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1. INTRODUCTION 

The Occoquan Watershed lies on the southern periphery of the 

Washington, D. C., suburbs and includes portions of Fairfax, Prince 

William, Loudoun, and Fauquier Counties. 

In recent years there has been a rapid expansion of population 

in this area. Concomitant with this population increase has been 

a large increase in construction, paving, sewage treatment, and 

drinking water requirements. At the present time some 600,000 people 

in the four localities depend on the Occoquan and its tributary 

streams as a means of removing sewage effluent and/or as a source of 

drinking water. 

Arising with the rapid increases in population of this area has 

been an obvious eutrophication of the Occoquan reservoir. The 

drinking water obtained from the Occoquan, particularly in the summer 

months, is occasionally found by the general public to have a repul

sive odor and a disagreeable taste. Even more typical is the fact that 

the Fairfax County Water Authority spends very large sums of money 

each year on algicide for direct application to the reservoir to 

attempt to inhibit the development of nuisance algae. In addition to 

taste and odor problems, serious questions come to mind concerning 

the public health aspects of drawing water from a reservoir that is 

downstream from sewage treatment plants. 

In response to these public health questions and the concern 

for preservation of a major Northern Virginia water supply, the State 

I 
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Water Control Board of Virginia adopted a Policy of Waste Treatment 

and Water Quality Management in the Occoquan Watershed. The present 

research is part of the Water Quality Management program and seeks to 

document the particular causes of eutrophication encountered in the 

Occoquan Watershed. 

Nature of the Problem 

The Occoquan Reservoir is a long, narrow, relatively shallow 

impoundment that drains a total area of approximately 570 square 

miles. Within this drainage area are 11 sewage treatment plants that 

discharge directly into tributary streams of the reservoir. The 

treatment plant effluent contributes in excess of 5 million gallons 

per day to the drainage system. In addition, there are numerous non

point sources of potential pollutant such as urban drainage and 

agricultural drainage, and excessive levels of siltation are encount

ered due to the recent increase in construction. The apparent result 

of all these contributions is a reservoir that shows many of the 

characteristics of cultural eutrophication. 

As may be expected. the reservoir has high produrtivity, with 

high concentrations of algae in the epilimnion and extreme depletion 

of dissolved oxygen in the hypolimnion during periods of thermal 

stratification. At varying times during the summer season, and 

particularly during fall turnover, water samples show excessive values 

for odor. These periods of excessive odor typically correspond with 

the appearance, in bloom proportions, of such bluegreen algae as 
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Anabaena cipcinaZi8~ ~aPOOY8ti8 aePUgino8a~ or Aphanizomenon 

fZos-aquae. 

The entire watershed has a relatively short detention time 

such that storms are a major influence on water quality_ This has two 

main effects: (1) a scouring effect which tends to purge the reser

voir of organic and nutrient accumulations during the winter and 

spring, and (2) a mixing effect which tends to upset thermal strat

ification during the summer releasing algal nutrients from the hypo

limnion and making them available to rapidly growing algae at the 

surface. 

The present study is concerned with locating the sources and 

patterns of flow of algal nutrient through the watershed, and in 

demonstrating the relative effectiveness of several chemical 

parameters in predicting growth responses of the most troublesome 

algal types. 

Description of the Watershed 

The Occoquan Watershed, shown in Figure 1, drains a total area 

of 570 square miles. The Occoquan Creek subwatershed drains a total 

area of approximately 343 square miles, while Bull Run drains approx

imately 185 square miles. Together they contribute more than 90% of 

the total discharge to the reservoir. 

These two watersheds are very different in character. The 

Occoquan subwatershed is fed primarily by Cedar Run and Broad Run, 

both of which drain areas of primarily agricultural character. 
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Between the confluence of Cedar Run and Broad Run and the head of the 

Occoquan Reservoir, Occoquan Creek is impounded by the Lake Jackson 

Dam. Lake Jackson is also a long, narrow, shallow lake, but unlike 

the reservoir, it is surrounded by cabins and various recreational 

facilities. This lake is highly eutrophic, with rapidly increasing 

sediment and encroaching aquatic plants, as well as early blooms of 

bluegreen algae. 

The Bull Run subwatershed is quite different from that of 

Occoquan Creek. It drains from a somewhat remote, partially forested 

area near the community of Catharpin, Virginia, through the urban 

areas of Manassas, Manassas Park, and Yorkshire, Virginia. Within 

this same urbanized area, most of the 11 area sewage treatment facili

ties are located. Five of these treatment plants discharge to Cub Run, 

a small stream that enters the Bull Run flow immediately above the 

urban area. The largest area treatment plant, Greater Manassas 

Sanitary District (GMSD), discharges to Bull Run just below the con

fluence with Cub Run. Although these treatment facilities keep BOD 

levels down to the levels expected of secondary treatment, they had no 

provisions for phosphorus and nitrogen removal during the period of 

study, All treatment plant discharge points are more than 20 miles 

above the Fairfax County Water Authority intake point on the reservoir. 

Limnological Aspects of the Occoquan Reservoir 

The reservoir has total length more than 10 miles, typical width 

less than 1000 feet, and mean depth approximately 17 feet. The 
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maximum depth is 65 feet. In a previous survey of water quality (1) 

of the Occoquan, the Occoquan Reservoir was considered to behave 

hydraulically as a plug-flow system. On this basis the reservoir 

detention time has been estimated as varying from 10 days to 180 days. 

During spring particularly, the short detention time estimates are 

probably fairly reliable. However, the longer detention time 

estimates arise during dry periods when the reservoir level is below 

the crest of the high dam, and stably stratified. During these dry 

periods the only flow out of the reservoir occurs through the Water 

Authority pumps. Thus for most of the summer months and into the fall 

the assumption of complete vertical mixing is entirely untenable. 

However, plug flow within strata remains a strong possibility. 

Problems arise, however, in determining at which level in the strat

ification system plug flow may occur. There are two typical con

straints that may restrict plug flow of strata. One is the presence 

of a submerged dam near the center point of the reservoir, and the 

other is an aeration system just upstream from the Water Authority 

raw water intake at the high dam. The submerged dam restricts flow 

in the hypolimnion and the aeration system causes some ·destratification 

near the high dam so that laminar flow is undetectable. 

Although the reservoir is very shallow for much of its area, 

very little encroachment of aquatic plants is observed. This is 

probably the result of the wide variation in water level during the 

growing season. 

The Occoquan Reservoir is highly considered by sportsmen as a 
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good fishing area. This probably reflects the highly productive 

nature of the lake. However, the extreme oxygen depletion that 

occurs annually in the hypolimnion could endanger this reputation. 

Oxygen depletion occurs very rapidly and by the beginning of June 

most deep areas are devoid of dissolved oxygen. When thermal strat

ification is complete t all locations sampled below the confluence of 

Bull Run and Occoquan Creek typically have less than 1 ppm dissolved 

oxygen at depth of 10 feet until stratification is broken. This 

depletion of dissolved oxygen may be contrasted with the frequently 

observed supersaturation of dissolved oxygen that often occurs between 

the surface and 5-foot depth at the same locations. 

As may be expected, high concentrations of bluegreen algae are 

a typical component of the algal flora of the Occoquan reservoir. 

These become particularly noticeable during the summer and early fall 

at times of stable stratification. At such times the formation of 

floating mats of algal material are commonly seen in the upper reaches. 

Associated with the appearance of the bluegreen algae is a commonly 

observed disagreeable odor. If allowed to reach maximum proportions, 

the extensive formation of these algal mats will aggravate the con

dition of oxygen depletion and ultimately result in fish kills. 

Study Objectives 

Since most of the water quality problems encountered in the 

Occoquan Reservoir relate to the excessive production of bluegreen 

algae t it was considered important to investigate the relation between 

nutrient sources within the watershed and the occurrence of algal 
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bloom conditions. The specific objectives of the study are threefold: 

(1) to quantify the algal nutrient contribution of land use areas 

within the watershed, (2) to characterize the specific chemical 

parameters which constitute these nutrient contributions, and pre

dict their potential effectiveness in stimulating the development of 

nuisance algae, and (3) to describe the dynamics of nutrient flux 

from sources within watershed to the problem areas of the reservoir. 



II. REVIEW OF LITERATURE 

The term eutrophication has been used many different ways by 

different authors. Generally, eutrophication refers to the changes 

a body of water undergoes as it accumulates materials from its 

watershed. It has been recognized as a natural process, ultimately 

leading to extinction of the lacustrine environment and to bog 

formation (2, 3). The accumulation of nutritive materials leads 

directly to increased plant production, rooted aquatics in the 

littoral zone, phytoplankton in the limnetic zone, and benthic algae 

on submerged surfaces in the euphotic zone. Thus the primary accumu

lation process stimulates a secondary accumulation through the 

production of organic carbon from inorganic carbon dioxide. Generally, 

human activity in a watershed tends to increase the movement of 

nutritive materials into the watershed basin. This results in 

fertilization and plant production beyond the rate that would obtain 

in the absence of human activity. 

Palmer (4) points out that algae are "common and normal inhab

itants" of all surface waters and may be a help or a hindrance to the 

process of drinking water treatment. He points out that the presence 

of algae tends to oxygenate water; however, excessive quantities of 

certain algae tend to cause problems of taste and odor or clogging of 

filters. In addition to the deterioration of drinking water quality, 

Cole (5) indicates that cultural enrichment of streams and lakes could 

9 
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stimulate productivity while decreasing consumer efficiency, causing 

diurnal oxygen fluctuation and ultimate changes in the macroinverte-

brate and fish population. He indicates two obvious effects, over-

population of nuisance-type algae - those that produce mats, taste, 

and odor, or clog filters - and underproduction of game fish. 

The appearance of b1uegreen algae has been a matter of great 

concern in recent years as this group includes the species having the 

greatest nuisance potential. In particular, Anabaena~ MiaroCY8ti8~ 

and Aphanizomenon are typically predominant in highly enriched lakes. 

Certain species of bluegreen algae, in addition to causing taste and 

odor problems, have apparently caused animal deaths due to their pro-

duction of toxic substances (6). Although these species have been 

well known for many years, they were previously described by Smith (7) 

as algae observed primarily in hard-water lakes. An example of the 

apparent increase of these bluegreen species is cited by Bartsch (8): 

6 3 Lake Washington in 1959 contained a maximum of 1.5 x 10 micron Iml, 

of which 15% were b1uegreens. By 1963, the phytoplankton population 

increased tenfold, and the bluegreens comprised as much as 95% of the 

population. Today, b1uegreen algae are a major component of the 

phytoplankton of nearly every man-made impoundment. 

To date, two approaches have been used in attempting to control 

the overproduction of nuisance algae: (1) control and limiting of 

nutrient input, and (2) the use of algicide. The best known and most 

widely used algicide at present is copper sulfate. This compound is 

available in large quantities, has low toxicity to fish, and high 
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toxicity to bluegreen algae. The problem with its use is that it 

forms insoluble hydroxides and settles out. Thus copper sulfate is 

not effective for long periods and its use can be very expensive. A 
.. 

current search for newer and more effective algicides, specific to 

bluegreens, is outlined by Prows et ale (9). 

Even greater effort has been invested into control of algal 

nutrient. As man-made wastes appear to be the "primal cause" of over-

production of algae (10), there has been intense study into which com-

ponents of waste are directly responsible. A sharp controversy has 

raged for years over whether nitrogen or phosphorus or some minor 

element is the controlling factor in algal growth (11, 12, 13, 14, 15). 

An interesting note in this respect was provided by Krantz and Myers 

(16), who showed that only 75% of maximum growth yield of a nitrogen-

fixing bluegreen could be obtained in the absence of soluble nitrogen 

salts. 

The nitrogen or phosphorus controversy has been joined more 

recently by those who believe carbon may be the growth limiting sub-

stance in natural lake conditions. In particular, Kuentzal (17) sug-

gests that only free CO2 is available to algae for growth and that its 

concentration may in fact be too low in oligotrophic waters to provide 

adequate substrate for rapid algal growth. This concept was further 

modified by King (18) who agrees that algae require free CO2 and sug

gests that green algae require higher concentration of free CO2 than do 

bluegreen algae. Consequently, he suggests that bluegreen algae may 

out-compete the more favored green algae. That the concentration 



12 

of CO2 and not just the pH is the critical factor in competitive 

growth of green and b1uegreen algae is, however, not so obvious. A 

recent kinetic experiment by Goldman et a1 (19) indicates that some 

freshwater algae can grow near maximal rates at low concentration of 

CO2 if bicarbonate is available. 

Thus one is left with a muddle in which discussions rage as to 

which element should be controlled to prevent growth of excessive 

quantities of nuisance algae. 

The technology is presently available to significantly reduce 

the levels of phosphate and nitrate from sewage treatment effluent. 

The expense of adding the required tertiary treatment process to sec

ondary treatment facilities, of which there are still too few, is very 

high. Many investigators have questioned whether the investment is 

worthwhile if non-point sources of pollution remain uncontrolled (20). 

These background levels from agriculture (21) and urban runoff (22) in 

particular appear to contribute heavily to overall levels of eutro

phication. 

An extensive watershed water quality survey was conducted on the 

Occoquan watershed by Sawyer (1) during 1969. This study characterized 

the Occoquan Reservoir as an eutrophic impoundment on the basis of the 

rapid depletion of dissolved oxygen in the hypolimnion and the frequent 

occurrence of bluegreen algal blooms. Through extensive stream water 

analysis, this study further identified the sewage treatment plants 

within the basin as overwhelming nitrogen and phosphorus contrib

utors. This study concentrated intensively upon composite sampling 
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of small stream drainages but resorted to only monthly sampling of 

the reservoir. All samples were analyzed thoroughly by standard 

chemical methods. 

An alternate approach to chemical assay for algal nutrients is 

the algal growth potential assay (AGP). Several different assay 

procedures have evolved to assess the algal nutrient concentration of 

a water sample by measuring algal growth under controlled environ

mental conditions. Perhaps the most straightforward technique is the 

"bottle test." As used by Wang et ale (31), it involves simply putting 

an unsteri1ized water sample into constant light and temperature con

ditions and measuring the total biomass produced. Its disadvantage 

arises from the diverse algal populations which may be present in the 

original sample. Since both the nutrient and biological community 

structure may vary from one sample to another, the results are diffi

cult to interpret. The method does, however, provide an indication of 

how much algal material may be produced from a given water sample. 

Another bottle test technique was developed and standardized by the 

National Environmental Research Council (NERC) (24). It is amenable 

to simpler interpretation. In this technique water samples are first 

sterilized by autoclaving or filtering, then inoculated from a unialgal 

stock culture, supplied by the NERC laboratory. Results from this 

test are directly comparable between areas. Drawbacks still remain 

because one measures nutrient utilization to an unpredictable level 

by species which may differ significantly from those found in nature. 

A far more complex. technique which may eventually be amenable to 
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standardization, and yet is more like the field situation, is the 

chemostat test. This test as used by Foree and Scroggin (32), is a 

simulation of natural conditions using a continuous flow system. 

Measurements of algal yield are compared with feeding rates at steady 

state. The test may give more reliable and realistic results, but it 

is susceptible to upset due to the complex apparatus involved. For 

this reason the chemostat method of algal assay is not likely to gain 

the wide acceptance achieved by the "bottle test." 



III. MATERIALS AND METHODS 

Sampling 

Sampling for this study was done as part of the routine samp

ling program of the Occoquan Watershed Monitoring Laboratory. All 

samples were collected using nonmetallic containers, such as a 

Kemmerer nonmetallic water sampler, or polyethylene bottles. At the 

time of this study, spring and summer of 1973, automatic stream 

samplers had not yet been implemented, so grab samples were taken at 

weekly intervals. All samples were stored on ice from time of samp

ling until returned to the laboratory facility. In the laboratory 

they were analyzed immediately or preserved by methods consistent with 

those suggested in Standard Methods ~ Water and Wastewater Analysis 

(23). 

Samples for algal bioassay were split off the laboratory sample 

and stored separately in polypropylene bottles on ice until returned 

to the laboratory. Upon return, these samples were immediately auto

claved at 20 psi for 20 minutes and stored until time for bioassay 

analysis. 

The watershed monitoring program at the time of this study 

had five stream stations each with a stream flow gaging station. 

Maintenance and rating of the stream gages were handled by the State 

Water Control Board and the U. S. Geological Survey. The locations 

of the stream sampling stations as shown in Figure 1 were as follows: 

Bull Run at Catharpin, Cub Run near confluence with Bull Run, Bull 

15 



16 

Run at Yates Ford (near where it enters the reservoir). In the 

Occoquan subwatershed stream stations were located at Cedar Run near 

Aden, Virginia, and on Occoquan Creek just below the Lake Jackson 

D~. 

Five locations on the reservoir were also sampled on a weekly 

basis. At each station surface and bottom samples were handled 

separately. Station 1 is located in the Bull Run arm approximately 

one mile above the confluence with Occoquan. Station 2 is in the 

Occoquan Creek arm approximately the same distance above the confluence. 

Station 3 is on the main body of the reservoir approximately six miles 

above the high dam. The actual location is approximately 100 yards 

upstream from Ryan's Dam, a submerged dam. Station 4 is in a 90 degree 

bend approximately four miles above the high dam. Station 5 is located 

two miles above the high dam near a cove where Sandy Run enters the 

reservoir. All sites were sampled mid-channel. A sixth station used 

for the routine was in the aeration area immediately above the high 

dam. However, this station was not of interest to the present study 

because it is not typical of the main volume of the reservoir. 

Bioassay Procedure 

The bioassay procedure was basically that suggested in the 

National Eutrophication Research Program "Algal Assay Procedure Bottle 

Test" (1971) (24). The only modification introduced for the present 

study was a reduction in sample size from 40 ml to 2 mI. This modi

fication is similar to that suggested by Forsberg (25). 

Three test species of algae were obtained from the Environmental 
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Protection Agency laboratory in Corva1is. Oregon: Anabaena floB-aquae, 

Mic~OOYBti8 aePUginoBa~ and Selenastpum cap~ico~utum. Anabaena and 

~croCY8tiB are typical bluegreen components of the nuisance blooms 

commonly observed on the Occoquan reservoir and were therefore of 

great interest in the present study. The third species, SelenaB~umJ 

was chosen because it is a well studied green alga that grows particu

larly well in vit~o. During the course of this investigation bioassay 

with the ~crOay8ti8 species was discontinued as it was found to be 

very difficult to maintain in the laboratory and gave erratic results. 

It would seem that some condition present in the laboratory caused 

undue stress to the ~c~oOYBtiB culture. Consequently, repeatability 

was minimal with this species. In addition the morphology observed 

in the laboratory for this species never conformed to that observed 

in nature. For these reasons it was decided to rely on results from 

studies with Anabaena and Selena8tPUm. 

Growth Conditions 

Stock cultures of test species were maintained in the synthetic 

medium recommended in the bottle test procedure. (See Appendix for 

composition of synthetic medium.) Small samples of the test species 

were kept in test tubes under refrigeration. Forty ml samples of 

test species culture were also kept under constant light conditions 

in the growth chamber in 125 ml Erlenmeyer flasks. Ten m1 aliquots of 

stock algae were transferred on a weekly basis to 400 m1 of synthetic 

media in Roux bottles. The Roux bottles were stored in the growth 
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chamber under constant light conditions and bubbled with compressed 

air obtained from an aquarium air pump. Generally within one week 

cells were harvested from Roux bottle by centrifugation to be used 

as inoculum for the algal assay_ The harvesting procedure included 

washing with NaHC03, 15 mg/liter. After washing the algae were 

resuspended in NaHC03 and allowed to remain in this solution for 

10-12 hours prior to use as inoculum for the bioassay. 

A growth chamber was constructed from 3/4" plywood. Overall 

dimensions were 3' x 3' x 2'. The interior was divided into three 

sections with vertical partitions that sectioned the cabinet from 

front to back. Across the back was a single chamber where cool white 

fluorescent lamps were mounted vertically. Lights were positioned so 

that groups of one or two lamps could illuminate only one of the front 

chambers. Ballast transformers for the fluorescent lights were 

placed outside the growth chamber and a thermostated fan was placed 

near the bottom of the light chamber for temperature control. Clear 

lucite shelves were constructed to hold 6" test tubes at an eight 

degree angle from horizontal and located in each front chamber. 

Fluorescence Assay 

A Photovolt photofluorimeter Model 520 was obtained from 

government surplus and reconditioned for use in measuring fluorescence 

of chlorophyll a. In order to adapt a standard fluorimeter for use 

in measuring chlorophyll a it is necessary to restrict excitation 

energy to the blue absorption band of chlorophyll and to measure 
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emission in the wavelength region above 680 nm. This requires careful 

selection of primary and secondary filter combinations and the use 

of a light detector that has high quantum efficiency in the far red 

region. If these requirements are not adequately considered, (a) 

sensitivity of measurement will be impaired, or (b) fluorescence 

measurements for low density samples will be unduly affected by stray 

light particularly in the presence of sample turbidity. Another. 

problem which restricts the use of certain filters is that occasion

ally the filter pigment or glass itself may fluoresce and cause a 

reduction in the sensitivity of the measuring technique. 

With these considerations in mind the fluorimeter was modified 

in the following way: the standard S-lO photomultiplier that is stock 

with the Photovolt fluorimeter was replaced by an EMI 978lR selected 

for high red response. To obtain adequate sensitivity with this 

photomultiplier tube and retain the low noise typical of the photo

volt instrument it was necessary to replace the high voltage circuit 

of the instrument with an external power supply capable of maintaining 

a low-current highly-regulated voltage in the range of 700 to 1000 

volts. For this purpose a Hewlett Packard MOdel 65l5A DC power supply 

was employed. 

Three blue filters were combined as a primary filter. The 

secondary filter consisted of a Corning #2403 followed by a 710 nm 

interference filter. This combination reduced stray light to 20% of 

full scale on the highest sensitivity range of the instrument. 

As the samples used were typically somewhat turbid, a 
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correction was always made for the stray light reading obtained from 

measurement of the uninoculated water sample. 

The light source used to obtain fluorescence emission was the 

low pressure mercury arc lamp supplied with the photovolt instrument. 

Fluorescence measurements were made using a photovolt cuvette that 

required minimum sample volume of 1 mI. 

This instrument as adapted was found to have overall sensitiv-

ity similar to or better than other chlorophyll measuring fluorimeters 

commercially available. The only disadvantage found was that the 

photovolt amplifier unit has sensitivity ranges that vary by decades 

and therefore maintaining linearity between scales was more difficult 

than with those units which vary by multiples of three. 

Calibration of Fluorescence 

Each test species was grown in Roux bottles under constant 

light conditions with compressed air bubbling in synthetic medium. 

After one week's growth, 100 ml of cell suspension were removed with 

a transfer pipette and filtered through a prewashed and tared 40 

micron Millipore filter. The filter was then dried to constant weight 

o 
at 90 C. From the original stock culture aliquots were taken for 

serial dilution and fluorescence measurement. As cell densities 

observed from synthetic media were never as high as those observed in 

some test samples, concentration of sample was necessary for calibra-

tion on the lowest sensitivity range of the instrument. As precision 

in the highest range of concentrations was thought to be of minimal 
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importance, an indirect technique was used, as follows: after 

initial calibration of the low concentration range was done, stock 

cell suspension was concentrated by centrifugation. Dilutions were 

then made until two or more fluorescence points fell in the range of 

the more precise points. The more highly concentrated samples were 

then assayed for fluorescence and a third order regression curve was 

fitted in the complete set of data by a linear least squares technique. 

The above calibration procedure was done twice during the period of 

study, once at the beginning of the period in April and again after 

the primary filter combinations were improved in May. The results 

of these calibrations can be seen in Figures 2 and 3. 

Assay Procedure and Growth Conditions 

Because fluorescence assay is an extremely sensitive technique 

for measuring algal growth (26, 27) it is not necessary to maintain 

large volume cultures. For this reason sample size was reduced to 

2 mI. In place of Erlenmeyer flasks, 16 x 150 mm disposable Pyrex 

test tubes were used. In order to ensure a large surface area for 

gaseous exchange, the culture vessels were covered with plastic caps 

and placed in the growth chamber at an 8 degree slant from the hori

zontal. Illumination for Setenas~ was 400 ft-candles provided by 

two cool white fluorescent lamps. For Anabaena, one cool white fluores

cent lamp with the addition of a 25-watt incandescent lamp were used 

for a total illumination of approximately 200 ft-candles. 

Temperature was maintained at 24 + 4 degrees C. In many cases, 
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FIGURE 2: INSTRUMENT CALIBRATION USED DURING APRIL, 1973 
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INSTRUMENT CALIBRATION USED MAY THROUGH SEPTEMBER, 
1973 
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temperature control was a severe problem, occasionally causing 

termination of an experiment because the room temperature went out of 

this temperature range. 

Actual assay procedure was as follows. After autoclaving, 

water samples from the various sampling stations were allowed to stand 

overnight to reduce turbidity from settleable solids. Four ml ali

quots were transferred from sampling containers to growth tubes. Each 

growth tube was inoculated with test algae resuspended in 15 glliter 

NaHC03 • Inoculation volumes varied between .01 and .2 mI. The inocu

lated four· ml sample was thoroughly mixed and divided into two approxi

mately equal samples. Thus replicate samples were obtained with the 

same initial concentration of algae. Initial fluorescence -for Anabaena 

cultures was typically 200-300 whereas for SeZenastrum initial 

fluorescence was approximately 1000. As can be seen in the calibra

tion curves of Figures 2 and 3. the quantum yield for fluorescence of 

SeZenastrum was very much higher than that of Anabaena. Microcystis 

fluorescence yield was found to be considerably lower than that of 

Anabaena (results not shown). 

At twelve hour intervals after inoculation, samples were 

removed from the growth chamber and assayed for fluorescence. The 

culture tube was mixed thoroughly on the vortex mixer, then part of 

the 2 ml growth sample was poured into the fluorescence cuvette, 

measured, and poured back into the growth vessel. Between sets of 

replicate samples the cuvette was rinsed with distilled water. 

Between assay of different species the cuvette was rinsed five times 
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each with 10% Hel, tap water, then distilled water. Using this pro

cedure no contamination of successive samples was found by fluores

cence measurement or microscopic analysis. It was typically found 

that maximum fluorescence was achieved in less than five days growth. 

The assay was terminated when all samples had shown the same value 

for fluorescence for consecutive 12 hour measurements. 

Growth yields reported were obtained by taking the maximum 

fluorescence observed and converting to mg dry weight using the 

calibration regression equation. To estimate growth rates the entire 

data set obtained was arbitrarily edited to include only those points 

which were not obviously in the lag or stationary phase. A linear 

regression of log fluorescence versus time was then done on this 

edited data. The growth rate data are included in the present data 

only for descriptive purposes and are not considered to be highly 

reliable for any use but comparison of extreme values. 

Analysis of ~ 

The compiled bioassay data were analyzed as a multifactor 

experiment, the treatments of which were as follows: test species used 

as inoculum, season of sample collection, and replication during 

assay. Individual sample collections and subsequent assays which 

occurred throughout the period of study were considered as replication. 

A regression technique was used to adjust the observed data for 

varying cell means in the presence of varying cell frequencies. The 

resulting sums of squares accounted for by regression coefficients 

were then tested in an analysis of variance. The error mean square 
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derived from this analysis of variance was used to calculate the least 

significant range for the Duncan's Multiple Range analysis. All 

calculations used in the statistical analyses were done using pro

cedures from a statistical programming package (33). 

Algal Identification and Enumeration 

Seventy-five ml samples were taken from surface water at three 

reservoir stations each week throughout the period of study. These 

samples were immediately preserved with Lugol's solution. ·An addi

tional small sample was split off the algal assay sample prior to 

autoclaving and centrifuged. The centrifugate was then analyzed 

microscopically to identify algal types to aid the later enumeration 

of algal species in the preserved samples. Preserved samples were 

placed in combination settling chambers to allow deposition of algal 

material on a glass coverslip which was at the bottom of the chamber. 

After 12 hours or more the settling chamber was removed from the 

counting chamber and enumeration was done on a Wilde Model 40 inverted 

microscope. Counts were made of dominant algal types with identifi

cation to species wherever possible. See the Appendix for complete 

listing of species observed. In addition to dominant types those 

species which are considered in the category of nuisance types were 

also counted even when their numbers were inadequate to rely on the 

number obtained. All counts were reported as number of individuals 

whether the plants were multicellular or unicellular. 



IV. RESULTS 

Algal Population Dynamics 

Of the wide variety of species observed in the reservoir, 

fifteen to twenty species were highly prominent at some time during 

the study. These species are shown in Table I. A complete list of 

all species identified is shown in Table XVI of the Appendix. The 

species distribution was not uniform throughout the lake nor through 

time. During spring when the reservoir was nearly homothermous, 

stations 2 through 5 were very similar in species distribution and 

number. However, station 1 was noticeably different. In particular, 

AstePionella formosa was found in high density at stations 2 through 

5 at the start of this study, April 18, but absent at station 1. 

With heavy rains the peak A. fOPmosa population density was seen to 

shift toward downstream stations. The A. formosa population was 

essentially eliminated from the entire reservoir by the beginning of 

June. During this entire period, although as many as 650 colonies 

per ml were recorded at other locations, A. formosa was never observed 

at station 1 in the Bull Run arm of the reservoir. 

The motile green and motile non-green algae were prominent in 

all locations of the reservoir at most times. Maximum density was 

typically seen at station 1 in the Bull Run arm. In particular, 

Chlamydomonas sp. reached density greater than 2000 per ml at two 

occasions at station 1, June 26 and July 24. At station 2 this 

alga never exceeded a density of 700 per mI. Densities of 

27 
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TABLE I 

PREDOMINANT ALGAL SPECIES OBSERVED 

IN OCCOQUAN RESERVOIR: JULY THROUGH SEPTEMBER, 1973 

Diatoms 

Asterionel1a formosa 
Nitzschia sp. 
Melosira varians 

Motile Green Algae 

Chlamydomonas sp. 
Pandorina morum 
Eudorina elegans 

Nongreen Motile Algae 

Cryptomonas erosa 
Trachelomonas sp. 
Euglena sp. 

Green Algae 

Coelastrum microporum 
Scenedesmus quadricauda 
Pediastrum simplex 
P. duplex 
Sphaerocystis schroeteri 
Radiococcus nimbatus 

Blue Green Algae 

Anabaena affinis 
A. circinalis 
A. spiroides 
Aphanizomenon flos-aquae 
Microcystis aeruginosa 



29 

Chlamydomonas varied at other stations to a maximum of 350 per ml, 

observed at station 3, July 3. 

The dynamics of the bluegreen algae were highly complex and 

were further complicated by the frequent addition of copper sulfate 

to the lake surface by the Fairfax County Water Authority. The first 

b1uegreens noted were Anabaena affinia at station 2, and Anabaena 

Bpiroidea at station 1, both on June 19. The A. affinis population 

had reached a density of 1000 colonies per m1 at station 2 by July 17. 

The A. spiroidea population at station 1 remained at low density and 

was displaced later in August by A. oircinalia and another form that 

resembled the description of A. floa-aquae. Immediately after the 

first Anabaena bloom on the Occoquan Creek arm this area was treated 

heavily with copper sulfate. Bloom conditions did not again occur in 

this area until fall overturn in late September. The Anabaena popu

lation in the Bull Run arm, however, remained at a low level until 

August from which time it gradually increased to a maximum of 5000 

per ml during September. 

Farther upstream on the Bull Run arm where standing water first 

occurs, extremely heavy mat conditions were observed at the beginning 

of July. The mats were composed of a diverse population including 

Anabaena oiroinalia J Aphanizomenon floa-aquae J ~oPoOY8tia aerugino8aJ 

filamentous and nonfilamentous diatoms, and Hydrodiotyon petioulatum. 

The mat was broken up by distributing copper sulfate from an automatic 

feeder upstream at Yates Ford. 
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Prior to July only very low densities of bluegreen algae were 

observed on the main body of the reservoir. However, from the first 

time these were seen copper sulfate was applied approximately once 

a week from the confluence of Bull Run and Occoquan Creek to a few 

hundred yards above the high dam. Immediately following the first 

extensive application of copper sulfate, a large population of small 

green algae developed. Particularly prominant in this population were 

SaenedeBmuB quadPiaauda and CoelaBtPUm miaroporum. Until mid-August 

few Anabaena were observed in this area, although Aphanizomenon 

floB-aquae reached a density of 330 colonies per ml, June 19, near 

station 3. Through the latter part of August and through September 

and October, particularly after the first heavy rain, Anabaena~ 

~aroay8ti8, and Aphanizomenon reached bloom proportions in all areas 

of the reservoir. Continued application of copper sulfate was not 

effective at this time. 

Later in September after the first cold windy spell there was 

some equilibration of surface and bottom temperatures and the largest 

bloom of the entire season occurred. This was the first time ~aro

CYBtis was seen to account for a major portion of the algal population. 

Total bluegreen algal density exceeded 8000 colonies per ml at station 

1, and reached 2500 at station 3. 

Algal Bioassay 

Tbecomplete data set for AGP yield including results from 

both test species was subjected to an analysis of variance. The 
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analysis of variance is shown in Table II~ As might be expected, the 

two test species were shown to have significantly different mean yield 

values. At least one station had a mean AGP value that is not equal 

to the overall population mean, and AGP varied significantly from 

spring to summer. In addition, a significant species x station effect 

was noted. This indicates that the AGP yield for different stations 

is not entirely predictable within the terms of the model. Similarly, 

the significant station x season interaction indicates that variation 

in AGP at the different stations varies between spring and summer. 

The data set was next subdivided and stream data and reservoir 

data were analyzed separately. The middle portion of Table II shows 

that species and station effects constitute highly significant 

sources of variation in the stream data. The season effect, however, 

was less pronounced in this subset than in the complete data set. 

Once again the analysis indicates that at least one stream sampling 

station had AGP yield significantly different from that of the com

plete group of stream stations. As replication was previously found 

to be nonsignificant in the previous analysis, it was omitted from 

this analysis. All other possible interactions were tested and 

rejected due to a nonsignificant F value. 

The analysis for reservoir AGP data is shown in the lower 

portion of Table II. Since the surface and bottom samples were handled 

separately during the bioassay procedure, an additional classification 

variable, level, was added to the analysis. As before, significant 

variation was detected between species and between stations. The 
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TABLE II: ANALYSIS OF VARIANCE FOR AGP YIELD 

Source Degreea 
of of 

Variation Freedom 

Species 1 
Station 10 
SeUOIl 1 
Rep 1 
Species x Station 10 
Station x Season 10 
Error 498 

Species 1 
Station 4 
Season 1 
SpeCies x Station 4 
Error 129 

Species 1 
Station 4 
Level 1 
Season 1 
Species x Station 4 
Level x Season 1 
Error 335 

**S1gnificance level greater than 99% 
*S1gnif1cance level greater than 95% 

Sum F 
of 

Square. Value 

136705 107.64** 
1005489 79.17·· 

10216 8.04** 
40 0.03 

342790 26.99** 
35239 2.77** 

632439 

148271 40.32** 
806258 54.82** 
18S86 5.0S* 

243564 . 16.56** 
3677 
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'season effect, however, was found to be nonsignificant. Surface and 

bottom samples also do not appear to share a common mean. Although 

the season effect was found to be nonsignificant, the significant 

interaction of level x station indicates that the difference between 

surface and bottom samples varies from spring to summer. Finally, it 

may be noted that a significant species x station effect persists 

throughout the analysis and is not explained by the difference between 

stream and lake sampling stations. 

To detect statistically which stations were responsible for the 

distinct station effect noted throughout the previous analysis, the 

pooled data set was subjected to a Duncan's Multiple Range test. This 

test uses the error mean square as a basis for developing critical 

values at which consecutive means may be resolved at a given level of 

significance. From this test, the data is grouped into a series of 

overlapping groups such that all members of a group have means that 

are not significantly distinguishable. 

The results for the Duncan's Multiple Range test at the 5% 

level of significance are shown diagrammatically for Anabaena AGP 

yield in Figure~. Five overlapping groups were detected. Group I 

includes only the Cub Run station, which has the highest mean AGP yield. 

Group II includes only the Bull Run station at Yates Ford. Group III 

includes both surface and bottom at station 1 in the Bull Run arm of 

the reservoir. Group IV includes all reservoir stations except station 

1 bottomt which is exclusively in Group III, and station 5 surface, 

which is exclusively in Group V. Also included in Group IV is Cedar 
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Run. the sampling station in the agricultural area of the watershed. 

Group V. which had the lowest mean AGP yield. includes all stream 

stations except Cub Run and Yates Ford. and all lake stations .with 

the exception of station 1 bottom. Thus we see that Cub Run and 

Yates Ford sampling stations were distinct. having higher AGP yield. 

from all three other stream stations, and reservoir station 1 bottom 

has AGP values significantly higher than all other reservoir stations. 

The results of the Duncan's Multiple Range test for Selenastrum 

AGP yield are shown in Figure 5. In this case only three distinct 

groupings were noted. As with Anabaena AGP yield, Group 1 includes 

only Cub Run. Group II, however, includes Bull Run at Yates Ford, 

surface and bottom samples at station 1 in the Bull Run arm of the 

reservoir, and bottom samples from reservoir stations 3, 4, and 5. 

Group III, with the lowest AGP yield values, includes all reservoir 

stations, surface and bottom, plus all stream stations except Cub Run 

and Yates Ford. This is essentially the same as the result obtained 

with Anabaena as test species. The pronounced species x station 

interaction will be discussed in a later section. 

In planning the AGP assay, it was hoped that careful measure

ment of growth rate would provide similar information to that obtained 

from maximum yield, but with less investment of time. As stated in 

the Methods section, fluorescence measurements were taken at l2-hour 

intervals and used to evaluate growth rates. A similar analysis to 

that done on the AGP yield data was performed. Shown in Table III is 

the result of the analysis of variance on growth rate data obtained 
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TABLE III: ANALYSIS OF VARIANCE FOR ALGAL GROWTH RATE 

Source Degrees 
of of 
Variation Freedom 

Species 1 
Station 10 
Season 1 
Rep 1 
Station x Season 10 
Species x Season 1 

507 Error 

Species 1 
Station 4 
Season 1 
Error 133 

Species 1 
Station 4 
Level 1 
Season 1 
Level x Season 1 
Error 347 

**Significance level greater than 99S 
*Significance level greater than 951 

Sum F Mean 
of 
Squares Value 

2.81 13.50** 
14;08 6.77** 
13.83 66.49** 
0.06 0.32 co 
6.42 3.08** N . 
2.08 10.02** -

105.50 

1.37 7.64** 
15.56 21.69** 
1.11 6.22* 
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simultaneously with the AGP yield data. 

The analysis of AGP growth rate runs parallel to the previous 

analysis of AGP yield. The same main effects were noted, species, 

station and season. The main difference between the yield analysis 

and the rate analysis is first observed in the interactions. Only 

the station x season and the species x season interactions were found 

to be significant at the 5% level. Among the stream data no inter

actions were found to be significant, and within the reservoir data, 

sampling station was found to be nonsignificant. The most apparent 

result is that the season of sample collection and analysis introduced 

the greatest source of variation. This result is taken with some 

reservation as severe temperature control problems were encountered 

during the bioassay procedure. It is not unlikely that this may 

account for the distinct seasonal variations. In general, however, the 

AGP growth rate analysis may be useful but appears to have lower 

sensitivity than the maximum yield analysis. 

A Duncan's Multiple Range analysis is not shown for growth 

rate as too much overlap among groups was encountered. 

Chemical Nutrient Analysis 

Chemical and bioassay mean values and observed ranges are shown 

by sampling station in Tables XVII - Y~I in the Appendix. The 

nutrient and bioassay data are summarized to include only the param

eters of interest in Table IV. These data indicate that Cub Run 

stream samples typically have the highest concentration of all 
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TABLE IV: MEAN CONCENTRATION OF NUTRIENT AND AGP 

OCCOQUAN WATERSHED: WEEKLY SAMPLING APRIL THROUGH SEPTEMBER. 1973 

NUTRIENT MEANS - mg/1 

~ cu cu cu 4.J bO 
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Bull Run Sub-Watershed ------

Bull Run/Catharpin 0.017 0.044 0.279 5.1 10.1 

Cub Run 0.886 0.973 1.725 86.5 298.2 

Bull Run/Yates Ford 0.450 0.492 0.796 50.6 144.1 

1 Bottom 0.170 0.200 0.426 34.7 71.7 

1 Surface 0.108 0.147 0.291 24.8 49.6 

Occoquan Creek Sub-Watershed 

Cedar Run 0.013 0.041 0.476 5.6 15.1 

Occoquan below L~kek 0.010 0.030 0.313 5.6 12.8 ac son 
2 Bottom 0.059 0.088 0.199 11.0 17.0 

2 Surface 0.018 0.041 0.148 7.8 16.6 

Main Reservoir 

3 Bottom 0.157 0.193 0.188 16.9 31.1 

3 Surface 0.018 0.046 0.130 9.5 21.7 

4 Bottom 0.137 0.169 0.090 14.9 33.0 

4 Surface 0.013 0.047 0.073 9.7 20.8 

5 Bottom 0.072 0.091 0.158 16.6 33.6 

5 Surface 0.014 0.041 0.099 7.0 9.2 



40 

potential algal nutrients. Next in order of typical nutrient concen

trations were Bull Run at Yates Ford and bottom samples at reservoir 

station 1. 

The mean value for nitrate-nitrogen was approximately four times 

higher at Cub Run than at any pOint in the Occoquan subwatershed. On 

only one occasion during the period of study nitrate nitrogen reached 

concentrations in the Occoquan subwatershed which were comparable to 

those of the Bull Run subwatershed. This occurred during the last 

week of June. This nitrate spike was observed to coincide with a 

bloom of Anabaena and green motile algae on Lake Jackson. A light 

bloom of Anabaena was also noted at reservoir station 2 at this time. 

Concentrations of orthophosphate-phosphorus ranged as much as 

30 times higher at the Cub Run sampling station than at any sampling 

point in the Occoquan subwatershed. One may note also from Table IV 

that the phosphate concentrations encountered in bottom samples from 

reservoir station 3 are considerably higher than those observed at 

station 2. This indicates the strong influence of Bull Run on 

phosphate levels in the reservoir. The nitrate levels of station 2 

and station 3 are of similar magnitude, and differ from those observed 

at station 1. This is likely due to the similarity of depth for 

stations 2 and 3. 

Analysis of Correlations 

The entire set of chemical and physical parameters reported by 

the Occoquan Watershed Monitoring Laboratory during the period of this 

study was merged with the algal bioassay data and examined for 
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correlations at the 5% level of significance. These results are pre

sented in Table V. All correlation coefficients accepted at the 5% 

level of significance were also significant at the 1% level. Selenas

trum AGP yield showed the highest correlation with nitrate-nitrogen, 

whereas Anabaena AGP yield was most highly correlated with total 

phosphate-phosphorus. It is of interest that no significant correla

tion was observed between concentration of ammonia and AGP yield for 

either species. The low but significant positive correlation observed 

between Anabaena AGP yield and alkalinity was not considered to be 

very meaningful as the samples were autoclaved prior to analysis of 

AGP. 

The above data set was subdivided by station and level and 

again analyzed for correlation. All significant correlations observed 

at stream sampling stations are shown in Table VI. Although few 

significant correlations were observed between Selenastrum AGP yield 

and the chemical and physical parameters, Anabaena AGP yield was found 

to correlate highly with nitrate, nitrite, and phosphate concentrations 

at four of the five stations. Of particular interest is the high 

correlation between Anabaena AGP yield and total phosphate concentra

tion at the Yates Ford and Cedar Run sampling stations. A strong 

negative correlation between Anabaena AGP yield and the observed 

dissolved oxygen concentration is also noted at the Cub Run and Cedar 

Run sampling stations. This negative correlation is probably a result 

of a seasonal effect. Summer values for Anabaena AGP yield were con

siderably higher at these two stations while dissolved oxygen 
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TABLE V 

ENTIRE WATERSHED CORRELATION COEFFICIENTS 

FOR CHEMICAL PARAMETERS AND AGP YIELD 

AGP Yield 

Station Parameter 

Entire NO 
Watershed or~ho-po4 

Total P04 Alkalinity 
N02 
Non-Ortho-P04 
NH 
To~al Kje1dahl-N 

Level of Significance .05 
*Level of Significance .01 

NS = Nonsignificant at .05 level. 

Selenastrum Anabaena 

.863324* .817637* 

.759471* .867040* 

.782588* .881898* 
NS .396910* 

.810414* .805225* 

.357041* .343727* 
NS NS 
NS NS 
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TABLE VI 

STREAM STATIONS CORRELATION COEFFICIENTS 

FOR CHEMICAL PARAMETERS AND AGP YIELD 

AGP Yield 

Station Parameter 

Bull Run at 
Catharpin 

Cub Run near N02 
Bull Run Dissolved °2 

Bull Run at NO 
Yates Ford or~ho-p04 

Total P04 

Cedar Run N02 
Dissolved 02 
Total P04 Non-Ortho-P04 

Occoquan NO 
Creek below To~al P04 Lake Jackson 

Level of Significance .05 
*Level of Significance .01 

NS = Nonsignificant at- .O~ level 

Se1enastrum Anabaena 

NS NS 

NS .865562* 
NS -.717477 

.837260 .824000 
NS .856476 
NS .879057* 

NS .968698* 
NS -.816658 
NS .905139* 
NS .846466 

NS NS 
NS .822991 
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concentrations were typically lower during the summer season. The 

possibility of correlation between Anabaena yield and BOD may be con

sidered, however, since a similar negative correlation was not observed 

at the Catharpin sampling station. Unfortunately, the data were not 

available to test this hypothesis. 

Results of the correlation analysis for SeZenastrum and Anabaena 

AGP yields with physical and chemical parameters at reservoir stations 

are presented in Table VII. Examining the surface data for correla

tions with Anabaena AGP yield, one can see that high correlation is 

obtained between AGP yield and phosphate concentration at four of the 

five stations, while significant correlation with nitrate is observed 

at only two stations. No significant correlation is observed between 

Anabaena AGP yield and ammonia concentration at any of the surface 

stations. One may infer from the negative correlation with dissolved 

oxygen at surface station 2 that indigenous algal populations are 

responsible for the lowered AGP values obtained. 

At bottom stations one observes significant positive correlation 

between Anabaena AGP yield and ammonia only at station 1, and signif

icant correlation with phosphate only at station 5. No significant 

correlation between Anabaena AGP yield and nitrate occurs at any 

bottom station. Correlation with nitrite, however, was noted at 

station 3. 

The negative correlations between dissolved oxygen and AGP 

yield observed in bottom samples result from the obvious increase in 

algal nutrients that obtains during periods of low dissolved oxygen 
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TABLE VII 

RESERVOIR STATIONS CORRELATION COEFFICIENTS 

FOR CHEMICAL PARAMETERS AND AGP YIELD 

AGP Yield 
Station Parameter Se1enastru; Anabaena 

I-Surface Non-Ortho P04 NS .85381 
Dissolved 02 -.84044* NS 
no .64956 NS 
Al~a1initY -.75370 NS 
Temperature -.86816* NS 
N02 .694365. ·NS 

I-Bottom Dissolved 02 NS -.610179 
Alkalinity NS .852900 
NHi .. NS .82301 
Or ho-P04 -.68994 NS 
Temperature NS · ... 607144 

2-Surface Or tho-PO .75975 .66206 
Disso1vea 02 NS -.67031 
N03 .93099 .• 613a3 .. 
N02 • 704348 · . ·MS 

2-Bottom N03 .77267* 
· ... NS 

N02 .• 644382* . NS 
3-Surface Total Kje1dahl-N .99337* .92457 

Ortho-PO .81998* NS 
Disso1vea02 -.67593* NS 
NO .95156* NS 
Toia1 P04 NS .808247* 
Nil3 

3-Bottom Temperature 
N02 

4-Surface 

4-Bottom N03 
5-Surface Ortho-P04 

Temperature 
. , 

- . N03 -

5-Bottom Total P04 Ortho-P04 
NH3 

NS -= Nonsignificant at .05 level 
Level of Significance .05 

*Level of Significance .01 

.998090*· NS 

NS .64111 
.795167* .728582 

NS ·NS 

-.99974 NS 

NS .70927 
-.821113 - •. 70784 . ... 
.• 8958"3 .. NS 

.867214 .906221 

.89062 ..•. 93143 .. 
N<· NS 
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concentration in the hypolimnion. 

Examining the correlation between surface sampling data and 

SeZenastrum AGP yield, it is noted that high correlation with phos

phates is obtained at only two of the five sampling stations. How

ever, nitrates correlate significantly with SeZenastPUm yield at four 

of the five surface stations. It is particularly interesting to note 

that at several surface stations, negative correlations with dissolved 

oxygen are found, and that at station 1 negative correlations are 

obtained for alkalinity and temperature as well as dissolved oxygen. 

The negative correlation between dissolved oxygen and SeZenastrum AGP 

yield observed in surface samples probably indicates that the indig

enous algal populations were responsible for reducing nutrient levels. 

As temperature and alkalinity increased, the population at station I 

was observed to contain greater proportions of bluegreen algae. This 

phenomenon is well known and has been discussed extensively in the 

works of King (18), Goldman (28), Kuentzal (17), and others. The 

present data are inadequate to suggest any cause-effect relationship. 

Bottom sampling data show few significant correlations for 

SeZenastrum AGP yields. Apparent, however, are the high correlations 

observed with nitrate and nitrite at stations 2 and 3, and the high 

correlation with phosphate at station 5. The negative correlations 

coefficient observed between nitrate and SeZenastrum yield at station 

4 was rejected because it results from only four data points. The 

negative correlation for orthophosphate and SeZenastPUm yield at 

station I remains unexplained. 



V. DISCUSSION 1 

Prediction of AGP Yields from Nutrient Levels --- ---
In the previous section nitrate and phosphate were found to be 

the chemical nutrients with highest correlation coefficients with 

respect to AGP yield. With this in mind it is presumed that AGP yield 

can be predicted given the observed concentrations of nitrate and 

phosphate. 

AGP yield was plotted as a function of nitrate concentration. 

The complete data set was arbitrarily grouped by level of phosphate 

concentration. Selenastrum AGP yield for nitrate concentration and 

phosphate level is shown in Figure 6. One can see from this curve 

that at orthophosphate-phosphorus concentrations less than 0.010 

mg-P/liter, AGP is distinctly limited. AGP yield at phosphate 

o - 0.010 mg-P/I has been fit with a second order polynomial by the 

method of least squares. At phosphate levels between 0.010 mg-P/liter 

and 0.100 mg-P/liter, the second order polynomial gives only poor fit. 

However, when all points for phosphate concentration greater than 

0.010 mg-P/liter are combined good fit is observed for a straight line. 

This analysis predicts a yield of 60 mg Selenastrum per mg nitrate-

nitrogen when orthophosphate-phosphorus concentration is greater than 

0.010 mg-P/liter. 

A more sensitive analysis for nutrient effects at the chosen 

phosphate levels is shown in the correlation analysis of Table VIII. 

At phosphate levels below 0.010 mg-P/liter, significant correlation is 
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Orthophosphate greater lhan 
0.011 mg-P/L 

y 60x 

0-0.010 mg-P/L 

FIGURE 6: OBSERVED GROWTH OF SELENASTRUM AS A FUNCTION OF NITRATE 

CONCENTRATION AND ORTHOPHOSPHATE LEVEL 

A 1:11 less than .010 mg-P/liter 
+ == .011 to .050 mg-P/liter 
X = .051 to .100 mg-P/1iter 
~ = .101 to .200 mg-P/liter 
0 = greater than .200 mg-P/liter 
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TABLE VIII 

CORRELATION COEFFICIENTS 

Nutrient Concentrations with Selenastrum AGP Yield 
at Orthophosphate Level 

Q) 
.t.J 
tU 

..c: 
o.CIl 
CIl ::I 
o f...I 

..c: 0 
o...c: 
o 0. 

..c: CIl 
.t.J 0 
~..c: 

Orthophosphate level o Po! 

less than .010 mg/l NS 

.011 - .050 mg/l .3955 

.051 - .100 mg/l NS 

I 

.101 - .200 mg/l NS 

greater than .200 NS 
mg/l 

Level of Significance .05 
*Level of Significance .01 

Q) 
.t.J 
tU 

..c: 
p.. 
CIl CIl 
o ::I 

..c: f...I 
Po! 0 

..c: 
r-Io. 
Cd CIl 
.t.J 0 
o..c: 
E-IP-f 

NS 

NS 

NS 

NS 

.5356 

NS = Nonsignificant at .05 level 

s:: s:: s:: 
OJ Q) Q) Q) tU Q) 

.t.J OJ) .t.J OJ) -.-4 OJ) 

tU 0 -.-4 0 s:: 0 
~ ~ ~ ~ jg .t.J.t.J .t.J.t.J 

-.-4-.-4 -.-4 -.-4 
ZZ ZZ 

.4817 NS NS 

.5484* .5735* NS 

.9283* .7144* .7685 

.5755 .4996 NS 

.8742* NS -.8316 

r-I 
..c: 
tU 

"0 
r-I 
Q) 

01"'") s:: 
~ Q) 

OJ) 

r-I 0 
tU ~ 
.t.J.t.J 
0-.-4 
E-IZ 

NS 

NS 

NS 

NS 

NS 
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observed only with respect to nitrate. Although this correlation 

coefficient is significant, its magnitude is low (0.4817). At phos

phate concentrations greater than 0.010 mg-P/liter but less than 0.051 

mg-P/1iter, some significant correlation with orthophosphate and 

nitrite concentrations is observed. This range apparently includes 

the maximum level at which phosphate controls the AGP yield of 

Selenastrwn. 

It is of interest to note in Table VIII high, significant 

negative correlation between Selenastrum AGP yield and ammonia con

centration at high phosphate and nitrate combined concentrations. 

A similar analysis to that above was attempted plotting 

Selenastrwn AGP yield versus orthophosphate-phosphorus concentration 

at nitrate levels. As can be seen in Figure 7, no obvious relation

ships were observed for nitrate levels. However, the first order 

linear regression yields the following estimate of AGP yield for a 

given concentration of orthophosphate-phosphorus: 0.189 mg/liter 

Selenastrwn per microgram orthophospate-phosphorus. This value is 

low when compared with the recently published value, 0.43 mg/liter 

Selenastrwn per microgram orthophosphate-phosphorus per liter (29). 

AGP yield for Anabaena was also analyzed as a function of 

nitrate concentration at phosphate level. This is shown in Figure 8. 

Since total phosphate-phosphorus appears to be the more highly corre

lated parameter for Anabaena AGP yield, total phosphate level was used 

in this analysis. It is obvious from inspection of Figure 8 that the 

nitrate effect on Anabaena AGP yield is very different from its 
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It 
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D 
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FIGURE 8: OBSERVED GROWTH OF ANABAENA AS A FUNCTION OF NITRATE 

CONCENTRATION AND TOTAL PHOSPHATE LEVEL 

A = less than .050 mg-p/liter 
+ = .051 to .150 mg-p/liter 
¢ = .151 to .250 mg-P/liter 
o = greater than .251 mg-P/liter 
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effect on the SeZenastrum AGP yield. The various levels of phosphate 

showed AGP yields that were almost independent of nitrate concentra

tion except at high phosphate and nitrate combined concentrations. 

It appears that phosphate level alone determines the AGP yield at 

low to medium concentrations of phosphate (less than 0.150 mg-P/liter). 

At high concentrations, particularly above 0.250 mg-P/liter, nitrate 

apparently has a stimulatory effect on AGP yield. This stimulation 

occurs to the extent of 183 mg AGP yield/liter per mg-N/liter. 

Similar results obtain when total phosphate levels are sub

jected to correlation analysis. These results are shown in Table IX. 

From this analysis it is obvious that only phosphorus was effective 

in controlling AGP yield for Anabaena at levels below 0.250 mg-P/liter. 

Anabaena AGP yield is shown plotted as a function of ortho

phosphate in Figure 9. No definite nitrate effect was discernible. 

A linear least squares regression gives good fit for a straight line. 

The resultant yield is 590 mg Anabaena per mg orthophosphate-phosphorus. 

This is almost precisely.the value recently reported by the National 

Environmental Research Center (29). 

On the basis of these AGP yield curves one can predict that 

Anabaena AGP yield is unaffected by nitrate concentration when phos

phates are below 0.150 mg-P/liter, but at the concentrations of 

phosphate greater than this they act synergistically. SeZenaBtrum~ 

however, is totally dependent upon nitrate concentration when the 

phospate level is greater than 0.01 mg-P/liter. This value is 

consistent with the currently accepted maximum for phosphate limitation 
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TABLE IX 

CORRELATION COEFFICIENTS 

Nutrient Concentrations with Anabaena AGP Yield 
at Total Phosphate Level 

Q) 
.j.J 

ttl 
..c: 
Po.CIJ 
CIJ ::J 
o 1-1 

..c: 0 
Po...c: 
o Po. 

..c: CIJ 
.j.J 0 

Total Phosphate Level 
I-I..c: 
OP-f 

less than .050 mg/l .4494* 

.051 - .150 mg/l NS 

.151 - .250 mg/l NS 

greater than .251 .5942 
mg/l 

Level of Significance .05 
*Level of Significance .01 

Q) 
.j.J 

ttl 
..c: 
Po. 
CIJ CIJ 
o ::J 

..c: ~ 
P-f 0 

..c: 
.-iPo. 
ttl (I) 
.j.J 0 
o..c: 

E-4P-f 

NS 

.4096* 

.7681* 

.6022 

NS = Nonsignificant at .05 level 

0 d d 
Q) Q) Q) <lJ ttl Q) 
.j.J DO .j.J DO '1"1 bO 
ttl 0 -M 0 d 0 
1-1 1-1 1-1 1-1 o ,.. 
.j.J.j.J .j.J.j.J 

!~ '1"4 *1"4 -M-M 
ZZ ZZ 

NS NS NS 

NS NS NS 

NS NS NS 

.6921 .8354* NS 

....-I 

..c: 
ttl 

"'lj 
....-I 
<lJ 

*,.., d 
:::.::: <lJ 

bO 
....-I 0 
ttl 1-1 
.j.J.j.J 

o '1"4 
E-4Z 

NS 

NS 

NS 

NS 
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to algal growth (30). One may assume on the basis of this analysis 

that Anabaena is limited by phosphate concentration to at least a 

concentration level of 0.150 mg-P/liter. This suggests that control 

of growth of bluegreen algae which can fix atmospheric nitrogen 

depends on control of phosphat,e concentration. 

Nutrient Loadings at Watershed Tributaries 

Average daily nutrient loadings for the main tributaries to 

the Occoquan Watershed for the period April through September, 1973, 

are shown in Table X. The values shown for loading at Bull Run/ 

Yates Ford and Occoquan Creek below Lake Jackson represent the amounts 

discharged to the reservoir from the two subwatersheds, respectively. 

Note that the total quantity of nitrate entering the reservoir from 

the Occoquan subwatershed exceeds that discharged from the Bull Run 

subwatershed. However, total nitrogen load to the reservoir from Bull 

Run was higher than from Occoquan. The quantity of ammonia was nearly 

four times higher from Bull Run than from Occoquan. Nearly ten times 

as much orthophosphate was discharged to the reservoir from Bull Run 

as from Occoquan, although the amounts of non-orthophosphate was nearly 

the same. These chemical nutrient levels were reflected in the AGP 

values. The Anabaena AGP load was approximately three times higher 

from Bull Run than that from Occoquan. Selenastrum AGP load was only 

twice as high. These nutrient load values at Bull Run obtain even 

though its total discharge was only one half that of Occoquan Creek. 

Several quick calculations can be made to contrast the water 



TABLE X 

AVERAGE DAILY NUTRIENT LOADINGS - Lbs./Day 

Occoquan Watershed, Weekly Samples April Through September, 1973 
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quality of Cub Run and Bull Run with all other streams. The ratio of 

nitrate-nitrogen to orthophosphate-phosphorus at Cub Run and Yates 

Ford ranged between 3.0 and 4.0, whereas at all other stations it 

varied from 18.3 to 33.5. Also, the ratio of orthophosphate to 

non-orthophosphate (the numerical difference between orthophosphate

phosphorus and total phosphate-phosphorus) is typically ten times 

higher at Cub Run and Yates Ford than at any other sampling station. 

Although the chemical analyses at Cub Run and Yates Ford show similar 

results in many respects, it is interesting to note the dispropor

tionate increase in total Kjeldahl-nitrogen load from Cub Run to Yates 

Ford. 

The mean daily nutrient loading values and discharge values 

shown in Table X have been used to estimate the relative contribution 

of each area sampled. These values are shown as percent of total load 

entering the reservoir in Table XI. One may note that Cub Run, 

although it contributed only 8.8% of the total discharge entering the 

reservoir, contributed 27.76% of all orthophosphate. The Bull Run/ 

Yates Ford sampling station showed 52.8% of all nitrogen, and 90.19% 

of all orthophosphate, although its discharge only accounted for 

32.2% of the total. AGP values also were well out of the expected 

range predicted by watershed area. Yates Ford accounted for 75% of 

all Anabaena AGP and 65% of all SelenastPUm AGP. Although Cedar Run 

and Occoquan stations showed considerable amounts of nitrate, they 

contributed very little orthophosphate or ammonia. 



TABLE XI 

PERCENT OF TarAL LOADS TO LAKE 

Occoquan Watershed, Weekly Sampling April Through September, 1973 
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VI. DISCUSSION 2: NUTRIENT SOURCES AND PATTERNS OF FLOW 

Point Sources 

The Bull Run watershed includes 11 sewage treatment plants 

that very in size from 0.1 to 2 million gallons per day. All are 

considered to be capable of secondary treatment, with no provisions 

for nitrate or phosphate removal. When operating properly, these 

plants will discharge high concentrations of nitrate because most of 

the nitrogen which enters the treatment process is oxidized to this 

form. Some reduction of phosphorus level is possible if the treatment 

process has efficient solids removal and careful management of 

anaerobic digesters. Table XII shows typical discharge analysis for 

treatment plants of the Bull Run watershed. One may note that the GMSD 

plant, which discharges directly into Bull Run, has effluent character 

typical of an efficient secondary treatment process. 

Cub Run enters Bull Run in the vicinity of Manassas Park. All 

six other treatment plants discharge to Bull Run within the same one 

mile reach of stream that includes the confluence with Cub Run. The 

combined mean flow of all treatment plants from June and July, 1974, 

shown in Table XII was greater than five million gallons per day. 

Base flow for Bull Run during this season is typically 20 to 30 

million gallons per day, so one can see these treatment plant effluents 

constitute a considerable portion of all nutrients present in the Bull 

Run drainage. In a recent study of nutrient contributions, shown in 

Table XIII, these treatment plants were seen to account for 47% of all 
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TABLE XII 

SEWAGE TREATMENT DISCHARGE DATA 

Occoquan Watershed, July Through September, 1974 

BODS TSS T-Ph.Jstlhoras Ni t:-:lte * A.~.J~:3 ~ T-Nitrot!en * 
Treat=.ent Plant. Flo ... Cene. Load Cone. Load Cone. Load Cone. Load Co::;:. Load Cone. Load 

He':') f"'I'?,.!l lb'l day mg/l Ib/day. 't:J'i!-/1 Ib!day =tg/l lbl day- mg/1 l!:>/day mg/1 Ib/day 

CJB R'I.rn SOL:1\CtS 

CTee~lbriar 0.667 1:'.3 79.7 20.0 111.0 2.1 15.2 0.4 2.3 15.9 39.6 21.0 118.4 
Big Rocky 0.190 5.3 8.4 16.2 25.8 3.S 5.S 0.3 0.5 22.6 35.8 26.5 42.0 

F1.;tliek 0.337 2.7 7.5 5.0 14.1 1.0 2.9 2.2 5.9 7.8 21.1 11.0 29.7 

t-iidd Ie Cub Run O.So,l 5.0 23.4 14.7 65.S 2.8 13.0 o.~ 1.9 16.~ ;;.9 19.9 91.9 

Upper Cu!:> Run O.liZ 1.3 1.9 12.7 18.2 0.7 1.0 0.5 0.7 12.6 19.0 15.6 22.4 

0'\ 
Total~ 1.9ZS 120.9 238.0 31.6 11.3 243.4 304.4 I-' 

BrtL ~~ SOURCES 

~bn~SS3S Park 11 O.:~S 6.5 9.6 7.5 11.1 

X~~as~as Park ~2 O.1~6 3.S ~.6 4.0 4.9 

\:~stg:1te 
., .'"\. 6.0 51.9 7.8 67.2 1.0 8.3 :.2 18. 7 6.7 57.7 .... " ... 

G·!.::ii) ...... .., :.3 56.~ 0.6 7.7 7.6 90.4 8.6 :01.3 

Li!:>eria O.l~~ 7.0 11.1 14.4 22.S 0.5 0.8 6.3 9.9 13.0 :!O.5 

S,.;)rths1ce O • .:.~~ 7.9 ~:3.0 17.7 t'~~; 0.6 2.:! L7 9.5 20.:' 71.1 

Totals 3 .. ':'~5 132. :. 2~~.7 

CraoJ Total. 5.33::- 253.3 462.6 

• 
Cub Run ~3t3 f~r J~:~ ~nly. 
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TABLE XIII 

COMPARISON OF AVERAGE NUTRIENT AND SOLIDS LOADINGS FROM POINT AND 

DIFFUSE SOURCES: From Weekly Sampling July Through September, 1974 

lbs/day 
Q) "d 
4-l <U 
cd "d 

..c: r:: 
~ <U 
til til ~ 
o ~ til 

..c:J.4 m ::1 
~o +J 4-l til +J 

..c: m bO m CIJ m ....... ~ ....... 0 r-I"d 
cd CIl () cd J.4 () (lj"'; () 

+J 0 J.4 +J+J ~ +J ....... ~ 
o..c: <U 0"'; <U o 0 <U 
E-IP-I P-I E-iZ P-I E-IOO P-I 

Occoquan Creek 27 23 291 33 1059 46 

Lower Bull Run 35 30 23 3 753 33 

Sewage Treatment 56 47 557 64 463 21 
Plants 

Total 118 871 2275 
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phosphorus and 64% of all nitrogen entering the reservoir during the 

period June and July, 1974. Consequently, as previously noted, mean 

nitrate and phosphate concentrations were highest at the Cub Run 

sampling station, while the greatest phosphate load was observed below 

these treatment plants at Yates Ford. 

Non-Point Sources 

In Table XIV, the nutrient loadings for watershed areas moni

tored by stream gages are considered as uniformly distributed 

non-point nutrient sources. The Catharpin subwatershed stands out 

as having the lowest observed nutrient loading per acre of watershed. 

Cub Run, which is predominantly affected by sewage treatment plant 

effluent, shows the highest values for nitrate and very high values 

for phosphate. The lower Bull Run gaging station, which includes the 

drainage of Catharpin, Cub Run, six additional treatment plants, a 

large urban area and an undetermined amount of forested land, shows 

the highest per acre phosphate loadings and a very high per acre 

nitrate loading. In the Occoquan subwatershed at Cedar Run and Occo

quan Creek below Lake Jackson, phosphate loadings are not much higher 

than that in the forested region at Catharpin; however, the mean per 

acre daily nitrate loading is as much as 40 times higher than that of 

Catharpin and approaches the levels of Bull Run at Yates Ford. The 

Cedar Run watershed, as previously mentioned, is considered to be 

primarily agricultural drainage. 
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TABLE XIV 

MEAN NUTRIENT CONTRIBUTIONS OF LAND USE AREAS 

Source 

Forested Area: 

Bull Run/Catharpin 

Sewage Treatment and 
Forest: 

Cub Run near Bull Run 

Sewage Treatment, Urban 
Drainage, Forest: 

Lower Bull Run/Yates 
Ford 

Agricultural Area: 

Cedar Run 

Agricultural, Forest, 
Light Residential: 

Occoquan below Lake 
Jackson 

Area 

(acres) 

1660 

3170 

11830 

9920 

21800 

Mean 
-1 

(lbs" day ) 

ND3 TP -

31 4.7 

205 58.0 

608 276.7 

431 50.8 

703 67.9 

Mean 
-=r -1 (lbs.acre day ) 

NOa TP -

.0187 .00283 

.0654 .0183 

.0515 .0234 

.0435 .00513 

.0322 .00311 
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Nitrate Flux 

Although the mean daily nitrate loadings for the Occoquan 

subwatershed were lower than those of Bull Run, when examined on a 

daily basis, the reverse situation often obtains. As can be seen in 

Figure 10, the flux of nitrate in the Occoquan sub-basin is strongly 

influenced by precipitation. (See discharge records, Figures 13 and 

14 in the Appendix.) This effect is typical of areas that are predom

inantly influenced by non-point nutrient sources such as land appli

cation of fertilizer. During the period of heavy rains in April, May, 

and the beginning of June, nitrate flux in the Occoquan sub-basin is 

seen to rise and fall sharply, whereas the Bull Run pattern is more 

uniform. Although Cub Run is smaller and therefore more flashy than 

Bull Run, its N0
3 

flux is seen to be more stable than that of lower 

Bull Run at Yates Ford. This suggests that there may be significant 

influence of non-point nitrate source in the Bull Run subwatershed 

also. 

The highest daily nitrate flux observed in the Occoquan sub

basin occurred in April during a period of heavy rain. The total 

discharge in the first week of April was greater than the estimated 

9.8 billion gallons contained in the reservoir at normal pool level. 

Three more storms of similar intensity occurred during April, May, and 

the beginning of June. As the reservoir was unstratified during this 

season, it is reasonable to assume that this nitrate-rich water flowed 

through the reservoir uniformly, completely filling it at the end of 

the rainy season. 
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FIGURE 10: NITRATE FLUX IN OCCOQUAN SUBWATERSHED t BULL RUN SUBWATER-

SHED, AND RESERVOIR STATION 3, 1973 
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The middle graph in Figure 10 confirms this assumption. One 

may note the sudden drop in nitrate concentration in the surface water 

of station 3 during the first week of July. This sudden disappearance 

of nitrate corresponds with the first significant algal bloom. 

Considering the nitrate flux in Occoquan Creek, one may note 

that during spring nitrate nitrogen flux was always greater at the 

downstream station below Lake Jackson than that upstream at Cedar Run; 

however, during the summer there was an apparent loss of nitrate at 

the downstream station. This apparent loss of nitrate ensues as a 

result of stratification and high algal growth on Lake Jackson. 

Nitrate is taken up by the algae present in the epilimnion of Lake 

Jackson leaving a nutrient-depleted water to flow off over the dam 

to Occoquan reservoir. This low nutrient water, however, typically 

contained large numbers of algae. Three distinct storms occurred 

during the summer. Only one of these was intense enough to increase 

the nitrate flux below Lake Jackson above the level observed at the 

upstream station. Two of these storm periods were followed by dis

tinct periods of algal bloom at station 3. 

This analysis probably overstates the extent to which Occoquan 

sub-basin influences bloom conditions on the reservoir. One may note 

that during the summer period, nitrate flux from Bull Run was 

typically higher than that from Occoquan. As flow rates were 

extremely low during the entire summer period, this high nitrate flux 

only caused extremely high productivity in the upper reaches of the 

reservoir. The lower reaches of the reservoir were typically free 
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of algal blooms and low in nutrient level until the occurrence of 

heavy rains in August. 

Phosphate Flux 

Examining Figure 11, one sees a pattern of phosphate loadings 

that closely resembles that for nitrate. The result is perhaps some

what misleading as 90% of the phosphate observed in Bull Run was in 

the orthophosphate form whereas less than 30% of the phosphate 

observed in Occoquan Creek was in this quickly metabolizable form. 

Nevertheless, one can see that the Occoquan subwatershed contributes 

significant quantities of phosphate to the reservoir during periods 

of storm. 

The middle graph of phosphate concentration at station 3 

clearly indicates that during periods of stratification, in midsummer, 

phosphate concentration increases in the hypolimnion and remained low 

in the epilimnion. Whether this accumulation of soluble phosphates 

in the depths of the reservoir results from bottom release or from 

settling and degradation of algal material cannot be clearly decided. 

One may presume, however, that a significant portion of this hypo

limnion phosphate originated in the epilimnion during the season of 

study. 

The hypolimnion of the Occoquan reservoir has been estimated 

to contain as much as 5 billion gallons (see Figure 15 in the Appendix) 

below a depth of 10 feet. If the mean concentration of phosphate

phosphorus is approximately 0.150 mg/liter (a low estimate) it 

corresponds to a potential of approximately 6300 lbs of phosphate-
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Total-P load: Cedar Run 
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FIGURE 11: PHOSPHATE FLUX IN OCCOQUAN SUBWATERSHED, BULL RUN SUBWATER-

SHED, AND RESERVOIR STATION 3, 1973 



70 

phosphorus. which, if transported to the surface, would be sufficient 

to produce as much as 190 tons of Anabaena. 

The preceding calculation is not very realistic, as it is 

impossible for the entire content of the hypolimnion to appear at 

once in the euphotic zone. The actual exchange of nutrient from 

hypolimnion to epilimnion during periods of stratification is diffi-

cult to estimate. Because concentration gradient between surface and 

bottom concentrations is very large, the possibility of exchange was 

considered an important parameter. The exchange of material between 

surface and bottom was estimated in the following way: 

It was first assumed that the flow of nutrient material between 

surface and bottom would be analogous to the flow of heat, that is, 

amount exchanged would be proportional to the gradient observed. 

(1) 

(2) 

dH 
dt = 

where: dH = amount of heat 

dN = amount of nutrient exchanged 

dt = infinitesimal unit of time 

kT = transfer coefficient for heat 

~ = transfer coefficient for nutrient 

CB, Cs = concentrations of nutrient in bottom and surface 

The two transfer coefficients are next considered to be characteristic 

of the system, both estimates of eddy diffusivity. Heat transfer was 
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then adjusted for unit volume and used as temperature in. degrees 

Centigrade, and amount of nutrient was also adjusted for unit volume 

and represented as concentration. This gives the following solution 

form: 

(3) 

(4) aC 
at = k(C - C ) B S 

where: aT = average change in temperature in degrees Centigrade 

at = 1 day 

ae = average change in concentration in ppm 

The values for T, TB, and TS were obtained from Figure 12. Tempera

ture changes at station 5 were used to estimate the coefficient of 

eddy diffusivity, k, using equation 3. The value for k obtained 

-1 indicated an exchange rate of 0.01 day • This value for k was then 

substituted into equation 4, assuming a concentration gradient 

(TB - TS) equal to 0.150 ppm •. The result is a predicted exchange 

-1 rate of 0.0015 ppm day • This is an amount of phosphate that could 

allow production of only 0.075 mg/liter of Anabaena as predicted from 

AGP analysis. One can therefore assume that essentially no transfer· 

of materials from hypolimnion to epilimnion occurs during periods of 

stable stratification. 

The first really intense bluegreen algae bloom was noted on the 

main body of the reservoir at the beginning of September shortly after 

a period of heavy rain late in August that seemed to mix the entire 
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reservoir. One may note in Figure 11 that surface and bottom concen

trations of phosphate were approximately equal during the third week 

of August. The average change in surface phosphate concentration 

observed at stations 3, 4, and 5 was approximately 0.080 mg-P/liter 

above the previous week's value. This corresponds to approximately 

3360 lbs of phosphate-phosphorus added to the epilimnion in one storm, 

assuming epilimnion volume equal to 5 billion gallons. During the 

storm a total phosphate flux including both Occoquan and Bull Run 

reached a maximum of 177 lbs-phosphate-phosphorus/day. If this 

loading is assumed to have occurred continually for the full three-day 

storm period, an estimated 351 lbs of phosphate-phosphorus added to 

the reservoir from tributaries. Therefore, one can see that the 

greatest effect of storms results from mixing the contents of the 

hypolimnion into the epilimnion and making them available for algal 

production. Since the mean daily loading of phosphate-phosphorus for 

the summer period, June through September, 1973, was 185 Ibs per day. 

It took approximately 18 days to accumulate the amount of phosphorus 

which was suddenly mixed uniformly into the epilimnion. Naturally, 

bloom conditions soon followed. 



VII. CONCLUSIONS 

1. The major sources of algal nutrient in the Occoquan Watershed 

are sewage treatment plants located in the Cub Run and Lower 

Bull Run drainage basins. These contribute extremely high loads 

of both nitrogen and phosphorus at a uniform rate throughout the 

spring and summer seasons. 

2. The Occoquan Creek sub-basin contributes large amounts of 

nitrate and lesser amounts of phosphate to the reservoir during 

the spring season. During summer, contribution of nitrates and 

phosphates from this region is negligible due to the influence 

of Lake Jackson. 

3. Phosphates derived from the Bull Run basin are predominantly 

orthophosphate, whereas phosphates from the Occoquan sub-basin 

are predominantly forms other than orthophosphate and are there

fore less readily metabolized. 

4. Large quantities of phosphate are stored in the hypolimnion and 

released periodically to the epilimnion due to the influence of 

storm flow mixing. 

5. The growth of green algae as represented by SelenastPUm cap~

cornutum is entirely dependent on nitrate concentration when 

orthophosphate concentration is greater than 0.010 mg-P/liter. 

6. At low concentrations of phosphate, the production of nitrogen

fixing bluegreens, as represented by Anabaena flo8-aquae~ is 

independent of nitrate concentration. However, at concentration 
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of phosphate-phosphorus greater than 0.150 mg-P/liter, nitrate 

tends to stimulate the production of bluegreen algae. 

7. The appearance of a significant non-point source of nitrates and 

phosphates in the lower Bull Run basin is suggested. 

8. Occoquan reservoir is at present in a highly advanced state of 

eutrophication. The elimination of all sewage treatment plant 

effluent from the Bull Run drainage will significantly reduce 

the level of bluegreen algal growth by reducing the phosphate 

contribution. However, this will probably not eliminate the 

problem entirely, since significant amounts of phosphates from 

non-point sources will still be stored in the hypolimnion. 

Considering the short flow-through time observed during 

storm periods, it seems likely that the first intense summer 

storm will release algal nutrients from the hypolimnion and create 

bloom conditions. However, due to the low level of base nutrient

loading from non-point sources, the nutrient storage available in 

the hypolimnion may not be replenished during the summer. One 

may thus anticipate improvement in late summer and fall water 

quality conditions with only moderate usage of algicide. 
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Macronutrients 

Compound 

NaN0
3 

K
2

HP0
4 

MgC1
2 

MgS04 • 7H20 

CaC1
2

·2H
2

0 

NaHC0
3 
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TABLE XV 

SYNTHETIC ALGAL NUTRIENT MEDIUM 

Micronutrients 

Concentration (mg/1) Compound 

25.500 

1.044 

5.700 

14.700 

4.410 

15.000 

H3B03 
MnC12 
ZnC12 
CoC12 
CuC1

2 
Na2Mo04·2H

2
0 

FeCl
3 

Na
2

EDTA.2H
2
0 

Concentration (mg/1) 

185.520 

264.264 

32.709 

0.780 

0.009 

7.260 

96.000 

300.000 
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TABLE XVI 

COMPLETE· LIST OF SPECIES OBSERVED IN OCCOQUAN RESERVOIR 

CYANOPHYTA 
Anabaena affini. 
A. catenula 
A. circ!nal!. 
A. constricta 
A. Bpiroi~es 
Anabaena sp. 
AphaolzomenoD flos-aquae 
Aphaoocapsa sp. 
Coelosphaerium sp. 
·Gomphosphaeria sp. 
Merlsmopedia punctata 
Hicrocystia aeruginosa 
Oscillatori. Spa 
Trichodesmium lacustre 

EUGLENOPH'lTA 
Euglena elastica 
Euglena sp. 
Lepoclnclis sp. 
PhacuB tortus 
TTBchelomonas sp. 

llYRRHOPHYTA 
Ceratium hlrundinella 
Peridinium Spa 

CRYPTOPHYTA 
Cryptomonas erosa 

CHRYSOPHYTA 
Xanthophyceae 

Pseudotetraedron neglectum 

Bacil1ariophyceae 
Achnanthe. sp. 
Amphora sp. 
Asterlonella formosa 
Coccone1s sp. 
Cyc10tella sp. 
Cymbella ·ventricos. 
Eunotia sp. 

. Fugtlaria sp. 
Gomphonema parvulum 
Gyrosigma Spa 
Melosira gra~ulata 
M. varians 
Melosira Spa 
Meridion circulare 
Navicula sp. 
Nituchia sp. 
Pinnuluria IIp. 
Rhoicll)lphnnia. curvat,. 
Steph8110dhcua sp •. 
Sur.ire1la sp. 
Synedrs Spa 
Tabellaria SPa 

Cbrysophyceae 
Dinobryon sp. 
Hallomooas sp. 
Synura lapponica 

Station 
1 2 3 5 
++++ 

+ 
++ 

+ + 
+++ 
++++ 
++++ 
++++ 
++ + 
++ 

+++ 
++++ 
++++ 
+ 

++++ 
++++ 

++ 
+ 
++;++ 

++++ 
+ + 

++++ 

+++ 

+ 
++ 

+++ 
+ 

+++ 
+++ 

+ 
++++ 
++ 
++ 
++++ 
++ 
+++ 

+ 
++ 
+++ 
+ + 
... 

+ 
++ 
++++ 
++ 

++ 
+++ 
+ + 

CHLOROPHYTA 
Act1na"Lrum sp. 
Ankl~trodesmus sp. 
Carteria Spa 
Chlamydomonas Spa 
Chlorella ellipsoid. 
Chlorococcum humicola 
Chlorogonium Spa 
Closterium sp. 
Coelas~rum angustae 
C. microporum 
Cosm.arium sp. 
Dictyosphaerium sp. 
Eudorina elegans 
Conium pectorale 
Xirchneriella subso11tar1a 
Micractlnium sp. 
tUcrospora Spa 
OoCYSt!5 .6p. 
Pandor!na morum 
P~dla8trum duplex 
P. simplex 
P. tetras 
Pediastrum sp. 
P)lItydorina sp. 
Pleodorina sp. 
Protococcus sp. 
Radiococcus nlmbatu8 
Scenedesmus acumlnatu8 
S. a ( C ua luS 

S. quadr1c<luda 
Sccnedt::smu8 sp. 
Selcnastrum caprlcornutum 
Sphaerocystls schroeter! 
St8urastrum chaetoceras 
S. tetracerum 
Stauraatrum sp. 
Ulothrlx lip. 
Volvox tertius 

Station 
!111 
++++ 
++++ 
+ -++ 
++++ 
++++ 
+ 

+ 
++ + 
+ + 
++++ 
+ ++ 
+ ++ 
++++ 
+++ 
++++ 
++++ 

+ 
+ +++ 
+ + + + 
+ + ++ 
+ + + ... 
+ + + + 
+ + ++ 
+ 

+ 
+ ++ 
++++ 

+ ++ 
... +. 
+ + + + 
++ + + 

++ 
+ + + + 
+ 
+ 
++++ 

+ 
++++ 
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TABLE XVII 

BULL RUN AT CATHARPIN 

Bull Run Sub-Watershed 

Parameter 

Orthophosphate Phosphorus 

Non-Orthophosphate Phosphorus 

Total Phosphate Phosphorus 

Nitrate Nitrogen 

Nitrite Nitrogen 

Ammonia Nitrogen 

Total Kje1dah1 Nitrogen 

Dissolved Oxygen 

pH 

A1ka1inity* 

Temperature 

Anabaena AGP Yield 

Anabaena Growth Rate 

Se1enastrum AGP Yield 

Se1enastrum Growth Rate 

*Expressed as CaC03 
-1 

**Day 

R<1nge - mg/1 

0.0 - 0.135 

0.0 - 0.155 

0.010 - 0.290 

0.100 - 0.592 

0.0 - 0.013 

0.0 - 0.158 

0.037 - 0.648 

6.4 - 12.0 

6.1 - 8.3 

23.0 - 59.5 

8.0 - 27.0 

0.3 - 19.9 

0.249 - 1.672** 

3.1 - 8.8 

0.123 - 2.215** 

Mean - mg/1 

0.017 

0.026 

0.044 

0.278 

0.002 

0.037 

0.198 

9.33 

7.34 

38.81 

20.28 

10.07 

1.159** 

5.10 

1.026** 
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TABLE XVIII 

CUB RUN NEAR BULL RUN 

Bull Run Sub-Hatershed 

Parameter 

Orthophosphate Phosphorus 

Non-Orthophosphate Phosphorus 

Total Phosphate Phosphorus 

Nitrate Nitrogen 

Nitrite Nitrogen 

Ammonia Nitrogen 

Total Kje1dahl Nitrogen 

Dissolved Oxygen 

pH 

A1ka1inity* 

Temperature 

Anabaena AGP Yield 

Anabaena Growth Rate 

Se1enastrum AGP Yield 

Se1enastrum Growth Rate 

*Expressed as CaC03 -1 
**Day 

Range - mg!l 

0.050 - 1.830 

0.0 - 0.250 

0.090 - 1.900 

0.296 - 4.615 

0.009 - 0.250 

0.011 - 0.350 

0.110 - 0.517 

6.7 - 10.6 

6.4 - 8.2 

24.0 - 58.0 

8.5 - 27.0 

66.7 -549.3 

1.197 - 2.226** 

46.8 -116.5 

1.097 - 2.334** 

Mean - mg!l 

0.886 

0.086 

0.973 

1.725 

0.089 

0.107 

0.310 

8.33 

7.31 

41.74 

20.50 

298.20 

1.805** 

86.45 

1.636** 
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TABLE XIX 

BULL RUN AT YATES FORD 

Bull Run Sub-Watershed 

Parameter 

Orthophosphate Phosphorus 

Non-Orthophosphate Phosphorus 

Total Phosphate Phosphorus 

Nitrate Nitrogen 

Nitrite Nitrogen 

Ammonia Nitrogen 

Total Kje1dah1 Nitrogen 

Dissolved Oxygen 

pH 

A1ka1inity* 

Temperature 

Anabaena AGP Yield 

Anabaena Growth Rate 

Se1enastrum AGP Yield 

Se1enastrum Growth Rate 

*Expressed as CaC03 -1 **Day 

Range - mg/1 

0.066 - 1.350 

0.0 - 0.140 

0.110 - '1.380 

0.470 - 1.650 

0.010 - 0.190 

0.082 - 0.591 

0.270 - 1.550 

5.4 - 11.5 

6.2 - 8.1 

22.0 - 68.0 

9.0 - 27.0 

42.2 -256.2 

1.125 - 2.349** 

33.1 - 62.7 

1.246 - 2.199** 

I 
Mean - mg/1 

0.450 

0.040 

0.492 

0.796 

0.090 

0.277 

' 0.597 

7.22 

7.27 

41.88 

20.52 

144.12 

1.892** 

50.62 

1.668** 
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TABLE XX 

OCCOQUAN RESERVOIR STATION 1 

Below Confluence of Bull Run & Occoquan 

Surface 

Parameter 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen 
Dissolved Oxygen 
pH 
Alkalinity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Se1enastrum Growth Rate 

Bottom 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kjeldah1 Nitrogen 
Dissolved Oxygen 
pH 
Alkalinity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Selenastrum AGP Yield 
Se1enastrum Growth Rate 

*EXP!Issed as CaC03 
**Day 

Range - mg/l 

0.030 - 0.280 

0.062 - 0.290 
0.048 - 0.660 
0.0 - 0.062 
0.0 - 0.444 
0.036 - 0.665 
5.9 - 14.1 
6.8 - 9.5 

18.0 - 43.0 
10.0 - 31.0 

29.1 -100.6 
0.649 - 2.010** 

4.2 - 48.4 
0.218 - 1.796** 

0.055 - 0.375 
0.0 - 0.135 
0.060 - 0.420 
0.050 - 0.896 
0.0 - 0.112 
0.260 - 1.950 
0.589 - 2.595 
0.1 - 10.0 
6.8 - 8.5 

18.0 - 63.0 
9.0 - 23.5 

22.3 -139.2 
0.934 - 1.907** 

17.6 - 54.5 
0.681 - 1.983** 

Mean - mg/l 

0.108 
0.037 
0.147 
0.290 
0.017 
0.129 
0.331 

11.59 
7.98 

32.20 
22.89 

49.65 
1.381** 

24.75 
1.214** 

0.170 
0.027 
0.200 
0.426 
0.031 
0.806 
1.239 
2.70 
7.17 

37.88 
17.79 

71.67 
1.478** 

34.68 
1.478** 
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TABLE XXI 

CEDAR RUN 

Occoquan Creek Watershed 

Parameter 

Orthophosphate ~hosphorus 

Non-Orthophosphate Phosphorus 

Total Phosphate Phosphorus 

Nitrate Nitrogen 

Nitrite Nitrogen 

Ammonia Nitrogen 

Total Kje1dah1 Nitrogen 

Dissolved Oxygen 

pH 

Alkalinity* 

Temperature 

Anabaena AGP Yield 

Anabaena Growth Rate 

Se1enastrum AGP Yield 

Se1enastrum Growth Rate 

*Expressed as CaC03 
-1 

**Day 

. Range - mg/l 

<0.0 - 0.060 

0.005 - 0.086 

0.015 - 0.090 

0.062 - 1.958 

0.0 - 0.102 

0.0 - 0.362 

0.049 - 0.645 

5.6 - 10.9 
6.1 - 8.2 

21.0 - 50.0 

9.0 - 26.5 

4.1 - 54.9 

0.605 - 1.692** 

2.8 - 7.0 

0.205 - 1.714** 

Mean - mg/:L 

0.013 

0.028 

0.041 

0.476 

0.010 

0.077 

0.249 

7.63 
7.28 

36.10 

20.72 

15.07 

1.130** 

5.65 

0.936 
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TABLE XXII 
OCCOQUAN CREEK BELOW LAKE JACKSON 

Occoquan Creek Watershed 

Parameter 

Orthophosphate Phosphorus 

Non-Orthophosphate Phosphorus 

Total Phosphate Phosphorus 

Nitrate Nitrogen 

Nitrite Nitrogen 

Ammonia Nitrogen 

Total Kjeldah1 Nitrogen 

Dissolved Oxygen 

pH 

A1ka1inity* 

Temperature 

Anabaena AGP Yield 

Anabaena Growth Rate 

Se1enastrum AGP Yield 

Selenastrum Growth Rate 

*Expressed as CaC03 -1 **Day 

Range - .mg/1 

0.0 - 0.050 

0.005 - 0.060 

0.010 - 0.085 

0.040 - 1.958 

0.0 - 0.102 

0.0 - 0.392 

0.056 - 0.576 

7.3 - 11.2 

6.0 - 8.4 

19.0 - 43.5 

10.0 - 28.0 

3.1 - 23.2 

0.330 - 1.988** 

2.4 - 8.1 

0.197 - 1.824** 

Mean - mg!l 

0.010 

0.020 

0.030 

0.313 

0.008 

0.084 

0.267 

8.62 

7.33 

32.12 

22.42 

12.76 

1.233** 

5.59 

0.946** 
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TABLE XXIII 

OCCOQUAN RESERVOIR STATION 2 

Below Confluence of Bull Run & Occoquan 

Surface 

Parameter 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kjeldah1 Nitrogen 
Dissolved Oxygen 
pH 
A1ka1inity* 
Temperature 

Anabaena AGP Yei1d 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Selenastrum Growth Rate 

Bottom 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kje1dah1 Nitrogen 
Dissolved Oxygen 
pH 
A1ka1inity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Selenastrum AGP Yield 
Se1enastrum Growth Rate 

*EXP!issed as CaC03 
**Day 

Range - mgtl 

0.0 .- 0.130 
0.0 - 0.120 
0.015 - 0.135 
0.0 - 0.656 
0.0 - 0.024 
0.0 - 0.350 
0.054 - 0.450 
5.2 - 14.2 
6.3 - 9.5 

17.5 - 40 .. 0 
10.5 - 32.5 

1.2 - 31.9 
0.448 - 1.985** 

2.0 - 22.2 
0.279 - 1.558** 

0.0 - 0.185 
0.0 - 0.115 
0.019 - 0.220 
0.026 - 0.618 
0.0 - 0.040 
0.118 - 2.525 
0.329 - 5.760 
0.0 - 10.7 
6.3 - 7.6 

19.0 - 86.5 
10.0 - 21.5 

0.7 - 39.9 
0.114 - 1.968** 

1.9 - 27.9 
0.344 - 1.811** 

Mean - mgtl 

0.018 
0.023 
0.041 
0.148 
0.003 
0.077 
0.244 
9.90 
7.70 

29.57 
23.60 

16.57 
1.250** 

7.84 
1.041** 

0.059 
0.028 
0.088 
0.199 
0.150 
1.133 
1.727 
2.82 
6.93 

47.00 
15.69 

17.01 
1.207** 

11.00 
1.194** 
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TABLE XXIV 

OCCOQUAN RESERVOIR STATION 3 

Below Confluence of Bull Run & Occoquan 
Surface 

Parameter 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kje1dah1 Nitrogen 
Dis~olved Oxygen 
pH 
A1ka1inity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Selenastrum Growth Rate 

Bottom 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kje1dah1 Nitrogen 
Dissolved Oxygen 
pH 
A1ka1inity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Selenastrum AGP Yield 
Se1enastrum Growth Rate 

*EXP!ISsed as CaC03 **Day 

Range - mg/1 

0.0 - 0.060 
0.0 - 0.145 
0.015 - 0.150 
0.0 - 0.431 
0.0 - 0.027 
0.0 - 0.376 
0.087 - 0.695 
5.7 - 13.2 
6.4 - 9.4 

16.0 - 37.0 
11.0 - 31.5 

0.0 - 49.5 
0.340 ~ 2.249** 

3.7 - 17.8 
0.214 - 1.797** 

0.025 - 0.465 
0.0 - 0.140 
0.055 - 0.540 
0.0 - 0.454 
0.0 - 0.046 
0.104 - 2.230 
0.430 - 3.100 
0.1 - 9'.4 
6.3 - 7.8 

16.0 - 68.0 
8.0 - 20.5 

5.1 - 74.6 
0.489 - 2.123** 

11.3 - 24.6 
0.507 - 2.070** 

Mean - mg/1 

0.018 
0.027 
0.046 
0.130 
0.005 
0.060 
0.232 

10.46 
7.91 

30.46 
23.65 

21 •. 68 
1.203** 

9.48 
1.104** 

0.157 
0.031 
0.193 
0.188 
0.007 
1.037 
1.363 
2.58 
7.05 

39.62 
15.06 

31.06 
1.469** 

16.90 
1.399** 
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TABLE XXV 

OCCOQUAN RESERVOIR STATION 4 

Below Confluence of Bull Run & Occoquan 
Surface 

Pamameter 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kjeldah1 Nitrogen 
Dissolved Oxygen 
pH 
Alka1inity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Se1enastrum Growth Rate 

Bottom 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kjeldah1 Nitrogen 
Dissolved Oxygen 
pH 
Alkalinity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Se1enastrum Growth Rate 

*ExPErssed as CaC03 **Day 

Range - mg/l 

0.0 - 0.050 
0.0 - 0.185 
0.019 - 0.190 
0.0 - 0.368 
0.0 - 0.012 
0.0 - 0.330 
0.036 - 0.553 
3.5 - 13.0 
6.9 - 9.3 

15.0 - 40.0 
13.5 - 32.0 

0.0 - 45.8 
0.708 - 1.652** 

3.3 - 19.7 
0.317 - 1.521** 

0.030 - 0.400 
0.0 - 0.100 
0.040 - 0.455 
0.0 - 0.332 
0.0 - 0.018 
0.370 - 1.550 
0.512 - 2.087 
0.0 - 8.0 
6.5 - 8.1 

14.0 - 54.5 
9.0 - 22.0 

5.2 - 73.9 
0.935 - 2.573** 

9.6 - 20.3 
0.933 - 1.557** 

Mean - mg/1 

0.013 
0.028 
0.047 
0.073 
0.002 
0.047 
0.222 
9.85 
8.05 

32.42 
25.22 

20.81 
1.130** 

9.70 
1.088** 

0.137 
0.024 
0.169 
0.090 
0.006 
0.919 
1.127 
2.15 
7.13 

39.20 
15.68 

33.62 
1.350** 

16.65 
1.136** 
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TABLE XXVI 

OCCOQUAN RESERVOIR STATION 5 

Below Confluence of Bull Run & Occoquan 
Surface 

Parameter 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total Kje1dah1 Nitrogen 
Dissolved Oxygen 
pH 
A1ka1inity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Se1enastrum Growth Rate 

Bottom 

Orthophosphate Phosphorus 
Non-Orthophosphate Phosphorus 
Total Phosphate Phosphorus 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ammonia Nitrogen 
Total eldah1 Nitrogen 
Dissolved Oxygen 
pH 
A1ka1inity* 
Temperature 

Anabaena AGP Yield 
Anabaena Growth Rate 

Se1enastrum AGP Yield 
Se1enastrum Growth Rate 

*ExPErssed as CaC03 **Day 

Range - mg/1 

0.0 - 0.060 
0.0 - 0.145 
0.015 - 0.155 
0.0 - 0.374 
0.0 - 0.011 
0.0 - 0.500 
0.036 - 0.630 
4.2 - 13.2 
6.5 - 9.3 

13.0 - 37.0 
12.0 - 31.5 

0.0 - 36.2 
0.042 - 3.057** 

2.8 - 18.9 
0.120 - 1.708** 

0.013 - 0.190 
0.0 - 0.050 
0.035 - 0.190 
0.0 - . 0.336 
0.0 - 0.024 
0.0 - 1.820 
0.397 - 2.195 
0.1 - 9.5 
6.5 - 8.1 

12.0 - 51.5 
8.5 - 22.0 

1.8 - 87.8 
0.559 - 2.476** 

5.1 - 32.5 
0.318 - 1.510** 

Mean - mg/1 

0.014 
0.025 
0.041 
0.099 
0.002 
0.077 
0.565 
9.83 
7.39 

29.92 
24.15 

9.24 
1.257** 

7.01 
0.898** 

0.072 
0.016 
0.091 
0.158 
0.006 
0.671 
0.993 
2.15 
7.13 

33.04 
15.75 

33.62 
1.350** 

16.65 
1.136** 
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ALGAL NUTRIENTS: SOURCES AND PATTERNS 

OF FLOW IN THE OCCOQUAN WATERSHED 

by 

Michael Smolen 

(ABSTRACT) 

The movement of algal nutrients was studied in the Occoquan 

Watershed. During the period April through September 1973, weekly 

water samples collected by the Occoquan Monitoring Laboratory were 

split for chemical analysis and algal growth potential (AGP) assay. 

Variation in AGP observed between stations indicated that the 

major source of algal nutrients was sewage treatment plants in the 

Bull Run portion of the Occoquan Watershed. Chemical analyses, 

likewise, indicated that the Bull Run waters were highest in phosphate 

and nitrate concentration. 

Both phosphate and nitrate concentrations were found to corre

late highly with AGP for green and bluegreen test species. For the 

green alga Selenastrum aapriaoPnutumJ the chemical nutrient most 

highly correlated with AGP was nitrate, whereas for the bluegreen 

alga Anabaena flos-aquae J total phosphate gave the highest correlation 

coefficient. A graphic analysis of AGP versus nitrate-nitrogen 

concentration indicated that Selenastrum yield does not increase 

with nitrate concentration when orthophosphate concentration is less 

than 0.010 mg-P/liter. At concentrations greater than this, however, 

nitrate appears to control the SeZenastrum AGP. A similar analysis 

of Anabaena AGP versus nitrate-nitrogen indicated that nitrate 



concentration does not affect Anabaena AGP unless the total phosphate 

concentration is greater than 0.150 mg-P/liter. At total phosphate 

·concentration greater than 0.250 mg-P/liter a definite stimulation of 

Anabaena yield due to nitrate concentration was observed. 

The weekly changes in chemical nutrient flux were examined 

through spring and summer seasons. The nitrate and phosphate loadings 

of Bull Run, which receives sewage treatment effluent, were found to 

be high and relatively constant throughout spring and summer. The 

agricultural region of Occoquan Creek, however, showed high nitrate 

loadings only during periods of stormflow. At baseflow, Occoquan 

Creek nutrient loadings were found to be insignificant. A decrease 

in nutrient content of the Occoquan Creek tributary was observed during 

summer due to the influence of a small recreational lake in Occoquan 

Creek upstream from the reservoir. 

Finally, analysis of material and energy transfer between water 

strata in the stratified reservoir indicated that hypolimnetic nutrients 

do not enter the epilimnion at a rate sufficient to cause algal bloom 

conditions. Storm events were observed to cause mixing of the reser

voir and so provided the nutrient concentration necessary for algal 

blooms. 

It is suggested that removal of phosphates from all sewage 

treatment effluent in the Occoquan Watershed will reduce the frequency 

of bluegreen algal blooms and allow more effective control with copper 

sulfate. 




