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ABSTRACT

A one year study of the bacteriological quality of the Vew Piver
Estuary, Jacksonville, North Carolina determined the ligh coliform
lcvuis in the water. The source of these coliforms are precominantly
non-human animal origin and from non-point sources. Conclusions result
from fecal strvptococéi to fecal coliform ratios and Pscudomonas

acruginosa results, lligh fecal and total coliform counts were recorded

in peripieral sites such as headwaters of the creeks, near the city of
Jacksonville and in Wilson Bay. Low fecal and total counts occur in the
mid-water sites of Stones and Farnell Bays as a result of high tidal
fluxuation and deeper water, The total and fecal colifornm counts
increasced with rain. Coliform pollution is of economic consequence to
residents of Onslow County, “since approximately 1000 people use the
river on the average of once a month and most are involved in

reercational fislhing or boating.
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SUMMAPY AND KECOMMENDATIONS

buring a one year study of the bacteriological quality of the liew
River Estuary, Jacksonville, North Carolina the coliform levels in the
water were determined. Testing was performed according to nationally
accepted Standard dethods. The source of these coliforms were
predominantly from non~human animals that entered the cstuary from
non-point sources. Conclusions were based upon fecal streptococci

-

to fecal coliform ratios und Pseudomonas aeruginosa results. High

fecal and total colifornm counts were recorded in peripheral sites,
such as headuaters of the creeks, near the city of Jacksonville and in
Wilson Bay. Low fecal and total coliform counts were observed in the
wid-water sites of Stones and Farnell Bays. These counts were kept in
check by high tidal fluxuations aqd deeper high salinity water. The
total and fecal coliforu counts increased directly after rainfall.
Coliform poliuLion is of economic importance Unslow County residents.
Approximately 1000 people, involved in recreational fishing and
boating, use the river on the average of once a month.

Analysis of field and laboratory data collected during this study

led to the following conclusions:

1) High total coliform and fecal coliform counts are concentrated
around the populated areas of Jacksonville City and in
MNortheast Creek, Frenchs Creek and in Wilson Bay.

2) llost coliform counts are from non-point sources and are
attributed to run-off from agricultural
pastures, wildlife, sanitary landfills and storm drains.

3) Fecal streptococci and Pscudomonas acrugincsa data indicate




that most non-point source coliform pollution is of an
animal origin.

L) Scasonal distribution patterns of coliform bacteria shouved
bcnks in February, June and August, duc to increased rainfall.

5) ‘Increased coliform bacteria will be detrimental
to recreational and comuercial use of the New River
watershed area, as with more coliferms additional
shellfish areas are likely to be closed. Decreased
coliform counts tend to benefit the socio-economic
grovth and stabilfhy since more clean areas will
provide recreation to county residents.

The following recommendations are proposed as an aid to Onslow

County planning and public health services:

1) All new dwellings and busincsses should be connected to city
or county scwage treatment facilities. All existing septic
tanks should be monitored periodically to insure
conformation to existing regulation; furthermore a thorough
analysis of sctback distances and related pollution is
recommended,

2) A diffuser pipe to carry off storm drainage and excess
runof f should be established from Munford Point running
southeast 500-1000 yards into Morgan Bay. This will
dilute bacteria carrying waters and will bring hacteria
arising from land excess runoff in contact with higher
salinity saltwater with antiseptic results.

3) Future landfills should be isolated on soils suitable

to bacterial degradation and which will not otheruise

VI
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4)

5)

6)

7)

burden the existing levels in the bay. The existiny
landfill on Northecast creck is minimally adequate but
during times of heavy rainfall this crecek significantly
contributes to bacteria in the estuary.

The surrounding watershed, consisting of barren land,
should.be improved through the planting of

suitable ground cover, i.e. grass or trees, in order
to increase the holding of water in the soil.

Wilson Bay is suspect as a health hazard and should be
closed to fishing,\swinming and boating pending

a thorough sediment study.

Evaluation of the capability of all existing sewage
disposal and septic systens that handle wastes in the
county should be initiated to reflect the needs which
are anticipate as the population increases.

Ve urge that tests done on suspected pollution in the

estuary usc analyses appropriate to distinguisl between

F. coli and non-human bacteria which give similar results

through standard testing such as fecal streptococci and

Pseudomonas acruginosa.
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INTRODUCTION

The New River Estuary, located in Onslow County, North Carelina,
is bordered on the north by Jones County, Duplin County to the west,
Carteret County and Onslow Bay on the east and to the south, Pender
County. Planners in Onslow County and Jacksonville are presently
concerned with the water quality of the New River and its adjacent
estuary because of the present and potential use of these waters for
boating, swimming, commeréial and recreational finfishing and
shellfishing. Local sanitary engineers have suggested that the
proximity of sewage disposal systems to regional estuaries, the
influence of water runoff and the discharges from storm drains and
other outflows has added to the bacteriological burden of the bay.
Becausc these waters lie within the urban region dominated by the Camp
Lejeune Marine Base, the City of Jacksonville and several other
coastal communities, concern for water quality has risen sharply.

Mindful of the potential hazard of coliform bacteria in the
estuary, the Onslow County Planning Department has expressed concern
about regional water quality. This paper summarizes a 1980-1981 stud&
of water quality of the New River Estuary, Jacksonville, North
Carolina. Onslow County’s research goals and the goals of thi: studv
were 1) to develop a system which would abate the high coliform
bacterial levels which presently occur in the river and estuary; 2) to
determine specific sources of coliform bacteria; and 3) to assess
seasonal changes in the abundance and distribution of coliform
bacteria throughout the area. This resultant information will be

utilized in decision-making processes affecting recreational and



commercial land usec.

This study was funded bty Onslow County, the City of Jacksonville
and North Carolina Department of Watural Resources and Community
Developnent through the Office of Coastal Zone Management (grant
number: 2984-80-0043) awarded to the University of North Carolina at
Wilmington on November 10, 1980, The principle investigator was Dr.
Gilbert W. Bane.

The specific objcctives of the funded study are:

1) To assess the coliform distribution in
the waters of the New River adjacent to the City of
Jacksonville and around the shores of Camp Lejeune Marine
Base

2) To define point and non-point sources of pollution in the
estﬁary

3) To dewmonstrate scasonal and geographic changes in
coliform counts in the New River Estuary
as an indicator of pollution

4) To present information on the economic consequences of
coliform pollution to the residents of Onslow County

5) To ev-luate and define appropriate alternatives to the
present discharye systen.

The rescarch reported in thic thesis egphasizes objectives 1,2
and 3. Objectives 4 and 5 were uséd as suppler.ental material to show

the signifigance of scientific data.



LITCRATURE REVIEW
Indicator Organisns

Indicator organisms arc associated with the intestinal tract, and
their presence in water indicate that the water has received
contamination of an‘intestinal origin. The coliforn group of
organisms are suitable as indicators because they are common
inhabitants of the intestinal tract of humans and other warn-blooded
animals and are generally present in the intestinal tract in large
numbers. When present in the water environment, the coliforn
orpanisms eventually decrease in number (Dawe & Penrose, 1978), but at

rates no faster than the pathogenic bacteria, Salmonella and Shigella.

Both the coliforms and the pathogens behave similarly during water
purification processes (Brock, 1979).
The detection of cnteric bacteria, specifically in the -

Fscherichia, Enterobacter, Shigella and Salmonella proups, is not

necessarily a statewent of safety within the water tested, but serves
as a warning signal of potential pathogen presence (Pelczar and Reid,
1972). Thus, coliforms have hecome the accepted standard for water
and shellfish marketability for the U.S. Food and Drug Adninictration.

Despite significant adVanCvménts in the fields of medicine and
sanitation, fccal coliform groups continue to create health problems,
largely attributable to increasced urbanization and the increasing use
of broad spectrum antibiotics. Increased population density

invariably results in expanded sewane outflow, most commonly in this



area into septic tank systems that drain into adjacent lands. The use
of antibiotics in relation to the waste disposal problems was
addressed by Alexander (1971). He concluded that these antibiotics
make possible diseases caused by normally docile strains of

Staphlococcus, Proteus and Pscudomenas by eliminating normal bacterial

flora.

Wastes from sewage and septic systems, storim drainage and
farmland runoff can enter recreational waters. Care must be taken to
prevent excessive coliform loads in these waters because they can

threaten public health and-~safety.

Viruses can also be utilized as indicators of fecal pollution
since they infect the gastrointestinal tract of man and are excreted
with the feces of infected irdividuals. These viruses are present in
domestic sewage which, after various depgrees of treatment, enter
waterways that serve as a source of water for most large connunities.
The viruses known to be excreted In relatively large numbers with
feces include polioviruses, coxsackieviruses, echoviruses,
adenoviruses, rcoviruscs and the virus of infectious hepatitus (Clark,
et. al., 1962 and 1964),

Infections with poliomyelitis virus have becn assocliated with
fecally polluted water. DTPolioviruses are particularily evident during
the summer in city sewage. Other viral infections are more frequently
associated with the ingestion of polluted water, again particularly in
summer. Outbreaks occur repeatedly in individuals using polluted
outdoor swinming pools. A ceoamon cause of these infections are
coxsackie and cchoviruses which are repularly found in sewaye during

>

the warm season of tlie year., Certain hepatitis viruses are also



associated with polluted water and increases in the colder months
(Rheinheimer, 1970C).

Sewage treatment, dilution, natural inactivation and water
treatrent reduce viral numbers from treated waters before that water
is supplied for domestic purposes. Large outbreaks of waterborne
viral diseases may occur witi. rassive sewage contamination of a water
supply. In technologically advanced nations, viral infection and
disease are reduccd ﬁecause waste treatment while not coupletely
eliminating pathogenic viruses, decreases their number so that they do
not produce infection. (Clarke, et. al., 1962 and 1964.)

0f major importance in the evaluation of water quality is the
study of coliform bacteria extant in these waters. As defined by the
American Public llealth Associztion (APHA) (1975), the coliform pgroup
comprises "bacteria that are zcroble or facultative anserobic, gram

negative, non-spore forming and rod-shaped, that ferment lactose with

pas formation within 48 hours at 35 ¢". Escherichia coli, a common

intestinal organism, Klebsiclla pneunonia, a less common intestinal

organism and Fnterobacter aerogenes, an organism not associated with

the intestine, currently comprise the coliform group (Brock, 1979).
The coliform group can be broken into two components, fecal and
nonfecal. Fecal coliform bacteria are found in the fecal matter of
all higher animals, including humans and are usually introduced into
the water column by septic seepage, scwage outfalls and land runoff.
By APHA defination, "fecal celiforme are those that ferment lactose
with gas formatioa in a sultable culture medium in 24 hours at 46,5 C.
This differentiation can yield valuable information concerning the

possible source of pollutien in the watcer and especially the distance



irom the source of this pollution. This is possible because th
nonfecal members of the coliform group may be expected to survive
longer than the fecal members in the unfavorable environment rrovided
by the water (Standard Methods, 1975)}.

Coliform bacteria can be enumerated using the Multiple-tube
Fermentation Teclhinique from Standard Methods for Examination of Vater
and Wastewater. This technique consists of two parts:

1) The Standard Methods technique for total coliform
distribution
a) Presumptive Te;t
b) Confirmed Test
c) Completed Test

2) The Standard Methods technique for fecal coliform detection
a) Presumptive Test
b) Fecal Coliform Test

Laclhi test produces a value, the Most Probable Number (MPN), which
is not an actual enumeration of the coliform bacteria, but merely an
index of the number of coliform bacteria that, more probably than any
other number would give the results shown by the laboratory
examination {(Standard lMethods, 1975). The MP!! is a theoretical value
determined by statisticians and an ecxample is given in the table in
MICROBIOLCCGICAL METHODS FOR MONITORING THE ENVIRGHRMENT: WATER AND
WASTES(1978).

The importance of fecal coliform bacteria in water quality study
lies in their usefulness as an indicator organism for many patho;enic
nicroorganisms (Wyss and Eklund, 1Y71; American VWater Yorks

Assuciation and Water Pollutiun Control Federation, 1971; Wheeler and



Volk, 1964). Table 1 lists rathogenic organisms in the Unfted States

for which the coliform bacteria, Escherichia coli is an indicator.

Faust (1976) exarmined tre coliform pollution from land runoff to
a stream that cntered the Chesapeake Bay. She determined that tle
fecal coliform discharge rate from this land was seasonal and larpely
dependent on water flow. The total coliforms were influenced by the
sane factors. Fecal coliforss persisted in the water; numbers were
hish in the Rhode River close to discharge points; further away thev
were diluted out by the river volume. Bacterial persistence at low
vinter water tcnperatnros\in the estuary increases bacterial numbers
and apparent pcllution levels. This was considered to be the
explanation for the high fccal coliform levels in the estuary,

DBilution was ohserved to be the major influence on fecal coliform
counts In the River lagan Estuary, Northern Ireland, U.K. The fecal
coliform counts vere found to decrease with increasing river depth
(Parker, et.al., 1979).

The presence of coliforms in the water column allows for the
development of modeling systems. Kelch and Lee (1978) developed a
computer—-assisted, nultiple linear regression analysis progranm to
predict the fecal coliforn levels in the estuarine environment. They
used data collected by isolating fecal coliforms on Millepore HAUWG
ncumbranes and examining their resistance to 12 antibjotics. A total
of 135 independent variables were analyzed to determine their
correlations with two dependent variables - bay fecal coliform count
and log Lay fecal coliform count. Relationships were noted betueen
these dependent variables arnd ambient temperature, precipitation,

recreational use of the tributaries, antibiotic resistance levels and



TABLE 1

Pathopgenic Organisms for which Esciiesd{ch{a ccf{ is an indicator.

Bacteria

Viral

*These organisms have been in epidomic proportion in the U.S. (1916-1975)

(Brock, 1979).

ORGANISM *

Sabmonella typhi
Vibrio chétc&ae
Shigefla sp. -~
Salmonella paratynhi

Eschenichia coll
(pathogenic strains)

Leptospina sp.

Francescilla tularensis

Hepatitis A Virus

Polio Virus

DISEASE

Typhoid Fever
Cholera
Shigellosis
Salmonellosis

Gastroenteritis

leptospirosis

Tularamia

Infectious hepatitis

Polimyelitis



tecal counts in the tributaries.

Fecal Streptococcl

The normal habitat of fecal streptococel is the intestine of man
and animals; thus, these organisms are additional indicators of tecil
pollution. Counts of fccal streptococci provide valuable
supplementary data on the bacteriological quality of lakes, streanms
and estuaries, because streptococci persists longer and are better
indicators than coliforms for past pollution, However, most valuable
application of the fecal gtrcptocucci test {s the determination of
ratios of fecal coliform to fecal streptococci. Because coliform
preduninates over streptococci in human feces, ratios of 4.0 or higher
typically indicate domestic waste while ratios of 0.6 or lower
indicate discharge from farm animals or storm water runoff. (Standard
ltethods, 1975). Gore and co-wvorkers (1979) examined fecal coliform:
fecal streptococci ratios in the Cochin (India) backwaters. The ratio
indicated that the principle source of fecal pollution is nonhuman
type originating from iand drainage, discharge of organic waste and

scwape discharge.

Pseudomonuas aerupinosa

According to Standard Methods (1975), Pscendomonas acrupinosa is

important in recreational waters because it is an "opportunistic"
human pathogen which may cultiply in recreational waters in the
presence of sufficient nutrivnts. Its enuuceration is valuable bhecause
it may indicate the dischar;e of nutritive wastes into receiving

waters. Cabelli and co-workers (1976) exarined the relationship of p.



acruginosa levels to fecal coliform densities in estuarine and fresh
recreational waters at varying distances from known pollution sources
in Lake Michigan. They showed that P. aeruginosa may indicate
pollution of recreational waters by human wastes, especially where the
probability of bacterial multiplication is minimal. High fecal
coliform densities coincident with low P. aerupinosa levels supgest
that the source of fecal pollution is animal rather than human,

The last indicator organism to be discussed is yeast. Hagler and
diendonca-Hagler (1961) found that total yeast counts ahove 100 CFU/100
ml were typical of heavily\and roderately polluted waters but atypical
of lightly polluted and unpolluted areas. Total yeast counts were

proportional to pollution levels. They found Candida krusei and

phenotypically similar yeasts werce prevalent in polluted estuarine

water but rure in unpolluted secawater.

Fnviroumental Variables

lleterotrophic bacteria numbers have been estimated in estuaries
by Wood (1953,1959, 1965), Velankar (1955) and Oppenheimer (1960).
Velankar, wvorking in the Gulf of HManaar, India, recorded bhacterial
populations levels at the surface of the water and close to the
bottom, e found that the viable count range from less than 100 to
650 colony forming units (CFU)/ml at the watcer surface, but was
usually on the order of 200 to 300 CFU/ml. Ve also demonstrated that
bacterial counts varied with the number of barrnacles and other larvae
on test pancls in Sydney Hartour (Dew and Vood, 1755). 1In the water
of Lake Macquarie, an irregular scasonal distribution of bacteria was

found with a maximun viable count in June~July (Australian winter).
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The surface counts were also slipghtly hipher on the average than
those from close to the bottom, but the numbers were of the same order
as those reported by v olanker (1955). The range of counts (5 to
13,000/rl) vas much greater than that found by Velankar, due no deubt
to the nutrients wvashed into the lake by flash floods. Microbial
populations of cstuarine sedirments have also been studied.
oOppenheinmer found thiat aerobic bacteria from the sediment surfoce in
Texas Bay ranged from 5 X I(P to 5 X 106 and Wood recorded bacterial
counts from 3 X 10° to 0.5 X 10° in Lake Macquarie,

The sediments of an é%tuary can scrve as a rescervoir for
indicator bacteria. In the sediments of Lynnhaven FEstuary, Virginia,
the concentration of indicatcr bacteria was extrenely high and even
the indicator organisns may pose a potential health hazard.
Disturbance of the uppermost scedinment laver by commercial, natural and
recreational activities, such as dredying, boating, tides or stornms
would resuspend the existing fecal organisms (Erkenbrecher, 1860},
Goyal and co-workers (1977) found & similar situation in Texas., He
found total coliforms, fecal coliforﬁé and Salmonella in greater
nunber Iin scdiments than in overlying water. Heavy rainfall resulted
in large increases in the nunber of organisms in bhoth water and
sediment samples. The bottom sediment in the shallov canal systems
Ean act as reservoirs of enteric bacteria, which nay be resuspended in
response to various environmental factors and recreational activities,
The pro?lcn of resuspension of sedirment-bound fecal coliforms wvas also
cxamined in the Mississippi River (Crires, 1975)., Fecal coliforn
concentrations increased significantly in the imrmediate vicinity of a

dred;ing operation, Increascd counts were attributed to the

11



distribution and relocation of bottom sediments by dredginy and a
concomitant relecase of sediment-bound fecal coliform.

Savlor and co-workers (1975) enumerated total viable,
heterotrophic bacteria, total coliform, fecal coliform and fecal
streptococci in the Chesepezxe Bay and found significant levels of
pollution iundicator organisms in all samples. The indicator organisns
distribution wzs independent of temperature, salinity and the
concentration of suspended sediments. llost total viable bacteria
counts (53%) and fecal indicator counts (80%) were directly correlated
with suspended sediments concentrations. Correlation coefficient (r)
for the indicator organisms examined in this study were r= 0.80 for
bottom water and r= 0.99 for suspended sediments. Prolonged survival
of fecal streptococci in most sediment samples was observed. This is
probably due to bottom scdiments having a hiph absorptive capacity and
the ability to regulate basic nutrient concentration and
eutrophication in situ (Hendricks, 1971).

Runoff affects coliform counts in the estuary. Faust (19Y76)
determined the rural watershed contributed to the fecal coliform
pollution of the Rhode River and calculated that on the average 1% of
fecal coliform produced by the animals was washed into the estuaries
by land runoff. These results apree with those of Doran and Linn
(1979) who compared grazed ard unprazed pastureland in eastern
Nebraska. Total coliform, fecal coliform, fecal streptococeci were
monitored. lDacteriological counts in runoff from grazed arcas
contained five to ten times rore fecal coliform than runoff from
fenced, ungrazed arcas, Totzl coliforn levels were the same at the

two sites, but fecal streptecocei counts were higher in runoff from



ungrazed arcas and reflected the contribution from wildlife. The
fecal coliform / fecal streptococci ratio in pasture runoff was used
in in this stucy to identify the relative contribution of cattle and
wildlife. Ratios below 0.06 were indicative of wildlife sources and
ratios above 0.l were characteristic of grazing cattle.

Karthegisan and Thomas (1976) found the number of fecal coliform,
total coliform and E, coli type | to be related to the salinity
conditions of the tidal water covering the sites. These results are
similar te those of the Lynnhaven Estuary, Virginia where indicator
bacteria varied substantiafly throughout the estuary, but the higher
salinity water and coarser sediments of the inlet showed lower overall
bacterial counts than the headwater sites where freshwatef runof f
decreased tidal c¢ffect (Erkenbrecher, 1950). This reduction in
bacterial count could be due to debilitation and dilution (bDawe and
Penrose, 1978).  When the bacteria enter salt water, they become
stressed, will not grow on selective media, and were not competitive
with other bacteria,

Sowugu treatment plants, septic systems and boating activity
influences the nunber of bacteria in the estuary. Sewape disposal and
scptic tank seepape in estuarine systems provided a major method of
pathopcenic introduction to estuarine ecosystems. Infectinus viruses
were especially hazardous because they can be recovered in cstuarine
wvaters 46 weeks after dumping. Increasing frequency of antibiotic
resistant bacteria, found in the Chesapeake Bay and Few York Bight, is
also cause for alarm (Colwell and Kaper, 1977). Septic systen
failurcs werce also found to pose a serious health hazard in tle

Lynnhaven Estuary, Virsinia (Erkenbracher, 1980},




To estimate the potential hazards of sewage disposal, modeling,
experiments have been perforred (Kuo and Jacobson, 1976). They
predicted the distribution of sewage constituents that would result
from a proposed scwage outfall in estuaries or coastal seas.
Application of the technique required dye dispersion experiments and a
numerical model employing the results of the experiments. The method
was used to assess the environmental inpact of a proposed sewage
outfall in Hampton Roads, Virginia. Data from dispersion experirents
were used to predict the concentration patterns of total nitrogen,
total phosphorus, coliform\bacterin, BOD, dissolved oxygen deficit and
chlorine residuals that would result from the proposed sewage outfall,

Bane and Walker (1980) conducted a study of coliform related
marine pollution in Brunswick County, North Carolina, where it uas
discovered that the total and fecal coliform populations vary at a
rate directly proportional to the change in boating activity, The
only measured environmental stimulus that affected the total and fecal
coliform count was rainfall.

Coliphages are indicators of cnteric viruses in sheilfish and
estuarine waters containing shiellfish (Vauphn and Metcalf, 1975).
Synoptic examinations of sewage effluents, shellfish and shellfish
srowing waters for coliphage and ¢nteric viruses indicate a wide
dissemination of coliphage throuphout Great Bay Estuary, 41, but no
resulting public health problem occured. The cerious shortcomings of
the coliphage indicator systen for cnteric virus detection are the
potential for the presence of more than one doninant coliphage type
and the inability to relate coliphase aud pathosenic enteric virue

occurrence in field samples.
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The pollution of oysters was examined in Hong Kong (Morton, 1975)
where oysters are cultured by the primitive method of bottom-laying in
polluted water. the oysters are fecally contaminated, particularly
in the summer when monsoons flush out contaminants from rivers and
" streams into ovster producing areas. The contamination level is high
and comprises effluents derived largely from the neighboring agricul-
tural areas of Hong Kong and southern China.

The North Carolina Shellfish Sanitation Program, Division of
Health Services, runs surveys every other year of the oyster beds and
waters of Stones Bay (New River Estuary, Jacksonville, N. C. ) to
monitor the coliform levels in the oysters. The only area in the upper
New River estuary closed tq shellfishing is Everett Creek. (See p.l15-a)
Economic Significance

A final important consideration of estuarine pollution is the
economic loss of our estuarine resources. One major drawback is
attempting to put a dollar value to the damage observed. The economic
losses can range from a few thousand dollars to several million dollars
per incident of estuarine damzge, i.e., shellfish restrictions,
duck death due to oil spills, shoaling of a major harbor due to
improper hydraulic modification, loss of coastal marsh, loss of
swimming recrcation due to high coliform counts and lack of potable
water (Wasserman, 1970).

The National Science Foundation-funded SOS project at UNC-
Wilmington (Bane, Manuscript) evaluated the socio-economic loss by
bacterial pollution to fisherrmzn in Brunswick County. The loss was
determined to be $421,117.00, affecting 40 full-time jobs per year;
this represents a negligible loss when compared to total Brunswick

County secafood resources, but a large loss to the individual fisherman.

15
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METHCOS AND MATERLALS

A total of 3Jub bacteriological samples from 65 sampling sites was
collected between Novenber 30, 1960 and December 7, 1931, The
sanpling dates are listed on Table 2. The sampling area was the
reqion of the New River Fstuary between Stones Bay and the river north
of Jacksonville (Figure 1). Sample sites, indicated on the map in
Appendix I, were selected for their proximity to either permanent
channel markers or automopile bridees: Seven sites designated major
stations (Figure 2) wverc sanpled at least once per month and the
remaining 58 stations were sampled at least three times and are
desicnated by station number identificer codes. The location of these
stations are given in Appendix 1. Samples at najor stations alse had

identified codes (sce Fipurc 2 for explanation).
FIELD COLLECTION

Thirtceen student workers assisted in field and laboratory
analysis of which eipght were funded and five received credit in
Seminar in Envirenmental Studies, FVS 495. The students worked under
the direct supcrvision of tie Project birector and performed routine
tasks in order to allow for increascd numbers of sanples to be
analyzed.

Water for analysis was collected io presterilized 200 ml plass
bottles.  The bottles were subverred a few inchies below the water
surface by a gloved heed with the iottle routh facing uystrenn,

bottles were filled with 25 ls ot air left in the top. The raoplos



FIGURE 1 - NEW RIVER ESTUARY SAMPLE AREA AND RAIN GAUGE LCCATIONS
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FIGURE 2 = SEVEN MAJOR SAMPLING STATIONS IN THE NEW RIVER ESTUARY

STATION 1 IS STATION NUMBER IDENTIFER CODES 22 - 37

STATION 2 IS STATION NUMBER IDENTIFER CODES 81 - 95

STATION 3 IS STATION NUMBER IDENTIFER CODES 160 - 177

STATION 4 IS STATION NUMBER IDENTIFER CODES 133 - 142

STATICN 5 IS STATION NUMBER IDENTIFE® CODES 254 - 264

STATION 6 IS STATION NUMBER IDENTIFER CODES 356 - 366

STATION 7 IS STATION NUMBER IDENTIFER CODES 347 - 355
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were stored on ice during trznsit to the laboratory. ilo more than six
hours elapsed from collection time to laboratory processing., 1In the
field, salinity was determined with a hand-held refractometer (All
commercial suppliers are listed in Appendix II); water and ;ir
tenperatures were recorded with a mercury thermémeter. Pho;phate,
nitrate, dissolved oxygen and turbidity tests were determined using
the Hach DR-EL/4 according to the manufacturers specifications.
Dissolved oxygen was also determined with a portable field oxygen
meter. Rainfall measurements were obtained from Tru-check rainfall
gauges (locations on Figure 1); and additional information was
obtained from the Environmental Center at Camp Lejeune Marine Basc and

the Camp Lejeune Air Station.

LABORATORY ANALYSIS

To avoid ioh contamination, water was distilled using a Corning
Mega-pure still.

The coliform counts, fecal streptococci counts and Pscudomonas
acruginosa counts were determined following the protocel in Standard
Methods. The only change was the MPN table fro& MICROBIOLOGICAL
METHODS FOR MONITORING THE KﬁVIRONMENT: VATER AND WASTES (1978) was
used because it is more complete than Standard Methods.

Presumptive Test

Upon returning to the laboratory, 1 ml from each sample was
placed into each of 5 test tubes éontaining single-strength lauryl
tryptose. Another 1 ml of sample was placed in 9 mls of phosphate
buffer, to make a 0.1 dilution; 1 ml of the 0.1 dilution was used to

inoculate each of 5 test tuhes containing single-strength lauryl
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tryptose. One ml of the 0O.1 dilution was placed in another 9 mls of
phosphate buffer, making a 0.0l dilution; 1 ml of the 0.0l dilution
was used to Inoculate each of 5 test tubes of single-strength lauryl
tryptose.

An inverted Durhan tube was placed in each test tube to
concentrate gases and to indicate positive or negative results. A
positive presumptive test shows gas formation after incubation of 24
hours or 4& hours at 35° C.

Confirmed and fFecal Coliform Tests

Each positive presumptive test was used to inoculate an FC Medium
and a 2% Brilliant Green é&le Broth (RBGR), performed with a sterile
wooden swalb submerged once around the lauryl tryptose tube, once
around the EC tube and finally once around the BCR. The EC Mediur was
incubated in a water bath at 44.5°C for 24 hours. A positive reaction
for fecal coliform is indicated by gas formation in the inverted
Durhaem tube after incubation.

The BGB tubes are incubated at 35° C for 24 honrs.or 48 hours.
The form?tion of ¢as Iin an inverted Durham tube indicates a positive
test for coliform bacteria.

Conpleted Test

The positive confirmed tubes are inoculated onto Fosin Methylence
Blue (EMB) agar plates; EMb is a medium that cultures only gram
nespative rods. The plates are incubated at 35° C for 24 hours and

were used to tentively identify specific organisms: Escherichia coli

has a dark netallic green shecns Enterobacter aeropens produces a

colony with a dark nucleus bhut no metallic green sheen; [lebsiellan

sp., large pink nucoid colony; and Proteus sp., spreading pink colony
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with a foul odor. A positive IMB test indicates E. coli.

FECAL STREPTOCOCCI
Presumptive Test

One ml of sample was placed into each of 5 test tubes containing
10 mls of single-strength azide dextrose broth. Another I nl of
sample was placed in 9 ml of phosphate buffer to make a 0.1 dilution;
1 ml of the 0.1 dilution was used to inoculate each of 5 test tubes.
One ml of the 0.1 diiution was placed in another 9 ml of buffer,
making a 0.0l dilution; 1 -l of the 0.01 dilution was used to
inoculate each of 5 test tubes of azide dextrose bro;h.

The inoculated test tubes are incubated at 35° C for 24 hours or
48 hours. A positive presumptive test shous turbidity after
incubation,
Confirmed Test

Each positive azide dextrose broth was transfered to a tube of
ethyl violet azlde broth. The transfer was performed with a sterile
wooden swab from the azide dextrose to the ecthyl violet azide broth.

The inoculated tubes are incubated for 48 hours at 35°C. A
positive confirmed test was indicated by the formation of a purple

button at the bottom of the tube or occasionally by a dense turbiditv,

PSEUDOMONAS ALRUGINOSA
Presunptive Test

One ml of sample was placed in each of 5 test tules containing 10
nls of asparagine broth., Another | ml of sample was placed in 9 ul of

phosphate buffer, to make a G.1 dilution; 1 nl of the 0.1 dilution was

S\
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used to inoculate cach of 5 test tubes of asparagine broth., One ml of
the 0.1 dilution was placed in another 9 mls of buffer, making a 0.0l
dilution; 1 ml of the 0.01 dilution was used to inoculate cach of 5
test tubes of asparagine broth.

The inoculated test tuber ~cere incubated at 35 °C for 24 lours or
43 hours. The medium in a positive presumptive test tube will
fluoresce when exposed to long wave ultra-violet light.
Confirmed Test

One drop of asparagine broth was removed from a positive
presumptive tubc and placed‘on an acetamide apar slant. The tubes
were incubated at 35 to 37°C for 24 to 36 hours. A positive confirmed
test was indicated by the development of an alkaline pH in the medium

as indicated by a purple color.

SURVEY

A survey was taken to determine the use of the New River by
boaters and fishermen, both conmércial and recreational. A list of
the addressces of owners with toat permits was obtained from North
Carolina Division of !larine Fisheries. A random selection of 200

owners werce sent questionnaires (Appendix II1I) and another 62

questionnaires were sent to lacal fishing clubs.
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LESULTS

The MPN’s of cach of the seven major stations that wvere sanypled
fron Xovember 1980 to December 1981 are shown individually in ficvres
2-0, The data from the remaining, 50 minor stations are sliown in Appendix
I. The fecal coliforn counts (rC counts) ranged froo U (Figures
3,4,5,7,8) to 16UUG (Figure 4) (mean = 1200). The total colifor: counts
(i counts) range trom. 0 (Figures 3,4,5,7,8,9) in the vinter to o000
(Figure 3) in the spring (mean = 400). Both EC and EMB counts are hi:h
in the streams and lecrease ;n the bay.

The range, mean, standard deviation and standard error for cach
station are shown in Figure 10 (5C counts) and Fijjure 11 (L% counts).
The EC counts are hipghest in the northeast quadrant of the New River
Fstuary, espcecially in the river at Jachsonville (riean = 1300) and in
Northeast Creek (mean = 949),  The louwest values occur in Stones and
Fariell Yays which had hipgh tidal fluctuation, decep water and louver
human population on ad joining land areas. The lovest EME couuts occur
in the middle water of the estuary (range 21 to 231). iichest 0
comits were alonyg the northeast shore, cspecially at Vallace Crees (acan
= 17L0). Other high counts occur in Frenchs and Lortheast Crecks, BN
counts on the western shore ranged from 0 to 24000 (hean =1200).  South
and western shores had moderate counts (mean = 550).

Host of the study area was rural wnd unpopulated.  The cxceptions
were Jacksoaville (Station 1), Jortheast Creck (Station 2), Caup Lejeunc
Mariane Base (easntern shore) and Uixon (Station 7). These areas uvere
thousht to contribute to the bacterial concentration in the New liver

dUCae.
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ut Wilmington
28406

DEPARTMENT OF 8I10LOGY March 21 . 19 8 3 MARINE SCIENCE BUILDING 141
POST OFFICE BOX 3725

Mr. F. Winley

Onslow County Planning Dept.
39 Tallman Street
Jacksonville, NC 28540

Dear Mr. Winley:

I will attempt to answer the questions you posed concerning
the work Dr. Bane did for you while he was here. I was not
involved with Dr. Bane's contract but I am familiar with the work
done by Cathy Rozowski, Dr. Bane's graduate student. Ms. Rozowski
was the primary data collector on the contract and the report
presented to you represents part of her master thesis work. I am
a microbiologist and was also part of the committee which
reviewed her thesis.

You seemed most concerned with the data in the report which
demonstrated higher numbers of fecal coliforms than total
coliforms at some sampling sites. I can understand your concern.
Fecal coliforms are a subset of the coliform group and, in
theory, fecal coliform numbers can equal, but never exceed, the
number of total coliforms. The apparent reason that fecal
coliforms surpass coliforms is that two different enumeration
techniques were used to collect the two sets of data. Both
enumeration methods are correct, acceptable and recommended by
Standard Methods for the Examination of Water and Waste Water
(14th edition). Both-technigques enumerate in terms of MPN (most
probable number) values which are merely statistical estimates of
actual numbers present and variation in values can be expected.
Both techniques are more precise (repeatable) than accurate. The
data generated by either technigue is best interpreted only by
comparing values between stations analyzed by the same
techniques. Graphing both sets of data on the same figure is
probably misleading.

Standard Methods recommends both procedures for monitoring
fecal pollution of water. The total coliform technique is the
older, more established procedure, used extensively for
evaluating the quality of drinking water. The fecal coliform test
is used to differentiate fecal from nonfecal coliforms. It is not
recommended for examination of water potability but is
recommended and used extensively for monitoring stream and
seawater pollution (Standard Methods pg. 876 & 922). In my
opinion, the fecal coliforms count is the better technique for
estimating the extent of intestinal coliform pollution and may be
the number which you wish to use.

The University of North Carolina at Wiltmington is a constituent institution
of THE UNIVERSITY OF NORTH CAROLINA — William C. Friday, President




Mr. F. Winley
March 21, 1983
Page 2

If you have any additional guestions which I might help you
with, please feel free to call me at 791-4330, extension 2478.

Zi?ferely;///
Ronald K. Siz:;éégﬁ—’_——‘
Assistant Professor

RKS:1rr

cc: Dr. James F. Merritt
Ms. Lynne Crater



FIGURE 3 - BACTERIOLOGICAL ANALYSIS OF STATION 1 FROM NOVEMBER 1920 -
DECEMBER 1981 - NEW RIVER ESTUARY
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FIGURE 4 - EBEACTERIOLOGICAL ANALYSIS OF STATION 2 FROM NOVEMRER 1980 -
DECEMBER 1981 - NEW RIVER ESTUARY
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FIGURE 5 - BACTERIOLOGICAL ANALYSIS OF STATION 3 FROM NOVEMBER 1980 -
DECEMBER 1981 -~ NEW RIVER ESTUARY
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FIGURE 6 - BACTERIOLOGICAL ANALYSIS OF STATION 4 FROM NOVEMBER 1980 -
DECEMBER 1981 - NEW RIVER ESTUARY



100000

10000

100

10

MOST PROBABLE NUMBER

FECAL COLIFORM == = ===

TOTAL COLIFORM

" WINTER SPRING SUMMER

FALL



£i

FIGURE 7 - BACTERIOLOGICAI ANALYSIS OF STATION 5 FROM NOVEMBER 1980 -
DECEMBER 1931 - NEW RIVER ESTUARY
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FIGURE 8 - BACTERIOLOGICAL ANALYSIS OF STATION 6 FROM NOVEMBER 1980 -
DECEMBER 1981 - NEW RIVER ESTUARY
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FIGURE 9 - BACTERIOLOGICAL ANALYSIS OF STATION 7 FROM NOVEMBER 1980 -
DECEMBER 1981 - NEW RIVER ESTUARY
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FIGURE 10 HUBBS-HUBBS DIAGRAMS OF FECAL COLIFORM (EC) COUNTS IN NEW
RIVER ESTUARY FROM NOVEMBER 1980 - DECEMBER 1981
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FIGURE 11 - HUBBS-HUBBS DIAGRAMS OF TOTAL COLIFORM (EMB) COUNTS IN NEW
RIVER ESTUARY FROM NOVEMBER 1980 - DECEMBER 1981
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Salinity, turbidity and water temperature in the New River showed
no distinguishable pattern. Figure 12 is the data from Station 5 and
the remaining graphs are in Appendix III. No correlation was found
between salinity and either the average total coliform (r=-0.34, 15df)
or average fecal coliform (r=-0.44, 10df). No correlation was noted
between turbidity and fecal coliform (r=-0.16, 6df) or turbidity and
total coliform (r=0.19, 6df). Rainfall, on the other . hand, was highly
correlated with total coliform (r=0.65, 10df) and with fecal coliform
(r=0.61, 10df).

Table 4 shows the number and ratio and expected source for fecal
coliform counts and fecal streptococci counts. There was a strong
correlation (r= 0.89, 15df) between the fecal coliform counts and
fecal streptococcl counts originating from suspected animal sources.
Table 5 shows the number, ratio and expected source for fecal coliform

counts and Pseudomonas aeruginosa counts., A correlation (r= 0.72,

49df) was found between the P. aeruginosa counts and fecal coliform
counts originating from suspected human sources.

Rainfall (Table 6) was highest in August (9.65 inches), followed
by June and May with 7.85 and 7.14 inches, respectively.

The results of the area use survey are compiled in Table 7. Most
responses to question ] consisted of two or more answers.
kecrecational fishing and shellfishing has the most participants;
recreational boating is the second most popular activity. About 52%
of the respondents use the river an average of 5.5 times per month and
30% use it once a month. The average respondent has fished 15.6 years

in the area (range 3-35 years) and plans to fish for 20.5 more years.

44



FIGURE 12 - SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION 5 FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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STATION

30

36

44

52

33
108
130
132
156
176
185
186
247
2489
250
262
265
273
274
276
306
316
321
345
353
354
356

“Z

TABLE @ - FECAL STREPTOCOCCI RESULTS

Expected source

FECAL COLIFORM FECAL STREPTOCOCCI RATIO

/mi

490
130
0

0

45
230
45
170
0

45
3500
780
2400
230
1300
8
170
45
230
78
45
460
78
1300
430
2800
490

/mi

130
330
45
130
130
1700
340
1100
45
0
78
330
1300
3500
220
490
790
170
61
330
18
170
0
3300
140

16000

3500

47

GEOGRAPHIC

human

human

animal
human

animal
animal
anitmal
animal
antmal
human

animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
human

homan

humen

LA YD ON

0y * -

NAROGEONVNMLNYNNMMMNOOMHMW® HOMNMKMKMRKMOLOOOWN

N

NN 0D

~

©0

* probable source

BACTERIAL

hnan

antmal*
animal
animal
animal*
animal
antmal
animal
animal
huwman

human

hwnan *
human *
antmal
human

animal
animal
animal
human *
animal
human *
humen *

- human

antmal
human
animal
animal



TABLE & - PSEUDOMONAS AERUGINOSA RESULTS

STATION FECAL COLIFORM P. AERUGINOSA

13

32

34

35

36

43

51

80

91

92

923

95

107
108
109
130
131
140
141
142
178
174
176
177
184
1856
186
216
222
228
246
247
248
249
2560
261
263
264
266
266
271
272
273
274

/ml

68
78
48
130
1300
4980
130
170
0
490
230
68
45
78
430
230
78
46
45
310
1300
170
310
330
45
120
430
3500
790
310
78

330
2400
1200
230
1300
230
230
140
170
68
230
140
45
230

. /ml

20
20
45
a0
68
1300

20
3500

1300
20

20
1300
3500

45
110

48

RATIO

» . *

L 2 - - mm.
N O H 0O
(=

*
QMo

.

'QP&ICHU!QO' NOhK®e RHNOHDD® DLy Oh
<

]
[\
12~

oy

T

tn'
on

6.0
0.33
350.0
© 79.0
0.08
7.8
0.02
3.0
240.0
120.0
23.0
65.0
12.7
23.0
14.0
17.0
6.8
3.38
3.11
4.5
23.0

Expected source

GEOGRAPHIC

animal
animal
animal
huwman

human

enan

hwnan

antmal
huonan

antmal
animal
animal
antmal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
anitmal
animal
animal
antmal
animal
animal
human

antmal
antmal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal

*probable source

BACTERIAL

animal
animal
animal
animal
animal
animal
animal®
antmal
human
animal
human
animal
animal
animal
human
animal
antmal
animal
animal
animal
antmal
antmal

animal®
antmal
animal
human
antmal
animal
human
animal
humen
animal®
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal*
animal
animal



TABLE 2’ CONTINUED

STATION FECAL COLIFORM P. AERUGINOSA

275
276
279
306
314
315
316
346
368
354
3686
360
364

/ml

78
110
230
45
230
460
490
230
490
2800
490
310
45

/mil

68
20
45
20

20
3500

49

RATIO

7.8
11.0
3.38
4.6
11.5
46.0
10.8
11.6
49.0
280.0
24.56
0.09
4.5

Expected source

GEOGRAPHIC

animal
antmal
animal
animal
animal
animal
animal
animal
human

anan

human

animal
animal

BACTERIAL

animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
animal
human

animal
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TABLE o - MONTHLY RAINFALL RESULTS

RAINFALL IN INCHES

November 18980 .39

January 1981 .85
February 1981 1,76
" March 1981 - 1.83
April 1981 .53
May 1981 7.14
June 1981 7.85
July 1981 1,87
August 1981 9.65
September 1981 1.80
October 1981 .81
November 1981 .92

*Data received from Environmental Center, Camp LeJeune, North Carolina and
New River Air Statiom, Jacksonville, North Carolina
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TARBLY, 4 - RESULTS OF 56 SURVEYS RETUBNED FROM INDIVIDUAL FISHFRMEN

ALL ANSWERS WILL BE KEPT COWFIDENTIAL

1. what is the nature of your activity in the New River area? (check all that apply)
(1) swimming
(34) recreational boating
(=)) recreational fishing and/or shellfishing
{?1) ccmmercial fishing and/or shellfishing

Approximately how often do you use the New River for your activity?

2.
N- 29 ( 5.5 }/mouth Range 1-15 (v) /month~8
N=10 { 12.1)/vear Range 3-50 MN/A=2 (v) /ycar-5
3. which general area do you usually use for your activity? (Refer to charts and/
or maps)
(16)A(24 )B (24)C (17)D(28 JE (28 )F (26)6™®W3)IH(21 )I (19)J (10 )K ( 18)L
{ 3) M( 29} N/A-1

4. How many years have you fished in this area?(15.6)years N/A 1  Range 3-35

§. For how many years in the future do you expect to fish in the New River area?
(20.5; years ILife-17 Range 1-life

6. If you used a boat on your last trip: Type of boat( )
Length of hoat ( 17.6 )ft, Range 12-21 ’
Number in party (1.94males ( .6 )females £-2.54

How many days spent in area on trip? (4.8)days N/A 14

Is this your own boat? (55 )yes ( )no N/A-1

Did (will) you stay overnight in this county as a result of this trip?
{(21)yes {(22)no N/A-3

At a private residence { 28)yes ( 9)no N/A-8

Public lodging ( 7 )yes {25 )no N/A-15

7. Approximately what were the total expenses incurred on this trip in Onslow
County? (41)0-$50 (83%) (4 ) $100-$500(gq) ( 1) over $1000 (2%)

{ 3)$50-$100 (6%) { ) $500-$1000 N/A=7
8. Where do you usually launch your boat? {12)private _ (33)public Both-10 N/A-1
(21%) (6%) (18%)
9, What is the approximate value of your boat and gear?
{ 2) less than $500 (4%) { ) $20,000-%50,000
. (14) $500-$1000 (25%) {.) $50,000-$100,000
X=3536 (32) $1000-$5000 (57) (1) $100,000-$500,000 (2%)
{ 7) $5000-520,000 (1.25%) { ) more than $500,000
10. How much have you spent in the last 12 months on boat expenses and gear?
( G)less than $100 (11%) ( 2) $5000-$20,000 (4%)
(29) $100-§520 {52%) { ) $20,000-$50,000
{ 9) $500-$1000 {(106%) { ) more than $50,000

(10) $1000-$5000 (18%)

11, 1If fishing...what percent:

sport or recreational commercial

(2) 0=5 (a%) (B) 0-5 (51%)
(7) 5-10 (14%) (3) 5-10 (11%)
(7) 10-25 (14%) (3) 10-2511%)
(5) 25-50 (7%} (3) 25-5Q11%)
(7) 50-75 (14%) (3) 50-7%11%)
(24) 75-10016%) {6) 75-100 (23%)

12. Is your catch sold? (10)yes {44)no nN/A-2
) (19%)  (Blw)
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Approximately how many pounds did your total catch weigh during the past

12 monthsg? (la) 0-100 (29%) (2) 500-10,000 (4%)
(32) 100-500 (58%) (1) 10,000-20,000(28) N/A-1
{3) 500-1000 (5%) { ) 20,000~-50,000
(1) 1008-5000 (2%) { ) more than 50,000
Is your fishing activity for a particular species? (17)yes (37)no N/A-2
» (81%) "(691)
“That type of fishing gear and method do you usually use? (Check all that
anply) gear method
(43 )pole and line (23) trawling
(47 }Ggill net (29) still fishing
(11 ) seine (39) drifting
(14 ) cast net (bait) (36) casting
(20) rake, tong (1 )other shrimp Trawl (20 ft net)
(27 ) giy {1) Setting net
(3 ) dredge
(2 } other Crab Pot
(1) Eel Pot

If you knew in advance that you wouldn't have caught anything in the bay
area today, how much money would you have spent on some other activity in

Onslow County? (31) $0-10 (63%) {1)%100-$300 (2%) .
(15) $10-$50 (31%) ( )$300-5500 N/A=7
{ 1) $50-5100 (2%) (1) more than $500 (2%)
What is your occupation? ( _ )

Would you indicate which catagory most closely corresponds to your income for
the past 12 months? ’

(6 )less than $5000 (12%)  (8)%$20,000-$30,000 {833
(7)$5000-$10,000  (13%)  (5)$30,000-$40,000 , ..~ ,

(16)$10,000~$15,000 (31%)  (1)$40,000-$50,000 " (24)
{2)515,000-$20,000 (17%) ( ) more than $50,000

Ccmments on improving the use of the New River
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. " 6. Type of boat 17 Occupation

. Skiff - 13 Veterinarian
Fiberglass - 3 Dentist
Trihull - 2 Principal
Wood -~ 2 Teacher
Allendale - 2 Civil Service - 2
- Aluminum - 2 Salesman - 2
Bass - 2 Manager - radio station
Well boat Of fice Manager
Open whaler Plant manager - 0il Co.
- Cruiser Insurance agent
McKee craft Parts manager
. Phillips Life insurance salesman
Dixie ’ Merchant
I-0 Store clerk
Manatee Production leader
Porter N.C. Marine Fisheries
Outboard Telephone Co. - 4
Canoe Construction worker - 2
Atlantic Fireman
Trawler (80 ft.) Industry
Pleasure Lineman
. : Electrician
. N/A - 16 Courier
Welder
o Painter
i ' Heavy equipment operator
Refrigeration

General maintenance person
DVAA assistant
Auto mechanic

- Bait and tackle shop
Body repairman
Fishermen - 3
Farmer
Unspecified - 5
Student
Unemployed

- Retired - 9

N/A - 2
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The average boat, valved at $3,536, is 17.6 feet long and carries
an average party of 1.94 males and 0.6 females. The average trip is
4.8 days and at least half respondents either will live or stay
overnight in the county. -Of the 56 respondents, 55 own their boats.
Public boat ramps are used by 60% of the respondents, 217 prefer
private ramps and 18% use both types. Over 80Z of the respondents
spent less than $50 per trip. 1In the past twelve months, those polled
(52%) spent an average of $100-500 on hoat expenses and gear.

Sport fishermen comprised 467 of tlie respondents and only 19%
sell their catch. Thirty-two of 52 (58%) caught between 100-500
pounds of fish this year with only one over 10,000 pounds. Fishermen
were generally after no specific catch (69% ). Gill nets and pole and
line are the predominant gear with drifting and casting being the
method most often used in the river.

Although it is difficult to determine the amount of money spent
in the county on a trip; most of the respondents (63%) felt that they
would have spent up to $10 in Onslow County if they knew they would
not catch anything on the trip. The occupation of the respéndents is
diverse. of tﬂe respondents, 31% had incomes between $10,000 -15,000

and only one cxceeds $40,000.
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B1SCUSSICH ANu COJCLUSIONRS

In this study we tried to deternine the impact of fecal pollution
on the Lew Vlver Esiunry. e attenpred to asscess tue coliform hacteria
cistribution ana tried to define point and non-point sources of
pullution in the estuary. During the 1900-1981 sample year, high
coliforia levels occurred around the city of Jacksonville, Hortheast
Creek and in the liead vaters of all the smaller creeks; lower levels
occured in the bay. We poustulated at the beginning of the study and ovr
data showved that the high coliform counts arocund Jacksonville are duv  to
increased population. The reduced nuubers in the bay areas are pr ably
dué to high tidul fluxuation and greater depth of the water. /& _her
possible explanation of the low coliform counts in the bay i
debilitation and dilution of the bacteria . When the bacteria enter
salt water, they become stressed, will not grov on selective media and
are out-competed by the other bacteria (Dawe and Penrose, 197C

'The bacterial composition of the sewage ovutfalls in the New Kiver
werce exanined. Fecal and total coliform counts were below the
i:PA-acceptable linits of 79 i for Class C waters {(LPA,1Y73) in all
areas except Wilson usay. Class C water is acceptable for sewage
outfalls, tishing, agriculture and secondary recreation but not for
drinking, food preparation or primary recreation. In Wilson Bay,
incrueased fecal coliform counts are attributed to the resuspension of
bottom sediments by current agitation and a concomitant release of
sedincnt=bound fecal coliforms. An indepth study of
sediments in this bay is highly reconmended.

Uur data indicate that the outfalls are not the primary source of
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coliform pollution in the river and that the present discharge system
is acceptable. Any large increase in the hﬁman population, such as
would happen with expanded land development, could tax the sewage
system. Crowth in this area should be accompanied by evaluation of
the capability of all existing sewage disposal and septic systems
handling wastes. Sources contributing significantly to the high
coliform counts in the river are land runoff, wildlife and sanitary
landfills (Northeast Creek). Salinities were poorly correlated with
the total coliforin and fecal coliform numbers found at stations
throughout the estuary thus, salinity was not thought to be important
in this estuary. Similar results were found with temperature, but
rainfall showed a relationship. We therefore feel that rain is the
main influence on coliform counts in this estuary.

We think that sources other than scwage outfalls are the main
cause of coliform pollution in the New River. It appears that
agricultural use, extensive forest land and the presence of the Camp
Lc jeune Marine Base effect .bacterial densities in the bay. Specific
local activities observed during the study which are thought to
influence the tacterial densities include:

1) U.S. Marine field exercises

2) Extensive deer herds

3) Domestic animals in the agricultural areas

4) Increased runoff volume as a result of the removal of natural
ground cover for construction activities.

The results of the analysis for fecal streptococci and

Pseudononas aerupinosa support this theory. If the fecal streptococci

to fecal coliform ratio is greater than four, it indicates domestic
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sewage and ratios of 0.0 indicate animal-related coliforms. This
ratio indicates the source of coliforms in the New River is prubably
animal (Table 3).

In this study of the New River, our data resembles Cabelli’s
(1976) data from Lake Michigan. In both the New River and Lake

Michigan, the Pseudonionas aerugincsa counts when related to fecal

coliform indicate the pollution source. 1f Pseudomonas aeruginosa is

low and fecal coliform is high, the source is again believed to be
animal. Table 4 further supports the hypothesis that the New River
coliform is of animal origin.

In this study, the total coliform counts rise to a high during
February thea diminish to a low in April. The counts rise again in
June, drop in July and climb in August. The counts remain high in the
fall and drop as winter begins. This pattern holds true for all areas
except Stones bay, where the counts are low throughout the year with a
peak in late summer and again in the late fall. The fecal coliform
counts follow the same pattern as the total coliform throughout the
year. The only major exception is in Stones Bay in mid fall when the
counts rise and then drop again in late October before they rise in
late November. This seasonal change did not appear to be related to
temperature, that is no correlation was found, however, it was related
to the amount of rainfall. During the sample year, the highest
monthly rainfall accumulations were in May, June and August with a
correspondingly high bacterial count due to increased land runoff.
This pattern does not apply to Stones Bay where the dilution is
already high so the increased runoff has little or no effect.

The magnitude and value of assorted water-related activities om
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the New River is unknown. Yowever, undesirable levels of fecal

coliform in the New River would certainly create countywide econonical

and socliological problems. The impact of closing of the river to
commercial and recreational activities is presently unknoun.
Therefore, a survey was utilized to evaluate the potential economic
losses of closing the river to Onslow County residents. Out of 1200
potential users, the 56 (5%) who responded to the questionnaire wvere
used to give an indication of the use of the river. The majority of
the respondents use the river for commercial or recrcational fishing.
Half of the respondents use the river an average of 5.5 times per
month and 17% use it one time per month. Using these percentages we
estimated that approximately 1000 persons use the river a2t least once
per month.

The New River estuary has been used extensively for recreational
boating, crabbing and fishing and as the local population increases,
recreational use of the area will also likely increase. More than
20,000 people per year use the Camp Lejeune Marina alone. Based upon
a recgnt Jacksonville survey, whichlhas been acceﬁted as
representative of Onslow County (llorace Mann, 19¥1) at least 14% of
the population is involved in boating and another 12,.5% would like to
do soe. Additionally, 34.5% of the population of Jacksonville actively
fish on the New River, with an additional 14.3% desiring to do so.
Finally the seafood harvesting and processing industries add
approximately $10,000,000 to the economy of Onslow County (CAMA,
1980).

Any increase in the present high bacterial levels, and in fact,

the present level of contamination, would be detrimental to
&8



recreational and commwrcial uses of the.llew River. For example,
wuring the last part of April, 1981, tnhe river was closed to human
imnaersion, fishing and crabbing Ly order of the N.C. Shellfish
Sanitation Departuent, This resulted in decrcased public spending for
recreational activities and loss of income to local commércidl
fishermen.

Analysis of field and laboratory data collected during this study
on bacteriological countamination of the New River, Cnslow County,
NeC.y has led to the following conclusions:

1) High total coliforu and fecal coliform counts appear to he
concentrated around the populated areas of Jacksonville City
and in jjortheast, Frenchs Creeks and in Wilson Bay.

2) Most coliform counts appcared to be from non-point sources
and could be attributable to run~off from agricultural
pastures, wildlife and sanitary landfills,

3) Fecal streptococcl and Pseudumonas aeruginosa data indicate
that the non-point coliform pollution is most likely of
an animal origin.

4) Seasonal patterns of coliform distribution shéwed peaks in
February, June and August, probably due to increased
rainfall during these months,

5) Increased counts of coliform bacteria will be detrimental
to recrcational and commercial use of tne liew kiver
watershed area, while decreased counts will tend to

benefit its socio-economic yrowth and stability.
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Key Code to Appendixz I

Sta Station Number Identifer Code
5  Salinity (0/00)

Tur Turbidity (FTU)

At Air Temperature ( °C)

Wt Water Temperature ( °(C)

Lt Lauryl Tryptose broth

BGB Brillant Green Bile broth
EC EC broth

EMB Eosine Methylene Blue Agar
Asp Asparagine broth

Act Acetamide Agar

AZD Azide Dextrose broth

EVA Ethyl Violet Azide broth
Vib Vibrio sp.

D.0. Dissolved Oxygen (ppm)

Appendix I 18 summary data from November 30, 1980 to December
7, 1981, New River Estuary
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APPENDIX I

] Sta 8  Tur At Wt Lt BCB EC____ENB
2 1 sca 12771 0 45 13 2.0 490 220 68 110
2 sCcB 1/9,1 0 95cm 8 5.2 2400 790 490 270
3 sce /18,1 1 30 19 13 320 110 45 68
4 sCB6/11,,I 0 110 28 39 9200 3500 78 63
5 scB7/10,,1 1 55 32 30.5. 790 490 loo 68
6 SCB8/29,.1 0 26 30 23 2800 1800 78 92
7 sce 11/3011' 0 45 0.5 9.5 3200 92v 170 540
8 scB /18,1 3 30 18 12 490 110 78 45
9 SCB6/11,,1 0 79 38 29 480 340 45 140
10 scB 7/10,,1 1 45 32 30 5400 5400 69 130
11 scB 6/11,,1 0 105 37 27 5400 1100 130 210
12 sCB 7/10),1 1 45 33 30 790 790 20 &8
13 sCB 87291 0 w0 29 23 790 490 45 0
14 SCB 1/9,I 0 61 8 5.2 3500 1700 210 490
15 scB 3/18,.1 4 w2 11.5 790 490 45 78
16 sCB 8/29 1 0 55 35 28 16000 5400 €8 68
17 s:B7/10,,1 4 75 33 34 24000 5410 45 68
18 scB 8/29,1 0 30 30 24 1700 790 20 a3
19 SCB 11/30,1 0 18 18 7.6 3200 3200 920 29
20 SCP 1/9,1 0 - 6 5 3200 3200 1100 1400
, 21 scB 318,01 2 3R 20 11 1300 110 40 20
22 sCB 1/9T 0 58 4.5 4.2 9200 3500 460 170
27 scB 2/28 1 2 40 19 11 790 330 130 330
24 sCB 3/18,1 8 25 18 12 1700 45 40 0
25 sCB 3/18,.1 6 35 18 12 20 45 20 20
26 sCB 5/13,1 0 - 24 23 24000 24000 16000 320
27, SCB 6/11,1 0 90 M 28 2400 790 20 130
28 SCB 6/30,1 k] 70 28 27 2400 2400 1300 270
29 sSCB ?7/10,,X 4 35 33.5 1.5 9200 260 0 o
30 scB 7/24,1 8 20 30 0 1600 5400 230 20

45

1300

_Asp A

ot

7]

ALD
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APPENDIX T

28

¥ Sta S Tur At Wt Lt joey:] EC EMB
31 Q/ZDJI 2 75 23 22 24000 24000 230 140
32 8/29111’ 2 32 29 24.5 1300 730 130 130
33 9/2511‘ 5 - 25 21 3500 1300 20 120
M4 10/1211 4 - 24 16 3500 3500 1300 1700 4
a5 10/3101 21 110 17.5 16 1700 1700 490 1700 0
36 11/1511 18 26 15 11 16000 3500 130 3130
37 12/741 12 40 l14.0 9.0 78 45 [ 0
8 11/3031 2 55 2.2 8.6 3200 3200 540 52
39 1/961 [ 55 5 4.3 9200 5400 790 170
40 3/1881 8 30 17 2 490 170 45 68
41 6/1181 0 105 34 29 5400 1500 45 1’0
42 7/1091 5 35 33.5 31 3500 430 230 230
41 8/2961 0 29 28 25 2400 1300 170 93
44 12/731 15 20 15 9 130 130 0 45
45 1/971 0 58 5.5 4 32000 2400 130 170
46 3/1861 9 35 17 11 1100 1100 140 170
47 3/1871 8 33 17 11 490 230 45 130
48 6/1161 1 50 36 29 24000 16000 5400 450
49 7/1071 8 45 32 30.5 490 170 0 40
50 7/1081 9 5 33 n 790 790 20 20
51 8/295! 4 28 28 26 700 460 ] 40
52 12/721 9 55 15.5 9.5 330 170 [ 78
53 11/3041' 7 50 6.7 8.8 350 180 130 280
54 6/1151 1 80 36 28 2400 1300 78 130
55 8/2941 4 3o 30 26 30 330 0 0
56 7/1061 12 3o 31.5 31 490 330 20 20
57 471 511 10 10 139 22 490 140 [ 40
58 10/3121' 18 85 17 16.5 45 45 o [
59 11/1 521 23 17 15 12 2200 1300 170 340
60 1/981 6 60 5.5 5.1 5400 330 50 80

6.6
[
6.0
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4 Sta - Tur __ At Wt Lt BGB EC EMB Asp " Act AZD. EVA Vib D.o
61 5B /18,1 15 21 17 11 110 110 110 68 - - - - - -
62 SCB 8/29,1 70 39 29 9200 1500 68 140 - - - - - -
63 SCB 8/29,1 26 27 25 1100 790 20 61 45 45 - - - 5.9
64 sCB 7/10.1 12 30 32 30.5 0 0 - - - - - 6.7
65 SCB 12/7,I 18 20 14 9.5 20 20 0 o 0 20 0 0 16
66  sCB 3/18.10 14 lo 17 11 170 68 68 40 - - - - - -
67  SCB 6/11.10 55 32 30 1300 1300 45 78 - - - - - -
68 scB 7/10.1x 20 33 31.5 110 68 o 45 - - - - - 6.6
69  SCB 8/29,I1 10 15 27 25.5 3500 1100 45 913 45 45 - - - 6.1
70 scB 4/15,Ir 12 19 18 2200 950 0 640 - - - - - -
71 scB 2/28,1 20 18 11 270 170 20 110 - - - - - -
72 scb 1/9,0 - - - 4.2 130 230 L17] - - - - - -
73 scm 3/18,.m 12 16 16 11 45 20 20 - - - - - -
74 scp 3/18 o 12 15 16 11 o 0 o 0 - - - - - -
75 scB 6/11,41 7 37 35 29 330 130 20 45 - - - - - -
76 scp /1001 10 35 33 30 130 130 0 78 - - - - - 6.6
77 s/ 0 15 27 22 24000 16000 790 61 - -~ - - - -
78 sc 6/11 . 3 55 32 30 1300 1300 45 78 - - - - - -
79 scB /19 g1 9 jo 32 31.5 1170 68 0 18 - - - - - €.5
80  SCR 8/29 11 9 1| 27 25 3500 3500 490 490 an 20 - - - 6.2
81 scB 1/9 11 - - - 5.2 3500 490 s0 ) - - - -~ - -
82 SCB 2/4 IT 0 85 -1 4 24000 24000 24000 - - - - - - -
83 SCB 2/28,11 5 45 19 13.5 1300 490 78 220 - - - - - -
84  sCB 3/18,I1 6 17 16 11.5 490 490 20 220 - - - - - -
85 scB 4/15,0 9 5 19 23 5400 3500 0 74 - - - - - -
86 sCp 5/13.m 4 - 27 26 9200 9200 130 200 - - - - - -
€7  sce 6/11 .11 0 a0 33 29 5400 1400 230 130 - - - - - -
68 sCB 6/30, 07 6 55 29 27 24000 3400 110 a7 - - - - - -
8% scp 771007 ? Jo 32 31.5 3500 1100 7R €n - - - - - v.6
90 ScB 7/24;n a 3 27 30 24000 arro 230 o 2400 - - - - -
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# Sta s Tur At Wt Lt BGB EC EMB Asp Act AZD _ EVA Vib D.o

91 sCB 3/20511’ 1 190 22 22 24000 24000 230 380 1300 1309 - - - 5.3

92 SCB 9/25211‘ 5 - 25 23 1700 790 68 40 2] -0 230 45 42 15.5
93 scB JO/IZIII 14 - 24.5 19 9200 3500 45 110 170 0 330 130 o -
94 SsCB 10/3111] 19 l60 21 16 110 110 20 110 o o 330 0 TNIC -
95 SCB 11/153.0‘ 20 29 17 12 9200 3500 78 330 40 20 140 93 8 -
96  sCB 1/21J1 o 5 10 8 16000 9200 790 450 - - - - - -
97 sCB 5/2751T 1 60 24 20 1700 13w0 230 330 ~ - - - - -
98  5CB 1/21,11 0 30 10 8 230 230 230 230 - - - - - -
99 SCB 5/27411 1 50 24 20 2400 790 78 170 - - - - - -
loo  scB 5/27 .10 1 120 23 20 5400 3500 1300 790 - - - - - -
le1  sce 1/21,0 0 165 10 9 32000 16000 5400 1400 - - - - - -
102  SCB 5/27211 F a5 23 20 2200 640 0 0 - - - - - -
103 sCB 2/4211 11 45 -2 7 24000 24000 3500 810 - - - - - -
104 5CB 4/158 I 15 [/] 21 23 230 20 o 20 - - - - - -
105 sCB 5/276n‘ 20 40 22 24 130 78 g 20 - - - - - -
lo6  scB 7/24\10 14 Jo  18.5 30 700 700 20 0 - - - - - -

. 107 scB 8/20, 0 io 50 22 23.5 24000 24000 430 200 16000 3500 - - - 6.2
108 SCB 10/31:[1 5 110 20 16.5 1300 490 230 490 (4 a 1700 1700 7 -
109 scB 11/1 ’x:H 2.2 18 15 10 7on 490 78 170 40 20 79 78 i -
110 scB 2/254n 12 3n 19 12 130 45 on 45 - - - - - 14

~

111 sCB 371811 13 19 13 10.5 130 130 20 130 - - - - - -
112 scB 6/1111' 5 50 37.5 28 3500 120 o 12 - - - - - -
113 sCB 7/10,1 13 20 30 10 45 20 20 - - - - - 6.5
114 scB 8/29]I 5 o0 27 25.5 490 230 7a 20 [} - - - 8.3

Dy1s  sce 11/30,1 5 45 8.4 6.2 1600 1600 150 9an - - - - - 69
116 sCB 1/9,,1 0 28 5 2.8 5400 200 20 60 - - - - - 11.4
117 scB 3/18,1 10 15 13 11 4€0 45 o 45 - - - - - -
116 SCB 7/10,1 9, 20 30.% 19 790 qon 20 110 - - - - - .5
1o sCB £/291 7 2¢ 27 25 1J00 730 20 ¢l 45 45 - - - 5.9
120 scB 127741 re 149.° 0.¢ »n 20 o " n o R 0 9 16
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121 SCB 3/18,1 6 15 12 17 130 45 0 45 - - - -
122 SCB 6/11,1 2 60 39 30 1300 79 20 37 - - - -
123 sC8 7/10 1 8 35 3 30 2400 1300 78 78 - - - -
124 sCB 3/18,7 4 16 16 1.5 270 61 0 20 - - - -
125 5CB 6/11,1 1 60 39 29 1300 490 68 40 - - - -
126 scB 7/10,1 6 35 31.5 30 3500 3500 45 120 - - - -
127 scp 54271 1 60 22 20 790 490 40 68 - - - -
128 scs 5/27,1 1 s0 22 20 2400 1300 210 490 - - - -
129 SCB 8/20,1 1 120 23 21 24000 24090 230 92 9200 3500 - -
130 sCB 10/12,1 0 - 27 16.5 3500 3500 45 a2 790 0 21000 340
131 sce o/ 0 55 18 16 93 68 45 68 0 0 o 78
132 SCB 11/15 1 1 22 16 12 1500 2400 170 170 490 93 5400 1100
133 sc8 17177 0 - 2 2 17¢0 220 170 170 - - - -
134 sep 1211 0 0 10 10 3500 1300 790 1300 - - - -
135 sCB 2/28,1 0 @ 22 10 . . - . . . - .
13 SCB 47291 0 5 - 20 490 170 20 68 - - . -
137 scB 5/27 )1 1 120 24 19 2400 2400 790 1300 - - - -
138 SCB 4/30,1 1 35 29 19 5400 2200 1100 330 - - - -
139 scB 7/24,1 0 55 30 25 2800 2800 130 4o 220 - - :
140 scB 8/20,1 o 110 23 225 24000 16000 310 440 37 3/ - -
141 sCB 107121 J - 23 16 3500 3500 1300 1700 0 0 1wo 1300
142 scB 4/15 ) 16 15 11 16000 5400 170 5400 0 o 10 110
143 scm 2/4,11 0 20 -2 4.5 24000 24000 720 810 - - - -
144 scB 4/15.0 0 10 23 20 2400 1300 0 170 - - - -
145 scm 527,11 1 50 23 21 5400 5400 330 220 - - - -
146 SCB 7724 11 0 15 27 22 24000 16000 790 61 - - - -
1a;  scB 2/4,11 0 10 0 5 24000 720 150 i96 - - - -
148 sCB 415,11 0- 17 23 21 2200 2200 0 1100 - - - -
149 scps/27,11 1 35 22 27 1100 790 490 490 - - - -
1ie scp 702401 0 20 28 M6 24000 16000 1300 1 - - - -

#

EIUS I
0
[}
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[ Sta ) Tur At Wt Lt BGB EC EMB Asp Act AZD E_‘Vi Vib D, Q
151  SCB 2/28,11 12 30 18 11 68 45 45 45 - - - - - -
152 scB 3/18 11 13 17 13 11 20 -20 20 0 - - - - - -
153 SCB 6/11,IT 39 35 29 330 130 20 45 - - - - - -
154 SCB 7/10,IT 25 27 25 24000 24000 1300 . 200 - - - - - -
155 SCB 8/29,11 9 17 27 25.5 78 78 0 78 - - - - - 8
156  SCB 9/12,11 10 5 27 25 220 130 0 20 20 20 230 45 0 6.4
157 5CB 2/28,11 5 45 19 13.5 1300 490 78 220 - - - - - -
158 sCB 3/28,11 175 - 19 u 2200 2200 0 2200 - - - - - -
159 sCB 4/29 11 17 3 25 21.8 130 0 0 0 - - - - - -

Hi60 sca 11730 Jro12 50 9 8.4 3200 3200 3200 50 - - - - - .
161 sCB 2/4 11 50 0 6.5 24000 24000 810 3] - - - - - -
162 SCB 2/4,11 50 1 6 24000 24000 720 810 - - - - - -
163 5CB 3/28,11 10 - 12 13 460 460 20 68 - - - - - -
164 sCB 3/28,11 15 - 22 16 490 220 20 220 - - - - - -
165 SCB 4/15,11 15 15 20 22 230 130 0 45 - - - - - -
166  SCB 5/13,11 9 - 26 27 490 330 0 45 - - - - - -
167 sCB 5/13,11 4 - 24 24 210 210 20 40 - - - - - -
168 SCB 5/27,11 20 20 24 25 20 20 0 co - - - - - -
169 sCB 6/11,11 4 40 32 i 490 230 45 78 - - - - - -
170  scs 6/30,11 10 50 23 27 490 130 45 - - - - - -
171 sCB 7/10,11 8 20 29 31 230 230 0 - - - - - 7.4
172 sCB 7/24.11 12 15 27 29 1700 460 78 0 3400 - - - - -
173 scB 8/20,11 4 70 21 22 24000 16000 310 61 1300 1300 - - - 5.5
174 sCB 8/29,11 10 10 30 25 5400 470 230 170 45 20 - - - 5.3
175 scB 9/12,11 10 10 27 26 2400 490 20 20 45 4s 460 20 THTC 6.5
176 sCB 10731, 19 70 20 17 220 220 45 140 0 0 230 0 100 -
177 scB 11/15,0 22 18 16 io 3500 3500 120 210 45 20 490 68 ] -
178 SCB 2/4,11 ' 46 2 6.5 24000 24090 640 24000 - - - - - -

179 scp 272811 0 30 15 1] 230 230 78 210 - - - - - -
180 SCB 4/15,.11 4 17 22 20 200 2200 o 5400 - - - - - -
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B __Sta S __ Tur At Wt Lt BGB EC EMB Asp Act AZD EVa vib D.0
141 SChH 4/29311 4 8 25 23.5 330 330 130 130 - - - - - -
152 SCB 6/30 11 7 50 23 26 24000 24000 1300 410 - - - - - ~
183 scu 702411 1 50 29 27 24000 4300 230 0 2400 - - - - -
184 sce 8/20,11 1 100 21 22 24000 24000 430 210 3500 1300 - - - 5.4
135 50w 9725 11 1 - 27 21 16000 16000 3500 16000 0 0 230 78 1 -
186 sc8 lo/12,10 10 - 25 20 16000 9200 790 470 92 0 330 230 47 -
187 scu 274,17 ) 22 b] 5 24000 24000 720 810 - - - - - -
183 sCb 471511 12 19 18 2200 950 0 640 - - - - - -
189 SCB 6/30.11 o 60 26 23 5400 5400 1300 2400 - - - - - -
200 sCB 2/28 11 12 0 19 12 130 45 20 45 - - - - - -
201 scw 2/28 11 0 20 18 11 270 170 20 lio - - - - - -
200 sCh 3/26 11 1 - 12 13 460 460 20 68 - - - - - -
203 sUB 372911 19 8 25 21 1700 1700 1700 0 - - - - - -
204  SCB €730 ,11 10 35 23 26.5 640 210 20 20 - - - - - -~
205 SCB 1.7/7;11 22 35 14 8.5 0 [/ 0 0 0 0 [ 0 0 15
o sew 9l 01l 10 26 26 220 45 0 45 0 0 230 20 + 6.9
207 scB 127 111 22 12 13.5 9 20 20 0 0 0 0 230 0 0 17
208 sCb It/3u,r11 22 - 8.8 9 33 17 8 1 - - - - - -
09 s 326 111 21 - 13 12.5 78 78 0 78 - - - - - -
200 SCB ¥26,111 19 - 18 11,5 0 0 0 - - - - - -
214 SCB A/ 1T 20 0 25 22 78 0 - - - - - -
212 scB 6740 111 )2 25 22.5 26 170 45 20 20 - - - - - -
213 sTw 274,101 0 88 -1.5 24000 24000 320 24000 - - - - - -
204 U /13,111 0 - 26 25 460 68 o 20 - - - - - -
<15 5B 7/24 111 0 20 27 27 9200 9200 790 68 - - - - - -
2l sCB 320 111 0 320 22 22 24000 24000 310 61 3000 1500 - - - 4.8
217 scs /e - - b.5 9 [ 2 2 2 - - - - - -
2y sCB 2728 g1 15 v 16 11 78 45 20 20 - - - - - -
21y Sew 8, 10025 15 14 13 20 o 0 0 - - - - - -
220 CH 3/28,100 21,5 - 20 15.5 45 45 18 45 - - - - - -
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221 sCB 6/30,111 13 w 26 26 490 330 0 0 - - - -
222 SCB 9/12,1I1 115 7 28 26.5 220 170 78 78 18 o 230 0
223 SCB 12/7,1IT 22 10 12.5 8.5 0 0 0 0 0
224 sc 2728111 1S 22 15 13 - - - -
225 scB 2/28, 111 17 25 18 13 0 - - - -
226 SCB 3/26,111 18 ~ 13 12.2 230 130 45 130 - - - -
227 scB 4/29 111 21 1 26 22 230 0 0 0 - - - -
228 SCB 9/12, 111 11 s 27 16 490 220 a8 230 45 130 20
229 sCB 12/7 111 25 10 12 8 0 0 0 0 0 0 0
230 sc8 11/30,1v 4 75 8.8 9 1600 1600 540 920 - - - -
231 scB 2/28,0v 14 20 17 14 20 18 0 18 - - - -
232 scp 281V 12 15 16 14 140 45 45 20 - - - -
233 scp 328, 10 - 15 13.5 1800 1800 18 1800 - - - -
234 sCB 4/29,1v 20 5 2 22 230 0 0 0 - - - -
235 SCB 6/30,1v 15 35 29 26 950 160 0 - - - -
236 scB 9/12,1v 12 27 27 260 110 20 as 230 20 230 45
237 sce 12/7,1v 12 27 27 260 110 20 45 230 20 230 45
238 scB 2/4,1v 0 30 -1.5 2 24000 24000 320 120 - - - -
219 scB 2/28 1v 1 35 11 8.5 460 460 330 130 - - - -
240 scB 2/28,1v 0 45 20 11 - - - - - - - .
241 sCB 4/151v 0 s 2 18 400 130 0 330 - - - -
242 sCB 5/13,1v 0 - 2 19 2200 2200 110 110 - - - -
243 SCB 6/30,1v 0 45 35 21 5400 2200 230 700 - - - -
244 scB 7/241v 0 70 28 24 2800 950 130 230 410 - - -
245 scp 8/20,1v 0o 210 22 22 24000 24000 580 140 2400 2400 - -
246 SCB 9/12,1v 1 12 30 21 9200 3500 330 460 2400 110 330 330
247 sce 9/25 1v 0 - 27 13.5 2400 2400 2400 2400 o - 3500 1300
248 scp l0/12,1v @ - 16 24 1200 1200 - 330 950 18 3000 470
249 sceio/3lav 1 100 21 16 3200 240 230 ~40 0 3500 3500
250 5B 11/150v 0 28 15 10 3507 1300 1700 1300 78 20 400 220

EVA_
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251  scB 2/28,Iv - - 15 - 2400 130 45 78 - - -
252 scm 2/28,,1v 6 45 14 16 230 130 45 130 - - -
253 sCB 3/28,1v 4 - 17 12.5 170 170 18 130 - - -
254 sCB 2/4,IV 0 48 -2 A 24000 810 lag 320 - - -
255 scB 2/28,1v 0 60 11 8 110 20 20 20 - - -
256 sCB 2/28 1V 0 55 20 11 230 0 0 o - - -
257 sCB 47151 0 5 25 18 1100 1100 0 45 - - -
258 scm 5/13,1v 0 - 2 19 2200 2200 110 110 - - -
259 sCB 6/30 v 0 55 30 19 640 260 330 170 - - -
260 sCB 7/24,1v 0 - 27 25 2200 1700 490 170 - - -
261  sCB 8/20 1v 0 100 22 22 16000 5400 230 400 18 18 -
262 sCB 9/12,1v 1 1o 29 21 3500 1300 78 110 1300 130 700
263 SCB 9/25,1v 0 - 27 16 330 130 230 230 0 0 460
264 scs 10/12,1v 0 - 25 16 700 700 140 460 0 0 170
265 SCh 10/1121V 1 20 21 1? 790 790 170 790 aQ 0 790
266  SCB l1/15,Iv 0 27 4 1 2400 1300 68 140 0 0 330
267 SCB 2/4,1v 0 79 -2 24000 810 260 320 - - -
268 scB 2/28,Iv 0 3s 11 20 20 20 20 - - -
269 scB 2/28 Iv 0 10 23 45 0 0 0 - - -
270 scB 4/15,1v 0 2 23 19 9200 2800 0 110 - - -~
271 sCB 8/20,1v 0 115 23 22 24000 24000 230 81 68 oy -
272 sCB 9/12 Iv 1 9 k)] 21 3500 1700 140 170 2100 45 1800
273 scB 9/25,1v 0 - 28 16 330 330 45 110 0 0 130
274 scB lo/12,0v 0 - 24 16.5 490 330 230 170 0 0 120
275 scm lo/31,0v 0 30 22 16 230 230 78 130 0 0 330
276 scB 11/15,1v ] 18 16 1 3500 %90 110 170 0 0 130
277 scB 2/4,1v 0 92 -2 1.5 810 810 210 320 ¢ - - -
278 sCB 4/15 v o 1o 22 14 9200 5400 0 280 - - -
279 scs 8/20,1v 0 80 23 22 24000 l6000 230 68 64 68 -
280  SCB 9/25,1v 2 - 26.5 18 J3o 230 20 75 0 0 230

4

490
210
J3o
790
1lo

70
170
61
310
130
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# Sta S Tur At wt Lt BGB EC ENB ____Asp Act __{I'Z‘D EVA
281 SCB J/ZHJ!II 19 - 17 12 18 18 [} 4] - - - -
282 scB 3/28611'1’ 23 ~ 19 11.8 78 78 20 78 - - - -
283 SCB 4/2931'11 21 10 26 22 170 18 18 0 - - - -
284 SCB 9/124111‘ 13 8 28 26 280 78 g 20 0 [ 78 o
285 sCB 12/73111 27 10 12 8.5 ] 1] a 0 o a 0 0
286 SCB 4/2941'11 25 5 26 22 170 18 18 o - - - -
287 5CB G/JO‘III 1?7 25 29 26.5 15 20 0 0 - - - -
288 SCB 9/.!25111 15 12 27.5 26 0 0 /] 0 [4] a 78 o
289 sCB 3/234111 21.5 - 18 12 0 (7} o 0 - ~ - -

- 290 scB 3/285111 24 - la 12.5 310 310 [/} 170 - - - -
231 SCB 6/305111' 20 20 24 26 130 20 ] 0 - - - -
292 scB 9/126111 17 7 27 26 77 0 0 ] o a 45 (4
293 sCB 12/72111' 28 10 12 8.5 1400 950 o 700 [} ] a o
294 scB 2/281111 18 15 15 - 4] 0 o 0 - - - -
295 scm 2/28 Or 25 1o 15 - 20 20 20 20 - - - -
296  SCB J/ZBJIII 21 - 13 12.5 78 78 0 78 - - - -
297 scCsB 4/295111‘ 28 5 17 22 130 o 0 [ - - - -
298 sCB 91127111’ 16 7 27 26 37 37 0 18 20 o 310 18
299 scB 11/71111' 30 8 14 9 0 0 [ (4] [ [+ 0 ]
300 scs 1/17111'1' 2 - 2 2 270 40 o 18 - - - -
01 scCB 1/211111' 0 55 10 10 3500 1100 120 61 - - - -
302 scB 2/237111' o 20 22 10 - - - - - - - -
303 scs 4/296111 Q 10 25 20 790 330 (4 20 - - - -
304 sCB 5/271111 1 70 23 20 1700 490 110 140 - - - -
305 scB 7/242111 0 50 30 27 1500 950 330 210 - - - -
306 scB 10/1211'!1 1 - 25 15 330 230 45 45 40 0 82 14
307 scs 11/1511’11 o 42 17 10 61 18 0 0‘ [} 0 130 20
308 sca 4|./.l77 v 5 - 2 2 490 490 490 490 - - - -
309 scB 1/211 v 2 50 9 2200 790 790 790 - - - hd
310 sCB ‘/291 v 14 5 27 25 790 330 3o 170 - - - -
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311 sCB 5/?74‘/ 2 90 23 23 790 790 330 220 - ~ -
312 scB 6/303V 13 40 26 26 24000 9200 110 110 - - -
313 scCB 7/2417 11 45 29 28 9200 5400 130 [ 490
314 sCB 8/201V 0 145 23 21 24000 24000 230 240 20 29 -
315 SCB IUIIZJV 15 - 27 18 9200 2200 460 9200 18 0 440
316 SCB 11./151’-’ 22 29 17 12 24000 5400 490 2200 330 45 490
317 5CB 1/1711V (4] - 2 2 330 130 (1] 20 - - -
318 sCB 1/212'/ 1 65 9 8 1100 460 45 110 - - -
319 sCB 5/?75V 1 80 23 19 330 330 20 20 - - -
320 sCB 7/242V 1 95 28 29 1700 1700 0 82 - - -
21 sCB 10/1 Z‘V 0 - 25 16 1500 2400 SR 270 230 iw 20
322 sca 11/152\' o 73 18 12 1800 460 210 [ n 490
323 sCB 1/179'/ [} - 110 20 [} - - -
324 sSCB 1721 v o 65 9 9 130 130 45 20 - - -
325 scB 7/243" 4] 90 30 29 2200 470 20 20 - - -
326 SCB 1/1781’ 0 - 2 270 220 45 93 - - -
327 scB 1721 SV [ 45 9 9 230 230 130 45 - - -
J28 scB 5/2711»' 1 70 24.5 20 700 330 110 170 - - -
J29 scp 7/.?44V 0 55 30 29 5400 1500 20 130 - - -
330 sCB 1/1710V 14 - 2 1100 180 [+ 180 - - -
331 SCB 1/218v 9 30 3500 790 130 220 - - -
32 sCcB 5/?76V 21 40 24 23 490 490 40 330 - - -
333 scB 3/282V 24.5 - 16 12 210 310 0 170 - - -
334 SCB 6/302V 21 20 26 26 78 20 0 - - -
335 scB 9/122V 16 8 29 26 20 20 0 [} o 20
336 p ] 1/172V 21 - 2 790 270 110 - - -
337 SCB I/I?,V 19 - 2 45 45 20 20 - - -
38 scBS/27y 28 90 2 24 45 20 0 20 - - -
339 sCB 6/3019 14 30 29 26 130 0 - - -
340 SCB 9/1?1" 16 5 28.5 26 55 55 [ 0 20

A __

170
10

Yib |

Dn.g
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341 sCB 1117,V 0 - -2 0 490 330 320 130 - - - - - -
342 sCp 2/28,v 0 40 21 13 330 330 330 45 - - - - - -
343 sCB 5/27,v 8 80 24 25 3500 1700 330 130 - - - - - -
344 sCB 7/24 v 5 70 30 28 2400 1300 1300 v 230 - - - - -
345 sca 10/12,v 19 - 27 19.5 3500 3500 1300 1500 Ty - 5400 31300 - -
346 SCR 10/31,v 10 175 18 17.5 700 700 230 700 20 20 1300 230 91,1 -
347 sCB 1/17 ¥ - - 2.5 .8 400 210 120 a2 - - - - - -
348 scB 1/21.v 0 55 12 7 3500 1700 700 1400 - - - - - - -
349 SCB 4/29,V 2 1 27 20.5 1300 1300 45 45 - - - - - -
350 scB 5/27 .V 1 70 24.5 20 700 330 110 170 - - - - - -
351 sCB 6/30 4 0 120 26 19 16000 540 140 240 - - - - - -
352 sCB 7/24.V 0 105 30 27 1800 1800 0 61 - - - - - -
353 scm 10/12,v 1 - 27 15 9200 1700 490 1700 110 190 140 5/ -
354 sCm 10731, v 0 55 19 14 2800 2800 2800 2800 0 0 16000 16000 0 -
358 sca 11715 v 5 57 17 11 24000 2800 490 3500 120 20 3500 3500 -
356 sca 117 vir 23 18 2.4 .2 0 0 ] i} - - - - - -
357  sCB 3/28 VIT 23.5 - 18 12.5 0 /] o - - - - - -
358 sCB 4/29,vII 29 1 27 22 230 0 o - - - - - -
359  scB 6/30,vIr 20 30 28 - 330 20 0 - - - - - -
360 sCB 8/201v11 16 190 24 22 24000 24000 310 55 24000 3500 - - - 6.6
361  SCB 9/25,vIr 22 - 27 21 20 /] 0 0 0 0 230 0 L8771 -
362 scp 10/12,vir A4 - 25 17.5 490 330 68 0 0 91 45  157/5 7.5
363  5CB 10731 vII 38 40 22 17 130 0 0 0 0 0 230 0 106/2 -
364 sCB 11715 vIT 30 13 15 10 790 330 45 110 o 0 20 47/ -
365 scB 12/7,vir 3l 10 14 8.5 0 0 o 0 0 0 0 7.0
366  scB 9/12,vi1 20 2 22.5 25.5 20 0 0 o 0 0 210 1/ -
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APPENDIX II1
Suppliers

Sigma Chemical Co. - DL-asparagine (pfs)
acetamide (pfs)
phenol red acid free

Fisher Scientific Co. ~ phosphate buffer (pH 7.2)
potassium phosphate dibasic
potassium phosphate monoubasic
polyethylene gloves
borosilicate glass culture tubes, 15 X 150
borosilicate glass bottles, 250 ml
Azide Dextrose Broth
Ethyl Violet Azide Broth
TCBS agar
nicroscope slide labels
6" cotton-tipped applicators

American Scientific Co.-Bacto—-agar
Lauryl Tryptose broth
thermometers
EC media
Brilliant Green Bile Broth 2%
Eosin Methylene Blue agar
American Optical refractometer

International Products - "MICRO" glassware soap
Hach Chemical Co. - Direct Reading Engineers Laboartorv DR-FL/4

"YS1 Scientific - field oxygen meter model 57

82



APPENDIX III - SALINITY, TURBIDITY AND WATER TEMPERATURE GRAPHS
AT SIX STATIONS OF THE NEW RIVER ESTUARY
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FIGURE 13 - SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION 1 FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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FIGURE 14 - SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION 2 FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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FIGURE 15 - SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION 3. FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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FIGURE 16 - SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION 4 FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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FIGURE 17 -~ SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION & FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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FIGURE 18 - SALINITY, TURBIDITY AND WATER TEMPERATURE AT STATION 7 FROM
NOVEMBER 1980 - 1981 NEW RIVER ESTUARY
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APPENDIX 4 - NEW RIVER STUDY QUESTIONNAIRE

£ study of the New River estuary has been conducted by the
University of MNorth Carolina at Wwilmington over the past two
years. One of the project goals is to increase fishing and
other recreational usage of the estuary. However, we need to
ascertain the present level of such usage, information that

can be supplied by such users as yourself. We would greatly
appreciate your taking a few minutes to complete the enclosed
questionnaire. Because responses will be computerized, indivi-
dual replies will not be identified. Personal comments are
welcome in addition to the survey gquestions.

For your convenience, a stamped return envelope is enclosed.
Thank you for your participation.

Sincerely,

Gilbe W. Bane, Ph.D.
Difector, Environmental Studies
Principal Investigator
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13. BApproximately how many pounds did your total catch weigh during the past
12 months? { ) 0-1l00 { ) 500-10,000
{ ) 100-500 { ) 10,000~-20,000
( ) 500-1000 ( ) 20,000-50,000
{ ) 1008-5000 { )} more than 50,000

14, 1Is your fishing activity for a particular species? { J}yes ( Jno

1S. tvhat type of fishing gear and method do you usually use? (Check all that

apply) gear method

- ( Ypole and line ( ) trawling
( )gill net ( ) still fishing
{ ) seine { ) drifting
{ ) cast net (bait) ( ) casting
( ) rake, tong { Jother
() giy
{ ) dredge
( ) other

16, If you knew in advance that you wouldn't have caught anything in the bay
area today, how much money would you have spent on some other activity in

Onslow County? ( ) $0-10 { )$100-$300
( ) $10-$50 { )$300-%500
{ ) $50-5100 ( ) more than $500
17. what is your occupation? ( )

18. Would you indicate which catagory most closely corresponds to your income for
the past 12 months?

{ )less than $5000
{ )$5000-510,000

{ )$%10,000~%$15,000
{ }$15,000-$20,000

)$20,000~-$30,000
)$30,000~$40,000
}Y$40,000~$50,000
) more than $50,000

e g

19. Comments on improving the use of the New River
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10.

11.

12,

ALL ANSWERS WILL BE KEPT CONFIDENTIAL

is the nature of your activity in the New River area? (check all that apply)
swimming

recreational boating

recreational fishing and/or shellfishing

commercial fishing and/or shellfishing

Hham?
- Nt f

Approximately how often do you use the New River for your activity?
( )/month.
( )/year

Which general area do you usually use for your activity? (Refer to charts and/
or maps)
(Ya ()B ()C () (IB ()F ()G (I)H ()T ()3 ()X ()L

() ()N

How many years have you fished in this area? ( )years

For how many years in the future do you expect to fish in the New River area?
{ )years

If you used a boat on your last trip: Type of boat( )
Length of boat ( 1 33

Number in party ( )males ¢ }females

How many days spent in area on trip? ( Ydays

Is this your own boat? ( Jyes ( )no

pid (will) you stay overnight in this county as a result of this trip?
( )yes ( Jno

At a private residence ( Jyes ( Jno

Public lodging ( Jyes ( )no

. Approximately what were the total expenses incurred on this trip in Onslow

County? ( )0-8$50 ( ) $100-$500 ( ) over $1000
( )$50-$100 ( ) $500-$1000

Where do you usually launch your boat? ( )private ( )public

" what is the approximate value of your boat and gear?

( ) less than $500 {( ) $20,000-$50,000

{ ) $500~51000 (. ) $50,000-$100,000

( ) $1000~$5000 ( ) $100,000-8500,000

{ ) $5000~$20,000 ( ) more than $500,000

How much have you spent in the last 12 months on boat expenses and gear?
{ )less than $100 { ) $5000-$20,000

( ) $100-$500 ( ) $20,000-$50,000

( ) $500-%1000 { ) more than $50,000

{ ) $1000-$5000

If fishing...what percent:

sport or recreational commercial
{) 0-5 () 0-5
() 5-10 {) 5-10
{) 10-25 () x0-25
( ) 25-50 () 25-50
{ ) 50-75 () 50-75
() 75-100 () 75-100

Is your catch sold? ( )Jyes ( )no
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