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INTRODUCTION

This section reports the results of the on-going aquatic monitoring program for Gunston
Cove conducted by the Department of Environmental Science and Policy at George Mason
University and supported by the Department of Public Works of Fairfax County, Virginia. This
study is a continuation of work originated in 1984 at the request of the County’s Environmental
Quality Advisory Committee and the Department of Public Works. The original study design
utilized 12 stations in Gunston Cove, the Potomac mainstem, and Dogue Creek. Due to budget
limitations and data indicating that spatial heterogeneity was not severe, the study has evolved
such that only two stations are sampled, but the sampling frequency has been maintained at
semimonthly during the growing season. This sampling regime provides reliable data given the
temporal variability of planktonic and other biological communities and is a better match to
other biological sampling programs on the tidal Potomac including those conducted by the
Maryland Department of Natural Resources and the District of Columbia.

The 1984 report entitled “An Ecological Study of Gunston Cove —1984” (Kelso et al.
1985) contained a thorough discussion of the history and geography of the cove. The reader is
referred to that document for further details.

This work’s primary objective is to determine the status of biological communities and
the physico-chemical environment in the Gunston Cove area of the tidal Potomac River for
evaluation of long-term trends. This will facilitate the formulation of well-grounded management
strategies for maintenance and improvement of water quality and biotic resources in the tidal
Potomac. Important byproducts of this effort are the opportunities for faculty research and
student training which are integral to the educational programs at GMU.

The authors wish to thank the numerous individuals and organizations whose
cooperation, hard work, and encouragement have made this project successful. We wish to
thank the Fairfax County Department of Public Works and Noman M. Cole, Jr. Pollution Control
Plant, particularly Jimmie Jenkins, Elaine Schaeffer, and Shahran Moshsenin for their advice and
cooperation during the study. The Northern Virginia Regional Park Authority facilitated access
to the park and boat ramp. Without a dedicated group of field and laboratory workers this
project would not have been possible. Thanks go to Tanya Amrhein, Gary Clarkson, Theresa
Connor, Stephanie Coon, Leila Hamdan, Saiful Islam, Shannon Junior, Anita Marx, Andy Leslie
Orzetti, Rebecca Robinson, and Ryan Albert. Claire Buchanan served as a voluntary consultant
on plankton identification. Carol Lawrence and Roslyn Cress were vital in handling personnel
and procurement functions.



METHODS
A. Profiles and Plankton: Sampling Day

Sampling was conducted on a semimonthly basis at stations representing both Gunston
Cove and the Potomac mainstem (Figure 1). One station was located at the center of Gunston
Cove (Station 7) and the second was placed in the mainstem tidal Potomac channel off the
Belvoir Peninsula just north of the mouth of Gunston Cove (Station 9). Dates for sampling as
well as weather conditions on sampling dates and immediately preceding days are shown in
Table 1.
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Figure 1. Gunston Cove area of the Tidal Potomac River showing sampling stations. Circles
represent Plankton/Profile stations, triangles represent Fish Trawl stations, and squares represent
Fish Seine stations.



Date
March 27

April 3
April 10
April 29

May 15
May 29

June 11
June 12
June 26

July 7
July 10
July 24

August 7
August 14
August 21

September 4

September 18
September 22
September 25

October 1
October 9

November 20
November 24

December 10

Type of Sampling

T S
T S
T S
T S
T S
T S
T S
T S
T S
T S
T S

Hurricane Isabelle

G L
G L
L*
G L
G
G L
G
L*
G L
G
G
G L
G L
L*
G
G L
G**
G
L*
G L
G L?
G L

T S
T S
T S

Table 1
Sampling Dates and Weather Data for 2003

Avg Daily Temp (°C) Precipitation (cm)

1-Day
11.7

194
8.3
194

17.8
16.1

25.0
25.0
27.8

27.8
23.3
25.6

25.0
28.9
27.2

23.3
22.2
23.3
21.1

13.3
20.0

10.6
11.7

7.8

3-Day

14.4

15.2
5.9
17.4

16.5
15.7

23.0
24.1
26.5

28.5
26.3
25.6

24.6
27.8
26.3

24.8
21.3
23.3
20.2

14.4
18.1

12.6
12.6

4.6

1-Day

0.30
5.79
1.98
0

0
0

0
0.81

0.71

3-Day

1.09

1.49
1

0.33
1.02
(4.67-4 day)

1.83
3.53
0

1.45
3.95
1.36

0.99
0
0

1.55
5.79
1.98
4.24

0
0

3.73
0.81

0.71

Type of Sampling Key: G: GMU water quality profiles & plankton, L: Noman Cole Lab water
quality profiles and plankton, T: GMU fish trawls, S: GMU fish seines
*Samples collected by Noman Cole Lab Personnel

**Hydrolab Profiles only
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Sampling was initiated at 8-9 am. Four types of measurements or samples were obtained
at each station : (1) depth profiles of temperature, conductivity, dissolved oxygen, and pH
measured directly in the field; (2) water samples for GMU lab determination of pH, total
alkalinity, chlorophyll a, photosynthetic rate, and phytoplankton species composition and
abundance; (3) water samples for determination of nutrients, BOD, alkalinity, suspended solids,
chloride, and pH by Lower Potomac Laboratory; (4) net sampling of zooplankton and
ichthyoplankton.

Profiles of temperature, conductivity, and dissolved oxygen were conducted at each
station using Hydrolab datasonde with temperature, conductivity, dissolved oxygen and pH
probes. Measurements were taken at 0.3 m, 1.0 m, 1.5 m, and 2.0 m in the cove. In the river
measurements were made with the Hydrolab at depths of 0.3 m, 2 m, 4 m, 6 m, 8 m, 10 m, and
12 m. Meters were checked for calibration before and after sampling.

A 2-liter depth-composited sample was constructed from equal volumes of water
collected at each of three depths (0.3 m, middepth, and 0.3 m off bottom) using a submersible
bilge pump. A 100-mL aliquot of this sample was preserved immediately with acid Lugol’s
iodine for later identification and enumeration of phytoplankton. The remainder of the sample
was placed in an insulated cooler filled with river water to maintain in situ temperature until
return to the lab. A 1-liter sample was collected from 0.3 m using the submersible bilge pump
and placed in the insulated cooler with ice for lab analysis of surface chlorophyll a. A 4-liter
sample was collected monthly made up of equal volumes of surface (0.3 m) and bottom (0.3 m
off bottom) water at each site using the submersible pump for determination of nutrients and
other parameters by Noman Cole Laboratory. This water was stored on ice and promptly
delivered to the Noman Cole Laboratory.

Microzooplankton was collected by pumping 32 liters from each of three depths (0.3 m,
middepth, and 0.3 m off the bottom) through a 44 um mesh sieve. The sieve consisted of a 12-
inch long cylinder of 6-inch diameter PVVC pipe with a piece of 0.44 um nitex net glued to one
end. The 0.44 um cloth was backed by a larger mesh cloth to protect it. The pumped water was
passed through this sieve from each depth and then the collected microzooplankton was
backflushed into the sample bottle. The resulting sample was preserved with formalin containing
a small amount of rose bengal to a concentration of 5-10%.

Macrozooplankton was collected by towing a 202 um net (0.3 m opening) for 1 minute at
each of three depths (near surface, middepth, and near bottom). Ichthyoplankton was sampled by
towing a 333 um net (0.5 m opening) for 2 minutes at each of the same depths. Tows tended to
follow an arc around the fixed profile site: macrozooplankton tows were about 250 m and
ichthyoplankton tows about 500 m. Actual distance depended on specific wind conditions and
tidal current intensity and direction, but an attempt was made to maintain a consistent slow
forward speed through the water during the tow. The net was not towed directly in the wake of
the engine. Each net was about 2 meters long with a 0.3 m opening into which a General
Oceanics flowmeter was fitted. The depths were established by playing out rope equivalent to
about 1.5-2 times the desired depth. Samples which had obviously scraped bottom were
discarded and tow was repeated. Flowmeter readings taken before and after towing allowed
precise determination of the distance towed which when multiplied by the area of the opening
produced the volume of water filtered. Macrozooplanton and ichthyoplankton were preserved
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immediately with formalin to a concentration of 5-10%. Rose bengal formalin with carbonated
water pretreatment was used for macrozooplankton, but not for ichthyoplankton.
Macrozooplankton was collected on each sampling trip; ichthyoplankton collections ended after
July because larval fish were normally not found after this time.

Samples were delivered to Lower Potomac Laboratory by 1 pm on sampling day and
returned to GMU by 2 pm. At GMU 10-15 mL aliquots of both depth-integrated and surface
samples were filtered through 0.45 um membrane filters (Gelman GN-6) at a vacuum of less
than 10 Ibs/in’, During the final phases of filtration, 0.1 mL of MgCOs suspension (1 g/100 mL
water) was added to the filter to prevent premature acidification. Filters were stored in 20 mL
plastic scintillation vials in the lab freezer for later analysis. Seston dry weight and seston
organic weight were measured by filtering 200-400 mL of depth-integrated sample through a
pretared glass fiber filter (Whatman 984AH).

Photosynthetic rate was determined on the sample date by adding 100 pL of YC-labeled
sodium bicarbonate (20 uCi/mL) to 50 mL of water from the depth-integrated sample. The 50
mL aliquot was split into two 20 mL glass scintillation vials that were placed at two light levels
and incubated at river ambient temperature in a controlled temperature water bath. A total of
four light levels, provided by a 1000 watt high pressure sodium bulb (Ceramalux), were used
corresponding to roughly 1200, 600, 100, and 50 umoles/mzlsec of photons. (Full sunin
summer is about 2000 umoles/mzlsec). Following a 1 hr incubation, 15-mL of vial contents were
filtered through a 0.45 um membrane filter (Gelman GN-6). Filters were frozen for later
analysis.

pH and alkalinity were determined on 100 mL aliquots of the depth-integrated sample.
pH was measured with a Hach EC-30 lab pH meter with Hach 1 electrode calibrated to 7 and 10.

Alkalinity was determined by titration with 0.02 N H,SO4 to a pH of 4.6 (Standard Methods
1981). Acid titrant was calibrated with standard NaCOs.

Sampling day activities were normally completed by 5:30 pm.
B. Profiles and Plankton: Followup Analyses

Chlorophyll a samples were extracted in a ground glass tissue grinder to which 4 mL
dimethyl sulfoxide (DMSO) was added. The filter disintegrated in the DMSO and was ground
for about 1 minute by rotating the grinder under moderate hand pressure. The ground suspension
was transferred back to its scintillation vial by rinsing with 90% acetone. Ground samples were
stored in the refrigerator overnight. Samples were removed from the refrigerator and centrifuged
for 5 minutes to remove residual particulates.

Chlorophyll a concentration in the extracts was determined fluorometrically using a
Turner Designs Model 10 field fluorometer configured for chlorophyll analysis as specified by
the manufacturer. The instrument was calibrated using standards obtained from Turner Designs.



Fluorescence was determined before and after acidification with 2 drops of 10% HCI.
Chlorophyll a was calculated from the following equation which corrects for pheophytin
interference:

Chlorophyll a (ug/L) = FsRs(Rp-Rg)/(Rs-1)

where Fg=concentration per unit fluorescence for pure chlorophyll
Rs=fluorescence before acid /fluorescence after acid for pure chlorophyll
Rp=fluorescence of sample before acid
Ra=fluorescence of sample after acid

All chlorophyll analyses were completed within one month of sample collection.

To determine radiocarbon uptake, frozen filters were first placed in concentrated HCI
fumes for 10 minutes to drive off residual inorganic carbon. Then, each filter was placed in a
scintillation vial and scintillation cocktail was added. Vials were counted for 10 minutes each in
a Packard Tricarb 2100TR liquid scintillation counter and corrected for efficiency by the
external standard ratio method. Photosynthetic rate was determined from the following
equation:

(DPM)(ALK)(CF)(1.06)
(DPMwat)(TIME)

PhotosyntheticRate(mgC/L/hr) =

where DPM="'C activity on filter (algae), (DPM/L)
ALK=Total alkalinity, (mg/L as CaCOs3)
CF=conversion factor from total alkalinity to dissolved inorganic carbon (Wetzel
and Likens 1991)
DPMwat="C activity in incubation water (DPM/L)
1.06=isotopic discrimination factor
TIME=incubation time, (hr)

All filters were counted within one month of sample collection.

Phytoplankton species composition and abundance was determined using the inverted
microscope-settling chamber technique (Lund et al. 1958). Ten milliliters of well-mixed algal
sample were added to a settling chamber and allowed to stand for several hours. The chamber
was then placed on an inverted microscope and random fields were enumerated. At least two
hundred cells were identified to species and enumerated on each slide. Counts were converted to
number per mL by dividing number counted by the volume counted.

Microzooplankton and macrozooplankton samples were rinsed by sieving a well-mixed
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subsample of known volume and resuspending it in tap water. This allowed subsample volume
to be adjusted to obtain an appropriate number of organisms for counting and for formalin
preservative to be purged to avoid fume inhalation during counting. A one mL subsample was
placed in a Sedgewick-Rafter counting cell and whole slides were analyzed until at least 200
animals had been identified and enumerated. A minimum of two slides was examined for each
sample. References for identification were: Ward and Whipple (1959), Pennak (1978), and
Rutner-Kolisko (1974). Zooplankton counts were converted to number per liter with the
following formula:

(N)(Vs)

Zooplankton =
(Ve)Vi)

where N=number of individuals counted
V=volume of reconstituted sample, (mL)
V=volume of reconstituted sample counted sample counted, (mL)
Vs=volume of water sieved, (L), normally 96 L

Ichthyoplankton samples were sieved through a 333 um sieve to remove formalin and
reconstituted in ethanol. Larval fish were picked from the reconstituted sample with the aid of a
stereo dissecting microscope. ldentification of ichthyoplankton was made to family and further
to genus and species where possible. If the number of animals in the sample exceeded several
hundred, then the sample was split with a plankton splitter and resulting counts were multiplied
by the subsampling factor. The works of Hogue et al. (1976), Jones et al (1978), Lippson and
Moran (1974), and Mansueti and Hardy (1967) were used for identification. The number of

Ichthyoplankton = (N)Vﬂ

ichthyoplankton in each sample was expressed as number per 10 m® using the following formula:
where N=number of ichthyoplankton in the sample
V=volume of water filtered, (m3)

C. Adult and Juvenile Finfish

Fishes were sampled by trawling at Stations 7, 9, and 10 (Figure 1). A try-net bottom
trawl with a 15-foot horizontal opening, a 3/4 inch square body mesh and a 1/4 inch square cod
end mesh was used. The otter boards were 12 inches by 24 inches. Towing speed was 2-3 miles
per hour and tow length was 5 minutes. In general, the trawl was towed across the axis of the
cove at Stations 7 and 10 and parallel to the channel at Station 9, but most tows curved up to 90E
from the initial heading and many turned enough to head in the opposite direction. The direction
of tow should not be crucial. Dates of sampling and weather conditions are found in Table 1.
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Shoreline fishes were sampled by seining at 3 stations: 4, 6, and 11 (Figure 1). The seine
was 45-50 feet long, 4 feet high and made of knotted nylon with a 1/4 inch square mesh. The
seining procedure was standardized as much as possible. The net was stretched out
perpendicular to the shore with the shore end in water no more than a few inches deep. The net
was then pulled parallel to the shore for a distance of 100 feet by a worker at each end moving at
a slow walk. At the end of the prescribed distance the offshore end of the net was swung in an
arc to the shore and the net pulled up on the beach to trap the fish. Dates for seine sampling
were generally the same as those for trawl sampling.

After the net (trawl or seine) was hauled in, the fishes were measured for standard length
to the nearest 0.5 cm. Standard length is the distance from the front tip of the head to the end of
the vertebral column and base of the caudal fin. This is evident in a crease perpendicular to the
axis of the body when the caudal fin is pulled to the side.

If the identification of the fish was not certain in the field, the specimen was preserved in
10% formalin and identified later in the lab. Identification was based on characters in
dichotomous keys found in several books and articles, including Jenkins and Burkhead (1983),
Hildebrand and Schroeder (1928), Loos et al. (1972), Dahlberg (1975), Scott and Crossman
(1973), Bigelow and Schroeder (1953), and Eddy and Underhill (1978).

D. Macrobenthos

Macrobenthos was sampled at Stations 7 and 9. A petite ponar grab was used to collect
three replicate samples at each station. Contents of the grab were sieved through a 0.5 mm
stainless steel sieve in the field and the resulting animals and detritus were preserved in 5-10%
formalin with rose bengal for later analysis. In the lab the formalin was rinsed from the samples
and the entire sample was picked. Macroinvertebrates were identified and enumerated in each
replicate. Keys for identification included Pennack (1978), Thorp and Covich (1991), and
Merritt and Cummins (1984).

E. Data Analysis

Data for each parameter were entered into Quattro Pro spreadsheets for graphing of
temporal and spatial patterns. Long term trend analysis was conducted by plotting data for a
given variable by year and then constructing a trend line through the data. For water quality
parameters the trend analysis was conducted on data from the warmer months (June-September)
since this is the time of greatest microbial activity and greatest potential water quality impact.
For zooplankton and fish all data for a given year were used. When graphs are shown with a log
axis, zero values have been ignored in the trend analysis. Linear regression and standard
parameteric (Pearson) correlation coefficients were conducted to determine the statistical
significance of linear trends over the period of record.
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RESULTS
A. Climate and Hydrological Factors

Air temperature was well below average for the period from February through June in 2003
(Table 2). July, August, and September were about normal. October was below normal and
November above normal. Precipitation was well above normal for almost every month in 2003.
June and September were over twice normal in precipitation. This was in contrast to above
normal temperature and below normal rainfall characteristic of 2002.

Meteorological Data for 2003.T Iﬁgltieoial Airport. Monthly Summary.
Air Temp Precipitation
MONTH (°C) (cm)
February 0.9 (3.0) 13.8 (6.9)
March 8.4 (8.4) 10.7 (8.0)
April 12.8  (13.6) 6.5 (6.9)
May 16.5  (19.1) 17.9 (9.3)
June 21.8  (24.4) 20.0 (8.6)
July 254  (26.7) 14.6 (9.6)
August 26.0 (25.8) 11.8 (9.9)
September 21.4 (21.8) 17.4 (8.4)
October 14.1  (15.4) 10.0 (7.7)
November 11.7 (9.9) 10.7 (7.9)
December 4.0 (4.1) 11.0 (7.9)

Note: 2003 monthly averages or totals are shown accompanied by long-term monthly
averages (1961-1990).

Source: National Climatic Data Center, National Oceanic and Atmospheric
Administration for temperature and precipitation.



11

Potomac River at Little Falls
In a tidal freshwater system
like the Potomac River, river
flow entering from upstream
is important in maintaining
freshwater conditions and
also serves to bring in
dissolved and particulate
a substances from the
watershed. High freshwater
flows may also flush
planktonic organisms
downstream and bring in
suspended sediments that
decrease water clarity. The
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Potomac River Discharge (ft*/sec)

—@— Average 1988-2002

o 2003 W ™ volume of river flow is
—wv— 2002 referred to as “river
0 discharge” by hydrologists.

Feb Apr Jun Aug Oct Dec

Month (tick at beginning of month)
Figure 2. Mean Daily Discharge: Potomac River at Little Falls (USGS Data).

The year 2003 was much wetter than average and discharge observed at Little Falls reflected this
(Figure 2). On virtually all dates, discharge at Little Falls was greater than a recent 15-year
average and on many dates the flow was an order of magnitude (10x) greater than that average.
Flow remained above 10,000 cfs well into July and then in August there was another peak. The
2003 flows in the river were especially striking when compared to the subaverage flows in 2002
when summer flows were often below 1000 cfs. Accotink Creek as Braddock Rd. also
demonstrated higher flows with base flows generally at or above the long-term average with
multiple elevated flow spates observed during the summer (Figure 2).

Accotink Creek at Braddock Road

In the Gunston Cove region
of the tidal Potomac River
both freshwater discharge is
occurring from both the
major river watershed
upstream (measured at Little
Falls) and from immediate
tributaries. The major cove
tributary for which stream
discharge is available is
Accotink Creek. Accotink
delivers over half of the

10000
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o
1

Accotink Creek Discharge (ft*/sec)

0.1 A | stream water directly
' ! entering the cove. While the
001 | | o huerage: 1988-2002 o i gauge at Braddock Road
—wv— 2002 only covers the upstream
Y T —— part of the watershed it is
Feb Apr Jun Aug Oct Dec probably representative.

Month (tick at the beginning of month)

Figure 3. Mean Daily Discharge: Accotink Creek at Braddock Road (USGS Data).
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B. Physico-chemical Parameters: Embayment and River Stations

Gunston Cove Study - 2003

35

—e— Station 7 Water temperature is an
8071 | O~ Station9 important factor affecting
both water quality and
aquatic life. In a well-mixed
system like the tidal
Potomac, water
temperatures are generally
fairly uniform with depth.

In a shallow mixed system
such as the tidal Potomac,
water temperature often
closely tracks daily changes
in air temperature.

25 A

20 A

15 A

Temperature (°C)

10 A

0 T T T T T T T T T
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 4. Water Temperature (°C). GMU Field Data. Month tick is at first day of month.

Water temperature generally followed a typical seasonal pattern at both sites (Figure 4).
Station 7 generally had higher temperatures because the shallower water there was more
easily heated. Maximum was nearly 30°C in late August with a minimum below 5°C in
December. Air temperature (Figure 5) was a good predictor of water temperature. The
deviations from a smooth seasonal pattern observed in Figure 4 generally corresponded to
short periods of especially warm or cold air temperatures.

National Airport Temperature - 2003

35

o 307 & Temperature controls the
© s 1’ oLl e solubility of both ions and
= ' 8 o @ gases in water.
g 20 - ". » Temperature regulates the
g " metabolic activity of
2 15 l l aquati.c organisms
=z i including such processes
> l ' ﬁ 1'l| as photosynthesis and
8 o4 p y , " respiration. Temperature is
o Lil ' '. M] used as a cue by many
g ° Il”; ’ ! organisms to migrate or to
2 ) jl reproduce.

'5 T T T T T T T T T T TT T T T T T T T T

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 5. Average Daily Air Temperature (°C) at Reagan National Airport.
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Gunston Cove Study - 2003

500 Specific conductance

—— Station 7 measures the capacity of the
O Station 9 water to conduct electricity
standardized to 25°C. This is a
measure of the concentration
o of dissolved ions in the water.
’ In freshwater systems,
conductivity is relatively low.
lon concentration generally
increases slowly during
periods of low freshwater
inflow and decreases during
periods of high freshwater
inflow. In years of low

0 , . , . , . , . , freshwater inflow during the
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan summer and fa”1 conductance
may increase dramatically if
brackish water reaches the
study area.

400 A

300 A

200 A

100 A

Specific Conductance (umho/cm)

Figure 6. Specific Conductance (uS/cm). GMU Field Data.
Month tick is at first day of month.

During most of 2003, specific conductance exhibited similar patterns in the cove (Station 7)
and the river (Station 9). River and tributary flows were generally high in 2003 keeping
conductivity in the moderate range most of the year. The extreme low conductivity in
November in the cove was a residual from the high flows of Isabel. Chloride followed similar
patterns. Differences were that cove chloride was consistently greater than river chloride
indicating that other ions were more important in the river than in the cove. The dramatic
November drop and December rebound was also observed in chloride.

Gunston Cove Study - 2003

100

—e— Station 7 Chlor_ide ion (CI-) is a principal
-0+ Station 9 contributor to conductance.
Major sources of chloride in
the study area are sewage
treatment plant discharges,
road salt, and brackish water
from the downriver portion of
the tidal Potomac. Chloride
concentrations observed in the
Gunston Cove area are very
low relative to those observed
in brackish, estuarine, and
coastal areas of the Mid-
Atlantic region.

80 A

60

40

Chloride (mg/L)

20 A

0 T T T T T T T T T
Mar Apr May Jun Jul Aug Sep Oct Nov  Dec Jan

Figure 7. Chloride (mg/L). Noman Cole Lab Data. Month tick
is at first day of month.
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16

Oxygen dissolved in the water is
e Station 7 required by freshwater animals
14 -0 Station 9 for survival. The standard for
dissolved oxygen (DO) in most
surface waters is 5 mg/L.
Oxygen concentrations in
freshwater are in balance with
oxygen in the atmosphere, but
oxygen is only weakly soluble in
water so water contains much
less oxygen than air. This
solubility is determined by
temperature with oxygen more
soluble at low temperatures.

12 A

10 A

Dissolved Oxygen (mg/L)

4 T T T T T T T T

Mar Apr May Jun Jul Aug Sep Oct Nov  Dec Jan

Figure 8. Dissolved Oxygen (mg/L). GMU Field Data. Month tick is at first day of
month.

Dissolved oxygen in the cove was quite variable from month to month. Maxima were
observed in early May and late August at about 14 mg/L (Figure 8). These high readings
correspond to percent saturation values in excess of 140% (Figure 9) indicating high
levels of photosynthesis. Another elevated reading was found in late June. The lowest
reading in late September was found in the immediate aftermath of Hurricane Isabel at
about 6 mg/L. Since this value corresponded with about 60% saturation this indicates
low photosynthesis and high respiration. In the river dissolved oxygen readings followed
a clear seasonal pattern with lower values in summer and higher values in spring and fall.
Most readings in the river were in the 80-120% range indicating little change from
saturation due to photosynthesis or respiration.

Gunston Cove Study - 2003
y The temperature effect on

200 oxygen concentration can be
- o Station 7 removed by calculating DO
80 0~ Station 9 as percent saturation. This

allows examination of the
balance between
photosynthesis and
respiration which also impact
DO. Photosynthesis adds
oxygen to the water while
respiration removes it.
Values above 120%
saturation are indicative of
intense photosynthesis while
values below 80% reflect a
preponderance of respiration
or decomposition.

160 A

140 A

120 A

100 A

Dissolved Oxygen (% sat)

80 A

60 -

40 T T T T T T T T T
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 9. Dissolved Oxygen (% saturation). GMU Field Data. Month tick is at first day of
month.
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Gunston Cove Study - 2003
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pH is a measure of the
concentration of hydrogen ions
(H+) in the water. Neutral pH in
water is 7. Values between 6
and 8 are often called
circumneutral, values below 6
are acidic and values above 8
are termed alkaline. Like DO,
pH is affected by photosynthesis
and respiration. In the tidal
Potomac, pH above 8 indicates
active photosynthesis and values
above 9 indicate intense
photosynthesis.

Figure 10. pH. GMU Field Data. Month tick is at first day of month.

The Gunston Cove station showed more variability and generally higher values of pH
during 2003 (Figure 10). Values above 8 were common observed in late April, late July
and August. These generally corresponded to periods of higher dissolved oxygen
saturation reinforcing the conclusion that photosynthesis was elevated at these times. In
the river values were generally in the circumneutral range indicating lower levels of
photosynthesis and perhaps higher respiration. GMU lab data was more similar between
the two stations (Figure 11). Similar periods of elevated pH were found in the cove, but
river values tended to be higher than in the field readings.

Gunston Cove Study - 2003

9.5

9.0 A

8.5 A

8.0 -

7.5 A

pH, Lab (GMU)

—@— Station 7
~-O-- Station 9

Apr May Jun Jul Aug Sep Oct

Nov
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Jan

pH may be measured in the field
or in the lab. Field pH is more
reflective of in situ conditions
while lab pH is done under more
stable and controlled laboratory
conditions and is less subject to
error. Newer technologies such
as the Hydrolab sonde used in
GMU field data collection are
more reliable than previous field
pH meters and should give
results that are most
representative of values actually
observed in the river.

Figure 11. pH. GMU Lab Data. Month tick is at the first day of the month.
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Figure 12. pH. Noman Cole Lab Data. Month tick is at first day of month.

The Noman Cole lab data indicated trends that were similar to GMU field data (Figure
12). Higher pH was found in the cove than in the river. Late August and September
values indicated active photosynthesis in the cove. Values in the river were mostly
circumneutral.
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Alkalinity is a measure of the
acid buffering capacity of
water. In most freshwater
systems, it is determined by
the concentration of
bicarbonate (HCO3") and
carbonate (CO3?) ions
dissolved in the water. Since
rainfall is slightly acid, alkalinity
tends to be lower when there
is a lot of stream water inputs
and tends to increase
somewhat when stream inputs
are less. Alkalinity can also be
affected by treated sewage
effluents and photosynthesis.

Figure 13. Total Alkalinity (mg/L as CaCQOg3). George Mason Lab Data. Month tick is at
first day of the month.

Total alkalinity as observed by GMU personnel was consistently higher in the river than
in the cove (Figure 13). Two exceptions were late May and late August. Alkalinity was
generally highest in the summer with a peak also observed in late April. Unusually low
alkalinities observed in fall, especially in the cove, were probably due to Hurricane
Isabel. Alkalinity data from the Noman Cole lab revealed a similar pattern with maxima
in April and mid summer and a minimum in the fall as well as lower values overall in the
cove (Figure 14).
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Figure 14. Total Alkalinity (mg/L as CaCO3). Noman Cole Lab data. Month tick is at first
day of month.




18

Gunston Cove Study - 2003 Secchi Depth is a measure of
12 the transparency of the water.
The Secchi disk is a flat circle
or thick sheet metal or plywood
about 6 inches in diameter
which is painted into alternate
black and white quadrants. It
is lowered on a calibrated rope
or rod to a depth at which the
disk disappears. This depth is
termed the Secchi Depth. This
is a quick method for determin-
ing how far light is penetrating
into the water column. Lightis
necessary for photosynthesis
and thereby for growth of

0.0 ; ; : ; : . : . - aquatic plants and algae.
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Figure 15. Secchi Disk Depth (m). GMU Field Data. Month tick is at first day of month.

Water clarity as reflected by Secchi disk depth was similar at both stations over most of
the study period (Figure 15). The maximum Secchi depth observed at both stations was
about 1 m in late April. For most of the summer Secchi depth varied from 0.5-0.8 m. A
major decline was observed in late September in the wake of Hurricane Isabel when
Secchi dropped to 10 cm in the river. In the cove the minimum was observed in
November. Light attenuation coefficient was also highest (clearer water) in late April
and was fairly constant in the summer (Figure 16). Major declines were observed in late
September in the river and November in the cove.
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Light Attenuation is another
approach to measuring light
penetration. This is
determined by measuring light
levels at a series of depths
starting near the surface. The
resulting relationship between
depth and light is fit to a semi-
logarithmic curve and the
resulting slope is called the

__ light attenuation coefficient.
—e— Station 7 0 This relationship is called

109 | O station 9 Beer's Law. It is analogous to
absorbance on a

-12 ; ; ; ; spectrophotometer.
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Figure 16. Light Attenuation Coefficient (m™). GMU Field Data. Month tick is at first
day of month
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Figure 17. Turbidity (NTU). GMU Lab Data.
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Turbidity is yet a third way of
measuring light penetration.
Turbidity is actually a
measure of the amount of
light scattering by the water
column. Light scattering is a
function of the amount and
size of particles in the water.
Small particles scatter more
light than large ones and
more particles result in more
light scattering than fewer
particles.

Turbidity reached a minimum in later April was fairly constant during the summer and
then showed dramatic peaks in late September in the river and November in the cove
(Figure 17). These patterns were very similar to those in Secchi depth and light

attenuation coefficient.
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Ammonia nitrogen measures the
Gunston Cove Study - 2003 amount of amn?onium ion (NH,")

0.30 and ammonia gas (NH3)

, dissolved in the water. Ammonia
—@— Station 7 . . . .
0254 |0 Station9 nitrogen is readily available to
algae and aquatic plants and
acts to stimulate their growth.
While phosphorus is normally
the most limiting nutrient in
freshwater, nitrogen is a close
second. Ammonia nitrogen is
rapidly oxidized to nitrate
nitrogen when oxygen is present
in the water. So, elevated levels
of ammonia nitrogen (>0.5 mg/L)
are generally associated with
nearby discharge of wastewater.
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Figure 18. Ammonia Nitrogen (mg/L). GMU Field Data. Month tick is at first day of
month.

Ammonia nitrogen was generally higher at the river station than in the cove (Figure 18).
Cove values were generally in the range 0-0.05 for most of the year. A much higher
reading of 0.25 mg/L was observed in December. Following a low in early April, river
values increased steadily from below 0.05 mg/L in May to above 0.20 mg/L in early
August. A decline in late August was followed by steady values of about 0.05 mg/L for
the remainder of the year. Un-ionized ammonia exhibited a steady rise from March
through early August in both river and cove, peaking at 0.035 mg/L in the cove and 0.01
mg/L in the river (Figure 19). Values were substantially lower for the remainder of the
year.
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0.04

Un-ionized ammonia nitrogen
o S refers to ammonia gas (NHs)
-0~ Station 9 ; P i
dissolved in the water. This form
is of interest because of its
toxicity to aquatic life. The
amount of un-ionized ammonia
is a function of total ammonia,
pH, and temperature. pH is
especially important since as pH
rises above 9, un-ionized
ammonia rapidly increases. Un-
ionized ammonia concentrations
above 1 mg/L are considered
toxic to aquatic life.
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Figure 19. Un-ionized Ammonia Nitrogen (mg/L). Noman Cole Lab Data. Month tick is
at first day of month.
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Nitrate nitrogen refers to the
amount of N that is in the form of
nitrate ion (NOgz). Nitrate ion is
the most common form of
nitrogen in most well oxidized
freshwater systems. Nitrate
concentrations are increased by
input of wastewater, nonpoint
sources, and oxidation of
ammonia in the water. Nitrate
concentrations decrease when
algae and plants are actively
growing and removing nitrogen
as part of their growth.

Figure 20. Nitrate Nitrogen (mg/L). Noman Cole Lab Data. Month tick is at first day of
month.

Nitrate nitrogen followed similar trends in river and cove (Figure 20). Spring nitrates of
about 1.5 mg/L gradually declined to about 0.9 mg/L in the river and 0.5 mg/L in the
cove by early September. In late September nitrate exhibited a strong increase to above
1.5 mg/L. These higher values were sustained through the fall except for November in
the cove when values dropped temporarily. Nitrite nitrogen was very low in the spring
and then somewhat elevated in August before declining again in the fall (Figure 21).
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Nitrite nitrogen consists of
nitrogen in the form of nitrite ion
(NOy). Nitrite is an intermediate
in the oxidation of ammonia to
nitrate, a process called
nitrification. Nitrite is usually in
very low concentrations unless
there is active nitrification.

Figure 21. Nitrite Nitrogen (mg/L). Noman Cole Lab Data. Month tick is at first day of
month.
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Organic nitrogen measures the
nitrogen in dissolved and
particulate organic compounds
in the water. Organic nitrogen
comprises algal and bacterial
cells, detritus (particles of
decaying plant, microbial, and
animal matter), amino acids,
urea, and small proteins.
When broken down in the
environment, organic nitrogen
results in ammonia nitrogen.
Organic nitrogen is determined
as the difference between total
Kjeldahl nitrogen and
ammonia nitrogen.

Figure 22. Organic Nitrogen (mg/L). Noman Cole Lab Data. Month tick is at first day of

month.

Organic nitrogen increased from low values in spring to higher levels in late summer in
both cove and river (Figure 22). The increase occurred in the late spring-early summer in
the cove and values were fairly constant through early September. In the river the
increase was delayed through July and a sharper peak was found in late August. Also in
the river, organic nitrogen declined strongly in the fall.




23
Gunston Cove Study - 2003

0.22 Phosphorus (P) is often the
020 1 | —e— station 7 limiting nutrient in freshwater
O~ Station 9 Q ecosystems. As such the
0.18 - concentration of P can set
- the upper limit for algal
g 016 growth. Total phosphorus is
@ 0.14 the best measure of P
> . . .
5 availability in freshwater
5 0127 since much of the P is tied
2 010 up in biological tissue such
f_; as algal cells. Total P
5 0.08 includes phosphate ion
0.06 (PO4®) as well as phosphate

inside cells and phosphate
0.04 + bound to inorganic particles
such as clays.
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Figure 23. Total Phosphorus (mg/L). Noman Cole Lab Data. Month tick is at first day of
month.

Total phosphorus was fairly constant through much of the year in the range of 0.06-0.12
mg/L at both stations (Figure 23). Exceptions were lower values in April and May in the
cove and higher values in August in the river and November in the cove. Soluble
reactive phosphorus was consistently higher in the river than in the cove (Figure 24). In
both areas values were lowest during mid summer, the time of maximum utilization of
SRP by algae. The decline in late April was also a time of high photosynthesis as
suggested by DO and pH.
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Figure 24. Soluble Reactive Phosphorus (mg/L). Noman Cole Lab Data. Month tick is at
first day of month.
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Gunston Cove Study - 2003 N:P ratio is determined by
summing all of the compon-
ents of N (ammonia, nitrate,
—@— Station 7 nitrite, and organic nitrogen)
504 | O Staton9 and dividing by total P. This
ratio gives an indication of
whether N or P is more likely
to be limiting primary produc-
tion in a given freshwater
system. Generally, values
above 16 are considered
indicative of P limitation while
values below 16 suggest N
limitation. N limitation could
lead to dominance by cyano-
bacteria who can fix their own
N from the atmosphere.
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Figure 25. N/P Ratio (by mass). Noman Cole Lab Data. Month tick is at first day of
month.

N/P ratio exhibited a familiar pattern with lowest values observed in late summer at both
stations (Figure 25). Most of the readings were above 16 indicating P limitation, but the
late summer value in the river was near 10 suggesting the possibility of N limitation.
Biochemical oxygen demand (BOD) was consistently higher in the river than in the cove
and was generally higher in summer than spring and fall. An outlier from this pattern was
the peak in November in Gunston Cove (Figure 26).

Gunston Cove Study - 2003 - -
Biochemical oxygen demand

6 (BOD) measures the amount
_e— Station 7 of decomposable organic
5] | O Station9 matter in the water as a

function of how much oxygen it
consumes as it breaks down
over a given number of days.
Most commonly the number of
days used is 5. BOD is a good
indicator of the potential for
oxygen depletion in water.
BOD is composed both
dissolved organic compounds
in the water as well as
microbes such as bacteria and
algae which will respire and
consume oxygen during the
period of measurement.

BOD (mg/L)
w

O T T T T T T T T T
Mar Apr May Jun Jul Aug Sep Oct Nov  Dec Jan

Figure 26. Biochemical Oxygen Demand (mg/L). Noman Cole Lab Data. Month tick is at
first day of month.
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Total suspended solids (TSS) is
measured by filtering a known
amount of water through a fine
filter which retains all or virtually
all particles in the water. This
filter is then dried and the weight
of particles on the filter
determined by difference. TSS
consists of both organic and
inorganic particles. During
periods of low river and tributary
inflow, organic particles such as
algae may dominate. During
storm flow periods or heavy
winds causing resuspension,
inorganic particles may
dominate.

Figure 27. Total Suspended Solids (mg/L). Noman Cole Lab Data. Month tick is at first
day of month.

Total suspended solids were fairly constant and covered a similar range in the river and
cove through most of the year (Figure 27). Values outside a general range of 10-30 mg/L
were found in November with about 35 mg/L in the river and nearly 70 mg/L in the cove.
Volatile suspended solids were typically greater in the cove than in the river (Figure 28).
A seasonal pattern was clear in the cove with higher values in the summer except for the
maximum in November. In the river lower levels were observed except in late August
when river VVSS was slightly higher than in the cove.
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Volatile suspended solids (VAS)
is determined by taking the filters
used for TSS and then ashing
them to combust (volatilize) the
organic matter. The organic
component is then determined
by difference. VSS is a measure
of organic solids in a water
sample. These organic solids
could be bacteria, algae, or
detritus. Origins include sewage
effluent, algae growth in the
water column, or detritus
produced within the waterbody
or from tributaries. In summer in
Gunston Cove a chief source is
algal (phytoplankton) growth.

Figure 28. Volatile Suspended Solids (mg/L). Noman Cole Lab Data. Month tick is at
first day of month.
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C. Phytoplankton

Gunston Cove Study - 2003

Chlorophyll a is a measure of
the amount of algae growing in
—e— Station 7 the water column. These

O Station 9 suspended algae are called
phytoplankton, meaning “plant
wanderers”. In addition to the
true algae (greens, diatoms,
cryptophytes, etc.) the term
phytoplankton includes
cyanobacteria (sometimes
known as “blue-green” algae.
Both depth-integrated and
surface chlorophyll values are
measured due to the capacity
of phytoplankton to aggregate
near the surface under certain
conditions.
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Figure 29. Chlorophyll a (ug/L). Depth-integrated. GMU Lab Data. Month tick is at the
first day of month.

Chlorophyll a exhibited a distinct seasonal pattern in both river and cove and the pattern
was quite similar in both depth-integrated (Figure 29) and surface (Figure 30) samples. In
the cove chlorophyll levels increased fairly steadily from early April to late August/early
September. Two exceptions to this steady increase were low values in late May and in
early August. A major decline in chlorophyll a was observed in late September
corresponding with the passage of Hurricane Isabel. A recovery was observed in
October, but November and December continued the seasonal decline. In the river a
distinct peak was observed in late April followed by low chlorophyll a levels in May and
June. Values increased in July and reached a distinct peak in late August.
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""" ation 9 very little difference in surface
and depth-integrated
chlorophyll levels because
tidal action keeps the water
well-mixed which overcomes
any potential surface
aggregation by the
phytoplankton. Summer
chlorophyll a concentrations in
excess of 30 ug/L are
generally considered
characteristic of eutrophic
conditions.
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Figure 30. Chlorophyll a (ug/L). Surface. GMU Lab Data. Month tick is at first day of
month.
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Chlorophyll a measures the
standing crop of phytoplankton
while photosynthetic rate
measures their productivity.
Phytoplankton are primary
producers meaning that they
take CO, and sunlight and
create living tissue by the
process of photosynthesis. This
can then serve as food for
animals and other living things.
Since light is a factor in
photosynthesis and light varies
in the environment,
measurements are made in the
lab under ideal light conditions
so that these rates can be
compared between samples.

Figure 31. Photosynthetic Rate at Light Saturation (ugC/L/hr). Month tick is at first day

of month.

Photosynthetic rate followed patterns similar to those in chlorophyll a (Figure 31). In the
cove there was a gradual increase reaching a seasonal peak in August and early
September. A major decline was observed in late September with the passage of
Hurricane Isabel. In the river the spring peak was apparent and the seasonal maximum
occurred in August and early September followed by the Isabel decline. Photosynthetic
rate per unit chlorophyll (P®.ax) was generally from 3-10 mgC/mgChla/hr. Exceptions
were several high values in the river in spring and early summer.

25

Gunston Cove Study - 2003

20 A

PBmax (mgC/mgChla/hr)

15 A

10 A

0

Photosynthetic rate is a function
not only of light but of the
amount of phytoplankton
present. To get a measure of the
rate that accounts for differences
in the total amount of
phytoplankton in the water, we
can determine how much living
tissue is created per unit of
chlorophyll. This could be viewed
as a measure of growth
potential.
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Figure 32. P®x (MgC/mgChla/hr). Month tick is at first day of the month.




