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EXECUTIVE SUMMARY

In accordance with the Clean Water Act (CWA) (Federal Water Pollution Control Act of 1972) as
amended, the Washington Aqueduct Division of the Baltimore District COE is currently under permit to
discharge into the Potomac River water and sediment from two basins at Dalecarlia Reservoir and two
basins at Georgetown Reservoir. Discharge to the river occurs at three outfalls (Figure E-1): Outfall 002
(Dalecarlia), Outfall 003 (Georgetown), and Qutfall 004 (Georgetown). The discharge must comply with
effluent limitations, monitoring requirements, and special conditions mandated in the U.S. Environmental
Protection Agency's (U.S. EPA's) National Pollutant Discharge Elimination System (NPDES), Parts I-III.
The Dalecarlia WTP discharges are authorized by NPDES Permit No. DC0000019, which was issued on
3 May 1989 and expires on 2 May 1994.

This study was undertaken to comply with Part III (Special Conditions) of the NPDES permit, which
requires that the Washington Aqueduct implement a study to determine the impacts of discharges from
the sedimentation basins on the Potomac River. The special conditions requirement was added to the
NPDES permit to ensure compliance with the CWA. EPA will use the results of this study to determine
whether effluent limitations in the current permit need to be modified. '

The impact study had the following objectives:
® (Characterize the aquatic habitat conditions within the study area.

® Determine the composition, abundance, richness, and diversity of macroinvertebrates of the receiving
river in the study area prior to and following discharge.

® Characterize the physical and chemical characteristics of the receiving water in the study area prior
to and following discharge.

¢ Determine the concentrations of iron and aluminum in the river bottom sediments and in the discharge
from the sedimentation basins into the receiving waters.

® Determine, by bioassay, the toxicity of the discharges on fathead minnow larvae.

Field sampling occurred during baseline and post-discharge events conducted betweer October, 1991 and
March, 1992. Data collection included in situ water quality measurements, water quality sampling in the
river, sediment sampling in the river and sedimentation basins, benthic invertebrate sampling in the river,
and sludge and effluent toxicity testing at each of the basins. Sampling in the river was conducted along
a series of 6 transects that were located in the area from immediately above Little Falls Dam to just below
Key Bridge.
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W Outfalls (¥)
Dalecarila Filtration Piant
Chaln Bridge

Figure E-1. Location of the reservoirs and discharge points (Outfall 002, Outtaill 003, and Outfall
004).

Water quality, sediment chemistry, benthic invertebrate, and laboratory toxicity test results were evaluated
to identify effects of effluent and sludge discharges on the Potomac River. The data indicate that the
study area is extremely heterogeneous, both spatially and temporally. It appears that the river bottom in
this area is subject to constant disturbance by high flows and resulting scour. Water quality sampling data
(i.e., dissolved oxygen concentration, water temperature, pH, and conductivity) from the river appeared
to be driven primarily by rainfall events. Benthic communities were characteristic of disturbed, poor-
quality systems. Sediment chemistry in the sedimentation basins, as reflected in aluminum and iron
concentrations, was generally similar to that of the river under baseline conditions; aluminum was in the
same concentration range, while iron concentrations in the basins were one-half to one-third those in the
river. There was no evidence of toxicity from either the effluent or the sludge on fathead minnow larvae.
In summary, there were no observed impacts from the sedimentation basin discharges on the water
quality, sediment chemistry, benthic biota, or representative fishes of the Potomac River.
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1.1

SECTION 1. INTRODUCTION

BACKGROUND

The Dalecarlia Water Treatment Plant (WTP), operated by the Washington Aqueduct Division of the
Baltimore District Corps of Engineers (COE), is located in the Georgetown area of Washington, DC.
The WTP has two reservoirs, Dalecarlia Reservoir and Georgetown Reservoir, located approximately 2
miles apart. Each reservoir has two operational sedimentation basins. The phases of the water treatment
process are described as follows (Degugmen, 1992, personal communication):

Water is collected from the Potomac River through an intake located at Little Falls Dam.

The water is routed to either the Dalecarlia or Georgetown Reservoir where it is allowed to settle
for a period of approximately 24 to 48 hours.

Water is routed to the sedimentation basins after being treated with aluminum sulfate (alum),
which removes nutrients, silt, organic matter, and turbidity from the water. Aluminum sulfate
added to water with carbonate alkalinity creates aluminum hydroxide in the form of a visible floc
that settles to the bottom of the basins. Nutrients, silt, and organic matter sorb to the aluminum
hydroxide, and hydrogen ions are produced. This process tends to lower the pH of the water.
The degree to which pH moves toward the acid range is dependent upon the alkalinity of the
water. If the pH falls below 6.0, toxic forms of aluminum will be more abundant; however, if
the pH remains in the range of 6-8, the nontoxic forms of aluminum will remain (Cooke and
Carlson, 1989).

Water is directed from the sedimentation basins through a filter consisting of charcoal, sand, and
gravel.

The pH of the water is measured and subsequently adjusted to approximately 7.9-8.2 by the
addition of lime (calcium oxide).

The water is treated with chlorine at a concentration of 2.1-2.5 mg/L resulting in residual chlorine
concentration of 0.5-0.6 mg/L.. At this point, the water is also treated with fluoride
(hydrosluosilic acid) at a concentration of 1.0 mg/L + 20%.

The water is distributed for potable use.

In accordance with the Clean Water Act (CWA) (Federal Water Pollution Control Act of 1972) as
amended, the Washington Aqueduct Division of the Baltimore District COE is currently under permit to
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discharge water and sediment into the Potomac River from two basins at Dalecarlia Reservoir and two
basins at Georgetown Reservoir. Discharge to the river occurs at three outfalls (Figure 1-1): Outfall 002
(Dalecarlia), Outfall 003 (Georgetown), and Outfall 004 (Georgetown). The discharge must comply with
effluent limitations, monitoring requirements, and special conditions mandated in the U.S. Environmental
Protection Agency's (U.S. EPA) National Pollutant Discharge Elimination System (NPDES), Parts I-Iil.
The Dalecarlia WTP discharges are authorized by NPDES permit No. DC0000019, which was issued on
3 May 1989 and expires on 2 May 1994. The limitations set forth in this permit are summarized in Table
1-1. These limitations define the environmental conditions required for discharges to occur.

1.2 PURPOSE Table 1-1. Conditions required for discharges
in accordance with the terms of the
Dalecarlia WTP NPDES permit.

This study was undertaken to comply with Part Il  uemses——————————————

(Special Conditions) of the NPDES permit, which
requires that the Washington Aqueduct implement
a study to determine the impacts of discharges
from the sedimentation basins on the Potomac ?:;LT;‘Q’&?D) 31%%0

River. The special conditions requirement was '

added to the NPDES permit to ensure compliance i "
with the CWA. EPA will use the results of this

study to determine whether effluent limitations in the current permit need to be modified.

Parameter Critical Lower Value

The impact study had the following objectives:
® Characterize the aquatic habitat conditions within the study area.

® Determine the composition, abundance, richness, and diversity of macroinvertebrates of the
receiving river in the study area prior to and following discharge.

® Characterize the physical and chemical characteristics of the receiving water in the study area
prior to and following discharge.

® Determine the concentrations of iron and aluminum in the river bottom sediments and in the
discharge from the sedimentation basins into the receiving waters.

® Determine, by bioassay, the toxicity of the discharges on fathead minnow larvae.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
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Figure 1-1. Location of the reservoirs and discharge points (Outfall 002, Outfall 003, and Outfall 004).
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SECTION 2. METHODS

The methods utilized for the collection of water, sediment, and benthic macroinvertebrate samples are
described in this section. In addition, the techniques employed in the toxicity bioassay are described.

2.1 SAMPLING DESIGN

Prior to sampling, the original study plan was reviewed by Dynamac personnel and the COE.
Modifications were made to the sampling methodology based on knowledge of conditions of the Potomac
River in the study area. These modifications were coordinated with relevant personnel (i.e., Mr. James
Green) at the U.S. EPA via the COE. A reconnaissance survey of the study area was conducted, prior
to sampling, by Dynamac personnel and COE. Modifications were made, as necessary, to the locations
of the sampling stations based on the conditions in the river. These modifications were approved by the
U.S. EPA via the COE. The layout of the selected sampling stations and the methodology of the
sampling schedule are discussed below.

2.1.1 Sampling Station Locations

The locations of the field sampling stations were selected by Dynamac staff in consultation with the COE.
A total of six stations were identified, ranging in distance from just upstream of Little Falls Dam to just
downstream of the Francis Scott Key Bridge in Georgetown (Figure 2-1). Two of these stations
(Transects 1 and 4) were employed as controls (each located directly upstream of the outfall locations).

Each station consisted of a transect running perpendicular to the centerline of the river. Three sampling
locations were selected along each transect (i.e., a discrete left, center, and right sampling location). To
eliminate confusion and maintain consistency, the upstream direction was arbitrarily designated as north;
therefore, when facing upstream, the left sampling location was west and the right sampling location was
east. The 6 transects, each with 3 sampling locations, represent a total of 18 sampling locations.

2.1.2 Sampling Schedule

The sampling design was based on two types of sampling events: baseline and post-discharge. One
baseline survey and four post-discharge surveys (one following the discharge event from each of the
sedimentation basins) were to be conducted. The purpose of the baseline sampling was to characterize
the ambient conditions in the river prior to any discharge impacts. Each of the six transects was included
in the baseline survey. Sludge samples were also collected from each of the four sedimentation basins
during the initial baseline survey. The purpose of the post-discharge sampling was to characterize water
quality and macroinvertebrate communities in the river following discharge of the sedimentation basins.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
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Five transects were sampled following discharge of each of the Dalecarlia Reservoir basins: Transect 1
served as the control station, and Transects 2, 3, 4, and 6 served as treatment stations. Three of the
transects were sampled following discharge of each of the Georgetown Reservoir basins: Transect 4
served as the control station, and Transects 5 and 6 served as treatment stations. In addition, bottom
sludge and effluent samples were collected from the appropriate basin during each discharge event for use
in the toxicity bioassay. Based on the assumption that the contents of the two sedimentation basins at each
reservoir would be identical, the original plan required that the toxicity bioassay be conducted on only
one basin from each of the reservoirs. To verify this assumption, an attempt was made to conduct the
bioassay on all four basins. However, effluent samples were not collected from one sedimentation due
to an equipment failure, and subsequently toxicity bioassays were conducted for only three sedimentation
basins.

The sampling schedule for this study was highly dependent on river flow and river turbidity. Release
from each of the basins was contingent upon receiving adequate rainfall to raise river flow and ensure
turbidity to the levels mandated by the NPDES permit.

o Dalecaria Filration Plant
Chain Bridge

Figure 2-1. Locations of the sampling stations.
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2.2 WATER QUALITY

Water quality samples were collected at the Table 2-1. Methods used in the analysis of
appropriate transects during the baseline surveys water quality and sediment
and each of the post-discharge surveys. Water L
samples were collected at mid-depth at the center

location of each transect. Water samples were
analyzed by Martel Laboratory Services, Inc. Water Quality:

Parameter Method

(Martel), Baltimore, MD, for turbidity, 5-day Turbidity EPA 180.1
biochemical oxygen demand (BOD)), total BOD EPA 405.1

Oxyg o Total suspended solids EPA 160.2
suspended solids, total aluminum, total iron, and Total aluminum EPA 200.7
alkalinity. Table 2-1 lists the analytical methods Total iron EPA 200.7
used for water quality and sediment analyses. In Total alkalinity EPA 310.1
addition, in situ water quality parameters were Sediments:
measured at 1-meter intervals from water surface Total aluminum EPA 200.7
to bottom at each water sample collection location Total iron EPA 200.7

P ! Particle size ASTM D422-63

using a Hydrolab Surveyor II instrument. In situ
parameters included water temperature, pH, -
dissolved oxygen concentration, and conductivity.

2.3  SEDIMENT CHEMISTRY

Three sediment samples were collected from each of the four sedimentation basins during the initial
baseline survey. Each sample consisted of at least two grabs with a 9- by 9-inch Ponar dredge. The
number of grabs was dictated by the number required to yield at least 700 cm? of sediment. The basins
were not sampled during subsequent baseline surveys because it was assumed that the nature of the
sediments would not have changed.

During each sampling event, two bottom sediment samples were collected at each of the three sampling
locations along every transect in the river. Each sample consisted of at least two grabs with the Ponar

dredge. Again, the number of grabs was dictated by the number required to yield at least 700 cm? of
sediment.

All sediment samples were placed in laboratory-provided 8-0z (237 mL) containers and shipped to Martel
for analysis. Sediment samples were analyzed for total aluminum and total iron. In addition, a portion
of the sediment samples (one each from the west, center, and east locations at each of the six transects)
collected during the initial baseline survey was analyzed for particle size distribution.
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2.4  BENTHIC MACROINVERTEBRATES

During each river sampling event, two benthic macroinvertebrate samples were collected at each of the
three sampling locations on each stream transect using a Ponar grab dredge (resulting in six samples per
transect). The quantity of sediment retrieved in each grab sample was very variable. This variability
required a method for standardizing the volume of sediment associated with the benthic invertebrate
samples. The depth of total collected sediment in a 5-gallon bucket was recorded as a means of
quantifying sediment volume associated with each sample.

Macroinvertebrate samples were sieved through a Nitex mesh with 560-micron mesh openings to remove
small sediment particles and debris. The sieved macroinvertebrate samples were then placed in
containers, preserved with 10% formalin, and stained with rose-bengal dye.

Macroinvertebrate samples were shipped to Cove Corporation (Cove), Lusby, MD, where they were
sorted, identified to the lowest practicable taxon, enumerated, and preserved in 70% alcohol for long-term
storage. Family level was determined to be the lowest practicable taxon for benthic macroinvertebrate
identification. '

Macroinvertebrate data were evaluated for abundance, composition, richness, and diversity of organisms.
Measures of species diversity were calculated using the Shannon Diversity Index (SDI)(Washington,
1984):

Shannon's H = - Y p, log p,

i=1

where:
pi =n/n.
n, = total number of individuals in the i" taxon.
n total number of individuals.

total number of taxa.

SDI was calculated with macroinvertebrate data identified to the family level. In general, all specimens
used to calculate SDI should all be identified to the same taxonomic level. However, not all specimens
collected in this study were identified to the family level because some specimens were either damaged
or too small to identify, or were of taxa that are not typically identified to family level. Approximately
17% of the benthic. macroinvertebrates fell into this category. As a result, some specimens were only
identified to the order or class level. To address this limitation of the data, the SDI calculations were
conducted using individuals identified only to order or class under the following assumptions:
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1. If there was only 1 individual that was identified to any given order or class in a particular
sample, then it was assumed to represent only one family and was used directly as a single
member of a single unknown family in calculating the SDI.

2. For situations in which there was more than 1 individual identified to an order or a class and
therefore possibly more than one family in the sample, a series of SDI values were calculated
representing the different possible combinations of number of families and individuals within each.
For example, if there were only 2 individuals, the SDI was calculated as if they were both in the
same family and then as if they were in different families. In situations in which there were more
than 2 specimens in an order or class the SDI was calculated for the highest number of possible
taxa and the lowest number of possible taxa to develop the range of SDI's. The data are
presented as high and low SDI values.

3. The possibility of new unidentified families was not considered in the SDI calculations. All
specimens not identified to family were considered to be in a family previously identified in the

study.

Hilsenhoff"s (1988) Family Biotic Index (FBI) was calculated as an indicator of water quality conditions:

i: (n )
FBI =8
»n
where:
t, = tolerance value of the i taxon.
s = total number of families.

Tolerance values were assigned according to tolerance values developed by Hilsenhoff (1988) and Bode
(1988). Tolerance values that were unavailable for certain families were determined using best
professional judgment and other references, including Barnes (1987) and McCafferty (1981). FBI
tolerance values can range from 0 to 10. A value of 0 is assigned to taxa found only in unaltered streams
(i.e., high water quality), and a value of 10 is assigned to taxa found in disturbed or severely polluted
streams (i.e., poor water quality). The water quality classifications corresponding to FBI values 0-10 are
presented in Table 2-2.

The family-level biotic index tends to underestimate levels of pollution in polluted streams and
overestimate levels of pollution in unpolluted streams because tolerance values assigned to families are
less precise. A family may consist of a number of species with a wide range of tolerance values;
however, when a tolerance value is assigned at the family level, the variation in tolerances of the species
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Table 2-2. Water quality classifications associated with Hilsenhotf’s (1988) FBI.
L ]

FBI Value Water Quality Degree of Organic Pollution
0.00-3.75 Excellent Organic poliution unlikely
3.76-4.25 Very good Possible slight organic poliution
4.26-5.00 Good Some organic pollution probable
5.01-5.75 Fair Fairly substantial pollution likely
5.76-6.50 Fairly poor Substantial poliution likely
6.51-7.25 Poor Very substantial pollution likely
7.26-10.00 Very poor Severe organic pollution likely

Source: Hilsenhoff (1988).

is minimized. Thus, the family-level biotic index may not be as accurate as a biotic index based on
genus/species tolerance levels. The resuiting data should be viewed accordingly (Hilsenhoff, 1988).

2.5 SEDIMENT TOXICITY

Bioassays consisting of chronic 7-day sediment toxicity tests were conducted using effluent and sludge
samples collected from each basin.

2.5.1 Effluent and Sludge Sample Collection

Two types of samples were collected in association with the sedimentation pond discharges: effluent
water and sludge. Effluent samples were collected during the draining of each pond from the drainage
system manholes. These samples were collected using submersible pumps and automated samplers.
Sludge samples were collected directly from each basin after the draining was completed and before the
rinsing process began. The effluent samples did not include basin rinse water; however, the sludge
samples were considered to represent worst case discharge conditions. Following collection, effluent and
sludge samples were shipped on ice to the University Center for Environmental and Hazardous Materials
Studies (Department of Biology) at Virginia Polytechnic Institute and State University, where the 7-day
chronic bioassays were conducted.

2.5.2 Bioassay

Potential survival and impairment effects of effluent and sludge (from each basin) to fathead minnows
(Pimephales promelas) were tested using U.S. EPA (1989) guidelines in a static renewal, 7-day chronic
bioassay. The methodology used in the 7-day chronic bioassays is described in full detail in the report
titled "Chronic Impairment of Testing of Fathead Minnow (Pimephales promelas) to Dalecarlia and
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Georgetown Water Treatment Plant Effluents, Washington, DC" (Cherry et al., 1992), which is presented
in Appendix C.

2.6 HABITAT ASSESSMENT

Information to support the assessment of habitat in the study area was collected from existing sources and
observations during the reconnaissance and field sampling activities. Existing data on habitat types, water
quality, fish and wildlife resources, and aquatic vegetation were sought through a literature search, and
interviews were conducted with representatives of the Metropolitan Washington Council of Governments,
the U.S. Geological Survey, the Interstate Commission on the Potomac River Basin, and others.
Observational information was collected during the field activities in the form of field notes and
photographs.

2.7 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

The reliability and validity of the data were monitored using the standard quality assurance/quality control
(QA/QC) methods practiced by Martel Laboratory Services, Inc. and Cove Corporation. These methods
are described in the following subsections.

2.7.1 Water Quality and Sediment Chemistry

Martel participates in several QA/QC programs including the following: State of Maryland and EPA
wastewater, drinking water, and microbiology programs; U.S. Geological Survey (USGS) multi-matrix
program; and U.S. Department of Agriculture (USDA) certification program (Martel, 1991).

QA/QC checks for analytical laboratory analysis consisted of analysis of blanks, replicates, standards, and
"spiked” control samples. For each parameter, blanks, standards, replicates, and spikes were performed
for every ten samples in each batch of samples.

Following completion of analyses, data and associated calculations were inspected by a designated QA
officer, and results of QA/QC samples were verified against established quality control criteria (Martel,
1991). The QA officer determines whether a QA/QC failure has occurred and corrective actions are
implemented.

Field replicate sediment samples were also collected from all sample stations at each of the transects.
These samples were coliected to ensure that sediment composition was adequately represented at each
station.
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2.7.2 Benthic Macroinvertebrates

Replicate benthic macroinvertebrate samples were collected from all sample locations at each of the
transects.

QA/QC checks of macroinvertebrate samples consisted of re-enumeration and re-identification of randomiy
selected samples. At least 10% of the samples underwent QA/QC evaluations. All samples sorted by
each technician were divided into batches of 10 samplies, and 1 randomly selected sample from each batch
was checked. To pass a QA/QC evaluation for sorting, at least 95% of the organisms had to be removed
from the sample. If a sample failed the QA/QC check, all remaining sampies from the batch of samples
were re-sorted, and the QA/QC procedure was repeated until the batch of samples satisfied the QA/QC
criteria. For identification, 95% accuracy was required to pass QA/QC evaluation. If a sample failed
to meet the criteria, all samples in the batch were re-identified.
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SECTION 3. RESULTS AND DISCUSSION

The results and discussion of the sampling methodology, river flow, habitat assessment, water quality
data, sediment chemistry data, particle size distribution data, and benthic macroinvertebrate data are
presented in this section.

31 RIVER FLOW AND DISCHARGES

Two types of river flow data are recorded or calculated for this section of the Potomac River: river flow-
by rate (after WTP withdrawals occur) is gaged at Little Falls Dam, and total river flow is calculated
(using the flow-by rate and the withdrawal). The total river flow data would be more representative of
river flow at Transect 1 because this transect is located upstream of the WTP water intake. The Little
Falls Dam flow-by data would apply to Transects 2 through 6 because they are downstream of Little Falls
Dam where the WTP intake is located. River flow data for Little Falls Dam for the dates of the sampling
surveys are presented in Table 3-1. River flow was higher during most of the post-discharge surveys than
during the baseline surveys, reflecting the fact that each of the post-discharge surveys followed a rainfall.
Flows were especially high following the Georgetown #2 discharge. '

Table 3-1. River conditions surrounding each of the sampling events.
L]
River Flow
Event Date (MGD)"
Baseline #1 10 October 1991 950
Baseline #2 5 December 1991 9,187
Dalecarlia #4 10 December 1991 4,052
Baseline #3 20 December 1991 2,042
Dalecarlia #3 10 January 1992 6.528
Georgetown #1 24 February 1992 4,725
Georgetown #2 3 March 1992 9,436

° At Littie Falls Dam
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Table 3-2 presents flow and discharge information associated with each of the discharge events.

Table 3-2. Summary of river flows and effluent volumes assoclated with sach discharge event.
. ]

River Flow
Volume of Volume of During

Discharge Effluent Sludge Discharge
Event Date Discharged (MG) Discharged (MG) (MGD)
Dalecariia #4 5 December 1991 14 0.772 9,187
Dalecarlia #3 6 January 1992 14 0.439 9,695
Georgetown #1 20 February 1992 20 0.407 1,823
Georgetown #2 26 February 1992 110 1.066 4,557

3.2 SAMPLING DESIGN

The original sampling schedule allowed for an initial baseline survey prior to the first basin discharge,
followed by four post-discharge sampling surveys, 2 to 3 days following completion of each basin
discharge. However, the initial baseline survey was followed by a protracted period of low river flows,
undermining an accurate comparison of pre- and post-discharge conditions. As aresult, a second baseline
study was conducted. However, the river flows were extremely high during this survey and this condition
prevented collection of certain samples because the Ponar sampler streamed behind the boat rather than
sinking to the bottom. As a result, a third baseline survey was subsequently conducted under low-flow
conditions, following the first discharge event. Additionally, two post-discharge surveys were conducted
following the Georgetown #2 sedimentation basin discharge event because high flows prevented collection
of sediment and benthic macroinvertebrate samples at several locations during the first survey. A
schedule of the survey types and dates of occurrence is presented in Table 3-3.

Coliection of sediment and benthic macroinvertebrate samples was limited at several of the sampling
locations because of the rocky bottom and hydrology of the Potomac River in the study area. A single
sample often required several grabs with the Ponar dredge to acquire enough sediment to fill a sample
container. Some sampling locations yielded no sediment after several collection attempts with the Ponar
dredge. These sampling locations were noted.

33 HABITAT ASSESSMENT
Habitat in the study area was characterized in terms of major aquatic habitat types (e.g., pool, riffle, or

run), as well as fish and wildlife resources, and critical habitat (i.e., wetlands, submerged aquatic
vegetation, riparian zone).
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Table 3-3. Description of dates, survey types, and sites at which samples were collected.
. . ]

Dato Survey Transect Sediment & Macroinvertebrate Waisr Samples &
Type Number Sampiles Collected Hydrolab Profies’

10,11 October 1991  Baseline #1° ECW
E.C
ECW
ECW
ECW
CW

DO dWN -

5 December 1991 Baseline #2 ECW
NA
NA

cw

ECW
NA

OO e WN -

10 December 1991  Post-Discharge
Dalecarlia #4°

Cw
NA
E.CW
cw
ECW

O bhWN -

20 December 1991 Baseline #3 cw
E
E.CW
cw
ECW
cw

ML wWN =

10 January 1992 Post-Discharge
Dalecarlia #3°

cw

EW

D EWN -

cw

24 February 1992 Post-Discharge
Georgetown #1°

F'S
3

ECW
ECW

[+ 34 ]

29 February 1992 Post-Discharge
Georgetown 22

NA
E
ECW

[ X4 B0 N

3 March 1992 Post-Discharge 4 w -
Georgetown #27 5 ECW
6 cw

.

000 000 00000 000000 00000 000000 000000

"E = East, C = Center, W = West, NA = sampling attempted, but no samples collected.

2 Basaline sludge samples were collected from all four basins on 11 October 1991.

3 Discharge sludge and water samples were collected from Dalecarlia basin #4 on 5 December 1991.

4 Discharge sludge and water samples were collected from Dalecarlia basin #3 on 6 January 1992.

5 Equipment failure prevented collection of Georgetown basin #1 discharge sampies on 20 February 1992.
6 Discharge siudge and water samples were collected from Georgetown basin #2 on 26 February 1992.

4 Required because of difficulty in collecting sediment sampies during the 29 February sampling event.
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3.3.1 Habitat Types

Descriptions of the physical conditions and habitats observed at each of the sampling transects are
presented in the following paragraphs. Figures 3-1 through 3-6 illustrate the location of each transect.

33.1.1 Transect 1

This transect was approximately 500 feet upstream of Little Falls Dam. The water was pooled from the
dam, but there was sufficient volume and current for the river to flow over the dam (Figure 3-1).

The surrounding land in this area consisted of flat banks near the river that sloped to steep, wooded hills
on both sides of the river.

3312 Transect 2
Transect 2 was in a section of the river where the channel was very narrow and the river bed mainly

consisted of boulders (Figure 3-2). With the exception of the initial baseline sampling event, the river
current at this transect was extremely swift during all sampling activities.

The land on the west side of the river at this transect consisted of a steep "cliff-like” hill covered with
rocks and trees. The east bank was relatively flat and wooded.

33.13 Transect 3

Transect 3 was relatively narrow and had a swift current (Figure 3-3). The east side of the river was an
eddied area.

The banks on either side of this transect were flat. The west bank extended to a steep, wooded hill. The
east bank and surrounding land remained flat and wooded.

33.14 Transect 4

This transect had a strong current in the river channel and on the east side where a point of rocks jutted
into the river (Figure 3-4). The river bed on the east side consisted of boulder. The west side of this
transect had a more subdued current.

The land on the west side of Transect 4 formed a large wooded hill with a gradual slope. The east bank
was fairly flat immediately adjacent to the river, but began to form a gradual slope away from the river.
The area on the east side of river was grassy (in the area of Fletcher's Boathouse) and wooded.
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Figure 3-1, Location of Transect 1.
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Figure 3-2. Location of Transect 2.
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Figure 3-3. Location of Transect 3.
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Figure 3-4. Location of Transect 4. : t .
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Figure 3-5. Location of Transect 5.
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Figure 3-6. Location of Transect 6.
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3.3.1.5 Transect 5

Transect S had a more consistent flow across the transect than the four upstream transects (Figure 3-5).
The flow at this transect was also not as strong as the upstream transects because the river widened in this
area,

The surrounding land on the west side of Transect 5 consisted of small sandy beach at the river's edge
that gradually sloped into a wooded hill. The land on the east side was flat and wooded.

3.3.1.6 Transect 6

The flow at Transect 6 was consistent across the entire transect (Figure' 3-6). The river was quite wide
and open in this area. Boulders were not visible in the river in this area; however, the river bed consisted
of boulders on its east side.

The land on the west side of this transect was flat and wooded. The east bank consisted of a sea wall,
with buildings and parking lots immediately adjacent to the river. '

3.3.2 Fish and Wildlife

A fisheries survey conducted in 1984 (Cummins, 1985) included shore seining stations near Fletcher's
Boathouse (within the current study area) and at the southeastern point of Roosevelt Island (just
downstream of the current study area). The following species were collected at the Fletcher's Boathouse
station or at both stations (five species collected at the Roosevelt Island station, but not at the Fletcher's
Boathouse station are not listed): white perch (Morone americana), largemouth bass (Micropterus
salmoides), smallmouth bass (Micropterus dolomieui), white crappie (Pomoxis annularis), yellow perch
(Perca flavescens), pumpkinseed (Lepomis gibbosus), bluegill (Lepomis macrochirus), longear sunfish
(Lepomis megalotis), green sunfish (Lepomis cyanellus), channel catfish (Ictalurus punctatus), gizzard shad
(Dorosoma cepedianum), carp (Cyprinus carpio), quillback (Carpiodes cyprinus), white sucker
(Catostomus commersoni), common shiner (Notropis cornutus), spotfin shiner (Notropis spilopterus),
spottail shiner (Notropis hudsonius), rosyface shiner (Notropis rubellus), golden shiner (Notemigonus
crysoleucas), silvery minnow (Hybognathus nuchalis), inland silversides (Menidia beryllina), bay anchovy
(Engraulis sp.), banded killifish (Fundulus diaphanus), bluntnose minnow (Pimephales notatus), and creek
chub (Semotilus corporalis). White perch, gizzard shad, and bluntnose minnow were most abundant at
the Fletcher's Boathouse station. White perch, spottail shiner, and silvery minnow were the abundant
species at the Roosevelt Island station. White perch were most abundant from the end of March through
mid-July.

Fisheries seine data collected by the DC Department of Consumer and Regulatory Affairs, Environmental
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Control Division (DCRA, ECD) in 1985 indicated the presence of the following species at the Fletcher's
Boathouse sampling station (near Transect 4 of the current study): gizzard shad, white perch, spotfin
shiner, alewife (Alosa pseudoharengus), bluegill, and pumpkinseed (MWCOG, 1987).

Additional fisheries data has been collected outside the current study area. Electrofishing was conducted
in Potomac River backwater by the Maryland Office of Environmental Programs in 1980 at a site
upstream of Little Falls Dam (just above Old Anglers Inn). Species coliected include the following:
rosyside dace (Clinostomus funduloides), swallowtail shiner (Notropis procne), spotfin shiner, bluntnose
minnow, shorthead redhorse (Moxostoma macrolepidotum), yellow bullhead (Iczalurus natalis), redbreast
sunfish (Lepomis auritus), pumpkinseed, longear sunfish, bluegill, and largemouth bass (MOEP, 1980).

Cummins' (1985) fisheries survey also included seining, gill netting, and ofter trawling at sampling
stations downstream of the current study area. The following species were collected: striped bass
(Morone saxatilis), white perch, largemouth bass, smallmouth bass, yellow perch, walleye (Stizostedion
vitreum) pumpkinseed, bluegill, longear sunfish, green sunfish, channel catfish, black bullhead (Ictalurus
melas), brown bullhead (Ictalurus nebulosus), alewife, blueback herring (Alosa aestivalis) gizzard shad,
carp, quillback, white sucker, American eel (Anguilla rostrata), longnose gar (Lepisosteus osseus), spot
(Leiostomus xanthurus), tessellated darter (Etheostoma olmstedi), common shiner, spotfin shiner, spottail
shiner, rosyface shiner, golden shiner, silvery minnow, inland silversides, bay anchovy, banded killifish,
striped killifish (Fundulus majalis), mummichog (Fundulus heteroclitus), bluntnose minnow, and creek
chub.

Waterfowl in the tidal Potomac River consists of a variety of swimming birds, shore birds, wading birds,
and raptors (MWCOG, 1987). White-tailed deer, red fox, and raccoon are also found in the study area
(personal communication, Lea, 1992).

3.3.3 Riparian Vegetation

Vegetation in the study area consists of floodplain or bottomland vegetation. The canopy vegetation
consists of sycamore (Platanus occidentalis), silver maple (Acer saccharum), green ash (Fraxinus
pennsylvanica), common cottonwood (Populus deltoides), box elder (Acer negundo), river birch (Betula
nigra), black willow (Salix nigra), American elm (Ulmus americana), and black walnut (Juglans nigra).
Disturbed areas along nearby roads and the canal towpath have been invaded by non-native species
including the tree-of-heaven (Ailanthus altissima) and the black locust (Robinia pseudo-acacia). The
understory consists of poison ivy (Rhus radicans), Virginia creeper (Parthenocissus quinquefolia), wild
grape (Vitis sp.), Japanese honeysuckle {onicera japonica), stinging nettle (Urtica dioica), garlic mustard
(Alliaria officinalis), and English ivy (Hedera helix). Herbaceous vegetation consists primarily of spring
wildflowers (personal communication, Lea, 1992).
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The "Chain Bridge Flats" is a unique area located between Little Falls Dam and approximately 200 yards
downstream of Chain Bridge. This area is subject to scouring and supports a somewhat different
vegetation community than the portion of the river directly downstream. Stunted trees, including
sycamore, common cottonwood, and Bur oak (Quercus macrocarpa), are typical of this segment of land.
Herbaceous vegetation common in this area includes some threatened species (e.g., wild false indigo,
Baptisia australis; riverbank goldenrod, Solidago spathalata; redroot, Ceanothus ovatus; and Bur oak,
Quercus macrocarpa: personal communication, Lea, 1992).

3.3.4 Submerged Aquatic Vegetation

The Metropolitan Washington Council of Governments (MWCOG) conducted a survey of submerged
aquatic vegetation (SAV) in the Potomac River during September 1991 (personal communication,
Berstein, 1992). No SAV was observed within the area included in the current study. Submerged aquatic
vegetation, consisting mainly of hydrilla (Hydrilla verticillata) and water star grass (Heteranthera dubia),
exists sporadically downstream of the study area (personal communication, Whiting, 1992).

34 WATER QUALITY

The results of the laboratory analyses of the water quality samples are presented in Figure 3-7 for the
baseline surveys and Figure 3-8 for the post-discharge surveys (along with the second baseline survey for
comparison purposes). Parameters evaluated include alkalinity, S-day biochemical oxygen demand, total
suspended solids, turbidity, total aluminum, and total iron. National water quality criteria are presented
in the discussion where appropriate. These criteria are intended to present scientific data and/or guidance
regarding the impact of pollutants on water quality, which could be used in formulating regulatory
requirements (U.S. EPA, 1986). Water quality data are presented in Appendix A.

3.4.1 Alkalinity

Alkalinity was lowest during the Dalecarlia #3 post-discharge survey (60 mg/L) and highest during the
initial baseline survey (130 mg/L). The alkalinity concentrations were consistent from transect to transect
for each baseline survey. The first baseline survey had the highest alkalinity concentrations at an average
of 120 mg/L. The alkalinity concentrations ranged between 91 and 95 mg/L during the third baseline
survey. Alkalinity concentration during the second baseline survey was 110 mg/L at each transect.
Alkalinity concentrations were lower during ali of the post-discharge surveys than the baseline surveys.
This may be a result of the introduction of low-alkalinity rainwater to the river (each post-discharge
survey followed a rain event). Alkalinity concentrations were higher during the Dalecarlia #4 post-
discharge survey than the Dalecarlia #3 post-discharge survey, and higher during the Georgetown #1 post-
discharge survey than during the Georgetown #2 post-discharge survey. Flow, as a result of recent
rainfall, was greater during the Dalecarlia and Georgetown post-discharge surveys that had the lowest
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Figure 3-7. Results of laboratory analyses of water quality samples coliected during the baseline vl
surveys (detection limit of aluminum is 0.1 mg/L). :
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Figure 3-8.

survey and the post-discharge surveys.

Results of laboratory analyses of water quality samples collected during the second baseline - -
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alkalinity concentrations (compared to the other basin at the same reservoir). There was little variability
between transects during each given survey. The control transects for each survey did not differ greatly
from the other transects sampled during the survey.

The U.S. EPA has designated a water quality criterion for alkalinity of 20 mg/L or greater for protection
of freshwater aquatic life. Concentrations obtained during the entire survey met the specified criteria.

3.4.2 Biochemica! Oxygen Demand

Five-day biochemical oxygen demand (BOD;) is a measure of the oxygen required for biochemical
breakdown of organic material, as well as the oxygen required to oxidize inorganic material (APHA,
1985). The first and second baseline survey samples had BOD; values that were less than the 2.0-mg/L
detection limit, as did the Dalecarlia #4 post-discharge survey. The Georgetown #2 post-discharge survey
had the highest BOD, values, ranging from 6 mg/l. to 8 mg/L. The third baseline survey and the
Georgetown #1 post-discharge survey had comparable BOD; values falling between the detection limit and
the Georgetown #2 values.

These values are similar to values reported by MWCOG (1987). It is characteristic for BODy values to
rise in association with high flows.

3.4.3 Total Suspended Solids

The concentration of total suspended solids was low for the first (4 to 6 mg/L) and third (2 to 3 mg/L)
baseline surveys; the minimum concentration was 2 mg/L. The concentrations increased during the
second baseline survey, probably as a result of significantly higher flows from a recent rainfall event.
The concentrations were also low for the Dalecarlia #3 (9 to 16 mg/L) and #4 (13 to 20 mg/L) and
Georgetown #1 (8 to 15 mg/L) post-discharge surveys, although slightly higher than the first and third
baseline surveys. TSS concentrations were exceptionally high during the Georgetown #2 post-discharge
survey, reaching a peak of 160 mg/L. These elevated TSS concentrations were probably due to particles
introduced to the river from runoff and bank erosion, as well as bottom sediment resuspended by high
flows in the river from recent heavy rainstorms. In most cases, the TSS concentrations were lower at the
downstream stations, reflecting a decrease in river velocity and settling of suspended particulate material.

The observed TSS concentrations are within the range previously reported for this segment of the Potomac
River (MWCOG, 1987). TSS concentrations are variable in this segment of the Potomac River and
reflect the relationship between flow and the amount of solids in the water column.
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3.4.4 Turbidity

Corresponding with the TSS concentrations, the turbidity values for the first (0.66 to 2.9 NTU) and third
(3.5 t0 4.0 NTU) baseline surveys were quite low, with a minimum value of 0.66 NTU. Turbidity data
collected during the Dalecarlia #3 and #4 and the Georgetown #1 post-discharge surveys fell between
values for the first and third baseline surveys and the second baseline survey. The turbidity values were
highest for the Georgetown #2 post-discharge survey; the maximum value was 130.0 NTU. The elevated
turbidity can be attributed to increased suspended matter in the water from a recent heavy rainfall.

No specific criteria are available for turbidity.
3.4.5 Total Aluminum

The lowest total aluminum concentrations of all the surveys were obtained during the first and third
baseline surveys, ranging from concentrations less than the 0.10-mg/L detection limit to 0.25 mg/L.
Concentrations obtained during the second baseline survey were higher, ranging from 0.43 mg/L to 1.2
mg/L. The post-discharge surveys for Dalecarlia #3 and #4 and Georgetown #1 had concentrations that
were lower than the second baseline survey. Aluminum concentrations were greatest during the
Georgetown #2 post-discharge survey, ranging from 2.70 mg/L to 4.00 mg/L. Flows were extremely
high during this survey, and the strong current most likely was scouring the river bottom and mixing
sediments into the water column. Although aluminum concentrations increased during the post-discharge
surveys, because of the high flows it was impossible to determine whether the increases may be attributed
more to introduction of aluminum-bound particles to the water column from runoff and resuspension of
the bottom sediments (resulting from the recent excessive rainfall), or to discharge of the effluent from
the basins. Figure 3-9 illustrates the correlation between the concentrations of total aluminum and total
suspended solids for all water samples collected during the entire study. The strength of the relationship
shown in this figure (R? = 0.896) suggests that water column aluminum concentrations are associated with
suspended particulate material.

In the pH range between 6.5 and 9.0, aluminum occurs in freshwaters as monomeric, dimeric, and
polymeric hydroxides; and as complexes with humic acids, phosphate, sulfate, and other anions. The
national criteria, as derived from Guidelines for Deriving Numerical National Water Quality Criteria for
the Protection of Aquatic Organisms and Their Uses, indicate that freshwater aquatic life would be
protected when pH ranges between 6.5 and 9.0, if the 4-day average concentration of aluminum does not
exceed 87 ug/L (0.087 mg/L) more than once every 3 years on the average, and if the 1-hour average
concentration does not exceed 750 pg/L (0.75 mg/L) more than once every 3 years on the average. Some
site-specific exceptions occur when an especially sensitive aquatic organism is present (U.S. EPA, 1988).
Although the sampling schedule for this study did not allow for examining a 4-day, 3-year average or a
1-hour, 3-year average of aluminum concentrations, it was assumed that the single samples collected
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Figure 3-9. Relationship between total aluminum and total suspended solids, and total iron and
total suspended solids for water samples collected during this study.
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during the current study would be similar in composition to the average of several samples collected (at
one location) over a 1-hour period. Therefore, the 750-pg/L criterion was used for evaluation of

aluminum concentrations. The criterion was exceeded during four of the study surveys. The total’

aluminum concentration at Transect 4 slightly exceeded 750 pg/L during both of the Dalecarlia post-
discharge surveys. Total aluminum concentrations during the second baseline survey exceeded 750 pg/L
at Transects 2, 3, and 4. Total aluminum concentrations during the Georgetown #2 post-discharge survey
were much higher than 750 ug/L. All of these surveys were immediately following a rainfall event. The
elevated aluminum concentrations were probably a result of the introduction of aluminum-bound particles
in stormwater runoff to the water column.

No analytical methodology is accepted as ideal for defining aquatic life criteria for aluminum. As
previously mentioned, numerous species of aluminum occur in surface waters, and definitive information
is scarce regarding the toxicity of aluminum species to freshwater aquatic life (U.S. EPA, 1988). The
method employed in this investigation involves a digestion procedure. The digestion results in the
dissolution of all aluminum fractions, some of which are not toxic. Measurements of total aluminum may
thus include a significant fraction that is neither biologically available nor toxic in the environment. This
phenomenon can be especially problematic with waters containing suspended clay (U.S. EPA, 1988). As
a result, aluminum criteria may be overprotective in some instances when aluminum is measured as total
recoverable aluminum.

3.4.6 Total Iron

Total iron concentrations exhibited a pattern similar to that of total aluminum during all of the surveys,
although iron concentrations were somewhat higher. Again, the first and third baseline surveys had the
lowest concentrations, ranging from 0.14 mg/L t0 0.28 mg/L. The second baseline survey had somewhat
higher total iron concentrations, ranging from 0.52 mg/L to 1.8 mg/L. The iron concentrations observed
during the Dalecarlia #3 and #4 and Georgetown #1 post-discharge surveys were between the second
baseline survey and the first and third baseline surveys. However, concentrations at Transects 3, 4, and
6 of the Dalecarlia #4 post-discharge survey were slightly greater than those in the second baseline survey.
As with aluminum, the total iron concentrations from the Georgetown #2 survey were highest of all the
surveys, ranging from 3.50 mg/L to 5.40 mg/L.

The observed elevated total iron concentrations associated with the Georgetown #2 post-discharge survey
were probably a reflection of sediment particles suspended in the river from high flows. Heavy
rainstorms preceded the Georgetown #2 survey. Iron is naturally slightly enriched in District of Columbia
waters because soils in the area consist largely of clays in which iron is abundant (personal
communication, Karimi, 1992). A strong correlation (R? = 0.948) was observed between the
concentrations of total iron and total suspended solids for water samples collected during the entire survey,
as shown in Figure 3-9.
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The District of Columbia has established a total iron limit of 1.0 mg/L for secondary contact recreation
and aesthetic enjoyment (DCMR, Title 21, Chapter 11). The U.S. EPA has established the same criteria
for protection of freshwater aquatic life (U.S. EPA, 1986). Total iron concentrations exceeded this limit
during the second baseline survey, and the Dalecarlia #4 and Georgetown #2 post-discharge surveys.

3.4.7 Water Temperature

Water temperature data are shown in Figure 3-10. The data exhibit normal seasonal variances for each
of the surveys. Water temperature was fairly consistent from transect to transect during any given survey.
The nearly vertical temperature profiles are typical of a well-mixed, swift-flowing river system such as
the study area of the Potomac River. Temperatures were highest in October, reached a low in December,
and increased slightly with the January surveys.

All water temperatures were below the upper limit of 32.2 °C set by District of Columbia Municipal
Regulations (DCMR, Title 21, Chapter 11 - Water Quality Standards).

3.48 pH

The pH values were consistent among the three baseline surveys, ranging from 8.20 to 8.73 (Figure 3-11).
Lower pH values were observed during all of the post-discharge surveys. The decreased pH values
associated with the post-discharge surveys may be attributed to low-pH rainwater from storms that
preceded each of the surveys.

Several of the observed pH values slightly exceeded the upper limit of the 6.0-8.5 range specified by
DCMR, Title 21, Chapter 11, for the protection of aquatic life, waterfowl, shore birds, and water-
oriented wildlife. All observed pH values were within the range of 6.5-9.0 for protection of freshwater
aquatic life, as specified by U.S. EPA (1986). The pH values did not fall below the 6.0 level at which
more toxic species of aluminum are formed (Cooke and Carlson, 1989).

3.4.9 Dissolved Oxygen

Dissolved oxygen concentrations, as presented in Figure 3-12, showed typical seasonal variances in
conjunction with changes in water temperature. Dissolved oxygen concentrations increased with
decreasing water temperatures, as oxygen is more soluble in cold water than in warm water. No apparent
trend was seen between surveys in the concentrations of dissolved oxygen at the transects. Dissolved
oxygen concentrations appeared to be primarily a function of water temperature during the post-discharge
surveys as compared with other factors. All concentrations obtained for the post-discharge surveys were
within the limits set by the range of the baseline surveys.
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Figure 3-10. In situ surface-to-bottom profiles of water temperature for each survey.
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Figure 3-11.  In situ surface-to-bottom profiles of pH for each survey.
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Dissolved oxygen concentrations were above the instantaneous minimum of 4.0 mg/L designated by
DCMR, Titie 21, Chapter 11. The same 4.0-mg/L minimum is set as a water quality criterion for
freshwater aquatic life by the U.S. EPA (1986). In addition, the U.S. EPA has specified an instantaneous
minimum criterion of 8.0 mg/L in the water column to achieve an intergravel concentration of 5.0 mg/L
for protection of early aquatic life stages, including embryonic and larval stages and juvenile forms up
to 30 days after hatching. This criterion was not met at Transect 2 during the first baseline survey.
However, it is unlikely that any early life stages would be affected at that time of the year.

3.4.10 Conductivity

Conductivity is a measure of the flow of electrons through water (the reciprocal of resistance to electron
flow through water) and is used as an indicator of total dissolved solids (TDS) in aquatic systems (Cole,
1983). As shown in Figure 3-13, conductivity values ranged from 312 uS/cm to 362 pS/cm during the
first and second baseline surveys. Conductivity values were significantly lower during the third baseline
survey, ranging from 286 uS/cm to 289 uS/cm.

Conductivity values observed during the post-discharge surveys were generally lower than those observed
during the baseline surveys. Conductivity ranged from a low of 239 pS/cm during the Dalecarlia #3 post-
discharge survey to a high of 322 uS/cm during the Georgetown #1 post-discharge survey. This reduction
in conductivity may be a reflection of the high river flows associated with the rainfall events that preceded
each post-discharge survey. The additional volume of water from direct precipitation and runoff may have
served to dilute the system, reducing the concentration of TDS in the river and lowering the conductivity.

Generally, conductivity in the United States ranges from 50 to 1500 pS/cm for potable waters (APHA et
al., 1985). The observed values are well within the normal range encountered in this section of the
Potomac River MWCOG, 1985 and 1987).

3.5 SEDIMENT ANALYSES

The following sections present the results of the sediment sampling and analyses. Physical analyses (i.e.,
particle size distributions) were conducted only on river sediment samples collected during the first
baseline survey. Chemical analyses were performed on both river and sedimentation basin samples.

3.5.1 Particle Size Distribution

A summary of particle size distribution results for the sediment samples collected from the river during
the first baseline survey is presented as a series of pie charts in Figures 3-14 and 3-15. The size
classifications used in the analyses are presented in Table 3-4. Summaries of the observations at each
transect are presented in the following paragraphs.
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Figure 3-13.  In situ surface-to-bottom profiles of conductivity for each survey.
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Particle size distribution of sediment samples collected at Transects 1, 2, and 3.
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Table 3-4. Classifications used in the analysis

of particle size distribution.
3.5.1.1 Transect 1 - - ]
Size (mm) Classification
The distributions of sediment particle sizes at this
trans'ect were . qulte' variable. In general, the > 2,00 Gravel
dominant particle sizes decreased from west to 0.841 - 1.99 Very coarse sand
east along the transect. 0.426 - 0.840 Coarse sand
35.1.2 Transect 2 0.251 - 0.425 Medium sand
0.106 - 0.250 Fine sand
0.075 - 0.105 Very fine sand
The west location was characterized by boulders, <0.075 sit

preventing the collection of a sediment sample.
Approximately half of the center sample consisted
of fine sand and very fine sand or smaller-sized particles. The east sample was primarily fine to very fine
sand or silt.

3513 Transect 3
All three samples (west, center, and east) were relatively uniform, consisting predominantly of silt.
3514 Transect 4

The west and center samples at this transect were quite similar in composition and consisted primarily of
silt. The east sample was almost evenly distributed between gravel and silt, with very small percentages
of other size particles present. It should be noted that in later surveys, it was not possible to collect a
sample from the east location because boulders were present in the river bed.

3s5.1.5 Transect §

The particle size distributions across this transect were variable, with a general trend of decreasing
particle size from west to east. Approximately half of the west sample was gravel, followed closely in
percentage by coarse to very coarse sand. This contrasts strongly with the center sample where half of
the sediment consisted of very fine sand or smaller-sized particles, and the east sample which consisted
almost entirely of silt.

3.5.1.6 Transect 6

More than half of the west sample consisted of gravel, followed by coarse to very coarse sand. The
center sample consisted mainly of medium to coarse sand. The bottom on the east side of the transect
was covered with boulders, making it impossible to collect sediment samples during the baseline and most
of the subsequent surveys.
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The data presented in the preceding figures and discussion represent sediment conditions at a singie point
in time (i.e., the first baseline survey) and space. Qualitative observations made during the collection of
subsequent baseline and post-discharge benthic samples suggest that the river bottom in the study area is
highly variable, both spatially and temporally. Examination of the particle size distributions shows that
the bottom was generally quite variable from site to site along each transect. In many cases, the dredge
had to be deployed several times to obtain an adequate volume of sediment because of the very rocky
nature of the bottom, yet the resulting sample may have been dominated by relatively fine particles. The
impression among the sampling crew was that these samples were being collected from pockets of
sediment located in and among the rocks and boulders that appear to cover the river bed in the study area.
Moreover, because the river narrows significantly immediately upstream of the study area, and high-flow
conditions are accompanied by extreme turbulence, it is very likely that this portion of the Potomac River
is highly dynamic, with constant scouring and redistribution of the sediment on the river bottom. This
would certainly explain why locations where sediment samples were collected during the initial baseline
survey did not necessarily yield a benthic sample during subsequent sampling events.

These observations have significant implications to the objectives of this investigation. The bedload
portion of sediment transport tends to eliminate suitable habitat for many forms of aquatic life (Novotny
and Chesters, 1981). If a significant bedload exists in the study area, then the resident benthic
communities may be expected to be limited to those hardy and/or mobile organisms that are adapted to
a very dynamic substrate. As a result, the benthic communities at any location may be as variable as the
substrate, moving on to more suitable habitat as local conditions change. With a large bedload, sediment
sampling at any given point in space and time will be representative of only the surficial sediments that
happen to be passing through the sampling location at that moment. This condition would be reflected
in a high degree of variability in physical, chemical, and biological measurements in sediment samples
collected over any period of time.

3.5.2 Total Aluminum

Figure 3-16 presents the results of the total aluminum analyses for samples collected from the four
sedimentation basins and during the three baseline surveys as high-low plots; a vertical line shows the
range of concentrations observed at each site, and the horizontal "tick"” indicates the mean concentration.
Locations where sampling was attempted but no sediment was found are denoted with "N/S." Figure 3-17
contains similar representations of sediment aluminum concentrations observed during the post-discharge
events. A summary of the river sediment aluminum data is presented by sampling event and transect
number in Table 3-5. For clarity, shaded cells in the table indicate transects where samples were not
collected during a given sampling event, and heavy vertical lines are used to indicate the location of each
discharge relative to the transects. The results for the sedimentation basin and river samples are discussed
in the following subsections. Total aluminum data are presented in Appendix A.
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Table 3-5. Summary of total aluminum data from river sediment samples.

Notss: Shading indicates transects where no samples were coliected.
Heavy vertical lines indicate the location of discharge points relative to the transects.
Mean concentrations are expressed in units of mg/kg.

b ]
3.5.2.1 Sedimentation Basins

The mean aluminum concentrations of the sedimentation basins during the initial baseline survey ranged
from 4,100 mg/kg at Dalecarlia #3 to 6,200 mg/kg at Georgetown #2. Mean concentrations at the
Dalecarlia #4 and Georgetown #1 basins were 5,067 mg/kg and 5,767 mg/kg, respectively. Because the
sediments in these basins are a product of the same treatment process, it would be expected that the
chemical composition of the sediments would be similar. An examination of Figure 3-16 suggests that
the sediment from the Georgetown basins had higher mean aluminum concentrations than those from the
Dalecarlia basins. However, the variability within replicate samples from each basin was substantial; both
the highest (6,900 mg/kg). and lowest (3,700 mg/kg) concentrations were observed in the samples from
the same basin (i.e., Georgetown #1). Using Tukey's HSD muitiple comparison test (Tukey, 1977), no
statistically significant difference was noted among the aluminum concentrations in the sediments from
the four sedimentation basins. It should be noted that the power of the statistical test was undermined
somewhat by the small number of samples from each basin (i.e., 3).
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3.5.2.2 Baseline River Samples

Several observations result from a review of the baseline data presented in Figure 3-16 and Table 3-5.
These may be summarized as follows:

® Thereis a great deal of variability within and among transects under baseline conditions. This
variability may potentially be attributed to the wide variety of flows observed among the different
events.

® With the exception of the east station during Baseline #1, the average sediment aluminum
concentrations at Transect 1 appear to be consistently the lowest observed. Although this could
potentially be attributed to residual aluminum in the sediments from past discharges, determination
of this is undermined by the inconsistent availability of sediment at the upstream sites, especially
Transect 2.

® Average aluminum concentrations at each of the transects decreased between Baseline #1 and Baseline
#3. The only obvious reason for this trend is the deposition of sediments from elevated river flows
occurring between the baseline events.

® Most (i.e., 71.9%) of the river sediment samples collected during the Baseline #1 event fell within
or above the range of aluminum concentrations observed in the sediments from the four sedimentation
basins (i.e., 3,700 - 6,900 mg/kg). If Transect #1, which is in a relatively wide and slow-moving
area of the river, is eliminated from consideration, this percentage increases to 80.8.

The last observation has very important implications in that the material discharged into the river from
the basins appears to have had aluminum concentrations in the same range as the unimpacted sediments
in the river. In fact, 25% of the sediment samples collected during Baseline #1 showed aluminum
concentrations greater than any of those observed in the samples from the sedimentation basins.

3.5.23 Post-Discharge River Samples

The Dalecarlia post-discharge data show aluminum concentrations similar to and only slightly greater than,
in some cases, the concentrations in the sedimentation basins. The aluminum concentrations following
the discharge of the Georgetown basin samples showed the same pattern. Aluminum concentrations in
the samples collected following the discharge of the Georgetown #2 basin were the highest concentrations
observed (excluding Transect 5-center and Transect 6-center) throughout the entire study.

Data analyses were conducted to detect statistically significant changes in sediment aluminum
concentrations between successive sampling events. The premise behind these tests was that impacts of
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the discharges would result in significant changes in sediment aluminum concentrations at downstream
transects. Comparison of upstream transects provides the opportunity to check for effects that are
independent of the discharges. The analyses consisted of using the t-test for equal mean concentrations
at each of the transects for paired events. Table 3-6 presents a summary of the results of these analyses.
Probability values (p) shown in the table indicate the probability of incorrectly rejecting the null
hypothesis (i.e., equal means). Asterisks are used to indicate significance at the 90 and 99% confidence
levels. The discussion regarding these data is presented by discharge event.

Table 3-6. Summary of t-tests comparing sediment aluminum concentrations at each transect
between paired sampling events.

Transect Number
Paired
Events 1 2 3 4 5 [
Bassline #1 t = -0.649 t = -0.870
versus p = 0.532 p = 0.405
Baseline #2
Baseline #1 t = -1.529 t = -2.602
versus p = 0.165 p = 0.841 p = 0.032
Dalecarfia #4
Baseline #2 t= -5.541" t= -2.642.
versus p = 0.001 p = 0.038
Dalecarfia #4
Baseline #3 t=-2121 t = 0.295
versus P = 0.078 P = 0.276 p = 0.780
Dalecariia #4
Baseline #3 t=-0173 t = -0.926 t = -0.400
versus p = 0.868 p = 0716
Dalecarfia #3
Delecarfia #3 t=-1105
versus p = 0.384
Georgetown #1
Georgetown #1 t=2744
versus p =0.111
Georgetown #2

Notws: ° Indicates significance at the 90% confidence level.
Indicates significance at the 99% confidence level.
Heavy vertical lines indicate position of discharge relative to location of transects.

Dalecarlia #4. Transect 1 was established as the upstream control site for the post-discharge surveys
following release of the Dalecarlia sedimentation basins. There was a statistically significant decrease in
the mean aluminum concentrations at Transect 1 after the Dalecarlia #4 discharge. Examination of the
plots in Figure 3-17 suggests that this significance is entirely the result of the somewhat anomalous
concentrations observed at Transect 1-E.
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Both the Baseline #1 and Baseline #2 sampling events were available for use as a control against which
to compare the Dalecarlia #4 post-discharge data. Although Baseline #2 was temporally closer to the
Dalecarlia #4 sampling, the extremely high flows and resulting limited number of samples that were
collected raise issues regarding the representativeness of the data. Comparisons of the mean aluminum
concentrations at each transect show decreases at all transects. The decrease was statistically significant
at Transect #4, where mean concentrations declined from 6,583 mg/kg for the Baseline #1 sample to
2,525 mg/kg for Baseline #2. For these reasons, the Baseline #2 data should be considered suspect.

No significant differences in mean aluminum concentrations were observed between Baseline #1 and the
Dalecarlia #4 discharge at Transects 3 and 6. However, statistically significant differences were observed
for the sediment samples collected at Transect 4. Comparison of the post-discharge data for this transect
with the Baseline #1 data indicates a significant decrease in mean aluminum concentration from 6,583
mg/kg to 4,525 mg/kg. Conversely, comparison with the Baseline #2 data suggests an increase from
2,525 mg/kg to 4,525 mg/kg. In summary, the evidence suggests that the discharge from the Dalecarlia
#4 basin did not have a significant impact on the sediment aluminum concentrations in the Potomac River.

Dalecarlia #3. Baseline #3 was conducted between the Dalecarlia #4 and #3 discharges, and provides
a reference against which to gage the impacts of the Dalecarlia #3 discharge. No statistically significant
differences between these two events were observed at any of the transects. The mean aluminum
concentrations were lower at all downstream stations after the discharge.

It might be noted that Baseline #3 was also compared to Dalecarlia #4 to examine differences between
events where no discharge had occurred. The only significant difference detected was at Transect 1,
where an increase in sediment aluminum concentrations of approximately 600 mg/kg was noted.

Georgetown #1. The Dalecarlia #3 event served as the control for the Georgetown #1 post-discharge
survey. Although the concentrations at Transect 4, upstream of the discharge, increased from 4,100
mg/kg to 6,150 mg/kg, this difference was not statistically significant. A similar increase of
approximately 2,000 mg/kg at Transect 6 was, however, statistically significant at the 90% confidence
level. A comparison of data for Transect 5 from the Dalecarlia #3 post-discharge sampling also shows
a similar statistically significant increase in mean aluminum concentration of approximately 2,000 mg/kg.
Although the statistical significance of the observed increases in downstream concentrations would suggest
an impact from the Georgetown #1 discharge, the fact that the upstream station experienced a similar,
albeit not statistically significant, increase indicates that some other environmental factor is probably
responsible for the observed changes.

Georgetown #2. The Georgetown #1 post-discharge sampling data served as the control for the
Georgetown #2 post-discharge event. All of the transects showed an increase in aluminum concentrations;
the highest mean transect concentration (i.e., 8,554 mg/kg) was observed at Transect 4, upstream of the
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Georgetown discharges. The highest individual aluminum concentration observed during the study (i.e.,
11,000 mg/kg) was associated with the sample collected at Transect 6-W. Because of the large variability
at each transect, the increases were not statistically significant.

3.5.3 Total Iron

Figure 3-18 presents the results of the total iron analyses for samples collected from the four
sedimentation basins and during the three baseline surveys as high-low plots; a vertical line shows the
range of concentrations observed at each site, and a horizontal "tick” indicates the mean concentration.
Locations where sampling was attempted but no sediment was found are denoted with "N/S." Figure 3-19
contains similar representations of sediment aluminum concentrations observed during the post-discharge
events. A summary of the river sediment aluminum data is presented by sampling event and transect
number in Table 3-7. For clarity, shaded cells in the table indicate transects where samples were not
collected during a given sampling event, and heavy vertical lines are used to indicate the location of each

Table 3-7. Summary of total iron data from river sediment samples.
L. ________________________________________________________________|]
Transect Number ‘
1 2 3 4 5 6
Mean= 8300 8775 6450
Baseiine #1 sd = 2764 1631 3320
n_ = (8 4 6

Nows:  Shading indicates transects where no samples were collected.
Heavy vertical lines indicate the location of discharge points relative to the transects.
Mean concentrations are expressed in units of mg/kg.
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discharge relative to the transects. The results for the sedimentation basin and river samples are discussed
in the following subsections. Total iron data are presented in Appendix A.

3.5.3.1 Sedimentatiqn Basins

The mean iron concentrations in samples collected from the sedimentation basins during the initial baseline
survey ranged from 2,300 mg/kg at Dalecarlia #3 to 3,633 mg/kg at Dalecarlia #4. The mean
concentrations for Georgetown #1 and Georgetown #2 showed less variation with concentrations of 3,200
mg/kg and 3,233 mg/kg, respectively. No statistically significant difference was observed in the mean
iron concentrations of the four basins.

3.53.2 Baseline River Samples

A review of the iron concentration data presented in Figure 3-18 and Table 3-7 yielded the following
relevant observations regarding the baseline samples:

® Although a great deal of variability in the observed concentrations was noted at each transect, the
mean transect concentrations were relatively consistent. No statistically significant difference was
seen among the transects for either Baseline #1 or Baseline #3.

® In general, the iron concentrations in the baseline river samples were substantially (i.e., by a factor
of 2) higher than those from the sedimentation basins. The only exception consisted of the data from
Transect 4 collected during Baseline #2.

® The iron concentrations observed during Baseline #1 at Transects 5 and 6 were among the highest
observed during the entire survey.

3533 Post-Discharge River Samples

The post-discharge monitoring data are characterized by total iron concentrations that are consistently
higher, by a factor of 2 or more, than the concentrations observed in the sedimentation basin samples.
The basin concentrations ranged from 2,300 mg/kg to 3,633 mg/kg, only exceeding river sample
concentrations of 765 mg/kg (Transect 4-center) from the Baseline #2 survey and a concentration of 3,375
mg/kg (Transect 3-west) from the Dalecarlia #3 post-discharge survey. Based on this observation, it can
be concluded that the discharge of sediment from the Dalecarlia and Georgetown sedimentation basins
would not result in an increase in iron concentrations in the sediments of the study area of the Potomac
River.
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It should be noted that iron concentrations at the downstream stations did increase over the duration of
the investigation. Transects 5 and 6 showed especially large increases. This trend does not appear to
have been a result of the alum discharges. Soils (certain clays) in the vicinity of the District of Columbia
are slightly enriched with iron, and as a result, iron is abundant in the waters of the District of Columbia.
Iron is relatively insoluble in oxygenated water and settles to the bottom of the river. This insoluble iron
adds to the concentration of iron already contained in the sediments. Higher sediment iron concentrations
during the post-discharge surveys may thus be attributed to extra iron being introduced to the river from
runoff and soil erosion.

Overview. The mean iron concentrations in the samples from the sedimentation basins were, in most
cases, lower than the lowest mean iron concentration for each survey.

Although Transect | was the control site for the Dalecarlia sedimentation basin releases, the iron
concentrations were not dramatically lower for this transect than for the other transects. The
concentrations were slightly lower following the release of Dalecarlia #4 and quite similar to those of the
other transects following the release of Dalecarlia #3. Mean iron concentrations at Transects 3 and 4
were higher during the Dalecarlia #4 post-discharge survey than during the two previous baseline surveys.
Of the locations where samples were collected on Transect 6 during the Dalecarlia #4 post-discharge
survey, the center location's iron concentration decreased and the west location's iron concentration
increased compared to the baseline concentrations. The mean iron concentrations from the Dalecarlia #3
post-discharge survey were lower than baseline concentrations for most locations, excluding Transect 3-
east and Transect 4-west, both of which increased.

Transect 4 was the control site for the Georgetown sedimentation basin releases. Transect 4 had nearly
the lowest mean iron concentration of the locations sampled following the discharge of Georgetown #1;
however, samples could be coliected from only one location at Transect 4 as opposed to all locations at
Transects S and 6. The mean iron concentration at Transect 4-west was similar to the concentrations at
Transect 5-west and Transect 6-west. Overall, the mean iron concentrations from the Georgetown #1
post-discharge survey were greater than or very similar to the mean iron concentrations at corresponding
locations during the baseline surveys. Following the discharge of Georgetown #2, Transect 4 (control)
had the lowest mean iron concentration of the transects sampled. The remainder of the sampling
locations, excluding Transect 6-center, had the highest mean iron concentrations of the entire study.

3.6 BENTHIC MACROINVERTEBRATES

The following subsections present the results of the macroinvertebrate sampling analysis. The evaluation
of the macroinvertebrate data was based upon calculations of taxa composition, abundance, family
richness, diversity, and a family-level biotic index. Macroinvertebrate data are presented in Appendix
B.
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3.6.1 Taxa Composition

Taxa composition describes the types of taxa collected in a particular habitat or sample. A comprehensive
taxa composition list for all transects is presented in Table 3-8.

All of the transects were dominated by same three families: Tubificidae, Chironomidae, and Corbiculidae.
These families together constituted between 88% and 97% of the organisms collected at each transect.
Tubificidae represented more than 50% of the organisms for all transects except for Transect 4, where
it was found in equal numbers to Chironomidae, at 43% each. Chironomidae constituted from 13% to
43% of the organisms at each transect. Corbiculidae represented from 6% to 12% of the organisms
collected at each transect. The remaining organisms constituted 3% and 18% of the organisms collected
at each transect.

3.6.2 Taxa Richness

Richness is defined by the number of taxa or families present. Generally, a relatively higher richness
value indicates a healthier environment in terms of increased water quality, habitat diversity, and habitat
suitability. Accordingly, the variability of richness due to current velocity and substrate type is decreased
when similar habitats are sampled (Plafkin et al., 1989).

Richness values for this study were based on family-level identification, and taxa not identified to family
were not included in the calculation of richness. This procedure will not negatively impact the results of
richness because evaluation is based on a relative scale that makes a comparison between transects during
a single event, or between same transects during different events (rather than a comparison of the richness
value against an arbitrary scale). Because non-family-level taxa were eliminated consistently from each
sample for richness calculation, the actual richness value is different than it would have been had these
taxa been included; however, the relationship between the richness values of the samples is not altered.

Figures 3-20 and 3-21 present the family richness results for the baseline and post-discharge sampling
events, respectively. The data are presented as high-low plots, where the vertical line is defined by the
high and low values observed at each location, and a horizontal "tick” mark indicates the mean value.
A tabulated statistical summary of these data is presented by transect and event in Table 3-9.

There was no apparent negative impact on richness from the discharges. In fact, mean richness often
increased at test transects (or was greater at test transects than control transects) following a discharge.
Transect 3 appeared to have the highest richness values of all the transects during baseline and discharge
surveys. Richness varied between transects within the surveys (including baseline surveys), and no survey
appeared to have substantially greater richness values than the other surveys. Similarly, richness varied
at transects from survey to survey. However, there was no obvious trend in this observation. Application
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Table 3-8. Summary of macroinvertebrate species collected at each of the transects.
]
PHYLUM CLASS ORDER FAMILY T} T2 T3] T4 | TS5 | T
Annelida Oligochasta Tubificida Tubificidae [ [ Y ® ) o
Naididae [ J ® [ ] [ J ® [ J
Polychaeta Sabellidae [ [ J @ @
Hirudinea Rhynchobdeilida  Glossiphoniidas o o ® ® ®
Platyheiminthes  Turbellaria Tricladida Planariidae [ J ®
. Turbellaria (ind) [ [ J [ J [ ] [ ] [ J
Rhynchocoela Rhynchocoela (ind) ® [ [ ]
Arthropoda Chelicerata Acarina [ ® [ ® ®
Crustacea Amphipoda Crangonyctidae ) ® Y ®
Amphipoda Gammaridae ® [ ] [ ] ® [ e
isopoda Assellidae e | o | o] e
insecta Coleoptera Elmidae [} [ (] (]
Collembola Entomobryidae [ o
Collembola (ind) ®
Diptera Ceratopogonidae ® [ o [ [
Chaoboridas ® ®
Chironomidae [ ] d ® L4
Diptera [ J [ J [ [ J [
(non-Chironomidae)
Diptera family A ® ® [ ]
Diptera family B o
Diptera family C o
Diptera family D ® [ ] [ ] ®
Empididae o
Psychodidae [ J
Thaumaisidae ®
(cont.)
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Table 3-8. {Concluded).
|
PHYLUM CLASS ORDER FAMILY T-1 T2 | T3 | T4 | T5 T6
Ephemeroptera Caenidae o [ J [}
Ephemeridae [ ® ® ® [
Tricorythidae (J
Ephemeroptera (ind) [} ® ® ® [
Hemiptera Hemiptera (ind) ®
Lepidoptera Arctiidae ® ®
Pyralidae ®
Odonata Gomphidae ® [ ] | ® ®
Macromiidae
Odonata (ind) ® [
Plecoptera Taeniopterygidae ® [ J
Plecoptera (ind) [ ]
Helicopsychidae o
Hydropsychidae [ ] [ J
Hydroptilidae [} [ ] ®
Leptoceridae e ® o ® [
Polycentropodidas ® ® ® ®
Trichoptera (ind) ] ® [ J [ J
Moilusca Bivalvia Unionacea Unionidae ® [ J [ J [ J
Unionacea (ind) ® [
Sphaeriacea Corbiculidae ) ® o [ ] ®
Sphaeriidae [ ] [ ] o [ ] [ J [ ]
Sphaeriacea (ind) - ® ® ®
Gastropoda Ancylidae [ ] e ® ® ®
Hydrobiidae o [ [ J
Planorbidae ® [ J
Physidae L J [ (]
Pleuroceridae @ ®
Gastropoda (ind) ® ® ® ®
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Table 3-9. Summary of macroinvertebrate richness data.

of a paired comparison of transect means, as was used in the analysis of sediment chemistry data (Section
3.5.2.1), revealed no significant difference between average richness values observed at transects before
and after discharges. The family richness values obtained do not indicate a difference in water quality
between the transects or surveys.

3.6.3 Abundance

Figures 3-22 and 3-23 present the abundance results for the baseline and post-discharge sampling events,
respectively. A tabulated statistical summary of these data is presented by transect and event in
Table 3-10.

The abundance data were somewhat variable within and between transects. Mean abundance ranged from
27.1 to 382.2/1000 cm®’. The most obvious trend in the data was that abundance of organisms for
Transects 1 through 3 was consistently greater than the abundance for Transects 4 through 6. It is
interesting to note that the abundance consistently decreased for each subsequent baseline survey at
Transect 1, and increased consistently at Transect 4. No obvious trend was seen in the discharge data
for the Dalecarlia #3 and #4 post-discharge events. An interesting trend was observed in the Georgetown
#1 and #2 post-discharge data — the abundance of organisms increased from Transects 4 through 6 for
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Table 3-10. Summary of macroinvertebrate abundance data.

both basin discharges. Comparison of paired mean transect values failed to show any statistically
significant difference between events.

3.6.4 Shannon's Diversity Index (SDI)

Figures 3-24 and 3-25 present the SDI results for the baseline and post-discharge sampling events,
respectively. Where individuals could not be identified to the family level, the highest of the possible SDI
values has been shown. A tabulated statistical summary of these data is presented by transect and event
in Table 3-11. Where individuals could not be identified to family, the range of possible SDI values is
represented by showing high and low SDI values. It can be seen from this table that relatively little
uncertainty was introduced into the SDI calculations by the inability to fully enumerate a few individuals.
Diversity is an expression of community structure. A high diversity value indicates that all species are
nearly equal in abundance. High species diversity reflects a more stable, complex, and mature community
with an array of species interaction. Low species diversity is characteristic of communities with only a
few species, or communities where only few species are abundant. Such communities are less compiex
and relatively unstable. The more stable the community, the better it can withstand disturbance.
Therefore, diversity provides a basis for assessing the potential impact of disturbances.
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Table 3-11. Summary of Shannon’s Diversity Index (SDI) data. High and low values are shown
where identification of some individuals to the family ievel was uncertain.

Mean = 0.539/0.543
od = 0.125/0.125
n = 6
0.441
0.039

5

0.472/0.473
0.156/0.158
4

0.363/0.365
0.124/0.124 )
6 6
0.426/0.440 | 0.455/0.477
0.157/0.144 |  0.040/0.042
4

Baseline #2

Dalecaria #4 0.396/0.397 0.380/0.381 0.439
©.031/0.030 0.174/0.176 0.081

4 5 3

Bassline #3 0.400 0.525/0.528 0.440
0.081 0.197/0.201 0.131

4 6 3

Delecariia #3 0.490 0.508/0.511 | 0.721/0.742 0.488
0.116 0.267/0.270 | 0.217/0.231 0.107
4 2 3
Georgetown
#1
Georgetown
#2

Shannon’s Diversity Index (SDI) yields values between 0 and 1; the higher the number, the greater the
diversity of the community. Numerical criteria have not been established for evaluating SDI values and
interpreting the health of community; the SDI value is based on, and used as, a relative scale.

The majority of SDI values (Table 3-11) were between 0.4 and 0.5. Transect 3 had one of the lowest
recorded SDI values (0.27) during Baseline #1 and the highest value (0.74) during Baseline #3. Few
consistent trends were noted in the distribution of the SDI values. Transect 1 values consistently declined
with each baseline survey, and Transect 3 values consistently increased with each baseline survey. The
SDI values for the remaining transects varied inconsistently with each baseline survey. No consistent
trends were observed for the post-discharge samples. No statistically significant differences were seen
between paired transect means between sampling events.

3.6.5 Family-Level Biotic Index

The Family-Level Biotic Index (FBI) was developed to assess the degree of organic pollution present
based on pollution tolerance values assigned to macroinvertebrate taxa at the family level. The FBI value
is dependent upon the tolerance value of each family and the abundance of that family relative to total
abundance of the entire sample. The degree of organic pollution is determined by comparing the resulting
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FBI value to a pre-designated range of FBI values and their associated degrees of pollution (Hilsenhoff,
1988).

Figures 3-26 and 3-27 present the FBI results for the baseline and post-discharge sampling events,
respectively. A tabulated statistical summary of these data is presented by transect and event in
Table 3-12.

Table 3-12.  Summary of Family-Level Biotic index data.

The mean FBI values for the entire study ranged from 7.55 to0 9.16, a range that is characteristic of "very
poor™ water quality (see Table 2-2). This category has a high likelihood of organic pollution. Mean FBI
values appear to be consistently highest during Baseline #1, representing the poorest degree of water
quality of all the surveys.

The FBI values of the baseline surveys (especially Baseline #1) and the control transects indicate that a
high degree of pollution is characteristic of existing (baseline) conditions in the study area. It should be
noted that the Hilsenhoff (1988) FBI tends to underestimate the level of pollution in polluted streams, and
pollution levels may actually be higher than indicated. With the exception of the FBI values observed at
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Transect 4 during the Baseline #1 and #2 surveys, there were no statistically significant differences in
transect means at any of the sites between successive sampling events.

3.6.6 Overview

The study area consists naturally of a hard substrate and is a scour area during storm events. This
condition made it difficult to obtain representative and comparable samples using the ponar grab sampler
because the ponar sampler is more suited to soft substrates. Often during data collection, sediment could
be collected from a particular location during one survey, and none would be collected during the next
survey. The macroinvertebrate data displayed a great deal of variability within and between transects for
all metrics evaluated in this study. The bottom sediments are apparently being continually redistributed,
keeping the benthos in a constant state of disturbance. This disturbance of the macroinvertebrate
communities is reflected in the dominance of Tubificid worms and Corbicula at all transects (Petran and
Kothe, 1978). These organisms have high tolerance values and are generally the dominant organisms in
highly disturbed areas. The results of the macroinvertebrate data reflected signs of disturbance before
the basin discharges began.

In summary, no impact on the macroinvertebrate community was observed in association with the
discharge of the settling basins. The macroinvertebrate community appears to be characterized by
adaptation to a very dynamic environment.

3.7 SEDIMENT TOXICITY

A summary of the bioassay results is presented in the following discussion. A comprehensive presentation
of the data associated with the 7-day toxicity bioassays is detailed in the report titled "Chronic Impairment
Testing of Fathead Minnow (Pimephales promelas) to Dalecarlia and Georgetown Water Treatment Plant
Effluents, Washington, DC" (Cherry et al., 1992), which is presented in Appendix C.

3.7.1 Effluent and Sludge Sampling

Effluent from Dalecarlia #4 was collected on 5 December 1991 from a drainage system manhole west of
the sedimentation basin using two automated samplers operating in tandem. The two samplers were
programmed to pump a total of 1 liter of effluent into a 5-gallon carboy at hourly intervals throughout
the 6-hour drainage period. A 2.5-gallon sludge sample was collected directly from the sedimentation
basin, which had been drained but not rinsed. The sample was collected with a bucket lowered over the
guardrail into the basin and subsequently placed into a 5-gallon carboy for shipment to the analytical
laboratory.
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Effluent from Dalecarlia #3 was collected on 6 January 1991. The sample was collected by Washington
Aqueduct staff who composited hourly grab samples collected from the drainage system over a 6-hour
discharge period. The sludge sample was again collected with a bucket lowered over the guardrail into
the drained, unrinsed basin and then transferred to a 5-gallon carboy for shipment to the laboratory.

An attempt was made to collect effluent samples at Georgetown #1 on 19 February 1992, Two automated
samplers were installed at manhole M.H. #1, located at the southeast corner of the Georgetown reservoir.
The samplers were programmed to pump ! liter of effluent into a 5-gallon carboy at hourly intervals
throughout the 6-hour drainage period. A 2.5-gallon sludge sample was collected from the drained,
unrinsed basin with a bucket, and then transferred to a 5-gallon carboy for shipment to the laboratory.

Effluent samples were collected at Georgetown #2 on 25 February 1992 from the Blow Off Gate Chamber
using a submersible pump. A sample was collected every 2 hours over the 18-hour drainage period.
These samples were then combined into a 10-gallon composite sample. A 2.5-gallon sludge sample was
collected directly from the drained, unrinsed basin using a bucket and then transferred into a 5-gallon
carboy for shipment to the laboratory.

3.7.2 Effluent Bioassay

A total of three chronic 7-day toxicity tests were conducted using effluent from the Dalecarlia and
Georgetown sedimentation basins. The results of these tests are summarized in Table 3-13. Observed
ranges for pH and dissolved oxygen are provided in the table because these two parameters may affect
survival and growth. In general, water quality was observed to be relatively consistent among the
different effluent dilutions. Dissolved oxygen concentrations tended to decrease near the 24-hour renewal
point of each experiment.

Effluent from Dalecarlia Basin #4 did not significantly affect mortality of fathead minnow larvae at any
effluent concentration. No fish died during the 7-day bioassay. The no-observed effects concentration
(NOEC) for survival and growth was 100% effluent.

Fathead minnows tested in the Dalecarlia Basin #3 bioassay had 100% survival at all effluent
concentrations. No significant difference was observed in growth between the control and each of the
effluent concentrations.

Fathead minnow survival ranged from 97.5 to 100% in the 7-day bioassay of Georgetown Basin #2
effluent. Survival was 100% in all concentrations except for the 10% effluent concentration. Mean
weights did not vary greatly between effluent concentrations. Fish exposed to 100% effluent exhibited
the greatest weight gain.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 69

. |

© e

—



Table 3-13. Summary of survival and growth results for effluent samples.

100 0.677 49-84 7.12-7.66

1 100 0.798 34-86 7.13-7.70

10 100 0.762 44-87 7.19-7.68

100 100 0.821 45-108 7.08 -7.43

Dalecarlia #3 0 100 0.446 48-7.9 7.38 - 8.11
1 100 0.500 57-84 755-7.85

10 100 0.473 55-83 721-758

100 100 0.413 42-88 6.72-7.28

Georgetown #2 0 100 0.477 54-79 7.28-8.23
1 100 0.512 52-80 7.33-8.17

10 97.5 0.449 56-8.1 7.36 - 7.82

100 100 0.514 50-9.2 6.47 E 7.04

No bioassay data were collected for Georgetown Basin #1 effluent because an equipment failure prevented
the collection of an effluent sample for use in the bioassay.

3.7.3 Sludge Bioassay

A total of four chronic 7-day sediment toxicity tests were conducted using sludge from the Dalecarlia and
Georgetown sedimentation basins. The results of these tests are summarized in Table 3-14. Again,
dissolved oxygen and pH ranges are provided.

A screen test was conducted using effluent and sludge from Dalecarlia Basin #4. This test indicated 100%
survival of fish that underwent a 48-hour exposure to effluent. However, survival of fish exposed to
sludge for 48 hours was dependent upon the degree of dilution. All larvae survived in 1-3% sludge, but
survival declined from 65 to 50 to 0% in 10, 30, and 100% sludge, respectively.

Survival of fish exposed to 30 and 100% sludge from Dalecarlia Basin #4 was significantly reduced.
Significant weight impairment was also evident at 3, 30, and 100% sludge concentrations. It was
determined that fish mortality and growth were significantly impacted by daily declines in DO
concentrations rather than sludge toxicity.

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 70

i



Table 3-14. Summary of survival and growth resuits for sludge samples.
]
Basin Concentration | Survival | Growth | D.O. Range

(%) (%) mo) mg/L) pH Range
Dalecarlia #4 0 85 0.679 27-83 707-7.78
1 80 0.634 28-83 7.16-7.74
3 85 0.551" 33.83 7.21-7.73
10 85 0.625 33-83 7.20-7.74
30 425 0.573" 0.07 - 8.4 7.15-7.48

100 o - - -
Dalecartia #3 0 100 0.446 48-79 7.38 - 8.11
1 100 0.530 48-7.3 7.18-7.49
3 100 0.499 42-63 7.02-7.44
10 100 0.475 21-48 6.81-7.12
30 0 . 0.04 - 5.4 6.94-7.03

100 o - - -
Georgetown #2 0 100 0.477 54-79 7.28-8.23
1 100 0.391" 5.1-86 7.24-7.77
3 100 0.416 5.0-82 7.17-7.53
10 100 0.356" 52-75 6.88 - 7.21
<) 100 0.234" 48-6.2 6.76 - 7.13

100 0 - . .
Georgetown #1 0 100 0.553 52-77 7.15-8.08
1 100 0.495 56-77 7.08-7.78
3 100 0.555 53-77 6.97 - 7.70
10 100 0.563 50-7.1 6.82 - 7.40
30 100 0.482 52-69 6.77-7.18

100 0’ . . .

Note: * Denotes statistically significant difference from the control at the 95% confidence level.
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Fish survival in 1, 3, and 10% concentrations of sludge from Dalecarlia Basin #3 was 100%. Survival
in 30 and 100% sludge concentrations was 0% . Growth was not significantly impaired in the 1, 3, and
10% sludge concentrations. Because an aeration system was implemented during this bioassay, DO
concentrations were higher than for the previous bioassay; however, declines in DO still contributed to
increased mortality in the 30% sludge concentration.

Fish survival in sludge from Georgetown Basin #2 was 100% at 1, 3, 10, and 30% concentrations.
Survival was 0% at 100% sludge concentration. Weight gain was significantly impaired at 10 and 30%
sludge concentrations. A weight impairment was observed in the 1% sludge concentration, however, it
was determined to be not ecologically significant because the fish weight at 3% sludge concentration was
higher than at 1%, and not significantly different from the control. DO concentrations were higher during
this bioassay because of the implementation of aeration during the study.

Fish survival in sludge from Georgetown Basin #1 was 100% at 1, 3, 10, and 30% sludge concentrations.
There was no impairment of weight at these concentrations. At 100% sludge concentration, fish survival
was 0%. Again, DO concentrations were regulated somewhat by aeration, and large reductions in DO
concentration were not observed near the time of each daily renewal. '

3.7.4 Overview

The results of the toxicity tests indicate that effluent released from the sampled sedimentation basins had
no effect on either mortality or growth of fathead minnows. This conclusion is consistent with
observations at the basins, where fish communities were clearly visible.

No significant mortality or impairment of growth was observed in fish exposed to concentrations of sludge
in the range of 0 - 10%. There were significant effects observed at the 30% concentration, but these
appear to have been related to oxygen demand and resulting suffocation of the fish rather than toxic effects
of the sludge. No fish were able to survive in 100% sludge, primarily because of the combined effects
of dissolved oxygen deprivation and physical impairment on swimming ability and gill functions.

Instream water calculations (TWCs) were conducted to examine the probable concentrations of effluent
and sludge in the river as a result of the sedimentation basin discharges. Based on a minimum river flow
of 3,500 MGD, as stipulated in the facility's NPDES permit, IWC concentrations ranged from 0.4 to
3.1% for the effluent discharges and from 0.1 to 0.3% for the sludge discharges. No mortality or growth
impairment was observed at these low concentrations of effluent or sludge. Because discharges occurred
under significantly higher flows, actual instream concentrations were lower.
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3.8 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

The following section presents a brief summary of the quality assurance/quality control (QA/QC) results
obtained during the analyses of water quality and sediment chemistry, benthic macroinvertebrates, and
the sediment toxicity bioassay.

3.8.1 Water Quality Data

Martel's standard QA/QC program includes evaluation of blank, replicate, standard, and "spiked” samples
during water quality analysis. Martel conducts QA/QC checks on 10% of the samples in a batch. The
acceptable limits and ranges of recovery for QA/QC tests are presented in Table 3-15 (Kuyawa, 1992;
see Table 2-1 for analytical methods). QA/QC evaluations that fail the specified criteria are re-tested.
Repeated failures are "flagged” in the QA/QC report. No "flags™ were reported for water quality
analysis.

Table 3-15. Summary of QA/QC criteria for water quality and sediment chemistry samples.
|

QA/QC Test Limit/Range

Blank
(= 10% of parameter detection limit)  Aluminum + 0.01 ppm
Alkalinity = 0.1 ppm
BOD + 0.2 ppm
Iron + 0.001 ppm
TSS = 0.1 ppm
Turbidity + 0.01 NTU (variable)

Replicate I-STAT value <0.1
Spike 75-125% recovery

Standard 75-125% recovery
L ... _______________________________________|]
QA/QC tests of standards, replicates, blanks, and spikes satisfied the specified criteria with one exception:
a replicate test for total suspended solids was not within the appropriate I-STAT range. Martel did not
"flag" this as unacceptable.

Detailed water quality QA/QC results are presented in Appendix D.
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3.8.2 Sediment Chemistry

Sediment chemistry analysis was subject to the identical QA/QC program utilized by Martel for water
quality (Section 3.8.1). No QA/QC "flags” were reported for sediment chemistry analysis.

Evaluation of standards, replicates, spikes, and blanks for QA/QC checks of sediment chemistry analyses
satisfied the specified criteria with one exception: only 52% of a series of blanks evaluated for QA/QC
of a large batch of iron samples satisfied the designated criteria (+ 0.001 of a 0.01 ppm detection limit).
Martel did not "flag" this as an unacceptable QA/QC result. It should be noted that the blank values that
did not satisfy criteria ranged from 0.02 ppm to 47 ppm, relatively negligible when sediment iron
concentrations were reported in thousands of mg/kgs. The single blank result of 47 ppm may potentially
be attributed to the inadvertent substitution of a blank standard for a blank (personal communication,
Kuyawa, 1992). Detailed sediment chemistry QA/QC results are presented in Appendix D.

3.8.3 Benthic Invertebrates

Sixteen (12.6%) of the 127 total macroinvertebrate samples were checked for sorting errors. Three of
these samples failed the QA/QC criteria, resuiting in the re-sorting of 20 samples. The average QA/QC
. error was 2.0%. The QA/QC error ranged from 0.0% to 6.6%.

Thirteen (10.2%) of the macroinvertebrate samples were checked for identification errors. One of the
samples failed the QA/QC criteria, and nine samples were re-identified. The average QA/QC error was
1.3%. The QA/QC error ranged from 0.0% to 5.7%. Detailed macroinvertebrate QA/QC sorting and
identification results are presented in Appendix D.

The designated QA/QC protocols were followed in the appropriate manner. The data received are
acceptable in accordance with the QA/QC criteria.

3.8.4 Bioassays

QA/QC testing of the chronic 7-day sediment toxicity bioassays consisted of determining L.Cs for fathead
minnows using a reference toxicant (cadmium atomic absorption spectrophotometry standard, Fisher
Scientific SO-C-118, Lot. No. 870113-24) in U.S. EPA reconstituted water. A total of three QA/QC tests
were conducted. The dates and results of the tests are presented in Table 3-16.

Additional QA/QC testing included physical and chemical analyses of test waters for water temperature,
conductivity, total hardness, total alkalinity, dissolved oxygen concentration, and pH. Method citations
and specific QA/QC results are available in the report titled "Chronic Impairment Testing of Fathead
Minnow (Pimephales promelas) to Dalecarlia and Georgetown Water Treatment Plan Effluents,
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Washington, DC" (Cherry et al., 1992),
which is presented in Appendix C.

Table 3-16. Summary of fathead minnow QA/QC

testing.
|
Date of Test 24-hr LC., 48-hr LC,, -
(wg/L) (/L) ¥
17-18 December 1991 218.0 61.6
20-22 January 1992 54.4 22.1
20-22 March 1992 122.4 60.6

' -
k
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SECTION 4. SUMMARY AND CONCLUSIONS

A summary of the results and conclusions of this investigation is presented below, organized by data
collection type. In addition, recommendations for sampling strategies for future assessment investigations
are provided at the end of this section.

4.1 WATER QUALITY

The laboratory results and in situ measurements showed no apparent water quality effects as a result of
the release of effluent and sludge from any of the basins. Because of the strong current and river flow
pattern in the study area (especially following recent rainfall), water affected by discharges moves
downstream immediately. As a result, the water samples collected from the river during the post-
discharge events (2-3 days after the actual discharge) would not be expected to be representative of
conditions during or immediately after the discharge. Observed trends or differences between the surveys
were probably related to the rainfall that was associated with each of the post-discharge surveys.

4.2 SEDIMENT CHEMISTRY

Statistically significant increases in sediment aluminum concentrations occurred twice: (1) Transect 4
after the Dalecarlia #4 discharge, and (2) Transect 6 after the Georgetown #1 discharge. In the case of
the Dalecarlia #4 discharge, the observed mean concentration at Transect 4 fell midway between the mean
concentrations observed at that location during Baselines #1 and #2. In the case of the Georgetown #1
discharge, a nearly uniform 2,000-mg/kg increase in aluminum concentration was observed at all
transects, regardless of their relative position with reference to the point of discharge. The only other
statistically significant changes observed were at Transect #1, upstream of all of the discharge points.
It does not appear that the discharges from the Dalecarlia and Georgetown basins had a significant effect
on the sediment aluminum concentrations at the study transects.

4.3 BENTHIC INVERTEBRATES

The effluent and sludge discharges had no apparent affect on the benthic communities in the study area.
Natural variability among these communities is high, probably a reflection of the continual disturbance
of bottom sediments by high river velocities and resulting turbulence. The biological indices examined
suggest that ecological quality in the study area is poor and subject to high levels of organic pollution.

4.4 7-DAY TOXICITY BIOASSAY

Effluent discharged from both sedimentation basins at Dalecarlia WTP and from sedimentation basin #2
at the Georgetown WTP had no affect on fathead survival or growth. An effluent bioassay was not

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 77

¢

!

[



conducted using effluent from sedimentation basin #1 because an equipment failure prevented coliection
of an effluent sample; however, it is assumed that the contents of basins #1 and #2 would be similar.

Exposure to sludge from the basins at higher concentrations (i.e., 10, 30, and 100%) did impact the
survival and growth of fathead minnows, but the impact appears to have been related to oxygen starvation
and physical impairment rather than to toxic effects. Sludge at 100% concentrations impaired swimming
ability and gill functions, and resulted in 100% mortality in all tests. Oxygen demand exerted by 10 and
30% concentrations of sludge resulted in significant mortality in the first two toxicity tests. Use of an
aerator in subsequent tests resulted in 100% survival at sludge concentrations up to 30%.

Instream water calculations (TWCs) were conducted to estimate effluent and sludge concentrations that
would be likely to occur in the Potomac River during discharges. The minimum river discharge specified
by the NPDES permit (i.e., 3,500 MGD) was used as the basis of these calculations. In all instances,
concentrations were below 3.5%.

In summary, no apparent toxic effects on fathead minnow larvae resulted from either effluent or siudge
from any of the Dalecarlia Water Treatment Plant basins.

4.6 RECOMMENDATIONS

Evaluation of the results of this investigation has led to a number of observations and associated
recommendations. These will assist in the planning of similar studies, and may be summarized as
follows:

® A reconnaissance-level testing of sediments in the sedimentation basins and the river is recommended
to develop some indication of the likely impact of discharges. In the case of this investigation,
reconnaissance sampling would have revealed sedimentation basin aluminum concentrations similar
to those in the river, and sedimentation basin iron concentrations approximately one-third to one-half
those in the river.

® The collection and analysis of water quality samples in the river 2-3 days after the sedimentation basin
discharges served no practical purpose in this investigation. As an alternative, it is suggested that the
collection of water quality samples in the river be conducted during discharges to provide information
on the location and density of the discharge plume.

® The benthic macroinvertebrate sampling may not have been representative of the most sensitive
populations within the system, because of the very irregular and dynamic conditions on the river
bottom. The ability of the ponar sampler to efficiently sample such a system was limited, making it
difficult to obtain representative and comparable samples. In situ artificial substrate samplers are

WASHINGTON AQUEDUCT IMPACT STUDY FINAL REPORT
PAGE 78

i
i |
-
PR
— — |
—— el
- r
- I
¥~ l
F .



suggested as an alternative to the dredge sampler utilized in this study. The traditional Hester-Dendy
samplers may not be well suited to this application because high velocities and many fishermen are
present in the area. It is recommended that research into samplers used in high-velocity western
streams be conducted to identify a suitable design before a field sampling program is finalized.

Although the toxicity tests conducted during this investigation represented worst case conditions, it
is recommended that in situ exposure testing be considered as a supplement or alternative to laboratory
tests in the future. In situ testing may be conducted with fertilized eggs, larvae, or fully developed
fish in enclosures placed at various locations in the likely path of the plume.

The dissolved oxygen sag observed during the toxicity testing raises an issue regarding impacts of
sludge discharges on dissolved oxygen in the Potomac River. However, because the discharges occur
during high flows and the river is highly mixed, this may not represent a problem. Although this
issue was beyond the scope of this investigation, it warrants further analysis.
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APPENDIX A: WATER QUALITY AND SEDIMENT CHEMISTRY DATA



WATER QUALITY LABORATORY DATA
TRANSECT DATE

e,

- B G s W N =

o 0 2 0N

O s WD O O s W N

-

[T N

05-Dec-91
05-Dec-91
05-Dec-91
05-Dec-91
05-Dec-91
05-Dec-91

10-Dec-81
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91

21-Dec-91
21-Dec-91
21-Dec-91
21-Dec-91
21-Dec-91
21-Dec-91

10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10~Jan-92
10-Jan-92

24-Feb-92
24-Feb-92
24-Feb-92
24-Feb-92
24-Feb-92

SURVEY

Baseline #1
Baseline #1
Baseline #1
Baseline #1
Baseline #1
Baseline #1

Baseline #2
Baseline #2
Baseline #2
Baseline #2
Baseline #2
Baseline #2

Dalecarlia #4
Dalecariia #4
Dalecarlia #4
Dalecarlia #4
Delecariia #4
Dalecariia #4

Baseline #3
Baseline #3
Baseline #3
Baseline #3
Baseline #3
Baseline #3

Dalecartia #3
Dalecartia #3
Dalocariia #3
Dalecariia #3
Dalecartia #3
Dalecartia #3

Georgetown #1
Georgetown #1
Georgetown #1

Georgetown #1
Georgetown #1

ALKALINMY
(mg/L)

110

110
110
110
110
110
110

g R

82

61

61

61

79

TURBIDITY
(NTU)

23
25

17
13

21
18
17
17

12

3.6
3.8
37
39
4.0
3.5

18.0
15.0
13.0

14.0

13.0

10.0
7.6

A-l

<2
<2
<2
<2
<2
<2

<2
<2
<2
<2

<2

»n b b O b

W N W W

0

17
17
16

<0.10

N N W N

<0.10

15
10 <0.10

(mg/L)

0.46
0.88
0.99

1.2
0.48
043

0.69
0.71
0.67
0.80

0.48

0.17
0.25

0.10

o

043
0.62
0.66
0.77

0.63

0.20

0.78
0.52

0.93
0.89
1.9
22

0.90

0.28
0.17
0.20
0.17
0.20
0.18

0.74
0.70
0.71
0.87

0.75

0.41
0.31

K.

— . ww
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WATER QUALITY LABORATORY DATA
TRANSECT DATE SURVEY ALKALINITY TURBIOITY BODS TSS  ALUMINUM
{mg/y (NTY) (mg/h  (mg/l (mg/L)

1 29-Feb-92 Georgetown #2

2 29-Feb-92 Georgetown #2
3 29-Feb-92 Georgetown #2
4 29-Feb-92 Georgetown #2 67 110.0 6 120 270
5 29-Feb-92 Georgetown #2 60 110.0 8 140 2.90
6 29-Feb-92 Georgetown #2 68 130.0 7 160 4.00
3
]
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HYDROLAB IN-SITU WATER QUALITY DATA

SURVEY DATE TRANSECT DEPTH  TEMP
TYPE (m) ©
====c===== ====s=== ======= ===== ===== ===== =====
BASELINE 1 10-Oct-91 1 0 1602
BASELINE 1 10-Oct-91 1 1584
BASELINE 1 10-Oct-91 2 1582
BASELINE 1 10-Oct-91 2 1 1615
BASELINE 1 10-Oct-91 2 1605
BASELINE 1 10-Oct-91 3 16.08
BASELINE 1 10-Oct-91 4 1602
BASELINE 1 10-Oct-91 5 16.00
BASELINE 1 10-Oct-91 3 1 1685
BASELINE 1 10-Oct-91 2 1659
BASELINE 1 10-Oct-91 3 1640
BASELINE 1 10-Oct-91 4 1633
BASELINE 1 10-Oct-91 5 1631
BASELINE 1 10-Oct-91 6 1627
BASELINE 1 10-Oct-91 65 1623
i

BASELINE 1 10-Oct-91 4 1 17.13
BASELINE 1 10-Oct-91 2 1690
BASELINE 1 10-Oct-91 3 1685
BASELINE 1 10-Oct-91 4 1665
BASELINE 1 10-Oct-91 5 1662
BASELINE 1 10-Oct-91 55 1661
BASELINE 1 10-Oct-91 5 1 17.36
BASELINE 1 10-Oct-91 2 1728
BASELINE 1 10-Oct-91 3 17.21
BASELINE 1 10-Oct-91 4 1749
BASELINE 1 10-Oct-91 5  17.16
BASELINE 1 10-Oct-91 6 1747
BASELINE 1 10-Oct-91 6 11877
BASELINE 1 10-Oct-91 2 1850
BASELINE 1 10-Oct-91 3 1817

8.28
8.34
8.38
8.42
8.43

8.44
8.56
8.56
8.57
8.58
8.58
8,58

8.28
8.28
8.30
8.29
8.32
833

8.36
8.37
8.39
8.39
8.41
8.41

8.24
8.24
8.23

7.08
5.35
543
5.38
5.65

*10.18
*10.30

COND

345

347

345

$8¢%

345
345

FEEERE

EE884

342

312
313
318

950
950
950
950
950

950
950
950
950
850
950

950
950
950
950
950
950

950

950
950
950

950
950
950

i

[ VA
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.



an.gau S=saaall Ss=aol. Ssao_ Ssaag ==so_ Ssaa_ Sssao, Ssaag,
DRog4 WaTeg QuAL, DAty
SURvey Darg TRANSECT Dg TEMP PH Conp River
TyPe (m) © tmgy) (US/em) Flow
Rt T S=s=eanl. S==sal_ Ssma Ssaag Ssaag Ssaol S=aol. S=ssal,
BASELINE! 10-Oct.g, 4 1y 825 . 32 950
BASELINE1 10-Oct.g, 5 17.95 827 .« 324 950
BASELINE1 10-Oct g, 6 12.65 832 « 333 850
BASELINE1 10-Oct.g, 6.5 17.64 830 » 332 850
BASELINE 2 05-Dec. g, 0 8.93 8es 1.96 347 9187
BASELINE2 05-Dec.g, 1 8.94 860 , 1.84 347 918y
BASELIst 05-Dec.g, 2 8.95 57 11.7¢ 346 S187
BASELINE2 05-Dec.g, 27 8.9¢ 11.7¢ 9187
BASELINE2 05-Dec.gy 0.3 9.05 825 136 325 9187
BASELIst 05-Dec.g, 3 os ‘8.05 8.73 13.65 337 9187
BASELINE2 05-Dec. g, 4 1 8.96 828 13.93 S187
BASELINE2 05-Dec. g, 2 9.00 27 13.19 S187
BASELINEZ 05-Dgc.g, 3 8.02 1283 S1g7
BASELIst 05-Dec.g, 4 9.03 1287 S187
BASELINE2 05-Dec.g, 5 9.05 82¢ 12.95 33s 9187
BASELINE2 05-Dec.g, 586 S.86 827 1265 335 9187
i BASELINE 5 05Dec.g, T ags 826 1346 34 9187
BASELINE2 05-Deg.g, 2 S.02 826 13.13 350 9187
BASELINEZ 05-Dgc. g, 3 9.04 8.27 1297 350 9187
BASELINE? 05-Dec.g, 4 9.04 8.2¢ 1255 349 9187
BASELIst OS-Dec-91 5 S.04 8.2¢ 12.54 348 9187
BASELINEE' 05-Dec g, 6 9.07 826 12.43 348 9187
BASELINE 2 05-Dec. g, 1 9.34 845 1272 362 S187
BASELINE 2 05-Dgc_g, 2 8.40 8.40 12.53 362 9187
BASELINEZ 05-Dec.g, 3 9.44 8.3 12.5¢1 362 9187
BASELINE2 05-Dec.gy 4 9.45 837 12.3¢ 361 9187
BASELINEZ 05-Dec. g, 5 9.47 36 1215 361 9187
BASELINE2 05-Dec.gy 6 S.46 12,00 361 9187
A4




HYDROLAB IN-SITU WATER QUALITY DATA

8.06
8.05
8.05
8.04

8.01
7.80
8.02
8.01
8.00
8.00
8.01
8.01

7.50
7.67
7.72
777
7.79
7.78
7.78

8.64
8.73
8.72
8.71
8.69
8.66
8.63

SURVEY DATE TRANSECT DEPTH  TEMP
TYPE (m) ©
DALECARLIA #4 10-Dec-91 1 o 728
DALECARLIA #4 10-Dec-91 1 728
DALECARLIA #4 10-Dec-91 2 728
DALECARLIA #4 10-Dec-91 3 728
DALECARLIA #4 10-Dec-91 2 1 735
DALECARLIA #4 10-Dec-91 2 735
DALECARLIA #4 10-Dec-91 3 735
DALECARLIA #4 10-Dec-91 4 7%
DALECARLIA #4 10-Dec-91 3 1 726
DALECARLIA #4 10-Dec-91 2 725
DALECARLIA #4 10-Dec-91 3 725
DALECARLIA #4 10-Dec-91 4 725
.DALECARLIA #4 10-Dec-91 5 725

ALECARLIA #4 10-Dec-91 6 725
DALECARLIA #4 10-Dec-91 7 725
DALECARLIA #4 10-Dec-91 75 725
DALECARLIA #4 10-Dec-91 4 1 722
DALECARLIA #4 10-Dec-91 2 72
DALECARLIA #4 10-Dec-91 3 722
DALECARLIA #4 10-Dec-91 4 722
DALECARLIA #4 10-Dec-91 5 722
DALECARLIA #4 10-Dec-91 6 7.2
DALECARLIA #4 10-Dec-91 67 7.2
DALECARLIA #4 10-Dec-91 6 1 722
DALECARLIA #4 10-Dec-91 2 719
DALECARLIA #4 10-Dec-91 3 718
DALECARLIA #4 10-Dec-91 4 718
DALECARLIA #4 10-Dec-91 5 719
DALECARLIA #4 10-Dec-91 6 719
DALECARLIA #4 10-Dec-9t 7 718

A-5

12.33
12.33
12.41
12.40

12.54
13.59
12.35
12.48
12.54
12.54
12.48
12.48

13.29
12.69
12.37
1244
12.50
12.58
12.50

13.43
13.30
13.30
13.24
13.24
13.18
13.12

n
271
271
2n

270
270
272
272
272

271
272

2n
2n
2n

272

272

272

285

285
285

Y

e
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HYDROLAB IN-SITU WATER QUALITY DATA

SURVEY DATE TRANSECT DEPTH  TEMP pH DO  COND River
TYPE m) © mgl)  (uS/em) Flow

BASELINE 3 20-Dec-91 1 0 03 85 1520 286 2042
BASELINE 3 20-Dec-91 1 038 855 1530 286 2042
BASELINE 3 20-Dec-91 2 038 855 1509 287 2042
BASELINE 3 20-Dec-91 25 039 855 1517 287 2042
BASELINE 3 20-Dec-91 2 1 082 841 1514 288 2042
BASELINE 3 20-Dec-91 2 0.91 8.41 15.16 288 - 2042
BASELINE 3 20-Dec-91 3 080 843 1516 288 2042
BASELINE 3  20-Dec-91 4 090 841 1516 288 2042
BASELINE 3 20-Dec-91 5 090 841 1517 288 2042
BASELINE 3 20-Dec-91 6 081 841 1516 288 2042
BASELINE 3 20-Dec-91 7 090 841 1517 287 2042
"BASELINE 3 20-Dec-91 8 081 842 1516 288 2042
ASELINE 3 20-Dec-91 9 081 842 1516 287 2042
BASELINE 3 20-Dec-91 1 080 841 1517 287 2042
BASELINE 3 20-Dec-91 1 0.91 8.41 15.16 286 2042
BASELINE 3 20-Dec-91 3 1 08 842 1512 286 2042
BASELINE 3 20-Dec-91 2 082 842 1515 287 2042
BASELINE 3 20-Dec-91 3 081 842 1526 287 2042
BASELINE 3 20-Dec-91 4 080 842 1527 287 2042
BASELINE 3 20-Dec-91 5 080 843 1527 286 2042
BASELINE 3 20-Dec-91 6 079 843 1518 287 2042
BASELINE 3 20-Dec-91 7 079 843 1518 287 2042
BASELINE 3 20-Dec-91 8 079 843 1518 287 2042
BASELINE 3 20-Dec-91 9 079 842 1528 287 2042
BASELINE 3 20-Dec-91 1 0.79 8.43 15.28 287 2042
BASELINE 3 20-Dec-91 4 1 0.67 8.46 15.31 287 2042
BASELINE 3 20-Dec-91 2 0.64 8.48 15.33 287 2042
BASELINE 3 20-Dec-91 3 064 847 1534 287 2042
BASELINE 3 20-Dec-91 4 063 848 1534 286 2042
BASELINE 3 20-Dec-91 5 0.64 8.46 15.34 287 2042

A-6
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HYDROLAB IN-SITU WATER QUALITY DATA

SURVEY DATE TRANSECT DEPTH  TEMP
TYPE (m) ©
BASELINE 3 20-Dec-91 6 063
BASELINE 3 20-Dec-91 5 1 0s8
BASELINE 3 20-Dec-91 2 095
BASELINE 3 20-Dec-91 3 05
BASELINE 3 20-Dec-91 4 085
BASELINE 3 20-Dec-91 6 1 1.7
BASELINE 3 20-Dec-91 2 7
BASELINE 3 20-Dec-91 3 172
BASELINE 3 20-Dec-91 4 174
BASELINE 3 20-Dec-91 5 174
BASELINE 3 20-Dec-91 55 174
QALECARLIA #3 10-Jan-82 1 0 524
DALECARLIA #3 10-Jan-92 1 523
DALECARLIA #3 10-Jan-92 2 521
DALECARLIA #3 10-Jan-22 3 52
DALECARLIA #3 10-Jan-92 2 0 54
DALECARLIA #3 10-Jan-92 1 537
DALECARLIA #3 10-Jan-92 2 536
DALECARLIA #3 10-Jan-g2 - 25 536
DALECARLIA #3 10-Jan-92 3 0 54
DALECARLIA #3 10-Jan-92 1 540
DALECARLIA #3 10~Jan-92 2 540
DALECARLIA #3 10-Jan-92 3 539
DALECARLIA #3 10-Jan-92 4 539
DALECARLIA #3 10-Jan-g2 5 539
DALECARLIA #3 10-Jan-92 6 539
DALECARLIA #3 10-Jan-92 7 539
DALECARLIA #3 10-Jan-92 8 539
DALECARLIA #3 10-Jan-92 9 539
A-7

8.49
8.49
8.49
8.47
8.48
8.49

7.74
7.76
7.79
7.8t

7.55
7.78
7.83
7.85

7.82
7.87
7.90
7.96
7.96
7.99
8.00
8.01
8.02
8.02

18.71
15.41
15.42
15.31

15.18
15.09
15.09
14.99
14,99
14,98

14.04
14.04
14.05
14.05

13.82
13.76
13.76
13.77

14.25
13.88
13.81
13.74
13.66
13.74
13.74
13.66
13.66
13.66

COND

287
287
287

287
287
287

239
239

240
240
240
240

241
241
241
240
240
240
240
240
240
241

6528
6528

6528

6528
6528

5.
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HYDROLAB IN-SITU WATER QUALITY DATA

SURVEY DATE TRANSECT DEPTH  TEMP
TYPE {m) ©
DALECARLIA #3 10-Jan-92 1 5.39
DALECARLIA #3 10-Jan-92 11 5.39
DALECARLIA #3 10-Jan-92 12 539
DALECARLIA #3 10~Jan-92 4 0 543
DALECARLIA #3 10-Jan-92 1 5.42
DALECARLIA #3 10-Jan-92 2 541
DALECARLIA #3 10-Jan-92 3 sa
DALECARLIA #3 10-Jan-g2 4 541
DALECARLIA #3 10-Jan-92 5 541
DALECARLIA #3 10-Jan-92 6 541
DALECARLIA #3 10-Jan-92 7 540
DALECARLIA #3 10-Jan-92 6 0 535
"DALECARLIA #3 10-Jan-92 1 5.33
QALECARLIA #3 10~Jan-92 2 534
DALECARLIA #3 10-Jan-92 3 533
DALECARLIA #3 10-Jan-92 4 533
DALECARLIA #3 10-Jan-92 5 532
DALECARLIA #3 10-Jan-92 6 532
GEORGETOWN # 24-Fob-92 4 1 7.03
GEORGETOWN # 24-Feb-92 2 704
GEORGETOWN # 24-Feb-92 3 705
GEORGETOWN # 24-Feb-92 4 704
GEORGETOWN # 24-Feb-92 5 705
GEORGETOWN # 24-Feb-92 6 704
GEORGETOWN # 24-Feb-92 5 1 7.03
GEORGETOWN # 24-Feb-92 2 703
GEORGETOWN # 24-Feb-92 3 704
GEORGETOWN # 24-Feb-92 4 704
GEORGETOWN # 24-Feb-92 6 1 6.88

785
7.98
7.98
8.02
8.02
8.03
8.04
8.05

7.96
7.98

. 800

8.03
8.03
8.02
8.03

8.06
8.05
8.05
8.05
8.05
8.04

6.67
7.54
7.62
7.68

7.64

DO
(mg/l)

13.66
13.66
13.66

14.09
13.79
13.71
13.71
13.64
13.64
13.64
13.65

14.24
13.70
13.55
13.55
13.48
13.48
13.48

12.24
12.29
12.23
12.29
12.24
1217

12.75
12.30
12.24
1217

12.04

COND
(uS/em)

239
240
240

241
241
240
240

240 -

240
240
240

240
239
240
239
239
238

318

River

Flow
6528
6528
6528

6528
6528

4725
4725
4725
4725
4725
4725

4725
. 4725
4725
4725

4725

F

.

i

'

3

F
1

)
P
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HYDROLAB IN-SITU WATER QUALITY DATA

* D.O. unstable-fiuctuated between 8 & 11 mg/.

7.97

7.90
8.17
8.14
8.14

7.90
7.87
7.90
7.88
7.88
7.88
7.89

14.50

14.43
1272
12.93
12.94

14.21
13.83
13.88
13.82
13.76
13.70
13.64

232
231
231
230

240
240
240
240
239
239
238

SURVEY DATE TRANSECT DEPTH TEMP
TYPE (m) ©
GEORGETOWN # 24-Feb-92 2 6.88
GEORGETOWN # 24-Feb-92 3 6.88
GEORGETOWN # 24-Feb-92 4 6.88
GEORGETOWN # 24-Feb-92 5 6.88
GEORGETOWN # 24-Feb-92 5.3 6.88
GEORGETOWN # 29-Feb-92 4 1 6.61
GEORGETOWN # 29-Feb-92 5 1 6.59
GEORGETOWN # 29-Feb-92 2 6.62
GEORGETOWN # 29-Feb-92 3 6.65
GEORGETOWN # 29-Feb-92 35 6.65
'GEORGETOWN # 29-Feb-92 6 1 6.63
;EORGETOWN # 29-Feb-92 2 6.65
GEORGETOWN # 29-Feb-92 3 6.65
GEORGETOWN # 29-Feb-92 4 6.65
GEORGETOWN # 29-Feb-92 5 6.65
GEORGETOWN # 29-Feb-92 6 6.66
GEORGETOWN # 29-Feb-92 6.5 6.66

F

R VOO,

pe



SEDIMENT QUALITY DATA ]
SURVEY DATE TRANSECT LOCATION REPLICATE ALUMINUM IRON ) !
TYPE (mg/kg) (mg/kg)
Cmmsesmmsss SommS——= m—mSSS=Ss=== SS=—m=so& ====sS==== SS==S==== c=s=s===
BASELINE 1 10-Oct-91 1 £ 1 8500 13000
BASELINE 1 10-Oct-91 1 E 2 4300 8000
BASELINE 1 10-Oct-91 1 c 1 2800 9000
BASELINE 1 10-Oct-91 1 c 2 3200 8500
BASELINE 1 10-Oct-91 1 w 1 2600 6500
BASELINE 1 10-Oct-91 1 w 2 3200 4800 "
BASELINE 1 10-Oct-91 2 E ) 7200 8700
BASELINE 1 10-Oct-91 2 E 2 5300 7100 4
BASELINE 1 10-Oct-91 2 c 1 7700 11000
BASELINE 1 10-Oct-91 2 c 2 5200 8300
BASELINE 1 10-Oct-91 2 w 1
BASELINE 1 10-Oct-91 2 w 2
BASELINE 1 10-Oct-91 3 E 1 6100 7400 Bd
BASELINE 1 10-Oct-91 3 E 2 4900 4200 -
BASELINE 1 10-Oct-91 3 c 1 9000 12000
BASELINE 1 10-Oct-91 3 c 2 2800 3700
BASELINE 1 10-Oct-91 3 w 1 6300 7900
BASELINE 1 10-Oct-91 3 w 2 2800 3500
+ BASELINE 1 10-Oct-91 4 E 1 7700 8700
1 BASELINE 1 10-Oct-91 4 E 2 4100 4900 -
BASELINE 1 10-Oct-91 4 c 1 6400 7600 o
BASELINE 1 10-Oct-91 4 c 2 6400 7700
BASELINE 1 10-Oct-91 4 w 1 8400 9000
BASELINE 1 10-Oct-91 4 w 2 6500 7600
BASELINE 1 10-Oct-91 5 E 1 8200 11000
BASELINE 1 10-Oct-91 5 E 2 6600 9400
BASELINE 1 10-Oct-91 5 c 1 7800 11000
BASELINE 1 10-Oct-91 5 c 2 6800 9800 S —
BASELINE 1 10-Oct-91 5 w 1 5400 9600 -—
BASELINE 1 10-Oct-91 5 w 2 3000 7400
BASELINE 1 10-Oct-91 6 E 1
BASELINE 1 10-Oct-91 6 E 2
BASELINE 1 10-Oct-91 6 c 1 6700 12000
BASELINE 1 10-Oct-91 6 c 2 7200 11000
BASELINE 1 10-Oct-91 6 w 1 2600 7100
BASELINE 1 10-Oct-91 6 w 2 1400 5600 oo
BASELINE 2 05-Dec-91 1 E 1 3400 7700
BASELINE 2 05-Dec-91 1 E 2 3600 8200
?«‘ -
A-11 ~
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SEDIMENT QUALITY DATA

SURVEY DATE TRANSECT LOCATION REPLICATE  ALUMINUM IRON o | & I

TYPE (mg/kg) (mg/kg)

BASELINE 2 05-Dec-91 1 c 1 3600 10000

BASELINE 2 05-Dec-91 1 c 2 A I

BASELINE 2 05-Dec-91 1 w 1 2900 8500

BASELINE 2 05-Dec-91 1 w 2 3700 9200

BASELINE 2 05-Dec-91 2 E 1 v l

BASELINE 2 05-Dec-91 2 E 2 -

BASELINE 2 05-Dec-91 2 c 1

BASELINE 2 05-Dec-91 2 c 2 '

BASELINE 2 05-Dec-91 2 w 1

BASELINE 2 05-Dec-91 2 w 2

BASELINE 2 05-Dec-91 3 E 1 I

BASELINE 2 05-Dec-91 3 E 2 -

BASELINE 2 05-Dec-91 3 ¢ 1 e

BASELINE 2 05-Dec-91 3 c 2 P I

BASELINE 2 05-Dec-91 3 W 1

BASELINE 2 05-Dec-91 3 w 2

BASELINE 2 05-Dec-91 4 E 1 I
. BASEUNE?2 05-Dec-91 4 £ 2

; BASELINE 2 05-Dec-91 4 c 1 1100 2%

1 gaseuNE 2 05-Dec-91 4 c 2 1700 1300 -
BASELINE 2 05-Dec-91 4 W 1 3200 2600 i
BASELINE 2 05-Dec-91 4 w 2 4100 7900
BASELINE 2 05-Dec-91 5 E 1 9500 15000 I
BASELINE 2 05-Dec-91 5 E 2 1500 50
BASELINE 2 05-Dec-91 5 c 1 8300 14000
BASELINE 2 05-Dec-91 5 c 2 1000 70
BASELINE 2 05-Dec-91 5 w 1 4500 9500 l
BASELINE 2 05-Dec-91 5 w 2 4600 9500 -
BASELINE 2 05-Dec-91 6 E 1
BASELINE 2 05-Dec-91 6 E 2
BASELINE 2 05-Dec-91 6 c 1
BASELINE 2 05-Dec-91 6 c 2
BASELINE 2 05-Dec-91 6 W 1
BASELINE 2 05-Dec-91 6 w 2
DALECARLIA #4 10-Dec-91 1 E 1 o
DALECARUA #4 10-Dec-91 1 E 2 =
DALECARLIA #4 10-Dec-91 1 C 1 2400 8300
DALECARLIA #4 10-Dec-91 1 c 2 2000 6500

-
.
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SEDIMENT QUALITY DATA
SURVEY DATE TRANSECT LOCATION REPLICATE ALUMINUM IRON | B
TYPE (mg/kg) (mg/kg)
DALECARLIA #4 10-Dec-91 1 w 1 2600 7700
DALECARLIA #4 10-Dec-81 1 w 2 2400 7400
DALECARLIA #4 10-Dec-91 2 E 1
DALECARLIA #4 10-Dec-91 2 E 2
DALECARLIA #4 10-Dec-91 2 c 1 v
DALECARLIA #4 10-Dec-91 2 c 2 b
DALECARLIA #4 10-Dec-91 2 w 1
DALECARLIA #4 10-Dec-91 2 w 2
DALECARLIA #4 10-Dec-91 3 E 1 5700 7700
DALECARLIA #4 10-Dec-91 3 E 2 5500 7500
DALECARLIA #4 10-Dec-91 3 c 1 6700 12000
DALECARUA #4 10-Dec-91 3 c 2 4500 8500
DALECARLIA #4 10-Dec-91 3 w 1 4200 7700 Bd
DALECARLIA #4 10-Dec-91 3 w 2 6600 11000 -
DALECARLIA #4 10-Dec-91 4 E 1
DALECARLIA #4 10-Dec-91 4 E 2
DALECARUIA #4 10-Dec-91 4 ¢ 1 4800 8100
DALECARLIA #4 10-Dec-91 4 ¢ 2 3700 5600
7 DALECARLIA #4 10-Dec-91 4 w 1 4400 8800
1 pALECARLIA #4 10-Dec-91 4 W 2 5200 11000 .
DALECARLIA #4 10-Dec-91 5 E 1 o
DALECARLIA #4 10-Dec-91 5 E 2
DALECARLIA #4 10-Dec-91 5 e 1
DALECARLIA #4 10-Dec-91 5 c 2
DALECARLIA #4 10-Dec-91 5 w 1
DALECARLIA #4 10-Dec-91 5 w 2
DALECARLIA #4 10-Dec-91 6 E 1 5600 9500 - -
DALECARLIA #4 10-Dec-91 6 E 2 3600 7900 o
DALECARLIA #4 10-Dec-91 6 ¢ 1 3000 7700
DALECARLIA #4 10-Dec-91 8 c 2 2800 6800
DALECARLIA #4 10-Dec-91 ) w 1 3600 7900
DALECARLIA #4 10-Dec-91 6 w 2 3800 8700
BASELINE 3 21-Dec-91 1 3 1
BASELINE 3 21-Dec-91 1 E 2
BASELINE 3 21-Dec-91 1 c 1 2500 7200 -
BASELINE 3 21-Dec-91 1 c 2 3100 7300 —
BASELINE 3 21-Dec-91 1 w 1 2600 6600
BASELINE 3 21-Dec-91 1 w 2 3600 8500
= _
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SEDIMENT QUALITY DATA
SURVEY DATE TRANSECT LOCATION REPLICATE  ALUMINUM IRON ¥ l
TYPE (mg/a) (mg/kg)
BASELINE 3 21-Dec-91 2 E 1 4200 7700 l
BASELINE 3 21-Dec-91 2 E 2
BASELINE 3 21-Dec-91 2 c 1
BASELINE 3 21-Dec-91 2 c 2
BASELINE 3 21-Dec-91 2 w 1 , - l
BASELINE 3 21-Dec-91 2 w 2 ik
BASELINE 3 21-Dec-91 3 E 1 4800 6900 '
BASELINE 3 21-Dec-91 3 E 2 4300 7100
BASELINE 3 21-Dec-91 3 c 1 5900 10000
BASELINE 3 21-Dec-91 3 c 2 6600 12000
BASELINE 3 21-Dec-91 3 w 1 1700 3400 I
BASELINE 3 21-Dec-91 3 w 2 4300 7600
-
BASELNE3 - 21-Dec-91 4 E 1 ST
BASELINE 3 21-Dec-91 4 E 2
BASELINE 3 21-Dec-91 4 c 1 4800 8900
BASELINE 3 21-Dec-91 4 c 2
BASELINE 3 21-Dec-91 4 W 1 4000 6900 l
BASELINE 3 21-Dec-91 4 w 2 5200 6000
{ BASELINE 3 21-Dec-91 5 E 1 6100 9100 a
BASELINE 3 21-Dec-91 5 E 2 5400 10000 , l
BASELINE 3 21-Dec-91 5 c 1 4200 9000 -
BASELINE 3 21-Dec-91 5 c 2 3900 8000
BASELINE 3 21-Dec-91 5 W 1 3600 7100 I
BASELINE 3 21-Dec-91 5 w 2 3900 7800
BASELINE 3 21-Dec-91 6 E 1
BASELINE 3 21-Dec-91 6 E 2 l
BASELINE 3 21-Dec-91 6 c 1 3100 7200 ——
BASELINE 3 21-Dec-91 6 c 2 3700 8600 i
BASELINE 3 21-Dec-91 6 W 1 3400 7600
BASELINE 3 21-Dec-91 6 w 2 2400 6200 I
DALECARLIA #3 10~Jan-82 1 E 1
DALECARLIA #3 10-Jan-g2 1 E 2 l
DALECARLIA #3 10-Jan-92 1 c 1 2600 6800
DALECARLIA #3 10-Jan-92 1 c 2 1400 5600 \J
DALECARLIA #3 10~Jan-92 1 w 1 4400 8100 |
DALECARLIA #3 10-Jan-92 1 w 2 3900 9500 e |
DALECARLIA #3 10-Jan-92 2 E 1 4100 7000
|
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SEDIMENT QUALITY DATA

SURVEY
TYPE

DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3

DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3

DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3

DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3

DALECARLIA #3
DALECARLIA #3
DALECARLIA #3
DALECARLIA #3

DALECARLIA #3

DALECARLIA #3

GEORGETOWN #1
GEORGETOW/N #1
GEORGETOWN #1

GEORGETOWN #1
GEORGETOWN #1
GEQRGETOWN #1
GEORGETOWN #1
GEORGETOWN #1
GEORGETOWN #1
GEORGETOWN #1

DATE

10-Jan-82
10-Jan-92
10~Jan-92
10-Jan-92
10~Jan-92
10-Jan-82

10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92

10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92

10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92
10-Jan-92

24-Feb-92
24-Feb-92
24-Feb-92
24-Feb-92
24-Feb-92
24-Feb-92

24-Feb-92
24-Feb-92
24-Feb-92

W W WwWww e
EZTo0mm
N -4 N = N -

E N S A N
ETo0o0mm
N =N =N =

(& B¢ BN NS NN I )
ESf£oo0omm
[ XY N P S

o 00 0O 00O,
Egoo0omm
N = N - N -

4_..._..._.
ETo0o0mm
N = N = N -

NN
oOomm
-

ALUMINUM
(mg/kg)

490

2300
5900

IRON
(mag/kg)

0

6100

10000

6700
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SEDIMENT QUALITY DATA ,

SURVEY DATE TRANSECT LOCATION REPLICATE  ALUMINUM IRON 14

TYPE (mg/kg) (mg/kg) ’ l
GEORGETOWN #1  24-Feb-82

GEORGETOWN #1  24-Feb-92 I
GEORGETOWN #1  24-Feb-92

GEORGETOWN #1  24-Feba2 3 E 1

GEORGETOWN #1  24-Feb-82 3 E 2 I
GEORGETOWN #1  24-Feb-92 3 c 1 ¥
GEORGETOWN #1  24Feb-92 3 c 2

GEORGETOWN #1  24-Feb-82 3 w 1

GEORGETOWN #1  24-Feb-92 3 w 2 l
GEORGETOWN #1 24-Feb-92 4 E 1

GEORGETOWN #1  24-Feb-92 4 3 2 l
GEORGETOWN #1  24-Feb-92 4 c 1

GEORGETOWN #1  24-Feb-92 4 c 2 _
GEORGETOWN #1  24Feb-92 4 W 1 6600 9400 -
GEORGETOWN #1  24Feb-92 4 w 2 5700 7000 |
GEORGETOWN #1  24-Feb82 5 E 1 7700 12000

GEORGETOWN #1  24-Feb-g2 5 E 2

GEORGETOWN #1  24-Feb-g2 5 c 1 6100 9500

GEORGETOWN #1  24-Feb-92 5 c 2 6400 10000

GEORGETOWN #1  24-Feb-92 5 w 1 5300 8300

GEORGETOWN #1 24-Feb-92 5 w 2 7200 10000 » I
GEORGETOWN #1  24-Feb-92 6 3 1 7000 12000

GEORGETOWN #1  24-Feb-02 6 E 2 4600 9400

GEORGETOWN #1  24-Feb92 6 c 1 4300 7900 I
GEORGETOWN #1  24-Feb-92 6 c 2 5200 9400

GEORGETOWN #1  24-Feb-g2 6 W 1 5400 9400

GEORGETOWN #1  24-Feb-82 w 2 2100 6900 I
GEORGETOWN #2  03-Mar-82 1 E 1 -
GEORGETOWN #2  03-Mar-92 1 E 2 -
GEORGETOWN #2  03-Mar-g2 1 c 1

GEORGETOWN #2  03-Mar-g2 1 c 2

GEORGETOWN #2  03-Mar-g2 1 w 1

GEORGETOWN #2  03-Mar-82 1 w 2

GEORGETOWN #2  03-Mar-G2 2 E 1

GEORGETOWN #2  03-Mar-82 2 E 2 - .
GEORGETOWN #2 03-Mar-92 2 c 1 o
GEORGETOWN #2  03-Mar-82 2 c 2

GEORGETOWN #2  03-Mar-g2 2 w 1

.




SEDIMENT QUALITY DATA

SURVEY DATE TRANSECT LOCATION REPLICATE ALUMINUM IRON

TYPE (mg/kg) (mg/kg)

GEORGETOWN #2 03-Mar-82 2 w 2

GEORGETOWN #2 03-Mar-92 3 E 1

GEORGETOWN #2 03-Mar-92 3 E 2

GEORGETOWN #2 03-Mar-92 3 c 1

GEORGETOWN #2 03-Mar-92 3 c 2

GEORGETOWN #2 03-Mar-92 3 w 1

GEORGETOWN #2 03-Mar-§2 3 w 2

GEORGETOWN #2 03-Mar-82 4 E 1

GEORGETOWN #2 03-Mar-92 4 E 2

GEORGETOWN #2 03-Mar-92 4 c 1

GEORGETOWN #2 03-Mar-92 4 c 2

GEORGETOWN #2 03-Mar-g2 4 w 1 7800 7400

GEORGETOWN #2 03-Mar-92 4 w 2 9300 9700

GEORGETOWN #2 03-Mar-92 5 E 1 11000 14000

GEORGETOWN #2 03-Mar-92 5 E 2

GEORGETOWN #2 03-Mar-92 5 c 1 5700 9900

GEORGETOWN #2 03-Mar-92 5 c 2 8000 11000

GEORGETOWN #2 03-Mar-82 5 w 1 7100 11000
’ GEORGETOWN #2 03-Mar-92 5 w 2 6000 13000

GEORGETOWN #2 03-Mar-92 6 E 1

GEORGETOWN #2 03-Mar-92 6 E 2

GEORGETOWN #2 03-Mar-92 6 c 1 4600 8900

GEORGETOWN #2 03-Mar-92 6 c 2 4000 8400

GEORGETOWN #2 03-Mar-92 6 w 1 11000 16000

GEORGETOWN #2 03-Mar-g2 6 w 2 7600 12000

BASELINE 1 10-Oct-91  Georgetown #1 A 1 6700 3900

BASELINE 1 10-Oct-91  Georgetown #1 8 1 6900 3800

BASELINE 1 10-Oct91  Georgetown #1 c 1 3700 1900

BASELINE 1 10-0ct91  Georgetown #2 A 1 6900 3600

BASELINE 1 10-Oct-91  Georgetown #2 B 1 4900 2400

BASELINE 1 10-Oct-91 Georgetown #2 Cc 1 6800 3400

BASELINE 1 10-Oct-91 Dalecariia #3 A 1 4100 2200

BASELINE 1 10-Oct-91 Dalecarlia #3 B 1 4000 2200

BASELINE 1 10-Oct-91 Dalecartia #3 c 1 4200 2500

BASELINE 1 10-Oct-91 Dalecarlia #4 A 1 5300 4100

BASELINE 1 10-Oct-91 Dalecarlia #4 B 1 5100 3400

A-17
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SEDIMENT QUALITY DATA

SURVEY DATE TRANSECT LOCATION REPLICATE ALUMINUM IRON
TYPE (mg/kg) (mg/kg)
BASELINE 1 10-Oct-91 Dalecarlia #4 c 1 4800 3400

A-18
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DATE STATION
memmmms sam=s
10-Oct-91 1
10-Oct-81 1
10-Oct-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-81 '
10-Oct-91 1
10-Oct-91 1
10-0ct-01 1
10-Oct-81 1
10-Oct-91 1
10-Oct-01 1
10-0ct-01 1
10-Oct-01 1
10-Oct-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-81 1
10-Oct-81 1
10-Oct-91 1
10-0ct-81 1
10-Oct-91 1
10-Oct-91 1
19-Oct-91 1
18-0ct61 1
10-0c1-91 1
10-Oct-91 1
10-Oct-91 1
10-Oct-81 1
10-0ct-81 1
10-Oct-81 1
10-Oct-8t
10-Oct-81
10-Oct-91
10-Oct-81
10-Oct-01
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-01
10-Oct-81
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-@1
10-Oct-01
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PHYLUM CLASS ORDER
Annetida Oligochasta
Arthropoda Insecta Ephemeroptera
Arthropoda Insecta Diptera
Annelida Hirudinea
Turbetlaria
Mollusca Bivaivia Sphaeriacea
Anneiida Oligochasta
Mollusca Bivalvia Sphasriacea
Annelida Oligochaeta
Asthropoda Insecta Diptera
Annelida Otigochasta
Anneiida Oligochasta
Arthropoda Insscta Ephemeroptera
Arthropoda Insecta Trichoptera
Arthropoda insecta Trichoptera
Annetida Oligochasta
Arthropoda Insecta Diptera
Asthropoda Insecta Coleoptara
Turbellaria
Moliusca Bivaivia Sphasriacea
Annelida Oligochasta
Arthropoda Insecta Diptera
Arthropoda insecta Ephemeroptera
Arthropoda Insecta Ephemeroptera
Mollusca Bivaivia Sphasriacea
Arthropoda Insecta Coleoptera
Mollusca Bivaivia Unionacea
Mollusca Bivaivia Sphaeriacea
Annelida Oligy T
Arthropoda Insecta Diptera
Mollusca Bivaivia Sphasriacea
Arthropoda Insecta Diptera
Arthropoda insecta Ephemeroptera
Arthropoda Insecta Diptera
Annelida Oligochasta
Asthropoda Insecta Coleoptera
Moilusca Gastropoda
Moilueca Bivaivia Sphaeriacea
Moilusca Bivalvia Sphasriacea
Arthropoda Insecta Diptera
Arthropoda insecta Collembola
Annelida Oligochaeta Tublficida
Platy Turbellari
Annelida Oligochaeta Tubificida
A [ Amphipoda
A o Ci Amphipoda
Anneiida Oligochaeta Tubificida
Arthropoda Insecta Diptera
Platyheiminthes Insecta Coleoptara
Arthropoda Insecta Diptera
Annelida Oligochaeta Tubtficida
Arthropoda Chelicerata Acarina
Mollusca Bivalvia Sphasriaces
Arthropoda insecta Diptera
Annelida Oligochasta Tubificida
B-1

T T
FAMILY
EseEsssss=n
Naididas
(indeterminate)
Chironomidas
Glossiphoniidas

Corbiculid:

GENUS/SPECIES

QUAN.

2

Tublficidas
Corbicutid

Tublficidas

Chironomidae
Elmidae

Corbiculid

. - 88

Tublficidas
Chironomidas
Ephemeriidae
(incerterminate)

e

Elmidas
Unlonidae

Tublficidae
Chironomidas

Chironomiciae
Emphemeriidae
Ceratopogonidae
Tublficidae

Elmidae
(indeterminate)
-

Corbicula

C

Corbsi Aeami

Chironomiciae
(indeterminate)
Tubificidas

Naididae
Asesllidas

* Gammaridae

Tublficidae
Chironomidae
Eimidas
Diptera tamity O
Naididas

Corbiculid

Naididae

o
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DATE STATION LOCATION REPL. # PHYLUM CLASS ORDEA FAMILY GENUS/SPECIES QUAN.

10-Oct-91 2 EAST 1 Annelida Oligochaeta Tubificids Tubificidae 113

10-Oct-91 2 EAST 1 Mollusca Gastropoda Pleuroceridas 4

' 10-Oct-81 2 EAST 1 Athropoda Insecta Coleoptera E'midae 1

10-Oct-91 2 EAST 1 Mollusca Bivaivia Sphasriacea Corbiculi C f 14

10-Oct-81 2 EAST 1 Arhropoda Insecta Ephemeroptera Caenidae 1

10-Oct-91 2 EAST 1 Platyheimi Turbellars 2

10-Oct-91 2 EAST 1 Arthropod [o! Amphipoda Gammaridas 8

10-Oct-91 2 EAST 1 Asthropod. [« Acarina 3

10-Oct-91 2 EAST 2 Annelida Oligochasta Tubificida Tubificiiae 300

10-Oct-91 2 EAST 2 Moliusca Bivaivia Unionaces Unionidae 1

' 10-Oct-81 2 EAST 2 Amhropoda Insecta Coleoptera Elmidae 7

) 10-Oct-81 2 EAST 2 Mollusca Gastropoda Pleurcceridas 1

10-Oct-81 2 EAST 2 Atthropod Amphipoda Gammaridae 4

10-Oct-9t 2 EAST 2 Atthropod isopoda Aseeiiidae 1

' 10-Oct-91 2 EAST 2 Mollusca Gastropoda 1

10-Oct-91 2 EAST 2 Annelida Polychaeta Sabellic 7! ki 2

10-Oct-81 2 EAST 2 Platyheiminthes Turbetiaria 38

10-Oct-91 2 EAST 2 Moflusca Bivaivia Sphaeriacea C lid C f 40

l 10-Oct-91 2 EAST 2 Mollusca Gastropoda Ancylidae 2

10-Oct-81 2 EAST 2 Arthropoda Chelicerata Acarina 2

10-Oct-81 2 EAST 2 Anhropoda Insecta Odonata Macromiidae 1

10-Oct-91 2 EAST 2 Anthropoda Insecta Ephemeroptera Caenidae 1

10-Oct-91 2 EAST 2 Athvopoda Insacta Ephemeroptera Ephemeriidas 1

10-Oct-91 2 EAST 2 Annelida Hirudinea Rhynchobdellida Giossiphoniidae 1

10-Oct-91 2 EAST 2 Athropoda Insecta Collemboia (ind) 1

l 10-Oct-91 2 EAST 2 Arhropoda Insecta Diptera Psychodidae 1

10-Oct-91 2 EAST 2 Adhropods Insecta Diptera Chironomidae 52

|9-Oct-m 2 EAST 2 Arthropoda Iinsecta Diptera Diptera (non-Chironomidae) 1

1$octer 2 EAST 2 Athropoda Insecta Diptera Ceratopogonidas 2

l' 10-Oct-91 2 EAST 2 Annelida Oligochasta Tubificida Naidides 4

- 10-0ct-01 2 EAST 2 Anhropoda insecta Ephemeroptera (indeterminate)) 1

10-Oct-91 2 West 2 Atthropoda Insecta Ephemeroptera (indeterminate) 8

10-Oct-91 2 West 2 Arthropoda Insecta Trichoptera Eimidse 4

l 10-Oct-91 2 West 2 Arthropoda Iinsecta Diptera Ceratopogonidae 1

10-Oct-91 2 West 2 Mollusca Bivaivia Sphasriaces c lid c fl 2

10-Oct-01 2 West 2 Arthropoda insecta Trichopters (indeterminate) 1

10-Oct-91 2 West 2 Asthropoda Insecta Coleopters Leptoceridae 1

10-Oct-81 2 West 2 Annelida Oligichasta Tubificidae a5

10-Oct-91 2 West 2 Mollusca Gastropoda (indeterminate) 1

10-Oct-91 2 West 2 Anhropoda Insecta Diptera Chironomidae 57

l 10-Oct-81 3 CENTER 1 Arhropoda . Crustacea Amphipoda Asseliidae 1

10-Oct-91 3 CENTER 1 Moliusca Bivalvia Sphasriacea [ lidk c A 4

10-Oct-81 3 CENTER 1 Annelida Oligochasta Tubificida Tubificidae 181

10-Oct-91 3 CENTER 1 Athropoda Insecta Coleopters Eimidae 1

l 10-Oct-81 3 CENTER 1 Annelida Oligochasta Tublficida Naididae 14

10-Oct-91 3 CENTER 1 Anhropoda Insecta Diptera Chironomidae 10

10-Oct-91 3 CENTER 2 Arthropoda insecta Diptera Diptera family D 1

10-Oct-91 3 CENTER 2 Moliusca Bivaivia Sphaeriacea c lick [o fi 3

l 10-Oct-91 3 CENTER 2 Annelida Oligochasta Tubificida Tublifickine 154

10-Oct-91 3 CENTER 2 Annelida Oligochaeta T Naididae 8

10-Oct-91 3 CENTER 2 Ahropoda Insecta Coleopters Elmidas 1

10-Oct-91 3 CENTER 2 Arnhropoda Insecta Diptera Diptara (non-Chironomidas) 1

l 10-Oct-81 3 CENTER 2 Arthropoda Insecta Diptera Chironomidae 14

10-Oct-91 3 EAST 2 Mollusca Bivaivia Sphasriaces C lick C L 4

l 10-Oct-01 3 EAST 2 Mollusca Gastropoda Pleuroceridae 1
- B-2
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DATE

STATION

10-Oct-01
10-Oct-91
10-Oct-9t
10-Oct-01
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-g1
10-Oct-91
10-Oct-9'1
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-01
10-Oct-91
10-0ct-91
10-Oct-91
10-Oct-@1
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-91
AQO@N
1}oqa1
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-9%
10-Oct-81
10-0ct-Q1
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-01
10-Oct-81
10-Oct-01
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-01
10-Oct-@1
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-@1
10-Oct-81
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PHYLUM CLASS ORDER
EATAEsERSVEEEE SESEESEAASE SeSEEEEERSEmEEER
Annelide Otigochasta Tubificida
Platyheiminthes Turbellaria
Annelida Oligochaeta Tublficida
Arthropoda insecta Coleoptera
Arthropoda Insecta Diptera
Mollusca Bivaivia Sphaeriacea
Platyheiminthes Turbeliaria
Arthropoda insecta Diptera
Arthropoda insects Trichopter
Arthropoda insecta Coleoptera
Arthropoda Insecta Lapidoptera
Annelida Oligochaeta Tubificida
Moilusca Bivaivia Sphasriacea
Annelida Oligochasta Tubificida
Arthropoda Chelicerata Acarina
Arthropoda Insecta Ephemeroptera
Arthropoda insecta Ephemeroptera
Arthropoda Insecta Diptera
Annelida Oligochasta Tublficida
Arthropoda Insects Diptera
Arthropoda Insects Diptera
Mollusca Bivalvia Sphasriacea
Annelida Oligochasta Tubificida
Moliusca Sivaivia Sphasriacea
Mollveca Gastropoda
Annelida Oligochasta Tubificida
Arthropoda insecta Diptera
Anneiida Ofigochasta Tubificida
Anneiida Otigochaeta Tubificida
Arthropoda Insecta Diptera
Annelida Oligochasta Tubificida
Mollusca Gastropoda
P T Tricladida
Mollusca. Bivaivia Sphaeriacea
Mollusca Bivatvia Unionacea
Arthropoda Insecta Diptera
Annelida Oligy b
Wollusca Gastropoda
Mollueca Gastropoda
Moilusca Bivaivia Sphasriacea
Moliveca Gastropoda
Anthropoda Insecta Trichoptera
Moliusca Gastropoda
Mollusca Bivaivia Sphaetiacea
Annelida Oligochasta Tublficida
Arthropoda insecta
Asthropoda Insecta Diptera
Platy T Tricladida
Arthropoda insecta Diptera
Mollusca Bivatvia Sphaeriacea
Anneiida Oligochasta Tubificida
Asthropoda Insecta Trichoptera
Arthropoda Chelicerata Acarina
Mollusca Bivatvia Sphasriaces
Annelida Oligochasta Tubificida
B-3

GENUS/SPECIES

FAMILY

QUAN.

BEREEGGEENE SEATEREEERTESE EARBWR

Naidkiae

Diptera family O
(indeterminate)

Dugesia sp.

Chironomidae

Tubificidas

12
1
508
1
3]

27

w

MN‘USN

14
47
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DATE

STATION

10-Oct-81
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-81
10-Oct-81
10-Oct-81
10-Oct-81
10-Oct-01
10-Oct-81
10-Oct-01
10-Oct-81
10-Oct-81
10-Oct-81
10-Oct-81
10-Oct-91
10-Oct-81
10-Oct-81
10-Oct-01
10-Oct-91
10-Oct-91
10-Oct-§t
10-Oct-@1
10-Oct-91
10-Oct-91
19-Oct-81
1bocter
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-81
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-61
10-Oct-81
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-91
10-Oct-81
10-Oct-91
10-Oct-91
10-Oct-91
04-Dec-91
04-Dec-91
04-Dac-91
04-Ouc-91
04-Dec-91
04-Dec-1
04-Dec-91

o O @ 0 0 0 O O O D O A @ O DL UG RO A A s >

LOCATION REPL #

Hi

§

WEST

CENTER
CENTER
CENTER

CENTER
CENTER
CENTER

CENTER
CENTER
CENTER
CENTER

- - N NN

N NN N

NN NN

- -

LI S S R VI L S I

NN -

-

PHYLUM CLASS ORDER
AEAREARSERAY EEGEEREARENE SEESEEESEEIEEER
Asthropoda inescta Coleopters
Arthropoda insecta Diptera
Moilusca Gastropoda
Arthropoda Insecta Trichoptera
Arthropoda Insecta Diptera
Anneiida Otigochasta. Tubtficida
Mollusca Bivaivia Sphaeriaces
Mollusca Bivaivia Sphaeriacea
Arthropoda Insecta Acarina
Anneiida Oligochaeta Tublficida
Annelida Oligochaeta Tubificida
Arthropoda insecta Diptera
Mollusca Bvama Sphaeriacea
Arthropoda Insecta Trichoptera
Mollusca Bivalvia Sphaseriacea
Mollusca Bivaivia Unionacea
Annelida Oligochasta Tubificida
Arthropoda insecta Diptera
Asthropoda Insecta Colsoptera
Anneiida Oligochasta Tubificida
Arthropoda insecta Diptera
Mollusca Bivaivia Sphasriacea
Annetida Oligochasta Tublficide
Motiusca Bivaivia Sphasriacea
Arthropoda Insecta Diptera
Mollusca Bivaivia Sphaeriacea
Asthropoda Insecta Acarina
Arthropoda insecta Diptera
Mollusca Bivaivia Sphasriacea
Annelida Hirudinea Rhynchobdeltida
Anneiida Olig Tubify
Arthropoda Insecta Trichoptera
Arthropoda insecta Coleoptera
Arthropoda Insecta Diptera
Annelida Oligochasta Tublificida
Anneiida Oligochaeta Tubificida
Mollusca Bivaivia Sphasriacea
Annelida Oligochasta Tubificida
Mollusca Bivaivia Sphasriacea
Mollusca Bivalvia Sphaeriacea
Anneiida Oligochasta Tubificida
Arthropoda insecta Diptera
Mollusca Bivaivia Sphaeriacea
Arthropoda Insecta Colecptera
Mollusca Bivaivia Sphasriacea
Annetida Oligochasta. Tubificida
Arthropoda insecta Diptera
Annelida Hirudines Rhynchobdellida
Mollusca Gastropoda
Annelida Oligy Tubih
Arthropoda Insecta Trichopters
Athropoda Crustaces Amphipods
Mollusca Bivaivia Sphasriacea
Arthropoda insecta, Oiptera
Platyh th Turbelk Tricladida
B4

GENUS/SPECIES

EESEEAEERERESTREE ExsEy

remnsmsEnw=
FAMILY QUAN.
EEERsssumwm
Elmidae
Chironomicae
Pleuroceridae
Leptoceridas
Chironomidae
Tublficidae

Corbi Corbicula fi

Sphaeriidae

Tubificides

Naiiidae

Chironomidae

Ci Co fl

(indeterminate)

C Corbicula flumi

Tublificidas
Chironomidae
Eimidae
Tublficides

Chironomidae

Tubificidae

Corbiculi Corbicula fi

Chironomidae

Gilossiphoniidae
Tubificidae

Eimidae
Chironomidae
Naididae
Tubificidae

Naididee

Tublficidae
Chironomidae

Corbiculidk C fluminea

Eimidas

" Tubificicae

Chironomidae
Glossiphoniicas

1
-]
1

1
26
180
s

3

1
96
3
20
2

1
5

1
142
25
t
a3
10
2
104
5

8
15
1
Chironomidae 54
5

1
n
1

1
28
3
342
7
24
20
1
n
24
k<
1
2
88
]
2

1
B4
1
1
]
2
1
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STATION LOCATION REPL #

DATE

04-Dec-91
04-Dec-91
04-Oec-01
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-01
04-Dec-91
04-Dec-01
04-Dec-91
04-Dec-81
04-Dec-01
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-81
04-Dec-81
04-Dec-@1
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dwc-01
04-Dec-01

pOec-91
Ao
04-Dec-81
04-Dec-91
04-Owc-91
04-Dec-81
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-01
04-Dec-81
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-81
04-Dec-91
04-Dec-91
04-Dec-91
04-Oec-61
04-Dec-91
04-Dec-01
04-Dec-81
04-Dec-91
04-Dec91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91

1
1
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§ig88883488888883889

i1

2

NN

NN RN RN NN RN RN RN RN RN NN
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PHYLUM CLASS ORDER
Arthropoda insecta Coleoptera
Annelida Oligochasta Tubificida
Moliusca Bivaivia Sphaeriacea
Arthropoda insgcta Diptera
Arthropoda Insecta Coleoptera
Mollusca Bivaivia Sphasriacea
Arthropoda Insecta Diptera
Arthropoda Insecta Lepidoptera
Annelida Oligochasta Tubificida
Arthropoda Insecta Ephemeroptera
Arthropoda insecta Trichoptera
Mollusca Bivaivia Sphastiaces
Platy Turbellark
Arthropoda Insecta Diptera
Arthropoda Insecta Coleoptera
Arthropoda Insecta Odonata
Annelida Oligochasta Tublficida
Annelida Oligochasta Tubificida
Moliusca Bivaivia Sphaeriacea
Arthropoda insecta Diptera
Anthropoda insecta Diptera
Mollueca Bivaivia Sphaeriacea
Mollusca Gastropoda
Mollusca Gastropoda
Mollusca Bivaivia Unionacea
Arthropoda Insecta Diptera
Anneiida Oligochaeta Tubificida
Moliusca Bivaivia Sphaeriacea
Mollusca Bivalvia Sphaeriacea
Arthropoda Crustaces Amphipoda
Annelida Oligochasta Tublficida
Asthropoda insecta Diptera
Arthropoda Chelicerata Acarina
Arthropoda Insecta Trichoptera
Arthropoda Insecta Collembola
Annelida Oligochasta Tublficida
Arthropoda Insects Trichoptera
Moliusca Gastropoda
Asthropoda Insecta Diptera
Arthropoda insecta Trichoptera
Mollusca Gastropoda
Arthropoda Crustaces Amphipoda
Arthropoda insecta Diptera
Arthropoda insecta Olptera
Arthropoda insecta
Anneiida insecta Hemiptera
Arthropoda insecta Coleoptera
Arthropoda insects Trichoptera
Mollusca Gastropoda
Annetida Oligoch Tubifi
Mollusca Bivaivia Sphasriacea
Moliusca Bivalvia Spheeriacea
Arthropoda Insecta Diptera
Arthropoda Insects Colsoptera
Asthropocia Insecta Ephemeroptera
B-5

FAMILY GENUS/SPECIES

Elmidas
Tublificidae
Corbiculi s A

Chironomidae
Eimidae

Diptera family D
Tublificidas
Corbiculi Corbicula fi

Ci ' C N i
Gammaridae

Naididae

Chironomidas

(indeterminate)
Entomobryidas
Tublficidae
Hydropsychidae

Diptera (non-Chironomidae)

" (indeterminate)

Eimidas
Leptocericas
Ancylidas
Tublficidae
Corbiculidae Corbicula fluminea
Chironomidas

Eimidas

Caenidas

QUAN.

—a



Ammwsns swmmm
DATE STATION
=manmas mmmmw
04-Dec-91 4

04-Dec-91
04-Dec-91

L 04-Dec-81

04-Dec-91
04-Dec-91
04-Dec-81

t 04-Dec-91

04-Dec-81
04-Ouc-81

l 04-Dec-81

04-Dec-91
04-Dec-81
04-Dec-g1
04-Dec-91
04-Dec-g1
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-81
04-Oac-94
04-Dec-01
04-Dec-81
04-Dec-91

04:00:-91

°§°‘“‘

04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-91
04-Dec-61
04-Owc-81
04-Dec-91
10-Dec-01

10-Dec-01 1

10-Dac-91 1

10-Oec-91 1

10-Dec-91 1

10-Dec-61 1

10-Dec-91 1

10-Dec-91 t

10-Dec-91 1

10-Dec-91 s

10-Dec-91 1

10-Dec-81 1

10-Dec-01 1

10-Dec-91 1

10-Owc-91 1

10-Dwc-91 1

10-Dec-91 1

10-Oec-91 1

10-Dac-81 1

10-Dec-91 1

(- I L O O R S R R DY S B BT R N R R D N L T R R B LR B RS B L R I Y

LOCATION REPL #

P -
WEST 2
WEST 2
WEST 2
WEST 2
WEST 2
CENTER 1
CENTER 1
CENTER 1
CENTER 1
CENTER 2
CENTER 2
CENTER 2
CENTER 2
CENTER 2
EAST 1
EAST 1
EAST 1
EAST 2
EAST 2
EAST 2
WEST 1
WEST 1
WEST 1
WEST 1
WEST 1
WEST 1
WEST 1
WEST 2
WEST 2
WEST 2
WEST 2
WEST F]
WEST 2
WEST 2
WEST 2
CENTER 1
CENTER 1
CENTER 1
CENTER 1
CENTER 1
CENTER 1
CENTER 1
CENTER 2
CENTER 2
CENTER 2
CENTER H
CENTER 2
CENTER 2
CENTER 2
CENTER 2
WEST 1
WEST 1
WEST 1
WEST 1
WEST 1

PHYLUM CLASS ORDER
SRMUSANANEES BEEEANANSSE REEEENEEARmASEN
Mollusca Bivaivia Sphasriaces
Arthropoda Insecta Coleopters
Arthropoda insacta. Diptera
Mollusca Bivaivia Sphasriacsa
Annelida Olig Tubifi
Moilusca Bivaivia Sphaeriacea
Arthropoda Insecta Colecptera.
Annelida Oligochaata Tublficda
Arthropoda. insecta Oiptera
Moilusca Bivaivia Sphastiacea
Annelida Oligochaeta Tubificida
Arthropoda Insecta Ephemeroptera
Arthropoda insecta Diptera
Arthropoda o Ao
Asthropods imecta Diptera
Annelids Oligochasta Tubificida
Motiusca Bivaivia Sphastiacea
Moilusca Bivaivia Sphaeriaces
Annetida Oligochasta Tublficid
Arthropoda. insecta Diptera
Annelida Olig Tubificks
Arthropoda Inwecta Trichoptera
Arthropoda Insecta Diptera
Arthropoda insecta. Ephemeropters (ind)
Moilusca Gastropoda
Matlueca Bivaivia Sphasriacea
Anthropoda insecta Diptera
Armhropoda insecta Coleoptera
Motiusca Bivavia Sphaeriscea
Mollusca Bivaivia Sphaetiacea
Arthropoda insects Diptera
Annetida Olig T
Arthropoda Chelicerata Acarina
Mollueca Bivaivia Sphasriacea
Arthropods Insecta Diptera
Platy Turb
Mollusca Bivaivia Sphasriaces
Mollusca Gastropoda
Arthropods insecta Ephemeroptera
Asthropode insecta. Oiptera.
Mollusca Gastropoda
Anneiide Oligoch Tubifich
Annelida Oligy Tubih
Annelida Oligochasta Tubificida
Arthropoda Insecta Coleoptera
Arthropoda Inescta Ephemercptera
Arthropoda Insacta Ephemeropters
Moaliusca Bivaivia Sphaeriaces
Platyh Turbeil
Asthropoda insecta Diptera
Annefica Oligochaeta Tublficida
Arthropoda Insecta Ephemeroptera
Arthropoda insacta Diptera
Platy T
Annelida Qligochasta Tublificida
B-6

FAMILY

. Elmides

Chironomidae
Corpiculidae
Tubificidae

Corbiculidas
Tubifickiae
(indeterminate)
Chironomidee

Tubificiias
Chironomidas
Tubificidae

Chironomidae

GENUS/SPECIES

QUAN.

EEsAEssZEEEEERR SERE®

Corbicuia ftuminea

Corbicula fluminea.

Corbicula fluminea

Corbicula fluminea
Corbicula fluminea

Corbicula fluminea

Chironomidae

Corbicuiidae

Naididae

. Elmicas

(indeterminate)
Ephemeriidas
Comiculidas

Chironomicae
Tublficidas

Ephemeriidas
Chironomicas

Naididae

Corbicula fluminea

Corbicuia fluminea

k4

1

10
47

|
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DATE

10-Dwc-91
10-Dec-91
10-Dec-91
10-Dec-81
10-Dec-01
10-Doc-91
10-Dec-91
10-Dec-H1
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-81
10-Dec-91
10-Dec-81
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-01
10-Dec-91
10-Dec-91
10-Dec-01
10-Dec-8?
10-Dec-81
10-Dec-91
10-Dec-91
1§Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-81
10-Dec-91
10-Dec-01
10-Dec-91
10-Dec-01
10-Dec-01
10-Dec-01
10-Dec-81
10-Dec-91
10-Dec-81
10-Dec-61
10-Dec-01
10-Owc-91
10-Dec-91
10-Dec-01
10-Dec-81
10-Dec-61
10-Dec-91
10-Dec-01
10-Dec-91
10-Dec-91
10-Dec-91

ssssann snxan
STATION

1
1
1

s A A B A AW LWL LW W W W W W LR W WY LWL W W W WL W W R W WL LWL W W W WL YW W WL -

THEEEE
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LOCATION REPL. #

1

N NN NN
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PHYLUM CLASS ORDER
FAAEEEREELES BEERESEANER SGUEREEESSRTEEES
Mollusca Bivaivia Sphasriaces
Amhropoda insecta Dipwera
Arthropoda insecta Trichoptera
Moilusca Bvavia Sphasriacea
Anneiida Oligochasta Tubificida
Anneiida Oligochasta Tubificida
Arthropoda insecta Diptera
Moilusca Bivalvia Sphasriacea
Asthropoda Insecta Ephemeroptera
Annelida Oligochasta Tublficida
Annefida Oligochasta Tubificida
Annelida Olig: Tubific
Asthropoda insecta Diptera
Annelida Hirudinea Rhynchobdeilida
Mollusca Bivaivia Sphasriacea
Anneiida Oiigy Tubificidk
Moliusca Bivaivia Sphasriacesa
A 0od: Chel Acarina
Mollusca Gastropoda
Arthropoda insects Diptera
Platyheiminthes Turbellaria
Annelida Oligochasta Tubificida
Arthropoda Insecta Ephemeroptera
Arthropoda Insecta Trichophera
Arthrop: Crusta Amphipoda
Mollusca Gastropoda
Annelida Polychaeta
Mollusca Gastropoda’
Arthropoda Insecta Dipters
Annelida Oligochaeta Tubificida
Annelida Oligochaeta Tubificida
Arthropoda Insecta Colsoptera
Moliusca Gastropoda
Mollusca Bivaivia Sphaeriacea
Rhynchocolsa
Moilusca Gastropoda
Rhynchocolea
Mollusca Gastropoda
Moliusca Bivaivia Sphaeriscea
Annelida Ofigochasta Tubificida
Mollusca Bivaivia Sphaeriacea
Mollueca Gastropoda
Arthropoda Insecta Collembola.
Moliusca Gastropoda
Arthropoda Insscta. Trichopterm.
Annelida Polychasta
Annelida Qligochasta Tubificida.
Arthropodia insecta Diptera
A d Cl Acarina
Annelida Oligochasta Tubificida
Platyheiminthes Turbellaria Triciadida
Arthropoda insecta Dipters
Arthropoda insecta Oipters
Moliusca Gastropoda
Moltusca Bivaivia Sphesriaces
B-7

FAMILY GENUS/SPECIES QUAN.
SEssEsSsSESsAR s EESEaEEsEsms sSEEam
Corbiculidas Corbicyla fluminea 15
Chironomiciae 88
Leptoceridas 1
Corbiculid: Corbicula lumi 12
Naididae 1
Tubificidae 105
Chironomidae 48
Corbiculid Corbicula fi 7
Tricorythidas 1
Tublficidae fasd
Naldidas ]
Tubificidas 70
Chironomidae 7
Glossiphoniidae 1
Sphasriidee 4
Tubificidas 488
Corb [# ' A i 52
1
Physidae 1
Chironomiciae 178
1
Naididae 8
Ephemeriidae 1
1
Gammaridae 3
Pleuroceridas 2
Manayunh ’
Ancylidas 1
Chironomidae 107
Tublficidae 497
Naididae 24
Eimidae 2
1
Corbiculi [ n 81
5
Physidae 2
12
2
Corbé Corbicula flumi a7
Naldidas 30
Sphastiidae 3
Ancylidas 2
Entomobryidas 1
Physidae 1
_(indeterminate) 1
yunkd 5
Tubificidae 2687
Chironomidae 174
2
Naididae 7
Panaridas Ougesia sp. 1
Diptera {non-Chironomidae) [
Chironomidae 174
Ancylidee 3
Ca ¥ Corbicul i "
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DATE

STATION

10-Dec-81
10-Dec-91
10-Dec-91
10-Dec-01
10-Dec-81
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-9t
10-Dec-9t
10-Dec-91
10-Dec-914
10-Dec-81
10-Dec-01
10-Dec-81
10-Dec-91
10-Dec-81
10-Dec-@1
10-Dec-91
10-Dec-9t
10-Dec-01
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-91
|§Dm4!
10-Dec-91
10-Dec-81
10-Dec-91
10-Dec-@1
10-Dec-91
10-Dec-91
10-Dec-91
10-Dec-81
10-Dec-01
10-Dec-81
10-Dec-91
10-Dec-81
10-Dec-81
10-Dec-91
10-Dec-81
10-Dec-91
10-Dec-91
20-Dec-81
20-Dec-91
20-Dec-91
20-Dec-61
20-Dec-91
20-Dec-01
20-Dec-91
20-Dec-01
20-Dec-91
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PHYLUM CLASS ORDER
AEsSERZEEIZEE SUSESSSERANE SESEEERaEIARSSEE
Arthropoda Insecta Coleoptera
Annelida Oligochasta Tubificida
Anneiida Oligochaeta Tubificida
Mollusca Bivalvia Unionacea
Mollusca Gastropoda
Arthropoda Insecta Diptera
Annelida Ofigochasta Tubificida
Mollusca Bivaivia Sphaeriacea
Arthropoda Insecta Ephemeroptera
Anneiida Oligochasta Tubificida
Mollusca Bivaivia Sphaeriacea
Arthropoda insecta Trichoptera
Annelida Oligochasta Tubificida
Mollusca Bivaivia Sphasriacea
Anthropoda Insecta Trichoptera
Arthropoda Insecta Diptera
Mollusca Bivaivia Sphaeriacea
Annelida Oligochaeta Tubificida
Mollusca Bhvaivia Sphasriacea
Asthropoda Insecta Diptera
Mollusca Bivaivia Sphaeriacea
Annelida Oligochasta Tubificida
Mollusca Gastropoda
Arthropoda Insecta Diptera
Arthropoda insecta Ephemeroptera
Arthropoda Chelicerata Acarina
Annelida Oligochaeta Tubificida
Arthropoda Insecta Diptera
Annelida Oligochaeta Tubificida
Mollusca Bivalvia Sphaeriacea
Annelida Oligochasta Tubificida
Arthropoda insecta Coleoptera
Mollusca Bivalvia Sphaeriacea
Annelida Oligochasta Tublficida
Mollusca Bivaivia Sphaeriacea
Asthropoda insecta Diptera
Anpelida Oligochasta Tubificida
Asthropoda Insecta Trichoptera
Annelida Oligochasta Tubificida
Mollusca Bivaivia Sphasriacea
Mollusca Bivaivia Sphasriacea
Moliusca Bivaivia Sphaeriaces
Annelida Oligochasta Tubificida
Arthropoda Insecta Diptera
Arthropoda insecta Coleoptera
Mollueca Bivaivia Sphasriacea
Platyheimi Turbeil
Arthropoda Insecta Diptera
Mollusca Bivaivia Sphasriaces
Anneiida Oligochasta Tubificida
Annelida Oligochasta Tublificida
Asthropoda insecta Plecoptera
Arthropoda Insecta Diptera
Annelida Oligochasta Tubificiaa
Moliusca Bivaivia Sphasriaces
B8

FAMILY GENUS/SPECIES
cessunwmwnm
Eimidae
Tubificidas

Tublificidas Branchiura sowerbyi

Chironomidae
Naldidae

Corbiculid Corbieula flumi

Caenidas
Tubificidae

Chironomidae

Sphaeriidae

Tublficidas

[ " Corbicula flumi
Chironomidae

Corbi Corbi

Tubificidae

Chironomidae
(indeterminate)

Tubificidas
Chironomidae
Tubificidas
[ f Corbi

Branchiur: sowerbyl

Naididae
Elmidae
Sphasriidae
Tubificidae

Chironomidas
Naididae
Hydroptilidae
Tublficidas
Corbiculicas
Chironomidae

Corbicula fluminea

Tubificidae
Chironomidas
Eimidas

Chironomicae
Corbiculicas
Naididas

Tubificidas
(indeterminate)
Chironomidas
Tubificidas

Corbiculid Corbi

Corbicula fluminea

QUAN.

1
208
1

15
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EESAESE SusSSS SEaEEN EEsmsEx
DATE STATION LOCATION REPL #

EEESEEs samms SeEEEs sEmmsEs
20-Dec-01 1
20-Dec-91 1
20-Dec-01 1
20-Dec-81 1
20-Dec-91 1
20-Dec-91 1
20-Dec-91 1
20-Dec-81 1
20-Dec-01 1
20-Oec-91
20-Dec-91
20-Oec-81
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PHYLUM CLASS ORDER FAMILY GENUS/SPECIES
EAANSSSSEATES SEEESAESSEE SNSEETAENSESEEES SENESESSASAR SEsREEEESEESEw
Platyheiminthes Turbeliaria
Moliveca Bivaivia Sphasriacea G i C f
Annelida Oligochasta Tubificida Tublficidae
Annelica Oligochaets Tubificida Naldidae
Arthropoda Insecta Diptera Chironomicias
Platyheiminthes Turbellasia
Arthropoda insecta Diptera Chironomidas
Arthropoda Insecta Trchoptera Hydroptilidas
Mollusca Bivaivia Sphasriacea [o d C flumi
Annelida COligochasta Tubificida Tubificidas
Annelida Oligochasta Tubificida Naididas
Moliusca Bivaivia Sphaeriacea Sphasrikias
Arthropoda Insecta Diptera Chironomidas
Mollusca Gastropoda
Asthrop Chel Acarina
Rhynchocolea
Mollusca Gastropoda Ancylidae
Mollusca Bivaivia Sphasriacea C d: G L
Anneiida Oligochasta Tublficida Tubificidae
Anneiida Polychasta S yunkd
Annelida Oligochasta Tublficida Tubificides
Arthropoda insscta Diptera Chironomidae
Annelida Oligochasta Tublficida Naidides

o Ci Amphipoda Gammaridae
Arthropoda Insecta Dipwera Diptera (non-Chironomidae)
MoHusca Gastropoda
Motiveca Bivaivia Sphaeriacea Corbiculid > f
Moliveca Gastropoda
Annelida Oligochasta Tubificida Naididas
Moliusca Bivaivia Sphasriaces G d Corbicula
Annelida Oligochasta Tubificida Tublificiias
A 0 Chel Acarina
Arthropoda insecta Diptera Chironomidae
Annelida Polychasta S Manayunid
Asthropoda insecta Coleoptera Elmidae
A d: Ci Amphipoda Gammaridas
Moliusca Bivaivia Sphesriacea Sphaerikias
Annelida Oligochasta Tubificida Naididas
Annelida Oligochasta Tubificida Tublficidae

[o Amphipoda Gammaridae
Arthropodia Insecta Diptera Diptera (non-Chironomidae)
Anthropoda Insecta Dipters Chironomidae
Arth Ch Acarina
Mollusca Bivaivia Sphasriacea C Corbicula fi
Anneiida Hirudinea Rhynchobdellida Giossiphoniidae
Arthropoda Insecta Diptera Caeratopogoniciae
Asthropoda Insecta Coleoptera * Elmidae
Moliusca Gastropoda Ancyiidas
Arthropoda insecta Plecoptera Tasniopterygidae
Motiusca Bivaivia Sphasriacea Corbicu C fi
Arthrop C lsopoda Asesliidas
Arthropoda insecta Trichoptara Hydroptilidas
Annelida Oligochasta Tubificida Tublificidas
Asthropoda insecta Diptera Diptera tamity C
Annelida Oligochasta Tublificida Naididas
B-9
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DATE

20-Dec0t
20-Dec-61
20-Dec-91

Anssesns smnmn
STATION

...5‘..5.&5.#‘5&&5“5&#.UQUUUUOOUUUDOU(—‘UGUUGUQQGUUUGQUD

LOCATION REPL #

1

- -

NN DR NN RNR NN RN RN RN NN NN NNV ND NN NN

-

N NN

PHYLUM

CLASS

ORDER

Sphaeriacea
Trichopters.
Diptora
Diptera
Diptera
Lepidoptera
Tubificida
Collembola

Tubificida
Diptera

Rhynchobdellida

Amphipoda

Amphipoda

Trichoptera
Trichoptera

Trichoptera
Ephemeroptera

Tubificida
Tubificida

Diptera
Trichoptera

Trichoptera

B-10

FAMILY GENUS/SPECIES QUAN.

18

(indeterminate) 1
Chironomidae 58
Diptera famity A 1
Diptera (non-Chironomidae) 1
Arctildae Estigmene sp. 2
Naididae 13
Entomobryidae 1
Caenidas 1
Tubificidas 72
Chironomidas 210

4
Eimidae 20
Physidas 1

1
Glossiphonildas 1
Planorbidae 5
Crangonyctidae 8
Assalicdan ?
Ancylidae 8
Gammaridas [}
Hydroptilidae 1
(indeterminate) 3
(indeterminate) 1
Tasniopterygidae 5
Hydropsychidae '
Ephemeriidas 1
Cerstopogonidas 2
Sphaeriides 1
[ f [ n 70

8
Ancylidae .
Eimices 1
Tublficidae 100
Naididae 2

1
Chironomidas 101
Leptoceridas 1
Tasnlopterygidae 1
Asssllidas 1
Gammaridae 2
C i Corbi [T 80
Sphaeriidae ]
Tubificidas 26
Gomphidae 1
Chironomidae 188
Leptoceridas 1
Sphaeriidas 1
Corbiculid Corbicula flumi 19

1
Chironomicae 110
Helicopsychidae 2

3
Leptoceridas 1
Sphaeridas 1

e
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DATE

STATION

20-Dec-01
20-Dec-81
20-Dec-91
20-Dec-01
20-Dec-81
20-Dec-81
20-Oec-01
20-Dec-81
20-Dec-91
20-Dec-01
20-Dec-91
20-Dec-91
20-Dec-91
20-Dec-91
20-Dec-01
20-Dec-81
20-Dec-91
20-Dec-81
20-Dec-91
20-Dec-81
20-Dec-81
20-Dec-81
20-Dec-91
20-Oec-91
20-Dec-91
20-Dec-91
20-Dec-91
ZQ;Doc-m

2w

o ® ® & & B O O B O DO MO U PG G RO DR RGBT A e

LOCATION REPL #

WEST
WEST
WEST

b

8
sag

NTER

NN NN

- -

N NN

N NN NN NN -

-

NN NN

PHYLUM CLASS ORDER
AEARNSEATINE AERAEENIIETT NEEREEREEEREERETE
Arthropy c Amphipoda.
Mollusca Bivaivia Sphasriacea
Annelida Oligochaeta Tubifickda
Annelida Oligochaeta Tubificida
Platy T
Mollusca Bivaivia Sphesriacea
Annelida Oligochasta Tublficida
Arthropoda Insecta Diptera
Annetida Oligochasta Tublficida
Mollusca Bivalvia Sphaeriacea
Arthropods Insecta Diptera
Annelida Oligochaeta Tublficida
Mollusca Gastropoda
Moilusca Bivaivia Sphesriaces
Annelida Oligochasta Tublficida
Arthropoda Insecta Diptera
Annelida Oligochaeta Tubificida
Mollusca Bivaivia Sphaeriacea
Annelida Oligochaeta Tubtficida
Arthropods Insecta Diptera
Annelida Oligochasta Tubificida
Anneiida Oligochaetn Tubificida
Arthropoda insecta Oiptsra
Arth Ci Amphipoda
Arthropoda Insecta Trichoptera
Arthropods Insecta Trichoptera
Asthropoda Insecta Ephemeroptera
Arth Chet Acarina
Anthropoda insecta Diptera
Arthropods Insecta Diptera
Annelida Oligochaeta Tubificida
Moliusca Bivalvia Sphaseriacea
Moliusca Bivaivia Sphaeriacea
Arthropoda insecta Coleoptera
Mollusca Bivaivia Sphaeriacea
Arthropoda Insecta Trichoptera
Arthropoda Insecta Diptera
Arthropoda insecta Ephemeroptera
Mollusca Bivalvia Sphasriaces
Annelida Qligochasta. Tubificida
Annelida Oligochasta Tubificida
Mollusca Bivaivia Sphaeriaces
Arthropoda insecta Diptera
A Acarina
A - Amphipoda
Annelida Olig Tubif
Arthropoda Insecta Trichoptera
Moliusca Bivavia Sphaeriaces
Annelida Oligochaeta Tubificida
Mollusca Bivaivia Sphaeriaces
Arthropoda Insecta Trichoptera
Mollusca Bivaivia Sphasriaces
Arthropoda Insecta Coleoptera
Annelida Olig Tubif
Arthropoda Insecta Odonata
B-11

FAMILY

Corbiculid

SEaseeEEEEsSSE SkE==

GENUS/SPECIES QUAN.

EmarEEEsssmmss mmEEE
1

Corbicula flumi 7

Naididas
Tubificidae

4

Tublficidae
Chironomidae
Naididas
Corbiculidae
Chironomiias
Tubificidas
Ancylidas

Corbicula fluminea 10

Tublficid

Chironomidae
Tubificidas
& n

Naididae
Chironomidae

8 o 8
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smanmas mnemm
OATE STATION
Eammmas mEme=
20-Dec-91
20-Owc-01
20-Dec-01
20-Dec-91
20-Dec-61
20-Dec-91
20-Dec-91
20-Dac-91
20-Dec-91
20-Dec-01
20-Dec-01
20-Dec-91
20-Dec-81
20-Dec-91
20-Dec-61
20-Dec-91
20-Dec-81
20-Dec-91
20-Oec-91

a O O 0O O O ® 6 & 0 O O N O O D@ O O O’

%

E
THLLEEEEEREREEEIETNIL

i

Pii
88 8

-
E
NRR NN AR NN

l 10-Jan-62 1
10-Jan-82 1

LOCATION REPL #

H

BT OO HIHIITH

-

NN NN RN NN -

- -

NN N RN N NN

- - A

NN RN RN

N NN RN

QUAN.

74

- N -

n 8% 8 o

PHYLUM CLASS ORDER FAMILY GENUS/SPECIES
ASEsERIErIEx sEeSEEsREEEE -nmw =t BusmEEEEEAEREEERE mmsEw
Arthropod. Ch Acarina
Asthropoda insecta Oiptera. Chironomidae
Mollusca Bivaivia Sphaseriacea Sphasrildae
Arthropoda insecta Coleaptars. Eimidas
Annelida Hirudinea Rhynchobdetiida Giossiphonlidae
Arthropoda Insacta. Diptera Chironomidas
Annelida Oligachasta Tubificide. Naididae
Arthropod Chet Acarina
Annelida Oligochasta Tubificida Tublficides
Mollusca Bivaivia Sphasriacea Corbk C la flumines
Mollusca Bivaivia Unlonacea Unlonides
Mollusca Bivaivia Sphasriacea C Corbicula flumi
Asthropoda Insecta Diptera Diptera (non-Chironomidae)
Arthropoda Insecta Coleoptera Elmicae
Mollusca Bivaivia Sphasriacea Sphaseriidas
Arthropx Chell Acarina
Annelida Oligochasta Tubificida Tubificidas
Arthropoda insacta Diptera Chironomidas
Mollusca Gastropoda Hydroblidae
Arthropoda Insacta Coleoptera Eimidae
Platyheiminthes Turbellaria Tricladida Planariidae Dugesia sp.
Annelida Oligochasta Tubificida Naididae
Arthropoda Insocta Diptera Chironomidae
Annelida Oligochasta Tubificida Tublficides
Mollusca SBhivalvia Sphaeriacea Corbiculi Ci la flumi
Arthropoda insecta Ephemeroptera
Arthropoda Insecta Diptera Chironomidae
Anneiida Oligochaeta Tubificida Naididas
Annelida Oligochasta Tubificida Tubificidas
Asthropoda Insecta Trichoptera. Polycentropodidae
Mollusca Bivalvia Sphasriacea Corbiculi Corbicula fi
Arthropoda insecta Diptera Diptera tamity D
Mollusca Gastropoda Ancylidse
Mollusca Bivaivia Sphaeriacea Corbiculidi Corbicula flumi
Arthropoda insecta Coleoptera Eimidas
Arthropods invects Diptera Chironomidae
Annelida Otigochaeta Tubificida Tublficidas
Annelida Olig Tubificid Tubificidas
Arthropoda Insecta Diptera Chironomidae
Athropoda insecta Coleopwera Eimidas
Mollusca Bivavia Sphaeriacea Corbiculid Corbicuta flumi
Mollusca Bivaivia Sphasriacea Sphaeriidae
Arthropoda Insecta Diptera Chaoboridas
Annelida Polychaeta Sabeliidae Manayunkia asstuarina
Annelida Oligochasta Tublficida Naididas
Annelida Oligochaeta Tublficida Tublificiiae
Moliusca Bivaivia Sphasriacea Corbiculid Corb f
Arthropoda insecta Oiptera Chironomidae
Rhynchocolea
Anthropoda Insecta Odonata Gomphidae
Mollusca Gastropoda
Moliusca Bivavia Sphasriacea Sphaeriidae
Arthrop: Amphipoda Gammaridae

lsopoda Assellidas
Arthropoda Insecta Diptera Chironomidae
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DATE

STATION

10-Jan-82

AW W LWL W WL YW L WL YWY W W WL L L WL L W E WL LY LW W LW W WWLNRNNNNNDMNNRNNN

LOCATION REPL #

EEEERERERERRERRRRERERRRRERE

N RN N NN NN

- s

N DN RN RN RN RN RN RN RN RN RN NN

-

ORDER

PHYLUM CLASS
sEmmEEmmxnme
Platy Turbeilari
Mollusca Gastropoda
Arthropoda Insecta
Annelida Oligochasta.
Annelida Hirudinea
Mollusca Bivaivia
Annetida Oligochasta
A - C
Arthropoda Insecta
Arthropoda Insecta
Annelida Oligochasta
Mollusca Bivaivia
Arthropoda Insecta
Arthropoda insecta
Annelida Oligochasta
Mollusca Bivaivia
Platyheiminthes Turbellaria
Arthropoda insecta
Arthropoda Insecta
Arthropoda insecta
Arthropoda insecta
Arthropoda Inescta
Annelida Oligochasta
Mollusca Bivalvia
Arthropoda Insecta
Mollusca Bivaivia
Arthropoda insecta
Mollusca Gastropoda
Annelida Oligochasta
Asthropoda Insecta
Anneiida Oligochasta
Annelida Oligochaeta
Mollusca Bivaivia
Platyheiminthes Turbellaria
Arthropoda Insecta.
Mollusca Gastropoda
Arthropoda Insecta
Arthropoda Insecta
Mollusca Gastropoda
Mollusca Gastropoda
Arthropoda insecta
Rhynchocolea
Arthropoda insecta
Arthropoda Insects
Arthropoda Insecta
Arthropoda Insecta
Arthropoda insecta
Arthropoda insecta
Arthropoda Insecta
Anneiida Polychasta
A Cheti

[
Annetida Oligochasta

Tublficida

Diptera
Ephemeroptera
Diptera
Lepidoptera
Tubificids.
Diptera
Diptera
Tubificida
Diptera

Tubificida
Tubificida

Trichoptera
Trichoptera
Amphipoda
Amphipoda

Diptera.

Diptera

Trichopters
Diptera

Tubificida

B-13

SESSESESNSE EESERmSERSSEEE SEEmx
FAMILY GENUS/SPECIES QUAN.

Ancylidas 18
Leptoceridae 1
Naididae 8
Glossiphoniidae 1
G Corbi fluminea 131

Tubificidae 273

Caenidae
Eimidae 10
Naididas

3
3
Chironomicae 54
Eimidas 1
Tublficidas 75
Corbiculid Corbicula flumi| 1

Diptera family B 1
Casnidee 1

Pyralidae
Eimidae 2
Naididae ?

9

Petrophila sp. 1

Diptera family A 1
Corbiculia: Corbi Aumi J

Diptera famity D

Tublificidae 2
Chironomidae 35
Tubificidae 28
Naididae 3

(indeterminate) 1

Pleuroceridas 1
Leptoceridae 2
Polycentropodidae 1
Gammarikiae 4
Crangonyctidae 4

2
Ancylides 10
Casnidee 1

1
Diptera (non-Chironomidae) 2
Eimidas 13 13
Chironomidae 75
(indeterminate) 1
Hydropeychidee 1
Ceratopogonidas 2

1
s Manayunki 3

3
Asesilidas ]
Tubificides "

.

f

_ -

| S



-,, -

DATE

STATION

10-Jan-g2
10-Jan-@2

24-Feb-92
24-Feb02
24Feb-g2
24-Feb-82
24-Feb-92
24Feb-92
24Feb-82
24-Feb-02
24-Fob-02
24Feb-92
24-Feb-a2
24-Feb-2
24 Feb-92
24-Feb-g2
24-Feb-02
24-Feb-22
24-Feb2
24-Febe2
24-Feb-a2
24-Feb-02

AU DA NP A A R A R A M EE ErEDD D DD DD D DD D D D@ D P D ® DDA S A A A A A AE AN

EEERERRRRRREE g

N NN NN NN RN

- NN NN -

N NN NN

-

NN

PHYLUM

CLASS

ORDER

Sphaeriacea
Sphaeriacea
Sphaeriacea
Diptera

Sphaeriacea
Tubificida
Diptera
Trichoptera
Coleoptera
Sphasriacea
Diptera
Collembola
Sphaeriacea
Tubificida
Tubificida
Tublficida
Diptera
Acarina
Diptera
Sphastiacea
Sphaeriacea
Diptera
Acarina
Tubificida
Tubificida
Diptera

Tubificida

Tubificida
Tubificida

Diptera
Tubificida
Tubificida

Tubificida

B-14

EEEEmsssma=
FAMILY

Sphaeriikias

Corbiculid:

GENUS/SPECIES

Chironomidas

Corbictlid

Tublficidas
Chironomidas
(indeterminate)
Eimiciae

Naididas
Tubificidas
Tublificidae

Chironomidae
Corbiculid

Branchiura sowerby|

" Corbh

Chironomidae
Tublficidas
Tublificidae

Chironomiciae

Tubificidae

Tubificidae
Naididae

Chironomidae

Corbiculid

Chironomidae

Corbiculi

Chironomidae
Eimidae

74
137
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DATE

STATION

24-Feb-92
24-Feb-02
24-Feb-92
24-Feb-g2
24-Feb-82
24-Feb-32
24-Feb-02
24-Feb-82
24-Feb-02
24-Feb-82
24-Feb-92
24-Feb-82
24-Feb-82
24-Feb-2
24-Fob-a2
24-Feb-22
24-Feb-@2
24-Feb-82
24-Feb-82
24-Feb-02
24-Feb-82
24-Feb-82
24-Feb-92
24-Feb-92
24-Feb-92
24-Feb-02
24-Feb-82
24-Feb-02
24-Feb-2
24-Feb-02
24-Feb92
24-Feb-@2
24-Feb-02
24-Feb-82
24-Feb-82
24-Feb-82
24-Feb-62
24-Feb-82
24-Feb-82
24-Feb-82
24-Feb-02
24-Feb-82
24-Fab92
24-Feb-82
24-Feb-92
24-Feb82
24-Feb82
24-Feb-92
24-Feb-g2
24-Feb-02
24-Feb-92
24-Fob-92
24-Feb-92
24-Fob-2
24-Feb-92

LS T * R ¥ N A N I
»> O O ®© O & O O & ® O o 0 O &d& »B D OO0’ DdDO OO ®DdD DU R RPN LW

A
9

NN NN

PHYLUM

ClLASS

insecta
Oligochaeta
Oligochaeta

Oligochasta

Oligochasta
Oligochasta

ORDER

Oiptera
Tubificida
Tubificida
Sphasriacea
Ephemeropters
Trichoptera
Sphaeriacea
Diptera
Sphaeriacea
Tublficica
Tubificida

Tubificida

Tubificida

Diptera

Diptera

Dipters

Ephemeroptera

Tubificida

Tubificida

Diptera

Tubificida

Diptera

Tubificids

Diptera

Tubificida
Diptera
Tubificida
Tubificida
Tubificida
Trichoptera
Tubificida
Diptera

B-15

FAMILY
ExEmmmzwnn
Chironomidae
Tubificidas
Naididas

C

GENUS/SPECIES QUAN.

8

% w &

Laptoceridas
Sphaeriidee
Chironomidae
Corbi

Naididas
Tubificidae

Eimidae
Naididae
Eimidas
Tublficidas

Ceratopogonidae

Corbicutid

Chironomidae

Chironomidae
Gomphidas

Naididee

Chironomidae
Eimicas

Corbiculid

O
3
[*]

Arctiidas
Tublficidas
Chironomidae

Naididas

Corbiculi

Estigmene $p. 1

91 91

Tubificidae
Tubificidee

Elmidae

Estigmene sp. 1

Corbi fluminea 10

Chironomidae

N
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DATE

STATION

24-Feb-02
24-Feb-02
24-Feb-82
24-Feb-62

[ TS T R T T T L L I T R R TS BT T T T ¢ N R T R T N L T T R R R T R BT R R N S A V. T T T U R B TR TR BN BN B BN -

LOCATION REPL #

SEERERRRERRRRRRERNY

CENTER

SERERRRERRRRRRRRNRRNRE

NN NN -

N NN NN

sesssssm=mss === - [ ——
PHYLUM CLASS ORDER
SEsSEEEIXEEN SEEssaEsEEsE SsassEEmsssEm=E
Mollusca Bivaivia Sphasriacea
Anneiida Hirud Phy i
Annetida Oligochasta Tublficida
Mollusca Bivaivia Sphaeriscea
Annelida Oligochaeta Tublificida
Annetida Rhy !
Arthropoda insecta Diptera
Annelida Oligochasta Tubificida
Mollusca Bivaivia Sphasriacea
Mollusca Bivaivia Sphasriacea
Moliusca Bivajvia Sphaseriaces
Annelida Oligochaeta Tubifickda
Arthropoda Iinsecta Diptera
Annelida Oligochasta Tubificida
Moliusca Bivaivia Sphasriacea
Anneiide Oligochaeta Tubificida
Annelida Oligochasta Tubificida
Arthropoda Insecta Diptera
Annelida Polychaeta

Anneiida Oligochasta Tubificida
Annelida Oligochasta Tubificida
Mollusca Bivavia Sphasriacea
Arthropoda insecta Diptera
Arthropoda i

Arthropoda Insecta Ephemeroptera
Mollusca Gastropoda

Platyh Turbellari

Mollusca Bivaivia Unionacea
Annelida Oligochasta Tublficida
Anneiida Oligochaeta Tubificida
Arthropoda Insscta Diptera
Mollusca Bivaivia Sphaeriacea
Arthropoda Insecta Diptera
Annelida Oligochasta Tubificida
Arthropoda insecta Ephemeroptera
Arthropoda [

Moliusca Bivavia Sphasriacea
Platy Turbellari

Anhropoda Insscta Dipters
Moliusca Bivalvia Unionacea
Arthropoda G A

WMollueca Bivaivia Sphasriacea
Moliusca Gastropoda

Arthropoda insecta Diptera
Mollusca Gastropoda

Rhynchocolea

Annelida Oligochaeta Tubificida
Annelida Oligochaeta Tubificida
Mollusca Gastropoda

Mollusca Gastropoda

Mollusca Bivalvia Sphasriacea
Arthropoda insecta Diptera
Annelida Oligochasta Tubificida
Anthropoda Insecta Trichoptera
Arthropoda insecta Diptera

B-16

FAMILY
EETT TP T e

Coarb

GENUS/SPECIES QUAN.

C fAlumi k-]

Giossiphoniidae
Naldidae
Sphaeriidae
Tublficidae
Glossiphonlidae
Chironomidas
Tubificidas
Corb

1
1

Tublficidas
Chironomidas
Nakdidae

[

Corbé fluminea N

Tubificides
Naididae
Chironomidae
Sabellides
Tublificides
Naididae
Corticufid

Manayunkia aestuarina 1

Chironomidae
Gammaridae

(indeterminate)

Chironomidae
Unionidae
Gammasidae

Corbieulid

Ancylidae

Diptera (non-Chironomicas)

Hydrobiidas

Tublficidae
Naididae
Planorbidas
Physidas

Corbicull

Chironomicae
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DATE

STATION

03-Mar-82
03-Mas-62
03-Mar-82
03-Mar-92
03-Mar-82
03-Mar-82
03-Mar-82
03-Mar-82
03-Mar-82
03-Mar-82
03-Mar-82
03-Mar-§2
03-Mar-82

@ & @ @ O & o O OO 6 O O 6 B OO D OO DB DD PR RGN RW

LOCATION REPL #

N NN NN NN RN

R

BRifiadqqaag

CENTER

88
g

D
NN NN R R
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N NN RN

PHYLUM CLASS ORDER
Seunssssasxs sssmsssmsmm
Annelida Qligoch, Tubsh
Anneiida Olig Tubificid
Mollusca Bivaivia Sphasriacea
Arthropoda Crustacsa feopoda
Platy i Turbel
Annelida Polychaeta
Arthropoda Crustacea Amphipoda
Arthropoda insscta Ephemeroptera
Mollusca Gastropoda
Moliusca Gastropoda
Ptaty i Turbellari
Mollusca Bivaivia Sphasriacea
Arthropoda Insecta Diptera
Anhropoda Insecta Ephemeroptera
Rhynchocolea
Annelida Oligochasta Tubificida
Annelida Oligochasta. Tubificida
Annetida Oligoch Tubifs
Arthropoda Crustacea Amphipoda
Mollusca Gastropoda
Arthropoda insecta Diptera
Anneiida Oligochasta Tubificida
Platy T
Mollusca Bivaivia Sphasriacea
Arthropoda Insecta Ephemeroptera
Arthropoda insecta Coleoptera
Arthropoda Insecta Diptera
Annelida Oligy T
Arthropoda Insecta Diptera
Moliusca Biveivia Sphasriacea
Mollusca Bivaivia Sphasriacea
Arthropoda Insecta Ephemeroptera
Annelida Oligochasta Tubificida
Annelida Oligy T
Arthropoda insecta Diptera
Arthropoda Inseacta Diptera.

B-17

FAMILY GENUS/SPECIES QUAN.
L 2 2 2 2 5 & 2 4 LAl L 2 L LT mmEEw
Naididas 4
Tublificicae 28
Sphastiidae [}
Asssilidas t
8
Sabeliidae 2
Gammaricdas 1
Ephemeriidas 2
Ancylidae 14
Planorbidas 3
3
I Corbicul 18
Chironomidae 97
Ephemeriidae 2
2
Naididas 8
Tublificiiae Branchiura sowerby! 1
Tubificidae 155
Gammaridae 1
Ancylides 1
Chironomidae 100
Tubificidae 218
1
C Hid: Corbik 2
Ephemeriidas 1
Elmidas 2
Ceratopogonidae 1
Tubificidae 87
Chironomidae 17
C i Corbicula fii il 7
C ik C i F

(indeterminate)

Tubificidas
Naididae
Entomobryidae
Chironomidae
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APPENDIX C: CHRONIC IMPAIRMENT TESTING OF FATHEAD MINNOW
(PIMEPHALES PROMELAS)TO DALECARLIA AND GEORGETOWN WATER TREATMENT
PLANT EFFLUENTS, WASHINGTON, DC
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Executive Summary

Fathead minnow
* Fathead minnow larvae were exposed to effluent from three basins of Dalecarlia and

Georgetown water treatment plants and studge from ati four in 7-day survival/chronic
weight impairment tests.

and growth,

not exist.

The dissolved oxygen (DO) sag at the end of each daily renewal adversely influenced
fish survival in the tests where DO sagged to levels <2.5 mg/L.

the basin sampled and DO sag measured during the tests.

Executive Summary

Effluent from the three water treatment basins had no negative effect upon fish survival

Fish could not survive in 100% sludge from the 4 basins tested, hence weight data could

Fish weight was variable in concentrations from 3 through 30% sludge depending upon
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1.0 Introduction

1.1 Toxicity Testing Requirements

Biomonitoring of the Dalecarlia and Georgetown water treatment plant effluents were
required under special conditions as set forth by the United States Environmental Protection
Agency’s (US EPA) National Pollutant Discharge Elimination System (NPDES). When the
water treatment basins become full, a scheduled release is coordinated with a higher flow
condition in the Potomac River. A special study was developed whereby the éffluent from
four basins would be periodically coliected during the effluent release effort and tested for
potential survival/impairment effects to fish. The species tested was fathead minnow
{(Pimephales promelas) using the US EPA (1989) guidelines in a static renewal, 7-day chronic
bioassay. Other studies were carried out in the river (benthic macroinvertebrate
communities) by personnel of Dynamac Corporation, Rockville, Maryland.

Testing was initiated in this laboratory on December 10-17, 1991 and concluded on
March 2-9, 1992. Procedures for these tests have been outlined in US EPA (1985) as Test
Method 1000.0 (7-day survival and growth of fathead minnow). Since then, the US EPA has

published. a newer version in 1989. Specific details of test methodologies are detailed later
in this report.

We used three effluent concentrations 1, 10 and 100% plus a control of Potomac River
water as diluent. We also expanded the testing to include the sludge in the basins since it
was released after the effluent. it had a thick, dark consistency, sometimes granular in
nature but usually comprised of fine, mud-like particulates. Special testing protocol was
developed to address fish interaction in the sludge.

The 7Q10 was given as 388 million gallons/day (MGD). The total time and volume of
effluent sludge release varied from 6-10 hrs (14-110 million gallons) and on a daily basin
comprised 3.5-45.9 MGD. Effluent samples consisted of composite samples during the time

of release, packed on ice in coolers and shipped overnight to the laboratory.

1.0 Introduction : 1
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1.2 Plant Location

The plants are located adjacent to the Potomac River in or near the Georgetown area . f
of Washington, D.C. :

The plants discharge into the Potomac River.

1.4 Testing Laboratory L

Fathead Minnow:
Dr. Donald S. Cherry
Department of Biology and University Center for
Environmental and Hazardous Materials Studies
Virginia Polytechnic Institute and State University ' -
Blacksburg, Virginia 24061 .
(703) 231-6766 B

1.3 Receiving Water Body l
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2.0 Plant Operations
2.1 Products
Municipal water treatment effluent.
2.2 Raw Materials
Not applicable.
2.3 Operating Schedule
Intermittently during the year when the basins are full.
2.4 Description of Water Treatment Systems
Not available.
2.5 Retention Time
Not applicable.
2.6 Volume of Effluent Fiow
Georgetown basin #1 - 20 million gai/6 hr release time = 80 million gal/day

(if the release occurred for 24 hr)

Georgetown basin #2 - 110 million gal/18 hr release time = 137.5 million gal
(per 24 hr of continual release)

Dalecarlia basin #3 - 14 million gal/6 hr release time = 56 million gal/day
(per 24 hr of continual release)

Dalecarlia basin #4 - 14 million gal/6 hr release time = 56 million gal/day
(per 24 hr of continual release)

2.0 Plant Operations
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3.0 Source of Effluent and Dilution Water

3.1 Effluent Samples

1.
2.

Sampling point at skimmer wall of each basin

Collection Dates and Times (APPENDIX [}

12-5-92 Basin 4 effluent and sludge

1-6-92 Basin 3 effluent and sludge

2-20-92 Georgetown 1 sludge

2-26-92 Georgetown 2 (effluent and sludge)

Sample Collection Method

Composite sampler

3.2 Surface Water Samples

Sampling Point above Dalecarlia Plant

Collection Date and Time

October 8, 1991 at 3:00 P.M.

Sampte Collection Method

Single grab sample by pail and rope.
Streamflow at 7Q10

Not applicabie.

For chronic testing, river water was used.

3.0 Source of Effiuent and Dliution Water




TRy " .-

F~

4.0 Test Methods

4.1 Fathead Minnow (Pimeghales promelas) Culturing
4.1.1 Age
12-24 hr old at test initiation.
4.1.2 Life Stage
Larval, prior to complete yolk-sac absorption.
4.1.3 Mean Weight |
0.07-0.09 mg/fish; n=20.

4.1.4 Source

In-house cultures originally from Kurtz's Fish Hatchery, Elverson, Pennsylvania {(June
1985). New stock was brought in from the Virginia Tech Fisheries Department on 12-17-91
and completely integrated into the system on 1-9-92.

4.1.5 Diseases and Treatment

Disease free stock and test animais.

4.2 Fathead Minnow Survival and Growth for Effluent Testing

4.2.1 Test Method Used

US EPA Method 1000.0, Fathead Minnow Survival and Growth Test.

4.2.2 End Points of Test

Seven-day survival and growth of the test organisms and measured as mg/surviving
fish (APPENDIX ).

4.2.3 Further Description of Testing Protocol

At several points, the US EPA test (1989) method offers a choice among various options.

The options chosen for the tests are set forth below. In addition, Virginia Tech employs

certain standard improvements to the US EPA protocol which were used here. These are
set forth below.

4.0 Test Methods 5
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Fathead minnow larvae are cultured from in-house stock at Virginia Tech. The
condition of eggs and newly hatched larvae are optimally controlled only from
in-house stock cultures. Newly hatched larvae can be shipped in well
oxygenated water in insulated containers; however, potential stress from
temperature and oxygen shifts during transportation can occur. Also, knowledge
of pathogenic stress from fungi and other diseases may not be av=ilable from
hatchery stock. Hence, the most vigorous stock of test fish are tiose kept
completely in-house.

o
™

The test vessels used were 500 mL (scolution depth of 3.6 cm, surface diameter
of 9.6 cm) instead of 1.0 L to enhance feeding efficiencies by fish larvae on brine
shrimp without unnecessary overcrowding.

~
-
-

The US EPA protocol recommends the use of larvae that are less than 24 hr oid.
A toxicological concern is that no specific procedure is allotted for the removal
of approximately 0-11 hr old larvae versus those that are 12-24 hr old. Having an
in-house stock collected where thousands of eggs are available daily, allows
selection of more vigorous larvae that are closer to 12-24 hr old and not 0-11 hr
old. Therefore, the bias of naturai post-hatch mortality during the first several
hours of life is reduced.

11.7.1 Test solutions were 250 mL instead of 500 mL. The smailer volume allows
greater contact time for fish larvae with their food source. The US EPA (1989)
protocol allows for using test beakers from 220 to 1,000 mL.

4.2.4 Date and Time Test Began
Dalecarlia Basin #4 - December 10, 1991 (effluent) and December 16, 1991 (sludge)
Dalecarlia Basin #3 - January 18, 1991 (effluent and sludge)
Georgetown Basin #2 - March 2, 1992 (effluent and sludge)
Georgetown Basin #1 - March 10, 1992 (sludge only)
" Pump malfunctioned preventing effluent from being collected.

4.2.5 Date and Time Test Ended

Dalecarlia Basin #4 - December 17, 1991 (effluent) and December 23, 1991 (sludge)
Dalecarlia Basin #2 - January 25, 1991 (effluent and sludge)
Georgetown Basin #2 - March 9, 1992 (effluent and sludge)
Georgetown Basin #1 - March 17, 1992 (sludge only)
4.2.6 Type of Test Chambers
500 mL Pyrex.

4.2.7 Volume of Test Solution per Chamber

250 mL.

4.0 Test Methods 6
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4.2.8 Number of Test Organisms per Chamber

Ten.

4.2.9 Number of Replicate Test Chambers per Treatment

Four.

4.2.10 Test Temperature

25+1C.

4.3 Fathead Minnow Survival and Growth for Sludge Testing

4.3.1 Test Method
Not officially defined.

4.3.2 End Points of Test
Seven-day survival and growth of the test organisms and measured as mg/surviving
fish (APPENDIX M),

4.3.3 Detalis of Test

Studge handling presents many difficulties which have been addressed in the course
of this series of chronic tests. Although no official EPA standard procedure for handling
sludge is available, a method has been developed in this laboratory which may prove to be
applicable to sludges of different composition and thickness. The basic concept was the
same as for fathead minnow effiuent testing except for adjustments in handling sludge
dilution, monitaring DO sags, and daily renewals of sludge/diluent concentrations. Initially,
Basin #4 sludge was fairly smooth and of a relatively lesser particulate content than
subsequent sludge samples. Basin #4 sludge was handled as any other type of effluent and
mixed with Potomac River water as a diluent at the following concentrations: 1, 3, 10 and
30%. However, it became clear that maintaining a proper DO level in the solutions was
crucial, especially in view of sudden and extreme DO'sags at the 30% concentration.

In the following chronic test using Basin 3 sludge, the test solutions were constantly
aerated with a gentle stream of air. It became apparent that fish were stressed when they
were transferred from a higher DO level to solutions which had not been aerated for as long
a period of time and had a lower dissolved oxygen content. it also appeared that aerating

4.0 Test Methods 7
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constantly would deprive the test solutions of any toxic volatile component and thereby be
very unrepresentative of real life conditions.

A better method was thus developed and used for the two remaining tests. The test
solutions were aerated prior to renewal uritil they reached a fairly stable DO leve! and did
not exhibit any tendency toward DO sag any longer. The length of this aeration period may
be determined for each sludge sample in particular. A 2 to 3-hr aeration time proves to be
quite sufficient to maintain an adequate DO level over a 24-hr test period.

Another problem encountered in this type of testing had ‘o do with the transfer of the
organisms at renewal time. Quite early on a method was developed and applied to all four
tests. At renewal time, the solid portion of the test solutions which had settled at the bottom
was siphoned out with a siphon of appropriate diameter for each test solution. The siphon
had to be wide enough to allow removal of particulate matter but not so wide that the fish
were siphoned out too. This was relatively easy for the 1, 3 and 10% concentrations.
Siphoning the solid matter allowed a stress-free renewal and also accurate counting of the
fish.

The highest concentration tested (30%) was handled differently, since the amount of
particulate matter was too high and the siphon opening was too small to allow for convenient
drainage. The reverse process was used: first, the liquid portion was drained, then the
remaining liquid portion with the fish in it was drained and transferred to a small beaker.
The fish were then counted and fresh solutions were placed in the test containers to which
the fish were then returned. This gentle handling of the fish accounts for the greater survival

rate as the tests proceeded.

4.3.4 Summary Steps of Sludge Test

The entire procedure for sludge tests is summarized below.
1. Sludge test solutions were prepared at the concentrations being tested.
2. Tests solutions were aerated for a maximum period of 3 hours and a minimum of one 1/2
hour as needed.
3. Water chemistry was then performed on the test sofutions and DO was closeiy monitored
at intervals on the first day to determine that no DO sag occurs.
4. 1f DO could not be maintained at a satisfactory level (>4.4 mg/L), constant aeration would
be introduced.
5. Daily renewal was done using an appropriate size siphon for solutions containing lesser
amounts of particulate matter.
6. When large amounts of particulate matter were present, the fish themselves were

transferred to new solutions.

4.0 Test Methods 8




7. Post-renewal water chemistry was done on combined samples including liquid and solid
portions. However, DO was monitored using the liquid portion where the fish were located.

40 Test Methods 9
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5.0 Statistical Analysis

Survival-impairment was analyzed statistically using the Kruskal-Wallis Test, a
non-parametric one-way analysis of variance rank analogue (Hollander and Wolfe, 1973).
Significantly different means for chronic survival and impairment growth were determined
by a rank-sign least significant differences procedure (a =0.05). Other statistical tests used
included the Dunnett’s Procedure and Steel’'s Many-One Rank Test for fathead minnow
impairment analysis (US EPA 1989 and Rogers 1986).

e, |
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6.0 Quality Assurance

6.1 Fathead Minnow

6.1.1 Standard Toxicant
Cadmium atomic absorption spectrophotometry standard, Fisher Scientific SO-C-118

Lot No. 870113-24.
6.1.2 Date and Time of Test

December 17-19, 1991 at 11:00 A.M.
January 20-22, 1992 at 1:30 P.M.
March 20-22, 1992 at 3:30 P.M.

6.1.3 Dilution Water Used
US EPA reconstituted water.

6.1.4 Reference Toxicant Results
In US EPA reconstituted water, the 24 and 48-hr LCsos for Cd to fathead minnow larvae
were 218.0 and 61.6 ug/L (Table 3A), 54.4 and 22.1 ug/L (Table 3B), and 122.4 and 60.6 ug/L

(Table 3C). The organisms were fit and testable relative to the historicat data base in the
laboratory (APPENDIX ill).

6.1.5 Physical and Chemical Methods Used

Fathead minnow testing included standard physical and chemical analyses of test
waters by the following methods (method citation by US EPA [1983] follows in parentheses):
temperature (thermometric Method 170.1), conductivity (specific conductance Method 120.1,
YS! Model 33), total hardness (EDTA titrimetric Method 120.2), total alkalinity (titrimetric
Method 310.1), dissolved oxygen (membrane electrode Method 360.1, YS| Model 57), and pH
(electrometric Method 150.1, Fisher Accumet Model 805).

6.0 Quality Assurance 11
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7.0 Results

7.1 Fathead Minnow Effluent Testing

Fathead minnow larvae exposed to Dalecarlia Basin #4 effluent for seven days had no
significantly different mortality at any effluent concentration compared to the controls, that
is, no fish died in the test (Table 1).

Final mean weight of fish in the contro) treatment was 0.677 mg/fish and at all effluent
concentrations, fish weights were higher (Table 1). Mean weight was highest at 100%

effluent concentration. Summarily, the NOEC (no observed effects concentration) for survival .

and growth was 100% effluent.

With respect to water chemistry from Dalecarlia Basin #4 effluent, temperature was
constant at 25°C. In general, hardness, alkalinity, pH and conductivity were consistently the
same between effluent concentrations (Table 2). Dissolved oxygen, however, did decrease
to levels of 3.4-4.9 mg/L after each 24-hr renewal. Water chemistry of sludge data in Table
3 will be presented in the next section.

Survival of fathead minnows exposed to Dalecarlia Basin 3 effluent was 100% at all
effiluent concentrations (Table 4). Growth was not significantly different from the control at
any concentration including 100%. Fish growth was highest in laboratory culture water
{0.525 mg) and lower in Potomac River diluent (0.446 mg) although differences were not

significant.

Water chemistry was conéistently the same between different effluent dilution for all
parameters except dissolved oxygen (Table 5). The sag in dissolved oxygen before each
daily renewal was less than in basins 4 effluent. Dissolved oxygen sags dropped to 5.7-4.2
mg/L after the initial setup of 7.4-8.8 mg/L. Water chemistry of sludge data in Table 6 will
be presented in the next section.

7.0 Resuits 12

P



Fathead minnow survival to Georgetown Basin 2 effluent was consistently high at every
test concentration (97.5-100%), and no fish died in the control or 100% effluent (Table 7).
Fish weight were similar between effluent concentrations and the greatest weight gain

nccurred in 100% effluent.

Water chemistry was consistently the same for all parameters at each effluent
concentration except DO (Table 8). The DO leveis sagged to 5.0-6.0 mg/L prior to each 24-hr
renewal after starting at 7.4-9.2 mg/L.

No data are available for testing Georgetown Basin 1 effluent. The pump failed to work
preventing composite sampling of the effluent (Personal Communication, Dynamac Corp).

7.2 Fathead Minnow Sludge Testing

Screen test data from effluent and sludge from Dalecarlia Basin 4 indicated that fish
would survive in the effluent in 48-hr exposures but not in the sludge (APPENDIX |, Table 1).
Survival in sludge was dose-dependent in that all larvae survived in 1 and 3% sludge, but
survival declined to 65, 50 and 0% in 10, 30 and 100% sludge.

Fathead minnow survival in sludge from Dalecarlia Basin 4 was significantly reduced
in 30 and 100% sludge (Table 1). Fish weight was also impaired significantly in 30 and 100%
sludge concentrations. It appeared that weight gain was significantly reduced at 3% but not
10% sludge. Hardness, alkalinity and conductivity increased between control water river
and 30% sludge (Table 3). Dissolved oxygen concentration dropped very low before each
daily renewal. DO levels dropped to 2.7-3.3 mg/L in 1 to 10% sludge while in 30%, DO
declined to 0.07 mg/L. These daily sags in DO significantly influenced both fish mortality and
growth impairment.

Fish survival in sludge from Dalecarlia Basin 3 was significantly reduced (0% survival)
in 30 and 100% sludge concentration (Table 4). Growth was not significantly reduced in 1,
3 and 10% siudge exposures.

Water chemistry from the Basin 3 sludge of Dalécartia was difficult to access for
hardness and alkalinity as measurements in 30% sludge were marred with interference
(Table 6). Since the test was aerated, dissolved oxygen measurements were much higher
before each daily renewal in this test than in sludge from Basin 4. However, when DO
sagged to 0.04 mg/L in 30% sludge, fish mortatity was 100%.

7.0 Resuits 13
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Fish survival in sludge taken from Basin 2 of the Georgetown plant was not adversely
affected through 30%, except all fish in 100% sludge died (Table 7). Fish weight was
significantly impaired in 10 and 30% sludge relative to the controis. Fish weight gain was
basically the same between laboratory culture and Potomac River water. The weight
impairment suggested in 1% sludge is not considered to be ecologically significant when
fish weight in 3% sludge was higher and not significantly different from the control.

Water chemistry from Basin 2 sludge of the Georgetown Plant was not measurably
different for conductivity and pH (Table 9). Dissolved oxygen concentration before each daily
renewal were much higher (6.0-4.8 mg/L) between control to 30% concentration of sludge
compared to the two previous tests with Dalecarlia sludge. Likewise, fish mortality did not
occur in the test other than at 100% sludge.

Fish survival in siudge sampled from Georgetown Basin 1 was not affected at any
sludge concentration through 30% (Table 10). Fish weight was not impaired through 30%
concentration of sludge. Fish mortality and, hence, weight were negatively affected in 100%
sludge.

Water chemistry was generally consistent for conductivity and pH between low and
higher sludge concentrations from Georgetown Basin 1 (Table 11). Dissolved oxygen
concentrations were more consistent between the beginning and end of each day. The DO
ranged between 7.7-6.0 mg/L at the start to 5.2-5.6 mg/L just prior to renewal. The lack of
fish mortality from 0-30% sludge concentrations coincided with the minimization in daily DO
sag.

7.0 Results 14
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8.0 Data Tables

Table 1. Survival and growth of fathead minnow (Pimephales promelas) larvae exposed
to effluent and sludge collected from the Dalecarlia Treatment Plant Basin #4 on 12/5/91.
Dilution water was Potomac River water collected upstream from the plant. Sample size
was 4 replicates of 10 fish each. Treatments significantly different from the control are
indicated by an asterisk (") («a =0.05).
Effluent Survivai Growth (Stan. Range
Conc (%) {%) {(mg/) Dev.)
0 100 0.677 (£0.105) 0.542-0.774
1 100 0.798 (£ 0.060) 0.735-0.848
10 100 0.762 (£0.086) 0.669-0.838
100 100 0.821 (£0.047) 0.757-0.859
Siudge
Conc (%)
0 95 0.679 (+0.081) 0.574-0.762
1 80 0.634 (£0.073) 0.572-0.734
3 85 0.551° (£0.071) 0.463-0.636
10 85 0.625 (£0.016) 0.606-0.646
30 42.5° 0.573" {+0.033) 0.542-0.606
100 0" - -

8.0 Data Tables

15



Table 2. Summary means and ranges for water chemistry for the fathead minnow
chronic survival and reproduction test with Dalecarlia Treatment Plant Basin #4
effluent from December 10 to 17, 1991. Ranges (below in parentheses) and
means are for combined new and 24-hr old test solutions.

Effluent Temperature  Diss. pH Total Total C_onductivity
Conc. (%) (°C) Oxygen (SU) Hardness Alkalinity (umhos/cm)
n {(mg/L) (mg/L) (mg/L)
0 3-6 25.0 6.6 7.40 140 104 372
(25.0) (4.9-8.4) (7.12-7.66) (371-376)
1 3-6 25.0 6.5 7.42 - - 379
(25.0) (3.4-8.6) (7.13-7.70) (368-400)
10 3-6 25.0 6.8 7.39 - - 384
{25.0) (4.4-8.7) {7.19-7.68) {372-406)
100 3-6 25.0 7.8 7.30 150 113 419
(25.0) (4.5-10.8) (7.08-7.43) - (417-421)

Table 3. Summary means and ranges for water chemistry for the fathead minnow
chronic survival and reproduction test with Dalecarlia Treatment Plant Basin #4
Sludge from December 16 to 23, 1991. Ranges (below in parentheses) and
means are for combined new and 24-hr old test solutions.

Sludge Temperature  Diss. pH Total Total Conductivity
Conc. (%) (°C) Oxygen (SU) Hardness Alkalinity (umhos/cm)
n {mg/L) (mg/L) (mg/L)
0 3-6 25.0 6.9 7.47 140 104 393
(25.0) (2.7-8.3) (7.07-7.78) {362-401)
1 3-6 25.0 7.0 7.47 - - 368
(25.0) (2.8-8.3) (7.16-7.74) (363-370)
3 3-6 25.0 6.9 7.47 - - 365
{25.0) {3.3-8.3) (7.21-7.73) (355-371)
10 3-6 25.0 6.7 7.43 -- -- 385
(25.0) (3.3-8.3) (7.20-7.74) (354-400)
30 3-6 25.0 5.3 7.32 220 449 427
(25.0) (0.07-8.4)  (7.15-7.48)  (220) (384-448)  (410-453)

8.0 Data Tables
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was 4 replicates of 10 fish each.

Table 4. Survival and growth of fathead minnow (Pimephales promelas) larvae exposed
to effluent and sludge collected from the Dalecarlia Treatment Plant Basin #3 on 1/15/92.
Dilution water was Potomac River water collected upstream from the plant. Sample size

Effiluent Survival Growth (Stan. Range
Conc (%) (%) (mg/) Dev.)
0 (lab) 100 0.525 (+£0.034) 0.478-0.556
0 {(Potomac) 100 0.446 (+0.080) 0.338-0.516
1 100 0.500 (+0.067) 0.418-0.557
10 100 0.473 (£0.052) 0.405-0.519
100 100 0.413 (+0.064) 0.328-0.462
Sludge
Conc (%)
0 (lab) 100 0.525 (£0.034) 0.478-0.556
0 (Potomac) 100 0.446 (+0.080) 0.338-0.516
1 100 0.530 (+0.083) 0.440-0.640
3 100 0.499 (+£0.031) 0.463-0.517
10 100 0.475 (+£0.047) 0.422-0.521
30 0 - (=) (=)
100 0* - (—) (—)

Table 5. Summary means and ranges for water chemistry for the fathead minnow

chronic survival and reproduction test with Dalecarlia Treatment Plant Basin #3
effluent from January 18 to 25, 1992. Ranges (below in parentheses) and means
are for combined new and 24-hr old test solutions.

Effluent Temperature Diss. pH Total Total Conductivity
Conc. (%) (°C) Oxygen (SU) HardnessAlkalinity (umbhos/cm)
n (mg/L) (mg/L) (mg/L)

0 (Lab) 3-6 25.0 6.7 6.86 100 65 683
(24.9-25.0) (5.6-7.4) (6.71-7.08) (678-692)

0 (Potomac) 3-6 25.0 6.8 7.82 150 108 381
(24.9-25.0) {4.8-7.9) (7.38-8.11) (379-385)

1 3-6 25.0 7.0 7.69 -- - 382
(24.9-25.0) {5.7-8.4) (7.55-7.85) (378-387)

10 36 25.0 6.8 7.47 - - 384
(24.9-25.0) (5.5-8.3) (7.21-7.58) (381-389)

100 3-6 250 6.4 7.04 190 115 435
(24.9-25.0) (4.2-8.8) (6.72-7.28) (426-450)

8.0 Data Tables
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Table 6. Summary means and ranges for water chemistry for the fathead minnow o
chronic survival and reproduction test with Dalecarlia Treatment Plant Basin #3
sludge from January 18 to 25, 1992. Ranges (below in parentheses) and means
are for combined new and 24-hr old test solutions.
Sludge Temperature Diss. pH Total Total  Conductivity
Conc. (%) (°C) Oxygen (SU) Hardness Alkallinity {(umhos/cm)
n (mg/L) (mg/L) (mg/L) r
0 (Lab) 3-6 25.0 6.7 6.86 100 65 683
(24.9-25.0) (5.6-7.4) (6.71-7.08) (678-692)
0 (Potomac) 3-6 25.0 6.8 7.82 150 108 381
(24.9-25.0) (4.8-7.9) (7.38-8.11) (379-385)
1 3-6 25.0 6.2 7.38 - - 384 -
(24.9-25.0) (4.8-7.3) (7.18-7.49) (382-388)
3 3-6 25.0 5.4 7.24 - - 389
(24.9-25.0) (4.2-6.3) (7.02-744) (386-392)
10 3-6 25.0 33 7.04 - -~ 420
(24.9-25.0) (2.1-4.8) (6.81-712) {411-438)
30 3-6 25.0 1.7 6.99 ND ND 476
(24.9-25.0) (0.04-5.4) (6.94-7.03) (471-482) hud
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Tabie 7. Survival and growth of fathead minnow (Pimephales promelas) larvae exposed
to effluent and sludge collected from the Georgetown Treatment Plant Basin #2

on February 26, 1992. Sample size was 4 replicates of 10 fish each. Treatments
significantly different from the control are indicated by an asterisk (*) (a =0.05).
Dilution water was Potomac River water collected upstream frcin the plant.

Effluent
Concentration Survival Weight (mg/fish)
(%) (%) Mean S.D. Range
0 (Lab) 100 0.479 0.041 0.464-0539
0 (Potomac) 100 0.477 0.009 0.468-0.488
1 100 0.512 0.084 0.435-0.591
10 97.5 0.449 0.049 0.414-0520
100 100 0.514 0.025 0.484-0.543
Sludge | ) .
Concentration Survival Weight (mg/fish)
(%) (%) Mean S.D. Range
0 (Lab) 100 0.479 0.041 0.464-0.539
0 (Potomac) 100 0.477 0.009 0.468-0.488
1 100 0.391* 0.037 0.344-0.434
3 100 0.416 0.025 0.390-0.450
10 100 0.356" 0.061 0.288-0.419
30 100 0.234" 0.036 0.198-0.283
8.0 Data Tables 19
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Table 8. Summary means and ranges for water chemistry for the fathead minnow
chronic survival and reproduction test with Georgetown Basin #2 effluent from
March 2 to 9, 1992. Ranges (below in parentheses) and means are for combined
iew and 24-hr old test solutions.

Effluent Temperature Diss. pH Total Total Conductivity
Conc. (%) (°C) Oxygen (SU) Hardness Alkalinity (umhos/cm)
n (mg/L) (mg/L)  (mg/L)
0 (Lab) 3-6 24.9 6.8 6.77 100 65 628
(24.9) (6.0-7.4) (6.54-7.12) (625-630)
0 (Potomac) 3-6 24.9 6.8 7.74 150 108 377
(24.9) (5.4-7.9) (7.28-8.23) (375-380
1 36 249 6.8 7.74 -- -- 376
(24.9) (5.2-8.0) (7.33-8.17) (374-379)
10 36 249 6.9 7.56 - - 373
(24.9) (5.6-8.1) (7.36-7.82) : (370-376)
100 3.6 249 7.2 6.78 120 65 350
(24.9) (5.0-9.2) (6.47-7.04) (348-351)

Table 8. Summary means and ranges for water chemistry for the fathead minnow
chronic survival and reproduction test with Georgetown Basin #2 sludge from
March 2 to 9, 1992. Ranges (below in parentheses) and means are for combined
new and 24-hr oid test solutions.

Sludge Temperature  Diss. pH Totai Total Conductivity
Conc. (%) (°C) Oxygen (SU) Hardness Alkalinity (umhos/cm)
n (mg/L) {mg/L) (mg/L)}
0 (Lab) 36 249 6.8 6.77 100 65 628
(24.9) (6.0-7.4) (6.54-7.12) (625-630)
0 (Potomac) 3-6 24.9 6.8 7.74 150 108 377
(24.9) (5.4-7.9) (7.28-8.23) (375-380)
1 36 249 7.0 7.47 - - 362
(24.9) (5.1-8.6) (7.24-7.77) (360-363)
3 3.6 249 6.7 7.31 -- -- 360
(24.9) {(5.0-8.2) (7.17-7.53) {353-365)
10 36 249 6.0 7.10 - -- 336
(24.9) (5.2-7.5) (6.88-7.21) (328-348)
30 36 249 5.3 6.92 ND ND 315
{24.9) {4.8-6.2) (6.76-7.13) (300-338)

8.0 Data Tables
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Table 10. Survival and growth of fathead minnow (Pimephales promelas) larvae exposed
to sludge collected from tive Georgetown Plant Basin #1. Sample size was 4
replicates of 10 fish each. Treatments significantly different from the control
are indicated by an asterisk (*) (a =0.05). Dilution water was Potomac River
water collected upstream from the plant.

Sludge
Concentration Survival Weight (mg/fish)
(%) (%) Mean S.D. Range
0 100 0.553 0.039 0.495-0.578
3 100 0.495 0.060 0.427-0.558
10 100 0.555 0.028 0.525-0.581
100 100 0.563 0.056 0.504-0.635
30 100 0.482 0.030 0.438-0.503
100 0’ - —_ -

Table 11. Summary means and ranges for water chemistry for the fathead minnow
chronic survival and reproduction test with Georgetown Basin #1 sludge from
March 10 to 17, 1992. Ranges (below in parentheses) and means are for
combined new and 24-hr old test solutions.

Sludge Temperature Diss. pH Total Total Conductivity
Conc. (%) (°C) Oxygen (SU) Hardness Alkalinity (umhos/cm)
n (mg/L) {mg/L) (mg/L)
0 3-6 249 6.5 7.63 150 108 386
(24.9-25.0) (5.2-7.7) (7.15-8.08) (385-387)
1 3-6 24.9 6.7 7.43 - - 382
(24.9-25.0) (5.6-7.7) (7.08-7.78) (379-384)
3 3-6 24.9 6.5 7.38 - -- 373
(24.9-25.0)  (5.3-7.7) (6.97-7.70) (367-378)
10 3-6 24.9 6.0 7.1 - -- 362
(24.9-25.0) (5.0-7.1) (6.82-7.40) (362-363)
30 3-6 24.9 6.0 6.93 ND ND 380
(24.9-25.0) (5.2-6.9) (6.77-7.18) (373-389)
8.0 Data Tables 21



9.0 Discussion

The data indicate that effluent released from the three water treatment basins has no
effect upon fathead minnow survival or growth. The lawest response for survival was 2.5%
mortality (95.5% survival) at 10% effluent concentration in one test which represented 1 out
of 40 test organisms that died at this single concentration. Effluent from one basin at
Georgetown was not tested since it was not collected during the release process. It should
be noted that fish fared as well, if not better in the effluent relative to fish weight at the end
of the test compared to the control. This was true in two of the three effluents when 100%
effluent concentration results were compared to the controls.

Sludge, however, affected both fish survival and impaired growth to a degree
depending upon the dissolved oxygen sag between daily renewals. Fish could not survive
in 100% sludge from all four basins. The thickness and/or semi-viscous nature of the sludge
at 100% was inhospitable for fathead minnow swimming ability and survival based upon its
mud-like constituency. At lesser sludge concentrations, the degree of DO sag was the
problem that influenced fish survival and/or impaired growth.

When DO sag was not controlied with gentle aeration, fish survival and growth could
be affected at concentrations to 10% or 30% sludge. The DO concentrations could drop to
<1.0 mg/L which was 4 times lower than normal testing limits at 40% saturation. When this
happened, fish survival was low and the remaining fish were impaired in weight gained.
Sludge testing was not a test parameter initially negotiated for testing until arrival at the
Dalecarlia treatment plant site in October 1991 since it was not clear that sludge was part
of the discharge process. Therefore, we had to develop the testing technology as the test
progressed, and in all cases, we had just enough siudge to complete each test. It was
apparent in the third and fourth sludge tests that when DO sag was minimized, fish survival

and growth were encouraged.

An instream water calculation (IWC) may be calculated for each basin depending upon
the volume of effluent or sludge released and how it is calculated per 24-hr period.

9.0 Discussion 22
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Assuming the 7Q10 is 388 MGD for the Potomac River, effluent volumes can be broad
depending upon how one calculated or addresses the IWC. The IWC may be calculated as
the total gallons released and would range from 3.6 (14/388) to 28.4% (110/388). If one
cal~ulated the IWC based upon a continuous effluent release time of 24 hr, the IWC’s per
basin would be higher (14.4 to 35.4%). A discharge is considered stressful if fish impairment
data coincide with the IWC. There obviousliy is no effect from the effluent since 100%
concentration did not impair fish growth nor did any fish die. It should be emphasized,
however, that the discharge is an intermittent (<1 day) rather than a continuous one that is
released throughout the year. If based upon the actual river flow, during the time of release
(3500 MGD), the calcutlated IWC’s would be substantialty lowered (ie, 0.4 [14/3500] to 3.1%
(110/35001). '

Some interpretation is needed for the sludge release and if an IWC can be developed
for it. One way for analysis is to use the total wet volume of sludge released per basin which
were 0.772 (Dalecarlia #3), 0.439 (Daiecarlia #4), 0.407 (Georgetown #1) and 1.066 million
gallons (Georgetown #2). The above values were personal communication from DYNAMAC
personnel. Based upon the conservative 7Q10 of 388 MGD, the IWC calculation would be 0.1
to 0.3% which is very low.

Another concern is how to interpret the DO sag data below 40% saturation in the
laboratory tests and those where DO was maintained. It was obvious that DO sag was the
contributing factor to fish mortality in the sludge tests. One concern is if the sludge release
caused a DO sag in the Potomac River. We cannot address this issue since our
responsibilities only related to the iaboratory testing.

One way in evaluating this dilemma is to take the weighted data approach by
considering all the information (field and laboratory) available. The potential negative
connotations of 10-100% sludge concentrations into the Potomac River from the fathead
minnow tests may be addressed by comparing them with resulits obtained from the in-river
benthic macroinvertebrate surveys conducted. It is recommended that more dialogue be

developed in attempting to discuss the potential environmental ramifications of the sludge
tests.
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Table 1, Appendix I. Screen tests performed on Effluent and Sludge from the Dalecariia
Treatment Plant Basin #4 on December 9 to December 11 and December 10 to December
14, 1991. Dilution water was Potomac River water collected upstream from the plamt.
Effluent Survival 24 hr LC50 48 hr LC50
Conc (%) (48 hr)
0 100 - -
0.1 100 - -
0.1 100 - -
1.0 100 - -
10 100 — -
100 100 - —
Sludge Survival
Conc % (48 hr)
0 100 Probit Probit
1 100 30.393 20.345.
3 100
10 65 Spearman Spearman
30 50 31.320 20.585
100 0
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SAMPLE CHECK IN
+1l out this information with each effluent or river water sample

coming in for testing. Keep completed sheets with test data or file
with lab cocordinator.

Date: I2-/0-9! Sampling Date: (2-5-9! Arrival Time:_/ACOA—

Sample Identification:__ﬂglp_mr&’a M 4 -@,{Mﬂaf_

Shipper: Fed. Ex. Burlington other(specify) (]FS
Drop Off Location: ESL 1020 Derring_L~  Don Cherry’s

other({specify)
Storage While Shipped: _ oW 12

Water Chemistry Analysis:

Sample taken by: K. >0f9°l’l Sample analysis by: A&“"‘L M@

temperature: 5 ’c Dissolved 0O2: 2.6 mgO2 /1
conductivity: Yy *mhos pH: .98
alkalinity: 13 mgCaCO3 /1 hardness: IS0 mgCaCoOs /1

Metal analysis:

Done by: date:

Qual. Assur, yes no initials date
chain of custody complete - A {2-1°-91
refrigeration at 4°C v At je-le-9
field record received v A 12-10-4/
sample label affixed properly v At (2 - [o-4
project leader informed “ AM 2 adihall

Additional Comments

ZHluont beyond alitnd hire ML fo- RN

Lo ma o .  daay A s aas Ama  @aae fasse S
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SAMPLE CHECK IN

.111 out this information with each effluent or river water sample

vith lab cocordinator.

sample Identification: Da/(zaa.r(.'a -

basin 2

Jate: [~9- 9% Sampling Date: [-6- 92 Arrival Time:_ J40 0

toming in for testing. Keep completed sheets with test data or file

- Efllupnt

)rop Off Location: ESL

hipper: Fed. Ex. Burlington

1020 Derring

Don Cherry’'s_

other(specify)_ (/ PS

‘torage While Shipped:

other(specify) &O(p';/g IC@T‘

ater Chemistry Analysis:
ample taken by: (.}‘Df‘son

Sample analysis by: A 0}\,\]@“\0-&;

l temperature: 3.6 ‘C Dissolved 0Oz <.6 mg0Oz /1
conductivity: éﬁ Pmhos 6 N
l_ alkalinity: 1S mgCaC03 /1 hardness: g0 mgCaCO3 /1
etal analysis:
I:me by: date:
1al. Assur. yes no initials date
' chain of custody complete — /" sl 1797
refrigeration at 4'C — ] |
. field record received - / /
’ : S \l/ V
sample label affixed properly .
B : . = M =99
' project leader informed
‘lditional Comments
31
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SAMPLE CHECK IN
.11l out this information with each effluent or river water sample
coming in for testing. Keep completed sheets with test data or file

with lab coordinstor.

Date:__ |=91-97 Sampling Date:_ /-&- 47 Arrival Time:_ J$02

Sample Identification: Dalg cadicn  — Pasin 3 — g(ua(ojg__ —

other(specify) u?S
Drop Off Location: ESL 1020 Derring Don Cherry’s

other(specify) &OLO%A.(J )egj'

Storage While Shipped:

Shipper: Fed. Ex. Burlington_

Water Chemistry Analysis:

Sample taken by: (.DU‘/‘?O" Sample analysis by: AWMM

temperature: é 'c Dissolved O2: NC mg02 /1
conductivity: N C *mhos pH: AJC
alkalinity: NQ mgCaCO3 /1 hardness: MD mgCaCO3 /1

ND = ol difoniad - o0 doske Aor
Metal analysis: (oleri e bric ‘-h’h’oar-em .
Ne : foo fllde - Coats probes —

Done by: date:

Qual. Assur. yes no initials date
chain of custody complete i AmM )9-92
refrigeration at 4°C v A
field record received — A ‘
sample label affixed properly ~ A M ] v =
project leader informed — A7 s o |

Additional Comments
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SAMPIL.E CHECK IN
ILlll out this information with each effluent or river water sample

coming in for testing. Keep completed sheets with test data or file
lwith lab coordinator.

—
Date: LQ S 92 Sampling Date: ;’)é‘qz Arrival Time:/;?q‘>
':ample Identification: FM&M — Basin 2 —

e‘mroo&uﬁ 2 Awu _—to Qam _

Shipper: Fed. Ex.\/ Burlington other{specify)

Jrop Off Location: ESL 1020 Derring L~ Don Cherry’s_____
other(specify)
';torage While Shipped: GO Ce_

‘Iater Chemistry Analysis:

yample taken by: K )O‘f‘gor\ Sample analysis by: )411\4»0((_ (}butwlg}r

temperature: 0.4 ’C Dissolved 02: $.4 mg02 /1
‘ conductivity: 44 “mhos pH: 64T
alkalinity: Al mgCaCO1 /1 hardness: (20 mgCaCO3 /1
let:al analysis: wa-<e d .f-.,)/‘ gt
one by: date:

ual. Assur. yes no initials date

chain of custody complete e

refrigeration at 47C v

field record received vd

sample label affixed properly v

‘ project leader informed v

TR IR

iditional Comments




SAMPLE CHECK IN
.1ll out this information with each effluent or river water sample

coming in for testing. Keep completed sheets with test data or file
with lab coordinator.

Date: 254K b2 Sampling Date: &5 % jg&ﬂZArzuval Time: j2 45"
Sample Identification: CLM = SG\A—(.A\ =z —
COmposte Hou 2-2¢-93 (2 Pra )
O 226 —~a2 / 3 am\

Shipper: Fed. Ex.V// Burlington

other(specify)
Drop Off Location: ESL 1020 Derring_V Don Cherry's

other(specify)
Storage While Shipped:_ QW% [C2_

Water Chemistry Analysis:

Sample taken by: K* _Do'}-égv\ Sample analysis by: M%@/\‘D}

temperature: A 'C Dissolved 0Oz : mg0O2 /1
conductivity: Fmhos pH:
alkalinity: mgCaCl3 /1 hardness: mgCaCO3 /1

Metal analysis: (ho + el VQN— akaZZ~(ﬁ

Done by: date:

Qual. Assur. yes no initials date

chain of custody complete

refrigeration at 4?C

field record received

sample label affixed properly

project leader informed

Additional Comments



I%AMPLE CHECK IN
111 out this information with each effluent or river water sample

roming 1in for testing. Keep completed sheets with test data or file
I’lth lab coordinator.

')ate: Q‘QL-"?Z, Sampling Date:_ 2-76 92 Arrival Time: /[ROQ D~
ample Identification: § [ +aa ) - é&rr‘t‘ﬁhh,dy\ 2
~ S/

hipper: Fed. Ex. Burlington other(specify) UFs
'rop Off Location: ESL 1020 Derring_~~  Don Cherry’s_ ___
other(specify)
ltorage While Shipped: n 1(2

later Chemistry Analysis:

ample taken by: '( Dotson Sample analysis by: /} %fﬁ\:‘[’g"

l temperature: ;2 0 ’'C Dissolved 0O2z2: AN mgOz /1
conductivity: MND mhos pH: AND
l alkalinity: M ngCaCO03 /1 hardness: N O mgCaC03 /1

. ND - nof Mw be caee o%‘-u[jﬂ
2tal analysis:
'] Novw D Hick | hogged Ha probes _
s 5:. Ad ot LA ﬁf&o[o/‘iwﬁr'c +Ffrahons

‘)ne by: date:

12l. Assur. yes no initials date
' chain of custody complete ~ A 2-2¥92
refrigeration at 4°C v’ A
' field record received v A’F‘I
, sample label affixed properly (e ﬁ""f T
' project leader informed P /h"'f 22
ditional Comments
35
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SAMPLE CHECK IN
.111 out this information with each effluent or river water sample

coming in for testing. Keep completed sheets with test data or file
with lab coordinator.

pate: 2-<8-92 Sampling Date:_o£720-92 Arrival Time: [20O L
Sample Identification: g(ﬁ‘&"‘)& ( no \fu/? )\

ﬁbﬁqrggj31dn {

Shipper: Fed. Ex.___ Burlington other(specify) (}{%S—

Drop Off Location: ESL 1020 Derring_ .~ Don Cherry’s_ _ _
other(specify)

Storage While Shipped: /e jce_

Water Chemistry Analysis:

Sample taken by: K. Dotson Sample analysis by: A /)P\—J—'I\::U)-

temperature: £.0 ’'C Dissolved O2z: ND mgOz /1
conductivity: ND ___ PFmhos pH: MND
alkalinity: ND mgCaC03 /1l hardness: ND mgCaCO3 /1

ND : hot dedes mared becavae Jéudsg A oo
Metal analysis: f'b'O %7)&,04077(/4 %Q Pf'OLZ—o q 5\()0(
kot~ olliny o colorinetnc + Fredroes

Done by: date:

Qual. Assur. yes no initials date
chain of custody complete b// A r2-28 2
refrigeration at 4°C V/, A ]
field record received — A1 \L
sample label affixed properly “/> f%r4 s
project leader informed (O /i"’ 2

Additional Comments
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INDUSTRY/TOXICANT: Dl e Bosin 4 T‘Wd‘”{ 12eC PERSON CONDUCTING TEST: f(l»umi £_
ADIRESS : I BEGINNIHG: DAIE jO—]-3) TIRF 2_0’6:'
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Figure 5. Data sheet for effluent toxicity tests.
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SFEARMAN- KARBER

TRINM: 00%
s 31 320
95% LOWER CONFIDENCE: 22.564
l' 95% UPPER CONFIDENCEI: 43.4732
Tou” NUMBER NUMBE PERCENT BINOMIAL
% s.udge ZIXPOSED ZEAD ZEAD FRCB. (%)
.00 20. T .00 9527D-04
2.00 0. a. ele .9537D-04
2C.00 0. 2. 10.353 .2012D-01
:O ocC 20. 9. 43.00 .4119D+02
J79.00 3. 19. 85.0% .2003D-02
~'z BNOMIAL TEST SHOWS THAT 10.00 AND 100.00 CAN BE USED A5 STATISTICALLY
JND CONSERVATIVE 95 PERCENT PONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
/EL ASSOCIATED WITH THESE LIMITS I $9.9773 PERCENT.
I! APPROXIMATZ LCSO FOR THIS DnTn SET IZ 33.205
RESULTS USING MO”'VG AVERAGE
JPAN 3 Ccse 95% CONFIDENCE LIMIT
3 0686 29.99 1.28 45.80
**=~* RESULTS CALCULATED BY PRCBIT METHOD
l:RATICNS G H GOODNESS CF FIT
3 .143 1.00 .94
CPE = 2.93
g ¥ CCNFIDENCE LIMITS: 1.83 AND 4.04
|SO= 30.39
% CONFIDENCE LIMITS: 21.86 AND  42.99
% CONFIDENCE LIMITS: 1.55 AND 8.54
fATE: 12-91 TEST NUMBER: 1 DURATION: 24 Hours
M PLZ: Daleclaria lagoon #4 alumSPECIES: Pimephales promelas
THOD LCSO CONFIDENCE LIMITS
l LOWER  UPPER  SPAN
NCMIAL 33.20S 10.000 100.000 90.000
A 29.995 21.364 45.495 24.132
OBIT 30.393 21.868 42.9€8 21.124
‘EARMAN 31.320 22.3564 43.473 20.909
*x = LIMIT DOES NOT EXIST
Dulecacdio Bosin #7
C Al Slwdy e
)L Cs, - S Jud Lead Mmoo
i 50

9-19-7/
WH’



TRIM: 33%
csd 2358
35% LOWER CONFIDENGE 14.423
253 UPFIR CONFIDINCE RN
SONT. NUMBER NUMBER  FERCENT TINDNIAL
% siudge ZIXPOSED TEAD ZIAD FRCEL (%)
1.02 0. S 3 35373-34
1.33 20. 3 te 3E5373-04
13.53 20. o 2038 L 1218D+02
30.00 29. 10. 56.6C $8310+02
125.900 2. 20. 120.00 $337D-04
THE BINOMIAL TEST ZHOWS THAT 2.00 AND 1C0.3C ZAN 2E USED AS STATISTICALLY
$OUND CONSERVATIVE $5 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
~EVEL ASSOCIATED WITH THESE LIMITEZ IS ©99.9998 FEIRCINT
AN APPRCXIMATE LCSO FOR THIS DATA SET I3  33.532

RESULTS USING MOVING AVERAGE

SPAN 3 .C30 9% CONFIDENCE LIMIT
3 051 19.64 14.57 2€ .54

*exxax RESULTS CALCULATED BY PROEIT METHOD
TZRATIONS 3 ot GOODNESS OF FIT

6 121 1.C0 L4
SLOPE = 2.47
95% CONFIDENCE LIMITS: 1.61 AYD 2.32
~C5¢= 23.34
25% CCNFIDZINCE LIMITS: 14.23 AND 2%.42
.Ci = 2.32 .

35% CONFIZENCE LIMITS: .69 AND 4.33

DATE: 12-91 TEST NUMEBER: 1 CURATICON: 48 Hours
IAMPLE: Daleciaria lagoon #4 alumnSPECIES: Pimephaies promelas
METHOD LC50 CONFIDENCE LIMITS

LOWER UPPER SPAN

3INOMIAL 30.000 3.C000 100.000 87.000
MAA 16.637 14.566 26.83 12.269
PROBIT 20.245 14.225 29.423 15.197
STEARMAN 20.585 14.423 29.382 14.959

«x=x = LIMIT DOES NOT EXIST

- e . — — AR IS R D R T R D = G S D I AR - - - S . W W W D S W W D WD P - kA D G5 T WD M M D D W e e e

Aaman e e [ — e EEndEy SEEEN dnmee  ZEBEmma [
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SPEARMAN-XNAREEZZE
l TRIM: 5.00%
LCS50: 10.154
95% LOWER CCNFIDENCE: 6.711
$5% UPCIR CONFIDENCE: 15,364
l Sove VUMBER NUMEIR  PERCENT SINCMIAL
¥ s.udge ZXPOGSED SZAD SEAD SICE. (%)
.30 20, - 5.0 1203D-02
' 3.3 20. 4. 20.00 $90GD+25
13.00 20. g, 43.355 2517D+35
25.30 26 . 7. $3.60 ©283D+00
109.30 20. 0. REERE .2537D-04
I'ez ZINOMIAL TEST SHOWS TEAT .00 ANZ  :0.CO CAN BE USED AS STATISTICALLY
Ns SONSERVATIVE 95 PERGENT CONFIDENGE —I1MIti SINCE =HE AGTUAL CONFIDENCE
/EL ASSOCIATED WITH THESE LIMITS IS5 99.2803 PERCENT.
{ ArPROXIMATE LCSO FOR THIS DATA SET IS  12.564

ESULTS USING MOVING AVERAGE
IPAN 3 LCso 95% CONFIDENCE LIMIT

4 . 066 9.24 6.22 13.93

**=~*x RESULTS CALCULATED BY PROBIT METEHOD
QALLONS G ! GOODNEES OF FIT
.099 L.0¢ .56

L
s ]

1.92

PE =
CONFIDENCE LIMITS: 1.32 AND

o€ () w
[
wn
w

Q
[

9.44
CCNFIDENCE LIMITS: .27 AND 14.20

a8

= .58
CONFIDENCE LIMITS: .15 AND 1.23

®

— o — — T — iy T - " W S = - e - G N S e S S G YD G A T R T S S e S A e e W - W D A Y S A - — S T — ———— oA

12-91 TEST NUMBER: 1 SURATION: 96 Hours
Daleclaria lagoon #4 alumSPECIES: Fimephales promelas

o

THOD .C50 CONFIDENCE LIMITS
LOWER UPPER SPAN
OMIAL 12.564 3.000 30.000 27.000
9.339 6.216 13.949 7.723
BIT 9.440 £.275 14.198 7.923
ARMAN 10.154 6.711 15.364 8.652
= = LIMIT DOES NOT EXIST

———— — - — . —— —— - . - — T . —— — . A ——— N — A . T ! T - ——— s S — " — T T —— A — TR - G — S W - o — -
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SFEARMAN-KARBER
-z1ve T 50y
“zss 1Z.154
35% LOWER CONTIDENCT 1=
95% UTTIR CANFIDINCE: EREEP
~ONC. NUMBER NUMBER  SERCENT SINCMIAL
Y EEEEGE  TKPOSED DEAD DEAD TROE. (%)
L P 1. 5.00 2003D-C2
3,00 20. 4. 20.00 .590SD-30
12,350 20. 3. 40.0 .2517D+02
20.20 20. 17, 35.00 .;ausc+
200.00 20. 20. 100.00 [3537D-04
THE BINOMIAL TEST SHOWS THAT 3.00 AND  30.00 OAN BE USED AS STATISTICALLY
ZCUND CCNSERVATIVE 95 PEIRCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE

LEVEL ASSOCIATED WITH THESE LIMITS IS 99.280: FERZENT.

AN APPROXIMATE LCS0 FOR THIS DATA SET I 12.564
nZSULT3 USING MCOVING AVERAGE
ZPAN 3 LC32 95% CONFIDENCE LINMIT
4 0686 3.3 5.22 12.93
c****>x RESULTS CALCULATED BY FROBIT METHCC
CTERATIONS G = 3CCINESS CF FIT
3 .099 1.3¢C .56
SLCPE = 1.322
35% CO NcI“EVC’ LIMITS: 1.22 AND 2.53
LC350= .44
95% CONFIDENCE LIMITS: 5.27 AND 24.20
“Cl = .58
$3% CONFIDENCE LIMITS: .15 AND 1.23
CATE: 12/10-14/91 TEST NUMBER: . CURATION: 96 HCURS

SAMPLE: DJALZCARLIA BASIN 13 1o (SPECIES: FATEEAD MINNOW

LL

METHOD Lcso ¢ ﬂ& CONFITCENCE LIMITS

: NOWER UPPER SPAN
ZINOMIAL 12.564 .0GC0 30.0C0 27.000
MAR / 9.339 216 13.945 -.723
TROBIT { 9.440 /5.275 14.138 ~.523
ITEARMAN 10.154 5,711 15.364 2.852

P ——— a— o T [ . o™ e SR o ety JEEE ]
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Appendix Il

Fathead Minnow Chronic Toxicity Data and Water Quality Analyses

Appendices



Fathead Minnow / Midge Larvae Weight Data Sheet

Work Order #: ,Da.iu::gr_-tg Date: IZ"ZO-ﬂ[
RARSE #:  26L1S = ERFlvent Balance: #: 3810004
Time: 10O  Temp: _éLoQ Calibrated: \ﬂ/yes [] no
Sample "~ Sample Combined Boat Sample Mean
Size Weight weight Weight Weight
(n) | (mg) (mg) (mg) (mg)
6 A 10 09 .13% 101. 395 +F 43 0.374
08 10 jo8 .09% 10,606 .49l 0.649
Oc 10 119.667 112.222 +. 445 O, F4Y¥
0D 10 105 . {6 94 .649 5.41F 6,542
1A lo 105, 436 96.4SS .43 | 0.949
18 10 31, Fo4 123,196 £.50 % 6. 85 |
c I 104. 644 92245 | 2349 0, 735
ID 10 110.991 103.3%22 | #.569 0.75%
10A ) 115.59¢% 107.279 £.314 0.232
0 B 19 94,1356 92, 10% | F.049 0. 307
loc 9 94.553 2R.532 | ¢.02] AL
JOD 10 108,514 100. |21 <, 383 0.838
00 A 10 121.020 Na.453 | .56 0.5 %
100 & o) [14.049 105 .504 g.590 0.859
100 ¢ fo 108,544 | 1n0,02% 19852) 0.852
100D 1Q lo4. 616 qt 454 | g 157 A 26
Analyst: ,A‘V\Aud: WZ%LS% Page of _!




VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Chronic Test Data Sheet

Work Order #: M
erotect #: Effluont Basin i

Test Type: [] Static

12-19-9) Time: L300
Ending Date: _[2-/7-9) Time: _2300

Test Location: (] Inc. 1 Temp:

Beginning Date:

_P(Inc. 2 Temp: 250 °C

[] Other Temp:

Test Organism: Aineles posdace: < 2luhis3/d

Source: _SMI-

P}/static/Renewal

() Flow Through

Dilution Water: -P[Tf‘v mad &V‘U_

Toxicant/Effluent: hhc_m;ﬂa_(,&g&t

Rasin ¢
Conc. -No. Mortality / Neonates Produced
% ogrff ExD. Day 1 Day 2 Day 3 Day 4 Day § Day 6 Day 7
OA (o o) & o ) o o 0
06 1o 0 © 0 o e o 0
Oc 10 (o] ° 0 2 o} 9]
0D jo 0 o) 0 @) 0 0
| A Jo ) (o) 0 o} o) 0 0
13 10 o D 0 o 0 o °
1C 10 o) o} o) o ° o} o}
ID Jo o) 0 0 % o 0 °
oA 10 o o) o o o) o
o0& 10 0 o o 0 0 0 o
loc (o o o 1) | ! ! {
10D 10 o o 0 0 6 ° o
100 A 10 o] 0 ° o) 6 0 o
0o 6 ) o o o) o [9) 0 )
100 ¢ 10 [o) o o o) o o 0
ko b 10 0 Q o 3 j) o 0
mi. | A | Am | AM | AM | A | AM | AMm | A

Analyst: 74'V\M-‘CJL mtﬂ'\@f'

b Y
Supervisor:

i ek S s e S ez D b SEmme e $ teias 0 s SR, 0 SENSEE 0 AEREEE 0 AERSL. 00 e . o



Water Chemistry Bench Sheet

Work Order: W(AC\ Date/Time: (2-]0 — 9] /.7300
Day of Test: | Page | of R
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°C) (umhos) : mg/L | mg/L | mg/L

AM PM AM PM

0 2< 3?3ﬂ/53 Q‘f <3 749 %é@ oy o [ANC
! 25 H00 4, 4y | 58 ?5) | +70 Nc
jo |25 | uosml 8L | 63 |39 | 268 NC

100 25 L{’wﬁzy q$ A F.0%F ?1‘3 ny ISo | W ¢

Inst. # ﬁ C A, ’6_ /&— /4_ —_
Ic;xas.lt'iablys AM /]M AM AM }A(‘M

Combined Samples: %yes [)] no

3

Comments:

Analyst: M ﬂwtwm't' ~ Supervisor:

47



Water Chemistry Bench Sheet

Work Order: )Wlw(-*& Date/Time: _[2-/Y - 9] //2’ '
Day of Test: ‘11 Page 2 of _3
Sample Temp Cond. DO (mg/L)} pPH Alk Hard TRC
(°c) (umhos) ] mg/L mg/L | mg/L

AM PM AM PM

0 25 | D 80 | 4% | 336 [FI2 | et | 0 | ue
| 25 | 3694 90 | 34 | 13F |7 e
10 25 | w340 g1 |4y |30 |19 | v e
100 | 25 | 4204|103 |45 |[Fed |28 | un | IS0 |Ne

Inst. #

et e e——— ke e —————————————————————————— e r——————teteeeeeee ettt -ttt e

Cc

al. by
Initials

Combined Samples: [] yes [] no

Comments:

Analyst: ﬁhﬂhiok' ﬁm;taS'U;H’ Supervisor:

[ ey i N i yf . o el p - o . pro— v — . R gy — . . Py i — o —
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Water Chemistry Bench Sheet

Werk Order: ?ALCZU'LJL

Date/Time: /2'/4"7////91 e

Day of Test: '} Page 3 of 3
Sample Temp Cond. PO (mg/L) pH Alk Hard TRC
(°C) (pmhos) mg/L mg/L | mg/L
AM PM AM PM
o 257 PB#e/393 | ey | 9 | Fe2 |7 e
| 25 |%e/34S | 8L | 4% | #4] [F19 Ve
jo |25 |3f#ec | g% |53 | 346|128 NC
oo | 25 |WHF|10h | 56 |Fi8 |F2E Ve
Inst. # 6
Initiate AM
Combined Samples: k{yes (] no
Comments:
Analyst: [XA{C&C«W Supervisor:
49




o
Nun

DALECARLIA E4
Fathead Mirricw surviwval

Q 1 12 122
1) 1 1 1 1
2) 1 1 1 1
3) 1 1 1 1
4) 1 1 1 1

Fathead mirncw -larval survival and growth test
Fathead Mirncw survival

Ernter the maximum riumber of replicates per treatment: 4
Fathead mirrmicw larval survival anmd growth test
DRALECARLIA E4

Survival

1. Q@e
@a. 95328
0. 9755
8. 3455
Q. 3045
Q. 8536
Q. 73393
&, 7279
@. 6545
g. S78&
Q2. S
@. 4218
@. 3455
3. 273@
2. 2061
Q. 1464
@. 2955
Q. 0S4S
Q. Q245
Q. Qa6
0. QR

D D D

1 - 2T
Coded Corncrnetration, 1 = Control

mean, #* = mean, significant using Steel’s test
Dunrett’'s (or Fisher's) critical level
= Data (# = data not used in the analysis)

Fathead minrnow larval survival arnd growth test
DALECARLIA E4
Fathead Minnow Growth_

"] 1 19 102

1) .774 .848 .832 .757
2) .649 .851 .707 .85%3
3) 744 .735 .663 .85
4) .S42 ,757 .88 .816




5t O T T T - ..

Nc TRANSFORMARTION

Durmetts significant ?

“Effluent N Me ar Std Critical Durmvetts Steels
value
v, [} 4 Q.77 2. 1S @.S51
1., Qaa 4 Q. 738 2. Q6@ A, 351
12, 222 4 . 7e2 Q. Q8& 2.551
1902, 2@ 4 Q. 8&1 Q. 247 0, 251

Fress ENTER to contirnue 7
Fooled root mearn sguare error = @2.@78 DF = 1&
Durirett?’s critical T = c. 292

Bartlett’'s test, B = 1.328 Df = 3
(Critical 14 value = 11.324 )

For this data, the mirnimum differerce that car be detected as
statistically significant is a 18.61%5

% reduction in the mean response from the control

NQEC = 122.02Q2 %effluent

[0

Fiaclcgically Sigrnificant Level = Q. 54
Arialysis at an

Fress ENTER tc conmtinue ?

Fathead minrow larval survival and growth test
DALECARLIA E4

Average weight .

-— - ——— o o o -— ———r s

@. 922
@. 8887
&. 8775
2. 8663
2. 855

2. 8438
Q. 83295
2.8z12
@.8109a
3. 7287
Q. 787S
2. 7762
@. 765@
Q. 7537
Q. 7425
@. 7313
Q. 720@
Q. 7088
3. 697S
2. 6863
0. 6750
2. 6638

+/

Q. 6525
3. 6413
2. 6300

+

51
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Work Order #: :DM(GJ (Jﬂ\

Fathead Minnow / Midge Larvae Weight Data Sheet

Date: _|2-29-9/

e b #: 24 E6)S - S/edge Balance: m #: 3P| cog Y
Time: (204 Temp: 6<°C Calibrated: t"yes (] no

Sample Sample Combined Boat Sample Mean
Size Weight weight Weight Weight
(n) (mg) (mg) (mg) (mg)

| _0A 1 j0%.260 | lv2.310 5.9%0 0.663
06 j0 1@ 202 | il2.443 5. 739 0. 514
o] 10 120 . €F1 11 3,248 1.623 0. 762
oD A 130, 936 | 124.522 {454 | o077

L A g 1R .96 F | 113.09¢ §.873 0. 334
1R 9 13 8iz 103 46T 5.145 0. 5722
Ic 1 li2. 484 (08 .37 4.1s 0. 538
1D g 119. 393 4651 S, 142 0. 643
2A Q 119. 687 | {14 .60l S5.08% 0.43£
38 £ 103,7€! 100,364 3,392 0,5¢S
kYs ! 116,33¢ L 437 4. 85% 0.540
2D [0 99 .42¢ | 94.1332 $. 652 0.465
oA (0 YL 169 | 140 917 | 6.272- 0. 2%
106 1 124.814 |22 . 454 4,355 0.622
10 C 4 135,297 3o.¥44 | 4. 842 0.606
o D 9 132,299 1126, YF4 | 5.41S 0. 646
1A 3 125. 420 | 123.Q01 |).819 0.606
108 H (12. loz | {09.933 2.169 0. 542
3Joc ¥ [08.402 | 106.419 2:383 0.59¢6
20D 6 98.934 |@5.658 |3.23¢ |6 5us

Rnalyst: AWQJL— mr“\w Page l of ,

52



CHRONIC/SUBCHRONIC TEST SCLUTION SET UP

Project: Qk\&%who\_,
Sponsar:

Description of test: Sludae e et Clheowic SFathead pimmoms Jreudy
N J
Sample ID: D&\Q L&v—k-’e\_ bq'lwwv\g/d\jq, ﬂo..r;n_ #é"

Dilution ID:

Test Concentration MZ:i:?:lTEEL | j&"{;lb Y:"itmpo)lm‘éfz O
O wi_ goO S
3 14wl S00 WJ_
/O 2o W goo wh
30 290  nd_ 8§00 wl—

Initial Actions:
Date/Time Activity Investigator

. //é /?/ 256 Dilutions Made MM dﬂ«ﬂv

/L/Lé 79/ B3 Test Vessels Filled Mvﬁm

JAJ/A /‘5’] / 7'00 Organisms Transferred U W Q’ W

and Counted O v



VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Work Order #: DK\QLA»- \ o
Project #:

Test Type:

Dilution Water:

[] Static

Chronic Test Data Sheet

B S/(.Static/Renewal o

] quw.Through

PN& [T UO

Beginning Date: VL \5/7, Time: 3,00 EM:

Ending Date:

Time:

_ Test Location: (} Inc. 1 -Temp:

[\/(Inc. 2 Temp: gg.‘i

(] Other

Temp:

——

Test Orgax.u'.sm: FO-MHMQL& Al‘/L—-—
. Toxicant/Effluent: Qu\eu;\h- NMS(“A{’J‘; Source: e&-_fl"\-% // £ Lfm

,\____/
conc. + No. ﬁsggwfvonr‘*mi—*eea&m.
K ogrff Exp. | Day 1 Day 2 Day 3 Day 4 | Day § Day 6 | Day 7 |
L\ 0| gD [0 /0 7 9 9 1 !
Bl /o /0 /0 /6 lo |10 o e
el /0 /0 /0 V22 Jo 0 10 19
O\ /6 /0 /0 /o [ 9 9 1
i° Al s /6 | /0 g 4 g ) 2
Al Jo /D /O /0 | g jo 9 1
cl /D /0 2 g 3 4 ¥ Ia
nl /o V7, 9 9 1 2 q 8
3 Al fo [0 /0 9 % g 3 q
8| 0 | Lo 8 ) 6 6 6 | &
| /0 | 001 9 i i 14 9 q
ol L | s o | o L u¥ |0 [0 10 /@) Tus
L Al /0 /0 /0 7 1 9 94 0
A, /0 9 A I S s + | 7T
¢| /0 | 2 /0 g 19 ¢ 4 19
D\l /2 /R, /0 /o 10 q 9 Y
20 bl o | 9 9 7 14 1y |4 [3 N
81 g g s | % t 4 i+ swrp’
c| o 9 % s 15 4 Y Y ey
AIZEIK 7 4 1§ g |s T¢ ¢
Ini. ' A’M )67‘4 A’r'] \ 54
¥ pote - dueto Ry- Teebrdi Py iF s best 1o do o cont Fsurvivan s GAcfal7

Crrma vy

Tanwe

s AR R $Saaas Phess N OEEE ek aEm YR DNEEER O s 0 GEBaEEE 0 mESEmE 0 B 0 SRR
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Water Chemistry Bench Sheet

Work Order: p"/e Cor rf( o Date/Time: }.2 '/é "7/ ?CD//{
Day of Test: .Daﬂ / bej"“(‘u) Page. / of
J £~
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°C) (umhos) mg/L mg/L | mg/L
B Sledse s e | |0
- 70

0 las | 3628324 238278 | =] /0| —

| 25 | 2370183 |0« | 238 19 —

3 25 | 37/ 1%.311.3 12351271 "‘

/0 125 | 900 | 33170 1241|1274 —

30 |5 4/0 | %4 6.5 12.38] 239|384 | 220| —

Ml I I 0 I I Y N N I
St | AL | JRL | paL| JaL | fL JAL) JRL | AL

Combined Samples: [/]/yes (] no

Comments:

Analyst: AMA\/ % M Supervisor:




- - — — T Tm=a . e TEeTL 0 T/ A% s S T

A b wTAAML AL WA RERAIEE T IRELATTTNAY A i v w b N 5J AaLOlawly

Water Chemistry Bench Sheet

Work Order: Da.\o_gnv-‘ o Date/Time: _|L_ /19/9 / X.IOO /M
. 1 I
Day of Test: Page _2_ of
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°c) (umhos) : mg/L mg/L | mg/L

Z‘ 5/“[ e, AM PM AM PM

5] 26 | 348 182124 {).50]172(31104 {40 |

/ 26| 390 19,223 1 29[y —
3 2s | 3¢9 1% [ 10991773 —
/2 26 | Yoo | %5 1£.9 [2%%1)5Y —

30 25 | 432164 (S | 133 2.9918%95]200 | ~
==

Inst. #

Ml N S 200 2 X : S N O
s AL | AL | M RRL AL AL 22 | 44

v
Combined Samples: (v{yes [] no

Comments:

Rnalyst: ;:d!&;‘ A L M&é Supervisor:




SR T EE AR TR wemhEn AR el T An mEEE T T aLaaan s ATaatk Al wtuiiike Alatih LVUIVUALCOIORY Labotdilily

Water Chemistry Bench Sheet

Work Order: T)Khmr{/\‘é\ Date/Time: P-/)//‘Il
Day of Test: S/ Page <3 of 3
Sample Temp Cc;;l—. DO (mg/L) PH ' Alk Hard TRC
(°C) | (umhos) _ mg/L | mg/L | mg/L
' : AM PM AM PM
0 25 |48l | Y |g2F | B3 R0 | oy [190 | ne
! 2 |363 |FF (28 |33 |F 16 Me
3 2V [355 |#%¢ | 3% [#.32 |F2l NC
10 2§ | 354 |42 |33 {121 |Te0 Ne
30 25 | 17 23%¥| 0.0t | 1.19 | %15 34 | 220 | NC

Inst. # s C A )4 A A»
cal. by /TV1 /%Vﬂ /*u« f¥r4 )%vq f%fq

Initials

Combined. Samples: H/yes [} no

Comments: g WA ""D 5,2 - HD‘r’l‘aA"‘u{ a.t 30?0 La

pobably dae to fla low DO, Tal DO allir atmhin was 27l
(day 6) - D0 & Ha wppr bigud rooe 38,

- el

Analyst: Supervisor:

57
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RLLLHRLLIR o4

Fathead Mirncow survival

@ 1 3
1) .3 .8 .8
=) 1 .32 .6
3) 1 .7 ]
4) .3 .8 1

DALECARLIA S4

Fathead Mirncw survival

1@ 30
1 . 3
.7 .4
.8 . b
] .B

Arc Sirne Sauare Rooct TRANSFORMATION

SEFFfluent N

&. g
1. Q0
. Qaa
1a. @@
3. A

Fregss ENTER to corntirnue

Fowrled ract mean

TRANSFORMED

Mean Std
4 .41 2. 186
4 1.114 J. 16
4 1.&8a3 &. 87
4 1. 2322 Q. 25
4 a. 722 2. 128

Durirett’'s eritical T =

Bartlett’s te
(Critical 1%

Far this data,

st, I =
value =

square error

2. 36@

statistically significant is a

% regducticrn

NOEC =

in the mean

12. 2@ LOEC =

Durmetts

value

1.@47a
ivdra
1.¢70@
1.Q7a
1.Q7@

e —

21.014

Arialysis at 21:12:@5 on A1-01-13802

Fress ENTER to

Fatheadg mivnmow larval survival and grawth test

DALECARLIR S4

Survival
1, Q22a
2. 33938
2.375S
Q. 3455
Q. 3043
2. 83526
d. 7933
Q. 7&7@
Q. 6545
Q. S782
2. SQQ&
Q. 9218
Q. 34TS
d. E73

v. 2261

comtinue ?

———— —

DX

2Q. 20Q@ Chrearnic value

Mear Critica:
VALUE
&. 3974 Q. 77&
Ta.swE el aneiee
@.871 Q.77a
2. 888 Q.77
at S% R, 434 Q.77
17. 321 %effluent
TTTTTTTTTTTTy YT :
+/ :
D/ D :
/ :
/ :
#* X :
: 5S¢
/ :

significant
Critical Durnetts Steels

urntransformed

resporise from the comtral

the mirviimune dif ferernce that can be detected as

E 020 S F Y [ ek F ) ] I b Y [ o | g I ] b ] I Y F



#REffluent

@. Qe
1. 2@
3. Qe
1. ¢Q@d
3@, 2R

Focled

NOEC =

Fathead

Q. 775Q
Q. 7669
@. 7587
Q2. 7526
@. 7485
2. 7344
Q. 7262
Q. 7181
Q.712Q
Q. 7013

P I = =~ R 4

e ) S 2 EE G O h G W T s . T S oE s

14
L . 663
= .274
3) . 762
4) 717

PFress ENTER to

Pt

Fer this data,
statistically significant
% reduction in the

Ffress ENTER ta

DALECARLIA 5S4
Fathead Mirnriow Graowth
N TRANSFORMARTION

N

P

mean

Rartlett’s test,
(Critical 14X value =

DALECARL.IA S4

Average weight

Fatnead mirrcw larval
DALECARLIA S4
Fathead Minncw Grawth

Mears

.79
. 634
@. 551
2. 625

0. S73

sguare

Durrett's critical T =

R =

the miviinumn

1. 200 LOEC =

Eixlagically Sigrnificant Level

mear

survival arnd growth test

.B687 .6@6
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VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory
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Fathead Minnow / Midge Larvae Weight Data Sheet

Work Order #: pﬂ'&:;ov-&@ ) Date: |- 27' qu
0 10 0070
Ve b # eplet ( 20 Ralance: b & 39| 000 4
Time: 042 Temp: Aé Calibrated: i’]/yes (] no
Sample Sample Combined Boat Sample Mean
Size Weight weight Weight Weight
(n) (mg) (mg) (mg) (mg) |
| LA A jo NE. 435 | 109.8%2 5,503 055¢ |
8 10 105, 190 99 F | 5 424 0.543
c 19 8 42 13 134 5 233 0. 523
D 14 14 .3249 (l, 954 ¥ 735 0. 47%
0 A 19 108 . 406 | 103.46% | 4.933 0.49¢4
o Lo 106,262 | 1p2,3923 4,364 0436
c 10 23 .944 14,564 3 0338 |
D 10 4.4 8¢ 239.22¢ | 5.158 0.516
| A (o JoF. 48F | 10(.456 5532 0.553%
B (o 111 .444 | 10F.235 | 4. 314 0, 4%
C 10 01.91F | 93 F¢0 | 4.11F 0.413
D 10 6, 396 | 12\.15% 5.54R 0.55%
190 A o) jol. 455 | 96, 2¢F | 5.1%8 0.5,9
R 10 94.450 | 89.263 | 5.08F 0.5014
c 10 02.414 194,373 | 4.0tb 0, 405
D 10 0% .995 | 104 . 409 | 4.536 0,499
o0 A 9 110,625 o+ 430 | 2.9 65 0,328
Y 10 92 .23} 2F. 624 | 4.6 0% Q.46
C 19 10. 4% 106,082 | 4.¢6i6 0. 462
Y 10 106,12F | joy, 123 | 4 004 o0.40p |
LA 10 (08 .5%83 | 103, 24| 5.292 0.529
& lo 94.989 §9.89¢ | 5.095 0.519
c 0 127 .32% | j20 426 | €.40] 0.4 40
D 10 106.98% 02 .5493 4.395 0. 449
2 A ‘o V12 {43 | 10F.283 4.260 0. 486
) 10 10F.02F | 1902.343 | 4, ¢34 0. 463
~ 10 1. 641 | ni.331 5310 0.53] ‘
D 'a 01-3F | 96,150 | 5 1b% 0,517
o__A 10 93.304 44, 5%+ 425 0,422
B 10 {lo.0%% Y WAL 4.4 34 0. 44%
c 1$ 102 :32% 13.80¢ | 5.214 0. 521
D 10 no. 13t | 105,093 | S.034 0,50%

analyst: AL (ool page _ | ot | &




VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxjcology Laboratory

Chronic Test Data Sheet

Work Order #: Ma_ ' Beginning Date: _{~ €492 Time: /330
Project #: _M_ Ending Date: =25 -42- Time: 330
Test Type: [] Static Test Location: [] Inc. 1 Temp:
] Static/Renewal u/Inc. 2 Temp: Z_fg__f/ [
[) Flow Through (] Other Temp:
Dilution Water: _EQMC__M_ Test Organism: P‘ Qonulas age: 30 howT
Toxicant/Effluent: M&L}_E@upt Source: _ESL >
Conc. No. Mortality / Neonates Produced
% ogtff ExD. Day 1 Day 2 Day 3 Day 4 Day S Day 6 Day 7 |
LAB A 10 1% o 0 ) o © (o)
A 10 o o 0 0 o o
c 10 0 o6 o 0 1) v o
D 10 o o o 0 0 0 o
o A 1o P 0 o o 0 0 o
& 10 0 o (] o] 0] ° 0
d (o ) ) 0 (2] 0 0 0
D |0 o o o ° 0 0 o
1 A 10 o o 0 O o 0 [
& {o o o 6 © 0 [oF 0
C 10 o 0 0 0 0 0 0
D 10 o o o o] 0 o 0
o A e 17 o &) ) O o 0
8 |0 0 0 o 0 o ) o)
c | o o o) o o 0 o o
D (9 o 0 Q 0 o 0 g
100 A 1o 0 0 % o o o) |
"y 10 0 0 o o) 0 ) D
c | 1o 0 0 o s} o) 0 o
D o) o 0 o o o 0 fo)
Ini. An A AM AM AM At f\_ﬂ AM
Analyst: AV\v\]bk/ Ov\km kﬂj’ Supervisor: 8
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VPI & SU University Ceater for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Chronic Test Data Sheet

Work Order #: M Beginning Date: -18-92Z Time: /%30

Project #: Mz, Ending Date: 1-25 -2  fTime: [3%0

Test Type: [] Static Test Location: [] Inc. 1 Temp:
[/(static/Renewal ' Y Inc. 2 Temp: 25.0
{] Flow Through i (] Other Temp:___

Dilution Water: ?D“’UMGC, Z.'\N-( Test Organism: [ pgmh: age: %Q‘EMS'
Toxicant/Effluent: _Rasin 3 E!&iﬁ Source: FsL N

conc. No. Mortality / Neonates Produced
L% OErff EXD. Day 1 Day 2 Day 3 Day 4 Day S Day 6 Day 7

I A lo 0 0 0 o 0 0 o
[ 10 0 0 0 9] 0 0 o)
C 1% 0 0 o 0 0 0 0
D 1o 0 0 0 0 0 0 o)

3 A o 0 0 0 0 6 0 )
b [0 0 0 0 0 © 0 1%
c (0 0 0 0 0 0 0 0
D | [o 0 0 o 0 0 0 0

© A (0 0 0 0 o o 0 0
) o 0 0 0 0 0 3 D
c 10 0 0 0 0 o 0 D
b |0 0 0 0 0 0 o] o

35 A 10 b - L y < i 0
B | 10 1 3 3 ¢+ | 7 8 10
< O 6 4 /0 ) Jo fo 1
D | 10 0 0 0 212 3 10

mi. | Am | AW | A | M | Am | AM [ AM

ook B 1S5
Analyst: Avew ek OLAll‘a:\’S%' Hllg:gaggiscr:




VPl & SU University Ceater for Environmental and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

Work Order: :Dahra.rt:a Date/Time: - 18- GIL/IZ‘JO
Day of Test: \ Page 1 of _D
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°c) {umhos) mg/L | mg/L | mg/L
aM PM AM PM
Tm
LAB 20 ¢3% | 0 |s5.6 | +0 |633 VIS
0 €2 | 380 |26”*|€L [8.03 |7 Ne
| €0 | 3F8 | 6 | 4Y | 3P |#8S NC
o 2o | 380 |6 |62 |36 259 b
100 250 | w2t |23 |53 |64Y |75 | IS
I's .9 | R 65 |54 |33 |43 e
3s 2§52 | 328 sS4 |51 %19 |1.23 NC
o s 2.0 | 41 3.2 |48 | 705 |71 NC
305 260 | 432 . |o.04 |64 £.98 [7.03 N
Inst. # P C A A A— A |
r___________________———————————————J————L————
Sl A | A [ Am | AM A A

Combined Samples: tw(yes {] no

comments: ¥ 3 ¢ 6.4&1' 4?1\ anratien

e Do i liqwd o oy (00T )
Tt sflusns concntration at podp Corteqpemds To 30T
Analyst: AW(J& (}k’kﬂﬂ}g" Supervisor:




VPI& SU University Ceater for Environmental and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

F20-97 Joqos”

Work Order: I)MGC“(& Date/Time: .
Day of Test: 3 Page A of 3
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°c) (umhos) mg/L mg/L | mg/L
AM PM AM PM
LAB | 250 | 480 |2y |42 |446 |4.%0 NC
0 LSO (39 |39 |4 |40 |36 NC
| 2€o0 | 380 gy |59 (283 |96 NC
10 250 | 332 |93 |55 |F#( | 458 NC
|00 250 | 428 |41 |44 (6493 |F.22 NC
| 20 | 383 13 |5.2 |3S| | +%0 Ne
3 260 (336 |63 |49 [3.29 [+2¢4 NC
|0 ACREN 32 |#3 |33 |F/0 N
30 2So |4H . |ooy | IS | 7o) | 69¢ Mo
mst. # { § e A A A A
Icnailt.i ablys A AM An | M| AM AN

Combined Samples: ﬁyes {] no

Comments: bo§ ase. bc'ML-hﬂ_d( -foP -r‘fp-ﬂ'rh\ b«e’b’s

Hond o2

W ey cowlvmars ﬁ’da.n,

!

Analyst: AVN (2.3 fh"‘m M

. Foh at 3% qwadge A becams Hasy e
- a Lawdd W W Jo N a Viaus &
4o e agatad

WUWH do DR ua ekt

ot~ Do Somtles
asanog Ui Doty

Supervisor:

(Jf\o(' <o

wan't bt skt me | lobs of LM gumile Shauwd <

wia

Ws{uﬂd
low Y)OQMHLL/
rentisal for swal ba
samels. Bt His wanld

64
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Water Chemistry Bench Sheet

Work Order: Ka Date/Time: tZV-"L[ hso
Day of Test: :}— Page 3 et
Sample Temp Cond. DO (mg/L) B pH Alk Hard TRC
(°C) (pmhos) _ mg/L mg/L | mg/L
' ' AN PM AM PX
[ LA 244 §92 1.2 61 £3! .08 NC
0 24q | 385 | FF |42 | 398 |F.33 Ne
1 299 | 38F | 3.8 |27 | 76z (455 NC
o 249 | 339 | aq |55 | %2/ 452 Ne
1Y) 24.9 4SO 2.8 |42 | ¢3?2| 28 Je
IS 249 3%% 69 | Y% 2.18 149 Do
3S 249 | 342 | 6.2 |42 | Foz |Fy4 NC
oS 29 | 433 2.0 |2 £9) | 312 e
Inst. # 6 A ) A
——
Taitiats ™M AM A

Cembined Samples: W] yes [] no

Comments:

Analyst: 74""”"‘0*- OMWLS-H_ Supervisor:



T

o

ATtnead

ST

DRLECARL IR ES
Fathead Mirmaow surwvival

Bl S O

12 2.1 1 12 1ee
1 1 1 1 1
1 1 b 1 1
1 1 1 ] 1
1 1 1 1 1
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Fathead nmirrcw larval survival ard prowth test
DALECARLIA E3
Fathead Mirmcw Growth

€2x‘l 7b Ekﬁhfﬂb

7] Q.1 1 12 12

5S
2) .S43 .436 .471 .S03 .461
3) .S33 .338 .418 .4Q5 462
4) .478 .516 .557 .453 .40
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Durrmetes si2n:ficans
“EFTLluent N mear Sta Critical Durmects Scesls
value
Q. 2 4 Q.S535 12, €134 )
2. 19@ 4 2. 448 2. 89 3
1. Qa8 & g SR g, e s 3
12, a@@ 4 @. 473 Q. A8z 3
1@, Qaid 4 . 413 Q. Q&4 2 at i at S
“ress ENTER to coartirnue ?
Foznlec root mEarn scuare errars = Q. @51 LDF = 15
Durmett?'s critical T = 2. e
Eartlettd’s test. B = 1.877 DFf = 4
(Critical 1% value = 13.&8 )

For thle data. tThe pravimum gl fference that canm De detscs @30 as
statistically sigriaficant 15 a 13. 434
% yveguction in the mean response fram the comtral

NOEC = 14, Q2@Q LOEC = 10@. @82 Chroriic value = Z1.E683 %etfluent
Bialaooicallv Sigrnificant Level = Q. 4c0
Concentratiorn at EBiclogically Sigrmificanmt Level = 75,800 «“Zffuens
fAralysis at an
fress ENTER to comtinue ?
Fatrneac minnicw tarval suarvival ard orowth test
DALEZRRLIA ES
Rveraze weight
: / /
P, ZET7E :
¢. S31& =
@. S125
Q. SQES 3 /
Q. 4873 =
Q. 4812 @
Q. 473 ¢ / +
Q. 4837 = /
Q. 4625 X
Q. 4562 : /
Q. 4500 @
Q. 4437 : +
Q. 4375 /
d. 4313 3 67
Q. 428 D D D D J
B, 4187 § —mm—————— —————————— —-——————— e ittty



rartneac mirnncw larval survival and growtn test
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Fatneag Mirrmow survival
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FATOLBAT MirroWw SUNVIVA L
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TATIEGD LLANDW LArVal SRV IVAa. &0 Crawos T3
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de IS s
Ve Fnadod
G, 727w s
We B4l 8
@ 5782 s
@o SudQ
J. 4218 ¢
Q. 3435 3
. 2730 :
g, 296l s
Q. 1464
Q. @235 s
. 8545
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Q. daez s
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1 < & 4 S &
Caded Corcretraticon, 1 = Corntroi

+ = mean, * = mean, significant usinp Steel's test

D = Durmett’'s (or Fisher's) critical level

X / = Data (# = data riot used in the analysis)

Fathead mirmow larval survival arnd groawth test
DALECARLIA S3
Fatnead Minriow Growth .

Ly T8 B Hedae
@&

a. 1 1 3 1@ 3
1) .556 .494 .S23 .486 .428 .
2) .543 .436 .51Q@ .463 ,448 69

3 .5%&3 .338 .64 .531 .321
4) .478 .S16 .4490 .S5S17 .5@8
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Coded Corcrmetraticorn, 1 = Cortra:
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Fathead mirmow larval survival ard growth test
DALECARLIA S3
Fathead Minrncow Greowth

Q) .S5356 .494 (329 L4486 422
2) .543 .436 .51@ 463 .448
3) .3&3 .338 .642 .S5S31 .52
4) .478 .S516 .44@ ,517 .Ses

DALECARLIR S3
Fathead Mivrmow Growth
N TRANSFORMATION

n

Durrietts significamt ?

#EFFfluent N Mean Std Critical Durmetts Steels
’ value
L valriv} 4 Q2. S52S A. 234 Q. 426
2. 1@@ 4 Q. 446 2. 082 2. 4c6
1. aa 4 2,532 Q.83 Q.46
3. ¢ 4 2. 459 Q2. a31 Q. 426
la. a2 4 2. 475 Q. 247 @. 426
Press ENTER to continue ?
~ 5\‘
Pooled roct mean sguare error = .0539 DF = 1S -
Dunriett's critical T = 2. 362
Bartlett's test, B = 4.259 Df = 4
(Cratical 1% value = 13.28 )

For this data, the mivmimum difference that can be detected as
statistically significant is a 18.827

% reduction in the mean response from the control

NOEC = 1@2.000 #effluent

Biclogically Significant Level = R.420

Arialysis at on

Fress ENTER to continue ?
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V¥l & SU Unmiversity Ceater for Environmental and Hazardous Matenals Studies, Aquatic Ecotoxicology Laboratory

Fathead Minnow / Midge Larvae Weight Data Sheet

Work Order #: .@Q%&Mi' EW" pate: S -/i— 92
Oven: D #: Zé 6l§_ Balance: ID #: 38[ 0o 44
Time: _——“30 Temp: _6_6.(-: Calibrated: \{}y'yes {] no
Number Number Combined Boat weight Sample Mean Weight
Sample Exposed Recovered Weight (mg) Weight (mg)
(n) (mg) L (mg)
LAGS OA 0 q Nq.303 | 14.668 | 4.635 0. 464
0% 10 lo 100,635 4k 135S ¢ .4 50 0.445S
oc [0 > 43738 | 92.333 | 5.39) 0.5349
oD 10 = 103.53% | 48. 84S | 4.613 | 0.46%+
0A 0 = j08.303 | 103. 424 | 4.RF9 0.493
0B 19 I® |3.600 |108.922 | 4.6F 8 | 0.4¢6%
o C o |2 nz:.13¥S | 103 33| 4.302 | 040
0D 10 o 134.20¢% | 129.4%3 | 4. 221 o4+
LA 1 /o 1123337 | 13.26S 5.2 | 0.54|
) 10 10 124.666 |120.220 | 4.496 | 0.445
\C 10 10 124 . 343 hg.568 | 5335 0.571]
i D 10 10 126-34) i122.015 | 4.34¢ 0.435
A 10 10 nS 124 | n0.4956 | 4.)6% 0.41%
o8 10 10 1ol 108 | 96.932 | 4. 13¢ 0.4!4
loC 10 1o NY -Gl | 109.7F1) 5.20S 0-520
10D 10 9 08 .45% {ioy.444 | 4 008 | 0.449S
00 A |0 Jo 135-588 | 130.3¢8 | 4.340 0.43¢4
oo & 10 |10 34.633 | 134.20F | 5.426 0.593
100 C 1O 10 iyo.F3S | 135.85C | 5,219 0.52%
100D 1O 10 32.818 |123.334 | 5. 084 | o©.50%2
Analyst: ﬁ mkﬂv\‘m Page of _2

7



VPI & SU University Center for Environmeatal and Hazardous Materiais Studies, Aquatic Ecotoxicology Laboratory

i"atheld Minnow / Midge Larvae Weight Data Sheet

Work Orxder #: Wn 2 - _SL-LOL-)( - Date: R-ll-92
oven: m#: _2606(5 Balance: ID #: 33 ©Oco 49¢
Time: ]3O  Temp: 6606 Calibrated: \H/yes {] no
Number Number Combined Boat weight Sample Mean Weight
Sample Exposed Recovered Weight (mg) Weight (mg)
(o) (mg) (mg)

| A )o 1o 121.a43] | 1i%.44) 3.940 | 0,344
2 10 lo 122,558 | hg. 220 4.33% | 0.434

C 1 1o 126, 60% ] 122.60% 3.999 | 0.400

D 10 1o 149.3%3 | ys.aA32 | 3.95s | 0.33¢

2 A 10 1o 143.015 132,297 4. 1ig 0. 412
8 10 |0 R3.94F| RY 3IS| | 4.49b | 6.459

c 1o }O 2F 3021123.39F| 3.905 | 0.3A0

D 10 ) 129.51F1125.3484| 4. 18 0.4(2

0 A 10 lo 122.425 | ha.20% | 3.220 | 6.322
e 10 1o 136.386 | 132.44S5] 3.94 0.3a4

C 10 10 iI38.360 1135.238 | 2. Q2 0.23%

D (s} 10 50.346 | 14b . ISS | 4. 1A 0.414

30 A 10 10 139.580 | |36.351 2.824 0.23%3
2 19 1O _ j36.762 | i134.52) | 2.24) 0. 224

[ 10 10 13S.01) 1133.03) | a0 0.143

D |0 10 14).514 {139.219 | 2. 2aY 0.230
Analyst: /4 /}}M Lﬂ!’ Page of _Z

72




-

VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Chronic Test Data Sheet

Work Order #: l}m—ﬁa_ Beginning Date: 3-2-92  Time: !34%
Projuct #: Mﬂf Ending Date: 3.0'_511 Time: 124X
Test Type: []) Static Test Location: [] Inc. 1 Temp:
L{/]/Static/Renewal Y Inc. 2 Temp: gf_Ot/'C
{] Flow Through [) Other Temp:
Dilution Water: :PO'f"O na L{V’O—r Test Organism: [ Pro ML age: €24k
Toxicant/Effluent: BAS'; n?2- W Source: [ :
Conc. No. Mortality / Neonates Produced
[ % ogrff Exp. Day 1 Day 2 Day__3_ Day 4 Day § Day 6 Day 7
Ba [ 10 0 0 l l : ( L
B |0 ) o 0 0 0 o 0
C 10 0 '9) o} 0 (o} 0 0
D 10 o} 0 0 0 0 © 0
oA )0 o 0 0 0 0 0 0
6 O 0 0 0 &) o) 0 0
c (0 ) 0 0 0 0 o 0
D 10 0 0 a b o 0 o
L A |0 <% 0 0 0 o 0 0
6 |0 0 0 0 0 0 o 0
c i0 0 0 0 0 0 0 0
D s} 0 0 0 0 0 0 0
o A 10 0 0 g 0 ) o) 0
B |0 0 0 0 0 0 o) 0
c'| o 0 0 0 0 o o) o ]
D 10 o o} O o a) 0 |
100 4 (0 o 0 ) 0 0 0 J
Io) {0 0 0 o o o 0 0
¢ | 10 0 0 o 0 ¢ 0 0
D 10 0 0 4 0 o 0 0
Ini. A"f\ M M‘\ M A"" M m /bv’

Analyst: A O\MLQ" Supervisor:

73
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VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Chronic Test Data Sheet

work order #: Dalgaotion

Beginning Date: _3°2~92 Time:_|34S

Project #: . ﬂ_.,L Ending Date: 3-9- 42  fTime: I.Sf_f{
Test Type: [] Static , Test Location: [] Inc. 1 Temp: '
Static/Renewal ' \(/(Inc. 2 Temp;,2§£/°C
(] Flow Through (] Other Temp:
Dilution Water: ‘EQ‘h)waC f»l\/(f' Test Organism: [ age: L 24 h

Toxicant/Effluent: 6“"’?—1'910'\"? %MS% Source: Est :

Conc. No. Mortality / Neonates Produced
% ostff Exp. Day 1 l Day 2 Day 3 I Day 4 l Day 5 Day 6 l Day 7
A 10 0 O 0 o o o] o
) jo °© 0 o o Q o o
c |0 0 s} s} 0 0 o o
D 10 o} a 0 ) 0 0 o
3 A o o o Io) Qg 0 o} 6)
8 lo o 0 0 0 0 o &)
C io ) 0 0 O o o 0
D {0 o [o} o] o <Q () o
o A [0 o O 0 0 Ke) 0 o
g lo 0 0 0 o o 0 o
c lo B o) 0 o o) ) 0
D o 0 0 o 0 0 o °
30 A |o 0 o 0 0 0 ° o)
2 'O 0 o o) 0 o} o (o)
¢ | o 0 O 0 o 0 o o
D o 0 0 o o] o] o o
Ini. /‘HM M A—m /444 A )41’4 )47\1 A’M

Rnalyst: 2u Supervisor:

74
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VPI & SU University Ceater for Environmental and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

Work Order: M&mdu_@n 2.

pate/Time: 32-92) 1345

Day of Test: I Page ] of 3
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°C) (pmhos) mg/L mg/L | mg/L
' ‘ AM PX AM PM
g o | 206 1630 |33 |6y |®n 63 | 67 |00 | ne
0 249 | 3FS | 1F [ (3 |3 |£S5> (k¥ [iso | e
| 24.9 349 1% | 6% | % |74 NC
10 29 [3Fo | ¥ |6 |19 |74 NC
ffelo) 24.9 | 34% 89 | $3 | 6.47 |04 65 | 120 | Me
IS 294 |360 |#g |41 |#H5 [ Ke
35S |24.9 |362 |76 | %0 [T} %23 NC
9S  |ayq 1333 |Ry |53 |98 [F09 nC
20s |2vq]338 s |49 |636 (619 NC
Inst. £ | & C A /\» A A
L A ' A AM Al A AN |

Combined Samples: }lf yes [] no

Comments: AU“td SW %hg {0'( 3o

Bl 4 DOy are nwasured
rorton (lomninad_ Somtle)

Analyst: A'M;\Ok M" tg,)’f’

pranndis
Vn L:GTA;\O( wpp”

Supervisor:
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VPl & SU University Ceater for EQvironmenial and razaraous Materat Sudies AQUatic £CotoXicology Laporatory

Water Chemistry Bench Sheet

Work Order: M&n 2 Date/Time: 3-4-a2 [/ 31y

Day of Test: 3 Page _2— of 3
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°c) (umhos) : mg/L | mg/L | mg/L
C AM PM AM PM

Lag 0 [ 294 | 428 |FY |60 | 693 |654| 65 | o] o

0 2¢4 | 3¥ | %9 | Sq (§04 (328 [PY | 1§D MC

| 44 | 37l 20 |Sir | 4T |3133 NC
1o 244 | B4 g1 |56 | F41]F36 Nc
100 2¢q | 350 [ 99 |50 |66l | 65 [ 120 pe
1S M9 | 362 | 3.6 | 60 | KeF| T2y e
3S 299 | 353 |42 | 5.9 | 353 [+22 N
oS 2449 |43 |6y | SV | R0 R e
30S |zua | 300 |6 | G0 |67 F03 NC

Inst. # (S | A- A» A- A.

C
Tnitiate A’V"1| A LA M| A A | A

Combined Samples: Y{yes [] no

b

Comments:

RAnalyst: A’MC{Q Qz« I K)’ Supervisor:
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VPI & SU University Center for Environmental and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

Work Order: Dmgg - 67‘5;"’ Z Date/Time: 3-6 - Q2 /1245
Day of Test: S Page 3 of 3
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°C) (umhos) mg/L mg/L | mg/L

‘ AM PM AM PM

g | zwq | 625 [ 10 |64 [h62] 64| 45 [100 | O
0 A1) 330 | F6 |59 796 | 738 |lo¥ | s | Pe

n 49 | 379 | 2.6 |59 | 983 | H4S Je
1Q 2.9 36 (3 F |60 |FIS| Y| Nc
10Q Al 351 |9.2 156 | 6.(3] Fo0| £ [J20 {~c
\ 249 36> |92 |62 |33 2,29 NEa
3 ] 3¢S | FS |58 | 7y3| A 2F NP
|o 29.91 328 {60 |5T | 1A {4,119 Nya
30 | z¢a| 300 |8 |43 | LA [Fa3 pc

$ .
X
3

Icnai_lt'i:lys An AN /W M M A’ﬂ | 1 A

Combined Samples: %/yes [] no

Comments:

Rnalyst: A /)’7«2 l‘&v‘\' Lﬂ'r' Supervisor:
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19, Q@ & 1.4%92 2.161
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Jurrett’®s critical T = Q. Q2@

Jartlets's test, B = 2, d¢d  Df
(Critical 1% value = @& )

++ cre—-sided Z.5% T test used in place of Dunmett's test,

i

~ This gata, the
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stacvicstically significarnt is a

% recucticon inn the mean
oz = Q.22 LOEC =
» Tihis corncentraticon ncat

_sasual value data

: comc = 1@
rralvsis ar @13

Q2

@1-31=-1380Q

IoN

Durnezts

Critical Durmetts Stsels

value
1.571
1.971
1.571

1. 871

2. 161

=0

minimum ciffererce that can

Q. Qw2

1.2@@ Chronic value =

@, Zrea

"

sigrnificant

at S%
at 3%

at Sz
DF = 3

response Trom the control

ratia =

@. Qe

il

results are

pe detected as

“effluernt

-1, 310

is Y1 o

used ror pooled errcr or Bartlett's test.
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Turn the printer OFF wsirg Ctrl-FrtSc 1f desired
Fress ENTER to cortinue ?
Fathead minricw larval survival avd growth test

Gecorgetawrn 2 S
Fathead Mirricow survival

Q@ 1 3 1@ 3@
1) 1 1 1 1 1
=) 1 1 1 1 h)
3) 1 1 1 1 1
4) 1 1 1 1 1

Fathead mirmow larval survival anmd growth test
Fathead Mirmcow survival

Erter the maximum rumber of replicates per treatmert: 4
Fathead mirrmow larval survival ard growth test
Gecrgetcocwn & S

Survival
1.0Q0@ : +XX  +XX «+xx exx Ty
Q. 3338
2. 37358
d. 3455
2. 3045
Q. 8536
2.79233
Q. 727
2. 6545
Q. 5782
2. Sea
d. 4218
Q. 3455
. 2732
Q. 2261
Q. 14€4
@. Q2355
Q. @545
2. @245
Q. AREZ
2. QA

D D D D D
1 2 Ty Ty T T T
Ccded Concrnetration, 1 = Contral

= mearn, #* = mean, significant using Steel’s test
= Durrett’s (cr Fisher's) critical level
/s = Data (# = data rict used in the amnalysis)

x o+

Tathead mirmow larval survival arnd growth test
Secrgetawn 2 S

Tathead Minricw Growth 80

Q@ 1 3 1@ o]




ltheacj Mirriow Growth

1 3 1@ 3Q
) . 488 (344 .41 L322 . 283
i) <468 434 .45 . 3394 224
) 480 L4220 3PQ L2288 . 198
) L4720 L3388 L4132 L4173 L EIZ0

argetown &S
thead Mirriow Growth
TRANSFORMATION

Durmetts sigrnif:cant ?
ffluent N Mean Std Critical Durmetts Steels
value

Q. 477 a. a3 Q. 414

Q. 371 Q. z7 Q. 414 at S% at S%
2.416 a, Bes D.414 at S%

2. 356 2. &1 R2.414 at S% at S%

Q. 234 2. Q36 Q.414 at S% at S%

[ pvalidvat
1 lvagn
. QA
1m Q2@
ZQ. Qaw

> e

ess EMTER to comtirnue ?
cled roct mean sguare error = @¢.@a38 DF = 1S
rmett’'s critical T = 2. Ze@

€

rtlett’s test, B = 7 Df = &4
1

Critical 1% value =

f (O [E]

<624
3.28 )

atistically sigrnificarnt is a 13.174
reducticon irn the mean response from the cormtraol
EC Q. @ LOEC = 1. ¢@ Chronic value = Q. 202 “%eTfluert

clagically Significant Level = 2. 382
rneerntration at Biclogically Significant Level = 5.966 #*Effluent

alV‘:lS at (=) ¢

2ss ENTER to cormtirnuwe ?

thead mirnrncow larval survival amd orowth tesc

'r this data, the mimimum difference that carn be detected as

srcetown 2 5

erage welight
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2. S2Qa
l 2. 5319
Q. 4837
D. 4736
2. 4875
l Qe 4S5
Q. 4513
de 44351
Q. 4352
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@.4188
I . #1126
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VPI & SU University Center for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Fathead Minnow /.Midgc Larvae Weight Data Sheet

Work Order #: ﬁ<or=}m"om | Date: 3-/4-A2
T #: 26 (5¢ Balance: ID #: _331 0004y
Time: 0930 Temp: 670{ ) Calibrated: ({ yes (] no
Number Number Com}.)ined Boat weight Sample Meaa Weight
Sample Exposed Recc(:;')ered “('::;‘n (mg) \*\(’:Su (mg)
oA e fo 120402 [ 15.642 [ s.#+10 | ».5%1 |
& 10 10 [13.62F [ 108,430 | #9437 0.445
c TS |10 111,700 |ii4,014 5686 0.569
D 10 jo 100.563 | 114.335 | 5.77F% 0.5%%
s 10 (o 30,184 | 2%.621 | 5,539 | 0.55&
(&) 1o 10 124,682 | 124334 | 5,308 | 0.53
C I o 129186 | 124.565 | 4. 62\ 0.462
D 1O 10 121 .43% | 1F.0b% | 4,274 | 0.423
3 A j0 /10 (8 .125 | h2.364 {5, F 56 | 0.5%
) 10 1o 118.038 | 12,926 [5.252 | 0.525
c /0 J O 119.60¢ | 113.41S |5.809 | 0.59)
D )0 )0 123.994 | 118633 | 5.2C¢ | 0.53%
10 A jo o 125.8% |120.11F | 5.F54% 0.535
B 1O jO 124. 639 | 1a.291 | 5.380 0.533%
C Ye) ITe) 124.49% | 11a.44F S 034 0.50y
D k) )0 123,334 | 11F.442] ¢.34F | 0.435
30A X Te) R A3 [113.899 | S.014¢ 0.50|
) /0 Jo 112.19F [ 10F+. 8912 | 4.33 S 0. 43¢
c 3O 10 (20 260 | 1. a4 842 0. 494
D 10 o W3 044 | 42,06l {5,033 0.503
Rnalyst: AW‘\SQLL MJUIL(}T Page _| of _|




VPI & SU University Ceater for Environmental and Hazardous Materials Studies, Aquatic Ecotoxicology Laboratory

Chronic Test Data Sheet

Work Order #: Mgl{wn | Beginning Date: 3’10’ ,: Time: HGU
Project #: _ﬁl_»s.m_%&@ Ending Date: _47/7-92 ©Time: JYJIV
Test Type: [] Static Test Location: (] Inc. 1 Temp:
{{ static/Renewal ' U/]/Inc. 2 Temp: Y4
(] Flow Through (] Other Temp:
Dilution Water: ?ohmac LKU( Test Organism: 14[)”@01 age: <2Z«bh
Toxicant/Effluent: Mé‘; Source: ESL N
Conc. No. Mortality / Neonates Produced
% ogrff ExXD. Day 1 Day 2 Day 3 Day 4 | Day S5 Day 6. Day 7
0 A 10 () 8] @) 0 0 @) o
) 5] o) o) O 6 0 o o
¢ {0 o) 0 o o) O o o
D |0 0 0 0 o O o o
| A lo ® 0 0 0 0 o 0
2 fo 0 ) 0 0 o o o
C 1e 0 o] o) o 0 0 o
D [0 0 0 o] 0 0 0 o
3 A {0 o) 0 0 o 0 o o
5 10 0 0 .0 0 0 o o
C (0 0 0 o 0 0 o Q
D |0 (@] 0 o] ¢ 0 o (=]
o A |0 0 0 0 0 0 o o
2 10 0 0 0 0 0 o o
C Jo 0 0 0 0 O o 0
D 10 d 0 0 ?) 0 o 0
30 A 10 0 % O 0 © fo) o)
B 10 0 ) 0 ) o o o
¢ |0 ) O 0 o o) o O
D 19 O 0 0 o O 0 )
Ini. 4’7‘/] A’M /h"‘ /4'"4 A—M A AT /h"\

Analyst: /4' I}}\;\ |7 LS}T" Supervisor:




VPI & SU University Ceater for Environmeatal and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

Work Order: 6“’“}6‘}3‘1«.}0 | C&(‘*'Mgh*d‘}‘ ) Date/Time: 3—]0——Q1/ /4o

Day of Test: | Page _| )
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
' (°C) (umhos) - mg/L mg/L | mg/L
‘ aM PM aM PM

0 2k |3 | %6 | sz 308 [F4S |03 | 5D |pC

l 28" | 379 |59 | 218 |12y NC

3 K | 36t | |54 | T R0 N C

10 2 | 362 | T | $3 | RYo |FoF NC
36 2¢ [ 313 |68 |2 [688 [FoS |wD [ N2 [N

-

Inst. # 6 C A /4 A
itiets AM AM | AM | AM M

3

Combined Samples: {.,}/yes ()] no

Acrfded Commplen for ) how prioc to  addiaqg

il

Analyst: A’T\MACJC l}l,«]@:r‘ IS?;' Supervisor:

Comments:

s $ ShaaaE 0 O mahes 0 ey Commes 0 daadl 0 e dhend phaumt 0 et 0 s 00 Seamer 0 Ees 0 Shammsn 0 e




Water Chemistry Bench Sheet

e e dcsied alSar SwGies Aquatic ecotoxicology Laboratery

Work Order: Gef"r‘}}hh)n { (%n&t«d%) Date/Time: 313 OIZY/
Day of Test: 3 Page . of 3
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°c) (umhos) : mg/L | mg/L | mg/L
' ] aM PM AM PM
o 4.9 T 286 4—\?‘ S2 206 ?t3‘ [2e%4 JSO | NC
| 29 | 332 | 2% | %9 |39 |239 NC
2 ma | 3Rt +6 |55 |259 {H3g NC
0 | wa |3z |10 |50 |38 |3 N
30 29 | 318 | 81 |53 [b3s | A8 Nfe
Inst. # 3 C A , A A’ A
Cal. by A.n AT.’ ﬂ'M m
Initials AM ﬁV’\

Combined Samples: H/yes

Comments:

[] no

Analyst: Mﬂ\ul‘dnlﬂ%

Supervisor:
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VPL& SU University Center for Environmeatal and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

Work Order: c n lDf(M/M Slﬂd&}e) Date/Time: J-/6-9Z ,/ OﬂiB,
Day of Test: é Page 3 of _3
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°c) {umhos) mg/L mg/L { mg/L
' o AX PM AM PM
= e e
0 299 | 385 13 59 190z | #18 | 0% | ISD | ue
: 249 |33y | 7Y [ 56 | Fbo } 708 K
3 24-9 | 3#8 4| 83 | fyq | 697 Ne
io 249 %3 |65 | s 632 4e7 Ne
24 .0 | 389 {‘-} 55 | 617 6.35 | NC
Inst. # | # C A. A A A
aviats | AT [ AN M| A AT | AM

Combined Samples: t*f yes [] no

Comments:

Analyst: A‘Vchlc ()h‘lcﬂ:“,zt’ Supervisor:



athead mirmaow larval survival arnd growtn test
ecrgetawr 1
athead Mirnrow survivel

o

o T

athead mirmaow larval survival and growth test
athead Minriow survival

riter the maximum rumber of replicates per treatmert: 4

athead mirmaw larval survival and growth test

ecrgetawr 1

urvival
1. QQQQ T
Q. 3338
@. 3758
3. 34353
Q. 3&45
?. 8536
. 7933
Q. 727@
Q. 6545
a. £782
@. SQa2
Q. 4218
@.345SS
Q. 273Q
Q. 2061
Q. 1464
@, @955
2. 2545
Q. Q245
3. QB2
Q. QaRe

D D D _ D D

1 2 3 4 S
Ccded Cencretration, 1| = Corntrol

mearn, * = mean, sigrnificamt using Steel’s test
Durmett’s (or Fisher's) critical level
= Data (# = data not used in the analysis)

~

athead minncw larval survival and growth test 87
2crgetown 1
athead Mirnriow Growth

-



el W= il

Fathead Minricow Growth

2 1 3 1@ 32
1) .S571 .888 .576 .S735 .S@t
2) <435 .S31 .825 .S538 .438
3) .S63 462 .S5S81 .S@4 L 484
4) .378 .427 .83 . 635 . S0@3

Gecrgetcwrn 1
Fathead Mirmow Grawth
No TRANSFORMATION

Durmetts sigmificant ?

HEFffluent N Mean Std Critical Durrnetts Steels
value
Q. Q@2 &4 Q.5353 Q.32 Q. 479
1. Q@@ 4 Q. 435 2. 2eR Q. 479
3. 122 &4 2. SSS Q.2a28 2.479
1@. 2@ 4 Q. SE3 Q. 56 Q. 479
S0. a2 4 Q. 48z Q.a3a Q.479

Fress ENTER tco conmtiriue ?

Fooled roaot mean square error = @.@45 DF = 15
Durmett's critical T = 2. 26
Bartlett's test, B = 2.317 Df = 4

(Critical 1% value = 13.28 )

For this data, the mirmiimum difference that can be detected as
statistically significant is a 13.5@3
% reducticn irn the mean response from the control
NOEC = 30@.002 %*effluent
Biclogically Sigrnificant Level = Q. 443

Aralysis at on

Ffress ENTER to contirviue ?

Fathead mirnrviow larval survival and growth test
Gecrgetowrn 1

Average weight

—— e e R -——— -—

2. 6520
2. 6431
@. 6362
2. 6234
2. 6225
3. 6156
@.e087
2. 6@113
2. 5952
d. 5881
@.S812
2. 5744
2. 5675

~

NN N
~
~
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Appendix Il

Reference Toxicity Test Data for Fathead Minnows

Appendices
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Table 3A. Acute (24- and 48-hr) toxicity of cadmium reference toxicant to fathead minnow
larvae (12 to 24-hr old) in US EPA (laboratory) water initiated on December

17-19, 1991 (replicates A and B combined, n =20 fish per treatment).

Nominal Cadmium

Mortality
Caoncentration 24 hr 48 hr
{ug/L)
0 0 0
10 0 0
20 0 0
40 10 30
80 10 70
160 40 90
320 65 100
LCso (ug/L) 218.02 61.55
95% LCL? 157.89 49.21
95% ucCL? 365.99 77.00

2 LCL and UCL indicate lower and upper confidence limits, respectively.

91




Table 3B. Acute (24- and 48-hr) toxicity of cadmium reference toxicant to fathead minnow
tarvae (12 to 24-hr old) in US EPA (laboratory) water initiated on January 20-22,
1992 (replicates A and B combined, n= 20 fish per treatment).

Nominal Cadmium Martality (%)

Concentration 24 hr 48 hr
{ug/l)
0 0 0
10 10 10
20 15 55
40 40 70
80 50 100
160 100 _ 100
LCso (ng/L) 54.37 22.13
95% LCL? 42.21 17.03
95% UCL? 71.19 28.76

2 LCL and UCL indicate lower and upper confidence limits, respectively.
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Table 3C. Acute (24- and 48-hr) toxicity of cadmium reference toxicant to fathead minnow
larvae (12 to 24-hr old) in US EPA (laboratory) water initiated on March 20-22,
1992 (replicates A and B combined, n= 20 fish per treatment).

Nominal Cadmium Mortatity

Concentration 24 hr 48 hr
{ug/L)
0 0 0
12.5 0 5
25 0 5
50 0 20
50 10 40
100 40 - 60
200 75 95
400 95 100
LCse (ug/L) 122.41 60.61
95% LCL® 95.75 45.91
95% UCL? 156.48 80.04

2 L CL and UCL indicate lower and upper confidence limits, respectively.




Control Chart
Fathead Minnow Larvae (EPA Water)

100

©

o]

70 y

of 2 I I P A
“ / N\ A

Lethal Concentration (ug/L)

Y T
, / / \-[
20- 4]
1 S SO S SO SRS SUNUUURUUN SOOI S S NS S
0 ~ i
Apr-91 Jun-91 Aug-91 Oct-91 Dec-91 Feb-92 Apr-92
May-91 Jul-91 Sep-91 Nov-91 Jan-92 Mar-92
Toxicity Test with Cadmium
—+— Current LC50 — Mean LC50 - Lower Control Limit ------- Upper Control Limit
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Biology Department and University Center for Environmental
& Hazardous Materials Studies

Aquatic Ecotoxicology Laboratory Work Order

Client: n/A
i Work Order Number:

Project No. Vl/A

/0O
Work Description: FHm -Cd -Poy - EFA 7
Assigned To: S/“M[ ({r“/‘t—— Sample ID No.

Test Conditions:
g T Ty
Organism and AgerF#M»ﬁ_ﬁff,‘l?.ﬂo~~'—¢GM\-'

Test Mode: 5&;1? 4".‘/(’

Test Duration: 7/{4
Dilution Water:.ﬁz“?ff?’f‘j

Concentrations: 3220, /(-0 £9, 42, 20,10, 0 ey /e
Replicates: 2_

Temperature: Zf < v

Feeding Regime: ,,,,, ¢

Special Conditions:

Confusbed om Pldy< Sttt

Initiation Date: [Z-/ 7-4/

Completion Date: __[7 — lﬁ"ﬁ’r/

Assigned By: _M@a&—_ Date: /Z-/7-?'/



TALEE S R TR eEE o A viiAARAal Al 12asalUAS rlditlials oludics, Aquallc RCOlORICOIogY Laboratory

Acute Test Data Sheet

Work Order #: _LD_Q%__

Project #:

Test Type:

[+ Static

(] Static/Renewal

Beginning Date: |g -17-4 Time:_S€CP
Ending Date: _I2-\4 -9\  fTime: _S'ﬂ___
Test Location: [] Inc. 1 Temp:

{) Inc. 2 Temp:

{] Flow Through (J-Other Temp:25tZ2
: midge Shets
[
Dilution Water: _fP4 - 12-v1Al Test Organism: FHw age: S ¥ A
Toxicant/Effluent: Source: ABJH] -lqu-ﬂ
Conc. No. Number Surviving
%ogrff ExD. O h 24 h 48 h l_ 72 h 96 h
po A 19 10 10 0
2 ) 10 ) 10
oo A 10 10 /e o !
B o o) (d /0
WA e 16 16 7
2 19 10 B 6
4| w0 10 q 3
51 o o 1 2
lov A 16 10 | |
VSl Te) /0 s !
J20 A T (0 < O
> (o 10 2 ®)
0 A o 0 ©_ 10
o) 19 a4 10
Initial &g S __— W/U
Analyst: Supeﬁisor:
96



W G Eh @ B Gh W

Work Order: /009

Water Chemistry Bench Sheet

Date/Time: /[Z2-/7 —9//5"“’“».

Day of Test: 5(’,4, pPage _/ of _/
o —
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°c) (zmhos) mg/L mg/L | mg/L
“7/L ' ' AM PX AM PH
n L
0.0 |z |35 .15 297 |sSi6 | o
3%
/O 221 | ¥ ¥ 2< 794
320,
A0 1.\ Q%g 7.0 7.94
70 21\ 3009 g1 284
/6o 22V | 303 Z.50 7.10
720|220 | 3os %10 245 |53-] | .o
Inst. # ac, D p{A’ o N A Qa NA, MA ’1/4
1. b
fmitiats my my vy 4"" V*/
Combined Samples: [qzﬁs {] no
Comments:
BAnalyst: ﬂlxﬂ‘z @L// Supervisor:

97
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Water Chemistry Bench Sheet

Work Order: _ /209 Date/Time: _7-14-41 $% 5
Day of Test: _ Gl Page ! of _J
Sample Temp Cond. DO (mg/L) pPH TRC
(°C) {(umhos) mg/L
' ' AM PM AM PM
N N RN R P
6.0 135 | 2q9% 7.70 789
/O 29% 770 2.%3
20 3co 2.0 7.99
Yo 303 7.(d 7.99
%0 ?03 2.60 7-9
ey 20 9.70 7.‘3{
330 23 | 3a3 270 144150 | §0
Inst. # &C( 0 o D

Cal. b % e
Initialys - w

Combined Samples: f+"yes (] no

Comments:

Analyst: ;?;/Mmi//;;n& Supervisor:

.

o mmubh s S o BB Em



EPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING EC VALUES
Version 1.4

#1009 FHM Cd Ref in EPA (12/17-12/19) SRL (kinal SRL)

Observed Adjusted Predicted

l Number Number Proportion Proportion Proportion

Conc. Exposed Resp. Responding Responding Responding
10.0000 20 0 0.0000 0.0000 0.0015
' 20.0000 20 0 0.0000 0.0000 0.0330
40.0000 20 6 0.3000 0.3000 0.2405
80.0000 20 14 0.7000 0.7000 0.6660
160.0000 20 18 0.9000 0.9000 0.9409
320.0000 20 20 1.0000 1.0000 0.9965

'i - Square Heterogeneity = 1.876
1.789199

yma 0.265569

;ameter Estimate Std. Err. 95% confidence Limits

‘ercept -1.737231 1.099925 ( -3.893084, 0.418622)
pe 3.765501 0.606871 ( 2.576034, 4.954969)

laoret:ical Spontaneous Response Rate = 0.0000




WO#1009 FHM Cd Ref in EPA (12/17-12/19) SRL (Anal SRL)

Estimated EC Values and Confidence Limits

Point

EC 1.00
EC 5.00
EC10.00
EC15.00

Taet sy e

conc.

14.8390
22.5094
28.1090
32.6560

= 6175459}

1159937
134.7572
168.2803
255.2654

Lower

Upper

95% Confidence Limits

7.3371
13.2618
18.0836
22.2111

f?§?267r3

90:7503°

103.0893

123.8397

172.9010

21.8989
30.5760
36.7323
41.7286

£76:9953

17076599

209.6220

285.8520

516.6995

100
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#1009 FHM Ccd Ref in EPA (12/17-12/19) SRL (Anal SRL)

PLOT OF ADJUSTED PROBITS AND PREDICTED REGRESSION LINE
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Biology Dgpartmen't and University Center for ﬁnvi;;hmental
& Hazardous Materials Studies

Aquatic Ecotoxicology Laboratory Work Order

Client: lA,A

Werk Omct Numbxr:

1017

Project No. M!A
Work Description: FAmM jﬂp Tecr

Assigned To: “ﬂg)bs Sample ID No. 4A Cd Qé‘ﬂ S'O,

Test Conditions: ‘_z‘,.qp

e~
Organism and Age: FHM (5 %h Yghrs

Test Mode: SI'RJ'{C, AC&(«“Q

Test Duratién: 4{“ |
Dilution Water: EPA - MUJWJL”(‘/ ”MJ wa}% MM # \'\6"q2

Concentrations: YMM D»SQ’J'\M

Replicates: 2
Temperature: Z{ I 2
Feeding Regime: /pné

Special Conditions:

Initiation Date: /1’5/4'?
Completion Date: \‘12’4%
Assigned By: 27’\'4/%’5( Date: 1’/5‘7/14
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Acute Test Data Sheet

po L ,
Work order #: JOFG LOVF Beginning bate: |-20-92- ime. §:30p
Project #: UA— Ending pate: ]-22-32— Tine: _3;_09%
Test Type: ,Q Static Test Location: (] Inc. 1 Temp:
[] Static/Renewal . . [] Inc. 2 Temp:
[] Flow Through . _ M;Other Temp:ég_-_o_aQ ‘
| : | o Uhter B 1w (0274
Dilution Water: E{’A‘ @ Hd-vve Test Organism: !gtﬁgé age: 5“{(‘(6
Toxicant/Effluent: Cd . Source: _EQ,-
"g'c?noé ./L'ﬁ No. Number Surviving
—prr ExD. 0h 24 h 48 h 72 h 96 h
O A [0 lo 1o 1O VA A
B lo S 19 19 \ |
loA | 1o O 2 % 1 |
g_| 10 o [0 o 1 |
20h | 10 1O 4 2 |
g_[ I 1o 8 5 |
Yo A lo IO Y 3
S |0 10 7 3
8o M e | (0 5T O
R | 10 10 5 0 |
(60 A (0 10 O o |
B 10 @) 0 O 4 v

e | g e N | 22— Mﬁ/ .
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Water Chemistry Bench Sheet

Work Order: lO \q' Date/Time: l"Z°‘°L’//S.!4\,L¢
Day of Test: O Page 3 of (
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°c) (umhos) mg/L mg/L | mg/L
yey ' | A M | aM | Em
o |24a]f17=e WA 179 | vy [793 |60 &0 | ur
o | Nk | Wr 7.8 VA K“’f‘r uA
2o | | 27 \
o | [ 18 | |
89 | o | 7. ViVl
ko [a3F%s | v [23]¢ [1495]s%s 50| \
Inst. # D < C |C
Icnailt.i:lys h@/ .

Combined Samples: \Z] yes (] no

Comments: E’—FA_ H&O

Analyst:M/a ; ﬁ Supervisor:
174

J
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VPl & SU University Center for Environmentat and Hazardous Material Studies Aquatic Ecotoxicology Laboratory

Water Chemistry Bench Sheet

Work Order: lo\ ’ ) Date/Time: ‘ [’Z( Zqz",/
Day of Test: ‘ Page Lf of _(
Sample Temp Cond. DO (mg/L) pPH Alk Hard | TRC
(°c) (umhos) mg/L | mg/L | mg/L

1“ ‘ A; PX AN PM
O 47| NA | NAT7S] A | A | VA | Nb | vk

(o | Nk 75 I
20 74| |
Yo 251 |
3O | Y 151 ] B3

o 249 Y & 172614

Inst. # A'
Cal. by
Initials

Combined Samples: {] yes [ no FELP /*—
Comments: E?A" T(ZD

Rnalyst :MQBWZ V: @W Supervisor:
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Water Chemistry Bench Sheet

Work Order: IO‘?‘

Date/Time: //Z’Q—{?Z/

Day of Test: Z Page § of &
Sample Temp Cond. DO (mg/L) PH Alk Hard TRC
(°C) {umhos) mg/L | mg/L | mg/L

AM PX aM PM

O 1248 nA | VA [Y NA,W*I/A | A
10 | WA NA- l

© 7171 ¢ AR AREL AL

Inst. # WA e
Cal. by ,
Initials . '

Cembined Sampleé: dd;yes {] no

Comments: E?A“ ﬂzo

Rnalyst: W Supervisor:
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{
. CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS

' SPEARMAN-KARBER
TRIM: 10.00%
LC50: 22.127
95% LOWER CONFIDENCE: 17.027
' 55% UPPER CONFIDENCE: 28.756%
l CONC. NUMBER NUMBER PERCENT BINOMIAL
ug/L EXPOSED DEAD DEAD PROB. (%)
10.00 2C. 2. 10.00 .20120-01
' 20.00 20. 11. 55.00 .4113D+02
40.00 20. 14, 70.00 .5766D+01
80.00 20. 20. 100.00 .9537D-04
l 160.00 20. 20. 100.00 .9537D-04
THE BINOMIAL TEST SHOWS THAT 10.00 AND 80.00 CAN BE USED AS STATISTICALLY
SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
l LEVEL ASSOCIATED WITH THESE LIMITS IS 99.9798 PERCENT.
AN APPROXIMATE LCS50 FOR THIS DATA SET IS 18.674
. RESULTS USING MOVING AVERAGE
SPAN G LC50 95% CONFIDENCE LIMIT
3 .076 22.54 17.83 27.91

Xxxxxkx RESULTS CALCULATED BY PROBIT METHOD

ITERATIONS G H GOODNESS QF FIT
S .122 1.00 .36
SLOPE = 3.39
l 95% CONFIDENCE LIMITS: 2.20 AND 4.57
LC50= 21.9¢6
| $5% CONFIDENCE LIMITS: 16.89 AND 27.81
LCl = 4.52
95% CONFIDENCE LIMITS: 1.76 AND 7.28

DATE: 1-22-92 TEST NUMBER: 1017 DURATION: 48 Hours

SAMPLE: Cd Reference Test SPECIES: FATHEAD MINNOW

l METHOD LCSO CONFIDENCE LIMITS
LOWER UPPER SPAN
' BINOMIAL 18.674 10.000 80.000 70.000
MAA 22.537 17.533 27.907 10.374
PROBIT 21.962 16.893 27.807 10.914
' SPEARMAN 22.127 17.027 28.756 11.729




virginld rolytecanic insttuie &« state University
Biology Department and University Center for Environmental

& Hazardous Materials Studies

Aquatic Ecotoxicology Laboratory Work Order

Client: AIK

Project No. Mﬁ.

T

Work Description: mM%AM"E“’

Work Order Numnbes:

]0573

Assigned To: /jﬂf 4,'}“0“

Test Conditions:

Organism and Age: ﬂ/M E:Z"hr__jﬂcanl hehh Jth.

Test Mode: S’?«HG ) AL - /M?Wa,/

Test Duration: ({ﬂq

Dilution Water "(fum‘lmldy

Concentrations: 200, /bo. ®, 25, 1.5, 0.0 lf/l 0d.
Replicates: L

Temperature: Z{f\

Feeding Regime: Asne

Special Conditions:

Initiation Date: 2-7041
e

Completion Date: _’Z.;ULQL

Assigned By:

sample 10 no. QA A ;6/ !

I‘/MJ- V?C"A Ju/l M‘w/i

Date: g’//ff—

108

aEmmaa— L aaaaame .

Sy 00 SRR 0000 L 0000 aaaaaaaas 00 aamamman.. 000 g




R

Acute Test Data Sheet

Work Order #: 1453 Beginning Date: 20 Marh /ﬁ}rme: /530
Project #: /t//'//' Ending Date: 2Z Mk 1992 Time: 575
Test Type: m/s/tati.c Test Location: (] Inc. 1 Temp:
[] Static/Renewal (] Inc. 2 Temp:
{} Flow Through _ {)] Other Temp:
Dilution Water: 8 4 Hoeo Test Organism: ~SFA4] age: £ 2¢ N~
Toxicant/Effluent: C/ source: o Awese (/e
Conc. No. : Number Surviving
% ogrff EXD. Oh 24 h 48 h 72 h 96 h
OA /0 /o /0 /0
o3 /0 16 /9 /o
2S5A /¢ {6 10 9
2258 o 40 |0 (0
25A ) [0 10 il
253 10 o 1 1
SvA [0 20 9 Y
So B ) 2 9. B
o A b J0 5 3 ]
log 8 1" o T
20 A lo 20 I 0
2w 8 /4 /0 2 i
Y A /0 /9 0 0
Yoo 8 /o 10 | 0
Initial I
Analyst: Supervisor:
109
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Water Chemistry Bench Sheet

Work order: [0S 3 Date/Time: 20 Muwel. 1992 1530
Day of Test: E%lﬁn 1%? l Page / of ,/
Sample ' Temp Cond. DO (mg/L) pH Alk Hard TRC
(°C) {umhos) mg/L mg/L | mg/L
Vg CJ/L AM PM AM PM
O _|uo |85 |775 7.87 7o |iso
2.9 7.0
2S 715
S0 YAkl
/00 7.80
200 7. %0
Yoo 1233 | 28" |7.80 7Y Jz [15°
Inst. # c %A $
Initiate 26 jﬂﬁ ‘j Lté

Combined Samples: (] yes UA(

Comments:

Rnalyst: 7& lM Supervisor:
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Water Chemistry Bench Sheet

Work Order: 19S3 Date/Time: 272 MMLL« 9 L5/5
Day of Test: EWd AT 2 Page / of J
Sample Temp Cond. DO (mg/L) pH Alk Hard TRC
(°C) (#mhos) mg/L mg/L | mg/L
AM PM AM PM
D 286\0 A
5 26,0 720
2 %0 710
5o 26.0 69]
{00 2(1.0 71,0
200 | 767 700 |
ypo  |26,0 724
Inst. # &
l. b
Icnaitialys NS
Combined Samples: [} yes [u/no/
Comments:

Analyst: ‘4‘-' M _.Supervisor:
J
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CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
SPEARMAN-KARBER

TRIM: 5.00%

LCS0: 122.405

95% LOWER CONFIDENCE: 95.754

95% UPPER CONFIDENCE: 156.475

CONC. NUMBER NUMBER PERCENT BINOMIAL

ug/L EXPOSED DEAD DEAD PROB. (%)
12.50 20. C. .00 .9537D-04
25.00 20. 0. .00 .9537D~-04
50.00 20, 2. 10.00 .2012D-01
100.00 20, 8. 40.00 +.2517D+02
200.00 20. 15. 75.00 .2069D+01
400.00 20. 19. 95.00 .2003D-02

THE BINOMIAL TEST SHOWS THAT
SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
LEVEL ASSOCIATED WITH THESE LIMITS IS 97.9104 PERCENT.

AN APPROXIMATE LCSO FOR THIS DATA SET IS

121.292

§0.00 AND 200.00 CAN BE USED AS STATISTICALLY

RESULTS USING MOVING AVERAGE
95% CONFIDENCE LIMIT

SPAN G LCSO
123.28

4 .066

97.45

160.63

*xxxa* RESULTS CALCULATED BY PROBIT METHOD

ITERATIONS G
s .099

SLOPE = 3.36
95% CONFIDENCE LIMITS:

LCSO0= 124.08 :
95% CONFIDENCE LIMITS:

H GOODNESS OF FIT
1.00 .99
2.30 aND 4.43

98.06 AND 158.18

LCl = 25.24

95% CONFIDENCE LIMITS: 11.71 AND 38.56

DATE: 3-20 TEST NUMBER: 1053 DURATION: 24 hours
SAMPLE: Cd SPECIES: Fathead Minnow

METHOD LCSO CONFIDENCE LIMITS

LOWER UPPER SPAN

BINOMIAL 121.292 50.000 200.000 150.000

MAA 123.284 97.447 160.632 63.185

PROBIT 124.080 98.058 158.177 60.118

SPEARMAN 122.405 95.754 156.475 60.721

**x% = LIMIT DOES NOT EXIST
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APPENDIX D: QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) DATA




MARTEL INC.

A GIOMIL Coronny

1025 Cromwell Bridge Road Baltimore, Maryland 21204

(301) 825-7790
5920 North Beit, Suite 1114

Facsimile 1301) 821-1054
Houston. Texas 77396 ({713) 441-4965

Martel Lab Number : 131 79 Capn(a.l Airport  Springtield, Hhinois 62707 {217) 522-000.9
Certiticate of Laboratory Analysis
Log Identification: w-14092
Fa Na, 1 Company: DYNAMAC
2,13/91
Quality Contrel Repart
Reported by Controal Number
Blank Results
Date of Analvtic Unit of
Analvsis Result Measure -
¥ Test Code: AL
12/16/91 0.15 PPm
10/1n/11 <0.10 ppm
12/16/91 <0.10 Ppm :
¥ Test Code: ALK ,
12/18/01 0.4 ml
* X qut Code: BOD
12/11/91 0.3 mg/1
*x Test Code: FE
1°/18/QI .05 Pnm
12/16/91 <0.01 npm
12/16/91 <0.01 pPm
¥ X Tact Code: SS
12/12 0.0000 g
¥ Test Code: TURP
12/17 /91 .13 NTU




A GBOMIDX Comosny

1025 Cromwell Bridge Road Baltmore. Maryland 21204 (301) 825-7790 Facsimile 1301) 821-1054
5920 North Belt. Suite 111 Houston, Texas 77396 (713) 441-4965
Capital Airport Springfield, hinois 82707  (217) 522-0009

Certificate of Laboratory Analysis

Page No. 1 Company: DYNAMAC
12/19/91
- Guality CTantrel Report
. Reported by Test Code
Standard Results

Date of Standard Analytie True .

Analysis Type Result Value % Recover
¥¥ Tegt Code: AL

12/16/91 9,A8 10.0 96.800
12/18/91 9.68 10.0 96.2300
¥x Tezat Code: ALK '
12/16/41 101 100 : 101.000
¥¥ Test Code: FE _
12/16/91 9.77 10.0 97.700
12/18/91 9,88 10.0 96,600
4% Test Code: TURR

12/17/91 0.45 0.5 90.000
12/17/901 3.8 4.0 95.000
12/17/91 39 40 897.500

D-2




MARTEL MARTEL INC.

2 GBOMEX Comroany

1025 Cromwell Bridge Road Baltimore, Maryland 21204  (301) 825-7790  Facsimule 13011 321-1054
5920 North Belt. Suite 111 Houston. Texas 77396  (713) 4414965
Capttal Airport - Springfield, lllinois 62707 (217) $22-0009

Certificate of Laboratory Analysis

¥-4- 3, Company: DYNAMAC

12/19/91

-~  Quality Contral Report

Reported Py Control Number
Replicate Results

Date of Analytie Analytic

Analysis Sample ID Result A Result B "~ I STAT
*¥x Test Cade: ALK

¥ Contrnl Na: 14002

12/1€6/91 3 24 34 0.000
¥¥x Test Conde: FE i
¥ Cantral No: 13949Q

12/16/91 4 0.685 0.66 0.008
*¥ Teat Code: S8

¥ Control No: 14007

12/712/91 1 Q 10 0.053
¥ Control No: 14002

12/17/791 2 18 19 0.027
* Centrol No: 14110

12717791 1 56 54 0.018

D-3
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M ARTEL MARTEL LABORATORY SERVICES. INC.
- GEOMEX 25

1025 Cromwell Sridge Road  Saimmaore “ardara 21202 290 323773 - -
3820 Nofth Beit 3ur2 *°* =cuson Taras TTI% DA

CaprtacArgerr Sorrghea tents gt <

Martel Labh Number: 13389
Certificate of Laboratory Analysus
Log Identificaticn: W-14306

H Company: DYNAMAC

@uality Cantrol Repart
KPDnrde by Control Number
lank anulta

Date of Analvtie nit of
Analysis Result Meazure -
% Tezt CTode: AL

i2z/20/91 <0, 10 ppm
12/36/901 <0.10 ppm
12/730/91 <d.10 ppm
i2/30/01 <0.10 pPm
12/30/91 <49.9 Ppm
12/30/91 <N.10 Ppm
i2/30/91 <0.10 pPM
12/320/91 0,10 PPm
12/230/91 <0.10 ppm

¥¥ Test Cnde: ALK

i2/27/91 0.3 ml

¥¥ Tezst Code: FE

12/30/91 0.02 Ppm
12/20/91 <. 01 ppm
12/20/91 <0.01 Ppm
12/30/91 <0.01 ppm
12/°0’01 1.1 PPm
12/230/91 <0.01 pPpm
12/30/91 0.01 ppm
12/20/91 <0.01 Ppm
12/30/91 <0.01 PPm
¥x Tegt Cnde: S8

12/23/91 0.0000 mg/1
127227391 .. 0.0000 mg/1
£x Teat (Code: TURPE

12/22/91 0.09 NTU

D4




MARTEL

MARTEL LABORATORY SERVICES. INC

 GECMEX ~ -

Pagn Na,
s02/992

¥¥ Test
H o/q“/ql
12/30/901
127207901
12/20/91
12/20/91
12/20/91

*x Test Code:
i2/27/91
¥¥ Teat Cade:
12/30/91
12/720/91
12/20/91
12/20/901
iz2/ _.'91
12/30/91
¥* Tezt Code:
12/22/91
12/22/91
12/22/91

o

TURP

1C25 Cromwell Brage Roaa  Balurroare “Mar,tamz 202704

33 32577

—zustor T

2320 ’\lor‘h Sen 3.re 0t

Captar A rzors Spnmgt e ~T 33T

Certificate of Laboratory Analysns

Company: DYNAMAC
- Fuality Coantral Report
Reparted hy Test Caode
Standard Results

tir Trie
t - Value =

&
=Y
>
[p]
>
3
"

10.0 a5
10.9 a9,
10.¢ 9

0.0 ag.

10.0 itht
10.0 99.6

W O
D DD
D DD

0 DY O

D D DD
CO D O -1 O
T3y D 0 N D

% 2 B ]
jun ]
b e )

as 100 92,000

.....

pen’

7.800
9,200
4,100
0.000
4
9

]
DD

.

4.400
LE00

Ty W D s 0 D
D
[ Y el
bt o N i ]
b B Jius Jrev]
e
DO DWVDW

99,000
. 87,500
0 100,000

DN

H> W D

D-5




M AR"’EL MARTEL LABORATORY SERVICES. INC.
. GRONEX .~ .-

1025 Cromwell Bridge Roag  Battimare ‘Mar/lang 2725,
3920 Nerth Bt S.ie v =oustan

CaprarAvzor Izeogres teosdg

Certificate of Laboratory Analysis

Page Nao, i Company: DYNAMAC
01/02/92
- Guality CTantrol Report
Reparted By Contral Number
Replicate Resulits

Date of Analytic Analytie
iz Sample ID Result A Result B - I STAT

*¥¥ Test Code: A
¥ Contrel Nao:d 1

12720791 1 o 17 21 n.10%

i2/30/91 2 <0.10 <0010 . 0.000

12/27/91 7 - 110 110 0. 000

¥ Cantrol Ne: 14310

-

J
“~

J
-~1

~
e}
-
—
)
n
> ]

0.091
¥¥ Tegt Tode: FE

¥ CTontrol Nao: 142308

12/20/21 3 0.20 0. .053

—
[

*%x Tezat Code: S

u}
o

£o
[ ]
[¥e)

¥ Cantrol YNo: 14
12/23/91 1 220 9630 .841

* Tantrnl No: 14304
12/22/91 3 3 2 0.200

¥ Cantroal No: 14304
12/722/91 4] 3.5 1.4 0.014



‘ 1025 Cromwel Brdge Road Batimore. Maryiand 21204 :410) 825-7790 Facsimiie (410} 321-1054
MARTEL 3320 North Beit. Suite 111 Houston. Texas 77396 :713) 441.4965 Facsmie .713)872-7916
1438 Sangamon Avenue Sprngfied. flinois 62702 1217) 522-0008 Facsimie 217 322-2119
Certificate of Laboratory Analysis
l Page Na, 1 Company: DYNAMAC
01/15/792
Quality Contral Report
. Martel Lab Number: 14909 Repnrted by Control Number
Blank Result=z
Leog Identification: w-16330
' Date aof Analytic nit.- of
Analrsis Rezult Measire
I *¥ Test Code: AL
01/13/92 <0,10 ppm »
01/13/92 <0.10 ppm
l 01/13/92 <0.10 ppm
01/11/792 2 ppm
01/11/92 11 ppm
l 01/11/92  <0.10 ppm
¥ Tect Code: FE :
S 01/13/92  <0.01 ppm '-'»
l 01/13/492 0.02 PPM .
01/14/92 13 ppm
N1/11/92 12 ppm
l a1/11/82 <0.01 Ppm
| D7



MARTEL

1025 Cromwer Bndge Roaa Bammaore. Marylana 21204 4101 825-7790 Facsimiie 4:0) 821-1054
5920 North Beit. Sute 111 Houston. Texas 77396 (713) 441-4965 Facsmie 17131 8727916
1438 Sangamon Avenue Spnngfield. Hlinois 62702 (217) 522-0009 Facsimie .217) 522-2119

Page Na,
01715792

Date of
Analyesis

¥k Test Code:
01/13/92
01/13/92
0o1/11/92

¥ Tect Code:
01/13/92
01/13/42
01/11/92

Standard
Type

AL

Certificate of Laboratory Analysis

Campany: DYNAMAC

ality Control Report
Eenarted hy Test Cade
Standard Recsults

Aalrtie True
Result Value % Recaver

10,18 10.0 * 104,800

99,81 100 99,810

10,21 10.0 102.100

10.33 10.0 103,300

99.81 100,0 099,210

10.568 10.0 105,600 g
¥

D-8




MARTEL

4 GBONEX Comoary

1025 Cromweilt Bndge Road Baitimore. Maryland 21204 (301) 825-7790 Facsimite 1301, 321-2054
5920 North Belt. Suite 111 Houston. Texas 77396 (713) 441-4965
A " 7
Martel Lab Number: 13564 Capnal Airport  Spnngfieid, Illinois 82707 (217) 522-0009

' Certiticate ot Laboratory Analysis
Log Identification: w-14580

Page No. 1 Company: DYNAMAC
01/20/92
- Quality Contrnl Report
Reported by Contral Number
: Blank Results
Date of Analytie Unit of
Analysis Regult Measure -
*¥*x Test Code: AL
01/17/82 <0.10 pPPm
01/17/92 <0.10 pPpm
061/17/92 0,11 ppm .
01/17/92 0.11 ppm i
x% Test Code: ALK ‘
n1/16/92 0.2 ml
% Test Code: POD
01/11/792 0.4 mg/1
*¥x Tegst Code: FE
01/17/92 <0,01 Ppm
01/17/92 0.01 rPpm
01/17/92 0.10 ppm
0D1/17/92 0,03 Ppm
¥ Test Code: S§S
0N1/13/92 2.0001 4
¥% Teat Cade: TURB
01/1G/792 0.03 NTU




MARTEL

MARTEL INC.

A GBONEX Compeny

rPage No,
01/20/792

Date of
Analysis

¥* Test Code:
01/17/92
01/17/92
01/17/92

% Test Code:

01/16/92

¥ Test Caode:
01/17/92
01/17/92
01/17/92

*kx Test Code:
01/10/92
01/10/92
01/10/92

Standard
Type

AL

TURB

1025 Cromwell Bridge Road  Baitimore, Maryland 21204  (301) 825-7790

Facsimile 1301) 821-1054

5920 North Belt. Sutte 111 Houston. Texas 77396  (713) 441-4965
Capital Airport  Springfield, Hllinois 62707  {217) 522-0009

Certificate of Laboratory Analysis

Company: DYNAMAC
- Fuality Contrel Repart
Reported hy Test Cade
: Standard Results

Analytic True

Result Value =~ % Recover
10.26 10.0 102.600
11.11 10.0 111.100
10.92 10.0 109.200

5
104 100 104.000
10.13 10.0 101.300
10.43 10.0 104.300
10.87 10.0 108.700
0.57 0.5 114.000
4.2 4.0 105.000
41 40 102.500
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| MARTEL

2 GIOMEX Compeny

1025 Cromwell Bridge Road  Baltimore, Maryland 21204

(301) 825-7790  Facsumile (301) 821-'054
5920 North Belt, Sute 111 Houston. Texas 77396 {713) 441-4965
l Capital Airport - Springfield. Hliinois 62707  (217) 522-0009
Certiticate of Laboratory Analysis

l Page No, 1 Company: DYNAMAC

01/20/92

- Quality Cantral Repart
Reported By Contreal Numher
Replicate Results

l Date of Analytie Analytic

Analysis Sample ID Result A Result P ~ I STAT
l *¥ Test Code: ALK

¥ Cantral Na: 14580
| 01/16/92 1 an 61 0.008

** Test Code: SS '

¥ Control No: 14577 .

01/13/92 ] 3100 310 0.016

*X Test Code: TURE
l ¥ Contrnl No: 14580

01/10/92 5 13 14 0.037
' D-11




1025 Cromwet! Bndge Road Battimore. Marytand 21204 (410) 825-7790 Facsimie (410) 821-1054
5920 North Best. Sutte 111 Houston. Texas 77396 (713) 441.4965 Facsmile (713) 872-7816
1438 Sangamon Avenue Springfieid. liinois 62702 (217) 522-0009 Facsimile (217) 522-2119
‘ Certificate of Laboratory Analysis
Page Na, 1 Campany: DYNAMAC
N2/25/92

Fuality Contrel Report
Martel Lab Number: 14131 Reported by Contral Number
Blank Results
Log Identification: W-14976

Date aof Analytie Unit of

Analysis Regult Measure

¥%x Test Code: AL

02/18/32  <0.10 prm .
02/18/92 <0.10 ppm

N2/18/92 <0.10 Ppm

nN2/18/92 <0,10 Ppm

N2/18/92 0,10 Ppm

nN2/12/92 <0,10 Ppm

n2/18/92 <0.10 Ppm

02/18/92 <0.10 ppm )
02/18/92 <0.,10 Ppm .
n2/18/92  <0.10 PPm _ !
n2/18/92 <0.10 Ppm

02/12/32 «0,10 Ppm

N2/21/32 18 ppm

n2/24/92 “0.10 pPpm

02/214/92 <0.,10 PPm

N2/24/92 <0.10 Ppm

N2/21/92 20.10 Spm

£¥ Tezt Code: FE

N2/18/92 10 pPPm

02/18/32 Q.04 ppm

n2/12/92 0.01 PPpm

02/19/92  0.03 PPM

n2/18/92 <0,01 ppm

n2/18/92 <0,01 PPM

N2/12/92 <0.01 pPPm

02/18/92 0.06 pPm

02/18/92 “0,01 ppm

n2/18/782 <0,01 ppm

N2/18/02 0.02 ppm

nN2/18/92 0.01 ppm

02/18/92 . 0.07 ppm

02/21/92 <0.02 - meg/l

02/24/92 17 ppm

02/24/92 0.08 Ppm

02/21/92 0.01 PPmM

02/21/92  <0.01 ppm

02/21/92 <0.01 ppm
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1025 Cromweil Bridge Road Baitimore. Maryland 21204 (410} 825-7790 Facsimie (410) 821-1054
5920 North Beit. Sutte 111 Houston. Texas 77396 (713) 441.4965 Facsmile 1713) 8727316
1438 Sangamon Avenue Springfieid. Hllinois 62702 {217) 522-0009 Facsimite 1217, 322-2119

Certificate of Laboratory Analysis

Page Nao, 1 Campany: DYNAMAC
N2/25/792
Quality Contral Report
Reparted by Test Cade
Standard Resulte

Date aof Standard Analytic True

Analyzis Type Result Value % Recaver
** Test Code: AL

02/18/92 101.06 100 n 101.060
N2/18/92 36,00 100 36,000
02/18/92 97.87 100 97.870
nz/12/92 10.08 10,0 100,200
02/18/92 : 10.20 10.0 102,000
02/18/92 10,18 10.0 101.840
N2/18/92 10.12 10.0 101.200
02/12/92 9.58 10.0 95,800
02718792 9.85 10.0 98,500 .
N2/18/92 9.38 10.0 33.800 ]
N2/18/92 10.07 10.0 100,700
02/12/92 10,37 10.0 103.700
02/21/92 99.65 100 99.650
02/241/92 9.71 10.0 97.100
02/21/92 9.97 10.0 39.700
027217302 9.59 10.0 95,900
¥* Tect Code: FE

02/718/92 98,01 100 38,010
0z/12/382 343.01 i00 95,010
02/12/92 95,93 100 95.930
N2/18/92 3.87 10.0 36.700
n2/18,/92 9.82 10.0 92,300
62/19/92 9.67 10.0 26,700
02/12/92 : 10,18 10.0 101,800
n2/1%/82 10.08 10.0 100,200
02/18/82 9,03 10.0 99,300
h2/712/92 Q.57 10.0 35,700
f2/18/92 89,32 10.0 95,200
n2/19/92 10.11 10.0 101.100
02/21/92 97.71 100 97,710
02/724/92 9.33 10.0 93,300
02/21/92 9.96 10.0 9?.600
N2/241/92 9.71 10.0 a47.100
n2/21/92 9.91 10.0 99,100
0z2/21/92 9,93 10.0 39.300
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T
1025 Cromweil Bndge Road Baitmore. Marylang 21204 410) 825.7790 Facsimie (410) 821-1054
5920 North Bett, Suite 111 Houston. Texas 77396 (713) 441-4965 Facsmile ,713) 872-7916
1438 Sangamon Avenue Springfield. llinois 62702 :217: 522-0009 Facsimie 1217 522-2119

Certificate of Laboratory Analysis
Page No, 1 Company: DYNAMAC
Quality Control Report

Reparted Ry Coantrol Number
Replicate Rezultsz

Date of Analytic Analytie
Analy=is Sample ID Result A Result B I STAT

¥x Tect Code: AL

* Contrael Nao: 14974 -

02/18/92 11 1300 1500 0,000

n2/18/92 21 5500 5600 0.0049

02/18/92 3 3600 2500 0.011

N2/18/92 a3 3200 2600 0.027

02/18/92 10 1700 1700 0.000

02/18/92 12 3200 53000 0.020

02/18/92 81 11¢0 1100 0.000 i
N2/24/92 10 500 2300 0.067 .
nN2/21/92 10 9500 4700 ) 0.010 [
n2/21/92 70 5800 6100 0.017

02/21/92 71 2300 1800 0,122

02/21/92 71 2300 2100 0.021

¥ Contreol No: 13310
02/21/92 1 <0.,50 <0,50 0.000

**x Teot Code: FE

¥ Contral No: 11976

n2/18/92 11 9500 9100 0.005
o2/18/92 21 7500 7R00 0.007
n2/18/92 3 . 10000 9700 0.015
02/18/92 35 2700 2300 0.021
02/18/92 18 A0O00 5900 0.008
02712792 &0 9100 9000 0.006
02/18/92 50 9100 9100 0.000
n2/12/92 60 2100 7700 0.023
02/12/92 &0 2100 9100 0.0741
02/12/92 641 7000 6900 0.007
02/21/92 10 15000 11000 0.034
n2/21/92 . 10 15000 15000 0.000
02/214/92 70 10000 13000 0.130
02/21/92 741 8700 5200 0.126
p2/21/92 741 8700 7000 0.022

% Coantral No: 13310 _
02/21/92 1 0.53 0.18 0,050
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MARTEL

1025 Cromwell Brage Read Battimore. Maryland 21204 (410} 825-7790 Facsimile (410) 821-1054

5920 Nonth Beit. Suite 111 Houston, Texas 77396 (713) 441-4965 Facsmile (713) 872-7916
1438 Sangamon Avenue Springfieid. flincis 52702 (217) 522-0009 Facsimie 12171 522-2119

Page Na,
N2/25/92

Date of
Analyeis

¥¥ Test Cade:
¥ Control No:
Nn2/18/92 A
02/12/92 61
N2/18/92 12
N2/18/92 20
02/18/92 27
02/18/92 20
02/18/792 23
n2/18/92 10
n2/718/92 12
02/718/92 50
N2/18/92 55
02/18/92 60
02/18/92 20
02/18/92 27
02/21/92 10
n2/24/92 10
02/21/92 70
n2/21/92 70
N2/24/92 k!
nN2/21/92 71
*¥* Test Code:
¥ Cantrol Na:
N2/18/92 30
02/18/92 f
02/18/482 60
N2/18/92 20
02/18/92 27
02/18/92 20
N2/18/92 10
¥ Cantrol No:
nz2/21/92 ldw
¥ Cantroal Na:
02/24/92 10
n2/24/92 10
0N2/24/92 70

Sample

Identification

AL

119746

FE

11976

Certiticate of Laboratory Analysis

Company: DYNAMAC

Quality Caoantreol Report
Reported By Test Code
Spike Rezulte

Analytie Spiked Spike 4
- Reasult Result Value Recavery
1100 2013.30 1000 91.520
3400 1626, 35 1000 T8.R3%
7498 2589 az20 112,327
5700 2100 1900 126.31A
3116 1481 9680 121.6887
3600 2100 2000 125.000
2182 3119 480 95,812
1200 5900 1900 23,1471
3918 1968 1100 85,155
8100 81400 2000 J15.000
2181 4365 950 91.052
1100 6200 2000 20.000
7700 a200 1900 72.917
5009 8220 9680 12A.11A8
9500 11000 5873 TH.396
2300 11000 5R75 87.021
5900 11000 5259 96,977
A100 11000 5259 93,171
2300 5700 3160 107.3435
1800 5700 3160 122,119
8100 11318.57 2000 110.929
230 1226.13 1000 36.48113
2100 10319.80 2000 110.990
7700 az200 1800 79,917
3009 6220 960 126.1148
a500 12000 2000 125.000
7700 9500 1900 91,727
<0.02 0.957 1.0 95.700
13000 21000 5875 102,128
11000 21000 AR7A 119.119
10000 16000 5259 i11.0480
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Cove Corporation

TELEPHONE: (301) 326-4577
FAX No. (301) 326-4767

May 14,1992

Ms. Chris Cooper

Dynamac Corporation -

The Dynamac Building, Suite 500
2275 Research Boulevard
Rockville, MD 20850-3268

Re: QA/QC results for Potomac River macrobenthic samples processed
by Cove Corporation.

Dear Ms. Cooper,

QA/QC results for Potomac River sample processing are
presented in tables on the following pages. All 127 macrobenthic
samples were sorted by Sean Stickell (29.5 samples), Janice Darlin
(26 samples), Denise Henderson (25.5 samples), Barbara Weems (2
samples), Rene Sadler (15 samples), and Cindy Statter (9 samples}.
A total of 12.6% of the samples were checked for unacceptable
sorting errors.

All macrobenthic samples were collectively identified by Nancy
Mountford (molluscs, insects, and sundry taxa), Sue Arcuri
(cligochaetes and chironomids), and Tim Morris (crustaceans and
chironomids). A total of 10.2% of the samples were checked for
unacceptable identification errors.

I have one additional QA/QC sample processing note to report.
Two relatively new technicians (Sean Stickell and Janice Darling)
assisted in sample sorting. As a precautionary QA/QC procedure, a
number of their initial samples were resorted to determine if
training for independent sample sorting was adequate. Thus, they
were not immediately placed on the batch system. Due to this
special training procedure, seven samples sorted by Sean and Janice
were excluded from the batch system in which 10% of the total
number are randomly selected for QA/QC purposes.

If you have any questions or comments, please call.

-

C. Timothy Morris
Laboratory Manager
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QA/QC SUMMARY RESULTS

Sorting Performance

total number of samples processed 127
total number of QA/QC samples 16
total number of QA/&C failures 3
total number of resoried samples 20
average QA/QC percent error 2.0
range of QA/QC percentages - 6.6
Identification Performance

total number of samples processed 127
total number of QA/QC samples 13
total number of QA/QC failures 1
total number of reidentified samples 9
average QA/QC percent error 1.3

5.7

range of QA/QC percsEtages
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Detailed QA/QC Sorting Results

61-a

Tech. Batch Sample Sampling QA/QC Total Percent

Number Number Date Inspection Number Error
SES 1 | 4-1 Center 04DEC91 DJH 16MAR92 10 151 6.6
SES 1 5-1 Center 090CT91 DJH O6APR92 1 224 0.5
SES 2 4-2 Center 10DEC91 RMS 14APR92 17 527 3.2
SES 3 | 3-1 West 10JANS2 RMS O01MAY92 2 32 6.3
SES 3 1-2 Center | 10JAN92 | DJH 12MAY92 1 105 1.0
JRD 1 1-2 East 100CT91 DJH 13APR92 6 161 3.7
JRD 2 1-1 West 10JAN92 RMS 30APR92 3 103 0.3
DJH 1 1-2 Center 10DEC91 SLA 27MAR92 0 207 0.0
DJH 2 3-1 West 090CT91 SLA 17APR92 1 341 0.3
DJH 3 3-1 West 10JAN92 RMS OS5MAY92 3 52 5.8
DJH 3 6-2 East 24FEB92 RMS O7MAY92 0 517 0.0
BAW 1 1-1 West 20DEC91 Rﬁs 21APR92 y S 221 2.3
BAW 2 4-1 West 24FEB92 RMS 30APR92 0 52 0.0
RMS 1 6-1 West 20DEC91 DJH 21APR92 5 289 1.7
RMS 2 6-2 West 20DEC91 DJH O4MAY92 1 154 0.7
CLS 1 6~1 Center 10JAN92 RMS 30APR92 1 290 0.3




0z-a

Detailed QA/QC Identification Results

Sampling | QA/QC Inspection Errors Total Percent

Date Number Error
1 4-1 Center 090CT91 CTM & 12MAY92 4 70 ‘5.7
2 5-2 Center 090CT91 QTH & 12MAY92 3 122 2.5
3 1-1 West 04DEC91 CTM & 12MAY92 2 157 1.3
4 3-1 Center 10DEC91 CTM & 12MAY92 3 299 1.0
5 6-1 East 10DEC91 CTM & 12MAY92 2 779 0.3
6 3-2 East 090CT91 CTM & 12MAY92 4 556 \ 0.7
7 4-2 West O03MAR92 CTM & 13MAY92 0 180 0.0
8 1-1 Center 20DEC91 CTM & 12MAY92 1 170 0.6
9 3-2 Center 20DEC91 CTM & 12MAY92 0 263 0.0
10 5-1 Center 20DEC91 CTM & 12MAY92 0 196 0.0
11 5-1 West 24FEB92 CTM & 12MAY92 4 258 1.6
12 3-1 East 10JAN92 CTM & 12MAY92 3 148 2.0
13 4-2 West 10JAN92 CTM & 12MAY92 1 156 0.6

-









