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Background, Methylmercury (MeHg) is a developmental neurotoxicant; exposure results principally from consumption of seafood contaminated by mercury (Hg). In this analysis, 
the burden of mental .retardation (1118) associated with methylmercury exposure in the 
2000 U.S. birth cohort. is estimated, and the portion.of this burden attributable to- mercury 
(Hg) emissions fr om coal-fired power plants is identified. 
Methods The aggregate loss in cognition associated witl McHg exposure n the 2000 U S. birth cohort was estimated using two previously published dose-response models that 
relate increases in cord blood Hg concentrations with .decrements in la McHg exposure 
was assumed not to be correlated with native cognitive ability. Previously published 
estimates were used to estimate economic costs of MR caused by McRg. 
Results Downward shifts in IQ resulting from prenatal exposure to McHg of 
anthropogenic origin are associated with .X,566 excess cases of MR :annually (range: 376-14,293). This represents :3:2% ofkR cases in the US (range: 0,8%-29.2°lo). TheMR 
costs associated with decreases in IQ in these children arnountto $2;0 billionlyear(range: 
$0.5;17.9 billion). Hg from American power plants .accounts for 231 0, f the excess MR cases/year (range. 28-2,109);;or 0.5% (range : 0.06%-4.3%) of all MR. These cases cost $'289 million (range ; $35 million-2.6 billion): 
Conclusions Toxic injury to the fetal brain caused by Hg emitted from coal-fired power 
plants exacts a significant human and economic toll on American children. Am. J . Ind.. 
Med. 49::153-158; 2006. 0 2006 VAiley-Lim, Inc: 
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this progress. In January 2003, the EPA announced a proposal 
to reverse strict controls on emissions of mercury from coal-
fired power plants . This proposed "Clear Skies Act" would 
slow recent progress in controlling mercury emission rates 
from electric generation facilities and would allow these 
releases to :remain as high as 34 tons per _year through 2010 
[[U.S . EPA, 2004a] . 

A recent analysis of the impact on children's health of 
industrial Hg. emissions calculated that 316,5:88-637,233 US 
babies are born each year with cord blood Hg levels >5.8 pg/ 
L. [Trasande et al ., 2005] These infants suffer mercury-
related losses of cognitive function ranging from 0.2 to 24.4 
IQ points . The authors' best estimate was that 89,294 
children suffered a 0.76 decrement in IQ, while another 
113,647 experienced a 7 .15 IQ point decrement. The 5% 
most highly exposed children in the 2000 birth cohort 
suffered subclinical losses in IQ in this model ranging from 
1 ..60 to 3.21 points [Trasande et al., 2005] . The present study 
extends upon previous work, and estimates the number of 
cases of mental retardation (MR) that result each year from 
prenatal .exposure to McHg. Calculations are based on the 
2000 US birth cohort, and include cost estimates . 

ATERIALS AN METHODS 

Mental retardation is :defined as an IQ below 70 
[American Association on .Mental Retardation, 2002] and 
IQ was assumed to be normally distributed with a SD of 15 . 
The relationship between cord blood mercury and IQ is 
assumed to be relatively linear over. the range of exposures 
studied _[>5 .8 fig/L; Trasande et al., 2005] . McHg exposure 
shifts the distribution of IQ in an exposed population 
downward without a change in the kurtosis or skew of the 

Population 

0= 

distribution, such that that the number of children with an IQ 
score below 70 is increased (Fig. 1). 

Cohorts in the Faroe Islands [Grandjcan et al ., 1997] and 
New Zealand [Kjellstrom et al.,1986,19891 both support the 
conclusion that -developmental effects become -apparent at 
levels of approximately one part . per million mercury .in hair, 
or 5-8 ~Ig/L in cord blood . The .Faroes study .also found that 
effects on delayed brainstem auditory responses occurred 
even at much lower exposure concentrations [Murata et al ., 
2004] . In a given subpopulat on born with cord blood Hg 
>5.8 ~Lg/L, the base-case IQ decrement [Trasande et al., 
2005] was applied, and the difference in MR cases between 
the two scenarios is estimated as the number of excess MR 
cases . The number of excess MR cases was summed among 
children born with cord blood Hg >5.8 Rg/L . 

To compute IQ decrements in infants that have resulted 
from these elevated maternal mercury exposures, we used 
published data on percentages of women of childbearing age 
with mercury concentrations at or above 3.5, 4.84, 5.8, 7..13, 
and :15 .0 Rg/L [Mahaffey et al ., 004] . We assumed 
conservatively that the percentage of the population with 
mercury concentrations of 3..5-4..84 pg/L all had a mercury 
concentration of 3.5 . Likewise for each successive portion 
of the population (4.84-5,8, .5.8-7.13, 7.13-150, and 
> 15.0 ug/L), we .assumed all mercury concentrations to be 
at the lower. bound of the available range . In the base-case 
analysis, a :1 .7 cord/maternal Hg ratio was .applied, in light of 
a recent metaanalysis, which suggests that cord blood levels 
may be at least 70% higher than maternal blood [Stern and 
Smith; 2003] . Therefore, .in the sensitivity analysis, a range . of 
1-1.7 was applied for the true :cord/matemal Hg ratio, given 
that the meta-:analysis found a range of 1.0-3.4 [Stern and 
Smith, 2003] . 
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FIGURE 1. Impact ofmethylmercuryexposureonhighlyexposedpopulations.(hatchedarea=casesofMRattributableto.methyl-

mercuryexposure) . 



Linear and logarithmic models were . also applied with a - of those 158 tons were.deposited in.the lower 48 states; while range of IQ decrements as part of the sensitivity analysis, 

	

the remaining two-thirds were added to the global reservoir, applying 0.59-1 .24 IQ points per jtg/L increase; and-0.85- 
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emissions [U.S- EPA, 11396; United Nations Environmental p,g/L experience losses. of cognition of 3.01, 5.04,. 7 .84, and 
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imported fish is 2%¢ of American anthropogenic origin: 

158 tons of American emissions - 52 tons of American mercury deposited on American soil 
= 106 tons of American mercury available to contaminateimported fish 

5,500 tons emitted globally - 871ons deposited :on American soil 
= 5,413 tons of mercury from all sources to contaminate imported fish 

To obtain percentages of MR attributable to Hgpollution 
sources, the number, of cases of mental :retardation attribu-
table to each source was divided by 49,030, the number of 
mentally retarded children in the 2000 U.S . birth cohort ; 
based on a 1.2%. prevalence. xate [U:S . Centers for Disease 
Control and Prevention, National Vital Statistics: System, 
2004a,b] . 

To estimate the percentage. of these :excess cases 
attributable to industrial Hg pollution :sources, an environ-
mentallyattributable fraction model was applied. The United 
Nations Environment Programme recently estimated that 
anthropogerric uses account for 70% of the. 5,500 tons of 
mercury released into the earth's atmosphere worldwide 
[United Nations Environmental Programme, 2002]:. There-
fore, to limit .our -analysis to anthropogenic mercury, we 
applied a 70% factorto convert the cost ofmentahxetardation 
resulting from methylmercury exposure to the cost attribu-
table to anthropogenie methymercury:exposure. 

We parsed out the proportion of anthropogenic methyl-
mercury in fish that arises from. American sources, and then 
isolated the subset of that proportion that is emitted by coal- 
fired electrical generating plants. In 1995, the most recent 
year for which federal data on the relative deposition of 
mercury from American and other global sources are: 
available, 158. tons of mercury were emitted to the atmo-
sphere by American anthropogenic sources . Fifty-two (339o') . . 
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106/5,413 = 2% of mercury inimportedfish of American origin 

In 'the remaining 58% of fish consumed in the United 
States ;: we assume: that 60% of the mercury content comes 
from American anthropogenic sources ,[U .S . EPA; 1996, 
1997]. We therefore. applied a 36% factor (the weighted 
average of American sources of Mercury content in fish, or 
(0.6 x 0.58) -F (0:02 x 0.42) to specify the economic costs of 
anthropogenic .methylmercury exposure attributable to 
American sources. 

Modeling, Supported by the Electric Power Resource 
Institute (EPRI) estimates that 70% of the mercury deposited 
in the US comes from foreign :sources . This EPRI analysis 
finds also that US sources are responsible for more than 60% 
Of mercury deposition in the Boslon-Washington, D.C . 
corridor. In one of the model's selected receptor areas, Pines 
Lake, New Jersey, 80% of the deposition originated from US 
Sources, showing that regional. deposition can be . higher than 
the 60% number we use in this analysis [SeignIeur et al ., 
2004]. In our sensitivity analysis, we therefore varied the 
factor used to convert the economic cost of anthropogenic 
methylmercury exposure to the economic cost attributable to 
American sources from 18% [0.3 x 0 .58-{-0;02 x 0;42, 
using EPRI modeling ; Seigneur et al., 2004] to 36% fusing 
EPA data on mercury deposition; U.S . EPA, 1996, 1997] . 

In 1999, 48 (41 %) of the 11'7 tons of mercury emissions 
from anthropogenic sources in the United States` were 
emitted by electric power generation facilities [U.S . EPA, 
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2003] . To calculate the burden of mental retardation attri-
butable to these facilities, we therefore applied an additional 
fraction of 41 01o in our analysis . 

To obtain percentages of MR attributable to Hg pollution. 
sources, the number of cases of mental retardation .attribu-
table . to each source was divided by 49,030 .[U.S_ Centers for 
Disease Control and Prevention, National Vital -Statistics 
System, 2004a,b] . 

To estimate the costs of MR due to each pollution source, 
previously published estimates [Honeycutt et al ., 20:00] were 
used and a .3% discount rate was applied to obtain present 
value in 2000; this yielded a cost per case estimate of 
$1,248;648, including direct medical costs . Indirect costs 
such as lost economic productivity -due to morbidity were 
excluded from this analysis. 

RESULTS 

Downward shifts in IQ resulting from prenatal exposure 
to McHg of anthropogenic origin are associated with 1,566 
excess cases of MR annually, or 3.2% of MR cases in the US 
(Table 1). The costs of caring for these children amount to 
$2.0 billionlyear. After .incorporating uncertainties in the 
relationship ofIQ loss with increases in blood mercury levels 
and -applying a, conservative range of 1-1.7 for the true cord/ 
maternal Hg ratio [Trasande et al ., 2005], between 37.6 and. 

14,293 excess cases of MR, or 0.8%-29.2:% of MR cases in 
the US are .associated with McHg toxicity. Applying the 
sensitivity analysis, the true cost of caring for children with 
McHg-associated mental retardation ranges between $0.5. 
and $17.9 billion. 

After applyingbase-case assumptions and incorporating 
a 36%factor to specify the burden of anthropogenic Mei3g 
exposure attributable to American sources, mercury emis 
sions from American anthropogenic sources are associated 
with 564 cases of mental retardation, or 1.1% ofAIR .cases in 
the US. In our sensitivity analysis, the factor used to convert. 
the. economic cost of anthropogenie McHg exposure to the 

TABLE 1. Base-Case Analysis, Excess Cases, and Costs of Mental Retardation Attributable to Methylmercury 

economic cost attributable to American sources was varied 
from 18% (incorporating industry modeling of mercury 
deposition) -to 36% (using federal data on mercury deposi-
tion) . After incorporating these assumptions, 68-5,145 
(0.1%-10.5%) of MR cases in the US .are associated with 
:McHg toxicity. The base-case estimate of the social cost 
associated with these excess eases is $0.7 billion ; after 
applying a sensitivity analysis, this cost ranges between $0.1 
and $6.4 billion . 

After applying an additional fraction of 41 °lo in this 
analysis to convert the burden of mental retardation 
attributable to all American emissions to the burden 
attributable to American electric power generation facilities, 
Hg from American power plants accounts for 231 cases of 
MR1year (range: 28-2,109),0.5% (range : 0_06%-4.3%) of 
all MR eases in the US (Table I1) . The. total annual costs of 
MR in children damaged in utero by Hg from US power 
plants amount to .$2.89 million (range : $35 million-2.6 
billion) . 

CONCLUSIONS 

The major findings in this analysis are : (1) that exposure 
to McHg emitted to the atmosphere by American electric 
generation facilities is associated with clinically significant 
mental retardation in hundreds of American babies born each 
year, and (2) that this excess burden of mental retardation 
exacts a significant economic cost to American society, a cost 
that amounts to at least hundreds of million dollars each year. 
If the IQ distribution is slightly bimodal, with a hump at the 
very lowest levels, corresponding to children with very low 
IQ, then the number of mercury-associated mental retarda-
tion cases maybe an underestimate. 

In contrast to the costs of controlling pollution, which 
are one-.time expenditures; these costs last a lifetime and will 
recur in each year's birth cohort until emissions are reduced. 
The. cost -savings from reducing mercury exposure now will 

Toxicity, 2000 U.S. Birth Cohort 

Percentile of blood mercury in total population 9.0%-92.1% 92:2%-94.9°10 95%-99.3% >99.4% 

Range of maternal total Hg concentration (Ii.g/L) 4:84-58 5.8-7.13 7.13-15.0 >15.0 

Assumed maternal total Hg concentration 4.84 5:8 7.13 15 

Level of maternal blood; no effect concentration 3.41 3.41 3:41 3.41 

10 points lost at assumed concentration D.76 1.15 1.6 3.21 

Number of boys affected 45,378 57,754 90,756 12,376 

Number of girls affected 43,300 55,109 86,599 11,809 

Number of excess MR cases 178, 353 793 241 

Per case cost . of MR $1,248,648 $1,248648 $1,248,648 $1,248,648 

Cost of excess MR cases (millions) $222 $441 $991 $302 

Total cost $2 :0 billion 



provide savings in improved productivity and enhanced 
national security for generations to come. 
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Background 

The Community Multi-scale Air Quality' (CMAQ) model was used to simulate 
atmospheric mercury and was.applied to. support the U.S. EPA's Clean Air 
Mercury .Rule(CAMR) . GMAQisathree-dimensionalphotochemicalgrid 
model developed by U .S . EPA s Office . of Research and Development to 
provide- assessment capabilities for multiple atmospheric pollutants. The 
model considers the effects of nonlinear chemistry inthe formation of 
secondary pollutants. The CMAQmodel was applied atthe 36 km- on a side 
horizontal grid square resolution wih :14 vertical .layers,, The surface layer 
height was 138 meters and the 141h layer height was 15,67-0 meters. The 
meteorological input to CMAQ was hourly meteorological data obtained from 
the Penn State Meteorological Model Version S (MM5.) for all of 2001 . 
Canadian anthropogenic mercury emissions. were input to . CMAQ hourly for 
2000 and Canadian criteria emissions were inputto CMAQ hourlytor 1995, 
U :S . anthropogenic mercury emissions were input to CMAQ .hourly :for 1999, 
except medical waste incinerator mercury emissions were hourlyfor 2002. 
The U.S. :criteria emissions input were hourly for 2001 . No natural or re-
emitted mercury ornissions were included in the CMAQ regional modeling 
domain. However, natural and re-emitted mercury emissions were included in 
the GEOS-CHEM :global model that was used to develop the pollutant inflow 
through the boundaries. of the CMAQ modeling domain. The boundary inflow 
for mercury and criteria emissions sources varied horizontally and vertically 
along the CMAQ modeling.' domain boundaries every three hours. Six 
scenarios were modeled' With CMAQ for the CAMR analysis. They are: (1) the 
2001 base case, (2) the 2001 utilitymercury.emissions zero-out 3) the , ( 

	

2001 
boundary condition zero-out, :(4) .2020 with the Clean Air Interstate Rule (LAIR) 
and other existing U-S, control programs,. (5) 2020 utility mercury emissions 
zero-out, . and (6) 2020with LAIR, CAMR. and otherexisting U.S- control 
programs. 

Results 

Total mercury deposition- consists of wet and dry mercury deposition . At this 
point in time, it is difficultio assess model performance for total mercury 
deposition . There currently is. n o measurement network to evaluate the 
performance of models in estimating dry deposition of mercury, which is 
thought to be more thanhalf of total .mercury deposition in most areas ofthe 
country: There is a network for measuring mercury wet deposition, where wet 
deposition monitors are scattered throughout remote locations of the :United 
States and Canada, mostly in the east. A model performance .evaluation for 
mercury wet deposition at the Mercury Deposition Network *(MDN) sites for 
2001 was performed to estimate the ability of the CMAQ modeling' system to 
replicate base-year wet depositions of mercury. The results show that the 
CMAC3 model did a reasonable job of replicating annual observed memory wet 
depositions at .the MDN sites in 2001 . Although CMAQjends to predict less 
annual mercury wet deposition than is observed, the majority of predictions at 
the MDN sites .in 2001 are within 30% of observations. 

According to the GEOS-CHEM and CMAQ Modeling results for 2001, a large 
amountof the total mercury deposition in the. U .S . as a whole comes from 
global sources of mercury, The amount of mercurydeposition attributableto 
global sources generally ranges from 10 to 15 jag m-2 over, much ofihe U.S ., 
with somewhat higherglobal attributable mercury depositions over parts of the 
westemand southern US . and somewhat lower global attributable mercury 
depositions over the north central U.S. The mercury deposition attributablato 
U.S. utilities in 2001 are generallyless.than 1 jig m -2 in the western portion of 
the U.S. The mercury deposition attributable to U.S. utilities in the eastern 
portion of the country is generally in the 1 to ' 5.pg_m 

	

range, However, inthe 
northeastern U S:'there is a large area in the. Ohio river valley with utility 
attributable mercury depositions in the 5 to 10 gg 1i'zrange and a much 
smaller area. with utility attributable deposition in the 10 tol5 .

iig m-2 range, 
U.S. utility attributable mercury depositions over 20 gg m -2 are found in parts of 
the State of Pennsylvania (PA). It is in-PA where the maximumpercentage: of 
utility attributable deposition .compared tototal deposition from all sources of 
71 % occurs. In 2020 with the Clean Air Interstate Rule (LAIR) and other U :S. 
Clean AirAct programs, a much smaller area of the eastern U. .S. shows CMAQ 
modeled U .S. utility attributable depositions in the 1 to 5,pug M-2 rangethan in 
the2001 modeled base .case. More importantly .there are no longer any utility 
attributable deposironsthat are higher than 5 ug rri-2 in the eastern U .S. The 
majorityof this mercury deposition reduction' is the result of applying scrubbers 
to the utilitystacks to reduce S02 emissions under CAIR . Scrubbers 
signiricantly reduce the form of mercury (Reactive Gaseous Mercury) emitted 
from .utilifies which isquickestto deposit, I::020when CAMR is added to 
CAIR .and the otherU .S_ Clean Air . Act programs, an even smaller area of the 
eastern U.S. contains U_S-utility . _attributabte mercury depositions in the'1 .to 5 
gg m 4 range. 

The map.shows MercuryDeposition Network (MQN) Site's where mercury wet rteP' osRion observations were available i n 200 
(Right) and the X-Y scatter plot compares the annual wet depositions observed by the MDN sites to those predicted by :CMA at these. site locations .(Left), Note the observation site BC06 is not included in the correlation analysis because precipitation 
was greatly gvervestimafed for that location by the. separate model :CMAQ uses to define meteorology. 

The table shows CMAQ performance statistics for predicting observed mercury wet deposition at the MDN Sites in 200'1_ 
The results show that averaged' annually over all MDN monitoring sites, CMAQ underestimates mercury wetdeposition by 
approximately 2$,percent .with a fractional error of approximately30 percent. 

Iho'nlrl 

IrnSlSq,INEr 

TFieseln3ps show the total apnual :meredry. deposition :(N9. m r-2) in 2001 as simulatedbytheGM.,AQ Model in the CAMR_ 
analysis from all sources (Left) and from U.S. utility sources .(Right) . 

~'2~SSI~16 n 

1fICfOgI~rI:SiSq.iiff9 

jxy,~u ;if Cc(laif. 

These maps _show the total annual mercury deposition.(( with LAIR and 
ofherU.S clean air act programs applied (Left)and with LAIR, CAMR, . and other U;S, cofrtro(programs applied .(Rigt>t}. 

Area No, of Mean CMAQ Mean Ratio of Bias :(gg Fractional Frac- 
MQN Sites Predictions (gg Observations (jig Means m-1 Bias (.A) tional 

m-?) mom) (prediobs) Error (%) 

Entire 
Domain 

(52 17"29 19 .46 0.77 -2 :17 -23.2 30 .2 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government . Neither the United States Government nor any agency thereof, nor any of their 
employees, nor any of their contractors,, subcontractors or their- employees, make any Warranty, 
express or implied, or assumes any legal, liability or responsibility for the accuracy, completeness, 
or any third party's use or the results of such use of any information, apparatus, product, or 
process disclosed, or represents that :its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof or its 
contractors or subcontractors . The views and opinions of author's. expresses herein do not 
necessarily :state to reflect those of the United States Government or any -agency thereof. 
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ercury Emissions from Coal Fired Power Plants 
on Human Health Risk 

Mercury contamination. is a perceived concern in the United States and many countries of 
the world . Forty-one states. have fish consumption advisories due to mercury 
contamination. Mercury is a trace impurity, in coal that is released to the: atmosphere 
during combustion. Coal fired power plants constitute the largest U.S. point source of 
anthropogeme mercury contributing approximately 1/3 of the anthropogenic mercury . 
released in. the U.S. 

The U.S. Environmental Protection Agency (EPA) has announced plans to regulate 
mercury emissions from coal fired power plants . However, there is still debate over 
whether the limits should be on a plant specific basis or a nationwide basis. The 
nationwide basis allows a Cap and Trade program similar to that for other air pollutants. 
A Cap and Trade program has the potential to be protective of human health while being 
more economically efficient than limiting releases from all power plants to a fraction of 
their current release rates. To address whether controls are needed on every coal-fired 
power plant. or if a Cap and Trade program is appropriate; an evaluation of the impacts of 
local deposition of mercury on. risk is needed. Some forms of mercury emitted from the 
stacks of the power plants can deposit locally (within 50 km) potentially leading to higher 
concentrations in water bodies and fish and therefore, higher risks associated with eating 
mercury . 

This report presents a follow-up to previous _assessments. of the. health risks of mercury 
that BNL performed far the Department of Enemy. Methylmercury is an organic form of 
mercury that has been implicated as the form of mercury that impacts human health: A 
comprehensive risk assessment report was prepared (Lipfert et al ., 1994) that led to 
several journal. articles and conference presentations (Lipfert et al . 1994, 1995, 1996). In 
2001, a risk assessment of mercury exposure from fish consumption was performed for 3 
regions of the U.S (Northeast, Southeast, and Midwest) identified by the EPA as regions 
of higher impact from coal emissions (Sullivan, 2001). The risk assessment addressed 
the effect of in utero exposure to children through consumption of fish by their mothers . 
Two population groups (general population and subsistence fishers) were considered. 
Three mercury levels were considered in the analysis, current conditions based on 
measured data, and hypothetical reductions in Hg levels due. to a 50% and 90% reduction 
in mercury emissions from coal fired power plants . The findings of the analysis 
suggested that a 90% reduction in coal-fired emissions would lead to a small reduction in 
risk to the general population (population risk reduction on the order of 10-5) and that the 
population risk is born by .less than 1°fo of the population (Le. high end fish consumers). 

The study conducted in 2001 focused on the health impacts. arising from regional 
deposition patterns as determined by measured data and modeling. Health impacts were 
assessed on a regional scale accounting for potential percent reductions in mercury 



emissions from coal. However, quantitative assessment of local deposition near actual 
power plants has not been attempted. Generic assessments have been performed, but 
these are not representative of any single power plant . In this study, general background 
information on the mercury cycle, mercury emissions from coal plants, and risk 
assessment are provided to provide the basis for examining the impacts of local 
deposition. A section. that covers modeling of local deposition of mercury emitted from 
coal power plants follows . The code ISCST3 was used with mercury emissions data 
from two power plants and local meteorological, conditions to assess local deposition . 
The deposition modeling results were used to estimate the potential increase in mercury 
deposition that could occur in the vicinity of the plant. Increased deposition was assumed 
to lead to a lineaxly proportional increase in mercury concentrations in fish in local water 
bodies . Fish are the major pathway for human health impacts and, the potential for 
increased mercury exposure was evaluated and the risks of such exposure estimated. 
Based on the findings recommendations for future work and conclusions are provided. 

Mercury is receiving substantial attention in a number of areas including: understanding 
of mercury deposition, bioaccumulation, and transport through the atmosphere, and 
improvements to the understanding of health impacts created by exposure to mercury. A 
literature review of key articles is presented as Appendix A. 



2.0 a ckground 

Mercury is released to the atmosphere from both natural and anthropogenic sources . 
Natural sources include re-emission from vegetative plants and water bodies; as well as 
spatially discrete larger-scale events such as volcanic activity or forest fires . 
Anthropogenic sources include coal combustion, waste incineration, volatilization from 
paints, fiungicides and other mercury containing products, smelting, and. chlor=alkali 
plants . 

There are three major forms of airborne mercury, elemental mercury Hg(0); reactive 
gaseous mercury He, and particulate mercury Hg(p). Elemental mercury is the 
predominant form in the atmosphere and it persists in the atmosphere for approximately I 
year before being deposited. Approximately 1- 3% ofthe mercury in the atmosphere is 
Hg+2 and a smaller percentage is particulate mercury. He and Hg(p) are transported 
much shorter distances than elemental mercury prior to deposition. All three forms of 
mercury are deposited through rainfall and :dry deposition, however; the rate of deposition 
of Hg(0) is much lower than for the other two forms of mercury, 

Some of the deposited mercury will find its way into water bodies. There mercury 
accumulates in vegetation in the water. These plants are consumed by small fish, which 
are consumed by larger fish. At each stage; mercury concentrations increase (e.g. 
bioaccumulation. occurs): : At the highest trophic level; the mercury concentration in the 
fish can be millions of times larger than *in the water column at the mg/kg (ar parts per 
million, ppm) level ; 

	

Advisories recommending reduced fish consumption vary from 
state to state and typically are provided when Hg concentrations are around I ppm. 
Consumption of fish has been identif ed as. the major pathway far accumulation of 
mercury in humans: 

Although the general mercury cycle is well understood, the exact details are not. There 
are °still large uncertainties in a umber of. areas that impact the risk .assessment.. These 
include; 

® 

	

the effects of point sources (e.g . coal power plants) on decal deposition 
® 

	

the effects of anthropogenic global sources on deposition in the U.S. 
the effects of deposition on Hg load ngs in water bodies, 
the` effects of water body characteristics on methylation rates, 

® 

	

the effects of Hg loading in water bodies on methylation rates that converts 
mercury to a form that accumulates in fish and therefore, 
the effects of Hg loadings-in water: bodies to concentrations in fish 

In addition there is large uncertainty in the: response of the environment to reduced Hg 
emissions . Estimates of up to 95% a of the Hg emitted since the start of the industrial 
revolution is still contained in surface soils (EPA; 1997c) . A reduction in IIg emissions 
would most likely be buffered through releases from the reservoirs of stored mercury: 
Expert panels have estimated: that it would take 15 - 25 years before the impacts of 



reduction in Hg emissions could be observed . (Minnesota, 1999, USEPA, 1998b) . 
However, others expect that improvements could be seen on a much shorter time scale . 
Recent evidence from the METAALIOUS program suggests that freshly deposited 
mercury is more likely to undergo methylation.. 

2:2 

	

Risk Assessment Approach 

The EPA has acknowledged that most of the population is not at risk from Hg contained 
in fish . For most of the population, eating fish is recommended because of the many 
healthy benefits that it provides, in spite of concerns about Hg. The population at 
greatest risk is the in utero child . For this reason, the risk assessment performed in this 
study is focused on women of child bearing age (16 - 49) . 

The endpoint used in this :study is the population risk of a health effect which is 
estimated as the sum of the products of the incremental probability of exposure at a given 
level for each member ofthe population times. the probability of experiencing the effect 
at that exposure level. Information on such responses is obtained from a "dose-response" 
function, where some measure of individual exposure serves as a proxy for the dose to 
the target organ, here the developing fetal brain. 

This. paradigm requires data on the distribution of exposures (either measured or 
calculated) and a dose-response function, both expressed in terms of the same exposure 
metric. For this study; human Hg exposures are expressed as concentrations in hair . 
Other measures of exposure (biomarkers) are Hg concentrations in blood and umbilical 
cords_ In general, it is assumed that the mercury levels measured m fish correspond to 
the levels of methylmercury in the fish. Studies have shown that more than 95% of the 
mercury in fish is in the form of methylmercury (EPA, 1997c) . 

The baseline risk assessment approach has the following steps: 

" 

	

Estimate fish consumption from survey data 
Estimate Hg concentration in fish species from measured data. 
Estimate daily Hg intake as the product of consumption and concentration in fish. 

" 

	

Convert intake into levels of Hg in hair 
" 

	

Use the dose response function to estimate risk. 

Ideally, to get the population risk we need to repeat this process for each member of the 
population . In fact, the consumption of fish varies . from person to person and the Hg 
concentration in fish varies between fish and between species of fish. Therefore, to get 
the population risk, a Monte Carlo approach is used that samples among the distribution 
of consumption behavior and the distribution of Hg concentrations in. fish . The result is a 
distribution of daily intake (i.e . .3.% of the population has an intake of 0.1 ugld, 5% has an 
intake of 0.2 ugld, and so on), This distribution in intake is converted to a distribution in 
Hg in hair based on average pharmokinetic relatonships . The dose response function is 
used for each .group and the results are summed to estimate the total population risk. 



To examine the impacts of local deposition of Hg emissions from coal plants, the 
following additional steps are required: 

® . . Estimate the local deposition of Hg emissions 
. . Correlate the increase in local deposition with increases in mercury levels in fish. 
Many processes are involved from deposition to uptake in fish . For : example, the 
deposited mercury needs to undergo methylationwhich depends on. water 
characteristics and the biotic processes, enter the food chain, and work its way up 
the food chain to the fish.. It is likely that these processes are not linear. For 
simplicity; it is assumed that the percentage increase in local deposition near the 
coal fired power plant corresponds to the same percentage increase in mean Hg 
levels in fish . 
Using the adjusted Hg levels calculate risk. 

As a comparison, the predicted. distribution of Hg levels in hair from the baseline case 
and the reduced emissions case is used as well as the. change in population risk. 

Using this approach involves a number of assumptions resulting in uncertainties. in the 
analysis. To provide context to these uncertainties, they will be discussed after the 
completion of the quantitative risk assessment . 

The next few sections provide the data and technical basis for the risk assessment.. This 
includes discussions on mercury emissions and potential reductions from coal fired 
plants, fish consumption, Hg levels in fish; data on Hg levels in humans, and estimates of 
possible dose response functions .. This is followed by the assessment of the impact of 
reducing Hg emissions on human health risk . 

2..3 

	

Mercury Emissions. and Deposition from Coal-Fired Power Plants 

In 1995, U. S . anthropogenic emissions contributed -about 3 percent; or 158 tons, of the 
total global :annual input of 5,500 . tons of mercury to the atmosphere from all sources, 
natural and anthropogenic . About one-third (- 52 tons) are estimated to be deposited in 
the lower 4$ States, while the remaining two-thirds.(-1 :07 tons) diffuse beyond U.S. 
borders into the global :reservoir .. The U.S:, also receives mercury deposition from the 
global reservoir, calculated at about 35 tons in 1:995 (EPA, 1997a)w 

The total amount of mercury emissions from coal-fired power plants. is estimated to be 45 
tons: per year (41 metric tons) for 1999 (EPRI, 2000)) . The 45 tons of mercury emissions 
consists of 18 tons of oxidized mercury, 26 tons of elemental mercury., and one ton of 
particulate mercury. The total mercury entering power plants in the fuel is estimated at 7 5 
tons (68 metric tans) : Therefore, the national average mercury removal is 40 percent 
across the existing particulate and SC2 control technologies . Measured removals are 
highly variable between the various control technology categories, as well as within some 
of the control technology categories . 

Data on mercury deposition from local sources are scarce . With respect to deposition 
near anthropogen c sources, EPA states "These data. are not derived from a 



comprehensive study for mercury around the sources of interest . Despite the obvious 
needs for such an effort, such a study does not appear to exist." (US EPA, 1997c, p . 3-
31) EPA continues and states "These data (Hg levels near sources) collectively indicate 
that mercury concentrations near these anthropogenic sources are _generally elevated 
when compared with data collected at -greater distances from the sources . However, 
because these data do not conclusively demonstrate or refute. .a connection between 
anthropogenic mercury emissions and elevated environmental levels, a modeling exercise 
was undertaken to examine further this possible .connection".. (USEPA 1997.c, p . 3-32) . 
The lack of data is particularly true for deposition near coal power plants. Studies near 
and around coal plants (there are 3 - Four Corners, NM., Kincaid, Illinois, and Slovenia) 
do not conclusively show local deposition . Slight increases in sediment concentrations 
(20 -40%) in a nearby lake at the Kincaid plant were observed. However, increases in Hg 
concentration in the fish in this lake were not observed . Recently, studies measuring 
local deposition have been started near the Dickerson Power Plant. 

A number of studies have shown increases in Hg concentration in soils and sediments by 
factors of 2 -3 within a few hundred meters of sources. (Municipal waste incinerators, 
chlor-alkali plants, etc) (Lodenuis, 1998, Biester, 2002). The effect decreases with 
distance, However, a number of studies also show limited or no increase in Hg 
concentrations near sources . EPA has conducted modeling studies (EPA, 1998c) that 
suggest _2.5 km downwind from a 1000 MWe :coal plant, deposition could double. The 
modeled effects of a coal plant on deposition indicate less ̀ than a 10% increase in 
deposition beyond 50 km from the plant. In the EPA study, the local impacts of a coal 
fired power plant on human health risks are not evaluated . That is the focus of this 
report . 

There have been a number of studies of emissions. of mercury from coal fired power 
plants.. In 1999, the US EPA placed an information collection request to the utilities to 
obtain data on the speciation of mercury emitted from the stacks of coal fired power 
plants . Data were obtained from 111 units (approximately 10% of all units) representing 
a broad range of -coals and exhaust treatment systems . The data from these tests 
indicated that approximately 5.5% of the mass of mercury is emitted as Hg(0), 44% is 
emitted as reactive gaseous mercury, and 0.5%o is emitted. as particulate mercury. 
Substantial variations around this average were observed depending on the type of coal 
and treatment system.. In this program; the measured :emissions from two power plants 
were used as a basis for the local deposition modeling. 



3.0 

	

Modeling of Local ep .o ition of Mercury from Coal, Fired Power Plants 

The local atmospheric transport of mercury released from the coal-&6d power plants was 
studied to estimate the local impacts of mercury deposition.. The Industrial Source Code 
(I SCST3 ) Short Term air dispersion model was utilized -to model these processes . This' 
code is an updated version of the computer code used by the Environmental Protection 
Agency to examine local deposition from combustion sources in their report to Congress 
in 1998 (EPA, 1997c) 

The basis of the ISCST3 model is, the straight-line,. steady-state Gaussianylume equation, 
which is used with some modifications to model simple point source,emissio'ns from 
stacks and emissions from stacks that ̀experience the effects of aerodynamic downwash 
due to nearby buildings. Emission sources are categorized into four basic types of 
sources, te~point sources, volume sources, area sources, and open pit sources . Point 
sources were used to model the . emissions Uom the stacks of the coal fired power plants . 
ISCST3 has models to simulate wet and dry deposition of mercury and depletion of the 
plume due to deposition.', Wet deposition is modeled based on "a scavenging rate which 
depends on the type of mercury and rainfall rate . Dry deposition is modeled based on a 
deposition velocity . The algorithms used to in ISCST3 are described elsewhere in detail 
(EPA, 1995), 

The ISC Short Term-model accepts hourly meteorological data records to define the * 
conditions for plume rise, transport, difRisioti,and deposition. The model estimates the 
concentration or deposition -value for each source and receptor combination for each hour 
of input meteorology, and calculates user-selected short-term averages . For deposition. 

. - 

values, the dry deposition flux, 
the 

wet deposition flux, or the total deposition flux may 
be estimated. The total deposition flux is simply the sum of the dry and wet deposition . 
fluxes at a particular receptor location. 

Mercury emissions data from the Bruce Mansfield and Monticello power plans were 
used to -represent the source terms. Meteorological data from nearby weather stations. 
were used to simulate typical weather patterns . This approach was selected to hot the 
consistency between model results and environmental monitoring data that suggest that measured mercury levels in environmental media and biota may be elevated in areas 
around stationary combustion sources that emit mercury., 

Modeling deposition requires three key sets of parameters: source emissions rate, meteorological data, and deposition parameters, The following sections describe each of 
these in detail, 

3 .1 Emissions 

Two types of mercury species occur in the emissions and they behave quite 
differently once emitted from the stack. Elemental mercury,* Hg(D)., due to its high vapor 
pressure and low water solubility, is not expected U) deposit close to the facility . In 



contrast, reactive gaseous mercury (R-MM, Hg+2 , is much more soluble in water and is 
accommodated in rain' and therefore, will deposit in greater quantities closer to the 
emission sources.. In addition, RGM will also undergo dry deposition at a much higher 
rate than . elemental mercury . 

At the point of stack emission and during :atmospheric transport, mercury can also 
become bound to particulate matter. This form of mercury, Hg(p), can be removed from 
the atmosphere by both wet deposition (precipitation scavenging) and dry deposition - 
(gravitational settling, Brownian diffusion) . 

In 1999, the EPA, requested information from over 100 coal fired units on the emissions 
of mercury. Subsequently ; testing was performed to measure the release of three types 
of mercury. (elemental; RGM, and particulate-bound) from . the exhaust stacks of these 
plants. For this analysis, the data from the Bruce Mansfield Plant in Shippingnort, PA 
(Table 1) and the Mont cello Plant in Monticello, TX (Table 3) were used as the 
emissions source term. 

Table 1 : 

	

Mercury emissions from the Bruce Mansfield Tests 

The fraction of the 3 types of mercury weighted by total emissions during the test periods 
is : 

	

Hg(0) - 

	

78..5% o 
Hg(+2) = 

	

19.7%, and 
Hg(p) ° 

	

1:8%0 

The above emission rates were from 3 short term tests. The total 1999 emission from all 
3 plants. at Bruce Mansfield was 0.504 tons or 1 .45 10"2 g/s. 

Using the fractional release rate from the test data, the release rate for each mercury 
category is : 
Emissions (gls) 

Unit Test 1 Test 2 Test 3 
Hg(Q) (metric 
tonslyr 

0.16 0.17 0.14 

Hg(+2) ( metric 
tons/yr) 

0.056 0.025 0.038 

Hg(p) (metric 
tons/ r) 

0.0037 0.0034 0.0037 

Total H Is) 0.0071 0.0063 0.0058 
Fraction H O) 0.73 0.86 0.77 
Fraction H g(+2) 0.25 0.13 0.:21 
Fraction H () 0.02 0.02 0.020 

Hg(0) - 0.0114 g/s 
Hg(+2) - 0.0029 g/s 
Hg(p) - 0.0002;6 g/s 
Total - 0::0145 g/s 



Table 2 Mercury emissions from the Monticello Tests. 

Tests 1, 2 and. 6. were conducted on unit I. . While tests 3, 4, and 5 were from Unit 3. 
There is a major difference between unit 1 and unit 3 emissions with Unit 1 emitting 
predominantly Hg(+2) while unit 3 emits primarily Hg(0) . Both units emit only a small 
fraction of Hg(p) . 

The fraction of the 3 types of mercury weighted. by total emissions during the test periods 
is 

	

Hg(O) - 

	

39.2% 

	

. 
Hg(+2) = 

	

60:4%, and 
Hg(p) - 

	

03% 

Total mercury emissions from the Monticello power station were 954.5 kg (0 ..03 gls) in 
1999. Monticello is the plant with the highest mercury emissions in the U.S. in 1999 . 
Using the fractional release rate from the test data, the release rate for each mercury 
category is : 
Emissions (gls) 
Hg(O) - 

	

0:012 

	

. 
Hg(+2) - 

	

0::018 
Hg(p) - 

	

0000091 

Comparing the emissions rates indicates that both plants emit approximately the same 
amount of elemental mercury (Hg(O)); while the Monticello plant emits six tunes as 
much R:GM and one-third as much particulate mercury as the Bruce Mansfield plant. 
These differences impact the amount of local deposition; The national average for 
emissions. was 58% elemental mercury, 40% RGM, and 2% Hg(p) . Thus, the Bruce 
Mansfield plant emits less RGM on a percentage basis than the national average, while 
the opposite is true for Monticello . The high emission rate and high fraction : of RGM at 
the Monticello plant will lead to deposition estimates that should be an upper bound for 
all of the plants in the US. 

Unit Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 
Hg(Q) (metric 
ton/yr) 

0.029 0.025 0.054 0.057 0.060 0.026 

Hg( t.2) (metric 
ton/ 

f. 1_3 0.13 0:17 0.12 0.10 0:5:2 

Hg(p) (metric 
tons! r) 

0.0013 0.001-9 0,0056 0.0058 6.0043 0,0028 

Total H 0;052 0.050 0.023 0:022 0.020 0.017 
Fraction Hg(O) 0.18 0.16' 0.75 0.81 0.97 044 
Fraction 11g(+2) 0.82 0.84 0.24 0:18 0,02 0.95 
Fraction Hg(p) 0.000:8 0.001.2 0.0078 0.0084 0.0069 0..005 



3 .2 

	

Meteorological Data 

The Bruce Mansfield plant is located in Shippingport, PA about .25 miles northwest of 
Pittsburgh, PA. Meteorological data from the year 1990 were selected for use in the 
evaluation of deposition . Weather is variable, from year to year, and will change 
deposition amounts and patterns. The year 1990 was chosen for illustrative purposes and 
not with the intent of predicting deposition that occurred in a particular year . Data from 
1:9.99, the year of the emissions data, would have been preferable, but were not available . 
In 1990, the winds were primarily out of the south and west as displayed in the windrose, 
Figure 1. 

	

The wind during precipitation events was more uniformly distributed in all 
directions, Figure 2, with the exception of the Northeast. Rainfall was measured in 9;1 °fo 
of the hours in the year . A total of 13.3 cm of precipitation was measured in 1990. The 
average wind velocity was .8 :8 knots. However, during rainfall events, the winds were 
generally light . 

The Monticello plant is. located in Monticello, TX about 9 miles south west of Mount 
Pleasant TX and about 60 miles . cast and north of Dallas, TX. Meteorological data from 
1990 taken in Abilene was used as the basis for deposition modeling. The wind is almost 
always from due north or south, predominantly from the south (25% of the time), Figure 
3 . Approximately 10% of the time the wind is out of the north.. In contrast, precipitation 
events occur most frequently when the wind is out of the north, Figure 4. 

	

Southeasterly 
winds also account for substantial rainfall. Rainfall occurred approximately 4% of the 
time with a total amount of 80 cm. 



Figure I 

	

Direction wind from) and intensity of wind (Windrose) used for -modeling 
deposition near the Bruce Mansfield Plant. 
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Figure 2 

	

Direction (wind from] and intensity of precipitation used for modeling 
deposition near the Bruce Mansfield Plant. 
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Figure 3 

	

Direction (wind from) and intensity of wind (Windrose) used for 
modeling deposition near the Monticello power plant. 

f 

f 

r 

i 

J 

	

f 

	

_ 

f 

	

f 

	

f f 

	

f f 

f 

	

t 

	

J f 

	

J 

	

f 
J 

	

J 

	

i 

3 

	

7 
1 

	

J 

	

J 

	

1 

	

1 
I 

	

A 

	

J 

	

J 

	

J 

( WEST 

	

r 

	

' 

	

1 

	

} 

	

. 
I 

	

, 

	

~ 

	

t 

	

5 
S ' 

	

t 
t 
a 

INORTH - ̀ - 

12 

3 

~1 .rY 
~ 

	

S 

	

Y 
t 

	

t 
1 

	

S 
;~~ S t S 

t 

	

t 
't 

	

l 

	

1 

1 

	

1 

	

1 
J 

	

l 

	

S 

r 

Wind Speed 
(Knots) 

>_ .22 

17-21 
11-17 
7-11 
4-7 
1-4 

I1.B~ t 
S 

	

S 

f1 .2-4 ' Y 
t 

	

1 
t 

	

S 

	

Y 
D.$y~ S 1 A 

k 

	

l 

	

t 
t 

	

t 

	

l 

	

i 
5 

	

I 

	

1 

	

1 
1 

	

1 

	

1 

	

1 
S 

	

1 

	

i 

	

1 

EAST 
J 

J~ f 

	

Preaip .Irt . 
J 
f 

	

r 

	

lr 

	

r_ 

	

(mm1hr) 
r 

	

s 

	

1-1 

	

>= 22 
r 

	

17 .-21 r
.f 

J{ r 
rr Ji 

Jt 

	

11-17 
J 

	

J 
r 

	

~r`,, 7 77 

	

7-11 

U 4-7 
1-4 

Figure 4 

	

Precipitation Intensity and Direction (wind from) used for modeling 
deposition around the Monticello Power Plant. 



3 .3 

	

Deposition Parameters 

Once emitted from the stack, mercury can deposit through wet or dry processes . Wet 
deposition occurs when mercury is accumulated in precipitation and then deposited with 
the precipitation. . The amount of accumulation depends strongly on the type of mercury. 
Particulate mercury is readily removed by rain. Reactive gaseous mercury and the 
compounds it forms also have a high solubility in water and are readily incorporated into 
precipitation. . Elemental mercury has a low solubility and does: not tend to accumulate in 
rain to the degree as the other two types of mercury. Dry deposition also depends 
strongly on the type of mercury. In general, reactive gaseous mercury deposits at a 
higher rate per unit mass than particulate mercury or elemental mercury due to its hgr 
chemical reactivity with particulate surfaces. 

In this analysis,: the distribution of mercury between the three different conditions was 
assumed to equal that measured at the exhaust stack . It is recognized that this is a 
simplification of reality, as the ratio when emitted from the stack is likely to change as 
the distance from the stack increases. due to atmospheric chemical reactions. 

3.3 .'1 

	

Wet Deposition 

ISCST models. wet deposition using rainfall intensity and an empirical parameter known 
as the scavenging coefficient . The total flux to be deposited is the product of the 
scavenging ratio multiplied by the concentration integrated over the vertical dimension. 
The scavenging ratio is composed of two parameters, precipitation intensity (mm/hr) arid 
a scavenging coeff cient (s-mm/hr)-1 . The scavenging coefficient depends on the 
characteristics of the pollutant (e.g., solubility and reactivity for gases, size distribution 
for particles) as well as the nature of the precipitation (e.g., liquid or frozen) . Scavenging 
rate coefficients are expected to be approximately 1/3 smaller for frozen precipitation.: 

Direct measurements. of :scavenging parameters for mercury are not available. However, 
estimates of a washout ratio, (concentration in precipitation to concentration in air), were 
provided in the EPA's report to Congress (1998c) . The washout ratio can be related to 
the scavenging coefficient used in ISCST. The washout ratio for reactive gaseous 
mercury is 1.6 10 , while the ratio for elemental mercury is 1200: The large difference 
reflects the much higher solubility of reactive gaseous mercury. Using these values, the 
scavenging coefficient was calculated as 2.510-4 (s-inm/hr)" m for reactive gaseous 
mercury and 3 :310"z (s-mm/hr) "m for elemental mercury: 

Particle deposition rates depend on the particle size. In this study, particle size 
distributions obtained by Landis were used for estimating deposition (Landis, 193$) . In 
measurement of particles over Lake Michigan, two size categories were determined, 
coarse and fine . The fine fraction is believed to result from combustion processes and 
accounted for 70% of the surface area of all. particles. The particle diameter for the fine 
fraction was 0.68 

	

. The coarse fraction particle median diameter was 3-.5 ttm. The 
scavenging coefficient for 0.68 ~tm particles was taken as 7 10"$ (s-mm/hryl while for 



3 .5 gin particles it increases to 2.:8 10-4 (s-mm/hr)-1. Vet deposition parameters are 
summarized in Table 3. 

Table 3: Wet Deposition Parameters. 
Form of Mercury Liquid Scavenging 

Coefficient (s-inm/hr -1 
Frozen Scavenging 
Coefficients-mm/hr -1 

3 .310' 1.:0 10 
H g(+2) 2.510- 5.0 10- 
H : 0.68 m . 7.010- 2.010- 
H ( ) 3 .5 gin 18 10" 9.010 



3 .3.2 

	

Dry Deposition Parameters 

Dry deposition is frequently modeled using a deposition velocity . In general; the dry 
deposition velocity is a function of ground cover (e.g . grass, forests, water, etc-) -and , 
weather conditions . The total deposition flux'is the product of the deposition velocity 
and the concentration at the ground surface. In the EPA Report to Congress on Mercury, 
dry deposition. velocities were calculated over a range of conditions and. the average -.. . 
deposition velocity for elemental mercury was 0,06 curls while fox reactive gaseous. 
mercury the average value is 2 9 cmls (EPA, 19980) . 

Particle deposition also depends on the size. of the particles, with larger part cles..failing at 
their gravitational settling velocity which is controlled by their size and friction factors 
and smaller particles at a slower rate .: Land s (Landis, 1998) developed a model for 
predicting deposition velocity as a function of particle size, Figure 5 .. 

Figure 5 

	

Dry deposition velocity as a function of particle size (from Landis, 1998) . 

Landis also calculated dry deposition rates for various size particles under different 
conditions and obtained a erage values of 0.09 cm/s for fine particles (0.68 ~tm) and 0:.45 
curls for coarse particles (3 ..5 gm) (Landis,1998), Dry deposition parameters are 
summarized in Table 4. 



Table 4 

	

Dry Deposition Parameters 

4.4 

	

Coal Plant Parameters 

In order to run, ISCST, the :stack height, stack exhaust temperature, and stack exit 
diameter and velocity are required. Stack exhaust temperatures -were measured as part of 
the information collection request. The other data were selected to be consistent with the 
values used for large coal fired power plants in the EPA's report to Congress (EPA, 
1998c) . Table 5 contains the values used in modeling deposition at both power plants. 

Table 5 

	

Coal Plant Parameters 
Parameter Value 
Stack Height (m) 223 
Stack Diameter (m 7 
Exit Velocity nmls 21 :6 
Monticello Exhaust Temperature p K 379 
Bruce Mansfield Exhaust Temp erature (°K 326 

Form of Mercury Dry Deposition Velocity (em/s) 
H (O) 0.06 
Hg(+2) 2.9 
H () 0:68 m Q.09 
H()3.5 m 0.45 



4.0 Local eposition odeling Results 

The data presented in Chapter 4 were: used to predict the amount of local deposition 
around the Bruce Mansfield and Monticello power plants . In the simulations the 
concentration of mercury in air (ng/m3), wet deposition (!.Lg/mZ/yr) and dry deposition 
([~g/m2lyr)- were computed on a l kin grid centered around the plant. Air concentrations 
were available in terms of ayearly average value as well as peak value's over a :24 hour 
period . Simulations were carried out for a minimum . of 25 km in the downwind direction., 

Local -deposition modeling was performed to indicate the increase in concentrations and 
deposition over natural background. Concentrations of mercury in air have been 
determined from a number o£ locations . _ Typical values. are around 1- 4 ng/m3 in rural 
areas and 10 - 50 ng/m3 in urban. areas (Landis, 1988). In EPA's report to Congress 
(EPA, 1998 c) a value of 1 .7 ng/m3 was the average mercury level away from sources. 
Wet deposition is being measured throughout the country through the Mercury 
Deposition Network. Deposition rates range from 5 - 25 ug/m2/yr . In western 
Pennsylvania betweea 1998 acid 2001, the range is between 8 -12 ug/m2lyr . In eastern 
Texas during that time period, the range is 10 -15: ughn~/yr. Dry deposition is not well 
understood but estimates indicate that it should. be in the range of 50 to 100°/o of wet 
deposition. 

For ,a comparison basis, this study will use an air concentration value of 1 :. .7 i g/m3, the 
value used in the EPA Report to Congress for rural areas; wet :deposition of 10 ug/m~lyr, 
based on Mercury Deposition Network Data; dry deposition of 10 ug/m2/yr; based on 
average literature estimates; and a total deposition of 20 ug/in2lyr as typical background 
levels . 

4.1 

	

Bruce Mansfield Local Deposition Results 

Local deposition modeling was performed for the Bruce Mansfield plant using, the data 
presented in section 4 . Figure 1 presents the predicted yearly average total mercer 
concentration data around the plant. The predominant form of mercury emitted from the 
Bruce Mansfield plant is Hg(0) and it constitutes approximately 80°fo of the total 
mercury . Ground-level concentrations peak to the east and northeast of the plant, 
consistent with the prevailing winds: Figure 1 . The. peak value is 0.015 ng/m~, less than 
1% of the expected background concentration., 1 .7 ng/m3 . Althoughyearly average 
concentrations are low; it must be . kept in mind that these concentrations represent the 
ground-level concentrations. Therefore, values near the centerline of the plume will be 
higher. The maximum daily average ground-level concentration was 0.13 ng/m3, 
approximately 8% of the expected background: This . indicates that even in the immediate 
vicinity of a power plant, the ground-level concentraions are only a small fraction of 
background levels : 
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Figure 6 

	

Predicted total mercury ground-level air concentrations (nglnl) around the 
Bruce Mansfield Power Plant (Plant located at (0,0))_ 

Away from sources, the amount of reactive gaseous mercury is typically 1- 3% -of the 
total amount of mercury. Thus, background values of RGM are expected to range 
between 0.02 and .0:.05 ngfm3 . Near the Bruce Mansfield Plant, in the region depicted in 
Figure 6, predicted RGM values average 0.0025 nglm3 , approximately 1/1 0 of the 
background level . 

Figure 7 presents the predicted total wet deposition of mercury around the Bruce 
Mansfield Power Plant . Due to the different deposition characteristics although only 
20% of the mercury emitted is in the form of RGM (Hg + 2), 84% of the deposited 
mercury is RGM. 1n contrast to the concentration plume, the wet deposition is located 
almost uniformly around the plant with excess deposition of 5 ug/m2lyr extending no 
more than 10 km from the plant. Deposition is primarily along the east-west plane 
consistent with the predominant winds. during precipitation, Figure 2. 
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Total predicted wet deposition around the Bruce Mansfield Power Plant. 
The estimated background wet deposition rate is 10 ugtrn2J jr, thus a region near the plant 
is predicted to have deposition 2 to 3 times theassumed background wet deposition. 

Figure 8 presents the predicted mercury dry deposition pattern around the Bruce 
Mansfield plant. Again, due to the different deposition velocities, RGM contributes 
approximately 85% of the total deposition even though it is only 20% of emissions. The, 
deposition pattern reflects. the concentration pattern and pears to the east of the facility 
consistent with the prevailing winds. Total deposition rates .are much lower than for wet 
deposition, but they are distributed over a. much greater area. The fact that the peak is 
away from the plant results from the emission at elevated temperature and height. 
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Total predicted mercury dry deposition around the Bruce Mansfield Power 
Plant. 

Figure 9 shows the total predicted mercury deposition around the Bruce Mansfield Power 
Plant. The addition of the dry deposition marginally increases the 5 uglmZfyr contour of 
the wet deposition towards the east, but leaves 'the general pattern unchanged . 
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Table 6 summarizes the. average. yearly maximum concentration and deposition amounts 
resulting from the model predictions . The maximum yearly average concentrations for 
all three species are well below expected background levels Wet deposition peaks near 
the source, the location (0,1000) is the first computational point . Use of the steady-state 
Gaussian plume model in ISCST near the source may not be accurate . However, a 
prediction of deposition of 91 ug/m2/yr indicates. that high deposition will occur near the 
source under precipitation conditions due to washout. 

Table 7 summarizes the total mass -deposited. and. the average deposition rate over the 
modeled area for each of the three forms of mercury . The total mass deposited over the 
modeled domain. is predicted to 8800 grams or 1 .9% of the total :emitted. This indicate 
that the vast majority of mercury emitted from the Bruce Mansfield plant is not -deposited 
within 30 km of the plant and enters the global mercury cycle. In the emissions, 
elemental mercury accounts for 78.5% of the mass; RGM accounts for 193% and 
particulate mercury accounts for 1 .8%. In the deposition, RGM accounts for 84%, of the 



total deposition, elemental mercury accounts for 11% o and particulate mercury accounts 
for 5%. The higher relative deposition rates of RGM and particulate mercury reflect the 
higher values for their deposition parameters. Their fractional deposition rate (mass 
deposited over the modeled domain divided by the mass emitted from the plant) was 
around 6%, while less than 03% of the elemental mercury deposited locally. Although, 
the. peak deposition rates are much higher for wet than dry :deposition, the total mass 
deposited by each mechanism is approximately the same. Therefore, over the area of the 
modeled domain, the average deposition rates for wet and dry deposition are similar . The 
area average deposition rate, 3 .0 ug/m~/yr is approximately 15°% of that expected from 
background (20 ug/rn2/yr) . This number, 15%, is used in . the risk assessment to evaluate 
the impacts of local mercury deposition on health risk . Around the plant, there is an area 
of approximately 50 km2 which receives an average deposition rate of 20 ug/m2/yr. In 
this region, deposition is doubled over background and this value will be used to examine 
an upper bound on the potential increases in risk due to local deposition of mercury . 

Table G Bruce Mansfield Plant yearly average maximum concentration and deposition 
values . 

I-Tg(0) Hg(-±2). Idg(): Location (mm) 
t'atrticul~_nc i;I I-~T ) 

Concentration n m) 2:9 10- (3000,3000 
Wet Deposition ̀ g/m~/yr) 3 .4 (0.10'00) 
D Deposition /m2/ ) 0.15 (14,000.,5000) 
Reactive (RCM) 
Concentration (n /m~~ 3.3 10 - 3000;3000 
Wet Deposition /M21 . 91 (Q,1000) 
Dry T)e osition (g/nit/yr) 3.4 (3000,3000) 
L.I~m`vrmf IIILrp) 
Concentration : n .m . 1 :33 10' 3-000;3000) 
Wet Deposition ( /m2/yr 0.84 (-10f0 0) 
Dry Deposition ( r) 014 (3000,3000) 



Table 7: Bruce Mansfield Mercury Deposition summ 

Hg(0) Hg.(}?) HT)T' Total HQ 
Toil k-1 s.sdtpo ., it'-:d L~1:',1A 1`1I(3P- Pl"\JAN'RGM BPLI~IA1tiIlt (~ 
Wet d,~pusit un (g () 'S 156 4610 
Dry de osition (ms' 300 3559 306 4165 
Total deposition(gms) 946 7367 462 8775 
Avg depo:"if loll rate 
Avg Wet Deposition 
( /nip/ . r 

. 0.026 1.5 0,.063 1 .6 

Avg Dry Deposition 
(g/m2/ 

0.012 1 .4 0.012 1.4 

Avg Total De osition 0.038 2.9' 0.075 3.0 
I rti~[it~~~f Deposition 
Fraction of Wet 
Deposition to Emissions 

1 .9 10" 0:.034 0.02 0.01 

Fraction of' Dry 
Deposition to Emissions 

8 9 10- 0.0.31 0.039 U09- 

Fraction of Total 
Deposition to Emissions 

2`.79 10" 0.065 0.059 0 .019 



4.2 

	

Monticello Deposition 

Local deposition modeling was performed for the Monticello plant using the data 
presented in section 4. The Monticello plant : emitted approximately twice as much 
mercury as the Bruce Mansfield plant and had the highest total emissions in the U.S . for 
1999. In addition, it emits over 60% ROM, thus local deposition is expected to be among 
the highest of all U.S . plants . Figure 10 presents the predicted yearly average ground-
level total, mercury concentration around the plant. Concentrations peak to the north of 
the plant consistent with the prevailing southerly winds, Figure 3 . The peak value is 0.04 
ng/m3, less than 3% of the expected background concentration, 1 .7 ng/m3 : However, the 
amount of RGM is 0.022 ng/m3 which is approximately the same as the expected 
background level of RGM. The maximum daily average concentration was 0.58 ng/m3, 
approximately 34% of the expected background . This indicates that even in the 
immediate vicinity of the power plant with the. largest emissions in the US, the increase in 

air concentrations are only a fraction of background levels . 
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Figure 10 

	

Predicted .ground-level total mercury air concentrations (ng/rn3) around the 
Monticello Power Plant (Plant located at (:0,0)) . 
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Figure 11 presents the predicted total wet deposition of mercury around the Monticello 
Power Plant. Over 98°x`0 of the deposition arises from reactive gaseous mercury: This is 
due to the large fraction of RGM (60%) in the emissions and the large deposition 
parameters relative to elemental mercury. Du to the wind flow being almost exclusively 
in the north-south.direction, the wet deposition, is located along this axis . The large 
amount of RGM in the emissions leads to high predicted deposition rates. -Wet 
deposition is predicted to be'greater than 40 ug/m2/yr (4 times suet deposition 
background): for a' distance of five kilometers from the.. plant. in both the north and south 
directions . The predicted region with excess deposition of 5 ug/m2Iyr extends more than 
50 kin along the north-south axis . 
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Total predicted mercury wet deposition (ug/m~/fir) -around the Monticello 
Power Plant 



Figure 12 presents the predicted. dry deposition pattern around the Monticello power 
plant . Again, due to the different dry deposition velocities, RGM contributes 
approximately 98% of the total deposition even though it is only 60% o of emissions . The 
deposition pattern peaks to the north of 

	

facility consistent with the prevailing winds. 
Total deposition rates are in excess of the estimated background dry deposition rate of 10 
ug/m2/yr for more than 30 km from the plant. Subsequent modeling showed that the 
region of dry deposition in excess of 10 ug/m2/yr was contained within 50 km of the 
plant. The fact that. the peak is away from the plant results from the emission. at elevated 
temperature and height . 
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Figure 1'2 

	

Total predicted mercury dry deposition (ug/m2/yr) around the Monticello 
Power Plant . 



Figure 13 shoves the total predicted deposition around the Monticello power plant, The 
deposition is peaked along the north-south axis, which is the direction of wind flew . 
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Figure 13 

	

Predicted total mercury deposition (ug/m?/yr) around the Monticello ; 
Power Plant . 

Table 8 summarizes the total mass deposited and the average deposition rate over the 
modeled area around the Monticello plant for each of the three forms' of mercury. The 
total mass deposited over the modeled domain is predicted to be 23400. grams or 2.5% of 
the total emitted . Increasing the distance to a 5'0 km radius around the plant did not 
change the predicted wet deposition. However, the dry deposition. mass . increased by :a 
factor of 3 to_ 29100g . The total deposition within 50 km of the plant was 40100 grains, 
4.2% of the total emitted: This :indicates that the vast majority of mercury emitted from 
the Monticello plant is not deposited within 50 km of the plant and enters the global, . 
mercury cycle. In the :emissions, elemental mercury accounts fox 40% of the mass, RGM 
accounts for 60% and particulate mercury accounts for Q:3~/o:. In the deposition, RGM is 
respozisible for 98 .7% of the total .deposition, elemental mercury accounts for 1 .1%o and 
particulate mereauy accounts for 0.2%_ 'Their fractional deposition rate (mass deposited 
over the modeled domain divided by the mass emitted from the plant) was around 4%, 
while less than 0.07% of the elemental mercury deposited locally . Although, the peak 
deposition rates are much higher for wet than dry deposition, the total mass deposited by 
each mechanism is approximately the same. Increasing the modeled area from 30 km 
downwind of the plant to 50 km increased dry deposition by a factor of 3. Therefore, . 



over a circular area with a 50 km centered at the plant, approximately 75% of the 
deposition occurs under dry conditions . Over the area of the modeled domain 50 X 50 km 
rectangular grid represented in Figures 9 - 13, the average deposition rates for wet and 
'dry deposition are similar and.around 4.5 ug/m2/yr . The area average deposition rate over 
this area; 9.30 ug/ni /yr is approximately 45% of that expected from background (20 
ug/m2/yr) . This percentage increase is used in the risk assessment to evaluate the impacts 
of local deposition. However, regions of this area along the prevailing wind direction 
were in excess of 20 ugW/yr, Within 5 km of the plant in this direction, predicted 

	

. 
deposition exceeded 40 ughn2/yr, or twice the expected background. Evaluation of the 
predicted deposition in the area suggested that average mercury deposition in this region 
could be 33 ug/m2/yr, or 1 .65 times background. As an upper bound estimate of the local 
deposition, an increase.of 1 :6.5% over background was used in the risk assessments. The 
Monticello plant is expected . to be an upper bound on deposition from coal fired power 
plants due to the large emission rate (highest in. the US, almost 2°% of total US 
emissions), high fraction of RGM (60%, US average 34°/) and meteorological conditions 
(wind almost exclusively from the South) . 

Table. 8 , .Monticello Plant yearly avera: e maximum concentration and de osition values. 

Table 9.: Monticello mercury deposition summ 
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_ H~-(0) Hg(+2) () Total H 
t-t;d do 
Wet deposition ms 39 11681 39.5 11759 
Dry deposition (ms 218 11378 2.8- 11599 
Total deposition (gms) 257 23059 42.3 23358 
\vy uc c� itiOrl C~t$i~ _ 
Avg Wet Deposition 
u Im- . ) 

0-015 4:7 0.016. 5.0 

Avg Dry Deposition (u .~m2/ ) 0:1 4:5 0:001 4.6 

Av Total Deposition 0.11 9.2 0.016 9.3 

139(0). H g(+2) 1-19(p) 
1,l1Ill C H IL"�) 

Concentration (1i /m) v 1,4 10_ 

Wet Deposition (ug/m 1 .5 
hrv Deposition u Im /r : 
lseouii ;~e ( l~ c v:1 ~ I~~ ) 

0.15 

Concentration . ug : W . 0,023 
Wet Deposition (i!9 1 r) 504 
Dry Deposition (u /m /yr) 20.1 
~'I~mcmi.<jl ('IT~~(tl)) 
Concentration u /m 0 .018u 
Wet Deposition u /m l r 0 .55 
Dr De osition u /rn / 0,34 



Major findings of the deposition modeling are; 
V et deposition. removes a large fraction of the'reactive gaseous and particulate 
mercury emitted during precipitation events and this deposits locally within 5 or 10 
km of the plant ; Although, most of these types of mercury emitted during 
precipitation events is deposited locally; precipitation events occur less than 10% of 
the time, therefore, only 2 - 4%' of the RGM is deposited due to wet deposition:: 

" 

	

The total amount of RGM deposited locally under dry conditions is predicted to be 
approximately the same as for wet deposition. Dry deposition rates of RGM are 
lower than wet deposition rates, but occur over a larger area. 
Only a few percent (4 - 7°%) of the mercury emitted from the power plants deposits 
within 30 km of the plant. The majority of mercury enters the global cycle . 
Reactive gaseous mercury is the primary form of mercury that is deposited. 

" 

	

In the prevailing wind direction ; deposition resulting from coal plant emissions can be 
the same order of magnitude as expected background deposition. 

1 C'fiioii_i1 
Fraction. We.L DzpusAion to 0:0001 0.021 0:014 0.013 
Emissions 
Fraction Dry Deposition- to 0.0006 0.02 0.001 0.0'12 . 
Emissions 
Fraction' Total Deposition to 0:'0007 ' = 0:04 0.014- 0.02E` 
Emissions _ 



5.0 

	

Risk Assessment 

The objective of this study is. to quantify the impact of local mercury deposition from 
coal fired power plants on risks from fetal- exposure through maternal consumption of 
fish. Based on the data collected in the 1,999 EPA data collection request, we used the 
mercury emissions data from two power plants, Monticello approximately 60 miles . east 
and north of Dallas, TX, and Bruce Mansfield in Shippingport, PA, as the basis for 
modeling local deposition.. Both of these plants emitted substantial quantities of mercury 
and can serve as a basis for examining potential impacts. of local deposition under high 
loadings . The Monticello plant has three coal-fired units and the combined emissions 
from this plant were the highest total mercury emissions of any plant in the country in 
1999 and it emitted 1 ton of mercury, approximately 2% of the total amount emitted by 
all coal fired power plants in the U.S. The Bruce Mansfield plant's 1999 .emissions 
totaled 0.48 -tons (approximately 1 % of the U.S . total) . Meteorological data for a one-year 
period was taken from nearby weather stations, Abilene airport which is approximately 
150 miles from the Monticello site and Pittsburgh airport, which is approximately 25 
miles. from the Bruce Mansfield site . The Abilene data was chosen to represent the 
Monticello site because of the availability of hourly precipitation data . Wind data from 
Dallas/Fort Worth, approximately 60 miles west of the Monticello site and from 
Shreveport,, La, approximately 60 miles east of the site showed the same pattern as in 
Abilene. Total precipitation amounts from these 3 sites are also similar . Future :studies 
could use data from these sites, or from the plant to improve wind and weather 
predictions for the site. 

The risk :assessment was performed for the general population in the vicinity of these 
power plants . In addition, particular concern is expressed. for populations that consume 
high fractions of freshwater fish. These would include subsistence fishers and 
recreational fishers, This study quantifies the risk for the general population and 
subsistence. fisher groups with and without the emissions from the plants. Without local 
deposition, the risk is calculated based on fish consumption patterns and typical values 
for Hg concentrations in fish, section 5.2 . When local deposition is taken into account, it 
is assumed that an increase in deposition leads to a linearly proportional increase in Hg 
concentration in local fish (i.e ., if deposition *increases by 20°lo, Hg concentrations in fish 
increase by 20%). The risks are calculated for the base case (no local deposition). and 
two cases of increased deposition . The first uses the average increase over the 50 X 50 
km local deposition modeled domain. The second uses the average increase over the 
region near the 5 -10 km region around the plant characterized by high deposition. 
Values for the percentage increase for each case were presented in Section 4. In a site-
specific risk assessment, an evaluation of the local water bodies in this region and the 
population that fishes these water bodies would be needed . If there are no large lakes near 
the plant, the ability of the local population of 

The population risk is defined as the probability of having a :chance of- exhibiting any 
adverse neurological effect :observed in the three epidemiology studies used to develop 
the dose response functions (DRF). The DRF correlates the risk with the biomarker of 
Hg concentration in hair, which is a function of the amount of Hg -consumed through fish . 
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The population risk is obtained through summation over all individuals that comprise the 
population. The population risk is then obtained from the following equation. 

Population Risk = EI (Ei * C * Hi* A;* Pi)` 

Where: 
i = the index for each individual 
Ei =mount of fish eaten, (.g/d) . 

Ci = 

	

ercury concentration iii f sh (ug Hg/g fish), 
Hi = conversion factor between mercury intake (E *Q ug/d) and concentration in hair 
(PPM)- 
Ai = fraction of the population that consumes Ei (g/d) of fish with a given (C) mercury 
concentration . 

. Pi = probability of having an adverse effect from consuming (Ei*C ug Hg/d) at a given 
hair concentration of Hg. 

The probability of having an adverse effect, Pi, is obtained from a dose response function 
(DRF) that correlates exposure (dose) to the probability of having an adverse effect 
(response) .. The dose response function is discussed in detail in this section 5.5 of this 
report. 

In practice, people consume many different types of fish with varying concentrations of 
Hg. Dozens of studies have been performed to characterize mercury concentrations by 
fish species. To account for consumption of different fish species, equation (1) can be 
generalized . as follows: 

Population Risk = 
Zi 

[(Zj E1j * Cij )* H1* Ai* Pi] 

Where Eij is the amount of fish species, j consumed per day by individual . 
Cj is the mercury concentration (gg/g) in fish -species J consumed by individual i. 

In practice, the type and. arnouz t of fish consumed as well as the amount of mercury in 
each fish can not be tracked on a fish-by-fish basis for every individual . For this reason, 
statistical approaches based :on Monte Carlo simulation. are used to estimate the' £raction 
of population that consumes various amounts of fish with different mercury levels is 
calculated. The exposure is converted to a concentration of Hg in hair... This is translated 
into a -risk estimate by multiplying by the dose conversion factor that relates. the 
probability of having an effect to the level of Hg in hair, section 5.3 : Each of the 
variables : consumption: mercury concentration in fish; and correlation of consumptionto 
mercury level in hair; are. represented by a statistical distribution characterized by a mean 
and standard. deviation. In each case, a log-normal distribution Was assumed to be the 
most representative of the data . 
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5.1 

	

Population Groups 

In this report, we have modeled the local deposition of mercury resulting from emissions 
at two power- plants, Monticello and Bruce Mansfield. Particular concem is expressed for 
populations that consume high fractions of locally caught freshwater fish . These would 
include subsistence fishers and recreational fishers . . The EPA in their guidance for 
conducting risk assessment from mercury exposure suggests that the reasonable 
maximum exposure (RME) rate of 25 gid for recreational anglers with a central tendency 
exposure (CTE) of 8 g/d (EPA, 1997) . A consumption rate of 25 g/day represents the 
.upper percentile of recreational anglers consuming freshwater fish (EPA 1997) . The 
EPA guidance, Methodology for DerivingAmbient Water Quality Criteria (EPA 2000), 
uses a consumption rate of 17.5 g/day for determining ambient water quality criteria, 
which is considered to be protective of the general population and recreational fishers . 
This consumption rate represents the 90ih percentile of freshwater and estuarine f of sh 
and shellfish consumption by individuals age 18 or older (EPA, 2000), and was 
developed from an evaluation of more recent fish consumption patterns in the U.S . than 
the consumption rate used to estimate the RME. 

Several detailed studies of subsistence fisher groups have been made, For the purposes 
of this report, the subsistence fisher population in Texas near the Monticello plant will be 
based on the study conducted in the Savannah River in South Carolina (Burger, 199-8), 
The consumption data from this study asserts a mean consumption rate of 67 g/d was 
used to develop a log-normal distribution for consumption of fresh water fish by 
subsistence fishers . The resulting log-normal distribution was used as a basis for 
estimating risks to subsistence fisher populations near the Monticello plant. This 
consumption rate is much higher than the EPA suggested RME of 25 g/d. For the Bruce 
Mansfield plant, the study by Stern in New Jersey that had a log normal distribution with 
a mean consumption rate of 41 gld and a standard deviation of 34.2 was used . 

5.2 

	

Consumption by Fish Species 

For the two power plant regions, it is assumed that the general populations consume both 
freshwater and marine fish. The fraction of freshwater fish consumed in each region is 
defined by a normal distribution with a mean consumption.rate and standard deviation . 
The fraction of marine fish is calculated such that the sum of fractions of freshwater and 
marine fish consumption equals 1 . National data suggests that 83% of fish consumed in 
this country is saltwater fish while the remainder is freshwater fish. For the subsistence 
fishers example, it is assumed that all fish consumed is caught locally and therefore 
freshwater fish . 

5.3 

	

Conversion of Consumption Rate to Hair Hg levels 

Lipfert (Lipfert, 1997) 

	

.presented a table comparing mercury consumption with mean 
level of Hg in hair collected from 18 studies. worldwide . The data were plotted on a log-
log plot of consumption (ug/kg/d) vs. hair Hg (ppm) and a linear regression -was 
performed with a best fit slope of 0,77 . This indicates that the hair mercury levels 
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increase at .a slower rate than consumption. The data from this report were analyzed and 
the mean conversion factor from consumption (ug/d) to hair Hg (ppm) was 0.11 with a 
standard deviation of 0.05. To incorporate the finding that the conversion factor for 
consumption to hair Hg levels decreases with increasing' consumption, the SPSS 
statistical package was used to develop the correlation (=0.516) between consumption rate 
and hair Hg level. This forced high consumption rate samples to have lower 
consumption to hair conversion factors in the Monte Carlo analysis . 

5 .44 

	

Increase in Fish Mercury levels due to local deposition 

In assessing the impacts of local deposition of Hg from coal power plants on Hg levels in 
fish, we are most interested in local freshwater fish consumed by the population. Marine 
fish such as tuna; swordfish, shellfish, etc., Will be largely unaffected by changes in US 
emissions in Hg. This assertion is based on the fact that slightly less than 1 % of the 
global total Hg emissions results from coal fired plants in the U.S .' Therefore, it is likely 
that completely -stopping I-Ig. emissions from coal plants in the U. S: would lead to less 
than a 1% decrease in Hg levels in marine fish . In this study, the Hg level in marine fish 
is held constant. For freshwater fish, an assumption is made that an increase in. 
deposition leads to a linear. increase in mercury levels in fish. At both plants, the 
background deposition of mercury was assumed to be 20 ug/m2/yr . This included both 
wet and dry deposition rates that are assumed to be equal at 10 ug/m~/yr . Measurements 
conducted through the Mercury Deposition Network (http //nadp.sws.uiuc.edu/indn 
indicate that wet deposition at the station nearest to the Monticello'site ranged from 10.5 
-15.5 ug./m2/yr between 1998 and 2.001 ; while deposition ranged from 9.1- 9.5 
ug/m21yr at the location nearest the Bruce Mansfield site during that period. Dry 
deposition rates are not well known but are believed to be approximately the same -order 
of magnitude as wet deposition rates, 

5-5 

	

Dose. Response Function 

The basis for -determining the dose response fanction for Hg: exposure is three separate 
epidemiological studies conducted in the Seychelles; Faroe Islands,. and New Zealand 
during the 1990's and discussed in detail in the National Academy of Sciences report 
(NAS; 2000). These epidemiological studies were conducted on populations that had 
high consumption of seafood and therefore, high mercury levels in hair- and other 
biomarkers:- They all evaluated the impacts of Hg exposure to ehildrea and the measures 
of impact involved a series of tests of cognitive abilities (copying :errors, language skills, 
etc) in terms of a benchmark :dose (BMD). ' The benchmark dose is the estimated dose 
corresponding to :a. specified incremental percentage of poor performers m a given test 
over and above background. EPA has taken the specified increment to be 5°10 : From a 
distribution of-responses to a given test, the 5% with the poorest response are defined as 
being, clinically subnormal .. After exposure of a population to the BIM, an additional 5% 
of the population would score at the clinically subnormal level defined by the unexposed 
population. A second parameter, Bench Mark Dose Lower Limit (BMDL) is defined as 
the level at which there is 95°/o confidence that an effect will not occur. Thus, the 
benchmark dose is the mean value at which an effect may occur; and the BMDL is the 
951% lower confidence limit of the. BMD. Thus, with the assumption of a. normal 
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distribution, the BMD and BMDL can be used to estimate the standard deviation in the 
BMD. 

	

. 

In this study, Monte Carlo sampling :among the 16 BMDs and their associated 
distributions was performed and the resulting pooled BMD and the pooled distribution 
results in a dose response function (DRF) that is a measure of the probability of a 5°10 
increase over background in observing an effect at a given exposure level. In the three 
studies, a total of sixteen possible adverse effects were evaluated and a benchmark dose 
was determined for each.. The frequency distribution obtained by pooling BMI)s 
constitutes a dose-response function, where the "response" is the probability of having a 
5% chance of experiencing any of the various health endpoints that were pooled. The 
details of thus process and the advantages of using pooled data to estimate the dose 
response function were reported in Sullivan, 2001 . 

There is no universally accepted approach to pool the dose response effects from 
different studies . Even within a single study, there is no universally accepted way to 
weigh different effects :(NAS, 2000). In an attempt to examine a range of possible effects, 
three weighting approaches were used for combining the response from the three studies : 
straight average, average of the logarithms, and average of the reciprocals . The straight 
average approach tends to emphasize the data that suggest high values- of hair Hg are 
needed to see an effect (i.e . the Seychelles study where effects were not seen), the 
average of the reciprocals tends to emphasize. data that suggest tower values of hair Hg 
are indicative of an effect (New Zealand study) . The latter method is consistent with the 
way that each B.MD is derived, i.e., in terms of the reciprocal of the regression slope. 

The 16 estimates of benchmark dose from the three studies were pooled using Monte 
Carlo simulation to accomplish the averaging using the three different weighting 
procedures. Each study was weighted by the square .rot of the participants in the. study 
divided by the sum of the square roots of the participants in each study . Note that the 
mean of all three estimates is higher than the EPA "reference dose" (11 ppm). The 
overall dose response functions (DRF) are shown in Figure 14. In this case, the dose 
response function is a measure of the probability of having an effect and is not related to 
the severity of the effect. When a straight average is used for the 16 BMDs, a very steep 
DRF is obtained (right-most curve) with less than 1% probability of having a 5%chance 
of an effect below about 28 ppm hair Hg.. This is consistent with the results of the 
Seychelles studies and with most studies on adults . Using the. reciprocal of each BMD 
gives a different DRF that is very steep and has less than 1 °1o probability below 18 ppm 
Hair'Hg . The third curve was obtained using the logarithm of each of the 16 BMDs. The 
logarithmic weighting suggests a 1°1o probability at 14 ppm Hair Hg. The logarithmic 
curve does not have a physical basis, but it does prevent the highest predicted risks at the 
lowest exposure levels and for this reason it was used to estimate risks in the remainder 
of this report . 
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Pooled Benchmark Dose Response Functions for reciprocal, log, and 
arithmetic weighting. 
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L std deviation 
Seychelles study (weight = .37) 
Bender copying errors 100* 25 45.6 
Child behavior checklist 21 17 2.4 
McCarthy general cognitive 100* 23 46.8 
Preschool language scale 100* 23 46.8 
W7 applied problems 100* 22 47.4 
W7 Letter/Word recognition 10.0* 22 47_4 

® 
.k 
= values ? 10-0, assumed upper limit of 100. 

Faroes study (weight = :44) . 
Finger tapping 20 12 4.8 
CPT reaction time 17 10 4.2 
Bender copying errors 218 15 7.9 
'Boston naming test 15 10 " 3 .0 
CVLT:delayed recall 27 14 7.9 

New Zealand stud (weight= 0.19) 
TOLD language development 1.2 6 3.6 
WISC-R-PIQ 12 6 3 .6 
WISC-R-FSIQ 13 6 4.2 
McCarthy perceptual 8 4 2.4 
McCarthy motor test 13 6 4.2 

weighted paean BMIDs (ppm hair He) 
weight mean std deviation 



6.0 

	

- Risk Assessment Test Cases and 

The deposition modeling results in the previous section were used to estimate the 
increased deposition that might occur from emissions from the Bruce Mansfield and 
Monticello power plants: . Assuming that concentrations of mercury in fish are linearly 
proportional to mercury deposition, an estimate :of the increase in risk to the local 
population dire to mercury emissions can be made. Recent studies suggest that this is 
likely to be,a conservative upper bound on increases in mercury concentration . A study 
by Bucholtz 2002 did not find a correlation between mercury content in fish and, 
deposition . Buchoitz did find a statistically valid correlation, between anthropogenic 
sources and mercury levels in fish. There results showed that a 10% .decrease in local 
sources would lead to a 0.6% decrease in fish. mercury content . A USGS study suggests 
that the formation of methyl mercury increases logarithmically with total loading 

	

;, 
(Krabbenhoft,1999) . However, the authors acknowledge that the data they collected are 
insufficient to rule out the possibility that at low mercury loadings the relationship 
between deposition and methyl mercury production may be linear . 

The risk assessments performed for this analysis include three different test cases for 
each plant .and two: population groups ;, general population .and subsistence fishers that . 
consume only locally caught fish . For the general population; a unique fraction of 
consumption of local, fish was used based on data for the region. The population near the 
Bruce Mansfield plant consumes 17°lo locally caught :fish, similar to the average value in 
the northeast and the population-near the Monticello plant consumes: 22°/a locally :caught 
fish, similar to the average value for the Southeast of the United States (Jacobs, 1998). 

There is a special concern pertaining to. subsistence fishers or recreational anglers that. 
consume large amounts of freshwater fish. These groups of people represent the high: 
exposure cases that form the tail of the distribution of the general population. The actual 
risk to these groups, will be highly-variable and location specific.. Therefore, the 
examples provided are intended to show the possible effects on subsistence fishers . For 
subsistence fisher populations two different consumption patterns were selected For the 
population, -near the Bruce Mansfield plant, consumption was based o n data collected by 
Stern for women of child bearing age in New Jersey (Stern, 1996) . For the population 
near, the Monticello plant, subsistence fisher consumption rates were based on values. 
obtained for a study along the Savannah River (Burger, 1998, 1999, 2001). While these 
consumption data are not an exact match for the locations under study, they are believed 
to be useful for illustrative purposes . Subsistence fishers that consume only locally 
caught fish are expected to be a small part of the total population (less than 1°%Q) ; 

Table 11 summarizes the 12 test cases . The column on the increase in mercury 
deposition due to emission from coal fired power plants is based on the model results 
presented. in. Section 5. 

&suits 



Table 11 : Risk Assessment Test Cases 

Table 12 summarizes key fish consumption and risk assessment parameters discussed in 
Section 5. The table provides the base case level. Therefore, if the plant emissions 
double local deposition, the fish concentration of mercury would be similarly doubled 
and the risks computed. The consumption rates and fish mercury content in Table 12 are 
mean values and their associated standard deviation. For the Monte Carlo analysis, a log-
normal distribution of the data was assumed using these parameters. It should be noted 
that for subsistence fishers, the consumption rates of locally caught fish far exceeds the 
EPA's suggested reasonable maximum exposure of 25 g/d. 

Table 12: 

	

Key parameters for fish consum tion and u take used. in risk assessments . 

.* Numbers. in parenthesis are the standard deviations for the distributions. used in Monte Carlo 
analysis. 

Mean Mean Percentage Percentage Percentage of Percentage of 
Hg Consumption of of Freshwater Saltwater 
(ppm)* (g/d)* Freshwater Saltwater Fish: Fish. 

Fish : Fish: Subsistence Subsistence 
General General Fisher Fisher 
Population Population Population Population 

us 0.21 18 (37.3) N/A N/A N/A N/A 
-Average 0..15) 
Near 0.41 41 (32.5) 17 83 100 0 
Bruce (0.82) 
Mansfield ` 
Near 0.53 76.8 (67 .6) 22 78 100 0 
Monticello 0.47 : 

Plant Marine 
Fish 

Local 
Fish 

Increase in 
Mercury 
Deposition Due 
to Emission from 
Coal Plants (% o of 
base case) 

Mercury Levels in 
Local Fish 
(% of base case) 

Bruce Mansfield Yes Yes 0 Base (100 %) 
Bruce Mansfield Local Region Yes Yes 15 115. 
Bruce Mansfield Near Plant Yes Yes 100 200 
Bruce Mansfield No Yes 0 Base (100 %) 
Bruce Mansfield Local Re. ion No Yes 15 115 
Bruce Mansfield Near Plant No Yes 100 200 
Monticello Yes Yes 0 Base 100 °fin 

Monticello Yes Yes 46.5 146.:5 
Monticello. Yes Yes 165 265 
Monticello No Yes 0 Base 100 %. 
Monticello No Yes 46.5 - 146.5 
Monticello No Yes 265 265 



6.1 : 

	

Population Risk Assessment Results near the Bruce Mansfield, Power Plant 

For each. test. case, 20,00 simulations using Latin Hypercube sampling were performed 
to explore the impacts of the variability in consumption, Hg levels in fish; and the 
conversion of consumption rate to Hg levels in hair, The resulting population. distribution 
of hair IQ was. used to estimate population risks using do average of do log weighted 
dose response factor; Figure 14, For the other dose response factors, average. and 
reciprocal average, risks are below 10-- 6 for hair mercury less than 11 ppm, 

The dose response factors in Figure 14 represent the probability of having, a .5% chance of 
an adverse effect . This probability is quite, small for the general population as most 
people. are well below the level that causes effects . For the general population group near 
the Bruce Mansfield plant,, this risk ranges from. . 1 :l 10-5 assuming no additional 

5 exposure from the plant (base case) to 6.7 1.0- in going from the base. case to a doubling 
of deposition. The predicted - doubling of deposition occurs over 

* 
a small region . (50 kin) 

and thus, will not effect large numbers 9f people. Over the 50 km square region around 
the plant (250*0 km2 area), the average mercury deposition increases by 15% over 
background and the estimated risk is 1 .9 10-5 . less than double the base line risk. For 
comparison, the average risk of high I% consumers was calculated for background 

* conditions (e.g . no . emissions from the plant; the base case) and this value was .2.9 10'5 , which 
is higher than for the general population :exposed to the average increase in 

mercury deposition -near the Bruce Mansfield plant. . . 

For the subsistence fisher, risks,are much .greater due to their higher consumption rates,. 
more than double the general population near Bruce Mansfield, and the consumption of 
only locally caught fish, -which has twice as much mercury per unit mass as the average 
for saltwater fish, Predicted risks range from .19 100 in the,base case; W 90 100 for 
doubling the deposition near the power plant. 

Table 13 

	

Summary of WAY and Predicted Hair Hg Levels for the population near w 
the Bruce Mansfield Power Plant. 

.39 

Hair Pg (pTPUM) 

Case 
Population 
Risk 99.9% 99% 95% Mean 

Bass lJOE-05 85 3.2 1 .3 036 
High Fish consumers 2.90t-'05 10.1 5 2,7 0.93 
1551 Extra Deposition .1.90&05. 9.6 3.6 13 037 
Near Plant double deposition 6.7.OE-05 14.9 4.1 L6 0.46 

Base All local fish 190EM3 419Q9 152 5.7 1.5 
15% Extra Deposition All local TOM-03 72.3, 1 17 .1 6.2 1 .6 
Near Plant. double deposition 
All local fish 9,50E-:03. 96-6 28.6 ION 10 



Table 13 also contains the predicted level of mercury in hair at the 99.9, 99th , 95t", and 
mean values from the simulations . Recalling the dose response function curve, Figure 
14, and noting that below 11 ppm for the log weighted BMD's, the risk is less than 0 .2%, 
a few important points can be determined: 

". 

	

The risks of an effect are small to the general population. 99.9%e' of the ,general 
population is predicted to be below 11 ppm even under a 15% increase in 
deposition. Slightly more than 0.:1 % of the population will exceed 11 ppni if the 
local deposition doubles background deposition . 
In all cases, in the general population, the risks are primarily borne by individuals 
at the high end of the distribution (top 0.1 percent which implies individuals 
within the distribution that are high fish consumers and consume fish with high 
mercury content) . 

® 

	

The risk from high level fish consumers (mean intake 40 g/d) at the background 
deposition rate exceeds that of the general population living within 50 km of the 
plant and experiencing 15% increase in deposition . 

® 

	

Even doubling the deposition does not pose a large risk to the general population. 
The risk of having a 5% chance of seeing an :adverse effect is still less than 1 104 : 

Figure 15 presents the distribution of predicted hair mercury for the general population 
under background deposition abase case) and for doubling of background deposition 
which is predicted to occur within a few km of the power plant . The hair distributions 
were calculated using the Monte Carlo analysis described. in section 5. The figure also 
presents the log-weighted dose response factor. The population risk is the product of the 
DRF and the percentage of people at a given mercury .level . The figure clearly illustrates 
that doubling of deposition has only a minimal impact on predicted hair mercury and 
therefore health risks as. suggested in Table 13. The figure also highlights that only a 
very small percentage of people bear the risks as less than 0.1% of the people have hair 
mercury levels in excess of 8 ppm, where the DRF suggests that the risk to the individual 
is around 10-3 . 



Predicted Hair Hg and Log Weighted Dose Response Function 

Predicted Probability of exceeding Hair H9 
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Predicted Hair 
Jig 

for the general population for background and double 
deposition scenarios contrasted with the log weighted dose response function. 

Figure 16 presents the predicted Hair Jig for subsistence 
' 

	

fishers near Bruce, Mansfield 
plant for background deposition and doubling of deposition. 'For reference, the figure 
also includes the distribution for the general population. The figure illustrates that the risk is much more a function of Ed! consumption patterns than deposition patterns . . Risks 
increase markedly for the subsistence fisher as compared to the :general. population under 
background deposition condition, ' 110 is it result of the higher fractions of Obsilstence 
fishers with predicted hair 

Jig 
in excess of 10 ppinwhere risks begin to become 

appreciable . For the subsistence fisher the 

	

e risks associated with doubling the deposition 
increase by .a factor of 3 and, are relatively high "'510 

0_3, 
Table 13- For the subsistence 

fishers; the risk is borne by the top 5% ofthis, distribution. Considering that this -group 
most likely represents much less than 1% of the! to 

	

population, it can be inferred that 
less than 0. 1%* of the 

total 
population are potent ially,ttrisk of having 4 5% chance of an 

adverse effect. 



Predicted Hair .Hg distribution near the Bruce Mansfield Power Plant and 
Log weighted Dose Response Function 
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Population Disk Assessment Results near the Monticello Power Plant 

Figure 16 

	

Predicted Hair Hg for the subsistence fisher population for background 
and double deposition :scenarios contrasted with the general population for background 
deposition and the log weighted dose response function 

The results of the local deposition modeling near the Monticello Power Plant were 
conceptually similar to those at the Bruce Mansfield Plant. Due to the higher mercury, 
particularly reactive gaseous. mercury, and emission rates from the plant, the risk 
estimates were slightly greater at the Monticello Plant . Table 14 presents the population 
risks and the predicted hair concentration for the 99..9,', 99th, 95 th., and median value . The 
risks to the general population are low ranging from 1.2 10-5 in the base case to 9.0 10"5 
under the assumption that the plant increases local deposition by 165% from 20 ug/m2/yr 
to 53 ug/m2/yr . This high rate of deposition is expected to occur only within 5 km of the 
plant. It is interesting to note that if the assumption of a linear increase in deposition 
leads to a linear increase in fish Hg levels, the predicted fish average mercury level for 
this deposition rate increases from 0.53 ppm to 1 .4 ppm; well in :excess of any regulatory 
limit for issuing fish consumption advisories . Even with this. exceptionally high average 
Hg level in fish, the risks of having a 5% chance of an adverse effect are less than 1 in 
10000. 



Summary of Risks and Predicted Hair Hg Levels for the populato n near 
the Monticello Power Plant. 

The risks for subsistence fishers near Monticello. are much greater than for the general 
population . However, for both population groups the incremental risk associated with 
local deposition ranges from 1 .4 to 8 .7, times -the baseline risk. The risks for having a 5%Q 
chance of an observable effect for the subsistence fisher at the background deposition rate 
is -0.6%0, much greater than for the .general population at a deposition rate 2.65 tines 
greater than, background, Although risks are on the order of a few percent for subsistence 
fishers under increased mercury deposition from the power plant, it must be recognized 
that they comprise only a small fraction of the general population. 

To examine the risks more precisely, a detailed study that identifies local water bodies, 
subsistence fisher populations and consumption patterns, and location of nearby water 
bodies would be needed. 

6..3 Discussion and Assumptions 

The preceding analysis suggests that the population risk to the general population from 
local deposition of mercury form coal fired. power plants is small. The analysis suggests 
that a few percent of subsistence fishers that consume only locally caught fish and in 
large quantities may have some risk. These analyses were performed with the- intent of 
overestimating risks, however, due to the large number of assumptions and. uncertainties. 
in the analysis, it is difficult to determine if this objective has been achieved . 
Uncertainties arise from the following assumptions: 

® 

	

That water bodies of sufficient size to :support large numbers of subsistence 
fishers are near the power plant. 
That a linear increase in deposition implies a linear increase in fish mercury 
content- Data suggests that the *increase would be less than linear (Bucholtz, 
2002). 

Hair Hg (' m) . 
Case. 

Population -' 
Risk 99.9% 99° 0 95% Mean 

Po ai1iation 
- Base 1.2 10 -' 9_4- 3:3 1 .5 . 0..41 

46.5% Extra Deposition 1.7 I0 -5 12.2 4.1 1 :8 0:50 
Near Plant, 165°°.Extra 
deposition 9:010"$ 14.7 5.8 2.6 0:.7 
is O, ,i t ;;oce Fishers ~ 

Bas; ~1111oca1 fish 6.3 10.E 45 24 11 .5 3..7 
46.5" Extra Deposition All local 2.210-2 66 34 17.5 5.5 
Near Plant, 165% Extra 
deposition. All local fish 5.5 10f 1,43 61 30 9.7 



The consumption patterns for subsistence fishers are appropriate . They are 
considerably higher than the EPA's Reasonable Maximum. Exposure freshwater 
fish consumption rate. 
That estimates of baseline fish concentrations, consumption rates, and fraction of 
freshwater and saltwater fish consumption are appropriate for the population 
groups studied . 
That use of meteorological data from nearby locations is representative of the 
sites modeled: 



Conclusions and ecommendations for Future Work 

The objective of this study was to examine the human health risks that may occur due to 
local deposition of mercury arising from coal fired power plants. As part of this 
assessment, an evaluation on whether local impacts are large enough to warrant mercury 
emission controls on a plant by plant basis or on a nationwide basis (cap-and-trade) 
program was appropriate.. To accomplish this, risk assessments have been performed to 
examine the impacts of local deposition of mercury: Two plants were selected for 
analysis . , These plants, Bruce Mansfield and Monticello, are characterized by high total 
mercury emission,and, in the Monticello case, high reactive .gaseous. mercury; and 
therefore, are expected to be on the upper end of coal plants in terms of their local 
deposition. Deposition modeling indicated that deposition over a 50 kin square region 
around the. plant could increase by 15 - 47%. Due to wet deposition of 'mercury, a small 
region. 

(S. 
-10 km) around the plant could experience 'increases in deposition rates by 100 

-165°l of background. Yearly average concentrations of mercury in air resulting from 
the emissions from the coal plant were a fraction of expected background concentrations. 
Concentrations directly in the emissions plume near the plant will be higher. 

Risk assessments were performed. for three deposition rates at each plant, background, 
average increase over the 54 km region around the plant as determined from deposition 
modeling, and average increase over a small zone neat the plant. In addition, two 
population groups were considered. The general population that consumes 
approximately 80% saltwater fish and 20% locally caught freshwater fish and a 
subsistence fisher population that consumes more fish than the general population and 
consumes only locally caught fish. The risk assessments are based on dose response 
functions for the Benchmark dose; which is defined as the dose at which the risk of a 5°l 
chance of an adverse neurological effect can be demonstrated .. The risk assessments 
showed: 

Risks are small to the general population. Even iii the vicinity of the power plant 
where deposition could double, risks to the general population remained less than 
1 in 10,000_ Doubling of local deposition increased risks by less than a factor of 
10. 
The population risk is borne by less than 0 .. l% of the general population and less 
than 10% ofthe subsistence fisher population . 'This. implies that only the high 
end -consumers that are unfortunate enough to consume fish from the high end of 
the Hg concentration. distribution are likely to have any appreciable risk. 
The population risk is much more sensitive to fish consumption rates than 
additional deposition from the coal fired power plant. Subsistence fisher 
estimated risks for the background deposition rate were more than an order of 
magnitude greater than for the general population at 2 times the background 
deposition rate . 

The prediction that risks. resulting form Hg emissions from coal fired power plants are 
small for the general population and the fact that the risks are borne by a small fraction of 
the population suggests that placing reduction in mercury emission goals on a plant by 
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plant basis will do little to improve human health. Therefore, a cap and trade approach 
appears to be acceptable from a risk standpoint. Although, the two plants analyzed have 
high mercury emission rates, this would need to be verified for different types of plants 
(e.g. lower stack heights) and emission rates . However, the prediction also indicates that 
fish mercury levels may increase to concentrations above regulatory advisory limits near 
the. plant: If this is substantiated through data collection, there may be. justification for 
plant specific emission limits. 

Although model projections were based on computer models that are regularly used to 
model local deposition effects, :efforts should be made to validate the models through data 
collection near power plaints. If the .data :suggest that the models do. not closely match the 
deposition patterns, unproved local deposition modeling should be :considered . Also, if 
fish concentrations near coal fired power plants are an issue, sampling of fish tissue in 
lakes and other water bodies within 5 -10 km of the plant should be. measured and 
compared to regional background values . 

Risks were estimated using the log-weighted, pooling of dose response functions reported 
in the NAS study (NAS,2000). This was used because it predicted the greatest risks at 
the lowest hair Hg concentrations:. Using :straight average or reciprocal average 
weighting would lead to smaller risks . However, there is no physical justification for 
selecting any of the weighting factors over another. Consideration should be given to 
examining the uncertainties in the dose response functions and assessing their impacts on 
predicted risk . 
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Appendix A: Literature 

Summary of Key Points 

eview 

Multiple searches were made monthly to identify new reports on mercury. Reports 
relevant to the project were selected. Selected reports were obtained, reviewed, and 
summarized . Summaries were delivered to the BNL Technical Representative as they 
were completed, with copies Included in this report. Copies of the full reports were 
retained for reference . 

In addition to technical reports, relevant notices of meetings, -symposiums, and relevant 
ongoing work elsewhere were provided to the BNL Technical Representative as they 
became available . 

Categories: 
Epidemiology 
Mercury in fish 
Fish Consumption 
Models 
Sediments 
Deposition 
The Role of Colloids and Hum c Acid in methylation 
Toxicology 
Benchmark Dose 

Epidemiology 

Several. new epidemiology studies have been reported. Belles-lsles et al. .(2002) reported 
cord blood lymphocyte functions in newborns from a remote maritime population 
exposed to organochlorines, PCBs, and McHg. The study population were generally 
subsistence fishers compared to the reference group which were residents of small towns . 
Correlation coefficients between contaminants and immunologic parameters were weak. 
Ask et al . (2002) determined levels of inorganic Hg and McHg in placentas from 119 
Swedish women . Objective was to compare placental Hg species with maternal and fetal 
blood concentrations and to evaluate possible association with selenium. McHg. 
transferred easily to the fetus, it also accumulated in the placenta . Davidson et al. (2001) 
responded to a recommended reanalysis of the Seychelles by the National .Research 
Council Committee on Toxicological Effects of Methylmercury (NRC, 2000). The re-
analysis confirmed the previous findings : Associations among prenatal and postnatal 
exposure and test scores continue to suggest beneficial effects with'increasing Hg levels. 
No evidence of adverse effects were found. The Seychelles study results remain a 
question of why this study reports no adverse effects while other equally well recognized 
studies find adverse :effects. 



Grandj can P, Budtz-Jorgpnsen E, Steuerwald U, Heinzow B, Needham LL, Jorgensen PJ, 
Weihe P. Attenuated growth of breast-fed children exposed to increased concentrations of 
rrothyl.mercuay and 

	

polychlorinated biphenyls . PASEB J 2003 Feb. 5 . - 

Breast-feeding has been linked to domed postnatal growth. Although the basis for this 
OweanlitgW dilemma" is unclear,envirorimental contaminants in human milk may be of 
relevance. We studied a Iltroese 

birth 
cohort of 180 singleton children, born, at term in 

1.994.-95 . Concentrations of mercury in cord blood and of polychlorinated b phenyls in 
maternal milk were measured, and duration of breast-feeding was recorded . At 18 - - 
months; children who had been exclusively breast-fed for at least 6 months weighed 0,59 
Q less [&A confidence interval (CI) = 043, 1 ;16 11] and were. 1,50 cm [95% Cl := 0.52, 
2.47 Q shorter than those not breast-fed. However, calculated transfer of contaminants 
from human milk fully explained the attenuated growth- Irrespective of duration of 
breast-feeding, a doubling of the mercury -concentration in cord blood was associated 
with a decrease in weight at 18 months by '0:19 kg (95% CI = 0,03, 0.35 kg) and in height 
by 026 can (9514 Cl =. -0;02; Q,55 ;cm) . Weight and height at 42 months showed the same. 
tendencies, but 

the 
main effect occurred before 18 months of apt Thus, it communities 

with increased contaminant exposures, risks associated with lactational transfer of 
toxicants to the infant must be considered when judging the benefits. of prolonged breast= 
feeding . 

Gill US, Schwartz M1, Bigras L. 2002, Results of multiyear international interlaboratory 
comparison program for mercury in hum-an hair. Arch Environ Contain Toxicol 2002 
N6v;43(4) .-466-72 

Laboratory Services, Research and Environmental Health Division, First Nations and 
Inuit Health Branch; 

Sir Frederick 
(1 Bating Research renter, Ottawa, Ontario, KlA 

OL3, Canada. 

Since 19-90, Laboratory Services, First Tkations and Inuit Health . Branch (Health Canada) 
conducted an interlabOrwary comparison program for mercury in human hair. Laboratory 
Services initiated this program to compare the performance of participating laboratories, 
analyzing mercury in human hair samples. by a. variety of analytical methods and 
instrumental detection techniques. The results of to quality assurance program, which, 
included ~ 1 participants on four continents ;, are described . Of the participating 
laboratories, 92% consistently meet QA/QC Performance limits for the determination of 
Hg in human hair. A variety of analytical methods-using different digestion and 
instrumental techniques gave shnilarvenalts . 'The most frequently used instrumental 
techniques were: CV-AA, CV7AFS, and ICP44& A summary of results from 24 rounds 
is provided. The feedback from this program has assisted some laboratories in improving 
their -results and solving some. of their analytical problems,. 

GundwAx Q hetschrQ; B, VA main IKOL Lischka A, Salzer H, _11chenauer L, Schuster 
E. 2002, Lead and mercury in breast milk. Pediatrics 2002 Nov; 110(5)..873-8 . 

Insofar fur Medizinische Biologic der Umversitat, Wen, ]labor 010flysiobIgie and 



Okotoxikologie, Vienna, Austria. claudia.gundacker@a univie.ac.at 

OBJECTIVE: Heavy metals are potentially toxic substances, especially for the 
susceptible infant. Exposure to mercury (Hg) and lead (Pb) may result in neurotoxic and 
nephrotoxic impairment and in anemia . Previous data on breast milk Pb and Hg contents 
are sparse or missing for the Austrian population . No -evaluations of the influence of 
mothers' lifestyles on. Pb and Hg levels in breast milk are available . METHODS: Five- to 
10-mL individual samples of breast milk were provided from healthy mothers in Vienna 
(urban; n= 59), Linz (industrial; n= 47), and Tulln (rural ; n = 59). A questionnaire about 
area.of residence, maternal nutrition, smoking habits, and.dental fillings was filled out by 
the lactating mothers . Milk samples and infant formulas were lyophilized, wet-ashed with 
nitric acid (65%), andanalyzed with atomic absorption spectrophotometry. Spiked skim 
milk powder was used as reference material . Statistical analysis included the Kruskal-
Wallis test and multiple robust regression, analysis. RESULTS : Breast milk showed low 
Hg and Pb concentrations (Hg: 1:59 +/- 1 ..21 1g/l, n =116; Pb: 1 .:63 +l- 1.66 6g/1, n = 
138) :. Eight percent of the breast milk samples marginally exceeded the screening level of 
3 .5 micro g/L for Hg. Austrian Pb values declined strongly during the last 20 years. 
Bivariate comparison revealed that the factors significantly related to metal levels in 
breast milk were area of residence (Hg, Pb), prematurity (Hg), consumption of fish (Pb) 
and cereals (Hg), vitamin supplementation (Hg), and smoking (Pb). The Hg and Pb 
contents of cow milk and infant formulas. were far below respective guideline values . 
CONCLUSIONS: Neither Hg nor Pb concentrations exceeded critical levels . There are 
no reports on infants harmed by the intake of milk from unexposed mothers . We 
conclude that even theoretical risks from current Hg or Pb levels for the breastfed infant 
of :a healthy mother can be ruled out. 

Ozuah PO; Lesser MS, Woods JS, Choi H, Markowitz M. 2003 . Mercury exposure in an 
urban pediatric population. Ambul Pediatr Jan Feb;3(1):24-6 
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Albert Einstein College of Medicine/Children's Hospital .at Monteflore, Bronx, NY 
10467, USA. pozuah@pol.net 

OBJECTIVE: To determine the prevalence of elevated urinary mercury :(Hg), as a marker 
of exposure, in a population of children drawn from an inner-city community with 
documented access to elemental mercury. METHODS: A prospective consecutive patient 
series was conducted from November 1998 to January 1999 at an inner-city clinic in New 
York. Anonymous urine specimens from subjects (aged 1-18 years) were collected in 
mercury-free containers, split, acidified with 1 :100 hydrochloric acid, and frozen. Cold-
vapor atomic absorption spectrofluorometr c assays were conducted simultaneously at 
_laboratories at the University of Washington and the New York City Department of 
Health. RESULTS: We enrolled 100 children (mean age '9.4 years; 62% male; 5.5°x!0 
Hispanic ; and 43°fo African American). Assay results from both laboratories were 
strongly correlated (r = 0.8, P x.0001): Mean urinary Hg was 1 .08 +l- 1 ..82 microg/L. The 
95th percentile for urinary Hg was 2.8 n crog/L (range 0.2 to 11,.7 m crog/L) . Five 
subjects had Hg levels above 5 microg/L . CONCLUSION. We found that 5"% of subjects 
had unsuspected elevated urinary Hg levels* This finding, in a group of inner-city 
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minority children, strongly supports . the need for further investigation of the sources of 
mercury exposure in this population: 

Grandjean P, White RF, Weihe P, Jorgensen PJ. 2003. methylmercury from seafood . 
Arnbul Pediatr 2003 Jan-Feb;3(1):1:8 23 

Institute of Public Health, University of .Southern Denmark, Odense, Denmark 
Grandjean, White, and Weihe) 

r 

OBJECTIVES: To examine whether the dose-effect relationship for developmental 
mercury neuratoxicity is affected by variable mercury exposure during pregnancy. 
METHODS: : The study was based on a birth cohort of 1022 children born in the Faroe 
Islands between March 1986 and December 1987. Neurobehavioral performance of 917 
children (90%) was assessed at age 7. Intrauterine methy1niercury exposure was 
determined from mercury concentrations-in cord blood and 2 sets of maternal hair. 
Complete exposure information was available for 614 children (67°x) . RESULTS :. In 
children with complete exposure data, 8 of 16 neuropsycholog cal tests showed deficits 
significantly associated with the cord-blood mercury concentration after confounder 
adjustment . Variable intrauterine exposure was suggested. by disagreement between 
mercury concentrations iin the 2 maternal hair samples. Removal of the 61 children (10%) 
with the greatest degree of variable exposure had a minimal effect on most. exposure-
effect relationships . However, the effect of the cord-blood concentration on. verbal 
learning and memory was greater after this :exclusion. CONCLUSION: The study 
supports previous findings from this cohort. study that maternal. mercury exposure during. 
pregnancy is associated with neuropsychological deficits detectable at age 7' years and 
that this association is evident in women with stable exposures throughout pregnancy .. 
Thus: the association is not the result of variable exposures, 

Pogarev SE, Ryzhov V, Mashyanov N, Sholupov S, Zharskaya V. 2002 . Direct 
measurement of the mercury content of exhaled air :: -anew approach for determination of 
the mercury dose received:Anal Bioanal Chem 2002 Nov;374(6)-1039-44 

Research Institute of the Earth's Crust, St Petersburg State University, 7/9, 
Universitetskaya nab, 199034 St Petersburg; Russia, hg lumex:ru 

A new rapid technique is presented for determination of the dose of mercury inhaled; it is 
based on direct measurement of the concentration of mercury in exhaled air by use of a 
Zeeman mercury spectrometer RA-9'15+. It has been demonstrated experimentally that 
the dose received during short-term exposure to mercury vapor is determined more 
reliably by this method rather than by conventional techniques based on measurement of 
the mercury content in blood or urine. 

- Kar mi, .A, Monir , F; Nasihatkon, A et al. 2002. Mercury exposure among residents of a 
building block in Shiraz, Iran. Clinical Microbiology Research Center, Shiraz. Environ 
Res ; 2002 Jail;88(1).41-3: 
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Professor Alborzi Clinical Microbiology Research Center, Shiraz University of Medical 
Sciences, Shiraz, Iran. CMRCasums.ac .ir 

Exposure to mercury can cause serious multiorgan damage .affecting the central nervous 
system. kidneys, liver, lungs, spleen, bone marrow, an(1 skin. At the end of the summer of 
1999, the accidental leakage of 4 liters of mercury from a container into the waterway 
canals resulted in mass. exposure to elemental mercury among the residents of a building 
block of a residential area of the city of Shiraz, in the south of Iran. One hundred and 
eleven individuals who experienced exposure to elemental mercury were investigated . 
Twenty-four-hour measurement of the urine mercury level-revealed a toxic level of more 
than 20 (1g:;L in 6 children and. 3 adults (including a pregnant woman 1 . Despite normal 
physical and laboratory (CBC, renal and liver function tests, and urinalysis findings, 
dimercaprol was prescribed_ One month later during the course of the follow-up the urine 
mercury level in 6 patients, including the pregnant woman ,from the same family, was 
found to he again at a toxic level. The pregnant mother from the °same family aborted her 
fetus; however, due to the lack of equipment for measuring the serum mercury level, it 
was not possible to confirm the relation between the mercury toxicity and the abortion. 
This family had kept mercury in their kitchen. against health workers' instructions . The 
attractive physical and chemical properties of mercury could explain the continuity of 
exposure and poisoning in these 6 cases. It is concluded that prophylactic therapy in the 
presence of toxic levels of mercury, despite the presence of an -asymptomatic state in 
exposed residents, is effective in preventing the development of signs and symptoms, 
though instruction of high-risk cases is the best way to combat it . 

Mercury in Fish 

Bolger, PM, Schwetz, BA. 2002. 

	

.Mercury and Health. New England J. Medicine 347. 
1735-1736. Rood and Drug Administration, College Park; MD. 

Current advisories recommend that pregnant woman and women who may become 
pregnant avoid fish species with the highest amounts of methylmereury: king mackerel, 
tilefish, shark, and swordfish. The table lists methylmercury levels in these and other key 
commercial species consumed in the US. The range of other commercial fish is fairly 
narrow, from trace levels to about 0.4 ppm. Even among women who are pregnant or are 
likely to become pregnant, consumption of 12 oz (340 g) per week of a variety of cooked 
fish (excluding the four species with the highest mercury levels) is considered to be safe. 
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Species Methylmercu Concentration m) 
Mean ]Range 

Tilefish 1 .45 0.65-.3.73 
Swordfish 1 .00 0.65--3-.73 
Kin mackerel 1 ..00 0.10-1 .67 
Shark 0.96 0;05-4,54 
Tuna fresh and frozen) 0.32 ND-1 .3 
Pollack 0.20 ND-Q.'18 



Watanabe KH, Desimone FW, Thiyagarajah A, Hartley WR, H ndrichs AE, 2003 . Fish 
tissue quality in the lower Mississippi River and health risks from fish consumption. Sci 
Total Environ 20W Jan 20 ;302(1-3):10.9-26 : 

	

' 

Department of Environmental Health Sciences, Tulane University School of Public 
Health and. T'rop'ical Medicine and Center for Bioenvironmental Research,, 1430 Tulane 
Avenue SL-29, 70112-2699, New Orleans, LA, USA 

Between 1-990 and 1994, samples of three shellfish species (i.e, blue crab, Calliinectes 
sapidus;crayfish, Procambarus acutis;and river shrimp, Macrobrach um ohionii) and 16 

	

' 
fish species and were collected at six sites along the lower Mississippi River by the 
Louisiana Department of Environmental Quality, Office of Water Resources in 
coordination with the US Environmental Protection Agency. The fish species included: 
biginouth buffalo (lctiobus cyanellus); blue catfish (Ictalurus furcatus) ; carp (Cypr nus 
carpio) ; channel catfish (Ictalurus punctatus); cob a. (Rachycentron canadum); flathead 
catfish :(Pylodictis olivar s); freshwater drum (Aplodinotus grunniens); largemouth bass 
(Micropterus salmoides); long nose gar (Lepisosteus osseus) ; red drum (Sciaenop's 
ocellatus); red snapper (Lutjanus campechanus) ; srnallmouth buffalo (Tctiobus bubalus); 
spotted gar (Lepisosteus oculatus) ; striped bass (Morone saxatilis); white bass (Morone 
chrysops); and white crappie (Pomoxis annularis). Organic compound and heavy metal 
concentrations were measured in 161 composite fish tissue samples where each 
composite included three to 10 individual fish. Nineteen chemicals, found at measurable 
levels in sample tissues, were used in calculations of lifetime excess cancer :and non 
cancer risks due to fish consumption, We calculated: .574 chemical-specific, cancer risks ; 
41 total cancer risks ; and 697 -margins of exposure based on a consumption rate of one. 8-
ounce meal per week (0:032 kg/day), a body weight of 70 kg and reported cancer potency 
factors and reference doses . We identified nine species. of concern (blue catfish; carp, 
channel catfish, cobia, crayfish, flathead catfish, red drum, spotted :gar and' striped bass) 
based on total cancer risk greater than 10(-4) or margin of exposure .greater than 1; and 
whether or not samples collected in subsequent years resulted in lower risks: The 
compounds primarily responsible for the elevated risks were aldrin, dieldrin, alpha-
benzene hexachloride gamma-benzene. hexachloride, heptachlor epoxide, arsenic and 
mercury, 

Love JL, Rush GM, McGirath H. 2003: Total mercury and methylmercury levels in some 
New Zealand commercial marine fish species . Food Addit Contain 2003 Jan;20(1):37-43 . 

ESR, PCB Box 2.9 181, Christchurch, New Zealand; 

Tuna (canned) 0.17 ND-0:T5 
Catfish 0.07 ND-031 
Salmon (fresh and canned) ND ND-0.18' 
Shrim . ND 

ND 



Two groups of samples- spanning 16 years are reported for methylmercury and total 
mercury. All the samples had been taken from commercial catches and represent 33 
different commercially important New Zealand marine fish species . Results show the 
New Zealand fish species sampled have mean contents of total mercury that range 
between 0.02 and 2.48 mg kg(- 1) and mean contents of methylmercury that range from 
less than 0.04 to 1 .97 mg kg(-l) . 

Davis JA, May MD, Greenfield BIB, Fairey R, Roberts C, Ichikawa G, Stoelting MS, 
Becker JS, Tjeerdema RS. 2002. Contaminant concentrations in sport fish from San 
Francisco Bay, 1997. Mar Pollut Bull 2002 Oct;44.(10):1117-29 

San Francisco Estuary Institute, 7770 Pardee Lane, Oakland, CA 94621, USA. 
jay@sfei.org 

In 1997, seven sport fish species were sampled from seven popular fishing areas in San 
Francisco Bay. Mercury exceeded a human health screening value in 44 of 84 (52%) 
samples. All collected samples of leopard shark and striped bass exceeded the mercury 
screening value of 0.23 microglg. wet weight . PCBs exceeded the screening value in 51 of 
72 (71%) samples. DDT, chlordane, and dieldrin, had lower numbers of samples above 
screening values . 16 of 72 (22%) for DDT, 11 of 72 (15%) for chlordanes, and 27 of 72 
(37%) for dieldrin. Concentrations of PCBs and other trace :organics were highest in 
white croaker and shiner surfperch, the two species with the highest fat content in their 
muscle tissue . Fish from one location, Oakland Harbor, had significantly elevated wet 
weight concentrations of mercury, PCBs, DDTs, and chlordanes compared to other 
locations. Removal of skin from white croaker fillets reduced lipid concentrations by 27-
49°% and concentrations of trace organic by 33-40%. 

Nigro M, Campana A, Lanzillotta E, Ferrara R. 2002. Mercury exposure and elimination 
rates in captive bottlenose dolphins. Mar Pollut Bull 2002 Oct;44(10):1071-5 . 

Dipartimento di Morfologia Umana e Biologia Applicata, sez. Biologia e Genetica, 
Universita di Pisa, Via Volta, 4 I-56126 Pisa, Italy . nigro@biomed.unipi.it 

Mercury concentrations in fish, faeces and exhaled air were investigated in order to 
evaluate total mercury exposure through the gut in captive bottlenose dolphin and 
excretion via intestine and pulmonary routes. Results showed that faeces account for 
elimination of 34=48% of dietary mercury; while only 0 9-1 :2% of alimentary mercury is 
eliminated through exhaled air. The remaining 51 .2-65..3% of ingested mercury, ranging 
approximately between 266 and 339 microg per day, is retained within the organism. The 
complexation of mercury with selenium, forming insoluble tiemannite granules, is 
discussed as axi important mechanism, complementary to excretion, by which odontocetes 
are able to cope with elevated alimentary exposure to mercury. 

IIrabik TR, Watras CJ. 2002. Recent declines in mercury concentration in a freshwater 
fishery : isolating the: effects of de-acidification and :decreased atmospheric mercury 
deposition in Little Rock Lake. Sci Total Environ 2002 Oct 7;297(1-3) ,,2,29-37 . 
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Center for Limnology, University of Wisconsin-Madison, 53706; USA. 
thrabik@d.unnn.edu 

The-atmospheric -deposition of H+, SQ4, and Hg to Little Rock Lake in northern 
Wisconsin has declined substantially during the past decade . . Parallel decreases. have been 
observed in the surface waters of the lake. Here we extend the' observations to the fish 
community and we present evidence of a contemporaneous decline in levels of Hg in fish 
tissue, By comparing data from two separated basins of the lake, we then make an initial 
effort to isolate and quantify; the relative importance of de-acidification and reduced Hg' : 
deposition on mercury contamination in fish. Statistical modeling indicates that fish Hg 
in both basins decreased by roughly 30%o between 1994 and :2000 (-5°/oly) due to 
decreased atmospheric Hg loading De-acidification could account for an additional 5% 
decrease in one basin (-0.8%1y) and a further 30% decrease in the other basin (-5%ly), 
since the basins de-acidified at very different rates. These results are consistent with the 
hypothesis-that depositional inputs of S04 and Hg(II) co-mediate the biosynthesis of 
methyl mercury and, thereby co-limit bioaccumulation. And they suggest that. modest 
changes in acid rain- or mercury deposition can significantly affect mercury 
bioaccumulation over short-time scales. 

Fish Consumption 

Burger, J. 2002. . Consumption patterns and -why people fish. Environmental . Research A 
90: 125-1.35 . Environmental and occupational Health Science Institute, Rutgers 
University: 

Recreational . and-subsistence fishing play major roles in the lives of many people, 
although their importance in urban areas is often underestimated. There are fish and 
shellfish consumption advisories in the New York=New- Jersey harbor- estuary, parti-
cularly in the waters of the Newark Bay Complex. This paper examines fishing behavior, 
consumption patterns, and. the reasons that people fish in the Newark Bay Complex. I test 
the null hypotheses that there are no differences among Asians ; Blacks; Hispanics; and 
Whites in consumption patterns for fish and crabs and in the reasons that they fish or 
crab . Most people either fished or crabbed, but not both. People who fish and crab ate 
more grams. of crab than fish in a given meal; people who crab only Consumed more 
grams of crab at a meal than those who 'fish only consumed of fish. Although 30% or 
more of the people who fished-and crabbed in the Newark Bay Complex did not eat their 
self caught fish or crabs: 8=25%© of the people ate more than 1500 glmonth: .Some people 
angling in the Newark Bay Complex are eating crabs at a rate well over 1500 glmonth, 
and about 70% are eating crabs even though there is a. total ban on both harvest and 
consumption because of the health risks from. dioxin. Consumption patterns were 
negatively correlated with mean income and positively correlated with mean age. Most 
people rated relaxation and being outdoors the highest reasons for angling, although on 
an open-ended question they usually listed recreation. There were no ethnic differences' hi 
reasons for angling, although - other studies have shown ethnic -differences in 
consumption . Obtaiming fish or crabs to eat,. give away, trade, or sell were rated low, 
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suggesting that consumption advisories fail partly because people are not primarily 
fishing for food. 

Models 

Budtz-Jorgensen E, Keiding N, Grandjean P, Weihe P. 2002. Estimation of health effects 
of prenatal methylmercury exposure using structural equation models . Environ Health . 
2002 Oct 14;1(1):2 . 

Department of Biostatistics, University of Copenhagen, Blegdamsvej 3, DK-2200 
Copenhagen, Denmark, ebj@biostat.ku..dk 

BACKGROUND: Observational studies in epidemiology always involve concerns 
regarding validity, especially measurement error, confounding, missing data, and other 
problems that may affect the study outcomes. Widely used standard statistical techniques, 
such as multiple regression analysis; may to some extent adjust for these shortcomings . 
However, structural equations may incorporate most of these considerations, thereby 
providing overall adjusted estimations of associations . This approach was used in a large 
epidemiological data set from a prospective study of developmental methyl-mercury 
toxicity. RESULTS: Structural equation models were developed for assessment of the 
association between biomarkers of prenatal mercury exposure and neuropsychological 
test scores in 7 year old children. Eleven neurobehavioral outcomes were grouped into 
motor function and verbally mediated function. Adjustment for local dependence and 
item bias vas. necessary for a satisfactory fit of the model, but had little impact on the 
estimated mercury effects . The mercury effect on the two latent neurobehavioral 
functions was similar to the strongest effects seen for individual test scores of motor 
function and verbal skills . :Adjustment for contaminant exposure to poly chlorinated 
biphenyls (PCBs) changed the estimates only marginally, but the mercury effect could be 
reduced to non-significance by assuming a large measurement error for the PCB 
biomarker . CONCLUSIONS : The structural equation analysis allows correction for 
measurement error in : exposure variables, incorporation of multiple outcomes sand 
incomplete cases. This approach therefore deserves to .be applied more frequently in the 
analysis of complex epidemiological data sets . 

Sediments 

Hammock D, Huang CC, Mort G, Swinehart JH. 2003 . The Effect of Humic .Acid on the 
Uptake of Mercury(II), Cadmium(IT), and Zinc(II) by Chinook Salmon ( Oncorhynchus 
tshawytscha) Eggs. Arch Environ Contain Toxicol 2003 Jan;444(1):83-88 

Department of Chemistry, University of California, Davis, CA 95-616, U.S.A. 

The Chinook salmon ( Oncorhynchus tshawytscha) is endangered or threatened in several 
of its ranges. The uptake of metals by Chinook salmon eggs and how humic acid (HA) 
affects the uptake is a subject of interest.. Humic acid :(0, 0.001; 0..01, and 0.0.5. 911) reduces 
the uptake of the metal ions Hg(II), Cd(JI), and Zn(II), (1 .0 &mgr;M) by eggs. HA is 
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more effective in reducing the uptake of Hg than that of Cd or Zn. At [HA] = 0:001 g/L 
Hg uptake is reduced by 44% compared to no HA, while Cd and Zn uptakes are slightly 
or not reduced. -Once the metals are taken up by the eggs, Hg migrates more slowly from 
the chorion to the yolk than either Zn or Cd In experiments in which the metal contents 
of the chorionand yolk were measured at up to 24 h and five days after uptakes the order 
of migration was Cd >> Zn > .Hg, This observation is important when discussing the 
effects of metals on biological processes in-the yolk because when Hg is taken up by 
eggs; a -smaller percentage reaches theyolk than does Cd and:Zu. 

Landis MS Keeler GJ. 2002. Atmospheric mercury deposition to Lake Michigan during 
the Lake Michigan Mass Balance Study. Environ Sci Technol 2002 Nov 1;36(21):4518-
24. 

The University of Michigan Air Quality Laboratory, Ann. Arbor 48109, USA. 
landis.matthew@epa.gov 

Wet and dry mercury (Hg) deposition were calculated to Lake Michigan using a hybrid 
receptor modeling framework.. The model utilized mercury monitoring data collected - 
during the Lake Michigan Mass Balance :Study and the Atmospheric Exchange Over 
Lakes and Oceans Studytogether with high-resolution over-water meteorological elate 
provided by the National Oceanic and Atmospheric Administration (July, 1994-October,` 
1995).: Atmospheric deposition was determined to be the primary pathway for mercury 
inputto Lake Michigan, contributing approximately 84°w of the :estimated 1403 kg total 
annual input (atmospheric deposition + tributary input) . `?Vet (10.6 microg m(2)) and dry 
deposition (9.7 microg m(-2)) contributed almost equally to the annual atmospheric Hg 
deposition of 20.3. microg rri(-2) (11`73 kg). Re-emission of dissolved gaseous Hg from 
the lake was also significant (7:8 microgm(-2)) reducing the net atmospheric deposition 
to 12.5 microg m(-2) (720 kg) A strong urban influence was observed in the over-water 
mercury deposition estimates in the southern portion of the lake. The Chicago/Gary urban 
area was estimated to contribute approximately 20% (127 kg) of the annual atmospheric 
mercury deposition to 1ake Michigan. The magnitude of local anthropogenic mercury 
sources in, the Chicago/Gary -urban area suggests that emission reductions could 
significantly reduce atmospheric mercury deposition into Lake Michigan. 

Landis MS, Vette AF, Keeler GJ. 2002. Atmospheric mercury in the Lake Michigan 
basin: influence of the Chicago/Gary urban area. Environ Sci Technol 2002 Nov 
1,;36(21):4508-17. 

The University of Michigan Air Quality Laboratory,. Ann Arbor 48109, USA, 
landis.matthew epa.go . 

The relative: importance of the Chicago/Gay urban area was investigated to deteri n ne its 
impact on atmospheric: mercury (Hg) concentrations and wet deposition in the Lake 
Michigan basin. Event wet-only precipitation, total particulate, and vapor phase samples: 
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were . collected for Hg, and trace element determinations from five sites around Lake 
Michigan from July 1994 through October 1995 as part of the Lake Michigan Mass 
Balance Study,(LMMBS). In addition, intensive over-water measurements were 
conducted aboard the EPA research vessel Lake Guardian during the summer of 1994 
and the winter of 1995 as part of the Atmospheric Exchange Over Lakes and Oceans 
Study. Atmospheric Hg concentrations were found to be significantly higher in the 
Chicago/Gary urban area than surrounding sites : Hg in precipitation was a factor of 2 and 
particulate Hg was a factor of 6 times higher. Overwater measurements found elevated 
Hg concentrations 19 km off shore of Chicago/Gary suggesting an enhanced near field 
atmospheric deposition to Lake Michigan. Meteorological transport analyses also 
determined that local sources in the Chicago/Gary urban area significantly impacted all of 
the LMMBS sites indicating a broad impact to the entire Lake Michigan basin. 

The Role of Colloids and umic Acid in methylation 

Evidence suggests that land use and surficial geology likely control the speciation, 
bioavailability, and transport of mercury species.(Armstrong, et al . 2002). McHg is 
generally formed by biological methylation by sulfate-reducing microorganisms . 
"Dissolved organic matter most likely affects the supply of McHg that is available for 
uptake by algae" (Amirbahman, et al . 2402). Distribution of mercury species among 
'particulate; colloidal; and dissolved phase affects the toxicity, transport; and bio-uptake 
of Hg in freshwaters. Concentration and chemical character of colloids may affect the 
uptake of methylmercury by bacteria, fungi, zooplankton, and mollusks . The . 
geochemistry of the water can affect the phase distribution of Hg. Filterable organic 
carbon may play an important role in regulating the concentration of Hg in water 
(Babiarz, et al. 2401).. 

An EPA STAR report (2000) reported concentration of Hg in fish tissue was found to. be 
higher in more acidic water .bodies . Conversely, high levels of dissolved organic carbon, 
resulting from decay of organic matter can decrease Hg uptake by fish. Lakes that receive 
substantial drainage from wetlands are often characterized. by relative love levels of Hg in 
fish . Miles et al. (2001) suggest that pH and dissolved organic carbon affect McHg 
accumulation. Balogh et al. :(2002) found that McHg concentrations in the Little Cob 
River increased dramatically in early October after autumnal leaf fall . In his summary 
report of a SETAC workshop (2440) Miller states. that bioavailability of :inorganic Hg and 
McHg is governed by sediment organic carbon, 

It appears that water quality factors have an important role in formation of McHg. 

Toxicology 

Carrier et al . (2001) developed a toxicokinetic model for predicting the distribution and 
elimination of _organic and inorganic Hg, following intake of McHg : In describing the 
model, the authors provide an understanding of the kinetics of ingested Hg, 
Continuing work on toxicokinetic models will provide greater understanding of the effect 
of McHg ingestion. 
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Benchmark ose 

EPA is in the process of moving their approach from the Y`no observed adverse effects 
level" (NOAEL), that relies on: a single value in a toxicological. analysis to the 
Benchmark Dose model that considers the overall dose-response curve. Several studies 
on mercury using the benchmark dose method have been completed. The benchmark 
dose is the dose of a substance that increases the probability of an abnormal response by a 
specified amount (the benchmark response) . The Benchmark dose low (BMDL) is the 
statistical lower confidence limit of the BMD. 

The Environmental Protection Agency produced the Benchmark Dose Technical Guide 
Document (EPA/630-00/01) Risk Assessment Forum (2002) 

Cramp (1995) developed the benchmark dose method. He then,, with co-authors, applied 
the approach to the New Zealand study (1998) and then to the Seychelles child 
development study (2000), demonstrating that the benchmark dose approach can be 
applied to studies with negative results. Budtz-Jorgensen et. al . (2001) applied the 
method to the Faroe Islands study. In this case the BMR (Benchmark Risk) was assigned 
as 5%. 
Murata (2002) applied the benchmark dose approach in a study comparing the Faroe 
Island population with Medeira. While previous studies have been based on 
psychological and physiological tests . The difference in this study was that the response 
was determined by brain- auditory evoked potential (BAEP) . The advantage in this study 
is that the physiological tests may not be comparable across cultures and languages, while 
the BAEP is independent of culture or language. 

Shipp et al (2000) provides a extensive 438 page paper on the Seychelles study. 
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Pennsylvania Fish & Boat Commission Trout Angler Survey 

This survey was conducted on behalf of the Pennsylvania Fish and Boat Commission in 

order to assess levels of stocked trout consumption among Pennsylvania trout anglers :and. to 

determine trout anglers' awareness of and attitude toward stocked trout consumption advisories. 

The survey was administered by telephone to 206 randomly selected Pennsylvania anglers who, 

had fished for trout in Pennsylvania in the last 12 months. 

Nine percent of trout anglers did not catch trout during the previous year and 66°fo caught 

fewer than 25 trout. Of those who did catch trout, all but 7% reported catching at least some 

stocked trout during the same period . A total of 82% of all the trout reported caught were 

stocked trout,. with a median number of 12 stocked trout caught per person . Approximately 62% o 

of those who caught trout (not necessarily stocked trout) kept the trout but 90% of those who 

reported catching trout kept fewer than 25 trout. Approximately 53% of trout anglers reported 

that they had eaten at least one trout during the past year but the vast.majority (94%) had eaten 

fewer than 25. Most of these (41 %) had eaten one to 10. trout. 

Approximately 39% of trout anglers reported that their households had. eaten at least one 

stocked trout per month during the past year and these anglers (n = 84) were subsequently asked 

a series of questions concerning, the identities of those consuming the stocked trout and the 

numbers consumed. Approximately 961/o of these stocked trout consumers themselves ate fewer 

than or equal to eight stocked trout per month, with 66% consuming one or two and 6% reporting 

that they had personally eating zero stocked trout (presumably members of their households had 

eaten the stocked trout reported above). Those with children (n = 49) reported that 

approximately 90% o of their children consumed :eight or fewer stocked trout per month, with 43% 
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eating one or two and. 41 010 eating no stocked trout . Those with spouses (n = 63) reported that 

approximately 98°10 of their spouses had eaten eight or fewer stocked trout per month, with 590,/0 

eating one or two and 32% eating zero stocked trout. Only one married male, stocked trout 

consumer with at least one child (n = 42), reported that his spouse was pregnant during the last 

year; she did not consume stocked trout during that period . None of the female stocked trout 

consumers with at least one child (n = 5) was pregnant during the past year. Most of the stocked 

trout consumers (ca . 82010) reported that no one else in their families ate stocked trout last year 

and a large majority (85%) of all trout anglers surveyed (not just those whose households had 

consumed fish) did not give any stocked trout to others during that. period. Ninety-five percent of 

all trout anglers gave away fewer than 25 trout . 

Most trout anglers surveyed (62%) reported that they were aware of consumption 

advisories for stocked trout . Trout anglers obtained such advice primarily from the Pennsylvania 

summary of fishing regulations supplied with fishing licenses, from newspapers, and by word . of 

mouth, Seventy-eight percent of those who were :aware of trout :consumption advisories stated 

that they followed them but only 48°10 said that the advisory impacted their consumption 

decisions regarding stocked trout. Only 28% of surveyed trout anglers reported that they usually 

fished in waters for which fish consumption advisories have been issued and few stated that 

these advisories impacted either the number of days fished (9°10) or their decision' to buy a license 

(10°10). A larger proportion (33°10) agreed that fish consumption advisories impact the kinds and 

numbers of fish that they kept. 
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Pennsylvania Fish. &Boat Commission Trout Angler Survey 

This study was conducted on behalf of the Pennsylvania Fish and Boat Commission to 

determine levels of stocked trout consumption among anglers as well as their awareness and 

attitudes towards consumption advisories. The survey questionnaire was developed 

cooperatively between the Commission and Responsive Management (RM) and was 

administered by telephone to randomly selected Pennsylvania residents who had purchased. a 

fishing license with a trout :stamp in Pennsylvania in the previous 12 months. 

A randomly-selected sample of 1279 fishing license holders with trout :stamps was 

originally obtained from the Pennsylvania Fish and Boat Commission: Of these; 63.2 did not have 

an identifiable, viable phone number; 5 1 had non-working or disconnected phones; and 7 had 

only fax or pager contact numbers or were deaf or had a language barrier . Of the remaining 589 

persons, 205 were ineligible because they had not actually fished for trout (despite having 

purchased a trout stamp) in Pennsylvania in the last 1.2 months or because they were either 

deceased or no. longer resided at the address. There were 18 ̀ hard refusals' (refused and 

terminated interviews), 159 ̀ soft refusals' (repeated requests to call back,, busy signals, 

answering machines, etc.) and one terminated interview. This resulted in a response rate of 

53.6%6 'The survey was admin stered to the remaining 206 anglers, each of whom had fished for 

(without. necessarily catching) trout during the previous 12 months. In this report, these fishing 

license holders are referred to as "trout anglers" . 

. A central telephone-polling site at Responsive Management headquarters allowed. for 

rigorous . quality control over interviewers and over data collection in general . Facilities. were 



Responsive Management 

staffed by interviewers with experience conducting computer-assisted telephone interviews on 

the subjects of natural resources and outdoor recreation for state fish and wildlife agencies and 

natural resource organizations . In addition, interviewers were trained according to standards 

established by the Council of American Survey Research Organizations. Professional staff 

randomly monitored interviewers to evaluate each interviewer's performance . 

Professional staff members conducted project briefings with each interviewer prior to his 

or her beginning work on, this project. Interviewers were briefed and instructed on study goals 

and objectives, type of study, handling of survey questions, interview length, termination points, 

qualifiers for participation, reading of interviewer instructions, reading of survey, skip patterns, 

and probing and clarifying techniques necessary for specific questions on the survey instrument . 

Professional staff edited each survey to check for clarity, understanding, completeness, and 

form. 

Interviews were conducted Monday through Friday from 5 :00 p.m. to 9:0.0 p.m. and on 

Saturday from 10:0.0 a.m . to 4:00 p.m. Eastern Standard Time. A multiple callback design was 

used to- maintain the representativeness of the sample, avoid bias toward people easy to reach by 

telephone, and provide an equal opportunity for all to participate. Subsequent calls were placed 

at different times of the day and on different days of the week. 

. 

	

The software used for data collection was Questionnaire Programming Language (QPL) 

version 4.1 (National Technical Information Services, 1999). QPL is a comprehensive system 

for computer-assisted telephone interviewing . The survey data were entered into the computer as 

the interviews were conducted, eliminating possible errors associated with manual data entry 

after the completion of the interviews. 
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Throughout this.report,, findings are reported at a 9510 confidence interval . For the :entire 

sample of Pennsylvania trout anglers (n = 206), the sampling error is at most plus or minus 710. 

This means that if the survey were administered 100 times to different samples that were selected 

in the . same fashion, 95 of the 100. surveys' findings would fall within plus or minus 7% of each 

other. However, this study contains a number of "skip-outs'" (sub-sampling of specific groups of 

interest) that reduce the sample size and thereby increase the sampling error, since sampling 

error is based on the proportion sampled to the, total population. Thus ; conclusions based upon 

results from small (especially very small) sample sizes (for example, question 19 with n = 5) . 

should be made with caution. Due to rounding, percentages depicted in graphs may vary slightly 

(< 0.510) from actual data and therefore may not total exactly 100%, 

. In reporting the numbers and distribution of total and stocked trout caught in the year, the 

median number of trout is used rather than the mean or average . In. this instance, the median is a 

better indicator of the central tendency of the data due to the large positive skew in the number of 

trout caught due to- a handful of anglers having caught a very large number of fish (e.g . three: and 

four hundred) . 
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All data on numbers of stocked trout consumed per month were summed within the 

categories "zero trout', '1-2 trout', `3-8 trout', and 9 and . above (see graphs) to reflect the cutoff 

points for trout consumption advisories for trout taken from the Huntsdale FCS (one meal per 

month) and Big Spring FCS :(four meals per month) . One meal is considered here to be two 

average-sized hatchery trout and therefore two trout and eight trout were used as cutoff points for 

reporting per month consumption data in this report . By the same token, for yearly stocked trout 

consumption, 244 fish consumed was used as a cutoff since 24 stocked trout per year is equal to 

the "one meal per month" advisory level . 
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When asked how many trout they caught last year, . trout anglers reported catching 

between zero and 400 trout. Sixty-six percent of all respondents reported catching 24 or fewer 

trout and the average number of trout caught per person during this period was 27:9 . 'The median 

number of trout caught - a better measure in this case of the central tendency of the data than the 

average or mean due to the large positive skew (see Introduction and Methodology) - was 12 . 

The majority of respondents (57%) reported catching between one and 24 trout with most of 

these (37% of total respondents) catching between one and 10 trout . An additional 0% caught 

between 25 and 5'0 trout, Nine percent said they caught zero trout in the :last year and 31 

caught more than 24 trout. 

Those trout anglers who caught trout (n =187) were asked how many of the trout caught 
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were stocked trout . Respondents reported catching between 0 and 300 stocked trout . Once 

again, the majority (66%) reported catching fewer than 25 stocked trout. The majority of these 

(3:9%) reported. catching between one and 10 stocked trout while 7%'(13 individuals) reported 

that none of the trout they caught in the past year were stocked. Thirty-one percent reported 

catching 25 or more stocked trout. 

The median number of stocked trout caught was 12 (mean = 25.57), which was identical 

to the median number of all trout reported caught per person last year, :suggesting that the trout 

being caught were primarily stocked trout. This conclusion is supported by the fact that the 
percentages of persons catching the number of stocked trout in each category (e.g . 1-10, 1.1-20, 

21-24, etc,, see graph Q8) were nearly identical to those reported for all trout caught (compare 

graphs Q7 and Q8) : Eighty-two percent of all trout (stocked and native) reported caught were 

stocked trout and ofthe 187 individuals who reported catching any trout, 137 (73°1o) caught 

entirely stocked trout. 

umber of Trout Kept and Numbers Eaten in the Past Year 

Of the 187 anglers who caught trout last year, a total of 90% kept fewer than 25 trout. 

Thirty-nine percent kept none of them and 40% kept between one and 10 trout_ Of the remaining 

trout anglers, 6°1o kept between 25 and 50, 3% kept between 51 and 100 trout (five individuals 

reported keeping :approximately 100 trout) and. 0.5 % (a single individual) kept over 100 trout last 

year.. 

All 206 trout anglers, including those who reported that they had not themselves caught 

any trout, were asked how many trout they ate last year. Ninety-four percent said they had eaten 

fewer than 25 trout. Forty six percent said. they ate zero trout and 48% reported. eating between 



one and 20 trout. Only 5% (eight individuals) reported eating 25 or more trout last year . 
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Trout anglers were asked on average how. many stocked trout per month his or her 

household ate in the past year and then those who reported eating at least one stocked trout were 

subsequently asked a number of specific questions about the identities of the consumers and the 

numbers consumed. For all questions concerning the numbers consumed per month, if a 

respondent :gave a number less than one but greater than zero trout consumed per month, this 

number was rounded to one. 

Ninety-three percent of respondents reported that their households ate eight or fewer 

stocked trout per month and 84% reported that their households ate two or fewer stocked trout 

per month. The majority (59%) stated that they had eaten zero stocked trout per month. Only 

5% (10 individuals) reported eating more than eight stocked trout per household per month last 

year . 

Those trout anglers who said their households had eaten stocked trout in the past year 

(n7-84, or 41 % of all trout anglers surveyed, referred to hereafter as "stocked trout consumers") 

were asked a series of questions to determine how many stocked trout were eaten by individual 

members of the household in the past year. Sixty-six percent of these reported that they 

themselves had. eaten one to two with an additional 24% eating three to eight stocked trout per 

month . Only three individuals (approximately 4°%) reported eating more than eight and 6% 

reported that they had-personally eaten no stocked trout per month last year. Note that, since the 

latter individuals had reported_ that their households had eaten stocked trout in the past year while 
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they had eaten none, presumably other members of their households had consumed the. stocked 

trout. 

Fifty eight percent of stocked trout consumers reported having children . When this 

subgroup (n = 49) was asked the number of stocked trout their children had eaten per month in 

the past year, 9Q% responded that their children had eaten fewer than eight stocked trout and 

84% that they had eaten two or fewer stocked trout . Forty-one percent reported that their 

children had eaten no stocked trout while only 6% (3 individuals) reported that their children had 

eaten more than eight stocked trout per month in the past year. 

Seventy-five percent (n = 63) of stocked trout consumers were married and of these, 91 

reported that their spouses ate two or fewer stocked trout per month in the past year. Thirty-two 

percent had eaten zero stocked trout . 

The vast majority (89%) of stocked trout consumers were male. One married male 

stocked trout consumer had a pregnant spouse last year but she did not eat any stocked trout. 

None of the female stocked trout consumers (n = 5) were pregnant last year. 

Stocked trout consumers were asked if any other members of their household (besides 

themselves, their children and their spouses) ate stocked trout last year, and. if so, how many 

stocked. trout per month that person or persons ate. Multiple. responses were allowed. A . large 

majority, 82%, said no one else in the household ate stocked trout . last year, Eight respondents 

(10%). reported that their fathers ate stocked trout, of which five fathers ate one stocked trout and 

one ate four. Two respondents did not know the number of stocked trout that their father ate . 

Four respondents' mothers. ate stocked trout with one eating three stocked trout per month, 

another eating one, and two more eating an unknown number of stocked trout. Four had brothers 



who ate .stocked trout with two eating one stocked trout' per month, one eating three stocked 

trout, and one unknown. 

Responsive Management 

All surveyed Pennsylvania trout anglers (n=206) were asked, "How many stocked trout 

did you give to someone, else, outside your household to eat last year?" Ninety-five percent 

stated that they had given away fewer than 25 trout and 85% o had not given stocked trout to 

anyone last year . Another 7% had _given away 1-10 stocked trout : and 3% 11-20 stocked trout . 

Only 5% (9 individuals) had given away 25 or more stocked trout. 
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All surveyed Pennsylvania trout anglers (n=206) were asked, "Where do you get your 

fish consumption advisory information?" Multiple responses were allowed. The largest number 

(3.4%) -cited the Pennsylvania Summary of Fishing Regulations and Laws provided with their 

license as their source of fish consumption advisory information . Nineteen percent said. they do 

not receive any of this information and another 19% o mentioned the newspaper as a source . Eight 

percent didn't know where they received the information. Seven percent mentioned a 

Pennsylvania Fish and Boat Commission pamphlet/brochure, another 7% word of mouth, and 

12% mentioned a variety of other sources (e.g. magazine, TV, web site) as the source of their 

fish consumption advisory information. 

Fish 
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Sixty two percent of surveyed Pennsylvania trout anglers were aware of the fish 

vis Information 
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consumption advice issued for stocked trout . . When those who were aware of the advisory 

(n=128) were asked how they found out about the fish consumption advice, 35% mentioned the 

Pennsylvania Summary of Fishing Regulations and Laws, 27% the newspaper, 17% word of 

mouth, 6% a Commission pamphlet or brochure and 18% mentioned other sources (e.g. TV, 

magazine, website). Three percent were unsure how they had found out about the consumption 

advice. 

When asked if they follow the . fish consumption advisory; 78°1 of the "aware" trout 

anglers replied, "yes." The "aware" trout anglers were split when asked. if the advisory hard an 

impact on their consumption decisions for stocked trout. Forty eight percent said "yes," and fifty 

percent said, "no." 

eneralInformation 

	

Fish Consumption Advisories 

All 206 surveyed trout anglers were asked general questions pertaining to fish 

consumption advisories. Sixty two percent of the referenced anglers do not fish in waters where 

an advisory has been issued (the names of these waters were not supplied to surveyed anglers) . 

Seventy seven percent of the trout anglers were aware that the Commission publishes fish 

consumption advisories in the Summary of Fishing Regulations and Laws- given upon purchase 

o a license.. A vast majority (870/o) of the trout anglers said the advisories do not impact the 

number of days they fish. . and 89% stated that the advisories did not impact their decision to buy a 

license. A majority of the trout anglers (64010) responded that the advisories did not impact the 

kinds and numbers of fish kept. 



Responsive Management 



Pennsylvania Fish & Boat Commission Trout Angler Survey 

	

II 

0 trout 

1-10 trout 

11-20 trout 

21-24 trout 

25-50 trout 

51-100 trout 

101-200 trout 

201-400 trout 

Don't know 

ow many trout did you etch last year? 

0 20 40 60 80 100 
Percent Trout. Anglers (n=206) 



12 

	

Responsive Management 

0 trout 

1-10 trout 

11-20 trou 

21-24 trout 

25=50 trout 

51-100 trout 

101 -200 trout 

201-300 trout 

Don't know 

f the trout that you caught last year, about 
how many were stocked trout? 

(Asked of trout anglers who reported catching trout in the past 
year) 

j20 

0 20 40 60 80 100 
Percent Trout ;Anglers (n.=187) 



Pennsylvania Fish & Boat Commission Trout Angler Survey 

	

13 

9 
(Asked of trout anglers who reported catching trout in the past 

year) 

ow many trout did you keep last year? 

101-1 .50 trout 

20 40 60 80 100 
Percent Trout Anglers (n=187) 



14 

	

Responsive Management 

0 trout 

1-10 trout 

11-20 trout 

21-24 trout 

25-50 trout 

51-100 trout 

101-150 trout 

Don't know 

y tr ut did you eat last year? 

0 20 40 60 80 100 
Percent Trout Anglers(n=206) 



Pennsylvania Fish & .Boat Commission Trout Angler Survey 

	

IS 

0 trout 

1 -2 trout 

3-.8 trout 

9-20 trout 

21-30 trout 

Don't know 

11 . 

	

n average., how many stocked trout per 
month did your household eat last year? 

20 440 60 80 100 

Percent Trout Anglers (n=20'6) 



16 

	

Responsive Management' 

12 ow many stocked trout did you eat per 
month last year? ' 

(Asked of trout anglers who reported eating at least one 
stocked trout in the past year) 
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any stocked trout per month did each 
of your children eat last year? 

(Asked of trout anglers who reported eating at least one 
stocked trout in the past year and who had children,) 
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as your spouse pregnant during the last 
year? 

(Asked of male trout anglers who reported eating at. least one 
stocked trout in the past year and who were married with at 

least one child) 
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stocked trout. last year, and who had at least one child) : 
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o you follow the fish consumption adviso 
for stocked trout? 

(Asked of trout anglers who said they were aware of fish 
consumption advice issued for stocked trout) . 
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C:\PROJECTS\STATE\PENN$Y-1\PATROU-2XPATP.U-1\PATROUT,TXT 1-4-2001 

2000 PA Fish & Boat Commission Trout Survey 
Copyright Responsive Management 2000 

1 . PRESS RETURN WHEN INTERVIEW BEGINS 

TIMER STARTS AFTER THIS SCREEN 

2 . Time when interview began 

3 . Hello, may I please speak with (NAME FROM CALLSHEET) . 
My name is 

	

-, and Ilm .calling on behalf of The 
Pennsylvania Fish and Boat Commission to ask you some questions 
about trout fishing . We are not selling anything and the survey 
will just take a few minutes . Will you help us cut by doing the 
survey? 

(CHECK ONLY ONE ANSWER) 

START 

TIME1 1:1-5 

CONPER 1 :6 

1 . Correct person, good time to do survey (GO TO QUESTION 

2 . Bad time / Schedule recall (CB) 

	

(GO TO QUESTION 4) 
3, AM, RF, BG, DL, DS, NA, BZ 

SKIP TO QUESTION 55 

4 . When would be the best time for me to call back? 
Thank you for your time . 

ENTER DAY AND TIME ON CALLSHEET (CB.) 
WHENCALL 

SKIP TO QUESTION 55 

5 . Did you fish for trout in Pennsylvania in the last 12 months? 
VERIFY 1:7 

(CHECK ONLY ONE ANSWER) 

J__J 

	

1 . Invalid. answer . 

	

Select another . 

	

(GO TO QUESTION 5) 
J -- J 

	

2 . Yes 

	

(GO TO QUESTION 7) 



Pennsylvania Fish & Boat Commission Trout Angler Survey 

	

35 

3 . No 
-4 . Don't know 

2000 PA, Fish & Boat Commission Trout Survey 

	

Page 2 

6, Sorry, but right now we are only interviewing those individuals 
that home. fished for trout in the last twelve months . However, 
we do appreciate your time and cooperation . 

PRESS ENTER TO CONTINUE 

SKIP TO, QUESTION S5 

7, How many trout lid you catch last year? 
(ENTER 9999 FOR DON'T KNOW) 

IF (47 = 0) GO TO #1 :0 

8 . Of the trout that you caught last year, about how many were 
STOCKED trout? 
(ENTER 9299 FOR DON'T KNOW) 

9, How many. trout did you keep last year? 
(ENTER 9999 FOR DON'T KNOW) 

10, How many trout did you eat last year? 
{ENTER 9999 FOR DON'T KNOW) 

11 . On average, how many STOCKED trout per month did your household 
eat last year? 
(ENTER 9999 FOR DON'T KNOW 
RIF GREATER THAN 0 BUT LESS THAN 1 /MO . ROUND TO 11) 

FAMEAT IM-27 

I F 

	

{#11 = 0) 

	

GO TO #31 

SORRY 

HOWMANY IM-11 

STOCKED: 1 .12-15 

KEEP 1:16-19 

EAT 100-23 



12 . And how many STOCKED trout would you say YOU 
year? 
(ENTER 999 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO . ROUND 

2000 PA Fish & Boat Commission Trout Suryey 

1.3 . And do you have any -children? 

(CHECK ONLY ONE :ANSWER) 

SKIP TO QUESTION 15 

14 . How many STOCKED trout per 
last year? 
(ENTER 9:99 FORDON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO . ROUND 
(IF MORE THAN ONE CHILD, ASK FOR AVERAGE) 

Invalid answer . Select another . 

15 . What is your marital status? 

(CHECK ONLY ONE ANSWER) 

1 . 
2 . 
3 . 
.4 . 
5 . 

Invalid answer . 

	

Select another . 
Married (GO TO. QUESTION 16.) 
Unmarried 
Don't know 
DNR : Refused 

Responsive Management 

ate per month last 

TO 1!) 
YOUEAT ]. :28-30 

Page 3 

HAVCHILD 1 :31 

(GO TO QUESTION 13) 

month did each of your children eat 

TO 1!) 

EATCNILD :1 :32-34 

MARRIED 1 :35 

(GO TO QUESTION .15) 

SKIP TO QUESTION 17 

16 :. And how many STOCKED trout would you say YOUR, SPOUSE :ate per 
month last year? 
(ENTER 9.99 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO . .ROUND TO 1!) 

2 . Yes (GO TO QUESTION 14) 
3 . No 
4- Don't know 
5 . DNA : :Refused 
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SPOUSE 1 :3G-38 

2000 PA Fish & Boat Commission Trout Survey 
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17, DNRt OBSERVE .AND ENTER GENDER OF RESPONDENT . 
(ASK IF NECESSARY : For standardization purposes, may we ask your 
gender?) 

& HECK ONLY ONE ANSWER) 

1 . Invalid answer . Select another . 

	

(GO. TO. QUESTION 17) 
2 . Male 
3 . Female 
4 . Don't know 

IF (#13 > 2); 00 TO #21 
IF (417 = 3) GO TO #'19 
IF (#15 = 2 AND #17 = 1) GO TO #18 

SKIP TO QUESTION 21 

18 . Was your spouse pregnant during the last year? 

{CHECK ONLY ONE ,ANSWER) 

1 . Invalid answer . 

	

Select another . 

	

(00 TO QUESTION 18) 
2 . Yes 
3 . No 
4 . Don't know 
5 .'DNR : Refused 

SKIP TO QUESTION 21. 

19 . Were you pregnant during the last year? - 

(CHECK ONLY ONE ANSWER) 

GENDER 1 :.39 

SPPREG 1 :40 

YOUPREG IM 

(GO TO QUESTION 19) 

SKIP TO QUESTION 21 

L-1 1 . Invalid answer . Select another 
L-1 Yes 
L-1 No, 

4, Don't know 
S . DNR : Refused 
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20 . YOU DID NOT USE 
YOUR SPACE BAR 

-PRESS ENTER TO TRY AGAIN 
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21 . And were there any other members of your household that ate 
STOCKED trout last year? (If yes : who were they?) 
(DNR LIST ; CHECK ALL THAT APPLY) 

(CHECK ALL THAT-APPLY) 

1 . No ; No one else 
2 . Mother 
3 . Father 
4 . Sister 
5 . Brother 
6 . Grandmother 
7 . Grandfather 
8 . Aunt 
9 . Uncle 

10 . Other 
11 . Don't :know 

IF (#21 = 0) GO TO #20 
IF (#21 @ 10) GO TO #22 
IF (#21 @ 2) GO TO #23 
IF (#21 @ 3) GO TO #24 
IF '(#21 Q 4) GO TO #25 
IF (#21 @ 5) GO TO #26 
IF (#21 @ 6) GO TO #27 
IF (#21 @ 7) GO TO #28 
IF ' :{#21 @ 8) GO TO #29 
IF (#21 @ 9) GO TO #30 

SKIP TO QUESTION .31 

NOSPAC1 

WHOOTH 1 :42-52 

22 . ENTER OTHER FAMILY MEMBER THAT ATE STOCKED TROUT 
WHOOTHST 2 :1-12 .0 
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SKIP TO QUESTION 31 
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2.3 . And how many STOCKED trout per month were eaten by your mother'.;, . 
(ENTER 999 FOR DON"'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN l/MO, ROUND TO 1!) 

MOTHER 3: :1-3 

SKIP TO QUESTION . 31 

24-. And how many STOCKED- trout per month were eaten by your father? 
(ENTER 999 FOR DON'T KNOW) 

	

. 
(IF GREATER THAN 0 BUT LESS THAN 1/MO : ROUND TO 1 

FATHER 3 ::4-6. 

SKIP TO QUESTION 31 

2.5 .. And how many STOCKED trout per month were eaten by your sisterl 
(ENTER 995 FOR DON'T KNOW) . 

IF {#21 @.-' 2) GO TO #23 
IF (#21 @ 3) GO TO #2-4 
IF (#21 @ -4) 00 TO #25. 
IF (#21 @ 5) GO TO #26 
IF {#21 6 6) GO TO #27 
IF (#21 @ 7) GO TO #28 
IF (#21 @ 8) GO TO #29 
IF (#21 . .@ 9) GO TO #30 

IF (#21 @ .4) GO TO #2.5 
IF (#21 @ 5) G0' TO #26 
IF (#21 @ 6.) GO TO #27 
I F (#21 @ 7) -GO TO #.2 8 
IF (421 @ 8.) GO TO #29 
IF (#21 @ 9) GO TO #30 

-) 

IF (#21 @ 3) GO TO #24 
IF {#21. @ 4) GO TO #.25 
IF (#21 @ 5) Go TO #26 
IF (#21 @ 6) GO- TO #27 
IF (#21 @ 7) GO TO #28 
IF (#21 @ 8.) GO TO #29 
IF '(#21. @. 9) GO TO #30 
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(IF GREATER THAN 0 BUT LESS THAN l ./MO . ROUND TO 1!), 
SISTER 3 :7-9 

SKIP TO QUESTION 31 
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26 . And how many STOCKED trout per month were eaten by your brother? 
(.ENTER 999 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO . ROUND TO '1?) 

BROTHER 3 :10-12 

SKIP TO QUESTION 31 

27 . And how many STOCKED trout per month were eaten by your 
grandmother? 
(ENTER 999 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO, ROUND TO 1!) 

GRANDMA 3 :13-15 

IF (#21 @ 7) GO TO #28 
IF (#21 @ 8'.) GO TO #29 
IF (#21 @ 9) GO TO #30 

SKIP TO QUESTION 31 

28 . And how many STOCKED trout per month were eaten by your 
grandfather? 
(ENTER 9.99 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO : ROUND TO I!) 

GRANDPA 3 :16-18 

IF (#21 - @ 6) GO TO #27 
IF (#21 @ 7) GO TO #28 
IF (#21 @ 8 .) GO TO #29 
IF (#21 @ 9) GO TO #30 

IF {#21 @ 5) GO TO #26 
IF (#21 @. 6) GO TO #27 
IF (#21 @ 7) GO TO #28 
IF (#21 @ 8) GO TO #29 
IF (#21 @ 9) GO TO #30 
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IF (#21 .C 8) GO TO.#29 
IF 421 @ 9) GO TO #30 

SKIP TO QUESTION 31 
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29~ And how many STOCKED trout per month were eaten by your aunt? 
(ENTER 999 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO . ROUND TO 1!) 

AUNT 3 :19-21 
L-L-L-1 
IF (421 @ 9) GO TO #30 

SKIP TO QUESTION 31 

30 . And how many STOCKED trout per month were eaten by your uncle? 
(ENTER 919 FOR DON'T KNOW) 
(IF GREATER THAN 0 BUT LESS THAN 1/MO . ROUND TO 11) 

UNCLE 1:22-24 

31 . How many STOCKED trout did you give to someone else, outside 
your household to eat last year? 
(ENTER 999 FOR DON'T 

KNOW) 

SKIP TO QUESTION 13 

32 . YOU DID NOT USE 
YOUR SPACE BAR 

PRESS ENTER TO TRY AGAIN 

GIVEAWAY 3 :25-27 

NOSPAC2 
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33 . Where do you get your fish consumption advisory information? 
(DNR LIST ; CHECK ALL THAT APPLY) 

('CHECK ALL THAT APPLY) 

IF (#33 = 0) GO TO #32 
IF (#33 .@ 8.) GO TO #34 

SKIP TO QUESTION 35 

34 . ENTER OTHER WAY OF RECEIVING FISH CONSUMPTION ADVISORY INFO . 
ADINFOST 4:1-120 

3.5._ .Are you aware of fish consumption advice issued for STOCKED 
trout? 

{CHECK ONLY ONE ANSWER) 

ADINFO 3 :28-.36 

1 . I don't get any info/nowhere 
2 . PA Summary of Fishing Regulations and Laws (given with 

3 . PA Fish & Boat Commission pamphlet/brochure 
4 . :PA Fish & Boat Commission enforcement officer 
5 . :PA Fish & Boat Commission employee 
6 . Word of mouth/friend/family member 
7 . :Fishing Club. 
8 . Other 
9 . Don't know 

AWARE 5 :1 

1 . Invalid answer . 

	

Select another . 

	

(GO TO QUESTION 35) 
2 . Yes (GO TO QUESTION 37) 
3 . No 
4 . Don't know 

SKIP TO QUESTION 41 

36 . YOU DID .NOT USE 
YOUR SPACE BAR 

NOSPAC3 
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PRESS ENTER TO TRY AGAIN 

license) 
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37 . And how did you find out about the fish consumption advice for 
STOCKED trout? 
(DNR LIST ; CHECK ALL THAT APPLY) 

(CHECK ALL THAT APPLY) 

1 . I don't get any info/nowhere 
2 . PA Summary of Fishing Regulations and Laws (given with 

3 : PA Fish & Boat Commission pamphlet/brochure 
4 . :PA Fish & Boat Commission enforcement officer 
5 .. PA Fish & Boat Commission employee 
6 . word of mouth/friend/family member 
7 . Fishing Club 
8 . Other 

	

. 
9 : Don't know 

IF (#37 -- 0) GO TO #36 
IF (#37 C 8) GO TO #38 

SKIP TO QUESTION 39 

38 ENTER OTHER: WAY OF FINDING OUT ABOUT STOCKED TROUT ADVISORY 
HOWFNDST 6 :1- .120 

39 . . Do you follow the fish consumption advisory for STOCKED trout? 
FOLLOW 7:1 

('CHECK ONLY ONE ANSWER) 

HOWFND .5-2-10 

(GO TO QUESTION 39) 

404 Does the STOCKED trout advisory impact your consumption 
decisions for STOCF= trout? 

IMPACT 7':2 

1 . Invalid answer- . Select another . 
2 . Yes 
3- No 
4 .. Don't know 
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(CHECK ONLY ONE ANSWER) 
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41 . Do you usually fish in waters for which advisories have been 
issued? 

(CHECK ONLY ONE ANSWER) 

42 . Are you aware that the Commission publishes fish consumption 
advisories in the summary of Fishing Regulations and Laws 
given to you when you buy a license? 

SUMMARY 7 :-4 
(CHECK ONLY ONEANSWER) 

1 . 
2 . 

(-) 3 . 
4 . 

(GO TO QUESTION 40) 

1 . Invalid answer . Select another . 

	

(GO TO QUESTION 41) 
2 . Yes 
3 . No 
4 . Don't know 

Invalid answer . Select another . 

	

(GO TO QUESTION 42) 
Yes 
No 
Don't know 

43 . . Do fish consumption advisories. impact the number of days 
you fish? 

NUMDAYS 7 :5 
('CHECK ONLY ONE ANSWER) 

1 . Invalid answer . Select another . 

	

(GO TO QUESTION 43) 
2 . Yes 
3 . No 
4 . Don't know 

44 . Do fish consumption advisories impact your decision to buy 
a license? 

BUYLIC 7:6 
(CHECK ONLY ONE ANSWER) 

ADWATER 7 :3 

1 . Invalid answer . 

	

Select another . 

	

(GO TO QUESTION 44) 
2 . Yes 
3 . No 

1 . Invalid answer . Select another . 
2 . Yes 
3 . No 
4 . Don't know 
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.4 . Don't know 
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45 . Do fish consumption advisories impact the kinds and numbers 
of fish you keep? 

FISHKEEP 7:7 
(CHECK ONLY ONE ANSWER) 

Invalid answer . Select another . 

	

{GO TO QUESTION 45) 
Yes 
No 
Don't know 

46, Great! We art just about through . The final questions are 
for- background information and help us to analyze the results . 

DEMO 
PLEASE PRESS ENTER TO CONTINUE . . . 

47 . Do you consider your place of residence to . be in . a largo city, 
a suburban area, a small town, a rural area, or a farm or ranch? 
(READ SCALE AS NECESSARY)' 

(CHECK ONLY ONE ANSWER) 
RESIDE 7 :8 . 

1, Invalid answer . Select another . 

	

(GO TO QUESTION 47) 
24 Large city .or urban area 
3 . Suburban area 
4 . Small City or town 
5 . Rural area 
6 . Farm or Ranch 
7 : {DNRt REFUSED) 

48, In what county do you live? 
(ENTER 99 FOR DON'T KNOW; BE FOR NONRESIDENT; 77 FOR REFUSED) 

COUNTY 7:9-10 

49 . And, finally, may I ask your age? 

	

I 

	

I 

{ENTER 999 FOR DON'T KNOW ; 881 FOR*REFUSED) 
AGE 7 :11-11 
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50 . That is the end of the questionnaire . 

	

Thank you very much for 
your time and input! 
(IF ADDITIONAL COMMENTS ., RECORD HERE IN FIRST PERSON ; 120 CHAR) 

END 8 :1- .120 

51 . ENTER LICENSE TYPE FROM CALLSHEET 

(CHECK ONLY ONE ANSWER) 

1 . 
2 . 
3 . 
4 . 
5 . 
6 . 

5.2 . TIME INTERVIEW WAS COMPLETED 

53 . Please enter your 

LOWEST VALUE = 1 

Invalid :answer . 

	

Select 
MISSING (See manager) 
R. (Resident) 
N (Non-resident) 
SR (Senior resident) 
3T (3-day trip permit) 
7T -(7-day trip permit) 

initials. . 

54 .. Enter the area code and telephone number of number dialed . 
TELEPHON 9 :10-19 

5.5 .. SAVE OR ERASE INTERVIEW . 
DO NOT ERASE .A COMPLETED INTERVIEW1 

(CHECK ONLY ONE ANSWER) 

1 . Save answers 
(-~ 2 . Erase answers 
-) 3 . Review answers 

(GO TO QUESTION 57) 

another . 

	

(GO TO QUESTION 51) 

(:GO TO QUESTION .3) 

LICTYPE .9 :1 

ENDTIME 9 :2-6 

INTVRINT 9 :7-9 

FINISH 9 :20 
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56 . ARE YOU SURE YOU WANT TO ERASE THIS INTERVIEW? 
ONLY ERASE IF : Terminated (record on back), 
RF, BZ, NA, DS, BG, DL, AM 

('CHECK ONLY ONE ANSWER) 

1, No do not erase the :answers 

	

(GO TO QUESTION 55) 
2 . Yes, erase this interview 

57 .. Date call was made 

Year 

	

Month Day 

SAVE IF (#55 = 1 

MAKESURE 9 :21 

INTVDAT 9 :22-29 




