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ABSTRACT

Dismmonium phosphate was added to the west branch of the Sturgeon
River at a point approximately four stream miles above where it crosses
U. S. Highway 27 near Wolverine. At times the presence of excessive
phosphorus was detected as far downstream as Highway 27.

In the period in which phosphate was added, increased periphyton
growth at a point about one and a half miles downstream was shown. The
ratio of phosphorus to organic nitrogen in the periphyton population at
all times, both upstream and downstream, was found to be one to tem by
weight.

No change in volume of benthos one and a half miles downstresam
from the point of phosphate addition could be correlated with this
addition.

A study of the composition of the pigment complex in ninety-five
percent ethanol extracts of periphyton from the west branch of the
Sturgeon River and a ninety percent acetone extract of fresh periphyton

from the Red Cedar River was carried out.
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INTRODUCTION

Civilization with its expanding populations and rapidly developing
industrialization has created an ever increasing problem of pollution.
One important phase of this problem is the municipal pollution of
stveams. In order to handle this problem in such a way as to serve
the best interests of man we must gain a much more thorough under-
standing of the normal biology of relatively unpolluted streams. We
must also study the effects of the addition of known smounts of
extraneous materials.

The present study is the fourth in a series of experiments on
the effects, both biological and chemical, of the addition of inorganic
nitrogen and phosphorus to the west branch of the Sturgeon River. In
all three of the previous studies (1954-56), these elements were
spplied to Boffman Lake, the source of the stresm concerned (Grzenda,
1956; Colby, 1957; Carr, M.S.). During the present study dismmonium
phosphate was added directly to the stream in a continuous flow for
a short period in August, 1957. The effects of this addition were
studied in cooperation with Keup (M.S.).

Although there have been many publications on the subject of the
fertilization of ponds and lakes, very few studies of this type have
been made on streams. Huntsman (1948) observed an increase in pro-

duction as a result of inorganic fertilization of a stream in Nova

Scotia.



GENERAL DESCRIPTION OF STUDY AREA

The west branch of the Sturgeon River is a cold, clear trout
stream which originates in Hoffman Lake, Charlevoix County, Michigan;
and joins the main branch of the Sturgeon River at Wolverine in
Cheboygan County. Hoffman Lake i{s a marl lake of about 120 acres
and the outflow from it is about ome cubic foot per second. The
stream flows through the nerthwest corner of Otsego County and on
into Cheboygan County.

Due to the large number of moraines in the area, the watershed
is restricted to a small area and the surface runoff 4is only rarely
a major contribution to the volume of flow. The stream picks up the
bulk of its water from springs and the outflow of several small
lakes and beaver ponds. A large part of the watershed is within
the Pigeon River State Porest, however there are a number of summer
cottages on both Hoffman Lake and the stream. There are also some
scattered farms on the watershed. PFigure 1 shows the study area

and adjacent roads in detail.



Figure 1

Map of Study Area
Showing Sampling
Stations
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DESCRIPTION OF SAMPLING STATIONS

All ssmpling stations are marked on the map (fig. 1). The
principal control station was located on the Charlevoix-Otsego
County line and was designated as 3A. The stream is small (approx.
ten cu. ft, per uc.)* at this point and is often brokem up into many
channels through a heavy arbor vitae swamp. The flow is relatively
slow as compared to downstresm and the water temperature fluctuates
more widely. About half a mile upstream there is a beaver dam, which
also has an effect on the stream.

The next station used extensively was located i{n Cheboygan
County about two miles north of the Otsego-Cheboygan County lime.
This station was designated as 6 sand is not far downstream from a
point where the stream leaves an arbor vitae swamp which extends
almost continuously from the source of the stream to this point.

At this station the base flow is about 30 cubic feet per second”
and the bottom of the stream is gravel in most places.

Station 7 is about one and a half stresm miles downstream from
station 6 and about three miles north of the Otsego-Cheboygan County
line. The base flow at this station is about 45 cubic feet per
-second® and the bottom i{s marked by the presence of numerous large
Chara beds. Within this stretch a brook, which originates in

Several inactive beaver ponds, joins the stream.

*n‘“ Courtesy of Mr. Arlington D. Ash, U.S5.G.S., Lansing, Michigan,
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Station 8 is located about one stream mile downstream from
station 7 and is at the point where Fulmer Creek joins the stream.
Fulmer Creek is a small brook which drains Fulmer Lake to the north
of station 8. There is also s small spring-fed brook which joins
the stream from the south and sometimes brings in nutrients from
a cow pasture.

Station 27 is the place at which the stream crosses U, S.

Highway 27. This station was only used on a temporary basis.



METHODS
Pertilization

Pour hundred and ten pounds of diammonium phosphate, (nn,‘) oHPO,,
vhich was rated 21-53-0 (NH3-P,05-K) was divided into 35 eleven and
a half pound portions and each portion was put in a plastic bag.
These bags were then transported as needed to the fertilization
site and each was mixed with ten gallons of stream water in a
galvanized tub and poured into the fertilization apparatus (fig. 2).

The fertilization aspparatus was installed about one hundred
yards upstream from the bottom sampling area at station 6. The
barrels were placed on the bani; and the sediment trap was located
on a log in such a manner as to direct the jet of dismmonium
phosphate into the main core of the current. Pertilization pro-
ceeded from 2:45 p.m. August 8, 1957 until sometime in the early
morning of August 17 for a total of about eight and a half days or
about 204 hours.

The calculation of flow at the point of fertiliszation based
on the figure of 30 cubic feet per second was 6.7 x 10% pounds of
Water per hour. The total amount of fertilizer added contained
@bout 95 pounds of phosphorus and 71 pounds of nitrogen. The rate
of addition was as even as conditions permitted but fluctuated
Somewhat due to variations in height of the head of solutiom in

the barrels, wvhich amounted to about 18 inches. During the ninth
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and tenth of August there were also some periods when the rate was
greatly reduced due to particles clogging the jet tip. However,
the assumption is made here that the rate was uniform. This would
give additions of 0.466 pound of phosphorus per hour and 0.348
pound of nitrogen per hour. In terms of parts per billiom this
would be 70 parts per billion (p.p.b.) phosphorus and 52 p.p.b.
nitrogen. These figures give an spproximation of the average rate
of addition of nutrients at station 6 and may be multiplied by
two-thirds for corresponding values to be expected at station 7

if di{lution were the only factor to be considered. This would

give values of 47 p.p.b. phosphorus and 35 p.p.b. nitrogen.



Physical

Temperature
Alr and water temperatures were taken with a Taylor pocket
thermometer at each station on all sampling trips along with the

time of day. Air temperatures were taken in the shade, but over

the stream. Notoi were also taken on weather conditions.

Gauge Height
A depth gauge calibrated in hundredths of feet was fastened
in a permanent position at station 7 where the stream is confined

between two vertical concrete bridge abutments. The gauge was

installed on July 12 and readings were recorded for the remainder

of the study.

Water-mass Movement Data

The time required for a patch of water dyed green with

fluorescein dye to move from station 6 to various poinu‘ downstreanm

Vas measured.

Bottom Fauna

Six sets of bottom samples were taken at both station 3A and

Station 7 at two week intervals from July 5 to September 13. The

Samples were taken with a Surber ssmpler in gravel riffles. Each

Set comsisted of a ten sample transect fmmediately upstream from the

Previoys sample transect. The samples were transferred to pint

bottle. containing enough formalin to make a final concentration of

houe g4, percent formaldehyde.
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The benthic fauna in the samples were separated by floatation
using a saturated sugar solution. This work was done by prisoners
at the state prison camp at Waterloo, Michigan., Total volumes were
determined with ten ml. calibrated centrifuge tubes and ten ml.
burettes. Counts of total numbers of organisms were also made.
These data were then analyzed statistically by the use of an F

test for homogeneity.

Chemical

Water Chemistry
hardness
Hardness was determined in parts per million (p.p.m.) using the

o,
v

versonate method.” Titra Ver and Mono Ver were used in the determina-
tion.
alkalinity

Total alkalinity was determined in p.p.m. using the titration
method described in Ellis, Westfall, and Ellis (1948). Methyl orange
and phenolphthalein were used as indicators.
hydrogen-ion concentration

A Bochnf,:::f{ gcter was used to determine pR on fresh water
Samples.

Lotal phosphorus
Total phosphorus was determined by a modification of the method

in gllis, Westfall, and Ellis (1948). A Klett-Summerson Photoelectric
Colorimeter was used with a red (660 millimicron) filter. Results

Are expressed as parts per billion (p.p.b.).
* "Catalog No. li, page 5. Hach Chemical Co. Ames, Iowa.
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soluble, ortho phosphate
A series of phosphorus tests were run during fertilization in

vhich digestion of the sample was omitted. Otherwise the samples
were treated as in total phosphorus determinations. Since this
method will detect all soluble ortho phosphates and the diammonium
phosphate added comes under this heading, this test proved to be a

valuable aid in tracing the progress of the fertilization.

Periphyton
Samples of periphyton were collected on cedar shingles which

were sawed to a uniform twelve by four inch size. These shingles
were attached at the butt end to logs and extended downstream
parallel to the current. Each shingle had two slots cut in it in
such a way that it could easily be split into three pieces, each
twelve by one and one-fourth inches. Average calculated surface
ares of actual subshingles was 38.76 square inches, of which 16,125
Square inches was the area of the upper surface. These shingles
werxe fastened along the stream in sets of tem at both statiom 3A
and station 7 and left for two week intervals. The sets were re-
Placed five times, each individual shingle being replaced in the
Same spot by the new one. The six consecutive sets were labeled
Periods A through F and are referred to by this convention for the
Temainder of the text. As each shingle was removed it was split
into three subshingles, each of which was sealed in a plastic bag.
Two parts were frozen until the periphyton could be analyzed for

OrXganic nitrogen and total phosphorus. The remaining one was
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scraped into a white enameled pan and washed with distilled water.
wlg.tman

The scrapings and wash water were filtered throug Ano. 1 filter

paper in Bichner funnels. The filtered material was extracted with

95 percent ethanol in ome ounce glass bottles. The bottles were

stored in complete darkness until they could be analyzed for pigments.

In no case was any effort made to remove invertebrates from the

periphyton complex before analysis.

ents
VV dEman
The 95 percent alcohol extracts were filtered through, no.

filter paper and the residue washed with enough 95 percent alcohol
to bring the volume of extract up to 50 ml. The color of this
solution was them read in a Klett-Summerson Photoelectric Colorimeter
using & 660 millimicron filter and the reading obtained was converted
to Harvey units (Harvey, 1934) by comparison with a standardizatiom
curve. The Harvey units can be converted to absorbency units by
multiplying by the factor 12 x 1073,
Organic nitrogen

One frozen subshingle from each shingle was thawed and then
Scraped and washed as in the pigmant determination, then transferred
to 3 300 ml. Erlenmeyer flask. It was then acidified with sulfuric
acid, concentrated by boiling, and analyzed by a semi-micro Kjeldahl
Procedure as described by Belcher (1945). Results are expressed in
Wmilligrams organic nitrogen per unit area (subshingle).
Lotal phosphorus

One frozen subshingle from each shingle was thawed and then

Scraped and washed as in the pigment determination, then transferred
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to a 300 ml. Erlemmeyer flask and analyzed in the same manner as the
vater samples for total phosphorus. Results are expressed in micro-

grams phosphorus per unit area (subshingle).

periphyton ratios

Three ratios were calculated for each shingle; phosphorus to
pigment, phosphorus to nitrogen, and pigment to nitrogen.

statistical analysis

All six types of periphyton chemical data were analyzed by the

application of F tests and multiple range tests (Duncan, 1957).

Bottom Organisms

On July 22 and again on August 18 samples of Chara, mayfly naiads
(Hexagenia), stonefly naiads (Plecoptera), and dragonfly naiads
(0Odonata) were collected and frozen until they could be analyzed.
Rough volumes were run on the samples before freezing using 25 ml.
centrifuge tubes and a 25 ml. burette. These samples were later
digested and analyszed for total phosphorus in the same manner as the

water samples. More acid was used in digesting the samples, however.

Isolations and Identifications of Pigments

A large volume of the ethanolic extracts of pigments froam the
West branch of the Sturgeon River and a large volume of an acetone
extract of pigments from periphyton growing in the Red Cedar River
Upstream from the Michigan State University campus were separately
€Vaporated to dryness in a vacuum desiccator under reduced lighting.
These samples were then repeatedly fractionated by colusm chromatog-

Taphy using powdered sucrose and anhydrous alumina as adsorbents and
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a solvent system of petroleum ether-benzene (9:1). Various developers
were used which incorporated petroleum ether, benzene, and isopropyl
alcohol.

A Beckman Model B Spectrophotometer was used to follow the
progress of the fractionations and curves were plotted for various
seperated components. The results of this work are reported in the

sppendix.



RESULTS

Physical
Temperature

A rather large diurnal fluctuation in water temperature occurs
in the stream, especially on clear, warm days. This fluctuation is
well illustrated by figure 3, which was recorded during a period of
this type of weather., Figures 4 and 5 show the seasonal temperature
fluctuations for stations 3A, 6, 7, and 8. It is easily seen that
the highest water temperatures occurred during the period from the
middle of July into early August at stations 7 and 8. Furthermore,
the lowest overall temperatures and the least fluctuation in temper-
atures were recorded at station 6.

Apparently station 3A has higher temperatures and hrger
fluctuations due to the fact that the stream is sluggish and divided
into many small channels at this point. By the time it reaches
station 6 it has gained a large volume of cold spring water and
this tends to stabilize the temperature at a fairly low value. The
8§reatest fluctuation observed during the course of the study at
station 6 was eight degrees Fahrenheit.

Stations 7 and 8 are subjected to more intense solar radiation
and therefore have a greater range of fluctuation. It is interesting
to note the close parallel in temperatures at these two stations.

All available temperature and weather data are recorded in table 1.



Figure 3

Temperature Curve,
Station 7, July 17,
1957, Degrees F,

16
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Cauge Height

In the period from July 12 to September 17 the stream level
underwent only minor fluctuations even though this period included
several rains in early September. The data is plotted in figure 6.
The maximum fluctuation during this period was less than three inches.
Early in the study, however, the stream was considerably higher and
roily. This was particularly true on June 29, at vhich time the

stream was at least twelve inches above base flow.

Water-mass Movement Data

On August 1, at which time the stream was near base flow, a
patch of water was dyed green at station 6. It required two hours
and twenty minutes for the dye to reach station 7 snd an additional

houxr and fifteen minutes to reach station 8.

Bottom Fauns

Total Volumes of Bottom Fauna

The means of the total volumes of bottom fauna for stations 3A
and 7 are plotted in figure 7 along with twice the standard deviation
of the mean. It can be seen by this rough method that no two
consecutive periods show a difference that is valid at a 95 percent
confidence limit at either station. There are, however, significant
differences between some pairs of values at both statioms.

The application of an F test to station 3A data showed that the
Weans were not significantly different at the five percent level.

Thus 1¢ may be said with considerable assurance that the volumes

PR
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of bottom fauna at station 3A, the control for this study, had little
{f any seasonal fluctuations.

An P test on the data from station 7 also showed that these
means were not significantly different at the five percent level.

The data and statistical analysis are summarized in tables 2 and 3.

Total Numbers

The data and a limited amount of statistics concerning them are
summarized in tables 4 and 5. A rough plot of the means and twice
the standard deviations of the means is shown in figure 8 for both
station 3A and station 7. Nothing further was done with total
numbers statistically since it is easily seen that it would be
difficult and certainly meaningless to attempt to correlate the
erratic fluctuations shown without breaking the samples down into

taxomnomic units.

Chemical

Watex Chemistry
bhardness

In general hardness was a function of surface runoff. Heavy
Tains resulted in lower hardness and when the stream was at base
flow the hardness vas highest, since the spring water was saturated
vith calcium bicarbonate. Table 6 records the data obtained for
Statiomns 3A, 6, 7, 8, and 27, On August 22 a sample was taken at

the point where the stream originstes in the lake. At this point

the bardness was 150 pP.p.m., while on the same day the water at



TABLE 2 26

Total Volumes of Bottom Fauna-Station 3A in Cubic Centimeters per Square
Foot During Six Periods of the Summer

sample
no. A B c D E F
1 0.25 0.32 0.17 0.66 0.89 0.74
2 1.10 0.31 1.28 0.70 0.40 0.85
3 0.18 0.26 1.01 1.33 0.58 0.82
4 0.36 0.40 0.76 0.58 0.88 0.43
5 0.28 0.23 1.41 0.48 1.68 0.37
6 1.53 0.22 0.37 0.42 0.67 0.15
7 0.15 0.12 0.23 1.37 2.97 0.64
8 0.14 0.14 1.45 0.33 0.55 0.36
9 0.21 0.33 0.57 1.28 0.62 0.27
10 0.94 1.18 0.99 1.59 0.96 0.78
sum 5.14 3.51 8.24 8.74 10.20 5.41
x 0.51 0.35 0.82 0.87 1.02 0.54
x? 4,82 2.06 8.85 9.59 15.76 3.51
(exf/n 2.64 1.23 6.79 7.64  10.40 2.93
Ex? 2.18 0.83 2.07 1.95 5.36 0.58
var. 0.24 0.09 0.23 0.22 0.60 0.06
‘t‘. dev. 00“9 0.30 0.48 0.46 0.77 0.25
()2 26.42 12.32 67.90 76.39  104.04 29.27
SSy = 15.78, df = 59
SSg = 2.81, df = 5
SSy = 12,97, df = 54
2 = 0.562
.B -
82 = 0.240
W
F=2.3
Coor
xz = mean (EX)2 = sum squared
EX* = sup of squares SS¢ = sum of squares total
—~ E - l‘x’{kﬂz/n ’ SSg = sum of squares between groups
vVarx, = variance SSy =

sum of squares withi [ ]
Sta. dev, = standard deviation o% = mean aquat'g between, Er ::gn

square
within



TABLE 3 27

Total Volumes of Bottom Fauna-Station 7 in Cubic Centimeters per Square
Poot During Six Periods of the Summer

sample
no. A B c D E ¥
1 0.11 0.08 0.33 0.28 0.25 0.47
2 0.15 0.05 0.22 0.18 0.14 0.21
3 0.08 0.04 0.39 0.17 0.17 0.15
4 0.05 0.06 0.24 0.07 0.20 0.04
5 0.11 0.02 0.36 0.08 0.26 0.14
6 0.13 0.20 0.13 0.10 0.11 0.20
7 0.10 0.19 0.19 0.15 0.22 0.12
8 0.11 0.14 0.17 0.15 0.07 0.22
9 0.15 0.37 0.22 0.23 0.60 0.21
10 0.14 0.22 0.23 0.29 0.17 0.35
sum 1.13 1.37 2.48 1.70 2.19 2.11
X 0.11 0.14 0.25 0.17 0.22 0.21
Ex? 0.14 0.30 0.68 0.34 0.67 0.58
(EX) 2/, 0.13 0.19 0.62 0.29 0.48 0.45
Ex? 0.01 0.11 0.06 0.05 0.20 0.13
var . 0.00 0.01 0.01 0.01 0.02 0.01
sta. dev. 0.03 0.11 0.08 0.07 0.15 0.12
(Ex) 2 1.28 1.88 6.15 2.89 4.80 4.45

8Sp = 0.67, df = 59
SSg = 0.10, df = S
SSy = 0.57, df = 54

s = 0.020

sd = 0.011

F = 1.8
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TABLE 6

Water Hardness in Parts per Million

sta, 3A

192
175
194
187
194
194
196
193

cee e

194

194
199
192
195

sta. 6

188
168
196
187
195
195
191
188
196
196
197
194
193
195
195
193
196
191
196
194
196

sta. 7

190
170
194
186
193
193
190
193
196
196
196
196
192
194
193
193
192
193
196
193
195

sta. 8

188
173
193
196
197
196
193
201
202
199
196
194
197
195
193
195
195
197
195
196

sta, 27

197
197
192
200
196
200
196
195
197
196
195
197

LN ]
LN ]
LI ]

31
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station 3A had a hardness of 194 p.p.m. The highest value recorded
in this study is 202 p.p.m. at station 8 on August 11. The lowest
value, 168 p.p.m., was found at station 6 on July 4 during the
period in which the water level was very high due to heavy rains
over a prolonged period. The data from stations 3A and 7 are
plotted in figure 9.
alkalinity

On June 27 alkalinity was run on stations 3A, 6, 7, and 8.
All detectable alkalinity was methyl orange alkalinity and checked
within two parts per million with totsl hardness run on the same
samples. It appears from this data that all or almost all of the
alkalinity and hardness was due to calcium bicarbonate in solution.
hydrogen-ion concentration

The pH of the water samples was restricted to the range between
7.8 and 8.4 with only one exception and the majority were between
8.0 and 8.3. These values are recorded in table 7, It is inter-
esting to note that the lowest pH values were recorded from August 8
to August 12, but it is not very likely that this fact had anything
to do with the addition of fertilizer. This series of low values
vas also found at station 3A and may have been due to considerable
amounts of organic acids being produced in the upper swampy section
of the stresm and in the beaver ponds since it was warm weather and
the vater was low.
total phosphorus

The data compiled for the results of total phosphorus determina-

tions are shown in table 8. Normal levels are about ten parts per
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TABLE 7

Hydrogen-ion Concentration of Water

in pH Units

sta. 8 sta. 27

sta. 7

6

sta.

sta. 3A

date

00339 -092322222 e o
* o o o o o o« o
.. o

-887 .878888888 .

3232331 o9922212223232

8888888 .7788888888888

R L L R L L R L L L
L] Ld L] L] L] . . L]
G0 G0 G0 GO GO GO GO GO r~ ™ GO GO GO GO G0 A0 GO G O ™ ®

323333089923323214332
888888877788888888888

21101216 . u“o.l . -.ksb.z
88888887 ¢ o o e 2@ o o .8888

i 0O V) QM NMIEWNONONO o~
Fe37 099937773577 553 08
OINNANAND®OO®MEODA@OMWMWOVODODWDPDODVDONRN



TABLE 8

Total Water Borne Phosphorus
in Parts per Billion

date® sta. 3A** gsta, 6 sta, 7 sta, 8 sta. 27
6-27 11 11 20 9 e
7-4 11 17 13 17 .o
7-11 1 6 5 5 .o
7-18 6 4 4 4 .o
7-25 8 7 S S 7
8-1 4 3 2 5 0
8-8 (am) 14 13 17 17 8
8-8 (8pm) .o 38 22 12 13
8-9 (lam) .o 16 25 10 9
8-9 (6am) .. 21 18 15 28
8-9 (9am) .o 23 19 13 7
8-10 .o 19 19 14 .o
8-11 .o 31 24 51 27
8-12 .o 71 51 32 37
8-13 - 71 55 47 32
8-14 .o 69 39 51 41
8-15 10 49 .o 29 25
8-16 .e 65 38 33 28
8-17 oo 8 18 25 26
8-18 .o 5 4 4 10
8-22 11 14 11 13 .o
8-29 20 12 14 29 .o
9-5 9 10 11 9 .o
9-12 11 13 10 13 .o

% Pertilizer applied August 8-17, 1957,
*® Control Station.
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billion or less at all stations. There are a number of factors
which can raise this level, however.

Heavy rain tends to bring organic debris and nutrients into
the stream in the surface runoff. During long warm periods the
stream has a higher phosphorus level due to more rapid decay of
organic materials in such places as beaver ponds. Life cycles of
various aquatic plants may also play a role in this phenomenon.
Higher values than normal were found on June 27, July 4, and the
morning of August 8. The results of the entire study period for
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>