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ABSTRACT

THE INTERACTION OF LINEAR PHOSPHATES

WITH

SOLUBLE AND PARTICULATE CALIIUM
AND

NATURAL COLORED ORGANIC ACIDS
IN THE

THUNDER BAY, ALPENA, MICHIGAN
BY

Richard Barnaba Moreau

The Thunder Bay Watershed has been found to have a relatively
high water quality, with much of the 1250- square-mile drainage
basin still {n its natural state. The reogional inventory of
the watershed showed domestic, agricultural, and industrial
influences on the quality of the water, character of the
watershed resources, and aquatic species composition,

The local sewage plant effluent contained a high level of
the simple linear phoaphates: ortho, pyro, and tripoly, These
forms would be involved in phosphorus availability and contribute
to eutrophication of Thunder Bay.

Calcareous particles from natural limestone sources and
calcinated cement dust can serve as adsorption sites for the
soluble linear phosphate forms. The removal of ortho, pyro, and
tripolyphosphates from standard solutions and phosphorus from
composite sewage gamples by the cement dust indicated a probable
uptake of phosphates in the bay by dust particles.

Oxidation of natural water samples showed that there exists
an interaction between calcium and natural organic matter. The

colored materials had an acidic nature and were recovered in



R}chard Barnaba Moreau

sufficient concentratfon to determine metal-organic acid-phosphate
interactions. The interaction of phosphate linear forms with this
natural complex was determined in standard calcium-phosphate solu-
tions using calcium and hydrogen electrodes.

The milliequivalence response of the calcium-phosphate
mixtures was reduced in the presence of concentrated colered
organic acids ffon the watershed. The values of association
constants for the mixtures were increased by involvement of these
natural organic acids. The phosphates in the calcium complexes
may occur as Pxoy“’ bonded through soluble calcium to the acidic
groups of the organic matter in natural waters.

In the Thunder Bay Watershed, the adsorption of phosphates
on calcareous sediments and the formation of a soluble complex
between the calciam-phosphate system and natural organic acids,
will certa‘nly influence the movement and availability of phos-

phorua in the Thunder Bay ecosystem.
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INTRODUCTION

This project has been developed within the frame of reference
of the far-sweeping recommendations of the American Chemical
Society (ACS) Committee on Chemistry and Public Affairs (1969),
This thesis concerns natural water, particularly from a chemical
point of view, in order to upgrade man's knowledge of his
enviromment and the means whereby it may be controlled.

The ACS Committee emphasized that extensive fundamental
research 1s required to elevate man's understanding of tte
envirormental system around him. It was evident that there was
a need for an initiation of such research on the resources of
the Thunder Bay Watershed in Northeastern Michigan's Lower
Peninsula.

The survey-analysis program was developed for the purpose
of obtaining physical and chemical data on the quality of the
waters flowing into the Thunder Bay River and Thunder Bay. The
phyaical and chemical characteristics of the natural water of the
Thunder Bay Watershed were determined under different seasonal
conditions and over a four year period. From results of these
investigations, the degree of eutrophication and the mmounts of
nutrients centributed from watershed drainage as well as domestic
or industrial socurces can be evaluated.

1
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The ACS Committee recommended that beric data should be
gathered systematically to delineate the presence and relative
importance of agricultural ard domestic¢ sources of compounds of
nitrogen and phospheotus in surface waters The study of the
interaction of soluble calcium from natural limestone gourcen
with phosphorus nutrients, in the form of ortho-, pyro-, and
tripolyphosphates discharged from domestic sewage effluents,
would reflect phosphorus availability.

The water quality of our aquatic enviromment is related to
the water sources feeding the system, and the resultant effect
which the composition of these sources has on the components of
the aquatic system. The constant increasing water requirements
of our society has resulted in & growing concern about the
presence of nutrients inu surface waters  The productivity of a
given body of water has been found to depend om sclar radiation,
temperature, and the concentration of plant nutrients which are
available to these organisms in the water (Lee, 1970).

Nitrogen and phosphorus nutrients and some trace metals are
often considered to be asignificant in limiting the growth of
aquatic plants in surface water. Mackenthun (1968) reviewing
the phosphorus problem in natural water concluded that when
phosphorus 1s present in eacees of a critical concentration, and
wvhen other envirommental conditions are favorable, it can stimulate
aquatic plant growthe which will produce scums and odors, remove
oxygen and destroy water uses The lower 1limit of optimum growth
has been reported to occur when available phosphorus concentrations

reaches a level of 0 02 mg/1 in the water (Fitzgerald, 1970).
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Another concern of the ACS Committee was the investigation
of naturally occurring and pollutant particles in water as to their
size, charge, composition and adsorptive properties. A prevalent
source of pollutant particles in Thunder Bay is an industrial
cement dust discharge into the atmosphere over the bay. The
second phase of this study was to establish rhe possible involve-
ment of the dust in phosphate adsorption relative to ite composition
and assimulation in water,

The presence of large amounts of suspended solids can
influence aquatic plant productioan by limiting light penetration
and providing adsorption sites for phosphorus forms, Lake
nutrient-budget satudies have shown that the sediments cf an
eutrophic lake are greatly enriched in phosphorus (Frink, 1967),
Keup (1968) hae indicated that suspended particies may have a key
role in phosphorus movement in natural water, He concluded that
significant quantities of phosphorus may pass downstream
ummeasured as bed-loads or with floating materials.

Uptake or release of dissoclved inorganic phosphate by
sediments has been cornsidered to be pH and redox dependent.

The phosphate released to a soluble form from an adsorption
complex in the sediments results from arn equilibrium exchange.
Much soluble phosphorus may be available for algal growth when
the sediment is somehow physically mixed with the overlying
water, Natural flow of water over sediments, stirring action

of currents and organisms, movement cf sediments by wind

action, diffusion processes, and gas formation and release from
mud can all re-suspend the upper layer of sediment into overlying

water,
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The ACS Committee considered research on specific chemical
compounds, particularly organic compounds, which are present in
both waste and natural waters, aw being essential to the knowledge
of a regional fnventory, The major phase ¢f this research project
was concerned with the organic soluble materials of the area
waters and the cultural effluents and their interaction with
domestic phesphate discharge in Thunder Bay at Alpena, Michigan,

With respect to the phosphorus balance in a given water
system, the interactions of complex physical and chemical factors
involving the equilibria present {n natural systems influences
the seasonal utilization of phosphorus. Chemical complexation
by metal ions and soluble organic matter can play an important
role in affecting the phosphorus concentration in a water
enviromment, The availability of phosphate forms, from natural,
agricultural, and sewage sources in Thunder Bay waters has been
determined in view of their involvement in a possible chemical
complexation with soluble calcium and natural yellow organic
acids, and physical adsorption on calcareous particles.

A comprehensive review of the literature has been accomplished

and 18 presented in Appendix 1.



OBJECTIVES

The areas of this study were selected to determine the forms
of phosphorus prevalent and available for ecological utilization
in Thunder Bay natural waters. Their involvement in three means
of phosphorus fixation above the bottom sediments (mud-water
interface) was measured.

(1) The interaction of calcium ions with the phosphorus
forms (ortho-, pyro-, and tripolyphosphate) was followed by
potentiometric (mv) titration of the calcium in the presence of
the phosphates. The pH titration of the phosphates in the
presence of calcium was also carried out. The field studies on
calcium complexation were done in the Thunder Bay Watershed
wvhere limestone deposits are prevalent, Calcium was conasidered
as an {mportant part of the phosphorus cycle in the river and bay,.

{(2) The second area of study was concerned with the suspended
solids which may provide adsorption sites for the phosphorus
forms. The solids could be important in the consideration of
the movement of phosphorus in the Thunder Bay natural systems.
The possible adsorption of ortho-, pyro-, and tripolyphosphates
and any vari{ation in the fixation was measured by sediment
axtraction methods. Substantial amounts of phosphorus may be
tewporarily stored in stream-bottom deposits that can be
subsequently scoured from the channel and rapidly discharged

into the aquatic ecosystem.
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Bed-load transport of solids may be a significant mode of
transporting of nutrients incorporated with the solids. The Thunder
Bay field studies concerned the calcareous particles from natural
sources and from the induatriazl cement operation in Alpena,
Michigan.

(3) The laboratory and field testing of the interaction of
soluble organic matter with the phosphorus forms (ortho, pyro,
and tripoly) in the presence of calcium, were followed by the
sane procedures used in the calcium-phosphate complexation
determination, The organic material was primarily the yellow
organic acids of natural colored water extracted from the Thunder
Bay River and its tributaries.

The foregoing three studies were all conducted in the
laboratory by two methods., The first part of each one was the
determination of the direct interaction of species dissolved in
double-deionized water of appropriate ionic strength, The gecond
part was performed with Thunder Bay natural waters,

The parameter composition of the artificial waters used in
these experiments to maintain comparable {fonic strengths was
based upon results which Kramer (1964) obtained from Great Lakes
water, Krgmer's model was a good apprcximation for fresh water
because {t allows the calculation of:

(a) upper limits for fresh water composition due entirely
to natural processes;

(b) degree of pollution from comparison of the actual
composition with the natural process calculation:

{c) absolute concentration limits because of natural
sources and pollution additives.



METHCDS OF STUDY

This study involved the complexation reactions of the three
phosphate forms with the soluble constituents (calcium and natural
organic acids) and sdscorption on cement dust particles, These
reactions were studied relative to the composition of the natural
water, sewage discharge, and suspended materials,

With respect to a phosphorue balance in a given water system,
complex physical and chemical intersctions involving equilibria
present in natural systems produce seasonal fluctuations of
aquatic phosphorus, There are two basic physical conditions and
two chemical reaction systems that influence phosphorus concentration
in a water enviromment, The phvaical adsorption of phosphorus
compounds on bottom sedimentsg and suspended solids would affect
the amount of available phosphorue., Chemical complexation by
metal ions and soluble organic matter have an important imvolvement
in phosphate availability.

The purpose of .ne adsorption investigation was to measure the
availability of the phoaphate forms fixed on suspended calcareous
sedimenta, The calcareous suspended particles entering the bay come
from two sources: natural particles from limestone deposits in the
area and from the emiasion, over the bay, of calcinated dust from
the local cement plant. The stability of the bound phosphorus on
the sediments wes determined by soil extraction methods.

7
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A major source of phosphorus in Thunder Bay {es a domeacic
sewage discharge. The sewage was analyzed for the three phosphate
formas by chromatographic anion-exchange separation, The phosphate
content was determined by coleorimetric methods,

The phosphate fixation with scluble components was measured
in two ways. The effect of calcium fon on the prevalent phosphoruas
forms such as ortho-, pyro-, tripolyphosphates, was determined
by use of a Corning Calctum Select-ion electrode., The association
constants of calcium ions and phosphate forwms involved in complex-
ation can be calculated by the measurement of the free calcfium-ion
activity in the presence of the phosphate ions using the electrode.
When the constants have been determined, the influence on these
constants of the organic acids from three selerted tributaries
were measured,

The interaction of soluble organic matter with phosphates
and calcium ions was also studied using pH titration, in order
to determine the change in the weak acid function of the phosphates
identified by Odajir{i and Nickerson (1964). Thias phosphate function,
which occurs before precipitation, was followed by measurement
for the phosphate forms using sodium hydroxide and calcium
hydroxide, Sodium hydroxide was also used in the presence
of calcium chloride to titrate the function, Finally, sodium
hydrozide and calcium hydroxide were used in the presence of the
organic acide, with, and without, soluble calcium, The results
were compared with Visser (1962) who followed a similar procedure
with casein, The organic material was primarily the fulvic acid
rortions of natural colored water recovered from the Thunder Bay

Watershed.
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The current interaction of the organic matter with calcium
and phosphorus was determined by oxidation of river and bay
samples. The potentiometric titration of natural ssmples and
measurement of calcium-ion activity determined the extent of
the metal fon - organic acid and phosphate interactions.

Hutchinson and Bowen (1947) described the phosphorus cycle
in natural water as involving several areas in stratified lakes.
These {include:

(1) 1liberation of the phosphorus into the epilimmion
from the decay of 1littoral wvegetation;

{2) wuptake of liberated phosphorus by bacteria,
phytoplankton and vegetation;

(3) 1loss of phosphorus as a soluble compound from the
phytoplankton with possible slow regemeration of
ionic phosphate;

(4) sedimentation of phytoplankton and other phosphorus
containing seston;

(5) 1liberation of phosphorus from sediments and at the
mud-water interface in the hypolimnion;

{6) diffusion of phosphorus from the sediments into the
water at those depths at which the superficial layer
of the mud lacks an oxidized microzomne,

This research project was cracerned primarily with phosphorus
as a nutrient in the Thunder Bay Watershed - soluble phosphate,
the phosphate adsorbed on suspended sclids, and phosphorus
complexed by natural soluble calcium and organic matter., The
regults of the study will give additional information about the
water quality in Thunder Bay and movement of phosphorus through-
out the watershed,

A thorough survey of the resources and regional inventory

of the water quality of the Thunder Bay Watershed have been

conducted and are presented in Appendix II.



METHODS OF ANALYSIS

SAMFLING STATIORS

Sampling stations are particular sites where water smaples
are collected gystematically over a period of time for use in
megsurement of water quality., There were esightean sampling
stations established {n the Thunder Bay Watershed. Stations
were located as close as possible to the mouths of all major
tributaries of the Thunder Bay River and below all posaible
sources of cultural discharges on the main branch of tha river,

Samples for physical and chemical analysis wers collected
during sach season, 7The measurement of discharge was done at
least once at each station (Appendix III). Data representing
the measured flow was also obtained from the nearest U. S,
Geological gaging station and from Alpena Power Company records
at the hydroelectric dams.

The description of tributaries in the Thunder Bay Basin
are given in Table 1. The location and descriptions of smapling
stations and geographic sites are given in Appendix II1. These
descriptions concern width and depth of water course, bottom
matearials and vegetation, and other pertinent resources unique
for the season. The laske shore classification of Thunder Bay
was considered primarily low-wet swamp with marl and boulders,

10



Water Courase

Hunt Creek

Miller Creek
Crooked Creak
Crooked Lake
Sheridan Creek
Gilchrist Creek
Brush Creek

Beaver Creek

Wolf Creek

Bean Creek
North Branch

Lower So. Branch

Upper So. Branch

Table 1

Description of the Tributaries of the Thunder Bay River

County

Montmorency

Montmorency
Alpena

Montmorency

Montmorency

Montmorency
Oscoda

Montmorency
Alpena

Alpensa

Alpena
Alcona

Alpena

Montmorency
Presque Isle
Alpena

Alpena

Alcona

QOscoda
Montmorency
Alpena

Length
(mi.)

-3

8

10.
1.

5.

in

o v

-~ om0
(=R BV Y. |

woun O

wnoLn

Elevation

(feet)
800-1100

920-1000
780-860

860-1000
880

1000~-1250

780-900
1000

900-1000
760~840

750-875

725=750
750-900

750

875
750-850
725-820

680-780

750-1000

900-1000
750-900
150

Description

Plows through woods and brushwood

Brushwood and cleared areas

Brushwood and cleared areas
Headwaters at Avery Lake

Plows through woods and brushwood into
McCormick Lake

Woods and brushland

Woods and brushwood
Forestland

Brushwood and marshes emitting from
Beaver Lake

Brushwood and forest land along with marsh
and swampland into cleared, farmed areas
above Lower So. Branch

Marsh and swamp land

Woodlands and swawp areas from Rush Lake
Marshland &nd clear areas
Variety of land areas

Forestland and marshland with farmed land
below Hubbard Lake
Swamp lands and brushwood

Woods and brushland from Shamrock Lake
Brushwood and marshland up to Fletcher
Pond and woodland below the pond

I
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marsh and low-sand plain with wet sand, and small amounts of
beach ridge with sand.

All samples were collected according to prescribed methods
taken from Standard Methods (1965) procedures. The smmples weras
collactead in brown acid-washed polypropylene bottles, preserved
(chloroform or mercuric chloride) and stored in an ingulataed
box until refrigerated, Subsequent analyses were made as
soon as feasible., At the stations: temperature, dissolved
oxygen, discharge, alkalinity, hardnesis, and chloride measure-
ments were conducted prior to preservation., Samples were
aubjected to further analysis for hydrogen fon concentration
(pH), suspended and total solids, ssmonia, nitrate, phosphates,
iron, calcium, magnesium, sulfate, chlorine, color, and
detergents. These chemical and physical determinations were

made at the Alpena Community College quantitative laboratory,

EQUIPMENT AND REAGENTS

Equipment included a Millipore Filtering apparatus,
Bausch & Lomb Spectronic 20 colorimeter, Sargent-Welch NX
digital meter, Corning Calicium Select-ion electrode, Turner
Fluorometer, Heath pH Recording Electrometer, Friden 1162
Electronic Calculator, H & L Infrared Spectrometer, and
portable meters (Dissolved Oxygen, pH, and Temperature), The
chromatographic set-up includes a small plastic column (2.5 x
25 cm) packed with strong-base anion-exchange resin in chloride

form, Dowex 1-X8.
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Water samples from the river and bay as well as the water-
shed samples were collected and stored in the polypropylene
bottles, presarved and refrigerated. The Jdust samples were
obtained from stack emission precipitatore of the cement
plant, After collection, the ssmple was well-mixzed and stored
in a moisture-proof plastic container., Composite samples from the
sewage plant were obtuined for 24-hour periods and kept refrig-
erated until analysis., The field kit for organic acid separation
consisted of a support containsr, five-gallon plastic bottles,
resin columms, battery-operated water pump, anion resin, and a
12-volt storage battery.

Standard solutions were prepared from American Chemical
Socisty reagents with double de-ionized water. Phosphate
concentration in natural Thunder Bay water waas found to be
0.10 to 0.30 mg/1 so complexation concentrations were from
0.001M to 0.01M, The alkali metal salts of orthophosphate,
pyrophosphate and tripolyphosphate were used to prepare solutions.
The sclutions were refrigerated until use and checked regularly
for hydrolysis.

The phosphate solutions were stendardirzed by preparing the
acid form of the phosphate by passing the solutions through a
column of Dowex 50W-X2 cation-exchange resin (100-200 mesh).

As the acid form was sluted from the column with water, it was
titrated {immediately under nitrogen gas with standard solution
of (CH3),#0H, The titration was carried out at 25C using a
combination pH electrode at a specific depth and constant

stirring. The {(CH;),NOH solution contained the same concemtration
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of phosphate salt as the phosphate solutions to eliminate
dilution effect.

The c¢alcium solutions were prepared in concentrations of
1 x10°2 to 1 x 1077 M, depending on artificial and natural
envirommental conditions. Reagent grade calcium chloride was
used to make up the standard solutions and diluted with double
de-ionized water to any desired conceantration, The calcium
solutions were standardized by passing the solution through
a 20 cm column of Dowex 50W-X2 (100-200 mesh) in hydrogen
form. The eluate was titrated with standard NaOH and
(CH,)4NOH, The calcium electrode was calibrated with the
standard CaCl, solutions, assuming CaCls was completely

dissociatad at a constant ionic strength.



ANALYTICAL PROCEDURES

Temperature

The temperature was measured, either using the temperature
probe of the oxygen analyzer or a centigrade (Celcius) thermometer,
at various depths and sites in the streams or bay. The temperature
values are reported as a profile at gelected depths or as the mean
value for the water course,

Diseclved Oxygen (D, 0.)

The dissolved oxygen was measured in the field with a
Precision Galvanic Cell Oxygen Analyzer (Nc. 68850) manufactured
by Precision Scientific Company. The dissolved oxygen values
were determined from appropriate calibration tables, The probe
was standardized by Winkler method using azide-modification.
When the meter was not used, the modified azide technique was
followed (Standard Methods, 1965).

Hydrogen-Ion Concentratior (pH)

The pH of the sclutions was measured instrumentally with
a Beckman Zeromatic pH meter or a Heath Recording pH meter as
soon as possible after collection. A Sargent-Welch portable
pH meter was used at selected stations in the watershed.

Suspended (Filterable) Solids

The waterehed, river and bay samples were measured for
suspended solids following FWQA (1970) procedures. A glass
fiber filter disc (Reeve Angel Type 934AH, 2.1 cm) was prepared

15
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by insertion into the bottom of a suitable Gooch crucible,
While vacuum is applied, the diac is washed with three successive
20 ml volumes of de-ionized water, After last traces of water
wera remcved by suction, the crucible and riiter were dried in
an oven at 105C for one hour, removed, cooled in a desiccator
and weighed.

The filtering apparatus and crucible were assembled and
suction begun. The sample was - .akea vigorously and 100 ml
were rapidly traneferred to the funnel. The sample was filtered
and vacuum continued for three minutes after filtration was
complete to remove the last traces of water., The crucible
was placed in a drying oven and dried at 105C to a constant
weight, The increase in weight times ten results in the
suspended sclids reported as mg/l.

Dissolved Solids

The sample filtrate recovered after filtration for
suspended solids was evaporated at 110C for one hour. The
evaporation was continued until constant weight was attained for
the dish. The dissolved soli{ds in mg/l were calculated from the
weight measured and selected volume (25 ml) used.

Maximm Suspended Cement Dust

The maximum suspendable cement dust in solutions was
determined by mixing dust samples (1 to 20 mg) with de-ionized
water and river water. The maximm limit of suspended cement
dust in the water was found by mixing weighed dust samples in
1000 ml of de-ionized water and allowing the mixture to stand

for four hours, A measgsured volume of water was decanted and



17

filtered through a washed, weighed Millipore filter (0.45u).
The milligrams of suspended material per measured volume of
decanted ssmple was converted to mg/l of maximum suspended dust.
Discharge

The velocity of the streams was measured with a Gurley
current meter at a mimimum of three sites equidistant gpart
across the stream., The speed in feet per second was found at
a position of 0.6 depth or as the mean velocity for 0.2 and
0.8 depths where stresm was deep enocugh.

The discharge of each equivalent section was found as the
product of distance (b), average depth (d), and velocity (V).

b(dy + d,)

Q = 2 v

The total discharge is then the sum of the discharges for
each section of the stresm selected.

Color (Tannin)

The total organic color (tannin and lignin) were originally
measured by Tyrosine method, Hach tyrosine reagent is added
to the ssmple and de-ionized water. Hach sodium carbonate
solution for tannin was added to each mixture and allewed to
stand for ten minutes, The blue color of the organic-tyrosine
complex was measured colorimetrically at 700 mu,

Organic Acids Color

The fluorescent response of the natural organic colored
meterial was used initially to determine the presence and

concentration of organic acids in the Thunder Bay Watershed

samplas.
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Yor c¢olored water from a variety of sources, Christman
and Ghassemi (1966) found a maximum excitation wavelength at
361 mu with maximwm fluorescence at 490 mu. A Turner Fluoro-
meter was used with primary filter #7-60 to give am excitation
vavelength of 365 mu, The Thunder Bay organic concentrate was
found to give a maximum fluorescence response at 470 mu using
a secondary filter #2A+48,

The units were calibrated im mg/l by evaporation of sample
selected to find actual concentration im volume. The convergion
factor of 27 units/mg/100 ml was determined. A log plot of F
units ve, mg of organic acids gave a linear curve (Figure 1),
The fluorescence reading was fairly constant in a temperature
range of OC to 40C. This allowad for adaptation of the
fluorescence method in the field.

The spectrophometric method for determination of humic
acids (Semenov, et al,, 1963) was evaluated with a Becksan DK-2
Spectrophotometer. There were absorbence peaks at 325 mu and
in the 400 to 450 mu range, as well as in the infrared range
of 1010 to 1880 mu, The excitation absorbence at 340 mu and
transmittance at 440 mu using a Bausch & Lomb Spectrenic 20
colorimeter gave results, as Organic Carbon (Humic Acid) im
mg/1l, comparable with the fluorometer results. This spectro-
photomatric method was used for fleld testing of color
concentration in the Thunder Bay Watershed,

Nitrogen-Ammonia

The asmonia-nitrogen in the samples was measured by direct

Nessicrization method from Standard Methods (1965). Selected
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samples wers mesasured for smmonis-nitrogen using Standard
Mathodas (1965) distillation procedure, The resulta were
comparable with the direct Nesslerization method used,

Nitrogen-NMitrate

The method was based upon the reaction of the nitrate ion
with brucine sulfate with gulfanilic acid in stromg sulfuriec
acid solution at & temparature of 100C. The yellow color of
the resulting complex was meagured at 410 mu, The nitrate
concentration (mg/l) was determined from & standard curve.

The curve was prepared with samples and standards analyzed
simul taneously.

Phosphate (Soluble and Total)

The soluble (ortho) and total phosphate in sewage samples
and watershed or bay samples were measured by Standard Methods
(1965) procedures. A Bsusch & Lomb Spectronic 20 colorimeter
was used for measurement of absorbence of the stannous chloride-
blue complex at 690 mu, Dilution with de-ionized water was
neceasary for the composite sewage samplcs.

Phosphate Foy.> Separatior and Concentration

The composition and concentration of phosphate forms
present in the composite sewage samples were determined by
jon-axchange chromatography. Anion-exchange resins have been
used by Peters and Rieman (1956) and Grande and Beukenkamp (1956)
for analysis of mixtures of condensed phosphates, They used
bufferad potassium chloride solutions as eluants. 1In this
study, a strong base anion-exchanger in chloride form, Dowex

1-X8, 50-100 mesh, was used following procedures modified
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from Puchkova and Mironova (1967) and Hereld (1967), to separate
standard mixtures and domestic sewage samples.
The rate of elution was four to six mi/min on a resin
column 2 x 15 ecm. The eluate fractions separated were

recovered according to the following sequence:

1. Ortho ~ 50 ml O0.5N KC1 + 50 ml 0.001lN HC1 (pH - 3.60)
2. Pyro - 75 ml 0.58 KC1 + 75 ml 0.001N HC1 (pH - 3.40)
3. Tripoly - 75 m! 1.,0N KCl1 + 75 ml 0.0108 HC1 (ph - 3.00)
4. Remain - 150 m1 1,0N KC1 + 150 m1 0.100N HC1 (ph - 2.00)

The total phosphorus in each eluted fraction was determined
according to standard Methods (1965) digeetion procedures for
total phosphate.

Detergentas

The methyl green method was used to measure the detergent
in the water sample by extraction with toluene. Ten miflliliters
of Hach sulfate buffer was added to 300 ml! sample and de-ionized
water blank along with methyl green powder. The methyl green-
detergent complex was extracted with toluene. Toluene is added
to the blank and separated for use in standardizing the color-
imeter at 100%, The blue color of the detergent complex in
toluene i{s measured at 615 mu,

Sulfate

The sample was measured by the turbidity developed with
scluble barium chloride and suspended with conditioning
agent (Standard Methods, 1965). The mulfate ion concentration
was determined by comparison of the percent transmittance

with a standard curve,
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Total Hardness

Disodivm magnes{ium EDTA exchanges magneaiuvm on an equivalent
basis for any calcium and other cations in the sample to form
a more stable EDTA chelate than magnesium. The free magnesium
reacts with Eriochrome Black at a buffered pH of 10 to give a
red-violet complex.

The EDTA was standardized with calcium carbonate at 1.0
mg/1.0 m1 (1000 mg/1). The selected volume (25 ml) of aample
was titrated with EDTA and mg/l of hardness expressed as CaCO,
was determined,

Total Alkalinity

Methyl orange was used as the indicator in this method
because its pH range is in the same range as the equivalence
point for total alkalinity. The indicator was added to a
specific volume of sample (25 ml) and the solution titrated
with standard HCl1 solution (0.2N). The volume of acid used
was converted to total alkalinity (methyl orange) as
mg/1 CaCOjq.

Iron

Total iron in the samples was determined with 1,10-phenan-
throline. Twenty-five milliliters of sample were mixed with
Hach 1,10-phenanthroline powder or solution. The orange coler
was allowed to develop for several minutes, The i{ron-phenan-
throline complex color was wmeasured at 500 mu,

Chloride
The chloride fon in solution was measured with standard

mercuric chloride using an acidified (HN03) indicator of
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S-diphenyl carbazone and xylene cyancl. The amount of chloride
in the sample was found for a 100 ml sample as: 5 (volume of
titrant),

The argentometric method (Standard Methods, 1965) was used
from 1967 to 1969,
Chlorine

The Hach method measured the total available chlorine in
water, The reaction procedure uges Hich orthotolidine in solution
or powder form combined with 25 ml of sample, The yellow color
which devalops was measured colorimetrically at 440 mu after
3 to 5 minutes, The original sample was used to set the
colorimeter at 100%.
Coliform

Multiple-tube fermentation test gives an actual coliform
count per 100 ml. The membrane filter technique for coliform
determination (multiple-tube densities) gives 'most probable
number’ (MPN) per 100 ml of sample,

Coliform count per 100 ml has been measured in the Thunder
Bay area by the membrane filter technique to give a result of
MPN/100 ml for multiple-tube coliform densities. The analyses
have been conducted by Michigan Department of Public Health,

Calcium (Soluble)

The Corning Calcium Select-Ion electrode was used with =a
Sargent-Welch NX Digital meter for the measurement of the free
calcium in solution.

The calcium electrode of the liquid-ion exchange type 1is

subject to pH influence, The ssmple's pH should be adjusted to
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at least 2 pH umits higher than the sample's equivolent pCatt
and not higher than pH 10. Ross (1967) fouand the potential
response of the electrode to be linear for pH 5 to 10, which is
within the mormal range of natural water systems, {(CHq),NOH and
HC1l were used wvhem meeded to adjust the pH of stamdard solutions
to the desirxred pH range,

The slectrode functions by the movememt of the exchanger,
so the response i3 influenced by temperature, The range of
temperature for a reproducible response was measured. The
sawples were allowed to come to room temperature before measure-
meant 50 as to be within the range found.

The lower limit of detectionm of the electrode is usually
determined by the solubility of the liquid ion-exchanger., The
upper limit of detection for liquid membrane electrodes is
detearmined by the level at which there {s an appreciable
solubility of the ions from the sample into the ion exchange
phase, The natural range selected for the standard solutions
of CaCl, was 1 x 1072 to 1 x 10" N,

Calciwm Complexation with Natural Organic Matter (Oxidizable Calciwm)

The determination of existing calcium-organic-phosphate
interactions in the Thunder Bay waters was done by oxidation
of the water samples from the bay and river with concentrated
nitric acid., The calciuwm concentration in sample before oxidation
was detearmined with the calcium electrode, The oxidized residue
was dissolved and increase in free calcium measured with the
electrode. Any change in phosphate level {(fixed) was measured

in the pre- and post-oxidized solutionms,
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Organic Acid Separation

The extractiom of the organic acide from selected Thunder
Bay matural water sources in the field was best accomplished
by use of aniom-exchange chromatography. 7Ten to fifteen grams
of Dowex 1-X8 amiom resin in the chloride form (50-100 mesh)
was pre-sosked in 0.001N HCl before being placed on the plastic
column, The resim is rinsed with de-ionized water umtil acid
is washed off column (neutral). The water sample (5 gallons)
was passed through the column until the exchange capacity of
tha resis was attained. This capacity was indicated by a deep
brown color om the yellow resin solid,

The resin was removed from the columm and combined with a
solution composed ~f 50 ml of 2M NaCl and 50 ml of 1M NgOR,
The mixture was allosed to stand for two hours, The colored
solution was deranted and solid treated with additional 100 ml
of the extractant and left overnight., The decantates were
combined and treated with HCl until the orange solution turned
yellow (pH - 5). The solution was evaporated to dryness.

Ninety-five percent slcohol was added to the solid residue
to extract soluble pclar-acids., The solution waAs decanted and
alcohol added to remaining residue and subsequent recoveries
done until brown color was removed. Alcohol extracts were
combined. A measured portion was dried at 105C to obtain the
concentration (mg/ml) of acids in the extracted solution.

Naturally Available Adsorbed Phosphate and Calcium in Cement Dust

The available phosphate and calcium extracteble from the

cement dust were measured from collected sample., For the
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measurement of phosphate adsorpitiou oo Qo 10 to 160 mg
of dust was used. The separaticn of celc us phosphate forms
from cement dust was done by scil extirctio. methods ueing
dilute mineral acids. The differential dirascluticn technique
for acid-extractable calcium phosphate forms developed by
Chang and Juo (1965) and Williams et al., ([1967) was used.

The dust eamples after contar: with wacer for tw: hourse
were filtered through a wzehed (,45u Millipore filter paper.
The residue s0l{d »nd paper were cigeeted f:: one hour with
50 ml1 of 0.5M HC1l, The acid-dust miature was refiltered
through the Millipore paper, and r.e filtrate separated.

The total phosphate was determined {n the original filtrate
and in the acid filtrate, The analyeig for phosphate was dcne
by stannous chloride procedure (Sta-dard Methods 1965). The
dust and paper were re-digeated for an sziditional two hours
with 1.0M HC! and the fi.trate che~ked for saditional phosphate.
Calcium was measured in all soluticns by use of caleium gelect-
ion electiode.

Extractable Phosphate from Natural Suspended Solids

The total phosphate on suspended solids was extracted
with hydrochloric acid (0.5N), The net phosphate recovered
from each river and bay sediment samples was found as the
difference between the total phoephate extracted with acid and
the background phosphate, The backgro.nd phosphate was found
with a de-ionized water blank using the acid and a fiberglass
filter disc. The suspended solids and extracted phosphate

represent the total suspended material and adsorbed phosphorus
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in 100 ml and 500 ml of samples taken at the varicus sites

in the bay and river,

Adsorbed Phosphates on Cement Dust

For the measurement of phosphate adsorption on dust, the
amount of dust used was varied from 5 to 100 mg. Standard
solutions (100 ml) of the three phosphate forms were mixed
with the dust and the mixtures allowed to equilibrate for
two hours at room temperature, There was no apparent change
in the capacity of the settled dust to adsordb phosphate after
two hours, so this finterval was assumed sufficient to attain
an equilibrium exchange. De-ionized water and natural water
from the river were used as the dilution water. The resulting
pH was not altered appreciably in the solution grocess. The
mount of phosphate extracted from the standard solution and
adsorbed on the dust was determined per gram of dust.

The cement dust-phosphate solutions were filtered through
a Millipore filter (0.45u). The total phosphate concentration
of the filtrate was determined by Standard Methods (1965). Thie
value was compared wirth the original phosphate concentration
and was considered the phosphate removed by cement dust.

The total phosphate of the dust and filter was extracted
with 0.5N HC1 by digestion for one hour., The net phosphate
adsorbed on the cement dust was found as the difference
between the total phosphate extracted by acid and the back-
ground phosphate measured as a blank for cement dust, filter

paper, and acid.
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River and Bay Characteristics

The river and bay were analyzed for phosphate and other
sevage effluent comptituents at selected sites in the bay area
(Figure 2). The plume of the river was followed by measurement
of phosphate concentrations at the selectad sites. The phosphorus,
chloride, and nitrogen compounds were being contributed maimly
from the sewage plant, industrial wood-products discharge, and
natural river discharge,.

The discharge of tha river and tributaries were found by
direct measuremsnt on streams. The on-stream méasuraments are
included in the seasonal suamaries., Discharge data from Alpena
Power Company (1971) records and U, 8, Geological Survey (1966+
1967) gaging stations are given im Appendix II,

Organic Acid Identification

The identification of the important functional groups
present in the colored organic acids isolated from natural
water sources has bean done by infrared spectrometry, Midwood
and Felbest (1968), Black and Christman (1963), and Stealink
(1963) have used different infrared instruments and natural
water from different sources to astablish the organic nature
of these groups.

A Bilger-Watts Infragraph H1200 (Wilke Sclientific) was
used to identify the similarity batween the organic acids from
Thunder Bay waters and that characterized above, The acids are
in ethyl alcohol solution, so the C-H, O-H, and C-C bands of

an aliphatic slcohol will be present in spectra.
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Complexation Measurement

The determianation of the extant of complexation between
soluble calciuvm with phosphates and organic acids, using
potential wmeasurements with the calcium electrode, was done
by two methoda.

In the potential comparison method (Rechnitz and Zamochnick,
1964), the potential of a standard caiciuvm ion solution is
measured. The electrode i{s transferred to another solution
which contains a known analytical corccentration of the test
phosphate. Increments of a known calcium solution are added
to the sample solution until the potential of the sample
solution equals that of the initial standard (reference)
solution. At this point, the activity of calcium in the two
solutions must be the same. Since the concentrations of calcium
in the standard solution, total metal ion in the sample solution,
and phosphate in the sample solution are all known, the complex
association constant can be readily calculated. The point of
identity was approached from both the direction of exceass
phosphate and of excese calcium. Constants were determined
with and without natural organic acid present. This method
largely eliminates electrode drift. Variation in solution
composition would be negligible.

In the titration method (Rechnitz and Bauner, 1964), a
plot of electrode potential ve. -Log(calcium ion) is prepared
as a calibration curve in the absence of complexing phosphate
forms. A known initial concentration of calcium chloride 1i»

titrated with a standard solution of phosphate., From the
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calibration curve, appareat concentratior +f free calcium ie
determined at aszlected volume increments. With appropriate
correction for dilution effe.ts, the vompler aeggsociation
congiant -z2n rte calculated from the origiial ion concentration,
the amount of complexing phosphate added, ard the mweasured
decrease in metal ion concentratfon at the specific volumes
uged, Constants were measured with snd without the organic
acids acdded to the calcium sclution.

The other method for evaluation cf interactions was based
on the pH measurement ot the change in the weak acid function
of the phosphate forms in the presence of calci{um and natural
organic acids (Odagiri and Nickerscn, 1964). The standard
solutions of ortho, pyro, and tripoly-phosphate sre adjusted
to a pH of 2.5 with HC]l and titrated with stancsvd solutions
of NaOH and Ca(OH)z.

The plot of pH vs. volume gives an S curve which can be
evaluated as a2 weak acid equivalence of the phosphate forms.
The weak-acid hydrogen has been fourd to come from the terminal
PO, groups of polyphosphate molecules (VanWazer and Campanella,
195G). The only type of complex formation that can affect the
atrength of the weak- scid function must involve the terminal
groups, The milliquivalence of the organic acids and CaCl,
solutions used were deterwined from the pH titration with =
stardard base.

The titrations with Ca(OH)2 were conducted at fast and slow
rates to note precipltation present at the concentrations used

in this study. As well, known increments of C-aCl2 were
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added to phosphate solutions and titrated with NaOH, The
organic acids were extracted from three tributaries: North
Branch Thunder Bay River, Bean Creek, and Wolf Creek, as well
as the main branch at the bay. These concentrated extracte
were added to phosphate solutions before titration with
Cn(OH)2 and along with CaCI2 before titration with NaOH,
The decrease in the weak-acid equivalence of the phosphate
forms theoretically would indicate a change in the availability
of the phosphate {onic sites for reaction because of complexation

with calcium, with or without the involvement of organic acids.



RESULTS

Both the river and the sewage piant erfliuent are contributing
phosphorus and nitrogen containing nutrients to the natural waters of
Thunder Bay. The amount of total phosphates from the sewage plant
discharged into the river had a daily mean of 25 to 30 mg/1. The
average total phosphate level of the river was 0.15 to 0.20 mg/l.

In addition, the wood-products discharge gave an apparent high total
phosphate result,

The raw materials used in cement production are composed of
minerals (Table 2) which when emitted as dust can either physically
or chemically affect the availability of phosphate forms in the
natural waters of Thunder Bay. The dust used from the cement plant
in this study had 5.75 mg of acid-extractable phosphate per gram of
dust and an aqueous solubility of 0.06 mg of phosphate in de-ionized
water (Table 3)., These levels of phosphate were considered as back-
ground in studies involving the cement dust.

A wmonthly mass-balance between the river flow and phosphate
discharge from sewage plant effluent showed a direct, stable relation
between added phosphates and river flow. The yearly mass-balance
between river and sewage flow showed a gradual increased relationship
between the flows (Table 4), The comparison of phosphate concen-
tration in the sewage effluent and the river discharge showed the
dilution effect of the river water (Figure 3).

33
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Table 2

Composition of Natural Constituents
Used in Cement Production
(Mean Weight Percentage:, Dow. 1971)

Limestone Analysis

Ca0 - 50.56
CaQ0q - 90,32 MgO - 1,33
510, - 4,84
Al903 - 1.28
P‘eZO3 - 0,14
MgCO3 - 2.64 K0 - 0.24
SC3 - 0.46

Shale Analysis

Ca0 - 2.02
$10, - 57.76
A1503 - 15,22
Fe,0, - 6.18
MgO - 2.75
K,0 - 3,52

S04 - 7.24
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Table 3

Characteristice of Cement Dust

Phosphate Available from Dust

Wt, Dust Water-Soluble POy Acid-Extractable PO,

(mg) (mg/1) (mg/1)
24.0 0.03 0.13
55.0 0.07 0.36

6.5 0.15 0.40

106.5 0.18 0.62

147.5 0.24 0.83

Mean 1.53 + 0.26 mg/g 5.66 + 0.62 mg/g

Comparisor. by Acid-Extraction

Wt. Dust Phosphate Extracted Phosphate Available
(mg) (mg/1) (mg PO,/g dusc)
10.2 0.56
50.3 0.80 6.00
14.5 0.36
63.0 0.69 6.80
31.6 0.500
53.3 0.625 5.10
51.6 0.55

101.4 0.80 5.05
100.4 0.80
152.2 1.10 5.80

Mean - 5.75 + 0.81 mg/g



River Flow

Average CFS
Total Flow
CF x 10?
Gallon x 109

Sewage Flow

Average MGD

Total-Gallon x 107

Dilution Factor

Total Sew., Gal
Total Riv. Gal.

River Flow

Average CFS
Mean MCD

Sewage Flow

Mean MGD

Total PO, (mg/1)
Kg/day

Daily Sewage PO,
Mean River Flow
(mg Poafl'[ter)

River Flow

Average CFS
Mean MGD

Sewage Flow

Mean MGD

Total PO, (mg/1)
Kg/day

Daily Sewage PO,
Mean River Flow
(mg PO /liter)
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Table 4

MASS- BALANCE RELATIONSHIPS

210~ 3

1967 1968 1969 1970 1971 Me an
1222 995 1180 886 1215 1071
39,5 31.4  37.2 27.8 38.4 34,0
296 2136 278 208 287 261
2.56 2.23 2.69 2.52 3.01 2.50
0.936 0.818 0.983 0.922 1.102 0.952
3.16 3.46 3.54 4,43 3.82 3.65
1/71 2/71 3/71 4/71 5/71 6/71
881 987 1563 3709 1282 1083
571 637 1008 2393 827 700
1.98 2.36 3.98 4.54  3.69 3.47
24 24 19 12 17 14
182 215 288 207 243 185
0.100 0.090 0.077 0.024 0.077 0.067
7/71 8/71 9/71 106/71 11/71 12/711
1004 663 583 575 701 1536
648 427 388 373 452 991
3.39 3.07 2.67 2.01 1.87 3.07
20 10 22 21 29 13
259 117 223 160 138 152
0.106 0.072 0.150 0.114 0.082 0.040
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Figure 3. Monthly Dilution Relationship for 1971
Sewage Phosphate Discharge and River Flow
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The sewage plant's primary treatwment operation achieves
removal of organic nutrient materials (BOD) and suspended solids
(Table 5). The sewage plant has been estim-ted to schieve up to
20 percent removal of phosphates from the efiluent during the
primary treatment (LaMarre, 1970). This will be increased to
90 percent removal on completion of a proposed secondary treatment
facility with chemical phosphate removal.

The chromatographic separaticn of the sewage samples by anion-
exchange chromatography indicated that three basic linear phosphate
forms are present in the effluent, Approximately 80 percent of the
sewage effluent (Table 6) being added to the Thunder Bay system
consists of the simpler phosphate forms (ortho, pyro, and tripoly)
as measured by the anion-exchange separation (Figure 4). These forms
were selected for this study concerning phosphate availability in
the bay.

The percentages for phosphate recovered in chromatographic
analysis of sewage effluent indicated a continual variation in the
phosphate composition of the effluent, The extent of hydrolysis of
polyphosphates would be reiated to the physical conditions existing
during treatment of the sewage. The presence of organic phosphorus
could influence the separation and removal of phoaphates from the
column through fouling.

Condensed phosphates as pyrophosphate and tripolyphosphate
make up over 90 percent of detergent phosphorus. In sewage, Finstein
and Hunter (1967) found condensed phosphatea generally have a half-
112 in excess of one day, while in surface waters they may persist

for weeks or months. Powmeroy (1960) found that residence time of



Year

1967
1968
1969
1970

1971

Mean

Year

1967
1968
1969
1970

1971

Mean

River Flow at 9th St, Dam
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Table 5

Characteristice of Seuagg_?lant Effluent
(LaMarre, 1971

)

Raw Sewage Flow

Total Gallons Total Gallons Mean MGD
2.96 x 101 9.36 x 10° 2.56
2.36 x 1011 8.17 x 108 2.23
2.78 x 1011 9.83 x 108 2.69
2.08 x 10!l 9.22 x 108 2.52
2.87 x 10!l 11.02 x 108 3.01
2.61 x 1011 9.52 x 108 2.60
(ﬁ%:?;__lgg) Su?;l.::?:gn:t;:;ma Phosphates (mg PO4)
Monthly Monthly Est,
In Out Remvd, In Out Remvd. Soluble Total Remvd .
1546 1090 28% 2383 1313 50% 6.5 26.5 207,
1518 1090  28% 1926 1032 47% 9.0 26.0 20%
1914 1250  34% 2680 1343 467 14.0 29.0 15%
1881 1352  287% 2066 1006 S2% 12.0 24.0 15%
1650 1170  29% 1810 950  48% 12.5 25.0 207
1704 1170  30% 2173 1130 487 11.0 26.1 187



Table 6

Anion-Exchange Chromatographic Analysis
of
Phosphate Mixtures and Sewage Samples

Analysis of Prepared Phosphate (mg/l) Mixtures

22,

32.

b4,
99,

Total

a3
g
3
[+ 9

s 8
i+
o
o

8 + 0.2

-t

i+ |+
jo= ] [ o= ]
w|un
s

Recovery

Found
Phosphate Form  Taken 1 2 3 4 Mean Taken
Ortho - NajPOQ, 4.4 4.5 4.6 4.8 4.4 4.6 + 0.2 22.4
Pyro - NeyPp0, 6.4 6.4 6.8 6.8 6.6  6.6%0.2 32.7
Tripoly - NagP3010 8.8 9.2 8.8 9.2 8.2 8.9 +0.5 44.9
Analysis of Sewage Effluent (mg/1)
Total P Ortho Pyro Tripoly Remainder
4.43 1.77 (48.1%) 0.56 (15.2%) 0.59 (16.0%) 0.76 (20.7%)
3.67 1.75 (47.0%)  0.75 (20.0%) 0.73 (19.6%) ©0.50 (13.4%)
3.00 1.15 (34.4%) 0.56 (16.8%) 0.88 (26.3%) 0.75 (22.5%)
7.50 2.50 (35.7%) 1.50 (21.4%) 1.40 (20.0%) 1.60 (22.9%)
7.33 2.60 (33.3%) 1,70 (21.8%) 2.20 (28.2%) 1.30 (16.7%)
6.00 2,20 (39.3%0) 1.00 (17.9%) 1.10 (19.6%) 1.30 (23.3D)
39.6+6. 5% 18.9+2.2% 21 6+4. 6% 19.9+4.1%

Amt ,

Percent

3.68

3.72

3.34

7.00

7.80

5.60

85.0%

102%

111%

93.0%

106%

- 53.0%

98.5+11.17%

oY
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dissolved phosphates Iin natursl water varles from approximately
0.5 to 200 hours, The turn-cver rate of phosphate was between 0.01
and 1.0 milligram of phosphorus per cubic zeter per hour

A rapid flux of phosphate would be twvpical of a highly
productive syatem, The phosphate forms from sewage plant are
available in Thunder Bay to produce biologically active aystems,
Thias has only recently become apparent in the form of floating
plankton blooms off bay beaches,

The sewage diacharge for 1974 waz 922 million gallons and
for 1971 was 1172 million gallona. The total river flow during
1970 was 27.84 billion cubic feet (208 billion gallons) and for
1971 was 3B.36 billion cubic feet (287 billion gallons). The
contribution of total phosphate from the sewage discharge for
1970-1971 at 30 mg/l for 2,50 million gallors per day ts 500 1b/day.
The average 1970-1971 daily river contribution of phosphate at
0.20 mg/1l for 575 million gallons daily discharge at Ninth Street
Dam is approximately 960 1b/day.

The sampling of the area near the river mouth and inner bay
indicated that the sewsge effluent moved from the south (right)
side of the river to the center of the river being diluted by the
river flow. As the river reaches the bay with the natural,
wood-products, and sewage dischargee, the plume moves out into
the shipping channel and swings to the right, The extent of
drift is dependent on the wind and influencing currents in the
bay.

The wind direction is predominantly west-northwest for eight

months of the year, For approximately 250 days, the dust from
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the cement plant is moving primarily out over the bay. This would
give an estimated suspended material of 25,000 to 50,000 tons annually.
PHOSPHATE ADSORPTION ON CEMENT DUST

The dust in the bay waters would be available as suspended parti-
cles for complexation to a limited extent (Table 7). The cement dust
sample produced an average suspended solids of 1.4 mg/l in test solu-
tions. Most of these solids would eventually settle to the bottom of
the bay. The dust particles would contain an inherent phosphate concen-
tration of approximately 5.75 mg/g (55.7 1b/ton) and adsorbed phos-
phates from natural and domestic sources.

The suspended solids in the bay ranged from 4 to 10 mg/l with a
mean of T mg/l. The acid-extractable phosphate of these suspended
solids had a mean of 0.24 mg/1l. This would indicate that some phos-
phorus is being tied up by the suspended particles prevalent in the
river and bay.

In sewage treatment, phosphate precipitation with sodium alumin-
ate (alum) and similar chemicals has been found to be pH dependent.
The cement dust vhen placed in de-ionized water showed a definite
change in the pH of the water up to a maximm level (Table 8).

As well, these subatances have been used in eutrophic lakes to
remove phosphatea, When alum has been applied te the top two feet
of water in a Wisconsin lake (Anon, 1971), particles of it settled,
apparently taking phoesphates along. Water clarity improved, winter
fish kills were eliminated, and there were no blue-green algae bloowma
during the summer, Calculations indicated that about 110 pounds of
phosphorus were removed by 11 tons of alum. The cement dust contains

water-soluble and acid-extractable calcium along with the other com-
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Table 7

Characteriatics of Cement Dust

Cement Duat as Suspended Solids in Natural Systems

Wt. Dust Added to Water Suspended (Filterable) Solide

1.5 mg 1.2 mg/1
3.5 1.4
6.0 1.2
13.0 1.7
16.0 1.5
25.0 1.2
50.0 1.6

100.0 1.6

Mean - 1.4 + 0.25 mg/1
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Table 8

Characteristics of Cement Dust

pH of Agueous Solutions with Cement Duat

Wt, Dust pH pH Difference/g-Duat
T (mg)
- 6.54 -

53.5 7.70 21.7

99.0 9.30 16.8

164.0 10.40 23.5

211.0 10. 70 19.7

20.9 + 3.0

1000 11.40 4.87
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ponents., These may be a factor involved in the absorption process
oceurring in the bay (Table 9).

When a standard orthophoaphate soluticn was used, the amcunt
of removal (adsorption) of phosphate from soiuticn for a specific
weight of dust showed a mean of 23.2 mg/g (46.2 1b PO,/ton of dust).
For standard pyrophosphate sclution, the mean removal was 28.4 mg/g
(56.5 1b POA/ton of dust). For standard tripolyphosphate, a2 mean
58.4 mg/g (116.8 1b POalton of dust) were removed from golution
(Table 10).

The phosphates of the composite sewage samples were removed by
cement dust (Table 11). The adsorption of phosphates was lower in
river water, indicating a possible involvement of other factors pre-
sent in natural river water, Orne of these factore could be soluble
organic subatances such as natural yellow acids since twenty- five
per cent of the natural waters of the Thurdar Bay River system 1is
discharged from tributaries that have high organic colored materials
(Anon, 1963).

The potentfiometric titration (pH) of the phosphate-dust inter-
actions indicated that there is a saturation limit for the dust, A
definite amount of phoasphorus can be accomodated by a specific quan-
tity of solid. The titration method of Dollman (1968) seemed ade-
quate to measure higher amounts of phoasphate adsorbed together with
the reactive sites on the dust (Table 12),.

The phosphate adsorption by cement dust in both de-ionized water
and natural river water varied with the water sgource, amount of dust
used, the type of phosphate form, and i{te reapective concentration,
Up to the saturation point of the dust, there would be a definite

influence of the calcinated materfal on the availability of phosphorus
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Table 9

Phosphate and Calcium Inherent in Cement Dust

Water-Soluble

Wt, Dust Phosphate
24,0 mg 0.06
53.5 0.14
58.6 0.16
99.0 0.46

107.6 0.56
160, 2 1.04
164.0 0.99
211.0 1.12
280.7 1.19

Acid-Extractable

Wt, Duast Phognhate

20.0 mg
56.0
82.3
97.5
106.5
164.0

0.10
0.25
0.40

ol
0.
1.

RIS

PO, /Dust Calcium
2.5 10.8
2,7 20.8
2.7 29,7
4.6 30.5
5,2 71.1
6.5 86.4
6.0 £2.9
5.3 62.9
b2 102.9

4.4 + 1.4 mg/g

POy /Dust Calcium
5.0 17
4.5 55
4.8 80
6.4 78
5.8 118
8.8 134
5.9 + 1.6 mg/g

Ca/Dust

450
388
507
308
661
539
262
298
367

420 + 131 mg/g

Ca/Dust

850
982
850
800
751
817

842 + 78 mg/g
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Table 10, 11 and 12 Headings

~t. Dust - Amount of dust used

Total PO, - Amount of phosphate in original solution

PO4 Filtrate - Total phosphate in filtrate after
separation of solids from wmixture

PO, Residue - Total phosphate in residue by acid
extraction with hydrochloric acid

Total Recv. - Sum of filtered and reasidue phosphate

Dust PO, - Amount of phosphate extractable from

dust with acid

Total PO, Add - M{lligrams of total phosphate in
standard solution used, dust phosphate
(5.75 mg/g), and phosphate measured
in Millipore filter paper (0.13 mg/1)
and reagents used (0.26 mg/1)

PO, Removed - Amount of phosphate removed from the
phosphate added by duat used measured
in milligrams per gram

PO, Adsorbed - Amcunt of phosphate recovered from
the dust as milligram of phosphate
per gram of dust used



Table 10

The Phosphate Adsorption (mg/l) on Cement Dust in Aqueous Systems

Sample Wt. Dust POy Filtrate
(ng) (ma/1)
Na3POy, 15.6 0.61
23.2 0.80
23.3 0.70
1.10 mg/1 32.7 0.22
38.4 0.33
50.0 0.01
60.4 0.08
63.0 0.18
81.8 0.01
89.0 0.14
31.0 1.21
2, 20 mg?l 63.0 0.65
89.0 0.14
Na4PO4 78.6 0.62
3.4 mg/l 102.2 0.38
151.2 0.13
Na,4P207 22.0 1.30
30.0 2.30
62.0 0.95
3.20 mg/1 63.5 1.5%
81.5 1.15
93.0 0.74
102.0 0.13
Na5P1010 13.5 2.96
26.7 1.95
50.0 0.83
4.0 mg/1 5.3 1.14
100.0 0.37
109.6 0.62

PO, Residue Total Recv. PO, Removed
(mg/1) (mg/1) (mg/g)
0.75 1.356 31.4
0.65 1.45 31.0
0.36 1.06 17.2
0.85 1.07 26.9
1.20 1.53 20.0
1.30 1.31 22.0
1.55 1.63 17.0
1.30 1.48 15.0
1.65 1.66 13.4
2.50 2.64 23.2

21. 716.4
0.65 1.86 32.1
1.19 1.84 24.6
1.72 1.86 23.2
2.86 3.48 32.8
3. 12 3.50 29.5
3.40 3.53 21.6
1.15 2.45 22.7
1.05 3.35 30.0
1.30 2.25 23.4
2.40 3.95 26.0
2.10 3.25 26.5
2.90 .64 26.4
4.40 4.53 31.8

26.913.3
0.9 3.9 76.5
1.96 3.91 76.8
3.50 4.33 76.7
3.05 4.19 52.7
3.83 4.20 46.3
3.53 4. .15 30.8

€0.0+19.6

PO, Adsorbed

(mg/g)
25.
11.
15.
12.
18.
17.
15.
13.
11.
19.3
16.0

21.
19.
19.
36.

30.
22.

25.

c\mmiuocn WA e B W O e wummownmno\
|
[ X]
5%

56.7+16.5



Table 11

Phosphate Adsorption on Cement Dust in Natural and Domestic Sewage Samples

Wt. Dust Sample Total PO, PFiltr. PO, ResiduePO
(mg) (mg/1) (mg/1) (ag/T)
47.0 9th St. 0.145 0 075 0.70
54.7 0.330 0.280 0.75
70.0 Dam 0.440 0.330 0.80

112.0 0.145 0.020 0.90
18.C 9th St. 1.250 1.05 0.70
40.0 Dam 0.40 1.35
64.5 + 0.03 2.55
B1.7 NI3P04 0.10 3.40
41.0 Sth St. 22.4 12.0 12.2
44.0 Dam + 13.0 11.5
62.0 Na,P,0, 9.5 13.0
66.4 Composite 2.42 0.82 -

146.0 Sewage 0.29 -

210.0 (Dil.) 0.12 -
53.7 Compoaite 2.Bé 1.92 -

100.0 Sewage 0.52 -

144.1 (Dil.) 0.46 -

200.0 0.42 -
68.0 Sevage 2.51 1.17 -

140.0 In 0.69 -
55.0 Sewage 2.20 1.21 -

150.0 Out 0.37 -

356.0 0.26 -

Dust PO, PO, Removed PO, Adsorb.
AN 4
(mg) (mg/g) 3ms7s)

o o0 OO0

o o oo o0 oo

o

-0 O O

N OO OO

.30
.35
413
.68

.10
.23
.37
47

.24
.28
.46

.38
.94
.21

)|
.58
.93
.16

43
.81

.32
.87
.05

1.50 1.59
0.91 1.37
1.57 1.14
1.28 1.30
1.3240.31 1 3540 18
11.1 18.8
21.2 21.1
19.0 30.0
13.0 34.6
16.144.8  26.34+7.4
25.4 24.5
21.4 24.0
20.8 20.0
22.542.5  24.242.4
24.2 33.9
14,6 22,7
11.0 17.9
16.746.9  24.747.9
17.5 27.9
23.4 29.2
16.7 26.2
12.2 18.0
17.545.6  25.4+5.8
20.0 30.0
13.1 20.7
18.0 28.4
13.1 19.7
5.5 11.9

0s



Table 12

High Phosphate Adsorption on Cement Dust in De-lonized Water

Wt. Dust _Sample PO, Piltr. PO, Residue Dust PO, Total Recv. PO, Removed PO, Adsorb.
(mg) (mg/1) ~ (mg/1) (mg/1) (mg) (mg/1) (mg/1) (mg/1)
50.0 Na,PO, 8.50 18.75 0.29 27.25 290 364

106.0 23.0 2.35 22.00 0.61 24.35 195 199
205.0 ' 1.75 19.00 1.09 20.75 104 _86
196+92 216+108
12.3 Na3PO, 7.3 2.65 0.07 9.95 203 187
3.8 4.0 4.3 0.20 8.30 167 110
54.0 9.8 3.2 4.4 0.31 7.60 193 71
109.6 2.1 6.5 0.64 8.60 _61 3l
156+65 105440
26.8 Na,PO, 4.10 2.60 0.16 6.70 106 81
41.0 3.40 4.80 0.24 8.20 93 106
50.0 7.2 2.60 5.70 0.29 8.30 92 103
86.2 0.22 7.20 0.50 7.42 _81 _18
93+10 92415
78.6 Na,PO, 0.62 2.86 0.48 3.48 33 36
102.2 3.4 0.38 3.12 0.59 3.50 30 31
151.2 ' 0.13 3.40 0.82 3.53 2 a3
28.345.1 30.046.6
31.0 Na,PO, 0.65 1.70 0.18 2.35 50 40.7
63.0 0.18 2.30 0.37 2.48 32 26.5
61.7 2.2 0.10 2.35 0.36 2.45 3 28.0
89.0 0.14 2.50 0.51 2.64 23 19.4
34.8+11.2  28.748.9
Mean Na,PO, 1.10 mg/1 21.7+6.4 16.0+4.2

IS
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in the waters of the bay, The extent of this involvement was indic-
ated by the adsorptive removal of phosphate for a definite amount of
dust present. Based on the amount of dust added, the diffarence in
amounts of phosphate left in the filtrate compared to the amount of
phosphate originally taken, substantiated the extent of adsorption.
USE OF CALCIUM SELECT-ION ELECTRODE

In most cases where phosphorus compounds are added to natural
systemsg, the presence of calcium ifons results in greater fixation
of phosphorus in soils or complexation in water. Calcium ions in
solution are involved in the phosphate uptake or release in natural
water, The calcium select-ion electrode can be used in the pH range
of natural water for the study of the formation of soluble calcium-
phosphorus complexes by potentiometric titration (mv).

The standard solutions for the electrode were prepared from CaCl,
and the potentiometric response (millivolts) of the solutions was
measured on a digital pH meter for concentrations from 1 x 10-2 to
1 x 1007 M. The potentiometric (mv) response for these standard
solutions are given in Table 13. The plot of concentration vs.
millivolts resulted in a linear curve (Figure 5),

Ionic Strength and Millivolts

The ionic strengths of the solutions were maintained between 0,01
and 0,001 molar and the millivolt variation did not exceed four milli-
volta for the ten-fold change in the ifonic strength, The measurement
of millivolt response for diluted standard solutions and solutions
with constant {onic strength gave a uniform change for the electrode
(Table 13)., The ionic strengths and pH values were maintained by

using (CH3)4N0H, HC1, and (CH3)4NCI were required.
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Table 13

Calcium Ion Electrode Standard Values

Original Electrode New Electrode

CaCly mv LaC1) 14
9.12 x 10" 3M - 42 1.0 x 10-2M  +14
o 12 x 10°° - 66 1.0 x 10-3 - 6
9.12 x 1077 - 90 1.0 x 10~4 -24
9.12 x 10- -105 1.0 x 16-3 -42

Tonic Streq&ih and MV

Lally mv v
(Scan. Soln.) (» = 0.01)
0.01 M - 62 - 61
0.005 - 68 - 67
0,001 - 85 - 83
0.0005 - 93 - 91
0.0001 -111 -110
0. 00005 -118 -117

0.00001 -133 -130
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pH vs, millivolta

The influence of hydrogen ion on the millivolt response of the
standard CaCl, sclutions was measured for the three golutions most
representative of calcium levels of natursl water systems (1 x 10-2
to 1 x 1004 M). The results are given in Table 14 and represented
in Figure 6, This plot of mv va. pH indicated the extent of usabil-
ity of the electrode as the linear portion of the curve for each
concentration,

Temperature and millivolts

The temperature of ‘he CaCl, sclutiona was varied in the range
of the normal natural water tempersatures. The resultsa for the three
standard solutions showed a definite temperature relationship with
the potential of the solutions, especially the more concentrated, as
indicated in Table 15,

Measurement of Organic Acide in Water

Initially, the fluoreacent response of the natural colored mater-
{al was used tc determine the concentration of organic acids in the
Thunder Bay Watershed samples. At an excitation wavelength of 365 mu,
the fluorescence was measured at 470 mu {n fluorescent units taken
from the Turner Fluorometer. The fluorescent reading was related to
organic mass by evaporation of a known volume of the concentrated
extracts in alcohol. A conversion fartor of 27 unite/mg/100 ml was
determined. A log plot of F ve. log mg of organic matter gave a
linear curve,

The following specific results were found by fluorescent measure-
ment uaing the fluorometer:

Sep/6% - Thunder Bay River at the Breakwall = 42 mg/l
Sep/69 - Wolf Creek (Hubbard Lake Road) = 54 mg/l
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Tabla 14

Effect of pH on Calcium Yon Elactrode Potential {(mv)

Solution pH v Solution pH L Solution pH L \d
CIClz 3.2 - B C.C12 3.0 -43 c‘c12 3.1 "Ill
3.5 25 3.4 S1 3.3 26

1.02x1002 3.9 41 9.12x10-%4 3.8 57 1.0x100% 3.5 30
4.2 43 4.6 59 3.7 36

43 wv 4.8 &) 6t mv 3.4 61 -81 mv 3.8 45
5.8 43 6.2 61 4.0 48

(pH-6.78) 6.4 43 [pH-6.35) 6.6 61 (pH-6.82) 4.2 65
6.9 43 7.0 62 4.6 75

7.7 43 7.3 62 4.8 78

8.2 43 8.0 63 5.2 80

9.1 43 8.5 64 6.0 80

10.0 43 8.9 65 6.2 81

10.2 43 9.5 66 6.6 B1

10.5 44 10.8 68 7.3 81

11.0 45 11.0 70 7.8 81

12.0 48 11.5 71 8.6 81

12.0 75 9.2 82

9.6 86

10.0 89

10.4 93

11.0 96
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Figure 6. Effect of pH on Calcium Ion Electrode Potential
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Table 15

Tewperature (C) and Calcium Ion Electicde Potential (mv)

Solution Temp mv
11  -10

13 12

CaCl, 15 14
17 16

1 x 1072 18 18
19 20

-26 mv 20 22
22 23

24 24

25 25

26 26

28 27

30 28

32 28

33 28

35 28

36 28

18 29

40 30

42 30

45

32

Solution Temp mv Solution Temp mv
12 -42 12 -64

13 45 13 66

CaCl, 14 47 CaCls 14 68
16 48 15 69

1x1003 17 49 1x10% 16 70
19 50 18 69

-50 mv 20 S0 -69 mv 20 69
21 51 22 69

22 51 24 69

23 52 25 70

24 52 26 70

25 53 27 71

27 53 28 72

28 53 29 73

30 54 30 74

3 55 32 75

32 56 33 76

35 58 34 78

a7 60 5 80

38 61 38 83

40 65 42 86
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The fluorescence readings were fairly constant in a temperature range
of 0C to 40C which would be adaptable to field measurements.

The spectrophotometric method for determination of humic acids
(Semennv, et al., 1963) was checked using z Beckman DK-2 Spectro-
photometer, There were absorbance peaks at 325 mu and in 400 to 450
mu range and in the infrared area of the spectrum. The excitation
absorbance at 340 mu and transmittance at 440 mu gave comparible
regults a8 Organic Carbor (Humic acid) in mg/l with that of the
fluorescent method. This spectrophotometric procedure was used for
subsequent field measurement of color concentration in the Thunder
Bay Waterashed. The results of watershed sampling where significant
amounts of organie color were found are given in Table 16,

The infrared spectrums for three sources were run on the Hilger-
Watts Infrared spectrophotometer. The spectral curve for organic
extract from the Main Branch of Thunder Bay River (in ethyl alcohol)
is given in Figure 7. The assigmeent of functional groups to the
observed peaks were taken from VanderMaas (1969) and are given in
Table 17,

Organic Acid Separation

The water samples when passed through the anion-exchange resin,
turned the resin from yellow to brown as the exchange proceeded down
the column unt{]l its capacity (saturation) was attained. The material
was removed from the column and fresh resin put on until the five
gallon sample was used. On mixing with NaCl and NaOH, the resin and
attached anfonic organic material lightened in color and the solution
became orsnge-brown. The filtrate from solids on treatment with HC1
also lightens and effervescence occurred. The rea{due on evaporation

gave a brown solution in ethyl alcohol. These alcohol solutions had
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Table 16

Organic Color Meagsurement in Thunder Bay Watershed

Date

8/19/70
8/22/70
8/26/70
8/26/70
8/30/70

11/8/70
11/8/70
11/23/70
11/23/70
12/3/70
12/3/70
12/3/70

5/13/71
5/15/71
5/23/71
5/23/71
5/23/71
5/31/71

6/27/71
6/26/71
6/27/11
7/22/71

8/2/711

Sample Location

Bean Creek

Wolf Creek

Upper So. Bran. Thunder Bay
Main Branch at Breakwall
No. Bran. Thunder Bay

Bean Creek

Upper So, Braan. Thunder Bay
Wolf Creek

No. Bran. Thunder Bay

Main Branch ~ Atlanta

Main Branch - 9th St. Dam
Main Branch at Breakwall

No. Bran. Thunder Bay
Wolf Creek

Main Branch - 4-mile Dam
Main Branch - 9th St. Dam
Main Branch at Breakwall
Bean Creek

Brush Creek

Main Branch - Hillman

Main Branch at M-32

Main Branch at Breakwall
(Bridge Construction)

Main Branth at Breakwall

ng/1

58.0
15.5
11.3

7.2
10.5

56.0
22.0
25.3
53.8
26.3
50.0
21.9

55.0
18.8
36.0
29.0
35.6
59.0

32.6
31.4
39.0
94.0

B1.0
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Source

Thunder Bay River

Main Branch
+

North Branch

Wolf Cresk

Bean Creek
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Table 17

The Infra-Red Assigmment of Bands
for Organic Functional Groups

(Vander Maas, 1969)

Strong

cor 1 Group
3200~ -0H
3600 - COOH
2950- C-H
3020

1650-70 @
1390- -CH3
1420 -OH
1090 -C.0OH
1050 g-x
880 G-Xz
3200- -0OH
3600 - COOR
2900~ C-H
3000

1460 R- 0-
1390- -0OH
1410

1040- 90 @g-x
890 g-X,
3200- -0OH
3550 - COOH
2900-

3000 C-H
1390- -0H
1410

1090 -C-0H
1050 g-X

880 ¢-X,

Moderate

cm 1 Group

1460 R-0-
1330 @g-0OH
1280 @-0-R
805 ¢-X,
(Phenyl - @)

1710-20 - C00OH

1640- 50 v
1280 $-0-R
1200 d-0H
805 @-X
1650 - OOCH
1580 - 000"
1460 R-0-
1330 d-0H
1280 #-0-R
805 #-X
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organic acid concentrations in a range of 1 toc 3 mg/ml. For a Thunder
Bay River sample with 80 mg of Organic Carbon (Humic acid) per liter,
the samount of organic acide recovered was 2.5 mg/ml. For a Wolf Creek
sample with 50 mg of carbon per liter, the axtraction procedure gave
1.5 mg/ml of organic acids.

The determination of available and fixed calcium was done at the
sawpling sites in the river and bay. The change in concentration of
soluble caleium has been attributed to the complexation with oxidiz-
able, anionic organic-substances (Hoffmam and Ehrlich, 1970), The
possible involvement of phosphates in this complexation was a major
portion of this study,

The measurement of these interactions was established from changes
in the wesk-acic¢ function (milliequivalence) of the phosphate forms
and increases in association constants of calcium-phosphate complexes
in the pressnce of organic acids.

The potentisl cowparison method used the potential response (mv)
of a known concentration of calcium to compare the original free cal-
cium with that ¢f complexed calcium., The reactions sssuming unimolecn-
lar exchange at a pH of 4.5 to 7.0 would be:

catt + H,P0,T = caH,pPo,t
while at a pH of 7.5 to 9.0:

cst* + mHPO,” = caHPO,
and at & pH of 9.0 to 10.5:

catt + 2p0,"3 = caro,” + c«.‘,m,‘+
Wh~.: the pH is maintained below 9.0, precipitation is avoided.

In these equilibria, the concentration of the soluble {ons would

be found according to:
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(Ca'++)c - Complexed calcium 10on
(Ca++)t - Original calcium solution
(Ca++)e - Free calcium at equilibrium
(P), - Original phosphate solution
(P)e - Free phosphate at equilibrium

so that after correction for dilution:
(Ca-P)c - Concentration of calcium-phosphate complex
(Ca-P), = (ca™)_ = (ca™), - (cathy,
(P)a = (P, - (Ca™)_

and the association constant (Kf) would be found from:

Kf = (Ca-P)e
(ca¥hy, - (®)

[

Sample calculation for Kg:
Phosphate solution - NajPO, = 1.02 x 10-3 M (50 m1)
Calcium titrant - CaCl, = 1.00 x 1002 M (9.8 ml)
(cat*), = 1.00 x 103 M (-91 wv)
(Po,"3), = 1.02 x 10-3-(50/59.8) = 8.53 x 10-% M
(ca**), = 1.00 x 10-2-(9.8/59.8) = 1.64 x 10-3 M
(ca**), = (Ca-POL), = (1.64-1.00) x 1073 = 6.4 x 10-4 M
(PO4), = (B.53-6.4)x 10°% = 2,13 x 10°% M

K¢ = (6.4 x 10°%) - 3000
(1 x 10-3)(2.13 x 10-4)

The association constants found by the Potential Comparison
meathod for the three phosphate solutions at selected pH values are
given in Table 18,

The effect of natural organic acids on the asgociation constants
found above for the calcium-phosphate mixtures was meagsured under

identical conditions of pH, temperature, and fonic strength. The
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organic acids were extracted from the Thunder Bay system. The results
for these messurements are given i Table 19,

Potential-Titration Method

The calibration curve was prepared witn standard solutions of
CaCly) with pH adjusted to 6.5 to 8.0. The gsample of standard calcium
was titrated with a known concentration of the phosphate solutions.
This procedure was reversed and a standard phoaphate scoclution was
titrated with known calcium solutions. The potentizl (mv) was meas-
ured after each addition of selected volumes of titrant. The apparent
(Cd**) for the millivolt reading can be obtained from the curve, This
method was used to determine the extemt of calciumphosphate complexa-
tion and extended to include interaction of organic acid concentrates.

After appropriate dilution correction, the agsociation cconstants

{Kf) were calculated according to: K = (Ca-P).
(ca™)q-(P),

with: (ca™), = 9.27 x 10-5(100/150) = 6.18 x 105 M
(PO4)r = 1.02 x 10-4(50/150) = 3.40 x 10°° M
(Catt), = 5.25 x 10°° M
(Cat*), = (6.18-5.25) x 10-5 = 0,93 x 10-3 M = (Ca-P),
(PO,), = (3.40-0.93) x 1075 = 2,47 x 105 M

Ky = (9.3 x 10:6) - 7200

(5.25 x 10-3)(¢2.47 x 10-5)

Precipitation was noted when the concentration of the phosphate
solution approached a 2 to 1 ratio of calcium to phosphate. When the
pPH of the solution was above 9.0, the reaction mixture was cloudy.
However, when pH was above 10.0, a white precipitate settled out on
standing. The association conatants determined by Potentisl-Titration

method were done at different pH values comparible to those used in
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Table 19

Agssociation Constant by Potential Comparison

in the

Presence of Natural Organic Acids

‘Ca++!. Phosphate Sample

Conc mv Soln Conc Vol

(al)

pR - 9.0-10.5

9.27x10"3 .107 NayP0, 1.02x10-% 100

9.27x10°° -109 Na3P0, 1.02x10-% 100
0rg+acid

9.27x10"> -108 NagiP;0, 1.16x10°% 100

9,27x10"3 -108 NagP,0; 1.16x10"% 100
0rg+acid

9.27x10"3 -101 Na5P305p 1.25x10"% 100

9.27x10°° -108 NasP40,4 1.25x10~% 100
Org+acid

pH - 6.5-7.5

1.0x10°3 . 16 Na3PO, 1.17x10-3 100

1.0x10"> - 16 NaaP0; 1.17x10-3 100
Org :cid

1.0x10°2 . 16 NayP,0; 1.06x10-3 100

1.0x10°3 - 16 Wa4P,0, 1.06x10-3 100
Org :cid

1.0x10°3 - 16 Was5P30;q9 1.13x10"3 100

1.0x10°3 - 16 Na5P30,4 1.13x10-3 100

+

Org acid

Ca Titrant

Cone Vol

(ml)

9.27x10°% 15.2
9.27x10°% 15.5
9.27x10-4 21,2
9.27x10°% 22.3
9.27x10-% 30.4
9.27x10°% 131.9
1.0x1002  15.0
1.0x1002 16.0
1.0%x1002  16.0
1.0x10-2 17,0
1.0%10-2  15.%
1.0x10-2 18.0

_Kf

5400
6000

2.9x10%

4.4x10%

5100

7500

417

601

710

1000

874

1212
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Potential Compariecn method. The agsociation constants found in the
Potential-Titration method are given {n Table 20,

From the potential (mv) titration~ of N¢3P0q with soluble calcium,
increased precipitation cccurred at higher pH values (above nine with
Ca(OH),)(Figure 8). As well, an indication of additional calcium ion
complexation with orthophosphate was apparent when the amount of Ca++
was increased.

In the pH range cf natural waters, no pracipitartion occurred and
a smooth curve resulted with some initcation of srructural changes in
the calcium-phosphate complex indicated., When Na,P0, was used as a
titrant, precipitation occurred at pH values greater than nine. The
curve (Figure 9) for this titraticn showed apparent areas of calcium
removal from solution as complexes or inscluble forms were formed.

Comparable resulte also cccurred with the pyrc and tripolyphos-
phates at these higher pH valuees. The curves (Figure 10) ware some-
what similar but again at.owed aress different for each calcium com-
plex phosphate species.

Next, the titration procedure was reversed and the three phos-
phate solutions were titratel with Call,. The change in potential
(mv) was followed during the addition. The results of this proce-
dure and the association conetants determined from the results are
given in Table 21.

The potentiometric (mv) titration of the phosphate sclutions
with CaCl; was repeated in the presence of the Thunder Bay natural
organic acida., The same conditions were maintained during all of
the titrations. The effect of these acids on the association con-

stants measured at pH values for natural water (6.5 to 7.5) are
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Table 20

Association Constant by Poteatf{al-Titration Using Calcium

Calcium Phosphate Sample Equilibrium
Coac mv Soln Conc Vol mv (C.’""")e K¢
(ml) (10 5)
pH = 9.5-10.5
1.0x10"3  -14  NazF0, 1.17x10-3 70  -30 38.8 2.66x10%
" -14 g " 100 -35 12.0 1. 20x10%
g 14 v 140 -39 8.33  1.14x10%
1. 47x10%%0. 52
_pH = 8,5-9,0
9.27x10"° .50  NagPO, 1.02x16-% S0 -9 5 25 7200
" -87 " " 30 -89 2.82 5600
" - 108 " " 25 -1 7.10 4800
1.00x10-% .42  NajPO, 1.17x10-3 10  -44 6.30 2700
" - 43 . " 20 -46 6.30 3400
1.60xt0"3 -26 " ! 5 -3 25.0 4500
" - 20 " “ 50  -25 44,0 3400
4500+1540
1.0x10-%  -20 NagP,C; 1,06x10-3 6  -28 4.80  4.0x10%
. - 20 " " 15 -29 3.80 1.8x10%
1.0x10°%  _-30 NagP30y5 1.13x10-3 10 .37 4.50  1.8x10"
" -30 " : 15 -38 3.80 1.3x10%
" -30 " " 25 -4l 2.80 1.0x10%
1.4x16§§3ca0
pH = 6.5-7.5
1.0x10-3  -11  NasP0, 1.17x10-3 25  -12 4.60 345
" -11 & 3 S0 -14 3.70 354
1.0x10-% .30 g " 18 -32 0 52 410
" -28 . " 50 -35 4.50 430
385442
1.0x10-3 - 2 MNasPy0, 1.06x10-2 3 - &4 85.0 810
" - 4 & " 5 -6 74.0 725
& - 4 " g 6  -20 72.0 787
- 4 " & 12 -32 55.0 786
777436
1.0x1003 .16 NagP407g 1.13x10-3 10  -20 72.0 840
" -16 " - 15 -17 110 870
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Figure 8, Ticration of NE;POQ (1,17%10" 3M) with Calcium
at Vsariable pH
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Figure 9. Titration of C3612 (1.0 x 10‘3M) with N33P04
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® -~ NasPO, (1.02x10-3M)

— ® - Na,P,0; (1.15x10"3m)
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Volume (ml) - CaCl, (0.00927N)
Figure 10. Titration of Linear Phosphate Forma with CaCl2



73

Table 21

Association Constant by
Potential-Titration Using Phosphates

Phosphate Calcium Sample
Soln Conc Conc Vol mv
(m1)
pH - 10.0-10.5
Na3PO, 1.02x10°3 9.27x103 5 .12
Na3PO, 1.17x10-3 9.27x1003 10 -10
pH - 6.5-7.0
Na4PO, 1.17x10°7 1.0x1003 23 -39
Na,PO, 1.17x10°2 1,0x1003 25 -38
NayPO, 1.17x102 1.0x10-3 30 -36
+
Org acid
Na,P,0; 1.06x10"> 1.0x10™2 8 -22
L)) L1} " 1t n 12 - 19
(1} Kt L1 (1] n 15 -1?
ir " L1 n n 16 - 16
Na,P,0; 1.06x10"3 1.0x10°? 10 -21
+ " e n " 12- 5 - 19
Wolf Creek "o v 14 -18
n L1 L] L1 1? - 16
NagP30y9 1.13x10"3 1.0x10°2  12.5 -19
L rn ” 1 LL) 15 - 1?
12 L1 vl " L1 15‘ 5 - 16
-3 _2
Na PO 1.13x10"° 1.0x10 10 -20
5+3 10 LR »h tr ih 15 - 17
Wolf Creek " " " " 18 -16

(CG-P)C Kf
3.80x10 >  1.85x10%
4.60x10-5 1.20x10%
3.50x10" % 646
3.80x10" % 645
4.00x16-% 750
1.9ux1u*2 437
2.58%x10 461
3.00x10- 4 482
3.80%x10- 2 610

498 + 76
2.78x10- 4 642
2.58x10" 4 461
2.95x10" 4 502
4.53x10- 4% 996

650 + 211
2.98x10-4 460
3.00x10" 4 540
3.40%x10" 4 774

7591 + 163

1.84x10'2 840
3.00x10" 640
5.30x10% 1010 _

830 + 185
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given in Table 22, These resultese again showed that these natural
organic acids are involved in tne complexation of calcium and the
phosphate speacies,

In the presence of natural organic acida, the complexation areas
shifted slightly (Figure 11) showing involvement of acids irn the in-
teraction, while the apparent soluble calcium used in the reaction
system increased. The association constants determined by potential
comparison methodes increased when the organic acids were present, as
did the constants determined by pctential-titratiorn methods.

In all cases, the amount of calcium involved in the calcium-
phosphate complexation was increased by the presence of the concen-
trated natural-organic-acid extract from the Thunder B2y Watershed.

When three milligrams of Wolf Creek organic acid concentrate
were added directly to a CaCl; and NajPO, mixture and allowed to
stand, the ini{tial free-calcium concentration was lowered on an aver-
age, 8.8 mg/1, This calcium would be fixed in addition to the calcium
already complexed by the orthophosphate,

Potent{iometric (pH) Titration of Ratural Organic Acids

After adjustment of the solution pH to 2.5, the pure organic
ncids were titrated with NaOH and Ca(OH), to obtain the equivalence
of their anionic solution, The samples used were both in salt form
and {n pure acidic form. The measurement of acid nature of the organ-
ic acides from various sources is given in Table 23.

The resulting representative curvee for the pH titration of the
organic acids with NaOH and Ca(OH), are given in Figures 12 and 13.
The titration curve, between 2.5 and 11.0, represents the alkali con-
sumption of the organic material by neutralization of the carboxylic

and phenolic groups.
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Table 22

Association Constant by Potentisl-Titration

in the

Presence of Natural Organic Acids
{pH - 6.5-7.5)

Soln
N13P0A
+
Org acid
N.3P04
+

Org acid

Nll‘on?
+

Org acid

NagP404g
+
Org acid

Conc

1.1?:10'3

1,17'1z10"3

1.1?’:1'0'3

1.17x10" 3

1.06x10" 3

1.06110_3

1.13x10° 3

1.13):1()-3

Vol
100m1
150
100

150

100

100

100

100

Calcium Titrant

Conc Vol
1.0xt0"2  15.0ml
1.0x10" 2 23
1.0x10-2 20
1.0x10" 2 30
1.0x10°2 16
1.0x10"2 17
1.0x10" 2 15.5
1.0x10°2  18.0

(Ca-P) Ke
3,00x10-% 418
3.29x10- 4 448
4.67x10°% 765
4.67x10" % 964
3.80x10°% 710
4.53x10-% 1000
3.40x10-% 874
5.30x10-% 1240
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® -~-Without Organic Acid
X -With COrganic Acid

| 1 [ I |
5 10 15 20 25
Volume (ml) - CaCl2 (0.01N)

Figure 11, Titration of NajPO, (1.17x10-3, pH-7.2) with CaCl,
in the Presence of Thunder Bay Organic Acids
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Table 23

pH Measurements of Natural Organic Acids with Baese

Organic Bane
Sample Source Conc. Titrant Cornc
Main Branch NaOH 0.0912
Organic Salts - NaOH 0.0886
NaOH 0.0886
Main Branch Ca{OH), 0.0263
Org Salts - Ca(CH), 0. 0100
North Branch NaOH 0. 0886
Org Salts - NaOH 0.0886
NaOH 0.0886
North Branch 1 mg/1 NaOH 0.0911
Org Acids
Wolf Creek 3 mg/l NaOHd 0.0911
Org Acids
Bean Creek 0.5 mg/1 Ca(OH)2 0.0060

Base
Vol

2.45
3.10
2.50

8.00
28.0

3. 1¢C
2.46
1.95

34.0

14.0

ml

fg - meq

0.223
0.275
0.222

0.210
0.280

0.275
0.213
0.173

0.314

3.040

0.084
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Figure 12,

5 10 1% 20
Volume (ml) - NaOH {(0.0911N)

Titration of Organic Acids with NaCH
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14 0

124

10—

® -Main Branch
X -North Branch

® -Bean Creek

1 | | !
10 20 30 40 50
Volume (ml) - Ca(OH), (0,0368N)

Figure 13. Titration of Organic Acids with Ca(OH)z
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Potentiometric (pH) Titration of Phoasphates

In Figure 14, the change in pH for sclutions of the three phos-
rhate forms titrated with NaCH {a shown. TIte formation of the mono
and disodium phosphates are observed in the typical S curve described
by Odajiri and Nickerson (1964). The titration of the phosphates with
base between pH 2.5 and 11.0 represents the weak-acid conaumption of
the phoaphates by neutralization.

The titration of NaqPO, wae done at two rates to compare the
effect of rate of titration with Ca(CH}, on the formation of Ca-PO,
complexes, The curves are shown in figure 15, The ticration of the
poly- forms with Ca(OH), is shown in Figure 16. The presence of pre-
cipitation and a decrease in pH indicated the formation of insoluble
phosphate forms. On further addition of alkali, only a small change
in pH occurred. The resgults of complete titration of the phosphate
forma are given in Tables 24 and 25.

The influence of celcium on the titration of the phosphate forms
was followed by adding CaCl; to the solations before neutralization
with NaOH (Figure 17). 1In this way, the involvement of calcium ion
in possible calcium-phosphate-organic acid complexation could be
measured from two directions with calcium. In all cases, the pre-
sence of CaCly in the phoaphate solutions resulted in an increase
in the amount of NaOH needed to reach the weak-acid function equi-
valency. This was wore pronounced for orthophosphate where the solu-
bility of dicalcium phosphate formed was depressed by the calcium
present in the solution.

When the phosphate forms were titrated with NaCH in the pre-
sence of CaCl,, the formation of insoluble calcium phosphate occurred

above pH of 6, When natural organic acid concentrates were added to
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@® NayPO, (1.17x1073m)
® Na,P,0, (1.06x10" M)
X NagP;0;, (1.19x10" M)

] | | ]

Figure 14.

5 10 15 20
Volume (ml) of NaOH (0. 0911M)

Titration of Linear Phosphate Forms with NaOH

25
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12 p——

0 | : ] A1 _
10 20 10 40 50

Volume (ml) of Ca(OH)2 (0.0368N)

Figure 15. Titration of Na4PO, with Ca(OH)2 at Variable Rates
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14.7__

® NayP,0, (1.1?:10'3H)
X NacP0,, (1.19x10° 3y

0 1 | | 1 |
10 20 30 40 S0

Volume (ml) of Ca(Ol-l)2 (0.0368N)

Figure 16. Titration of Pyrophosphate and Tripolyphosphate
with Ca(OH),
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Table 24

The pH Measurements ot Phosphates with NaOH

Sample Conc, (NaOH vOIEIQH fi - meq
NasPO,  1.02x1073 0.0912 2.2 ml 0. 201
1.02x10 0.0886 2.2 0.195
1.02x1077 0.0886 2.7 0.248
1.02x10 0.1000 1.95 0 225
1.02x10" 2 0.0994 1.9 0.189
1.17x10" 3 0.0911 2.4 0.218
1.17x10" 3 0.0911 2.6 0.237
0.216 + 0.022
Na,P,0, 1.155x10;° v.0994 1.8 C.179
1.06x10 0.0911 2.5 0.215
NagP30;, 1.25x1072 0.0994 1.6 0.159
1.13x10° 0.0911 2.8 0.226
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Table 25

pH Measurements of Phosphates with Ca(OH),

Vol ca(cas2

Sample Conc, {(Ca(OH)?2)
Na4PO, 1.02x107 > .0263N 7.2
1.02x10" 3 .0263 7.5
1.02:10-% .02A3 8.7
1.02x10" .0097  25.0
NayPO,  1.02x10"3 .0263 8.6
fast 1.17x10"3 .0368 8.0
Na,PO;  1.02x10°3 .0263 5.7
slow 1.17x10" 3 . 0368 6.6
NazP,0;  1.155x1072 .0097  23.5
1.06x10-3 .0368 6.3
NagP30;0 1.25:10': L0097  23.5
1.13x10 .0368 5.4

ml
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Titration of Na POA, CaClz and Main Branch
Organic Acids with NaCH
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the mixtures, the cloudiness was reduced; dependent upon the quantity
of organic material added to the mixture,

The comparison of the milliequivelence of the weak-acid function
for the phosphate expected from the mixture of calcium chloride and
phosphates with organic acids and that actually measured is given in
Table 26,

Potentiometric (pH) Titration of Organic Acid-Phosphate Mixtures

When the titrations of phosphate forms were carried out in the
presence of both calcium and natural organic acids, less volume of
NaOH was needed to attain curves similar to that of the pure phos-
phate (Pigure 17)., The equivalent amount of base used was reduced
and the precipitation of calcium phosphates was inhibited and some-
times eliminated. The maximum effect of the organic acids on the
formation of insoluble calcium phosphates would depend on the number
of acid groups which can be neutralized on the organic colloid,.

Thege interactions are ghown Iin Figures 18 and 19. The influence on
complexation of organic acids from different sources is shown in
Figures 20 and 21.

The detearmination of the amount of anticipated milliequivalence
for phosphate-organic acid mixtures algo resulted in a reduction of
the equivalent values when Ca(OH), was used. The orthophosphate
ahowed the greatest difference and the most noticeable reduction in
cloudiness of the calcium phoaphate mixtures with organic acids (Fig-
ure 22), With main branch organic extract (Figure 23) and with tri-
polyphosphate (Table 27), the volume of base usred was greater. There
was a general trend in the increase in the amount of base needed as
the number of phosphorus atoms increased. Additional milliequivalence

titration results are given in Table 28,



Table 26

Mean Fquivalent Measuremants of Phosphate Mixtures with NaOH

Organic Acid Phosphates Measured Mag Total Measured Meq Magq
Source Meg Soln. _Meq P + CaCl? Meq P + CaCly + Org Acid Change
North 0.246  NagPO, 0.221 0.321 0.567 0.416 0.151
Branch  ¢.164 NagPO, 0.213 0.263 0.6427 0.292 0.135
0,096 N13P04 0.228 0.356 0.452 0.292 0.160
Main 0.223  NaqPO, 0.201 0.305 0.528 0.337 0.191
Branch g 249 Na3P0a 0.221 0.313 0.562 0.426 0.136
Wolf 0.304 NI3P04 0.201 0.250 0.554 0.421 0.133
Cresak
North 0.164 Na4P207 0.196 0.209 0.373 0.337 0.036
Branch
North 0.164 Na;P40, 4 0.202 0.237 0.366 0.337 0.029

Branch

88
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Figure 18. Titration of Na,P,0;, CaCl; and Main Branch
Organic Acids with NaOH
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Figure 19. Ti{itration of N85P3010’ CaClz and Main Branch
Organiec Acids with NaOH
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Figure 21. Titration of Na, P50, and NagF;0;,4 with CaClz and
North Branch Organic Acids Uasing NaOH
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Figure 22. Titration of Na3F0, and North Branch Organie
Acids with Ca(OH)2
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Table 27

Mean Equivalent Measurements of Phosphate Mixtures with Ca(OH)2

Organi¢ Acide

Source Meg

North 0.280
Branch

0.096

Main g.210
Branch

0.140

North 0.096
Branch

North 0.096

Branch

Phosphates
Total Meq Measured Megq Megq
Soln. Meg P + Org Acid P + Org Acid Change
Ne,PO, 0.227 0.507 0.361 0.146
NI3POA 0.290 0.386 0.250 0.136
Na,PO, 0.189 0.399 0.284 0.115
Nn3P04 0.232 0.328 0.242 0.131
Nay P07 0.232 0.328 0.29% 0.032
Na5P3010 0.170 0.266 0.302 +0,036

56
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Table 28

The Phosphate-Ca-Organic Acid Interactions by pH Measurement

Sample Conc. Titrant Conc, Volume
Na,P0,  1.02x10">  NaOH  0.0912 2, 20m1
1.02x10~>  NaOH 0.0886 2,20
1.02x10">  NaOH 0.0886 2.50
Na3PO,  1.02x10°°  NaOH 0.0912 3.35
+
CaCly
Najp0,  1.02x10°>  NaOH 0.0912 3.70
+
CaCl,
+
Organic acids
Na,PO,  1.02x10">  NaOH 0.0911 2.75
+
CaCl4
Na3PO,  1.02x10"3  NaOH 0.0886 4.80
+
North Branch Org. acids
Na3PO;  1.02x10°3  NaOH 0.0911 3.20
+
ClClz
+
No. Bran. Org. acids
Na3PO,  1.02x10->  Ca(OH), ©0.0263 7.20
" 0.0263 8.50
" 0.0263 8.70
" 0.0283 7.50
NasPO,  1.02x10°3  Ca(OH), 0.0263 5.75
(slow
Na4PO,  1.02x10°3  ca(oW), 0.0263 10.8
+
Organic salts
Na;PO,  1.02x10°2  Ca(OH), 0.0286 9.50
+
North Branch Organic acids

Meq
0.201
0.195

0.222
0.206

0.305

0.337

0.250
0.426

0.291

0.250

+ 0.014

+ 0.020
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The natural colored organic acide generally appear to be stable
and remai{n in apparent soiution for considerable periods of time, On
standing, there waas a color change, a» additionsl complex non-volatile
acids may result from polymerization in the alcohol solution., Poly-
meric nen-volatile carboxylic acids predominate in the mixture of the
organic acids that occur naturally in colored waters and behave like
negatively charged colloide.

The usual mineral analyeis of paturally cclored waters frequently
has shown an excesgs of cations over &nionsg of less than 0.2 equivalent
per million (Lamar and Goerlitz, 1966). The nature of this imbalance
can be interpreted by the fact thac these high molecular weight color-
ed polymeric substances may exist in water as a ccllofidal sol which
has complexed or adsorbed catione.

The increase in the amount of soluble calicium phosphates in the
presence of natural organic acids and the decreaee in amount of base
necessary to neutralize available anfonic sitee on the phosphates
and acids is related to the combined o:zcurrance of both a colloidal
adsorbance of phoaphate on the organic molecule and the complexation
of one or more chemically s-tive groups with calecium. In the phos-
phate titration with Ca(OH)z, the formation of soluble calcium phos-
phates results from the presence of both & colloidal subatance and
free carboxyl or phenolic groups,

Visser (1962) found between pH 5 and 12 that calcium caseinate
and orthophosphate occur together in a solution mixture as a soluble
chemical complex. The formation of this complex would be possible
between the organic colloid with free carboxyl groups and the tri-

calcium phosphate.
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The acidic nature of the gnionic groups (carboxylic and phenolic)
of the natural coler molecule would be comparable to that of the cat-
fonic resin uszed by Levesque and Schritzer 71967) toc ehow phoaphate
bonding through the calcium fon to the acid group. Ogner and Schnit-
zer (1970) auggested that when the -COCH groups are close enough on
the organic acid chain, the divalent calcium can act as an ionfc-
bridge between the anionic portions of the acid and the phosphates.

Humic and fulvic acids can tnhen forwm a soluble complex with the
calcium fona and phosphates. Thia phenomencon could be cof {mportance
in the transport and immecbilization (binding) of caicium phoaphates

in organic aoils and natural waters,



DISCUSSION

WATER QUALITY OF THE BASIN

The quality of the water resources of the Thunder Bay
River is, generally, of a natural state in the upstream
portions which originate in Cacode and Montmorency Counties,.

As the drainage basin progresses Northeast towards Thunder

Bay, the waters acquire increasing concentrations of nutrients.
A slight decline in digssolved oxygen occurs in the agricultural
areas and population centers of the watershed, together with an
increase in temperature. Other physical and -~hemical parameters
show relatively constant values with only slight seasonal
fluctuationes in the quantitier measured.

The industrial and domestic waste-water of the population
areas of the watershed contribute to the increase of synthetic
additives in the drainage area. In the Hillman area atreams,
ammonia, nitrate, and phosphate levels were above the mean
recorded in waterghed aamples, suggesting the presance of
domestic discharge. The influence of agricultural aregs was
observed in significant ammonia levels of Wolf Creek, Bean
Creek, and North Branch Thunder Bay.

Industrial wood-product effluents have influenced the
quality of Thunder Bay through increased turbidity and
addition of ovganic materiale. These diecharges are considered

39
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to have caused a definite change in the benthic invertebrate
populations in portiona of the river and bay (Fetterlof, et al.,
1968).

The Alpena sewage-treatment plant introduces a large
concentration of nutrients into the main stream and contributes
to the enrichment of the bay. All cultural discharges had a
lowar dissolved-oxygen content and a higher temperature than
the river or bay matural water.

The project measurementa of water quality compared favor-
ably with water quality data compiled by the Michigan Water
Resources Comminsion from selected smapling sites on the bay,
river, and main tributaries. The water quality of the Thunder
Bay Watershed in relation to the water quality standards for
Michigan intrastate waters as adopted by the Michigan Water
Resources Commission in January, 1968, showed that the majority
of the natural waters in the basin are within acceptable
quality limics,

The sampling at the river mouth and in Thunder Bay gave an
indication of the presence and availability of nutrients in the
waters. The relation of these quantities to the living organisms
in the bay would provide an indication of the nutrient cycle
prevalent in the ecosystem of the bay. Since the phosphate
level is above that which is indicated as necessary for the
support of living systems, there should be growth of aquatic
vegetation and algae., Only recently have these growths become
visually apparent.

The phosphate level in the bay exceeds even the maximmm

1imit of phosphorus needed for aquatic production, varying from
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0.14 mg/1l in the river in 1970 to 4.84 mg/l in 1971 below the
woods-product effluent, The average phosphate concentration at
the river mouth was 0.40 mg/1 in 1970 and 0.46 mg/1 in 1971. 1In
the bay, the phosphate average was 0.29 ag/1 in 1970 and 0.56 mg/1
in 1971. PFarther out in the bay, in the vicinity of the shipping
channel, the 1970 average total phosphate concentration was
0.28 mg/1l and in 1971 the average was 0.39 mg/1.

The presence of suspended solids and extractable phocephate
from these solide reflect the apparent adsorption occurring
naturally. The existence of organics in the water was indicated
by the measurement of color in the river and bay together with
visual and photographic observation of the river plume.

The interaction of calcium with this material was evident
from the measurement of oxidized water samples. The other
parameters measured at selected times and sites showed both
the influence of the sewage-effluent, wood-products discharge,
and natural run-off from forest areas and agricultural operations.

The quality of the watershed and the bay represent that of
a natural discharge. In some instances, there is evidence of
domastic, agricultural, and industrial effluents from population
and rural areas. This is indicated by iuncreased turbidity and
suspended solids and abundant amounts of aquatic vegetation
especially in the backwaters of the dams where the materials
concentrate in the reservoire,

The Thunder Bay Basin can be considered a relatively
unpopulated area over the majority of its 1250-square-mile
drainage area which will undoubtedly experience an increased

demand for water for domestic, agricultural, and industrial
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uses. The quality of water and the character of stream resources
needs to be continually evaluated through regional inventories
and regulated at a level which will nct allow further degradation

of the resources,

HYDROLYSIS OF COMPLEX PHOSPHATES

The tripolyphosphate and pyrophosphate will ultimately
hydrolyze to orthophosphate in waste treatment rfacilities and
natural waters. The rates of hydrolysis of these compounds in
natural waters are controlled by bicchemical reactions depending
on the types and numbers of micro-organisms present, temperature,
and pH, The rate of hydrolysis of pyrophosphate and tripoly-
phosphate has been found to be greater in natural water than
in distilled water (Shannon and Lee, 1966). The polyphosphates
from the sewage plant whi~h are prevalent in the effluent need

to be considered in the nutrient budget of Thunder Bay.

CULTURAL ADDITIVES

In the area of domeatic and industrial discharges, the
evaluation of the effect of their addition, and the determination
of the contributions to the over-all water quality, and
eutrophication of the watershed, was done with three major
constituents: (1) the interactions of cement dust, (2) natural
organics from the watershed and industrial effluenta, and

(3) phosphates from the sewage plant and natural sources.
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The relationship between phosphate discharge from the sewage
plant and the river flow showed a direct dilution effect. The
annual river flow is 275 times as great as the sewage flow which
facilitate this dilution (0.12 mg of phosphate per liter of
river water), The chromatographic separation of the sewage
samples indicated that eighty percent of the primary-treatment
effluaents consist of the three simplest linear phosphate forms
(ortho, pyro, tripoly).

When the diluted sewage effluent and other sources of
phosphate of the river reaches the bay, the plume moves out
into the channel and swings to the South., The extent of this
movement depends upon the wind direction and currents,

The wind carries a significant quantity of dust over the
bay and a minor portion of these particles are suspended in
the water. The suspended particles in the bay have extractable
phosphate, indicating that domestic and natural phosphorus is

being adsorbed on these solids.

PHOSPHATE ADSORPTION ON CEMENT DUST

The cement dust has a mineral composition which can
physically and chemically affect the availability of phosphorus
in the natural waters of Thunder Bay. The adsorption of the
three linear phosphate forms by the cement dust in de-ionized
water and natural river water, varied with the type of phosphate
form used, water source, and amount of dust, There is a definite
influence of the calcinated material on the avallability of

phosphorus in the waters of the bay, based on the concentration
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of phosphate taken to the point of dust saturation. Once tha
phosphates are adsorbed on the dust, there is a possibility of
a reversible exchange tasking place and some cof this phosphorus

being returned to soluble state in the water,

CALCIUM MEASUREMENRT

The influence by calcium in ratural waters can be followed
by the use of the Calcium Select-Ion electrode. The potential
values for the standard solutions varied with the age of the
electrode, the amount of exchanger, and the physical and
chemical conditions of the reaction systems.

In all cases, the ten- fold concentration difference
resulted in at least a 20 millivolt change. From 1.0 x 10-%4 to
1.0 x 107 molar calcium ion, the difference was sometimes
below 20 mv, Tesulting im a non-linear portion to the curve,.
This region was not used in this study. Therefore, a linear
portion was present in all determinations of calcium
concentrations from the curve, within the natural range of
20luble calcium, Once the electrode was operational, the
potential response realized, was comparable in values to that
of Corning (1968).

The effect of pH on the potential readings was apparent
at mild acid and basic strengths. The more dilute the calcium
solutions were, the more gsubject, they were to the effect of
hydrogen-ion change. The pH range for reproducible potential
was 4.5 to 9.5. These results compared favorably with Ross (1967)

and Rechritz and Hseu (1969),
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In the case of ionic strength, solutions in the normzal
range (0,01 to 0.001) for natural Great Lakes waters (Kramer,
1964), showed a millivolt variation of approximately 6 mv,
The ifonic strength of solutions were kept similar and within
this range, to avoid interferences with ionic strength
differences or variation between test solutions,

The temperature effect on potential response ghowed that
the movement of exchanger measuring the calciwm activity is
sengitive to definite temperature fluctuations. The range of
temperatures that gave a reproducible response was from 15C
to 35C. The more dilutz gsolutions were more constant, This
normal, natural range occurs part of the year, In other cases,

the samples were allowed to come to room temperature,

POTENTIAL- COMPARISON METHODS

From the potential-comparison results, the association-
constant values increased with the pH value which would
indicate the involvement of precipitation in the reduction of
the free calcium fons. This precipitation was indicated by the
appearance of cloudiness in the solutions at high pH with a
more negative potential., Also evident is the increased
complexation by the more condensed phosphates because of the
increased number of negative aites in the chain,

In the pH range of natural water systems, the Na3904
complexation with CaCly was comparable with Chughtai et al.
(1968) from pH valuesa of 6.5 to 7.5. The association-constants

found by titration from either direction were nearly reproducible:
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at 9.0 to 10.5 pH, K. had a mean value of 1.50 x 10*% while at
6.5 to 7.5 pH, K¢ averaged 485. The influence of natural organic
acid on the complexation was indicated by an increase in the
amount of free calcium apparently removed from the solution
and an increase in the conastant at pH 6.5 to 7.5 to an average
of 688,

In the case of pyro- and tripolyphosphates, the association-
constant again increased with pH value as precipitation occurred
to also reduce the free calcium in solutiom., 1In the pH range
of 8.5 to 10.0, the precipitation was reduced and the results
were comparable to those found by Watters and Lambert (1959).

In the natural pH range of 6.5 to 7.5, the constant was lower
than that found by Irani and Callis (1960) by a factor of 1C,
however, their ifionic astrength was higher, 1In the presence of
organic acids, the effect on the association-constants again

showed an increase. The change was greater than that for

orthophosphate,

POTENTTAL- TITRATION METHODS

The potential-titration regults compared favorably with
those found by potential-comparison. There was a definite
relationship between the pH of the solution and the association-
constant. A comparison of the means of the results is given
in Table 29.

The apecific reduction of free calciuwm in orthophosphate

complex mixtures by the addition of Wolf Creek acid averaged
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Table 29

for
Potential-Comparison and Potential-Titration Methods

pH
9,5-10.5
8.5- 9.5
8.5- 9.5
8.5- 9.5
6.5- 7.5
6.5- 7.5
6.7- 7.5

—KRg— Organic Acid ™ Ke—
Phosphates Pot., Comp, Pot. Titr, Scource .
Na,PO, 1.24x10%  1.49x10%  Main Branch 6,0x103
Na,PO, 4.50x103  4.50x10%  Main Branch 6.0x10>
Na,P,0, 3.80x10%  2.90x10*  Matn Branch 4.4x10%
NagP40;0  4.10x103  9.50x10°  Main Branch 7.5x103
Na3P04 507 515 Main Branch 613
Na,P,04 596 650 Main Branch 1000
Wolf Creek 680
N35P3010 657 720 Main Branch 1212
Wolf Creek 830
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8.8 mg/l. This change in association-constant and the decrease
in apparent free calcium in solution showed that the organic
acids were becoming involved in calcium complexation either
separately or with the phosphate. The pH-titration method
attempted to resolve this,

In the natural water samples, there was apparently some
calcium fixation by oxidizible matter in the samples. The bay
and river sgmples taken at selected gites showed a rather
irregular amount of calcium being involved, ranging from 1 to
65 mg of calcium, with the average calcium released by oxida-
tion being 13.5 mg.

This again showa that all the calcium in the natural waters
of Thunder Bay 1s not free, but complexed in an organic and

phosphate system,

NATURAL CQOLORED ORGANIC ACIDS

The extraction of the organic acids from the natural
samples was one on four streasms of highest fluoreacence response,
The concentration process was somewhat time-consuming, especially
in removing the last traces of salt crystals.

In selected cases, purification was not carried out
completely when potentiometric titration by pH was done. In
the case of potential (mv) measurement of calcium, it was
egsential that the sodium concentration be reduced to a minimal
amount, In these cases, gatisfactory samples were obtained after

repeated evaporation and dissolution in alcohel.
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The identification and characteristics of the natural
organic acids was accomplished by fluorescence response and
infrared absorbance, The natural wster samples showed a
fluorescent excitation and emission at wave lengths similar to
that observed by Chrietman and Ghassemi (1966) and Packham (1969)
who used similar extraction procedures,

The main-branch water continued to increase in the amount
(mg/l) of organic carbon throughout the study. Bean Creek and
the North Branch of Thunder Bay River also showed high values
throughout the investigation, with Wolf Creek showing medium-

range values,

IDENTIFICATION OF NATURAL ORGANIC ACIDS

Organic color in natural water has its origin i{n the
multitude of organic mole~ules comprising the forest vegetation
and varies in composition and amount with season and source,
This color could arise from the aqueous extraction of living
woody subetances, the solution of degradation products in
decaying wood, and the solution of organic soil matter.

The infrared spectrum for the Thunder Bay River natural-
organic-concentrate in alcohol was similar to that recorded
by Black and Christman (1963) and by Midwood and Felbesk (1968).
Infrared spectra for the Thunder Bay organic fractions showed
carboxylic acid and hydroxy absorption maxima in the 2.5 to
3.5 micron range. A strong absorption band was leocated at

6.0 micron which {8 the region characteristic of carbonyl-
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group stretching-frequency and the double-bounded carbong in
conjugated phenyl groups. Absorption in the 3,5 to 7.0 micron
range in the samples was probably due to zlkane groups and alkyl
branches., The broad absorption regions between 7.0 and 8.0
micron, 9.0 and 10.0 micron are possibly due to combination of
C-C and C-0O stretching frequencies, The strong bands at 9

to 10 micron and 11 to 12 micron indicate the C-H out-of-plane
defarmation frequencies of free hydrogen atoms on substituted
benzene rings in a polymer chain,

The functional groups identified (Table 17) were R-OH,
C-H, -COOH, Ar-OH, Ar-X, Ar-X,, and R-O-Ar. Black and
Christman (1963) found peaks in fulvic acid zgmples which were
characteristic of carboxyl groups, -OH, C-H, conjugated phenyl
groups, and substituted phenyl groups, Midwood and Felbest
(1968) found that most of the spectra of organic fractions
show peaks of alcoholic and phemnolic -OH groups, CH3- and
-CHy- groups, C-C, -C00”, and -COOH,

The natural colored organic materials extracted from the
waters of Thunder Bay Watershed have a definite acid nature,
The adjustment of the pH of their solutions with hydrogeun ion
results in a conjugate base that can be neutralized with
standard hydroxide. The neutralization was somewhat lower
for Ca(OH), indicating a possible complexation of the divalent
metal ion by neighboring negative groups.

The measurement of the equivalence reaction of the phosphate
forms gives a definite weak-acid fraction that could be used to

indi{cate the effect of organic acids on the neutralization



1
process, The il lsavfvoalevce -0l . divectly rzlated t~ The
concentration of the phogsnhats zolution uzed, Titration seersd
to be an accurats measuremer® cf snlovlc pbysphate avallatie
for caticnic interasctisn (hvdagen or calctuan).

The calcium fon {e¢ Imvolved {n reaction with the phoaphase
forms in precipitation ¢hat can oecur at alkaline pH valuee
according to the equatfon:

Ca(HyPO,), + Catt - 2cairo, + 20t
and slow conversion of precipitated {{calcium phosphete Lol
tertiary salt, CaqP04, Theege caleiuwr reactions with tne phos.-
phates also occurred when calsvitm was gdded separately as
CaCly) and titration carvisd cout with NaOH,

The maximm quantity ot 2-luble calcium phoaphates form-A
depends on the mmber nf acild grrups (anionice) which can c-
neutralized on the orgenic molecule., The apparent reduction
in wesk-acid equivalent -eaction by the addition of natural
organic acids to the calcium-ptosphate reaction solution waz
shown by the prezence o0f a reduction in the milliequivalent=,
The reduction was measrrred In the mizxtuves by the summation
of the anticipated equivalences found for smeparatre reactsnts.
The formation of apparvent s-luble calcium phoaphate could a1~ -
involve a chemica?! vormimrstion aa a result of certain
chemically active groupa presen? iv the ovganic molecule,

The soluble calriwum phagphates could be formed as a renult
of the colloidal propeciies o~f the organic matter, The ~revall
phenomena of this in*eractinn rould be possibly allied wirh rhe
combined occurtrence nf torn 3 collodid and one or more chemlawlisr.

active anionic grouni. In the absence of metal, only a sligh®



112

reaction took place between the phosphates and natural organic

acids used,

POTENTIOMETRIC {,di) TITRATION METHOD

The concentrated organic gcids from the Main Branch and
North Branch of Thunder Bay River were titrated potent{iome-
trically with NaOH and Ca{OH),. The curve with NaCH showed
two equivalence points, ore at gcidic pH and the other at
slight basic conditiona. The titration ¢urves, between pH
2.5 and 11.0, represent the actual alkali consumption by the
anionic colored material through neutralization of acidic sites.

In the case of Ca(OH),, the curve was a simple neutral-
ization curve with no indication of the presence of more than
one type of acidic group. The titration process has indicated
that anionic sites are svailable for reaction with cations
in a basic solution, The {iuflections on the curve using NaOH
would seem to reflect the presence of more than one type of
functional group.

After the agalt sclutioun of the standard phosphate forms
were acidified to a pd of 2.5, titration was carried out with
NaOH and Ca(OH);, The formatfon of mono- and di-metallic
salts were indicated by the 5 curve obtained in the neutral-
i{zation process, The tertiary salt can exist only in such
a strong alkaline enviromment that 1its formation below pH of

11.0 does not occur in any measurable amounts,
In the titration of the phosphate forms with Ca(OH),,

starting at pH 2.5, there 18 a similarity in curves up to
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the monophosphate stage at pH 6. After addition of more
Ca(OH),, there was a slight non- linear change at pH of 7.0
possibly because of the presence ot a secoadary calcium phosphate
along with partial precipitation., £ZbL>ve a pE of 8.0, eecondary
calcium phosphate was converted into the insoluble tertiary
salt,

The presence of calcium fons seem to influence the course of
the pH change, The titration of the phosphate forms with NaOH
in the presence of a knowm and corstant amount of CaCl,, showed
a drop in pH after the f>rmation of monocalcium phosphate is
apparent. The calcium concentration seems to depress the
solubility of the dicalcium phosphate to such an extent that
the transformation into tricalcium phosphate was not observed
initially but did occur with time as precipitation increased in
the calcium-phogphate solutions.

The titration of the phosphate in the presence of CaCl,
and organic acids with NaOH was conducted under identical
conditions as previous reactions. When the phosphate forms
were combined with CaCly, the dicalcium phosphates were formed.
The formation of soluble tricalcium phosphates took place when
the organic acid was present., The precipitate which was noticed
above pH of 7.0 in the phosphate solutions was reduced when the
organic acids were present, When the amount of reacting species
was increased, the formation of the precipitate was noticed
at pH values above 8.0, Therefore, the ammount eof tricalcium
phosphate which can be formed in solution depends on the quantity

of organic acid present in the system.
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When Ca(OH); was used as the titrant, the dicalcium
phosphate precipitate again formed above a pH of 6.0 as a non-
linear portion of the curve at pH of 7.0, While, above pH 8.0,
in the presence of organic acids, the precipitates seemed to
decrease in quantity. 1In addition, the gmount of base used
to reach pH of 11,0 was greater than that for NaOH, The
influence of organic carbon on this amount of base was more
pronsunced than the effect during NaOH titration., In the
phosphate titration with Ca(OH)z, the presence of the free
carboxyl and phenclic groups 1is necegsary for the formarion
of the soluble tricalciuwm phosphate as long as the phosphate
originally was in solution,

In all cases of titration with base, the pH of the phosphate-
calcium-organic acid reaction system decreased for the three
phosphate forms from 1 to 2 pH units on standing., This would
seem to indicate that cn .ontinual contact the calcium is
replacing the hydrogen fons on the acidic groups by ion-
exchange and serving as a bridging site for the phosphate
forms in solution,

In evaluating the equivalent reaction ability of the
phosphate forms, the pH of the sodium phosphate sclution was
adjueted to 2.5 with HCl, The pH readings per unit volume of
added standard alkali were plotted to obtain a phoaphate
titration curve. Hydrolysis was avoided by conducting the
reaction at room temperature and as rapidly as possible. The
distance between the cwo equivalence points was considered
equivalent to the weak acid function (fw) of Odagiri and

Nickerscn (1964),
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In the case of titration of ~rthophosphate with NaOH, both
the prasence of CaCl; and Main Branch orgaric acids adde to the
equivaience of the phosphate solution. Whenr the three components
were combined only a slight decrease in the milliequivalency was
observed. When Cn(OH)z was used a8 the titrant, the reduction
was much mora pronounced which would be attributable to involve-
ment of the divalent calcium in an ionic reaction other than
neutralization.

After chemically blocking the acid groupz in czsein,

Visser (1962) concluded that where the organic material does
not possess free carboxylic groups, it has no influence on
the course of normal phosphate titration in the presence of
calcium, This would indicate that the maximm quantities
of soluble tricalcium orthophosphate formed depends on the
mumber of acidic groups which can be neutralized on the
natural organic acid mclecule, According to Visser, the
formation of the calcium orthophosphate is probably related
to the combined occurrence of both a colleid and one or more
chemically active groups.

In the pH range used, the primary fons present in the
calcium-phosphate mixtures would be CaH2904+. CaH3P207+v
CagHP04+ and CagH2P3010+. The phosphates in the metal complexes
could be bonded through the calcium to the acidic groups of the
organic matter. When the amount of calcium increases as in the
titration with Ca(OH),, a considerable smount of the phosphate
could occur as calcium phosphates which are physically mixed

with the organic acid metal phosphates.
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Visser (1962) proposed that the humic acid of organic soils would
be a major factor in the transport of calcium phosphates by involving
the cclloidal matrix and the carboxyl grougs should both be present
in the one substance, The general structural formula for the acids

accoriing to Christman and Ghassemt (1966) involves:
|
COOH COOH
| " . I
OH

— Py = @y — @y — 0 <o > 00— (),

C

OCH3
H HOOC{ © H OH

These structures could be part of a natural complex as:

Y 0
I ]
COLLOID - C\G/Ca - 0-P- OH

OH
! :
COLLOID - -0-%_.o0
\0/:3 | 7
0—Ca
o 0 )
] H |
COLLOID - C Ca - 0-P-0-P-20
No” | /
OH 0— Ca(2R)

The phenol groups in the molecule may be involved as well in this
complexation, In either case, the interaction makes possible the
movement of calcium phosphates in soils and natural water as &
calciumphosphate-organic acid complex.

The phosphorus cycle in a natural water environment can be in-
fluenced by chemical complexation with calcium ions and soluble or-
ganic matter, Moreover, the physical occulsion of phosphates on
natural colloidal organic material could involve calcium. Potentio-
metric titration by either millivolt or pH response showed a definite
involvement of organic material extracted from the Thunder Bay waters
in the complexatfon of the three phosphate forme by calcium through

the acidic sttes on the natural organic polymer molecule,



SUMMARY

The water qualfty of the Thunder Bay Watershed has been found
to be relatively high. Much of the 1250 square mile drainage basin
is still in its natural state. The regional inventory of this water-
shed showed instances of domestic, agricultural, and industrial influ-
ences on the quality of the water, character of the watershed resources
and composition of aquatic specier.

Both the sewage effluent and the discharges from wood-products
industries contain significant organic materials, Eighty per cent
of the local primary-treatment sewage effluent was deterwmined to be
composed of the simple linear phosphates: ortho, pyro, and tripoly.
These phosphates are involved in the phosphorur cycle of Thunder Bay
and associated with accelerated eutrophication of natural waters when
temperature, light, and other necessary nutrients are present,

Suspended and settleable solids can serve as adsorption sites
for linear phosphate forms in natural waters. In the Thunder Bay at
Alpensa, Michigan, calcareous particles are present from natural lime-
stone sources and as cement dust emitted from a local industry.

The composition of the cement dust and the domestic sewage efflu-
ent entering the bay indicates that constituents for possible inter-
action are available. The suspended solids level in Thunder Bay water
along with total and acid-extractable phosphates from solids were
wmeasured to detarmine the extent of the fixation occurring in waters
of the bay. In the removal of phospherus from standard phosphate
solutions, cement dust showed a definite uptake of ortho, pyro, and

117
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tripolyphosphate forms. In river water, the adsorptfon of orthophos-
phate was lower, indicating the poseible involvement of soluble natu-
ral organic acids and metal ions in the complexation.

Chemical oxidation of natural samples showed that in Thunder Bay,
an interaction exiats between calcium and natural organic materisl.
The colored organic materials are acidic in nature and were recovered
in sufficient concentration to determine metal-organic acid-phosphate
interactiona.

The three linear forms of phosphorus were combined with the
organic acids extracted from the natural colored water of selected
tributaries of the Thunder Bay system in the presence of soluble
calcium. In the presence of the concentrated organic colored mater-
ial, there was a reduction in the milliequivalence of calcium-phos-
phate mixtures. In identical solution mixturea, increases in the
association constants for calcium-phosphate complexes indicated
fnvolvement c¢f the phosphates with calcium and natural organic acids.
Calcium and hydrogen electrodes were adequate for following thias
complexation in natural waters by potentiometric titration.

It has been shown that the natural organic material of the
Thunder Bay Watershed form soluble complexes with the calcium-phos-
phate systems and the susapended calcareous particles adsorbing phos-
phatea. These phenomena are important factors in the transport and

availability of phesphorus in the Thunder Bay aquatic ecosystem,



RECOMMENDATIONS FOR CEMENT DUST

If the dust from the cement operation has a fairly consistent
composition during its production and dispersion over the bay, it
could serve as an agent to fix phosphates in the natural eutrophic
water saystem. Hynes and Greiv (1970) showed that preventing the
release of nutrient ions from the mud-surface can cause the water
above sediments to be a less suitable medium for the growth of algae.

The use of cement dust as a phosphorus adsorbing material in an
eutrophic system could lead to interruption of the phosphorus cycle,
thereaby slowing the release of nutrients so that undesirable algals
blooms do not occur Or cease to re-coccur, The reversibility (phos-
phate-release) of the dust-phosphate particles has been found to
average 7.0 mg/g above the original phosphorus in the solution.

Moreover, phosphorus could te removed in sewage oxidation lagoons
by applying the appropriate amount of dust to reduce the phosphate
level to the desired value. In their work on sewage lagoons, Buzzell
and Sawyer (1967) found that lime-treatment of raw wastewater can
effect a 97% removal of soluble inorganic phosphorus forms. The lime
requirement i{s independent of the phosphorus content and can be esti-
mated in terms of the alkalinity (controlled by pH). Since the lime
treatment of wastewater produces effluents with N:P ratios of 30 or
above, it appears that properly managed stabilization ponds could
provide very suitable secondary treatment of sewage with the dust,

Another specialized application of the dust in the sewage area
could be as a substitute for lime in the chemical treatment of the

119



120
domestic sewage. To institute this proposal, adequate equipment would
be needed to remove the mofst dust material by sedimentation and sludge
draw-off {n the final clarifers, O°Farrell (1969) found that the
treatment of the secondary effluent from a modified aeration plant can
consist of single or two-astage lime precipitation and filtration. In
the two-stage high lime process, lime is added to a pH of 11,5 in the
tiist stage and then is recarbonated to a pH of 9.5 to 10.0 with
flocculating additives in the second stage. The two-stage process with
flocculants has maintained ninety per cent removals of phosphorus.

The chemical phosphate removal techniques can be accomplished by
conversion of soluble phosphates to an insoluble form by either pra-
cipitation or adsorption with the metallic salta added to wastewater.
The pH of the water is usually increased with lime to permit the form-
ation of insoluble metal phosphate salts. The cement dust has been
found to cause a 0.02 pH change for each milligram of dust used, with
a maxismm of 10,70, With an excess of cement dust, higher values can
be reached up to 12,00 pH.

Wirkasch (1968) has found these suspended metallic phosphates
are fine and well-dispersed in submicron-micron size. The precipi-
tates can be flocculated with organic polyelectrolytes, coalescing
into large quickly-settling flocs. The cement dust could be an
economical precipitating agent, especially with small smounts of
ferric fon added as a coagulant aid. Moreover, the dust could be
discarded along with the adsorbed nutrients which would involve

removal and disposal without reclsmation.



CONCLUSIONS

The water quality of the Thunder Bay River and its tributaries
is at high levels above the population centers. As the drainage
basin progresses toward Lake KHuron, the water accumulates increasing
concentration of pollutants especially nutrients from agricultural
and domestic sources. The industrial and domestic waste-waters
discharged into the watershed are contributing synthetic additives to
Thunder Bay and lead to degradation of the bay waters, The quality
of the basin wateras and the character of the stream resources need
to be regulated at a level which will not allow further degradation
of the system to occur.

Highly divers{fied benthic communities containing many clean
water forms have been found in aubstantial areas of Thunder Bay near
shore (Fetterolf, et al., 1968). Only in the areas near discharge
of wood-products operationa is a highly degraded ecosystem existing
under the prevailing sewage conditions and presence of cement dust,

The wind directions, current patterns, and the movement of the
river flow into the bay aid in the distribution of the high phos-
phate contribution of the sewage plant. The presence of cement dust
in the natural water enviromment of Thunder Bay has an influence on
the availability of phosphorus to the ecosystem of the bay through
its adsorpticn and subsequent sedimentation.

The calcium ions in Thunder Bay waters interact with phosphates
and this interaction is influenced by the presence of natural organic
acids. The involvement of the organic acids in the complexation i»s
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directly related to the anionic nature of the colloidal polymer. The
carboxylic groups in the natural colored organic acids form stable
metal-organic complexes as well as water soluble multi-dentate chelates
with calcium.

In the watershed, the organic color observed in selected tribu-
tarfes was high enough to acquire a sufficient amount of concentrated
extract, In the case of the measurement of the amount of soluble
calcium fixed by oxidizable organic material, a mean value of 15 mg/1l
was measured., This indicated tha: there is an interaction between
calcium and the natural organic acids occurring in Thunder Bay system,

The Thunder Bay River and its branchea have been found to contain
significant organic color, With the natural organic acides of the
Thunder Bay Watershed forming a soluble complex in the calcium-phos-
phate system, this phenomenon will most certainly be of importance
in the transport and availability of calcium phosphates in the bay
aquatic environment. The apparent reduction in milliequivalence of
calcium-phosphate mixtures by the presence of the organic acids sup-
ports this involvement. The increase in association conatants for
calcium-phosphate complexes when organic acids are added further
substantiates this conclusion.

The interactions of the calcium constituents {(soluble and solids)
with phosphorus and natural organic acids should be considered as
controlling factors in the over-all equilibria in the Thunder Bay
system. Evaluation of other physical and chemical complexation sys-
tems that may exist should be done in order to attain a more complete
picture of the eco-processes operating in Thunder Bay. The Thunder
Bay water system is a vital part of the natural resources of North-
eastern Michigan and should be protected for use and enjoyment of

presant and future generations.
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APPENDIX I

HISTORICAL REVIEW

The smounts and forms of nutrients in natural waters are
determined by their relative rates of input imto, and loss from,
the water body. As well, tha nutrient levels can be regulated
by blochemical, chemical, and physical processea occurring within
the squatic system.

Within a body of water, the primary regulatory processes are
assimilation of imorganic forms (NH,', WO,~, H,PO,"~, and HPOL™)
by microorganisms and aquatic plants, mineralization or organic
forms by microorganisms, and uptake and release by sediments.
Transformations of condensed, inorganic phosphorus forms appear
to be restricted to the chemical and biochemical hydrolysis of these
phosphates to orthophosphate.

The forms and smounts of phosphorus in waters have been
described by Jenkins (1968), according to analytically defined
fractions, namely: (1) particulate phosphorus (retained by 0.45
micron filter), (2) dissolved phosphorus - orthophosphate (reactive
in reduced phosphomolybdate colorimetric procedure) and condensed
phosphate {(contains P-O-P linkages hydrolyzed by mild acid), and
(3) dissolved organic phosphorus (contains P-0-C and P-C linkages
degraded to orthophosphate by acid digestion).
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The biological productivity of a body of water has been
directly related to the degree of fertilizatfion by plant nutrients,
especially phosphorus. Phosphorus enters rurface waters primarily
from land-run-off, percolation through soil, and waste waters,
Frink (1967) found that an isoclated lake which supported a large
population of rooted aquatic and planktonic algae had a high
inorganic nitrogen and phosphorus concentration coming from land
drainage.

Engelbrecht and Morgan {(1961) considered the source of
phosphorus in Illinois surface waters from land-drainage to be
in the form of simple orthophosphate c¢r as soluble, hydrolyzable
forms of phosphate. These phosphates could be adsorbed on clay
particles which enter water during erosion, Engelbrecht and
Morgan (1959) found the phosphorus present in ratural waters from
sur face dralnage samounted to 0,036 mg/l as orthophosphate and
0.08]1 mg/1 as total phosphates (P,0g). Samples frow streams with
significant amounts of treated and untreated wastee had an average
of 0.411 mg/l orthophosphate and a maximm inorganic-condensed-
hydrolyzable-phosphate concentration equal to 0.657 mg/l, They
found that a sevage plant, with activated-sludge treatment, had
an average 18 wmg/l1 as P05 in the effluent,

Missingham (1967) found that the phosphorus content of
domestic sewage {s four times what {t was before the advent of
synthetic detergents., These detergents are composed of 30 to 50
percent phosphate builders (primarily polyphosphatesa). Herold (1967)
found that the phosphate buildera in detergents, such as Tide, were

composed of 5%-ortho, 25%-pyro, and 70%-tripolyphosphates.
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In hig discuszion of the overall pilcture of eutrophication,
Fruh (1967) proposed that the type and intensity of the eutro-
phication problem depends on the frequency »f algal blooms
(5 x 10° celle/liter). The frequency is rslated to the respec-
tive genera and species of algae present and phosphate concen-
tration.

Shapiro (1967) has indicated thet there are either ionic or
organic reactions systems involved in phosphate uptake which should
be measured in the evaluaticn of eutrophication of natural water
by phosphorus,.

The high phosaphorus concentrations are assoclated with accel-
erated eutrophication e¢f waters when other factors such as:
temperature, sunlight, aize and shape of water body, type of
stratification, and level of other nutrients are adequate to
support aquatic growth. To prevent prcduction of bioclogical
nuisances, Mackenthun (1968) asuggested that total phosphorus
concentration should not exceed 0.10 mg/l at any point within a
flowing stream and should not exceed 0,05 mg/i1 in a lake or
reservolir,

Rigler (1964) indicated that phosphorus concentration in a
water body depends on a dynamic equilibrium between the bacteria
and plents and the molution phases. Natural amounts of total
phosphorus are commonly less than 0.05 to 0.10 mg/1l and usually
not greater than 0,50 mg/l. The particulate phosphorus usually
exceeds dissolved phosphorus. The dissolved organic phosphorus
18 about 15 to 30 percent, and, the diesolved orthophosphate is

about 10 percent of the total phosphorus in natural waters,
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The availability of phosphorus in natvral systems from man's
activities depends upon the conversion of polyphosphates to
biologically assimilable phcsphorus ferms b hydrolysis, The
structures of the polyphosphate ions and their respective
hydrolysis to orthophosphate have been studied to determine the
rates of decomposition, Karl-Kroupa, et al. (1957) found sterilized
aqueous solutions that the condensed phosphates have half-lives of
several wmontha at pH 7 and 20C, ard are eventually hydrolyzed at the
slow rate to orthephosphate. Faciors Karl-Kroupa found that affect
hydrolytic degradation were: pH, temperature, enzymes, colloidal
gela, concentration of phosphates, and the solution's i{onic state.

Shannon and Lee (1966) atudied the rates of hydrolyeias of pyro-
phosphate and tripolyphosphate into orthophosphate under laboratory
conditions using various natural waters, They rhowed that the rates
of hydrolysis of pyrophosphate was 0.08 mg P/1 per 300 hours at 4C
and varied from 0.23 to 0.47 mg P/l per 500 hours at 20C, Tripoly-
phosphate averaged 0.15 mg P/1 per 500 hours at 4C and varied from
0.34 to 0.50 mg P/1 per 500 hours at 20C., Studies in a natural
stream showed the presence uof an apparently natural condensed phos-
phate that hydrolyzed at approximately the same rate as tripoly-
phosphate did under laboratory conditions.

Cleaceri and Lee (1965) found the hydrolysis degradation of all
chain and ring phosphatea is affected by increasing hydrogen ion con-
centration, as well as, the amount of certain metal iona, and the
presence of specific enzymes. 1In general, divalent cations (Ca, Mg)
were found to have a pronounced effect on the enzymatic hydrolysis

of P-0-P linkages. Van Wazer, et al. (1952) etudying hydrolysis of
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pyro and tripolyphczphates founrnd that the rregence of calcium ions
increased the hvydrolysis rates. Biologic syastems (bacteria, algae)
definfitely influeace the rate of degredatic  of the condensed phos-
phates, w'tn tripolyphosphate degrcding at a more rapid rate than
pyrophosphate,

Crowther and Weston (1953) have determired that the hydrolysis
of the pyrophosphate anicn is a firat.order reaction at congtant
hyd:rsgen- ton concentration, The rate-constant at pH 6.0 was 1,25 x
10'4, while at pH 9.3, the rate-c.nstaat was 1,00 2 1077, First-
order rate-consatante for the hydtolyeis of the tripolyphosphate anion
depended upon the initial phoaphate concentration. The rate-constant
at pH 5.0 was 2.9 x 10°% and at pH 9.3, it waz 1.50 x 1072,

Aquatic plants generally utilize inorganic phosphate and show
little tendency to aszsimilate organic phosphor.¢. Zooplankton and
higher invertebrates can obtain phosphorus through digestion of par-
ticulate matter but do n.t appear to assimilate soluble inorganic or
organic phosphorus directly from natursl water (Phillipa, 1964). The
transformatione of organic phoaphorua to inorganic phosphorus can be
carried out by bacteris in the wineralization process. Stumm and
Morgan (1962) have shown with laboratory algsl studies that phosphorus
may be the key element in the fertilizatiou of natural bodies of water,

Studies invelving the addition of artificial fertilizers to nat-
ural systems, Tenner (1960), Mcintire and Boni (1962), and Hocper and
Ball (1964 and 1966). The results of these studies Iindicate a defin-
{te relationship between the aquatic life of a body of water and the
amounts of nutriente added. Hepner 71958) studying the dynamics of

phosphorus added to fishponds in Isresl, found a direct relationship
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between the alkalirity and the amcunt of 2dded phosphate that was
removed from the water, These findings were related to botn the
calcium concentration in the water, as we.' as that found {nr the
bottom mcla,

Pomeroy et al., (1965) have suggested that the amount of
phosphate involved in adsorptive chemical exchanges between
sediments and water is large enough tn be significant Iin regulating
biological procesges. Fruh (1967) in his discussion on the over-
all picture of eutrophication proposed that, depending on the type
of sediment fixation prevalent, the recycling of available nutrients
within a lake might be sufficient to sustain highly productive
conditions over a period of years,

In the case of soils and land areas, phosphorus is removed
more by erosion than by leaching, because phosphorus is usually
fixed and held by the s0il in some form of a metal-phosphorus
compound., Bailey (1968) esteblished that inorganic and organic
phoaphorus compounds are retained largely by the calcium, iron,
and aluminum components of soils, The 1iron and aluminum phoasphates
predominate in acid soils and the calcium phosphates in alkaline
soils, Hortenstine (1966) found that liming can be effective in
increasing phosphorus fixation on gandy soils.

The release or uptake of phosphates by sediwments from land and
water sources is dependent on pH, aerobic conditions, temperature
and the movement of overlying water, The properties of the sediments
that affect this exchange of phosphorus have been considered from

various aspects, Soumers et al. (1970) found that the phosphorus

—— —



139
retention capacity of a sediment is largelvy determined by its
mineral composition. Calcareous and non-cslcareous sediments
differ in phosphorus retention, with the re<ention property related
to the amorphous iron and aluminum compone-.ta and the calcareous
carbonate fraction., Malquori and Radcielli (1967) studied the
influence of calcium compounds on reaction of polyphosphates with
soil particles and found that limestcne fixed the simple linear
phosphates to a greater degree than the complex ones.

The sediments of an eutrophiz lake may have a high nutrient
concentration which becomes available to planktonic algae on lake
destratification. Sedimentation and phospherus-release, at the bottom,
influence the scluble phosphorus content of water and control the
nature and rate of biological growth when phosphorus is less than the
0.10 mg/1 limiting concentration (Mackenthum, 1964).

Mortimer (1941 z2nd 1942) has done the basic study of exchange
between mud and waters in lakes which showed a definite relationship
between the rate of supply of nutrients and seasonal changes. Holden
{1959) studied the location of the phosphate in the deposits at the
bottom of lakes and found most of the adsorbed phosphate remained in
the upper aerobic zone of the mud and may be converted to non-usable
organic forms. These may be released during pericds of temporary
anaerobic conditfons., With bigh phosphate concentration, the penetra-
tion in mud is up to fifteen centimeters. Sylvester and Anderson (1964)
indicated that adsorption of phosphate proceeds during degradation and
oxidation. Under reducing conditions, phosphate golutes are released
to overlying water., Therefore, it sppears that redox conditions are
involved in phosphate adsorption on the suspended and settleable par-

ticles,
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Harter (1968) found that thete may be two typesa of adsorption
on sediments, Cne 18 a strong, chemically-bonded mechanism while
the other 18 of a more loose.y-bonded nature when high amounts of
phosphorus were present, Pomeroy et al, (1965) also identified two
adsorption reactions which occurred at different rates. He suggested
that the more rapid process {3 an initial surface adsorption. The
slower process may be a secondary combination of phosphate into the
crystal lattice of clay. The effactiveneass of the adsorption process
would depend on:

1. The exchange capacity of the sediments;

2. the exchange rate between water and sediments;

3. the rapidity of vertical mixing (flushing) Iin the water.

Suspended sclids can provide adsorption sites for phosphate forms
and thereby are an important consideration in the movement of phos-
phorus in natural ecosystems, The extent to which sediments will
regulate nutrient levels in natural waters is partially dependent on
the process controlling nutrieat-transport to and from the sedi{ment-
water interface, in particular, water movement and physical settling
of particulate material, <Chemical diffusion plays a minor role,

Lee (197Q) found that sediments can serve as a buffer for phos-
phorus, with the net flux of phosphorus from lake water to the sedi-
ments, The determination of the mixing proceas and a better under-
satanding of the hydrodynamics of water bodies will give an indication
of the relative flux of phosphorus from the sediments,

A thorough understanding of the water circulation patterns in a
lake is essential in determining the influence of water-sediment inter-
actions., With sediments acting as & major 'sink' for nutrients enter-

ing the Great Lakes, the success of efforts to reverse euvtrophication
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by controlling nutrient sources will depend in particular on the
extent of nutrient re-supply by the sediments (Harlow, 1966).

The influence of calcium compounds on che phosphate adsorption
is of concern in areas that have limestone and calcareous materials.
Studies by Hasler (1957) and Miasra (1963) indicate that the
application of lime to water or sediments, reduces the amount of
soluble phosphorus released. This release i{a dependent on both pH
and the smount of circulation in the water. Will{ams et al. (1969)
suggested that the phosphorus retention capacity of a sediment is an
important factor in determining the levels of phosphorus which
accumulate {n lake sediments under natural conditions.

In summary, McKee et al. (1969) have reached the following
conclusions concerning sediment-water nutrient relationshipe:

1. A portion of the nutrients, scluble and insoluble,

in a water body are ultimately destined to become
part of the sediwents. The extent of deposition
depends upon the nature of the particle and its
role in the aquatic system.

2. The initial area of deposition may be only temporary,

the nutrient containing sediwents or may be physically
transported or the nutrient re-dissolved.

3. Wind-induced currents are a major factor that deter-

mines the rate and area of final deposition and the

contact time between suspended sediments and water.

4, Suspension of sediments increases their effect on
the overlying water,

5. The sediments act as reservoirs of nutrients for the
overlying water.

6. The rapidness of sediment build-up will affect the
degree of influence on the overlying water. Deeper
sediments exhibit very little influence on the water,

The role of the sed{ments in the phosphate cycle in natural

waters ia a full etudy in {tself, so this study will only evaluate
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the influence cof suspended calcareous soliis from a cement-dust
discharge and narural sources. The phesphate-sediment adaorption
conaidered {n this atudy wil. be that of thriee phoaphate forms
with the calcareous cement dust as suspended material in water,

The identi{fitation of these phosphate forma (ortho, pyro,
and tripoly) can be accomplished by chromatographic separation,

Both paper and column chromatography have been used to separate
polyrhoaphates into identifiable fra:tions. Ion-exchange chroma-
tography has develored as a methea focr recoverable separation of

the various phosphate species by the use of proper elution solutions
and rates, Grande and Beukenkamp (1956) and Shiraishi and Iba (1964)
have used various buffered potassium chlori{de combinations as eluants
for the separation of polyphosphates., Matsuura et al. (1967) have
separated the three phcaphate forms being considered in this project
by elution with KCl-buffered solutionsa, and their procedure was

used in this study.

Herold (1967) used Dowex-1-X8 anion resin in the chloride form
to determine the phosphate components in detergents, Specific
volumes of a KCl-buffered solution were used to separate the phos-
phates. The eluants were acidified and the phosphorus concentrations
determined colorimetrically. The method was adequate to separate
milligram quantities of detergente., Peteras and Rieman (1956) found
that the {on-exchange methods require less time and yleld more
accurate results,

The analytical procedures used {n this study for measuring
interactions of suspended-calcium compounds with these phosphates

have been priwmarily taken from soil-analyeis methods. Wentz and
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Lee (1969) have described procedures for determining sedimentary
phosphorus in lake cores. They used a dilute HC1-H,S0, extraction
procedure for the removal of 'availabie' pn._sphorus from lake
sediments  The sediment sample size, pH o0f the ssdiment-extractant
mixture and sample pre-treatment effects the amount of phosphorus
removed, They measured the rate of available phosphorus deposition
and found it to be constant in the marl sediments. The deposition
reached a2 maxismmm at about 30 centimeters below the water-sediment
interface and increased proportiorately as the sediments change
from marl to sludge. The available phosphorus appears to be
associated with the carbonate portion of the sediments atudied.

Livingstone and Boykin (1962) examined bottom sediment cores
by extraction with acid-digestion. They concluded that the fonic
activity of the water would be directly proportional to the iomn-
exchange capacity of the sediments., Biological productivity would
be inversely proportionate to the adsorptive capacity of the
sediments,

Williams et al. (1967) found that one-hour extraction with 0.5N
acid will completely dissoive samplea of pure apatite identified by
Chang and Jackson (1937) as 'firat HC1-P'., A second extraction
with acid was found to remove additional amounts of phosphate from
soils high in firat HC1-F., The phosphate in both HCl extracts seemed
to originate from apatite., The summation of the firat HC1l-P and
second HC1-P was denoted by the expression, 'acid-extractable Ca-P’'.
During the total fractionation process no appreciable dissolution of
apatite occurred prior to the determination of acid-extractable Ca-P,

This fraction would not contain any aluminum or iron-bound phosphate.
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A practical application of these complexaticns and adsorption
have been applied to phosphorus removal from waste water., The class-
ical objectives of primary and secondary wastewater treatment are the
removal of oxygen-demanding materf{al and exvapended matter. Phosphorus
removal by primary sedimentatfon {s influenced by particulate matter,
as well as, by the presence of metal ions that form inaoluble salts
with ortho and polyphosphates. The addition of sufficient amounts of
lime serves the dual purpose of providing cal:-{um {cna, as well as,
increasing the gH to facilirate precipitation. The finel concentra-
tions of soluble orthophosphate in srecondary sewage effluent has been
postulated by Jenkins and Menar (1968) as a combination of:

1. Biological incorporation into activated sludge cells;

2. collodial precipitation with calcium similar to CaHPO,
(Ksp = 2.2 x 10-7) follnwed by adsorption on the sludge floc.

Most of the remearch on phosphate precipitation has been concerned
with the fundamental mechanisms of cation-phosphate reactions and with
the evaluation of the effects of pH and cation concentration on the
extent of phosphate removal. Buzzell and Sawyer (1967) suggested &
pH-controlled-1lime addition cculd reduce phosphate in sewage by 80 to
90 per cent. Berg et al. (1970) removed phosphorus and suspended
solids from secondary effluent of conventional water-treatment system
by clarification with lime. Sufficient lime was added to maintain a
pH of 9.5. Dickerson and Farrell (1969) found lime (Ca0) moat effec-
tive in reducing phosphate in waste water of a Michigan flour industry.
In a pilot plant operation, 1340 mg/1 lime as Ca0 were required to re-
duce the phosphate level in a primary effluent from 295 mg/l to 5.6
mg/1 at & pH of 9.5. The suspended solids level was reduced from

3740 mg/1 to a mean of 193 mg/1.
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Rebhum and M#nka (1971 fcu=-d that the effect and behavior of
organic matter from secondary sewage effluents which has undergone
chemical treatment to be asfmflar te that ¢f humic compourds in natu-
ral watera and soil, Forty to fifty per cent of the organic composi-
tion of thege effiuents was reported to be humic substances C(humic,
fulvic and hymat-omelanic acids}. The use of calcium for phosphorus
removal from natural warer and sewage would be influenced by this
organic material,

Harter (1969) has fcund that organic matter may be tmportani in
the initial bondirg of phoaphsrus by sofila. Phosphorus is initially
bonded to anion exchange sites of organic as well as {norganic matter
and subsequently transformed into less soluble metal rhosphates.
Anderson (1967) suggested that some mineral soils normally contain
in the range of 1000 ppm total phosphorus of which approximately
thirty to seventy per ~ent 18 g2sociated with organic material.
Scharpenseel (1967) used humic and fulvic acids together with Ca(OH)2
to show that particles from clay solle can form a metal-acid complex,
The calcium can act as a bridge inan between organic acids and clay
material. Therefore. the rtctel picture of phosphate fixation muat
include these organic meterials,

Many surface wzters have a characteristic, yellow-brown color
which is caused by the prege~ce of complex organic compounds of natu-
ral origin. The organic compounds producing color in water, fall
within a broad category collectively termed humic substances,

The general origin of cclered organic molecules {s from soil
run-off and the decomposition of vegetable materizl. The formation

of humic acid is a rewult of polymerization of polyphenolic units
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derived either from bacterial synthesis or the break-down of lignin
Tesidues formed during the plant decomposition,

Origin of organic matter may be sllochbthoacus from decomposing
terrestis? vegetation and soil-humuge matertai., The second source {s
autochthonous orgsenice which are released from aquatic vegetation
decomposition and extraction from bottom sediments of lakes, The
concentration of organic acids in lakes has been found higher nearer
the bottom, and belcw any thermoc.ine that may be present (Buck, 1968).

Steelink (19533) found that the structure of humic acid has a
molecular weight range of 20.000 to 30,000. The macromolecule con-
tains an easily hydrolyzgble protein and carbohydrate fraction at-
tached to a highly condensed 'core’. This core is partly aromatic,
with atructural elements derived from lignin phenols and resorcinol
phenols. In addition, alcohol, carboxyl, and carbonyl groups are
present together with heterocyclic nitrogen structures.

In the molecular structure of the chemical components which con-
tribute to natural color, the structurszl units are probably linked
through C-C alkyl-aryl and arvyl-aryl bonds and through ether bridges.
Packham (1969) showed that humic subatances in water are in true golu-
tion, but a proporticn of the molecules are large enough to exhibft
colloidal properties in the natural water,

Midwood and Felbest (1968) found that the atructural units in
humic acids and fulvic aci{de are similar, although fulvic acid is of
lower molecular weight and has more reactive groups than humic acid.
Black {1963) identified fulvic acid as the most water-soluble fraction
of natural soil humus, Thias acid would be expected to be found in

colored, natural waters in higher concentrationa than either humic or
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hymatomelanic acida, Low BOD results {ndicated that these organic
subatances normally considered responsible for color in water are
apparently in their final state of microbioiogic decomposition.
The humic substances present in water would be expected to be
confined to humic, hymatomelanic, and fulvic acids, with properties:

Humic acid - Soluble in sodium hydroxide, insoluble in
mineral acid and alcohol.

Hymatomelanic acid - Solublie i{n sodium hydroxide and alcohol,
inaoluble in mineral acid,

Fulvic acid - Soluble in fgodium hydroxide, mineral acid, and
alecohol.

In these natural organic acids, Wagner and Stevenson (1965) found
one-third of the total -COOH groups were close enough to form cyclic
anhydrides, and two-thirds of the total -0OH groups were phenolic: a
definite fonic enviromment suitable for complexation of metal ions.

Analysis by Black and Christman (1963) characterized fulvic acids
as polymeric-hydroxy-methoxy-carboxylic-aromatic acids with the nega-
tive charges of the color particles because of the fonization of the
carboxyl and aromatic hydroxyl groups. The groups characterized as
fulvic acids have equivalent weights of 89 to 133 together with atrong
indications of unaaturation and aromacity.

The fulvic acide, as water-soluble, relatively low molecular
weight humic substances, can form stable complexes with metal ions
and hydrous oxides (Ogner and Schnitzer, 1970). Fulvic acid was
found to be a chemically and biologically astable polyelectrolyte with
a number-average molecular weight of 951 and 9.1 milliequivalence for
-COOH with 6.9 milliequivalence of total phenolic ~-OH. Therefore,
fulvic acid, in an aquatic enviromment, may act as a vehicle for the
mobilization, transport, and complexation of natural organic and in-

organic compounds.
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Shapiro (1958) has done work omn the complexation of iron
by vellow organic acides in lake water and found that the humins
of organic matter in lakes cause color and atimulate the growth
of certain limnetic algae.

Prakash and Rashid (1968) indicated that the yellow moluble
organic material in natural waters {8 of intereat because of its
influence on photosynthegis by the reduction of available light
and its share in the biochemical oxygen demand. 1Its capacity for
binding cations and phosphate has a gpecific influence on growth
of zquatic vegetation,

Buck (1968) found that the addition of yellow organic acids
to natural waters in Northern Michigan ponds, produced changes
in pH, conductivity, alkalinity, and color i{ntensity of water,

The first three may be explained by a hypothetical unien between
thesae acids and calcium carbonate. The change in cclor absorbance
may be a result of the change in pH,

Wilson (1959) found the absorbance of light by the organic
color increased when the wave length of light passed through the
sample, decreased from 350 to 250 mu., This response has been used
for measurement of the level of colored organic matter in natural
waters,

Packham (1969) found an optical density (absorbance) response
for the colored water at 350 and 450 mu. Christman and Ghassemi
{(1966) noted a fluorescence excitation in natural colored water at
361 mu, Semenov et al. (1963) have measured the humic acid content
of surface waters in milligrama of carbon per liter, by the difference

in fluorescence absorbance at 340 and 440 mu respectively.
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The two common solvents that have been used for the elution
and concentration of these colored organics from natural water are
chloroform and ethyl alcohol. With these saclventa, Sproul and
Ryckman (1961) found that the organic compounds extracted into the
chloroform fraction were more odorous than those extracted into the
polar, alcohol fraction.

Daniels et al. (1963) ssmpled organic compounds in waters of
Lake Huron by adsorption on activated carbon and extraction with
chloroform and ethanol., The choice of solvents, and the order of
use, was based primarily upon the polarity of the adsorbed materials.
The eluates were evaporated and the chloroform extracts were assumed
to represeant less polar compounds from industrial sources., The
alecohol extracts were associated with the more polar varieties of
natural origin. Comparison of the organic material extracted by
chloroform and alcohol eluates appeared to be useful in judging
water quality,

From these data of Daniels et al. (1963), the waters of Northern
Lake Huron were found relatively free from pollution, Moreover,
their data indicated that the ratio of extracts fluctuated seasonally,
since the alcohol to chloroform ratic was 3.77 for the summer and
3.70 in winter, The periodicity of the fluctuations in the ratio
was related to those of lake level, temperature and sampling location.

The actual composition of this organic matter has been atudied
by various procedures and in different natural locations. Gjessing
and Lee (1967) fractionated moderately-colored creek water using
Sephadex columns by gel-permeation procedures. Various streams
showved different organic carbon elution patterna. Moed (1971) used

the adsorption of soluble organic vyellow material on aluminum oxide



150

to separate organices by the elution of yellow material with buffers
of varying molar strengths. The procedure allows the concentration
of yellow material without exposure to the z:ction of organic
solvents and actds.

In the demineralization of water by ion-exchange, Packham (1969)
found that humic subatances can create considerable difficulties by
fouling the anion-exchange resin. The strongly-basic anion exchangers
have a high-chemical affinity for organic acids together with an open
structure in the resin bed (Wilson, 1959), The organic matter was
removed when the resin was regenerated with sodium chloride.

Christman and Ghassemi (1966) identified the sources of natural
organic color as the aqueous extraction of living woody substances,
as well as, the dissolution of degradation producta in decaying
vegetation., They 1solated the organic matter by jon-exchange
separation and elutfion of the colored material from the anion resin
with 2M NaCl and extraction with normal-butanol,

Buck (1968) has adapted an anion-exchange procedure for the
separation of yellow organic acide from Michigan ponds by elution
from the resin with sodium hydroxide. In the use of these macroporous
resins, the ion-exchange procedure may not be quantitative. It does
permit relatively large quantities of the various natural organie-
acid fractions to be isolated readily even from waters of low color,

Packham (1969) found that more complete recovery could be
obtained using 2M sodium chloride with 1M sodium hydroxide solution
88 regenerant, at a slow rate of diffusion within the reein. The
acid filtrate from the humic acid separation contained a high

concentration of salts and a fulvic acid fraction. The aqueocus
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sclutions were enxtracted with alcohol or acetone and the extract
filtered and evapurated to dryness. The scolid residue of fulvic
acid recovered can be stored or dissolved i alcohol.

The involvement of these anlonic-acidic organic structures
with metals in natural waters results in the formation of soluble
metallo-organic complexes (Khanna and Stevenson, 1962). They
suggested that the retention of wicronutrients added to soil as
fertilizers may be due, in part, to the formation of stable
complexes with the polycarboxylic and hydroxy sites of the organic
matter. Phosphate binding to the natural organic acid material
has been found by Gupta (1967) not to be a simple adsorption
phenomenon but one related to the amount of humic acid present and
the type of soil (calcareous or non-calcareous).

Khanna and Bajwa (1967) used potentiometric titration of humic
acid from two soils to measure the formation of stable metal-
organic complexes, The humic acid was found to have two definite
carboxylic groups per-molecular-weight in the calcium complex.

Weir and Soper (1963) studying the reactions of phosphates and
iron with the active groups of ion-exchange resins found that only
small amounta of phosphate held by the complex were releasable.
Chemical anelysis showed that the complexesa can exist as P04‘3
bonded through the metal of the acid group on the cationic resin,

There may be two types of binding between the humic acids and
the anion resins, The normal electrovalent bonding between the
humic acid carboxylate groups and the functional groups of the ion-
exchange resins would be present. A second type of bonding appears

to be dependent on the pH of the solution: the bonding 1a much weaker
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in alkaline soluticn than in acid solution, poassibly due to
van derWaal forces or dipole interactions of the very large,
espertially aromatic moleculea,

The involvement of calcium Iin these complexes was studied in
clay soils by D'yakonova (1964) who found that with humic acids
extracted from clay-humus complexes, an indirect relationship
exfsted between the calcium content and the organic matter. 1In
selerted, molecular metal-to-fulvic ratios prepared by Levesque
and Schnitzer {(1967), it was found that in the absence of metal,
no reaction can take place between added phosphates and fulvic acid.

Visser (1962) studied the interaction of the different ionic
states of orthophosphate with calcium and organic matter (proteins,
polysaccharides, and organic acida). He found that between pH
values of 5 and 12, calcium caseinate and tricalcium phosphate will
occur together as a soluble chemical complex. The formation of thie
complex was thought possiople between colloids which have free
carboxyl groups present within the organic structure and the calcium
phosphate,

Shapiro (1964) fourd that the yellow organic acide were capable
of chelating iron and keeping it in solution up to a pH of 9.5. He
determined that the color was suspended in a colloidal form in direct
proportion to the iron concentration., The coagulation and reactions
of colored material involved colloids with an average diameter between
3.5 and 10 mu.

The formation of soluble calcium-phosphate-organic acid complexes
would influence the transport and deposit of these components in soile

ard natural waters -- the major area of study in this project,
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The complexirg ability of the linear polyphosphates would be
due to the formstton of chelate rings. On consideration of the
gtructure of chaine of interlinked phcaphate tetrahedra, 1t
appcared :nat a chelate ring might be comp’eted between any two
adjacent FPU; tetrahedra (Van Wazer and Campanella, 1950). The
complexing ability of a linear phosphate would be proporticnal

to the totxl number of phosphorus atoms in the polyphosphate structure:

a- G 0" 0
i I | N
%O-F-O-P-U‘-}— +H‘~-{_c-p.-o-1|’-o-}
H ! il
c oH 0. 0
~

The tctal number of positions along the chain where a metal ion
can form a complex, could be one less than the number of phosphorus
atoms in the chain. Since the weakly-acid hydrogen 1e associated
with the terminal PO, groups of polyphosphate mclecules, the only
type of complex formation that can effect the strength of the weak-
a>id function must involve therse terminal groups. Watters and Lam-
bert {1359) meassured the stabilities of calcium complexes formed with
pyrophosphate and tripolyphosphate icns by means of the neutraliza-
ti~n reactions involving titration of the salts with hydrogen Lon.

lrani and Calilis (1960) studied the effect of pH, temperature,
teni~ strength, and length of phosphate chain on the calcium complexes.
Ire tetramethyl ammonium polyphosphates were prepared by ion-exchange
reaztion of the sodium eglts with the hydrogen form of Dowex 50W-X2,
tollowed by neutralization of the resulting acids with tetramethyl
ammoniuvm hyircxide at Z23C and pH of 12, Under varying conditions,
they found a direct relationship between the length of the phosphate

.he{in and the stability of calcium complexes.
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In aqueousd solutions, numercus gtudies have been conducted inves-
tigating the interactions between calcium and phosphorus under natural
water conditions. Schnofieli (1964) ind{cated that the normal precipi-
tation of calcium from water a3 CaCOq at a pH of 12 was inhibited by
the presence of as little as 1.0 to 1.5 ppm ortho or pyrophoaphate.
Balba (1966) measuring the concentration of the three forms of ortho-
phosphate {fons by titration of phosphoric acid with calcium hydroxide
found that H,PO,” was the fon in greateat abundance in a pH range of
2.4 to 12.0 and would form CaH,PO," with calcium.

An evaluation of natural interactions can be based on the pH
measurement of the change in the weak-acid function (Odagiri and
Nickerson, 1964) of the phoasphate forms in the presence of calcium
and natural organic acids. In order to measure possible complexa-
tion between calcium and anionic organic colloids, Visser (1962) used
different forms of orthophosphate. These forms were determined by
titrating phosphoric acid with alkali in the presence of calcium and
observing complexes resulting with selected organic substances.

Machen (1967) studied magnesium and calcium tetraphosphate com
plexes as a function of pH lowering. Part of the increase in stabi-
lity of the tetraphosphate {ion complexes may be attributed to a metal
ton first forming a single bond with any terminal oxygen before rear-
ranging into a chelating position to form a ring with phosphorus,
oxvgen, and metal {ons,

The calcium select-ion electrode was used to measure the activity
of the free calcium ion., This activity can be applied to the ligands
formirg a soluble compound. Cation-sensitive glass electrodes offer

the possibility of specificity and make possible activity measurement
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in the presence of other cations and anions (Eiserman, 1967). This
means that ion-association studies can be carried out conventiently
in multi.component systems, In the past few years, the development
of a calcium select-1ion electrode has resulted in the measurement of
calcium fon rapidly and reproducible in the pH range of 3.5 to 10,0
{3chulrz, et al,, 1968).

For example, Rechnitz and Hseu (1969) have demonstrated that a
golid-membrance calcium select-ion electrode gives a matisfactory
response with respect to changes in calcfum ion concentratien. They
found the electrode was suitable for i{ndicating the course of poten-
tiometric titration involving the ca*t ion. Through direct selective
measurement of the free calcium activity at equilibrium, the stabilfty
constants of calcium complexes with polycarboxylic acids were determined.

The select-ion calcium electrodes measure the single ion activity
of the calci{um {on in solution, rather than the concentration of the
ion. Since, activity of the calc{um fon in solution 18 the measure
of the reactivity of the ion, the extent and rate to which the calcium
ion takes part in a chemical reaction can be established. In dilute
solution, the activity of the calcium ion approaches calcium ion con-
centration., Therefore, in these cases, the activity i{s proportional
to the concentration, and the electrode can be calibrated with respect
te concentration.

The activity of the Catt 1on is measured by the potential devel-
oped acroas the liquid-liquid junction of the electrode's exchanger
fluid and teet solution. The {integrity of the junction is maintained
by a cersamic plug through which the exchanger in the electrode fluid

flows. The silver-asilver chloride internal electrode element provides
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a stable potential between all inner electrode interfaces, assuring
that variations in potential are related only te changes in ilonic
activities of the test solution. The water-{mmiscible organic phase
in the electrode forms a liquid ion-exchange "membrane' whose ion-
exchange properties for catione are similar to mechanisms to liquid
ion-exchanger concentration cells. The electrode is insensitive to
chemically-bound or unionized calcium,

The tranaport number of calcium ions across the organic phase
has been found to be unity (Corning, 1968). Under these conditions,
the equilibrium potential across the membrane is described by the
following form of the Nernst Equation:

E = E° + 2.303 RT Log {(aca++)
2F

The activity (a) of an {on can be related to its concentration (c)
by the activity coefficient (/Y Ca*t). The Nernst equation at 25C
for Ca*t can be rewritten using the activity coefficients and con-
centrations of Catt {nstead of activity as:

E = E© + 29.6 Log (cce++) + 29.6 Log (77 Cat™)
When the activity coefficient is a constant over the concentration
range of interest (small {onic strength change), the potential of
the electrode would be a fuaction of the calcium concentration.

When the ionic activity increases, the electrode potential
response becomes more positive for the select-ion electrode. The
29.6 mv term is the theoretical slope of the E{mv) vs., Log (ca™®)
plot for the electrode. At 25C, for every tenfold change in
concentration (moles per liter), there should be a 29.6 mv change in

potential for a theoretical operating electrode system. Additionally,
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the standard solution used should bracket the concentration range
of the unknowns and contain the same ionic composition as the tegt
solutions, Otherwise, correction for change in total ionic strength
is necepeary to determine the mean ionic activity.

All specific-ion electrodes may be subject to interferences
from other ions. Divalent cations other than Catt affect electrode
readings to aome extent; both changing the total ifonic strength of
the solution and by selectively competing with Catt {ons. An
apparent selectivity conatant (K) can be related by:

E = E© + 29.6 Log (acgg++ + Kguin)

The selectivity conatant specifies the interference from
competing ions. For K greater than one, the electrode is wmore
sensitive to the competing ion than to catt. For K legs than one,
the electrode {s more sensitive to Cat’ than to the competing ion.
Listed below are selectivity constants for divalent cations
expressed as the ratio of electrode response to the interfering
cation to the electrode response to calcium ion (Orion, 1969):

Cation (MHH) - K-

Zn 3

Ca 1

Fe 0

Pb 0,

Ba 0.016
0

Mg

Only magnesium is present in significant quantities in an
aquatic system, but the selectivity constant value is low enough
to neglect this interference. Sodium and potassium interfere
only {f the level of these ions {s high (more than 1000 times),

in relation to the calcium level., This type of electrode will be
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used for the measurement of the interaction of calcium ions with the
three common phosphorus forms in Thunder Bay natural waters. Further-
more, it will be used to measure the role calcium plays in the calcium-
phosphate-organic acid complexation in natural systems.

Rechnitz and Hseu (1969) used an immcbilized matrix typa calcium
ion-selective-membrane electrode, for direct potentiomatric titratione
in the study of three calcium complexes of biocological significance.
The electrode was shown to have a reduced selectivity for the hydrogen
{on while selectivity for calcium over common interfering univalent
and divalent cationa is satisfactory for most practical measurements.

Rechnitz and Brauner (1964) have used a titration method for the
study of alkali metal complexes. A plot of select-fon electrode poten-
tial va, log sodium ion concentration was prepared as a calfbration
curve in the absence of complexing ligand. A known initial concentra-
tion of sodium chloride was then titrated using a standard solution
of malic acid. A plot of potential vs. log of the apparent concentra-
tion of free sodium was prepared to determine concentrations of uncom-
plexed sodium and organic acid.

Rachnitz and Zamochnick (1964) devised a potential comparison
method which largely eliminates aources of error, such as electrode
drift and variation in solution composition, yet retained the advan-
tages gained by the use of the cation-sensitive electrodes. Any poss-
ible errors from electrode drift or temperature effects would be of
no consequence., The method does not even require that the electrode
show Nernstian behavior. Moreover, dilution errora and ionic-strength
changes were reduced to a minimum by the use of concentrated titrants

and high-buffer concentrations.
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The accuracy with which formation constants can be determined
depends primarily on the limitations of the titrimetric tachnique
employed. The potential comparison method can be used to determine
formatiorn constants of any weak complex of metal cations with organic
acids, providing that proper precautions are taken to eliminate
interfering species, to control pH, and to msaiantain ionic strength,
For example, Rechnitz and Lin (1968) used the electrode to wmeasura
complexation resctions of Ca*t with organic acids by potentiometry,

Therefore, the quantitative measurement of the stability of
complexes formed between Ca'*t and a series of carboxylic acids or
linear phosphate forms can be studied by the use of the technique
which permits the direct selective measurement of the free calcium
activity at equilibrium with the calcium selective-membrane

electrode.



Appendix II, Thunder Bay Drainapge Basin



APPENDIX 11

THUNDER BAY DRAINAGE BASIN

The Thunder Bay River Basin comprises a drainage area of
approximately 1250 square miles, The watershed lies in the
Northeastern portion of Michigan®s Lower Peninsula extending
over parts of Presque Isle, Montmoreacy, Oscoda, Alcona, and
Alpena Counties (Figure 24). The basin has an irregular shape
and is forty miles in length and thirty-four miles across,
measured at the longest and widest points (Velz and Gannon,
1960). The Thunder Bay River flows generally easterly to its
mouth in Thunder Bay, an arm of Lake Huron.

The largest city in the watershed is Alpena (15,000 popula-
tion) which 1is located on Thunder Bay at the mouth of the
Thunder Bay River, Other population centers are at the villages
of Hillman and Atlanta in Montmorency County, both of which are
on the main branch of the river,

The major tributaries of Thunder Bay River are the North
Branch, draining the northern area of the watershed, and the
Upper and Lower South Branches together with Wolf Creek which
drain the socuthern portion of the basin (Figure 25).

The Thunder Bay River system drains fully three-fourths of
Alpena County and about 850 square miles of the adjoining
counties before it reaches Lake Huron. The drainage that flows
from the moraine region in the southwest to the mair branch is

161
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FIGURE 24,
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from springs and sgoring. fed lakee, The creeks and streams that
drain the northwegt aad southezet parte of the county have their
source in swampe and lakes. Several runm-uf-the-river type
hydroelectric dams with gtorage capacity such as impoundments or
natural lakes, are scattered throughout the watershed, These dams
supply a portion of the electric power to the region.

The four hydroelectric power dams (Ninth Street, Four-Mile,
Norway, and Hillmarn) deliver abou: 7,34 x 107 KWH during an
average year. Ihe dams operate at sn over-all 60 percent efficiency
(Alpena Power Co., 1970}, The reservoir at Hillman covers 100 acres,.
The teservoir {(7-mile pond) at the Norway Dam covers 1530 acres.
The reservoir at the Four-Mile Dam covers 98 acres. The Oxbow
regervoir together with Besser Lake located behind the Ninth Street
Dam in the city of Alpena ccvers 392 acres.

Other reservolrs. used to maintain water levels, are the
headwaters of the North Branch of the Thunder Bay River at Rush
Lake which covers 355 acres and the Fletcher Floodwaters on the
Upper South Branch of the Thunder Bay River. The Floodwaters cover
3660 acres in Montmorency lounty and 1650 acres in Alpena County
(SolLl Conservation Service, 1970) There 18 also a water-level-con-
trolling dam on Hubbard Lake in Alcora County flowing into the Lower
South Branch of the Thunder Bay River.  The operation of the dams
and maintenance of reservoir levels induce diurnal fluctuations in
the flow during the hours of the day and throughout the week, and
have control over flooding conditions.

GEOLOGY
The oldest geologic bedrock formations in Lower Michigan occur

at the northern ti{p of the Lower Peninsula., They were formed during
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the Devonian era and consiat primarily of limestone. Limestone out-
crops are found in Alpena and Presque Isle Counties., Lying in a wide
band across the northern portion of the watershed is an undifferenti-
ated bedrock composed of gray-blue limestone and calcareous shale.
Antrim shale, the oldest of the Mississippian-era rock, is exposed
in Alpena and Presque Isle Countles,

The geology of the Thunder Bay River Watershed was developed
during the Devonian and Mississippian Periods with the underlying
rock being limestone and shale., The northern area has the gener-
ally undivided sub-surface limestones of the Traverse Group — Alpena,
Thunder Bay, and Petoskey (Martin, 1936). The central portion of the
watershed flows over Antrim and Sunbury shale. 1In the southern area,
Berea sandstone and Coldwater shale of the early Migsisaipplan Period
are found., In the lower portion of the waterahed; sandstones, beds
of gypsum and some dolomitic limestone are present together with Cold-
water shale (Water Rescurces Commission, 1968),.

The series succession of bedrock consist of the Middle and Upper
Devonian at the lower end of the watershed, Lower Mississippian and
Mississippian with Devonian lie in the upper reaches of the waterghed
as indicated in Figure 26 and identified in Table 30 (Kelley, 1968).

In Alpena County, the limestone and shale, underlying the County
are several thousand feet thick. They are in layers which were once
sediments in the bottom of the oceans covering Michigan. The lime-
stone rock is filled with old shells and coral. At a depth of about
1250 feet, there is a bed of solid rock salt lying below the County.

The Thunder Bay basin {s underlain primarily by three different
geological formations. The northern area is underlain by crystalline-

type, hard Alpena limestons. The main branch is underliain by the
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26,

FIGURE

BEDROCK OF MICHIGAN
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Table 30

Stratigraphic Units of Michigan Bedrock
{Kelley, 1968}

Era Symbol Jeries

Mesozoic Ju Upper Jurazsic

Paleoczolic Pu Upper Pennaylvanian
Pl Lower Fennaylvanian
Mu Upper Miasissfippian
M1 Lowar Missisaippian
MD Missisaippian and/or Devonian
Du Upper Devonian
Dm Middle Devonian

Su Upper Sflurian
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Thunder Bay rock formations, which are alternating layers of wvarious
types of limestones and shales, with limestone comprising the upper
thirty feet of the bedrock., The southern area of the basin is under-
lain by cthe dense sedimentary rock, Antrim shale (Figure 27)(VerWeibe,
1927).

The Thunder Bay basin has an area of great glacial accumulation
with extensive moraines, till plains, snd broad outwash aproms. The
latter constitutes sand plains, found throughout the Thunder Bay River
drainage basin. These glacial moraines, till plains, and outwash
plains occur with frequency and apparent magnitude (Scott, 1921).

TOPOGRAPHY

Continental glaciers were responsible for the maoraines, till
plains, lake beds, and outwash plains which characterize northern
Michigan topography and that of the Thunder Bsy Watershed. Surface
formations found in Michigan today, except for a few slight changes,
were formed by the fourth and final glacier (Wisconsin) which began
receding about 20,000 years ago. The glacier, as it plowed through
the bed of Lake Huron, pushed up a somewhat frregular furrow on 1ita
right margin, wvhich was a kind of ridge or lateral moraine. This
wmoraine extends from about the middle of Alpena County, southward,
more than fi{fty miles. A second moraine was formed west of Devil
Lake and east of the Lower South Branch reaching a height of 250 feet.

Separating the moraines are areas of outwash plain and till
plain, Outwash plains were formed by swift melt-water streams flow-
ing from the wmelting glaciers, carrying sand and gravel from the
glaciers and depositing thew in a relatively flat plain. Till plains

are composed of glacial material similar to that which constitutes
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the moraines, except that it {3 deposited directly from atagnant ice
and forms a gently undulating surface, Hubbard Lake and the Lower
Scuth Branch of the Thunder Bay River lie in the valley between two
moraines (4lpena Newa, 1961).

On the west of these moraines is an extensive low plain, extend-
ing from near the southern line of Alpena County, then northward, a
distance of 12 to 15 miles as the bed of an accient lake which gradu-
aliy eacsped, as Wolf Creek cut itas deep gorge thrcagh the central
range of hills,

LAND RESOURCES

The land area of the Thunder Bay Watergshed falls within four
natural divisions: (1) Lake Plain, (2) Smooth Rolling Uplands, (3)
Rolling to Hilly Uplanda, and (&) Valley Lowlands.

The Lake Plain {8 a practically level area bordering Lake Huron
and Thunder Bay. Its elevaticn ranges mainly between 600 and 750
feet abcve sea level ana seldom exceeds 100 feet above Lake Huron.
Northeaat of the city of Alpena, it conaists of shallow, stony-loam
soils on limestone bedrock and a generous amount of shallow swamp-
land. On the upland, the furface is commonly littered with thin
salabs (outcrops) of limestone.

The virgin forest growth on these plains was a mixed stand of
white cedar, balsam fir, spruce, maple, ash, and elm with some white
pine., On the more sandy areas adjacent to the lake and bay shore,
the hardwoods were more completely replaced by white and Norway pine,
Weat and south of Alpena, the Lake Plain is prevailingly sandy instead
of satony. Here, the wet lands are more variable in the depth of their
awampy soils and range from wet sand with little or no mucky-surface

goil to deep muck and peat swampe,
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Most of the central and northern parts of the baain are occupied
by the Smooth Rolling Uplands. This division includes the broadly
undulating to gently rolling, fertile, well-drained loam soils of the
till-plain region. General elevation is 700 to 800 feet above sea level.

The virgin forest growth was upland hardwoods with proportioen of
wet land to well-drained uplande with narrow strip-like areas of wmuck
and peat swvamps.

The Rolling to Hilly Uplands occupy the higher and more hilly
areas on the bold and massive moraines of the southwest part of the
basin, Soila are loamy sand and light sandy losm with good-to- free
natural drainage. Elevation is B00 to 950 feet above sea level.
Norway and white pine with a variable amount of upland hardwoods
comprise the virgin forest on these sandy- loam uplands,.

The Valley Lowlanda occur chiefly in the western part of the
basin where they occupy broad valleys and low flats associated with
the Rolling and Hilly Upiands. Elevation is 750 feet. Along the
central portion of the watershed, the Valley Lowlands are generally
flat and have slow to poor natural drainage consisting of swamp and
marsh soils and clay loams {(Mich., Dept. Conservation, 1927),

The soils were composed mainly of moist-to-wet sandy lands and
shallow, to deap muck, and peat swamps. The virgin forest growth on
the moist, sandy soils was dominantly white pine. The wet sandy landa
were occupied by a mixture of pine, swamp hardwoods and conifers, while
vhite cedar, spruce, and tmmarack cover the deep swamp scils.

SO1LS
Individual sociles are classified on the basis of the parent min-

eral matarial, texture and the soil profile development, The soils
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of the Lake Huron watersheds in Michigan are in the Podzols group.
The upland northern Michigan soils were formed under a cool, moiet,
climate from a siliceous, glacial debries as parent material., The
soll profile has a surface veneer of organic matter over a gray,
leached horizon. This is underlain by another leached horizon, under
wvhich is sub-soil containing an accumulation of iron and humus msatter,

The lowland hydrosorphic and metamorphic soils drained by the
tributaries of Lake Huron are 'dark colored', high in humus, high
in level of natural fertility, durable under cultivation and not
subject to sarious erosion (Veatch, 1961).

Alpena and Presque 1Isle Counties contain in part, the more stony-
clay plains. Though slopes are not steep, there are riges up to 300
feet above the adjacent valleys. Extremely course bouldery drift and
bedrock at shallow depths are common. They also contain soils of the
rock-plains type underlain by limestone {(Water Resources Commission, 1968),

The general soil groups in the Thunder Bay Watershed consists of:
the Onawvay-Emmet Association which is & deep sandy loam to loam soil
developed in calcareous glacial drift; the Carbondale-Roscommon Aseo-
ciation which consists of wet sands and organic soils; and the Emset-
Posen-Longrie Association which has sandy loam with limestone bedrock
often shallower than three to four feet, The major and minor soils
of Alpena and Montwmorency Counties are given in Tables3l and 32 and
shown in Figures 28 and 29 (Alpena and Montmorency Soil Conservation
Districts, 1969).

The soils along each creek and stream that flows into the main
branch of Thunder Bay River and the acils along the main river course

are important contributors to the clarity and quality of the natural



Table 31

Description of Alpena County Land Resource Area Map

(Alpena Soil Conservation District, 1969)

Area Slope Dominant
Number Acres Range Slope Description
8 90,000 2-8% 6% Mostly loam and sandy soils that are
limey at shallow depths, low relief
and gentle slopes. Subsurface loam
to sandy clay.
84 25,500 0-12% 6% Longer and slightly steeper slopes
than 8, generally sandy loams.
9 19,000 0-12% 6% Lcam and sandy loam stoay soils,
high proportion of limestone,

10 45,000 0-8% 5% Loam and silt loam s0ils underlain
by tight red clay. Low relief
wet flats-shallow potholes.

16 12,200 0=15% &% Loamy sands, sandy loams and deep
sands, H1illy and complex slopes.

22 21,300 all 10% Deep sandy soil, some sandy loam
surface with clay subssils. Hilly
with domed ridges and valleys.

24 8,260 0-8% 27, Deep dry sands, low to medium in
fertility. Low relief, narrow
curved ridges and pit depressions.

30 38,000 0-8% 6% Shallow lnams to sands over lime-
gtone bedrock. low stony ridges.

35 60,000 - - Wet and dry sands with ridges,
depressions and swales

37 37,500 0-=47% 27, Swampy sand flats and valley

lowlands and mucky loamy sands.

Major Minor
Soils Soils
Onaway
Emmet Selkirk
Mackinaw
Eomet leelanau
Onaway Montcalm
Posen Imperfect
Longrie Posen
Kent Bergland
Selkirk
Leelanau Emmet
Rubicon
Grayling
Rubicen lLeelanau
Rubicon Roscommon
Augres
Longrie Alpena
Ruse
Roscommon Greenwood
Rubicon
Carbondale
Roscommon

€L



Area
Number

10

16

22

24

37

Descriptisn ot Montmerency lLand Resource Area Map

174

Tatle 52

(Montmorency soil fLonservaticn District, 1969)

Slope
Range

0-167

0-18%

2-20%

Dominant
S5lope

6

Py A

9%

12%

17

0%

Major Minor

~__ Descripttor. Soilsg Soils
Undulating and rolling

till plains and Onaway Mackinac
moraines, some stones Emmet Leelanau
and koulders with Angelica
atrong (nflumnce from

limestone.,

Flat to wadulating Selkirk Brimley
t111 plainse and lake Bergland Mackinac
ped plains. Loam to Kent

11t loam surfaces Wenater
underlata by tight

red clay to silty clay
with sandy loam.

Rolling moraines, Leelanau Menominee
Sandy loams to loamy Fmme t Kalkaska
S5a..Js with areas of
wet sands. Swamp

areas and wet sands.
Moraines, hilly and Grayliing Kalkaska
undulating, small Rubicon Nester
outwash areas. Deep

sands with areas of

loamy sands and

sandy loams
Outwas!t. and glacial Rubicon Saugatuck
lacustiine deposita Kalkaska Augres
usually flat to Gravling Greenwood
undulatiog. Soils
mainly deep and dry
with some dry pits

avd pot-hole bogs.

Swamp flats and low- Carbondale

lands which are Tawas Rogcommon

peost-glacial
actumulations.
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water, The major soil types on the main branch and the tributaries
of the Thunder Bay River are given in Table 33 and described in
T-ble 34,

The sroeion of the stresm banks on the main branch in most
cases appears to be natural., Since most of the eroded banks are clay
soils, this influences the turbidity, as the clay sediments are not
soluble. 1In some places, sandy solls overlay clay soils and there
sppears to be some leaching out of the lower clay soil. The clarity
of the water on the Upper and Lower South Branches is quite good with
any loss of clarity being caused by siltation coming from the low
banks lining the rivers.

WATERHOLDING CAPACITY

Both the behavior of water, falling on the earth's surface, and
ite subsequent quality is influenced by soils, The texture of the
80ils determines the rate at which water can flow through 1it. Water
will percolate fairly rapidly through sand but only very slowly
through clay. The rate of percolation influences surface run-off
and stream flow patterns. These soil characteristics are iwmportant
as far as suitability for operation of home sewage disposal systems.

The waterholding capacity of the soils in the Thunder Bay basin
varies from 2.5 to 4.0 inches near the bay, to 5.0 to 8.5 inches
inland, Soil infiltration rates are 1.0 to 2.0 inches per hour inland
and 8.0 to 12.0 inches per hour near shore, The zones are shown in
Figure 30 and described in Table 35,

WATER AVAILABILITY
From bedrock deposits along shoreland, most of the area wells

in the bedrock will yield water that {is too highly mineralized for
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Table 33

Major Soil Types on rrincipal Thunder Bay Tributaries

Lower South Branch

Selkirk Loam, Ogemaw Sandy Losm, Roselawn Sandy Loam
Lupton Muck, Granby Sand, Saugatuck Sand, Roscommon Sand

Upper South Branch

Rifle Peat, Roseland Losm, Bergland Clay Loam, Onaway Loam
Famet Sand, Mackinaw

North Branch

Ogemsaw Sandy Loam, Granby Sand, Roselawn Sand, Grayling Sand
Selkirk Silt Loam, Bergland Clay Loam, Longrie Loam, Kent Loam

Wolf Creek

Rifle Peat, Roselawn Sand and Loam, Selkirk Loam, Onaway Loam
Carbondale Muck, Roscommon Sand

Bean Creek

Lupton Muck, Selkirk Loam, Onaway Losm, Bergland Clay Loam
Pamet Sand, Mackinaw

Hunt Creek

Grayling Sand, Rubicon Sand, Onaway Loam, Selkiik Loam

Gilchrist Creek

Gravyling Sand, Rubicon Sand, Selkirk Loam, Emmet Sandy Loamm
Bergland Clay Loam

Main Branch

Ogemaw Sandy Loam, Granby Sand, Onaway Sandy Loam, Rubicon Sand
Summerville Stony Loam, Selkirk Silt Loam, Bergland Clay Loam,
Grayling Sand, Kent Sandy Loam, Carbondale Muck
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Table 34

Thunder Bay Watershed Soil Types

Light Sandy Soils

Roselawn Sand

Yellowish-brewn sand on pale yellow sand, rolling to
hilly, with very free natural drainage. Soil and subsoil low
in lime and natural fertility., This type includes small areas
which have patches and layers of reddish sandy clay in the
lower subsoil.

Rubicon Sand

Deep, comparatively dry sand, well to moderately well-
drained on level topography; highly acid in reaction with
low fertility.

Saugatuck Sand

Wet, sandy soil characterized by a sandy hardpan or
oratein layer; medium to fine sand in texture, strongly acid
in reaction with low fertility. Land is flat, wet, and
svampy with heavy growth of natural vegetation.

Eastport Sand

Gray sand on vellow sand, nearly levei with free
natural drainage. S21il1 and subgoil usually high in lime,
never more than slightly acid. Low in natural fertility.

Granby Sand

Shallow black mucky soil on wet pale yellow or gray
sand, Level to nearly level. Occupies wet sandy flats and
depressions or swamp and marsh borders., S5low to poor natural
drainage but batter drained than the deep swamp soils,
Seldom low in lime. Low to fair natural fertility.

Lake Beach
Sandy, muddy or stony lake margin which 1s subject to
the action of storm-driven wavea or ice,.

Light Loam Soils

Roselawn Sandy Loam

Grayish brown (gravelly) sandy loam over reddish-brown
sandy clay. Rolling to hilly. Natural drainage is good to
free, Surface soil low in lime. Deep subsoil moderately
high 1n 1ime. Fair rnatural fertility.

Ogemaw Sandy Loam

Gray-brown sandy losm over reddish sandy clay. Nearly level
to level. Includes low, dry sandy mounds and small wet
depragsions and narrow swales. Surface soil low in lime. Clay
subsoil high in lime. Natural surface drainage fair. Under-
drainage 13 slow due to tight, clayey subsoil. Fair natural
fertility.
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Table 34 (Cont'd )

Enmet Sandy Loam

Well-drained sotl of becrrer grade land; li1ight sandy in
texture, underlain by gravelly or sten; sard-clay mixture;
reaction i acid fer clay aupstratum sently rolling land.

Medium lL.oam Soile

Onaway lLoam

Gray-brown loam on compact reddish-brown pebbly sandy
clay. Gentle 1olling to relling. Good natural drainage
Surface 501l moderately low in lime Clay subsoil nigh in
lime Good fertility.

Posen Stony Loam

Gray-brown stony lcam on limeatone bedrock  Undulating
to gentle rolling Good nac.ral fertility Surface soil and
subsopil high Iin lime Natural drainage fair to gcod.

Summerville Stony Loam

Shallow, brown, story loam on limestone bedrock. Flat
shelf-ilike outcrops of the bare limestone bedrock are common
Natural drainage fair to gosd. Soil is high in lime, Good
natural ferti1lity

Kalkaska Loamy Sand

Lighter and deeper sandy sc0il of the sand plains and
valley areas; possesses a dark brown lLaver which underlies
the gray leached laver and with ltght cementation; not highly
fertile. Moderate to strongly acid in reaction and well-
drained.

Heavy Loam 501ls

Selkirk Loam

Gray-brown loam on reddish-brown gritty sandy clay
Undulating to amooth rolliing Fair to gocd rnatural drainage.
Surface 3011 generslily low i~ Ttme Clay subsoil high (n
lime  Moderate to very zood natoaral fertility

Selkirk 3ilt Loam

Gray-brown silt loam on heavy red clay Includes aspots
and narrow strips of shallow swamp solls Natural drainage
slow to fair, due to nearly flat aurface and heavy clay
subacil. Surface soil low in lime Clay subsoil high 1n
1ime Good natural fertility.

Stream Bottom 350ils - Lupton Muck
Black or brown loamy wuck, comparatively fine textured
showing marked deccmpoaition, neutral or slightly acid to

high 1lime
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Table 34 (Cont'd.)

Swamp and Marsh Border Soils

Granby Sand

Shallow black mucky soil on wet pale yellow or gray
sand., Occupies wet sandy flatse and deprersions. Slow to
poor natural drainage. Seldom low in iime. Low to fair
natural fertfilicy.

Bergland Clay Loam

Shallow black mucky scil on heavy red clay. Occupien
clay flats and swales and borders. Slow to poor natural
drainage. Usually high in 1ime, Good natural fertility,

Swamp and Marsh Soils (Rifle Peat and Lupton Muck
Brown ot dark brown costse woody material high in acid
organic material underlain by fibrous material., Mineral
substratum-sand and peat,.




WATERHOLDING CAPACITY
IN
THUNDER BAY WATERSHED
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Table 35

Waterholding Capacity

Waterholding Capacity Minimum Infiltration Rate
2.5 to 4.0 inches 12.0 or more inches/hour
3.0 to 4.5 inches 8.0 to 12,0 inches/hour
&H,0 to 5.5 inches 4.0 to 8 0 inches/hour
5.0 to 6.5 inches 2.0 to 4.0 inches/hour
6.5 to B.5 inchea 1.0 to 2.0 inches/hour
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domestic public supplies., 1In general, with an increase in depth,
the water becomes more mineralized and dissolved solide content of
more than 1000 ppm is attained. In places, especially where sand
and gravel deposite occur along stresms, wells will yield several
hundred of gallona per minute,

From the glacial deposits throughout most of the watershed,
wells aix inches or more in digmeter in the deposits will yield from
10 to 100 gallons per minute (GPM);. Throughout the remainder of the
basin, area wells in bedrock six inches or more in diameter will yield
over 100 GPM. The zones are shown in Figure 31 and described inm
Table 36,

PRESENT FOREST RESOURCES

In the Thunder Bay Watershed, over half of the forest acreage
1s now of the upland forest types including: white and Noerway pine,
Jack pine, maples, white birch, aspen, oaks and hewmlock. About
25 percent of the land is cleared farmed land, pastured land, and
land that is idle.

Approximately 20 percent of the forest cover is of lowland-
forest type including: elm, ash, maples, cedar, spruce, balsam fir,
and tamarack. The remainder of the forest resources are of marsh
and bog types, such as alder, willow, and sedges, and open wildland
typea which include, fire (pin) cherry, sumac and ferns.

The forest types along the major tributaries are given in
Table 37. The descriptions of the major cover types {s given in

Table 38 (Michigan Department Conservation, 1924),
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FIGURE 31.

WATER AVAILABILITY
OF
THUNDER BAY WATERSHED

| \v\
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Table 36

Water Availability

Wells 6 inches or
than 10 gallens

Wells & inches or
10 to 100 GPM,

Wells 8 inches or
100 to 500 GPM,

more in diameter will yield less
per minute (GPMj},

more in diameter will yield from

more in diameter will yield from

Wella 10 inches or more {n diameter will vyield
more than 500 GPM,

In all areas where
along streams, the

sand and gravel deposits occur
output in gallons per minute

will be increased considerably.
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Table 37

_Forest Types along Principal Thunder Bay Streams

Lower South Branch

Lowland forest types - Maple and spruce
Stands of hardwoods - Jack Pine and white birch
Poplar (aspen) and some elms
Wolf Creek
White cedar, spruce, poplar, and white birch

Upper South Branch

Lowland forest types - Maple, cedar, and spruce

North Branch Thunder Bay

Poplar, white birch, maple, cedar, and balsam fir

Bean Creek

Poplar, white birch, maple, spruce, and cedar

Main Branch Thunder Bay River

Poplar and white birch; elm and maple, Jack Pine,
balsam fir, oak, and pine. Cedar and willow

Percentages in Alpena County
{(Michigan Conservation Department, 1924)

Forest Types Per Cent
Aspen and Birch 42.3
Jack Pine 1.2
Cedar and Spruce 10,2
Maple, Hemlock, Ash 13.9
Norway and White Pine 1.0
Northern Oak 8.4
Balsam Fir 0.1
Willow 1.2
Wildland 0.5
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Table 38

Forest Cover Types of Thunder Bay Watershed

Aspen(Poplar), Populus tremuloides or Populus grandidentata

The stands occur in small, even-aged clumps. Depending on
site, the Aspen reaches maturity in 40-50 years. Much of it dies
after that and other sj.ecies take its place so that it is associated
with & large number of other species. Located along the Nerth
Branch, Bean Creek and the Main Branch.

White Birch, Betula papyrifera

Species 18 associated with Jack Pine and Aspen. The tree
matures in 60 to 75 vyears. When it has reached maturity, 1t will
be replaced by other species. Located along Lower South Branch,
Wolf Creek, North Branch, Bean Creek, and Main Branch,

Jack Pine, Pinus banksianas

Stands ocecur in small, aged clumps. Maturity {s in 60 to
70 years. It is also associated with a large number of other
spacies in drier areas. Located along Lower South Branch, and
Main Branch,

Northern White Cedar, Thuja occidentalis

Species 1is found on wet sites {n pure atand, or generally
scattered under Jack Pine and Aspen. The trees mature in 100
to 110 years. Located along Wolf Creek, North Branch, Bean
Creek, and Main Branch.

White Spruce, Picea glaoca

Species is found associated with fir and cedar on wet aites.
It matures in 60 to 70 years. Located along Bean Creek, Hunt
Creek, and Main Branch.

Red Maple, Acer rubrum

Species 1i» generally found on wet zites as medium- age tree,
maturing in 100 to 110 years. Located along Upper South Branch,
Bean Creek, Gilchrist Creek, and Main Branch,

White Pine, Pinus strobus

Nearly all has been Iumbered and found mixed with other
species. Maturity {s reached in 170 to 180 years. Some located
along Main Branch,

Balssm Fir, Abies balszmea
Species ia found on wet sites in limited quantities and
matures in 40 to SO years. Located on North Branch and Main Branch.

Rorthern Oak, Querous ellipsoidalis
This species is found in drier sites associated with many
other trees. Located on Main Branch.
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Table 38 (lont'd.)

Alder, Alnus incana
Brush species.

Willow, Salix sp.
Species found as brush or small trees on wet aites acattered

among other species. Alder and Willow with Sedges along most
stream banke.

Open Wildland Types - Firecherry, Sumec, and Ferns
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CLIMATIC CONDITIONS
The mid-continent, mid-latitude position occupied by the
Great Lakes area results ir varying extremee in weather conditions.
The climate along the immediate Lake Huron shore is semi-maritime
and lacks most of the temperature-variations shown in many cases
only a few miles inland (U. S. Department of Commerce, 1967).

Temperature

The early winter temperatures are highar than are common to
this latitude but, as the Great Lakes freeze, the temperature
commonly approaches zero Fahrenheit., Thunder Bay and the Thunder
Bay River are usually free of ice by the first week in April. The
average date of the last killing frost 1is May 12, The growing
season 1is 100 days. The average date of the first killing frost
in autumn is October 4. The mean annual temperature is 43,6F with
2 high of +106F and a low of -36F over the past ten years (Table 39)
(U. S. Department of Commerce, 1971).

Precipitation

Precipitation is well-distributed throughout the year, The
most probable annual mean-precipitation {n northern Michigan is
30.60 inches (Water Resources Commission, 1968). For the Alpena
area, the snnual mean-precipitation is 28.80 inches, with 16.8
inches from May to October (Velz and Gannon, 1960). The spring thaw
and run-off seldom offer any flood danger because of the operation
of hydroelectric dams.

The annual snow-fall averages 50 to 90 inches. The mean
temperature, total precipitation, and wind direction for Thunder
Bay, toge her with high and low yearly temperatures for duration

of this study, are given in Table 40. The monthly range-and-mean
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Table 39

Climatological Data for Thunder Bay Area
(U. S. Department of Commerce, 1371)

Measuremsnt Airport Sewage Plant Atlanta

Elevation(ft) 690 $85 940
1966

Magn Tewp (F) 42.5 43.7 43.9

Tot Prac{in) 27.32 26.51 22.46

Temp Hi-Low 98,-15 95,-11 101,-18
1967

Mean Temp(F) 41,2 42.5 42,7

Tot Prec{in) 35.17 31.69 33.17

Temp Hi-Low  88,-20 88,-9 89,_24
1968

Mean Temp(F) 43,1 43.9 -

Tot Prec{in) 34.05 32,43 32,58

Temp Hi-Low 95,-21 92.-11 93.-29
1969

Mean Temp(F) 42,2 43,5 -

Tot Prec(in) 31.42 30.22 28,77

Temp Hi-Low  94,-10 94,-7 S&,-
1970

Mean Tewp(Y) 42.6 431.8 -

Tot Prec(in) 27.12 25.66 26.73

Temp Hi-Low 92,-23 92,-12 91,-23
Mgan

Mean Temp(F) 42.3 43.5% 43.3

Tot Prec(in) 31.01 29,30 29 .34

Tewp Hi-Low  93,-18 92,-10 94,- 24

Rogers Citz
10158

43.4
31.21
96,-6

41.6
29.85
85,-13

30.40
93,-10

43.3
31.31
91,-8

32.10
89,-18

42.8
30.96
91,-11



Month

Jan
Feb

Mar

Jun
Jul
Aug
Sep
Oct
Nov

Dec
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Table 40

Prevailing Weather Conditions of Thunder Bay

Temperature
Min Mean Max
12.9 19.9 26.8
10.8 18.8 26.8
18.6 26.5 34.3
1.4 39.4 47.4
41.6 50.6 59.6
51.6 60.9¢ 70.1
57.1 66.5 75.9
55.8 64.9 73.9
49.3 58.0 o06.6
39.6 47.4 55.2
29,4 35.4 413
19.4 25.2 30.9
34.8 42.8 50 7°F

1960-1970
(U. S. Department of Commerce, 1971)

Mean
Precipitation

1.83 {n

2.63
2.87
3.11
2.70
2.41

1.90

29.16 1in

Snow - 79.4 in,

Wind

Direction

N-W

NW

NwW

W

SE

SE

E:

7

X

W-NW (8 mo,)
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for precipitation recorded at the Alpena WOAA weather station is
shown in Figure 32, The monthly total discharges range-and-mean
of the Thunder Bay River 1{s shown in Figure 33,

Wind

The winde on the Great Lakes are generally from western
quadranta. Across northern Michigan, west-northwest winds are
prevalent. On Lake Huron, prevailing winds are from the northwest
with the exception of May and June, when southeasterly winde pre-
dominate. Durimg July and August. when lake surface temperatures
are near their maximum, poutheasterly winds occur during the
warmest hours of the day,.

Over Thunder Bay, the winds may, and often do, blow from
several directions because of the frequent passage of cyclones
ard anti-cyclones. The wind direction is predominantly from southwest-
northwest for eight monthe of the year., For approximately 250 days
of the year, the wind is blowing off-shore over Thunder Bay (U, S.
Department of Commerce, 1971). Generally, easterly winds off the
bay occur dutring epring and late susmer whean temperature conditions
are favorable,

CURRENT PATTERNS IN BAY

The surface circulations which existe in Lake Huron, sppear
to be the result of an equilibr{um between the flow through of
Lake Michigan and Lake Superior waters and the wind-driven transport
of surface water. The fundamental surface circulation pattern in
the upper and central portions of the Lake appeared to reflect the
direction and velocity of the winds of the preceding twelve yesars

(Ayers, et al., 1956).
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Figure 32  Monthly Preczigpitation for Alpens, Michigan (1960-1970)
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Figure 33. Monthly Total Discharge of the Thunder Bay River
at the Ninth Street Dam (1960-1970)
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Lake Huron has certain pseudo-oceanic characteristice., These
include: (1) the tendency of the strongest currents to swing to
their own right (Corioli's Feorce); (2) the apparent tendency of
wind-direction surface water to move to the right of the wind
direction; and (3) the distribution of upwelling and sinking of
water on both upwind and downwind shores according to the relation-
ship of current streamlines and the shore.

Current velocities in Lake Huron range from 0.1 m.p.h. to
nearly 0.5 m.p.h, The fundamental surface circulation patterns in
the upper and central portfons of the Lake 1{s counterclockwise. A
counterclockwise current with a maximum velocity of 0.47 m.p.h. ia
located off Alpena (Figure 34), There is a smaller northern current
contributing to a clockwise eddy centered off Thunder Bay. This
current is apparently a simple equilibriim adjustment of the fleld
of density, with i{ts rotation produced by friction of the adjacent
rapid current. The equilibrium eddy off Thunder Bay indicates that
1t acquired wind-driven, warm, surface water from close inshore,
through both north and west quadrants of its center. The currents
within the bay have been shown by drift bottle data to be counter-
clockwise because of this flow (Ayers, et al. 1956). The portion
of water apparently woving northward along the Oscoda-Alpena shore
appeared to be circulating around an elongated eddy and turns back
south on the offshore side of the eddy. This flow averaged about
0.26 m.p.h, The thermocline was 5 to 6C at 23 feet off Alpena.

A tongue of surface water with temperature greater than 20C extended

southeasterly from Thunder Bay.
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THE WATERSHED CULTURAL DISCHARGES
In Alpena County, ground water pollution in limestone areas
ie¢ caused by septic tanks and tile fields. Inadequate land drainage
is present in the County and in Presque Isle County. Ground water
and watershed management can be used to alleviate these problems.

Wood-Fiber Industry Effluents

Abitibi Corporation has an average diacharge of 2.4 m.g.d.
This contains organic solids (BOD - 32,000-35,000 1lbs/day),
suspended solids (5000 lbs/day) and elevated temperature (125F),

The Fletcher Paper Company diacharges cooling water {(75F)
and process water, The process water contains fiber fines and
additives (T10,, dyes, binders, etc.).

Huron Portland Cement Corporation

The local cement plant has a maximm production capacity
of 18 million barrels or 3.4 million tons of cement per Yyear.
This amount i{s produced by three new cowmputer-operated kilns
and 16 older kilns. Ten other older kilns are on stand-by., The
collection ability of the kilna fis 90% efficient using precipitators
and dust bags. Over 1000 tons of dust are collected daily in
computerized kilns. The same amount is retained in the older kilns
that are operating. The emission of dust amounts to an over-all
discharge of at least 100 tons per day. This has been monitored by
the company and the air pollution division of Michigan Department
of Public Health (DPowd, 1971).

The composition of the cement dust used in this study contained
the ranges given in Table 41 (Galer, 1970), The diatribution of the

material over Thunder Bay is dependent upon the direction of local
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Table 41

The Mean Composition of
Emitted Cement Dust Material
(Galer, 1970)

Weight
Substance Percentage Range
Cal 40- 44
Al1,0, 3.5-6.0
Fey04q 1.5-3,0
K90 3.5-6.0
MgO 1-2
Na,0 0.2-0.3
Silicates 20
(510, - 12)
Sulfates 18
(S04 - 2,5-3.0)

Phosphates 0.5-0.6
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prevailing winde during the year (Table 42 U. S, NOAA Weather
Bureau, 1971). Unce iu the water, the physical transfer of material
is dependent on the hydrodynamics of the aqueous system. Mixing of
sedimente fv the water ar{ses piimarily from wind- induced currents
and flow of water from the influent streams and domestic discharges.

The cement plant generates its own power so that there is a
cooling-water discharge intc the plant's shipping channel, A run-off
into the bey occure from an abandcned quarry where dust from the
collectors {8 disposed of.
Alpere Sew?rage Systew

The scwage aystem handles an average of 2.5 million gallons
per day serving a population of 15,000 in 3600 residential homes
with a total of 4500 dwelling units. There 18 a combined aystem
of san{tary and storm sewers with six 1lift stacions., There are
72 miles of sewer lines with 60 miles combined. Since 1961, all
new construction (16.7%) of sanitary and storm sewer lines has been
separated.,

There are four interceptors located near the river; two on
the north etde and two on the south side, High storm flows are
diverted to the river after an initial flush of the sewage flow to
the plart haa o« curred. The industrial plants supply only sanitary
sewage and some cooling waters to the sewage system,

The plant was completed in 1958 and has a nominal capacity
3t ttiaee mitlion gallonas per day and a maximum of eix million
gallora pet day to serve 18,000 persons in the city and township.
Currently, a sewage plant expansion is under conastruction to expand
pervice ard capacity and to introduce secondary treatment together

with ctem{ical phosphate removal,
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Table 42

Prevaili Mean Wind Conditions of Thunder Bay
U, S, WOAA Weather Bureau, 1971)

Month 1960-1970 Wind 1969-1970 Wind 1970-1971 Wind Temperature

Direction Dirsction Direction Maan °F
Jan L W NW 19.9
Feb W W L 18.8
Mar n W W-NW 26.5
Apr L W-SE S-SE 39.4
May SE E W-NW 50.6
Jun SE S-W 5-SE 60.9
Jul NW S-W E-SE 66.5
Aug NW S-SE S.5W 64.9
Sep N SE N-NW 58.0
Oct NW W 5-SW 47.4
Nov NW w w 35.4
Dec _KW_ SW W- N 25.2
Mean W-NW({8 mo.) S-SE(4 mo.) SW-NW(8 Mo.) 42.8

Mean Precipitation (1960-1970) - 29.16 inches

Snow - 79.4 inches
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The waste-water treatment plant how operates as a primary
treatment facility with grinders and a grit chamber, sedimentation
in holding tanks and bacterial digestion of the raw sewage sludge.

The digester sludge is pumped onto outdoor beds several times
during the year, allowed to dry, and used for soil rehabilitation.

The resulting effluent 1is disinfected with chlerine and discharged
into the river near the bay mouth. The influent has been estimated to
contain a mean total phosphate of 26 ppm (520 lbs/day) and the effluent
has a mean of 18 ppm as total phosphate (365 1bs/day). The influent
BOD has a mean of 1100 lbs/day while the effluent has a BOD mean of
600 1bs/day (LaMarre, 1971).

THUNDER BAY WATER QUALITY AND RESOURCES

Much of the fnorganic materials and some organic matter in
natural water arise from the chemical alteration of minerals; e.g.
calcium and magnesium are derived from reactions involving, carbon-
ates, feldepars and scme clays. Phosphates are derived from apatites
and sulfate from pyrite and gypsum. Carbon dioxide in water, dissoci-
ates to bicarbonate and carbonate depending on pH and is one of the
fmportant variables determining the alkalinity of the water.

The quality of the water in the main body of Lake Huron is
excellent, as 1is that of its two principal sources of water, Lake
Superior and Northern Lake Michigan. Since Lake Huron derives {ts
water initially from these lakes, it is assumed much of {ts chemical
character should be determined by the rates of mixing of Michigan
and Superior waters, Lake Superior has an average discharge of
73,300 c.f.s, through St, Mary's River, while Lake Michigan has an

avarage discharge through the Straits of Mackinaw of 55,000 c.f.s.
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lLake Huron waters are low in turbidity and moderate in hard-
nesa, For the most part, the dissolved oxygen content is nearly
10 percent saturation. In morthern Michigan, there has been no
effective change ir. land use, These lands nave remained for the
most part forested, with second growth having replaced moat of the
original timber, The soils of the region have low water-holding
capacity and maxi{mum filtration rates. The streams draining this
arep are etasble throughout the year, mostly very clear, and are low
in concentrations of chemical constiruentas. This continues to
provide a acurce of high quality waters to Northern Lake Huron.

Calcium, magnesium, and alkalinity account for 75 to 80
percent of the {ons in Lake Huron waters. This {s due directly
to the approach to equilibrium o¢f carbon dioxide from the air
and CaCO; in the sedimenta (Kramer, 1964). Laxe Huron water tends
towards partial equilibrium along its length and attains a true
equilibrium after passing into the Lake 5t, Clair system, The Lake
appears to be unsaturated with respect to sodius and silica.

There is exceas phosphorus in the lake compared to that which
is needed to saturate apatite. Excess phosphorus increases with
biclogical use of the lake with the difference of actual phosphate
and ‘'hydroxy-sapatite phosphate' being an empirical index of
biclogical activity,

Hydroxyapatite, although relatively quite insoluble in aqueous
medium, exists in chemical equilibrium with orthophosphate ions.
1f other chemical and physical envircommental requirements of algae

are gati{iafied, the utilization of orthophosphate ions by a growing
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algal culture can bring about the continual release of solutle
phosphate from hydroxyapatite as chemical equilibrium is maintained.

Chemically ‘insoluble’ phosphate materials can be sources
of biologically available phoaphate ions. As an increasing algal
por.lation utilizes the soluble phosphate, chemical equilibrium
is maintained by the release from the parent compound of additional
phesphate ions into solution.

In Thunder Bay. trawling temperatures range from 10C to 20C
at 5 fathoms, and 5C to 10C at 10 fathomsa (60 feet), Temperature
apparently does not rise above 6.5C at 15 fathoms or beyond
(KAHO, 1969). Ayers et al. (1956) has found a temperature range
of 5,8C to 20.0C in Thunder Bay.

Ayers et al. (1956) found & mean secchi value of 7 inches in
Thunder Bay. They found a calcium mean of 22,20 mg and a magnesium
mean of 6,4 mg., They found a conductivity mean of 161 micromhos/cm
while Kramer {(1964) measured a conductivity range of 140 to 145 in
Lake Huron. Results for analysis in Thunder Bay are given in
Table 43 and the results for study of Lake Huron parameters 1s
given in Table 44,

The plume of Thunder Bay River {nto the bay can be seen
visually and from aerial photographs over the bay as shown in
Figure 35 at an altitude of 3000 feet.

Living Systems in Thunder Bay and River

Highly diversi fied benthic communities containing many clean
water forms have been found in the majority of Thunder Bay. May-
flies, caddisflies and amphipods, common inhabitants of natural

inshore populations in Lake Huron near Alpena, are wideapread.
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Table 43

Thunder Bay Water Quality

Study Secchi Current Cond
D) (ft/min) i i i E (=g} (uolm/cm)

Ayers 12.4 23.50 6.6 161

I 7 - 50 11.9 23,40 6.7 162

75 10.6 24.20 6.7 166

Ayers NE 0 19.5 21.50 5.7 159

II 12 20 50 17.9 20.60 5.8 156

73 16.8 20.60 6.0 157

Ayers 0 20.0 - 6.2 155

I1I1 9 NE 50 10.0 22.45 7.6 167

68 5.8 21.35 6.3 166

H!chi;pn Water Resources Commission

Year Secehi pH Bard
o ey ig (Isll) (mg/1)

1957- 2-12 - - - -
1965

1967 - 9.0 26.00 7.8 113
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Table 44

Lake Huron Water Quality
(Kramer, 1964)

Mean
Parameter Value
Calcium 23.0 ppm
Magnesium 6.3 ppm
Sod1ium 2.4 ppm
Potaasaium 1.1 ppm
Sulfate 9.0 ppm
Alkalinity 82 ppm
Phosphorus 10 ppb
S1lica 2.3 ppm

pH 8.1
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Figure 35, Areal Photograph of Thunder Bay
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Tte populationa of bottom animals in the bay, around the Abitibi
discharge off the river mouth, were composed almost exclusively of
gollution tolerant organisme, primarily tubificids (sludgeworms)
(Fetterlcf, et al,, 1968).

Species diversity and percent of sludzeworms in the area
outside of the river influence, substantiates that enviromrmental
conaitions are adequate for intolerant, clean-water forms. 1In
the river, benthic samples, taken above the main sourcees of organic
waates, consistently contained ncrmat! faunal communities composed
of a large variety of organisms. Certain components of these
communities indicated clean-water conditions. Samples from the
river, below Fletcher Paper Company waste diacharge and below sewage
plant discharge show a definite decline in the quality of the benthic
fauna between 1957 and 1965 (Fetterliof, et al., 1968),

In the KAHO (1969) studiea, a thermocline often appeared in
the echo tracings., Fish concentrations were evident where the
thermocline touched bottom. Yearlings and adult alewife were
abundant in Thunder Bay (4000 to 9000 for 10-minute trawl catches).
The spawning of alewife occurred frequently in the well-defined
prctected areas of the bay. Borh adults and yearlings were at most
deptha, but were segregated spatially from one another, perhape in
schools.

Small numbers of smelt were captured i{n the Thunder Bay proper,
but the catch increased to 1200 for a 10-minute trawl at 40 fathoms.
The ai{ze of smelt increased with depth, and lakeward movement of the
various size groups took place throughout the summer. Only 150

vearlings were netted, and 7500 adults were taken in deeper water,
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Scth fo_rror: aad 2ifmy sruiTins were _beerved, with the fourhorn
srecles beiry T:re pre.slent (S:s to 145 for 10-minute trawis). The
traw. :atites ¢f ylneaplne etickliebaci were extremely variable, The
c:od+1cna. pedaks of LOGC to 7i.ud per 10-mirate trawl were the larceat
catches re-czxded. In Trumier Bay, there appeared a distinct offshore,
zseper snifr ct the large pcpulacions as the summer progressed. Other
fish cs:se410na1iy -Deserved were gpot-tail shiner (C tl 24 per 10-min-
ute traw. +2d trout perch .38 ti 4%6 per 1C-minute trawl). Indivi-
dual species recu vered were: thloateras (74}, shortrose cisco (4),
round whitetfZeh '.° white suickers (7)Y, and Johnny darters (19).

ne Department of Watural Rescurces hae planted Coho and Chinook
s2lm:n raizocw trout, and brown trout in the river and in the bay
during the past four years. The Fisheries Department of Alpena Com-
w_"1t, Co..ege haa planted the Dunaideon straic of Chinook sslmon
jurtrg thi- pericd During the #pring sad fall for the past two
vears, a weli-estabiiehes migrstional run has been occurring for
both trout and ealwmcn 1~ the river and along bay shoreline,

Megrs 19639 *as atudied the .iving systems ¢f the Oxbow reser-
voir ani Besaaser Lane waters behind the Ninth Street Dam. He found
4 t~:a. of nineteen generas ¢f asquatic plants including three algae
syceclee. Thirty-four tumilisze, thirty-nine genera, and fourteen
efe 128 of invertebrate animais were collected. Tendipedidae were
the most commonly coilected organisma, while Coenagrionidae were
secand in aburdarce. Seversl invertebrate taxa were collected.
freehwate: #pcnge colonfes were numerous and large in size.

e &#pe:ies of fiah tn the waters were typical of a backwaters
imgou.dexent ani i-ciuded: yellow perch, rockbass, red horse, carp,

pumpiki.seed Scrthern yike. biack crapple, bluegill, bowfin, bullhead
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(vellow and brown)}, smallmouth and largemcuth bass, white sucker,
burbot, mudminnow, northern redbelly dace, golden shiner, creek chub,
banded killitish, brook stickleback, and Johnny darter. Many of these
apeclies have been caught or observed in the river, impoundments, lakes
and tributaries of the Thunder Bay Basin during the course of the
study, These organisms should be typical of those present throughout
the watershed,

SUMMAKY OF THUNDER BAY WATERSHED RESOURCES

The watershed or drainage basin of a river comprises all the
land that contributes to the river's flow., The Thunder Bay Watershed
has its surtace water sources from both swampy land areas and ground-
water springs, The groundwater flows from both limestone and shale
formations, resulting in fairly hard water with significant amcunts
of soluble calcium. The presence of highly mineralized water from
wells in the watershed adds to the hardness and alkalinity of water
reaching the river.

The land resources of the watershed reflect the variety of nat-
ural and cultural development that has progressed in northern Michigan.
The soils in the Thunder Bay Basin are as varied as most watersheds,
ranging from porous sande to {mpervious clays. The loams are being
used for farm purpvoses. These soils determine the water quality eof
the natural water that reaches the watershed,

Organic soils, with a fair amount of humus and low waterholding
capacity, are present along several main tributaries (North Branch,
Bean and Wolf Creek). With over one-fourth cof the vegetation being
swamp and marsh type, streams of highly colored natural water are pre-
valent {Table 435). There 1s a substantial amount of colored water

reaching the main river and Thunder Bay.



Table 45

The Color of Thunder Bay Yellow Organic Natural Acids

Site Stream Location Mathod Fall/69 Fall/70 Win/70 Sum/7]1 Pall/7]1 Maan

1 Main Mouth Fluor* 42.0 7.0 - - - 26.5

Branch Sement . 7.2 21.9 35.6 57.1 23.0

2 Main Br. 9th St. Semen - 3.2 50.1 29.4 10.9 23.2

4 lo.S50, Br. M32 Semen - 2.8 3.0 12.7 17.5 9.0

6 Wolf Cr. Mouth Fluor 40.0 - 21.3 - - 30.7

Semen - 15.5 25.3 18.8 40.7 25.1

7 Bsan Cr. M32 Semen 44.0 58.0 56.0 59.0 48.2 53.0

8 Up.So. Br. M32 Semen - 11.3 22.0 10.0 14.4 14 .4

10  Main Br. Hillman Seman - 3.5 21.9 3l.4 46.5 25.8
13 Gilchrist M33 Semen - 8.0 13.2 6.0 8.8 9.0
15 Main Br. Atlanta Semen - 11.1 26.3 22,0 33.8 23.3
17 No. Br. Rush Lake Semen - 12,0 . 65.0 14.4 30.5
18 No. Br. Mouth Semen - 9.0 53.8 55.0 58.5 49.8

* Turner Fluorometer
# Semenov, et al., 1963 (Color as Carbon in mg/1)

802
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The climate of the Thunder Bay Basin 1is typical of northern lati-
tudes and reflecta the moderating effects of the large water masses
of the Great Lakes. The precipitation 1s well-distributed throughout
the year. The water run-off in the major streama is controlled by
hydroelectric and lake-leveling dams {(Table 46). The major current
patterrs in Thunder Bay and the river plume tend to distribute the
constituents of the air and water out into the bay waters and south
from the mouth of the main brancn,

The cement piant emission has a significant amount of particu-
late matter that reaches the bay and river. The westerly wind direc.
tion carries the cement dust over Thunder Bay, the majority of the
vyear. The high calcium composition of the cement dust contributes
to the fixation ability of the particles.

The sewage effluent is a major contributor of nutrients and or-
ganic materials (Tables47 and 48) to the river and Thunder Bay. The
phosphate levels are typical of a primary treatment plant and could
lead to accelerated eutrophication of the bay when available to the
aquatic organisms. Both wood-producta industries are currently con-
tributing a high organic load to the river but their discharges are
being corrected aa to unnatural composition.

Even with these prevalent dtscharges, the quality of the Thunder
Bay has remained fairly high except for coliform count (Table 49) and
specific instances of benthos degradation near the wood-products die-
charges. Intolerant, clean water forms have been found above and out-
side of the influence of these discharges in the river and bay.

The fish populations of Thunder Bay reflect the influence of the

alewife and the apawning habits of small and large lake-run species,



Table 46

Total and Mean Discharge of Thunder Bay River at Ninth Street Dam

Year Mean
1967  Ann,
Mon.,
1968 Ann.
Mon,
1969  Ann.
Mon,
1970  Ann.
Mon.
Daily
1971  Ann.
Mon.
Daily

(Alpena Power Co., 1971)

River Plow (Cu.Pt.x10%)

Mean Discharge (CFS)

Turbines Spillways Total Turbines
30,137 9,326 39,463 11,484
2,511 177 3,288 957
28,963 2,479 31,422 10,983
2,616 207 2,620 917
30,362 6,786 37,148 11,568
2,530 566 3,096 964
24,640 3,200 27,840 9,400
2,053 267 2,320 783
67.5 8.8 76.3 26
27,372 10,983 38,355 10,387
2,280 915 3,196 866
75 30 105 28.4

Spillways
3,578

298
936
78
2,568
214
1,234
103
4.0
4,188
350

11.5

Hydro
Total KWH (10%)

15,063 40.6
1,222 3.4
11,940 39.1
995 3.3
14,160 41.7
1,180 3.5
10,634 33.7
886 2.6

30 0.092
14,575 37.7
1,215 3.1

40 0.103

0lc¢



Month

9/69

9/70

10/70

11/70

12/70

1/71

2/71

3/71

4/7

5/71

6/71

6/71

7/71

7/71
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Tab:

c 47

Alpena Sewage Plant-Physical Analysis of Composite

Ranse

Mean
Maan
Mean
Maan
Mean
Max

Min
Mean

Min
Mean

Max
Min
Mean

Max
Min
Maan

Max
Min
Maan

Min

Maan

Min
Maan

Dischs.

(LaMarre, 1971)

PH

7.50
7.28
7.36

7.52
7.22
7.42

7.72
7.40
7.59

7.50
7.20
7.30

7.85
7.41
7.63
7.50
7.52
6.70
7.21

7.39

BOD Susp.Solid Deter
(mg/1) (mg /1) ppm
In Out In Out
1920 1080 1030 720 -
2150 1500 3130 1450 -
2400 1370 - - -
2650 1165 - - -
1930 1220 1670 790 -
1840 1380 1610 870
1650 1370 1130 540 -
1767 1377 1363 675
2260 1590 3860 2200
1620 1220 1020 570 -
1968 1422 1766 996
2460 1590 4040 3380 1.20
1680 740 1660 890 .73
2038 1216 2518 1890 .95
2090 1280 3360 1980
910 750 690 360 -
1536 1106 2030 1175
2960 1670 10010 4400
760 340 680 550 -
1776 1132 3402 1770
2110 1690 2100 930
1080 930 990 370 -
1595 1310 1545 650
1700 1270 19460 8880
980 600 1440 500 -
1012 945 6475 2808

Type of

Effluent

Out
Out
Cut
Out

Out

Out

Out

Out

Qut

Qut

In

Out

In



Month Range Dischg,

MGD
8/71 Max 3.77
Min 2.39
Mean 3.07

8/71 -
9/71 Max 3.2
Min 2.52
Mean 2.88

9/71 -
16/71 Max 2.20
Min 1.55
Mean 1.81
11/71 Max 1.92
Min 1.56
Mean 1.73
12/71 Mean 3.34

Table

I

7.
7.
7.

7,

7.
7.
7.

7.
60
?o

7.
6.
6.

7

27
10
19

10
54

25
39

.20

56
58
08

10
80
96

.00

211a

47 (Cont'd.
BOD Susp.S0lid Deter
(mg/1) (mg/1) Ppm
In Out In Qut
2330 1580 4440 2720
1520 990 740 360 -
1930 1300 3526 1200
5460 2090
1770 800 -
1180 1150 3615 1445
1930 1170 1760 630
1390 770 560 370 -
1660 970 1180 520
4310 1480 1930 990
1720 1150 950 310 -
2460 1390 1480 100
1590 1050 1080 795 -

Type of

Effluent

Out

In

Out

In

Out

OQut

Out
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Table 48

Alpena Sewage Plant-Chemical Analysis (mg/l) of Compoaite

Type of
Month Range Cl- Sol.PO, Tot.PO, NH3 NG, Hard Alk Ca Ef fluent
9/69 Mean - - 18.0 - - 145 - - Out
9/70 Max 30.0 14.0
Min 10.3 9.6 Out
Mean 89 8.0 17.1 11.8 0.50 - - 50
10/70 Max 116 19.2 43.0
Min 97 14,0 21.5 - - - - - Out
Mean 106 17.2 31.0
11/70 Max 15.0 32,0
Min - 12.0 20.3 - - - - - Out
Mean 13.5 27.G
12/70 Max 13.0 36.0 15.5 0.77
Min - 5.0 11.2 4.4 0,46 - \ - Out
Mean 11.9 24.7 8.7 0.59
1/71 Max 312 15.5 31.5 13.5 0,37 204 196 52
Min 125 10.2 19.5 5.2 0.32 146 146 38 Out
Mean 212 12.5 24.0 8.8 0.34 180 175 46
2/71 Max 390 18.5 27.0 19.3 1,05 288 120
Min 92 12.5 19.0 14,0 0.78 229 - 76 Out
Mean 160 16.3 23.9 16.3 0.89 264 96
3/71 Max 255 22.0 30.0 10.5 1,05 337 240
Min 161 4.3 9.8 4,0 0,62 287 217 - Out
Mesan 219 11.4 19.1 6.1 0.78 313 228
4/71 Max 285 8.2 16 .0 2.4 1,46 154 255
Min 170 4,5 9.2 0.5 0.90 262 222 - Out
Mean 206 5.8 11,7 1.5 1.12 318 234
5/71 Max 245 11.7 20.5 6.0 2.95 353 232
Min 122 5.7 10.2 4.0 0.40 270 152 - Out
Mean 176 9.0 17.2 5.1 1,03 309 211
5/71 121 4,7 10,2 5.8 1,18 282 242 . In
6/71 Max 220 8.7 22.5 8.8 0.94
Min 130 7.5 11.4 4.5 0.12 - - - In
Mean 178 8.0 16 .1 6.8 0.64
6/71 Max 235 9.8 18.0 8.5 2.35
Min 140 8.1 12.4 5.2 0.90 - - - Out
Mean 190 9.0 14 3 7.1 1.52
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Table 48 (Cont'd.)

Type of
Month Range Cl1- Sol.PO; Tot,PO, NHy WO, Hard Alk Ca Effluent

7771 Max 120 13,7 26.4 10.0 1.07 278 238
Min 85 5.4 17.3 6.2 0,22 200 190 - Out
Mean 98 10.4 20.5 7.3 0.43 240 208

7/71 Max 112 15.4 18.6 7.0 0.60 282
Min 60 5.4 13.5 6.8 0.20 272 - In
Mean B6 10.2 16.0 6.9 0.40 277 238

B/71 Max 175 15.7 29.2 15,7 0,28 296 242
Min 8BS 5.0 13,2 1.6 0.07 212 177 - Out
Mean 134 11.4 10.3 7.7 0.18 238 206

8/71 130 5.6 20.0 4,7 - 304 263 - In

9/71 Max 100 8.4 24.6 8.0 0.26 222 55,2
Min 75 6.7 18.2 6.5 0.13 195 _- 41.7 Out
Mean 88 7.8 22.4 7.4 0,21 206 48 .4

9/71 80 B.7 29,2 8.7 0,27 220 - 45.8 In

10/71 Max 100 16.5 25.0 15.8 0.30 249
Min 80 12.7 16.7 13.7 0.23 264 - - Out
Mean 90 14.0 20.6 15.1 0.26 247

11/71 Max 300 20.6 32,8 11.7 1,20 310 222
Min 110 12.4 28,0 9.6 0.50 242 201 - Out
Mean 182 17.8 29.3  10.9 0.82 264 215

12/71 Max 265 16.1 17.9 9.2 0.58 365 232
Min 90 4.4 5.5 1.5 0.21 233 136 Out
Mean 161 10.4 12.8 5.5 0.42 315 206 154
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Table 49

Coliform (MPN/10Q ml) in Thunder Bay

Year Range Swim Beach Bay River Mouth River Intake Beach

Hichman Water Resoutrces Commission

Min 36 91 230 360 360
1965 Max 15,000 24,000 46 ,000 24,000 43,000
Mean 2,215 5,090 23,115 4,330 4,300
Min 100 100 360 100 360
1966 Max 1.5x106 820,000 300,000 500,000 250,000
Mean 43,430 48,500 39,800 33,465 15,000
Min 300
1967 Max - - - - 980,000
Mean 8,400

Alpena City Health Department

Year Range Swim Beachea River Mouth River Cemetary Bridges
Min 1,500 100

1970 Max - - 14,500 2,300 -
Mean 7,200 970
Min 100 600 800 100 80

1971 Max 100 40,000 11,000 12,000 2,700

Mean 100 14,000 4,400 3,100 1,100
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The plankton composition and fish communities of the reservoirs in
basin reflect a system which has adequate nutrients and producers to
provide a diverse community and extensive population of organisms,
The fish specles present are typlical of a warm-water enviromment,

Sampling locations in the watershed were melected to give the
most repregentative analyais of the discharge of each of the river
systems forming the Thunder Bay Basin. Seven of the stations were
on the main branch 1in order to monitor the effect of various cultural
influences on the water quality, Only those tributaries with lengthsa
of ten or more miles were sampled, where flow was significant (Tables
50 and 51). The variety of land, shoreline, and bottom lands of the
water courses studied, were representative of various types of natural
water sources, from cryestal-clear spring-fed streams to slow-moving
deep~-colored swamp streams.

The parameters measured were defined according to Standard Methods
(1965) descriptions and limnological references indicated. These para-
meters were selected to give an evaluation of the water quality of the
streams that comprise the basin. The analytical methods were selected
for the reproducibility and acceptability of the procedure, as well as,
the availability of appropriate materials and instruments. These meth-
ods followed procedures taken from Standard Methods (APHA, AWWA, USPH,
1965), as well as, FWQA (1970), and Hach (1967) methods.

The physical analysis data for the station (Br3) at the river
mouth, was slightly higher 1n values than that measured by Michigan
Water Kesources Commission (1971) (Tables 52 and 53). The ccmparisons
of means were: water temperature of 11.6C and 7.7C, pH of 7.66 and

7.93, and suspended solids of 19.5 mg/l1 and 9.0 mg/l, respectively,



Table 50

Thunder Bay Watershed Discharge Data

Water Course Location

(U.5. Dept. Interfor, 1966-1967)

Main Branch M~32

Main Branch Herron Road

North Branch Male Corners

Upper So. Br. lLachine

Lower So. Br. Hubbard Lake

Water Course Location

Main Branch M=32
Main Branch Herron Road
{(Orchard Hill
Bridge)

North Branch Male Corners

(sq. mi.)

232

588

184

171

146

Drainage Area Altitude Mean Discharge Max Gage Ht. Max-Min CFS
(ft.) (CFS) (ft.)
760 208 9.63 1380 - 98
(1945-1967) (5/11/63) (4/12/647-8/7/49)
672 438 9.99 4070 - 92
{1945=-1967) (4/13/65) (4/13/65-9/28/55)
675 102 7.93 2920 - 0.40
(1945-1966) (4/13/65) (4/13/65-10/14/55)
- 108 - 450 « 0.70
(8 yr. avg.)
- 104 - 660 - 0.00
(8 yr. avg.)

_Range

Max
Min
Mean
Cfasm

Max
Min
Mean

Min
Mean
Cfsm

Water Year 1965-1966 Water Yesr 1566-1967

360 CFs 903 CFS

118 136

199 248

0.858 (11.63 in.) 1.07 (14.53 in.)
1180 CFS 3530 CFS

172 210

403 6l4

625 CFS -

0.70 -

97.7 -

0.531 (7.21 in.) -

S51¢
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Table 51

Summary of Watershed Discharge Data

Water Course Location Mean Discharge Information Source
(cfs)

Main Branch 9th St. Dam 1080 Alpena Power Co.
" " 4-Mile Dam 1550 " " "
. " 7-Mile Dam 2420 v " "
" " Hi1lman Dawm 150 " " "
" " " " 135 Local*
" " Herron Rd. 438 U. 3, Geol. Servic:
' " M 32 208 " " "
" " Atlanta 63 Local
" " Head 21 '

Ro, Branch Male Corners 102 U, S, Geol. Service
" " Head 11 Local

Up. So. Br, M 32 108 U, S. Geol. Service
" " " M 32 168 Local

Lo, Se., Br, Hubbard Lake 104 U. S, Geol. Service
" . " " " 95 Local

Wolf Creek Wolf Cr, Rd. 70 "

Bean Creek Bean Cr. Rd, 15 "

Gilchrist Cr,. M 33 26 "

Hunt Creek Mouth 27 "

*Local (Measured in this study)



Table 52

Water Rescurce Commission Water Quality Data for Thunder Bay River Watershed

L1

Year Range Temp D.O. Sus. Selid pH Cond BODs _COD PO NO Deter.
() (mg/1) (mg/1) (nohm/cm) (mg/1) (mg/1) (mg/l) (mg?l) (mg/1) (ppm)
Main Branch of Thunder Bay River at Breakwall
Min -2 7.4 6 7.5 270 2.4 14 0.00 ©.00 0.00 0 0.0
1965 Max 23 12.4 29 8.3 500 5.4 35 0.30 1.30 0.40 6 0.1
Med & 11.5 15 7.9 50 3.2 22 0.10 0.30 0.00 3 0.0
Min 0 6.2 3 7.6 280 2.1 10 0.00 0.00 0.00 0 0.0
1966  Max 26 12.2 15 8.4 400 6.4 37 0.80 0.3% 0.60 8 0.2
Mad 4 10.3 9 7.9 250 3.2 22 0,30 0.10 0.01 3 0.0
Min 0 5.2 0.5 7.6 234 0.8 - 0.05 0.00 0.00 0 -
1967 Max 22 11.6 40.0 8.5 400 3.8 - 0.35 0.20 0.40 15 -
Med 11 8.2 7.5 8.0 U0 2.6 - 0.15 0.10 0.00 6 -
Year Coloform Temp _D.O, Flow Susp. Sld. Ca N0 cl” Hard Alk S0, _Fe
(MPN/100) (C) (mg/1) (cfs) (mg/l) - - -(iﬁl mcalured 2n ag/l})- = -
North Branch Thunder Bay River
1967 300 7 10.8 40 9.0 52 8.2 0.05 0.10 0.00 O 185 180 12 0.2

Wolf Creek
1967 800 7 10.8 g8 6.0 58 8.8 0.05 0.10 0.00 & 210 210 10 0.2
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Table 53

Water Regource Commiasion Physical and Chemical Water Quality Data

Main Branch Thunder Bay River at Breakwall

Physical
Year Range Temp Turb Cond D.O. pl Suasp Sol, BCD Coliform
©) (uohms) (mg /1) (mg /1Y  (mg/1)
cm
Max 27.0 11.8 8.10 14 4.3 46,000
1968 Min 0.0 - - 5.2 7.60 Q 01 230
Mean 9.9 8.4 7.93 7 .0 23,115
Max 23,0 12 370 15.6 8.40 G4 5.5
1969 Min 0.0 1 310 7.2 7.50 0 1.4 - - -
Mean 8.8 5 337 10.2 8.90 11 3.8
Max 23.0 13 470 14.0 8.30 23 6.4 40,000
1970 Min 0.0 1 210 7.2 7.80 0 1.8 600
Mean 10.8 4.9 362 9,7 8.10 7.5 4,2 14,000
Max 10.0 5 400 12,8 B8.10 15 3.2
1971 Min 0.0 3 270 9.8 7.70 3 1.0 - - -
Mean 2.4 4.4 52 11,2 7.95 7 2.1
Chemical
mg/1

Year Range Alk Org N NHy NO; PO, OrgPO; Hard Ca Mg C1~ 50,

Max 0.80 0.900 0.40 0.17 0.150 208 57 21 34 27
1968 Min - 0.00 0,000 0.00 0.03 0.010 188 44 13 5 16
Mean 0.20 0,032 0.10 0.08 c.058 200 52 17 11 20

Max 182 0.90 0.3 1.25 0.33 0.120 488 60 15 11 34
1969 ‘litn 153 0.20 0.02 0.00 0.02 0.010 160 46 7 2 18
Mean 169 0.58 0.1 0.20 0.02 0.010 215 52 12 7 24

Max 220 1.10 0.48 0.20 0.48 0.200 235 58 16 11
1970 Min 100 .20 0.05 0.00 0.03 0.000 120 54 12 4
Mean 166 0.60 0.22 0.09 0.17 0.089 182 56 15 8 20

Max 185 0.80 0.220 0.20 0.07 0.050 200 14
1971 Min 155 0.50 0.040 0.10 0,04 0.010 170 5
Mean 170 0.65 0.016 0,15 0.05 0.026 185 56 15 10 21
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The mean diseolved oxygen values were similar at 10.2 ppm and 9.9 ppu.
The mean BOD by the commission was 3.0 ppm and COD was 2.3 mg.

In the measurement of chemical parameters at the breakwall, phos-
phate, ammonia, nitrate, and chloride were similar except when samplea
were taken in close proximity of the sewage plant effluent discharge.
Michigan Water Resources Commission measurements indicated significant
levels of organic nitrogen and phosphorus at the river mouth. Their
data showed higher values for alkalinity, hardness, sulfate, calcium,
and magnesium. The coliform count was significant in the river and
along Thunder Bay beaches (Table 54) especially when the river plume
carried the domestic effluents in the southerly direction.

The Michigan Water Resources Commission (1971) has sampled the
North Branch and Wolf Creek. The data for dissolved oxygen, dis-
charge, calcium, sulfate, hardness, and alkalinity were comparable
to results of this study. The nutrients (phosphates, nitrate, smo-
nia) levels found in the continual measurement at these stations
were higher in value.

The four year measonal study on the watershed has jndicated that
the natural water is of medium to high hardness, with significant
sojuble calcium present (Tables 55, 56 and 57). The alkalinity ase
calcium carbonate was more prominent than sulfate or chloride, A
fairly high total solid content was found, Suspended sclids were
highest in the main river. There is adequate dissolved oxygen in
all waters for natural clean water aquatic organisms., During the
day, the nutrient levels showed only scattered instances of cultural
influence. They were sufficient to support aquatic vegetation that
was extensive in several locations in streams and reservoirs. Three
tributaries and the lower reaches of the main river had a high natural

color .
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Table 54

Thunder Bay River and Bay Sampling Data
Alpena Health Department and Local Analysis

Year Location Range T Coliform® pH PO, NH, NO, CI-

ag/1 = -

F) M.F.M, Fecal -
Main Branch Thunder Bay River

1970 Fish Max 78 14500 450
Dock Min 67 1500 150 - -
Mean 71 7190 250
Cemat exy Max 78 2500 10V
Pump Min 66 100 10v - -
Station Mean 7N 970 10V
1971 Fish Max 74 11000 2800 8.10 0.72
Dock Min 62 800 10 8.00 0.28

Meaan 67 5500 720 8.05 0.5z
Cementery Max 75 12000 790 8.10 0.56

Pump Min 62 100 10 7.88 0.30
Station Mean 67 3100 205 8.00 0.42
Chisholm Max 75 700 10V 8.14 0.68

Bridge Min 60 80 10V 8.00 0,34

Mean 68 245 10V 8,07 0,52
R.R, Car Max 68 2700 60 0.64
Bridge Min 61 200 10V - 0.50
Mean 66 1100 30 0.57
Break- Max 69 40000 50 0.76
water Min 62 600 10 - 0.70
Mean 65 4000 30 0,73
Hatchery Max 58 2800 330 7.85 0.70
Min 49 300 10V 7.82 0.30
Mean 55 1420 30V 7.84 0.50
Thunder Bay Swimming Beaches
1971 Starlite Max 70 8.02 0.20
Min 67 7.88 0 15
Mean 68 V100 vVio 7.95 0.18
Bale View Max 70 8.07 0,22
Min 67 8.04 0.12

Mean 68 vi00 Vio 8.06 0,17

* Mich. Public Health Dept. (Greer, 1971)

0.62
0.12
0.33

0.25
neg
0.11

0.17
neg
0.10

0.60
0.01
0.30

0.32
0.15
0.23

0.17
neg
0.06

0.40
N 20
c.30

0.43
0.12
0.28

0.26
0.01
.11

0.22
0.01
0.12

0.17
0.01
0.10

0.30
0.11
0.20

0.22
0.07
0.14

0.36
0.02
0.19

0.18
0.01
0.09

0.20
0.01
0.11

22.5
7.0
12.5

15.0
10.0
12.0

17.5
6.0
11.0

-~ 3D
DQ0

oo 0o
WA

L]
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Table 55

1967-1968 local Anatvais fug/l1’ of Thunder Bay Watershed

Site Stream Range Tot Solid rH Hard ca Mg S50, Alk C1-

1 Maia Br. Mex 288 8.0 443 64 1 16 5 28B.8 198
Mia 234 7.1 Zuy 61.6 & 3 1.9 145
Mean 254 7.5 316 62 8 12.4 11,8 174 9.0
2 Main Br. Max 300 8.0 L4877 26 4 1913
Min 196 7.1 240 1.0 147
Mean 253 7.5 253 95.0 44 8 9 5166 50
- Lo So. Br. Max 612 7.9 354 96.1 5t 6 24 2 191
Min 152 7,4 228 45.6 12.0 1 %5 166
Mean 300 7 & 307 7.0 34,7 12 5 181 31 O
5 Lo.So. Br. Maa 216 B.. 462 31.3 166 14.2
Min 178 7.3 204 0.2 158 71
Mean 196 7.7 323 43.1 28.4 12.5 162 10.6
b Wolf Cr. Max 292 79 420 22,0 224 29 2
Min 170 7.0 258 - - 7.0 110 10.7
Mean 242 7.5 332 12.7 169 20.0
7 Bean Cr. Max 716 7 7 414 26 4 266
Min 166 6.8 348 - - 6.0 152 -
Mean 381 7.2 378 14.9 221
8 Up.So. Br. Max 576 7.3 522 162.4 34,2 31.3 192
Min 147 6.9 224 49 3 23.4 1.0 155 -
Mean 292 7.0 323 87.4 30.1 12.7 168
9 Up.So. Br. 392 6.9 270 S54.6 23 .2 3.0 189 -
10 Matn Br. Max 592 7 4 abdy 00.4 30.6 19.2 185
Min 138 6.9 192 51.0 27.4 0.8 127
Mean 264 7.2 343 55.7 29.0 6.5 152 3.5
11 Brush Cr. Max 524 8.0 468 9.6 202
Min 1vyu 6.8 230 - - 1.0 135 -
Mean 334 7 4 331 4 0 169
13 Gilchrist Max 34 7 8 4672 19 2 208
Min T4 6 7 23T - - 7.0 199
Me an 278 T2 298 11.0 203
14 Hunt Cr. Max 3ts 8.0 P AA 21.7 194
Min 164 6.8 233 - - 4.7 189 -
Mean 231 7.3 3100 9.8 192
15 Main Br, Max 222 7 6 409 130.7 29.6 14.7 194
Min 180 6 9 222 61.6 15.3 neg 163 -
Mean 207 7.3 321 96.1 22 5 7.9 184
16 Main Br. Max 216 7.7 456 19.2 174
Min 144 & 8 228 - - 05 172 -
Mean 189 7.4 355 8.5 173
18 No Br. Max 174 8 O 678 19.2 139
Min 6B 6 9 353 - - neg 97 -
Mean 121 7 4 515 9.6 118
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Table 55 (Cont'd.)

Site Strem Range 501 .PC; Tot,PO, WHy NO, Fe Tannin Det.

1 Main Br. Max 0.270 0.30 0.67 131.12 0.24 2.4 0.057
Min 0.006 0.25 021 0.24 0.02 1.1 0.052
Mean 0.180 0.28 0.45 1.18 0.15 1.9 0.055
2 Main Br. Max 0.14 0.50 0.7 1.55 0.20 2.3 0.060
Min 0.05 0.10 0.18 0.09 ¢0.01 0.9 0.027
Me an 0.13 0.25 0.45 0.61 0.11 1.6 0.044
4 Lo.So. Br., Max 0.C8 0.50 085 1.30 0. 22 2 4 0.144
Min 0 02 0.08 012 0.13 001 1 5 0.045
Mean 0 26 0.2% 0.3 0.6 0.12 19 0.095
5 Lo,So. Br, Max 0.C3 C.14 0.80 0.24
Min neg €.02 0.06 0.01 -
Mean 0.02 0.08 0.08 0.43 0.12 1.3
6 Wolf Cr. Max 0 08 0.16 4,10 0.55 0.18 2.1
Min 0.01 0.15 0.05 0,11 o©0.01 1.8
Mean 0.03 0.16 1.37 06.26 0.09 2.0
7 Bean Cr. Max 0.24 0.50 3,01 0.3% 3.4
Min 0.01 0.30 0.13 o0.01 3.2 -
Mean 0.12 0.40 1.10 1.19 0.19 3.3
8 Up.So. Br. Max 1.00 1.28 1.1¢ 1 17 0,40 2.4
Min 0.02 0.24 0.46 0.35 0.01 1.6
Mean 0.31 0.67 0.88 0.64 O0.14 1.9
9 Up.So. Br. Max neg - 0.57 0.13 0.06 1.0 -
10 Main Br, Max 0. 15 9.40 1.77 0.69 0.24 2.2 0.177
Min 0.01 0.16 0.13 0.16 0.01 0.7 0.006
Mean 0.05 4.80 0.76 0.40 O0.16 1.4 0.058
11 Brush Cr. Max 0.20 2.60 1.42 0.27 1.6
Min 0.12 0.12 0.27 0.03 1.6 -
Mean 0,16 1.36 0.89 0.86 0.25 1.6
13 Gilchrist Max 0.10 1 34 026 0.47 0,24 2.2
Min 0.0~ 0.30 neg 0.10 0.02 1 2 -
Mean 0 08 0.82 0.13 ©0.29 0.12 1.7
14 Hunt Cr. Max 0.18 0.28 0.46 0.49 0 .38
Min neg 0.28 0.36 0.08 0.02 -
Me an 0.05 0.28 0.42 0.22 0.14 1.5
15 Main Br. Max 0.26 1.54 1.03 0.27 0.31r 2.0
Min neg 0.20 0.11 0.07 0.02 0.4 -
Mean 0.09 0.87 0.48 0.15 0,14 1.2
16 Main Br. Max 0.16 0.89 1.00 1,11 0.13 2.0
Min neg neg 0.34 0.03 0.01 1.1 -
Mean 0.05 0.45 0.67 0.57 0.03 1.5
18 No, Br. Max 0.05 0.73 0.27 0.16
Min neg 0.26 0.13 0©0.13 -

Mean 0.03 Q.50 1.12 0.20 0.14 1.1



Table 56

1970-1971 Local Physical Data at Thunder Bay Watershed Stations

Site Stream Range Air Temp H70 Temp Discharge Susp 50lid Total Selid Color D.0,
{C) (C) (cfs) (mg/1) (mg/1) (mg/1) (mg/l)

1 Main Br. Max 22.0 16.0 37.0 38 35.6 12.3
Min 0.5 2.0 - 7.3 257 7.2 8.2

Mean 13.2 11.6 19.5 275 23.0 10.2

2 Main Br. Max 26.0 21.0 13.6 382 50.1 12.1
Min -2.0 1.5 - 3.0 180 3.2 6.6

Mean 13 5 11.6 6.2 310 23.2 9.6

3 Main Br. Max 24.0 21.5 26.0 350 36.3 12 1
Min 3.5 2.8 - 2.0 164 2.6 7.8

Mean 14.5 12,2 10.0 264 18.9 9.8

4 Lo.S30. Br. Max 28.0 24.0 10.0 265 17.5 11.2
Min 10 & 7.0 - 4.0 169 2.8 8.0

Mean 17.3 14,5 8.0 234 9.0 9.6

5 Lo.So, Br. Max 24.0 21,0 1i7.5 15.0 209 38.8 1: .4
Min 1.0 3.0 72.5 2.0 55 00 6 1

Mean 13.3 12.7 95.0 8.7 148 12,2 9.2

6 Wolf Cr. Max 24,5 17.5 9.0 220 40,7 12.2
Min 2.0 6.0 - 2.0 101 15.5 10.0

Mean 14.0 10.5 4.3 178 25.1 10.8

7 Bean Cr. Max 22.0 25.5 32.0 453 59.0 11.3
Min 11.0 6.0 1.5 260 44.0 6.4

Mean 15.9 16.6 15.3 12.1 356 53.0 8.3

8 Up.So. Br. Max 23.5 24.0 23.0 332 22.0 12.0
Min 12,0 5.0 4.0 70 0.0 6.1

Mean 15.8 16.0 168.0 11.2 207 11.9 9.4

A4



D.O.
(mg/1)

Color
(mg/1)

(mg/1)

Susp.Solid Total Solid
(mg/1)

Table 56 (Cont'd.)
(cfs)

(C)

H20 Temp Discharge

(©)

Range Air Temp

Stream

Site
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1970-1971 local Chemical Data (mg/l1) at Thunder Bay Watershed Stations

Tahbhle 57

Site Streuam Renge pH Alk Hard ca S04 _C1° Tot. POy NHy_  _NO3_
1 Main Br. Max 8.09 170 260 39.0 17.2 12.0 1.12 1.37 0.28
Min 7.56 162 166 17.1 4.4 7.5 0.26 0.06 0.08
Mean 7.82 166 198 28.0 11.7 9.9 0.67 0.53 0.18
2 Main Br. Max 8.35 188 235 78,0 14.3 10.3 0.33 1.06 0.40
Min 7.92 165 169 17.1 9.0 5.5 0.22 0.20 0.05
Mean 8.12 177 195 42.8 11.9 8.2 0.28 0.53 0.21
3 Main Br. Max 8.36 191 235 60.0 12.5 9.0 0.31 0.48 0.36
Min B.14 172 187 231 6.0 5.0 0.19 0.46 0.05
Mean 8.24 180 207 40.3 9.2 7.0 0.26 0.47 0.19
4 Lo.So. Br Max 8.10 186 222 45.0 12.2 10.3 0.56 0.06 0.30
Min 7.08 168 170 30.5 4.4 7.2 0.15 0.04 0.01
Mean 7.76 178 200 36.8 6.9 8.4 0.30 0.05 0.11
5 Lo.So. Br. Max 8.33 172 2064 48.0 13.8 11.5 0.60 0.07 0.3
Min 7.13 160 154 16.0 6.4 5.4 0.06 0.01 0.06
Mean 7.80 168 186 29.6 9.2 7.6 0.33 0.06 0.20
6 Wolf Cr. Max 8§.20 212 266 48.0 9.0 13.5 0.60 0.10 0.28
Min 7.26 160 208 20.0 3.2 6.3 0.08 0.0 0.08
Mean 7.77 195 228 3.1 64 10.1 0.36 0.04 0.18
7 Bean Cr. Max 8.02 268 3s8 75.5 23.5 7.0 1.80 0.20 0.42
Min 7.71 238 237 26.0 5.0 5.0 0.21 0.10 0 01
Mean 7.86 255 298  51.0 13.3 5.8 0.74 0.12 0.18
8 Up.So. Br. Max 8.12 144 187 26.8 22.0 19.2 1.36 1.60 0.15
Min 7.50 128 152 15,0 3.0 3.5 0.13 0.01 0.03
Mean 7.89 137 l664 21.3 10.0 8.1 0.43 0.53 0.0%
9 Up.So. Br. Max 8.21 246 330 560 R 2 8.0 0.58 0.23
Min 8.02 197 208 340 7.2 50 0.005 0.01
Mean 8.14 218 260 45.0 7.4 6.1 0.29 0.12 0.17
Truax Cr - - - - - 3.5 1.37 (Color =

Fe

0.13
neg
0.06

0.13
0.03
(.08
0.16
0.025
0.09
0

.05
neg
0.02

neg
0.08
0.08
0.06

0.11

147 .0)

(A4



Table 57 (Cont'd.)

Site Stream Range pH Alk Hard ca S04 _C17 Tot. PO,
10 Main Br. Max 8.37 246 288 60.0 10.6 8.5 1.10
Min 7.92 191 191 35,0 3.7 3.0 0.22

Mean 8.18 208 221 43.0 7.8 5.1 0.63

Il Brush Cr. Max 8.40 150 297 68.0 9.5 8.0 0.66
Min 8.12 140 148 26.0 1.2 1.0 0.01

Mean 8.26 148 194 45.0 6.5 3.6 0.44

12 Main Br. Max 8.42 202 305 60.0 8.2 8.0 0.72
Min 7.84 193 198 30.5 3.3 2.5 0.22

Mean 8.24 198 226 43,0 6.3 4.8 0.51

13 Gillchrist Max 8 .36 272 302 62.0 8.5 5.2 0.41
Min B8.10 193 206 23,1 1.0 3.0 0.075

Mean 8.26 217 230 42.0 6.1 4.1 0.25

¥  Hunt Cr. Max 8.35 197 272 68.0 7.2 3.1 0.53
Min 8.22 186 196 30.5 1.0 2.5 0.15

Mean B8.26 193 219 51.0 4.9 2.9 0.32

15 Main Br. Max 8.31 206 262 59.2 10.0 8.5 0.28
Min 7.86 186 198 30.5 2.2 3.0 0.10

Mean 8.16 196 217 45.4 7.2 4.9 0.18

16 Main Br Max B.34 206 267 87.5 9.8 7.6 0.23
Min 8.06 192 200 40.0 7.2 3.5 0.08

Mean 8.22 202 222 62.9 8.7 4.9 0.17

17 No. Br, Max 7.96 170 200 8.0 9.4 0.30
Min 7.80 152 183 6.5 0.2 0.10

Mean 7.85 162 192 5S4 ¢ 7.2 1.4 0.21

18 No Br. Max 8.22 196 250 94.0 14.¢6 6.7 0.42
Min 8.00 150 166 20.1 1.5 3.0 0.22

Mear 8,10 176 203 S0 5 9.2 4.0 0.31

Devila River B 20 - 153 30.4 0.76

_NHy = _NOq
0.32 0.19
0.03 0.05
0.18 0.10
0.32 0.30
0.09 0.07
019 0.17
0.45 0.165
0.02 0.0l
0.26 0.08
046 0.15
0.018 0.015
0.26 0.11
0.60 0.175%
0.033 0.008
0.26 0.09
0.65 0.15
0.028 0.007
0.32 0.08
040 0.13
0.028 0.005
0.23 0 08
0.32 0.16
0.005 0.03%
0.115 0 10
072 0.38
0.36 0.054
0.51 0.205

(Color -

23.2)

=

DOoOO0 OO0 OO0 OO0 0 O

o= R

O QO O

12

.12

.09

12
.04
.08

.10
.03
.0¢

.13
.008
.07
.17

.08
.12

BLZC
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Analyeis of epecific parameters relarive to the major portion
of research in this etudy was done at selected sampling sites in the
river and Thunder Bay at Alpena (Table 58). The phosphate data showed
a high total phosphate level in the river below the gewage ocutfall
(Brl) and near the discharges (Brl and Ba2) of the wood-products plant
(Tables 59 and 60). Thias phosphate composition is carried down to the
river mouth and diluted by the river water until it reaches the bay.
As the river flowe out into the shipping channel, there is further
dilutton. The prevailing wind and currents causes the river to ewing
south along the shoreline as shown by phesphate levels. Selected
soluble phosphate measurements showed that ortheophoaphate constitutes
from fifty to ninety per cent of the total phosphate measured. This
may reflect the degree and rate of hydrolysis occurring in Thunder
Bay waters. The chloride and ammonia levels followod the same move-
ment into the bay and the same dilution patterns,

The calcium levels reflect the contribution of groundwater from
limestone acurces in the river basin (Table 61)}. The river plume can
be clearly distinquished visually or through colorimetric measurement
at the sampling sites in the bay. The natural color would be composed
of vellow organic acids which could interact with the soluble calcium,
The messurement of oxidizable calcium at sampling sites revealed that
a2 significant amount of calcium was being bound up by the organic
material, together with acid-extractable phosphate. This interaction
ts iower at bay sites (Ba and Bu) because of the dilutiorn and lower
levels of calsitum and organic material. In the main river, this in-
volvement ts highest where organic celor was at a high level.

The auspended solids also play a role in the movement of nutrients

inn Thunder Bay waters. The river had a high level of suspended solids.



Yesr Range River Brl

Table 58

Distribution of Selected Parameters at Specific Sites
Thunder Bay River and Thunder Bay

Br2 Br3 Mol Mo2 Mol Bal Ba2 Bal B».

Soluble Phosphate (mg/1)

Max (.22
1971 Min 0.06 -
Mean 0.14

Total Phosphate (mg/l)

Max 0.165 0.62
1970 Min 0.100
Mean 0.142

Max 1.04 4.84
1971 Min 0.15 0.26
Mean 0.43 1.93

Ammonia Nitrogen (mg/1)

Max

1970 Min -
Mean 0.022
Max 0.30

1971 M™in 0.10 -
Maan 0.16

Nitrate Nitrogen (mg/l)
1970 - -

Chloride (mg/l)

1970 8.9 -
Max 5.0

1971 Min 3.% -
Mean 4.5

oo
-
L |

- 0.75 - 0.20 - - - 0.2 - - -
0.62 3.70 0.50 1.00 0.82 0.35 0.56 0.37 0.47 06.35 0.47
0.10 0.43 §.20 0.2) 0.13 0.18 0.09 0.12 0.14 0.18 0.18
0.31 119 0.33 0.44 0.43 0.26 0.32 0.27 0.28 0.29 0.29
1.10 1.55 O. 1.62 1.10 0.82 1.25 1.66 097 110 1.12
0.15 0.2% 0.10 0.08 0.0%9 0.25 0.18 0.18 0.29 0.31 0.18
0.48 0.87 0.33 0.58 0.48 0.59 0.5 0.46 0.5 0.70 0.53

0.095 0.035

0.010 - - - - - 0.018 - - -
0.017 0.052 0.026

1.15 1.48

0.018 - - neg - -

0.012 0.660 neg 0.74 0.015 0.022 neg
- 0.025 - 0.006 - - - 0.010 - - -
- 16.6 - 10.3 12.5 - 9.8 9.4 11.2 - 9.8

2.5 8.0 6.0 6.0 6.0 6.5 6.5

40 40 4.0 4.5 45 S50 4.0

68 6.2 50 48 52 40 52 75 52 40 45

Beb

Sewage

11.0

8.1

96

¢



Table 58 (Cont'd.,)

Year Range River Brl Br2 Br3 Mol MoZ Mol Bal Bal Bal Bah Ba5 Bab

Solutle Calcium (mg/l)
Max 71.0 38.2 84.0 84.0 100.0 64.0 71.0 75.0 75.0

1971 Min 2000 31.8 3.4 24.0 24.0 19.6 22.0 - 22.0 18.7 22.0 5S40 -
Mean 41.8 350 52.0 43.6 Gh 4 24.2 48.5 37.2 41.4

Oxidizable Calcium (mg/l)
Max 40.0 49.0 17.0 48.0 65.0 27.5 16.0 29.6

1971 Min 8.0 - 8.0 5.0 - 2.0 4.2 - 12.0 4.0 3.0 50.0 -
Mean 21.8 206 10.9 22.1 242 18.5 11.8 15 6

Suspended Solids (mg/l1)
Max 12.0 7.9

1970 Min - - - 14 0 - 8.0 - - 4.0 6.0 4.4 - -
Mean 7.2 5.7
Max 17.¢ 18.0 15.0 18.0 14.0 22.0 15.0 1l6.0

1971 Min 3.6 - 3.2 6.0 - 4.8 4.4 - 5.2 4.0 3.2 6.0 -
Mean 8.0 8.3 8.7 9.6 8.7 10.7 7.4 7.9

Acid-Extractable Phosphate (mg/1)

1970 - - - - - 0.08 - - - 0.10 - - -
Max 1.10 0.28 1.35 1.35 1.16 0.93 0.32 0.40

1971  Min 0.05 - 0.04 neg =~ 0.05 neg -~ 0.11 neg 0.22 0.17 -
Mean 0.46 0.14 0.40 0.40 0.27 0.43 Q.16 0.27

pd_
Max 8.17 8.12 8.30 8.25 8.20 8.20 7.90 8.23 7.78

1971 Min 7.85 8.00 7.94 7.38 7.80 7.90 7.B4 - 7.88 7.92 7 73 - -
Mean 8.02 8.06 B8.11 7.92 8.046 8.00 7.89 8.09 7.75

Color (mg=Carbon/1)
Max 56.4 38,8 56.5 55.8 500 42.6 23.2 35.1 5.0

1971 Min 5.0 200 44 38 00 10.0 82 - 219 25 0.0 - -
Mesn 40.4 29 4 138.3 25.3 300 27.2 22.5 21.7 2.5

BGZL



Table 58 (“ont'd.)

Year Range River Bul Bu2 Bul Bué BuS5 Bub Bu? Bu8 Bu% Bul0 Sewage

Seluble Phesphate (mg/1)

1971 0.14 - = 0,13 - - - - - - - 11.0

Total Phoaphate (mg/1)
Max 0.165 1.70 0.39 0.39 0.47 0.58 0.26 0.28 43.0

1970 Min 0.100 0.28 0.30 0.07 ©.37 0.10 0.25 - 0.18 0.22 0.16 11.0
Mean 0.140 0.8 0.25 0.38 0,26 0.44 0.22 0.25 27.0
Max 1.04 0.°8 2.26 1.16¢ 1.72 0.42 0.38 0.22

1971 hin .15 0,07 0.1 0.23 0.28 0.37 0.37 - 0.25 0.18 0.20 -
Mean 0.43 0.4 0.8 0.62 0.76¢ 0.37 0,32 0.28 0.22

Ammonia Nitrogen (mg/l)

1970 0.022 - - - - - - - -« 0.008 - 8.1

Chloride (mg/1)

1970 8.9 - - 9.0 - - - - - 9.4 - 96.0
Max 5.0 6.0 6.0

1871 Min 3.5 4.5 3.5 3.5 4.0 4.5 4.0 .0 5.0 - 4.5 -
Mean 4.5 4.8 5.5

Soluble Calciuwm (mg/1)
Max 71.0 26.4 50.0 26.4 26.0 42.0

1871 Min 20.0 - 22.0 17.9 19.0 24.4 50.0 - 24,0 15,2 25.0 -
Mean 41.8 2L.4 26,9 22.7 25.1 33.5

Oxidizable Calctum (mg/1)
Max 40,0 18.0 17.0 21.0

1971 Min 8.0 - 4.3 1.1 23.0 10.0 12.0 - £.0 - 17,0 -
Mean 21.8 11.8 9.3 15.3

Color (mg=Carbon/l)
Max 56.4 107.0 54.5 56.3 10.0

1971  Min 5.6 23.2 23.2 0.0 0.0 5.0 3.9 - 25,0 -  neg -
Mean 4i.4 1.8 26,2 28.2 e

q5¢¢



Table 58 (Cont'd.)

Year Range River Bul! Bu2 Bul Bud Bu5 Bub Bu8 Bu9  Bull
Suspended Solida (mg/l)
Max 9.0 9.9 8.0 1.0 15.0 8.0
1970  Min - 56 50 30 20 4.0 3.0 4.0 4.0 -
Maan 6.3 58 4.3 8.0 7.3 6.0
Max 7.0 11.6 9.2 £.6 7.0 6.0 5.2
1371 Min 3.6 0 5.0 2.8 50 4.0 7.6 - 2.8 4.0
Mean 8.0 51 67 53 5.0 L& 4.6
Acid-Extractable Phosphare {mg/l)
1978 - - - 0.025 - 0 73 - 0.42%
Max 1.1G (7 0.8 019 0O 12 0 2%
1971 Min 0 05 24 0.02 0,07 0.1 3 Q. 0.03 - 0.11 0.308 .
Mean 0.46 015 0.2 9.18 0 08 0 18 ~
e
_pH_
Max 8.17 798 8.3
1971 Min 7.85 - 7.55 7.7% 7.70 1.72 - - 8.38 -
Mean 8.03 7.72 8.11
Total Phosphate at Selected Depths  (mg/l)
Depth Mol Mc?2 Mo Bal Ba2 Ra3 Ba4
(ft)
Surfa-s 2 30 - 0.25 0.25 0.28
3 0.30 0.43 0.43 0.20 0.25 0.28 0.37
6 0.38 0.42 0.28 0.18 0.39 0.28 0.32
g 0.25 0 33 0.23 - - - -
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Table 60

1971 Mean Morthly Phosphate (mg/l) for

Thunder Bay and River Survey

Month _§££g§3a11 _ _Mouth
kiver Brl Br2 Br3 Mol Mo 2 Mo3

Jun - - 0.90 1.09 - 0 38 0.55

Jul Q.35 0.26 0.34 0.52 0.27 0.31 0.38

Aug 0. 49 4 .84 0.33 0.60 0.28 0.57 0.22

Sep 0.42 1.31 0.28B 1.18 0.5 0.57 D.73

Qct Q.45 - - 1.12 - 0.91 0.50

Mean 0 43 2 14 0 46 0.90 0.33 0.535 Q.48

Month Bal Ba2 Ba3 Bq&_ Ba5 Baé

Jun - Q.42 0.35 0.54 - -

Jul 0.25 0.78 0,28 0.33 0.30 N, 30

Aug 0.82 0.58 0.43 0.68 1.10 1.12

Sep - - 0,81 - - -

Oct - - 0.30 - - -

Mean 0.53 0.59 0.43 0.%52 0.76G 0.71

Outer Bay - Buoy

Month Bul Bu2 Buil Bud Bu3b Bub Bu8 Bu9 BulD
Jun - 0 38 0.5 0.2 0.43 - 0.39 .38 -
Jul - 0.30 O 23 0.30 0.28 - 0.25 - 0.23
Aug D0.07 0.41 1.9% 0.72 1.27 0.37 0.26 - 0.20
Jep - - 1 44 - - - - 18 -
Oct - - 0.3° - - - - - -

Mean 0.07 0.36 073 ©.51 0©€.66 0.37 0.30 0.28 0.22
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1971

Fall
1971
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Table 61

__Calcium in Thunder Bay Watershed

Site

River
Br2
Brl
Mo?2
Mo3
Ba?2
Ba3
Bad
Bu3l
Bub5
Bu8
Bulo

Mean

River
Br2
Br3
Mo?
Mo3
Ba3
Bai
Bu2
Bul
BuS

Mean

Range

Main
River

Main
Trib,

Streams

Max
Min
Mean

Max
Min
Mean

Max
Min
Mean

Thunder Bay

Natur

al Ca (mg)

76.0
84.5
83,0
85.5
60, 2
74,0
647.0
64 5
32.3
25. 5
24 .0
33.5

59.2

30.6
37.3
36.5
31.5
36.3
29.7
24.0
25.6
23.0
24 .4

29.9

Watershed

Jxidized Ca (552 _pH

34,0
16 .0
18.0
21.4
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Natural Ca (mg)

g8.01
8.11
8.07
8.05
8.02
8.10
7.73
7.52
7.98
7,72

7.93

Oxidized Ca (mg) pH Ext. PO,

BO.
38.
48,

54,
26.
38.

43.
36.
40.

MRS OOQ =00

61.8
9.7
25.4
37.5
4.4
18.1
16.2
3.0
9.3

8.36
7.60
8.19

B.22
7.96
8.09
8.40
7.97
8.19

.39
.09
.41

a5

neg
0.43

0.82
neg
0.27

O SO~
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Comparable levels were found in Thunder Bay (Bu3, Bu5, Ba3, Bai4, Mo2,
and Mo3), possibly from the cement dust fallout. These solids did
contain acid-extractable phosphate, especially in the areas (Bu3l and
Mo2) where dissolved phosphate levels were high (Table 62). The
amount of phosphate extracted with acid was constant over a two-year
period (0.24 mg). The milligrams of phosphate extracted for each
milligram of suspended sclids recovered was also constant at 0.033 mg,

Most of the oxygen-temperature profile results (Table 63), indic-
ated the lack of a thermocline in the inner bay and river where the
river current has an influence. There was sufficient dissolved oxygen
(mean of 7.3 ppm) for intolerant cold-water fish species and intoler-
ant organisms according to Michigan Water Resour:es Commiassion (1967),
Water Quality Standards (Appendix IV)., The measurement at various
depths reflected the slight depletion of oxvygen as depth increases
and the cooling of water with depth. The phosphate measurements at
similar depths {(Table 64) showed that the selection of the three to
six feet depths as sampling area would represent the uniform composi-
tion of the water at the sampling site.

The sewage plant data (Tables 47, 48, 65, and 66), indicated that
the amount of plant effluent and {its composition varies with season,
day and amount of rainfall., The highest flows were recorded during
the apring and early summer of the year and did not appreciably affect
the levels of the chemical parameters, The beginning and middle of
the week had the highest level of components measured in the composite
sewage samples, The removal of BOD and suspended sclids reflect that
of a primary treatment facility. The nutrient levels indicate that
the treatment is not affecting nitrogen levels and is enhancing the

amount of phosphate that is present in the discharge of the effluent,
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Table 62

Acid-Extractsble Phosphate of Thunder Bay Suspended Solids

Date

9/70

10/70

11/70

Mean
6/71

7/71

8/71

3/71

10/71

Mean

Site Suep,.Solids Tot, PO4
(mg/1) (mg /1)
Bal3 7.5 .28
Bu3 7.0 =23
Bub 10.0 .18
BuB 6.0 .26
Bu9 4,0 .28
Mo?.-3 8.0 .32
Ba3 7.3 L3
Bul 5.0 .70
Bal +,0 .28
Bub 8.3 . P
Bu7 3.5 55
Ba3l 7.5 .35
Bul 6.0 .28
Bu3 7.0 .38
BubS 4,0 .28
7.0 0.34
Mo?2 6.8 Aol
Ba2 8.1 L2
Bad 6.4 54
Bu? 5.1 .38
Bul 4.9 .57
Bu4 5.3 .52
BuB 6.0 .39
Mo3 12.5 .38
Ba4 12.5 .33
Bu?l 8.0 .23
Bu5 7.0 - 37
Bulld 4.0 .23
Mo? 5.9 .58
Ba3d 5.1 .43
Ba4 4.8 .68
Ba3 6.0 1.10
Bu3j 6.0 1.05
Bub 5.8 1,05
Mo? 8.2 .57
Ba3l 6.6 L,92
Bu3l 9.2 2,26
Mo 2 1¢.0 .91
Bal 5.9 .30
Bu3 8.4 .37
6.8 0.62

Ext: ac. PO,

(mg)
.30
.14
e 2%
. 36
.10

.28
.24
.10
.21

~
. &

.36

.33
.21
.10
.12

.24

.05
.16
. 26
.05
G4
.12
.18

.19
.27
.08
.10
.08

.35
.13
.22
.17
.15
07

.20
.20
.84

1,05

~
- L

.57
0.24

PO, /Sol1d
?:ngs)

.040
.020
024
.060
.025

035
.0%
.020
.050
024
.038

. 044
.035
014
.030

0.033

007
.020
. 040
.010
.08
.023
.030

017
.021
.010
.014
.020

.058
.038
.056
.028
.025
.610

.024
.030
.0%0

.105
.042
L 068

0.033
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Table 63

Dissolved Oxygen(mg/1) and Temperature(C) Profile in Thunder Bay
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Table 64

Phosphate Measurement(mg/l1) at Various Depths in Thunder Bay

Date Site Surface 3 fr, 6 ft. 9 ft. _Mean
8/28/70 River - 0.10 0.05 - 0,075
Br3 - 0.60 0.70 - 0.650
9/8/70 River - d.15 0.16 - 0.15¢
Br? - 0.20 0.23 - 0.215
Br3 - 0.85 1.05 - 0.950
10/12/770 Bal - - N0.18 - 0.18
Ba? - 0.25 0.35 - 0.30
Ba3 - 0.7 Q.33 - Q.30
Baé4 - 0.37 0.31 - 0,34
e o2 - 0.50 0.54 . 0.5%2
Mo 3 - 0.51 Q.47 - .49
11/s, Ba2 0.25 0.25 0.21 - 0.243
Ba3 0.25 Q.28 0.23 - 0.253
Ba4 0,28 0.37 0.30 - 0.317
11/5/70 Mol - 0.30 0.28 0,25 0.276
Mo?2 - 0.37 0.30 0.33 0.333
Mo3 - 0.25 Q.18 0.23 0.220
Mean River - 0.12 c.11 - 0.116
Br?2 - 0.20 0.23 - 0.215
Br3 - 0.72 0.88 - 0.800
Mol - 0.30 0.28 0.25 0.276
Mo ?2 - 0,44 0.42 0.33 0,400
Mo3 - 0.43 D.28 0,23 D.360
Bal - - 0.18 - 0.180
Ba? 0.25 0.25 0.29 - 0.263
Ba3 0.28 0.28 0.28 - 0,280

Bad c.28 0.37 0.32 - 0.323
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Table 65

Monthly Means (mg/1) by Day for Alpena Sewage Effluent

Month M.G.D. Ccl~ Scol. PO, Tot.PO, NHy NO4 Hard Alk
Sunday
9/70 - 96 8.0 14,8 6.7 0.46 - -
10/70 1,70 97 - 26.1 - - . -
12/70 2.36 - 3.6 10.3 14.0 - - -
1/71 1.67 198 12.8 22.0 10.8 0,37 185
2/71 1.95 140 14,5 20.5 15.8 0,92 280 .
3/71 4.29 240 10.8 18.0 5.4 Q.90 3is -
4/71 4,30 212 6.2 I1.6 1.7 1.26 322 -
5/71 7.88 161 9.8 16,2 5.2 0.77 320 -
6/71 3,40 235 9.8 12.8 8.5 0.9%0 - -
7/71 4,10 120 5.8 26 .4 6.2 Q.25 278 238
8/71 2.39 85 10.0 13.2 6,2 0,07 232 216
9/71 2.92 80 8.4 24.5 8.0 0.25 201 -
10/71 1.55 90 12.7 20.1 15.8 0.20 244 .
12/71 2.49 265 8.9 11.8 9,2 0.40 - 224
Mean 2.55 156 9.3 17.7 8.7 0.52 264 226
Tuesday
9/69 - - - 18.0 - - - -
9/70 2.47 89 8.0 20.6 3.6 0.30 - -
12/7¢ 2.62 - 12.8 25,2 7.1 D.56 - -
1/71 1.88 125 11.7 25.0 5.2 0.36 l4b -
2/71 1.99 102 18,5 26,0 15.5 0.39 27N -
/7 3.51 215 16 .0 25,0 8.4 0.76 318 .
4/71 5.20 180 5.2 12.0 1.8 0.96 324 -
5/71 4,48 160 9.2 18.6 5.0 0.78 270 .
77N 2.97 90 9.8 21.5 6.7 0.31 202 192
8/71 3.56 175 15.5 18,7 15,7 0.28 226 203
10/71 2.2 80 12.8 16.7 13,7 0.23 249 -
11/71 1.85 160 16.5 28,3 10.7 0.86 276 220
12/71 2.22 140 16.1 17.9 7.5 0.21 348 232
Me an 2.84 138 12.7 21,0 8.9 0.50 263 217
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Table 65 {(Cont'd.)

Mocnth M.G.D. Cl- Sol PO, Tot.POa

Wednerday
9/70 2.31 103 ~ 25.0
10/70 1.86 > 16.0 30.5
12/7C 2.62 - 11.3 24,4
1/71 1.94 228 12.3 19.5
z2/7 2.02 246 17.0 26,2
3/71 3.92 175 8.0 15.5
4/71 5.10 185 5.3 11.6
c/71 4.01 193 8.6 16,2
6/71 4,72 167 8.6 1f.1
7/71 2.84 90 12.8 2.4
8/71  2.83 172 15.7 1.8
9/71 2.52 75 8.4 24.6
11/71 1.79 245 15.0 28.C
12/71 5.68 90 4.4 5.5
Mean 3.15 163 11.0 20.3
Thursday
9/69 - - - 18.1
9/70 2.33 102 1.4 32.0
10/70 2.00 - 19.0 30.0
11/70 2.17 13.5 27.0
12/70 2.70 - 11,2 21.0
1/71 1.95 312 12,7 31.5
2/71 2.00 106 18.0 27.0
3/71 2.86 248 10.5 18,0
4/71 4,42 230 6.1 12.0
5/71 3.43 170 8.6 20.5
7/71 3,92 100 13.7 18.0
8/71 3.28 120 8.0 22.6
9/71 2,92 100 6.7 18,2
10/71 1.69 100 16,5 25.0
11/71 1.56 110 20.6 32.8
12/71 2.98 150 12,2 15.9
Mean 2.68 154 12.7 23.1

NH,
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-~ QDO N0 N
WV Ui~ WO W 0O N

¥

wh
.
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- - L) L]
wn

L] L) * [ ] -

o
- M-

W OO OD®OWN

L]

NO}— Hard Alk
0.68 -

0.78 254 -
0.62 313

1.03 328 -
1.42 326 -
1.85 -

0,22 2472 -
0.21 2213 194
0,26 195 -
1.12 283 212
0.58 233 136
0.80 266 181
0.59 -

0.34 204 -
0.94 229 -
0.78 290

1,06 296

0,62 270 -
1.07 277 -
0.08 254 210
0.13 222 -
0.25% 249 .
0.50 246 218
0.48 365 212
0.57 263 22C
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Table 66

Alpena Sewage Effluent Means (mg/l) for Specific Days

L1979

c1-

97
118.5
89

100
39

116

93.53

_Cls
Q.86

1.80

0.75
1.50

1.40

1.26

1971

_Day Sol. PO, Tot. PO,
Sun 8.0 20.5
Mo 15,5 26.8
Tues 13.5 24,2
Wed 12,2 25.6
Thur 9.6 24.6
Fri - 23.6
Sat 17.0 31.7
Mean 12.6 25.3
Day Sol.P0, Tot,FQ, Cl-
Sun 10.7 18.4 188
Tues 9.3 21.1 137
Wed 11.6 25.8 190
Thur 10.8 19.8 200
Mean 10.6 21.3 17%
IN 8.4 13,2 134
ouT B_7 16.7 160

L

7.6
7.2
8.0
5.8

7.4

7.1

_NO4

0.91
0.60
1.12
0.85

0.87

iy _NO4
b.6 0.46
14.0 0.27
7.8 0.34
8.5 0.36
8.2 0.60
9.¢ 0.41

pH Alk Hard
7.42 224 292
7.30 201 256
7.50 223 301
7.37 201 266
7.40 212 279
7.40 215 280
7.45 215 280

_Deter°

1.10

ke

LG0

1.55

0,77
0.91
0.80

0.83



Appendix 1II, Resources of Thunder Bay Watershed
Geographic Sites and Sampling Locations,



THUNDER BAY WATERSHED SAMPLING LOCATIONS
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Table 67

Description of Thunder Bay Basin Geographic Sites

Site Geographic lLocation Degcription

A City of Alpena Located on Thunder Bay, main river
and Beaser Lake are within city limics.

B Village of Hillman located near the county line with a
population of 450,

C Village of Atlanta Located at the junction of M32 and
M33 with a population of 1000

D Rush Lake The floodwatera of the Rush Lake flow
into North Branch which {s controlled
by a dam in Montmorency County.

E McCormick Lake The main branch flows through the lake
where the original dam is in dis-repair.

F Fletcher Pond The backwaters of the dam on the
Upper South Branch has formed an
expansive floodwaters in Alpena and
Montwmorency Co.

G Beaver Lake A deep, spring- fed lake that has a
natural flow into Beaver Creek.

H Hubbard Lake A largs natural lake, 3 by 7 miles in
size, whose level is controlled by a
dam where flow is into Lower South
Branch,

J Devils Lake A bog, marsh lake with much sedimentation
and a dam controlling level, with over-
flow entering North Branch Devils River.

Main Branch Thunder In Montmorency County, the river is
Bay River 13.0 miles in length, flowing through
brushwood and cleared areas, passing
from McCormick Lake through Lake Fifteen
into backwaters at Atlanta. Elevation
875-1100.

In Alpena, County, the river 1is 25,5
miles long before it reaches the 7-mile
dam pond, The remainder of the river
passing through the three reservoirs

of the 7-mile, 4-mile, and 9th St. dams
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Table 67 {Zont'd.)

Geographic Location

Devils River

Descrintigg

1s 11.0 miles long. All types of
terrain is along the shores -

forest, brush, marash, cleared areas.
Elevation i{s 650 to 775 feet,

Swiftly moving stream, clear water
{2-3 ft.) over gravel-rock bottom,
sand banks, 10 to 12 feet wide with
holes near mouth,



Appendix III: Table 68

Description of Limnological Sampling Stations in Thunder Bay Basin

Site Water Rasource
1 Main Branch
2 Main Branch
3 Main Branch
4 Lower South
Branch
5 Lower South

_Location

Alpena

Ninth Streat
Bridge

Four Mile Dam

M-32 Bridge

Hubbard Lake

Station Description

Depth: 15 to 20 feet. Width: 150 to 175 feet.

At the mouth of the main branch of the river the water
drops off quickly at the breakwall where sample was
taken five faet off shore. The shipping channel is
dredged periodically so that the bottom and sides are
s{lted and sparse of vegetation.

Depth: 4 to 10 feet. Width: 100 to 150 feet.
Current is dependent on dam operation, rocky bottom,
and extensive growth on stones and large boulders.

Depth: 2 to 4 feet. Width: 50 to 100 feet.
Bottom type: Rocky with gravel snd rock slabs.
Vegetation: Some aquatic growth and algae.
Current flow depends on operation of dam.

Depth: 6 to 8 feet. Width: 20 to 25 feet.
Bottom type: S{ilt-sand bottoms in holes and gravel and
sandy in fast water.

Vegetation: Heavy in clear, swift water and on sandbanks.

Current is moderate-to-fast in ripples and shallow-rocky
areas. Moat deep holes have a large accumulation of wood
and some vegetation on muddy-sandy hottoms.

Depth: 2 to 4 feet. Width: 30 t> 50 feet.

Bottowm type: Sand and gravel marl.

Vegetation: 5Some submerged growth and algae on rocks
Swift current below dam as clear water.

(Above Hubbard lLake, river has a moderate flow and {s
somewhat turbid from swamp areas - 3 to 4 feet deep.)

BEL



Site Water Resource
b Wolf Creek
7 Bean Creek
8 Upper South

Branch
5 Upper South
Branch
10 Main Branch
11 Brush Lake
and Creek
12 Main Branch

Table 68 (Cont'd.)

Location

Hubbard Lake
Road Bridge

M-32 Bridge

Bean Creek
Road Bridge

M=-32 Bridge

Turtle Lake
Bridge

Hillman Dam

Dam at Hillman

M=32 Bridge

Station Description

Depth: 4 to 8 feet. Width: 40 to 60 feaet.

Bottom type: Soft mud-silt and sand, little aquatic
1ife and vege*ation.

Slight turbidity, with brown color and slow current.

Depth: 2 to 4 feet. Width: 10 to 15 feet.

311t bottom, very slow current, abundant vegetation &s &
drainage stream from swamp areas with brown color.
Depth: 1 to 3 feet. Width: 12 to 18 feet.

Moderate current over rocks: (ntd> intermittent holes,
with silt-sand bottoms, clear and colored, few aquatic
animals and little vegetation.

Depth: 3 to 5 feet. Width: 40 to 60 feet.

The level of this branch is controlled by a dam on
Fletcher Pond. Flows swiftly over gravel-rocky bottom
Somevhat turbid with aquatic growth on rocks.
(Mud-sand bottom at mouth, 4 to 6 feet deep.)

Depth: & to 6 feet., Width: 20 to 30 feet.

Above Fletcher Pond, the strsam has a swift current
with a sand, gravel-rocky bottom and vegetation in
siltation at bottowm and sides of pools,.

Depth: 3 to & feet. Width: 40 to 60 feet.
Clear water and swift current below dam, with clay-silit
bottom and gravel with algae. Crayfish are abundant.

Depth: Flows directly from lake over dam into main branch.

Fast over rocks with algse growth,k c¢lear and colored

Depth: 3 to 6 feet. Width: 30 to 50 feet.

Turbid water with large amounts of sedimentation Rock-
c¢iay boctom. River becomes turbid below the mouths of
Gilchriest and Hunt Creeks as it fiows into Hillwman Pond.

6Ll



Site
13

14

15

16

17

18

Water Resource

Gilchrist Creek

Hunt Craek

Main Branch

Main Branch

North Branch

North Branch

Location
M=33 Bridge

At Mouth

Atlanta Dam

McCormick Lake

Rush Lake

Male Corners
Bridge

Table . (Cont'd.)

Station Description
Depth: 2 to 4 feet., Width: 20 to 30 fest.
Swift current in rapids over gravel-rocky bottoms.
Holes at stream curves with sand-fine gravel bottom.
Aquatic growth snd siltation along banks,

Depth: 1 to 3 feet. Width: 15 to 20 feet.
Rapid stream flow over rocks and gravel. Clear non-turbid
water with siltation and vegetation along shore.

Depth: 2 to &4 feet. Width: 30 to 40 feet.

River flows from the Atlanta Pond over s dam used to
control lake level. Current {s swift over a rock-gravel
bottom. Some aquatic growth on the stones.

Depth: 2 to 3 feet. Width: 15 to 20 feet.

The headwaters of the Thunder Bay River {s at the lake,
Lake level-controlling dam is in disrepair. River flows
swiftly over a clay-marl bottom with gravel and sand.
Water is clear and has chalky color. Vegetation along
lowlands and floodplains (s extensive.

Depth: 1 to 2 feet. Width: 10 to 15 feet.

A dam controls the Rush Lake Flood Ares, sc stream flows

moderataly fast through a swampy aresa over a sand bottom

with siltation and vegetation along the shore.

(Above Sunken Lake, river has & rocky, gravel bottom.
Below the iake, the bottom is sand-muck with clay banks
and hard outcrop bottom.)

Depth: 6 to 8 feet, Width: 50 to 60 feet.

Slowly moving, clear and colored, over sand bottom with some
vegetation., Highly variable flow derived almost entirely
from direct surface run«off draining fine, tmperivous soils.

0%



Appendix IV, Michigan Water Qualitv Standards
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Appendix IV

Michigan Water Quality Standards
(Michigan Water Resources Commission, 1967)

DISSOLVED OXYGEN (mg/1)

Domeatic Water Supply - Present at all times in sufficient
quantities to prevent nulsance.
Recreation (Body Contact) - Present at all times in sufficient
aqauantities to prevent nuisance.
Agricultural-Comerc{al ~ Average daily not less than 2.5, nor
any single value leas than 2.0.
Fiah and Aqustic Life - At the average low river flow of 7-day
duration expected to occur in 10 years
the following D.0, values shall be:
Intolerant fish-cold water species - Not less than 6 at any time,
Intolerant fish-warm water gpecies - Average daily D,.0O, not less
than 5, nor shall any single
value be less than 4.
Tolerant figh-warm water species - Average daily D,0. not less
than 4, nor any single value
less than 3,

TOXIC AND DELETERIOUS SUBSTANCES

Domestic Water Supply - Conform to current USPHS Drinking Water

and Agricultural Standards as Ttelated to toxicants,.

Recreation (Body Contact) - Limitaed to concentrations less than

those which are or may become injur-
: lous to the designated use,

Fish and Aquatic Life - Not to exceed 1/10 of the 96-hour median
tolerance limit obtained from continuous
flow bio-ansays where the dilution water
and toxicant are continuously renewed
except that other application factors may
be used in aspecific cases when justified
on the basis of available evidence and
approved by the appropriate agency.

TOTAL DISSOLVED SOLIDS (mg/1)

Domestic Water Supply - Shalil not exceed 500 as a monthly mean nor
exceed 750 at any time. Chloride monthly
mean shall not exceed 75, nor shall any
single value exceed 125,

Recreation (Body Contact) - Limited to concentrations less than

those which are or may become injur-
; fous to the designated use.

Fish and Aquatic Life - Standards to be established when informa-

tion becomes available on deleterious effects,
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APPENDIX 1V (Cont'd.)

NUTRIENTS
{Same for all Usges)
Nutrients originating from industrial, municipal, or domestic
animal sources shall be limited to the extent necemsary to
prevent the stimulation of growtha of algae, weeds and slimes
which are or may become injurious to the designated use.

TEMPERATURE (F)

Domestic Water Supply - The maximum natural water temperature shall
not be increased by more than 10F.

Recreation (Body Contact) - Maximm - 90F,

Fish and Aquatic Life - In water capable of supporting:

Allowable Max{imum
Ambient Increase Limit
Intolerant Fish- 32° to natural 10° 70°
cold water species maximm
Intolerant Figh- 320 to 359 15°
warm water species 136° to natural 10° 85
max imum
Intolerant Fish- 320 to 59° 15° o
WArm water species 60° to natural 10° 87
maximmm

HYDROGEN ION (pH)

Domestic Water Supply - pH shall not have an {nduced variation of
more than 0.5 unit as a result of unnatural
sources.

Recreation (Body Contact) - Mainteined within the range 6.5 to 8.8

with a maximwm induced variation of
0.5 unit within this range.

Fish and Aquatic Life - Maintained between 6.5 and 8.8 with a wmaxi-
mum artificially induced variation of 1.0
unit within this range. Changes in the pH
of natural waters outside these values
must be toward neutrality (7.0).



