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Table 1. Conditions of toxicity tests with amphipods (Hyalella azteca ), midge (Chironomus dilutus ), rainbow mussels (Villosa iris ), and wavy-rayed 
re-suspension event of fly ash in the Emory River and the sluice channel Standards Volume 11.06. West Conshohocken, PA.Thallium 1.8 2.1 NA Total PAH mg/kg dry 0 3931 0 285 22 8 alampmussels (Lampsilis fasciola ) in whole-sediment or in elutriate exposures conducted in basic accordance with standard methods (ASTM 2009a,b)re suspension event of fly ash in the Emory River and the sluice channel ,

h 2008 OAA i i k f bl OAA O & 08 1Vanadium 80 91 NA
Total PAH mg/kg dry 0.3931 0.285 22.8lampmussels (Lampsilis fasciola ) in whole sediment or in elutriate exposures conducted in basic accordance with standard methods (ASTM 2009a,b)

during dredging to remove fly ash and used to conduct a 10 d elutriate Buchman MF 2008 NOAA screening quick reference tables NOAA OR&R Report 08-1Vanadium 80 91 NA a Probable effect concentration (MacDonald et al 2000)during dredging to remove fly ash, and used to conduct a 10-d elutriate Buchman MF. 2008. NOAA screening quick reference tables, NOAA OR&R Report 08-1, 
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A hi d id i b ltoxicity test with 5-month-old rainbow mussels at USGS. The elutriates Seattle, WA, Office of Response and Restoration Division, National Oceanic and a Threshold effect level for amphipods (Hyalella azteca ;Test species Amphipod Amphipod, midge, rainbow mussel, wavy- Rainbow mussel
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Geochemical speciation of selenium and other heavy metals in coal fly ash after prolongedTwo ash elutriates (from Emory River and
Table 4. Mean survival and growth (n 4 or 8) of benthic species in 10  or 28 d whole sediment toxicity tests with fly ash 
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l ti t th t l (T bl 4) Th diff i Amphipod USACE 10 99 (4.0) 78 (10)*/78 (15)*b 0.17 (0.03) 0.12 (0.03)*/0.12 (0.03)*lower percentage of mussels moved their foot with exposure to 100% based sediment quality guidelines for freshwater ecosystems. Arch Environ Contam ToxicolTemperature 23°C 23°C 20°C relative to the controls (Table 4) The differences in p pod US C 0 99 ( 0) 78 (10) /78 (15) 0 (0 03) 0 (0 03) /0 (0 03)

elutriate from sluice channel compared to mussels in reference site water
based sediment quality guidelines for freshwater ecosystems. Arch Environ Contam ToxicolTemperature 23 C 23 C 20 C relative to the controls (Table 4). The differences in 

Amphipod USGS 28 98 (5 0) 68 (5 0)* 0 50 (0 06) 0 37 (0 03)*elutriate from sluice channel compared to mussels in reference site water. 39:20 31Li ht Ambient laborator light 200 l 16L 8D th i l th f i b l t Amphipod USGS 28 98 (5.0) 68 (5.0)* 0.50 (0.06) 0.37 (0.03)*p 39:20-31.Light Ambient laboratory light, 200 lux, 16L:8D the survival or growth of rainbow mussel were not p p ( ) ( ) ( ) ( )
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Midge USGS 10 88 (15) 95 (5 8) 0 80 (0 13) 0 57 (0 04)*These results indicate that fly ash can be chronically toxic to some Stanley JK Kennedy AJ Bednar AJ Chappell MA Seiter JM Willett KL Thornton C100 ml of sediment with 175 ml of 100 ml of sediment with 175 ml of overlying significant between the ash and control sediment Midge USGS 10 88 (15) 95 (5.8) 0.80 (0.13) 0.57 (0.04)y y
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Stanley JK, Kennedy AJ, Bednar AJ, Chappell MA, Seiter JM, Willett KL, Thornton C, Water or sediment volume 100 ml of sediment with 175 ml of 100 ml of sediment with 175 ml of overlying 200 ml significant between the ash and control sediment 

sediment-dwelling organisms possibly due to elevated metal concentrations Wells A Averett DE Hendrix SH Steevens JA Investigating TVA Kingston fossil plant
Water or sediment volume overlying water water 200 ml g

l ( bl ) Rainbow mussel USGS 28 100 (0) 100 (0) 56 (20) 44 (16)sediment dwelling organisms possibly due to elevated metal concentrations. Wells A, Averett DE, Hendrix SH, Steevens JA. Investigating TVA Kingston fossil plant overlying water water 
samples (Table 4) Rainbow mussel USGS 28 100 (0) 100 (0) 56 (20) 44 (16)
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l fl h i i l l d j il f h d i i d d l iWater renewal 2 volume additions daily 2 7 volume additions daily Monday Wednesday Friday
samples (Table 4).

W d l l USGS 28 100 (0) 100 (0) 81 (14) 38 (13)*However, the short-term release of contaminants during re-suspension of coal fly ash toxicity to larval and juvenile fathead minnows using extended elutriateWater renewal 2 volume additions daily 2.7 volume additions daily Monday, Wednesday, Friday
p ( )

Wavy-rayed lampmussel USGS 28 100 (0) 100 (0) 81 (14) 38 (13)*However, the short term release of contaminants during re suspension of coal fly ash toxicity to larval and juvenile fathead minnows using extended elutriate Wavy rayed lampmussel USGS 28 100 (0) 100 (0) 81 (14) 38 (13)
fly ash may not adversely affect the survival of juvenile rainbow mussels bi S i t f E i t l T i l d Ch i t N O l LAAbout 7 d old amphipods and midge afly ash may not adversely affect the survival of juvenile rainbow mussels. bioassays. Society of Environmental Toxicology and Chemistry, New Orleans, LA,Age of test organisms 7- to 14-d-old amphipods About 7-d-old amphipods and midge About 5-month-old mussels Th l t i t t i d l t d t ti

a Biomass (mg total dry weight of surviving organisms divided by the number of original organisms) for amphipod andy y y j bioassays.  Society of Environmental Toxicology and Chemistry, New Orleans, LA, Age of test organisms 7  to 14 d old amphipods About 3-month-old mussels About 5 month old mussels The elutriates contained elevated concentrations  Biomass (mg, total dry weight of surviving organisms divided by the number of original organisms) for amphipod and 
November 2009

About 3 month old mussels The elutriates contained elevated concentrations 
midge; shell length increase (%) for mussels November 2009.

# i / h b 10 10 10 of arsenic selenium and barium relative to local midge; shell length increase (%) for mussels.
T V ll A th it (TVA) 2009 Ki t R U d t A d th# organisms/chamber 10 10 10 of arsenic, selenium, and barium relative to local 

b

B k d Tennessee Valley Authority (TVA). 2009. Kingston Recovery Update. Accessed on theg , ,
b Values for two ash samplesBackground Tennessee Valley Authority (TVA). 2009. Kingston Recovery Update. Accessed on the 

# replicate chambers 8 4 4 soil and sediment (see the poster by Chappell et al Values for two ash samples.Background web at: http://www tva gov/kingston/index htm# replicate chambers 8 4 4 soil and sediment (see the poster by Chappell et al. p
* i ifi t d ti l ti t th t l ( 0 05 t t t K k l W lli t t)Background web at:  http://www.tva.gov/kingston/index.htm( p y pp

i thi i f d t il ) M i l f * significant reduction relative to the control (p <0.05; t-test or Kruskal-Wallis test). p g g
U S E i l P i A (USEPA) 2002 Sh h d f i iAmphipods: 1 ml of YCT in this session for details) Mean survival of  significant reduction relative to the control (p 0.05; t test or Kruskal Wallis test).
U S Environmental Protection Agency (USEPA) 2002 Short-term methods for estimatingF di

Amphipods: 1 ml of YCT in this session for details). Mean survival of U.S. Environmental Protection Agency (USEPA). 2002. Short term methods for estimating Feeding 1 ml of YCT Midge:1.5 ml of flake fish food 2 ml of algal mixture twice daily i b l (b d f t t ( ) f ( )Fly ash was released to the Emory River TN from the Tennessee Valley the chronic toxicity of effluents and receiving waters to freshwater organisms 4th ed EPA
g 1 ml of YCT Midge:1.5 ml of flake fish food

Mussels: 2 ml of algal mixture twice daily
2 ml of algal mixture twice daily rainbow mussels (based on foot movement or Table 5 Mean water quality characteristics (n =2) and mean survival of 5-month-old rainbow mussel (n=4 ) in 10-d static-Fly ash was released to the Emory River, TN from the Tennessee Valley the chronic toxicity of effluents and receiving waters to freshwater organisms, 4th ed. EPA-Mussels: 2 ml of algal mixture twice daily rainbow mussels (based on foot movement or Table 5. Mean water quality characteristics (n 2) and mean survival of 5 month old rainbow mussel (n 4 ) in 10 d staticy y , y

h i i il l i b (
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heartbeat) was not significantly different among renewal tests with two ash elutriate samples diluted by reference site water (0%) tested by USGSAuthority Kingston Fossil Plant in December 2008 (USEPA 2009 TVA 821-R-02-013 Washington DCChamber cleaning None None New test chamber after 7 d heartbeat) was not significantly different among renewal tests with two ash elutriate samples diluted by reference site water (0%) tested by USGSAuthority Kingston Fossil Plant in December 2008 (USEPA 2009, TVA 821-R-02-013. Washington, DC.Chamber cleaning None None New test chamber after 7 d ) g y g
Conductivity Alkalinity Hardness Ammonia % Survival (SD)

y g (
2009) Th i t l l f thi ill ill t lik l lt i th USGS 2005 P d f th d i ti f ilib i titi i di treference site water (0% elutriate) 10% 50% and Conductivity Alkalinity Hardness Ammonia % Survival (SD)
2009) The environmental cleanup of this spill will most likely result in the USGS. 2005. Procedures for the derivation of equilibrium partitioning sedimentDechlorinated tap (Vicksburg municipal; Diluted well water (hardness 100 mg/L as reference site water (0% elutriate), 10%, 50%, and y y

T t t C t ti H ( S/ ) ( N/L) (f t t) (h tb t)
( )

(mg/L as CaCO )2009). The environmental cleanup of this spill will most likely result in the USGS. 2005. Procedures for the derivation of equilibrium partitioning sediment 
Test water Dechlorinated tap (Vicksburg municipal; Diluted well water (hardness 100 mg/L as 

Reference site water
( ), , ,

100% l i i f b h l i Treatment Concentration pH (µS/cm) (mg N/L) (foot movement) (heartbeat)(mg/L as CaCO3)
l f 5 illi bi d f fl h f th i d benchmarks (ESBs) for the protection of benthic organisms: metal mixture (cadmium

Test water hardness 75 mg/L as CaCO3) CaCO3)
Reference site water 100% elutriate concentrations for both elutriate Treatment Concentration pH (µ ) ( g ) (foot movement) (heartbeat)

EMR EL MS 0% 6 96 31 36 0 12 88 (15) 100 (0)
( g 3)

removal of over 5 million cubic yards of fly ash from the river and benchmarks (ESBs) for the protection of benthic organisms: metal mixture (cadmium, hardness 75 mg/L as CaCO3) CaCO3) 100% elutriate concentrations for both elutriate EMR-EL-MS 0% 7 6 96 31 36 0.12 88 (15) 100 (0)removal of over 5 million cubic yards of fly ash from the river and ( ) p g ( ,
l d i k l il d i ) EPA 600 R 02 11 Offi f R h dl (T bl 5) H i ifi tl l

EMR EL MS 0% 7.6 96 31 36 0.12 88 (15) 100 (0)
surrounding areas in connection with recovery and remediation efforts The copper lead nickel silver and zinc) EPA-600-R-02-11 Office of Research andf f % % % % ( samples (Table 5). However, a significantly lower (Emory River) 10% 7 5 118 38 37 0 14 78 (21) 100 (0)surrounding areas in connection with recovery and remediation efforts. The copper, lead, nickel, silver, and zinc). EPA 600 R 02 11. Office of Research and 

T t t ti Ash sample from Emory River, control Ash sample from Emory River, control 100%, 50%, 10%, 0% (dilutions prepared samples (Table 5). However, a significantly lower (Emory River) 10% 7.5 118 38 37 0.14 78 (21) 100 (0)g y
i f hi l h i i d i i i Development Washington DCTest concentration s sa p e o o y e , co t o

sediment from Browns Lake MS
s sa p e o o y e , co t o

sediment from West Bearskin Lake MN
00%, 50%, 0%, 0% (d ut o s p epa ed

with site water) percentage of mussels (35%) moved their foot 50% 7 6 122 41 42 0 11 85 (19) 95 (10)impact of this release on the river ecosystem is under investigation Development, Washington, DCsediment from Browns Lake, MS sediment from West Bearskin Lake, MN with site water) percentage of mussels (35%) moved their foot 50% 7.6 122 41 42 0.11 85 (19) 95 (10)impact of this release on the river ecosystem is under investigation. p , g ,
S A 2006 i l d d Q li C i i 2006 Offi f

p g ( )
100% 7 8 165 51 63 0 13 83 (10) 90 (0)

p y g
USEPA 2006 National Recommended Water Quality Criteria: 2006 Office of Watermussels in 100% elutriate from sluice channel 100% 7.8 165 51 63 0.13 83 (10) 90 (0) USEPA. 2006. National Recommended Water Quality Criteria: 2006. Office of Water, Water quality Dissolved oxygen pH hardness alkalinity and ammonia were measured weekly mussels in 100% elutriate from sluice channel, ( ) ( )

S C S % 31 36 0 12 ( ) ( ) W hi t DC
Water quality Dissolved oxygen, pH, hardness, alkalinity, and ammonia were measured weekly ,

d l i f i (88%) SLC-EL-MS 0% 7 6 96 31 36 0.12 88 (15) 100 (0) Washington, DC.Survival biomass (amphipod and midge) compared to mussels in reference site water (88%) SLC EL MS 0% 7.6 96 31 36 0.12 88 (15) 100 (0) Washington, DC. 
Endpoint Survival biomass Survival, biomass (amphipod and midge), Survival length

compared to mussels in reference site water (88%). (Sluice channel) 10% 7 6 124 34 45 0 13 68 (10) 98 (5 0) USEPA 2009 EPA’s Response to the TVA Kingston Fossil Plant Fly Ash Release RegionEndpoint Survival, biomass length (mussels) Survival, length (Sluice channel) 10% 7.6 124 34 45 0.13 68 (10) 98 (5.0) USEPA. 2009. EPA s Response to the TVA Kingston Fossil Plant Fly Ash Release. Region length (mussels)
50% 7 7 172 42 65 0 10 70 (20) 90 (14) p g y g

4 S th t A d th b t htt // / i 4/ki t /i d ht lTest acceptability ≥80% control survival 50% 7.7 172 42 65 0.10 70 (20) 90 (14)
U S D t t f th I t i 4, Southeast Accessed on the web at: http://www epa gov/region4/kingston/index htmlTest acceptability ≥80% control survival ( ) ( )

100% 7 8 272 69 106 0 13 35 (17)* 98 (5 0)U.S. Department of the Interior 4, Southeast. Accessed on the web at:  http://www.epa.gov/region4/kingston/index.html
F ll i th id tli d i USEPA 2002 ith TOXSTAT® ft (WEST 1996)

100% 7.8 272 69 106 0.13 35 (17)* 98 (5.0)U.S. Department of the Interior
Western EcoSystems Technology 1996 TOXSTAT® 3 5 Cheyenne WY USAData analysis Following the guidance outlined in USEPA 2002 with TOXSTAT® software (WEST 1996)

( ) ( )
* Si ifi t d ti l ti t th f it t ( 0 05 t il d D tt' t t) Western EcoSystems Technology. 1996. TOXSTAT® 3.5. Cheyenne, WY, USA.ata a a ys s g g ( ) * Significant reduction relative to the reference site water (p <0.05; one-tailed Dunnett's test).

U S Geological Survey
y gy y , , Significant reduction relative to the reference site water (p 0.05; one tailed Dunnett s test).
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