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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 fresh water lakes and
reservoirs.,

OBJECTIVES

The Survey was designed to develop, in conjunction with state
environmental agencies, information on nutrient sources, concentrations,
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 non-point
source pollution abatement in lake watersheds.

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 water-
shed 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 planning [§303(e)], water
quality criteria/standards review [§303(c)], clean lakes [§314(a,b)],
and water quality monitoring [§106 and §305(b)] activities mandated
by the Federal Water Pollution Control Act Amendments of 1972,



Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condi-
tion are being made to advance the rationale and data base for
refinement of nutrient water quality criteria for the Nation's
fresh water 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 EPA
and to augment plans implementation by the states.
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LAKE NAME

Albert Lea
Andrusia
Badger
Bartlett
Bear
Bemidji
Big

Big Stone

Birch
Blackduck
Blackhoof
Budd
Buffalo
Calhoun
Carlos
Carrigan
Cass
Clearwater
Cokato
Cranberry
Darling
E1bow
Embarass
Fall
Forest
Green
Gull
Heron
Leech

Le Homme Dieu
Lily
Little
Lost

iv

NATIONAL EUTROPHICATION SURVEY

STUDY LAKES
STATE OF MINNESQTA

COUNTY

Freeborn
Beltrami
Polk
Koochiching
Freeborn
Beltrami
Stearns
Big Stone, MN; Roberts,
Grant, SD
Cass
Beltrami
Crow Wing
Martin
Wright
Hennepin
Douglas
Wright
Beltrami, Cass
Wright, Stearns
Wright
Crow Wing
Douglas
St. Louis
St. Louis
Lake
Washington
Kandiyohi
Cass
Jackson
Cass
Douglas
Blue Earth
Grant
St. Louis



LAKE NAME

Madison
Malmedal
Mashkenode
McQuade
Minnetonka
Minnewaska
Mud

Nest
Pelican
Pepin

Rabbit
Sakatah
Shagawa
Silver
Six Mile
Spring
St. Croix

St. Louis Bay
Superior Bay

Swan

Trace
Trout
Wagonga
Wallmark
White Bear
Winona
Wolf
Woodcock
Zumbro

COUNTY

Blue Earth

Pope

St. Louis

St. Louis

Hennepin

Pope

Itasca

Kandiyohi

St. Louis

Goodhue, Wabasha, MN;
Pierce, Pepin, WI

Crow Wing

Le Sueur

St. Louis

McLeod

St. Louis

Washington, Dakota

Washington, MN; St. Croix,
Pierce, WI

St. Louis, MN; Douglas, WI

St. Louis, MN; Douglas, WI
Itasca

Todd

Itasca

Kandiyohi

Chisago

Washington

Douglas

Beltrami, Hubbard
Kandiyohi

Olmstead, Wabasha
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I.

LAKE BEMIDJI
STORET NO. 27C1

CONCLUSIONS

A.

Trophic Condition:

Survey data show that Lake Bemidji is eutrophic. Of the
60 Minnesota lakes sampled in the fall when essentially all
were well-mixed, 28 had less mean total phosphorus, 36 had
less mean dissolved phosphorus, but only 5 had less mean
inorganic nitrogen. Of the 80 lakes studied, 24% had less
mean chlorophyll a, and 19% had greater Secchi disc transparency.
Marked depression of dissolved oxygen with depth was noted at
station 1 in July and September and at station 2 in July, 1972.

Reportedly, a portion of Lake Bemidji was chemically treated
for algae control in 1971 (Bonnema and Johnson, 1972).
Rate-Limiting Nutrient:

The results of the algal assay show that the lake was nitro-
gen Timited at the time the assay sample was collected. Lake
data indicate nitrogen limitation at the other sampling times
as well.

Nutrient Controllability:

There are no known point sources impacting Lake Bemidji

within the Timits of the Survey. The N/P ratio of 28/1 in

the mean annual nutrient loads of the inlet (see page 12)



suggests that point sources in the drainage are not large nutrient
contributors (of course, Lake Irving provides some phosphorus
entrappment, but it is unlikely that it is enough to account for
the N/P ratio observed).

During the sampling year, Lake Bemidji received a total
phosphorus load at a rate less than that proposed by Vollenweider
(in press) as "dangerous" (i.e., a eutrophic rate) but more than

a "permissible" or oligotrophic rate (see page 12).



II. LAKE AND DRAINAGE BASIN CHARACTERISTICS
A. Lake Morphometryf:
1. Surface area: 6,420 acres.
2. Mean depth: 32 feet.
3. Maximum depth: 76 feet.
4. Volume: 205,440 acre/feet.

5. Mean hydraulic retention time: 268 days.

B. Tributary and Outlet:
(See Appendix A for flow data)

1. Tributaries -

Name Drainage area* Mean flow*
Lake Irving outlet ?

(Mississippi River) 584.0 mi 366.3 cfs
Minor tributaries & ?

immediate drainage - 35.5 mi 19.5 c¢fs

Totals 619.5 mi’®  385.8 cfs
2. Qutlet -

Mississippi River 630.0 miZ** 385.8 cfs*+

C. Precipitation***:
1. Year of sampling: 22.2 inches.

2. Mean annual: 21.1 inches.

+ DNR lake survey map (1967); mean depth by random-dot method.

* Drainage areas are accurate within 5%; mean daily flows are accurate
within £10%; and ungaged flows ars accurate within £10 to 25% for
drainage areas greater than 10 mic.

** Includes area of lake; outlet flow adjusted to equal sum of inflows.

*** See Working Paper No. 1, "Survey Methods".

T ANY / LPA
Lav nonmcmtel
i - \
PRI 35th Stree
Corvalihs, Oregon 97330

Rescarch Center



III. LAKE WATER QUALITY SUMMARY

Lake Bemidji, one of a chain of upper Mississippi River lakes (see
map, page vi), was sampled three times during the open-water season of
1972 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 vii).
During each visit, a single depth-integrated (15 feet to surface) sample
was composited from the two stations for phytoplankton identification and
enumeration; and during the last visit, a single five-gallon depth-integrated
sample was composited for algal assays. Also each time, a depth-integrated
sample was collected from each of the stations for chlorophyll a analysis.
The maximum depths sampled were 48 feet at station 1 and 46 feet at station
2.

The results obtained are presented in full in Appendix B, and the data
for the fall sampling period, when the lake was essentially well-mixed,
are summarized below. Note, however, the Secchi disc summary is based on
all values.

For differences in the various parameters at the other sampling times,

refer to Appendix B.



Physical and chemical characteristics:

FALL VALUES

(10/21/72)
Parameter Minimum Mean Median Maximum
Temperature (Cent.) 6.1 6.8 6.8 7.4
Dissolved oxygen (mg/1) 10.0 10.7 10.8 11.1
Conductivity (umhos) 290 295 295 300
pH (units) 8.4 8.4 8.4 8.4
Alkalinity (mg/1) 154 157 156 161
Total P (mg/1) 0.037 0.052 0.050 0.067
Dissolved P (mg/1) 0.028 0.040 0.038 0.055
NO, + NO., (mg/1) 0.020 0.028 0.030 0.040
Anflonia tmg/1) 0.030 0.046 0.050 0.060
ALL VALUES

Secchi disc (inches) 69 85 86 100



B.

Biological characteristics:

1.

Phytoplankton -

Sampling

Date

07/11/72

09/08/72

10/21/72

Dominant
Genera

N wn -~ NP wnMn —

P wh -

Microcystis
Anabaena
Dinobryon
Melosira
Fragilaria
Other genera

Total

Microcystis
Lyngbya
Anabaena
Dinobryon
Flagellates
Other genera

Total

Melosira
Anabaena
Fragilaria
Stephanodiscus
Chroococcus
Other genera

Total

Number
per ml

2,803

723
163

90
543

5,262

2,355
2,283
1,377
399
217

1,231

7,862

1,747
723
602
422
346

1,521

5,361



2. Chlorophyll a -
(Because of instrumentation problems during the 1972 sampling,
the following values may be in error by plus or minus 20 percent.)

Sampling Station Chlorophyll a
Date Number (pg/1)
07/11/72 01 9.2

02 8.3
09/08/72 01 6.6

02 6.9
10/21/72 01 8.9

02 17.0

C. Limiting Nutrient Study:

1. Autoclaved, filtered, and nutrient spiked -

Ortho P Inorganic N Maximum yield
Spike (mg/1) Conc. (mg/1) Conc. (mg/1) (mg/1-dry wt.)
Control 0.020 0.047 1.3
0.006 P 0.026 0.047 1.3
0.012 P 0.032 0.047 1.2
0.024 P 0.044 0.047 1.0
0.060 P 0.080 0.047 1.4
0.060 P + 10.0 N 0.080 10.047 37.1
10.0 N 0.020 10.047 7.8

2. Discussion -

The control yield of the assay alga, Selenastrum capri-

cornutum, indicates that the potential primary productivity
of Lake Bemidji was moderate at the time the sample was
collected. Also, the lack of significant change in yield
with increasing increments of orthophosphorus, until nitro-
gen was also added, shows that the lake was nitrogen limited.

Note the increase in yield when only nitrogen was added.



The lake data indicate nitrogen limitation at the other

sampling times as well (N/P ratios were 9/1 or less).



IV. NUTRIENT LOADINGS
(See Appendix C for all data)

For the determination of nutrient loadings, the Minnesota National
Guard collected monthly near-surface grab samples from each of the tribu-
tary sites indicated on the map (page vii), except for the high runoff
months of April and May when extra samples were collected. Sampling was
begun in October, 1972, and was completed in September, 1973.

Through an interagency agreement, stream flow estimates for the year
of sampling and a "normalized" or average year were provided by the
Minnesota District Office of the U.S. Geological Survey for the tributary
Sites nearest the lake.

In this report, nutrient loads for sampled tributaries were determined
by using a modification of a U.S. Geological Survey computer program for
calculating stream loadings*. Nutrient loadings for unsampled "minor
tributaries and immediate drainage" ("ZZ" of U.S.G.S.) were estimated by
using the means of the nutrient loads, in 1bs/mi2/year, in streams tribu-
tary to nearby Leech Lake at stations 2746C-1, D-1, F-1, G-1, H-1, and
J-1 and multiplying the means by the ZZ area in miz.

A. Waste Sources:

1. Known municipal - None

2. Known industrial - None

* See Working Paper No. 1.



10

B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
1bs P/ % of
Source yr _ total
a. Tributaries (non-point load) -
Lake Irving outlet
(Mississippi River) 23,120 91.4
b. Minor tributaries & immediate
drainage (non-point load) - 990 3.9
c. Known municipal - None - -
d. Septic tanks* - 190 0.8
e. Known industrial - None - -
f. Direct precipitation** - _1,000 _ 3.9
Total 25,300 100.0

2. Outputs -
Lake outlet - Mississippi River 16,290

3. Net annual P accumulation - 9,010 pounds

* Estimated 777 persons residing on lake shore (Holt, et al., 1971);
see Working Paper No. 1.
** See Working Paper No. 1.
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C. Annual Total Nitrogen Loading - Average Year:

1. Inputs -
1bs N/ % of
Source yr total
a. Tributaries (non-point load) -
Lake Irving outlet
(Mississippi River) 653,760 85.2

b. Minor tributaries & immediate
drainage (non-point load) -- 44,410 5.8

c. Known municipal - None - -
d. Septic tanks* - 7,300 1.0
e. Known industrial - None - -
f. Direct precipitation** - _61,850 8.0
Total 767,320 100.0
2. Outputs -
Lake outlet - Mississippi River 575,490

3. Net annual N accumulation - 191,830 pounds

* Estimated 777 persons residing on lake shore (Holt, et al., 1971);
see Working Paper No. 1.
** See Working Paper No. 1.
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Mean Annual Non-point Nutrient Export by Subdrainage Area:

Tributary 1bs P/mi%/yr  1bs N/mi’/yr  N/P Ratio

Lake Irving outlet
(Mississippi River) 40 1,120 28/1

Yearly Loading Rates:

In the following table, the existing phosphorus loading
rates are compared to those proposed by Vollenweider (in press).
Essentially, his "dangerous" rate is the rate at which the
receiving waters would become eutrophic or remain eutrophic;
his "permissible" rate is that which would result in the
receiving water remaining oligotrophic or becoming oligo-
trophic if morphometry permitted. A mesotrophic rate would

be considered one between "dangerous" and "permissible”.

Total Phosphorus Total Nitrogen
Units Total Accumulated Total Accumulated
lbs/acrg/yr 3.9 1.4 119.5 29.9
grams/m-/yr 0.44 0.16 13.4 3.3

Vollenweider loading rates for phosphorus
(g/mé/yr) based on mean depth and mean
hydraulic retention time of Lake Bemidji:

“Dangerous" (eutrophic rate) 0.70
"Permissible" (oligotrophic rate) 0.35
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VII. APPENDICES

APPENDIX A

TRIBUTARY FLOW DATA



LAXE CODE

TO0TA

TRIAUTARY
27Ci1a1

27C1a2
27C127

MEAN
TRIHUTARY

27C141

P7C1a2

21C127

TRIBUTARY FLOW INFORMATION

27C1 HEMIDJI LAKE
L DRAINAGE AREA OF LAKE A30.00
SUR=DR A INAGE
ARF A JaN FER MAR APR
S84,00 ?R0.00 163.00 298.00 757,00
630.00 274.01 162.068 297.89 815.25
45,50 8.37 S.04 12.40 49,80

TOTAL DRAINAGE AREA OF LA
SuUM OF SUR-DRAINAGE AREAS

MONTHLY FLOWS AND DAILY FLOWS

MONTH YEAR MEAN FLOW DAY
10 7? 160,00 14
11 72 131.00 S
12 72 409.00 10

i 7 30a.00 20
2 73 174,00 18
3 73 Bl4,00 17 2
4 73 236.00 1
S 73 230.00 19
A 73 191.00
7 73 145.00 8
L) 73 206,00 11
9 73 300.00 16
10 7°? 177.00 14
11 72 140.00 S
12 712 418.00 10
1 73 303.00 20
? 71 174,00 1R
k] 72 £19.00 17 2
o 73 205.00 1
S 73 203.00 19
6 73 190.00
7 73 180.00 8
8 73 200.00 11
9 7 S00.00 16
10 12 Beh? 14
11 72 helD S
12 12 13.30 10
1 73 9.71 20
? 73 S.39 18
3 73 33.90 17
4 73 18,90 1
S 73 18.40 19
Y 73 15.30
7 73 11.40 8
L} 73 16.20 11
9 73 175.00 16

KE

FLOW

211,00
131.00
397.00
268,00
174,00
440.00
250.00
209,00

129.00
206.00
350.00
227.00
140.00
405,00
264,00
174.00
460,00
217.00
185,00

160.00
200.00
580,00
11.00
6.10
13.00
B.00
S.40
102.00
20.00
17,00

10.10
16,00
203,00

MAY JUN JUL AUG SEP
767.00 S24.00 336.00 263.00 422.00
A16.25 S60.01 2356.43 280.00 &46.83

49.40 40.50 19.20 8.95 15.60
SUMMARY

630,00 TOTAL FLOW IN

629.50 TOTAL FLOW OUT

DAY FLOW DAY FLOW

14 217.00
14 189.00
14 17.00

FOR MINNESOTA

NORMALIZED FLOWS

10730774

ocT NOV DEC
174.00 138.00 272.00
185.70 147.964 276.00

9e647 6,46 8.82

4622.09

4622.39

MEAN

366430
38S.86
19.5)



APPENDIX B

PHYSICAL and CHEMICAL DATA



STORET RETRIEVAL DATE 74/10/30
27Clo1
47 28 40.0 094 51 42.0
LAKE BEMIDJI

27 MINNESOTA
11EPALES 2111202
3 0045 FEET DEPTH
00010 00300 00077 00094 00400 00410 00630 00610 00665 00666
DATE  TIME DEPTH WATER DO TRANSP  CNDUCTVY PH T ALK NO2&NO3 NH3-N PHOS-TOT PHOS-DIS
FROM OF TEMP SECCHI FIELD CACO3 N-TOTAL TOTAL
TO DAY FEET CENT MG/L INCHES  MICROMMO SuU MG/L MG/L MG/L MG/L P MG/L P
72707711 10 00 0000 87 360 8.30 171 0.040 0.060 0.024 0.008
10 00 0004 20.9 9.4 350 8.30 174 0.040 0.060 0.019 0,008
10 00 0015 20.0 8.2 350 8,20 175 0.040 0.050 0.020 0.008
] 10 00 0040 11.1 0.2 380 7.40 183 0.060 0.370 0.093 0.067
72709708 11 25 0000 84 310 8.10 156 0.040 0.060 0.032 0.006
11 25 0004 17.5 7.6 30S 8.05 156 0.020 0.040 0.022 0.012
11 25 0015 17.3 6.1 305 8.00 157 0.030 0.070 0.029 0.017
11 25 0022 17.2 7.3 290 8.00 158 0.05S0 0.130 0.028 0.016
11 25 0030 17.2 6.9 1o 7.95 157 0.040 0.130 o.:gs 0.017
11 25 0039 16.4 S.0 310 7.80 158 0.830 0.240 0.051 9.03}
11 25 0048 12.7 0.3 355 7.25 182 0.090 0.030 0404 jl:f;
72710721 1S5 20 0000 72 300 8.40 155 04040 0.060 0.060 L )
1S 20 0004 6.8 11.1 295 8.40 157 0.020 0.040 0.030 .Q=:=
15 20 0015 6.5 10.8 290 8.40 157 0,020 0.040 0.053 [ N
15 20 0022 6.5 10.8 290 8.40 161 0.030 0.0590 0.037 0.031
15 20 0030 6.5 10.8 300 8.40 160 0.030 0.050 0.006 .0
15 20 004l 6.4 10.6 300 8.40 160 0.030 0.060 0.080 .90
32217
DATE TIME DEPTH CHLRPHYL
FROM oF A
70 DAY FEET UuG/L
72707/11 10 00 0000 9.2J
72709708 11 25 0000 6.6J
72710721 15 20 0000 8.9J

Jt VALUE KNOWN TO BE IN ERROR



ST =T 2817wl 14 v T LA A B
270107
47 32 00,0 094 51 30.0
LAKE SeMInJI

27 MINNFSOTA
11 EFALES 2111202
G 0039 FEET DEPTH
. c v Goeand 00410 00630 00610 00665 00666
NATE T4 21~ SEESTRION AYA { YH T ALK NO2ANO3 NH3~-N PHOS-TOT PRHOS~-DIS
Fior)ee ne tirL ) cacCQ N~-TOTAL TOTAL
) HINY FeoT AL CW)HD Su MG/L MO/L MG/L MG/L P MG/L P
T2/207/701 10 ) ynn 159 Aglal, 174 0.040 0.050 0.013 0.007
17 ) 71n. 354, Heby 171 0eal 0.050 0,014 0.008
In W ny] s 3u= Rgdei) 172 0e03U 0.050 0.015 0,006
In 2 335 70 T.40 176 0,070 0a.140 0.030 0.021
72/50/0% 11 "A A0fD 3 .20 149 0.020 0.080 0.025 0.011
11 0 noes anjg Hel? 149 0.070 0.070 0.025 0.011
| SR T A K 390 2415 150 0.030 0.080 0.021 0.010
Iy o 27 060 H.15 149 0.0%0 0.080 0.021 0.010
| R IR IR 3nn A.15 14R 0.020 0.070 0.020 0.009
72711721 14 i a0 W 2L,y 155 U.020 0.030 0.067 0.055
1 a0 T RIS el 154 0.020 0.030 0.041 0.028
16 7™ )y 293¢ Betan 154 0.030 0040 0.063 0.054
e aff r Ve 29 Rela) 156 0030 0040 0.066 0.051
la o o722 290 $ell 155 0.030 0050 0.054 0.042
1a &) 77 7% 23% ne& 156 0.0640 0.060 0.048 0.035
HE S G P ang deled 155 0.030 0.050 0.040 0.028
AT T e 0. 2T 4 ¢
cJon 0o
ThH A
RA-XAaY V0 1 RO LR
|- ATRS WA R I B )
72713770 e 70

J# varLu-



APPENDIX C
TRIBUTARY DATA



STOIRET RETRIEVAL

NATE
FROM
T0

72710716
72/11/705
72712710
73701720
7370?7718
73703/17
737064701
73/06/106
73705716
73706703
73/07/0R
73708711
73709716

OF
DAYy

10
10
09
12
08
13
09
09
09
0R
08
09

06,32 00625
TIME NDEPTH WO2ANO3  TOT KJFL
N=-TOTAL i
FFET MG/L MG/L.
0.07¢0 0.A10
0.025 0.4R)
5.015 0540
C.063 0.480
J.115 0o540
0.170 0.580
£.056 0.580
V.011 2.A00
Ve 013K 0.540
0.010K 0+5R0
0.010K 1.050
.010K 1.260
0.097 ].4’70
K VALUE KNOWN TO BE LESS

30
0%
30
nn
50
20
00
40
15
35
15
0

NATE T74/107 30

THAN INDICATED

rGELD
NH3=-N
TOTAL

MG/L

0.044
V.026
0.019
0.130
0.15¢4
0.115
0.028
N.030
0.U005K
0.019
0.011
0.025
N.056

00671
PHOS-DIS
ORTHO
MG/L P

0.005K
0.01A
0.005K
0.009
0.011
0.009
0.008
0.006
0.010
0.006
0.011
0.015
0.018

?7C1lA}

LS27C1A]

47 28 00.0 094 52 30.0

MISSISSIPPI RIVEK

7.5 BEMIDJI wEST
1/LaKE SBEMIDJI

¢S5 MI UPSTREAM LAKE IRVING

27

BRNG
11EPALES

4

00665
PHOS-TOT

MG/L P

0.030
0.024
0.012
0.015
0.025
0.030
0.040
0.032
0.035
0.030
0.055
0,070
0.045

2111204
0000 FEET

DEPTH



STHET FETRIFVAL NeTE

NATE
FROM
T0

12712710
73701720
73/02/11
73/03/17
73704/01
73704714
73705719
73/06/073
737/07/0R
73708711
73709716

Ta/Zil/7 40

(1Lt A3D

TIME DFRPTH NO2ANO3

oF
Day

10
(§Re]
12
08
13
09
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0.0620
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1.1°0
0540
0570
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?.10)
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0.~A0

00610
NH3=-N
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MG/L

0.032
N.,032
0.030
0.058
0.009
0.005K
0.0065K
Ue026
0.012
0.031
2.025

VALUE KNOWN TO BE LESS
THAN INDICATED
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PHOS=DIS
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0.005K
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U.005K
0.009

0.005K
0.017
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