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YATER-QUALITY TRENDS AND BASIN ACTIVITIES AND CHARACTERISTICS FOR THE 

ALBEMARLE-PAMLICO ESTUARINE SYSTEM, NORTH CAROLINA AND VIRGINIA 

By Douglas A. Harned and Marjorie S. Davenport 

ABSTRACT 

The Albemarle -Pamlico estuarine system has a total basin area of nearly 

31,000 square miles and includes the Neuse, Tar, Pamlico, Roanoke, Chowan, 

and Alligator Rivers, and the Albemarle, Pamlico, Currituck, Croatan, and 

Roanoke Sounds . Albemarle Sound receives the greatest freshwater inflow of 

all the sounds in the estuarine system. Inflow to this sound averages about 

13,500 cubic feet per second. Inflow to Pamlico Sound from the Pamlico 

River averages around 5,400 cubic feet per second, and average inflow into 

the Neuse River estuary is about 6,100 cubic feet per second . Approximately 

one -half of the inflow into the system is from ground-water discharge. 

The Neuse River basin has had the greatest increases in wastewater 

discharges (650 percent since the 1950's) and had the greatest total 

wastewater discharges of any of the basins in the study area, averaging 

about 200 million gallons per day in 1988. Wastewater discharges into the 

Neuse and Tar Rivers were nearly equal to the 7-day, 10-year low flows for 

these rivers. 

Land-use data compiled in 1973 for the lower parts of the Neuse River 

basin and lower part of the Tar -Pamlico River basin indicate that 25 percent 

of the area was evergreen forest, 25 percent was forested wetlands, 20 

percent was cropland and pasture, 12 percent was mixed forest, 10 percent 

was nonforested wetland, and 4 percent was urban. The amount of nonforested 

wetland in the part of the study area along the Outer Banks declined 6 . 5 

percent from 1973 to 1983. 

The numbers of farms and acreage in agricultural use in the study area 

have declined since the 1920's. A decrease of more than 60 percent in the 

number of farms was shown between the early 1950's and 1982. Fertilizer 

sales increased through the 1970's, but declined in the 1980's. 

Manufacturing employment has increased in the last 30 years, while 

agricultural employment has decreased. 
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Daca from seven stations of the U. S. Geological Survey National Stream 

Quality Accounting Network were used to evaluate water quality for the major 

streams flowing into the Albemarle-Pamlico estuarine system. Water-quality 

data for 296 stations in the estuarine system were examined for the period 

1945 -88 . 

The statistical test used for trend analysis was the Seasonal Kendall 

test (Hirsch and others, 1982). This nonparametric procedure is useful for 

analyses of water -quality properties that show non-normally distributed 

frequency distributions. The Seasonal Kendall trend analyses of water

quality data indicate that change has occurred in the water quality of the 

Albemarle-Pamlico estuarine system from 1945 to 1988. Dissolved-oxygen 

concentrations increased at a mean rate of 0.1 milligram per liter per year 

throughout the estuarine system, except in the Chowan River where decreases 

of approximately 0.06 milligram per liter per year occurred. In general, pH 

increased in streams throughout the area at a mean rate of 0.04 pH unit per 

year, except in the Parnlico River where pH decreased by 0.03 pH unit per 

year. A general increase in pH and dissolved-oxygen concentrations (if 

daytime measurements) might be indicative of more productive estuary 

conditions for algal growth. Suspended-solids concentrations decreased 

throughout the area at a mean rate of 1 .1 milligrams per liter per year, 

probably as a result of a general decrease in suspended inorganic material. 

Increasing trends of salinity concentrations, as much as 0.1 part per 

thousand per year, were detected in Albemarle Sound. 

Total ammonia plus organic nitrogen concentrations decreased ( -0.03 

milligram per liter per year) in streams throughout most of the area but 

increased (0.02 milligram per liter per year) in the Pamlico River. 

However, ammonia nitrogen concentrations decreased (·0 .0035 milligram per 

liter per year) in the Pamlico River; therefore, increases in organic 

nitrogen probably caused the observed increase in combined ammonia plus 

organic nitrogen concentrations. This probably results from increased 

eutrophication in the system and its associated increased production of 

plant biomass. Nitrogen concentrations generally increased downstream and 

were usually sufficient for development of algal blooms. 

Total phosphorus concentrations increased (0.003 milligram per liter 

per year) in the Pamlico River and decreased (-0.004 milligram per liter per 
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year) elsewhere. There was a general pattern of decreasing phosphorus 

concentrations downstream for the Neuse and Pamlico Rivers; however, 

phosphorus concentrations in the Pamlico River peaked near Durham Creek. 

Soluble nutrient concentrations, including ammonia nitrogen, nitrite 

plus nitrate, and dissolved phosphorus, are a net result of the effects of 

biological uptake, solution and dissolution of nutrients available in 

sediment, and new nutrient inputs . If plant biomass increases over time, 

this could be reflected in decreases in soluble nutrients such as observed 

ammonia nitrogen and phosphorus concentrations in the estuary system. 

On the basis of annual median concentrations, nitrogen was the limiting 

nutrient for algal growth in the Neuse and Pamlico Rivers. Phosphorus was 

the limiting nutrient in most of the rest of the Albemarle·Pamlico system . 

Direct tests for specific nutrient limitations need to be made to confirm 

limitations at specific sites in the estuarine system. 

Trends in chlorophyll -~ concentrations increased in the Neuse River, 

upper Pamlico River, in the upstream end of Albemarle Sound, and near Bull 

Bay in Albemarle Sound (maximum rate, 1.0 microgram per liter per year). 

Chlorophyll -~ concentrations decreased in the part of the Chowan River near 

Mount Gould. A pattern of increases in chlorophyll·2 concentrations 

downstream in the Neuse, Chowan, and Alligator Rivers is apparent. 

Chlorophyll·~ concentrations in the Pamlico River increased downstream, 

peaked in Durham Creek, and declined farther downstream. Chlorophyll-~ 

concentrations were largest in the Pamlico (interquartile range 3·27 

micrograms per liter) and Neuse Rivers (interquartile range 3·17 micrograms 

per liter) and in Currituck Sound (interquartile range 7- 22 micrograms per 

liter). 

Evaluation of water-quality data and more than 50 basin variables 

indicated 121 significant correlations between 11 basin activities or 

charact eristics and 12 water ~ quality constituents at 21 estuary zones or 

locations and 7 National Stream Quality Accounting Network stations. 

Dissolved oxygen, suspended solids, total ammonia nitrogen, total ammonia 

plus organic nitrogen, and total phosphorus are among the constituents that 

correlated significantly (alpha - 0.01) with basin activities and 

characteristics . 
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Increases of dissolved oxygen with increases in crop acreages and 

fertilizer use could reflect increased plant biomass in the estuary, 

probably as a result of agricultural activities. Decreases in suspended 

solids in the estuarine system probably reflect decreases in corn and 

tobacco production or improved agricultural soil management . 

Decreases in am~onia nitrogen in the Pamlico River correlated with 

decreases in tobacco acreage and fertilizer use, and increases in total 

ammonia plus organic nitrogen in the Pamlico River correlated with increases 

in crops and livestock. A decrease in ammonia nitrogen could occur with an 

increase in production of plant biomass, which in turn may be reflected in 

an increase in total ammonia plus organic nitrogen. These correlations 

might indicate that expanding agricultural operations are associated with 

nitrogen concentrations in the Pamlico River. 

INTRODUCTION 

The rivers, streams, and estuaries of the Albemarle -Pamlico estuarine 

system of coastal North Carolina (fig . l) are undergoing substantial land

use and water-quality changes. Increasing population and changes in 

agricultural practices, urbanization, and industrialization in the region 

are reflected in changing quality of surface water. Identifying how and 

where water quality is changing and the nature of the relations between 

water quality and development of the basin are problems critical to the 

understanding and management of the system. 

The Albemarle-Pamlico estuarine system is currently (1989) the focus of 

a comprehensive research effort by the North Carolina State government, 

Federal water- resources agencies, university researchers, and local 

interests. This research is being conducted as part of the National Estuary 

Program authorized by the Clean Uater Bill Amendments of 1987 (Rader, 1988). 

The research goals are to: define trends in water quality; collect data 

needed to identify environmental problems; define constituent loads and 

their relation to land and water uses; and develop and implement plans for 

management of the regional environment. 

The U.S. Geological Survey (USGS) in cooperation with the North 

Carolina Department of Environment, Health, and Natural Resources (DEHNR), 
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figure 1.--Location of the Albemarle- Pamlico estuarine system in North Carolina and Virginia, including the 
drainage basins of streams flowing into the estuaries and physiographic provinces . 
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stations, 162 estuary stations for which data are stored in the U.S. 
Environmental Protection Agency (USEPA) Storage and Retrieval System 

(STORET) , and 125 estuary stations established by private and university 

investigators. The water -quality data were collected from 1945 through 

1988. 

The basin activities and characteristics examined consisted of 

measurable basin development and activities that could be represented over 

time. These included: streamflow, water use and waste disposal, land use, 

agricultural crop data, livestock data, fertilizer use, population, 

employment, and highway construction data . A special effort was made to 

calculate land-use areas from the National Uetlands Inventory (Cowardin and 

others, 1979) and from land-use land-cover maps (Anderson and others, 1976). 

Records of water -quality properties and constituents examined were 

limited to those with the most observations and greatest period of record. 

These properties and constituents include: dissol ved oxygen, biochemical 

oxygen demand , pH, alkalinity, hardness, suspended sediment, turbidity, 

suspended solids, specific conductance, salinity, dissolved solids, 

chloride, bicarbonate, carbon, nitrogen, phosphorus , bacteria, and 

chlorophyll -g . 
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Statistical techniques, including regression and residual analyses, 

were used to adjust the water-quality data for variations in discharge; 

nonpararnetric techniques were used for trend detection and correlation 

analysis . ~ater -quality data from the NASQAN stations were adjusted for 

discharge; discharge adjustment was not applied to the estuary stations 

where no discharge data were available. Trend analysis was applied to 

constituent concentrations and not loads because estuary flows are not 

currently known. The trend analysis technique used was the Seasonal Kendall 

test and slope estimator procedure as described by Crawford and others 

(1983). The Kendall tau-b test was used to test correlations between basin 

activities and characteristics and water quality. 

Recent Yarer-Quality Studies 

An extensive bibliography (Bales and Nelson, 1988) was produced as an 

initial step in the Albernarle-Parnlico study. About 1,100 references are 

indexed by location and investigation topic. Topics include artificial 

drainage, hydrology, hydrodynamics, water quality, and land-use effects on 

water quality. 

There are several investigations that merit particular mention for 

their generalized analysis of water quality in parts of the Albemarle

Pamlico study area. The North Carolina Department of Natural Resources and 

Community Development (1987) defined the principal concerns about surface

water quality for the Albemarle -Pamlico study area. These concerns include: 

pronounced changes in water quality resulting in noxious algal blooms in the 

Chowan and Neuse Rivers; recent outbreaks of fish disease, large sediment 

loads, and small dissolved-oxygen concentrations in the Tar-Pamlico system; 

declines in submerged macrophyte populations in the Pamlico River; and 

declines in fish stocks and changes in salinity regimes throughout the 

system. 

Rader and others (1987) also provided a detailed review of water 

quality of the Tar-Pamlico system. Decreases in salinity (Sholar, 1980) in 

the Parnlico Sound area are reported to be associated with decreases in 

oysters and other freshwater-intolerant species (Phillips, 1982). However, 

analysis by Stanley (1988a) does not support a decrease in salinity. 

Nitrogen and phosphorus concentrations in the Tar -Pamlico system are large 
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enough to support noxious algal growth (Stanley, 1988a) . A nutrient budget 

(1980-85) for the Tar -Pamlico system indicates that 66 percent of the total 

phosphorus loads were f rom point sources, such as municipal and industrial 

discharges (Rader and others, 1987). In contrast, 78 percent of the total 

nitrogen loads were determined to be from nonpoint sources, such as runoff 

from agricultural lands . Increased numbers of fish kills in the Pamlico 

River from 1965 to 1984 are also reported (North Carolina Department of 

Natural Resources and Community Development, 1987) . 

A 1989 report by DEHNR also gives a 1988 nutrient budget and details 

the effect of phosphorous detergent restrictions. An 8-percent reduction in 

the phosphorous budget was observed beginning in 1988 . 

Stanley (l988a) gives an overall synthesis of 20 years of water quality 

and an assessment of water -quality trends data for three sections of the 

Paml ico River estuary. The methodologi cal and statistical problems in 

grouping data from many different sources are discussed. These problems are 

of par amount concern in the current USGS study. 

In the Pamlico River, Stanley detected trends of decreasing pH, 

decreasing concentrations of nitrate nitrogen (in the upstream half of the 

river), and decreasing concentrations of a~~onia nitrogen between 1967 and 

1986. According to Stanley (1988a), phosphorus concentrations have 

increased dramatically in the middle and downstream parts of the Pamlico 

River estuary. Stanley also observed that chlorophyll-~ concentrations have 

increased in the upstr eam and middle zones of the Pamlico River . In a 

comparison of Pamlico River estuary chemical water quality to other 

estuaries, Stanley inferred that the Pamlico is very similar to the Neuse 

River estuary except for the Pamlico's larger phosphorus concentrations . 

Indeed, Pamlico River estuary phosphorus concentrations are among the 

largest measured nationally (Kixon, 1983). Stanley concluded that nitrogen 

is the primary nutrient that limits algal growth in the Pamlico River. 

Trends in nutr i ent loading in the Neuse River estuary were evaluated by 

Stanley (1988b) using computations of nutrient loadings from different land 

uses and sewered population in the Neuse basin (as demonstrated by Craig and 

Kuenzler, 1983) . Stanley estimated that total phosphorus loads have 

increased by 60 percent and total nitrogen loads have increased by 70 

percent between 1880 and 1985. 
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Paerl (1987) reported symptoms of accelerated eutrophication in the 

lower Neuse River. In describing the dynamics of blue-green algal blooms in 

the Neuse River, he noted the importance of the complex interplay of 

causative factors, including water discharge, temperature, and nutrient 

loading. Paerl determined nitrogen to be the limiting nutrient for algal 

growth, with phosphorus generally available at levels exceeding the need for 

phytoplankton growth demands. 

In a more recent analysis (1989), Pearl reported seasonality in the 

nutrients limiting phytoplankton productivity in the Albemarle-Pamlico 

estuary system. Paerl reported that nitrogen was limiting during summer and 

fall, and nitrogen and phosphorus were colimiting during the winter and 

spring. 

Harned (1982) examined water-quality trends for the Neuse River at 

Kinston, which is upstream from the ~euse River estuary, and reported 

increases in dissolved solids, potassium, and sulfate concentrations from 

1956 to 1980 . Statistically significant trends in nutrient concentrations 

were not detected. 

The Chowan/Albemarle Action Plan of the NRCD (1982a) gives an overview 

of the principal water-quality problems of the Chowan River and Albemarle 

Sound and recommends management options to mitigate these problems. 

Albemarle Sound is much less saline than Pamlico Sound as the result of a 

larger freshwater inflow than that for Pamlico Sound and the lack of any 

direct connection with the ocean. Although the nutrient concentrations in 

the Chowan River are greater chan in the Roanoke River (North Carolina 

Department of ~atural Resources and Community Development, 1982a), nutrient 

loadings to Albemarle Sound from the Chowan and Roanoke Rivers are 

comparable as a result of the greater flow of the Roanoke River. In 

Albemarle Sound, nutrient concentrations are as much as 40 percent less than 

those measured in the Chowan River. The Chowan nutrient concentrations, 

which have been associated with extensive algal blooms, increased during 

1970-82. In the Chowan·Albemarle basin, nonpoinc sources of nucriencs 

account for 55 percent of che nitrogen and 46 percent of the phosphorus 

input into the system. 
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Craig and Kuenzler (1983) estimated nutrient yields based on land-use 

changes in the Chowan River basin. They estimated that agriculture 

contributes 62 percent of the nitrogen and 72 percent of the phosphorus 

input to the Chowan River. Point sources were determined to contribute 17 

percent of the nitrogen and 6 percent of the phosphorus . 

A detailed hydrologic overview of the estuaries of North Carolina is 

given by Giese and others (1985). They describe the generalized water 

budgets and flows, salinity, and other aspects of water quality for each of 

the major river estuaries in the Albemarle-Pamlico study area. 
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BASIN DESCRIPTION 

The Albemarle·Pamlico estuarine system (fig. 1) is the second largest 

estuary system in the United States. The total basin area of the system is 

approximately 30,900 miZ (square miles), including the Neuse River system 

(5,600 mi2 ); the Tar·Pamlico River system (4,300 mi 2 ); the Roanoke River 

(9,700 mi 2 ); the Chowan River (4,900 mi 2 ); North Albemarle Penninsula 

(1,100 miZ); Perquimans River, Little River, and North River (1,700 mi 2 ); 

and a small (100 mi 2 ) area of the Outer Banks (Giese and others, 1985). The 

open-water area of Albemarle, Pamlico, and smaller sounds and estuaries is 

3,500 miz. In this report, the total Albemarle -Pamlico study area was used 

in the compilation of basin activities and characteristics data. This area 

contains all or parts of 74 counties in eastern North Carolina and southern 

Virginia. 

The upstream limit of the study area from which water-qual ity data were 

obtained is defined by seven of the stations of the National Stream Quality 

Accounting Network (NASQAN) of the U.S. Geological Survey (fig. 2). Down

stream of these stations, the area contains all or parts of 33 counties in 

eastern North Carolina and Virginia. 

Climate 

Annual mean air temperature in the Albemarle-Pamlico study area in the 

northern Coastal Plain is 60 •F. The area is usually frost-free from late 

March through early November (Wilder and others, 1978). Water temperatures 

in the sounds generally follow air temperatures, which are warmest in July 

and coldest in January. 

Mean annual precipitation in the study area is about 50 in/yr (inches 

per year) (Wilder and others, 1978). However, the variability in 

precipitation from year to year is large, as annual rainfall ranges from 35 

to 80 in/yr. There also is a slight variation in mean annual precipitation 

between the northern and southern sections of the Albemarle-Pamlico study 

area. Average precipitation is about 48 in/yr in the northern part and 56 

in/yr in the southern part. Average monthly precipitation is greatest in 

July, August, and September and lowest during April and October (Giese and 

others, 1985). 
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Figure 2 . --Locations of selected streamflow gaging stationS. 
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Evapotranspiration is approximately 34 injyr and generally exceeds 

rainfall only during April, May, and June. Wilder and others (1978) 

indicated that almost two-thirds of the precipitation that falls in the 

Albemarle-Pamlico study area is returned to the atmosphere as 

evapotranspiration. 

Physiography and Geology 

Most of the basin area of the rivers that flow into the Albemarle· 

Pamlico estuarine system drain parts of two physiographic provinces: the 

Piedmont and Coastal Plain (fig. 1). A small part of the upper Roanoke 

River drains parts of the Blue Ridge and Valley and Ridge provinces (fig. 

1). Each of these provinces has a distinctly different physiography and 

geology. 

the Piedmont extends eastward from the foothills of the Blue Ridge 

Mountains to the Fall Line, which, as described by Fenneman (1938, p. 39), 

is a transition zone between the Piedmont and Coastal Plain. Deeply eroded 

valleys and rolling hills characterize the Piedmont. In the study area, the 

land-surface elevations in the Piedmont range from more than 1,500 ft (feet) 

above sea level in the western area of the Roanoke River basin to 300 to 600 

ft above sea level along the Fall Line. Rocks of the Piedmont province are 

crystalline and include granite, massive slates and schists, and compact 

shales. 

The Coastal Plain extends from the Fall Line to the Atlantic Ocean. 

This province is characterized by gently rolling topography in the west and 

flatlands near the coast. Swampy areas are common, flood plains are broad, 

and streams are slow moving in this area . Land-surface elevations gradually 

decline from along the Fall Line eastward to sea level at the coast. Rocks 

of the Coastal Plain province are sedimentary in origin and composed of 

sand, clay, limestone, and marl. 

BASIN ACTIVITIES AND CHARACTERISTICS 

The water quality of the estuary system is intrinsically related to the 

characteristics of the basin upstream from the estuary. Although the 

causality of relations between basin activities and characteristics and 
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downstream water quality is difficult to quantify, changes in the upstream 

environment may be associated with changes in downstream water quality. 

Basin activities and characteristi cs such as streamflow, water use and 

wastewater disposal, land use, agricultural practices, population, employ

ment, and highway construction change with time . If measurements of the 

basin activities and characteristics are available at different points in 

time, then the variation of the basin characteristics can be compared to the 

variation of measurements of water quality with time. The method of analy

sis used in this report is statistical correlation. The description of the 

basin activiti es and characteristics that follows aids in defining environ

mental changes that have occurred with time in the Albemarle -Pamlico study 

area . A complete list of compiled basin activities and characteristics data 

is shown in table 1. 

Streamflow 

The NASQAN stations shown in figure 2 are the downstream-most gaging 

stations for the major rivers flowing into the Albemarl e -Pamlico estuarine 

system . Estimates of total flows, water budgets, tide-affected flow, and 

water levels into the estuaries are given by Giese and others (1985) . 

Estimates of average annual inflows from major tributaries to the system in 

North Carolina are summarized in table 2 . Inflow into the Pamlico River 

from the Tar River is about 3,100 ft•;s (cubic feet per second) . The flow 

from the Neuse River into the Neuse River estuary aver ages about 5,000 

ft3 /s, and the f l ow into Albemarle Sound from the Roanoke River i s almost 

9,000 ft•;s . In this report, the flows at the NASQAN stations have been 

used in the correlation analysis and to compensate for discharge- related 

variation in trend analysis. 

The two components of streamflow--ground-water discharge and overland 

runoff--can be estimated graphically for a given stream. Additionally, if 

it is assumed that there is no long- term change in ground-water storage, 

ground-water discharge is equal to the ground-water recharge . The Rorabaugh 

(1964) method of streamflow separation (as described by Daniel and others, 

1982; and Wilder and Simmons, 1982), was used to separate ground water and 

overland runoff for 10 years of discharge record for each of the NASQAN 

stations on the Neuse, Tar, and Roanoke Rivers. 
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Table 1. --Basin acriviries and characrerisrics used 
in the correlarion analyses 

Corn 
Wheat 
Oat:s 
Rye 
Tobacco 
Cowpeas 
Peanuts 
Sorghum 

Charact:erist:ic 

Sweet potatoes 
Irish potatoes 
Soybeans 
Cotton 
Hay 
Lespedeza 
Barley 

Land 
Harvested cropland 
Idle cropland 

Improved pasture 
Unimproved pasture 
Pasture 

Farms 

Cattle 
Milk cows 
Beef cows 
Hogs 
Chickens 
Sheep 
Horses 
Mules 

Commercial fertilizer 

Total fert:ilizer materials 
Tot:al mixed fertilizer 
Lime 
Landplaster 

Definition 

Cro s 

All corn, acres harvested 
Wheat, acres harvested 
Oats, acres harvested 
Rye, acres harvested 
Tobacco, acres harvested 
Cowpeas, acres harvested 
Peanuts, acres harvested 
Sorghum, acres harvested 
Sweet pot:at:oes, acres harvested 
Irish potatoes, acres harvested 
Soybeans, acres harvested 
Cotton, acres harvested 
All hay, acres harvested 
Lespedeza, acres harvested 
Barley, acres harvest:ed 

Agricult:ural act:ivities 

Total acres in farms 
Acres of harvested cropland, excluding pasture 
Acres of idle cropland, excluding pasture and 

including land used for soil improving crops 
and crop failures 

Acres of improved pasture 
Acres of unimproved open pasture 
Acres of all pasture land, including improved 

and unimproved past:ure 
Number of farms 

ives ock 

All cattle on farms 
Number of cows 
Number of cows 
Number of all hogs on farms 
Number of all chickens on farms 
Number of sheep on farms 
Number of horses on farms 
Number of mules on farms 

Ferti zers 

Tons of mixed fertilizer and fertilizer 
materials shipped 

Tons of total fert:ilizer materials sold 
Tons of total mixed fertilizers sold 
Tons of lime sold 
Tons of landplast:er sold 
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Table l.··Bas in activities and characteristics used 
in che correlation analyses--Continued 

Characteristic 

Total population 
Urban population 

Total employment 

Manufacturing employment 

Nonmanufacturing 
employment 

Nonagricultural 
employment 

Agricultural 
employment 

Paved, rural, primary roads 
Unpaved, rural, primary roads 
Paved, municipal, primary roads 
Unpaved, municipal, primary 

roads 
Paved, primary roads 
Unpaved, primary roads 
Paved, rural, secondary roads 
Unpaved, rural, secondary roads 
Paved, municipal, secondary 

roads 
Unpaved, municipal, secondary 

roads 
Paved, secondary roads 
Unpaved, secondary roads 

Definition 

Po ulation 

Number of all people 
Sum of all urban areas per county with 

populations greater than 1,000 people 

All civilian workers who work for pay 
or profit for 15 hours or more per 
week in a family farm or a business 

All i ndividuals who work in the food 
processing, textile, furniture, paper, 
printing, chemical, petroleum, rubber, 
stone, and machinery manufacture 

All individuals who work in the construction 
trade, financial, government, agricultural 
services, forestry, fisheries, and mining 
industries 

All individuals who work full - time or 
par t-time non-farm production and 
non-production employees who worked in 
or rece i ved compensation from non-farm 
establ ishments, including manufacturing 
and non-manufacturing employment 

All operators, managers, unpaid family 
workers, and other hired workers on farm 
establishments, including domestic 
workers in farm households 

ortation 

Miles of paved, rural, primary roads 
Miles of unpaved, rural, primary roads 
Miles of paved, municipal, primary roads 
Miles of unpaved, municipal, primary roads 

Total miles of paved, primary roads 
Total miles of unpaved, primary roads 
Miles of paved, rural, secondary roads 
Miles of unpaved, rural, secondary roads 
Miles of paved, municipal, secondary roads 

Miles of unpaved, municipal, secondary roads 

Total miles of paved, secondary roads 
Total miles of unpaved, secondary roads 
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.... .... 

Table 2. --Surface-water inflows at selected streamflow gaging stations in the study area 

l mi 2 , square mile; ft 3/s, cublc feet per second ; (ft 3/s)/rni 1 , c~•bic feet pe •· second per square mile; 'I'R , 'l':u· River at TDrboro used 
as index st.'ltion. Drainage area ratio is 1.02 (ft 3 /s)/mi 2 ; .... , r)Ot available ; Est., estlmates were determined on Lhe basis of 
dischargo re:cot'ds at gtlgcd loca t ion ndjustcd for unsagcd aroas (Gi eso a rtd others, 1985): Nl~, Neuse River at Kinston used n.s index 
station. Drainage area ratio is 0.93 (ft ' /s)/ml21 

Station name 
(f;s. 2) 

1'ar River at TarboroB:/ 
Conetoe Creek near Bethe l 
P~:~.mlico River at Washington 
Dtst"h3rn Creek nt io:dwar·d 
Van Swamp oear tloko 

Pnmlic::o River near White Perch 'Bay 
Roanoke River at Roanoke Rapids~/ 
Roanoke River near Plymouth 
Potecasi Creek ncar Unlon 
Ahoskie Creek at Ahoskie 

Chowan River ncar F.denhousc 
Neuse River al Kinstonk/ 
Contentnea Creek ncar Lucama b/ 
Contenlnea Creek al Uookerton
Nnhuntn Swamp neat· Shinf' 

Swift Creek near Vanceboro 
Trent Rivet· near Trenton 
Neuse River at New Bern 
Neuse River .Junction Light 

ne.:~r Maw Say 

a/ 

st..,tio~v 
number-

02083500 
02083800 
020844720 
02081,5/rO 
02084557 

0208458875 
02080500 
020811430 
02053200 
02053500 

0205365200 
02089500 
02090380 
02091500 
02091000 

02092000 
02092500 
020921620 
020926900 

Lati h 1de 

356 53'38" 
356 116 1 33" 
35'32 ' 33" 
35°19 ' 25" 
35°1,) ' 1,9" 

35°19 ' 50" 
36°27'37" 
35'56 ' 35" 
36°22'1~" 

36°16''•8" 

36°02'51" 
35°15'29" 
)5°'•1'29" 
35°25'"'•'' 
35'29'20" 

35°20''•2" 
35°03 ' 54" 
35°06''•2" 
35°08 ' 42" 

bJu.s. Geological Survey dO\mstroa.m otdcr Jtwnbo •· · 
- Nali<nHJl Stream Qualit.y Accounting Network (NASQAN) !=!Lntion . 

Long i tude 

77°37 I 0011 

7J027 I /1S11 

77°00 1 43" 
76°52 I 26" 
76°"'• ' '1911 

76°26'50" 
77°38'0'•" 
76°4 1'45" 
77°01'36" 
77°00 '00" 

76°1fl''•6" 
77°35'09" 
78°06 ' 38" 
77°311'5'•" 
77 Ofl 8 I 22" 

77"11 ' '•5" 
17°27 I 2~11 

77"01 1 59" 
76°30 1 06" 

Drainage 
a rea 

("' i ' ) 

2,183 
78.1 

3,080 
26 
23 

,, • 300 
8,38'• 
9,666 

225 
63 . 3 

'• ,9'•3 
2,692 

16! 
729 
80.~ 

182 
168 

~, lr67 
5,600 

Hcan annual f low 
(tt3/s) ((tt'/s)/ml1) 

2, 216 
78.7 

3,142 
36.3 
26.2 

5 ,toOO 
7 , 67'• 
8,900 

230 . 3 
61.9 

,, . 600 
2 · '•98 

151.9 
752. 1 
81.9 

20! 
192 .lo 

4,914 
6,100 

I . 02 
1. 01 
1.02 

' ·'•0 
I . l'• 

I. 26 
.92 
. 92 

1.02 
.98 

• 911 
.93 
• 911 

1.03 
1.02 

1. 10 
I. 14 
1. 10 
1.09 

Period 
of 

record 

1923-88 
1956-88 
1923-88 
1965-88 
1977 -88 

19!1-88 

1958-88 
1950-88 

1930-88 
1964-88 
1928-88 
195/o-88 

1950-88 
!951-88 
196~-88 

Moth<>d <>f 
determining 

flow 

Measured 
Mcasurad 
Til 
Mensured 
Mcnsurcd 

P.s t. 
Hensured 
Est. 
Measured 
Measured 

l~st. 
Mcosurcd 
~loasured 
Measured 
Measured 

Meas~ned 

Measured 
NR 
Est. 



The ground-water contribution to streamflow for the Neuse, Tar, and 

Roanoke Rivers averages 62 percent of total flow and ranges from 42 to 76 

percent (table 3). These values illustrate the importance of ground-water 

discharge in the total flow of the Albemarle -Pamlico study area. 

Table 3. - -Hean annual discharge and estimates of groundwater and overland 
runoff contributions co discharge in che Neuse, Tar, and Roanoke Rivers 

Mean annual Mean percent Mean percent 
Station Period of discharge ground-water overland 

name Station record (cubic feet discharge runoff 
(fig. 2) number' examined per second) (range) (range) 

Neuse River at 02089500 1978-87 2, 692 70 30 
Kinston (59- 76) (24-41) 

Tar River at 02083500 1978-87 2,216 60 40 
Tarboro (42 -76) (24 -58) 

Roanoke River 02080500 21940-49 8,384 57 43 
at Roanoke (49 -65) (35 -51) 
Rapids 

Mean for 3 stations 62 38 

1 U.S. Geological Survey downstream order number. 
2Record representative of period before regulation by the Kerr/Gaston 
reservoir system. 

In general, the streams and estuaries are discharge areas for ground

water flow (Winner and Coble, 1989, p . 15) . One estimate of ground-water 

movement in and out of the estuaries is given by the calculated surficial 

aquifer boundary condition used by the U. S . Geological Survey Regional 

Aquifer Systems Analysis (RASA) Coastal Plain ground-water model (G . L. Giese 

and others, U.S. Geological Survey, written commun., 1990) . The RASA model 

indicates that most of the A1bemarle -Pamlico estuaries are areas where 

ground water is discharging from aquifers into the surface water (fig. 3). 

However, due to the effects of 65 Mgal/d (million gallons per day) pumpage 

for phosphate mining, water that would normally be discharged to parts of 

the Pamlico River and estuary is now being diverted to the pumping center at 

the phosphate mine (Coble and others, 1989). 
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Yater Use 

The section of the Albemarle-Pamlico basin examined for water use 

includes the following counties in the Coastal Plain of eastern North 

Carolina: Beaufort , Bertie, Camden, Carteret, Chowan, Craven, Currituck, 

Dare, Gates, Hertford, Hyde, Jones, Lenoir, Martin, Pamlico, Pasquotank, 

Perquimans, Pitt, Tyrrell, and Washington (fig. 1). Water-use estimates 

were made for 1985 and were compiled by county and hydrologic unit (M.W. 

Treece, U.S. Geological Survey, written commun., 1989). In 1985, about 286 

Mgal/d were withdrawn from the surface- and ground-water resources in the 

20-county region. The consumptive water use or water not returned to the 

system was about 99 Mgal/d or 35 percent of the water, and the remaining 187 

Mgal/d was returned to natural water sources. Ground water accounted for 

about half of the water used in the area by rural, domestic, and farm users, 

municipalities, and mining operations . 

Withdrawals associated with industry and mining constituted the largest 

single category of water use in the region (184 Mgal/d or 64 percent of the 

total water withdrawals) . In Beaufort County, 67 Mgal/d is withdrawn from 

the Castle Hayne aquifer for phosphate-mining operations . In Martin and 

Craven Counties, 100 Mgal/d is withdrawn for paper industry and quarrying 

operations . About 57 percent of the t otal industrial and mining withdrawals 

in the study area was from surface -water sources. 

Public- supply withdrawals increased by almost SO percent between 1975 

and 1985. Many municipalities expanded their service areas during that 

period, and many self-supplied rural areas were connected to county water 

systems. In 1985, public water supply provided water to about 60 percent of 

the region's population, and per capita use was 141 gallons per day . 

47 Mgal/d withdrawn for public supply in 1985, 75 percent (35 Mgal/d) 

Of the 

was 

from ground-water sources and 25 percent (12 Mgal/d) was from surface-water 

sources. 

Self-supplied domestic and commercial water use totaled 17 Mgal/d, all 

of which was supplied by ground-water sources. Self-supplied domestic-use 

withdrawals in 1985 were about 13 Mgal/d and was the source of water for an 

estimated 215,000 people, compared to withdrawals in 1975 of about 14.3 

Mgal/d for 238,000 people . These numbers indicate that some rural 

communities were connected to county water systems during this period. 
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Agricultural water withdrawals are greatest in comparison to other 

water-use categories i n the 20-county region than in other areas of the 

State . Total agricultural withdrawals were 37.5 Mgal/d in 1985 (or 13 

percent of total water use). Irrigation withdrawals we r e 33 . 7 Mgaljd, which 

accounted for nearly 90 percent of the agricultural water use . Livestock 

watering accounted for most of the remaining 3.8 Mgal/d . More water is used 

in eastern No r th Carolina for irrigating corn and tobacco than for other 

crops. 

Yas tewater Dispo sal 

All points of major municipal and industrial wastewater discharge in 

the State are catalogued by DEHNR. Three sources of data on wastewater 

discharges at three different periods of time were available for analysis 

for this report (North Carolina State Stream Sanitation Committee, 1955, 

1956, 1959, 1960, 1961 ; North Carolina Department of Natural and Economic 

Resources, 1974 and 1975a-e; and M.L. Toler-McCullen, North Car ol ina 

Department of Natural Resources and Community Development, written commun . , 

1989) . Although the wastewater discharges reported were often estimates and 

were sometimes incomple te listings of the wastewater discharges, these data 

for the three different periods were the information available on wastewater 

discharges. Compar isons of the summed discharges for each of the three 

periods of time can be made. The total reported wastewater discharged in 

the Neuse River basin, the Tar River bas i n, and the Roanoke River basin 

downstream from Lake Gaston for three different periods is shown in figure 

4 . The total amount of wastewater discharged has increased from 1955 to 

1988 in all of the river basins. The Neuse River basin, which contains 

several rapidly growing municipalities, had both the greatest wastewater 

increases (around 650 percent) and the gr eatest total wastewater discharges 

of all the rivers in the study area. Although the trend of increasing 

wastewater discharge into the estuary system is evident, it is unknown if 

constituent concentrations in the wastewater have changed because of 

improved wastewater-treatment technology and practices from 1955 to 1988. 

The 1989 reported discharges and the 7-day, 10 -year minimum low flows 

at the NASQAN stati ons on the Neuse, Tar, and Roanoke Rivers are given in 

table 4. Both the Tar River and the Neuse River wastewater discharge totals 

are nearly equal to or greater than the 7-day, 10-year low flows . The 
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Roanoke wastewater discharge total, which represents onl y the sum of the 

sources dow~stream from Lake Gaston, is approximately 11 percent of the 7-

day, 10-year low flow at Roanoke Rapids . 

Roanoke River Basin 
Neuse River Basin Tar River Basin {basin area downstream 1'rorn L..a~• Gaston) 
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Figure 4 .--Total was tewater discharges for the Neuse, Tar, and Roanoke River 
basins, North Carolina and Virginia. 

Locations of all permitted wastewater discharges in the North Carolina 

section of the study area as of 1989 are shown in f i gure 5 . Although there 

is a direct causal rel ation between wastewater discharges and instream water 

quality, there are not enough wastewater discharge data over time to 

correlate with observed river and estuary water quality. 

k ·md Use 

Residential and commercial development and population changes are 

reflected by changes in land use, which in turn may cause changes in 

downstream water qual i ty. Land-use changes affecting wetlands in the 

Albemarle -Pamlico study area are of particular concern in assessing 

environmental effects. 

22 

I 



Table 4. - -Total wastewater discharges in 198921 and 7-day, 10 -year low flows 
at selected National Scream Quality Accounting Network stations 

in the study area 

(Mgal/d. million gallons per day; ft 3 /s, cubic feet per second; mi~. square mile) 

Total sum 
~umber of 7- day, 

River Station name Station01 of wastewater 10-year c/ Drainage 
basin (fig . 2) number wastewater discharges low flow- area 

sources (Hgal/d} (ft'/s) (ft'/s) (mi') 

~euse Neuse River 02089500 218 192 298 205 2,692 
at Kinston 

Tar Tar River 02083500 100 44 68 94 2,183 
at Tarboro 

Roanoke Roanoke River atd/ 02080500 35 72 112 1,103 8,384 
Roanoke Rapids-

!
1M. L. Toler· McCullen, North Carolina Department of Natural Resources and Community Development, 

b/written coomun., 1989. 
- 1u.s. Geological Survey dow~streao order number. 
£ The period of record used for the Neuse River was 1930·90, for the Tar River was 1896-89, 
d/and for the Roanoke River was 1912·89 . 
- Downstream froo Lake Gaston. 

Land-use data have been compiled in a variety of forms by numerous 

State and Federal agencies. In general, the land-use categories and 

classifications chosen by different agencies are inconsistent with each 

other, making comparison difficult. further, land-use data usually are 

available only in map form, which must be digitized or compiled to obtain 

numeric information . 

Two sources of land-use data were examined for this study to evaluate 

land-use change. Land Use Data Analysis (LUDA) maps produced by the USGS 

(Anderson and others, 1976) provide data on a regional scale (1:250,000) for 

general land-use categories in the study area. These maps were generated in 

1972 - 74 using remote-sensing satellite data and available USGS 7 1/2-minute 

quadrangle maps. The minimum resolution of the LUDA maps is 10 acres. More 

recently, in 1982 -83, the U.S. Fish and Wildlife Service began classifying 

and mapping (1:24,000) the wetlands and deep water habitats of the United 

States (Cowardin and others, 1979). Although the wetlands maps include a 

more restricted set of land-use categories than the LUDA maps, the wetlands 

maps are more detailed, having a minimum resolution of 1 acre. A comparison 

of the two maps indicates how these land uses changed from 1972 to 1983. 
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Figure 5.--Locations of points of wastewater discharge in the Roanoke River basin below Roanoke Rapids, 
the Tar River basin, and the Neuse River basin, 1989. 



Both sets of map data were quantified for the lower parts of the Tar· 

Pamlico River basin, lower part of the Neuse River basin, and Outer Banks as 

shown in figure 6. The quantification was limited to these three areas in 

order to give a representation of land uses in the central part of the study 

area and yet not duplicate the ongoing digitization of the maps by the Land 

Resources Inf ormation Servi ce of DEHNR. For this report, the smaller scale 

LUDA maps were secti oned into 7 1/2-minute quadrangles for comparison with 

the higher resolution U. S. Fish and Wildlife Service maps, and both were 

sampled with a square 10-acre point grid. The 10 -acre sample size was 

chosen to match the minimum resolution of the LUDA series maps. The number 

of points for each category in each quadrangle were counted . Several 

quadrangles were done twice and also checked with a plani meter. The total 

number of points and the sum of points within each land-use category were 

compared for each quadrangle. If the difference for the U.S. Fish and 

Wildlife Service maps was greater than 3 percent, the quadrangle was redone. 

Because o f nonlinear paper stretch, this error was kept less than 8 percent 

in the older LUDA maps. 

The LUDA map results give the approximate land areas and percentages of 

major land uses of parts of the Tar-Paml ico, lower Neuse, and Outer Banks 

areas in 1972 -74 (table 5) . Evergreen forests (1,296.8 mi 2 ) and forested 

wetlands (1,245.4 mi2 ) were the primary land uses in the area, each at 

approximately 25 percent of the land area. Cropland and pasture (1,049.8 

mi2 or approximately 20 percent of the total land area), mixed forest land 

(607 . 2 mi2 or 12 percent), and nonfores t ed wetland (530 . 0 mi 2 or 10 percent) 

we r e also major land uses in the area. The total urban land uses composed 

only 4 percent (210 . 9 mi 2 ) of the area examined. For comparison, in 

estimates of land uses based on LUDA data for the entire North Carolina 

Piedmont, Harned (1989) calculated a slightly higher amount of urban land 

uses (6 percent), slightly more cropland and pasture (25 percent), a much 

greater amount of forest (65 percent), and very little wetland (less than 1 

percent) for the same period. This comparison illustrates that the Piedmont 

is more urban than the study area in the Coastal Plain and that much of the 

land in the Coastal Plain is wetlands. 

The U.S. Fish and Wildlife Service map results give the approximate 

percentages of the major wetlands land uses of the Tar· Pamlico area for the 

period from 1982 to 1983 (table 6). Estuaries compare about 36 percent of 
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Table 5.--Hajor land uses (excluding wacer bodies) for pares of the lower 
Tar-Pamlico River basin, pares of ehe lower Neuse River basin, 

and pares of ehe Oueer Banks areas, 1972-74 
(Data compiled from Land Use Data Analysis Maps (Anderson and others, 1976) ) 

Land-use type 

Residential 
Commercial and services 
Industrial 
Transportation 
Other urban 

Total urban 

Cropland and pasture 
Shrub rangeland 

Deciduous forest land 
Evergreen forest land 
Mixed forest land 

Total forest land 

Forested wetland 
Nonforested wetland 

Total wetland 

Beaches 
Not listed 

Total 

Total land 
area (in Percent of 

square miles) land area 

149.2 
25.7 

5.1 
20.6 
10 . 3 

210.9 

1,049 . 8 
25.7 

87.5 
1,296.8 

607.2 
1,991.5 

1,245.4 
530.0 

1,775.4 

46.3 
46.3 

5 ,145 . 9 

2.9 
.5 
.1 
.4 
.2 

4.1 

20.4 
.5 

1.7 
25.2 
11.8 
38.7 

24.2 
10.3 
34 . 5 

.9 

.9 

100.0 

the total land area for the area examined. The definition of forest is an 

important consideration in a comparison between the LUDA land-use data and 

the U.S. Fish and Wildlife Service land-use data. The LUDA category system 

classifies many of the U.S. Fish and Wildlife Service wetlands categories as 

forest . 

A comparison between the two sets of land-use data indicates that 

changes in land use with time can be determined for a limited number of the 

quadrangle maps chat are of nonforested areas . The quadrangles used in this 

comparison are shown in figure 6. This subset of quadrangles is composed 

primarily of barrier island areas which are predominantly wetland. A total 

point count comparison between the LUDA data and the U.S. Fish and Wildlife 

Service maps yields a 2.1-percent error, well within the 3-percent maximum 

acceptable error established in the map sampling procedure. The LUDA data 

for 1972 -74 show a total wetlands area of 97.7 percent for the subset of 
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quadrangles. The U.S. Fish and Wildlife Service data for 1982-83 show a 

total wetlands area of 91.2 percent. Therefore, this comparison shows a 

decline in the area classified as wetlands of 6.5 percent over 10 years or a 

rate of loss of wetlands of 0.65 percent per year. This compares to rates 

of wetland loss that can be calculated from data from North Carolina 

Environmental Defense Fund (1989) for Washington County wetlands of 1.9 

percent per year between 1956-82 and 0.13 percent per year between 1982 -89. 

There are not enough data on changes in land use to test for correlations of 

land use with water quality. 

Table 6. --Hajor wetlands land uses in pares of the lower Tar-Pamlico River 
basin, pares of che lower Neuse River basin, and 

pares of the Queer Banks areas, 1982 -83 
[Data compiled from U.S. Fish and Wildlife Service maps) 

Category 

Estuarine 
Subtidal 
Intertidal 

Lacustrine 
Littoral-aquatic bed 

Marine 
Subtidal-unconsolidated 

Palustrine 
Emergent 
Forested 
Scrub shrub 

Upland 

Not listed 

Total 

Land area 
(in square 

miles) 

1,512 . 9 
324.2 

66.9 

bottom 524.9 

41.2 
813.1 
185.3 

1,636.2 

41.2 

5,145.9 

Total 
land area Percent Percent 

(in square of land of total 
miles) area land area 

1,837.1 35.7 
29.4 

6. 3 

102.9 2 
1.3 

530.1 10.3 
10.2 

1,039.6 20.2 
.8 

15.8 
3.6 

1,636.2 31.8 31.8 

. 8 

5,145.9 100.0 100.0 

Acreages of forested land in the Albemarle-Pamlico study area were 

obtained from the United States Department of Agriculture (USDA), Forest 

Service, for the early 1950's, 1960's, 1970's, and 1980's (Cost, 1974; Welch 

and Knight, 1974; Tansey, 1984; and Davenport, 1984). Total acres of 

forested land in each county in the Albemarle-Pamlico study area included 

commercial, noncommercial, unproductive, and productive-reserved forest 

acreages. 
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The acreage total (noncommercial, commercial, unproductive, and 

productive-reserved) forest land in the study area has decreased from 

5,215,200 acres in 1962 to about 4,658,000 acres in 1984 (a decrease of 

about 25,000 acres per year), whereas the acres of nonforested land have 

steadily increased from about 3,063,400 acres in 1954 to more than 3,650,000 

acres in 1984 (an increase of about 19,500 acres per year). Commercial 

forest land decreased from about 4,984,700 acres in 1954 to about 4,598,000 

acres in 1984 (a decrease of about 18,000 acres per year), with che greatest 

decrease between 1954 and 1962. 

Agriculture 

Data relating to acres of agricultural land types and crop harvests, 

livestock counts, and tonnages of fertilizer sales were obtained from yearly 

publications prepared by the Federal-State Crop Reporting Service of the 

North Carolina Department of Agriculture (Federal -State Crop Reporting 

Service, 1919, 1925, 1932, 1933, 1938, 1943, 1947, 1951, 1953, 1954, 1956, 

1958, 1960, 1962-65 (annual), 1967, 1968 -87 (annual), 1969-74, 1975-78, and 

1979-82). Data were retrieved by county for all North Carolina counties in 

the Albemarle-Pamlico study area. Fertilizer data were obtained for all 

counties in the river basins in the study area, including headwater areas in 

the Piedmont of North Carolina and Virginia (fig. 1). For analysis of 

trends in the agricultural data, data from the counties were summed by year 

and plotted for each year in which data were available. 

The numbers of farms and acres of land in these farms were obtained 

from the North Carolina Agricultural Statistics annual publications 

(Federal-State Crop Reporting Service, 1919, 1925, 1932, 1933, 1938, 1943, 

1947, 1951, 1953, 1954, 1956, 1958, 1960, 1962-65 (annual), 1967, 1968-87 

(annual), 1969-74, 1975- 78, and 1979-82). Both the mean number of farms in 

counties and mean number of acres of land in these farms within the 

Albemarle-Pamlico study area have generally decreased since the 1920's . A 

decrease of more than 60 percent in the number of farms was shown between 

the early 1950's and 1982. 

Crops 

Acreages of specific harvested crops and total harvested cropland 

greater than 50 acres per county were obtained for the period 1910 through 
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the 1980's from the North Carolina Agricultural Statistics annual 

publications (Federal-State Crop Reporting Service, 1919, 1925, 1932, 1933, 

1938, 1943, 1947, 1951, 1953, 1954, 1956, 1958, 1960, 1962-65 (annual), 

1967, 1968-87 (annual), 1969-74, 1975-78, and 1979 -82). Yearly acreages of 

soybeans, tobacco, corn, hay, wheat, peanuts, cotton, sweet and Irish 

potatoes, oats, rye, cowpeas, sorghum, lespedeza, and barley by county were 

compiled; however, only acreages of corn, soybeans, and tobacco 

significantly correlated with water-quality trends (see Correlation 

Analysis). 

The percentages of corn, soybeans, and tobacco of the total acres of 

crops within the four major river basins in the North Carolina part of the 

study area for 1967 to 1986 are listed in table 7 . An examination of these 

data shows that total acreages of corn harvests were highly variable from 

the 1910's through the 1980's. ~No peaks occurred in corn harvests. The 

first peak (about 83,000 acres) occurred during the late 1940's; the second 

peak (about 83,000 acres) occurred during the early 1970's. Total acreage 

of soybeans per county ranged from 5 to 80,000 acres. Tobacco acreages 

generally decreased steadily from the 1950's to the present (1986). 

Livestock 

The number of chickens, cattle, milk and beef cows, hogs, sheep, 

horses, and mules by county for selected years from 1910 to 1986 were 

compiled (Federal-State Crop Reporting Service, 1919, 1925, 1932, 1933, 

1938, 1943, 1947, 1951, 1953, 1954, 1956, 1958, 1960, 1962-65 (annual), 

1967, 1968-87 (annual), 1969 - 74, 1975 -78, and 1979-82). Only the number of 

chickens per county over time were significantly correlated with water

quality constituents (see C?rrelation Analysis). The number of chickens in 

the Albemarle-Pamlico study area has steadily increased since the 1950's; 

the number of chickens per county ranged from 1,500 to 2,730,000. 

Fertilizer Use 

The tons of fertilizer and (or) fertilizer constituents (such as 

ammonium nitrate) sold on a county basis within the Albemarle-Pamlico study 

area were obtained from Federal-State Crop Reporting Service Fertilizer 

Tonnage Reports for the years 1973 through 1987. Fertilizer data for years 
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Table ?.--Summary of acreage of selected crops harvested and farmland in major river basins, 1967-86aj 

Corn 

Soybeans 

Tobacco 

Other crops 

Neuse 
Percent 
of total 

crops 

47.7 

29. 9 

I 0. 9 

11.5 

basin 
Percent 

of 
basin 

19.4 

12.2 

'•. 4 

4.7 

Tolal mean c/ 
annual acreage- 737,000 

Totltl mean 
annual acreage 
of farmland 986,000 

Tar-Pamlico basin 
Percent 
of total 

crops 

37.9 

33.8 

7.4 

20.9 

Percent 
of 

basin 

16.9 

15.1 

3.3 

9 . 3 

655,000 

857,000 

Roanoke basin!i/ 
Percent Percent 
of total of 
crops basin 

36.8 3.0 

21 •. 6 2 

4.8 .4 

33.8 2.8 

195,000 

299,000 

Chowan basin 
Percent 
of total 

crops 

35.6 

38 

.9 

25.5 

Percent 
of 

basin 

23.2 

24.8 

.6 

16 . 6 

585,000 

685,000 

~~Federal-State Crop Reporting Service, 1967, 1968- 87 (annual), 1969- 74, 1975-78, and 1979- 82. 
- 1lncludes North Carolina data only. 
£total acreages include multiple crops growrl on the same land during a year. 

All basins 
Percent Percent 
of total of 

crops basin 

'•0. 6 13.7 

32.9 11.1 

6.6 2.2 

19.9 6 . 7 

2,172,000 

2,827,000 



prior to 1973 were retrieved from yearly North Carolina Agricultural 

Statistics publications (Federal-State Crop Reporting Service, 1956, 1958, 

1960, 1962, 1964, 1965, 1967, and 1969 -74) . Tonnages of commercial 

fertilizers include tons of mixed fertilizers and fertilizer materials. 

Mixed fertilizers include all ratios of nitrogen, phosphorus, and potassium, 

such as 10- 10-10 and 10-0 -30, whereas fertilizer materials include chemical 

compounds, such as urea, anhydrous ammonia, super-phosphate, muriate of 

potash, dried manure, and others. Lime (calcium and magnesium carbonates) 

and landplaster (calcium sulfate) are considered soil conditioners and, for 

purposes of this report, are included with the commercial fertilizers, in 

calculating total fertilizer tonnage per county. Nitrogen concentrations in 

fertilizer have increased in recent years; therefore, total fertilizer 

tonnage does not give a direct measure of the nitrogen application. 

Mixed fertilizer and fertilizer material sales between 1958 and 1987 

indicate opposite trends--tonnages of mixed fertilizer steadily decreased, 

whereas sales of fertilizer material steadily increased. Commercial 

fertilizer sales increased from 1958 through the mid-1970's but declined in 

the 1980's. Comparison of mean tonnages of mixed fertilizers and fertilizer 

materials data indicates that the majority of the commercial fertilizer used 

is sold in the form of mixed fertilizers . Lime and landplaster data were 

only available for the years 1972 through 1987; therefore, reported 

fertilizer tonnages include these soil conditioners only for those years. 

Com~ercial fertilizers and lime constitute the greatest part of fertilizers 

and soil conditioners sold. 

Population and F~ployment 

Increases in population are inevitably accompanied by increases in 

amounts of human-produced wastes . Changes in population and demographic 

measures such as employment can, therefore, be related to possible changes 

in water quality. 

Population and employment data were obtained from a number of sources. 

Population data were obtained from three sources: North Carolina 

Agricultural Statistics publications (Federal-State Crop Reporting Service, 

1919, 1925, 1932, 1943, 1953, 1963); The North Carolina Office of State 

Budget and Management (1987, 1988); and publications prepared by the 
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Carolina Population Center for the Office of State Planning (Hamilton, 

1974). Projections of population for the years 1990 through 2010 were 

obtained from the Xorth Carolina Office of State Budget and Management 

(1988). Population in the Albemar1e-Pam1ico study area steadily increased 

from the 1910's through the 1980's, except for 1970 when there was a slight 

decrease. 

Employment data were obtained from Employment Security Commission of 

North Carolina. Employment categories used in the analyses included mean 

total, manufacturing, nonmanufacturing, agricultural, and nonagricultural 

employment per county per year. 

Manufacturing and nonmanufacturing employment generally increased from 

1950 into the 1980's, whereas agricultural employment decreased. From 1962 

to 1986, agricultural employment generally decreased and manufacturing 

employment slightly increased; nonmanufacturing and total employment 

increased substantially. Nonagricultural employment increased slightly from 

1962 to 1983 and decreased from 1984 to 1986 . 

The miles of paved and unpaved roads in an area is an indicator of 

general growth. ~ileages of paved and unpaved primary and secondary roads 

were obtained for the years 1966 through 1988 from the North Carolina 

Department of Transportation for the counties in the Albemarle-Pam1ico study 

area. The total miles of unpaved secondary roads steadily decreased between 

1966 and 1980. The miles of paved secondary roads in the North Carolina 

section of the Albemarle-Pamlico study area substantially increased since 

the 1960's; the miles of paved primary roads has increased at a slower rate. 

Mileages of total primary roads in the North Carolina section of the 

Albemarle-Pamlico study area increased more rapidly from 1968 to 1982 than 

from 1982 to 1988. 

WATER-QUALITY TRENDS 

An objective of this report is to identify long- term temporal and 

spatial trends in water quality in the Albemarle-Pamlico study area. This 

analysis was begun with a 5-step program to: 
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1. Construct the water-quality data base, 

2. Evaluate sampling and analytical techniques, 

3. Divide the data base into regional zones, 

4 . Edit the data within each zone, and 

5. Establish trend-analysis methodology. 

Trend-analysis results are discussed for selected water-quality 

properties, major dissolved constituents, macronutrients, and biological 

characteristics. Graphical representations of selected data are given in 

the form of box plots to illustrate some of the results of the trend 

analysis. 

Sour ces of Data 

There are three principal sources of water-quality data for the 

Albemarle- Pamlico study area . A number of individual investigators have 

collected data in various parts of the area. The U.S. Environmental 

Protection Agency data base, STORET, contains much of the data collected by 

DEHNR; and the USGS data base, National Water Data Storage and Retrieval 

System (WATSTORE), contains NASQAN data and atmospheric precipitation data 

for the stations in the NADP/NTN network. The data from these sources were 

merged into one data base for purposes of this report. 

In addition to STORET and WATSTORE data values, water-quality data from 

33 previous investigations in various parts of the study area were entered 

into the data base. The references for these studies, study locations, and 

principal constituents entered into the data base are given in table 8. The 

locations of water-quality data-collection stations used in these 

investigations are shown in figure 7, and the data-collection stations for 

data stored in the STORET data base are shown in figure 8. Many of the 

stations in the previous investigations are also stations for which there 

are other data in the STORET system. 

Data collected by the USGS in the Albemarle -Pamlico study area, 

including data for the seven NASQ~~ stations (fig. 2) and two NADP/NTN 

stations (fig. 1), are stored in the WATSTORE data base and other related 

USGS data bases . Discharge data from NASQAN stations are the most complete 

available long-term flow data for the Albemarle-Pamlico estuarine system. 
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Table 8.--List of selected previous water-quality investigations in parts of the study area 
and principal types of data collected 

Principal lnve-llgator 
or •&•ncy 1 

lovde-n and Hobble 
~bnd and O.vh 
O.vJt. Brlnaon. end Burke 
Plaher, Carbon, and B.arber 

Hobble 
Hohbl• 
Hobble 
Hobble 
llobbl• a net S.mt t h 
lnJll tule for Coaatal .. Marine Resources 
lnstllulD for Coaatal & Marine RPsoul"ces 
lnalltuto for Couut & H3rino Rt'sourcos 
t natHuto for Coutnl 5: Hnrlno Resources 
IMt,lulo for Cout11 l 5: Marine Resources 
ln8llluto lor Coutnl & M11rine Resources 
lnUJtutC (or Co;'IRtfll &: Hltrtne RcRources 
Klrby·S•H h and BAtbcr 
Kuorudor, St nnloy, nnd l(o('nln&s 
Nort h <:nt•o llnn DntlAt'tMnn l uf NaLural 

1md l~cmrnrd c Rnaoua•cnH 
North <:Arol hu~ IMI)Artacnt of NnLural 

Nusouf'co• And Community f)ov!'lopment 
No• Lh Ca.ro II no. State St-tea• Sru\ I tat lon 

Comnlll 1 ~~c 

North Curollm• State Strea"' Sanilation 
COIM'IIl tee 

North Carolln• Stete Stream Sanitation 
eo-tueo 

N\lrth Ct•ro l liHI Suu Strttrun Sanltallon 
eo-ltte~ 

North C.rotlna Stat~ Str~a• Sanitation 
COIIIIIIt t fie 

Paerl 
Stanley 
Stanley 
Stanl•y 
SUnl•y 
Sttphon•on. O'R•ar. Jr., and forneaay 
Upc:hurch 
U.S. Ar•y Corps of r~aln~r• 

Bote 
of 

publi
cation 

1977 
1972 
1978 
1982 

1970a 
1970b 
1972 
1974 
1975 
1976 
1977 
1978 
1980 
1981 
1982 
1983 
1979 
1979 
197So 

1979 

1955 

1956 

1959 

1960 

1961 

1982 
1984 
1986• 
1986b 
1987 
1975 
1972 
1977 

X X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X X 

X X 

X 

X 

X 

X 

X 

X X 

X X 
X 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

X 

X 

X 

X 

X 

X 

X 
X 
X X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 

X X 

X X 

X X 

X X 

X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

X X X 
X X X 

• 
" • • 
" • 
" 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
x. 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

N'utrlenu 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 

X 

River 

•• 
\13tpr" body 
or study 

AlbM.arle Sound 
P .. lico River 
Paal leo River 
South, Neuse. and 

Newport Rivers 
Pa.lico River 
Pa..ltco River 
Pa•Jico Rivet 
Pa•ltco Rivor 
Neuse River 
P8.1alico River 
PamlJco River 
PAJnllco River 
Pa.mllco Rive[' 
Pamlico Rivet' 
Pamlico Kiver 
PAmllco River 
Nf'ti.'W R IVC' I" 

Parn l lco River 
Chowan ~~v~r , 

A L bema rlo Sound 
Chowan River 

Chowa n Rtvc.r 

Roanoko River 

Neuse River 

Pasquot~nk River , 
Currituck and 
Croatan Sounds 

Paallco River 

Chovan River 
Pa.l ico River 
P .. llco River 
P•llco River 
P .. l leo River 
P•llco River 
P•llco Rlver 
P•l teo RtvPr 
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for imestJgaOons ll$.ted In T ablt 8 

Figure 7.--Locations of selected water-quality data-collection stations 
used in previous water- quality investig~tions in the study area. 
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Figure 8.--Locations of water-quality data- collection sites having data 
stored i n the U.S. Environmental Protection Agency Storage 

and Retrieval system data base. 
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Several sources of data were identified that could not, because of time 

limitations, be entered into the data base evaluated in this report. 

Notably, data from the Chowan River collected by NRCD (1979 and 1982b) from 

1978 to 1981; data from the Chowan River collected by Union Camp (Joseph 

Stutts, Union Camp Corporation, oral commun., 1989); data from the Neuse and 

Roanoke Rivers collected by Weyerhaeuser Company (R . B. Herrmann, 

Weyerhaeuser Company, written commun., 1988) from 1979 to 1988; and data 

from Back Bay -Currituck Sound by the U.S. Fish and Wildlife Service (1966) 

were not used. 

Variation in Analytical Techniques 

One of the principal concerns about analyzing data combined from a 

number of different sources is that different sampling and analytical 

techniques are used, and the different techniques may result in 

noncomparable data . The primary problems associated with analytical 

techniques in water-column monitoring programs include: (1) use of a 

l imited sensitivity range, (2) reporting of results as nondetectables or 

less - than values, (3) lack of use of direct elemental analysis of 

particulates, (4) unavailability of satisfactory measurement methods, and 

(5) problems of contamination in the analysis of metals and organic 

compounds (D'Elia and others, 1989). 

Stanley (l988a) reports the variations in the analytical techniques for 

Pamlico River data compiled from four different sources. This detailed 

cataloging of techniques illustrates the complexity of the problem of 

comparing results obtained from different sources and the importance of 

recording analytical methodology as part of any monitoring program . Stanley 

made corrections for two years of dissolved phosphorus data that he found to 

be in error and deleted some ammonia nitrogen values measured at a limited 

sensitivity range. These data were not used in this report. 

Detailed information on analytical methodology was not generally 

available in a form that would allow additional data transformation or 

correction. There were no data of this kind available for the STORET data 

base. 
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In order to address concerns about analytical techniques, the methods 

used in the individual studies (table 7) were catalogued and reviewed for 

inconsistencies. A literature review of the methods of analysis used by the 

various studies for their principal properties or constituents indicated 

that although the sensitivity of different analysis methods will vary, the 

results should be comparable among the studies. Systematic bias that might 

have been introduced in the data by an improperly functioning laboratory 

apparatus or variation due to different sampling and sample processing 

methods cannot easily be detected in the data and, therefore, were not 

addressed in this analysis. 

In this manner, some constituents, including metals and organic 

compounds, were deleted completely from consideration of trend analys i s. 

Other constituents, including ammonia nitrogen, although showing some 

limited sensitivity ranges and containing some reported less-than values, 

were retained; however, trend analysis was limited to those constituents 

where there were relatively few less-than values, and where there was no 

evidence of changes in lower detecti on limits with time. Fi nal ly, the t r end 

analysis technique chosen- -nonparametric Seasonal Kendall test for trends 

(Hirsch and others, 1982) - - i s valid for water -quality records containi ng 

less - than values. 

Friedman and Fisrunan (1989) have reviewed analytical methodologies used 

from 1965 through 1982 to determine inorganic constituents in water samples 

as part of the interlaboratory Standard Reference Water Samples (SRWS) 

program of the USGS . This quality control program was des igned to alert 

participating laboratories of possible analytical deficiencies, while 

allowing a means of comparison of analytical methodologies and their 

relative precision. 

The Friedman and Fishman evaluation found no significant difference in 

constituent concentrations for the different analytical methodologies for 

ammonia nitrogen, ammonia plus organic nitrogen, nitrite plus nitrate 

nitrogen, and phosphorus . However, significant differences were observed in 

nitrate nitrogen concentrations between the cadmium reduction colorimetric 

method and the brucine and automated cadmium reduction colorimetric methods. 

Analysis of nitrate trends was dropped from this evaluation . 
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Significanc differences also were observed in alkalinity values when 

comparing aucomaced eleccromecric citration and electrometric titracion 

techniques and in comparing automated electrometric titration and indicator 

titration techniques (Friedman and Fishman, 1989). However, it is unclear 

how methodology changes have affected the observed alkalinity trends, and 

analysis of these trends is included in this report . 

Water-Quality Zones or Locations 

In order co provide a sufficient period of record to test for trends, 

data from different stations were combined. The study area, which includes 

255 data-collection stations, was divided into 42 zones or locations on the 

basis of the placement of collection sites. Each zone included stations 

within a defined section of one of the major rivers or sounds in the 

Albemarle-Pamlico study area (fig. 9) . In general, the size of each zone 

was determined by the amount of data available at each station, particularly 

by the presence of one or more stations having an extensive period of 

record. However, the zones for the Pamlico River were defined to coincide 

with the zones used by Stanley (1988a) as closely as possible. Pamlico 

Sound locations P2, P3, and P4; Roanoke River location ROl; Chowan River 

location CH2; and Currituck Sound location CU2 are represented by single 

stations. A list of the zones or locations, their identifiers, latitude and 

longitude, and number of stations in each is given in table 9. 

Data from the NASQAN stations (fig. 2) represent water quality upstream 

from the Albemarle-Pamlico estuary. The water quality for the NASQAN 

stations was examined separately from chat of the water quality for zones or 

locations in figure 9. 

The process of dividing the area into zones or locations for which 

water-quality data are available also allowed identification of areas that 

lack data. There are few data available for much of Pamlico, Croatan, 

Roanoke, and Currituck Sounds. Much more data are available for the Pamlico 

River than for che Neuse River, and both of these areas have more data 

available than for the Albemarle Sound. Final ly, virtually no flow data 

were available before February 1988 for the system downstream from the 

NASQAN stations. 
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Figure 9.--Water-quality zones and locations used in trend analysis. 
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Table 9. --Water-quality zones or locations 

Water-quality Number of 
%One or loca- Boundaries of water-gualitX zones stations in 

tion identifier Latitude Lonsitude the water· 
(fig. 9) Location North South But West gualit)! zone 

A1 Albemarle Sound 36.05'00" 35.56 1 15" 76°22'30" 76°34'3011 9 
A2 Albemarle Sound 36°05'4511 35°57'30" 76"17'00" 76°22'30" 12 
A3 Albuarle Sound 35.57'30" Js•s.t.r.'Jo" 76•ts•oou 76°22'30" 3 
A4 Albemarle Sound J6•os•.t.r.s .. Js•s7'3011 76°11 1 15" /6°17 1 00" 8 
AS Albularle Sound 36°10'15" 35°57'30" Js•ss•oo" 76°11'15" 19 

ARl Alliaator River 35°45 1 00" Js•Js' 15" 75.55'00" 76°07'3011 2 
AR2 Alli&ator River 35"51'00" 35°45'0011 75.55'00" 76°07'30" 2 
AR3 Alli&ator River 35"57'30" 35°51 '00" Js•ss•oo .. 76°07'30" 2 

CHl Chovan River 36°24'00" )6°2} I }511 76°49'00" 76•ss•oo" 3 
CH2 Chow an R1ver 1 36° 17'3011 36°17'30" 76°42'0011 76°42'00" l 
CH3 Chow an River 36°20'30" 36°17'45" 76 6 40'30" 76.45'00" 2 
CH4 Cho•an River 36°17'45" 36°14 1 30" 76°40'00" 76°43'00" 5 
CH5 ChO\o'&O River 36°14' 30" 36°09'30" 76°41'30" 76°45'15" 7 
CH6 Chow an River 36'09'30" )6°03'15" 76°40'00" 76°44 1 00" 2 
CH7 Chow an River 36°05'1511 Js•Js'45" 76°34'30" 76°44'00" 12 

CRl Croatan Sound 36.00'00" 35°49'30" 75°41 '30" 75°48'00" 4 

CUl Currituck Sound 366 15'00" 36'03'30" 75°44'30" 75'50'00" 4 
CU2 Currituck Sound' 36°19'30" 36°19'30" 75'53'00" 75°53 ' 00" l 

Ll Little River 36°10'15" 36°05'A5" 76°11'15" 76°15'00" 2 

Sl Seuse River Js•to'4S" Js•o2'Jou 76°56'00" 77°07'3011 6 
N2 Seuse River 35'02'30" )4°55 1 30" 76°51'30" 76°59'00" 12 
N3 Seuse River 35'02'00" 34°51'30" 76°42'15" i6°51'30" 9 
N4 Neuse River 35.05'30" 34°57'00" 76°32'45" 76°42 1 15" 15 

Pl Pelico Sound 35' 20'30" 35°13'15" 76.07'00" 76°21 1 45" 6 
P2 Pu.lico Sound 1 35.09'30" 35'09'30" 75°52'10" 75°52 1 10" l 
P3 Pu.lico Sound' 35'17'30" Js • t7'30" 75.32'00" 75°32'00" 1 
P4 Pamlico Sound 1 35e41'18" JS•i.t' 18" 756 30'00" 75'30'00" 1 

PRl Pamlico River 35'33'30" 35°28'15" 77•oo•oo" n•o5'20" 5 
PR2 Pam11co River 356 30'30" 35•25' oo" 76.56'00" 77•oo•oou 8 
PRJ Pamlico River 35°29'00" 35'25'00" 76'52'00" 76'56'00" 7 
PR4 p..,lico River 35.30'00" 35°21'3011 76°46'00" 76°52'00" 16 
PR5 P&lll1co River 36°26'15" 35°21'30" 76°.!.2'00" 76°46 1 00" 10 
PR6 P&lll1co River 3s•::n • 30" J5• t7'30" 76°42'0011 76°47'L5" 8 
PR7 P..,lico River 36°26' 1511 35°20'00" 76°37 I 1511 76°42'0011 10 
PR8 Pamlico River 36°23'30" 35' 18'30" 76°33'00" 76°37'15" 10 
PR9 Pamlico River 36'23. 30" 35°18'30" 76'30'00" 76°33'0011 9 

PRlO Pamlico River 36°22'00" 35°18'30" 76°24'45" 76°30'0011 7 

PQl Perqu1mans River 36°08'45" 36'05'45" 76°14 1 45" 76°24'00" 3 

PSl Pasquotanlt River 36°19'00" 36°12'1511 76°05'30" 76.14 1 45" 4 
PS2 Pasquotanlt River 36. 15'00" 36°10'15" 76.00'00" 76.05'30" 3 

Rl Roanoke Sound 36°00'00" 35°49'30" 75°35'0011 75°41 '30" 3 

ROl Roanoke River 1 35°55'20" 35°55'20" 76°42'50" 76°42'5011 l 

1Location is represented by a single station. 
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In general, it is important to note that, except for the ~ASQAN station 

data, none of the data used in this report were collected to be used in an 

evaluation of long-term trends. There is an immediate and continuing need 

for a network designed to monitor the water quality of the Albemarle-Pamlico 

estuarine system, coupled with discharge measurements. The monitoring 

network established in this system by the USGS in February 1988 (J.D. Bales, 

U.S . Geological Survey, written commun. , 1989) addresses this need and, if 

operated for an extended period of time, could provide data for evaluations 

of long-term water-quality trends in the study area . 

Verification of Data 

Data verification and editing procedures were used to delete outliers 

from the data set. Because of the wide-scale nature of the retrieval, some 

data for wastewater effluents were included in the original data base. 

These outliers were detected using scatter plots and frequency histograms 

for subsets of the data. Extreme values above the upper 95th percentile 

were deleted from the data base . The data removed represents only selected 

values above the 95th percentile thought to represent nonambient water

quality conditions . A preponderance of less-than values for a particular 

constituent also indicated variables unsuitable for trend analysis because 

of low analytical sensitivity, changing detection levels over time, or 

changing analytical techniques. These constituents were deleted from the 

data base. However, not all constituents with less-than values were removed 

from the data base. The statistical methods used in the trend analyses are 

not substantially affected by less-than values. 

Plots of chemical constituent or physical property data values and time 

were used to identify data coding errors and to help determine if the time 

periods of available data were suitable for trend analyses. In general, 

only constituents or properties with 6 or more years of available record per 

water-quality zone or location were considered for trend analysis. 

A statistical summary of selected constituent or property data values 

after the data verification step for the NASQAN stations is presented in 

table 10. Similarly, a summary of data for the individual investigations 

and STORET stations is provided in table 11. These summaries illustrate the 

range of water-quality conditions encountered in the study area but do not 

represent conditions in any one area. 
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Table 10.--Statistical summary of selected water-quality data collected at the National Stream Quality 
Accounting Network stations 

l ft 1 /s, cublc feet per second; vS/cm at 2S •c, mlcrosicmons per centimeter 
at 25 degrees Celsius ; mg/L, milligram per liter) 

Wator•quality variable 
Numbe r 

of 
Minimum 

v:aluc or 
observatjons concentrnt1on 

Neuse River at Kinston 02089500 

Discharge, lnstnnto<meous (ft ~Is) 
Spocific conductance (~S/cm al 25 •c) 
f'lcld pU (standard units) 
Dissolved oxygen (mg/L) 
Total hardnoss (mg/L as CaC0 1 ) 

Field alkalinl ty (mg/1. ns CaC03 ) 

8i<:arbor,ate lon (mg/ L as HC03 ) 

Dissolved ch loride (mg/l as Cl) 
Dissol ved solids (t·e.sldut) on evaporation, 

mg/1. nt 180 'C) 
Totnl nitrilo plus nltl'3tc nJtrogcn (mg/ 1 .. as N) 
Total ammonia plus orga•llC •litrogcn (mg/ 1. 1:1s N) 
·rotal Jlho.sphorus (mg/1. as P) 
Su.sp~r)dCd sediment (mg/L) 

381 
381 
181 
381 
381 
381 
381 
Jal 
)81 

381 
381 
381 
381 

238 
38 

5.3 
5.1 
9 
3 
l , 

3 
36 

8 

.01 
.10 
.05 

Value: or concentration 3t 
indicated 2ercentile 

25 50 15 

6Jl;.5 1,405 3,915 
70.5 89 11'• 
6. 2 6.5 6.8 
6.6 

8 ·'· 
J 0, f1 

16 18 22 
13 18 29.3 
15 18. 5 21• 
6.8 8.8 II 

60 70 79 

.32 . 61 .80 
.56 .70 .90 
.15 . 22 .29 

19 26 36 

ContcntrlCil Creek nt Hookerton 102091500 

Di schnrge , instarl t31)C:Ous (ft 3 /s) 
Specific conducta•lCC (lJS/cm at 25 °C) 
l*'ield pll (stanci:r.rd unit s) 
Dissol vcd oxygrn ( mg/ 1..) 
Tola1 h.:ardness (mg/ 1.. as CaC03 ) 

P1cld alkalinity (mg/1.. as CaCO,) 
Bicarbonate ion (mg/l as IIC03) 
Dissolved <:hloddo (mg/l as Cl) 
Dissolved solids (r~slduc on evaporation, 

"'KIL at 180 "C) 
Total nitrite plus nitrate nitrogen (mg/l as N) 
Total tu.wonia plus organic n itrOREm (mg/L as N) 
Total phosphorus (mg/1. as I>) 
Suspended sediment (mg/L) 

152 
152 
152 
152 
152 
152 
152 
152 
152 

152 
152 
152 
1~2 

37.5 
37 

5.0 
4.6 

10 
J 
5 
3 .7 

26 

0 

.22 

.43 

.09 

Tar Rlvcl' near Tarboro 02083500 

Olschnrge. in.Slanlaneous (ft 3/s) 
Specific condut l anca (.,S/cm at 25 "C) 
Field pH (standard units) 
Dissolved oxygen ( rng/L) 
Total hardness (mg/L as CaC03) 
Field a lkalinity ( mg/l. as CaC03 ) 

Bicarbon.<~te ion (mg/l as UC03) 

1 U.S. Geo logical Survey downslream order nutnOOr. 

425 
'•25 
425 
425 
425 
1~25 

J,25 

127 
1,5 
5.5 
4 .2 
9 
'• 
5 

141.5 
18 
5.9 
6.5 

IS 
9 

10 
8 . 8 

66 . 8 

.85 

.70 
.21 

9.3 

M•2 
69 
6.3 
6 . 8 

18 
13. 8 
11 

407 1.525 
93 113 

6.2 6.11 
7.6 10 

18 21 
12 16 
13 19 
10 13 
78 85 

1.3 1.6 
.88 1.1 
.33 .53 

15 26 

1,200 2 , 510 
8'•· s 100 

6.7 1 
8.2 9.8 

21 2'· 
21 27 . 3 
25 32 

H.1XilliUIII 

value or 
concentration 

16,000 
205 

9 . 3 
13.8 
32 
51 
'•5 
20 

126 

1.2 
4.7 

,1,6 
211 

6,030 
175 

1 . 5 
13 
27 
'·0 
49 
25 

118 

2 . 2 
1. 9 
1.6 

123 

18,900 
270 

9.1 
15.2 
37 
51.0 
69 



... 
"' 

Table 10.--Sta~istical summary of selected water-quality data collec~cd at the National Stream Quality 
Accounting Network stations--Continued 

I h 1/s , cubic feet per second; 1.1S/cm at 2S •c, .. JcrosJi'IIK'IHI JWI' c:t•nt il!l••tt•r 
at 2S df'grr..es Celsius; l!'tg/ 1,, 111 lJ lgra• J)('r I Hen I 

Nwsber 
of 

HiniDlll Valu~ or concentration at 

Dlaaolvc•tl chhnldt' ( .. /L ,,, Cl) 
l)hsolvc•d aolhts (u•sldu(' on evaporation, 

,.11. •• uo •c) 
Total nitriC« plu. nit rAta nitrogen ( .. /Las N) 
Tot.'ll .. 1~nla plu,., ora•mic nlt rogon (11118/L as N) 
TotAl rhosphorus ("1!11. •• P) 
Suspended aedl•nl <•II.) 

425 
425 

425 
425 
425 
425 

2.5 
29 

.01 
.09 

0 
I 

5.9 
61 

12 

.2\ 

.so 

.10 

Roanoke River al Roanoke Rapids, 02080500 

011Chlli'JO. lnunnt.mcou!t (lt•J~) 
S(W'clrlc: concluc:t,•nc·n (IJS/cm at 25 •c) 
flold pll (AIAndard unit1) 
OlaMolvc•\1 OX)'Jt011 (•Kff,) 
Tota 1 hArdrln•"' (mg/l, as C.:•CO J) 
l"h~ltl a l kollnlty (n-s/L as CttCO,) 
Blcarbonato i on (r>giL u IICO,) 
Dl .. o lvod rhl orlclo (mgiL as Cl) 
0Lt'•o1v(•d Jol lds (rtHIIdue on ovnporat lon, 

"'Ril. • t 180 •c) 
Totn l nit riLf' j)lun nitrate nitrogen (rng/L a.s N) 
Tot n l flnwnon Ia j)lus OI'KlHllc nilrog~n (mg/L as N} 
·rot " I phoAJ)hon•s (mg/L as I>) 
Sufi i)Ondod .tH>dlmtwl (ntg/ 1.) 

171 
I 71 
I 71 
171 
171 
171 
171 
171 
I 71 

171 
171 
171 
I 71 

996 
60 
S.\ 
5.6 

21 
16 
19 
).2 

44 

.01 

. 10 
.01 

1.0 

2.110 
82.8 
6.4 
8.1 

26 
2S 
1 1 

5.11 
61.8 

~ 

.OS 

.2S 

.02 

Mt1hardn River at f.mpor i a. Virgtnin. 102052000 

DitH·hnrsto. l nstontanoous (rt'/s) 
Sp~c lllc concluC'lnnce (IJS/cm o.t 25 "C) 
Field p11 (atandard unlt8) 
Vis•olved OXYR•n (mgll,) 
Total hardn('lll (mR/L a.a CaCO,) 
Plold .dkollnlty (11giL •• CoCO,) 
IHrarhonatt~ ion (~~tR,/L as tiCO,) 
Olooolvod <hlorldo <-aiL •• Cl) 
Dhaolv~d colltl• ( c·f'•ldu~ on ~vapout I on, 

•gil. AI 180 "C) 
Total nllrlt~ plu• nltrato nitrOAen (•g/L as H) 
Total a.-onta plus oraanic nitroaen (-s/L as H) 
Total phoophoruo (-«IL ea P) 
Suopendod aedl .. nt <•IL) 

370 
370 
)70 
370 
370 
370 
370 
)70 
170 

370 
370 
)70 
370 

19 
IS 
6.2 
1.8 

II 
7 
9 
1.6 

42 

7 

.02 

.08 

.01 

161 
67 
6.8 
7.8 

20 
19 
2'• ,, . 2 
61 

14 

.06 

.10 

.03 

• 12 
.60 
.II 

22 

lo.l 1\ 
9\ 
6.8 
?.S 

2? 
10 
16 
6.4 

65 

190 
7~ 

7.0 
9.8 

22 
2\ 
10 
~.0 

66 

.09 

.40 

.05 
19.S 

9.~ 

80 

. '~'· . 71 

.18 
35 

17.1\0 
108 

7. l 
11.9 
Jl 
n 
40 
8 . I 

71 

,J.l, 
,I,), 

.0'• 
l l.~ 

81d 
89 

7 .I 
11.8 
28 
10 
16 
6.3 

7l 

.12 

.60 

.06 
28.3 

HaxiiiiUal 
value or 

54 
122 

.89 
1.2 
1.1 

454 

l-;,t,oo 
128 

7.8 
IS .8 , .. 
49 
54 
12 
88 

11,1•00 
205 

7.6 
I S.O 
85 
'•5 
74 
21 

164 

.22 
).7 

.19 
169 



Table 10.--Statistical summary of selected water-quality data collected at the National Stream Quality 
Accounting Network stations--Continued 

( ft,/s, cubic feet pet· second; JJS/cm al 25 •c. mi.croslomcns por centimeter 
nt 25 deg,·ees Celsius; mg/L , milligram per liter) 

Number:- Hinim\JIIl V.:aJuc o r <:oncent1·atlon at Haxi_mum 
Wator~quallty variable of value or Indi cated porcent.i lc value or 

observations conccr)tration 25 50 75 concentration 
Nottoway River near Sebrcll. VlrgJnJa. 102047000 

Dischar&c. instantaneous (ft~/s} 
Spcclfic conductance (~S/cm at 25 oc) 
Fio1d pll (standard units) 
Dlssolved oxygen (mg/L) 
iotn.l hnrdness (mg/L 3S CaCO,) 
l'ie ld alkalinily (mg/1. ns CaC03 ) 

Bic;.trbonate ion (mg./f. as UC03 ) 

Di~solvcd chloride (mg/L as Cl) 
Dissolved sollds (residue on evaporation, 

mg/L ot 180 'C) 
Total ni tr ite plus nitr.:ttc nitrogen (mg/L as N) 
Total ammonia plus organic nitrogen (mg/L as N) 
·rotal phosphorus (mg/L as P) 
Suspended sodlmcrlt (rr~g/L.) 

136 
136 
136 
116 
136 
136 
136 
136 
136 

136 
136 
136 
136 

33 
36 

5 . 9 
~.9 
9 ,, 
5.0 
2.2 
3~ 

0 
.10 
.01 

1 

219 
56 
6.5 
6.9 

16. 5 
10 
18 ,, 
52 

9 

.09 

. 30 

.03 

Blackwater River rlenr Franklin, Virgirlh, 0201,9500 

Discharge, instantaneous (ft"/s) 
Spec I fie conduct;mc::e (lJS/cm 3t 25 •c) 
Flold pH (standard urlitS, 
Dlssolved oxygen (mg/L) 
Total hardnesS (mg/L 3S CaCO,) 
Field alkalinity (mg/L as C.:tC01 ) 

Bicarbonate ion (mg/1.. ns HC01 ) 

Dissolved chloride (mg/L. a~ CL) 
Dissolved sollds (l'(':Siduc on P.V:tporation, 

mg/1. ill 180 "C) 
1'otnl nitdle plus rllll":tte nitrogen (nlg/1. ::ts N) 
1'otal ammonia J>lus org;:anic nitrogen (mg/1. as N) 
1'ota L phosphorus (11'1&/L as P) 
Suspended sQdlmcnt {mg/1..) 

1U.S. Ceological Survey downstream order number. 

215 
215 
215 
215 
215 
215 
215 
215 
215 

215 
215 
215 
215 

. 18 
~9 
S.2 
1.5 

15 
5 
6.0 
1.8 ,,o 

0 
.17 
.01 

2 

68 
78 

6.11 
5 . ~ 

2~ . 3 

11.5 
13. 3 
6.6 

65.3 

7 

.06 

.48 

. 01 

905 
67 

6 . 7 
8.3 

20 
17 
2~ . 5 

59 

13 

.13 
.44 
.0'· 

364 
94 . 5 

6.7 
7. 2 

28 
16 
18 
8.1 

77.5 

10 

. 19 

. 63 

.ot, 

2 , 245 
90 

7 .o 
lO . t. 
2t,.S 
23 
30 
5 .5 

67 

.18 

.58 

.06 
19.8 

1.1 20 
120 

6.9 
10 
41 
23.5 
25 
9.7 

96 

13,800 
125 

7 .s 
16.2 
36 
36 
52 
10 
95 

.25 
2.2 

. 15 
82 

J, ,870 
366 

10.0 
13.6 

litO 
55 
48 
16 

267 

.68 
1.5 

.1 1 
50 



Table 11.--Statistical summary of selected stream water-quality data collected during previous investigations 
in parts of the study area and stored in the U.S. Environmental Protection Agency Storage and Retrieval 

System 

()J.S(cm at 25 °C, microsicmons per centin.eter at 25 degrees Celsius; pp t_. )>arts per thousand; NTU, nephelometric 
t urbidity unjt; mg/L, milligram per liter; mL, milliliter; )J.g/L , microgram per liter] 

Watcr · quality variable 

Specific conductance (~S/cm at 25 •c) 
Fiel d pH (standard un its) 
Salinity (ppt) 
Turbidity (NTU) 
Dissolved oxygen (mg/1..) 
Biochemical oxygon demand (BOO) 

S-day at 20 •c (mg/1..) 
Fecal coliform, membrane filter 

(colonies per 100 mL) 
Fecal streptococci (colonies per 100 mL) 
Total hardness (mg/L as CaCO,) 
Dissolved chlor i de (mg/L) 
Field Alkalinity (mg/L as CaCO,) 
Totol solids , residue (mg/L) 
Total volatile solids (mg/l.) 
Total sollds, nonvolatile (mg/L) 
Suspended solids , residue at lOS •c (mg/L) 
Nonfilterable, volatile residue (rng/1.) 
Suspended sollds (ong/l.) 
Total nitrite plus nitrate nitrogen (mg/L as N) 
Total ammonia nitrogen (mg/L as N) 
Tota l ammonia plus organic nit rogen (mg/L as N) 
Total phosphorus (mg/L as P) 
Dissolved phosphorus (mg/L as P) 
Total organic carbon (mg/L) 
Chlorophyll-a , fluoromctric , cor<ected (~g/1.) 
Chlorophyll -!!, fluorometric (~g/L) 

Hi ni,mu•~ Value or concenLr.-t ion at Maximum 
Number of value or indicated percentile value or 

observations concentration 25 50 75 concentration 

5 ,201 
19,571 
20,2S6 

1,861 
21 ,517 
5,379 

668 
663 

1,733 
2 ,878 
3 ,313 
2,535 
2,51·5 
'•,'•51 
3,435 
3,447 
7,433 

17 ,882 
13,1r20 
17,191 
4,210 
I, 271 
2 ,213 

10,110 

o.o 
2.9 
0 

.2 
0 

0 

0 
0 
1 
0 
6 
3 
s 
0 
0 
0 
0 
0 

. 1 

.02 

.003 
0 
5 
0 

.2 

90 
6.8 
2 
5.1, 
6 . 7 
1.3 

10 

4 

38 
535 

19 
104 
43 
61 

6 
3 
2 

10 
3 
4 

.OS 
• Olo2 
.40 
.076 
.oso 

420 
7.4 
6 
8.4 
8.2 
1.8 

10 

23 
390 

2 , 200 
31 

144 
59 
99 
10 
5 
5 

12 
7 
8 

.13 

.060 

.52 

.12 

.080 

lo,200 
7.9 

10 
llo 
9.9 
2.6 

I 13 
1,500 
s,ooo 

lo6 
1,100 

299 
1,495 

15 
7 

10 
.25 
.10 
. 71 
. 19 
. 13 

18 
17 
llo 

60,000 
10 
28 
60 
1'•. ,, 
11 

3S,OOO 

30,000 
5,000 

20,000 
120 

loS, SOO 
1S,OOO 
30,900 

170 
103 
93 
I. 60 
5.99 
2 .65 
1.00 

71 
190 
170 

.60 



Trend-Analysis Methodology 

The statistical test used for trend analysis was the Seasonal Kendall 

test as described by Hirsch and others (1982); see also Crawford and others 

(1983) and Schert~ and Hirsch (1985) . The Seasonal Kendall test is a 

nonparametric or distribution-free procedure . Frequency distributions of 

water-quality properties and constituents generally are skewed, serially 

correlated, and affected by seasonality. Parametric procedures, such as 

linear regression, assume a frequency distribution that can be approximated 

by a randomly distributed normal curve and are, therefore, difficult to use 

correctly when applied to the analysis of water-quality data. 

The Seasonal Kendall test was developed to detect monotonically (one 

direction) increasing or decreasing trends over time in water -quality data 

that show seasonality. The test examines pairs of values over time, 

assigning a plus if an increase occurs from one value to the next, or a 

minus if a decrease occurs. The pairs of values compared are selected only 

from the same seasonal period. In this analysis, each year was divided into 

12 "seasons" (months). The values within each month are summarized as 

medians, and the test is done on the median values (Crawford and others, 

1983; Schert~ and Hirsch, 1985). In the monthly version of the test used, 

January median values were compared with later January median values; 

February median values were compared with later February median values, and 

so on. If the count of pluses found is greater than the count of minuses, 

then an increasing trend is indicated. If more minuses occur, then a 

decreasing trend is indicated. The use of the median by the Seasonal 

Kendall test reduces the effect of outliers and provides some protection 

against serial correlation in the data (Schertz and Hirsch, 1985). In the 

Seasonal Kendall test used for this study, a significance level (alpha) of 

0.05 was considered to show statistical significance of the trend test. 

The magnitude of a trend can be quantified using the Seasonal Kendall 

slope estimator (Hirsch and others, 1982). This procedure calculates the 

median of the slopes of lines drawn between all the monthly value pairs 

compared. The resultant estimate of slope is in units of concentration 

(generally milligrams per liter) change per year . This slope estimator is 

shown only to allow some estimate of the magnitude of the detected trends 

and is not used in the determination of trend significance. 

48 



Annual box plots are used for graphical representation of water-quality 

trends in a zone or location. Because the Seasonal Kendall test only 

identifies monotonic trends, a graphical presentation of the data could show 

patterns of increasing and decreasing trends with time. These graphs were 

also used to check for questionable statistical results given by the 

Seasonal Kendall test. 

A box plot is a summary display of the data distribution (Chambers and 

others, 1983) . The top of the box indicates tite 75th percentile of the data 

sec, and the bottom of the box indicates the 25th percentile. The 

difference between the 75th and 25th percentiles is the interquartile range . 

The median (50th percentile) is depicted by a horizontal line drawn through 

the box. The mean is designated by a dot. The line above the box extends 

to the largest value that is less chan or equal co the 75th percentile plus 

the interquartile range times 1.5. The line below the box extends to the 

smallest value that is greater than or equal to the 25th percentile minus 

the interquarcile range times 1.5. Extreme values are those that occur 

above or below these lines and are not shown . There is no calculated 

relation between the slope estimator value and the observable slopes in the 

mean or median values seen in the box plots. Furthermore, derivation of the 

box plots was completely independent from the assessment of trend 

significance by the Seasonal Kendall test. 

Variation of discharge causes variation in constituent concentration 

(Harned, 1982). Discharge data were available for the NASQAN stations but 

nowhere else downstream. To compensate for the effect of discharge on 

water-quality constituents collected at the NASQAN stations, regression

residuals analysis was used (Crawford and others, 1983). In regression

residuals analysis, the regression relations between specific conductance 

(sc) and discharge (Q) were tested for the seven NASQAN stations . Specific 

conductance has been measured on a daily basis at the NASQAN stations for 

periods of 6 to 26 years. Thus, specific conductance is 

useful property co test for relation to daily discharge. 

regression models were tested for each station: 

49 
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sc b + m Q (linear), (l) 

sc- b + m 1/Q (inverse), (2) 

sc- b + m log Q (semi-log), and (3) 

log sc = b + m log Q (log-log), (4) 

where b is the intercept on the x axis and m is the slope. 

The log-log model (equation 4) had the overall best fit of the four models 

and was used in subsequent analyses. The log-log function was fitted using 

least-squares regression to the water-quality data for each constituent or 

property. The residuals from chis regression model are considered to have 

the effects of discharge removed. The residuals were then adjusted by 

adding them to the period of record mean co keep the values positive and 

were converted to antilogs. Finally, the adjusted residuals were tested for 

trends using the Seasonal Kendall test, and box plots were prepared for 

graphical detection of nonmonotonic trends with time. 

Although discharge compensation was not possible for the zones or 

locations downstream from the NASQAN stations, the Seasonal Kendall test 

provides some limited adjustment for seasonal variations of discharge. 

Freshwater inflow to the estuaries varies seasonally and is, therefore, one 

source of seasonal variation in water quality. Because the Seasonal Kendall 

test is designed to remove seasonality, the component of seasonal varia

bility in water quality that freshwater inflow may cause is accounted for by 

the test. 

The water -quality data in the zones downstream from the NASQAN stations 

were correlated with discharge at the NASQ~~ stations to test for relations. 

wnen the annual mean discharges were compared to annual median values of 

water quality, no meaningful systematic correlations were found . This test 

lends some assurance that water-quality comparisons on an annual basis in 

the downstream zones are not largely a function of annual discharge 

variation. 
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Trend-Analysis Results 

The results of the Seasonal Kendall test for trends in selected water

quality constituents for the NASQAN stations and NADP/NTN precipitation

quality stations are listed in table 12, and trends test results for the 

combined STORET and individual investigation stations are presented in table 

13. In these tables, only results with a significance level (alpha) equal 

to or less than 0.05 are shown. 

All of the trend results were examined individually using annual box 

plots for each zone or location. The box plots were used to identify 

generalized nonmonotonic trends with time and to identify spatial trends; 

they were also used as a means of identifying questionable data . These box 

plots can be used to provide a frame of reference for the relative change in 

values of the slopes cited in the trend analyses. It is important to note 

that these annual box plots are shown to illustrate the amount and distri 

bution of the data used in the Seasonal Kendall trend tests. However, it is 

emphasized that the means and medians shown in the box plots are not the 

seasonal medians actually used in the trends test, so that trends that may 

be evident in the annual values are not necessarily the trends evaluated by 

the Seasonal Kendall test. Conversely, the annual values may show little or 

no trend, where the Seasonal Kendall test detects one. Also, years with few 

data points should not by themselves bias the trend test results . The trend 

test procedure examines the data seasonally so that data from a period of 

the year with generally high values will be compared to data from a like 

period of the next year. The nonmonotonic trends observed in the box plots 

are qualitative and have not been tested statistically . Finally, only data 

from 1970 to 1988 are shown in the box plots for consistency . The Seasonal 

Kendall trend test was applied co all the data for a zone, including the 

data available before 1970 . 

Properties 

Dissolved oxygen 

Dissolved oxygen is essential for aquatic life and the breakdown of 

waste materials that may be present in a scream . The U. S. Environmental 

Protection Agency (1986) has established a concentration of 5.0 milligrams 
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T•ble 13.--SutliiMry of t htJ se.:Jon;Jl Kendall trond to"t re.:svlt.s lo< selected ~tt~tor•qualJ'(.y di!t~ .storod in u.s. Bnvi ronmcnto~~J Protoctlon Agency Storage and Rctriov~l Sy.ste.m 
•nd collected tor .:soJoctod previou.s i l'lve.stigation.s in , .. .study a r ea 

IOnlr te••h• v ltlil • preb.lbllllJ I••• llll.wlo t.t) •r• •t.ovn· n.. •I,... ••••lrlcaae. 1•-1 - · t . os. TM IWU toypot.,.ah ten"' -• tMt there I• ... ._,.,... 1.-dle.tu tliwlt t.-•1114 ... ..._. -.r• --but tr...._, -r• t~ti9BU.Io;••t '"" .. ta _ ,. 
~.C.l--.!:tl•• cO.tOl iDIIII~tea JIIOIIAbl Ut.J l•ftl l•.u tt..n t.OOll bwUtel•"'- .. u tor ..-IJ.d•l 

'll.ilt•r .... 11\r -
• r loot-lit ion l ... ot· 

t HI•• {Ui.h .) C:Maro· 
h11NbllllJ (t) 

·~ 
Toul ll~tll·! · 

Tumd al~ {SJq") f C>lot l 'lol.ollle- WI I• t il• ~ .... 'to>l iil Ola• &to• C'I)Otll('t..a 

Nuntl-r q J ~fM.,. .-va· f(>l .t l n<>n• Su· !lo,I .J' ••• l<)td Dill' ft•l411 ""'"l .. ~..,. ollto 1111 'flllill • .,1 .... ••1 cl.,•nlo;.a l I'M· II I '" I l (•n Jl ( N) DI:OI;o(I I Yiul Al luo· 'l\i1bld· 'to>! /II .... , ••• 'Ill ,..,tatUe '""""''' 1"''""'"1 l"ltl"'~·· "'"' S11l io>· Sll)lvitd llrK"'" It .......... t lllo Ot'jj.olii iC p lus '"'" !•hull· (lll)'ilo.'l f.l o(lp • l'llC:411 .. ~, Clol l)f()• 
l 'o•r lool <>I • 11eord Oll)'8etl '" II!OU J '" $lll1d ~ .. ol ld t ~O>l ltl • .olld:l •nlid~ .. nllll• .... ~. "' d olo rl<l• fno .,,.,, !O i l t01¢C.OI !0 )1 fOI:o'.tl nlto·••• " llhU111. Jtlmoult d en :oftd to.:occ l f'nl l rl'lfn fi lii"''" ' ' ploJ) I •! 
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of oxygen per liter of water to be the minimum level for adequate 

maintenance of a varied fish population. Dissolved oxygen can exhibit wide 

daily variation in concentration due to biological production and uptake. 

Unfortunately, variability due to sample location in the water column and 

sampling time could not be removed from the data used in the trend analyses 

of this constituent. 

In general, dissolved-oxygen concentrations increased at a rate of 

about 0.1 (mg/L)/yr (milligrams per liter per year) throughout the 

Albemarle-Pamlico estuarine system except at the Blackwater River NASQAN 

station and in the Chowan River where concentrations decreased approximately 

0.06 (mg/L)/yr. Zone N3 in the Neuse River estuary also showed a 

significant decreasing trend in dissolved-oxygen concentration (fig. 10). 

Trends in dissolved-oxygen concentration for selected water-quality 

zones in the Albemarle-Pamlico estuary system are represented by box plots 

in figures 11 and 12. The increase in dissolved-oxygen concentrations in 

the Neuse River zone N4 (fig. llA) places these values generally above the 

5.0 mg/L (milligram per liter) U.S. Environmental Protection Agency 

criterion level after 1979. A decreasing trend in dissolved-oxygen 

concentrations in zone N4 since 1983 is also apparent. 

The dissolved-oxygen trends for Pamlico River zones PR2 and PRlO are 

shown in figures llB and llC, respectively. Both zones had dissolved-oxygen 

concentrations that generally exceed 5.0 mg/L. Location P4 in Pamlico Sound 

had dissolved-oxygen concentrations that exceed the 5.0 mg/L criterion, 

although a slight decline occurred in 1985 -86 (fig. llD). 

Trends in dissolved-oxygen concentrations in the Pasquotank River 

(zones PSl, fig. 12A and PS2, fig. 12B) also increased . At times, however, 

dissolved-oxygen concentrations at zone PSl were less than the 5.0 mg/L 

criterion until 1985 when they increased substantially. Dissolved-oxygen 

concentrations in zone PS2 exceeded 5.0 mg/L throughout the period of 

record. 

Dissolved-oxygen concentrations at Perquimans zone PQl (fig. 12C) 

consistently have exceeded the 5 . 0 mg/L criterion since 1974. But, a 

decreasing trend is apparent at zone CH4 (fig. 12D) in the Chowan River, 
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where soree dissolvod-oxygen concentrations began to drop below the 5.0 mg/L 

concentration in the early 1980's. 

If daytime sampling is assumed, a general increase in dissolved oxygen 

may be an indication of more productive estuary conditions. Increased plant 

biomass over time could result in high daytime photosynthetically generated 

dissolved-oxygen levels. 

Biochemical oxygen demand 

The use of dissolved oxygen during the metabolism of organisms and the 

oxidation of biologically oxidizable organic material in water can be 

measured by a 5-day biological oxygen demand test (BODS). The BODS is 

useful to evaluate the amount of oxidizable organic material in the water. 

BODS values of l to 8 mg/L are common for streams moderately contaminated 

with domestic wastewater (Ne:nero••, 1974). 

Trends of increasing BODS values ware detected at Neuse River zone N2 

(0.10 (mg/L)/yr; fig. 13A) and at Roanoke Sound zone Rl (0.05 (mg/L)/yr; 

fig. 13B). Decreasing trends occurred at Currituck Sound zone CUl (·0.07 

(mg/L)/yr; fig. 13C) and location CU2 (-0.24 (mg/L)/yr for 1977 through 

1984); and in Chowan River zones CH5 (·0.03 (mg/L)/yr) and CH7 (-0.04 

(mgjL)/yr; fig. l3D). A nonreo~otonic pattern showing a peak in 1981 

followed by a decline of BODS values was observed at Pamlico Sound location 

P3 (fig. 14) . 

Biological oxygen demand values generally increase downstream in the 

~euse River (fig. l5A) and the Pamlico River (fig. 15B). BODS values for 

several zones of the Albemarle Sound area are show~ in figure lSC and are 

presented for those zones of Currituck, Croacan, and Roanoke Sounds in 

figure 15D. Overall, BODS values are slightly lower in the sounds chan in 

the Neuse and Pamlico Rivers. 

The pH of water is funda=ental to the nature of the chemical reactions 

that occur in the water. In general, aqua~ic life requires pH to be within 

a range of 6.5 and 9 units (U.S. Environmental Protection Agency, 1986) . 
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Low pH values can increase the solubility of materials toxic to aquatic life 

and cause detrimental effects. A lower limit of 6.0 pH units has been 

established by the N.C. Environmental Management Commission (1979) as the 

criterion for waters used for fishing and recreation, such as those of the 

Albemarle -Pamlico estuarine system. 

The pH trend of water in the Albemarle-Pamlico study area generally 

increased during the period 1970 to 1988 except for the Tar and Pamlico 

Rivers (fig. 16). An annual increase of approximately 0.04 pH unit occurred 

in many of the Albemarle -Pamlico estuary zones, whereas a decrease of about 

0.03 pH unit per year occurred in the Pamlico River. 

Examples of increasing pH trends are shown in Pamlico Sound at location 

P3 in figure 17D, in Currituck Sound at zone CUl in figure 18A, and in 

Albemarle Sound at zone AS in figure 18B. The pH values in these sounds are 

above the 6.0 criterion level. The decreasing trends in pH in the Pamlico 

River are illustrated by the box plots for zone PRl (fig. 17A), zone PRS 

(fig. 17B), and zone PRlO (fig. 17C). Values of pH below 6 . 0 began 

occurring in the early 1980's in these Pamlico River zones. 

The observed trends in pH throughout the Albemarle-Pamlico study area 

are an indication of changes in chemistry of the system. Because the 

NADP/NTN precipitation-quality stations do not show significant trends in pH 

(table 11), changes in land use or wastewater inputs in the individual 

stream basins may have caused the observed trends in pH. However, because 

of the substantial buffering capacity of the estuary waters, any changes in 

acidity from precipitation will be masked . A general increase in pH might 

also be indicative of more eutrophic estuary conditions. Consumption of 

carbon dioxide by algae causes a decreased acidity, causing pH to rise. 

Alkalinity 

Alkalinity buffers acidity of water reducing changes in pH that may 

occur, for example, in response to algal activity, acid precipitation, and 

wastewater discharges. The bicarbonate ion is a major contributor to the 

alkalinity of water in the Albemarle-Pamlico system . Because bicarbonate 

can reduce the toxicity of certain metals to aquatic life, the U.S. Environ

mental Protection Agency recommends a minimum of 20 mg/L of alkalinity (as 
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CaC0
3

) for the protection of aquatic life (U.S. Environmental Protection 

Agency, 1986) . 

A trend of increasing alkalinity was detected at the NASQAN station in 

the Roanoke River (0.80 (mg/L)/yr), where alkalinity generally has been 

above the 20 mg/L concentration since the early 1980's (fig . 19A) . Other 

increasing trends were noted in Pamlico Sound locations P3 (6.7 (mg/L)/yr) 

and P4 (5.0 (mg/L)/yr), in Croatan Sound zone CRl (2 . 8 (mg/L)/yr), in 

Roanoke Sound zone Rl (3 . 1 (mg/L)/yr), and in Currituck Sound zone CUl (2.0 

(mg/L)/yr). 

A trend of decreasing alkalinity was observed at the mouth of the 

Roanoke River in location ROl . Overall, the long- term trend of decreasing 

alkalinity in the Roanoke River became less pronounced in the late 1970's 

but has increased recently. At the other stations showing statistically 

significant trends, alkalinity has increased and appears to be well above 

the criterion level throughout the period of record. 

Alkalinity decreased over time in Chowan River zones CH4 

( -0 . 83 (mg/L)/yr) and CH5 (-1.0 (mg/L)/yr). In contrast to alkalinity at 

most other sites, alkalinity at zone CH5 appears to have decreased since the 

late 1970's to concentrations regularly below the 20 mg/L criterion (fig. 

198). 

Alkalinity also varies spatially . Alkalinity concentrations in 

upstream reaches of streams, such as at the NASQAN stations, tend to be 

lower than those in downstream reaches and in the estuary. This effect is 

illustrated in the box plots for zones in the Neuse River (fig. 20A) and the 

Pamlico River (fig. 208) . A corresponding increase in alkalinity from the 

upstream to the downstream areas of Pamlico Sound also was detected (fig. 

20C) . 

Hardness 

Hardness in water is caused by the presence of polyvalent cations, 

primarily calcium and magnesium, and to a lesser extent strontium, ferrous 

iron, and the manganous ion. Hardness generally is dependent on contact of 

the water with certain chemicals and minerals in soils and local rock 
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formations. In addition, calcium and magnesium are abundant in seawater, so 

hardness generally increases wich increased mixing of freshwacer wich 

seawater. Many of the aquatic-life criteria (U.S . Environmencal Protection 

Agency, 1986) vary depending on che water hardness because toxicity of 

metals and other constituents to aquatic life increase as water hardness 

decreases . 

Increasing trends in flow -adjusted hardness were detected for the 

NASQAN stations on the Blackwater River (0.28 (mg/L)/yr), the Tar River 

(0.15 (mg/L)/yr), the Neuse River (0.16 (mg/L)/yr), and Contentnea Creek 

(0.31 (mg/L)/yr). The median hardness of the water ac the NASQ~~ stations 

is 22 mg/L. 

No significant trends over cime were detected for hardness in the 

streams and estuaries downstream from the NASQAN stations. However, some 

spatial variation in hardness was apparenc. 

River (fig. 21A) and the Pamlico River (fig. 

Box plots by zone for the Neuse 

218) show a progressive 

increase in hardness downstream; a slight dow~stream increase is apparent 

for the Alligator River (fig. 21C). In Pamlico Sound (fig. 210), zone Pl 

had the lowest hardness, and location P3 shows the highest. All of the 

downstream estuary zones and locations have hardness values characterized as 

very high (greater chan 180 mg/L). 

Suspended Sediment 

Sediment is the solid material transported by stream discharge, either 

in suspension or along the scream bottom, and consists primarily of the 

fragmental material that originates from weathering of rocks and includes 

soils and organic debris. Many nutrients, metals, and synchetic organic 

materials, such as pesticides, are readily sorbed and transported by 

sediment particles. 

The only sediment daca available were for samples collected at the 

NASQAN stations and analyzed for suspended sediment . Although decreasing 

trends in discharge-unadjusced sediment concentrations are indicated in 

table 12 for the Contentnea Creek and Roanoke River stations, the discharge

adjusted concentrations indicated a significant trend only in the Roanoke 

River (-0.21 (mg/L)jyr). The decreasing trend in sediment concentration at 
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this station is probably a result of the upstream reservoir system for the 

Roanoke River. 

The Roanoke River station had the lowest suspended- sediment 

concentration of che NASQAN stations (fig. 22A). The highest concentration 

for the NASQAN stations occurred at the Tar River station. The Virginia 

stations, including the Nottoway River, Blackwater River, and Meherrin 

River, generally had lower suspended-sediment concentrations than the Tar 

River, Neuse River, and Contentnea Creek stations. 

Turbidity 

Turbidity is caused by suspended material in water . High turbidity 

reduces sunlight penetration and may limit algal growth capacity. The 

available turbidity data for the Albemarle-Pamlico study area show few 

trends. Decreasing turbidity trends were detected at Pamlico River station 

PR4 ( -1.1 nephelometric turbidity units per year (NTU/yr)) and Chowan River 

stations CHl (-0 . 65 NTU/yr) and CH4 (-1.2 NTU/yr) (table 13). A substantial 

reduction in turbidity was apparent at all three of these stations in the 

late 1980's. The reduction in curbidity is reflected in the box plot for 

Chowan River zone CHl in figure 228. 

Spatial trends in turbidity are apparent in the data for Pamlico Sound. 

Turbidity is highest at location Pl near the mouth of the Pamlico River and 

lowest near locations P3 and P4 nearer the Atlantic Ocean (fig. 22C). 

Suspended Solids 

The matter that remains as residue after a water sample is evaporated 

is generally referred to as total solids. This residue can be further 

defined by measurements to determine (1) dissolved solids, which is 

primarily inorganic salts, and (2) suspended solids, which is the 

undissolved constituent generally comparable to suspended sediment. Solids 

can be further subdivided into volatile and nonvolatile fractions. The 

volatile fraction is primarily the organic material in the sample; the 

nonvolatile fraction of the residue is primarily the inorganic material in 

the sample. 
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Suspended-solids concentrations have decreased throughout the 

Albemarle -Pamlico estuarine system at a mean rate of 1.1 (mg/L)/yr during 

the study period . A map showing the locations of zones or stations with 

statistically significant decreasing trends of suspended-solids 

concentrations is shown in figure 23. Box plots of suspended-solids 

concentrations by year illustrate general declines in suspended solids since 

the mid-1970's at Neuse River zone N4 

(fig. 24B), Pamlico Sound location P2 

(fig. 25A), Perquimans River zone PQl 

PSl (fig. 25C). 

(fig. 24A), 

(fig. 24C), 

(fig. 2SB), 

Pamlico River zone PRl 

Chowan River zone CH7 

and Pasquotank River zone 

Nonvolatile suspended-solids concentrations decreased at a mean rate of 

1.5 (mg/L)/yr. Trends of decreasing nonvolatile suspended-solids 

concentrations were detected at Neuse River zones Nl, N2, and N4 (N4 shown 

in fig. 26A); Pamlico River zone PRl; Pamlico Sound zone Pl and locations P2 

(fig. 26B) and P4; Roanoke Sound zone Rl; Currituck Sound zone CUl; Roanoke 

River location ROl; and Chowan River zones CHS and CH7. 

Total solids concentrations, including the volatile and nonvolatile 

components of that total, have increased since the mid-1970's at Alligator 

River zone AR2 and at Chowan River zone CH7. In the case of Chowan River 

zone CH7, the total solids increased while the suspended solids decreased, 

indicating an increase in the dissolved solids. 

Overall, the suspended-solids concentrations in the Albemarle-Pamlico 

estuarine system decreased during the study period. Because these decreases 

are in the nonvolatile component of solids, the decrease probably did not 

result from a decline in algal or other organic material but from a general 

decrease of suspended inorganic material resulting, perhaps, from 

construction of new lakes and ponds in the basin which trap sediment, 

including the suspended- inorganic component of sediment, or from changes in 

agricultural practices, such as crop production or improved soil management 

practices. 

Specific conductance 

Specific conductance is a measure of the ability of water to conduct 

electric current and is measured in ~S/cm (microsiemens per centimeter at 25 
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degrees Celsius) . Specific conductance i s dependent upon t he number and 

types of ions dissolved in the water and is, therefore , useful as an 

indi rect measure of the relative amounts of chemical i ons i n solution. 

The greatest 

NASQAN stations . 

amount of specific-conductance data is available for the 

Specifi c conductance has been continuously monitored at 

many of the NASQAN stations for periods of more than 10 years . In addition, 

specific conductance was measured when water -quality samples were 

periodically collected at the stations, usually at intervals of one month to 

6 weeks . 

Tests for trends in specific conductance were run separately for the 

daily-value records and for the periodic measurements made in connection 

with the collection of water-quality samples. Increasing trends in flow

adjusted specific conductance were detected in the Neuse River (0.8 

(~Sjcm)jyr for periodic samples), the Tar River (0.6 (~S/cm)/yr for daily 

values), the Roanoke River (1 . 5 (~Sjcm)jyr, for daily values), Contentnea 

Creek (1 . 9 (~S/cm)/yr for daily values), and the Blackwater River (0.7 

(~S/cm)/yr for the periodic record). This increasing trend is exemplifi ed 

in the box plot for periodic samples from the Neuse River NASQAN station 

(fig . 27A). 

An increasing trend in specific conductance of atmospheric deposition 

during 1979- 87 was detected at the Lewiston station (1.9 (~S/cm)/yr; fig. 

278) . However, this trend was not reflected in concentrations of major 

dissolved substances in precipitation . 

Spati al 

(fig . 27C) . 

trends i n specific conductance are evident in the Pamlico River 

Specific conductance increases from zone PRl to zone PRlO as 

the freshwater mixes wi th saltwater in the estuaries and sounds . 

Major Dissolved Substances 

Dissol ved solids and salinity 

Di ssolved solids, reported in milligrams per liter, is mostly used in 

refer ence to freshwater quality . The amount of dissolved material in water 

is environmentally important because it helps managers determine the 

83 



0: 
w ... 
w 
;! ... 
z 
~ 

~ 
~ 
~ 
w 

i 
!!; 

~ 
~ 
0 

i5 
§ 
lf 
0 w 
lis 

NUMBER OF SAMPLES 

4 16 13 13 , 13 11 12 11 6 6 6 6 6 8 4 
r-r-T""""Ti ~ -,-

A. ~EUSE RIVER :o;ASQA..'l" STATIO~ 

200 ~ 

150 -

100 -

so L 

0 
1$70 1975 1980 1985 1988 

NUMBER OF SAMPLES 

7 28 28 12 34 3$ 22 20 2$ 15 
250 

u ~ATJONAL ATMOSPHERIC DEPOSITION 
PROGRAM STATIOS AT L~WI$TOK 

J 200 r-

150 _J 

100 r 
1._ & ; 

so-

J -:r ·; ~ Y+f? 7 I I I 

1970 1975 1980 1985 1988 

NUMBER OF SAMPLE$ 

65 .. 22 31 4 14 12 10 
30.000 r-.--.---.--~---.--,----,---,--~-~ 

c. PA.\1LICO RIVER 1974·85 PeriO"Joheoord 
ZONES 

1$74·85 

1975-n 

1974·85 

1 
20,000 

1974-SS 

I -f-]-
1975 • 10,000 Lq • 

J _,__ 

o-01 _l_ - "" 
PR1 PR2 PR4 PR$ PA$ PR7 

ZONE 

!,.. 197&-n 

1976-77 

PRSI PR10 

EXPLANATION 

LARGEST OSSERVATION. 
<~1$ •1.5 x lOA 

Ul 

~ 
~ 

75r. PERCENTILE 0
0

.
75 

"' ~I£ MEAN 1i2 
<- SO ... PERCENTILE O.so ::> 
0 a: 
Ul ... 25" PERCENTILE 0.,,. !!; 

SMALLEST OSSERVATION. 
>00 2S · 1.5 tOR 

Figure 27.--Box plots of specific conductance for: A. Neuse River National 
Stream Quality Accounting Network station, 1973-88 (discharge adjusted), 
9. Natio~al Atmospheric Deposition Pr09ram station at Lewiston, 1978- 87, 

and c. Pamlico River zones for the period o: record. 

84 



.... --

ultimate use or treatment of water and plays a critical role in the types of 

aquatic life that populate the waters. Salinity is a measure of the 

concentration of dissolved material in water, usually reported in parts per 

thousand (ppt) and is used in reference to the quality of saltwater. Giese 

and others (1985) give a detailed discussion of salinity, the mixing of 

fresh and saltwater i n estuaries, and spatial variation of salinity in North 

Carolina's estuaries . 

A map showing the locations of zones or stations where significant 

increasing or decreasing trends of dissolved solids or salinity were 

detected is shown in figure 28. Although the NASQAN stations show trends of 

increasing dissolved-solids concentrations and an increasing trend in 

salinity at Pamlico River zone PR2 was detected (0.03 ppt/yr), a trend of 

decreasing salinity was apparent in the Pamlico River at its mouth in zone 

PRlO ( -0.16 pptjyr) . Increasing trends in flow -adjusted dissolved-solids 

concentrations were detected at all the NASQAN stations except for those on 

the Nottoway and Meherrin Rivers. The mean increase for all NASQAN stations 

was 0.6 (mg/L)jyr. Generally, the dissolved-solids concentrations increased 

through the 1970 ' s, peaked about 1981 during a very dry year, and then 

declined through the 1980's, as exemplified in the box plots for the Tar 

River in figure 29. 

Increasing trends in salinity were detected at Albemarle Sound zones A2 

(0 . 1 ppt/yr) and A5 (0 . 08 ppt/yr) and at Pasquotank River zone PSl (0.08 

ppt/yr). This increase in salinity is illustrated in the box plot for 

Albemarle Sound zone A2 (fig. 30C). The peak in concentration of salinity 

values at the Pamlico River zones PRlO and PR2 in 1981 (figs. 30A and 308) 

may be compared with similar peaks in dissolved-solids concentrations at the 

NASQAN stations during the same period (fig. 29, for example). 

Salinity levels in the estuaries and sounds vary spatially. In 

general, salinities increase from west to east as freshwater mixes with 

saltwater entering the sounds through the inlets . This increase in salinity 

in a seaward direction can be seen in the box plots for the Neuse River in 

figure 31A; the Pamlico River in figure 318; Pamlico Sound in figure 31C; 

Albemarle Sound, the Little River, the Perquimans River, and the Pasquotank 

Ri ver in figure 32A; the Alligator River in figure 328; and Currituck, 

Croatan, and Roanoke Sounds in figure 32C. Changes in salinity should be 
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reflected in specific conductance also. However, the available data for 

specific conductance in the estuary zones were sparse, and direct 

comparisons were not possible. 

Chloride 

Chloride is one of the major constituents of dissolved solids in 

seawater. Locally, trends detected in chloride are expected to be similar 

to those seen for dissolved solids and salinity. Unfortunately, there were 

not many available data for chloride in the estuary system; however, there 

are considerable chloride data for the NASQAN stations. 

Flow-adjusted chloride concentrations increased over time at all the 

NASQAN stations except the Meherrin River and Contentnea Creek stations. 

The mean for the increases observed in the NASQAN stations was 0.07 

(mgjL)/yr. Box plots of chloride concentrations with time are shown for the 

Neuse River in figure 33A, for the Roanoke River in figure 338, and for the 

Nottoway River in figure 33C. This increase is probably due to increased 

upstream wastewater discharges over time. 

A trend of increasing chloride concentration was detected at zone N4 in 

the Neuse River. Short- term (1982-88) increasing chloride trends were 

apparent at zones PR4 and PR7 in the Pamlico River. 

A peak in chloride concentration occurred around 1981 during a 

relatively dry period at NASQAN stations on the Roanoke River, Contentnea 

Creek, Tar River, and the Blackwater River . This 1981 peak is reflected in 

salinities observed in Pamlico River zones PR2 (fig. 30B) and PRlO (fig. 

30A). A peak in chloride concentration in the early 1980's was evident also 

at Currituck Sound zone CRl, Little River zone Ll, Perquimans zone PQl, and 

at Pasquotank River zones PSl and PS2; however, none of these zones showed 

statistically significant increasing or decreasing trends. 

Some spatial variations in chloride concentrations are evident from the 

available data. Overall, for chloride concentrations at the NASQAN stations 

(fig. 330), Contentnea Creek had the highest relative distribution of 

concentrations of chloride fol lowed by the Neuse River, Blackwater River, 

Tar River, Roanoke River, and the Nottoway and Meherrin Rivers. Variations 
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in chloride concentrations between the zones and locations in Pamlico Sound 

are shown in figure 34A, in Albemarle Sound in figure 34B, and in Currituck, 

Croatan and Roanoke Sounds in figure 34C. The variations in chloride 

concentrations in Pamlico, Currituck, Croatan, and Roanoke Sounds are 

similar to those seen for salinity (figs. 31C and 32C) at these areas. 

Chloride and salinity concentrations are generally greater in Pamlico Sound 

locations P2 and P3 than in zone Pl and location P4; lower in Currituck 

Sound location CU2 than in zone CUl; and higher in Roanoke Sound than 

Croatan Sound. 

Bicarbonate 

Data for bicarbonate concentrations were available only for the NASQAN 

stations. Increasing trends in flow-adjusted bicarbonate levels were 

detected at the Neuse River (0.07 (mg/L)/yr) and Contentnea Creek 

(0.11 (mg/L)/yr) stations for the period 1973 -85. 

Macronutrients 

Carbon, nitrogen, and phosphorus are primary chemical elements required 

by plants for growth. Eutrophication, the enrichment of a body of water 

with nutrients, 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. These effects are usually most pronounced in lakes 

and estuaries where accumulation of nutrients may result in particularly 

high concentrations of algae. 

This section examines trends in macronutrients carbon, nitrogen, and 

phosphorus , as well as the ratios of these elements. The available nutrient 

data for the Albemarle·Pamlico estuarine system includes measures of total 

organic carbon, ammonia nitrogen, total ammonia plus organic nitrogen, 

nitrate plus nitrite nitrogen, total phosphorus, and dissolved phosphorus. 

Ca1;bon 

A range of 5 to 15 mg/L total organic carbon (TOG) is characteristic of 

the upstream edge of the tidal zone of river and estuary waters of the area 
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(Thurman, 1985). However, TOC concentrations in swamps and bogs, which can 

be relatively high, generally range from 30 to 40 mg/L (Thurman, 1985). 

Because carbon is readily available in the environment as carbon dioxide or 

bicarbonate, it is unusual that carbon would limit the growth of algae 

(Crawford, 1985). 

Decreasing trends in TOC concentrations since 1982 were detected in 

Roanoke River location ROl ( -0.50 (mg/L)/yr) and Albemarle Sound zone A2 

(-0.37 (mg/L)/yr). Concentrations were within the normal range described by 

Thurman (1985). The TOC data for the Chowan River (fig. 35A) and the 

Alligator River (fig. 358) indicate that TOC concentrations decreased 

downstream. 

Nitrogen 

Nitrogen is critical in the growth of algae in the Albemarle-Pamlico 

estuarine system. Nitrogen has been reported by Stanley (l988a) to be the 

limiting nutrient in the Pamlico River and by Paerl (1987) to be a limiting 

nutrient in the Neuse River. Total nitrogen concentrations larger than 0.3 

mg/L indicate potential for nuisance growth of algae (Sawyer, 1947; 

Sakamoto, 1966; Vollenweider, 1971). 

The oxidation of reduced forms of nitrogen (ammonia and organic 

nitrogen) in surface waters is readily accomplished by aerobic aquatic biota 

that produce nitrite and nitrate nitrogen. Because natural processes 

oxidize reduced nitrogen, concentrations of reduced nitrogen are transient 

in surface water. Weiss and others (1973) considered concentrations of 

total ammonia nitrogen greater than 0.5 mg/L in lakes indicative of animal 

or human contamination. 

Decreasing trends in ammonia nitrogen concentrations were detected at 

zone A2 ( -0.005 (mg/L)/yr) in Albemarle Sound, Alligator River zone AR2 

(-0.023 (mg/L)/yr), and zone CHl (-0.003 (mg/L)/yr) in the Chowan River 

(fig. 36A), show~ on table 13. A decline in ammonia nitrogen concen

trations also was significant for all of the Pamlico River zones except PRl; 

the mean for 9 zones was -0.003 (mg/L)/yr. Box plots for zones PR2 (fig. 

368), PRS (fig. 36C), and PR9 (fig. 36D) illustrate this decline. Only 

Chowan River zone CHl had ammonia concentrations greater than 0.5 mg/L (in 
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1973), and concencr ations at all zones showing decreasing trends fell below 

0 . 3 mg/L in the late 1980's. Although there are substantial ammonia 

nitrogen data available for ~ASQAN and NADP/NTN stations (table 12), recent 

changes in lower analytical detection limits of the analysis made trend 

anal ysis questionable for these stations. 

Total ammonia plus organic nitrogen concentrations generally decreased 

(mean of 7 zones, -0 . 03 (mg/L)/yr) throughout the Albemarle -Pamlico study 

area except in the Pamlico River, Chowan River zones CHl and CH3, and the 

Nottoway River NASQAN station (fig. 37). Because ammonia n i trogen gener ally 

decreased in the Pamlico River zones whereas total ammonia plus organic 

nitrogen increased (mean of 9 zones, 0 . 02 (mg/L)/yr), it appears that the 

increase in nitrogen in the Pamlico River is due to an increase of organic 

nitrogen. This is most likely due to increased production of biomass . 

Solubl e ammonia nitrogen is used by algae and converted into organic 

nitrogen in algal cells. 

Box plots of total ammonia plus organic nitrogen at Neuse River zone N4 

(fig. 38A), Currituck Sound location CU2 (fig. 38B), Pasquotank River zone 

PSl (fig. 38C), and Chowan River zone CHl (fig. 38D) demonstrate trends of 

decreasing total ammonia plus organic nitrogen since the late 1970's or 

earl y 1980's . In the l ate 1980's, the concentrations of total ammonia plus 

organic nitr ogen at these zones decreased to about 0 . 5 mg/L or less. 

Increasing trends in total ammonia plus organic nitrogen concentrations 

were detected at all of the Pamlico River stations, as illustrated in the 

box plots for zones PRl (fig . 39A) and PR7 (fig. 39B) . However, a decrease 

in concentr ations of total a~~onia plus organic nitrogen beginning in the 

early 1980's is apparent for zones PRl (fig. 39A), PR2, PR4, and PRS. I n 

general, the zones downstream from PRS show the pattern of increase similar 

to t hat observed for zone PR7 (fig. 39B) . It is important to note that 

increases detected in three zones (PR2, PRS, and PR9) of the Pamlico River 

by Stanley (1988a) were speculatively discounted as results of different 

analytical methodologies. 

Total ammonia plus organic nitrogen concentrations vary spatially in 

the Albemarle-Pamlico estuary. In general, concentrations decreased 

slightly downstream as seen in the Neuse River zones (fig . 40A), the Pamlico 
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River (fig. 40B), the Alligator River (fig . 40C), and the Chowan and Roanoke 

Rivers (fig. 41A). Currituck Sound location CU2 had higher concentrations 

than zone CUl (fig. 41B) . However, the Albemarle Sound area (fig. 41C) 

showed no distinct spacial pattern. In all cases except at Albemarle Sound 

zones Al, A2, and AS, total ammonia plus organic nitrogen concentrations 

were higher than 0.3 mg/L suggesting an ample supply of nitrogen for algal 

growth. 

Trends of decreasing nitrite plus nitrate nitrogen concentrations 

during the period 1978 -88 occurred at Neuse River zones N2 (-0.012 

(mg/L)/yr) and N4 ( -0.004 (mg/L)/yr), Pamlico River zones PR2 ( -0.005 

(mg/L)/yr) and PRS ( -0.005 (mg/L)/yr), and Albemarle Sound zone A2 ( -0 . 005 

(mg/L)/yr) . The decreasing trends in nitrite plus nitrate nitrogen at the 

Pamlico River zones may be compared to the decreases detected in total 

ammonia plus organic nitrogen trends for the same period at Chowan River 

zone CHl (fig. 380). An increasing trend of nitrite plus nitrate nitrogen 

was detected at Roanoke River location ROl for the period 1973-88, although 

a decreasing trend was noted there for total ammonia plus organic nitrogen. 

Spatial variation in nitrite plus nitrate nitrogen values is evident 

for the NASQAN stations (fig. 410), and this pattern of variation is similar 

to the other nutrients measured at these stations. The Virginia stations 

(Nottoway, Blackwater, and Meherrin Rivers ) generally had lower nutrient 

levels than the North Carolina stations (Roanoke, Tar, and Neuse Rivers and 

Contentnea Creek), with the Neuse River and Contentnea Creek having higher 

concentrations than the other stations. 

Phosphorus 

Phosphorus is the third major nutrient (in addition to carbon and 

nitrogen) essential to algal growth. The National Technical Advisory 

Committee (1968) recommends 0.05 mg/L total phosphorus (as P) as the maximum 

limit for waters entering impoundments. Other sources (Sawyer, 1947; 

Sakamoto, 1966; and Vollenweider, 1971) note that total phosphorus 

concentrations in lakes above 0 .01 mg/L promote nuisance algal growth . A 

concentration below 0.1 mg/L is recommended by Mackenthwn (1969) to prevent 

algal blooms in streams. 
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Zones or stations with statistically significant trends in total 

phosphorus concentrations in the Albemarle -Pamlico study area are shown in 

figure 42 . Total phosphorus concentrations increased at a mean rate of 

0 . 003 (mg/L)/yr in the Pamlico River and decreased at a mean rate of 0 .004 

(mg/L)/yr elsewhere in the study area . 

The increasing trend of total phosphorus concentrations at the Pamlico 

River zones is illustrated in figures 43A and 43B for zones PRl and PRS, 

respectively. However, an apparent decreasing trend is evident for zone PRS 

for the period 1978-88. Trends of increasing total phosphorus 

concentrations were detected at the NASQAN stations in Contentnea Creek and 

the Tar River (fig . 42). Trends of decreasing total phosphorus 

concentrations were detected at Neuse River zone N4 (fig. 44A), Pamlico 

Sound location P3, Albemarle Sound zone A2, Roanoke River location ROl (fig. 

448), Pasquotank River zone PSl (fig. 44C), and Chowan River zone CHl. 

Spatial variation in total and dissolved phosphorus concentrations is 

evident in the Albemarle -Pamlico estuarine system. There is a generalized 

pattern of decreasing total and dissolved phosphorus concentrations 

downstream for the Neuse and Pamlico Rivers (fig. 45). Total phosphorus 

concentrations in the Pamlico River peak in zone PR4 and decrease from there 

downstream (fig. 45A); similarly, dissolved phosphorus concentrations peak 

at PRS and decrease downstream (fig. 458). In the Neuse River, the highest 

concentrations of total and dissolved phosphorus were in upstream zone Nl 

(figs. 4SC and 450). 

A comparison of the total or dissolved phosphorus concentrations for 

all the estuary zones shows that the highest concentrations generally 

occurred in the Pamlico River zones PR4, PR5, PR6, and PR7 (fig. 45); in the 

Neuse River zones Nl and N2 (fig. 45); and in the Chowan River zone CHl 

(fig. 46A). The lowest relative concentrations occurred in Albemarle, 

Currituck, Croatan, and Roanoke Sounds (figs. 468 and 46C). 

Although trends of decreasing concentrations were observed in certain 

areas, total phosphorus concentrations in all cases tested for trends were 

above the 0 . 01 mg/L concentration for freshwater lakes cited by Sawyer 

(1947), Sakamoto (1966), and Vollenweider (1971) as sufficient for abundant 

algal growth. Only the Roanoke River NASQAN station and Albemarle Sound 
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zones A2 and AS had total phosphorus concentrations generally less than 0.05 

mg/L. General long·term decreases in dissolved phosphorus may, in part, be 

accounted for by uptake in biomass under conditions of increasing levels of 

eutrophication. 

Carbon:nitrogen:phosphorus ratios 

Ratios of carbon to nitrogen to phosphorus can be used to evaluate 

which nutrient is limiting algal growth (Vallentyne, 1974). A comparison of 

the measured ratios to an average plant tissue composition carbon:nitrogen: 

phosphorus ratio of 40:7:1 (Vallentyne, 1974) can show which nutrient is in 

relatively limited supply. A list of the ratios of the median values of 

nutrients at the NASQAN stations and estuary zones is given in cable 14. 

The limiting nutrients at each zone as determined by this ratio comparison 

are indicated in figure 47 . It is important to note that nutrient ratios 

based strictly on observed water column concentrations of nutrients do not 

always clearly indicate the limiting nutrient. In particular, seasonal 

variation in nutrient limitation and limits of nutrient chemical forms 

available co phytoplankton are not reflected in a simple nutrient ratio 

comparison. With these restrictions in mind, this approach generally shows 

chat nitrogen is the limiting nutrient in the Neuse and Pamlico Rivers and 

that phosphorus is the limiting nutrient in most of the rest of the area. 

Direct tests for specific nutrient limitations must be made to confirm 

limitations at specific sites in the estuarine system. 

Biological Characteristics 

Methods of assessment of biological water-quality conditions include 

the use of indicator organisms, such as fecal coliform and fecal strep· 

cococci bacteria and the measurement of chlorophyll-~ concentrations. 

Although additional biological data are available for the Albemarle · Pamlico 

estuarine system, these biological measures are the only ones for which the 

period of record is sufficient co allow trend testing. 

Bacteria 

Fecal coliform bacteria commonly live in the gut and feces of 

warmblooded animals. Although all species of this group are not human 
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Table 14 .- -Nut:rient ratios for the study area 

[NASQAN, Nacional Scream Qualicy Accouncing Necwork; mg/L, milligrams per 
liter; C, cocal organic carbon; P, cotal phosphorus; N, the sum of total 

organic and ammon1a nicrogen plus nicrite and nicrace nicrogen; 

NASQAN station 
and zone or 

locacion 
identifier 

(figs. 2 and 9) 

Nottoway River 
Blackwater River 
~!eherrin River 
Roanoke River 
Tar River 
Neuse River 
Contentnea Creek 

Nl 
N2 
N3 
N4 

PR1 
PR2 
PR3 
PR4 
PRS 
PR6 
PR7 
PR8 
PR9 
PRlO 

A1 
A2 
A3 
A4 
AS 

>, greacer chan; -- , no data) 

Median 
concentration 

(mg/L)a 

C N P 

C:P 

c 

NASOAN stations 

6 . 8 
10.0 
6.6 
5 . 0 
9.2 
9.5 

10.0 

0.59 
. 81 
.49 
.50 
.92 

1.31 
2.18 

0.04 
.04 
.04 
.02 
.13 
.22 
.33 

168.8 
248.8 
165.0 
250.0 

70 .8 
43.0 
30.3 

Ratio 
N:P 

N 

14.6 
20.3 
12 . 3 
25.0 
7.1 
6.0 
6.6 

Water-quality zones or locations 

14.0 
14.0 

12.0 

12.0 
11 . 0 

12.5 

17.0 
10.0 

10.0 
9.0 

10.0 
10.0 
10.0 

. 95 

.89 

.6 

.55 

1.10 
. 81 

b. 65 
.68 
.65 

b.60 
.62 
.46 

b49 
b47 

. 4 

. 35 

. 55 
b.4 

.23 

. 17 

.14 

.14 

.09 

.12 

.15 

.13 

.16 
.18 
.17 
.15 
.13 
.11 
.83 

.05 

.04 
.06 

.05 

82.4 
100.0 

133.3 

103.5 
76 .1 

76.1 

113.3 
75 . 9 

200.0 
225.0 
166.7 

200.0 

5.6 
6.3 
4.3 
6.1 

9 . 5 
5.6 
5.0 
4.1 
5.7 
3.6 
4 .1 
3.5 
4.6 

.57 

8.0 
8 .8 
9.2 

4 . 6 

P:P 

p 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1.0 

Probable 
order of 
importance 

as limiting 
nutrienc 
for algal 

rowth 

P > N > C 
P > N > C 
P > N > C 
P > N > C 
P > N > C 
N > P > C 

N and C > P 

N > P > C 
N > P > C 
N > p 
N > P > C 

P > N > C 
N > P > C 
N > p 
N > P > C 
N > p 
N > p 
N > P > C 
N > P > C 
N > p 
N > p 

P > N > C 
P > N > C 
P > N > c 

N > P > c 

~alues have been rounded. Ratios calculated from these rounded values will 
bnot equal those reported. 
Nitrice plus nitrate data missing; ratios calculated using cotal organic and 
ammonia nicrogen only . 
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Table 14.--Nutrienc ratios for the scudy area--Continued 

[NASQAN, National Stream Quality Accounting Network; mg/L, milligrams per 
liter; C, total organic carbon; P, total phosphorus; N, the sum of total 

organic and ammonia nitrogen plus nitrite and nitrate nitrogen; 

NASQAN station 
and zone or 

location 
identifier 

(figs. 2 and 9) 

Ll 

PQ1 

PS1 
PS2 

CUl 
CU2 

P1 
P2 
P3 
P4 

AR1 
AR2 
AR3 

CH1 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
CH8 

Rl 

CR1 

>, greater than; --, no data] 

Median 
concentration 

(mg/L)a 

C N P 

C:P 

c 

Ratio 
N:P 

N 

P:P 

p 

Water - quality zones or locations--Continued 

10.0 

12.0 

26.0 
10.0 

14 . 0 
16.0 

10.0 
10.0 
10.0 
10.0 

22.5 
24 . 0 
17 .5 

22.0 
14.0 
14.0 

10.0 
8.0 

10.0 

10.5 

.45 

.46 

0.92 
.45 

. 65 

.95 

.45 

.45 
. 55 
.55 

l. 39 
.68 
.46 

. 74 

.64 

.57 

.64 

.49 

.65 
.57 
.56 

.55 

.45 

.05 

.05 

0 . 09 
.05 

.OS 

.05 

.05 

.05 

. 05 

. 05 

.05 

.05 

.03 

.12 
.09 
. 08 
.08 
.08 
.07 
.06 
.07 

. 05 

.05 

200.0 

240.0 

288.9 
200.0 

280.0 
320.0 

200.0 
200.0 
200.0 
200.0 

450.0 
480.0 
583 .3 

275.0 
175.0 
175.0 

166 . 7 
114.3 

200.0 

210.0 

9 .0 

9.2 

10.2 
9.0 

13.0 
19.0 

9.0 
9.0 

11.0 
11.0 

27.8 
13.6 
15.3 

6.2 
7.1 
7.1 
8.0 
6.1 
9.3 
9 . 5 
8.0 

11 . 0 

9.0 

1.0 

1.0 

1.0 
1.0 

1.0 
1.0 

1 . 0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.0 

Probable 
order of 
importance 

as limiting 
nutrient 
for algal 

rowth 

P > N > C 

P > N > C 

P > N > C 
P > N > C 

P > N > C 
P > N > C 

P > N > C 
P > N > C 
P > N > C 
P > N > C 

P > N > C 
P > N > C 
P > N > C 

N > p 
p > N 
P > N > C 
P > N > C 
N > P > C 
p > N 
P > N > C 
P > N > C 

P > N > C 

P > N > C 

~alues have been rounded. Ratios calculated from these rounded values will 
not equal those reported. 
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pathogens, the occurrence of fecal coliform bacteria indicates probable 

fecal contamination and possible presence of pathogenic species. The U.S. 

Environmental Protection Agency (1986) raw-water criteria for body contact 

is a geometric mean of 200 fecal coliform colonies per 100 milliliters of 

water. 

Trends of decreasing fecal coliform bacteria counts were detected for 

Neuse River zone N4 (·0.22 (colonies/100 mL)/yr), Pamlico River zone PRl 

(·2.5 (coloniesjlOO mL)/yr), Pamlico Sound locations P3 (·1.0 (colonies/ 

100 mL)/yr) and P4 (·0.31 (colonies/100 mL)/yr), and Currituck Sound zone 

CUl (·2.3 (colonies/100 mL)/yr). The box plot of coliform bacteria for 

Currituck Sound zone CUl is indicative of the general declining trend in 

these zones and locations (fig. 48). Coliform bacteria concentrations 

generally were less than 120 colonies/100 mL for the estuary zones and 

locations. 

Fecal streptococci bacteria also indicate fecal contamination from 

warmblooded animals. Trends of decreasing fecal streptococci bacteria were 

observed for Neuse River zone N4 (·0.38 (colonies/100 mL)/yr), Pamlico Sound 

zone Pl (·0.75 (colonies/100 mL)/yr), Croatan Sound zone CRl ( · 11.3 

(coloniesjlOO mL)/yr), and Roanoke Sound zone Rl (-18.5 (colonies/100 mL)/ 

yr). Together with the decreasing trends in coliform bacteria, the fecal 

streptococci results indicate a general reduction of fecal contamination in 

the Albemarle-Pamlico estuarine system. 

The ratio of fecal coliforms to fecal streptococci is sometimes used to 

identify the origin of bacterial contamination (Geldriech, 1966). Ratios 

greater than 4.0:1 indicate contamination primarily of human origin, whereas 

ratios less than 0 . 6:1 indicate animal origin . The median fecal coliform/ 

fecal streptococci ratio for the available data (N - 490) was 0.3:1, and the 

highest ratio calculated was 1.3:1. These ratios indicate that the fecal 

contamination is probably of animal origin. 

Chlorophyll- a 

Algae are simple plants that are ubiquitous in surface waters. In 

nutrient-enriched waters, massive growths or blooms of algae may cause 

objectionable odors, impair water use, and decrease aesthetic values. Major 
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blooms of blue-green algae occurred in 1972, 1978, and 1983 in the Chowan 

River, and high concentrations of algae were reported i n the Neuse River in 

1987 (North Carolina Department of Natural Resources and Community 

Development, 1987). During 1986-87 algal blooms most frequently occurred in 

the Tar-Pamlico River system and in the Neuse River (North Carolina 

Department of Natural Resources and Community Development, 1988) . 

A method of estimating levels of plant material in water is measurement 

of the plant pigment chlorophyll - ~. The amount of chlorophyll-~ present 

varies somewhat with plant species and the state of nutrition of the species 

(Strickland and Parsons, 1972), but it gives a useful quantitative indicator 

of the plant population. The two chlorophyll -~ constituents listed in table 

13 represent different analytical methods. The standard method reports 

available chlorophyll -~ in the sample, whereas the other method 

differentiates between chlorophyll-~ and the products of degraded 

chlorophyll-~ (phaeo -pigments) and allows a correction to be made 

(Strickland and Parsons, 1972, p . 186). The data available for the two 

methods are comparable, however. The North Carolina water-quality standard 

is 40 ~g/L (micrograms per liter) of chlorophyll -~ (Administrative Code 

Section:lSNCAC 2B . 0200-Classifications and ~ater Quality Standards 

Appl icable to Surface ~aters of North Carolina). 

~ere trends were significant, chlorophyll-~ concentrations increased 

with time in parts of the Neuse and Pamlico Rivers and in Albemarle Sound, 

and decreased in parts of the Chowan River (fig . 49) . Trends of increasing 

chlorophyll -~ concentrations since 1970 were detected at Neuse River zones 

Nl (0 . 9S (~g/L)/yr), N2 (0.74 (~g/L)/yr; fig . SOA), and N4 (0 .33 (~g/L)/yr) 

and Pamlico River zone PR2 (0.17 (~g/L)/yr; fig. SOB). Increases since 1982 

were detected at Albemarle Sound zone A2 (1.0 (~g/L)/yr; fig. SOC) and 

Chowan River zone CH7 (0 . 33 (~g/L)/yr). Decreases since 1982 in 

chlorophyll -~ concentrations were detected at Chowan River zones CH4 

( -1 . 3 (~g/L)/yr) and CHS (·0.50 (~g/L)/yr). 

Spatial patterns of chlorophyll -~ were detected also. A general 

pattern of decrease do•Nnstream is apparent for the Neuse River (fig. SlA), 

and slight increases downstream also occur in zones of the Chowan (fig . SlB) 

and Alligator Rivers (fig . SlC) . However, the pattern for the Pamlico River 

(fig. SlD) shows an increase in chlorophyll -~ concentrations downstream, 
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peaking at zone PR6, followed by a decline downstream . This pattern is 

similar to that noted for total phosphorus concentrations (fig. 45A) . The 

relative spatial distribution of chlorophyll-2 concentrations at zones in 

the Albemarle Sound area are shown in figure 52A and for Currituck, Croatan, 

and Roanoke Sounds in figure 52B. 

In general, chlorophyll-2 concentrations are greatest in the Pamlico 

River (interquartile range 3-27 ~g/L) and Neuse River (interquartile range 

3 -17 ~g/L) and in Currituck Sound (interquartile range 7-22 ~g/L) . 

Chlorophyll-2 concentrations were usually below 40 pg/L throughout the 

Albemarle-Pamlico estuarine area except in Neuse River zones Nl and N2 . 

CORRELATION ANALYSES 

The degree of association between the water quality in the Albemarle 

Pamlico estuarine system and the acreages of crops, numbers of livestock, 

tons of fertilizer applied, total population and employment, and miles of 

highways in the study basin was examined by statistical correlation. A list 

of the basin activity and characteristic variables tested in correlation 

analyses is given in table l. Annual median values of selected water 

quality data for each water-quality zone were correlated with the annual 

mean basin activities and characteristics in the drainage area upstream from 

the water-quality zone and downstream from the NASQAN station in the basin. 

Annual median values of selected water -quality data for each NASQAN station 

also were correlated with the annual mean basin activities and 

characteristics in the drainage -basin area upstream from that station. 

Nonparametric statistical correlation (Kendall's tau-b analysis) was 

used to measure the number of concordances and discordances between pairs of 

means and medians for each year of data . Correlations were considered 

significant at an alpha level of 0 . 01 . It is important to note that 

although correlation analysis is useful for identifying variables that have 

some 

also 

association, causality is not implied . 

used to identify intercorrelation among 

Cross correlation analyses were 

the variables. 

Water -quality data collected at the NASQAN stations were correlated 

with water-quality data collected in each downstream water-quality zone on 

an annual basis to test for significant relations (alpha - 0.01) between 
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upstream and downstream water quality. No significant upstream-downstream 

water-quality correlations were detected. This result indicates that local 

estuary water quality might be largely a function of relatively localized 

estuary processes and basin activities and characteristics. 

All basin activity and characteristic variables were correlated with 

each other to identify any significant relations. The only variables that 

significantly correlated to one another were the number of chickens and the 

total miles of unpaved secondary roads (tau= -. 762). Since the late 

1970's, the number of chickens being raised in the area has steadily 

increased, whereas the number of miles of unpaved secondary roads has 

decreased. There seems to be no relevant causal relation in this 

correlation other than that the growing poultry business in northeastern 

North Carolina is occurring simultaneously with increasing development that 

is reflected in the reduction of the miles of unpaved secondary roads. No 

other pairs of variables were significantly correlated. 

Water-Quality Constituents and Properties Correlated with Basin 

Activities and Characteristics 

Statistically significant (alpha - 0.01) correlations between water

quality constituent concentrations and basin activity and characteristic 

variables for the estuary water -quality zones are listed in table 15. Of 

the 52 basin activity or characteristic variables tested, 11 were 

significantly correlated with water-quality characteristics in 21 of 42 

water-quality zones or locations and at 7 NASQAN stations. A total of 121 

correlations were detected in the analysis. The 11 basin activity and 

characteristic variables were primarily agricultural statistics, including 

acreages of crops and amounts of fertilizers applied . In addition, 

secondary unpaved roads were significantly correlated with water quality in 

some cases. A summary of the total number of possible correlations and the 

number of significant correlations detected between water quality and the 

basin activity and characteristic variables is show~ in table 16. 

Selected correlations of water-quality constituents with basin 

activities and characteristics are discussed in this section under the 

headings dissolved oxygen, suspended solids, total ammonia nitrogen, total 

ammonia plus organic nitrogen, and total phosphorus had correlations with 
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Neuse River vater-gu.lity 10ne N2 

Neuse River vatar·gu.ality %.Orl4'> N4 

Tob•cco Tobacco 
0.689 0.833 
0.0056 0.0018 

10 9 

HP SUit 
0. 778 0.833 
0.0035 0.0018 

9 9 

-..Ia 
nltroaen 

plu• 
oraantc 
nlltOIM 

Tob:tC'C'O 
0,641 
0.0024 

14 

Chicken• 
· 0.546 
0.0096 

14 

ToUI S.cterh 

nitrite Tot~l Fecal ,, .. phoo· strepto· r .... t 
nltnta phoru~ cocci colifotw~ 

Tobii('~O Tob.lcco FH 
0.621 o.~9s · 0. 151 
0.0011 0.0019 0.0018 

14 .. II 

Chlc:kfon• Chlcken.s Chlcken.s 
•0.621 •O.S9S -0.636 
o.oon 0.00)9 o.oon 

14 .. II 
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Table 15.--Summary of ~tati~tically ~ignificant correlations between ~elected water-quality data and basin 
activitie~ and characteri~tic~ upstream from selected estuary water-quality zones and locations 

and National Stream Quality Accounting Network ~tation~--Continued 

IOnly re•ult• vlth • •lantfleance level less than or equal to an alpha of 0.01 are shown. 
land; FH, fertilizer .aterlal1; SUR, •~ondary unpaved roads; Kl, alxed fertilixer; cr, 
lnC"ludlna 11•1 

, ~ d:Ha or no al&nlftcant torrelat ion; IIC, harvested c:rop
aixed fertlll&er and fertlll7.er aAtf"rlals; AF, all f~rtilizers, 

Cott(ltblton c<~etrlclent Cc.tu) Dla • 
Pro~blllty lev•l (P) .olved 
NU.hPr of annu~l oba(ltrYAtlon. (N) oxx&en 

••• p 
N 

'"" I' 
N 

trw 
I' 
N 

l(IU 

p 

N 

I. IIIU 
p 
N 

... 
p 
N 

lau 
p 
N 

pH 

Soybt>ans 
· 0.905 
0.0043 

7 

Watf"r-- uallt YArlablo 
Nonvol- Total 
atlle hud .. 

Sus- •ua- nesa Tot.-l 
Alb- pended Pf'~d (u ..-coni• 

linil-v solid~ ~olld!t c..co.> nllroaton 

SUR 
0.667 
0.0026 

12 

Paalico Rivf'r walC>r- ua111 r:cmr I'IH 

Com 
0.596 
0.0035 

14 

Tobac:c::o 
0. 704 
0.0088 

9 

Mf 
0.6119 
0.0025 

13 

CY 
0 .676 
0.0017 

lJ 

Af 
0.546 
0.0053 

5 

sua 
O.S70 
0.0024 

16 

Toul _...,. 
plus 

ora.,nlc: 
nllroaen 

SUR 
O.S49 
0.0048 

16 

SoylX"Ma 
0 ,468 
0.0092 

I 7 

e.u;terl• TotAl -----nllrlu Total Fe< a I 
plu• phos ~ strepto· Yec.-1 

nitrate phorus ~ocel eollfora 

SUR St.11 
0.641 O.SS7 
0.0011 O.OOlS 

16 16 

f.orn SoybNIM 
0.449 ·0.505 
0.0058 0.00)8 

20 18 

liC '" 0.68S · 0. 505 
0.0007 0.0038 

14 18 

sun SIJR 
· 0.558 0.625 
0.0001 0.0004 

22 18 



Table 15.--Summary of statistically significant correlations between selected water-quality data and basin 
activities and characteristics upstream from selected estuary water-quality zones and locations 

and National Stream Ouality Accounting Network stations--Continued 

(Only rl)~ults with a stgnHicaoce level less than or equal to an alpha of O.Ol at•e shown. --, no data or no sign ificant correlation; HC , hhrve~tcd crop
land; JI'H, forlili?.er mntedals; SUR , secondary unpaved roads; Hl', mixed fertilizer; CY, mixed fertillzer and rertilhor materials; AP, all fertil11.crs, 
Including li-.el 

Correlation couf(ici_,,,, (tflu) 
Probability levcJ (P) 
Nuabe~ of annual observations 

tau 
p 
N 

L<l\1 
p 
N 

tau 
p 
N 

tau 
p 
N 

tou 
p 
N 

tau 
p 
N 

tau 
p 
N 

(N) 

Dis
solved 
oxygen pll 

Water· U<l li l variable 
Nonvo 1· Tot,.;, 1 
atlle hard-

Sus- sus- ness Total 
Alka· pc.ndcd p<mded (as aiMIOn Ia 

linH.y solids solids ('.aC01 ) nl l; rog(•n 
Pamlico River water-quality zone PR2 

KP 
0.535 
0.00)1, 

17 

Chickens 
-0.669 
0.0001 

18 

SUR 
0.562 
0.0007 

20 

Pamlico Riv•~r w:~tor- ualil ~onn PR 

Mf 
0.618 
0.0015 

15 

AP 
0.562 
0.0083 

13 

Lime 
0.562 
0.0083 

13 

Chickens 
·0.617 
0.0006 

17 

Total 
mnm()n ia 

plus 
organic 
n i I •·ogon 

Soybeans 
0.480 
0.0071. 

I) 

MF 
·0.561 
0.0025 

I(> 

Chickens 
0 .465 
0.0091· 

17 

SoybeAn~ 
0,1,8J 
0.0090 

16 

SUR 
-0.533 
0 .00'•0 

16 

Total 
Bat:LetJ:. 

ni~l'ih1 1'oul 1-'oc<J.l 
plus phos- Sl,r~J)II) "' lleC::<:I I 

nil rate phorus cocci coli rona 
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Table 15.--Summary of $tati$tically significant correlations between selected water-quality data and basin 
activities and characLcri$tics upstream from selected estuary water-quality zones and locations 

and National Stream Ouality Accounting Network stations--Continued 

[Only rotult• with a alantflcanco lov•l le•• than or equal to An alp~ of 0.01 ~re shovn. - • no data or no li&nlftcanl correlation; HC, harvested crop
land; YH, fortlll&or .atortala; SUR. ~ocondary unpaved roads; HF, •lxed ferttli~er; CP, •ixed f~rt.tll&er and farttll&~r -.t•rtal•; AF, all ferttll&ers, 
tncludtna H.e) 

Correlation c-odfiC"I.nt (tau) Dla• 
Prota.bllUy l•v•l (P) aolvftd 
H&.ber of aunu.11l ob•~·rv.6tlon• (N) oxy .. n 

uu 
p 
H 

tau , 
N 

tau 
p 
N 

1 /IU 
p 

N 

tau 
p 
N 

I flU 
p 
N 

tau 
p 
N 

cr 
0.4~4 
0.0089 

II 

'" o. \lQ 
0.0012 

20 

SUR 
·O.s6s 
0.0004 

21 

cr 
•0.49) 
0.0044 

18 

Honvol- Total 
atile lwrd • 

Sus- sus- neu Total 
Alb- pended pended (as .._.,.,, 

llnltv solJds !tollds eaco,> nllrosen 
Paalt~o liver vater-guallty zone PR4 

SUR 
-0.878 
0.0062 

1 

P~•llco River vatpr-guallty aana PR~ 

Tobacco Tohan·o 
0.704 O.SJ9 
0.0088 0.0014 

9 17 

AP HF 
0.7 19 o.6n 
0.0041 0.0004 

tO 6 

Lime AF 
0 . 764 0.672 
0 .0023 0.0011 

10 llo 

J.lme 
0.696 
0.0009 

14 

Chitkona 
· 0.631 
0.0006 

17 

SUR 
O.HO 
0.0088 

19 

TI,Jtal kcterl.a -·· Total 
phaa nitrite- Total r~ul 

oraaniC' pluo phoo · stn·pto- Fecal 
nltrocltn nitrate ••horu~ cocci coli for. 

c:hhbn• Toblcco Co<n 
o. \17 0.7)1 0.414 
0.00\l 0.0019 0.001,6 

16 12 19 

Umo 
O.S7S 
0.0097 

11 

Chltlu.m~ 
0.661 
0.0050 

12 
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Table 15.--Su~ry of 3tat13tically 3igniticant correlation3 between 3elected water-quality data and basin 
activitie3 and characteri3tic3 up3tream from selected e3tuary water-quality zone3 and locations 

and National Stream Quality Accounting Network station3--Continued 

(Only resull• vlth a alanlflcance l~v~l ••~~ than or equal to an alpha of 0.01 are shown. • no data or no alanlflcant corr•latlon; HC, ~rve•ted crop· 
land; '"• fertlll~ar .. terlals; SUI, ~ondary un~ved roa6s; KF, •laed fertlll~er; CP, •laed fertlll~er and fartlll&er .. terlala: AP, all fertlll~ars~ 
tncludltiJ &1•1 

Correlation eoeffl~lent (tau) 
Pro~blllty lev•l (P) 
Nu•l>f\r of annual ob'llflr-vAt lana 

uu 
p 
h 

tau 
I' 
H 

tAU 
p 
H 

uu 
p 
H 

tau 
p 
H 

(N) oanen 

SUR 
•O.S78 
o.ooot, 

lO 

eH 

CP 
• 0.498 
0.0017 

16 

s ... 
..,nd.., 
.solld.s 

River 

Alka· 
UnitY 

Pa~~l ico 

Honvol- Total 
atile hard · 
sus• ness Total 

pended (as ~Ia 
solids C.001 ) nltroa~n 

vat~r·gual II.Y tone PR6 

Tob•cco 
o.u~ 

0.0089 
1 I 

P.:unlico River wattn:• guttllty t:CUH\ I'R7 

HP 
0.522 
0.0060 

16 

Chlckon" 
· 0. 6lt2 
0.0001, 

17 

Tobacco 
0.565 
0.0020 

17 

Paallco River W>1t~r--on:al ity 7.(111*' PR8 

Tob~eC'o 
0. ';6S 
0.0020 

17 

Total -·· Toul 
pho~a nitrite 

ora•nlc plus 
nit roa•n nltnt.a 

Total 
phoa· 
phorus 

C..rn 
0.4S9 
0.0080 

18 

&acterl~ 

Fecal 
atrepto· tec.11l 
eoccl col tforw 
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Table 15.--Summary of statistically significant correlations between selected water-quality data and basin 
activities and characteristics upstream from selected estuary water-quality zones and locations 

and National Stream Quality Accounting Network stations--Continued 

(Only re•ulte vlth a tl&ntflcance level lesa t~n or equal ~o '" •lpha of 0.01 are shown. ·- , no data or no al&nlflcanl correlation; •te. harvested crop
land; FK, fertlll&er .. tertal•; SUR, aecondary unpaved roads; HI, aixed fertilizer: CF, alx~ fertilizer and fertilt,er -.t~rlals; AP, ~II f•rtili~ers, 
tnelucllna 11•1 

Vatf'r- u.tlll variable 
Honvol • Total Total &.ct•rt. 
atile hud• •-•nla Tot,.l 

Correlat lon t'<HtU 14"iflnt (t •u) Db- Sus· ~uorc· .... Toul ph•" nllrlle Toht Feu I 
Probabll U.y lt•vel (P) •oh@d uu- pended pend <!<I ( .. ._.I. oraanlc plue phoa- strepto- Fecal 
Nt•bftr or annuAl ob'o:ervllll- Ions !H! OJtlJ4'n 1!!1 tinitx solids solids c.co.} nltr21•n n ltr!!lf'n nltr•l• chorus ('OCt'( coli for. 

Pa.lic:o River vater·qu~llty zone PI8 ··Conttnued 

"' uu O.S91 
p 0.0029 

' I~ 

Chld.NlM 
lA\1 ·O.Ml 
p 0.000'• 
N 17 

P:ualico River watllr-guallty zone PH9 

Tobneco 
t8u 0.676 
p 0.000~ 
N 15 

Mf 
tnu 0.667 
p 0.001) 
N 11 

Chicken• 
1 •• 0. 71~ 
I' 0.0002 
N IS 

PNnl ico Riv('r Wltlr-r • gu~tlily 7.0nft JIRIO 

cr T~b.Auo 1'11 
••• ·0. S38 0.$81 0.494 
p 0.00)9 0.001$ 0.0078 
H 16 I 7 16 

"' Chld.•n• 
tau 0.571 0.494 
p 0.0040 0.0078 
H IS 16 
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Table 15.--Summary of statistically significant correlations between selected water-quality data and basin 
activities and charact eristics upstream from selected estuary water-quality zones and locations 

and National Stream Quality Accounting Network stations--Continued 

(Only results with A slgnlficance )evel less than or equal to iln alt,hil of 0.01 are shown. 
Jflnd; PH, fertilizer materials; SUR, secondary unp{lvCd roads; MF, mixed fertilh:er; CJI, 
I1\Cludlng lime l 

--, no data or no significant corrc.htlon; IJC, harvested crop
•ixed fertilizer and fertilizer materials; AF, All fertilizers, 

Water· ualit variable 
Nonvol- Total 
alile hat·d-

Correht.ion coeff lei ent (tau) Dis- Sus • ~us · ness Total 
Probability level (P) nolved /d.k~ - pended pended (as t~mmonia 

NueOO:r of annual obn•H:vat ions (N) oxysen pU llnitv solids solids CaOOJ) nltrosen 
Pamlico River vat.f'lr• qu:tl ity ~one PRlO·~Continued 

Chi CktJIIS 
l<IU -0.657 
p 0.000) 
N 17 

t/l.U 
p 
N 

tau 
p 
N 

tau 
p 
N 

t au 
p 
N 

tau 
p 

N 

tau 
p 
N 

Soybuans 
· 0.8$1 
0.()090 

7 

P.'tmlico Rivc,r w:u.er- ualit zone PI 

Corn 
0 .8$7 
0.0030 

8 

Tobacco 
0.786 
0.006$ 

8 

Chic:: kens 
•0 .8$7 
0.0030 

8 

Prurolico Sound water-quality location P3 

Chic::1tons 
-0.778 
0.0017 

10 

SUR 
0.689 
0.0056 

10 

Paml1c:o Sound wt~tcr•<rutllity )Oc':tltion P/1 

Tobacco 
0.73) 
0.0032 

10 

Tot..tal 
fiU.OiliA 

plus 
organic 
nit rosen 

Total 
nitrite Total 
plus l)h0$" 

nitrate phorus 

n.act c ri ,, 

Pcc11l 
st.repto-

cocci 
Fecal 

coli for• 

Hf 
0 . 791 
o.oot.t. 

9 

CY 
0.79 1 
0.00lt4 

9 
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Tabl e 15. --Summary o f 3tati3tically 3ignificant correlations between sel ected water-quality da ta and basin 
ac tivitie3 and charac teristics upstream from selected es tuary water-quali ty zone 3 and locat i ons 

and National Stream Ouality Accounting Network sta tion3--Cont i nued 

!Only n~auHa with,.. .. gn l ficanrt' lev(ll len than or equ~l to 3-ll a l pha of 0.01 11re shown. --.no data ot no •lanlrlc.ant c:orrelallon : HC, h:n·..,est<~d crop .. 
land: PH, fertllt~er .. t•rlala; SUR, ••condary unpaved roads; HF, alxed fertili~er; cr. aixed fertlliter and ferllli~er .. terlals; AF, a ll fert il lters, 
lncludi n& H•a) 

Correlation coefflcl~nl (tau) 
Probability levt!l (P) 
N~r of anrnul obc~rv.ulou (N) 

••• 
p 
N 

uu 
p 
N 

tau 
p 
N 

C. AU 
p 
N 

uu 
p 
N 

tau 
p 
N 

<au 
p 
H 

pH 

'l'otuwco 
0.~67 
0.0022 

16 

HY 
0 . 494 
0.0057 

17 

CY 
0.465 
0.0094 

16 

SUR 
0.494 
0.0057 

17 

Nonvol ... ToUI 
at. I le hard -

Sus- sus- ness Total 
Alk.a· JM!nded pended (•• .-nta 

llnltv ~lids solids CAC01 ) nltroa•n 
Croa.tan Sound vat .. r · gu.litY J!Oine CJII 

'" 0.636 
0.0064 

II 

SUR 
0.8S7 
0.0030 

8 

Roomo ke Sound v ater-gualitv ~:one 11 

Toblleeo 
0.704 
0.0088 

9 

P:u~quotanlt River vater-gualit x zone PS l 

Chov.'ln Ri ve r vater - gua l i I y v.onC\ <:114 

SUR 
0 . ()44 
0.0095 

10 

Tobacco 
O.SSJ 
0.0097 

IJ 

SUR 
· 0. 608 
0.0061 

1'> 

TotAl 

-~· Total 
plua ntt rile Total 

oraanl(' plu• phoa • 
nil roa•n nil rate phoru• 

S.ct•rl~ 

Fecal 
atrepto-
cocel 

Chtclr.ens 
-0.745 
0.0014 

II 

,...,, 
collfotw~ 
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Table 15.--Summary of statistically significant correlations between selected water-quality data and basin 
activities and characteristics upstream from selected estuary water-quality zones and locations 

and National Stream Quality Accounting Network stations--Continued 

(Only results vith a significance l.evol less thnn or equ:ll to fll'l alph:,t of O.Oi MC shovn . --, no data Ol' no significant correlation ; HC, harvested crop• 
bnd; PM, fertilizer materials; SUR , socorulttry u.npaved roads; }if , mixed fertilizer; CF, mlxcd fcrt.ilizor and fertilil!:er materials; AF, all fertilizer&, 
Including lime) 

Corrol~Lion eocfflcSent (tau) Dis · 
Pro~~blllty level (P) solved 
Number of annual observations (N) oxygen 

L••v 
p 
N 

l.tlll 
p 
N 

L~ll l 

p 
N 

pll 

Sus-
Aika- pended 

Unity soJ ids 
Chow:m 

SUR 
0.567 
0.0034 

l5 

Tobacco 
0 .560 
0.0095 

l3 

Chowlul Rlvcl' 

Tobncco 
0.570 
0.0080 

l3 

Chickens 
•0.570 
0.0080 

l ) 

v:al"it1bln 
Nonvol - Totitl 
Allin ll.llfnOO ill 

nes~} '1'01 I'll plus 
(as ammonia ot~An1c 

CaOOtl niL•·ogen nitrogen 
t.OI'IC!. Cll5 

t.one. Cll7 

Nallona I Strc•:•• Oun 1 i ty AC:COUllt 1 ng Netwotk S l t1t lort . 'I'll I' ll i VC!I" at Tt~1•horo 

I' flU 

p 
N 

lllu 
l' 
N 

t:lu 
p 

N 

tau 
p 
N 

I'll 
·0.382 
0.0055 

27 

NaUon:•l Strel'la Outtllty Accounting Netvork station. Neuse RSVer at Kln!-!lon 

Soybeans 
0.~8 1 

o.oo:v. 
20 

TobJacco 
·0 .556 
0.0007 

20 

Chlck~n~:t 
0.556 
0.0007 

20 

1'olal 
nJt1·ite 
plus 

n itrate 

Corn 
· O.M? 
0.0009 

28 

Total 
phos -
J)horus 

O<lctorl;, 

Ycc111 
strepto- Fecal 

t:on: i c·o l i form 



Table 15.--Summary of statistically significant correlations between selected water-quality data and basin 
activities and characteristics upstream from selected estuary water-quality zones and locations 

and National Stream Quality Accounting Network stations--Continued 

(Otlly re~uiU vlth a alanlflcanc;tt lttv••• htu rh:ln or equal to an alpha of 0.01 are sht•wn. , no d.llt .. or no danlftc:ant correlation; UC, harvested Cl'op· 
land; FK, fertlllr..r .. ,., lah: Slrt, aecond.uy unp.wttd roads; Hf, •ixed fertlliz.er: CP, •la4'tJ fortl Hur Al'kl f•rt ll h"'r .,.t•rlah; Af, .all ferti lir.ers, 
lncludlna ll•l 

Correlation c~fficl•nt (tau) 
Prob.billty l•v•l (P) 
Su.ber of annu.l obs~rv•tlon• (N) 

t ·JU 

I' 
N 

IAU 
p 
N 

tau 
r 
• 
1 11\1 
p 

N 

lOU 
p 

• 

Nonvol· Total Tot-~1 

attle h.ard ~ ·"~Ia Total 
Dis· Sus- au.s- nif"U Tot.ll plu• nltrlU 

aolved Alta- pended pt"nded (.. ~•• oraanlc plu• 
oxn•n oH linity ~ol ids <liOlids Ca00 1 ) nltroa.4"n nttrt~tf'n nHrau 

Soybc-•n• 
0.627 
O.OUO\ 

17 

Tob.Jrco 
0. ';()8 
0.001~ 

17 

HP 
-0.718 
0.0012 

12 

Ch idtl·u~ 

o. '181 
0.00011 

17 

StR 
-O.b26 
0.0048 

12 

Total 
pho•· 
phorus 

8.\cter La 

Feul 
•t-r•ptQ- Fecal 
tMei collfo ... 



Table 16. --Summary of 3tatistically significant correlation3 between 3elec ted water-quality data 
and ba3i n ac tivitie3 and characteristics in the 3tudy area, including tot al number of po33ible 

correlation3 (N/ and the observed number of po3itive (+/ and negative 1-1 correlation3 
3ignificant at an alpha 1«1 level o f 0. 01 

R.uln aC'• lvlty Dlssolv~d o~ygP.n H 
Watnr·gualltl varl~bln 

U kaJinlly Su!ll()!'ndPd solid~ 
or chara~l~rlatlc Cl..O. 01 a.O.Ol n•O.OI a-Cl.Ol 

N + N + N • N + 

Corn 4) I 0 46 0 0 n 0 0 )) I 0 
5oybe.an.s 4) I 0 46 0 2 lS 0 0 )) 0 0 
Tobacco 4) I 0 46 0 0 1S 0 0 15 7 0 
Ha rvel ted eropa 4) I 0 46 0 0 15 0 0 JS 0 0 
ChlckenJ 43 2 0 46 0 0 lS 0 0 3) 0 2 
Kl xed fortlll&ere 43 I I 46 0 0 )) 0 0 JS 2 0 
r~rtlllzor .. terlals 4) 2 0 46 0 I )5 0 0 35 0 0 
to.Merctal f~rllll~~r~ 4) 2 I 46 0 ) 15 0 0 )5 I 0 
All !ertlllz~ra . Including u- 4) 0 I 46 0 0 15 0 0 15 2 0 
I. IN 4) 0 0 46 0 0 IS 0 0 JS I 0 
SN·o"dnl"y , Ullpav•d roodq 41 I ) 46 0 0 lS 2 0 JS ) 0 

Nonvolati l e Tor a I AI .. Jn i ll Total ammonla plus 
8a!fl n n<" t l v l ty • useended sol id~ Total hardnn11s nIt roafln o~:aanlc nllrosen 

or eharocl•r l Jtlc aaO. Ol o•O.O I n•O.OI 11•0 . 0 1 
N + N + N + N + 

.... Corn )2 I 0 )) 0 w 0 ll 0 0 ld 0 0 .. Soybeans 32 0 0 )) 2 0 ll 0 0 , .. ) 0 
Toh~~eo .12 ) 0 1) 0 2 n 6 0 , .. I 0 
llnr v•'"1 f'(l CI"O j)fl 12 0 0 33 0 0 .II 0 0 '•I 0 0 
<:h i C'k4\llfl H 0 I Jl 2 0 11 0 I 41 •• I 
Hl xud frwtl l hmr H 32 0 0 )J 0 I 11 7 0 lol 0 I 
Yortll h:cr- ut u rl :ll s J2 0 0 3 1 0 0 }1 0 0 41 I 0 
Cornn•orc:tr•l t ort iJJ t.OI"S l2 0 0 33 0 0 n 0 0 '" 0 0 
A II for t lll to.o r a , lncludlug limo )2 0 0 )) 0 0 )1 2 0 , .. 0 ~ 
Lime 32 0 0 )J 0 0 33 2 0 lot 0 0 
Soconda ry, unp• vod roadt 32 2 I JJ 0 33 6 I 41 I I 

1'otal n i trite To tal f<'Cal Feca l 
8rufln M l1 v lt y e tus nilrato (!hos~horu.a HI rf'Jl l ot·C)("r I ('o11ro rm 

or chAr'tJCtl!r lst J c a~.01 o.•O. OI ~ o•O.O I 
N + N • N + N + 

Corn 34 0 I 42 ) 0 17 0 0 32 0 0 
SoyOOan• 34 0 0 42 0 0 17 0 0 )2 0 I 
TobAcco )4 2 0 42 I 0 17 0 0 12 0 0 
Harvetted crop• 34 0 0 42 I 0 17 0 0 32 0 0 
Chlck•n• 34 0 2 42 0 I 17 0 I 32 0 I 
Khced fertlllzera )4 0 0 42 0 0 17 0 0 32 0 0 
f~rtlll&or .. l~rlalt )4 0 0 42 0 0 17 0 I 32 0 I 
ea..erclal f•rtillzer• )4 0 0 42 0 0 17 0 0 32 0 0 
All fertllh:f!ott , lncludl~ II- )4 0 0 4 2 0 0 17 0 0 )2 0 0 
u .. }4 0 42 0 0 17 0 0 l2 0 0 
St"condary , unp.avPd roads 34 I 42 I I 17 0 12 0 



basin activities and characteristics. In particular, significant corre 

lations between dissolved oxygen and basin activities and characteristics 

were detected in Neuse River zones N2 and N4; in central Pamlico River zones 

PRl, PR4, PRS, and PR7; and in Chowan River zone CH4. Significant correla

tions between suspended solids and basin activities and characteristics were 

detected in Neuse River zone N4; Pamlico River zones PRl and PRS; Pamlico 

Sound locations P3 and P4; and Chowan River zones CH4, CHS, and CH7. 

Significant correlations between total ammonia nitrogen and basin activities 

and characteristics were detected in the Pamlico River in zones PR2, PR3, 

PRS, PR6, PR7, PR8, PR9, and PRlO and in the Pasquotank River zone PSl. 

Significant correlations between total ammonia plus organic nitrogen and 

basin activities and characteristics were detected for Neuse River zone N4; 

and Pamlico River zones PRl, PR2, PR3 , PRS, and PRlO . Significant 

correlations between total phosphorus and basin activities and character

istics were detected for Neuse River zone N4; Pamlico River zones PRl, PRS, 

and PR6; and Chowan River zone CH7. 

The water-quality zones and locations that had significant correlations 

between water quality and basin activities and characteristics are shown in 

figure 53. Significant correlations between basin activities and 

characteristics (predominantly agricultural statistics) and several water

quality constituents were detected in many of the zones or locations . It is 

important to note that significant correlations that are clustered in any 

one particular area might reflect interdependence of the water-quality data 

between the zones or locations in the area because they share upstream 

basin-drainage area. Consequently, the water quality might be similar in 

adjacent or nearby downstream zones or locations. 

Water-quality zones of the Neuse, Pamlico, and Chowan Rivers had the 

greatest numbers of significant correlations between measures of 

agricultural characteristics and water quality. 

correlations were detected in the zones that had 

In general, these 

the greatest numbers 

stations and in the stations having the most water-quality records. 

of 

However, in order to identify a link between agricultural activity and water 

quality at a particular zone, a more detailed study is required that 

examines (1) the proximity of the water-quality specific basin activities 

and characteristics, (2) other possible sources of the water -quality 

constituents, such as wastewater inputs, and (3) the relative magnitudes of 

the different inputs at each station. 
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water-quality variables, 1970-88. 
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Dissolved Oxygen 

Annual median dissolved-oxygen concentrations in water-quality zones N2 

and N4 in the Neuse River, in zones PRl, PR4, PR5, and PR7 in the Pamlico 

River, and in zone CH4 in the Chowan River were significantly correlated 

with basin activities and characteristics in upstream drainage areas. In 

general, an increase in dissolved-oxygen concentration was associated with 

increases in acreages of crops harvested and the number of chickens in the 

basins. An example of an association between dissolved oxygen for zone N2 

and acreages of crops harvested is shown in figure 54. 

Both positive and negative correlations were observed between dissolved 

oxygen and the fertilizer variables and also the numbers of miles of 

secondary unpaved roads (cable 15). Because positive and negative 

correlations between dissolved-oxygen and fertilizer variables were detected 

at different locations, it is unclear what the nature of the generalized 

association between variables may be . A possible reason for these 

correlations may be chat an increase in nutrient inputs to the estuary due 

to agricultural fertilizer application for crop production may increase 

plant productivity in the estuary. In the diurnal growth cycle of algae, 

oxygen is released during daylight hours . An increase in daytime producti on 

of oxygen by estuary plants would be reflected in daytime dissolved-oxygen 

measurements . Further, consumption of carbon dioxide by the plants causes 

decreased acidity, and pH rises. 

the trends analysis (see section 

The generalized increase in pH observed in 

on pH and figure 17) may also reflect an 

increase in plant productivity in the estuary system. An example of a 

positive correlation uetween dissolved oxygen in zone PRl and the total 

number of tons of fertilizer materials applied in upstream areas is shown in 

figure 55. 

Suspended Solids 

Annual median suspended-solids concentrations in water-quality zone N4 

in the Neuse River, in zones PRl and PRS in the Pamlico River, in locations 

P3 and P4 in Pamlico Sound, and in zones CH4, CHS, and CH7 in the Chowan 

River were significantly correlated with basin activities and character

istics in upstream drainage areas. Decreases in acreages of corn and 

tobacco harvested corresponded to decreases in suspended-solids 
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and annual median dissolved-oxygen concentrations. 
Lines connecting da~a points only reflect trends, 

not actual data values. 
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Figure 55 . --Annual variation in total fertilizer material used 
upstream from Pamlico River water-quality zone PRl and annual 

median dissolved-oxygen concentrations . Lines connecting 
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139 



concentrations (table 15). An example of this association is show~ for 

Pamlico River zone PRS in figure 56 . I n addition, decreases in fertilizer 

use were associated with decreases in suspended solids (fig. 57). In 

addition, decreases in mi les of roads were associated with decreases in 

suspended solids. These correlations indicate an association between 

suspended solids and agricultural practices and sediment from roads. Trend 

anal ysis indicated a generalized system-wide reduction of suspended 

inorganic material in the Albemarle-Pamlico estuarine system (fig. 24). 

This might be due largely to construction of new lakes and ponds in the 

basin and the subsequent loss to the estuarine system of inorganic material 

trapped by those impoundments . However, decreases in suspended solids also 

might reflect decreases in acreages of corn and tobacco hat-vested or 

improved agricultural soil-management techniques. 
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Figure 56.--Tobacco acreage upstream from Pamlico River water-quality zone 
PRS and annual median suspended-solids concentrations. Lines connecting 

data points only reflect trends, not actual data values. 

Total Ammonia Ni trogen 

Annual median ammonia nitrogen concentrations in water -quality zones 

PR2, PR3, PRS, PR6, PR7, PRS, PR9, and PRlO in the Pamlico River and in zone 

PSl in the Pasquotank River were significantly correlated with basin 

activities and characteristics in upstream drainage areas . Decreases in 

acreages of tobacco harvested and fertilizer tonnages corresponded to 

decreases in total ammonia nitrogen concentrations (table 15). An example 
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of correlation between total ammonia nitrogen concentrations and acreages of 

tobacco harvested for Pamlico River zone PRl is shown i n figure 58. 

Although the correl ation indicates an association between decr eases in total 

ammonia nitrogen concentrations and acreages of tobacco harvested and 

f e r tilizer use , it is not necessaril y an important or meaningful relation. 

A more important re l ation may be that total ammonia nitrogen concentration 

decreases reflect an overall increase in a l ga l and bacterial uptake with 

increases in plant biomass . 
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not actual data val ues. 
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Figur e 58.--Annual variation in tobacco acreage upstream from Pamlico River 
water-quality zone PRl and annual median total ammonia nitrogen 

concentrations. Lines connecting data points only reflect 
trends, not actual data values. 

Total ammonia nitrogen concentration also correlated negatively with 

the numbers of chickens being raised in the basin. Increases in total 

number of chickens raised in the Pamlico River zones were associated with a 

decrease in total ammonia nitrogen concentrations. This association is 

counterintuitive and perhaps is due to inverse but substantial slopes of 

both variables . 

Total Ammonia Plus Organic Nitrogen 

Annual median total ammonia plus organic nitrogen concentrations in 

water -quality zone N4 in the Neuse River and in zones PRl, PR2, PR3, PRS, 

and PRlO in the Pamlico River were significantly correlated with basin 

activi t ies and characteristics in upstream drainage areas. Increases in 

total ammonia plus organic nitrogen concentrations are associated with 

increases in crops harvested and numbers of chickens raised (table 15) . An 
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example of the association between total ammonia plus organic nitrogen and 

acreages of soybeans harvested for zone PRl is shown in figure 59. The 

association between total ammonia plus organic nitrogen and numbers of 

chickens raised is shown in figure 60. 
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Figure 59. - -Annual variation in soybean acreage upstream from Pamlico River 
water-quality zone PRl and annual median total ammoni a plus organic 

nitrogen concentrations. Lines connecting data poi nts only 
reflect trends, not actual data values. 

Trend anal ysis showed an increase in total ammonia plus organic 

nitrogen concentrations in the Pamlico River in spite of decreasing total 

ammonia nitrogen concent rations described earlier . These observations are 

in accord with the hypothesis that a decrease in total ammonia nitrogen 

concentrations could occur with an increase in production of plant biomass, 

which in turn may be reflected in an increase in total ammonia plus organi c 

nitrogen. The positive correlation of total ammonia plus organic nitrogen 

concentrations with soybean cropping and chicken farming suggests that these 

expanding agricultural operations are associated with organic nitrogen 

concentrations in the Pamlico River . 
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Figure 60. - -Annual variation in total number of chickens upstream from 
Pamlico River water-quality zone PRS and annual median total ammonia 

plus organic nitrogen concentrations. Lines connecting data 
points only reflect trends, not actual data values. 

Total Phosphorus 

Crop variables correlated positively with total phosphorus 

concentrations, again suggesting a link to estuary nutrient concentrations 

to agricultural practices. An example of the association of total 

phosphorus concentrations with acreages of corn harvested for Pamlico River 

zone PRl is shown in figure 61. However, at least in the case of Pamlico 

River zones PRS and PR6, it is likely that effects of the phosphate mining 

operation near Durham Creek is the dominant variable affecting estuary 

phosphorus concentrations. Annual median total phosphorus concentrations in 

water-quality zones N4 in the Neuse River, PRl, PRS, and PR6 in the Pamlico 

River, and CH7 in the Chowan River were significantly correlated with basin 

activities and characteristics in upstream drainage areas (table 15) . 

144 



.. ·· · - --

Figure 61.--Annual variation in corn acreage upstream from Pamlico River 
water -quality zone PRl and annual median total phosphorus 

concentrations. Lines connecting data points only 
reflect trends, not actual data values. 

SUMMARY 

This report identifies trends in water quality in the Albemarle-Pamlico 

estuarine system of North Carolina and Virginia and describes significant 

relations between water-quality constituents and certain basin activities 

and characteristics. The data included water-quality information collected 

at 7 U.S. Geological Survey stations in the National Stream Quality 

Accounting Network (NASQAN), 2 stations in the National Atmospheric 

Deposition Program/National Trends Network (NADP/NTN), 162 estuary stations 

having data stored in the U.S. Environmental Protection Agency Storage and 

Retrieval System, and 125 estuary stations having water-quality data 

collected as part of previous investigations in the study area. The period 

of record examined was primarily from 1970 to 1988, but some data from as 

early as 1945 were used. 
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The Albemarle·Pamlico estuarine system is the second largest in the 

United States and has a total basin area of about 30,900 mi2. The principal 

water bodies are the Neuse River, the Tar·Pamlico River system, the Roanoke 

River, the Chowan River, the Alligator River, and the Albemarle, Pamlico, 

Currituck, Croatan, and Roanoke Sounds. 

The basin activities and characteristics examined were those 

quantifiable measures of basin development and activities that could be 

represented over time. These characteristics included streamflow, water use 

and disposal, land use, agricultural statistics, population, employment, and 

highway mileage. 

Albemarle Sound receives the greatest amount of freshwater inflow, 

which averages about 8,900 ft 3 /s from the Roanoke River and about 4,600 

ft3 /s from the Chowan River . Inflow into the Pamlico Sound from the Pamlico 

River averages about 5,400 ft3 /s, and the flow from the Neuse River into the 

Neuse River estuary is about 6,100 ft3 /s. Approximately half of the inflow 

into the system is from ground-water discharge. 

In the Coastal Plain section of the Albemarle -Pamlico region, ground 

water supplies about half of the water used in the area . Industry and 

mining account for about 64 percent of the water use in the entire region . 

Publ ic water-supply withdrawals increased by almost 50 percent between 1975 

and 1985. Total agricultural withdrawals accounted for about 13 percent of 

total water use in 1985. 

The total amount of wastewater discharged into the estuary system has 

i ncreased over the last 30 years for all the river basins. The Neuse River 

bas in had both the greatest increases (650 percent) and the greatest total 

wastewater discharges of any of the basins in the study area, averaging 

about 200 million gallons per day in 1988. Wastewater-discharge totals for 

the Tar and Neuse Rivers are nearly equal to the 7-day, 10-year low flows 

for each of these streams. 

Land-use data compiled for the lower Tar-Pamlico area is typical of the 

major land uses in the region . Evergreen forests and forested wetlands were 

the primary land uses in the lower part of the Neuse Ri ver basin and the 

lower part of the Tar·Pamlico River basin, each at about 25 percent of the 
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land area. Cropland and pasture (about 20 percent of the total land area), 

mixed forest (about 12 percent), and nonforested wetland (about 10 percent) 

also were major land uses in the area . About 4 percent of the lower Neuse 

and Tar-Pamlico River basins was in urban land use. A comparison of 

wetlands land uses for two different time periods for nonforested areas, 

primarily on the Outer Banks , indicated a decline in wetland area of 6.5 

percent from 1973 to 1983 . 

Agricultural, population, employment, and highway characteristics are 

summarized as follows: 

Numbers of farms decreased about 60 percent from the 1950's 

to 1982; 
Acreages of soybeans have increased since the 1920's while 

those of tobacco have decreased; 

Fertilizer sales increased from 1958 to about 1975, then 

declined; 

Population has generally increased since 1910; 

Manufacturing employment has increased since the 1950's, 

but agricultural employment has decreased; and 

Total miles of unpaved secondary roads decreased from 1966 

to 1988. 

Data from seven NASQAN stations were used to evaluate water quality for 

the major streams flowing into the Albemarle-Pamlico estuarine system. 

Water -quality data for 296 stations in the estuarine system were examined 

for the period 1945-88 . 

The water-quality data base was edited and divided into subsets for 

water-quality zones and locations within the estuary system. Data checking 

and editing procedures were used to delete outlying values and constituents 

and properties having less-than values and differing lower detection limits . 

The water-quality data for each zone and location were tested for temporal 

and spatial trends. 

The statistical test used for temporal trend analysis was the Seasonal 

Kendall test, which is a nonparametric procedure developed for use with 

water-quality data having seasonality characteristics; the test is useful 
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for detections of monotonically increasing or decreasing water-quality 

trends over time. Annual box plots were used for graphical representation 

of trends and to provide a means of showing spatial variations. 

Regression-residuals analysis was used to compensate for the effect of 

discharge on water-quality constituents collected at the NASQAN stations. 

Adjusted residual constituent values were tested for trends using the 

Seasonal Kendall test, and box plots were used to portray trends that were 

not simply increasing or decreasing. 

Dissolved-oxygen concentrations increased at a rate of about 0.1 

(mg/L)/yr throughout the Albemarle- Pamlico estuarine system, except in the 

Chowan River where levels decreased approximately 0.06 (mg/L)/yr . In 

general, dissolved-oxygen concentrations rose to concentrations greater than 

5 mg/L after the late 1970's in the Neuse River, Tar River, and in Pamlico 

Sound. If daytime sampling is assumed, a general increase in dissolved 

oxygen could be an indication of more productive estuary conditions. 

Trends of increasing biochemical oxygen demand were detected in parts 

of the Neuse River zone N2 (0.1 (mg/L)/yr) and Roanoke Sound zone Rl 

(0.05 (mg/L)/yr). Decreasing trends occurred in Currituck Sound zone CUl 

(-0.07 (mg/L)/yr) and location CU2 (-0.24 (mg/L)/yr) and in the Chowan River 

zones CHS (-0.03 (mg/L)/yr) and CH7 (-0.04 (mg/L)/yr). Biochemical oxygen 

demand generally increases downstream in the Keuse and Pamlico Rivers. 

An annual increase of approximately 0.04 pH unit occurred in many of 

the Albemarle-Pamlico estuary zones, but a decrease of about 0 . 03 pH unit 

per year occurred in the Pamlico River. Because data from the NADP/NTN 

precipitation-quality stations do not indicate significant trends in pH, it 

is likely that changes in land use or wastewater inputs within the 

individual stream basins have caused the observed pH trends. A general 

increase in pH in the estuarine system might be indicative of more 

productive estuary conditions. 

Significant trends of increasing alkalinity were detected for the 

Roanoke River at Roanoke Rapids (0.80 (mg/L)/yr), Pamlico Sound locations P3 

(6.7 (mg/L)/yr) and P4 (5 .0 (mg/L)/yr), Croatan Sound zone CRl (2.8 

(mg/L)/yr), Roanoke Sound zone Rl (3.1 (mg/L)/yr), and Currituck Sound zone 
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CUl (2.0 (mg/L)/yr) . Alkalinity decreased in the Chowan River zones CH4 

(-0.83 (mg/L)/yr) and CHS (-1.0 (mg/L)/yr), declining to concentrations less 

than 20 mg/L in the later 1970's. Alkalinity increased downstream in the 

Neuse River and increased from west to east in Pamlico Sound. 

Suspended-sediment concentrations decreased for the Roanoke River at 

Roanoke Rapids (-0.21 (mg/L)/yr), probably because of the effect of the 

upstream reservoir system. The NASQAN station on the Roanoke River had the 

lowest sediment concentrations (interquartile range 5-11.5 mg/L); the NASQAN 

station on the Neuse River had the highest (interquartile range 19-36 mg/L). 

Suspended-solids concentrations generally decreased throughout the 

Albemarle-Paclico study area (-1.1 (mg/L)/yr). Xonvolatile suspended-solids 

concentrations also decreased at a mean rate of l.S (mg/L)/yr . These 

decreases are not likely to result from a decline in algal or other organic 

material but to a general decrease of suspended inorganic material. These 

decreases are possibly a result of construction of new lakes and ponds in 

the basin which trap sediment, including the suspended inorganic component 

of sediment, and improved agricultural soil management. 

Trends of increasing specific-conductance values were detected for the 

following NASQA..'\ stations: Neuse River (0.8 (p.S/cm)/yr), Contentnea Creek 

(1.9 (p.S/cm)/yr), Tar River (0.6 (p.S/cm)/yr), Roanoke River (1.5 

(p.S/cm)/yr), and Blackwater River (0.7 (p.S/cm)/yr). A trend of increasing 

specific conductance from 1979 to 1987 (1.9 (p.S/cm)/yr) of atmospheric 

deposition was detected at the Lewiston NADP/NTN station. 

Trends of increasing dissolved-solids concentrations occurred at the 

NASQAN stations at a mean rate of (0 .6 (mg/L)/yr). In addition, a peak in 

dissolved-solids concentrations around 1980 was seen at these sites. Trends 

of increasing salinity were detected in Pamlico River zone PR2 (0.03 

ppt/yr), Albemarle Sound zones A2 (0.1 ppt/yr) and AS (0.08 ppt/yr), and the 

Pasquotank River zone PSl (0.08 ppt/yr). A ~rend of decreasing salinity was 

apparent for Pamlico River zone PRlO (-0.2 ppt/yr). 

Chloride concentrations increased with time at a mean race of 

0.07 (mg/L)/yr at the NASQAN stations, except at the Meherrin River and 

Contentnea Creek stations where trends were not significant. The available 

data for chloride trend analysis in the estuary system is sparse. 
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Soluble nutrient concentrations, including total ammonia nitrogen, 

nitrite plus nitrate, and dissolved phosphorus are a net result of the 

effects of biological uptake, solution and dissolution of nutrients 

available in sediment, and new nutrient inputs. If biomass increases over 

time, this may be reflected in decreases in soluble nutrients as observed 

total ammonia nitrogen and phosphorus concentrations in the estuary system. 

Trends in total ammonia plus organic nitrogen concentrations decreased 

significantly throughout the study area (mean of 7 zones, ·0.03 (mg/L)/yr), 

except at the Pamlico River zones where the trend increased at the rate of 

0.02 (mg/L)/yr and at the Nottoway River NASQAN station. However, at 9 

zones on the Pamlico River, total ammonia nitrogen concentration trends 

alone showed a mean decrease of 0.003 (mg/L)/yr. Therefore, the increase in 

total ammonia plus organic nitrogen concentrations in the Pamlico River is 

apparently a result of an increase in organic nitrogen concentrations. 

In general, total ammonia plus organic nitrogen concentrations 

increased downstream. In all cases except for Albemarle Sound, total 

ammonia plus organic nitrogen levels were above 0.3 mg/L, indicating an 

ample supply of nitrogen for algal growth. 

Total phosphorus concentrations generally decreased throughout the 

study area at a mean rate of 0.004 (mg/L)/yr, except for the Pamlico River 

zones where they increased at a mean rate of 0.003 (mg/L)/yr. A spatial 

pattern showed total phosphorus concentrations decreasing downstream in the 

Neuse and Chowan Rivers. In all cases, total phosphorus concentrations 

remained well above 0.01 mg/L, a concentration often cited as sufficient for 

abundant algal growth in freshwater. General long-term decreases in 

dissolved phosphorus may, in part, be accounted for by biological uptake. 

An evaluation of carbon:nitrogen:phosphorus ratios using median values 

of these constituents was done to indicate which nutrient was in relative 

short supply for algal growth at each zone and NASQAN station. Nitrogen was 

the limiting nutrient in the Neuse River and the Pamlico River, and 

phosphorus was the limiting nutrient elsewhere. Direct tests for specific 

nutrient limitations need to be made to confirm conditions at specific sites 

in the estuarine system. 
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Significant decreasing trends in fecal coliform bacteria counts were 

observed at zones and locations on the Neuse and Pamlico Rivers and at 

Pamlico and Currituck Sounds. Decreasing trends ranged from 0.22 

(colonies/100 mL)/yr at Neuse River zone N4 to 2.5 (colonies/100 mL)/yr at 

Pamlico Sound location P3. Decreasing trends in fecal streptococci were 

also noted in zones of the Neuse River and Pamlico, Croatan, and Roanoke 

Sounds. These trends ranged from -0.38 (colonies/100 mL)/yr at Pamlico 

Sound zone Pl to -18.5 (colonies/100 mL)/yr at Roanoke Sound zone Rl. The 

ratios of fecal coliforms to fecal streptococci indicate that the sources 

are probably of animal origin. 

Chlorophyll-~ concentrations increased significantly at Neuse River 

zones Nl (0.95 (~g/L)/yr) and N2 (0.74 (~g/L)/yr), Pamlico River zone PR2 

(0.17 (~g/L)/yr), and Albemarle Sound zone A2 (1.0 (~g/L)/yr). Decreasing 

trends were observed at Chowan River zones CH4 (-1.3 (~g/L)/yr) and CH5 

(-0.50 (~g/L)/yr). A general pattern of decreasing concentrations 

downstream occurred in the Neuse River. but increases downstream were noted 

in the Chowan and Alligator Rivers. The pattern for the water-quality zones 

in the Pamlico River shows an increase downstream peaking near PR6 followed 

by a decline farther downstream. Chlorophyll -~ concentrations are highest 

in the Pamlico (interquartile range 3-27 ~g/L) and Neuse (interquartile 

range 3-17 ~g/L) Rivers and in Currituck Sound (interquartile range 7 -22 

~g/L). 

Evaluation of water-quality data and more than 50 basin activity and 

characteristic variables were significantly correlated with water -quality 

constituents in 21 estuary zones and 7 NASQAN stations. A total of 121 

significant correlations were detected in this analysis. Dissolved oxygen, 

suspended solids , total ammonia nitrogen, total ammonia plus organic 

nitrogen, and total phosphorus were significantly (alpha - 0.01) correlated 

with basin activities and characteristics in many zones and locations. 

Increases in dissolved-oxygen concentrations with increases in crop 

acreages and fertilizer use might be indicative of more photosynthetically 

productive estuary conditions related to agricultural activities. Decreases 

in suspended solids in the estuarine system might reflect decreases in corn 

and tobacco production, or improved agricultural soil-management techniques. 
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Decreases in total ammonia nitrogen in the Pamlico River correlated 

with decreases in tobacco acreage and fertilizer use, and increases in total 

ammoni a plus organic nitrogen in the Pamlico River correlated with increases 

in crops and livestock. A decrease in total ammonia nitrogen could occur 

with an increase in production of biomass, which in turn may be ref l ected in 

an increase in total ammonia plus organic nitrogen. These correlations 

could indicate that expanding agricultural operations are associated with 

organic nitrogen concentrations in the Pamlico River . 

Overall, the review of available data for the Albemarle- Pamlico 

estuarine system 

quality changes . 

indicates a complex, evolving system undergoing water

The changes in the character of the river basins are 

reflected in the changes in water quality of the estuaries and sounds. 
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METRIC CONVERSION FACTORS 

The following factors may be used to convert inch-pound units used in 
this report to metric (International System) units. 

Multiply inch-pound unit 

inch (in . ) 
foot (ft) 
mile (mi) 

square mile (mi2) 
act:e 

cubic foot (ft3 ) 

gallon (gal) 

million gallons (Mgal) 
acre-foot (acre-ft) 

inch per year (in/yr) 

cubic foot per second 
(ft3 /s) 

cubic foot per second per 
square mile ( (ft3 /s)/mi2 ] 

pound (lb) 
ton (short, 2,000 pounds) 

By 

Length 

25 .4 
0 . 3048 
1.609 

Area 

2.590 
0.4047 

Volume 

0 . 02832 
3.785 
0.003785 

3,785 
1,233 

Velocity 

2.54 

Flow 

0 . 02832 

0 . 01093 

Mass 

0.4536 
0 . 9072 

To obtain metric unit 

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

square kilometer (km2) 
hectare (ha) 

cubic meter (m•) 
liter (L) 
cubic meter (m•) 
cubic meter (m•) 
cubic meter (m3) 

centimeter per year (cm/yr) 

cubic meter per second (m3 / s) 

cubic meter per second per 
square kilometer [ (m3 js) /km2 ] 

kilogram (kg) 
rnegagram (Hg) or metric ton (t) 

Temoerature: Temperature given in degrees Celsius (°C) can be converted to 
degrees Fahrenheit ( •r) 'by the following equation : •r = 1. 8 ( • C) + 32. 

Sea level: In this report, "sea level" refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a 
general adjustment of the first -order level nets of both the United States 
and Canada , formerly called Sea Level Datum of 1929 . 
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