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INTRODUCT ION

Lake Campbell 1s located In Brookings County (latitude 44° 12' 36" north,

longttude 96° 50" 42" west, T109N, R50w; Sectlons 28, 29, 32, 33)., The major

Inflow is Battle Creek. Basic morphological characteristics are glven below:

Area

Shorel ine Length

Maximum Depth

Mean Depth

Vol ume

Watershed/Lake Surface Area Ratlo
Origin of Lake Basln

Thermal Stratiflication

1,000 A (404.7 ha)

N/A

7 feet (2.1 m)

4 feet (1,2 m)

4,000 acre-feet (4,934 x 108m)
104

Natural

No

The State of South Dakota has assigned the fol lowing beneficlial uses to Lake

Campbe] | 3

° Warmwater marginal fish |ife propagation;

° Immersion recreation;
° Limlted contact recreation; and

° Wildlife propagation and stock watering.



SAMPL ING SITES AND PARAMETERS

Six sampl Ing sites were chosen to monitor the Lake Campbeli system (Figure 1),

Three of the sites (Sites 4, 5, and 6) were in-lake sites and the remalning

\
:

sites were located elther on the inflowing stream or the outlet to Lake Campbel |

(Tabie IV-1).

Sampl ing occurred from March 2, 1983, fo November 13, 1983, and the most
frequent sampl ing occurred during the spring and summer. Water samples were
analyzed for the following parameters: dissolved oxygen; pH; fecal col iforms;
total sol ids; total suspended sol Ids; totfal dlssolvéd sol Ids; nltrate; nitrite;
ammonia; total Kjeldahl nltrogen; total phosphorus; and orthophosphate. in
addition; trophic state indices, total nitrogen:total phosphorus ratios, and

total nitrogen and total phosphorus loadings were calculated.
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Sampl ing Description .
Site ‘ ‘
1 Latitude 44° 10" 547, IongI‘hide 96° 52' O01%, T108N, R50W, S6. u
This site Is located on the "Nunda" bridge over Battle Creek.
2 Latitude 44° 11! 38", longlitude 96° 50" 19", TIQG9N, R50W, S53. '
This site Is located at the bridge across the south end of
the |ake. I
3 Latitude 44° 117 40" , longltude 96° 51' 48", T109N, R51W, S28. :
This site is located at the outlet of Lake Campbel l.
4 Latitude 44° 117 59", longltude 96° 48! 48", T108N, RSOW, S32. '
This In~lake site is located near the mliddle of the south end
of the laks. l
5 Latitude 44° 13' 03", longltude 96° 46' 13", T109N, R50W, $28, |
This In-lake site is located at the middle of the north end
of the lake. ' l
6 Latitude 44° 121 37", longitude 96° 46' Q9", T109N, RS5OW, S33.
This slte Is located of fshore of the county club on the east
shore of the [ake. .
Table tV-1. Study site locations for Lake Campbel! and Its tributary. D




RESULTS AND DISCUSSION

Dissolved Oxygen (DO)

The State of South Dakota criterion for surface waters used for warm water
marginal fish |ife propagation is 4.0 mg/l. This criterion was exceeded once
during the study at Site 5 on June 24, 1983, with a DO concentration of 3.5 mg/!
(Table 1V=18). The DO concentrations ranged from 3.5 to 16.4 mg/l and the
annual mean concentrations ranged from 9.4 to 10.2 mg/l (Tables IV=3 to IV-8).
These data indicate that Lake Campbel| and 1+s major tributary are wel|

oxygenated.

pH

For the beneficlal use of Immersion recreation, pH values should be between 6.5
and 8.3 unifs, Three water samples were outside of this range. The pH values
ranged from 7.9 to 8.6 units and the annual mean values ranged from 8.1 to

8.3 unlts (Tables IV=3 to |v-8),

Fecal Coliform

For South Dakota surface waters used for immersion recreation, fecai col iform
counts should not exceed 400/100 ml In any one sample from May 1 fo

September 30,

Fecal col iform counts ranged from 10 to 3,500/100 ml and mean values ranged from
51 to 375/100 ml (Tables |1V=3 to IV-8). About 10% of the sampies had counts
greater than 400/100 ml (Tables IV-9 to IV-18), Of the five exceedences, one

was from an In-lake site and four were from stream sites.



At this +ime, the specific fecal col iform sources are not known, However,'

| ivestock and thelr wastes present along Battle Creek could be a possibll Ity.
JTotal Sollds, Total Suspended Sol ids, Total Dissolved Sollds

There Is no criterion for total sol ids in South Dakota surface waters. The
total sol Ids concentrations ranged from 288 to 1,204 mg/l and the mean

concentrations ranged from 688 to 936 mg/l (Tabies IV-2 to IV~8).

For the beneflicial use of warmwater marginal fish |ife propagation, total
suspended sol Ids concentratfons should not be greater than 150 mg/l. This
criterion was exceeded In only about 3% of the sampies {two exceedences at

Site 3, the Lake Campbel|l outflow (Table IV-13)). Therefore, total suspended
sol ids does not seem to be a major problem in Lake Campbell or Battle Creek.
The mean concentrations of total suspended sol ids for Sites 1-6 were 38, 42, 33,

41, 53, and 74 mg/l, respectively (Tables 1V-3 to 1V-8).

Lake Campbel| Is used for wildlife propagation and stock watering and therefore,
total dissolved sol Ids concentrations should not be greater than 2,500 mg/l.
This crITeEion was never exceeded during the study. The mean concenirations
ranged from 635 to 883 mg/l (Tables IV=3 to IV=7) and were far below Thé given

criferion,
Nitrate

Since Lake Campbell is used for wildlIfe propagation and stock watering, -
nlfrate-nitrogen concentrations shoutd not be greater than 50 mg/l. In
addition, Wetzel (1975) reported that nitrates in natural waters generally range

from 0 to 10 mg/l.




The nitrate~nitrogen concentrations ranged from <0.10 to 2.10 mg/] and were wel |
below the 50 mg/! |imit (Table IV=2)., At [east 50% of the samples had

nifrate-niirogen concentrations below the 0.10 mg/| analytical detection | imit.

The mean nifrate-nitrogen concentrations general iy decreased from Battie Creek
to Lake Campbel| (compare Sites 1 and 2 to Sites 4 and 5, Tables IV=3 to IV=7).
This phenomenon was accompanied by a general Increase in mean total ammonia

concentrations In Lake Campbell.

Nitrite

Although no South Dakota criterion exists, Wetzel (1975) reported that nitrite

levels In natural unpolluted waters range from 0 to .01 mg/l.

A few samples contalned nitrite in concentrations greater than .01 mg/i (e.g.,
.06 mg/l at Sites 1 and 2, .10 mg/l at Site 3, and .03 mg/! at Sites 4 and 55
but most samples had concentrations below the .01 mg/i analytical detection

| Imit (Tables 1V=3 to IV~8). Approximately 85% of the samples had nitrite
concentrations below .01 mg/l, Therefore, nitrite pollution Is most |Ilkely not

a major problem in Lake Campbell.

1

Anmonia

For surface waters used for warmwater marginal fish [ife propagation, un-ionized
ammonla concentrations should not be greater than 0.05 mg/t. This criterion was
never exceeded during the study. Therefore, un-lonized ammonia is probably not

a major problem In Lake Campbell,

Total ammonia concentrations ranged from 0.02 to 3.86 mg/l and mean
concentrations ranged from 0.04 Yo 1.08 mg/| (Tables 1V=2 to IV=8). In

addition, ammonia concentrations were general ly greater In Lake Campbel| than in



Battle Creek. This may be due to decomposition of organic matter by

heterotrophic bacteria,

Jnorganic and QOrganic Nifrogen

Inorganlic nitrogen concentrations were determined by adding together nitrite,
nitrate, and ammonia nitrogen. In these calculations, any nitrite or
anra+e¥nI+rogen concentration reported as being below a detection | imit was
assumed to be equal In concentration to that detection ! Imit. The State of
South Dakota has not established a criterion for Inorganic nitrogen, but Wetzel
(1975) presented a general relationship between frophic state and Inorganic

nifrogen concentrations and this Is used as.a general guidel ine In this report.

Inorganic nitrogen concentrations varied greatly and ranged from 0.13 to
3.98 mg/l (Table IV-19). The mean concentrations of Sites 1-5 were ,796, .827,
1.54, 1.12, and 1.14 mg/|, respectively. These data, according to Wetzel's

guidel Ines, are Indicative of a eufrophic to hypereutrophic system.

Organic nitrogen concentrations were calculated by subiracting ammonia from
total Kjeldahl nitrogen. Wetzel (1975) presented a guldel Ine with organic
nitrogen and this 1s used below. The organic nitrogen concentrations ranged
from 0.56 to 6.70 mg/l (Table 1V=19). The mean concentrations of organic
nitrogen for Sites 1-5 were 1.04, 1,18, 1.49, 1.32, and 1.28 mg/l. These data

indicate a eufrophic to hypereutrophic system.

Phosphorus

Two forms of phosphorus were measured, total orthophosphate and total
phosphorus. Although the State of South Dakota has not assigned criterla to

these parameters, Reckhow, et al. (1980) presented a general relationship
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between total phosphorus concentration and trophic state and this guideifné is

used below.

Total orthophosphate concentrations ranged from .005 to .669 mg/l and mean

concentrations ranged from .112 to .281 mg/l (Tables V=2 to IV-8).

Total phosphorus concentrations ranged from ,041 to 2.21 mg/| and the mean
concentrations ranged from ,305 to .506 mg/t (Tabies IV=2 to IV=8). According
to the criteria of Reckhow, et al., (1980), these data are Indicative of

hy pereutrophy,

Jrophic State

Cartson's (1977) total phosphorus based trophic state was used to estimate the
trophic status of Lake Campbell, In this Index, values greater than 50 Indicate

eutrophy (Carlson, 1979).

The total phosphorus data of In—-lake Sites 4 and 5 ylelded trophlic state Index
values ranging from 78.0 to 97.6 and means of 86.1 and 86.7, respectively

(Table 1V=20), These values Indicate eutrophy.

Nutrient Limitation

Total nlitrogen:total phosphorus welght ratios were used to determine the
[ Imiting nufrient In Lake Campbell. In these calculations any nitrite, nitrate
or ammonia nitrogen concentration which was reported as belng below a detection

I Imit was assumed to be equal to that detection | imit.

The nutrlient ratios of In-lake water samples ranged from 3.36 1o 12.1 and the
mean values for Sites 4 and 5 were 7.76 and 7.48, respectively (Table IV-21),

These ratios suggest that Lake Campbel!l is nitrogen | imited.



Nutrient [oading

Al though no South Dakota-Imposed criteria for nutrient loading exists, a general
éuideline for permissibie and dangerous nutrient loadings was preéenfed by

Vol lenweider (1968) and his criteria are used below. According to his criteria,
for a lake with a mean depth of 5 meters, the dangercus nitrogen and phosphorus

areal loading levels are 2,0 g/mz/yr and 0,13 g/mZ/yr, respectively.

Total nitrogen and total phosphorus [oads for Lake Campbel| were based on
avallable data (March 2-November 13, 1983) and the loads were 17.09 and
3.33 g/mz, respectively, These loadings exceed the dangerous loading levels

proposed by Vol lenwelder.

10




1.

6.

8.

SUMMARY

Dissolved oxygen concentrations ranged from 3.5 fo 16.4 mg/l and only one

sample was below the 4.0 mg/! criterion. Lake Campbel| was generally wel |

oxygenated.
Values of pH ranged from 7.9 to 8.6 units.

Fecal col iform counts ranged from 10 to 3,500/100 m] and about t10% of the
samples exceeded the 400/100 ml criterlon. All but one of the exceedences

occurred at stream sites.

Total sol Ids concentrations ranged from 288 to 1,204 mg/l and the mean

concentrations ranged from 688 to 936 mg/l.

Mean total suspended sol 1ds concentrations ranged from 38 fo 53 mg/l and
about 3% of the samples exceeded the 150 mg/l criterion. Lake Campbet |

water did not exceed the criterion,

The mean concentrations of total dissolved sollds ranged from 635 to

883 mg/! and the 2,500 mg/i criterion was never exceeded during the study.

Nitrate~nitrogen concentrations ranged from <0.10 to 2.10 mg/| and were
well below the 50 mg/| criterion. At least 50% of the samples had
concentrations below the 0.10 mg/| detection |imit., Nitrate levels are not

considered excesslive.

Nitrite-nitrogen concentratlons ranged from <0.01 to 0.10 mg/| and about
85% of the samples were below the 0.01 mg/l detection |Imit. Nitrites are

general ly not a problem in Lake Campbell or Battle Creek.,

11



10.

11,

12.

13.

14,

15.

16.

Un-ionized ammonia concentrations never exceeded the 0.05 mg/l criterion.

inorganic nitrogen levels ranged from 0.13 to 3.98 mg/l. The mean
concentrations were about 0.80 mg/l or greater and Indicated that Lake

Campbeli 1s eutrophic to hypereutrophic.

Organic nitrogen concentrations ranged from 0,56 to 6.70 mg/l. The mean
concentrations were greater than 1.00 mg/| and indicated a eutrophic 1o

hypereutrophic system.

The mean concentrations of orthophosphate ranged from .112 to 2.81 mg/l.

These concentrations are conslidered excessive.

The mean concentrations of total phosphorus ranged from .305 to .506 mg/l.

These data are indicative of hypereutrohy.

The trophic state Index values ranged from 78.0 to 97.6. These data

suggest a eutrophic system.

Total nitrogen:total phosphorus ratios ranged from 3.36 to 12.1 and these

data Indicate a nitrogen |imited system.

i

The total phosphorus and total nitrogen loadings to Lake Campbell from
Battle Creek were 3,33 and 17,09 g/mz, respectively. These |oadings exceed

the dangerous foadlng levels presented by Vol fenweider (1968).

12
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RECOMMENDAT IONS

The major problem of Lake Campbell s an excess of nifrogen and phosphorus.
speciflc sources of these nutrients should be located and mitigative measures

should be oriented towards el Iminating or reducing +hese nutrient sources,

13
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APPENDIX

Water Qual Ity Data for Lake Campbel |



DATE ‘ SITE 4 SITE S
6=24-83 91,3 Q2.2
6~-29~83 90.7 90.1
7-8-83 90.8 94,3
7~15-83 89,0 88.6
8-4-83 85.1 82.1
8-23-83 90,4 97.6
B8-31=83 81.7 78.2
9-15=83 80.5 83.0
10=-11=-83 82.7 82.5
11-13=-83 78.6 78.0
X 86.1 86.7
s.d. 4,91 6.85

n 10 10

R 78.6-91.3 78.0~97 .6

Table 1V=20. Total phosphorus based trophic state index values for Lake
Campbel 1. :

15
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DATE 211K 4 SUTE S
6-24-83 - 91.3 92.2
6-29-83 S0.7 90.1
7~8-83 90.8 94,3
7-15-83 89.0 88.6
8-4-83 85.1 ' 82.1
8-23-83 9.4 97.6
8-31-83 81.7 78.2
9-15-83 80.5 8.0
10-11-83 82.7 82.5
11-13-85 78.6 78.0

X ' 86.1 86.7
s.d. 4,91 6.85

n 10 10

R 78.,6-91,3 78.0-97.6

Table 1V-20, Total phosphorus based trophic state Index values for Lake
Campbel! |,
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DATE : SITE 4 STE S

6~24-83 12.1 11.4
6~29-83 10.5 11.3
7-8-83 9.01 5.59
7=-15=-83 9.24 7.17
8~-4=-83 4.17 6.32
8-23=83 3.36 3.93
8~-31-83 5.26 8.21
9-15=-83 8,32 5.77
10-11-83 5.13 4.80
11-13=83 10.5 10.3
X 7.76 7.48
Se de 3.04 2.71
n 10 10

R 3.36-12.1 3,93-11.4

Table 1V=21. Total nitrogen:total phosphorus weight ratios for Sites 4
' 5 of Lake Campbeil.
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