Fly Ash as a Potential Food Supplement? Bioaccumulation in Critters Near the Kingston Ash Spill
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location (Conover-Inman; p=0.043). When comparing Se concentrations in bluegill, catfish, and bass, site differences were noted for all
three species (K-W; p<0.001). For these three species, Se concentrations in Reaches A and B were significantly higher than compared
to Reach C and reference locations.

A companion poster describes investigations of potential ecological effects and efforts to establish whether there
are relationships with particular bioaccumulated contaminants.
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Immediately following the Kingston ash spill, on the basis of a few hastily-collected samples several researchers SN & ’ A Initial review of the results from the first two years of monitoring suggests that most species examined have experienced exposure to
predicted dire effects on the aquatic ecology in the region as a result of bioaccumulation of ash-related i I: i EETE : Se derived from coal ash. Spatial comparisons of Se concentrations for abiotic media and wildlife are discussed below, along with a
constituents.TVA developed an integrated research program to evaluate the potential for adverse environmental T : & S 7 preliminary evaluation of Se movement through the Emory River system.
effects from the Kingston fly ash spill. One part of that work focuses on determining whether there has been Softshel| Turtle Blood N i I I : g Great Blue Heron Eggs
. . LT . . .. . ., (Apalone spinifera spinifera) T 1 g © 1 . (Ardea herodias) Surface Water and Sediment. Concentrations of Se in submerged sediment from Emory River Reaches A and B were significantly
increased bioaccumulation in fish, invertebrates, birds, and other organisms living near the site. i s R 1 . + : different (Kruskal-Wallis [K-W], p=0.048), with higher concentrations detected in Reach B. Sediment data were not available for Reach
Thi { ts inf . levels of bi Iati 5 di d oty of : that h 8 of KR o ; " ; g o ? C or reference locations during this analysis. Concentrations of Se detected in impacted Emory River surface water appeared similar
IS poster presents Information on levels of bioaccumulation observed In a wide variety of organisms that have € iof 5 2 g - 4 S to those detected at the reference location.
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been collected over the last two years by researchers from TVA, Oak Ridge National Laboratory, Virginia Tech, £S5 oo =2 5 Notes: Includes 2010 ot lood. Nots:Incudes 2009 and 2010 o g content BE T 1
and several other institutions. These include organisms throughout the food chain from the spill area and £ % ol : S T e Dot viole i BN 00 16 SV 50, 9V 0016 O 43 £2 o : E_ Benthic Invertebrates: Concentrations of Se were evaluated for snails, as well as for larval and adult mayflies. Differences in Se
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reference sites, and include measurements of ash-related contaminant concentrations in whole organisms, as well Bass = ; s “ i Tree Swallow Eggs concentrations were observed between sites for snails (K-W; p=0.017), larval mayflies (K-W; p=0.008), and adult mayflies (K-W;
as various types of tissues, eggs, and blood. Preliminary results show increased bioaccumulation of some ash- (Micropterus spp.) g8t & == 3 T y (Tachycineta bicolor) p=0.001). For all benthic invertebrates, organisms from Reach A had significantly higher Se concentrations compared with reference

. L ! ' . . g 1 0 and other impacted Emory River reaches.
related contaminants. Since most of the ash has been removed from the Emory River, these results constitute a 5 8 eof ‘ : N
baseline for tracking further increases or decreases in bioaccumulation. 580 : £ o £ ol Fish: Concentrations of Se were evaluated for various species of fish. Selenium concentrations detected in shad did not differ between
4t 'lR”:f'Z?::Ziﬁi‘ia‘i?Ji;Emgss.cE,.R . 'ﬁi‘;?f{;‘;‘iL‘LZ??L‘LZ?‘E}TJ“S.SEii'g‘SRM N sl sites (K-W; p=0.158); however, further evaluation indicated that concentrations in Reach B were significantly higher than the reference
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OBJECTIVES & METHODS

Amphibians and Reptiles: Selenium concentrations in whole body amphibians were compared between locations and species using a
2-way ANOVA. Concentrations were significantly higher in amphibians from impacted sites compared with reference sites (p<0.001).
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The aoal of these studies is to document whether the ash spill has | Cogond estimated whole body conenration (persona ommuncton, . Bevehimer. g £ " e o T80 Toads had higher Se concentrations than the other two species (p=009). There was no significant interaction between location and
g _ o _ _ _ P NAS B onbion sie Impacted locations: ERM 0.0 to EAM 6.0 2 e : species (p=0.672). Selenium concentrations were also evaluated in turtle blood for musk, softshell, and snapping turtles.
exposed aquatic and riparian organisms in the region to trace . Aty € o el S Catfish g g Musk/Mud Turtle Blood Concentrations from the Emory River were not significantly higher than reference concentrations for any of the three species.
el em entS foun d in Coal aSh. Canada Goose Site " * b (Ictalurus spp.) tz 2 o (Sternotherous ordoratus)
3 i " dered on thi ter include: | IR U D S 5 0 A [ : Z E I o Birds: Concentrations of Se were evaluated in various species of bird eggs. Selenium concentrations in eggs collected near the ash
ampiing sites considered on this poster include. Benthic Macroinvertebrate Sampling  [§£ g E | o~ g 3 3 E o0 1 spill site were higher than concentrations detected in reference eggs for both Canada geese (K-W; p<0.0001) and tree swallows (K-W,
Impacted Locations: Sampling points along the Emory River between [l - o s smer £e Y % & Median (50th) | Median (50th) H; N & T p=0.0004). Similarly, higher concentrations of Se were detected in great blue heron eggs collected from impacted nests than those
Emory River mile (ERM) 0.0 and ERM 6.0, i::;:f;sgiggjg;amBoundary 83 % 8 7;7 @ — — e T ———— ~ g | j g collected from. reference nests (t-test, p=0.005). Selenium concentrations in osprey eggs, however, were not significantly different
subdivided into Reach A (ERM 0.0 to ERM 1.5), | Syl g 8 f § § o g g between locations (t-test, p=0.739).
Reach B (ERM 1.5 to ERM 3.5) and Reach C e oy Eé - 1 i Abiotic Media Producer Prey Predator Abiotic Media Producer Prey Predator % - o ¢
(ERM 3.5 to ERM 6.0). Where data are lacking f{___ =" ) S . . . . Food Chain | Surface Water | Sediment | Periphyton |  Shad Catfish Food Chain | Suface Water | Sediment | Periphyton | Shad | Biue Heron g "% i L2 Evaluations of Se bioaccumulation in abiotic media and various groups of wildlife within the aquatic system help to identify the
] . i A R oy 3 © @ < 3 Median Se Conc. 0.00033 26 NA 29 2 Median Se Conc. 0.00033 2.6 NA 2.2 3.3 . .- . . . . .
on the Emory River, downstream Clinch River [ s s F | | variability of Se exposures among different trophic levels. Calculated transfer factors between trophic levels highlight the movement
data are also considered (denoted below RS S g and accumulation of Se through specific food chains (Figure 2). The transfer of Se within the Emory River system is presented for a
individual graphs). s e 2009 and 2010 ot concentrtons i it somols comaed - Snapping Turtle 3 Tree Swallows o g variety of food chains, each with different end receptors. Within each chain, the BAFs calculated for surface water indicate an
_ _ estmated whle body concentrtion (personal communictio, M. Sevehimer) Reerence octions: TR 5680 increasing trend into both examples of prey (shad and adult mayflies), while the BAFs calculated from sediment show conflicting
Reference Locations: Upstream reaches of the Emory River (>ERM et ERe e R trends. Calculations of TTFs from prey to predators also show conflicting trends, with only the TTF between shad and great blue heron
6.0), Little Emory River (LERM.)’ Clinch River Bluegill £ T Canada Goose Eggs exceeding one. Results based on the data available at this time indicate that while bioaccumulation of Se within most species has
(>CRM 4',5)’ and Tennessee River (>TRM 568) (Lepomis macrochirus) £ = (Branta canadensis) been observed within the Emory River, the concentrations of Se detected in lower trophic species do not necessarily translate to
\lfovgeer:ef ;Lj)nlénpacts related to the ash spill have EA I é_ § § 1 6 o elevated Se concentrations in top predators.
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Obijective 1: Determine whether trace elements are bioavailable jé | % é ‘g g '. \ “A 4 T Survival and reproductipn of individual§ affected_by bioaccumulation of Se can lead to adverse changes to populations and community
based on accumulation in aquatic and riparian organisms ‘E = ; E 2 R, £L, S structure. These potential effects are discussed in a companion poster.
occupying different trophic levels/feeding ecologies. N < ¢ e o . edian (S0t | °5, .
« Elements tested include aluminum (Al), antimony (Sb), arsenic (As), e L - _ - P - FUTURE STUDIES
barium (Ba), beryllium (Be), boron (B), cadmium (Cd), calcium (Ca), Shad Media  Producer Turtle Blood Media  Producer  Mayfly Fog ~ Amphibians | R ?
chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead (Pb), magnesium R S R R (Dorosoma spp. \ | Aiotic Media_ Producer | Prey Predator | Aiotic Media Producer | Prey [ Predator M (gg{o americanus, Pseudacris crucifer, P. feriarum) g TVA will continue to monitor fish, benthic invertebrates, great blue heron, Canada geese, and amphibians for
(Mg), manganese (Mn), mercury (Hg), molybdenum (Mo), nickel (Ni), Lo T O e v vanens o | | 3 i | [t || P S {snaong i [t Sednen | ein |ty e St & .k trends in bioaccumulation of trace metals in various tissue types. TVA will also be sampling emergent aquatic
potassium (K), selenium (Se), silver (Ag), sodium (Na), strontium (Sr), Figure 1. Study site and collection localities near Kingston Raference ocatons: SEAM 60, LERM, SCRM 4.5, s_wf - 7 — <7 | i I o eterence locatons TAM 3650, vegetation and periphyton to determine if trace metals are accumulating in plant tissue.
thallium (T1), vanadium (V), and zinc (Zn). Only Se concentrations have  Fossil Plant, Roane County, Tennessee. B —— EECE e + N %f . mme————
been quantitatively evaluated at this time. sEaf o . Sails vy Normon vl Adulre 2 D : - - éf In addition to these studies, several universities are conducting research on the site. The University of Tennessee S
. Bioaccumulation graphs were constructed using Excel, Sigmaplot RN . Sa - Pleurocera sop. o Hononn biineot divl 9 é S LB has been collecting raccoons along the shoreline near the ash spill. These samples will be analyzed over the next [
ProUGL and other statistical software ’ ’ — R ol |8 L T s °F L 5 o 2 % < K3 fi‘ few months. Vlrgln!a Tech will be conducting full gcale .phyS|o_Iog|caI and reproc!uctlve studlgs on tree swallows_
' T e + Y £ e ¢ S _ . & & £ e ? ) S N I N ) D and turtles, beginning in March 2011. These studies will continue to evaluate bioaccumulation of trace metals in
The distance between the 25th and 75th percentiles is considered the = if ) ) i s E : o o tE % SN T R A various tissues (eggs, nestlings, and blood). They will also include evaluations of maternal transfer of
interquartile range (IQR). ~— IR £S5 . - o o £2 6 I R ig ; i A?&" | ng S N - pEg contaminants, reproductive success, community evaluations, annual return rates, and relationships between
Median concentrations (50th percentile) were used for calculations of e g/gm"l iz - 8 ;f e S < % . e == s s s o ok s parent and offspring tissue concentrations.
biomagnification within food chains. — rference locatons: >ETM 6.0, LERM, GV .5 F 30 : 5 t 5 Impacted ocations: North Embayment, West Embayment
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bioaccumulated in aquatic and riparian organisms and if Conceptual S S B SR R Y |
biomagnification has occurred in the food chain. . P urface Water o e oy o s o e e e submerged sediment 15
o Tissues tested include: contents of eggs (birds), whole body tissue (fish, ' - Eish o S o ! ARCADIS
benth!c mvertebrates,_ amphlblgns, and bird nestlings), pIOOd (turtles), and E : : i i £ owof : 4 The authors would like to thank the following individuals and agencies for their assistance with collecting, processing, and analyzing
aquatic plant and periphyton biomass (data not yet available). £ SEL I £Eas] 5 I samples for these projects: William Hopkins, T. Hill Henry, Mark Greeley, Kurt Lankin, Donny Lowery, Allison Fortner, Wes James,
o Biomagnification data interpretation and graphics: § € oooon] § § o) © T : Elizabeth Burton, Jesse Morris, ARCADIS, Environmental Standards, Inc., Harriman Utility Board, Jacobs Engineering, Pace Analytical
. _ . . . . . 5 & J >10%fold increase in g ] E g 2 H 2 Services, Inc., Restoration Services Inc., TVA Kingston Fossil Plant, TVA Police, TVA Reality Services, TVA Transmission Linemen,
E_nrlchment faptor (EF) = [Se] |_n primary producer_/ [Se1 N abmt'? media. LE’ Eﬂe:iilt;aal;ilnus ek & o E} Tennessee Wildlife Resources Agency (TWRA), and U.S. Fish and Wildlife Services (USFWS).
Bioaccumulation factor (BAF) = [Se] in prey / [Se] in abiotic media. E s Al il | | | | | |
Trophic transfer factor (TTF) = [Se] in predator / [Se] in prey. 3 :
EF and TTF near 1 translates to no biomagnification. & Water E RE F E RE N C ES
EF and TTF > 1 indicate biomagnfication within the higher level. 5§05 & g
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Note: EFs could not be calculated as primary producer data (periphyton e oo A1 0.0t ERM 6.0, impacted locations: ERM 0.0t0 ERM 3.5, '

Figure 2. Conceptual bioaccumulation curve for selenium

. . . 2010, Ecological Assessment of Selenium in the Aquatic Environment: CRC Press, 368 p.
and aquatic vegetation) are not yet available. in aquatic systems (Chapman et al. 2010).




