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1.0 ABSTRACT

Mercury-cell based chlor-alkali plants releasedaaghounts of mercury (Hg) in the
water column and air. The loading and methylatibmorganic Hg near these plants is a
great concern for potential local impacts on ecellgand human health. The largest Hg
emitter of the eight remaining mercury based chl&gli plants in the United States (U.S.), as
of the summer of 2006, was investigated for Hglewethe local environment. We
measured Hg in water, river sediment, floodplaith ish and birds and methylmercury
(MeHg) in sediment and soil sampled from the HiveasRiver Basin upstream and
downstream of the plant.

Total Hg levels in the water ranged from 0.29nghstneam to 2.10 ng/L downstream
and exceeded aquatic guidelines at three of tleedownstream sampling stations. Total Hg
in river sediment (range 140-2876 ng/g dry weight]) exceeded U.S. and Canadian wildlife
criterion values by factors of 2 to 6 at sitesueficed by plant effluent. These same sites
were estimated to have a 78-88% probability of @setdiment toxicity, based on a logistic
model. Floodplain soil Hg levels (range 19-259%ndW) were lower than riverine sediment
levels at every site. The percentage of total orgrthat was methylmercury was 0.4 to 0.8%
for sediments and 0.4 to 1.2% for soils, reflecangystem that is not highly efficient at
producing methylmercury. Nevertheless, MeHg lewelsediments (range 0.8-16.0 ng/g)
achieved high levels in direct proportion to highroury loading in the river.

While no legal sized game fish were sampled inghisly, other fish and songbird Hg
body burdens were below critical body residue (CERgls. Forage fish Hg levels averaged
0.05 pg/g (wet weight [ww]). Small game fish (sshfand small striped and largemouth
bass) ranged up to 0.17 pg/g (ww) and were belewt!s. EPA fish tissue criterion for
methylmercury of 0.30 pg/g (ww). The Carolina Wreas used as an indicator for the
abilities of wetlands to methylate Hg. Carolinaéis had a mean blood Hg level of 0.19
pa/g (ww), which was well below the CBR of 1.18 gugfww).

Based on this limited investigation, the largest¢#h to the Hiwassee River system
may be from the high toxicity of the sediments ¢édtdm dwelling biota. Further research is
necessary to assess the potential of differenpatehtially greater methylation rates

downstream of the 2006 sampling area.
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2.0 BACKGROUND

The negative influence of mercury (Hg) and mletiercury (MeHg) availability and
subsequent ecotoxicity to aquatic and terrestdasgstems has been demonstrated in various
parts of the United States. Recent coordinatexttsffn the Northeast by scientists, landscape
managers, and policy makers have shown that sieeintidings can play an important role in
state and national efforts to regulate mercury (gtgjssions and effluents. Thanks, in part, to
the New England Governors and Eastern Canadianiéermlew England, New York and
eastern Canada now have only minor contributoenttiropogenic Hg into the environment
(Smith and Trip 2005). Major contributors of Hgissions and effluents are common outside
of this region, particularly in other areas of #estern United States.

Large-scale efforts to lower anthropogenicadditions to the environment are in process
at legislative levels (USEPA 2005). However, mefrts are focused on air emission
sources, particularly coal-burning facilities, tieatld create biological Hg hotspots (Evers et
al. 2007). Other sources, such as chlor-alkalnsl, are significant contributors of Hg in
both effluents and air emissions (U.S. EPA 20Q4hking Hg effluents in rivers with
existing chlor-alkali plants has a higher likelilsbof reducing the Hg source than the long-
term process of understanding the linkages betwgndistance transport of atmospheric
Hg and sources.

According to a publication by Oceana titlétbfson Plants I, there are currently six
companies operating eight chlor-alkali plants usingdated Hg-cell technology to produce
chlorine (Winalski 2006) and may also be respordibt biological Hg hotspots. These
companies include: the Olin Corporation, Occide@tzemicals Corp., PPG Industries,
ASHTA Chemicals, ERCO Worldwide, and Pioneer Congmrinc. Plants are operated in
seven states: Alabama, Georgia, Louisiana (2), Ar@anessee, West Virginia and
Wisconsin. According to Oceana, these companiesldishift to mercury-free technology.
Last year, one chlor-alkali plant in Delaware Cibglaware that is owned by Occidental
Chemical, announced it would shut down chlorinedpation entirely and eliminate Hg use.

A PPG chlor-alkali plant (at Lake Charles, Louisipannounced plans to shift to a modern,

mercury-free production method. Subsequently, atideatal facility in Alabama announced
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its intention to cease mercury—based chlorine prodii and the Pioneer facility in Louisiana

recently committed to shift to membrane technology.

Other major findings of interest from the Oceagygort include:

“Mercury-cell chlorine plants release far more ldghe air per plant, on average, than
coal-burning power plants;”

“Mercury-cell chlorine plants were the primary sceiof Hg air pollution in seven of
the eight states where they operated in 2003;”

“The chlorine industry could not account for 30gaf Hg in 2003; Hg they “lost”. If
the bulk of this lost Hg enters the environmentuatly, the chlorine industry would

compete with coal-fired power plants as the printdgyemitter.”

Because economically-reasonable technology etdstsplace older methods of
mercury-related chorine production and becauskeptiblic pressure to reduce Hg inputs
into the environment that have known ecological lamchan health impacts, we are likely on
the verge of completely replacing outdated chl@eklplants in the United States. A
coordinated effort is needed to rapidly facilitties process because of current potential
environmental impacts and the recent understarttiaighe legacy of Hg effluents is long-
lasting (over 30 years in two known cases and a6sym a third case; BRI unpubl. data).

Here we investigate Hg contamination of water, e sediment, floodplain soil and
biota on the Hiwassee River in immediate downstraachupstream areas of a chlor-alkali
facility in Charleston, Tennessee. The Olin fégitias reported Hg discharges of over 400
Ibs to the river since 1988 and is the largesttemdf airborne Hg in the state and among the

other remaining mercury-cell chlor-alkali facilisien the U.S. (U.S. EPA 2004).
3.0 OBJECTIVES
1. Determine Hg exposure levels in biota.

2. Compare Hg levels above and below the contaetinsite.

3. Compare downstream levels with known criticadyocesidues.
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4.0 SUDY AREA AND METHODS

4.1 Study Site

The study area is located in the southeasterropdnnessee in the Valley and Ridge
physiographic province in the Tennessee Valleyyfedl). Sampling efforts took place on
the Hiwassee River and tributaries near Charle§tennessee: both downstream and
upstream from a chlor-alkali facility operated hg Olin Chlor Alkali Products Division
(hereafter, Olin facility). The Olin facility, otine south bank of the Hiwassee River, is
bordered by South Mouse Creek, which also recdaabty runoff and groundwater
contributions from RCRA impoundments. Five dotseam and one upstream sampling
stations were identified (Table 1). The downstreaea is considered as potentially
contaminated and the upstream area as the refesgacelowever, the downstream Candies
Creek site is not likely influenced by water disgjes from the Olin facility, but may be
influenced by the facility air Hg emissions. A#irapling stations in tables and figures are
arranged from the upstream site (or referenceatrBaver Mile [RM] 23.7) to the furthest
site downstream, RM 12.2 (Figure 1).

Table 1. Study site description and locations, &$isee River basin, Tennessee, 2006.

Sampling Stations River Mile (RM) Latitude  Longitude Samples collected
Upstream
Reference site 23.7 35.26315 84.74387 Water, sedirseil, fish
Downstream
Olin Facility (outfall 002) 16.7 35.30851 84.77875 Water, sediment, soil
Hiwassee River — nearstream 15.8 35.31446  84.79323 Water, sediment

(Olin outfall 001)
South Mouse Creek 15.6 35.31446  84.79610 Wateimsad, soil, fish, bird
Candies Creek 12.8 35.31221  84.85117 Water, sedimel, fish, bird
Hiwassee River — farstream 12.2 35.34152  84.83935 atekVsediment, soil, fish, bird

4.2 Abiotic Sample Collection Methods

All sampling of water, sediment and soils was aarted from 2-5 October, 2006.
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4.2.1 Water Non-filtered water samples for total Hg (THQ) ars&ls were collected in acid
pre-cleaned bottles with 2 pair of gloved handg)gisltra-clean free-metal sampling
protocol. Samples were stored on ice after cothadcitn the field and then at 5°C until shipped

on ice for analyses.

Figure 1. Sampling locations, Hiwassee River, Tesae, October 2006.

4.2.2 Sediment and SoilSurficial river sediments (0-4 cm) were collecfeom the main

river channel by a petite Ponar grab sampler. 8atfi“floodplain soils” (0-5 cm) were
collected from exposed stream banks using a 3 cpldBtic core tube or from non-vegetated
soils with an acid-cleaned plastic trawl. Surfagdiment and soil not in contact with the
sampler or core tube was transferred to acid ctégrs with acid cleaned plastic spoons.

Samples were gently homogenized in the jar andadl stiquot (~15 mL) for MeHg
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determination was transferred to acid cleaned 2Wals and immediately frozen using dry
ice. MeHg samples remained frozen until shipmentdmyrice to the analysis lab. Sediment
and soil samples for THg determination were kepl end in the dark and shipped at room

temperature for analyses.

4.3 Abiotic Sample Analysis

Water, river sediment and floodplain soil sampleseranalyzed at Studio
Geochimica in Seattle Washington. All samples vesralyzed for total Hg (THg) and
sediment and soil samples were also analyzed féigAnalytical QA/QC data, all within
acceptable limits, consisted of duplicate sampbdyses, reagent blanks, and analysis of

certified reference materials.

4.3.1 Water THg Samples were wet oxidized using the addition%f(¥/v) 0.2N BrCl in
concentrated HCI. After oxidation, aliquots werketa, and pre-reduced with hydroxylamine,
to destroy the free halogens. Stannous chloridetheasadded to reduce the oxidized Hg(ll)
to volatile HJ, which was then purged from solution with nitrogewd trapped on gold-
coated silica. The Hgvas then released from the gold by heating, aftech it was passed
into the atom cell of the cold vapor atomic fluaesce spectrometer (CVAFS), where the Hg
was quantified. The method used is equivalent t&EB8 Method 1631.

4.3.2 Sediment and soil THd-or THg analysis, sediment samples were digestaqua

regia (3 parts HCl plus 1 part HNJOover night at room temperature. Digestions vagiiged
to 40 mL, and aliquots pipetted into a bubbler aomhg Hg-free water. Stannous chloride
was then added to reduce the oxidized Hg(ll) tatil@l Hg, which was then purged from
solution with nitrogen and trapped on gold-coaiitidss The HJ was then released from the
gold by heating, after which it was passed intoatwoen cell of the cold vapour atomic
fluorescence spectrometer (CVAFS), where the Hgguasitified. Mercury concentrations
are presented on a dry weight (dw) basis. The odetised is equivalent to US EPA Method
1631.
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4.3.3 Sediment and soil MeHJ o quantify MeHg, the samples were thawed, and
immediately, 0.5 gram aliquots weighed into cengé tubes. To each sediment were added
5.0 mL of 5% HSO4 + 18% KBr, followed by 1.0 mL of 1M Cug®olution, and 10.00 mL
of CH,Cl,. After shaking, to extract the CH3HgBr into théveat layer, the tubes were
centrifuged, and 2.00 mL of the solvent layer reatbwith a syringe. This solvent was
injected into a clean Teflon tube containing al®mL of warm (50°C) deionized water.
The water was purged to remove the solvent (BP°€¥%eaving CHHgBr in pure aqueous
solution. The solution was then diluted to 50 mhg an aliquot analyzed by aqueous phase
ethylation, purge and trap on Carbotrap, isothe@@lseparation and CVAFS quantification.
This method is designated as draft EPA Method 1630.

4.3.4 Loss on Ignition (LOI) sediment and soDry samples were carefully weighed, and
then combusted over night in a muffle furnace lal825°C. The LOI is calculated as the
percentage weight loss from the dried samplesjsataken to be a rough estimate of the total

organic matter present.

4.4 Biotic Sample Collection Methods

All sampling of fish and birds was conducted fram October, 2006.

4.4.1 Fish: Fish were captured using hook-and-line methodefayd fish and baited minnow
traps were deployed to collect small forage fis¥e used night crawlers and small minnows
as bait to catch large fish. Axial muscle biopagnples were collected from large fish using
8mm sterile Acu-punch® and small fish were collddia whole body analysis. All samples
were placed on ice and frozen within 4-8 hoursm@a processing followed general U.S.

Fish and Wildlife Service standard quality assuesaied quality control protocols.
4.4.2 Birds: Our focal species was the Carolina Wr&hrothorus ludovicianus)We

targeted this species because previous studidgers m Virginia indicate it typically has

blood Hg levels that exceed most other songbirdsBersity Research Institute, unpubl.
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data; Dan Cristol, College of William and Mary, pecom.). A strongly philopatric species,
the Carolina Wren maintains territories and paimdsyear-round.

All birds were captured using 2-3, 12 m mistsndesigned to harmlessly catch songbirds.
Nets were placed on 6 m poles within 1-5 m fromrther edge. We used a recording of a
territorial song of a Carolina Wren to lure birdsao the nets. The nets were checked every
20-40 minutes. Captured birds were removed anceglatcotton holding bags until
processing. We collected the following informatfomm most individuals: age, sex, weight,
wing cord, and body condition indicated by the khiess of fat layer. For all birds we used
26 gauge disposable needles to puncture a cutetmarsvein in the wing to collect a small
blood sample. Each blood sample was placed ipidarg tube, which was then sealed on
both ends with Critocaps ® and placed in a labpladtic 10 cc vacutainer. All samples were
stored in a field cooler with ice, and samples wWater transferred to a freezer. All birds

were released unharmed 10-30 minutes after capture.

4.5 Biotic Sample Analysis

Fish samples were analyzed at the Center for Emviemtal Sciences and Engineering
Lab at the University of Connecticut, Storrs Cortroett, using Cold Vapor Atomic
Absorption methods. Laboratory analysis of aviasollwas conducted by Texas A&M Trace
Element Research Lab (TERL), College Station, Texsasg a direct mercury analyzer
(DMA 80) by Milestone, Inc. Mercury concentraticar® presented on a wet weight (ww)
basis. Instead of analyzing MeHg levels in bio&afacused on THg because it is less costly
and the majority of THg in fish (>85%; BRI unpulblesd data; Bloom 1992) and songbird
blood (>95%; Rimmer et al. 2005) is in the MeHgnfor

4.6 Data Analysis
We used JMP software (SAS Institute) for tdtistical analyses. A t-test for normally

distributed data or a nonparametric Wilcoxon/Kruskéllis Test was used if data were not

normally distributed or the means had unequal naga.
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5.0 RESULTS AND DISCUSSION

A total of 37 samples were analyzed for Hg alhdediment and soil samples were also
analyzed for MeHg (Table 2).

Table 2. Samples collected on the Hiwassee Rivanessee, 2006.

Sample matrix Samples collected Samples analyzed
Water 6 6

River sediment 6 6

Floodplain soil 5 5

Fish 44 14 composites
Avian blood 15 15

!Fish were grouped according to species and sizs aliad analyzed as composites (see Appendix hddridual

fish size and placement in composites). diumpermitted analysis of 14 samples only.

5.1 Abiotic Sample Hg Levels

The abiotic samples collected near or just dowastréhe Olin facility had the highest
Hg concentrations and the reference site abovplémt had the lowest (Table 3).

5.1.1 Water: Water THg levels ranged from 0.29 ng/L in the refexe site to 2.6 ng/L from
RM 16.7 site immediately downstream from Olin fagilOnly THg concentrations were
measured in water. For comparison, THg concentratio surface waters receiving Hg
deposition in the Northeast range from <0.5 to I®/L (Driscoll et al. 2007) and from 0.2-
3.8 ng/L in the Southeast (Warner et al. 2005).
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Table 3. Total Hg (THg) and methylmercury (MeHghcentrations in water (THG, only),

soil (dw) and sediment samples (dw) collected fidimmassee River, Tennessee, 2006.

Site River Water Sediment Soil Sediment Soil
Mile THg THg (ng/g) THg MeHg MeHg
(RM)  (ng/L) (ng/g)  (ng/g) (ng/g)
Reference site 23.7 0.29 139.5 18.6 0.78 0.12
Olin Facility (outfall 002) 16.7 2.60 365.0 259.0 .2aQ 0.96
Hiwassee River — nearstream 15.8 0.75 2876.0 - 16.40 -
(Olin outfall 001)
South Mouse Creek 15.6 2.10 1164.0 30.5 4.20 0.17
Candies Creek 12.8 0.63 121.0 61.5 1.00 0.74
Hiwassee River - farstream 12.2 0.95 1145.0 133.@.40 0.54

We compared Hiwassee River water Hg levels witls¢hfoom our previous studies in
similar water bodies. The sites in Vermont andidgiFigure 2) include rivers that were
flooded to create reservoirs where the Hg levedsetevated because of fluctuating water

levels and other Hg sources.

4.0
3.5+
3.0
2.5
2.0 ]
1.5 ]
1.0 1 —
e lOls
0.0 | . T T T T T T

& e
& &

& g
X © © &
& o O 6§\° & &

Water THg (ng/L)

Figure 2. Total Hg concentrations in unfilteredk@vasamples collected from Hiwassee River
in 2006. Data are arranged from upstream to doweast sites (HIR=Hiwassee River,
RM-=river mile). Vermont and Maine data are usedcmmparison (BRI Unpubl. data). Red
line indicates wildlife criterion value for totalgHoncentration of 0.91 ng/L in water; Nichols
et al. (1999).
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5.1.2 Sediment

Total mercury: Based on visual inspection sediments collecteah fall sites were fine-
grained, unconsolidated silt and clay with a sraaibunt of fine sand at the Olin facility (RM
16.7).

Sediment THg levels ranged from 121-2876 ng/g I@&p THg concentrations
upstream of the Olin facility and in Candies Cremkiside of the influence of plant water
discharges, are typical of fine-grained sedimamté U.S. that are free of point source Hg
pollution (Krabbenhoft et al. 1999) and are belbe USEPA sediment quality guideline
value of 200 ng/g. THg concentrations at all ogtations downstream of and influenced by
the Olin facility exceeded this USEPA value andeothquatic life criteria.  THg values at
the Hiwassee River - nearstream (RM 15.8), SouthddcCreek (RM 15.6) and Hiwassee
River — farstream (RM 12.2) sampling stations egdée Canadian guideline for aquatic life
protection (486 ng/g) and NOAA'’s upper effects diva@d level for freshwater sediment (560
ng/g) (Buchmann 1999) by a factor of 2 to 6 (FigBag. The probability of observing acute
sediment toxicity at these same sites is calculatednge from 78-88%, based on the
Logistic Regression Model of Field et al. (2002he$e authors report that sediment values
with the highest probabilities (over 75%) are m&ly to be “extremely toxic”.

3.5
= 11998
©
S m 2006
X
Fs)
E
()]
I
Ic
o]
}_
I
(O]
£
e)
()
n
Reference Olin Facility Hiwassee - S. Mouse Creek Hiwassee -
nearstream mouth farstream

Figure 3a. Sediment total Hg levels on Hiwasse®iRn 1998 and 2006. The solid red and
dashed line indicate the Canadian and U.S. EPAmsadiguidelines, respectively.
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The Hiwassee River near Olin was the subject di & EPA Study in 1998, in which
water, sediment, and forage fish were monitored fég (Berrang and Keller, 1999).
Comparison of sediment THg burdens from 1998 te shudy reveals that contamination of
the river has apparently increased and extendseiudownstream than previously
documented (Figure 3a). The highest concentratighis study, (2.9 pug/g) at the Hiwassee
River-nearstream sampling station (mile 15.8) is@rtban twice as high as that found in the
1998 USEPA study. In support of this observatioln) @ischarges of mercury to the
Hiwassee have more than doubled since the year @080 EPA 2004). Conversely, mercury
contamination of the river’'s main stem could beguariable on a spatial scale such that
previous monitoring did not capture the most conmtaed sites.

The mercury contamination of the Hiwassee Riversarelar to values reported for a
highly contaminated section of the North Fork HatsRiver in the Tennessee River
watershed, an area that was affected by another-atdali facility in operation from 1950-
1972 (Hampson et al. 2000). Sediment THg levadaradt the Olin facility in the present
study are comparable to or higher than many Uv8r Bites highly contaminated by mining,
as reported in a survey by the USGS of 106 sit@d inver basins (Krabbenhoft et al. 1999).

We found no relationship between water and sedinatak Hg concentrations
(r*=0.01).

Methyl mercury: Sediment MeHg levels were more elevated at sifegenced by plant
discharges, ranging from 2.2 to a high of 16.4 rag/the Olin site with the highest THg levels
(Table 3). Levels at the reference site and Carfdiesk were 1 ng/g. The amount of

MeHg produced at each site was directly proportibméhe level of THg in the sediment
(Figure 3b). This highly significant positive retaiship (f = 0.96; p=0.0007) for the
Hiwassee River held even at elevated sediment Tgemtrations (> 500 ng/g), which is not
often observed (Benoit et al. 2003; Krabbenho#le1999). Sediment MeHg was a weak,
though insignificant, positive function of sedimemganic matter (loss on ignition [LOI])X(r

= 0.35) — a finding consistent with other syste®snit et al., 2003).
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Figure 3b. Relationship between THg and MeHg tiireent, Hiwassee River, Tennessee in
2006.

The percent MeHg of the total Hg measured in reegfiment ranged between 0.36 %
in S. Mouse Creek to 0.84% in Candies Creek (FiglwreThe percent MeHg is sometimes
used as a proxy for the methylation efficiency sfyatem (Krabbenhoft et al. 1999). The
percent MeHg in sediments measured in many typeswafonments tends to average about
1% for those systems with lower THg loads (Benbile2003). The lower % MeHg value at
our reference site suggests that this sectioneoHilwassee River is somewhat less efficient at
methylating mercury than some other systems. Data bther highly contaminated sites
suggest that at very high sediment THg loads (>riJ@), the percentage of MeHg typically
drops to low levels, with some percentages mucletdhan those observed at the highly
contaminated Hiwassee River sites (e.g. Krabbergiat 1999; Hines et al. 2000). The
higher % MeHg observed at the Candies Creek sh&hais not under direct influence of
plant water discharge, is likely due to the presasfcsome wetland acreage. Wetlands often
promote higher methylation rates (Driscoll et &02). Rates of THg accumulation are
greater in wetlands than in the upland soils bezafishe strong association of Hg with
organic matter (Grigal 2003). Wetlands are typycsinks of THg and sources of MeHg
(Grigal 2003).

- BioDiversity Research Institute - 17



1.4
1.2 | O Sediment % MeHg
1 B Soil % MeHg
(@)]
é 0.8
< 0.6
0.4
0.2 | u
0 ‘ ‘ T
Reference Olin Olin S. Mouse Candies HIR
HIR RM 16.7 RM 15.7 Creek Creek 12.2

Figure 4. Percent MeHg of THg in sediment anddldain soil, Hiwassee River, Tennessee
in 2006.

5.1.3 Saoll

Total mercury: Soil THg values ranged from 19-259 ng/g and wegaer at the Olin
facility (RM 16.7) and at the Hiwassee River - fezam site (RM 12.2) than upstream of the
plant or in tributary catchments (Table 3). THg @amtrations in floodplain soils were lower
than riverbed sediments from the main channel atyestation (Figure 5). This suggests that
runoff of land based Hg deposition is not the priyreurce of Hg loading to the river. It is

more likely that riverbed sediment is an occasi@aairce of Hg contamination to the

floodplain soils.
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Figure 5. Total Hg concentrations in sediment #oodplain soil samples collected from
Hiwassee River, Tennessee in 2006.

Methyl mercury: Soil MeHg levels were quite low, ranging from®rg/g at the reference
site to 0.96 ng/g at the Olin facility (Table 3piGVieHg levels were lower than the
corresponding MeHg levels in river sediments argsde (Figure 6). The relationship
between MeHg with THg in soils was also positive=(10.69; p=0.08), but not as strong as
that observed for sediments. However, methylatiiciency, as proxied by the percentage
of MeHg, was often stronger in floodplain soilsriha riverbed sediment (Figure 4). This
higher methylation efficiency may be promoted by tlooding and drying cycles of the
riverbanks as water levels fluctuate with dam ofi@na Snodgrass et al. (2000) speculated
that these types of hydrological cycles enhance ¢/letdduction. The % MeHg in soils was
also a strong positive function of soil organic tegtas measured by LOF @& 0.79; p < 0.05)

and highest in the wetland influenced Candies C&tk
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Figure 6. Methylmercury concentrations in sedinaamd surface soil samples (dw) collected
from Hiwassee River, Tennessee in 2006.

5.2 Biotic Sample Hg Levels

Biotic sampling occurred above and below@ite facility. Fish and songbirds were

used as indicators of MeHg availability in higheapthic level organisms.
5.2.1 Fish: We collected 33 fish of four species that were g@dbinn 14 composites based on
species and size class (Table 1). The specie=ctadl included striped basdd¢rone
saxatilig, largemouth basdicropterus salmoidgsbluegill Lepomis macrochirys
warmouth Lepomis gulosysand spotted sunfislhépomis punctatys Largemouth bass and
striped bass were considered for human consumatidrthe other species were used for
forage fish analysis. Since this was an exployagffiort we attempted to collect a wide range
of sizes and species. However, we were not sutt@ssatching large (legal-sized) game
fish, despite five days of effort. Fish were colégtfrom one site above and three sites below
the Olin facility.

All forage fish THg levels were below 0.1@ggvw, the level suggested by Eisler (1987)
as a critical value for protection of sensitivedkifie species (Table 4). Several larger fish

analyzed to determine the human risk from fish aamgion were below the U.S. EPA fish
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tissue criteria for methylmercury to protect hunmaalth 0.30 pg/g ww (Table 4) (U.S. EPA

2001). The strongest correlation in fish was witaHigj in sediment (Figure 7).

We found no relationship between water and fish Thigtent (f=0.001).

Concentrations of total or MeHg

in surface waters often do not 0.18

. 0164 y=0.012x+0.0284 ¢
correlate with the Hg content of | & ¢4 R = 0.2347
biota due to multiple physical, 2 010 .
chemical, ecological and land- | Z 098/ /

= 0.06 .
use factors controlling the trophiq £ 0.04- P LI
0.02
transfer of MeHg (Driscoll et al. 0.00 ‘ ‘ ‘ ‘
2007) 0 1 2 3 4 5
' Sediment MeHg (ng/g, dw)

Figure 7. Relationship between sediment MeHg and
fish THg in Hiwassee River, Tennessee in 2006.

Table 4. Fish Hg levels, Hiwassee River, TennesXa@s.

River Type of

Mile Species Forage fish Health Composite Mean +/- sd
Site (RM)  (number of individuals)Size class Indicator ug Ho/g, ww
Reference 23.7 Bluegill (2) small Ecological 0.0326:001
South Mouse Creek 15.6 Bluegill (1) small Ecological 0.042
South Mouse Creek 15.6 Striped bass (1) large Human 0.062
Candies Creek 12.8 Bluegill (2) small Ecological 4606+/- 0.01
Candies Creek 12.8 Striped bass (1) large Human 40.04
Hiwassee River-farstream 12.2 Bluegill (4) small Ecological 0.035 +.0.006
Hiwassee River-farstream 12.2 Largemouth bass (&xtra large  Human 0.165
Hiwassee River-farstream 12.2 Spotted sunfish (1) large Human 0.078
Hiwassee River-farstream 12.2 Striped bass (1) large Human 0.100

*Forage fish size classes are: small = 5-10 cm, unedi 10-15 cm, large = 15-20 cm, extra large = 3@.

Data from forage fish collected on the HiwasseeeRduring the 1998 USEPA study
(Berrang and Keller 1999) were compared to thidargpory effort in 2006. Comparisons
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can be made between the two studies because teéysumsilar fish species and sampling
locations. For both time periods, downstream Fighlevels were more elevated than the
reference area (Figure 8). Unlike the presemtystine 1998 study sampled fish directly in
front of the plant (in the area of the highest sexht THg and MeHg levels) and found fish
Hg levels approaching the 0.10 pg/g (ww) CBR feihfeating birds (Eisler 1987). Samples
downstream of the plant were similar during bothetiperiods and below 0.10 pug/g (ww).
While no fish in the present study exceeded theé Ag@g (ww) US EPA fish tissue criterion
for MeHg, largemouth bass collected by the TVA @99 further downstream on the

Hiwassee River did exceed this level.
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Figure 8. Fish Hg levels on the Hiwassee RivennBssee in 1998 and 2006.

5.2.2 Birds:Based on the amount of Hg in the effluent of thm @lcility (U.S. EPA 2004)

and the recent evidence that the food pathway basedktland invertebrates can exceed an
associated piscivore-based food pathway (Everks 20@5; BRI unpubl. data), we base our
avian assessment on the risk and potential ecalbigiciry from Hg with the Carolina Wren.
The Carolina Wren was selected as the primary taggcies because: (1) itis a non-
migratory permanent resident in Tennessee and amasnterritories year-round with an
average territory size ranging from 1 to 4 ha (Hatgand Morton 1995), and (2) it
consumes invertebrates with elevated Hg levels asatoleopterans (beetles) and arachnids
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(spiders) (BRI Unpubl. data). Approximately 94%ilte species diet is composed of animal
mater. We sampled six Carolina Wrens from thressgiTable 5).
All target and non-target birds tested had rel&fil@v blood Hg concentrations
(Tables 5 and 6) and were below the critical badydue
(CBR) of 1.18 ug/g as based on a Tree Swallow gposin
study by G. Heinz (pers. comm.). [See Appendieiia
description of the derivation of the songbird CBEjrolina
Wrens had slightly higher blood Hg levels than othieds
sampled (Tables 5 and 6). Wren blood Hg levelsames
40% higher in wetland area, such as Candies Creek
compared to shorelines of the Hiwassee River +tr&am
(RM 12.2). Carolina Wren

Table 5. Carolina Wrens sampled on Hiwassee Rivanessee, October 2006.

River Mile Weight Blood Hg

Site (RM) Age 9) (Hg/g,ww)
South Mouse Creek 15.6 adult 224 0.18
Candies Creek 12.8 adult 18.9 0.19

adult 20.1 0.24
Hiwassee River-farstream 12.2 hatch year 18.9 0.12

adult 19.7 0.14

adult 20.3 0.16

Table 6 Mean blood Hg levels (pg/g, ww) in nogeravian species sampled on Hiwassee
River, Tennessee, October 2006.

Site River Mile Species Mean +/- stdev (n)
(RM)

Candies Creek 12.8 Carolina Chickadee 0.08 +/- 0(Qp

Hiwassee River - farstream 12.2 Northern Cardinal .026/- 0.002 (2)

Hiwassee River - farstream 12.2 Magnolia Warbler 080:/- 0.03 (2)

Hiwassee River - farstream 12.2 Chestnut-sided Warb  0.11 - D

Hiwassee River - farstream 12.2 Eastern Titmouse 13 ©/- 0.008 (2)
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We used Wilcoxon/Kruskal-Wallis Test and found t@atrolina Wrens from Hiwassee
River were 6x below the 1.18 pug/g (ww) CBR and kigghificantly lower blood Hg
concentrations then the birds from a river in wes¥rginia (Z=-3.4, p<0.007) (Figure 9).
Based on current evidence of avian Hg exposureeffadt levels that assumes that the
Hiwassee River floodplain wetlands methylate Hg similar way as other riverine study
sites (e.g., Evers et al. 2005; BRI unpubl. daten the Carolina Wren is one of the best
indicators of potential high trophic level effecfsMeHg on riverine-based insectivorous
avifauna. However, the only wetland-impacted aaapled in the current study (Candies
Creek) was outside the influence of the Olin fac#ffluent. The Carolina Wren and other
songbird Hg levels tested are well below curreBRGevels; thus songbirds are likely not
impacted by the Olin facility. We are unable tokeaimilar conclusions regarding

piscivorous birds since none were sampled at thigevious times.
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Hiwassee River, River in western Virginia
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Figure 9. Mean blood Hg levels in Carolina Wreaptared on the Hiwassee River and on a
river in western Virginia. Different letters indigastatistically significant difference;

red line indicates blood Hg CBR of 1.18ug/g ww $ongbirds (see Appendix Il for
description of the CBR).

6.0 CONCLUSIONS
A major finding of the study was the high leveltofal mercury contamination found

in sediments near the Olin facility, in S. Mous@€k and extending four river miles

downstream. It is unknown how far downstream tbistamination extends. At the levels
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observed in this system, the major threat from omgris more likely its direct toxicity to
resident fauna, rather than its transformation ébhyimercury and subsequent
bioaccumulation. Direct sediment toxicity could trdvute to the poor habitat and scarcity of
fish observed in this section of the Hiwassee R{Berrang and Keller, 1999).

The mercury methylation efficiency, as estimatedh®ypercentage of total mercury
that was methylmercury in sediments, is somewhagtan this stretch of river than in other
measured systems. Nevertheless, sediment MeHgee&adh levels near the Olin plant as a
direct consequence of the very high total mercoaygling. Forage fish from a previous 1998
EPA study were found to have mercury burdens ndét#cat levels in this area, whereas
mercury in forage fish were below critical levet®ahstream in this and the earlier study.
According to TVA data, largemouth bass further detrgam on the Hiwassee River exceed
the U.S. EPA fish tissue methylmercury criteria.t\ed area increases downstream as the
Hiwassee River approaches the confluence with émnéssee River and so does the potential
for higher mercury methylation efficiency.

The Carolina Wrens sampled in this study had Thgliebelow the critical body
residue. This species is primarily an indicatopofential contamination in wetland impacted
sites and the only wetland area sampled in thidysttas not contaminated by mercury from
the Olin facility. Soil MeHg levels were not highaugh to provide a baseline for
biomagnification of MeHg in the foodweb that woulekate effects levels in the Carolina
Wren.

Neither forage fish nor Carolina Wrens sampledhia pilot study exceeded critical
body residues for mercury. However, data colleftech other Federal agencies point to areas
of concern for fish and wildlife in areas adjactnthe Olin facility and further downstream
on the Hiwassee River near where it joins the Tesee River. More research or further

monitoring would be necessary to assess poteni@éts on fish and wildlife.
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Appendix |. Fish size and THg concentrations, Hiwssee River, Tennessee, 2006.
(ordered from upstream to downriver sites)

Site Species Sample # Composite # Total length cm  Weigit THg ug/g ww
Reference Bluegill HICTBL0O106 HICTBL06-C1(2) 5.1 1.9 033
Reference Bluegill HICTBL0206 HICTBL06-C1(2) 5.3 2.5

Reference Bluegill HICTBL0406 HICTBL06-C2(3) 13.8 42.2 081
Reference Bluegill HICTBL0506 HICTBL06-C2(3) 15.2 62.8

Reference Bluegill HICTBL0606 HICTBL06-C2(3) 18.0 89.7

S. Mouse Cr. Bluegill HISMCBL0106 4.3 1.3 0.042
S. Mouse Cr. Striped bass HISMCSTB0106 HISMCSTBO06-L1(2 14.5 34.4 0.062

S. Mouse Cr. Striped bass HISMCSTB0206 HISMCSTBO06-L1(2 17.3 66.0

Candies Cr  Bluegill HICRBLO0106 HICRBLO06-C2(3) 54 2.7 20
Candies Cr  Bluegill HICRBL0206 HICRBLO06-C2(3) 6.0 3.3

Candies Cr  Bluegill HICRBL0306 HICRBL06-C2(3) 4.9 1.9

Candies Cr  Bluegill HICRBL0406 HICRBLO06-C3(4) 4.8 1.6 260
Candies Cr  Bluegill HICRBLO0506 HICRBLO06-C3(4) 5.0 2.1

Candies Cr  Bluegill HICRBLO0606 HICRBLO06-C3(4) 4.7 1.8

Candies Cr  Bluegill HICRBLO706 HICRBL06-C3(4) 5.1 2.0

Candies Cr  Striped bass HICRSTB0106 16.2 54.3 0.044
RM 12.2 Bluegill HI12.2BL0206  HI12.2BL06-C1(4) 5.3 2.6 037
RM 12.2 Bluegill HI12.2BL0306  HI12.2BL06-C1(4) 55 2.7

RM 12.2 Bluegill HI12.2BL0406  HI12.2BL06-C1(4) 54 2.5

RM 12.2 Bluegill HI12.2BL0506  HI12.2BL06-C1(4) 5.2 2.3

RM 12.2 Bluegill HI12.2BL0106  HI12.2BL06-C2(4) 6.5 4.1

RM 12.2 Bluegill HI12.2BL0606  HI12.2BL06-C2(4) 6.1 3.6 0a.0
RM 12.2 Bluegill HI12.2BL0706  HI12.2BL06-C2(4) 6.4 4.9

RM 12.2 Bluegill HI112.2BL0806  HI12.2BL06-C2(4) 6.5 4.2

RM 12.2 Bluegill HI12.2BL0906  HI12.2BL06-C3(4) 5.9 3.2 o7
RM 12.2 Bluegill HI12.2BL1006  HI12.2BL06-C3(4) 5.6 2.8

RM 12.2 Bluegill HI12.2BL1106 HI12.2BL06-C3(4) 5.0 2.0

RM 12.2 Bluegill HI112.2BL1206  HI12.2BL06-C3(4) 4.7 1.8

RM 12.2 Bluegill HI12.2BL1306 HI12.2BL06-C4(2) 4.2 0.8 036
RM 12.2 Bluegill HI112.2BL1406  HI12.2BL06-C4(2) 4.6 1.4

RM 12.2 Largemouth bass HI12.2LMB0106 24.5 146.0 0.165
RM 12.2 Spotted sunfish ~ HI12.2SS0106 17.4 >30 0.078
RM 12.2 Striped bass H112.2STB0106 20.1 NA 0.100
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Appendix Il. Interpretation of Bird Hg Levels.

There are few datasets available that providecatibody residue (CBR) levels for
MeHg accumulation and exposure to avian insects/dtierein is a description of how a CBR

of 0.40 ug/g in the egg and 1.18 ug/g in the bieag developed.

Recent laboratory dosing efforts with songbirdsbigntists at the U.S. Geological
Survey’s Patuxent Wildlife Research Center provigemost relevant information for CBR
development. Through formal Hg dosing experimeitsree Swallow Tachycineta bicolgr
and Common Grackle)uiscalus quisculaeggs, based on protocols established for the
CALFED-Bay Delta Mercury Project (Heinz 2003), Hay¢ls that posed a “cause of concern”

were developed by Gary Heinz (pers. com.).

The CALFED study is designed to determine the ingdatensitivities of MeHg effects
on eggs of 17 species. Because the CBR for Malkamds platyrhenchysggs is established
at 0.80 pg/g (ww) (Heinz and Hoffman 2003) and $ormbeggs were more sensitive to the
negative impacts of MeHg in eggs than mallardsH&nz, pers. com), a CBR for songbirds
is < 0.80 ug/g (ww). There are two species ofybinals that were used for the Hg dosing

experiments — the Tree Swallow and Common Grackle.

Using an endpoint of embryo survival just priotiie hatching date, Heinz (2003)
found a significant negative impact in swallow egabsurvival at egg Hg levels of 0.80 pug/g
(ww). Egg Hg levels of 0.40 ug/g (ww) were notrsfgcantly different than the reference
condition (p=0.19); however, the 25% fewer eggsied compared to the reference level is

deemed to be biologically significant. Eggs weoédonsed at the 0.60ug/g (ww) level.

Findings with the grackle indicate that it was thest sensitive of the 17 species that
underwent the dosing regime; embryo survival wgsiicantly lower than the reference
condition at an egg Hg level of 0.10 pg/g (ww)ecBuse of the uncertainty in how
experimental Hg doses distribute across the egdrendssumption that artificial Hg transfer
to the egg is more toxic than maternal transfer{&nz, pers. com.), an uncertainty factor of

four is used based on comparisons between expeairtég dosing and CBRs for the
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Mallard in the CALFED study (Heinz 2003) The CBR for egg Hg levels in the Common
Grackle is therefore 0.40 pg/g, (ww) —or 0.10 ug/d.

5.3.2 Development of a critical body residue levébr songbird blood

Because bird blood Hg levels were the most regutanllected tissue type, a large
existing dataset of 99 paired female blood andHgdevels from Tree Swallows (BRI
unpubl. data) was used in concert with seven pdileod and egg Hg levels from three
species collected in August 2006 at a western Niagsite, to develop a simple linear
regression model that would predict female bloodd¥gls based on egg Hg levels. The
greater part of this dataset was collected fronflto&lplain of the Sudbury River — an
USEPA Superfund Site. Although there are multipss/s to interpret the datasets, we
recommend an analysis that uses the mean predintdel of geometric means of swallow
and other songbird paired blood-egg data (Figurdaproximately 42% of the variability
can be predicted using a model of: Egg [Hg] = 0638@lood [Hg]) (Figure a).
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Figure a. Simple linear regression model of blblgdevels and predicted egg Hg levels

! Where, within Mallards, there was a significarffatience in embryo survival at a dosed egg Hg le¥&.20
ug/g (ww) (Heinz 2003). This is four times the CBR0.80 ug/g (ww) established by Heinz and Hoffman
(2003)

2 The NFHR Songbird Hg levels described in Figuremresent a river in western Virginia.
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Based on the CALFED egg Hg dosing studies R 680.40 pg/g (ww) is predictive of a
blood Hg CBR of 1.18ug/g (ww) in songbirds (Figlme Songbirds with blood Hg levels
>1.18 pg/g are at risk to greater embryo mortalitg subsequent lower reproductive success.
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1.40 +
*

1.20 4 <
= 100 Mallard CBR - Common Loon CBR
§ 001 Egg = 0.8 ug/g, ww Egg = 1.30 ug/g, ww
5 Blood = 2.37 ug/g, ww Blood = 3.85 ug/g, ww
> e
S o080
j=} .
T Songbird CBR 4
E 0.60 - Egg = 0.40 ug/g, ww

Blood = 1.18 ug/g, ww PY
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Figure b. Predictive model for avian blood-eg@tiehship. Red lines depict CBRs for
different foraging guilds the songbird CBR is 0.40 ug/g for eggs and 1.4/ p(ww) for
bloodf.

! Where, within Mallards, there was a significarffatience in embryo survival at a dosed egg Hg le¥&.20
ug/g (ww) (Heinz 2003). This is four times thedéwf 0.80 ug/g (ww) established by Heinz and Haffm
(2003)

® Basis for CBRs are from: Heinz and Hoffman (20f@8)the Mallard, and Evers et al. (2003) for thet@®eon
Loon. The songbird CBR is described in sectiond?.this SOW.
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