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Abstract

The water quality surveillance program of the New Hope and Lower Haw
Rivers continued with an expanded sampling-station network. This included
six new control stations draining into the Haw River between station H-1 at
Saxapahaw, North Carolina, and station H-5 at the head of the upper arm of
the proposed New Hope Lake. All stations were visited approximately twice
monthly and reported data represents values derived from 28-31 samples from
each station. Self purification along the main stem of the Haw continued to
be evident. Full recovery in terms of carbonaceous pollution was essentially
completed at Station H-5. The control streams were free of pollution and
exhibilted some dilution effect on the main river even though their flows were
quite small. This was quite apparent in observations of conductivity which
decreased in downstream sequence from H-1 to H-5 and H-6. 1In contrast, the
New Hope exhibited pollution up to its junction with the Haw River.

All nonconservative parameters of water quality in the Haw showed a
downstream sequence of decrease in magnitude, including total carbon, total
soluble carbon, and all species of nitrogen or phosphorus. Microbiological
characteristics as shown by index organisms were approximately the same in
the mainstream station as in the control stream stations.

Gas chromatographic analysis of freeze concentrated samples and ether
extracts of these concentrates showed no significant peaks either by use of
flame ionization detectors or electron capture detectors. It appears that

these waters were particularly free of phenolic and chlorinated hydrocarbon

compounds.
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Analysis of benthic macroinvertebrates at the station network showed
that a direct relationship of several benthic parameters such as diversity
index, percent pollution intolerant taxa, and.number of organisms per sample
were all directly related to the mean DO concentration, the mean 5-Day BOD
concentration and mean total phosphorus and nitrogen concentrations. The
bottom characteristics at the stations were found to be an important factor
for benthic organisms. A station with a shifting coarse-sand bottom was
generally poor in terms of benthic species, even though water quality
characteristics might be high., However, water quality appears to be a more
important limiting factor for benthic species in the New Hope drainage than
in the Haw drainage.

Metal analysis on both water samples and tissues of benthic macro-
invertebrates were carried out through various analytical procedures,
principally atomic absorption spectroscopy. Freeze concentrated water
samples from both the New Hope and Haw control streams showed that the
following five metals increased in concentration in the following sequence:
Hg, Cd, Pb, Cr, Zn, with the concentration of the zinc being 100 times
greater than the concentration of mercury. In the main stem of the New Hope
the concentration sequence was Hg, Cd, Cr, Pb, Zn. The noteworthy difference
being that chromium and lead shifted positions in rank. In the Haw River the
order of increase in concentration in water was Hg, Cd, Pb, Zn and Cr with
the zinc and Cr concentrations being nearly the same. Metal concentrations
in the macroinvertebrates followed the sequence of Cd, Pb = Hg, Cr, Zn.
Differences in concentration of the various metal elements as well as age of
organisms and other variables related to metabolism and growth stage made it

difficult to make direct assessment of water quality based on quantities of




metals found in organisms. However, gross differences in concentration in
the organisms from different streams would lead to suspicion of the quality
of the overlying water and thus require further investigation. Benthic
macroinvertebrates do appear to provide a form of integrated screening for

establishing gross differences in metal concentrations derived from over-

lying waters.
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Summary and Conclusions

Water quality characteristics of the Lower Haw and New Hope Rivers for
the period January 1971 through March 1972, inclusive, are described with
the use of some 21 water quality parameters. In addition, findings were
derived from the gas chromotography of freeze concentrated samples of river
waters as well as from a study of benthic macroinvertebrates of these rivers
and control streams with specific relationships of their population
characteristics. Metal analyses of these organisms and the waters from which

the organisms were obtained have also been assembled.

Water Quality

Water quality parameters were systematically sampled at 10 stations in
the New Hope drainage of which two that received no direct discharges of
wastewater or inflow of waste waters from upstream sources were considered as
controls., On the Haw River, six stations were sampled from Saxapahaw, N. C.
(H-1) to Haywood, N. C. (H-6), below the New Hope Dam. In addition six
control stations were routinely sampled, three draining from the northeast
and three draining from the southwest into the Haw River between stations
H-1 and H-5.

In the current period of sampling all stations were visited approximately
twice monthly. The reported data represents values derived from 28-31 samples
from each station. For the period of record for this report, all
determinations were processed by a statistical program which provided a
statement of the range of samples, the average value, median value,

maximum and minimum values and standard deviation of the entire set. From
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the frequency distribution of values, the central 75% quartile of occurrence
was derived. In addition to the statistical treatment of the data, the
averaged values for the parameters which describe mass quantity were used to
compute the average pounds per day transported at sampling points at or close
to the gauging stations (NH-10, H-5, and H-6).

In the New Hope drainage, the key stations relevant to the proposed
conservation pool of New Hope Lake are NH-5, NH-6 and NH-7 just upstream of
the pool and NH-10 which will be submerged in the main pool. Stations NH-8
and NH-8A are located on small streams, White Oak and Beaver Creeks
respectively, which will drain into the main body of the lake. Of
particularly significance is the extent of self purification and
assimilation that now takes place in the New Hope River between NH-5, NH-6,
NH-7 and on to NH-10. On the average, recovery from the impact of the
exertion of BOD has not been completed at NH-10 and oxygen saturation has
recovered only to about 727 of saturation. However, this is quite
comparable to the average value found at the control stations which was
about 83%. The BOD at NH-10, 2.0 mg/l was comparable to the BOD of the two
control stations, 2.0 and 1.7 mg/l. Similarly the carbon fractions, total,
soluble and inorganic,are only slightly greater than those of the control
stations.

Of the nitrogenous components in the water at NH-10, total nitrogen
was higher than in the control streams by a factor of 3-4, but the NO3-N
concentration was 7-10 times greater than in the control waters. Phosphorus
was higher by a factor of 3-6 times but this is considerably lower than what
is present upstream in the vicinity of the was;ewater discharges. Die off of

index organisms was quite rapid with bacteriological quality at NH-7 and
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NH-10 comparable to those of the control stations.

The downstream sequence of water quality changes on the Haw River
(H~1 to H-5) provides a clear illustration of the capability to stabilize
and assimilate the upstream wastewater discharges. Not only 1is assimilation
clearly indicated but also the quality is comparable to the control streams
flowing into the Haw River both from the norfheast and southwest.. The
dilution effect of the control streams,even though quite small,was evident in
the change in conductivity decreasing in downstream sequence from the Haw-1
to Haw-6. Since conductivity represents ions in solution and is generally
considered to be a measure of conservative pollutants, this change was
probably due to dilution by water of approximately one-half the conductivity
of that in the main stem. This was characteristic of the control streams.

At H-5 the average DO was at a saturation which was somewhat better than the

saturation of the control streams where saturation was in the range of 80 to

89 percent. Residual BOD at H~5 was only about 1.5 times that of the control
streams and within acceptable limits for any natural water.

All other nonconservative parameters of water quality also showed this
downstream sequence of decreasing magnitude in total carbon, total soluble
carbon, inorganic carbon and all species of nitrogen and phosphorus. However,
by assimilation of carbonaceous materials, through the process of self-
purification, mineralized nitrogen and phosphorus components were left which
were approximately 2-5 times greater than found in the control streams.

Index organisms at H-5 which would be the headwater station in New Hope Lake,

were equivalent to numbers found in the control streams. These values




apparently represent microbial characteristics of surface drainage and

runoff in this area.

Organics

The collection and preparation of samples for gas chromatography were
from those stations in each of the two drainages which were estimated to
have the most significant location relative to possible sources of
contaminating materials as well as from control locations to
establish relévant background levels. Samples for gas chromatography from
the New Hope were routinely collected from NH-7, just below the juncture of
Morgan Creek and New Hope Creek to form New Hope River and NH-8 which served
as a control for the New Hope system. On the Haw drainage, H-1 and H-5 on
the main stem were sampled and H-7 from the northeast drainage and H-8 from
the southwest drainage provided the control water. In all,some 42 samples
were prepared by fréeze concentration which resulted in an average
concentration factor of 30-50X. 1In all samples, whether tested by direct
aqueous injection or ether extraction of the freeze concentrated sample,
there was no differentiation of contained material.

Although the freeze concentrated samples were highly colored, it appears
from the preceding results that molecular configurations,which would be
detectable by gas chromatography and either flame ionization or electron
capture detector, were not present even following total concentration by

factors of 300 to 500X, which includes the ether extraction concentration.




Benthic Organisms

The benthic macroinvertebrates of the New Hope and Lower Haw Rivers
were described from 12 sampling stations located on both poliuted and non-
polluted streams of the drainage. Benthic organisms were collected in the
period of February 1971 - March 1972 using rock-filled artificial substrate
samplers. All collections of organisms were identified to the generic level
when possible and a total of 81 different taxa were recognized. The benthic
data was analyzed with reference to polluted and non-polluted pertions of
each river and this comparison showed the following: the polluted portions
of the drainage had (1) a lower number of taxa per sample (2) a lower
number of total taxa (3) a higher number of individual organisms per sample
(4) a lower diversity index and (5) a lower proportion of "pollution
intolerant' taxa to total taxa. These contrasts between polluted and non-
polluted waters were generally less evident in the Haw River drainage than in
the New Hope drainage. Comparison of water quality parameters and benthic

parameters that showed a direct relationship were as follows:

Water Quality Parameter Benthic Parameter

Mean DO concentration Diversity index

Mean DO concentration Percent '"pollution intolerant"
taxa

Mean 5-day BOD No. of organisms per sample

Mean total phosphorus concentration No. of organisms per sample

Mean total nitrogen concentration No. of organisms per sample

Between the following parameters a generally inverse realtionship was
found. As the water quality parameter increased the benthic parameter

decreased.
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Water Quality Parameter Benthic Parameter

Mean 5-day BOD Diversity index

Mean 5-day BOD Percent pollution intolerant taxa
However, the bottom characteristics at the stations were found to be an
important limiting factor for benthic organisms. One station in particular
(H-11) had a shifting, coarse-sand bottom which yielded very few benthic
species even though the water quality characteristics of this stream were
similar to other control streams in the Haw drainage. It appears that water
quality had distinct effects on size and species composition of benthic
communities in both the Haw and New Hope drainage systems. However, the
polluted main stem of the New Hope system was more noticeably different from
its unpolluted tributaries than was the lower Haw from its tributaries. This
was true for both water quality parameters and benthic macroinvertebrate
populations. Water quality appears to be a more important limiting factor

for benthic species in the New Hope drainage than in the Haw drainage.

Metals

The metals cadmium, chromium, mercury, lead, and zinc were analyzed in
specific organisms of the benthic macroinvertebrate collections and in the
freeze concentrated water samples. The water samples from both the New Hope
and Haw control streams showed the concentration of the five metals to
increase in the following sequence: Hg, Cd, Pb, Cr, Zn, with the
concentration of zinc being 100 times greater than the concentration of
mercury. In the New Hope main stem the concentration sequence of increasing
quantity was as follows: Hg, Cd, Cr, Pb, Zn. In the Haw main stem the
increasing order was Hg, Cd, Pb, Zn,.Cr, with Zn and Cr levels nearly the

same., The noteworthy difference was that chromium and lead had shifted
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positions in the rank. It appears that the high chromium levels in the Haw
main river are due to industrial discharges upstream from the first sampling
point, Haw-1 at Saxapahaw.

Metal concentration in the macroinvertebrates follows the sequence of Cd,
Pb = Hg, Cr, Zn. Even in the cases where Cr levels in water were higher than
the zinc quantities, the quantity of zinc in the organisms was higher. The
highest concentration of all metals in the organisms was found in summer and
early fall, possibly due to increased metabolic activity. No one organism of
those examined consistently concentrated any of the five metals to a greater
degree than any other. However, in all organisms the several metals
examined were concentrated to a greater degree in the order noted above.
Where chromium levels were unusually high in the water samples, levels of
chromium in the organisms were also high indicating a relationship between
concentrations in the water and the amount found in the organisms.

Due to differences in concentration of the various elements, age of
organisms, season of the year and other variables related to metabolism and
growth stage,it is difficult to make direct assessments of water quality
based on quantities of metals found in organisms. However, if gross
differences in concentration were found in organisms from different streams,
the overlying water should be held suspect and investigated. Tt thus
appears that the benthic macroinvertebrates do provide a form of integrated
screening for establishing gross differences in metal concentrations derived
from the overlying waters.

In neither the control streams nor polluted segments of the New Hope
and Haw Rivers were any of the metals found in concentrations greater than

those established by the U.S. Public Health Service Drinking Water Standards.
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Conclusions

Long term trends in water quality characteristics of the lower Haw and
New Hope Rivers must wait data analysis that compensates for seasonal factors.
Increased mass transport appears to relate to higher flows in the current
period of record sincé conservative parameters such as conductivity showed a
marked decrease. In nearly all instances other parameters also showed a
"dilution effect."

The gas chromatography of freeze concentrated samples showed a
striking absence of any residues that would normally be responsive to the
procedures used. This is not to say that no "exotic" materials were present,
but that if they were,the quantities were below our limits of detectability.

Benthic studies demonstrated greater numbe:s of pollution tolerant taxa
in the New Hope than lower Haw with excellent correlation of numbers found
and pollution parameters such as BOD. The nature of the sediments at any
station is extremely important in establishing population characteristics of
a specific location and may significantly bias collections from clean waters.

Trace metal analyses of both freeze concentrated waters and benthic
organisms indicated the usefulness of benthic forms for integration of the
metal content of overlying waters and to serve as a screening device in water
quality surveys. None of the metals assayed (Hb, Pb, Cd, Cr, and Zn)were
present in the New Hope or lower Haw Rivers in concentrations which

exceeded U, S. Public Health Water Quality Standards.
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Recommendations

If New Hope Lake is to achieve its optimum use as a recreational body of
water serving the population of Orange, Chatham and Wake Counties, it is
essential that steps be taken to increase the extent of nutrient removal
from the treated Chapel Hill and Durham sewage effluents that are now
entering the New Hope drainage.

Although the flow in the Haw River is transporting larger quantities of
polluting materials than that of the New Hope River, the much shorter
residence time of this flow in New Hope Lake argues that efforts to
improve treated wastewater effluents be focused on the specific Chapel
Hill and Durham treatment plants.

The implication that the waters of the Haw and New Hope Rivers are
relatively free of phenolic and chlorinated carbon compounds should be
confirmed by examination of river bottom sediments for these substances
to see if they might have been adsorbed onto the sediments. This might
also include sediment samples upstream of Saxapahaw (Station H-1) to
establish their absence from the river as one approaches the more
polluted segments of the Haw River in the vicinity of Burlington and

Greensboro.







INTRODUCTION

Systematic water sampling of the New Hope and lower Haw Rivers was
initiated in June 1966 and continued through February 1970 by Weiss (1).

This study established major differences between the water quality of the two
rivers. In the Haw River, the substantial organic pollution loads were found
to have undergone degradation and recovery cycles by the time the flow had
reached station H-5 at the head of the arm of New Hope Lake which will form
along the channel of the Haw. In contrast, the New Hope River at its junction
with the Haw was still polluted. The Durham and Chapel Hill wastewater loads,
which were discharged into the headwater streams of the New Hope, had not
completed the cycle of degradation and recovery. At the upstream end of the
conservation pool, which will form along the river channel of the New Hope,
water quality parameters were indicative of excessive pollution.

The present investigation (January 1971 through March 31, 1972)
continued and expanded the sampling of these two rivers to further our know-
ledge of the bqtential water quality of New Hope Lake. The construction of
New Hope Dam started in December 1970, and is on schedule. The anticipated
closing of the sluice gates will probably be in late 1973 or early 1974. The
state of construction of the New Hope Dam on April 27, 1972 is shown in
Figure 1.

The expansion of the sampling station network included sampling points
on several of the small feeder streams so that the characteristics of the
water draining the bordering land might be established. 1In addition, benthic
macroinvertebrates were systematically collected to provide a measure of
pollutional effects as described by their types, numbers, and diversity.

Metal analyses were carried out on water samples as well as on the tissues of

the benthic organisms. The organic constituents of the water were examined
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Fig. |

Construction Status, New Hope Dam
April 27, 1972




on freeze concentrated samples using flame ionization and electron capture

detectors and suitable gas chromatographic columns.

Station Network

It is evident that the characteristics of water draining from land
adjacent to the New Hope and lower Haw Rivers will become increasingly
significant in terms of the water quality in New Hope Lake. Thus, in the
current study additional "control" streams with suitable sampling points
were established. They were sampled twice monthly. Figure 2 shows all the
water and benthic sampling stations for the period 1966-1972. Station
numbers preceded by an "H" are on the Haw and those preceded by NH are on the
New Hope. A station of particular interest is NH-11l on Northeast Creek which .
receives drainage from the Research Triangle Area and from the primary
sewage oxidation ponds operated for Durham County by the City of Durham. On
both sides of the Haw River between Station H-1 at Saxapahaw and H-5 at the
future headwater of one arm of New Hope Lake the Haw River flows southeasferly
across Chatham County. Both to the northeast and southwest of the main river
there are several small streams that flow in parallel courses to the main
stem. On six of these streams, three each on the two drainages, northeast
and southwest, additional control stations have been established to evaluate -

water quality characteristics of the land use and land forms of this area.

Analytical Procedures

The introduction of new parameters has provided additional insight into
this study. Several old parameters were deleted because of the changing

nature of their information and relevance to the questions of quality that

are under consideration. Table 1 lists the data collected in the period
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Comparison of Water Quality Parameters

Table 1

Used in Surveys of 1966 - 1970 and January 1971 - March 1972

Temperature ©C

Residue mg/1

Turbidity, Jackson Turbidity Units
Conductivity umhos

Dissolved Oxygen

DO % Saturation

BOD5 mg/1

Total Carbon mg/l

Total Soluable Carbon mg/l
Inorganic Carbon mg/l

Total Nitrogen mg/1l

Organic Nitrogen mg/l

NH3-N mg/1

NO,-N mg/1

NO3-N mg/1

NG2+NO3-N mg/1

Total Phosphorus mg/1

Total Inorganic Phosphorué mg/1
PO4-P (soluable orthophosphate)mg/l
pH

Chlorophyll Klett Units

Total Coliforms

Fecal Coliforms

Enterococci (Fecal Streptococeci)

1966-1970

X

X

Jan. 1971-March 1972




1966-70 and the present parameters for comparison. The basic physical,
chemical and biological descriptions have been continued with the addition of
the direct determinations of carbonaceous materials --both total, soluble,
and inorganic--using a Beckman 915 total organic carbon analyzer. In the
latter period there was also a change in the method of describing the
nitrogenous materials. NOj-nitrogen and N03—nitrogen were combined into one
parameter (N02+N03-N). NO,~-N had been present in such consistently small
amounts that continued individual determination was not justified. The
particular procedure on the Technicon Autoanalyzer lends itself to ready
modification to describe all oxidized nitrogenous species that are present
as NO, or NO3. In similar fashion the determination of total inorganic
phosphorus was dropped since the determination of soluble ortho-phosphate
(P04—P)describedall inorganic forms of phosphorus that might be present. The
addition of fecal coliforms for description of index organisms of recent
human contamination was added to the biological descriptions. Fecal
streptococci are now referred to as enterococci.

The additional analytical procedures required to describe trace organics
of exotic nature or the metals that were present both in water and in animal
tissue will be described in the sections in which those particular experiments

are discussed.




Water Quality Characteristics

January 1971 - March 1972

General Quality Parameters

In the current period of water quality surveillance the stations on the
New Hope and Haw River drainages were sampled approximately twice monthly
with a total set of data reflecting values determined from 28-31 samples
from each of the stations. The statistical analysis of all data collected in
this period is summarized in Appendices A-1 to A-20 for the Haw River series;
and B~1 to B~20 for the New Hope series. The statistical presentation that
was used in the earlier report (1) on water quality of these rivers is repeated

The period of current record, January 1971 through March 19721
introduces a slight winter bias to several water quality parametefs,
particularly the non-conservative characteristics whose quantities might be
temperature dependent. In order that long-term trends of water Quaiity in
any river system receiving both conservative and nonconservative substances
from both natural and man-made sources be established, a correctioh for
seasonal variation is required. Such an analysis for the period of 1966-1972
is in preparation and will be reported separately (2).

The averaged values for the water quality parameters at each station
sampled between January 1971 and March 1972 have been assembled in Table 2
for the New Hope drainage and Table 3 for the Haw River drainage. 1In these
tables the stations affected directly by wastewater discharges or by upstream
sources are separated from nonpolluted control stations., For those water

quality sampling stations at or cldse to USGS gauging stations, (NH-10, H-5



Table 2

New Hope Drainage
Average Magnitude of Quality Parameter Based on 28-31 Samples
January 1971 - March 1972

Water Quality Stations Recelving Waste Water Discharges Directly or By Downstream Flow Control Stations

Parameter Station 1 2 4 5 6 7 10 11 8 8A
Temperature ©°C 13.5 13.7 13.1 13.4 14.0 13.3 13.5 13.4 12.9 13.1
Residue mg/l 6.0 7.9 22.0 12.0 9.1 9.9 18.2 19.6 7.1 10.3
Turbidity JT Units 27.3 27.6 55.6 42.0 31.5 40.5 48.2 59.8 24.3 38.8
Conductivity u mhos 118 167 283 188 179 142 113 152 69 64
DO mg/1 8.8 6.7 4.2 5.0 4.9 6.5 7.9 7.1 8.9 8.5
DO % Sat. 80.5 59.7 36.5 44.5 44.1 59.1 72.6 63.7 81.1 77.0
BOD5 mg/1 4.1 6.7 6.9 4.7 5.4 3.0 2.0 2.6 2.0 1.7
Total Carbon mg/l 13.8 23.5 36.2 22.4 22.6 18.0 16.3 21.6 13.0 13.4
Total Soluble Carbon mg/l 13.0 20.5 31.3 20.3 21.3 17.2 15.3 19.6 13.9 12.9
Inorganic Carbon mg/l 5.1 10.0 15.1 8.6 10.1 5.4 3.6 7.7 1.7 1.4
Total N mg/l 1.74 5.20 6.93 4.16 5.16 2.76 1.33 0.88 0.45 0.56
Organic N mg/1l 0.30 1.01 1.15 8.74 1.13 0.44 0.31 0.40 0.33 0.32
NH,-u mg/1 0.46 3.39 3.58 2.17 3.64 0.84 0.18 0.13 0.0 0.0
NO,+NO4—-N mg/1 0.97 0.93 2.41 1.50 0.66 1.58 0.83 0.38 0.07 0.17
Total Phosphorus mg/1 0.38 1.66 2.79 1.41 1.49 0.98 0.60 0.47 0.10 0.23
PO, -P mg/1 0.24 1.30 2.57 1.24 1.36 0.77 0.37 0.23 0.02 0.03
pH * 6.8 6.9 6.8 6.9 7.0 6.9 6.9 6.9 7.0 6.9
Chlorophyll-klett Units 6.1 6.9 4.0 3.6 5.3 3.4 3.5 6.1 2.8 3.3
Total Coliform* 2439 14276 198 247 2447 52 37 12 13 23
Fecal Coliform* 112 1018 140 71 552 15 16 3.5 5.2 20
Enterococci* 16 89 19 8.9 27 7.5 11 6.8 14 14

*NO/100 ml (X102)



Table 3
Lower Haw River Drainage
Average Magnitude of Quality Parameter Based on 28-31 Samples

January 1971 - March 1972 (Inclusive)

Control Stations

Water Quality Main Stream Stations N.E. Watersheds S.W. Watersheds
Parameter Station 1 2 3 4 5 6 7 9 11 8 10 12
Temperature OC 14.8 14.5 14.7 14.8 14.8 14.7 13.3 13.4 13.0 13.7 13.9 13.8
Residue mg/1 10.7 15.2 16.5 9.5 11.9 14.9 16.8 5.2 4.7 38.1 9.8 6.5
Turbidity JT Units 41.2 43.7 42.8 36.6 38.9 47.0 48.3 26.9 24.6 43.7 39.8 23.0
Conductivity u mhos 197 189 161 166 159 146 84 71 81 80 79 72

DO mg/1 9.2 8.2 8.7 8.9 10.1 9.0 9.4 8.8 9.3 9.1 9.3 9.6
DO % Sat. 86.7 76.7 82.0 84.7 97.0 85.5 87.4 80.8 85.4 84.5 86.8 88.9
BOD5 mg/1 4.8 4.1 3.3 2.8 2.5 2.7 2.0 1.5 1.3 1.8 1.7 1.9
Total Carbon mg/1 21.1 20.5 19.4 17.7 17.2 17.8 11.9 12.4 12.2 12.7 13.0 11.1
Total Soluble Carbon mg/1 19.6 18.5 17.3 16.4 15.7 16.1 10.6 12.8 12.7 12.3 12.0 11.3
Inorganic Carbon mg/1 8.3 8.0 7.0 6.8 5.4 4.5 2.9 2.0 4.1 3.0 2.4 2.1
Total N mg/1 1.95 1.91 1.77 1.64 1.51 1.34 0.78 0.64 0.35 0.19 0.74 0.60
Organic N mg/1 0.45 0.43 0.40 0.33 0.37 0.30 0.23 0.28 0.17 0.22 0.24 0.20
NH3-N mg/1 Q.74 0.48 0.26 0.21 0.18 0.19 0.08 0.04 0.05 0.10 0.08 0.11
NOy + NO3~N mg/1 1.00 1.20 1.11 1.09 0.96 0.85 0.52 Q.32 0.13 0.50 0.43 0.35
Total P mg/l 0.66 0.68 0.63 0.52 0.48 0.45 0.10 0.07 0.06 0.10 0.09 0.06
PO4=P mg/1 0.46 0.48 0.43 0.38 0.35 0.29 0.03 0.03 0.02 0.04 0.03 0.02
PH 7.0 7.1 7.1 7.2 7.4 7.2 7.2 7.1 7.1 7.1 7.1 7.0
Chlorophyll Klett Units 8.2 7.2 7.7 6.5 5.6 5.4 3.2 2.8 3.1 3.4 4.0 3.0
Total Coliforms * 331 340 209 71 90 72 32 14 16 77 58 19
Fecal Coliforms#* 75 52 45 28 25 22 24 4.5 4.0 21 26 11
Enterococci* 5.9 14 11 8.1 11 11 19 6.5 8.0 18 22 10

*NO/100 ml (X102)



and H~6), the data were used to compute mass transport values for those water
quality parameters defined by weight per unit volume. These data are
assembled in Table 4 for the same period of record.

As noted, comparison of the present water quality data with that of the
previous record (1) is difficult due to the relative time interval of the
sample period as well as the degree of wetness or dryness of a
particular year. This intréduces a flow blas into long-term trends. 1In the
present summary, basic comparisons are limited to the characteristics of the
main drainage and control stations so that the information is essentially
restricted to the context of the current period of sampling.

In the stream and river system of the New Hope, the key stations
relevant to the proposed conservation pool of New Hope Lake are stations
NH-5, NH-6 and NH-7 which are located just upstream of the conservation pool
of the New Hope Lake,and NH-10 which eventually will be submerged by the
filling of the lake. Stations NH-8 and NH-8A located on the small streams,
White Oak and Beaver creeks respectively, will continue to drain into the
main body of the lake. Station NH~1l is currently receiving effluent from
primary oxidation ponds serving the Research Triangle area. Eventually,
when the biological treatment plant for this area is completed, these
oxidation ponds will serve as tertiary ponds. Station NH-11 has been
sampled systematically over this current period of record.

Currently, self purification and assimilation of non-conservative
pollutants takes place to an extended degree in the New Hope River between
stations NH-5, NH—6; NH-11 and NH-7_and continuing to NH-10. On the average,
recovery from the impact of the BOD load was not completed by the time river

flow reached station NH-10, and although oxygen saturation recovered only to

about 72 percent this was quite close to the average value found at control
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Residue

Do

BOD

Total Carbon
Total Soluble Carbon
Inorganic Carbon
Total Nitrogen
Organic Nitrogen
NH4-N

NO,+NO4-N

Total Phosphoru;

PO4-P

Average Mass Transport of Selected

Table 4

Water Quality Parameters

New Hope and Haw River Gauged Stations

January 1971 - March 1972

Pounds/Day

New Hope 10 Haw 5 Haw 6
40144 286654 451484
19139 81614 114922
4614 25909 39381
37408 143532 232641
32124 105023 176153
2910 35574 32711
1598 9556 12831
664 2570 3660
253 1701 2891
681 5251 6219
571 4016 5225
280 1922 2215
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stations which were about 83 percent. The residual BOD at station NH-10,
2.0 mg/1,was very close to that of the control stations NH-8 and 8A WithlZ.O
and 1.7 mg/l of BOD respectively. In parallel fashion the total, soluble and
inorganic carbon components were only slightly greater at station NH-10 than
those of the control statinns. Of the nitrogenous water quality parameters
determined at station NH-10, total nitrogen was higher than in the control
streams by a factor of 3-4 ; the concentration of NO3-N was 7-10 times
greater than in the control. Total phosphorus was higher by a factor of 3-6
times but at station NH-10 it was considerably lower than in the vicinity of
the wastewater discharges. The die off of the index organisms in the New
Hope drainage was quite rapid with bacteriological quality at station NH-7
and NH-10 directly comparable to that found at the control station.

Analysis of the downstream changes along the main stem of the Haw River
provides a clear illustration of the capability of a comparatively shallow,
rapidly flowing, rough bottomed river to stabilize and assimilate upstream
wastewater contributions. Not only is assimilation clearly indicated in the
downstream sequence but also the change in quality can be compared to that of the
control streams that flow into the Haw River from both the northeast and the
southwest. To illustrate ‘this point a series of diagrams representing the
main stem of the Haw River and the sampled tributaries has been prepared to
show the representative water quality for both conservative and non-.
conservative parameters (Figures 3-23).

The dilution effect of the control streams, even though small, was
particularly evident in the characteristic change in conductivity, decreasing
in downstream sequence from H-l to H-6. Since the measure of conductivity

represents ions in solution and is generally considered to be a measure of

conservative pollutants this change in the conductance of the Haw is
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probably due to dilution by water with an ion concentration which was more
characteristic of the control streams.

At station H-5 dissolved oxygen was on the average at 100 percent
saturation. This was even better than the saturation values for the control
streams where the average saturation was in the range of 80-89 percent. The
residual BOD at H-5 was only about 1.5 times greater than that found in the
control streams and wellbwithin acceptable limits for any natural water.

All other nonconservative water quality parameters also changed in down-
stream sequence, decreasing in magnitude. These included total carbon, total
soluble carbon, inorganic carbon, and the several species of nitrogen and
phosphorus. Although there was an assimilation of carbonaceous materials
through the process of stream self purification, the mineralization of
nitrogen and phosphorus species resulted in concentrations approximately two
to five times greater than found in the control streams. Biological index
organisms at station H-5 were equivalent to the numbers found in the control
streams. These values apparently represent the microbial characteristics of
surface drainage and runoff in this area.

Long term trends in water quality characteristics of the Lower Haw and
New Hope Rivers may be indicated by an analysis of existing data that
provides for compensation of seasonal factors and variations in flow. There
has been assembled in Table 5 a list of several conservative and
nonconservative pollutants that provide a comparison of the sample period
1966-1970 and 1971-1972., As indicated from the data of Table 4, increased
mass transport appears to be related to higher flows in the current period of
record. This is indicated on the basis that conservative parameters such as

conductivity show a marked increase. In all other instances the other

parameters also show the 'dilution effect."
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Ta

Two Periods of Record

ble 5

Comparison of Average Values of Water
Quality Parameters, New Hope and Lower Haw Rivers

Residue mg/1l
Turbidity JTU
Conductivity umhos
DO mg/1

DO 7% Sat

BOD5 mg/1

Total N mg/1

Org N mg/1

NH3N mg/1

NOy + NOz-N mg/1
Total -P mg/l
PO, -P mg/l

pH

Chlorophyll~klett Units

Total Coliform

Enterococci®

NH-10 -5
1966-1970 1971-1972 1966-1970 1971-1972
30 18.2 27.6 11.9
36.4 48.2 28.7 38.9
164 113 290 159
6.5 7.9 10.8 10.1
60.6 72.6 98.3 97.0
1.7 2.0 2.8 2.5
2.0 1.3 2.2 1.5
0.74 0.31 1.07 0.37
0.35 0.18 0.36 0.18
0.93 0.83 0.87 0.96
1.01 0.60 0.85 0.48
0.80 0.37 0.74 0.35
7.1 6.9 7.7 7.4
4.6 3.5 9.4 5.6
11 22.5 12 20
1.3 2.5 0.8 2.8

*N0/100 ml (XlOZ) median values
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For this period of record, the water quality of the lower Haw and New

Hope drainages does not appear to have changed significantly either for the
better or worse from that previously reported. The quality of the Haw River
at station H-5 continues to indicate that the water is of acceptable

quality for the lake to be impounded by the New Hope Dam. The quality of the
water in the New Hope River, does not appear to have improved, particularly
at the stations at the head of the proposed conservation pool. Improvement
is essential for providing water of acceptable quality for the upper reaches

of the New Hope arm of New Hope Lake.

Organic Characteristics of Freeze Concentrated Samples

The transport nature of water lends itself to the movement of materials
from the land and into water courses. Many synthetic organics are
introduced into the aquatic environment. Some are of high toxicity as well
. as low solubility. Describing these residues which may have entered streams
either from agricultural applications or through wastewater discharges is
essential for proper definition of water quality. These procedures quite
often require detection methods and analytical procedures of a high order of
refinement. For this study samples were collected approximately monthly
froﬁ both "polluted" and '"control" stations in both the Haw and New Hope
drainages. These included NH-7, NH-8, H-1, H-5, and H-8. On each
sampling date 18 liters of water were brought to the laboratory where
through a process of freeze concentration the original volume was reduced to
a final volume ranging from 0.4 to 0.6 liters, a concentration factor of 24
to 45 times. The final concentrate of approximately 500 ml. was stored in a
dark cold room at a temperature of 2-3°C. In addition to direct analysis by

gas chromatography of the concentrated water samples, concentrates were
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extracted with diethyl ether or hexane for further chromatographic analysis.
The following experimental parameters were utilized in the gas
chromatographic analyses performed:
Three microliter aliquots of freeze~concentrated water samples were
injected directly onto the following column of the system parameters
listed.
Instrument: Perkin-Elmer Model 900 gas chromatograph
Detector: Flame Ionization
Column: 5 ft. x 1/8 in. 0.D. stainless steel containing poropak QS
Column Temperature: 170°C isothermal
Carrier Nitrogen Flow Rate: 35 cc/min.
Phenol was used as an internal standard and represented a retention time
of 10.4 min. Maximum sensitivity, assuming recovery of 80%, would be

0.1 ppm for phenol.

The above procedure was repeated on an alternate column of 147 FFAP
on Anakrom A at the same temperature and flow rates. Phenol was
again used as an internal standard and represented a retention time of

11.9 min. Maximum sensitivity for phenol would be 0.1 ppm.

Ten milliliter aliquots of the freeze-concentrated water samples
(adjusted to pH 2.0 by addition of orthophosphoric acid) were
extracted with 3 ml of diethyl ether by shaking in a stoppered test
tube. Three microliters of the organic extract were injected.
Instrument: Perkin-Elmer Model 900

Detector: Flame Ionization

Column: 5 ft. x 1/8 in. 0.D. stainless steel containing 10% DC-200 on

Chromosorb W-AW, 80/100 mesh
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Column Temperatures: 1009C isothermal
200°C isothermal
Carrier Nitrogen Flow Rate: 35 cc/min.
Phenol was used as a standard, with a retention time of 14.7 min, and

indiecating a sensitivity for phenol of 0.05 ppm.

Ten milliliter aliquots of the freeze-concentrated water samples

were extracted with 3 ml of mnanograde hexane by shaking in a

stoppered test tube. Organic extracts were dried with sodium sulfate.

Two micféliter volumes of the extracted samples and an extracted

distilled water blank were injected on the column.

Instrument: Perkin-Elmer Model 900

Detéctér: Eiectroﬁ‘Capture (63Nicke1)

Cdlﬁmn: 6'ft. X 174 in. glass containing 5% SE-30 on acid-washed
Chromosorb. W, 60/80 mesh. |

Column Temperature: ~ 180°C

Carrier Nitrogen Flow Rate: 60cc/min.

Sensitivity: 0.2 ng of ' p,p -DDE produced 50% full-scale deflection.

P,P'—DDE'was uééd as é standard with retention time of 10.6 min. (3).

No peaks were resolved, including those which would have represented

retention times corresponding to 25 chlorobiphenyl compounds as reported

by Zitko (3). The minimum detectable limit was estimated to be 0.1 ppdb

of p,p-DDE, assuming 80% recovery of the residue from the freeze

concentration and hexane extraction steps.

Although both systems that were used for examination of either the
concentrated water samples injected directly or through a second chemical

extraction were systems of high sensitivity, no significant peaks measurable
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above background were detected, The implication is that in these water
samples materials that would respond to these detection systems were not
present. The agricultural activities of the lands through which feeder
streams drain might be singularly free of materials detectable by these two
systems as well as industrial wastewaters that have been discharged from
upstream communities. Since both rivers carry significantly high sediment
loads at times of rain and high runoff and since many of these compounds are
absorbed onto sediments it could be that these materials have been removed
through these processes of absorption and sedimentation. Regardless

of the degree and process of removal, it is apparent that soluble

organic residues of phenolic or chlorinated nature are not present in any
significant quantity in the main water course of the Haw and New Hope or in the
feeder streams that have been sampled.

Recent investigations on the nature of organic compounds in surface
waters (4, 5, and 6) have shown that techniques used in the above analyses
for the samples from the Haw and New Hope will at least indicate the presence
of materials at very low concentrations on the order of parts per billion.
The lack of identification of chlorinated compounds which are readily
detectable by electron capture gas chromotography may be particularly
indicative of removal by absorption processes on sediments. The fluctuating
sediment loads of the two rivers and their interaction with organics is a
possibility that needs to be considered in establishing a reason for the
absence of residues of persistent hydrocarbons in the samples collected in

the past period and analyzed by these sensitive procedures.

- 39 -







Benthic Macroinvertebrates
in the New Hope and Lower Haw Rivers

Introduction

The purpose of this phase of the overall study is to describe the
benthic macroinvertebrate communities at several points along the main
streams and tributaries of the lower Haw and New Hope Rivers. It is
expected that the benthic populations of these streams are influenced by
water quality and other ecological factors and that the species and their
number will be indicative of long term conditons.

‘Weiss (1) has reported the water quality characteristics at six of the
stream stations being considered in this report. These earlier findings,
based on four years of data collection (1966-1970), showed that the main
stream of the Haw was highly nutrient-enriched but had near normal dissolved
oxygen resources at the point wﬁere it will be impounded by the New Hope Dam.
The main stream of the New Hope, while containing very similar concentrations
of nutrients and oxygen demanding materials, was found to have below-normal
dissolved 6xygen resources. Two smaller, unpolluted tributaries of the New
Hope had considerably lower concentrations of nutrients and oxygen demanding
maﬁerials, and dissolved oxygen concentrations intermediate between those
found on the mainstreams of the New Hope and Haw Rivers.

The long-term sampling has continued and been expanded to include a
number of the unpolluted tributary streams of the lower Haw system. As noted
in Tables 2 and 3, thé conditions of the main streams of each river and the

two control tributaries of the New Hope are similar to previously reported
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conditions. The tributary streams along the lower Haw system, however,
contain comparatively low concentrations of nutrients and oxygen demanding
materials and normal dissolved oxygen resources, indicative of clean,
unpolluted water.

Other investigators (6, 7) have described the water quality characteris-~
tics and the biota of the upper Haw River (above Saxapahaw, N.C.). They noted
decreased oxygen resources and reduced numbers of '"pollution sensitive"
bottom organisms present at several stations along the upper Haw and its
tributaries. These streams receive heavy industrial and municipal wastewater
loads’from the cities of Greensboro, Burlington, and Graham, N. C.

There have been many investigations on the macroinvertebrate populations
of streams and rivers. The running water (lotic) habitat is favorable to the
development of a very diverse and dynamic population of macroinvertebrates,
including insects, crustaceans, flat worms, round worms, segmented worms,
snails, clams, and freshwater sponges (8). Of these, the immature forms of
insects are usually the dominant group (9). Benthic organisms are very
important as food for fish (10, 11, 12). Smith (13) has stated that a good
trout stream should be about half pools and half riffles, showing the
complementary roles of two habitats. Riffles are the sites for production of
food while pools furnish necessary shelter. Needham and Needham (14)
attribute the greater abundance and diversity of bottom organisms in riffles
to the greater stability of the bottom and the great variety of macrohabitats
or niches to be found there.

A high diversity of organisms results in a stable community due to the
increased complexity of the trophic structure of the community (15). When
the aquatic community is exposed to 'some form of stress, such as extreme

temperatures, reduced oxygen concentration, or extreme hydrogen ion

concentrations, some members of the community will be eliminated, thus
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reducing the diversity and stability of the community,

Measures of the diversity of stream macroinvertebrate communities have
been used to give some indication of the extent to which the stream is under
an environmental stress, The simplest measure of diversity is the number of
taxa (kinds) of organisms collected in the stream. Since the number of taxa
collected will depend in part upon the number and size of the samples taken,
it is usually desirable to express diversity as some function of both the
number of taxa and the number of organisms collected. Margalef (16)

s-1
proposed using the formula: d=Im N where s is the number of species and N

is the number of individuals. This '"diversity index" is easy to use and has
been reported to be a useful tool for interpreting benthic macroinvertebrate
data in streams receiving organic wastes (17).

Different species of aquatic organisms have differing degrees of
tolerance to the low dissolved oxygen concentration and other stresses
imposed by polluted water (18, 19). Numerous attempts have been made to find
a universal "indicator organism" whose presence or absence positively
establishes the stream in which it was found as either polluted or not
polluted. Since the distribution of any species is also regulated by many
factors other than the degree of pollution in the water, such attempts have
largely been abandoned.

Certain groups of organisms have, however, been shown to be more
prevalent in either a polluted or an unpolluted environment. Most
organisms adapted to life in polluted water can also be found in unpolluted
water. Because of this, Gaufin and Tarzwell (20) suggested that it is more

revealing to identify organisms which require clean water and note their

absence in polluted waters.
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While the limiting effects of pollution have received a great deal of
attention, other physical parameters have been found to be equally important.
Hora (21) concluded that the flow rate of the current is the primary factor
influencing the aquatic community. It affects the type of substrate, the
dissolved gases, and the quantity of available food. Pate (22) emphasized
the importance of both bottom type and stream width in the productivity of
streams, showing that smaller streams are much richer in bottom organisms
than are larger streams, Many investigators have found that areas of streams
with a rubble substrate are much more productive than areas with a sand
substrate (12, 22, 23, 24, 25).

In attempting to evaluate the extent to which pollution is affecting
the benthic community in a stream, it is evident that one must take into

account the multitude of other factors which also affect these organisms.

Methods and Materials

The streams under study included the main stem and four of the tributary
streams of the Haw River from Saxapahaw, N.C. downstream to just below the
point where Route U.S. 64 crosses the Haw, a distance of approximately 23
river miles, and the main stem and some tributaries of the New Hope River
from just below Chapel Hill and Durham, N.C., to the confluence of this
stream with the Haw River. Sampling sites (Fig.2) were chosen because they were
representative of these portions of the rivers and were readily accessible.

Stations H-1 and H-5 are on the Haw River itself. Control stations
H-7, H-8, H-11, and H-12 are each located on smaller tributary streams which
receive no municipal or industrial wastes, but whose flows are made up of
runoff from farm and woodland. In the New Hope drainage, statioms NH-5,

NH-7, and NH-11 are located on streams which carry heavy loads of treated
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domestic wastes from the town of Chapel Hill and the city of Durham. The
treatment plants of these communities are located on headwater streams and
the discharge volume from the plants for most of the year exceeds the volume
of the receiving creek. Control stations NH-8, NH-8A, and NH-12 are smaller
streams whose flow is made up solely from runoff from farmland and woodland,
with no known significant waste discharges. (Appendix C provides a detailed
description of each benthic sampling station.)

The period of sampling was from February, 1971, to March, 1972. It was
thought that at least one complete year of observation was desirable to
establish existing conditions in the streams.

Artificial substrate samplers of the type described by Mason et al.
(26) were used exclusively at all stations. This sampler consists of a
cylindrical chrome-plated wire cﬁicken barbeque basket of dimensions 11"
long X 7" diameter (28 cm X 18 cm) filled with about 19 1bs. (8.2 kg.) of
fist-sized granite rock. One sampler was placed on the bottom of each
sampling station. At each station where conditions permitted, placement was
made in an area of riffles rather than pools, and some effort was made to
make their presence as inconspicuous as possible. Neither of these criteria
was always éatisfied, resulting in some baskets being placed in slower
moving water, and some baskets being lost or damaged. Periods during which
the streams were swollen due to heavy rains often made the samplers
impossible to recover at the desired intervals. Likewise, samplers were
occasionally left "high and dry" by reduced flows during the dry summer
months even though all the streams studied are permanent streams.

Each sampler was allowed to remain in the stream for a period of
approximately 6-8 weeks, at the end of which it was removed from the water,

organisms which had colonized in it removed, and the sampler returned to the
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stream for another exposure period. The removal of the accumulated macroin-
vertebrates was accomplished by shaking and scraping each rock in a bucket of
water, in a manner similar to that employed when operating a Surber-type
bottom sampler. The organisms were then concentrated by pouring the bucket
of water and organisms through a No. 40 mesh (420 openings/in.) sieve. The
contents of the sieve were then sorted in a white enamel pan and the
organisms preserved in 70 percent ethanol solution. - Each sample was then
taken back to the laboratory and the organisms identified to the generic

level when possible.

Results and Discussion

A total of 61 benthic samples were collected from 12 stations, 35
samples from the Haw system and 26 from the New Hope. Each station was
sampled at least four times, some as many as seven times. Figure 24 provides
the approximate dates of sampling for each station.

Table 6 is a summary of the biological (benthic) and water quality data
discussed in this report, including values for each station and average
values for control and main streams in each system. It should be noted here,
as well as in the figures which follow, that no water quality measurements
were made at station NH-12. This stream is believed to be unpolluted since
it traverses only farm and forested land. It is encouraging to note, however,
that the benthic data compiled at this station are very similar to those for
stations NH-8 and NH-8A, which are known to be unpolluted and which are
similar in respect to bottom type, flow rate, and size. These stations have
the following benthic characteristics when compared to stations NH-5, NH-7,
and NH-11: relatively high number of taxa per sample, high number of total

taxa collected, low numbers of individuals per sample,

high diversity index, and high proportion of "pollution
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TABLE 6

Summary of Benthic and Related Water Quality Data

Average No. Per Sample Total % of Total Taxa Average Concentration mg/1

Taxa Indjviduals Diversity Index Number Pollution Intolerant DO BODy Total-P Total-N
Station 1 2 3 4 5 6 7 8 9
H-1 7.5 198.2 1.30 19 327 9.02 4.76 0.68 1.96
H-5 15.5 221.0 2.72 32 33% 9.90 2.57 0.49 1.52
H-7 11.7 67.7 2.61 34 387 9.25 2.16 0.10 0.80
H-8 12.8 154.6 2.21 39 54% 8.91 1.77 0.11 0.83
H-11 4,2 10.0 1.55 16 567 9.15 1.31 0.06 0.38
H-12 12.0 85.6 2.50 35 547 9.07 1.75 0.06 0.58
Average
H-1,5 10.7 207.3 1.86 26 33% 9.46 3.66 0.59 1.74
Average
H-7,8,
11,12 10.6 82.0 2.27 31 51% 9.10 1.75 0.08 0.65
NH-5 8.2 149.4 1.46 15 7% 4.69 4.76 1.43 4.29
NH-7 9.8 313.6 1.53 18 227 5.97 3.18 1.08 3.11
NH-8 7.5 39.8 1.85 22 417% 8.51 2.05 0.10 0.46
NH-8A 9.0 37.0 2.28 25 447 8.31 1.69 0.16 0.56

NH-11 8.5 78.8 1.79 20 40% 6.60 2.67 0.49 0.88
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TABLE 6

Continued
Average No. Per Sample Total % of Total Taxa Average Concentration mg/1
Taxa Individuals Diversity Index  Number Pollution Intolerant DO BOD; Total-P Total-N
Station 1 2 3 4 5 6 7 8 9
NH-12 11.3 44.3 2.87 28 50% e —-—
Average
NH-5,
7,11 8.9 187.9 1.58 18 23% 5.72 3.51 1.00 2.76
Average
NH-8,
8A, 12 9.3 40.3 2.33 25 457 8.41 1.87 0.13 0.51



intolerant" taxa. These same contrasts are generally evident in
the Haw system when comparing main stream and control stream stations, but to
a lesser degree. The water quality data for the Haw system is likewise less
different between main stream and control stream stations. These results
indicate the value of benthic data for assessing water quality in streams.

From all stations eighty-one taxa were identified, including eight
orders of insects, plus crustaceans, molluscs, segmented worms, flat worms,
and fresh water sponges. Appendix D provides the list of taxa and the
stations at which each was collected. It can be seen that a few taxa were
very common, occurring at every station, and several taxa were found to occur
at almost all stations. By far the majority of taxa identified, however,
were relatively rare, each occurring at only a few stations.

Stations in the Haw River system had, on the average, more total taxa
per station than did stations in the New Hope system (Appendix D). This may
be due, in part, to the fact that moré samples were collected from the Haw
system. It is thought, however, that general differences in bottom type,
current velocity, and pollution load between the two systems may have been
important factors. The streams sampled in the Haw system are, in general,
faster moving, less polluted, and have more stable bottoms (rubble) than
those of the New Hope which have sandy bottoms. Each of these factors is
more favorable for benthic diversity in the Haw system than in the New Hope
system.

The main streams of both the New Hope and the Haw contain fewer taxa
per station than did their respective tributaries. It may be noted that
station H-11, an unpolluted control stream, had an unusually low number of

taxa. The stream bottom at this station is made up almost completely of

coarse sand, which presents an unstable habitat for bottom organisms (23,25).
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The bottom type at this station is in contrast to that of the other three
control stations in the Haw system. For this reason, two calculations were
made for the control streams in the Haw. One includes H-11, while the other
exclﬁdes H-11. The differences between the main stream of the Haw and the
tributaries are seen to be more pronounced when the anomalous H-11l is
excluded. The two main differences between the main stream and the '"control"
streams of each system are size (volume of flow) and degree of pollution.

The larger streams may naturally tend to be poorer in benthic organisms (22).
It can be seen (Table 6), however, that station H-1 (BOD5=4.76) had far

fewer taxa than did H-5 (BOD5=2.57), and that stations NH-5 (BOD5=4.76),

NH~7 (BOD5=3.18), and NH-11 (BOD5=2.67) showed the same general inverse
relationship between five-day BOD and total number of taxa collected. The
bottom types at H-1 and H-5 are both rubble, while those at NH-5, NH-7, and
NH-11 are all stable mixtures of clay, sand, and rubble. These results tend
to give support to the idea that the degree of pollution rather than stream
size or bottom type is the most important difference between each main stream
and its unpolluted tributaries.

The number of taxa collected per sample for each sampling period is
shown in Table 7., Values ranged from no taxa at station H-11l in April, 1971,
to 24 taxa at station H-8, also in April, 1971. The average for each station
over the whole year of sampling also shows that the control stations of the
Haw (minus H-11l) usually had more taxa per sample than did the main river
stations. The same trend can be seen for the New Hope system.

The bottom line of Table 7 shows the mean number of taxa per sample for
each sampling period. TIt can be seen that there were generally fewer taxa
collected during the summer than during the winter. These results may be

explained by the fact that most insects whose immature stages are spent in
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Station

H-11
H-12

Monthly
Average

NH-5
NH-7
NH-8
NH-8A
NH-11
NH-12

Monthly
Average

TABLE 7

Number of Taxa per Sample for All Stations

by Month of Collection

1971 1972
April May July Aug. Nov. Jan. Feb. Yearly
7 7 8 9 7 - 7 7.5
13 13 - - 21 ~— 15 15.5
14 9 12 10 8 13 16 11.7
24 12 7 12 6 - 16 12.8
0 7 5 5 4 - - 4.2
14 8 14 7 11 15 15 12.0
12.0 9.3 9.2 8.6 9.5 14.0 13.8
Haw Overall Average = 10.6
Main Haw Average (1,5) = 10.7
Control Haw Average (7,8,11,12) = 10.6
Control Haw Average (minus H-11)=(12.2)
7 9 8 -~ 9 8 - 8.2
11 7 -= - 10 9 12 9.8
9 8 7 - -~ - 6 7.5
9 - 7 - 13 - 7 9.0
6 8 8 - 12 - - 8.5
~— 12 —- - 6 17 10 11.3
8.4 8.8 7.5 -— 10.0 11.3 8.8
New Hope Overall Average = 9.0
Main New Hope (5,7,11) Average = 8.9
Control New Hope (8, 8A, 12) Average = 9.3
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the water emerge as adults during the spring and summer months. Adult stages
of mayflies, stoneflies, dragonflies, caddisflies, two-winged flies, months,
alderflies, and some beetles are non-aquatic and will not, of course, be
collected by sampling the benthic community (14, 27, 28).

Table 8 shows the number of individual organisms per sample for each
sampling period. Values ranged from no organisms at station H-11 in April,
1971, to 431 organisms at station H-1 in November, 1971. It is evident that
the main stream stations in each system had generally far greater numbers of
individuals per sample than did the control stations. Such a tendency in
moderately polluted streams has been reported by many investigators. An
abnormally high bentﬁic productivity is considered to be one of the best
indicators or organic pollution (29, 30).

In Figure 25 the mean number of benthic organisms per sample is related
to mean dissolved oxygen. It indicates that the number of benthic individuals
at the New Hope stations is inversely related to the DO concentration. No
such specific relationship can be seen, however, for the Haw system, or for
the systems combined.

Figure 26 shows the average number of individuals per sample plotted
against mean five-day BOD. Figure 27 is analogous to Figure 26 except that
number of individuals is plotted against mean total phosphoruus concentration.
Figure 28 is similar to Figures 26 and 27, with number of individuals per
sample plotted against mean total nitrogen concentration. One may note
general trends in Figures 26, 27, and 28 toward higher numbers with greater
enrichment. Here again, however, the trends are more well-defined in the New
Hope system than in the Haw.

Table 9 shows the diversity index per sample for each sampling period.

-1
The index used is that proposed by Margalef (16): d=§E—NWMere 8 is the
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