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ABSTRACT

The Iafayette River, an urban, well-mixed estuarine
embayment, was sampled from October, 1970 to January, 1972
for phosphate, nitrate, nitrite, oxygen, water temperature
and selinity, The mean values found for these samples
were: oxygen saturation from 69%¢ to 106%, nitrite from 0
to 4 miorogram-atoms per liter, and salinity from 139/00,
to 24°/00. The mouth of the Elizabeth River to Hampton
Roads was also sampled from May, 1971 to August, 1971,

The Iafayette and Elizabeth Bivers were also sampled over
& 24 hour period in the summer of 1971 and the Lafayette
River again in the winter of 1972. The mean concentration
‘of phosphate in the summer varied from 3 to 16 microgram-
atoms per liter for the Lafayette River and from 2 to 12
nicrogram-atoms per liter for the Elizabeth Rliver, The
higheat values of phosphéte occurred in the summer months
and the lowest in the winter, The mean concentration of
phosphate for the Elizabeth River ranged from 3 to 5,7
miocrogram-atons per liter with the highest value in June,
1971, The mean concentration of phosphate for the
Lafayette River ranged from 1,9 to 8,6 miocrogram-atoms per
liter with the highest value in August, 1971,

Multiple linear regression models revealed that the
daily concentration of phosphéte is related to the stage
of the tide, and rate of flow of phosphate from the Lamberts
Point sewage outfall as follows:

1. The concentration of phosphate increases on the
ebh tide and deoretses on the flood tide bectuse of the
diluting effeot of the Hampton Rosds water,

2, The concentration of phosphate is &lso direotly
related to the rate of flow of phosphate from the Lamberts
Point sewage cutfall on the flood tide but quantitively
is not as important as the diluting effects of the Hampton
Boads water, Seasonal multiple linear regression models
show & direct relation of temperature to the concentration
of phosphate and an indirect relation with the amount of
rainfall, The effect of temperature wig ssoribed to
increased hilologioal activity and the effect of rainfall
to the 4ilution of the water in the [afayette River,
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CHAPTER I .
THE FROELEM AND DEFINITIONS OF TERMS

Many variables can effect the productivity and
aesthetic qualities of an urban estusarine embayment, some
of whioh are salinity, dissolved oxygen, availability of
sunlight, pH, pollution by-products, circulation, morpho-
metry of the embayment, water temperature, land run-off,
and nutrient concentrations in the water (Steward and
Rohlich, 1967). Although it is difficult to state which of
these is the most important to the embeyments! ecology,
the nutrients, especially phosphate, play an important role
{(Redfield, 1958 and Likens, 1972), Pritchard states
(1969), that when the total phosphate concentratian exceeds
3.3 microgram-atoms phosphate phosphorous per liter, that
undesirable conditions assooiated with eutrophiociation occur.

I. THE PROBLEM

Statement of the purpose., At this time, there.are mo
published studies for nutrient concentrations in the |
lafayette River, The Iafayette River has recreational and
aesthetioc value for the citizens-ef Nerfolk, Virginia, and
provides & breeding and feeding site for numerous species
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of wildlife, It is imperative to obtain & basic knowledge
of the nutrient cyocles in the lafayette River to be used
in determining the present base levels of these nutrients
in the lafayette BRiver for comparison with the nutrient
levels of future studies,

Siatopent of the problem. It is the purpose of this
study to‘ determine the yearly oycle of phosphate, oxjgen,
nitrate, and nitrite concentrations in the Iafayette and
Elizabeth Rivers. A portion of this data will be used to
attempt to answer the following qQuestions:

1. Does the lafayette River's concentration of

rhosphate exceed the value of 3.3 micrograme
etoms per liter as stated by Pritchard (1969).

2. If the comocentration of phosphate in the
lafayette River does exceed the 3.3 miorograme
atoms phosphate per liter, what are the
explanations for this phenomenom?

3. :How do the levels of phosphate in the lafayette
River compare Lo dther estusries? ,

Statement of the Besesrch Hypothesis. The Lafeyette
Rﬁer is a:small, shallow urban estuary that drains a large
paved watershed. The Lamberts Point 8mge Plant, & large
primary treatsent plant, is located at the mouth of the
river, It was postulated that the levels of phosphate in
the Iafayette River would show 2 change in concentration
over & twenty four hour period. The concentration would
increase on the flood tide and decrease on the ebb tide,
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This increase in phosphate would be due to the tidal

ocurrents moving the sewage laden waters from the LAanmdberts
Point Sewage outfall into the lafayette River, On the ebd
tide the inverse or flushing would oocur, The wind
direction could either increase the flow of sewage into

the river or deorease the flow depending on its direction,
It was further postulated that over & longer seasonal time
period, wind directien, urban storm water runoff and sluggish
water circulation would inereagse the levels of phosphate in
the Lafayette River over those levels found in Hampton
Roads,

II. DEFINITIONS OF THERMS USED

Multiple linser regression model. The model is of
the form (Draper amd Smith, 1967; Snedecor and Cochran,

1968; Sokal end Rohlf, 1969):

I=a+ BiX, +Bzxz*,g.:..‘. 3°x°+31

@ is the constant or Y. intercepnt.

Bn are the regression coefficients of the indepsndent
miables,-‘&. used to predict the estimation of the
dependent varisble ¥,

B X, is the joint effect of all the terms omitted
from the n variable models;

E! 4s the residusl or error term and is assumed te be
distriduted independently of the X*s with zero mean and
_variance, ¢




i

The model is of Type I (Sokal and Rohlf, 1969). This
mesns that the predicted ¥ or phosphate ooncentration 1is
dspendent on "error free' independent variables, i.e,
variables that can essentially be said to be measured with
no, or more realistically, small error, Notice that Q is
the predicted value &nd therefore, his a statistioslly
normally distributed range of values for each set of.
independent varisbles, The linear least squares it for
the mode) is a Y on X regression, )

Primary treated gsewage. This term refers to the
treatmant involved in the mechanical settling out and
soreening of large sewage particles, After this has been
ascomplished, the final effluent is heavily dosed with
chlorins to ku_l pathogenic organisms, This treatment has
1ittle or no effect on nutrient levels in the sewage,

Elizabeth River snd Lafayette Biver. : s the Lafayette
River and the Elizabeth River have & common mouth, the
sampling secotion D refers to the Elizabeth River and
sections A, B, and C refer to the Iafayette River, Sampling
sections were labelled A, B, C, or D, Sampling stations
are the individual sampling locations within the smections
miwro & letter and number designation;

Fida) gamples. The term will refer to maitiple
samnples -collectsd from one or more ssapling stations over
a partial or ceomplete tidal aycle,




Daily samples. The teram refers to multiple samples
collected from one or aore saanpling stations over a
twenty~-four hour perioed,

Seasons, The seasons will be defined as follows:
Summer - the months of June, July, and August.

Fall «~ the monthe of September, October, and November.
Winter - the months of December, January, and February,
Spring - the months of March, April, and May,

Cosine theta, The wind direction will be expressed
numerically as the cosine theta, Theta is the angle the
resultant wind makez to the main Lafayette Eiver channel,
The main Iafayette River channel bears 028° true at the
mouth of the river,

Wind component. The wind velocity is a veotor
designated as cosine theta times the wind speed in knots,

P value, A statistical parameter used to determine
the signifioance of & regression equation, It is the ratio
of the mean square for the regression divided by the
variance of the regression,

F yalue, When used in nutrient calibration curves,
it iz equal to the nutrisnt concentration divided dy the
corrected sbsorbance. (Strickland & Parsoms, 1965)

Tide stages, The stage of tide was expressed
nmrluauy_ in order to include the tidal parameter in the
regression equations, Beglimning ebb tide is expressed as
1 (one) and includes all values up to but pot imcluding
2 (two)., Beglmming flood tide is expressed as 2 (two) and




includes all values up to but not including 3 (three),
Therefore 1,5 designates & sampling point halfny into the
ebd tide and 2,75 indicates a sampling point three
quarters into the flood tide,




CHAPTER II
REVIEW OF THE STUDY AREA AND BREILATED RESEARCH

I. BEVIEW OF THE STUDY AREA

Bacteriological., The lafayette River (see Figures 1
and 2) was once cslled Tanners Creek but has been called
the Lafayette River since 1934, In 1916, an investigation
of the oyster beds in.the Hempton Rosds area (cited in
Crohurst and Sullinon, 1935) concluded that oysters froam
the Elizabeth River and its tributaries, which includes
the lafayette River, could not be safely used for human
consumption, The Crohurst report of December, 1935
{(Crohurst and Sullinon, 1935) showed the coliform values in
the lafayette River to vary from 1700 to 4400 per 100 oubic
centimeters and concluded *#,,,the stream obviously is.
grossly polluted under all tidal conditioms.,* This ocould
hardly be otherwise since raw sewage from &n estimated
population of 10,000 was deposited from 35 public sewers
directly into the Elizabeth.and Jafayette Rivers (Smith,
1950). In sddition to the above public sewers, there were
approximately 300 family sewage units with direct connections
to the lafayette River and its branches, The water gquality
survey by ths Virginis State Department of Health in
August, 1950 showed the lafayetts River to have & median
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colifornm density of over 500 per 100 milliliters. Since
the oomstruction of the Hampton Roads Sanitation District's
Army Base Plant and Lamberts Point (see Figure 2) Plant
in 1947 and 1948, respectively (Gene Goffigon, personal
communication Hempton Roads Sanitation District, 1972),
there is no known direct raw sewage input into either the
lafayette or the Elizabeth Biver, However, the present
total coliform count data from the Norfolk Department of
Health (Wise, 1970) remains or is higher than the values in
1934 and 1949, especially in the summer months.

Algal studies. Marshall (1967, 1968, 1969) has
compiled plankton surveys on the Lafayette and Elizabeth
Rivers, Diatoms were shown to predominate. in the Lafayette
BRiver in April and June, 1964 with & ratio to phytoflagellates
of 7:1 and 317:1, respeotively. Skeletonema costatum was
the nmajor constituent om both these dates; This also held
true for the Eastern and Western brenches of the Elizabeth

River,

11, REVIEW OF REIATED RESEARCH

Hutrients in the Elisabeth River. No other published
autrient studies or basterisl studies for the Iafayette

could be found: -“However, the State Water Control Board of
Virginia (Jenmings, 1965) performed & survey on the Esstern
Branch of the Elizabeth River, Dally oxygen profiles were
prepared from August 10-11, 1964, 88 well as monthly surface
samplss from March to August, 1964, were taken, The samples




covered various stages of the tidal cyocle &nd included
chlorophyll extractables, biomass, &s total organic
volatile substance, total phosphate, orthophosphates,
biological oxygen demand, ammonie, &nd coliform counts,
Table I 1lists the orthophosphate trends and total phosphate
concentration as sxtracted from this survey report.
Jennings (1965), assuming 15 milligrams per liter of .
phosphorous in the primary Ereated sewage effluents
deposited in the Eastern Branch of the Elizabeth River,
caloulated that 123 pounds of phosphorous per day would be
discharged into the river with an effluent discharge rate
of approximately cne million gallons per day. The total
quantity of phosphorous in.pounds, caloculated from the
‘concentration of phosphorous found in the water and the
depth of the river, Y,.,.far exceeds that which could be
discharged to this stream e¢ach day from sewage treatment
plants, Therefore, it appears that buildup of nutrient
material hes ocourred, or there is & substantial contribution
from some other source,® |

The State Water Control Board of Virginia periodically
monitors the Eastern and Southern Branches of the Elizabeth
River for mutrients, oxygen, blologlcal oxygen demand,
slkslinity, and other paranmeters, A partisl summary of
this 4data is shown in Tabdble II,

Fnosphate levels in similar estusries. Dissolved
inorganic phosphate is higher in coastal waters and doss not
have & 15:1 atomic ratio of nitrogen/phoaphorous &s is found
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- ‘PABIE 1

Orthophosphate Concentration Trends and Total Phosphate,
in Microgram-atoms Per Liter for the Eastern
Braach of the Elizabeth River

The samples were taken at bridges orossing the river,
The data in this table was compiled by Jennings (1965).

[ e e e e e

location Total Phosph&te Orthophosphate Trends
U. S. Route 13 inorease March to inorease Meroch to
Bridge August August
: Range 4 to 14
State Route 165 May to June in- - :increase March to
Bridge crease August
July to August
decrease

Maximunm in July
Range 8 to 35




-

[

. TABLE II

1

11

A Sumery of the Orthophosphate ead Nitrate Concentration
Values in Microgram-atoms Per Liter, end Trends for the
Eastern and Southern Branches of the Elizabeth River
Norfolk, Virginisa, 1971, as Reported by the
State Water Control Board

lLocation

Orthophosphate
phosphorous &,

Nitrate -
Nitrogen &,

Eastern B h
5.}5 nﬁea from the

Juncture of the

Eastern & Southern

Branches of the
‘Elizabeth River

4,62 miles from
the Juncture of
the Rastern &
Southern Branches -
of the Elizabeth
River

Southern Branches
of the Elizabeth

River

maximum in July
minimum in May

range 2,5 to 11

- maximum in May

minimum in July

maximum in May
minimun in July

range 0.7 to 2.9

maximum in June
minimun in May

Range 0 to 10

maxisum in June
minisun in May/
June

Range 3.6 to 30

a, The values for mutrients as shown in the above table

'm"suspeot as the water samples were not adequately

preserved.,
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in the open ocean, This is probably due to the low
aitrogen/phosphorous rationfound on lamd (Sverdrup, et al.,
1942; Pomeroy, et al., 1972). Although dissolved inorganic
phosphate appears to be always in ex;sess in coastal waters
and nitrogen to be limiting to phytoplankton (Byther and
Dunstan, 1971; Likens, 1972), it is possible for dissolved
inorganic phosphate to be used as an index of pollution
(Ketchum, 1967; Byther and Dunstan, 1971). The levels of
rhosphate found for other estuaries are shown in Teble II1I,

Daily coycles of phosphate., It has been noted
(Newcombe and Lang, 1939; Newcombe and Brust, 1940;
Kuenzler, McKellar and Muse, 1970; McKellar, 1971), that
a daily cyocle of dissolved inorganic phosphate exists in
estuarie.s. The dissolved inorgenic phosphate increases
during the night and decreases during the day., McKellar
asoribes this to an inerease in the flux of phosphate from
the 5eduent (McKellar, personal communiocation, 1972), |
m:a atudy m done in & sewage waste pond where the 1eve1 .
of dissolved inorganic phosphate was approximately 50-60
#icrogram-atoms phosphate phosphorous per liter. Newcombe
and Lang (1939) believe the daily fluctuations ",..to be
due to an melarat;d regeneration and reduced utilization
ot‘ phosphate as a corollary of poor light penetration,*

Atzp_ica; oycles of phosphate in estusries., FPomeroy
summerizes and defines *atypical® oycles of phosphates in
estuaries {Pomeroy, et al,, 1972). In an *stypical" cycle
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TABIE III
Comparison of the Dissolved Orthophosphate in the Lafayette/
Elizabeth River to its Concentration in Other Estuaries

e

Phosphate
level mioro-
gran-~atoms
Estuary phosphate Location Referenoe
phosphorous
per liter or
atomic N/P
ratio

Elizabeth River 5 <« 36  Upriver of Jennings, 1965

Eastern Branch the study aresa
Hampton RBoads 0 - 0,8 Hampton-Roads Strogg & Wood
19
York River 0.02 - 2,66 Lower Chesa- Patten, et al.,
peake Bay 1963
Patuxent River 0.6 -~ 1,6 Upper Chesa- Newcombe & Iang,
peake Bay 1939
Patuxent River 0 - 2,1 Upper Chess-~ Herman, et 2l,,
peake Bay 1968
James, York & 1 . Rivers drain- Brehmer, 1972
Rappahanok mean 2 ing into )
Rivers Chesapeake
Bay
Delaware Bay 20 - 30 Delaware Reimold, 1965
salt marsh
Pamlico Hiver 1 - 9 N. Carolina Hobbie, 1970
Sapelo Sound 2 - 4 Georgia Pomeroy, et al,,
estuaries 1972
Biscayne Bay 0.14 -~ 1,10 Floriads: MoNulty, 1970
decrease to '
0.14 -« 0,49
when sewage

effluent stopped
Moriches Bay, 1,3 - 4.4 Long Island, Ryther, 1954
Great So., Bay N/P atomic New York

ratio
Forge River %0 Long Island, Barlow, et al,,
- New York 1963
Raritan Bay 11,4 =143:1 Atlantic coast Jeffries, 1962
¥/P atomic New Jersey

ratio
Narragansett mesn 1,10 - BRhode Island Swmayda, 1957
Bay 1,46 '




Tabel III continued
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Phosphate
level micro-
gram=-atoms
Estuary phosphate Location Reference
: phosphorous
per liter or
g atomic N/P
ratio.
New York 2,9 New York Ketchum, 1967
Bight Bight
New York 8.5 New York Howells, et al,,
Harbor 1970
St, Margaret!s 0.13 - 1,36 Nova Scotia, Platt & Irwin,
Bay Canada 1968
Kaneohe Bay 1,07 increas- Oahu, Hewail Caperon, et 2l,,

ed to 3094
when sewage
plant
opened

1971
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of phosphate, the 1evel of phosphate is greatest in the -
summer -and least in the winter; This is, in general, ‘the --
opposite of the oycle in the open ocean where phosphate is
a limiting nutrient and is greatest in the winter and least
in the summeri This atypical oycle has been néted by
others (Newoombe, et al., 1939, 1940; Hutchinson and
Bowen, 1947, 1950; Pratt, 1950; Rochford, 1951; Reimold,
1965; Gooch, 1968; McKeller, 1971) and their explamnations ~
oan be summarized as follows:

1, Acoslerated regeneration and reduced utilization,
as 8 corollary of poor light penetration (Newcombe and
Brust, 1940);

2, Uptake and release of large amounts of loosely
boﬁnd inorganic phosphate adsorbed on clay particles
(Reimold, 1965; Pomeroy, et al,, 1965),

- .33 Increase of PH and/or Eh which relesses phosphate
from estuarine sediments (Cerrit and Goodgal, 1954; Jitts,
1959; Young, 1968):

y nomemxmu@ of phosphate by sulfate reducing -
bacteria or other nioroc;rgnnim {Teal and Xanwisher, 1961;
Oppenheimer end Ward, 1963; Gooch, 1968), inoluding equilib-
rium reactions of dissolved inorgenic phosphate, diskolved
orgenic phosphate mnd particulate phosphorous (Hutohinson
and Bowen, 1950; Rigler, 1956). “ ‘

S+ Nutrient enrichment of the estuaries tnd slow
sxchange batween estuaries snd the open seas (Jefreies; .
1962 Barlow, et alsy, 1963)%
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§; Shifting of the rates of metabolic processes that
move phosphate from sediments to the water (Pomeroy, et al,,
1972)%

7. Greatsr wind gemerated interaction between bottoa
deposits and the water colusn in shallow areas (Aurand,
1968)+

8; Exoretion and rapid liberation of phosphate from
zooplankton, especially in the summer (Hayes, 1963; McKellar,
1971)¢

9. A seasont] repgeneration and adsorption equilibrium
eycle where in spring, ﬁdsorption is greater than regener-
ation and the opposite in the summer, In winter, adsorption
equals regeneration due to reduced blological activity -
(Redfield, et al,, 1963; Od.un,- 1971).

Pomeroy (1972) postulated a model of dissolved
inorganic phosphate for Georgisa salt marshes, rivers, and
sounds which had severel parameters that are very similar
to the present study area, These paraueters are:

1, Morphometry. The Duplin Biver has & water area of
1.3 x 165 nites? at medn low water &s compared to the
Lafaystte River's water area of 7:12 x 105 miles? and
1 x 107 miles’ volume 8s compared to 43 x 10% mi1es? for
the lafayette River,

2, Ammual oycle of dissolved inorganic phosphate
varied from & high in the summer to & low ia the winter,

3+ The levels of dissclved inorganic phosphate in
the Duplin River were several orders of mAgnitude higher

L .
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than the coastal zone; The yange was 1 o 4 microgram-atons
phosphate -phosphorous :per :1iter,

The major differences for the areas are:

1. The (eorgis a&reé iz not polluted,

2, The Georgis are2 is not heavily urbanized,
The Duplin River and the lLafayette River arets are similar
~4n amount of rainfall and water temperaturs. The model
postulated by Pomeroy is a8 follows (Pemeroy, et al,, 1972,
page 283, figure 7):

Detritus feeders

xs("
Kz l(z
x5(°) = 8.8

Water : « Microorganisms
X8 1 and detritus
x1(0) = 145 xu(t’
\y\ Xp X,(0) = 103
Sediment Spartina
Xy () e Xy(8) 207
%,(0) = sx10* X,(0) = 33

Initial comcentratioms, xn(o) are in microgram-atoms
phosphate phosphorous per liter,
C; and C, desoribe seasonal variafions in the transfer of
dissolved inorgenic phosphate from sediments to Spartina
and vice versa,

Pomeray found that levels of phosphatse in the Duplin
River decrefised with an inorease in rainfall and increased
with an increase in water temperature,
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This increase of phosphate with an increase of temperature
wag ascribed to 2 slight shift in the equilibrium of the
@tlssolved inorganic phosphate from the sediment to the water
because of an alteration of metabolic activity. The seasonal
cycle of concentrations of phosphate in the Georgia salt
marshes (Pomeroy, et al., 1972) is primarily controlled by
" the marsh grass (32§g§1na) metabolic processes and secon-
dsrily by sediment/water interactions.

Especially interesting was the high values of up to
10 microgram-8toms phosphate phosphorous per liter found in
the water even in the winter due to a lag in the Spartina/
sediment system,
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METHODS AND MATERIALS
1. DESCRIPTION OF THE STUDY AREA

Description of the general area, The mfayette River 1s
located within the urban Norfolk, Virginia environs at
360 55% W and 769 20 N, The general area is shown in
Figure 1 and the sampling area in Figure 2, The physical
paranpeters are shown in Table IV,

The lafayette Biver is lined with private residences,
high rise apartments, three yacht clubs, & public park and
zoo, ard 2 U, S, Public Health Hospital, There is no
industry of any consequence on the river, However, the
Elizabeth BRiver and Hemptons Roads &rea is heavily polluted
by primary treated domestic. mtes and commercial and U, 8,
Navy shipping. There is a dredge apou depository at
Craney Islend at the juncture of the Lafayette Riverw
Elizebeth River mouth, PFurthermore, &t the western edge
of the juncture of the two rivers, there is & Hampton _
Roads Sanitation District sewage plant, called the Lamberts
Point Plant, with a-19-31 million gallons per day capacitys
On the Elizabeth River, the city of Portsnouth hes at
Pinners Polnt a sewage plant with a 16 nilnon g8llons per
day ocapacif{y. Hampton Roads Sanitation District also has
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FIGURE 1

Chart of the General Study Area
The sempling area, outlined by the rectangle is showm
in greater detall in Figure 2, S indicates sewage plants,
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FIG
A Chert of the I[afayette/Elizabeth River Study Avrea With

Sampling Sections and Lotauvious

Day markers a

Sewsayr outfalls are marked O.F.

rarked D.M.




.TABLE 1V

Physical Parameters of the Lafayette River

b —— e e e —

Percentage of
Physical parameters total water aresa
Maximum depth (M,L.W.) 22 feet
Minimum depth (M.L.W,) 1 foot
Mean depths - overall 4,4 feet
Mouth of river to Hampton 4,9 feet 31
Boulevard Bridge
Hampton Boulevard Bridge 4.4 feet h6,6
to Granby Street Bridge
Granby Street Bridge to 3.5 feet 21.9
iafayette Park
Iafayette Park to head of 2,0 feet 0.3
river
Drainage area (Seitz, 1971) 16,71 miles?
Water ares (Seitz, 1971) 2.57 miles®
ILength (White, 1972) 4 miles
Mean volume (White, 1972) 1,5 x 108 feet?

Width (White, 1972) 390-2100 fest
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a plant on the -Elizabeth BRiver near: the Pimners Point plant
with an outflow .eof 2.4 million gallons per .day of secandary
treated sewage and the Army Base plant outside of the mouth
of the Elizabeth River with an outflow of 10-12 million
gallons per day, . The Lemberts Point &nd Army Base plants
are prisary treatmssnt plants and are shown in Figure 2,
The flow data for these plants is in Appendix B and C,

Deseription of the sampling aresa, The sampling area was
divided into four sections (Figure 2) labelled A, B, C,
end D. |

Section A-1 through A-7 is the area from Lafayette
Park up to, but not including, Day Marker 20, Section B-l
through B-21 iz the area from Day Marker 20 to Day Marker 4
at the mouth of the Lafayette River, Section C-1 through
C-4 1s the area within the confines of the oomon ‘mouth of
the Elirabeth and Lafeyette Bivers, Section D-1 through
D-11 1s tha Elizabeth Biver mouth out to Hampton Roads

-

.. IX¢ - GOLLECTION OF SAMPLES

5

m m_ All samples were collacted elither
from an eleven foot sklﬂ‘, the tl!enty-e:lght root R/V
A!‘rioan Qneen, the ninetoen foot B/V Panges, the thirty-
four toot n:lss i’riss III, rroa bridges spann.tng the I.afsyette
River, or rrom docks. In general, aurfaoe and bottom
samples were takon at eaon station, m values ror eaoh
satlpling station m shown in Appemux A. The August, 1971
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daily samples were collected from the R/V African Queen at
statioms B-18, C-4, and D-10, The January, 1972 daily
samples were taken from the Miss FPriss III anchored at
statiom B-16. The May, 1971 tidal date wes sampled from
station B.16 using the Norfolk Yacht Club dock. The
November, 1971 tidal samples were obtained from stations
B-14, B-15, and B~16 using docks at these points. Times,
dates, sections, wind velocity and tidal stages are shown
in Table V for the sampling period 1970-1972,

Temperature, All temperature values are in degrees
Centigrade (°C) and were obtained using either & bucket
thermometer or the thermocouple circult on the Beckman RS5
Induction Salinometer, .

Salinity. A Beck:mﬂn‘ BS5 Induction Salinometer with a
fifty foot oable was utilized to obtain the salinity in
the field. The induction salinometer was calibrated prior
to each sampling interval, . '

Oxygen. Whem the macro-Winkler tachnique was used,
all oxygen m:.es m;'re cblleoted with & polyvinyl.
chloride Van Dorn 'bottle.. The first 100 milliliters of
the sample was allowed to drain cut before the oxygen
sample ‘was taken, The sample was then dreined into the
bottom of & 300 milliliter Bioclogioal Oxygen Demand bottle
using rubber tubing, -All precautions were taken to prevent
the trapping of eir bubbles.in the sample contalner. The
samples were stored, after addition of the reagents, at
asbient temperature in the dark,
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' Sampling Information for All Dates for the Study Area
Over the Sampling Period 1970-1972

18,2 knots

Wind @irec- Sampling Section Tide
~ Event Date “tion and time or Stage
speed interval Station -
sampled
1 10/10/70  70-100° 0830-1130 A,B  Flood
4-10_knots
2 10/13/70 210-260° 0930-1200 A,B  Flood
: ) Boknotc
3 10/17/70 240~280 1100 B Ebb
3- S knots .
i 12/15/70 310 "~ 0830-1030 A,B  Ebb °
13-10_knots
5. 1/19/71. 350-360° 11010-1235  A,B  Ebb
o 14 xnots ‘
6 1/28/71 250 1230-1320 A Flood
16 kngts
7 3/ 6/71 240-230 1145-1300 A,B  Flood
14-12°knots
8 5/11/71 90~ 70 1210~1500 A,B, Flood
9 5/18/71 36035%3/?2888 10231700 gl?e 1023 Slack
7/3/6/ Xxmots flood
1sng§1aok
a
10 6/10/71 ko~ 80° 15301730 B,C,D Flood
1l~ 8 _kmots
11 6/26/71 212-3-250°ts 1200-1330 B,C,D Flood
12 7/13/71  30- 233 1320-1550 B,C,D Flood
11- 9 imots
13 7/29/71 180-190 08101010 B,C,D Ebd
10-12 _imots -
14 8/4=5/71 140-188° 0850-0743 B-16 Daily
v&-lzoknots Daily C-ht
170-330 D-10
Z-»:I.Z knots
15 10/20/71 115° mean 11451345 A,B  Flood
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Wind direc- Sampling Section Tide
Event Date tion and tine or Stage
speed interval Station
sempled
16 11/13/71 210/220/270/ 0640-1825 B~15 0553 Sleck
360/040 B-16 ebb
11/10/14/8/ B~17 1259 Slack
9 knots flood
1805 Slack
ebb
17 1/12-13/72 140° 1100-1100 B-16 Daily
6,2 knots Daily
meag for 1/12
210
7.6 knots

mean for 1/13

Ry

H
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Rutrients., The samples were collected with either a
Van Dorn bottle or by dipping & polyethylene bottle jus't
below the surface, All samples were stored in the dark on
ice, All nutrient samples were analyzed within 3 to &4
hours for most studies or within 30 minutes for the dally

survey,
111, TIDE AND WEATHER DATA

Tidal data, The tidal data was obtained from stendard
tide tables for Lamberts Point, Virginia (U. S. Department
of Cmmeroe, Tidal Current Tables, 1970-1972).

eather _ﬁ Wind information was procurred from the
National Weather Service at Norfolk Reglomnal Airport,

IV, SEWAGE PUMPING RATE

This rate is expressed in mi.llian ganons per day
and was taken from the flow records or the Hampton Roads
Sanitation Distzjlct. ' The sewage pumping rata over a twenty-
four hour period “for August & and 5, 1971 and January 11 )
and 12, 1972 for the Lamberts Pont Séwage Plaut is found
in Appendix C. ‘.!.'he mean nonthly sewage pumping rate for |
the lamberts Point Plant and the Am Base Plant is ahawn
in Appendix B. : ‘
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Vo ABALYFICAL = = . .

Eutrients. Al1 samples were shaken and brought to
room temperature prior to analysis, A'ﬁ .thihs point, the
various reagents for nutrient aﬁsay were &dded, A one
centimeter pathlength was used in the Bausch and Lomb
Spectronic 20 spectrophotometer., The wavelength for the
determination of phosphate was 705 nm and for the determin-
ation of nitrate and nitrite, 525 nm. Corrections were made
for turbidity, reagent, and tube to tube effects for all
absorbance readings, The Hach Chemical Company method® |
wag used for all mutrients., The ‘!igch method for phosphate
involves the formation of & phosphomolybdenum blue complex
which is reduced by stannous chloride to a blue compound
The nitrate method reduces the nitrate, with an act.tvated
cadmivm compound, to nitrite, The nitrite then forms &
d:lazo dye compound 8s in the Griess reaction, '

' W of calibration ggr_v_g. An or ‘the methods
used for determination of nutrients were baaed on & chenical
reaction swhish produces & colored pra\luct.’ The absorbance
of this colored product is directly proportiomal to the
mitrient concentrations in the aauple. Mrorm, varying
concontrations of tm nutrlant mt be asaayad. by. the |
particular uethod m qaeation, 80 that a callbration curve

BHach Chemical Company, Ames, lowa,
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of absorbancy versus concentration can be prepéred, A4
letist squares fit of the ourve is.adopted to produce a
regression equations This oquat_ion can then be suployed
to predict the unknoun nutrient concentration in a sample.

However, some of the methods utilized are subject to
salt errorss .If this is so, the calibration curves should
be done in waters whose s&linities approach that of the
study areas, If & salt error is detected, then & cali.
bration should bs carried out in water taken from the study
area, This will insure that the salt error is truly a
salt e:;ror and not due .§o0 other factors peculiar to the
water quality of the study area, Since the Hach methods
for nutrient analyses were not in common use at the time
this study was co:nduéted, they must be compared to &
standard method, The standard methods for this study are
those ocontained in Strickland and Parsons (1965). The
efficacy of the Hach method calibration curves over an -
extended period must be examined to determine if the curves
are stsbley - - o

-+ The mf&n-atim of the calibration ourves were
examined for:

- -3% Preparation of the Haohimethod calihration curves
in different artificial salinities and ds.stnled water

2+ Determination and statistiocal comparison of the
ocurves to deteot the presence of any salt error
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3,  Comparison of the Hach'calibration curves in
artificially prepared staline waters with those in Lafayette
River water
4. Comparison of the Hech®method for phosphate and
nitrite and the standard methods _
5. Gompax;ison of recent Hach‘method calibration
curves with previous calibration curves,
Oxygen.

Mcra Winkler method. The method used is outlined
in Hydrographic Office Publiocation 607 (U, S. Navy Oceano-
graphic Office, 1968) except that 0.0258 phenylarsineoxide
(P.A.0., Hach Chemical Company, Ames, Iowa) wes used in
place of 0,01N sodium thiosulfate, The mangagnocus salt and
alkaline iodide were added immediately to the water sample,
shaken onoce, the brown precipate allowed to settle halfway,
then reshéken; The samples were .stored in the dark, The
sulfuric acid was added in the laboratory just prior: to
titration with-phenylarsineoxide, ‘Duplicate aliquots of -
the saample were always analyzed, -The mean of the two
titrations was employed to ocompute the oxygen in milli.
liters per 1iter at standard temperaturs.and pressure, . .-
The oxygen saturation, in per cent, was computed from &
nomograph (Gilbert, et al,, 1968)..

..+ .Oxygen meter A Yellow Spring Interndtional (Y.S.I.-
51-A) oxygen meter .was utilized to obtaln in situ oxygen .
values, .The machine was calibrated.-prior.to each use and
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shecked with -the macroWinkler method, The machine can be
‘ad justed to eompansate for different temperatures,
selinities, end ambient pressures, so that the concen-
tration of oxygen can be read from the machine,

V11, STATISTICAIL METHODS

Test for null hypothesis, Unless otherwise stated,
&8ll tests were run &t the p greater than 0,05 level, The
significance test for the null hypothesis that the two
population means are equal was baged upon the "t* statistic
(Snedecor and Cochren, 1968),

Analysis of variance for the regression. Draper and
Smith (1967) have shown that the sum of the squares about
the me&n equals the sum of the squares about the regression
Plus the sum of the squares due to the regression, This
allows the deviation from the regression lime to be
partitioned into two parts. Therefore, it ocan be applied
in:the assessment of the usefulness of the regression line,
‘When the sum:'of the squares (S, $,) -due to the regression

18 .much greater than the sum of the squares sbout the

2 S of g due e g8l

equals &Eoe o BQuAres & mean

regression or R

is not too far from unity, then the regreasion appears to
be & useful prediotor, This does not hold true when the
number of variables is nearly as large 85 the number of
observations, It would then be possible to get & spuriously
high B? or multiple correlation coefficient. The method
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in Table VI served to construct the analysis of variance
(anovar) table., The actual computation was done by an
I+BeM. 1130 or 360 digital computer (Dixon, 1970).

Stepwise multiple regression., To obtain a regression
equation of the form ¥ = B, ¥ ByX, + BoXs eeee B X, + e
(Equation III-1) (Draper and Smith, 1967), where the
varigbles in the regression may have interrelationships,
the order of insertion in the regression could determine the
significance and fit of the regression, The Biomedical
Besearch Program for stepwise multiple regression uas
adopted (Dixon, 1970), This program allows the varisbles
to be inserted in the regression equation if their partial
F criterion is greater than a preselected percentage of
the appropriate F distribution, If &ll variables are
greater than the percentage of the F value, then the most
highly correlated is inserted. .The progras computes and
prints the multiple correlation coeffioient, means,. standard
deviation,. anovar table, F values, partisl correlation
coefficients snd constants, and &2 summary of the inoredse
in BZ, S ;"
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TABLE VI

Computation of the Analysis of the Regression Table
(Draper end Smith, 1967, p. 15)

Degree of Mean

Sum of the squares Preedom square F
Source 88 ar ns value
Regression b, X,¥, ~ (X,) (¥,) 1 Hsrn% NS,
—_——
About the by subtraction n-2 8% = (5,S,)
regression Ne
(residual)
oy 8 2

About the ""'!1 - (Il) N=1
mean =
(total :
ecorrected

for m_ean)

éonfidgnoa :lntami for the regression intercept bo was:

_ “lb;;t_ t(n-2, 1- $a) times the standard error of the
intercept, -

gpﬁf.tdenoa interval for the regression slope b, was:

b, # t(n-2, 1~ 38) times the standard error of the

L]

slope.




CHAPTER IV
RESULTS OF THE STUDY

The results of this study have been divided into
three sections. The first section, leboratory results,
will deal with the statistical examination of the nutrient
calibration curves, This examination will determine if
the curves are signifiocant and whether a *sa&alt error*
exists for the Hach methods, Special attention will be
paid to the method for phosphate, and the oxygen meter
will be compéred to the Winkler method, The second
section entitled field results will list the concentrations
of oxygen, nitrate, nitrite, salinity, water temperature
and phosphate for the tidal oycle, daily, seasonal and
annual samples. The last sgotibn will examine proposed
multiple linear fﬁgressian predictive models for concen~
trations of phosphate, These models wili be utilized in
an attempt to determine the relationship of phosphate to
the following parameters: tide, phosphate in sewage, rain,
wind direction, and water tempereture. |

- -Io.- ZABORATORY RESULTS

The results of the statistical tests of the calibration

ourves for the Hach’method are:
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1. Dissolved inorganic phosphate, There is a

definite salt effect that appears to cause & difference in
the slope and intercept of the regression equations between
distilled and saline water. The regression equations for
the various salinities are shown in Table VII,

2. Nitrate, fThe slope of the regression eguations
for the Hach‘method in distilled water was mot significantly
different from those in saline waters, However, the
intercepts are significantly different indicating 2 possible
salt effect for this method, All the regression equations
were significant at the p greater than 0,05 level (Table VIl),

| 3. Nitrite. The results for this method are fhe same
as those for the method for nitrate (Table VII), |

Comparison of the Hach Methods with the Standard
Methods for distilled water,

1, Dissolved inorgamic phosphate._ The Hach'aethod
for dissolved phosphate in distilled water and at different
salinities conpares favorably with the standard method
(Table VIII).

2, Nitrate., Although the regression equation was
significant, the Hachmethod displayed very erratic resulte,
It was never possible to oonsistently repeat the Hach®
determination of nitrate and get the same regression
equation. Therefore, & oalibration curve wés prepared
before every daily study and the resulting regression
equation used for that determination. The concentrations




TABLE VII
nachxaethod calibration Curve Data for Nutrients

The nutrients were dissolved in waters of different
salinities, The concentréation ranges for the nutrients are:
1.3 to 12,5 microgram-atons phosphate phasphorous per
1iter, 5 to 30 miorogram-atoms nitrate nitrogen per liter,
0.05 to 3.04 microgrém-atoms nitrite nitrogen per liter,
Al)l the regressions are significant at the p greater than
0.05 level, |

— ——
- s

Distilled Selinity
Regression B
" 4ata water 15°%/00 25%/00 30°/00
Phosphate

Intercept 2646 + 1.3 30.0 j‘_ 0.8 32,7 :!'_ 0.9

Slope «0e3 + 0,04 ~0,3 + 0,02 =04 + 0,03
Nitrate

Intercept R 1314.% + 1zf.g + 134.2 + 3,2

3

Slope memmeee w133 % 0,2 ~1,2% 0,1 1,3 + 0,2

Nitrite

Intercept 16.3 + 7.7 15.38:_'; 0.36 1“055i 0.75
Slope «0,7 + 0,03 =0,16+ 0,06 ~0,15+ 0,05

——
e

11
1




37
TABLE VIII

Comparison of the Standard Method Regression Data and the
Haoh“Method Regression Data for Dissolved
Inorganic Phosphate

Distilled water Hach“Method Standard Method
Slope 0,059 0.11
Intercept 0.023 0.20
Concentration réange a
microgramn~-atoms 2.4 = 9,6 3.0 *
phosphate phosphorous
per liter
F value 37.43 £ 2,73 42,8 &+ 0.4

&, The F value was determined using only this
concentration of phosphate (Stricklend and Parsons, 1965).
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of nitrate are not presented in the main body of the paper
becsuse of inacourscies in the Haeh method, They sre

1isted in Appendix A, |

3. Nitrite, The Hach method for nitrite compares
very favorably with the standard method (Strickland and
Parsons, 1965), however, it is not as sensitive nor as
precise &s the standard method.

One semple, from station B-16, of Lafayette River water
was analyzed in quadruplicate by the Hach' and standard phosphate
method, giving the following results: 1.4 + 0,01 microgram-
atoms per liter for the Hach'method &nd 1.6 + 0,01 microgran-
atoms per liter for the standard method, The Hach' method
for phosphate was also shown to be stableA for at least a
year by using the "t* test and comparing the mean F value
(defined on page 5, this thesig) of curves Pl plus P2
plus P3 with ourve P4 (Table IX).

Comparison of Yellow Springs Intermational oxygen
meter, model 51A, with the Macrowinkler oxygen detsrminatiom,
The oxygen meter was compared with oxygen values as
determined by the mecroWinkler method in waters with
different concentrations of oxygen {Table X),

II, PIEID RESULTS

gg@n; -' .
Rénge, The range of saturation of oxygen for the
lafayette River was from 56 to 143 per cent (Appendix A),
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Comperison of the Hach®Method Calibration Curves for
Dissolved Inorgtnic Phosphite Over &n
Extended Period, 1970-1972

Curve Date prepared Type F value Nean F value
(9805 this
thelis)
P1 12/15/70  in 25%/00 NaCl  52.5  45.0 + 4,40
solution
Pl 50,3 standsayrd
deviation 5.25
Pr1 46,0 .
1/15/71  in 20%00 NaC1l 38.3
solution
424
P3 7725771 Iafayette 37.8
. River water
P3 46,4
Ph 1/11/72 Iafayette 51.7 84,0 t_#§90
River water '
Ph 54,6  standard
deviation 1,99
5546
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PABLE X |

Comparison of Yellow Springs Internat_.tonll Oxygen Neter,
4S1-51A, With the MacroWinkler Oxygen Determination

s

(U. S. Navy Oceanographic Office, 1968)

S —

maoroWinkler Y.S.l. meter
parts per parts per Differ-

) -%'_:
T
¥
i

Date Condition million million ence
oxygen oxygen
1 2 (1-2)

July,1971 tap water 8.36 8.3 +.,06
equilibrated
with air

July,1971 tap water 7.02 6.9 +,12
directly from
the tap

July,1971 helium bubbled 2.4 2.7 -3
through tap

water using a
diffuser in a
covered betker

July,1971 tap water 6.5 6ol +.1
. . directly fronm -
the tap

July,1971 lafayette 7.3 T2 +.1
River water t

March, 1971 {ap water 731 T3 +,01
directly fron
the tap

March, 1971 tap water 6.89 6.8 +,09
. directly from _ .
the tap
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The values do not inelude the results of the daily studies
in August, 1971 (Event 14) and January, 1972 (Event 17),

Vertioal distribution. There was no significant
difference (*t* test) between the surface and bottom except
in the summer for section C,

Section enalysis. There was no significant difference
between sections B, C, and D over all seasons, However,
section A was significantly different from sections B and
C in the fall of 1970 and 1971,

Seagonal analysis. Although there was no significant
difference in sections A, B, and C between winter and
spring there was & significant difference in both sections
A and B between fall and winter and in section B between

spring and summer,

Oxygen per cent saturation seldom reached oritical
values of 57% (Klein, 1959; State of Virginia, 1971) in
the lafayette River., Section B appeared to have two
distinct oxygen lsvels, these being 80% saturation for
the summer and fall and 100 saturation for the winter and
|

spring, Section C had essentially the same oxygen values
for all the sefsons sampled.

Temperature, The range of temperature was from 0°C to
27.7°C. There was no significant difference (*t' test)
between the surface temperature values of all sections
over the sampling period nor between the various sections
in the same season, The mean temperature for all sections
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' FIGURE 3

Seasonal Values of Oxygen Saturation Expressed as
Percentages, for Sections A{,eww,), Blem==,),

C{=e=s) 80 D{X===X) Through 1970-1971,

Sectional oxygen values are combined averages of
surface and bottom samples, A + on the line between seasons
indicates & significant difference in the values. A =
on the line indicates thai; there is no significant differ~
ence in the values, A dotted rectangle indicates that
there is no significent difference in the oxygen values for

gsections for that seésom.
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by season is given in Table XI. There appears to be a
temperature difference between fall and winter,

Salinity. The renge of salinity was from 11,0 to 24.9
parts per thousand, There was no significant difference
(*t* test) between surface ani bottom salinity values nor
between the various sections at the same season, therefore
the mean‘aalipity values for &1l sections were ﬁsed

(Table XI). The salinity eppears to be highe; in the fall
and lower in the spring.

Nitrate, The method for determination of nitrate was

found to be too variable and imprecise to be of any actusal
use ‘in this study. The range was from 0 to 18 miorogram-
atoms nitrate nitrogen 'per liter. The largest values were
in the summer and fall and lowest in the spring. The

values obtained are shown in Appendix A but no further use
will be made of the data for mitrates in this paper, .- -:

Nitrite. The value for nitrites ranged from 0 to &4
microgram-atoms nitrite nitrogen per liter., The higher
values were generally found in the fall although the
maximum nitrite was in the winter at section C, The lowest
values were always in the epring (Appendix 4).

Tidal eyole, On May 18, 1971 (Event 9), water samples were
ocollected at the Norfolk Yacht Club pier (station B-16)
over & six and one half hour period, Data for nitrates,
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- TABLE XI

Seasonal Salinities, in Parts Per Thousand, and Water
Temperature, in Degrees Centigréda, for the
Compesite Section A+ B+ C + D for the |
Period 1970-1972,

‘The values are composite means for all four sections

by seasons, If two values &re shown the first is the
surface and the second is the bottom value,

Se&son Temperature Salinity
Suzmer 25.31 15/17
Fall 21,9 2/24
Winter 4,38 19

Spring 12,92 15/13

W
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nitrites, phosphates, and oxygen was collected (Table XII
and. Appemux A). On November 13, 1971, & 12 hour study
(Event 16) was conducted over & wide area to detect any
differences in concentrations of dissolved inorganic -
phosphate, Three stations were chosen so as to span the
Iafayette River at the Hampton Boulevard Bridge. Data on
nitrates, nitrites, phosphates, oxygen and temperature
was collected {(Appendix A}, Data of phosphates, oxygen,
and temperature for this event are shown in Table XIII,
When these values were examined statistically, no signifi.
cant difference was found elither between the surface and
bottom values for phosphate at each station or between
stations,

Daily results. A daily study was made on August 4=5, 1971
(Event 14) and on January 12-13, 1972 (Event 17). Event 14
was glope‘at three different sites; these being stations
B-18, C-k, 8nd D-10. Stations C-k &nd D-10 are looated
near the lamberts Point and Army Base sewage plant outfalls
respectively (Appendix E and A), The January 4aily samples
were collected At site B-16, where data of nitrates,
nitrites, dissolved inorgenic phosphate, oxygen, salinity,
and temperature was analyzed (Appendix E and A),

Oxygen. The mean saturation of oxygen for both
August, 1971, and January, 1972, ranged from 74-133 per ceat,
The saturation values of oxygen for both events were

essentially the same,
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Dissolved Imorgamic rﬁbsphhta,ﬁin Microgram-atoms Phosphate
Phosphorous Per Liter, Oxygen, &s Per Cent Saturation,
and Tide Stage for the lafayette River Station B-16
on May 18, 1971 (Event 9) Over & Six and

One Half Hour Period

Time (E.D.S.T.) Phosphate Oxygen Tide Stage
1023 4 72 Slack flood
1155 5 80 Ebb

1400 5 107 Ebb

1700 5 112 Flood

Mean 4.8 9

Standard deviation 0.5 19

P greater than 0,05 4, 8 + 0,8
confidence Ju.m:lts

e e e e e e e e e e -]

b e e e U LT

L

o
G TR

S iy




48
TABLE XIII

Dissolved Inorganic Phosphate, in Miocrogram-&toms Phosphate
Phosphorous Per Liter, Temperature in Degrees
* Gentigrade, Oxygen, as Per Cent Saturation,
and Tide Stage, for the Lafayette River,
Stations B-15, B-16, and B-~17 on
November 13, 1971 Over a
Twelve Hour Period

: P is expressed at the greater than 0,05 confidence
limits,

et s
peeir w—

il
|

. Phosphate
Time, in surface/
Station hours bottom Oxygen Temperature Tide
{EeSeT.) values Stage
B=16 0650 4,3/4.6 91 12,9 Flood
0910 L, 4/4.6 Flood
1130 b,2/k,1 92 Flood
1235 4 : Flood
1435 o9 13.5 Ebb
1628 o 13.9 Ebb
1835 4.3 13.9 Flood
Mean 4,340.2° 91.5
Standard deviation 0,2 0.7 .
B.17 0710 4,1/4,8  Bé6 13.5 Flood
' 0903 %,5/543 | Flood
1120 ho1/k.2 102 Flood
- 1230 b,1 - ' S Flood
- 1430 8 14 Ebdb
¥ 1625 o1 o pL Ebb
B-16 1830 N ' 13.9 Flood
Mean 4.3 _+_°03 ’ 9!" o
Standard deviation 0. 11 7 ‘
B=15 0640 4,1 87 13 Flood
: : 0825 h,2 ' Flood
1010 4,9 102 135 . Flood
1225 3.3 T " "Flood
1425 o1 ) _ _ 12.5 Ebd
-1615 4.6 ' 1 Ebb
1825 he5 , Flood
Nean 4,5 +0.4 2411.5 14 "

Standard Qeviation 9.5
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Phosphate, No significant difference was found bdetween
surface and bottom values of dissolved inorganic phosphate
for either August, 1971 or January, 1972, For the remainder
of the discussion the mean of the surface andi bottom values
will apply. No significant difference existed between the
mean values of section B and C, August, 1971, Therefore,
the combined means for the same time period were used
(Appendix E). The values of 'stations. B-16 and C-li were
combined because the difference in sampling times and the
distance between stations were insignificant. (Appendix E).
There was & signifioant difference in the values between
stations B-18 and D-10 (Appendix EsA), Values for dissolved
inorganic phosphate for these time periods in August, 1971
and January, 1972 are given (Figures 4 and 5, and Appendix E),

Seasonal cycle of phosphate., The levels of dissolved
inorganic phosphate, water temperature, rainfall, and wind
direction for the sampling period are shown in Appendix P,
The data wae expressed as the means of the combined
secotions A plus B plus C, These three sections comprise
the Iafayette River, The wirnd directions was expressed as
cosine theta (pags 5, this thesis)., The Elizabeth River,
section D, with the same information, excepting cosine
theta, are shown in Appendix F, These same paraweters were
then further combined into seasons for the composite
gection A + B + C comprising the Lafayette River and are
shown in Appendix G.
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FIGURE 4

Dissolved Inorganic Phosphate, in Microgram-atoms Phosphate
Fhosphorous Per Liter for August 4-5, 1971 Over a 24 Hour
Period (E.D.S.T.) at Two Sampling-sites
B-18 + G4 (u=.) &nd D-10 (eme=s)

Tidal stages are shown and are cofed 1 for beginning
flood tide and 2 for beginning ebb tide, All of the
dissclved inorganic phosphate values are composite means
for the surface and bottom values, The values for Stations
(B-18 + C-#) are composite means of the two stations for
each sampling time,
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FIGURE 5

Dissolved Inorganic Phosphate, in Microgram~atoms
Phosphate Phosphorous Per Liter Over & 24 Hour
Period (E.S.T.) for January 12.13, 1972,
at Station B-16

Tidal stages are shown and are coded 1 for begimning
flood tide and 2 for beginning ebb tide. The dissolved
inorgenic phosphate values are compesite averages of the

surface and bottom values,
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<z~ . II1s PROPOSED PREDICTIVE MODELS FOR PHOSPHATE

5 e
wday,

paily models. A linear regression model was proposed for
the dissolved inorganlc phosphate in the combined stations
B-18 and C-4 for August, 1971, The same model was proposed
for January, 1972, station B-16., The predicted dissolved
inorganic phosphate is expressed &as the logarithm to the
base 10. This form was found to give the best fit when
the following independent variables were used in the
regression: tidal stage, wind component (page 5, this
thesis), and the rate of dissolved inorganic phosphate, in
kg/nhr, from the sewage outfall, This rate of flow of
phosphete from the Lamberts Point Plant was determined
using the data in Appendix D, The mean daily sewage
pumping rates for August, 1971 (Appendix C) and January,
41972 (Appendix C), and the mean daily sewage pumping rates
for March, 1972 (Appendix D) were not found to be signifi-
oantly different, It was essumed that the levels of
dissolved inorganic -phosphate in the final effluent of the
Ismberts Point Plant for August, 1971 snd January, 1972
were not significantly different from the levels of phos-
phate found in March, 1972, Thsrefore; the rate of flow of
phosphate on March, 1972 was used to compute the levels of
dissolved inorganic phosphate in the final sewage effluent
for the August, 1971 and January, 1972 sampling periods,
The concentration of dissolved inorganic phosphate, tidal
stage, rate of phosphate from the sewage outfall, wind
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component and sampling time 1s shown for August, 1971 and
January, 1972 {(Appendix E). :The 'resulting linear regression
models computed from these variables are shown in Table XIV,
formulas IV-2 through IV-5. The observed and predicted
concentrations of phosphate are given for August, 1971
(Figure 6) and January, 1972 (Figure 7).

Seasonal models. Using the observed dissolved inorgenic
phosphate from the sampling period 1970 to 1972 for combined
sections A plus B plus C (Appendix F and G), an attempt

was made to form & linear regression model for the dissolved
inorganic phosphate in these three sections for that period.
This seasonal model utilized the' following independent
variables: water temperature, rainfall, and’wind direction,
expressed &s the cosine of the angle the resultant wind
makes relative to the Lafayette River Channel at the mouth.
The summary of these resultant models are disclosed in

fable KV, formulas IV-6 end IV.7, ‘and the observed and
predicted levels of dissolved tnorganio phosphate are

shom in Pigures 8 and 9.

PP
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Résults of the Daily Dissolved Inorgenic Phosphate
; Prediction Models for August 4-5, 1971 and

Janusary 12-13, 1972 for the
mayet{;e River

The models are for Ebb or Flood tides,

The estimated

dependent variable, P, is the ordinate expressed 8s 1logip of
dissolved inorganic phosphate in microgram-atoms/liter,

August -5, 1971 Section B plus C Floocd tide
Tog;, P = 1.3 — 0H3(T) + 0,009(S) equation
Significance level of the regression p>»0,10 (1v-2)

R = 75,3

August 4-5, 1971 Section B plus C Ebb tide
Tog,, ¥ = 0.17 + 1,0(T) ~ 0.07(S) equation
Significance level of the regression p>0,10 (Iv-3)
B%g = 81

January 12«13, 1972 Seotion B Flood tide
Tog, o F = 0.91 ~ 0,0M(T) = 0.18(W) -. equation
Significance level of the regression £i0,10 (Iv-t)
sz., o4 _
January 12-1__3, 1972 Section B Ebb tg_do_
1?810 T= 1.3 - 0.2(T) ﬁt‘;ﬂggﬂn

Signiricance level of the regression §»0,10
2 .
B°% = 68

Code: Independent variables (X )

7 indicates the stage of the tide either ebbing or

flm.

S 4ndicates the rate of phosphate phosphorous from
sewage effluent in kilograms per hour interpolated

from March, 1972 datsa,
cosine of the

W indicates the wind compoment computed by taking the

angle of the wind relative to the

Iafayette River chammel at 280 True and multi-
plying this times the wind speed in kmots,
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FIGURE 6 .
Observed {.—,) 2nd Predicted (X..X) Values of Dissolved
Inorganic Fhosphate in Kicrogram-&toms Phosphate
Phosphorous, for fugust 4-5, 1971, Over a
24 Hour Pericd
The regression model equations from Table‘XIV and the
data from Appendix E were used, Note the break in the
ordinate, The two observed values shown for each sampling

time are the values from station B-18 and Ced,
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FIGURE 7
Observed (.-—.) 8nd Predicted {X--X) Values of Dissolved
Inorganic Phosphate.' in Microgram-atoms Phosphate
Phosphorous Per Liter, for January 12-5.3, 1972
Over a 24 Hour Period (E.S.T.) at
Station B-16

The regression equations from Table XIV.and the
data in Appendix E were used,




TABLE XV

Annual and Seasonal Predictive Model for Dissolved Inorganic
Phosphate for the Combined Iafayette River
Sections A Plus B Plus C

Predictive model for dissolved inorganic phosphate over the
sampling period 1970 to 1972

BuloP, = 1,04 + 0.2(%C) - 0.05(B) = 0.87 (Cos ©) equetion
{IV-6)

Significance level of the regression equation, P greater :
than 0,10

R? = f9d = 674

Predictive model for seésonal dlssolved inorganic phosphate
over the sampling period 1970 to 1972

DeloPe = 1,1 + 0.19(7C) + 2.2 (Cos 0) equation
. {IV=7)

Signifiocance level of the regression eduation, P greater
than 0,10

e B o

Code

N
D.I,P. is the estimated phosphate phosphorous in
microgram-8toms per liter,

% - is the water temperature in degrees oentigrade,
R is the rainfall in inches.
Cos 0 1s the cosine of the angle (9) that the

resultant wind makes to the main Lafayette
River ochammel (028" True),
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FIGURE 8

Observed and Predioted levels of Dissolved Inorgenic
Phosphate, in Microgram-atoms Phosphate
Phosphorous Per Liter for the
lafayette River (Sections
A+B+C) for the Sampling
Period 1970-1972,

Predicted values were obtained using regression model
equations from Table XV, The observed values &re comblned
averages for Section A, B, and C for the months during

which the samples were collected,

2

I Obsserved values and p greater than 0,05 confidence

limits,.
A + between months indioates that a significant difference

existed between these two values, A - between months
indicates that there was no significant difference, -




L)
TL6!

*NYP

IXETTIUTOTI 6"
BNV NP NOS AVA

wn »
‘AON_-190

p
408

‘LI0  HIN

b
-8
- 6

ﬂv_

4l

$311T43d SNOYOHJSOHd 3 1VHISOHd SNOLY-HRVYYBONIIK




61

MICROGRAM-ATOM
PHOSPHATE PHOSPHOROUS PER LITER

F — 1 A A &

FALL WINTER SPRING SUMMER  FALL WINTER
1970 1870-1971 1972

FIGURE 9

Observed (E ‘I) and Predicted (.--) Mean Seasonal Values
of Dissoclved Inorganic Phosphate in Microgram-atoms
Phosphate Phosphorous Per Liter for the

the Sampling Period 1970-1972,

Predicted values were obtained using the fegressiog
model equations from Table XV. The observed values are
combined means for Sections A, B, and C for the seasons
during which samples were collected, The P greater than
0.05 confidence limits for the observed values are shown

for the observed values,
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CHAPTER V
DISCUSSION OF RESULTS
I. LIMITATIONS OF THE COLLECTED DATA

Discusslon of the data gathered over the sampling
period must be considered within the restrictions of the
sampling method, i.e., the samples are consecutive and not
synoptic, and therefore, there is & possibility that
nutrient levels could be affected by the tidal stage or
the time of day. Also, the sampling dates and timaé chosen
for the sampling period could bias the data, Another factor
to be considered is that the analytical methods could not
detect nutrient values below one microgram-atom dissolwved
inorganic phosphate phosphorous per liter,

B & 3 "DISCUSSION OF THE CIBRCULATION OF THE ILAPAYETTE RIVER

mbottom values or temperature, oxygan, salinity and nntrients
over the sampling period. This indicates that the Lafayette

River is thoroughly mixed in the vertical direction. This
is probably Gue to ite shallow depth end the turbulemt
diffusion produced by tidal currents. Pritchard (1960)
states that vertloal diffusion is most intense in layers
having verttcal homogeneity. The role of tidal wovements
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énd mixing in vertically homogenious estusries is also very
large &s conmpared to the water motion and stabllity produced
by inflowing fresh water (Pritchard, 1960).

III. DATA FOR OXYGEN, NITRATE, AND NITRITE

Except in the fall of 1970 and 1971, there was no
significant difference between the saturation values of
oxygen in the sampling sections A, B, C, or D, In the fall
of 1970 and 1971 oxygen saturation values in section A of
69 per cent were significantly lower than those of section
B at 82 per cent., Section B levels of oxygen were also
significantly lower, at 80 per cent saturation in tﬁe fall
and summer of 1970 and 1971, as compared to 100 per cent
saturation in the winter and spring of 1970 and 1971
(Appendix H), The difference between sections A and B in
the fall of 1970 and 1971 could be due to higher hetero-
trophic activity, and to the increased organic load of the
higher phytoplankton densities in this section (7, Purcell,

personal communication). This could also imdicate that the
~ —eirculation of the lafayette River is sluggish; especially
in the warm dry months when the water movement in the river
is dapendentkﬁn tidal exchange only,
The method for nitrate used wes too imprecise to yleld
eny valid results. The values of nitrites ranged from one .
Aio four microgram-atoms nitrite nitrogen per liter and
appeared to be inversely related to the levels of oxygen
1,e,, higher in the fall and summer of 1970 and 1971 when
the level of oxygen was lowest (Figure 3),




iIVv. DISSOLVED INORGANIC PHOSPHATE LEVELS OVER .
¢ - -THE .SAMPLING PERIOD

Vertical and horizontal distribution. There was no
observable difference in the surface to bottom concentration
of dissolved inorganic phosphate concentration at any
section over the complete sampling period. The lack of any
observed lateral difference in the dissolved inorganic
phosphete in November, 1971 at stations B-15, B-16 and B-17
over & 12 hour period (Table XIII, page 48) was the reason
for the assumption that although the level of d1ssolved
inorganic phosphate may vary from the head of the river to
the mouth and at one station over'time, there is probably
no lateral difference in dissolved inorganic phosphate in
the Lafayette River. This lends further weight to the
contention that the river is dominated by tidal influence
rather than fresh water influx. °' o

' Possible mechanisms for the levels of phosphate in

the Lafavette Rlver. The level of dissolved Inorgenic
“mm;§§9§Dhﬁigmgﬁgrmthgmsémpitngmperigﬂﬁexoeea;aﬂthgmubper 14mit -

value of 3.3 microgram-atoms per liter, &s suggested by

Pritohard (1969), in 811 the months sampled (Appendix F)

except Decembér, 1970, Jenuery, 1971 and March, 1971,

The 1levels of phosphate seed to depend on water temperature.

his can be shown by comparing the January, 1972 (Section B)

hean water temperature of 110C and the mean toncentration of
phosphate of 5,8 microgram-atoms per liter with the January,
: R L S N R R TR T ¥ P
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4971 {Section B) -mean water temperature of 2°C and mesn
level of phosphate of 2.4 miorogran-atoms per liter, The
water temperature is 9°C higher in 1972 and dissolved
inorganic phosphate in 1972 is double that of the 1971
conoentration of phosphate. This appears to agree with the
general statement that for an increase of 10°C in the
temperature the ohemical reaction rate is doubled (Briszcoe,
1949);, . The fact that levels of phosphate in estuaries
increase with temperature is further supported by Pomeroy
{1960), Pomeroy (1960) showed that the ooncemtration of
dissolved inorganic phosphate inecreased from 3 to 5.5
miorogran-atoms dissolved inorganic phosphate phosphorous
per liter when the water tenperat;nre rose from 15°c to
27°C. 4s well as a direct relationship between phosphate
and temperature, there was &n inorefise in phosphate
turnover time from 2,0 to 4,0 milligrams phosphate
phosphorous ‘per cubic meter per hour. The influence’of -
temperature en the level of dissolved inorganic phosphate -

phosphate . (Table XV, ‘page 58, equation IV-6 and IV-7),

The model using the composite mean of the digaolved inorganio
phosphate Tor the months sampled -is eferred to s :the

annual modely ‘fhis sxmual model ‘has .a positive regression
coefficient for-temperature .And negative regression coef-
ficients for rain And wind ‘directicn, This snnual model has
& oonstant value of approximately one, The seasonal model
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of dissolved inorganic phosphéte in the lafayette Biver.
has a gemstant of one -and positive regression coefficients
for temperature and wind direction. The seasonal model
accounts for approximately 86 per cent and the annual
model 65 per eent of the variance in the dissolved inorganic
phosphate level, The prediction of & constant level of
one miorogram-atom dissolved inorganic phosphate phosphorous
per liter in both models, which cé&n be obtained by setting
the independent variables to zero in the regression
equations, agrees with the value which Pomeroy et al,, (1965)
states is the eq.uilibrium valus for an estuarine system,
This system (Pomeroy, 1965) consists of & two step ion
exchange between clay minerals and water, and interstitiel
mioroorganismg and water, This system maintains & oconcen-
tration of dissolved inorganic phosphéte of one microgram-
atom phosphate phosphorous per liter., Pomeroy's hypothesis
could explain the fact that there were very, fow.times when
dissolved Anorganic phosphate was not found An the lafayette
River over-this sampling period (Appendix i), The -
regression of dissolved inorganic phosphate with tempera-
ture suggests & possible biologlieal mechanism for the high
levels of phosphate found in the Lafsyette River. Pew of
the purely physioal or.chemical models for phosphate in
estusries (Rochferd, 1951; Carritt.and Goodgal, 1954; .
Jitts, 1959; Pomeroy, et a&l,, 1965; Reimold, 1965; Young,:.
4968}, eppedr to be capable of the high levels of phosphate

’
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“Tound :in the Jafayette River: -Pomeroy postulates a model
for a (Jeorgia salt marsh estuary that 1s very similar to the
lafayette River :in many physical aspects but dissimilar in
three mein categories, which are:

1, Concentration of phosphete in the lLafayette River
ranged -from 1,9 to 8.6 miorogram-2toms per liter whereas
the Duplin River ranged from 1.0 to 4.0 microgram-atoms
phosphate phosphorous per liter,

2., The Duplin River was dominated by Spartina type
..ma.rsh grasses, wherei&s the lLafayette River has comparatively
few marshes,

3. The Duplin River area isg not urbanized or polluted
while the lafayette River is surrounded by the City of
Norfolk whose sewage outfalls deposit primary treated
sewage effluent at the mouth of the river,

Pomeroyis model uses the Spartina marsh grass as the
sontrolling mechanism. for -the level of phosphate., If
this sanme general model 1s-&ppropriate for this area, then
the small emount of marsh. grass in the lafbyette River could
csuse the Spartins-sediment equilibrium to shift snd
release ‘higher quantities of phosphate to the waters of
the lafayette River. This :shifting of the Spartina.-
sediment ‘system, with :an dncrease:in phosphate from 1 to
10 microgram-atons -phosphatephosphorous per liter, has
bean -noted by Pomeroy in the Georgla salt marsh, Pomeroy's
model Treveals that the level of phosphate in the Duplin
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River 13‘ directly related. to water temperature.and inversely
related to rainfall, The amual.and sedsenal models show
that similar results were found in the lafayette River
(Table XV, page 58, this thesis). It would appear that
the Lafayette Riveris level .of dissolved inorganic phosphate
1s controlled primarily by metsbolic processes of the
organisms in the sediment or water rather than the marsh
grass as in Pomeroy'!s model, If this is so, them it is
.possible that the level of dissolved inorganic phosphate
. could result from.the metabolioc ectivities of zooplankton
or other organisms in the water (Rigler, 1956, 1964; Smayda,
1957: Hayes, 1963; Raymont, 1963; Martin, 1965; Satami.
and Pomeroy, 1965; McKellar, 1971), or in the sediment
(Zobell and Feltham, 1948; Teal and Kanwisher, 1&961;
Oppenheimer and Ward, 1963; Wood, 1965; Aurand, 1968;
Gooch, 1968; Pomeroy, et al., 1972).  The high values of
loosely bound phosphate found in estuarine sediments
{Moore, 1929; Rochford, 1951; Young, 1968), lends strength
to the belief that the primary control of the levels of
dissolved inorganic phosphate 4in the lLafayette Biver is
determined by .the sediment.water system,

The imverse. relationship of rainfall to the level of
dissolved 4imorgenic phosphate in the Lafayette River suggests
that the rainfall either dilutes the concentration of phos~
phate in the water thereby reducing the level of phosphate
ar causes & body of more saline water with & lower value of
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rhosphate to enter the lLafayette River. This water
deficient in phosphate ocould be water from the Hampton Roads
area which has been shown to contain lower concentrations of
phosphate (Stroup and Wood, 1966), The concentration of
rhosphate in storm rm_mfr for similar areas cen range
from 3.% to 29 microgram-atoms phosphate per liter (Fruh,
1968)y The wvaluee of phosphate for i-alnwater can vary

from 0.13 to 3.2 microgram-atoms phosphate phosphorous per
liter (Fruh, 1968). As the magnitude of the concentration
of phosphate in rainwater and storm runoff could cause the
concentration of phosph&te in the lafayette River to increase
rather than decrease, it appears that the influx of waters
lower in phosphate from Hampton Roads may better explain
the diluting effect of rainwater on the content of phosphate
in the Iafayette River,

The direct relation of & northerly or & southerly
wind to ‘levels ©f phosphate in the seasonal predictive
model for phosphate seems to tie in with the seasonal shift
in winds in the Norfolk area from & northeasterly direction
in the winter to 8 southwesterly direction in the summer .
(Table XV, page 58). A mortheasterly wind could cause & wind
induced flow from the Lafayette River at the surface along
with a bottom flow “into the Lafayette River of Hampton
Roads ‘water, which “is lower 'in dissolved inorganic phogs-
phate, A socutheasterly wind oould cause just the opposite
resulty

WU
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‘Discussion of the daily fluctuation of phosphate. The
daily sycle of dissolved inorganic phosphate for August,
1971 appears to be controlled by tide and the rate of flow
of phosphate in the sewage effluent, from the Lamberts Point
Sewage Plant outfall, The regression coefficients in the
daily model (Table XIV, page 55, this thesis) reveal that
en & flood tide & unit inorease in tide stage has three
times the effect as & unit increése in the rate of’ flow of
phosphate from the sewage outfall, However, on the ebb
tiﬁe‘ the coefficients have equal weight, The level of
phosphate in the Lafayette River decreases as the tidal
stage changes from slack ¢o Tlood and increases &8s the tide
progresses from slack to ebb, At the same time there is
a positive regression coefficlient for the rate of flow 61‘
phosphate from the sewage plant outfall during the flood
tide and a negative regression coefficient for this variable
on the ebb tide, “In August ‘the size -of the tidal regression
coefficients seems to indiocate that ‘the tidal‘effect is
more important then the flux of phosphéte from the sewage
plant outfall. fThe positive signs for ‘the tidal regression
coefficlent in the ‘August, 1971 daily model ‘could indicate
the following:  ~ =~ ' -~ -7 o
U M, +~"he sowdse of diesolved inorganic ‘phosphate for
the Lafayette River is upstreem (Section A) ‘from the daily
fampling stations “(Section B &and C). ’
Lit g, " The ebbing Waters d¢f the Elizabeth River, dlong
with its high ‘1084 of dissolved inorgenic phosphate froa
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the sewage outfgll, forms &n eddy of water which enters
the lafayette, niver. AP

. 3+ The model is wrong and the regression equation
results purely by chance,

4y The B X, values (page 3, this thesis) are more
important in the regression than the variables entered
Anto the model.,

5 The flood waters coming from the Hampton Roads area,
where the values of dissolved inorganic phosphate are lower,
could dilute the waters of the Lafayette River,

. of these_ five alternatives, it is not possible to
diapute numbers three and four with the small amount of
data presently avallable, The first alternative, that the
source of phosphate is upstream (Section A) does not appear
to be valid as it was very seldom that concentrations of
phosphate were higher upstrean .(Appendix A, Section 4).
The second alternative appears more likely but the daily
MI Tor concentration of phosphate.on the ebb tide also
contains & negative regression coefficient for the rate of
flow of phosphate from .the Lamberts Point sewage outfall,
This indicates that if there is an eddy at ebb tide, it is
not brlngi.ng water with & high content of phosphate from
the Elizabeth River intq.the lafayette River. The August,
1.971 dally prﬁdiction model for phosphste seems to show
that the phosphate from the Aawage, plant on the Elizaboth
River does affect the levels of phosphate in the Iﬂfayetu
River on the flood tide, The conocentration of phosphate
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in the lafayette River inoreases as the flow of phosphate
in the €éffluent from the Lamberts Point sewage plant
inoreases. However this is true only on the flood tide i
when the Elizabeth River water moves into the ILafayette
River., The daily model for January, 1972 is entirely
different from the August, 1971 daily prediction model for

phosphate, especisally in these aspects:

1. The water temperature in August, 1971 was
approximately 25°C whereas in January, 1972 it was
approximately 10%., _

2. The overall range of concentrations of phosphate
in August, 1971 was from 5-16 microgram-atoms phosphate
per liter &as compared to 5-7 microgram-atoms phosphate per
liter for January, 1972,

" 3. The mean concentration of phosphate for August,
1971 was 8,6 @s-compared to 5.8 microgram-atoms phosphate
per liter for -the January, 1972 dsily study, ... -
L The differenves 4n concentration ‘of ‘phosphste for the
two studies vould be due to the following: _ o

. e 'Phe August, 1971 or the Januery, 1972 values of
‘phosphate resulted totally from chance and were not typloal
lof that sampling period, ‘
Pl L2y The 16véls of phosphate in the Iafayette River
‘are The Tesult of ‘@ biological-sediment-water megeneration
«of phosphate, where colder temperatures would depress ‘the
paleage of phouphttdy from the sediment %o e waterd "=~

. . » - - . i - - A AT
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- The daily fluctuations of phosphate are the result

of & ailution of the higher level of dissolved inorganic
phosphate in the waters of the lafayette River by the

lower content of phosphate in the flooding waters of
Bampton Roads, There is then less production of phosphate
in the waters of the Lafayette River in the winter, There-
fore, when the level of phosphats' in the lafayette River

is diluted by the waters deficient in phosphate from Hampton
Roade, there 1s no noticeable effect because the level of
phosphate is &lready low in the Lafayette River. There 1is
greater production of phosphate in the Lafayette River in

the summer, When the summer level of phosphate in the
lafeayette Biver is diluted by the waters deficient in
phosphate from Hampton Roads, there is & notigeable
difference, for the lafayette River has & higher concen-
tration of phosphate at this time,

" Discussion of the "atypical® cycle -of phosphate in
he lafayette BRlver Bs co ed to other es es., It
hes been noted by many researchers (Newcombe, et al.,, 1939,
1940; Rochford, 1951; Swmayda, 1957; Pomeroy, et al., 1972)
that estuaries have an "atypiocal* cycle of phosphate, i.e.,
high values of phosphate in the summer and low values of
phosphate in the winter, This cycle i in general Just
the opposite of that in the open oceén (Sverdrup, et al,,
1942; Moore, 1958). The Lafayette River has the same type
of "atypioal® coycle of phosphate, The lafayette River has
levels of phosphate similar to those in the poliuted New York
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Harbor {(Howells, et al,, 1970). However, the values are
far less than those of & Delaware salt marsh (Reimold, 1965).
The Lafayette River has much higher values of phosphate
then either Hampton Rogds, lower Chesapeéke Bay, or the
York BRiver in the lower Chesapeake Bay, The levels of
phosphate for other estuaries (Table III, pages 13 &nd 14,
this thesis) appear to dispute the statement by Pritchard
(1969) that 3,3 microgram-atoms phosphate phosphorous per
liter is the upper limit for estuarine waters before the
deleterious effects of eutrophication occur. The values
for salt marshes and rivers bordering salt mershes (Reimold,
1965; Pomercy, et al., 1972) are from two to ten times the
value stated by Pritchard (1969). Although phosphate can
be used as an index and tracer of pollution (Ketchum, 1967),
it can not be used 2 priori to define pollution., There are
environments which normslly oontain concentrations of ‘
vhosphate much greater than 3.3 mierogram—atoms phosphate
phosphorous per liter.
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CHAPTER VI
CONCIUSION

The lLafayette River lis a sﬁallow, turbid, urban
estuary in Norfolk, Virginia, Water movement is controlled
mainly by the tide rather than fresh water influx. Oxygen,
temperature and salinity values are vertioally and laterally
homogenious in the lafayette River. Temperature and oxygen
are also horizontally homogenicus except during the warm,
&ry months when the oxygen values at the head of the river
were lower than those at the mouth, There is usually a
small horizontal sallinity gradient from the mouth to the
head of the river,

The Lafayette River has sn Patypical® phosphate oycle,
The values of phosphate are higher in the summer :and lower
in the winter. The values of phosphate ranged from one:$0
twenty four miorogrem-atoms per liter,

The mean velues of phosphéte in the Iafayette River
for the winter {1970-1971 and 1972) ranged from 2.4 to 5.8
microgran-atoms per liter and for the summer of 1971, 8.0
mi.orogran-amm per 711ter. .

" 'Tne oomcenti'ats;an of phosphate in the mrayette River
is moh hi.gher than that or the Kamton BRoads and chasapeake
Bay area, The Larayette R:.ver conta.‘l.ns t’rom hto to rour
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| times as much phosphate &8s other estuaries and rivers in
the Chesapeaske Bay area, the Elizabeth River being the one
exception with values of phosphate comparable to the
lafayette River, The levels of phosphate over the sampling
reriod were in general higher than the value of 3.3 micro-
gram-atoms per liter, set by Pritchard (1969) as the upper
level for concentration of phosphate beyond which large
algal blooms occur.

Multiple linear regression models were prepéred and
attempted to relate the deily changes in phosphate (P)
to: tide stage (T), wind component (W), rate of phosphate
(kg/nr) from the Lamberts Point sewer outfall (S).

Daily August, 1971 Flood tide
log1o B = 1.3 - 0.43(T) + 0.009(S) (equation IV-2)
Ebb tide
logrp  =0.17 - 1.0(T) - 0.07(s)  (equation IV~3)
January, 1972 Flood tide
1081‘0-’1} = 0,91 - 0.04(T) - 0.1EKW) " (equation IV-k)
Ebb tide
log10 ? ® 1,3 = 0.2(T) ¢+ (equation IV-35)

As can be sesn by equatim IV-2 and IV-3 (Augnst, 1971)
the "effect of the tid.e stage (T) is three tims as mporu;w
in the deternination or the levels of phosphate as the rate
of Plow of phosphate ﬁ'om the sewage effluent (S) on the
ebbing tida and 1a equally ag important as the rate of flow
of phosphate from the sewage effluent on the flooding tide,
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The daily variations in phosphate are more noticeable in the
summer because of the higher concentrations of phaosphate in
the lafayette River Quring this season. The increase of
phosphate on the ebb tide and the decrease on the flood tide
over & dally cycle was attributed to a dilution of the waters
of the lafayette River by the water from Hampton Roads., The
water from Hampton Roads contains from 0.8 to 1.0 microgram-
atoms of phosphate per liter,

The predictive multiple regression model for phosphate
(D/.;.\P.) over the sampling period 1970-1972 is found to be
8 function of water temperafure (°C), rainfall (R), and wind
direction (cos @), The predictive model for seasonal *
concentration of phosphate was & function of water temper-
ature and wind direction.

Annual Model

5:2:?. = 1,0 + 0,2(9C) = 0.05(R) - 0.87(cos @) (equation IV-6)
Seasonal Model

5:;:5. = 1,1 + 0,19(°C) + 2,2(cos 0)

The direct relation of water temperature to content of
phosphate was Attributed to the increased biochemical
activities of the microorganisms in the sediment-water system.
The inverse relation of rain to concentration of phosphate
wag due to & dilution of the Lafayette River water by
inflowing, more saline Hampton Roads water and its lower
concentration of phosphate.
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APPENDIX A - RAW DATA

The phosphate values &re expressed as microgram-atoms

phosphate phosphorous per liter. The nitrate 8s microgram-

atoms nitrate nitrogen per liter and nitrite as microgran-

atoms nitrite nitrogen per liter,

The oxygen is in

milliliters of oxygen per liter, temperature as degrees

Lentigrade and salinity in parts per thousand,

If there

‘are two values at one station the first value is the surface

sample and second iz the bottom sample,

coded E for ebb and F for flood.

The tide stage 1is

sta- PO, NO;  NO, Oxygen  Temper- Salinity

tion - ature

October 10, 1970, Event 1

A- 1 0 0 42 21,70 23.3%

A- E % b 1 .07 21.61 23.66

A- a 5 1 .53 21.65 23.71

A- 7 9 1 029 21,57 20,02

B- 1 &/B 11/11 1/1  4,38/4,21 21.23 4.1

B-11 5/5 15/17 1/1  h,B6/k.35 21. 24,2

B-16 5.6 19/19 1/2 b.szlu.zv 21,63 24 4

B-Zl 6/6 19/21 2/2 W 58/h.4 21,72 24, 52

c- 6/6_ 19/19 2/2 4.35/#.24 21,71 24, 54

October 13, 1970, Event 2

-1 s 1 24 22.70/22.56 234972440

A~ E E 3 1 3.25 22,61/22.,60 2.2 /24,2

A= /5 6/9 1/1 3.36/3 W31 22,60/22.65 24,18/24.31

A- 5 5/5 10/11 1/1 3 22,64/22,62 24,22/24,24

B-1 5/6 10/13 2/2 22,82 2% 48

B-11 /6 18/18 2/2 4, 10 22,44 24,17

PR UMW B REAM mRT AR
21 . . 72 .

October‘l?, 19?0, Event 3 ' .

Ap b 6 16 1 — 18 approx. 15

A-9 8 14 1 -— 18 ‘

B-11 % 22 2 -— 18

e e iy A T




Bta~ PO, ‘N03 NO, Oxygen Tempeye Salinity
%tion ature

December 15, 1970, Event 4

B" 1 1 2 0 8.3 6.6 20.00

B~ z i 1 0 7.93 7.0 19.65

B 1 2 0 7465 7.0 19.65

B~ 5 2 2 0 8.35 7.2 20,01

B-6 3 5 0 8.22 7.0 20,49

B~ 8 3 7 1 8+29 7.0 20.55

B-9 2 2 0 . 8.22 7.0 19,71

B-10 2 2 0 8,01 642 19,78

B-11 3 11 1 8.12 7.2 20,66

B-12 2 2 0 8427 7 20,05

B-1 2 L 0 7447 7 19,20

B-1 2 2 0 8.15 6.5 19,86

B-18 3 12 1 6.70 7.2 20,75

January 18, 1971, Event 5

A= 1 2 5 1 9.49 242 14,18 :
A- 5 2/2 10/2 1 9.5 e'3/9 «55 2.4 15.93
A= 7 2/2 /7 1/1 2.8 16426 by
Be 1 72/2 12 1/1 .78/8.69 2,8 16,64 £
B-16 ru/u 12/13 1/1 '6.21/8.26 3.0 16,74 &
C-2 W/h 1k/31 /h 7.35/7.98 3.1 17.31 %
_Jannary 28, 1971, Event 6 ‘_ %
K- b 2/2 16/12  1/1  8.41/8.43 0.0 28,40 %
A7 2 - 11 1 7.78 ~0.5 %
A-11  2/1  21/25 1/1  7.92/8.55 0.5 =§
Maroh 6, 1971, Event 7 | %
A= 5 2/2 0 0 7.0/7.T4 *7.28/?.64 11,23/13.10 %
A- 6 2/2 0 0 8,82/8.29 7.31/6.76  12,8/13,64 5
A7 1/3 0O 0 6 83/7.76 6.8/?.11 13.25/13.21 *
= % 1;% 'g o gula ; 03/6,32 1. 00/13.63 :
Bel 2 . . ™ ‘fe . . . i
B-21 3/1  0/3 0 7.81/8.02 648/645 11,43/13,12 g

il



Sta- PO, N03 NO, Oxygen Temper- Salinity

tion

May 11, 1971, Event 8

A7 2 i3 0 5.55 22.5 15.9
B-1 2 5.6 214 16.4
B-16 3 13 0 2 65 21.4 17.1
- B=21 5 10 0 81 19.3 18.19
C- 2 5 13 0 8 19.1 18.2
C- 4 7 i1 0 97 18.95. 18.3
D-1 5 13 0 5.85 19,0 18.7
Dw 3 g 12 0 5.6 18.62 18,

D= 5 11 0 - 5.85 19,6 18,

De 7 2 10 0 595 17.9 18.&
D- 9 1 10 o 595 17.9 18,4
DelQ0 - 13 0 6,0 175 18.3
May 18, 1971, Event 9

Station B-16

Time PO NO NO Oxygen Temperw - Salini
(E.D.S.T.F 2 & ature | i i
1023 & 10 1 4,06 -
1155 5 14 1 4.?6/#.3# ApPprox.
1400 5 13 1 5.8 » 18 /oo
1700 5~H _{3 2 5.95 v Y e
Sta- PO NO NO Oxygen Temper- Salini
tion 4 ‘ 3 2 ature v

June 10,14971, Event 10

c-1 20 2 57 22 13.42
=338 : &1 gw N
Ce P& 5 18 2 6.0 24,0 12 2
D=1 12 28 2 5,9 24 14,13
D-2 & 23 2 7.0 24 14s#5 i
Der R & 20 Te7 24 14,27
D § 2 26 6.7 2l 1 14,08
D- 6 26 6.0 24.1 14.01
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Sta~. PO, NO ¥O Temper- - .Salini é

tion. 2 2 OmEen e i b

D-7 & 25 640 24,1 14,04 |

D- 8 4 26 6.0 24,1 14,04 £

D9 &4 25 3.7 23 14,6 4

D-10 20 31 «9/5.3  23.3 14,29 )

June 26, 1971, Event 11 ‘ i

Be20 w= 10 - 2 2.6 27.5 12.1 ¢

D- 4 2/4 10/10 1 5,0/3.4 14,6/14.3 g

De 5 2 14 1 5,0/b,1 14,5 ,

D-10 19 15 1 4.6/3.9  24.5 13.3 :

July 13, 1971, Event 12 _ ;

B-16 9/7 4/2 1/1  4.7/3.6  26.14/26.14 18,03/18.3 :

B-17 7/7 2/2 171 4,9/3.98 26,4/26,0 18.50/18.62 ]

Be--1 2/6 1 4,0 26,25

Be 2 7/7 2/6 1 4.3/3. 26.572640 18.58/18.68

B-4 8/8 6/4 1 a.3/3. 18,35

B« 1 11/7 &/2 1 6/3 2 26.,65/25.95 18,15/18,58

B~ 3 z/s 4/2 1 . 17.98

B- 5 1 6.8/"". o ®

B- 7 4/i 21/21 1 6.4/4. ‘ :

B-10 k74 21121 1 549/6.7  26.1 18,59 - e

July 29, 1971, Event 13 | [ :

B-16 10/12 0 0 o9/ o1 S £

2-20 g; ?0 . Eo 3/4.3 “

c: B 10/8 Jlk/3e2 %‘;

D=1 8/6 3.8/6.0 %

D- 3 11/2 2 e9/6. z .
H

D-11 5/3 .8/"’1 - :

e

e L . .
e TR O T

"f At
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Time Tide PO, xo3 No, Oxy- Temper- Salinity
gen ature

August 4-~5, 1971, Event 14
Station B-18
0850 E 8/6 8/8 0/0 3.98/ 26,38/ 20,72/

1240 E 16/12 24/0 1/1 6,56/ 27.84/ 20,56/
6.7 26.86 21,0
1455 F -8/24 0/39 0/3 9.49/ 29.0/ 20,52/
9.21 28.4 20,76
1830 F 7/6 0/0 0/0 6.98/ 28,2/ 20,94/
5,91 27.8 21,56
2040 B 2/4 2/2 0/0 5.37/ 27.46/ 21.3/
5041 27.80 22,22
0100 E /7 0/0 0/0 5.79/ 27.26/ 21,32/
' 5.58 27.28 21,44 ‘
0340 F 10/8 4,75/ 27.30/ 20.51/
4,6 27,04 21,24
0640 F 6/k 4,6/ 26,64/ 21,0/
4,05 26.68 22,16
Station (=i
0920 E 2710 2/10 0/3 b/ 25.84/ 21,44/
1220 E 20/9 10/10 0/0 5,10/ 26,6/ 22,38/
: . k4,40 22,32
1517 F 8/8 0713 0/t 5.51/ 27,92/ 21,54/
R R R B e . . 5.65 26.8 22.
1815 P ?/8 0/0 0/0 6,28/ 27.00/ 22,04/
5,58 25,62 22,68
2100  E 2/5 2/2 0/0 5,86/ 26,7/ 21 44/
outs P 7/6. W7/ 26,68/ 21,18/
447 25.86 22.9%
0715 F 5/4 4,82/ 25,74/ 22.58/
- 5.03 25.72 23,06
Station D-10

o945 E /5 3/7 1/1 W89/ 2596/ 21,66/
ks E  &/5  2/9 1/1 uMNp/ 25,82/ 21,66/
154k, ®  20/4 '8/19 0/2 5,30/ 27,46/ 20,82/
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Time  Tide P04 N03 Noz Oxy= Temper- Sd inity
, gen ature

1745 P 2/3 8/20 0/0 5.58/ 27.66/' 20,68/
5.30 27.20 21.48
2130 B 5/5 8/10 0/0 5.58/ 27.18/ 21,30/
4,43 24,76 23456
2345 E 7/4 5/10 0/0 5&134 Zg§4ﬁ£ 21.39%
[ ] [ ] 2 » 2
o455 F  b/6 Wik7) 250527 29058/
4 47 25.42 23.04
0743 F 2/2 4,89/ 25.66/ 22.30/

be75 25.62 22,46

Sta. PO HO NO
tion b 3 2

October 20, 1971, Event 15
A- 1 5/5 11/15 3/3

il 3§£ 5 igfig 5%{ 3
B- 6 4/ 21718°73/3

B.11 &/ 18/1

=
B-20 /8 19/34 . 3/
B-21 4/4 19716 3/3
C- & 5/4 21/19 3/3

Time Poa R03 noa Oxygen Temper-
(E oSeTe ) ] ‘ ature

November 13, 1971, Event 16

Station R-16

0650 4,3/8.,6  36.7/36.7 4,4/, o9 12,
0910 uf&/#.s /e 5 ’ ?
1130  &,2/4,1 6,11

1235 &4

1435 352 : T e1345

1635 43 27.3 5.0 | 13.9

ey A -
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Time PO NO NO Oxygen Temper-
(EeSeTe) k 3 ‘2 ature
Station B-17

0710  4,1/4,.8 37.5/35.2 4,6/4,6 5.60 13,5
0903 4e5/5.3

1120 4.,1/4,2 6,63

1230 4,1

1430 8 14,0

1625 o1 14,0

1830 4.4 29,0 k.9 13.9

Station B-18

0640 4.1 29.5 5.7 5,68 13,0 :
0855 4,2 i 3 ;
1010 4.9 6.61 13,5 b
iﬁ%ﬁ 5o 1 E
1615 4.6 1523 i
1825 4.5 32.3 4.9 K
Time Tide P04 N03 Noz Oxy = Temper~ Salinity

(E «3.T, ) gen ature

January 11-12, 1972, Event 17

Station B-16

1055 E 5.9  26/24 1,3/ | 6,/73{ 10,9  16.2
1210 E 4.6  20/17 1555 égég/ 10,5 164
1410 F 5.2 22/24 1.5/ 6.50/ 11,2 16.5

2.8 7,01

1610 F 5.6  22/22 2.0/2.8 weeem 11,2 17.0
1910 E 6.9  25/10 1384 78224 11.3 17 o
2110 E 6.7  22/12 2.5/2e8 mmemm 11,3 1649
2320 E 5.9  20/8 ziaé 7Bo§§ 11.2 16.8
0110 P 5.4  23/28 1.6/146 mweme 11,1 16.8
0310 F 5.6  20/7 1i9§ 639g§ 1%.1 16.8
0610 F 6.9  22/18 15§£ 6355{ — 18.1
098 B &3 %8 58 &8 ww i




APPENDIX B

Mean monthly rainfall, in inches, and the mean monthly
sewage pumping rate for the Lamberts Point Plant and the
Army Base Plant (Hampton Boads Sanitation District, Norfolk,
Virginia) for the sampling period 1970-1972. The sewage
punping rate is expressed as million gallons per day,

Sewage Pumping Rate

Month &nd Year Rain Lamberts Army Base
Point
October, 1970 1.30 21.6 11,6
November 2.34 19,4 11,1
December 3,01 21,9 10,7
January, 1971 4,03 25,9 11.3
Pebruary 3.59 29,9 12.8
March 3 . 88 30 » 3 1"’0 0
April 2,18 31.3 14,2
May b 46 27.4 13,0
June 2.16 26.9 11,7
July 4,81 27.2 11.7
August 4,63 27.8 11.8
September 5.46 29 o"" 12,2
October 10,12 38.0 17.6
November 0,97 30.0 13.7
December 144 25.4 iz2.1

Jenuary, 1972 2,94 2646 13.2

i
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APFENDIX C

Sewage ‘punmping rate flustuations, in million gallons
per day, over & twenty-four hour period, August 45, !
1971 end January 12-13, 1972 for the Lamberts Point
Sewage Plant (Hampton Roads Sanitation District, Norfolk,

Virginia).

Tize : August 45, 1971 January 12-13, 1972 N

0100 22 23
0200 16 17
0300 10 17

00 10 17
0500 18 16
0600 10 16
0700 10 17
0800 17 29
0900 25 27
1000 26 32




APPENDIX D

, Concentration of dissolved inorganic phosphate, in
microgram-atoms per liter, in the final, primary treated ;
sewage effluent, the sewage pumping rate, in millien ‘
gallons per day, and the rate of flow of phosphate from .
the -outfall, in kg/hr, from the Lemberts Point Sewage

Plant (Hampton Boads Sanitation District, Norfolk, Virginia)
on Marsh 30, 1972,

Time Bate of flow :
(hours Phosphate Sewage Pumping of phosphate ¢
EoSeTe) Rate from the
outfall

Midnight 20 27 28,9
0100 29 17
0200 264 17 23.1
0300 262 17

00 171 16 13,1
0500 146 16 :
0600 146 15 16.6 :
0700 268 16 g
0800 185 23 18.5 i
0900 108 27 {
1000 106 31 24,9
1100 195 31 L
1200 130 31 24,1
1300 . 175 30
1h00o 166 29 ' 25,0
1500 185 26 S
1600 195/208 27 28.1
1700 195/207 27 ‘
1800 203/195 27 28,8
1900 2484 /185 27 ,
2000 185 27 255
2100 181 27 ASd
2200 164 26 E 18.8
2300 116 26 o vl

range 116-294

143
1
i
[
i
T
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APFENDIX E
. . Processed observed data for the 24 hour stations,
Dissolved inorganic phosphate, in mlcrogram-atoms per
liter, tidal stage, expressed &s 1 to less than 2 for flood
and 2 up to, but not including 3, for ebb, computed rate of
phosphate from the lamberts Point sewer outfall, in kg/hr,
wind component (p. this thesis) and time for August 4i5,
1971, combined stations (B-18 + C-i) and January 12-13,
1972,4station (B-16).
Rate of
dissolved Wind Time
Observed Tidal inorganic compo~- Station
dissolved Stage phosphate nent (E.D.S.T.)
inorganie from the
phosphate sewage outfall
August 4.5, 1971 .
% ? 2.0 2 552 2100/C4
14,5 2.7 24 997 . 1220
17.0 2.3 22 297 0920
7.0 2.2 20 0297 0830/8—18
14,0 2.6 24,5 «912 1240
3.0 2,0 24,0 o791 2040
7.0 2.6 27.6 + 845 0100
4,5 1,7 17 11,9 gz15/c-4
6.5 1.3 15 « 540 15
Te5 1,58 29 o714 1815
75 1.07 26,4 «100 1517
9.0 1.1 15.9 . 540 0340/8-18
5.0 1.75 17.2 10.3 0640
65 1.6 28,8 631 1830
16.0 1,0 26.5 +641 1455 :
(E.5.T.) )
Janus! 12-1 1972 ‘ :
52 i 3i.-2 ! 25 + 864 1410/B=16
5.6 1.7 29 «532 1610
5.8 1.0 25.6 o769 0110
5,6 1, 20.6 o769 0310
6.9 175 16 101 0610 S
-'z.v 2.4 20 10,2 0910 L
-8 2:5 24,8 570 1100 =
R 2.8 244 »013 1210
6.9 2.2 28 06 1910
6.7 2.4 24 olb 2110
50‘9 2‘75 20 ] i ,2320
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APPENDIX P e e e e

“Combined Values for Dissolved Inorganic Phosphate, Rainfall,
‘Water Temperature, and Wind Direction, Expressed a&s Uosine
“theta, for the Combined Sections (A + B + C) Comprising the
Iafayette River and Sectlion D, the Elizabeth River, During
the Sampling Interval, 1970-1972

Statistiocal values for phosphate (miorogram-atoms per
Jiter) and water (degrees Centigrade) are listed in the
following sequence: mean, standard deviation, number of
medsurements, and range. -

Month Dissolved Wind Rain Water
Year inorgenic Direction (Inches) temperature
Event phosphate (Cos 8) :

iafayette River (%ections A+ B+ C)

October 021 1.3 21.75
1970 1,1 4,40
1, 2, 3 N=50 =28

3-8 18-22,7

December 2.2 A7 3.01 6.

1970 o8 _ o2l
& N=16 N=16
1"'3 i 602-800

Ja.vmary 2. 6 074 4.03 S | 598
1971 1,0 1.31
5, 6 N=19 N=11

el _=0s5-3,0

March 1 09 ™ 7“' 3 .88 & ?.‘ 1
1971 1,0 - 566
7. N=113 - N=12

14 6,3=8.4

Hay 403 .79 "’.‘}6 w_g,zo TER avuReay,
1971 1.6 1.51
8, 9 N=10 N=6

27 18,95-22.5 -

June L,9 62 2.16 25,

1971 olt 1.25
10, 11 Ne7 N=8
4.5 24-27.5

J“ly 8,2 «88 .81 26.2
1971 1.5 0.2
12, 13 N"l? N=7

7-12 26-26,5

August 8.6 31 4.63 26.85
1271 5.5 0;9
! ot 289229




Month Dissolved Wind Rain Water
Year 4norganic Direction {Inches) temperature
Event vhosphate (Cos 8)
October 4,6 «38 10.12 21,75
1971 1,40
15 N=28
: 18-22,7
November b4 «92 2.34 13.8
1971 0.b4 76
16 N=27 N=12
309"‘"08 1209""1505
January 5.8 o7h %.03 10,97
1972 1,33 «29
17 N=22 N=10
542-6,9 10.5-11,3
Elizabeth River (Section D)
Mey 3.0 1806
1971 1.6 L 46 «665
8 5 8
1.5
June 5.7 2.16 24,24
1971 5, 1,134
10, 11 16 15
" P 4,81 26,1
July . . . .
1971 2.6 « 104
12, 13 .. 22 y . -
August: 3 . ™
1971 2 1307

1..




_APPENDIX G

100

Seasonal Dissolved Inorganic Phosphate, Water Temperature,

in Degrees Centligrade, Rain, and Wind
lafayette River for 1970 to 1972,

Direction for the

The values are the composite means of the values in

Sections A, B, and C,

Mean dissolved phosphate (microgram-

atoms per liter) and mean water temperature in degrees
Centigrade are listed with their standard deviations,
_ number of samples, and ranges of values,

L T R

Season Me&an : Total Wind
Date dissolved MNean water seasonsl direction
Event(s) inorganic temperature rain (mean Cos 9)
Section(s) phosphate {inches) rgggltant
w
(degrees)
range
Pall 5.3 21,74 1.3 0.21/050°
1970 1,1 1,40
1,2,3 32 28
A& B 3 to 8 18 to 22.8 o
Winter 2,4 4,93 3e52 0.616/280
1970~71 0.9 2463 range range
4,5,6 35 27 1,3 to 10,12 270-290
1971 1.7 5.18 ranﬁe o
98,9 23 72 1907290
A.B’c 1 'tO 5 6.8 tO 22.5 o
. ® range
10,11,12 54 48 ;f§§34.81 060-180°
13,14 2 to 24 23.5 to 29
AB,C
ra1i 4,5 13.8 5.45 a, o
1971 0.7 0.6 range 0.21/050
15,16 bﬂ 13 97
A : go 5 ig.g7to 15.5 2.9% .
Winter ™ . 'Y .
1972 1.3 «29 0.616/280°
17 22 10
B 2.6 to 8.6 10,5 to 11,3

e e e e e e ]

8, No data available, assumed séme as Fall, 1970.

b, No data available, assumed same &s Winter, 1970-.71,
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APPENDIX H
Seasonal Oxygen Saturation Values for Sections A, B, C, and D
For 1970-1971

e T

Sections
Season A B (H D
Fall, 1970 & 1971
mean percent saturation 69 82 82 -
standard deviation 74 4,7 2.5 -
p greater than 0,05
confidence limits +4,2 +2.7 1&.5 -
number of observations 14 14 -
Winter, 1970 & 1971
mean percent saturation 106 103 97 -
standard deviation 5423 7«15 11 -
p greater than 0,05
confidence limits +52 +2.9 +21 -
number of observations 6 25 3 -
Spring, 1971
mean percent saturation 100 105 95 102
standard deviation 9.30 4,6 1.6 15.2°
p greater than 0,05 :
confidence limits 7.6 +5.3 +3,0 +15.2
numbsr of observations 8 5 3 6
Summer, 1971
mean percent saturation - 81 92 96
standard deviation - 12 23
p greater than 0,05

number of observations -

20
confidence limits - +6.7 +19 %5.4
15 8 3
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