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EXECUTIVE SUMMARY 
 
 The Little Blackwater River drains a catchment area of approximately 11,229 hectares 
(27,748 acres). About 516 hectares (1,276 acres) in this watershed are currently developed for 
residential, commercial, and light industrial land use, while the remaining 10,713 hectares 
(26,472 acres) comprise a rural agricultural landscape, consisting of cropland, woodland, 
forested and marshy riparian areas, and tidal wetlands. The land surface is level, with frequent 
flooding due to poor drainage, low flow gradients, high water tables, and hydric soils. In recent 
years there has been extreme pressure to develop the Little Blackwater watershed. The City of 
Cambridge and Dorchester County are considering zoning and permitting of nearly 3,238 
hectares (8,000 acres) for development in the next few years. 
 
 The Little Blackwater River drains directly into the Blackwater National Wildlife Refuge.  
The Blackwater National Wildlife Refuge was established in 1933 as a refuge for migratory 
waterfowl. The refuge includes more than 11,331 hectares (28,000 acres), composed mainly of 
rich tidal marsh characterized by fluctuating water levels and variable salinity. Blackwater 
National Wildlife Refuge is one of the chief wintering areas for Canada geese using the Atlantic 
Flyway. Geese number approximately 35,000 and ducks exceed 15,000 at the peak of fall 
migration, usually in November. Urbanization of the Little Blackwater River could have an 
effect on water and sediment quality and may adversely affect fish and wildlife resources on 
Blackwater National Wildlife Refuge. 
 
 We used the sediment Quality Triad approach to evaluate the potential impacts of the 
proposed development. The Sediment Quality Triad is a weight of evidence approach consisting 
of synoptically collected measures of sediment chemistry, benthic/fish community structure, and 
sediment toxicity. The study area included three sites upstream of the Blackwater Wildlife 
Refuge on the Little Blackwater River, three samples downstream on the Refuge and a reference 
site on Buttons Creek, an adjacent watershed that is comprised almost entirely of undeveloped 
forest and marsh. 
 
 In general, the Little Blackwater River watershed has had little impact from the 
contaminants evaluated in this study. Although the benthic community in this watershed is 
depressed, it is more likely a function of the physical characteristics of the shallow water system 
rather than an effect of contaminants.  
 
 In 2004, proposals were made to Dorchester County for the development of two separate 
parcels of approximately 1,000 acres each within the Little Blackwater watershed.  Nearly 4,500 
homes and a golf course were planned for a 1,100-acre site along the north tributary, and a 
mixed-use industrial park was proposed near the east tributary southeast of Cambridge. By 2007, 
most of the plans were either scaled back or abandoned. Because developmental pressures on 
this watershed were greatly diminished in 2006, the second year data was similar to the first, 
making this report a baseline study rather than a comparison of pre and post construction effects. 
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INTRODUCTION 
 
 The Little Blackwater River drains a catchment area of approximately 11,229 hectares 
(27,748 acres). About 516 hectares (1,276 acres) in this watershed are currently developed for 
residential, commercial, and light industrial land use, while the remaining 10,713 hectares 
(26,472 acres) comprise a rural agricultural landscape, consisting of cropland, woodland, 
forested and marshy riparian areas, and tidal wetlands. The land surface is level, with frequent 
flooding due to poor drainage, low flow gradients, high water tables, and hydric soils. In recent 
years there has been extreme pressure to develop the Little Blackwater watershed. The City of 
Cambridge and Dorchester County are considering zoning and permitting of nearly 3,238 
hectares (8,000 acres) for development in the next few years (Guy, 2005).  
 
 When residential, commercial, and/or industrial development occurs, it is accompanied by a 
significant change in hydrological cycles (Barnes et al, 2001). Urban development brings an 
increase in impervious surface and a reduction in natural lands. During rain events, pollutants, 
such as heavy metals and polynuclear aromatic hydrocarbons (PAHs), are washed from 
impervious surfaces.  In addition, lawns, gardens, and grassy areas flush sediment, pesticides and 
nutrients (Clark, 1985; Novotny and Chesters, 1981; Whipple, 1977). Together these pollutants 
are carried down gradient and are often deposited in streams and rivers. 
 
 Metals are naturally occurring elements in most streams. In urban areas, there is additional 
loading from construction materials and industrial areas. This excess loading may be significant 
enough to have adverse effects on aquatic life. In a study of runoff in Provo, Utah, Gray (2004) 
demonstrated a direct correlation with urbanization and increased concentrations of dissolved 
copper, lead, and zinc along with a decrease in conductivity and dissolved oxygen after storm 
events. The rapid increase in metals along with the decrease in conductivity and dissolved 
oxygen were directly reflected by decreased abundance and total species diversity in the 
macroinvertebrate community. 
 
 PAHs are a group of chemicals that are formed during the incomplete combustion of 
organic substances. PAHs are found in medicines, dyes, plastics, pesticides, asphalt roads, crude 
oil, coal, creosote, and roofing tar (Research Triangle Institute, 1995). Elevated PAHs in streams 
and rivers can adversely affect the biotic diversity and abundance in these systems. In addition, 
elevated PAHs have been shown to cause tumors in some fish species (Pinkney et al., 2001).  As 
part of the National Water Quality Assessment Program, the U.S. Geological Survey(USGS) 
followed trends in PAHs over sixty years at 10 sites throughout the United States. Van Metre et 
al. (2000) concluded that trends in PAH concentrations in developed watersheds are increasing 
and the increase is directly linked to urban sprawl. 
 
 Pesticides are used in the urban setting to control weeds and insects on lawns and in 
gardens. Pesticides are also used in mosquito control and pet shampoos. Home use accounts for 
approximately 25 percent of the total pesticide use in the United States (Aspelin, 1998). Hoffman 
et al. (2000) compared eight urban streams across the United States, analyzing 75 insecticides 
and herbicides. The herbicides most commonly detected in urban streams were prometon, 
simazine, atrazine, tebuthiuron, and metolochlor. The most common insecticides were carbaryl, 
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diazinon, chlorpyrifos, and malathion.  Hoffman et al. 2000 suggests that the biological diversity 
and abundance in these streams may be impaired by these pesticides. 
 
 Increased amounts of nutrients come from the over fertilization of lawns and domestic 
animal waste. Thirty-eight percent of the homeowners in Maryland routinely fertilize their lawns 
and thirty-one percent apply pesticide two to four times a year (Schueler, 1995). Over 
fertilization causes excess nutrients to be washed from lawns and into nearby streams. Schueler 
(2000) found that as many as sixty percent of dog owners in Maryland do not clean up after their 
dogs on a routine basis. These sources of nutrients flow over impervious surfaces into storm 
sewers and ultimately into streams and rivers. These effects were easily seen in thirty-seven 
watersheds across United States measured by Schueler (1995). During and immediately after 
storm events, nitrates and phosphorus concentrations peaked, sometimes doubling, just 
downstream of residential developments. 
 
 Yoder and Rankin (1996) studied 110 sites within Ohio watersheds. More than forty percent 
of the suburban sites in this study were impaired, with many reflecting the impact of new 
developments for housing and commercial use. The impairments are described as chemical and 
biological with elevated levels of metals, PAHs, pesticides, nutrients, and alterations in other 
water quality parameters (i.e. conductivity, temperature, pH, dissolved oxygen) causing a 
decreased benthic invertebrate population and fish community.  
 
 Once a stream is impaired it may take decades to restore. Harding et al. (1998) looked at the 
diversity of twenty-four watersheds in the Little Tennessee and French Board River. The 
diversity was compared to both historic and current use. This study found that past land use 
activity may result in long term modifications to and reductions in aquatic diversity, regardless 
of reforestation of riparian zones. 
 
 The Little Blackwater River drains directly into the Blackwater National Wildlife Refuge 
(BNWR). The BNWR was established in 1933 as a refuge for migratory waterfowl. The refuge 
includes more than 11,331 hectares (28,000 acres), composed mainly of rich tidal marsh 
characterized by fluctuating water levels and variable salinity. Originally established for 
migratory birds, primarily ducks and geese, BNWR is one of the chief wintering areas for 
Canada geese using the Atlantic Flyway. Geese number approximately 35,000 and ducks exceed 
15,000 at the peak of fall migration, usually in November.  (U.S. Fish and Wildlife Service, 
2005). Urbanization of the Little Blackwater River could have an effect on water and sediment 
quality and may adversely affect fish and wildlife resources on BNWR. 
 
 The Sediment Quality Triad (SQT) or triad is a weight of evidence approach consisting 
of synoptically collected measures of sediment/water chemistry, benthic/fish community 
structure, and sediment toxicity. SQT has been successfully applied in the Chesapeake Bay (e.g., 
Baltimore Harbor, Anacostia River) and nationwide (e.g., Puget Sound, San Francisco Bay, Gulf 
of Mexico) to characterize ambient conditions in freshwater, estuarine, and marine systems (e.g., 
Long and Chapman 1985, Chapman et al., 1987, McGee et al., 1999, Schlekat et al., 1994).  The 
combination of potential cause (chemistry) and effect (biology) measurements makes the Triad 
one of the most complete and powerful tools available to determine the extent and significance 
of pollution-induced degradation.  Although water column contaminant levels are useful to 
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distinguish among sources (new inputs versus historic contamination) and loadings of 
contaminants, they are temporally and spatially quite patchy, potentially confounding our ability 
to characterize the potential for toxicant related impact.  Therefore, the focus of this approach is 
on the sedimentary environment.  Sediments accumulate and integrate toxic chemical from 
multiple sources over time.  Determination of sediment quality is essential to determine trends in 
toxic contaminants. 
 
 The primary objective of this study was to use the SQT, water quality sampling, and fish 
abundance and diversity data to evaluate changes to BNWR from the upstream development on 
the Little Blackwater River. In 2004, proposals were made to Dorchester County for the 
development of two separate parcels of approximately 1,000 acres each within the Little 
Blackwater watershed.  Nearly 4,500 homes and a golf course were planned for a 1,100-acre site 
along the north tributary, and a mixed-use industrial park was proposed near the east tributary 
southeast of Cambridge. By 2007, most of the plans were either scaled back or abandoned. The 
second year data was similar to the first, making this report a baseline study rather than a 
comparison of pre and post construction effects.  
 
 In addition to the SQT, we analyzed water column contaminant levels.  The water column 
was analyzed to determine immediate sources and concentrations of contaminants at a site, and 
serve as some indication of contaminant loading rates. 
 
 Fish sampling and condition factor were collected to provide a more complete picture of the 
aquatic system. Although benthic invertebrate diversity and abundance is extremely sensitive to 
shifts in environmental quality, the fish community and condition factor in conjunction with the 
benthic invertebrate diversity is a better estimate of larger scale impacts than the benthic 
community by itself (Guy, 2005). 
 

MATERIALS AND METHODS 
 
Study Areas  

The study area included three sites upstream of the BNWR. The first upstream sample 
(BNWR01) was on the East Branch of the Little Blackwater River. This sample is upstream and 
out of the influence of the proposed development. Although this sample is downstream of other 
proposed developments, we did not expect to be influenced this site becauses development was 
not supposed  to start within the timeframe of this project. The second upstream sample 
(BNWR02) was just downstream of the proposed development near the proposed USGS Gaging 
Station. This station was chosen to capture the direct downstream impact of the proposed 
development. The third upstream sample (BNWR03) was adjacent to a hog farm with waste 
lagoons. This station was chosen to capture conditions around another potential pollution source 
that may be affecting the watershed. 
 

In addition to the upstream samples, we collected four samples on the refuge. One sample 
(BNWR04) was located above the Wallace Drive Bridge at the refuge boundary on the Little 
Blackwater River. Another sample (BNWR05) was located near the confluence of the Little 
Blackwater River and Blackwater River. A reference sample (BNWR06) was located in Coulson 
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Pond in the Blackwater River out of the influence of possible contaminants. An additional 
reference sample (BNWR07) was located on Buttons Creek. Buttons Creek was chosen as a 
reference sample because the stream characteristics are similar to East Branch and the USGS 
Station. The Coulson Pond Station was chosen because of its similarity to the BNRW02 and the 
hog farm sample sites. The stations and rationale are summarized in Table 1 and approximate 
locations are identified on Figure 1. 
 
Sediment Collection 

The protocols for sediment sample collection, handling, storage, and laboratory analyses 
are similar to those described in the Quality Assurance Project Plan (QAPP) that was developed 
for the Sediment Quality Triad projects in the Chesapeake Bay watershed (USFWS, 1999). In 
brief, petite ponar composite grabs were taken at each site to achieve the desired quantity of 
sediment necessary to complete chemistry sampling and toxicity tests. Once enough sediment 
was collected it was homogenized, split, and placed into appropriate sample containers for 
chemistry or toxicity testing.  All samples were stored at 4oC with the appropriate chain of 
custody and did not exceed recommended holding times. 
 
Benthic Community Analysis 

Sampling and analysis was consistent with methods used in the Long-Term Benthic 
Monitoring Program in Maryland, described in USFWS (1999). In brief, a petite ponar grab 
sample (0.023 m2 ) were taken at each station for benthic macroinvertebrate community analysis, 
sieved through a 500 μm mesh, and preserved in 10% buffered formalin containing rose bengal. 
Samples were delivered to University of Maryland Wye Research and Education Center for 
sorting, taxonomic identification, and calculation of the Benthic Index of Biotic Integrity (B-
IBI). 
 
Fish Community Analysis 

Fish collection was done with a Fyke net over a 24 hour period. All fish were removed, 
species and number were identified, and length (fork & tail) and weight were gathered from ten 
individual fish per species. Abnormalities were noted and described for each fish.  
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Table 1.  Summary of the BNWR proposed Sediment Quality Triad sample location and    
rationale. 

 
Sample 

designation Sample Site Rationale 
BNWR01 

 
 

Eastern Branch of the Little 
Blackwater River 
 

This site is upstream of the 
proposed development 
 

BNWR02 
 
 
 

Adjacent to the USGS gaging 
station on the main stem of the 
Little Blackwater River 
 

This site is just downstream of the 
proposed Egypt Road 
development. 
 

BNWR03 
 
 
 

Adjacent to hog farm on the Little 
Blackwater River downstream of 
USGS gaging station 
 

This sample site captures a 
possible upstream source for 
contaminants to the BNWR. 
 

BNWR04 
 
 
 
 

Upstream BNWR boundary on the 
Little Blackwater River 
 
 
 

This is the most upstream refuge 
location and most likely place to 
see the first impacts of 
contaminants from off refuge. 
 

BNWR05 
 
 
 
 

Near the confluence of the Little 
Blackwater River and the 
Blackwater River 
 
 

This site will provide insight into 
contaminants and the effects that 
may be reaching the Blackwater 
River. 
 

BNWR06 
 
 
 
 

In Coulson Pond on the Blackwater 
River. 
 
 
 

This site will serve as a reference 
and has similar stream 
characteristics as BNWR03, 
BNWR04 and BNWR05. 
 

BNWR07 
 
 
 

In Buttons Creek 
 
 
 

This site will serve as a reference 
and has similar stream 
characteristics as BNWR01 and 
BNWR02 
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Sediment Toxicity Tests 
Sediment toxicity was assessed at all stations using the U.S. EPA 10-d Hyalella azteca whole 
sediment toxicity test method with survival and growth as endpoints (U.S. EPA, 2000). H. azteca 
for these tests were purchased from Chesapeake Cultures in Hayes, Va. This test method is 
summarized in Table 2. Overlying water for the H. azteca test was a 95/5 mix of freshwater and 
estuarine water to attain a conductivity of approximately 2,400 μmhos. All sediments were also 
assessed with a 10 day L. plumulosus test with survival and growth as endpoints. This test is 
similar to the U.S. EPA 10-d H. azteca survival and growth test described above with the 
exception of using an estuarine species, estuarine water renewals and ground tetramin as the food 
source. L. plumulosus were from cultures maintained at the WREC.  This new L. plumulosus test 
method is summarized in Table 3.  Overlying water for the L. plumulosus test was filtered 
estuarine water diluted to 5‰.  The 10-d L. plumulosus test is a short-term chronic test similar to 
the chronic U.S. EPA 28-d L. plumulosus whole sediment toxicity test method except that it is 
only 10 days long and therefore has no reproduction endpoint (U.S. EPA/U.S. ACE, 2001). 
Experience with the L. plumulosus 28-day test in the past has shown a high variability in the 
reproduction endpoint and thus a limited ability to distinguish toxic sediments using this 
endpoint. This has led to the development of a 10 day L. plumulosus test with survival and 
growth as endpoints. Results from developmental work with the new10-d L. plumulosus test 
indicate that it as sensitive as the 28-d L. plumulosus test in detecting toxicity of sediment 
samples based on results from a dilution series of a toxic sediment containing a wide range of 
environmental contaminates from Baltimore Harbor, MD (Ziegler and Fisher, 2006).
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Table 2. Test conditions for 10-d whole sediment toxicity test with Hyalella azteca. 
 
1. Test type     Whole sediment, static renewal of overlying water 
 
2. Temperature    23 ± 1οC 
 
3. Overlying water    95:5 well/filtered estuarine water mix to attain a 

conductivity of approximately 2,400 μmhos  
                                
4. Renewal of overlying water  2 volume additions/d  
 
5. Light     Wide-spectrum fluorescent lights, 100 to 1000 lux 
 
6. Photoperiod     16:8 (L/D) 
 
7. Test chamber    300 mL lip-less beaker with screened hole for water 
      renewal (Randomly assigned on test table) 
 
8.  Sediment volume    100 ml 
 
9.  Overlying water volume   175 ml 
 
10. Size and life stage of amphipods  7- to 14-d old; size sorted on nested 710 and 500 
      μm mesh sieves 
 
11. Number of organisms/replicate  10 (Randomly assigned to test replicates) 
 
12. Number of replicates   8 
 
13. Feeding     1.0 ml YCT daily 
 
14. Aeration     none 
 
15. Water quality    Alkalinity, hardness, and total ammonia at 

beginning and end of test. Temperature, D.O., and 
pH daily.  Porewater ammonia in dummy 

      beaker at test initiation. 
 
16. Test duration    10 d 
 
17. Endpoints     Survival and growth (mg/ind) 
 
18. Performance criteria   Control survival > 80% 
      Measurable growth in control amphipods 
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Table 3. Test conditions for 10-d whole sediment toxicity test with Leptocheirus plumulosus. 
 
1. Test type     Whole sediment, static renewal of overlying water 
 
2. Temperature    25 ± 1οC 
 
3. Overlying water    Filtered Wye River water diluted to 5 ppt 
 
4. Renewal of overlying water  2 volume additions/d  
 
5. Light     Wide-spectrum fluorescent lights, 100 to 1000 lux 
 
6. Photoperiod     16:8 (L/D) 
 
7. Test chamber    300 mL lip-less beaker with screened hole for water 
      renewal (Randomly assigned on test table) 
 
8.  Sediment volume    100 ml 
 
9.  Overlying water volume   175 ml 
 
10. Size and life stage of amphipods  neonates; size sorted on nested 710 and 500 :m 

mesh sieves 
 
11. Number of organisms/replicate  10 (Randomly assigned to test replicates) 
 
12. Number of replicates   8 
 
13. Feeding     Daily - TetraMin (ground and sieved to 250 μm) 
 
14. Aeration     none 
 
15. Water quality    Salinity, pH and total ammonia at beginning  

and end of test. Temperature and D.O. daily.  Pore 
water ammonia in dummy beaker at 

      test initiation. 
 
16. Test duration    10 d 
 
17. Endpoints     Survival and growth (mg/ind) 
 
18. Performance criteria   Control survival > 80% 
      Measurable growth in control amphipods 
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Sediment and water physico-chemical characterization 
Sediments was analyzed for PCBs PAHs, Organo Chlorine Pesticides (OCs), grain size, 

and total trace metals (Cd, Cu, Cr, Ni, Pb, Zn, As, Fe, Al and Hg). In addition, acid volatile 
sulfides and simultaneous extracted metals (SEM; Cd, Cu, Cr, Ni, Pb, Zn) will be analyzed in 
sediments. Trace metals will be analyzed in filtered water samples. All sediment analytical 
methods are similar to those described in the QAPP that was developed for the SQT project 
(USFWS, 1999). Sample analysis will be contracted through the U.S. Fish and Wildlife Service’s 
Analytical Control Facility. 
 
 
Data analysis 

Data analysis will be similar to the procedures described in USFWS (1999) and the 
benthic macroinvertebrate and fish communities analysis is consistent with Maryland Biological 
Stream survey Index of Biological Integrity (MDDNR (1998)). Procedures for the analysis of 
sediment toxicity test data are presented in USEPA (2000). In addition, mean sediment quality 
guidelines and ambient water quality criteria will be used to summarize chemical data and 
establish relationships among chemical and biological endpoints (McGee et al., 1999; Long et 
al., 1998, EPA, 2009). These benchmarks are summarized in table 4 and 5 respectively 
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Table 4. Sediment benchmarks. 
 

Substance Consensus‐Based PEC ERM PEL
Metals (in mg/kg dw)

Arsenic 33 70 41.6
Cadmium 4.98 9.6 4.21
Chromium 111 370 160

Copper 149 270 108
Lead 128 218 112

Mercury 1.06 0.71 0.7
Nickel 48.6 51.6 42.8
Zinc 459 410 271

PAHs (in µg/kg dw)
Anthracene 845 1100 245

Fluorene 536 540 144
Naphthalene 561 2100 391

Phenanthrene 1170 1500 544
Benz[a]anthracene 1050 1600 694

Benzo(a)pryene 1450 1600 763
Chrysene 1290 2800 846

Fluoranthene 2230 5100 1494
Pyrene 1520 2600 1398

Total PAHs 22800 44792 16770
Total PCBs 676 180 189

OC pesticides (in µg/kg dw)
Chlorodane 17.6 NA 4.79

Dieldrin 61.8 NA 4.3
Sum DDD 28 NA NA
Sum DDE 31.3 NA NA
Sum DDT 62.9 NA NA

Total DDTs 572 NA 51.7
Endrin 207 NA NA

Heptachlor Epoxide 16 NA NA
Lindane (gamma‐BHC) 4.99 NA 0.99

Sediment Benchmarks
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Table 5. Ambient Water Quality Criteria. (from U.S. EPA 2009) 
Substance Fresh water acute Fresh water  chronic Salt water  acute Salt water  chronic

Metals (in ug/L)

Arsenic 340A,B,C 150A,B,C  69A,B,E 36A,B,E

Cadmium 2.0B,C,D,E 0.25C,D,E 40B,E 8.8B,E

Chromium(III) 570dB,C,D 74B,C,D

Chromium(VI) 16B,C 11B,C 1,100B,E 50B,E

Copper 4.8B,F,G 3.1 B,F,G

Lead 65B,D,E,I 2.5B,D,E,I 210B,E 8.1B,E

Mercury 1.4B,C,J 0.77B,C,J 1.8B,K,J 0.94B,J,K

Nickel 470B,C,D 52B,C,D 74B,E 8.2B,E

Selenium 5L 290B,E,M 71B,E,M

Silver 3.2B,D,N 1.9B,N

Zinc 120B,C,D 120B,C,D 90B,M 81B,M

Cyanide 22C,O 5.2C,O 1E,N 1E,N

PAHs (in µg/kL)
Acrolein 3 3

Pentachlorophenol 19C,H 15C,H 13E 7.9E

Aldrin 3N 1.3N

gamma BHC (Lindane) 0.95C 0.16N

OC pesticides (in µg/L)

Chlorodane 2.4N 0.0043N,P 0.09N 0.004N,P

Dieldrin 0.24C 0.056C,Q 0.71N 0.0019N,P

alpha‐Endosulfan 0.22N,R 0.056N,R 0.034N,R 0.0087N,R

beta‐Endosulfan 0.22N,R 0.056N,R 0.034N,R 0.0087N,R

4,4' DDT 1.1N,S 0.001N,P,S 0.13N,S 0.001N,P,S

Endrin 0.086C 0.036C,Q 0.037N 0.0023N,P

Heptachlor  0.52N 0.0038N,P 0.053N 0.0036N,P

Heptachlor Epoxide   0.52N,T 0.0038N,P,T 0.053N,T 0.0036N,P,T

Toxaphene 0.73 0.0002P 0.21 0.0002P

NPPs (ug/L)

Aluminum pH 6.5‐9.0 750U,V 87U,V,W

Chloride 86000U 230000U

Chlorine 19 11 13 7.5

Chloropyrifos 0.083U 0.041U 0.011U 0.0056U

Demeton 0.1X 0.1X

Guthion 0.01X 0.01X

Iron 1000X

Malathion 0.1X 0.1X

Methoxychlor 0.03X 0.03X

Mirex 0.001X 0.001X

Nonylphenol 28 28 7 7
Diazinon 0.17 0.17 0.82 0.82

Parthion 0.065Y 0.013Y

Sulfide‐Hydrogen Sulfide 2X 2X

Tributylin (TBT) 0.46Z 0.072Z 0.42Z 0.0074Z  
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Footnotes 
A This recommended water quality criterion was derived from data for arsenic (III), but is applied here to total arsenic, which might imply that 
arsenic (III) and arsenic (V) are equally toxic to aquatic life and that their toxicities are additive.  In the arsenic criteria document (PDF) (74 pp., 
3.2 MB) (EPA 440/5-84-033, January 1985), Species Mean Acute Values are given for both arsenic (III) and arsenic (V) for one species for five 
species and the ratios for the SMAVs for each species range from 0.6 to 1.7. Chronic values are available for both arsenic (III) and arsenic (V) for 
one species; for the feathered minnow, the chronic value for arsenic (V) is 0.29 times the chronic value for arsenic (III). No data are know to be 
available concerning whether the toxicities of the forms of arsenic to aquatic organism are additive. 
 
B Freshwater and saltwater criteria for metals are expressed in terms of the dissolved metals in the water column. The recommended water quality 
criteria value was calculated by using the previous 304(a) aquatic life criteria expressed in terms of total recoverable metal, and multiplying it by 
a conversion factor (CF). The term “Conversion Factor” (CF) represents the recommended conversion factor for converting a metal criterion 
expressed as the total recoverable fraction in the water column to a criterion expressed as the dissolved fraction in the water column. (Conversion 
Factors for saltwater CCCs are not currently available. Conversion factors derived for saltwater CMCs have been used for both saltwater CMCs 
and CCCs). See “,” (49 pp., 3MB) October 1, 1993, by Martin G. Prothro, Acting Assistant Administrator for Water, available from the Water 
Resource Center and 40 CFR§ 131.36(b)(1). Conversion factors applied in the table can be found in Appendix A to the Preamble-Conversion 
Factors for Dissolved Metals. Office of Water Policy and Technical Guidance on Interpretation and Implementation of Aquatic Life Metals 
Criteria (PDF) 
 
C This recommended criterion is based on a 304(a) aquatic life criterion that was issued in the 1995 Updates: Water Quality Criteria Documents 
for the Protection of Aquatic Life in Ambient Water , (EPA 820-B96-001, September 1996). This value was derived using the GLI Guidelines 
(60 FR 15393- 15399, March 23, 1995; 40CFR132 Appendix A); the difference between the 1985 Guidelines and the GLI Guidelines are 
explained on page iv of the 1995 Updates. None of the decisions concerning the derivation of this criterion were affected by any considerations 
that are specific to the Great Lakes. 
 
D The freshwater criterion for this metal is expressed as a function of hardness (mg/L) in the water column. The value given here corresponds to a 
hardness of 100 mg/L. Criteria values for other hardness may be calculated from the following: CMC (dissolved) = exp {mA [ln(hardness)]+ bA} 
(CF) or, CCC (dissolved) = exp{mc[ln (hardness)]+ bC} (CF) and the parameters specified in Appendix B-Parameters for calculating Freshewater 
Dissolved Metals Criteria That Are Hardiness-Dependent. 
 
E This water quality criterion is based on 304(a) aquatic life criterion that was derived using the 1985 Guidelines (PDF) (104pp., 3.3 MB) 
(Guidelines for Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses, PB85-227049, 
January 1985) and was issued in one of the following criteria documents: Arsenic (PDF) (74 pp., 3.2MB) (EPA 440/5-84-033), Cadmium (EPA 
822-R-01-001), Chromium (EPA 440/5-84-029), Copper (PDF) (150pp., 6.2 MB) (EPA 440/5-84-031), Cyanide (PDF) (67pp., 2.7 MB) (EPA 
440/5-84-028), Lead (EPA 440/5-84-027), Nickel (EPA 440/5-86-004), Pentachlorophenol (EPA 440/5-86-009), Toxaphene (EPA 440/5-86- 
006), Zinc (EPA 440/5-87-003). 
 
F  When the concentration of dissolved organic carbon is elevated, copper is substantially less toxic and use of Water-Effect Ratios might be 
appropriate. 
 
G This recommended water quality criterion was derived in Ambient Water Quality Criteria Saltwater Copper Addendum (Draft, April 14, 1995) 
and was promulgated in the Interim final National Toxics Rule (60 FR 22228-222237, May 4, 1995). 
 

H Freshwater aquatic life values for pentachlorophenol are expressed as a function of pH, and are calculated as follows: CMC = exp(1.005(pH)- 
4.869); CCC = exp(1.005(pH)-5.134). Values displayed in table correspond to a pH of 7.8. 
 
I EPA is actively working on this criterion and so this recommended water quality criterion may change substantially in the near future. 
 
J This recommended water quality criterion was derived from data for inorganic mercury (II), but is applied here to total mercury. If a substantial 
portion of the mercury in the water column is methylmercury, this criterion will probably be under protective. In addition, even though inorganic 
mercury is converted to methylmercury and methylmercury bioaccumulates to a great extent, this criterion does not account for uptake via the 
food chain because sufficient data were not available when the criterion was derived. 
 
K This recommended water quality criterion was derived on page 43 of the mercury criteria document (PDF) (144 pp, 6.4 MB) (EPA 440/5-84-
026, January 1985). The saltwater CCC of 0.025 ug/L given on page 23 of the criteria document is based on the Final Residue Value procedure in 
the 1985 Guidelines. Since the publication of the Great Lakes Aquatic Life Criteria Guidelines in 1995 (60 FR 15393-15399, March 23, 1995), 
the Agency no longer uses the Final Residue Value procedure for deriving CCCs for new or revised 304(a) aquatic life criteria. 
 
L This recommended water quality criterion for selenium is expressed in terms of total recoverable metal in the water column. It is scientifically 
acceptable to use the conversion factor (0.996- CMC or 0.922- CCC) that was used in the GLI to convert this to a value that is expressed in terms 
of dissolved metal. 
 
M The selenium criteria document (EPA 440/5-87-006, September 1987) provides that if selenium is as toxic to saltwater fishes in the field as it is 
to freshwater fishes in the field, the status of the fish community should be monitored whenever the concentration of selenium exceeds 5.0 g/L in 
salt water because the saltwater CCC does not take into account uptake via the food chain. 
 
N This Criterion is based on 304(a) aquatic life criterion issued in 1980, and was issued in one of the following documents: Aldrin/Dieldrin (PDF) 
(153 pp, 7.3 MB) (EPA 440/5-80-019), Chlordane (PDF) (68 pp, 3.1 MB) (EPA 440/5-80-027), DDT (PDF) (175 pp, 8.3 MB) (EPA 440/5-80-
038), Endosulfan (PDF) (155 pp, 7.3 MB) (EPA 440/5-80-046), Endrin (PDF) (103 pp, 4.6 MB) (EPA 440/5-80-047), Heptachlor (PDF) (114 pp, 
5.4 MB) (EPA 440/5-80-052), Hexachlorocyclohexane (PDF) (109 pp, 4.8 MB) (EPA 440/5-80-054), Silver (EPA 440/5-80-071). The Minimum 
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http://www.epa.gov/fedrgstr/EPA-WATER/1995/May/Day-04/pr-106.html
http://water.epa.gov/scitech/swguidance/waterquality/standards/upload/2001_10_12_criteria_ambientwqc_mercury1984.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_aldrindieldrin.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_chlordane80.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_ddt80.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_endosulfan80.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_endrin80.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_heptachlor80.pdf
http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2001_10_12_criteria_ambientwqc_hexachlorocyclohexa80.pdf


Data Requirements and derivation procedures were different in the 1980 Guidelines than in the 1985 Guidelines (PDF) (104 pp, 3.3 MB) . For 
example, a "CMC" derived using the 1980 Guidelines was derived to be used as an instantaneous maximum. If assessment is to be done using an 
averaging period, the values given should be divided by 2 to obtain a value that is more comparable to a CMC derived using the 1985 Guidelines. 
 
O This recommended water quality criterion is expressed as g free cyanide (as CN)/L. 
 
P This criterion is based on a 304(a) aquatic life criterion issued in 1980 or 1986, and was issued in one of the following documents: 
Aldrin/Dieldrin (PDF) (153 pp, 7.3 MB) (EPA 440/5-80-019), Chlordane (PDF) (68 pp, 3.1 MB) (EPA 440/5-80-027), DDT (PDF) (175 pp, 8.3 
MB) (EPA 440/5-80-038), Endrin (PDF) (103 pp, 4.6 MB) (EPA 440/5-80-047), Heptachlor (PDF) (114 pp, 5.4 MB) (EPA 440/5-80-052), 
Polychlorinated biphenyls (EPA 440/5-80-068), Toxaphene (EPA 440/5-86-006). This CCC is currently based on the Final Residue Value (FRV) 
procedure. Since the publication of the Great Lakes Aquatic Life Criteria Guidelines in 1995 (60 FR 15393-15399, March 23, 1995), the Agency 
no longer uses the Final Residue Value procedure for deriving CCCs for new or revised 304(a) aquatic life criteria. Therefore, the Agency 
anticipates that future revisions of this CCC will not be based on the FRV procedure. 
 
Q The derivation of the CCC for this pollutant (Endrin) did not consider exposure through the diet, which is probably important for aquatic life 
occupying upper trophic levels. 
 
R This value was derived from data for endosulfan and is most appropriately applied to the sum of alpha-endosulfan and beta-endosulfan. 
 
S This criterion applies to DDT and its metabolites (i.e., the total concentration of DDT and its metabolites should not exceed this value). 
 
T This value was derived from data for heptachlor and the criteria document provides insufficient data to estimate the relative toxicities of 
heptachlor and heptachlor epoxide. 
 
U This value is based on a 304(a) aquatic life criterion that was derived using the 1985 Guidelines (Guidelines for Deriving Numerical National 
Water Quality Criteria for the Protection of Aquatic Organisms and Their Uses, PB85-227049, January 1985) and was issued in one of the 
following criteria documents: Aluminum (EPA 440/5-86-008); Chloride (EPA 440/5-88-001); Chloropyrifos (EPA 440/5-86-005). 
 
V This value for aluminum is expressed in terms of total recoverable metal in the water column. 
 
W There are three major reasons why the use of Water-Effect Ratios might be appropriate. 
 
X The derivation of this value is presented in the Red Book (EPA 440/9-76-023, July, 1976). 
 
Y This value is based on a 304(a) aquatic life criterion that was issued in the 1995 Updates: Water Quality Criteria Documents for the Protection 
of Aquatic Life in Ambient Water (EPA 820-B-96-001). This value was derived using the GLI Guidelines (60 FR 15393-15399, March 23, 1995; 
40CFR132 Appendix A); the differences between the 1985 Guidelines and the GLI Guidelines are explained on page iv of the 1995 Updates. No 
decision concerning this criterion was affected by any considerations that are specific to the Great Lakes. 
 
Z EPA announced the availability of a draft updated tributyltin (TBT) document on August 7, 1997 (62 FR 42554). The Agency has reevaluated 
this document and anticipates releasing an updated document for public comment in the near future. 
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http://water.epa.gov/scitech/swguidance/waterquality/standards/current/upload/2009_01_13_criteria_85guidelines.pdf
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http://water.epa.gov/scitech/swguidance/waterquality/standards/criteria/aqlife/pollutants/tributyltin/index.cfm
http://water.epa.gov/scitech/swguidance/waterquality/standards/criteria/aqlife/pollutants/tributyltin/index.cfm


RESULTS AND DISCUSSION 
 
 
Water and Sediment Chemistry 

Water and sediment chemistry are presented in Appendix A. In general, results were 
similar between year 1 and year 2. Most of the chemicals analyzed in water were below selected 
Ambient Water Quality Criteria (AWQC) benchmarks in one or both years, with the exception of 
silver, lead, alpha chlorodane, gamma chlorodane, heptachlor epoxide, dieldren, and mirex.  
Although silver, lead, alpha chlorodane, gamma chlorodane, heptachlor epoxide, dieldren, and 
mirex exceeded the selected benchmark, all except lead exceeded the selected benchmark 
because the method detection limit was greater than the AWQC. In 2006, lead slightly exceeded 
the freshwater chronic AWQC of 2.1 at BNWR02 and BNWR03 with readings of 2.64 and 2.6 
respectively. In year 2, all lead levels were below AWQC. All sediment samples were below the 
selected benchmarks both years 
 
Sediment Toxicity 
None of the sediments collected in 2006 or 2007 were toxic based on the results of these 10-d 
tests with Hyalella azteca and Leptocheirus plumulosus.  Thus, it does not appear that toxics are 
of concern to benthic organisms at these stations in the little Blackwater River or Buttons Creek. 
Complete results and analysis of the sediment toxicity test are presented in Appendix B. 
 
Benthic Invertebrate Community 

Results from the sampling in 2006 indicated that the benthic fauna at the seven stations 
sampled did not display healthy community characteristics. No molluscs or large polychaete 
were collected from any of the stations sampled leading to low biomass at all stations.  Only one 
station (BNWR06) had amphipod and isopod crustaceans which is another indicator of a healthy 
benthic community as well as important prey items for fish and crabs. The dominant taxa were 
generally all pollution indicative in the oligochaete, polychaete, and chironomid taxonomic 
groups.  The major factor contributing to the poor IBI scores in 2006 was thought to be salinity 
fluctuations in areas that swing between tidal fresh to mesohaline. In addition, localized low DO 
resulting from the decaying marsh material could have been a factor. 
 

The 2007 results indicated an even more degraded community at these stations. Six of the 
seven benthic samples collected did not contain a single organism. All of the azoic stations were 
located in the tidal fresh/oligohaline areas. The lack of even pollution tolerant oligochaete worms 
and chironomid larva indicates that these stations may have been subjected to extended periods 
of anoxic waters.  The one station with organisms, BNWR06, had some salt intrusion based on 
the presence of estuarine species, i.e., Edotea triloba (isopod), Gammarus daiberi (amphipod), 
Almyracuma proximoculi (cumacid), Eteone heteropoda and Streblospio benedicti (polychaete).  
The B-IBI score of 1.4 (severely degraded) at this station was the same as when sampled in 
2006.  The lack of abundance, biomass, and equilibrium-type organisms (i.e., clams and 
polychaetes) led to a metric score of one for all five metrics scored in the B-IBI.. Complete 
results and analysis of the benthic community are presented in Appendix B. 
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Fish Communities 
Seven sites were sampled in 2006 (1 fyke net per site, 24 hour sets) and five sites were 

sampled in 2007, for a total of 288 sampling hours.  Equipment failure (boat engine) in 2007 
resulted in sampling not occurring on two of the intended sites (BNWR05 and BNWR06).  
Collections over the two year period included 22 vertebrate species, encompassing 1,889 
individual animals.  272 individuals were collected in 2007, and 1,617 were collected in 2006.  
The difference in total species abundance between years was attributed to large numbers of white 
perch and brown bullhead being collected in 2006.  2007 samples included three species not 
observed in 2006; goldfish, white catfish, and largemouth bass. Complete results and analysis of 
the fish community are presented in Appendix C. 
 

CONCLUSION 
 

 
In general the Little Blackwater River watershed has had little impact from contaminants 
evaluated in this study.  Although the benthic community in this watershed is depressed, it is 
more likely a function of the physical characteristics of the shallow water system rather than an 
effect of contaminants evaluated in this study. 
 
This study was intended to evaluate the impacts of urbanization on water and sediment in the 
Little Blackwater River watershed.  In addition to the effects on water and sediment quality, we 
intended to evaluate the change in sediment toxicity, as well as benthic and fish community as 
development replaced forest and farm fields in this watershed.  Between 2006 and 2007 
sampling, the United States entered a severe economic recession in which most of the major 
development across the nation slowed or stopped.  There was little or no development changes in 
the Little Blackwater River watershed over the course of this study. Therefore, instead of using 
this study as an evaluation of urbanization impacts on the Little Blackwater River watershed, it 
will serve as two years of baseline data in which future urban impacts can be compared. 
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Appendix A 

Sediment and water chemistry data: Year 1 (2006) and Year 2 (2007).

 
 



2006 Water Chemistry. 

A-1 
 



Station Date Depth  Temperature D.O. % D.O. Conductivity pH Sal
(m) (˚C) (ppm) saturation (mmhos/cm) (ppt)

BNWR01 7/11/2006 2 27.51 4.29 46.3 0.176 6.26 0.09
BNWR02 7/11/2006 1.2 29.45 8.54 98.1 0.32 6.52 0.15
BNWR03 7/11/2006 <1 30.86 12.06 158.7 1.268 8.14 0.63
BNWR04 7/11/2006 <1 30.69 12.93 177 7.1 8.94 4
BNWR05 7/11/2006 <1 30.66 11.85 161.8 8.44 8.67 4.7
BNWR06 7/12/2006 <1 28.68 10.25 105.4 10.25 6.75 5.8
BNWR07 7/12/2006 <1 32.76 6.66 92.7 2.4 6.76 1.24

Real time Water Quality Data from Sediment and Benthic  sampling events Year 1 
(2006)
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Station ID BNWR01 BNWR02 BNWR03 BNWR04 BNWR05 BNWR06 BNWR07

Ag 10a 10a 10a 10a 10a 10a 10a

Al 270 718 1370 347 1160 829 1390
As 0.05 0.05 0.05 0.1 0.1 0.1 0.05
B 40 50 150 546 675 817 192
Ba 37 38 29 64 76 88 84
Be 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ca 10300 9200 13500 55000 66800 79900 19700
Cd 0.03 0.03 0.04 0.04 0.05 0.04 0.05
Co 5 5 5 5 5 5 5
Cr 5 5 5 5 5 5 5
Cu 5 5 5 5 5 5 5
Fe 10 10 10 10 10 10 10
Hg 0.03 0.03 0.03 0.03 0.03 0.03 0.03
K 7670 8680 16200 57700 69500 83100 21600
Mg 4650 7540 26300 151000 187000 227000 47000
Mn 302 231 242 294 299 186 270
Mo 10 10 10 10 10 10 10
Na 15600 37300 181000 1260000 1580000 1960000 372000
Ni 5 5 5 5 5 5 5
P 1170 811 822 446 422 269 529

Pb 0.82

          

2.64b            2.6b 1.08 2.06 1.86 2.31

S 2300 4200 14500 98900 127000 154000 19400
Se 0.3 0.3 0.2 0.2 0.2 0.2 0.2
Si 4820 3810 3510 1560 2320 1400 3600
Sr 49.9 61.7 164 941 1160 1430 275
Ti 5 7 14 5 12 8 9
V 10 10 10 10 10 10 10
Zn 2 5 6 2 5 4 7

Metals Yr 1 (2006) Filtered Water Results in μg/L 

 numbers in bold are detected, numbers underlined exceed AWQC, a = exceeds 

acute freshwater Ambient Water Quality Criteria benchmark (EPA, 2009), b = 
exceeds chronic freshwater Ambient Water Quality Criteria.  

A-3 
 



Station ID BNWR01  BNWR02  BNWR03  BNWR04  BNWR05  BNWR06  BNWR07 
1,6,7‐Trimethyl‐naphthalene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

1‐methylnaphthalene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
1‐methylphenanthrene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
2,6‐dimethylnaphthalene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
2‐methylnaphthalene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

acenaphthalene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
acenaphthene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.0059
anthracene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

Benzo(a)anthracene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
benzo(a)pyrene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

benzo(b)fluoranthene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
benzo(e)pyrene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

benzo(g,h,i)perylene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
benzo(k)fluoranthene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

biphenyl 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C1‐chrysenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C1‐dibenzothiophenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C1‐Fluoranthenes & Pyrenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C1‐fluorenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C1‐naphthalenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C1‐Phenanthrenes & Anthracenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C2‐chrysenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C2‐dibenzothiophenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C2‐fluorenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C2‐naphthalenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C2‐Phenanthrenes & Anthracenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C3‐chrysenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C3‐dibenzothiophenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C3‐fluorenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C3‐naphthalenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C3‐Phenanthrenes & Anthracenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C4‐chrysenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

C4‐naphthalenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
C4‐Phenanthrenes & Anthracenes 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

chrysene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
Dibenz(a,h)anthracene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
dibenzothiophene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

fluoranthene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
fluorene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

indeno(1,2,3‐cd)pyrene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
naphthalene 0.00621 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476
perylene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

phenanthrene 0.00476 0.00475 0.00556 0.00655 0.00471 0.00476 0.00476
pyrene 0.00476 0.00475 0.00472 0.00474 0.00471 0.00476 0.00476

Aromatics Yr 1 (2006) Water Results in μg/L

numbers bolded denote detected samples, numbers underlined exceed AWQC.  
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Station ID BNWR01 BNWR02 BNWR03 BNWR04 BNWR05 BNWR06 BNWR07
Aldrin 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

alpha BHC 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
alpha chlordane 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

beta BHC 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
cis‐nonachlor 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
delta BHC 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
dieldrin 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

endosulfan II 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
endrin 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

gamma BHC 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
gamma chlordane 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

HCB 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
Heptachlor 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

heptachlor epoxide 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

mirex 0.00238a 0.00238a 0.00236a 0.00237a 0.00235a 0.00238a 0.00238a

o,p'‐DDD 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
o,p'‐DDE 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
o,p'‐DDT 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

oxychlordane 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
p,p'‐DDD 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
p,p'‐DDE 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
p,p'‐DDT 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
PCB‐1242 0.119 0.119 0.118 0.118 0.118 0.119 0.119
PCB‐1248 0.119 0.119 0.118 0.118 0.118 0.119 0.119
PCB‐1254 0.119 0.119 0.118 0.118 0.118 0.119 0.119
PCB‐1260 0.119 0.119 0.118 0.118 0.118 0.119 0.119
PCB‐1268 0.119 0.119 0.118 0.118 0.118 0.119 0.119
PCB‐TOTAL 0.119 0.119 0.118 0.118 0.118 0.119 0.119

pentachloro‐anisole 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238
toxaphene 0.119 0.119 0.118 0.118 0.118 0.119 0.119

trans‐nonachlor 0.00238 0.00238 0.00236 0.00237 0.00235 0.00238 0.00238

Organochlorines Yr 1 (2006) Water Results in μg/L

 numbers bolded denote detected samlpes, numbers underlined exceed AWQC, a = exceeds  acute 
freshwater Ambient Water Quality Criteria benchmark (EPA, 2009).  
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2007 Water Chemistry. 
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Station Date Depth  Temperature D.O. % D.O. Conductivity pH Sal
(m) (˚C) (ppm) saturation (mmhos/cm) (ppt)

BNWR01 7/10/2007 1.7 31.13 4.3 57.8 0.49 6.3 0.24
BNWR02 7/10/2007 <1 32.02 5.79 NA 1.46 6.92 0.77
BNWR03 7/10/2007 <1 33.51 9.6 145.8 7.07 9.33 3.91
BNWR04 7/10/2007 <1 32.44 6.97 103 12.94 7.89 7.48
BNWR05 7/11/2007 <1 29.09 4.25 57.6 12.85 7.25 7.39
BNWR06 7/11/2007 <1 28.21 4.56 63.2 13.23 7.03 7.61
BNWR07 7/11/2007 <1 32.71 10.14 143.7 6.89 7.71 3.8

Real time Water Quality Data from Sediment and Benthic  sampling events Year 2 
(2007)
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Station ID BNWR01 BNWR02 BNWR03 BNWR04 BNWR05 BNWR06 BNWR07

Ag 10a 10a 10a 10a 10a 10a 10a

Al 10 10 10 10 10 10 10
As 1.59 1.83 3.72 3.09 3.2 3.19 2.65
B 60 127 511 980 989 1020 532
Ba 14 36 100 96 105 105 193
Be 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ca 12000 18600 54900 95600 97000 99300 56400
Cd 0.01 0.01 0.01 0.02 0.02 0.02 0.01
Co 5 5 5 5 5 5 5
Cr 5 5 5 5 5 5 5
Cu 5 5 5 5 5 5 5
Fe 120 10 30 10 10 10 10
Hg 0.03 0.03 0.03 0.03 0.03 0.03 0.03
K 8400 13600 47100 85400 87500 89100 46100
Mg 7830 23200 126000 259000 261000 272000 130000
Mn 2 2 2 2 2 2 2
Mo 10 10 10 10 10 10 10
Na
Ni 5 5 5 5 5 5 5
P 205 132 260 50 50 50 50
Pb 0.02 0.04 0.06 0.06 0.05 0.05 0.02
S 4100 11400 95200 208000 208000 217000 97500
Se 0.11 0.18 0.33 0.46 0.43 0.56 0.42
Si
Sr 62.7 147 839 1700 1710 1770 876
Ti 5 5 5 5 5 5 5
V 10 10 10 10 10 10 10
Zn 2 2 2 2 2 2 2

Metals Yr 2 (2007) Filtered Water Results in μg/L

 numbers in bold are detected, numbers underlined exceed AWQC, a = exceeds  
acute freshwater Ambient Water Quality Criteria benchmark (EPA, 2009).  
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Station ID BNWR01  BNWR02  BNWR03  BNMR04   BNWR05   BNWR06  BNWR07 
1,6,7‐Trimethyl‐naphthalene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

1‐methylnaphthalene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
1‐methylphenanthrene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
2,6‐dimethylnaphthalene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
2‐methylnaphthalene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

acenaphthalene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
acenaphthene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
anthracene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Benzo(a)anthracene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
benzo(a)pyrene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

benzo(b)fluoranthene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
benzo(e)pyrene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

benzo(g,h,i)perylene 0.05 0.05 0.05 0.05 0.19 0.07 0.14
benzo(k)fluoranthene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

biphenyl 0.05 0.05 0.05 0.05 0.05 0.05 0.05
C1‐chrysenes 0.1 0.7 0.7 0.5 0.5 0.5 0.5

C1‐dibenzothiophenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C1‐Fluoranthenes & Pyrenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

C1‐fluorenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C1‐naphthalenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C1‐phenanthrenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C2‐chrysenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

C2‐dibenzothiophenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C2‐fluorenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

C2‐naphthalenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C2‐phenanthrenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C3‐chrysenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

C3‐dibenzothiophenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C3‐fluorenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

C3‐naphthalenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C3‐phenanthrenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C4‐chrysenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

C4‐naphthalenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C4‐phenanthrenes 0.5 0.5 0.5 0.5 0.5 0.5 0.5

chrysene 0.1 0.07 0.07 0.05 0.05 0.05 0.05
Dibenz(a,h)anthracene 0.06 0.05 0.05 0.05 0.07 0.05 0.07
dibenzothiophene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
fluoranthene 0.05 0.05 0.05 0.05 0.05 0.05 0.05
fluorene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

indeno(1,2,3‐cd)pyrene 0.06 0.05 0.06 0.06 0.07 0.05 0.56
naphthalene 0.05 0.05 0.05 0.06 0.05 0.05 0.05
perylene 0.08 0.07 0.1 0.09 0.1 0.06 0.2

phenanthrene 0.06 0.05 0.05 0.05 0.05 0.05 0.05
pyrene 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Aromatics Yr 2 (2007) Water Results in μg/L

numbers in bold are detected, numbers underlined exceed AWQC.  
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BNWR01 BNWR02 BNWR03 BNMR04 BNWR05 BNWR06 BNWR07
alpha BHC 0.02 0.02 0.02 0.02 0.02 0.02 0.02

alpha chlordane 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a

beta BHC 0.02 0.02 0.02 0.02 0.02 0.02 0.02
cis‐nonachlor 0.02 0.02 0.02 0.02 0.02 0.02 0.02
delta BHC 0.02 0.02 0.02 0.02 0.02 0.02 0.02
dieldrin 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a

endrin 0.02 0.02 0.02 0.02 0.02 0.02 0.02
gamma BHC 0.02 0.02 0.02 0.02 0.02 0.02 0.02

gamma chlordane 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a

HCB 0.02 0.02 0.02 0.02 0.02 0.02 0.02
heptachlor epoxide 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a

mirex 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a 0.02a

o,p'‐DDD 0.02 0.02 0.02 0.02 0.02 0.02 0.02
o,p'‐DDE 0.02 0.02 0.02 0.02 0.02 0.02 0.02
o,p'‐DDT 0.02 0.02 0.02 0.02 0.02 0.02 0.02

oxychlordane 0.02 0.02 0.02 0.02 0.02 0.02 0.02
p,p'‐DDD 0.02 0.02 0.02 0.02 0.02 0.02 0.02
p,p'‐DDE 0.02 0.02 0.02 0.02 0.02 0.02 0.02
p,p'‐DDT 0.02 0.02 0.02 0.02 0.02 0.02 0.02
PCB‐1242 0.1 0.1 0.1 0.1 0.1 0.1 0.1
PCB‐1248 0.1 0.1 0.1 0.1 0.1 0.1 0.1
PCB‐1254 0.1 0.1 0.1 0.1 0.1 0.1 0.1
PCB‐1260 0.1 0.1 0.1 0.1 0.1 0.1 0.1
PCB‐TOTAL 0.1 0.1 0.1 0.1 0.1 0.1 0.1
toxaphene 1 1 1 1 1 1 1

trans‐nonachlor 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Organochlorines Yr 2 (2007) Water Results in μg/L

numbers bolded are dected, numbers underlined exceed AWQC, a = exceeds  chronic 
freshwater Ambient Water Quality Criteria benchmark (EPA, 2009).  
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2006 Sediment Chemistry. 
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% Moisture Grain Size‐Clay Grain Size‐Sand AVS
Sample Percent Result Percent Result Percent Result Percent Result
Units percent percent percent ppb

BNWR01 86.9 54.9 16.3 541000
BNWR02 84.7 33.6 21 205000
BNWR03 84.1 56.6 12 160000
BNWR04 86.6 57.3 17.3 611000
BNWR05 89.3 22.5 19.8 1040000
BNWR06 87.6 30.8 8.6 624000
BNWR07 83.4 44.4 47.8 217000

Physical properties and acid volitile sulfidde (AVS) concentrations in 
sediment samples Year 1 (2006)

 
 

Station Date AVS Cd SEM/AVS Cu SEM/AVS Cr SEM/AVS Ni SEM/AVS Pb SEM/AVS Zn SEM/AVS
ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

BNWR01 7/11/2006 541000 518 9.57E‐04 17100 3.16E‐02 21100 3.90E‐02 21600 3.99E‐02 28500 5.27E‐02 156000 2.88E‐01
BNWR02 7/11/2006 205000 408 1.99E‐03 16600 8.10E‐02 22200 1.08E‐01 22300 1.09E‐01 26100 1.27E‐01 132000 6.44E‐01
BNWR03 7/11/2006 160000 337 2.11E‐03 13700 8.56E‐02 18500 1.16E‐01 24900 1.56E‐01 23100 1.44E‐01 109000 6.81E‐01
BNWR04 7/11/2006 611000 236 3.86E‐04 14800 2.42E‐02 17800 2.91E‐02 16600 2.72E‐02 21500 3.52E‐02 70800 1.16E‐01
BNWR05 7/11/2006 1040000 254 2.44E‐04 14100 1.36E‐02 18100 1.74E‐02 16800 1.62E‐02 22800 2.19E‐02 732000 7.04E‐01
BNWR06 7/12/2006 624000 230 3.69E‐04 9070 1.45E‐02 11300 1.81E‐02 13500 2.16E‐02 17900 2.87E‐02 60500 9.70E‐02
BNWR07 7/12/2006 217000 523 2.41E‐03 11900 5.48E‐02 12400 5.71E‐02 19400 8.94E‐02 19800 9.12E‐02 99000 4.56E‐01

Simultaneously extracted metals to Acid volitile sulfide ratio in sediment samples Year 1 (2006)
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Station ID BNWR01 BNWR02 BNWR03 BNWR04 BNWR05 BNWR06 BNWR07
Ag 194 194 191 191 195 196 189
Al 22400000 23700000 18900000 16500000 17100000 9380000 14600000
As 97.1 96.9 95.7 95.4 97.4 97.9 94.3
B 1940 1940 4670 12000 13900 27300 4360
Ba 48600 50200 21300 27300 25200 20700 33300
Be 48.6 48.5 47.8 47.7 48.7 48.9 47.1
Ca 4150000 4240000 3570000 4090000 4970000 5210000 3870000
Cd 38.9 38.8 38.3 38.2 38.9 39.2 37.7
Co 21100 19500 24000 10700 7890 9270 17900
Cr 21100 22200 18500 17800 18100 11300 12400
Cu 17100 16600 13700 14800 14100 9070 11900
Fe 16100000 20300000 22400000 17500000 15900000 16200000 13400000
Hg 147 96.7 123 97.1 95.3 116 102
Mg 2190000 2600000 3970000 5260000 6360000 6140000 3620000
Mn 341000 304000 246000 265000 264000 206000 142000
Mo 970 970 1240 1600 1040 1650 940
Ni 21600 22300 24900 16600 16800 13500 19400
P 1320000 1460000 736000 670000 802000 616000 755000
Pb 28500 26100 23100 21500 22800 17900 19800
S 9900000 15300000 33200000 28100000 26700000 33900000 21500000
Se 763 817 918 824 822 845 946
Sr 32600 35200 48900 61800 75300 82400 52700
Ti 14000 23600 47800 50300 33200 52700 15500
V 29400 24600 23300 21500 20300 17100 19300
Zn 194 194 191 191 195 196 189

Metals Yr 1 (2006) Sediment Results in μg/kg dw

numbers bolded are detected, numbers underlined exceed AWQC.  
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Station ID BNWR01  BNWR02  BNWR03  BNWR04  BNWR05  BNWR06  BNWR07 
1,6,7‐Trimethyl‐naphthalene 11.5 7.54 10.1 10.7 11 10.8 11

1‐methylnaphthalene 11.5 10.2 13.8 28.7 47.3 46.1 11
1‐methylphenanthrene 11.5 7.54 15 69.1 21.4 18.3 11
2,6‐dimethylnaphthalene 17.4 13.3 25 18.4 19.9 10.8 11
2‐methylnaphthalene 11.5 12.8 24.2 55.3 71.8 63.5 11

acenaphthalene 11.5 7.54 10.1 62.2 25.6 11.2 11
acenaphthene 11.5 7.54 10.1 14.9 11 11.4 11
anthracene 12.1 10.4 20.5 107 51.9 38.5 11

Benzo(a)anthracene 29.4 15.5 31 399 83.8 54.2 11
benzo(a)pyrene 38.9 18 25.1 318 68.3 32.9 11.9

benzo(b)fluoranthene 122 58.6 99.2 626 170 105 53.1
benzo(e)pyrene 50.2 24.6 36 244 61.8 40.4 20

benzo(g,h,i)perylene 39.9 22.5 31.1 172 29.4 14.6 19
benzo(k)fluoranthene 23.2 13 18.7 129 36.5 26 11.9

biphenyl 11.5 7.54 10.1 17.9 15 10.8 11
C1‐chrysenes 155 45.8 64.1 236 62.7 41.2 97.7

C1‐dibenzothiophenes 11.5 7.54 12.2 28.2 11 10.8 11
C1‐Fluoranthenes & Pyrenes 86.7 34 61.5 303 63.7 58.9 57

C1‐fluorenes 23.7 19.2 40.7 88.7 65.3 81.8 16.3
C1‐naphthalenes 17.6 22.9 38 84 119 110 20.1

C1‐Phenanthrenes & Anthracenes 29.9 18.8 48.3 219 57.9 55.1 12.3
C2‐chrysenes 73.7 36.3 60.6 105 49.3 45.8 22.5

C2‐dibenzothiophenes 12.9 7.54 10.1 24.1 11 10.8 11
C2‐fluorenes 21.9 15.9 28.3 53.7 27.6 35.4 11.6

C2‐naphthalenes 48.8 91.2 76.9 85.7 128 172 73.1

C2‐Phenanthrenes & Anthracenes 22.8 13.6 29 133 27.3 26.6 11
C3‐chrysenes 21.3 17.7 21.3 43.5 12.4 15.1 11

C3‐dibenzothiophenes 18.3 8.99 10.1 12.3 11 10.8 11
C3‐fluorenes 18.6 12.7 26 50.9 22.4 34.5 11

C3‐naphthalenes 49.8 76.4 61.9 110 93.7 187 87.3

C3‐Phenanthrenes & Anthracenes 13.2 9.55 16.6 56.4 15.2 14.5 11
C4‐chrysenes 24.5 7.54 18.5 30.7 33.3 26.3 24.4

C4‐naphthalenes 73.9 126 127 237 172 550 143

C4‐Phenanthrenes & Anthracenes 39 22.8 26.4 108 24.1 22.8 29.4
chrysene 58.2 25.8 41 402 76.6 62.2 18.6

Dibenz(a,h)anthracene 11.5 7.54 10.1 46.7 11 10.8 11
dibenzothiophene 11.5 7.54 14.9 29.3 18.1 17 11

fluoranthene 83.5 44.9 152 973 209 257 37.7
fluorene 12.3 13.8 62.7 85.1 70.1 70.1 13

indeno(1,2,3‐cd)pyrene 49.9 25.6 33.8 232 43.2 23.9 20.2
naphthalene 11.5 10.8 25.7 86 43.3 48.8 11
perylene 696 450 877 342 86.8 111 835

phenanthrene 37.4 26.8 83.1 380 188 164 12.4
pyrene 71.9 36.4 105 769 138 169 27.6

Sediment Aromatics Yr1 (2006)  Sediment Results in μg/kg dw

numbers in bold are detected, numbers underlined exceed AWQC.  
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Station ID BNWR01 BNWR02 BNWR03 BNWR04 BNWR05 BNWR06 BNWR07
Aldrin 0.191 0.126 1.02 3.01 1.3 1.28 0.185

alpha BHC 0.466 0.288 0.379 0.305 0.458 0.465 0.303
alpha chlordane 1.34 0.212 0.982 0.37 0.599 0.723 6.3

beta BHC 0.191 0.126 0.17 0.276 0.266 0.181 0.517
cis‐nonachlor 1.23 0.409 0.757 0.377 0.237 0.354 4.04
delta BHC 0.191 0.141 0.17 0.178 0.183 0.181 0.183
dieldrin 1.56 0.777 2.17 0.348 0.183 0.465 3.38

endosulfan II 0.191 0.126 0.17 0.178 0.183 0.181 0.183
endrin 0.617 0.126 0.252 0.261 0.717 0.229 0.31

gamma BHC 0.191 0.126 0.17 0.203 0.183 0.181 0.183
gamma chlordane 1.01 0.237 0.982 0.218 0.318 0.369 6.6

HCB 0.191 0.126 0.17 0.178 0.183 0.185 0.183
Heptachlor 0.191 0.172 0.17 0.178 0.288 0.332 0.183

heptachlor epoxide 0.191 0.126 0.17 0.178 0.183 0.181 0.183
mirex 0.191 0.126 0.17 0.178 0.183 0.181 0.183

o,p'‐DDD 0.538 0.237 0.344 1.64 0.843 0.561 1.06
o,p'‐DDE 0.229 0.126 0.17 0.181 0.2 0.181 0.495
o,p'‐DDT 0.191 0.126 0.17 0.178 0.183 0.181 0.183

oxychlordane 0.191 0.126 0.17 0.178 0.183 0.181 0.183
p,p'‐DDD 2.2 0.823 1.42 1.3 1.32 1.64 2.56
p,p'‐DDE 3.73 1.33 1.76 1.17 1.02 1.2 1.57
p,p'‐DDT 2.26 0.288 0.673 1.39 0.495 0.502 0.54
PCB‐1242 20.4 6.56 11 7.55 11.7 13 11.6
PCB‐1248 3.83 2.51 3.39 3.57 3.66 3.63 3.66
PCB‐1254 6.26 5.74 12.6 18.9 23.4 26.1 3.66
PCB‐1260 4.7 4.1 7.89 11.3 3.89 4.34 27.1
PCB‐1268 3.83 2.51 3.39 3.57 3.66 3.63 3.66
PCB‐TOTAL 31.6 16.2 31.6 37.7 39.2 43.5 38.4

pentachloro‐anisole 0.253 0.126 0.17 0.178 0.244 0.244 0.222
toxaphene 3.83 2.51 3.39 3.57 3.66 3.63 3.66

trans‐nonachlor 0.191 0.126 0.17 0.178 0.183 0.181 2.82

Organochlorines Yr 1 (2006) Sediments Results in μg/kg dw

numbers in bold detected, numbers underlines exceed AWQC.  
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2007 Sediment Chemistry. 
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% Moisture Grain Size‐Clay Grain Size‐Sand AVS
Sample Percent Result Percent Result Percent Result Percent Result
Units percent percent percent ppb

BNWR01 87.4 75.6 4.7 268000
BNWR02 86.5 15.4 0.2 130000
BNWR03 85.4 63.3 3.2 183000
BNWR04 86.2 56.8 5.4 213000
BNWR05 88.8 50.7 2.3 922000
BNWR06 86.4 32.7 2.4 385000
BNWR07 85.6 6.5 2.3 36000

Physical porperties and acid volitile sulfide (AVS) concentrations in 
sediment samples Year 2 (2007)

 
 

Station Date AVS Cd SEM/AVS Cu SEM/AVS Cr SEM/AVS Ni SEM/AVS Pb SEM/AVS Zn SEM/AVS
ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

ppb dry 
weight

BNWR01 7/10/2007 268000 580 2.16E‐03 21700 8.10E‐02 26900 1.00E‐01 26600 9.93E‐02 33300 1.24E‐01 192000 7.16E‐01
BNWR02 7/10/2007 130000 418 3.22E‐03 17000 1.31E‐01 20000 1.54E‐01 22800 1.75E‐01 29200 2.25E‐01 141000 1.08E+00
BNWR03 7/10/2007 183000 291 1.59E‐03 13700 7.49E‐02 16700 9.13E‐02 23900 1.31E‐01 21300 1.16E‐01 102000 5.57E‐01
BNWR04 7/10/2007 213000 238 1.12E‐03 12700 5.96E‐02 16000 7.51E‐02 15200 7.14E‐02 21900 1.03E‐01 76500 3.59E‐01
BNWR05 7/11/2007 922000 236 2.56E‐04 12600 1.37E‐02 17400 1.89E‐02 16000 1.74E‐02 20800 2.26E‐02 69000 7.48E‐02
BNWR06 7/11/2007 385000 257 6.68E‐04 9540 2.48E‐02 12500 3.25E‐02 13800 3.58E‐02 19400 5.04E‐02 62100 1.61E‐01
BNWR07 7/11/2007 36000 603 1.68E‐02 15400 4.28E‐01 11500 3.19E‐01 27100 7.53E‐01 18400 5.11E‐01 128000 3.56E+00

Simultaneously extracted metals to Acid volitile sulfide ratio in sediment samples Year 2 (2007)
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Station ID BNWR01 BNWR02 BNWR03 BNWR04 BNWR05 BNWR06 BNWR07
Ag 196 196 191 242 192 192 197
Al 980 980 950 980 960 960 990
As 98 98.2 95.5 98 96.2 96.2 98.5
B 1960 1960 1910 1960 1920 1920 1970
Ba 47700 37200 19700 19100 29100 24800 21300
Be 1840 1520 1500 1080 1150 963 1790
Ca 5120000 5250000 4360000 4280000 5250000 5030000 6020000
Cd 580 418 291 238 236 257 603
Co 26900 22400 23500 8430 8150 8780 31000
Cr 26900 20000 16700 16000 17400 12500 11500
Cu 196 196 191 196 192 192 197
Fe 20100000 21100000 23200000 17000000 16300000 14900000 15000000
Hg 123 107 110 80 73 79.5 106
K 1420000 1080000 1270000 1560000 1950000 1520000 926000
Mg 2850000 2680000 4810000 5200000 6850000 5960000 5100000
Mn 395000 323000 294000 232000 224000 190000 213000
Mo 980 980 1430 1070 1340 1650 990
Na
Ni 26600 22800 23900 15200 16000 13800 27100
P 1600000 1520000 742000 692000 760000 577000 907000
Pb 33300 29200 21300 21900 20800 19400 18400
S 10700000 14600000 31700000 23100000 24300000 24900000 24000000
Se 1070 830 937 778 929 1000 884
Si
Sr 39400 40900 60300 61500 80200 76300 74100
Ti 26000 24800 45200 25900 45300 56400 13800
V 35800 25000 20800 16300 19700 17600 19400
Zn 192000 141000 102000 76500 69000 62100 128000

Metals Yr 2 (2007) Sediment Results in μg/kg dw

numbers in bold detected, numbers underlined exceed AWQC.  
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Station ID BNWR01 BNWR02 BNWR03 BNWR04  BNWR05 BNWR06 BNWR07
1,6,7‐Trimethyl‐naphthalene 5 5 5 5 5 5 5

1‐methylnaphthalene 5 5 5 5 5 5 5
1‐methylphenanthrene 5 5 6 13 10 8 5
2,6‐dimethylnaphthalene 9 6 5 7 8 5 5
2‐methylnaphthalene 5 5 5 5 5 5 5

acenaphthalene 5 5 5 5 5 5 5
acenaphthene 6 5 8 5 5 8 5
anthracene 5 5 5 18 10 12 5

Benzo(a)anthracene 24 10 10 61 19 23 24
benzo(a)pyrene 39 49 17 87 51 19 7

benzo(b)fluoranthene 63 34 21 95 26 27 18
benzo(e)pyrene 47 19 15 54 27 21 8

benzo(g,h,i)perylene 38 27 28 20 12 22 11
benzo(k)fluoranthene 58 21 7 62 41 16 5

biphenyl 5 5 5 5 7 5 5
C1‐chrysenes 120 65 10 20 10 10 66

C1‐dibenzothiophenes 10 10 10 10 10 10 10
C1‐Fluoranthenes & Pyrenes 49 19 16 56 25 10 15

C1‐fluorenes 10 10 11 10 10 10 10
C1‐naphthalenes 10 10 10 10 10 10 10
C1‐phenanthrenes 40 10 24 63 32 36 10
C2‐chrysenes 46 28 10 23 19 10 10

C2‐dibenzothiophenes 10 10 10 10 10 10 10
C2‐fluorenes 10 10 10 10 10 10 10

C2‐naphthalenes 22 10 14 16 20 12 13
C2‐phenanthrenes 33 10 24 56 24 31 10
C3‐chrysenes 10 10 10 10 10 10 10

C3‐dibenzothiophenes 10 10 10 10 10 10 10
C3‐fluorenes 10 10 10 10 10 10 10

C3‐naphthalenes 17 22 56 35 20 13 29
C3‐phenanthrenes 47 23 11 26 25 13 23
C4‐chrysenes 10 10 10 10 10 10 10

C4‐naphthalenes 43 40 47 42 47 40 49
C4‐phenanthrenes 10 10 10 10 10 10 10

chrysene 38 7 20 71 24 33 21
Dibenz(a,h)anthracene 6 9 5 23 14 8 6
dibenzothiophene 10 14 5 14 5 7 15
fluoranthene 50 27 47 170 75 86 28
fluorene 6 5 14 18 14 12 9

indeno(1,2,3‐cd)pyrene 40 20 17 60 24 21 11
naphthalene 7 7 7 10 10 9 6
perylene 770 240 330 84 68 40 430

phenanthrene 30 17 25 62 42 33 25
pyrene 47 22 35 120 53 63 21

Aromatics Yr2 (2007) Sediment Results in μg/L

numbers in bold are detected, numbers underlined exceed AWQC.  
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Station ID BNWR01  BNWR02  BNWR03  BNWR04  BNWR05  BNWR06  BNWR07 
alpha BHC 2 2 2 2 2 2 2

alpha chlordane 3 2 2 2 2 2 4
beta BHC 2 2 2 2 2 2 2

cis‐nonachlor 2 2 2 2 2 2 2
delta BHC 2 2 2 2 2 2 2
delta BHC 2 2 2 2 2 2 2
delta BHC 0.252 0.286 0.308 0.306 0.292 0.238 0.314
dieldrin 3 2 2 2 2 2 2
endrin 2 2 2 2 2 2 2

gamma BHC 2 2 2 2 2 2 2
gamma chlordane 2 2 2 2 2 2 6

HCB 2 2 2 2 2 2 2
heptachlor epoxide 2 2 2 2 2 2 2

mirex 2 2 2 2 2 2 2
o,p'‐DDD 2 2 2 2 2 2 2
o,p'‐DDE 2 2 2 2 2 2 2
o,p'‐DDT 2 2 2 2 2 2 2

oxychlordane 2 2 2 2 2 2 2
p,p'‐DDD 3 3 2 3 3 4 4
p,p'‐DDE 6 2 2 2 2 2 2
p,p'‐DDT 2 2 2 2 2 2 2
PCB‐1242 10 10 10 10 10 10 10
PCB‐1248 10 10 10 10 10 10 10
PCB‐1254 10 10 10 10 10 10 10
PCB‐1260 10 10 10 10 10 10 10
PCB‐TOTAL 10 10 10 10 10 10 10
toxaphene 50 50 50 50 50 50 50

trans‐nonachlor 2 2 2 2 2 2 3

Organochlorines Yr 2 (2007) Sediment Results in μg/kg dw

numbers in bold are detected, numbers underlined exceed AWQC.  
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Appendix B 

Leptocheirus plumulosus and Hyalella azteca sediment toxicity tests and benthic community 
structure-Index of Biological Integrity (B-IBI) analyses of samples from the Little 

Blackwater River: Year 1 (2006) and Year 2 (2007). 
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FOREWARD 
 

The purpose of this study was to provide sediment toxicity and Benthic Community 
Structure (B-IBI) information on sediment samples from the Little Blackwater River watershed. 
The sample sites were selected by the United States Fish and Wildlife Service (USFWS), 
Chesapeake Bay Field Office. Sediments were collected from seven sites in the Little Blackwater 
River watershed: BNWR 01, 02, 03, 04, 05, 06 and 07. Samples were collected and tested during 
the summers of 2006 and 2007. The sediment toxicity and B-IBI results presented in this report 
are part of a larger USFWS project entitled, “Effects of Urban Sprawl on Sediment Surface 
Water and Biota in the Little Blackwater River, Blackwater National Wildlife Refuge, 
Dorchester County, Maryland.” Christopher Guy and Dixie Birch were project coordinators from 
USFWS. The toxicity data covered in this report are from toxicity studies conducted at the 
University of Maryland Wye Research and Education Center (WREC) under the direction of Dr. 
Daniel J. Fisher. All sediment samples were tested using both 10-d Hyalella azteca and 10-d 
Leptocheirus plumulosus toxicity tests that measured survival and growth as endpoints. The B-
IBI data presented in this report were provided by Versar, Inc. through a subcontract with 
WREC.  
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ABSTRACT 
  

The goal of this study was to provide sediment toxicity and Benthic Community 
Structure (B-IBI) information on sediment samples from the Little Blackwater River watershed. 
The sample sites were selected by the United States Fish and Wildlife Service (USFWS),  
Chesapeake Bay Field Office. Sediments were collected from seven sites in the Little Blackwater 
River watershed: BNWR 01, 02, 03, 04, 05, 06 and 07. Samples were collected and tested during 
the summers of 2006 and 2007. The U.S. Environmental Protection Agency (U.S. EPA) whole 
sediment Hyalella azteca 10-d survival and growth test and a Leptocheirus plumulosus 10-d 
survival and growth test developed at the Wye Research and Education Center were used to 
determine toxicity. The Benthic Index of Biotic Integrity (B-IBI) developed for application to 
benthic communities of the Chesapeake Bay was used to evaluate benthic community health in 
the Little Blackwater River. 

 
 Performance criteria for survival and growth were obtained from all toxicity tests. None 

of the sediments collected in 2006 or 2007 were toxic based on the results of these 10-d tests 
with Hyalella azteca and Leptocheirus plumulosus. Thus, it does not appear that toxics are of 
concern to benthic organisms at these stations. In contrast to the toxicity data, B-IBI analysis 
gave a bleak view of the health of the benthic community in the Little Blackwater River. Results 
from the sampling in 2006 indicated that the benthic fauna at the seven stations sampled did not 
display healthy community characteristics. No molluscs or large polychaete were collected from 
any of the stations sampled leading to low biomass at all stations. Only one station (Station 6) 
had amphipod and isopod crustaceans which is another indicator of a healthy benthic community 
as well as important prey items for fish and crabs. The dominant taxa were generally all pollution 
indicative in the oligochaete, polychaete, and chironomid taxonomic groups. The major factor 
contributing to the poor IBI scores in 2006 was thought to be salinity fluctuations in areas that 
swing between tidal fresh to mesohaline. In addition, localized low DO resulting from the 
decaying marsh material could have been a factor. 
 
 B-IBI analysis for 2007 indicated an even more degraded community at these stations. 
Six of the seven benthic samples collected did not contain a single organism. All of the azoic 
stations were located in the tidal fresh/oligohaline areas. The lack of even pollution tolerant 
oligochaete worms and chironomid larva indicates that these stations were subjected to extended 
periods of anoxic waters. The one station with organisms, Station 6, had some salt intrusion 
based on the presence of estuarine species, i.e., Edotea triloba (isopod), Gammarus daiberi 
(amphipod), Almyracuma proximoculi (cumacid), Eteone heteropoda and Streblospio benedicti 
(polychaete). The B-IBI score of 1.4 (Severely degraded) at this station was the same as when 
sampled in 2006. The lack of abundance, biomass, and equilibrium-type organisms (i.e., clams 
and polychaetes) led to a metric score of 1 for all 5 metrics scored in the B-IBI. Again, this is 
indicative of extended periods of hypoxic or anoxic waters in the area. 
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FOREWORD 
 
The purpose of this study was to provide sediment toxicity information on sediment samples 
from the Little Blackwater River watershed. The sample sites were selected by the United States 
Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office. Sediments were collected 
from seven sites in the Little Blackwater River watershed:  BNWR 01, 02, 03, 04, 05, 06 and 07.  
Samples were collected in the summer of 2006.  The sediment toxicity test results presented in 
this report are part of a larger USFWS project entitled, “Effects of Urban Sprawl on Sediment 
Surface Water and Biota in the Little Blackwater River, Blackwater National Wildlife Refuge, 
Dorchester County, Maryland.”  Christopher Guy and Dixie Birch were project coordinators 
from USFWS.   The data covered in this report are from toxicity studies conducted at the 
University of Maryland Wye Research and Education Center under the direction of Dr. Daniel J. 
Fisher.  All sediment samples were tested using both 10-d Hyalella azteca and 10-d Leptocheirus 
plumulosus toxicity tests that measured survival and growth as endpoints.  
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ABSTRACT 
  
The goal of this study was to provide sediment toxicity information on sediment samples from 
the Little Blackwater River watershed.  The sample sites were selected by the United States Fish 
and Wildlife Service (USFWS), Chesapeake Bay Field Office as part of a larger USFWS project 
entitled, “Effects of Urban Sprawl on Sediment Surface Water and Biota in the Little Blackwater 
River, Blackwater National Wildlife Refuge, Dorchester County, Maryland.” Sediment were 
collected from seven sites in the Little Blackwater River watershed: BNWR 01, 02, 03, 04, 05, 
06 and 07. The stations are upstream and downstream of a currently proposed development.  
Toxicity test results from samples collected in the summer of 2006 are presented in this report.  
The U.S. Environmental Protection Agency (U.S. EPA) whole sediment Hyalella azteca 10-d 
survival and growth test and a Leptocheirus plumulosus 10-d survival and growth test developed 
at the Wye Research and Education Center were used to determine toxicity 

 
Performance criteria for survival and growth were obtained from all toxicity tests. None 

of the sediments were toxic based on the results of these 10-d tests with Hyalella azteca and 
Leptocheirus plumulosus. The L. plumulosus test results should be viewed with caution since we 
believe there was a physical stress on these tube building amphipods due to the type of sediment 
from these stations (stringy, decayed marsh). Future tests with these types of sediments will be 
conducted with a modified method that will fix and stain the sediments at the end of the test for 
more accurate counts of surviving amphipods. 
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INTRODUCTION 

 

 The Sediment Quality Triad (Triad) has been successfully applied in the Chesapeake Bay 
and nation-wide (e.g., Baltimore Harbor, Anacostia River, Puget Sound, San Francisco Bay, Gulf 
of Mexico) to characterize ambient conditions in freshwater, estuarine and marine systems (e.g., 
Long and Chapman 1985; Chapman et al. 1987; Hall et al. 1991, 1992, 1994, 2000; McGee et al. 
1999). This weight of evidence approach consists of complementary measures of sediment 
chemistry, benthic community structure and sediment toxicity. The combination of potential 
cause (chemistry) and effect (biology) measurements makes the Triad one of the most complete 
and powerful tools available to determine the extent and significance of pollution-induced 
degradation.  Although water column contaminant levels are useful to distinguish among sources 
(i.e., new inputs versus historic contamination) and loadings of contaminants, they are 
temporally and spatially quite patchy, potentially confounding our ability to characterize the 
potential for toxicant related impact.  Therefore, the focus of the Triad approach is on the 
sedimentary environment because sediments accumulate and integrate toxic chemical inputs 
from multiple sources over time; hence, determination of sediment quality is essential to 
determine trends in toxic contaminants.  In order to obtain a direct measure of sediment toxicity, 
laboratory tests have been developed in which benthic organisms are exposed to sediments under 
controlled conditions (U.S. EPA, 2000; U.S. EPA/U.S. ACE, 2001). Sediment toxicity tests are 
effective tools in assessments of sediment quality, as they provide direct, quantifiable evidence 
of the biological consequences of contamination that can only be inferred from chemical or 
biological community analyses. 
 
 The University of Maryland Wye Research and Education Center (WREC) via a contract 
with the United States Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office 
conducted an intensive sediment toxicity assessment of whole sediments from seven stations in 
the Little Blackwater River watershed. The toxicity data will be used as part of the Triad 
approach designed to measure the effects in sediments of urban sprawl on the Blackwater 
National Wildlife Refuge in Dorchester County, Md. 
 
 Whole sediment toxicity at all stations was assessed using a 10-d survival and growth test 
with the freshwater amphipod Hyalella azteca. In addition, a 10-d survival and growth test with 
the estuarine amphipod Leptocheirus plumulosus developed at WREC was also used to assess 
whole sediment toxicity because some of the stations had measurable salinity. These species 
were chosen because of their practical and ecological relevance and for the availability of U.S. 
Environmental Protection Agency (U.S. EPA) recommended test methods for assessing the 
toxicity of freshwater and marine/estuarine sediments (U.S. EPA, 2000; U.S. EPA/U.S. ACE, 
2001).  The U.S. EPA/U.S. ACE (2001) method is for a longer term (28 d) chronic method using 
L. plumulosus. Experience with the L. plumulosus 28-day test in the past has shown high 
variability in the reproduction endpoint and thus a limited ability to distinguish toxic sediments 
using this endpoint. This has led to development of a 10 day L. plumulosus test with survival and 
growth as endpoints. This new L. plumulosus test is similar to the U.S. EPA 10-d H. azteca 
survival and growth test (U.S. EPA, 2000) with the exception of estuarine water renewals and 
ground tetramin as the food source. In preliminary research, this 10-d test has proven to be of 
equal sensitivity as the 28 d chronic test with L. plumulosus (Ziegler and Fisher, 2006). 



 
MATERIALS AND METHODS 

 
Sample Stations 
 Seven stations in the Little Blackwater River watershed were sampled in this study: 
BNWR 01, 02, 03, 04, 05, 06 and 07. The stations are upstream and downstream of a currently 
proposed development.  Actual station locations and descriptions are presented in the main report 
for the project. The station abbreviations, numbers, sediment collection dates and toxicity test 
dates for the two different amphipods are presented in Table 1.  As can be seen in Table 1, all of 
the stations were tested in the summer of 2006. 
  
 Sample Collection, Handling, and Storage 
 The USFWS group collected sediments for this study with help from the WREC staff. 
The specific protocols for sediment collection, handling, storage, and for laboratory analyses 
were complementary to those described in the Quality Assurance Project Plan (QAPP) that was 
developed for Sediment Quality Triad projects in the Chesapeake Bay watershed (USFWS, 
1999). Samples were collected at each site on July 11, 2006. In brief, samples were taken with a 
stainless steel petite ponar grab (0.023 m2). Samples for sediment toxicity testing represent 
composites. At each site, the top 2 - 3 cm of several grabs were placed into a pre-cleaned 
stainless steel bowl and homogenized with a stainless steel spoon until uniform in color and 
texture.  Once enough sediment was taken, sub samples were placed into separate pre-cleaned 
containers for sediment toxicological analyses and chemical analyses. Observations of sample 
acceptability, depth of penetration and qualitative characteristics (i.e., odor, color, etc) were 
recorded on field data sheets. Care was taken to avoid sediments in direct contact with the sides 
of the grab sampler. Collected sediments were kept on ice in the dark in coolers. All containers 
for chemical, biological and toxicological analyses were labeled with the date, type of sample, 
and location. 
 
 All toxicity samples were transported to the WREC on ice in coolers, out of direct 
sunlight. The samples were held at the WREC in refrigerators in the dark at 4ΕC until initiation 
of the toxicity tests. Sediments were not sieved prior to testing. Because of the possible presence 
of indigenous L. plumulosus at Chesapeake Bay sample sites, sediments are generally sieved 
through a 500 Φm mesh stainless steel sieve prior to starting a 10-d test test. Sieving is done to 
remove indigenous organisms that might interfere with the tests. The samples from this system 
were mostly old decaying marsh which could not be sieved. There were very little actual grainy 
sediments at any site. 
 
 At each site an additional sample was taken for Benthic Community Analysis (USFWS, 
1999).  In brief, a petite ponar grab (0.023 m2) sample was taken at each station, sieved through a 
500 µm mesh, and preserved in 10% buffered formalin containing rose bengal.  These samples 
were delivered to the WREC along with the toxicity samples. The samples were then delivered 
by WREC staff to VERSAR, Inc. (9200 Rumsey Road , Columbia, MD 21045) for sorting, 
taxonomic identification and calculation of a Benthic Index of Biotic Intergrity (B-IBI) using the 
methods of Weisberg et al. (1997) and Alden et al. (2002).  Results from the B-IBI analyses will 
be presented in a separate report. 
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Sediment Toxicity Tests 
 Sediment toxicity was assessed at all stations using the U.S. EPA 10-d Hyalella azteca 
whole sediment toxicity test method with survival and growth as endpoints (U.S. EPA, 2000). H. 
azteca for these tests were purchased from Chesapeake Cultures in Hayes, Va. This test method 
is summarized in Table 2.  Overlying water for the H. azteca test was a 95/5 mix of freshwater 
and estuarine water to attain a conductivity of approximately 2,400 μmhos. All sediments were 
also assessed with a 10 day L. plumulosus test with survival and growth as endpoints. This test is 
similar to the U.S. EPA 10-d H. azteca survival and growth test described above with the 
exception of using an estuarine species, estuarine water renewals and ground tetramin as the food 
source. L. plumulosus were from cultures maintained at the WREC.  This new L. plumulosus test 
method is summarized in Table 3.  Overlying water for the L. plumulosus test was filtered 
estuarine water diluted to 5‰.  The 10-d L. plumulosus test is a short-term chronic test similar to 
the chronic U.S. EPA 28-d L. plumulosus whole sediment toxicity test method except that it is 
only 10 days long and therefore has no reproduction endpoint (U.S. EPA/U.S. ACE, 2001). 
Experience with the L. plumulosus 28-day test in the past has shown a high variability in the 
reproduction endpoint and thus a limited ability to distinguish toxic sediments using this 
endpoint. This has led to the development at our lab of a 10 day L. plumulosus test with survival 
and growth as endpoints.  Results from developmental work with the new10-d L. plumulosus test 
indicate that it as sensitive as the 28-d L. plumulosus test in detecting toxicity of sediment 
samples based on results from a dilution series of a toxic sediment containing a wide range of 
environmental contaminates from Baltimore Harbor, MD (Ziegler and Fisher, 2006). 

 
Test start dates are shown in Table 1. Routine water chemistry was performed at the 

beginning of each renewal. Overlying ammonia was measured at the beginning and end of each 
test while pore water ammonia was measured in a dummy beaker at test initiation if sufficient 
pore water could be extracted from the sediments by centrifugation. 
 
 The endpoints of the tests for both species were survival in each replicate and average 
growth in each replicate (mg dry weight /individual at test conclusion). At the end of the tests, all 
replicate test beakers were sieved through a 500 Φm sieve to collect surviving adult organisms.  
Adult dry weight was determined by drying at 100ΕC for at least 24 h. Test acceptability criteria 
require 80% control survival and measurable control amphipod growth. 
 
Data Analysis 
 Statistical procedures for the analysis of the test data are presented in U.S. EPA/ACE 
(2001). Proportion survival data were Arc Sine Square Root transformed before analysis. Alpha 
was 0.05 for all statistical tests.  Data were assessed for normality and homogeneity of variance 
using the Chi-Square Test and the Bartlett’s Test, respectively. All data were analyzed using a 
one-tailed test design to determine which sediments caused significant reductions from control 
endpoint data.  If the data met the assumptions of normality and homogeneity of variance they 
were analyzed by analysis of variance (ANOVA).  If ANOVA indicated a significant difference, 
post hoc comparisons between test sediment data and the control data were made using a 
Dunnett’s Test. If the normality and/or homogeneity of variance assumptions were not met, the 
data were analyzed using a Steel’s Many-One Rank Test. If there were unequal replicate sizes in 
a dataset that was normal and had homogeneous variance, a parametric ANOVA was used 
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followed by a Bonferroni’s t-test to determine any differences from the control data. If there 
were unequal replicate sizes in a dataset that was not normal and/or had heterogeneous variance, 
a non parametric Wilcoxon Rank Sum test was used with a Bonferroni Adjustment to detect 
differences from control data. If a sediment sample caused a reduction in survival, it was not 
included in the analyses of the sublethal growth endpoint. Differences between day 0 and day10 
control amphipod dry weights were tested using a simple t-test to determine if there was 
significant growth in the control amphipods during the test period. 

 
RESULTS AND DISCUSSION 

 
Water Quality 
 Measurements for water quality during the various tests are given in Tables 4 for the H. 
azteca test and TableB 5 for the L. plumulosus test. Pore water ammonia was relatively low in all 
test beakers, with a highest recorded value of 14 mg/L for any test sediment and 3.5 mg/L for 
any control sediment. Overlying ammonia was also low, with a highest recorded value of 4.68 
mg/L for any test sediment and 0.82 mg/L for any control sediment.  These values are well 
below the level of 60 mg/L in pore water that would be considered a problem by the U.S. EPA 
(U.S. EPA/ACE, 2001) for L. plumulosus and below levels thought to be toxic to H. azteca (U.S. 
EPA, 2000). The test sediment with the highest pore water and overlying ammonia 
concentrations was not toxic (BNWR 01). Values for pH were acceptable for all test and control 
sediments. No values for dissolved oxygen (DO) measured during the tests were below the 
acceptable level of 2.5 mg/L for H. azteca (U.S. EPA, 2000) or 3.6 mg/L for L. plumulosus (U.S. 
EPA/ACE, 2001).  The lowest recorded DO in the both the H. azteca and  L. plumulosus tests 
was 5.4 mg/L. 
 
Sediment Toxicity Tests 
 Performance criteria of 80% amphipod survival in the H. azteca and L. plumulosus 
control treatments were obtained in both 10-d toxicity tests (Appendices A-1 and A-2). In 
addition, there was statistically significant amphipod growth in all control treatments of both 
tests.  Control amphipods in the H. azteca test grew by 3.3 times while control amphipods in the 
L. plumulosus test grew by 3.5 times.  
 
 None of the sediment samples from the Little Blackwater River study collected in 2006 
were toxic to Hyalella azteca (Table 6). There were no significant reductions from control 
treatments in these sediments for either survival or growth.  Individual replicate data and mean 
data for all control and test endpoints for these sediment tests are found in Appendix A-1.  
Amphipods were mistakenly not loaded in replicate E of the control H. azteca test so data from 
this replicate was not included in the statistical analyses. 
 
 None of the sediments samples from the Little Blackwater River study collected in 2006 
were toxic to Leptocheirus plumulosus (Table 6) but these results should be viewed with caution.  
It was obvious from the start of the test that these tube making amphipods did not like the 
decayed marsh sediments in general.  There was very little actual grainy sediment in any sample 
for the amphipods to make tubes in.  The sediments were primarily stringy decayed marsh.  
Therefore, there was a lot of variability in the replicates within each treatment, possibly due to 
the amount of actual grainy sediments distributed to each replicate (Appendix A-2).  The 
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consistently low survival in all of these sediments indicates that there with the sediments that 
was affecting the amphipods, especially since the H. azteca did well in the same sediments.  The 
H. azteca are surface dwellers and not tube builders and are therefore not so affected by the 
physical characteristics of the test sediments.  Also, growth of the surviving L. plumulosus was 
excellent compared to the control growth indicating that there was little sublethal toxicity.  In 
addition, it was very difficult to find the amphipods at the end of the test because of the sediment 
composition.  The sediment would not pass through the 500 µm sieve used to collect the 
survivors.  In the future we will modify our end-of-test methods for these types of sediments.  
We will save all of the test sediments from each replicate, preserve them in ethanol and rose 
bengal and pick them later to be sure we are getting the best count of the surviving 
amphipods.was a physical problem  
 

 
CONCLUSION 

 
Performance criteria for survival and growth were obtained from all toxicity tests. None 

of the sediments collected in 2006 were toxic based on the results of these 10-d tests with 
Hyalella azteca and Leptocheirus plumulosus. The L. plumulosus test results should be viewed 
with caution since we believe there was a physical stress on these tube building amphipods due 
to the type of sediment from these stations (stringy, decayed marsh). Future tests with these types 
of sediments will be conducted with a modified method that will fix and stain the sediments at 
the end of the test for more accurate counts of surviving amphipods. 
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Table 1. Little Blackwater River station names and dates of sediment collection and toxicity 
tests. 

 
Station  
Name 

 10-d Toxicity Test Dates 
Sample Collection Date Hyalella azteca Leptocheirus  plumulosus 

BNWR 01 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 
BNWR 02 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 
BNWR 03 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 
BNWR 04 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 
BNWR 05 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 
BNWR 06 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 
BNWR 07 7/11/06 7/25/06 – 8/4/06 7/28/06 – 8/7/06 

 



Table 2. Test conditions for 10-d whole sediment toxicity test with Hyalella azteca. 
 
1. Test type     Whole sediment, static renewal of overlying water 
 
2. Temperature    23 ± 1ΕC 
 
3. Overlying water    95:5 well/filtered estuarine water mix to attain a 

conductivity of approximately 2,400 μmhos  
                                
4. Renewal of overlying water  2 volume additions/d  
 
5. Light     Wide-spectrum fluorescent lights, 100 to 1000 lux 
 
6. Photoperiod     16:8 (L/D) 
 
7. Test chamber    300 mL lip-less beaker with screened hole for water 
      renewal (Randomly assigned on test table) 
 
8.  Sediment volume    100 ml 
 
9.  Overlying water volume   175 ml 
 
10. Size and life stage of amphipods  7- to 14-d old; size sorted on nested 710 and 500 
      μm mesh sieves 
 
11. Number of organisms/replicate  10 (Randomly assigned to test replicates) 
 
12. Number of replicates   8 
 
13. Feeding     1.0 ml YCT daily 
 
14. Aeration     none 
 
15. Water quality    Alkalinity, hardness, and total ammonia at 

beginning and end of test. Temperature, D.O., and 
pH daily.  Porewater ammonia in dummy 

      beaker at test initiation. 
 
16. Test duration    10 d 
 
17. Endpoints     Survival and growth (mg/ind) 
 
18. Performance criteria   Control survival > 80% 
      Measurable growth in control amphipods 
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Table 3. Test conditions for 10-d whole sediment toxicity test with Leptocheirus plumulosus. 
 
1. Test type     Whole sediment, static renewal of overlying water 
 
2. Temperature    25 ± 1ΕC 
 
3. Overlying water    Filtered Wye River water diluted to 5 ppt 
                                
4. Renewal of overlying water  2 volume additions/d  
 
5. Light     Wide-spectrum fluorescent lights, 100 to 1000 lux 
 
6. Photoperiod     16:8 (L/D) 
 
7. Test chamber    300 mL lip-less beaker with screened hole for water 
      renewal (Randomly assigned on test table) 
 
8.  Sediment volume    100 ml 
 
9.  Overlying water volume   175 ml 
 
10. Size and life stage of amphipods  neonates; size sorted on nested 710 and 500 :m 

mesh sieves 
 
11. Number of organisms/replicate  10 (Randomly assigned to test replicates) 
 
12. Number of replicates   8 
 
13. Feeding     Daily - TetraMin (ground and sieved to 250 μm) 
 
14. Aeration     none 
 
15. Water quality    Salinity, pH and total ammonia at beginning  

and end of test. Temperature and D.O. daily.  Pore 
water ammonia in dummy beaker at 

      test initiation. 
 
16. Test duration    10 d 
 
17. Endpoints     Survival and growth (mg/ind) 
 
18. Performance criteria   Control survival > 80% 
      Measurable growth in control amphipods 
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Table 4. Water chemistry summary for the 2006 Little Blackwater River 10-d amphipod Hyalella 
azteca sediment toxicity test [mean (S.D.) unless otherwise stated]. 

 
 DO pH Temp Conductivity Alkalinity Hardness Ammonia (mg/L)
  mg/L range °C μmhos mg/L mg/L Overlying Pore 

Station         CaCO3 CaCO3 day day day 0 
Control 7.0 7.38-8.04 23.4 2750 (212) 78 (18) 336 (34) 0.7 <0.2 3.5
BNWR 6.9 7.34-7.93 23.2 2700 (283) 88 (4) 336 (34) 3.5 <0.2 14.0 
BNWR 6.8 7.33-7.93 23.2 2700 (283) 85 (7) 338 (37) 3.0 <0.2 13.0 
BNWR 6.8 7.47-7.93 23.3 2750 (212) 88 (4) 332 (28) 1.1 <0.2 2.0 
BNWR 6.7 7.42-7.93 23.4 2750 (212) 88 (4) 334 (31) 1.4 <0.2 6.0 
BNWR 6.6 7.45-7.93 23.5 2750 (212) 83 (11) 322 (14) 1.5 <0.2 7.0 
BNWR 6.6 7.48-7.93 23.2 2750 (212) 90 (0) 318 (9) 1.1 <0.2 4.0 
BNWR 6.8 7.33-7.93 23.2 2700 (283) 85 (7) 332 (28) 2.3 <0.2 8.0 

 
 
 
 
Table 5. Water chemistry summary for the 2006 Little Blackwater River Leptocheirus 

plumulosus sediment toxicity test [mean (S.D.) unless otherwise stated]. 
 
 DO pH Temp Salinity            Ammonia (mg/L)
  mg/L range °C (‰)         Overlying   Porewater

Station         day 0 day 10 day 0 
 Control 6.6 (0.34) 7.41-8.40 24.5 (0.45) 5.0 (0) 1.0 0.2 3.5
 BNWR 01 6.6 (0.44) 7.12-7.64 24.4 (0.36) 5.0 (0) 3.5 0.5 14.0 
 BNWR 02 6.7 (0.52) 7.24-7.60 24.1 (0.53) 5.0 (0) 3.5 0.3 13.0 
 BNWR 03 6.7 (0.56) 7.29-7.76 24.2 (0.49) 5.0 (0) 1.0 0.3 2.0 
 BNWR 04 6.6 (0.53) 7.50-7.92 24.3 (0.44) 5.0 (0) 1.6 0.4 6.0 
 BNWR 05 6.5 (0.64) 7.47-7.87 24.2 (0.55) 5.0 (0) 1.8 0.4 7.0 
 BNWR 06 6.5 (0.59) 7.22-7.93 24.1 (0.54) 5.0 (0) 1.1 0.2 4.0 
 BNWR 07 6.6 (0.54) 7.39-7.89 24.1 (0.53) 5.0 (0) 2.4 0.2 8.0 
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Table 6. Summary of results from the 2006 Little Blackwater River sediment toxicity tests.  
Shaded areas are endpoint values that were significantly less than control values for that 
specific test (α = 0.05).  

 

Station 

Hyalella azteca Leptocheirus plumulosus 
Survival Growth Survival Growth 

% (mg) % (mg) 
 Control 84.3 0.23 85.0 0.14 
 BNWR 01 91.3 0.24 52.5 0.24 
 BNWR 02 95.0 0.23 55.0 0.15 
 BNWR 03 96.3 0.23 52.5 0.16 
 BNWR 04 92.5 0.24 56.3 0.17 
 BNWR 05 95.0 0.24 52.5 0.23 
 BNWR 06 90.0 0.25 43.8 0.26 
 BNWR 07 97.5 0.25 50.0 0.16 
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A-1. 2006 Little Blackwater River amphipod Hyalella azteca 10 day survival and growth 
sediment toxicity test results (7/25-8/4/06).  An * indicates a treatment significantly < the 
control ( = 0.05).   

 
Treatment REP 
  

# Surviving 
amphipods 

  Rep. 
dry wt. (mg) 

Treatment 
% Survival (SD)

Treatment 
mg. dry wt. (SD) 

Control  A 10 0.29   
Control  B 8 0.25   
Control  C 9 0.20   
Control  D 7 0.25 84.3 (15.12) 0.23 (0.042) 
Control  E -1 -1   
Control  F 6 0.26   
Control  G 9 0.20   
Control  H 10 0.18   
BNWR 01 A 10 0.24   
BNWR 01 B 10 0.20   
BNWR 01 C 9 0.25   
BNWR 01 D 10 0.22 91.3 (11.26) 0.24 (0.032) 
BNWR 01 E 9 0.21   
BNWR 01 F 7 0.29   
BNWR 01 G 8 0.27   
BNWR 01 H 10 0.21   
BNWR 02 A 9 0.25   
BNWR 02 B 9 0.20   
BNWR 02 C 9 0.24   
BNWR 02 D 11 0.23 95.0 (5.35) 0.23 (0.017) 
BNWR 02 E 10 0.21   
BNWR 02 F 9 0.25   
BNWR 02 G 10 0.23   
BNWR 02 H 10 0.25   
BNWR 03 A 9 0.23   
BNWR 03 B 9 0.24   
BNWR 03 C 10 0.22   
BNWR 03 D 10 0.23 96.3 (5.18) 0.23 (0.006) 
BNWR 03 E 10 0.22   
BNWR 03 F 9 0.22   
BNWR 03 G 10 0.22   
BNWR 03 H 10 0.23   
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A-1. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

  Rep. 
dry wt. (mg) 

Treatment 
% Survival (SD)

Treatment 
mg. dry wt. (SD) 

BNWR 04 A 10 0.28   
BNWR 04 B 8 0.22   
BNWR 04 C 10 0.26   
BNWR 04 D 10 0.25 92.5 (10.35) 0.24 (0.021) 
BNWR 04 E 10 0.24   
BNWR 04 F 8 0.23   
BNWR 04 G 10 0.24   
BNWR 04 H 8 0.21   
BNWR 05 A 10 0.23   
BNWR 05 B 10 0.23   
BNWR 05 C 10 0.25   
BNWR 05 D 9 0.25 95.0 (5.35) 0.24 (0.014) 
BNWR 05 E 10 0.26   
BNWR 05 F 9 0.23   
BNWR 05 G 9 0.27   
BNWR 05 H 9 0.24   
BNWR 06  A 9 0.15   
BNWR 06  B 9 0.30   
BNWR 06  C 9 0.28   
BNWR 06  D 10 0.26 90.0 (7.56) 0.25 (0.046) 
BNWR 06 E 8 0.26   
BNWR 06  F 8 0.27   
BNWR 06  G 9 0.27   
BNWR 06  H 11 0.21   
BNWR 07 A 10 0.28   
BNWR 07 B 11 0.23   
BNWR 07 C 10 0.25   
BNWR 07 D 9 0.28 97.5 (4.63) 0.25 (0.022) 
BNWR 07 E 9 0.23   
BNWR 07 F 10 0.24   
BNWR 07 G 10 0.26   
BNWR 07 H 10 0.26   
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A-1. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

  Rep. 
dry wt. (mg) 

Treatment 
% Survival (SD)

Treatment 
mg. dry wt. (SD) 

Day 0 amphipod A2 20 0.07   
Day 0 amphipod B 20 0.06   
Day 0 amphipod C 20 0.07  0.07 (0.003) 
Day 0 amphipod D 20 0.07   
Day 0 amphipod E 20 0.07   
 
1Amphipods were not loaded into this replicate beaker. 
 
2These are the dry weights of the test amphipods at day 0 used to determine if there was 
measurable growth in the control amphipods as compared to the control amphipod weights at day 
10. 
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 A-2. 2006 Little Blackwater River amphipod Leptocheirus plumulosus 10 day survival and 
growth sediment toxicity test results (7/28-8/7/06).  An * indicates a treatment 
significantly < the control ( = 0.05).   

 
Treatment REP 
  

# Surviving 
amphipods 

  Rep. 
dry wt. (mg) 

Treatment 
% Survival (SD)

Treatment 
mg. dry wt. (SD) 

Control  A 8 0.12   
Control  B 10 0.10   
Control  C 10 0.22   
Control  D 8 0.15 85.0 (15.12) 0.14 (0.045) 
Control  E 6 0.16   
Control  F 10 0.11   
Control  G 7 0.19   
Control  H 9 0.10   
BNWR 01 A 8 0.27   
BNWR 01 B 4 0.13   
BNWR 01 C 2 0.32   
BNWR 01 D 7 0.14 52.5 (29.64) 0.24 (0.080) 
BNWR 01 E 10 0.21   
BNWR 01 F 3 0.34   
BNWR 01 G 2 0.22   
BNWR 01 H 6 0.30   
BNWR 02 A 4 0.13   
BNWR 02 B 5 0.18   
BNWR 02 C 7 0.13   
BNWR 02 D 1 0.19 55.0 (30.24) 0.15 (0.044) 
BNWR 02 E 7 0.21   
BNWR 02 F 2 0.08   
BNWR 02 G 9 0.12   
BNWR 02 H 9 0.13   
BNWR 03 A 5 0.27   
BNWR 03 B 3 0.11   
BNWR 03 C 5 0.17   
BNWR 03 D 4 0.11 52.5 (16.69) 0.16 (0.081) 
BNWR 03 E 8 0.21   
BNWR 03 F 4 0.27   
BNWR 03 G 6 0.09   
BNWR 03 H 7 0.06   
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A-2. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

  Rep. 
dry wt. (mg) 

Treatment 
% Survival (SD)

Treatment 
mg. dry wt. (SD) 

BNWR 04 A 9 0.13   
BNWR 04 B 1 0.14   
BNWR 04 C 5 0.17   
BNWR 04 D 1 0.12 56.3 (33.35) 0.17 (0.047) 
BNWR 04 E 6 0.27   
BNWR 04 F 5 0.19   
BNWR 04 G 9 0.17   
BNWR 04 H 9 0.14   
BNWR 05 A 7 0.13   
BNWR 05 B 5 0.13   
BNWR 05 C 6 0.19   
BNWR 05 D 4 0.18 52.5 (16.69) 0.23 (0.127) 
BNWR 05 E 2 0.51   
BNWR 05 F 5 0.24   
BNWR 05 G 6 0.13   
BNWR 05 H 7 0.28   
BNWR 06  A 1 0.40   
BNWR 06  B 10 0.37   
BNWR 06  C 1 0.05   
BNWR 06  D 1 0.33 43.8 (34.62) 0.26 (0.119) 
BNWR 06 E 3 0.19   
BNWR 06  F 5 0.27   
BNWR 06  G 8 0.15   
BNWR 06  H 6 0.28   
BNWR 07 A 6 0.35   
BNWR 07 B 5 0.11   
BNWR 07 C 3 0.16   
BNWR 07 D 6 0.27 50.0 (27.26) 0.16 (0.113) 
BNWR 07 E 4 0.08   
BNWR 07 F 7 0.10   
BNWR 07 G 0 0.00   
BNWR 07 H 9 0.22   
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A-2. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

  Rep. 
dry wt. (mg) 

Treatment 
% Survival (SD)

Treatment 
mg. dry wt. (SD) 

Day 0 amphipod A2 10 0.05   
Day 0 amphipod B 10 0.03   
Day 0 amphipod C 10 0.04  0.04 (0.008) 
Day 0 amphipod D 10 0.04   
Day 0 amphipod E 10 0.03   
 
1Amphipods were not loaded into this replicate beaker. 
 
2These are the dry weights of the test amphipods at day 0 used to determine if there was 
measurable growth in the control amphipods as compared to the control amphipod weights at day 
10.



 
 

Chapter 2 
 

2006 B-IBI Data from Versar for Samples from 
Little Blackwater River 

 
 

From: 
 

Daniel J. Fisher 
University of Maryland System 
Agricultural Experiment Station 

Wye Research and Education Center 
P.O. Box 169 

Queenstown, Maryland 21658 
 

B-IBI Data and Discussion from Lisa Scott 
Versar, Inc 

9200 Rumsey Road, Columbia, MD  21045-1934  
 
 
 

To: 
 

Chris Guy 
Chesapeake Bay Field Office 
U.S. Fish & Wildlife Service 
177 Admiral Cochrane Drive 

Annapolis, MD 21401 
 
 
 

December 30, 2008 
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INTRODUCTION 

 
Versar Inc., processed macrobenthic samples collected with a petite ponar from seven 

sites within the from the Little Blackwater River watershed. These samples were collected by the 
United States Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office as part of a 
larger USFWS project entitled, “Effects of Urban Sprawl on Sediment Surface Water and Biota 
in the Little Blackwater River, Blackwater National Wildlife Refuge, Dorchester County, 
Maryland.” Benthic data collected from the stations are presented and discussed based on the 
Benthic Index of Biotic Integrity (B-IBI), which was developed for application to benthic com-
munities of the Chesapeake Bay (Weisberg et al. 1997, Alden et al. 2002). The B-IBI is used by 
the Chesapeake Bay Monitoring Program to characterize bay-wide benthic community condition 
and assess the health of the Bay. Results of the benthic community characterization will be used 
to assist the USFWS in the interpretation of sediment contaminant and toxicity tests also 
conducted at the stations. 

  

 
METHODS 

 
Laboratory Methods 
 

Laboratory methods followed the standard procedures employed for the Long-Term 
Benthic Monitoring Program (Llansó et al. 2005). In short, macrobenthic organisms were sorted 
from detritus under dissecting microscopes, identified to the lowest practical taxonomic level 
(most often species), and counted. Oligochaete worms and chironomid larva were mounted on 
microscope slides and examined under a compound microscope for genus and species 
identification. Each taxon was dried to a constant weight at 60 °C, ashed in a muffle furnace at 
500 °C for 4 hours, and weighed again to obtain species-specific, ash-free dry weight. 

 
Benthic Index of Biotic Integrity (B-IBI) Calculation 
 
 The B-IBI is a multiple-attribute index developed to identify the degree to which a 
benthic assemblage meets the Chesapeake Bay Program's Benthic Community Restoration 
Goals. The B-IBI provides a means for comparing relative condition of benthic invertebrate 
assemblages across habitat types. It also provides a validated mechanism for integrating several 
benthic community attributes indicative of habitat "health" into a single number that measures 
overall benthic community condition. 

 

 The B-IBI formula is habitat specific for salinity and sediment type. For this study all 
stations were assigned to the low mesohaline salinity range (between 5.0 and 12.0 ppt), which is 
consistent with the long-term average of salinities within Baltimore Harbor (Llansó et al. 2005).  
For this salinity habitat, the B-IBI does not have a different metric thresholds based on sediment 
type so differentiation between sand and mud sediments was not necessary (Weisberg et al. 
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(1997). The thresholds and formula for a low mesohaline habitat was calculated using the 
methods described in Weisberg et al. (1997) and updated by Alden et al. (2002). 

 The B-IBI is scaled from 1 to 5, and sites with values of 3 or more are considered to meet 
the Restoration Goals.  The index is calculated by scoring each of several metrics as either 5, 3, 
or 1 depending on whether the value of the metric at a site approximates, deviates slightly from, 
or deviates strongly from values found at the best reference sites in similar habitats, and then 
averaging these scores across metrics to obtain a single score for a sampling site. 

The criteria for assigning these single numeric scores a designation of “health” are 
provided in Weisberg et al. 1997. In summary, benthic community condition is classified into 
four levels of “health” based on the B-IBI. Values less than or equal to 2 are classified as 
severely degraded; values from 2 to 2.6 are classified as degraded; values greater than 2.6 but 
less than 3.0 are classified as marginal; and values of 3.0 or more are classified as meeting the 
goals. Values in the marginal category do not meet the Restoration Goals, but they differ from 
the goals within the range of measurement error (Alden et al 2002).  

 
Reporting 
 

All taxa identified and weighed for each station are listed in the station datasheets.  
Although epifauna taxa were sorted and identified from the samples, all taxa marked with Epi. 
are considered epifauna and are excluded from the data before calculating the B-IBI. At the 
bottom of each station table, the number of species, total abundance, and total biomass with and 
without the epifaunal taxa are presented. 

 
 In the middle of each station’s appendix table is a list of metrics that were used in the B-
IBI calculations for the low mesohaline habitat type. Not all metrics presented in the station 
printout are scored for this habitat type but the metric value is provided for informational 
purposes. If a score is not listed for a specific metric value then it is not scored for a low 
mesohaline habitat. Additionally, if certain species used in a metric calculation were not present 
in the sample, resulting in a 0 for the metric, the metric was not scored. If a true score of 0 was 
calculated, however, than the metric was scored. 
 

 
SUMMARY OF B-IBI DATA 

 
Overall, Lisa Scott indicated that the benthic fauna at the seven stations sampled did not 

display healthy community characteristics. No molluscs or large polychaete were collected from 
any of the stations sampled leading to low biomass at all stations. Only one station (Station 6) 
had amphipod and isopod crustaceans which is another indicator of a healthy benthic community 
as well as important prey items for fish and crabs. The dominant taxa were generally all pollution 
indicative in the oligochaete, polychaete, and chironomid taxonomic groups. 

 
Lisa Scott has seen samples like these from marsh areas within the Patuxent River. 

Abundance of oligochaetes, in particular, are very patchy in these areas. She thinks that one of 
two factors may be the cause, especially since the sediments themselves were not toxic. The 
major factor contributing to the poor IBI scores may be that salinity fluctuations in areas that 
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swing between tidal fresh to mesohaline.  Another factor could be localized low DO resulting 
from the decaying marsh material. 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 01                                                  | 
        |  Habitat: Tidal Freshwater                  Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 1.00                          Condition: Severely Degr.                # Attributes Scored: 4        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  0.00             Pollution Indicative Spp. Abundance(%)      100.00         | 
        |  Abundance (#/m2)                       136     1       Pollution Indicative Spp. Biomass(%)        100.00         | 
        |  Biomass (g/m2)                        0.02             Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)       0.00             Pollution Sensitive Spp. Biomass(%)           0.00         | 
        |  Deep Deposit Feeder Abundance(%)    100.00     1       TF Pollution Indicative Spp. Abundance(%)   100.00     1   | 
        |  Tolerance Score                       9.80     1       Oligo Pollution Indicative Spp. Abundance(%)100.00         | 
        |  Limnodrilus Abundance(%)            100.00             Oligo Pollution Sensitive Spp. Abundance(%)   0.00         | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio      0.00         | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Oligochaeta                                |                                  |           0.01591                 | 
        |  Tubificidae imm. without capilliform cha   |                 136              |           0.00114                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                 136              |                                   | 
        |  Total Abundance w/o Epi.                   |                 136              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   1              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   1              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.01705                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.01705                 | 
        ====================================================================================================================== 
 
 
 
 
        Most degraded station sampled of the 7.  No diversity, extremely low abundance and biomass, 
 

 B-IBI = 1.0   (Severely degraded). 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 02                                                  | 
        |  Habitat: Tidal Freshwater                  Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 1.50                          Condition: Severely Degr.                # Attributes Scored: 4        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  2.36             Pollution Indicative Spp. Abundance(%)       75.00         | 
        |  Abundance (#/m2)                       273     1       Pollution Indicative Spp. Biomass(%)         46.15         | 
        |  Biomass (g/m2)                        0.01             Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)      16.67             Pollution Sensitive Spp. Biomass(%)           0.00         | 
        |  Deep Deposit Feeder Abundance(%)     83.33     1       TF Pollution Indicative Spp. Abundance(%)    50.00     3   | 
        |  Tolerance Score                       9.42     1       Oligo Pollution Indicative Spp. Abundance(%) 75.00         | 
        |  Limnodrilus Abundance(%)             50.00             Oligo Pollution Sensitive Spp. Abundance(%)   0.00         | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio     50.00         | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Chironomus spp.                            |                  23              |           0.00114                 | 
        |  Coelotanypus spp.                          |                  23              |           0.00227                 | 
        |  Dero spp.                                  |                  68              |           0.00114                 | 
        |  Limnodrilus hoffmeisteri                   |                  45              |           0.00114                 | 
        |  Oligochaeta                                |                                  |           0.00682                 | 
        |  Quistadrilus multisetosus                  |                  23              |           0.00114                 | 
        |  Tubificidae imm. without capilliform cha   |                  91              |           0.00114                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                 273              |                                   | 
        |  Total Abundance w/o Epi.                   |                 273              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   5              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   5              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.01477                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.01477                 | 
        ====================================================================================================================== 
 
 
 
 

Extremely low abundance and biomass, 5 distinct taxa but only within generally recognized pollution-indicative 
groups Chironomidae (Chironomus and Coelotanypus) and Oligochaeta (Dero, Limnodrilus, and Quistadrilus) 
 
B-IBI = 1.5 (Severely degraded). 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 03                                                  | 
        |  Habitat: Oligohaline                       Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 3.00                          Condition: Meets Goal                    # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  1.02             Pollution Indicative Spp. Abundance(%)       98.59         | 
        |  Abundance (#/m2)                      1614     5       Pollution Indicative Spp. Biomass(%)        100.00         | 
        |  Biomass (g/m2)                        0.09             Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)      73.24     5       Pollution Sensitive Spp. Biomass(%)           0.00         | 
        |  Deep Deposit Feeder Abundance(%)      1.41             TF Pollution Indicative Spp. Abundance(%)     0.00         | 
        |  Tolerance Score                       9.80     1       Oligo Pollution Indicative Spp. Abundance(%) 98.59     1   | 
        |  Limnodrilus Abundance(%)              0.00             Oligo Pollution Sensitive Spp. Abundance(%)    0.00    1   | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio      1.92     5   | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Chironomidae                               |                                  |           0.08182                 | 
        |  Chironomus spp.                            |                1159              |           0.00114                 | 
        |  Dero spp.                                  |                  23              |                                   | 
        |  Streblospio benedicti                      |                 409              |           0.00227                 | 
        |  Tanypus spp.                               |                  23              |           0.00114                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                1614              |                                   | 
        |  Total Abundance w/o Epi.                   |                1614              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   4              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   4              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.08636                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.08636                 | 
        ====================================================================================================================== 
 
 
 
 

Salinity recorded at time of sampling put this station in the oligohaline habitat category.  Some signs of 
salinity influence with the presence of the polychaete Streblospio benedicti.  Because of the difference in 
scoring for this habitat, the presence of high numbers of pollution-indicative Chironomus led to 
counteractive scoring in the 6 metrics resulting in a B-IBI score of 3.0 (meets goal).  Care should be taken 
in assuming this site is a quality site based on the B-IBI score because of the lack of diversity and high 
numbers of the pollution-indicative species Chironomus and polychaete Streblospio. 
 
 

 B-IBI = 3.0 (Meets goal). 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 04                                                  | 
        |  Habitat: Oligohaline                       Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 3.00                          Condition: Meets Goal                    # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  0.95             Pollution Indicative Spp. Abundance(%)       92.86         | 
        |  Abundance (#/m2)                       318     3       Pollution Indicative Spp. Biomass(%)         83.33         | 
        |  Biomass (g/m2)                        0.01             Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)      21.43     3       Pollution Sensitive Spp. Biomass(%)           0.00         | 
        |  Deep Deposit Feeder Abundance(%)      0.00             TF Pollution Indicative Spp. Abundance(%)     0.00         | 
        |  Tolerance Score                       8.77     3       Oligo Pollution Indicative Spp. Abundance(%) 92.86     3   | 
        |  Limnodrilus Abundance(%)              0.00             Oligo Pollution Sensitive Spp. Abundance(%)   0.00     1   | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio      0.00     5   | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Chironomus spp.                            |                  45              |           0.00114                 | 
        |  Streblospio benedicti                      |                 250              |           0.00455                 | 
        |  Tanytarsus spp.                            |                  23              |           0.00114                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                 318              |                                   | 
        |  Total Abundance w/o Epi.                   |                 318              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   3              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   3              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.00682                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.00682                 | 
        ====================================================================================================================== 
 
 
 
 

Again, salinity recorded at time of sampling put this station in the oligohaline habitat category.  Some signs 
of salinity influence with the presence of the polychaete Streblospio benedicti.  Because of the 3.00 B-IBI 
metric scoring for this station it is classified as “meets goal” but again care must be taken if assuming this 
site is of good quality.  Diversity, abundance, and biomass are low for this site but both diversity and 
biomass are not scored for this habitat.  Also, even though the abundance metric scored as a 3 using this 
habitat’s threshold, in all other habitats 318/m2 is scored as a 1. 
 
B-IBI = 3.0 (Meets goal). 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 05                                                  | 
        |  Habitat: Oligohaline                       Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 2.33                          Condition: Degraded                      # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  1.50             Pollution Indicative Spp. Abundance(%)       75.00         | 
        |  Abundance (#/m2)                       182     3       Pollution Indicative Spp. Biomass(%)         75.00         | 
        |  Biomass (g/m2)                        0.00             Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)      75.00     5       Pollution Sensitive Spp. Biomass(%)           0.00         | 
        |  Deep Deposit Feeder Abundance(%)      0.00             TF Pollution Indicative Spp. Abundance(%)     0.00         | 
        |  Tolerance Score                       9.63     1       Oligo Pollution Indicative Spp. Abundance(%)100.00     1   | 
        |  Limnodrilus Abundance(%)              0.00             Oligo Pollution Sensitive Spp. Abundance(%)   0.00     1   | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio     33.33     3   | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Chironomus spp.                            |                  91              |           0.00114                 | 
        |  Procladius spp.                            |                  45              |           0.00114                 | 
        |  Streblospio benedicti                      |                  45              |           0.00227                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                 182              |                                   | 
        |  Total Abundance w/o Epi.                   |                 182              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   3              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   3              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.00455                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.00455                 | 
        ====================================================================================================================== 
 
 
 

The benthic community collected at this station was very similar to Station 4 with the exception of the 
presence of the chironomid Procladius instead of Tanytarsus at Station 4.  The difference in this one 
chironomid species led to a lower scoring for the tolerance score, pollution indicative abundance, and 
Tanypodinae/chironomid ratio.  As a result, this station had a B-IBI score of 2.33 (degraded).  Again 
abundance, diversity, and biomass were all low at this station. 
 
B-IBI = 2.33 (Degraded). 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 06                                                  | 
        |  Habitat: Low Mesohaline                    Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 1.40                          Condition: Severely Degr.                # Attributes Scored: 5        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  1.63     1       Pollution Indicative Spp. Abundance(%)       84.31     1   | 
        |  Abundance (#/m2)                      1159     3       Pollution Indicative Spp. Biomass(%)         95.00         | 
        |  Biomass (g/m2)                        0.02     1       Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)      41.18             Pollution Sensitive Spp. Biomass(%)           0.00     1   | 
        |  Deep Deposit Feeder Abundance(%)      0.00             TF Pollution Indicative Spp. Abundance(%)     0.00         | 
        |  Tolerance Score                       8.03             Oligo Pollution Indicative Spp. Abundance(%) 84.31         | 
        |  Limnodrilus Abundance(%)              0.00             Oligo Pollution Sensitive Spp. Abundance(%)   0.00         | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio      0.00         | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Chironomus spp.                            |                 136              |           0.00114                 | 
        |  Edotea triloba     (Epi)                   |                  68              |           0.00455                 | 
        |  Eteone heteropoda                          |                 159              |           0.00909                 | 
        |  Gammarus daiberi     (Epi)                 |                 205              |           0.01364                 | 
        |  Streblospio benedicti                      |                 682              |           0.01136                 | 
        |  Tanytarsus spp.                            |                 182              |           0.00114                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                1432              |                                   | 
        |  Total Abundance w/o Epi.                   |                1159              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   6              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   4              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.04091                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.02273                 | 
        ====================================================================================================================== 
 
 
 

This station had a salinity measurement at the time of sampling that places it into the low mesohaline 
habitat range.  There were additional signs of salinity intrusion with the presence of the polychaete 
Streblospio benedicti, the amphipod Gammarus daiberi, and the isopod Edotea triloba.  Low diversity and 
biomass led to this station having a B-IBI score of 1.4 (severely degraded). 

 
 

B-IBI = 1.4 (Severely degraded). 
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                                                 BLACKWATER 2006 BENTHIC COMMUNITY AND B-IBI SCORES 
 
        ====================================================================================================================== 
        |                                                  Station: BNWR 07                                                  | 
        |  Habitat: Oligohaline                       Date: 2006                               Gear: Young Grab              | 
        ====================================================================================================================== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        ====================================================================================================================== 
        |  B-IBI Score: 3.67                          Condition: Meets Goal                    # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  1.88             Pollution Indicative Spp. Abundance(%)        5.77         | 
        |  Abundance (#/m2)                      1182     5       Pollution Indicative Spp. Biomass(%)         22.22         | 
        |  Biomass (g/m2)                        0.01             Pollution Sensitive Spp. Abundance(%)         0.00         | 
        |  Carnivore-Omnivore Abundance(%)      23.08     3       Pollution Sensitive Spp. Biomass(%)           0.00         | 
        |  Deep Deposit Feeder Abundance(%)     76.92             TF Pollution Indicative Spp. Abundance(%)     0.00         | 
        |  Tolerance Score                       7.80     3       Oligo Pollution Indicative Spp. Abundance(%)  5.77     5   | 
        |  Limnodrilus Abundance(%)              0.00             Oligo Pollution Sensitive Spp. Abundance(%)   0.00     1   | 
        |                                                         Tanypodinae/Chironomidae Abundance Ratio      9.09     5   | 
        ====================================================================================================================== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        ====================================================================================================================== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Ceratopogonidae                            |                  23              |           0.00114                 | 
        |  Chironomus spp.                            |                  45              |           0.00114                 | 
        |  Dero spp.                                  |                 227              |           0.00114                 | 
        |  Dicrotendipes spp.                         |                  91              |           0.00114                 | 
        |  Oligochaeta                                |                                  |           0.00227                 | 
        |  Pristina osborni                           |                 682              |           0.00114                 | 
        |  Tanypus spp.                               |                  23              |           0.00114                 | 
        |  Tanytarsus spp.                            |                  91              |           0.00114                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                1182              |                                   | 
        |  Total Abundance w/o Epi.                   |                1182              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   7              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   7              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.01023                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.01023                 | 
        ====================================================================================================================== 
 
 

Although salinity at the time of sampling put this station in the oligohaline habitat for B-IBI scoring, no 
sign of salinity intrusion was evident by the benthic community present.  All of the species collected from 
the site were either freshwater oligochaetes or dipteran larva in the Chironomidae or Ceratopogonidae 
family. Using oligohaline metric scoring this site had a B-IBI of 3.67 (meets goal). Even if this station was 
scored using tidal freshwater thresholds, it would still be classified as “meets goal”.  Based on the B-IBI 
this station was the best of all 7 stations sampled in terms of benthic community, it had the most species 
richness (7 species) and good abundance spread among the species. 
 
 

 B-IBI = 3.67 (Meets goal).
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FOREWORD 
 

The purpose of this study was to provide sediment toxicity information on sediment 
samples from the Little Blackwater River watershed. The sample sites were selected by the 
United States Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office. Sediments 
were collected from seven sites in the Little Blackwater River watershed: BNWR 01, 02, 03, 04, 
05, 06 and 07. Samples were collected in the summer of 2007. These are the same sites that were 
tested for toxicity in 2006 for the first year of this project (Fisher et al., 2007). The sediment 
toxicity test results presented in this report are part of a larger USFWS project entitled, “Effects 
of Urban Sprawl on Sediment Surface Water and Biota in the Little Blackwater River, 
Blackwater National Wildlife Refuge, Dorchester County, Maryland.” Christopher Guy and 
Dixie Birch were project coordinators from USFWS. The data covered in this report are from 
toxicity studies conducted at the University of Maryland Wye Research and Education Center 
under the direction of Dr. Daniel J. Fisher. All sediment samples were tested using both 10-d 
Hyalella azteca and 10-d Leptocheirus plumulosus toxicity tests that measured survival and 
growth as endpoints.  

 
 



ABSTRACT 
  

The goal of this study was to provide sediment toxicity information on sediment samples 
from the Little Blackwater River watershed.  The sample sites were selected by the United States 
Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office as part of a larger USFWS 
project entitled, “Effects of Urban Sprawl on Sediment Surface Water and Biota in the Little 
Blackwater River, Blackwater National Wildlife Refuge, Dorchester County, Maryland.” 
Sediment were collected from seven sites in the Little Blackwater River watershed:  BNWR 01, 
02, 03, 04, 05, 06 and 07.  The stations are upstream and downstream of a development proposed 
at that time.  Toxicity test results from samples collected in the summer of 2007 are presented in 
this report.  The U.S. Environmental Protection Agency (U.S. EPA) whole sediment Hyalella 
azteca 10-d survival and growth test and a Leptocheirus plumulosus 10-d survival and growth 
test developed at the Wye Research and Education Center were used to determine toxicity.    
Performance criteria for survival and growth were obtained from all toxicity tests. None of the 
sediments collected in 2007 were toxic based on the results of these 10-d tests with Hyalella 
azteca and Leptocheirus plumulosus.
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INTRODUCTION 
 
 The Sediment Quality Triad (Triad) has been successfully applied in the Chesapeake Bay 
and nation-wide (e.g., Baltimore Harbor, Anacostia River, Puget Sound, San Francisco Bay, Gulf 
of Mexico) to characterize ambient conditions in freshwater, estuarine and marine systems (e.g., 
Long and Chapman 1985; Chapman et al. 1987; Hall et al. 1991, 1992, 1994, 2000; McGee et al. 
1999). This weight of evidence approach consists of complementary measures of sediment 
chemistry, benthic community structure and sediment toxicity.  The combination of potential 
cause (chemistry) and effect (biology) measurements makes the Triad one of the most complete 
and powerful tools available to determine the extent and significance of pollution-induced 
degradation.  Although water column contaminant levels are useful to distinguish among sources 
(i.e., new inputs versus historic contamination) and loadings of contaminants, they are 
temporally and spatially quite patchy, potentially confounding our ability to characterize the 
potential for toxicant related impact. Therefore, the focus of the Triad approach is on the 
sedimentary environment because sediments accumulate and integrate toxic chemical inputs 
from multiple sources over time; hence, determination of sediment quality is essential to 
determine trends in toxic contaminants.  In order to obtain a direct measure of sediment toxicity, 
laboratory tests have been developed in which benthic organisms are exposed to sediments under 
controlled conditions (U.S. EPA, 2000; U.S. EPA/U.S. ACE, 2001). Sediment toxicity tests are 
effective tools in assessments of sediment quality, as they provide direct, quantifiable evidence 
of the biological consequences of contamination that can only be inferred from chemical or 
biological community analyses. 
 
 The University of Maryland Wye Research and Education Center (WREC) via a contract 
with the United States Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office 
conducted an intensive sediment toxicity assessment of whole sediments from seven stations in 
the Little Blackwater River watershed.  The toxicity data will be used as part of the Triad 
approach designed to measure the effects in sediments of urban sprawl on the Blackwater 
National Wildlife Refuge in Dorchester County, Md. 
 
 Whole sediment toxicity at all stations was assessed using a 10-d survival and growth test 
with the freshwater amphipod Hyalella azteca.  In addition, a 10-d survival and growth test with 
the estuarine amphipod Leptocheirus plumulosus developed at WREC was also used to assess 
whole sediment toxicity because some of the stations had measurable salinity. The same test 
species and methods were used in the 2006 toxicity tests for the first year of this project (Fisher 
et al., 2007). These species were chosen because of their practical and ecological relevance and 
for the availability of U.S. Environmental Protection Agency (U.S. EPA) recommended test 
methods for assessing the toxicity of freshwater and marine/estuarine sediments (U.S. EPA, 
2000; U.S. EPA/U.S. ACE, 2001). The U.S. EPA/U.S. ACE (2001) method is for a longer term 
(28 d) chronic method using L. plumulosus.  Experience with the L. plumulosus 28-day test in the 
past has shown high variability in the reproduction endpoint and thus a limited ability to 
distinguish toxic sediments using this endpoint.  This has led to development of a 10 day L. 
plumulosus test with survival and growth as endpoints.  This new L. plumulosus test is similar to 
the U.S. EPA 10-d H. azteca survival and growth test (U.S. EPA, 2000) with the exception of 
estuarine water renewals and ground tetramin as the food source.  In preliminary research, this 
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10-d test has proven to be of equal sensitivity as the 28 d chronic test with L. plumulosus (Ziegler 
and Fisher, 2006). 
  
 

MATERIALS AND METHODS 
 
Sample Stations 
 Seven stations in the Little Blackwater River watershed were sampled in this study:  
BNWR 01, 02, 03, 04, 05, 06 and 07.  The stations are upstream and downstream of a proposed 
development. The same stations were tested that were tested in the first year of the project 
(Fisher et al., 2007). Actual station locations and descriptions are presented in the main report for 
the project.  The station abbreviations, numbers, sediment collection dates and toxicity test dates 
for the two different amphipods are presented in Table 1.  As can be seen in Table 1, all of the 
stations were tested in the summer of 2007. 
  
 Sample Collection, Handling, and Storage 
 The USFWS group collected sediments for this study. The specific protocols for 
sediment collection, handling, storage, and for laboratory analyses were complementary to those 
described in the Quality Assurance Project Plan (QAPP) that was developed for Sediment 
Quality Triad projects in the Chesapeake Bay watershed (USFWS, 1999). Samples were 
collected at the sites on July 11 and 12, 2007. In brief, samples were taken with a stainless steel 
petite ponar grab (0.023 m2). Sediment toxicity samples from each site were composited.  At 
each site, the top 2 - 3 cm of several grabs were placed into a pre-cleaned stainless steel bowl and 
homogenized with a stainless steel spoon until uniform in color and texture. Once enough 
sediment was taken, sub samples were placed into separate pre-cleaned containers for sediment 
toxicological analyses and chemical analyses. Observations of sample acceptability, depth of 
penetration and qualitative characteristics (i.e., odor, color, etc) were recorded on field data 
sheets.  Care was taken to avoid sediments in direct contact with the sides of the grab sampler.  
Collected sediments were kept on ice in the dark in coolers. All containers for chemical, 
biological and toxicological analyses were labeled with the date, type of sample, and location. 
 
 All toxicity samples were transported to the WREC on ice in coolers, out of direct 
sunlight. The samples were held at the WREC in refrigerators in the dark at 4ΕC until initiation 
of the toxicity tests.  Sediments were not sieved prior to testing.  Because of the possible 
presence of indigenous L. plumulosus at Chesapeake Bay sample sites, sediments are generally 
sieved through a 500 Φm mesh stainless steel sieve prior to starting a 10-d test test. Sieving is 
done to remove indigenous organisms that might interfere with the tests. The samples from this 
system were mostly old decaying marsh which could not be sieved.  There were very little actual 
grainy sediments at any site. 
 
 At each site an additional sample was taken for Benthic Community Analysis (USFWS, 
1999).  In brief, a petite ponar grab (0.023 m2) sample was taken at each station, sieved through a 
500 µm mesh, and preserved in 10% buffered formalin containing rose bengal. These samples 
were delivered to the WREC along with the toxicity samples. The samples were then delivered 
by WREC staff to VERSAR, Inc. (9200 Rumsey Road , Columbia, MD 21045) for sorting, 
taxonomic identification and calculation of a Benthic Index of Biotic Intergrity (B-IBI) using the 
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methods of Weisberg et al. (1997) and Alden et al. (2002). Results from the B-IBI analyses will 
be presented in a separate report. 
 
Sediment Toxicity Tests 
 Sediment toxicity was assessed at all stations using the U.S. EPA 10-d Hyalella azteca 
whole sediment toxicity test method with survival and growth as endpoints (U.S. EPA, 2000). H. 
azteca for these tests were purchased from Chesapeake Cultures in Hayes, Va. This test method 
is summarized in Table 2. Overlying water for the H. azteca test was a 95/5 mix of freshwater 
and estuarine water to attain a conductivity of approximately 2,400 μmhos. All sediments were 
also assessed with a 10 day L. plumulosus test with survival and growth as endpoints. This test is 
similar to the U.S. EPA 10-d H. azteca survival and growth test described above with the 
exception of using an estuarine species, estuarine water renewals and ground tetramin as the food 
source. L. plumulosus were from cultures maintained at the WREC. This new L. plumulosus test 
method is summarized in Table 3. Overlying water for the L. plumulosus test was filtered 
estuarine water diluted to 5‰. The 10-d L. plumulosus test is a short-term chronic test similar to 
the chronic U.S. EPA 28-d L. plumulosus whole sediment toxicity test method except that it is 
only 10 days long and therefore has no reproduction endpoint (U.S. EPA/U.S. ACE, 2001). 
Experience with the L. plumulosus 28-day test in the past has shown a high variability in the 
reproduction endpoint and thus a limited ability to distinguish toxic sediments using this 
endpoint.  This has led to the development at our lab of a 10 day L. plumulosus test with survival 
and growth as endpoints.  Results from developmental work with the new10-d L. plumulosus test 
indicate that it as sensitive as the 28-d L. plumulosus test in detecting toxicity of sediment 
samples based on results from a dilution series of a toxic sediment containing a wide range of 
environmental contaminates from Baltimore Harbor, MD (Ziegler and Fisher, 2006).   

 
Test start dates are shown in Table 1.  Routine water chemistry was performed at the 

beginning of each renewal.  Overlying ammonia was measured at the beginning and end of each 
test while pore water ammonia was measured in a dummy beaker at test initiation if sufficient 
pore water could be extracted from the sediments by centrifugation. 
 
 The endpoints of the tests for both species were survival in each replicate and average 
growth in each replicate (mg dry weight /individual at test conclusion).  At the end of the tests, 
all replicate test beakers were sieved through a 500 Φm sieve to collect surviving adult 
organisms.  Adult dry weight was determined by drying at 100ΕC for at least 24 h.  Test 
acceptability criteria require ∃80% control survival and measurable control amphipod growth. 
 
Data Analysis 
 Statistical procedures for the analysis of the test data are presented in U.S. EPA/ACE 
(2001).  Proportion survival data were Arc Sine Square Root transformed before analysis.  Alpha 
was 0.05 for all statistical tests.  Data were assessed for normality and homogeneity of variance 
using the Chi-Square Test and the Bartlett’s Test, respectively.  All data were analyzed using a 
one-tailed test design to determine which sediments caused significant reductions from control 
endpoint data.  If the data met the assumptions of normality and homogeneity of variance they 
were analyzed by analysis of variance (ANOVA).  If ANOVA indicated a significant difference,  
post hoc comparisons between test sediment data and the control data were made using a 
Dunnett’s Test.  If the normality and/or homogeneity of variance assumptions were not met, the 
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data were analyzed using a Steel’s Many-One Rank Test.  If there were unequal replicate sizes in 
a dataset that was normal and had homogeneous variance, a parametric ANOVA was used 
followed by a Bonferroni’s t-test to determine any differences from the control data.  If there 
were unequal replicate sizes in a dataset that was not normal and/or had heterogeneous variance, 
a non parametric Wilcoxon Rank Sum test was used with a Bonferroni Adjustment to detect 
differences from control data.  If a sediment sample caused a reduction in survival, it was not 
included in the analyses of the sublethal growth endpoint.  Differences between day 0 and day10 
control amphipod dry weights were tested using a simple t-test to determine if there was 
significant growth in the control amphipods during the test period.   

 
RESULTS AND DISCUSSION 

 
Water Quality 
 Measurements for water quality during the various tests are given in Tables 4 for the H. 
azteca test and Table 5 for the L. plumulosus test. Pore water ammonia was relatively low in all 
test beakers, with a highest recorded value of 18.2 mg/L for any test sediment and 9.0 mg/L for 
any control sediment. Overlying ammonia was also low, with a highest recorded value of 3.5 
mg/L for any test sediment and 1.0 mg/L for any control sediment. These values are well below 
the level of 60 mg/L in pore water that would be considered a problem by the U.S. EPA (U.S. 
EPA/ACE, 2001) for L. plumulosus and below levels thought to be toxic to H. azteca (U.S. EPA, 
2000). The test sediment with the highest pore water and overlying ammonia concentrations was 
not toxic (BNWR 01). Values for pH were acceptable for all test and control sediments. No 
values for dissolved oxygen (DO) measured during the tests were below the acceptable level of 
2.5 mg/L for H. azteca (U.S. EPA, 2000) or 3.6 mg/L for L. plumulosus (U.S. EPA/ACE, 2001). 
The lowest recorded DOs in the H. azteca and L. plumulosus tests were 4.4 mg/L and 4.0 mg/L, 
respectively. 
 
Sediment Toxicity Tests 
 Performance criteria of ∃80% amphipod survival in the H. azteca and L. plumulosus 
control treatments were obtained in both 10-d toxicity tests (Appendices A-1 and A-2).  In 
addition, there was statistically significant amphipod growth in all control treatments of both 10-
d tests.  Control amphipods in the H. azteca test grew by 2.4 times while control amphipods in 
the L. plumulosus test grew by 5.5 times.  
 
 None of the sediment samples from the Little Blackwater River study collected in 2007 
were toxic to Hyalella azteca (Table 6).  There were no significant reductions from control 
treatments in these sediments for either survival or growth.  Individual replicate data and mean 
data for all control and test endpoints for these sediment tests are found in Appendix A-1. 
 
 None of the sediments samples from the Little Blackwater River study collected in 2007 
were toxic to Leptocheirus plumulosus (Table 6).  There were no significant reductions from 
control treatments in these sediments for either survival or growth.  Individual replicate data and 
mean data for all control and test endpoints for these sediment tests are found in Appendix A-2.    

 
CONCLUSION 
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Performance criteria for survival and growth were obtained from all toxicity tests.  None 
of the sediments collected in 2007 were toxic based on the results of these 10-d tests with 
Hyalella azteca and Leptocheirus plumulosus.   
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Table 1. Little Blackwater River station names and dates of sediment collection and toxicity tests 
for 2007. 

 
Station  
Name 

 10-d Toxicity Test Dates 
Sample Collection Dates Hyalella azteca Leptocheirus  plumulosus 

BNWR 01 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 
BNWR 02 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 
BNWR 03 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 
BNWR 04 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 
BNWR 05 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 
BNWR 06 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 
BNWR 07 7/11-12/07 7/17/07 – 7/27/07 7/17/07 – 7/27/07 

 



Table 2. Test conditions for 10-d whole sediment toxicity test with Hyalella azteca. 
 
1. Test type     Whole sediment, static renewal of overlying water 
 
2. Temperature    23 ± 1ΕC 
 
3. Overlying water    95:5 well/filtered estuarine water mix to attain a 

conductivity of approximately 2,400 μmhos  
                                
4. Renewal of overlying water  2 volume additions/d  
 
5. Light     Wide-spectrum fluorescent lights, 100 to 1000 lux 
 
6. Photoperiod     16:8 (L/D) 
 
7. Test chamber    300 mL lip-less beaker with screened hole for water 
      renewal (Randomly assigned on test table) 
 
8.  Sediment volume    100 ml 
 
9.  Overlying water volume   175 ml 
 
10. Size and life stage of amphipods  7- to 14-d old; size sorted on nested 710 and 500 
      μm mesh sieves 
 
11. Number of organisms/replicate  10 (Randomly assigned to test replicates) 
 
12. Number of replicates   8 
 
13. Feeding     1.0 ml YCT daily 
 
14. Aeration     none 
 
15. Water quality    Alkalinity, hardness, and total ammonia at 

beginning and end of test. Temperature, D.O., and 
pH daily. Porewater ammonia in dummy 

      beaker at test initiation. 
 
16. Test duration    10 d 
 
17. Endpoints     Survival and growth (mg/ind) 
 
18. Performance criteria   Control survival > 80% 
      Measurable growth in control amphipods 
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Table 3. Test conditions for 10-d whole sediment toxicity test with Leptocheirus plumulosus. 
 
1. Test type     Whole sediment, static renewal of overlying water 
 
2. Temperature    25 ± 1ΕC 
 
3. Overlying water    Filtered Wye River water diluted to 5 ppt 
                                
4. Renewal of overlying water  2 volume additions/d  
 
5. Light     Wide-spectrum fluorescent lights, 100 to 1000 lux 
 
6. Photoperiod     16:8 (L/D) 
 
7. Test chamber    300 mL lip-less beaker with screened hole for water 
      renewal (Randomly assigned on test table) 
 
8.  Sediment volume    100 ml 
 
9.  Overlying water volume   175 ml 
 
10. Size and life stage of amphipods  neonates; size sorted on nested 710 and 500 :m 

mesh sieves 
 
11. Number of organisms/replicate  10 (Randomly assigned to test replicates) 
 
12. Number of replicates   8 
 
13. Feeding     Daily - TetraMin (ground and sieved to 250 μm) 
 
14. Aeration     none 
 
15. Water quality    Salinity, pH and total ammonia at beginning  

and end of test. Temperature and D.O. daily. Pore 
water ammonia in dummy beaker at 

      test initiation. 
 
16. Test duration    10 d 
 
17. Endpoints     Survival and growth (mg/ind) 
 
18. Performance criteria   Control survival > 80% 
      Measurable growth in control amphipods 
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Table 4. Water chemistry summary for the 2007 Little Blackwater River 10-d amphipod Hyalella 
azteca sediment toxicity test [mean (S.D.) unless otherwise stated]. 

 

Test and DO pH Temp Conductivity Alkalinity Hardness Overlying Porewater (day 0)

Station  mg/L range °C μmhos mg/L mg/L Ammonia(mg/L) Ammonia 
(mg/L) 

pH 
 

          CaCO3 CaCO3 day 0 day 10 

Control 7.4(0.75) 7.36-8.24 23.6(0.35) 2900(*) * 248(*) 0.47 * 9 7.77

BNWR 01 6.0(0.60) 6.81-7.51 23.5(0.42) 2350(70.7) 78(3.5) 284(50.9) 4.42 0.71 2.52 6.51

BNWR 02 5.7(0.67) 6.83-7.44 23.5(0.44) 2350(70.7) 155(56.6) 296(45.3) 4.68 0.47 18.2 7.25
BNWR 03 6.1(0.93) 7.35-7.77 23.5(0.43) 2550(70.7) 128(3.5) 320(17.0) 0.92 0.55 9.9 7.29
BNWR 04 6.3(1.09) 7.40-7.85 23.5(0.34) 2500(141.4) 123(3.5) 308(28.3) 0.98 2.44 11 7.45
BNWR 05 6.5(1.01) 7.35-7.91 23.4(0.34) 2500(0.0) 118(3.5) 326(8.5) 1.04 1.01 8.1 7.51
BNWR 06 6.6(0.99) 7.52-7.92 23.4(0.32) 2550(70.7) 113(10.6) 304(5.7) 0.58 3.4 5.7 7.39
BNWR 07 6.2(1.13) 7.25-7.77 23.4(0.32) 2450(70.7) 103(17.7) 300(28.3) 0.91 2.3 8.2 7.31

 
 
 
Table 5. Water chemistry summary for the 2007 Little Blackwater River Leptocheirus 

plumulosus sediment toxicity test [mean (S.D.) unless otherwise stated]. 
 

Station DO pH Temp Salinity Overlying Porewater (day 0) 
  mg/L range °C (‰) Ammonia (mg/L) Ammonia (mg/L) 

 
pH 

           day 0 day 10 
Control  5.9(0.82) 7.00-7.96 24.6(0.36) 5.0(0.0) 0.82 0 9 7.77 
BNWR 01 5.3(0.98) 6.98-7.54 24.6(0.42) 5.0(0.0) 4.36 0.87 25.2 6.51 
BNWR 02 5.1(0.93) 7.04-7.62 24.6(0.40) 5.0(0.0) 1.42 0.38 18.2 7.25 
BNWR 03 5.1(0.85) 7.34-7.85 24.6(0.45) 5.0(0.0) 1.55 0.36 9.9 7.29 
BNWR 04 5.1(0.81) 7.39-7.89 24.5(0.42) 5.0(0.0) 1.69 0.36 11 7.45 
BNWR 05 5.1(0.79) 7.44-7.94 24.5(0.42) 5.0(0.0) 0.99 0.43 8.1 7.51 
BNWR 06 5.2(0.93) 7.45-8.00 24.5(0.46) 5.0(0.0) 0.75 0.17 5.7 7.39 
BNWR 07 5.3(0.84) 7.24-7.88 24.5(0.44) 5.0(0.0) 1.86 0.59 8.2 7.31 
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Table 6. Summary of results from the 2007 Little Blackwater River sediment toxicity tests.  
Shaded areas are endpoint values that were significantly less than control values for that 
specific test (α = 0.05).  

 

Station 

Hyalella azteca Leptocheirus plumulosus 
Survival Growth Survival Growth 

% (mg) % (mg) 
 Control 97.5 0.19 91.3 0.33 
 BNWR 01 97.5 0.25 88.8 0.39 
 BNWR 02 97.5 0.27 96.3 0.40 
 BNWR 03 95.0 0.22 90.0 0.40 
 BNWR 04 92.5 0.23 92.5 0.44 
 BNWR 05 88.8 0.21 88.8 0.44 
 BNWR 06 93.8 0.22 83.8 0.38 
 BNWR 07 92.5 0.24 92.5 0.35 
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A-1. 2007 Little Blackwater River amphipod Hyalella azteca 10 day survival and growth 
sediment toxicity test results (7/17-7/27/07).  An * indicates a treatment significantly < 
the control (% = 0.05).  

 
Treatment REP 
  

# Surviving 
amphipods 

0  Rep. 
dry wt. (mg) 

0 Treatment 
% Survival (SD)

0 Treatment 
mg. dry wt. (SD) 

Control  A 10 0.22   
Control  B 10 0.18   
Control  C 10 0.17   
Control  D 9 0.18 97.5 (4.63) 0.19 (0.018) 
Control  E 10 0.20   
Control  F 11 0.20   
Control  G 10 0.18   
Control  H 9 0.21   
BNWR 01 A 10 0.26   
BNWR 01 B 10 0.21   
BNWR 01 C 10 0.27   
BNWR 01 D 9 0.24 97.5 (4.63) 0.25 (0.022) 
BNWR 01 E 10 0.23   
BNWR 01 F 10 0.27   
BNWR 01 G 10 0.24   
BNWR 01 H 9 0.24   
BNWR 02 A 9 0.25   
BNWR 02 B 10 0.29   
BNWR 02 C 10 0.27   
BNWR 02 D 10 0.29 97.5 (4.63) 0.27 (0.019) 
BNWR 02 E 9 0.29   
BNWR 02 F 10 0.27   
BNWR 02 G 10 0.30   
BNWR 02 H 10 0.24   
BNWR 03 A 9 0.21   
BNWR 03 B 10 0.24   
BNWR 03 C 12 0.22   
BNWR 03 D 10 0.25 95.0 (7.56) 0.22 (0.021) 
BNWR 03 E 9 0.20   
BNWR 03 F 8 0.24   
BNWR 03 G 10 0.20   
BNWR 03 H 10 0.24   
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A-1. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

0  Rep. 
dry wt. (mg) 

0 Treatment 
% Survival (SD)

0 Treatment 
mg. dry wt. (SD) 

BNWR 04 A 10 0.18   
BNWR 04 B 10 0.16   
BNWR 04 C 10 0.24   
BNWR 04 D 10 0.24 92.5 (10.35) 0.23 (0.063) 
BNWR 04 E 7 0.23   
BNWR 04 F 9 0.21   
BNWR 04 G 9 0.37   
BNWR 04 H 9 0.23   
BNWR 05 A 6 0.27   
BNWR 05 B 10 0.21   
BNWR 05 C 9 0.20   
BNWR 05 D 9 0.18 88.8 (13.56) 0.21 (0.034) 
BNWR 05 E 10 0.25   
BNWR 05 F 9 0.22   
BNWR 05 G 8 0.23   
BNWR 05 H 10 0.17   
BNWR 06 A 10 0.21   
BNWR 06 B 10 0.22   
BNWR 06 C 9 0.25   
BNWR 06 D 10 0.22 93.8 (5.18) 0.22 (0.015) 
BNWR 06 E 9 0.22   
BNWR 06 F 9 0.21   
BNWR 06 G 9 0.21   
BNWR 06 H 9 0.25   
BNWR 07 A 10 0.24   
BNWR 07 B 10 0.25   
BNWR 07 C 10 0.21   
BNWR 07 D 10 0.19 92.5 (10.35) 0.24 (0.025) 
BNWR 07 E 10 0.25   
BNWR 07 F 8 0.25   
BNWR 07 G 8 0.26   
BNWR 07 H 8 0.27   
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A-1. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

0  Rep. 
dry wt. (mg) 

0 Treatment 
% Survival (SD)

0 Treatment 
mg. dry wt. (SD) 

Day 0 amphipod A1 10 0.09   
Day 0 amphipod B 10 0.05   
Day 0 amphipod C 10 0.11  0.08 (0.018) 
Day 0 amphipod D 10 0.07   
Day 0 amphipod E 10 0.07   
Day 0 amphipod F 10 0.07   
Day 0 amphipod G 10 0.07   
Day 0 amphipod H 10 0.07   
 
1These are the dry weights of the test amphipods at day 0 used to determine if there was 
measurable growth in the control amphipods as compared to the control amphipod weights at day 
10. 
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 A-2. 2006 Little Blackwater River amphipod Leptocheirus plumulosus 10 day survival and 
growth sediment toxicity test results (7/17-7/27/07).  An * indicates a treatment 
significantly < the control (% = 0.05).   

 
Treatment REP 
  

# Surviving 
amphipods 

0  Rep. 
dry wt. (mg) 

0 Treatment 
% Survival (SD)

0 Treatment 
mg. dry wt. (SD) 

Control  A 9 0.32   
Control  B 9 0.32   
Control  C 9 0.26   
Control  D 9 0.46 91.3 (6.41) 0.33 (0.061) 
Control  E 10 0.30   
Control  F 8 0.37   
Control  G 10 0.31   
Control  H 9 0.30   
BNWR 01 A 7 0.42   
BNWR 01 B 10 0.38   
BNWR 01 C 9 0.40   
BNWR 01 D 9 0.45 88.8 (9.91) 0.39 (0.042) 
BNWR 01 E 9 0.40   
BNWR 01 F 9 0.31   
BNWR 01 G 10 0.38   
BNWR 01 H 8 0.39   
BNWR 02 A 9 0.46   
BNWR 02 B 10 0.36   
BNWR 02 C 10 0.49   
BNWR 02 D 9 0.43 96.3 (5.18) 0.40 (0.052) 
BNWR 02 E 10 0.34   
BNWR 02 F 9 0.38   
BNWR 02 G 10 0.37   
BNWR 02 H 10 0.39   
BNWR 03 A 10 0.43   
BNWR 03 B 9 0.33   
BNWR 03 C 9 0.35   
BNWR 03 D 10 0.39 90.0 (9.26) 0.40 (0.061) 
BNWR 03 E 7 0.50   
BNWR 03 F 9 0.35   
BNWR 03 G 9 0.47   
BNWR 03 H 9 0.41   
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A-2. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

0  Rep. 
dry wt. (mg) 

0 Treatment 
% Survival (SD)

0 Treatment 
mg. dry wt. (SD) 

BNWR 04 A 10 0.37   
BNWR 04 B 8 0.38   
BNWR 04 C 10 0.47   
BNWR 04 D 9 0.48 92.5 (8.86) 0.44 (0.050) 
BNWR 04 E 10 0.39   
BNWR 04 F 10 0.49   
BNWR 04 G 9 0.49   
BNWR 04 H 8 0.42   
BNWR 05 A 9 0.47   
BNWR 05 B 9 0.42   
BNWR 05 C 8 0.45   
BNWR 05 D 9 0.44 88.8 (8.35) 0.44 (0.042) 
BNWR 05 E 10 0.40   
BNWR 05 F 8 0.38   
BNWR 05 G 8 0.51   
BNWR 05 H 10 0.47   
BNWR 06 A 8 0.39   
BNWR 06 B 7 0.34   
BNWR 06 C 9 0.41   
BNWR 06 D 9 0.41 83.8 (9.16) 0.38 (0.031) 
BNWR 06 E 8 0.40   
BNWR 06 F 10 0.34   
BNWR 06 G 8 0.40   
BNWR 06 H 8 0.35   
BNWR 07 A 10 0.35   
BNWR 07 B 8 0.38   
BNWR 07 C 10 0.35   
BNWR 07 D 9 0.42 92.5 (8.86) 0.35 (0.038) 
BNWR 07 E 10 0.34   
BNWR 07 F 8 0.31   
BNWR 07 G 9 0.30   
BNWR 07 H 10 0.38   
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A-2. Continued 
 
Treatment REP 
 

# Surviving 
amphipods 

0  Rep. 
dry wt. (mg) 

0 Treatment 
% Survival (SD)

0 Treatment 
mg. dry wt. (SD) 

Day 0 amphipod A1 10 0.05   
Day 0 amphipod B 10 0.06   
Day 0 amphipod C 10 0.06  0.06 (0.012) 
Day 0 amphipod D 10 0.06   
Day 0 amphipod E 10 0.07   
Day 0 amphipod F 10 0.08   
Day 0 amphipod G 10 0.04   
Day 0 amphipod H 10 0.06   
 
1These are the dry weights of the test amphipods at day 0 used to determine if there was 
measurable growth in the control amphipods as compared to the control amphipod weights at day 
10.
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INTRODUCTION 

 
Versar Inc., processed macrobenthic samples collected with a petite ponar from seven sites 
within the from the Little Blackwater River watershed. These samples were collected by the 
United States Fish and Wildlife Service (USFWS), Chesapeake Bay Field Office as part of a 
larger USFWS project entitled, “Effects of Urban Sprawl on Sediment Surface Water and Biota 
in the Little Blackwater River, Blackwater National Wildlife Refuge, Dorchester County, 
Maryland.” Benthic data collected from the stations are presented and discussed based on the 
Benthic Index of Biotic Integrity (B-IBI), which was developed for application to benthic com-
munities of the Chesapeake Bay (Weisberg et al. 1997, Alden et al. 2002). The B-IBI is used by 
the Chesapeake Bay Monitoring Program to characterize bay-wide benthic community condition 
and assess the health of the Bay. Results of the benthic community characterization will be used 
to assist the USFWS in the interpretation of sediment contaminant and toxicity tests also 
conducted at the stations. 

  
METHODS 

 
Laboratory Methods 
 

Laboratory methods followed the standard procedures employed for the Long-Term 
Benthic Monitoring Program (Llansó et al. 2005). In short, macrobenthic organisms were sorted 
from detritus under dissecting microscopes, identified to the lowest practical taxonomic level 
(most often species), and counted.  Oligochaete worms and chironomid larva were mounted on 
microscope slides and examined under a compound microscope for genus and species 
identification. Each taxon was dried to a constant weight at 60 °C, ashed in a muffle furnace at 
500 °C for 4 hours, and weighed again to obtain species-specific, ash-free dry weight. 

 
Benthic Index of Biotic Integrity (B-IBI) Calculation 
 
 The B-IBI is a multiple-attribute index developed to identify the degree to which a 
benthic assemblage meets the Chesapeake Bay Program's Benthic Community Restoration 
Goals. The B-IBI provides a means for comparing relative condition of benthic invertebrate 
assemblages across habitat types. It also provides a validated mechanism for integrating several 
benthic community attributes indicative of habitat "health" into a single number that measures 
overall benthic community condition. 

 

The B-IBI formula is habitat specific for salinity and sediment type.  For this study all 
stations were assigned to the low mesohaline salinity range (between 5.0 and 12.0 ppt), which is 
consistent with the long-term average of salinities within Baltimore Harbor (Llansó et al. 2005). 
For this salinity habitat, the B-IBI does not have a different metric thresholds based on sediment 
type so differentiation between sand and mud sediments was not necessary (Weisberg et al. 
(1997). The thresholds and formula for a low mesohaline habitat was calculated using the 
methods described in Weisberg et al. (1997) and updated by Alden et al. (2002).  
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 The B-IBI is scaled from 1 to 5, and sites with values of 3 or more are considered to meet 
the Restoration Goals.  The index is calculated by scoring each of several metrics as either 5, 3, 
or 1 depending on whether the value of the metric at a site approximates, deviates slightly from, 
or deviates strongly from values found at the best reference sites in similar habitats, and then 
averaging these scores across metrics to obtain a single score for a sampling site.  

 

The criteria for assigning these single numeric scores a designation of “health” are 
provided in Weisberg et al. 1997. In summary, benthic community condition is classified into 
four levels of “health” based on the B-IBI. Values less than or equal to 2 are classified as 
severely degraded; values from 2 to 2.6 are classified as degraded; values greater than 2.6 but 
less than 3.0 are classified as marginal; and values of 3.0 or more are classified as meeting the 
goals.  Values in the marginal category do not meet the Restoration Goals, but they differ from 
the goals within the range of measurement error (Alden et al 2002).  

 
Reporting 
 

All taxa identified and weighed for each station are listed in the station datasheets. 
Although epifauna taxa were sorted and identified from the samples, all taxa marked with Epi. 
are considered epifauna and are excluded from the data before calculating the B-IBI. At the 
bottom of each station table, the number of species, total abundance, and total biomass with and 
without the epifaunal taxa are presented. 

 
 In the middle of each station’s appendix table is a list of metrics that were used in the B-
IBI calculations for the low mesohaline habitat type. Not all metrics presented in the station 
printout are scored for this habitat type but the metric value is provided for informational 
purposes. If a score is not listed for a specific metric value then it is not scored for a low 
mesohaline habitat. Additionally, if certain species used in a metric calculation were not present 
in the sample, resulting in a 0 for the metric, the metric was not scored. If a true score of 0 was 
calculated, however, than the metric was scored. 
 

 
SUMMARY OF B-IBI DATA 

 
 As can be seen from the individual station data presented below, six of the seven 
samples collected did not contain a single organism. All of the azoic stations were located in the 
tidal fresh/oligohaline areas. The lack of even pollution tolerant oligochaete worms and 
chironomid larva, as were found in 2006 (Fisher, 2007), lead Lisa Scott to believe these stations 
were subjected to extended periods of anoxic waters. These pollution tolerant organisms are 
capable of rapid recruitment so the lack of any of them in the samples would also indicate that 
periods of low oxygen concentrations in the surrounding waters was still present during the time 
of sampling.  Again, it will be interesting to compare water quality data at the time of sampling 
to see what the actual dissolved oxygen levels were at these stations.  
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 The one station with organisms, Station 6, had some salt intrusion based on the 
presence of estuarine species, i.e., Edotea triloba (isopod), Gammarus daiberi (amphipod), 
Almyracuma proximoculi (cumacid), Eteone heteropoda and Streblospio benedicti (polychaete).  
As when sampled in 2006 (Fisher, 2007) this station failed the B-IBI with a score of 1.4.  The 
lack of abundance, biomass, and equilibrium-type organisms (i.e., clams and polychaetes) led to 
a metric score of 1 for all 5 metrics scored in the B-IBI.  Again, Lisa Scott would attribute this to 
extended periods of hypoxic or anoxic waters in the area. 
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                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 01                                                  | 
        |  Habitat: Tidal Freshwater                  Date: 2007                               Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.00                          Condition: Severely Degraded             # Attributes Scored: 4        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                     0             Pollution Indicative Spp. Abundance(%)          0      1   | 
        |  Abundance (#/m2)                         0     1       Limnodrilus Abundance(%)                        0          | 
        |  Biomass (g/m2)                           0             Tolerance Score                                 0      1   | 
        |  Carnivore-Omnivore Abundance(%)          0                                                                        | 
        |  Deep Deposit Feeder Abundance(%)         0     1                                                                  | 
        |                                                                                                                    | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  No organisms present                       |                   0              |                 0                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                   0              |                                   | 
        |  Total Abundance w/o Epi.                   |                   0              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   0              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   0              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |                 0                 | 
        |  Total Biomass w/o Epi.                     |                                  |                 0                 | 
        
=======================================================================================================
=============== 
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                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 02                                                  | 
        |  Habitat: Tidal Freshwater                  Date: 2007                               Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.00                          Condition: Severely Degraded             # Attributes Scored: 4        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                     0             Pollution Indicative Spp. Abundance(%)          0      1   | 
        |  Abundance (#/m2)                         0     1       Limnodrilus Abundance(%)                        0          | 
        |  Biomass (g/m2)                           0             Tolerance Score                                 0      1   | 
        |  Carnivore-Omnivore Abundance(%)          0                                                                        | 
        |  Deep Deposit Feeder Abundance(%)         0     1                                                                  | 
        |                                                                                                                    | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  No organisms present                       |                   0              |                 0                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                   0              |                                   | 
        |  Total Abundance w/o Epi.                   |                   0              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   0              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   0              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |                 0                 | 
        |  Total Biomass w/o Epi.                     |                                  |                 0                 | 
        
=======================================================================================================
=============== 
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                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 03                                                  | 
        |  Habitat: Oligohaline                       Date: 2007                               Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.00                          Condition: Severely Degraded             # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                     0             Pollution Indicative Spp. Abundance(%)          0      1   | 
        |  Abundance (#/m2)                         0     1       Pollution Sensitive Spp. Abundance(%)           0      1   | 
        |  Biomass (g/m2)                           0             Limnodrilus Abundance(%)                        0          | 
        |  Carnivore-Omnivore Abundance(%)          0     1       Tolerance Score                                 0      1   | 
        |  Deep Deposit Feeder Abundance(%)         0     1       Tanypodinae/Chironomidae Abundance Ratio        0      1   | 
        |                                                                                                                    | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  No organisms present                       |                   0              |                 0                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                   0              |                                   | 
        |  Total Abundance w/o Epi.                   |                   0              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   0              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   0              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |                 0                 | 
        |  Total Biomass w/o Epi.                     |                                  |                 0                 | 
        
=======================================================================================================
=============== 
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                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 04                                                  | 
        |  Habitat: Oligohaline                       Date: 2007                               Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.00                          Condition: Severely Degraded             # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                     0             Pollution Indicative Spp. Abundance(%)          0      1   | 
        |  Abundance (#/m2)                         0     1       Pollution Sensitive Spp. Abundance(%)           0      1   | 
        |  Biomass (g/m2)                           0             Limnodrilus Abundance(%)                        0          | 
        |  Carnivore-Omnivore Abundance(%)          0     1       Tolerance Score                                 0      1   | 
        |  Deep Deposit Feeder Abundance(%)         0     1       Tanypodinae/Chironomidae Abundance Ratio        0      1   | 
        |                                                                                                                    | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  No organisms present                       |                   0              |                 0                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                   0              |                                   | 
        |  Total Abundance w/o Epi.                   |                   0              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   0              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   0              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |                 0                 | 
        |  Total Biomass w/o Epi.                     |                                  |                 0                 | 
        
=======================================================================================================
=============== 
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                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 05                                                  | 
        |  Habitat: Oligohaline                       Date: 2007                               Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.00                          Condition: Severely Degraded             # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                     0             Pollution Indicative Spp. Abundance(%)          0      1   | 
        |  Abundance (#/m2)                         0     1       Pollution Sensitive Spp. Abundance(%)           0      1   | 
        |  Biomass (g/m2)                           0             Limnodrilus Abundance(%)                        0          | 
        |  Carnivore-Omnivore Abundance(%)          0     1       Tolerance Score                                 0      1   | 
        |  Deep Deposit Feeder Abundance(%)         0     1       Tanypodinae/Chironomidae Abundance Ratio        0      1   | 
        |                                                                                                                    | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  No organisms present                       |                   0              |                 0                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                   0              |                                   | 
        |  Total Abundance w/o Epi.                   |                   0              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   0              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   0              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |                 0                 | 
        |  Total Biomass w/o Epi.                     |                                  |                 0                 | 
        
=======================================================================================================
=============== 
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                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 06                                                  | 
        |  Habitat: Low Mesohaline                       Date: 2007                            Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.40                          Condition: Severely Degraded             # Attributes Scored: 5        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                  1.93     3       Pollution Indicative Spp. Abundance(%)       83.33     1   | 
        |  Abundance (#/m2)                       276     1       Pollution Sensitive Spp. Biomass(%)           0.00     1   | 
        |  Biomass (g/m2)                        0.02     1                                                                  | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Almyracuma proximoculi                     |                  23              |           0.00908                 | 
        |  Ceratopogonidae                            |                  23              |           0.00227                 | 
        |  Chironomus spp.                            |                 115              |           0.00227                 | 
        |  Edotea triloba     (Epi)                   |                 138              |           0.00908                 | 
        |  Eteone heteropoda                          |                  46              |           0.00227                 | 
        |  Gammarus daiberi     (Epi)                 |                  69              |           0.00681                 | 
        |  Streblospio benedicti                      |                  69              |           0.00227                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                 483              |                                   | 
        |  Total Abundance w/o Epi.                   |                 276              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   7              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   5              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |           0.03405                 | 
        |  Total Biomass w/o Epi.                     |                                  |           0.01816                 | 
        
=======================================================================================================
=============== 
 
                                                 BLACKWATER 2007 BENTHIC SUMMARY 
 
        
=======================================================================================================
=============== 
        |                                                  Station: BNWR 07                                                  | 
        |  Habitat: Oligohaline                       Date: 2007                               Gear: Young Grab              | 
        
=======================================================================================================
=============== 
        |                                        BENTHIC INDEX OF BIOTIC INTEGRITY                                           | 
        
=======================================================================================================
=============== 
        |  B-IBI Score: 1.00                          Condition: Severely Degraded             # Attributes Scored: 6        | 
        |                                       Value   Score                                                  Value   Score | 
        |  Shannon-Wiener Index                     0             Pollution Indicative Spp. Abundance(%)          0      1   | 
        |  Abundance (#/m2)                         0     1       Pollution Sensitive Spp. Abundance(%)           0      1   | 
        |  Biomass (g/m2)                           0             Limnodrilus Abundance(%)                        0          | 
        |  Carnivore-Omnivore Abundance(%)          0     1       Tolerance Score                                 0      1   | 
        |  Deep Deposit Feeder Abundance(%)         0     1       Tanypodinae/Chironomidae Abundance Ratio        0      1   | 
        |                                                                                                                    | 
        
=======================================================================================================
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=============== 
        |                                        BENTHIC ABUNDANCE (per sq. meter)                                           | 
        
=======================================================================================================
=============== 
        |                TAXA                         |              Abundance (#/m2)    |         Biomass (g/m2)            | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  No organisms present                       |                   0              |                 0                 | 
        ---------------------------------------------------------------------------------------------------------------------- 
        |  Total Abundance w/ Epi.                    |                   0              |                                   | 
        |  Total Abundance w/o Epi.                   |                   0              |                                   | 
        |  Number of Taxa w/ Epi.                     |                   0              |                                   | 
        |  Number of Taxa w/o Epi.                    |                   0              |                                   | 
        |  Total Biomass w/ Epi.                      |                                  |                 0                 | 
        |  Total Biomass w/o Epi.                     |                                  |                 0                 | 
 



Appendix C 
Fish community characterization: Year 1(2006) and Year 2 (2007). 
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Background 

 
In support of the Sediment Quality Triad (SQT) study conducted by the Chesapeake Bay 

Field Office (CBFO) at the request of Blackwater National Wildlife Refuge (BNWR), the 
Maryland Fishery Resources Office (MFRO) sampled fish populations within the study area. The 
purpose of these collections was to characterize fish community composition within the 
immediate vicinity of sediment and benthic sampling. Fish sampling occurred at the same 
locations, and during the same time and dates, as other SQT sampling. 
 

Methods 
 

A total of seven sites were sampled which included five sites on the Little Blackwater 
River, one site on Coulson Pond (also referred to as the Tower Site) on the Blackwater River, 
and one site on Buttons Creek.  During each sampling event, salinity was measured using a YSI 
(Yellow Springs Instruments, Inc.) at each sampling location. 
 
Fish, and non-targeted macroinvertebrates and herpetofauna, were collected using fyke nets (2.5 
cm mesh, 15.2 m single lead line), which were set for approximately 24 hours.  Nets were 
deployed with the lead line staked to an existing shoreline (marsh or upland edge), oriented 
perpendicular to the shoreline, with the cod end of the net staked channelward in deeper water.  
Prior to nets being deployed, a bullet float was placed in the cod end of each net to provide an air 
pocket.  The air pocket prevented the inadvertent killing of non-targeted species, such as turtles.  
Fishing depths averaged 0.3 m to 1.2 m.  When retrieving the net, each fish, crab, or turtle was 
identified to species, counted, and released.  For each fish species encountered, 10 individuals 
were measured for total length (mm). 
 

Results 
 
Seven sites were sampled in 2006 (1 fyke net per site, 24 hour sets) and five sites were sampled 
in 2007, for a total of 288 sampling hours.  Equipment failure (boat engine) in 2007 resulted in 
sampling not occurring on two of the intended sites (mouth of the Little Blackwater River and 
Coulson Pond).  Collections over the two year period included 22 vertebrate species, 
encompassing 1,889 individual animals (Figures 1 and 2 – Total Species Abundance and 
individual sampling locations).  272 individuals were collected in 2007, and 1,617 were collected 
in 2006.  The difference in total species abundance between years was attributed to large 
numbers of white perch and brown bullhead being collected in 2006.  2007 samples included 
three species not observed in 2006; goldfish, white catfish, and largemouth bass.  
 
The five sites on the Little Blackwater River covered all salinity regimes occurring throughout 
the length of the river (e.g. range of    0-6 ppt).  The salinity at the other two sites averaged 
around 6 ppt. 
 
For baseline data considerations, length frequency distribution graphs were created for three 
abundant species, which included brown bullhead, white perch, and black crappie.  This 
information is presented in Figures 3, by sampling location. 
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Discussion 

 
Referring to Figures 1 and 2, changes in species composition between sampling locations reflect 
the salinity regimes encountered during sampling.  As an example, upriver sites within the  Little 
Blackwater River were dominated by brown bullhead, black crappie, blue gill, and freshwater 
turtles.  Lower Little Blackwater River locations (where salinity approaches 6 ppt) exhibited 
increases in numbers of pumpkinseed, white perch, blue crabs, and diamondbacked terrapins.  
Throughout the entire study area, brown bullhead, white perch, and black crappie occurred in the 
greatest numbers.   



 
PHOTOS And FIGURES 
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Photo 1:  Fyke Net Shown on Land 
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Photo 2:  Fyke Net Deployed in Water
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Figures 1
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Figures 1 (continued)
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Figures 2
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Figures 2 (continued) 
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Figures 3
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Figures 4 
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Appendix D 
Analytical Control Facility report: Year 1 (2006) and Year 2 (2007). 
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