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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 lb1 
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)1 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 
-NO2 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 CaCO3, 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 (7-day) toxicity tests employed P. promelas and C. dubia in 
accordance with USEPA (2002b). Nominal concentrations ranged from 0–
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 (KCl). Reagent grade KCl 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 α = 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 (LC50) 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 ºC 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 ºC 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 
KCl/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 KCl/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 
(mg/L) 

48-hr  
Pimephales promelas survival 

48-hr  
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* 
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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. 

Nominal 
(mg/L) 

Measured 
Test Initiation 
(mg/L) 

Measured 
Test Termination 
(mg/L) 

Mean Survival 
(± 1 S.D.) 

(a) 

0 <0.01 <0.01 100 ± 0 

6 7.1 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) 

0 <0.01 <0.01 90 ± 20 

6 7.1 7.2 95 ± 10 

12 13 14 80 ± 0 

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)1, 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).  

Species 
Exposure 
Duration Measure Endpoint 

DNAN 
(mg/L) 

Pimephales promelas 

24-h 

Survival NOEC 13 

Survival LOEC 28 

Survival LC50 41 (37 – 45) 

48-h 

Survival NOEC 13 

Survival LOEC 28 

Survival LC50 37 (33 – 41) 

7-d 

Survival NOEC 5.8 

Survival LOEC 11.6 

Survival LC50 10.0 (8.8 – 11.2) 

Growth NOEC 11.6 

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 = 4.5  

Ceriodaphnia dubia 

24 

Survival NOEC 74 

Survival LOEC 120 

Survival LC50 82 (72 – 93) 

48 

Survival NOEC 28 

Survival LOEC 74 

Survival LC50 42 (37 – 47) 

6-d 

Survival NOEC 24.2 

Survival LOEC >24.2 

Survival LC50 >24.2 

Reproduction NOEC 6.2 

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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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) 

Mean Measured 
Concentration mg/L  
(± 1 S.D.) 

Mean Survival 
(± 1 S.D.) 

Mean Biomass (mg) 
(± 1 S.D.) 

Mean Growth (mg) 
(± 1 S.D.) 

Control 
(0.2 ± 0.7) 

98 ± 4% 0.421 ± 0.044 0.291 ± 0.044 

0.7 ± 0.2 100 ± 0% 0.418  ± 0.034 0.288 ± 0.034 

1.4 ± 0.5 96 ± 5% 0.454 ± 0.059 0.324 ± 0.059 

2.5 ± 1.0 98 ± 4% 0.436 ± 0.074 0.306 ± 0.074 

5.8 ± 1.7 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 ± 1.8 0 ± 0%* NA NA 

(b) 

Mean Measured 
Concentration mg/L 
(± 1 S.D.) 

Mean Survival 
(± 1 S.D.) 

Mean Total 
Reproduction 
(± 1 S.D.) 

Mean Total 
Neonates/survivor 
(± 1 S.D.) 

Control 
(0.0 ± 0.0) 

90 ± 32% 34.8 ± 13.0 38.7 ± 4.7 

0.7 ± 0.1 100 ± 0% 38.4 ± 4.6 38.4 ± 4.6 

1.5 ± 0.3 100 ± 0% 38.3 ± 3.9 38.3 ± 3.9 

3.1 ± 1.8 100 ± 0% 39.7 ± 5.5 39.7 ± 5.5 

6.2 ± 0.5 100 ± 0% 36.2 ± 2.9 36.2 ± 2.9 

12.2 ± 1.2 100 ± 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.  

Nominal 
(mg/L) 

Measured 
In-water Mean 
(mg/L) 

Measured 
Out-water Mean 
(mg/L) 

Overall Mean 
(in- and out-water) 
(mg/L) 

(a) 

0 0.2 ± 0.7 0.4 ± 1.1 0.2 ± 0.7 

0.8 0.7 ± 0.2 0.7 ± 0.1 0.7 ± 0.2 

1.6 1.3 ± 0.6 1.4 ± 0.2 1.4 ± 0.5 

3.1 2.3 ± 1.4 2.8 ± 0.2 2.5 ± 1.0 

6.3 5.6 ± 2.0 5.9 ± 0.6 5.8 ± 1.7 

12.5 11.0 ± 3.6 12.2 ± 2.4 11.6 ± 3.6 

25.0 24.0 ± 1.9 25.3 ± 1.7 24.6 ± 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 ± 0.1 

1.6 1.5 ± 0.4 1.5 ± 0.2 1.5 ± 0.3 

3.1 2.6 ± 1.3 3.6 ± 2.1 3.1 ± 1.8 

6.3 6.4 ± 0.4 6.1 ± 0.6 6.2 ± 0.5 

12.5 12.3 ± 0.8 12.0 ± 1.5 12.2 ± 1.2 

25.0 24.0 ± 1.9 24.4 ± 2.3 24.2 ± 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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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 25th and 75th percentiles of the data distribution, error bars represent 10th and 90th 
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) 

(a) 
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Figure 2. (concluded). 

(b) 
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Appendix A: Water quality parameters 
Table A1. 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 
DNAN 
Treatment 
(%) 

Nominal 
DNAN 
Concentration 
(mg/L) 

Temperature 
( C) 

pH 
(SU) 

Dissolved 
Oxygen 
(mg/L) 

Conductivity 
(µS/cm) 

Control 0 
24.0 ± 0.6 
(23.1 - 24.5) 

7.05 ± 0.35 
(6.85 - 7.58) 

7.8 ± 0.2 
(7.6 - 8) 

284 ± 1 
(283 - 285) 

0.01% 0.01 
24.1 ± 0.5 
(23.3 - 24.4) 

7.15 ± 0.42 
(6.86 - 7.77) 

7.7 ± 0.1 
(7.6 - 7.8) 

284 ± 1 
(283 - 286) 

0.1% 0.1 
23.9 ± 0.4 
(23.2 - 24.1) 

7.27 ± 0.39 
(7.05 - 7.85) 

7.6 ± 0 
(7.6 - 7.7) 

286 ± 3 
(283 - 290) 

1% 1 
23.8 ± 0.5 
(23.1 - 24.1) 

7.35 ± 0.37 
(7.15 - 7.9) 

7.7 ± 0.1 
(7.6 - 7.8) 

285 ± 2 
(282 - 286) 

10% 10 
23.6 ± 0.6 
(22.8 - 23.9) 

7.38 ± 0.38 
(7.17 - 7.95) 

7.7 ± 0 
(7.7 - 7.8) 

286 ± 1 
(285 - 287) 

100% 100 
23.6 ± 0.6 
(22.6 - 23.9) 

7.43 ± 0.38 
(7.2 - 7.99) 

7.8 ± 0 
(7.7 - 7.8) 

301 ± 2 
(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 
Treatment 
(%) 

Nominal 
Concentration 
(mg/L) 

Temperature 
( C) 

pH 
(SU) 

Dissolved 
Oxygen 
(mg/L) 

Conductivity 
(µS/cm) 

Control 0 
23.5 ± 0.6 
(22.9 - 24.1) 

7.1 ± 0.33 
(6.86 - 7.58) 

8.1 ± 0.4 
(7.6 - 8.3) 

299 ± 21 
(283 - 330) 

0.01% 0.01 
24 ± 0.4 
(23.3 - 24.2) 

7.4 ± 0.25 
(7.26 - 7.77) 

8.1 ± 0.3 
(7.6 - 8.3) 

291 ± 5 
(286 - 298) 

0.1% 0.1 
23.8 ± 0.4 
(23.2 - 24.1) 

7.43 ± 0.28 
(7.27 - 7.85) 

8.1 ± 0.3 
(7.7 - 8.2) 

292 ± 4 
(286 - 295) 

1% 1 
23.7 ± 0.4 
(23.1 - 23.9) 

7.49 ± 0.28 
(7.32 - 7.9) 

8.1 ± 0.2 
(7.8 - 8.2) 

297 ± 8 
(286 - 303) 

10% 10 
23.6 ± 0.5 
(22.8 - 23.9) 

7.56 ± 0.26 
(7.42 - 7.95) 

8.1 ± 0.2 
(7.8 - 8.2) 

292 ± 3 
(287 - 294) 

100% 100 
23.5 ± 0.6 
(22.6 - 23.8) 

7.6 ± 0.26 
(7.46 - 7.99) 

8.1 ± 0.2 
(7.7 - 8.2) 

307 ± 5 
(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 
Treatment 
(%) 

Nominal 
Concentration 
(mg/L) 

Temperature 
( C) 

pH 
(SU) 

Dissolved 
Oxygen 
(mg/L) 

Conductivity 
(µS/cm) 

Control 0 
23.9 ± 0.6 
(23.5 - 24.4) 

8.09 ± 0.24 
(7.92 - 8.26) 

7.5 ± 0.2 
(7.4 - 7.7) 

278 ± 4 
(275 - 281) 

6% 6.3 
24.0 ± 0.7 
(23.6 - 24.5) 

8.05 ± 0.20 
(7.91 - 8.19) 

7.6 ± 0.5 
(7.3 – 8.0) 

280 ± 4 
(277 - 282) 

13% 12.5 
23.9 ± 0.7 
(23.4 - 24.4) 

8.07 ± 0.18 
(7.94 - 8.19) 

7.7 ± 0.4 
(7.5 – 8.0) 

284 ± 10 
(277 - 291) 

25% 25.0 
24.0 ± 0.6 
(23.5 - 24.39) 

8.08 ± 0.13 
(7.98 - 8.17) 

7.8 ± 0.3 
(7.6 – 8.0) 

285 ± 8 
(279 - 290) 

50% 50.0 
24.0 ± 0.6 
(23.6 - 24.4) 

8.03 ± 0.14 
(7.93 - 8.13) 

7.7 ± 0.5 
(7.3 – 8.0) 

288 ± 8 
(282 - 293) 

100% 100.0 
24.1 ± 0.4 
(23.8 - 24.3) 

8.03 ± 0.10 
(7.96 - 8.1) 

7.7 ± 0.3 
(7.5 - 7.9) 

303 ± 21 
(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 
Treatment 
(%) 

Nominal 
Concentration 
(mg/L) 

Temperature 
( C) 

pH 
(SU) 

Dissolved 
Oxygen 
(mg/L) 

Conductivity 
(µS/cm) 

Control 0 
23.1 ± 0.6 
(22.7 - 23.5) 

8.17 ± 0.13 
(8.08 - 8.26) 

8.2 ± 0.7 
(7.7 - 8.6) 

280 ± 7 
(275 - 285) 

6% 6.3 
23.2 ± 0.5 
(22.9 - 23.6) 

8.18 ± 0.01 
(8.17 - 8.19) 

8.2 ± 0.4 
(8.0 - 8.5) 

283 ± 8 
(277 - 288) 

13% 12.5 
23.2 ± 0.3 
(23.0 - 23.4) 

8.20 ± 0.01 
(8.19 - 8.20) 

8.2 ± 0.3 
(8.0 - 8.4) 

282 ± 7 
(277 - 287) 

25% 25.0 
23.2 ± 0.4 
(22.9 - 23.5) 

8.18 ± 0.01 
(8.17 - 8.19) 

8.2 ± 0.2 
(8.0 - 8.3) 

285 ± 8 
(279 - 290) 

50% 50.0 
23.3 ± 0.5 
(22.9 - 23.6) 

8.15 ± 0.03 
(8.13 - 8.17) 

8.1 ± 0.2 
(8.0 - 8.3) 

288 ± 8 
(282 - 294) 

100% 100.0 
23.2 ± 0.8 
(22.7 - 23.8) 

8.14 ± 0.06 
(8.10 - 8.18) 

8.1 ± 0.2 
(7.9 - 8.3) 

294 ± 8 
(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 
Treatment 
(%) 

Nominal 
Concentration 
(mg/L) 

Temperature 
( C) 

pH 
(SU) 

Dissolved  
Oxygen 
(mg/L) 

Conductivity 
(µS/cm) 

(a) 

Control 0 
23.9 ± 0.4  
(23.5 - 24.5) 

7.98 ± 0.17  
(7.70 - 8.18) 

7.3 ± 0.5  
(6.6 – 8.0) 

274 ± 20  
(252 - 311) 

6% 1.6 
23.9 ± 0.3  
(23.6 - 24.5) 

7.99 ± 0.12  
(7.82 - 8.15) 

7.4 ± 0.5  
(6.6 – 8.0) 

275 ± 17  
(257 - 302) 

13% 3.1 
23.9 ± 0.3  
(23.6 - 24.4) 

7.99 ± 0.11  
(7.84 - 8.17) 

7.6 ± 0.3  
(7.0 - 7.9) 

273 ± 18  
(252 - 302) 

25% 6.3 
23.9 ± 0.3  
(23.6 - 24.4) 

7.99 ± 0.1  
(7.87 - 8.16) 

7.6 ± 0.3  
(7.1 - 7.9) 

273 ± 18  
(253 - 301) 

50% 12.5 
23.9 ± 0.3  
(23.6 - 24.4) 

7.98 ± 0.09  
(7.88 - 8.14) 

7.6 ± 0.2  
(7.2 - 7.9) 

273 ± 16  
(254 - 302) 

100% 25.0 
23.9 ± 0.3  
(23.5 - 24.4) 

8.01 ± 0.09  
(7.88 - 8.14) 

7.7 ± 0.2  
(7.3 – 8.0) 

272 ± 17  
(255 - 304) 

(b) 

Control 0 
24.0 ± 0.3  
(23.6 - 24.6) 

7.72 ± 0.10  
(7.58 - 7.88) 

6.0 ± 0.6  
(5.1 - 6.9) 

287 ± 25  
(261 - 329) 

6% 1.6 
24.0 ± 0.3  
(23.6 - 24.6) 

7.65 ± 0.11  
(7.52 - 7.83) 

6.2 ± 0.5  
(5.4 - 6.9) 

287 ± 25  
(264 - 330) 

13% 3.1 
24.0 ± 0.3  
(23.5 - 24.6) 

7.66 ± 0.13  
(7.50 - 7.80) 

6.2 ± 0.5  
(5.4 - 6.8) 

287 ± 24  
(263 - 329) 

25% 6.3 
24.0 ± 0.4  
(23.4 - 24.5) 

7.64 ± 0.13  
(7.49 - 7.79) 

6.1 ± 0.5  
(5.5 - 6.7) 

286 ± 25  
(262 - 329) 

50% 12.5 
24.0 ± 0.4  
(23.3 - 24.5) 

7.62 ± 0.12  
(7.47 - 7.79) 

6.3 ± 0.5  
(5.4 - 6.8) 

287 ± 24  
(263 - 328) 

100% 25.0 
23.9 ± 0.4  
(23.2 - 24.5) 

7.62 ± 0.13  
(7.48 - 7.78) 

6.1 ± 0.5  
(5.6 - 6.8) 

288 ± 25  
(267 - 328) 
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Table A6. 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 
Treatment 
(%) 

Nominal 
Concentration 
(mg/L) 

Temperature 
( C) 

pH 
(SU) 

Dissolved  
Oxygen 
(mg/L) 

Conductivity 
(µS/cm) 

(a) 

Control 0 
23.9 ± 0.4  
(23.5 - 24.5) 

7.98 ± 0.17  
(7.70 - 8.18) 

7.3 ± 0.5  
(6.6 – 8.0) 

274 ± 20  
(252 - 311) 

6% 1.6 
23.9 ± 0.3  
(23.6 - 24.5) 

7.99 ± 0.12  
(7.82 - 8.15) 

7.4 ± 0.5  
(6.6 – 8.0) 

275 ± 17  
(257 - 302) 

13% 3.1 
23.9 ± 0.3  
(23.6 - 24.4) 

7.99 ± 0.11  
(7.84 - 8.17) 

7.6 ± 0.3  
(7.0 - 7.9) 

273 ± 18  
(252 - 302) 

25% 6.3 
23.9 ± 0.3  
(23.6 - 24.4) 

7.99 ± 0.1  
(7.87 - 8.16) 

7.6 ± 0.3  
(7.1 - 7.9) 

273 ± 18  
(253 - 301) 

50% 12.5 
23.9 ± 0.3  
(23.6 - 24.4) 

7.98 ± 0.09  
(7.88 - 8.14) 

7.6 ± 0.2  
(7.2 - 7.9) 

273 ± 16  
(254 - 302) 

100% 25.0 
23.9 ± 0.3  
(23.5 - 24.4) 

8.01 ± 0.09  
(7.88 - 8.14) 

7.7 ± 0.2  
(7.3 – 8.0) 

272 ± 17  
(255 - 304) 

(b) 

Control 0 
24.1 ± 0.2  
(23.9 - 24.3) 

8.01 ± 0.09  
(7.94 - 8.14) 

7.3 ± 0.7  
(6.3 - 7.9) 

284 ± 21  
(262 - 312) 

6% 1.6 
24.3 ± 0.2  
(24.0 - 24.6) 

7.99 ± 0.05  
(7.90 - 8.03) 

7.3 ± 0.5  
(6.6 - 7.8) 

289 ± 25  
(257 - 317) 

13% 3.1 
24.2 ± 0.3  
(23.7 - 24.6) 

7.97 ± 0.06  
(7.90 - 8.05) 

7.3 ± 0.5  
(6.5 - 7.9) 

288 ± 24  
(257 - 316) 

25% 6.3 
24.2 ± 0.3  
(23.8 - 24.6) 

7.95 ± 0.07  
(7.84 - 8.02) 

7.4 ± 0.6  
(6.5 – 8.0) 

290 ± 24  
(260 - 317) 

50% 12.5 
24.2 ± 0.3  
(23.8 - 24.6) 

7.92 ± 0.07  
(7.81 - 7.99) 

7.3 ± 0.6  
(6.3 - 7.9) 

288 ± 26  
(255 - 317) 

100% 25.0 
24.1 ± 0.2  
(23.8 - 24.4) 

7.90 ± 0.07  
(7.78 - 7.98) 

7.4 ± 0.6  
(6.5 - 7.9) 

289 ± 26  
(257 - 315) 
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Appendix B: Statistical Analysis 
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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.J.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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