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ABSTRACT

An investigation of changes in nutrient concentrations, phytoplankton
biomass, and environmental parameters in the Chowan River Compiex (CRC) was
conducted from October 1978 through December 1981.

The response of phytoplankton to a given concentration of a given nutrient
was determined using a growth response ratio (RR) for each nutrient relative to
chlorophyll-a and algal wet weight biomass. |

Species of the three genera that periodically bloom in the river were iso-
Jated and a minimum nutrient requirement for each was determined. The results
suggest that the CRC is in excess of necessary nutrients for moderate algal
growth.

In the order of descending nitrogen requirements for initiating cyanophyceae

algal growth, the species were: Microcystis, Anabaena and Aphanizomenon. Ini-

tiating P04 concentrations depended upon the physiological state of the species
and the light and temperature regime to which they were exposed.

Using the extent to which RRNO3’ RRNH4 and RRyp exceed the efficiency level
of 1.0 per chlorophyll-a, reductions of 48% NO3, 23% NHg and 27% OP would be
requifed for algal biomass (as chloro-a) to be reduced to 40 ug/1; the margin
determined as the maximum desirable,concentration for the CRC.

Because blue-green algae are "luxury consumers" of P04, both PO4 and
nitrogen should be reduced simultaneously.

These results are discussed as they might relate to management of the CRC.
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

An analysis of nutrient data taken weekly over a two-year, two-month span
within the Chowan River complex (CRC) (26 Oct 78 - 18 Dec 80) indicated that all
measured nutrients in the river were in excess for phytoplankton growth needs
throughout the two-year study. This suggests that a need exists for nutrient
reductions to the system. A critical question, therefore, was answered: which
of the phytop1ankton growth reguiring nutrients must be reduced? An answer to
the guestion was examined physiologically, ecologically and statistically using
the data-set generated over the time frame stated above which included: (1)
phytoplankton biomass, numbers, bio-volume, and types; (2) chlorophyll-a
analysis; (3) periodic sediment and nutrient analysis; and (4) environmental
parameters of known importance to the productivity of an aquatic ecosystem.

A growth response ratio (RR) for each growth nutrient using chlorophyll-a
and algal wet weight biomass (WWB) was determined for both total biomass and
biue-green algal biomass (biomass/nutrient). The RR concept was important
because it negated intrasystem particulars such as flow, temperature, pH, etc.
Further, it permitted a gross determination, under variable conditions, as to
the response of the algae to a given nutrient.

The available nutrient ratio (N:P) was determined and found to be more
important than nitrogen alone or phosphorus alone. In fact, the N:P ratio was
found to be a key factor in determining nutrient reduction needs to the CRC.

Union Camp (UC) effluent, a continuous controversial topic, was utilized to
assay its effect on algal growth. The effluent was a better than adequate
growth medium, either at 100% UC concentration or if log-reduced in water from

the upper Nottoway River, for both blue-green and green algae (endemic Chowan
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species). It appeared that the Chowan River algal species have adapted to the
effluent. Species either isolated from other aquatic systems or ordered from
algal-culture commercial sources did not similarly respond to the UC effluent.
Hydrogen ion concentration (-loa, pH) played a role at the extremes in the
river. However, water temperature was the most influential factor {given the
state of the river that existed) on the growth of algae. Moderate (16°-24°C)
températures were preferred by the green algae; moderate to low (20°-5°C) were
preferred by the diatoms; high (25°-32°C) were preferred by the blue-green
algae. However, dominant diatoms were able to persist throughout the year, as
were many green algae. Temperature at its lower end (below 10°C) had a
devastating effect on blue-green algal growth. As a result, they usually
sporolated and overwintered in the sediment beds. There was one exception; one

species (new to the river Aphanizomenon ovata) was found at pulse-bloom WWB

concentrations at 8°C subsequent to a nitrogen spill two weeks prior in the
river.

Water hydrology due to flow, wind and tidal effects was often confusing.
Flow reversals increased dispersion of nutrients in three-fourths of the river
toward the lower reach. Therefore, an accurate determination of nutrient source
and loading as measured by nutrient input, water column and flow rate was almost
impossible. Thus the calculation of the sources of nutrients_that were not
directly measured from the site could be as correct as 95% or as incorrect as
50%. Also, the precise location of the collection sites is another parameter
reTafed to phytoplankton numbers, biomass and taxa diversification.
Neverthé1ess, station Cl13 near Colerain, NC was unique. It was the nmost
productive algal site on the river. Studies may utilize this site as the
ultimate potential.

The algal community structure has shifted over the last 10 years. There
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are more and different Cyanophyceae (blue-green algae) and diatoms 1in the
system. Ten (10) mg/1 WWB constituted a visual bloom when all species were
collectively considered. This fiqure could vary 1if the algal community
structure changes. Likewise, 1 mg/1 of a single growing filamentous blue-green
alga constituted a visual bloom. These WWB guantities were compared with the 40
ug/1 chlorophyll-a standard set by NRCD-DEM. Thus, a determination of nutrients
or nutrient reduction that would not exceed either biological standard was
deduced.

Anabaena, Aphanizomenon and Microcystis were isolated from the surface of

Chowan sediments and subsequently assayed for nutrient requirements (N03, NHg s
PO4). Different species of these genera were initially assayed. However, only

Anabaena circinalis, aphanizomenon flos-aquae and Microcystis marina are dis-

cussed with respect to Chowan River nutrients.
In the order of descending nitrogen requirement for initiating growth the

species are: Microcystis, Anabaena and Aphanizomenon.

Conclusions

1. Response Ratios (RR) are above 1.0 for summer lower reach averages for
RRNHg» RRN03, and RRgp; however, they are Tow in winter.

2. The RRNp3 1s the highest in the summer lower reach; thus the Chowan
River/chlorophyl1-a is the most sensitive to nitrogen.

3. Using the extent to which RRNO3,  RRNHg and RRpp exceed the
efficiency level of 1.0 per chlorophyll-a, reductions of 48% NO3, 23% NHa
and 27% OP would equal a 40 pg/1 margin. For 30 ug/1 chlorophyll-a reductions,
NO3 = 61%, NHq = 42% and OP = 27%.

4, Wet weight biomass/nutrient, OP, NH4 and NO3, in the Chowan River
is more sensitive to OP, NHgq and NO3, in that order. Therefore, river

reduction levels should be 27.8%, 26.5% and 18.5%, respectively.
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5. To achieve a 10 ma/1 WKWB, reductions are 72.0%, 71.1% and 68.7%, oP,
NH4 and NO3, respectively.

6. If reduction in nutrients for blue-green algae are considered apart
from other algae, nutrient levels of 90.7% NHg, 90.9% NO3 and 89.7% OP
appear necessary to achieve the "no bloom conditions" in this river.

7. The three blue-green algae genera are "luxury consumers" of P0Og.

Recommendations

1. Reductions in both phosphorus and nitrogen should be done
simultaneously.

(a) Neither nitrogen nor phosphorus should be reduced alone.

| (1) Rationale: A reduction in phosphorus alone would reduce algal
biomass. However, a reduction in total biomass would decrease competition for
nutrients, thus nitrogen levels would increase. An increase in nitrogen levels
would favor the 'growth of Microcystis. This would create a situation more
damaging than currently exists.

(2) Rationale: A reduction in nitrogen alone would favor an increase
in other algae, in particular flagellates. It is not known if a specific
organism may develop that would be detrimental to the system, say Peridinium
(dianoflagellates). While nitrogen fixation 1is important, algal communities
have not been shown to hloom with Np-fixation as the only source of nitrogen.

2. The ratio between nitrogen and phosphorus must be made such that
diverse species will compete for each. Thus, no species or groups of species
would gain an advantage.

3. Reductions by percent of both nutrients, nitrogen and phosphorus, as

indicated in the conclusions and text, is highly recommended.
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INTRODUCTION
During the late spring/early summer of 1978 the Chowan River (Figure 1),
Tocated in northeastern North Carolina experienced an extensive proliferation of
the small "pulse" b1doms of 1976 and 1977 (54) (Figures 1A and 1B) (57). The
1978 massive bloom was similar in location to a previous massive bloom of 1972.
However, both quantitatively and qualitatively, the two blooms were
distinctively different. The five dominant species of 1972, Anabaena

circinalis, Anabaena aequalis, Anabaena flos-aquae, Aphanizomenon flos-aquae and

Microcystis aeruginosa were either replaced in dominance by others within the

group or were not important as a dominant in 1978. The magnitudes of biomass
during 1978 exceeded that of 1972 and the total number of cells were either more
divekse, greater in number or less 1in number depending on the particular
location in the river. In addition, there was a greater intensity of blue~green
é?ga] species present in 1978 than seen in 1972.

Public interest in the river's water quality was triggered by the sudden
appearance of the 1978 bloom. Strong public opinion indicted a local industry
which had been previously implicated by the State of North Carolina as a
causative agent of the 1972 massive bloom.

The attention given by the local communities and business interest in the
area plus the concern expressed by NRCD stimulated a series of new studies on
the river’system. An interesting aspect of the 1978 bloom that suggested a need
for new studies was information by one researcher (54) that approximately two
weeks prior to the 1978 bloom, algal biomass and nutrient conditions at three
stations (Tabie A, Figure 2, C3A, C13 and C16) did not indicate the presence of
bloom species or nutrients beyond the concentrations found in the period between
the years 1975 through 1977 (not to include the small areas where pulse bTooms

had occurred).
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C~-4A  Chowan on CF side at swamp at automatic sampler. 17.9 W W
c-5 Chowan below bend below CF Industries at Marker 27. 18.8 W W W ilw
C-5A* Barnes Creek at mouth.
C-6  Chowan just below Island Creek. 22,7 | W Wi W W
C-6A Wiccacon River at 1lst bend above mouth. W ) Wi W
C~6B - Wiccacon at Tar River Landing W W W W
c-7 Chowan 200 yds. below Wiccacon, 25.5'
D D D D D D

C-7A Chowan River below chcacon at Marker 18 25.9 W W - W
c~8 Bennett Creek at 1lst bend above mouth. W W Wi W
c-9 Catharine Creek 100 yds. above mouth. W W Wi W
C-11 Chowan 200 yds. below Holiday Island at Marker 12, 31.4 W W Wi W M W
C-12 Chowan mid-channel at Dillard Creek (Indian Creek) 33.7 W W W W
Cc~13 Chowan mid-channel at Colerain. 37.1 W W Wi W M W
C-14 Rockyhock Creek up into mouth. W W wlw
C-15 Chowan mid-channel at Rockyhock Creek. 44,2 W W Wl W
C-16 Chowan 50 yds. above NC 17 bridge. 48.2 W W Wi W M W
Cc-17 Chowan 400 yds. below NC 17 bridge. 48.5 D D DI D D D
C-21  Edenton Bay 300 yards S of Edenton.

- D D D D D D

M=Monthly
W=Weekly

D=Discontinued
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Several questions were asked by the local concerned citizens:

1. What triggered the massive bloom in such a short period of time? What
mechanism?

2. As there seemingly was a guick build-up of nutrients in the lower reach of
the river, what was the nutrients' source(s) and what were the nutrients of
concern? Nitrogen? Phosphorus? Others?

3. What was the potential danger of the bloom and what could be done to
prevent another? How long will it last? What should be expected?

4, How did the algae get into the system; was it by growth within the system
or from run-off into the system?

Several public hearings were held in an attempt to give momentum to what
was called the "clean-up" of the river. During the initial bearings, the
interest of the discussion was one of blaming and denials. Therefore, very
Tittle was accomplished toward the initiation of or'the support for an oraanized
effort to answer the previously stated questions.

During the third public hearing one Tlongtime Chowan River investigator
(52A) gave the participants a "symbolic" cause/effect model of the historical
profilé of the river, subseauently called by the 1local residents the "Marble
Stony;f This analysis sought to place responsibility for the then-current
condition of the river across a wide spectrum of the public and over an extended
period of time. The profile was implicating from individual households to
corporate businesses; from the individual fisherman to the fish industry; from
recreational users of the river to farmers in the river basin. The "Marble
Story" seemingly gave some momentum to the idea that ultimately the river
problem was a function of all who lived or worked in the area and all who used

the river, directly or indirectly; all had to share somewhat in the blame.




The subsequent public héarings centered on how and when what could be dones
would be done, and by whom§ with reporting on whatvhad been done, and organizing
technical groups for support and policy making.

This study was undertaken at the request of the then Secretary and Deputy
Secretary of the Department of Natural Resources and Community Development with
the backing of the Governor of the State of North Caro1ina and the citizens'
organization along the Chowan River.

The information reported here was deduced from a 20-month data set that was
periodically (upon completion) given to the NRCD-DEM between October 1978 and
July 1980. | |

The initial objective of this study was to generate a valid data set on
nutrients and phytoplankton in the Chowan River. The nutrient data set produced
by NRCD during and immediately following the 1972 bloom (1973-1974) proved to be
invalid due to the 1imit of detection utilized for laboratory nutriént analysis.
The specific objective was to utilize the data set in an effort to determine a
nutrient standard for the river. The specific objective was initially aborted
at the reouest of NRCD-DEM. However, it was understood that the data received
by NRCD-DEM would be used to derive a nutrient standard for the river.

This report gives a summary of the data which suagests a range of
conditions for consideration by management, the essence of which is a nutrient

standard by suggested reductions in NHgz, NO3.and POy levels.



METHODS
The diversity of work encompassed in this report is Euch that specificity
of procedures were included with the particular experiments concerned. The
well-established and highly acceptable methods are given only as reference
unless some degree of modification was undertaken.
A1l étatistica1 analyses were derived from standard procedures developed as
a computer package, the Statistical Analysis System (SAS) with the NCSU computer
facility. However, some computer generated graphics were developed 1in
association with additional programming or the use of other computer sets.

Sampling Stations

Twenty-five sampling sites were identified within the Chowan River Complex
(CRC). The Chowan River, its tributaries and its two confluence-forming rivers,
the Nottoway and the Blackwater, are considered in this work as the CRC.

The sites on the Chowan River proper were selected strategically on a
spatial as well as from a "point-source" basis. A distance of equal proportions
wés established between each station except where the equal distance was not
compatible with a point source (Table A). 1t was important to collect above and
below each point source. The sites on the tributaries were located at the mouth
or just up from the mouth of each tributary. Sites on the Blackwater River were
arranged in accordance with the Union Camp (UC) point source, one above and one
below the discharge area. Sites on the Nottoway were located up from the mouth
of the river to a position where the confluence forming activity of this river
with the Blackwater would not influence the discharge of the Nottoway from
Virginia (Figure 2) or vice versa.

Each station in thé CRC was sampled weekly beginning mid September 1978
and continuing through October 1980. During this period samples were collected

to measure the following:
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1. Nutrients: nitrogen (NO2, NO3, NHg, TKN, TN), phosphorus (OP,
TP), C1.

2. Chlorophyli-a

3. Algal species and biomass
Environmental parameters were taken and recorded at the time they were measured
from the boat. Most parameters were taken throughout the water column or, if
not, they were measured at the water surface and at the water bottom. They
were:

1. Temperature

2. pH
3. DO
4. COD

5. Conductivity

6. Alkalinity

7. Light (turbidity)
Analysis

A1l water samples were returned to NCSU for analysis. Chlorophyll-a
analyses were done in the NCSU phycological laboratory with the aid of a Turner
Fluorometer. Standard procedures were utilized as described in the Turner
manual, 1978 (42A). Biomass estimates were based on the method of Utermohl
(44A) using a phase contrast compound microscope. Nutrients were analyzed in
the wet chemistry 1lab of the Department of Biological and Agricultural
Engineering, NCSU, using‘ the Technicon Auto-Spectrophotometric instrument
(Industrial Method No. 100-70W. with the Technicon Autoanalyzer II methodology,
1973) and the preparation methods according to Standard Methods (41A).
Sediment samples were taken both weekly and monthly. The weekly samples were

taken for incubation and spore germination. The monthly samples were taken for

T



nutrient analysis. Analysis for nutrients of sediment samples were done by: 1.

N.C. State Water Chemistry Lab, Cary Road, NC; and 2. the Soil Analytical Lab,
Blue Ridge Road, Raleigh, NC.

Isolation of Algal Species

Sediment samples were incubated at temperatures ranging from 0°C to 40°C
with continuous 1ight in the range from complete darkness to 800 ft. c. Varying
concentrations of nitrogen and/or phosphorus fortified Chowan River water or
ASM-1 nutrient media were overlain on the sediment. When an algal species first
appeared on the sediment surface, the species was isolated and reincubated
either on nutrient fortified agar or in liquid medium. This proceés was

repeated until unialgal species were obtained (56).
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RESULTS AND DISCUSSION

Station Comparisions Based on Phytoplankton Response

Chlorophyll-a

Using Duncan's Multiple Range Analysis (DMR) (10, 11) station differences
based on mean chlorophyll-a were grouped into seven (7) overlapping classes
(Table I):

I. c-16, C-15, C-13*, C-12, C-9

II. c-8, €-9, C-11, C-12, C-15, C-16

I1I. C-7A, C-8, C-11

Iv. C-6, C-6A, C-7A

V. c-2pb, C-4, C-4A, C-5, C-6, C-6A

VIi. c-1, c-2B, c-2C, Cc-2D, C-2F, C-3, C-3A, C-4, C-4A, C-5, C-6

vir. c¢c-i, c-i8, Cc-2, c-28, C-2C, C-2D, C-2F, C-3, C-3A, C-4, C-4A, C-5

As can be determined from Table I, the mean Chlorophyll-a concentrations
are not arranged within sub-groups as indicated above. Station C-13* (Cb1era1n)
for example was not an overlapping station. It only appeared in the = "A"
grouping. The A and B groupings  suggest that the river, from stations C-8
to C-16, while having some individualism, are wholistically similar. It is
interesting to note that these stations comprise what we refer to .as the
"Jower-Chowan. "

Considering that all staéion numbers followed by a letter (C-1B, C-7A, etc)
were either tributary or specia1jy selected sites, it can be seen in Table I
that the "upper-river" is also wholistic, if not uniform, from station to
station. Thus, the data presented here treats the stations in the lower-river
as a single responding unit and the stations in the upper—Chowah as a single

responding unit.




DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR CHLOROPHYLL-a (ug/1)

TABLE 1

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT
.05

ALLPHA LEVEL =
GROUPING
A

B A

B A

B A

B A

B AC

B C
D C

E D

E F

E G F

E G F

E G F

E G F
G F
G F
G F
G F
G F
G F
G
G

DF-2330

MEAN

23
21
21
20
20.
18.
17
13
11

NNWWRBETOITO O W

14

.639
.872
.806
.883

146
081

277
631
522
.558
242
.860
.558
.480
.506
.503
.646
064
.840
.518
.815
.701

STATION

C13
C15
co
Clé
C12
Cl1
c8
C7A
C6A
cé
C4A
C5
c2D
c4
C2F
€3
C3A
C2B
Cl

- C2C

c2
C18

MS=332.977



Alaal Biomass

The Duncan's Multiple Range analysis was applied to wet weight biomass
(WWB) in an attempt to make a "chlorophyll-a"--"WWB" comparison of the "1ikeness
of the river" from station to station (Table II). Station C13 was not grouped,
nor did it overlap according to wet weight algal biomass (WWB) with any of the
other stations on the river. However, in general, the "lower Chowan" stations,
as the "upper Chowan" stations, were grouped in amazingly similar aagregation.
It is interesting to note that station Cll is more aligned with upper river
stations according to biomass while it is grouped with the lower river statioh
set when measured according to chlorophyll-a.

A most significant finding is shown 1in Table III. Again, using the DMR
analysis test, the river stations were grouped according to the blue-green algal
WWB. Stations C13 and C15 were grouped as a unit apart from stations C8, C9,
C11, C12, and C16, unlike the DMR test using chlorophyll-a (Table I) and unlike
the DMR test using WWB (Table II).

Blue-Green Algal Biomass

While blue-green algal wet weight biomass analyzed by the DMR test suagests
that stations C13 to Cl5 were significantly alike, also wére stations 016, clz,
Cl4, C9, and Cll. However, the latter were significantly different from C13 to
C15 even though all stations were Tlower river stations. When the algal
community structure data were analyzed it clearly showed that indeed the species
makeup of stations C13 and Cl5 were similar, generally, in both species-bio-
volume and the class of species present (Appendix III, IV). Likewise, species
composition was similar within the C-group (Table III). The R-group suggested

some overlapping between Station Cl5 and Cl6. Again, the species data during

summer months when Aphanizomenon flos-aquae dominated the algal community,

indicated this close relationship.
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TABLE II
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR TOTAL RIOMASS (mg/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 DF=850 MS=101.169
GROUPING MEAN STATION
A 14,955 C13
B 8.582 C15
C B 7.378 Cl6
¢ B D 5.863 C12
C B D 5.384 c9
Cc ED 4.999 C14
C E D 4.804 Cl11
F E D 3.616 C7A
F E D 3.283 Cé
FE 1.664 : ‘ ca
F 0.852 - Cl
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TABLE III
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR BLUE-GREEN BIOMASS (mg/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

ALPHA LEVEL=.05 DF-723 MS-42.6961
GROUPING MEAN N STATION
A 6.316917 80 C13
B A - 4.,418975 78 Cl5
B C 3.872917 71 Clé
B C 3.479841 78 C12
B C 2.853389 75 Cl4
B C D 2.549391 58 €9
B C D 2.334669 72 Cl1

c D 1.228631 34 cé
D 0.246704 77 c4
D 0.108018 50 ' Cl
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Chlorophyll-a as well as algal wet weight biomass (Tables I and 1II,
respectively), showed 6 to 7 different station aroupings. Such aroupings are
indicative of the overlapping of either chlorophyll-a or wet weight  algal
biomass between some stations. However, blue-green algal WWB, Duncan Mu1tip1ev
Range test showed only four different groupings of the stations (Table III). It
is interesting to note that Station C13 was never over-grouped with any other
station.

Station Comparison Based on Nutrient Response

Ortho-Phosphorus (OP)

Shown in Table IV are the groupings of all stations sampled with respect to
ortho-phosphorus mean concentrations, analyzed using the DMR test. Station C2,
located in the upper section of the Chowan River complex (CRC) (250-300 yds up
the Blackwater River above the confluence with the Nottoway River) was unique
with respect to 0P (Table IV). However, a greater uniformity of the stations
was clearly shown. Group "F" represents the stations in the Tower Chowan. This
1hc1uded station C13, which was wunique in the chlorophyli-a and WWB DMR tests.
Yet, with OP, C13 was Tinked to the Tlower Chowan Group. Thus, OP concentrations
are divided in the river into upper and lower river groups (Table IV). Before
removal from the data set, overlapped daroupings express tributary sampling.
However, when second order tributary stations were removed from the data set,
the Chowan River complex stations were clearly delineated (Table IV).

It is noticeable that the positioning of the lower to upper Chowan station
groupings are 1in reversed order to that shown by chlorophyll-a and WWB.
Further, station C1B, while geoaraphically located above Union Camp (UC), was
nevertheless grouped at the lower end of the D-groupings (Table IV). Station
C2, 250-300 yards above the mouth of the Blackwater River, but below UC

discharge site, uniquely had the highest mean OP concentration.
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TABLE IV
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR ORTHO-PHOSPHORUS (mg/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICAMTLY DIFFERENT

ALPHA LEVEL=.05 DF-2172 MS-9.4E-04

GROUPING MEAN N STATIOM
A 0.081786 84 C2
B 0.065349 86 C2R1
B 0.064195 87 cacC
B 0.063908 87 Cl

C B 0.055523 86 C3

C D 0.052679 84 CAA

C D 0.052529 85 C3A

¢ D N.050706 85 C6A

C D 0.050247 g1 ‘ C2R

C D 0.049277 83 : c9

C D 0.049186 86 C5

C D 0.049048 84 c4

c D 0.048571 84 cé

C D 0.047941 85 c2b

C D 0.046453 86 C7A

C D 0.045893 84 C2F

E D 0.042614 88 CiB

E F 0.035882 85 C11

E F 0.034824 85 C12

E F 0.034706 85 c8

E F 0.034080 87 C3B
F 0.031824 85 C13
F 0.031402 82 Cl4
F 0.029048 84 C15
F 0.028213 &7 Cl6
F 0.028082 73 C13A
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In 1ight of the B-groupings as opposed to the A-group, one would question
the‘real source of 0P to the river proper. Station C1B is more like stations
‘Cll, Cl2, C8, etc. However, no massive blue-green algal bloom has been reported
in the area of the river covered by station C1B.

Nitrite-Nitrate Nitrogen (NO3-N)

Station grouping as shown in Table V for NO3-N were similar to the 0P
set. Group I, with the exception of Cl, included the Tower Chowan stations. It
should be remembered that station Cl4, even though it has no letter designation,
was a first-order tributary station at the mouth of Rocky Hock Creek.
Therefore, the designation of C14 with the upper Chowan stations is not easily
explained (Table V). Station Cl was inclusive in the lower Chowan group.
Howéver, Cl was located on the Nottoway River before the confluence with the
Blackwater forming the oriain of the Chowan River. Thus, Cl1 in essence, while
belonging with the Chowan River complex, is not located in the Chowan River
(Figure 3). Al11 of the CRC sampling stations were included in the analysis for
sfation-to-station comparison. When these data were analyzed without the
tributary stations in the model, the Chowan River showed a remarkable "two-
system" organization with respect to NO3-N. Stations above C8 in one division
(upper Chowan) and stations below C9 in another division (lower Chowan) (Table
V). It was interesting to note that stations C4A, ClB and Cl4, group A,
demonstrate the highést NO3-N levels, even though they are geographically far
removed. FEqually as interesting was the DMR positioning in the I-group station
Cl, which is geographically located above the mouth of the Mottoway River at US
#258. .Wh11e the lower Chowan I-group Tow nitrogen Tlevel 1is perhaps an
expression of nutrient uptake and algal blooms, no alaal bloom and limited algal
" growth was found in all years in the Nottoway River (53). This suggests that

Tow levels of nitrogen are entering the Nottoway River. Thus, the non-point
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TABLE V
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR
NITRITE PLUS NITRATE NITROGEN (ma/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

ALPHA LEVEL=.05 DF-2472 MS=.0313553
GROUPING MEAN N STATION

.344141 Q9 CAA
.305824 91 C1B
.293333 84 Cl4
.285773 97 c3B
.260309 a7 c2
.260108 93 c9
.214045 89 C2B
.192871 101 Co
.188352 91 C2BA
.186300 100 C4
.183700 100 czC
.178247 97 cé
171569 102 3
.170619 97 c2Dh
.168800 100 C3A
.162474 - 9% C7A
.149381 97 C2F
.142277 101 C11
140404 99 C6A
.137475 99 €12
.132172 a9 c13
.129949 98 Cl
.125051 99 Cl6
.120800 100 Cl5
.101918 73 Cl13A
.077100 100 C8
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source contribution of nitrogen from this river is auestionable. However, C1B
is above UC yet it has a high mean NO3-N concentration and significantly
compares with nitrogen mean concentrations around C.F. Industries. Thus, the
large number of point sources on the Virginia section of the Blackwater should
provoke questions concerning point and non-point sources of nitrogen from this
area.

The B group (Table V) further suggests a closer examination of the source
of nitrogen potential as revealed by these stations. In fact, the entire set of
aroupings suggests that a closer site examination be made relative to the
sources of nitrogen. An analysis of land use by physical examination in Tight
of these findings is necessary if definitive information is desired.

Ammonia-Nitrogen (NHg-N)

The A-group stations (Table IV) form an interestinag pattern. The A-group
shows the highest mean ammonia concentrations of all the CRC stations. Yet,
they are geographically quite a distance apart. In their geonhysica1‘1ocation,'
each 15 uniquely located with respect to the CRC.  Station C2 is below UC;
station C3B and C4A are around C.F. Industries, with C4A in direct contact with
the exploited forest area, now reduced to a grass field.

It is discernable that the lower Chowan stations, in particular C13 and
Cl6, the two most bloom brone stations, are .far removed from the A-group in
NHg-N - highest mean. concentrations. This 1is of 1interest since Hobbie and
Stanley (24) indicated that ammonia was the nitrogen type of first preferehce to
Chowan River algae.

Total Nitrogen -/- Kjeldahl Nitrogen (TN/TKN)

As can be seen in Tables VII and VIII, TN and TKN did not follow a pattern
during the study period. However, a reasonable analysis might be drawn from a

more detailed observation of the data.
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TABLE VI
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR AMMONIA NITROGEN (mg/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

ALPHA LEVEL=.05 DF-2475 MS=.0100059
GROUPING MEAN N STATION
A 0.168010 98 c2

A 0.157474 97 C3B

A 0.150707 99 C4A

B 0.081485 101 C5
C B 0.080400 100 c4
C B 0.080055 g1 C2B1
C B 0.078776 98 C6
C B 0.078150 100 c2C
C B D 0.076344 93 €9
C B D 0.071968 94 C7A
C B D 0.070000 100 ' C3A
C B D 0.069510 102 c3
C B D 0.056050 101 - Cl1
C B D 0.064646 99 Ci2
C B D 0.046100 100 c8
C B D 0.062143 91 CiB
C B D 0.061212 99 C6A
C B D 0.061012 84 Cl4
C B D 0.054192 99 C13
C B D 0.053622 98 Cl6
C B D 0.050306 98 cz2p
C B D 0.050278 90 C2B
Cc B D’ 0.047062 97 C2F
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TABLE VII
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR TOTAL NITROGEN (mg/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

ALPHA LEVEL=.05 DF=2470 MS$=0.181282
GROUPING MEAN N STATION

A 1.359462 a3 co

A 1.329072 97 C3B
B A 1.300404 99 C4A
B A 1.287143 84 Cid
B A 1.287010 a7 c2
R C 1.188681 a1 C1R
B c D 1.172100 100 C8
E C D 1.093425 73 C13A
E c D 1.090909 99 Ci2
E c D 1.085354 99 C6A
E c D 1.080859 99 C13
E c D 1.077600 100 C15
E c D 1.075393 89 €28
E c D 1.056162 99 c2C
£ C D 1.052772 101 Cl1
E C D 1.050990 101 C5
EF CD 1.041978 91 €281
E F 1.036895 95 C7A

'E F 1.021959 97 cé6

EF 1.020515 97 C2F
E F 1.020408 98 Cl6
E F 1.008000 100 c4
E F G 0.968235 102 C3
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TABLE VIII
DUNCAN'S MULTIPLE RANGE TEST RESULTS FOR TOTAL KJELDAHL NITROGEN (mg/1)

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT

25

ALPHA LEVEL=.05 DF=2475 MS=0.157603
GROUPING MEAN N STATICN
A 1.099355 93 C9
A 1.095000 100 c8
B A 1.043299 97 C3B
B A C 1.025000 98 €2
B D AC 0.993810 84 C14
B D AC 0.991507 73 C13A
R D E C 0.956800 100 C15
B D EC 0.956263 99 CAA
B D EC 0.953434 99 C12
B D EC 0.948687 99 C13
B D EC 0.944949 99 cé61
F D EC 0.910495 101 C11
F D EC 0.89622A 98 C16
F D E 0.882857 91 C1B
F D E 0.874421 95 C7A
F D E 0.874242 99 cac
F D E 0.871134 97 C2F
F DEG 0.860556 90 C2B
F D EG 0.858119 101 C5
F DEG 0.853626 91 C2B1
F E G 0.842959 98 cé
F E G 0.821700 100 c4
F t 0.79667 102 c3



TKN includes NHz-N and organic nitrogen (ON). Since station C3B was
shown to be the second highest among mean concentration (Table VI) and third
highest in TKN (Table VIII), it is logical to assume, due to location and WWB,
that the TKN of station C3B is mostly NHg-M. Likewise since C9 and C8 (Table
VIIT) were .the highest TKN means concentration stations but were not
particularly high NHg-N stations (Table VI), it could be reasoned that NHg-N
and ON were moderately eaual at these stations (Table VIII and Table VI). Algal
species biomass (Appendix IV) indicates that statioﬁ C9 and C8 were at bloom
conditions (WWB) durinag 1979, This would suggest a high organic nitrogen
concentration at these stations. However, an examination of stations throughout
the reach of the CRC (Figures 3-7) suggests that the entire CRC was high in ON.
This was true regardless of season of the vear. Further, within the stations
shown in Fiqures A-E, mean ON concentrations were only slightly below the mean
TKN concentrations for these stations (Table VIII), but much higher than the
mean NHg-N (Table VI) concentrations. If most of the ON is a function of
algal biomass, this would suggest a high utilization of NHq-N and NO3-N
during all seasons of the year. The only difference would be a different algal
community structure, due primarily to a temperature tolerance among the species.
Thus, it seems reasonable to say that the entire CRC has exceeded its nutrient
needs and remains so throughout the year. Only the specificity for high
temperatures (14°C - 30°C) by Cyanophyta and the upper river high flow prevents
a total CRC continuous blue-green algal bloom. It is arquable from a biological
perspective that the CRC is now under the siege of a continuous algal bloom.

Station Comparative Summary

The efficiency of the stations in the river to respond both biologically
and chemically as a "lower group" and an "upper group" (Lower Reach Stations;
Upper Reach Stations) allowed for summarization of the data as an interpretable

mass.
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| Figure 49: Weekly wet weight alaal biomass to nitrite-nitrate N ratios at Station C-13
i during the sampling period Nctober 1978-December 1980
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Figure 50: Weekly chlorophyll-a to nitrite-nitrate N ratios at Station C-13 during the sampling
period October 1978-December 1980
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