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ABSTRACT COLLECTION SITES PISCIVOROUS AND HERBIVOROUS BIRDS AMPHIBIANS REPTILES DISCUSSION

The release of fly ash at the Tennessee Valley Authority [EE e 8 i RGN | v GREAT BLUE HERON, OSPREY, CANADA GOOSE AMERICAN TOAD, SPRING PEEPER, UPLAND CHORUS FROG SNAPPING TURTLE, COMMON MUSK, EASTERN SPINY SOFTSHELL | Initial review of the results from the first two years of monitoring suggests that most species examined have

y y y _ . y ng SUg9 |
(TVA) Kingston Fossil Plant (KIF) on December 22, 2008 , ‘ ™ '- E Ul experienced exposure to Se derived from coal ash. Comparisons of other trace elements are ongoing.
discharged approximately 5.4 million cubic yards of ash Higher concentrations of Se were detected in heron eggs collected from impacted nests than those
slurry, which contains metals and metalloids that might collected from reference nests; however, Se concentrations in osprey eggs were similar between locations.
pose a risk to ecological receptors within the adjacent The differences in Se accumulation could be a result of variation in dietary composition and/or feeding-
aquatic and terrestrial systems. TVA and collaborating ecologies between these two piscivores (heron forage primarily in shallow waters and seasonally-exposed
organizations have continued and expanded the studies sediment compared to osprey which often capture prey items over open water). Selenium concentrations in
initiated in the aftermath of the release in order to assess Canada goose eggs collected from impacted nests were also higher than concentrations of reference
impacts of the spill to wildlife resources in the area and to | eggs, probably because Canada geese are frequently observed eating grasses emerging from the ash.
document whether the ash spill has exposed wildlife in > 7] I NGUA i R A | .
the region to trace elements. e e S0t s Fosel Pt G s o et ok | Arlon ot cortrodstconplots.  Srhapeeet g e S e e 1 I e Musk e e on e By e B e rwmwpanerpscom. | AAOUGN both heron and gesse from the impacted area matenally transferred more Se to their eggs thar

ere. TROTe Gredit. 1. il Henty on Ste- o1 Credii. T Letran It | it | | T “ | from reference areas, none of the observed Se concentrations were above those typically thought to
Wildlife groups in these studies include piscivorous reduce hatchin ’ i ities in bi i -
) g success or induce deformities in birds (Janz et al. 2010). Interestingly, higher
Insectivorous, and herbivorous birds; spring breeding TURTLE concentrations of Se were observed in insectivorous birds foraging near the site (see comparison poster on
amphibians; aquatic reptiles; and terrestrial mammals. GREAT BLUE HERON AND OPEY - FROGS AND TOADS | U | S tree swallows). Taken together, our findings suggest that lower trophic level birds grazing directly on ash
W|I9|I|fe species selected include osprey (I_Dand/on « Eggs of great blue heron (Ardea herodias) and osprey (Pandion haliaetus) —|eses =% r?"’N 2 /71 |« American toads (Bufo americanus), upland chorus frogs (Pseudacris feriarum), and spring peepers (P. | ¢ Snapping turtles (Chelydra serpentine), musk turtles (Sternotherus sp.), (geese) and those eating invertebrates that developed in the benthos (tree swallows) are at greater risk of
hallaetUS), great b|Ue herOn (Ardea herOdIaS), Canada & e 5 e e were collected from available nests (1 egg per neSt) at pOtentia”y impaCted % 2 ‘ﬁl\’ 4—-' .‘ CI’UCifer) were collected at two pOtentia”y impaCted sites near KIF, two UnimpaCted reference sites eastern mud turtles (KinOSternon SUbI’UbI’LIm), and eastern Spiny softshell exposure than pISCIVoreS ThIS may be related to a Slgnlflcant Iag tlme between Introductlon Of ash Into the
goose (Branta canadensis), tree swallow (Tachycineta @t s il Guless e i Legend || sites around KIF and at the upstream Tennessee (TN) River reference site. [#* located north and upstream of KIF, and one nearby reference site in an adjacent county. Amphibians turtles (Apalone spinifera spinifera) were collected from potentially impacted system and possible bioaccumulation in fish
bicolor), upland chorus frog (Pseudacris feriarum), spring e & ® . . | o Amphibian Site ¢| Eggs were weighed, measured, and frozen (<10°C) for analysis. were allowed to void gut contents before being euthanized and frozen (<10°C) for analysis. sites around KIF and at the upstream TN River reference site. Blood, '
peeper (P. crucifer), American toad (Bufo americanus), . N i © Heron Colony || « 2009 Collections: 10 heron eggs (5 reference, 5 impacted); 9 osprey eggs « 2009 Collections: 34 spring peepers (23 reference, 11 impacted), 11 chorus frogs (11 impacted), and 31 ;Onear;?;'; argni?ﬁgsgehgssogzgﬁlE;;T}Z)e\éveartet ﬁiinr;gliﬁ? and frozen (<10°C) for Whole body Se concentrations were low in amphibians. For comparison (Table 1), Hopkins et al.
snapping turtle (Chelydra serpentina), common musk Bidagn A0 S ;gsm‘;y “(';St sto | (3 reference, 6 impacted). American toads (10 reference, 21 impacted). - o .. ~ | | documented considerably higher concentrations of Se in toads breeding in a coal ash settling pond in
turtle (Sternotherous ordoratus), and raccoon (Procyon [ SEE = o s oo e T:rI:Iae _T_rapoose "B « 2010 Collections: 13 heron eggs (4 reference, 9 impacted); 10 osprey eggs 2010 Collections: 53 spring peepers (35 35 ) 5229 T;aptralrrzlge é3(51% trreaf[;?esne(;% %6irrnnuasclz<t/g(1;;d5t§£t Ire]cs) n(-ztg rlrg?ict:gié 8230” ected ,'[:ift'ld i’io'ogiStﬁNcrl‘qe_Cki”% hfodp South Carolina. Although statistical tests have not yet been performed, there is qualitative evidence (Table
lotor). Tissues tested include contents of eggs (birds), B S EE SR SNl | \ommal Trap ||| (5 reference, 5 impacted). reference, 18 impacted), 35 chorus frogs (13 & : 0 | PPIng H  71mP ’ JC 5P it ra et e oateS 1) that other elements such as Sr may also be accumulated in toads in the impacted area. Monitoring
whole body (amphibian and bird nestlings), blood (turtles p e A . . | . reference, 22 impacted), and 33 American 3o 3 » 2010 Trapping (1,347 traps set): 350 musk/mud turtles (51 reterence, 299 efforts will continue in the impacted area to determine whether observed patterns remain stable over time.
and mammals), and hair and organs (mammals). While .+ « B e ML = :  Selenium concentrations were compared between locations for each species toads (13 reference, 20 impacted). E X impacted), 58 snapping turtles (29 reference, 29 impacted), 89 eastern spiny softshell turtles (11
pioaccumulation was not noted or expected in the first E:g:treRtar?éugz usrl1t’§/ apednsg!zgtelc?n localities near Kingston Fossil (Fllsltlurte g)frsril?:]lumtC%nﬁ?ntr?Stl%gSJrV\ge:% )Slt%glr?(i:ﬁ?]tg::]ggerénfrr;?,';ot?] eeggs "7 || . Selenium concentrations were compared g 25 | 5 reference, 78 impacted), 3,310 non-target species. The preliminary evaluation of Se concentrations in turtle blood indicates higher levels in species whose diet
year of studies for higher trophic levels, the continued fgfeergnece sci)te (2 ggieo 185-6;93} p=_0 (')31) In contrast nogsgignifican t ™ Jul N .,_ B between location type and species (Figure 5) ﬁ% N g ¢ ¢ % » Selenium concentrations in turtle blood were compared between locations and species (Figure 6, Is predominately comprised of benthic invertebrates (musk turtles and eastern spiny softshell), compared
. . o ’ . T A ! : ' . teryy . % is;!bf‘ b..t.:'. o using a 2-way ANOVA. WMW indicated that =S 7L & 0 O preliminary 2010 data only). Concentrations reported below detection limit (BDL) were graphed at the to species feeding at a higher trophic level (snapping turtles). These findings are consistent with the bird
studies are the first results indicating whether these difference was found in Se concentrations detected In osprey eggs from the Harriman Utility Board Il ref it imil =0.629 =5 T 3 8 A g detection limit. Mean concentrations (+ standard error) are presented in Table 3 - - it - -
receptors are accumu|ating constituents of concern. OVE RVI EW MAP WITH Impacted area (2.33 + 0.12) compared to osprey eggs from the reference S:r:gi]:g het:’(l;[z eggg crew ’[ah reterence S: edsfwere simi .ar (P— ' )’ SO §§f 15 : g S ' - P ' results, Suggestlng that up to this pomt, Invertebrate prey represent a more direct tl’OphIC pathway of
Trends for constituents and species are presented. site (2.60 % 0.44; t-test, p=0.928). ' ey were poolea tor Comp_ar'sons' £E | & i : g & _g_ » Statistical comparisons of other elements have not yet been conducted. A total of 23 of 26 metals were | exposure to consumers than do fish prey. Full scale effects-based work will be launched in Spring 2011 to
REFERENCE SITES 6 » Whole body Se concentrations were S o] % + 5 detected in turtle blood. Al, Be, Cr, and Mo were below detection limits. Sb, As, B, Cd, Ag, Tl, and V determine whether turtles maternally transfer Se to their eggs and whether reproductive success is
— N significantly higher in amphibians from S : o O 0 were detected in less than 5% of samples. affected by the Kingston ash spill
OBJ ECTIVES Sl P . . . & impacted sites compared to reference sites S osl | | | | | | '
2, - (p<0.001). Toads had higher Se G 5 El 2 3 2 3
The goal of these studies is to document whether the ash “j' : concentrations than the other two species 7 : 8 8 P RE LI M I NARY DATA RE F E RE N C ES
spill ha_S exposed wildlife in the region to trace elements S % 4L —— (bp 7009)' IThetr_e was dno S|g_n|f|car_1t0|r(13t7e2ract|on N S.:;ring Pooper Sp,andcmrus Frog i Hopkins, W.A., C.L. Rowe, and J.D. Congdon. 1999. Elevated Trace Element Concentrations and Standard Metabolic Rate
found in coal ash. g E h etween location and species (p=0.672). Fiqure 5. Comparison of Selenium concentrations (millirars per s A Musk/Mud Turtles in Banded Water Snakes (Nerodia fasciata) Exposed to Coal Combustion Wastes. Environmental Toxicology and Chemistry.
Objective 1: Determine whether trace elements are S :% S :%: g = {3— * ﬁ;izszg?;g??ep::i%gzSigtc?egﬁlig]ve;: kilogram) observed in amphibians at reference and impacted S Xz”appi”i“”':sf y 18(6): 1258-1263.
- - AL - : : ! Q= - 2 4@— ; locations (2009 and 2010 data combined). m 16 ¢ Eastern Spiny Softshells A
b'OaYa"ab'e to .W'Id“fe occupying different trophic levels/ ,_JK/gt/ | % E 5T T o S elements of interest are reported below in ﬁﬁ —Mean . Hopkins, W.A., M.T. Mendonca, C.L. Rowe, J.D. Congdon. 1998. Elevated Trace Element Concentrations in Southern Toads,
feeding ecologies. ol = . &5 O kéja Tables 1 and 2. =5 ¢ Bufo terrestris, Exposed to Coal Combustion Waste. Archives of Environmental Contamination and Toxicology. 35, 325-329.
. - : A =) Qo K —Ko— = % A o

Objectlv_e 2: Determine whether wildlite are maternally AT Table 1. Comparisons of Total Body Trace Element Concentrations (mg/kg dry mass) in Adult American Toads g2 v ’ Field biologist comparing eastern mud | Janz, D.M. et al. Chapter 6: Selenium Toxicity to Aquatic Organisms. CRC Press—Taylor & Francis Group, LLC, Boca Raton,
transferring trace elements to young. B N Reference’ Impacted’ Reference’ Impacted’® %z.-, . : . turtle (left) with musk turtle (right). FL, 141-231. 2010.

« Wildlife resources were identified in 2009, and multiple species o A Field biologist measuring an osprey egg collected - Constituent h=23 h=41 n=3-6 n=7-10 e ¢ A,
were selected based upon their availability and potential K oot from a nest on the Emory River. 0 ' | | | Arsenic 1282033 (7) 1.14£0.62 (29) 0.23+£0.05 1.96 + 0.2/ 5 03 : ; [ e P ROG RESS O F OTH E R STU DI ES
exposure o 26 trace elements e 22 . Reference  Impacted  Reference  Impacted Barium 78.67 +558 (0) | 80.65 + 5.60 (0) 77.20 + 11.25 133.64 + 32.26 2 ‘o . . T : é

| Figure 2. Reference sites at Melton Hill Dam (raccoons, tree swal- Cadmium 0.26 + 0.034 (10) | 0.30 £ 0.025 (23) 0.12+0.02 0.27 4 0.050 0.6 A $ U ) ! Tree swallow monitoring was initiated in 2009 =

o Elements tested include aluminum (Al), antimony (Sb), arsenic  |ows), Fort Loudoun Dam (tree swallows), Tellico Dam (tree swallows), Great Blue Heron Osprey Copper 6.60 + 0.53 (4) 7.19+0.43 (8) 20.80 + 1.67 29.50 £ 719 : g f <3 T and expanded in 2010. Results are presented
(As), barium (Ba), beryllium (Be), boron (B), cadmium (Cd), Timberlake Pond (ampbhibians, turtles), Hugo Property (raccoons). _ _ | | Lead 1.00 £ 0.15 (1) 0.93 + 0.23 (13) 1.06 + 0.09 0.70 +0.14 0.4 H 3 ; X P | . ) | : P
calcium (Ca), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe) Figure 3. Comparison of selenium concentrations (mg/kg dry mass) Selenium 1.65+0.074 (0) | 1.89 +0.089 (0) 2.10 + 0.09 17.40 + 3.32 A § ¢ e X o A % . concurrently in this session, including
lead (Pb), magnesium (Mg). manganese (Mn). mercury (Hg), observed in heron and osprey eggs at reference and impacted locations Strontium 82.73+7.39 (0) | 103.88+7.31(0) | 13210+13.92 | 386.70 + 74.37 02 . ’ 8 A3 concentrations of trace elements in eggs and

’ . g . ’ . ’ (2009 and 2010 data combined). Zinc 12508 6.03(0) | 113.78£2.71(0) | 194.30 £ 93.38 99.20 £ 5.82 g 3 . : .
molybdenum (Mo), nickel (Ni), potassium (K), selenium (Se), _ _ ——— 6 15-day nestlings.
silver (Ag), sodium (Na), strontium (Sr), thallium (Tl), vanadium Note: Concentrations for 2009 and 2010 combined, presented as mean + 1 SE (number of samples below detection limit) Upstream Downstrea Downstream  Ash Spill Ste/
(V), and zinc (Zn). Only Se concentrations have been CANADA GOOS E 2 .Fﬁ,?;‘;rc‘iggigﬁ';;ﬁ?f;ﬁg‘n’fj;Zﬁj‘gied‘;?;affgﬁn”l@”ﬂﬁiﬂf kEemZZQﬂ;eDn?“aviz”vieZ?E;SQSmRe"nCt_ky fop Farm. TR " R;Ver sinen et =ren R;Ver In addition, the University of Tennessee is
_?_uantltatlvelydcomr)zred at this pOfIn’[. brde) whole bod . Eqgs of Canada geese (Branta canadensis ) were collected from avail;ble nel'EStS (1 egg per nr?s(tj) at Literature values cited in Hopkins et al. (1998) for adult male southern toads collected during breeding around a coal ash settling pond. Reference Impacted Field biologist collecting blood sample completl?g an ane|1Iy3|sﬂ§)f tl’ﬁCe Ielemetrlths N )

o Tissues tested include contents of eggs (birds), whole body potentially impacted sites around KIF and upstream in the Tennessee River. Eggs were weighed, Figure 6. Selenium concentrations (mg/kg wet weight) observed in turtle blood at ~ from snapping turtle. raccoon tissues along the shoreline at tne as o S ,, | Lk o , s 5O
(amphibian and bird nestlings), blood (turtles and mammals), measured, and frozen (£10°C) for analysis. o ble 2 C | Total Body T - o o e | reference (Upstream TN River) and impacted locations at the site (2010 data). spill. Data collected in 2009 will be analyzed over the next several months and SpeCImen collectlons are
hair and organs (mammals). « 2009 Collections: 4 eggs (4 impacted). 5 i it g;ringopﬁegﬁg ot At gﬁgﬁgrﬁrfgnss (Mglkg dry mass) in currently underway for the 2010 season. These samples will be analyzed over the next few months.

e Samples were collected from potentially impacted sites, as well 2010 C e - : Table 3. C ' f Selenium C trati /K t weight) in Turtl

_ _ ® ollections: 25 eaas (10 reference, 15 impacted). S F - aplie 9. L.omparisons or oceienium cvoncentrations (mg 9 we We|9 ) IN Turtes
|a:s frc_)lnlg) Iloc?’?lcglnFs) }Jpstream and dolivr}stream oftthe_ KllngdStc’)[E | 9gs ( Selonii concenfrations) e ‘I —Z— Referen‘z? "I Peepfr':pactedz Refe:’epr::f' Chorus :::I :gite & Musk/Mud Turtles Shapping Turtles | Eastern Spiny Softshells AC KN OWL E D G EM E N TS
ossil Plan or comparison. Reference sites include the . | . Y _ g ? 3 * Location o (se]’ o Sel! o (se]’
- - d between locations &5t Constituent n=58 n=29 n=13 n=33 —
Elj_ps’gea;kaePnnejstehe I'\Iillver, I;ort Lcr>tudc|>:t_m Darzn, 'II\'/eIII:fo DHalrlnl,D | ?Igirglﬁ)raeri ) Bea\sNed noca cI: s 52 . Arcoric 02920015 (54) | 026 £0.017 (27) | 0.22%0.0067 (8) | 045 0.055 (15) Upstream TN River 20 042+003(0) [ 21  035:001(0) [ 10  0.3910.08 (1)
imberlake Pond, the Hugo Property (Figure 2). Melton Hill Dam | Mann Whitney (WMW) test. S EE S Barium 48.87 + 3.64 (0) | 60.75+363(0) | 53.80+856(0) | 58.12 £ 3.33 (0) Downstream TNRiver | 22  051%0.02(0) | 17  039%001(0) | 18 035005 (3)
was used as a historically ash-impacted site. Co?]r:;n traltirc])?; SNere si)gr?i?i(,:anetly 5 f 4 X Cadmium 0.21 £ 0.022 (34) | 0.18 £ 0.023 (16) | 0.079  0.0078 (14)| 0.20 = 0.024 (6) Clinch River 41 092:004(0) | 5  038£003(0) | 16 073£0.12(0) ARCADIS
Obiective 3: Determine whether bioaccumulation and , | : 6 Copper 986+0.77 (2) | 15.02+157(0) | 14.09+262(0) | 12.75 0.94(0) Emory River 21 046+004(0) | 8  034%004(0) | 20  057+0.10(1) The authors would like to thank the following individuals and agencies for their assistance with collecting,
] " - P higher in goose eggs from the : | ' Lead 0.38+0.041(30) | 069+0.026 (13) | 034+0052(3) | 0.35+0.027 (16) " Selenium (Se) concentrations in 2010 (mg/kg wet weight), presented as mean # 1 "~ || processing, and analyzing samples for these projects: Wes James, Ken Weisz, Adam Johnson, Travis
maternal transfer result in adverse effects. impacted area (2.12 + 0.31) Selenium 130+ 0045 (0) | 1.61+0.097(Q) | 1.18+0.088(0) | 1.58 +0.065 (0) SE . . . .
Reference Impacted oV V. ol =Y. 1O V. VO = V. (number of samples below detection limit).
. . . - 2 1d hiclog - - Walls, Chris Freshour, Katie Gassaway, Alex Buckner, Holly LeGrand, Phil Goodrum, Carolyn Meyer, Gina

. Based on results from biomonitoring efforts in 2009-2010, full compared to eggs from the Strontium 4028+237 (0) | 58.34+425(0) | 51.03+5.07(0) | 58.11 + 3.41(0) Reference location. Field biologist collecting toenail sample | | _ _ _ _
scale effects-based studies have been funded by TVA and will | G — - . * el reference site (0.62 + 0.04; Canada Goose Zinc 98.73+2.73(0) | 104.09+3.62(0) | 153.81+15.75(0) | 133.62 + 6.26 (0) from softshell turtle. Houck, Tim Negley, Mirtha Martin, Tom Boch, Jason Brown, TVA Police, TVA Reality Services,
be initiated in Spring 2011 on tree swallows and aquatic turtles.  Osprey nest on the Emory River immediately flowing spil. | -0 Bdlogist collecing a Canada - p<0.0001) concentrations (mg/kg dry mass) observed in Note: Concentrations for 2009 and 2010 combined, presented s mean & 1 SE (number of samplos below detection imi) Environmental Standards, Inc., Pace Analytical Services, Inc., ARCADIS, Restoration Services Inc,, Jacobs
Studies will focus on maternal transfer of trace elements, Photo credit: T. Hill Henry. Emory River. Canada geese eggs at reference and impacted ? Impacted concentrations include data from the North Embayment and West Embayment. Engineering, personnel from Harriman Ultility Board, Kingston Fossil Plant, TVA Transmission Linemen, U.S.
reproductive success, and metrics of physiological performance. locations (2009 and 2010 data combined). Fish and Wildlife Services (USFWS), and Tennessee Wildlife Resources Agency (TWRA).




