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FOREWORD

The National Eutrophication Survey was initiated in 1972 in
response to an Administration commitment to investigate the nation-
wide threat of accelerated eutrophication to freshwater lakes and
reservoirs.

OBJECTIVES

The Survey was designed to develop, in conjunction with state
environmental agencies, information on nutrient sources, concen-
trations, and impact on selected freshwater lakes as a basis for
formulating comprehensive and coordinated national, regional, and
state management practices relating to point source discharge
reduction and nonpoint source pollution abatement in lake water-
sheds.

ANALYTIC APPROACH

The mathematical and statistical procedures selected for the
Survey's eutrophication analysis are based on related concepts
that:

a. A generalized representation or model relating
sources, concentrations, and impacts can be
constructed.

b. By applying measurements of relevant parameters
associated with lake degradation, the generalized
model can be transformed into an operational
representation of a lake, its drainage basin, and
related nutrients.

c. With such a transformation, an assessment of the
potential for eutrophication control can be made.

LAKE ANALYSIS

In this report, the first stage of evaluation of lake and
watershed data collected from the study lake and its drainage
basin is documented. The report is formatted to provide state
environmental agencies with specific information for basin

lanning [§303(e)], water quality criteria/standards review

§303(c)], clean lakes [§314(a,b{], and water quality monitoring
[6106 and §305(b)] activities mandated by the Federal Water
Pollution Control Act Amendments of 1972.
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Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condition
are being made to advance the rationale and data base for refine-
ment of nutrient water quality criteria for the Nation's freshwater
lakes. Likewise, multivariate evaluations for the relationships
between land use, nutrient export, and trophic condition, by lake
class or use, are being developed to assist in the formulation
of planning guidelines and policies by the U.S. Environmental Protection
Fgency and to augment plans implementation by the states.
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Blue Mountain
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NATIONAL EUTROPHICATION SURVEY
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STATE OF ARKANSAS
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Garland, Montgomery

Boone, Carroll (Barry,
Taney in MO)
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REPORT ON GRAND LAKE, ARKANSAS
STORET NO. 0509

INTRODUCTION

Grand Lake was included in the National Eutrophication

Survey (NES) as a water body of special interest to the
Arkansas Department of Pollution Control and Ecology. Tribu-
taries and nutrient sources were not sampled, and this report
relates only to the data obtained from lake sampling.

CONCLUSIONS

Trophic Condition:*

Grand Lake is considered eutrophic, i.e., nutrient
rich and highly productive, on the basis of Survey data
and field observations. Whether such nutrient enrich-
ment is to be considered beneficial or deleterious is
determined by its actual or potential impact upon desig-
nated beneficial water uses of the lake.

Chlorophyll a levels ranged from 30.2 ug/1 in the
spring to 103.0 ug/1 in the summer with a mean of 62.9 ug/1.
Mean Secchi disc visibility was 51.6 cm (20 inches). Of
the 16 Arkansas lakes sampled in 1974, 2 had greater median
total phosphorus levels, 15 had greater median inorganic
nitrogen values, and 2 had greater median orthophosphorus

levels than Grand Lake.

*See Appendix C



Survey 1imnologists reported an algal bloom during autumn
sampling and many submerged, emergent and floating aquatic mac-
rophytes along the shoreline areas during all three sampling
seasons.

Rate-Limiting Nutrient:

Algal assay results indicate that Grand Lake is 1limited
by available nitrogen. Spikes with nitrogen alone or nitrogen
and phosphorus simultaneously resulted in increased assay
yields. The addition of orthophosphorus alone did not produce
a growth response. The ratios of total inorganic nitrogen to
orthophosphorus (N/P) in the lake data further substantiate

nitrogen limitation.



IIT. LAKE CHARACTERISTICS

A. Lake Morphometry:*

1.
2.
3.
4.

Surface area: 5.67 kmz.

Mean depth: 2.1 meters.
Maximum depth: 4.0 meters.

Volume: 12.088 x 10° m3.

B. Precipitation:

1.
2.

*Woomer, 1974

Year of sampling: 161.3 cm.

Mean annual: 160.3 cm.



Iv.

LAKE WATER QUALITY SUMMARY

Grand Lake was sampled three times during the open-water
season of 1974 by means of a pontoon-equipped Huey helicopter.
Each time, samples for physical and chemical parameters were
collected from two stations on the lake and from a number of
depths at each station (see map, page i). During each visit,
depth-integrated samples were collected from each station for
chlorophyll a analysis and phytoplankton identification and
enumeration. During the first visit, 18.9-T1iter depth-integrated
samples were composited for algal assays. Maximum depths sampled
were 2.4 meters at Station 01 and 1.5 meters at Station 02. For
a more detailed explanation of NES methods, see NES Working Paper
No. 175.

The results obtained are presented in full in Appendix B and
are summarized in III-A for waters at the surface and at the maxi-
mum depth for each site. Results of the phytoplankton counts and
chlorophyll a determinations are included in III-B. Results of

the Timiting nutrient study are presented in III-C.
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B.

Biological Characteristics:

1.

Phytoplankton -

Sampling

Date

03/26/74

06/04/74

10/16/74

Dominant

G h_whho -~ VP W N~

Gt wn —

Genera

Nitzschia
Stephanodiscus
Flagellates
Chlamydomonas
Melosira

Other genera
Total

Dactylococcopsis

Stephanodiscus
Merismopedia

Microcystis
Lyngbya

Other genera

Total

Dactylococcopsis

Oscillatoria
Centric Diatom

Microcystis
Merismopedia

Other genera

Total

Algal
Units

per ml

4,635
3,813
2,467
2,093
1,794

8,298
23,100

52,408
23,206
16,165
11,472
10,429

39,112

152,792

3,523
3,030
2,924
2,537
2,008




2. Chlorophyll a -

Sampling Station Chlorophyll a
Date Number (ng/1)
03/26/74 01 30.2

02 36.3
06/04/74 01 103.0

02 103.0
10/16/74 01 55.7

02 49.0

C. Limiting Nutrient Study:
1.  Autoclaved, filtered, and nutrient spiked - 03/26/74

Ortho P Inorganic N Maximum Yield
Spike (mg/1) Conc. (mg/1) Conc. (mg/1) (mg/1-dry wt.)

Control 0.020 0.039 3.8
0.05 P 0.070 ' 0.039 3.3
0.05 P +1.0N 0.070 1.039 29.3
1.00 N 0.020 1.039 13.2



Discussion -

The control yield of the assay alga, Selenastrum capri-

cornutum, indicates that the potential for primary production
was high on Grand Lake during the spring sampling period.

The lake was nitrogen 1limited at that time as indicated by
the increased yield of the test alga in response to an addi-
tion of nitrogen. Spikes with nitrogen and phosphorus simul-
taneously resulted in maximum yield. Spikes with ortho-
phosphorus alone did not produce a response significantly
beyond the control yield.

The autumn algal assay results are not considered reliable
because of a significant change in the nutrient levels between
the time the sample was collected and the assay was begun.

The mean total inorganic nitrogen to orthophosphorus
ratios (N/P) in the lake data were 3/1 in the spring, 8/1
in the summer and 4/1 in the fall, suggesting primary 1limi-
tation by nitrogen (an N/P ratio of 14/1 or greater generally

reflects phosphorus limitation).



V.
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VI. APPENDICES

APPENDIX A
CONVERSION FACTORS



CONVERSION FACTORS

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles

Meters x 3.281 = feet

Cubic meters x 8.107 x 10°% = acre/feet
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic feet/sec
Centimeters x 0.3937 = inches

Kilograms x 2.205 = pounds

Kilograms/square kilometer x 5.711 = 1bs/square mile



APPENDIX B
PHYSICAL AND CHEMICAL DATA
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APPENDIX C

PARAMETRIC RANKINGS OF LAKES
SAMPLED BY NES IN 1974

STATE OF ARKANSAS



LAKE ATA TO 3E USED [N RANFINGS
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PERCENT GF LAKES WiTH HIGHER vALUES (NUMRE& OF LAKFS wITh HIGHERM VALUES)
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0515 TABLE ROCK LAKE 63 (9 20 ¢ 3 73 (1) 60 ( 9) 17 ¢ 0) 40 (&)

0516 GREER'S LAKE 100 ( 15) 67 ( 10) 87 ( 13} 93 ( 14) 17 ¢ 0 93 ( 13}



