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PHYSICAL AND CHEMICAL PROPERTIES OF THE POTOMAC RIVER AND ENVIRONS

JANUARY 1978

Compiled and Edited by Richard E. Smith
and Raynol E. Herndon

ABSTRACT

Basic data on the physical and chemical properties measured during
January 1978 on the tidally influenced Potomac River and estuary are
presented herein. Three surface profiles and 19 vertical profiles were
made of the distributions of salinity, temperature, chlorophyll-a
fluorescence, dissolved oxygen,orthophosphate, nitrate+nitrite, nitrite,
ammonia, and silicate. Additional analyses were performed on discrete
samples collected for particulate organic carbon, alkalinity, pH,
suspended particulate matter, total phosphate, total nitrogen, total

dissolved phosphate, and total dissolved nitrogen.



INTRODUCTION

The broad goals of the U.S. Geological Survey's estuarine studies
are to understand hydrodynamic, chemical and biological processes by
:which, and to measure rates at which, water, solutes, particulate
matter, and organisms interact in a river-estuarine system, and to
develop and verify conceptual and numerical models of these inter-
actions. (See also Conomos et al. 1978).

Field activities in the Potomac River estuary (Fig. 1) were organized
to provide a detailed overview as background for a five-year study of
the estuary begun by the Geological Survey in 1977 (Bennett 1979). The
sampling dates were chosen to examine the three major seasonal extremes:

1. The period of low river discharge anmd high
insolation in late summer, when the maximum effects
of nonconservative processes should occur;

2. The period of high river discharge and low insolation
in winter, when rates of nonconservative processes are
minimal; and

3. The period of moderate river discharge and high
insolation in late spring, when maximum rates of
biological production begin.

This report is based on observations made during period 2,

January 1978. The measurements included here are salinity, temperature,
concentrations of dissolved oxygen and carbon dioxide, pH of the water,
abundance of plant nutrients, and abundance, size, and composition
(organic and mineral) of suspended and sedimented particulate mbtter
such as shown by such measurements as those of chlorophyll a concentra-
tions. Scientific personnel and their primary areas of responsibility

are listed in Appendix A.



METHODS
Sampling System. - Because the study of estuarine-transport processes
is extremely complex, a program which can adequately define a system
:that is influenced by widely varying factors such as basin morphology,
river inflow, tidal and density-induced water movements, and short-term
biochemical processes is difficult to design. A first step in the design
was a comprehensive automated sampling system capable of continuous and
rapid analyses. In many of the analyses somewhat less than "state-of-the-
art" accuracy was accepted in favor of automation. Salinity, for example,
is measured continuously and instantaneously as a function of conductivity,
with precision and accuracy better than 0.2 o/oo; this method is well
suited for estuarine salinity ranges, giving better than l-percent resolu-
tion in the range of values observed (2-25 °/oo) .

An automated sampling and data-acquisition system developed for work
on San Francisco Bay (Schemel and Dedini, 197%9a) was installed with modi-
fication on the R/V Aquarius, a 50-foot vessel operated by the Chesapeake
Biological Laboratories. The system has two sampling modes, one for
longitudinal or surface profiling and one for vertical profiling. In
the surface-profiling mode, water was pumped from a through-hull fitting
located at a depth of approximately one meter. Vertical profiles were
performed by lowering a submersible pump with attached temperature and
depth sensors. The pumped sample was split for the various continuous
and discrete analyses (Table 1).

Position. - Station positions (Fig. 1, Table 2, Table 3) were determined
using radar and visual sightings of local landmarks. They are freported
herein to the nearest 0.1 kilometer, in the Universal Transverse

Mercator system (UTM), which allows direct computation of distances.



(Richardus and Adler,1972). For convenience of entry and manipulation,
only significant digits have been included and the kilometer has been
assigned unit position (for example, a UTM position of 419,000 M North
would appear as 190.0N). Discrete samples were generally collected
wf;hin 30 seconds of a station mark. For stations sampled under way

while profiling at maximum speed of 28 km/hr (15 knots), this converts

to a potential relative error in station position of 0.2 km. Vertical
profiles of water properties were made after anchoring on station if currents
or wind were excessive; the pump was then lowered to selected depths
(usually 0, 2, 5, 10, 15 and 20 m if water depths permitted) and allowed
to equilibrate (usually 3-5 min) before sampling. Rgadings were recorded
and discrete samples collected for subsequent analysis. The procedure was
then repeated for additional sampling depths.

Time. - All times are Eastern Standard Time (local time).

River Mile. - The axial distance, in nautical miles from the line drawn
between Smith Point and Point Lookout at the mouth of the Potomac River
(National Oceanographic and Atmospheric Administration Chart 12285). The
river mile designation for stations not located along the axis were
determined by drawing a line normal to the axis through the station.
Temperature. - Measurements were made using linearized thermistors mounted
on a submersible pump and in line just after the deck pump, about 3 m
from the intake. The temperature circuits were calibrated daily at the
ice point (0°c) and at room temperature (20-30°C). Periodic checks with
standard laboratory thermometers agreed within t0.2%.

Depth. - The pump depth was determined using a pressure transducer having
an accuracy of *1 m. Readings listed as zero meters are actually repre-

sentative of a pump-intake depth of about 0.2 m. Samples taken via the



surface-profiling intake are listed at a depth of 1 m. The actual depth
varied at least 50 percent depending on sea state and ship speed.
Salinity.- A flow-through induction salinometer sas used and calibrated
at rougnly 2-°/oo intervals by collecting discrete samples for subse-
queﬁt analysis using a Beckman RS7-B laboratory salinometer.l/ Under
stable conditions, salinity differences of less than 0.05 o/oo were
observed.

Sigma-t.- This oceanographic expression of density is calculated as a
function of temperature and salinity according to Knudson's equation

(Table 3).

Dissolved Oxygen.- Carpenter's (1965) modification of the Winkler

titration was used for determinations of dissolved oxygen. Samples were
collected in 125-ml titration flasks,with care taken to minimize

atmospheric contamination, then fixed in the basic form and held up to

two hours before acidification and titration to a starch end point with

0.2 N thiosulfate. Precision of analysis was t 4‘pg-at/L3/. Nitrite is
known to interfere with the analysis. In comparisons made with the azide mod-
ification of the Winkler method (American Public Health Assoc., 1972), using
San Francisco Bay water, the error was found to be stoichiometric, i.e.,

1 pm (Noz) is equivalent to 1 pg-at (0). Additional errors due to high
content of dissolved organic material in the metropolitan Washington, D.C.,
area were observed. In these areas the titration end points drifted slowly

positively as interfering reactions continued to release free iodine. All

samples were titrated rapidly, but all samples collected in the vicinity of

Y The mention of brand names is for identification purposes and does not
constitute endorsement by the U. S. Geological Survey.

2/ Conversion factors for concentration units are listed in Appendix B.

i-6



the Blue Plains outfall (river mile 90 to 95) probably have a positive bias.
AOU.-Apparent oxygen utilization (AOU) is calculated as the difference
between the saturation concentration of dissolved oxygen at the sample
temperature and salinity and the observed concentration of dissolved

o£}gen (Table 3). Samples having a concentration greater than the
saturation concentration therefore have a negative AOU.

Percent Oxygen Saturation.-Similarly,percent saturation is an

expression of the closeness of an observed oxygen concentration to the
equilibrium or saturation concentration. Rather than a difference,
percent saturation is the ratio of the observed value to the saturation
value (Table 3).

Dissolved Oxygen Probe -In addition to discrete titration for dissolved

oxygen, a polarographic-type oxygen probe was used to determine variations
in oxygen saturation. The probe was on line with other continuous-measure-
ment equipment and was used primarily to obtain instantaneous approximations
of oxygen saturation. Each day the instrument output was adjusted to read
100 in air and 0 in a sodium sulfite solution. Correlation with oxygen
percent saturation determined by titration agreed within 5 to 10 percent
saturation.

Micronutrients.-All micronutrient analyses were performed using a Technicon

AutoAnalyzer. The sample signal was referenced to single upscale standards
and blanks which were analyzed at 2- and 4-hour intervals. The linearity of
each of the analyses was confirmed before initial data collection and at times
of suspected malfunction.

Because of space constraints aboard ship our usual configuraﬁion, in
which the AutoAnalyzer is placed on line via continuous filtration, was

not used. Instead,discrete samples were collected at each location,
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filtered onboard ship, refrigerated, and returned to a dockside laboratory
for analysis within 24 hours. Glass-fiber filters with a nominal pore
size of 0.3u were used to remove suspended matter. High winds, ice flows,
and high river discharge combined to increase the suspended sediment load
fr;m summer values of less than 50 mg/L (Smith 1979) to over 100 mg/L
during this sampling period. Under these conditions our filtration was
found to be inadequate (Harmon and Smith, 1980). It became necessary

to rerun samples through the AutoAnalyzer, without reagents, to determine
and account for the turbidity remaining after filtration. Specific
analytical methods are as follows:

Silicate.- The method is an adaptation of Technicon Corporation (1976)
method AII 105-71W. The sample tube has been reduced to half the normal
delivery rate in order to extend the linear range to 320 uM/L. Absorbance
is measured at 660 nm and a 3 percent precision is observed over a 2- to 300-
MM/L range in concentration.

Ortﬁophosphate.-The method is a modification of the method of Atlas
et al. (1971), using ascorbic acid (70 g/L with 50 mL acetone/L) instead
of hydrazine sulfate as a reductant. This change was made to enable
analysis of samples predigested with hydrogen peroxide and ultraviolet
light. Absorbance is measured at 660 nm and a 3 percent precision is
observed over a 2- to 30-uM/L range in concentration.

Nitrate+nitrite.-The method is Technicon Corporation (1973) method
number AII 100-70W with one additional 20-turn coil added for better
stability with respect to room temperature. Nitrate is reduced to nitrite
by passing the sample through a cadmium reduction column. Color rzagent

is then added and the absorbance is read at 540 nm. A precision of

3 percent is observed over a range in concentration of 1 to 80 uM/L.



Nitrite.- The Technicon Corporation (1973) method number AII 100-70W,
for nitrate + nitrite, was used with the cadmium column removed. In order
to fit all five analyses on a single Technicon proportioning pump, the
sample/ammonium chloride mixture was drawn from the debubbler which precedes
tﬁé cadmium column in the nitrate + nitrite analysis. Absorbance was
measured at 540 nm and a precision of 3 percent was observed over the
range 1 to 50 uM/L.

Ammonia.- The analysis is an automated version of the method of
Solorzano (1969), similar to that of Head (1971). The absorbance of
the phenolhypochlorite complex is measured at 630 nm and has a precision
of 3 percent observed over the range 5 to 100 uM/L.

Total Particulate and Total Dissolved Nutrients.- In order to distinguish

between the effects of conservative and nonconservative processes on the
distribution of dissolved inorganic nutrients, the distribution of the
particulate phase also must be known. Analysis for particulate phosphate,
carbon, or nitrogen has traditionally involved high-temperature acid
oxidation. Recently ultraviolet light has been used to catalyze the
oxidation of dissolved organic matter (Armstrong, Williams and Strickland,
1966) . Even though complete oxidation of particulate matter may not be
achieved using ultraviolet radiation, we feel that it does provide an
accurate and reproduceable estimate of the labile or rapidly oxidizable
fraction available for mineralization and recycling by phytoplankton on a
time scale of days to weeks. In addition, sample handling and sources of
reagent contamination are reduced using UV digestion.

The system described by Armstrong et al. (1966) was used for:irradia-
tion. Two drops of peroxide was added to each of twelve samples blaced at an equal

distance surrounding a 1200-watt UV mercury-arc tube for a period of four to
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six hours. Irradiation of duplicate filtered and unfiltered samples

was carried out using this apparatus. The irradiation time was determined

by splitting a sample into twelve subsamples and analyzing at 30-min intervals
for a period of irradiation of 1 to 6 hours. After one hour a stable
co;centration for phosphate was achieved; oxidation of ammonia to nitrate
reduired three hours. To insure complete oxidation samples were digested

for six hours. Standards supplied by the Quality Control Laboratories of

the Environmental Protection Agency for organic phosphate and nitrogen

were analyzed and better than 90 percent recovery was achieved.

The values given in this report for total particulates, total
dissolved nitrogen, and total dissolved phosphate are averages of two
digestions each for filtered and unfiltered portions of a sample. The
unfiltered samples were digested as described above, filtered to remove
refractory material, and then analyzed using the methods for dissolved
inorganic materials documented above.

Turbidity. - This determination was made using a Turner Designs nephel-
ometer, a device that measures light scattered at 90° by suspended
particulate matter. All values presented here have been converted to a

single scale for ease of comparison.

Fluorescence. -In vivo fluorescence was measured using a Turner Designs
model 10 fluorometer equipped with a flow-through cell. As with turbidity,
all readings have been converted to a single scale. Using discrete
chlorophyll measurements on samples collected at nearby stations,
fluorescence can be used to estimate chlorophyll -.

PH. ~The pH measurements were made on discrete samples or are on-line
measurements which have been corrected on the basis of calibratiog with
discrete samples. As with oxygen samples, when pH samples were collected

care was taken to eliminate all bubbles and the container was allowed to
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overflow. The sample was then placed in a constant-temperature bath

and brought to within 1°C of the temperature of the buffer solution
(usually 20 to 25°C) . A combination electrode was used to

determine the pH of the stirred sample within one hour of the sample
c;llection. In situ pH is calculated as described in Strickland and
Parsons (1972).

Total CO,. - Water samples for icoz analyses were collected in 125-mL
amber glass bottles. Bottles were filled from the bottom, preserved with
0.2 misaturated l-lgC12 solution, then refrigerated until analysis. Aliquots
(approximately 1 mL) were injected into a gas-stripper cell, containing
0.5mL of 0.1M H_PO, solution, in which evolved C02 is carried in the flow

3 4

of nitrogen gas to a non-dispersive infrared analyzer and CO, peaks are

2
related to standard solutions of Na2C03. Computed areas for replicate
injections of samples agreed within %1 percent. The accuracy of the
method is estimated to be %2 to 3 percent of value.

Alkalinity. - Total alkalinity was determined by the pH method described
by Culberson et al (1969). Samples were filtered using Gelman type A
glass—fiber filters and stored up to 5 days before analysis. Precision
of the analysis is $0.02 meg/L.

Suspended Particulate Matter.- Gross suspended particulate material was

estimated gravimetrically by filtering a known volume of water sample
through a preweighed 0.45-u silver filter. After drying in air for

2 to 4 weeks the filters were reweighed and concentrations calculated.
The precision is 20 percent and is dependent on the mass of the filter
cake.

Particulate Organic Carbon.- A modified Menzel and Vaccaro (1964) method

was used to determine particulate organic carbon. Each sample was

collected on a glass-fiber filter which has been prepared by being heated
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to 450°C. The sample was then wet oxidized in a sealed glass ampule
using potassium persulfate. The co2 content of each ampule was determined

using a Beckman model IR 215A infrared analyzer. Standard curves were
p;epared using sucrose solutions. The precision of the analysis is

ahouc 10 percent over a range of 5 to 800 uM/L (Schemel and Dedini, 1979Db).
Chlorophyll a.- Discrete chlorophyll samples were analyzed according to
Strickland and Parsons (1972). Calculations were based on the trichro-

matic equation recommended by SCOR-UNESCO Working Group 17 (1966). Precision

of the analyses was 0 percent, as calculated from replicates.

Extinction Coefficient.- Attenuation of incident radiation was determined

while at anchor obtaining vertical profiles of water properties. Photo-
synthetically active radiation (400-700 nm) was determined using a

Li CorR 1925 quantum sensor. Quanta measurements were recorded at 6-7
depths over the photic zone. The resulting depth profile was fitted to
an exponential curve. The exponential derivative of the log of light

corresponds to the extinction coefficient of the water column.
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DATA
Longitudinal, vertical, and single-station time-sequence data
are presented in chronological order. Table 4 can be used as an

index to the data.

v

i-13



ACKNOWLEDGMENTS

We thank the captain and the crew of the R/V Aquarius for
their able assistance and cooperation in modifying and adapting the
_Aqmrins to our requirements.

Our logistical and analytical problems would have been much
greater without the laboratory space and cooperation given by the
U.S. Coast Guard facility at Alexandria, Virginia.

Appreciation is also expressed for the logistical support

provided by James P. Bennett and R. Edward Hickman.

i-14



. REFERENCES

American Public Health Association, Inc., 1972, Standard Methods for
examination of water and waste water: New York, p. 405-41S5.

Ax;ntrOng, F. A. J., Williams, P. M., and Strickland, J. D. H., 1966,

| Photo-oxidation of organic matter in sea water by ultraviolet

radiation, analytical and other applications: Nature 211: 481-483.

Atlas, E. L., Hager, S. W., Gordon, L. I., and Park, P. K., 1971, A
practical manual for use of the Technicon AutoAnalyzer in sea-
water nutrient analyses, revised: Department of Oceanography,
Oregon State University, Ref. 71-22.

Bennett, J. P., 1979, Interdisciplinary Potomac estuary study work plan,
U. S. Geological Survey Open-File Report (in preparation).

Carpenter, J. H., 1965, The Chesapeake Bay Institute technique for the
Winkler dissolved oxygen method: Limnol. Oceanogr. 10:141-143.

Conomos, T. J., Nichols, F. H., Cheng, R. T., and Peterson, D. H.,
1978, Field and modeling studies of San Francisco Bay, vol. 3,
Coastal Zone '78, Symp. on technical, environmental, socioeconomic
and regulatory aspects of coastal zone management, March 14-16,
San Francisco.

Culberson, Charles, Pytkowicx, R. M., and Hawley, J. E., 1969, Seawater
alkalinity determination by the pH method: Jour. Mar. Res. 28:15-21.

Harmon, D. D. and Smith, R. E., 1980, Improved filtration techniques for
discrete and continuous nutrient analysis in an estuarine environment
(in prep.).

Head, P. C., 1971, An automated phenolhypochlorite method for the

determination of ammonia in seawater: Deep Sea Res. 18:531-532.

i-15



Knudsen, Martin, 1901, Hydrographic tables: G. E. Gad, Copenhagen, 63 p.

Menzel, D. W., and Vaccaro, R. F., 1964, The measurement of dissolved
organic and particulate carbon in seawater: Limnol. Oceanogr.

. 9:138-142.

Richardus, Peter, and Adler, R. K., 1972, Map projections for geodesists,
cartographers and geographers: America Elsevier, Inc., New York.

Schemel, L. E., and Dedini, L. A., 1979a, A continuous water-sampling
and multiparameter-measurement system for estuaries: U. S.
Geological Survey Open-File Report. 79-273.

Schemel, L. E., and Dedini, L. A., 1979b, Particulate organic carbon
in San Francisco Bay, California, 1971-1977: U. S. Geological
Survey Open-File Report 79-512.

SCOR-UNESCC Working Group 17, 1966, Determination of photosynthetic
pigments in seawater, in Monographs on oceanographic methodology:
Paris, United Nations Educational, Scientific, and Cultural
Organization, v. 1, 63 p.

Smith, R. E., and Herndon, R. E., 1979, Physical and chemical properties
of the Potomac Estuary, August 1977-September 1977: U. S. Geological
Survey Open-File Report 79-1635.

Solorzano, L., 1969, Determination of ammonium in natural waters by the
phenolhypochlorite method: Limnol. Oceanogra., v. 14, p. 799-801.

Strickland, J. D. H., and Parsons, T. R., 1972, A manual of seawater
analysis (2nd ed.): Fish. Res. Bd. Can., Bull., 167, 310 p.

Technicon Corporation, 1973, Nitrate and nitrite in water and waste-
water, Technicon AutoAnalyzer II, Industrial Method No. 100-70W:

released: Sept. 1973.

i-16



Technicon Corporation, 1976, Silicates in water and wastewater, Technicon
AutoAnalyzer II, Industrial Method No. 105-71WB: released: Feb. 1973/
revised Jan. 1976.

Weiss, R. F., 1970, The solubility of nitrogen, oxygen and argon in

water and seawater: Deep Sea Res. 17:721-735.

i-17



Figure 1. Hydrographic Sampling Stations
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Table 1. Summary of analytical methods
Variable Primary Reference or 1/
(ABBREVIATION) Manufacturer of Instrument Units Precision~
Time local % min
Station
(STA)
River Mile NOAA Chart 12285 nmi %0.01
(RIV MI)
Position UT™M 0.2 km
(UTM-N & UTM-E)
Depth Gentran Inc. meters 0.2 m
Temperature Yellow Springs Inst. Co. deg C $0.1 deg C
(TEMP)
Salinity W. Peterson PPt 0.05 °/oo
(SALIN) (consultant)
Dissolved oxygen Carpenter (1965) pg-at/L %4
(DIS OXY)
Dissolved Oxygen Schemel and Dedini, t7 percent
(02 PROB) 1979
Silicate Technicon Corporation #AM/L 3 percent over range
(Sioz) (1976) 20 to 300
Or thophosphate Atlas et al. (1971) naM/L 3 percent over range
(PO4) 2 to 50
Total phosphate Armstrong et al. aM/L 5 percent over range
(TOTAL PHOSPH) (1966) 2 to 100
Total @issolved Armstrong et al BAM/L 5 percent over range
phosphate (1966) 2 to 100
(DISSOL PHOSPH)
Nitrate+nitrite Technicon Corporation mM/L 3 percent over range
(N03+N02) (1973) 1l to 80
Nitrite Technicon Corporation AM/L 3 percent over range
(Noz) (1973) 1l to 50
Y Where possible estimates of precision are based on splits of discrete samples
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Table 1 - Cont'd.

Variable Primary Reference or 1/
(ABBREVIATION) Manufacturer of Instrument Units Precision™
Ammonia Solorzano (1969) AM/L 3 percent over range
(NH3) 5 to 100
Totdl nitrogen Armstrong et al. (1966) aM/L 5 percent over range
(TOTAL NITROG) 1 to 200
Total dissolved Armstrong et al. (1966) AM/L 5 percent over range
nitrogen 1 to 200

(DISSOL NITROG)

Turbidity G. K. Turner Associates 5 percent
(TURB)

Chlorophyll-a G. K. Turner Associates 5 percent
{FLUOR)

Extinction LiCor Corporation

coefficient

(EXT COEFF)

Particulate Menzel and Vaccaro (1964) pM/L 10 percent over range

organic carbon 5 to 250

(POC)

Discrete Strickland and Parsons $10 percent

chlorophyll (1972)

(DIS CHL)

Alkalinity Culberson et al. (1969) meg/L $0.02

(ALKALIN)

pH Strickland and Parsons %0.005 units
(1972)

Total CO2 Schemel (in prep.) 31 percent

Suspended mg/L 20 percent

particulate

matter

(SPM)

1/,

=~ Where possible estimates of precision are based on splits of discrete samples
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Table 2. Locations of Hydrographic Stations

_UTM Station
STA. ¢ &"‘/ N E Sampling Area N. Latitude W. longityde
] (]
1 - 314.2 379.4 Chesapeake Bay 38° .58.2 76°  23.5
2 ¥ 241.9 384.5 Chesapeake Bay 38 19.2 76 19.3
3 : 199.0 400.0 Chesapeake Bay 37 56.1 76 8.3
4 4.4» 207.8 382.1 Potomac River 38 0.7 76 20.6
5 12.5 213.2 366.8 Potomac River 38 3.5 76 31.1
6 11.9* 215.0 369.7 Potomac River 38 4.5 76 29.1
? 12.0 217.2 371.2 Potomac River 38 5.7 76 28.1
8 11.0 222.3 372.9 St. Marys River 38 8.5 76 27.0
9 11.0 227.3 373.9 St. Marys River a8 11.2 76 26.4
10 24.7 225.3 350.9 Potomac River 38 9.9 76 4°.1
11 24.9* 228.2 350.5 Potomac River 38 11.5 76 42.4
12 24.8 231.8 351.0 Potomac River 38 13.4 76 42.1
13 30.5 238.6 340.1 Wicomico River 38 17.0 76 49.7
14 32.4* 234.6 338.3 Potomac River 38 14.8 76 50.9
15 32.6 232.2 336.3 Potomac River 3e 13.5 76 §2.2
16 33.3 229.3 333.9 Potomac River 38 11.9 76 53.8
17 43.0« 246.7 326.0 Potomac River 38 21.3 76 59.4
18 47 .4» 253.2 322.2 Potomac River 38 24.7 77 2.2
19 52.5 248.8 313.0 Potomac River 38 22.2 77 8.4
20 52.9* 249.6 312.6 Potomac River 38 1 22.6 77 8.7
21 56.3+ 246.7 306.7 Potomac River 38 21.0 77 12.6
22 59.6 250.9 302.7 Potomac River 38 23.2 77 15.5
23 59.6+ 251.0 299.5 Potomac River 38 23.2 77 17.7
24 62.9 256.7 301.9 Potomac River 38 26.7 77 16.4
25 63.8 256.7 386.4 Potomac River 38 27,2 77 18.1
26 67.6x 265.7 301.7 Potomac River 38 31.2 77 16.5
28 70.9 270.1 305.2 Potomac River 38 33.6 77 14.1
29 75.4 275.3 311.2 Potomac River 38 36.5 77 10.1
30 78.0 277.8 315.2 Potomac River 38 37.9 77 7.4
3] 81.0e 283.0 315.0 Potomac River 38 40.7 77 7.6
32 85.1» 286.0 321.8 Potomac River 38 42.4 77 2.9
33 89.5 293.4 323.3 Potomac River 38 46.2 77 2.0
34 9.8 297.8 323.3 Potomac River 38 48.8 77 2.1
35 93.9« 301.5 324.4 Potomac River 38 50.8 77 2.4
36 95.4 303.5 325.7 Anacostia River 38 51.7 7 0.5
k ¥/ 95.0+ 303.2 323.9 Potomac River 38 51.9 77 1.8
8/ river mile

*/ Sampled this cruise "
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Table 3. Calculations
Sigma-t (Knudson, 1901; modified for salinity rather than chlorinity input)
Op = Iy + (oy + 0.1324) (1 = A+ B [ - 0.1324])

= -0.069 + 0.8141S - 0.0004811S> + 0.000006755°

r wtr-3.98)2(r 4 203
T 503.57(T + 67.26)

A_ = T(4.7867 - 0.098185T + 0.0010843T°)10 >

T(18.030 - 0.8164T + 0.01667T2)10 °

S = Salinity, /oo
T = Temperature, °C

Apparent oxygen utilization

= ' -
AOU 02 02

where oxygen saturation concentration (02') is calculated using the

equation of Weiss (1970)

Ln(Oz') =A *tA (100/T) + A3Ln('r/100) + A, (T/100) + Spl + 82('1‘/100) +
33('1'/1002]

For 02' in mL/L

T = absolute temperature

S = salinity

A, = -173.4292 B, = -0,033096

1 1
A2 = 249.6339 82 = 0.014259
A3 = 143.3483 33 = -0 .0017000
A‘ = «21.8492

02' ug-at/L = 02' mL/L (89.13)

Oxygen percent saturation

t
POS = 02/02 X 100%
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Table 4. Summary of sample collections

(Anchor Sta)
Name
. River Station Time Report
- Date Vessel Mile Vertical Range Series Page No.
24 January 1978 Aquarius  95.4-31.3 Yes - - 1
25 January 1978 Aquarius 32.5-95.8 Yes - - 5
31 Jamuary 1978 Aquarius 94.6-6.0 No - - 9
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C-14, chlorophyll, light
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Micronutrients
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Dissolved oxygen, zooplankton
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APPENDIX B

CONVERSION TABLE

From To Factor
bissolved oxygen Ug-at mg (0) 0.016
Dissolved oxygen ug-at nL(Oz) 0.0112
Nitrate + nitrite uM/Ll/ mg/L(N) 0.0140
Nitrite uM/L mg/L(N) 0.0140
Ammonia uM/L mg/L(N) 0.0140
Phosphate uM/L mg/L(P) 0.0310
Silicate uM/L mg/L(Si) 0.0281
Carbon uM/L mg/L(C) 0.0120

l/For any element, 1 gram atom = 1 Mole = 106 microgram atoms (ug-at),

and for elements which occur in a ratio of one atom per molecule, which
is the case for the nutrients listed above, 1 uM = 1 pg-at.

For elements which occur as diatomic species, such as oxygen, 1 uM(Oz) =
2 ug-at(0).
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U5, GERMOSICAL SURVEY - WATER RESGURCES DIVISION

ESTURINE STUBIES SROUP
rase ¢

DATE  ARLIAN DATE  CAUISE ¢ LOCATION VESSEL
NN W3 2 RTEC ® L

TIE RIVAL UTh-d UTHE BEPTH TP  SALIN  SIG-T DIS OXY AOU  DIS OXY 02 PROB TURDID EXT COEF MW POC

n ai ® 4 (Y ui-at/) u-at/1 I SAT w/l Wi
1114 .6 3028 3IN.7 1 0.0 0.0 .0 - = il ” 2,531 - 4.5 147
114 046 217 13 1 00 00 00 M % 19 ” 2350 . 0S5 1
1211 6.4 64 2.2 1 060 00 00 5 -2 1% LU 7 I . ns
1319 MY A4 44 1 .0 0.0 0.0 %1 -8 105 % 2.5 - "0 25
1455 450 2008 1.8 |} 0.0 W 00 W 12 " LR - niy »
1510 62,2 255.6 1.8 1 0.0 0.0 0.0 900 4 ” | 1 2-531 = . =
1528 3’.5 30,7 m.’ 1 0.0 0.0 0.0 ”e 14 ” “ 2,700 - 107.0 -
1553 5.4 47,3 W2 1 0.0 0.0 0.0 (2 b ] % [ ] 2,600 s d -
1608 2.6 250.3 2.8 1 0.0 0.0 0.0 m 2 ” 84 2.7“ - - 304
1615 1.1 1.4 5.4 1 0.0 0.0 0.0 m LY " ] 3,000 b - =
1630 .7 252.7 3.9 1 0.0 0.2 0.1 838 n ” n 2,400 = 104,0 27
1600 Q46 2.0 32%.0 1 0.0 0.4 0.4 ([} ] » ” n 2,200 = e =
1455 #0.7 42,4 3.6 1 0.0 1.3 1.0 & o8 ” n LW - 4.5 1
1710 B8 2.9 325 1 0.0 1.3 1.0 8% L] " 0 107 . » .
1725 .2 m-’ 340.0 1 0.0 2.7 20‘ [ 1Y) 2 % ® .M - a.8 8%
'm aol 2‘-2 l“.’ 1 0.0 ‘03 3;‘ "‘ L ” ” .om - - ”
74 250 283 3.2 1} 00 3 43 W 13 ” n oM - 0.0 -
1000 204 255 3.2 1 0.0 3.5 2. s 4 ” [+ 9.5% = - -
1810 17,6 2229 329 1 0.0 60 “ o -4 101 ”n 0 - 10,0 102
1820 144 2194 3475 1 00 05 49 W =27 103 7% 022 L N &
1030 1.4 2062 3.8 1 0.0 .4 2.4 B -2 102 n 0220 - 4.7 -
1040 0.5 34 I 1 0.0 10,1 1 ! -1 102 n 210 - - -
1850 60 1.3 M3 1 0.0 10,5 (T = 104 B 0 . S8 10
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U.5. GEROSICAL SURVEY - WATER RESOURCES DIVISION

rese 10
MTE  SLIM MATE  COWISE ¢ LECATION VEREL
Nmn MmN 2 POTONAL R ABMRIUS
THE RIVMI $i02 PO4 ME3H2 M2 90 TOTAL DISSOL TOTAL DISSOL FLUGR DIS O ALKALIN TOT CO2 oM
nei Wl Wl W1 W1 W] HITRIG NITRGS PHBSPH  MEBSPN wl ew/l WVl
114 N4 190 0.3 “07 .o” 7.8 » = - - 0,045 - 0.74 .0“ 7.9
"“ .o‘ ” .0" ".0 .0" ﬂ;ﬂ = - = - .0“2 ‘o” .'7‘ .o“ 70’2
‘2" “n‘ “ 1.2 8.4 (X ] “-“ - - - - .l“’ 0.60 0-70 - 70”
173 My w0 7 N1 68 1220 - = - - 002 3 0N - -
s S 7 kR N2 il N - - - = W SN 0% N -
1310 61.2 n on A .os‘ aou = - = o 0.“2 = - - 70“
1525 »s b [ /] nd4 *3 2.0 = = = . 0.082 % 0.7 0.0 nn
1553 - B ] n [N, 2%.0 [N, ] 3.0 - - ” 2 0.07% 5.0 = - 2.67
1608 2.4 n “n B3 0.62 3.0 - = * - 0,076 4.0 - - 7.62
1615 Sl.l 7% 2% ”02 .0“ 3.0 - - = = 0.07 = = = 7.60
IBO .7 ”n .0" l2.3 0.65 2.8 - - g - 0.070 30” .a“ - .68
1600 9.4 101 1.24 .7.2 0.41 .60 i - - - 0.063 - - - .n
‘“ ®».7 104 1.4 “o‘ .41 .9 - b -, - .0“’ ‘o. (B /] .o” .07
me Bl 105 1.4 ”.2 0.7 .60 = = - - 0,062 - - = .
1725 n.2 ” 1.06 n.s 0.5 22.10 = = = = 0,086 0 - 1.04 .02
1735 a1 [ ] 0.5 n.3 0,52 10.3 = - - = 0.123 13.30 - 1.04 .0
174 a1 ® 0.8 8.0 0.52 143 - - - - 0.149 14,40 = 1,07 .17
1000 2.4 ” 0.5 77.0 0.54 2.3 = = - = 0.118 10.30 - = a1
180 12,4 7% 03 WH 08 1080 - & - & 0,165 14,10 - .12 LY
1820 14.4 » 0.14 0.9 0.45 1.02 - - = - 0.1% ». - 1.10 .8
lm "o‘ g .-“ ﬂ.? .o“ .o“ - - - - 0.203 a.l. ll‘? = I.OS
‘“ | B L 0.26 ,107 0.47 .1 - - [ B lﬁ - - - .l“
1850 60 9 .t‘. ».5 O-S'.I 0.12 s = 0.206 ll.u 1.20 1,14 'c“
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