease, is paresthesia, or an itching, prickling, or ﬁ‘ckling sensation '

in the extremities. Based on evaluation of data from the Minamata and Iragi poisonings, the
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World Health Organization (WHO, IPCS 1990) suggests that 5% of adults with a blood Hg-
concentration at or above 200 ppb will exhibit paresthesia.

H"owevef; furt’her research has jslllgge'sted that deleterious effects may oceur at .exposﬁre
levels belo{vv this threshold, Kosatsky and Foran (1 996), in a review of 13 studies of Tong-term |
fish consumers, conclude that at a bldod concentration level of 200 ppb, neurdlogipal‘ effects may
be present in as few as 11% and as‘irna_ny as 31% of the exposed population. As a result, they. |
suggest a‘ need to better define the portion of the dose-response curve below that threshold (NRC
2000). Additional studies have suggested neurological and sensory impairments for adults with
chronic low-dose exposures, though at this point there appears to be no strong evidence of

ubiquitous, well-defined effects.2

5.1.2 Central Nervous System Effects in Children |

Since the Minamata and Iraqgi poisoning episodes, it has become wiideI; ac‘ce:pted thét the
fetus is at a particularly high risk for mercury poisoning. Although much of the attention initially
focused on mental and psychomotor retardation, recent studies of chronic 10w-dqse prenatal
consumption have provided evidence for more subtle neuropsychological endpoints. The most
‘valid and promising endpoint for analysis appears to be cﬁhil&hood neuropsychological
development. Three large epidemiological studies attempt to evaluate the ‘r.elationéhip beﬁyeen
childhood neuropéychological development and prenatal methylmercury exposure. -’Ihesefstudies
“evaluate cohorts in the Faroe Islands (Grandjean et al. 1997), New Zealand (Kjellstrém et al.

1989), and the Seychelles Islands (Davidson et al. 1998). Moreover, Crump et al. (1998) and

32 Qee, for example, Lebel etal (1996, 1998) and Beuter and Edwards (1998). -
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Budiz-Jergensen et al. (1999) have performed benchmark analyses of the New Zealand and

v Faroe Islands studies, respectively.

Of the three studies, the Faroe Islands study is considered the most robust: it has the
largest cohort and was subjected to significant peer review and reanalysis. The study
administered a battery of neurdpsychological tests at age 7 to 917 surviving members of a 1986~
1987 birth cohort of 1,022 children. These tests focused on language, attention, memory, mood,
and visuospatial and motor functions. Mercury exposure, which occurred largely through
maternal consumption of whale meat and was quantified in both maternal hair and cord blood
concentrations, was found to be significantly associated with increased dysfunction in language,
attention, memory, and to a lesser extent, visuospatial and mo’cof ﬁlnctions. The associations
remained when children with matémal hair mercury concentrations exceeding 10 mg/kg were
excluded. Overall, the authors estimated that a tenfold increase in cord blood mercury
concentration was associated with delays of approximately four to seven months in these

developmental indicators.

In the New Zealand study, Kjellstrom et al. (1989) evaluated a cohort of 237 at 6 years of
age, adnﬁnistering a battery of 26 tests for psychological and scholastic development, 5 of which
were analyzed further in multiple regressions. In the study each child considered “high Hg” was
matched with three controls of varying matetnal hair mercury concentration and fish
consumption bés;ed on a number of potential confounding factors. In weighted regressions, Hg

concentrations in maternal hair were associated with reduced scores on full-scale 1Q, language
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development, perceptual performance, and motor skills.33 Unweighted regressions produced
similar 'r'esults, ith'ough géneral’ly at reduced statistiéai ‘signiﬁcance,v Aithough the New Zealand
cohcjrt_ has the strength of population heterogeneity, it suffers froma small cohort and less
extensive reanalysis compared with the Faroe Islands study.
Table 5.1 describes the tests subjected to further analysis from both the Faroe Tslands and

the New Zealand studies.

33 Observations were given a weight of 0 to 1, depending on the extent to which an observation was an outlier. -
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Table 5.1. Description of Administered Tests from the Faroe Islands and
New Zealand Studies

Study Test : Domain

Faroe Islands - Neurobehavioral Evaluation System Manual motor abilit_y‘
: ‘ (NES): finger tapping :

NES Continuous Performance Test Vigilance, attention
(CPT): reaction time

Bender Copying Test ' Visuospatial ability
Boston Naming Test Naming, association
California Verbal Learning Test Short-term memory

(CVLT): children

New Zealand Test of Language Development, Language development

spoken language quotient (TOLD-SL)

Weschler Intelligence Scale for Intelligence
Children, Revised: performance 1Q

(WISC-RP)

Weschler Intelligence Scale for Intelligence
Children, Revised: full-scale 1Q

(WISC-RF)

McCarthy Scales: perceptual Intelligence
performance (MCC-PP)

McCarthy Scales: motoric (MCC- Fine and gross motor
MOT) coordination

Sources: Crump et al. (1998); Grandjean et al. (1997).

In the Seychelles child de\}elopment study, 711 children were evaluated at about 5 to 6
years of age for general cognitive ability, language skills, reading, arithmetic, visual-spatial
ability, and social and adaptive behavior,' using maternal hair mercury concentration as the

exposure metric. The majority of tests administered in the Seychelles study were global tests of

77




4 Resources for the Future T . Jakus, McGuinness, and Krupnick

neuropsychological development ra.t’her than domain-specific teet55 as i the Faroe Islands study.
Unlike the Faroe Islands and New Zealand studies, the Seychelles study did not find evidence of
an adverse effect of either prenatal or postnatal MeHg exposure. |

& Several plausible explanations surface for the difference m findings between fh’e‘ Faroe
Islands study and the Seychelles study. Among these are differences in exposure meiric, types of
tests administered, age of subjects at testing, and sources of exposure (whale meat versus fish).
- However, considering these two studies in conjunction with the New Zealand results ﬁxrth‘er
complicates their comparis.onv beeyause although the New Zealand and Seychelles studies are
similar in design, the New Zealand results are in agreement with those from the Faroe Islands. It
is inossible that the divergent results are attributable to betvs?een-samp'le variability in the
expressien of neurotoxicity at low-doses, as studies with a large cohort may fail to adequately
capture an adverse response if it is limited to the u_’pp'ef ranges of the exposure distributions
(NRC 2000). Ultimately, of the three 'studies; the National Research Council (NRC 2000)
suggests that the Faroe Islands results warrant the ﬁos.t confidence because of the large cohort

size and the robustness of results when subjected to reanalysis.

Two recent studies (Crump et al. 1998; Budiz-Jorgensen et al. 1999) have performed
benchmark analyses for the New Zealand and Faroe Islands studies, respectively, in the hopes of
eliciting safe levels of exposure. The benchmark dose (BMD) is the dose of a substance that
results in an increa,sed probability of an abnoxmal test‘p‘erfomjance by a predetermined
benchmark response (BMR). In other words, the probaBility ‘:of an abnormal test seo_re increases
from Py for an ui_iexpp‘se@ child to Py + BMR for‘a child et,or in excess of the BMD The default
probability of an abnormal test score is ‘typicaﬂy assumed to be 5% in en. ‘une.xi)esed 'pepulaﬁo‘n, :

However, this default is chosen strictly for statistical purposes and may not reflect the true

78



Resources for the Future : Jakus, McGuinness, and Krupnick

frequency of abnormal scores in an unexposed population.3* The lower 95% hmlt on the BMD,
or BMDL, is also reported and is intended to be an alternative to the “no observed adverse
effects level” (NOAEL).35 The BMDL, then, necessarﬂy depends on the number of observations.-
All else equal, a higher number of observations will tighten the confidence interval and thus
result’ in a higher BMDL. In addition to the benchmark analyses of Crump (1998) and Budtz-
Jorgensen et al. (1999), NRC (2000) conducts an integrative analysis of the major endpoints of
all three stuaies as a basis for comparison. Table 5.2 summarizes the benchmark estimates from

the three benchmark studies.

Table 5.2. Summary of Estimates from Benchmark Analyses

Approach _BMD mg/kg hair BMDL
Most sensitive endpoint, New Zealand (McCarthy Scales: 8 4
perceptual performance) '

Median endpoint, New Zealand 12 6

Most sensitive endpoint, Faroe Islands (Neurobehavioral 15 : | 10

Evaluation System Continuous Performance Test) _
Median endpoint, Faroe Islands L 20 12

NRC integrative analysis 21 8

Source: NRC (2000),

34 A number of functional forms are explored in these analyses, with preference being given to the K-power model,
in the form u(d)=p x d" . ks restricted to be greater than or equal to.1, to prevent supralinear models, which are '
though to be less biologically plausible (NRC 2000).

35 The NOAEL has been defined as the highest experimental dose that does not produce a statistically or
biologically significant increase in adverse effects relative to control groups. Several statistical drawbacks, such as
the fact that the NOAEL must be an observed experimental dose and thus can vary considerably across studies, have
made its use somewhat controversial (NRC 2000).
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5.1.3. Cardiovascular Effects

A fsi_gniﬁcanf body of research has found suggestions of a positive rel.aﬁoﬁslﬁ‘p be“t\&een
fish consumpﬁon and cardiovascular health. Fish consumption is thought to ¥educe
CardiOVascular risk because of the implicit intake of omega-3 fatty_ac_idé and selenium.
Furthermore, a ciiet. high in fish consumption may indicate eating habits that are associated with -
low risk of cardiovascular disease, such as infrequent cohsumption of red meat,

However, the presence of mercury in fish tissﬁe confounds this apparent relationship.
~ MeHg has been associated with adverse cardiovascular effects, such as increased blood pressure
and abnormal cardiac function. Two recent studies focus specifically on the relationship between
low-level dietary exposure to MeHg and cardiovascular health, one of which finds evidence of a
link between mercury uptake and all-cause mortélity‘ Such findings suggest a potential risk-risk
trade-off under a fish consumption advisory because averting anglers who reduce fish-
consumption to avoid mercury contamination will be sacrificing, to some extent, the potential
protective effects of fish consumption.

Salonen et al. (1995) compared the association between fish consumption and mercury
concentrations in hair and ﬁrin‘e, and then examined the relationship between these
concentrations and the occutrence of acute myocardial infa:‘r‘ctioﬁ (AMI) and chrénic ﬁiortality
from coroﬁary heart disease (CHD), cardiovascular disease (CVD)., or any cause overa five-year
period. These relationships were evalﬁa;céd iné cohort of 1,833 Finnish men between the ages of
42 and 60, all of whom ﬁivefe free of heart diéease, stroke, élaudicatidn {muscle péin due to
insufficient blood flow), and cancer at the study’s inception. Mean hair concentration for the
sample was 1.92 mg/kg, with a standard deviation of 1.98 mg/kg. In Cox proportional hazards

‘models, with a number of cardiovascular risk factors as cfovéria’ces, dietary intakes of fish and
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mercury were associated with a significantly increased risk of AMI and death from CVD or any
cause. The study found that men in the highest third (tertile) of the sample for hair mercury ‘
content (>2.0 ug/ g) had a 2.0-fold increased risk of AMI relative to the other two tertiles when
controlling for age and éoron‘ar_y heart disease. For the same tertile, the relative risk of death from
CVD was 2.9, and from any cause, 3.3.

In addition, cardiovascular health in adulthood can be linked to the development of risk
factors in childhood that ultimately may result from prenatal exposure to methylmercury. Blood
pressure in childhood is an important determinant of hypertension risk later in life, and prenatal
methylmercury exposure has been linked t§ increased blood pressure in children. Serensen et al.
(1999), in a study of 1_,06-0 children from the Faroe Islands, found an association between '
prenétal methylmercury exposure and cardiovascular function at 7 years of age. An increase in
maternal cord blood concentration from 1 to 10 pg/L was significantly associated with a 14.6 and
13.9 mmHg increase in systolic and diastolic blood pressures, respectively. Furthermore, in boys,
heart rate variability, an indicator of cardiac autonomic control, decreased by 47% as cord blood

concentrations increased over this same range.

5.2. Methodology
This section describes the calculation of pre- and postadvisory methylmercury uptake
based on catch and consumption data and behavioral parameters estimated in Section 2, and the

modeling and quantiﬁcatioh of health effects from methylmercury exposure.-

5.2.1. Estimating Striped Bass Consumption and Mercury Uptake
The first step in quantifying the human health effects of a mercury fish consumption

advisory is the estimation of mercury uptake, and more importantly the change in mercury

81




Resources for the Future | : Jakus, McGuinness, and Krupnick

~uptake :cnc-c an advisory: has been implemented. Human mercury uptake occurs primarily via
three pathways: inhalation, dietar_y intake, and the lcaching of mercury from dcntal amalgams.
Human exposurc from inhalation is predominantly elemental mercury, though inhalation is also a
source of human exposure to small quantities of inorganic and methylmercury. Dietary intake is
primarily mcthylmer'cury.3~6 All uptake from dental amalgams is in the form of elemental
mercury. .

It is methylmercury uptake that has been most explicitly linked to human heél’ch, and to
‘which humans are primarily exposed to th:fough fish consumption.37 Al'most all methylmercury ‘
from dietary uptake is through fish consumption, and for the consuming anglcr.s in this study, the
most significant source of methylmercury exposure is striped bass from the Chesapeake Bay.
Using data on striped bass fishing trips and fish tissue methylmercury concentration in the
Chesapeake Bay, we calculate average per capita strlped bass consumption and methylmercury
uptake for anglers and their families. Additionally, we calculate the per capita reduction in these
parameters based oﬁ the beh'cviorél responses to a fish consumption advisory -quéntiﬁed in

Section 3.

We derive estimates of striped bass consumption from data from the Chesapeake Bay

‘Cooperative Striped Bass Susey for the years 1997-2000. This voluntary survey, taken online

36 Average methylmercury uptake rates from food consumption are estimated at 2.00 pg/day and 1.52 pg/day for
males and females aged 25 to 30, respecuvely, the majonty of which is from fresh and canned seafood (Rewe etal,
. 1995). : : ,

37 Analysis of the health effects of MeHg is somewhat complicated by the fact that MeHg transforms into mercuric
~mercury (Hg"™) in the brain, which has a longer half-life and probable—though not well understood—health risks
- (NRC 2000). NRC suggests that future risk assessment for MeHg consider exposure to all species of Hg. This issue
is important because the literature shows that the health effects of MeHg are subject to 2 threshold of exposure If
other forms of mercury in the body are not counted, this threshold is less likely to be exceeded
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or by mail, reports the total number of anglers, the number of fish caught, and for each individual
fish, its length and whether it was kept or relea_séd. We calculate the weight of each kept fish
using the formula from Gilmour (1999), discussed in Section 2, and calculate a per trip total
weight of kept fish.38 Incorporating the average meal size (0.25 kg, as assumed in EPA analyseé)
‘and the edible percentage of caught striped bass, we are able to calculate the aner of meals
caught per 1:rip.39 From the behavioral model we know the average number of anglers keeping
striped bass for consumption (186,800 pre-advisory; 165,100 postadvisory) as well as the
average number of trips §n which striped bass are being kept for consumption (563,917 pre-
advisory; 486,661 postadvisory‘).’We assume that an angler’s catch is shared and distributed
evenly among the average number of anglers per trip (2.89, SD = 1.5, estimated from survey
data) and the average Maryland household size of 2.61 (U.S. Census 2000a).#° This information

allows for calculation of a distribution of per capita meals per month.

We estimate pre-advisory average per capita meals of striped bass per month to be 1.31
(SD = 0.77). Comparison with other estimates suggests that this estimate is reasonable. A survey
of recreational anglers at Lake Roosevelt in Washington (Marién and Patrick 2001) finds that

anglers consume an average of 1.67 (SD = 1.17) meals of bass per month. Moreover, although

38 One shortcoming of our data from the Maryland Cooperative Striped Bass Survey is that although an angler
reports the total catch for the trip, actual data for only 20 of these fish are recorded. To compensate, we assume that
the average weight of fish and the percentage of kept fish were the same for the remainder of caught fish.

39 We use conversion factors from NMFS (1981) to determine what percentage of the weight of a given fish can
actually be consumed. For striped bass, a fillet is 35% of the total fish weight; although no value is reported for
steaks, we assume 50%, such that 85% of a given fish is consumed.

40 Although we assume that fish are distributed equally among the household, we do. not have sufficient information
to fully quantify the composition of the consuming population in terms of age and gender. For the quantification of
health effects, then, we estimate the size of the population at risk based on information we know or can estimate
with reason.
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Rowe et al. (1995) report data from the Angler Cohort Study of Lake Ontario fishermen
suggesting that 20% of anglers consume 1 meal or more per month, and about 3% of anglers

consume more than 10 meals per month, these numbers appear to be for multiple species of

freshwater fish.

From Gilmour (1999) we apply a probability-weighted average mercury concentration in
fish (mg/kg) in the upper Chesapeake Bay, in order to calculate an average per person daily
mercury exposure from striped bass using the estimated distribution of per capita. meals pef
month. The meals per month and exposure distributions most closely resemble a lognormal

distribution, and the exposure distribution is shown in Figure 5.1.
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Figure 5. 1 Pre-adwsory Dlstrlbutlon of Estlmated per Caplta Mercury Uptake from
Stnped Bass by Chesapeake Bay Angler Famlhes

Because we assumne that, on average; all indi

iduals Aéonsurﬁingtat the same level before the

advisory reduce consumption by the same amount, the shape of the distribution remains the same
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after an advisory,*! and the entire distribution is shifted to the left.#2 Reductions are calculated
based on two parémfat‘ers from the behavioral analysis in Section 2: a 2% reduction in total trips
under an advisory,'and a mean reduction in the probability of consumption of 26.1%. Across the
population, we estimate an average reduction in daily per capita MeHg uptake from striped bass
of 11% to 14%.43

To estimate the implications of striped bass consumption for mercury-related health
effects, daily méthylmércury uptake from striped bass must be converted int§ blood and hair
concentrations. To convert daily mercury uptake to blood concentration, we use the following
equation (described in U.S. EPA 2001e):

dxax f .1)
bxv

where C is the concentration in blood, measured in Qg/L; d is the daily dietary intake of

C=

methylmercury, measured in ug/day; a is the absorption factor (0.95, unitless), fis the fraction of

daily intake taken up by blood (0.05, unitless), b is the elimination constant (0.014 days™), and v

41 This is a simplifying assumption made because we lack data regarding the distribution of the behavioral response
across consumption levels, It is possible that an advisory could instead change the shape of the consumption
distribution. For example, people at the low end of the distribution may value fish consumption less than people at
the high end, and reduce consumption disproportionately under an advisory. Or, people at the high end might be
more likely to be aware of and heed the advisory, giving them a higher propensity to reduce consumption.

42 Not all individuals actually reduce mercury uptake, however, as was described in Section 2. Thus we calculate an -
average reduction by “consumption group,” which is represented by an individual bar in Figure 5.1. This implicitly -
assumes that an averting angler maintains the pre-advisory level of fish consumption by catching and consuming
fish from noncontaminated substitute sites, or by catching and consuming Chesapeake Bay fish with insignificant
mercury concentrations.

43 A variation to the assumptions behind this estimate is presented in Section 6.
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is the assumed rvolurne of blood in the body (5L.).** To convert blood concentration to hair
concentration (mg/kg), we assume a factor of 4 (U.S. EPA 2001e).

However additional sources of mercury exposure must be oonsrdered Chesapeake Bay
anglers are unhkely to be consummg stnped bass excluswely, makmg it necessary to account for
other potential sources of methylmeroury exposure, stch as other fish products and mhalahon

Furthermore, it is also important to account for the fact that although the health effects we

_examine irl this study are associated with methylmercury, and thus, fish consumbtion,
epide‘midlogioal studies typically use blood or hair total Hg concentrations as a proxy for
methylmercury exposure. These total Hg measurements may reflect other sources of inorganic
mercury or elemental mercury leached from dental amalgams that may co’nfound. the relationship
between methylmercury from fish consumption and certain health endpoints. To account for.

“other sources of exposure, we add a background blood concentration of 1.2 pg/L {CDC 2001) to
the exposure frorn striped bass oonsumotion calculated above.#> Finally, bec‘eu.se MeHg vacates
the body rather quickly (»ar half-life of 40 to 80 days) (U.S. EPA 2000), and individuals are
assumed to consume fish (and thus expose themseives to MeHg) at a constant rate, we assume

that an individual’s exposure level (and thus blood and hair mercury concentrations) are

4 We assume that maternal blood and umbilical cord blood concenttations are the samie. This is consistent with the
findings of Kuntz et al. (1982) and-Sikorski et al, (1989), although a handful of ether studies (Dennis and Fehr 1975:
Pitkin et al. 1976; and Kuhnert et al. 1981) have found cord blood concentrations to be about 20% to 30% h:lgher
than maternal blood concentrations (NRC 2000).

45 This background rate is based on preliminary analysis of the 1999 Na’aonal Health and Nutntlon Exammaﬁon
Survey data for U.S. women of chﬂdbeanng age. The study is touted as the “first nationally Tepresentative tissue
measures of the U.S. population’s exposure to Hg,” and thus should be representative of average uptake levels from
fish and other sources of exposure. We assume that consuming anglers at fish more frequently than the average
population and thus add mercury-uptake from Chesapeake Bay stripéd bass to this background rate. Furthermors,
becanse comparable da’ca are not available for males we apply ﬂns background rate to the entire populatlon

2
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constant, barring any behavioral change. Table 5.3 reports summary statistics for estimated

exposure variables. -

Table 5.3. Summary Statistics for Estimated Mercury Exposure Variables

Variable Mean SD Minimum Maximum
Number of exposed anglers 186,700 19,000 136,000 260,500
Number of exposed women of 79,710 8112 58,070 111,200
childbearing age

Number of potentially at-risk 2617 266.3 1906 3651

births ,

Average per capita daily 1.78 2.15 0.05 13.82

methylmercury intake from

striped bass, no advisory (pug)1 .

Average per capita daily 1.53 1.84 0.04 13.1
methylmercury intake from '

striped bass, advisory (ug)

Average per capitablood - 2.63 1.46 - 0.91 13.15
concentration, no advisory

(ng/L) ;

Average per capita blood 2.44 1.24 0.89 11.02
concentration, advisory (ug/L) . '

Average per capita hair 0.66 0.36 0.23 3.29
concentration, no advisory

(mg/kg)

Average per capita hair 0.61 0.31 0.22 2.76
concentration, advisory

(mg/kg)

! All mercury-related variables are reported as geometric means and standard deviations because of the lognormal
nature of the distribution.

5.2.2. Estimating Female Exposure
The éstimation of health effects requires estimates of the size of specific subpopulations
to which the endpoints from the epidemiological literature apply. In particular, we need to

estimate the number of exposed females of childbearing age and the number of potential births to
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these women. Unfortunately, Maryland Department of Natural Resources does not record gerider
inforniation for licensed anglers. However, we obtained an estimate of female partiéipation from
the 1996 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation data for
Maryland, which reports that 26% (approximately Z1.'8,500) of Maryland recreational anglers are
female. We assume that the remaiﬁng exﬁo‘sed females are épouses of anglers. Thus, using the -
ma‘rriag_¢ rate for males over 15 years of age in Maryland (55%), we estimate approximately
'76,000 additional exposed females, for a total of about 124,500. Given that all recorded anglers
are over 15, we assume the same for their spouses; based on current population data, about 64%
of these women are between 15 and 49, what we consider childbearing age, We thus estimate the
total number of exposed females of childbearing age to be 79,710. Using 2000 birthrates for
Maryland, for both married and unmarried women, we calculate 2,617 potentially affected
births.46 Estimating female exposure based on assumptions from these data surely adds error to
our estimates of health effects. However, the model allows these assumptions to be modified

with better information. -

5.3. Modeling Health Effects |
Within the Maryland Model, the Mercury Health Effects Module uses MeHg uptake and
demographic data to quantify three general health endpoints: adult central nervous system

effects, effects on childhood neuropsychological development, and cardiovascular health and

46 We use a combination of two blrthrates to estimate thJS number. We assume that female anglers marry at the same
rate as the general population, and that all other exposed women are married and exposed via their husbands. For
Maryland, the birthrates are 23.06 births per 1 000 unmarried women, and 46.37 births per 1,000 married women
(U.S. Census 2000b).
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mortality effects. Generally, the model quantifies the changé in the number of cases of an effect
under. an advisory, using the common dose-response equation:
AC = DRx RATE x POPx (I, —'J,l) (52)
where C is the number of cases; DR is the dose-response coefficient, which represents a
percentage change in the baseline rate of occurrence for a given level of MeHg exposure; RATE
is the baseline rate of occurrence of the effect in the population§ POP is the exposed population;
and I is some measure of MeHg exposure, which could be pg/day of consumption, mg/kg of hair,
or pg/L of blood, with I being baseline exposure and I, being exposure at time £, For effects for
which an exposure threshold, 7, eﬁsis, if 7y < T then the total number of cases is zéro, unless J
exceeds both Jyand 7. Some epidemiological studies report a dose-response coefficient or
percentage change in risk; other‘s‘ report the risk increase in percentége points associated with a
' given exposure or increase in exposure, circumventing the dose-response coefficient entirely.
When the latter is the case, the equagttion appears as follows:
AC = (RATEG + ARATE) x POP (5.3)
| where ARATE is the percentage point increase to the baseline rate specified for a given dose or

dose increase, and is equal to zero if this dose or dose increase does not occur.

Finally, a few additional health endpoints are quantified as an average change in a given
variable (e.g., blood pressure) across the population, In these cases the model utilizes the

following linear relationship:

AV = (I, ~1,) . (5.4)
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where AVi.,s the average change in the given he—al.’c‘h variable, ] is a measure of MeHg exposure as
discussed above, and £ is an estimated cdefﬁcient representing the ch@ge in V'per unit change in
L |

Ih addition to the endpoints discussed -abd‘ve.,‘ the ‘fnodel estimates the number of-
individuals who exceed the assuﬁed advisory guidelines for Maryland, as well as the number of |
individuals who exceed EPA’s reference dose (RfD). The remainder of this section provides a
brief description of the design of the Mercury Heélth Effects Module, as well as an explanation 4

of the parameters used in the estimation of health effects.

5.3.1. Central Nervous System Effects in Adults

One of the earliest signs of mercury poisoning in adults is pare’sthe'sia, or a prickling,
tickling, or itching sensation in the extremities. Although the WHO (IPCS 1990) characterization
of the dose-response relationship for paresthesia has been criticized, at this point there has been
no research to 'ﬁlrther define the lower portion of the dose-response cufve, and thus we include
the WHO relationship in our model. This relationship aSsﬁmes a 5 percentage point increase in
the occurrence of paresthesia above a threshold of about 200 pg/day, We Timit ‘t'he population at
risk for paresthesia in our study to exposed male and female anglers and male anglers” wives

aged 15 and over, which corresponds to the age range of the licensed angler population.

5.3.2. Childhood Neuropsychological Development
Our primary method of estimating the effects of reduced mercury consumption on

childhood neuropsychological development is the use of the benchmark analyses described in
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Section 5.1.47 Following the rationale of NRC (2000), we choose the Faroe Islands study as our
preferred analysis of the effects of prenatal methylmercury consumption. Of the F.aroé Islands
endpoints..that are benchmarked, the Continuous Performance Test is the most sensitive.
However, because this test is administered to only about half :of the cohort, the Boston Naming
Test, the second fnost sensitive endpoint, is chosen by NRC as the’point of departure for
calculating the RfD for methylmercury (NRC 2000). Because of this, we choose the Boston
Naming Test from the Faroe Islands as our preferred indicator of adverse neuropsychological

effects in children.

Within the model, however, a’ll'endpointé for which benchmark doses were derived in
Crump et al. (1998) and Budtz-Jergensen et al. ‘(19199) can be estimated. Furthermore, we also
allow childhood neuropsychological effects to be estimated using the benchmark derived by
NRC (2000) in its integrative analysis. For each benchmérked test, one can calculate the number
of exposed Womén of childbearing age who exceed the BMD, as well as the reduction in
abnormal births (births of children who would be expected to score in the abnormal range at age
6 or 7, when the test is administered) due to a mercury advisory. We assume that the BMD is
normally distributed and apply the estimated BMDL as the lower 95% limit. We also allow for
the calculation of abnormal births using a BMD for the Boston Naming Test from Budtz-
Jorgensen et al. (1999) under the assumption of a 16% baseline risk, instead of 5% Table 5.4

displays the complete set of benchmark doses included in the model. To facilitate comparison,

47 'We chose to quantify these effects using benchmark analyses rather than the original studies based on ournotion
that reporting the number of children facing an increased risk of abnormal scores is more meaningful from a policy
standpoint than the average change in individual scores at a given average exposure,
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benchmark doses for the Faroe Islands are reported in mg/kg of maternal hair mercury, though.

they are in terms of blood cohoe‘ntration in the model.

Table 5.4. Tests and Benchmark Doses Included in the Maryland Model {(mgHg/kg of Hair)

Study _End Point . , _ BMD BMDL
Faroe Islands Neurobehavioral Evaluation System: ﬁﬁg:er 20 11
' tapping
Neurobeha\;ioral Evaluation System 18 9

Continuous Performance Test: reaction time

- Bender Copying Errors L .29 14
Boston Naming Test - 15 10
California Verbal Learning Test: delayed recall 27 | 13
Boston Naming Test (p=0. 1'6) 8 » 5
New Zealand | Test of Language Development 12 6
| Weschler Intelligence Scale for Childrén, 12 6
Revised: performance IQ -
Weschler Intelligence Scale for Childrién, -- 13 6
Revised: full-scale IQ
MéCar’thy- Scaleé: p_erceptuél perfénnance : 8 4
Mc‘C'arthy Scales: motoric | | 13 6
’NRC integrative =~ Multiple, across 3 main studies | 21 8

analysis

Sources: Budtz-Jorgensen et al. (1999); NRC :(2000). Benchmark doses represent a 5 percentage point increase in
the baseline risk. ' '

Finally, the model includes one endpoint for childhood neuropsychological development
with the potential for valuation. From the New Zealand study, we model the average r_edl_;cti?ony in

Weschler Intelligence Scale for Children, Revised full-scale IQ score. Kjellstrom et al. (1989)
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estimated a 4.;41 reduction in IQ score for an increase in maternal hair mercury-level of 1 ni_g/kg,
above a threshold of 6 mg/kg. Be'iow this threshold, however, no significant relationship was
observed. Using the average change in maternal hair mercury concentration data for the
population, the model estimates an avér‘age change in IQ score for individuals above the
th‘reshold. Furthermore, this endpoint is an input to the Health Benefits Module, which assigns a

dollar value to health effects when possible.

5.3.3. Cardiovascular Effects

The model currently estimates three cardiovascular-related endpoints: acute myocardial
infarction (AMI), all-caﬁse mortality, and average change in systolic and diastolic blood pressure
in children 7 years of ,age; The parameter estimates for AMI and all-cause mortality are from
Salonen et al. (1995). We use their risk factor-adjusted estimates in the model. For AMI, thg
study estimates an increase in risk of 69% at a threshold of 2 pg/g methylmercury in hair when
adjusting for risk factors, with an additional increase in risk of 6.8% for each additional 1 pg/g
thereafter. The increase in risk for all-cause mortality at the same threshold is 93%, with a further
increase of 9.0% for each additional 1 pg/g. As was noted earlier, the cohért in Salonen et al.
(1995) is 1,833 Finnish males aged 42 to 60. Thus, a prudent estimate on our part would limit the
applicatiqn of these coefficients to males 'Within the same age range. Because our population data
do not correspond exactly to those age groups, we apply these céefﬁcients to males aged 40 to

59.48 Our estimate of the change in mercury-related mortality for males is used to obtain an

*8 We extend this relationship to women in Section 6. The mortality rate in the Maryland Model is 803/100,000
deaths per person per year, and the baseline occurrences of AMI in 1999 for men and women are 0.0049 and 0.0031,
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estimate of mortality benefits in the Benefits Valuation Module. Benefits estimates are reported

in Section 5.4.

The last cardiovascular endpoint we estimate is an average change in systolic and
diastolic blood pressure at age 7 .dué to prenatal exposure to methylmercury from maternal
consumption. High blood pressure in childhood is believed to be a risk factor for the
de.yelopment,of hypertension in adulthood. Serensen et al. (1999) estimate an increase of 14..6.'_
mmHg (95% CI = 8.3, 20.8) and 13.9 mmHg (95% CI = 7.4, 20.4), 're'spéctively, for syst_oli'c. and
diastolic blood preséures fof an increase in cord blood mercury concentration from 1 to 10 pg/L.
- Above this level, no increase in blood pressure is observed. Thus, in our model; the application

of these estimates is limited to that portion of the dose;response curve.

5.3.4. Number of Individuals Exceeding Adyis‘or& and RfD |
| Finally, using the estimates of consumption and mercury uptake from the model, the

Health Module calculates the number of individuals who exceed the assumed striped bass
consumption advisory for the Cﬁesapeake Bay-—four‘ meals per month for the general population
and two meals pet month for 'sensi’;ive subpopulations—as well as EPA’s RID of 0.1 pg/kg-day.
For the general Maryland advisory, the model estimates the number of male anglers, female
“anglers, and anglers® wives not of childbearing age who are consurﬁing in excess of the advisory.
For the advisory for sensitive subpopulations, the model estimates only the number of women of

childbearing age who exceed the recommended guidelines, because we lack data on other

respectively. Furthermore, it should be noted that because AMIs are often. fatal (almost 40% of the time for men and
60% of the time for women), there is significant overlap betWeen these two endpoints (NRMI 200 D.
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~ sensitive subpopulations. Lastly, the model calculates the number of male and female anglers

and anglers’ wives exposed to methylmercury in excess of EPA’s RiD.

5.3.5. Health Effects Valuation

The Health Valuation Submodule of the Benefits Valuation Module relies primarily on
estimates of willingness-to-pay (WTP) from revealed and stafed preference studies. When WTP
estimates are not available, proxies, such as estimated medical or treatment costs, are used. The
module is explained in greater detail in Bloyd et al. (1996) and Austin et al. (1999).

| The Mercury Benefits Valuation Module is set up to value two endpoints from the
Mercury Health Effects Module: the average réduction in IQ score due to prenatal exposure, and
mortality for men -e.lged 42 to 60. Currently, the Benefits Valuation Module assigns a value of
$10,420 (32000) per IQ point lost to a child at age 7, as is reported by Rowe et al. (1995) in their
valuation of health effects from lead,*? Total benefits, then, would equal that amount multiplied
by both the average rgduction in IQ score and the number of births to women of childbearing age
who exceed the hair concentration threshold for IQ’effects.‘

We evaluate the model for mortality benefits using three equally weighted estimates of
the value of a statistical life (VSL). For a low estimate, we use a value of $700,000 ($2000, SD =
$48,000) frém Krupnick et al. (2002). Our central estimate .o.tl)mes from Mrozek and Taylor
(2002), who in their meta-analysis of 33 wage—risk studies suggest that VSL estimates from most
revealed prefereﬂce studies have tended to overestimate willingness to pay for risk reduction by

not accounting for interindustry wage differentials. They estimate a VSL of $2.32 million (SD =
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$212,376). Finally, our high VSL assumption is from U.S, EPA (1999), which pooled 26 value-
of-stafistioal—life studies to derive a Weibull distribution with a mean of $6.37 million (SD =
$4.31 m_ill‘i'ori). EPA uses this value in its Seotion 812 Retrospective and Prospective Studies

U S EPA 1997, 1999). Each of these values is given an equal probability Weight. These weights

result in a weighted mean of approximately $3.11 ‘million (SD = $3.37 million). -

5.4. R.ésults
-This section quantifies the changes in the health endpoints des‘eribed above, as well as the
number of individuals who exceed both the essum&i Chesapeake Bay recreational :advisory and
EPA’s RID. It also reports estimated health benefits resulting from avoided 'me'thy]n’iercury-
related mortality. Vatiations to the assumptioné magde in the quantification of health effects are

explored in Section 6.

5.4.1. Paresthesia
The WHO study (IPCS 1990) reports amethylmercury uptake threshold for paresthe51a in
the range of 190 to 210 ug/day However, the maximum methylmercury uptake observed in our
- study before a consumpnon advisory is approximately 14 ug/day, far short of ﬂ‘llS Ievel
Therefore, we do not predict any cases of paraesthesia. At current fish oonsumpﬁon_levelss
~paraesthesia froﬁ methylmercury- uptake remains unlikely, unless fish tissue concentrations
increase considetably. However, as was mentloned eatlier, criticism of the XVHO analy51s

suggests that more Work is needed on the lower poruon of the dose response curve {Kosatsky and

49 This value represents a 1 .98% reduction in potentlal lifetime earnings. per IQ lost. Its derivation is explained in
mote detaﬂ in Rowe et al. {1995). . : . o
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Foran 1996; NRC 2000). Furthermore, it is a general belief that children are a population at
greater risk of developing mercury disease (Rowe et al. 1995). However, to date,
epidemiological research on children and methylmercury exposure has focused almost entirely
on neuropsychological effects. There are currently no dose-response analyses specific to children
for the manifestation of physical effects of methylmercury disease. Such analysis is difficult
because consumption data for children—particularly children in angler families—are essentially

nonexistent.

| 5.4.2. Childhood Neuropsychological Development
Our analysis suggests no evidence of childhood neuropsychological developmental
effects at current fish consumption and mercury fish-tissue concentration levels. Our preferred
method is to rely upon the Boston Naming Test benchmark estimates to indicate the presence of
abnormal effects. Howeyver, our maximum estimated blood concentration of approximately 13
pg/L falls far short of the benchmark dose of 85 pg/L suggested by Budtz-Jergensen et al. (1999)
for a 5 percentage point increase in the baseline risk. In fact, the maximum concentration level
falls far short of even the lowest BMD for the Faroe Islands study, which is 71.75 pg/L for the
Continuous Performapce Test (BMDL = 48.37 yug/L).

For the sake of comparison, we evaluate neuropsychological effects with both the New
Zealand and the National Research Council inte’grétive benchmark doses. However, the selection
of benchmark doses is of little importance to our rgsults, No abnormal test scores are predicted
either under the NRC integrative BMD assumption or when any of the BMDs from the New
Zealand benchmark study are assumed. Benchmark doses for both the NRC integrative and the

New Zealand studies are denominated in mg/kg Hg in maternal hair. The lowest of the BMDs is
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8 mg/kg (BMDL = 4 mg/kg) for the McCarthy Perceptual Performance scale-from the New
Zealand study, which still exceeds the maximum estimated hair concentration for the -
Chesapeake Bay population of 3';29» mg/kg. For further sensitivity éﬁalysi-s‘ ;' we apply the BMD
for the Boston Naming Test modeled under the assumptlon of a 16% baseline risk (Budtz—
Jﬁrgensen et al 1999) “The estlmated BMD (m blood concentratlon) fer a 5% increase in thls
case is 43.98 ug/L (BMDL 29 74), stﬂl far in excess of our maximum eetnnated concentratlon
for the .exposed Chesapeake Bay population.5®

'Finally, we evaluate the average reduction in child IQ score at age 7, Based e‘n the
relationship specified for the Weschler Intelligence Scale for Children, Revised full-scale I1Q and
maternal hair mercury concentration in the original New Zealand study (Kjellstrom et al. 1989).
However, once again the concentration leye’ls estimated for the ex_posed Chesapeake Bay |
population fall short of the threshold above which this relationship is found to be significant.
Thus, we observe no reduction in child IQ scores for sfaﬁstical births to exposed females of

childbearing age in our study.

5.4.3. Cardiovascular Effeets _

The threshold for cardiovascular effects reported by Salonen et al. (1995) (2 mg/kg hair
mercury) is lower than those for chlldhood neuropsycholog1cal development and falls within our
estimated distribution of hair mercury concentrations. As a result, we predict cases of AMI and

all-cause mortality, and subsequent reductions under an advisory, as reported in, Table 5 5. The

59 Budtz-Jergensen et al. {1999) found that logarithmic benchmark models fit the Faroese data well, and because the
logarithmic model allows the dose-response curve to assume a supralinear form, it produced benchmark doses low
enough to result in neuropsychological damages in our model. However, because current epidemiological hterature
suggests that a sypralinear curve is unrealistic, we do not include these estimates in our model.
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Salonen et al. estimates are for men aged 42 to 60, and we limit the application of this
relationship accordingly. However, in Section 6 we extend the relationship to women and

estimate AMI and mortality cases for both genders.

Table 5.5. Reduction in Mercury-Related AMI and Mortality to Middle-Aged Males Due to a
Recreational Advisory

Endpoint Result Mércury-Related Cases
| (SD)

Acute myocardial Pre-advisory 6.85 (17.30)

infarction

Reduction due to advisory  2.03 (4.59)
All-cause mortality Pre-advisory - 14.53 (34.94)

Reduction due to advisory  4.37 (9.48)

The 90% ClIs are (0, 11.95) and (0, 22.69) for AMI and morta‘lity, respectively. Over the full
distribution, the possibility of a negative value occurs because the original coefficients from the
study have confidence intervals allowing them to assume slightly negative values. Although

- these results suggest, on average, an approximately 30% reduction in the occurrence of mercury-
related AMI and all-cause mortality as the result of a mercury fish consumption advisory, the
large sténdard deviations imply an inability to say anything conclusive regarding the strength of
this effect. Our confidence in these results is even further attenuated by the fact that .the Salonen
et al. results have yet to be replicated for other samples. Thus, although the link between
methylmercury upta.,ké and cardiovascular health is generally accepted, there is not sufficient

research to confirm the specific relationships evaluated here.
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. We also estimate average systolic and diastolic blood pressure chariges at age 7 due to an
advisory, for children born in the current year to-exposed females. These results are reported in

Table 5.6..

Table 5.6. Blood Pressure Change at Age 7 Due to a Reduction in Fetal Exposure

Endpoint . Mean Reduction Due to Advisory
: (mmHg) (SD) '
" Systolic blood pressure 0.36 (0.42)
Diastolic blood pressure 0.34 (0.39)

Undér an advisory, children born to deén eiposed at current levels will expetience an
average redﬁcﬁon in systolic bldod pressure of 0.36 mmHg and an average reduction in diiastoli'c‘ ‘
blood 'pressure of 0.34 mmHg, As was the case with AMI and mortality, the large confidence
intervals surrounding these estimates prevent us from séying anything conclusive about this
effect. thermore, given that average systolic and diastoli¢ blood pressures ;at this age are
approximately 101 mmHg and 64 mmHg, respectively, our results suggest a percentage change
in blood pressure of along the lines of 0.5%.51 We are uncertain of the implications of achangc '

of this magnitude on the future cardiovascular health of children exposed prenatally.

5.4.4. Uncertainty Pertaining to Cardlovascular and Mortahty Results
In51ght into the uncertamty surroundmg the results of cardiovascular and mortahty effects
can be achleved usmg the nnportance analyms feature in Analytlca Fm' all four endpoints, th1s

ana1y51s suggests the same three predominant sources of uncertamty These are, in order of
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* importance, the number of anglers per trip, the number of saltwater fishing trips in Maryland,
and the number of anglers aware of the advisory. The contributions of these variables to the
uncertainty in these endpoints are not surprising. The three variables have implications for the
extent to which catch is shared, total catch and consumption, and the size of the consuming
population, respective’iy, In the model all of these variables are particularly uncertain because the
number of anglers per trip varies considerably-, and estimates of the number of trips and
éwareness are (ierived ﬁoﬁ a survey of relatively few anglers. The uncertainty surrounding these
estimates leads to significant uncertainty for both average exposure levels and the size of the
population being exposed. Althcugh surveys are the only way to gain a true sense of total
participation and awareness, survey data of consumption habits, rather than the derivation of
consumption levels through the distribution of total catch among anglers, would likely redﬁce

uncertainty.

An additional point to consider is the finding that chronic all-cause mortality is the most
| prevalent quantified health effect from methylmercury. Mortality, being the most severe
endpoint, would be ‘expected to be the least prevalent; other health endpoints that are
insufficiently severe to cause mortality Woﬁld be more frequently observed and associated with
lower doses. Along the neurotoxic pathway, for example, subtle neurological effects, such as
reduced intelligence or motor skills, are observed at thresholds lower than those that cause severe
mercury poisoning and death. A similar result would be expected along the cardiovascular

pathway investigated by Salonen et al. AMI and other less severe health effects that potentially

51 Brotons et al. (1989) suggest this average based on a review of previous studies.
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precede mortality should be observed more frequently. These results suggest, then, that
additional endpoints along this cardiovascular Iﬁathway remain to be identified and quantified.
5.4.5, Number of Individuals Exceeding the Advisory and RED

' In addition to the health effects estimated above, the Health Module also calculates the
number of individuals who exceed the consumption advisory and EPA’s RfD for_methylmercury

based on striped bass consumption. Thése results are reported in Table 5.7.

Table 5.7. Number of Individuals Exceeding Chesapeake Bay Advisory and EPA’s RfD

Guideline Number Exceeding Guideline' (SD) Minimum Maximum

Chesapeake Bay Advisory: 6,352 (10,530) 0 52,860
General Population :

'Chesapeake Bay Advisory: 11,690 (12,440) : 0 45220
Sensitive Subpopulations ~ :

EPARD . 18,090 (31,070) - 0 170,200

! The estimate for the general advisory includes male anglers and exposed females not of childbearing age; the
estimate for the sensitive advisory includes only exposed females of childbearing age; and the estimate for the EPA
R1D includes male anglers and all exposed females.

We estimate that slightly more than 6,300 individuals will exceed consumption
guidelines of the general FCA for the Chesapeake Bay, about 5,400 of whom are anglers. This
implies that only 'appro)dmately 4% of consuming anglers will exceed the advisory
recommendation, or about 2% of total anglers—a high rate of compliance relative to most other

studies.>? As was discussed in Section 3.1, the mean percentage of anglers who exceed advisory

52 Because we estimate that only about 26% of consuming anglers avert, this result suggests that the majority of
those who: do niot avert are consiitning at Jevels within adv1sory guidelines.
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consumption recommendations is i9.6%, with a 95% CI of 7.7%—-11.5%. However, we have no
information about the severity of the advisories in these studies, or the number of species
involved. Presumably, anglers are more likely to be in compliance with an advisory that is
limited to one species, as is assumed for the advisory in this study. Furthermore, according to our
model, only about 5% of consuming anglers, or roughly 3% of all anglers, are consuming in
excess of these guidelines before they are announced, suggesting that advisory guidelines are
likely to be relevant to only a small percentage of the population at the high end of the
consumption distribution. This ﬁpding may have implications for advisory-related educational
efforts by the state, as outreach efforts targeting these high-consumption anglers might do more
to further compliance than more generalized efforts.

Our results suggest that women of chiidbearing age are less likely to be in compliance
with their relatively more restrictive advisory (no more than two meals per month). We estimate
that about 15% of mercury-exposed females of childbearing age will consume in excess of
advisory guidelines. However, this result is likely more indicative of a weakness in ou.r data than
of an actual behavioral pattern. Because we .ha;fe no separate data for consumption patterns of
* males and females, we are restricted to the assumption that males and females consume the same
percentage of fish from a given trip, which implies that on a high-catch trip, women of
chiidbearing age will be eating exactly the same amount of fish as their husbands. A more
realistic assumption might be the existence of some threshold at - which a woman of childbearing
age will limit her fish intake. In the absence of consumption data for recreationally céui‘ght fish

for women in this age range, however, it is difficult to guess where this threshold might be set.

Finally, we estimate that about 18,000 individuals will be in excess of EPA’s reference

dose of 0.1 pg/kg/day based on consumption of striped bass alone. Of these individuals, about
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5,490 are women of childbea’ring age. This represents about 7% of exposed females of
childbearing age and slightly more than 4% of total exposed females in Maryland. Before the
advisory, these numbers are approximately 9% and 6%, respectively. These estimates, however,
are'l‘ikely biased by two countervailing forces. The first is thét estimates of RfD compliance
consider only daily intake from striped bass, thus underestimating daily exposure. However, our
éstimates for females of childbearing .é;’ge are also likely subject to the upward bias discussed in-
the preceding paragraph, namely that they assume women of childbearing age are consuming

fish at the same rate as male anglers.

Estimates of female-comp]iancé 'with the RfD vary. EPA estimates that about 7% of
women naﬁonv\ddé exceed the RfD (NRC 2000). Stern et-al. (1996), using fish consumption data
from a survey in New Jersey, estimate that 21% of women of childbearing age exceed the RiD.
In cofaparing their estimates with those from this study, one must consider (in addition to the
potential sources of error discussed above) that the percentages we report are only for females
known to be expo:sed through their own or their husbands’ participation in recreational angling in
the Chesapeake Bay. Although freshwater ferﬁale anglers and anglers’ wives in Maryland might
be e);pected to exceed these guidelines at rates similar to or higher than those from ﬂie
Chesapeake Bay, incorporating compliance by females of childbearing age in the population at
large into the calculation of this -pefcentage will almost certainly drive our estimate of

noncompliance downward.

5.4.6. Health Benefits Estimates.
' Given that we estimate no changé in IQ score from reduced prenatal methylmercury

exposure, we are able to value only mortality benefits from the estimated reduction in statistical
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deaths under an advisory. We quantify mortality benefits only for mortality a‘fnong men aged 40
to 59, though women of the same age range are included in benefits calculations in the sensitivity
analysis in Section 6. Assuming that this mercury-mortality relationship exists, it would likely be
similar for both genders and among other age ranges, such that the benefits estimate reported
hefe is almost certainly conservative. For middle-aged males, we estimate mean benefits from

mortality reduction to be $14.36 million (95% CI: 0, $74.66 million).

The information content of these benefits estimates is limited as a result of the
tremendous uncertainty surrounding them. However, the estimates do suggest that mortality
benefits may figure prominently in an anélysis of a mercury fish consumption advisory, |
particula’rly because Salonen et al. (1995) suggest that these benefits are iikely to come at lower
concentrétion levels than some of the other health benefits estimated in this study, most notably
childhood neuropsychological development. Should further reséartch corroborate the existehce of
the relationship between mercury uptake and chronic mortality, the health benefits from a
mercury consumption advisory may outweigh the recreational and consumer surplus losses,
. given sufficiently large populations and fish tissue concentration levels: For example, in our
study, we estimate a recreational surplus loss of $8.83 million ($2000). In the absence of a

commercial advisory, mortality benefits exceed this recreational surplus loss by almost 70%.

Thus, while our results suggest that consumption advisories at the concentration and
consumption levels for the Chesapeake Bay may not be economically justified based on potential
neurotoxicity to the fetus, they may be warranted for the potential cardiovascular and mortality

effects. However, because the study on which we base these results has not been replicated, this
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insight is fraught with uncertainty..Given the magnitude of potential benefits, further

- epidemiological research on this relationship will be of substantial value.

5 5. Summary

This sectlon rev1ewed the ep1demlologlcal hteratllre summanzmg the relatmnshlp
between methylmercury exposure and human health d1scussed the quanuﬁca’aon of three
broadly defined health endpomts in the Maryland Model, and estimated changes in these
endpoints and health benefits from a recreathnal mercury fish consumption advisory. Although
we esl:imate no adult central nervous system effects (as manifested in paresthesia incidences) or
childhood neuropsycholegieal development effe:cts,-lwe do estimate small reductions in the
occurrence of acute myocardial infarction and all-cause mortality as the result of an advisory.
We also predict, on average, a small deerease in systolic and diastolic blood pressures at age 7.
" However, all of theee estimates ate sutrounded by 1a;rge. copﬁde‘nce intervals, largely because of
uncertainty in exposure levels a_ncl the size of the exposed population. Furthermore, our finding
of chronic mortality as the most prevalent 'endpoint suggests that there are other, less severe
heall:h effects associated wﬁh methylmercury exposure that Temain to be identified and
quantified. |

In general, angler compliance with the advisory is quite high, with only 2% of total
anglers conéunﬁng in excess of advisory recommendations. Although females: of childbearing
age are more likely l:o exce-e‘d consump’tion guidelines in our model, we atiribute tl:us finding
more 1o the assumptlons made a:nd the lnmtatlons of our data rather than to an actual behavmral

pai:tem In addition, our estlmate of females of chlldbea;rmg age who exceed the EPA RfD for
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methylmercury suggests that the percentage of women in Maryland exceeding the RfD is lower

than in other parts of the country.

Finally, our mean estimate of mortality benefits from a mercury advisory for males aged
40 to 59 is $14.36 million (95% CI: 0, $74.66 million). Although estimated health benefits are
uncertain, surplus losses are more certain élj.d likely to be sizable. Policymakérs should attempt
to minimize these costs by targeting high-quantity consumers and communicating a érecise
message to these anglers. Additionally, because there is so much ﬁncertainty surrounding our
estimate of mortality benefits, the potential for such benefits from a mercury fish consumption

advisory warrants further epidemiological research on this relationship.

6. Sensitivity Analysis

A number of sources of potential error arise in our analysis of changes in welfare as a
result of some of the simplifying assumptions made in the model. This section presents results
from selected sensitivity analyses that were ..conducted to determine the magnitude of the effect
of various assumptions or restrictions on‘estimates of changes in welfare. In particular, this
section addresses assumptions that could potentially have a large impact on estimated health
benefits. Additionally, this section discusses the potential for incorporating other policy and

behavioral scenarios into the Maryland Model.

In this section, we alter five assumptions made in our earlier analysis that are expected to
have significant implications for health benefits estimates, and compare benefits estimates for
these alternative scenarios with our original estimates. We examine the following alternative

scenarios:
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- 1. Perfect information, such that all consuming anglers are aware of the current
advisory..
2. Perfect comphance such that all mercury-related health effects’ are ehmmated

3. Avertmg anglers contmue to be exposed to mercury through other sources of ﬁsh
| consumptlon ' ‘ o

4. The absence of a maternal hair mercury concentration threshold for TQ effects.
5. The mercury-mortality relationship is applied to both males and females,
6.1. Perfect Awareness and Perfect Compliance
As discussed in Section 3, we derive an estimate of angler awareness for Chesapeake Bay
anglers using a Bayesian—we.ighted mean estimate of anglers’ FCA awareness of based on
' estlmates from the hterature The apphcablhty of parameter esttmates from other sites to this
analys1s of the Chesapeake Bay is somewhat uncertam because angler character1st1cs and
outreach and education efforts by the s.tate ,may vary by location, and the characteristics at the
locations examined may differ from those of the -Chesapeake Bay. However; we can estimate the
magnitude of the effect of angler awareness on health benefits by estimating health benefits
under a scenario of perfect awa:reue‘s‘isf An ’a'ssumpt'ioh‘c')f 'perfeet AWATENess implies that state
education and outreach efforts are :sufﬁcient_ to ensure that every consummg ,arrgler is aware of
the advisory. The probability that an aware angler will continue to consume striped bass,
however, remains the same as 111 our original analysis (0498) An assumption of perfect
awareness more than doubles the number_ of aware anglers in :our' analysis. Because more anglers
will avert under this scenario, average methylmereury intake and concentration estimates uudcr
_an advisory.vare reduced relatiye to our original analysis, by approximately 14%. We also .
estimate mam:murn total potential mortality benefits under original assumptions, the equivalent

of perfect advisory compliance.
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Under perfect awareness, greater average reductions in mercury intake across the angler

~ population result in an increased reduction of excess mortality to men aged 40 to 59, such that
mortality benefits under our central assumptions increase by approximately 87%. Table 6.1
reports mortality benefits estimates for fhi's- scenario and compares these results with our original
estimate and estimated benefits for a scenario of perfect compliance, Mortality-related benefits
under a scenario of perfect awareness are approximately 55% of total potential mercury-related
mortality benefits, given our original assumptions regarding consumption levels and angler .
propensity to consume.

Table 6.1. Comparison of Estimated Mortality Benefits under an Assumption of Perfect
Awareness, with Original Estimates (million $2000)

Scenario ‘Reduction in Benefits from Estimated Mortality
Number of Cases Reduction (SD)

Perfect awateness ~ 7.98 (16.10) , $27-.A'87 ($88.35)

Perfect compliance  14.53 (34.94) $45.30 ($157.20)

6.2. Averting Anglers Are Exposed to Mercury from Substitute Sources of Fish

' 'We assume in the main analysis that consuming anglers who avert under an advisory
maintain their original level of consumption of recreationally calight fish, but do so by catching
their fish from noncontaminated substitute sites or by consuming Chesapeake Bay species with
negligible mercury concentrations, By allowiﬁ‘g for a full elimination of mercury exposure from

the Chesapeake Bay for averting anglers, this assumption also allows for the possibility that
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many anglers will avert by ceasing consumption of recreationally caught fish altogether, rather
than seeking such fish from a substitute site or source.5 A variation of this original assumption 1s
that all averting anglers sw1tch to alternative sources of fish biit expose themselves to new
sources of mercury in the process. Thus, n}ethylmerchry exposure is reduced only-to "_Lhe extent

that the mercury tissue concentrations of the substitute fish are lower than those of striped bass.

Absent data on Chesapeake anglers’ behavior under an advisory;, it is difficult to estimate
the extent to which anglers nﬁght lae' limiting their exposure reduction by consuming other
contaminated fish. However, one means of addressing this poteﬁtial effect is to assume that
averting anglers, in the presence of an advisory, replace their methylmercury uptake from
Chesapeake Bay striped bass with the average per capita daily mercury uptake from canned and
other commercial seafood products. This assumptlon will likely overestimate mercury exposure
to aﬁglers under an adwsory, however, beeauee in theory backgroand blood concentratlons |

should already be accounting for average ﬁsh consumptlon levels. -

Once an advisory has been ahﬁeunCed,, using our otiginal assumptions for awareness and
compliance, we estimate that -approxirnafely, 15,990 of 165,000 consuming anglers ‘avert, Or cease
consumption of recreationally caught striped bass from the bay. These anglers and their spouses
are .assigned the background FDA uptake rate from commercial seafood 'predue.ts, which

averaged over the population is 1.76 pg/day (Rowe et al.1995). Consuming anglers who do not

33 Although this extension to the assumption can be made in terms of mercury exposure, it should be noted that we
are actually. assuming that these individuals'are holding their total fish consumption levels constant. This jmplies ©

" that these averting individuals are still retaining the protectlve health benefits of fish consumption and thus are not
really making a trade-off in terms of health risks, - L . , o
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avert in the presence of an advisory continue to consume striped bass from the Chesapeake Bay

“at pre-advisory levels.

Under this scenario, baseline all-cause mortality rates are the same as in our original
analysis, but the reduction in methylmercury-related mortality under an advisory is smaller
because of a smaller average reduction in methylmercury uptake across the exposed popqlation,
‘Table 6.2 compares benefits estimates from this scenario with our original benefits and potential
- benefits estimates. When averting anglers are assumed to ‘;s.ubstitute canned and other
commercial seafood products rather than sWitChing to recreationally caught fish from
noncontaminated substitute sites, mortality benefits are about 30% és large as our original

estimates.

Table 6.2. Comparison of Estimated Mortality Benefits If Averting Anglers Are Exposed to
Mercury through Substitute Fish, with Original Estimates (million $2000)

Scenario . Reduction in  Benefits from Estimated Mortality
Cases Reduction (SD)

Original 4.37(9.48) 14.36 (45.12)

This scenario 1.53 (3.90) 4.30 (17.55)

Perfect compliance  14.53 (34.94)  36.90 (105.00)

Furthermore, although our estimates of compliance with a striped bass advisory remain

the same as in our original analysis under this assumption, a smaller per capita reduction in
V mercury exposure implies that 'mo'l'e individuals will be exceeding EPA’s RfD. In this scenario,
we estimate that 21,200 (SD = 32,600) individuals, 6,603 (SD =.9’89‘1) of whom are Women of

childbearing age, will be exposed to mercury through fish consumption in excess of EPA
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guidelines, compared with 18,000 and 5,490, respectively, in our origi’rial analysis. These new
estimates represent about 8% of exposed women of chilcibeaﬁng age' and slightly more than 5%
of total exposed females in Maryland, about a 1 percentage point increase in both values from

our original analysis.

6.3. Removal of the Threshold for IQ Effects

In this scenario, we eli’miﬁate the threshoid for IQ effects from the New Zealand study,
which in the main analysis was set at a maternal hair mercury cdncéﬁtration of 6 mg/kg.
Although Kjellstrom et al. (1987)>did not find a significant relationship between prenatal
methylmercury exposure and IQ score below this level, we apply the relationship for the entire |

dose-response curve for sensitivity purposes.

Elimination of this threshold, with all other original assumptions intact, results in a per
capita average increase in IQ score of 0.52 points (SD = 0.50) under an advisory, or about a 05%
increase in an average score of 100 points. This average is over total births to exposed females of
childbearing age ;(2;617), and an IQ point is x}alue-d at .$1'0,42.0. '($.2(5i00); thus we estimate total |
benefits from avoided intelligence loss to be $10.57 million (SD = $9.91 million). Although
research currently does not support the c‘hanging" of this threshold, if it were reduéed é’r
e‘lirhinatgd, sizable gains from avoided reductions in intelligence due to prenatal methylmercury
exposure would be expe‘cte(i under a fish consumption advisory. ' |
6.4. Application of the Mercury-AMI and Mercury-Mortality Relationships to
Wormen | |

The cohort in the Salonen et al. (1995) study is limited to males aged 42 to 60. Asa

result, in the main analysis, we limit the application of their estimated relationship accordingly.
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However, it is plausible that a similar relationship exists for females of the same age range. In
this scenario we calculate increased AMI and mortality cases for both males and females and
sum benefits over both genders. Table 6.3 reports mortality and AMI for both males and females,

given all other original assumptions.

Table 6.3. Reduction in Mercury-Related AMI and Mortality for Both Genders Due to

Advisory
Endpoint Result Mercury-Related Cases (SD)
Males Females Total

Acute myocardial Pre-advisory 6.85(17.30) 3.38(8.53) 10.23 (25.83)

infarction
Reduction due  2.03 (4.59)  1.00(2.26)  3.03 (6.85)
to advisory
All-cause Pre-advisory 14,53 (34.94) 11.40(27.42) 25.93 (62.36)
mortality ' .

Reductiondue  4.37 (9.48) 3.43 (7.44) 7.80 (16.92)
to advisory

Occurrences of AMI and all-cause mortality are lower for females than for males because
of the relatively smaller size of the exposed female population and the lower baseline risk of
AMI for females. However, the inclusion of females in an analysis of cardiovascﬁlar and
mortality risk increases our central estimate of mortality benefits by approxiﬁately 78%, as is
seen in Table 6.4. Because of the magnitude of potential benefits with the addition of females,

research should explore the existence of these telationships for women.
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Table 6.4. Comparison of Estimated Mortality Benefits When Females Are’ Included in the
' Analysis, with Original Estlmates ($2000)

‘Scenario ‘ Benefits from Estimated Mortahty
' ! Reduction (SD)
Original (males only) 14.36 (45.12).
Males and females R 25.63 (80.53)

Perfect compliance (males and females) - 80.85 (280.6)

6.5. Potential Implications of Alternative Assumptlons for Recreatlonal Consumer
Surplus Loss

Estimates of consumer surplus loss due to a recteational fish consumption advisoty in the
Chesapeake Bay are also likely to be sensitive to the assumptions made in our model. For
example, altering such parameters as angler awareness via outreach and education efforts or
chaﬁging anglers’ propensity to heed an advisory will change the magnitude of their behavioral
response, and thus should affect consumer surplus accordingly: a greater behavioral change
should imply greater economic losses. The magnitude of this relationship will depend primarily
on the availability and proximity of noncontaminated substitute sites. Howsver, given that there
is no literature linking per trip consumer surplus loss to adVisory severity or educati()nal efforts,
we hax-ze no obvious means of adjusting per trip consutiet surpius losses for a given change in
awareness or compliance.

Incorporating dynamic stock effects into the analysis may also have implications for
consumer surplus lqss. As discussed in Section 2, an averting response by consuming anglers
may, over time, reduce the per tnp consumer surplus losses bome by catch—and—release anglers

reductlons n harvest by consuming anglers may incredase biomass in the estuary, improving

catch rates—and consequently per trip value—for catch-and-release anglers. This effect will to.
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some extent attenuate the present value of overall consumer surplus loss from an advisory,
though the magnitude of this effect is quite uncertain. Any change in average per trip consumer

surplus loss will affect total welfare losses under an advisory préportionally.

6.6. Additional Opportunities for Sensitivity Analysis |
Currently, the Maryland Model allows the user to alter several types of input parameters,
all of which have been discussed either in this chapter or in the main analysis. Table 6.5 lists the

parameters that can be altered.

Table 6.5. Options for Sensitivity Analysis Provided in the Maryland Model

Option Choices

Choose angler awareness Bayesian weighted mean from literature (default)

Perfect awareness

Choose mercury exposure scenario  Averting anglers eliminate mercury uptake from striped

bass (default)
Averting anglers are exposed to mercury from other fish
sources ’
~ Choose method of estimating - Percentage loss applied to Maryland fishing day estimates
recreational surplus loss (default)

Consumer surplus estimates from Great Lakes

Choose a study for assessing Faroe Islands (default)
childhood neuropsychological New Zealand
development effects

NRC integrative analysis
Choose an assumption for IQ Threshold (default)
effects No threshold
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The user can also directly change other input parameters or data in the model to facilitate
the anal-ysis. of ‘djfferent ﬁopulations or fisheries, simulate a variety of policy or behavioral
scenarios, or incofporaté new parameter ‘estimaté‘s from the literature. To do so, however, the
user must open the edit function in Analyﬁ'éa and change the input ?aluesg An édvié‘ory of
increased se§erity, for example, might be modeled by iﬁc‘reas’ing the percentage reduction in trips
taken as well as the percentage of anglers complying with consumption -guidelines. Various
levels df educatioﬁ and outreach efforts by the state could be modeled by altering the percentage
of .a;ngliel:s aware of the advisory. Althbugh the literature may not provide specific estimates for
adjusting théset variables, one could postulate ’reasoﬁable adjustments to our original
assumptions. Additionally, modiﬁcation.of relevant demographic variables could allow for the
examination of effects on selected or altogether different populations. Further variations to the

original assumptions could certainly be explored.
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Appendix: The Marylénd Model

This section highlights some of the major features of the Mercury Fish Advisories
version of the Maryland Mgdel, sh_owing maj br endpoix:_ﬂ:s_and opticns provided to the user and-
discussed in this study Figure A.1 depicté the top-level screen of the model. The At‘mospheric

Transport Module is not included in our analysié, so-;this appendix focuses on features of the

Figure A.1. The Mercury Fish Consumption Advisory Model

54 A number of the modules shown contain sesmingly superfluous nodes, which are generally indexes, such as
“Policy” or “Awareness,” that are used to characterize the data and results throughout the model. :

124



Resources for the Future Jakus, McGuinness, and Krupnick

A.1. The Recreational Angler Response Module

The Recreational Angler Response Module is depicted in Figure A.2. It allows the user to
select an assumption for anglers® awareness, either an estimate representative of the literature or
perfect awareness.> Two important parameters are calculated in submodules within this module:

recteational consumer surplus loss under an advisory, and methylmercury uptake from

Chesapeake Bay striped bass both before and after an advisory.

Figure A.2. The Recreational Angler Response Module

55 Such choices are often represented by both a rectangular choice node and a pop-up menu. The choice node
defines the available options and allows the user to make a selection. The pop-up menu is added for convenience, so.
that a user familiar with the choices can make a decision upon entering the module without having to go into. the
choice node.
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et

The submodule for calculating cénsumer, surplus losses under an advisory is shown in

Figure :A.3 . The péer is prdvided thh two optiOiis for e_stimatiﬁgfdons.umef surplus ld‘ssé.s, Whlch

Within the Recreational Angler Response Module, the Mercury thake Submodule
quantifies per capita daily methylmercury exposure both be-foré and after an advisory using
striped bass catch and consumption data, striped bass fish tissue mercury coneentration
estimates, and the estimated behavioral pa:raxheters. The module converts raw catch into meals,
distributes this catch among anglers-and their families, and using fish tissue concentration data?
éalcﬂlates a per person daily mercury uptake and the change in uptake under an advisory. This
estimate serves as the primary iﬁpﬁt to the Health Effects Module. The Mercury Uptake ' |

Calculatiorr Submodule i depicted in Figure Ad,:
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Figure A.4. Mercury Uptake Calculation Submodule

A.2. Commercial Fisheries Response Module

The Commercial Fisheries Response Module calculates consumer and producer surplus
losses under both a ban on commercial fishing and the issuance of commercial fish consumption
advice by the state. The basis for these calculations is parameter estimates from an original
supply-and-demand model of the Chesapeake Bay commercial striped bass fishery, which are

used as inputs to the module, Currently, options are not included in the model for altering the
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- assumptions made in estimating these parameters. However; the size of reductions in consumer.

' and producer surplus can be modified in the model with béﬁé_r infOrrynatAiQr,L,,‘Ffig‘u\r'é'A: S;id'eypicts, ‘

the top level of the Cominercial Fisherics Response e
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A.3. Mercury Health Effects Module . '

Figure A.6 shows the uppermost level of the Mercury Health Effects Module. The user

chooses the assumption for determining anglers” exposure—that is, whether averting anglers are
exposed to mercury from new sources of fish consumption. Total human exposure and all five

health endpoints are calculated in submodules within this module.
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Figure A.6. Mercury Health Effects Module

The Human Uptake Submodule, shown in Figure A.7, combines mercury uptake from
fish with other sources of MeHg exposure, némely inhalation, to determine total exposnre.
However, the submodule inventories all forms of mercury to which humans are exposed.
Depending on the assumpﬁons chosen by the user, average background MeHg uptake from
commercially caught fish may or may not be includeci in the calculation. Meréury from dental
amalgams is never included because mercury exposure from dental amalgams is in the form 6f
elemental mercury. The node labeled Tgtal Human Uptake (ALT) reports human uptake for the

alternative exposure scenario discussed in Section 6, In the Intake Conversions Submodule,
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Figure A.7. Human Uptake Submodule

Figures A.8 and A.9 display the two layers of complexity within the Childhood
Neuropsychological Development Submodule. The user selects a study to quantify the reduqtion
in abnormal test scores under an advisory. Furthermore, the user can decide to remove the
threshold in calculating average change in IQ score under an advisory. Within the submodule for
each study, the user can quantify any particular neuropsychological development test, as is
depicted for the Faroe Islandé study in Figure A.9. The submodule quantifies the number of

women who exceed any benchmark dose, as well as the number of abnormal test scores.
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Figure A.9. Faroe ijslair‘sds;‘ Submodule
The Cardiovascular Effects Submodule of the Mercury Health Effects Module is.
presented in Figure A.10. This submodule estimates cases of mercury-related AMI and mortality
and the reductions in these two endpoints under a fish consumption advisory. It also allows for

the calculation of fatal AMIs so that the extent of oﬁférlap be.itwe:’en these two endpoints can be
examined. The submodule calculates these endpoints for both men and women. The nodes
labeled Importance perform importance analysis on the results to determine the primary sources

of uncertainty.
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Figure A.10. AMI and Chronic Mortality Effects Submodule

A.4. Health Benefits Valuation
The Mercury Health Valuation Module is capable of reporting the value of reductions in

cases of paresthesia (though cases of paresthesia are not predicted in the analysis), chronic
mortality, and the value of the average improvement in children’s IQ score under an advisory.
The VSL can be varied for mortality benefits calculation, within the Health Values Library in the

larger Health Benefits Module.
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Summary: ARIPPA Comments: Proposed Rulemaking — Mercury Emission Standards
- 25Pa. Code Chapters 123. TO: PA Environmental dualithoard August 24, 2006

ARIPPA is a trade association comprised of fourteen (14) waste coal-fired electric
generating plants locatéd in both the anthracite and bituminous regions of Pennsylvania. _
- ARIPPA's fourteen member facilities constitute the overwhelming majority of the waste coal power

.~ The ARIPPA facilities provide a unique environmental benefit in Pennsyivania by burning-
waste coal as fuel and utilizing state-of-the-art, cléan coal technology boilers known as ciréulating
fluidized bed (“CFB”) technology. ARIPPA facilities utilize coal refuse from both past and current
mining activities, and thereby reclain abandoned strip mines and abate acid mine drainage from

waste coal piles at no"cost to Pennsylvania taxpayers. By combusting waste coal piles, ARIPPA

members are removing one of the principal sources of cantamination to surface waterand -
groundwater in Pennsylvania, - : : Lo L

_ ARIPPA requests that the members of the Board consider both the unique nature of the'
- CFB technology employed by the ARIPPA facilities, and the environmental benefit that these
companies provide to the Commonwealth by combusting waste coal as they review the following
comments.on the Proposed Mercury Regulation: o ' S

1) Sections 123.205(¢c)(1)(ii)(A) and 123.205(c)(2)(ii)(A). ‘The proposed mercury o
emission standard of 0.0058 pounds per GWh for existing CFB EGUs is unduly stringent.
(ARIPPA requests that Sections 123.205(c)(1)(ii)(A) and 1 23.205(c)(2)(ii)(A) of the Proposed
Mercury Regulation be modified to require a mercury emission standard of 0.0096 pounds per

GWh for existing CFB EGUSs).

2)." Section 'i23.265. The_fpercenf reduction standards for new and ex'isting EGUs should
be specifically linked to the use of the ASTM method for determining fuel mercury content

3)  Section 123.206(b). The Proposed Mercury Regﬁlatio_h should provide that the use of
"~ CFB Technology with fabric filter control also qualifies as presumptive compliance with the
Phase | mercury emission control standards. ' ‘ ' o ,

4) . Section 123.’267(e) (1). The Proposed Mercury Regulation should provide for.the use
of non-acid rain data in calculating the baseline heat input for the purpose of determining
the maximum allowances set aside for existing CFB EGUs. o L .

5) Section 123.209(g) (2). In alld_c‘:at,ing m'eyrcui'y allowances from the annual emiSsion fimit
supplement pool, the Department should give preference to owriérs or operators of existinc
affected CFB EGUs that combust primarily waste coal-fuel. c '

6). ' Sections 123.210 and 123.215 should be clarified to ensure that the low emitter -
. provisions of CAMR can be used to satisfy the general monitoring, reportingand .. -
-recordkeeping requirements of 'the,'PfopOSed;Merq:Ury.Regqlatiqn. S ,

Jeff A -McN,e‘l!y,: 'E_'xécuti,’ve_, Difector

ARIPPA - . .. 70
2015 Chestnut Street Camp Hill PA 17011 ... . . . .. FE IR
Phone: 717 763 7635 Fax: 717 763 7455 Email: jamcnelly1 @arippa.org Email: office@arippa.org -




Summziry of Comments Submitted by the Electric Power Generation Association
on Proposed Changes to Chapter 123 — Mercury Emissions Control
August 25, 2006

$1.7 Billion in Extra Costs Imposed A recent study shows the proposed rule would increase Pennsylvania’s-
cost for compliance by $1.7 billion, doubling the investments EGUs would have to make in advanced pollutmn
control equipment over the CAIR/CAMR rule.. DEP has done no detailed study of the cost impacts of th13 Tule

on eleetnc generators or electrro customers. A

14 Percent Reductlon in PA Coal Use: This same study shows there could be an annual loss of 9.4 million -

tons or about 14 percent of the coal mined annually in the state. DEP has done no study of the impact of this
rule on the. coal industry. : :

PUC PIM Concerned About Cost Reliability Impacts Both the Charrman of the Public Utility Commission
and the PJM Interconnection, operator of the regional electric grid, expressed concerns about the mphca’aons of
DEP’s rule saying the proposed rule has the potential to cause a reduction in electric generatmg capacrty in the
state which could have anegative effect on an already volatile energy market.

No Additional Benefits: No evidence was presented by any party showmg the proposed rule will provide any
additional environmental or health benefit to Pennsylvarnia beyond the EPA Clean Air Mercury Rule (CAMR).

No credible evidence of mercury “hot spots” was presented by any party. In fact, evidence was presented that
there were no local mercury “hot spots.”

DEP sald it has no studies which show health impacts from mercury emissions from power plants or
information that lmks specific power plant emissions with mercury deposited in the state.

Pennsylvania power plants already reduced mercury emissions by 33 percent between 1999 and 2004, but
DEP’s Mercury Monitoring Network did not record this reduction, indicating mercury is commg from a variety
of natural and manmade sources some hundreds, even thousands of miles away.

No Cap—And-Trade, No Incentive for Over-Control: The DEP’s proposed rule Jacks a market-driven cap-

and-trade program, a proven tool to reduce air pollution, to promote early reductions of mercury emissionsin a
" cost-effective way. The non-tradable credits included in the proposal in fact offer a disincentive for plants to -

over-control their emissions since they can be assigned to other plants, even competrtors by DEP, .

By requmng generators to meet a stringent EPA cap. ‘based on a national trading program, and at the same time

preventing them from partrmpatmg in that program, DEP is institutionalizing the very competitive dlsadvantage
it says was one of the primary reasons Pennsylvama needed a state-specific mercury rule — the disparate .

treatment of western vs. eastern coal — and removing the only remedy that power plant owners have to redress
this source of competrtrve disadvantage.

Fails to Meet Minimum Federal Reqmrements The pr0posed rule fails. to meet the minimum requirement in
the federal Clean Air Mercury Rule that states meet the CAMR mercury budget because there is no certainty a
pool of allowanceswill be created under this proposed rule to be available to owners of electno generatmg units
(EGUs) without the economic incentives included in the CAMR cap-and—trade program.

Coal-Fu-ed Plants Could Close Smaller generating units are at risk of retirement because it may notbe
economically feasible to install maximum mercury controls at thése facilities. This could have a significant _
impact on’electric reliability and price volatility. Although smaller and not operated as frequently as larger
plants, these units are vital to a reliable and affordable power stpply, and are the same units that afford electric
generators the ability to produce more elecmcrty during periods of peak demand like the recent heat wave




~Commen"cs Submitted by FirstEnergy Generation Corp. (FEGC)
On Proposed Changes to Chapter 123 — Mercury Emissi\ons-(:onfc:roi ~

"FEGC’s Bruce Mansﬁeld Piant the largest coai-frred electrrc generatmg station in
.Pennsylvama has hlstoncally reduced mercury emrssrons toa srgnrf icant degree

) through its co- benefrts technologies of wet flue gas desulfunza’non and selective
catalytic reduction. ’

- The pr'c’)pose'd rule not .on!y denies the use of excess mercuryj-emission ‘ o

- allowances by the generating facility in subsequent years, when emission
reductrons are more difficult to achieve, but it essentrally distributes the excess

. allowances that are generated using control equipment that is built, operated and

maintained with fundmg from company investors, to c:ompetrng generators
- without compensatron

The proposed rule does not provide any incentive for early reduction of mercury
“or for over-controlling mercury emissions.

FEGC‘su.pports,su’bstantial mercury emission ,reduot_ions'in the Commonwealth -
and beyond through the adoption'and full impiemenfaﬁOn of the federal Clean Air.
Mercury Rule (CAMR) CAMR’s mercury cap'and trade program will result in
'mercury emission reductrons in a more cost—effectrve manner

No evrdence has been presented which demonstrates that the proposed rule will
provrde any addmonal envrronmenta! or health beneﬂt beyond CAMR, certarnly
- not commensurate wrth the proposed rule’s hrgher moremental cost
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Auorust 26,2006

PA Environmental Quality Board
P.O. Box 8477

 Harrisburg, PA 17105-8477

RE: PADEP Proposed Mereury Air Pollution Rulemaking Summary

Dear Environmental Quality Board Members,

I am writing to share some current science on the study of mercury transmission to

- humans and its effects on human health, as well as some economic insights into the
damage done by mercury contamination. I believe these facts support the need for the

"new PA'DEP Title 25, Chapter 123 Standards for Contaminants regarding mercury, and: 1
ask this committee to support this proposed rulemaking.

. As I know the Board Members have becorme familiar with the industrial origins and
vectors of mercury into our citizens, I will keep this brief. Mercury enters our body most
frequently when we eat fish, both those caught in this Commonwealth, and those that are
imported for more frequent consumption. One of the healthiest food sources on Earth is
being corrupted by our own lack of will to.Be responsible for our wastes and our
children’s future Our Commonwealth’s portion of these toxiris may be referred to as
relatively small, but it is OUR share. Yes, other states and nations are contributing, and

by setting the proper example we can lead them into an age of less suffenng for our
children and the parents that suffer with them.

Unfortunately our leaders have been misled by opponents of this rulemalcmg, including
the U.S. E.P.A. Risk assessment expert Dr. James Hammitt of the Harvard Center for
Risk Analysis states that thé health cost benefits of reducing mercury now could be more
than one thousand times greater than the E.P.A.’s estimate. Dr. Hammitt says the country

" . could save 5 billion dollars, not 4 million. That’s quite a difference in savmgs and :
should be considered in your cost benefit analysis.

The reference dose for entry to the blood of unborn children has been underestimated as
‘well. Recently I attended the E.P.A.’s Fish Forum 2005 where E.P.A. researcher Kathryn
Mahaffey, and N.J. D.E.P. scientist Alan Stern found a 70% increase in fetal blood




, SUMMARY OF LEGAL COMMBNTS OF PENNSYLVANIA COAL ASSOCIATIGN '
. ONPROPOSED AMENDMENTS TO 25 PA.-CODE CHAPTER 123, MERCURY EMISSION -
_-‘REDUCTION REQUIREMENTS FOR ELECTRIC GENERATING UNITS, ID #7-405 (#2547)

The Pennsylvama Coal Assoe1at10n ( ‘PCA”) beheves ﬂlat two prov1s1ons of the proposed )
regulauons wolate the Commerce Clause of} the Umted States Cons’ntunon The Commerce
Clause f01b1ds state achon that “d]recﬂy regulates or dlscnmmates agamst mterstate commerce
or when its effect is to favor m—state econoxmc mterests over out-of—state mterests ” Brown-
Forman Dzstzllers C’orp V. New York State quuorAuﬂz 476 U 8. 573 579 (1986). ,

Proposed Sec’uon 123 209(g) is hkely unconstltutlonal because it effecuvely provides
preferenual treatment for coa1~ﬁred Electric Generatmg Umts ¢ ‘EGUS”) using bltummous coal

in the allocation of a]lowances from the proposed supplemental allowance pool.. Proposed . - .

 Sections 123 206(b)(1) and (2) are also likely unconstitutional because they provide that EGUs
using bituminous coal are presumed to comply with the proposed emlssmn standards 1f they
install certain pollution control technology. _

The purpose and eﬁ'ect of these provisions is to promote the cOnﬁliued utilization of
Pennsylvania coal (Wthh 18 excluswely bltummous) n: complymg with the 1 mercury standards,
- as the Department has canchdly and repeatedly stated However, such purpose and effect are
improper under the Commerce Clause. .Pederal com’ts have overturned state laws that attempted
- to faver m—state coal over out—of state coal, including for purposes .of- complymg with air quality
standards Wyomzngv Oklahoma 502 U:S. 437 (1992); Allzance for Clean Coal v. leler, 44
- F3d 591 (7" Cir. 1995) Alliance for Clean Coal'v. Bayh, 72 F.3d 556 (7" Cll' 1995).

PCA thus is concemed that the cbwous constitutienal defects of the rule W111 ultlmately
prove counter—productwe to Pennsylvama coal because if these prowsmns were removed from ‘
the ruleasa consequence of litigation, the rule s severe emission rate hmlta’aons would be

. appliedona plant—by plant ba51s encouragmg ﬁlSl-SWltchJIlg to 1ower-mercm'y, out—of—state
coals, ' '

-



SUMMARY OF COMMENTS OF PPL GENERATION, LLC REGARDIN G
PROPOSED RULEMAKING REGULATING MERCURY EMISSIONS -

v "The Board Should Revise the Pr oposed Rule if the Board concludes that a state-specific rule
is needed. The Board should revise the Proposed Rule to (i) incorporate CAMR with unrestricted
trading; and (11) requlre a specified level of control of o;.zdzzed mercury at Pennsylvania EGUSs.

. v
A state speclﬁc rule is not necessary for hot spots and even if necessary, the proposed rule is
not the right approach. The Board has not justified the need for a state-specnﬁc rule. No analysis has
been done in support of its concern for hot spots or to determine whether emission reductlons expected
under-other programs would be sufficient to address the concern even if valid, Further, the Board’s
approaoh does not -address the concemn in the correct way. The Board itself recognizes that current

-emissions of mercury from Pennsylvania’s EGUs are both in an oxidized and eleméntal form. The
oxidized mercury deposits-in the Commonwealth, whereas elemental mercury travels in the amaosphere,
for up to a year as part of a larger global pool. Deposition modeling performed for PPL by ENVIRON
Corporation confirms that elemental mercury emissions from Pennsylvama EGUs have no discernible.
impact on mercury deposition in the state and only reductions in emissions of oxidized mercpry affects
deposition.” In fact, reqmnng EGUs to go further to capture elemental mercury could prove to be
counterproductive since elemental mercury must first be oxidized to remove it and capture is not 100%.

: Accordmgly, the Board should ensure that Pennsylvania EGUs control their emissions of oxidized

mercury in order to address the’ deposmon and “Hot spot” issue. Additional constraints on allowance
trading to comply with the state budget allocation for total mercury provide no additional benefit.

‘The Board has grossly underestimated the cost of lmplementmg the Proposed Rule The
.Board erroneously based its cost estimates on a 90% emission reduction and overlooked the cost
necessary to obtain the 95% or greater reductions required to achieve the CAMR-based annual allowance
limit without trading. As explained in the report prepared for PPL by URS Corporation, the costs per unit
to comply with the annual limit are projected to exceed the.cost the Board projected for all EGUs
combined. Scrubbers installed to comply with CATR are state-of-the-art controls with at least a 90%
control efficiency for oxidized meroury. As explained in NERA’s report for PPL, Pennsylvania EGUs
will hkely go even further to optimize their controls to capture elemental mercury as well under CAMR.
- But requiring that the Pennsylvania EGUs obtam every last increment of elemental mercury reduction to

meet the total mercury allowance wﬂl add tremendous costs WIthout ptoducing any benefit for
Pennsylvama :

The Proposed Rule harms bituminous coal: The CAMR budgets already penalize bituminous
. coal and the Proposed Rule imposes an additional burden without benefit. The presumptive technologies
designed to benefit bituminous coal will not achieve compliance with the CAMR- based annual emissions-
limit. Even after EGUs burmng bituminous coal control oxidized mercury to eliminate any contribution
to deposition ot hot spots in Pennsylvania, the Proposed Rule would require that they install additional

controls at whatever cost it takes to capture enough elemental (and thus total) mercury to comply with
. theu' aliowance allocanons

Pennsylvania may well end up unable to comply with CAMR. The annual emissions eaps'thzit
each EGU must meet without trading are extremely stringent. In Phase I, the cap would require total: .
meércury reductions from the mercury in the bituminous coal supply in the range of 88% to 90%, and in
" Phase II the cap would require reductions in.the rangé of 95% to 98%. As elaborated in the URS Report,
. -achieving thesé reductions might not only be expensive but might well be infeasible. As there is no basis
to believe surplus allowances will be available in the state to ‘make up the shortfall, Pennsylvania may
well end up unable to comply with its CAMR budget allocation. This. would surely be at great cost and -
possibly lead to the undesired result of increasing total national | mercury ermssmns

* * Tk




Rehant Energy alternatrve proposal to the proposed Pa mercurv regulatlon

Rehant proposes that PaDEP utilize a mereury control strategy that mirmics the hrghly effective mtrogen
oxides control strategy. Undér this strategy, Pennsylvania would implement a Pennsylvania specific
rule that requires all major source coal-fired boilers to install either presumptlve mercury . control
technology or other measures of technology that control ‘mercury emissions by Jan. 1, 2010.
S1multaneously, PaDEP would issue a separate regulation that implements the “cap and trade”

provisions of the CAMR. This multi-regulation approach has been extremely effective in. controllmg
mtrogen omdes emrssrons as they relate to not only local concems but also relatxve to transport 1ssues

-~ The Pennsylvama speerﬁc regulatron
-e  Applies on a unit specific basis. :
e Results in unit specific emission limitations that could notbe exceeded through emrssron
* allowance trading or use of emission rediction credrts
o Is required regardless of the type of coal bumed

Allows alternative- technologres to define the appropnate control teclmologles and strategres of
smaller units

° Satxsﬁes the EQB approval to develop a PA spec1ﬁc mercury | rule

In addrtron to the Pennsylvama specific mercury rule generators would still be required to comply with

: .Pennsylvama CAMR emissions budgets (“cap™), which would include partrclpatron inthe natxonwrde
: cap—and—trade program :

Benefits: G .
» Eliminates concerns about “hotspots” by requmng mercury emissions reductjons at every PA
* coal-fired generating facility -

. Doesnot srgmﬁoantly drsadvantage Pennsylvania wholesale electric generators coal SUpphers
*" and support services and industries relative to out-of-state competitors even though it is more
stringent than the CAMR requirements alone
Helps to control electncrty costs which helps to stimulate economic growth mPennsyIvama
Provides for the most cost-effective “co-beneﬂts” control strategles to be mplemented through
the nnplementatron of CAIR '

- Provides for certainty.of comphance Wluch isa crrtrcal need relatlve to obtammg financing and
) satrsfymg shareholders -

Accelerates installation of control equrpment at many PA generatmg facrhtles by “front loadmg”

the cortrol measures at some facilities that would otherwiss not be 1mplemented until 2018

-which then achieves the full mercury reductlons by 2015 rather than 20 18 through the
. ‘nnplementatron of Phase ]I of CAIR.

‘Preserves the Environmental Quality Board’s approval of the PaDEP recommendatlon to
- develop a Pennsylvania specific Hg rule

Does not disadvantage Pennsylvama wholesale eleetnc generatron in the event the CAMR is -
over-turned



NANCY F.PARKS, AucusT 11,2006

201 WEST AARON SQUARE

, AARONSBURG PA 168200120

‘ y D . 8143495151
\,{ Co ' (Fax) 8143495121
NFPARKSZ@VERIZON.NET

ENVIRONMENTAL-QUALITY BOARD
PO Box 8477 .
HARRISBURG PA 17 1 058477
. SUMMARY
COMMENTS CONCERNING PADEP’'S MERCURY EMISSION REDUCTION REQUIREMENTS FOR"
- ELECTRIC GENERATING UNI“I‘S [EGU's] (#7-405) : o

‘ THE PENNSYLVAN[A CHAPTER OF SIERRA CLus SUPPORTS A STATE SPECIFIC PENNSYLVANIA

MERCURY REDUCTION RULE, WITH SOURCE AND SITE SPECIFIC REDUCTIONS FROM TECHNOLOGY
CONTROLS THAT WILL BE REQUIRED, AND NO TRADING WILL BE PERMITTED TO TAKE PLACE.
THEREFORE THE PENNSYLVANIA CHAPTER OF SIERRA CLUB SUPPORTS THE PADEP PROPOSED
RULE AS PRESENTED TO EQB.

e “COMPLETE MERCURY CONTROL” SHOULD BE DEF‘INED AS SELECTIVE CATALYTIC
REDUCTION [SCR], PLUS FABRIC FILTER, PLUS WET SCRUBBERS [WFGD], WITH THE
ADDITION OF ACI — THE ACTIVATED CARBON INJECTION CONTROL TECHNOLOGY;

e INDUSTRY APPLICABLE SOURCES SHOULD APPLY SCR TO CAIR REQUIREMENTS, OR
PLACE SCR ©ON APPLICABLE UNITS TO MEET MERCURY REDUCTION REQUIREMENTS;

e PADEP SHOULD PROVIDE EMISSIONS REDUCTIONS EXPECTED FROM USING A STATEWIDE

. FACILITY AVERAGING MECHANISM FOR MERCURY EMISSIONS;

o EMISSION LIMIT SUPPLEMENT POOL UNDER CHAPTER §123.208; THERE SHOULD NOT BE
ANY SUPPLEMENT POOL ESTABLISHED AS PADEP PROPOSES IN §123.208 (A) AND (8),
SINCE THIS WOULD ERODE THE ABILITY OF AN ALLOWANCE F'ROGRAM WITHOUT TRADING TO
REDUCE MERCURY AS EXPEDITIOUSLY AS PRACTICABLE;

o NEW SOURCE SET ASIDE UNDER CHAPTER §123.207 [ANNUAL EMISSION umrr FOR
EGU'S]: - MINIMIZE SET ASIDE ALLOWANCES. ~ ‘COMPLIANCE PRESUMPTION’ SHOULD BE
COUPLED WITH EXPLIGIT INSPECTIONS AND ENFORCEMENT.

¢ COAL PRE-CLEANING AS A PORTION OF PERCENTAGE REDUCTION IN MEETING MlNIMUM
MERCURY CONTROL PERCENTAGE UNDER § 123.205; INCLUDE REGULATORY LANGUAGE

THAT REQUIRES THE REVISIT OF EMISSION RATES FOR 100% BITUMINOUS COAL IN CFB
BOILERS. UNDER §123.205(a)(3)(1), THE MINIMUM 95% CONTROL. OF TOTAL MERCURY
SHOULD BE MEASURED FROM THE MERCURY CONTENT IN THE COAL AS FIRED; 1.E., DAY TO
DAY. X . _

SHOULD PHASE | & 2 BE COMPRESSED TO ENCOURAGE EARLY COMPLIANCE:  ANY UNIT
WITH SCR, FABRIC FILTER, WFGD, AND ACI WiLL. BE ABLE TO CONTR OL BEFORE THE
PHASE 2 DEADLINE.

s SHOULD THERE BE LONGER START-UP AND BREAKIN TEST PERIODS, COST-SHARING BY

OWNER-OPERATORS AND TECHNOLOGY VENDORS, EXTENDED PERMIT LIFE FOR NEW,

" IMPROVED AND MORE RELIABLE TECHNOLOGY IN ORDER TO ENCOURAGE.DEVELOPMENT OF

" NEWER AND MORE RELIABLE TECHNOLOGY-ON VOLUNTARY BASIS; NO. A KNOWN

EXISTING TIMETABLE FOR COMPLIANCE HAS BEEN SHOWN TO FOSTER ‘TECHNOLOGY

FORCING' BEHAVIOR, VOLUNTARILY.

e ' SHOULD DAILY SAMPLING OF COAL COMBUSTED UNDER §123.2 14 [COAL SAMPLE
ANALYSES] BE EXTENDED TO INCLUDE SAMPLING OF COAL AS RECEIVED, SECTION
-§123.2140)(1) PROVIDES FOR DAILY SAMPLING THAT DOES NOT PRECLUDE "As

RECEIVED".

HOW SHOULD PADEP ENCOURAGE OVER COMF‘LIANCE AND COST SHARING BETWEEN
SOURCES; NO. ISTHIS SIMPLY ANOTHER WAY OF SAYING THAT FACILITIES AND SQURCES
WANT TO APPLY A BUBBLE CONCEPT. THERE SHOULD NEVER BE AVERAGING OF MERCURY
POLLUTION REDUCTION QUTSIDE OF.A SINGLE FACILITY AT A SINGLE LOCATION,
® SHOULD PADEP CONSIDER THE RESULTS OF THE STEUBENVILLE OH STUDY ON
REGULATORY REQUIREMENTS. YES. THIS EPA FUNDED STUDY RELEASED IN FEBRUARY 20068 |
USED, RAIN SAMPLING AND METEOROLOGICAL DATA TO TRACK MERCURY EMISSIONS FROM POWER
PLANT SMOKESTACKS DIREGTLY TO LOCAL EMISSION MONITORS & HOT SPOTS.
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Hughes, Marjorie

From: Ann Rea [ann.rea@verizon.net]
Sent:  Friday, August 25, 2006 10:18 PM
To: RegComments@state.pa.us
© Cci- ShereneHess A S
- Subject: Testimony about the Propo's;d:'Meréqu'Rule T
To the Environmental Quality Board, .

Please find the attached statement which is out testimony in the hearing about the proposed mercury. rule.

- We are the Air Quality Committee of the League of Women Voters of Indiana County, Pennsyivania. The League

of Women Voters is a nonpartisan political organization that encourages the informed and active participation of
citizens in government. We work to increase understanding of major public policy issues through education and
concerted action to bring about positive change. Our League has 55 members, and our Air Quality committee
. has been studying the issu of air quality in Indiana County for the last two years. - ST

The following is a Summary of our festimony:

Federal and state governments and many citizens agree that the emission of air pollutants, especially
- mercury, must be reduced. The question is how that reduction should be accomplished. The federal

Clean Air Mercury Rule and the Clean Air Interstate Rule set standards for air quality that are too low
and that put Pennsylvania's state economy, industries, and families at a distinct disadvantage.

The-League of Women Voters therefore supports the fastest and furthest reduction of mercury
emissions to protect our citizens from even low levels of exposure. We believe that the Department of
Environmental Protection's proposal would achieve the greatest reductions in the shortest amount of
time (90% by 2015) while protecting the economy of the commonwealth by ensuring that the state's

power plants can burn local coal. We also support the Department of Environmental Protection's
opposition to cap and trade in the case of a dangerous neurotoxin like mercury.

- We support legislation that does not allow cap and trade. We support legislation that focuses on public
health instead of favoring-industry's interests. We believe that power plants can economically reduce

mercury emissions and should do so as fast and effectively as possible. We believe that the

Pennsylvania Department of Environmental Protection's proposal best meets these goals.

League of Women Voters of Indiana County






Pennsylvania Department of Environmental Protection

Rachel Carson State Office Building
P.O. Box 2063
Harrisburg, PA 17105-2063
October 17, 2006

Policy Office 717-783-8727

Kim Kaufman, Executive Director
Independent Regulatory Review Commission
14th Floor, Harristown #2

333 Market Street

Harrisburg, PA 17120

Re:  Final Regulation — Mercury Emission Reduction Requirements for Electric Generating
Units (#7-405)

Dear Mr. Kaufman:

Enclosed is a copy of a final regulation for review and comment by the Independent
Regulatory Review Commission pursuant to Section 5(a) of the Regulatory Review Act. The
EQB adopted this proposal at its October 17, 2006 meeting.

These amendments to 25 Pa. Code, Chapter 123 establish mercury emission standards
and annual emission limitations as part of a statewide mercury allowance program with annual
non-tradable mercury allowances and other requirements for the purpose of reducing mercury
emissions from coal-fired electric generating units or cogeneration units.

The Board approved the proposed rulemaking at its May 17, 2005 meeting. The
proposed rulemaking was published June 24, 2006 with three EQB public hearings held July
25th (Pittsburgh), July 26" (Harrisburg) and July 27" (Norristown). The Board received an
unprecedented number of comments — about 10,936 letters, postcards, testimony and emails.
Several revisions were made to the rulemaking to address the comments received.

On August 31, 2006, the Department held a joint meeting of the Mercury Rule
Workgroup, Citizens Advisory Council (CAC) and Air Quality Technical Advisory Committee
(AQTAC) to discuss concepts for the final rulemaking. Subsequent meetings were held with the
AQTAC on September 11 and September 27. The Department also consulted with the CAC on
September 19, 2006.

The Department will provide assistance as necessary to facilitate the Commission’s
review of this final-form regulation under Section 5.1(e) of the Regulatory Review Act. This
review is tentatively scheduled for your November 16, 2006 meeting.

)
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Kim Kaufman, Executive Director -2- October 17, 2006

Please contact me if you would like additional information.

Sincerely,

“ Voo M@/}W

Marjorie L. Hughes
Regulatory Coordinator
Policy Office

Enclosures
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