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INTRODUCTICN

The Semi-chemical Pulp Waste project is one of a number of research
projects sponsored by the Hational Council for Stream Improvement, Inc.
(of the Pulp, Paper and Peperboard Industries) in an effort to aid in the
abatement of industrial streem pollution., Punds for the project were
granted to the V,P,I. Research Foundation which entered into a contract to
conduet the investigation. The project was carried out on the industrial
fellowship plan under the general direction of Dean E, B. Norris., Dr. F. C.
Vilbrandt, Professor of Chemical Engineering, served as project director
with P, H. MeGauhey, Professor of Sanitary Engineering, as co-d

The purpose of the project was to explore the possibility of reducing
the pollutional effects of semi-chemical pulp wastes, either through treat-
ment of wastes or alteration of procees. :

The program included a survey of available literature; the preparation
of material balances and flow diagrams; the determination of the composi-
tion of effluents; and the extent of stream pollution.

Three chemical engineers, Messrs, H., Kress, E., R. Turner and
B, Jacknin, and one sanitary engineer, the author, were assigned to the
neering aspects of the program, while the author was concerned primsrily

The National Comtainer Corporation of Virginia's plamt at Dig Island,
Virginia was the focus of the investigation. This plant, produeing 100
tons of paper daily, is located on the James River halfway between Lymeh-
burg and Hatural Dridge,

Studies made on the river in the reaches below the plant during the
period from July 25 to August 28, 1947 serve as scurce material for this

thesis.




Existing Conditlons

The James River above Big Island is a stream of approximetely 50 miles
in length to which the Jackson River, its prinecipal headwaters tributary,
adds another 87 miles, making a total length for the twe of approximately
137 miles.

Located on these streams above Big Island are the communities of
Covington, Clifton Forge, Iron Gate, Zagle Rock, Buchanan, and Glasgow,
The River is of primsry importance to these towns and cities, and is of
great concern to the entire State since a large portion of Virginla lies in
the James River Basin. (See Map 1.)

¥r, B, C. Moomaw, Jr, (1) in reporting on data taken from a survey made
on the James River states:

"The James and Jackson Rivers are streams which have now a muber of
objectionable features, These are primerily the wide fluctuations in stream
flow, varying from destructive floods to severs droughts, and widespread
pollution of the stream by industrisl wastes and municipal sewage, This
latter condition has long been the subject of Statewide comcern. Alwost
every legislature for the past thirty vears has considered bills for the
prevention of pollutien, These bills were aimed primarily at the James
River, The lLegislature of 1916 enacted such a measure into law.®

lie goes on to say that this State Water Control Law is "a bill designed
to (1) prevent pollution from new sources (2) prevent increase of pollution
from existing sources (3) gradually reduce the pollution from existing
sources. SIS
"The operation of this law, over the years will do much to reduce the
pollution of the James River. It is my information that the industries at
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Covington, Big Islaend, and Iymehburg, are installing or have definite plans
for installing facilities which will substantially reduce the pollutiom
they are now discharging into the stream, DBut these industries (peper and
pulp mamufacture) use enormous quantities of water, While it is possible
to treat their more concentrated wastes, the millions of gallons of water
used in processing and washing the pulp camnot be treated econondeally.
of such water into the stream.”

The James River is characterised by wide fluctuations in stream flow,
The maxizum flow at Baleony Falls, a town located a few wiles above Big
Island, is recorded as 100,000 efs, and the minimem as 242 efs. This, of
course, represents a range from a condition of destruetive flooding to one
of severe drought.

In regards to strean conditions lir, Noomaw (1) says further:

"liore serious than the flood hasard is the other extreme of low water
which ocecurs practically every year for periods of from three to five months
and which carries with it a high concentration of industrial and municipal
pollution, The pollution renders the water unfit for domestic or municipal
water supply and for most industrial uses. The stream has an unattractive
color, and a disagreeable odor which makes it unplessant for those who live
near it, Conditions are unfavorsble for fish and wildlife, and boating,
fishing, and other recreational uses of the stream ave possible to a very
limited extent, -

"Every few years there is an umsually severe drought whieh aggravates
these conditions. During such periods the stream gets very low, and stog-
nant pools are left along its edges. The pollution becomes highly concen-
trated and under the effects of the summer heat omes very objectionable.
The small volume of water moves so slowly that the natural forces of puri~




fication do not work effeetively and the objectioneble conditions are
short duretion and do nol oceur every year, they serve to exphasize the
worst features of present conditioms,

"Pollution both from munieipal and industrial sources exists on the
Jackson and James Rivers at several points., This pollutiom, considered in
terms of sewer comnected population is as follows: At Covington, the polln-
tion is equal to a sewer comnected population of 373,000; at Rayon Terrace
of 24,0003 at Clifton Forge 6,000; at Iren Gate 7,500.

“This renders 2h miles of the Jackson River unfit for other uses, The
10 n carries dowmstream through the James with diminishing intensity,
as it is diluted with clear water from the tributary streams and as the
natural forces of stream purification get in thelr benefieial work. However
m%m«mﬁsmmmmwwmmﬂmrmw
ance of & polluted siream., 7The water is brown or black with frequent oceur-
rences of white foam, and there are noticeable odors. During the hot summer
menths, these conditioms are intensified, and have been the subject of wmuch
complaint from the commmmities along the stream, 4 little fishing is done,
especially for the coarser {ish, ing and other recrestional uses of the
pleasant nature of the stream,

"By the time the river reaches Dalcony Falls, evidences of this pollu-
tion have disappéared and the nine miles of stream from that point to Big
Island are practically clear, There is considerable boating, fishing, and
other recreational use of the River at Big Island above the danm,

"However, at Big Ialand, Wtﬁﬂmm again enter the streanm in an
m equivalent to a sewer connocted population of 81,000, This renews
the polluted conditions of the stream to Lynchburg, where combined municipal




sewage and industrisl wastes are discharged into the stream in an amount
equivalent to a sewer connected population of 210,000, Thus again there is
a highly polluted condition of the James with the usual objectionsble fea~
tures, beginning at Big Island, continuming through Awherst and Mﬁﬁ
counties to lynchburg where they are greatly intensified, end then extend-
natural forces of stream purification gradually correct the charachter of
the water." |

Pollution is a rather ambipguous termj and being sueh, lends itself to

oversy, Wiley (2), however, defines it im such a way as to be aceept~
able by any guarter. He considers pollution as an unwarranted or wreason~
able amount of objectionable substances contributed to the natural waters
uﬁ‘aa‘bmwﬁﬁ&, because of the amount and kind, should be removed, coun~

likewise, & coniroversial issue in the subject of stream pollution is
the question of whose rights shall prevail, the public's or industry's.
Although it is now generally accepted that pollution sbatement is necessary,
industry does not agree with the public on the necessity of immediate prose-

ock (3), defends industry's point

of view by stating that industry is a vital part of ocur economy, snd it must
~ be given an opportunity to continue., Until satisfactory processes for waste
treatment are developed, "it is advisable that an existing plant use the
stream as the final disposal medium for liguid wastes from mmicipality as
well as industry.” The public's point of view is defended |
who cites a statement frow a division of the Court of Camson Pleas of Phila~
delphia County as being & signal for action on a mstter which has been put
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off too long. This statement is as follows:

"Nothing is more fun 1 than the right of people to have the publie
streams from which they draw water supply, free from pollutiom.”

Ammmwmnmmdmumbywm
and Hoak (6). Seott (5) maintains that the streams must be used for the dis-
posal of sewage and industrial wastes, but it is essential that the total
load of pollution should be kept low sc as not to create foul conditions.
Hoak (6) points out that, "a stream's ultimate use can only be determined
an impartial survey which takes in account all pertinent engineering and
sconomic factors and the effect of such use on the population bordering the
streams.”

To provide a solution for this problem various legislation has been
proposed and some accepted. Scott (7) gives an excellent review of State
Legislation, Interstate Compact Legislation, and Pederal Legislation that
deals with this problem. Although no Federal legislation has yet developed
Wisely (8) believes that Congress is eager to consider pollution contrel on
a national secale. As evidence of this eagerness he cites the introduction
of no less than six bills., At the present, regulatory authority of stream
pollution resides with the states. Parran (9) believes that standards for
State Legislation are needed so that there will be reasonable uniformity
from state to state, There is considersble concern that any stream pollution
legislation will drive away industrial payrolls, and this is especially true
of those industries that produce wastes for which there ie no practiceble
treatment method at the present. Hedgepeth (10), believes that special con-
sideration will have to be given in such cases, but this should not be 2
valid reason for contimued sbuse of the streams, Wolman (11) peints out that
basically stream pollution law within the states had its origin in the police
power of the state to protect public health., He also states that the state

s
e
.,



laws have been designed for two major purposes: (2) the protection of the
publie health, water supply, aguatic life, industry, recreatiom, and (b) the
prevention or abatement of loeal or general muisances,

Of Virginia's pollution leglslation, Hedgepeth (12), who is the Execu-
tive Secretary of the State Water Control Board, explainms the Virginia Pollu-
tion Control Act, passed in 1946, as "a 'license' %o do some selling of
pollution abatement to industry, and the prevention of new or increased
made to reduce pollution as rapidly as permissible. The permits to pollute
are subject to modifications or revocations whenever circumstances justify
such withdrawals.” In another article, Hedgepeth (13), lists the general
objectives of the State's stream pollution program .u the following:

7 wd'wm sludge, and grease.

2. Destruction or diversion of objectionable concentrations of toxie

agents.

3. Reduction of discoloration to imperceptibility in the stream.

he Adjustwent of acidity or alkalinity to a normal range.

g, Heduetion of the B.0.D. so as not to drop the D.0, below an

Nature of the Pollutants
Literature is vold of references to the semi-chemical pulp mamufacture.
Possibly this sbsence iz due to two factors. First, the process is a recent
to a muwber of processes operating under rdild acid or alkaline conditions,
such as the semi-sulfite, semi-sulfate, semi-chemical soda, ete., In all these
processes the prineiple imvolved is a digestion of hard wood chips under rela-
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tively mild conditions, which softens but does not fully pulp the chips,
with a subseguent reduction to pulp by wmechanical disintegrstion. It is
quite obvious that the semi-chemical process varies considerably from mill
to w1l and that esach mill has its own individual problem of waste dis-
posal,

The Big Island ¥ill uses two semi-chemical pulping processes, One
is a neutral sulfite cook on tammin-extracted chestmut chips, and the
other is a semi-soda cook on pine and mixed hardwoods, The waste from
these processes enters the river from three scurces; the digester blow-
down, the washers, and the machines, Crawford (1L) gives the following
data on these effluents;

Average Values for May 19h7

Globe Digester Washer Machine
Blowdown Effluent Effluent
Volumes (gal./day) 2}, 000 2,000,000 864,000
Solids Total 102,300 4,593 658
Solids Fixed (ppm 35,000 1,847 166
Solids Volatile (ppm) 67,300 3,0h6 92
Solids Total (tons/day) 10.8 38.3 2.1
Color (Platinum - -
t m«xm)m 165,000 12,000 500

% of total color of

effluents (%) 13.8 Bh.7 1.5

Yo thorough analyses of the chemical nature of the effluents are avail-
able, However, it is known that they comtain cellulose, tannins, lignins,
pentosans, hexosans, sulfur in either sulfate, sulfite, or sulphide forms,
and various other organic cowpounds of small molecular weight,
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THE INVESTIGATION

4 eriterion for the sclution of any pollution problem involves, along
with a thorough kmowledge of processes and materials, information as to the
exact effects of the pollutiom. These effects are manifest in the physical,
chemical, and biclogical conditions existing in the polluted stream,

Early in the spring of 1947 Wr. George Maniates, chemist for the
Hational Container Corporation, began investigating as many of the physi
and chemical aspects of the pollution present in the river as possible with
only one assistant to aid him on the project. Dr., Vilbrandt and Professor
HcCauhey thought it advissble for the author to spend five weeks at Big
Island so as to round out the picture by suprlementiag Mr, Uandates® work

On the seven mile reach of river under investigation, eight sampling
stations had been established. (See Map 2.) Station #1 was located just
above the plant and served as a control, Station #2 was located 0,5 miles
dowmstrean from the plant, where the river is only & few feet deep and the
current very swift, OStation #3 was located one mile further downstream
where the depth is greater and the velocity slackens. At Station #, 0.8
miles downstrean from Station #3, the pondage created by Coleman Dam is first
evidenced by a widening of the river and still lower velocities. Station #9
is locoted on the quiescent pond behind Coleman Dam 1.7 miles downstream
mstmmﬂ;.' Here, the depth is the greatest found on the reach inves-
tigated and during periods of low flow, the current is imperceptible. Below
Celenan Dam, 0,5 wiles from Station #5, Station #6 is located on a shallow
shoal where the curvent is again swift., A mile further downstream Station #7
is located where the ponding effect of Nolcosb Dam is first evidenced, At
Station #8, 0,8 wmiles from Station #7, the pondage creates a eondition




( From Fasrchilad Aerrol Survey Mop FE7G~/177)

& ' AP 2
9
\ \ Blo Island Dorm

Shoal

WNotronal
Contosner

Paper AW/

Srte Plazn

Jhboo!

< Colermarn Dam

Osstarncs from plon? fo Stotron %P = 0.5 riiles

AL m
oI =
tE g0
il
8 6.3

Peo/or Alver \

@

e

Holcorr b Dam

O Jrtotrorr LocoaFrioss




10
similar to that at Statiom #5,
dissolved solids-~total, fixed, and volatile, and the B.0.,D. The suthor's
investigation included alkalinity, COp, bacterial analysis - both ecoliform
and total 37°C count, and a survey of the micro-organiems in the water, in
the mad at the banks, in the deposits on the bottom, and in the sludge that
was found floating on the surface.
were made in two boals, one for use on the river above Coleman Dam and the
other for use below the dam. The boats were propelled by an outboard motor
and four to six hours were required for making a complete sampling trip.




The bacterial population in the river was investigated in order to
deter-ine whether or not the mill wastes were toxic to those organisms
responsible for the biochemical cxygen demand, It seemed certain that if
the wastes were toxic a condition would exist where the pollutants would
undergo only a minimal attack from the bacteria, and the pollution would be
carried to reaches far downstream,

From the standpoint of stream samitation it would be most desirvable
the pollutants were not toxic, thereby allowing the bacteria to attack them
in the reaches nearest the mill, By doing this, the problem would become one
of a more local nature,

It was thought that a study of the relative bacterial concentratl
each station would offer an indlcation as to whether or not the wastes were
toxie,

ons at

Bacterial counts were made at each five sampling stations twice a week,

Station #1 and M were investigated on each trip, and the other three samples
were teken from the other six stations in rotation.

Two tests were included in this analysis., One was for determining the
total 37°C count and the other for determining the mumber of Escherichia coli
present, The total count of colonies was made on an ager culture after incu-
bation for twenty-four hours at 37°C. The procedure is diseussed in detail
in the "Standard Methods for the Examination of Water and Sewage." (15)
While it is recognized that such a count is not an accurate measure of the
total bacteria in such an environment as the James River, it was felt that
such a study would serve as an indicator of relative concentrations.




The test for Escherichla coli is in reality two tests-a presumptive
test and a confirmative test, The nresumptive test is considered positive
when an inoculant has the ability to ferment lactose with gas formation in
matrient lactose broth. The confirmative test 1s considered positive when
an inoculant from the presumptive test has the same ability in brilliant
groen bile lactose broth. Both cultures are incubated at 37°C for a maxi-
mm of forty-eight hours. DBy testing a series of dilutions, those dilutions
were determined which bracketed the change from positive to negative, indi-
ecating the wost probable mmber of Escherichia coll present. This test for
Escherichia eoli is a measure of the gquantity of bacteria contributed by
g this test may also be found in "Standard
Methods for the Examination of Water and Sewage." (15)

Discussion of Results
1, Nexizm Concentration

The average values of the total count st each station are shown in
Plate 1. This graph clearly demonstrates that the maximm concentration of
bacteria was located at Station /2. This maximum was approximstely six
times as great as the largest concentration encountered elsewhere, Three
factors, taken separately or in combination, could give rise to this condi-
tion.

The first factor may be explained in terms of a river turbulence which
the suspended wastes but also those which were attacking the bottom deposits,
The reach of river which extends from the mill to Station #2 is shallow and
rapid. The effeect of the rapid low over a shallow and boulder-strewn course
is to provide a homogeneous condition from surface to bottom, This condition
does not exist at Stations #3, # and /5. The samples taken from the surface




i i gl A AR iR R G “ms i

Bun No. Date Sta. 1 Sta. M Sta. #2  Sta. #3  Ste.
2 71 1,000 -=  1,000,000®  800,000%  B00,000%
3 84 10,000 1,200 - 20,000 -
Lo 88 15,000 25,000 2,450,000 -~ 1,500,000
5 813 35,000 22,500 — 500,000 —
6 B8a5 15,500  800,000% 40,000,000 — 5,000,000
7 820 8,000 500,000 - 3,500,000 w—
8 822 10,000 5,000,000 - - -
9 828 80,000 80,000 - 1,000,000 —
1 827 — — - - -

Average 21,750 918,386 14,083,333  1,76h,000 2,433,330

Bowsowsuwnr
i
1
t
8
8

0 1,250,000 700,000 553,333

3
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at these stations would include, because of the relative gquiescence
river flow, only the bacterie associated with the soluble and suspended
wagte material, That this first factor, if it 1s involved, does not operate
alone but, instead, operates in conjunction with the other factors is
readily evidenced by the bacterial concentration found st Stetion #6., The
reach of river between Coleman Dam and Station #6 is simdlar to the reach
gbove Station 72, However, Lhe averpge concentration at Station #6 is only
a tenth of that at #2, If this explanation of the concentration at Station
#2 is correct the presence of a pollutional carpet at that point is expected,
This carpet is actually present. However, it is of 2 tramsient nature., Ads
is discussed in the section on Bottom Deposi
being flushed from the bottom,

A condition of extreme aeration may operate m another factor, The
constant agitatien present at this poimt furmishes the water ample contact
with the air, This aeration, along with the bottom deposits being "sloughed
off," can be eospared with the activated sludge process of sewage trestment.
In the activated sludge process domestic or industrial wastes are aerated in
eontact with a certain amount of recireulated sludge. 4 detailed explana~
tion may be found in Metealf and Eddy's (16) "Sewerage and Sewage Disposal
pages 636 to 678, Sufficient to say, that such a condition of extensive
aeration probably contributes to an increase of the bacterial comcentration,
hexosans along With their hydrolytic products—the pentoses and the hexoses.
The pentoses snd hexoses are directly availsble to the bacteria as food, If
the mill wastes contain no toxic materials, then this immediate availability
of food may be recognized as an important factor in inereasing the concentra-
tion of bacteria.

The pieture at Station /2 was complicated by a Big Island sewer outlet

of the




loeated betwesn the mill and the station., It was considered possible thst
this sewer which served a populstion of from two to three hundred
responsible for 2 good portion of the bacteria found at Sbation #2. If se,
a portion of the population found at this station was of fecal origin and
mst be discredited insofar as the natursl bacto-oxidation of the pollmtants
are concernad, By a quantitative test for Bscherichia eoll it was hoved to
deternine the mmber of fecal bacteria at each station, If a greater mumber
of Bscherichia coll wes associated with Station #2, it eould reasonably de
concluded that the total mumbers found there would not necessarily indicate
that the river at that point was engeged in an accelerated attack on the
will westes, In order complestely to isolate the effect of the sewer outlet,
Station ¥ was esteblished between the outlet and the mill. (See Map 2.)
From Table 2 it is seen that the larger coneentrations of feeal bacteria
oceurred at other stations just as often as they occurred at Station #2,
Therefore, the sewer apparently exerts no effect and the foregoing factor
is not involved,

Of 211 the factors

ady, the immediate avallability of food

and aeration exist elsewhere in the river without a bacterial complement of
great magnitude, If these factors do operate to inerease the concentration
at Station #2, they probably operate in conjunction with the more dominant
food supply factor. The Escherichia ecoli tests indicabe that the Big Island
sewer can be ignored as an influeneing factor,

2., Concentration at Station ¥

From Plate 1 it is noted that a larger concentration was en
Station ¥ than at Station #1. This means that at some point, or points, in
the water's progress through the mill, the bacterial concentration was
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Since the wood pulp is rendered sterile by the cocking process, no
bacteria eonld be expected from this source, However, the waste paper used
to make up to 307 of the final pulp is gquite the opposite of sterile, 4
report on & microbiclogical analysis prepared by the Matiomal Aluminate
Corporation for the mill lists a total eount of the bacteria present in the
waste paper beaters at 180,000,000 organisms per ml. of waste paper stock!
This figure is not so astounding, however, if ene stops to consider the
to hold vegetables and meats, The rotiing remains of these items are quite
frequently found in the bales of waste paper used, It is readily recog-
rized that such paper constitutes a salient source of bacteria,

The senitary sewage from the mill, no doubt, eontributes to the in-
croase in bacteria at Station M,

3. Concentration at Station #3

Just why the bacterial concentration at Stetion #3 was less than those
at Stations f and #% is not known, Possibly, it wae a matter of cbtaining
an apparent rather than an actnal concentration, At Station #3 a small
flow entersd the river from a creek, DBecause the samples were taken at the
surface, they could have contained, to an appreciable extent, the ereek
water instead of the river waiter, This seems to be the only justificatien
that ean be givem,

k. Concentrations at Stations #5, #6, #7 and #8

The gradual decrease in concentration from Station #5 throughou
WMMﬁmMWmmmmdaMQ
in the available food material. C(bviously, aeration and turbulence were not
functions of this decrease. The reach of river concerned varies from the
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pondage behind Holcomb Dam, If we recognisze the concentration at Station #2
as being there primarily because of the readily available food material,
then we can accept the decrease from #5 to #0 as demonstrating a dimimishing
food supply. :

Conelusion

In view of the fact that the maximm concentration of bacteria is
found within a half a mile of the mill, along with the fact that the magni-
tude of this concentration has been correlated with the ready availability
of food material, and because the general decrease in concentration from
Stations #5 to #8 has been aseribed to a diminishing food supply, the
anthor has no alternative but to believe that toxieity was not presemt to
influence the results observed. Obviously, & bacterial population could
not thrive on food that is toxie, or associated with texic elements,
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ion was examined in order to determine how the
that are suspended in the water., FPlankton, if not inhibited by toxiec sub-
Mwmsmmm,mmwmmwmm
purificstion." Under faverable conditions carbohydrates are split and
utilized by plankton until they are finally retwrned to the water in thelir
original forms: water and carbon dioxide., Also, the majority of plankton
contain chlorephyll, making them capsble of increasing the oxygen tension
of the water, For these reasons, it was desirable to know just what effect
ngm,mmmmmmwuawummm
organisms found on the botiom, nevertheless, they are sometimes enormous in
numbers.

On each trip two plankton samples were taken, A control sample was
taken at Station #1, and the second sample wes taken at ome of the other
stations. Censequently, only one or two samples were taken at most stations
validity of any conclusions based on so few observations. For the lack of
any better information on the plankton, however, he feels free to present
such data as he has,

mmm&m@rmnmuamwmzws
feet below the surface., In the laboratory the sample was filtered through
a half ineh layer of Berkshire sand in a Sedgwick-Rafter filter fummel as
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recommended by Whipple {17). The send, along with the organisms it had re-
moved from the water, was then placed with © ce of tap water in a small
then in a concentration 100 times their concentration in the river.

one of which was a total count. The total count was determined by placing
a portion of the sample in & counting cell 1 mm deep. By taking ten 1 mm®
per field was determined, The concentration in the river was then obtained

by dividing the total content of the 1 mm® by the dilution factor of 100,
mmmwmamwmwwm
mmmm&m‘am

Prom the graph on Plate 2 it is noteworthy that the mastismm plankton
meentrations ocourred at Stations #1, #5 and #8, whereas the minima
cccurred st Statioms #3 and #7. An explanation of why the concentrations
vary as they do may in part answer the question of the pollutants' effect on
the plankton,

Laeksy (18) states that the nature and sbundance of a stream population
depends roughly upon five factore. They are: the amount of food material
,mmmwmm,mwmmm
M,%»mtm&m@tmmw,mmm@fmm, It
a more important role than others, It is the purpose of this discussion teo
determine the degree in which the various factors are invelved.
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TADLE L
Water Plankton Survey at Statioms #2, #3, ¥, #5, #6, #7, & #8
Eey:s ¥ for many; O for several; F for few

Name of Crganism Station Numbers
j:#;&ﬁﬁ%ﬂ@&,
Date of Survey G-22 O-ly 8-15 7-28 B8-27 6-20 8-8 7-31 0-25
Concentration/ml 91 o 61 1 6 63 ST 1 9N
Coelosphaeriun s
Gomphosphaeria S
F ¥ F Y
F g9 & ¥ B 8
F
F ¥ F
F F
b4
F
F
r v y B F 3 B
r F
5 5
8 ¥
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1. Food MHaterial

s far as food meterials are concerned, the only varisbles, in the
reach of river concerned, are the bacteria and the mill wastes. Iverything
else that the plankton can use for food can be considered to be of the same
concentration at each station.

If one attempted to explain the concentrations in terms of the mill
wastes, he would have to correlate the concentrations at each station with
the station's proximity to the mill, This cannot be done with the results
obtained., From the graph on Plate 2, it is seen that at those points closest
to the »ill where the food is first available, no maxima are encountered.

Ho maximum is encountered until Station #5; and even this concentration is
less than the concentration found above the mill. The general shape of the
concentration m;ph. precludes any correlation to the availability of food
from the mill wastes. '

Likewise, it is difficult to correlate the plankton concentrations with
the bacteria concentrations. A minimum of bacteria was encountered at
Station #1, a point of maximum plankton concentration., Furthermore, the
maximum bacterial concentration at Station #2 does not coincide with a maxi-
mm plankton econcentration., Any attempts to find a general correlation be-
tween the two concentration curves is obviously futile, Evidently, then,
the food material present in the stream is not a controlling factor.

2. Temperature

That temperature is concerned in the differences of plankton concentra-
tions is highly improbable, Temperature differences varied only one to two
degrees Fahrenmheit for the entire reach of river investigated. And even
this small difference cannot be correlated to the points of maximum plank-
tonic populations. A
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3. Toxie Substances

The trend of the concentration graph from Station #1 to #T could be
explained in terms of toxic effects. It eould be peinted out that toxie
substances could cause a decreasing concentration such as is showm between
Station #1 and #3; and after reaching a minimum at Station #3, the stream,
through the agency of self-purification, eonld begin to recover. The con-
centration at Station #¢ could indicate recovery to conditions not so
different from those at Station #1, However, the graph from Station #5 to
#8 denies any influence from toxic substances., If toxicity were concerned
to any great extent, ome would expect the graph to level off at Station #5.
Actually, the concentrations decrease. Conseguently, the graph as & whole
cannot be explained in terms of toxieity, If toxicity was concerned, it
played only a wvinor roln.; | |

h. Oxygen Tenston

Host plankton require oxygen, GSven the antotrophs such as Euglena
eannot live in water that econtains ne dissolved oxygen. However, as a rule,
the oxygen reguirements of plankton are not as great as those of the higher
forms of aguatic life. Unless conditions are septic, water of low ¢
tension is capable of supporting large plankton communities., Thet a2 maxi-
min concentration exists at Station #5, lends support to this statement.
It is noted from the graph on Flate 11 that the average dissoclved
Station #5 is the lowest encountered. Of course, it is not to be inferred
that the large concentration ies present because of a low oxygen content, It
is mentioned in order to bring out the point that plankten ean survive in a
wide range of oxygen tension,

It ie readily seen by comparing the curve on Plate 2 with the curve on
Plate 11, that a correlation between the plankbon concentrations and the




30
dissolved oxygen content of the water is not indicated., At Stations #1

and /8 maxima in both plankton and dissolved oxygen occur; but at Station #5
another maxima in plankton occurs where a minimum of dissolved oxygen was
found,

%. Speed of Current

The maximum concentrations occur at Stations #1, #5 and /8, all of
which are located at pointe imwediately above dams, These dams, the Big
Island, Coleman, and the Holeomb, create local lenitic environments which
are, as a rule, more conducive to large plankton concentrations than those
of lotic nature, River conditions unfavorable to plankton production, such
as changes in volume, contact of shore and bottom, access of heat and light,
and changes in chemical constituents, are more extensive and more widely
effective where currents of greater velocity are concerned.

Also, it is noted from the curve on Plate 2 that the concentrations de-
creased in the reaches where the current was swift., The minima, however,
were located ot Stations #3 and #7, rather than at Stations #2 and /6 where
the swiftest enrrents occurred, Possibly, this *lag" in the minims was due
te the river's transporting the organisms from the pondages, over the dams,
and past the first station before the concentrations thimmed out., In other
words, the concentrations at Stations /2 and 76 were most likely transient
ntrations from the pondage areas above the dams; the river at these
stations being too swift to sustain a native population. The river at Sta-
txmfsw%'mmwmmmnmmmmpmmzw
commmities and yet to have been slow enough to allow the transient plankton
that had been affected by the passage over the dam and through the turbulent
reaches below to settle ocut.

A definite correlstion can be made, then, betwsen the plankton concen-




tration and the swiftness of the curvent, A4s stated before, the survent

{3,?) states that a setisfactory use of aguatic organisms as
tors of polluticon and self-purification of water is dependent upon
lopment of an eeclogleal system of classific
varying conditiens of pollutien, Such 2 systen has not ag yet been estabe
lished, FHowever, steps im this directionm have been made by Eolinwits and
Yarsson (2?}(&}. They have propounded an ecologieal clagsification of the
thelr mwm of M‘Wﬂ food materials,
nate cansing a rapid depletion in the dissclved exygen

content of the water,
Only a few groupe of orgenisws live in this sone. However, those that
(mmmmm)m

: bic Zone - The mescsaprobic zene is divided into two parts.
The first M MM & mesosaprobie, MMM the polysaprobie zone; wiile
mmmmwwm Mmmmmwmmm
molecule is 53411 in progress, with a few organisms containing chlorephyll
malding their appearance, Wineralizetion of the organic materials is
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approached in the beta portion of the zmome,
In the mescsaprobic zone, those organisms that
algae, diatoms, certain protoses, worms, and tolerant higher animals that
feed on the bottoms,

are tolerant of mediwm

whcx’mmmnma
is ordinarily found in springs and mountain streams.

On Table © are listed those organisms that were encountered many times
during the survey at each station, Also listed are those that were encoun-
tered seversl times. The ecological character of each arganism is indicated

by the following letters:
§E(mmgmmu}
£ = Katovobic
nded to some of these letters are subseript mumbers which indicate
sponsible for the assignments., The muwbers corre-
spond to those that list the authorities in the bibliography. For example:
Phacus longicanda; 019, 23 w&g;ﬁ@iﬁﬂt&ﬂt%bﬁz@mmm
as being oligosaprobic by Kollwits and Marsson, 1908; Pascher, 1913-191h;
Schoenichen, 1925; and as katarcbic by Pascher, 1913-191k. Those letiers
without subseript mmbers indicate that the orgenism wes not identified by
the authorities as to specie, The author has ascribed those letters which
oceur most frequently in the defined species to designate the over-all gemus,
In other words, the letter is used by the author to designate the Gemus sp.
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urceclata Slyy

Pandorina O Ankdstrodesms A3 O
Scenedestms SM ]

Synedra U3 O

Bliggs Hp3s K23
Vorticella Rg Mgy 3)



Havicula 33 O
Synedra M3 O

Seenodemims GH

Tabellaria O

urceolata SM33
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From Table © it is seen thet the majority of organisme st each station
ted ag either "' or "0". And at two stations only, 7L amd 77,

of high organic content., azm&,mm“m“
the pelysaprobic bie zomes, was found in mubers.

viridls, which is likewise ascribed to the polysaprobic

sones, was found in mumbers at Station #7.

organisus a8 being overshadowed by evidence fwrnished by the other organisms
M ﬁmmumﬁzmmmwwmﬂmm

The plankton present in the reach of river investigated
that for seven wiles below the mill the river supports a hamogensous planit
These are sones of medium to little organic content. It is to be noted that
no gross pollution is intimated from the results of the survey.

The homogensous nature of the species found indicate the river's
inability to produce plankton that is indigenous to individual reaches. This
inability can be explained in terms of current. 7The suspended nature of

Therefore, it appear: agh the resulte cbtained in both the total

- counts and the survey can be explained in terms of the current enly. If so,
no effect on the plankton population of the river.
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By qualitatively examining the benthos® near the shore, it was hoped
to throw 1ight on the character of life found at the interfacial zone between

the water and mud, This interfacial sene supporis a stabler microscopie
cownnity than does the water, DBy virtue of this stability, the benthos re~
flects more completely the nature of the water where they ave found than do
the plankton., Whereas the plankton collected at amy one stetion is likely
to be a function of the cwrrent and represents a transient population, &
benthic commnity is native and a function only of conditions at that station,

If the environmental sone can be determined by correlating the species
found in this gzone with Kolkwitz and Marsson's ecological classification,
another eriterion for judging the effect of the mill waste upon the river is
available, |

From two to four mud sawples were secured at each station, These
samples were taken at poimts along both banks from mud at depths of three to
of currents., Only the top inch of mud was taken, as this portion contains

UBE1 00 of fesults
By comparing Table 6 with Table L, it is seen that widle the algal
species of the benthos were more limited than that of the plankion, the
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 TABLE 6
(continued)

Station lumbers
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vrising. reinted out in the seetion on the planktonie pepulation,
WWWyMWW&MWWMMMWm
greatest muwber of individuals occur in the suspended portion of the strean's
biota.
planktonic zone., These higher forms of life because of their
favared by an enviromsent that offers protection from the rigors of a
current borne existence., However, it is not to be inferved that these forms
of life are never found in plankton. Frequently adventitious bottom forms
mx to such an extent s to defy sherp proncuncements on their individuals,
In Table 7 those organisms are listed that were found in such mubers
organiem is classified in terms of Holkwitsz and
Harsson's ecological zones. This classification is referred to en page 31,
mmmmmmmmmmmm especially the reach from Station
#3 to #8, supported a meso-cligosaprobic enviromment, The author, however,
prefers Lo ignore this indication. The vast majority of the organisms
listed in Table 7 are diatoms. If these diatoms, all of which are classi-

5 ogaprobie zone. Such a depreciation, the author feels is
legitimate for the following reasons.

Beconse of the silicon composition of diatom frustules, the carcasses
of dead distows ore of a very resistant nature. That these shells ean
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agcurmlate is witnessed in the extreme by the extensive deposits of diatoma-
coous earth found in this comntry, It is readily recognised that in a swrvey
of this kind, where no cognizance wag taken as to whether the diatoms were

penerations of distoms may be surveyed, mwmr«mmo,um
the bottom to further distort the picture.

Another resson for discrediting the benthic diatoms, is their universal
abundance, They are truly the "grass of the ses." Very few woters arve
mmaiwmmﬁmaf%m Only in waters of the grossest
pollution do the diatems live in reduced mmbers,

By discounting the diatoms, the emphasis is shifted to the protosoa.
occasionsl rotifer and nemaltode was conspicuously
indicators at a1l were found at Statien #2.

ey axmmmmmms Halteria, Vortieolla,
Bodo, Oxytricha, end Paramecium identify the presemce of a high organic

s espeeially the ciliates, feed upon the bacteria that are the matural

found regulerly at these stations.

content of the water was increased at Station #3 and remained so inereased
throughout the remainder of the resch investigsted, Since there is no other



cause to which this increase could be sbtributed, the mill mist suffer the
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piate the value of bioclogical investigations, Rather il is only
training only in chemistry. Consequently & move corplete eriteria for
suring pollution has been evolved from their studies than has been evolved
In this investigation an analysis of the temperature, pi, color, dissolved
solids, dissclved oRygen, blochenieal oxygen mw, dissolved carbon dloxide

and ﬂmm‘hiy’ was made in order to deterxine
character of the river varisd from normal in those reaches where the effects
of the mill waste were manifest.

emperature, pil, color, dissolved solids, D. Q.
and B.0.D., were made by lMr, MHanlates, while those on carbon dicxide and
alkalinity were made by the author, Tewpersture and cerbon dioxide determina
in the lsborstory. ALl samples exeert those for C0p analysis were taken with

modified Whipple sampler at depths of five foet below the surfuce. At
points of lesser river depth, the samples were taken st the bottom., The car-
bon dioxide samples were taken at the surface in & nessler tube, The proce-
dures used were those set forth by "Standard Methods
Water and Sewage.” (15)
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TABLE 8

Data on Temperature, pH, COp, and (HCO3)
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reny, Dissolved Solide and Color

Key: B = Hast side of river T = Tobal
i = iiiddle of river ¥ = Pixed
¥ = West side of river ¥V = Volatile
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TABLE 9

fey: E = Last side of river T = Total
¥ = Uiddle of river F = Fixed
W = Uest side of river V = Volatile
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TABLE 9
Data on Dissolved Oxygen, Dissolved Solids and Color
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bure varied at sach station during the
mgmmwimm&m It is apperent that the patterns of
each station during the peried of imvestigetion. I% is noted that the average
temperatures vary only from 79.2°F to 80.7°%. This variance of a degree and
& half cen probably be atiributed to a normal daily temperature [luctuation,
The temperature at Station 1 was always taken the first thing in the morning,
and that at Station #8 the M thing in the afterncon, Therefore, the tem-
perature date has no direct signific

2. pH
tions resulting from the mill wastes, the pll differences between any two sta~
tions should not have varied from trip to trip. A constancy of differences
should have beon encountered on each trip, lowever, since the curves on
Plate )i give little indlcation of a consistent pattern, some factor other
than that associated with the stream’s normal condition mist be involwved,
Prom the curve on Flate & representing the awerage pil at each station,
it is seen that there is a general decrease from Station #1 to Station #8.
If Station #1 is & control representing normsl streem eonditions, the decrease

mmmmmmammmmﬁmtm
be expleined as being natural or normal to the river, Such a factor can only



be the chemieal changes instigated by the mill waste,
The will waste, however, suffers no indietment from this quarter

sg far

as the biota is econcerned., A »H fluctuation of betwesn 7.9 to 8.1 will not
radieally affect aguatic life.

3. Carbon Dioxide

As right be expected, the decressing pHl from Station #1 to Station #8
is accompanied by a general increase in carbon diexide, This is demmstrated
on Plate 8., The explanation is simple, on dioxide is produced in the
decomposition of organic material, Since the dissclved C0p is in the form
of carbonic acid, a shift to a more acidie pH may be expected to accompany
the production of COp. Although it is recognized that the mill probably con-
tributes the majority of the organiec material responsible for the COy, here
indictnent is not in order. An increase of from 2.5 to h.5 ppm of
0o only demenstrates the presence of a state of decomposition and not 2
lethal variance. /

L. Bicarbonate Alkalinity i

The only alkalinity found in the river was of a bicarbonate nature,
Although the curves on Plate 6 exhibit a pattern of comstant differences
between stations, the curve on Plate § appears to be unrelated to the COp
and pH curves. Moreover, the curve on Plate § cannot be demonstrated as
representing direct effects of the mill's waste on the river,

g. Colar

On Plate 10 the data on the river's color is presented in two ways. One
demonstrates the chamneling effect and the other demonstrates the relation-
ship of the average color at eseh point along the river with those of the
rest of the veach. | % :




From the bottom set of curves it is noted that at Station #2 the color
varies quite widely across the river, The east side of the river, where the
greatest color is found, is the side opposite the mill, The effluent as it
leaves the mill flows cut acress the river and along the east shore, This
channeling effect is in evidence dowmsiream until Station #i is reached.

The top curve (Plate 10) indicates two things, First; it is cbvious
that the mill does contribute eolor Lo the stream, Additional evidence of
this is found in the channeling effeet. And second; color is lost as the
river flows downstream until Station #li is reached. From this point on
throughout the remainder of the reach investigated the color rerains the
same, From this evidence it might be concluded that the ecolor lost between
the mill and Station fl represents the colored portion of the waste that is
held in suspension, whilé tm color which remains :%.n the river from ﬁwm
#l; to Station #8 represents the eclored portion of the waste that is in solu-
tion or in a colloidal state.

Color, then, furnishes indictment of the rill as a scurce of strean
pollution.

6. Dissclved Solids
From the curves on Plate 9 it is quite evident that organie material
enters the river from the mill, The maximmm in volatile solids is found ab
Station #2. The only explanation for this is that the chamneling effect at
that Mﬁ&#MW%@WMWﬁN&MI&M&M
A steady decrease of the volatile solids is noted from Station #li to Statien #8.
Quite woususl is the fact that more fixed solids (inorganic meterial)
are in solution upstream frop the »ill than are downstream. Because of the
steady decrease showm by the curve, it might be suggested that the mill
waste exerts a "salting-out" effect on the organie materizl. So few deter-



minations were made on the dissolved solids, however, the picture is at

7. Biochemical Oxygen Demand

'mma.a.n.mmmnuumt;mmmmmﬁ,
was found at Station #3. Again, the chammeling effect at Statiom #2 un-
doubtedly distorts the pieture., Sufficient evidence is provided, however,
to show that the mill does increase the river's B,0.D. by about § ppm. The
Bs0.Ds at Station #8 is still greater by 3.5 ppm than that above the mill,
The oxygen consuming properties of the waste, then, are still funetioning
far downstream.

8., Dissclved Oxygen

By virtue of the B.0,D. given to the river by the mill, the dissolved
oxygen is decreased from about 7 ppm above the mill to 3 ppm at Station #5.
This is evident in the D0, curve on Plate 11, Also evident is the faet
that the waste is in such an available state that the demand for oxygen is
immediate. Cuite conspicuous is the increase in D,0. between Station #5 and
#6. This inerease is caused by the reseration of the water Ilowing over the
Coleman Dam, The dam, therefore, is beneficlal in at least two ways., First;
it forms a pondage which aids in keeping the B.0.D, in the reaches nearer to
the mill, and second; it serves to replenish the reduced oxygen supply.

It must be remenbered that this D.0, curve was plotted from the averages

of data cbtained during the most critical times of the year. In other words,

the conditions described by this curve represent those most common during one

of the months of least flow and warmest weather. Therefore, aquatic 1life in
order to survive this period mist be acelimated to the said conditions,

Algo, it is to be remenbered that the dissclved oxygen samples were
taken 2t © ft, depths, This represents only ome quarter of the depth st



Station #5. If the bottom deposits exert an aprreciable demand on the D,0.,
conditions will be more critiecal at this point than are indicated,

Host forms of aguatie life need oxygen, Fish have a normal reg
of b to L5 ppm, but some fish can suffer as little as 2.5 to 3 ppm over
short periods of time, If no bottom demend is present, and the values of
D.O. taken at a © ft. depth represent conditions from surface to botiom,
then certain fish might swrvive the critical summer menths in all reaches of
the stream. However, if a bottom demand is present at Station %, it is
very doubtful that fish could survive in the pondage at that station.

The most evident of the mill's effects on the physical and chemieal
nature of the river are the increased coloration and the depression of the
D.0. These effects are cited as serious in that they are the most cbvious.
The other physical and chemical characteristics, however, are not to be com-
sidered insignificant, For the most part, they offer proof of abnormal con-
ditions, It is only the difficulty of singling them out from their inter—
play that prohibits their being presented as important evidence. Coloration
and dissolved oxygen content are of a nature that can be used as salient



A feirly good idea of the extent of carpet formation was cbtained by
dropring a weight comnected to the end of a sash cord into the river and
noting the senies, Whether the weight struek bare stone, stone covered
with a light carpet, or a heavy carpet was easily determined by the sound
of the impaet. Soundings of this sort were made at three points across
the river at each station and mid-station,

At most points along the river, the Lottom is extremely rocky. Only
behind the dams hawe the deposits been great encugh eampletely to carpet
the botbtom. Ulsewhere, the deposits appear to lie in between the boulders
or to hang precariocusly on the boulders' surfaees, These latter deposits
"glough off* and become sludge floats.

For lack of a more scientific neme the term "sludge floats" is used to
deseribe the putrescent organic messes that were found floating on the sur—
face of the river. These flosts were round, vanging from 10 to 18 inches
in diameter, and consisted of a2 putrescent slimey mass, The pgrestest musber
originated between Station #2 and Station #3, although some appeared to
originate prior to Station #5. In coming to the surface they would be accom-
acted as a2 flushing agent, and during these perieds, the greatest mumber of
mﬁﬁmmwwmumwmwwmmamﬁ.
 going over the dam, Very few floants were encountered below Station #5.

Under the microscope, a sludge float appeared to consist of Sphaerotilus
natans, wood fibers, aworphous material, a few sand grains, and microscopic
organisms, The organisms consisted of diatom carcasses, Paramecium caundatum,




Samples of the sludge carpet at Station #7 were examined and found %o
carcasses. These saxples were taken in 20 feet of water at a point where
the water five feet from the surface often contained less than 2 ppm of
by mamy gas bubbles. The fact thet no predatory protozoa were found indi-
cates a limited benthos. Very little, if any, Sphaerotilus was present,

Athough the greatest part of the river bottom at Station 72 was
strem with large boulders, a small portion elose to the shore was covered
with meterial which billowed in bleck elouds when disturbed., The weber at
this spot was from one to two feet deep. A microseopic analysis of this
black material revealed a composition of mueh sand, amorphous metter, fiber,
and meny orgenisms,

The organisms present included diatoms, Rotifers, Closterium,
Oseillatoria, Spirostomm teres, and some ergenism that resembled hmman
hedr (micreseopic appearance). The filsments
back and ferth and appeared to be made up of strings of blue cells. Very
little Sphserctilus was noted.

The type of organisms present and the fact that no odors were detected
in bringing up the samples, preclude designeting the condition here as near-
septie or septic.

: from the dam at Station #5 no evidence of a carpet was found
until Station #8. Here, in the pondage behind another dem, on one side of
the river and adjacent to the point where the Pedlar River flows into the
Jawes, a slight carpct wes found., Ho microscopic analysis was made of this

ST TR




carpet, but its extent was known to be limited. Occasionally tubbles were

seen to rise, but ab no time was this pondage found to be offensive to the
eye or nose,

Prom the results cbtained the following conclusions ave made.

There is a definite deposition of wood fibers on the river bottom.
Although the deposition begins at the mill, the river's currents along with
the uneven river bed prohibit the formation ef a thick benthal carpet until
the pondage at Station #5 is reached, Here in the deep and relatively
quiesecent water, a carpet has formed to such an extent as completely to
cover the bottom., This carpet ls decomposing anaerdbialy.

ces no visible offensive condition., Outside

ccasionally rising to the surface and the retention of
meriminating evidence is to be found from Station #2 to #i. Here,

although partial deeomposition is evidenced by gos bubbles rising to the

lough of f* the deposits before a complete
garpet can be formed. The sludge floats time formed, zlong with the bublbles
that accompany their sscension, give the river a serdid asppearonce. The
decomposition of the floats as they float domstrean or collect aleng the
bank evolves foul odors.

Some deposition, possibly some of it contributed by the Pedlar River,
is present at Station #3, but like that of the more extensive carpet at
Station #5 no offemsive conditions are present,




78

SPHAEROTILUS NATANS

Quite consplenous in the water st Station #2 wes the cemstant flux of
particles reserbling tufts of wocl., This condition, although limited te a
relatively short reach, was observed on every trip. Samples of this {loat-
ing materizl were taken to the laboratory and examined under the mieroscope.
With little difficulty the substance was identified as being the so-called
sewage fungus, Sphaerotilus natans, This fungaes is vividly described by
Suter (39) as follows:

“T¢ forms in dense masses, covering the stones of the bottom and
clinging to submerged sticks and plants. In still water it may be bulbous
in form, like summer c¢louds; where there is more current the masses are
m”\mwmwyﬁmmw@nmmmwmzmmm
into the lower sones. While submerged, these plants have somewhat the
appearance of cotton wool, although made up of geletinous threads. The
newly developed forms are frequently white, but the older parts tend
towsrds an olive green or "putty" gray eolor, turning to a rusty brom in
the oldest portions, This fungus feeds on and disintegrates waste material

bs oxygen, It persists until the oxygen saturation is pulled dowm
to about 4% per cent, L ppm at summer temperatures, when it dies and in
turn supports the lower forms of fungo-bacteria.”
‘ As is pointed out in the section on Bottom Depesiis, this fungus is
flushed off the bottom where it is formed, Some of it "sloughs off" in
small tufts whereas the remainder comes to the surface in c¢lmnks to form

It is to be noted that this fungue occurs at the point of meximmm
bacterial concentration, It undoubtedly cooperates with the lower bacteria
in reducing the organic content of the river.




THE RIVER'S APPEARAKCE

Although the reach of river just sbove Big Island probably contains
less pollution than any other reach of the James, the water is far from
being in the clear pristine state. Instead, it is muddish and, at times,
somewhat brackish along the shore, During periods of low flow, the Big
hmmmmmmﬁ@mmm@zmmm. However,
this soum is never more than a surface film, and, other than being wn-
sightly, creates no muisance.

The water as it leaves the will varies in appearance, When only the
washer and the machine effluents are flowing inte the river, no more than
a small additional coloration and foaming results, However, when the
digester effluent is added to the river, very dark ecloration and increased
foaming occurs. m.mwmumunmmmmu,wmm
ﬁw,aﬁﬂmdmtmmmmmmﬁemml Such a channel-
ing effect persists visibly until Station #2 is reached and can even be
traced as far as Station /i by colorimetric tests. The islands between
Stations #: and #5 effectively break up the "channeling" and a homogeneous
eolar across the river is obtained, The foam has usually disappeared before
it reaches Station 72,

In the shallow and turbulent reach at Station /2, the flux of
Sphaerotilus natans is encountered, Detween here and Station #3 the sludge
floate begin ascending to the surface, These make their way down the river
mamp@mmmummmmsmumﬁw%.
This accwmlation, together with the gas bubbles that are constantly rising
tathmfmmtpgiwt&sm:m;md
mmmmufmmamdwmfm&mmmm

these decamposing floats,




Those sludge floate that are not intercepted by the shore float dowm-
stream to the two islands located above Station #5, Here, in the two
shallowest channels where the stronger currents do not invade, many of the
floats accumlate and again, deconposition produces z foul appearance.

The floate that successfully reach the pondage at Station #5 collect
there until finally they are thrown over Coleman Dam, However, their re-
tention at this point, because of the larger area involved, does not give
rise to as disagreesble a condition as is encountered in the shallow
channels between the islands and shore, At Station #5 the still of the
vondage is from time to time disturbed by gas bubbles.

Those fleoats that go over the dam disintegrate and very few are found
downstrean, However, o condition of frothing cecurs from the dam to
Station /6. This white firoth, produced by the water flowing over the dam,
is not as thick as foam, It appears to be made up of tiny bubbles one
layer thick., The condition disappears a short distance dowmstream from #6.

From there to Station #8 the water is of a nature similar to that
above the will, All visible traces of the conditions caused by the mill




When polluted water is exposed to the air, it tends to absorb axyge
In this manner, the water tends to offset the oxyge
by the B,0,D, of the polintants. These two, reaeration and deaxygens
ave, thevefore, in a simltansous operation in polluted streams, The amount
of dissolved oxygen nresent at any instant ean be determined if their rates
are known, The two have been formulated in an expression known as on
oxygen sag curve, This curve is in the form of%

Dy = E L (lﬁ“xlt"w&ﬁ) ¥ D x j07Fet »
o S !

oxygen saturstion deficit of the water in pom at any time t.
- initial oxygen ssturation defieit at point of pollution, in ppm.
initial biochemical oxygen demand of the diluted pollution.
the deaxygenation constant. v
Ep = the reaeration constant
The decxygenstion eonstant Ky, has been determined as being 0.1 at
20°%. This holds for 211 streams, However, as one might expeet in dealing
nrocesses, the constant changes with a change
in temperature, From considerations in physical chemistry and actual test
eoxygenation constant ¥y at any temperature T, Ky(y) = Ky(20) [L.ok7720].
Purthermore, temperature affects the magnitude of the first stage B.0.D.,
and the firet stage demand L at any tempersture T has been found to bear
the following velation to the first stage demand at 20°C:
Ly = Lgp [l " {}LQE"(T-@@]
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hecording to Dabbitt (L0) the reaeration constent depends largely on

temperature, time, turbulence, depth, sunlight, and the rate of decxygena
tion of the liquid. Consequently, the constant varies with the stresm and
even the reach considered, It is with the reseration constant that this
section deals.

By not knowing the river velocities, it was necessary to deal with two
unknowns, the reaeration comstant and time, The reseration constant for
varicus velocities was determined by trial and error, using direct cbserva-
tions of dissolved oxygen and B.0.D. In this mammer, three curves were cb-
tained (Plate 13) deseribing the reaeration eonstant at different velocities
for the individual reaches between Stations #2 and #3, #3 and /i, and &4
and #5. _ |

, mmmmmmmmmﬁzmﬁawmm
reasonable, - In thié reach the river is quite swift, the aversge velooity
probably being 0.1 f%./sec. According to Dabbitt (10) streams of this
nature have reseration constentsvarying from 0.30 to 0.50. From the curve
on Flate 13 it is seen that for a veloeity of 0.1 fps a constant of 0.2 is
obtained,

Iikewise, the curve for the reach between Station #3 and # appears
reasoneble, Here the current is reduced considerably, say from 0,035 to
0.050 fps, Babbitt (L0) gives the value of 0.15 to 0.20 for large streams
of low veloeity. The curve on Plate 13 gives a constant of ,16 for a velocity
of 0.050 fps.

The author does not attempt to evaluate the veloecity for the reach
between Stations # and #5, Here, due to the pondage behind Coleman Dam, the
veloeity is extremely slow, Bebbitt (L0) gives Ko & value of 0,10 to 0.1%
for sluggish streams and large lakes, I the velocity of flow of the reach
concerned is comparable to this classification, then it would seem that the
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If this disagreewent is actual, then

either the cbserved data is incorreet or some other factor, not taken inte
account in the sag curve, enters the pleture. Assuming the data to be
carreet, one may speculate on the unaccounted-for factor,

It is seen on Flate 13 that the curve for the reach between Stations
# and #S gives smaller values for Kp than Babbitt (140). This, of course,
is based on the assumption that the velocities concerned are those that
could be classified as being present in sluggish streams or large lakes.
Semething else, therefope; other than the 5.0,D, of the water, mst account
for the low constant. In other words, something else is consuming the
oxygen other then the pollutents in the water,

This "something else” might be in the form of bottom deposits, If
there were deposits carpeting the bottom of this reach, it is quite prob-
sble that they exert an additional demand on the cxygem. Such a demand
would not be evident in our B,0.D., determinations. It is quite possible
thet this demand does exist, because the presence of a carpet in thelower
portions of this reach has been verified. (See section on Bottom Deposits.)
But the extent of the demand is not known at the present.

It mast not be forgotten that the above discussion is not based on
¥nown velocities. No definite conclusion can be drawn until velocities
of the various reaches are taken. Further investigations along this line
should prove very valusble,




Calenlation of Reseration Constante for Various Vi ties
(Data taken from run made on August 20, i%

1. For the reach extending from Station #2 to #3, 2 distance of 1 mile.

saturation deficit at Station #2

sat. at 02° = 7.95 ppm

D.0. at Station #2 = 5.50 ppn
uhchuniet LA SRS -

5 day, 27.78°%C B.0.D. at Station #2
= 1@@.+¢€J&(m8
= 8.3 [L+ .02 (27.78 - 20)]
* 8.3%X1ATB® «vcvvcooe 96 pm

deoxygenation constant at 27,789C

= Kpg (1.0477-20)
- *1(}-&%7?'?8)‘ - e uﬂﬂ

- saturation defieit at Station #3

Mamw w?,%m
D.0. at Station #3 = 5.30 ppm

Using the oxygen sag formula:
Dy = %xz_ga"l*-m*‘m + Dp 2072t

2,65 = 1,37 (10~ 13zt 0808y o 5 1o x y0~K2b



2.

By trial and error the following values of Ky were found for corre-

¥ (in mi./day) K
Gdﬂ -
3 g
1.00 N1
2 g
3.; 43

10,00 X
20.00 .18

For the reach extending from Station #3 to #i, 2 distance of .8 mile.
Dy - saturation defieit st Station #3 - - - -~ - - 2.65 ppm

13 ~ 5 day, 27.78°C B.0.D. at Station #3
» ?[1*»m(3?¢%wmﬁ] y
- 7x235% = o hms Gl

Ky - deoxygenation constant at 27.709C - ~ - -~ 143

D, =~ saturation deficit at Station #
sat, at 82° = 7.95 pom
D.0, at Station # = 4.30 ppm_

Using the oxygen sag forrmlas
3*5’5‘“_' 5 W’MW)*Q.M;M‘Z‘




3.

86

0 0.1 <08
36 0.5 K
10 0.8 N &

For the reach extending from Station L to #5, a distance of 1.7 miles.

deficit at Station #i ~ = ~ = - ~ 3.65 ppm

*sbix2IMes @00 eeeaa - 7.1 pom
By =~ deoxygenation constant at 27.76°C - ~ -~ - - - 3
Dy - saturation deficit at Station #5
D.0. at Station #5 = 2.20 ppm

— T

Using the oxygen m‘rm |
5.7 = 1018 (10~ 13tg0-Fot) o 3,65 x 107Kob
Ep =a1h3
By trial and error
% (in days) ¥ (in mi./day)




respectively as the immediate and 5 day D.0. of the diluting water.
A 2:1 dilution was made, These values of B,0,D. varied scmewhat from
those caleulated by ¥r, Manlates.




The reach immediately below the mill is polluted to 2 serious extent;
1, Inereased color
2. Increased B.0,D.
3. Depletion of dissolved oxygen
5. Indicator organisms in the littoral benthic zene
6. Profuse Sphaerctilus growth
7+ Sludge floats
8. Gas bubbles

of the reach investigated, the pollution is not so cbvious, lHowever,
at the end of this reach; a point seven miles dewmstream from the
mill, The evidence is:
station

2. Cpeater B,0,D. than that at Station 41

3. Indicator organiems in the benthos.
The pollutants are not toxie to the miercorganisms responsible for
the B,0,D, In faet, the large populaticns of bacteria and Sphaerol
pallutents ore readily availsble as food to these fungl.
The two dams below the mill, Coleman and loleomb, decrease the sericus-
ness of pollution in three ways: :

on than that at Station #1 - the emmtrol




There is a good possibility that the carpet is exerting an oxygen
demand on the water above it. However, additionsl studies on river

little of it being caused

VII The reach investigeted is sufficiently polluted to render it uafit
for recreational purposes.
VIII Results cbtained from this survey suggest the following for future
investigations:
1. River velocities accompanied by D.0, and 3,0,D, cbserva-

2.

3.

tions in order to determine the correct values for the
reaerztion constants., This would allow 2 mere accurate
evaluation of the exyyen demend axerted by the bottom
deposits.
Toxieity studies on fish. Studies of this nature would
offer an insight on a matter vital to the estimstion of
the recreational potentizl of the reaches below the mill.
srohensive study of the sbundant bacterial flore
located at Statien #2. The identificeticon of the beeteria
involved, along with a kmowledge of the exact composition




of the material the flora uses for food, wight suggest
i%e use in a waste treatment process.
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