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CHAPTER |

INTRODUCTION

As of the year 2000, coal fired power plants generated more than 50 percent of the
electricity generated in the United States. For nearly @adée the United States
Environmental Protection Agency has laid emphasis on regulaterguny especially
from coal fired power plants, having recognized that source asathest remaining
source of mercury emissions in the country (EPA, 2009).

The U.S, Centre for Disease Control and Prevention, the Nationa&aRhs
Council of the National Academy of Sciences and the World Hé&xltjanization all
agree that mercury can pose unacceptable public health risksm® ssgment of
population. Mercury in the atmosphere comes from two sources, huaotiarties
(anthropogenic) and natural activities i.e. volcanic activitieshénl.S, coal fired power
plants are the largest unregulated source of mercury emisstoosnting for about 40
percent of the country’s industrial emission (EPA, 2009).

1.1 Motivation
When the Clean Air Act was amended in 1990, EPA was given the ayttwrit
control mercury and other hazardous air pollutants from major sooir@sissions to

the air. For fossil fuel-fired power plants, the amendments reqiir&dto conduct a



study of hazardous air pollutant emissions. The Administrator @psred to consider

the study and other information and to make a finding as to whetbalation was



appropriate and necessary. Standards of control were to be issugqubsftiae
finding was made. In 2000, the EPA Administrator found that regulatitvazdrdous
air pollutants, including mercury, from coal and oil-fired power plards appropriate
and necessary, (EPA, 2009).
This was however justified, having discovered the hazardous effetercury on
environment and the threat it pose to human health and the ecosystem.

The results of the survey conducted by CDC and released in 2003 showsdhn
12 (eight percent) of American women of childbearing age had meirctingir blood
above the threshold that CDC considered safe. The implication ofsttitsat 4.7
million women of childbearing age had already an excessiveumyelevel in their
blood; which that implies that 322,000 newborns might be at risk for neuralogic
problems. Secondly, current studies also show that exposure to meanuaisc leads
to cardiovascular defects in adu#RA, 2003).
1.2 Objectives

The basic objective of this research is to determine the enviroahfatd of

mercury and its most toxic compound methylmercury in a multimediaronment
using various computer models.
The specifics of this research are to;

e Examine the physical and chemical properties of methylmercury,

e Predict the behavior of methylmercury as it partition to rpldtimedia in the

environment,
e Determine the fate of the chemicals of concern in multimediarenment

using a general fate model.



The general fate model to be adapted in this research utilizeatdérom chemical and
physical properties of the chemicals of concern, the emissiendegradation rates and
various reactivity constants. The model can be used to predict theafa risk
assessment of the chemical.
1.3Thesis outline

This thesis report has five major chapters. Chapter one introthedspic and
the justification for the research .Chapter two reviews iegstiterature and the
properties of the chemicals of concern, mercury and methylnyerand the identifiable
risks associated with them. Chapter three addresses the methodwiolged in using
the models for the fate and risk assessment. Chapter four isdlist®ission and
analysis of the results obtained from chapter three. Chapteintludes the conclusions

and recommendations from the previous chapters; appendices follow chapter five.



CHAPTER Il

REVIEW OF LITERATURE

2.1 Introduction

This chapter describes the environmental fate of mercury edates to the
present study. The release of mercury to the atmosphere arestiing effect of the
exposure to human and wildlife from inhalation and ingestion pathwaydissmessed.
The chapter discussed the mercury cycle and speciation in the environment.
2.2 Mercury in the Environment

Mercury enters the environment by two processes, natural and antancpokhe
behavior of mercury which enables it to partition into different mesliague to its
chemical properties; this process can simply be referred to as theryneycle.
2.2.1 How mercury enters the environment

Mercury is released into the air by human activities, otlservknown as
“anthropogenic” source through manufacturing or burning coal for fuel, sod f
“natural” sources, such as volcanoes. According to Tom Atkeson andP&dsl, (2002),

there are three basic forms in which mercury can exist in the atmospitktieese are;

e Elemental mercury, which can travel a long distance and whahremain in

the atmosphere for up to a year before any change can occur. to



e Particulate mercury, otherwise called particle-bond meramnych might easily
undergo transformation having traveled a considerable distance.

e Oxidized mercury also called ionic or reactive gas merci®@N); found
predominantly in water soluble forms which can be deposited at a @inge
distances depending on topography, and metereologic downwind conditions of a

source.

Upon mercury emission into the environment, the fate of mercury imthement will

however depend on the following factors:

e The form of mercury emitted,

e The location of the emission source,

e How high above the landscape the mercury is released (i.e. stack height)
e The surrounding terrain

e The weather

“Depending on these factors, atmospheric mercury can be traasdporer a range of
distances before it is deposited, potentially resulting in depositiotocal, regional,
continental and/or global scales. Mercury that remains in tHergirolonged periods of
time and travels across continents is said to be in the "glgbkd.'t Recent emissions
estimates of annual global mercury emissions from all souraés,al and anthropogenic
(human-generated), which are highly uncertain, are about 4800-8300 toyggoé

(EPA, 2009).



“U.S. anthropogenic mercury emissions are estimated to account finydhree
percent of the total global emissions, and the U.S. power ssctstimated to account
for about one percent the total global emissions. EPA has estithatieabout one third
of U.S. emissions are deposited within the contiguous U.S., and thendemanters the
global cycle. Current estimates are that less than half wfeacury deposition within the
U.S. comes from U.S. sources, although deposition varies by geograpdtiodod-or
example, compared to the country as a whole, U.S. sources re@ageater fraction of
the total deposition in parts of the Northeast because of theidlirextthe prevailing

winds”.

2.3 State- of -the art of mercury emission from coal-fired power plants

On May 18, 2005, the U.S. Environmental Protection Agency (EPA) promadigat
the first national standards for mercury emissions from caad-felectric power
plants.EPA’s reasons for the standard are:

1. “Mercury is a potent neurotoxin that can cause adverse heféttts (principally
delayed development, neurological defects, and lower IQ in fetuseshéahckn)
at very low concentrations.

2. The principal route of exposure to mercury is through consumptionsbf fi
Mercury enters water bodies, often through air emissions, dakles up through
the food chain, ultimately affecting humans as a result of fishuoopison.
According to the Environmental Protection Agency (EPA), as oeBéer 2004,
44 states had issued fish consumption advisories due to mercury.

3. Twenty-one states (primarily in the Midwest and Northeast) hiaseed

advisories for mercury in all their freshwater lakes and/or rivers.



4. Twelve states in the Southeast and New England have advisoriasefoury
statewide in their coastal waters, and Hawaii has a state advisory for
mercury in marine fish “. (EPA,2004)

EPA gives the following rationale for the standards

“Mercury reaches water bodies from many sources, including cdiobusf fuels

containing the substance in trace amounts. In the United Statesiredgtdwer plants

are the largest emission source, accounting for 42% of totaLlnyegmissions according

to EPA. EPA’s 2005 regulations, referred to as Clean Air Mer®ule (CAMR),
establish a cap-and-trade program for power plant mercury thdaake effect in 2010.
CAMR will have little impact on emissions before 2018; however tbeclasion
regarding the rule’s lack of impact is based on EPA’s analyhis rule establishes a cap
of 38 tons of emissions from affected units between 2010 and 2017, but tley agen
estimates that actual emissions will be reduced to 31 tons in Z)1Bearesult of
pollution controls installed under other (non-mercury) regulatory pnogr&missions

will continue to decline, according to EPA, reaching 28 tons in 2015, whlecap
remains at 38 tons. Thus, the CAMR rule’s cap in the period 2010-2045 ggimarily

to generate credits that will be used to delay full compliamite the 69% reduction
otherwise required beginning in 2018. Full compliance with the 69% reduction,
according to EPA’s analysis at that time, the regulationlsfeala 69% reduction in
emissions as compared to the1999 level.

In setting the limit so far in the future, EPA stated, in pdudt mercury control

technologies are not now commercially available, and will not deemglly available



until after 2010, even though many observers disagree with that conclusiodjng a
growing number of states.” (EPA, 2005)
2.4 Chemistry of Mercury

According to EPA (1997), describes the chemistry of mercury as follows:
“Elemental mercury is a heavy, silvery-white liquid metal at typioabi@ant temperatures
and pressures. The vapor pressure of mercury metal is straeglgndent upon
temperature, and it vaporizes readily under ambient conditionsaltgation vapor
pressure of 14 mgfingreatly exceeds the average permissible concentrations for
occupational (0.05 mgfh or continuous environmental exposure (0.015mp/m
Elemental mercury partitions strongly to air in the environmentsndt found in nature
as a pure, confined liquid. Most of the mercury encountered in the atmesishe
elemental mercury vapor”. (Nriagu, 1979; WHO, 1976).

“Mercury can exist in three oxidation states:’Hmetallic), Hg** (mercurous),
and Hg ? (mercuric-Hg (11)). The properties and chemical behavior ofcorgrstrongly
depend on the oxidation state. Mercurous and mercuric mercury canntorarous
inorganic and organic chemical compounds; however, mercurous mescgargly stable
under ordinary environmental conditions. Mercury is unusual among metaadeeit
tends to form covalent rather than ionic bonds. Most of the mercury eeaoedirit
water/soil/sediments/biota (all environmental media excepttthesphere) is in the form
of inorganic mercuric salts and organomercurics. Organomercamicslefined by the
presence of a covalent C-Hg bond. The presence of a covalent C-Hg Hernehtdtes
organomercurics from inorganic mercury compounds that merely assauith the

organic material in the environment but do not have the C-Hg bond. The compounds



most likely to be found under environmental conditions are these, thmungesalts
HgCl, Hg(OH) and HgS; the methylmercury compounds, methykmgr2, 2 chloride
(CH HgCl) and methylmercury hydroxide (CH HgOH); and, in $rmattions, other 3 3
organomercurics (i.e., dimethylmercury and phenylmercury).

Mercury compounds in the aqueous phase often remain as undisassociated
molecules, and the reported solubility values reflect this. Sdlbi#lues for mercury
compounds which do not disassociate are not based on the ionic product. Most
organomercurics are not soluble and do not react with weak acidsesrdwasto the low
affinity of the mercury for oxygen bonded to carbon. Methylmerchyglroxide
(CH HgOH), however, is highly soluble due to the strong hydrogen bonduadpitity of
the hydroxide 3 group. The mercuric salts vary widely in solybitior example HgCl is
readily soluble in water, and HgS is as unreactive as the orgarome due to the high
affinity of mercury for sulfur” (Mason et al, 1994).

2.4.1 The Mercury Cycle

EPA describes the mercury cycle as follows:*Given the presedéerstanding of the
mercury cycle, the flux of mercury from the atmosphere to land aterwat any one
location is comprised of contributions from: The natural global ¢yble global cycle
perturbed by human activities, regional sources, and local sources. Recent adNawces
for a general understanding of the global mercury cycle and the timpanthropogenic
sources. It is more difficult to make accurate generalizations ofukesfon a regional or
local scale due to the site-specific nature of emission and tiepgsiocesses”. (Mason

et al, 1994).
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2.4.2 The Global Mercury Cycle

According to EPA (1997) “As a naturally occurring elementrauey is present
throughout the environment in both environmental media and biota. Nriagu (1979)
estimated the global distribution of mercury, and concluded that byhéa largest
repository is ocean sediments. Nriagu estimated that the oedanesits may contain
about 1017 g of mercury, mainly as HgS. Nriagu also estimateddbah waters contain
around 1013 g soils and freshwater sediments 1013 g, the biosphere 1044tlg i{m
land biota), the atmosphere 108 g and freshwater on the order of t@®@ugh this
account does not includes mercury in mines and other subterraneatorgggo# more
recent estimate of the global atmospheric repository by Fakh€t994) is 25 Mmaol or

approximately 5x10g. The estimate of Fitzgerald (1994) is about 50 times the previous

11



estimate of Nriagu (1979) and illustrates how rapidly the séieninderstanding of
environmental mercury has changed in recent years.”

“Several authors have used a number of different techniques tatestira pre-
industrial mercury concentrations in environmental media before antenjoo
emissions became a part of the global mercury cycle. Itffisuli to separate current
mercury concentrations by origin (i.e. anthropogenic or naturalpusec of the
continuous cycling of the element in the environment. For example,opntfenic
releases of elemental mercury may be oxidized and depositaderdimercury far from
the source; the deposited mercury may be reduced and reeeastelemental mercury
only to be deposited again continents away. Not surprisingly, therénsad range of
estimates and a great deal of uncertainty with each. When tthetes are combined,
they indicate that between 40 and 75 percent of the current atmosphencary
concentrations are the result of anthropogenic releases”

“The Expert Panel on Mercury Atmospheric Processes, (1994)uctattlthat
pre-industrial atmospheric concentrations constitute approximatehthode of the
current atmospheric concentrations. The panel estimated that anthmepegessions
may currently account for 50 - 75 percent of the total annual inpuheogkobal
atmosphere (Expert Panel on Mercury Atmospheric Processes, (18@4¢sfimates of
the panel are corroborated by Lindgvist et al., (1991), who estimae®&Qhpercent of
the current atmospheric concentrations are the result of anthropogesstoas and by
Porcella (1994), who estimated that this fraction was 50 percentatet al., (1993b)
assessed the anthropogenic fraction as constituting 40 to 50 perteatcoirent total.

This overall range appears to be in agreement with the sdweltahcrease noted in

12



inferred deposition rates (Swain et al., 1992; Engstrom et al., 1994t B¢rabi, 1994).
The percentage of current total atmospheric mercury which isitbfagogenic origin
may be much higher near mercury emissions sources. Bettnstanttling of the relative
contribution of mercury from anthropogenic sources is limited by suistaamaining
uncertainties regarding the level of natural emissions dsasghe amount of mercury
that is re-emitted to the atmosphere from soils, watershedspcmah waters. Recent
estimates indicate that of the approximately 200,000 tons of meecnityed to the
atmosphere since 1890, about 95 percent resides in terrestrial Bmiis 3gpercent in the
ocean surface waters, and 2 percent in the atmos(ihgrat Panel, 1994).

“More study is needed before it is possible to accuratelyrdiffeate natural
fluxes from these soils, watersheds, and ocean waters fronssg@msi of mercury which
originated from anthropogenic sources. For instance, approximatelyhideot total
current global mercury emissions are thought to cycle from thanscto the atmosphere
and back again to the oceans, but a major fraction of the emigsion®ceans consists
of recycled anthropogenic mercury. According to the Expert IPane Mercury
Atmospheric Processes (1994) 20 to 30 percent of the current oceassmesiare from
mercury originally mobilized by natural sources (Fitzgerald ldiadon, 1996). Similarly,
a potentially large fraction of terrestrial and vegetativessions consists of recycled
mercury from previously deposited anthropogenic and natural emisdixper{ Panel,
1994)

“Comparisons of contemporary (within the last 15-20 years) measuts and
historical records indicate that the total global atmosphericungburden has increased

since the beginning of the industrialized period by a factor ofdestviwo and five. For
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example, analysis of sediments from Swedish lakes shows meaucgntrations in the
upper layers that are two to five times higher than those associated witldlys&ialized
times. In Minnesota and Wisconsin, an investigation of whole-lake mercurgnatation
indicates that the annual deposition of atmospheric mercury hassedrbg a factor of
three to four since pre-industrial times. Similar increse® been noted in other studies
of lake and peat cores from this region, and results from rdaias in southeast Alaska
also show an increase, though somewhat lower than found in the upper MidlBest
(Expert Panel, 1994)".

“Although it is accepted that atmospheric mercury burdens haveaswde
substantially since the preindustrial period, it is uncertain venatkerall atmospheric
mercury levels are currently increasing, decreasing, oaireny stable. Measurements
over remote areas of the Atlantic Ocean show increasingslexeluntil 1990 and a
decrease for the period 1990-1994 (Slemr, 1996). Measurements of depasiti®on
suggest decreased deposition at some localities formerly subjdacal or regional
deposition .However, other measurements at remote sites in ndttweadla and Alaska
show deposition rates that continue to increase (Lucotte et al., 1998trdémgand
Swain, 1997). Since these sites are subject to global long-rangees and few regional
sources, these measurements may indicate a still incregisingl atmospheric burden.
More research is necessary; a multi-year, worldwide atmaspinercury measurement
program may help to better determine current global trends ¢éraizly 1995).” (EPA,

1997)
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2.4.3 Regional and Local Mercury Cycles

EPA mercury study report to congress (EPA,1997) states tltaiotding to one
estimate, about half of total anthropogenic mercury emissions evgraotdr the global
atmospheric cycle (Mason et al.,, 1994); the remainder is removed thtocgl or
regional cycles. An estimated 5 to 10 percent of primary Hg(Hissions are deposited
within 100 km of the point of emission and a larger fraction on amnagiscale. Hg (0)
that is emitted may be removed on a local and regional scaleetextent that it is
oxidized to Hg (Il). Some Hg (0) may also be taken up directljobstge; most Hg (0)
that is not oxidized will undergo long-range transport due to theuliioy of Hg (0) in
water. In general, primary Hg (ll) emissions will be deposdada local and regional
scale to the degree that wet deposition processes remove the dab(tile Dry
deposition may also account for some removal of atmospheric HggHduming constant
emission rates, the quantity of mercury deposited on a reginddbeal scale can vary
depending on source characteristics (especially the spetiamerury emitted),
meteorological and topographical attributes, and other factors rfERpeel, 1994). For
example, deposition rates at some locations have been correlgétedind trajectories
and precipitation amounts (Jensen and Iverfeldt, 1994; Dvonch et al., 1995).

Although these variations prohibit generalizations of local and regrychés,
such cycles may be established for specific locations. For g&amnique mercury
cycles have been defined for Siberia on a regional scale (SukhedRdasiliev, 1996)
and for the area downwind of a German chlor-alkali plant on a local scale (Ebinghaus and

Kruger, 1996). Mercury cycles dependent on local and regional sduagesalso been
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established for the Upper Great Lakes region (Glass et al., L8f1horg et al., 1995)
and the Nordic countries (Jensen and Iverfeldt, 1994)".

While the overall trend in the global mercury burden since pre-industnes
appears to be increasing, there is some evidence that mewnegntrations in the
environment in certain locations have been stable or decreasingthm/grast few
decades.

For example, preliminary results for eastern red cedar ggpwear industrial
sources (chlor-alkali, nuclear weapons production) show peak memmocgrdrations in
wood formed in the 1950s and 1960s, with stable or decreasing concentratiompast
decade (Expert Panel, 1994). Some results from peat cores argkdakent cores also
suggest that peak mercury deposition in some regions occurred pfier @oand may
now be decreasing (Swainet al., 1992; Benoit et al.,, 1994; Engstraah, €t994;
Engstrom and Swain, 1997). Data collected over 25 years from maayolecin the
United Kingdom on liver mercury concentrations in two raptor speciésadish-eating
grey heron indicate that peak concentrations occurred prior to 1970hditped®cline in
liver mercury concentrations in the early 1970s suggests that docates, such as
agricultural uses of fungicides, may have led to elevated mefeueys two to three
decades ago (Newton et al.,1993). Similar trends have been noted éoryrevels in
eggs of the common loon collected from New York and New Hampshe&ie et al.,

1993)". (EPA, 1997)
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2.5 Atmospheric Processes

Basic processes involved in the atmospheric fate and transportei@uny
include, emissions to the atmosphere, transformation and transpbe mtmosphere,
deposition from the air; and then re-emission to the atmosphere. Edwsefprocesses
is briefly described below.

2.5.1 Emissions of Mercury

EPA (1997) states that, “mercury is emitted to the atmosplmeoeigh both
naturally occurring and anthropogenic processes. Natural proceske® volatilization
of mercury in marine and aquatic environments, volatilization fropetation, degassing
of geologic materials (e.g., soils) and volcanic emissions. The&ahagmissions are
thought to be primarily in the elemental mercury form. Conceptuhiycurrent natural
emissions can arise from two components: mercury present asf plaet pre-industrial
equilibrium and mercury mobilized from deep geologic deposits and addiee ¢hobal
cycle by human activity. Based on estimates of the total argiabhl input to the
atmosphere from all sources (i.e., 5000 Mg from anthropogenic, natndalpceanic
emissions), U.S. sources are estimated to contribute about 3 percad, da 1995
emissions result. (Lindqvist et al., 1991).

“Anthropogenic mercury releases are thought to be dominated on tibeaha
scale by industrial processes and combustion sources that rebeasery into the
atmosphere.

Stack emissions are thought to include both gaseous and particutatedomercury.

Gaseous mercury emissions are thought to include both elementalidizéexhemical
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forms, while particulate mercury emissions are thought to be cadpmsmarily of
oxidized compounds due to the relatively high vapor pressure of elemental mercury.
The analytic methods for mercury speciation of exit gasseseanskion plumes are
being refined, and there is still controversy in this field. Chelnnézctions occurring in
the emission plume are also possible. The speciation of mercusgiens is thought to
depend on the fuel used (e.g., coal, oil, municipal waste), flue gasngesamd operating
temperature. The exit stream is thought to range from almbslivalent mercury to
nearly all elemental mercury. Most of the mercury emittetthe stack outlet is found in
the gas phase although exit streams containing soot can bind upfrectien of the
mercury. The divalent fraction is split between gaseous and Ipalimund phases
(Lindgvist et al., 1991). Much of this divalent mercury is thought t619€l (Michigan
Environmental Science Board, 1993). An emission factor-based appn@scused to
develop the nationwide emission estimates for the source categoesented in Table
2.1.

Table 2.1(Annual estimates of mercury release by various combustion and manufastuning)

Source Annual mercury emission rate
Combustion source type 125.2 Mglyr (137/9 tons/yr)
Electric utilities -

Oil and gas fired 0.2 Mgl/yr (0.2 tons/yr)
Coal-fired 46.9 Mg/yr (51.6tons/yr)
Incinerator -

Municipal waste combustor 26.9Mg/yr (29.6 tons/yr)
Medical waste incinerator 14.6 Mg/yr(16.0 tons/yr)
Commercial /industrial boiler 25.8 Mgl/yr (28.4 tons/yr)
Chloro —alkali production 6.5Mg/yr (7.1 tons/yr)
Primary lead smelting 0.1 Mglyr (0.1 tons/yr)
Primary copper smelting 0.06 Mg/yr (0.06 tons/yr)
Other combustion sources 10.8 Mg/yr (11.9 tons/yr)
Other sources 12.1 Mg/yr ( 13.3 tons/yr)
(EPA, 1997)
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EPA (1997) states that “the emission factors presented angatesi based on ratios of
mass mercury emissions to measures of source activitiesatind-wide source activity
levels. It is estimated that the mercury content of typicikdaand rivers has been
increased by a factor of two to four since the onset of the imalustre (Nriagu, 1979).
More recently, researchers in Sweden estimate that nyezoncentrations in soil, water
and lake sediments have increased by a factor of four to seven lerso8twveden and
two to three in northern Sweden in the 20th century (Swedish EPA 19&l¢stimated
that present day mercury deposition is two to five times great®& than in preindustrial
times (Lindqvist et al., 1991).”(EPA, 1997)

2.5.2 Mercury Transformation and Transport

“Elemental (Hg (0)) has an average residence time in thesatmere of about one
year and will thus be distributed fairly evenly in the tropospheradiged mercury
(Hg (1)) may be deposited relatively quickly by wet and digposition processes,
leading to a residence time of hours to months. Longer residenes &re possible as
well; the atmospheric residence time for some Hg(ll) aswmtmith fine particles may
approach that of HgO (Porcella et al., 1996).

The transformation of HgO(g) to Hg(ll)(agq) and Hg(ll)(p) in clowdhter
demonstrates a possible mechanism by which natural and anthropogeoés stiudg0
to air can result in mercury deposition to land and water. This deposdn occur far
from the source due to the slow rate of HgO (g) uptake in cloudrwhithas been
suggested that this mechanism is important in a global sensefoury pollution, while
direct wet deposition of anthropogenic Hg(ll) is the most importatally

(Fitzgerald,1994; Lindqvist et al., 1991). Gaseous Hg (Il) is expected to depmsaster

19



rate after release than particulate Hg (Il) assumingrtiwst of the particulate matter is
less than Lum in diameter.

“An atmospheric residence time of 2 - 2 years for elemental mercunyacecthto
as little as hours for some Hg(ll) species (Lindgvist and Roti®@5) is expected. This
behavior is observed in the modeling results presented in this &gfarell. It is possible
that dry deposition of HgO can occur from ozone mediated oxidationeaofieetal
mercury taking place on wet surfaces, but this is not expeotdzk tcomparable in
magnitude to the cloud droplet mediated processes.

“This great disparity in atmospheric residence time betwegh &hd the other
mercury species leads to very much larger scales of trarspadrdeposition for HgO.
Generally, air emissions of HgO from anthropogenic sources, floxeslg0 from
contaminated soils and water bodies and natural fluxes of HgOrdtiliute to a global
atmospheric mercury reservoir with a holding time of ¥z to 2sydalobal atmospheric
circulation systems can take HgO emissions from their point gfnoand carry them
anywhere on the globe before transformation and deposition occur.idmis$ all other
forms of mercury are likely to be deposited to the earthfacibefore they thoroughly
dilute into the global atmosphere. Continental-scale atmospheric mgpdslich as that
performed for the study using the Relative Mapping TrianguiaiRELMAP) program,
can explicitly simulate the atmospheric lifetime of gasemasparticulate Hg(ll) species,
but not HgO. Although HgO is included as a modeled species in the RELAMAIlysis,
the vast majority of HgO emitted in the simulation transports outbielespatial model
domain without depositing, and the same is generally thought to happée iedl

atmosphere. Natural HgO emissions and anthropogenic HgO emissionsutside the
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model domain are simulated in the form of a constant background HgO caticenof
1.6 g/m®, approximating conditions observed in remote oceanic regions dFatdg
1994).

“This background HgO concentration is subject to simulated wet deposiyi
the same process as explicitly modeled anthropogenic sourétgOokithin the model
domain. Explicit numerical models of global-scale atmosphericumgrtransport and
deposition have not yet been developed .The understanding of the global afature
atmospheric mercury pollution develop, numerical global-scale atmasphedels will
surely follow. Deposition of mercury the divalent species teahjteither in the vapor or
particulate phase, are thought to be subject to much fasterpdtenasremoval than
elemental mercury (Lindberg et al., 1991, Shannon and Voldner, 1994). Botlulpseti
and gaseous divalent mercury are assumed to dry deposit (thigwexddes deposition in
the absence of precipitation) at significant rates when and whesasurable
concentrations of these mercury species exist. The depositiontyetdcparticulate
mercury is dependent on atmospheric conditions and particle siieuRRée mercury is
also assumed to be subject to wet deposition due to scavengeiguidymicrophysics
and precipitation. The gaseous divalent mercury emitted is alsotegge be scavenged
readily by precipitation. Divalent mercury species have much rlodenry's law
constants than elemental mercury, and thus are assumed to parnyhysto the water
phase. Dry deposition of gas phase divalent mercury is thoughtsigrbgcant due to its
reactivity with surface material. Overall, gas phase divatercury is more rapidly and
effectively removed by both dry and wet deposition than particulatéedivanercury

(Lindberg et al., 1992; Petersen et al., 1995; Shannon and Voldner, 198gl)|taf the

21



reactivity and water solubility of gaseous divalent mercury.contrast, elemental
mercury vapor is not thought to be susceptible to any major grotesrect deposition
to the earth's surface due to its relatively high vapor pressure and lowsolatality.

“On non-assimilating surfaces elemental mercury deposition eppegligible
(Lindberg et al., 1992), and though elemental mercury can be fommsalliand water
due to the reduction of divalent mercury species by various meclgrisis elemental
mercury is expected to volatilize into the atmosphere (ExpenelPan Mercury
Atmospheric Processes 1994).

“In fact, it has been suggested thatsitu production and afflux of elemental
mercury could provide a buffering role in aqueous systems, as thisl imit the
amount of divalent mercury available for methylation (Fitzgerald4L9%ater does
contain an amount of dissolved gaseous elemental mercury (Fitzgeed., 1991), but it
IS minor in comparison to the dissolved-oxidized and particulate mecomtgnt. There
appears to be a potential for deposition of elemental mercury aig-lphaf uptake.
Lindberg et. al. (1992) indicated that forest canopies could accumulatene&démercury
vapor, via gas exchange at the leaf surface followed by meassignilation in the leaf
interior during the daylight hours. This process causes a downfluer of elemental
mercury from the atmosphere, resulting in a deposition velocityerReevidence
(Hanson et al., 1994) indicates that this does occur but only whennaertcations of
elemental mercury are above an equilibrium level for the local foreststeosy

“At lower air concentration levels, the forest appears to actk asource of
elemental mercury to the atmosphere, with the measured metaurinfthe upward

direction.
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Lindberg et. al. (1991) noted this may be explained by the volatiizatf elemental
mercury from the canopy/soil system, most likely the soil. Haredcal. (1994) stated
that dry foliar surfaces in terrestrial forest landscapey mat be a net sink for
atmospheric elemental mercury, but rather a dynamic excharfgeestimat can function
as a source or sink dependent on current mercury vapor concentratiotenleafatures,
surface condition (wet versus dry) and level of atmospheric oxidantdaiB/, Mosbaek
et al. (1988) showed that most of the mercury in leafy plardsiasto air-leaf transfer,
but that for a given period of time the amount of elemental memaleased from the
plant-soil system greatly exceeds the amount collected fromaithey the plants. It is
also likely that many plant/soil systems accumulate airbdermeemtal mercury when air
concentrations are higher than the long-term average for theypartiocation, and
release elemental mercury when air concentrations fall beélewvlocal long-term
average. On regional and global scales, dry deposition of eldnmeateury does not
appear to be a significant pathway for removal of atmosphericumyeralthough
approximately 95% or more of atmospheric mercury is elementadunye(Fitzgerald,
1994).

“There is an indirect pathway, however, by which elemental ungreapor
released into the Atmosphere may be removed and deposited tortihie sarface.
Chemical reactions occur in the aqueous phase (cloud droplets) that xidite o
elemental mercury to divalent mercury and reduce the divalerdunyeto elemental
mercury. The most important reactions in this aqueous reduction ioridatlance are

thought to be oxidation of elemental mercury with ozone, reduction ofedivadercury
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by sulfite (SO) ions or complexation of divalent mercury with $odbrm particulate 3-
2divalent mercury: HgO (g) Fitzgerald, 1994).” (EPA, 1997)
2.6 Mercury Air Concentrations

EPA (1997) states that “anthropogenic emissions are currentlyithtmugccount
for between 40-75% of the total annual input to the global atmosphereri{Baree!,
1994; Hovart et al., 1993b). Current air concentrations are thought 2o-b& times
preindustrial levels. This is in agreement with the severalifmicease noted in inferred
deposition rates (Swain et al., 1992; Engstrom et al., 1994; Benoit, €1984)". A
summary of atmospheric mercury concentration is shown in Tables 2.2 and 2.3

Table 2.2 (Summary of measured mercury concentration in the atmosphere)

Total atmospheric % Hg (ll) % Methylmercury
mercury (ng/m®)

Rural areas ; 1-4 1-25% 0-215
Urban areas ; 10 — 170

(EPA, 1993)

Table 2.3 (vapor and particulate-phase atmospheric mercury concentratioamaugas

Site Vapor phase mercury Particulate phase References
concentration in ng/m3 mercury concentration

in ng/m®
Chicago ,IL 8.7 (1.8-62.7) 0.098(0.022-0.52) Keeleal.1994
Lake Michigan 2.3(1.3-4.9) 0.028 (0.009-0.054) Kedt al 1994
South haven 2.0 (1.8-4.3) 0.019 (0.009-0.029) Keeler eta al1994
0.022( max 0.086) Keeler et al 1995
Ann Arbor Ml 2.0 (max 4.4) 0.10 (max0.21) Keeler eta al1994
0.022 ( max 0.0770 Keeler et al 1995
Detroit Ml 40.8 (max 70.4) 0.34 9 (max 1.09) Keeler eta a,11994
0.094 (0.022-0.23) Keeler et al, 1995
Detroit Ml site B 3.7 (max 8.5) 0.3 (max 1.23) edder et al.1994
Pellston Ml 0.011 ( max 0.32) Keeler et al 1995
Broward county FI 1.8 0.034 Dvonch et al, 1995
Broward county FI site 3.3 0.051 Dvonch et al, 1995
2
Little rock WI 1.6 (1.0-2.5) 0.022 (0.007-0.062)  Fitzgerald et al, 1991
Longisland CT 1.4-53 0.0062 ( 0.005-0.18) Fetadd et al, 1991
Crab lake WI 1.7 Winter 0.006 Lamborg et al , ( in
Summer 0.014 press)
Underhill VT 2.0(1.2-4.2) 0.011 (0.001-0.043) Beret al, 1995
(EPA, 1997)
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EPA (1997) states that “measured U.S. atmospheric mercury cotiosstrare
generally very low. The dominant form in the atmosphere is vpbase elemental
mercury, although close to emission sources, higher concentratitims divalent form
may be present. Small fractions of particulate mercury andytmeghcury may also be
measured in ambient air. In rural areas, airborne particulateurges typically 4% or
less of the total (particulate + gas phase) mercury i(Ua8. EPA, 1993; WHO, 1990).
Particulate mercury comprises a greater fraction of tred toturban areas (U.S.EPA,
1993), and will consist primarily of bound Hg (II) compounds.

“There is a substantial body of recent data pertaining to thesatmeric
concentrations and deposition rates of atmospheric mercury cdllattspecific sites
across the U.S. Most of the collected deposition data are frosriated some distance
from large emission sources. The data have been collected bgls#fferent groups of
researchers. Keeler et al., (1994) measured vapor- and partichiéste-atmospheric
mercury concentrations from a site in Chicago, IL, two siteBatroit, Ml and a Lake
Michigan site. The mean values are presented along withrige td measurement data.
The collection period for these sites was generally less thamonth; for example, the
Detroit data were collected during a 10-day period. Keelal.e(1995) reported the
results of several short-term atmospheric particulate mer@asurements in Detroit,
Michigan and longer-term (1-year) particulate measuremensra sites in Michigan
and Vermont. In the Detroit measurements the particulates sampleddivided into
two categories: fine (<2.um) and coarse (>2.pim). The average size of the fine

particles was 0.68m, and the average size of the coarse particles wasug78/10ost
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(mean = 88%) of the particulate mercury at the Detroit, ¥ wias measured on fine
particles; the range for individual samples was 60-100% of total particulate.
Fitzgerald et al., (1991) reported measured mercury concentratibitieaRock Lake,
WI from May of 1988 through September of 1989 and particulate mercuryrtoateans
at Long Island Sound (Avery Point, CT).” (EPA, 1997)

2.7 Mercury Concentrations in Soil/Sediment

EPA (1997) reports that Soil mercury levels are usually less208 ng/g in the
top soil layer, but values exceeding this level are not uncommon,ia@Bp@t areas
affected by anthropogenic activities. Soil mercury levels apatly with depth, with
nearly all the mercury found in the top 20 cm of soil. Mercuvglke are also positively
correlated with the percentage of organic matter in soil (Nyi284d9).Top soil mercury
concentrations are estimated to be a factor of 4-6 (Swedish EFA) higher now as
compared to pre-industrial concentrations. Methylmercury percentagesoil are
typically on the order of a few percent. Soil mercury levels @ntinuing to rise
(Fitzgerald 1994), and most (up to 95%) of the anthropogenic mercurgedleser the
past 100 years resides in surface soil (Fitzgerald, 1994; Expesl Bn Mercury
Atmospheric Processes, 1994).

“Mercury from soil provides in most cases (depending on watershed
characteristics) the main source of mercury to water bodidsfish. Mercury is very
slowly removed from soil, and long after anthropogenic emissiansealuced, soil and
water concentrations can be expected to remain elevated. Sediraeniry levels are
typically higher than soil levels, and concentrations exceeding @@0ane not unusual.

Sediment mercury levels follow the same trends as soil imdega depth, humic matter,
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and historical increases, and methylmercury percentage. Theiome evidence
suggesting that the methylmercury percentage increaghsingreasing total mercury
contamination (Parks et al, 1989). “Two large-scale monitoring gsojgave measured
mercury levels in coastal sediments: the National Oceanic Atdospheric
Administration’s (NOAA'’s) National Status and Trends (NS&Tpdtam and EPA’s
Environmental Monitoring and Assessment Program (EMAP) for essiaiihese
programs and their findings are discussed below.
2.8 Chemical and physical properties of Methylmercury

EPA (1997) states that “a commonly occurring form of methykargris methyl
mercuric chloride (CH3HWI), a stable salt form that exists as a white crystals Thi
compound is often used in laboratory dosing experiments investighérigxicological
properties of methylmercury. Because methylmercury easis free ion only in minute
guantities (Prager, 1997), the chemical and physical data providew bee for the
chloride salt. The table below presents available chemical andicahydata for
methylmercury chloride.

Table 2.4 (Chemical and physical properties of Methyl mercuric dapri

Methylmercury Value

Chemical formula CEHgCl
Chemical structure CH3-Hg-ClI-
Molecular weight 251.10 g/mol
Physical state (25°C) White crystals
Boiling point (at 25 mm Hg) No data
Melting point 170C

Density (25°C) 4.06 g/mL
Vapor pressure (25°C) 0.0085 mmHg
Water solubility (21°C) 100 mg/I

Log octanol/Water partition coeff No data

Odor threshold (air) No data
Conversion facto air ( 1 ppm) 10.27 md/m

(ATSDR, 1999; Kaufman, 1969).
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2.9 Methylmercury Bioaccumulation.

According to EPA (1997) “methylmercury is a chemical thiatccumulates and
biomagnifies in aquatic food webs. The fates of mercury and inethgury in the
environment are complex. The processes are affected by numerogsabidtabiotic
factors that are subjects of ongoing research. Methylation fumeis a key step in the
entrance of mercury into food chains. The biotransformation of inorgagricury forms
to methylated organic forms in water bodies can occur in the sedene the water
column. Inorganic mercury can be absorbed by aquatic organismsdauntesally taken
up at a slower rate and with lower efficiency than is meteytury. Methylmercury
continues to accumulate in fish as they age. Predatory orgaaitshestop of aquatic and
terrestrial food webs generally have higher methylmercury cdrate®ns because
methylmercury is typically not completely eliminated bgamisms and is M transferred
up the food chain. Nearly 100% of the mercury that bioaccumulates in upper troghic lev
fish (predator) tissue is methylmercury.

“Numerous factors can influence the bioaccumulation of mercury iat@duiota.
These include, but are not limited to, the acidity (pH) of theewwdéngth of the aquatic
food chain, temperature, and dissolved organic material. (Dutton, 1998ic&hgnd
chemical characteristics of a watershed, such as soilaygesrosion or proportion of
area that is wetlands, can affect the amount of mercuryshedrisported from soils to
water bodies. Interrelationships among these factors are poattysiood and are likely
to be site-specific. No single factor (including pH) has beerelzded with extent of

mercury bioaccumulation in all cases examined. Two lakes thairarar biologically,
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physically, and chemically can have different methylmercunycentrations in water,
fish, and other aquatic organism (Dutton, 1998).

“After mercury is deposited from the atmosphere, its greatdsgerse impact
occurs in the aquatic ecosystem. In a series of chemicdiorsgcmercury can be
converted by bacteria in the sediments to methylmercury,na tleait is especially toxic
to humans and wildlife. Fish absorb methylmercury from the vestdér passes over their
gills and as they feed on other organisms. As larger fish edlesranes, methylmercury
concentrations increase in the bigger fish, a process known as bicdatom
Consequently, larger predator fish usually have higher concentrationsthylmercury
from eating contaminated prey. Humans, birds and other wildlife éhditse are exposed
to methylmercury in this way.

“Women of child bearing age (i.e. 15 to 44 years of age) and pregoamgn are
of special concern in terms of methylmercury exposure Magrgury exposure prior to
pregnancy can also place the developing fetus at risk becausgmeastiury persists in
body tissue and is slowly excreted from the body .As atrdhel fetus maybe exposed to
methylmercury concentrations of concern as a result of matewxsure prior to
pregnancy. Infants may ingest methylmercury from breatitigethereby making them
susceptible to greater risk than adults since breast feedihg isrimary source of the
infant diet”. (EPA, 1997)

2.10 Government Standards and Guidance of Methylmercury Exposure

Many government and international agencies have developed health dsaiodar

methylmercury exposure. These standards are utilized in thassgssment, regulatory

development and in issuing fish advisories. There is substanti@nagmné among these
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agencies on a safe level in terms of exposure to methylmerksirg result of different
uncertainty factors to provide the public with an ample marginfefysahowever there is
some difference in published advisory levels as shown in table 2.5

Table 2.5 (Methylmercury exposure assessment)

Population group Highest acceptabldncertainty factor | Amount of
level of mercury in methylmercury that
maternal haif can be safely
(PPM) consumed on daily

bases over a lifetimg
without adverse
effect

Women of Reproductive Age, pregnant women and children

U.S EPA referencel2 10 0.1 pg/kg/d

dose (RFD)

ATSDR  minimal| 15.3 4.5 0.3 ng/kg/d

risk level

Canada provisiongl10 5 0.2 pg/kg/d

tolerable daily

intake (PTDI)

Joint FAO/WHO| 14 6.4 0.23 pg/kg/d

Expert committee
on food additives

Adults

FDA TDI | NA | NA | 0.47ug/kg/d

(NESCAUM, 2003

2.13.1 Legal requirement to regulate Mercury emission from power plants.
2.13.1.1 Federal Requirement

Section 122(n)(1)(A) of the Clean Air Act of 1990 required EPAdndeict a study
of hazardous air pollutant (HAP) emissions from electric ytdteam generating units
by 1993, and after considering the result of that study, to deternhather regulation
limiting those emissions was appropriate and necessary. |\Exagit years after EPA
documented the result of hazardous air pollutant emissions from dtecelgility steam

generating units, the final report was submitted by EPA to Congress.
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The report states, that for the utility industry, mercury frcoal fired power plants
units was the greatest concern, as it endangers public heatmultiple ways however
the report did not include a regulatory determination that wasrddfer later date. Some
environmental groups sued to require to required the agency to do the following;

e Collect additional information and control technologies

e Issue a regulatory finding by December 15, 2003

e Issue a propose regulation in the case of positive regulatorynuledtion by

Decemberl5, 2003

e Issue a final regulation by Decemberl5, 20&4A, 2003

2.13.1.2 State Requirement

As of June 2006, seven states have established more stringentesgs that
will take effect sooner than will EPA’s, and ten other statesdaveloping regulations
that would do so. The states with regulations already promulgatéaw®renacted) are
generally small and/or have few coal-fired power plants; #neyConnecticut, Maryland,
Massachusetts, Minnesota, New Hampshire, New Jersey, and Virgogather, these
states have 42 coal-fired power plants, with a total of 86 Elegtnerating units. The
combined generation capacity of these units is estimated at 19dijsvatts (Mw), 6%
of total U.S. coal-fired electric generation. The states that pawgosed but not yet
finalized mercury standards, on the other hand, are generaljgr land/or have a
significant share of the nation’s coal-fired generation capaditese ten states are:
Delaware, Florida, Georgia, lllinois, Michigan, Montana, New York, tNdCarolina,
Pennsylvania, and Washington. They have 149 plants, with a total ofn&80 Their

combined generation capacity is estimated at 94,008 Mw, about 31%alof/)t8. coal-
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fired generation. At least 13 of the 17 state programs will reqeductions of 80% to
90% in mercury emissions when fully implemented. The effectivesdatege from 2007
at the earliest to 2015, with most of the programs imposing sttdefarst phase reduction
by 2010. The Clean Air Mercury Rule (CAMR) as noted earlieq atgposes a cap in
2010, but it calls for a 22% reduction in that year, whereas madseé state requirements
call for 80% to 90% reductions by then. In general, the programsderevime flexibility
by measuring compliance as a rolling 12-month average of emisgatimsy;, than setting
an emission limit to be met at all times. (EPA, 2009)

CAMR is even more flexible, allowing utilities to exceed thandard at
individual facilities and even company-wide, provided that they obtéonvahces for
each pound of mercury emitted. Unlike the CAMR program, a keyrieaf which is the
trading of emission allowances, the state programs generalijbgrinterstate trading of
mercury credits; many prohibit in-state trading, as well. @h@®hibitions address the
concern that mercury hot spots might persist if individual plaotsédcavoid installing
controls by buying credits. Also, the states that prohibit irsterdtading are insuring that
emission reductions within their state not generate creditscthdtl be used to delay
reductions by plants in other states (i.e., states participatingei CAMR program)
(EPA, 1997).
2.13.1.3 Oklahoma state and mercury ruling

The members of Oklahoma's Air Quality Council still have not decideether
to wait on the Federal Environmental Protection Agency to create rules or adopt
stricter standards proposed by national air quality interest giich later rules would

require mercury emission reductions of 90 percent by coal-firecipplants. The U.S.
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Court of Appeals for the District of Columbia ruled that the EP#\ated the Clean Air
Act when it created a cap and trade systems for mercussiems from coal-fired plants.
The cap and trade system would have allowed power companies vidlaimgnission
standards to meet them by buying credits from other companiewd¢ha emitting less
than permitted. The system gradually would have lowered mercusgiens nationally
from 48 tons annually to about 15 tons about a 70 percent reduction by 2€dr@iirex
to EPA. (EPA, 2009)

Oklahoma's Air Quality Council met in January 2008 to consider it®ropt
environmentalists urged the group to adopt the stricter standardg shginOklahoma
had some of the highest mercury contamination in the nation and tlehibs&ons cause
health problems for pregnant women, women of child-bearing age and children .

Any rules ultimately adopted by the council must be approved by the
Environmental Quality Board of Oklahoma's Department of Environmentalit§ and
Oklahoma's Legislature. The DEQ director for the Air Qudbivision in Oklahoma
however agreed that he was not surprised that the agency's Aity@galincil will have
another chance to make a decision about the proposed rules whetsiagsee in April.
Representatives of Oklahoma's major utility companies desttie court's ruling as a

setback (Jack Money, 2008)
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2.11 ATMOSPHERIC FATE AND TRANSPORT MODELING RESULTS
This section summarizes the results of the atmospheric iatéransport modeling of
mercury using the long-range and local models.
2.11.1 Oklahoma state Emission inventories from eGRID

The US EPA just launched an emission inventory database faratien called
eGRID where data for all emission inventories for all kindsrofssions can be accessed.
The Emissions & Generation Resource Integrated Database (e@Ri2pmprehensive
source of data on the environmental characteristics of almadeetric power generated
in the United States, the eGRID web displays eGRID data ireafaendly way and
allows the user to export data selected the current versi@GBID is eGRID2007

Version 1.1, which contains:

e Year 2005 information configured to reflect the electric power strgls
current structure as of December 31, 2007, including plant ownership and
operators, parent company affiliations, company mergers, and grid
configurations;

e Year 2004 data; and

e Years 2004 and 2005 State import-export and U.S. generation and consumption

data.
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State:Oklahoma

. 20045 2005

Capacity (MW):

Net Generation (MWh
Heat Input (MMBtu):

21,126.7
60,641,219.9

613,186,712.9

Table 2.6 (emission inventories for power plants in Oklahoma for the year 2004)

Pollutant Emissions Units Output Units Input Emission Units
Emission Rates Rates

Annual 52,334,634.9 tons 1,726.04 Ib/MWh 170.70 Ib/MMBtu

Co,

Annual 105,404.86 tons  3.4760 Ib/MWh 0.3440 Ib/MMBtu

SO,

Annual 83,122.34 tons 2.7410 Ilb/MWh 0.2710 Ib/MMBtu

NO,

Ozone 37,214.52 tons  2.5560 Ib/MWh 0.2530 Ib/MMBtu

Season

NO,

Annual 2,800.52 Ibs 0.0462 Ilb/GWh 0.0046 Ib/BBtu

Hg

Annual N/A N/A N/A

CH,

Annual N/A N/A N/A

N,O

(eGRID- US-EPA, 2009)
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State:Oklahoma

Data Year

£ 2005
Capacity (MW): 21,796.6
Net Generation (MWh  70,283,511.1.

Heat Input (MMBtu):

640,617,403 .1

Table 2.7 (emission inventories for power plants in Oklahoma for the year 2005)

Pollutant Emissions Units Output Units Input Emission Units
Emission Rates Rates

Annual 54,918,161.6 tons  1,562.76 Ib/MWh 171.45 Ib/MMBtu

Cco,

Annual 108,741.39 tons  3.0944 Ib/MWh 0.3395 Ib/MMBtu

SO,

Annual 87,234.01 tons  2.4823 Ib/MWh 0.2723 Ib/MMBtu

NO,

Ozone 41,141.98 tons  2.3163 Ib/MWh 0.2545 Ib/MMBtu

Season

NO,

Annual 1,949.63 Ibs 0.0277 Ib/GWh 0.0030 Ib/BBtu

Hg

Annual 1,522,726.5 Ibs 21.67 Ib/GWh N/A

CH,

Annual 1,436,581.1 Ibs 20.44 Ib/GWh N/A

N,O

(eGRID- US-EPA, 2009)

Table 2.7 and 2.8 shows the annual mercury emission total to be 4749.63 Ibsswhic

2158.92kg for the year 2004 and 2005. Therefore, the average mercurioenissa

yearly basis is approximated to 1079 kg/yr. It is assumed thiattist decrease in 2005

mercury emissions, it is most reasonable to consider an aveahge of 1000 kg/yr

mercury emission which will be used in the computer model to be usedhé

environmental fate assessment of this research work.
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2.12 Assessment method to estimate environmental fate of chemicals

To know the fate of a chemical substance after it has been jedhmto the
environment, several mathematical modeling can be used, Numerouarsgbtwgrams
have been developed that are able to compute and predict the cormentodtia
substance to which organisms in any environmental medium might beedxMdgh the
aid of these models predictions can be made on how the substance beh#wes i
environment. The subsequent health risk assessments associated wdh ibe
investigated. Scientists from the Institute for Environmental Sfuatie¢he University of
Toronto, Ontario, Canada, have been working on this issue for manmg, yd have
developed a model to predict the environmental fate of chemical substances.

The model they have proposed consists on five-stage process (Matkaly,
1996). These stages are developed to understand the fate of a sulfstanichas been
discharged to the environment. These five stages are as follows:

e Stage 1 - Substance classification by its chemical typepaséed on its
type, the appropriate physical, chemical, and reactivity data is eallect

e Stage 2 — compilation of discharge and background concentration data

e Stage 3 — evaluative or generic assessment of fate to detethmi general

features of the substance’s behavior

e Stage 4 — regional or far-field evaluation, using regional tionand
geographic conditions, to determine the impact of environmental
conditions on the chemical's behavior, and estimate average regional

concentrations
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e Stage 5 — local or near-field evaluation on points of entry and other
potentially impacted sites to predict the exposure concentrations.
The first stage of an assessment is to determine the type of a cherbgtahse, which is
one of the most important parts of an assessment. Hence, for tbereggiprmodel to be
used, the classification of a chemical of interest into onewaf fypes is required.
Description of these chemical types is summarized in Table 2.10 below

Table 2.8(Chemical classification and properties)

Chemical category Criteria Partitioning data required
Type 1 Substances that partitiowater, fat or lipids
into all phases solubility, vapor pressure.

Henry's law  constant,
octanol water partitioning

coefficient.
Type 2 Substances that does nPBfrtition coefficient into the
partition into the air solid surface and to organic
carbon, solubility in water
and fat.
Type 3 Substances that does nBfrtition coefficient into
partition into the water solids from air or a pure
phase
Type 4 Substances does n@&orptive properties from a

partition into air and waterpure phase to various solids
or with negligible solubility

Type 5 Speciation chemicals Partition data for all species

(Mackay, et al., 1996)

In the second stage of the computer model, the rates at whichcahemibstances are
discharged into the environment media are determined. The third oftdlge process

involves the assessment itself. In this stage the fate asmssfocuses on figuring out
how the different properties of the chemical control its fagepartitioning, how is it

transported and transformed within environmental media, and its {gresistence.

This model predicts the substance itself, not its degradation proalugtsnetabolites.

There are three reasons for conducting an evaluative fate assésSirst, it predicts the
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general features of chemical behavior, based on the most impdntaacteristics of the
chemical itself, not the environment. Secondly, by this assessheteével of concern
warranted can be determined. Finally, the assessment can be kerectampared and
communicated internationally. The most important information obtanoed this stage
of the fate assessment is the tendency for intermedia transpciit,as evaporation, as
well as for the persistence of the substance in the environmhkig. stage of the
assessment involves four levels of the multimedia models, whictiesibed in Table
2.9 below. Each of these levels provides the estimation of a chesulzsthnce behavior
in the environment (Mackay et al., 1996).

Table 2.9 Levels of multimedia fate models (Mackay, et al., 1996)

Model level Conditions evaluated Fate information btained
Level | Equilibrium  partitioning under Environmental media to which the
steady state substance is partition. Substance
concentration in these
compartments.
Level Il Same as in level | plus losseResidence time/persistence in the
through advective transport andenvironment, major mechanism of
degrading reactions loss by the reaction and advection

tendency to transport

Level llI Non equilibrium since includesThe fate affect by media
intermedia transport processeglischarge, which of the intermedia
steady state transport processes are most

important, which processes
account for contamination in
media besides receiving that
receiving the discharge persistence

Level IV Same as level Il but unsteadyfime needed to build up to
state recover from a initial
concentration

(Mackay, et al., 1996)

Having conceptualized the relationship between the chemical pexpartd their
significance in predicting the fate of the chemical usingrtiwelel, the effects of the
characteristics of the specific regional environment can alstetegmined. The fourth
stage of the fate assessment is designated for this purposee Wiee effects of
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environmental characteristics, such as changes in temperagdrelolgy, meteorology,
and the proportions and compositions of water and soil are estimsttackay, et al.,
1996). Moreover, if reliable discharge data are known, average cataardrfor each
medium can be determined. But if such data are unavailable, the genesatenistics of
chemical fate, like persistence, tendency for intermedia gdoat)s and relative
concentrations, can be evaluated. Therefore, the purpose of this stEgassess the
difference of the chemical’'s fate under regional environmentabctaistics from the
chemical’s fate, determined for the generic environment (Mackay et al.,. 1996)

The fifth stage conducts the local or near-field evaluation on pofnésitry and other
potentially impacted sites to predict the exposure concentrations (Mackayl668).
2.13. Assessment of environmental fate of chemicals for the generic envircgmn
Using the EQC Model

Mackay and others proposed the fifth stage of the process (199G)nateshe
environmental fate of chemicals. After all five stages haen lexamined; the effects of
chemicals on environment and risk can be evaluated. The Equilibriunid@@ri{&QC)
Model addresses stage 3 of this assessment process. This nodelehasuccessfully
used for the assessment of environmental fate of different typeaicals in generic
environments (CEMC, 2003).

The purpose of the EQC Model is to evaluate the chemical behawitirei
environment. However, this computer modeling software estimates aorenental fate
of a chemical in a generic or hypothetical environment, which nteahshe behavior of
a substance is estimated, based on its chemical propertiesndouparticular

environmental parameters are taken into consideration in this stabe assessment.
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Generally, this model establishes the general characteristicemifadi behavior, such as
into which media the chemical will tend to partition, the majos losechanisms, an

intermedia transport tendency, and its persistence features.

2.13.1 The principle of work of the EQC Model

Since the EQC model is designed to estimate environmengabfaa chemical
substance in a generic environment, the standard default paraofetieeshypothetical
environment were established by Mackay et al. (1996). The evaleatw®nment set in
the EQC Model has an area of 100,000°kand the compartment dimensions and
properties are given in the article (Mackay et al., 1996a). Tbéehruns through a
sequence of levels I, Il, and Ill. These levels of the modelutzk the chemical’s
partitioning, susceptibility to transformation and transport, environrh@nteess and
chemical characteristics that affect chemical fatguig 2-1 is a schematic diagram,
representing a sequence of model calculations. Currently Levisl gt included in the
program as the model currently is undergoing some updates toraocate for the level

IV which is the non steady state.
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Determine Type of Chemical

— T,

Type 1 Type 2 Type 3
Salect Desired Evaluation
Steady state, Steaﬂ;_r state, Steady state,  Unsteady state
Equiliprium, Equilibrium, Non-equilibrium  (dynamic)
Closed System, with Degradation with Degradation,  wversion of
MNo Degradation and Advection Advection and Level it

intemmedia Transfer

| | L

Level | Level Il Level I Level IV

Figure 2.1, Block diagram of the variety of simulations possibté tie EQC Model

(Mackay et al., 1996a)

One of the first things to do to run the EQC Model is to deterrtlirecategory the
chemical. This model simulates chemicals, which fall into three categories
Type 1 — chemical able to partition into all environmental media
Type 2 — chemical is involatile substance
Type 3 — substance is insoluble in water.
This software program treats only first three types of chemicals.
e Type 4 (involatile and insoluble chemicals), and
e Type 5 (multispecies substances), described earlier, are not chadekhis

software.
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For any types of chemicals, partitioning characteristics @&scribed as Z values
(fugacity capacities), expressing the affinity of a chehticaeach environmental phase,
such as air, water, soil, and sediment. Zero value of Z for aircemvironmental phase
indicates the zero or negligible tendency of a chemical tatipartnto this phase. The
ratio of two Z values of different phases represents aipartbefficient between these
phases (Mackay et al., 1996). Figure 2-2 represents a scheliagtiam of partitioning

relationships between various environmental phases.

air-water partition coefficient

pure

chemical o

sorption partition aerosol-air

coefficient partition coefficient
solid phases
Zs

Type 1 £, —» Z, — Z.& Zp (fugacity)

Type2 Z,—» Z;8& Z;, Z. =0 {aquivalence)

Type3d Z, — = Z.8& Z. Zny=0 (fugacity)

Typed Z, —= Z.: 2, & Z,=0 {activity?)

Type 5 Zy—» 2, Zg, Zp (aguivalence, speciating

chemicals)
Figure 2.2, Schematic diagram of partitioning relationships

After Z values are calculated, the next stage of the makestplace — Level I, Il ,and I
calculations. Level | describe a scenario at which a fixed guarftconserved (i.e. non-

reacting) chemical is discharged in a closed system, unelmlysstate and equilibrium
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conditions. The information obtained from this estimation gives an aflga which
environmental phases does a chemical tend to partition, and it algoutes relative
concentrations of a substance that remain in each medium. The bentation
tendency is also estimated (Mackay et al., 1996a). Level llidesa situation where a
chemical is continuously discharged into various environmental phasessdant rates,
and achieves a steady-state and equilibrium condition, where inpawugmnd rates are
equal. Here the degradation and advection rates are calculatedh&ibilife rates.
Intermedia transport processes are not considered in this phe ofadel. In a result of
this level calculation, an overall environmental persistenc@éethemical is estimated
(Mackay et al., 1996a).

Level Il calculates distribution of the chemical in an environnagrdteady-state
conditions, not at equilibrium (between phases). Again, as in Leviidichemical is
assumed to be continuously discharged into a chosen environmental medianatant
rate, and achieves a steady-state condition, where input and output rates are equal
Intermedia transport processes, such as evaporation, sedimentaiom;la@ded. Here,
the media receiving the emissions are very crucial, sinceviall fate of the chemical
depends on it (Mackay et al., 1996a).

When all three levels have been calculated, output data are genier#te form
of graphs, charts and tables, giving a complete and easy to ihtprpige of the

chemical’s fate in an evaluative or generic environment (Mackay et al.,)1996a
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2.14 ChemCAN software model

The more detailed assessment of environmental fate of chemacalse done in
stage IV and V of the five-stage assessment method. The foag# st an assessment
can be accomplished by using ChemCAN v. 6 model (Webster et al.,, 2@48h is
designed to estimate the multimedia behavior and fate of chemicalsertain
environments with particular properties of the media. This softpr@gram is developed
for the 24 regions of Canada. However, it may also be applied to dnatexa
environment, or other regions of interest, where properties of theement are defined
by the user, (Webster et al. 2003).
ChemCAN version 6 model was also developed by the scientists dhghtite for
Environmental Studies, University of Toronto, and was described alsibly Mackay
and others (Mackay et al., 1996b), and by Webster and others (Webster et al., 2003).
This model applies information on properties of chemicals and the enéninto
estimate a substance’s fate by computing partitioning, inteemédinsport, and
persistence of a chemical under certain environmental conditionss lprdgram, for the
partitioning, transport, and transformation processes estimationarsiaguations to
those used in EQC Model are employed. The difference betwesmtthe models is that
the ChemCAN estimates the behavior of a substance at someilparticcumstance of
some particular environment. Furthermore, this program estimatesntatmons in fish,
vegetation, groundwater, and coastal waters. Output characteasticpresented in

tabular and graphical format, similar to the EQC Model.
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CHAPTER Il

METHODOLOGY
3.1 Introduction

This chapter gives a detailed description of the computer modélséna used
for the project. The basic physical and chemical property ofiyteeercury chloride as
methylmercury is presented in Table 2.4. Table 4.1 listed thiéallaresults of the
physical and chemical properties utilized in this projece fle 2.4 shows that the data
published by the sources are not consistent with data predictée Pl model. These
differences can be attributed to the uncertainty regarding the tioosdi and
circumstances under which those values were measured. Theirafdres research
project it was decided not to use literature published data on chesnidaphysical
parameters for the modeling process. Instead, it was decideskta reliable software
program which could be able to estimate and provide the data, need#tk ftate
modeling project.

For this purpose, to obtain a consistent data set on chemical astcabhy
properties of substances, the EPI-EPA model was used in this vabikgéEon Program
Interface (EPI) ™ Suite, v. 3.20 (U.S. EPA, 2007))

The EPI-EPA Suite program is used to overcome variations of al#taned from
numerous literature observed in this work The EPI-EPA moddllésta provide all the

values to be applied for the modeling of the environmental fate ofyhmeticury.
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Moreover, this program was accepted as a reliable source tongeeit svas released by
the U.S. Environmental Protection Agency. After producing the negepsaameters
from the EPI Suite program, other programs were employecetbgpthe environmental
fate of methylmercury compounds, the models including

Equilibrium Criterion (EQC) ™ Model, v. 2.02;

ChemCAN™ v. 6.0.

These two software programs are based on the work of Mackay ansl ({i9@6) on the
five-stage assessment of chemical fate in the environment, describedigisevio
The EQC Model represents the third stage of the evaluation prodes® the behavior
of a chemical in an environment is simulated based on physical andazh properties
of a substance during a continuous input. The ChemCAN program correspotigs t
fourth stage of an assessment, which describes the environmentaf fatehemical
within a particular environment. This program was run to predictateedf chemicals in
Oklahoma, and to observe the behavior of chemicals under specified eramtahm
conditions.
3.2 Description of Estimation Program Interface (EPI) Suite™ 3.20

Estimation Program Interface (EPI) Suite™ is a Windbwsased suite,
developed by the U.S. Environmental Protection Agency, Office of Ruollirevention
and Toxics, along with Syracuse Research Corporation (SRC). Be'Sand models,
included in this software, are trademarks owned by the U.S. dfmwental Protection

Agency. Permission is granted to download and use this softwarpefeonal and
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business purposes. Software EPI Suite™ version 3.20 is available ofidia¢ wEb site
of the U.S EPA.
3.2.1 Basic Functions of EPI software

EPI Suite™ v. 3.20 computer model is designed to estimate physidal a
chemical properties, and environmental fate of chemical substaftes software
consists of the following estimation models:
* MPBPWIN: estimates the melting point, boiling point and vapor pressure
« WSKOWWIN: computes an octanol-water partitioning coefficient asing this data
estimates a chemical’s water solubility
* WATERN: water solubility estimation, using a “fragment constant” method
« ECOSAR: aquatic toxicity (LE, LCsg) estimation
« HENRYWIN: Henry’s Low constant (air/water partitioning coettict)
* KOAWIN: octanol-air partitioning coefficient estimation, usimg tratio of the octanol-
water partitioning coefficient from KOWWIN, and the Henrylsw constant from
HENRYWIN
* KOWWIN: the log octanol-water partitioning coefficient estimatioalt using an
Atom/fragment contribution method
* BIOWIN: an aerobic and anaerobic biodegradation probability of argamemicals
estimation
 BIOHCWIN: biodegradation half-life estimation for compounds, containbmdy
carbon and hydrogen
* PCKOCWIN: soil adsorption coefficient (K estimation, i.e. the ability of a chemical

to sorbs to soil and sediment
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« HYDROWIN: estimation of hydrolysis rates (acid-basedgatzd) for specific organic
classes

* BCFWIN: estimation of the Bioconcentration Factor and its logarithm frorowné,,,
 STPWIN: the removal of chemical in a Sewage Treatmentt Rleediction, using
outputs from EPI Suite; values are given for the total removaltlareed contributing
processes, which are: biodegradation, sorption to sludge, and stripping to air;

* LEV3EPI: the level Il fugacity model predicts partitioning afemicals between air,
soil, sediment, and water under steady state conditions for a default model “emvitonm
* AOPWIN: computes the atmospheric oxidation rates.

EPI Suite™ provides screening level evaluations of physical andicdlgonoperties of
chemical compounds, and their environmental fate properties. This modeftagre is
simple and easy to use, and does not require a lot of inputs to run.

EPI Suite is facilitated by a database of more than 40,000 cHer(i2A, 2007)
therefore, to run this computer program, only one input parameter igegdqgtithe
chemical structure in SMILES notation, which means “Simplifiéalecular Input Line
Entry System”. SMILES can be entered via a linked file ofSCAumbers, included
within the EPI Suite. So, only the chemical name and CAS numbereaded to be
known to find out the chemical structure in SMILES notation (EPA, 20@8b¥xoon as
SMILES of a chemical compound is input into the system, physicalepies of the
chemical can be obtained from the program’s database, which thee team&ferred as
the input parameters. After that, the program is ready to rucalbalations. Results are
then provided in the form of a report with tables and include the chéstructure of an

evaluated substance. EPI Suite software was successfullyrrtmsfeesearch project to
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estimate the properties of methylmercury. Results of tbalealations will be presented
and discussed in Chapter 4 of the report.
3.3 Equilibrium Criterion (EQC) ™ Model

Equilibrium Criterion (EQC) Model, a Visual Basic™ for Windows™ quter
model, was developed by a group of Canadian scientists from thiutisfor
Environmental Studies, University of Toronto, Ontario. This model isgded to
quantify a chemical’'s behavior in an evaluative environment, inclugiingvater, soll,
sediment, aerosol, and suspended sediments (CEMC, 2003). The EQC™ version 2.02
software is owned by Trent University, Canadian Environmental Mugl€lienter, and
protected by Canadian copyright laws, (CEMC, 2003).
3.3.1 EQC Model description

The EQC Model uses the physical-chemical properties of daswdesto quantify
its behavior in a hypothetical environment. As was described tose2.16.3 of the
report, this model consists of three levels of complexity, Levedvel Il, Level lll. The
first two levels, | and I, assume that thermodynamic equilibnsirachieved. Level I
also includes advective and reaction process; Level lll egtsreathemical’s fate in the
environment at non-equilibrium, steady state conditions (CEMC, 2003k It
common temperature of the environment is set to B€2%he data of an evaluative area
of 105 Knf with 10% of the area being covered with water was suggbgtéthckay et
al. (1996a).
3.3.2 EQC™ Model input parameters

The model is designed to evaluate different types of chemiaalt$ different

parameters are required as input depending upon the type of chemhicalmodel
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classifies chemicals into three types. Table 2-10 sumethriziteria for each of the
types. Hence, Type 1 includes chemicals partitioning into all mdgiee 2 includes
involatile chemicals; and Type 3 includes chemicals with zero, or closects@ebility.
According to the published data, methylmercury is sparinglcilie with water and
able to evaporate into air the phase, but not partition into the seik §Bahmidt, 2001;
WHO, 2002).According to Table 2-10 this chemicals can be cledsdis Type 1
chemicals. The chemical property values of methylmercury shown an3abbelow:

Table 3.1(Chemical properties to determine the type of EQC)

Chemical property Methylmercury
Solubility in water (g/m3) 3.125 X fo
Vapor pressure ( Pa) 1.2 X410

(EPI software, 2009)

According to Mackay et al. (1996a), if a chemical’s vapor pressugreater than 10Pa
and solubility in water is more than"1@/n?, this chemical belongs in a Type 1
chemical of the EQC model.

The required input data for the Type 1 chemicals in the EQC model are as follows:

Chemical name;

Molecular mass, g/mol;

e Reaction half-lives in each of air, water, soil, and sediment, hr;
e Data collection temperaturis;

e Melting point,°C;

e Water solubility, g/ni

e Vapor pressure, Pa;

e Log Kow.
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As explained in the introduction to this chapter, it was decided tasiggut to the
fate model values for physical and chemical properties produced by the ERIsdékE
The input data derived from the EPI Suite program are presented in Table 3.2 below.

Table 3.2 (Input data for EQC model determined)

Chemical Name Methylmercury
Molecular weight (g/mol) 215.63
([))ata collection temperature 25

C
Melting point°C 60
Water solubility (g/r) 31250
Vapor pressure ( Pa) 12000
Log Kow 0.08
Air 100000
Water 360
Soll 720
Sediment 3240

(EPI software, 2009)

The partitioning in the level Il model is greatly influencedtbg compartment receiving
the emissions. It was recommended by Mackay et al. (1996), tineulevel 111 model
for emissions of 1,000 kg/hr into air, water, and soil first indivigiiahd then in total.
Because the equations are linear, the total case is the sinst tiree cases (individual
discharge into each phase). This method will indicate which emigsi primarily
responsible for the chemical substance present in each compafivteitay et al.,

1996a). Input data of this is given in Table 3-3 below.
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Table 3.3 (Emission rates for input for EQC model)

Emission Unit Methylmercury
Level | Kg 100,000

Level Il Kg/hr 1000

Level I 1000

Air Kag/hr 1000

Water Kg/hr 0

Soll Kag/hr 0

Sediment Kg/hr 0

Level Il 2 case scenario
Air Kag/hr 0

Water Kg/hr 1000

Soll Ka/hr 0

Sediment Kg/hr 0

Level I 3rdcase scenario
Air Kag/hr 0

Water Kg/hr 0

Soll Kg/hr 1000

Sediment Kg/hr 0

Level Il 4" case scenario
Air Kag/hr 1000

Water Kg/hr 1000

Soll Kg/hr 1000

Sediment Kg/hr 0

Table 3.3 above shows the four different scenarios that were rarth&itevel 11l model
(EQC) to predict the environmental fate of methylmercury in multimediagghas
e The first case scenario considers 1000 kg/hr of methylmercuityed through
the air phase alone while other media are consider insignificant.
e The second case scenario involves methylmercury emission intaqtieous
(water) phase alone, considering other media to have negligible emissions.
e The third case involves 1000 kg/hr of methyl mercury emitted easel into the

soil phase, considering emission into other media negligible.
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e The fourth case scenario involves running the model with 1000kg/hrettiyl
mercury emitted into each phase of the media, air, water @hdtsat’'s 3000
kg/hr for total.
3.4 ChemCAN Model description

ChemCAN v. 6.00 is a level Ill fugacity model of regional fateleEmicals, and
was developed and released in September 2003 by the Institute fooriemental
Studies, University of Toronto; Ontario. The Copyright belongs émfTUniversity. This
program, as well as EQC Model v. 2.02 are provided by the Canadiarofmental
Modeling Center, Trent University, and can be downloaded from the followkiy

address http://www.trentu.ca/academic/aminss/envmodel/models/CC600.html

3.4.1 ChemCAN v. 6.0 input parameters
ChemCAN v. 6.0 is designed to estimate the fate of differenticasmCertain

parameters must be input to run this program. As in the EQC Modemtdel classifies
chemicals into three types, and accordingly, for each type afichk certain input data
are required. Previously, in section 3.3 of the report, the chenypal tb which
methylmercury belongs, was determined and justified. This sudestafalls into the
typel category. For this type of chemical, the following input da¢arequired in this
program.
Input data:

e Chemical name;

e Molecular mass, (g/mol);

e Any 2 out of 3 partition coefficients

¢ log Kow (octanol-water), log Ka (octanol-air), kw (air-water)
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Temperature dependence coefficients to adjust partition coaffitde region

temperature

Delta H KAW - Delta H KOW + Delta H KOA = 0, (J/mol)

Reaction half-lives in each of air, water, soil, and sediment, (hr);

Data collection temperature’c);

e Coefficient to estimate aerosol partitioning.
The manual states thatal« value can be entered as a measured value, in terms of
Henry’s law constant, or as water solubility and vapor presbutbe case of the current
study, KAW was entered through water solubility and vapor pressure parameters
Temperature dependence coefficients to adjust partition coefftoieagion temperature,
Delta H KAW, Delta H KOW, and Delta H KOA, are not readdyailable for the
methylmercury compounds. Hence, the default values were used, whichpaesented
in Table 3-4 below.
Input data to run the ChemCAN model to predict the fate of metigycury in the
Oklahoma region, are shown in Table 3.4 below. Chemical propertieasidedut data

for this model were derived from EPI Suite outputs.
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Table 3.4 (Input data for ChemCAN model)

Chemical Name Methylmercury
Molecular weight (g/mol) 215.63
([))ata collection temperature 11.4

C
Melting point°C 60
Water solubility (g/r) 31250
Vapor pressure ( Pa) 12000
Log Kow 0.08
Temperature  dependence
coefficient
AH for Koy -
AH for Kow -
AH for K ¢4 -
Coefficient to estimate
aerosol partitioning
coefficient
Air 31.46
Water 360
Soll 720
Sediment 3240

(EPI software, 2009)
The other input parameters, required by this software programregmnal

properties”, which include data on environmental properties for a gagion. For the
purpose of this work, the regional data obtained and incorporated wsthmtidel is
include the total area of the land for Oklahoma (181,19% kmd the percentage covered
by water (1.8%)(http://www.ers.usda.gov/statefacts/ok.htm, 06/11/2009). Meesehe
only two parameter required for the model.

However, the ChemCAN model requires a pollutant’s discharge inputirrate
terms of kg per year. No data currently exist for the 2006-200%Emigventories on
the eGRID —EPA data base, therefore the 1000 kg/yr estimatethdo004-2005
emission data will be used as input into the ChemCAN model. Therefore, in this
The output data on the rate of methylmercury degradations in different medisaken.

Table 3-5 displays input parameters of emission rates of Methylmercury.
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Table 3.5 (Input Emission rates of methyl mercury chemical in Oklahkg/ig))

Environmental phase Methylmercury
Air 1000

Water 1000

Soll 1000

Sediment 0

(eGRID-EPA, 2009)
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CHAPTER IV

FINDINGS

4.1 Introduction

This chapter present the analysis of results obtained from treusaromputer
models described in chapter 3.

4.2 EPI model result

The chemical properties of Methylmercury calculated by tid Bhodeling
program are summarized in Table 4.1.

4.2.1 EPI Suite results for methylmercury modeling

The chemical properties estimated for methylmercury byERI model show that
the basic properties, such as molecular weight, boiling point, mebngt, water
solubility, and vapor pressure cannot be directly compared aatuiter predict the
properties of methylmercury chloride as methylmercury wiige EPI suite utilizes the
methylmercury predictions without the chloride and so this brings atawiation in the
basic properties from each other. Therefore, it is however apgi®po use the values
estimated by EPI software to this study.

Partitioning coefficients such as Log KAW (air-water) angl KOA (octanol-air)
were estimated by the program but were not available in theatlire. The soil
adsorption coefficient, log KOC, and bioaccumulation coefficient, BQF, were
obtained only by the EPI software. The half-live in air, wated sediment compartments
were estimated. Here, the half-life for methylmercury ingingphase was estimated to be

31.46 hrs, whereas the half-life rate of this substance cannot be ifotimal literature.
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For the water phase, the half-life rate estimated is 900 hourgulitished data on half-
life time for the chemical in soil phase also cannot be found.eStimated half-life by
computer modeling gave 1800 hrs. Concerning the half-life time in setiintaere are
no data available in the literature, and the estimated value by the EPI Suite is$8100 hr

Table 4.1 (Chemical and physical properties of Methylmercury)

Methylmercury Units Value Source/citation
Molecular formula CH3Hg EPI-EPA model
CAS Number 016056-34-1 EPI-EPA model
Molecular weight g/mol 215.63 EPI-EPA model
Melting point Deg C -69.49 EPI-EPA model
Vapor pressure mmHg 89.8 EPI-EPA model
Boiling point Deg C 82.97 EPI-EPA model
Log Kow KowWin est 0.08 EPI-EPA model
Henry’'s law constant EPI-EPA model
at 25C Atm-m3/mole 7.22E-003
logKoa Atm-m3/mole 0.610 EPI-EPA model
EPI-EPA model
Half-lives Hrs EPI-EPA model
Air Hrs 31.46 EPI-EPA model
Water Hrs 900 EPI-EPA model
Soll Hrs 1800 EPI-EPA model
sediment Hrs 8100 EPI-EPA model
EPI-EPA model
Advection Hrs EPI-EPA model
Air Hrs 100 EPI-EPA model
Water Hrs 1000 EPI-EPA model
sediment Hrs 5E+004 EPI-EPA model

(EPI software, 2009)

4.3 EQC Model results

The EQC Model was run for a Type 1 chemical compound for nmadrglry. This
section of the report represents the results obtained by usingaitvgare program.

Tabular output data will be presented in appendices
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4.3.1 EQC Modelresult for Methylmercury modeling

4.3.1.1 Level | outputs

The level | of EQC Model shows the general tendewicthe pollutant to partition int
various pure phases present in the environmerhisrievel, a fixed amount of chemic
100,000 kg, is discharged in a closed system, ustEady state conditionsnd at
equilibrium values are calculated with no reactioradvection loss process

Figure 41 represents the level | model diagram, depictimg general affinity of th

methylmercury for the various phases present irethéronmen

EQC Methylmercury in EQC Standard
Version 2.02 Air
94345 kg (94.3 %)
Level |
Conc = 943 ng/m?*
Soil :
6.01 kg (6.01E-03 %) Water
5649 kg (5.65 %)
Conc = 2.78E-04 ng/g solids
: Cone = 28.2 ng/L
E Legend
EQUILIBRIUM | Toral Mass = 1.006+05

| Fugacity = 1.08E-05 Pa Sediment
0.134 kg (1.34E-04 %)

Conc = 5.57E-04 na/g solids

Fig 4.1 EQC levd | result for Methylmercury emission

The above represented diagram, Figu.l, gives a general impressicof how the
chemical will most likely partition. Relive concentrations in each medi are also
presented. According teigure 4.1 above, mosteathylmercury, 94.3% teis to partition
into the @&. The rest of its amount, about 5.65%, partitiam® water, and just abo

6.01*10%% partitions into soil compartmerNegligible amounts are found in sedime
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particles, (1.34*10%) which are negligile. Thus most of thehemical will remain ir
the atmosphere while a small amount will dissolw¥ the aqueouphasemethylmercury
can therbiaccumulate and enter the ecosyst
4.3.1.2 Level Il outputs

Level Il describes a situati where a chemical isoatinuously introduced int
environment at a constant rate, 1,000 kg/hr, amieges a steady state and equilibri
condition, when input and output rates are equaeHthe rates of degradation ¢
advection are calculated. So, the initial emissime balanced by reaction and advect

losses in this system.

EQC Methylmercury in EQC Standard
Version 2.02 Air - 311
31147 kg (94.3 %) —
Level II D
Conc = 311 ng/m*
Soil .
M e AR A 1.88
1.99 kg (6.01E-03 %) Water -‘, ] i
1865 kg (5.65 %) T
Cone = 9.19E-05 ng/g solids 1 ) 1.44
e e o Conc =9.32 ng/L
Legend —
{ REACTION | 7.84E-04
| i Fugacity = 3.58E-06 Pa
7 | Residence Times i 8.82E-07
i Total=33.0h Sedim ent
: ADVECTION |  Reaction=481h -
i i it 0.0441 kg (1.34E-04 %) ; .
i 5 . Advection =105 h .
i i Total Emission = 1000 kg _ . 3.78E-06
i | Total Mass = 33014 kg Conc = 1.84E-04 ng/g solids
i EQQILIQRIUME
i i Allloss rates have units of kg/h.

Fig 4.2 EQC level Il result for methylmercury emissior
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The Level Il model estimates the overall environmental pensisteof the
substance, and shows the most important removal processes gomghansystem for
the chemical of concern, methylmercury.

The Level Il diagram in Figure 4-2, pictures relative partiigndof methylmercury in the
environmental system, identical to Level I. However, decay reacii@nsicluded in this
Level Il modeling. According to the Figure 4-2, most of the iyletlercury partition into

the air (about 94.3%). There is about 311g of the contaminant removed from thesair pha
by advection flows, which is insignificant. In the water compartthabout 5.65% of the
chemical while about 1.86 kg is taken away by advection. Sedimenptosesses are
very low and can be neglected, as well as the losses in the soil phase.

Figures 4-1 and 4-2 show the correlation between the chemicaioparg and
deposition into the various media (air, water, soil and sediment)e\WWhout 94.3% of
the chemical will remain in the air phase (312.86 kg) are bemoved by advection
686.44 kg of the chemical is reacted. The overall residence tinhe ehemical is about
33 hours, meaning that there is about 33 hours inventory of chemical in the system. Whe
the system reaches equilibrium, the total mass remaining ierttironment is 33014 kg.
The residence time of methylmercury in the system befaie rémoved by advection
(ignoring reactions) is 105 hours, or 4.4 days. The residence time ofetinglmercury
remaining in the environment until reacting with other substane#8.1shours, which is
about 2 days.

Therefore, the chemical has a tendency to largely remain atrtiesphere while
about 6% of it remains in the water phase with insignificant arsailissolving in water

phase with low degradation rates. There is a negligible contientad methyl mercury
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remaining in soil compartment, with slow degradation rates, whiohbeaexplained by
the tendency of the substance to migrate from soil phase intcatee eompartment and
evaporate into the air phase.
4.3.1.3 First case scenario - release into air

Figure 4-3 gives the more complex level Il diagram, whidioves non
equilibrium, steady-state conditions, with emission rates of 1,000 &fMmethylmercury
into the air phase only. The four compartments in this level modelcarat equilibrium
because of the resistances for intermedia transport procdssedevel Il output for
methylmercury discharge shows that the about 96.8% of the chlamilicpartition to the
air phase. The transfer rates from the air compartment &r wat soil phases are low:
approximately 3.06% of the initial chemical amount ends up in theryiase, and the
rest of 0.172% remains in soil compartment, while about 5.95E-03% ends bp in t
sediment.

The major part of the substance mass is, contained in air phase, (68.7%)
approximately 686kg/hr of the contaminant is removed by reaction grodete 312
kg/hr is removed by advection. Therefore, the ratio of degradatioheinait phase

between the advection and the reaction is about 1:2.
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EQC
Version 2.02

Level Il

Legend
EMISSION

>,
REACTION
ADVECTION

=

INTERMEDIA
EXCHANGE

o]
S
[ B

L >

1000 [ >

55.4 kg (0.172 %)
Fug. = 3.71E-06 Pa
Conc = 9.52E-05 ng/g solids

0.0213
Residence Times
Total=32.2h
Reaction =46.9 h
Advection =103 h
Total Emissions = 1000 kg/h
Total Mass = 32239 kg

All emission, transfer, and loss
rates have units of kgr/h.

AT - 312
~~ 31195 kg (96.8 %) Y o
| Fug.=359E06Pa - 088
{ Conc = 312 ng/m® ¢
360 . 1.90
. SRR e AT SR ST
Water s
0.0435 987 kg (3.06 %)
Fug. = 1.90E-06 Pa 0.760
_ Conc = 4.94 ng/L
/ ..//\.r"
0 4.94E-03 | J 4.74E-03
3.83E-05
i Sediment
I:r\.\ 1.92 kg (5.95E-03 %)
. i Fug. = 1.82E-06 Pa
1.64E-04

Methylmercury in EQC Standard

Conc = 9.34E-05 ng/g solids

Fig 4.3a EQC level Ill result for methylmercury emission into air

EQC
Version 2.02

Level I

Legend
EMISSION

B
REACTION
ADVECTION

=

INTERMEDIA
EXCHANGE

6.81E-03 kg (0.172 %)
Fug. = 4.56E-10 Pa
Conc = 1.17E-08 nglg solids

2.62E-06
Residence Times
Total =322 h
Reaction = 46.9 h
Advection = 103 h
Total Emissions = 0.123 kg/h
Total Mass = 3.97 kg

All emission, transfer, and loss
rates have units of kg/h

Methylmercury in EQC Standard

AN
> 7 3.84kg (96.8 %) i
| Fug.=4.41E-10Pa
{ Conc = 0.0384 ng/m®

0.0384
(=

L= -00844

)
§

W3 2.34E-04

_ AR X A e = =5 1.21E-04
Water
5.34E-06 0.121 kg (3.06 %)
Fug. = 2.33E-10 Pa 9.35E-05
Iy Conc = 6.07E-04 ng/L
= J
P
o] VA
6.07E-07 | J 5.83E-07
e 4.72E-09
& Sediment
:r\\ 2.36E-04 kg (5.95E-03 %)
> Fug. = 2.24E-10 Pa
, 2.02E-08

Conc = 1.15E-08 ng/g solids

Fig 4.3b EQC level Il result for methylmercury emission into air

As it can be seen from the diagram, there is intermedidérangm soil to water,
but not from water to soil, which again, confirms the mobility of sidstance and
resistance or partitioning of it into particles. In the soil phmasthyl mercury migrates to
the water compartment and thereby potentially increasesdhedoimulation. Very little

of it degrades in this medium, and the rest remains. Degradattmdvection rates in
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the agueous phase are very low. Some small amount the chemicabéespto air, and
transfers into sediment particles. The total residence timéhefchemical in the
environment is about one and half days (32.2hrs). An advection persiiteads about
four days, and reaction residence time is about two days. Henaediagcto these
estimations, out of the total mass of 32239 kg, accumulated in tleems\&t195kg will
persist in the atmosphere, 987 kg in water, and 55.4 kg in soil phases.

4.3.1.4 Second case scenario - discharge into water media

The results obtained for this case scenario are representeguies=4-4. In this
simulation, when the contaminant is emitted only to water, almdstofathe
methylmercury, 94.2%, partitions into the aqueous phase, and sontle asnoaint
transfers into the air phase (5.64%), while 0.183% is found in the sediand a
negligible amount is found in the soil phase.

The major removal mechanism in this case is the reaction procester phase,
removing about 43.6 % of the initial amount introduced into the media,band 56.4 %
of the methylmercury is advected in this phase. The evaporaterofahe substance
from water to the atmosphere is estimated as 522 kg/hr, moshiolf weacts in this
phase, and very little of it is advected by air flows. Metleyicary partitioned from air to
soil can be neglected due to very small transfer rates, frioichvpart of it dissolves in
water, evaporates into the atmosphere, and degrades in this compartment. Téfemeass
chemical transferred from water to sediment particlgarly degraded and very little of

it is removed by advection mechanisms.
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Methylmercury in EQC Standard
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16247 kg (5.64 %)
Fug. = 1.87E-06 Pa
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Fig 4.4a EQC level lll resul

t for methylmercury emission into water

EQC
Version 2.02 /,'*\/’/Ai F\ﬁ\ — 0.0200
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0 > 7 2.00kg (5.64 %) )
Level lI (' Fug.=230E-10Pa L 0-00440
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== 3
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S R AR A NS SR 0.0334
|:/' 3.55E-03 kg (0.0100 %) 5 Water -
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Legend -
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Total = 288 h hd 1.30E-06
REAGTION Reaction = 509 h Sediment
=N Advection = 664 h 0
i 0.0648 kg (0.183 %)
ADVECTION Total Emissions = 0.123 kg/h > Fug. = 6 15E-08 Pa
= Total Mass = 35.4 kg Conc = 3.16E-06 ng/g solids 5.54E-06
EQXTCEEAMI\!EGDEIA All emission, lransfer, and loss
rates have units of kg/h.

Methylmercury in EQC Standard

Fig 4.4 EQC level Il result for methylmercury emission into water
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Figure 4.4 shows the Level Ill estimation for the methylmegrdischarged into
water media. The total residence time of methylmercurphénstystem is 228 hours, or
about two weeks is 509 hours, or 20 days, and the time while the chemical is not removed
by the advection is 664 hours, or about 28 days. During this residerecéhgnchemical
is building up in the system, and the total mass, accumulated ientieonment is
288,000 kg, most of which remains in the aqueous phase.

Hence, the outputs of the EQC Model show that methylmercudisdharged
directly into the aqueous phase, mostly dissolves there, and vierplitt evaporates or
is deposited in sediment. Even though the main removal process of ttensalbsccurs
in water media by reaction with other substances, significastsraccumulates in this
media, due to high residence time. Therefore water contaminatianelltyylmercury
should be of the most concern in this case, since it is the pramarynajor source of
exposure to methylmercury since methylmercury biaccumulatéisei water phase and
the aquatic organisms eventually become an exposure pathway to humans.

4.3.1.5Third case scenario - spillage into soll

EQC Methylmercury in EQC Standard

Version 2.02 — A|r e _»292
0 7 / 29178 kg (21.9 %) ) 3 —

Level Il ’ Fug. = 335E-06 Pa - V642

Conc = 292 ng/m?®

901 /7

] / 337 : 36.5
) 1000 - SOI| ~— . < /£ 0810 \ \
. s KA A A A A TR 18.0
e 85004 kg (63.8 %) = Water —
Fug. = 5.69E-03 Pa 66.7 18973 kg (14.2 %) _—
Conc = 0.146 ng/g solids Fug. = 3.64E-05 Pa 12.6
e 7 Conc = 94.9 ng/L
Legend — < "
EMISSION ;? o -
1 0.0949 ‘ 41 0.0910
[ g Residence Times |
< Total=133 h W s 7.37E-04
REACTION Reaction = 193 h Sediment
=D Advection = 429 h o
Rl — 36.8 kg (0.0277 %) —

ADVECTION Total Emissions = 1000 kg/h )
= Ll
o Total Mass = 1.33E+05 kg

INTERMEDIA
EXCHANGE

Fug. = 3.50E-05 Pa -
Cong = 1.79E-03 ng/g solids HASE02
All emission, transfer, and loss

rates have units of kg/h

Fig 4.5a EQC level Il result for Methylmercury emission into Soll
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EQC Methylmercury in EQC Standard
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Fig 4.5b EQC level Il result for Methylmercury emission into Soll

Figure 4.5 show that methylmercury discharged into the soilpadment is
partitions into the phase of its release, approximately 63.8% ddntfmeint introduced
into the compartment. The remainder about 14.2 %, migrates to the aqueses A
considerable amount, 21.9 %, of initial concentration evaporates into pdtenes and
0.0277 % ends up in sediment patrticles.

In this process, the main removal mechanism of methylmercurysoccéorm of
evaporation in which about 90.1% of the chemical is transported to tls@tere. A
considerable amount of the chemical, 66.7kg/hr, migrates into watee, pluhsre its
degradation rate is estimated at 14.6 kg/hr, or about 0.15% of initiehadge
concentration. In the aqueous phase, about 13% of methylmercury is refmpved

advection flows at a rate of 16 kg/hr the contaminant evaporates into the atraosphe
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Small concentrations are transmitted from the atmosphere tansbwater. There is also
a small mass of the chemical transferred from water tonggds, where it is degraded
and advected as well.

The total residence time for methylmercury in the environmesfiore it starts to
degrade is 133 hours, which is about 6 days. Due to such a long residece farge
amount of the methylmercury accumulates in the environment, wititah mass of
1,300,000 kg. Most of it remains in the soil compartment (850004 kg), and in the aqueous
phase, 18973kg. A smaller amount of 29178 kg remain in the atmosphde=36Bi kg
stays in sediment particles.

Hence, it may be concluded that in case of methylmercurlaggiinto the soil
the media, the methylmercury will remain in the environment flang period of time,
and a large amount of it will build up in soil and water phases.hler atords, the most
contaminated media will be soil and water, and the less polluted will be atmosphere
4.3.1.6 Fourth case scenario - discharge into all three environmental phases:

Air, soil, and water.

The results obtained for this case scenario are represented in Figures 4.6.

In the fourth scenario, the total discharge of 1,000 kg/hr intcsaik,and water at the
same time shows that approximately equal partitions of meénglmy between air and
soil phases, 16.9% and 18.8% respectively, with a large amount of metbyty

partitioning into water, while insignificant percentage is bound witd sediment

compartments.
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Fig 4.6a EQC level Il result for Methylmercury emission into Air, Water and Soil

Methylmercury in EQC Standard
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— Total Mass = 55.8 kg Conc = 3.39E-06 ng/g solids 5.95E-06
INTERMEDIA L All emission, transfer, and loss
] N rates have units of kg/h

Fig 4.6b EQC level Ill result for Methylmercury emission into Air, water and Soil

Figure 4-6 the Level Ill estimation shows impact of thehylemercury discharge
into air, soil, and water. The major removal mechanism takes ptaatmosphere, where

approximately 81.7 % of the total initial concentration, introduced ithtcoenpartment,
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is removed by reaction and advection processes. In the air @Hizsg, 60% of the
contaminant from the aqueous and soil phases comes into the atmosphere via
vaporization of the contaminant in agueous and soil phase, 560 kg/hr and 902 kg/hr
respectively, thereby increasing the mass emission in tiphase to about 82% which is
2462 kg/hr of total of 3000 kg/hr emitted. Of the 82% partitioning inéoatmosphere,
about 99.6% of the contaminant is removed as a result of reaction otiaad\gocesses.
Approximately 766 kg/hr, which is about 31.5%, is taken away by adwecthile
1686kg/hr that is 68.76% of the contaminant is reacted. Thereforetdigéercentage
reduction of the contaminant in the air phase is 99.6%. Media transpatte
contaminant from the air phase to the soil and aqueous phaseyisnsgnificant
(0.36%).

In the aqueous phase, also called the water or liquid phase, a total of 1000 kg/hr of
the contaminant is released into the phase and about 53% of thEmasion undergoes
media transport (560kg/hr) into the air phase while 1.46kg/hr goes tmesgdphase.
About 47.8% of the contaminant released undergoes degradation with 56.5% of the losses
through advection and 43.4 % through reaction, this equates to 224kg/hr of the
contaminant taken away by reaction and 291kg/hr taken away bytiadveledia
transport of the contaminant to the aqueous phase from soil and airipladsait 7%
66.8kg/hr is transported from the soil (6.2%) and 8.85kg/hr is transportedttieoir
phase while 1.40kg/hr is transported from the sediment. In the saslepla total of
1000kg/hr of the contaminant is considered to have been released, out lofo@#&o
(902kg/hr) of the contaminant vaporized into the atmosphere while 66.8kigfates to

the aqueous phase. About 96.8% of the contaminant released into the sal pha
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undergoing media transport. Degradation only occurs in the soil pyasaction of the
contaminant with 32.8 kg/hr of the emission is reacting which is guattly about
(3.28%) of the contaminant released.

The total residence time is about 6 days and 8 hours and adveatsstgnee
time is about 18 days while reaction residence time is 10. ddys total mass of
methylmercury accumulated in the system is 453000 kg. Most ofotitarainant mass
partition into the water, (64.2%) while 16.9% partitions into the airl&h8% partitions
into the soil. The sediment retains the smallest partition appat&ly 0.125%. The
concentration in the media is also estimated by the model wittr f@queous phase)
having 1456 ng/l , the air phase 766 ny/nsoil phase 0.146 ng/g, while sediment has
0.0275 ng/g.

According to all above discussed results, it can be concluded that the
environmental fate of the contaminant (methylmercury) depends nairjuss chemical
properties, but also on the medium to which it is dischargetiidrcase the most critical
is the water phase, since this is the most common exposure bputehich the
contaminant gets into the ecosystem and the human body.
4.3.1.8 Conclusions for methylmercury fate estimation with EQC Model

From the results of the EQC Model estimation of the environmeatal df
methylmercury, it can be concluded that the medium into which dpetwcurs affects
the distribution characteristics in the environment. If the emission conanygtfre power
plant is strictly from the stack the model shows that most ofnththylmercury will
remain in the air phase only minor amount of the contaminantigairig into the water

phase ,the soil and sediment phase.
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Hence, in general, it can be concluded that methylmercury fromrpmam stack
emission is most likely to partition into the atmosphere and the residereces tiomg.
4.4 ChemCAN™ Model simulation results
4.4.1 ChemCAN modeling results for methylmercury fates in
Oklahoma region.
The ChemCAN Model v. 6.00 was run to estimate the behavior of methgdiry for the
environmental conditions in Oklahoma. The model incorporates specifionatg
characteristics (temperature, weather, etc.) coupled wittardic modeling from the
EQC model. As explained in Chapter 3, it assumes a 1000 kg/yeatonimet air under
the release column. The table 4.1 below shows the regional spg&ifi incorporated
into the ChemCAN model.

Table 4.2 (Specific regional properties for Oklahoma)

Regional parameters for
Oklahoma Values Source

Oklahoma weather report,
2009.localweather-
Temperature - Winter 36°F forecast.com

Oklahoma weather report,
_ 2009.localweather-
Spring 4A0°F forecast.com

Oklahoma weather report,

2009.localweather-
Summer 82°F forecast.com

Oklahoma weather report,
2009.localweather-

Wind Speed 10.35 mph S forecast.com
Oklahoma quick fact from
Total land area 181195 kM bureau of US census,2009
Oklahoma quick fact from
Surface covered by water 1.8% bureau of US census,2009
Residence time 0.60 day Estimated
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. methylmercury in Oklahoma, 11.47°C
ChemCAN Version 6.00 y Y
Simulation —
Identifier: s Y ﬁlgs kgi =l 759
oyelakin 1000 | . (99.9 %) ) ':\:\/ 241
Additional Information: 2 -
Fug. = 3.78E-05 pyPa
methylmercury 0 e ( d 3 3 “J
simulation for P C°"°i344E'03 ng/m? <
Okiphomasagion; 0208 7 002630, " 00177
0 /#0211 y
~ | Sail ==
| > 2.03E-04 kg TRy . [Nt | - 2.95E-04
— (0.0162 %) = Water
Fug. = 3.81E-05 pPa 1.71E-03 1.48E-03 kg S\}
(0.118 %) 9.97E-03
e Conc = 4.89E-10 ng/g = Fug. = 2.56E-05 uPa
solids
Legend — 4 e Conc = 2.27E-05 ng/L
EMISSION ~ o L
% 6.84E-04 AN
_—N 0 6.49E-05 ‘ % 6.45E-05
Residence Time AV J 1.57E-09
i REACTION Total =10.9 h re
= Reaction = 455 h 0 Sediment ==
i Advection = 14.4 h R 5.30E-07 kg .
ADVECTION ! Tota] Emissions = 1000 kglyear L - (4.24E-05 %) 4 BéTE/DT
=~ Total Mass = 1.25 kg Fug. = 2.54E-05 uPa -98E-
INTERMEDIA All emission, transfer, and Conc = 6.54E-10 ng/: lid:
; g/g solids
EXCHANGE | |oss rates have units of kg/year.
: Date: 7/16/2009, Time: 4:34:55 PM

Fig 4.7 ChemCAN result for methylmercury emission into air phase

Figure 4.7 shows that 99.9% of the contaminant is release intairthgEhase.
1.25kg of the total mass emitted remains after equilibrium, 0.118%eofdntaminant
migrates to water phase while 0.00148 kg is left in the meda afuilibrium. The
concentration in the aqueous phase is critical to this study, s@ dow the
methylmercury concentration in Oklahoma fish. However the regulhe ChemCAN
model predicted 2.27 * Thg/L as the aqueous methylmercury concentration and so
bioaccumulation factor is required.

The Department of Environmental Quality, report on Oklahoma fish consarmpti
advisory level of mercury simply implies that mercury conceioinain fish that is less
than 0.5 pg/g is considered to be safe (Oklahoma DEQ, 2005). Whd&i& Power

Research Institute (EPRI) from a research on AtmosphericudeResearch Updates
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released in 2004,shows two different ranges of methylmercury bioatation factor ,

that it 2500000 and 5200000 ( EPRI,2004).

The methylmercury concentration in Oklahoma fish using the bioadation
factors obtained from the EPRI and the ChemCAN model aqueous cotioarfian fig

4.7 are therefore, 56.76 ug /g and 118.04u49/g.

ChemCAN Version 6.00 methylmercury in Oklahoma, 14.4°C
Simulation e
Identifier: : T %Iﬁl’91 k— = 504
yornd i PR ( azomw | =
: Fug. = 2.11E-05 yPa
mehylmercury 0 el ! d H 4_J
. Conc=191E-03 ngim* /
ce 0118 A 001170 N 637
0 /4 0116 &
-~ Soil '
> BO5E06ke: ey ... [EEEALAA | g 10.4
(1.69E-04 %) = Water \
Fug. = 2.12E-05 uPa 7.48E-04 522 kg =
(98.7 %) 352
R Conc = 1.96E-10 ng/g S Fug. = 1.16 uPa
solids Y
Legend — € g Conc = 0.801 ng/L
EMISSION = 1000
H % 3.02E-04 M 2
> 0 ” 229 || {} 228
' Residence Time N J 5.09E-05
REACTION Total =459 h T
— Reaction = 955 h B Sediment -
- Advection = 883 h Y 0.0187 kg —
ADVECTION | Tota| Emissions = 1000 kglyear . L (0.0353 %) 4
—— Total Mass = 52.9 kg Fug.=1.15uPa .
INTERMEDIA All emission, transfer, and Conc = 2 12E-05 nalg solid
£ g/g solids

EXCHANGE ! |oss rates have units of kg/year.

: : i Date: 7/8/2009, Time: 4:39:20 PM

Fig 4.8 ChemCAN result for methylmercury emission into water phase

The second stage introduced when the entire emission into thepkase. The
results show that 39kg/year of the contaminant comes into the platse by advection
approximately 66.6% of the total released into the water phaséuallg evaporates into
the atmosphere, while about 378 kg of the remaining mass undergpadat®n. About

97.4% of the total contaminant remaining in the water phase rehaii¢salbout 3% of the

contaminant is taken away by advection.
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4.4.2 Conclusions Methylmercury fates in Oklahoma region

The impact of mercury emissions from coal fired power plant®©kfahoma
appears to be minimal under current conditions. The most common roaipasure
through is water and modeling shows only a minor methylmercuryseinte the water
phase.

Overall, this software model estimation shows that as continuoissiemof the
mercury compounds from the coal-fired power plants in Oklahoma regisidering
the data for the 2004 and 2005 used in the model which the averaged is 1000 kg/year.
Based on this, the amount of methylmercury left in the environmdikely to be very
low in air, soil, and sediment compartments. This perhaps could beasen why EPA

suspended the monitoring of mercury emissions.
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CHAPTER V

CONCLUSION

5.1 Conclusion

The research study described herein provided an analysis of theneneital
fate methylmercury, such that these data can be used ik asgessment for humans.
The main focus of this research effort includes the following:
1. Determination of chemical properties of methylmercury;
2. Based on chemical properties, estimation of the general en@nbainfate of the
compound; and
3. Evaluation of the behavior of these chemicals in a particulgiroament, in
Oklahoma.
Based on results just presented, conclusions can be made rggtrdirchemical
properties and environmental fates of the methylmercury. These adebkdtav:

e Chemical properties of methylmercury can be estimated withSERe model.
Many of these calculated values do not agree well with expataty
determined values published in the literature because methylmempwerties
are studied as methylmercury chloride in literature.

e Additional chemical properties for methylmercury, not awddain published

data, were also estimated with the EPI Suite, including the fiolpw
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e Partition coefficient air-water, logAw = -0.530

(0]

(0]

(0]

(0]

(0]

1. Application of the EQC Model yielded estimates of methylmgramnvironmental

Partition coefficient octanol-air, logd& = 0.610
Half-life in air = 31.46 hrs
Half-life in water = 900 hrs
Half-life in soil = 1800 hrs

Half-life in sediment = 8100 hrs

fate. Conclusions from this model include:

e Distribution characteristics of the chemicals in the environrdepéend not only
on the chemical properties but also on the media of discharge.
e The methylmercury concentration prediction in Oklahoma river is fdane

far beyond the safe level, however these maybe due to variotimgirfactors

such incorporated by the ChemCAN model

e Methylmercury is most likely to partition into the atmosphere.
2. Result of the ChemCAN Model evaluation of the environmental faterefease of

mercury emissions model as methylmercury from coal fired gpoplants into

atmosphere include the following:

e Minimal concentration in the atmosphere or soil is expected focdhditions

tested.

e Methylmercury tends to degrade in the air and water phase,
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5.2 Recommendations for further research
Based on the current literature for the environmental fate ofyinathcury as
well as the results obtained from this study, the followingdistecommended studies
should be addressed. The losses of methylmercury through adveafioragtion may
be investigated to know if there is a possible potential risk assddizat is not covered
by this study, such as conclusion to the mercuric salts Hg€I(GHH) and HgS; the
methylmercury compounds, methylmercury 2, 2 chloride (CH HgClnaetthylmercury
hydroxide (CH HgOH); and, in small fractions, other 3, 3 organomesuie.,
dimethylmercury and phenylmercury).
e It is however recommended for future study that the advectivenntite
of mercury from neighboring states around Oklahoma region should be
known for accurate fate study of methylmercury.
e Itis also important to know the methylmercury concentration in Oklahoma
river to be able to obtain a better degree of accuracyetfyimercury

assessment in the future.
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APPENDICES-A

First case scenario ( Air)

EQC

Version 2.02, Released May 2003

(Input values are in italics.)

Simulation ID: oyelakin oluwatosin

Date: 6/15/2009 Time: 12:12:50 AM
Addition Description/Comments: methylmercury

CHEMICAL NAME: Methylmercury

CHEMICAL PARAMETERS

Chemical Properties

Chemical Type 1

Molar Mass 215.63 g/mol
Data Temperature 25°C
Henry's Law Constant  82.8 Pa.m®mol

Water Solubility 31250 g/m?* 145 mol/m?
Vapour Pressure 12000 Pa
Log Kow 0.08
Melting Point 60 °C
Fugacity Ratio 0.451
Sub-cooled Liguid Vapour Pressure 26629 Pa
Partition Coefficients
Dimensionless L/kg

Log Octanol-Water Partition Coefficient 0.08 -
Octanol-Water Partition Coefficient 1.20 -
QOrganic Carbon-Water Partition Coefficient - 0.493
Air-Water(Kaw) 0.0334 -
Soil-Water 0.0237 9.86E-03
Sediment-Water 0.0473 0.0197
Susp. Particles-Water 0.148 0.0986
Fish-Water(Kfw) 0.0601 0.0601
Aerosol-Air 225 -
Degradation
Half-lives

hours days
Air 31.8 1.31
Water 900 37.5
Soil 1800 75.0
Sediment 8100 338
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ENVIRONMENTAL PARAMETERS
Note: All environmental properties are set and can not be changed.
They are listed for completeness only.

Areas and Depths

Area

m2
Air 1.00E+11
Water 1.00E+10
Soil 9.00E+10
Sediment 1.00E+10

Environmental Properties

Volume
Fractions
Air: Bulk -
Pure Air -
Aerosol 2.00E-11
Water: Bulk -
Liquid -
Susp.Particles  5.00E-06
Fish 1.00E-06
Soil: Bulk -
Air 0.200
Liquid 0.300
Solid 0.500
Sediment: Bulk -
Liquid 0.800
Solid 0.200
Transport Velocities
Air side air-water MTC

Water side air-water MTC

Rain rate

Aerosol deposition velocity
Soil air phase diffusion MTC
Soil water phase diffusion MTC
Soil air boundary layer MTC
Sediment-water MTC
Sediment deposition velocity
Sediment resuspension velocity
Soil water runoff rate

Soil solids runoff rate

Depth for Volume for
Level | and Level | and
Level Il Level Il
m m?
1000 1.00E+14
20.0 2.00E+11
0.100 9.00E+09
0.0100 1.00E+08
Org. Carbon
Volume Density & Lipid
m? ka/m®  glg
- 1.19 -
1.00E+14 1.19 -
2000 2000 -
- 1000 -
2.00E+11 1000 -
1.00E+06 1500 0.200
2.00E+05 1000 0.0500
- 1500 -
3.60E+02 1.19 -
5.40E+09 1000 -
9.00E+02 2400  0.0200
- 1280 -
4.00E+08 1000 -
1.00E+08 2400 0.0400
m/hour m/iyear
5.00 43830
0.0500 438
1.00E-04 0.877
6.00E-10 5.26E-06
0.0200 175
1.00E-05 0.0877
5.00 43830
1.00E-04 0.877
5.00E-07 4.38E-03
2.00E-07 1.75E-03
5.00E-05 0.438
1.00E-08 8.77E-05
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Depth for Volume for
Level lll Level Il

m m?
1000 1.00E+14
20.0 2.00E+11
0.200 1.80E+10
0.0500 5.00E+08

Adv. Residence
Time

hours days
100 4.17

1000 41.7

50000 2083

Advective Flow Advectiv:
Rate Level |l Rate Lev
mh mh

1.00E+12 1.00E+1:

2.00E+08 2.00E+0¢

2000 10000



EQC RESULTS: Level |

Emission 4.64E+05 mol 1.00E+05 kg
Total VZ 4.28E+10 mol/Pa
Fugacity 1.08E-05 Pa
ZValue VZ Conc.
mol/m*Pa mol/Pa mol/m?
Air 4,03E-04 4.03E+10 4.38E-09
Water 0.0121 242E+09  1.31E-07
Soil 2.86E-04 257E+06 3.10E-09
Sediment 5.71E-04 57150 6.20E-09
Susp. Particles  1.79E-03 1786 1.94E-08
Fish 7.26E-04 145 7.87E-09

Conc.
gim?
9.43E-07
2.82E-05
6.68E-07
1.34E-06
4.18E-06
1.70E-06

Conc.
Jg/g of solid

2.78E-07
5.57E-07
2.78E-06
1.70E-06
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Amount
mol

4.38E+05

26197
279
0.620
0.0194
1.57E-03

Amount
kg
94345
5649
6.01
0.134
4.18E-03
3.40E-04

p.3ofé

Amount
%

9.3
5.65
6.01E-03
1.34E-04
4.18E-06
3.40E-07



p.4
EQC RESULTS: LEVEL Il

System Totals

Emission Rate 4638 mol/h 1000 kg/h
Total of VZ 4.28E+10 mol/Pa
Fugacity 3.58E-06 Pa
Total Amount of Chemical in System 1.53E+05 mol 33014 kg
Losses Losses D Values Residence Time Residence Time
mol kg mol/Pa.h hours days
Advection 1453 313 4.06E+08 105 4.39
Reaction 3184 687 8.89E+08 48.1 2.00
Total 4638 1000 1.30E+09 33.0 1.38
Concentrations
Z Value VZ Conc. Conc. Conc. Amount  Amount Amount
mol/m3.Pa mol/Pa mol/m?3 g/m? ug/g of solid mol kg %
Air 4.03E-04 4.03E+10 1.44E-09 3.11E-07 - 1.44E+05 31147 94.3
Water 0.0121 2.42E+09 4.32E-08 9.32E-06 - 8648 1865 5.65
Soil 2.86E-04 2.57E+06 1.02E-09 2.21E-07 9.19E-08 9.21 1.99 6.01E-03
Sediment 5.71E-04 57150 2.05E-09 4.41E-07 1.84E-07 0.205 0.0441 1.34E-04
Susp. Particles 1.79E-03 1786 6.39E-09 1.38E-06 9.19E-07 6.39E-03 1.38E-03 4.18E-06
Fish 7.26E-04 145 2.60E-09 5.61E-07 5.61E-07 5.20E-04 1.12E-04 3.40E-07
Losses
Advection
Residence Residence Rate of Rate of
Time Time Flow Rate D Values Loss Loss % of Total
hours days m?h mol/Pa.h  mol/h kg/h Losses
Air 100 417 1.00E+12 4.03E+08 1444 311 31.1
Water 1000 41.7 2.00E+08 2.42E+06 8.65 1.86 0.186
Soil - - - - - - -
Sediment 50000 2083 2000 1.14 4.09E-06 8.82E-07 8.82E-08
Total 31.3
Reaction
Rate Rate of Rate of
Half-life Half-life Constant D Values Loss Loss % of Total
hours days 1/h mol/Pa.h  mol/h kg/h Losses
Air 31.5 1.31 0.0220 8.88E+08 3178 685 68.5
Water 900 37.5 7.70E-04 1.86E+06 6.66 1.44 0.144
Soil 1800 75.0 3.85E-04 990 3.55E-03 7.64E-04 7.64E-05
Sediment 8100 338 8.56E-05 4.89 1.75E-05 3.78E-06 3.78E-07
Total 68.7
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EQC RESULTS: LEVEL Il

Mass Balance

Air
Water
Soil
Sediment
Total

Advection
Reaction
Overall

Emission

mol/h
4638
0
0
0
4638

Loss Rate

mol/h
1451

3186
4638

Amount of Chemical in Environment

Phase Properties

Air: Bulk
Vapour
Aerosol

Water: Bulk
Liquid

Susp. Part,

Fish
Soil: Bulk
Air
Liquid
Solid
Sediment: Bulk
Water
Solid

Z Value
mol/m®Pa
4.03E-04
4.03E-04
0.0909
0.0121
0.0121
1.79E-03
7.26E-04
3.85E-03
4.03E-04
0.0121
2.86E-04
9.78E-03
0.0121
5.71E-04

Emission
kg/h
1000
0
0
0
1000
Residence
Loss Rate Time
kg/h hours
313 103
687 46.9
1000 32.2
1.50E+05 mol
Amount Amount
mol kg
1.45E+05 31195
1.45E+05 31195
6.52E-04 1.41E-04
4577 987
4577 987
3.38E-03 7.30E-04
2.75E-04 5.93E-05
257 55.4
5.39 1.16
242 52.1
9.54 2.06
8.89 1.92
8.79 1.89
0.104 0.0224

Fugacity VZ
Pa mol/Pa
3.59E-06 4.03E+10
1.90E-06 2.42E+09
3.71E-06 6.92E+07
1.82E-06 4 .89E+06
Residence
Time
days
429
1.96
1.34
32239 kg
Amount Conc.
% mol/m?
96.8 1.45E-09
96.8 1.45E-09
4.36E-07 3.26E-07
3.06 2.29E-08
3.06 2.29E-08
2.26E-06 3.38E-09
1.84E-07 1.38E-09
0.172 1.43E-08
3.60E-03 1.50E-08
0.162 4 48E-08
6.38E-03 1.06E-09
5.95E-03 1.78E-08
5.88E-03 2.20E-08
6.95E-05 1.04E-09

Conc.
g/m?
3.12E-07
3.12E-07
7.03E-05
4 94E-06
4 .94E-06
7.30E-07
2.97E-07
3.08E-06
3.23E-07
9.66E-06
2.28E-07
3.83E-06
4.74E-06
2.24E-07

p.50of6

Conc.
ug/g of solids

3.51E-05

4.87E-07

9.52E-08

9.34E-08



Second case scenario (water)

EQC

Version 2.02, Released May 2003

(Input values are in italics.)

Simulation ID: oyelakin oluwatosin

Date: 6/15/2009 Time: 12:30:25 AM
Addition Description/Comments: methylmercury

CHEMICAL NAME: Methylmercury

CHEMICAL PARAMETERS

Chemical Properties
Chemical Type 1

Molar Mass 215.63 g/mol
Data Temperature 25°C
Henry's Law Constant  82.8 Pa.m*/mol

Water Solubility 31250 g/m? 145 mol/m?3
Vapour Pressure 12000 Pa

Log Kow 0.08

Melting Point 60 °C

Fugacity Ratio 0.451

Sub-cooled Liquid Vapour Pressure 26629 Pa

Partition Coefficients

Dimensionless L/kg

Log Octanol-Water Partition Coefficient 0.08

Octanol-Water Partition Coefficient 1.20 -
Organic Carbon-Water Partition Coefficient - 0.493
Air-Water(Kaw) 0.0334 -
Soil-Water 0.0237 9.86E-03
Sediment-Water 0.0473 0.0197
Susp. Particles-Water 0.148 0.0986
Fish-Water(Kfw) 0.0601 0.0601
Aerosol-Air 225 -

Degradation

Half-lives

hours days
Air 31.6 1.31
Water 900 37.5
Soil 1800 75.0
Sediment 8100 338
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ENVIRONMENTAL PARAMETERS
Note: All environmental properties are set and can not be changed.
They are listed for completeness only.

Areas and Depths

Area

m2
Air 1.00E+11
Water 1.00E+10
Soil 9.00E+10
Sediment 1.00E+10

Environmental Properties

Volume
Fractions
Air: Bulk -
Pure Air -
Aerosol 2.00E-11
Water: Bulk -
Liquid -
Susp.Particles  5.00E-06
Fish 1.00E-06
Soil: Bulk -
Air 0.200
Liquid 0.300
Solid 0.500
Sediment: Bulk -
Liquid 0.800
Solid 0.200

Transport Velocities

Air side air-water MTC

Water side air-water MTC

Rain rate

Aerosol deposition velocity
Soil air phase diffusion MTC
Soil water phase diffusion MTC
Soil air boundary layer MTC
Sediment-water MTC
Sediment deposition velocity
Sediment resuspension velocity
Soil water runoff rate

Soil solids runoff rate

Depth for Volume for
Level | and Level | and
Level Il Level Il
m m?
1000 1.00E+14
20.0 2.00E+11
0.100 9.00E+09
0.0100 1.00E+08
Org. Carbon
Volume Density & Lipid
m? kg/m®  glg
- 1.19 -
1.00E+14 119 -
2000 2000 -
- 1000 -
2.00E+11 1000 -
1.00E+06 1500 0.200
2.00E+05 1000 0.0500
- 1500 -
3.60E+09 1.19 -
5.40E+09 1000 -
9.00E+09 2400 0.0200
- 1280 -
4.00E+08 1000 -
1.00E+08 2400 0.0400
m/hour m/year
5.00 43830
0.0500 438
1.00E-04 0.877
6.00E-10 5.26E-06
0.0200 175
1.00E-05 0.0877
5.00 43830
1.00E-04 0.877
5.00E-07 4.38E-03
2.00E-07 1.75E-03
5.00E-05 0.438
1.00E-08 8.77E-05
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Depth for Volume for
Level Il Level Il

m m?
1000 1.00E+14
20.0 2.00E+11
0.200 1.80E+10
0.0500 5.00E+08

Adv. Residence
Time

hours days
100 4.17

1000 41.7

00

50000 2083

Advective Flow Advective Flow

Rate Level Il Rate Level Ill
mh m®h
1.00E+12 1.00E+12
2.00E+08 2.00E+08
2000 10000



EQC RESULTS: Level |

Emission
Total VZ
Fugacity

Air

Water

Soil

Sediment
Susp. Particles
Fish

4.64E+05 mol 1.00E+05 kg
4.28E+10 mol/Pa

1.08E-05 Pa

ZValue VZ Conc.
mol/m*Pa mol/Pa mol/m?
4.03E-04 4.03E+10 4.38E-09
0.0121 242E+09  1.31E-07
2.86E-04 2.57E+06  3.10E-09
5.71E-04 57150 6.20E-09
1.79E-03 1786 1.94E-08
7.26E-04 145 7.87E-09

Conc.
g/m?
9.43E-07
2.82E-05
6.68E-07
1.34E-06
4.18E-06
1.70E-06

96

Conc.
ug/g of solid

2.78E-07
5.57E-07
2.78E-06
1.70E-06

Amount

mol

4.38E+05

26197
279
0.620
0.0194
1.57E-03

Amount
kg
94345
5649
6.01
0.134
4.18E-03
3.40E-04

p.30of6

Amount
%

94.3
5.65
6.01E-03
1.34E-04
4.18E-06
3.40E-07



EQC RESULTS: LEVEL Il

System Totals

Emission Rate
Total of VZ
Fugacity

Total Amount of Chemical in System

Advection
Reaction
Total

Concentrations

Air

Water

Soil

Sediment
Susp. Particles
Fish

Losses

Advection

Air

Water
Soil
Sediment
Total

Reaction

Air
Water
Soil
Sediment
Total

4638 mol/h 1000 kg/h
4.28E+10 mol/Pa
3.58E-06 Pa

1.53E+05 mol
Losses Losses D Values
mol kg mol/Pa.h
1453 313 4.06E+08
3184 687 8.89E+08
4638 1000 1.30E+09
Z Value VZ conc.
mol/m?.Pa mol/Pa mol/m?*
4.03E-04 4.03E+10 1.44E-09
0.0121 2.42E+09 4.32E-08
2.86E-04 2.57E+06 1.02E-09
5.71E-04 57150 2.05E-09
1.79E-03 1786 6.39E-09
7.26E-04 145 2.60E-09
Residence Residence
Time Time Flow Rate
hours days m*h
100 417 1.00E+12
1000 41.7 2.00E+08
50000 2083 2000

Rate

Half-life Half-life Constant
hours days 1/h
315 1.31 0.0220
900 37.5 7.70E-04
1800 75.0 3.85E-04
8100 338 8.56E-05

33014 kg

Residence Time

hours
105
48.1
33.0

Conc.
g/m?
3.11E-07
9.32E-06
2.21E-07
4.41E-07
1.38E-06
5.61E-07

D Values
mol/Pa.h
4.03E+08
2.42E+06

1.14

D Values
mol/Pa.h
8.88E+08
1.86E+06
990
4.89

97

days
4.39
2.00
1.38
Conc. Amount
ug/g of solid  mol
- 1.44E+05
- 8648
9.19E-08 9.21
1.84E-07 0.205
9.19E-07 6.39E-03
5.61E-07 5.20E-04
Rate of Rate of
Loss Loss
mol/h kg/h
1444 3N
8.65 1.86
4,09E-06 8.82E-07
Rate of Rate of
Loss Loss
mol/h kg/h
3178 685
6.66 1.44
3.55E-03 7.64E-04
1.75E-05 3.78E-06

p.4 of 6

Residence Time

Amount  Amount
kg %

31147 943
1865 5.65
1.99 6.01E-03
0.0441  1.34E-04

1.38E-03 4.18E-06
1.12E-04 3.40E-07

% of Total
Losses
311
0.186

8.82E-08
31.3

% of Total
Losses
68.5
0.144
7.64E-05
3.78E-07
68.7



EQC RESULTS: LEVEL IlI

Mass Balance

Emission Emission
mol/h ka/h
Air 0 0
Water 4638 1000
Soil 0 0
Sediment 0 0
Total 4638 1000
Residence
Loss Rate  Loss Rate Time
mol/h kg/h hours
Advection 2011 434 664
Reaction 2626 566 509
Qverall 4638 1000 288
Amount of Chemical in Environment 1.34E+06 mol
Phase Properties
Z Value Amount Amount
mol/m*Pa mol kg
Air: Bulk 4.03E-04 75346 16247
Vapour 4.03E-04 75346 16247
Aerosol 0.0909 3.40E-04 7.32E-05
Water: Bulk 0.0121 1.26E+06  2.71E+05
Liquid 0.0121 1.26E+06  2.71E+05
Susp. Part.  1.79E-03 0.930 0.201
Fish 7.26E-04 0.0756 0.0163
Soil: Bulk 3.85E-03 134 28.8
Air 4.03E-04 2.80 0.605
Liquid 0.0121 126 27.2
Solid 2.86E-04 4.97 1.07
Sediment: Bulk  9.78E-03 2443 527
Water 0.0121 2414 521
Solid 5.71E-04 28.6 6.16

Fugacity vz
Pa mol/Pa
1.87E-06 4.03E+10
5.21E-04 2.42E+09
1.93E-06 6.92E+07
5.00E-04 4.89E+06
Residence
Time
days
200
212
12.0
2.88E+05 kg
Amount Conc.
% mol/m?
5.64 7.53E-10
5.64 7.53E-10
2.54E-08 1.70E-07
94.2 6.29E-06
94.2 6.29E-06
6.96E-05 9.30E-07
5.66E-06 3.78E-07
0.0100 7.43E-09
2.10E-04 7.79E-10
9.43E-03 2.33E-08
3.72E-04 5.52E-10
0.183 4.89E-06
0.181 6.03E-06
2.14E-03 2.86E-07

98

Conc.
g/m?
1.62E-07
1.62E-07
3.66E-05
1.36E-03
1.36E-03
2.01E-04
8.15E-05
1.60E-06
1.68E-07
5.03E-06
1.19E-07
1.05E-03
1.30E-03
6.16E-05

p.50f6

Conc.
pg/g of solids

1.83E-05

1.34E-04

4.96E-08

2.57E-05



Losses
Advection Residence
Time
hours
Air 100
Water 1000
Soil -
Sediment 50000
Total
Reaction Half-life
Time
hours
Air 31.5
Water 900
Soil 1800
Sediment 8100
Total
Intermedia Transport
Half-times
hours
Air to water 6000
Air to soil 33174
Water to air 360
Water to sediment 1.38E+05
Soil to air 65.4
Soil to water 883
Sediment to water 280

Process D Values

Individual

Air-Water diffusion (air-side)
Air-Water diffusion (water-side)
Rain dissolution to water

Rain dissolution to soil

Aerosol deposition to water
Aerosol deposition to soil
Soil-Air diffusion (air-phase)
Soil-Air diffusion (water-phase)
Soil-Air diffusion (boundary layer)
Soil-Water runoff (water)
Soil-Water runoff (solids)
Water-Sediment diffusion
Water-Sediment deposition
Sediment-Water resuspension

Residence
Time

days

417

41.7

2083

Half-life
Time
days
1.31
37.5
75.0
338

days
250
1382
15.0
5771
2.72
36.8
11.7

mol/Pa.h
2.02E+07
6.04E+06
12077
1.09E+05
0.545
4.91
7.26E+05
10869
1.82E+08
54347
0.257
12077
8.93

1.14

Flow Rate
mh

1.00E+12
2.00E+08

10000

Rate
Constant
1/h
0.0220
7.70E-04
3.85E-04
8.56E-05

D Values
mol/Pa.h
4.03E+08
2.42E+06

97.8

D Values
mol/Pa.h
8.88E+08
1.86E+06
26657
418

Equiv. Flows D Values

m*h

1.15E+10
2.09E+09
3.85E+08
1.00E+06
1.91E+08
1.41E+07
1.24E+06

99

mol/Pa.h
4.66E+06
8.43E+05
4.65E+06
12086
7.34E+05
54347
12078

Totals

Rate of
Loss
mol/h
753
1258

0.0489

Rate of
Loss
mol/h
1658
968
0.0515
0.209
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Rate of

Loss % of Total

kg/h Losses

162 16.2

271 271

0.0105 1.05E-03
43.4

Rate of % of Total

Loss Losses

kg/h

357 357

209 20.9

0.0111 1.11E-03
0.0451 4.51E-03
56.6

Rates of Transport

ka/h
1.88
0.339
522
1.36
0.306
0.0226
1.30

Air-Water diffusion
Air-Water exchange
Water-Air exchange

Soil-Air diffusion
Air-Soil exchange
Soil-Air exchange

Water-Soil exchange
Soil-Water exchange
Sediment-Water exchange
Water-Sediment exchange

mol/h
8.70
1257
2420
6.29
1.42
0.105
6.04

mol/Pa.h
4.65E+06
4.66E+06
4.65E+06
7.34E+05
8.43E+05
7.34E+05
0

54347
12078
12086
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Losses
Advection Residence  Residence Rateof  Rate of
Time Time FlowRate D Values Loss Loss % of Total
hours days m*h mol/Pa.h  molh kg/h Losses
Air 100 417 1.00E+12 4.03E+08 1447 312 31.2
Water 1000 M“.7 2.00E+08 242E+06 4.58 0.987 0.0987
Soil - - - - - - -
Sediment 50000 2083 10000 97.8 1.78E-04 3.83E-05 3.83E-06
Total 3.3
Reaction Half-life Half-life Rate Rateof  Rateof % of Total
Time Time Constant D Values  Loss Loss Losses
hours days 1 mol/Pa.h  molih kg/h
Air 31.5 1.31 0.0220 8.88E+08 3183 686 68.6
Water 900 37.5 7.70E-04 1.86E+06  3.52 0.760 0.0760
Soil 1800 75.0 3.85E-04 26657 0.0988  0.0213  2.13E-03
Sediment 8100 338 8.56E-05 418 761E-04 1.64E-04 1.84E-05
Total 68.7
Intermedia Transport
Half-times Equiv. Flows D Values Rates of Transport
hours days m¥h mol/Pa.h ka/h mol/h
Air to water 8000 250 1.15E+10 4.66E+06 3.60 16.7
Air to soil 33174 1382 2.09E+09 8.43E+05 0.652 3.02
Water to air 360 15.0 3.85E+08 4.65E+06 1.90 8.81
Water to sediment 1.38E+05 5771 1.00E+06 12086 4.94E-03 0.0229
Soil to air 65.4 2.72 1.91E+08 7.34E+05 0.587 212
Soil to water 883 36.8 1.41E+07 54347 0.0435 0.202
Sediment to water 280 1.7 1.24E+06 12078 4.74E-03 0.0220
Process D Values
Individual mol/Pa.h Totals mol/Pa.h
Air-Water diffusion (air-side) 2.02E+07 Air-Water diffusion 4.65E+06
Air-Water diffusion (water-side) 6.04E+06 Air-Water exchange 4.66E+06
Rain dissolution to water 12077 Water-Air exchange 4.65E+06
Rain dissolution to soil 1.09E+05 Soil-Air diffusion 7.34E+05
Aerosol deposition to water 0.545 Air-Soil exchange 8.43E+05
Aerosol deposition to soil 4.91 Soil-Air exchange 7.34E+05
Soil-Air diffusion (air-phase) 7.26E+05 Water-Soil exchange 0
Soil-Air diffusion (water-phase) 10869 Soil-Water exchange 54347
Soil-Air diffusion (boundary layer) 1.82E+08 Sediment-Water exchange 12078
Soil-Water runoff (water) 54347 Water-Sediment exchange 12086
Soil-Water runoff (solids) 0.257
Water-Sediment diffusion 12077
Water-Sediment deposition 893
Sediment-Water resuspension 1.14

Third case scenario ( soil)
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EQC

Version 2.02, Released May 2003
(Input values are in italics.)
Simulation ID: oyelakin oluwatosin

Date: 6/15/2009 Time: 12:34.05 AM

Addition Description/Comments: methylmercury

CHEMICAL NAME: Methylmercury

CHEMICAL PARAMETERS

Chemical PI'OQEFNES
Chemical Type 1

Molar Mass 215.63 g/mol
Data Temperature 25°C

Henry's Law Constant 82.8 Pa.m?®*mol
Water Solubility 31250 g/m?
Vapour Pressure 12000 Pa

Log Kow 0.08

Melting Point 60 °C

Fugacity Ratio 0.451

Sub-cooled Liquid Vapour Pressure
Partition Coefficients

Log Octanol-Water Partition Coefficient
Octanol-Water Partition Coefficient
Organic Carbon-Water Partition Coefficient
Air-Water(Kaw)

Soil-Water

Sediment-Water

Susp. Particles-Water

Fish-Water(Kfw)

Aerosol-Air

Degradation

Half-lives

hours
Air 31.6
Water 900
Soil 1800
Sediment 8100

days
1.31
375
75.0
338

145 mol/m?®

26629 Pa

Dimensionless
0.08
1.20

0.0334
0.0237
0.0473
0.148
0.0601
225
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L/kg

0.493

9.86E-03
0.0197
0.0986
0.0601



p.2 of 6

ENVIRONMENTAL PARAMETERS
Note: All environmental properties are set and can not be changed.
They are listed for completeness only.

Areas and Depths

Depth for Volume for
Level | and Level | and Depth for Volume for
Area Level Il Level Il Level IlI Level Il
m? m m? m m?
Air 1.00E+11 1000 1.00E+14 1000 1.00E+14
Water 1.00E+10 20.0 2.00E+11 20.0 2.00E+11
Sail 9.00E+10 0.100 9.00E+09 0.200 1.80E+10
Sediment 1.00E+10 0.0100 1.00E+08 0.0500 5.00E+08

Environmental Properties

Org. Carbon  Adv. Residence Advective Flow Advective Flow

Volume  Volume Density & Lipid Time Rate Level I Rate Level llI
Fractions m? kg/m*  glg hours days m*h m¥h

Air: Bulk - - 1.19 - 100 4.17 1.00E+12 1.00E+12
Pure Air - 1.00E+14  1.19 - - - -

Aerosol 2.00E-11 2000 2000 - - - -

Water: Bulk - - 1000 - 1000 41.7 2.00E+08 2.00E+08
Liquid - 2.00E+11 1000 - - - -
Susp.Particles 5.00E-06 1.00E+06 1500 0.200 - - -

Fish 1.00E-06 2.00E+05 1000 0.0500 - - -
Soil: Bulk - - 1500 - 00 - -
Air 0.200 3.60E+09 1.19 - - - -
Liquid 0.300 5.40E+09 1000 - - - -
Solid 0.500 9.00E+09 2400 0.0200 - - -

Sediment: Bulk - - 1280 - 50000 2083 2000 10000
Liquid 0.800 4.00E+08 1000 - - - -

Solid 0.200 1.00E+08 2400 0.0400 - - -

Transport Velocities

m/hour m/year

Air side air-water MTC 5.00 43830

Water side air-water MTC 0.0500 438

Rain rate 1.00E-04 0.877

Aerosol deposition velocity 6.00E-10 5.26E-06

Soil air phase diffusion MTC 0.0200 175

Soil water phase diffusion MTC  1.00E-05 0.0877

Soil air boundary layer MTC 5.00 43830

Sediment-water MTC 1.00E-04 0.877

Sediment deposition velocity 5.00E-07 4.38E-03

Sediment resuspension velocity 2.00E-07 1.75E-03

Soil water runoff rate 5.00E-05 0.438

Soil solids runoff rate 1.00E-08 8.77E-05
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EQC RESULTS: Level |

Emission
Total VZ
Fugacity

Air

Water

Soil

Sediment
Susp. Particles
Fish

4.64E+05 mol 1.00E+05 kg
4.28E+10 mol/Pa

1.08E-05 Pa

Z Value vz Conc.
mol/m*Pa mol/Pa mol/m?
4.03E-04 4.03E+10 4.38E-09
0.0121 2.42E+09  1.31E-07
2.86E-04 2.57E+06 3.10E-09
5.71E-04 57150 6.20E-09
1.79E-03 1786 1.94E-08
7.26E-04 145 7.87E-09

conc.
g/m?
9.43E-07
2.82E-05
6.68E-07
1.34E-06
4.18E-06
1.70E-06
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Conc.
ug/g of solid

2.78E-07
5.57E-07
2.78E-06
1.70E-06

Amount
mol
4.38E+05
26197
27.9
0.620
0.0194
1.57E-03

Amount
kg
94345
5649
6.01
0.134
4.18E-03
3.40E-04

p.3of6

Amount
%

94.3

5.85
6.01E-03
1.34E-04
4.18E-06
3.40E-07



EQC RESULTS: LEVEL I

System Totals

Emission Rate
Total of VZ
Fugacity

Total Amount of Chemical in System

Advection
Reaction
Total

Concentrations

Air

Water

Soil

Sediment
Susp. Particles
Fish

Losses

Advection

Air

Water
Soil
Sediment
Total

Reaction

Air
Water
Soil
Sediment
Total

4638 mol/h 1000 kg/h
4.28E+10 mol/Pa
3.58E-06 Pa

1.53E+05 mol
Losses Losses D Values
mol kg mol/Pa.h
1453 313 4.06E+08
3184 687 8.89E+08
4638 1000 1.30E+09
Z Value vz Conc.
mol/m?*.Pa mol/Pa  mol/m?
4.03E-04 4.03E+10 1.44E-09
0.0121 2.42E+09 4.32E-08
2.86E-04 2.57E+06 1.02E-09
5.71E-04 57150 2.05E-09
1.79E-03 1786 6.39E-09
7.26E-04 145 2.60E-09
Residence Residence
Time Time Flow Rate
hours days m¥h
100 417 1.00E+12
1000 4.7 2.00E+08
50000 2083 2000

Rate

Half-life Half-life  Constant
hours days 1/h
315 1.31 0.0220
900 375 7.70E-04
1800 75.0 3.85E-04
8100 338 8.56E-05

pdofé

33014 kg
Residence Time  Residence Time
hours days
105 4.39
48.1 2.00
33.0 1.38
Conc. Conc. Amount  Amount  Amount
g/m? ug/g of solid  mol kg %
3.1E-07 - 1.44E+05 31147 943
9.32E-06 - 8648 1865 5.65
221E-07 9.19E-08 9.21 1.99 6.01E-03
4.41E-07 1.84E-07 0.205 0.0441 1.34E-04
1.38E-06 9.19E-07 6.39E-03 1.38E-03 4.18E-06
561E-07 5.61E-07 5.20E-04 1.12E-04 3.40E-07
Rate of Rate of

D Values Loss Loss % of Total
mol/Pa.h  mol/h ka/h Losses
4.03E+08 1444 kil 311
242E+06 8.65 1.86 0.186
1.14 4.09E-06 8.82E-07 8.82E-08

31.3

Rate of Rate of

D Values Loss Loss % of Total
mol/Pa.h  molth kg/h Losses
8.88E+08 3178 685 68.5
1.86E+06 6.66 1.44 0.144
990 3.55E-03 7.64E-04 7.64E-05
4.89 1.75E-05 3.78E-06 3.78E-07

68.7
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EQC RESULTS: LEVEL Il

Mass Balance

Emission Emission
mol/h kg/h
Air 0 0
Water 0 0
Soil 4638 1000
Sediment 0 0
Total 4638 1000
Residence
Loss Rate  Loss Rate Time
mol/h kg/h hours
Advection 1441 N 429
Reaction 3196 689 193
Overall 4638 1000 133
Amount of Chemical in Environment 6.18E+05 mol
Phase Properties
Z Value Amount Amount
mol/m*Pa mol kg
Air; Bulk 4.03E-04 1.35E+05 29178
Vapour 4.03E-04 1.35E+05 29178
Aerosol 0.0909 6.10E-04 1.31E-04
Water: Bulk 0.0121 87988 18973
Liquid 0.0121 87988 18973
Susp. Part.  1.79E-03 0.0651 0.0140
Fish 7.26E-04 5.29E-03 1.14E-03
Soil: Bulk 3.85E-03 3.94E+05 85004
Air 4.03E-04 8269 1783
Liquid 0.0121 3.71E+05 80064
Solid 2.86E-04 14642 3157
Sediment: Buk ~ 9.78E-03 171 36.8
Water 0.0121 169 36.4
Solid 5.71E-04 2.00 0.431

Fugacity VZ
Pa mol/Pa
3.35E-06 4.03E+10
3.64E-05 2.42E+09
5.69E-03 6.92E+07
3.50E-05 4.89E+06
Residence
Time
days
178
8.05
555
1.33E+05 kg
Amount Conc.
% mol/m?
21.9 1.35E-09
21.9 1.35E-09
9.87E-08 3.05E-07
14.2 4 40E-07
14.2 4.40E-07
1.05E-05 6.51E-08
8.56E-07 2.64E-08
63.8 2.19E-05
1.34 2.30E-06
60.1 6.88E-05
2.37 1.63E-06
0.0277 3.42E-07
0.0273 4.22E-07
3.23E-04 2.00E-08

105

Conc.
g/m?
2.92E-07
2.92E-07
6.57E-05
9.49E-05
9.49E-05
1.40E-05
5.70E-06
4.72E-03
4.95E-04
0.0148
3.51E-04
7.37E-05
9.10E-05
4.31E-06

p.50f6

Conc.
ug/g of solids

3.29E-05

9.35E-06

1.46E-04

1.79E-06



Losses
Advection Residence
Time
hours
Air 100
Water 1000
Soil -
Sediment 50000
Total
Reaction Half-life
Time
hours
Air 31.5
Water 900
Soil 1800
Sediment 8100
Total
Intermedia Transport
Half-times
hours
Air to water 6000
Airr to soil 33174
Water to air 360
Water to sediment 1.38E+05
Soil to air 65.4
Soil to water 883
Sediment to water 280

Process D Values

Individual

Air-Water diffusion (air-side)
Air-Water diffusion (water-side)
Rain dissolution to water

Rain dissolution to soil

Aerosol deposition to water
Aerosol deposition to soil
Soil-Air diffusion (air-phase)
Soil-Air diffusion (water-phase)
Soil-Air diffusion (boundary layer)
Soil-Water runoff (water)
Soil-Water runoff (solids)
Water-Sediment diffusion
Water-Sediment deposition
Sediment-Water resuspension

Residence
Time
days

417

a7

2083

Half-life
Time
days
1.31
375
75.0
338

days
250

1382
15.0
5771
212
36.8
1.7

mol/Pa.h
2.02E+07
6.04E+06
12077
1.09E+05
0.545
491
7.26E+05
10869
1.82E+08
54347
0.257
12077
8.93

1.14

Flow Rate
m*h

1.00E+12
2.00E+08

10000

Rate
Constant
1/h
0.0220
7.70E-04
3.85E-04
8.56E-05

p.6 of 6

Rate of  Rate of

D Values  Loss Loss % of Total

mol/Pa.h  mol/h kg/h Losses

4.03E+08 1353 292 29.2

242E+06 88.0 19.0 1.90

97.8 342E-03 7.37E-04 7.37E-05
31

Rateof  Rateof  %of Total

DValues  Loss Loss Losses

mol/Pa.n  molh kg/h

8.88E+08 2977 642 64.2

1.86E+06 678 14.6 1.46

26657 152 27 kSerd

418 0.0146 3.15E-03  3.15E-04
68.9

Equiv.Flows  DValues  Rates of Transport

m¥h

1.15E+10
2.09E+09
3.85E+08
1.00E+06
1.91E+08
1.41E+07
1.24E+06

mol/Pa.h kg/h mol/h
4.66E+06 3.37 15.6
8.43E+05 0610 2.83
4.65E+06 36.5 169
12086 0.0949 0.440
7.34E+05 901 4179
54347 66.7 309
12078 0.0910 0.422
Totals mol/Pa.h
Air-Water diffusion 4.65E+06
Air-Water exchange 4.66E+06
Water-Air exchange 4.65E+06
Soil-Air diffusion 7.34E+05
Air-Soil exchange 8.43E+05
Soil-Air exchange 7.34E+05
Water-Soil exchange 0

Soil-Water exchange 54347
Sediment-Water exchange 12078
Water-Sediment exchange 12086
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Fourth case scenario ( release into the three media)

EQC

Version 2.02, Released May 2003

(Input values are in italics.)

Simulation ID: oyelakin oluwatosin

Date:  6/14/2009 Time: 9:27:00 PM
Addition Description/Comments: Methylmercury

CHEMICAL NAME: Methylmercury

CHEMICAL PARAMETERS

Chemical Progerties
Chemical Type 1
Molar Mass 215.63 g/mol

Data Temperature ~ 25°C
Henry's Law Constant 82.8 Pa.m%mol

Water Solubility 31250 g/m?® 145 mol/m?®
Vapour Pressure 12000 Pa

Log Kow 0.08

Melting Point 60 °C

Fugacity Ratio 0.451

Sub-cooled Liquid Vapour Pressure 26629 Pa

Partition Coefficients
Dimensionless L/kg

Log Octanol-Water Partition Coefficient 0.08

Qctanol-Water Partition Coefficient 1.20 -
Organic Carbon-Water Partition Coefficient - 0.493
Air-Water(Kaw) 0.0334 -
Soil-Water 0.0237 9.86E-03
Sediment-Water 0.0473 0.0197
Susp. Particles-Water 0.148 0.0986
Fish-Water(Kfw) 0.0601 0.0601
Aerosol-Air 225 -

Degradation

Half-lives

hours days
Air 31.5 1.31
Water 900 37.5
Soil 1800 75.0
Sediment 8100 338
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p.20f6

ENVIRONMENTAL PARAMETERS
Note: All environmental properties are set and can not be changed.
They are listed for completeness only.

Areas and Depths

Depth for Volume for
Level I and Level | and Depth for Volume for
Area Level Il Level Il Level IlI Level llI
m? m m? m m?
Air 1.00E+11 1000 1.00E+14 1000 1.00E+14
Water 1.00E+10 20.0 2.00E+11 20.0 2.00E+11
Soll 9.00E+10 0.100 9.00E+09 0.200 1.80E+10
Sediment 1.00E+10 0.0100 1.00E+08 0.0500 5.00E+08

Environmental Properties

Org. Carbon  Adv. Residence Advective Flow Advective Flow

Volume  Volume Density & Lipid Time Rate Level Il Rate Level Il
Fractions m? kg/m*  glg hours days m*h mih

Air: Bulk - - 1.19 - 100 4.17 1.00E+12 1.00E+12
Pure Air - 1.00E+14 1.19 - - - -
Aerosol 2.00E-11 2000 2000 - - - -

Water: Bulk - - 1000 - 1000 41.7 2.00E+08 2.00E+08
Liquid - 2.00E+11 1000 - - - -
Susp.Particles  5.00E-06 1.00E+06 1500 0.200 - - -

Fish 1.00E-06 2.00E+05 1000 0.0500 - - -
Soil: Bulk - - 1500 - 00 - -
Alir 0.200 3.60E+09 1.19 - - - -
Liquid 0.300 5.40E+09 1000 - - - -
Solid 0.500 9.00E+09 2400  0.0200 - - -

Sediment: Bulk - - 1280 - 50000 2083 2000 10000
Liquid 0.800 4.00E+08 1000 - - - -

Solid 0.200 1.00E+08 2400 0.0400 - - -

Transport Velocities

m/hour m/year

Air side air-water MTC 5.00 43830

Water side air-water MTC 0.0500 438

Rain rate 1.00E-04 0.877

Aerosol deposition velocity 6.00E-10 5.26E-06

Soil air phase diffusion MTC 0.0200 175

Soil water phase diffusion MTC ~ 1.00E-05 0.0877

Soil air boundary layer MTC 5.00 43830

Sediment-water MTC 1.00E-04 0.877

Sediment deposition velocity 5.00E-07 4.38E-03

Sediment resuspension velocity 2.00E-07 1.75E-03

Soil water runoff rate 5.00E-05 0.438

Soil solids runoff rate 1.00E-08 8.77E-05
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EQC RESULTS: Level |

Emission
Total VZ
Fugacity

Air

Water

Soil

Sediment
Susp. Particles
Fish

4 64E+05 mol 1.00E+05 kg
4.28E+10 mol/Pa

1.08E-05 Pa

ZValue VZ Conc.
mol/m*Pa mol/Pa mol/m?
403E-04 4.03E+10 4.38E-09
0.0121 242E+09  1.31E-07
2.86E-04 2.57E+06  3.10E-09
5.71E-04 57150 6.20E-09
1.79E-03 1786 1.94E-08
7.26E-04 145 7.87E-09

Conc.
g/m?
9.43E-07
2.82E-05
6.68E-07
1.34E-06
4.18E-06
1.70E-06

Conc.
ug/g of solid

2.78E-07
5.57E-07
2.78E-06
1.70E-06
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Amount

mol

4.38E+05

26197
219
0.620
0.0194
1.57E-03

Amount
kg
94345
5649
6.01
0.134
4.18E-03
3.40E-04

p3of

Amount
%

9.3
5.65
6.01E-03
1.34E-04
4.18E-06
3.40E-07



EQC RESULTS: LEVEL Il

System Totals

Emission Rate
Total of VZ
Fugacity

Total Amount of Chemical in System

Advection
Reaction
Total

Concentrations

Air

Water

Soil

Sediment
Susp. Particles
Fish

Losses

Advection

Air

Water
Soil
Sediment
Total

Reaction

Air
Water
Soil
Sediment
Total

4638 mol/h 1000 kg/h
4.28E+10 mol/Pa
3.58E-06 Pa

1.53E+05 mol
Losses Losses D Values
mol kg mol/Pa.h
1453 313 4.06E+08
3184 687 8.89E+08
4638 1000 1.30E+09
Z Value VZ conc.
mol/m?.Pa mol/Pa  mol/m?
4.03E-04 4.03E+10 1.44E-08
0.0121 2.42E+09 4.32E-08
2.86E-04 2.5TE+06 1.02E-08
5.71E-04 57150 2.05E-09
1.79E-03 1786 6.38E-09
7.26E-04 145 2.60E-09
Residence Residence
Time Time Flow Rate
hours days mh
100 417 1.00E+12
1000 417 2.00E+08
50000 2083 2000

Rate

Half-life Half-life Constant
hours days 1/h
315 1.31 0.0220
900 375 7.70E-04
1800 75.0 3.85E-04
8100 338 8.56E-05

33014 kg

Residence Time

hours
105
48.1
33.0

D Values
mol/Pa.h
4.03E+08
2.42E+06

1.14

D Values
mol/Pa.h
8.88E+08
1.86E+06
990
4.89

110

days
4.39
2.00
1.38
Conc. Amount
pa/g of solid mol
- 1.44E+05
- 8648
9.19E-08 9.21
1.84E-07 0.205
9.19E-07 6.39E-03
5.61E-07 5.20E-04
Rate of Rate of
Loss Loss
mol/h kg/h
1444 311
8.65 1.86
4.09E-06 8.82E-07
Rate of Rate of
Loss Loss
mol/h kg/h
3178 685
6.66 1.44
3.55E-03 7.64E-04
1.75E-05 3.78E-06
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Residence Time

Amount  Amount
kg %

31147 943
1865 5.65

1.99 6.01E-03
0.0441  1.34E-04

1.38E-03 4.18E-06
1.12E-04 3.40E-07

% of Total
Losses
311
0.186

8.82E-08
313

% of Total
Losses
68.5
0.144
7.64E-05
3.78E-07
68.7



EQC RESULTS: LEVEL Il

Mass Balance

Air
Water
Soil
Sediment
Total

Advection
Reaction
Qverall

Amount of Chemical in Environment

Phase Properties

Air: Bulk
Vapour
Aerosol

Water: Bulk
Liquid

Susp. Part.

Fish
Soil: Bulk
Air
Liquid
Solid
Sediment: Bulk
Water
Solid

Emission

mol/h
4638
4638
4638
0

13913

Loss Rate

mol/h
4904
9009
13913

Z Value
mol/m*Pa
4.03E-04
4.03E-04
0.0909
0.0121
0.0121
1.79E-03
7.26E-04
3.85E-03
4.03E-04
0.0121
2.86E-04
9.78E-03
0.0121
5.71E-04

Emission
kg/h
1000
1000
1000
0
3000
Residence
Loss Rate Time
kg/h hours
1057 429
1943 233
3000 151
2.10E+06 mol
Amount Amount
mol kg
3.55E+05 76619
3.55E+05 76619
1.60E-03 3.45E-04
1.35E+06  2.91E+05
1.35E+06  2.91E+05
0.998 0.215
0.0812 0.0175
3.05E+05 85088
8271 1785
3T2E+05 80143
14657 3160
2622 565
2592 559
30.7 6.61

Fugacity vz
Pa mol/Pa
8.81E-06 4.03E+10
5.59E-04 2.42E+09
5.70E-03 6.92E+07
5.36E-04 4 89E+06
Residence
Time
days
17.9
9.73
6.30
4.53E+05 kg
Amount Conc.
% mol/m?
16.9 3.55E-09
16.9 3.55E-09
7.61E-08  8.01E-07
64.2 6.75E-06
64.2 6.75E-06
4,75E-05 9.98E-07
3.86E-06  4.06E-07
18.8 2.19E-05
0.394 2.30E-06
17.7 6.88E-05
0.697 1.63E-06
0.125 5.24E-06
0.123 6.48E-06
1.46E-03 3.07E-07
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Conc.
g/m?
7.66E-07
7.66E-07
1.73E-04
1.46E-03
1.46E-03
2.15E-04
8.75E-05
473E-03
4 96E-04
0.0148
3.51E-04
1.13E-03
1.40E-03
6.61E-05
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Conc.
Jg/q of solids

8.63E-05

1.44E-04

1.46E-04

2.75E-05



Losses
Advection Residence
Time
hours
Air 100
Water 1000
Soil -
Sediment 50000
Total
Reaction Half-life
Time
hours
Air 31.5
Water 900
Soil 1800
Sediment 8100
Total
Intermedia Transport
Half-times
hours
Air to water 6000
Air to soil 33174
Water to air 360
Water to sediment 1.38E+05
Soil to air 65.4
Soil to water 883
Sediment to water 280

Process D Values

Individual

Air-Water diffusion (air-side)
Air-Water diffusion (water-side)
Rain dissolution to water

Rain dissolution to soil

Aerosol deposition to water
Aerosol deposition to soil
Soil-Air diffusion (air-phase)
Soil-Air diffusion (water-phase)
Soil-Air diffusion (boundary layer)
Soil-Water runoff (water)
Soil-Water runoff (solids)
Water-Sediment diffusion
Water-Sediment deposition
Sediment-Water resuspension

Residence Rate of  Rate of
Time Flow Rate D Values  Loss Loss
days m?h mol/Pa.h  mol/h kg/h

417 1.00E+12 4.03E+08 3553 766

a7 2.00E+08 242E+06 1350 291

2083 10000 97.8 0.0524 0.0113

Half-life Rate Rate of  Rate of
Time Constant D Values  Loss Loss
days 1/h mol/Pa.n  mol/h ka/h

1.31 0.0220 8.83E+08 7817 1686
37.5 7.70E-04 1.86E+06 1040 224

75.0 3.85E-04 26657 152 32.8

338 8.56E-05 418 0.224 0.0484

Equiv. Flows D Values Rates of Transport

days m*h mol/Pa.h kg/h mal/h
250 1.15E+10 4 66E+086 8.85 41.0
1382 2.09E+09 8.43E+05 1.60 742
15.0 3.85E+08 4.65E+06 560 2598
5711 1.00E+06 12086 1.46 6.76
2.72 1.91E+08 7.34E+05 902 4183
36.8 141E+07 54347 66.8 310
"7 1.24E+06 12078 1.40 6.48

mol/Pa.h Totals mol/Pa.h

2.02E+07 Air-Water diffusion 4.65E+06

6.04E+06 Air-Water exchange 4 66E+06

12077 Water-Air exchange 4 .65E+06

1.09E+05 Soil-Air diffusion 7.34E+05

0.545 Air-Soil exchange 8.43E+05

4.91 Soil-Air exchange 7.34E+05

7.26E+05 Water-Soil exchange 0

10869 Soil-Water exchange 54347

1.82E+08 Sediment-Water exchange 12078

54347 Water-Sediment exchange 12086

0.257

12077

8.93

1.14
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% of Total
Losses
25.5

9.71

3.77E-04
35.2

% of Total
Losses

56.2
147
1.09
1.61E-03
64.8



APPENICES-B

ChemCAN MODEL
Version 6.00

Released September 2003.
Input values are in italics.

Simulation ID: oyelakin Oluwatosin
Date: 6/7/2009 Time: 9:58:44 PM
Addition Description/Comments: methylmercury

CHEMICAL NAME: methylmercury
ENVIRONMENT NAME: Oklahoma, US
ENVIRONMENT TEMP: 14.4 °C

CHEMICAL PROPERTIES

Partitioning Properties

Chemical Type 1
Molar Mass 215.63 g/mol
Data Temperature 25°C
Property Delta H Environment
Log Kow 0.0800 -20000 0.209
Log Koa 0.610 -75000 1.09
Kaw 0.295 -75000
0.130

Vapour Pressure -
Water Solubility -
Henry's Law Constant -

Kp = 1.50E-12 x Koa = 1.86E-11 m®yug

Partition Coefficients

Dimensionless L/kg
Octanol-Water (Kow) 1.20 -
Organic Carbon-Water (Koc) - 0.665
Soil Solids-Water 0.0319 0.0133
Sediment Solids-Water 0.0639 0.0266
Suspended Particles-Water 0.319 0.133
Fish-Water (Kfw) 0.0777
Vegetation-Water 0.0162 -
Aerosol-Water 5.83 -
Aerosol-Air 44.7 -
Half-Lives
Hours Days
In Air (gaseous) 31.5 1.31
In Water (no sus. part.) 800 37.5
In Bulk Soil 1800 75.0
In Bulk Sediment 8100 338
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ENVIRONMENTAL PROPERTIES

Dimensions

Total Surface Area
Surface Covered by Water
Average Air Height
Average Water Depth
Average Soil Depth
Average Sediment Depth
Length of Coastline
Average Depth of Coast
Average Width of Coast

Temperature Conditions
Year round mean
Winter mean
Summer mean

Residence Times
Air
Water
Coastal Water

181195 km?

1.8 %

2 km
20m

10 cm

1 cm
9777 km
100 m

1 km

°C
14.4

-26.5
19.7

Days
1.67
1830
4

Organic Carbon
Particles in Water
Soil Solids
Sediment Solids
Fish Lipid

Hours

40.08
43920
96

Conc in Groundwater = Conc in Soil Pore Water / (1 + Kow / 500)

Bulk Compartments

Air

Water

Soil

Sediment
Groundwater
Coastal Water
Terrestrial Plants

Sub Compartments

Air Vapour

Air Particles
Water

Water Particles
Biota

Soil Air

Soil Water

Soil Solids

Pore Water
Sediment Solids

Volume
m3
3.62E+14
6.52E+10
1.78E+10
3.26E+07

9.78E+11

Volume
Fraction
1.00
2.00E-11
1.00
5.00E-06
1.00E-06
0.200
0.300
0.500
0.700
0.300

Density
kg/m?
1.229
1000
1500
1420
1000
1000
900

Volume
m3
3.62E+14
7248
6.52E+10
3.26E+05
65230
3.56E+09
5.34E+09
8.90E+09
2.28E+07
9.78E+06
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0.02
0.04
0.048

Density
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Transport Velocities

U1 Air side air-water MTC

U2 Water side air-water MTC

U3 Rain rate

U4 Aerosol dry deposition velocity
U5 Soil air phase diffusion MTC
U6 Soil water phase diffusion MTC
U7 Soil air boundary layer MTC
U8 Sediment-water MTC

U9 Sediment deposition velocity
U10 Sediment resuspension velocity
U11 Soil water runoff rate

U12 Soil solids runoff rate

U13 Sediment Burial

U14 Diffusion to Higher Altitudes
U15 Leaching from Soil

Scavenging ratios (unitless)
Rain 2.00E+05
Snow 1.00E+06

m/hour
3.00
0.0300
8.20E-05
10.8
0.0400
1.00E-05
1.00
1.00E-04
4.60E-07
1.10E-08
3.26E-05
1.63E-08
3.50E-08
0.0100
8.16E-06
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mlyear
26280
263
0.718
94608
350
0.0876
8760
0.876
4.03E-03
9.64E-05
0.286
1.43E-04
3.07E-04
87.6
0.0715



RESULTS

Mass Balance
Emission Rate of Chemical

Into Air

Into Water
Into Soil

Into Sediment

Inflow of Chemical

Conc. in Air 2.00
Conc. in Water 3.00

Inflow Rate in Air

Total Chemical Input

Loss Rate
kg/year
Advection 84562
Reaction 74898
Overall 1.59E+05

Fugacity

Air: Bulk
Air Vapour
Aerosol
Water: Bulk
Water
Susp. Particles
Fish
Soil: Bulk
Air
Water
Solid
Sediment
Water
Solid
Groundwater
Coastal Water
Terrestrial Plants

1,58E+05
Inflow Rate in Water 39.0

kglyear
0
1000

0
0

1.59E+05 kglyear
Total Amount of Chemical in System 441 kg

mol/h
448
397
84.4

Fugacity
Pa
1.18E-08
1.18E-08
1.18E-08
1.21E-06
1.21E-06
1.21E-06
1.21E-06
1.19E-08
1.19E-08
1.19E-08
1.19E-08
1.20E-08
1.20E-06
1.20E-06
1.19E-08
2.19E-10
1.18E-08

ng/m?
ng/L

kg/year
kglyear

kg/h mol/h
0 0
0.114 0.529
0 0
0 0

2.00E-12  kg/m? 9.28E-12
3.00E-12  kg/m? 1.39E-08
83.9 molth
0.0207 molth
84.4 molh
2047 moles

Residence Time

Hours Days

457 1.91

51.6 215

242 1.01

VZ

mol/Pa

1.52E+11

1.52E+11

136

2.09E+08

2.09E+08

334

16.3

1.95E+07

1.49E+06

1.71E+07

9.12E+05

75325

73318

2007

2.51E+09
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Phase Properties

Air: Bulk
Air Vapour
Aerosol
Water: Bulk
Water
Susp. Particles
Fish
Soil: Bulk
Air
Water
Solid
Sediment; Bulk
Water
Solid
Groundwater
Coastal Water
Terrestrial Plants

Advection

Air
Water

Z Value
mol/m?3.Pa
4.18E-04
4.18E-04
0.0187
3.21E-03
3.21E-03
1.03E-03
2.50E-04
1.10E-03
4.18E-04
3.21E-03
1.03E-04
2.31E-03
3.21E-03
2.05E-04
3.21E-03
2.57E-03
5.20E-05

Residence Time

Hours
401
43920

Coastal Water Flushing 96.0

Sediment Burial

Loss To Higher Altitudes -
Leaching To Groundwater

TOTAL

Reaction

Air

Water

Soil

Sediment
Coastal Water

TOTAL

Half-Life
hours
31.5
900
1800
8100

Amount
kg
387
387
3.46E-07
546
54.6
8.72E-05
4.24E-06
0.0501
3.82E-03
0.0440
2.34E-03
0.0196
0.0190
5.21E-04

Days
1.67
1830
4.00

Half-Life
days
1.31
375
338

338

Amount
mol
1793
1793
1.60E-06
253
253
4.04E-04
1.97E-05
0.233
0.0177
0.204
0.0109
0.0907
0.0883
2.42E-03

Flow Rate
m3/h

9.04E+12
1.49E+06
1.02E+10

Rate Const.
1/h
0.0220
7.70E-04
3.85E-04
8.56E-05
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Amount
%
87.6
87.6
7.84E-08
12.4
12.4
1.98E-05
9.62E-07
0.0114
8.65E-04
9.96E-03
5.30E-04
4.43E-03
4.31E-03
1.18E-04

D Value
mol/Pa.h
3.78E+09
4770
2.62E+07

0.0234
7.58E+05

4663

D Value
mol/Pa.h
3.33E+09
1.61E+05
7524
6.44
1.61E+05

Conc.
mol/m?
4.95E-12
4 95E-12
2.21E-10
3.88E-09
3.88E-09
1.24E-09
3.02E-10
1.31E-11
4.98E-12
3.82E-11
1.22E-12
2.78E-09
3.87E-09
2.47E-10
3.81E-11
5.63E-13
6.15E-13

Rate

kg/year
84523

10.9
10.8

5.32E-05

16.9

0.105

84562

Rate

kg/year
74529

368
0.169

0.0147
0.0668

74898

Conc.
g/m?
1.07E-09
1.07E-09
4.77E-08
8.37E-07
8.37E-07
2.67E-07
6.51E-08
2.82E-09
1.07E-09
8.24E-09
2.63E-10
5.99e-07
8.34E-07
5.32E-08
8.22E-09
1.21E-10
1.33E-10

Rate
mol/h
447
577E-03
5.73E-03

2.82E-08
8.97E-03

5.55E-05

448

Rate
mol/h
39.5
0.195
8.95E-05
7.76E-06
3.53E-05

39.7
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Conc.
Ha/g
8.68E-07
8.68E-07
1.99E-08
8.37E-07
8.37E-07
1.11E-07
6.51E-08
1.88E-09
8.73E-07
8.24E-09
1.10E-10
4.22E-07
8.34E-07
2.22E-08
8.22E-09
1.21E-10
1.47E-10

% of Total
Losses
53.0
6.83E-03
6.79E-03

3.34E-08
0.0106

6.57E-05

53.0

% of Total
Losses
46.7

0.231
1.06E-04
9.19E-06
4.19E-05

47.0



Intermedia Transport

Half-Time

Hours
Air to water 3.59E+05
Air to soil 36040
Water to air 497
Water to sediments 1.38E+05
Soil to air 4.72
Soil to water 727
Sediment to water 49.8

Individual Process D Values

Air-water diffusion [air-side]
Air-water diffusion [water-side]
Air-water diffusion [overall]

Rain dissolution to water
Rain dissolution to soil

Aerosol deposition to water [dry]
Aerosol deposition to water [wet]
Aerosol deposition to water [total]

Aerosol deposition to soil [dry]
Aerosol deposition to soil [wet]
Aerosol deposition to soil [total]

Soil to water runoff [water]
Soil to water runoff [solids]

Soil-air diffusion [air-phase]
Soil-air diffusion [water-phase]
Soil-air diffusion [boundary layer]
Soil-air diffusion [overall]
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Half-Time
Days

14955

1502

20.T

5767

0.197

30.3

2.08

mol/Pa.h

4.09E+06
3.14E+05
2.92E+05

859
46856

0.0132
0.0200
0.0332

0.719
1.09
1.81

18628
0.297

2.98E+06
5714

7.44E+07
2.87E+06

EqL

7.0(
6.9
9.0¢
3.2
2.6
1.7¢
4.5¢
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