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Abstract

Insensitive munition formulation (IMX)-101 consists of 2,4-dinitroanisole
(DNAN), 3-nitro-1,2,4-triazol-5-one (NTO), and nitroguanidine (NQ).
While general aquatic ecotoxicological information is available for two of
the IMX constituents (NTO and NQ), such data are not known to be
available for DNAN. Thus, acute and chronic aquatic toxicity bioassays were
conducted using standard fish (Pimephales promelas) and invertebrate
(Ceriodaphnia dubia) models. Chemical analysis of test water indicated that
DNAN concentrations were relatively stable during the bioassays. Acute
toxicity was similar for the two species tested, with 48-hr lethal median
concentrations (LC50) ranging from 37 to 42 mg/L DNAN. Chronic toxicity
tests indicated that fish survival (7-day LC50 = 10 mg/L) was significantly
more sensitive to DNAN relative to the invertebrate (no significant impact
on survival at 24 mg/L). However, the reproduction endpoint for the
invertebrate was significantly more sensitive to DNAN than survival. When
assessing the most sensitive chronic endpoints, the two test species
indicated similar chronic toxicity, with lowest observable adverse impacts
ranging from 10 to 12 mg/L. DNAN and median effects on sublethal
endpoints (growth, reproduction) ranging from 11 to 15 mg/L DNAN.
Chronic no-effect concentrations ranged from approximately 6 to 8 mg/L
DNAN.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1 Introduction

An effective environmental management strategy for wastewater discharges
is dependent on accurate risk assessment to minimize potential conse-
quences of anthropogenic impacts on ecosystem health. The environmental
impacts of munitions and explosives of concern are difficult to predict due
to the limited information available and rapid degradation to toxic products.
Insensitive munition (IMX)-101 was recently approved as the main fill
ingredient in M795 155-mm artillery munitions with over 20,000 Ib'
manufactured (Fung et al. 2009). This relatively new IM mixture consists of
2,4-dinitroanisole (DNAN), 3-nitro-1,2,4-triazol-5-one (NTO), and
nitroguanidine (NQ).

Given its current production, use and stability (Bausinger and Preuss
2009), DNAN has the potential to be classified as an environmental
contaminant upon release during manufacturing, testing, training, and
use. While some aquatic ecotoxicology information exists for the other
IMX-101 constituents NTO (S&ME 2007; Haley et al. 2009; Sayers
2009a,b) and NQ (van der Schalie 1985), there is currently no known
information on the aquatic ecotoxicology of DNAN. Consequently, the
aquatic ecotoxicology of DNAN is the focus of this report.

This document provides a brief status report on the acute and chronic
bioassays conducted at the U.S. Army Engineer Research and Development
Center (ERDC) to generate aquatic toxicity reference values specific to
DNAN.

1 Equivalent to 9,072 kg.
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2 Methods

DNAN preparation

DNAN was acquired from Holston Army Ammunition Plant (Bob Winstead,
BAE Systems, Kingsport, Tennessee, USA). DNAN solutions were prepared
by 48-hr magnetic stirring in the dark. Alternative methods were evaluated
involving solvent carriers (acetonitrile, methanol)' but were not employed
since these carriers induced unacceptable sublethal toxicity to Ceriodaphnia
dubia. Solubilized DNAN in less toxic solvent carriers (acetone, ethanol) led
to re-crystallization upon spiking into moderately hard reconstituted water
(MHRW). Dissolution of DNAN by bath sonication into MHRW was
successful but was not used due to the resulting yellow coloration of the test
medium. The yellow coloration may suggest presence of DNAN degradation
compounds, such as dinitrophenol. Breakdown compounds with -OH and
-NO. functional groups (e.g., dinitrophenol) were previously predicted in
the alkaline hydrolysis of DNAN (Hill et al. 2012, Koutsospyros et al. 2012).

Acute toxicity testing

Acute (48-hr) toxicity tests employed the larval fish Pimephales promelas
and the water flea Ceriodaphnia dubia. All P. promelas were obtained from
Aquatic Biosystems (Fort Collins, Colorado, USA) while C. dubia were
obtained from ERDC in-house cultures (originally ECTesting, Superior,
Wisconsin, USA). Tests were conducted in accordance with standard guid-
ance (U.S. Environmental Protection Agency (USEPA) 2002a). Initially,
48-hr DNAN range-finding toxicity tests (concentrations: 5, replicates: 3)
were conducted for both P. promelas and C. dubia. MHRW, used as the
diluent and control water, was formulated according to USEPA (2002a) to
hardness and alkalinity levels of 80 and 60 mg/L as CaCOs, respectively.
Organisms were initially exposed to a nominal concentration range of
0-100 mg/L DNAN in MHRW, using a 90% dilution series (100, 10, 1, 0.1,
0.01%). Based on range-finding results, definitive acute toxicity tests were
conducted (concentrations: 5, replicates: 4) for both test species in the
nominal concentration range of 0—100 mg/L DNAN, using a 50% dilution
series (100, 50, 25, 13, 6%). The measurement endpoint was survival after
48-hr exposure. Analytical samples from the acute definitive bioassays were

1 Solvent carriers were spiked into water without employing methodology to evaporate the carrier.
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submitted to the U.S. Army Institute of Public Health (AIPH), Laboratory
Sciences Portfolio (POC: Mr. David F. Morrow).

Chronic toxicity testing

Chronic (77-day) toxicity tests employed P. promelas and C. dubia in
accordance with USEPA (2002b). Nominal concentrations ranged from o—
25 mg/L, selected based on the results of the definitive acute tests, using a
50% dilution series (100, 50, 25, 13, 6, 3%). Both chronic test methods
involved daily, static water renewals (80% renewal for P. promelas, 100%
renewal for C. dubia) using a fresh DNAN solution, prepared as described
previously. The P. promelas test method used < 24-hr-old larval fish and a
twice-daily feeding ration of Artemia sp. naulpii. The fish test involved six
concentrations and a control (MHRW), consisting of five replicates each
(concentrations: 6, replicates: 5). Survival, biomass, and growth (dry weight
basis) were assessed following 7 days of exposure. The C. dubia bioassay is a
three-brood test; thus, the duration can potentially range from 6 to 8 days.
According to guidance, C. dubia bioassays can be terminated once 60% of
the controls have three broods of neonates. However, it was ensured that
100% of the controls had a third brood prior to termination. The C. dubia
test involved six concentrations and a control, consisting of ten replicates
each (concentrations: 6, replicates: 10). A daily feeding ration of 1:1
Pseudokirchneriella subcapitata (formerly Selenastrum capricornutum)
and YCT (yeast, cereal leaves, and trout chow fish food) was supplied.
Measurement endpoints for the C. dubia test were survival and reproduc-
tion. For both chronic tests, in-water and out-water samples were collected
and submitted in three batches to (AIPH) to ensure that the 7-day sample
holding time was not exceeded.

Reference toxicity testing

The selected reference toxicant for P. promelas and C. dubia was
potassium chloride (KCI). Reagent grade KCI was weighed and completely
dissolved in MHRW. Five triplicated concentrations were prepared (100,
50, 25, 12.5, 6.25%) with the number of organisms in each replicate
previously described. The 100% concentration was 2.7 g/L for Pimephales
promelas and 1.0 g/L for Ceriodaphnia dubia. Test endpoints measured
were the same as previously described in the acute and chronic testing
sections.
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Statistical analysis

Survival data were arcsine square-root transformed prior to statistical
analysis. Data normality (Kolmogorov—Smirnov test), homogeneity
(Levene’s test), and treatment differences were compared to the reference
(one way ANOVA and Dunn’s or Dunnett’s Methods) and statistical
significance was determined at a = 0.05 using SigmaStat software (SPSS,
Chicago, Illinois, USA). When normality was not achieved, the non-
parametric Kruskal-Wallis one-way ANOVA on ranks was applied. The
lethal median concentration producing 50% mortality (LLC50) and inhibi-
tion concentrations (IC50, IC25) for sublethal endpoints were determined
by the trimmed Spearman—Karber method (Toxcalc®, Version 5.0, Tidepool
Scientific Software, McKinleyville, California). The LC50 and IC25 values
are presented with 95% confidence limits in parentheses. No observable
effect concentrations (NOEC) and lowest observable effect concentrations
(LOEC) were also calculated using ToxCalc v5.0 and confirmed by one-way
ANOVA and Dunn’s or Dunnett’s Methods. Maximum allowable concentra-
tions (MATC), also known as the chronic value (ChV), were calculated as the
geometric mean of the NOEC and LOEC. The acute-to-chronic ratio (ACR)
was calculated as the 48-hr LC50 divided by the MATC.

Analytical chemistry

Water samples (40 mL) were collected by ERDC-EL and sent to the Army
Institute of Public Health (AIPH) for analysis. The samples were main-
tained at 4 °C in dark conditions at all times. A 10-mL water aliquot was
extracted from each sample using 2 mL of isoamyl acetate while shaking on
a flatbed shaker for 1 hr. After separation, the isoamy acetate layer was
placed in an auto-sampler vial and stored at 4 °C until analysis. All samples
were extracted the day after receipt, with one exception; six samples
collected on 1 February 2012 associated with the acute toxicity tests were
one day beyond the 7-day holding time. This is not expected to have any
impact on the results. DNAN (Lot # BAE10H281-008) used for calibration
and quantification was obtained from BAE Systems (Ordnance Systems,
4509 West Stone Drive, Kingsport, TN 37660). DNAN used for quality
control samples (LCS-LCS Duplicate) was obtained from Sigma-Aldrich
(Sigma-Aldrich, St. Louis, MO, 63103). The standards used to calibrate the
analytical analysis system were extracted with the same water volume

(10 mL) as the samples to compensate for potential differences in extraction
efficiency. The samples were diluted as necessary to bring the sample
concentrations within the range of the instrument calibration. Analysis was
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performed using an Agilent 6890 gas chromatography (GC) fitted with an
electron capture detector (ECD; Santa Clara, CA). A J&W DB-17 column
was used for the primary analytical column and DB-1 was used for
confirmation. The samples were reported in units of ug/mL. Laboratory
control samples (LCS) and duplicates (LCSD) were analyzed with test
samples and percent recoveries were within the current acceptable limit.
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3 Results

Acute toxicity testing

Acceptability criteria for control survival (= 90%) and water quality
(Appendix A; Tables A1-A4) were met for all bioassays. Acute reference
toxicity tests (KCl) for P. promelas and C. dubia resulted in 48-hr LC50
values of 0.78 (95% confidence limits: 0.69 — 0.87) and 0.68 (0.62-0.74) g
KCI/L, respectively. This indicates comparable sensitivity to the historic
ranges in control charts (+ 2 S.D. from the mean) for P. promelas (0.56 —
1.01 g KCI/L) and C. dubia (0.20-0.76 g KCl/L). Range finding tests at

10 mg/L DNAN (nominal) resulted in similar survival for both test species
relative to the control. However, complete mortality was observed at

100 mg/L (nominal) DNAN (Tables 1 and 2). In the definitive acute (48-hr)
toxicity testing, the concentration of DNAN during the exposure period
remained relatively stable (Table 2), and all DNAN acute toxicity endpoints
were based on measured concentrations (Table 3). Survival response curves
for P. promelas and C. dubia were within the same dose range (Figure 1).
The 48-hr LC50 trended lower for P. promelas (37 [33 — 41]) relative to C.
dubia (42 [37 — 47]), suggesting slightly greater acute sensitivity to DNAN.
Further, mortality in the fish was observed relatively sooner (within 2 hr of
exposure) compared to C. dubia (within 24 to 48 hr). After 48 hr, however,
the 95% confidence intervals for the two test species overlapped, indicating
statistically similar sensitivity to DNAN.

Table 1. Nominal 2,4 dinitroanisole (DNAN) concentrations and survival for the acute (48-hr)
range-finding Pimephales promelas and Ceriodaphnia dubia bioassays. Concentrations were
not measured, as range-finding bioassays served only to determine appropriate exposure
concentrations for definitive acute testing. Asterisks denote statistically significant reductions
relative to the control.

Nominal 48-hr 48-hr

(mg/L) Pimephales promelas survival Ceriodaphnia dubia survival
Control 100+ 0 100+ 0

0.01 100+ 0 87 + 23

0.1 100+ 0 93+ 12

1 100+ 0 100+ 0

10 100+ 0 100+ 0

100 0+0* 0+0*




ERDC/EL TR-13-2

Table 2. Nominal and measured 2,4 dinitroanisole (DNAN) concentrations and survival for the
definitive acute (48-hr) Pimephales promelas (a) and Ceriodaphnia dubia (b) bioassays. Asterisks
denote statistically significant reductions relative to the control.

Measured Measured
Nominal Test Initiation Test Termination Mean Survival
(mg/L) (mg/L) (mg/L) (x1S.D.)
0 <0.01 <0.01 100+0
6 71 6.6 100+ 0
12 13 14 100+ 0
25 28 28 75+ 6%
50 74 74 0+ 0*
100 120 120 0+0*

(b)

0o <0.01 <0.01 90+ 20
6 71 7.2 95+ 10
12 13 14 800
25 28 28 95 + 10
50 74 68 0+ 0*
100 120 120 0+0*

Chronic toxicity testing

Acceptability criteria for control survival (= 80%; Table 4) and water quality
(Appendix A; Tables A-5 and A-6) were met for bioassays testing both
species. The sublethal endpoints for P. promelas (> 0.25 mg dry mass) and
C. dubia (three broods of > 15 neonates) also met control acceptability
criteria. Chronic reference toxicity testing results were consistent for both
species during the testing period (Appendix B; Table B2). The concentration
of DNAN during the chronic exposures remained relatively stable (Table 5),
and all DNAN chronic toxicity endpoints were based on measured concen-
trations averaged over the duration of the testing (Table 3). The C. dubia
test was terminated after 6 days, since all individuals in the control achieved
third brood (Table 4). As expected, the chronic bioassays provided more
sensitive endpoints relative to the acute tests (Tables 3 and 4). The chronic
C. dubia survival (LC50 > 24.2 mg/L) endpoint was substantially less
sensitive than the P. promelas survival (LC50 = 10.0 [8.8 — 11.2] mg/L)
endpoint (Table 3). However, the sublethal endpoints for both organisms
were more similar in sensitivity, with chronic DNAN toxicity falling in the
range of 8—15 mg/L (Table 3).
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Table 3. Toxicity reference values for Pimephales promelas and Ceriodaphnia dubia exposed to 2,4-
dinitroanisole. The no observable effect concentration (NOEC), lowest observable effect concentration
(LOEC), maximum allowable concentration (MATC)', median lethal concentration (LC50), and acute-to-
chronic ratio (ACR) are provided. Ninety-five percent confidence intervals for LC50 values are indicated
in parentheses. The combined measure provides the most sensitive value among the tested endpoints

(e.g., survival vs. growth/reproduction).

Exposure DNAN
Species Duration Measure Endpoint (mg/L)
Survival NOEC 13
24-h Survival LOEC 28
Survival LC50 41 (37 - 45)
Survival NOEC 13
48-h Survival LOEC 28
Survival LC50 37 (33 -41)
Survival NOEC 5.8
Pimephales promelas Survival LOEC 11.6
Survival LC50 10.0 (8.8 - 11.2)
Growth NOEC 11.6
7-d Growth LOEC 24.6
Combined MATC / Chv | 8.2
Combined IC25 10.4 (8.2 - 14.3)
Combined IC50 15.1 (12.3 - 17.7)
Combined ACR =45
Survival NOEC 74
24 Survival LOEC 120
Survival LC50 82 (72 - 93)
Survival NOEC 28
48 Survival LOEC 74
Survival LC50 42 (37 - 47)
Survival NOEC 24.2
Ceriodaphnia dubia Survival LOEC >24.2
Survival LC50 >24.2
Reproduction NOEC 6.2
6-d Reproduction LOEC 12.2
Combined MATC / Chv | 8.7
Combined IC25 8.2 (7.4 -8.7)
Combined IC50 10.6 (10.0 - 11.2)
Combined ACR=4.8

1 Also known as chronic value (ChV).
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48-hr Definitive Acute Test
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Figure 1. 48-hr dose response curves for Pimephales promelas and
Ceriodaphnia dubia exposed to DNAN in definitive acute bioassay testing. Note
that concentration data are plotted on a log10 scale.
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Table 4. Results from the 7-day Pimephales promelas chronic toxicity test (a), and the three-brood
Ceriodaphnia dubia chronic toxicity test (b). NA = Not available due to complete mortality.

(a)

%)_gtio'oj) 08 + 4% 0.421 + 0.044 0.201 + 0.044

0.7+0.2 100 + 0% 0.418 +0.034 0.288 + 0.034
14+05 96 + 5% 0.454 + 0.059 0.324 + 0.059

25+1.0 98 + 4% 0.436 + 0.074 0.306 + 0.074

58+ 17 90 + 12% 0.452 + 0.064 0.322 + 0.064
11.6 + 3.6 38 + 4%* 0.300+0.077*  |0.170 + 0.077*
24.6+18 0 + 0%* NA NA

(b)

g’_ gtrio'o_ 0 90 + 32% 34.8 +13.0 387 +4.7
07+0.1 100 + 0% 384 +4.6 384+46
15+0.3 100 + 0% 383+39 383+39
31+18 100 + 0% 39.7+55 39.7+55
62+05 100 + 0% 362+ 29 36.2+29
122+12 100 + 0% 12.8 + 4.6 12.8 + 4.6%
24.2+2.0 90 + 32% 0.2 + 0.4* 0.1 +0.3*
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Table 5. Nominal and measured 2,4 dinitroanisole (DNAN) concentrations provided as means (+ one

standard deviation from the mean) for the chronic Pimephales promelas (a), and Ceriodaphnia dubia

(b), bioassays. In-water is defined as the freshly prepared DNAN water used in water exchanges while
out-water is defined as the 24-hr-old water sampled prior to water renewal.

Measured Measured Overall Mean

Nominal In-water Mean Out-water Mean (in- and out-water)
(mg/L) (mg/L) (mg/L) (mg/L)

(@)
0 0.2+0.7 04+11 0.2+0.7
0.8 0.7+0.2 0.7+01 0.7+0.2
16 1.3+0.6 14+0.2 1.4+0.5
31 23+14 28+0.2 25+1.0
6.3 5.6 £2.0 5.9+0.6 5.8+ 1.7
12.5 11.0+ 3.6 122 +2.4 11.6 £+ 3.6
25.0 240+19 253+1.7 246+1.8

(b)
0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0
0.8 0.7+0.2 0.7+£0.1 0.7+£01
1.6 1.5+04 1.5+0.2 1.5+0.3
3.1 26+13 36+21 31+18
6.3 6.4+0.4 6.1+0.6 6.2+0.5
125 12.3+0.8 12.0+15 122+1.2
25.0 240+ 1.9 244 +2.3 242 +2.0
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4 Discussion

Acute toxicity testing

The 48-hr acute toxicity of DNAN ranged from 37 to 42 mg/L for the two
species tested (Table 3). These results place DNAN into the toxicity
category of slightly toxic (Figure 2a). The cited toxicity categories were
distributed by the U.S. Fish and Wildlife Service (USFWS 1984) to serve as
general guidance to compare the toxicity of various chemicals and are non-
regulatory. In comparison, data acquired from Talmage et al. (1999) and
the USEPA’s ECOTOX database (http://cfpub.epa.gov/ecotox/; queried May 2012)
for other traditional munitions fall into the more toxic categories of highly
toxic and moderately toxic. Also, 2,4-dinitrophenol and royal demolition
explosive (RDX) are classified as slightly toxic; the acute toxicity of DNAN
was less than literature-reported toxicity ranges for 2,4-dinitrophenol,
RDX, dinitrobenzene, trinitrotoluene (TNT), and lead (Figure 2a).

Chronic toxicity testing

The chronic toxicity of DNAN ranged from 8.2 to 10.0 mg/L, using the most
sensitive effect endpoint obtained for each of the two species tested (Table
3). The median value of all chronic toxicity effect endpoints (Table 3) places
DNAN into the toxicity category of moderately toxic (USFWS 1984; Figure
2b), although most of the DNAN data distribution is in the slightly toxic
category. In comparison, data acquired from Talmage et al. (1999) and the
USEPA’s ECOTOX database (http://cfpub.epa.gov/ecotox/; queried May 2012) for
other traditional munitions fall into the more toxic categories of super toxic
and highly toxic, while 2,4-dinitrophenol and RDX are also classified as
moderately toxic. The chronic toxicity of DNAN was less than the literature-
reported toxicity ranges for 2,4-dinitrophenol, RDX, dinitrobenzene,
trinitrotoluene (TNT), and lead (Figure 2b).
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Acute Toxicity Effect Endpoints
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Figure 2. Comparison of toxicity reference values for 2-4 dinitroanisole (DNAN) generated in
the current report to toxicity reference values for other traditional munitions (silver was
included as a reference toxicant). Acute toxicity is provided in panel a, while chronic toxicity is
provided in panel b. All summarized toxicity reference values are effect endpoints (e.g., LC50,
IC50, LOEC, etc.) for fish, Daphnia and Ceriodaphnia species obtained from Talmage et al.
(1999) and the USEPA ECOTOX database (http://cfpub.epa.gov/ecotox/). Box margins represent
the 25t and 75t percentiles of the data distribution, error bars represent 10t and 90t
percentiles of the data distribution (single points represent outlier data in the top and bottom
10% of the data distribution), and lines within the boxes represent the median toxicity
reference value. General toxicity severity ranges (USFWS 1984) are indicated in a red font
across the top of the figure. Note that the x-axis is plotted on a log10 scale. 2,4-DNP = 2,4
dinitrophenol, RDX = royal demolition explosive, DNB = dinitrobenzene, TNT = trinitrotoluene,
TNB = trinitrobenzene, Pb = lead. (continued)
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Appendix A: Water quality parameters

Table Al. Water quality parameters for the 48-hr Pimephales promelas range-finder bioassay exposed to 2,4-
dinitroanisole (DNAN). Means and one standard deviation from the mean are indicated, with the minimum and
maximum range of the data provided in parentheses.

Nominal Nominal
Treatment Concentration Temperature Oxygen Conductivity
(%) (mg/L) (°C) (mg/L) (WS/cm)
24.0+£0.6 705+0.35 |7.8+0.2 284 +1
Control 0
(23.1-24.5) (6.85-7.58) |(7.6-8) (283 - 285)
24.1+0.5 715+042 |7.7+0.1 284 +1
0.01% 0.01 (23.3-24.4) (6.86-7.77) |(7.6-7.8) (283 - 286)
0.1% 01 23.9+04 727+0.39 |76+0 286+ 3
(23.2-24.1) (7.05-7.85) |(7.6-7.7) (283 -290)
1% 1 23.8+ 0.5 735+0.37 |7.7+0.1 285+ 2
(23.1-24.1) (7.15-7.9) (7.6 - 7.8) (282 - 286)
10% 10 23.6+0.6 738+0.38 |7.7+x0 286+ 1
(22.8-23.9) (7.47 - 7.95) |(7.7-7.8) (285 - 287)
23.6+0.6 743+0.38 |7.8+0 301+2
100% 100 (22.6-23.9) (7.2-7.99) (7.7-7.8) (298 - 303)

Table A2. Water quality parameters for the 48-hr Ceriodaphnia dubia range-finder bioassay. Means and one
standard deviation from the mean are indicated, with the minimum and maximum range of the data provided
in parentheses.

Nominal Nominal Dissolved

Treatment Concentration Temperature Oxygen Conductivity

(%) (mg/L) Q) (mg/L) (MS/cm)
23.5+0.6 7.1+0.33 81+0.4 299 +21

Control 0
(22.9-24.1) (6.86-7.58) |(7.6-8.3) (283 - 330)
24 +0.4 7.4 +0.25 8.1+0.3 2915

0,

0.01% 0.01 (23.3-24.2) (7.26-7.77) |(7.6-8.3) (286 - 298)
23.8+04 743+0.28 |81+0.3 292 +4

0.1% 0.1
(23.2-24.1) (7.27 - 7.85) |(7.7-8.2) (286 - 295)

19% 1 23.7+04 749+0.28 |81+0.2 297 +8

> (23.1-23.9) |(7.32-79) [(7.8-8.2) (286 - 303)

23.6£0.5 756 +0.26 |8.1+0.2 292 +3

10% 10
(22.8-23.9) (7.42-7.95) |(7.8-8.2) (287 - 294)
23.5+0.6 7.6 +0.26 81+0.2 307 £5

O,
100% 100 (22.6 - 23.8) (746 -7.99) |(7.7-8.2) (300 -311)
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Table A3. Water quality parameters for the definitive, acute (48-hr) Pimephales promelas bioassay. Means and
one standard deviation from the mean are indicated, with the minimum and maximum range of the data
provided in parentheses.

Nominal Nominal Dissolved
Treatment Concentration Temperature Oxygen Conductivity
(%) (mg/L) Q) (mg/L) (HS/cm)
23.9+0.6 8.09+024 |75+£0.2 278 + 4
Control 0
(23.5-24.4) (7.92-8.26) |(7.4-71.7) (275 - 281)
6% 6.3 24.0+£0.7 8.05+0.20 |76x0.5 280+ 4
0 ’ (23.6-24.5) (7.91-8.19) |(7.3-8.0) (277 - 282)
13% 125 23.9+0.7 8.07+018 |7.7+04 284 + 10
(23.4-24.4) (7.94-8.19) |(7.5-8.0) (277 - 291)
25% 25.0 24.0 + 0.6 8.08+0.13 |7.8+0.3 285+ 8
(23.5-24.39) |(7.98-8.17) |(7.6 -8.0) (279 -290)
24.0+0.6 8.03+0.14 |7.7+£0.5 288 +8
% 50.0
50% (23.6-24.4) (7.93-8.13) |(7.3-8.0) (282 -293)
24.1+0.4 8.03+0.10 |7.7+£0.3 303+21
9 100.
100% 00.0 (23.8-24.3) (7.96-8.1) (7.5-79) (288 - 318)

Table A4. Water quality parameters for the definitive, acute (48-hr) Ceriodaphnia dubia bioassay. Means and
one standard deviation from the mean are indicated, with the minimum and maximum range of the data
provided in parentheses.

Nominal Nominal Dissolved
Treatment Concentration Temperature Oxygen Conductivity
(%) (mg/L) (°C) (mg/L) (uS/cm)
23.1+0.6 8.17+0.13 |82+0.7 280+ 7
Control 0
(22.7 - 23.5) (8.08-8.26) |(7.7-8.6) (275 - 285)
6% 6.3 23.2+0.5 8.18+0.01 |82+04 283 +8
0 ' (22.9-23.6) (8.17-8.19) |(8.0-8.5) (277 - 288)
13% 195 23.2+0.3 820+0.01 |82+0.3 282+ 7
(23.0-23.4) (8.19-8.20) |(8.0-8.4) (277 - 287)
23.2+04 8.18+0.01 |82+0.2 285+ 8
25% 25.
5% 5.0 (22.9-23.5) (8.17-8.19) |(8.0-8.3) (279 -290)
23.3+0.5 8.15+0.03 |81+0.2 288+ 8
% .
50% 50.0 (22.9-23.6) (8.13-8.17) |(8.0-8.3) (282 - 294)
23.2+0.8 8.14+0.06 |81+0.2 294 + 8
100% 100.
00% 00.0 (22.7 - 23.8) (8.10-8.18) |(7.9-8.3) (288 - 299)
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Table A5. Water quality parameters for the chronic (7-day) Pimephales promelas bioassay for in-water (a) and
out-water (b) samples. Means and one standard deviation from the mean are indicated, with the minimum
and maximum range of the data provided in parentheses.

Nominal Nominal Dissolved
Treatment Concentration Temperature Oxygen Conductivity
(%) (mg/L) (°C) (mg/L) (HS/cm)
(a)
23.9+04 7.98 £ 0.17 7.3+0.5 274 + 20
Control 0
(23.5-24.5) (7.70 - 8.18) (6.6 - 8.0) |(252-311)
6% 16 23.9+0.3 7.99 +£0.12 74 +0.5 275 + 17
0 ' (23.6-24.5) (7.82 -8.15) (6.6 - 8.0) |(257-302)
23.9+0.3 7.99 +0.11 7.6+0.3 273+ 18
13% 31
(23.6-24.4) (7.84 - 8.17) (7.0-7.9) (252 -302)
559 6.3 23.9+0.3 799 +0.1 7.6+0.3 273+ 18
? ’ (23.6-24.4) (7.87 - 8.16) (7.1-7.9) (253-301)
50% 195 23.9+0.3 7.98 + 0.09 7.6+0.2 273+ 16
(23.6-24.4) (7.88 - 8.14) (7.2-7.9) (254 - 302)
23.9+0.3 8.01 + 0.09 7.7+0.2 272 + 17
100% 25,
00% 5.0 (23.5-24.4) (7.88 - 8.14) (7.3 -8.0) |(255-304)
(b)
24.0 +0.3 7.72+0.10 |6.0+0.6 287 + 25
Control 0
(23.6-24.6) (7.58-7.88) |(5.1-6.9) (261 - 329)
6% 16 24.0 +0.3 765+0.11 |6.2+0.5 287 + 25
0 ' (23.6 - 24.6) (7.52-7.83) |(5.4-6.9) (264 - 330)
24.0+0.3 766+0.13 |6.2+0.5 287 + 24
13% 31
(23.5-24.6) (7.50-7.80) |(5.4-6.8) (263 - 329)
5% 6.3 240+ 0.4 764 +£0.13 |6.1+0.5 286 + 25
? ' (23.4 - 24.5) (7.49-7.79) |(b.5-6.7) (262 - 329)
50% 125 240+ 0.4 762+0.12 |6.3+0.5 287 + 24
(23.3-24.5) (7.47-7.79) |(5.4-6.8) (263 - 328)
23.9+04 762+0.13 |6.1+0.5 288 + 25
100% 25.0
00% (23.2-24.5) (748 -7.78) |(5.6-6.8) (267 - 328)
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Table AG. Water quality parameters for the chronic (7-day) Ceriodaphnia dubia bioassay for in-water (a) and
out-water (b) samples. Means and one standard deviation from the mean are indicated, with the minimum and
maximum range of the data provided in parentheses.

Nominal Nominal Dissolved
Treatment Concentration Temperature pH Oxygen Conductivity
(%) (mg/L) (°C) (Su) (mg/L) (HS/cm)
(a)
23.9+04 7.98 + 0.17 7.3+0.5 274 + 20
Control 0
(23.5-24.5) (7.70-8.18) |(6.6-8.0) |(252-311)
6% 16 23.9+0.3 7.99 £ 0.12 74+0.5 275 + 17
0 ' (23.6-24.5) (7.82-8.15) |(6.6 -8.0) |(257-302)
23.9+0.3 799 +0.11 76+0.3 273 + 18
13% 31
(23.6-24.4) (7.84-8.17) (7.0-7.9) (252 - 302)
25% 6.3 23.9+0.3 799 +0.1 76+0.3 273 + 18
0 ' (23.6-24.4) (7.87 -8.16) (7.1-7.9) (253 -301)
50% 195 23.9+0.3 7.98 £ 0.09 76+0.2 273 + 16
(23.6-24.4) (7.88-8.14) |(7.2-7.9) (254 - 302)
23.9+0.3 8.01 £ 0.09 7.7+0.2 272 + 17
100% 25.
00% 5.0 (23.5-24.4) (7.88-8.14) |(7.3 -8.0) (255 - 304)
(b)
Control o 241 +0.2 8.01 £ 0.09 7.3+0.7 284 + 21
(23.9-24.3) (794 -8.14) |(6.3-7.9) (262 - 312)
6% 16 24.3+£0.2 7.99 + 0.05 7.3+0.5 289 £ 25
? ) (24.0-24.6) (7.90-8.03) |(6.6-7.8) (257 - 317)
13% 31 24.2 +0.3 7.97 + 0.06 7.3+0.5 288 + 24
0 ' (23.7 - 24.6) (7.90-8.05) |[(6.5-7.9) (257 - 316)
24.2 +0.3 7.95 + 0.07 74 +0.6 290+ 24
25% 6.3
(23.8-24.6) (7.84-8.02) |(6.5-8.0) |(260-317)
50% 125 24.2 +0.3 7.92 + 0.07 7.3+0.6 288 + 26
(23.8-24.6) (7.81-7.99) (6.3-7.9) (255 - 317)
24.1+0.2 7.90 + 0.07 74 +0.6 289 + 26
100% 25.
00% 5.0 (23.8-24.4) (7.78 - 7.98) (6.5-7.9) (257 - 315)
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Appendix B: Statistical Analysis

s Fish Teei-48 Hr Survival
Start Date: 2172012 Tesst I 1 Sample 100 CMAN
EndDate: 232012 Lab I0: Sampia Type:
Sample Dl Protocol:  ERAM S-EPA Aciie Tesl Species: PE-Pimennales promelas
Comments:
Cone-uglL 1 2 3 4
a1 1.0000 1.0000 1.0000 1.0000
71 1.0000 1.0000 1.0000 1.0000
3 1.0000 1.0000 1.0000 1.0000
T ] 07000 OBDO0 07000
T4 000 00000 00000 00000
120 0000 00000  O0O00 00000
Tranafomc Arcsin Squars Rood Rank  1-Talled
Conc-ugll  Mean  H-Mean  Maan Min [ TV [] Sum Critleal
a1 1.0000 1.0000 14120 1412 1.4120 0.000 4
71 1.0000 1.0000 14120 14120 1.4120 0.000 4 18.00 10.00
3 1.0000 1.0000 14120 14120 1.4120 0.000 4 18.00 10.00
R OTSN 07500 10482 DA%z 14071 6383 4 10.00 10.00
T 00000 00000 01588 0 O1S8E 0.1586 0.000 4 10.00 10.00
120 0000 0.O000 01588 D1SE8 0.1S8E 0.000 4 10.00 10.00
| | | | | | | | | | | | |
_Aueitary Tests Statistic Crifleal Shew Wurt
Shapim-WIk's Test Indlcates non-nonmal distribution (o — 0.01) 05762323 0864 ESTIE-1S 40324675
Equalty of varanse carnot be contrmed
THyr et [1-4ll, 005) HOEC LOEC ChWV 0
Steel’s Many-Cne Fank Tast 13 28 19.078784
Acuts Flsh Tesi-48 Hr Survival
Start Date: 2172012 Tesst I 1 Sampia I0: DMAN
EndDale: 232012 Lab I0: Sample Type:
Sample Dl Protocol:  ERAM S-EPA Aciie Tesl Species: PE-Pimennales promelas
Comiments:
1 2 3 4
(K] 1.0000 1.0000 1.0000 1.0000
71 1.0000 1.0000 1.0000 1.0000
3 1.0000 1.0000 1.0000 1.0000
% OEID 07000 OEDO0 07000
T4 000K 00000 00000 00000
12 00O 0.O000 00000 00000
Tranafom: Arceln Square oo Humiber Total
Maan  H-Mean  Msan Min [ [ [ Resp  Mumbar
a1 1.0000 1.0000 14120 14120 1.4120 0.000 4 1] 40
71 1.0000 1.0000 1.4120 1412 1.4120 0.000 4 ] 40
3 1.0000 1.0000 14120 14120 1.4120 0.000 4 1] 40
® O7TEN 0.7500 10432 0E%z2 14071 6383 4 10 40
T 00000 00000 01588 OISSS 0.1S86 0.000 4 40 40
120 0000 00000 01588 OISSS 0.1S8E 0.000 4 40 40
[ | | [ | | | | | | [ | |
Auxillary Tests Statistic Critical SKeW
Shapiro-WIk's Tes! Indicates non-nanmal distribution (o <= 0.01) 05762328 0.864 ESTIE-1S 40324675
Equalty of vananoe carnot be connmed
TRMMmed Speanman-Karer
TrimLewvel ECS0 35% CL
0%  36.625 32514 41257
5%  3.AT 32538 42556
LT O =] 2245 M2
0% 3850 30140 49356
AUDLD%  35EDS 32514 41257
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Acifs Fish Tasf-48 Hr Survival
Start Date: 202012 Test ICc 1 Sampie ID: DMAN
EndDale:  2¥2012 Lab ID: Sampie Type:
Sampie Dat Profooni:  EPRA B1-EPA Acite Test Species: CO-Cenoaaphnia dubéa
Comiments:
Conc-uglL 1 2 3 4
a1 06000 1.0000 1.0000 1.0000
71 0.ED0D 1.0000 1.0000 1.0000
12 0.8000 [LE000 0.B000 0.3000
2B 1.0000 05000 1.0000 1.0000
T 00000 00000 0.0000 D.0000
120 00000 00000 0.0000 D.0000
Tramafoamne Arcain Square Rood Rank 1-Talked
Conc-ug/ll.  Mean N-Maan Maan Min M Ve N Sum Critical
a1 0.5000 1.0000 12305 03881 1.3453 15.660 4
74 0.e3m0 1.0556 12857 1.1071 1.3453 9.351 4 1650 10.00
13 0.ED0D k] 1.1071 1.1071 11071 0.000 4 14.00 10.00
28 02500 1.0556 12857 1.1071 1.3853 9261 4 16.50 10.00
T4 0.0000 00300 02255 02235 0.2255 0.000 4 10.00 10.00
ar- 0.0000 [.D300 02255 02235 0.2255 0.000 4 10.00 10.00
| | | | | | | | | | | | |
_Auxillary Teets Statisthe Critical Shew Hurt
Shapir-WIlk's Test Indicates non-nommal distribution (o <= 0.01) D727 0964 -2025540 4098213
Equalty of varianee eannot be contrmed
_HyT Teet [1-4all, 0.05) NOEC LOEC Ch T
Steel's Marmy-One Rank Test ] T4 45519237
Acuts Flah Tesi-48 Hr Survival
Start Date: 2702012 Test IDx 1 Samgie ID: DMNAN
EndDaie:  2¥2012 Lab ID: Sampie Type:
Sample Dah Profocoi:  EPAA B1-EPA Acute Test Species: CO-Ceriodaphnia dubia
Comments:
Conc-ugll 1 2 E] [
a1 0LE00D 1.0000 1.0000 1.0000
74 0.8000 1.0000 1.0000 1.0000
2 0.8000 05000 0.6000 0.5000
28 1.0000 CLE000 1.0000 1.0000
T 0.0000 00300 0.0000 0.0000
120 00000 00000 0.0000 0.0000
Transfoim: Arcain Square Rood Humiber Total
Conc-ugl.  Mean  N-Mean — Mean ™in 3 TV N Resp  Mumbsr
a1 05000 1.0000 12308 03861 1.3853 13.660 4 2 20
74 0.5 1.0586 12857 1.1071 1.3853 9251 4 1 20
12 0.8000 [.53E8 14071 1.1071 11071 0.000 4 4 0
F- 3 0.5 1.0586 12857 1.1071 1.3853 9251 4 1 20
T4 00000 00000 02258 02255 0.2258 0.000 4 20 20
120 00000 [LOD00 02255 02255 0.2255 0.000 4 20 20
Auxillary Teets Statistic Critical Shew Kurt
Shapiro-WIlk's Teet Indicates non-nommal distbution (o <= 0.01) O7H2137 0964 -2025540 4098213
Equialty of variange eannot be contrmed
Trimmed SpaanmaEn-Karher
Trim Lawed 5% CL
L% 41.843 3744 SE.50E8
£% 44118 3851 45183
100 42273 41507 46772
200% 42273 41507 46772
Auin-0.0%% 41.843 37414 SE.508
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Larval Fish Growth and Surval Test-7 Day Survival

Start Date: 32302012 Test ICc 1 Sampie ID: DNAM
End Dafe: 3302012 Labin:  ERDC Sampie Type:
Sampie Dat Profocsi: | ERAF S4-ERA Frestwaier Tt Species: PR-PImegnales promeas
Comments:
1 2 3 4 5
01934786 1.0000 1.0000 0.5000 1.0000 1.0000
DET 1.0000 1.0000 1.0000 1.0000 1.0000
1.375 0.5000 1.0000 1.0000 1.0000 1.0000
2548523 1.0000 1.0000 10,5000 1.0000 1.0000
57542857 0.7000 1.0000 0.5000 03000 1.0000
11607143 D.4000 03000 0.4000 D.4000 0.4000
24 555556 0.0000 0.0000 0.0000 D000 0.0000
Mot Fisher's  1-Talled
Conc-mgll.  Maan H-Msan Rasp Rasp Todal N Exaci P Critical
01934786 1.0000 1.0000 [ H 5 E
0E7 1.0000 1.0000 [ H 5 E 1.0000 00300
1.375 1.0000 1.0000 o H 5 E 1.0000 0osoo
2548523 1.0000 1.0000 [ H 5 E 1.0000 00300
57542857 1.0000 1.0000 [ H 5 5 1.0000 00500
1428571425 0.0000 0.0000 3 1] 5 E 0.0020 00300
55555556 0.0000 0.0000 3 1] 5 E 0.0020 00300
WT‘H-‘M NOEC LOEC Chv Tu
Fishes's Exact Test 57842857 11607143 E1796631
ILarval Fizh Growth and Survival Test-7 Day Blomass
Start Date: 3232012 TestICx 1 Sampie ID: DHAN
End Dafe: 3302012 Lab ID: Sampile Type:
Sampie Dah Profocoi:  EPWF 04-EPA Freshwater Test Species: PP-Pimeghales promeas
Commants:
Conc-mgll 1 E3 3 [} 5
[L18347E6 4o L3355 04945 0363 0.4302
DET D4z 03702 0.4186 D462 0.4078
1.375 D.ass2 D.4258 0.4532 05462 0.4202
2548523 D352 04114 Q4220 0530 0.3518
57542857 0531 D.4324 04450 D380 0.7344
11607143 02115 04207 0.3085 D265 0.2875
24 555556 0.0000 0.0000 0.0000 D000 0.0000
Tranaform: Uniransfommed Rank 1-Talk=d
Maan H-Mean Msan Min M CV% [T} Sum Critieal
01934786 D.4zia 1.0000 04214 D383 0.4328 10.857 L
0E7 04177 02913 0477 03mz 0.4526 8.037 H 28.00 15.00
1.375 D433 10772 04338 03882 0.5552 13.052 H 32.00 15.00
2548523 0435 1.0358 0435 03518 0.5320 16.673 H 28.00 15.00
57542857 04313 10723 04518 D380 .53 14069 H 30.00 15.00
11607143 D297 D713 02987 02115 0.4207 25610 H 1B.00 16.00
5555555556 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 H 15.00 16.00
Auxillary Tests Statistic Critical Show Kurt
Shapio-Wilk's Test Indlcabes normal dstribution |p = 0.01) 03432373 oa 0.5831796 D.DBOBESS
Equalty of variance cannot be confrmed
“Hypotheals Test (1-tall, 0.05) WOEC _ LOEC Cchy ]

Steel's Many-One Rank Test 11607143 24555556 1668254
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ILarval Figh Growth and Sundval Test-7 Day Blomass

Start Date: 22002 Test ILx 1 Sampie ID: DHAM

EndDale:  3/3K20M2 Lab ID: Sample Type:

Sampile Dab Proiocol:  EPAF 04-EPA Freshwater Tast Species: PP-Pimeghales promelas
Comments:

Concmgll. 1 Fl 3 4 5

Di334766 D4 Lo958 04588 Oa6m 043

D67 04294 03702 04135 D466 04076

1375 0382 04255 04632 D542 D402
ZSSEMRA  DL3SS2 L4114 04530 0S3D 03516
ETEAZEST  DL53S1  D48B4 Q4460 03SE 03944
11607143 D15 L4207 03095 0265 02805
24555555 0000 DDOOO 00000 QOO0 0.0000

Tranaform: Uniranaformed Izotonlc
Cong-myl  Magn  K-Mgan  Mgan Min [ [ N Maan  H-Mgan
01934766 04212 10000 04214  036%  0.4549 10557 5 0.4353 1.0000
DET 04177 0913 0477 0ITER 04826 8.037 5 0.4353 1.0000
1375 D45 10772 0453% 03882 05852 13.054 5 D.4353 1.0000
2 5455231 0.4365 10356 04355 03518 0.5320 16.679 5 0.4353 1.0000
57642857 04513 10723 04516 O3se 0531 14.069 5 0.4353 1.0000
11507143 02967 L7113 02997 02115 04207 25610 5 02857 0.6570
24555556 [0.0O0A COO00 00000 2 0O000 0.0000 0.000 5 0.0000 0.0000
Auxiliary Tests Shatistic Critical ShEW Furt
Shaplm-WIK's Test Indlcates nomal dstribution {p = 0.01) 0.3454273 031 0.5591738 [U0B03ESS
Equalty of varance cannot be cortnmed
LLinear Interpolation (200 Resamplhes)
Point mgiL 3D 35% CL{Exp) Skew
¥ 5,609 1381 0.000 apis  -l.esar
10 7.631 0.341 5293 10338 2.4481
Ic1s 8.5 1031 £.334 12545 1.7874 10
Ic20 3.458 1.120 7.420 13.554 1.3112 s
Ic25 10.432 1.158 B.243 14274  0.9330 2z ]
14D 13.248 1.143 10093 16334 0.2062
IES0 15,132 0955 12763 17705 4.0848 ar
os
® 0=
E 04
i k]
= oz
o1
00 e
a1 7
az — T T ™ - T T -
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Ceriodaphnia Survival and Reproduction Test-R: di
Start Date:  3/23/2012 Test ID: 1 Sample 10: DNAN
End Date:  3/30/2012 Lab ID: ERDC Sample Type:
Sample Date Protocol:  EPAF 94-EPA Freshwater Test Species: CD-Ceriodaphnia dubia
Comments:
Conc-mgiL 1 2 3 4 5 6 T 8 ) 10
0.00124 39.000 40.000 30.000 0.000 41.000 39.000 32.000 43.000 44000 40.000
0.7316667 32.000 37.000 33.000 42.000 37.000 36.000 40.000 48.000 35.000 40.000
14866667 39.000 43.000 32.000 38.000 42.000 43.000 32.000 38.000 38.000 38.000
312 43.000 36.000 34.000 31.000 34.000 45.000 40.000 46.000 43.000 45.000
62 35.000 43.000 38.000 35.000 38.000 35.000 34.000 34 .000 33.000 37.000
12.166667 16.000 4.000 6.000 15.000 16.000 10.000 18.000 14.000 14.000 15.000
242 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000
Transform: Untransformed Rank 1-Tailed
Conc-mg/lL ~ Mean N-Mean Mean Min Max CV% N Sum Critical
0.00124 34.800 1.0000 34.800 0.000 44 000 37364 10
0.7316667 35.400 1.1034 38400 32.000 48.000 11978 10 103.50 74.00
14866667 38.300 1.1006 38.300 32.000 43.000 10228 10 101.00 74.00
312 39.700 1.1408 39700 31.000 46.000 13.850 10 119.00 74.00
62 36.200 1.0402 36.200 33.000 43.000 8111 10 90.50 74.00
5666666667 12.800 0.3678 12.800 4.000 18.000 36.047 10 65.00 74.00
242 0.100 0.0029 0.100 0.000 1.000 316.228 10 60.50 74.00
Auxiliary Tests Statistic Critical Skew Kurt
Kolmegorov D Test indicates non-normal distribution (p <= 0.01) 12781303 1035 -2.996103 16.868357
Bartlett's Test indicates unequal variances (p = 2.51E-13) 71.030075 16.811893
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 6.2 12.166667 8.6852365
Ceriodaphnia Survival and Reproduction Test-Reproduction
Start Date:  3/23/2012 Test ID: 1 Sample ID: DHAMN
End Date: 3/30/2012 Lab ID: ERDC Sample Type:
Sample Dati Protocol: EFAF 24-EPA Freshwater Test Species: CD-Ceriodaphnia dubia
Co -
1 2 3 4 5 & T 8 £ 10
0.00124 36.000 40.000 30.000 0.000 41.000 39.000 32.000 42.000 44.000 40.000
0.7316667 32.000 37.000 32.000 42.000 37.000 36.000 40.000 48.000 30.000 40.000
1.4B66667 36.000 42.000 32.000 38.000 42.000 43.000 32.000 38.000 38.000 38.000
312 43.000 36.000 34.000 31.000 34.000 45.000 40.000 46.000 43.000 45.000
6.2 35.000 42.000 32.000 35.000 38.000 35.000 34.000 34.000 33.000 37.000
12.166887 16.000 4.000 6.000 15.000 16.000 10.000 18.000 14.000 14.000 15.000
242 0.000 0.000 0.000 1.000 0.o00 0.000 0.000 0.000 0.000 0.000
Transform:- Untransformed Isotonic
Mean N-Mean Mean Miin Max CV% N Mean N-Mean
0.00124 34.800 1.0000 34.800 0.000 44.000 37.384 i0 37.200 1.0000
0.7316667 38.400 1.1034 32.400 32.000 48.000 11.978 i0 37.200 1.0000
1.4B66667 38.200 1.1008 32.300 32.000 43.000 10.228 i0 37.200 1.0000
312 36.700 1.1408 39.700 31.000 46.000 12.850 i0 37.200 1.0000
6.2 36.200 1.0402 36.200 33.000 43.000 8111 i0 36.200 D.8577
12.166667 12.800 D.3678 12.800 4.000 18.000 36.047 i0 12.800 D.3388
242 0.100 0.0028 0.100 0.000 1.000 316.228 i0 0.100 D.0028
Auxiliary Tests isti Critical Skew Kurt
Kolmogorov D Test indicates non-normal distribution (p <= 0.01) 1.2781303 1.035 -2.096103 16.868357
Bartlett's Test indicates unequal varances (p = 2.51E-13) 71.030075 16.811803

Linear Interpolation (200 Resamples)

Point mglL sD 95% CL Skew
IC05 8.274 1510 0.701 8.687  -1.8852
Ic10 8.756 0572 5.027 7474 -1.0862
IC15 7.238 0.348 £.301 7670 -D.6433
1c20 7.720 0.328 6.052 8.160  -D.5450
Ic25 8.202 0313 7.440 8.650  -D.4738
1c40 0.647 0.202 0.023 10141 -D.1795
150 10.811 0.300 0.008 11193 -0.0048

Response
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Appendix C: Laboratory Bioassay Bench
Sheets

Laboratory bioassay bench test sheets for the work documented in this
report can be obtained by contacting:

Alan Kennedy

CEERD-EP-R

U.S. Army Engineer Research and Development Center
3909 Halls Ferry Road

Vicksburg, MS 39180-6199

601-634-3344

Alan.).Kennedy@usace.army.mil
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Appendix D. Analytical reports

Analytical reports for the work documented in this report can be obtained
by contacting:

Alan Kennedy

CEERD-EP-R

U.S. Army Engineer Research and Development Center
3909 Halls Ferry Road

Vicksburg, MS 39180-6199

601-634-3344

Alan.J.Kennedy@usace.army.mil
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