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Morris Leroy Brehmer

.The Red Cedar River, a'warmdwater stream which drains a portion

of the south-central part of the lower peninsula of Michigan, was in-

vestigated to determine the major nutrient sources and the relationShip

between primary production and nutrient levels.

The results of a study of the entire stream indicated that the

major changes in nutrient levels occurred after the introduction of

effluents from municipal drains and sewage treatment plant outfalls. The

nutrient contributions from the tributary streams were of the greatest

magnitude during periods of high run-off from the watershed area and

had little effect on the nutrient budget of the main stream.

An intensive study was made on a 5.3 mile area of the river to

determine the rate of nutrient accrual, uptake, and regeneration as

related to the seasonal primary production patterns. Upstream from

this area a reservoir served as a silt basin, just within the upper

limits a turbid tributary stream emptied into the river, and within

the first 0.5 mile the outfall from a sewage treatment plant provided

a continuous source of nutrients without producing septic conditions.

The dissolved, sestonic, acidssoluble sestonic, and total phosphorus,

the ammonia and nitrite plus nitrate nitrogen, and the periphyton

production were determined at nine stations within the 5.3 mile area

during a 13-month period. The periphyton measurements involved the

use of plexiglass artificial substrata. The Optical absorbency of

the ethanol-extracted phytopigments from the periphyton accumulation

on the substrata was used as an index of production.
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The data indicated that during average water-level conditions the

stream was enriched by more than 100 ug I“ of phosphorus and 0.5 mg I'

of inorganic nitrogen by the effluent from.the sewage treatment plant.

The flora of the stream removed nearly all of the added nutrients from

solution within the first 0.6 mile downstream from the outfall during

all periods of the year except when ice cover was present. This occurred

even during the summer months when the periphyton growth appeared to be

inhibited by unidentified agents introduced into the stream with the

effluent.‘ The organic phosphorus:phytopigment density ratio in the

periphyton was found to be more than four times greater at the station

0.3 mile downstream from the outfall than in the areas upstream from

the outfall.

During the summer months the dissolved phosphorus content of the

water decreased rapidly within the first 0.6 mile downstream from the

outfall and then increased toward the downstream stations. The area of

phosphorus regeneration was dependent upon stream flow and water

temperature.

The data indicate that periphyton production increased rapidly

after the spring thaw and reached a maximum in April or early May.

The production then decreased gradually until an extraneous nitrogen

supply produced a second maximum in June. After the June peak the

production decreased gradually until the period of ice cover. The

production levels appear to be more limited hy the inorganic nitrOgen

content of the water than by'the dissolved phosphorus content.

The standing crOp of periphyton in the stream was almost completely

dhstroyed by high water and associated high turbidities which existed

for only a short period of time.
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INTRODUCTION

One of the most difficult problems facing the aquatic ec010gist

is the finding of a method for determining and measuring quantita-

tively the physiochemical and biological processes operating in a

lotic environment. A stream is a more open ecosystem than a lake

and the factors controlling the biological activity may be more closely

related to the watershed than to the stream bed. Also, the unidirec-

tional flow continually carries the seston away from the area in which

it was produced so that the organically combined nutrients are lost

from the biotope and the develoxxuent of an autochthonic plankton

population is virtually impossible.

The wide variations in velocity, turbidity, and water level in

a stream tend to alter the substratum. The existing flora and' fauna

can be destroyed by the exclusion of light or by the abrasive action

of the bed load associated with high-water conditions. Therefore,

it is possible for the entire biological system of a stream to be

disrupted by the run-off from a single rain. One can surely agree

with Purdy (1923) who said "A large lake represents stability of

environment, but a flowing stream is the fullest expression of a

condition of instability. " '

In view of the increasing demands for aquatic recreational areas,

the need for a better understanding of stream metabolism and stress

DrOduction becomes more apparent. Paradoxically, at a time when the



 

streams are destined to carry a heavier recreational load, they are

also receiving more wastes from human activities. Nearly all strewns,

with the exception of those remote from human habitation, serve to a

greater or lesser extent as a dumping ground for biological and

industrial wastes produced by man. It is well established that streams

have a capacity for self-purification and that the physical, chemical,

and biological forces involved in the stabilization of wastes are

interrelated and mutually dependent.

Organic material added to a stream undergoes carbonization,

nitrification, dephosphorulation, etc. , and releases the basic nutrient

constituents to solution. If the amount of organic material added to

a stream exceeds its capacity for self-purification and stabilization

of the putrescible fraction, the dissolved oxygen supply in the water

is depleted. this results in the accumulation of unstabilized waste

material on the bottom of the strewn and the fomation of toxic

anaerobic decomposition products . The composition of the flora and

fauna is then limited to those species that can tolerate highly

adverse enviromnental conditions . ‘

The modern sewage treatment plant concentrates the physical,

chemical, and biological forces involved in the stabilisation of

Organic matter into a system of settling basins, aeration tanks or

filters, and digestors, and therefore prevents the formation of a

septic zone in the both of water receiving the effluent.

The nutrient content of the effluent varies with the type of \ A

treatment and efficiency of the sewage treatment plant. Also, the \

rate of enrichment of the receiving waters varies with the dilution I!



 

factor as influenced by the volume of effluent and with the precip-

itation and runroff in the watershed area of the stream. The rate

of biological response to the introduced nutrients is also dependent

upon a.myriad of adverse physical conditions which are inherent to

flowing‘waters.

The dynamics of the biological phase in enriched streams can be

studied.by measuring the production at any one or several of the

trophic levels. The presence of a delayed increase in production

may indicate that toxic or inhibitory agents are present in the effluent

which prevent the utilization of the introduced.nutrients by the

primary producers. The organisms composing any trOphic level can be

used to study the biological effects of the introduced nutrients

and associated organic and inorganic substances found in sewage

treatment plant effluent since they are either directly or indirectly

dependent upon the primary producers for food.

The difficulties involved with production measurements at a

specific level increase with the position of the organisms in the food

chain. Generally speaking, the organisms of the higher levels are

characterized by changes in food habits during their life history

whereas the members of the lower levels usually can be classified as

Primary producers or herbivoresthroughout their entire life history.

FiSh are mObile and individuals of many species tend to migrate

from.areas providing protection and cover to areas of food production

or food concentration. Also, some primary consumers such as the white

sudker (Catostomus commersonnii) which are independent of many of the
 

"Side food chains" so characteristic of the carnivores have a wine



range of movement associated with specific phases of their life

history. It is also very difficult to obtain a quantitative swnple

of a fish population. For these reasons the fish population does not

lend itself well to a study of production in streams. I

The standing crop and growth rate of the benthic fauna population

are often used in productivity studies in a lentic environment. Al-

though there may be significant differences in the species composition

and number of organisms found in different bottom types or between the

littoral or profundal zones of a lake, the number of microhabitats in

a stream bottom increases the sampling problems. On the basis of a

single uniform riffle, Neecmam and Usinger (1956) found that 191;

samples would be required to give significant figures on total wet

weights at the 95 percent confidence level and that total numbers

would require 73 samples. J

Since productivity involves the unit of time, the measurements

are complicated by variations in water level between sampling periods.

The detrimental effects of high water on the benthic fauna are well

recognized. Allen (1951) reports that a flood on the Horokiwi Stream

destroyed 85 percent of the number and 88 percent of the weight of the

benthic fauna.

The length of time period required to accm'ately detect differ-

ences in growth of certain organisms can subject the method to the

hazard of high water. Trans (personal communication) reports that 33

days were required for Stenonema gulchellum to grow one millimeter in

length when reared in the laboratory under optimum conditions.

The phytoplankton population is frequently used in limn010gical

and oceanographical work to study the productivity of standing waters.
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Plankton can usually (be found in streams; but, as Ruttner (1952) points

out, it is impossible to distinguish between eupotam0plankton and

tychoplankton doomed to death in the lotic enviroment. Also, a sudden

rain will often flush the plankton from a strewn, or conversely, if

the strewn channel is characterized by swwnps and ozbows, may cause a

sudden increase in plankton. Butcher (1932) found that a large portion

of the plankton present in streams was detached sessile algae in the

process of decomposition. For these reasons the phytoplankton pepu-

lation of a stream is not necessarily indicative of strewn conditions.

The periphyton (-Aufzbchs) consists of the community of organisms

which grows on the stream bed and on submerged objects in the water.

Although benthic fauna are frequently found in the mat, they are not

considered as a part of this connunity.

The periphyton plays an important role in the lotic environment

because it is virtually the only primary producer in the ecosystem.

Also, because of its perpetuity and rapid turnover period, the volume

of this material produced annually in a given area is enormous. Even

thong: the organisms of this group are subjected to the some adverse

conditions as the benthic fauna or the fish, they are characterized

by a very rapid recovery. The production within this community may

also be used to study the nutrient levels of the water mass flowing

by since these organisms are not equipped with a means of procuring

the essential elements from the stream bed. Considering that the

Primary consumers in a stream are almost entirely dependent upon this

commmity, the production in the higher trophic levels can be estimated

by relating the production of the autotrophic organisms in this group

(Lindeman, 191:2).



Although Hentschel (1916) was apparently the first to employ

artificial substrate to stucb' the accumulation of sessile organisms,

the method has been virtually overlooked in this country. Butcher

(1932, 191:7) mounted glassslides in frames and submerged them in

English streams to collect sessile algae for both qualitative and

quantitative studies. Kore recently Patrick (19510 devised the well-

knoun "diatometer' for holding glass slides for the collection of

diatoms for evaluating stream conditions . A comprehensive review of

the literature concerning the use of artificial substrata for the

collection of all types of aquatic and terrestrial microorganisms is

given by Cooke (1956).

Hooper, Ball, and Hayne (ms) were the first to combine the phyto-

pigment extract method as used by Kreps and Verbinskaya (1930), Harvey

(1931.), Manning and Juday (191.1), and others with the artificial sub-

strata method for estimating periphyton production. This method has

been used and refined by several of their students in studies of

fundamental productivity in streans, the data of which are given in

the Master's theses of Grzenda (1955) and Alexander (1956).

In this method artificial substrata are exposed in a stress for a

given period of time, removed, and the phytopiment from the periphyton

Mextracted with 95 percent ethanol. ‘lhe absorbency of this

solution is then determined with a photoelectric calorimeter. The

Primary production for the period can then be expressed in terms of

net phytopigment density per unit area of substratum to compare areas

Within a given strean or to compare exposure periods, or converted to

units of weight (Grzendal) by use of an experimentally determined value

‘

A

lboctorate thesis in preparation. Method reported at the meeting

or the American Institute of Biological Sciences, Bloomington,

Indiana, 1958 .



 

representing the relationship between phytOpignent density and weight

of organic material.

After a preliminary stuck of the entire water course of the Red

Cedar River to determine the physical and chaical characteristics of

the water, a 5.3 mile area located imediately downstream from the

City of Williauston was chosen for extensive study. Upstream from

this area a reservoir served as a silt basin, Just within the upper

limits a turbid tributary strewn emptied into the river, and within

the first 0.5 mile the outfall from a sewage treatment plant provided

a continuous source of nutrients without producing septic conditions.

he intensive stuw in the relatively short area was made to

determine the fate of nutrients introduced into a natural stream and

to measure the biological response as indicated by periphyton pro-

duction to different nutrient levels. During the course of the study

the seasonal changes in periphyton production as well as the effects

of adverse physical conditions such as high-water levels and associated

high turbidities were determined. It is the aim of this study to

obtain a better understanding of nutrient metabolism and the production

of organic material in a lotic environment.
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METHODS AND TECHNICS

'lhe year-around sampling program required that the water samples

for chemical analyses. be cooled in manner and prevented from freezing

in winter to preserve the chemical and biological equilibria. This

was accomplished by placing the samples in ice water in a portable ice

chest innediately after collection in polyethylene bottles. The

analyses were either completed the same day or worked to a point where

storage would not result in either a gain or loss of constituents.

All dimensional units are given according to the algebraic

exponential system. For example, 1 - a" and g/dm‘ - g dm“ .

a’

Water Temperature

Water temperatures reported for individual stations were taken

with a pocket thermometer held approximately three inches under the

water surface. The temperatures reported in Appendix A were recorded

on a Taylor recording thermometer permanently located ten miles upstream

from the mouth of the river and ten miles downstream from Williamston.

21‘.

The pH values were determined on a Beckman Model N portable pH

meter. All measurements were made in the field during the sunsner

Period or immediately after returning to the laboratory during the

"inter months.



 

Conductivity

The electrical resistance of the water was determined with an

Industrial Instrument Company Model RC-7 portable conductivity meter.

The resistance readings were corrected to 18,0 C. and converted to

ohms" cm“ x 10“ . All measurements were made at the swnpling location

during the stunner period and immediately after returning to the labo-

ratory during the winter.

Turbidity

'Ihe turbidity measurements were made imediately after returning

to the laboratory on a nett-Summerson photoelectric colorimeter which

had been calibrated with the Jackson Candle Turbidimeter. A correction

for the intrinsic color of the water was made by adjusting the instru-

ment to zero with a filtered river water sample in the light path. All

readings were taken using the blue filter having an approximate spectral

range of 1400 to h65 millimicmns.

Alkalinity

C

The alkalinity determinations were made in the laboratory using

methods described in "Standard Methods for the Examination of Water,
 

 

 

Sewage, and Industrial Wastes" (mm, mm, FSIWA, 1955).

Carbon Dioxide

The free carbon dioxide was determined from the pH and alkalinity

readings using the monograph proposed by Moore (1939) .
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Dissolvedm

The dissolved oxygen was measured by the unmodified Winkler method.

The reagents were added in the field but the final titration was car-

ried out in the laboratory. With few exceptions the‘samples were taken

between 8 a.m. and 11 a.m. Thus the values represent a period when the

levels are consistently low due to plant respiration.

mosphorus

Four physical states of phosphorus were determined during the

course of this investigation. In all instances the samples were di-

gested and the phosphorus converted to the POh form, treated with

acidified wnmonium molybdate, and the density of the blue color re-

sulting from the reduction of the phosphoruolybdate with stannous

chloride read on a nett-Slmmerson colorimeter. The method was

modified slightly from that described in Ellis, Westfall, and Ellis

09er) in that the final 100 ml solution was divided and neutralized

with saturated Nam before the final color-producing reagents were

added (Taylor, 1937).

Total Phosphorus

The total phosphorus values were obtained after the digestion and

treatment of a 100 ml sample of river water.

Total Dissolved Phosphorus

The total dissolved phosphorus was determined from a 100 ml water

8a“Pile. that had been filtered through a Hillipore Filter. The HA type

nearbrane having a pore size of 0.16 micron was used for all filtra-

tiom.
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Sestonic Phosphorus

'me sestonic phosphorus values were obtained by difference between

the total phosphorus and the dissolved phosphorus.

Acid-Soluble Sestonic Phosphorus

The acid-soluble sestonic phosphorus values were obtained after

the digestion and treatment of a 100 ml sample of 0.01 N H2501; which

had been filtered through the pad which retained the seston from the

dissolved phosphorus determination.

Early in the program, while becoming familiar with the methods, it

was found that the values obtained from samples that had been stored

for several days were sigxificantly lower than those obtained from

duplicate samples that were analyzed imauediately after collection. An

attempt was made to determine the mechanism by which the phosphorus

was lost from solution and to establish methods of prevention of the

loss during storage.

Five liters of water were collected from the Red Cedar River at

Williamston, Michigan in a "pyrex" Florence flask. The sample was

brought into the laboratory and mixed for three hours on a “Mag-Mix“

stirrer to allow for temperature adjustment and to insure the withdrawal

of representative sub-samples. The characteristics of the water were

as follows :

pH 7.80

Methyl orange alkalinity 256 mg 1"

Carbon dioxide content 7.8 mg 1"

Conductivity 612 x 10" ohms" cm"

Turbidity 17 units.



Ten 100 ml samples were siphoned off and transferred to Erlenmeyer

flasks for immediate phosphorus determinations. Ten u oz. polyethylene

bottles were filled for storage without acid, and ten 1; oz. polyethylene

bottles were filled for storage after the addition of 0.3 ml of concen-

trated sulfuric acid. The samples were stored in the dark at room

temperature. The total phosphorus determinations were made according

to the stannous chloride-molybdate method previously described.

The results obtained from the phosphorus determinations on the

unstored water sample and those stored for 30 days with and without the

addition of the acid are given in Table 1.

TABLE 1. Phosphorus values (pg 1" ) obtained initially and

' after 30 days storage with and.without acidification.

Sample No. "0" Days 30 Days, Acid Added 30 Days, No Acid
  

1 55 55 us

2 Sh 62 22

3 55 56 20

h 5h 65 28

S 53 5h 39

6 58 SS 31

7 5h 58 ho

8 Sb 58 < 32

9 57 5h 33

.12 .514. .22. .22

mean Value - Sh.8 ng 1" 57.0 pg 1" 31.6 11g 1"

The results of the determinations indicate a significant loss of

Ph°8phorus from solution in the untreated samples. In order to determine
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if the phosphorus remaining in the storage bottles could be returned

to solution or ”stripped" from the walls, 100 ml of distilled water

and 0.3 ml of concentrated sulfuric acid were added to each of the

“no-acid" storage bottles and allowed to stand for 21; hours. Phosphorus

determinations on the acidified solutions yielded 22, 12, 23, 18, 28,

20, 17, 16, and 18 pg 1 . One sample was lost during handling. The

mean recovery value was 19.3 118 14..

The mean recovery value, when added to the mean value for the

samples stored without acid, indicates that phosphorus escaping from

solution can be recovered with the «addition of acid.

In order to determine if the loss of phosphorus from solution

might be due to adsorption on the walls of the bottles under alkaline

conditions, two 50 ml samples of a standard phosphate solution were made

basic (pH 11.8) by the addition of one drop of NaOH and stored. Deter-

minations made 28 days later indicated that no phosphorus was lost from

solution.

At a later date the procedure was repeated and an additional set

of samples was stored after 1.0 ml of reagent grade chloroform was

added to each bottle according to methods described by Dobie and Hoyle

(1956). Total phosphorus determinations made 15 days later indicated

an average of 12 percent of the phosphorus was lost from solution during

the storage while the values obtained from those preserved with 0.3 ml

01‘ concentrated sulfuric acid agreed with the original values to within

the precision of the method.

Later, Hepher (1958) used phosphorus fortified tap water and found

no chemical changes occurred in a sealed jar on storage, but in an
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unsealed jar the pH increased, bicarbonate alkalinity decreased, and

the carbonate alkalinity increased as carbon dioxide was lost from

solution. He also found a loss of phosphorus from solution that roughly

corresponded to the calculated solubilities of phosphate as related to

pH and calcium ion concentration. Therefore, the 0.3 ml of concentrated

sulfuric acid {added to the sample bottles increases the solubility of

the phosphorus by lowering the pH and preventing the formation of car-

bonate ions 0

Armenia Nitrogen

The nitrogen present in the form of ammonia was determined by the

distillation method as described in "Standard Methods" (APHA, AWA,

FSIWA, 1955) .

Nitmgen as Nitrite plus Nitrate

The nitrogen in the oxidized forms was determined by the reduction

method as described in ”Standard Methods" (AH-IA, MA, FSIWA, 1955).

Periphyton Measurements

The biological sampling pregram consisted of measuring the peri-

phyton pigments that accmulated on artificial substrata suspended in

the stream over a given exposure period. The length of time the sub-

strata were exposed was dependent upon the rate of accumulation as

8°Ver'ned by the physical and chemical conditions of the strean.

The substrata employed in this investigation consisted of plexi-

81888 plates, 7 mm in thickness, having an exposed area of 1.11 dmz

when attached to a horizontal crossbar (Fig. l) . The basic adaptation



Fig. l. Plexiglass artificial substrata and supporting blocks

used for the collection of periphyton from the

Red Cedar River.
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and method of attachment was devised with a fellow graduate student,

Hr. Alfred R. Grzenda.

The plenglass substrata were collected after the periphyton growth

was plainly visible but before a dense mat had formed that would be

subject to slougring due to a layer of dead cells adjacent to the plastic

or to the formation of gas bubbles under the mat. The substrata were

removed from the stream, placed in individual plastic bags, and frozen

to aid in the release of the biological growth from the plastic and to

rupture the plant cells to facilitate the phytOpigment extraction. The

periphyton growth was scraped from the substrate and allowed to stand

in 95 percent ethanol for a minimum of 118 hours while stored in total

darkness. Tests indicate that samples can be stored in this manner for

as long as 30 days without a loss of phytopigments due to decomposition.

The samples were filtered through glass wool and the volume of filtrate

adjusted to 50 ml by either dilution or evaporation. The color density

of the ethanol-soluble phytopigment solution was read on a nett-Summerson

calorimeter using the red filter (610-700 ml).

Experiments dealing with the opticochemical characteristics of 95

percent ethanol phytopigment extracts show the absorbency of broad

Spectrum light (6h0—700 rap) is not lineally related to the concentration

of the pigments except at very low values. The deviation becomes apparent

at approximately 100 units when read on a Klett-Summerson calorimeter

and increases prOportionately with higher concentrations. This deviation

from the Lambert-Beer Law may be due to an interaction between the

solvent and the solute or to changes within or among the molecules.

This flattening of the curve when absorbency is plotted against phyto-

Pigment concentration destroys the correlation between measured pigment
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density and the weight of the organic material from which the pigments

were extracted (Grsenda, unpublished).

The measured pigment density may be corrected to correspond with

the theoretical absorbancy as related to concentration, and the corre-

lation with the weight of organic material restored by determining the

deviation from the Lambert-Beer Law. A correction graph was constructed

by plotting absorbancy versus concentration as determined by dilution

and by concentration of a phytOpigment solution (Fig. 2). In making

the correction the measured density is found on the ordinate, followed

across to the intercept with the experimentally determined line, and

read vertically to the intercept with the extrapolated straight line.

The absorbancy unit Opposite this intercept represents the corrected

reading.

In order to avoid confusion between the measured and the corrected

absorbancy values, the unit of adjusted absorbancy, designated as (M),

was adopted for the latter values. The values were then multiplied by

10" to avoid the use of the decimal point. Therefore, the corrected

absorbancy units of the extracted phytopigments are given as AA 1: 10' .

Since these units are lineally related to the weight of periphyton

PI'Oduced, the term phytopignent unit (optical density or absorbancy of

One AA x 10’) is used as the index of organic material production.

Spectrpphotometric Analyses 93: the Mopignents

Periodically, qualitative spectmphotometric analyses were made

°f the phytopigment extracts from stations located above and below the

sewage treatment outfall. The pigments from a portion of the periphyton



Fig. 2. Correction graph for adjusting measured.phytopigment

absorbancy values to units related to concentration.
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from a substratum were extracted with 90 percent redistilled acetone

(Richards with Thompson, 1952) and the absorbancy spectrum plotted

from 1400 to 700 millimicrons.
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DESCRIPTION OF THE AREA
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The Red Cedar River, a warm-water stream, is a tributary of the

Grand River system and drains the south-central portion of the Lower

Peninsula of Michigan. The stream originates as the outflow from

Cedar Lake located in Marion Township, Livingston County in Sections 28

and 29, Township 1 North, Range 3 East of the Michigan Meridian and

flows through or near the communities of Fowlerville, Webberville,

Williamston, and Okems before entering the East Lansing and Lansing

areas and the confluence with the Grand River (Fig. 3). The total

length of the main channel is approximately 1:9 miles and the drainage

area is approximately 1:75 square miles. The river has a mean gradient

of 2.5 feet per mile with one-half of the fall occurring in the upper

third of the channel.

There are three dams which form artificial impoundments on the

Red Cedar River. The largest, located within the City Limits of Wil-

liamston, was originally constructed in 18h0 to provide. water power

for a smill. The present structure creates a 13 foot workingbhead

01' water to Operate a constant-flow generator to provide electrical

Pointer for a private refrigeration and frozen food plant. The pool

created by the Willimton Dam is approximately two miles in length,

but for the most part is contained within a narrow belt along the main

channel.
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The original dam in Okemos was constructed to provide water power

to operate a gristmill. The original structure has been replaced by a

small stone ballast type that creates a small pool for recreational and

aesthetic purposes. The East Lansing dan, located within the campus of

Michigan State University, is constructed of concrete and maintains a

constant depth of water for recreational purposes and for a cooling

water supply for the steam-generated power plants on campus.

he bottom material of the Red Cedar River consists of fine sand

in the upper regions to rocks and gravel with small areas containing

silt deposition in the middle and lower stretches. In general, the

bottom gradient is uniform with long pools or runs rarely exceeding

four feet in depth divided by short riffle areas. The shoreline slaps

is gradual and covered with vegetation, resulting in very little erosion

or cutting above the normal water line (Fig. )4).

he topOgraphy of the watershed area is nearly level to rolling

as a result of the Cary phase of the Wisconsin glacier. The soils of

the area are classified by Whiteside 9.1.5. 51. (1956) as being derived

from liny loam glacial till. The primary soil series are of the Miami

and Conover types having good to intermediate drainage. A large pro-

portion of the watershed area is used for dairy cattle grazing and small

grain farming.

Physical and Chemical Characteristics

Two permanent stations are maintained on the Red Cedar River to

record the physical characteristics of the stream. The first, a gauging

station five miles upstream from the mouth, is maintained by the United



Fig. be Red Cedar River in the vicinity of Nilliamston, Michigan.
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States Geological Survey to record the rum-off for the 355 square mile

area exclusive of the Sycamore Creek Drainage.

The flow is usually the greatest during March or April men the

combination of melting snow, frozen ground, and spring rains occasion-

ally result, in floods that cause considerable property damage. The

maximnn discharge recorded at this station during the 1931-1958 period

occurred in April 19117 when a flow of 5510 cubic feet per second was

recorded. The minimum recorded during the above period was 3 cubic

feet per second on July 31, 1931.

'me median-mean monthly discharge for the 19147-1957 period and

the rather atypical data for August 1957 through July 1958 are given

in Figure 5.

The graduate students in Limnology, Department of Fisheries and

Wildlife at Michigan State University maintain a temperature recording

station at Dobie Road, 10 miles upstream from the mouth of the river.

The daily high and low water temperatures for the period from July 1,

1957 to July 31, 1958 are given in Appendix A.

Twelve sampling stations were chosen along the main channel of the

Red Cedar River within the area from h.5 to 311.7 miles from the mouth

to stuch' the general physical and chemical characteristics of the water.

Twelve series of samples were taken during June, July, August, and

58ptember 1956 and the following data were collected:

1. Air temperature 7. Dissolved oxygen

2. Water temperature 8. Total phosphorus

3. Specific conductivity 9. Nitrogen as ammonia

h. Alkalinity 10. NitrOgen as nitrite plus nitrate

5. pH a 11. Gauge height at Mile 5

6- Turbidity 12. Discharge at Mile 5.
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The values for this series of samples are given in Appendix B.

The specific locations of the twelve stations are given in

Table 2.

It will be noted from the overlay for Figure 1 that the station

sites were selected to make possible the measuring of nutrients from

either tributary streams or municipal sewer outfalls.

The waters of the Red Cedar River are highly buffered and show

little variation in pH. The bicarbonate ion content (expressed as

CaCOB) ranges from 250 to 300 mg l" and fluctuates inversely with

stream flow. hep}! values ranged from 7.1; to 8.3 during the initial

survey period.

The high bicarbonate ion content contributes to the high specific

conductivity of the stream. Values ranging from 372 to 590 x 10" ohms"

cm" were measured during the 1956 period with the wide range due to

variations in water levels. An increase in the specific conductivity

was noted toward the downstream areas. In view of the uniformity of

the methyl orange alkalinity values between stations, the increase in

specific conductivity as the water mass moves downstream can be at-

tributed to the addition of other soluble salts.

his greatest change in chemical characteristics was detected in

the basic nutrient elements, phosphorus and nitrogen (Figs. 6—10).

The data indicate that municipal effluents are responsible for the

greater portion of the nutrients introduced into the stream and that

the tributary streams contribute very little to the nutrient budget.

Sinbe Lund (1950) found that the aquatic flora can utilize phosphorus

in concentrations as low as one microgram per liter, this element might
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always be considered as being present in the Red Cedar River at above

the minimal level. The available nitrogen concentration was found to

be relatively low in certain areas and may be a limiting nutrient for

primary production in the Red Cedar River.

The greatest accrual of nutrients occurs within the Nilliamston

City limits. During the initial survey period in the summer of 1956,

before the sewage treatment plant was put into operation, nine tiles

with an estimated total discharge of 100 gallons per minute fed waste

water, raw sewage, and septic tank effluents into the stream. As the

interceptor system was completed, the flow was diverted from these tiles

to the sewage treatment plant. 1110 effect of the diversion was apparent

in the total phosphorus values as plotted in Figures 6 through 9.

In order to stuck the bio- and abiodynamics of the stream in the

vicinity of the Williamston sewage treatment plant outfall, seven

permanent and two temporary stations were established within the area

from one-half mile above to 11.9 miles below the outfall. These stations,

described by the distance in miles above or below the outfall‘, were

designated as -O.h, -0.2, +0.1, +0.3, +0.6, +1.3, +1.8, +3.7, and +b.9

(Fig. 11). During the period from July 1, 1957 to August 15, 1958, the

study was confined to this 5.3 mile area above and below the source of

nutrients. Two stations were maintained upstream from the outfall.

This was necessary to determine the chemical and biological effects of

the Deer Creek drainage on the Red Cedar River. I Thirty sets of water

sanples were taken for chemical analyses during the above period to study

the. relative enrichment, uptake, and regeneration of the nutrient elements

and the periphyton production was measured for 2h periods by the phyto—

pigment method previously described.
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RESULTS AND DISCUSSION

Nutrient Metabolism

The mode of fertilization in this study differs from the artificial

enrichment of a stream as reported by Huntsman (191:8) in that the

nutrient supply is in the form of sewage treatment plant effluent and

is contirmously supplied to the stream. This may result in the flora

immediately downstream from the outfall becoming physiologically adjust-

ed to high nutrient levels. The absence of toxic industrial wastes in

the effluent and the inexistence of a septic zone in the stream should

prevent the modification of the biocoenose and limitation of species as

reported by Butcher (19h?) or Blum (1957). Theoretically, the flora

in the stream immediately downstream from the outfall would remain bio-

logically "healthy" and capable of carrying on the normal metabolic

functions. A

Phosphorus

The study of the physical and chemical characteristics of the Red

Cedar River indicated that municipal drains and sewage treatment plant

outfalls are the most important sources of phosphorus. Although the

tributary stream introduced water of high phosphorus content during

periods of high flow, the adverse physical conditions which accompany

the influx of nutrients prevent utilization and biological response

by the flora of the stream.





to

The Williamston sewage treatment plant has a mean.base effluent

output of approximately 150,000 gallons per day. Since the interceptor

system is a combination storm and sanitary type, the output and dilution

vary with the local precipitation and runsoff. Total phosphorus deter-

minations were made on effluent samples collected by plant personnel on

October 7 and.10, 1957 to determine the total phosphorus content of the

effluent after it had passed through the primary treatment plant. No

precipitation occurred during this period and the effluent discharge

was not diluted.by storm.water. The results indicate a high variation

in phosphorus content depending upon the time of the day and the day

of the week. The 8 a.m. samples contained 7.1 and 7.8 mg P 1”

respectively on the two dates. The highest value (23 mg P I” ) was

found in the sample taken at 2 p.m. on.Monday, October 7. The frequency

of occurrence of each phosphorus level in the effluent was estimated

for the entire week. The daily, weekly, and annual phosphorus dis-

charge with the effluent into the Red Cedar River was then calculated

from.the mean phosphorus value.

The mean total phosphorus output per day was computed to be approx-

imately 6,800,000 milligrams. This is equivalent to 2.h8 metric tons

per year or an annual per capita phosphorus_output of 8.5 x lOBmetric

tons. Although Rudolfs (19h?) gives the phosphorus output per capita

in sewage effluent after primary treatment as 2.21 x lO"metric tons

per year, the calculated value for Williamston does not seem unreason-

able since the sewage is more concentrated due to the absence of heavy

industrial water users in the city and the increased use of household

detergents which are high in phosphorus.



The level of phosphorus acquired by the Red Cedar River as the

result of receiving the sewage treatment plant effluent varies with

stream.flow; but when the flow at'Williamston is less than 50 cubic

feet per second, it exceeds 100 pg 1" .. Approximately two-thirds of

the total phosphorus discharged into the river is in the dissolved

form, but it may be combined in many complex inorganic and organic

compounds. Although many complex forms of phosphorus are not immedi-

ately available to the aquatic flora, they may undergo hydrolysis or

dephosphorulation as the result of bacterial action and.be converted

to an available form (Harvey, 19h0).

The results of the chemical analyses indicate that nearly all of

the dissolved phosphorus introduced by the effluent of the sewage

treatment plant are removed from solution within.the first 0.6 mile

below the outfall. In order to determine the rate of removal, midstream

water samples were taken during a low water period on August 25, 1957

at locations 50, 100, 200, 300, 100, 500, 600, and 700 yards downstream

from the outfall and the total dissolved.and total sestonic phosphorus

content detennined. The results, along with those obtained August 20,

1957 for upstream stations -O.2 and -O.h, are given in Table 3.

Even though the effluent is not completely mixed with the river

water after flowing 50 yards downstream from the outfall and.after pas-

sing through a short riffle area, the reduction in the dissolved phos-

phorus far exceeds the theoretical reduction calculated for dilution.

This indicates that phosphorus is being removed from solution either

'ny chemical precipitation or biolOgical uptake.

Abiotic phosphorus removal. In a highly buffered stream having a high

pH one might theorize that the soluble phosphorus combines with the



TABLE 3 .

 

 

Dissolved and sestonic phosphorus values of water samples

taken August 20 and August 25, 1957 from stations located

above and below the sewage treatment plant outfall.

Sampling location

0.1; mile upstream1

0.2 mile upstreaml

50 yards

100 yards

200 yards

300 yards

1400 yards

500 yards

600 yards

700 yards

Samples taken August 20, 1957.

downstream

downstream

downstream

downstream

downstream

downstream

downstream

downstream

Dissolved phosphorus

51 HST

h?

130

1:5

145

SO

39

50

St

146

Sestonic phosphorus

. 72 n8 1"

149

101

63

62

73

66

6h

73

61

calcium to form one of the insoluble complexes and be precipitated

from solution. The relationship between phosphorus loss and alkalinity

of the water in a lentic environment has been described by Barrett (1952).

In a stream characterised by continual agitation the inorganic '

crystals of a calcium-phosphate complex would remain in suspension

for some distance downstream from the point of formation. Upon filtra-

tion of a water sanple, these crystals would be retained on a Millipore

filter pad and, after being removed by a dilute acid solution, could be

measured quantitatively by the method previously described.

The acid-soluble sestonic phosphorus was determined for seven

periods during the period from July 1, 1957 to July 31, 1958. The

results are given in Table 1;.
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The results of the analyses indicate an increase in the acid-

soluble fraction at Station +0.1, but the values at Station +0.3 were

comparable to those found for the stations located upstream from the

outfall. The data would appear to indicate that although a small amount

of acid-soluble inorganic phosphorus is in suspension immediately below

the outfall the reduction in soluble phosphorus cannot be attributed to

precipitation.

A large amount of euplankton flows over the dam from the reservoir

upstrean from Station -O.h during the summer months and the amount of

plant material in the water as indicated by the green color of the fil-

ter pads shows a gradient from the upstream to the downstream stations.

With the exception of the slight increase at Station +0.1, the reduction

of acid-soluble phosphorus appears to be closely related to the decrease

in plankton in the water. Apparently a portion of the phosphorus in

the decomposing lirm0plankton is acid-labile after the cells fail to

survivethe rigors of the lotic environment.

W ph-osgzorus removal. Having failed to demonstrate an abiotic

mechanism responsible for the reduction in phosphorus in the area im-

mediately downstream from the outfall, the flora of the stream was in-

vestigated.

Although the rooted aquatic plants and trees along the shore un-

doubtedly obtain a portion of their nutrients from the river, the peri-

phyton of the stream is in contact with a greater part of the water mass

and would be more likely to be responsible for phosphorus removal.

The quantitative periphyton study described later indicated that

even when the increase in periphyton production occurred in the areas
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several miles from the outfall, the decrease in dissolved phosphorus

between Stations +0.1 and +0.6 remained relatively constant. If the

periphyton in the enriched area was storing phosphorus to levels above

its normal requirements as found by Einsele (19hl), the mechanism for

the removal of the element from solution even during periods when the

periphyton production was low could be detected.by determining the

phosphoruszweight ratio of the growth on the substrata from.the different

stations.

In order to determine the phosphorusrweight ratio of the peri-

phyton, total phosphorus determinations were made on the growth on one

substratum from eadh set at each station except +0.1. The latter was

eliminated from this portion of the study because the results might be

erroneous due to nutrient-rich particulate material filtered.from the

water by the periphyton growth. The periphyton on the remainder of the

substrata from.eaoh station was treated.to determine the relative amount

of growth. The results are given in Table 5.

TABLE 5. Micrograms of organic phosphorus:re1ative periphyton

growth ratio as determined at seven stations on

the Red Cedar River.

*h.9

§3§§;2§_ P h i ent unit

-0.h 0.72

-0.2 0.5?

+0.3 2.50

+0.6 1.62

+1.8 0.9?

+3.8 , 0.75

0.6h
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The ratio of phosphorus to organic material in periphyton increases

greatly after the introduction of the nutrient-rich effluent and then

decreases toward.Station +h.9. It is interesting to note that the de-

crease in the phosphoruszorganic material ratio between Stations -O.h and

-0.2 follows a decrease in the dissolved phosphorus in the water (Fig. 12),

but after 0.6 mile below the outfall the dissolved.phosphorus in the

.water increases but the phosphoruszorganic matter ratio continues to de-

crease. Although the data for the stations downstream from Station +0.6

may appear anomalous due to the increase in dissolved phosphorus and de-

crease in the phosphorus content of the periphyton, it should be pointed

out that the values derived from a chemical analyses of the water are a

measurement of the elements not utilized by the flora of the stream. Also,

a dynamic population of periphyton does not tend to accumulate phosphorus

above the needs of the organisms, but instead utilizes the element in

the production of new cells (Grsenda, unpublished). It may be assumed

then that the greater portion of the phosphorus introduced with the ef-

fluent into the Red Cedar River is biologically removed from solution

within a very short distance from the sewage treatment plant outfall.

Phosphorus regeneration. The increase in dissolved phosphorus down-

stream from Station+0.6 (Fig. 12) raises a question concerning the

mechanism of phosphorus transport from the area of "high" concentration

through a distinct area of "low" concentration where the dissolved phos-

phorus values may at times be nearly equal to those upstream from the

effluent discharge to the downstream areas where the values increase

with distance from the outfall. One might assume that the downstream
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increase was due to the mineralization of particulate organic waste

released in the effluent and that the area of stabilization would move

upstream as the water temperature increased and downstream as the water

temperature decreased. Although the zone of phosphorus regeneration

tends to shift with water temperature, the method of transport cannot

be associated with suspended solids. The total sestonic phosphorus

values for the station 0.3 mile below the outfall were usually comparable

to those upstream from the outfall. Therefore, it must be assumed that

the phosphorus is transported biologically from the areas of "high"

concentration to the zone of regeneration.

It was demonstrated that the periphyton 0.3 mile downstream from

the source of nutrients contained over four times as much organic phos-

phorus per unit of growth as the periphyton.upstream.from the outfall.

One can also assume that this ratio increases between Station +0.3 and

the outfall. The quantitative periphyton data indicate that the net

amount of organic material produced may exceed 20 mg dm“ day" in

the more productive areas of the Red Cedar River (Grzenda, unpublished).

If it were not for a relatively short turnover period, i.e. sloughing

and repOpulation of an area, the stream bed would soon .be covered with

a thick mat of periphyton. The sloughing process results when new

growth excludes the light from.the basal cells causing them to die and

‘become detached from.the substratum. The disintegration of the basal

cells may be accelerated by the nascent oxygen produced by the outer

photosynthetic layer whose growth in turn may be stimulated by the

carbon dioxide and nutrients released.from.the basal layer.

The downstream increase in dissolved phosphorus results when the

periphyton containing the high phosphorus :weight ratio becomes detached
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from the substratum, is carried downstream by the current, disintegrates

and undergoes decomposition, and releases the nutrients to solution.

The area of nutrient regeneration is governed by the stream velocity

and the water temperature.

The role of water temperature in the decomposition rate of the de-

tached.periphyton is well demonstrated in Table 6. On August 19, 1957

and June 19, 1958 when the daily high for the water temperature approached

200 0., the sestonic phosphorus content of the water was much lower

at Station +3.7 than at Station +0.6. On these dates the regeneration

was most apparent as shown in Figure 13. On January 1h, 1958 and

April 15, 1958 when the water temperature was below the Optimum for

bacterial activity, the sestonic phosphorus values were equal for the

two stations.

TABLE 6. Sestonic phosphorus content of the water at two stations

on the Red Cedar River. as related to water temperature.

  

23355. Eater temperaturp Station

E...“ M :93} 3.3.21

August 19, 1957 17.9° c . 20.6° c 59 11g 1" 26 ng 1"

January 11;, 1958 0.0° c 0.0° c 26 pg 1" 26 pg 1‘

April 15, 1958 - 8.80 c 13.1.0 0 33 n8 1" 33 pg 1"

June 19, 1958 16.8° c 19.h° 0 52 pg 1" 28 pg 1"

During the winter months when bacterial activity is greatly reduced,

the area of greatest phosphorus regeneration was downstream from the

study area. Mr. Alfred R. Grzenda, a fellow graduate student who was

studying the biodynamics of the stream at an area 9.9 miles downstream

from the outfall, consistently obtained higher values than were obtained
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at Station +h.9. After the end of the period of ice cover (March 3)

the periphyton growth was stimulated by the additional light reaching

the substratum and the dissolved phosphorus content of the water was

reduced in the downstream areas. After the water temperature had

increased sufficiently to stimulate bacterial activity, the zone of

regeneration again shifted upstream to within the 5.3 mile study area

and the. phosphorus accrual exceeded b1010gical utilization. This re-

sulted in an accumulation of the element in the dissolved form and pro-

duced the downstream regeneration curve as shown in Figure 12.

Ammonia Nitrogen

Although ammonia nitrOgen is seldom a constituent of streams, it

was of great importance in this study because ammonia is the first

inorganic nitrogen form produced in the nitrification of organic mate-

rial and is usually present in sewage treatment plant effluent. Also,

the reservoir located above Station -0.h contained large amounts of

plant material and organic depositions which proved to be a source of

ammonia for the section of stream under investigation.

In streams that do not receive organic wastes the ammonia produced

is almost irnmediately utilized by the aquatic flora or converted to

nitrites and nitrates. The latter is accomplished through bacterial

action. The ammonia present in water is. mainly in the form of NH;

and undissociated NaOH. At the normal summer pH values of the Red

Cedar River the ratio between Mi; and New would be approximately 30:1.

the amount of ammonia produced in the Williamston sewage treatment

plant and emptied into the Red Cedar River with the effluent is high

for this type of installation. This might be explained in part by



the plant's operation at only 60 percent of designed capacity resulting

in a longer retention period of the liquid fraction in the primary set-

tling tank. Also, the sludge must be allowed to accunmlate for a longer

period of time to obtain an adequate amount to justify withdrawal and

transfer to the composting unit. The ammonia nitrogen values obtained

at Station +0.1 ranged from trace amounts during the July 1957 flood

period to 1.2 mg 1" during the low water period in July of 1958. The

effluent is not completely mixed with the river water at Station +0.1,

and the ammonia nitrogen content of the water is reduced by dilution,

conversion to nitrites and nitrates, and plant utilization within the

next 0.2 mile so that the highest value received at Station +0.3 was

0.112 mg 1" . -

During the summer months when bacterial and periphyton activities

were high, significant ammonia nitrogen values were recorded only at

Stations +0.1, +0.3, and occasionally at +0.6. One exception to the

above was noted during the study period and this was attributed to an

industrial accident approximately 15 miles upstream from the area.

On May 21, 1958, a fire destroyed a portion of a metal plating

factory located at Fowlerville, Michigan. In the course of fighting

the fire, water flooded the cyanide tanks and this chemical was diverted

into a waste treatment lagoon. The plant manager quickly ordered the

lagoon outlet closed and initiated treatment of the lagoon contents

with sodium hypochlorite to oxidize the cyanide to the relatively non-

toxic cyanate (Eldridge, 1933; Dobson, 19M) and thus prevented what

might have been a major catastrophe to the stream. When the reaction

was complete, the contents of the lagoon were fed into the Red Cedar
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River. Since cyanates are hydrolyzed to ammonia compounds, the rate

of which is a function of the pH of the receiving water, it is theorized

that this reaction accounted for the presence of ammonia at both the

upstream and downstream stations within the study area during June 1958.

Although Resnick gt;§l. (1958) found that the cyanates were relatively

stable under aerobic conditions, it is theorized that the formation of

ammonia may result from.microbial action in the complex natural environ-

ment.

During the fall and winter months when the biolOgical activity in

the area was low, ammonia nitrOgen was found.at all stations. The

periphyton data indicate that when the phytopigment production fell be-

low approximately five units per square decimeter per day the ammonia

production exceeded utilization and conversion.

The nitrogen introduced into the Red Cedar River in the form of

ammonia cannot be followed through the uptake and regeneration phases

that were associated with the phosphorus. Even though the quantity

of ammonia received by the stream is high during the summer period, it

is unlikely that it would be lost to the atmosphere in the form of gas

since 800 volumes can be absorbed in one volume of water at 20° 0. Also,

since the amount of nitrogen in the oxidized forms does not increase at

Station +0.6, it must be assumed that during the smnmer period the

ammonia nitrogen is assimilated into organic material'within.a short dis-

tance downstream from the outfall.

'me nitrogen cycle in the study area will be covered more fully

in the section discussing nitrates.
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Nitrogen as Nitrite plus Nitrate

The nitrate ion, unlike the phosphate ion, is not firmly held by

soil particles and is easily leached from the topsoil and eventually

finds its way into lakes and streams. Schmidt (1956) in his work in

Minnesota reports finding 6.34 mg 1" of nitrates in spring water from

Nobles County and 18 mg II in water from a field tile draining culti-

vated land. In view of the above data one might expect a stream re-

ceiving not only drainage water from agricultural areas, but also

sewage treatment plant effluent, to contain large amounts of nitrates.

However, as Whipple (19148) points out, the nitrogen measured in a stream

represents only that which has not been utilized by the aquatic flora.

In a small stream system such as the Red Cedar River the flow in marry

of the tributary streams is less than one cubic foot of water per second

except during periods of rainfall and the periphyton community and

rooted vegetation of the tributary removes the excess nutrients from

the water before it reaches the main stream. The relationship between

the tributary waters and the nutrient content of the water in the study

area could be detected only during periods of heavy run-off and during

the winter months when the biological activity was low. The nutrient-

rich water received from (the tributary streams during periods of heavy

rainfall also carries a‘ heavy sediment load which, as will be demonstrated

later, destroys the standing crap of periphyton. Therefore, the bulk

of these nutrients cannot be utilized by the aquatic flora and are car-

ried downstream without producing a biologcal response.

The highest N-N02 + N03 value, b.12 mg 1" , was recorded on July 5,

1957 when the Red Cedar River was above flood stage. When the water
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level receded, the nitrogen value dropped to 0.2 mg l". .

The month of July 1958 provided an excellent period to study the

relationship between precipitation, stream flow, and oxidized nitrogen

in solution in the river (Fig. lb). The stream flow and precipitation

data were recorded at the East Lansing Stations by the U. S. Geological

Survey and the U. S. Weather Bureau while the nitrogen values were de-

termined on water sanples taken at Station -0.2 of the study area.

The river was nearly at base flow prior to the rains on July 3,

h, and S which caused the water level to rise slightly over four feet

at Station -0.2. Since the watershed area was very dry prior to the

rains, the surface run-off period was very short and the river level

dropped 23 inches between July 5 and July 7, and 13 inches between

July 7 and July 9. '

file N'N02 + N03 in the river increased from 0.11 mg 1" before the _

rainfall period to 2.70 mg 1" during the peak run-off period. It then

decreased rapidly as the run-off declined. The nitrogen value was only

0.29 mg 1" on July 23 and 0.06 mg 1" on July 31.

During the stuch' period the N-N02 + N03 content of the Red Cedar

River did not show a significant increase after the introduction of the

Williamston sewage treatment plant effluent even though as much as 1.2

mg 1" of nitrogen in the fom of ammonia was measured at Station +0.1

in June 1958. This would appear to indicate that even thong: nitrifica-

tion may occur, the utilization rate of ammonia by the aquatic flora of

the stream is sufficiently high to prevent accumulation of the oxidized

forms.

One might question why nitrification and an accumulation of nitrOgen

in the oxidized forms do not occur during the winter months when the
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Fig. 114. Relationship between precipitation, stream flow, and inorganic

nitrogen in the Red Cedar River.
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periphyton production was low. First, the rate of mineralization of

nitrOgeneous waste in the settling basin of the sewage treatment plant

proceeds much more Slowly during cold weather and the production and

release of ammonia was less than 50 percent of the summer values.

Second, the activity of the organisms responsible for the nitrification

of ammonia would be reduced by the subOptimal temperatures so that the

increase would occur further downstream from the outfall. And third,

in a lotic environment the ammonia introduced is carried downstream as

NHHOH or as Nfii either as the free ion or as the ion adsorbed on organic

particles so it does not accumulate in a given area and undergo nitrifica-

tion.

During the winter period the N°N02 + N03 values were slightly higher

at the downstream stations than at those located upstream from the sewage

treatment plant. The buildsup occurred when the downstream stations

were covered with ice and the photosynthetic activity was low. The

N'N02 + N03 values at Station +3.7 were greater than 1.0 mg I' on the

sampling dates between Nevember 19, 1957 and March 26, 1958, but values

of less than 0.5 mg I“ were found after April 22, 1958.

The data indicate that the N'N02 + N03 values in the Red Cedar

River are highest during the winter months when the stream is covered

‘with ice and periphyton production is low. After the spring thaw the

periphyton production increases and the nitrOgen content of the water

decreases. During the summer months the available nitrogen content of

the water may increase temporarily as the result of precipitation and

runpoff from the watershed area, but concentration in solution decreases

Sharply after the peak run-off period. During the periods of high
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periphyton production the total inorganic nitrOgen content of the

water was frequently less than 0.1 mg l”.

Periphyton Production
 

The periphyton occupies a very important position in the energy

transfer systems operating within a lotic environment. Because euplank-

ton is virtually absent from all but the more sluggish streams, the

role of converting solar energy to organic material is carried out al-

most entirely by these forms. Occasionally rooted plants such as

Wiflisneria s . or Potamogeton set are found anchored to the stream bed,
 

but these forms are usually of minor importance because of their season-

al occurrence, limited distribution, and inability to recover quickly

from adverse conditions. The periphyton community is ubiquitous, and

although seasonal variations in composition and productivity do occur,

the quantities produced are sizeable at all times of the year because

of its short turnover period. Besides its position as the most impor-

tant primary producer in a stream, the periphyton mat also provides

shelter for numerous forms of benthic organisms. The herbivores could

be expected to be found in this "green pasture", but the fauna also

includes various filter feeding forms and carnivores.

Although the l.h square decimeter plexiglass substrata used to

measure the periphyton production in the Red Cedar River presented a

smoother growing surface for the organisms than is naturally found in

a stream, the growth patterns on the substrata appeared to be comparable

to that on the stream bed. In other words the phytOpigment density on

the substrata was high when the periphyton pOpulation on natural submerged
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objects appeared to be adding new growth. Likewise, when the flora on

the natural substratum appeared to be in a static state, the production

as measured on the plexiglass plates was low.

Qualitatively, the periphyton community of the Red Cedar River

consisted primarily of members of the Bacillariaceae (diatoms). These

organisms are characterized by their boxlike silica shells and yellow

pignent which tends to mask the green chlorophyll. These diatoms be-

come attached to the substratum by the whole of one surface of the cell

or by means of a mucilaginous stalk or extrusion. Taxonomically, this

is a very difficult group and since this study was undertaken to deter-

mine the relative production of organic material in the different areas,

identification was not attempted.

Seasonal Variations

The periphyton production in the Red Cedar River demonstrated dis-

tinct seasonal variations (Fig. 15) which were difficult to correlate

with the physical and chemical conditions of the stream.

The periphyton measurements were initiated August 6, 1957. The

periphyton production during the first study period from August 6 to

August 15, 1957 was relatively high with a mean phytOpigment accretion

of 78 AA x 10’ units per square dosimeter per day at Station +3.7.

The phytopigment production dropped approximately 50 percent during the

next stuchr period from August 20 to September 3, 1957 and continued to

decrease until the period of ice cover in December. This indicates a

decrease in the production of organic material through the fall period

and the absence of the characteristic autumn maxima frequently recorded

for a lotic environment.



Fig. 15. .mean daily phytopigment production per square

decimater-measured at nine stations on the Red

Cedar River from August 1957 through August 1958.
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During the winter period the ice cover on the Red Cedar River

reached a maximum depth of 11 inches at Station +3.7 and was frequently

covered with up to 6 inches of snow. This excluded 3. large portion of

the available light from the organisms on the substrata and reduced

primary production to the lower limits of detection possible by the

phytopigment method of measurement. It should be pointed out that the

depth of ice cover increased toward the downstream stations and this

was reflected in a decrease in phytopignent production. The increase

in the depth of the ice cover toward the downstream stations could not

be correlated with differences in water temperature or stream flow.

The periphyton production increased very rapidly following the

spring thaw and reached a maximum in April and early May. The phyto-

pignent production at the downstream station exceeded 130 units per

square decimeter per day during this period. A slight decrease in

production was measured during the last half of May and then a sharp

increase occurred during the month of June. A measurable quantity of

ammonia nitrogen was found in the river at all stations during the June

surge in production and, since it had been determined that during periods

of high periphyton production the utilization rate of ammonia nitrogen

was equal to or exceeded the production of ammonia, it was concluded

that the source of this nutrient form was not indigeneous to the stream.

Although Resnick gt _a_l_. (1958) found that cyanates were relatively

stable under aerobic conditions, no other possible source of amnonia

could be found. It is therefore assumed that the cyanates released

into the river from the industrial plant lagoon at Fowlerville were

carried downstream by the current and slowly underwent hydrolysis.
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The ammonia produced by this reaction stimulated the periphyton growth.

The greatest biological response was measured in the zone of phosphorus

regeneration.

The periphyton production was receding as the extra available nit-

rogen supply was being utilized, when, for the second straight year, a

heavy rainfall during the first week of July resulted in high water

levels and high stream turbidities. As will be described later, the

flood water conditions which existed for only a short period of time

almost completely destroyed the standing crop of periphyton that was

present immediately prior to the period of rainfall. After the turbid

conditions had subsided, the periphyton production was comparable to

the values measured during the late summer and early fall of 1957.

In summarizing the seasonal variations in periphyton production

in the Red Cedar River, the data indicate that growth and reproduction

increase rapidly following the period of ice cover and reach a maximum

in April or early May. If the period when the extraneous nitrOgen sup~

ply is ignored, it would appear that the production would slowly decrease

through the summer and early fall until the period of ice cover when

it is sharply reduced.

variations between Stations

The phytOpigment data indicate a discrete difference in the peri-

gflryton production between the stations located above and below the Wil-

ILiamston sewage treatment plant outfall, but the area of greatest bio-

10gical response to the nutrients acquired from the sewage treatment

plant effluent tends to shift with water temperature, stream velocity,

auui'basic productivity levels (Fig. 15; Appendix C).
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During the August to December period when the productivity was

decreasing with each periphyton measurement period, the measured

differences in production between stations became less pronounced.

During the period from November 26 to December 10 the difference in

organic material accumulation on the artificial substrata at the upstream

and downstream stations showed very little difference. After the ice

had formed on the river, no attempt was made to compare periphyton pro-

duction and nutrient levels at the different stations. The data given

in Appendix C illustrate the low level of growth during the winter

months.

During the first periphyton collecting period after the ice period

from March 7 to March 20, 1958, the artificial substrata were exposed

only at Stations -O.h, -0.2, and +1.8 because of problems (of accessibility.

The mean phytOpigment accumulation for each station was 631, MS, and

1,222 units, respectively. The decrease in production at the second

station was attributed to interference by turbid waters entering from

Deer Creek whose confluence with the river is 0.1 mile upstream. This

effect was noted during several periods throughout the course of the

stuchr and will be discussed in a later section.

The seasonal variations in periphyton production at the different

stations are illustrated in Figure 16. In the spring when the water

temperatures are relatively low, a significant response in periphyton

growth was noted at the station 0.3 mile dou-mstream from the outfall.

Although the production level decreased towards Station +0.6, it fre-

quently showed an increase further downstream. As the water temperatures

increased, the area of greatest bi010gica1 response to the acquired
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nutrients tended to shift downstream and it appeared that the sewage

treatment plant effluent had an antagonistic effect upon the periphyton

at Stations +0.1, +0.3, and +0.6. This is difficult to explain since

no toxic industrial wastes are released into the river. and heterotrOphic

organisms are not present in great enough Immbers to compete for space

with the periphyton on the substrata at the stations just downstream

from the outfall. Also, Bartsch and Allen (1957‘) and others have re-

ported that tremendous plankton pOpulations are present in waste stabi—

lisation ponds where the medium is pure sewage in various stages of

carbonization and nitrification. Although Brinely (191:2) and Butcher

(1924?) reported a suppression of stream flora by sewage, the effects

can be attributed to industrial wastes. Lackey (1956) found a sharp

reduction in the plankton population of Lytle Creek after the intro-

duction of sewage treatment plant effluent, but in this study the volume

of effluent exceeded the stream flow and septic conditions resulted.

At Station +0.3 of the Red Cedar River none of the above conditions

exist, but the periphyton production showed a decrease during the sum-

xmer months.

H The relationship between the point of enrichment and the area of

maximum biological response appears to be the result of interactions

between several physical and chemical factors. The shift in the zone

of highest periphyton production from Station +0.3 to the areas further

downstream might be considered to be related to the water temperature.

If this were true, the zone would move back upstream in the fall as the

days became shorter and the water temperature decreased. This did not

occur during the study period; in fact, the differences in the mean
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phytOpigment density measured at the different stations became less

apparent as the fall progressed. This is demonstrated in Figure 16

when the mean water temperatures for the September 26—0ctober 10, 1957

and the May 5-12 periods were approximately the same.

The decrease in periphyton production in the area between the

sewage treatment plant outfall and Station *0.6 is not related to the

phosphorus and nitrogen levels in the stream because the source is

constant and the level of enrichment usually increases during the sum-

mer as the dilution factor decreases. Also, the nutrients in solution

are utilized within the first 0.6 mile downstream from the outfall even

during periods of low production. This indicates the periphyton com-

munity of the area is active and that the downstream response is not

due to non-utilized nutrients originating from the sewage treatment

plant outfall and flowing directly to the lower sections.

0n the basis of the available data it is presumed that a substance

or substances formed in the primary settling basin of the sewage treat-

ment plant during the warm summer months inhibits plant reproduction

in the stream down through Station *0.6. Although the periphyton growth

and reproduction in this area is inhibited, the organisms present con-

tinue to remove the nutrient elements from the water and store them _,

at levels far above their normal requirements. After death and detach-

mnt from the substratum, the cells are carried downstream by the cur-

rent and undergo decomposition. The nutrient constituents are released

.to solution and produce an increase in periphyton production at the

downstream stations. The nutrient supply during the early part of the

year is also augnented by nitrates introduced with seepage and ground

water.
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During the fall period when the water temperatures are decreasing

the antagonistic or inhibitory effect of the sewage treatment plant efflu-

ent on the periphyton pOpulation should also be reduced. This would allow

a maximum periphyton growth in the areas justdownstream from the outfall.

A comparison of the spring and fall periphyton production periods having

nearly equal water temperatures indicates that the fall production is much

less than those measured in the spring even though the nutrient levels were

comparable. A study of the "normal" solar radiation per square centimeter

received by the area indicates that the fall values are only 75 percent of

the spring values (computed from Crabb, 1950). Therefore, it may be as-

sumed that even though other conditions may be equal, the flora of the

stream cannot respond to the additional nutrients received from the sewage

treatment plant under the lower light conditions.

The combination of the physical and chemical factors which produced

the differences in periphyton production at the individual stations was

the most obvious during June 1958 when the extraneous nitrogen supply

became available to the flora of the study area. ,

The results of the chemical analyses of the water samples taken on

May 27, 1958 indicated that the dissolved phosphorus concentration at Sta-

tions +1.8, +3.7, and +h.9 were 59, 68, and 71 pg 1"I , respectively. The

value from Station -0.h on this date was 23 pg 1'". The total inorganic ni-

trogen content of the water at all the above stations was less than 0.1 mg l".

The increase in available nitrOgen during June produced a biological

response that roughly paralled the increase of regenerated dissolved phos-

phorus in solution toward the downstream stations (Fig. 15). During this

period both nutrients were present in consentration above the minimal levels

and the physical conditions were such that the periphyton could respond

accordingly.



 

Nutrient response

It is usually difficult to detect limiting nutrient factors in a

natural body of water and the Red Cedar River proved to be no exception.

First, it is impossible to measure quantitatively only those nutrient

compounds which are available to the plants. This is especially true

in the case of a stream receiving nutrients in the form of sewage

treatment plant effluent. The aquatic flora can utilize complex in-

organic nutrient compounds as well as many organic forms. Chu (l9h6)

reported that although perphosphate is not as good a phosphorus source

as orthophosphate, it will promote growth. In the same study he found

that the calcium or magnesium salt of inositol hexaphosphate (phytin)

'will support algae as well as orthOphosphate. No data could be found

concerning the status of the immediate availability to plants of the

phosphorus in household detergents. In the routine method for phos-

‘phorus analysis either the orthophosphate only is measured or the sample

is digested so that all of the phosphorus in phosphorus-bearing compounds

is converted to the ortho- form for colorimetric detection. In a lake

all of the forms of phosphorus are either immediately or potentially

available to the flora but in a stream the potentially available forms

should not be considered in a study area because they are carried down-

streanibw'the current before they are converted to an available form

by biological or chemical action .

The aquatic flora can utilize also many forms of organic nitIOgen

whixflr are not detected in the usual ammonia, nitrite, and nitrate-

nitrOgen analysis. Ludwig (1938) demonstrated that the green alga,

Chlorellgg, can utilize organic nitrogen in the form of many of the
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amino acids but cannot assimilate various azo compounds. Since it

is known that the organic nitrogen content of sewage treatment plant

effluent is very high and that nitrogen is a constituent of many com-

plex compounds, the measurement of only that nitrogen which is immedi-

ately available to the flora of the stream is impossible.

Second, as pointed out by lflxipple (19118), we are measuring only

those nutrients which have not been used by the flora of the stream.

The data of Kofoid (1903) indicate that the maximum plankton production

in the Illinois River followed the highest nitrate values. In addition,

it is well established that the inorganic nutrient content of a lake

may approach the lower limits of detection at the time of a plankton

bloom as a result of the available phosphorus and nitrogen being in-

corporated into living plants. Therefore, with a "cause and effect"

phenomena controlling the nutrient levels, the chemical data must be

interpreted very carefully before assuming that a particular element

is a limiting factor in aquatic production.

The chemical data indicate that the amount of soluble phosphorus

present at all but two stations in the study area was less than the

minimal levels for maximum algal growth (Chu, 191.113) (Fig. 17).

Assuming that antagonistic factors were present at Mile +0.1 and +0.3

during the summer period, one might conclude that phosphorus was the

limiting factor for periphyton growth in the Red Cedar River. The pro-

duction data for the entire study period tend to indicate that," ‘other

factors are involved and although the soluble phosphorus levels are

lower than the minimums given by Chu (op. cit.) , they still exceed the

concentrations in most unpolluted waters (Juday and Birge, 1931).

The inorganic nitrogen levels in the Red Cedar River for the July.

1957 through July 1958 study period are given in Figure 18.





Fig. 17. Dissolved and sestonic phosphorus content of the

water at eight stations on the Red Cedar River.
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Fig. 18. Inorganic nitrogen content of the water at eight

stations on the Red Cedar River.
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The analyses of the periphyton production-nutrient level relation-

ship for the individual study periods (Appendix C) indicate that avail-

able nitrogen may be of more importance as a limiting nutrient factor

than the phosphorus. During the summer months when the water temper-

atures exceeded 20° C., the zone of phosphorus regeneration shifted up-

stream into the study area. This resulted in an increase in the dis~

solved phosphorus concentration in the water at Stations +3.7 and +h.9.

Although the periphyton production usually responded to the higher

nutrient levels, the increase in productivity was not sufficient to

utilize the extra phosphorus that was available. Only during June 1958

when an extraneous nitrogen supply was introduced into the river did

the periphyton produced at the downstream stations show a response

adequate to utilize the regenerated phosphorus.

During several of the study periods an increase in periphyton pro-

duction was accompanied by a decrease in the inorganic nitrOgen content

of the water. Furthermore, it was frequently noted that an increase

in the available nitrOgen supply was accompanied by a decrease in the

dissolved phosphorus. The latter phenomenon was especially apparent

at Station -O.2, downstream from the confluence with Deer Creek.

. A comparison of the total phytopigment production and the mean

nutrient levels for the 1958 portion of the study are given in Figure 19.

The data indicate the necessity for considering all of the abiotic

factors influencing the biodynamics of a stream.

Although the total phytopigment production more closely follows

the phosphorus values than.the nitrogen.values, the rate of phosphorus

uptake is not lineally related to the weight of periphyton produced.
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me organic phosphorus :phytopignent ratio data given previously indica-

ted that the flora in the areas innediately downstream from the sewage

treatment plant outfall were removing more phosphorus per unit of organic

matter than the flora either upstream from the outfall or in the down-

stream areas. Lund (1950) found that the phosphorus content of algal

cells may vary by as much as a factor of 70. Harvey (1937) points out

that large quantities of iron-and phosphorus become adsorbed on the

surface of diatoms. A portion of this adsorbed phosphorus is taken in-

to the cell by the acidic protoplasm. Goldberg gt _a_l_. (1950) found

that as high as 50 percent of the phosphorus adsorbed on the surface

of diatoms could be washed off with sea water and termed this phosphorus

fraction as water-labile. Therefore, the quantity of phosphorus removed

from the water by chem-adsorption and intracellular metabolism of peri-

phyton might be very great in proportion to the amount of organic matter

produced. Likewise, Gerloff and Skoog (1951;) demonstrated that the

nitrogen content of a blue-green alga could be more than doubled by

increasing the nitrogen content of the media.

It follows then that a change in environmental conditions that

retard growth night not necessarily result in an appreciable decrease

in the rate of nutrient removal from the stream. Also, since the

nutrient measurements involve only the excess elenents that are not

utilized by the aquatic flora, the element present in solution in the

lowest relative concentration might be the most important as a limiting

factor for periphyton production.

The decrease in phytopigment production- from Station -O.h to -0.2

is assuned to result from adverse physical conditions which frequently
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occurred at the latter station due to the Deer Creek waters which

enter the stream midway between the two areas. During periods of

rainfall the tributary stream is quite turbid and, as will be discussed

later, suspended solids proved to be very destructive to the standing

crop of periphyton.

The decrease in mean phosphorus between the two areas may have been

the result of the dilution effects by the tributary waters which were

very low in phosphorus during normal flow periods.

Station +0.1 was not considered in Figure 19 because the effluent

is not completely mixed with the river water in this area and the

chemical data are not truly representative of the water to which the

substrata were exposed. During the summer months there was also some

interference by the sewage bacterium Sphaerotilus s2.
 

The periphyton at Station +0.3 did not respond to the increased

available nutrients during the summer months. The rate of nutrient

removal from the water apparently continued to remain high even though

the periphyton growth was inhibited. This is indicated by the decrease

in the quantity of the two essential elements between Stations *0.3 and

+0.6. This may be explained in part by the previous discussion on

nutrient storage and adsorption and the data on the organic phosphorus:

phytopigment ratio at the different areas within the study section.

The decrease in the phytopigment production at Station +0.6 parallels

the decrease in the available nutrients of the station. Since both the

phosphorus and nitrogen decrease so sharply, it is difficult to deter-

mine which might be termed the limiting factor. Daring two of the study

‘periods, May 5-12 and.May 12-19, the highest phytOpigment production
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was measured at this station. An examination of the chemical data from

samples taken April 30, May 12, and May 19 indicate the dissolved

phosphorus content of the water was abnormally high on May 12 (814 pg 1")

but on the other sampling dates it was ”normal” for the area. No dif-

ferences were detected in the inorganic nitrogen concentration during

this period.

After May 19, 1958, the production and available nutrient values

were low at Station +0.6 and the greatest chemical changes and peri-

phyton production were measured in the wees further downstream.

In the area downstream from Station +0.6 the phosphorus and phyto-

pignent values increase and the nitrogen values show a slight decrease.

If the biological response at the downstream stations was entirely due

to the increase in available phosphorus, it appears that the increase

in production would be sufficiently great to prevent the increase in

the quantity of dissolved phosphorus in solution. This would seem to

indicate that the decrease in the mean inorganic nitrogen values towards

Station +h.9 results from the increase in plant growth, but that the

quantity of available nitrogen is not sufficient to support a periphyton

population of sufficient magnitude to utilise the excess phosphorus.

The fate of the nitrogeneous compounds in the decmposing, detached

organic material from the upstream areas is unknown. The inorganic

nitrogen values did not increase in proportion to the phosphorus regen-

eration. In a previous discussion the storage and adsorption of phos-

131101118 by algae were mentioned as being responsible for the atypical

organic phosphorus :organic matter ratio at Station +0.3. It is assumed

that the quantity of nitrogeneous material undergoing nitrification in

the decomposing periphyton was not great enough to exceed the biological
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uptake in the downstream areas and produce a measurable excess.

The maximum biological response in the downstream areas chiefly

responsible fer the increase in production (Figure 19) occurred during

two periods when the available nitrOgen was high. During one of the

periods (April 1958) the nitrogen in the stream was being replenished

by runroff water from.the drainage area and in the other (June 1958)

the available nitrogen was originating from an extraneous source. The

available nitrogensphytopigment relationship for the April 18-25 period

is given in Figure 20. The total dissolved.phosphorus values for

April 22, 1958 only increased 10 pg 1"| between Stations +0.6 and +h.9.

In conclusion the data indicated a greater periphyton growth re-

sponse to high nitrogen levels than to high phosphorus levels. During

the summer months when a large amount of nitrOgen is organically come

bined in terrestrial plants in the watershed area, the stream.deve10ped

a nitrogen deficiency which inhibited periphyton growth and resulted

in an increase in the dissolved phosphorus content of the water.

Effects of Turbidity on Stream.Periphyton

Turbid water conditions were considered as a factor which limited

periphyton production on the Red Cedar River.- The two stations were

established upstream from the sewage treatment outfall to measure the

effects of turbidity introduced into the stream by the Deer Creek water

on the standing crOp and growth rate of periphyton. The area upstream

from Deer Creek (Station -0.h) was subjected to adverse conditions only

after relatively heavy rains whereas the area downstream from the COD?

fluenee (Station -O.2) was subjected to adverse conditions following

each rainfall of sufficient quantity to produce run-off. The seasonal
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reduction in periphyton “production at the station downstream from Deer

Creek has been discussed in a previous section and illustrated in

Figure 19.

The heavy rainfall of July 3, h, and S, 1958 resulted in a four-

foot increase in water level and turbidities which exceeded 150 units.

Because of the extremely dry watershed, these adverse conditions

existed on the stream for less than a week.

By chance the artificial substrata used to measure the periphyton

production had been exposed for seven days prior to the rainfall period

and were scheduled for removal on July 3. The substrata at Station “1.9

were removed from the stream on July 3 Just prior to the rains and those

from the remaining eight stations were allowed to remain in the stream

for an additional seven days. This resulted in the units from Station

-O.h to +3.7 being exposed to stable water conditions for seven days

which allowed for the establishment of a standing crop of periphyton on

substrata. They were then exposed to approximately four days of severe

adverse physical conditions which consisted of high stream velocity and

high turbidity. This was followed by approximately three days when

conditions were returning to "normal" (Fig. 11;). This sequence of con-

ditions provided data that clearly demonstrated the effects of turbid

water conditions on the standing crop and growth of the periphyton within

the study area of the Red Cedar River.

The measured phytopigment accumulation per square. decimeter of

substratum from the units removed after seven days exposure to stable

water conditions at Station +h.9 were used to calculate the standing

crap of periphyton present at the remaining eight stations prior to
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high-water conditions. The production relationship between the stations

was based upon the data obtained for the June 18-25 periphyton period.

The calculated density for the entire lb-day period if normal stream

conditions had persisted was estimated.by multiplying the one-week

densities by two. No information concerning the periphyton growth

curve is available, but the values are thought to be within reason.

The substrata that were allowed to remain at the eight stations

for the 1b days which encompassed the adverse physical conditions were

removed from the stream on July 10, 1958. The phytopigments were exp

tracted from the periphyton and the mean densities determined for each

station. The measured values for the 7-day period for Station eh.9 and

the measured values for the lit-day period from the remaining eight

stations are plotted with the calculated.values expected if stable

water conditions had persisted in Figure 21.

The data indicate that the high water level conditions and asso-

ciated turbidities which were present during July h to July 8, 1958

almost completely destroyed the standing crop of periphyton of the

study area. The phytOpigment density of the periphyton extract from

the artificial substrata that were allowed to remain in the stream for

the entire lh-day period can be considered to be from.growth that took

place between the time the turbidity had subsided and the substrata

were removed from the river.

From this observation it is concluded that highdwater levels and

associated adverse conditions which may exist for only a short period

of time can, through the abrasive action of the particles in suspension

.and exclusion of light, effectively destroy the standing crop of peri-

phyton in a stream.
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Spectrophotometric Analyses of the Phytopigments

The pigments extracted from periphyton with 95 percent ethanol

are complex in nature and contain not only the chlorOphyll group but

also the xanthophylls, carotinoids, etc., and the alcohol soluble

fats and oils. Having noticed a change in apparent color of'the pigment

complex from the different stations in the study area, it was theorized

that the flora in the enriched areas might contain one of the minor

pigments in sufficient quantities to produce a characteristic absorption

spectrum and thus serve as a criterion for detecting organic enrichment

or stream pollution.

A qualitative periphyton sample was collected from Stations -O.h

and +0.1 during the winter, spring and summer periods, the phytopigments

extracted with 90 percent redistilled acetone, and the absorption spectra

determined on a Beckman Model "B" spectrOphotometer. The data indicate

that a qualitative difference in the absorbancy spectra of phytOpigz'wnt

extracts from the different stations could not be detected until a

growth of Sphaerotilus 32. was evident at Station +0.1. This sewage
 

bacteriumvms first observed on July 3, 1958 and was thought to be as-

sociated with the high carbohydrate content of the sewage treatment

plant effluent due to the home canning season. It was never observed

at any of the other downstream stations during the study period.

The absorbancy peaks for a phytopigment extract complex from a

periphyton community from the stream section unmodified by sewage

treatment effluents are at h32 and 660 millimicrons. This is demonstrated

in the spectrum of phytOpigments from Station -O.h (Fig. 22). The

spectrum having absorbancy maxima at th and 665 millimicrons was
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Fig. 22. Absorbancy spectra of the phytopigments from two

stations on the Red Cedar River.
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obtained from phytopigments extracted from periphyton collected at

Station +0.1 on July 23, 1958. During this period a dense growth of

heterotrOphic organisms was noted on the artificial substrata in this

area. The shift in the absorbancy maxima is attributed to the presence

of decomposition products of chlorophyll (Holt and Jacobs, l95h).

These products were formed after the heterotrOphic growth destroyed

the periphyton accumulation on the substrata.

In view of the above data it was concluded that a spectrophoto-

metric analyses of phytOpigment extracts could not be used to detect

areas of organic enrichment or pollution in a stream until the pOpu-

lation of heterotrophic organisms became sufficiently high to destroy

the autotrOphic community.

Proggpted Intercommunity Relationships

A complete study of the biodynamics of a lotic environment would

involve'umeanalyses of the physical and chemical factors which control

the biological production plus a quantitative measurement of the bio-

logical production of each trophic level. Because of time limitations,

the chemical analyses were confined to determining the phosphorus and

nitrogen content of the water and the biological study involved only

those organisms most closely dependent upon these nutrient elements.

Since Charles Elton first prOposed the pyramid of numbers, the

relationship between the higher biotic units and the primary producers

has been studied and substantiated in both terrestrial and aquatic en-

'vironments. Lindeman (l9b2) proposed the trophic-dynamic concept of

ecology and stated that the caloric content of the organisms composing
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each trophic level was homologous to the pyramid of numbers. Therefore,

in view of the intensive and extensive work indicating a biological

response of the higher organisms to increases in primary production,

the scope of this investigation was limited to the basic producing units

in the environment and the data used as an index to the production within

the higher trophic levels.

The relatively short section of stream involved in the study above

the sewage treatment plant outfall (0.h mile) presented two distinct

types of habitat. In the area below the Deer Creek confluence, the

organisms were subjected to periodic, highly adverse conditions during

highdwater stages. The flood waters from Deer Creek arise in part from

cultivated land and are highly turbid and carry a heavy bed load of

sediments. The fine particles in suspension were detrimental to the

flora and fauna in that they exclude light from.the former, and the

larger particles (chiefly fine grains of sand) mechanically destroy

the biota by their abrasive action. The primary producers are able to

recover rapidly after conditions return to normal but the primary

consumer papulation would probably remain low until recolonisation

was affected by drift from.upstream areas or ovaposition by adults

which had emerged from other areas. Therefore, the reduction in the

measured primary production at Station -O.2 might well be indicative

of a reduced papulation of benthic forms, not only as the result of

less available food, but also as the result of adverse physical con-

ditions.

Although the flora at Station -0.h was subjected.to periods of

turbid.water conditions, most of the coarser silt particles and sand
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settle out in the upstream reservoir. It has been demonstrated that

the periphyton in this area recovered more rapidly than at other areas

following high-water conditions and it can be assumed that the benthic

forms here were subjected to less adverse conditions.

It would be impossible to project the periphyton data to the

fish population in the stretch of river between the sewage treatment

plant outfall and the Williamston Dem because of the short distance

involved and the ability of fish to migrate from areas of less favorable

environmental conditions to areas of more favorable conditions. In

addition, the dam acts as a barrier to upstream migrants and undoubtedly

served to concentrate those species attempting to move upstream in the

Station -0.h portion of the area.

The flora in the immediate area downstream from the sewage treat-

ment plant outfall tends to store the nutrient elements in excess of

their basic requirements and this produces an intermediate area where,

during certain periods of the year, the measurable nutrients in solution

are comparable to or less than the levels upstream from the outfall.

This raises the question as to whether the production of organisms in

the higher trophic levels would increase at Station +0.3 and decrease

again at Station +0.6. In reviewing the data it can be seen that the

zone of maximum periphyton response shifted from the Station +0.3 mile

area in early spring to’the downstream areas during May and June. Since

the benthic forms could not migrate with the shift in maximum peri-

phyton production, it is assumed that the population would be controlled

by the minimal conditions in the habitat. This was confirmed in an

earlier study (Brehmer, 1956) in which the benthic association in an
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area downstream.from a point of organic enrichment was composed of

fewer taxonomic groups than at other areas in the stream even though

recognized adverse conditions did not exist.

The increase in total periphyton production in the downstream

areas is significant in many respects. Butcher (19h?) noted a sharp

decrease in sessile organisms immediately below the point of pollution

but the pollutants included tar acids, gas liquors, and organic chemical

wastes which would suppress the pOpulation. In his study the first

population maximum was measured eight miles downstream from the sewage

outfalls. 0n the Red Cedar River the maximum production was measured

at Stations +3.7 or +h.9 only during 8 of the 2b study periods from

August 6, 1957 to August 15, 1958. The point most important in consider-

ing the relationship of periphyton production to the higher biotic

forms is that the production in the downstream part of the study area

'was always relatively high during the summer months when the activity

of the poikilothermic herbivors is the greatest. There were no periods

when the daily periphyton production dropped to almost zero as was noted

in the areas within a mile of the outfall. Also, the maximum periphyton

response was noted during April and May, a period of the year when the

'benthic forms are in their final instars prior to emergence and.the

grazing rate is high. The biological characteristics of the Station

+h.9 area were reported in a previous study (Brehmer, 22. £23.). The

‘benthic association was not only more complex in that a larger number

of taxonomic groups were represented but also more of the forms present

'were in the groups considered to be more suitable and.available as fish

food.
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In view of the extensive literature relating benthic fauna to

fish production (Ball and Hayne, 1952), it would appear valid to assume

that the downstream.areas are capable of supporting a greater fish pop-

ulation than either the area upstream from or immediately downstream

from the sewage treatment plant outfall. Katz and Gaufin (1952) found

that not only the total number of species and individuals of fish in-

creased with distance from the sewage outfall, but that the fish failed

to move upstream.towards the outfall during the winter months when the

dissolved oxygen content of the water became tolerable. The data from

this study indicate that even though septic conditions did not exist

at Stations +0.1, +0.3, and +0.6, the fish food organisms might be

limited by periods of very low periphyton production.

Therefore, if the fish and bottom fauna production of an area

are related to the minimal periods of periphyton production, a study

of this type using artificial substrata and the phytopigment density

of the accumulated.periphyton as an index might well serve to classify

a stream or an area thereof as to its recreational potential.
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SUMMARY

1. The mean dissolved phosphorus content of the Red Cedar River ‘

at Station -0.h was found to be approximately 30 pg 1“ (range - 13 to 53).

The mean inorganic nitrogen content of the water in this area was 0.7

mg 1" (range - trace to 1.86). The quantity of nutrients in solution

varies with stream flow, water temperature, and primary production

levels.

2. The greatest influx of nutrients from the tributary streams

occurs shortly after the start of a rainstorm and the concentration de-

creases rapidly during which time the activity of the aquatic flora is

suppressed by adverse physical conditions. Thus the greatest proportion

of those nutrient elements leached and eroded from the watershed are

lost from the ecosystem without producing a biological response.

3. A major portion of the phosphorus and nitrogen available to

the aquatic flora is introduced into the Red Cedar River from municipal

drains and sewage treatment plant effluents. The phosphorus accrual

from the Williamston sewage treatment plant effluent exceeds 100 ug l

during periods of normal stream flow. The annual phosphorus accrual

from this source is approximately 2.5 metric tons.

h. The inorganic nitrogen accrual from the Williamston sewage

treatment plant effluent exceeds 0.5 mg 1" during periods of normal

stream flow. The organic nitrogen content was not determined.
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5. The accrued nutrients are removed from solution by biological

uptake and/or chemical adsorption or precipitation within 0.6 mile

downstream from the outfall. During periods of high stream temperatures

and normal flow the biologically combined phosphorus is again released

to solution within the 14.9 mile study area by the decomposition of

periphyton which becomes detached from the area below the outfall.

The accrued nitrogen did not reappear in solution in the inorganic form

within the sturh' area.

6. The ratio of organic phosphorus to phytOpigment in the peri-

phyton was more than four times greater at Stations +0.3 than at -0.2.

The ratio decreased with distance from the outfall. This indicates

that the aquatic flora in the enriched area is storing phosphorus in

amounts over and above their normal requirements.

7. The data indicate that under normal conditions the periphyton

production would increase rapidly after the period of ice cover until

a maximum was reached about May 1. The rate of productivity would then

decrease gradually until the winter ice period which sharply curtails

growth. During the stuchr period an extraneous available nitrogen source

produced a second productivity peak during June. This growth pattern

might be altered from year to year by changes in the distribution of

the annual rainfall.

8. The biological response to the introduced nutrients was great-

est during periods of high production and least during periods of low

production. Variations in the depth of ice cover at the different areas

made comparisons impossible during the winter period. The point of

greatest biological response tended to shift downstream with increasing
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water temperatures. This was also associated with an apparent antago-

nistic action of the effluent towards the periphyton at Stations +0.1

and +0.3. The measured net phytopigments for the five-month ice-free

period of 1958 indicated that the production decreased immediately be-

low the point of introduction of the effluent, increased at Station +0.3,

decreased at Station +0.6, and then increased rapidly toward Station +b.9.

The total production at Station +h.9 was more than double that measured

at Station -0.2, the first station upstream from the outfall.

9. The increase in production at Station +h.9 was accompanied by

an increase in the mean total dissolved phosphorus in solution and a

decrease in the mean inorganic nitrogen in solution. This is inter-

preted as indicating that nitrogen is the nutrient that limits peri-

phyton.production in the Red Cedar River and results in the accumulation

of dissolved phosphorus in the downstream areas. This interpretation

‘was supported during the June production peak, when, as the extraneous

nitrogen was made available to the flora, the quantity of regenerated

phosphorus in solution decreased.

10. The data indicate that adverse physical conditions in the form of

high stream flows and accompanying high turbidities, even though they

'may last for only a short period of time, can completely destroy the

standing crop of periphyton in a river. The flora quickly becomes re-

established as stream conditions return to normal.
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APPENDIX D



Nutrient levels of the Red Cedar River at Station -O.b

Date

July 5, 1957

27

August 6

12

20

September 13

October 3

31

November 19

December 5

January lb, 1958

February 6

March 11

26

April 8

' 15

22

30

May 12

15

27

June 2

10

19

July 1

S

7

9

23

31

Phosphorus (28_I“ )
 

Dissolved Sestonic Total Ammonia

28

51

h6

28

29

2h

31 .

22

18

13

16

13

15

23

37

35

32

26

53

h?

109

117

88

106

113

79

88

107

0
0
0

O
O
O
O
O
O
O
O
P
P
O
O
O
O
O
O
O
O
O
O
O

O
H
U

O
O
O
O
O
O
O
O

l
-
‘
l
-
‘
H
O
0
0
0
0
0
0
0

.
0
0

C
O

1.86

D-1

)

otal

Nitro en (mg I“

2+

1 .86

0.28

0.31

0.61

0.72

1.3h

1.0a

0.99

1.59

1.06



D-2

Nutrient levels of the Red Cedar River at Station -O.2

 
 

_T__Phosph9ru8 (pg I“ ) Nitrogen (m I“ )

Date Dissolved Sestonic Total Ammonia N02 + 803 Total

July 5, 1957 230 0.0 8.12 8.12

27 33 At 77 0.0

August 6 26 52 78 0.0

12 bl 5h 95 0.0 0.21 0.21

20 h? 89 96 0.0

September 13 bl 30 71 0.0 0.81 O.Ll

October 3 ht 21 an 0.11

31 3h 8 L2 0.22 0.50 0.72

Nevember 19 27 28 55 0.10 0.96 1.06

December 5 2h 28 52 0.11 l.hl 1.52

January 1h, 1958 19 33 52 0.1h 1.27 1.81

February 6 23 33 56 0.16 0.72 0.88

March 11 19 20 39 0.0h 1.72 1.76

26 18 21 39 0.0 1.00 1.00

April 8 15 bl 56 0.06 1.09 1.15

15 13 29 be 0.0 0.86 0.86

22 lb 66 80 0.0 0.59 0.59

30 lb 88 62 0.0 0.23 0.23

May 12 17 37 58 0.0 0.11 0.11

15 17 37 St 0.0

27 22 so 72 0.0 0.0

June 2 29 69 98 0.29

10

19 30 L2 72 0.18 0.28 0.82

July 1 25 63 88 0.0 0.11 0.11

5 88 86 130 2.70

7 to 88 88 1.73

9 28 62 90 1.80

23 27 h? 78 0.0 0.29 0.29

31 37 60 97 0.0 0.06 0.06



Nutrient levels of the Red Cedar River at Station *0.1

Date

Jfl)’ 5: 1957

27

August 6

12

20

September 13

October 3

31

Nevember 19

December 5

January 18, 1958

February 6

Mbrch ll

26

April 8

15

22

30

May 12

15

27

June 2

10

19

July 1

S

7

9

23

31

Phosphorus (

'Dissolved Sestonic

99

208

288

280

85

98

133

126

59

88

150

93

252

82

280

162

222

188

156

63

103

59

90

88

117

69

22

62

65

90

83

58

110

63

158

128

288

26

152

88

158

I” ) Nitrogen (mg 1"| )

D-3

otal 'Ammonia N02 +NO3 Total

230

115

202

267

338

328

202

167

97

195

109

216

102

182

260

156

230

272

500

108

392

210

380

220

0.0

0.31

0.37

0.70

0.87

0.51

0.32

0.53

0.32

0.60

0.28

0.65

0.19

0.31

0.57

0.25

0.37

0.50

0.69

0.32

0.78

8.12

0.18

0.21

0.05

8.12



Nutrient levels of the Red Cedar River at Station 40.3

Date

October 3, 1957

31

November 19

December 5

February 6

March 11

26

April 8

15

22

30

May 12

15

27

June 2

10

19

July 1

5

7

9

23

31

Phosph
 

Dissolved

78

68

88

82

35

86

26

31

25

30

35

88

87

53

57

86

85

83

51

orus ( 13 ) Nitro en (mg I“ )

Sestonic Total Ammonia §5E+ N03 :Totil

82 116 0.27

33 97 0.17 0.86 0.63

23 67 0.16 0.58 0.70

36 78 0.20 1.51 1.71'

83 78 0.22 1.39 1.61

39 85 0.23 0.96 1.16

26 52 0.07 2.00 2.07

27 58 0.05 1.13 1.18

89 78 0.18 1.13 1.27

33 63 0.06 0.86 0.92

72 107 0.10 0.75 0.85

60 108 0.08 0.36 0.80

57 188 0.15 0.13 0.28

58 111 0.16 0.12 0.28

61 118 0.05 0.16 0.31

50 96 0.25 0.28 0.89

78 119 0.0 0.22 0.22

60 103 0.83 0.28 0.67

60 111 0.35 0.03 0.38

0-8

 



Nutrient levels of the Red Cedar River at Station +0.6

  

Phosphorus (pggl'I ) Nitrogen (mg 1"I )

Date Dissélved SestonicA:T3tal’ Ammonia N02 # N03 CTbtal

July 5, 1957

29 86 57 103 0.0

August 6 36 6O 96 0.0

12 86 56 102 0.0 0.18 0.18

20 58 59 113 0.0

September 13 78 87 121 0.11 0.31 0.82

October 3 50 35 85 0.18

31 38 28 62 0.16 0.97 1.13

November 19

December 5 31 29 60 0.15 1.67 1.82

January 18, 1958 30 26 56 0.19 1.27 1.86

February 6 33 22 65 0.17 0.82 0.99

March 11

26 22 22 88 0.0 1.00 1.00

April 8 26 38 68 0.10 1.20 1.30

15 17 33 50 0.0 0.89 0.89

22 15 .70 85 0.0 0.61 0.61

30 23 88 71 0.0 0.86 0.86

May 12 88 60 188 0.08 0.18 0.22

15 26 85 71 0.0 0.12 0.12

27 81 57 98 0.0 0.08 0.08

June 2

lo

19 82 52 98 0.16 0.10 0.26

July 3 37 75 112 0.0 0.12 0.12

7

9

23 82 58 100 0.06 0.25 0.31

31 52 66 118 0.0 0.06 0.06



May

June

Nutrient levels of the Red Cedar River at Station +1.3

Date

12, 1958

15

27

2

10

19

Phosphorus_(pg I'| )

Dissolved Sestonic

26

30

88

88

86

88

63

67

O

72

78

111

111

Nitrogen (Efi l"| )

onia 2 '2' 3 013

0
.
0
0

0
0
0

0.15

0.10

0.12

0.11

0.11

0.10

0.12

0.11

0.26



Nutrient levels of the Red Cedar River at Station +1.8

Date

July 5: 1957

27

August 6

12

20

September 13

October 3

31

Nevember 19

December 5

January 18, 1958

February 6

March 11

26

April 8

15

22

30

May 12

15

27

June 2

10

19

July 1

5

7

9

23

31

qummus(mif')

‘DEESolved Sestonicfi_Tot§1 Ammonia N 2 +

320

77

86

101

113

97

115

52

62

60

57

65

82

122

e
e

0
0

e 5
’

0
9
0
0
9
0
0
0
0

H
H
O
O
O

O

O \
O

O
.
0
0

0
0
0
0
0
0
8
0

0
.
0
0

0
0
0
0
0
0
0
0

0

O
H
M

O
\
\
O

0
9

0
8

e O 2.13

0.18

0.31

0.68

0.90

1.33

1.07

0.96

1.92

1.00

1.28

0.59

0.51

0.80

0.10

0.08

0.06

0.26

0.31

0.17

0.25

0.08

3

D-7

Nitro en ( I“ )

0 80 Total

2.13

0.18

0.31

0.78

0.99

1.85

1.21

1.12

1.96

1.00

1.30

0.59

0.51

0.80

0.10

0.08

0.06

0.28

0.55

0.37

0.17

2.80

1.60

1.80

0.31

0.08



F”



D-8

Nutrient levels of the Red Cedar River at Station *3.7

Phosphorus (ug;1“ ) Nitrogen (mg IJ )
  

Date Dissolved Sestonic ‘Tital Ammonia N02 + N03 TEtZi

July 5, 1957

27 81 35 76 0.0

August 6 78 28 102

12 108 23 127 0.0 0.25 0.25

20 118 26 180 0.0

September 13 9O 19 109 0.0 0.51 0.51

October 3 73 28 97 0.06

31 86 18 60 0.11 0.65 0.76

November 19 32 27 59 0.09 0.60 0.69

December 5 39 26 65 0.12 1.33 1.85

January 18, 1958 38 26 68 0.16 1.00 1.16

February 6 80 28 68 0.20 1.27 1.87

March 11 22 26 88 0.08 1.62 1.66

26 18 25 83 0.0 0.67 0.67

April 8 17 39 56 0.0 1.28 1.28

15 17 33 50 0.0 0.68 0.68

22 27 89 76 0.0 0.82 0.82

30 28 38 62 0.0 0.80 0.80

may 12 37 38 75 0.0 0.10 0.10

15 88 37 85 0.16 0.16

27 68 38 102 0.0 0.08- 0.08

June 2

10

19 65 28 93 0.11 0.30 0.81

July 3 91 88 135 0.0 0.28 0.28

7

9

23 93 33 126 0.0 0.39 0.39

31 88 37 121 0.0 0.13 0.13



Nutrient levels of the Red Cedar River at Station +8.9

Date

January

February

March

April

May

June

July

18, 1958

6

11

26

8

15

22

30

12

15

27

2

10

19 .

l

5

7

9

23

31

Phosphorus (ug_I‘ )
 

Tfigsolved Sestonic Total

35

35

19

20

20

27

26

37

50

71

65

97

100

85

30

38

2O

80

39

0.17

0.20

0

0
0
0
0
0
0
0
0

0
0
0

0
0
9
0
0
0
0
0

H
\
O

e

O
H
M

C
O

e

1.50

2.08

0.89

1.08

0.57

0.37

0.80

0.03

0.16

0.07

0.35

0.33

0.27

D-9

Nitro en (m I“ )

Ammonia 562 'fi' 563 Total

1.67

2.88

0.89

1.08

0.57

0.37

0.80

0.03

0.16

0.07

0.68

0.88

0.27

0.35

0.13



APPENDIX E



Physical and chemical characteristics of the Red Cedar River

July 5, 1957

27

August 6

12

20

September 13

October 3

31

November 19

December 5

January 18, 1958

February 6

March 11

26

April 8

22

as determined at Station 03.7.

W
a
t
e
r

T
g
m
p
e
r
a
t
u
r
e

(
C
.
)

20.0

22.0

20.0

21.0

21.0

20.0

11.5

6.5

5.0

0.5

0.0

0.0

8.0

7.0

18.5

4
C
1
7
1
"
)

C
o
n
d
u
c
t
i
v
i
t
y

(
x
1
0
“
o
h
m
s

638

588

519

562

860

866

580

621

573

610

515

528

510

Y
A
l
k
a
l
i
n
i
t

(
m
g
I

)

192

296

286

276

266

‘ 260

270

270

228

272

276

288

220

288

226

266

p
H

7.9

7.9

7.9

8.1

8.2

8.1

8.0

7.8

7.7

8.0

7.9

8.0

8.1

8.8

8.1

8.3

“
8
3
8
8
"

52

68

38

17

26

K
m
)

19

12

15

22

23

15

25

22
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