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Requirement For This Report

Excerpted from the North Carolina Clean Smokestacks Act

[Titlee AnActto Improve Air Quality in the State by Imposing Limits on the Emission of Certain
Pollutants from Certain Facilities that Burn Coal to Generate Electricity and to Provide for Recovery by
Electric Utilities of the Costs of Achieving Compliance with Those Limits]

SECTION 12. The Generd Assembly anticipates that measures implemented to achieve
the reductions in emissions of oxides of nitrogen (NOx) and sulfur dioxide (SO2)
required by G.S. 143-215.107D, as enacted by Section 1 of this act, will dso resultin
sgnificant reductions in the emissons of mercury from cod-fired generating units. The
Divigon of Air Qudity of the Department of Environment and Natural Resources shdll
study issues related to monitoring emissions of mercury and the development and
implementation of sandards and plans to implement programs to control emissions of
mercury from cod-fired generating units. The Divison shdl evauate available control
technologies and shall estimate the benefits and cogts of aternative strategies to reduce
emissons of mercury. The Divison shdl annudly report its interim findings and
recommendations to the Environmenta Management Commission and the Environmenta
Review Commission beginning 1 September 2003. The Divison shdl report its fina
findings and recommendetions to the Environmental Management Commission and the
Environmenta Review Commission no later than 1 September 2005. The codts of
implementing any air qudity standards and plans to reduce the emisson of mercury from
coal-fired generating units below the standards in effect on the date this act becomes
effective, except to the extent that the emission of mercury isreduced as aresut of the
reductions in the emissons of oxides of nitrogen (NOx) and sulfur dioxide (SO2)
required to achieve the emissons limitations set out in G.S. 143-215.107D, as enacted by
Section 1 of this act, shdl not be recoverable pursuant to G.S. 62-133.6, as enacted by
Section 9 of this act.
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Preface

This report has been produced by aworking group within the North Carolina
Divison of Air Quality. Stakeholders from industry, environmental and other
organizations were do invited to provide their ingghts, comments and other input. The
Divison gppreciates the efforts of dl the stakeholders and other individuas who
committed their time and effort to the development of this preliminary report. This open
process will continue in the development of subsequent and find reports on thistopic.

Many portions of this document were taken directly from other government (non-
copyrighted) documents in the interest of time and completeness. Some of these sections
may have only minor wording changes from the origind documents. Quotations are not
grictly used to identify these parts, but a strong effort has been made to reference these
documents and acknowledge them. The purpose has not been to clam credit for origina
work of others, but to provide as much detail and accuracy as possible within alimited
time.

This report conssts of two volumes. VVolume Two includes technicd and
scientific reports with background information. VVolume One contains broader and more
generd information about mercury emissions and potentia ar pollution control devices.

The objective of thisfirgt interim report isto provide atechnica background and
to define the scope of efforts to address and respond to the legidative requirement. The
purpose of this report is not to defend or promote particular conclusions regarding the
consequences of emissons of mercury to the atmosphere, but to provide results or
summaries of investigations and information as defined by the Clean Smokestacks Act.
The underlying presumption isthat it is prudent to undertake efforts to reduce these
emissions, with the extent of reductions to be determined later based on the information
to be provided.
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MERCURY CONCERNSSPECIFIC TO NC

HISTORY: M ERCURY INNORTH CAROLINA

Biologigts suspected for many years that freshwater fish in the black water
systems of eastern North Carolinawould be prone to mercury contamination as found in
other parts of the country sharing smilar environmenta conditions. In 1970 the Federd
Water Quality Adminigtration issued areport on mercury pollution that mentioned
mercury contamination found in fish caught in the lower Cape Fear River basin.
Indugtrid discharges of mercury to locd waterways and mercurid pesticide use were
scrutinized at that time, but no mention was made of atmospheric contributions. Past
studies of mercury levelsin eastern North Carolina peat deposits discussed the possible
contribution of atmospheric deposition of mercury to local waterways. However, no
information was available on amospheric mercury trends in the areas surrounding
eagtern North Carolina s sendtive waterways

Mercury in Fish Tissue

The rate and degree to which mercury bioaccumulates within asystem is
dependent on a number of factors. The most significant of these includes the water’s pH,
food chain length and composition (productivity), water temperature, water body
chemisgtry, and the form and structure of the organisms present. Methyl mercury, the toxic
and mogt bioaccumulative form of mercury in fish, can be concentrated in top predator
Species.

The Environmenta Sciences Branch (fisheries programs) of the North Carolina
Divison of Water Quaity (DWQ) conducts fish community assessments, fish tissue
monitoring, fish kill data assessment, and supports specia projects. In the early 1990s,
DWQ divison fel under the North Carolina Department of Environment, Hedlth, and
Natural Resources (NCDEHNR). In 1992, the DWQ conducted an intensive fish mercury
survey in the vicinity of Lake Waccamaw, Stuated in the Lumber River Basin of
southeastern North Carolina (Figure 1-1). In that study, 60% of largemouth bass samples
from Big Creek and the Waccamaw River were found to contain mercury levels above 1
ppm, the threshold level for issuance of fish consumption advisories at that time by
NCDEHNR.



Figurel-1
Southeastern North Carolina

Including Lake Waccamaw and Surrounding Environs
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After characterizing the mercury problemsin fish in North Carolina for about
seven years, DWQ was forced to remove mercury assessment from routine statewide
sampling due to budget limitations. Basin-wide surveys of mercury in fish tissue were
discontinued in 1999 due to limited resources in "clean” watersheds. Present surveys
target mercury trouble spots, such asthe coastd plain, requests for surveys by regions
and agencies, and sites where data are absent or suspect.

Since 1992, results of mercury concentrationsin fish sampled have been shared
with the Department of Hedlth and Human Services (DHHS). In turn, DHHS posted site
or basin specific advisories based on 1.0 ppm standard. They also posted the first North
Carolina ocean advisory for king mackerd.

In 2001, the DHHS revauated their methylmercury advisory protocols and
decided to establish statewide fish eating guiddines based on 0.4 ppm leve of concern.
The new methylmercury guiddine of 0.4 ppm from 1.0 ppm guideline was based on
recent federal recommendations and aso aneed for consistency with our bordering
dates, which were dready using the 0.4 ppm guideline.

DHHS currently recommends that women of childbearing age (15-44 years),
pregnant or nursing women, and children under 15 not eat shark, swordfish, tilefish, king
mackerdl, blackfish (bowfin), largemouth bass, jack fish (chain pickerdl) caught in North
Carolinawaters south and east of Interstate 85. Other women, men, and children 15
years and older are advised to eat no more than one meal per week of shark, swordfish,
tilefish, or king mackerd; or blackfish (bowfin), largemouth bass, or jack fish (chain
pickerel) caught in North Carolina waters south and east of Interstate 85. A medl is
considered to be 6 ounces of cooked fish for adults, or 2 ounces of cooked fish for
children under 15.

More information regarding fish advisories can be found on the web at this
address: http://www.schs.gtate.nc.us/epi/fidv

Human Mercury Burden

The 1992 fish mercury survey findings sparked interest in determining the extent
of ongoing exposureto loca fish consumers. In 1993, the NC DEHNR Environmenta
Epidemiology Section, in conjunction with Brunswick and Columbus County Hedlth
Departments, conducted a study to determine body burdens of mercury in individuas
residing in Brunswick and Columbus Counties near the Waccamaw River. The data
revedled a direct relationship between the extent of consumption of locd fish and
mercury body burdens. The more fish consumed, the greater the chance of human
samplesindicating a mercury burden. The average hair mercury level of 3.4 parts per
million (ppm) for consumers of freshwater fish was over ten times the average level of
0.3 ppm for those that did not eat freshwater fish. In addition, awide distribution of hair
and blood mercury concentration levels, with values as high as 33.5 ppm in hair,
suggested that both devated fish consumption rates and elevated fish tissue mercury
levels were present in this study population.



Monitoring For Atmospheric Mercury

Mercury, init’s various forms, is transported into and out of the atmosphere by
severd different means. Mercury can be absorbed by cloud formations and deposited to
the earth’s surface in rainwater or asdew. Thisis known as*wet deposition”. Mercury
can aso adhere to particulate matter and settle out onto vegetation and the earth’s
surface. Thismechanism isknown as “dry deposition”. Leves of mercury in rainwater
and adhered to particulate matter can both be measured. North Carolina has been
measuring mercury in rainwater since 1996. However, the State has never had, nor does
it does currently have the capability to measure particulate mercury. Mercury that is not
deposited out of the atmosphere remains suspended in the ambient air and exists either in
itselementa form, Hg(0), or its reactive form, Hg(2+), which is referred to as Reective
Gaseous Mercury, or RGM. Together these two forms of mercury comprise whet is
referred to as Tota Gaseous Mercury, or TGM. North Carolina has the ability to
measure these two forms of mercury while ill sugpended in the air and can distinguish
one from the other.

M ERCURY WET DEPOSITION

Mercury wet depogition involves the transfer of mercury from the atimosphere to
land or surface waters in precipitation or condensation of water vapor. Water-soluble
species of gaseous or particulate mercury may be scavenged from the atmosphere by
cloud water, rain, snowfal or water vapor. For many surface waters, atmospheric
deposition is the mogt sgnificant route of mercury loading. Dry deposition of particulate
mercury or RGM aso contributes to the overal rate of atmospheric deposition, athough
wet deposition is believed to play alarger role in the eastern United States where
precipitation rates are higher than in arid western states. Together, these phenomena
contribute to raise methylmercury levelsin fish resding in mercury-sensitive waters.

Wet deposition is most strongly influenced by two factors: the amount of
precipitation received and the concentration of mercury in the rainwater when it reaches
the earth's surface. In areas impacted by high levels of atmospheric gaseous or particulate
mercury, wet deposition rates would be higher than comparable areas with lower leves of
atmospheric mercury. Aress that experience relatively higher rates of precipitation would
aso experience higher rates of mercury wet deposition than more arid environments if
amospheric mercury levels were comparable between stes. In redity, the relationship
between precipitation and wet deposition is much more complex. In arid environments,
infrequent precipitation may alow gaseous mercury speciesto build up in the
amaosphere, resulting in much higher mercury concentrationsin subsequent precipitation
events. Alternatdly, prolonged or frequent precipitation events may result in low
rainwater mercury concentrations as the atmosphere is cleansed of water- soluble mercury
Species.

Other factors that affect rainwater mercury levels are not completely understood.
They could include local source emissions, unique meteorology, terrain features or the
presence of additiona aimospheric pollutants. Areas influenced by locd or regiond



emissons of particulate mercury or RGM might be expected to record higher average
ranwater mercury levels. Additiondly, the existence of high levels of oxidative
pollutants such as ozone and reective chlorine speciesin air or cloud water could
contribute to the oxidation of ementa mercury into RGM, which would subsequently
increase loca depostion rates (Lin and Pehkonen). Monitoring Sites located in heavily
polluted areas might exhibit the effect of these consderations.

Meteorologica phenomena, including temperature, humidity, and cloud
formations, may influence wet deposition rates. Temperature could play arolein
facilitating oxidation reactions that form water-soluble RGM species. Smilarly, the
amount and intengity of sunlight could dso affect mercury deposition by fadilitating
photochemicd reactions. Cloud formation and cloud chemistry are aso recognized as
important factorsin mercury deposition. Many of the most plausible atmospheric
reactions involving mercury are believed to take place in the aqueous phese; that isin
cloud water or precipitation. Dvonch, et d. speculated that the tall, cumulonimbus clouds
of south Florida would be more effective at scrubbing atmospheric mercury from alarger
areg, possibly explaining the rdatively high wet depostions ratesin these environments.
The aforementioned variables dl contribute to Sgnificant geographica variability in both
the concentration of mercury in rainwater and cumulative wet deposition rates.

The Mercury Deposition Networ k

The Nationd Atmaospheric Deposition Program's Mercury Deposition Network
(MDN) was designed to identify geographicd and tempord trends in mercury depostion
across North America. As of 2002 more than 50 Sites were operating in more than 20
gtates and Canadian provinces (Figure 1-2). At dl sites, precipitation samples are
collected weekly and sent to a contract |aboratory for analyss of total mercury content.
Precipitation leves, tota mercury concentration, and mercury wet deposition rate are
reported weekly. Volume-weighted mercury concentration is calculated on a quarterly
and annud basis.

Mercury Wet Deposition Sites

Shortly after the discovery of widespread mercury contamination in Lumber River
basin fish, the Divison of Air Qudity (DAQ) gationed air monitoring ingtruments a
Lake Waccamaw and Pettigrew State Parks to measure mercury levelsin rainfal.
Measurement of mercury in rainwater can provide an estimated rate of atmospheric
deposition and loading to locd waters. Lake Waccamaw is Stuated gpproximately
50 kilometers (31 miles) to the west of Wilmington, NC and 50 kilometers southeast of
Lumberton, NC. This site was chosen to represent general atmospheric conditionsin the
lower Lumber River Basin. The area surrounding Lake Waccamaw istypica of the
region: flat terrain with ubiquitous wetlands and waterways. Very little commercid or
indugtrid activity takes place in the area surrounding the park. The population density is
relatively low and roadways are lightly traveled. The nearest town is Whiteville, NC,
located approximately 15 kilometers (9 miles) to the west-northwest of Lake Waccamaw.



Pettigrew State Park is in northeastern North Caroling, just south of the Albemarle
Sound. The areaimmediately surrounding this Steis Smilar to the environment around
Lake Waccamaw: very lightly populated and devoid of sgnificant industrid activities
with flat terrain primarily used for agriculturd purposes. On the basis of population
densty, commercid and industrid activity and distance to urban activities, Pettigrew
qudifies as amore remote Site than Lake Waccamaw.

The Waccamaw and Pettigrew stations were amongst the earliest Stesin the
Nationa Atmospheric Deposition Network’ s Mercury Deposition Network (MDN)
(Figure 1-2). Composite rainwater samples were collected and andyzed weekly for total
mercury content beginning in late 1995.

Mercury levelsin samples of rainwater in eastern North Carolina vary greetly
from week to week but are comparable to MDN data from Sites across the United States.
However, volume-weighted average levels of mercury in rainwater are consstently
higher at Lake Waccamaw than at Pettigrew State Park, which is 150 miles north.

Figure 1-2
Map Of Current MDN Sites

(NC-08 corresponds to the L ake Waccamaw site)
(NC-42 corresponds to the Pettigrew State Park (Phelps) site)

National Atmospheric Deposition Program
Mercury Deposition Network




Recent data from both sites during 1999 and 2000 suggested that mercury levels
in precipitation may be declining in these areas. The most dramatic drop occurred
between 1998 and 1999 at L ake Waccamaw State Park, when levels declined to values
typica of the more remote location at Pettigrew State Park.  Since 1998 however, the
levels have crept back up. The current theory of cause and effect for mercury levels
increasing may be cleanup activities a the dosed chlor-akdi facility. Operations during
the cleanup may have generated a consderable amount of fugitive emissons. Itis
possible these “deanup” emissons are to blame for the risein mercury levels following
the drop that was observed after the plant shut down in 1999, as cleanup activities were
not initiated immediately after plant closure. Continued sampling throughout the cleanup
process and beyond should help to answer that question.

Results from wet deposition monitoring a the North Carolina Sites are presented
in Table 1-1, and Figures 1-3 and 1-4. Data recovery between 1996 and 1999 for both
Stes was greater than 98 percent. Sample handling problems and system blanks were the
main causes of dataloss, which occurred twice at Lake Waccamaw during 1996 and
twice at Pettigrew State Park during 1996 and 1997. During 2000, some difficulties were
encountered at both sites related to incong stencies between the tipping rain gage and
bucket precipitation samplers. A ste audit performed during December of 1999 found
that the tipping rain gage at the Lake Waccamaw Site was prone to underreporting
precipitation amount. However, subsequent estimates of rainwater mercury levels were
basad on the volume of rainwater collected in the volumetric flask; thus, estimated
mercury levels were not consistently biased by erroneous information on rainweater
amount. Improvements to the Ste instruments were made in June of 2000.

Table 1-1 shows areduction in mercury deposition (a 30 percent drop compared
to the previous three year average) at the Waccamaw ste starting in 1999 (this reduction
coincides with the closure of the HoltraChem mercury cell chlor-akadi plant). However,
concentrations increase in 2000 and 2001. The weighted concentration levelsin 2000 and
2001 do not reach the magnitude of pre-1999 concentrations. Data from the Pettigrew Site
generdly follow the same curve, but with lower weighted concentrations. Figure 1-3
compares the annua amount of mercury in rainwater over afinite area (per square meter
[n] in one millionth of agram (microgram [pg]) increments each year). For example, in
1998, 18.7 pg/nt was captured. Figure 4-4 graphically compares the annua volume-
weighted concentration (an average concentration) of mercury in billionth of agram per
liter (nanograms per liter = ng/L).

Discussion of NC Mercury Wet Deposition Network Data

Annua wet deposition rates in North Carolinaare generally near the upper end of
the range for al mercury wet deposition network (MDN) sites while annua volume-
welghted mercury concentrations are close to the median vaue. Grasping the meaning of
dte-to-gte variability in these parametersis difficult because the factors that influence
mercury wet deposition are not completely understood. In generd, the network Sites that
experienced the greatest rates of annual wet deposition aso experienced higher annua



precipitation rates. These sites are dso primarily Situated in the southern reaches of the
network. The relatively lower rates of annua wet deposition in northern states could be
due in part to the decreased scavenging efficiency of snow during winter months.

Table1-1
Annual wet deposition of mercury at Pettigrew and Waccamaw State Parks
1996 — 2001
Cumulative Precipitat Volume-weighted
Y Wet Deposition ion (mm/yr) concentration
car (ng/nlyr) (mercury, ng/L)
Waccamaw
1
996 12821 1087.6 11.8
1
997 10429 996.0 10.5
1
998 18655 1265.7 11.7
1
999 17205 1854.5 7.8
2
000 12083 1337.8 9.6
2
001 9197 884.2 104
Pettigrew
1
996 12361 1336.0 9.3
1
997 9321 985.6 9.5
1
998 9943 13955 7.1
1
999 7907 1139.7 6.6
2
000 10829 1302.7 8.2
2
001 6114 770.8 7.9

Eagtern North Carolina has moderate precipitation rates, and during winter
months, precipitation is primarily in the form of rain. On the other hand, winter
temperatures are sgnificantly lower than those experienced in south Florida. If lower
temperatures act to suppress atimospheric conversion of elementa mercury to water-
soluble RGM, then lower rates of deposition might be expected in colder environments.
Thisrelationship is supported by seasond trendsin mercury deposition. If the North
Cardlinadata are it into summer months (April to September) and winter months
(October to March), mercury levels are clearly lower in winter versus summer months



(see Fig 1-5). This phenomenon has been documented at many MDN sites, including
those at lower latitudes where snow is not encountered and wintertime temperatures

Figure 1-3
Annual Cumulative Wet Deposition Of Mercury 1996 — 2001

Recorded At Lake Waccamaw And Pettigrew (Phelps) State Parks
Reported In Millionth of a Gram per Square Meter (mg/M 2)
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Figure1-4

Annual Volume-Weighted Concentration Of Mercury 1996 — 2001

Recorded At Waccamaw And Pettigrew (Phelps) State Parks
Reported In Billionth of a Gram per Liter (ng/L)
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are rdaively warm. Other potentia causes for the seasond digparity might include air
mass movement, which would tend to be northerly during the winter and southwesterly
during the summer; dloud formation dynamics, and the amount and intensity of sunlight.
Clearly, seasond and regional meteorologica patterns are critica factors affecting
mercury wet deposition.

Additiona factors affecting mercury deposition include loca mercury emissons,
unique terrain features, and the presence of additional atmospheric pollutants. Although
MDN citing characterigtics are meant to minimize the influence of emissions from local
sources, invariably some network sites will be impacted. Sites influenced by loca or
regiond emissions of RGM might be expected to record higher average levels of mercury
in rainwater. Smilarly, the exigence of high levels of oxidative pollutants such as ozone
and reactive chlorine speciesin air or cloud water could contribute to the oxidation of
elementa mercury into RGM, which would subsequently increase loca rainwater
concentration and deposition rates.

While the aforementioned variableswould dearly play alargerolein the
variability between natiord MDN dgites located in diverse environments, they seem to
serve as less plausible explanations for the differences seen between North Carolina s
two MDN sites. As mentioned previoudy, surrounding features are very smilar and the
stesare only 200 kilometers gpart. Annua precipitation rates between stes were smilar
between 1996 and 2000, with the exception of 1999 when the Waccamaw site
experienced a disproportionately greater quantity of rainfall as aresult of Hurricane
Floyd. Other meteorologica phenomenaincluding temperature, prevailing winds and
sunlight intengty should be amilar.

Despite the overwhemingly smilar characteridics a the two Sites, some
congstent differencesin mercury deposition patterns have been noted between them. Wet
deposition rates have been higher at Waccamaw every year of sampling. This difference
isprimarily areflection of different mercury concentration in rainweater because annua
precipitation rates are comparable between sites. The magnitude of difference ranged
from 10 percent during 1997 (11.5 ng/L vs. 10.5 ng/L) to over 60 percent during 1998
(11.6 ng/lL vs 7.1 ng/L). Thisrelaionship could also be observed if weekly datafrom
each dte were examined (Figure 1-6).

The consstency of this pattern suggests an additiond influence on rainwater
mercury levels. One important varigble is regiond levels of atimaospheric mercury. Only
limited information is available on atmospheric totd gaseous mercury vapor levelsin the
vicinity of Pettigrew State Park, but those data indicated background conditions were
present.! In stark contrast, total gaseous mercury levels at Lake Waccamaw were shown
to fluctuate wildly during and before 1998, which suggests that loca air masses may have
contained higher mercury leves (Figure 1-8). Higher atmospheric mercury levels could
contribute to higher mercury levelsin precipitetion if Sgnificant amospheric scavenging
of water-soluble mercury speciesistaking place.




A subgtantia decrease in mercury concentration in rainwater between 1998 and
1999 at the Lake Waccamaw Site occurred at the same time as a sudden decreasein
atmospheric mercury levels at this Site. The decrease in total gaseous mercury between
1998 and 1999 (28 percent) was somewhat |ess than the decrease in rainwater mercury
concentration over that same time (45 percent). Additiona influences, such asthe
unusudly high precipitation rate during 1999, could also have acted to decrease average
mercury levelsin ranwater through dilution.

Figure 1-5 Mercury Wet Deposition
(Expressed as volume-weighted average mercury concentration (ng/L)

and separ ated by season, site and year)
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Figure 1-6
Coincident Weekly Deposition Data
From Waccamaw And Pettigrew State Parks, 1998 - 1999
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Mercury in Ambient Air

Mercury isanaturdly occurring substance thet is present & very low levelsin
ambient air as aresult of both natura and anthropogenic processes. In recent years, ultra:
sengtive techniques have been devel oped to measure and speciate mercury in ambient air
and rainwater, alowing for the determination of tempora and spatid trendsin
atmospheric mercury. Beginning in 1997, an automated mercury vapor andyzer was
added to the Lake Waccamaw monitoring Site. This instrument measured and recorded
TGM levesin ambient ar in 15-minute increments. Mercury vapor andyzers are not
dependent on precipitation events. They collect and record mercury concentrations 24-
hours per day. The vast mgority of these readings showed tota gaseous mercury levels a
or below 2 ng/nT, which isin the range of concentrations considered “background” for
thistype of ste. However, fluctuations of mercury vapor concentrations, up to twice
background vaues, were periodicaly seen. Mercury data were matched to concurrent
wind direction data to illustrate an association between devated total gaseous mercury
and winds originating from the east-northeast. This evidence suggested a fixed upwind
source might be impacting atmospheric mercury levels at Lake Waccamaw State Park.



In 1999 DAQ expanded its monitoring study to understand better the factors
affecting aamospheric mercury levels and the relationship between mercury emissons
and air qudlity in southeastern North Carolina. With assistance from the EPA, two
additiona stes were established in Riegelwood, NC, an industrid arealocated
approximately 25 kilometers to the east-northeast of Lake Waccamaw and home to
severd mercury emission sourcesincluding alarge pulp and paper operation and a
mercury cdl chlor-akdi plant.

The operation of a chlor-akai plant is heavily dependent on the avallability of
huge quantities of direct-current eectrica power, usudly obtained from a high voltage
source of dternating current. Chlor-akali plants produce sodium hydroxide (caustic
soda), chlorine, sodium carbonate (soda ash), potassium hydroxide (caustic potash), and
hydrochloric acid. The process requires the eectrolyss of sodium or potassum chloride.
Mercury cells use apool of mercury at the bottom of the cdll to act as the cathode.
Mercury is pumped into the cdll during the process as an anagam of sodium mercury
and then is pumped out to a decomposer where the mercury is purified and recycled back
to the cdll. Hydrogen gas from mercury cell operation contains sgnificant amounts of
mercury, which is removed by scrubbing with sodium hypochlorite or sodium persulfate.

Mercury cells were the origina process equipment used throughout the country.
However, two newer processes (the diagphragm cell and the membrane cell) have replaced
the mercury cell process. These new process use less eectrica power during the
dectrolysis (mercury cdl requires 7 to 10 kilo-amperes per square meter (KA/nt) while
the diaphragm cell requires 1.5 to 4 kA/nT).

By far the largest source of mercury emissions was the HoltraChem mercury cdl
chlor-akali operation located in Riegelwood, NC, which was approximately 25
kilometers (16 miles) east-northeast of Lake Waccamaw. The facility reported amost
1,300 pounds of mercury emissionsin 1998, over three times the amount of the second
largest source, the New Hanover Waste-to- Energy municipa waste incinerator near
Wilmington (1998 emissions. 362 pounds). The location and quantity of mercury
released suggested that the HoltraChem plant in Riegelwood was sgnificantly
influencing regiond levels of atmospheric mercury, and caused dramatic changes even at
adistance of 25 kilometers from the source. However, with only the Lake Waccamaw
data, other regional emission sources could not be ruled out as contributors.

Atmospheric monitoring for total gaseous mercury was carried out concurrently at
the Riegelwood and Lake Waccamaw |ocations during 1999 and 2000. The study, known
as the Waccamaw Atmospheric Mercury Study, aso involved chemica speciation of
elementa and reactive gaseous mercury during 2000 at one of the Riegelwood sites. In
addition, mercury was measured in weekly rainwater samples collected from Lake
Waccamaw and a second location in northeastern North Carolina, in support of the
national Mercury Deposition Network.




As previoudy mentioned, historica data on total gaseous mercury from Lake
Waccamaw strongly suggested regional source impacts. If the relationship between
regiond atmospheric tota gaseous mercury levels and levels of mercury in rainwater are
true, then it raises the possibility that loca source mercury emissons are having an
identifiable impact on regiond mercury wet deposition rates. To properly andyze this
relationship, rain event- based sampling would have to occur concurrently with andysis of
trace signature pollutants and an andysis of micrometeorologica conditions. The
sampling method used in the MDN network blends together multiple precipitation events
into one weekly composite sample, making it impossible to distinguish single
precipitation events arising from different weether systems. Precipitation occurring at the
sampling gte after passng over an upwind emission source cannot be digtinguished from
other precipitation events that contribute to that week's sample. Despite these limitations,
the loca and regional MDN data does provide a useful accompaniment to data on
atmospheric mercury and a possible indicator of the effect of anthropogenic releases of
mercury.

WACCAMAW ATMOSPHERIC M ERCURY STUDY:

This sudy was successful in identifying long-term trends in aimospheric mercury
in arurd/remote environment that is home to severd mercury emisson sources. All lines
of evidence seem to suggest that significant improvementsin regiona ambient air
mercury levels were most closely associated with the closing of amercury cell chlor-
akali operation in Riegewood, North Carolina. Conditions at Lake Waccamaw State
Park appeared to represent typical mid-latitude northern hemisphere terrestria
“background” conditions for total gaseous mercury upon the conclusion of this study.
Conditionsin the industrid areaof Riegelwood, NC, had also improved substantialy but
continued to show periodic eevationsin both eementa and reactive gaseous mercury
that suggested ongoing mercury emissions to the air, and increased atmospheric loading
of mercury to loca waterways.

STUDY DESIGN AND PURPOSE

To better define the cause of spikes in atmospheric mercury at the Lake
Waccamaw State Park Site, the DAQ proposed to expand its study to include severa
additional monitoring locations in the Cape Fear River Basin. The objective was to
generate data from these sites that would help to better define the role of multiple sources
and determine the magnitude of effect at shorter distances from a mgjor source of
mercury emissons.



In 1998 the chlor-akali plant reported plans to convert its mercury cell chlorine
production process to a membrane process. The membrane process is preferable because
it ismore energy efficient and diminates the use of mercury (USEPA, 1997b).
Representatives from the DAQ and the North Carolina Department of Health and Human
Services (DHHS) contacted plant representatives to request permission to Situate mercury
vapor monitors on facility property during the converson process. DHHS representatives
were concerned that the processing and removal of immense quantities of mercury might
lead to releases of mercury vapor sufficient to cause toxic exposures for workers or
nearby resdents. Plant officias declined to dlow monitoring instruments on-site but the

DAQ subsequently identified suitable monitoring locations in the immediate vicinity of

the chlor-akai and pulp and paper mill industrid complex, and in early 1999 s&t up two
monitoring stations within one mile to the southeast and southwest of the chlor-akdi
plant (Fig 1-7). Despite the close proximity, the Sites differed subgtantiadly. The
Riegelwood Balpark ste was located in a clearing at the edge of a county park, just
beyond the right-field fence of abasebal field at the intersection of NC 87 and
Riegelwood Plant Road. The Site was located directly across from the main entrance to
the pulp and paper mill and provided a relaively unimpeded view to the indudtrid
complex. To the east, west and south of this area are residentia and open spaces. Some
commercid structures were located near the Site at the same intersection, including agas
gation across NC Highway 87. Traffic near the Site was moderate to heavy and



continuous. The Riegelwood Flynn site was placed in afdlow plot of agriculturd land,
surrounded by open space and a thick stand of trees 100 meters to the north, west and
south. The surrounding areaiis rura and very sparsely populated. Accessto the Ste was
provided by adirt road that received little or no daily traffic. No view of the indugtrid
complex was provided due to the trees surrounding this Site.

The ingruments stationed at the Riegelwood sites were identical to the instrument
at Lake Waccamaw and were capable of providing continuous monitoring of TGM. Both
gtes were aso equipped with sufficient instrumentation to provide on-Site meteorologica
information including wind speed and direction, temperature and humidity. The origind
mercury vapor monitor at the Riegelwood Hynn site was provided on loan from USEPA
Region 4 but had to be returned in January of 2000, leaving only one Riegelwood site
operationd. In late 1999 the DAQ petitioned the USEPA for funding under the Persistent
Bioaccumulative and Toxic (PBT) Chemica Program to help support along-term study
of amospheric and fish mercury trends in the Lumber River Basin. In May of 2000, the
EPA committed $47,900 in PBT fundsto alow for procurement of atmospheric
monitoring instrumentation and supplies for air and fish monitoring. This dlowed for
rengatement of tota gaseous monitoring at the Riegelwood Fynn stein the third
quarter of 2000 and freed up Department funds for the purchase of an annular
denuder-based mercury speciation unit to be stationed at Riegelwood Ballpark. The
speciation system alowed for continuous concurrent monitoring of both Hg(0) and RGM,
providing important information on the speciation of mercury during both "background"
and highly elevated readings. This type of information could then be used to assessthe
extent to which spikesin TGM could be contributing to off-Ste deposition of mercury
into the surrounding environment.

DAQ's objectives for the expanded study included: 1) assuring that the public was
not being exposed to dangeroudy high levels of mercury in ambient air, 2) determining
the impact of the conversion process on loca atmaospheric conditions, and 3) determining
whether the chlor-akali operation or another source was responsible for atmospheric
mercury fluctuationsin the Lumber River Basin. It was envisoned that this effort would
last throughout the chlor-alkai converson process. The DAQ aso committed to maintain
mercury vapor monitoring at Lake Waccamaw for the duration of this study. The
continued collection of data from this Site was deemed criticd to gain afull
understanding of the "before and after” effect of the converson process at the chlor-akdi
plant. If in fact thet facility was repongible for the historica pesksin TGM & Lake
Waccamaw then hdting the active use of mercury might result in areturn to background
conditions at this Ste. Alternatively, if another source was primarily respongble or if
documented levels represented norma variability for this region, then those conditions
might be expected to pers<.

Additiondly, the DAQ committed to continue rainwater measurements a both
North CarolinaMDN sites. Data from previous years showed that rainwater mercury
levels at Lake Waccamaw were consigtently higher than at Pettigrew State Park. It is
plausible that some of the same phenomenathat had been contributing to significant
fluctuations in gaseous mercury a Lake Waccamaw could aso be contributing to greater



concentrations of mercury in loca rainwater. If so, changes that might result in decreased
amospheric levels of mercury might aso contribute to decreased levelsin rainfall.

This section presents information on atmaospheric mercury levels collected over a
three-year period between 1997 and 2000. Parametersinclude: 1) continuous
measurement of TGM at Lake Waccamaw between 1997 and 2000, 2) measurement of
TGM at both Riegelwood monitoring locations during extended periods of both 1999 and
2000, and 3) speciation of atmospheric mercury at the Balpark site during 2000. Many
of the monitoring ingrumerts chosen for this study are cutting edge and as such a
condderable amount of time and effort was spent refining methods to improve instrument
performance. We will discuss these methods and their bearing on future studies. In
addition, we provide observations on the behavior of amaospheric mercury, including the
rel ationship between elementa and reactive gaseous mercury species. Findly, we present
the results of an andysis of regiond mercury emission patterns that explores possible
relationships between indudtrid activities and regiond amaospheric mercury levels.
Meaningful findings indude:

Total GaseousMercury:
Data collected during 1998 at L ake Waccamaw State Park suggested that
periodic spikes of total gaseous mercury exceeding 50 ng/nT were typical for this
area during thistime, but atypica for such aremotefrurd location.
On-ste meteorology identified a relationship between eevationsin tota gaseous
mercury and winds originating from the east- northeast.
Beginning in early 1999, levels of atmospheric mercury at Lake Waccamaw State
Park returned to typical “background” levels (1.5 — 2.0 ng/n?).
Reduced atmospheric levels of tota gaseous mercury were observed
smultaneous with the cessation of chlorine production & amercury cell chlor-
dkali plant located approximately 25 kilometers to the east-northeast of Lake
Waccamaw State Park.
In Riegelwood, NC, measurements of atmospheric mercury included periodic
spikesin total gaseous mercury throughout 1999 and 2000.
Quarterly average tota gaseous mercury levels during 1999 and 2000 were up to
166% higher at the Riegelwood monitoring locations versus coincident readings
from Lake Waccamaw State Park. However, average values appeared to decline
in Riegewood over the course of this study and at one site decreased by roughly
40% between 1999 and 2000.
Total gaseous mercury levels did not exceed 300 ng/nt (NC Acceptable Ambient
Level and EPA inhdation RfC) at the Riegelwood sites for an extended period of
time, suggesting that hedlth risks from non-occupationd inhaation of mercury
were minima for loca citizens during the study period.
L ong-term continuous measurement of atmospheric mercury can be successfully
achieved, even a the exquisitdy low levels found in the amosphere. Datafrom
these types of studies can be used in combination with on-site meteorological
data to identify possible source-receptor relationships.

Reactive Gaseous Mercury:



Levds of amaospheric reactive gaseous mercury fluctuated sgnificantly in the
Riegelwood area throughout the last half of 2000.

Short-term increases in reactive gaseous mercury frequently occurred in tandem
with increasesin demental mercury when the monitoring Ste was downwind of
the chlor-akali plant and pulp and paper mill, suggesting that mercury emissons
included both elementa and reactive gaseous mercury.

In addition to source-related increases in reactive gassous mercury, smdler scde
increases a o frequently occurred during afternoon hours, particularly on low
humidity days, suggesting anatura did cycle for reactive gaseous mercury.
Meteorologica conditions such aswind direction, precipitation, humidity and
temperature appear to affect ambient air reactive gaseous mercury levels.

New methods to measure and distinguish reactive gaseous mercury and e ementa
mercury performed well over extended periods of time; however, some
modifications to the insrument assembly may be needed to maintain gold trap
integrity over extended sampling periods.

WACCAMAW STUDY RESULTS & DISCUSSION

In the following pages we present an enormous database of information on levels
of TGM, Hg(0) and RGM dong the eastern coastd plain of North Carolina. We then
attempit to highlight and explain trendsin the data and on occasion speculate asto
causative factors behind those trends. There are severd areas that deserve additional
atention, including the relaive influence of meteorology and loca emissons on RGM
levels at Riegelwood Bdlpark. Many of these questions may be answered through in-
depth statistical andyss of exiding data.

TOTAL GASEOUSM ERCURY: RESULTS

Waccamaw State Park

Continuous monitoring for TGM was carried out at Waccamaw State Park from
December 1997 through December 2000. All data from this Site represent 15-minute
average TGM concentration (ng/nT) except for a brief period between July 17 and
August 1, 2000 when measurements were made on a 5-minute basis. Monitoring data are
summarized in Table 1-2 and presented graphicdly in Figure 1-8.

Table 1-2: Quarterly statistics for ambient air TGM measured at Lake Waccamaw SP. Values
were calculated using 15-minute average TGM concentrations. All valuesin ng/m®.

L ake Waccamaw "
(TGM) 1998 1999 2000

£Q “Q thQ £Q ndQ rdQ thQ| stQ ndQ rdQ thQ
10th percentile
53 21 35 54 50 08 33 5 3B 07 19
25th percentile
69 44 58 71 64 3% 54 67 55 34 47
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TGM (15-min average, ng/ma)

Lake Waccamaw State Park, 1998
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Lake Waccamaw State Park, 2000
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*Data from the 2" quarter of 1998 did not meet this study’ s quality control standards and are not presented.

The average mercury leve at Lake Waccamaw State Park during the entire study
period was 1.84 ng/n™. The annual average declined between consecutive years, from
2.34 ng/n?™ in 1998 to 1.68 ng/nT in 1999 and 1.61 ng/n in 2000. Median mercury levels
remained congstent throughout the entire length of the sudy, as did valuesin the lower
percentile ranges and up through the ooth percentile. It isonly in the upper end of the
distribution (95™ percentile and higher) that levels varied substantially between 1998 and
subsequent periods. Thisis dso reflected in quarterly standard deviations, which
decreased substantialy between 1998 and 1999, reflecting the absence of large deviations
in mercury levels beginning in 1999. Over 133,000 individua samples passed QA tests
and are presented for the 3-year period, representing over 30,000 hours of data.

Data recovery for 1998 was approximately 45%.> The primary reason for the
relatively grester rate of dataloss during thistime isfaled sysem cdlibrations. These
data were collected before quality assurance and qudity control methods described in the
Quadlity Assurance Project Plan were implemented, thus the data have been scrutinized
closely resulting in the removal of questionable results. We bdieve thereisno vdid
reason to reject 1998 data with passing cdibrations and remain confident in the results
presented here. Data recovery is approximately 90% for calendar years 1999 and 2000.
The primary reason for data loss was falled cdibrations, channe disagreements and
power outages related to severe weather events.




Andysis of mercury data with concurrent information on wind direction
unearthed a clear association between wind conditions and devationsin TGM during
1998 (Figure 1-9). With very few exceptions, spikesin TGM were accompanied by
winds arriving from the east-northeast. No clear pattern emerged during the remainder of
1999 or during 2000. The diminished events detected during this period were associated
with winds arriving from various directions (Figure 1-10).*
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180 180

Riegelwood Flynn
Theinitid phase of TGM measurement began in March 1999 and continued into

January 2000. A second phase of monitoring began in August of 2000 and continued
through November 2000. All measurements presented in Table 1-3 and Figures 1-11 and

1-12 represent 5-minute average vaues in ng/nt




Table 1-3: Quarterly statistics for TGM measured at Riegelwood Flynn site. Values were calculated using 5-minute average
TGM concentrations. All valuesin ng/m?®.

Riegdwood Hynn 1999 2000
(TGM)
1ssQ 2ndQ 3rdQ 4th Q 1st Q 3rdQ 4th Q
10th percentile 1.92 1.51 1.36 1.42 0.85 1.10 1.31
25th percentile 2.08 1.62 151 1.55 1.13 1.24 1.45
50th percentile 2.31 1.76 1.65 1.72 1.34 1.40 1.58
(median)
75th percentile 2.87 1.98 1.79 2.14 1.48 1.55 1.80
90th percentile 4.43 2.43 2.06 2.40 1.62 1.73 2.86
95th percentile 6.36 3.77 2.75 3.31 1.73 2.16 4.49
99th percentile 28.70 20.83 15.11 15.23 6.96 5.95 13.82
Maximum 338.32  247.29 203.64 60.54 26.76 32.29 111.30
Arithmetic mean 3.76 2.55 2.17 2.23 1.42 1.54 2.16
Standard deviation 10.72 5.94 4.84 2.80 1.09 1.05 3.06
Count (n) 3484 20595 15281 7973 1892 6617 12553




TGM (5-minute average, ng/m3)

Riegelwood Flynn, March - June 1999
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Figure 1-11 (thisand previous page): Total gaseous mercury measured at Riegelwood Flynn during Phase 1 (1999 — 2000,
first 2 figures) and Phase 2 (2000, 3rd figure).

10th percentile 1.92 151 1.36 1.42 0.85 1.10 1.31
25th percentile 2.08 1.62 151 1.55 1.13 1.24 1.45
50th percentile 2.31 1.76 1.65 1.72 1.34 1.40 1.58
(median)

75th percentile 2.87 1.98 1.79 2.14 1.48 155 1.80
90th percentile 4.43 2.43 2.06 2.40 1.62 1.73 2.86
95th percentile 6.36 3.77 2.75 331 1.73 2.16 4.49
99th percentile 28.70 20.83 15.11 15.23 6.96 5.95 13.82
Maximum 338.32 247.29 203.6 60.54 26.76 32.29 111.30
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The mean mercury leve at this Ste for the entire duration of the study was 2.29
ng/nT. The mean levels for the first (3/99 — 1/00) and second (8/00 — 11/00) phases of
sampling were 2.42 ng/n and 1.95 ng/nT’, respectively. Quarterly mean vauesand
extreme va ues declined throughout the first phase of monitoring, reflecting the
decreasing frequency and intengty of mercury fluctuations. Smilarly, quarterly sandard
deviations declined between each quarter during the first phase of sampling and remained
low during the second phase of sampling. Despite the gpparent improvement in
conditions at this Site, occasiona excursions in amospheric mercury were encountered
during dl sampling periods. Most measurement datistics including mean and standard
deviation were increased dightly between the 3¢ and 4™ quarter of 2000. Elevated TGM
was generaly associated with winds arriving from the north-northwest (Figures 1-12a-b).

Approximately 60% data recovery was achieved during the first phase of
monitoring a Riegelwood Hynn. Loss of coverage resulted from Ste start-up problems
and lack of closing cdibrations during Site mafunctions. However, the greatest 10ss of
data occurred during Hurricane Floyd and its aftermath. Damage to this area was
catastrophic, severely hindering access to the site during September and October of 1999.
Monitoring was reestablished in late November 1999 following repairs to the ste. Only
two disruptions were encountered during the second phase of sampling, however a 2-
week period was logt due to a computer mafunction at the site. Data recovery during this
period was gpproximately 80%. It isnot believed that any event leading to loss of data at
this Ste adversdly affected those data that were successfully obtained.

Riegelwood Ballpark

Two phases of mercury measurements were carried out at Riegelwood Ballpark.
Between May and October of 1999, measurements of TGM were made every 5 minutes
using the Tekran 2537A mercury vapor andyzer (Figure 1-13). A second phase of
monitoring carried out during 2000 involved measurement and speciation of atmospheric
mercury using the Tekran 1130 mercury speciation unit. These analyses, which produced
separate measurements of RGM and Hg(0), are discussed in greater detail below in the
Sections on mercury speciation measurements, however, for comparison purposes we
present here the 5-minute data on Hg(0) collected during August through November of
2000. Hg(0) represents greater than 95% of TGM in ambient air in virtudly al
arcumstances, which validates comparisons between TGM data from 1999 using the
Tekran 2537A and Hg(0) data from 2000 generated with the Tekran 1130 speciation unit.
The comparability of speciated and non-speciated data is discussed further, below.



Table 1-4: Quarterly statistics for TGM measured at Riegelwood Ballpark site.
Values represent 5-minute average concentrations (ng/nt).

Riegelwood Balpark (TGM) 1999 2000

2ndQ 3rdQ 4thQ 53“’/4th Q
10th percentile 218 186 1.78 1.28
25th percentile 256 210 1.96 1.40
50th percentile (median) 305 238 216 1.54
75th percentile 401 274 262 1.72
90th percentile 6.47 359 6.65 2.32
95th percentile 10.42 651 10.61 4.26
99th percentile 31.03 1973 19.95 12.30
Maximum 24094 101.35 33.83 52.46
Arithmetic mean 466 309 334 1.99
Standard deviation 213 218 350 2.10
Count () 9831 18200 3507 17797

The average TGM concentration throughout the first monitoring phase was
3.61 ng/n™. The most significant fluctuations were encountered during May and June of
1999, with large mercury pesaks encountered during severa periods lasting up to aweek.
During subsequent months mercury pesk events were generaly diminished in magnitude.
Elevated mercury measurements encountered during 1999 were related to winds
originating from the northeest (Figure 1-14). Datain Table 1-4 are presented as Stratified
by cadendar quarter. However, caution must be used in interpreting these data given that
4™ quarter data only represent a 2-week period in October.
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showed that the direction was being misreported. The difference was +38.3 degrees at 0
degrees and +26.95 degrees at 90 degrees, indicating that values reported as 90 degrees
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werein al probability over-reported by between approximately 25 to 40 degrees.
Correcting for this inaccuracy would provide arange of directiond datavery smilar to
that seen for TGM in Figure 1- 14, with eevated TGM primarily associated with winds
arriving from the northeest.

Over 30,000 measurements of mercury were taken during 1999 at this Site,
representing over 2,500 hours of coverage. Gapsin coverage were primarily due to early
problems with water contamination of sample lines and resulting effects on sample
volumes. Substantial loss of data aso occurred during the aftermath of hurricanes Dennis
and Floyd during August and September of 1999. Overdl, 77% coverage was achieved
between May and October of 1999 at this site. Sample recovery during speciation
measurements was intermittent. This subject is discussed in more detail in the RGM
results and discussion section.

TOTAL GASEOUSM ERCURY: DISCUSSION

General Characteristics of Atmospheric Mercury

Mercury isanaurdly occurring trace contaminant of ambient arr. In rurd and
remote areas TGM levestypicaly range between 1.5 and 2.0 ng/nT (EPA 1997a).
Atmospheric levels may vary substantidly depending on the proximity to locd
anthropogenic emisson sources (Lindberg; Keder - as summarized in EPA 1997a). The
USEPA recently chose 1.6 ng/nT” to represent modern day terrestrid "background”
conditionsin amulti-media fate and transport model for mercury (EPA 19974). TGM is
amost entirdly comprised of vapor phase Hg(0), dthough much smdler quantities of
particulate mercury and RGM are o present in ambient air a pg/nt levels. Chemical
and photochemica reactions may facilitate conversion between the various forms of
mercury, thus affecting atmospheric residence time. Gaseous or agueous phase oxidation
of Hg(0) could lead to production of water-soluble RGM species that may contribute to
localized deposition. Alternatively, atmospheric reduction of RGM species could lead to
the formation of Hg(0) vapor, and reduced regional wet and dry deposition rates.

Variability in amospheric TGM may be related to both point source releases and
naturd causes. Mercury's naturd geochemica cycle involves migration between earth,
water and air. Mercury that settles to the earth's surface through atmaospheric deposition
will likely undergo re-evasion to the atmosphere. Natura processes that involve addition
of mercury to the air include continuous evasion from mercury-enriched surficid soils
and freshwater and marine environments (Schroeder and Munthe). Periodic events such
as geotherma venting, forest fires and volcanic eruptions can aso result in concerted
releases of mercury to the air. In generd, natura releases of mercury occur over
prolonged periods of time and are comprised predominantly of Hg(0) (Gustin).

Some have dso suggested that TGM may be susceptible to anatura did cycle
under certain meteorologica conditions (Schroeder and Munthe). Temperature and solar
radiation may enhance voldtilization from snowpack, surface waters, soils and wetlands,
leading to enhanced flux rates during daylight hours (Lalonde, Poissant, Lindberg and



Zhang, Lindberg and Meyers). Although this may affect flux rates and measured mercury
vapor concentrations at the water:air and soil:air interfaces, it is unclear whether smilarly
detectable deviations in amaospheric mercury would be expected at heights of a meter or
greater above surface level where the air is more well-mixed. Long-term monitoring data
collected to date does not support the argument that a naturd diurna pattern exists for
TGM. Ingteed, it has been suggested that point source influences are the predominant
cause of both short- and long-term measurable fluctuationsin TGM at lower latitude
terrestrid Stes (Lindberg, Iverfedt). Some data seem to suggest that seasond variability
in TGM levesis present, with highest levelsin March and lowest level s between October
and December at northern hemisphere monitoring sites (Iverfedt). During 2000, a
relatively undisturbed period at Lake Waccamaw, we observed our highest background
TGM readings during the December through March timeframe and the lowest basdine
readings between July and October. Whether this variability relates to natura
phenomena or seasond changesin anthropogenic emissions of mercury has not yet been
determined.

Recently, dramatic changes in atmospheric mercury were noted in the Arctic
region (Schroeder 1998). Atmospheric mercury was depleted from 1.5 ng/n to 0.2 ng/nT
just before the polar sunrise and during Arctic snowmets. It was suggested that the
decreasein TGM is due to chemica conversion of Hg(0) to RGM that then undergoes
depaosition to the earth's surface. The ready availability of reactive halide species could be
contributing to this chemical reaction. To date no Smilar pattern has been described at
lower |atitudes athough some have speculated that Smilar phenomena may occur to a
lesser extent in lower latitude coagta regions (Mason, persona communication).

Historical Data on Atmospheric Mercury in North Carolina

Very few data are available describing typica atmospheric mercury levesin
North Carolina. Stopford anecdotally reported levels between 1.7 and 8.9 ng/nT in
Durham, NC in 1978, with a short-term pesk of approximately 400 ng/nt during a plume
fumigation event arising from a nearby cod-fired power plant (Stopford). Between 1998
and 2001, periodic measurements of TGM taken at aSite in Research Triangle Park, NC
indicated that levels rarely exceeded 2 ng/n’, with values typicaly in arange between
1.4 - 1.7 ng/nt (Stevens). TGM was measured over a 3-month period between June and
August of 1996 at Phelps Lake, aremote Site in northeastern North Carolina; 15-minute
readings were consistently between 1 and 2 ng/nT and never exceeded 6 ng/nT.

Total Gaseous Mercury at L ake Waccamaw

At Lake Waccamaw, the vast mgority of readings for TGM fel below 2 ng/n.
Transient spikesin TGM helped raise the annua average concentration to 2.34 ng/n?
during 1998, somewhat higher than expected for such aremote location but generdly
lower than levels documented in urban areas or Stesimmediately adjacent to point
sources of mercury emissions. Spikesin TGM occurred on aregular basis and peak



vaues frequently exceeded an order of magnitude above background. Thistrend
remained in place throughout 1998. Beginning in spring of 1999, mercury readings
stabilized below 2 ng/n. This pattern persisted throughout 1999 and 2000. Annudl
average mercury levels were gpproximately 28% and 31% lower than 1998 values,

respectively.
Total Gaseous Mercury at Riegelwood, NC

Quditatively, results from Riegelwood, NC appear very smilar to early datafrom
L ake Waccamaw. The mgority of readings were below 2 ng/n™ but transient spikes
would occasionally reach levels exceeding 300 ng/n. This pattern was seen at both sites,
throughout 1999 and 2000.

Long-term average TGM levels a Riegelwood Flynn declined between 1999 and
2000. The highest individua readings were encountered during the first several weeks of
monitoring; however, peaks did continue to gppear during subsequent months, suggesting
the possibility of continued loca source impacts. While mercury levels declined
throughout 1999, they appeared to remain relatively stable during the latter half of 2000.
A comparison between 4™ quarter data from 1999 and 2000 shows that mercury levels
remained relatively consistent in terms of both average levels (2.23 ng/n vs. 2.16 ng/nt)
and the magnitude and frequency of mercury spikes. Thismay suggest a“leveling-off”
of aimospheric mercury levelsin thisarea

The profilefor TGM at the Bdlpark site was very smilar to that encountered at
Riegelwood FHynn. Basdline conditions were punctuated with periodic eevations as high
as 240 ng/mt TGM. Monitoring was not initiated until mid-May 1999; thus
measurements were not made during norma mercury cdll chlor-akali operating
conditions. Although the quarterly tatistics presented in Table 1-4 seem to suggest that
average values declined between the 2" quarter and subsequent quarters, conditions
actualy appear to have remained rdatively stable. Data from the entire sampling period
(May - October) illugtrates congstent, but highly variable, atmospheric mercury levels at
thisste.

It should be noted that values encountered at the lower end of the range
(10" - 50" percentiles) were consistently higher at this site relative to smilar datafrom
the Hynn and Waccamaw sites. This could reflect higher basdline levels of TGM dueto
Site contamination or it could reflect an effect of instrument configuration. The Bdlpark
dte provides ardétively unobstructed view of the nearby industrid complex and might
be more susceptible to downwind migration of mercury from on-Site waste ponds.
However, this factor seems an unlikely explanation given the variability in wind
direction. Alternatively, enhanced historica deposition of mercury to locd soils could
lead to greeter rates of Hg(0) volatilization. If true, intraday variability might be expected
with higher readings associated with elevated temperatures and solar radiation. Another
possible explanation is performance of the mercury vapor monitor. [nstrument
configuration and operating conditions were identical to those at the other two sites, and
the inlet to the sample line was positioned a a smilar height. The ingrument at Balpark



was housed in amobile trailer rather than a freestanding shelter, but conditions insgde the
gructures were smilarly maintained. None of these factorsis a satisfactory explanation
for the higher basdline readings of TGM observed at this Ste. This observation could
warrant further sudly.

During 2000, the Bdlpark instrument was modified to include a denuder
assembly for speciation of gaseous mercury. Estimates for TGM can be generated by
combining 2-hour average vaues for Hg(0) and RGM or by usng Hg(0) doneasa
surrogate measurement. The former calculation would theoretically be amore accurate
representation of atmospheric TGM but would present data on acompletely different
time frame than those collected during 1999 and would "smooth over” short-term
elevaionsin amospheric mercury. Comparing 5-minute Hg(0) measurements to
historicad TGM data avoids this conflict but introduces additional complicating factors.
First, dedicated measurement of TGM is anearly continuous processwith asingle
interruption for instrument cdibration only taking place over 40 minutes once every
25 hours. By contrast, measurement of Hg(0) during mercury speciation is interrupted
every 2 hours for a40-minute denuder desorption and analysis cycle. While data were
closdy scrutinized to assure that the desorption/andysis cycle had no effect on flanking
measurements of Hg(0) it could be argued that the loss of such a substantid fraction of
daly coverage might limit the effectiveness of this type of comparison by excluding such
asubgtantia portion of the sampling time. However given the large volume of
measurements and the random nature of the timing on the desorption/andyss cyclesit is
doubtful that these periodic interruptions would contribute to any meaningful or
congstent bias in the measurement of amospheric mercury. A more chalenging question
concerns the comparability of Hg(0) and TGM readings, as Hg(0) is only one component
of TGM. The Tekran 2537A is described as an instrument that " performs continuous
measurement of TGM in ambient air" (Tekran). However, given that the ingrument
configuration involves severd convoluted sample lines and filter assembliesit could be
argued that the RGM component islost through adherence to the instrument parts before
it can reach the gold cartridge traps. If this assumption istrue then Tekran 2537A data on
"total gaseous mercury” may in fact represent only Hg(0). In fact, the point is nearly
made moot by the fact that RGM appears to be avery smal component of TGM in
ambient air. During the course of this sudy RGM levels were less than 1% of TGM
levelsin over 90% of speciated mercury measurements and even in the most extreme
dtuation did not exceed 7% of TGM. As evidenced in Table 1-5, agtatistical comparison
of Hg(0) and TGM shows that ambient levels are nearly identica. We believe that these
data support the conclusion that a meaningful comparison can be made between
measurements of TGM from 1999 and measurements of Hg(0) from 2000.

Using thistechnique, it appears that atmospheric mercury levels declined
substantially between 1999 and 2000 at the Ballpark site. The average level for Hg(0)
measured between August 24 and October 13 of 2000 was 1.9 ng/nT, compared to 3.2
ng/nt for TGM during the period in 1999 — a 40% reduction. Thisreflects, in part, a
reduction in the intengty of short-term eevations in amaospheric mercury, but mercury
levels d 50 gppear to have fdlen throughout the entire distribution of values. During 1999
even the values in the low end of the range were predominantly above 2.0 ppm while



low-end readings in 2000 were generaly below 1.5 ng/n®. It is not immediately clear
why basdline conditions & this Ste would have improved during this period.

Table 1-5: Comparative statistics for TGM and Hg(0) at the Riegelwood
Ballpark site, Aug 24 — Oct 13, 1999 vs. 2000. All values are 5-minute readingsin

ng/m?.
1999 TGM 2000 Hg(0)

10th percentile 1.66 1.24
25th percentile 1.91 1.36
50th percentile (median) 214 1.48
75th percentile 248 1.65
90th percentile 5.46 2.15
95th percentile 9.77 4.01
99th percentile 22.58 12.93
max 70.78 52.46
mean 3.24 1.94
n 8539 9113

In generd, dl monitoring Stes provide asmilar picture for atmospheric TGM in
this region of southeastern North Carolina. TGM levels appear to be declining a both
Riegewood and Lake Waccamaw. At Lake Waccamaw the dramatic improvement in
atmospheric conditions beginning in early 1999 and lagting throughout the duration of
this study are consstent with rura or remote readings for TGM. Improvements were aso
noted at both Riegelwood sites, dthough periodic fluctuationsin TGM continue to be

detected in this area, and may warrant further study.

Concurrent measurements from dl three sitesillustrate geographic variability in
TGM. Overlapping measuremerts are available between May and September of 1999 and
August and November of 2000 (Table 1-6). These dataillugtrate a reduction in long-term
mercury levels a both Riegelwood sites but dso illugtrate that TGM levels remain higher
a these Stesrelative to corresponding data from Lake Waccamaw.

Table 1-6: Concurrent total gaseous mercury levels measured at all three
study monitoring sites during 1999 and 2000 (mean, ng/m°)

Period Lake Riegelwo Riegelwo
Waccamaw od Flynn® od Ballpark
May 21 - Sept 14, 1999 1.52 ng/nt’ 2.21 ng/m? 3.67 ng/n?
Aug 18 - Nov 20, 2000 1.52 ng/m?® 1.94 ng/n? 1.99 ng/m?




Total Gaseous Mercury and Wind Direction

Establishment of areationship between TGM levels and wind direction may help
to identify potentid fixed sources of TGM emissons. This relaionship was examined in
the present study using data from on-ste meteorologica equipment. Regiond wind
characterigics areillustrated in Figure 1- 17 using a 5-year wind rose diagram with data
collected a Wilmington, NC. Winds in this area are predominantly southwesterly during
the summer months and north to northeasterly during the winter months.

Data from 1998 suggested a positive relationship between elevated mercury levels
at Lake Waccamaw and winds arriving from the east-northeast. During 1999, eevated
mercury & Riegelwood Flynn was associated with winds arriving from the northwest
while winds from the north and northeast were most strongly associated with elevated
mercury a Riegelwood Bdlpark.
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Figure 1-17: Regional wind pattern for Wilmington, NC, 1986 — 1990.

The combined data from dl three Stes provide an opportunity for "triangulation”
of wind and mercury data. Early data from Lake Waccamaw was insufficient for
digtinguishing the mogt likely responsible source because several sources of mercury
emissons lay to the eest of this Ste. However, subsequent data from the Flynn site
suggested that sources to the east of Riegewood (i.e. in the vicinity of Wilmington, NC)
played little role in affecting ground-level TGM in the Riegelwood area during the study
period.

In our analyses, we removed data associated with wind speeds below 3 miles per
hour. Wind direction data collected during periods of light and variable winds tends to be
scattered and rarely provided meaningful information on relationships between mercury
levels and wind direction. In addition, the calculation of an "average’ 5-minute vaue for
wind direction under these conditions might be mideading since it would represent the




product of highly variable, shifting winds. Elevated mercury readings were more
frequently associated with calm winds at the Riegelwood Sites as compared to Lake
Waccamaw data from 1998. This phenomenon could be related to dow outward ground-
levd migration of a pollution plume from a nearby source as might be encountered

during calm conditions. The magnitude and frequency of this type of phenomenon should
be greater if ground-level monitoring Sations are postioned immediately adjacent to
pollution sources, thus minimizing digoersion of the pollution plume. Data from the
Riegelwood stes, as such, might be suggestive of a nearby mercury emissions source.

Total Gaseous Mercury and Other Meteorological Variables

Determining ardationship between TGM leves and other meteorological
parameters including temperature and humidity was complicated by the apparent
influence on TGM leves by loca sources, however, data from Lake Waccamaw during
2000 appear to exhibit minimal source influence and were thus analyzed closdly. No clear
relationship between TGM levels and temperature or humidity was identified, though
possible seasond differences were unearthed. The average TGM level during December
through March was 1.8 ng/n’, while during the warmer months levels typically averaged
1.5 ng/nt. A diel pattern was seen during the course of the day with a bottoming out of
mercury levelsin pre-dawn hours followed by argpid rise to maximd daily
concentrations by late morning and a gradua descent in levels throughout the day (Fig 1-
18). We are not aware of this rdationship having been previoudy identified but believe it
may warrant further examination. Possble explanations for this pattern could include
photochemica reactions resulting in reduction of surficid Hg(2+) to Hg(0) and
subsequent voldilization to the atmosphere. Severd groups have identified enhanced
flux rates from surface waters and contaminated soils following sunrise; however, the
likelihood thet this effect would be detectable at a 3 to 4 meter eevation seems small
gnce amospheric mixing is normdly very efficient. Atmospheric turbulence, as
represented by average wind speed, follows asimilar diurna pattern. The mid-morning
risein TGM occurs at gpproximately the same time of day that the wind speeds pick up
and decreasesto its lowest levels around nightfall. This turbulence could help to
facilitate movement of deposited mercury or mixing with air masses that contain higher
concentrations of gaseous mercury. It may be worth noting that virtudly al mercury
readings in the lowest 10" percentile of values were confined to periods when the
average wind speed was less than 5 mph. Figure 14 dso illustrates the apparent seasona
effect on TGM leves, as the entire spectrum of 1% quarter (Jan — Mar) readings are
obvioudy elevated above 3% quarter (July - September) values. It has been speculated
that this pattern might be related to wintertime atmospheric phenomena such as lower
mixing heights, seasonal changesin energy demand or varigble rates of aimospheric
oxidation of Hg(0) which might relate to ambient temperature or sunlight intengity
(Sheuand Mason).
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If the did pattern for TGM at Lake Waccamaw is a true aimospheric phenomenon
and not an artifact of instrument design or operator error, then an obvious question arises
concerning the fate of the depleted TGM during the late evening and early morning
hours. Oxidation of Hg(0) to Hg(2+) might serve to explain adaily depletion event but
atmospheric mercury speciation studies conducted to date have not shown adid pattern
for Hg(2+) that is conggtent with this phenomenon. Another explanation could include
adsorption of Hg(0) onto particulate matter and subsequent dry deposition, with
revolatilization to the lower aimosphere during the subsequent day’ s warming period.




Dataloss was dgnificant during severa study periods but spread out randomly
during 1999 and 2000. The most frequent reason for dataloss, alack or failure of
ingrument caibration, was randomly encountered and should not impart any consstent
bias on the data. On severd other occasions, data from all siteswere lost due to westher
phenomena such as hurricanes. These events tended to be seasonal and occurred most
frequently during late summer and early fal. Data from Lake Waccamaw are missing for
sgnificant periods during 1998 including an extended period between March 4 and June
22. These patterns of missing data could bias comparisons of annudized mercury data if
sgnificant seasond variability exists in the data; however, the data do not support the
existence of thistype of relationship. We noted no seasond trends in the available data
from the Riegelwood stes and visudly, the fluctuations in amospheric mercury
encountered during 1998 at Lake Waccamaw appear evenIX Spread out across the year.
Quarterly statistics are consistent between the 1%, 3" and 4™ quarters of 1998. However,
because of the previoudy noted relationship between mercury and wind direction, bias
could be introduced through the exclusion of extended periods from one portion of the
year. Winds during the fal and spring tend to be variable and unpredictable, shifting
between southwesterly and northerly or northwesterly (C Buckler, DAQ meteorologist,
persond communication). Because of the significant variability in wind direction and the
relaive lack of comparable deta, it is nearly impossible to assess the nature or magnitude
of the bias introduced by missing data.

Another dusive potentid source of biasis the reaionship between catastrophic
weether events and the likely disruption of indudtria activities during thistime. If
indudtrid activity was interrupted during these periods, and those activities were
associated with spikes in atmospheric mercury, then monitoring data from these periods
may be influenced by the lack of source impacts.

SPECIATION OF ATMOSPHERIC M ERCURY: RESULTSAND DISCUSSION

Our attempt at long-term speciation of atmaospheric mercury was a chdlenging
experience. At the time we initiated this sudy, there were no published sudies
documenting experiences with newly developed denuder methods for speciation of
atmospheric mercury. Unexpected chalengesin the field led to the loss of alarge amount
of data collected during the first few months of sampling. Theseinitid faluresled to the
remova of the speciation instruments from the Riegelwood Balpark ste for [aboratory
method development. Subsequently, modifications to the andytica system were made
and a successful second phase of sampling was carried out in fdl of 2000.

During the second monitoring phase we were gble to distinguish trendsin RGM
that at times mimicked changesin Hg(0) and at other times seem to behave
independently. Much more data will be needed under a variety of conditions to better
understand the meaning of the data we present here. It remains uncertain whether ambient
fluctuations of RGM represent pollution plume impacts or norma environmentd



processes. However, these data do improve the understanding of the characterigtics of
atmospheric mercury adjacent to this contaminated industriad site and improve our
understanding of the potential impacts of atimaospheric mercury on regiond environmenta
conditions.

All mercury speciation measurements were carried out at the Riegelwood
Bdlpark site. Two phases of monitoring took place during 2000: the first between March
and June and the second beginning in mid- August and ending in mid-November. A two-
month period of method development and testing was carried out between monitoring
periods.

Phase 1 (March - June) Results

During the first monitoring phase, over 600 two-hour measurements of RGM and
over 13,000 five-minute measurements of Hg(0) were made. Visudly, the 5-minute data
for Hg(0) appear very similar to the dataon TGM collected during 1999, with basdine
conditions punctuated by periodic spikes exceeding an order of magnitude above
background. A considerable degree of variability was also seen in the RGM data. Two-
hour measurements ranged from 0 to 96 pg/nT. Concurrent two-hour measurements of
Hg(0) and RGM are presented in Figure 15. Vaues for Hg(0) were caculated by
averaging dl 5-minute readings within each 2-hour sampling period.

On many occasions, 5-minute readings for Hg(0) as low as 0 ng/nT were seen.
Thistype of pattern was not seen during previous measurements of TGM at any of our
stesand is not consdered possible given the steady- state background concentration of
Hg(0) (~ 1.6 ng/nT) that has been consistently documented at terrestrial ambient
monitoring locations. It was determined that these depressed reading were most likely
caused by contaminants that reduced the insiruments collection efficiency. Asaresult,
al data collected during this period have been flagged as questionable. This problem was
addressed and solved during the two-month period between sampling phases, alowing
for the collection of rdliable data during Phase 2.



Phase 2 (Aug - Nov) Results

Between August and November of 2000, over 600 two-hour measurements of

RGM and over 13,000 five-minute readings for Hg(0) were collected. Concurrent 2-hour
vaues for Hg(0) and RGM are presented in Figure 1-19, and in Table 1-7. Short-term
increases in Hg(0) were relatively common and reached levels as high as 52 ng/n® (refer
to Table 1-4). The average vaue for Hg(0) over the entire sampling period was 2.0
ng/nT. Significant variability in RGM was aso seen. Levels were typically very low,
with amejority of reedings below 1 pg/nT, but periodic excursions were evident. The

average value’ for RGM over the entire sampling period was 7.81 pg/n; the median
value was 0.87 pg/n?
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Table 1-7: Satistics for 2-hour measurements of Hg(0), RGM and TGM from
the Riegelwood Ballpark site, Aug 24 — Nov 21, 2000.

RGM Hg(0) TGM RGM/Hg(0)

(py/n) (ng/n?) (ng/n?) (%)
10th percentile 0.00 1.32 132 0.00
25th percentile 0.00 1.43 1.44 0.00
50th percentile (median) 0.87 1.57 1.57 0.05
75th percentile 4.20 1.76 1.78 0.23
90th percentile 20.41 278 2.80 0.89
95th percentile 39.30 4.90 5.02 151
90th percentile 91.76 9.15 9.16 3.90
max 362.40 19.10 19.13 6.70
mean 7.81 1.99 2.00 0.32
sandard deviation 23.22 1.56 1.57 0.0078
n 611 611 611 611

Thevduesin the TGM column in Table 1- 7 were derived by adding concurrent
two-hour readings for Hg(0) and RGM. Dataon TGM exhibits a pattern smilar to that
seen during prior sampling events at this Site; however, both average and pesk vaues
were diminished relative to earlier results. In over 90% of measurements, RGM was
present at less than one-one hundredth the level of TGM, and in fact, RGM never
comprised more than 7% of TGM over any 2-hour period. Thus, spikesin TGM were
primarily aresult of increased levels of Hg(0) rather than RGM.

The behavior of RGM could not always be predicted by changesin Hg(0). In
many cases a concordance between short-term increases in Hg(0) and RGM was seen, but
at other times Hg(0) and RGM behaved independently.

Severd possble relationships between amaospheric mercury levels and variables
such as meteorology were identified and explored in further detail:

Mercury and Time of Day

Figure 1-20 presents RGM data by time of collection. Most eevated readings for
RGM arose during daylight hours, although some events were scattered throughout
nighttime and early morning hours. No obvious pattern was identified for spikes of Hg(0)
(Fig 1-21), but examination of 5-minute data sorted by time of day of collection reveded
adie pattern smilar to that seen in Figure 14 when non-background values (>2.15
ng/nT) were removed (data not shown).
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Mercury and Humidity

Figure 1-22 presents data on humidity levels during quantifiable measurements of
RGM. Elevated RGM readings were detected under awide range of conditions; however,
the lowest readings for RGM appear to be confined to highly humid conditions. Most
instrument non-detects (< 0.4 pg/nT) were encountered under highly humid conditions.
The average humidity leve during insrument non-detects was 92.5% (s.d. = 6.56) vs.
64.2% (s.d. = 20.6) during quantifiable readings. The relationship between Hg(0) and
relative humidity isillugtrated in Figure 1-23. Most elevated Hg(0) readings occurred
under moderate to high humidity conditions. Closer inspection of the data suggests that
depressed readings at or below 1 ng/nT® were dmost exdusively afiliated with conditions

of extreme humidity.
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Mercury and Temperature

Dally average temperature decreased during this study period with the trangtion from late
summer to fal and early winter. No related trend in the frequency or intengity of mercury
spikes was seen during this period. Neither RGM nor Hg(0) appeared to exhibit a
congstent relationship with temperature (Figures 1-24 and 1-25).
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Mercury and Wind Conditions

Elevated Hg(0) was predominantly associated with winds arriving from the
east-northeast. Figure 1-26 illudirates the consstent relationship between Hg(0) level and
wind direction. Aswe noted previoudy, a closing site audit indicated wind direction was
inaccurately measured at this Ste during this period. Actua wind direction was probably
25 to 40 degrees lower than the data presented in Figure 1-26, but the exact amount of
offset isimpossible to assess. The weather Sation at the Riegelwood Site was not
equipped to caculate average wind direction every 2 hours making it difficult to establish
aclear rdaionship between RGM and wind direction over that time frame. Individua
5-minute data points on wind direction and wind speed correlating to 2-hour periods of
elevated RGM are presented in Figure 1-27. It should be noted that variability in wind
direction within each 2-hour sample collection period could confound our attempts to
identify any relationship between eevated RGM and wind direction, especidly if the
magority of RGM was brought to the sampler during afraction of a sampling period with
highly variable winds. In the discusson section below we present wind direction data as
arange based on individua 5-minute values generated within each 2-hour RGM sample
collection period.
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The following table summarizes the observed re ationships between Hg(0) and
RGM leves and the above mentioned variables:

Table 1-7: Summary of observed relationships between reactive gaseous
mercury, elemental mercury and several measured variables, August — November, 2000.

Variable Reactive Gaseous Elemental Mercury
Mercury
Time of Day Elevated readings primarily No clear pattern, elevated
confined to daylight hours readings occurred during both
daylight and nighttime hours
Humidity High readings encountered under a | Highest readings under
wide variety of humidity levels, moderate to highly humid
but lowest readings confined to conditions, depressed readings
highly humid conditions a extreme humidity levels
Temperature No gpparent relaionship No gpparent relaionship
Wind Direction No clear rdlaionship Highest readings with winds
from N-NW to E




Phase 2 (Aug - Nov) Discussion

Instrument Performance

The soda lime systerm modification appeared to have been successful a reducing
or diminating artificialy low readings for TGM. However, on rare occasion 5-minute
Hg(0) vaues below 1 ng/nt were encountered. These values were sporadic and generally
confined to a 3-week period between September 28 and October 15, 2000.

Hg(0) levels below 1 ng/nt were frequently associated with extremely humid
conditions. This could suggest that Hg(0) levels are lower during extremely humid
conditions or that ingrument readings reflect some degree of imparment in the cgpture or
measurement of Hg(0). Hg(0) is not water-soluble and not predicted to undergo
sgnificant amospheric remova during humid conditions or precipitation events. Others
have shown that TGM levels do not decrease during or following rain events (Lindberg).
Another more speculative theory isthat the presence of atmospheric water vapor could
enhance the rate or extent of mercury oxidation, resulting in a depletion of Hg(0). Severad
atmospheric oxidation reactions involving mercury occur most rapidly in the agueous
phase (Lin and Pehkonen). Many of these oxidizing agents are likely to exist at elevated
levelsin regiond ambient air due to nearby industrid emissions. However, the likelihood
that this phenomenon would give rise to a measurable changein TGM levesisvery
amdl given that only aminute fraction of Hg(0) in the air would be predicted to enter
into the agueous phase where oxidation reactions would take place. The most likely
scenario involves interference with instrument performance by water vapor. Water vapor
could condense on sample lines or saturate particulate filters, inhibiting the passage of
Hg(0). It could dso overwhelm the soda lime traps, dlowing moisture to reach the gold
traps which might affect mercury capture efficiency. Findly, it is aso concelvable that
other meteorologica conditions associated with high humidity (e.g. precipitation, wind or
temperature) could be impacting aimaospheric mercury levels or instrument performance.

TGM measurements below 1.0 ng/nT were not confined to this site during the
study. Interestingly, these va ues appeared periodically during the July through
September timeframe at other sites. For example, the lowest 10% of readings for TGM
taken at Lake Waccamaw from the third quarter of 1998, 1999 and 2000 were
consgently lower than amilar vaues from other periods during the year (Table 1-1).
During these periods warm humid air masses arrive from the Gulf of Mexico;
unfortunately, concurrent information on humidity and Hg(0) are not available from these
Stes, preventing the establishment of a smilar rdaionship between humidity and TGM
a thisgte,

Despite the periodic appearance of low vaues for Hg(0) it does appear that
system modifications improved the detection of Hg(0). It remains possible that some
recorded values are lower than actuad atmospheric levels, especidly during periods of
extreme humidity. However, because there were no clear indications of compromised
instrument performance during these periods, data on Hg(0) and RGM areincluded in
summary datistics and figures for this sampling period.



Totd Gaseous Mercury, RGM and Elementa Mercury

TGM levds fluctuated significantly between August and November of 2000 ina
pattern Imilar to that seen during the previous year. Average levels declined sgnificantly
relaive to the same time period during 1999, reflecting the decreased frequency and
diminished magnitude of spikesin TGM.

Our study confirmed that TGM is comprised overwhelmingly of Hg(0). Although
increases in both Hg(0) and RGM were seen on afrequent basis during this study, it was
Hg(0) fluctuations that were primarily responsible for changesin TGM. RGM leves
were typically two to three orders of magnitude lower than Hg(0). Even in those cases
where RGM increased without concurrent changes in Hg(0), levels never exceeded one-
tenth those of Hg(0). These data are consistent with findings reported in previous studies
(Lindberg, Sheu and Mason).

Our data suggest that RGM and Hg(0) levels may be differentidly susceptible to
various outsde influences. Asillustrated in Figure 1- 28, changes in one form of gaseous
mercury would often, but not dways, occur independent of changes in the other mercury
gpecies. RGM is comprised of water-soluble species such as mercuric chloride (HgCh). It
is believed that these species undergo atmaospheric remova mechanismsinvolving both
wet and dry deposition. It has been shown using continuous monitoring techniques that
RGM levelsin ambient ar fal dramaticdly following arain event (Lindberg).
Theoretically, these same wet deposition remova mechanisms would be enhanced by the
presence of high levels of water vapor in the air, such as might exist during the extremely
humid conditions periodically documented during our study. This phenomenonisalikey
explanation for the pattern of RGM non-detects during periods of high humidity. During
dry periods (humidity < 50%) al readings for RGM were above the ingrument limit of
detection. However, devated RGM was detected under conditions of low and high
humidity, suggesting that while water vapor might be an effective tool for removing low
levels of RGM, its removd efficiency islessthan 100% at higher aamospheric
concentrations.
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Except for the lower basdine readings encountered under highly humid conditions, Hg(0)
readings did not appear to be dramaticaly affected by humidity levels. Hg(0) is not
water-soluble and thus not predicted to undergo significant atmospheric remova by wet
deposition. Measurable changes in Hg(0) concentrations in temperate climates are more
likely to be affiliated with impacts from nearby emisson sources.

Elevated readings for RGM appeared most frequently during daylight hours®
Sunrise and sunset ranged from 5:40 am. to 6:48 p.m. EST on August 24 to 6:51 am. to
5:04 p.m. EST on November 21. Lindberg and Stratton aso reported daytime increasesin
RGM and speculated that photochemica production might enhance RGM levels during
the day while nighttime deposition acts as aremova mechanism, depleting atmospheric
RGM trapped below the stable boundary layer (Lindberg). Sheu and Mason reported
varying diurna trends for RGM at a site near the Chesapeake Bay (Sheu and Mason).
While nighttime depletion and daytime increases were noted on &t least one occasion
during aweeklong sampling period, other patterns were aso noted. The authors
speculated that these increases could be related to source impacts or variability in RGM
levels between different air masses moving across their sampling Ste. During our study
some isolated RGM pesks were noted during nighttime and early morning hours,




suggesting additiona factors may have been impacting RGM levels during these periods
(Fig 21). RGM leves were more highly corrdated with Hg(0) levels during nighttime
rather than daytime hours (r? = 0.63 vs. r? = 0.54). Peaks in Hg(0) were seen a al times
of day, while background Hg(0) values appeared to conform to adiel pattern smilar to
that seen in Figure 29, with lowest valuesin the pre-dawn hours and the highest
background values occurring during the middle of the day.

No correlation was identified between Hg(0) or RGM leves and temperature
during this study period. Higher ambient temperatures could, in theory, facilitate severd
of the atmospheric reactions that could affect RGM levels, however, any association may
be confounded by severd smultaneous variables. During the summer months, warmer air
arriving from the Gulf of Mexico istypicdly very humid, and the negative reaionship
between humidity and RGM levels may overwhelm any positive association involving
temperature. Associations between wind direction and temperature could also hamper the
identification of a reationship between temperature and aimaospheric mercury levels,
especidly if mercury emission sources that are upwind during a significant portion of the
year become downwind with seasond shiftsin wind direction. A more thorough
datigicd andydsinvolving andyds of variance might unearth areationship between
temperature and RGM or Hg(0) levels but is beyond the scope of this report.

The strongest historical indicator of emission source impacts on regiond
atmospheric mercury levels wasillustrated through the congstent relationship between
wind direction and elevated TGM readings at the Lake Waccamaw and Riegelwood
monitoring Sites. During speciation measurements, e evated RGM was most commonly
associated with winds arriving from various directions, including the northwest, north
and east. A wind rose plot summarizing 5-minute wind data collected in conjunction with
elevated RGM shows a sgnificant degree of variability but a notable absence of data
pointsin the third quadrant (i.e. between south and west). Predominating winds during
this period would be expected to range between southwesterly during August and
September to northerly and northeasterly during October and November. In contrast,
elevated readings for Hg(0) were bound to afairly tight distribution between east-
northeast and east- southeast. This suggests that increasesin Hg(0) at this site may be
related to a fixed upwind mercury emissions source.

| dentifying Relationships between RGM and Elemental Mercury

Our dataindicate that a variety of factorsinfluenced atmaospheric mercury levels
a the Riegedwood Bdlpark site. The single strongest line of evidence implicating point
source effects is the correlation between wind direction and increases in Hg(0). Natural
variability ismost clearly illugtrated through the relationships between RGM, and
humidity and time of day. Although data for Hg(0) and RGM gppear very smilar -
exhibiting a predominance of background or baseline readings punctuated by periodic
spikes in concentration for both species — short-term changes were periodicaly isolated
to one species of mercury. To better understand the ditinct behaviors of Hg(0) and RGM
and the influence of naturd variability versus anthropogenic impacts we defined three
types of scenarios for further study:



- Scenario A: RGM and Hg(0) increase concurrently.
- Scenario B: RGM increases without Smultaneous increase in Hg(0).
- Scenario C: Hg(0) increases without Smultaneous increase in RGM.

Figure 1-28 illustrates a brief period during which severd of these events
appeared.® Once these events had been categorized, coincident data. on mercury
concentration, time period sampled, temperature, humidity, and wind speed and direction

were compiled. Wind speed, temperature, humidity and Hg(0) concentrations were
caculated by taking the arithmetic average of 24 separate five- minute readings within

each 2-hour sampling period. Wind direction data were compiled from 5-minute
readings. Summary satistics for temperature, humidity and wind speed are presented in

the following table.

Table 1-8: Observed meteorological conditions during periods of el evated gaseous

mercury and during the complete study period, September — November, 2000.

Temperature

Relative Humidity

Wind Speed

Scenario mean (sd) mean (sd) mean (sd) #Events
~ rBegg noM :Eoﬂs%o) 64.6 (7.6) 740 (163) 344 (187) 24
B: RGM increases while
Hy(0) remains & basaline 713 (9.5) 34.9 (15.1) 412 (2.02) 43
C: Hg(0) increases while
RGMQS a)na. nsdepresed || 559(136) 922 (7.6) 1.33 (1.70) 10
Complete Study Period™ | 65.7 (12.4) 75.7 (21.5) 2.80 (2.60)

Scenarios A and C include eevated readings for Hg(0). We initidly suspected
that short-term increasesin Hg(0) would primarily be dueto locd or regiond industrid

emissions. Natura causes of short-term peaksin Hg(0) such as forest fires, volcanic

activity or nearby geologica deposits of mercury were absent and would not be expected
to contribute subgtantialy. Variability in RGM is possibly related to naturd phenomena
but may aso reflect trangport of local or regiona emissons of RGM. Elevated readings
for RGM were encountered under scenarios A and B.




An obvious difference between scenarios A and C is the accompanying humidity level.
While amaospheric conditions in the former case very closdy mimicked conditions
encountered throughout the duration of the study, humidity levels were substantialy
higher in the latter scenario. High humidity may contribute to the remova of RGM from
theair. It is concelvable that the monitoring instrument was measuring the impact of
pollution plumes containing mercury during these periods but any RGM that may have
been present was scavenged through wet deposition mechanisms as the plume moved
away from the source. It is notable that wind gpeed was dso subgtantidly lower in the
latter case. Sow winds might further inhibit the lateral movement of RGM and enhance
the likelihood of atmospheric remova on short distance scaes. If these aimaospheric
remova mechanisms are in place and are affecting measured RGM levelswhile leaving
Hg(0) levels unchanged, then it is entirely plausible that scenarios A and C represent
pollution plume impacts under differing meteorologica conditions™

Under scenario B, increases in RGM were unaccompanied by changesin Hg(0).
This could arise from severd stuaionsincluding plume impacts from point source
releases of RGM, loca formation of RGM through oxidation of available Hg(0), RGM
releases from natural sources, or variable levels of RGM in different air masses. Wind
direction associated with these events was highly variable, decreasing the likelihood of
plume impacts from a single point source. Humidity levels were frequently very low,
reflecting favorable conditions for the existence of RGM in ambient air. Although we
cannot rule out the possibility that increases in RGM without concurrent increasesin
Hg(0) were caused by point source rel eases of mercury, there dso remains a strong
possibility that these peaksin RGM levelsreflect anaturd diel cycle.

If levated readings for Hg(0) are used to identify plume fumigation events, then
the concurrent presence or absence of RGM appears to be most Sgnificantly tied to loca
amospheric conditions. Closer examination of the data shows that a negative correlation
exigs between humidity levels and the ratio of RGM to TGM during plume fumigation
events (Table 1-9). During the most highly humid conditions (> 90%) no RGM was
measured, despite markedly devated levels of TGM. This suggests that extremely humid
conditions were able to influence the chemical speciaion of mercury reaching the
monitoring station during plume fumigation events by removing RGM on avery short
(< 1 mile) digtance scde. The resulting increase in mercury wet deposition over a
relatively small area might sgnificantly impact runoff to surrounding surface waters. It is
worth noting that on occasion, increasesin RGM were seen even under conditions of
greater than 90% humidity. However, the ratio of RGM to TGM was low, suggesting
some degree of remova may have been taking place.




Table 1-9: Description of meteorological conditions during suspected plume

fumigation events (scenarios A & C), September — November, 2000. 1212
# . .
Events Rd. Humidity RGM/TGM Correation (RGM/RH)
2 Mean: 79.4% Mean: 0.46% .0.812
Range: 38% —98% | Range: 0.00% - 1.45% '

Although we have used the combined effect of increased Hg(0) and wind
direction to highlight suspected loca plume fumigation eventsit dso remains possible
that pollution impacts are responsible for some of the increasesin RGM aone. Lindberg,
et d reported severd events during which RGM levels increased without concomitant
increases in Hg(0) (Lindberg). They were able to present coincident data on SO,, NOy
and ozone to strengthen their argument that these changes were caused by a plume
fumigation event resulting from cod-fired utility boiler emissons. They aso presented
data suggesting that RGM levels conform to adid cycle, with highest readings during
late morning and afternoon hours. The absence of data on additiona pollutants limits our
ability to distinguish between natura varigbility and source influences on RGM levds,
however saverd lines of evidence support the argument for naturd variability. Most
importantly, these events were dmost completely confined to daytime hours - consistent
with the diel cycle described above and contrasted with the continuous operating
schedules of loca mercury emisson sources. Secondly, winds during these events were
primarily northerly and westerly and likely comprised of coal, dry ar - favorable
conditions for the exisence of RGM. Findly, Hg(0) levelsremained at basdine
suggesting the absence of plume impacts from ground-level sourcesin theimmediate
vicinity of Riegewood. At present there is no known did pattern for Hg(0), dthough
some have speculated that such a pattern might exist (Schroeder 1999).

The possible association with northerly winds could provide an argument for
long-range regiona trangport of RGM from emission sources to the north and west of
Riegdwood. Mgor emisson sources exig in this direction including cod-fired utility
boilersthat serve the Charlotte, Fayetteville, Winston-Sdem and Raeigh- Durham aress.
The closest unit is positioned 95 km to the west- northwest near Lumberton, NC (1998
reported mercury emissions. 90 1bs.). Given these distances and the necessary
convergence of emissions and meteorologica conditions favoring downward mixing of
the plume doft, it seemsimprobable that upwind sources are the cause of dl short-term
fluctuations in RGM. Further study, including co-monitoring of additiond pollutants such
as SO, or trace metals would be needed to determine the extent of source impacts.

The relative impact of naturd vs. man-made effects on atmospheric RGM
deserves further attention. Many of our highest readings for RGM were obtained under
conditions that are most likely to reflect naturd variation. These increases were dso far
more common than events suspected to be due to loca source impacts and exhibited




consderable variability in magnitude and duration. Measurements a ground-leve only

tell asmadl part of the picture since sources with tall stacks are <o likely to affect
atimospheric mercury levels at much higher devations. Additiond critical messurements
would include short-term wet deposition samples or cloud water analyss. We believe our
study provides very strong evidence for point source contributions of RGM. However, at
this point it would be premature to attempt to use the data from this study to
quantitetively define natura vs. man-made impacts. Both are clearly important
phenomena and should be factored into the design of future sudies.

REGIONAL ANTHROPOGENIC EMISSIONS

The preceding data support a possible relationship between marn made mercury
emissons and regiond levels of mercury in ambient air and precipitation. To further
invedtigate this possibility, we collected information on emission sources proximd to
Lake Waccamaw and Pettigrew State Park. We utilized dl available information on
reported emissions and the most recent estimates on the physicochemica speciation of
mercury pollution. In addition, we explored severd mgor changesin regiond indudtrid
activities that may have had a Sgnificant impact on mercury emissons. The
improvements made at severd of these sources ultimately may result in reduced
quantities of atmospheric mercury reaching the sengitive waterways of eastern North
Cardlina

Table 1-10 includes summary information on the most Significant sources of
anthropogenic mercury emissons surrounding Lake Waccamaw and Pettigrew State Park
(Figure 1-3). The data shows that severa sgnificant changes occurred between 1998 and
1999. The reported 1999 process emissions from the chlor-akali facility are provided.
The facility experienced frequent power disruptions during the first few months of 1999
then ceased mercury-cdl operationsin favor of an dternate non-mercury chlorine
production processin April. Reported emissons are most likely related to normal
mercury cdll chlor-akali production activity occurring during early 1999. A reduction in
mercury emissions between 1998 and 1999 at the adjacent pulp and paper mill may be
duein part to the discontinued use of mercury-contaminated products from the adjacent
mercury cdl chlor-akali plant. Apparent reductions from the cod-fired eectric utility
boilers likely resulted from improved emission estimates'*. Additiond reductionsin
regiona mercury emissons are d<o likdly. For example, a carbon injection system was
added to the largest stack at the municipal waste incinerator in New Hanover County
during late 2000. This modification coud reduce mercury emissions from that stack by as
much as 90% and facility-wide mercury emissions by 40% (40 CFR Part 60). Mercury
emissons from other large sources have remained rdatively stable. These emissons
generdly arise from the combustion of cod in large industrid boilers and may fluctuate
depending on facility energy consumption.

All sources reported emissions prior to 1999 as "mercury vapor” or "mercury and
compounds,” congstent with guidance for gpplicable emissons inventories. Mercury




emissons were not digtinguished by chemica or physica characterigtics largely because
information on these parameters was lacking. However, thisinformation is critical in
determining the atmospheric fate of mercury emissons. Emissions of Hg(0) vapor would
be prone to long-range transport and could be carried hundreds or even thousands of
miles before undergoing processes that would lead to remova from the atmosphere.
RGM and particulate mercury could undergo rapid remova from the atmosphere and
could thus contribute to loca or regiond depostion patterns following release to the air.
Table 1-10: Mercury emissions near Waccamaw and Pettigrew SP. Includes
estimates of mercury speciation based on 1999 emissions. Refer also to Figure 2.

Reported Hg 1999 Speciated emissions (est.) ©
emissions (Ibs)*
Source (category) Hg(0) RGM Ha(p)
1998 199 | ps est) (Ibs est) (lbs, est)
Holtrachem Manufacturing 1276 328 230 98 0
New Hanover Waste-to-Energy | 362 337 67 202 6
7
CP&L Sutton Plant 34 153 45 105 3
PCS Phosphate 266 236 118 71 4
7
International Paper Riegelwood | 93 39 20 12 8
CP& L Weatherspoon 20 33 24 9 <
1
Weyerhaeuser 64 68 34 20 1
4
E. |. DuPont Co. 60 53 27 16 1
1
Occidental Chemical Co. 29 26 13 8 5
Weyerhaeuser 12° 12 6 4 2

*Reported emissions from state air quality permit database, self-reported valuesor TRI.
2Estimates of speciation from EPA Mercury Study Report to Congress.
3Reported emissions from 1996 state air quality permit database.

Inits 1997 Mercury Study Report to Congress, the USEPA provided estimates of
physicochemical speciation of mercury emissions from avariety of anthropogenic
sources including indudtrid boilers, waste incineration units and cod-fired dectric utility
boilers. The authors based these estimates on limited stack tests and conceded
"consderable uncertainty asto the actud speciation.” Improved information was
collected by the USEPA and magjor cod-fired dectric utility boilers throughout 1999 as
part of the ICR program. Advanced methods were used to speciate mercury in exiting
stack gases from a handful of large (>25 MW) coal-fired eectric utility boilers. Facilities
were categorized based on plant configuration and emission control devices. Datafrom
representative utilities were then used to estimate speciated mercury emissons from other
smilarly configured plants. For this report we utilized ICR data to estimate 1999
gpeciated mercury emissons from the cod-fired dectric utility boilers. For dl other
sources we relied on the EPA's 1997 report. Our estimates of speciated mercury
emissons are provided in Table 1-10, based on 1999 reported emissions.



Plume dispersion factors dso play alarge role in affecting the environmenta fate
of mercury emissons. Ground-level releases would be more likely to result in measurable
changes a nearby monitoring sites. Pollution released from an eevated source is more
likely to undergo significant dispersion before impacting ambient air a ground level.
This effect would broaden the area of impact but would aso result in more modest
increasesin ground leve air pollution. Plume rise and dispersion are dso enhanced by
higher stack gas exit velocities and temperatures, such as those encountered in many
high-temperature combustion processes. Meteorologica conditions induding wind
turbulence, temperature, boundary layer mixing and humidity can dramaticaly enhance
or impede plume disperson. Cam conditions will often result in the formation of an
amospheric inversion, thus trapping mercury emissons near ground leve. Findly,
surface features such as devation changes, vegetation, buildings, traffic patterns and
waterways will al affect plume digperson to varying extents.

The variables above will dl affect regiond fate and trangport of atmospheric
mercury emissions and influence the likelihood that emissonswill lead to measurable
changesin ground-level atmospheric mercury. Loca ground level emission sources
releasing large quantities of Hg(0) at ambient temperatures would be most likely to
impact nearby surface measurements of atmospheric TGM. In contragt, distant releases of
predominantly particulate mercury or RGM under conditions favorable for plume
disperson would be less likely to result in measurable increasesin ground-level TGM.
Instead, these emissions would contribute more subgtantidly to regiond wet and dry
deposition patterns.

The point sources described above possess awide array of emissions
characteristics. The cod-fired dectric utility boilers have tal stacks and release Hg(0)
and RGM at high temperatures and vel ocities. These factors would enhance dispersion
and possibly give rise to amodest increase in mercury depostion rates over ardatively
wide area. The same condderations might affect gaseous mercury released by large coal-
fired indudtrid boilers, such asthose found a many of theloca chemica manufacturing
facilities and pulp and paper mills. Mercury emitted by the New Hanover County
municipa waste incinerator is primarily in the form of RGM or particulate mercury. This
factor would contribute more directly to localized deposition rather than medium or long-
range changes in aimospheric TGM.

The mogt sgnificant regiona source of mercury emissonsis the mercury cdl
chlor-akali operation in Riegelwood, NC. Mercury cell chlorine production facilities use
thousands of pounds of mercury, housed in dectrochemica cdls. These cdls act to
provide an eectrical charge that forms the products chlorine gas, sodium hydroxide and
hydrogen gas from brine. Mercury may be released in the hydrogen gas stream, in cell
end box ventilation air or in cdll room ventilation air. Spills and maintenance activities
involving the opening of cdls may add large amounts of mercury vapor to cdl room arr.
Generdly, cell rooms are vented directly to the outside air. It is believed that the
predominant form of mercury emitted from chlor-akali facilitiesis Hg(0) vapor, however
the presence of large quantities of chlorine could act to produce smdler quantities of
RGM gpecies such as HQClL (USEPA, 1997a). Recent ambient monitoring studies



conducted in the vicinity of active mercury cdl chlor-dkdi plants have shown
fluctuationsin RGM and Hg(0), both independently and in tandem (Stevens, persond
communication).

Chlor-akdi mercury emissons fit many of those characteristics that would
increase ground level TGM. Releases of Hg(0) would likely disperse outward from the
source, carried by prevailing winds over long distances. The areas surrounding
Riegelwood and Lake Waccamaw contain very few terrain features that would
sgnificantly disrupt ground-leve plume disperson. Outward migration of RGM might
be hindered by adherence to vegetation or ground surfaces or atmospheric scrubbing
during precipitation or high humidity events. These factors would decrease atmospheric
levels but add to the depositiond load in the immediate vicinity of the source.

Ambient monitoring data from Lake Waccamaw seemsto bolgter the link
between chlor-akdi plant activities and regiona atmospheric mercury levels. Elevated
TGM readings were frequently encountered during 1998, when the facility wasin norma
operating mode. However, in 1999, when the plant began experiencing manufacturing
interruptions and then ceased using the mercury-cell process, measured levelsof TGM in
ambient air at Lake Waccamaw dropped off and the peaks that were associated with
easterly winds disappeared. No other regiona emission sources to the east of Lake
Waccamaw underwent such dramatic changes in their mercury emissons during this
same time frame.

Although severd of the mercury emission sources in the vicinity of Wilmington,
NC, contribute sgnificant quantities of mercury to the air, they are lesslikely to
contribute to detectable changes in ground-level TGM because they 1) do not release
subgtantidly large amounts of mercury, 2) release predominantly RGM, or 3) release
their emissons from tal stacks a high temperaures, thereby diluting locd ground-leve
plume impacts. However, the Lake Waccamaw data cannot be used to rue those sources
out as potentia contributing factors. Fortunately, the positioning of the Riegelwood
Flynn site to the eat of the chlor-dkai industria complex dlowed usto determine that a
continued influence from the east was not present. As evidenced in Figure 8, devated
mercury vaues were not affiliated with essterly winds. Instead, events were linked to
winds arriving from the N and NW, in the direction of the chlor-akali/pulp and paper
mill industrid complex. At the Riegelwood Ballpark Ste, events were correlated to
northeasterly winds — again, consistent with an impact from the nearby industria
complex.

The most obvious remaining question concerns the cause of ongoing fluctuations
of TGM in Riegelwood. The patterns observed at these Sites were reminiscent of earlier
results from Lake Waccamaw and strongly suggestive of nearby emissions of both Hg(0)
and RGM. Although mercury cell chlor-akali production was terminated in April 1999,
severd potentia sources of mercury emissions remain onsteincluding chlor-akai plant
decongruction, site cleanup activities, gross site contamination and mercury-laden waste
ponds. In addition, combustion of coa and other organic materids at the pulp and paper



mill will give rise to mercury emissionsthat could lead to detectable changes in nearby
ground-level amospheric mercury.

Digmantling of the cdl rooms commenced dmost immediately following the
termination of mercury cell operationsin April of 1999. Many of the associated activities
could result in sgnificant releases of mercury to the air. For example, the opening of
covered mercury cellsfor product removal exposes alarge quantity of mercury to the
amosphere that could lead to Sgnificant loss by volatilization. Subsequent trandfer of
mercury to large shipping containers could lead to spillage and further loss through
volatilization. Building washing and other decontamination activities could involve the
exposure of mercury contaminated surfaces, further facilitating loss of mercury to the
amosphere.

Between May 26 and June 8, 1999 over 57 tons of mercury was removed from
covered cdlls and shipped offste. By July 12 another 38 tons of mercury was recovered
during continued cdll draining and washing activities. Subsequent activities focused on
cleaning work areas and removing process components such as scrgp duminum and
copper. Disassembly of cdll covers began in November 1999 and continued into the first
half of 2000. It was reported that resdua mercury was contained within the cdlls. Thus
the opening of these cells may have facilitated mercury voldtilization. Severd
interruptions of norma decongtruction activities were documented including a prolonged
period during August and September of 1999 when Hurricanes Dennis and Floyd made
landfal. Only limited reports are available after August 2000 but it is likely that cleanup
efforts continued during the remainder of 2000.

It is difficult to ascertain whether specific mercury remova activities were
directly related to increases in amospheric mercury a either Riegelwood monitoring Site.
For example, during the May 26 - June 8, 1999 timeframe when over 57 tons of mercury
was drained and recovered, several large peaks for TGM were detected at the Flynn site;
however, the mgjority of these were associated with light and variable winds, making a
source-receptor relationship difficult to pinpoint. At the Balpark site the few events that
occurred were both associated with winds arriving from the plant aswell as winds
arriving from other directions. During subsequent weeks, when additional mercury cdlls
were drained and another 27 tons of mercury was recovered, very few large peaks of
TGM were seen at the Flynn ste. At Bdlpark a series of peaks between June 4 and 6
appeared to arrive from the chlor-akali plant but another series between June 15 and 20
showed only aweak relationship to wind direction. It is aso worth noting that
inconsistent monitoring results were obtained during "down times' when little or no
mercury cdll room activity was taking place. For example, between July 3 and 8, 1999 no
cdl room activities were reported and no peaks of atmospheric mercury were observed at
either Riegelwood site. In contrast, a similar downtime between July 17 and 22, 1999 saw
severd short-term peaks in atmospheric mercury appear at both sites on July 21 and 22.
Further in-depth andlysis of ambient monitoring data, a more detailed accounting of
decommissioning events and on-Site monitoring data would be necessary to fully explore
the relaionship between specific Ste activities and off-Ste mercury measurements.



The chlor-akai operation aso maintained mercury-contaminated waste ponds
that could act as a source of mercury emissions. Lindberg and Turner identified resdua
waste deposits at former mercury cdll chlor-akai facilities as important aamospheric
mercury emission sources (Lindberg and Turner). In their study they estimated that
gpproximately 160 pounds of mercury per year (predominantly Hg(0)) would be released
to the air from the mercury-containing waste ponds they studied. Although they point out
that awel-mixed atmosphere would substantialy dilute mercury levels at distances
outsde of 1.5 kilometers from the source, they were able to measure an increase in
mercury levels a distances exceeding 1 kilometer from the source. The authors
highlighted a positive relationship between waste pond surface temperature and mercury
emission rate with dramatically increased emissions above 20°C. A smilar relationship
was seen for alr temperature.

The mercury contaminated soils and waste ponds at this facility undoubtedly act
as asource of mercury emissions. Tremendous varigbility in emissonswould be
expected due to water temperature, air temperature, pH or the chemica composition of
the pond water and ongoing addition of wastes. Aswith surface waters, photochemical
reactions might enhance volatilization of mercury thus sunlight could adso impact
emissions from the waste ponds. Our data do not exhibit a relationship between air
temperature and mercury levels. However, other Site deconstruction activities most likely
would confound this relationship.

Although total emissons are rdaively inggnificant compared to many of the
sources discussed above, the pulp and paper mill isless than amile from monitoring
gations in Riegdwood and thus cannot be ruled out as a potentia loca influence on
atmospheric mercury levels. In addition to the pulp and paper mill and chlor-akai plant,
Wright Chemica Corporation, a chemica manufacturer was dso active in the
Riegelwood area. Thisfacility islocated gpproximately 1 kilometer to the south of
Riegelwood Flynn and 2 kilometers to the east- southeast of Riegelwood Ballpark. The
primary emissions from this facility indude anmonia, formadehyde and hydrogen
chloride resulting from the synthesis of organic chemicas. In 1999, 1.13 pounds of
mercury emissons were reported, primarily aresult of industrid boiler activity. This
represents less than 0.1% of the level of reported annual emissions fromthe chlor-akdi
fadlity.

Note: Recently (February, 2002), asite investigation performed by the USEPA
and the DENR Divison of Waste Management turned up abnormaly high readings for
atmaospheric mercury on Holtrachem plant property. Measurable readings taken with a
Jerome mercury vapor analyzer recorded levelsin the air between 0.03 and 0.077 mg/nT
near the mercury cdll building and retort pad. Visible contamination of plant structures
with liquid mercury was reported during the vist. If thisleve of Ste contamination can
be confirmed, then it may explain in large part the fluctuations in atmospheric mercury
observed a our Riegelwood monitoring Stes.



THE CHARLOTTE M ERCURY STUDY

Background

Charlotte is the largest urban city in North Carolina It is surrounded by severa
sgnificant point sources of mercury emissons including cod-fired dectric utility boilers,
medica and municipd waste incinerators, and large indugtria boilers. Since mercury
emitted to the atmosphereis capable of undergoing both short and long-range transport it
is probable that emissons from the Charlotte area affect downwind locations, including
local aquatic systems and sengitive waterways of eastern North Carolina. Continuous
atmaospheric monitoring for mercury will help to identify the magnitude and nature of
these influences.

Sufficient information is not currently available to determine long-term trends for
atmogpheric mercury in the Charlotte area. Thisinformation is required to better
understand relevant trends for amospheric pollutants in the urban areas, especidly in
rapidly growing population centers. Monitoring data during this sudy will help provide a
picture of atmospheric mercury trends in and around the Charlotte area. A mobile
monitoring unit is providing DAQ information to assess geographical variability in the
atmospheric levels.

Project Description

This study proposed to define tempora and geographic trends in atmospheric
mercury in the vicinity of Charlotte, North Carolina. To achieve this, two sampling sites
are being operated continuoudy for length of the sudy, beginning March 2002. The fixed
location Siteis near the center of downtown Charlotte. Continuous data on tota gaseous
mercury (TGM) and meteorological conditionsis generated at thisSte. ThisSte aso
houses avariety of other indruments providing data for other DAQ atmospheric
monitoring initiatives. It is anticipated that this datawill create a sngpshot of "urban™ air
quality conditions for thisarea. A mobile monitoring trailer will also be positioned at
three other locations on the perimeter of Charlotte over the course of the study. This
gtation will be equipped to monitor for TGM/RGM/Hg(0) with the capability to so
monitor for VOCs and carbonyls. This Ste is designed to capture air quality conditions
on the rapidly changing periphery of Charlotte. Siteswill be chosen to capture avariety
of influences including seasona upwind/downwind patterns, local mgor point sources
and/or heavy traffic aress.

Meteorologica datawill be collected at each sampling Ste. Parametersto be
measured include temperature, relative humidity and wind speed and direction.

Sampling Sites

Three mobile sites located around the periphery of Charlotte have been selected.
These dtes are located to the N, SW and SE of the city center. The first Steislocated at



Smithville Park; approximately 30.5 kilometers north of Charlotte and 0.5 kilometers east
of Interstate 77 at the corner of Catawba Avenue and South Ferry St in Cornelius, NC.
The park includes a picnic shdlter, playground, large soccer fidd, lighted bl field and
another unlighted ball field. The park is surrounded by residentia neighborhoods and
some smdl businesses to the northeest.

The second Site, referred to as the Matthews site, is located approximately 1
kilometer to the northwest of the Mecklenburg County line and 3 kilometers southeast of
Matthews, NC. The closest mgor thoroughfares are NC Highway 74, 2 kilometersto the
east, and 1-485, two kilometers to the north and west of the Site. The area around the Site
ishilly, rurd and sparsdy populated. The Steitsef islocated on adightly elevated area
in the middle of an open fidd with wais-high natura vegetation. The clearing extends
for at least 300 feet in Al directions. A smdl portion of the clearing is maintained for
power lines, which traverse the middle of the Site. A satellite campus of the Centra
RPledmont Community College is located approximatdy %2 mile to the north of the Site,
across atwo lane loca road that is 200 feet from the Ste. A medicd waste incinerator is
present, gpproximately 2 kilometers to the west of the Site. Although the incinerator
operation is not visible from the monitoring site due to a buffer of trees, a seam plume
can be seen when the incinerator is operationd.

The third steislocated at Kennedy Middle School (KMS) in rura southwest
Mecklenburg County, near the intersection of Sandy Porter Road and Brown Grier Road.
The steis approximately 12 kilometers to the southwest of downtown Charlotte. The
nearest sgnificant source of mercury emissonsis the Duke Power Allen Steam Plant,
located gpproximately 6 kilometers to the northwest of KMS. Other sgnificant loca
features include Charlotte-Douglas Internationa Airport (6 kilometers N) and 1-485 (1
kilometer E). Areasto the immediate north, west and south are predominantly rura or
sparsdly populated. To the east, consderable resdentia and commercid development
exigs aong the 1-485/1-77 corridor.

By providing continuous, multi-Site monitoring coverage, we hope to be able to
characterize differences between urban and "suburban” Charlotte air and determine the
relative influence of mgor point sources versus mobile or area sources clustered around
Charlotte. It is assumed that our chosen monitoring sites will be representative of air
typica of this environment. If highly unusud data are retrieved or loca point sources
completely svamp out other potentialy relevant influences on locd air qudity,
repogitioning of the mohile sampling Ste may be consdered.

Fluctuationsin total gaseous mercury can be indicative of point source influences
but lack the specific information to determine the potentid for transfer between the air
and the earth's surface. By characterizing multiple species of amospheric mercury, eg.
eementd and RGM, we hope to gain an understanding of the potentid for regiond
movement of those species predigposed to atmospheric deposition and the relationship
between fluctuationsin TGM and RGM in this urbar/suburban environment.



M ERCURY |N WATER

Waters affected by fish advisories by the Department of Health and Human
Services (DHHYS) are considered to be impaired by the DWQ. Therefore, DWQ is
required to perform Total Maximum Daily Load (TMDL) studies. The TMDL isthe
amount of agiven pollutant that a waterbody can assmilate while maintaining its
designated uses. This dlowable pollutant load must be dlocated to the various point and
area sources within the watershed. To establisha TMDL, the current level of
contamination must be determined.

In the past, water samples collected by the DWQ were analyzed according to EPA
Method 245.1, which has a method detection limit of 0.2 ug/L. All sample results were
reported as being below the method detection limit. The most recent sampling effort by
the DWQ, known as the NC Eastern Regional Mercury Sudy, utilizes EPA Method 1631.
This method has a detection limit three orders of magnitude lower than EPA Method
245.1 and is aso below the current water quality standard for mercury of 0.12 ug/L.

The DWQ hasidentified 4 mgor godsfor thisstudy. They are:
1. Todeeminelevesof ambient mercury in the surface water system

2. To edimate ste-gpecific total mercury methylmercury trandatorsto
evauate water qudity criteria

3. Todeveop site-specific water to fish bioaccumulation factors (BAFS).
4. Todeerminelevesof mercury in trestment plant effluent.
Study plans cdl for quarterly sampling from twelve Sites in selected waterbody
systems in the eastern portion of the state where the mgjority of fish advisories have been
issued or are anticipated (Table 1-11).

Table1-11
Water Study For Mercury Contamination

Mercury study Sites




Intensive monitoring at each system on a quarterly basis should reved seasonal
vaiaionsin mercury leves and methylmercury percentages, as well astime-variable
datafor potential model construction.

Surface water will be collected each quarter and analyzed for totd mercury
(THg), totd methylmercury (MeHg), dissolved organic carbon (DOC), and acid volatile
aulfides (AVS). Sediment will be collected during the summer and winter quarters and
andyzed for THg and MeHg. A comprehendve synoptic look &t levelsin wastewater
trestment plant (WWTP) effluent is also being conducted as part of this project. Effluent
from approximately 40 facilitiesin eastern North Carolinawill be sampled and andyzed
for total mercury usng EPA Method 1631. Figure 1-29 shows the water study area.

Interim Results

Thefirgt two quarters of ambient monitoring are complete. Thisincludestwo
quarters of data for surface water, and winter data for sediment. The monitoring of
WWTP effluent is underway. Ambient monitoring results are plotted againgt United State
Geologica Survey (USGS) 2000 data collected in National Ambient Water Quality
Assessment river basins. The Santee River Basin includes the Catawba and Broad River
Basnsin North and South Carolina

Figure 1-29
L ocation of Water Study Areas
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It is difficult to compare actud results with the USGS data with only two quarters
of non-summer data collected. However, using the USGS data as a base, total mercury
and methylmercury concentrations in North Carolina waters do not appear to be
ggnificantly different than those observed in other areas of EPA Region IV. Thetotd
mercury chart includes data the Middle Cape Fear River Basin Association collected in
1999 and 2000.

CURRENT AND FUTURE M ERCURY M ONITORING EFFORTS

The MDN sites at Lake Waccamaw and Pettigrew State Park continue to collect
data. If improvementsin source emissions and tota gaseous mercury at Lake Waccamaw
in fact are related to declining mercury levelsin regiona precipitation, then rainweater
data from this ste should be comparable to results from Pettigrew State Park in future
years. Atmospheric total gaseous mercury remained stable at basdline conditions during
2000 at Lake Waccamaw. Mercury levelsin rainwater during this period rose dightly
relaive to the previous year but remained lower than results from 1996 to 1998. This
could be partly areflection of lower precipitation rates, which declined by gpproximately
40 percent between 1999 and 2000. Mercury levelsin rainwater at Lake Waccamaw were
dightly higher than levels at Pettigrew State Park during the same period, but they were
comparable to historica data from that Ste. Mercury levelsin rainwater levels rose again
at Lake Waccamaw between 2000 and 2001. Again thisrise could reflect lower
precipitation rates, which fell an additiona 30 percent between 2000 and 2001. Or the
increase could be due to cleanup efforts at the defunct chlor-akali facility. More data,
collected over severd yearsis needed to determine whether trends seen over the past two
to three years support evidence for arelationship between regiona anthropogenic
activities and total gaseous mercury leves, or instead represent normal year-to-year
variability in mercury wet depogtion.

The DWQ will continue to monitor mercury in fish across North Carolina and has
severd sudiesin the works:

Continue low-level waterborne mercury study in eastern NC.
Monitor tissue andyd's in marine species after remova of known
atmospheric source.

Operate six gations around the defunct Riegelwood chlor-akai plant
(begun in 2001 and will continue as resources alow for the foreseegble
future).

Monitor 12 sites for low-level ambient mercury.

Determine ambient levels of mercury in surface water.

Devedop site specific BAF swith fish.

Continue methylmercury andyss of marine species (Spot, Croaker,
Speckled Trout, and Bluefish, with more species as resources dlow)
jointly with the DWQ, DHHS, and DMF.



Methylmercury (MeHg) in surface water

Nationwide and Southeast (USGS 2000)
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DATA MANAGEMENT

Mercury Vapor Analyzers

Anayticd data from the Tekran 2537A unit was stored in ASCI| text filesand
saved on a computer hard drive located at the sampling Stes. Information stored included
identification of sampling date and time, sample type, channd, peak datus, units factor,
adsorption time, sample volume, baseline voltage, basdine deviation voltage, maximum
voltage, peak area, and average mercury vapor concentration. TGM concentration was
caculated and presented based on area vaues and total sample volume. Periodic
cdibration outputs (conducted every 25 hours) performed on zero air and permestion
source air aso appeared on data outputs (Fig 2-1).

Data files were copied onto floppy diskette and labeled with time, date and
sampling site by the field operator and returned to the laboratory. Here, the weekly data
were converted to worksheet form using Microsoft Excel and transferred to a master file
containing data from previous weeks sampling during that quarter. Data were color-
coded to delineate cdibration data from actual sampling data. Data preceding or
following an unsuccessful calibration exercise were coded as rejected data and were not
considered valid.

Vdidated, quality-coded meteorologicd and andytica data were posted by the
Data Manager on the DAQ network drive weekly. The origina data files were not
manipulated by anyone other than the Data Manager. A second study participant
reviewed the converted data to assure proper data handling. Weekly analytica datawas
kept in its raw unconverted form, in addition to the final color-coded form. This alowed
the data manager to back-check datato confirm integrity through the conversion process.

Datain this report are presented using outputs from Microsoft Excel and Harvard
Graphics. All atistical evauations were carried out using Microsoft Excdl.

Mercury Speciation Unit

Data are stored at the site on a computer hard drive and handled as described
above for the mercury vapor andyzers. The same data evaluation procedures were used
to verify or rgect data based on QA/QC parameters. However, in addition to 5-minute
continuous data on Hg(0) leves the insrument outputs data on clean and andyss cycles
for RGM. Data on the zero air (flush) runs were ingpected closgly to assure that sufficient
cleaning of the sample lines was taking place prior to the
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desorption and andysis cycle for RGM. Idedly the fina zero air run should read 0.000
ng/nT. In addition, readings for RGM were scrutinized to assure that sequential vaues
declined over each of the three readings. This ensures that proper displacement of RGM
from the denuder surface is taking place during the desorption and analysis cycle. In
theory, dmogt al captured RGM should arrive at the gold traps within the firgt 5-minute
sampling period. Suspect samples were flagged and removed from al subsequent
anayses of the RGM data.

Generaly data for both reactive gaseous and Hg(0) are presented as S multaneous

2-hour averages. RGM values are calculated by summing the first two andlysis vaues
and subtracting two times the final system flush reading.* A limit of detection of 0.4
pg/nT was calculated for RGM based on the reported 0.1 ng/n® limit of detection for

TGM (see cdculation, below). All RGM readings less than 0.4 pg/nT have been reported

as non-detect.
Average® Span value (AUC) per ng/nt Hg(0) = 44268.4
Areaa 0.1 ng/nT Hg(0), reported minimum level of detection = 4426.8
Average AUC vaue per pg/nt Hg(2+) = 10494.9

Level of Hg(2+) a 4426.8 AUC minimum level of detection = 0.4 pg/m®

M eteor ology

All data from meteorologica stations were stored eectronically and downloaded
weekly from Climatronics CR-10 and CR-10x data loggers onto laptop computer hard
drives. At the laboratory, data was converted from itsraw text form to tabular formin
Microsoft Excel and was reviewed closdly by the data manager to ensure reasonable
va ues had been recorded. Meteorologica data included sampling interval, average wind
speed, average and standard deviation of wind direction, and temperature. Additiondly,
information on reaive humidity was available from the Riegelwood Bdlpark ste during
mercury speciation studies. A copy of the raw meteorologica data was kept on floppy
diskette to alow the data manager to confirm the integrity of the data.
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HEALTH EFFECTS

Consumption of fish can be beneficia for both pregnant and breastfeeding
women, and their developing children. The developing retina and nervous system of an
unborn child may benefit from materna consumption of fish during pregnancy.
Additiondly, fish consumption has been associated with a decreased risk of heart attack
and coronary artery disease in adults (Neuringer, M., S. Reisbick, and J. Janowsky, 1994.
Therole of n-3 faity acidsin visud and cognitive development: current evidence and
methods of assessment. J. Pediatr. 125:S39-47. Toxicology Excdlence for Risk
Assessment TERA, 1999. Comparative Dietary Risks: Bdancing the Risks and Benefits
of Fish Consumption. Results of a Cooperative Agreement between US. Environmenta
Protection Agency and Toxicology Excdlence for Risk Assessment Find). However, a
form of methylmercury known as methylmercury can accumulate to harmful
concentrations in predatory fish (Environmenta Protection Agency EPA, 1997.
Summary. Val. 1. In: Environmenta Protection Agency (US). Methylmercury Study
Report to Congress. Washington: EPA. Pub. No.EPA-452/R-97-001). Consumption of
these fish by pregnant and/or nursing women and by children poses a hedlth risk to
children and fetuses.

The developing human nervous system is particularly sengtive to methylmercury.
Severa studies have reported increasing effects on the devel oping nervous system of an
unborn child with increesing maternal methylmercury exposure from routine fish and
whde consumption. Neurologica processes in the areas of language, attention, and
memory were most affected. According to the National Academy of Sciences, studies
conducted in the New Zealand and Faroe Idands show that the deficits observed can be
congdered predictive of problemsin cognitive and academic performance associated
with methylmercury exposure, or can affect the way the children may think, learn, and
problem solve. These studies have shown the developing fetus to be at least three times
more sengtive than adults (NRC National Research Council 2000. Toxicologica Effects
of Methylmercury. Committee on the Toxicologica Effects of Methylmercury, Board on
environmenta Studies and Toxicology, Commission on Life Sciences, National Research
Council. Washington, DC: Nationa Academy Press).

Routine consumption of fish containing concentrations of 0.4 mg/kg or greater of
methylmercury poses an increased risk of neurodevelopmenta effects for the developing
fetus and children under 15 years of age (US EPA Water Qudity Criterion for the
Protection of Human Hedlth: Methylmercury, Final. Office of Science and Technology,
Office of Water, Washington, DC. EPA-823-R-01-001. January 2001). The USEPA
reference dose for methylmercury is 0.1 ug/kg-day (corresponds to materna hair level of
1 mg/kgand blood leve of 5.8 ug/L). Thisisthe dosethat isnot likely to be associated
with hedlth effects for the developing fetus and child. Routine consumption of fish
containing 0.4 mg/kg of methylmercury can result in exceedance of the US EPA
reference dose for methylmercury. To derive the reference dose of 0.1 ug/kg-day, EPA
caculated benchmark doses (BMD) or doses associated with a 5% incrementd risk
above background (background associated with 5% risk) of having abnormal



neuropsychological test scores for children from the Faroe Idands located in the North
Sea between Scotland and Iceland. These test scores provide a measure of the way
children learn, think, and problem solve.  The mothers of these children consumed three
fish medls per week and less than one pilot whae med per month. The benchmark dose
chosen based on EPA and Nationd Academy of Science review was 85 ppb in cord
blood which corresponds to 15 mg/kgin hair. At these blood and hair levels, thereisan
esimated 5% incremental risk above background of having abnormal neuropsychologica
test scores. EPA determined the 95% confidence interva or the range of doses that would
be expected to be associated with atotal 10% risk of having abnormal scores or 5%
incrementad risk above background. The lowest dose of thisinterva was 58 ppb in cord
blood or 10 mg/kgin maternd hair and is designated as the Benchmark Dose Limit
(BMDL). This correspondsto an intake of 1.081 ug/kg-day. An uncertainty factor of 10
was applied to the 1.081 ug/kg-day to account for variahility in susceptibility within the
study cohort, variability in pharmacokinetic parameters for methylmercury, and lack of
dataon long term sequelae of in utero exposure. The resulting reference doseis 0.1
ug/kg-day or 0.0001 mg/kg-day corresponding to hair level of 1.0 mg/kg (Reference
dose of 0.0001 mg/kg-day supported by the National Academy of Sciences as referenced
in the Toxicologica Effects of Methylmercury, National Research Council, National
Academy Press, Washington, DC 2000. )

The Centers for Disease Control and Prevention's 1999 National Hedlth and
Nutrition Examination Survey (NHANES) reported blood and hair methylmercury
sample results for women ages 16 to 49. Approximately 10 percent of the women
surveyed had hair methylmercury levels above the EPA-recommended hair level of 1
mg/kg to protect developing fetuses (corresponds to reference dose of 0.1 ug/kg-day).
According to the Centers for Disease Control and Prevention, this indicates a narrow
margin of safety for some fetuses (Blood and Hair Methylmercury Levelsin Young
Children and Women of Childbearing Age-United States, 1999. 1999 Nationd Hedth
and Nutrition Examination Survey, MMWR March 02, 2001 /50 (08);140-3). EPA
estimates that at or below the reference dose of 0.1 ug/kg-day or maternd hair level of 1
mg/kg, chronic noncancer health effects are not likely to occur. But as the exposure dose
increases above the EPA reference dose, the probability of adverse hedlth effects dso
increases.



FIsH TISSUE SAMPLING LED TO STATE ADVICE

In January 2001, the United States Environmental Protection Agency (EPA) and
the Food and Drug Adminigtration (FDA) issued nationd advisories for fish dueto the
presence of methylmercury in fish. Some fish like shark, swordfish, king mackerd, and
tilefish contain high levels of methylmercury. EPA and FDA are concerned that maternal
or child consumption of these fish could cause harm, particularly to the developing brain
of the fetus and child. The federd advisories recommend that women of childbearing age
and children not eat shark, swordfish, king mackerd, and tilefish. However, federd
officids recognize the hedth benefits of egting fish and are recommending that women of
childbearing age and children eat up to two meals aweek of other fish including fish sold
in stores and restaurants as well as those caught in freshwater and the ocean. The NC
Department of Health and Human Services has devel oped fish consumption advice that
supplements the EPA and FDA advisories for sengitive populations which can be found
at http://www.epi.state.nc.usepi/fisy.

This new advice was based on thetoxicologica review completed by the Nationd
Academy of Sciences and the 1990-1999 methylmercury freshwater fish tissue data
collected across the state (Toxicological Effects of Methylmercury, Nationa Research
Council, Nationa Academy Press, Washington, DC 2000; Booker, J. memo to Williams,
L. 2001. Center for Hedlth Informatics and Statistics Satistical analyses of North
Carolina methylmercury fish tissue data).

The mean and/or median levels for dl the basins sampled are compared to the
leved of concern of 0.4 mg/kg. Based on the statewide basin-by-basin review, the median
methylmercury levels for largemouth bass, bowfin, and chain pickerd are equd to or
greater than the 0.4 mg/kg in amgority of the basins located south and east of Interstate
85. For largemouth bass, the median methylmercury levels for 10 out of 16 basins
sampled were equd to or greater than 0.4 mg/kg. For bowfin, the median methylmercury
levelsfor 11 out of 12 basins sampled were equa to or greater than 0.4 mg/kg. For chain
pickerel, the median methylmercury levels for 9 out of 10 basins sampled were equa to
or greater than 0.4 mg/kg. In addition, the statewide mean and median methylmercury
levelsfor largemouth bass, bowfin, and chain pickerd are al greater than 0.4 mg/kg.

The number of largemouth bass, bowfin, and chain pickerd sampled across the state was
820, 475, and 103, respectively.

Approximately 26 states have issued methylmercury fish consumption advisories
for largemouth bass, bowfin, and chain pickerd (http://Amww.epa.gov/ost/fish).

Based on NC DHHS review of the fish tissue data and risk assessment, three
freshwater pecies have been added to the federd list of fish recommended for no
consumption for sengitive populations. NC DHHS is advigng thet women of
childbearing age — including women who are likely to get pregnant, nursng women, and
pregnant women — and children under 15 years of age follow FDA advice and not eat
shark, swordfish, king mackerd, and tilefish. According to FDA, the average
methylmercury levels for tilefish, swordfish, shark, and king mackerd are 1.45 mg/kg,



1.00 mg/kg, 0.96 mg/kg, and 0.73 mg/kg, respectively. Also, these individuas should not
eat bowfin (blackfish), chain pickerd (jack fish) or largemouth bass collected from North
Carolinawaters south and east of Interstate 85 (areas of concern for these species).

NC DHHS isadvisng that women of childbearing age and children eat two meds
per week of fish low in methylmercury like farm-raised fish, canned tuna and other canned
fish, fish gticks, shrimp, crab, lobster, clams, oysters, scallops, sdmon, trout, cod,
whitefish, pollock, mahi-mahi, ocean perch, haibut, haddock, flounder, croaker, herring,
crappie, sunfish, white perch, yelow perch, and bream.

HUMAN M ETHYLMERCURY BURDEN

Methylmercury isameta and never degrades or bresks down in the environment
to alesstoxic form. In fact, methylmercury is often converted in the aquatic environment
to amuch more toxic form, methylmercury. Thisisthe form of methylmercury thet is
incorporated into the food chain so efficiently that fish at the top of the aquatic food chain
can have concentrations of methylmercury in their muscle tissue that can be one million
times higher than the methylmercury concentration in the water. Fish consumption isthe
primary way that both humans and wildlife are exposed to methylmercury.
Methylmercury can accumulate to harmful concentrations in predatory fish. In North
Caradlina, high leves of methylmercury (levels at 0.4 mg/kg or greater) have been found
in ocean fish like shark, swordfish, king mackerd, and tilefish, and in freshweter fish like
largemouth bass, bowfin, and chain pickerd south and east of Interstate 85. \Women of
childbearing age and children have been natified through advisories to not et the four
ocean fish and the three freshwater fish south and east of Interstate 85 (primarily located
in the south eastern portion of the state) but have been given recommendations to eat
other low methylmercury fish. See attached maps. These advisories have been issued to
protect the most sengtive population, the developing child. The developing human
nervous system is particularly sensitive to methylmercury. Several studies have reported
increasing effects on the developing nervous system of an unborn child with increasing
materna methylmercury exposure from routine fish and whae consumption.

Neurological processesin the areas of language, attention, and memory have been most
affected.

The NC DHHS is seeking funding from the Centers for Disease Control and
Prevention to conduct biomonitoring in saven counties including Columbus (Co),
Brunswick (Br), Bladen (Bl), Moore (Mo), Scotland (Sc), Duplin (Du), and Martin (Ma)
Counties. The largemouth bass and bowfin in these counties have some of the highest
methylmercury fish tissue concentrationsin the state.  Based on consultation with loca
residents from these counties and with the North Carolina Fish and Wildlife, there are
recreationa and subsistence fishermen in these counties.  The potentia for exposure to
high levels of methylmercury exigs for individuas living in these counties. Even though
there are advisories in these areas, the people may not be aware of the advisories or may
choose to ignore them.  An epidemiologicd study consisting of blood and hair
methylmercury analys's was completed in 1990 after discovering eevated fish tissue
leves in largemouth bass and bowfin for Columbus and Brunswick Counties. Some of



the highest levels of methylmercury in human hair and blood ever recorded in the United
States have been identified among residents living in Columbus and Brunswick Counties.
The purpose of this study was to determine if the subsistence fishermen in these counties
had eevated methylmercury blood or hair levels. A totd of 64 blood samples and 77 hair
samples were collected for 81 resdents living in these two counties. There was a positive
correlation between residents with high rates of fish consumption from the waters under
advisory and elevated methylmercury hair and blood levels. The blood levels ranged
from non detect to 141 ug/L (well above 5 % effect leve of 58 ug/L associated with
abnorma neurodevel opmental scores above background). The hair levels ranged from
non detect to 33.5 mg/kg (well above 5% effect level of 10 mg/kg associated with
abnormal neurodevel opmenta scores above background).

Additiona biomonitoring is needed to prevent illness and improve public hedth
through the following:

To determine awareness of the fish advisories pertaining to methylmercury and to
aso communicate the fish advisories.

To modify and/or expand approach for communicating fish advisories if
decreased awareness or individuds are not following advice.

To determine methylmercury body burden levels among women of childbearing
age and children within the counties that have some of the highest methylmercury
fish tissue levelsin the Sate and to recommend low methylmercury fish choices.

The results of the sudy will benefit women of childbearing age and their
offspring. The program will obtain information about the proportion of women who are
aware of the advisory and how to successfully distribute advisory information to women
who are not getting the message. By increasing the proportion of women who are aware
of the advisory, the program will decrease methylmercury exposure to the women and
their offoring. In addition, the intervention design will be shared with other states so that
thelr advisory information will be distributed successtully to this subpopulation. The end
result is to ensure that women of childbearing age are getting the advisory information o
that they will limit their exposure to methylmercury and other contaminants through
consumption of fish.

ESTIMATED RISK TO NEWBORNSIN NORTH CAROLINA

The potentid number of newbornsin North Carolina at risk from maternd
exposure to methylmercury is caculated using data from the 1999 Nationa Hedlth and
Nutrition Examination Survey (NHANES). This survey reported blood and hair
methylmercury sample results for women ages 16 to 49. Approximately 10 percent of the
women surveyed had hair methylmercury levels above the EPA-recommended hair level
of 1 mg/kgto protect developing fetuses (corresponds to reference dose of 0.1 ug/kg
day). According to the Centers for Disease Control and Prevention, thisindicates a
narrow margin of safety for some fetuses (Blood and Hair Methylmercury Levesin
Y oung Children and Women of Childbearing Age—United States, 1999. 1999 National
Hedlth and Nutrition Examination Survey, MMWR March 02, 2001 /50 (08);140-3). EPA



edimates that at or below the reference dose of 0.1 ug/kg-day or maternd hair leve of 1
mg/kg, chronic noncancer hedlth effects are not likely to occur. But as the exposure dose
increases above the EPA reference dose, the probability of adverse hedth effects dso
increases.

Using thisinformation, one may extrapolate to find the number of newborn
infantsin North Carolina that may potentialy be a risk. This extrgpolation assumes that
the NHANES population surveyed is representative of a cross section of North Carolina
and that women in North Carolina have methylmercury levels smilar to levesfound in
the NHANES survey.

Based on the 1995 nationd fecundity rates for women ages 15 to 44 and the
population data for North Caroling, it is estimated that there are 1,105,045 fertile women
in North Carolina (Nationa Center for Hedth Statidtics,
http:/Amww.cdc.gov/nchs/datalseries/sr 23/523 19.pdf). Using the North Carolina
fertility rate of live births of 67.5 per 1,000 fertile women for 1999, one can expect
74,590 live births (Center for Hedlth Informatics and Statigtics, http://sdc.state.nc.us). |If
one assumes that 10 percent of the maternd hair levels for the 74,590 births are greater
than 1 mg/kg as reported in the nationa survey, then 7,459 North Carolina fetuses may
be a a dose higher than that recommended by EPA. EPA estimates that chronic
noncancer hedth effects are not likely to occur at or below the reference dose. But asthe
exposure dose increases above the EPA reference dose, the probability of adverse hedlth
effects also increases.

NEED FOR M ERCURY BIOMONITORING IN NORTH CAROLINA

Mercury isameta and never degrades or breaks down in the environment to a
lesstoxic form. In fact, mercury is often converted in the aguatic environment to amuch
more toxic form, methylmercury. Thisis the form of mercury that isincorporated into the
food chain so efficiently that fish at the top of the aquatic food chain can have
concentrations of methylmercury in their muscle tissue that can be one million times
higher than the mercury concentration in the water. Fish consumption isthe primary way
that both humans and wildlife are exposed to mercury. Methylmercury can accumulate to
harmful concentrations in predatory fish. In North Carolina, high levels of
methylmercury (levels a 0.4 mg/kg or greater) have been found in ocean fish like shark,
swordfish, king mackerel, and tilefish, and in freshweter fish in the south eastern portion
of North Carolinalike largemouth bass, bowfin, and chain pickerel. WWomen of
childbearing age and children have been advised through advisories to not et the four
ocean fish and the three freshwater fish south and east of Interstate 85 (primarily located
in the south eastern portion of the state) but have been given recommendations to eat
other low mercury fish. These advisories have been issued to protect the most sensitive
population, the developing child. The developing human nervous system is particularly
sengtive to mercury. Severd studies have reported increasing effects on the developing
nervous System of an unborn child with increasing materna mercury exposure from
routine fish and whale consumption. Neurologica processes in the areas of language,
attention, and memory have been most affected.



As shown in the attached maps, the seven counties consdered in the mercury
biomonitoring study include Columbus (Co), Brunswick (Br), Bladen (Bl), Moore (Mo),
Scotland (Sc), Duplin (Du), and Martin (Ma) Counties which have some of the highest
mean methylmercury concentrations reported in the state for largemouth bass and bowfin.
Based on consultation with local residents from these counties and with the North
CarolinaFish and Wildlife, there are recregtiona and subsistence fishermen in these
counties.  The potentid for exposure to high leves of methylmercury exists for
individuas living these counties. Even though there are advisories in these aress, the
people may not be aware of the advisories or may chooseto ignore them.  Some of the
highest levels of mercury in human hair and blood ever recorded in the United States
have been identified among resdents living Columbus and Brunswick Counties (two
counties being considered in the study and have some of the highest methylmercury
levelsin largemouth bass and bowfin in the sate). After finding eevated methylmercury
levesin largemouth bass and bowfin, an epidemiologica study in 1990 was conducted
where 64 blood samples and 77 hair samples were collected for 81 resdentsliving in
these two counties. There was a positive correlation between residents with high rates of
fish consumption from the waters under advisory and eevated mercury hair and blood
levels. Theblood levelsranged from non detect to 141 ug/L (well above 5 % effect leve
of 58 ug/L associated with abnorma neurodevel opmental scores above background).
The hair levels ranged from non detect to 33.5 mg/kg (well above 5% effect level of 10
mg/kg associated with abnormal neurodevel opmental scores above background).

Additiona biomonitoring is needed to prevent illness and improve public hedth
through the following:

To determine awareness of the fish advisories pertaining to mercury and to dso
communicate the fish advisories.

To modify and/or expand gpproach for communicating fish advisories if decreased
awareness or individuds are not following advice.

To determine mercury body burden level among women of childbearing age and
children within the counties that have some of the highest methylmercury fish tissue
levelsin the gate and to recommend low mercury fish choices.

The results of the study will benefit women of childbearing age and their
offgoring. The program will obtain information about the proportion of women who are
aware of the advisory and how to successfully distribute advisory information to women
who are not getting the message. By increasing the proportion of women who are avare
of the advisory, the program will decrease mercury exposure to the women and their
offgoring. In addition, the intervention design will be shared with other states so that
their advisory information will be distributed successfully to this subpopulation. The end
result is to ensure that women of childbearing age are getting the advisory information so
that they will limit their exposure to mercury and other contaminants through
consumption of sport fish.
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NC SAFE FISH EATING GUIDELINES

Prepared by the
Medical Evaluation and Risk Assessment Unit (M ERAU)

Augugt 29, 2001

Women of Childbearing Age (15-44 years), Pregnant Women, Nursing Women, and
Children Under 15 Years

Eat two meals per week of fish low in methylmercury like farm-raised fish, canned
tuna and other canned fish, fish sticks, shrimp, crab, lobster, clams, oysters, scallops,
sdmon, trout, cod, whitefish, pollock, mehi-mahi, ocean perch, halibut, haddock,
flounder, croaker, herring, crappie, sunfish, white perch, yellow perch, and bream.*

Do not eat shark, swordfish, tilefish, or king mackerel.** Also, do not eat bowfin
(blackfish), chain pickerd (jack fish) or largemouth bass caught in North Carolina
waters south and east of Interstate 85.

Other Women, Men, and Children over 15 Years

Eat four meals per week of fish low in methylmercury like farm-raised fish,
canned tuna and other canned figh, fish sticks, shrimp, crab, lobgter, clams, oysters,
scdlops, samon, trout, cod, whitefish, pollock, mehi-mahi, ocean perch, haibut,
haddock, flounder, croaker, herring, crappie, sunfish, white perch, yellow perch, and
bream.*

Eat no morethan one meal per week of shark, swordfish, tilefish, or king mackerdl.
Also, eat no mor e than one meal per week of bowfin (blackfish), chain pickerel
(jack fish), or largemouth bass caught in North Carolina waters south and east of
Interstate 85.

*All fish and shellfish should be properly prepared and cooked.

**On January 12, 2001 EPA and FDA issued nationd fish consumption advisories due to
high levels of mercury in some marine fish. These advisories recommend that women of
childbearing age and children should not eat shark, swordfish, king mackerd or tilefish The
advisories dso recommend that these individuas eat one to two meals aweek of other (low-
mercury) fish.



DiscussiON OF NORTH CAROLINA SAFE FISH EATING GUIDELINES
DUE TOM ETHYLMERCURY IN FISH
August 29, 2001

Medical Evaluation and Risk Assessment Unit (MERAU)

Risk Assessment

Materna consumption of fish containing methylmercury is associated with adverse feta
neurodevelopmentd effects. Fetal exposure to methylmercury may affect theway a child thinks,
learns, and problem solves later in life. Children under age 15 are considered to be potentialy at
risk from consumption of methylmercury in fish, Snce the neurological systems of children are
more likely to be affected by methylmercury exposure than the neurologica systems of adults.

The risk assessment for methylmercury infish isin Attachment A.  Fish medls per month and

week are calculated for women of childbearing age (15 to 44 years), children (under 15 years),

and generd public (maes 15 years and older and women older than 44 years). The reference dose
for methylmercury used for women of childbearing age and childrenis 0.1 ug/kg-day

(corresponds to materna hair level of 1 ppm and cord blood level of 5.8 ppb). The reference dose
for methylmercury used for the generd public is 0.3 ug/kg-day. Based on the risk assessment and
EPA guidance, fish tissue concentrations of 0.4 ppm or greater pose an increased risk of
neurodevelopmenta effects for the developing fetus and children under 15 years of age (US EPA
Water Quality Criterion for the Protection of Human Hedth: Methylmercury, Find. Office of
Science and Technology, Office of Water, Washington, DC. EPA-823-R-01-001. January 2001).

Estimated Risk

The potentid number of newbornsin North Carolina a risk from materna exposure to
methylmercury is cdculated using datafrom the 1999 National Health and Nutrition
Examination Survey (NHANES). Thissurvey reported blood and hair methylmercury sample
results for women ages 16 to 49. Approximately 10 percent of the women surveyed had hair
methylmercury levels above the EPA-recommended hair level of 1 ppm to protect developing
fetuses (corresponds to reference dose of 0.1 ug/kg-day). According to the Centers for Disease
Control and Prevention, this indicates a narrow margin of safety for some fetuses (Blood and
Har Methylmercury Levelsin Y oung Children and WWomen of Childbearing Age—United States,
1999. 1999 Nationd Hedlth and Nutrition Examination Survey, MMWR March 02, 2001 /50
(08);140-3). EPA edimatesthat at or below the reference dose of 0.1 ug/kg-day or maternd hair
leve of 1 ppm, chronic noncancer hedlth effects are not likely to occur. But as the exposure dose
increases above the EPA reference dose, the probability of adverse hedlth effects also increases.

There were no mercury levels greater than the 5 percent effect leve of 10 ppm hair and
58 ppb blood, both of which are associated with a5 percent risk of anorma
neurodevel opmenta scores above background. Therefore, the potentia risk to the developing
fetuses of the women surveyed was reported to be less than 5 percent.



Usng thisinformation, one may extrapolate to find the number of newborn infantsin
North Carolinathat may potentialy be at risk. This extrapolation assumes that the NHANES
population surveyed is representative of a cross section of North Carolina and that womenin
North Carolina have methylmercury levels smilar to levels found in the NHANES survey.

Based on the 1995 nationd fecundity rates for women ages 15 to 44 and the population
datafor North Caroling, it is estimated that there are 1,105,045 fertilewomen in North Carolina
(National Center for Hedlth Statitics, http://www.cdc.gov/nchs/datalseries/sr_23/sr23_19.pdf).
Using the North Carolinafertility rate of live births of 67.5 per 1,000 fertile womenfor 1999,
one can expect 74,590 live births (Center for Hedlth Informatics and Statitics,
http://sdc.state.nc.us). If one assumesthat 10 percent of the maternd hair levelsfor the 74,590
births are greater than 1 ppm as reported in the nationd survey, then 7,459 North Carolina
fetuses may be at a dose higher than that recommended by EPA but till be a lessthan a5
percent risk of developing abnorma neuropyschologica test scores. EPA estimates that chronic
noncancer hedth effects are not likely to occur at or below the reference dose. But asthe
exposure dose increases above the EPA reference dose, the probability of adverse hedlth effects
also increases.

General Comments

MERAU requested that the North Carolina Department of Health and Human Services
Center for Hedlth Informatics and Statistics do agatisticd andysis of the 1990 to 1999 totd
mercury fish tissue data collected by the North Carolina Department of Environment and Natura
Resources Water Quality Section (see Attachments B and C). The mean and/or median levels
for dl the basins sampled are compared to the level of concern of 0.4 ppm. Based on the
gtatewide basin-by-basin review, the median methylmercury levels for largemouth bass, bowfin,
and chain pickerel are equal to or greater than the 0.4 ppm level of concern south and east of
Interstate 85. For largemouth bass, the median methylmercury levels for 10 out of 16 basins
sampled were equal to or greater than 0.4 ppm. For bowfin, the median methylmercury levels
for 11 out of 12 basins sampled were equal to or greater than 0.4 ppm. For chain pickerd, the
median methylmercury levels for 9 out of 10 basins sampled were equa to or greater than 0.4
ppm. In addition, the statewide mean and median mercury levels for largemouth bass, bowfin,
and chain pickerdl are dl greater than 0.4 ppm. The number of largemouth bass, bowfin, and
chain pickerd sampled across the state was 820, 475, and 103, respectively.

Fish tissue data are not available for some basins and counties as identified in
Attachments B and C. In addition, the sample size per county issmall. Because of the limited
sample size per county, the mean and/or median for each basin is compared to the action level of
0.4 ppm. Recommendations will be made to the Water Qudity Section to continue fish tissue
sampling and total mercury fish tissue andlys's, particularly in areas not previoudy sampled.

The mgjority of the basins sampled across the state had median (50" percentile)
methylmercury levels of 0.4 ppm or grester for largemouth bass, bowfin, and chain pickerdl
(63%, 92%, and 90%) as identified in Attachment C. In other words, 50 percent of the



largemouth bass, bowfin, and chain pickerel within the mgority of basins sampled are at leves
of concern. Approximately 26 states have issued mercury fish consumption advisories for
largemouth bass, bowfin, and chain pickerd (http://www.epa.gov/ost/fish).

Based on MERAU review of the fish tissue dataand risk assessment, MERAU is
advisng that women of childbearing age — including women who are likely to get pregnant,
nursing women, and pregnant women — and children under 15 years of age follow FDA advice
and not eat shark, swordfish, king mackerd, and tilefish. According to FDA, the average
methylmercury levelsfor tilefish, swordfish, shark, and king mackerel are 1.45 pm, 1.00 ppm,
0.96 ppm, and 0.73 ppm, respectively. Also, these individuas should not eet bowfin (blackfish),
chain pickerd (jack fish) or largemouth bass collected from North Carolina waters south and east
of Interstate 85 (areas of most concern for these species).

MERAU isadvisng that women of childbearing age and children eat two meals per week
of fish low in methylmercury like farm-raised fish, canned tunaand other canned fish, fish sticks,
shrimp, crab, lobster, clams, oysters, scallops, salmon, trout, cod, whitefish, pollock, mahi-mahi,
ocean perch, haibut, haddock, flounder, croaker, herring, crappie, sunfish, white perch, yellow
perch, and bream.

MERAU isadvisng that the generd public — al other women, men, and children over 15
years — eat no more than one med per week of fish that may be high in methylmercury such as
shark, swordfish, tilefish, and king mackerdl. These individuals should eat only one medl per
week of bowfin, chain pickerd, or largemouth bass collected in North Carolina waters south and
east of Interdtate 85. In addition, the generd public should eat 4 meals per week of fish low in
methylmercury, like farm-raised fish, canned tuna and other canned fish, fish sticks, shrimp,
crab, lobster, clams, oysters, scallops, salmon, trout, cod, whitefish, pollock, mahi-mahi, ocean
perch, halibut, haddock, flounder, croaker, herring, crappie, sunfish, white perch, yelow perch,
and bream.

MERAU further recommends that al fish and shellfish be properly prepared and cooked.



