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EXECUTIVE SUMMARY 
 
A dike failed on December 22, 2008, at the Kingston Fossil Plant releasing approximately 5.4 
million cubic yards of fly ash that ultimately reached the Emory River. As a result, TVA 
developed a Kingston Fossil Plant Fly Ash Recovery Plan for Phase I Dredging Operations 
which included a number of toxicological tests.  The University of Maryland Wye Research and 
Education Center (WREC) was tasked to conduct 96-hour acute survival tests with Ceriodaphnia 
dubia and Pimephales promelas exposed to elutriates of ash samples prepared from cores 
collected immediately upstream and downstream of the most impacted area of the Emory River.  
In addition, WREC was tasked to send samples of the elutriates to Test America for chemical 
analysis. 
 
Upstream and downstream ash samples were obtained by TVA personnel from the Emory River 
on March 17, 2009.  Unaffected Emory River water (ERM 12.2), which was received from TVA 
on March 31, 2009, was used to prepare the ash elutriates and also served as the dilution water 
for the various elutriate toxicity treatments.  Both the C. dubia and P. promelas 96-hour acute 
toxicity tests were initiated on April 1, 2009.  Aliquots taken from the ash elutriates used to 
initiate the toxicity tests were shipped to Test America on April 2, 2009, for chemical analyses. 
 
The elutriates (including the centrifuged elutriates) prepared from the Emory River upstream and 
downstream ash samples were not acutely toxic (p > 0.05) to C. dubia (see Table).  
  
 

Summary of the Results of the C. dubia 96-Hour  
Survival Ash Elutriate Toxicity Test 

 
Treatment No. of 

Replicates 
No. of 

Animals per 
Replicate 

Mean 
Upstream 

Survival (%) 

Mean 
Downstream
Survival (%)

MHSW Negative Control 5 5 100 100 
Emory River Control 5 5 100 100 
6.25 % elutriate  5 5 100 100 
12.5 % elutriate 5 5 100 100 
25 % elutriate 5 5 100 100 
50 % elutriate 5 5 100 100 
100 % elutriate 5 5 100 92 
100 % elutriate (Centrifuged) 5 5 100 100 

 
 

Likewise, the non-centrifuged and centrifuged elutriates prepared from the Emory River 
upstream and downstream ash samples were not acutely toxic (p > 0.05) to P. promelas (see 
Table). 
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Summary of the Results of the P. promelas 96-Hour 
Survival Ash Elutriate Toxicity Test 

 
Treatment No. of 

Replicates 
No. of 

Animals per 
Replicate 

Mean 
Upstream 

Survival (%) 

Mean 
Downstream
Survival (%)

MHSW Negative Control 5 10 98 98 
Emory River Control 5 10 98 98 
6.25 % elutriate  5 10 96 96 
12.5 % elutriate 5 10 96 92 
25 % elutriate 5 10 94 96 
50 % elutriate 5 10 92 94 
100 % elutriate 5 10 84 96 
100 % elutriate (Centrifuged) 5 10 96 98 
 
 
In summary, C. dubia and P. promelas No Observed Adverse Effect Concentrations (NOAECs) 
for survival in both the upstream and downstream elutriates are 100% elutriate by volume.  The 
96-hour LC50s for both C. dubia and P. promelas exposed to upstream and downstream 
elutriates are >100% elutriate by volume. 
 
 



Tennessee Valley Authority Contract No. 61887       University of Maryland 
Kingston Fossil Plant Fly Ash Recovery Project  Final Report 
 

1 
 
 
 

 

 

1.0 INTRODUCTION 
 
A dike failed on December 22, 2008, at the Kingston Fossil Plant releasing approximately 5.4 
million cubic yards of fly ash that ultimately reached the Emory River. As a result, TVA 
developed a Kingston Fossil Plant Fly Ash Recovery Plan for Phase I Dredging Operations 
which included a number of toxicological tests (TVA, 2009).  The University of Maryland Wye 
Research and Education Center (WREC) was tasked to conduct 96-hour acute survival tests with 
C. dubia and P.  promelas exposed to elutriates of ash samples prepared from cores collected 
immediately upstream and downstream of the most impacted area of the Emory River.  In 
addition, WREC was tasked to send samples of the elutriates to Test America (Nashville, 
Tennessee) for chemical analysis. 
 
Upstream and downstream ash samples were obtained by TVA personnel from the Emory River 
on March 17, 2009.  Thirteen composite samples of both upstream and downstream ash were 
shipped from TVA to WREC via a refrigerated carrier and received at WREC on March 24, 
2009.   Upon receipt, the 26 ash samples were immediately placed in the dark in a 4 °C 
refrigerator.  Unaffected Emory River water, which was received from TVA on March 31, 2009, 
was used to prepare the ash elutriates and also served as the dilution water for the various 
elutriate toxicity treatments.  Both the C. dubia and P. promelas 96-hour toxicity tests were 
initiated on April 1, 2009, from ash taken from 1 of the 13 upstream and 1 of the 13 downstream 
containers.  Aliquots taken from the ash elutriates used to initiate the toxicity tests were shipped 
to TestAmerica on April 2, 2009, for chemical analyses. 
 
2.0 MATERIALS AND METHODS 
 
2.1 Preparation of Ash Elutriates 
 
Prior to preparing the elutriates, both the upstream and downstream Emory River ash samples 
were stirred in their respective 5-gallon shipping containers with a stainless steel auger attached 
to an electric drill to make certain the consolidated ash and overlying water were homogenously 
mixed before the ash samples were used to prepare the elutriates.  The auger was cleaned prior to 
use by soaking overnight in 10% hydrochloric acid followed by an acetone and well water rinse.  
The auger was then rinsed three times with distilled water.  Both the upstream and downstream 
elutriates were prepared by generally following the standard elutriate preparation procedure 
given in Section 10.1.2.1 of USEPA Evaluation of Dredged Material Proposed for Discharge in 
Waters of the U.S. – Testing Manual Inland Testing Manual (USEPA, 1998). 
 
After mixing of the overlying water and ash in the 5-gallon containers as described above, the 
elutriates were prepared by combining 1.5 L of ash with 6 L of unaffected Emory River water in 
10 L glass jars that had been cleaned as described above.  The ash:water mixture was vigorously 
stirred for 30 minutes using a magnetic stir plate and large magnetic stir bar at 25 °C.  Prior to 
placing the ash:water mixture on the stir plate, the mixture was stirred again using a long-
handled stainless steel spoon cleaned as described above to ensure complete mixing.  The 
ash:water mixture was also stirred at time 10 and 20 minutes during the 30-minute stirring period 
to assure complete mixing. 
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After the 30-minute mixing period, the mixtures were allowed to settle for one hour.  The 
supernatant (elutriate) was then siphoned off without disturbing the settled material.  The 
turbidity of each elutriate was measured immediately after being siphoned.  An aliquot from each 
elutriate was also centrifuged at 2000 rpm for 30 minutes at 25 °C for a centrifuged elutriate 
toxicity treatment for each species.  The turbidity of the centrifuged samples was measured again 
following centrifugation.  The non-centrifuged and centrifuged elutriate samples were then used 
to prepare the test solutions for the toxicity tests and samples for chemical analyses. 
 
Immediately after the toxicity tests were initiated, an aliquot of each of the filtered and 
centrifuged elutriates and non-filtered, non-centrifuged elutriates from the upstream and 
downstream sites were placed in chemical containers containing acid supplied by Test America.  
Upon filling, the chemical containers were refrigerated at 4 °C in the dark. The samples were 
shipped on ice to Test America the following day (April 2, 2009) for chemical analyses. 
 
2.2 Toxicity Tests 
 
2.2.1 Ceriodaphnia dubia 
 
The 96-hour survival toxicity test with C. dubia exposed to the elutriates generally followed 
USEPA Test Method 2002.0 given in Methods for Measuring the Acute Toxicity of Effluent and 
Receiving Waters to Freshwater and Marine Organisms, 5th ed. (USEPA, 2002). A summary of 
the test conditions for C. dubia is given in Table 1. 
 
C. dubia were cultured at 25 ± 0.5 ºC in 600 mL glass beakers filled with 400 mL of MHSW.  
The diet consisted of a mixture of Cerophyl® (Cerophyl® Laboratories, Inc., Kansas City, 
Missouri) and the green alga, Selenastrum capricornutum, added to the C. dubia culture to 
achieve final concentrations of approximately 120 µg Cerophyl®/mL and ~6.7 x 105 S. 
capricornutum cells/mL. 
 
All neonates used in the 96-h survival test were produced by C. dubia in a brood board that had 
released at least three broods and were <24 hours old at the start of the exposure.  The exposures 
were conducted in 50 mL glass beakers containing 25 mL of test solution.  The test was 
conducted in an environmental chamber at 25 ± 0.5 º C under a 16-hours light:8-hours dark 
photoperiod (fluorescent lights; 60-85 foot candles at the surface of the exposure vessels).  All 
test organisms were fed prior to the exposure and at 48-hours. 
 
Temperature, dissolved oxygen (DO), and pH were measured randomly in one replicate in all 
upstream and downstream treatments at time 0 hours and every 24 hours during the 96-hour 
exposure.  Conductivity, alkalinity, and hardness were measured randomly in one replicate at 
time 0 hours and at 96 hours in all treatments.  Ammonia was measured randomly in one 
replicate at time 0 hours and at 96 hours.  Turbidity was measured in the upstream and 
downstream non-centrifuged elutriate samples immediately after the elutriate was prepared; 
during test setup; and at the end of the test.  No aeration was needed during the exposures 
because the DO in the overlying water was ≥7.1 mg/L at all times. 
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Table 1.  Summary of Test Conditions and Test Acceptability Criteria for the Ceriodaphnia 
dubia 96-Hour Acute Toxicity Test with Emory River Fly Ash Elutriate 

 
Test method: 2002.0 In: EPA-821-R-02-012 (USEPA, 2002) 
Test type: Static, non-renewal  
Test duration: 96 hours  
Temperature: 25 ± 1 ºC  
Light quality Ambient laboratory illumination 
Light intensity: 60-85 foot candles at surface of water 
Photoperiod: 16 hours light, 8 hours dark 
Test chamber size: 50 mL 
Test solution volume: 25 mL 
Renewal of elutriate: None 
Age of test organisms: <24-hours old at start of test 
No. organisms per test chamber: 5 
No. replicate chambers per concentration: 5 
No. organisms per concentration: 25 
Feeding regime: Fed YCT and Selenastrum capricornutum 

while holding prior to test and at 48 hours; 
newly-released young had food available a 
minimum of 2 hours prior to use in the test and 
at 48 hours; 0.1 mL each of YCT and S. 
capricornutum added at 48 hours 

Test chamber cleaning: Cleaning not required 
Test chamber aeration: None 
Dilution water: Unaffected Emory River water 
Test concentrations: Non-Centrifuged: 100, 50, 25, 12.5, and 6.25 

% elutriate by volume, 100% unaffected 
Emory River (river control), and 100% MHSW 
(negative control) 
Centrifuged: 100% elutriate 

Supernatant holding time: <4 hours 
Endpoint: Survival 
Test acceptability criterion: 90% or greater survival in Emory River water 

and MHSW negative controls  
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2.2.2 Pimephales promelas 
 
The 96-hour survival toxicity test with P. promelas exposed to the elutriates generally followed 
USEPA Test Method 2000.0 given in Methods for Measuring the Acute Toxicity of Effluent and 
Receiving Waters to Freshwater and Marine Organisms, 5th ed. (USEPA, 2002).  A summary of 
the test conditions for P. promelas is given in Table 2. 
 
All larvae used in the 96-hour survival test were <24 hours old at the start of the test.  The tests 
were conducted in 500 mL glass beakers containing 210 mL of test solution.  All test organisms 
were fed brine shrimp (Artemia sp.) nauplii <24 hours old prior to the exposure and at 48 hours. 
The test was conducted at 25 ± 0.5 º C under a 16-hours light:8-hours dark photoperiod 
(fluorescent lights; 60-85 foot candles at the surface of the exposure vessels).  The P. promelas 
larvae were obtained from Chesapeake Cultures, Inc. (Hayes, Virginia). 
 
Temperature, DO, pH, and ammonia were measured randomly in one replicate in all upstream 
and downstream treatments at time 0 hours and every 24 hours during the 96-hour exposure.  
Conductivity, alkalinity, and hardness were measured randomly in one replicate at time 0 hours 
and at 96 hours in all treatments.  Turbidity was measured in the upstream and downstream non-
centrifuged elutriate sample immediately after the elutriate was prepared; during test setup; and 
at the end of the test.  No aeration was needed during the exposures because the DO in the 
overlying water was ≥6.7 mg/L at all times. 
 
2.3 Test Endpoints, Test Acceptability Criteria, and Data Analyses 
 
The endpoint for the 96-hour tests was survival.  The test acceptability criteria for the toxicity 
tests were 90% or greater survival in the Emory River controls and MHSW negative controls.  
No statistics were run on the upstream C. dubia data since no mortality occurred at any treatment 
including the Emory River controls, MHSW negative controls, and 100% non-centrifuged or 
centrifuged elutriate.  The remaining data were analyzed as follows.  All percent survival data 
were arc sine square root transformed before any statistical analyses were conducted.  The null 
hypothesis that all elutriate treatments were equal was tested using Steel’s Many-One Rank Test 
for non-centrifuged treatments (multi-concentration series requirement per USEPA 2002) and 
Wilcoxon Rank Sum Test for the centrifuged treatment (single-concentration series requirement 
per USEPA 2002).  All statistical tests were performed using ToxCalc (TSS, 2006). 
 
2.4 Quality Assurance/Quality Control 
 
As part of WREC’s ongoing quality assurance/quality control program, C. dubia <24 hours old 
and P. promelas <24 hours old at the start of the exposures were exposed to the reference 
toxicant potassium chloride (KCl) using MHSW.  The 48-h LC50s were determined using a 
dilution series consisting of five concentrations.  The results were compared to in-house 
cumulative control chart limits (20 most recent data points). 
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Table 2.  Summary of Test Conditions and Test Acceptability Criteria for the Pimephales 
promelas 96-Hour Acute Toxicity Test with Emory River Fly Ash Elutriate 

 
Test method: 2000.0 In: EPA-821-R-02-012 (USEPA, 2002) 
Test type: Static, non-renewal 
Test duration: 96 hours 
Temperature: 25 ± 1 ºC 
Light quality Ambient laboratory illumination 
Light intensity: 60-85 foot candles at surface of water 
Photoperiod: 16 hours light, 8 hours dark 
Test chamber size: 500 mL 
Test solution volume: 210 mL 
Renewal of elutriate: None 
Age of test organisms: <24 hours at start of test 
No. organisms per test chamber: 10 
No. replicate chambers per concentration: 5 
No. organisms per concentration: 50 
Feeding regime: Artemia sp. nauplii were made available while 

holding prior to tests and at 48 hours; 0.2 mL 
Artemia sp. nauplii concentrate were added at 
48 hours 

Test chamber cleaning: Cleaning not required 
Test chamber aeration: None 
Dilution water: Unaffected Emory River water 
Test concentrations: Non-Centrifuged: 100, 50, 25, 12.5, and 6.25 

% elutriate by volume, 100% unaffected 
Emory River (river control), and 100% MHSW 
(negative control) 
Centrifuged: 100% elutriate 

Supernatant holding time: <4 hours 
Endpoint: Survival 
Test acceptability criterion: 90% or greater survival in Emory River water 

and MHSW negative controls 
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2.5 Chain of Custody Records 
 
The biomonitoring chain of custody record for the upstream and downstream ash samples were 
received and signed when the shipment arrived at WREC on March 24, 2009.  The chain of 
custody seals on the 26 five-gallon containers (13 upstream and 13 downstream containers) were 
all intact upon receipt of the samples.  The chain of custody records for the upstream and 
downstream ash samples and Emory River samples are given in Attachment 1.  The chain of 
custody record for the elutriate samples sent to Test America is also presented in Attachment 1. 
 
3.0 RESULTS AND DISCUSSION 
 
The 96-hour upstream and downstream Emory River and MHSW negative controls for both C. 
dubia and P. promelas met the test acceptability criteria of 90% or greater survival.  One 
hundred percent survival occurred in the C. dubia Emory River controls and MHSW negative 
controls.  Ninety-eight percent survival occurred in the P. promelas Emory River controls and 
MHSW negative controls. 
 
The results of C. dubia exposed to the upstream and downstream ash elutriates and 100% 
centrifuged elutriates are summarized in Table 3.  The laboratory bench sheets for the overlying 
elutriate chemistry and survival data for C. dubia are given in Attachment 2.  One hundred 
percent survival occurred in all upstream treatments; thus, no statistical analyses were performed 
because the upstream elutriates were not acutely toxic to C. dubia (Table 3).  No significant 
difference (p = 1.00) was found between the downstream Emory River controls and MHSW 
negative controls; thus, the elutriate dilutions were tested against the Emory River controls. The 
non-centrifuged elutriates prepared from the Emory River downstream ash were not acutely toxic 
to C. dubia (Table 3).  No mortality occurred in the 100% centrifuged elutriate; thus, no statistics 
were applied for this single treatment.   
 
No 96-hour LC50 point estimate was attempted since 50% mortality did not occur in these tests.  
The statistical analyses for the downstream C. dubia are given in Attachment 2. 
 
The results of the P. promelas exposed to the upstream and downstream ash elutriates and 100% 
centrifuged elutriates are summarized in Table 4.  The P. promelas laboratory bench sheets for 
the overlying elutriate chemistry and survival data are given in Attachment 3.  No significant 
difference was found between the upstream Emory River controls and MHSW negative controls 
(p = 1.00) or between the downstream Emory River controls and MHSW negative controls (p = 
0.35); thus, the five elutriate treatments in both data sets were tested against the Emory River 
controls.  The non-centrifuged elutriates prepared from the Emory River upstream and 
downstream ash were not acutely toxic (p > 0.05) to P. promelas (Table 4).  No difference (p > 
0.05) occurred between the Emory River controls and P. promelas larvae exposed to 100% 
centrifuged elutriate. 
 
No 96-hour LC50 could be estimated for the upstream or downstream P. promelas data since 
50% mortality did not occur.  The statistical analyses for the downstream P. promelas are given 
in Attachment 3. 
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Table 3.  Summary of the Results of the C. dubia 96-Hour 
Survival Ash Elutriate Toxicity Test 

 
Treatment No. of 

Replicates 
No. of 

Animals per 
Replicate 

Mean 
Upstream 

Survival (%) 

Mean 
Downstream
Survival (%)

MHSW Negative Control 5 5 100 100 
Emory River Control 5 5 100 100 
6.25 % elutriate  5 5 100 100 
12.5 % elutriate 5 5 100 100 
25 % elutriate 5 5 100 100 
50 % elutriate 5 5 100 100 
100 % elutriate 5 5 100 92 
100 % elutriate (Centrifuged) 5 5 100 100 

 
 
 

Table 4.  Summary of the Results of the P. promelas 96-Hour 
Survival Ash Elutriate Toxicity Test 

 
Treatment No. of 

Replicates 
No. of 

Animals per 
Replicate 

Mean 
Upstream 

Survival (%) 

Mean 
Downstream
Survival (%)

MHSW Negative Control 5 10 98 98 
Emory River Control 5 10 98 98 
6.25 % elutriate  5 10 96 96 
12.5 % elutriate 5 10 96 92 
25 % elutriate 5 10 94 96 
50 % elutriate 5 10 92 94 
100 % elutriate 5 10 84 96 
100 % elutriate (Centrifuged) 5 10 96 98 
 
 
 
In summary, the C. dubia and P. promelas NOAECs for survival in both the upstream and 
downstream elutriates are 100% elutriate by volume.  Likewise, the 96-hour LC50s for both C. 
dubia and P. promelas exposed to upstream and downstream elutriates are >100% elutriate by 
volume. 
   
The KCl reference toxicant 48-h LC50 (and its 95% confidence limits) for C. dubia was 330 
(277-385) mg/L which fell within WREC’s acceptable cumulative control chart limits 
(Attachment 4).  The KCl reference toxicant 48-h LC50 (and its 95% confidence limits) for P. 
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promelas was 1320 (1318-1458) mg/L which fell within WREC’s acceptable cumulative control 
chart limits (Attachment 4). 
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ATTACHMENT 2 
 

LABORATORY BENCHSHEETS AND SUPPORTING STUDY DOCUMENTS FOR 
THE Ceriodaphnia dubia ELUTRIATE TOXICITY TESTS 

 
 

(8 Pages) 
 
   
 

 
 















Acute Invertebrate Test-96 Hr Survival
Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Downstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: CD-Ceriodaphnia dubia
Comments:  Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5
MHS-Control 1.0000 1.0000 1.0000 1.0000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 1.0000

6.25 1.0000 1.0000 1.0000 1.0000 1.0000
12.5 1.0000 1.0000 1.0000 1.0000 1.0000

25 1.0000 1.0000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000 1.0000

100 1.0000 1.0000 0.8000 0.8000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

MHS-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5
Emory River 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5

6.25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00
12.5 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00

25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00

100 0.9200 0.9200 1.2500 1.1071 1.3453 10.434 5 22.50 16.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.55935 0.9 -1.0534 4.98677
Equality of variance cannot be confirmed
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1
Treatments vs Emory River

Page 1 ToxCalc v5.0.23 Reviewed by:_____



 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 3 
 

LABORATORY BENCHSHEETS AND SUPPORTING STUDY DOCUMENTS FOR 
THE Pimephales promelas ELUTRIATE TOXICITY TESTS 

 
(11 Pages)  

 
 

 















Acute Fish Test-96 Hr Survival
Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Upstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: PP-Pimephales promelas
Comments:  Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5
MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000

6.25 1.0000 0.9000 1.0000 1.0000 0.9000
12.5 1.0000 1.0000 0.8000 1.0000 1.0000

25 1.0000 0.9000 1.0000 1.0000 0.8000
50 1.0000 0.8000 0.9000 0.9000 1.0000

100 0.8000 0.9000 0.9000 0.7000 0.9000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5

6.25 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
12.5 0.9600 0.9796 1.3510 1.1071 1.4120 10.092 5 27.00 16.00

25 0.9400 0.9592 1.3184 1.1071 1.4120 10.436 5 24.50 16.00
50 0.9200 0.9388 1.2859 1.1071 1.4120 10.026 5 22.00 16.00

100 0.8400 0.8571 1.1691 0.9912 1.2490 10.000 5 16.50 16.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.86454 0.9 -0.9419 -0.2718
Bartlett's Test indicates equal variances (p = 0.83) 2.14455 15.0863
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1
Treatments vs Emory River
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Acute Fish Test-96 Hr Survival
Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Upstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: PP-Pimephales promelas
Comments:  Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5
MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000

100 Centr. 1.0000 1.0000 0.9000 0.9000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5

100 Centr. 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 19.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.75876 0.781 -0.9546 -1.0157
F-Test indicates equal variances (p = 0.70) 1.5 23.1545
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05)
Wilcoxon Two-Sample Test indicates no significant differences
Treatments vs Emory River
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Acute Fish Test-96 Hr Survival
Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Downstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: PP-Pimephales promelas
Comments:  Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5
MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000

6.25 0.9000 1.0000 0.9000 1.0000 1.0000
12.5 0.9000 0.9000 1.0000 0.9000 0.9000

25 1.0000 1.0000 0.9000 0.9000 1.0000
50 1.0000 1.0000 1.0000 0.9000 0.8000

100 1.0000 1.0000 0.9000 0.9000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5

6.25 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
12.5 0.9200 0.9388 1.2816 1.2490 1.4120 5.687 5 20.00 16.00

25 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
50 0.9400 0.9592 1.3184 1.1071 1.4120 10.436 5 24.50 16.00

100 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.89755 0.9 -0.6084 -0.572
Bartlett's Test indicates equal variances (p = 0.81) 2.24566 15.0863
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1
Treatments vs Emory River
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Acute Fish Test-96 Hr Survival
Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Downstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: PP-Pimephales promelas
Comments:  Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5
MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000

100 Centr. 1.0000 1.0000 0.9000 1.0000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical

MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5

100 Centr. 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5 27.50 19.00

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.50963 0.781 -1.7788 1.40625
F-Test indicates equal variances (p = 1.00) 1 23.1545
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05)
Wilcoxon Two-Sample Test indicates no significant differences
Treatments vs Emory River
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