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INTERNATIONAL SYSTEM UNITS

The following factors may be used to convert inch-pound units published here-
in to the International System of Units (SI).

Multiply inch-pound unit

inch (m)
foot (ft)
mile (mi)

acre

square mile (mi2)

gallon (gal)
million gallon (10%gal)

cubic foot (ft3)
acre-foot

cubic foot per second (ft3/s)

million gallon per day (Mgal/d)
gallon/day (gal/d)

degree Fahrenheit (°F)
ton (short, 2000 pounds)

cubic foot per second per
square mile (ft3/s)/mi -

By
Length

25.4
0.3048
1.609

Area

4047
0.4047
0.004047
2.590

Volume
3.785
0.003785

3785

0.02832
1233.5

Flow
28.32
0.02832

0.04381
0.0038

Temperature

5/9(°F-32)

Mass

907.2

Flow per Area

0.01093

vii

To obtain SI unit

millimeter (mm)
meter (m)
kilometer (km)

square meter (m?)
hectare (ha)

square kilometer (km?)
square kilometer (km?)

liter (L)

cubic meter (m3)
cubic meter (m3)
cubic meter (m3)
cubic meter (m3)

liter per second (L/s)

cubic meter per second (m3/s)
cubic meter per second (m3/s)
cubic meter per day (m3/d)

degree celsius (°C)

kilograms (kg)

cubic meter per second per
square kilometer (m2/s)/km2



National Geodetic Vertical Datum of 1929 is a geodetic datum derived from the
average sea level over a period of many years at 26 tide stations along the
Atlantic, Gulf of Mexico, and Pacific Coasts and as such does not necessarily
represent local mean sea level at any particular place. To establish a more
concise nomenclature, the term "NGVD of 1929" is used in place of ''Sea Level
Datum of 1929" or "mean sea level."
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WATER QUALITY OF THE
NEUSE RIVER, NORTH CAROLINA

Variability, pollution loads, and long-term trends

By
Douglas A. Harned

ABSTRACT

Interpretation of water quality data collected by the U.S. Geological
Survey for the Neuse River, North Carolina, has identified water-quality
variations, characterized the current condition of the river in reference to
water-quality standards, estimated the degree of pollution caused by man, and
evaluated long-term trends in concentrations of major dissolved constituents.

Two sampling stations, Neuse River at Clayton (02087500) and Neuse River
at Kinston (02089500) have more than 12 years of water—quality data collected
during the period from 1955 to 1978. The Clayton station provides information
on the upper fourth of the basin (1,129 mi?) which includes several urbanized
areas, including Raleigh, N.C., and part of Durham, N.C. The Kinston station
provides information from the predominately rural midsection of the basin
(2,690 mi%). A network of temporary stations on small rural streams in the
Neuse River and adjacent basins provide an estimate of baseline or essentially
unpolluted water quality.

Overall, the water quality of the Neuse River is satisfactory for most
uses. However, dissolved-oxygen, iron, and manganese concentrations, pH, and
bacterial concentrations often reach undesirable levels. Concentrations of
cadmium, selenium, and lead also periodically peak at or above criterion
levels for domestic water supply sources. Nutrient levels are generally high
enough to allow rich algal growth,

Sediment concentrations in the Neuse are high in comparison to pristine
streams, however, the impacts of these high levels are difficult to quantify.
Sediment and nutrient concentrations peak on the leading edge of flood dis-
charges at Clayton. At Kinston, however, the discharge and sediment concen-
tration peak almost simultaneously.



Changes in algal dominance, from genera usually associated with organi-
cally enriched waters to genera that are less tolerant to organic enrichment,
indicate improvement in water quality of the Neuse since 1973. These changes,
along with a reduction in total organic carbon concentrations, coincide with
activation in 1976 of a new waste-water treatment plant for the Raleigh metro-
politan area.

The amount of dissolved inorganic pollution in the Neuse was determined by
subtracting estimated natural loads of dissolved constituents from measured
total loads. Pollution makes up approximately 50 percent of the total dis-
solved material transported by the Neuse.

Two different data transformation methods allowed trends to be identified
in constituent concentrations. Both methods recomputed concentrations as if
they were determined at a constant discharge over the period of record.
Although little change since 1956 can be seen in many constituents, increases
of over 50 percent are shown for potassium and sulfate concentrations. These
long-term increases indicate the increasing impact that man has had on the
Neuse River, in spite of improved wastewater treatment in the basin. The
increase in sulfate is probably largely due to increased long-term inputs of
sulfur compounds from acid precipitation.

INTRODUCTION

Growth of population, urbanization, and industrialization in North Caro-
lina has brought a corresponding increase in water pollution. In 1972, to help
identify current and emerging water-—quality problems, the U.S. Geological
Survey joined with the North Carolina Department of Natural Resources and
Community Development in designing and implementing a statewide water-quality
monitoring program (Wilder and Simmons, 1978). As an out-growth of this
program, the U.S. Geological Survey devised a study of the water quality of the
large rivers in North Carolina. The program incorporates strategically located
streamflow gaging and water-sampling stations in nine river basins. Each
station serves to continuously update evaluations of river water quality.

The Geological Survey's study has three major goals:

1. Definition of variation in water quality,
2, Determination of pollution loads in streams, and,
3. Determination of trends in water quality.

Identification of the presence of dissolved and suspended materials in stream
waters, and knowledge of how the amounts of these materials change with stream
conditions is critical to any evaluation of stream contamination. It is also
important to separate pollution, defined here as any substance that is present
in the stream as a result of man's activities, from the natural water-quality
of the stream. Finally, the evaluation of long-term trends in water quality
provides a historical perspective on the changing character of the stream.



PURPOSE AND SCOPE

The purpose of this report is to present the results of analyses of
water-quality data for the Neuse River collected at Clayton and Kinston from
1956 to 1977. The results of this study are organized in a manner designed to
allow comparison to results produced from studies, currently in progress, of
eight other North Carolina basins. First, a basin description gives charac-
teristics which have important relationships to water quality. These charac-
teristics include population and land-use distributions, physical features of
the basin such as topography and geology, industrial and municipal waste-
disposal points, and on-going programs of stream-channel modification for
flood-control or navigation purposes. Second, a summary of water-quality
analyses gives an overview of the condition of the river. Next, an accounting
of pollution and baseline water quality reveals the effect man has had on the
stream. Finally, water-quality changes throughout the total data-collection
period allow an examination of past and projected trends in pollution of the
Neuse River.

The methodology used in evaluating long-term trends receives special
emphasis in this report. This is because this methodology is to be used in
similar studies on other large rivers in North Carolina.

DATA COLLECTION

Data from two key locations on the Neuse, near Clayton and at Kinston
(fig. 1), allow characterization of water-quality variation, pollution loads,
and historical changes in quality in the river.

The station near Clayton (Neuse River near Clayton, 02087500) provides
information about the Piedmont reach of the Neuse, an area where water quality
is of particular concern because of expanding water-supply needs. Chemical
data for the Neuse River were collected near Clayton during the 1944, and 1964-
67 water years. Data collected from 1956 to 1958 at a station 9.9 miles
downstream from Clayton (Neuse River near Selma, 02087530) has been merged with
the Clayton data for the purpose of analysis in this report. Samples collected
during these years were analyzed for major ions, dissolved solids, hardness,
specific conductance and pH. An expanded program of water-quality data col-
lection at the Clayton station began in 1973. Periodic measurements of organic
substances, nutrients, toxic materials, suspended materials, metals, and biota
are now also part of the ongoing study.

The sampling station at Kinston (02089500) provides water-quality data at
a point within the Coastal Plain reaches of the Neuse River. This station is
part of the National Stream Quality Accounting Network (NASQAN) of the U.S.
Geological Survey. NASQAN is a program devised to monitor water quality in
major river basins across the United States.

Chemical data were collected from the Kinston station during the 1950,
1955-56 and 1958-67 water years. The current program of monthly water-quality
data collection at Kinston began in 1973. This station measures the output



*£pn3s urseq I9ATY 9SnNON oYl ur posn suorieis Surrdues L3rienb-i93eMm JO SUOTIBD0T--'T 2aIn8Tg

.. ~
LA ——
\ N S3TIN 0§ ot o¢ 02 ] 0

VNITO¥VD HIHON NI NISVB ¥H3IAI¥ 3SN3IN Ge
L

E: D12, /§w§. ay0 7|

<~
e 4(\./ oms_az& oomhw o» a\mﬁ\u*,s
_ “ \
N,
~ e

09¢

aul| 110 o eo————

‘'§'9°'S'n Aq pabob DaiD JO AIDPUNOG UISDQ-QNG e cmns o

suoyynys bujjdwos Kyjonb-13jpm auljasng (]
jaqunu pup
uoiynis burdwos Ajypnb-iajom Kpnyg A
00668020

NOILVYNVIdX3

| 1

ONN omh



from a major portion of the Neuse River basin which is, in turn, the input to
the downstream estuary system.

Two other sampling stations, Neuse River near Falls (02087183) and Neuse
River at Goldsboro (02089000), were employed to fill gaps in daily specific
conductance record of the Clayton and Kinston stations. The periods of data
collection for the major stations employed in this study are shown in figure 2.

Nine stations located in undeveloped tributary basins give a measure of
water quality under as near natural conditions as is possible for the basin.
With a measure of baseline water-quality conditions, the effect of man can be
defined. The methods employed to evaluate baseline water quality are discussed
in detail in the pollution section. The locations of these baseline water-—
dquality stations are shown in figure 1.

RECENT WATER-QUALITY STUDIES

Recent studies have reemphasized the importance of the Neuse River as a
water-supply source (Putnam and Lindskov, 1973), and a recreational and eco-
logical resource (North Carolina Department of Natural and Economic Resources,
1975a; Hobbie and Smith, 1975). The first complete "Area-wide Waste Treatment
Management Plan" in the nation, the pilot of many such plans mandated by
section 208 of the Federal Water Pollution Control Act Amendments of 1972
(Public Law 92-500), encompasses much of the upstream area of the Neuse River
basin (Triangle J Council of Governments, 1977). This plan instigated a number
of detailed water-quality studies designed to evaluate problems of point-source
pollution, such as the end-of-the-pipe effluents of industry and of municipal
treatment plants, and nonpoint source pollution, such as rainwater washoff of
pollutants from construction sites and urban areas. According to the Triangle
J Council of Governments (1976), the majority of tributary streams in the upper
Neuse basin are water-quality limited. That is, additional measures beyond
secondary treatment of municipal sewage and best-practicable-technology treat-
ment of industrial wastewater will be required to return the streams to fish-
able and swimmable conditions.

A major flood-control and water-supply reservoir is under con-
struction on the upper Neuse River west of Falls, N.C. The environmental
impact statement for this project is an exhaustive catalogue of the environ-
mental effects of the reservoir (U.S. Army Corps of Engineers, 1973). Optimal
use of the reservoir for recreation and water supply hinges on acceptable water
quality. Furthermore, this reservoir will directly impact water-quality vari-
ation, pollution loads and trends in the Neuse River. Current water-quality
and pollution trends are particularly interesting in light of the changes that
will result from the filling of this reservoir.



STATION PERIOD OF RECORD

Neuse River near Falls
(02087182)

Neuse River near
Clayton  (02087500)

Neuse River near Selma
(02087530)

Neuse River at
Goldsboro (02089000)

Neuse River at
Kinston (02089500)

1920 1940 1960 1980
YEAR

EXPLANATION

Daily discharge record
Chemical data collected

'//////‘ Daily specific conductance data

Figure 2.--Period of record for water-quality sample collection,
and discharge measurement at stations used in the Neuse
River study.
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BASIN DESCRIPTION

The Neuse River drains 5,710 mi?, about 12 percent of the total land area
of North Carolina. The drainage basin lies within both the Piedmont and
Coastal Plain provinces in the eastern part of the state (fig. 1). Beginning
at the confluence of the Eno and Flat Rivers in Durham County, the Neuse flows
southeast for 222 river miles, emptying finally into Pamlico Sound.

Important tributaries of the Neuse River include the Eno River (drainage
area 253 mi2?), the Flat River (169 mi2), Crabtree Creek (143 mi2), Upper Swift
Creek and Middle Creek (283 mi2), Little River (323 mi2), Contentnea Creek (849
mi?), Lower Swift Creek (322 mi2), and the Trent River (519 mi2?).

The streamflow-measuring and water-sampling station at Clayton (fig. 1)
gages a basin area of 1,129 mi2, which includes the Eno and Flat Rivers and
Crabtree Creek., The Kinston station, downstream from Clayton (fig. 1) gages an
area of 2,690 mi2?, including the drainage area of the Clayton station and the
Little River.

CLIMATE

The climate of the Neuse River basin is temperate, characterized by
moderate winters and humid summers. Average monthly temperatures usually peak
in July around 77°F (25°C) and drop to lows near 43°F (6°C) in January (U.S.
Army Corps of Engineers, 1964). The mean annual air temperature in the basin
is 59°F (15°C).

Precipitation is greatest near the coast, decreasing in the inland di-
rection, At New Bern, near the mouth of the Neuse River, annual precipitation
averages 56 inches within a range of 41 to 70 inches (U.S. Army Corps of Engi-
neers, 1964). Near the headwaters of the basin, annual precipitation recorded
at the Raleigh-Durham Airport station averages 44 inches with a range of 35 to
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52 inches. Rainfall is usually greatest during the summer months of June,
July, and August, and may be especially intense during thunderstorms and
hurricanes. Annual snowfall at the New Bern and Raleigh-Durham Airport weather
stations averages 4 inches and 7 inches, respectively.

TOPOGRAPHY

The Neuse River basin lies within two physiographic provinces. The basin
west of Clayton is in the Piedmont province. The eastern half of the basin
lies within the Coastal Plain. The Fall Line (fig. 1) is the border between
these two areas.

Deeply eroded valleys and rolling hills characterize the Piedmont where
altitudes range from about 770 feet along the drainage divide where it passes
through central Orange and Person Counties to about 160 feet along the flood-
plain of the Neuse near Clayton. Local relief in the Piedmont part of the
basin is on the order of 150 feet., The stream channel slope of the Flat and
Eno Rivers is approximately 15 feet per mile. The channel slope of the Neuse
River from the confluence of the Flat and Eno Rivers to Clayton is approxi-
mately 2 feet per mile.

Southeast of Clayton, the Piedmont topography changes gradually to the
flatlands of the Coastal Plain. The river slope in this eastern region is
around 1 foot per mile., Swampy areas are common, flood plains are broad, and
streams are sluggish in this area.

GEOLOGY

Billingsley, Fish, and Schipf, (1957), and Simmons and Heath (1979) summa-
rize the relation between geology and water-quality for the Neuse River basin.
Simmons' geochemical zones for the Neuse River basin, which are based on sur-
ficial geology and a grouping of similar water-quality analyses from samples
collected at natural water-quality network sites (fig. 1), are shown in figure
3. The four geochemical zones in figure 3 closely correspond to ground-water
provinces defined for the Neuse basin by Billingsley, Fish, and Schipf, (1957).

Rocks of geochemical zones I and II are generally crystalline. Granite is
the rock type predominate in geochemical zone I (fig. 3). Zone II rocks are
mainly massive slates and compact shales in the western part of the basin and
massive slates and schists in the midsection of the basin. The surface water
of zone II, particularly in the shale areas, is more mineralized than that
observed for zone I. Water is generally soft in both zones, but may be locally
hard and alkaline in some shale areas of zone II.

Rocks of geochemical zone IV are sedimentary in origin and composed pre-
dominately of sand, clay and marl. Much of the land surface is underlain by a
layer of sand, causing surface water in this region to be relatively low in
dissolved solids compared to the other zomnes.
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Limestone and shell beds with surface sands and clays characterize zone V.
The soluble limestones and shells increase the mineralization of water in this
region. Surface and ground water in this zone is generally hard.

STREAMFLOW

At Clayton the average daily discharge for 49 years of record is 1,181
ft3/s with a range from 22,900 to 44 ft3/s. This average discharge is approxi-~
mately 1 (ft3/s)/mi2 of drainage area. At Kinston the average daily discharge
for 46 years of record is 2,889 ft3/s, with a range of 26,000 to 124 ft3/s.
This average discharge is approximately 1.1 (ft3/s)/mi? of drainage area.

Although the greatest amount of precipitation usually comes during summer,
the lowest streamflows also occur during this period. Summer temperatures and
plant growth increase evaporation and transpiration (utilization of water by
plants) to a point where much of the summer rainfall never reaches the streams.

Kinston lies just above the region of the Neuse River basin where tides
influence streamflows. Tidal influences, which complicate data analysis, were
avoided by location of the station at Kinston.

POPULATION

The 1970 population of the parts of the 17 counties that lie within the
Neuse basin was 709,900 or 14 percent of the total population of North Caro-
lina. (North Carolina Department Water and Air Resources, 1972). This repre-
sents an increase of 10 percent over the 1960 population (636,000). The
largest cities bordering on or lying within the basin are: Raleigh (projected
1979 population 121,577), Durham (95,438), Goldsboro (26,810), Kinston
(23,309), and New Bern (14,660) (U.S. Department of Commerce, 1971). In
addition, there are 57 towns and villages in the basin with populations between
1,000 and 8,000,

The distribution of 1970 population by major subbasins is shown in figure
4. Approximately 40 percent of the Neuse River basin population (284,000
people in 1970) reside upstream from Clayton. Almost 70 percent (497,000
people in 1970) of the total basin population reside upstream from Kinston.
The area upstream from Clayton, which includes Raleigh and Durham, has the
fastest growing population in the basin, showing an increase of approximately
70 percent from 1960 to 1970. The basin area between Clayton and Kinston,
however, showed practically no increase in population during the 1960-70
period.

WATER USE AND WASTE DISPOSAL

All points of major municipal and industrial wastewater discharge in the
Neuse basin are catalogued by the North Carolina Department of Natural and
Economic Resources (1975b). According to their figures, one hundred sixty
sources discharge approximately 170 ft3/s of wastewater within the basin. This

10
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Table l.~-Major municipal and industrial wastewater discharges
of the Neuse River basin (from North Carolina Department of
Natural and Economic Resources, 1975b)

PR
g Effluent
Sy Facility discharge
gi’i (ft3/s)

1 Northside Wastewater Treatment Plant (Durham) 13

2 | Liggett and Myers (Durham County) 1.55

3 Burlington Industries (Durham County) 1.55

4 | Neuse River Treatment Plant (Raleigh) 29.3

5 | Smithfield Municipal Treatment Plant 1.7

6 | Burlington Industries (Wake County plant) 3.7

7 | Goldsboro Municipal Treatment Plant 8.5

8 | Kinston Municipal Treatment Plant 7.8

9 | E. I. Dupont (Kinston) 5.9
10 | Carolina Power and Light (Wayne County) 2.5
11 | Nello Teer Quarry (Princeton) 2.3
12 | Wilson Municipal Plant No. 1 3.9
13 | Wilson Municipal Plant No. 2 4.5
14 | Farmville Municipal Plant 2.2
15 | Weyerhaeuser (Craven County) 54.3
16 | New Bern Municipal Plant 5
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compares to the natural 7-day, l0-year minimum low flow at Kinston of 210 ft3/s.
Sixteen of these sources account for nearly 150 ft3/s or 88 percent of waste-
water discharge (table 1). The locations of these 16 major effluent sources
and the percentages of total effluent discharge by sub-basin are shown in
figure 5. A comparison of population distribution by sub-basin (fig. 4) and
sub-basin wastewater discharge (fig. 5) reveals a general correspondence of
wastewater discharges to population., However, one discrepancy appears: the
Weyerhaeuser plant in Craven County uses particularly large amounts of water
relative to the county population. In the Neuse River basin upstream from
Kinston, wastewater discharge is dominated by municipal waste-water treatment
plant effluent which is largely a function of population.

Upstream of Clayton, 45 ft3/s or 83 percent of the total wastewater dis-
charged into the Neuse and its tributaries originates from 26 municipal waste-
water treatment facilities. Two of these plants, the Durham Northside plant
and the Raleigh Neuse River plant, discharge approximately 35 ft3/s or 77 per-
cent of the total point-source wastewater discharged into the Neuse above
Clayton.

In the segment of the basin between Clayton and Kinston, 14 ft3/s or 95
percent of the total 15 ft3/s of wastewater discharged into the Neuse and its
tributaries originates from 10 municipal wastewater treatment facilities. The
Goldsboro wastewater treatment plant alone discharges 9 ft3/s or 59 percent of
the total effluent discharged into the Neuse in the basin area between Clayton
and Kinston. Industrial and private sources account for the remaining waste-
water discharge.

Recent water-pollution legislation has induced most of the major munici-
palities within the Neuse River basin to upgrade their waste treatment facili-
ties. Raleigh's Neuse River wastewater treatment plant serves as an example of
this trend. This plant employs an advanced three-stage treatment process
designed to remove 98 percent of organic materials and suspended solids in the
waste when operated properly. Upgraded waste treatment, if matched to the
needs of the growing population in an ongoing process, should maintain or
improve water quality of the Neuse River for many major pollutants. However,
current wastewater treatment practice does not remove all materials of concern,
including nutrients and many dissolved materials. Thus, coinciding with
increases of population, increases of these pollutants probably will appear in
streams.

HYDROLOGIC MODIFICATIONS

Approximately 48 man-made lakes and ponds (excluding small farm ponds) are
scattered throughout the Neuse watershed. Five of these impoundments make up
57 percent of the 4,657 total acres of water surface area (Fish, 1968). Of
these four large lakes, three are water-supply reservoirs, and two are power
plant cooling ponds. Lake Wheeler (500 acres) and Lake Benson (440 acres),
both impoundments on Swift Creek, are water supply reservoirs for Raleigh.

Lake Michie (507 acres) on the Flat River, is the reservoir for Durham. Quaker
Neck Lake (600 acres) in Johnston County and Lee Lake (600 acres) serve as
cooling ponds for Carolina Power and Light Company.

13
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O0f 13 reservoir projects proposed by the U.S. Army Corps of Engineers
(1964) only the Falls Lake project has been funded. The Falls Lake dam will be
located near the village of Falls and the main body of the reservoir will be in
Durham County and northern Wake County. The lake will be 22 miles long,
extending upstream from the dam at Falls into the Flat and Eno Rivers. When
completed, the 13,000 acre reservoir will increase the total water surface area
of lakes and reservoirs in the Neuse basin by a factor of three. This im-
poundment will have a profound environmental impact on the Neuse River from
the head of the lake to Pamlico Sound. The impoundment will trap sediment,
while an increase in carrying capacity will result in channel scouring down-
stream from the damsite. A change in downstream sediment particle size may
result from this altered sedimentation-scouring scenario. Some downstream bank
erosion and draining of swampy areas within the floodplain may occur. Changes
in water quality will result from the altered stream regimen. Pollutant con-
stituents associated with sediment will be affected, and dissolved oxygen
levels will reflect new reaeration and biological relationships in and down-
stream from the lake.

Since 1896 the U.S. Army Corps of Engineers has modified 310 miles, or 21
percent of the approximate 1,500 miles of river channel in the Neuse basin
(U.S. Army Corps of Engineers, 1977). These channel modifications include:
cleaning, snagging, deepening and straightening of channels, excavation of new
channels and other construction. Currently, 1979, flood-protection schemes are
proposed for an additional 75 river miles.

The U.S. Soil Conservation Service has also played a major role in alter-
ation of tributaries of the Neuse. Four major stream channelization projects
have been completed, and four other channel modification projects have been
approved or are underway (North Carolina Department of Natural and Economic
Resources, 1976).

Channelization, and other stream modifications, directly impact a wide
range of environmental variables. Stream realignment, or clearing and snagging
activities cause temporary increases in suspended sediment concentrations and
turbidity. Channelization is generally undertaken to alter the flow regime to
facilitate rapid land drainage. Hydrogeologic effects of channelization in-
clude reduced surface ponding, increased water velocities, and rapid peaking of
discharge during floods. Sediment carrying capacity increases with increased
flow velocity. Problems of erosion and increased sediment concentrations are
often encountered in both urban and rural areas where extensive channel modi-
fication is employed to improve drainage efficiency. Both temporary and long-
term effects of stream modification are reflected by changes in stream-centered
animal and plant populations.

WATER QUALITY VARIATION

The quality of water in the Neuse River is satisfactory for most uses.
However, several water-quality parameters indicate problems, and certain con-
stituents occur at undesirable levels.

15



Measurements at Clayton and Kinston of specific conductivity, temperature
and turbidity show no outstanding extreme values. However, pH and dissolved
oxygen levels are often lower than the optimal ranges suggested by the U.S.
Environmental Protection Agency (EPA, 1976) for protection of freshwater
aquatic life.

Suspended sediment concentrations at Clayton show a response to flood
flows characterized by a rapid peaking at the beginning of a flood, followed by
a recession. This response is characteristic of discharge-sediment and
discharge-pollutant relationships often observed for streams in urbanized
areas. At Kinston, suspended sediment concentration is more independent of
discharge than at Clayton. This is principally due to increased basin size and
lower relief that results in dilution and lower flow velocity.

The predominate cations in Neuse River water are potassium and sodium, and
the dominant anion is bicarbonate. The major ionic constituents occur at
concentrations that are satisfactory for most uses of the water.

Trace metals generally occur in low concentrations at both stations. Only
iron and manganese concentrations are consistently above levels suggested for
domestic water supply. Cadmium, selenium, and lead concentrations periodically
rise above EPA (1976) criteria levels.

Nutrient levels are usually higher than the lower limits required for
algal growth. Recently (July 1979), large algal blooms have appeared in the
segment of the Neuse River downstream from the construction site of the Falls
reservoir, and upstream from Clayton (S. Howe, U.S. Geological Survey, personal
commun., July 15, 1979). Although eutrophication currently is not a major
concern in the Neuse River, future problems may arise in estuary areas or the
Falls reservoir. '

High ammonia and total organic carbon concentrations at Clayton are
indicative of stream pollution. High total organic carbon concentrations also
occur at Kinston, indicating organic carbon enrichment of the stream.

The biological data available for Clayton and Kinston characterize the
Neuse River as eutrophic and organically enriched with some degree of fecal
contamination. Fecal coliform and fecal streptocci bacteria occur at levels
exceeding the recommended criteria (EPA, 1976) for bathing waters. Coliform
levels at Kinston are especially high. Interestingly, five-day biological
oxygen demand tests indicate that levels of organic contamination are frequent-
ly higher at Clayton than at Kinston.,

Changes in dominance of algal genera in the Neuse in 1976 correspond to
the opening of the Neuse River Wastewater Treatment Plant, a new facility
designed to serve the Raleigh metropolitan area. These observations suggest
improvement in the water-quality of the Neuse Riyer following the activation of
this treatment plant.

16



PHYSICAL CHARACTERISTICS

Dissolved oxygen and water temperature

Oxygen, while plentiful in the atmosphere, is often in limited supply in
water. During summer months, high temperatures reduce the solubility of oxygen
in water. Subsequently, evaluation of dissolved oxygen levels in streams is
important for the critical high-temperature months.

Water temperatures follow ambient air temperatures, but are buffered from
extreme values of air temperature by the slower heating and cooling rate of the
water. This is demonstrated by the plot of 1976 water and air temperatures
shown in figure 6. Water temperature statistics are given in table 2.

The saturation of dissolved oxygen varies inversely with temperature. For
a summer-month water temperature range of 18°-27°C the predicted saturation of
dissolved oxygen will be 9.5 to 8.0 mg/L. However, at Clayton the 1974-76
daytime mean dissolved-oxygen level for this range of temperatures was 4.8
mg/L. At high daytime water temperatures, observed levels are substantially
lower than saturation levels (fig. 7). This difference is in part accounted
for by the presence of oxygen-demanding materials, often predominated by organ-
ic pollution, in the stream. (See Biological Characteristics).

A value of 5.0 mg/L of dissolved oxygen is commonly promulgated as a
target criterion level necessary to maintain a varied fish population, while 4.0
mg/L is cited as the minimum concentration necessary to permit persistence of
sizable tolerant species populations. However, dissolved-oxygen levels below
5.0 mg/L will not necessarily cause fish kills, especially if the depleted
oxygen levels occur only for brief periods.

The observed summer daytime dissolved-oxygen levels at Clayton hover very
closely to the minimum criterion level, and periodically decrease to lower
values (fig. 7). During the period of high summer temperatures, dissolved
oxygen concentrations are less than 5.0 mg/L in approximately 60 percent of the
samples, occasionally decreasing to as low as 2 mg/L. These low dissolved-
oxygen values are the net result of a combination of factors including high
summer temperature, low rates of reaeration due to low discharge, and waste
water effluent. Dissolved-oxygen statistics for Clayton are given in table 2.

In contrast to the low concentrations observed at Clayton, daytime
dissolved-oyxgen levels at Kinston are generally high (table 2). Dissolved-
oxygen levels at or above saturation are common at the Kinston site (fig. 8).
These observed high dissolved-oxygen values probably are due to presence of
extensive algae growths during summer months. (See Biological Character-
isitcs). However, oxygen from algae photosynthesis is only produced during
daylight hours. At nightfall in water containing large concentrations of
algae, high dissolved-oxygen levels fall continuously as photosynthesis ceases
and plant and animal respiration utilizes the available oxygen (Hines and
others, 1977). Although there is no data available for nighttime summer
dissolved-oxygen levels, it is very likely, in light of the summer algae

17
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Figure 7.--Dissolved-oxygen concentrations versus water
temperatures for the Neuse River at Clayton, 1974-77
water years.
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concentrations, that respiration oxygen demands at both Clayton and Kinston
depress the daytime dissolved-oxygen buildup.

The oxygen level in a stream can be deduced from the fish population found
in the stream. Not surprisingly, fish found in the main channel of the Neuse
River (Fish, 1968) are predominately species with tolerance for low dissolved
oxygen concentrations: sunfish (approximately 35 percent of fish caught),
catfish (33 percent), and carp or shad (11 percent each depending on location).
These fish counts were evaluated by creel census, and therefore may not reflect
the true composition of the fish community.

Future improvement in dissolved oxygen concentrations may be a result of
the current trend to upgrade wastewater treatment plants. Improved wastewater
treatment will reduce the amount of oxygen-demanding organic material intro-
duced into the river, in turn lowering the recurrance of periods of low
dissolved-oxygen concentrations. However, increases in population may offset
the progress accomplished through effective wastewater treatment by causing
increases in the volume of treated wastewater that is introduced into the
stream systems. , In particular, areas immediately downstream from treatment
plant discharge points will continue to be highly impacted by depressed
dissolved-oxygen concentrations.

pH

The distribution of pH values observed for Clayton is similar to the
Kinston distribution. The mean-hydrogen ion concentration for Clayton is not
statistically different from the mean concentration for Kinston, both of which
give a pH of 6.3. The pH data for both stations ranges between 5.5 and 9.4;
however, the majority of values fall within a range of 5.7-7.5. The Environ-
mental Protection Agency (1976) recommends a pH range of 6.5-9.0 for protection
of freshwater aquatic life. Neuse River pH values were below this range in
approximately 50 percent of the samples. These low values indicate a slight
acidity which is not likely to directly harm freshwater aquatic life, but may
act synergistically with other materials, causing detrimental effects. The
toxicity of lead to fish, for example, changes with pH.

Suspended sediment

Sediment is the solid material of stream discharge. Sediment consists of
any erodable material that is not in solution in the stream. This material
includes soils, leaf litter and similar organic debris, sewage or industrial
sludge, and particulate fallout from material suspended in the atmosphere.
Nutrients, metals such as lead, and organic materials, including many pesti-
cides, are readily sorbed by sediment particles.

Sediment is extremely important in the ecology of streams. Sediment
provides animal habitats and nutrients to many organisms. Rapid changes in
suspended sediment concentrations may choke fish or filter-feeding organisms.
Suspended sediment also reduces light available to water-plants or algae.
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Sediment is often a problem for man. Reservoirs, locks, and navigation
channels can be clogged with sediment. Sediment may also be a problem in
fisheries, and industrial or domestic water use. Finally, high suspended
sediment levels reduce aesthetic values of rivers and lakes.

At Clayton, unusually high sediment concentrations generally are associ-
ated with storms. Suspended sediment statistics are given in table 2. Sus-
pended sediment concentrations for a storm monitored at Clayton are shown in
figure 9. In general, the change in suspended-sediment concentration with
flood flows at Clayton is characterized by a rapid peaking of concentration at
the beginning of a flood, followed by a recession. This flushing effect, in
which sediment concentration on the rising phase of the streamflow hydrograph
is greater than on the falling phase, is in part due to the decrease of the
erosive action of streamflow during the recession. However, the availability
of erodible material also plays an important role. A small storm may be suf-
ficient to cleanse the stream of material immediately available for erosionm.
If another storm occurs soon after the first, suspended-sediment concentrations
will be correspondingly lower. This may in fact be the relationship displayed
in the double-peaked hydrograph of figure 9.

The recession in suspended-sediment concentration is exponential as
illustrated by the curves shown in figure 9. Similar exponential declines
during floods often characterize the concentrations of other materials associ-
ated with sediment. Stormwater runoff from urban areas is often heavily laden
with sediment. This nonpoint source pollution is a growing problem in most
urban areas (American Public Works Association, 1969).

Plots of suspended sediment concentration against discharge give the
relation shown in figure 10 (Clayton) and figure 11 (Kinston). The correlation
coefficient for the Clayton relation is high (r = 0.86) and the F value indi-
cates a significant (at the 95 percent probability level) relation of
suspended-sediment concentration to discharge. However, the low correlation of
the Kinston relation (r = 0.37) and the nearly constant suspended sediment
concentrations observed there, suggest a relative independence of sediment
concentration from discharge. A hysteresis effect in figure 10, caused by the
suspended-sediment-concentration recession, is apparent for the plotted points
of the flood of August 1974 (see fig. 9).

At Kinston, the apparent independence from discharge of suspended sediment
concentrations is principally a result of the basin size and relief. The areal
rainfall distribution over a large watershed is usually nonuniform. Conse-
quently, although a heavy rainstorm at Clayton may have a considerable impact
on water quality, the effect will be dampened by the time the flood crest
reaches Kinston. Water flowing past the Kinson station which came from a
rainstorm above Clayton has been mixed with surface water from other tribu-
taries. The lower stream bed slope at Kinston also plays an important role in
the difference in suspended-sediment concentrations observed at the two
stations. A lower slope reduces the river flow velocity, which in turn reduces
the stream's sediment carrying capacity.
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Turbidity values are also lower at Kinston than at Clayton, corresponding
primarily to the lower suspended sediment concentrations at Kinston. This
difference between two stations in capacity to transmit light through water may
be an important reason for the larger algal cell concentrations found at Kins-
ton than at Clayton. (See Biological Characteristics). Turbidity statistics
for both stations are given in table 2.

Although environmental impacts of high suspended sediment concentrations
are numerous, no national standards have been promulgated. However, some
guidelines for turbidity are available (EPA, 1976). Turbidity levels at both
stations are at satisfactory levels for use of the water in domestic supplies
with standard treatment. Less demanding industrial uses, such as paper pulp
processing, could use Neuse River water from either location without treatment.

The aesthetic problems of sediment are rarely addressed in water-quality
standards or guidelines. The crystal-clear waters reported by early explorers
of North Carolina (North Carolina Department of Natural Resources and Community
Development, 1979), are now, for the most part, murky with suspended sediment.
The full aesthetic impact of sediment on the Neuse River is undefinable.

MAJOR DISSOLVED SUBSTANCES

Mean values for all major dissolved substances characterize the Neuse
River water at both Clayton and Kinston as chemically average or lower than
average for natural surface waters of the United States (Todd, 1970). A summary
of mean values for major dissolved materials and related statistics for the
samples collected at both Neuse stations during the 1974-77 water years is
given in table 3.

In instances where criteria values for recommended maximum constituent
concentrations for domestic use have been defined (EPA, 1976), Neuse River
water at both stations meets the most stringent recommendations (table 3).

Cation-anion diagrams (Stiff, 1951) give a graphic representation of the
ionic composition of water samples. Composite diagrams, each representing the
mean of all samples taken in the 1974-77 water years, for both Neuse stations
are shown in figure 12, The cation-anion diagrams for the two stations are
quite similar. At both stations, sodium and potassium are the dominant cat-
ions, and bicarbonate is the dominant anion. The only sizable difference in
ionic composition between the stations appears to be a higher overall concen-
tration of sodium and potassium at Clayton.

Specific conductance, a measure of the ability of water to carry an
electric current, gives an approximate expression of the amount of ijonic
material dissolved in water. Dissolved material concentrations are diluted by
flood flows, so specific conductance usually varies inversely with discharge.

Specific conductance statistics given in table 3, show Kinston to have
lower values than Clayton, indicating an overall water-quality improvement in
disdolved constituents downstream from the urbanized upper basin. A comparison
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Table 3.--A summary of statistics for major dissolved substances for
samples collected from the Neuse River at Clayton and Kinston,
1974-77 water years

CLAYTON KINSTON
Mean Mean
Constituent | 95 percent Number 95 percent Number Criteria
mg/L confidence Range of confidence Range of (EPA, 1976)
limits samples limits samples
12 9.3
f;}gc? 4.9-19 | 48 3.1-14 | 45 -
2 10.9-13 8.6-10
6.1 5.6
C?é:?“m 3.3-12 | 48 3.2-8.8| 45 -
5.5-6.7 5.2-6.0
1.9 1.7
“afngi“m 0.9-3.3| 48 1.1-2.5| 45 -
1.7-2.1 1.6-1.8
11 8.4
S?g:;“ 2.6-37 | 48 3.5-17 | 45 -
9.1-14 7.4-9.4
2.7 2.6
P°t?§§i“m 1.5-6.4| 48 1.7-4.0| 45 -
2.4-3.0 2.4-2.8
25 20
Bi?;ég°?ate | 9-70 48 7.0-40 | 46 -
3 22-29 17-23
9.8 10.2
S?éga;e 6.3-24 | 48 7.2-15 | 45 Upper limit for domestic
4 8.8-10.8 9.5-10.9 use: 250 mg/L
12 8.9
Ch}g;;de 2.7-41 | 48 3.6-17 45 Upper limit for domestic
10-15 8.0-9.8 use: 250 mg/L
0.3 0.2
Fl“‘z;)ide 0.1-0.8] 48 |——— | 0-0.5 | 45 -
0.2-0.4 0.17-0.23
e | n
s 34-190 47 39-99 45 -
(Residue 73-93 76-67
at 180°C) -
Hardness 3 2
(as CaCo,) s 13-44 48 13-32 45 Category: soft water
3 21-25 20-22
Specific 120 97
Conductance | 45-280 92 48-184 81 -
(micro-mhos) 8-233 34-160
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KINSTON

CLAYTON
MILLIEQUIVALENTS PER LITER MILLIEQUIVALENTS PER LITER
Cations Anions Cations Anions
6 54 3 2 1 01 2 3 45 6 6 54 3 2 1 01l 2 3 4 56
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Figure 12.--Cation-anion diagrams for the Neuse River at Clayton and Kinston.
Each diagram represents the mean of all samples taken in the 1974-77

water years.
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of the frequency distributions of specific conductance values for the two
stations (fig. 13) illustrates this difference in water quality. Daily spe-
cific conductance values at Clayton are greater than the maximum value recorded
at Kinston 25 percent of the time. The lower conductance values observed at
Kinston are primarily a result of dilution by streamflow from rural areas of
the wastes originating from the urban areas upstream from Clayton.

Conductivity is also correlatable with several specific ion concen-
trations. Correlations between specific conductance and dissolved constitutent
concentrations are high, usually with coefficients (r) above 0.80. The re-
gression lines for these relations, shown in figure 14 for Clayton and figure
15 for Kinston, can be used to predict concentrations of certain dissolved
constituents if specific conductance is known. (See POLLUTION). Interest-
ingly, the slopes of the regression lines drawn for Clayton data (fig. 14) are
similar to those found for Kinston (fig. 13), an indication that the chemical
quality of water at Kinston is much like that of Clayton.

Arithmetic plots of discharges versus dissolved constituent concentrations
show a decrease in concentration with increased discharge. Power curves can be
fitted to these plots and yield reasonably high correlation coefficients.

Power curves have the general form:

c = bQ" - (D)
or in logarithmic form:
In C = 1n (me) =1nb+mln Q (2)

where C is constituent concentration, Q vs discharge, In b is the y-intercept,
and m is the slope. This relation for the Neuse River is illustrated by the
plot for dissolved solids shown in figure 16.

TRACE ELEMENTS

Minute concentrations of a variety of elements occur naturally in surface
waters. Industrial and municipal effluents frequently contain metals in low
concentrations., Certain trace elements such as mercury, lead, arsenic, se-
lenium and cadmium can be highly toxic to both humans and wildlife. Even
minute concentrations of these toxic substances are of concern because higher
concentrations are frequently accumulated in aquatic organisms feeding in
contaminated waters. Other elements, including iron and manganese, may cause
undesirable water taste, or produce scaling, particularly in hot water systems.

A summary of trace element analyses from 1974-77 (table 4) indicates low
level contamination of the Neuse River at both Clayton and Kinston. However,
only iron and manganese concentrations are consistently higher than criterion
levels suggested for domestic water supply (EPA, 1976). Iron concentrations are
higher than the criterion level in 28 percent of the samples taken at Clayton
and 39 percent at Kinston. Manganese concentrations are higher than the cri-
terion level in all samples taken at Clayton and in 88 percent of the samples
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Table 4.--A summary of total trace-element concentration statistics for
the Neuse River at Clayton and Kinston, 1974-77 water years

CLAYTON KINSTON
Trace Mean Mean
Element 95 percent Number 95 percent Number Criteria
(ug/L) confidence Range of confidence Range of (EPA, 1976)
8 limits samples limits samples
5.1 4,
Arsenic 0-30 22 4.8 0-50 23 Upper limit for domestic
(As) 2-8.2 ~0.9-10.5 water supply: 50 pg/L
7.9 5 Upper limit for domestic
C?g:;um 0-50 23 0-50 24 water supply: 10 ug/L,
0.7-15 -1.1-11 for fish: 4 ug/L
14 12
C?gzit 0-100 | 21 0-100 | 23 -
1.5-27 -1.7-26
17 .
Copper 2-70 38 9.3 2-40 2 Upper limit for domestic
(Cu) 12-22 5-14 water supply: 1000 ng/L
320
Iron 110-950 34 230 90-480 22 Upper limit for domestic
(Fe) 280-360 240-340 water supply: 300 ug/L
40
Lead 2-500 18 24 0-100 2 Upper limit for domestic
(Pb) 13-67 38-10 water supply: 50 ug/L
430
Manganese 70-2200 22 120 20-450 23 Upper limit for domestic
(Mn) 190-670 80-170 water supply: 50 ug/L
0.3 0.2 Upper limit for domestic
Mﬁ;g;ty 0-0.5 29 0-2.2 22 water supply: 2.ug/L,
0.2-0.4 0-0.4 for fish: 0.05 pg/L
5.4
Selenium 0-12 19 0.6 0-5.0 21 Upper limit for domestic
(Se) 3.6-7.2 ~0.1-1.3 : water supply: 10 pg/L
76 30
Zinc Upper limit for domestic
0-1400 38 - 4 PP t
(Zn) 3.9-148 17-44 4-140 2 water supply: 5000 ug/L
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collected at Kinston. The geology of the region is the primary cause for these
high iron and manganese concentrations.

Other trace element concentrations periodically rise above the EPA (1976)
domestic raw water supply criteria levels. Cadmium concentrations were above
the criterion level for domestic water supply in 22 percent of the Clayton
samples and 17 percent of the Kinston samples. Concentrations in 15 percent of
the Clayton selenium analyses, 25 percent of Clayton lead analyses, and 20
percent of Kinston lead concentrations were also above domestic water supply
criteria levels.

Wilder and Simmons (1978) reported a strong correlation between suspended
sediment concentrations and total concentrations of lead and manganese for the
Neuse River at Clayton. Relations of this kind demonstrate the role of sedi-
ment in controlling surface-water metal concentration. Sediments effectively
remove dissolved metals from the water of rivers by adsorption of the metals
onto the sediment particles. However, if the supply of dissolved metals in the
river is reduced, metals are released from the sediments in order to maintain
chemical equilibrium (Wershaw, 1976).

Overall, ambient concentrations for toxic elements in the Neuse River at
both stations are low. However, little is known about toxic element concen-
trations in bottom sediments or in aquatic organisms found in the Neuse River,

NUTRIENTS

Carbon, nitrogen and phosphorus are primary chemical elements required by
algae for growth. These nutrients are therefore of primary interest in identi-
fying causes of nuisance growths or blooms of algae.

The enrichment of a body of water with nutrients, the process of eutroph-
ication, is normally associated with increases in algal populations. The
accumulation of organic matter caused by growth and decomposition of algae in
turn provides habitats and ample food supplies for bacteria and other aquatic
organisms. Increased biological respiration from algae, and from organisms
associated with the algae, causes an increased oxygen demand which reduces
available dissolved oxygen. These effects are usually most pronounced in lakes
and estuaries, where accumulation of nutrients may result in particularly high
concentrations of algae.

The U.S. Geological Survey has periodically measured total and dissolved
organic carbon, total and dissolved organic and ammonia nitrogen, dissolved
orthophosphate and total phosphorus at both Neuse stations since 1973.
Measurements of total phosphate and nitrates are also available for certain
periods previous to the more intensive sampling program begun in 1973. Table 5
is a summary of nutrient analyses.
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Table 5.--A summary of nutrient statistics for samples of the Neuse

River at Clayton and Kinston, 1974-77 water years. All values
are in milligrams per liter
CLAYTON KINSTON
Mean Mean
95 percent Number 95 percent Number
Parameter confidence Range of confidence Range of
limits samples limits samples
Total 14 12
organic 5-58 34 4,1-27 20
carbon 10.2-18 9.1-15
Dissolved 9.2 12
organic 2.8—20 39 1—19 12
carbon 8-10.4 8.8-15.2
Total
ammonia .51 .07
nitrogen 0-1.9 43 .02-.27 13
(as N) .3-.7 .03-.11
Dissolved
ammonia -4 .05
nitrogen 0-1.7 39 0-.16 11
(as N) .3-.5 .04-.06
Dissolved
ammonia .92 .06
nitrogen 0—2.2 39 0—.21 11
(aS NHLL) .3—.7 .Ol—.ll
Total
organic -84 .66
nitrogen 0‘3.4 43 — 006_101 13
(as N) -1 .50-.82
Dissolved
organic .32 .52
nitrogen .16-1.3 39 .35-.76 11
(as N) Ab-.6 .61-.43
Total
nitrite + .92 .48
nitrate —] .08-4.5 44 0-1.1 47
(as N) 1.2-.7 .56-.40
Total
Kjeldahl 1.4 .79
nitrogen .06-4.9 44 1-1.4 47
(as N) 1.1-1.7 .70-.88
Total 2.4 1.3
pitrgen — .33-6.1| - 44 64-2.1 47
(as N) 2.-2.8 1.2-1.4
Dissolved
ortho- 1.4 .28
phosphate | 0-8 42 06-.55 12
(aS POL,) .8"2 .17—-39
Total 71 .23
phosphorus - }— 07-2.7| 43 .07-.38| 47
(as P) .5-.9 .21-.25
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Carbon

A range of 5 to 15 mg/L TOC (total organic carbon) is characteristic of
unpolluted streams in this region (Weiss and others, 1973). One-fourth of the
samples collected at Clayton and half of the samples collected at Kinston
during the 1974-77 water years, have TOC values of 15 mg/L or greater. Dis-
solved organic carbon concentrations are approximately 85 percent that of the
total organic carbon concentrations. These results indicate that the Neuse
River at both Clayton and Kinston is moderately enriched with organic carbon,
often with concentrations greater than Weiss' upper limit for unpolluted
streams. Furthermore, there is no distinct difference between the distribution
of TOC concentrations at Clayton and that at Kinston.

There is some evidence that total organic carbon concentrations in the
Neuse River have decreased significantly since 1976. This improvement in water
quality corresponds to the activation of the Neuse River Wastewater Treatment
Plant in December 1976. (See Water Use and Waste Disposal).

Nitrogen

Ammonia is a reduced form of nitrogen that is oxidized by aquatic aerobic
bacteria to nitrite and nitrate. In addition, ammonia nitrogen is utilized by
algaée in preference to these other forms of nitrogen. Because of the transien-
cy of ammonia nitrogen, the presence of substantial concentrations (greater
than 0.5 mg/L as N) is considered indicative of contamination by human or
animal wastes, or fertilizer (Weiss and others, 1973). At Clayton 27 percent
of the samples had total and dissolved ammonia nitrogen concentrations greater
than 0.5 mg/L (as N), while at Kinston all samples had less than 0.2 mg/L total
and dissolved ammonia nitrogen. The high ammonia levels at Clayton are proba-
bly due to upstream point-source nutrient inputs, including waste treatment
plants for Raleigh and Durham.

The low total ammonia concentrations measured at Kinston are due in part
to the natural in-stream oxidation of ammonia to nitrite and nitrate. However,
total nitrite plus nitrate concentrations measured at Kinston are also lower
than Clayton values. These lower concentrations reflect, to a large extent,
the uptake of the nitrogen by algae (see Biological Characteristics). The
frequency histograms given in figure 17 illustrate the reduced Kinston levels.

A value of 0.5 mg/L total nitrogen (as N) has been suggested by the
National Technical Advisory Committee (1968) as a threshold value for algal
growth in impounded waters. The total nitrogen levels at both Neuse stations
(median values of 2.0 mg/L at Clayton, and 1.4 mg/L at Kinston) are usually
higher than this threshold (fig. 18).

Mean annual nitrogen (NO, + NO,;, and ammonia + organic) concentrations at
Clayton have increased significantly since the activation of the Neuse River
Wastewater Treatment plant in December 1976. No significant changes in nitro-
gen concentrations are apparent at Kinston for this period. The increases
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evident at Clayton are probably a result of the location of the new plant
closer to the Clayton station.

Phosphorus

Phosphorus is the other major nutrient essential to algal growth. The
National Technical Advisory Committee (1968) cites 0.05 mg/L total phosphorus
(as P) as the limiting level for algal growth for streams entering impound-
ments. Total phosphorus levels at both Neuse stations are almost always
greater than this limiting concentration (fig. 19) with median values at 0.56
mg/L at Clayton and 0.23 mg/L at Kinston.

Mean annual total phosphorus concentrations at Clayton have increased
significantly (two-tailed t-test of means, at a probability level of 0.05)
since the relocation of the wastewater treatment plant closer to the station.
No significant recent changes in phosphorus concentrations are evident at
Kinston.

Nutrient relations

The total nitrogen/total phosphorus ratio is a means used to evaluate
nutrient conditions in surface waters. The National Technical Advisory Com-
mittee (1968) cites a ratio of 10:1 as indicative of normal conditions in
lakes. A similar ratio is reported by Weiss and Kuenzler (1976) for North
Carolina lakes. The ratio of median total nitrogen to median total phosphorus
is 3.5:1 at Clayton and 6:1 at Kinston. These results may indicate a potential
for excess algae growth at both stations, however, it is difficult to compare
Neuse River nutrient concentrations to conditions measured for lakes.

The amounts of nitrogen and phosphorus in the Neuse River are ample to
supply algal growth. The reach of the Neuse above Clayton is particularly rich
in these nutrients. Not surprisingly, much concern has been voiced over pro-
jected nutrient levels in the Falls reservoir (U.S. Army Corps of Engineers,
1973) that will be located along the upper reach of the Neuse downstream from
the Durham wastewater treatment plant outfall. Construction of the Falls
reservoir has coincided with the growth of algal blooms downstream from the dam
site and upstream from Clayton. Construction has increased sediment loads
below the dam site, in turn increasing the resolution of nutrients associated
with sediment. High nutrient levels, combined with warm summer temperatures,
and low streamflow have promoted the growth of algal blooms.

Reduced nutrient levels measured downsteam at Kinston coincide with
considerable in-stream algal growth that has utlilized some of the nutrients in
the water (See Biological Characteristics). Currently algal growths are not a
major concern in the Neuse River estuary, however, future problems are pro-
jected if increased nutrient loading exceeds the estuary's ability to assimi-
late nutrients without excess algal growth (Hobbie and Smith, 1975).
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Nitrogen is frequently cited as the limiting nutrient in the Neuse River
and estuary system (U.S. Army Corps of Engineers, 1973; Triangle J Council of
Governments, 1976; Hobbie and Smith, 1975). That is to say that more nitrogen
would be required before algae growth used up the available phosphorus. There-
fore nitrogen reduction is the most likely goal for nutrient management.
However, when nutrient-management control options are discussed, reductions in
both nitrogen and phosphorus are usually recommended.

Variation in nutrient concentration is greatly influenced by discharge.
Concentrations of dissolved nutrients plotted against discharge show dilution
relations similar to that illustrated for dissolved solids and discharge (fig.
16) . Furthermore, total nutrient concentrations respond during flow floods in
a manner similar to sediment response. The total nitrogen and total phosphorus
concentrations during the flood of August 4, 1974 (fig. 20) show a pattern of
response comparable to that of sediment. The dissolved nitrogen and phosphorus
concentrations are diluted by the flood flows, but nutrients associated with
suspended material are greatly increased during the first peak in discharge.
The net result is a flushing effect similar to that observed for Clayton
suspended sediment data (fig. 9).

BIOLOGICAL CHARACTERISTICS

Biological monitoring is a direct means of assessing water-quality impacts
in streams. Measurements of physical and chemical parameters give instan-
taneous levels of the materials in the waters of a stream. When reviewing
these instantaneous values, special attention must be paid to complicating
factors, such as discharge, that may make the values unrepresentative. In
contrast, biological measures, such as algal assays, directly provide infor-
mation on the short-term impacts of water quality in a stream. Finally, the
variation found in the Neuse River in many of the physical or chemical para-
meters is too much to conclude a statistically significant change. Biological
measures also exhibit substantial variation, but provide an alternate source of
information about the study system to that provided by physical and chemical
tests.

The systematic collection of biological data at Clayton and Kinston began
in late 1973. Samples are collected at Clayton several times a year, and at
Kinston monthly. Colony counts of fecal coliform bacteria and algal bioassays
are performed for selected samples for both stations, and fecal streptococci
bacteria colonies are counted for selected Kinston samples. The five-day
‘biochemical oxygen demand (BODS) is determined for each sample from both
stations.

Bacteria
Fecal coliform bacteria are those members of the coliform group found in
the feces of various warm-blooded animals, and are used as indicators of bac=-

teriological pollution. Fecal coliform statistics for both stations are given
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in table 6. The fecal contamination levels at both stations exceed the recom-
mended criterion for bathing waters (EPA, 1976) . Kinston especially shows high
fecal coliform levels.,

Fecal streptococci also are organisms used to indicate fecal pollution from
warm-blooded organisms. Although there are no criterion levels currently
recommended for fecal streptococci, they supply a backup indicator to fecal
coliform results. The fecal streptococci statistics (table 6) observed for
Kinston samples corraborates the evidence of substantial bacterial contamination
given by fecal coliform counts.

The fecal coliform-fecal streptococci ratio is sometimes used to help
identify the origin of bacterial contamination (Geldreich, 1966). Ratios
greater than 4.0:1 indicate contamination primarily of human origin, while
ratios less than 0.6:1 indicate animal origin. Kinston fecal coliform to fecal
streptococci ratios for low-flows (discharges less than 1,000 ft3/s) tend to
fall between these values, indicating combined human-animal origin of the
coliform bacteria.

Biochemical oxygen demand

The biological uptake of oxygen by organisms for metabolism can be measured
by the five-day biochemical oxygen demand test (BODs). Therefore, a stream's
BOD5 helps to evaluate the amount of organic material in the stream being uti-
lized by organisms. A range of 1 to 8 mg/L is common for moderately contami-
nated streams (Nemerow, 1974). BODgy values at both stations fall within this
range. Fifty percent of the Clayton values are less than 3 mg/L, while 50
percent of the Kinston values are less than 2 mg/L. Clayton has higher levels
more frequently than Kinston.

Algae

Algae are simple plants that are ubiquitous in surface waters. In
nutrient-enriched waters massive growths, or blooms, of algae may cause ob-
jectionable odors, impair water uses, and decrease aesthetic values of the body
of water. Algae do not presently often cause such problems on the Neuse River.
However, algal assays of samples collected at Clayton and Kinston provide a
direct means of evaluation of effects of current nutrient concentrations. 1In
addition, certain assemblages of dominant algal species serve as biological
indicators of stream pollution in the Neuse.

Knowledge of algal growth levels are of particular interest in studies of
lakes, estuaries and slowly moving rivers. Algae often play an important role
in the oxygen balance of slowly moving water. High daytime dissolved-oxygen
levels can largely be a funtion of photosynthetic activity. However, night-time
respiration of the algae and decomposition of algal debris by microorganisms can
deplete available oxygen and recycle nutrients into solution.
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Rates of algal growth are highly dependent on temperature and the amount
of sunlight, in addition to the availability of nutrients. Changes in growth
of algae are as dramatic as the changes in the seasons. Not surprisingly,
there is a distinct seasonal variation in algal cell counts at both Neuse
stations. This variation is particularly apparent at Kinston (fig. 21). Algal
cell counts are extremely high during summer months, reflecting the nutrient
enrichment of the Neuse River (see Nutrients). Total cell counts at Kinston
suggest that algae may play an important role in the oxygen balance of the
lower reaches of the Neuse River.

Algal cell counts are also affected by streamflow. Flood flows often
flush drifting organisms and phytoplankton downstream (Slack, 1974). This
flushing may cause catastrophic changes in organism populations. One such
turnover is documented at Kinston in figure 21. A precipitous drop in algal
cell count, from 50,000 cells/100 mL to 600 cells/100 mL, a five-fold decline
in total algal cells in the river, corresponds to the flood of July 1975.
Phytoplankton and nutrient loads flushed during high flows may seed algal
blooms downstream and in the Neuse River estuary.

Annual distributions of the three predominant algal genera during 1974-76
at Clayton indicate a dominance of Chrysophyta (diatoma) much of the summer,
fall and winter. The diatom genera that prevail include: Synedra, Nitzschia,
Navicula and Melosira. Dominance of Chlorophyta (green algae) or Cyanophyta
(blue-green algae) begins in February and lasts through midsummer. Blue-green
algae genera that prevail during this period include Anacystis and Lyngbya.

The dominant green algal genus that appears at Clayton in early summer is
Scenedesmus. All of these genera, excluding Synedra, contain indicator species
that are commonly associated with organically enriched waters (Nemerow, 1974).

Three complete water years of algal cell counts and identification are
available at Kinston. The dominant assemblage of organisms has changed from
year to year (table 7). The similar patterns of dominance apparent in 1975 and
1976, are different from that of 1977. 1In 1975 and 1976 diatoms and green
algae were dominant. The summer months are characterized by an interplay of
blue-green and green algal dominance. Diatom genera that prevail include:
Navicula, Nitaschia, Melosira and Cyclotella. Blue-green algal genera that are
dominant include: Oscillatoria, Anacystis and Lyngbya. Anacystis was the
dominant algal genus from May 1975 to October 1975 and shared an important role
with the diatom genera of Melosira and Cyclotella in the same period the follow-
ing year. Green algal genera dominant during 1975-1976 include: Ankistro-
desmus, Crucigenia, Dictyosphaerium, Micractinium and Scenedesmus. Once again,
most of these algal genera contain indicator species that are commonly associ-
ated with organically enriched waters (Nemerow, 1974).

In 1977 the pattern of dominance changes both at the division and generic
level. Green algae predominate for much of the year. The genera that appeared
including Dictyosphaerium, and Sphaerocystis, are not noted for indicator
species of organic pollution. Significantly, this change in the pattern of
generic dominance is first apparent in December 1976, when the Neuse River
Wastewater Treatment Plant was activated (see Water Use and Waste Disposal).
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Table 7.--Major algal division dominance,
represented by the percent of time
over the water year in which each

division is dominant, Neuse River
at Kinston

Percent of year
DIVISION dominant
1975 | 1976 | 1977
Cyanophyta
(blue-green algae) o2 35 1
Chlorophyta 43 42 69
(green-algae)
Chrysophyta
(diatoms) 3 23 16
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Improved water treatment processes at this large plant may have reduced organic
pollution in the Neuse enough to account for the altered pattern of algal
dominance.

The recent history of Raleigh wastewater treatment suggests that the
improvement of water quality due to the opening of the Neuse River treatment
plant was preceded by degradation in water-—quality (R. S. Taylor, North Caro-
lina Department of Natural Resources and Community Development, written
commun., June 20, 1979). In the year prior to the opening of the new plant, as
sewer interceptor lines were under construction, the effluent discharge point
for one of the old treatment plants was changed from a point several miles
upstream in Walnut Creek, to a point near the confluence of Walnut Creek and
the Neuse River. This change had the effect of removing any natural treatment
of organic material in the effluent that would have occurred along Walnut
Creek., Although there is evidence in Geological Survey data of improvement in
water quality in the Neuse after the opening of the plant, in the form of
reduced TOC concentrations, and changes in algal dominance, no change due to
the re-location of the Walnut Creek plant effluent discharge point is apparent.

POLLUTION

A primary goal of this study is to identify how much of the total amount
of dissolved and suspended material transported by the Neuse River is man-made
pollution; that is, to find how man has changed the natural state of the
stream. The accuracy of this evaluation hinges on the data available about the
quality of water in the Neuse River prior to the influences of man. Very
little, if any, natural water-quality data are available for the Neuse River,
therefore it is necessary to make estimates of the natural state of the river
based on data from other comparatively unpolluted streams.

BASELINE WATER QUALITY

Simmons and Heath (1979) describe the methods used by the Geological
Survey to estimate the approximate natural, or baseline, water quality in North
Carolina. A sampling program was designed to measure constituent concen-
trations during high and low flows in small unpolluted streams distributed
across the State. Once the mean value of the constituent concentrations were
known for both flow ranges at all of the baseline water-quality sites, the
results were related to area geology. Thus, five distinct geochemical zones
were identified, each containing a group of baseline water-quality stations
with comparable constituent concentrations. Constituent concentrations from
the sites within each group were averaged to give estimates of baseline water-
quality concentrations for each geochemical zone.

Nine baseline water quality stations located within the Neuse Basin are
shown in figure 1. The geochemical zones which include sections of the Neuse
River basin are shown in figure 3. Parts of two geochemical zones lie within
the Neuse basin upstream from Clayton. Area I covers 330 mi2, and area II
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covers 810 mi? of this basin. Parts of four geochemical zones lie within the
Neuse basin upstream from Kinston. Area I covers 590 mi2, II covers 1180 miZ2,
IV covers 730 mi?, and V covers 190 mi2 of the basin.

Calculations of dissolved constituents derived from baseline sources and
transported by large rivers, such as the Neuse, require three steps. First,
the annual streamflow volume is broken down into high flow Q,, and base flow,

Q. (Rorabaugh, 1964). Second, the mean constituent concentrations (C, for high
flow and C_, for base flow) determined from the baseline stations within each
geochemical zone are weighted by the ratio of zone area to basin area, and then
summed to give basin baseline-water-quality constituent concentrations.
Finally, these two basin water-quality concentrations are multiplied by the two
components of total streamflow volume giving the annual baseline load (LN):

Cuy *+ Cpp = Ly (3)

Separation (step 1) of Neuse River discharge into high flow and base flow
components shows that for most years, the volume of high flow is greater than
that of base flow. At Clayton, high flow averages 57 percent and base flow
averages 43 percent of the total annual streamflow. At Kinston, high flow
averages 66 percent and base flow averages 34 percent of the total annual flow.
The large difference between the two stations in the relative proportions of
high flow to base flow was an unexpected result. The significance of this
difference warrants further investigation in future studies.

Comparisons of estimated natural water-quality concentrations (step 2)
with water quality of samples from the Neuse are shown in table 8 for Clayton
and table 9 for Kinston. Constituent concentrations for both the Neuse River
and the baseline quality sites include precipitates of air-borne pollutants.
The impact on water quality of atmospheric precipitation can be considerable
(Gambell and Fisher, 1966) but data are not yet available to separate this
source of pollution from other sources. An estimate of the portion of the mean
sample concentration that is due to man's activity is given by subtracting the
estimates of baseline water-quality from the corresponding constituent mean
sample concentrations. Pollution usually makes up greater than 50 percent of
the total constituent concentrations. Higher percentages of pollution at
Clayton than at Kinston reinforce the observation that the water upstream is
more heavily contaminated than downstream (see Water-Quality Variations).

There are a few cases in tables 8 and 9 where the estimates of baseline
water quality are higher than the mean sample concentrations (silica, chromium,
and mercury at Clayton; and silica, iron and mercury at Kinston). These cases
are probably due to the small number of samples taken at the baseline water-
quality sites. Spurious values, whether they represent actual stream concen-
trations or a combination of sampling and laboratory errors, bias the means
calculated from a small number of samples.

Cation-anion diagrams provide a graphic means of comparison of the ionic

composition of water at the baseline water-quality sites to the ionic compo-
sition of water from the Neuse (Stiff, 1951). The baseline water-—quality
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Table 8.-~Comparison of water quality of samples from the Neuse River at

Clayton with samples from baseline water-quality sites in the basin
upstream from Clayton

Neuse River at Clayton Baseline-quality sites Percent
Mean Value Mean Value attribut-
able to

?i:: 215: Ra:%i of Base High Ra:%i ot pollution

é:g;g) é:%;g) samples flow flow samples Base | High

flow flow

W Calcium 9.6 5.3 | 3.3-12 4.4 2.2 | 0.5-10 54 58
§ Magnesium 2.7 1.7 .9-3.3 1.9 .8 3-4.1 30 53
g Sodium 25 8.4 | 2.6~37 4.6 1.5 .4-7.3 82 82
é Potassium 4.3 2.4 | 1.5-6.4 1 1 .3-1.9 77 58
8:3 Bicarbonate 42 22 8.3-70 4.6 5 2-44 89 77
§ E@ Sulfate 13 9.1 | 6.3-24 2.5 5. .8-8.2 81 40
g‘“ Chloride 26 8.3 | 2.7-41 4.1 1.5 0-10 84 82
ﬁ Fluoride .5 .2 .1-.8 .1 .1 0-.5 80 50
y Silica 16 11 4.9-19 17 6 3.1-29 - 45
¥ Dissolved Solids 120 58 34-170 49 21 12-78 60 63
Total Nitrogen 3.7 1.9 .3-6.1 .34 .14 0-1.5 91 93
2 Organic Nitrogen .87 .83 0-3.4 .19 .38 0-.69 86 54
‘§;§ Nitrate Nitrogen 2.5 .62 | .3-4.4 .14 .1 0-1 9% 84
g\g Ammonia Nitrogen .6 .37 0-1.8 .01 .01 0-.07 98 97
= Total Phosphorus 1.4 .51 | .07-2.7 .02 .02 0-.05 99 96
Total Arsenic 9.3 4.2 0-30 .36 .71 0-.3 96 83
%é Total Chromium 8.3 9.5 0-20 10 10 10-20 50 -
E Total Copper 16 17 2-70 4 4 0-12 76 76
g Total Iron 750 4800 520~20,000 || 570 4100 20-13,000 24 14
% Total Lead 82 29 2-500 6.4 7.6 2-25 92 74
° Total Mercury .25 .25 0-.5 .15 .5 0-.5 40 -
§ Total Selenium 2 6.1 0-12 0 0 0-0 100 | 100
st Total Zinc 210 40 0-1400 10 10 0-20 95 75
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Table 9.--Comparison of water quality of samples from the Neuse River at
Kinston with samples from baseline water-quality sites in the basin

upstream from Kinston

Neuse River at Kinston Baseline~-quality sites Percent
Mean Value Mean Value attribut-
able to

ol Il B AR | N R B Ll Pt

E:g;g) ﬁ:g;g) samples flow flow samples Base | High

flow flow
o Calcium 6.9 4.8 3.2-8.8 2.9 1.9 | 0.2-4.0 58 60
§ Magnesfum 1.5 1.1-2.5 1.3 .6 J1-4,1 35 60
2 Sodium 12 6.3 3.5-17 3.8 1.8 J4-7.3 67 71
§ Potassium 3.1 2.3 1.7-4 .8 .8 .1-1.9 70 65
8:3 Bicarbonate 29 15 7-40 3.4 3.3 0-44 88 78
§‘§ Sulfate 11 9.5 7.2-15 4.3 6.3 .6-13 61 34
"2~ | chloride 11 . 3.6-17 3.9 2.3 0-10 66 68
§ Fluoride .2 0-.5 .1 .1 0-.5 50 50
5 Silica 9.4 9.2 3.1-14 13 5.4 | 1.4-29 - 41
¥ Dissolved Solids 70 49 34-91 39 22 11-78 44 55
Total Nitrogen 1.4 1.2 .6-2,1 .4 . 0-1.5 71 58
a Organic Nitrogen 7 .7 .06-1.1 .3 . 0-.99 57 43
.§EE Nitrate Nitrogen - - - - .09 .08 0-1 - -
g\ﬁ Ammonia Nitrogen .03 .09 | .02-.27 .01 .01 0-.07 67 89
= Total Phosphorus .3 .2 .07-.38 .02 .02 0-.05 93 90
Total Arsenic 4.4 5.3 0-50 .3 .6 0-6 93 89
g Total Chromium 13 12 10-20 10 10 0-20 50 33
& Total Copper 9.6 9.1 2-40 3.4 3.3 0-12 65 64
8 Total Iron 1100 1400 650-2000 540 2800 60~29,000 50 -
§ Total Lead 30 18 0-100 5,7 6.7 0-29 81 64
§ Total Mercury .28 .12 0-2.2 .3 .5 0-.5 - -
9 Total Selenium .50 .73 0-5 0 0 0-0 100 | 100
& Total Zinc 17 42 4-14 10 10 0-30 42 76
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diagram is superimposed on the observed water-quality diagram for the Neuse at
Clayton and Kinston in figure 22, There is little apparent difference in the
baseline water-quality between the two stations. However, pollution, which is
represented in the diagrams by the difference between the measured and baseline
water quality, is greater at Clayton than at Kinston.

The third step in calculating baseline material transport (L. ) in the
Neuse River is the insertion of the baseline water-quality concentrations
(., CB) summarized in tables 8-9, and the high flow and base flow (Q,, Q,)
in%o equation 2. The results of this calculation for dissolved solids are
given as an example in tables 10 and 11 (columns C,D, and E) and figures 23 and
24 (items B, C, D) for Clayton and Kinston, respectively.

It is interesting to note that at Clayton the estimated baseline load in
high flow is consistently lower than the natural load in base flow while at
Kinston the estimated baseline load in high flow is frequently greater than the
load in base flow (see figs. 23 and 24). This is because of the relatively
large base-flow baseline dissolved-solids concentrations estimated for Clayton
and the greater proportion of high flow to base flow at Kinston.

POLLUTION LOADS

Two additional steps are required to estimate the annual pollution load
once the annual baseline load has been evalutated. First, the total annual
load must be determined., Although daily streamflow and specific conductance
values are usually available, concentration values for water quality parameters
are determined from samples collected on a monthly or bi-monthly basis. The
concentration values are regressed on specific conductance, producing linear
relations (see Water-Quality Variations) that are in turn used to estimate
daily concentrations from daily conductance data. Examples of these relations
are shown in figures 14 and 15. Daily concentrations are multiplied by daily
streamflows to produce daily loads. The sum of these daily loads for a year's
time yields the total annual load. The results of these calculations for
Clayton are given in table 10 and figure 23, and for Kinston in table 11 and
figure 24.

It is important to note that although daily specific conductances were not
measured at either station during 1964-67, specific conductance was evaluated
each time a water-quality sample was taken. These periodic values were then
regressed on daily specific conductance values measured at an upstream station.
The upstream station used for Clayton was Neuse River at Falls (02087183), and
the station used for Kinston was Neuse River at Goldsboro (02088821).

Equations produced in these regressions were then used to generate estimates of
daily values for the Clayton and Kinston stations. The estimated specific
conductances have been used in evaluation of total loads for the 1964-67 water-
years for both stations.

The pollution load is derived by taking the difference between the total
load and the baseline load. The results of the calculation for dissolved-
solids pollution loads for Clayton are shown in table 10 and for Kinston in
table 11.
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CLAYTON KINSTON

MILLIEQUIVALENTS PER LITER MILLIEQUIVALENTS PER LITER
Coations Anions Cations Anions
6 54 3 2 1 01 2 3 456 6 54 32 | 01 2 3 45 6
1 ¥ 1 I T T T T T T T 1 f 1 I T 1 T T T T T T 1
Co HCO3+CO3 Cao HCO3;+ CO;
Mg SO, Mg SO,
No + K — = Cl Na+ K Ci
Pollution Baseline Pollution
woter
quality
| R I R I T N D I R N N B | T N N B |

Figure 22.--Comparisons of baseline water quality and observed water quality using
cation-anion diagrams. The observed-data diagrams represent the mean of all
samples taken in the 1974-77 water years. The baseline water-quality dia-

gram represents the mean of all samples taken from baseline stations within
the Neuse River basin.
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Figure 23.--Dissolved-solids load for the Neuse River at Clayton.
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Figure 24.--Dissolved-solids load for the Neuse River at Kinston.
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The depictions of dissolved-solids loads in figures 23 and 24 vividly
demonstrate the importance of pollution in the make-up of the overall water
quality of the Neuse., The plot of total baseline load gives a representation
of what the dissolved solids loads of the Neuse River would be without the
presence of man. However, these load estimates are probably high because they
include the effects of air-borne pollutants. The areas in figures 23 and 24
between the total baseline load and the total load represent the dissolved
solids pollution loads.

The proportion of the total load that is pollution is similar at both
stations (figs. 23 and 24). This similarity between Clayton and Kinston is
more apparent when that part of the total load attributable to pollution is
calculated as a percentage, as shown in figure 25. The dissolved-solids load
due to pollution averages 53 percent for the period of record at Clayton and 51
percent at Kinston. On an annual basis the widest difference between stations
occurs during the 1960's, when Clayton shows appreciably higher percentages
compared to Kinston. This difference is probably due to the process of spe-
cific conductance estimation using upstream values to evaluate the total loads.

When the difference between the dissolved solids pollution loads at Kins-
ton and Clayton is divided by the difference between the total loads at these
two stations, the proportion that results is a measure of the contribution of
pollution from the basin area lying between the two stations. These Kinston-
minus-Clayton results (fig. 25) indicate that little pollution is contributed
to the Neuse between these two sites.

During the high discharge years of 1965 and 1975 the percentages of total
dissolved-solids load from pollution show large decreases (see fig. 25).
During these two years the baseline loads are high, so that on a percentage
basis of the total load, load due to pollution is less. However, the baseline
high-flow loads are calculated assuming the same geochemical zone concen-
trations for wet and dry years, If, in fact these concentrations vary sig-
nificantly from the average value during extreme discharge years, then the
baseline-load estimates are inaccurate. For example: if during years of high
discharge the high-flow baseline concentration decreases due to dilution, then
the baseline load would be lower than that calculated from an average value.

Comparisons between dissolved-solids loads at the two stations on the
basis of load per square mile of drainage area are given in table 12 for total
loads, baseline loads and pollution loads. Clayton stands out in the total
load comparison as having the greatest loads per square mile in all but the
most recent years. Clayton and Kinston show much higher per-square-mile pol-
lution loads in all but the most recent years. The area between the two
stations shows loads similar to Kinston.

These results suggest an improvement in water-quality at Clayton and
Kinston in recent years. The year where improvement was first evident, 1976,
matches the time when algal dominance changes were first observed at Kinston
(see Biological Characteristics). Both changes correspond to the opening of
the Neuse River Wastewater Treatment Plant - possibly the most significant
event for water quality of the Neuse River during the period of study.

60



FROM POLLUTION,

TOTAL DISSOLVED-SOLIDS LOAD

70

60

CCm—e . _—K
/ P \ cA¢C

K —
c
'_.
= —~
w
S
o
w
a
z 30+ —
EXPLANATION
r—eessere C =—=—  Clayton
20| Y .
-K——— Kinston
—————Qeeee—ee |0 tervening areo
10~ Dashed line indicates missing record B
0 1 | 1 |
1955 1960 1965 1970 1975 1980

WATER YEARS

Figure 25.--Percentage of total dissolved-solids load from pollution
for the Neuse River at Clayton and Kinston, and the invervening
area between stations.
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The results shown in table 12 are particularly interesting in light of the
information presented in figures 3 and 4. The density of population in the
drainage area above Clayton is the highest in the entire Neuse basin, with
roughly 40 percent of the population (fig. 3) and only 20 percent of the drain-
age area. In contrast, the area between Clayton and Kinston has a much lower
population density with about 25 percent of the total basin population and 27
percent of the drainage area. Clearly, there should be a strong correlation
between the degree of pollution of a river and the degree of the presence of
the polluter - man. This point is echoed by the information presented in
figure 4 on industrial point-source discharges. Land-use, industry and pol-
lution are all functions of population, albeit complex and variable functioms.
Correlations between population and pollution in the Neuse River basin will be
explored further in the next section of this report.

Although dissolved-solids loads give rough measures of water-quality,
examination of individual dissolved material is necessary to identify the
nature of water-quality changes with time. Summary breakdowns of the total
loads of sodium, sulfate, and chloride, into baseline and pollution loads for
both stations are given in table 13. Although the percent of the average load
attributable to dissolved solids pollution was earlier shown to be similar for
Clayton and Kinston (fig. 25), there is a wide variation between average values
for other constituents. In all three constituents listed in table 13, Kinston
shows much lower percentage of a load attributable to pollution than Clayton.
The variation in degree of pollution among constituents cannot be explained
adequately without a detailed pollution sources study. However, the following
section will attempt to quantify the trends that can be observed in this pol-
lution data.

TRENDS

TREND ANALYSIS TECHNIQUES

The final goal of this study is to quantify how water quality in the Neuse
River has changed historically. Determination of trends is not a simple
problem. Ideally, the data used in trend analysis should be derived from
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