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1   INTRODUCTION 
 
In this 404 evaluation, a modified elutriate test (MET), otherwise known as an effluent 
elutriate test (EET), was conducted according to guidance (Appendix B of the Upland 
Testing Manual 2003).  In 404 evaluations (40 CFR Section 230 Subpart G); it is 
recommended (but not required) that a multi-species testing approach be used 
(USEPA/USACE 1998) to assess potential effects of the dredged material placed into 
open water.  The receiving system for the discharge was identified as marine/estuarine.  
Therefore, standard acute (96 hour) toxicity tests described in the Inland Testing Manual 
(USEPA/USACE 1998) that employ the fish Menidia beryllina and the mysid shrimp 
Americamysis bahia were used to assess the EETs.    

2   METHODS 
 

2.1 Sediment Compositing 
 
Discrete sediments from each representative sample composite were combined in equal 
volumes and homogenized in a 7 gal high density polyethylene (HDPE) bucket (e.g., 
HSCNEW-NMP-06A, 06-B, 06A&C combined in equal volume to create HSCNEW-NMP-
06) on 9 October 2018 (up to 3 days after collection depending on the sampling site). A 
total of 6 gallons of each composite was generated. Homogenization was performed with 
a 0.43 hp Lightnin™ homogenizer (Rochester, New York) with stainless steel (SS) dual 
impeller (7’’ diameter). Mixing was conducted for a minimum of 2 minutes or until uniform 
consistency was achieved. The 7 gallon HDPE buckets were pre-cleaned prior to 
homogenization with soap, water, isopropyl alcohol, and rinsed with reverse osmosis 
water.  Props and shafts of the mixer and other tools utilized in the mixing were also 
cleaned following the same procedure between sites.  The composited sediments were 
left in the 7 gallon bucket and placed in cold storage.  Additional information on sample 
nomenclature and compositing can be found in Table 1 and Appendix A. Sediment 
Compositing Log. 
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Table 1.  Summary of test materials.  

Table summarizes the nomenclature for sediment composites and site water (SW) used 
in the biological testing evaluation. 

 
 
 
 

Location Matrix 

HSC-NMP-1 Sediment 

HSC-NMP-1 Water 

HSC-NMP-2 Sediment 

HSC-NMP-2 Water 

HSC-NMP-3 Sediment 

HSC-NMP-3 Water 

HSC-NMP-4 Sediment 

HSC-NMP-4 Water 

HSC-NMP-5 Sediment 

HSC-NMP-5 Water 

HSC-NMP-6 Sediment 

HSC-NMP-6 Water 

HSC-NMP-7 Sediment 

HSC-NMP-7 Water 

HSC-NMP-8 Sediment 

HSC-NMP-8 Water 

HSC-NMP-9 Sediment 

HSC-NMP-9 Water 

HSC-NMP-10 Sediment 

HSC-NMP-10 Water 

HSC-NMP-11 Sediment 

HSC-NMP-11 Water 
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2.2 Biological Testing 
 
Bioassays were conducted by the ERDC Environmental Laboratory (ERDC-EL, 
Vicksburg, MS) in basic accordance with standard guidance (USEPA 2002; 
USEPA/USACE 1998; RIA USEPA/USACE, 2003; HSC NMP SAP, 2018).  The aquatic 
toxicity testing facility at the ERDC-EL consists of three laboratories containing five (5) 
temperature and humidity controlled environmental rooms (Darwin, St. Louis, MO, USA) 
and four (4) temperature controlled water baths.  Elutriate testing was conducted in the 
environmental rooms.  Relevant equipment for processing samples and fulfilling all 
requirements of laboratory bioassays (e.g., pH meters, DO meters, temperature probes, 
ammonia probes, refractometers, centrifuges, etc.) were available.  Bioassays were 
conducted to assess the potential for biological effects of dredged material released into 
the water column during DM discharge (elutriate toxicity tests), using two taxonomically 
and functionally dissimilar species.  Elutriate toxicity tests employed the mysid shrimp A. 
bahia and the fish M. beryllina. 
 

2.2.1 Elutriate Bioassays 
 
Modified elutriates were prepared by the ERDC-EL Environmental Chemistry Branch 
according to guidance (Upland Testing Manual 2003, Appendix B).  Briefly, 150 g/L 
sediment (dry weight, calculated from sediment wet-dry ratios in Appendix B. Sediment 
Wet-Dry Ratios) was be added to site-collected water at sufficient total volume to 
accommodate analytical chemistry and biological test requirements.  The sediment-water 
slurry was agitated via aeration to maintain the suspension for 60 minutes, followed by 
24 hours settling.  The resulting sample was the 100% (undiluted) elutriate used in 
chemical and biological analysis.  Each sediment elutriate composite was prepared using 
a separate site-water associated with that sampling location (Table 1).  The supernatant 
was siphoned and used for testing.  This supernatant was defined as the 100% elutriate.  
Elutriate bioassays were conducted for 96-hours using the 100% elutriate; where toxicity 
was expected due to elevated ammonia concentrations, additional 50% and 10% elutriate 
concentrations were added.  All concentrations, including the control and reference 
waters, were replicated five times.  The standard test organisms A. bahia (formerly 
Mysidopsis bahia) and M. beryllina and were used in survival tests in basic accordance 
with dredged material evaluation guidance (USEPA/USACE 1991, 1998, 2003).  All 

elutriate toxicity tests were conducted at 20 ± 1 C in temperature and humidity controlled 
environmental rooms (Darwin, St. Louis, MO, USA).   
 
Other than the reference sediment, all of the site waters collected for elutriate preparation 
had low salinities (≈ 0 to 22 ppt) that were outside the tolerance ranges of the standard 
test organisms (25 to 30 ppt; USEPA / USACE, 1998).  The salinity of each site water 
was individually adjusted to approximately 30 ppt by incrementally adding ≈ 151 to 570 
g/19L Crystal Sea® Marinemix prior to elutriate preparation.  The salinity adjusted site 
waters were then used to prepare the elutriate test waters, as described above. 
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2.2.2 Elutriate toxicity bioassay: Americamysis bahia (4-day old) 
 
The mysid shrimp A. bahia was exposed to the sediment elutriate water at 4-days old 
(specified range: 1 to 5 days with no more than a 24-h range in age; USEPA/USACE 
1998).  Shrimp were shipped overnight from Aquatic Biosystems (ABS, Fort Collins, CO, 
USA), immediately observed for potential shipment impacts and fed brine shrimp 
(Artemia) upon receipt.  Mysid shrimp were held for 72-hours (received at the appropriate 
age to be 4-day old) prior to testing for acclimation and observation.  The control water 
and dilution water was reconstituted seawater (30 ppt) prepared using Crystal Sea® 
Marinemix. Each test concentration included five (5) replicate, 1 L glass beakers 
containing 400 mL test media and ten (10) A. bahia each.  The larger beaker size and 
two daily feeding rations were used to avoid aggressive interactions and potential for 
cannibalism during the exposure.  Test acceptability criteria included water parameters 
(temperature, pH, salinity, dissolved oxygen) within the specified range (USEPA/USACE 
1991, 1998), at least ninety (90%) survival in the performance control and sensitivity to a 
reference toxicant (e.g., KCl) within acceptable control chart ranges (± two (2) S.D. from 
the mean).  The ninety six (96) hour tests were conducted from 29 October to 2 November 
2018, according to USEPA/USACE (1998).  The measurement endpoint was survival.   

2.2.3 Elutriate toxicity bioassay: Menidia beryllina  
 
The inland silverside M. beryllina was exposed to the sediment elutriate water at twelve 
(12) days old (specified range: 1 to 14 days with no more than a 24-h range in age; 
USEPA/USACE 1998).  Fish were shipped overnight from Aquatic Biosystems (ABS, Fort 
Collins, CO, USA) immediately observed for potential shipment impacts and fed brine 
shrimp (Artemia) upon receipt.  The M. beryllina were held for 72-hours (received at 9 
days old) prior to testing for acclimation and observation.  The control water and dilution 
water was reconstituted seawater (30 ppt) prepared using Crystal Sea® Marinemix.  Each 
test concentration included five (5) replicate, 600 mL glass beakers containing 400 mL 
test media and ten (10) M. beryllina each.  Fish were fed at 24-h and 72-h to maintain 
health.  Test acceptability criteria included water parameters (temperature, pH, salinity, 
dissolved oxygen) within the specified range (USEPA/USACE 1991, 1998), at least ninety 
(90%) survival in the performance control and sensitivity to a reference toxicant (e.g., KCl) 
within acceptable control chart ranges (± two (2) S.D. from the mean).  The ninety six (96) 
hour tests were conducted from 29 October to 2 November, according to USEPA/USACE 
(1998).  The measurement endpoint was survival.         
 

2.2.4 Reference toxicity tests for elutriate bioassays 
  
Reference toxicant tests were conducted on each batch of test organisms to assess test 
organism sensitivity relative to historic information recorded in-house laboratory control 
charts.    The selected reference toxicant was potassium chloride (KCl).  Reagent grade 
KCl was weighed and completely dissolved into the appropriate reconstituted waters for 
each test species (described above).  Five concentrations (3 replicates each) were 
prepared (100, 50, 25, 12.5, 6.25%) with the previously described number of organisms 
in each replicate.  The 100% concentration used was 2.0 g/L for M. beryllina and 1.0 g/L 
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for A. bahia.  The endpoint measured was survival after a 48- or 96-hour exposure.  The 
median effects endpoints generated in the reference toxicity tests were compared to 
historic information recorded in ERDC or vendor control charts (± two (2) S.D. from the 
mean). 
 

2.2.5 Water Quality Parameters 
 
Water quality during bioassay testing was measured using either a Yellow Springs 
Instruments (YSI) Model 556 multiprobe system (Yellow Springs, OH) or a Thermo 
Scientific Orion Star™ A329 (Thermo Orion Electron Corp., Beverly, MA) for temperature, 
salinity, pH, and Dissolved Oxygen (D.O.). Total ammonia-N and pH was measured using 
a 720A ion-selective electrode (ISE) meter (Thermo Orion Electron Corp., Beverly, MA) 
equipped with a 95-12 ammonia-sensitive electrode and a 9107BN automatic 
temperature compensating pH triode (Thermo Orion Electron Corp., Beverly, MA). Total 
overlying water ammonia-N during bioassays was also measured using LeMotte titration 
kits (Chestertown, MD, USA).  Note that both ammonia measurement methods 
determined ammonia as total ammonia-nitrogen (-N).  Total ammonia and un-ionized 
ammonia were calculated based on molecular mass and measured pH, temperature and 
salinity in the test water (see EPA 1989), specifically using the following equation: 
 
Un-ionized ammonia = [(17*NH3)] / [(14*(1+10^((0.09018+(2729.92/(pH+273.15)) 
+((0.1552 - (0.0003142 * Temperature)) * ((19.9273 * salinity) / (1000 - (1.2005109 * 
salinity)))))-pH)))] 
 

2.3 Statistical Analysis 
 
The process by which elutriates were tested is summarized in Figure 1.  Statistical 
analysis was performed when survival in the undiluted (100%) elutriate water was 
reduced by more than 10% relative to the dilution water control, as specified by guidance 
(USEPA / USACE 1998, 2003).  Statistical analyses are conducted using Toxcalc® 
statistical software (Version 5.0, Tidepool Scientific Software, McKinleyville, CA).  Data 
normality was determined by the Shapiro-Wilk’s Test and homogeneity of variance by 
Bartlett’s Test.  If survival was not reduced by at least 10% relative to the dilution water, 
no statistics were performed.  If at least a 10% reduction was observed, initially a two 
sample t-test was performed to compare the undiluted (100%) elutriate to the dilution 
water control.  If that was statistically significant, then treatment differences (dilution 
water, 10%, 50% and 100% elutriates) were performed by one way ANOVA and Dunnett’s 
Method (one-tailed analysis); the Bonferroni t-test was performed in the case of uneven 
replicates.  If normality could not be achieved, Steel’s Many-One Rank test (one-tailed 
analysis) was used.  If applicable, the lethal median concentration producing 50% 
mortality (LC50) in elutriate or reference toxicity test dilutions is determined by the 
Spearman–Karber method using Toxcalc® (version 5.0, Tidepool Scientific Software, 
McKinleyville, CA).   
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Figure 1.  Elutriate testing decision flowchart. 

 

 
 

3   RESULTS 
 
Elutriate toxicity tests were conducted during the week of 29 October 2018.  The elutriates 
were prepared from project sediments within 3 weeks of compositing (9 October 2018) at 
the initiation of the bioassays.  All elutriate toxicity testing used a freshly prepared elutriate 
(aged <24-h).       
 

3.1 Elutriate bioassay: Americamysis bahia (96-h method) 
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Water quality parameters (Appendix D.  Elutriate bioassay water quality parameters) were 
within the acceptability ranges specified by testing guidance (US EPA / US ACE 1991, 

1998, 2003).   Survival in the laboratory performance control (96%) met the  90% 
requirement (Table 2).  The LC50 value for the KCl reference toxicity test conducted on 
29 October 2018 was 0.61 (0.55 – 0.69) g/L.  This value was within two standard 
deviations around the mean LC50 values from ERDC control chart data (0.40 – 0.82 g/L).  
This indicates that the test organisms were within the historic sensitivity range.   
 
Survival was at least 86% (range: 86 – 100%) in all eleven site waters (Table 2).  Survival 
in the undiluted (100%) elutriates ranged from 25 to 94% (Table 2).  Survival was both 
reduced by at least 10% and statistically significantly different (by one-tailed t-test) for 
NMP-1, -4, -7, and -8.  There was no acute toxicity observed in the other elutriates. 
 
For elutriates in which significant mortality was observed, multiple treatment comparisons 
using Dunnett’s test were performed to determine NOEC and LOEC values, which are 
summarized in Table 3.  Mortality was only high enough in NMP-1 and NMP-7 to calculate 
LC50 values; the LC50 values for NMP-1 and NMP-7 were 89 and 79%, respectively.   
 
Total ammonia-N concentrations in the undiluted elutriates ranged from 1.4 to 20.7 mg/L 
and calculated un-ionized concentrations (0.08 to 1.11 mg/L).  The ammonia-N and un-
ionized ammonia concentrations and comparison to known toxicity thresholds (Kennedy 
et al 2015, Melby et al 2018) are summarized in Table 4.  Since some of the ammonia 
levels were well above concentrations that are known to cause acute effects to this 
organism, there is a strong line of evidence that ammonia was high enough to cause 
mortality in all of the elutriates where acute toxicity was observed (NMP-1, -4, -7, and -8).   
 
The A. bahia elutriate bioassay did not indicate acute toxicity for the 7 of the 11 tested 
sediment elutriates (NMP-2, -3, -5, -6, -9, -10, and -11).  Statistically significant acute 
toxicity was determined for NMP-1, -4, -7, -8.    
 

3.2 Elutriate bioassay: Menidia beryllina 
 
Water quality parameters (Appendix D.  Elutriate bioassay water quality parameters) were 
within the acceptability ranges specified by testing guidance (US EPA / US ACE 1991, 

1998, 2003).   Survival in the laboratory performance control (98%) met the  90% 
requirement (Table 2).  The LC50 value for the KCl reference toxicity test conducted on 
29 October 2018 was 1.46 (1.34 – 1.59) g/L.  This value was within two standard 
deviations around the mean LC50 values from ERDC control chart data (1.07 – 1.52 g/L).  
This indicates that the test organisms were within the historic sensitivity range.   
 
Survival was at least 94% (range: 94 – 100%) in all eleven site waters (Table 2).  Survival 
in the undiluted (100%) elutriates ranged from 0 to 100%.  Survival was both reduced by 
at least 10% and statistically significantly different (by one-tailed t-test) for NMP-1, -4, -6, 
-7, -8, -10, and -11.  There was no acute toxicity observed in the other elutriates.   
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For elutriates in which significant mortality was observed, multiple treatment comparisons 
using Dunnett’s test were performed to determine NOEC and LOEC values, which are 
summarized in Table 3.  Mortality was only high enough in NMP-1, - 6, and -7 to calculate 
LC50 values; the LC50 values for NMP-1, - 6, and -7 were 88, 95 and 59%, respectively.   
 
Total ammonia-N concentrations in the undiluted elutriates ranged from 1.29 to 23.5 mg/L 
and calculated un-ionized concentrations (0.08 to 1.11 mg/L).  The ammonia 
concentrations and comparison to known toxicity thresholds (Kennedy et al 2015, Melby 
et al 2018) are summarized in Table 4.  Since some of the ammonia levels were well 
above concentrations that are known to cause acute effects to this organism, there is a 
strong line of evidence that ammonia was high enough to cause mortality in all of the 
elutriates where acute toxicity was observed (NMP-1, -4, -6, -7, -8, -11).   
 
The M. beryllina elutriate bioassay did not indicate acute toxicity for the 5 of the 11 tested 
elutriates (NMP-2, -3, -5, -9).  Statistically significant acute toxicity was determined for 
NMP-1, -4, -6, -7, -8, -10 and -11.    

3.3 Ammonia Toxicity Background 
 
Ammonia is an important contaminant to consider in toxicity bioassays, especially when 
employing fish species (USEPA 1989, 1999, 2009) or embryo development tests 
(Kennedy et al. 2015).  The unionized fraction of ammonia, which is dependent on water 
temperature, pH and to a lesser extent salinity, is often most responsible for causing 
toxicity in elutriate testing (Kennedy et al., 2015).   
 
Based on LC50 ranges for A. bahia (0.23 – 1.7 mg/L UIA) at similar temperatures and pH 
values taken from the literature (Miller et al 1990; Boardman et al., 2004; Kennedy et al 
2015) and a NOEC value reported in Melby et al (2018) of 0.5 mg/L un-ionized ammonia, 
the un-ionized concentrations in the NMP-1, -4, and -7 elutriates were sufficiently high to 
cause toxicity.  The NMP-5, -6, -8, -10, and -11 elutriates had elevated ammonia which 
may have caused some mortality.   
 
Based on LC50 ranges for M. beryllina (0.75 – 1.94 mg/L UIA) taken from the literature 
(Boardman et al 2004, Miller et al 1990, Li 1997, Kennedy et al 2015) and NOEC values 
reported in Melby et al (2018) of 0.6 mg/L un-ionized ammonia, the un-ionized 
concentrations in the NMP-1, -4, and -7 elutriates were sufficiently high to cause toxicity.   
The NMP-5, -6, -8, -10 and -11 elutriates had elevated ammonia which may have caused 
some mortality.   
 in all of the elutriates in which  acute toxicity was observed were high enough to cause 
mortality to the test organisms based on literature reported values for ammonia toxicity 
(Melby et al., 2018).  Therefore, there is a line of evidence that ammonia was an important 
determinant of the toxicity observed in both test organisms. 
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Table 2.  Elutriate toxicity results.   

Percent survival data presented as means and one standard deviation.  Indication of 10% reduction and statistical 
significance between the 100% elutriate and control/dilution by t-test is provided (yes/no).  Statistical significance in multiple 
comparisons is indicated by an asterisk and boldface.    

Sediment 
Elutriate 

Treatment 
96-h 

Americamysis (%)  
Reduced  
> 10%? 

Stat 
Sig? 

96-h 
Menidia (%) 

Reduced  
> 10%? 

Stat 
Sig? 

Control NA 96 ± 9 -- -- 98 ± 4 --  

HSC-NMP-1 

Site water 91 ± 6 -- -- 100 ± 0 --  

10% 92 ± 4 No -- 96 ± 5 No -- 

50% 86 ± 11 No -- 96 ± 9 No -- 

100% 40 ± 22* Yes Yes 38 ± 22* Yes Yes 

HSC-NMP-2 

Site water 100 ± 0 No -- 94 ± 5 No -- 

10% 100 ± 0 No -- 98 ± 4 No -- 

50% 94 ± 5 No -- 100 ± 0 No -- 

100% 94 ± 9 No -- 94 ± 9 No -- 

HSC-NMP-3 
Site water 96 ± 5 -- -- 100 ± 0 -- -- 

100% 94 ± 9 No -- 100 ± 0 No -- 

HSC-NMP-4 

Site water 92 ± 8 -- -- 96 ± 5 -- -- 

10% 98 ± 4 No -- 98 ± 4 No -- 

50% 90 ± 7 No -- 92 ± 8 No -- 

100% 64 ± 15* Yes Yes 60 ± 19* Yes Yes 

HSC-NMP-5 

Site water 96 ± 9 -- -- 100 ± 0 No -- 

10% 98 ± 4 No -- 90 ± 10 No -- 

50% 86 ± 15 No -- 96 ± 9 No -- 

100% 88 ± 4 No -- 96 ± 5 No -- 

HSC-NMP-6 

Site water 86 ± 5 -- -- 96 ± 5 No -- 

10% 94 ± 9 No -- 90 ± 12 No -- 

50% 100 ± 0 No -- 90 ± 7 No -- 

100% 90 ± 7 No -- 46 ± 5* Yes Yes 

HSC-NMP-7 
Site water 86 ± 11 -- -- 100 ± 0 --  

10% 100 ± 0 No -- 98 ± 4 No -- 
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Sediment 
Elutriate 

Treatment 
96-h 

Americamysis (%)  
Reduced  
> 10%? 

Stat 
Sig? 

96-h 
Menidia (%) 

Reduced  
> 10%? 

Stat 
Sig? 

50% 96 ± 5 No -- 82 ± 4* Yes Yes 

100% 25 ± 16* Yes Yes 0 ± 0* Yes Yes 

HSC-NMP-8 

Site water 94 ± 5 -- -- 98 ± 4 No -- 

10% 98 ± 4 No -- 94 ± 5 No -- 

50% 92 ± 8 No -- 98 ± 4 No -- 

100% 70 ± 10* Yes Yes 60 ± 16* Yes Yes 

HSC-NMP-9 

Site water 94 ± 13 -- -- 96 ± 5 No -- 

10% 92 ± 8 No -- 94 ± 5 No -- 

50% 90 ± 7 No -- 90 ± 12 No -- 

100% 94 ± 5 No -- 98 ± 4 No -- 

HSC-NMP-10 

Site water 94 ± 5 -- -- 100 ± 0 No -- 

10% 96 ± 5 No -- 94 ± 5 No -- 

50% 94 ± 5 No -- 100 ± 0 No -- 

100% 88 ± 13 No -- 71 ± 12* Yes Yes 

HSC-NMP-11 

Site water 86 ± 11 -- -- 100 ± 0 No -- 

10% 96 ± 5 No -- 94 ± 8 No -- 

50% 100 ± 0 No -- 98 ± 4 No -- 

100% 84 ± 9 Yes Yes 54 ± 9* Yes Yes 
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Table 3. Summary of toxicity reference values.  

Sample Endpoint 
96-h 

Americamysis bahia 
96-h 

Menidia beryllina 

HSC-NMP-1 

NOEC 50 50 

LOEC 100 100 

LC50 89 (75 – 105) 88 (77 – 100) 

HSC-NMP-2 

NOEC 100 100 

LOEC NA (1) NA (1) 

LC50 NA (1) NA (1) 

HSC-NMP-3 

NOEC 100 100 

LOEC NA (1) NA (1) 

LC50 NA (1) NA (1) 

HSC-NMP-4 

NOEC 50 50 

LOEC 100 100 

LC50 NA (1) NA (1) 

HSC-NMP-5 

NOEC 100 100 

LOEC NA (1) NA (1) 

LC50 NA (1) NA (1) 

HSC-NMP-6 

NOEC 100 50 

LOEC NA (1) 100 

LC50 NA (1) 95 (78 – 117) 

HSC-NMP-7 

NOEC 50 10 

LOEC 100 50 

LC50 79 (73 – 86) 59 (52 – 66) 

HSC-NMP-8 

NOEC 50 50 

LOEC 100 100 

LC50 NA (1) NA (1) 

HSC-NMP-9 

NOEC 100 100 

LOEC NA (1) NA (1) 

LC50 NA (1) NA (1) 

HSC-NMP-10 

NOEC 100 50 

LOEC NA (1) 100 

LC50 NA (1) NA (1) 

HSC-NMP-11 

NOEC 100 50 

LOEC NA (1) 100 

LC50 NA (1) NA (1) 
Footnotes: 
(1) NA = not applicable due to no observed toxicity; LOEC = lowest observed effect 
concentration; NOEC = no observed effect concentration; LC50 = median lethal concentration 
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Table 4.  Ammonia concentrations in elutriates. 

Data are presented relative to toxicity reference values for Americamysis bahia (A) and Menidia beryllia (B). 
 
A. 

Control 
Total Ammonia-N, 
averaged (mg/L) 

Initial Un-ionized 
Ammonia (mg/L) 

Final Un-ionized  
Ammonia (mg/L) 

Significant  
Toxicity? 

Un-ionized Ammonia  
Threshold (mg/L) 

Un-ionized Ammonia 
Threshold Exceeded? 

0 <0.5 <0.03 <0.03 -- 0.5 No 

HSC-NMP-1       

0 0.56 <0.03 0.02 No 0.5 No 

10 2.15 0.08 0.07 No 0.5 No 

50 9.77 0.52 0.44 No 0.5 Yes 

100 18.75 0.92 1.03 Yes 0.5 Yes 

HSC-NMP-2      
 

0 0.57 <0.03 0.02 No 0.5 No 

10 0.74 0.03 <0.03 No 0.5 No 

50 3.38 0.16 0.13 No 0.5 No 

100 7.22 0.44 0.28 No 0.5 No 

HSC-NMP-3      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

100 1.38 0.08 0.05 No 0.5 No 

HSC-NMP-4      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 1.53 0.06 0.06 No 0.5 No 

50 6.60 0.34 0.21 No 0.5 No 

100 12.55 0.65 0.46 Yes 0.5 Yes 

HSC-NMP-5      
 

0 1.17 <0.03 0.04 No 0.5 No 

10 1.21 0.05 0.04 No 0.5 No 

50 4.98 0.27 0.18 No 0.5 No 

100 9.81 0.53 0.38 No 0.5 Yes 
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Control 
Total Ammonia-N, 
averaged (mg/L) 

Initial Un-ionized 
Ammonia (mg/L) 

Final Un-ionized  
Ammonia (mg/L) 

Significant  
Toxicity? 

Un-ionized Ammonia  
Threshold (mg/L) 

Un-ionized Ammonia 
Threshold Exceeded? 

HSC-NMP-6      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 1.37 0.05 0.05 No 0.5 No 

50 4.82 0.21 0.18 No 0.5 No 

100 10.63 0.52 0.42 No 0.5 Yes 

HSC-NMP-7      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 2.27 0.09 0.06 No 0.5 No 

50 9.68 0.49 0.32 No 0.5 No 

100 20.65 1.11 0.86 Yes 0.5 Yes 

HSC-NMP-8      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 1.48 0.05 0.05 No 0.5 No 

50 5.42 0.29 0.14 No 0.5 No 

100 10.15 0.62 0.29 Yes 0.5 Yes 

HSC-NMP-9      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 0.97 0.03 0.03 No 0.5 No 

50 3.43 0.16 0.12 No 0.5 No 

100 7.89 0.44 0.30 No 0.5 No 

HSC-NMP-10      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 1.31 0.05 0.04 No 0.5 No 

50 6.03 0.30 0.19 No 0.5 No 

100 11.50 0.62 0.42 No 0.5 Yes 

HSC-NMP-11      
 

0 <0.5 <0.03 <0.03 No 0.5 No 

10 1.31 0.05 0.04 No 0.5 No 
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Control 
Total Ammonia-N, 
averaged (mg/L) 

Initial Un-ionized 
Ammonia (mg/L) 

Final Un-ionized  
Ammonia (mg/L) 

Significant  
Toxicity? 

Un-ionized Ammonia  
Threshold (mg/L) 

Un-ionized Ammonia 
Threshold Exceeded? 

50 5.80 0.30 0.20 No 0.5 No 

100 11.70 0.65 0.47 No 0.5 Yes 

 
 
B. 

Control 
Total Ammonia-N,  

averaged 
Initial Un-ionized 
 Ammonia (mg/L) 

Final Un-ionized  
Ammonia (mg/L) 

Significant  
Toxicity? 

Un-ionized Ammonia 
Threshold (mg/L) 

Un-ionized Ammonia 
Threshold Exceeded? 

0  <0.5 <0.03 <0.03 -- 0.6 No 

HSC-NMP-1       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.76 0.08 0.07 No 0.6 No 

50  8.67 0.52 0.46 No 0.6 No 

100  16.75 0.92 1.06 Yes 0.6 Yes 

HSC-NMP-2       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  0.70 0.03 0.03 No 0.6 No 

50  3.17 0.19 0.14 No 0.6 No 

100  6.81 0.44 0.36 No 0.6 No 

HSC-NMP-3       

0  <0.5 <0.03 <0.03 No 0.6 No 

100  1.29 0.08 0.04 No 0.6 No 

HSC-NMP-4       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.30 0.06 0.05 No 0.6 No 

50  6.45 0.34 0.30 No 0.6 No 

100  12.95 0.65 0.80 Yes 0.6 Yes 

HSC-NMP-5       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.00 0.05 0.03 No 0.6 No 
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Control 
Total Ammonia-N,  

averaged 
Initial Un-ionized 
 Ammonia (mg/L) 

Final Un-ionized  
Ammonia (mg/L) 

Significant  
Toxicity? 

Un-ionized Ammonia 
Threshold (mg/L) 

Un-ionized Ammonia 
Threshold Exceeded? 

50  4.51 0.28 0.13 No 0.6 No 

100  9.42 0.50 0.34 No 0.6 No 

HSC-NMP-6       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.04 0.05 0.04 No 0.6 No 

50  4.26 0.21 0.23 No 0.6 No 

100  10.48 0.52 0.65 Yes 0.6 Yes 

HSC-NMP-7       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.87 0.09 0.04 No 0.6 No 

50  9.13 0.49 0.30 Yes 0.6 No 

100  23.50 1.11  Yes 0.6 Yes 

HSC-NMP-8       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.08 0.05 0.03 No 0.6 No 

50  5.06 0.29 0.13 No 0.6 No 

100  10.62 0.62 0.39 Yes 0.6 Yes 

HSC-NMP-9       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  0.80 0.03 0.02 No 0.6 No 

50  3.16 0.16 0.10 No 0.6 No 

100  7.90 0.44 0.28 No 0.6 No 

HSC-NMP-10       

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.14 0.05 0.04 No 0.6 No 

50  5.52 0.30 0.24 No 0.6 No 

100  11.24 0.62 0.65 Yes 0.6 Yes 

HSC-NMP-11       
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Control 
Total Ammonia-N,  

averaged 
Initial Un-ionized 
 Ammonia (mg/L) 

Final Un-ionized  
Ammonia (mg/L) 

Significant  
Toxicity? 

Un-ionized Ammonia 
Threshold (mg/L) 

Un-ionized Ammonia 
Threshold Exceeded? 

0  <0.5 <0.03 <0.03 No 0.6 No 

10  1.18 0.05 0.03 No 0.6 No 

50  5.34 0.30 0.17 No 0.6 No 

100  11.31 0.65 0.45 Yes 0.6 Yes 

 
Ammonia values represent the mean between test initiation and termination.  Un-ionized ammonia calculated from the 
measured pH, temperature and salinity in test water. 
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5   Appendices 

5.1 Appendix A. Sediment Compositing Log 
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5.2 Appendix B. Sediment Wet-Dry Ratios 

Sample Name Pan # 
Pan  

Weight (g)  
Pan+sediment  
wet weight (g)  

Pan+sediment  
dry weight (g) 

Wet  
Weight (g) 

Dry  
Weight (g) 

% Dry 
Dry/Wet  

Ratio 
Mean  

% Moisture 
Mean  
% Dry 

Mean  
Dry/Wet Ratio 

NMP-01 

1 1.32 2.6 1.966 1.28 0.646 50.5% 0.505 

50.7% 49.3% 0.493 2 1.315 2.419 1.865 1.104 0.55 49.8% 0.498 

3 1.316 2.425 1.845 1.109 0.529 47.7% 0.477 

NMP-02 

4 1.315 2.892 2.575 1.577 1.26 79.9% 0.799 

21.0% 79.0% 0.790 5 1.319 2.362 2.136 1.043 0.817 78.3% 0.783 

6 1.32 2.657 2.375 1.337 1.055 78.9% 0.789 

NMP-03 

7 1.317 2.481 2.288 1.164 0.971 83.4% 0.834 

17.8% 82.2% 0.822 8 1.33 2.581 2.357 1.251 1.027 82.1% 0.821 

9 1.323 2.592 2.351 1.269 1.028 81.0% 0.810 

NMP-03-DUP 

10 1.317 2.541 2.268 1.224 0.951 77.7% 0.777 

22.1% 77.9% 0.779 11 1.323 2.581 2.313 1.258 0.99 78.7% 0.787 

12 1.326 2.6 2.31 1.274 0.984 77.2% 0.772 

NMP-04 

13 1.325 2.841 2.276 1.516 0.951 62.7% 0.627 

36.6% 63.4% 0.634 14 1.327 2.657 2.155 1.33 0.828 62.3% 0.623 

15 1.324 2.611 2.164 1.287 0.84 65.3% 0.653 

NMP-05 16 1.319 2.895 2.386 1.576 1.067 67.7% 0.677 41.6% 58.4% 0.584 
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Sample Name Pan # 
Pan  

Weight (g)  
Pan+sediment  
wet weight (g)  

Pan+sediment  
dry weight (g) 

Wet  
Weight (g) 

Dry  
Weight (g) 

% Dry 
Dry/Wet  

Ratio 
Mean  

% Moisture 
Mean  
% Dry 

Mean  
Dry/Wet Ratio 

17 1.318 2.583 1.991 1.265 0.673 53.2% 0.532 

18 1.323 2.617 2.026 1.294 0.703 54.3% 0.543 

NMP-06 

19 1.323 2.766 2.31 1.443 0.987 68.4% 0.684 

34.3% 65.7% 0.657 20 1.318 2.838 2.336 1.52 1.018 67.0% 0.670 

21 1.329 2.726 2.19 1.397 0.861 61.6% 0.616 

NMP-07 

22 1.317 2.884 2.383 1.567 1.066 68.0% 0.680 

31.8% 68.2% 0.682 23 1.316 2.835 2.356 1.519 1.04 68.5% 0.685 

24 1.32 2.662 2.233 1.342 0.913 68.0% 0.680 

NMP-08 

25 1.323 2.559 2.156 1.236 0.833 67.4% 0.674 

31.9% 68.1% 0.681 26 1.332 2.5 2.137 1.168 0.805 68.9% 0.689 

27 1.325 2.66 2.233 1.335 0.908 68.0% 0.680 

NMP-09 

28 1.323 2.792 2.268 1.469 0.945 64.3% 0.643 

35.3% 64.7% 0.647 29 1.325 2.515 2.125 1.19 0.8 67.2% 0.672 

30 1.322 2.712 2.191 1.39 0.869 62.5% 0.625 

NMP-10 

31 1.322 2.735 2.255 1.413 0.933 66.0% 0.660 

32.7% 67.3% 0.673 32 1.319 2.865 2.361 1.546 1.042 67.4% 0.674 

33 1.316 2.661 2.238 1.345 0.922 68.6% 0.686 
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Sample Name Pan # 
Pan  

Weight (g)  
Pan+sediment  
wet weight (g)  

Pan+sediment  
dry weight (g) 

Wet  
Weight (g) 

Dry  
Weight (g) 

% Dry 
Dry/Wet  

Ratio 
Mean  

% Moisture 
Mean  
% Dry 

Mean  
Dry/Wet Ratio 

NMP-11 

34 1.316 2.665 2.318 1.349 1.002 74.3% 0.743 

25.0% 75.0% 0.750 35 1.322 2.543 2.25 1.221 0.928 76.0% 0.760 

36 1.314 2.779 2.409 1.465 1.095 74.7% 0.747 
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5.3 Appendix C. Reference Toxicity Test Statistics for Elutriate Exposures 
 

5.3.1 Americamysis bahia (96-h) 
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5.3.2 Menidia beryllina 
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5.4 Appendix D.  Elutriate bioassay water quality parameters 
 
Table E1.  Water quality parameters for 96-hour Americamysis bahia bioassay.  
Means and one standard deviation from the mean are indicated, with the minimum and 
maximum range of the data provided in parentheses. 

 

Sediment 
Elutriate 

Conc. 
Temperature 

( C) 

Salinity 
(‰) 

pH 
(SU) 

Dissolved 
oxygen 
(mg/L) 

Control N/A 20.7 ± 0.2 
(20.6 - 21.1) 

30.3 ± 0.2 
(30.1 - 30.5) 

7.80 ± 0.07 
(7.73 - 7.91) 

6.5 ± 0.5 
(6.2 - 7.4) 

HSC-NMP-1 

0% 
20.3 ± 0.6 

(19.7 - 21.4) 
30.8 ± 0.8 

(30.0 - 31.7) 
7.86 ± 0.07 
(7.75 - 7.95) 

6.6 ± 0.7 
(5.9 - 7.8) 

10% 
20.8 ± 0.5 

(20.3 - 21.6) 
30.2 ± 0.2 

(30.1 - 30.6) 
7.86 ± 0.06 
(7.78 - 7.94) 

6.5 ± 0.7 
(6.0 - 7.6) 

50% 
20.7 ± 0.4 

(20.2 - 21.3) 
30.1 ± 0.3 

(29.8 - 30.5) 
7.99 ± 0.05 
(7.91 - 8.02) 

6.7 ± 0.6 
(6.1 - 7.6) 

100% 
20.3 ± 0.7 

(19.6 - 21.2) 
29.5 ± 0.3 

(29.3 - 30.1) 
8.05 ± 0.08 
(7.93 - 8.13) 

6.6 ± 0.7 
(6.0 - 7.8) 

HSC-NMP-2 

0% 
20.9 ± 0.9 

(19.3 - 21.7) 
29.9 ± 0.2 

(29.7 - 30.1) 
7.92 ± 0.05 
(7.84 - 7.98) 

6.2 ± 0.9 
(5.5 - 7.8) 

10% 
21.0 ± 0.4 

(20.3 - 21.4) 
30.5 ± 0.3 

(30.1 - 30.9) 
7.87 ± 0.04 
(7.83 - 7.93) 

6.4 ± 0.7 
(6.0 - 7.6) 

50% 
20.9 ± 0.5 

(20.2 - 21.4) 
29.9 ± 0.3 

(29.6 - 30.4) 
7.93 ± 0.05 
(7.90 - 8.02) 

6.4 ± 0.7 
(5.9 - 7.6) 

100% 
20.6 ± 0.6 

(19.6 - 21.1) 
29.6 ± 0.4 

(29.2 - 30.2) 
8.01 ± 0.04 
(7.97 - 8.08) 

6.5 ± 0.7 
(6.0 - 7.7) 

HSC-NMP-3 

0% 
20.2 ± 0.5 

(19.3 - 20.6) 
29.5 ± 0.5 

(29.1 - 30.3) 
7.92 ± 0.07 
(7.87 - 8.04) 

6.7 ± 0.7 
(6.2 – 8.0) 

100% 
20.1 ± 0.3 

(19.6 - 20.3) 
30.4 ± 0.6 

(29.9 - 31.2) 
7.97 ± 0.07 
(7.92 - 8.10) 

6.7 ± 0.6 
(6.1 - 7.7) 

HSC-NMP-4 

0% 
20.0 ± 0.3 

(19.5 - 20.3) 
30.5 ± 0.4 

(30.2 - 31.1) 
7.93 ± 0.04 
(7.88 - 7.99) 

6.6 ± 0.6 
(6.2 - 7.6) 

10% 
20.2 ± 0.2 

(20.0 - 20.4) 
30.5 ± 0.4 

(30.2 - 31.2) 
7.85 ± 0.07 
(7.77 - 7.93) 

6.5 ± 0.6 
(6.0 - 7.5) 

50% 
20.0 ± 0.4 

(19.6 - 20.4) 
30.2 ± 0.3 

(29.8 - 30.6) 
7.92 ± 0.04 
(7.89 - 7.98) 

6.6 ± 0.5 
(6.2 - 7.5) 

100% 
19.8 ± 0.4 

(19.4 - 20.4) 
30.5 ± 0.6 

(29.7 - 31.2) 
7.97 ± 0.03 

(7.92 – 8.00) 
6.5 ± 0.3 

(6.2 – 7.0) 

 
 

HSC-NMP-5 
 

0% 
19.9 ± 0.6 

(19.2 - 20.5) 
30.2 ± 0.3 

(29.9 - 30.5) 
7.93 ± 0.03 
(7.90 - 7.97) 

6.5 ± 1.0 
(5.5 - 8.1) 

10% 
20.2 ± 0.5 

(19.3 - 20.6) 
30.6 ± 0.4 

(30.2 - 31.1) 
7.86 ± 0.04 
(7.84 - 7.94) 

6.6 ± 0.7 
(6.1 - 7.8) 

50% 
20.1 ± 0.4 

(19.5 - 20.3) 
30.3 ± 0.2 

(30.1 - 30.7) 
7.95 ± 0.05 
(7.91 - 8.04) 

6.6 ± 0.7 
(6.2 - 7.8) 

100% 
19.9 ± 0.3 

(19.5 - 20.2) 
30.3 ± 0.3 

(29.9 - 30.6) 
7.99 ± 0.04 
(7.94 - 8.04) 

6.6 ± 0.6 
(6.1 - 7.7) 
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Sediment 
Elutriate 

Conc. 
Temperature 

( C) 

Salinity 
(‰) 

pH 
(SU) 

Dissolved 
oxygen 
(mg/L) 

HSC-NMP-6 

0% 
19.9 ± 0.4 

(19.4 - 20.4) 
30.2 ± 0.3 

(29.8 - 30.4) 
7.96 ± 0.02 
(7.93 - 7.99) 

6.8 ± 1 
(6.0 - 8.5) 

10% 
20.3 ± 0.4 

(19.6 - 20.7) 
30.6 ± 0.3 

(30.3 - 31.2) 
7.85 ± 0.05 
(7.82 - 7.93) 

6.6 ± 0.4 
(6.2 - 7.3) 

50% 
20.2 ± 0.4 

(19.6 - 20.5) 
31.9 ± 0.3 

(31.5 - 32.3) 
7.92 ± 0.03 
(7.90 - 7.97) 

6.6 ± 0.4 
(6.3 - 7.3) 

100% 
20 ± 0.4 

(19.6 - 20.5) 
33.0 ± 0.2 

(32.9 - 33.4) 
7.97 ± 0.03 

(7.92 – 8.00) 
6.4 ± 0.7 
(5.8 - 7.6) 

 
HSC-NMP-7 

0% 
19.8 ± 0.5 

(19.0 - 20.5) 
29.9 ± 0.6 

(29.5 - 30.8) 
7.95 ± 0.05 
(7.87 - 8.01) 

6.8 ± 0.8 
(6.0 - 8.2) 

10% 
19.7 ± 0.5 

(19.0 - 20.5) 
30.4 ± 0.5 

(30.0 - 31.2) 
7.89 ± 0.08 
(7.82 - 8.02) 

6.6 ± 0.6  
(6.0 - 7.5) 

50% 
19.7 ± 0.5 

(19.0 - 20.3) 
30.2 ± 0.6 

(29.7 - 31.2) 
7.95 ± 0.03 

(7.93 – 8.00) 
6.7 ± 0.5 
(6.3 - 7.6) 

100% 
19.7 ± 0.5 

(19.0 - 20.3) 
30.1 ± 0.3 

(29.8 - 30.5) 
7.98 ± 0.11 
(7.79 - 8.05) 

6.6 ± 0.6 
(6.2 - 7.6) 

 
 

HSC-NMP-8 
 
 

0% 
19.5 ± 0.3 

(19.0 - 19.9) 
30.0 ± 0.6 

(29.5 - 30.8) 
7.95 ± 0.05 
(7.91 - 8.04) 

6.9 ± 0.9 
(6.3 - 8.5) 

10% 
19.7 ± 0.5 

(19.0 - 20.3) 
30.6 ± 0.7 

(30.1 - 31.8) 
7.83 ± 0.05 
(7.79 - 7.92) 

6.7 ± 0.5 
(6.2 - 7.6) 

50% 
19.7 ± 0.4 

(19.0 - 20.1) 
30.4 ± 0.7 

(29.9 - 31.4) 
7.90 ± 0.06 

(7.85 – 8.00) 
6.7 ± 0.5 
(6.2 - 7.6) 

100% 
19.6 ± 0.3 

(19.0 - 19.9) 
30.4 ± 0.8 

(29.6 - 31.3) 
7.96 ± 0.06 
(7.89 - 8.06) 

6.7 ± 0.5 
(6.2 - 7.5) 

 
 
 

HSC-NMP-9 
 
 
 

0% 
20.2 ± 0.4 

(19.5 - 20.6) 
29.8 ± 0.3 

(29.6 - 30.2) 
7.96 ± 0.03 

(7.93 – 8.00) 
6.5 ± 0.8 
(5.9 - 7.9) 

10% 
20.4 ± 0.3 

(20.0 - 20.7) 
30.4 ± 0.2 

(30.1 - 30.7) 
7.85 ± 0.04 
(7.82 - 7.91) 

6.5 ± 0.6 
(6.0 - 7.5) 

50% 
20.3 ± 0.2 

(19.9 - 20.5) 
30.1 ± 0.2 

(29.9 - 30.5) 
7.91 ± 0.07 

(7.81 – 8.00) 
6.4 ± 0.8 
(5.3 - 7.6) 

100% 
19.9 ± 0.3 

(19.6 - 20.2) 
30.0 ± 0.3 

(29.6 - 30.4) 
8.00 ± 0.03 
(7.97 - 8.05) 

6.6 ± 0.7 
(6.2 - 7.8) 

 
 
 

HSC-NMP-10 
 
 
 

0% 
19.9 ± 0.3 

(19.4 - 20.2) 
29.7 ± 0.2 

(29.5 – 30.0) 
7.95 ± 0.04 
(7.92 - 8.02) 

6.5 ± 0.9 
(5.8 - 7.9) 

10% 
20.0 ± 0.4 

(19.4 - 20.4) 
30.5 ± 0.3 

(30.2 - 30.9) 
7.86 ± 0.05 
(7.81 - 7.93) 

6.7 ± 0.5 
(6.2 - 7.5) 

50% 
20.0 ± 0.4 

(19.4 - 20.4) 
30.3 ± 0.3 

(30.1 - 30.8) 
7.91 ± 0.05 
(7.87 - 7.99) 

6.5 ± 0.7 
(6.0 - 7.6) 

100% 
19.9 ± 0.3 

(19.5 - 20.2) 
30.2 ± 0.2 

(30.1 - 30.5) 
7.98 ± 0.04 
(7.95 - 8.04) 

6.5 ± 0.8 
(5.7 - 7.7) 

 
 

HSC-NMP-11 

0% 
20.0 ± 0.5 

(19.3 - 20.5) 
30.3 ± 0.3 

(30.0 - 30.6) 
7.93 ± 0.04 
(7.90 - 8.01) 

6.7 ± 1.1 
(6.0 - 8.5) 

10% 
20.2 ± 0.4 

(19.6 - 20.6) 
30.5 ± 0.4 

(30.1 - 30.9) 
7.85 ± 0.05 
(7.81 - 7.94) 

6.5 ± 0.5 
(6.2 - 7.4) 
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Sediment 
Elutriate 

Conc. 
Temperature 

( C) 

Salinity 
(‰) 

pH 
(SU) 

Dissolved 
oxygen 
(mg/L) 

50% 
20.3 ± 0.3 

(19.7 - 20.6) 
30.0 ± 0.6 

(29.0 - 30.7) 
7.93 ± 0.05 
(7.90 - 8.02) 

6.4 ± 0.6 
(6.0 - 7.5) 

100% 
20.1 ± 0.3 

(19.7 - 20.4) 
30.1 ± 0.4 

(29.7 - 30.6) 
7.99 ± 0.03 
(7.96 - 8.04) 

6.6 ± 0.5 
(6.2 - 7.4) 
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Table E3.  Water quality parameters for 96-hour Menidia beryllina bioassay.  
Means and one standard deviation from the mean are indicated, with the minimum and 
maximum range of the data provided in parentheses. 

Sediment 
Elutriate 

Conc. 
Temperature 

( C) 

Salinity 
(‰) 

pH 
(SU) 

Dissolved 
oxygen 
(mg/L) 

Control N/A 20.8 ± 0.1 
(20.7 - 20.9) 

30.4 ± 0.2 
(30.2 - 30.7) 

7.77 ± 0.08 
(7.71 - 7.90) 

6.3 ± 0.7 
(5.7 - 7.5) 

HSC-NMP-1 

0% 
19.7 ± 0.4 

(19.2 - 20.2) 
30.5 ± 0.5 

(30.0 - 31.2) 
7.90 ± 0.10 
(7.82 - 8.05) 

6.7 ± 0.6 
(6.2 - 7.8) 

10% 
20.0 ± 0.3 

(19.7 - 20.3) 
30.5 ± 0.4 

(30.1 – 31.0) 
7.87 ± 0.10 
(7.79 - 8.01) 

6.6 ± 0.6 
(6.2 - 7.6) 

50% 
19.9 ± 0.3 

(19.5 - 20.3) 
30.1 ± 0.2 

(29.8 - 30.4) 
8.02 ± 0.10 
(7.94 - 8.20) 

6.5 ± 0.7 
(6.0 - 7.6) 

100% 
19.8 ± 0.3  

(19.5 - 20.2) 
29.9 ± 0.4 

(29.3 - 30.4) 
8.07 ± 0.12 
(7.99 - 8.28) 

6.6 ± 0.7 
(6.1 - 7.8) 

HSC-NMP-2 

0% 
20.2 ± 0.5 

(19.3 - 20.7) 
30.0 ± 0.1 

(29.9 - 30.2) 
7.94 ± 0.11 
(7.85 - 8.10) 

6.5 ± 0.7 
(6.0 - 7.8) 

10% 
20.4 ± 0.2 

(20.2 - 20.7) 
30.2 ± 0.5 

(29.3 - 30.7) 
7.85 ± 0.10 
(7.76 - 7.98) 

6.5 ± 0.6 
(5.9 - 7.6) 

50% 
20.5 ± 0.3 

(20.2 - 20.9) 
29.9 ± 0.2 

(29.7 - 30.2) 
7.95 ± 0.10 
(7.84 - 8.09) 

6.5 ± 0.6 
(6.2 - 7.6) 

100% 
20.5 ± 0.6 

(19.6 - 21.1) 
29.4 ± 0.1 

(29.2 - 29.5) 
8.02 ± 0.10 
(7.93 - 8.18) 

6.5 ± 0.7 
(6.0 - 7.7) 

HSC-NMP-3 

0% 
20.1 ± 0.6 

(19.3 - 20.6) 
29.6 ± 0.3 

(29.1 - 29.8) 
7.93 ± 0.06 
(7.89 - 8.04) 

6.5 ± 0.9 
(5.8 – 8.0) 

100% 
20.2 ± 0.4 

(19.6 - 20.5) 
30.3 ± 0.3  

(29.9 - 30.6) 
7.97 ± 0.07 
(7.92 - 8.10) 

6.4 ± 0.7 
(5.9 - 7.7) 

HSC-NMP-4 

0% 
19.9 ± 0.2 

(19.5 - 20.1) 
30.3 ± 0.1 

(30.2 - 30.5) 
7.96 ± 0.10 
(7.89 - 8.12) 

6.5 ± 0.7 
(6.0 - 7.8) 

10% 
20.1 ± 0.3 

(19.8 - 20.4) 
30.3 ± 0.1 

(30.2 - 30.4) 
7.90 ± 0.09 
(7.80 - 7.98) 

6.4 ± 0.6 
(5.9 - 7.5) 

50% 
20.1 ± 0.2 

(19.9 - 20.5) 
30.0 ± 0.7 

(28.8 - 30.5) 
7.95 ± 0.10 
(7.88 - 8.11) 

6.4 ± 0.6 
(5.9 - 7.5) 

100% 
20.1 ± 0.3 

(19.7 - 20.5) 
29.8 ± 0.1 

(29.7 – 30.0) 
8.00 ± 0.12 
(7.88 - 8.20) 

6.1 ± 0.6 
(5.7 – 7.0) 

 
HSC-NMP-5 

 

0% 
19.6 ± 0.3 

(19.2 - 19.9) 
30.5 ± 0.3 

(30.0 - 30.9) 
7.92 ± 0.03 
(7.88 - 7.97) 

6.6 ± 0.9 
(5.8 - 8.1) 

10% 
19.9 ± 0.4 

(19.4 - 20.5) 
30.7 ± 0.4 

(30.2 - 31.1) 
7.82 ± 0.07 
(7.77 - 7.94) 

6.6 ± 0.7 
(6.0 - 7.8) 

50% 
20.0 ± 0.4 

(19.8 - 20.8) 
30.7 ± 0.4 

(30.1 – 31.0) 
7.91 ± 0.08 
(7.83 - 8.04) 

6.5 ± 0.8 
(5.7 - 7.8) 

100% 
19.9 ± 0.2 

(19.7 - 20.1) 
30.2 ± 0.3 

(29.9 - 30.6) 
7.96 ± 0.04 
(7.93 - 8.01) 

6.3 ± 0.7 
(5.9 - 7.7) 

HSC-NMP-6 

0% 
20.1 ± 0.4 

(19.4 - 20.4) 
30.0 ± 0.1 

(29.8 - 30.2) 
7.98 ± 0.10 
(7.90 - 8.14) 

6.7 ± 1.0 
(5.9 - 8.5) 

10% 
20.2 ± 0.3 

(19.8 - 20.7) 
30.6 ± 0.1 

(30.5 - 30.8) 
7.89 ± 0.08 

(7.81 – 8.00) 
6.6 ± 0.5 
(6.0 - 7.3) 
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Sediment 
Elutriate 

Conc. 
Temperature 

( C) 

Salinity 
(‰) 

pH 
(SU) 

Dissolved 
oxygen 
(mg/L) 

50% 
20.1 ± 0.4 

(19.6 - 20.5) 
32.1 ± 0.5 

(31.5 - 32.5) 
7.92 ± 0.14 
(7.75 - 8.12) 

6.6 ± 0.4 
(6.2 - 7.3) 

100% 
20.3 ± 0.4 

(19.8 - 20.8) 
33.1 ± 0.2 

(32.9 - 33.3) 
7.97 ± 0.13 
(7.83 - 8.18) 

6.5 ± 0.6 
(6.0 - 7.6) 

 
HSC-NMP-7 

 

0% 
19.7 ± 0.3 

(19.3 – 20.0) 
30.2 ± 0.4 

(29.5 - 30.5) 
7.90 ± 0.08 
(7.77 - 7.98) 

6.7 ± 0.8 
(6.1 - 8.2) 

10% 
20.1 ± 0.3 

(19.7 - 20.5) 
30.4 ± 0.1 

(30.2 - 30.6) 
7.85 ± 0.06 
(7.80 - 7.92) 

6.4 ± 0.7 
(5.9 - 7.5) 

50% 
20.0 ± 0.2 

(19.8 - 20.3) 
30.2 ± 0.1 

(30.0 - 30.4) 
7.96 ± 0.04 

(7.92 – 8.00) 
6.3 ± 0.7 
(6.0 - 7.6) 

100% 
20.0 ± 0.3 

(19.8 - 20.4) 
30.0 ± 0.1 

(29.8 - 30.1) 
8.00 ± 0.04 
(7.95 - 8.04) 

6.5 ± 0.7 
(5.9 - 7.6) 

 
 

HSC-NMP-8 
 
 

0% 
19.9 ± 0.4 

(19.4 - 20.3) 
29.6 ± 0.2 

(29.5 - 29.9) 
7.93 ± 0.06 
(7.89 - 8.04) 

6.3 ± 1.2 
(5.5 - 8.5) 

10% 
20.1 ± 0.3 

(19.7 - 20.4) 
30.3 ± 0.2 

(30.1 - 30.5) 
7.82 ± 0.06 
(7.77 - 7.92) 

6.4 ± 0.7 
(5.9 - 7.6) 

50% 
20.1 ± 0.3 

(19.7 - 20.4) 
30.1 ± 0.1 

(29.9 - 30.3) 
7.91 ± 0.05 

(7.88 – 8.00) 
6.4 ± 0.7 
(5.9 - 7.6) 

100% 
20.0 ± 0.3 

(19.7 - 20.4) 
29.7 ± 0.1 

(29.6 - 29.9) 
7.99 ± 0.04 
(7.95 - 8.06) 

6.4 ± 0.6 
(6.0 - 7.5) 

 
 
 

HSC-NMP-9 
 
 
 

0% 
19.7 ± 0.2 

(19.5 – 20.0) 
30.0 ± 0.3 

(29.6 - 30.2) 
7.94 ± 0.04 
(7.9 – 8.00) 

6.7 ± 0.8 
(5.8 - 7.9) 

10% 
20.1 ± 0.4  

(19.7 - 20.7) 
30.3 ± 0.2 

(30.1 - 30.6) 
7.81 ± 0.06 
(7.77 - 7.91) 

6.4 ± 0.6 
(6.0 - 7.5) 

50% 
20.1 ± 0.4 

(19.7 - 20.6) 
30.1 ± 0.2 

(29.9 - 30.4) 
7.90 ± 0.06 

(7.87 – 8.00) 
6.4 ± 0.6 
(6.0 - 7.6) 

100% 
19.8 ± 0.2 

(19.6 – 20.0) 
29.8 ± 0.2 

(29.6 - 30.1) 
7.98 ± 0.04 
(7.95 - 8.05) 

6.4 ± 0.8 
(5.8 - 7.8) 

 
 
 

HSC-NMP-10 
 
 
 

0% 
20.0 ± 0.6 

(19.0 - 20.6) 
30.0 ± 0.4 

(29.5 - 30.4) 
7.98 ± 0.09 
(7.91 - 8.13) 

6.5 ± 0.9 
(5.8 - 7.9) 

10% 
20.3 ± 0.3 

(19.8 - 20.6) 
30.7 ± 0.3 

(30.2 - 30.9) 
7.86 ± 0.08 
(7.79 - 7.96) 

6.5 ± 0.6 
(5.8 - 7.5) 

50% 
20.2 ± 0.3 

(19.7 - 20.5) 
30.7 ± 0.4 

(30.1 – 31.0) 
7.92 ± 0.10 
(7.84 - 8.07) 

6.5 ± 0.7 
(5.8 - 7.6) 

100% 
20.1 ± 0.4 

(19.6 - 20.5) 
30.6 ± 0.3 

(30.1 - 30.9) 
7.99 ± 0.11 
(7.89 - 8.16) 

6.6 ± 0.7 
(5.9 - 7.7) 

HSC-NMP-11 

0% 
20.0 ± 0.5 

(19.3 - 20.6) 
30.4 ± 0.2 

(30.0 - 30.6) 
7.92 ± 0.06 
(7.85 - 8.01) 

6.8 ± 1.0 
(6.2 - 8.5) 

10% 
20.4 ± 0.4 

(19.9 - 20.7) 
30.3 ± 0.1 

(30.1 - 30.4) 
7.83 ± 0.07 
(7.77 - 7.94) 

6.5 ± 0.5 
(6.2 - 7.4) 

50% 
20.3 ± 0.3 

(19.9 - 20.7) 
30.1 ± 0.1 

(30.0 - 30.3) 
7.91 ± 0.07 
(7.84 - 8.02) 

6.5 ± 0.6 
(5.9 - 7.5) 

100% 
20.3 ± 0.3 

(20.0 - 20.6) 
29.8 ± 0.1 

(29.7 - 30.1) 
7.98 ± 0.05 
(7.92 - 8.04) 

6.4 ± 0.6 
(5.9 - 7.4) 
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5.5 Appendix E.  Statistical Analyses for Elutriate Toxicity Tests 
 

5.5.1  Americamysis bahia (96h) 
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5.5.2 Menidia beryllina (96h) 
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5.6 Appendix F.  Laboratory Photographs 
 

5.6.1 Elutriate preparation 

 

5.6.2  Elutriate bioassays 

 
 



 

74 
 

 
 

 
  



 

75 
 

 

5.7 Appendix G.  Raw Data Sheets for Elutriate Bioassays 
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5.8 Appendix H.  Sediment Chain of Custody Information 
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