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SECOND

ONTARIO INDUSTRIAL WASTE CONFERENCE

This pamphlet contains copies of the papers presented
at the Second Ontario Industrial Waste Conference held at the Ontario
Agricultural College, Guelph, Ont., on June 19th, 20th, 21st,22nd,
1955.

The conference was sponsored by the Pollution Control
Board of Ontario, the purpose of which was to review methods for the
treatment of industrial wastes and to focus attention on measures
required for protection of stream sanitation.

The Industrial Waste Conferences are designed to deal
with one aspect of pollution, namely that originating from industrial
activity. In many places it is necessary that these wastes be
treated by industry rather than discharged iato public sewers. In
other places the responsibility for treatment is placed upon the
municipalities. In cither case it is essential that there be full
information available on how these wastes can be dealt with most
effectively. Industrialization in Optario has been proceeding at a
rapid rate and as a result of this the situation in respect to the
disposal of the wastes from these industries becomes more complex,

The Pollution Control Board recognizes industrial wastes
as one aspect of the pollution control problem. The fact that
attention is focused primarily on these industrial wastes at this
conference does not mean that domestic sewage is less significant in
the overall problem. There is, however, a greater variety of methods

needed than in that for municipal sewage.

The Pollution Control Board is grateful to all who have
contributed papers to this Industrial Waste Conference as well as to
others who have assisted in any way in making the conference possible.

For further information write to The Water and Pollution
Advisory Committee of the Ontario Water Resources Commission,
Parliament Buildings, Toronto, the new name for the Pollution Control
Board.
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D.S. Caverly, £ Dr. A.E., Berry,
Secretary. /ﬁ Chairman.
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WASTE DISPOSAL AT SUN OIL COMPANY, LTD,

SARNIA, ONTARIO, REFINFRY

by

Gordon R. Henderson, Manager

The protection of the purity of the international
boundary waters between Canada and the United States has
stimulated considerable public interest, while govern-
mental authorities and industries have initiated extensive
efforts to maintain this water quality. The objectives
for boundary water control of the International Joint
Commission, stated in their report of 1951, have been adop-
ted by Provincial pollution control groups in Canada and have
been used as a criteria by industries in planning end instal-
ling pollution abatement facilities,

When Sun 0il Company, Ltd., began preliminary design
in 1952 for a refinery on the St, Clair River below Sarnia,
the need for providing adequate pollution abatement facil-
ities to preserve receiving stream quality was recognized.
The Sarnia Refinery, placed in operation in November, 1953,
to process 15,000 'bls, per day of crude ail, contains com-
pletely integrated facilities for control and treatment of
plant waste waters,

Included in the original installation was a completely
segregated sewer and separator system designed in accordance
with the latest American Petroleum Institute recommended
standards, Independent drainage systems were installed for
the process waste waters, contaminated storm dreinage, cool-
ing water, uncontaminated storm drainage and sanitary sewage,
The process wastes, contaminated storm waters and spent
cooling waters are each provided with 'individual oil=water
separators of the latest A.P.I. design for removal of oil and
settleable solids before discharge to the effluent sewer,

The total flow of the combined waters in the final effluent
sewer averages 14 million gallons per day,

Of particular interest from a water pollution stand-
point is the process sewer system, Although the process
waste flow averagés only 250 GPM, or 350,000 gallons per day,
it carries over 90% of the phenols, sulfides, mercaptans,
emulsified oils, and other water-soluble contaminents.

These wastes come from éontact with oil in the plant inoclu-
ding process condensate drains from vessels and towers, pump
gland leakage &and desalting water, It was anticipated that
these procgss waters would require secondary treatment to
reduce their axygen-consuming properties before discharge,
a:d their segregation was considered a practical inkisl
step.
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Prior to the initial processing opcrations at the
Sarnia Refinery, Sun 0il developed plans for a biological
oxidation unit for reduction of phenolic compounds in the
refinery waste waters, Helpful information was mede
available by the Dow Chemjceal Company end Imperial 01l Com-
pany, Ltd., who had plant cnd pilot-scale experience with
this type of trectmont, Construction of the blo-oxidation
unit was oxpeditod by use of the abovo-mentioned process sewer
and soparator System in which tho phenolic wastes had already
been sogrogerted rnd by utilizing othor oxisting egquipment and
linos olreedy in place, After removel of floating oll in the
process sep¢retor, the 250 GPM flow is transferred by & self-
priming contrifugal pump rated at 500 GPM end 35 psig. to @n
sarth-well oxidction brsin, with top dimensions 90' long,
65' wide cond 10' dcep. Thec bottom helf of tho sido-walls of
the roretion basin crc¢ surfaced with o 2" layor of ccment grout
to minimize erosion. The fresh feod weter c¢nd rocycls enter
the bottom of the basin through & nest of 40 mixing eoductors,
A rotery blower, rated &t 500 c¢.f.m, et 7 psig., supplies
pir to the eductors to supply oxygon and provide intimete
mixing., The ovorflow from the ceration basin flows through
& periphercl slit-pipe flumc to a lorge concrete ALP.I,
grevity sepcrctor originelly dosigned for oil removel service,
This soprrator is equipped with continuous flight scrappers
rnd serves os s secondrry settling tonk for bacteriel sludge.
A positive displccoment sludge pump, reted et 125 GPM et
43 psig., returns the sottled bactericl floc to the oxidation
brsin nnd the tre:ted water flows from the secondary separator
to the St. Cleir River. Piping hes boen provided to reelr-
culeto all or a portion of the oxidetion basin effluont during
poriods of low volumo fced :nd when tho .refinery is shut down,

These modified cectivoted sludge facilities wero placed
in operetion rt the middle of November, 1953, in time to
treet the first weste weters from the refinery., Two tenk
truck loads of brcterinl sludge from the Dow Chemiceal Compeany
waste tre-tment plent ot Midlend, Michigen, were obtnined for
initicl seeding. Berctoricl oxidrtion of phenol began within
the first few hours,

Exporience through the first yoer of opoeration indicctes
an initiel phenol content in the procoss wasto foed of
150 pounds per day, Numerous rcfinery start-up, mochanical
difficultics end .verictions in food weoter gquelity have
intorforod with continuous officicnt performance of the bio-
oxidation unit, although good removsl of phenol cnd sulfide hes
been offectod whon operction conditions aro normal and feed
wantor cherrctoristics rre sctisfactory., Reocent high alkal-
inity and sulfidc concentrztions in thc process wecste water
hes interfered with satisfectory operation, Efficliont oper-
eting conditions include d bactericl sludge volume index of
4-6%, & tempersture range of 700-850F,, ond e pH range of
6.5-6.0. Experience indicetes that the process will operate
with a temperature as low a8 600F, Dissolved and emulsified
oil concentretions as high cs 150 to 200 ppm, phenol
concentrations up to 200 ppm end sulfide concentrations as
high es 50 ppm have hed no pronounced harmful offect on bio-
logicel ectivity, :lthough higher values ccn seriously injure
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the bactorisl sludge. In the case of all those factors,

it is important to avoid suddcn or shock loadings

whonever possible, It hes becn observed that organisms

can remain inactive for severcl days under adverse con-
ditions, and then regain their former activity with tho
roturn of normal tcmperature cnd food supply. Each jet
scretor or cductor in the Oxidetion Basin supplies 50 1lbs,
of oxygen or a totzl of 2,0001bs, of oxygen per day from the
eir into the weste wator to oxidize the 150 lbs, of phenol,
considerably in excess of the thcorcticel required emount.
The seration tenk locding is eguivalent to 5 1lbs, of phenol
per 1,000 cubic fect of tenk volume, t¢nd the applied eir
rote is equivalent to 0.1 cubic feet per minute per sgucre
foot of cerztion surfece. Tot:l power reguirements cmount
to approximctely 60 HP,

Among the difficultics cncountercd in opcretion,
low tempernture below the 559F, minimum, high :1lkelinity
end sulfides in excess of 75 ppm have been the most trouble-
somc, Steam, whon eveilebls from the refinery, is introduced
through 1" stecl pipe coils with submcrged exhsusts into
th: Oxidation Besin, A direct-contcet 2,500,000 BTU/hr.
woter hcoater hes been instrllod above the surface of the
besin as an auxilicry source of hcet, A fluo gas stripping
towcr, 5'-6" dia. by 30', is currcntly being installed to
romove sulfides ©nd lower hydroxide clkalinity prior to the
trcntmont in the Bio-Oxidetion Basin, Tho stripping towor
will utilize up to 150,000 SCFE flue grns from the regener-
etor of tho Cetelytic Crccking Unit in the refinery to lower
slk~linity end sulfides to o secfe lecvel, It is anticipated
the stripper will be opercting by ‘this summer,

High oil content in the. feed water, although appar-
ently not toxiec to the orgenisms, is ~bsorbed on the
biologicnl floc &nd floats the latter to the surfece of the
brsin, thereby removing orgenisms from the process, It is
bclieved thet some oil is prnrtielly oxidized. Change in
feocd wator charccteristics, including varictions in pH cnd
typc cnd concentrstion of iphcnolic comtont, ‘interfcres with
ccclimetizetion of the beoeéteria to the waste woter, The
sccondery sottling tenk wes originnlly designed s en oil-
wetaer seperestor ond is over-sized ¢nd not of conventional
design for biological sludge recovery. Mechrnicel difficul-
ties with the pumps ¢nd tho usuel start-up probloms assoc-
irted with & new refinory prosented difficult operating con-
ditions. Thorc hnve boen periods, for oxemple, when the
rofinery units werc not opereting, cnd there wes no contin-
uous flow of wuste proceds water, During such periods, it
has becn necessery to reeirculete water in the biological
trectmont unit, cnd chemicel-grade phenol was used to continue
the food supply.

Ldditional experienca, continuous normel operation
of the refinery, rnd.currcnt installetion of the Tlue ges
sulfido stripper column will permit more effective operation
of the treatment frcilities. FEventually, additionsl equip-
mont will be instclled to meintain continuity of operation,
Much has been leernod in the initiel operation of these
freilities, rnd it is contemplated that further experience
will permit ~dditional improvement of effluent quelity.
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THE MATHEMATICS OF THE BIOLOGICAL OXIDATION
OF INDUSTRIAL ''ASTES

By

. WESLEY ECKErFELDER, dJr.
Asst, Prof., of Civil Ingineering

Manhattan College, N,Y., N,Y.

Biological oxidation finds application for the econamic
disposal of organic wastes. The two basic processes employed
are the fluid bed (Activated sludge process), where microbial
sludge is continuously mixed with the organic waste, aerated
in intimate contact for a predetermined period and then separ-
ated by sedimentation or flotation,and the fixed bed
(trickling filters), in which organic matter is continuously
passed over microbial prowth on a rock or similar surface.
Process variation of the above systems include modified-
aeration, step-aeration and contact stabilization in the fluid
bed system and high and low rate filters in the fixed bed system,
Among some of the wastes which hive been successfully treated in
the aforementioned processes are cammery (1) (2) (3) (4) (5),
pharmaceutical (6) (7), dairy (8) (9) (10) (11), chemical (12)
(13), refinery (14) (15) and pulp and paper 16) (17).

The microbial sludge or biological floc employed in these
processes is a miscellaneous collection of microorganisms such
as bacterial, yeasts, wolds, protozoa, rotifers, worms and insect
larvae in a gelatinous mass, Algae will also be present in those
areas exposed to sunlight, The bacterial growths consist of a
partially water soluble polysaccharide slime layer of low structual
strength, a cell wall, a lipo-protein cytoplasmic membrane, and
cytoplasm as shown on Fig. 1, These componants play various roles
in the BOD removal and bacterial growth cycles (18) (19).

Kinetic Theory of BOD Removal

In the biological oxidation process organic matter is
removed from solution by reaction with enzymes associated with
biologically active slimes and sludges. The rate removal is
probably dependent on diffusion of essential foods into the cell,
A portion of the organic matter removed is synthesized to new
microbial cells, The remainder is oxidized to provide energy to
sustain life and to permit synthesis., These reactions follow
basic chemical and biochemical laws:
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organic waste (BOD) + O2+ lNH3 = sludge+-COp + Ho0 (1)
The sludge produced by equation (1) undergoes continuous auto-
oxidation (endogenous respiration).

Sludge + O, =C0p + Hop + NH3 (2)
This process is graphically illustrated on Fig. 2.

The above equations, (1) and (2), indicate that a definite
ratio should exist between the quantity of BOD removed, the
portion oxidized and the portion synthesized, This ratie has
been evaluated for several organic wastes (20),(21),(22).

In the presence of oxidizable organic matter microbial
cultures (sludge) will undergo several growth stages the
principal of which are a lag phase, a log growth phase, a
decreasing log growth phase and a death phase (endogenous
respiration) as shown on Fig, 3. During the growth cycles,
many microorganisms are capable of removing organic matter at
a greater rate than the oxidation and assimilation process
(storage). This organic matter is stored in the cell as complex
carbohydrates for future oxidation and synthesis (23).

For convenience in process design only four growth phases
need be considered, nanely, storage, the log growth phase, the
decreasing log growth phase and the endogenous phase. The lag
phase is lergely eliminated in activated sludge and trickling
filters due to the large innocculum employed. Lag phases may
be induced, however, if the sludge is not acclimated to the
particular waste being treated. in exanple of this is the
innoculation of an industrial waste with activated sludge from
a domestic sewage oxidation (24) (25) (26) (27) (28). Process
lags will also result when sludge in the advanced endogenous
phase is recycled for treatme?t. This effect has been interpre-
tated in terms of sludge age \defined on p. 13/,

Storage may be defined as BOD which is removed from
solution by sludges, but which is not immediately metabolized.
The concept advanced by Porges, et al, shows storage principally
as glycogen in the bacterial cell (235. To illustrate, let us
consider the bacterial cell in the endogenous phase to have the
general composition C,PHNOO TIimediately after aeration contact
with organic waste the sludge enters the active respiration=-
storage phase and its general composition can be defined
chemically as CzH-NO, C,HyOz. 4s aeration continues and the
soluble BOD in tBe 'waSte is removed, by the sludge mass, the
microorganisms consume the stored material for metabolism and
growth, -fter sufficient aeration for coimnplete oxidation and
synthesis of the BOD removed from the waste, the sludge is
reduced to the endogenous form GsHyNOp This is schematically
illustrated on Fig. 4. Using previously derived equations for
oxidation and synthesis, Porges, et al, computed the bacterial
storage in milk waste oxidation to be 625 ppm of COD for 1000
ppm of sludge solids. The storage may be graphically derived
from batch waste treatment data employing a form of plot as shown
on Fig. 5
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There is evidence that storage is also related to the
efficiency of contact during mixing and to the BOD available
to be removed., Katz (25) has shwon that the initial removal
of BOD per unit mass of activated sludge decreases as the
sludge concentration increases, TFurther study is essential to
establish initial removal ratios for various oxidation systems.

The log growth phase may be defined as that period during
which regular and maximuwn multiplication of sludge cells is
taking place., The generation time is defined as that interval
during which one bacterium develops and completely divides into
two cells. 'This results ir. a geometric progression of bacterial
gm‘fthu

The rate of growth of organisms may be e:pressed by the
formula

ds ks  (3)
dt

The generation time of the organisms may be related to k.
g- 0,693 (4)
k

Since S after any time t is equal to S, ' 4 S and the amount of
cell material produced is proportional to the amount of organic
matter removed

» S -alr (5)
1.425,

1.42 is the theoretical factor for converting ultimate BOD to
cell material. The integrated form of eq. (3) may be expressed

log (1+alr ) :kt (6)
1.4254

In the mixed microbial systems generally considered k is a
function of the mean generation time of the culture. Since k
is theoretically correct only for the viable count, errors will
usually accrue through the use of total or volatile suspended
solids measurement which includes both living and dead cells in
addition to amorphous matter present in the sludge.

At the end of the log growth phase a negative acceleration
phase exists where cellular division occurs at less frequent
intervals (k is variable), It has been shown by several invest-
jgators (29) (30) that the mean generation time, g, and hence k
is BOD concentration dependent below a limiting substrate level,
A mean k, representative of overall process performance, may be
related to microbial food supply as shown on Fig. 6.
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In the endogenous phase of the process there is little
or no BOD removal and tie sludge concentration is being decreased
through endogenous respiration at a greater rate than growth
through syntheses.

Application

It may be generalized that the efficiency of BOD removal
in the activated sludge process is a function of the aeration
time, the active sludge solids concentration and the 80D loading.
It is therefore convenjent to relate efficiency to a loading
factor involving the aforenentioned variables (31) (32) (33),

This loading factor expressed as lbs BOD per day per 1b aeration
sludge may be computed froi the eguation

£=2 fa (7)

Sat (1L+r)

From studies with zlucose and peptone, Sawyer and Garrett
(30) established niaximum reuwoval rates of 3,6 # BOD per day #
solids at 10°C, 11.6 # BOD per day per #solids at 20C and 20.8
# BOD per day per # solids at 30¥C, Lower maximum removal rates
have been observed in the treatment of pharmaceutical and
cannery wastes, This loading factor employs mixed liquor
suspended solids for convenience., Iince only a portion (variable
with different wastes) is active microbial sludge maximum removals
for particular systeis zre only representative for that particular
waste,

The loading factor enployed for process design should
consider the total time the sludge mass has been undergoing
aeration to encompass all four zones of activity previously
described, OSome process odifications such as contact stabilis
ation euploy a short aeration contact period of the waste with
sludge for rapid rewoval of BOD (principally as storage)
followed by a relatively longer aeration of the sludge alone for
oxidation and synthesis. The loading factor computed for the
waste aeration step alone would be primarily representative of
storage while the loading factor based on the entire sludge
mass would consider £11 process sters, Tuble 1 shows dat o from
various waste oxidation systems. In conventional sewage
treatment practice 904 BOD removal efficiency has been attained
with a loading of 0,5 # BOD per day per / sludge. Increasing
this loading to 4.0 i BOD per day per # sludge reduced the
removal efficiency to 54k, 80 - 90% efficiency has been attained
on cannery and pharmaceutical waste oxidation with loadings of
1-2 ## BOD per day per ;# sludge.

Loading-efficiency dat. for any particular waste must be
obtained by experimental investisations on that waste using well
acclimated sludge,
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Loading applied to the sludje is related to various
secondary factoré& which influence the overall nrocess
performance, any investigators have interpreted these
effects in terns of sludge age which is related to the
length of time the sludge has been undergoing aeration,
Sludge age may generally be considered as the reciprocal of
the *zading factor. Gould (34) has defined sludze age as ihe
mixaed liquor suspended solids per suspended solids per day in
the raw sewage. i more fundamental interpretation of sludgze
age was advanced by Heukelekian and Gellman (35) as the mixed
liquor suspended solids per 1lbs BOD per day removed in the system,

sdwards (36) and Gould (37) showed the conventional process
to have a sludge age of 3 - 4 days (endogenous phase) and the
modified aeration process a sludge age of 0.2 days and 0.4 days
in summer and winter respectively, They reported poor settling
properties over the range 0.5 - 3,0 days. A generalized relation-
ship was also defined in the NRC report (38) between the rollman
sludge index and sludge loading factor previously defined.

Haseltine (33) has surmarized these findings; when oxidation
lags adsorplion, sludge settleability deteriorates; a further lag
results in good settling cualities but poor removals, Lxcessive
aeration into the endogenous zone results in pin-point floc and
poor removals,

Interesting studies by Mckinney (39) indicated that at
high loading factors sludze does not flocculate and functions as
a dispersed growth., Only when the sludge is brought down approach=-
ing the endogenous phase does flocculation occur, Flocculation
of bioloj;ical sludge is therefore interpreltated as a function of

the energy content of the system,

Busch (40) has attributed non-flocculant properties
(poor settleability) to a young sludge population in the log
growth phase,

While there is sorie doubt 2s to interpretation of the
effects of hizh loadings on the overall process performance it
is generally conceded that sedimentation and compaction of sludge
is impaired wlen high loadins factors are employed,

When the BOD loading per unit time is plotted against the
BOD removal per unit time, a curve is obtained in which the removal
approximates a linear function of the loading. .t high loadings
the removal approaches a limiting value such that increased
loadings substantially affect no further reduction., Various
graphical representations of loading=-removal relationships are
shown on Fig. 7.

A similar loading fuctor may be employed for the design of
trickling filters. OUince eract measurements of the quantity of
active sludge solids are impractical, the loadinz factor is usually
expressed as # BOD per day per cu.yd, of media, maximum observed
removals in filter operation are 3.1 = 3.3 ;¥ BOD per iay per cu.yd,.
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resulting in an overall process efficiency of 25 - 358 (41)
(42) (43). Since the quantity of available sludge in a filter
has been shown to vary from 8 - 12 # per yd3 for low rate
filters and 5,5, = 11 ;! per cu.yd. for high rate filters (44),
the equivalent maximum removals are 0,2-0.4 # BOD per day per
# sludge, Since the time of contact of BOD through a high rate
trickling filter 1s 15-25 minutes, it is probable that the
initial reactive capacity of the filter slimes exerts a major
influence on filter performance,

QOzyren Utilization

»s has been shown in eq, (1) and (2) oxygen plays an
essential role in aerobic biologicel treatment, For optirum
efficiency oxyzen must be supplied at a rate ecqual o or greater
than ite rate of utilization. In the activated sludge process
this is usually acconplished by diffusion from air bubbles inject=-
ed into the liguid-sludge nass under turbulant conditions. In
trickling filters oxygzen is derived from air drawn into the bed
due to the temperature gradient between the sewage and the
ambient air and from oxygen dissolved in the incoming waste,

Oxysen utilization rate may be defined as the weizht of
oxygen consumed by a given weight of microbial sludge per unit
of time, It is usually expressed as ppm per hour.

A linear relationship will exist between the sludge con=-
centration and the oxygen utilized (45) (46) over the range of
sludge concentrations usually employed.

rr & krs (8)

In very high sludge eoncentiations (> 10,000 ppm) the unit rate
of oxyzen utilization may decrease due to diffusional resistances

(48).

The oxygen utilization rate characteristics of a sludge-
liquid mass will be defined by the quantity of unoxidized
organic matter present (nutrient) and the growth phase of the
sludge (i.e. assimilation or endogenous respiration). Active
cespiration occurs in the presence of sufficient food in which
oxygen is used by the sludge to obtain energy for the assimila-
tion of organic matter producing CO2 and Hp0, This shown by
the general equation (1),

In addition to the above oxidation the sludze produced by
the assimilation of organic rmatter is continually oxidized by
its own mass, Hoover (48) has defined this as endogenous respir=
ation, This oxidation is defined by <qe (2) and illustrated in

Fig. 9

The rate of oxidation of organic imatter as shown in
iqe (1) is 10-20 times the rate of auto-oxidation as shown in
iq. (2). indogenous respiration is frequently defined as a
percent per day of the sludge solids under aeration, This would
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correspond to a constant rate of oxidation per unit of sludge,
igtually the o:ddation rate decreases with tlze due to the
fact thal the cell constituents differ in caie o” oxidationa
Hutchens has sihown that this rate of decline for many micro-
organisms is logarithmic in nature,

The oxygen utilization rate characteristics for several
systems is shown in Table 1,

'The total oxygen requirements for a biological system
may be related to the nuantity of organic matter removed and
the concentration of sludge solids according to kq., 9 and
illustrated on Fig, 10,

0z = (1-a)L, + bS (9)

The constants for this relationship must be e:perimentally
evaluated for any particular waste, Caution must be exercised

in the interpretation of iq,9 when organic matter (BOD) is

stored in the sludge system since this relationship is based vpon
a synthesis-oxidation balance, . similar relationship was
derived by Smith (49) for the oxidation of domestic sewage.

The oxygen utilization characteristics of a system for
process design may also be derived from a statistical analysis
of utilization rates obtained at various loading levels,
Statistics are applicable to the analysis of data which involves
variation and provides a method for the significant interpre’a-
tion of these data, The data is expressed in teras of a range
of values encompassed by a stipulated probability of occurrence.
The probability of occurence may be obtained graphically from a
statistical plot on normal or logarithmic probability paper.

A probability of occurrence (usually 90-954) of oxygen transfer
and blower design. The equipment 1s then slected such that at
this value oxygen will be supplied to meet the demand rate
90-95% of the time, The probability of occurrence of BOD
removal from the system will usually parallel the oxygen demand
probability curve in accordance with Eq. 1 and 2.

It has been shown that when the oxygen concentration {n
the mixed liquor is greater than 0,2 - 0,5 pmm the rate of
bacterial respiration is independent of oxygen concentration.
when the oxygen centration is below this value, the system
becomes oxygen dependent and the rate of BOD removal is
decreased,

Wwarburg (51) and Fasveer (52) defined a mathematical
relationship for oxygen diffusion into microbial cells which
is a function of floc size, diffusivity, oxygen utilization
rate and external concentration of dissolved oxygen (driving
force). Sludge cells tend to elunp hence to decrease the
quantity of oxygen which can be transferred to them by an
increase in resistance to transfer, High degrees of agitation
will disnerse the sludge clumps and increase the transfer rate
to the cells for metabolism, By decreasing its mean floc radius,
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a greater surface is exposed for oxygen transfer and the
dezree of oxygen penetration is increased, 'This has the

net result of increasing the unit rate of o:ygen utilization.
The maxiimua turbulence desired in & system nay be defined as
that power input which will not excessively shear the floc
particles for subsequent settling. ™Turbulence and power
input to the aeration system is frequently expressed as
Horsepower absorbed per 1000 gallons of tank capacity.

2lydee Proauction

As illustrated in iq. (1) the quantity of bacterial
sludge produced will be proportional to the BOD removed in the
process, additional sludge for disposal will be contributed
by inert suspended solids present in the waste., The total
excess sludge produced by an oxidation system may therefore
be assuned to be composed of microbial protoplasm, non-oxid-
jzable organic matter, stored organisms and inorganic solids,

The quantity of microbial sludge produced by a system
can be estimated by a material balance around the system
enploying Zq. (1) and (2) and illustrated on Fig. 1l,

Excess biological sludge -aL,- bS (10)

(a“has been found to vary from 50 - 75% of the BOD removed by
the system (assuming no storage)

Sawyer (52) has shown that the expected growth of rew
sludge is 50-60% of the dry weight of organic food. The data
of Gellman and Heukelekian (35) show a yield of 0.5 # of
volatile solids per # BODg fed to the system,

The presence of inert suspended solids removed in the
system will increase the total quantity of sludge for disposal
and Eq. 10 should be modified,

Excess sludge -aL, - bS 4C (11)

The theoretical quantity of sludge produced is directly pro-
portional to the BOD removed. The portion of the sludge which
will be consumed in the process by oxidation (endogenous
respiratién) will be a function of the solids concentration
and the time of aeration, at lower temperatures the rate of
endogenous respiration is reduced and less sludge synthesized
is oxidized.

Nutritional Requirements

Efficient and successful biological cxidation of organic
wastes requires a minimal quantity of nitrogen and phosphorus
for the synthesis of new cell tissue. In addition, trace
quantities of several other elements such as potassium and
calcium are required, These elements are usually present in
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natural waters in sufficient cuantity to satisfy the require-
ments for bacterial metabolism, ‘itrogen and phosphorus,
however, are frequently deficient in waste substrates and must
be fed as a nutrient supplement to the system to attain optimum
efficiency.

The nitrogen cycle in biological weste treatment is shown
below

Organic
Nitrogen

¥
BOD + NHy #+ 0Op ==------ Bacterial Cells + CO, + H50
(Organic HNitrogen)

l: + 0,

V' NHy+ G0zt Hx0

‘3’ + 02
N.OZ

€ 102
03
As may be observed, some nitrogen will be recovered and reused
in the system due to the endogenous respiration and oxidation of
cell tissue with a resultant release of ammonia to solution.

Nitrogen and phosphorus are important constituents of
microbial cell structure and are, present in the form of proteins
and amino acids., Cell nitrogen will vary from é - 15% and phos=-
phorus from 2 - 5% on a dry weight basis for most microorganisms
of importance in waste treatment practice, Studies of Helmers and
Sawyer (53) showed that for optimum process efficiency a minimum
nitrogen content of 7% and a minimum phosphorus content of 1,2%
by weight of the total volatile solids should be maintained,
Recent investigations Ly Porges, et al, (23) revealed that while
the cell nitrogen was 12 - 4% in the endogenous phase storage in
the active growth phase reduced the nitrogen content to 7%,

Nitrogen in the form of ammonia, nitrite and nitrate and
some forms of organic nitrogen are available to the organisms
for synthesis. Soluble inorganic phosphorus and most organic
phosphorus are available for microbial usage. \‘hen a nutritional
supplement is required for a biological process, ammoniacal
nitrogen and soluble phosphorus salts are generally used since
they are ho§t readily assimilable., It is usually not advisable
to add nitrates, because they serve as a secondary source of
oxygen for the organisms, In secondary settling tanks where the
available dissolved oxygen may.be depleted, nitrates are reduced
and nitrogen gas is formed, resulting in a floating sludge.

Because many activated sludges contain an appreciable
inert and amorphous fraction the critical nitrogen content may
be quite low, For example, a biological sludge from a pulp and
paper waste containing a large percentage of stable organic
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matter had a critical nitrogen content of 3,54 based on the
total volatile solids. By comparison, the nitrogen content

of an average domestic sewage biological sludge is 7,5%
based on the total volatile solids.

Nutritional requirements may be expressed as a fraction
of the total volatile solids, as 1bs of N or P per 100 # BOD
removed in the process or as a BOD or a BOD ratio,

N P

Nitrogen and phosphorus requirements may be more rigor-
ously computed from a material balance based on the maintenance
of a minimum nitrogen and phosphorus content in the biological
sludge produced in the system,

Nitrogen may be fed to a system as a gas (anhydrous
ammonia) as aquous ammonia or as a dry feed of an ammonium salt,
Phosphorus may be solution fed as phosphoric acid or dry fed as
a phosphate, The selection of a feed system for any given
installation should be determined by a comparative cost study.

Sedimentation and Flotation

Sludge-liquid separation is an integral part of biological
oxidation processes, Consideration must be given the physical
character of the sludge solids and the effect of process varia-
tions on these characteristics (for example, anticipated loading
variations, temperature, pH, etc. ),

The concentration of active sludge solids which can be
maintained in the aeration basins is limited by the settling and
compaction characteristics of the biological sludge in secondary
settling tanks,

The two factors which must be considered are the rate of
sludge settling and compaction and the rate and nature of the
biological decomposition in an anaerobic environment (clarifier),
Both of these factors are initimately related to the chemical
nature of the waste being treated and to the loading character-
istics of the sludge system as previously described.

For example, an activated sludge from a food processing
waste could not be maintained in a final tank for .lopg periods
due to its high activity and gas production, As a result, the
maximum sludge concentration attainable was O.4 to 0.7% By
comparison, an activated sludge from a pulp and paper waste
could be maintained for extended periods im the final settling
tank due to its low activity and non-gas forming properties,
Concentrations as high as 3.0% could be attained,

Special consideration must be given the selection and
design of final clarifiers for separation of biological sludges,
Density currents are created in final tanks due to the differ-
ence in specific grevity of the sludge mass entering the unit
and the clarified liquor in the'unit, Design factors have been
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discussed by Sawyer (55) and Anderson (56).

The use of flotation for sludge=liquid separation
permits a higher solids balance to be maintained in the
system independent of sludge settling and compaction character-
istics, Experimental studies on activated sludges treating
various wastes revealed that mixed liquor sclids can be
concentrated to 2 - 34 solids by weight employing pressure
flotation,

The Character of Activated Sludge

The synthesis of activated sludge is shown by Eq. (1)
employing ammonia as a source of nitrogen. The cellular
material can be represented by the enpirical formula
CzH7N02 developed by Hoover (20), This formula is represent-
ative of the ratio of the primary element constituents of
activated sludge. It is representative of the statistical
average composition of the complex organic compounds constitut-
ing cell material,

Studies by Helmers, et al, (53) on various industrial
wastes produced a sludge of 1.02% phosphorus content and 8% nitrogen
content with the general formula C113£170051“17P Ignoring the
phosphorus content, this sludge has the iormula G7R11H03

In accordance with kg, (2) the ultimate oxygen demand of
cell material is 1l.42 grams per gram of cell structure, If the
volatile solids content of activated sludge is assumed to be
cell material (not true for all industrial wastes) the ultimate
BOD and the COD of microbjal sludge should be 1,42 grams per gram,

Hoover (57) found un ewpirical factor of 1,25 O, per gm
of dry weight solids. This is'equivalent to 1.36 g Oy per gm
dry weight volatile solids for a sludge of 8 percent ash (61).

The heat of combustion of activated sludge used in the
treatment of milk waste was found to be 10,300 BTU per lb, of
volatile solids (22), This compares for the value of 10,000
"BTU per 1b, of volatile solids reported by Fair (62), for
domestic sewage activated sludge. The heat of formation of
activated sludge volatile solids can be estimated as 27.3 k
cal. per emperical mole (Giuhuoz) or 435 BTU,

The volatile solids of activated sludges will vary
depending on the nature of the waste being treated. A pure
microbial sludge will generally vary from 90-94% volatile (63),
The volatile content of dairy waste sludge was shown to be
92% by Hoover (62). Studies on cotton Kiering, rag rope and
brewery wastes by Sawyer (64) showed a volatile solids content
of 72-89 percent. As the sludge solids are increased in a
system, the volatile content will decrease due to the increased
endogeneuq.respiration and the increase of inorganig matter in
the sludge mass as shown in Fig. 3.



-2 -

Fagtors /ffecting Process Operation and Control

Various pt7sical and chemical factors must be considered
in the design of bidlogical oxidation systems. The more important
variables are temperature, pH, and toxic ions, The rate of
bacterial growth (generation time) and the respiration rates of
microorganisms are greatly influenced by temperature (65) (66)
(67)s The enzyme systems of the sludge mass will be affected
by pH, since each enzyme system has a specific pH range (68).
The presence of zinc, copper, chromiuf, nickel and cadmium as
well as some other non-metalic substances will seriously impair
the efficiency of the process (69).

Process Design

In order to illustrate the application of the aforementioned
concepts to process design a specific example is presented,

Example
An organic waste has the following average characteristics,

(For simplicity no consideration will be given in this example for
variability in waste flow or strength)

BOD, ppm ~ 980

Flow, mgd - 0.9’&
available nitrogen, ppm as N 5,0

It is required that the BOD removal efficiency be 90%

Design Criteria:

Return sludge - 8000 ppm :=Sr (based on sludge compaction vs
decomposition studies)

Mixed Liquor Suspended Solids - 2500 ppm = Sy
Mixed Liquor Volatile Suspended Solids -~ 2100 ppm

Average endogenous respiration rate = 84 per day (based on
volatile solids)

Calculations;
BODg loading = 0494 x 980 x 8,34 = 7650 1lbs per day
ODg removed = 7650 x 0,90 = 6900 lbs per day

hecycle ratio.:-Sy = _ 2500 = O45=r
Sp~Sg 8000-2500

Recycle Flow: 045 x 0,94 = 0,42 mgd

(The computed recycle ratio assumes no solids in the raw waste,
The build-up of active solids "through the aeration system is
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neglected in the calculation)
aAeration Tanks:

From an experimental of BCD loading vs efficiency
(Fig 11) the allowable loading factor is 1.0 lbs 80D per day
per 1b sludge,.

Lbs BOD per day per 1lb sludge = 24 L, 1.0

SaT(14 r,

Where T is -he detention time in hours based on (Q*R)
therefore T - 24 La

= gl_* X 280 5 6.5 hrs
1.0 Saz1’ I‘) 1l x 2500 1+ 0.45)

volume of aeration tanks + R)T = (0.9%4+ 0,42)x 6,5 - 0,37 mg

If contact stablization is to be employed, data on the storage
capacity must be obtained for design of the aeration tanks,
The stabilization tank required will then be the difference
between volume of the aeration tank and the total aeration
volume required for the process,

Alr Requirements:

From laboratory or pilo% plant studies, a relationship
such as Fig. 10 was derived (assumed no storage)

lbs 02 per day - 0,48 lbs BODg removed per day : 0,08 X
1.42 x lbs ilVS (1) _
- 0615‘8 x 69(1)' 0.08 X lohz x0.37 xB.Bh x 2100
L

oxygen utilization rate - 1bs Opper day,4 4,050 = 55 ppm pp hr
V x 8,34 x 2 0,37 x 8,34 x 24

Sludge Production:

From theoretical considerations that the ultimate BOD
of a waste equals the sum of the oxygen utilized and the
sludge produced by microbial growth, the following equation
can be developed:

BOD ultimate removed : O» utilized + sludge produced (2)
Subtracting (1) from (2], converting to 5-day BOD units
and introducing suitable conversion factors ylelds
lbs VS per day = 0,70 1bs BODg removed per day - 0.08 1bs MLVS
= 0,70 x 6900 - 520
- 4300 1bs per day
total solids produced - 4300 = 5050 1lbs per day
0.85
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ritiopal Regqui ts

From experimental studies critical nitrogen contant =
7% of the net bilological solids

Total nitrogen required = 0,07 x 4300 : 300 1bs per day.
Nitrogen available in waste = 5 ppm = 40 1lbs per day..
Required nitrogen = 260 lbs per day.

The phosphorus requirement may be similarly computed,

Symbol s
S = biological sludge solids

t - detention time, hrs

a - fraction of BOD removed which is synthesized
L, - applied BOD, ppm

Ly -~ BOD removed, ppm

k - velocity coefficient of bacterial growth

g - generation tiwe, hrs,

r - sludge recirculation ratio, R
Q

rp - oxygen uptake rate ppm per hr

kp - unit oxygen uptake rate, mg per hr per gm sludge
b - endogenous respiration, percent per day

C - inert suspended solids

Q
R - recirculated sludge flow, mgd

raw waste flow, mgd

o]
]

BOD loading factor, 1bs BOD per day per lb aeration sludge
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TABLE 11

Obscrved Respiration Rates in Biolegical Oxidation Systems

aste Respiration Rate Ref
mg O2/h-/rm sludge

Sewage Active 16 - 20 (58) (59) (60)
Sewage endogenous 1.85 - 9.8 (58)
Dairy active LO - L5 (57
Dairy endogenous L - 10 (57)
Canaery active 35

Prarmaceutical active 74(ave. max. recorded) (6)

Pulp and paper active 1 -~ 15 (16)
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TREATHENY OF WASTE FROM
SLAUGHIERHOUSES AND POUL1RY DRESSING

By

R. RUPZRY KOUNTZ

Professor of Sanitary Engineering
The Pennsylvania State University
UNIVERSITY PARK, Pennsylvania

When stream pollution must be abated economically and
simply the treatment of waste water from small slaughterhouses
and poultry dressing plants opsrating regularly or intermitt-
ently poses a special problem in contrast to the large complate
meat products plant with special: processing and rendering
operations, Ordinarily, the small plant does not have a main-
tenance staff and the number of employees is at a minimum,
Thus, any waste treatment operations will be of secondary
importance to the processing of the product. Biological methods,
if used in these plants, must be simple to operate and, if
possible, semi-automatic,

Realizing this problem, the Pennsylvania Sanitary Water
Board appropriated funds to The Pennsylvania State University's
College of Engineering and Architecture for a study and evalu-
ation of the waste problem from small slaughterhouses, The
State Department of Health Pendered.assistance to this work by
providing one of their staff Sanitary Engineers and a mobile
field laboratory.: ‘A-pilot plant installation was erected for
the purpose of this study. The problem of waste water treat-
ment from the poultry dressing plants was investigated at the
University under :the -sponsorship of the United States Department
of Agriculture, Agricultural Marketing Service, Data for the
poultry study were gathered from the.plants operating in
Pennsylvania,

I . Slaughterhouse Waste

Biological Oxidation

The activated sludge process was not included in this study
because of the intensive foaming encountered in the laboratory
trials before building the pilot plant, With more dilute
wastes or wastes having a significant fraction of sanitary
sewage there should be no difficulty in employing this process,
In work subsequently done by the author with dairy wastes the
activated sludge process worked quite well and also very econ=-
omically as a batch-process technique.

With waste strengths of 1500-2600 ppm (700-1200 ppm BOD
with blodd excluded) BOD the usual ~tyle of trickling filter will
not provide satisfactory treatment, without two or more stages,
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or else a high recycling ratio. Intermittent slaughtering
schedules permit the conventional filter to dry out between
uses and thus damage the biologjcal flora in the filter.

Tests in this study yielded less than 10% reduction in BOD
using a conventional six-foot deep filter. %he two to three
inch stone originally tried was removed and replaced with
nrice" and "buckwheat" anthracite coal to a depth of six feet,
During five months of operation the coal filter approached a
BOD reduction of 40% without recycling. Lack of time and
funds did not permit further investigation of this unit,
although it would appear to have use as a pre-treatment device
before dischaging waste to a municipal sewer. The treatments
described are for a single application at a rate of 2.0 mgad.

Obviously this is a ten-fold overload in regard to
weight of BOD per unit volume of filter medium but such a rate
is necessary to obtain hydraulic distribution.

If activated sludge and conventional trickling filter
methods are unsatisfactory and finer filter media increases
the degree of treatment, then the obvious solution is very
fine media or a sand filter. Sand filters (24 inches deep on
6 inches of gravel) were built from washed river sand and
operated similarly to the intermittent sand filters in early
sewage plants. waste was applied at a rate of 200,000 gallons
per acre per day in four doses at two hour intervals and
yielded a reduction of 95% in the summertime and 85% in the
wintertime, when two sand filters were operated in series.

A single filter yields 85% and 60% respectively. The waste is
applied quickly from a dosing siphon so as to flood the filter
surface. It is recommended that the underdrains be free
outfalls and without traps, to aid in possible ventilation,
Naturally, the waste should be screened and settled to reduce
the filtermat on the sand surface., Rotary distributors were
tried but found to cause ponding at the above dosing rate,

and also required much greater maintenance than the filter-
flooding application method.

Recycling was investigated but is not recommended
because of the higher maintenance and operating costs,
Filter maintenance is quite simple., Aside from an occasional
light raking to remove any "mat," it is recommended that the
top two inches of sand be removed and replaced with new sand
at least once a year. The effluent from this treatment has
a clear pale-straw color.

Septic Tank Treatment

Septic tanks have been used in many instances as a
receptor of slaughterhouse waste before disposal by means of
a tile fleld. In an effort to assess the degree of reduction
offered by anaerobie action a limited laboratory study was
made using samples of waste from normal slaughtering operations,
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Three 16-liter carbcys were used as septic tanks and seeded
with sewage plant digester sludge, wantities of waste were
added at seven-day intervals so as to displace 10, 25 and 50%
of the volume of carboy, and this system of waste addition
wag performed for eight months, During this time the pH of
the carboys remained at 7.4 although highly alkaline waste
was added, and there was no increase in the volume of sludge,

The average reduction in BOD is given in Table 1.
IABLE 1

BOD REDUCLION IN SEPLIC LANKS

Displacement
One Day Three Days Seven Days
10% 29% 64% 93%
25% 22% 51% 78%
50% 10% 29% 55%

Septic tanks produce a definite reduction in the pollution
load of slaughterhouse waste and satisfactory reduction can be
obtained if a relatively large tank size can be justified.

Chemical Treatment

Chemical treatment is feasible in instances where land
area is limited, and neighbors are in close proximity. The
operation of the plant is simple and can be carried out without
laboratory control.

The hypochlorite-alum process developed in this work is
based on the fundamental work developed and published by
Halvorsen, It will be recalled that his application of chlorine
at the Hormel plant (in ilinnesota) was made without adjusting
the pH of the waste to the protein iso-electric point (pH:4.3)
and this would help account for the partial treatment obtained,
In the Pennsylvania process filter alum is used to lower the
pH to the proximity of the iso-electric point and the alum
possessed the additional virtue that the use of grossly excess
amounts would not produce a lower pH than 4.,3. Further, the
order of addition of the chemicals does not affect the efficiency
of BOD reductions, but the addition first of hypochlorite does
yield a more efficient chemical dosage. Chlorine gas was not
investigated nor suggested since the cost and dangers of using
it are too great., The chlorine compounds studied were calcium
hypochlorite, chlorinated lime and sodium hypochlorite solution,
and all worked equally well,

The hypochlorite-alum treatment of slaughterhouse waste
will produce 95% or better reduction in BOD values of 1000-
3000 ppm, but the reduction drops off rapidly to 60 to 70% as
the amount of process cooking in the plant increases. Hypochlorous
acid will precipitate fresh animal proteins almost completely,
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but because of protein hydrolysis due to cooking, the amount
of original proteins capable of being precipitated is reduced
and the amount of BOD reduction correspondingly decreases.
The protein coagulation and precipitation is immediate and the
sludze consolidates to a volume of 20 gallons per hog and

50 gallons per steer, leaving about 854 of the waste volume
as a colorless, clear effluent which is decanted with an
adjustable effluent pipe. These data are intended for a
fill-and-draw type of plant which is much simpler for a small
slaughterhouse, “he average dosage of calcium hypochlorite
used was three ounces per hog and 10 to 15 ounces per steer,
The amount of alum used depended on the pH and alkalinity of
the water supply but will range from 10 to 20 pounds per

1000 gallons of waste, In the absence of pH measurements
(after adding alum) a sufficient dosage will be shown by a
clear colorless supernatant in contrast to a tan color when
under-dosed,

The sludgeproduced (984 water) was dewatered and dried
on under-drained sand beds and under favorable weather conditions
could be removed in five to seven days, There is no odor ‘o
the material and eventually it oxidizes to a hard black inert
plastic-like substance. One advantage of this sludge is that
rain cannot re-wet it after an air exposure of two to three
days. & variation in the effluent system involves constructing
the sludge beds of sand underlaid with graded gravel and under=-
drain tiles. The tank contents (supernatant first) are drained
to the bed with a two foot head of applied liquid, and finally
the sludge. [his set-up can be operated at a two gallon per
minute per square foot rate for the entire waste volume.

In the event any sludge accidentally reaches the stream
there is no harm to fish life as toxicity tests were made with
it using two-inch blue gill sunfish., A one percent sludge
concentration in the aquarium water did not affect them in
seven days contact,

11 Poultry Dressine Waste

Poultry dressing waste is very similar to the slaughter-
house waste except for the matter of feathers. For this study
it was assumed that all feathers would be screened from the
waste before leaving the plant. The type of operation in
regard to manure and blood disposal will greatly affect the
strength of the waste, With blood and manure removed the
BOD will pe approximately 500-600 ppm, but when both are
included it can easily be 3000-3500 ppm.

For this investigation chickens were assumealbo have a
live weizht of 3,5 lbs. and a dress weight of 2.5 1bs, later
usage (waste volume) was found to have an average value of
one gallon per pound of live weight of birds processed

(3.5 gallons/bird). Under average conditions with good
housekeeping the average wieght of BOD was found to be 25 1lbs,
per 1000 chickens,
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In preparing these cost estimates of both the initial
construction cost and the annual operati expenses, it was
necessary, in order to simplify the calcﬁiationa, to make
various basic assumptions, It is believed, in view of the
assumptions used, that the relative values shown are correct,
whereas various authorities may differ on the actual assumed
design and cost values,

In general the estimates show that the cheapest system
to install and operate is spray irrigation. The next cheapest
is subsurface tile field, and the most expensive are the
trickling filter installations, In the case of the filters
recycling of the waste reduces the capital investment and does
not markedly increase the operating cost in spite of the
continuous pumping required. ifunicipal sewage disposal is
comparable to the tile field and recycling trickling.filter
costs and is Yo be recommended in view of the freedom from
operation, maintenance, and responsibility, Activated sludge
was not considered in this study because of the numerous systems
and different items of equipment which might be employed for
this process. It is the feeling of the author that, in general,
the activated sludge process, if standardized for this type of
waste, should prove cheaper to operate than either of the
filter installations,

For estimation of disposal by spray irrigation a basic
application rate of 10,000 gallons per acre per day was employed.
Basically the principle of application invelved for irrigation
systems would apply twice the basic rate on alternate days and
thus allow the sprayed area a resting period of approximately
36 hours. The sump size was designed so as Yo operate the
sprinklers 15-20 minutes out of each hour, The cost of the
sewer from the plant to the spray field was not taken into
consideration in these estimates, The area and dosing rates
involved are for an eight hour dressing operation per day. It
was assumed that the spray area contains a crop of pasture
grass, alfalfa or similar cover crop. ~‘he laterals supplying

he spray nozzels are sloped so as Yo drain back Yo the pump
sump when pumping ceases and Ykus prevent freezing in winter
weather., It is assumed that an ice-cap will cover the area
during severely low temperatures and that this ice-cap will melt
slowly in the warmer weather without objectionable run off.

For the tile field installation, a soil having a percolation
rate of five minutes per inch of water soakage was assumed to be
available, If the percolation rate is considerably less than this
value it would be necessary to increase the tile field installation
proportionately. The Vile field laterals had a maximum length of
100 ft. and were located on 10 foot cemters.. The pipes were
located in 12 inches of gravel in a 36 inch wide trench. This
tile field was designed Yo be dosed four times per day with an
automatic siphon. The cos' of the sewer from the plant to the
siphon chamber was no® included in this estimate,
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The available daa in the literature on the calculation
of municipal sewer service charges for the amoun® Yo be charged
to industries is confusing and conflicting since i% no® only
involves the strength of the waste and its volume, bub also
the accessed valuation of the industry itself, 1t was decided
to assume a constant to be applied to the domestic sewage volume
rate to yield the annual charge for poullry dressing plants.

The Yrickling filter installation was divided inbo two
types: no recirculation and a recirculabion rate of 4:1.
In both cases it was assumed that a filter depth of 6 Yo 8 feel
would be employed. fhe mebhod of arriving ab the tolal
construction was to develop first the cost of the filter itself
and then to add to it 754 - 80s for the cost of sedimentation
tanks, pumps, and piping. The acre-foo¥ of slone media required
for these units was based upon the formula provided in the
report of the iational iesearch Council of ay, 1946. Commonly
prevailing engineering costs estinales were euployed for the
filter components,

In all of the above installations except municipal disposal
the annual cost was computed by means of the following formula:

CcCeCT*8/rvcC
n

where CC is the capitalization cost, C is the construclion cost,
0 is the operating cost, r is the interest rate, n is the number
of years of useful life or tax-wrilte-off period. In this case

r was 0,03 and n was 15 (years). The annual cos% shown in this

estimate was oblained by dividing The capitalization cost by the
number of useful years (15).

For this comparison of costs a waste volume of 25,000
gallons per day wi“h a strength of 800 ppm BOD is assumed.
Spray irrigation, sub-surface lile field trickling filters and
municipal sewer system were evaluabed. the conséruction cost
of the first three was, respectively, #6000, 20,000, and
$52,000, With recirculation, the trickling filter installation
would cost $22,000, Compubed annual costs were respectively:
$3,300, 5,400, 13,000 and 9,000, The estimated annual sewer
service charge was 4,900,

If land was available the low cost, and simplicity of
operation and maintenance would favor the spray irrigation system.
The spray irrigabion anl Yhe tile field sysbem would each require
approximately hree acres of ground area. Where sewers were
available they would be preferable, in spite of the cost
differential, because of the freedom from operation responsibility
and its attendan® problems.

In generul summary, the method used would be evaluated by
these five crileria:

1. The first cost of construction mus® be low.
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2. Operating costs must be resonable.

3. The process mus. be si.ple,

L. mechanical equipment should be held to a minimum
to prevent shutdown due to mechanical failures
and to cut nmaintenance costs,

5. Operational duties should be simple and not
require much time, careful control or unpleasant

tasks.
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The waste effluent from metal finishing plants contains
numerous toxic compounds. The treatment of this waste before
discharging it is a serious oroblem affecting the metal work-
ing industry. when evaluating the problem of waste treatment,
it is found that the treatment of the contaminated rinse
waters is the main issue. A simple method for the elimina-
tion of this type of pollution is introduced in the form of
the integrated waste treatment system, Few specific examples
of this treatment method are discussed.

INTODUCTION

Among the industries discharging haymfu wastes, the
metal finishing trade is an important element., The chemicals
employed in the make-up of metal processing solutions are
extremely toxic to aquatic life. Another factor contributing
to the seriousness of the question is the fact that the
industry, especially the electroplating trade, is made up of
a large number of relatively suall plants dispersed everywhere
where metal working industry is established, The economical
burden of waste treatment is naturally iwuch heavier for the
smaller establishments both insofar as investments for
treatment facilities are concerned and also because it requires
the time of the scarce techni¢ally skilled help.

Evaluation of the polluting wastes from Electroplating processes.

The polluting wastes discharged by the typical electro-
plating plant may be divided in two general categories, such as:
1, concentrated and 2, dilute wastes,

1. Concentrated wastes are the spent acid pickling solutions,
bright dips, passivating solutions, alkali cleaners, stripping
solutions, etc., Generally these are process solutions, which

lost their usefulness due to & high bulld up in either:

1, metallic salts;
2, organic materials, such as oils;
3, broken down and expended chemical compounds.,
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The regeneration of these process solutions usually
is economically unjustified.,

11. Dilute wastes are the diverse rinse waste effluents
coming from the electroplating process. Some of the
process solutions euployed contain such highly toxic
compounds, that eve trace quantities carried by the rinse
water have to be considered toxdc.

The evaluation of a particular waste treatment problem
will depend to a great extent on the local conditions, If
it is only the harmful effect of the wastes on the sewers
and on the facilities of the loc.l sewer works which has to
be avoided, possibly only the concentrated wastes will have
to be treated. On the other hand, if the receiver of the
waste effluent is a strecam, both the concentrated and
dilute wastes will require treatment, Complete treatment
of the dilute wastes is required also when the potential
hazard to the sewerage treatment vlant is considered.

The treatinent of the concentrated wastes is a relatively
simple proc-dure, The dumpinr of process solutions occurs
only after reasonably long periods of use; the total quanti-
ties are not too large; some of the wasted solutions may be
used to effect chemical treatment on others help neutralize
each other, The chemical reactions involved are simple and
a reasonably sized holding tank will allow a treatment
frequency of only once or twice weekly,

It is believed that the real problem in connection with
metal finishing waste treatment is the treatment of the dilute
wastes,

We are dealing here with comparatively large quantities
of waste, Profuse rinsing is a prerequisite of a sound
finish because:

1., A film of dissolved chemicals, on the work
in process which when reacting with the
chemicals contained in the next process
solution might lead to a precipitate on the
surface to be finished. Some of the effects
of insufficient rinsing could be porosity of
the metallic or non metallic deposits, lack
of adhesion, blistering of the deposit, spotting,
tarnishing cloudy films, etc.

2. Continuous drag-in of foreign chemical compounds,
would soon pollute the processing solution next
in the line,

Waste treatment adds to the operating costs.

One finishing plant will usually employ a number of
different process solutions; the rinse waters thus are
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contaminated by different chemical compounds, which will
require differcnt but specific chemical treatments, It
becones necessary then to sezregate the wuste waters
according to the subsequent chemical treatuent cycle they
will be subjected to, and collect them for treatment,

Continuous treatment lines are not accepted by many
of the Sanitary authorities mainly because: 1, large
variations in flow rates and chemical loads; 2., the
extremely high toxicity of the waste, even in trace con-
centrations; 3. the toxic nature of some of the chemicals
used for the treatment; 4. the time required for some
specific reactions to progress to completion; 5. the lack
of sensitivity and sometines dependability of automatic
control instruments,

The segregation and collection of these wastes
requires large containers, actually several set of
containers for:

1, collection;

2., treatment;

3. stand-by;

L. settling;

5. blendinz and discharge.,

A reasonable number of pumps, chemical feeders, mixers,
flow meters, and control instruuents are also needed.
Technical supervision, some manual and Laintenance labor,
and the chemicals consumed, added to the amortization cost
of the physical plant constitute the operating expenses of
the treatunent plant.

The Integrated liaste Treatment System

Analyzing the problem as stated in connection with
the treatment of the dilute plating wastes we might draw
the following conclusions:

1. The pollution problem is due to the discharge
of large quantities of rinse waters contamin-
ated Ly a relatively low concentration of toxic
chemical compounds.

2, This waste is not due to some chemical by~
product which is a necessary result of the
metal finishing process; rather it is caused
by the requirenient of repeated washing during
the processing cycle.

From these considerations it follows, that if we
could eliminate the toxic compounds before they are waslhed
off we could mect the requirements, for profuse rinsing
without causinz pollution. It is necessary then to in-
tegrate the waste elimination steps into the processing
sequence and establish the treatment as an organic part of
the whole process,
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The objectionable clienical coinounds .2y be reioved
from the »urk in process before they could reach the sewer
by either recirculating the rinse waters through ion-ex-
changers or by chemical treatment preceeding the rinsing
steps.

The integrated wWaste Treatuent System is based on
chemical treatment uethods and the general conception may be
described as: chemical treatment of the objectionabla toxic
compounds and their removal from the work in process-preceed-
ing the rinsing with running water,

The chemical treatiient solution is kept in a closed
system and it is not wasted as a rule, but may be discharged
after prolonged use. The treatment wash station is an integral
part of the finishing line and it is connected to a larger
treatment solution reservoir. The treatment solution is constantly
recirculated, the chemicals consumed in the treatment process
are replenished and the precipitated salts removed through
settling or filtration. The treatament solution contains consider-
able excess of the cheicals used for the treatment, This
feature avoids the necessity of close control, maintains a more
even level of available chemicals regardless of fluctuations in
the drag-in rate and in some cases accelerates the anticipated
chemical reactions. Since the treatment solution is not expend-
able the higher concentration of reagents maintained does not
imply wasteful consumption of the treatment chemicals,

The choice of the chemical reaction to be adapted for
this type of treat.ent has to be such, that it suits the
finishing cycle while fulfilling the objective of toxic waste
elimination,

The requirements for a satisfactory treatment solution
may be enumerated as follows:

1. it should not tarnish, discolor or
stain the work;

2. 1t should not harm the functional
gualities of the finish such as:
corrosion resistance, activity
for receiving suvsequent electro=-
deposits, paintability and paint
adhesion, etc.;

3. it should give an instantaneous
reaction with the toxic compounds
since the chances for harmful
dragout into the subsequent run-
ning water rinse will depend on
the concentration level in the
treatuent solution;
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L. it should lead to a precipitate or
gaseous breakdown product to elimin-
ate undue chemical build up and the
need for freguent duwuring.

vependent on the chemistry of the particular treatment
to be used and also to soie extent on the receiver of the
final effluent, the treutment system may consist of one or
two steps with as many different treatment solutions. As
an example we could mention high and low pH cycles, reduction
and subsequent precipitation steps, etc.

Lvaluation of the integratcd method of waste treatment

The advantages of the Integrated tiaste Treatment System
are nunerous and probably decisive for the electroplating
trade,

1., The capital outlay for treatment ecuipment is
but a siall fraction of the productive
equipnent cost.

2., 'The waste treatuent is integrated into the
finishing line, thus no separate treatment
plant is required,

3, The floor space occupied is scelland may be
further minimized by occupying space over=
head or below floor level.

L. Some reduction in chemical consumption is
achieved especially when in a conventional
batch plant lurge quantities of wastes have
to be subjecte? to low pH treatment and
subsequent neutralization.

5, The need for close chemical control is
eliminated duec to the wide limits allowed
when working with a constant excess of
treatment cheudicals,

6., o separate personnel is required for the
operation of the treatuent system. Simple
test methods approximating the concentrations
of chemiculs is sufiicient and allow the
integration of the waste treatuent plant
into the repuler duties of the supervisory
and operating labor usually employed.

7, Reduced quantities of rinsing water may be
employed due to the better rinsability of
the work aiter treatment and the reduction
in contaminants,
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8. The rinse waters are free of hight concentration
of dissolved and suspended solids, the color
and clarity are excellent in comparison to the
effluent from a conventional treatinent plant.

9. The effluent is far more free of toxic compounds
than is the case with the average conventional
treatment plant. ™e reason for this is simple;
it is easier to work with an excess of treatuent
chemicals in a closed recirculated system espec-
ially when it involves the precipitation of trace
quantities of heavy metal complexes.,

Specific examples of integrated waste treatment

—— - ——

1. Treatment method after a cyanide type of plating
solution:

The toxic compounds to be eliminated are the cyanide
radical and the heavy metal ions, such as copper, zinc,
cadmium, The oxidation of the cyanide complexes through
chlorination is one of the simplest, cheapest and fastest
chemical treatiient methods and may be employed in the
integrated system very advantageously. 4 free chlorine
excess of 30-80 ppn is used at a pH of 9-10,5. Chlorine gas
or a hypochlorite solution as the source of free chlorine is
equally satisfactory. The underlying chemical reaction is
thoroughly explored and it may be assumed to go through in
two steps:

1, NaCN - 2 LaOH + Cl, i NaCNO 4 2NaCl FH20.

This first step is a very rapid reaction converting
the cyanides into cyanates, compounds of considerably lesser
toxicity, With further additions of free chlorine the second
reaction proceeds at a somewhat lower rate of speed., At the
stated pH, with the excess chlorine stipulated at room
temperature, in about 2-4 hours, the cyanates are broken down
into nitrogen and carbon dioxide gas according to the assumed
formula:

2. 2 NaCNO 4 NaOH +3 Cl,~32 COp+6 NaCl+Np+2 HpO.

The relatively high chlorine excess accelerates the
breakdown of the cyanates and allows the quantitative precip-
jtation of the toxic heavy metal salts. In the event that the
treatment follows copper nlating from a Jlochelle salt solution,
sufficient quantities of calcium chloride or lime has to be
added to the treatment solution to effect the complete precipi-
tation of the copper. '

The chlorination type treatment solution does not affect
the appearance or corrosion resistance of the deposit nor does
it alter the surface activity of a copper deposit insofar as the
adhesion of subsequent nickel plating is concerned. A distinct
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improveaent in rinsability is achieved if comparing rinsing
after the treatment with washing after plating is an install-
ation without the incorporated treatuent step.

» typical integrated treatment line followirg plating
from a cyanide type electrolyte consists of a treat.uent wash
station in the processing line following the plating step,

A larger treatment solution reservoir is also provided and this
is in a pumping recirculatory connection with the treatment
wash station. T™e provision of tihe reservoir allows a larger
quantity of treatment solution in constaut use, reducing the
fluctuation in chemical composition and wrovides settling
facility for the precipitated metallic salts. The treatment
wash solution as it is recirculated between the treatment wash
station and reservoir tank is constantly enriched with chlorine
;as and caustic soda or & hypochlorite solution to replenish
the chemicals consumed.

Won toxdc salts such as sodium chloride, sodium carbonate,
etc., alowly accumulate in the treatmenl solution. wLvery 2=l
nwonths depending on the particular installation, the treatuent
solution shculd be discarded and a new treatment solution made
up. « holding tank is usually provided for this purpose and
also for periodic draw off for systems using the hypochlorite
method of chlorine feed, "The use of this holding tank allows
leisurely time for analysis, reduction of the excess chlorine,
precipitation of possible traces of copper or other heavy metal,
adjustment of pH and slow bleeding off of the clear effluent,

Automatic control instrumentation based on pH control
and depending on the redox pétential can be used. The redox
potential is a dependable indication of the quantity of the
available free chlorine. The potential depends also on the
pH, thus it is necessary to control the pH to be able to use
the electrode system for the automatic control of the chlorine
feed,

111, ‘Treatment after chromium plating, chromic acid
anodizing, dichrouate type passivating dips, etc.

A two step process is usually employed. The first
treatment insures the reduction of the hexavalent chromium
to the trivalent state while the second treatment serves for
the precipitation of the chromic salts,

Generally, sulfur dioxide gas is used for the reduction
phase of the treatment. ™here are a number of important
considerations making sulphur dioxide the preferred reducing
agent ia this reaction, these are:

1, ease of handling, adjusting the rate of flow, etc;

2, the greater driving force of this reaction allows
a wide pH range-- from acidic to slightly alkaline--
for instantaneous reduction to take place, consider-
ing the usual excess of reducing agent in solution;
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3, the sulfurous acid formed as the gas is
absorbed in the solution regulates the
pH effectively eliminating the need for
separate acid additions;

L. the basic chromic sulfate formed will
require sualler quantities of alkali
for the subsequent precipitation.

'The second treatient step used for the elimimation of
chromium waste consists of a slightly alkaline wash solution
containing traces of reducing agent, such as sodium hydro-
sulphite %Naz S20,), to maintain a reducing potential and
eliminate thé possible traces of hexavalent chromiua not
reached in the first treatment, i sodium carbonate, lime
solution at a pH of 6-8 may be employed,

The proobable chemical reduction of the hexavalent
chromium with 50, gas is expressed as follows:

2, (b) 2HCro, 4 3H,S05 P Cr, (804)5+ 5H0

It will depend on the particular process on hand at what
pH the reduction reaction should take place. While a pH of 2-3
is harmless for a treatment after chromium plating, a pH near
neutral is required after chromic acid anodizing, or dichromate
passivation of brass, zinc, cadmium, etc.

The speed of the reaction depends on the pH and excess
reducer available while an increase in temperature also acceler-
ates the reduction. The hydrosulphite ion has an even greater
reducin g potential for hexavalent chromium compounds and it
may be assumed to accomplish instantaneous reduction at an
alkaline pH with only a 10-204 excess of the stolchiometric
equivalent.,

In a typical treatment layout, the first treatment wash
follows the chromium plating, possibly after a drein station
which serves to reduce the chemical dragout, The second treatment
1s next in the line and is followed by a running water or spray
rinse. Both these treatment wash tanks are connected through a
pump with a larger treatuent solution reservoir and are constantly
recirculated. The purpose of the treatment reservoir here is
simply to expand the usually small holding capacity (100200 Gal)
of the wash station in the line and thus level off possible large
fluctuations in the chemical concentration,

The sulfur dioxide is added through a porous stone or lead
pipe diffuser after passing through a pressure regulating valve,
flow meter, gas dryer and vacuum breaker. The chemical consump-
tion in the second treatment solution is very amall, - Only the
chromic salts dragged in from the first treatment step are
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precipitated here, Fanual replenishment of the chemicals
once Jaily is usually safiicient, The insertion of a filter
in the recirculatinz liuve will constantly reaove the small
amounts of precipitate formed and perpetiate the usefulness
of Lhe second treatament sclution,

The first treatmont solution is allowed to build up
to a concentration of 1-2 1b,/gal. chromic acid equivalent
in chromic sclis and is then pumped to a neutralization tank.
The neutralization and precipitetion of °ne chromic salts is
affezted by the additions of dry lime and the resultent slurry
is puived to a sludge bed for drying. The by-proauct dry
sludge is of commercial value.

Te rate of sulrvimr dioxide flow axl pit ray be easily
controllzd automeiizelly by the use of instrumentation baszd
on tha redox cotential of the solution. aanual conlrol is
also easy; it is sufficient to use a soot test to approximate
the e:cess reducer present. Simple pH pal2c test moy toke
care of the second treatment wash solution.

SUL AT

A simple treatueat of rlating waste is made peassible
for even the sucilest plart without ircurring great expenses,
Neitner the physical plant, nor the op2rating expens=s are
of sufficiznt magritude to affect the cconomy of operations.
All metal finishiang plants could be designed in thc future to
completel; climinate all toitic waste, rezurdless of the lower
ctandards allowed vy the lceal conditions; the cost of waste
treatment i3 srall ond well worth the beirefits derived in vhe
process, Better rinsing con be achieved, allowing 2 recuction
in tho water consunption rete. Cleaner, stain-fres finishes
mry be had even with shapes notorious for tranped chemicals.
Toe nost ovhetoandine diiference is noticed after chromium
plal.ng, the usval chromic acid drying shains are all elimin-
atod and Lhe plating resks may be imsiptained with an "as new"
apnearance. e chances for conteainination of the process
solutions is elinia'ted, The need for batter houseleeping
teaches better working hahits, improves =f{ficicney and reduces
chenical waste,



- 50 -
Water Quality Criteria for Aquatic Life
Clarence M. Tarzwell
Robert A. Taft Sanitary Engineering Center
Bureau of Stete Services
Public Health Service
U. S. Departmeut cf Health, Education, and Welfare

Cincinnati, Chio.

Tkhe lakez and rivers cof North Americe have played a very iwm-
portan% role in the oneniug and development of the coatinent. In our
Great Lekes we have a fresh water resource fer surpsesing any other
in the world, Our rivers and hundeeds of throuzands of inlend lakes
are ou ‘tahdj—g in their many uses aad support a divevsity of the
most Vﬂ;UubLu fishes to be found anywhe:e, Perhaps it is because of
this great wealth in acuatic resources, which many considzred to be
inexhoustible, that we bave been so remiss in their protecticn and
conserva*iod. Their importance is only now coaing tc be gerer:lly
apprec;arcd The great increzses in populaticn since 1900 and the
manifold increasas in th2 volume end variety of water uses have
shown that in cowe arans the suprly of water is definitely limited.
As witli other rasources we find thatvalue varies directly witn demand
and inversely with susply. In the western areas which recently
suffered frcom a sever: droughc it was found that when local drinking
water supplies dry up w:ier will be purchased at any necessary price,
Liowever high it mcy be.

What is true for drinking water is also tirue in sowe m2asure
for aquatic life resources, We have alreedy found that as the demand
for desirable fiching increases and the supply diminishes, the zmount
paid for such recreation Lecomzs greater, ke development of the
country n=s drastically recduced or elimirated flshing waters in ex-
tensive areas., Defloreztatiorn, fire, over"'"zivg anud unasice agri-
culturai proctices hzve inereased suviace runoffl end decrseecad see-
page causing floods, Imtermiitent flcw, the drying uwp of springs,
eroszion, siltiag ard the fillivg of stresw beds. FEemoval of stream-

side vegetation has promoted bank erosion, the wideping of streams,
and werming of the water. TIanduastrial and cther rcllution hes bl C”l ed
fish migracicn end hos randered miny ereas wevitable for Ffish., Thasa

vactizes which alter or destroy the acwe C'.;.f‘ takitat arz the chief
P b i
'I

cause of tho decline of agaatie life ressurses, The sucrest way to
eliminate species o grour of species is to dectroy their habit=zt
or prCh.CC environmaencal ccouaditicus unfavourable for them. The orly
way to maintain a specles is to protect and maintiin envi-onmentsal
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ccnditions essential for and conducive to its growth, reproduction
and well being.

Protection and conservation cf aquatic life is not a simple
task, Some hawve qucstioned its value and feasibility,

ur fisheries ara now an jmportant resource. Thp commer -
cial fisheries of the United Statec and Alaska have an enmnual
produ"tlon of almoct five billion pounds (1) This croo represents
a Ligh protein resource which can be expected to increase in viue.

Whiie commercial fisheriess utiline a grent deal of eq*** eut and
employ large rnumbers of peopLe, their economic worth is oniy a
frrction cf that of sport fishing, In 1253 there were mcre than
17 mitlion 1‘r9°sod fictermen in the United Ctates, Trere arc
several million additional fiuhermeﬁ who fich ia the Great Lakes
and In merine waters waere a license is not reguired, Accoxrdlng
to ric Navioral Survey of Pishing ond Hunuing (2}, sper: fishing
in the Ualired Statee has an annusl vzalue of a;nost two biliion
doillars. Witkin tha nezt 10C vears tke nunber of fishermon and
the valwe of the fistery will iccreasa sovaral toid if the ze-
goavces cau ba presercved,
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F: o cﬁ?tﬂetjb recreaticnal, and health values of
our waters are difficult to measure, but they are grezt, The
recrestioral ialustry is a large one snd is expanding every yo2ar,
In a iew siates it ic the first ;“rking industry and in meny

others ix is of considerable imnortance, In the industrial state
of "lcuigan it Iis reputed to rank seccnd., As our poputiaticn in-
creases vcoere will be an ever growing demand for and use of our
forests, packs, presewves, wildeviess areds 8, and streanz?, wiere
Fecplie can engage in water sports erd "get back! to nature and
reiax. It is Dcllevaﬂ ti:at cur aquetic iife iresources aad the
aestneric value of cur lekes end siream:, which are la gery in-

s
sepacable, are welli vorth our earmest and eincere effcres to nre-
Iy * p
serva tnem,

ihe cbjective of water aquality oriteria for tha prorection
ofaiuetic life is to Frascry2 or resiore environwental coniditicns
esgestinl for ire axc w*q raprfnv;_L:h 4 and w2ll being. If these
requiremcnts are unown and understco d, criterie can be set up which
will achieve this objective, If habitet requiremen:s 2re not fully
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known, criteria can only be based on the best information available
and changed whenever the nced is indiceted by new information,

Under our present state of knowledge a suitable water
cannot be defined in chemical terms alone. There are several
reasons for this situation. Different species of fishes and the
organisms in their food chain vary widely in their sensitivity to
dissclved materials. We do not know the effects onaquatic life
of various concentrations of many materials individually or in
combination., Mixtures of materials often have effects different
from those of the individual component3, Further, we do not know
minimal lethal levels for many materials or their mixtures, nor
do we know the most favourable concentretions of materials essentidl
for the organisms, Perhap3s the best definition that ccn be given
of suitable fish habitat is--"A suitable fish habitat is one which
procduces a satisfactory fish crop." The adequacy of a fish crop
is judged by its quality and the pounds prcduced per unit of sur-
face area, Commonly, productivity and suitability are judged by
catzh per unit effort, growth rate, condition factor, quality cf
the fiesh, and the size and species composition of the catch.

In fisheries management an effort is made to manipulzate the en-
vironment so that conditions are made more favorable for the
decired species and less favourable for those not wanted.

While our knowledge of the habitat requirements of fishes
is far from complete, enough informaticn is now available so that
some criteria end procedures can be set up which will be of value
in the maintenance of a satisfectory environment and production
of a suitable crop. However, much recearch is still needed to
obtain all the information essential for the solution of this
protlem,

The environmental requirements of fishes may be roughly
grouped under four mein headings, (1) a favorable water supply;
(2) guitable spawniag facilities; (3) en adeguate food supply for
2l] age groups; and (4) goad pools and shelter, In the eabatemen
and control of pollution we are chiefly concerned with the first
resuirement, a favorablewater supply. MNatural waters have widely
varying physical and chemical properties. The suitability of any
water for fish 1ife dermerds on its quantity, permanency, and
quality; that is, its temperature, the concentration of dissolved
atmospneric gases, salts and other minerals, and suspended solids,
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geographic differenc

8 in their resicstance to high temperatures
while others do rot (5

5. The wrlfer nnoted a bass kill in a
southern Michigan loke in June 1936 whern the water reachad 940 F,
during an unusually hot period, Howaver, a temparature of 26° F,
in Wneelex Peservcir in 1338 anpeared to have no lethal effects,
he difference nay have been due to a different acclimation

istory. It w2s obcerved that a tcmno*'*ure of 1080 T, killed
all the fish in a pcnd near Saevannah, Georgia, in 1945, Allowable
peak tempe:atu;es brecught about by some unﬂatural cAause may,
therefore, be somewh"* different in different por%tions of the
couatry, increasing £rom north to soutl,

R.‘ o~

lembers of the famil; Salmonidasc are cold water forms,

Brook trcui seem tn do best in streams, the suumer tcomperatures
of which range between L2 axn 5 (7). Waille trout can
suxvive much higher temperaturec. fer shorr pericds, streams
having such temparetures are nct first cluss trout streams, The
writer found brcwn ard rairbow trout surviving a peak temperature
of £3° F. in tke South Branch of the Pere Marquette River of
Michigan in 123). Brook trout survived poak temperatures of 81°
and 829 F. in the East Branch of the Black River on successive
days in July 1931, Try (8) reported the upper lethal temperature
for yoang brook trout (‘2 to 14 hours Pxoosure) to be about
77.59 ¥, Sush high temperutu;Ps are more favorabtle for mirnnows and
suckers wh ivh increase grear‘y in numbers and competec for £fo-d
and snace with the trout (9). The result is that trout comprise a
ve;; sw~1ll portinm cf the total fish pcpulaticn of the stream and

supply little fishing even though the overall productivity of the

stream may ve great,
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Four fich population studieu made in the East Branch of
the Black River of dichigan indicarted that trout made up only
9.6 percent of the total population, Legal sized trout ccmgrised
only 0.9 percent of the total numbor of fish taken irn the study
ereis. Iu the nelghbor_ng Pipeon River, another streawm having
tennavatures above 25" ¥., trout ccmprised 15 percent of the
toval £igh population ir the areas counted (9), In a nearby cold

ream, the West Brench of the Sturgeon River, frout rejsresented
9ﬁ p°rcﬁnt of the tctel p)pu*at‘on, In trout etresms having high
pezk suumer temmeratures, suchkers and minnows compricze the bulk
o vhe figh pepuiation. Tnuu, wiila texveracures bighes tian the
ontiirmn and hizh temperatures of short duration (75° tc 82° F )
oy not kill trout rhcj produce environmental cornditicns more
faverable fcr the ce rse fishes, which increase at the expense
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the trout p0pu1at4on. This fact mu:st be taken into consider-
oa in the establiishaent of temierature criteria for the cold
ter spezies. Such criteria must be baced on optimum concitions
and not on temperaturss tolerated by trout. It is belived that
for gocd trout producticnm in streams subiect to invasion by ccarse
speciec, temperaturcs should nct exceed 68% F,

nce deforestation, overgrazino,-Uﬁwise land use, removal
of streamcice shade, and erosion have al eagy caaaed the werming cZ
stresms to such an extant that tha cmount of trout water has been
seriously reduced, and siace trout fishing ic in highest derand,
it 1is belived chet no wastes of significent heat content should
be discharged into a trout streawm if the estream it to te maintained
for trout,

Favcrable temperatures are especially importsnt at spawning
time for beth cold and warm water species. It is well kaown thac
baszs spewn in the springz when the water temperature cxlce as 60°F.
1£ the water is unnarurally warmed to this temperature for & period
growning mey be induced too early in the scacon. Then if waste
discharges are discontinved over a weelend, wate- temperatures
may d< cp into the 50's with the result thet guarding nales leave

axe

-

*

o uests, the eggs are iufzsted with fungi, and no young

rod uycd Tluctuccicns of water emre‘ahure above and below 5Q° F
P

uring the spriag axe detr imsatal to bass productiom,

QJU et

A change in wstcr tamperature may &ffect tbﬂ aguatic fauma

irectly or indirectly. Whilz the change may be v ithiu the
thermal telerawnce of the fish, it may so alter an;rOﬂmen_d] con-
ditions that they become unfevorable for essentisl foed organisms

and cectaia 1ife history scages of the figh, or the change may
mawe them more favorable for competitnrs or preﬁators. Temperature
chenges will directly affect tbe metadbelic racte, growth, and re-
productlive prccesses. Taey may reszls in il»hcudgd or decreaced
food prodJCtiun interfere with spawning, or chanmge am luwportant
part of the fruna, thereby altecitg the quentitative nakeup of

ne pD')u ..JLJ.J[._.

Although high sumwer temperctures have been considered of
tanding importance oe‘aare of their pcssible lethal effects,
s calicved that unmatucally hiph wirter temperatures may be
cually importawvr, Tn tu2 temperate zone the aguatic binta

ave evolived under conditioas of cuite wide differemncee in seasoral
temperatures. For exzsmple, the egzs of some dephnia have to be
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chilled or frozen before they hatch, Many other organisms go
thirough resting stages cor specific stages of development at certain
seasons, Some of the diatoms, for exazmple, are abundant only at
temperatures below S0° F, Other forms appear only at certain times
of the year and thexre is a successinon cf forms with the seasonal
changes, At present we have little couception of the cheangss which
might be brought about by permarentiy elevating stream temcerzatures.
A lrrge portion of the blota might be changed and the whole food
chein disrupted, For this reascn cors*deration should be given

to upper temperature liwits during the winter season, Thic cen-
sideretion may require increasing attenticn as the atomic energy
industcy develops., Temperaturee should not be raised to levels
that induce spawning at unnatuxal times if there ere periodic drops
in temperature, and they chould rot be such that they interfere
with the development of important ovganisms ia the fish fcod chain.
Considerable study is needed before this problem can be approached
intelligently,

Vaters of significant heat content should not be discharged
intc a stream in such a manner that they crrate a terperature block
across the stream, Further, an dbrvph change of more thaa 9° F
mey affect fishes adversely even if of short duration.

For a w21l rounded warm water fish population in the Chio
valley area it is belirv:d that peck summer temperatures should nct
exvped 93” F, at any time or place‘ In the south such pezk teirser-

ure probably should not b2 above ¢6°F., This means that in geﬂnra1
temﬂe*at ures will be considerebly be;ow these levels. While several
species can withstand higher tcmperaturcs (100° to 103° F,) feor
verv short periods, 93C and 96 F. represent critical levels for
most scecles in the designated arece., FIurther, while fish may,
through certain acaptations, survive abncrmally high temperatures
for short periods, they cannot complete their life tilstory at such
temperatures, ror good prcduction, therefore, temwperatures with-
in a favorable range are required.

Settleakle R0olids and gggbiditv

Studies carried out in cornection with trcut ctream

mpTIVemanc ,nve"*‘garlov" in Mizhipan indicated thai sand bottoms
e alacst barren ok tenthic orgazicas eud thnat the addition of

e
zand o 8iit to rubble or gravel bottom streams greatlwy decrease
cream productivity (9) (12) (31)., 1In fect, chifting 83nd in

Q a'*ltLb 50 small &s to bHe unrociced by casucl observation can
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spaces between the gravel end thereby decreesing the areas for
attachment and cover. It is believed that ro inert inorgenic,
sandy, or other similar wastes should be added to a rubble, gravel
bottom stream as such deposition may not only decrease the supply
of desiratle stream bcttom insecte but a so seriously limit
spawning of moet nest-building fishes, Studies cf the effects of
mining wastes in Califcrnia have shown that salmon select clear
water for spawning end that the deposition of silt results in
smothering of the eggs (12)., Quantitative bottom samples taken in
a series of similar streams in Califcrnia showed that the average
nuaber of food organisms was always less in mined sreas when inert
inorganic materiale were discharged to the stream than in noamined
areas (13). On the Scott River, saemples from the silted area
averaged 35 organisms per scquare foot, whereas those from the clean
st:ream bottom above the mine averaged 24° per square foot, or 7
times as mazny. Similar studies (14) have shown that h]draulic
mining wactes are detrimental to salmon and trou*t production,
Thesa and wastes from placer mining and from stamp milis and
ashing operations may completely choke a stream causing it to
flow in a shallow sheet over the accumileted deposita, Tu “her,
detris dams created by such operatiosns can eliminate the sz2imon
by tlocking migrstien,

From results of studies inwarious parts cf the country, it
is apparent that ercsion silt is & major stream pcllutant and thst
it produces envirormental conditions uniavorable for the reproduc-
tion and growth of fisties. Since the character of the stream aand
its bcttom are of prime importance ir determiring the harmful

effects of erosion silt, it is not possible to establisn numerical
criteria for soft;e ihie s0lids which are universally applicabie.

In some etr2ams consldersble amounzs do very little additicnal harm,
while in grawvel rubkblie botrom streams ever small amounts, as has
been noted, reduce £fosd prcdusticn and Limit spawning. It is
belizyed that criteria on settleable solids should be established
to pretect envirommentol conditions in the stream, though they wil
vary from stream to stream, depending on loczl conditions,

Turbidity is usually due to solids which sett:le out slowly
or to colicldal nmetzrisls which may remain in suspension over long
periods. The studles of Irwin (15), Wallen (15A), and cthers at
Oklahoma A and M bhewv2 shown that turbicdity must be vary high
bafore it exerts s directly harmful effect on fishes, In some
tests (13) direct reafticﬁ to turtidity did not dppear until it
reached 20,000 p.p.m., and for one svecies not until it reached
102,000 p.p.m. iost indhvid uals of ali species endured exposure
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to mere than 100,000 p.p.m, for a week or longer but finally

died at turbidities cf 175,000 to 225,000 p.p.m. Fishes which
succumbed to these turbidities had the opeiccular cavities and gill
filaments clogged with silty clay particles,

In Oklahoma Buck (16) carried on pond studies to determine
the effects of turbidity on growth rate., At the end of two growing
secsons the average tctal weight of fish in clear ponds was about
1,7 times that of those in ponds of intermediate turbidities and
approximately 5.5 times grezter than those in muddy ponds, Of the
three species used, large mouth bess were most affected by
turbidity. The effect on plenktor procuction was even more striking
since the average vclume of net plankton in clear ponds during
the 1954 growing ceason was 8 times greater than in ponds having
intermediate turbidity and 12,8 times greater than the yield in
most turbid ponds, Powever, catfish survived better in muddy pcads.
Game fish feed by sight and in turbid waters, they are at a dis-
advantage vhen competing with such fish as carp, buffalo, and
carp suckers which emplcy a vacuum cleaner type of feeding.
Turbidity can, therefore, bring about a quantitative and qualitatiwe
change in the fish faunz, In addition, metaliic or gharp particles
may %ill fishes by causing abrasive injuries to the giils or by
clogging the gills and respiratory passages.

Suspended solids and turbidity prevent light penetration,
decrease photosynthecis, and thus limit algal production, Since
algae are the basic material in the food pyramid, turbidity ad-
versely affects £ish production in an indirect manner. In most
streams settleable solids and turbidity are largeiy due to soil
erosioa., Until erosion is brought under control, little can be done
toward clearing up the streams, Reduction of tuwbidity is a diffi-
cult and long time probiem which must be carried out in cooperation
with soll comservation, agriculturel, and forestry interests. 1In
the meantime, howrever, efforts should be made to control or eliminae
other sources of settlesble solids and turbidity. Lagooning can be
effectively used to remove settleable solids and turbidity from
mary wastes., Such procedures are essential on all clear streams
and tiiey should be initisted in conjunciion with efforts to reduce
turbidity and settleable solids through control of soil erosionm,

Turbidity standards must be somewhat lccal in their
application as they will depond on the szea and type of stream.
It is pcssible to set up relatively sinple turbidity standards which
can be readily checked for complicnce by field tests. Turbidity
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standards might state thai a certain nnarcernisge of the incident
Tieht at the garicce a1l reach ¢ stated depth between 11:00 Al
-d 1:00 P.M, The dezih selected would depend on the daptn to
which the regulatovy agen:y felt the photosynthetic zone  siiould
cx*e ifferent types of water differ in their capazities to
"”rb it gu » Water transparency is affaected by the suspended
mu'te* irciudinsg the planlton, and by stain or ccler. In water
cf the clarizy cf usual muachpal sturplies, 9.5 percent cf the
golar energy pcesent at the gurface reaches a depth of 6 feet.
Eorn (37) states that the limit for grcwxh fox the higher zquatic
pients lies herwoza 2.5 and 3.5 percent of the total surface
energv at bottcmdepth, -ut that &t rapidiy declines belcw & percent
whare sevare etfoletion occurs in submsvged se=d plants. There is
gome evicdenze that cer ain algae cen growx st levels of 1 percent of

the inciceat lighi, but it is not definitely known how muc ligh

iz required fisr them to precdnce mere cxygea by DhO;OS"ﬂE1PSiu thaﬂ
they uce in their respiration. Walle criteria wili vary with the
araa th

ey can bz kept relatiwvelv simple. TFor example, & criterion
for a particuler area might state -- under conditions cf brilliant
sunliight at or neer noon & percent of surface {acident light snall

reazh a cdepth c£ 6 feet, Incldent light and iight at any given
depch can be readily resd by means of a photometer fitted for
underv.ter use,

Tae pid ci .te. m=y exert a direct effect cm fich il it
is very high or verj cw due to strong bases or wminercl acids. 1
miy have .an indirect effect through its in€fluence on the toxicity
of cerrein msterials such as ECN, h‘S, cmncrnia, heavy m=tais, etc
Lorgwell and Penteicw (17) found that the toxicity € MaS solutions
to hecowm tiout wzs nflienced ma:kedTy vy "ﬂriatinvs in pH, the
toxicicy increazing os the pH becowa lower. The heavy mesals are
conoiletab‘y moie tosic at lowa:r il le vels prchably because they
are rore soltble, Aracoia becomes rafidiy more toxi as the pH
is rais=d above 8.2. The toxizity of a nummber of weak inozganic
and organic acide, inciuding hydrcoeyanizs, hypochlorous, hydro-
sulfv=ic, caroecnis, end tanaic, is increasse ] by iawering tina pll.

Extrzexe pil valuas of & and 10 or slightly above have been
toleratad by recistant fishes in certain oareas, Some levels et
walohe £isgh ravae heen killel coxpevinaptally are: trecut, 9.2;
Liuepills, 10.5; rozsi, pike;, sary, sad tsach, 10.4 to 16.8. Fizha
moriaiity has been observed within a few hours at pd levels of

P

r, certain fish kove been acclimated to live for
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consicderable periods at pH levels as low as 4.5 to 4.2.

Studies of acid bog lakss (18) have shown that yellow perch,
brown bulthead, biuecgill, and pike can live at a pH of 4,4, Ellis
(15) states that the pil of streams generally ranges between 7.4
and 8.5 with an over-all renge of 6.6 to 9.0, while bog streams
and larzes vary from 4.0 to 6.0. le states that in most uncontami-
nated freshwater streams pH values range from 6.5 to 8.5.

Sudden or wide fluctuations in pH are undesirable. While

€ich con withstand pd levcls as bigh as 9.5, it is undesiratle fo
heve the pd maintaired continuelly bstween 2 and 9.5 when this level

e
is due to the additian of cauctic wastes, Such pil cenditicns are
entisrely diftc*e:* from and more ha mful than the naturally oecur-
fag but brief higher Jevels which may be as high as 10 oxr 10,5.
heze paturel h**H pa leveis are produced by puotosynthesis due to
b removal of €9, and they ere always cccampanied by high D.O.
g, High pi %u“ele‘erea with crygen e of eome mzrine and
nseter £ichos and may limic theic 2 ‘1ity to survive at low
tension (20). Atwvilues below 5 and atove 9, the pl! ceriously
the atility cof some fichas to ertract cxygen from the
wa . Tais ability varies with the species; witb bass and crappie
tne pd can be lowered to aiwmcst 4 before their ability is affected
(215 (ZL) In general, fish are able to extraczt oxygen best at
cH lavels from 7.0 to &.5, but such fish as perch, bass, craprie,
golafis“, trout, and green sunfish have a wide range of toleraance.
e biunt nose minnow and one of the shiners, Notropis whipnlidi,
e found to be very sensitive as they can extract oxygen buh- at
3 7.0 to 8.0 (20}, Scmne fishes can survive rapid changes in ph,
Latoratory studies (2}) bave indicated that goldfish with 1stood
changes from 7.2 to 9.6, black bass from 6.6 to 9.3, and sunficn
from 7.2 +¢c 9.6. The amount cf dissolved oxygen is a determining
facior as o whethor or not these changes can be tclerated (21).
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In the range frow 5 to 9.5, pd as suchhas not been shown 2
be detrimentzal tc fisfwes. Howaver, changes in this range can
drastically affect Fro *nchzty of certzin materiale, &nd tbey also
infiuence the sbility of fish to zbcorb orygen from the water
Fur--er., it hae been vored that in the move preductive streams pi
us;a“v €alls ia tne cenge from €.5 to 3,5, At pH levels zbove
and below thzse values some of the eccential minercis become un-

s, while pil in the range £rom £.0 to 2.5 is nct in
v harmful to fishes and tlis wange may be used in
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setting up water cualizy criteria, from the standpeint of
vroductivity, it iz recomaended that every ecfort be mad2 to keecp
pH vz2iuves in the ronge of 6,5 to 4,5.

Dissolved Oxygen

There are a hoat of environmental and cther conditioms
which irnfluence or determine the sclucility cf oxygen in water,
tae amcunt cf dissolved oxygen favorahle to fish 1life; 2nd the'
minimun amount needed for existence, In fresh waters, tempe*&ture
i5 the most iwportant factor affecting the sclubility of oxygen.
Dissoived sclids are rarely nresant in sufficient amcunts to have
an apgreciable influenze, Several environmental condifions may
infiluencz the ontlmum amount of cxygen reauired by fish or iuter-
feve with the obtalaing of oxygen by the fish or ma 1y change or in-
crence their minimam need for oxygen. Amony these are tempevature,
pi, CO,, and diszolwvred sollds

Temperature iﬂc:e°sesvithin tke range favcocraktle to fish
are actonpanied by a progressively higher netabolic rate and a
coniinuoue iacrecase in the oxvgen uptake. Wiebe and Fuller (22
found that et 232 C. tha czvgen censuxpcion of largemouth blas k
basa was 282 percent of that at 150 €. &t 209 C, it was 177

per'en+ of the consuwpcion at 150 €. This 1is ia accord with the
van't Hoff law whica statec that for sry chemical change the rate

0f reacticn is increased batween 2- and 3-fold for every 10° C,
jncreese in temporarturs, Tecperature s of outstanding importance
in the determinztion cf ervironmental reguirements siace the
oz7zen consumrtion increases as temgerature Tises whereas solu-
biiity of oxygen decreaces, Because the annual range in temper-
ature of str:zams of the temperaie reglon may be as much as 289 C.,
oxvgen consumption at nesk temserotures may be severel fold what

v )
it ie 4t minimum tewrperatures, whercas ot peak strcam or lake
temperacures the werer will hold only aboui helf as mrich ozygen
as 1t c¢oes a*t mininum tomoevaiures, Craham (24) found that for
specllcd trout the rate of orygen uptzke increased with increasin
tempevzivce up to the ulrimate upper lethal meerature,l.

1]

suificient cxygen were gvallable. Weter contalning less that 75
percent of the air °a_u:;tlon lovel of oxygen reduced the activity
of speckled trour ot all cemperatures 30 F.,)

and akova 20° C. (6
4 the fail scope of

have also found that the
~er with increases in

f2lly satrirated water
ectivitias., Sewvoiral
CKRyZan roguivemanie © 5k
temperature (25) {(26) (27).
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Temperature also markedly affects dissolved oxygen
concentrations which are lethal to various species of fish,
Rurdick (28) found that smallmouth bass died in 5 to 9 hours
at oxggen concenirations of 0.7 p.p.m, to 1.17 p.p.m. 2t temperatumrs
of 52 F. to 720 F., There was &also som? variation in the turnover
time for different species of fishes. At 53°F, arnd oxygen con-
centrations of 1 to 2 p,p.m. the turnover times were as fcllows:
brook trout, 1-3/4 hours; brown trout, 2-1/2 hours; and rainbow
trout, 3 hours. At 6%° F. to 71° F, these fiches turned over in
approximately the same time at oxygen concentrations of 2.3 to

3.4 p.p.m.

Several other environmental factors also inter Ji:*:+ with
oxvgen uptake or increace thz2 oxygen reguirements of fiches., IHigh
and low pE levels interfere with the atility of fishes to absorb
oxygen from the water. High CO, concentrations interfere with
tnhe utilization of dissclvad oxygen. Fry and Black (29) found that
the common sucker, with its CO, sensitive blocd, was unable to
remove oxygen from water contaiaing CO, tensions which Zdid not
hinder the respirzation of bullheads,the latter pocsessing biood
with a very low sensitivity to CUp. Under pollutional conditious
fish generally require mcre orygen (45) (46) (20). At low
dissolved oxygen levels fish succumb to concentraticns of tox’rc

terials which they can tolerate at high dissolved oxygen lev:zls,

Many studies have been made in attempts to determine the
lowest D.0. levels tolerated by different species of fich.,
Gutsell (30) reportcd that some brook trout could endure, for a
ghort period, an oxygen concentration as low as 1,2 p.p.m.;
however, some asphyxistion occurred at 2 D.0O, content of 2.5 p.p.m.
Smallmouth black bass iived for a time at 0.4 p.p.m. D.O, WViebe
(22) found that some fish can withstand sucdden wide changes in the
concentration of oxygen and that thoy cen live in water super-
seturated with ozygen. The increass in D.0. was followsd Ly a
slowing down of the respiratory mcvements. Fry (31) states that
at 49° F. the ultimate minimal tolerznce of brook trout for
digsclved ozygen is C.9 p.p.m., Gardrer and King (32) reported
the asphyxial level of trout to te 1.1 p.u.m. D.O. at 6.5° C. and
3.4 p.p.m. at 259 C. Thoxpson (23) on the basis of fiezld studies,
reported that carp and buffalo lived in wzter having 2.2 n.p.m. D.O.
Lowever, he found a variety of fishes cnly when there was over
4 p.p.m, of oxrgen and the greatect variety of fishes were present
wken the D.O. was S p.p.m. He found that fich died overnight ia
water containing less than 2 p.p.m, D.C. Ellis reported (13) that
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pcldfish, perch, catfich, and other snecies of freshwater

fishes when muintained in water of comstont fiow, 00mpos4tion
and temperaturc (202 to 25° C.) showed recpivatory compensation
in both volume and rate when the disgsolved oxygen was reduced to
siightly beicw 5 p.p.m.

In addivicn to these environmenial condifions whish in-

7 e the oxygen requiremerit, there erc several prysical, chemi-
2 hnd physiological conditions whiizh influence the abllity of

to extract cxyg:q from the water, its need fcr oxygea , and
3 aJ“ity Lo resist low oxygen levels, First, it must be realized
hat ebility to extract oxygen from rhe weler and to recist low
0. leveis varies with the specizs., It ie well known that dog=-
3k, carp, aad gar can survive at much lower D.0O. levels ihan
1T &na sev“""‘ other fiches. Come flshes are more efficient in
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cwount of oxygsen reauired by fishes is detp;m-n‘d in
ivxt;. It is generally recognizel that a mia lyinz in
bed does rot breathe as deenly or require as much oxygen as oue
digging a ditch, It has been reported that from two to four tig n2s
as much exygen is reguliroed by a fish when it is active as waen it
/
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is ruiv;reﬁu {24) ZG: (34}, Urder actual stream condi“ions a
fish must maintaia its position against the current, find, nursue,
and catch its food, aveid ivs eremies, and reprodiice, All thesa
activities require oxygen in such amounts that D.0, levels at which

he fish can just survive are unsatisfactory. Apge, size and season
are alsc of impertance. In general, fry and ycumger fish have a
higeer mctnbﬂl’- rate and =zequire nmore cxygen than adults (35)
(393, Because of increased activiiy and cneir physiologiral

condition f£ish require more OXygen &t the srawning season, Studies
ca*c-Od cut in our lokoratories indicate that 0,0, requirements

e c¢ifferent at other timas of the vear and furnher, the physical

COﬂulilOu of the fish is cf ou*s unlxno impcrtance in determining
requivenents and the minimum level tolerated, An actively feeding,
L,Ld growing fith recuires concidarable more oxygen than oane
e geowth is rapid in tue fry to

which fﬂ@ms very tittle. Sine
firgerling M:‘ige it is expected that for many sp e\,leF D.0. requizrc-
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reriod, Fggs deposited in bottom
matesinls reauire hig concentrations than do aduvlt fisa,
Since the ourrext £rr : botpn matericls ig slow, the amommit
of water flowing by the eggs per unit ci time is small and thus it
mist contain more D.C. to provide needed rnquirem°nts.
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Through acclimation, resistance to low D.0. levels may be

increased. Fry (31} reports that through acciimation the lethal
issolved oxygen level can be reduced to about one-half the

corresconding value for trout accustomed to air-saturated water,
Lowar dissolved oxygen levels can be tclercted for consicderable
periods through an Increase in respiration rate and voiume of
water puaned, reduced activity and food consumption, arnd an isicrease
in blood haemoglcbin {37) (28). By means of suczh adapiation
fiches may live for ccnsiderable periods at reduced orygen cous
trations without apparernt horm. This deces not mean, however, that
they can compiete their life cycle at such levels, Further,
ability to live more or less indefinitely at low oxygen levels
doee not mean that some of their prrsiological processes have not
been altered so that their well being and geowth are adversely
affected, It hag been reported (&) that the bullhead is unatle
to tecome acclimated to increased temnerature when D.O. levels are
low whereas it becomes repidiy acclimzied at normal D,0O. levals,
Diszolved oxygen levels adaquate for growth, reprcduction, ncrmal
antivities, and well being are considerably hicher than ievels
wiich emn be tolerated for exteaded pericds through acclination
and compensation.

Ly

Studies of the oxygen reguirements of fishes fall into two
categoriec: laboratory investigatione, wkere as many as possible
of the variabies are controiled, the factor under study is varied,
and the effects on fishes directly observed for a relatively short
pericd; and fi=id studiec, where the variable in question is
peasured in different sections of the stream and is related to the
fisa population in various areas. Both types of study have certzin
advantages and disadvanteges. It is very difficult to relate
laboratory results to field conditions, while in the fi !d studies,
facrors other than the variztle in question (dissolved oxygen
coucertration) might have a bearing upon results. It is believed
that the hest approach is to carry on both laboratory and ficll
studiee so that they suprlement each other, In the internrela
of laboratory findings, it must be reccgnized that ficsh are
usually held under favorable conditions and it is pecessary to
realize that all fiandings are not apulicable to naiural conditionms.

The Lytle Creek studiezs {4D) and other field studies have
indicated dissoived cxygen conceniratiocus &« which f£isa and their
food supplv can maintzin thewselves, Twenty-£four hour studies were
made on Lytie Creex at all seasons cl the year at selectoed s<ations
tc dctermin2 D,0., CO,, pH. and teamneralure, Such studies or a
continuous vecord of dissnivad oxvgen are essential for investi-
gations of D.0, requiremrnts as there are great ciurnal and seasonal
varictions in oxygen concentration, Fish populations and growth

»
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rate studies ware mada ovrer 2 t"o yary perlod (41) (42) In

order to relate themn to cavirommestal condicions and rheir eascnal
variations in differvnt portions o£ the strram, UncnﬁLrolled
varirbles encecuntered in stream studles usually make it difficnlt
to be certain tnat differences in iigh populations are caused by

oxygen concentration alone, However, it is believed that
var: tions in oxygen concentration were the imvortant variable
in Lytle Creck since fich appeared £iret in tne »iffles of the
upner zoue of recovery and were found £irst in the pocls much
forttor downstrenm. Since fish were not present in the pool
immediately Lelow the riffies or Letween thcm, it Is belicved
thig difference is due to D.O. s cther 1llmiting facztors probably
rould not chacge so repidly. In streaws having a considerable
biological oxygen dcoand tlere are matvked differences in DO, &L
the nools and riffles., 1In s*udying a section of the Scioto River,
it was fouand that the D.C. at the tail of & large pool was C,1
o . w“{’e atout 200 yards downsziream, water which had passed
over a wide shallow riffie on ome sid2 ¢f the stream cohtrlned
5.6 pup»m¢ Cky =3 1 0 Souwe 20 feet from the riffee in the main
flow cf the river there was 2.5 p.pcm, 0f oxygen.

Tn streams polluted wirth organic wastes, foxic materis
such as Hy5, ¥Hq, ead Chy may be formed Ly anaerobic decompositi
The d25 may escap e in bacteria

1 b Re b
e -—di

e or be fairly vanidly used by ce
-

cgrioroa, Thistheix, and Szj‘ﬁrot].uq (4:

suchk as

al
muna of thne kda 15 conwvern el to “uw ard boih cf these materiel
b .3

2
are ranidly uciliced by the dense g“owrhs of algae in the reccvery
zone (44). Most cf the Cli, which is not vory toxie, escapes as
a gas. Tous, while toxic miterials may be fomn it is nccesible
that they do not exnrr a marked efiect on the fisi

Determination of the oxygen reiuirements of fishes and
estabtlichment of suitable dissdu*ﬁ oxygon criteria are especially
be

difficuit teLka. A grent many s:cudies have beeu made ol the
cxygen weauirements of flSA;S. Investigaiers have not aiways used
a uniform apprssch. In fact, there has been great diversity in the

snecies stu *pd the conditions under which they were studied,

s experxmvn:ai mevhods used, the obicstives of tiie sghudy, the
caliber of the imvestizaton, and the ;ntefpretar+an of results,
Conseguently, data obtaived have varied widely and have not always
becn In egrecment, Lhort Iiue studies casried out in aguaria ak
low uomnerstuzes with resistant [fshies wiiich are not fed indicnie
orly thut cortznin fiskes cen susvive wery low concentragions of

:

dliesolved caypgen Ler Limived peviods. 1t shouad be reengnizod



that mcre survival is not enough and that the minimum dissclved
oxygen level should be cuz suiteble for the corntinuous maintecance .
of a satisfactery fish crop. Minsnum D,0, levals at which some
species of fish can, through adaptation, resist death by
asrhyxiation for a time are not awequate for ccmpletion of the
normal life cycle. Oxygen levels must Le contirucusly adequate
for tke general well beirg of the fish and the maintenance cf figh
food organisms. Before adequate criteria can be establirhad it

is essential, therefore, to know the environmentel reguirements

of the fishes since the otjective is to provide suitable
conditicns for them,

Concentration cf diszcolved oxygen is often expresesed as
weexly, monthly, cor cometimes daily, averages. Such values are
aot satilsfacitcry as they do rnot iudicate environmental variatious
and may actaally be misleading from the standpolint of the
continued exicztence of the fish, It is the extreme variations .
which rmay become limiting and waich are the most important for in-
dicating uifavorable habitats.

Some D.J. criteria have bean set up as percentages of
saturaticn, This procedure iz deemed undesirable because over
the rangs of tewperature observed in our natural waters, 50 per-
cent of saturatior may mecn 7.3 p.p.m. oxygen cr 3.5 p.p.m. As ;
temperature increases the amcunt of oxygen which can be held by
the water decreases, whereas the emount required by the fish Ju-
creases, It is helieved that criteria for dissolved oxygzen should
be expressed in parts per nillion by weight.

Findings in Lytle Creek have indicated that in a stream
section in which the oxygen concentration is usuaily ebove 5 p.p.m.,
the occurvence of concerntrations below 5 p,p.m., but mot belcw
3 p-p.m. for a few hours, does rnot have an advarse ~ffect upoa a
well rounded warm=-water fish population. Minncws and other coarse
fishes were found in the section where niniwun D.O. lavels drcpped
to 2 p.p.m, or slightly belcw, On the basis of these studies ard
other pgertinernt data It is believed that for a2 well rounded warm-
water f£ish population, dicsolved ciuygen concentrations must not be
telow 5 p.p.m. for more thon 8 hours cf auy 2%-hour period end at
o time should they be b:low 3 p.p.m. Fer the maintenance of a
coarze fish peopulation dissolved vuygen eonecentrations should not
be telow 5 pep.m, for more tian 8 hours of any Z&-hour period, and
2z 1o time should they be below 2 n.p.m,
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The salmonoid fishes are not usuzlly found in streans
whore minimum dissolved cxygen concentraticns are lower fLan
4 to 5 pp.m. For normal feeding aud adequate growth at lea:
5 p.p.m. dissolved oxygen arc reguired., Successful deVElOHmCJ* of
eges and fry require a minimum of 6 p.p.m., while for the full
range of artivity for brook trout ancd parhaps for other members
cf the femily, 7.5 p.p.m. are rejuired at 15° C, and full air
gaturation at 20° C, and ebove (31). It is telieved, therefore
that for good salmonoid production dissolved oxygen concentrations
should not be less than 6 p.p.m.

Carbon Dioxide

carbon dicxide mey influence the toxicity of other materials
cr it may in itself be harmful if preseat in suificient quanti-
ties. Alcbaster and Herbert (48) found that CC, was not toxic
to rainbow trout within & 12-hour exzxposure at cOncentraticns up
to 20 p.p.m., but was texic at 60 p.p.m., and that period of sur-
vival descreased as the concentretion increased. The presence
ot CO, in concentrations from 15 to 60 p.p.m. was found to reduce
the toxicity of ammounia. Hi ‘gher concentrations are toxic; 100 to
200 p.p.m. can be rapidly fatal to mode rately susceptible frecsh
water fishes in well oxygenzted water, Fifty to 100 p.p.m. can
ceucre distress and way be lethal, Eotn marine and fresh water
fishes vary greatly in their resistance to CC2. Wells (4%) revports
that resistance of fishes to harmful conditions varies with the
species, with age or size snd weight, with the conditicn ox
plirsiclnogical ctete of the individual, and with the season. e
fcund that practically all the fishes with which he worked were
least resistant just after the breeding season-- June, July,
and August=-- and mest resistant before it-- March, April, May(50).
Fowers (51) has showa that the alility of marine fishes to extract
oxygen at low concentraticne was adversely affected by moderate
amounts of CC, which lowered the pH, The investigatiun cf Ria=zk,
Frv, and Black (52) demonetra ed the influence of CCq on the
utilization cf cxygen by 16 species of fresh water fishes, It
was found that ox;gen in the respired water at the time ol dea
was higher when the tension of CCp was increaced., The ability to
take up cxygen ia the gresence of COZ varied with the species.
Powzr3 and co-workers found (53) that fish are able to absorb
eryzen &t a low oxygen tensisn. throvgh a wider range of CO, tension
taan is found in the aaturzl waters ir which ttey live. 1lost
workers bave fo"” that nata ra;Ly cocurring leveis of COp are not
detrimental to fisheg, 1t is believed that conceantraticns under
30 p.p.m, in the absence of other adverse factors wiil have no
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harmful effects on most species. The majority of investigations
indicate that CO7 becomes rapidly harmful at concentratiocns of
100 to 200 p.p.m, Surber (54) found that concentrations betwoen
55 p.p.m, and 78.5 p.p.m, in hard water at pd 6.9 to 7.0 caused
a decided increase in the loss of eyed eggs and the nurber of
deformed trout fry. Concentrations up to 43 p.p.m. apparently
hand no harmful effect.

Dissolved Solids

MNatural, unpolluted waters of lakes and streams have in
solution small amounts of the anions 037, CL , S04 -, smaller
quantities of NO3™,” PO4” ~,” RH,™ , and NO2~, and traces of many
others . The metallic cations are Ca++ Mg++ Nat+, K+, Fet+{ Mt
and traces cf several others. These materials exert a physiological
ard osmotic effect to which organisms have becone adpated. In fact,
these dissolved materialis erz raquired by the organisms. Rawson
(55) found a positive ccrrelatlon between the total solids in
froesh waters and the average standing crcp of plankton and bottom
fauna, The type of rock formaticn and scil largely determines the
concentration of dissolved solids in a water but erosion may be of
considerable importarce. Pollution may also be a factor., During
the period from 1506-C7 to 1935-43, the average amount of dissclved
solids in Lake Erfe ircreased from 133 to 165 p.p.m, whnereas thcse
in Leke Superior reme2ined uncranged (56) (57).

Criteria for dissolved solids have little meaning if the
purpose of the criteria 1s the protection of aquatic life, unless
the materials to be considerad as dissolved solids are specified.

It is apperent that salts of Hg, Cu, Ag, Zn, Fb, and Cd will have

a much different effect on fiches than will equal concentrations

of calts of Ca, Na, Mg, and K. 1In general when total dissolved
solids are referred to in relaticn toc water quaiity criteria, it

is the salts of these velatively nontoxzic earth metals vhich are

believad to be uader consideration. Unnatural concentrations of

these salts may effect aguatic 1ife in two ways., If the solution

of salts 15 physiologically unbalanced, one of them may exert a

direct toric effect., If they are physiologically balanced, that is,

each i3z present in quantitles sufficient to antegoenize any tcxic

effects of one or more of the cthers, they may cccur in such con-

centrations that they exert an ocmoric effect, Wiebe (53) points

out that trha csmotic prascure that fish can tolerate depends to

a large extent on acclimatization, Tish acclimated to the extremely

soft waters of Cast Tecuas cannol survive wnen subjected to salini-

ties to which the fish cf the Pecos River are continually exposed.
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Tex2s rivers (£3) range in total dissolved solids from 45 to
4,319 p.p.m. Wiebe found as much as 2€,000 p.p.m, of chloride in
a stream where fresh water fish were suppoced to live, However,
oung(59) indicates that when dissolved sclids reach 11,070 p.p.m.
on;y certain {ish can tolerate them indefinitely., The abillty to
resist high concentraticans of dissolved solids varies with :the
epecies, Waile some fishies move from marine to fresh weter or
frcm fresh to sea water, scme species have been reported as being
uneble to reRist concentrations abkove 3,000 p.p.m., Yourgreported
taet NegClg in concentrations about 800 p.p.m. was unfavorabie
for catiish., YHuntemen {60) rcports that in the Quill izkes of
Saéskatchewan, wiich have a total solids coatent of 16,530 p.p.m.,
there is a resident figh pP‘u]atLOﬂ of somewhat 1im1ten extert,
it is beclicved that total diesclvad solids in concerntratiocuns up
to 3,CC0 p.p.m, can be tolerated by most fishes, if thc mates.als
in soluticn are the reletively non-toxic earth metals and zre
paveiclegically balanced,

The amount of chlcrides is often considered as a measure

of salinity ox &f total dissolved solids, Whaen dealing with sca
water, walch is fairly uniform and the composition of which is
krovi, chlorides can be taken as a measure of salinitv or dis-
snlved solids, This does not hold, howeveor, for oil field nri nes

and ofhe* wastes, Oil field b*ines dx fer drust ically from cn
ancthizr and from sea water and many wastes contain large QJquLL es
of salts other than chlorides

The chloride jon as such does not have much sign ifican:e

from the starcdpoint of toxicity o aguatic life. The estion is
s0 much more important that the ckloride erion is not gener
cemsidered, This is especially true with chlorides of the
metexs such &s mercury, copper, zinc, etc, Lven with salis of the
rolatively nﬁ‘t-‘io e1rth metals the tcxicity of their chlorides

ident] Lutable to the specific tozicity of the cations
ext and not to a:y toxicity of thc chloride ions. Si

o n thcir toxicity to fish and are govs
i Jf tcxicity, it is ovvious that thn chle.ada
ion cr ent 0of & nmixture of salts is nct a reliable index o
t .



- 70 -

Physiologically balanced mixed salt solutions such as
sea water may be harmful to freshwater organisms because of their
excessive over-all salt content and osmotic pressure rather than
the specific toxicitv of any particular ions present., Provided
that the salts and other substances dissolved in water are balanced
against each other so as to exclude any individual toxic effects,
certain hardy freshwater fishes can tolerate waters of osmotic
pressure equal to those of their own bloods and even higher for
extended periods. Other freshwater fishes, however, have been
reported unable to tolerate balanced salt solutions with con-
centrations of 2600 to 4000 p.p.m. It is not known whether a
typical freshwater fish can complete a normal life history in
water of relatively high osmotic pressure, nor is it known how
osmotic pressure affects the life processes of other freshwater
organisms. It is, therefore, impossible at precsent to define the
maximal safe osmotic pressure of a fresliwater envi::onment.
Presumably, the tolerable osmotic pressure entails a salt con-
centration far higher than the liwits imposed by industrial and
municipal requirements. When we are dealing only with different
concentrations of a particular salt mixture such as sea salt,
the composition of which is known and uniform, the chloride content
of the solutions (which is easily deterwined) can be a useful
index of smotic strength. However, when we are dealing with
mixed salt solutions of unknown and varying composition (such as
oilwell brines and other industrial wastes), their chloride ion
content is not a reliable index of osmotic strength. For example,
an industrial waste brine containing a large amount of sodium
sulphate can be much more active osmotically than another brine
with a much higher chbride ion content which contains only
sodium and calcium chlorides. It is impossible when dealing with
mixed wastes to generalize as to the relationship between chloride
ion concentration and osmotic, toxic, or over-all pollutional
strength. It is belicved, therefore, that chloride ion criteria
have no practical significance as far asaquatic life is concerned.

Flucrides

Studies at our laboratory in Cincinmati have indicated that
fluoride ions do havz toxic properties in their own right. Further,
they appear to have a cumulative effect. In 10-day tests it was
found that the TL, vaiue for potassium fluoride was 64 p.p.m. It
is believed thzt For good fish production the fluoride content
should not exceed 5 p.p.m.
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Tnxic Materials

There 1s a great deal of literature dealing with the
toxicity of various pure chemicals to fi shes., The great majority
of investigators have used dfferent approaches and have cerried out
their studies with a variety of fishes, using different types of
waters for dilution. Several compilationms, reviews, or biblioc-
graphies of these s*uclﬂs have been madz (32), (61),(€2), (63),
(€4), (€7). Au examinatiorn of these puvers clearly ‘udlﬂa :es that
there is great variﬂ-lnn in toxic levels Lep01ted by various
1nvast:ga crs for selected pure chiemicals., This variaticn is
ecpecially evident in the Califernia report (61).

The quality of the receiving or dilution water, which is

often not reported Ly some of those invnstigating toxicity, ic

of cutstanding importawce in determiring toxicity of a particular
naterial or waste. Ceveral envirommental factors mey influsnce
toxicity, such as: *emrerﬂture, C¢2,, D.0., pH, alkalinity, hardness,
turbidity, and dissolved nat erlals. Certain dissolved moterials
may significantly affect the toxicity of a waste throusgh their
syrergistic or antagonistic action or tlrough complexaticn,
percipitation, or otner action., In the case of ferro- and ferri-

cyanida solutions, eunlight is of iwpnricoce as photo decompositicn
of these metcrials cocurs with the production of toxic HOH (€5;.
Tre heavy metzls are conciderably more roxic er low pHd since they
eve mor2 soluble in &acidic solutisns. Ip herd waters at higher phH
they are pr er;p‘tatﬂd or chznged :in cther ways to become muzh less
texic. It has been found that bp*y”-*;m and uranium are €0 to

€0 times more tcxic in soft waters than ia hard water (66). Eilis
(JG} and cther investigators have found that ammonia becomas

rsuicly move toxic af pH values 2hove 2.0, Calcium antagonizes the
tcx*clty cf many of tbn beavy metals whereas some of them are
svwerg¢uf'" with each other and becoma comsideralily more toxic
wien mixed; exarnples are Cu and Zn, Cu and Cd, aad Zn and Ni (67).

The toxicity of many of the metal-cyanide compler=2s is
greetly imfuenced by pH, Doudcroff (5£) has reported that £ish
can withstand 1 a 1

C
¢

C00 tim~s as much nickel cvaride cemplex
e metezholites, including weak acivds anc

at pH 6.3, & .
aad noc the ion dech appe2rs to be toxic, Thus
1

it Zs the melec

‘>
5}
(& ]
¢
w Ce

m |-4 K

.

wezX azids guch as HCOH ano HoS become more toxic as the pif is
lowered and di sgLal iation depressed, whereas weak bases such as
N, OH become more toxic as . the plf is ialsed,
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In general, materials are more toxic at higher temperatures
and at low dissolved oxygen levels, Carbon dioxide may, through
its effects on pH, render some materials more toxic or it may
serve to make others less toxic., Complexation, precipitation,
oxidation, dissociation, recombination, or buffering action must
also be considered. The influence of water quality and other
environmental factors on the toxicity of various materials has
been summarized by Tarzwell (69).

The character of the receiving water can cause wide
variations in the toxicity of many materials to fishes. Reference
to the literature on the toxicity of specific pure chemicals is
of little value for determining the toxicity of a complex waste
containing these and other materials. Such an approach neglects
water quality, which is of particular importance, as well as
synergism and antagonism, oxidationm, precipitation, complexation,
and other actions which may occur in the stream and may greatly
influence the toxicity of a waste in a particular stream.
Numerical standards for toxicity of specific pure chemicals have
little value and can be misleading. From the standpoint of
industry they may be very undesirable. If a regulatory agency
sets numerical criteria for the heavy metals and other substances
which are to be applied over a wide area, they must be set so low
that allowable concentrations are not detrimental to aquatic life
under those conditions at which they are most toxic. For example,
criteria for nickel cyanide wastes discharged into an acid stream
would have to be set so low that the HCN formed from the wastes would
not be toxic, whereas in an alkaline stream the criteria could be
much higher as an increase of one and one-half pH units from 6.5
to 8.0 decreases the toxicity of this material over 1000 times.
Copper is much less toxic in hard waters than it is in soft water
with a low pH; variation may be as great as 200 times.

It is believed that the best approach to this problem is to
make bio-assays with the total waste, using for dilution, water
from the receiving stream at the point where the waste is to be
discharged. In this way the many variables which influence the
toxicity of that particular waste in that stream are taken into
consideration and safe disposal or dilution rates can be determined.
With certain exceptions (some of the insecticides and other materials
whose toxicity is not influenced by water quality), water quality
criteria for toxic materials when applied over wide areas should
not be expressed as numerical values. It is believed that a
tailor-made approach should be used where toxicity of the waste can
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be determined for the particular receiving stream at the point
of discharge. When the tcxicity of a weste is determined in
this way allowable concertrations for that particular zituvation
can be expressed ac p.p.m. or as dilution ratics. Such an
approach also permits evaluation and comparison of the toxicity
of wactes from diiferent industries alcng the gtream,

Summary and Conclusions

The estabilisiment of water quzlity criteria for the
protection of our valuable aquatic resources is a comnlicated
and difficult problem, Since the basic objective of water
quality criteria for the protection of aguatic life is to provide
or preserve environmental conditions essential £or the survival,
acrmal growth, reproduztion, and well being of aquatic arganisms,
a ¥ncwlcdge cf the environment:l requirements of these organisms
is cusential for the establichment of sush criteria, Many of the
activities of man have modified the aquatic enviromment., Amorg
thece are deforestation, unwise agricultural practices, vergrazing
and poliuticn. Our aquatic resources walch produce billicns of
dollers yearly in revenues from sport and commercial f£ishing are
a rencwable resource worthy of our best efforts for preservation,

Siltation due to erosion has been and is a major poliutant,
The solution of this problenm by means of ercsion control must be
a cooperative effort among those agencies deeling with water,
soil, and other mutural resources.

Wnile all the environmeatal requirements for acuatic life
are nct now ¢nown, aptlicatina of the data presently available ca
te used effectivay in the setting up of some criteria, As more
data beerme available existing criteria can be modified snd otkers
get up in orcder to meet the probiem more adequately,

The quality of the receiving water is particularly irportast
in determining the effexts of meny vasias, Among the factorg
influencing the toxicity of poliutants in a sarticular receiving

and

water are temperature, €09, D.O., pH, aikalirnity, hardsess,
dissolved materials, Othor factors which may modify the toxicity
of a waste are comglexation, precipiteticn, oxidation, gynergy,
and entegonism,
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In view of the many factors vhich may influence the
effacts of polliutants in different gtreams, it is believed that
in wost situvations rwesinal crireria which are to apply to
extensive areas cen be set only fcr temperature, D.0., and pi.
With a few exceptions, such as the insecticides and certain other
materials, it is believed a tailor-made approach ehould be used
in setting criteria for toxic wastes. This cpproach would censist
of bio-acsavs of the waste in question, using for dilution, water
from the receiving stream taxen from the area into vhich the
waste 1s to be discharged, Such bio-assaye would take into
consideration the veriables which influence toxizity of that
narticular waste and can be used with appropriate application
factors to indicate safe ccacentraticrns, or the amount cf
dilution required.

Criteria for settleable solids and turbidity will depend
largely on local conditions and will vary with the stream and
tte erca.

when conzilering large areas pd values should not fall
belcw 5 or exczeed 9.5, but for good fish production it is deciratle
that they be mcintained between €.5 and 8.5.

For & well vounded warm water fish population dissolved
cxygen levels shoula nct be below 5 p.p.m. for more than € hours
in any 24 hour perind and at no time should they be below 3 p.p.m.
If a coarse fish povulation only is desired mirimum levels msy
£all to 2 p.p.m. For good production of Salmonoid fishes a
pinioem of 6 p.p.m. appears to be required, However, trout can
live end reproduce in waters where the D.O. content may drop
to 4 or 5 p.p.m. but the survival of eggs and fry and the
proauctivity is ucually not so high.

It is suggested that in the northern portion of the
coantry peak temperatures for wzrm water fishes should not exceed
93% ¥, In the sgouthern portion of tte csuntry fish are better
scclimated to higher temperatures and can withstand peak temper-
atures cof 952 F. or higher. Waile trout c<n stend peak temper-
aruves of 809 F. to £3° F. for short periods, best production
isoattained {n2 strezms haviang summer terperatures of 600 ¥, to
68Y T

o~

ations of tcxic complex wastes for each
X e detarmined by means of bio-assays and
safe dilutions estiniared by the use of appliczation factors or by

other means,
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TH DISPOSAL 07 sADIQACIIVE WASL'S

By

I.L, CPHCL
Division of Biology. Atomic Lnergy of Canada Ltd.

CHALK RIVER, Ontario

‘The question of radioactive waste disposal occupies many
people's minds to-day. Nuclear power is now a reality, and some
have painted an alarming picture of atonic power plants springing
up over the continent and spreading their mysterious radioactive
wastes into the enviromment, This view overlooks the fact that
the atomic energy industry is already a very large one - in fact
in the U,S.a., it is the largest single industry, with a capital
jnvestment exceeding five billion dollars. This huze industry
is handling its wastes at the present tiime in a safe and effective
manner. <+t is true that a widespread develcpment of nuclear power
will create further waste disposal provlems, but they are problems
that can be solved by application of knowledge already gained.

The mysterious nature of radioactivity is due to its newness
and novelty rather than any inherent properties. Radioactivity is
surprisintly easy to detect - using a high voltoze supply, a
gas-filled Geiger tube and an elactronic rzcording device, it is
possible to measure millionths ol a gram of ost radioactive
isotopes with amazing accuracy. It is true that radioisotopes
can be tolerated only in small amounts in the enviromnrent, but
since the production of waste radioactive materials, even from
larce installations, can be measured in grams per day, the disposal
problem remains in proportion,

Because of the time availrole for this talk, we will
consider only the treatment and disposal of liquid wastes,
This does not mean that gaseous and solid wastes are not important,
but even though we confine curselves to liquids many aspects of
their treatsent and disposal can only be mentioned briefly.

Types of wacte Fourd in the atomic snerzy Industry

An atomic energy project like any other industry preduces
many different kinds of waste. These can be classilfied and sub-
divided in many ways. Fig. 1 shows one classification of the
main types and tihc major sources of waste.

Treatment _and Disrosal of -astes

(1) Iractive

These are r~iven conventional. treatment (e.g. Imhoff
tanks) followed by chlorination ani disposal to river.
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(2) Potentially Active

wastes of this type require a delay tank system to
hold the liquid until it has been tested for radiocactivity.
A further requirement is a 'flexible’ pumping and piping
layout so that, depending of the result of the laboratory
analysis, the wastes can be diverted to inactive or active
disposal.

(3) Active

For slightly active or 'cool' wastes the same require-
ments of delay and flexibility in the pumping system are
necessary. Most of these wastes are of large volume and normally
low in mdiocactivity.

The reactor coolant is unique in that it contains no
fission products, but only induced radioactivity caused by
neutron irradiation of the dissolved salts as the water passes
through the reactor. Over 95% of the induced radioactivity has
a half-life or less than one day and the only other radioisotope
of significance is radiophosphorus (P32) with a half-life of
approximately 14 days. These charecteristics make this type
of waste particularly amenable to treaiment by delay - several
days delay causes a considerable reduction in radiocactivity due
to decay.

Under some circumstances, it is possible for normally
cool. wastes such as the active laundry effluent, the decontam-
inaticn wastes and the reactor coolant to becoms more radiocactive,
An example would be the development of a leak in a reactor, such
as occurred in the Chalk River NRX reactor in Devember 1952,
during which the coolant water became contaminated with fission
products. In such cases, the segregation of wastes at their
source and a flexible pumping set-up means the wastes can be
diverted from their normal dieposal - the river - and given
special treatment.

The 'intermediate' and 'hot! active wastes contain
fission product activity in such amounts and of such a nature
that they cannot be disposed of into streams or even large rivers.

"Intermediate' wastes are probably the most difficult of
the wastes encountered, They are often of considerable volume,
their radioactivity is such that they require careful handling
and they often have a considerable content of non-radioactive
dissolved material which may complicate treatment,

However, they can bte handled in one of two ways depending
on the non-radioactive material present, The first of these is
disposal of specially prepared soil pits where the radiocactive
cations are retained by the negatively charged soil particles.
Before soil disposal these wastes may require preliminary treat-
ment by ion-exchange or chemical destruction to remove undesirable
extraneous compounds. A second method involves incorporating
the wastes into special non-leachable concrete blocks which
can te buried in the ground or disposed into deep ocean water,
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'Hot' wastes which are highly radiocactive and of small
volume are kept as long as possible in snccial delay tanks to
take advantage of radioactive decay. ‘hey can be best disposed
of by incorporation into a fused ceramic or glass-like product
in which the radioactive ions are tenacicusly held by ion-exchanze
mechanisms and the fused nature of the matericl reduces leaching
of radioactivity to a minimum. These blocks can be stored in
remote disposal areas to await the decay of the radioactivity.

Effects of Disposal to Streams and nivers

The Chalk River Project like many other atomic energy
installations has taken the view that a minimum amount of
radicactivity should be disposed into streams and rivers.

This policy of course means that any possible effects are
greatly reduced. At Chalk River the limited disposal of
fission products to the Ottawa River results in concentrations
of radioactivity far below the permissible levels allowed in
water for life-tims consumption, Wo radioactivity has ever been
detected in the water suoply of Iembroke which is about 20 miles
downstream from the picject,

It is known that some plants and animals can concentrate
some radioactive ions even from very dilute solutions. This
possibility, and the fact that inccmplete mixing of the effluent
with the river water could occur, resulting in uneven dilution
of materials, has meant the establishment of continuous surve;
of the river and the plants and animals living in it. Thousand
of specimens of fish, plants, invertebrates and sediment are
collected each year and assayed for radioactivity. Continuous
sampling of the plant effluent entering the river is .arried
out,

The years have shown that the early fears were unfounded.
There has been no accumulation of radicactivity in the river
organisms during the years in which the project has been in
operation, A detectable amount of radioactivity is found in
the river organisms each summer immadiavely below the project
outfall., This is due to an uptake of radio-phosphorus from the
reactor coolant. In the fall this radioactivity disappears due
to the 1dwered metabolism of the animlas and the short life of
the radio-phosphorus. Despite these results, the biological
survey programme - as with all programmes designed for public
health protection - continues to be carried out.

Conclusicn

This has been a very brief survey of the problems
concernad with radioactive waste disposal. By utilizing the
established waste disposal principles of segregation and
reduction of wastes at their source; by taking advantage of the
natural properties of the waste materia'c (i.e. radioactive
decay and usually caticnic orm) and by following an intensive
and continuous sampling programme, it is possible to dispose of
radioactive wastes safely and effectively.
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Introduction

Grain stillage recovery and utilization is undergoing

continucus research both in individual distilling ccmpanies
and through collaborative programs with others. Thssw
investigations have led, over the years, to an industry-wide
increase in recovery efficienciec and a corresponding

reduction in the asnount of stillo;e wasted, These developments
re reviewad in the present paper, with particular emphasis
upon the commerciual avplications of grain distillers bypioducts
in industry and agriculture,

Potential iastes

The unit preocesses involved in the conversion of grain
to beverase alcohol and whiskey are briefly outlined in
Figure 1 and have becn discussed in detail elscwhere (3,4,5,
9,15). Detailed studies on Lhe sources and pctency of votential
wastes from a modern distillery practicing complete sti.luge
recovery also have teen published recently (3,5).

Diztillery wastes have a potential pollution load of about
50 population equivalents per busncl nashed, ilence a 5,000
bushel plan® practicivg no "stilla,e to feed" recovery would
lrare a pollution of absut 250,000 population equivalents. The
main potential waste i'rom a grain distillery is the stillarc,
Cther sources of pellulion load in a crain distillery, such es
clcan vp waters, coo’ier blow-dorms evaporator hail waters, etc.,
are minor in comnarison to the potential lowd from stillage.
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Complete stillage recovery reduces the pollution load to

1 to 3.5 population ecuivalents per bushel mached (3,5).

A& few U,5, Distillers practicing complete stillage recovery
but located on saall to dry-run streams 3lso treat their
final plant effluent (3,5,9,15).

Situation in Zarly 1930's

e would like to direct your attention to the grain
distillery waste protlem as it existed in Canada and U.S. in
the early 1930's., In those days the coumon practice was to
disciiarge the waste to streams or feed the wet slop, with
hay, to steers chained to feed troughs. It required one
steer per bushel of grain mashed., This practice of feeding
whcle stillage was purely a waste disposal method and
possessed its own pollution, stench, fly and waste problems,
A few distillers screened their stillage, Some sold the
wet screenings while others dried the rzcovered screenable
solids and fed or wasted the screened effluent. Those that
investigated cr tried evaporating screen stillage and drying
the syrup with the screenings, that is, complete stillage
recovery (as, for example, in the distillery in Corbyville
in 1924), found costs in excess of the market price of the
recovered feed,

Nefining the Program

'In view of the abawe situation, the advent of repeal
in U,3., and desires in both our covatries to eliminote these
wastes from surface streams, a number of distillers in Canada
and the U.S., and we are glad to say Hiram halker was a
pioneer in this field, gave this project pricrity. The feed
value of the stillage, at 5 to 64 total solids content,
appeared too valuable to use as a fertilizer or dispose of
as a waste, Therefore, these lines of investigation were
scon discarded. The problem as visualized in the early
1930's resclved its=1lf into the following four related but
distinct segments:

1, Develop cheaper metho’sof complete stillage
recovery,

2. Determine the proper rcles of distillers dried
grains, and variations of this product, in animal
nutrition throuzh laboratory and feeding experi-
ments and practical feeding demonstrations.

3. Promote the results cf reseacch findings on the
nrcper usage of distillers feeds and thus develop
a demand market in place of the cheap feed "filler"
category in which this product found itself at
that time,

L. Justify the capital investment for recovery facil-
ities ani services which in the 1930's aporoximated
1,0 million dollars for a 5,000 bushel piant. Tocay,
this investinent would be considerably more.
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activating The Froyram

Activating the above program required extensive
laboratory, pilot plant and engineering studies, market
surveys and evaluations, and extensive feeding trials by
distillers, arricultural experimentzl stations and feed
mixers, In the United Ltates, these studies were accel-
erated by the formation in 1945 of a Distillers Feed
Research Council sponsored and financed by a number of
the grain distillers.

After many trials and tribulations and considerable
capital investment, distillers in Canada and the United
States today are, in the main, recovering their stillage
to various distillers feeds for incorporation, by feed
mixers, into final feeds and concentrates, The market
developed for these products is such that grain stillage
recovery is today accomplished at a profit.

Let us now direct our attention to the developed
uses of the various distillers feed products that are on the
market today because, as in other endeavors, market accept-
ance spells the difference between profit and loss operations.

Distillers Dried Grains

Distillers Uried Grains, the dried screenings from
stillage, and Distillers Dried Grains with Solubles, the
dried whole stillage, find their main use as a bulky protein=
fat-vitamin supplement in dairy feeds. Thies is due mainly
to findings that they increase milk production beyond that
of other supplements of equal or higher price, Figure 2
summarizes an experiment conducted at Cornell University
which is a typical demonstration of this effect., Note that
an equal weight of Distillers Dried Grains replaced corn
gluten meal and soybean meal with an increase in the daily
production of fat-corrected milk. They also are used in
lesser tonnage in beef cattle supplements and to a limited
extent in poultry rations. Distillers Dried Grains with
Solubles possess a fat, protein and vitamin content about
3 times that of the original grain because during ferment-
ation only the starch, amounting to about two-thirds of the
grain, is removed. This product also contains residual
dried yeast.

Distillers Dried Grains possess an 855 toal digestible
nutrient (TLN) content which exceeds that of competitive
feeds, such as soybean oil, corn gluten, cottonseed, linseed,
meat and fish meals and brewers irains.

Figure 3 illustrates the value of distillers grains as
a supplement in steer feeding. "he steers represented by
that animal on the left side of the figure received all the
roughage and corn they would consume. For each 100 bushels
of corn fed, the average gain was L76 pounds., The steers
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represented by Lhe animal on the risht were fed 80 buchels
of corn, roushore in the sune maunci as ihe Cirsh group

and the distillers feeds recoveread feoi poccersing the
rewaining 20 bushels of corn throuzh the distillery. lwen
thcuzh this second jroup was fed & lower total poundage of
feed, the average gein was 537 pounds, or 61 pounds over

the group receiving corn anu hay (1,16), be. ¥ other feeding
trials (1,8) show that distillers feeds as a supplement to
grain-hay feedingz take back to the farm a higher nutrient
value than would be obtainable from the orizinal grain,

The above is expleinable on the basis of balanced
feeding, In an aver:ge livestock and poultry ration there
should he about 1 pound of protein for each 6 pounds of
enzroy foods. In raw cereal grains there is less than
1 pound of prolein to cach & pounds of energy foods.
when cereal grains such as corn are fed without supplements,
part of the cnerpy producting food -- the starch and fat --
is wasted in oruer that the animal may get the necessary
quantity of protein, vitamines, etec. Supply of these hiph
protein feeds is limited. The distilling industry helps
alleviate thie shcrtane by making high protein-fat-vitamin
concentrates from grain. Grain distillers, therefore, are
truly grain processors and rot giain wasters, In Canada
and in the U,3., since 1938, with the excedpticn of two short,
heavy production periods, the price of distillers grains has
exceeded the price of corn =1 a per ton basis, and rightly so
from a natrition point of view,

Distillers uUried Solubles

Hiram Walker, through its research, was the first to
orcduce and market Distillers iried Solubles (U.S. in 1939;
Carada in 1952), This product is now produced by a number of
other distillers.

Distillers Dried Solubles, the evaporated and drum dried
pertion of stillage vhich is a concentrate of the solubles
froa the gsrain and ycast, finds its main use in poultry,
turkey, swine, calf starter and grower mi:ed feeds and concen-
trates, In additicn to its semi-predijested nutrients from the
fermented zrains., it contains noteworthy quantities of the
witer-soluvle vitemins fiom the grain and from the yeast used,
It is low (2) in crude fiber content. WUDistillers uried
Solubles are also being used in pet, furbearing animal, fish
ana bez foods,

Distillars Dried volubles, as a protein-vitamin supple-
ment, stiretch materials in short supply and / or more expensive
ingredients, such as dried milk, dried whey, meat, fish and
yeast., It has becn founa eswecially useful in uodern high
veretable protein (low animzl protein) rations which basically
are low in certain rutriticual fact rs.

Figure 4 illustrates one of many feeding experiments on
tie use of Distillers uried volubles in swine raticic.
Increased gains secured by ineocporating doied solubles in
feads for sows and pigs from weaning to niarket weight, with
resultant lower unit feed consumption, has been proved many
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times in the feed-lot under general famm conditions.

Distillers Dried Solubles has been shovm to contain
demonstrable (by feeding tests) but as yet chemically
unidentified growth, rerroduction and lactation factors
(1,3,8,10,12,13,14,17), Since its intrcduction, Distiliers
Dried Solubles, with a few exceptions, has soldover the
price of Distillers Dried Grains and coirn but well under
competitive supplements, such as dried milk products, meat-
scrap, fisa prcducts, yeast, etc,

Qther Studies

Studies have been reported on the effect of using
various grains and manufacturing precesses on the physical
properties and chemical and vitemin ccntent of distillers
feeds (4,5,6,7), The role of these productz in producing
balanced poultry and livestock rations has been covered in a
nurber cf publications of the Distillers Feed Research Council,
Inc., of 1232 Enquirer Bldg., Cincinnati, Ohio, and elsewhere
(1.2;5 8,10,12,13,15).

Producticen Terrages

The procuction of distillers feeds in Canada and the
U.S. in recent years is summarized in Table 1. No annual
data are available on the production of wet distillers feeds
in the U.S. but a survey in 1949 showed that of all gra*
stillags produﬁed. 85% was recovered as dried feeds, 14% was
fed wet and only 1% wasted (4,5). by 1553, hcwever, the U.S.
data on grains used and dried distillers feeds recovered show
an average of 16 oounds of dried feeds per 56 pcund bushel of
grain processad. Since the theoretical recovery is between
16 and 18 pounds, depending on grain used, etc., one can
conclude that little to no significant quantity of distillers
feeds was sold wet or cstillage wasted. In 1954 the grocs
income from dried distillers fesds in Canada totaled $2,174,869
for 37,257 tons for an average of $58.31 per ton, Sales of
2,491 tcns of wet feeds totaled 29,833 for only %1.22 per
ton wet weight, or 417.88 per ton at the moisture content of
Distillers Dried Grains (s1.22 x 88/6 - $17.83), In other
words, it has definitely become profitable to dry distillers
grain byproducts, It is estimated that the 244,900 tons of
total dried distillers feeds prcduced in the U.S. in 1954,
a low production year, brought a gross income of about
13,000,000 for an average of about $74.00 per ton, f.o0.b.
distillery.

Additional Uses for Stillage

For years grain distillers have used stillage as a yec:t
growth stimulant, This, along wiith the fact that may micro-
organisms grow well in stillage, directed a*tention to the use
of stillase and/cr Distillers Dried Sclubles as a medium for
the biolczical production of ceirtain chemicals. Today,
Distillers Dried Soiubles is a common constituent in media for
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the production of ccrtain antibiotics aind biologicalis, as a
result of a number of years of study in the Hiram walker Central
research Nepartrent, stillage wis fivst reprecessed cry, as we
call it in Peoria, refemuented to new products in a small plant
built in 1950, The first products to reach the commercial stage
were a series of ribsflavin ‘ced suppleuents. Figure 5 briefiy
outlines the process by which riboflavin concentrate is produced
in submerged, aerobic ferentation equipment in Hirem Walkeris
new, larger Vitamin Mlant placed in operation in January 1954.
Lavoratory and commercial studiss also have been conducted on
the production of fungal amylase as a saccwrification replacement
for barley melts, This process appears to be feasible,

Tahle » summarizes the commercialization of products from
stillage at our Peoria plant as they have been developed over the
past 16 ysars,

SmATY

The processes for manufacturing the various distillers feeds
have now become satisfactorily efficient and the market has been
sufficiently developed to make their procuction a prefitable opera=-
tion. Use as supplements in mixed feeds has kept pace with produc-
ticr except during exceptionally high clechol producticon poriods.
During low production periods there is a great demard for distillers
fecds, because reglacements are usually in short supply and more
costly. The modern distiller is constantly striving to get the
best alcohol and feed yields possible from the amount of grain
processed, Tners exists, therefore, a definite profit incentive
for pollution abatement throush tctal stillage and waste reclamation.

In conclusion, during the past 25 years we have seeun, through
the applicetion of the various sclences and marketing procedures,
the main distillers waste, namely, stillage, converted froin an
unpopular and unproritable waste tc a series of demand feed supple=-
ments, the recovery and marketing of which is profitable tc the
distiller. This change, along with cther intra-plant changes,
also means that this pollution load has been taken out of our
surfece water resources. Distillers are, ¢nd we think rightly
so, very proud of their contribution to cleaner streams and to ths
feed and food eccnomy of our two nations.
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TABLE 1

SALES CF DISTILLERS FEcODS IN CAMADA ahD U.S.

o — canads e Weie
Oried Greins

and Iriad Grains viet Value of Dried vried Grains Oried

wita Solubles, Grains, Dried Feads, Grains, with 3olubles, Solubles,

_Tomsum Y _Tons _ g Tons _ Tons Tons
1924 T Y 38,L69 % i 0
1935 ¥ X Ly, 546 pig b 0
1936 1 b4 76,5€7 XX 240,400 0
1637 v x 162,932 T ¥ 230,400 0
1933 " 4 166,22 u xR 149,400 0
1939 X by 174,491 b b (4 1,£,600 500
1940 p's b'e 276,662 X X 163,100 500
1951 I x 231,709 bl s 205,900 600
1942 ¥ u 460,97 X X 341,700 3,700
1943 ¥ x 524,649 I x 33%,300 1¢,600
1944 8,958 b4 702,661 285,400 121,200 27,300
1945 26; 627 h; DLB 77-&,“1»‘*0 352g 600 195”&00 85, 500
1946 20,331 3,245 552,193 133,400 83,€20 1C5,200
1947 25,412 4,301 743,616 157,400 142,700 175,200
1948 2l,, 235 4, 480 1,160,055 130,100 147,820 73,2C
19,49 25,238 5.295 1,207,615 86,900 138, 2L 57,800
1950 21,69, 6,597 1,150,582 91,200 183,600 85,270
1951 25,02 21,349 1,310,024 167,700 228,600 145,500
1352 24,615 20,327 1,657,587 65,000 124,400 82,600
1953 29,424 21,408 1,922,972 40,000 115,76 29,5300
1954(1) 37,297 24,491 2,174,869 69,1C0 121,9C0 53,900
u Quantity data not available.
X X Until 1,44 tonnage inczluded with Dried Girains with Solubles,

¥ ¥ ¥ Tncludes some Jried Solubles production starting in 1952,
(1) Tentative data,

Ce S. BORUFF 1955-
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TABLL 2

WALLFR TR00UCT .« FROM STILLAGE

FROOUCT Y. AR 0l DiV,.LOF.LNT
Corn Distillers! Dried Grains |
with Salubles 19,4
Walker's Stimuflav 1959
Walker's Ribo=-8000 1950
Walker's Ribo-15,000 1952
Walker's U.5.P.Riboflavin 1954

C. S. BORUF = 1955
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DIFFUSION CHARACTRRISTICS OF TH® ST. LAWRTNCE RIVRR
LT MAITLLMND

by
F e !&. ROid
Du Pont Comp-ny of Conade Limlted

Introduction

Botwecen 1951 :nd 1953, Du Pont Compuny of Crnedca
Limitcd purchased & large sitc fronting on the St. Lewronce
River, noar Maitlend Ontario, rnd coustructcd a plant for
tho menufecturc of the two besic ingredionts from which
nylon ycrn and stople fibro are mode., Seclection and
ecquisiticn of this sitc rccognizod thot the Du Pont Company
of Crnede would likecly manufacture other iteoms at that
locetion, and onc step has elreedy boen tcken in this dir-
cction by the current construction of & plant to manufccture
"Frocnl‘l .

Timo and & considereble amount of money werc sSpont
to assure that noithor pollution of the river nor of the
rtmosphorc would rcsult from our manufecture. To this ond,
Dr. Ruth Patrick of the Philcdelphia Acadcmy of Neaturcl
Sciences corricd out © survey of tho m:rine 1lifo in the
river =t this point, &nd the Ontrrio Resonrch Foundction
under Dr. A. E. R, Westmon wes ongeged to perform test
work on oxisting :ir pollution, Dr. Morric Katz, our
C:-nrdi~n air pollution consult:nt, guided the test progrem
end activities., Similar surveys ~rc¢ intended for tho futuro
to ensure thrt no rdverso c¢ffuct results from plent location.

Most chemical plants have wastc stroams which cannot
bc employod, initielly at loast, in tho menufacture of by-
products, At Maitland Werks, small amounts of certain wastes,
suitably treeted at considerablc cxpense, have been routed
through an cight-inch, ono thousand foot stainless stcel
line laid at thc bottom of the river, to be releeased for
dispersion in dcop, repidly moving weter,

During the summecr of 1954, a program was initiated
to costeblish tho charactoristics of the dilution of this
particuler offlucnt throughout the watcr in the St. Lewronce.
The objcct was not only to confirm that conditions in the
rivar worc sctisfoctory to health suthorities, but to gein
gencral knowlodge of the diffusion which cxists at that point.
Such informetion wes important to the design of future man-
ufacturing fecilities at this site. This tost work proccedcd
throngh June &nd July ond at the c¢nd of July, little infcr-
metion hed becn obtaincd cxcept that it had becn ostablishcd
beyond any doubt thot the running of tests in a river such
as thu St. Lewrencce wes en oxtrericly difficult task,



Typical of the difficultiocs encounteored was a
mischance which occurred when an aircraft and two
occupants were engaged to observe and photograph disper-
sion of highly visible fluorescein dye released under
certain conditions at the outfall, Ground parties were
equipped with porteble radio end tests had previously been
run to vorify thet communicetion with the sot installcd
in the plene wes possible, In the interval between this chock
and the tcst dey, mede nccessary by inappropriate weather,
the radio set in the planc was removed end anothor substituted
which could not be tuned to thc same wave length, As & rcsult,
the planc arrived half an hour early, and followed and photo-
graphed a completoly valueless preliminary release of dye,

After scveral such tosts had failed to yicld dosired
results, and with fall approaching, it was doocided to planam
much morc elaborate test then any yet attempted, and makeo
every possible provision to ensure successful results,

If the expericnce gained in the preliminary work
and during the test itself could be summerized in a single
thome, this theme would be: "Detailed Planning is required".
Bocause this ontiro test was conceived cnd carried out in
loss than one month, certain initial work was necessarily
abbreviated, but no effort was sparcd to ensure that the tes¢
itsclf would not be jeopardized through leck of preparcdnoss,

Initial Planning

In the basic planning for this test, it was rocognized
at an early date thet the location of the stainless steel
outfell was not accurately known end this would heve to be
determined and a rccord kept for eny future test, Considcr-
etion of scversl elternatives indicated that the only fool-
proof method of locating this outfall was to do so through
the use of a diver,

With this point esteblished, the remainder of the
test was designed to derive as much velue as possible from
tho presence of a diver at tho bottom of the river,

Becauso the assembly of test personnel wes expensivo
end difficult, it was hopcd to completo the work in a max-
imum of two days end if possible, in one day,

The first step in orgenizing the tost was to consult,
as far £s practicecl in tho limited timc aveilable, as meany
specialists on thc subjocts of river flow and prevention of
stroam and leke pollution as possible, Advantage was tecken
of thc Company'!s essociation with E.I, du Pont de Nemours &
Co., Inc., cnd prelimincery rnd rcasonebly complcte discussion
of the major test tochnigucs was held with Dr, Borry, /fL.. V.
DeLnporte and 0. V., Ball of the Ontario Department of Henlth,
end with Dr, Patrick in Philadelphia, At this timo also,
tentative errangercnts were mede for cttendance et the test



- 103 -

by ¢ roprosontztivo of Dr, Berry's Dopartment, Onc of tho
mein trrgots in those discussions was to learn of existing
technigues which cculd be used cnd to detorminc whet
cdditionel inform~tion beyond thc irmedinte onswors rcquired
could bc obteined ot the samo time with o minimum of addit-
ional cost and cffort,

Lt the conclusion of this prcliminary work, it wes
considcored thet the major structure of the test would com-
priso the following itcms:-

(2) Locetion of outfall by the divor end
description of the cppearance and path
taken by the cffluent (dyed so as to be
visible) efter its emergence,

(b). Triengulation of thec outfall position
for any future work,

(¢c) Dctermination of dilution at various
distonccs down-stream from the outfall
by a totel of 3 tcchniques:-

(1) Dircct measurcment by conduc-
tivity meter probe held by diver
in the trrce (offlucnt was en
eloctrolyte),

(2) Chemicnl meesurement performed
on l1s 3uid scniples taken at same
locetion ¢nd time «s the conduc-
tivity rotdiﬁg (suckod up through
gerden hose!),

(3) Calculation based on effluent cnd

rivcr flow rotes and measurcment
of dimensions of trcce by the diver,

Final Plonning cné Test Preparstions

Following initiel contacts ¢nd discussions, a pro-
liminnry test plnn was l2id out. 'This wes discussed with the
M~itlend personncel who had cerricd out provious tcsts in the
river nd with Mr, W, Vinor, tho cnginecring ropresentative of
the diving firm (4L.F. AulﬂpSOH, of Brockville, Ontario).

Tho import-ncc of this step crnnot be overstraessed.
Mr. Viner apprecicted most fully the problems involved end
the need for comprchonsive plonning cnd he contributed in a
grOFt decgroc to SLlCCtlon of finnl test technigucs, He was
in & position to spceify floeting pleont roguirements, ond
to forccost problems which would be c¢ncountered in “nchorlnp
e burge closo to the traffie lone in tho ri ver, the degrec of
visibility 1lik:ly to be experiecnced ot the bottom of tho rive
end the nccd for dovices to guide tho diver in the eresn of th
test,
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Following mcjor rovision of the origincl outlino,
the proposcd program wes discussod with #£11 test personnel,
drawn mainly from our Company's Engincoring Dopartmont
in Montroal,

A sccondary discussion wes then held with tho Mritlend
porsonnol nnd Mr, Viner, At this point, drewings of cll
piecos of cquipment, togother with a schedulc for their prop-
eration nnd testing, wore released,

Groat importenco wes atteched to the provision of
spores for certcin essentiel test equipmont, Typical of tho
results achieved were two sources of power for & conductivity
metor which was employed tnd the ultimete provision of four
portcble gencrators on the bsrge to supply power to tepe re-
cording eguipment, underwater light end P.A, systom,

Sketches were medo of tho barge showing £llocetion
of spece to the diving crew and to thc test crew &nd the
position of all test equipment was established. Cn completion
of this work, a description of the entire tost wes issued,
covoring the duties of all porsonncl, sequence of events,
rnd scheduled times for significant steps,

An sdditionnl preliminary technigue was emploved when
tho group leader of ecch test cell was required to submit =an
outline of his phase of the work, together with his shoots
for recording of data cnd graph peper prepared to allow
plotting of results as they would be obtrined during the test,

It was nocessary to arrange contrcts with all key
porsonnel to allow postponemcnt of the test which was scheduled
for Monday fugust 30, in cese of bad weather, and all porsonncl
werc instructed to report to the Hotel Manitonne in Brockville
et 8:00 P.M, on Sunday evening prior to the test,

On the Saturday prior to the tost, heevy equipmont was
loaded on the test barge west of Brockville and it was moved
ovor the woek-ond to the Company dock at Maitland, Final
choecks of tho construction and cdoquacy of cll test equipment,
celibration of the conductivity metor and check-running of the
somplo suction pump were carriod out at this timo,

On Sunday night, ell porsonnel were present including
tho diver (Mr. /rthur Simpson) and Mr, Viner, to be coordinator
of the diving effort, together with C. E, Simpson, repreosentetive
of the Onterio Department of Heelth., Teost procedures were
cgein revicwed in detoil end finel revisions were mede and rocor-
dcd on individuel copies in writing. Some shifts in the
essignmont of personnel to the boets were found necesseory &at
this point in ordcer to assure thet all members of those crews
woro experiencod in hendling small creft,
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Sketch No, 1 shows the genersl erea of the test end
Sketch No. 2 is n more detailed presontation of the test
cree end the immedieste shore line, showing proposed berge
and test positions. The following sections will clarify
the points which arise upon inspcction of these sketches,

Test Organization

Tho organization of the test group was as follows:
Tost coordinator was myself, located on the barge., A main
log recordor was rlso located on the bargo, His entire
function was to soce that ell watches were synchronised and
thet all significant heppenings were recorded, This technique
bocame extremely velusble in the aftornoon of the test when
it was nocessery to estimete diving time on the second dive,

A shore party coordinator was loceted at the shore
"walkie-talkie" at the lest menhole on the effluent line,
Two instrument men were assigned to instruments loceted on
the permenent monuments at the shore line,

One men was assigned to moasure the flow of effluent
to the line and to ensuro as far as possible that the compos-
ition end quentity of this effluent did not vary too greatly
throughout the test period, Prior arrangements had been made
with the Production Departmont of the plent that such con-
ditions would likely be meintained during the test day. Cne
men was assigned to ccnirol end moasuroe the addition of fluor-
oscoin dye at precalculatod rates into tho effluent through a
monhole several hundrod feet up-streem of the last menhole.
He also measured temperature of the effluent at tho lest men-
hole end took semples et this point at twenty minute intervels.

Two boat crews comprising two men cach were used and
these men were omployed on the berge in intorvals between boet
work and to provide treansportation between barge end shoro.
One man was assignod to the "walkie-talkie"™ on the barge end
to aid in conductivity meter opcraetion., One was assigned to
operation of the sample pump on the barge and one to conduc-
tivity meter operation,

A1l personnel carrying out repetitive functions
synchronised watches with that of the mein log recorder and
logged all significant occurrences, Throughout the test,

FP. A, Communication wes maintained botwccen W, Viner end the
divur #nd both conversations wecre rccorded on a tape rocorder,
In sddition, thc mein log recorder periodically orally roported
the time on the rccorder,

Totel test personnel, including five from theo diving
firm, amounted to twenty people, of whom approximately fifteen
wero gradunte engineers,
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Test Procedures

Prior to test dsy, survey prrties established the
ebsolute locction of the nowly constructed permcnent
monumonts and from drewings covoring the decsign of tho
offluont line, celculeted instrumcnt readings to be usod
in triangulating thc estimoted position of tho outfall,
[. dry run involving a singlo boet crcw, which would on
tcst dey position & mooring buoy, wes mede to determine
difficultios to bo encountercd £nd to ostoblish a rough
schodulc on this phaso of the tcst, £s it wes considerod
to be ono of tho most significent end difficult tesks,

Tho test perty essembled at the mein gate of tho
plent et 5:30 ~.M, The wecthor was ovorcast end & light
eest wind wes recising light weves on tho river, The shoro
cnd boet prrties immedistely commenced work necessery to
position a marker buoy et tho estimcted locetion of tho
outfell, Thoc remcindor of the porsonncl obtalned test
oquipment and set it up on shoro or locatod it suitably on
the berge,

The markcr buoy was successfully positioned et
approximately 7:30 and the barge was anchored sbout 40 ft.
inshore of the m~rkor and approximately 25 ft, upstreem et
9:00 o'clock, The diver immediatcly sterted to dress eond
et 9:55 ontered tho water, The sddition of dyoc, aftc™ some
unexpected difficultics, was startcd et 9:50. It had bocn
estimated from the efflucnt flow, line diemeter end length
thet this dye would rocch the outfall about fifteen min-
utes later,

Tho divor reported on rceching the bottom thet it
wes herd, smooth cnd sendy with little plant life, but with
soveral fish, Very groat éifficulty wes experionced by
him in locating tho line, The strength of the current at
this point in the rivor wecs most unexpccted., Duo to its
effoct on the diver's lines, ho found it necessery to
erewl on hrnds ¢nd knecos ot cny time when he wished to
move upstrocm, Thc depth hrd prcviously boen meesured at
46 ft., -nd tho brrge wes close to the edge of the treffic
leno in tho river, Thce largeo wckeos of perssing freightors
geve considoreble trouble, with the diver being tossed on
his back on ons occansion as s rosult of tho violont pitching
of the bergc,

Lftor guidence from above by moans of one of the buoy
lines used lecter in tho test, the divor finaelly found tho
line 35 minutes ~fter rocching thce bottom, His first ccticn
wes to cl-mp tho outfall buoy lino to the strinless line nt
the outfell, end tho NMo. 1 boat thcn tightoned the line on
the buoy &s much &8 possible,

Ho thon doscribed thce conditions €t the outfell,
particulerly the appcersnce snd path tekon by the fluor-
escein-dyed efflucnt,
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L, tronscription of the setucl conversation with
tho divor is included et this point, &s follows:-

"I think, Arthur, about tho very first thing you should
do now you are thorc is to try end clemp thet clemp onto
her. How about that? .... Good show,"

"Now first of rll, whet sort of condition is the end of the
line in, Lrt?"

nJust o3 it was when I leid it."

"Good. Now, thc next quostion., Has the pipe boen lying
in a silted-in trench or what?"

"No, in the cloar on top of the bottom.,”
"Ts the whole pipe clear of tho bottom Lrthur??
“Yep'"

"Good, O.K. now Arthur, whet's the story ebout the dye
es you sea it, and where are you looking et it fron?"

"I am on the upstroam sido of the pipe, almost at the cnd of
tho pipe. The ¢yo 1s coming out ....... epproximately, oh
it's on o curve, curving downstream, ..... cnd fenning out
gbout 5 ft. from the ond of the pipe and 1t's sterting to
funnol out and at the 10 ft, mark it hes funnclled out to en
eren of cbout 3 ft. in diameter end the siream is rather
elliptical, or round sort of, morg or less."

"Hello /rt. This is Frenk Reid here. Is it fanning out
feirly stoadily?"

"Yos, 1t is fanning out vory stoedily nnd even in two or
threo feot, I cen see & big difforonzc in the dilution of
the dye a8 it is coming out of the pipe."

"Is it tending to hold its position or does it appeer to be
going up into the wator or is it strying horizontal?"

"No, it is rising slowly and the angle of TisO..... is about
2 £t. in 15."

"That is, the anglo of risc is about 2 I't, 1m 15%7¢
"That's right "

"/nd it is about, ccn you tell us again what dimonsion
is it at 10 ft. approximetely downstircam?"

"Will you say that agein?"

"What is tho dirmeter of the troco 10 ft. downstroam from
the outfesll?"
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" . ....... 0bout 2 or 24 ft. in diamoter, nearly 3 ft."

"0.,K, then, £s fuor as I cm concerned, you can attoch the
outfall buoy linc,"

"0,K. Say, the fish arc swinming right up to the mouth of
thet thing,"

"That's gouod information, Go ahcad,"
" . ..e.. I en shooing them off.,"
"Have you got her all sccured, Art?
"Ye¢p, she's all sccured,"

"Good showl "

Time record- 10:51

"/rthur, listen- aro you going to be able to see that troco,
that dyc trace souwe 50 ft, downstroam or will it bo nccessary
to odd more dyo so thut it will still bo visiblo oven with
the dilution that is taking place dewn thore?"

"Ycuh, you might a«dd more dye, that's right, 0.K.ieusl
"Is that a level bottom therc or sloping bottom, or &ny rocks?”
"o, nothing., Porfectly level bottom ...eeeess”

" . ..... I can sce fish, I can sec plonty of fish...... £3
far es I casn tell, thesc arc ideal conditions for mixing
down harc. I will skotch it wihen I come up."

"The gentlemen horc ¢roc dancing eandé scroaming with joy!
Wc would like to heer morc of THLT stuff."

Light recching the bottom, cven on the cull day, gave
bettoer vicwing conditions, in his c¢stimation, than theat
ottrined from on under-woater light which had been supplied,
ané this cquipnent wes removed from further use,

/. ealibreted thermometer which hnd been ettached to
his cquipment wes then usod to mensurc the tomperature of
the weter one yerd upstrocm of tho outfall end of the cffluoent
av irside She line. This thermomoter was then pusscd up bo
the lfo. 1 boat,

in undor-weter crmera was dropped to him by lottiing
it slidc tlong th. outfoll buoy lino ¢nd scveral pictures
were tokon of the zrierging effluent, JUnforctunatoly, thaso
picturcs wcre sc complctely unéoroxposcd as to be without
vi:luo whatcver,
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Lo npetpe~m end of & thousend foot nylon sash cord
Ting c¢nllod the "beso 1ine™ wes thon drupped to him and
WES pormenently clampod to the outfall, Lt this point,
the divi: aciaene: . hi~ raborre S0 the beargo,

The No. 1 boot carrying ths rolled-up base linoe then
minoeuvied out of position., The No,., 2 bont swung in closo
to the cu*fall buoy end prupeoreé to relecse a vaued float
decvice SO duniencd thot its very lerge nlywood vanes wonld
heng in the river corroit nrpluximetgly 6 ft, above river
pcttom, The float on this dovice contrinnd a flag to allow
trncking from shore, It was releascd ufter nlerting the
shore »urvcy perties and on releesc, moved down the river
with the rlag duplicating the flow pattern in the river
likely to ve followced by the offluont., Cerefully synchron-
iscd trienguletions wero made by both instrument partios at
two-winuitae intervelz, nllouding the flow pattorn in the river
end ity speod to be plotted as shown in Sketch No., 3.

Upon relecese of the vened deviec, the No, 1 boeat
noved in behind it and prevceeecded Cown-river in its weko,
toying out the bnse line &s necassary. 0O Thashing the
thousand foot poin*t, the No, 1 boet dropped the dowi:streem
bese lihe enchor to wshich the downstrecm buoy line heud 3 o.»n
attached end the No. 2 boa’ recovored the vened device,

L permeénent hase of rcference, c~loscly epproximeting the
probrble effluc~t path,urd thus beon uatoblished for the
diver's use,

Follcwing lunch, the barge wes rupositioned et =&
point 70 ft, downstream ond 50 ft. inshore of the outfeall
buoy, fluorescein dyoc addition was resumed &t triple tho
rato used in the morning, end the diver went over the side
et 2:15 cerrying one end of the 1200 ft, "fenning line"%,
it the end of tiis line wns & stainless steecl clewp fcllowoed
with 10 ft, of suaninlgss steel wirc, and it carried eluminum
markers suitebly coleured end maried with test station unmil.sra.
Theea hed becn spoced roughly logorithmically et distoncos
of 40, 100, 175, 300, 450. :nd 700 ft, from the cutfcll cnd.
The rolled-up portion of this linc required tending by tho
No. 1 boat during 1ts use by the diver, He located the ou?—
fr1ll with no difficulsy and c¢fter eticoching the “fenning linc"
clemn, prepered@ to rece’ve the combined conductivity and
atmpling line probe, i vory grect deel of cdifficulty wns
then ezperienced in obteining o sctisfactory prime on the
pr.rt of the sempling pump. Forty-five minutes elapsed bufore
this difficulty wes ovorcomo and the somple probo wes raccived
by the diver,

He was thcn dirceted to movo downstreom to tho first
tcst point at 40 f%, and holding thc fenning line £t tpc
MNo. 1 merkor, ho wes instructed to pecc off the full width
of the traie end comm.t whuon he passed over the base line,
Ho was elso oskad to osticite location of the centre point
and the vartical haieht of the toneo ob “hink pofnbg
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Ho thon essumed position et the centre line of the
trace ¢nd held the semple prcbe upstrcam of his person
progressivoly 1 ft,, 2 ft, etc, fromn the bottonm, comnent ing
et whet point on his person the prcbe was being helé, Lt
gech tost position, the conductivity meter oporator bal-
enced@ his bridgo and recorded conductivity of the semple,
allowing intorpretation ené plotting, The liquid szmple crew
drew off the cstimcted hosc purge volumo of liquid ¢nd then
filled e srmple bottlc. Tho probe could then bo moved to a
ncw tost position,

On completion of the vertical traverse of the oentre
line, & treversc wes mcdc on tho horizontal centre line
working from tho vertical centre lino inshore with test
points one pece ¢pert., The diveris pace tnd height were
meesured leter,

On compleotion of work &t this stction and inspection
of conductivity metor reosults, it was apparont that dilution
wes very much greetor then had been cxpocted end, in fact,
concentrations ot this point approached the throshold of
sonsitivity of the moter (150:1), is a rosult, rescheduling
of further work irmediately bocame nocessery end it was
decided to run a test 10 ft, from the outfall and a third
test one yerd from the outfell, This was conplcted as
repidly as possible because e vory heevy rain was falling
eccompanied by winds up to 18 m.p.h,, end because the diver
was showing signs of fetigue, He returned to the bergeo at
4:15 cnd it was then moved beck to the Compeny dock,

Finel trienguletion was mede on the outfall buoy,
the outfall buoy line wans atteched to the fenning line as
the buoy was removed cnd the No. 1 bort proceeded to shore
peying out the fanning line., This fanning line was left in
position end it has been established that test crews can pick
it up inshore, proceed to the outfall end, using it as an
enchor line, can bliné-sample the effluent trace at will so
iong £s wind direction is substentially down-river,

General Results

Monitoring semples teken ot the last manhole were
messured using the conductivity meter to determine the
strength of the effluent compared with thet selected for
instrument oalibretion, J..plot in time of this relation-
ship ellowed corrections to be mede to the apparent strengths
of effluont trace obtrined during the test by the conduc-
tivity meter,

Plotting of vened device triengulations indiceted
that river speod ct the 40 ft, level was 2400 ft, per hour
in a direction roughly perallel to the north shoreline.
Velocity in the effluent line was cclculated at 4,280.ft, per
hour cnd the storting tempersture differontial between the
effluent £nd the river wes 4,20C, This differential &t
emergence had dropped to 1.,1°C,



.
No apprecieble tempersture grediont was found to exist
in the river, Surfaco temper-~ture was 21,90C ané «ll othcr
readings, tnken 2t 10 ft, intcrvals, were 21.7°C,

It was c¢stablished thet fluoresccin €ye in concen-
trations of 1 in 93,000 is comnpletely visible with «nd with-
out ertificiel light on thc bottom c¢f this river on = dull
dry, It was cdcquotoly visible in concentrrtions of one port
in 5 million in tho morning cnéd wes invisiblo dilutcd 1 in
5.4million., 1In the afternoon, using a 1,000 watt light, it
was completely visible diluted one part in 51 million,

Diffusion Rcsults

It was intended to chemically ~nrlyse nll liguid
scmples teken on the brrge ©s & check ngrinst concductivity
mcter determinetion. Unevoidablo deleys wore expericnced
in nrranging & sctisfeoctcry test ond rosults obtnined wore
completely unrcliable., Concuctivity moter recdings ot each
stetion were plotted oné c¢ilution «t the ccntre line of the
troco ot erch of the throe test points wos calculated,

(Scec Sketch No, 4)

Knowing the rate of flow in the river c«nd in the
efflucnt linc- assuning the effluont trece wes ot cll tincs
ellipticerl in cross-scction rnd using the dimensions of
this trece as teken from the diver's dcescription on the tepe
recordeor ~ it wes possible to calculato dilution &t each of
the test points,

Sketch No, 5 ecttenmpts to portray the pnth token by
the effluent, «nd is bnsod on the diver's rceorded desceriptions
trd nnswors to questions poscé him when ho roturnced to the
surfaco,

Thoe rcsults of thoso two netheds of determining
diffusion are as fullows:

Distoanco Below Diffusion- Minimum &t Diffusion- /vercge

Outfoll Feot Centre of Trace by by calculction of
Conductivity Mster aroes and flows
3 2.,3:1 2,2:1
11 20.5:1 27513
40 145:1 145:1

Theso points rre plotted on Skoteh Mo, 6 endé the
reriorkebly good cgrecment between the two techniqgues is
evidcent,
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Extrapolation to the 100 ft. point (500;1) seems
justified, and consideration of one of the closing incidents
of the test may allow still wider extrapolation:- The No.2
boat, on picking up the base line dovmstream buoy, observed a
dye slick in the water 2t the thousand foot point. If it
is assumed that this was evidence that the effluent trace
completely filled the river vertically at this point and the
ratio of its long axis to its short axis remained constant,
it can be calculated that the dilution at th=t point was in
the order of 14,000:1, It is interesting to see that this
point plots quite nicely on a continuation of the graph of
dilution versus distance.

Discussion of Results.

The unusually high rate of dilution was completely
unexpected. Perusal of all available existing information
allowed an estimate before the test that dilution at the
thousand foot point might lie somewhere between 18:1 and 5-:1.
It was quite evident from the diver's comments that
conditions for rapid mixing were optimum at this location
in the river, It is thought that the high dilution rate
can be linked with the =~bsence of any temperature differential
in the river as it is believed tlirt this absence is fairly
clear indic~tion that the river water is intermixing
completely from top to bottom under the flow conditions that

exist.
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WO Y.uitS OF AIR POLLUTION SURVEY IN SARNIA

By

B. C. NEWBURY, B. Sc., A.R.I.C.

Research Fellow
Department of Chemistry
Ontario Research Foundation

Last year, two papers to this conference (1,2) outlined
the history and organization of the Sarnia Project, Continu-
ous data for a period of over two years are now available,
and, while much remains to be done, especially with reference
to the organic and minor pollutants in the air, it is possible
to discuss a pattern for the major pollutants in the Sammia
basin and to compare these findings with data published for
other cities, It is too early to assess the effects of
changes made by local industry which has invested over four
million dollars in pollution control devices during the short
life of the investigation. During the two years under review,
industrial production has increased and the weather patterns
of the two years are far from identical. In fact, we have
reliable evidence from other sources that the meteorological
conditions alone resulted in significantly lower pollution
levels in 1954 compared with 1953. any reduction in pollution
levels at Sarnia, therefore, during 1954 cannot at this stage
be accredited to the work of the pollution Subcommittee although
a simple addition of the amounts of pollution suppressed by
various means leaves no doubt that without the efforts of the
Subcommittee conditions would have been much worse,

Figure 1 is a general map of the Sarnia area showing
the geographical distribution of the various areas - industrial,
commercial and residential,

Figure 2 shows the location of sampling stations to
which we shall refer from time ¢, time during the discussion
of our findings,

Lustfall
Dustfall is one of the most widely measured types of

pollution mainly because of the simplicity of the equipment
required. almost any type of vessel can be (and has been) used
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to collect the fallinz dust, and no attei'pt at standardiza-
tion or correlation of the results has been made. The data
collected are thus only of value in coumparing areas where
similar ecuijpuent and similar techniques have been used.
althonch nany of the data have been published, details of

14a collection are usually omitted and inter-city comparisons
are meaningless. The collectors used at sarnia are copies

of a collector develoned for the fetroit-.indsor Survey as

a result of wind tunnel experiments and tihe varnia results
are comparable witn those published for windsor and Detroit.
1. order to extend tie usefulness of the data, pcrallel
exposures of the uvetroit Can and the Toronto Funnel €G»llector
are being mude at varnia and Toronto and a sauple can has
been sent to bigland, where it will be exposed alongside the
inglish Collector. If it should v»rove possible to obtain
reliable correlation factors, many more comparisoas will
becoue possible, .t present, a limited nwiber of results
jndicate tha' the Toronto Collector gives values which are
less than LOZ of the values obtained with the vetroit Can,

Figure 3 shows the distribution of dustfall over the
Sarnia area for thetwy-year period. Flotting the two years
senarately, we find that the averuges in the industrial area
were 90 and 114 tons/square mile/ month for 1953 and 1954
respectively, while the comuerc jal-residential area average-~
were 56 and 52 tons/square mile/month. It is assumed that
differences in meteorolozical conditions must be resnonsible
for the increase in the industrial area with a siaultaneous
decrease in the residential area,

_ The .Isopleths in Figure 3 are drawn at 25-ton intervals
but no significance saoula be attached to the choice of these
intervals which are ourely arbiirary. Tie industrial area is
seen to vary from heavy to moderately heavy pollution, and the
dustfall decreases steadily out towards Lake Huron and the
London ioad areas where dustfalls of less than 50 tons/sguare
mile )month were recorded, The continuation of the 50-ton
isopleth northwards to include Front and Christina Streets is
an indication of well-defined local sources in this area, For
comnarison, indsor is reported to have dustfalls of 69 tons
in the business-residential areas, falling to 28 tons in the
semi-rural residential areas,

The monthly variation of dustfall over the two-year
period is shown in Tisure 4. A feature of this curve is the
spring peak which appears to be a common phenomenon for Ontario.
liormally, there is a winter maximun due to the heating load in
cold weather and a summer minimum, although the difference is
less marked in areas using natural gas or oil heating than in
areas using predominantly coal heatinge Jividing the year into
four 3-.0nth seasons, we find the quarterly dustfall rates,
starting with the Jecenber-February period, to be 30, 45, 34
and 32 tons respcctively. The first period is the neating
period, the second aad fourth periods are periods of adverse
weather conditions, while the river shipping is substantially
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constant during the last three periods. There is at present
no logical explanation of these nbservations although tle
same pattern has been observed at Windsor, Detroit and Toronto,

Analyses of the dust collected shows that the bulk of
the deposit is mineral ash (15-30 tons), followed by combust-
ible matter (6-20 tons), soluble materials (6-20 tons) and
tars (1 ton or less), The mineral ash has been further analyzed
and has been found to contain about 60% silica (9-13 tons/
square mile)month)., Amongst the metals found were iron (14%),
aluminium (4%), copper (2%4) and lead 3%). Some samples were
also found to contain fluorides and others cadmium, Further
work on the fluoride, cadmium and lead is in hand,

Aerosols

Two methods have been used to measure the crosol
concentrations in the Sarnia area. One unit samples the air
at 60 c,f.m. for 24 hours and collects a sample large enough
to be weighed and analyzed, while the other has a sampling
rate of 2 c.f.m. and produces a stain on a filter paper which
is assessed by photoelectric means. These methods are comple-
mentary and there is no theoretical basis for any ccrrelation
betwecn their results, However, if the particle size
distribution is constant, then there will be a correlation
between the high volume weight readings (which responds
mainly to the larger particles) and the low volune stain
readings {(which are most influenced by the sub-micron size
particles). A fair degree of correlation has been found
for Sarnia results so that we could, if necessary, convert
data from one system to the other. However, the procedure
introduces some error into the results.

High Volume Samples

The first high volume sample runs were made with the
object of determining the effect, if any, of the start-up of
a catalytic crackingz unit, Runs before and after the start-up
were found to have no significant difference, nor has any
significant change beenipted in subsequ:nt runs. The average
values recorded show that Sarnia has a relatively low level of
aerosol pollution, lower in fact than any of the following:
Baltimore, Cincinnati, Donora, and Windsor. Table 1 gives the
published data for the above cities and for Sarnia,

TABLE 1

Aerosol Concentrations in Grams/Million
Cubic hetres

Down ' Town Residential City Limits
(Business area)
Baltimore 0.87 - -
Cincinnati - 0,28 -

Cont'd
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Down Town Residential City Limits
(Business area)
Dcnora 0.74 - -
Windsor 0.21 0.15 0.08
Sarnia 0.15 0.08 0.05

It is of interest to note that during the lethal London
Smog of 1952, averages of the order of 2,5 graus were recorded
and that the peak concentration reach L.4. grams/million cubic
metres,

While these averages are fairly constant, it must be
appreciated that the daily variations can be quite large due to
the influence of meteorological conditions so that while the
averages for the downtown arca and city limits are 0,15 and
0.05 respectively, the downtown area can give readings between
0.46 and 0,03 while the city limits can give values up to 0.29,
Obviously only long~term averages can reflect the trusconditions.

The objection to aerosols stems mainly from two properties.
One is the soiling power - what the puint techniclan knows as
"covering power" and 'he other is the ability of the particles
to gain access to the lungs. In both cases, size is the pre=-
dominant factor and vhile the high volume sampler is of value
in determining the amount of natter in the air, another methcd,
sensitive to the sub-micron particles is required to measure
aerosols in terms of their effect on the general public. This
is done by the Hemeon Sampler which draws 2 small volume of
air through a filter paper, leaving a stain, This stain is then
evaluated by the difference in loss of light transmission through
the clean and exposed papers, The unit, the COl, is an
unfamiliar unit to most people, It is the optical density of
the stain produced by 1000 linear feet of air, The COH
measurenent is very sensitive to particles of the order of 0,1
micron, and hence iieasures the concentration of those varticles
which cause soiling of clothing, drapes and decorations,
reduce visibility and may rlay a hitherto unsuspected part in
the incidence of many lung diseases, Beaver (3?? in his report
to the sritish Parliament, gives statistical data showing that
the 1952 death rate per 100,000 for =ngland and wales for
bronchitis and pnenmonia were: cities over 100,000 population-
109, 50,000-100,000 population - 93; urban areas under 50,000
population = 84; rural areas - 68, It has also been shown that
morbidity and mortality rates for respiratory diseases are
higher in the northeastern areas of British cities than in
the southern and westerly areas, and this may be a reflection
of the high pollution levels due to the predominantly south-
westerly winds, "There is also a growing body of opinion that
the incidence of lung cancer is affected by pollution and,
while no medical survey is being made in Uarnia, the trend of
the aerosol pollution is being watched with interest.
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COHd vulues for aerosols are only available at
present for rittsburzh, .ennsylvania (3.1) and Columous,
Ohio (3.0), Sarnia's values, renging from 1,55 in the
residential area to 0,56 at the city linits, confir m
the cleanliness of the area,

Since the Hemeon Sawpler gives a reading every two
hours compared with every 24 hours for the High Volume
Sampler, it is possible to evaluate the effect of weteor-
ological variables on the aerosols,

Diurnal Variation

Under certain meteorological conditions, pollution
tends to build up during the evening and study of the daily
cycle of pollution will indicate whether high concentrations
of smog are lilkely, Table 2 gives the average pollution
levels throughout the day, It will be seen that there are
two peaks, one at midnight and one around sunrise with a
minimum at midday. However, since the peak values are less
than twice the minimum value, the build-up of pollution is
not serious and extensive periods of siwg are not to be
expected,

T;im 2

Diurnal Variation of Aerosols (COH Urits)

Time 0001/ 0200/ 0400/ 0600/ 0200/ 1000/ 1200/ 1400/ 1600/
0200 0400 0600 0800 1000 1200 1400 1600 1800

Time 1800/ 2000/ 2200/
2000 2200 2400

COH Unite 1,66 1,58 1,49 1.78 1,54, 1.2, 1,18 1,27 1-48
.57 1.7% 1,73

Effect of Wind Direction

Winds from the southern quadrant are usually warm winds
passing over relatively cool ground (4). Under tkese condi-
tions, the lower strata of air become cooler than che higher
levels so that convection and vertical mixing are retarded,
Conversely, ~orth winds are normally passinz over relatively
warm land whereby the lower layers becoiie warmer and are
carried aloft by convection, In this way, pollution is
removed from the surface air, It is of interest to find
out whether these mechanisms of stability and convection can
influence the pollution levels over a city, TFor this
purpose we have selected two stations Rl and T2 which are
approxinately equal distances from the centre of thé high
pollution area, one to the south and the other to the
northeast, Taking average over a period to eliminate the
influence of daily fluctuations, we find that a north wind
comes in over Larnia (at T3) with an average aerosol content
of 0,43 COH units, Passing over the sources of pollution



- 128 -

(including the comaercial area), it reaches T2 with a

pollution content of 0,63 CCH untts, Tris is tne highest
reading obtained for any wind direction at T2 except for a
value of 0,95 COH units obtained during calm periods, The
southwest wind ao.roaches Sarnia with an initial reading of
0.53 COH units and, by the time it reaches K1, the value

has risen to 2,76 units which is the average of 232 individual
readings, Obviously the stability of the wind is a potent
factor in determining its capacity to disperse pollution and
the above data should be of great value in future town
plainning.

Sulphur Dioxide

Sulphur dioxide is the comnonest of the pgaseous
pollutants since it is produced by alinost every combustion
process. It can also be released in large quantities from
ciiemical plants such as smelters and oil refineries, Ffurther-
more, it is probably by far the commonest cause of vegetation
danage, Flants of all kinds are damaged by S0, and some of the
"leafy" plants such as lettuce, spinach and al%alfa can be
damaged by a few hours exposure to concentrations well below
1 part per million. Ilor this reasoa, continuous monitors of
the sulplur dioxide in the atmosphere have been kept running
during the past two years, The records show that the average
concentration in the residential area is 0,03 parts per million
which is between one-half to one-third of the comparable figures
for windsor, Cincinnati and Baltimore, However, gratifying
thouzh these results may be, the objection to sulphur dioxide
lies more in the concentration-time relationship during the
periods of fumigation., "The limits of plant damage are not
rnown precisely siiice investizations of plant response are
affected by such variables as amount of sunlight, rate of
plant growth and differences in plant feeding. "The lowest
concentration claimned to affect vegetation is 0.15 p.p.m.
for an exposure of 8 hours. This,then, we have taken as our
yard-stick, but on no occasion during the past two years has
this danger point been exceeded in the resideatial area,
Concentrations as hizh as 1.0 p.p.m. have been recorded
momentarily and concentrations above 0,25 p.p.m. have been
recorded but only for 10 minutes These concentrations and
times are insufficient to cause visible damage to plants and
it now appears probable that after the gas has blown away,
plants are well able to assimilate these siwall amounts of
sulphur and make a complete recovery.,

while Rl was chosen because it seemed the logical

place to expect the maxiium pollution, it is useless for the
purpose of estimating the coatributions of individual sources
of pollution. fior this reason, site Tz was chosen for the
trailer unit and polar diagrams have been constructed to show
the average concentration of SOo with wind direction for hoth
locations Figure 5 indicates that at Rf most of the 50, is
received from a southwesterly direction., At T2, however, the
individual contributions of groups of industries to the.north,
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west, southwest and east are clearly defined, You will see
that the contribution of the Round House to the east is
brought out very clearly. This figure, incidentally, 1is
based on data collected in 1953 and we hope to repeat this
experiment in the near future to determine whether the
pattern has been changed significantly by the improvements
'nade by the industries,

lydrogen Sulphide

The Hemeon Sampler, which is used to evaluate the
soiling properties of the aerosols can be used to record
concentrations of hydrogen sulphide by removing the aerosols
in a pre-filter and filtering the air through a lead acetate
impregnated paper., Hydrogen sulphide is a relatively poison-
ous gas but seldom exists in the atmostphere in dangerous
quantities except near certain industries, including petroleum
refining. It has a very noticeable smell which can be detected
at about 0,1 p.p.m. (100 parts per billion), At this concen-
tration, it rapidly tarnishes silver and blackens lead paints,
The minimum concentration detectable with our equipment is
1 part per billion and, during 2400 hours of observation, a
concentration of 10 p.,p.b, was recorded for 6 hours only.

The maximum concentration was 70 p.p.b. recorded on a still
calm night in July 1954, A breakdown by wind direction shows
that positive results, which were obtained for about 204 of
the sampling time, occur with all wind directions except

east, There must be, therefore, a nurber of sources spread
over the industrial area, and even if it is decided to attempt
to reduce the sulphide pollution, no single change is likely
to change the conditions appreciably. '

Shipping

The St, Clair and Detroit Rivers are reputed to carry
the heaviest water-borne traffic in the world. wusven to the
casual observers, the smoke produced by these vessels seems
worthy of atteuntion, so, during last summer, observations were
made of all the ships passing Sarnia during two 2-~hour periods
daily. '"he periods of observation were dictated by the normal
shift work of the observers who undertook the 2~hour periods
during their spare time, The periodswere distributed over
sixteen hours of daylight and there is no evidence of any bias
in the results, In all, 426 observations were made, logging
the Ringelmann Number of the sinoke and the name of the vessel,
and from the data the following conclusions were drawn,

1, Taking Ringelmann liunber 2 as the maximum pollution
desirable, the smoke was logged as itingelmann No, 2 or less for
LA of all transits. A brea'idown according to firing methods
shows that for oil~fired vessels 894 of the transits were
satisfactory, for stoker-fired vessel 58% and for hand-fired
vessels only 200 were satisfactory,

2, It is agreed that continuous operation at itingelmann
No., 2 is impossible and that hand-fired boilers will make more
smoke than other types. On this basis, the Intermational Joint
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Commission has l:id down objectives for the three classes
of firing and we find that L5% of all the ships on the St.
Clair river fail to meet these objectives, the worst
offenders beinz the hand-fired vessels (564), followed by
stoker-fired (423), and the best behaved, the oil-fired
vessels (267%).

3, Although the current under the Blue Jater Bridge is

6 knots, and it had been claimed that ships would be sailing
under full steam against the current, there is no evidence
that ships proceeding upstream make more smoke than ships
sailing with the current.

nt present, a high percentage of the ships in these
waters are obsolete and no modernization is contemplated
since the shipping companies propose to lay down new vessels
soon to take advantage of the St. Lawrence Seaway., The
only improvement to be expected for some tine therefore, is
that resulting from improved control by the firemen. Windsor
and Detroit have shown that the percentage of transits giving
singelinann Lo. 3 or over can be reduced from 554 to 354 by
constant pressure on the operators, and it is hoped to make a
similar improvement in Sarnia. It has not been possible to
assess the contribution of the ships to the pollution measured
at Sarnia and it may be that the contribution is not significant.
There is, no doubt, however, of the psychological effect of
dense black smoke billowing from passing ships on the public's
willingness to cooperate to clean up the city.

Other Aspects

During the course of our analyses, we have confirmed
the presence of flucrides, lead and cadmium, These are all
potentially dangerous pollutaints. Jhile the amouats found
give no cause for alarm - they can be identified in trace
amounts in most places - further work is proceeding on the
concentration, distribution and origin of these compounds in
order to be forewarned of any approach to physiologically
significant concentrations, Je are also preparing to assess
the nature and amount of hydrocarbons in the atmosphere in
Sarnia, Alr pollution damage to vegetation is spreading
rapidly around the large cities of the world and there 1is
evidence pointing to the use of oil and gasoline fuels as
being the cause, whether these hydrocarbons need to undergo
pyrolysis in an engine is not known and therefore the effect
of normal unavoidable refinery and petrochemical losses is
unknown. Much work remains to be done on this subject.

Conclusion

Our results so far show that Sarnia is relatively clean
for an industrial city. Its pollution levels are probably only
30-50% of those of such cities &as Pittsburg, Columbus, Windsor
and Baltimore. The expenditure of several million dollars by
the industry of Sarnia to install and operate pollution-

preventing devices is proof of their intention to maintain
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and, if possible, improve existing conditions. Only by
this imeans can the Chemical Valley continue to expand and
prosper without spoiling the living conditions of those
who work in the factories, FPollution is an insidious
disease and needs constant attention. It grows impercept-
ibly until one day comes disaster - a disaster such as
refell London in lecember 1952 and prompted Cuy Murchie (5)
to vrite:

"seees By the third day, old people with asthma
or bronchitis began to get frightened, and
osygen tents were in great deuand. Blondes

were turning into brunettes. An sirplane that
managed to make an. instrument landing at

Croydon got lost between the runway and the

ramp, Blind men were helping as street guides
in the city, firemen groped in front of their
engines, while dock police were busy trying to
rescue those who had walked off wharves into the
thames and could be heard calling and blubbering
hopelessly somewhere in the filmy water. People
in theaters could not see the stage from the
sixth row and projected moving pictures could not
penetrate to the screens, Sounds of choking
could be heard everywhere, mingled with distant
church bells and the muffled clanging of ambulances,
The whole city seemed to be suspended in the sky,
floating in a cloud-cool, dank, inviolate,"

(1) A+ D, Feitae., First Industrial waste Conference,
195114 Pe 1

(2) B.C, Newbury. First Industrial Waste Conference,
1954, p. 80

(3) Sir Hugh Beaver, Committee on air Pollution
Report.. H-hosooo Cmdo 9322’ Pe 9

(4) B.C, lewbury, iieteorology and air Pollution,
To be published

(5) Guy Hurchie, "Song of the Sky", Houghton Mifflin
Company, New York, 1954



CONTINUOUS CULTU: OF SACCHAROMYCES FRAGILI3

By

STEIN S. HEGBOM

Ontario Research Foundation.
Toronto, Ontario

A problem which has been of interest to the dairy
industry for a long time is the possibility of a more effective
utilization of chesse whey. Although it is of rather low
nutritional vaiue both to humen beings and animals, the producer
usually takes back most of it for a low value livestock feed.
During the peak season, however, the farmers do not require
quite all the whey for animal feed and so other means of
disposal must be found,

The Department of Public Health objects strenuously
to the practice of dumping whey in streams and so, in some
cases, the excess whey has caused an increase in disposal costs
due to increased sewage capzacities,

A great deal of research into the economic utilization
of cheese whey has been done and some processes have been
developed, such as the production of lactose, whey powder, etc.
However, from the point of view of most cheese factories whey
is still a waste product, as the market demand for these
products is rather limited,

For these factories, therefore, the development of
economic processes the prcducts of which are in demand on the
market, is highly desirable,

A consideration of the chemical composition of the
whey, being rich in amino-nitrogen, lactose, vitamins and
other growth-factors, immediately suggests microbial trans-
formation of the constituents into stable and useful products,

This approach opens a wide variety of possibilities
ranging from the manufacture of vitamins, etc. to the pro-
duction of protein,

The work on cheese whey performed at the Ontario
Research Foundation deals with the latter aspect, by
continuous production of fodder yeast, This product would
eventually be used to enrich low grade animal feeds, both
with respect to protein, and vitamin-content.
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The kineticd of yeast growth conforms at least over
quite a large range to well-defined mathematical laws, a fact
which is extremely useful in the elucidation of the conditions
to be employed in continuous production,

For a better understanding of the principles of
continuous biological oxidations, yeast growth in A batch
culture and its kinetics will be briefly dicussed,

Figs 1 illustrates a typical graph obtained for yeast
growth in a batch culture, The 3 dotted lines divide the
graph into 4 parts. During the first period which, for
obvious reasons is called the lag phase, the yeast level for
a time falls below the value at which it was sceded, Then
growth slowly commences, The rate of growth changes rapidly,
until all the cells are in a state of constant division.

At this point the graph moves into the log phase =~ so called
because the growth is exponential, Beyond the log phase is
the transition phase in which the over-all rate of growth
slows down, Hence the graph falls rapidly off towards the
stationary phase in which hardly any growth occurs and the
graph becomes horizontal,

Continuous culture is a further development of batch
growth. In this work the commencement of the process is
aciuallly batch-wise, and so experiments that elucidate
yeast levels and rates of growth are of major importance.

For various reasons the part of the graph that is of
most interest for a continuous process is the linear portion,
which enables the theoretical maximal flow under continuous
conditions to be calculated.

A8 already has been mentioned, in the log phase, the
organisms are in a steady state of reprcduction, and so the
rate of increase of mass is proportional to the instantaneous
mass,

Thus: K = growth constant
m = mass/litre (dry wt.)

&lg
]

t = time
Integrating: Inm = kt 4 lnm,
i.e : m= mye Kt commeee (1)

In this state of binary fission the multiplication
can also be represented by the equation:

where g = regeneration time of the organism
(in hours), i.e., the time taken for the con-
centration of cells to double itself,
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squating (i) and (ii): k = 1ln2 —--—-——- (iii)

I{ we have & feruenter of effective volume V litres,
then, under conditions of continuous flow at a rate of R
litres/hour, the rate of change of population at any time
may be represented as:

B & Ko b —(4v)
dat # (

If flow is adjusted to the maxinal theoretical
rate, there is no resultant change of mass in the fermenter,

i.es: dm = O

—_—

dt
Then: k = R mememmmeee (v)
v
Using equation (iii): R = 1n2 x V ———---mm- (vi)
g
The factor V is often denoted H = hold-up time and

represents the time taken, at no change of population, to
pass through the fermenter a volume of medium equivalent to
the working volume of the fermenter.

Thus the interrelation between rate of growth and
hold-up time by equation (v) becomes:

K= ¥

In this work equation (vi) has been used most
‘requently, not only because it comprises both the interrelated
guantities R and V, but also because of it simplicity.

V is a pre-determined, constant factor and g can be measured
directly from a standard batch-graph. aAnother advantage of
this aporoach is that the maximal yeast-level, which must be
atiained for maxiual efficiency of the fermenter, can be
obtained without much difficulty,

Another mathematical approach in this respect is
offered by the integrated form of equation (iv):

m = mye _(_ﬂ_‘}_ﬁlt

This equation is advantageous over equation (vi) in
that it, at least to soue extent, indicates what happens at
different values of .i.

o

It is readily scen that il k *

<|=
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Then eixlﬁ%jg_ =L1

and so m 4 my

and so, in the course of time, the concentration in the tank
will fall to an infinitesimally low value,

On the other hand, if K > {f then

e"k‘f ; R)t =) 1

.and so m » mb

This means theoretically that at sub-maximal rates
of flow a stable equilibrium will be set up, which is desirable,

k = % _would be the-ideal state of affairs, byt

altiiough the rate of flow B3H be adjusted fairly ¢iosélLy to Nt
this condition, experimental errors are appreciable and so, in
order to obtain a stable equilibrium in the fermenter, the
general view is that R should be somewhat lower than the
theoretical maximal value,.

For a commercial process it is important that the
process be as efficient as possible, i.e. that the daily out-
put with the available equipment be maximum, It is also
important that the organismsutilize the nutrients efficiently
and completely.

Some points to note in this connection are:

(1) High working volume relative to the total volume
of the fermenter.

(2) High concentration of organisms in the effluent.

(3) High rate of growth

(4) High efficiency in the utilization of the
nutrients of the medium

(5) Inexpensive and plentiful raw material, to which
as little nutrients as possible have to be added

(6) The process must be continuous over a long period
of tine.

For continuous propagation of Saccharomyces fragilis
on cheese whey these points are answered as follow:

Theoretically (1), (2) and (3) should be as high as
possible in order to give the highest output with the available
fermenter space. But in practice a compromise must be found
for they are all tied up with each other, in such a way that
they cennot all be maximal at the same tine,

Thus, the higher the concentration of yeast cells in the
overflow, the richer must the feed-medium be with respect to
nutrients. The more concentrated the feed-whey is, the stronger



is the tendency for frothing, and so the effective volume
of the fermenter decreases. 4lso, it is found that at a
hizh concentration of cells the rate of growth of the
organism is lower than at a low yeast-level,

Considering each woint separately:

(1) hilk whey contairing 4% lactose may support the growth of
up to 24 gms, of yeast (dry wt.)/litre. however, aeration
of this concentrated solution produces very heavy frothing.
In fact, German workers found the foam-pud so exlraordinarily
heavy that they could maintain 1/3 useful volume only, even
though antifoam agents were added.

liowever, on diluting the whey, i.e. when working at
lower yvast levels, the frothing decreases rapidly. In our
experiien.s the whey hus been diluted to 5-6 times its
orirsinal volume with water. In some of these experinents we
have had a working canacity of L/5 of the total volume of the
fermenter, with only small, periodic additions of lard oil as
antifoam, This value would probably be too high for a large
scale feruenter, but a value of 3/5 - 3/l appears very reason=
able,

Tws the effective volune is doubled relative to the
case where the uadiluted whey is used, the advantage of which

is obvious.

(2) The rate of growth has been found to be affected in th.
main by three factors only.

Temperature, of course, has a great effect in this
respect.  For a Saccharoryces the optimum temperature is
norually ca. 30°C. iowever, with 5. Fragilis it is found
that, an increase in temperature of 7-8°C, is very beneficial.

M™is fact is well illustrated by Fig. 11 which shows
that suen a raise in temperature decreases the regeneration
time by 1/2 hour. At the same time it is seen that a varia-
tion of pH over as wide a range as 2 pH-units has no effect
on the rate of growth. ilso as regards other environmental
‘actors the growth rate of this yeast 1is remarkably independent.,

The second factor involved in determining the rate
of growth is the actual condition and amount of the seed
yeast.

'mis fact is illustrated by Fige. 111 which shows the
interrelalion oetween rate of growth and rate of seading in
such a way that the rate of growth is decreased as the rate
of scedin~ is increased. .lso, the sced-yeast must be in a

healthy condition, otherwise the rate of growth is slowed
down,

Tue exact nature of the third factor is unknown, All
we know is that it is some growth factor found in CSL.
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us indicated on Fig.lV, addition of 1/23 of CSL to
the dilute whey decreases the regeveration time nearly by
another 15 minutes.

.t a dilution of the whey of le¢k, a temperature of
37° - 3800. and with the addition of 1/2% CSL, the regener-
ation time is l.l hours when the rate of seeding is .3 gms.
of yeast (dry weight)/litre, This rate of growth is extremely
high, aliost approaching that of bacteria, It corresponds
to a hold-up period of 1.60 - 1.75 hours, and sO in 24 hours
a volume of dilute medium corresponding to ca. 14 times the
working volume of the tank, can be fernented.

(3) Under conditions of maximal rate of growth and flow the
yeast level to be expected is 3 gms. of dry yeast/litre of

medium, I addition to this comes ca, 4-5 gms. of lactalbumin/
litre of undiluted whey, which should be heat precipitated and
separated before the fermentation stage.

it may be possible -~ at least theoretically =-- to
maintain a somewhat higher level in the fermenter by decreas-
ing the rate of flow, but there is scme indication that this
is not so, and that we run into the phenomenon of cycling,
which is a steady fluctuation betiween an upper and a lower
yeast-level., 1f so, the average yeast output will be lower
than at near-maxinal rates of flow, .lso, the protein content
of the yeast, nonizlly 53-554 decreases to < 50 beyond
the exponential phase. So on the whole it seems best to work
in the exponential phase. In all this work considerations
are based on a level of 3 gms. dry yeast/litre.

(4) The efficiency on the nutrients should be as hich as
possible and is in fact very good. The factors under consid-
eration are lactose (i.e. whey), phosphates, nitrocen,
magnesium and CSL.

Lactose, both a source of enersy and cell matter, is
most important in this respect. It is completely assimilated
under conditions of continuous flow if its concentration in
the feed is lower than corresponding to an efficiency of 334
on the dry yeast produced. This value is very low, but
economizing with the carbohydrate can be induced by decreasing
the concentration of sugar in the feed., Under such conditions
the yeast level remains constant while the efficiency on the
lactose utilized increases. In this way efficiencies of
over 52,5 (dry yeast wt./wt, lactose) have been recorded and
even higher #-age values can probably be obtained.

.cids such as lactic acid, which are present, do not
seem to be of uch importance, as it appears that the yeast
preferentially assimilates the lactose completely. Only
then does it utilize the acids. The rate at which it does
so seems to be lower than for lactose, and so they are of
little interest as nutrients.

-
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Nitrogen will be supplied either as (NH,)»S0, or
as urea, At the yeast level chosen the former %ourc% of

nitrogen does not result in a decrease in pH that necess-
jtates a regulation of pH, a fact that simplifies operation
considerably, In fact, under continuous conditions the
pH-value remains at or near 4.7 which is an ideal value,

The whey=-CSL medium contains nitrogen in available
form. Under the desired conditions it supplies ca, 60% of
the nitrogen assimilated by the yeast., Nitrogen added in the
form of (“Ha)zs% is utilized immediately and completely,

and a favourable point is that if it should be in short
supply for some reason, the yeast-level is not affected,
but the protein-content of the yeast decreases.

Under the desired conditions 0,15 1lbs, of
(Nﬂh)zsoh must be added/1b, of yeast (dry wt,) produced to

give a protein content of 53-5524.

at the low yeast-level used the medium contains
enough lig and F, and so no expense is required for these
nutrients,

The amount of CSL to be added must be fixed arbit=-
rarily. In our experiments 0,57 has been added, but this is in
excess of the required amount,.

An interesting nutritional' point is the fact that
abnormal growth can be induced by using & feed deficient
either in phosphorus or in nitrogen. The cells are definitely
morphological variants and no infection. Their appearance is
that of elongated pseudo mycelial cells, joined together like
strings of sausages, The change into the abnormal form takes
place rapidly and almost completely. Reversion to the normal
parental form takes place on sub-cultering in a rich medium,

So far attempts at inducing this condition in a whey-
medium have been unsuccessful, as it is rich in N and P,
However, such a state would be highly desirable as both rate

of growth and yeast level increase in this condition,

(5) Whey satisfies the condition that it is inexpensive, and
the cost of raw materials to be added will be 1 w. Only
(NH},),50;,, COL .and antifroth agent in emall quantities are
required in this respect. The total amount of raw material
is plentiful, However, it is distributed between many cheese
factories, and the daily awount available at each of them is
suall, Thus, guring the flush season only 10-30,000 1lbs, of
whey, averaging ca, 20,000 lbs,., are produced at each factory.
This amount is low for an economically satisfactory method,

(6) e nave had the process working continuously for a period
of time exceeding 4 days. The process was working well at
the end of this period, and, although no definite stateument
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about prolonged growth can be made, there seems to be no
reason why it should discontinue,

Some data are evailable for comparison with the
expectéd results for this method: C,0. Reiser suggests a

method for continuous production of Torula yeast from starch
wastes, A 46,000 gal, fermenter, at a hold-up time of
L hours, would produce 9,100 lbs, of dry yeast/day.

J. Demmler and co-workers tried to produce f:.dder-
yeast from whey by a continuous method, using different
yeasts, S. fragilis excepted, but were unable to maintain
the yeast-level, which after an unspecified time fell to
1/2 - 1/3 of the desired level. Scaling their maximal
results to fit a 46,000 gal, fermenter, their daily output
would be ca., 9,200 lbs,

Our daily output from the same fermenter would be
14,500 1bs, based on 3/ useful volume of ferrenter, 3 zms.
dry yeast/litre in overflow, and a hold-up time of 1 3/4 hours.
This gives a 607 more efficient utilization of the fermenter,

Suiming up, the advantages of this method are as
follows:

1. Relatively small fermenter space required.

2. High j4-age yield of yeast at high protein-content on the
nutrients,

3. Cheap raw-materials,

4. Simple operation.
5. Continuity of method.
6. High rate of growth,
Two disadvantages are:
1, Dilute medium,
2. Small quantities of whey available at each cheese factory.
References
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PROBLEMS IN THE UTILIZATION OF MUNICIPAL WASTE

®* By *

L. A. CAMPBELL

RESEARCH FOUNDATION

TORONTO, ONTARIO.
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SOME TIME AGO MR. HAROLD D. BRADLEY, THE STREET
COMMISSIONER FOR THE C1TY OF TORONTO, RETAINED THE SERVICES OF THE ONTAR(O RE-
SEARCH FOUNDATION, TO A LIMITED EXTENT, TO EXAMINE THE POSSIBILITIES OF UTILIZ-
INE OR UP-GRADING THE VAST AMOUNT OF WASTE MATERIAL WHICH THE DEPARTMENT OF
STREET CLEANING COLLECTS DAY BY DAY.

| DO NOT WISH TO INFER BY THIS THAT GOOD USE HAS
NOT BELN MADE OF MUNICIPAL WASTE IN THE PAST. ON THE CONTRARY, THE PRACTICE
OF SANITARY LAND FILLING WITH REFUSE AND THE ASHES OF REFUSE, TO RECLAIM UN-
DESIRABLE TOPOGRAPHY BY TRANSFORMING IT INTO USABLE LAND HAS BEEN WIDELY USED
IN TORONTO IN THE PAST WITH VERY PROFITABLE RESULTS BECAUSE THIS RECLAIMED LAND
CONTINUES TO RETURN TO THE MUNICIPAL GOVERNMENT A STEADY REVENUE OF TAXES.

IT 15 PROBABLY TRUE 10 SAY THAT THE MOST USEFUL
THING THAT CAN BE DONE WITH MUNICIPAL WASTE IS THE RECLAIMATION OF WASTE LAND
BY THE SANITARY LANDFILL PROCESS, BUT IN ANY ONE CITY IT HAS ITS LIMITS.
EVENTUALLY ALL THE RECLAIMABLE LAND BECOMES RECLAIMED: ALL THE HOLLOWS AND DIPS
IN THE LANDSCAPE BECOME FILLED UP AND THE PROBLEM OF WHERE TO PUT THE MATERIAL
BECOMES ACUTE. SUITABLE DUMPING PLACES BECOME FARTHER AND FARTHER FROM THE
SOURCE AND THE COST OF DISPOSAL SOARS.

IT WAS WITH THIS THOUGHT IN MIND THAT MR. BRADLEY
FIRST PLACED THE PROBLEM BEFORE US. ALTHOUGH IT WAS WELL RECOGNIZED THAT IN-
CINERATION OF MUNICIPAL REFUSE WHICH 1S THE PRESENT PRACTICE 15 AN EFFECTIVE
AND INEXPENSIVE METHOD OF REDUCING THE BULK OF THE REFUSE AND MITIGATING ITS
OBNOX | OUS PROPERTIES, THE POSSIBILITY DID EXIST THAT SOME OR ALL OF THE WASTE
COULD BE PROCESSED IN A MANNER OTHER THAN INCINERATION SO THAT THE END PRODUCT
WOULD BE MORE VALUABLE THAN THE PRODUCT OF STRAIGHT COMBUSTION.

THE FIRST WASTE PRODUCT TO WHICH WE GAVE ATTENTION
WAS THE ANNUAL HARVEST OF LEAVES. MEMBERS OF THE DEPARTMENT HAD FOR SOME TIME
BEEN AWARE OF THE FACT THAT IF THE LEAVES COLLECTED EACH FALL COULD PROPERLY
PROCESSED TO LEAF MOULD, THERE WAS A VERY STRONG POSSIBILITY THAT IT MIGHT FIND
A READY MARKET AMONG THOSE CITIZENS WHO PURSUE GARDENING AS A HOBBY. |F SUCH
WERE THE CASE THEN IT WAS PROBABLE THAT THE COST OF DISPOSAL OF LEAVES COULD BE
CUT CONSIDERABLY.

AT THE OUTSET IT SEEMED THAT, SINCE THE PRODUCTION
OF LEAF MOULD HAS BEEN A COMMON ART FOR MANY HUNDREDS OF YEARS, OUR EFFORTS
SHOULD BE DIRECTED TOWARDS AN ATTEMPT TO SPEED UP THE PROCESS OR TO ENHANCE THE
PRODUCT FROM A PLANT NUTRITIONAL POINT OF VIEW. IT WAS CLEAR AT THE BEGINNIMNG
THAT THE POTENTIAL PRODUCTION FOR THE AREA ADMINISTERED WAS FIXED, THAT COLLED
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TION OF RAW MATER1ALS WAS SHARPLY CONCENTRATED INTO A VERY SHORT PERIOD OF
TIME, AND THAT SALES WOULD BE MADE LARGELY IN THE SPRING AND EARLY FALL. HENCE
A CONSIDERABLE STORAGE TIML WAS INDICATED AND STORAGE REQUIRES LAND. THE MIN-
IMUM LAND REQUIREMENT WOULD BE THAT WHICH WAS SUFFICIENT TO HOLD THE HARVEST
FROM ONE FALL UNTIL IT WAS SOLD IN THE FOLLOWING SPRING AND SUMMER, PROVIDING
THAT THE PROCESS COULD BE MADE SUFFICIENTLY FAST THAT THE TRANSFORMATION FROM
FALLEN LEAVES TO LEAF MOULD COULD BE ACCOMPLISHED DURING THE WINTER MONTHS. WE
SOON FOUND THAT DESPITE ANYTHING WE COULD DO, (AND THIS INCLUDED ADDING SUCH
MATERIALS AS AMMONIUM SALTS, PHOSPHOROUS COMPOUNDS, LIME, SO-CALLED BACTER I AL
ACTIVATORS), THE HEAT OF THE SUMMER FOLLOWING THE HARVEST WAS NEEDED, AND IT7
WAS NECESSARY TO OPERATE ON A TRACT OF LAND BIG ENOUGH TO HOLD AT LEAST TWwO
YEARS HARVEST.

WE ALSO MADE AN ATTEMPT TO INCREASE THE ORGANIC
NITROGEN CONTENT BY ADDING INORGANIC NITROGEN AND OTHER SALTS. THE RESULTS OF
THIS EXPERIMENT ARE SHOWN IN THE FIRST SLIDE.

SLIDE
ADDED JUuNE 9 JuLy 2 AucusT 12

N c/N N c/N N c/N
NONE 1.0 38.8 11 3h.é 1.2 22.3
NHYNO- (A) 1.8 19. 1.6 16. 1.4 11.3
SuprRrPHOSPHATE (B) 0.9 39. .2 26. 1.0 24,
AsH REs1DUE (c) 0.9 37.8 0.9 32. 1.1 20.
A+B 1.8 17.5 1.5 21.1 1.4 18.
AaC 1.4 222 1.5 20. 0.9 21.5
B+ 1.1 31.0 o.g 30. 1.0 23.6
A+4B+C 1.8 26.8 1. 18.8 1.3 17.2

THE LEAVES FOR THIS EXPERIMENT WERE TAKEN FROM A
PILE WHICH HAD BEEN HARVESTED THE PRECEDING FALL. WEIGHED AMOUNTS WERE MIXED
WITH THE DESIRED CHEMICALS THEN PLACED IN DRUMS WHICH WERE PERFORATED AT THE
BOTTOM AND WHICH WERE RAISED ABOVE THE GROUND ON BLOCKS. TWICE, AT MONTHLY
INTERVALS, THE CONTENTS WERE SPILLED OUT ON MIXING BOARDS, STIRRED, SAMPLED,
AND PUT BACK IN THE DRUMS.

FROM THE RESULTS, IT IS SEEN THAT IN THREE OF THE
FOUR CASES IN WHICH AMMONIUM NITRATE WAS ADDED, ALTHOUGH THE NITROGEN CONTENT
WAS RAISED ABOVE THE CONTROL, THE MATERIAL LOST NITROGEN DURING THE TWO MONTHS
THE EXPERIMENT WAS IN PROGRESS. THE PERCENTAGE NITROGEN OF THE CONTROL IN-
CREASED OVER THE PERI0D. | T WAS CONCLUDED FROM THIS THAT THE ADDITION OF
INORGANIC NITROGEN WAS ECONOMICALLY UNJUSTIFIED,

THE PROCEDURE ADOPTED AT THE PRESENT TIME IN THE
PRODUCTION OF LEAF MOULD IS THIS; THE LEAVES ARE COLLECTED IN THE FALL AND
TAKEN TO A SPOT IN THE DON VALLEY WHICH IS LARGE ENOUGH TO HOLD MORE THAN TWO
YEARS COMPLETE HARVEST. HERE THEY ARE PLACED IN LONG ROWS OF ABOUT 12 FEET
SQUARE CROSS SECTION AND THEY ARE LEFT FOR THE WINTER. IN THE SPRING, AS
SOON AS IT IS FEASIBLE, THE ROWS ARE TURNED BY BULLDOZER AND THIS TURNING IS
REPEATED THROUGHOUT THE SUMMER AND FALL AT MONTHLY INTERVALS IF POSSIBLE. THE
FOLLOWING SPRING IT 1S SHREDDED AND SCREENLD TO REMOYE STONES, STICKS, GLASS,
ETC. AND IT 1S READY FOR BAGGING AND SALE.

SLIDES OF PRODUCTION OF LEAF MOULD.

THE LEAF MOULD IS OF VALUE NOT SO MUCH AS A FERTI-
LIZER SINCE ITS NITROGEN CONTENT IS ONLY ABOUT ]’ BUT AS A SOURCE OF HUMUS AND
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AS A SOIL CONDITIONER. T 1S OF PARTICULAR VALUE AS A MULCH OVER CLAY OR
SANDY SOIL. IF USED AS A MULCH IT NOT ONLY PRCTECTS THE SOIL FROM INTENSE AND
RAPID DRYING OUT DURING DRY SPELLS, AND AGAINST EROSION AND PUDDL ING DURING
INTENSE RAINS, BUT AIDS IN KEEPING THE EARTHWORM POPULATION ON THE MOVE IN THE
VERTICAL PLANE. THIS 1S BECAUSE THE WORMS FIND IT AN EXCELLENT FOOD, AND THEY
COME UP FOR IT AT NIGHT RETURNING DOWN AGAIN DURING THE DAY. THIS CONSTANT
MIGRATION 1S THOUGHT TO BE OF CONSIDERABLE VALUE, SINCE IT HELPS TO AERATE THE
SOIL AND ESTABLISH A GOOD CRUMB.

IT IS POSSIBLE, OF COURSE, TO ADD FERTILIZER SUP-
PLEMENTS TO THE LEAF MOULD BUT THE DEPARTMENT HAS DECIDED AGAINST THIS PRACTICE
IN THE BELIEF THAT IT 1S NOT A FUNCTION OF THE MUNICIPAL ADMINISTRATION TO COM-
PETE WITH ESTABLISHED BUSINESSES. LEAF MOULD IS A PRODUCT WITH UNIQUE CHARAC-
TERISTICS OF ITS OWN, AND IN THE ORDINARY COURSE OF EVENTS, NO ORGANIZATION i5
AS LIKELY AS THE CIVIC ADMINISTRATION TO HAVE A SUPPLY OF IT.

THE NEXT WASTE PRODUCT TO WHICH WE TURNED OUR
ATTENTION WAS GARBAGE. WE APPROACHED THE PROBLEM OF UTILIZING THIS MATERIAL
NOT AT ALL IN THE MANNER OF DON QUIXOTE APPROACHING HIS WINDMILLS, BUT WARILY,
LIKE A DOG EYEING A SPITTING CAT. BEFORE WE COULD DO ANYTHING AT ALL, WE
FIRST HAD TO FIND OUT WHAT IT WAS WE WERE WORKING WITH. TO ACCOMPLISH THIS WE
SET UP A SURVEY OF GARBAGE CAN CONTENTS WHICH AFTER 5 MONTHS YIELDED THE DATA
SHOWN IN THE NEXT SLIDE.

AVERAGE COMPOSITION OF HOUSEHOLD GARBAGE

THIS SURVEY SHOWED THAT IN 100 LBS. OF HOUSEHOLD
GARBAGE WE COULD EXPEC™ TO FIND ON THE AVERAGE 25.2 LBS. TABLE REFUSE, 17.4 ves.
PAPER WRAPPED AROUND TABLE REFUSE, 3i.4 LBS. OF OTHER PAPER, 7.3 LBS. OF TIN
CANS, 5.9 LBS. OF BOTTLES AND 12.0 LBS. OF UNCLASSIFIABLE MATERIAL. FURTHER
ANALYSIS SHOWED THAT oNLY 23.4% orR 5.9 LBS OF THE TABLE WASTE PORTION IS SOLID
MATTER SO THAT THE CONCLUSION 1S UNMISTAKABLE THAT WHCN WE SPEAK OF UTILIZING
HOUSEHOLD GARBAGE WE ARE REALLY FACING THE PROBLEM OF UTILIZING A VERY LOW GRAL
OF WASTE PAPER.

QUR SURVEY ALSO GAVE US INFORMATION ABOUT THE

AMOUNT WE COULD EXPECT PER PERSON. WE FOUNU (HAT THE AVERAGE OUTPUT OF
REFUSE 15 3.18 LBS. PER PERSON PER COLLECTION. OF THis 1.55 LBS. ARE PAPER.
THERE ARE 104 COLLECTIONS PER YEAR. FROM THESE DATA WE MAY CALCULATE THAT

FROM THE MCTROPOLITAN AREA OF TORONTO, WHICH IS A LOGICAL UNIT, WE MAY EXPECT
TO GET FROM HOUSEHOLD GARBAGE ALONE, THE AMOUNTS SHOWN IN THE NEXT SLIDE.

100,000 TONS OF PAPER

AS WELL AS . +« . « « « » « « 11,700 TONS OF TABLE REFUSE SOLIDS
14,35C TONS OF TIN CANS
12,500 TONS OF GLASS

THESE FIGURES REPRESENT ONLY A MINIMUM FOR THREE
REASONS, PARTICULARLY IF THE FUTURE IS BEING CONSIDERED.

(1) THEY DO NOT INCLUDE CONTRIBUTIONS FRCM INDUS~
TRIES OR RETAIL ESTABLISHMENTS. |F THESE WERE INCLUDED IT CAN BE SAFELY EST-
IMATED THAT THE PAPER WOULD BE AT LEAST DOUBLE THIS FIGURE.

. (2) THEY DO NOT TAKE INTO ACCOUNT THE FACT THAT
HOUSEHOLD GARBAGE GRINDERS ARE NOW LEGAL IN TORONTO.  THIS MEANS THAT AS TIME
GOES ON AND THEY BECOME MORE POPULAR AND WIDE-SPREAD IN USE, THE AMOUNT OF
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TABLE REFUSE WHICH WILL FIND ITS WAY !NTO THE GARBAGE WIiLL BECOME LESS AND LESS.
PROPORTIONATELY PAPER WILL BECOME MORE AND MORE.

(3) THEY DO NOT TAXE INTO ACCOUNT THE GREAT IN=
CREASE IN THE USE OF OIL AND IN THE FUTURE PROBABLY GAS, FOR HOME HEATING. THIS
CHANGE IN HEATING HABITS REMOVES MANY INCINERATORS IN WHICH MUCH PAPER WAS FOR-
MERLY BURNED IN THE HOME BUT WHICH NOW FINDS ITS WAY TO THE GARBABE.

THE FIRST QUESTION WHICH NATURALLY COMES TO MIND
1S:  "WHY NOT USE IT TO MAKE MORE PAPER?"  ACCORDING TO MY COLLEAGUES IN THOSC
INDUSTRIES WHICH USE WASTE PAPER, THE ESTABLISHED COMMERCIAL MECHANISMS FOR COL-
LECTING WASTE PAPER IS DOING ALL THAT 1S NECESSARY, AND IT WOULD NOT BE CONOM-
ICALLY FEASIBLE TO SORT ALL THE PAPER COLLECTED IN THE GARBAGE INTO GRADES SUIT-
ABLE FOR RE-USE. IT IS, HOWEVER, FEASIBLE AT TIMES TO PICK OUT AND BALE THE
KRAFT CARTONS, AND THIS 1S DONE WHEN IT IS WARRANTED. THIS SALVAGEABLE PORT-
ION OF THE PAPER, HOWEVER, REPRESENTS BUT A VERY SMALL PORTION OF THE AMOUNT
AVAILABLE.

NOw SINCE PAPER 1S WOOD IN ANOTHER GUISE, IT
FOLLOWS THAT THE PROBLEM OF UTILIZING THE PAPER 1S THE SAME AS THE PROBLCM OF
UTILIZING WASTE WOOD. THIS PROBLEM HAS RECEIVED A GREAT DEAL OF THOUGHT AND
STUDY OVER MANY YEARS, BY MANY PEOPLE. WE DECIDED TO DO SOME PRELIMINARY AND
EXPLORATORY WORK IN THE LABORATORY ALONG SOME OF THE LINES WHICH HAVE BEEN
TRIED WITH WOOD WASTE, TO SEE |F ANY OF THESE MIGHT POSSIBLY HAVE MERIT WHEN
APPLIED TO PAPER UNDER THE ECONOMIC CONDITIONS PECULIAR TO GARBAGE DISPOSAL.

IN GENERAL, TWO MODES OF ATTACK ARE POSSIBLE:
CHEMICAL AND BIOLOG!CAL. WE FIRST CONSIDERED THE POSSIBILITY OF CHEMICALLY

SACCHARIFYING THE CELLULOSE OF THE PAPER. IT IS WELL KNOWN THAT ~ELLULOSE CAN
BE HYDROLYSED E!THER BY STRONG ACIDS IN THE COLD, OR BY DILUTE ACIDS AT ELEVAT-
ED TEMPERATURES AND PRESSURES. IN MADISON, WISCONSIN, A MODIFICATION OF THE

ORIGINAL GERMAN SCHOLLER PROCESS OF SACCHARIFICATION HAS BEEN DEVELOPED. THIS
CONSI1STS ESSENTIALLY OF PERCOLATING DILUTE SULPHURIC ACID THROUGH WOOD CHIPS

AT Asout UOOCF.  THE ACID, AT THIS H!GH TCMPERATURE HYDROLYSES THE CELLULOSE
TO GLUCOSE WHICH 1S RECOVERED IN THE EFFLUENT AFTER NEUTRALIZATION AND EVAPOR-
ATION. | HAD THE GOOD FORTUNE OF BEING ABLE TO TALK WITH SOME PEOPLE WHO HAD

HAD PERSONAL EXPERIENCE WITH THIS PROCESS AND THEY WERE UNANIMOUS IN THEIR
PREDICTION THAT BECAUSE OF THE TENDEMNCY FOR TARS TO FORM AND PLUG UP THE EQUIP-
MENT WHEN PARTICLES OF WOOD SMALLER THAN DISCREET CHIPS WERE USED, IT WOULD NOT
WORK WI!TH PAPER. IN VIEW OF THIS, WE DECIDED NOT TO EXPERIMENT WITH THIS
METHOD, BUT INSTEAD TO LOOK INTO THE POSSIBILITIES WHICH THE GERGIUS PROCESS OF
SACCHARFICATION MIGHT HAVE.

SLIDE

IN THIS PROCESS HYDROCHLORIC ACID CONCENTRATED TO
A STRENGH U41% 1S USED TO EXTRACT THE WOOD IN A COUNTER CURRENT FASHION.  THE
LIGNIN IF FILTERED OFF AND THE BULK OF THE ACID IS RECOVERED BY EVAPOFATION AND
CONGCNSATION AND IS RE-USED. THE EVAPORATION OF THE LAST 20% TO DRYH.SS IS
DONE BY A SPRAY DRIER. THF RESULTANT POWDER IS GIVEN A MILD HYDROLYSIS AND
THE SUGAR IS CRYSTALLIZED OUT OF THE SYRUP IN THE ORTHODOX MANNER.

WHEN WE CAME TO SIMULATE THIS PROCESS IN THE LAB-
ORATORY WE QUICKLY FOUND THAT WHEN 41% HYDROCHLORIC WAS PASSED OVER PAPER, THE
SURFACE OF THE PAPER GELATINIZED AND SEEMED TO BECOME RATHER IMPERVIOUS TO THC
ACID. AFTER SOME TRIALS THIS WAS OVERCOME WHEN WE FOUND THAT BY SUSPENDING
THE PAPER IN 37% ACID, (THE STRENGTH AT WHICH IT IS ORDINARILY SOLD), THE PAPER



PEPTIZES READILY. THEN WHEN HCT GAS 1S INTRODUCED AND THE STRENGTH RISES TO
414, soLUTION OF THE CELLULOSE IS VERY RAPID AND THE LIGNIN SEPARATES AND PRE-
CIPITATES.

THE LITERATURE INDICATED THAT AFTER SOLUTION OF
THE CELLULOSE IN THE ACID, THE PRODUCTION OF SUGARS WAS A FUNCTION OF THE TIME
OF STANDING, AND THAT THE AMOUNT AT ANY TIME WAS THE RESULT OF TWO REACTIONS,
ONE BY WHICH CELLULOSE WAS BROKEN DOWN TO SMALLER AND SMALLER UNITS, THE END
BEING GLUCOSE, AND THE OTHER, BY WHICH THESE SMALLER UNITS REFORMED AGAIN INTO
LARGER MOLECULES OF A CONFIGURATION DIFFERENT FROM GLUCOSE. MEASURED AS RE-
DUCING SUGARS THERE WAS NO UNANIMITY BETWEEN OTHER WORKERS' RESULTS AND OURS AS
THE NEXT SLIDE SHOWS.

IT APPEARED QUESTIONABLE |F THESE FIGURES REALLY
REPRESENTED REDUCING SUGARS. TO SETTLE THIS POINT WE INVOKED THE TECHNIQUE OF
PAPER CHROMATOGRAPHY AND WITH THIS TOOL WE WERE ABLE TO SHOW THAT NO GLUCOSE
FORMED EVEN AFTER STANDING AT ROOM TEMPERATURE FOR 16 HOURS, UNTIL THE MILD
HEATING INVOLVED IN THE VACUUM CONCENTRATION OCCURRED. AT THIS TIME SOME CEL-
LOBIOSE WAS ALSO PRESENT.

WE SIMULATED SPRAY-DRYING BY POURING A SMALL vOL-
UME OF CONCENTRATED MATERIAL OVER A LARGE SURFACE UNDER HIGH VACUUM AND TEMPER-
ATURES NOT OVER 409C. THE POWDER OBTAINED WAS VERY HYGROSCOPIC AND EVEN AFTER
PROLONGED VACUUM TREATMENT ANALYSED 10% BY WEIGHT OF HC1.  WHEN FRESHLY PRE-
PARED, IT WAS LIGHT GREY BUT IT TURNED BLACK AFTER A FEW DAYS STORAGE. THE
INDICATIONS ARE THAT HYDROCHLORIC ACID IS VERY CLOSELY ASSOCIATED WITH THIS
PRODUCT, PERHAPS EVEN CHEMICALLY COMBINED. WHEN THIS MATER!AL WAS REDISSOLVED
IN WATER AND HYDROLYSED FOR 1/2 HOUR AT 15 LBS. PRESSURE, CELLOBIOSE WAS NOT
LONGER PRESENT. WHEN TH1S HYDROLYSATE WAS TREATED WITH THE PROPER ION=-EXCHAN-
GE RESINS AND THEN CONCENTRATED, A REASONABLY GOOD GRADE OF SUGAR WAS OBTAINED.

THIS PROCESS APPEARS TO BE TECHNICALLY FEASIBLE.
THERE 1S A STRONG POSSIBILITY THAT IT WOULD COMPARE FAVOURABLY WITH INCINER-
ATION ECONOMICALLY EVEN TO=DAY, IF A STEADY USE FOR THE SUGAR WAS ASSURED, AND
A MUCH STRONGER POSSIBILITY IN THE FUTURE WHEN PLASTICS DEVELOPMENTS MAY MITI-
GATE CORROSION PROBLEMS IN THE RECOVERY OF THE HYDROCHLORIC ACID. THREE
THINGS ARE AGAINST IT: THE LIGNIN WHICH CONSTITUTES 30% OF THE PAPER HAS TO BE
UTILIZED SEPARATELY, AND THE SPRAY DRIED POWDER FIXES TOO MUCH OF THE HYDRO-
CHLORIC ACID. THE LATTER OBJUECTION CAN PROBABLY BE OVEIM"OME BY STUDY, AND THC
UTILIZATION OF LIGNIN 1S SOMETHING WHICH 1S CONSTANTLY BEING THOUGHT ABOUT, AND
SOMEDAY NO DOUBT WE WILL HAVE MANY USES TO CHOOSE FROM. WE HAVE NOT WORKED CH
THIS ASPECT OF THE PROBLEM BUT UNTIL A USEFUL OUTLET FOR THE LIGNIN IS ASSURLCY
THIS METHOD OF UTILIZATION WILL NOT LIKELY BE SUFFICIENTLY ATTRACTIVE TO JUST-
IFY LARGE CAPITAL EXPENDITURE.

ONE OF THE REASONS WHY IT IS DESIRABLE TO SACCHAR-
IFY PAPER IN GARBAGE AS A STEP IN ITS UTILIZATIONS, IS THAT THE RESULTANT SUGAR
IS UTILIZED SO READILY BY MANY ORGANISMS WHICH PRODUCE USEFUL ARTICLES OF COM-
MERCE - SUCH AS PROTEIN, ETHYL ALCOHOL, BUTYL ALCOHOL, ACETONE, LACTIC ACID,
ACETIC ACID. WE MAY CALCULATE AS AN EXAMPLE THAT IF THE CELLULOSE FRoM 20QCOC
TONS OF PAPER WERE COMPLETELY HYDROLYSED AND GROWN TO YEAST WE COULD HARVEST
30,000 TONS OF PROTEIN. HOWEVER, CELLULOSE AND TO A LESSER EXTENT LIGNIN, ARE
BOTH DIRECTLY SUSCEPTABLE TO MICROBIOLOGICAL DEGRADATION, AND THE QUESTION NAT-
URALLY ARISES "WHAT USEFUL PRODUCTS CAN BE PRODUCED MICROBIOLOGICALLY DIRECTLY
FROM GARBAGE, WITHOUT AN INTERVENING HYDROLYSIS?"

ONE OF THE ANSWERS THAT IS FREQUENTLY OFFERED TO
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SUCH A QUESTION IS THE SUGGESTION TO "COMPOST 1T, THEN USE THE COMPOSTED MATER-
IAL AS FERTILIZER." THCRE ARE SEVERAL DIFFICULTIES IN THE WAY OF THIS SOLU-
TION. FARMERS, FOR EXAMPLE, HAVE NEVER BEEN UNDULY ANXIOUS TO OBTAIN THIS
TYPE OF MATERIAL AND IT 1S DOUBTFUL IF HAULAGE CHARGES COULD BE RECOVERED BE~-
YOND THE CITY LIMITS AND CERTAINLY THE MARKET WITHIN THE CITY LIMITS WOULD NOT
BEGIN TO ABSORB THE POTENTIAL SUPPLY. MOREOVER, ALTHOUGH FOOD REFUSE MAY BE
COMPOSTED WITH RELATIVE EASE, PAPER MAY NOT BE. THIS 1S DUE TO AT LEAST TwO
FACTORS: PART OF THE CELLULOSE IN PAPER 1S REFRACTORY TO MICROBIAL ATTACH, AND
PAPER CONTAINS NO NITROGENOUS NUTRIENT FOR THE ORGANISMS. TO PROPERLY COMPOST
PAPER REQUIRES A FAIR LENGTH OF TIME AND THE ADDITION OF BACTERIAL NUTRIENTS.
IT IS TRUE THAT IN GARSAGE WHERE THE RATIO OF PAPER TO TABLE REFUSE 1S NOT TOU
HIGH, COMPOSTING TO A SAFE CARBON-NITROGEN RATIO MAY PROBABLY BE ACHIEVED WITH~-
OUT THE ADDITION OF NUTRIENTS BUT, AS | MENTIONED EAPLIER, SINCE THE LIKLEHOOD
IS, IN THE FUTURE, THAT THE RATIO OF PAPER TO TABLE REFUSE WILL GET HIGHER NOT
LOWER, CONDITIONS FOR EASIER COMPOSTING ARE NOT READILY FORSEELN.

INDEED, 1T IS NOT UNREASONABLE TO TAKE THE POINT
OF VIEW THAT IF, IN THE FUTURE TABLE REFUSE IS TO FIND APPLICATION ON THE S5S0IL
AS AN ORGANIC FERTILIZER, IT WILL DO SO VIA THE ROUTE OF ACTIVATID SLUDGE,
SINCE THE SAME FACTORS WHICH TEND TO CUT DOWN THE TABLE WASTE PORTION OF THE
GARBAGE HAVE THE EFFECT OF INCREASING THE SLUDGE RECOVERED IN THE SEWAGE.

ALTHOUGH COMPOSTING OF PAPER WHICH IS LARGELY AN
AEROBIC PROCESS 1S NOT LIKELY TO BE COMMERCIALLY SUCCESSFUL ON A LARGE SCALE,
THE POSSIBILITIES OF AN AMAEROEIC FERMENTATION USING PURE CULTURES OF ORGAN-
ISMS TO PRODUCE USEFUL CHEMICALS FROM THE CELLULOSE AND ALSO LEAVING A COMPOST-
LIKE MATERIAL OF LIGNIN AND NITROGENOUS MICROBIOLOGICAL REMAINS MHST NOT BE
OVERLOOKED. WE KNOW FOR EXAMPLE, THAT IN THE RUMEN OF A COW THE INDICGENOUS
FLOR CAN BREAK DOWN CELLULOSE TO SUGARS AND ACIDS WHICH MAY BE USED BY THE
AN IMAL AS FOOD. WHAT 1S THE POSSIBILITY OF PRODUCING SUCH A FERMENTATION IN
A TANKT WORK AT OTTAWA AND ELSEWHERE HAS INDICATED THAT IT IS VERY DIFFICULT
TO KEEP THE RUMEN ORGANISMS ALIVE OUTSIDE OF THL INTESTINAL TRACT AND FREE
FROM RUMEN FLUID BUT OTHER WORKERS, HAVE INDICATED THAT SOME SUCCESS MAY BE

ACHIEVED WITH SOIL ORGANISMS AT THERMOPHILIC TEMPERATURES. AT THE FOUNDATION
WE HAVE MADE SOME PRELIMINARY EXPERIMENTS TO SEE WHAT SOME OF THE CONDITIONS
FOR THE PRODUCTION OF VOLATILE ACIDS MIGHT BE. THE NEXT SLIDE SHOWS SOME

TYPICAL RESULTS. THIS SLIDE SHOWS THE VOLATILE ACID PRODUCED FROM DAY TO DAY
AS A % OF THE PAPER, IN A MEDIUM WHICH WAS ENRICHED TO DIFFERENT LEVELS WITH
AMINO NITROGEN SUPPLEMENTS, PH ADJUSTED TO 7.8 AND HELD THERE BY SUSPENDED
LIME, WITH TEMPERATURE HELD AT 55°C.

EFFECT OF AMiNO N ADDITION ON VOLATILE ACID
PRCGDUCT ION

EXPRESSED AT % OF ACETIC ON PAPER

Days % PEPTONE % C.s.L.
0 0.2 0.6 0.5
3.7 10.8 11.0 5.2
2.7 9.4 14.0 15.0
6 5.3 6.1 10.0 6.6

THESE DATA SHOW TWO THINGS: THAT SOME SORT OF
ORGANIC NITROGEN 1S A NECESSARY ADDITIVE; THAT UNDER THESE CONDITIONS A PEAK
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ACID PRODUCTION WAS REACHED AFTER WHICH, THE ACID ITSELF WAS USED UP.

AN ATTEMPT WAS MADE TO ISOLATE A CAUSATIVE ORGAN-
1SM IN PURE CULTURE BUT THIS ATTEMPT WAS UNSUCCESSFUL.

THE HOPE THAT DIRECT FIRMENTATION OF PAPER TO USE-
FUL PRODUCTS CAN BE BROUGHT ABOUT IS WELL FOUWOED, BUT BEFORE ANY WELL-CONTROL=
LED PROCESS CAN BE WORKED OUT, THE ANSWERS TO THE FOLLOWING QUESTIONS MUST BE
FOUND: WHAT ORGANISMS ARE SUITABLE? CAN THEY WORK ALONE IN PURE CULTURE?
WHAT ARE THEIR NUTRITIONAL AND ENVIRONMENTAL REQUIREMENTST?  WHAT 1S THE MINIMLY
CHEMICAL OR PHYSICAL TREATMENT WHICH 1S REQUIRED TO MAKE ALL THE CELLULOSE IN
THE LIGNIN-CELLULOSE COMPLEX READILY AVAILABLE? TO ANSWER THESE QUESTIONS WILL
TAKE A GREAT DEAL OF RESEARCH. WE MIGHT ALSO ASK OURSELVES THIS QUESTION -
"JOULD IT NOT BE BETTER TO SEEK A WAY OF TREATING THE PAPER SO THAT THE ENERGY
OF THE CELLULOSE WOULD BE ACCEPTABLE TO CATTLE, AND LET THESE ANIMALS FUNCTIOGN
AS PROTEIN FACTORIES IN THEIR TIME-HONOURED FASHION?

IT MUST BE APPARENT FROM WHAT | HAVE "SAID THAT |
AM NOT ABLE TO SUGGEST ANY SURE-FIRE PROCESS FOR TURNING GARBAGE INTO GOLD.
I T MAY POSSIBLY BE THAT INCINERATION 1S THE FINAL SOLUTION, BUT | pouBT IT,
BECAUSE INCINERATION 15 DESTRUCTION AND THE GOAL OF AND THE CHALLENGE TO
TECHNOLOGY IS NOT DESTRUCTION BUT CREATION.

*
*% %
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OBJECTIVIS FOR WATER OQUALITY COJTHOL 1IN ONTARIO

*
ok ok
*

Adopted By The Pollution Control Board, Iay 5, 1953

By
Dr, A, E. Berry, Chairman

These objectives are for all waters in the Province of Ontario,
and it is anticipated that in certain specific instances, influenced by
local conditions, more stringent requirements may be found necessary.

GiLi RAL ORJiCTIVALS

All wastes, including sanitary sewage, s*orm water, and

industrial effluents, shall be in such condition when discharpred into any
receiving waters that they will nct create conditions which will adversely
affect the use of these waters [or the followines purposes; cource of
domestic water supply, navigation, fish and wild life, bathing, recreation,
agriculture and other riparian activities,

In general, adverse conditions are caused by:
(a) Cxcessive bacterial, physical or chemical conturination.

(b) Urnatural depositd in the stream, interfering with navigation, fish
and vild life, bathin, recreation, or destruction of aesthetic values,

(¢) Toxic substances and materials imparting objectionnable tastes and
odours to waters used for domestic or industrial purposes,

(d) Floating materials, including oils, grease, gartage, sewage solids,
or other refuse,

(e) CLischarges causing abnormal tempcrature, colour or other changes.

SFECIFIC OBJECTIVIS

In more specific terms, adequate controls of pollution will
necessitate the followins objectives for:

(a) Saritary Seware, Storm water, and Was‘es From Water Craft
sufficient treatment for adequate removal or reduction of solids,
bacterial, and chemical constituents which may interfere vareason=bly
with the use of trese waters for the purposes afore-mentioned.

Adequate protection for these waters, except in certain
specific instances influenced by iocal conditions, should be provided
if the coliform 1i,P.N, ledian value does not exseed 2,400 per 100 ml.
at any point in the waters following initial dilution,



- 153 -

(b) Industrial '‘astes

(1) Chemical ‘astes - Phenolic Type

Industrial vaste effluents from phinolic hydro-carbon
and other chemical plants will cause objectionable

tastes or odours in drinking or industrial water supplies
and may taint the flesh of fisn.

Adequate protection should be provided for these waters
if the concentration of phenol or phenolic equivalents
does not exceed an average of 2 p.p.b. and a maximum of
5 p.p.b. at any point in these waters follewing initial
dilution. This quality in the receiving waters will
probably be attained if plant effluents are limited to
20 p.p.b. cf phenol or phenolic equivalents.

Some of the iindustries producinrm phenolic wastes are:
Coke, synthzt.i: resin, oil refining, petroleum cracking,
tar, road oil, creosoting, wocd distillation, and dye
manufacturing plants,

(2) Chemical 'astes, Other Than Phenolic

(a)

(b)

(c)

(a)

(e)

Adequate protection should be provided if:

The pH of these waters following initial dilution is not
less than 6.7 nor more than 8.5. This quality in the
receiving waters will probably be attained if plant effluents
are adjusted to a pH value within the range of 5,5 and 10,6

The iron content of these waters following initial dilution
does not exceed 0,3 p.p.m. This quality in the receiving
waters will probably be attained if plant effluents are limited
to 17 p.p.m. of iron in terms of Fe.

The odour-producing substances in the effluent are reduced
to a point that following initial dilution with tnese waters
the mixture does not have a threshold odour number in excess
of 4 due to such added material.

Unnatural color and turbidity of the wastes are reduced to
a point that these waters will not be offensive in appearance
or otherwise unattractive for the afore-mentioned uses.

0il and floating solids are reduced to a point such that they

wiil not create fire hazards, coat hulls of water craft,
injure fish or wild life or their habitat, or will adversely
affect public or private recreaticnal development or other
legitimate shore line developments or uses., Protection
should be provided for these waters if plant effluents or
storm water discharges from premises do not contain oils,
as determined by extraction in excess of 15 p.p.m., or a
sufficient amount to create more than a faint irridescence.

Some of the industries producing chemical wastes other than
phenolic are: O0il wells and petroleum refineries, gasol.ine
filling stations and bulk stations, styrenC co-polymer,
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synthetic pharmaceutical, synthetic fibre, iron and steel,
alkali chemical, rubber facricating, dye manufacturing,
and acid manufacturing plants,

Highly Toxic ‘lastes

Adequate protection should be provided for these waters
if materials hichly toxic to human, fish, aquatic, or wild life
are eliminated.

Some of the industries producing highly toxic wastes are:
metal platine and finishing plants discharqging cyanides, chromium
or other toxic wastes; chemical and pharmaceutical plants and
coke ovens, Lastes containing toxic concentrations of free
halogens and wastes containing resin and fatty acid soaps are
included in this category.

Leoxygenating 'astes

Adequate protection of these waters should result if
sufficient treatment is provided for the substantial removal of
solids, bacteria, chemical constituents, and oth2r substances
capable of reducing tie discolved oxyzen content of these waters
unreasonably. In addition to sewage some of the industries
producing these wastes are: Tanneries, glue and pelatine plants,
aleohol, including breweries and distilleries, wool scouring,
tertile, pulp and paper, fcc~ !l processing plants such as meat
packing and deiry plants, corn products, beet sugar, fish
processing and aehydration plants.
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OBJECTIVES FOR WATER QUALITY CONTROL IN MANITOBA

By

L. A. KAY

Director, Bureau of Public Health
Engineering, Province of
lManitoba,
Winnipeg, Man,

The question of suitable objectives for water quality
control has enamcured many responsible public health authorities;
and in this regard, special mention might be made of the outstanding
work of the Board of Technical Advisors to the International Joint
Conmission and the subsequent report of the Commission dealing with
the pollution of boundary waters, and, more particularly, that
section concerning water quality control objectives as set out in
the 1951 publication.

In the consideration of any subject of broad general
significance to the public health and well-being, it is essential
that certain terms of reference, or limitations, be proposed -
otherwise, the discussion may get out of control; and, secondly,
it is very convenient to enumerate certain pertinent factors as
points of common interest and attention, around which may be woven
a sound framework of plausible fact, and from which, eventually,
certain useful deductions and practical formulae may be drawn and
devised,

It would appear that the International Joint Commission
objectives excel in this latter regard, in that they propound a
realistic but flexible set of standards for the comparative
evaluation of the type and extent of pollution then under surveyance
in the very important industrial waterways in the viilnities of the
St. Clair, Detroit and Niagara Rivers, which, along with other
bodies, form the International Boundary.

The significance of the objectives has already been
discussed very fully by the previous speaker; therefore, may I
suggest that we return to the original terms of reference of this
paper and look briefly at conditions in the Vest,

The Manitoba Scene

A glance at a map of the country and at one of the
Province of Manitoba would indicate a rather peculiar situation
in this latter province:

(a) There are no International Boundary waters, as such,
(b) There are no major streams originating in Manitoba.
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(c) The gencral topography forces the drainage in an
Easterly then Northerly direction (except in the
wastern sectior where surface waters flow more or
less directly North),

Looking at the picture another way, we find, then, in roritoba,
we are dependent on the neighboring prov .nces and states for
the continuing initial good quality of cur waterways.

For example, the Red Miver rises far to the South and
enters the province via North Dakota. In this regard, both
North and South Dakota and the State of iiunesota have co-operated
in formulating a comprehensive pollution roatiol progranm foi what they
refer to as the "Red River of the North". The Assiriboine
River has its source in Saskatchewan, and after crossing into
Manitcba, flows South then East, and the admixture of its waters
with those of the Red follow the general trend towards the
North, The smaller Souris stream rises in Saskatchewan,
supplies water for the town cf iinot, North Daketes, and re-
enters Canada by wey of the manitoba section of the Border.

The water scurce for Vinnipeg and environs is drawn
from the Shoal Leke arca ci the Leke of the Woods. The huge
watershed of this latter body is ewventually drained to Noriiern
lManitcba via the Wirnipeg River and Lake Winnipeg, Anoth=r
interesting example is the North Saskatchewan lliver which rises
in Alterta, supplies water for one of the Rattlefords, Prince
Albert, end thz town of ™e Pas (in ianitoba), and than joins
the general conflux of drairnge which eventually terminates in
the northern muskegs and the Hudson Bay,

On & population basis, possibly 300,000 pecple (o0.. of a
total of lecs than €30,000 in the province) are supplied from the
Greater Wirnipeg %Weter Dicstrict; another 47,000 are dependent on
the Assinibeine and its tributaries; one small community now uses
the Red River as a scurce, and a few towns, of course, utilize
underground supplies,

About one-half of the total population is serwved through
meriicipal or corporation systems from surface water sources, and
anotner substantial percentage of rural dwellers presumably draw
water [rom local streams. lakes and artiZicial dugouts., It nay
be seen, therafore, that the potability of the surface waterways
is very impertant as far as the health and well-being of the
me jority of the Manitoba population is concerned.

The weather is an important environmental factor. It
might be said that we have Lhree seasons - winter, summer, end a
short javmu-or-dusk type or znrne in between each of the extremes,
For field work purposes, we can divide the twelve-month survey
year into a nominazl ice-coverea scescn, (say, December to April
inclusive); a high flow period - extending from the end of June
or July; and a more or less 'norm2l! summer-fall se-~sion when
the flow of water may be expscted to be reasonably constant,
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The fact that surface drainage falls rapidly away
from the centre of population and eventually disappears in
the untenanted iiorthern reaches of the province or the salt
water of Hudson .ay, means that strict enforcement of anti-
pollution measures is at present generally unnecessary once
the urban centres are in the background. A significant point
is that we are not concerned with the possibility of trans-
mitting dangerously contaminated waters to other states or
provinces, Therefore, we are relieved of a tremendous burden
of moral, if not actual, responsibility.

Thus, in brief, you have the picture in Manitoba - a
keystone- shaped province dividing the country, with almost
half its population located within a hundred miles radius of the
City of Winnipeg; the rocks and evergreens of the Pre-Cambrian
Shield intruding on the East and Northeastern areas; whilst, in
the other direction, the great level prairies extend throuvgh
and past the Prcvince of 3askatchewan; rivers and streams which
rise everywhere but in jianitoba, and eventually drain into the
Northern muskeg, and an extreme of temperature which is popular
only with the natives,

THE JBLATIVE POSITION OF WATER QUALITY STALDALDS

Broadly speaking, if empirical standards of water quality
were to be utilized in ilanitoba, there would be created an unfair
and non-uniform financial burden on half the sewered municipeli-
ties, including industrial townsites, in Lhe province. Ranitoba
is econcmically younp, very sparsely settled, and only ncw
beginning to accentuate and encourage industrial expansion. The
increasing significance of natural oil and gas reserves in the
mid-western section may ultimately threaten the importance of
the hitherto-leading grain, mineral, fish and timber resources;
but, meanwhile, the patchwork application of water pollution
control is relatively unsightly but effective,

Statutes

The authority for pollution control measures has been
considered from the twofold angle of protection of the public
health and conservation cf a great natural resource. legulations
made pursuant to "The Public Health Act" ensure minimum hazard
to the safety and well-being of the citizens - but strict and
effective control of surface water usage as a medium for waste
treatment and disposal is vested in a Provincial Sanitary Control
Commission set up under the terms of "The Pollution of Waters
Prevention Act" administered by the Department of Mines and
Natural Resources.

This legislation is quite significant. In Part 1 prov-
ision is made for a requirement for the licensing of any agency
discharging or draining any sewage or waste into any body of
water. A second division deals with the organization and powers
of the Provincial Sanitary Centrol Commission; Part 111
comprises the framework for enabling the creaticn of sewage
disposal districts (e.g., The Greater Vinnipeg Sanitary District),
and another section deals with the resultant powers of sewage
districts once they may be orgcnizad.
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By this system of dual legislation and administration,
the supervision or the installatica of nunicipal waierworks
and scwerage projechs still remains with the Departmant of
Health; ™ut the onus of dividing the naturel cenacity of the
surfece water courses in an equitable manrer is placed in the
hands of an impartial Commissicn, whick, in turn, is empowered
to hire such engineering and other skills as are dzemed
neczssary for the effective working of thc Comrission,

Policy

Vith the huuble realizaticn that laws in themselves are
not. always effeciive, and that tco wany rules and regulations
may defeal the primary purpose of any legielation, it was decided
to fermulate a policy which might serve a2s an iaterim guide to
the adminlstration of an effectire prosvem; which could bz used
to evaluate the cluims of user-agencies; and which would event-
ually result in the uniform and reasonable use of our surface
waser covrses to the max'mur economic 1limit withou* abuse, with
minimum cffence, and without undue jeo,ardizing of the natuial
beautiea of the streams,

This poliey was first published late in 1953, and may
be re-exsmined and modified or enla:gerd at any time. Meanwhile,
it serves:

(1) Te =:plein,
-~ the need for diversified control
~ the irportance cf conse:vation of this ncn-wasting
asset
- Lhe various types of claims for usace of the water
potential

(ii) To propound,

- & gererel basis for adadnistering statutes and
regulations

- the need for tangible irdices of pollution

- the importance of continuing river surveys

- a list of certain principles basic to the
rzascnable applicatican of the program

- a scheme for the cemporary or permanent down-
grading or zoaing of a 'gradsd" water ccurse

- guandards for both ef{luents and diluting waters

(iii) To propose.
- the licensinm of major user-agencies
- the grading of all larger water courses
- ihe preparation cf de*ailed pecllution indices
~ the empirical deiinition of certain categories
of municipal sewage treatment processes

AND (iv) To outline future plannirg,
- in regerd to tho Creater Wirniveg Sanitary District
ard other nnjor cgeneies of concern
- c¢oncerning possible re-eraminoation of relative
statutes
- of surveys and grading of all pertinent provincial
waterways,
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It may be seen that, in the practical application of
a Manitoba pollution control program, it is proposed to utilize
the better features of both generally recognized expedients of
stream clessification and of water quality standards without
prejudice or discrimination one way or another. These methods
are termed 'expedients' adrvisedly, since there is a danger that
the t-o arbitrary enforcement of either of these control criteoria
may defeat the ultimate purpose of the entire program; and their
use must be leavened by judicious interpretation in view of
local conditions of econcmics, topography, population, etc.

It is granted, however, that the listing of objectives
for water gquality control is the essential base for the planning
of an effective program. Further, we should be prepared to
re-examine and alter these desirable standards frem time to
time along the lines dictated by the motivation of adequate
protection of publiic health and well-being, tre retention of
desirable azesthetic conditions, the conservation of a great
natural heritage, and the industrial econony cf the province.

As the control program develops, the value of river
surreys and subsequent classification or grading assumes
increasing stature (although thers m2y be some argument on
this point). It is a fact that probably in every province and
in every state there are strezms and lakes which are hopelcssly
defiled and can never be recovered to their original state.

The Control Commission recogrizes this condition, and is prepared,
failing any other practical solution, to down-grade such water
course3 permanently as unfit for potable water supply and any
other normal usage other than waste disposal.

On the other hard, by setting a classification of a
now attractive and useful stream at a higher grade, notice is
served on industry and the public alike that it is the firm
intenticn of the authorities to preserve the usefulness and
attrective properties of that stream; and that while some abuse
may have been allcwed in the past. and notwithstanding the fact
that some uce may be made of the diluting and treating capacity
of the stream in question, the degree of usage and the
distributicn of such benefits is a matter of governmental
concern in the interests of the province as a whole.

TECINICAL REGUIRELENTS FOR V.TER CONTROL

There would appear to be a pre-disposition, especially
among engineers and other skilled professionals, to become too
enthusiastic over the technical intricecies cf the solution of
pollution problems, with the result that sooner cor later an
elaborate organization may be required to carry out the pre-
liminary stages of an effective program,

Again, the many interesting features, especially in
the industrial field, may sometimes overshadow tke prime
purpese of the investigation and survey in the avcwed object
of maintaining good water gquality,
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Self-Policing

In order to avoid these obvious difficulties, the
Manitoba plan has been;

(ig to license major polluting agencics

(11) in conjunction with industry, to formulate certain
'tracers! (such as phenol in the refinery business)
the incidence and quantity of which can be readily
examined by the use of procedures outlined in standard
Kethods,

(iii) To r=quire the particular irdustry to provide its owm

technical staff and facilities for routine eifiuent and

recelving water tests,

In this way, the technical staff of the Commission may
be kept et 2 minimum, industry is protected by having a licence
to do certain thirgs and discnarge wastes of certain types into
the stuream, self-policing is zerried out by the concerned
companyv, and by the use of a readily identifiable tracer,ths
periodic returns recguired from industry may be checked by in-
frequent concurrent dual sampling and sutscquent analyses,

Industrial vs, Municipal Sewsn»

The water of a stream subject to ccntamination by row
municipal sewage may generzily be re-conditiocned eand purified
for domestic consumption without any partizularly ccmplex
manceuvvres, The ability of the water ccurse to re-..ahilize
itself is quite marked - particulariy if there are any ranids
or other obstructlons present in the charnel tc cireate tirbulence
and assist in the aeration of the suspended materials.

On the other hand, the consideration of en industrial
effluent is usually a much more comnrchensive matier, In the
first placz, the user-zgancy is a private cor corporate body rather
than a public one; secondly, each individual plsnt seems to be
able to produce a different and more ccmplex wazte than its
predecessor or contemporary. In addilion, scme of the mere
otnnoxious ccmpoind3 in th»se industrial effluvria seem to be
ab'e to persist indefinitely without disinlgration, and, in
ellect, without losing the power of disrupting normal potable
vater treawment procedurces,

The cciplexity of the industrial preblem emphasizes the
fact that pollution control authority ehould be prepared to
provide tcchnical information and possibly cenzultative ansist-
ance to municipal user-agenciaes, but should ask industry to
work out its ovh sol-+~icus whilst affording the latter some
protection in the fcrm of a licence to discharge waste, and
definite gddance » ineerporating in thot licence the general
ani specific requirenents in regord tc effluent and ailuting water

quetity.
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Local Ccnditions

Some of the conditions peculiar to Kanitoba may be
utilized ultimately to some advantage in lessening the degree
of required treatment for both industrial and domestic wastes.
As noted at the beginning of this paper, there are no further
ngsanitary customers" for the water courses once the rivers and
streams have proceeded beyond the larger centres of population.

The long period of ice cover, whilst detrimental to the
process of natural pollution assimilation, may yet be found
helpful to accommodate the off-season discharge of otherwise too
concentrated high-B.0,D. pollution loads, although any planning
in this regard will have to be done with a view to the prevalence
and significance of local sport fishing. The substantial increase
in velocity and volume of our rivers, due to spring runoff,
undoubtedly assists in the psriodic scouring of some of the
channels which might otheiwise be the source of warm weathsr
offence and possibly health hazard. Unfortunately, another
by-product of these high flow rates is the poz=ibility of
flooding which seems to have been a consistent menace in the
last few years,

SUNMARY

In concluding this shcrt talk on objectives for water
quality control in Manitcba, I would like tc refer to a state-
ment contained in a publication of the U.S. Health Service en-
titled A COMPREHENSIVE PROGRAM FOR UATER POLLUTION CONTROL FOR
THE RED RIVER OF THE NOKTH BaSIN, The statement follows;

"The controlling water quality criteria for the main stem
of the Red River of the North is the protection of the
water supplies of the municipalities which are dependent
on the stream as a source cf water, while the controlling
criteria of the remainder of the drainage basin varies
with the use to which the waters are put.”

The same principle is being followed in Maritoba,
augrented by a pelicy of licensing major user-agencies and
grading the more important water courses in the hopeful expeci-
ation that industry, the municipality and the private citizen
are being given a rcasonably fair share of the izherent value
of this natural resource.

The subject of drouth and consequent low stream flows
has purposely becn cmitted from this discussion. iach of cur
persuasive planning for municipalities and others is tased on
long--term implementation - usually oi three to five years
duration. Iin the meantime, severely curtailed river flows
coull be very awkward, if not troubiesome, The terms of the
Control Commissicn licences incluce a refercnce i this
possibility and the fact that existing requireme:xts might have to
be drastically altered under such circumstances.
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FQi_ THE

by Mh. D. P, SCOTT,
Deputy Commissioner
of ‘works, (Drainage
Divisions, Mfunicipality
of ¢etropolitan Toronto.

(a) Domestic (b) Storm (¢) Industrial

In recent years tho rapid growth of our urban and
industrial centres demands that adequate sewage treatment
facilities be installed to preclude the pollution of our
rivers and lakcs wnich are the scurce of our water sup;ly
and are valunable recreational assets. UWith the growth
in importance ¢f sewage treatment has c¢ome research into
rmethods Lo improve that treatment and reduce its cost.

Cne of the major treatment problems has proven to be water-
borne industrial wastes. Studics of this problem are

heing carried out across thz continent, and several codes
to conyrol discharpe ol Lhese malterials have bLeen recommend-
2d, adopted ani rewritlen by various cenbtres in the past
few months, Prodosed codes have bheen discussecd at many
technical confercencessuch as this with increased concern
and appreciation of the problem., Industrial waste then,
and its control, is a matter of prime interest, not only

to the body which must provide the treatment facilities,
but also to indusiry itself which uses the municipal

sewers and trealment plants,

It ic the purpose of Lhis paper to review the factors
vhich should be conzidered in the establishment of
effective regulations for controlling the discharge
c{f industrial wuaste into municipal sewer systems. A
review of existing reculations for municipalities on
this continent and Lhe provlems associuted therewith
makes it apparent thai a sinple regnlation which will
apply to ail lcoecaritics and situations cannot be drawn
up because each individual case may «iffer somewvhat,
depending on the sice of the municipality, the design
of tne sewer system, the number and type o1 industries
and nature of bthe trectment plant or plants.

It is, perhaps, the duty of a municipality or
sewerage district to accept and tLreat all ligquid wasles
origineting within the tributary area which do not cause
damage to sewers or affect treatment plant operation,
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If, at times, a certain waste must be excluded, it should
not be done on an arbitrary basis, but rather for sound
and just reasons. In order to determine the acceptability
of a waste, it is necessary for a comprehensive investi-
gation to be undertaken, Some reasons for discharging all
wastes, within acceptable limits, to the municipal
sewerage system, are as follows:-

1., Better control is achicved in one combined
plant, rather than in a number of separate
smaller plants,

24 It is sometimes more economical to treat a
combination of industrial wastes and domestic
sewage than to treat each one independently.

3. It relieves industry, as much as possible,
from the responsiblity of treatirg its wastes,
which in most cases would require highly
trained technical personnel,

Treatment in a large plant is invariably cheaper
than in separate smaller units, because unit costs for
both construction and operation are reduced as the sigze
increases, 1In addition, it is sometimes beneficial to
treat industrial wastes in association with domestic
sewage because of dilution, flow equalization, blending
and other factors.

Large treatment plants such as our !Main Plant at
Ashbridge's Ity warrant the employment of better qualified
men than smaller plants; as a resilt, better operation
and control is achieved. 1In very small industrial plants
technical men qualified for the treatment of waste would
usually not be available,

If industry is permitted to discharge its water-
borne waste to the public sewer system, then it must be
prepared to co-operate with the public agency in solving
mutual problems which may arise. Whether industry is re-
quired to bear a fair share of the cost for treatment of
its waste is a matter for decision by the municipality
concerned. It is recognized that there should be some
measure of control if industrial wastes are to be discharg-
ed to the municiapl system., Three alternatives which may
be considered are as follows:

l. No restrictions whatsoever, and the
indiscriminate discharge of all wastes
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2, Detailed and inflexible regulations
governing the discharge set out by the
local municipality.

3. A set of minimum regulations, which would
remain in effect unless special permission
were granted.

Without regulations there is no protection for
the municipal sewerage facilities and therefore the first
alternative would not merit our further consideration.

The second alternative has been adopted by a number
of municipalities, both in the United States and in Canada.
In these instances the regulations are spelled out in detasil
and are justified particularly where the treatment plant is
overloaded or the sewer system has inadequate capacity.

The third alternative is one which is gaining in
popularity as it permits the maximum use of the municipal
sewage treatment facilities, and at the samc time permits
such control as is neccsssary to gain the maximum efficiency
in the operation of these works.

X X X

There are certain factors which must be included
in any sewer regulation, and which should prove
adequate without specific conditions and requirements.
These are predicated on the principle that the regulatory
agency would have the right to and would exercise its
authority on the basis of factual iniormation and sound
judgment .

X X X

Experience dictates that restrictions on waste
discharged to municipal systems should include a rumber,
if not all, of the following:

1, No surface drainage to the sanitary system
wit hout special permission,

2, No solid materials which will tand to
damage structures or settlie out in the
sewers,

3. No oils, tars, greases or other organic
or inorganic material which will tend to
cling to the sides of pipes thus impairing
their capacity.
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L. No oils, petroleum products or other inflammables
or explosive materials.

5. No poisonous or toxic materials hazardous to life
or plant operation.

6. No materials which may be destructive to sewers
or plant structures.

7. No wastes which create noxious concitions that may
cause the public any discomfort.

8, No material which will seriously disrupt the efficient
operation of the treatment plant.

In the implementation of any Control Program certain
information should be obtained, and certain requirements
satisfied, An inventory of all industries and businesses,
completely outlining the plant operation and the type and
quantity of waste to be discharpged is desirable, as well as
right of entry for the purpose ol inspection, sampling and
flow measurcment. The provision of a manhole on the outlet
drain, or connection of the drain to a manhole on the street
is sometimes necessary. Where wastes are deemed not acceptable,
pretrcatment or flow equalization may be required, or the
right to prohibit discharge of wastes having a deleterious
effect on sewers or sewage treatment plants must be reserved,

To underline the remarks and suggestions made, and to
justify the expressed opinion that certain regulations are
required, a brief summary of some case histories in the
Metropolitan Toronto Area should be helpful.

DAMAGE_TO_SEWERS

Acid wastes from the plating operations of a battery
manufacturer caused failure of a 9-inch vitrified tile drain,
resulting in a road sinkage., Although the cement mortar in
the joints was first affected, the pipe itself showed ex-
tensive corrosion. Where this drain dropped into a concrete
horseshoe sewer, the effect of the acid waste was very
evident in the spalling of the concrete downstream from the
point of connection,

I have for exhibit, a piece of concrete pipe, which
once formed a part of a sewer serving a fich-processing
industry. The sulphuric acid used in recovery of fats reduced
the pH of the plant effluent to 2.5, causing disintegration
of the sewer invert and collapse of the pipe.

BLOCKAGE_OF SEWERS

The chief offender in this respect is accumulation of

-t
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fats and greases, which in many cases represents a direct
loss to the industry discharging the material., When the
accumulation of grease is coupled with collection of hair,
wool;tc. some serious blockages can result in short periods
of time.

In one instnce lard from a food processing plant blocked
a sewer flooding a neighbourhood, a dealer in cloth wipers,
causing him considerable damage. In another case, wastes from
a fellmongery, combined with that from a pork packer,
regularly blocked the sewer sérving them. Occasionally, whole
hides of cuttle and sheep have reached the scrcens of a
sewage pumping station. One station had its screen blocked
regularly by a gummy mass of vegetable oils, which was traced
to the discharyging firm who were not agquainted with their
losses until they were notified of them. Intercepting egquip-
ment was installed shortly thereafter,

One company, due to loss of foundry sand from itis
operations, blocked a large sewer and caused flooding of
several lateral sewers, as the sand deposit extended for
several blocks downstream., Cost of removal, which wrs in
excess of $1500, was charged to the offender by the City of
Toronto, as is the custom in such cases,

DISRUPTION OF SEWAGE _TREATMENT

Formation of scum blankets, composed of grcase, fats,
cattle hair, paunch nmanure etc., in digestion tanks can result
if indiscriminate discharge of such material is not controiled
to some degree. These blankets can become quite extensive
and tough causing the digestion tank capacity to be greatly
reduced and thus prevent effective treatment,

A small plant naturally is more sensitive, and therefore
more vulnerable, to unusually heavy discharges of strong
industrial waste, One of our small plants of 0,75 m.g.d.
capacity, was at one time seriously handicapped by the dis-
charge of calcium lignosulphonate, At another plant of 3.0
m.g.d, capacity, the total plant effluent was so affected by
dumping of lye vats at a nearby soap factory that its pH was
11 and its 5 day B.0.D. rose to 2100 p.p.m. During the
canning season, sludge pumping was tripled at this same plant.,

Discharges such as these, unless controlled as to volume,
strength and periods of discharge, cause equipment failures and
can very soon put a small plant out of commission.

HAZARDS
Some wastes are definitely hazardous to personnel engaged

in sewer maintenance and sewage treatment work. In this class
are cyanide wastes, solvents, sulphides, gasoline, etc.
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Gasoline, fortunately, does not frequently occur as a
waste, but it does find its way into sewers by leakage or
spillage and infiltration. Onc case of infiltration was
caused by a leaking underground tank at a cervice ststion,
The measured loss over a period of 36 hours was 1,500 gallons
of gasoline which caused a very dangerous situation in a wide
area, besides piving rise to headache and nausea among occu-
pants of buildings with defective drain traps, Another similar
instance occurred recently, when a leak in a pressure oil
pipe line along the Don River allowed gasoline in quantity
to enter an adjacent storm sewer. Fumes found their way into
the sanitary system of a large factory nearby and thence
passed into the sanitary sewer in a very highly explosive
mixture., Fortunately the situation was corrected without
incident,

At anothar of our smaller plants, personnel were serious-—
ly affected by solvent discharges from a paint factory. In
addition, men have been overcome while working in sewers
carrying waste from manufacturers of printing ink and from
biological laboratories, although' we now preclude a repeticion
of this by utilization of specialized testing equipment .

Discharges of toxic material to open watercourses con-
stitute a hazard to children and to animals. In one case,
an autopsy performed on three head of cattle found dead by
a8 stream, and anlysis of the water disclosed cyanides in
lethal guantities in the stream,

SUMMARY

Having examined in some detail specific cases of
troublesome industrial wastes, let us consider the steps
being studied by the Municipality of Metropolitan Toronto
to institute some measure of control over them.

Regulations will have to take into account the existence
of combined, sanitary, and storm sewers in this area. Since
storm sewers disclharge directly to watercourses, rivers or lakes,
the material permitted to enter them will have to be rigidly
controlled, At the peak of the dry season, quite frequently
the only flow in some of our streams is that entering from
sewers and sewage treatment plants, therefore the .need for a
high standard is self evident,

Discharge to sanitary and to combined sewers will be
open to the consideration outlined earlier in this paper,
that is, the proposed waste will be analyzed and its effect
on the system as a whole taken into account.

Basically, then, some determination of what limits will
be established is necessary. The Federation of Sewage iorks
Association, in its Manual of Practice No. 3, Municipal Sewer

T, TN
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Ordinances (1949) a Model Ordinance, outlines a foundation
on which a code might be based., But variations will have to
be incorporated to allow, perhaps under special permit, dis-
charges in excess of the limits, if maximum use of the

sewer syster and treatment facilities are to be made, thus
reducing to a minimum treatment installations operated
independently of those under the control of the municipality.

From the determinations made to date, it would appear that
the [lows tabulated below might be accepted without question;
"flows beyond these limits require special consideration in
cach case, based on 24ll local factors involved, that is the
sewers and flows therein, th¢ type of treatment plant, its
capacity, the receiving waters for the effluent and other
pertinent data - viz:-

l. Range of pH, 5.5 to ¢.0 Temperature below

150°F.

2, Effluents_to_ Storm Sewers:
5 day B.0.D. 10-20 p.p.m.
Suspended solids 350 p.p.m.

Cyanides, metallic salts,

sulphides 5 p.p.m.
Mineral oils, tar, grease 10 p.p.m.
Phenols 5 psp. billion
3. ELEffluents to_Sanitary Sewers
5 day B.0.D. 300 p.p.m.
Suspended solids 350 p-p.m.
(all passing 3" mesh)
Total fats by weight 100 p.p.m.
Cyanides, metallic salts,
sulphides 5 Pspa.m.
Mineral oils, tar, grease 10 p.p.m.
Phenols 5 p-p. billion

L. Provision by industry of facilities for sampling
of waste waters, such facilities to be accessible
to municipal authorities at any reasonable time,

The use of garburetors or garbage comminutors is pro-
hibited in Metropolitan Toronto at the present time, due in
part to lack of capacity in the seventeen sewage plants
which serve the Melropolitan Area,

At present, our program is one of acquainting industry
with the problem involvid, and of the savings and benefits
that may be derived through a sound approach to the entire
matter of industrial waste discharge. Huch remains to be
accomplished, but progress is gradually being made towards the
establishment of a by-law which will form a foundation on which
will be built a code permitting a maximum and efficient use of
the existing municipal sewage facilities, without unnecessary
expcnditure by either industry or the public at large.
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AN EXAMPLE GF ASSOCIATIUN | SEARCH APPLIED TO AN

INCUSTRIAL WASTE PROBLEM

———— i = — —

- THE SULPHITE PuLp MANUFACTURERS! RESEARCH
LEAGUE, INC, =

DR. AVERILL J. WILEY
TecHuicaL DiRECTOR
THE SULpHiTE Pulp MANUFACTURERS'
RESEARCH Leacue InNc,

APPLETON, WISC,

RESEARCH AND DEVELOPMENT OF PROCESSES FOR TREATING
I NDUSTRIAL WASTES CAN USUALLY BE EXPECTED TO PRESENT
DIFZICULT PROBLEMNS AND THEIR SOLUT!ON iS APF TO BE
EXPENSIVE, SINCE THESE EFFLUENTS ARE THE FINAL RESIDUES FROM
MANUFACTURING OPERATIONS FOR WHICH NO PRACTICAL VALUE IS
KNOWN, OR, ALTERNATIVELY, FOR WHICH THE COST OF RECOVERY
EXCEEDS KNOWN VALUE. UNDER SUCH CONDITIONS, RESEARCH AND
DEVELOPMENT ON INDUSTRIAL WASTE PROBLEMS MAY BE CONSIDERED
A MATTER OF CHOOSING AS WISELY AS POSSIBLE FROM THREE
PRINCIPAL PATHWAYSS

{. FINDING NEW AND GREATER BY=~PRODUCT VALUES FROM
THE RESIDUE, OR

2. REDUCING THE COST OF RECOVERING VALUES THEREFROM,
OR FINALLY,

3., DEVELOPING PRACTICAL, ECONOMICAL, AND INOFFENSIVE
METHODS FOR DISPOSAL.,

SUSTAINED, WELL-COORDINATED RESEARCH AND DEVELOPMENT

ARE REQUISITE TO THE SEARCH FOR AND THE ESTABLISHMENT OF
WORKABLE PROCESSES. THE ORGANIZATION AND FINANCING OF
RESEARCH ON AN ADEQUATE SCALE ARE OFTEN BEYOND REACH OF
SINGLE INDUSTRY UNITS, YET, IF THEY ARE TO COMPLY WITH
POLLUFION CONTROL MEASURES AND STILL REMAIN IN BUSINESS,
THESE SINGLE INDUSTRY UNITS MUST FIND PRACTICAL ANSWERS
WHICH WILL HELP TO MAINTAIN THEIR COMPETITIVE POSITION
WITHIN THE INDUSTRY,

THE SUBJECT MATTER OF THIS PAPER OUTLINES ONE SUCH
INDUSTRIAL WASTE PROBLEM FOR WHICH GROUP RESEARCH EFFORT

LT
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MAS ACCELERATED AND GREATLY ASSISTED IN THE DEVELOPMENT
OF ANSWERS FOR THE ENTIRE MEMBERSHIP AT COSTS WITHIN
REACH OF EVEN THE SMALLER CONCERNS,

THE SPENT LIQUOR FROM THE ACID SULPHITE
PILPING INDUSTRY HAS BCEN A CRITICAL PROSLEM SiNcCE 1874
WHEN THE ACID METHOD OF PULPING WAS FIRST PUT INTO
COMMERCIAL PRACTICE BY EKMAN IN SWEDEN AND BY MITSCHERLICH
IN GERMANY, BOTH MEN WERE, EVEN IN THOSE EARLY STAGES OF
DEVELOPING THE PULPING PROCESS, WELL AWARE OF THE DiSPOSAL
AND UTILIZATION PROBLEM PRESENTED .BY THAT HALF OF THE
PULP WOOD BEING D!SSOLVED AND WASTED TO THE NEAREST STREAMS
BOoTH MEN PATENTED VARIOUS SCHEMES FOR UTILIZING SPENT
LIQUOR, IN ALL THE YEARS OF THE MORC THAN B80-YEAR HISTORY
OF THIS IMPORTANT SEGMENT OF THE PULP AND PAPER INDUSTRY,
LITERALLY THOUSANDS OF IDEAS HAVE BEEN PROPOSED, RESEARCHIOD,
AND HAVE UNDERGONE VARIOUS STAGES OF DEVELOPMENT AND OF
COMMERCIAL PRACTICE. YET WE STILL DO NOT HAVE FEAS!BLE
PROCESSES AVAILABLE FOR PROCESSING MORE THAN A FRACT!ON OF
THE SPENT LIQUOR PRODUCED EACH DAY. TRUE, THERE ARE A
NUMBER OF SULPHITE MILLS WHICH HAVE FOUND USE FOR A PART
OR EVEN ALL OF THE L!QUOR INDIVIDUALLY PRODUCE AND A GOOD
NUMBER NOW HAVE DISPOSAL METHODS OF TREATMENT WH!CH THEY
CAN EMPLOY WITH VARIOUS DEGREES OF EFFICIENCY, YET WE HAVE
FAR TO GO TO FIND PROCESSES APPLICABLE CN AN INOUSTRY=-WIDE
BASIS.

THE SULPHITE PuLe MANUFACTURERS' RESEARCH LEAGUE
WAS ESTABLISHED IN 939 8Y A GROUP 0F MID-WESTERN SULPHITE
PULP MILLS TO HELP IN OBTAINING WORKABLE ANSWERS TO THIS
SPECIFIC WASTE PROBLEM, THE RESULTANT COOPERATIVE RESEARCH
EFFORT BY A GROUP OF COMPETITIVE INDUSTRY UNITS IS REPRESENT-
ATIVE OF A GROWiNG TREND TOWARD FORMATION OF BUSINESS LEAGUES
OR TRADE ASSOC!AT!ONS TO CONDUCT RESEARCH AND DEVELOPMENT
ON A SCALE WHICH WOULD NOT OTHERWISE BE POSS!IBLE FOR IND!VID=-
UAL UNiTS. Tue S,P.M, REsSEARCH LEAGUE CAN POINT TO THE
ACHIEVEMENT OF A MODEST DEGREE OF SUCCESS !N FINDING ANSWERS
WHICH HAVE BEEN USABLE BY ITS MEMBER MILLS AND WORK NOW iN
PROGRESS PROMISES TO YIELD NEW PROCESSES AND ALSO FURTHER
IMPKOVEMENT AND ECONOMIES IN OLDER IDEAS WHICH CAN BC PUT
TO WORK BY THE MEMDERSHIP,

ORGANIZATION FEATURES AND ADVANTAGES OF
GrRour ATTACK

IT 1S OUR PURPOSE TO DESCRIBE THOSE ORGANIZATIONAL
FEATURES AlD WORXING METHODS OF THE RESEARCH LEAGUE WHICH
MAY PROVE USEFUL TO OTHERS INTERESTED IN ESTABLISHING SIMILAR
PROGRAMS OF ASSOCIATION RESEARCH,

FROM THE LEGAL STANDPOINT, THIS ORGANIZATION CAN
BE DEFINED AS A BUSINESS LEAGUE FOR NONPROFIT RESEARCH,
1T WAS ORIGINALLY ESTA3LISHED BY TWELVE CORPORATIONS
OPERATING FOURTEEN PULP MILLS IN THE STATES OF W!SCONSIN
AND MICHIGAN, THE CONCERNS MAKING UP THE MEMBERSHIP WERE AND
CONTINUE TO BE HIGHLY COMPETITIVE. THE STRAINS AND STRESSES
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OF THIS COMPETITIVENESS, ALTHOUGHF EVIDENT IN THE BACK=
CROUND AT TIMES, HAVE BEEN LESS OF A PROBLEM FOR OUR
RESEARCH LEAGUE THAN MIGHT HAVE BEEN EXPECTED. Gooo
LEADERSHIP AT THE TRUSTEE AND AT THE TECHNICAL COMMITTEE
LEVEL GOES FAR TOWARD RECOGNIZING AND ALLOWING FOR INTERESTS
AND PROBLEMS OF INDIVIDUAL MEMBER CORPORATIONS, BUT OTHER
FACTORS ALSO CONTRIBUTE TOWARD MIN:iMIZING OR ELIMINATING
COMPETITIVE CONFLICTS. THE HEAVY PRESSUPE FROM FEDERAL,
STATE AND LOCAL STREAM POLLUTION AUTHORITIES AND FROM OTHER
SOURCES HAS HELPED TO ESTABLISH A DEGREE OF FAMILY RELAT:iON=
sH1P, THIS HAS PROMOTED GROUP EFFORT. RealL ESPRIT DECORPS
PREVAILS. POSSIBLY THIS COULD RESULT IN PART FROM OPPORTUN=-
ITIES TO GET TOGETHER FOR A GOOD CRY UPON OTHER SHOULDERS
ALSO BURDENED WITH EFFLUENT DISPOSAL PROBLEMS, BUT PRINCI=-
PALLY IT RESULTS FROM A GENUINE, CONTINUING INTEREST INS

. A COMMON NEED TO FIND A SOLUTION TO THIS WASTE
PROBLEM WHICH HAS LONG SINCE REACHED A STAGE
WHERE IT COULD THREATEN THE FUTURE OF THE
SULPHITE PULPING INDUSTRY,

2, A COMMON INTEREST IN FINDING USES FOR THAT
POTENTIALLY VALUABLE HALF OF THE PULPWOOD LOG
BEING DISSOLVED AND DISCHARGED TO THE NEAREST
WATER COURSE,

THE LEAGUE TECHNICAL STAFF HAS HAD AN INTERESTED
AUDIENCE FOR EVERY REPORT ISSUED AND HAS BENEFITED FROM THE
COMOBINED EXPERIENCE, CRITICISM, AND SUGGESTIONS OF INDUSTRY
REPRESENTATIVES. THE LEAGUE'S TecHmicAL COMMITTEE, WITH
MEMBERSHIP DRAWN FROM THE RESEARCH STAFF OF EACH MEMBER MiLL,
MEETS QUARTERLY FOR INTENSIVE REVIEW OF PROGRESS AND FOR
PLANNING OF TECHN!ICAL PROGRAM AND POLICY. SIXTY=FOUR SUCH
MEETINGS, EACH AVERAGING ONE AND A HALF DAYS, HAVE BEEN HELD
IN THE PAST SIXTEEN YEARS. LEAGUE TRUSTEES, WHO ARE
RESPONSIBLE EXECUTIVES IN EACH MEMBER CORPORATION, MEET SEMIi=
ANNUALLY. THESE REGCULARLY SCHEDULED MEECTINGS ARE OF GREAT
HELP IN PROVIDING THE CHANNELS FOR CLOSE COMMUNICATION
BETWEEN MEMBER MILLS AND LEAGUE RESEARCH STAFF WHICH ARE
VITAL TO THE CONTINUED SUCCESS OF GROUP EFFORT,

THE ORGANIZATIONAL CHART (Fseo.!) OUTLINES THE
COMMUNICATIONS FUNCTION AND INTERMEDIATE RELATIONSHIP OF THE
Leacue's TecHNicaL COMMITTEE BETWEEN THE RESEARCH STAFF AND
THOSE ADMINISTRATIVE OFFICERS OF MEMBER MILLS SERVING ON THE
LEAGUE BoarD OF TRUSTEES. FEW AREC THC BUSY EXECUTIVES WHO
CAN TAKE TIME TO READ VOLUMINOUS TECHNICAL REPORTS ON ALL
ASPECTS OF A SPECIALIZED WASTE RESEARCH PROBLEM. INSTEAD,
EACH MILL HAS A TECHN!CAL REPRESENTATIVE AVAILABLE FROM ITS
OWN STAFF WHO CAN PROVIDE INFORMAT!ON ON ANY QUESTION OF
LEAGUE RESEAKCH RESULTS THAT MAY ARISE DURING THE COURSE OF
MILL ORGANIZATION'S REGULAR CUSINESS DAY CONTACTS WITH THE
WASTE PROBLEM, THE SAME DIRECT LINE OF COMMUN'CATION KEEPS

THE LEAGUE STAFF UP TO DATE AND FULLY AWARE OF MEW ADMINISTRA=

TIVE OR TECHNICAL PROBLEMS AND NEEDS OF EACH MEMBER MILL.

Lol o)
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Figur=s 1

ORGANIZATICN OF TH. S.P.M. KASDARCH LIAGUE

BOARD OF TRUSTVES
Officeis ana 9 memboers
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THE STAFF_OF THE RESEARCH LEAGUE

CLOSELY INTECRATED RESEARCH ON INDUSTRIAL WASTES
CAN BENEFIT GREATLY FROM WELL COORDINATED ACTIVITIES OF
A RESEARCH AND DCEVELOPMENT STAFF WORKING DIRECTLY FOR THE
ORGCANIZATION. THE FARMING OUT OF RESEARCH GRANTS TO
UNIVERSITIES, LARGE RESEARCH INSTITUTES, AND OTHER RESEARCH
CENTERS HAS A DEFINITE PLACE IN ANY LARGE TECHNICA' PROGRAM,
AND THIS 1S DISCUSSED IN GREATER DETAIL ELSEWHERE. HOWEVER,
OUR EXPERIENCE INDICATES THAT RESEARCH CONDUCTED BY THE
GROUP'S OWN TEAM OF SPECIALISTS CONTRIBUTES GREATLY TO THE
OVER=ALL EFFECTIVENESS OF THE PROGRAM, THE S.P.M, RESEARCH
LEAGUE HAS SUPPORTED ITS OWN STAFF FROM THE BEGINNING AND
PRESENTLY MAINTAINS A GROUP OF 15 vo 17 INDIVIDUALS IN
ITS OWN LABORATORIES, PILOT PLANTS, AND OFFICES UNDER A
TECHNICAL DIRECTOR. THIS GROUP INCLUDES FIVE PROJECT
LEADERS AT THE PH.D. AND PROFESSIONAL ENGINEER LEVEL.,
TECHNICAL FIELDS COVERED BY THESE MEN AND BY OTHERS HAVING
SPESIALTIES AT THE GRADUATE LEVEL WITHIN THE STAFF INCLUDE
PHYSICAL, CARBOHYDRATE, ANALYTICAL, AND SANITARY CHEMISTRY,
BIOCHEMICAL ENGINEERING, CHEMICAL EHNGINEERING AND BIO-
CHEMISTRY. OSPECIAL EFFORTS ARE MADE TO MAINTAIN CONDITIONS
FAVORABLE FOR THE STAFF TO WORK AS A CLOSELY INTEGRATED
TEAM. THE TEAM SPIRIT CONTRIBUTES MUCH TOWARD ADAPTING
YHE RESEARCH EFFORT TO CHANGES IN PACE AND IN DIRECTION OF
INDIVIDUAL PROJECTS WHICH ARE CHARACTERISTIC OF ASSOCIATION
RESEARCH AND WHICH ARE APT TO BE MUCH MORE DIFFICULT TO
ACCOMODATE IN LARGER DEPARTMENTALIZED RESEARCH ORGANIZA=
TIONS,

GROUP RESFARCH ORGANIZATIONS OPERATING THEIR
OWN STAFF LABORATORIES HAVE MANY OTHER ADVANTAGES IN BEING
ABLE TO SERVICE EMERGENCY REQUESTS OF MEMBER MILLS WHERE
PRACTICAL PROBLEMS OF WASTE UTILIZATION OR DISPOSAL
SUDDENLY ARISE OR WHERE THE MEMBER MILL HAS AN OUTSIDE
REQUEST FOR SPECIAL MATERIAL IT MAY WISH TO PROVIDE TO
PROSPECTIVE MARKET OUTLETS, THE RESEARCH TEM KEEPS IT-
SELF INFORMED AND ALSO HELPS TO INFORM MEMBER ORGANIZATIONS
OF NEW SCIENTIFIC DEVELOPMENTS, TECHNICAL JOURNALS ARE
NOW TOO NUMBEROUS TO PERMIT ANY ONE INDIVIDUAL TO MAINTAIN
HIMSELF "“ULLY CURRENT, BUT A GROUP WITH VARIOUS SPECIALIZED
INTERESTS DISTRIBUTED AMONG SEVERAL INDIVIDUALS TENDS TO
READ WIDELY AND TOGETHER THEY KEEP OTHER MEMBERS OF THE
TEAM INFORMED IN MANY FIELDS, ATTENDANCE AT MEETINGS OF
PROFESS,ONAL SOCIETIES BY STAFF MEMBERS IS ENCOURAGED
WHENEVER THE TECHNICAL PROGRAM PROMISES TO BE OF VALUE.
THE ACCUMULATED KNOWLERGE OF A RESEARCH TEAM OVER A
PERIOD OF YEARS BECOMES AN INVALUABLE ASSET TO GROUP
RESEARCH EFFORT AND TO THE ENTIRE MEMBERSHIP SUPPORTING
SUCH RESEARCH.,

FACILITIES OF THE RESEARCH LEAGUE

LIBRARYS A PRIMARY REQUISITE OF ANY RESEARCH PROGRAM
IS THE AVAILABILITY OF ADEQUATE LIBRARY FACILITIES, IN
THE CASE OF THE RESEARCH LEAGUE, OFFICE AND LABORATORY
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SPACE ARE SITUATED AT THE INSTITUTE OF PAPER CHEMISTRY
IN APPLETON, WISCONSIN, AND THE STAFF THUS HAS THE
ADVANTAGE OF USING ONE OF THE FINES1 AND MOST COMPLETE
TECHNICAL LIBRARIES IN THE PULP AND PAPER FIELD. THE
FIRST PROJECT AUTHORIZED AT THE BEGINNING OF THE LEAGUE
PROGRAM PROVIDED FOR A LITERATURE SEARCH BY THE LATE

DR, CLARENCE WEST WHO COMPILED THE BIBLYOCRAPHY OF

SPENT SULPHITE LIQUOR, THE FIRST VOLUME OF THAT BlIB~
LIOGRAPHY COVERED THE LITERATURE OF 1S40 wiTH

EXCELLENT ABSTRACTS OF SEVERAL THOUSAND ARTICLES AND
PATENTS, ANNUAL SUPPLEMENTS S!NCE THEN HAVE BEEN
COMPOSITED AT 5=YEAR INTERVALS., UNTIL RECENTLY TH!S
BIBLIOGRAPHY WAS MAINTAINED FOR THE LEAGUE MEM3ERSHIP
ONLY, BUT THE DCMAND HAS REACHED THE POINT WHERE A
MICROCARD EDITION HAS BEEN PREPARED FOR GENERAL DIS~-
TRIBUTION AT NOMINAL CGST, |IN ADDIT!ON TO THE GENERAL
LIBRARY AT THE INST!TUTE OF PAPER CHEMiISTRY, THE LEAGUE
ALSO MAYNTAINS ITS OWN HIGHLY SPECIALIZED L!BRARY OF
SELLECTED TEXTS AND JOURNALS FREQUENTLY USED BY THE STAFF.
STAFF MEMBERS CONTRI!BUTE TO THE MAINTENANCE AND GROWTH
OF A CAREFULLY CROSS=INDEXED REPRINT COLLECTION NOW
NUMBERING MORE THAN 5,000 tTeEMs, TECHNICAL MEN FROM THE
MEMBER MILLS FIND THIS LIBRARY OF SPECIAL UTILITY WHEN
INVT!ATING LITERATURE REVILWS FOR COMPANY PROJECTS AND
W“MEN WRITING PAPERS FOR TECHNICAL MCETINGS AND PUBLICATIONS,

LABORATORIES: INITIALLY, THE INSTITUTE OF PAPER CHEMISTRY
PROVIDED LABORATORY SPACE AND EQUIPMENT FOR SCTTING UP

THE LEAGUE PROGRAM, BUT WITH THE GROWTH OF THE STAFF AND
PROGRAM 1T SOON BECAME OESIRABLE TO ACQUIRE SPECIA- TOOLS
AND EQUIPMENT PARTICULARLY ADAPTED TO THE LEAGUE REQUIRE=-
MENTS., THE LEAGUE NOW OUWNS ALL OF ITS OWN LABORATORY
EQ!IPMENT FOR WHICH THE INVESTMENT EXCEEDs $1,0C0,000,
THIS 1S EXCLUSIVE OF AN EVEN LARGER AMOUNT INVESTED N

THE PILOT PLANTS, THIS EQUIPMENT HAS BEEN AGQUIRED OVER

A PERIOD CF SOME |6 YEARS AND EVERY EFFORT IS MADE TO SEE
THAT MAJOR ITEMS WHICH CAN OMNLY BE PURCHASED AT RELATIVELY
HIGH COST ARE OF SUCH TYPE AS TO BE ADAPTABLE FOR USE BY
THE GROYP AS A WHOLE. INCLUDED IN THI3 CATEGORY ARE SUCH
ITEMS AS THE RECORDING SPECTROPHOTOMETER, MOLECULAR STILL,
AND COLUMN CHROMATOGRAPHIC EQUIPMENT WITH FRACTIONATION
COLLECTORS, HOWEVER, CAPITAL CHARGES FOR SPECIALIZED
LABORATORY EQUIPMENT COLLD EASILY GET OUT OF HAND WERE IT
NOT FOR A LCNG CONTINUED POLICY OF ALSO UTILIZING THE MORE
HIGHLY SPECIALIZED 7TY®LS OF EXPENS!VYE EQUIPMENT AT UNIVERS=-
ITIES AND OTHER ORGANIZATIONS WHEREVER AVAILABILITY PERMITS,
AS AN EXAMPLE OF SUCH COOPERATION, THE LEAGUE RECENTLY

WAS ABLE TO COOPERATE WITH OME OF THE LARGER MANUFACTURE"S
OF ELESCTROM'C EQUIPMENT FOR A SERIES OF IRRADIATION
EXPERIMENTS AND ASSAYS. ADEQUATE TESTING AND EVALUATION
OF THE IDEA WERE MADE POSSIBLE AND THE PROJECT WAS COM=-
PLETED IN A REASONABLE PERIOD OF TIME WITHOUT NECESSITY
FOR PURCHASE OF EQUIPMENT,
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PILOT PLANTS: THE LEAGUE HAS EXCEPTIONAL PILOT PLANT
FACILITIES FOR AN JRGANIZATION OF ITS SI1ZE DUE TO THE

FACT THAT FIVE SEPARATE PROCESSES HAVE BY THdlS TIME BEEN
CARRIED THROUGH THE PILOT STAGE OF EVALUATION IN SEVEN
SEPARATE PILOT PLANT UNITS., FOUR OF THOSE PILOT PLANTS
WERE CONSTRUCTED TO SCALE SUFFICIENTLY LARGE TO HANDLE

THE SPENT LIQUOR FROM ONE OR MORE TONS OF DAILY PULP
PRODUCTION, AND THE OTHERS ARE LARGE ENOUGH TO FULLY
DESERVE THE DESIGNATION OF PILOT PLANTS. OF EQUAL OR

MORE IMPORTANCE TO DAY BY DAY RESEARCH ACTIVITY ARE THE
MANY SETUPS MADE IN THE PILOTS ON AN INTERMEDIATE SCALE
BETWEEN LABORATORY AND PILOT USING A VALUABLE COLLECTION
OF UNIT PROCESS EQUIPMENT COMMON TO CHEMICAL ENGINEERING
PRACTICE, STANDARD SMALL=-SCALE EQUI®MENT OF ACCEPTED
COMMERCIAL DESIGN AND MANUFACTURE ARZ AVAILABLE FOR WORK
ON UNIT OPERATIOMS IN THE FIEI.DS OF ADSORPTION AND STRIPP=
ING, CONTRIFUGATION OF SEVERAL TYPES, DiSTILLATION, DRYING,
EVAPORATION, LIQUID EXTRACTION, FILTRATION, M!XING, ION
EXCHANGE AND FERMENTATION, MOST OF THiS EQUIPMENT S OF
LONG=IIVED 316 STAINLESS STEEL CONSTRUCTION AND TOGETHER
WITH MECESSARY SUPPORTING EQU!PMENT SUCH AS TANKS, PUMPS,
VALVES, GAUGES, CONTROLLING INSTRUMENTS, AND PIPING ACCOUNT
FOR AN ADDITIONAL CAPITAL INVESTMENT OF soMe $£75,000,

POSSESSION OF THIS PILOT PLANT EQUIPMENT
WITH ITS OWN SMALL CONTROL LABORATORY (S LARGELY RESPONSIBLE
FOR MUCH OF THE QUICK SERVICE WHICH CAN BE CHARACTERISTIC
OF SMALL, INTEGRATED RESEARCH ORGANI|ZATIONS 0% THYIS KIND,
THE PILOT PLANTS ARE STAFFED TO PERMIT AROUND=THE=CLOCK
OPERATION OF CONTINUOUSLY OPERAYED EXPERIMENTS WHEREVER
REQUIRED IN THE DEVELOPMENT OF CONTINUOUS PROCESSES ON A
LABORATORY OR PILOT SCALE. ANY RESEARCH ACUMINISTRATOR WHO
HAS EXPERIENCED THE RED TAPE INCIDENT TO SETTING UP SMALL
OR LARGE EXPERIMENTS FOR QUICK EVALUATION OF AN IDEA N
LARGE DEPARTMENTALIZED ORGANIZATIONS OR ALTERNATIVELY, THE
DIFFICULTIES OF GATHERI!NG NEEDED EQUIPMENT IN VERY SMALL
ORGANIZATIONS WITH LIMITED FACILITIES CAN READILY APPRECIATE
THE ADVANTAGES ACCRUING FROM AVAILABILITY OF PILOT FACILI-
TIES ON THIS SCALE.,

ANOTHER FUNCTION OF THE PILOT PLANT IS
CONCERNED WITH THE PREPARATION OF SAMPLE MATERIAL 70O BE
SENT OUT FOR EVALUATION OF VAR!OUS SPENT SULPHITE LIQUOR
PRODUCTS PRODUCED IN THE PROGRAM OF UTILIZATION RESEARCH.
SEVERAL HUNDRED SUCH SAMPLES MAY BE SENT OUT EACH YEAR TO
OUTSIDE ORGANIZATIONS INTERESTED IN THEIR EVALUATION AND
POSSIBLE USE., THE DISTRIBUTION AND EVALUATION OF SUCH
SAMPLES CONSTITUTE THE FIRST STEP TOWARD EVENTUAL MARKET
EVALUATIONS. CF COURSE, MANY OF THE SAMPLES SENT OUT DRAW
A" BLANK, BUT THOSE WHICH DO FIND INTEREST MORE THAN JUSTIFY
THE EFFORT., THIS 1S A LEGITIMATE GROUP RESEARCH FUNCTION

THAT BRIDGES THE GAP BETWEEN FUNDAMENTAL AND APPLIED RESEARCH,

IN OUR EXPERIENCE §iT HAS PROVED AN IMPORTYANT ACTIVITY OF
THE LEAGUE THROUGH ' HELPING GREATLY TO FIND APPLICATIONS FOR
THE BASIC WORK WHICH BRINGS NEW IDEAS,

e e ooy el iy Ay, Sy s
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EVEN THOUGH THE IMPORTANCE OF CONDUCTING FUNDA-
MENTAL RESEARCH IS FULLY RECOGN!ZED BY THE STAFF ==
STILL IT REMAINS A DIFFICULT ITEM TO FINANCE, PERSONS
RESPONSIBLE FOR UNDERWRITING THE EXPENSE OF BASIC
RESEARCH CANNOT BE SLAMED FOR FINDING FUNDAMENTAL RESEARCH
REPORTS DULL, UNINTERLSTING AND HARD TO RELATE TO THE
RESULTS THEY ARE LOOKING FOR, THE PILOT PLANT PREPARA=
ATION OF MARKET EVALUATION SAMPLES DOES MUCH TO KEEP
INTEREST ALIVE AND THE OVER=-ALL RESEARCH PROGRAM
FUNCTIONING SMOOTHLY,

SPECIALIZED FAciLITIES AvalLasie THROUGH COOPERATION
WtTH MemMseERrR MiILLS

ANOTHER ADVANTAGE ACCRU!NG FROM GROUP RESEARCH
DERIVES FROM INTEREST OF MEMBER MILLS IN FURTHERING THE
OVER=ALL RESEARCH PROGRAM BY USING ANY SPECIALIZED
FACILITIES OR MANPOWER THAT MAY 3E AVAILABLE AT THE
MEMBER M!LL AND WHICH WOULD HELP DEVELOP ANSWERS TO A
GROUP PROBLEM, A FIELD PROBLEM MAY REQUIRE MEN AND
MATERIAL BEYOND THE IMMEDIATLC C*"PACITY OF THE LEAGUE
STAFF AND THE LACK MAY BE PROVIDED FROM FACILITIES OF
ONE OF THE MEMBER ORGANIZATIONS. PRAZTICAL MILL=-SCALE
TESTS ON BURNING CONCENTRATED LIQUOR WERE CARRIED OUT AT
SEVERAL MEMBER MILLS IN THEIR BOILER PLANTS USING CON=-
CENTRATED LIQUOR PRODUCED IN THE LEAGUE PILOT FPLANT,
A HIGHLY TECHNICAL PROBLEM IN HEAY TRANSFER MAY B8E
DEVELOPED (N COOPERATION WITH ENGINEERING SPECIALISTS FROM
A MEMBER MILL., SUCH ACTIVITIES CONDUCTED COOPERATIVELY
BETWEEN LEAGUE AND MEMSER MILL ARE CARRIED OUT AND REPORTED
TO THC MEMBERSHIP AS A WHOLE, THE ADVANTAGES FROM SUCH
COOPERATION APE 0BVIOUS AND HAVE RESULTED IN THE ACQUISITION
OF DATA MORE RAPIDLY AND AT MUCH LOWER COST THAN WOULD
OTHERWIGE BE POSS!IBLE.

THE FAC!LITIES THAT CAN BE MADE AVAILABLE FOR
GRPROUP PEZSEARCH CAN BEST BE SUMMARIZED AS AN EXCEPTIONAL
ADVANTAGE SELDOM ATTAINABLE UNDER ANY OTHER SYSTEM OF
CONDUCTING INDUSTRIAL WASTE RESEARCH, THE GROUP RESEARCH
STAFF CAN INMITIATE A PROJECT AND CARRY IT THROUGH TEST TUSE,
FLASK, AND SMALL LABORATORY UMIT STAGES ON INTO PILOT PLANT
AND EVEN INTO SEMI=COMMERCIAL TESTS WITH A MINIMUM OF COST,
RED TAPE, AND DELAY,

ReEsearc® Grants 170 OuTtsiRE ACENASPFES

ALTHOUGH 1T IS DESIRABLE TO EMPHASIZE THE VALUE
OF STAFF=CONDUCTED WORK AS ESSENTIAL TO AN EFFECTIVE GROUP
RESEARCH PROGRAM, SUCH EMPHASIS IS NOT MEANT TO MINIMIZE
THE IMPORTANCE OF RESEARCH GRANTS TO UNIVERSITIES,
INSTITUTES AND OTHER OUTSIDE ORGAN!ZATIONS HAVING SPECIAL=~
| ZED KNOWLEDGE AND EQUIPMENT AVAILABLE, THE SuLpHITE PuLe
MANUFACTURERS' RESEARCH LEAGUE HA3 CONSISTENTLY SUFPORTED A
PROGRAM OF .RESEARCH GRANTS AND HAS ALLCTTED FUNDS EACH YEAR
TO THE EXTENT OF FROM 20% To 4(%" OF THE OVER=-ALL .ANNUAL
BUDGET,
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THE LARGEST SINGLE GRANT HAS BEEN TO ORGANIC
CHEMISTRY GROUP OF THE INSTIUTE OF PAPER CHEMISTRY
FOR SPONSORSHIP OF A CONTINUING PROGRAM OF FUNDAMENTAL
AND APPLIED LIGNiN RESEARCH., THE COST OF THIS PROJECT
TOGETHER WITH RELATED INSTITUTE PROJECTS HAS TOTALED
$400,000 AT AN AVERAGE LEVEL oF $25,000 anNuaLLY,
SPECIALIZED WORK IN OTHER FIELDS HAS BEEN SUPPORTED BY
GRANTS TO THE UNIVERSITIES OF WJiIsconNsIN, MINNESOTA,
NeEw HAMPSHIRE, WYOoMING, AND lowa AND MICHIGAN STATE
CoLLEGES,

THE RESULTS OBTAINED FROM COOPERATIVE RESEARCH BY
OUTSIDE INSTITUTIONS HAS BEEN WELL WORTH THE INVESTMENT
AND SUCH WORK WILL BE CONTINUED, HOWEVER, SUCH WORK
REQUIRES CAREFUL COORDINATION AND WITH CONCURRENT STAFF
RESEARCH IF ITS FULL VALVE 1S TO BE REALIZED IN A
REASONABLE PERIOD OF OVER-=ALL RESEARCH EFFORT.

THE NATURE AND SCOPE OF THE LEAGUE
RESEARCH PROGRAM

ORIGINALLY THE MEMBER MILLS CONCEIVED OF THIS
INDUSTRIAL WASTE RESEARCH PROGRAM AS A QUICK MEANS OF
FIND!NG DISPOSAL METHODS FOR THE SPENT LIQUOR AND THE
CROUP WAS AT FIRST NAMED THE SULPHITE PuLP MANUFACTURERS'
COMMITTEE ON WASTE DisposaL. UTILIZATION OF SPENT
SULPHITE LIQUOR WAS CONCEIVED AS A LONG=TERM RESEARCH
EFFORT, BUT IT SOON BECAME APPARENT THAT THE PRACTICAL
PROBLEMS INHERENT IN THE DISPOSAL OF HUGE TONNAGES OF
ORGANIC MATTER CALLED FOR AT LEAST SOME RECOVERY QF
BY-PRODUCT VALUES TO BALANCE THE HANDLING AND PROCESSING
CHARGES, THE LEAGUE WHICH WAS INCORPORATED IN 1946 UNDER
ITS PRESENT NAME 'S STILL SEARCHING FOR ECONOMICAL METHODS
OF DISPOSAL BUT DEVOTES A LARGE PROPORTION OF ITS EFFORT
TOWARD UTILIZATION,

IN FigurRe Il WE HAVE LISTED THE MAJOR PROJECTS
CURRENTLY UNDER ACTIVE REGSEARCH BY THE LEAGUE AND ITS
COOPERATORS. OF THESE PROJECTS, THAT FOR PROCESS AND
PRODUCT DEVELOPMENT ON TORULA YEAST PRODUCTION AND OF
LIGNIN RESEARCH ARE OUTSTANDING FOR LENGTH AND SCOPE OF
EFFORTS. BOTH PROJECTS HAVE BEEN IN PROGRESS MORE THAN
14 YEARS., THE TORULA YEAST PROCESS HAS BEEN CARRIED
THROUGH TEST TUBE, FLASK, AND SMALL LABORATORY FERMENTOR
STAGES} ON TO PILOT PLANT AND SEMI-COMMERCIAL WITH DESIGN,
CONSTRUCTION, AND EXPERIMENTAL OPERATION OF THE RHINELANDER
YEAST PLANT., THE LEAGUE RESEARCH IN THIS FIELD STILL
CONTINUES WITH PRODUCT DEVELOPMENT YO UPGRADE THE YEAST
AND TO EXTEND THE MARKET IN THE BELIEF THAT OTHER MILLS
WILL EVENTUALLY BE ABLE TO JOIN THE TWO NOW PRODUCING
YEAST IN FULL COMMERCIAL PLANTS.
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Figure 2

MAJOR Pii0J S0TS FOR LEAGUE RIGEARCH
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Evaporation

Burning,
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Soil Filtration

Stream Studiecs

b

- T

Torula Yeast
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Prcduct Development
Sugar Derivatives
Furfural

Others

d
Literature Survey

16 Ycars Compilation

Li&nigc?-‘f;:qut icn
Ptyaical Chundistry
Polynierization

surface Active Studies
Fractionation

Chemical Derivatives

Vanillatos

Others
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IT 1S 1MPROBABLE THAT MANY RESEARCH PROJECTS CAN
BE FOLLOWED THROUGH IN THIS WAY BY A SINGLE RESEARCH
GROUP, HOWEVER, THE OPPORTUNITY PRESENTED HAD AN
UNEXPECTEDLY VALUABLE BY=PRODUCT IN THAT IT WAS A STIMU=-
LANT PAR EXCELLENCE TO THE MORALE OF THE RESEARCH GRCUP,

IN THIS PAPER WE CAN ONLY GENERALIZE ON THE NATURE
AND SCOPE OF THE INDIVIDUAL RESEARCH PROGRAM CONDUCTED
BY THE STAFF ON EACH PROJECT. |IN RECENT YEARS WE HAVE
CHANGED OUR OUTLOOK ON THE OVER-ALL RESEARCH PROGRAM
FROM THE STRICTLY DISPOSAL AND UTILIZATION STANDPOINTS
TOWARD A DIVISION INTO APPLIED RESEARCH ON EACH MAJOR
PROJECT USING IDEAS THAT ARE IN ADVANCED STAGES OF
DEVELOPMENT AND AGAIN TO FUNDAMENTAL RESEARCH IN WHICH A
SEARCH FOR NEW IDEAS AND NEW METHODS 1S MADE,
FicurRE Il]l OUTLINES THE SCOPE OF THE RESEARCH PROGRAM
ACCORDING TO THIS DIVISION OF STAFF EFFORT, FUNDAMENTAL
RESEARCH HAS BEEN GIVEN INCREASING EMPHASIS IN THE SEARCH
IN THE FUNDAMENTLL OF CARBOHYDRATE, LIGNIN AND PHYSICAL
CHEMISTRY KAVE PROVED ESPECIALLY IMPORTANT, BuT, HERE
ACAIN, WE RTCOGNIZE THAT BASIC OR FUNDAMENYAL TYPES OF
RESEARCH MUST BE ACCOMPANIED BY A GOOD BALANCE OF CLOSELY
ASSOCIATED APPLLIED EFFORT.

_ SPENT SULPHITE LIQUOR IS A MIXTURE OF MANY ORGAN'C
AND .ENORGANSC COMPCUNDS .DLR!VED“D{REUTLY OR- AS {NOIRECT
REACTION PRODUCTS FROM THE SOLUTICN OF THE NONCELLULOSIC
COMPONENTS OF WOOD IN THE BISULPHITE COOKING ACID. THESE
COMPOUNDS FALL INTO SEVERAL GENERIC CLASSES THE MOST
IMPORTANT OF WHICH ARE THE LIGNOSULFONATES, THE SUGARS AND
THEIR HYDROLYTIC BREAKDOWN PRODUCTS, VARIOUS TERPENE AND
RESIN EXTRACTIVES, AND THE RESIDUAL INORGANICS AMD SALTS
DERIVED FROM THE COOKING CHEMICALS, THE coMPLExITY" OF
THIS MIXTURE OF ORGANICS AND INORGANICS 1S REFLECTED N
THE MANY POTENTIALLY USEFUL PROPERTIES SUCH AS DISPERSION,
ADHESION, FLOCCULATION, AND FOAMING, WHICH HAVE BEEN
RECOGNIZED TO BE PRESENT IN SPENT SULPHITE LIQUOR. THE
RESEARCH AND DEVELOPMENT PROGRAM OF THE LEAGUE WAS FIRST
DIRECTED TOWARD FINDINGC MEANS FOR DISPOSING OF OR
UTILIZING THE COMPLEX MIXTURE CONTAINED INTHE WHOLE LIQUOR
JUST AS IT COMES FROM THE PULP MILL. GRADUALLY A MAJOR
INTEREST IN THE RESEARCH PROGRAM HAS EVOLVED INTO A
SEARCH FOR PRACTICAL METHODS OF ISLATING FRACTIONS OR
INDIVIDUAL COMPOUNDS FROM THE MIXTURE WHICH COULD GIVE
CHEAP NEW SOURCES OF BASIC CHEMICALS FOR INDUSTRY.,
FUNDAMENTAL AND APPLIED RESEARCH IN LABORATORY AND PILOT
PLANT 1S REQUIRED TO CARRY OUT THIS PROGRAM, MucCH HaAS
BEEN ACCOMPLISHED IN THIS DIRECTION IN AND OUT OF THE
LEAGUE LABORATORIES, BUT THE FUTURE RESEARCH PROGRAM OF
THE LEAGUE 1S EXPECTED TO BE INCREASINGLY CONCERNED WITH
FRACTIONATION AND DEVELOPMENT OF NEW PRODUCTS THEREFROM,
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Flgure 3%

SCOPE OF THE RESEARCH PROGRAM

FUNDAMENTAL STUDIES APPLIED RESEARCH AND
DEVELOPMENT

CARBOHYDRATE CHEMISTRY SucARs aAND DERIVATIVES

LicNIN CHEMISTRY LIGNOSULPHONATES AND
DERIVATIVES

PHYsticaL CHEMISTRY SuRFACE AcTIVE FRACTIONS
SoiL STUuDIES PoLYMERS
STREAM STUDIES Soi1L STABILIZERS
CHEMIcCAL ENGINEERING PonDiINGg AND SoOIL

FILTERS

STReEAM LOADINGS

UNiT PROCESS STUDIES

Resul.Ts oF LEAGUE RESEARCH IN TERMS OF
CoMMEPCIAL USE

MANY INDIVICUALS CONCERNED WITH ESTARLISHMENT AND
FINANCING OF RESEARCH ON INDUSTRIAL WASTES HAVE BEEN
INTERESTED IN OESERVING THE AMOUNT OF TIME REQUIRED
AND THE EXTENT TO WHICH COMMERCIAL APPLICATION HAS BEEN
POSSIBLE FROM GROUP SPONSORED RESEARCH. ANY SUCH 0B=-
SERVATIONS MUST OF COUFRSE BE CONPITIONED Y THE SCALE OF
THE RESEARCH PROGRAM, BUT THE SULPHITE Py .Pp MANUFACTURERS'
ReEseEARCH LEAGUE PROGRAM HAS AN INTERESTIIL 3 RECORD WHICH
HAS BEEN TABULATED N FIGURE 1V,

THE PROGRESSION FROM LABORATORY THROUGH PILOT TO
COMMERCI AL REQUIRED ABOUT FIVE YEARS FOR THE YEAST
PROCESS AND OTHER PROCESSES HAVE A SIMILAR RECORD.

THE ROADBINDER AND EVAPORATION PROGRAM STARTED WITH
PILOT OR SEMI-COMMERCIAL APPLICATIONS BASED ON EXPER~
IENCE FROM OUTSIDE THE LEAGUE, BUT BOTH PROCESSES HAVE
GONE BACK TO THE LABORATORY FOR FURTHER DEVELOPMENT OF
PRINCIPLES. THE YEAST AND EVAPORATION STUDIES MAY NOW
BE CONSIDERED TO CE IN ADVANCED STAGES OF PROCESS
DEVELOPMENT, BUT RESEARCH ON PRODUCT DEVELOPMENT AND THE
UP=GRADING TO BETTER MARKETS IS DEVELOPING IN LABORATORY
AND PILOT STAGES FOR BOTH PROCESSES, MUCH FUNDAMENTAL
RESEARCH MAY BE REQUIRED TO FORM A FIRM FOUNDATION FOR
PRODUCT DEVELOPMENT AND THIS 1S CONSIDERED AS WITHIN

THE PROVINCE OF GROUP SPONSORED RESEARCH, FINAL MARKET
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DEVELOPMENT IS TAKEN OVER BY THE INDIVIDUAL MILLS AS
SOON AS COMPETITIVE INTEREST DEVELOPS IN AN IDEA,

CONCLUSION

THE LARGE BASIC INDUSTRIES OF OUR EARLIER UNITED
STATES AND CANADIAN ECONOMIES BENEFITED GREATLY FROM
THE USE OF RAW MATERIALS OF MINE AND FOREST WHICH WERE
PLENTIFUL, CHEAP AND OFTEN CONSIDERED NEARLY INEXHAUSTIBLE.
UNDER SUCH CONDITIONS MANUFACTURING OPERATIONS HAD LITTLE
NEED OR INCENTIVE FOR RECOVERY OF PROCESS RESIDUES AND
DISPOSAL WAS PRACTICED BY THE CHEAPEST MEANS AVAILABLE,
IT WAS A WAY OF BUSINESS COMMON TO THE TIMES., THOSE TIMES
AND CRITERIA ARE FAST DISAPPEARING,

STAGES OF LEAGUE RESEARCH AND
CoMMERCIAL APPLICATION

Figure 4
DISPOSAL.- UTILIZATION
1939 - 1944 TRICKLING FILTERS LicNIN RESEARCH
(Lag)
ACTIVATED SLUDGE METHANE FERMENTATION
RiVER REAERAYTION YEAST STUDicS
1942 = 1949 DusT LaYING EVAPORATION
(PiroT)
SoitL DisposaL BRIQUETTING
BuRNING ADHESIVES
CHEMICAL RECOVERY
YEAST
VANILLATES
1949 - 1954 PONDING AND SoOIL EVAPORATION
COMMERCIAL FILTRATION
STREAM STUDIES YEAST
BUuRNING MARKETING OF
CONCENTRATE

FRACTIONATION
STUDIES

FUNDAMENTAL
RESEARCH
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TODAY WE FIND OUR INDUSTRIAL ECONOMY BECOMing
INCREASINGLY CONSCIOUS OF NEED FOR RECOVERY OF ALL
POSSIBLE VALUES FROM THE RAW MATERIALS WE USE, THE
RECOVERY OF BY-PRODUCT VALUES IS BECOMING GOOD BUSINESS
AND EVEN VITAL TO THE EXISTENCE OF COMPETITIVE UNITS
WITHIN AN INDUSTRY. THE VERY EXISTANCE OF ENTIRE
INDUSTRIES CAN DEPEND ON WHETHER OR NOT GREATER VALUES
CAN BE FOUND AND RECOVERED BY PRACTICAL MEANS.

THE CRITICAL NATURE OF STREAM AND AIR POLLUTLION
PROBLEMS CONTRIBUTES GREATLY TO NECESSITY FOR AN EX-
PANDING RESEARCH EFFORT ON INDUSTRIAL WASTES,

THERE ARE NUMEROUS WAYS IN WHICH SUCH RESEARCH IS
BEING ORGANIZED AND THE COST UNDERWRITTEN. GROUP RESEARCH
AS DESCRIBED IN THIS PAPER HAS ALREADY PROVED OF VALUE
ON INDUSTRIAL WASTE PROBLEMS,

IT CAN BE CONCLUDED THAT INDIVIDUAL COMPETITIVE UNITS
WITHIN AN INDUSTRY CAN WORK TOGETHER SUCCESSFULLY AND
EFFICIENTLY ON BOTH FUNDAMENTAL AND APPLIED RESEARCH
FOR PROBLEMS COMMON TO THE CNTIRE INDUSTRY, COOPERATIVE
GROUP RESEARCH PROBABLY CAN BE CONSIDERED AS ONE OF THE
LOWEST COST METHODS FOR EFFECTIVE LONG RANGE ATTACK ON
INDUSTRIAL WASTE PROBLEMS,
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FROM WASTE AND NUISANCE TO USE AND PROFIT

* By *

J. RICHTER SALVESEN

DIRECTOR OF CENTRAL RESEARCH
MARATHON CORPORATION

ROTHSCHILD, WISCONSIN.
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THE TREE 1S A THING OF BEAUTY TO THE ARTIST AND A
SOURCE OF LYRICS TO THE POET. BUT THE ENGINEER AND THE CHEM|ST SEE IN THE
FOREST AN EVER GROWING SOURCE OF RAW MATERIAL FOR CELLULOSE -- NATURE'S BulLD-
ING MATERIAL.

WOOD IS THE MOST IMPORTANT RENEWABLE RAW MATER!AL
IN THE WORLD. IT SERVES INDUSTRY IN TWO IMPORTANT WAYS: AS A CONSTRUCTION
MATERIAL, AND AS A RAW MATERIAL FOR THE MANUFACTURE OF PAPER.

LIFE MOST OF NATURE'S RESOURCES, WOOD MUST BE SUB-
JECTED TO PROCESSING STEPS TO SUIT IT TO THE ULTIMATE USE. CHANGING I1TS PHYS-
ICAL SIZE AND SHAPE GENERALLY RENDERS IT SATISFACTORY FOR USE IN CONSTRUCT ION;
HOWEVER, 1TS USE IN PAPERMAKING REQUIRES THAT IT BE BROKEN DOWN CHEMICALLY INTO
ITS COMPONENTS. WOOD IS A COMPLEX STRUCTURE OF CELLULOSE FIBERS BOUND TO-
GETHER BY LIGNIN AND HEMICELLULOSES.

ABOUT EIGHTY YEARS AGO TWO CHEMICAL PROCESSES WERE
DEVELOPED FOR OBTAINING THE CELLULOSE FIBERS DESIRED FOR PAPERMAKING BY DISSOL-
VING OUT THE NONCELLULOSIC WOOD COMPONENTS. IN PRINCIPLE, THESE TWO PROCESSES
STILL REPRESENT THE METHODS BY WHICH MOST PULP MILLS CONVERT WOOD CHIPS INTO
CELLULOSE FIBERS.

ONE PROCESS (SULFATE) MAKES USE OF AN ALKAL INE
LIQUOR AS A DIGESTING MEDIUM WHICH, AFTER DISSOLVING THE NON-~CELLULOSIC MATER-
IALS, 1S DRAINED FROM THE CELLULOSE FIBERS. THE HIGH COST OF THESE ALKAL INE
COOKING CHEMICALS MADE IT NECESSARY TO RECOVER THEM FOR REUSE. THIS 1S TECH-
NICALLY A RELATIVELY SIMPLE PROCESS, ACCOMPLISHED BY EVAPORATING THE COOKING
LIQUOR, BURNING OUT THE DISSOLVED ORGANIC MATTER, AND RECONVERTING THE ASH FOR
RECYCLING AS COOKING CHEMICALS. TO-DAY THIS RECOVERY PROCESS 1S DEVELOPED TO
A HIGH DEGREE OF EFFICIENCY, RETURNING NOT ONLY THE COOKING CHEMICALS BUT STEAM
AND ENERGY TO MORE THAN PAY FOR THE RECOVERY PROCESS, AND LEAVING A MINIMUM OF
EFFLUENT TO THE MILL SEWERS.

THE OTHER MAJOR PULPING PROCESS (SULFITE) USES A
SOLUTION OF CALCIUM BISULFITE AND SOp AS A COOKING LIQUOR. ALTHOUGH THE LOW
COST OF THESE COOKING CHEMICALS HAS MADE IT ECONOMICALLY PERMISSIBLE TO DISCARD
THE SPENT PULPING LIQUOR, THIS PRACTICE REPRESENTS AN ENORMOUS WASTE OF A POTEN-
TIALLY VALUABLE ORGANIC MATERIAL. |N THE UNITED STATES THREE MILLION TONS OF
WOOD COMPONENTS HAVE GONE TO WASTE EACH YEAR IN THE FORM OF DISCARDED SPENT
SULFITE LIQUOR.
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THE SULF.TE LIQUOR, A5 IT DRAINS FROM THE COOKED
CELLULOSE FIBERS, 1S ACIDIC FROM SOp AND ORGANIC ACIDS AND HAS FROM 10 1o 12
PCR CENT COLIDS. CVEM WITA TO-DAY'S HIGHLY DEVELOPED ANALYTICAL METHODS T IS
POSSIBLE TO ODEFINE AND ANALYZE ONLY A PART OF THE ORGANIC COMPONENTS. RCUGHLY
ABOUT 2/3 OF THE SOLIDS CONSIST OF CALCIUM LIGNOSULFONATE AND 1/3 OF SUGARS --
MAINLY A MIXTURE OF PENTOSES AND HEXOSES. THE ORGANIC COMPONENTS ARE STERILE
AND NON-TOXIC. HOWEVER, WHEN DISCHARGED INTO WATERWAYS, THE LIQUOR CAUSES
DEPLETION OF THE DISSOLVED OXYGEN == PARTLY BY THE DIRECT REACTION WITH THE S{2
BUT MAINLY BY THE BIOCHEMICAL OXYGEN DEMAND PRODUCED BY THE STIMULATING EFFECT
WHICH THE ORGANIC COMPONENTS (PRIMARILY THE SUGARS) EXERT ON THE BIOLOGICAL
PROCESSES IN THE DILUTION WATER. SUCH OXYGEN DEMAND MAY, UNDER UNFAVORABLE
CONDITICNS AS REGARDS DILUTION, TEMPERATURE, AND NATURAL RE-AERATION, REDUCE
THE DISSOLVED OXYGEN IN THE RCCEIVING WATERWAYS BELOW THE LEVEL NECESSARY FOR
NOPMAL. AQUATIC LIFE. THIS 1S THE POTCNTIAL STREAM-POLLUTING EFFECT FROM
SPENT SULFITE LIQUOR.

EFFORTS TOWARDS POLLUTION ABATEMENT, AND UTILIZ-
ATION OF THE SPENT SULFITE LIQUOR COMMECNCED SHORTLY AFTER THE SULFITE PULPING
PROCESS CAME INTO USE. THE 1HOUSANDS OF PUBLICATIONS AND PATENTS DEALING WITH
THIS PROBLEM ILLUSTRATE CLEARLY ITS COMPLEXITY. THE FACT THAT EVEN TO-DAY
CNLY A SMALL PERCENTAGE OF THC SPENT LIQUOR FOR SULFITE PULPING THRCUSIHOUT Thi
WORLD 15 UTILIZED MEANS THAT A GENCRALLY ACCEPTABLE PROCESSING METHOD FfOR THID
BY-PROLUCT HAL STILL NOT BEEN FOUND.

STRAIGHT EVAPORATION WITH SUBSEQUENT COMBUSTION OF
THE CONCENTRATE =- AS IN THE ALKALINE PULPING PROCESS =- MIGHT SEEM A SUITABLE
SOLUTHCN. BUT SEVERAL OBSTACLES PRESENTED THEMSELVES.  FIRST, THE ACIDITY OF
THE LIQUOR REQUIRED PROCESSING EQUIPMENT FABRICATED FROM STAINLESS STEEL, NOT
INDUSTRIALLY AVAILABLE UNTIL THE EABLY 30's.  SECOND, CALCIUM SALTS IN THE
L1QUOR PRODUCED SCALING OF THE HEATING SURFACES, THEREBY REDUCING HEAT TRANSFER
AND CAUSING PLUGGING OF TUBES AND OPENINGS. IT WAS NOT UNTIL IN THE EARLY
YO's THAT ENGINEERING DESIGN AND EVAPORATION TECHNIQUES OFFERED ADEQUATE SOL-
UTIONS TO THE SCALING PROBLEMS. EVEN WITH THESE DEVELOPMENTS, REMOVAL OF 8-
10 POUNDS OF WATER PER POUND SOLIDS PRESENTS AN UNATTRACTIVE HEAT BALANCE UN-
LESS THE REGULAR FUEL COST 1S HIGH.

WITH PROPER PRETREATMENT OF THE SPENT LIQUOR T 15
POSSIBLE TO PRODUCE ETHYL ALCOHOL FROM THE HEXOSE SUGARS. - AGAIN THE SCALING
TENCCNCY AND THE LOW SUGAR CONCFNTRATION ARE FORMIDABLE OBSTACLES TO EFFICICNT
OPERATION, BuT UNDER SPCCIAL ECONOMIC CONDITIONS PRODUCTION OF ALCOHOL FROM
SPENT SULFITE LIQUOR 1S COMMERCIALLY ATTRACTIVE. IN SWEDEN THE ECONOMY IS
FAVORABLE FOR SUCH PRCDUCTICN AND THE SULFITE PULP MILLS THERE ARE PRESENTLY
PRODUCING A TOTAL OF 20 MILLION GALLONS PER YEAR 95 PER CENT ETHANOL FROM THE
SPENT L1QUOR. ONE MILL tN CANADA AND ONE IN THE UNITED STATES STARTED PRODU-
€ 4G ETHANOL BY FERMENTATION OF THEIR SPENT LIQUOR DURING THE SECOND WORLD WAR-
STIMULATED BY THE THEN EX{STING CONDITIONS -= AND ARE STILL OPERATING SUCH PRO-
cLss. A SECOND CAMACIAN MILL IS NOW ALSO PRODUCING ETHANOL FROM 1HE!R SPENT
L 1 QUOR. BY CONSUMING THE HEXOSE SUGARS, THE ALCOHOL FERMENTAT)ON PROCESS
RCDUCES THE BIOCHEMICAL OXYGEN DEMAND OF THE SPENT LIQUOR BY SOME 30 PER CENT.

WITHIN THE LAST 15 YEARS A METHOD HAS BEEN DZVEL-
OPED FOR UTILIZING ALL THE CARBOHYDRATES IN SPENT SULFITE LIQUOR BY BIOCHEMICAL
CONVERSION INTO YEAST, WHICH CAN BE SEPARATED BY CENTRIFUGING AND DRYING TO BT
MARKETED AS A POWDERY PROTEIN AND VITAMIN-RICH PRODUCT SUITABLE AS ANIMAL FELD
COMPONENT.

re



-~ 185 -

IN GERMANY IN THE LATC 30'sS IT WAS DISCOVERED THAT
A SPECIAL TYPE OF YEAST == TORULA UTILIS ~= WILL MPCTABOLIZE AND MULTIPLY NOT
ONLY ON HEXOSE SUGARS, BUT ALSO ON PENTOSES AND SOME OTHER ALIPHATIC ORGANIC
COMPOUNDS. THE WISCONSIN SULPHITE PULP MANUFACTURERS'RESEARCH LEAGUE, INC.,
HAS CARRIED OUT EXTCNSIVE RESEARCH BASED ON THIS DISCOVERY, TO ESTABLISH PRACT-
ICAL AND EFFECTIVL MEANS OF i’ROPOGATING SUCH YEAST ON SPENT SULFITE LIQUOR AND
RECOVERING IT IN MARKETABLE QUALITY. AFTER SUCCESSFULLY APPLYING THE RESEARCH
FINDINGS IN PILOT PLANT OPERATION, THE PROCESS IS NOW OPERATED ON A COMMERC!A.
SCALE BY TWO WISCONSIN SULFITE MILLS. THESE PLANTS HAVE A COMBINED CAPACITY
ofF 7,000 TONS DRY YEAST PER YEAR AND THE PROCESS AFFORDS ABOUT 60 PER CENT
REDUCTION OF THE BIOCHEMICAL OXYGEN DEMAND OF THE LIQUOR PROCESSED. iT RE-
MAINS FOR THE IMMEDIATE FUTURE TO ESTABLISH WHAT THE MARKET CAPACITY 1S5 FOR
THIS YEAST PRODUCT AT THE SELLING PRICE REQU!RED BY THE PROCESSING COSTS. SUCH
MARKET ANALYSIS AND THE EXPER!ENCE FROM THE TWO PRESENT PLANTS WILL DECIDE IF
OTHER SULFITE MILLS CAN ADOPT THE METHOD FOR UTILIZATION AND POLLUTION REDUCT-
ION OF THEIR OWN SPENT SULFITE LIQUOR.

MARATHON CORPORATION HAS, SINCE 1909, OPERATED A
SULFITE MILL IN ROTHSCHILD, WISCCNSIN THIS MILL PRESENTLY PRODUCES ABOUT
50,000 TONS CELLULOSE FIBERS PER YEAR. [LVEN IN THE EARLY YEARS OF THIS PLANT'S
OPERATIONS, MARATHON'S MANAGEMENT WAS SERIOUSLY CONCERNED ABOUT THE DISCHARGE
OF SPENT SULFITE LIQUOR INTO THE WISCONSIN RIVER AND THE CONSEQUENT POLLUTION
AND ANNUAL WASTE OF APPROXIMATELY 50,000 TONS OF ORGANIC SOLIDS.

IN 1927 MARATHON DECIDED TO ATTACK THE SPENT SuUL-
FITE LIQUOR PROBLEM. THIS WAS BASED ON AN ENTIRELY DIFFERENT APPRCACH -- THE
PRECIPITATION OF SPENT LIQUOR COMPONENTS AS SEPARATE, DISTINCT FRACTIONS BY
CONTROLLED ADDITION OF LIME SLURRY. FIRST A THOROUGH STUDY IN BEAKER SCALE
WAS CARRIED OUT TO LEARN THE MCST FAVORABLE CONDITIONS. THIS PROVED SO EN-
COURAGING THAT THE NEXT STEP =-- TO PILOT PLANT OPERATION -- APPEARED WARRANTED.
STILL IN SMALL SCALE, BUT VITH LARGE SCALE EQUIPMENT SUCH AS FEEDERS, PUMPS,
SETTLING TANKS AND FILTERS, THE LIQUOR FRACTIONATION WAS CARRIED OUT AS A CON-
TINYOUS PROCESS TO LEARN THE LARGE PLANT PROBLEMS AND TO FIND PRACTICAL SOLU7-
IONS TO TECHNICAL DIFFICULTIES. THE PILOT PLANT ALSO PRODUCED AMPLE QUANTITIES
OF THE LIQUOR FRACTIONS FOR STUDIES OF THEIR UTILITY.

THE MAIN PROCESS EMERGING FROM THESE STUDIES HAD
AS ITS FIRST STEP THE PRODUCTION OF A PRECIPITATE OF CALCIUM SULFITE BY ADDIMNG
LIME SLURRY TO THE SPENT SULFITE LIQUOR TO A CERTAIN STRICTLY CONTROLLED PH
LEVEL. THE PRECIPITATE 1S CONVEYED TO THE PULP MILL ACID PLANT WHERE IT IS
USED IN THE CALCIUM BISULFITE‘SOz COOKING LIQUOR MAKE-UP SYSTEM. THUS THE 502
IN THE SPENT LIQUOR IS KEPT FROM CONTAMINATING THE RIVER, BY BEING RETURNED 7O
THE PULPING PROCESS.

IN THE SECOND STEP THE CLEAR OVERFLOW AND FILTRATE
FROM THE FIRST STEP ARE TREATED WITH FURTHER AMOUNTS OF LIME SLURRY UNDER
STRICTLY CONTROLLED CONDITIONS, TO PRODUCE A YELLOW FLOCCULATED PRECIPITATE
CONSISTING MAINLY OF BASIC CALCIUM LIGNOSULFONATE. TH!S PRECIPITATE IS CON-
TINUOUSLY SEPARATED AS A FILTER CAKE ON A ROTARY VACUUM FILTER.  THE FILTRATC
IS FINALLY STRIPPED OF ALL PRECIPITATABLE ORGANIC MATTER BY ONE MORC ADDITION
OF LIME SLURRY, AND 1S THEN DISCHARGED INTO THE RIVER.  ANALYSES HAVE CONSI5T-
ENTLY SHOWN THAT THIS PRQCESS AFFORDS A 60-65 PER CENT REDUCTION IN BIOCHEMICAL
OXYGEN DEMAND AS CCHMPARED WITH THE UNTREATED LIQUOR.  PRCSENTLY ABouT 85 Per
CENT OF THE SPENT SULFITE LIQUOR SOLIDS PASSES INTO THE PRECIPITATION PROCESS
AND THE REST IS SO D!LUTED WITH PULP WASH WATER THAT IT IS IMPRACTICAL TO PRO-
CESS. THIS MEANS THEN THAT THE PROCESS PROVIDES 50-55 PER CENT OVERALL RE-
DUCTION IN POLLUTION FROM SPENT SULFITE LIQUOR AT ROTHSCHILD.
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BASIC CALCIUM LICNOSULFONATE, THE MATER)AL RESULT-
ING AS A FILTER CAKE AFTER THE SECOND PRECIPITATION STEP, IS THE MAIN PRODUCT
OF THE PROCESS. As 1T REPRESENTS AROUND 50 PER CENT OF THE SPENT SULFITE
LIQUOR SOLIDS, ABOUT 1000 POUNDS 15 OBTAINED FROM THE SPENT SULFITE LIQUOR
EQUIVALENT OF ONZ TON OF PULP PRODUCED. OBVIOUSLY THE ALL~IMPORTANT QUESTION
FOR THE PRACTICAL USEFULNESS OF THE PROCESS WASS "How CAN THESE LARGE QUANT-
ITIES OF THIS HITHERTO UNKNOWN LIGNIN PRODUCT .BE UTILIZED?" EARLY IN THE
DEVELOPMENT IT WAS EXPECTED THAT THIS ORGANIC MATERIAL COULD BLC USED ADVANTAG-
EOUSLY AS FUEL TO REPLACE SOME OF THE MILL'S COAL REQUIREMENT. HOWEVER . LARGE
SCALE TLSTS UNDER ACTUAL BOILER FIRING CONDiITIONS PROVED THIS PRODUCT TO BE
TECHNICALLY AND ECONOMICALLY UNSUITABLE AS FUEL.

THIS SITUATION CALLED FOR A BROAD AND INTENYIVE
RESEARCH ATTACK TO DCVELOF NEW USES AND PROFITADLE MARKETS FOR THE PRECIPITATED
LIGNOSULFONATES =-- ACTUALLY A NEW ORGANIC RAW MATERIAL. SUCH TYPICAL "APPLIC-
ATION RESEARCH" CONSISTED PARTIALLY IN ESTABLISHING THE PROPERTIES OF THE
PRODUCT AND PRACTICAL MODIFICATIONS OF 1T, PARTIALLY IN STUDYING THEIR APPLIC-
ATIONS TO ESTABLISHED INDUSIRIAL PRODUCTS AND FROCESSES.

THE FIRST PRODUCT OFFERED TO INDUSTRY WAS A TANN-
ING AGENT. THE FIRST TANK CAR SHIPMENT OF "MARATAN" was MADE IN 1932 FRCM THC
PILOT PLANT PRODUCTION.  THERE FOLLOWED OTHER PRODUCTS ADAPTLCD FOR VARIOUS
INDUSTRIAL USES BY MODIFYING THE STRUCTURE OF THE LIGNOSULFONATCS UMDLR VARYING
CONDITIONS OF TEMPERATURE, FPH, PRESSURE, DEGREE OF SULFONATION, AND CXIDATION.

A PROCESS WAS DEVELOPED FOR THE ALKALINE HYDROLY-
SIS OF LIGNOSULFONATE, WHERE'H VANILLIN WAS OBTAINED AS A CLCAVAGE PRODUCT OF
THE LIGNIN, AND THEC RESULTIMG EFFLUENT BLCAME A SOURCE OF PARTIALLY DESULFCM=-
ATED LIGNOSULFONATES. THESE DESULFONATED LIGNOSULFONATES EXHIBITED SURFACE
ACTIVITY OF SUCH A DEGREE AS TO INDICATE THEIR POTENTIAL VALUE AS DISPERSING
AGENTS. AFTER EXTENSIVE LABORATORY AND FPILOT STUDICS, PROCLSSES FOR THE MAN-
UFACTURE OF LIGNOSULFONATE PRODUCTS AND VANILLIN SHOWED SUCH FROMISING COMMUR-
CIAL POSSIBILITIES THAT IN 1935 A FULL SCALE PLANT WAS ERECTED TO TREAT THC
EFFLUENT FROM THE ROTHSCHILD PULP MILL. THIS ASSURED A SUPPLY OF LIGNIN
ADEQUATE TO FEED A COMMERGCIAL PLANT FOR MAKING VANILLIN. THIS LATYER PLANT
WAS CONSTRUCYTED IN 1937 UNDER AN AL.RANGCMENT WHEREBY MARATHON SUPPLIED THE
PROCESS AND THE LIGNIN, WITH THE MANUFACTURE AND SALE OF THE VAMILLIN TO BE
CARRIED OUT BY THE 5ALvO CHCMICAL CORPORATION, NOW A SUBSIDIARY OF THE STERLIIG
DRuG COMPANY. ToDAY THE ROTHSCHILD PLANT H4S A VANILLIN PRODUCTION WHICH
SUPPLIES NEARLY 2/3 OF THE UNITED STATES MARKLT FOR THIS FLAVORING AGENT.

THE COMMERCIAL SUCCESS OF MARATHON'S CHEMICAL
VENTURE HAS DEPENDED UPON THE ABILITY OF THE COMPANY'S RESEARCH PERSONNEL TO
DEVELOP AN EVER-INCREASING NUMBER OF NEW PRODUCTS TO FULFILL SPECIFIC NECDS OF
THE CHEMICAL PROCESS INDUSTRIES. ANOTHER IMPORTANT FACTOR WAS THE DETERMIN-
ATION OF ITS TECHNICAL SALES DEPARTMENT TO FERRET OUT NEW MARKETS AND TO DEMON=
STRATE THE TRUE UTILITY OF THC LIGNOSULFONATE PRODUCTS TO THOSE CHEMICZAL PROC-
ESS INDUSTRIES REQUIRING DISPERSING AGENTS AND EMULSION STABILIZERS IN THEIR
PRODUCTS AND PROCESSES.

SUCCESS DID NOT COME OVERNIGHT. THE STRUCTURE CF
MARATHON'S PURIFIED LIGNOSULFONATES 1S SUCH THAT THDY PERFORM UNUSUALLY WELL AS
DISPERS ING AGENTS, PREVENTINA FLOCCULATION OF INSOLUBLE SOLIDS OR 1!'L CUALESC-
ENCE OF IMMISCIBLE LIQUID GLOBULES IN WATER, BUT IT WAS NOT UNTIL AFTER WORLD
WAR || THAT SURFACE ACTIVE AGENTS SUCH AS THESE FOUND SIZEA3LE MARKETS3. BY
THE TIME MARATHON'S CHEMICAL DIVISION SHOWED ITS FIRST PROFITS == IN 19U45 --
THE COMPANY HAD SPENT SEVERAL MILLIONS OF DOLLARS FOR RESEARCH AND MANUFACTUR-
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ING INSTALLATIONS. TODAY'S CHEMICAL PLANT HAS THE CAPACITY TO PRODUCE A
SEVENTY-FIVE MILLION POUNDS OF LIGNIN MATCRIALS PER YEAR.

CHEMICAL RESEARCH IS CONDUCTED BY THE CENTRAL
RESEARCH DEPARTMCNT, WHOSE MEMBERS FORM PART OF MARATHON'S STAFF OF 250 ENGINC-
ERS, SCIENTISTS, AND TECHNICiANS. THIS DEPARTMENT IS HOUSED IN A MODERN,
STREAML INED LABORATORY BUILDING HAVING EXCELLENT PILOT PLANT FACILITIES, AS
WELL AS ANALYTICAL, ORGANIC, PHY3ICAL, AND BACTERIOLOGICAL LABORATORIES FOR
THE STUDY OF SPENT SULFITE LIQUOR AND ITS DERIVATIVES.

OUR LIGNOSULFONATES HAVE FINALLY GAINED ACCEPT-
ANCE IN A WIDE RANGE OF INDUSTRIAL APPLICATIONS, WHERE THEIR SURFACE ACTIVITY
IS OF PARTICULAR VALUE. THEIR USE 1S BY NO MEANS LIMITED TO INDUSTRY IN THE
UNITED STATES. THEY MAY BE FOUND IN SUCH WIDELY DIVERSE APPLICATIONS AS OIL.
WELL DRILLING MUDS IN VENEZUELA, PESTICIDLS IN FORMOSA, ORE RLOTATION IN SOUTH
AFRICA, INSECTICIDES IN ICELAND AND |RELAND, OIL WELL CEMENTING IN GERMANY,
AND BOILER WATER TREATMENT IN MEXico.

THE COMPANY'S CHEMICAL DIVISION HAS COME A LONG
WAY TOWARDS OBTAINING THE TWO GOALS ORIGINALLY SET. STREAM POLLUTION AT THE
ROTHSCHILD PLANT HAS BEEN CONSIDERABLY REDUCED AND PROFITABLE COMMERCIAL USES
FOR DERIVATIVES OF SPENT SULFITE LIQUOR HAVE BEEN ESTABL ISHED. THERE ARE
SEVERAL OTHER COMMERCIALLY PROMISING APPLICATIONS FOR SULFITE LIQUOR DERIVAT-
IVES CURRENTLY BEING EXPLORED, WHICH, IF SUCCESSFUL, WILL REPRESENT FURTHER
PROGRESS TOWARDS COMPLETE ACHIEVEMENT OF OUR OBJECTIVES.

PIONEERING VENTURES WILL, IF SUCCESSFUL, ALWAYS
FOSTER INCREASING COMPETITION. KEENER BIDDING FOR MARKETS WITH BETTER AND
LOWER PRICED PRODUCTS 1S PARTICULARLY CHARACTERISTIC FOR THE CHEMICAL INDUST-
RIES TODAY. THEREFORE, THE COMMERCIAL ADVANTAGES FROM RESEARCH CAN ONLY BE
PROTECTED WITH MORE RESCARCH. IN LINE WiTH THIS 1S MARATHON'S POLICY TO
RETURN FOR RESEARCH AND DEVELOPMENT A SUBSTANTIAL PART OF THE PROFIT FROM THE
WASTE UTILIZATION DEVELOPMENTS.

THIS DISCUSSION OF APPROACHES TO SPENT SULFITE
LIQUOR UTILIZATION 1S UNREALISTIC UNLESS IT CONVEYS THE UNDERSTANDING THAT THCL
COSTS OF SUCH VENTURES ARE GREAT AND THE TIME REQUIRED TO REACH SATISFACTORY
SOLUTIONS ARE VERY CONSIDERABLE. WE KNOW OF NO MIRACLES, NO SHORT-CUTS TO
SUBSTITUTE FOR THE EXPENSIVE AND HARD JOB OF TURNING "WASTE AND NUISANCE INTO
USE AND PROFIT."

*
*3 %
5% %
3% % %%
9% % %%
* %X
»*



w T

LEGAL AND MUN!CIPAL. ASPECTS OF WATER POLLUTION

* By *

MERTON SEYMOUR. Q.C.

SOLICITOR

ST. CATHARINES, ONTARIO

[k o e . -

GENERAL REMARKS

THE REQUEST FOR THIS PAPER APPEARS TO HAVE BEEN
INSPIRED BY A QUESTION, AT THE PorLiurion CoNvROL BOARD MEETING HELD IN THE
Ci7Y oF ST. CATHARINES ON JANUARY 25TH, 1955, ADDRESSED BY A MEMBER TO THE
CHAIRMAN, DR. A, E. BERRY, WHICH WAS AS FOLLOWS:-

“Mr. CHAIRMAN, THESE WILL NOT BE WORDS OF WISDOM,6 BUT COMING FPOH
A FARMER, ARC THERE NOT CERTAIN LAWS THAT GOVERN WHAT THEY (MzaninG

A FACTORY) MAY RUN IN STREAMS OR RIVERS? | DON'T KNOW WHETHTR THAT
IS TOUCHY OR NOT BUT WHY | ASX THAT 1S, | HAVE A DAUGHTER WHO LIVES
IN TCNHESSEE. SHE SENDS ME THE OQUTDOORS BULLETIN FROM THE NASHVILLE
PAPER ONE FACTORY STARTCD UP_ | COULD GET THE NAME = 1T IS5 EITHER
RAYON OR CHEMICAL - AND WHAT THEY RAN THROUCH THE!R SEWERS IMMEDIATELY
KILLED TIE FISH. THE AUTHCRITIES NOTIFIED THEM AND IN TWELVE MONTHS
FROM THAT DAY THEY HAD NOT ONLY DONE AWAY WITH THAT AND CLEARED UP THE
PROBLEM BUT THEY HAD RESTOCKED THAT STREAM. Now WAS THAT ON THEIR
OWN GOODWILL OR YAS THERE A LAW? CAN WE DO 1T HERET DO WE HAVE
SUCH A LAW HERE? | WOULD JUST LIKE TO Kiow."

DrR. BZRRY, IN RTPLY, MENTIONED THAT THERE WAS
PLENTY OF LEGISLATION IN THE PROVINCE DEALING WITH THE DISPOSAL OF SCWAGL AND
INDUSTRIAL WASTES. | WOULD LIKE TO ENLARGE ON DR. BZRRY'S COMMENTS, AND
GIVE YOU A RESUME OF THE LAW, IN ONTARIO BOTH COil4uN LAW AND LEGISLATIVE,
OR STATUTORY LAW, WHICH APPLIES TO THE PRCGSBLEM OF WATZR POLLUTION.

BuT WHAT 1S LAW; HOW DID IT DERIVE; WHAT ARE
ITS SANCTIONS; HOW 1S |T CHANZED.

MAN HAS BEFN DESCRIBED AS A SOCIAL ANIMAL, BUT
IN THE 3EGINNINGS OF HUMAN LIFE HZ WAS NO MORE SOCiAL THAN SOCIABLE AND IN
THE B:UGINNINGC HE WAS ANYTHING BUT SOCIADBLE. HE LIVED BY HIMSELF AND FOR
HIMSELF, GOVIRNED, OR PERHAPS DRIVEN, BY THE TWO INSTINCTS OF SELF-PRESER-
VATION AND SZILF-PROPOCATION. NATURE AMD MAN WERE HIS NATURAL ENEMIES FRO:
WHOM HE WRESTED A PRECARIOUS LIVING.

THERE WAS NO SUCH THING AS LAW AS WE KNOW IT
TODAY, THAT IS LAV GOVERNING THE RELATIONSHIP OF MAR AND MAN, ALTHOUGH OF
COURSE, THERE WERE THC NATURAL LAWS.  MAN KNEW NO SUCH THING AS, FOR
INSTANCE, LEGAL OWNERSHIP OF ANY KIND OF PROPERTY, LAND OR THINGS, AND
POSSESSION OF A THING, LAND BIING UNIMPORTANT, WAS THEN TRULY “NINE POINTS
OF THE LAW", THE ONLY LAw THEH RECOGNIZED AS BETWEEN MAN AND MAN NAMELY,
THAT OF MIGHT. HE KMEW NO OTHER LAWS OR CUSTOMS OR CONVENTIONS FOR THE
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VERY GOOD REASON THAT THERE WERE NON. WHAT HE WANTED, INCLUDING A MATE, HE
TOOK -~ IF HE WERE STRONG ENOUGH. FROM THE INDIVIDUAL HE PROGRESSED TO THE
FIRST SOCIAL UNIT, THE FAMILY. IN THE COURSE OF CENTURIES AS MAN PROPAGATED
THE FAMILY EXPANDCD INTO THE TRIBE. T WAS INEVITABLE, HOWEVER, THAT CERTAIN
RULES OF CONDUCT BEGAM TO BE ENFORCED BY TRIBAL HEADS IN ORDER TO PRESERVE THE
STRENGTH AND RESOURCES OF THE TRIBE FOR THE PURPOSES OF DEFENCE AND OFFENCE

AGAINST OTHER TRIBES. IT WOULD NEVER HAVE DONE TO HAVE HAD THE STRONGUST
WARRIORS KILLED OFF BY TRIBAL FIGHTS OVER POSSESSION OF THINGS, WIVES OR
OTHER CHATTELS. THE LAW OF THE TRIBE WAS THE WORD OF THE CHIEF. As THESE

NOMADIC BANDS INCREASED IN SIZE AND STRENGTH AND KNOWLEDGE, GRADUALLY SETTLED
DOWN IN DEFINITE AREAS, CUSTOMS AND CONVENTIONS, THAT 1S TO SAY, OF RULES

OF CONDUCT, GREW IN NUMBER. NEW RULES WERE SLOWLY DEVELOPED TO MEET NEVW
CONDITIONS.

TRIBES DEVELOPED AND BECAME RACES AND RACES
BECAME NATIONALITIES, EACH WITH ITS OWN SET OF CUSTOMS AND CONVENTIONS, BOTH
SIM!LAR AND DISSIMILAR, SUITED TO THE PZCULIARITIES OF LIFE AS AFFECTED BY
GEOGRAPHICAL AND ATMOSPHERIC CONDITIONS, RACIAL CHARACTERISTICS AND SO FORTH.
THEN, (1 AM TAKING YOU SWIFTLY OVER THE CENTURIES) WRITING WAS CEVELOPED AND
BROUGHT A TREMENDOUS CHANGE. THE EXISTING RULES OF CONDUCT, OR CUSTOMS AND
CONVENT IONS, NOW KNOWN TO US GENERALLY BY THE TERM "THE COMMON LAW", THAT IS
THE LAW COMMON TO EVERYONE, GRADUALLY BEGAN TO BE CODIFIED AND FIXED IN
WRITTEN STATUTES. As THE CENTURIES PROGRLESSED MORE AND MORE OF THESE UN
WRITTEN LAWS, THESE COMMON LAWS, BECAME STATUTE LAW, SUCH AS THE CRIMINAL
CODE AND THE SALE OF GOODS ACT, T NAME TWO FAMILIAR CNES. THEN, OF COURSE,
COURTS BEGAN TO BE SET UP TO DEAL WITH DISPUTES AND INTERPRET THE COMMON
LAW AND STATUTE LAW, AND THUS CAME INTO EXISTENCE ANOTHER BODY OF LAW, THE
LEGAL PRECEDENTS OF JUDICiAL DECISIONS. AND SO TODAY WE HAVE THREE KINDS
OF LAW, SO TO SPEAK, THE COMMON LAW, STATUTE LAW AND JUDICIAL PRECEDENTS.

THE COMMON LAW 1S STILL A LIVING FORCE ANDIS
CONSTANTLY BEING CALLED UPON_ MORE GENERALLY PERHAPS IN MERCANTILE MATTERS,
WHERE THE TRADE OR LOCAL CUSTOMS, IN THEMSELVES MINOR COMMON LAWS, ARE USED
TO INTERPRET AND OCFINE MERCANTILE CONTRACTS, BUT WE FIND THAT THE COMMON
LAW 1S CONSTANTLY BEING CALLED INTO CONSIDERATION OF THE COURTS.

PRIMARILY COMMON LAW, THEREFORE, IS THE DIST-

INCTION BETWEEN UNWRITTEN AND WRITTEN LAW. |T RECEIVES I1TS SANCTION AND
BINGING POWERS NOT FROM ACTS OF PARLIAMENT BUT FROM LONG AND | MMEMOR I AL
USAGE AND UNIVERSAL RECEPTION AND ACCEPTANCE BY THE PEOPLE. THE AUTHENT-

ICITY OF THESE CUSTUMS, RULES AND MAXIMS RESTS ENTIRELY UPON THAT RECEPTION
AND USAGE AS ESTABLISHCD AND AS DECLARED AND PROTECTED BY THE COURTS, THAT

1s BY A JUDGE OR A JUDGE AND A JURY WHO ARE THE DEPOSITARIES, SO TO SPEAK,
AND THE INTERPRETERS OF OUR COMMON LAW. But ComMON LAW DEALS WITH THE
RIGHTS AND OBLIGATIONS OF HUMAN BEINGS REGULATING THEIR CONDUCT ONE WITH
ANOTHER, AND, WITH THE ESTABLISHMENT OF GOVERNHMENT WITH ITS FUNCTION OF LAW-
MAKING, AS DISTINCT FROM THE NATURAL GROWTH OR EVOLUTION OF CUSTOMS, IT WAS
INEVITABLE THAT MUCH NEW LAW WOULD BE INITIATED TO TAKE CARE OF NEW EVILS OR
CONDITIONS ARISING; OR TO CREATE NEW CONDITIONS AND, SOMETIMES, MEW EVILS.

IT WAS ALSO INEVITABLE THAT IN THE COURSE OF TIME NEW POWERS, NEW AUTHORITIES
NEW FORMS OF HUMAN ACTIVITY, CREATED PURELY BY THIS LAW-MAKING MACHINERY, WOULD
BE EVOLVED.

STATUTE LAW NEEDS NO EXFLANATION. IT 1S THE
LAY, BOTH CRIMINAL AND CIVIL, WHICH HAS BEEN ENACTED BY PARLIAMENT BEING
EITHER A CODIFICATION, THAT 1S5 A PUTTING IN WRITING, OR EXISTING COMMON LAW,
THAT IS TO SAY OF EXISTING CUSTOMS, RULES OR MAXIMS, OR THE ENACTMENT OF

T I
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ENTIRELY NEW LAW. IT MAY BE USEFUL HERE TO POINT OUT THAT AS THE COMMON
LAW DEPENDS FOR ITS STRENGTH AND FORCE UPON UNIVERSAL ACCEPTANCE BY THE
'PEOPLE SO, IN THE LONG RUN, DO STATUTES. ANY STATUTE THAT PEOPLE GENERALLY
WILL NOT ACCEPT, OR STAND FOR, SO TO SPEAK, WILL ULTIMATELY BE REPEALED OR AT
LEAST MODIFIED. AN EXAMPLE 1S THAT SHEEP STEALING, AN ENGLAND, ONCE WAS
PUNISHED BY HANGING. A MORE RECENT AND LOCAL ILLUSTRATION 15 PROHIBITION
WHICH WAS ENACTED IN 1917 D1D NOT RECEIVE UNIVERSAL SANCTION BY THE PEOPLE
AND WAS REPEALED IN 1929. ! ‘

_ IT MIGHT BE WELL TO COMMENCE WITH A DEFINITION
OF POLLUTION AS ESTABLISHED BY THE CoMMON LAW, AND TO MENTION THE RIGOURS OF
THE COMMON LAW IN TS APPLICATION AS ILLUSTRATED BY SOME ESTABLISHED CASES.
IN OTHER WORDS, WHAT ARE THE RIGHTS OF INDIVIDUALS AT COMMON LAW WHEN WATER
IS POLLUTED?

POLLUTION, AS NOTED IN THE ENGLISH TEXT BY
SALMOND ON THE LAw OF TORT " NCLUDES ANY ALTERATION OF THE NATURAL QUALITY
OF WATER WHEREBY 1T 1S RENDERED LESS FIT FOR ANY PURPOSE FOR WHICH IN 1TS

ATURAL STATE IT 1S CAPABLE OF BEING usen." EVERY OWNER OF LAND ON THEC

ANKS OF A NATURAL STREAM 1S ENTITLED TO A CONT INUED FLOW OF THAT STRCAM IN
ITS NATURAL CONDITION, BOTH AS TO QUANTITY AND QUALITY. HE 1S CALLED A
RIPARIAN OWNER AND HE 15 THE OWNER OR OCCUP IER OF RIPARIAN LAND WHICH IS

THE LAND ABUTTING, OR IS WASHED BY, THE WATER OF THE STREAM. THE OWNERSHIP
OF THE LAND FORMING THE BED, OR SOLU, OF THE STREAM IS IMMATERIAL WITH
RESPECT TO RIPARIAN RIGHTS. THE OWNERSHIP OF THE BED MAY GIVE ADD I TIONAL
RIGHTS. IF THE STREAM IS POLLUTED, THE RIPARIAN OWNER HAS SUFFERED AN
ACTIONABLE WRONG, EVEN WITHOUT PROOF OF ACTUAL DAMAGE THAT CAN BE MEASURED
IN TERMS OF MONEY.

POLLUTION HAS DISTURBED THE MANUFACTURERS OF
SCOTCH WHISKEY IN SCOTLAND. THE cASE OF Esnii SR DISTILLERY COMPANY VS.
JowN YOUNG & COMPANY, REPORTED IN 1893, ApPEal. (ASES AT PAGE 691, CONCERNED
A COLLIERY PUMPING WATER FROM 1TS ESTABLISHMENT IN7O THE Dours BURN WHICH
WAS THE ONLY NATURAL OUTLET FOR CARRYING OFF THE WATER. THE BURN IN
QUESTION NATURALLY CONTAINED SOFT WATER WHICH WAS APPARENTLY EMINENTLY SUIT=
ABLE FOR THE DISTILLATION OF WHISKEY. THE COLILIEQY DISCHARGED WATER UP-
STREAM WHICH POLLUTED THE NATURAL WATER TO SUSH aN .XVENT AS TO RENDER IT
UNFIT FOR USE IN THZ DISTILLATION OF WHISKEY.  CLEARLY; THE SITUATION WAS
ONE OF NATIONAL, IF NOT INTERNATIONAL, I MPOR TANGCE . AT THE TRIAL, THE COL-
LIERY WAS REQUIRED TO PAY DAMAGES AND AN INJUNCTION WAS GRANTED RESTRAINING
|T FROM POURING THE POLLUTED WATER INTO THE BURN. THE COLLIERY APPARENTLY
FELT COAL WAS OF EQUAL IMPORTANCE TO WHISKEY AND APPEALED TO THE HOUSE OF
LORDS. LORD WATSON STATED THAT THE FACTS. OF THE CASE "GIVE RISE TO A
QUESTION OF GENERAL IMPORTANCE" . THE QUESTION FOR APPEAL WAS WHETHER AN
UPPER STREAM PKOPRIETOR MAY DEPRIVE WATER OF CERTAIN QUALITIES, PROVIDED HE
RESTORE IT FIT FOR ORDINARY PRIMARY USE. LonD WATSON STATED, "l AM NOT
SATISFIED THAT IN RETURNING THE WATER IN A STATE FIT FOR PRIMARY USE HE HAS
ANY RIGHT TO ALTER ITS NATURAL CHARACTER, AND SO MAKE IT UNFIT FOR USES TO
WHICH IT HAD BEEN PUT, OR MIGHT BE PUT, BY A RIPARIAN PROPRIETOR BELOW".
ALSO LORD WATSON STATED, TAE DISTILLERY OWNER "1S UNDER NO OBLIGATION TO
RECEI|VE FOREIGN WATER BROUGHT TO THE SURFACE OF H1S NEIGHBOUR'S PROPERTY BY
ARTIFICIAL MEANS, AND | CAN SEE NO DISTINCTION, IN PRINCIPLE, BETWEEN WATER
RAISED FROM A MINE BELOW THE LEVEL OF THE SURFACE OF EITHER PROPERTY  WHICH
/S THE CASE HERE, AND WATER ARTIFICIALLY CONVEYED FROM A DISTANT STREAT."=

THEIR LORDSHIPS CONCURRED WITH THE VIEW OF THE
LOWER COURT W1 THOUT ANY SUGGESTION THAT WLISKEY, AS A CONSUMER PRODUCT,
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SHOULD BE GIVEN A PREFERENCC OVER CCAL. THIS CASE SERVES TO ILLUSTRATE THAT
A RIPARIAN OWNER HAS A VERY DECIDCD REMEOY IN COURT AND THAT THE COURTS WwiLL
ASSIST HIM I1MMEASURABLY BY EXERCISING THEIR JUDICIAL DISCRETION IN FAVOUR OF
AN INJUNCTION.

POLLUTION BY SEWAGE WAS DEALT WITH BY THE COURTS
AS EARLY AS 18&9; IN THE CASE OF WOOD AND ANOTHER vS. WAUD AND OTHERS, REPCRTED
in 1848 3 ExcHEQUER COURT REPORTS AT PAGE 798, THE PLAINTIFFS WERE THE OWNERS
OF CERTAIN MILLS IN YORKSHIRE, ENGLAND, AND BY REASON THEREOF, THE CASE NOTED.
"OUGHT TO ENJOY THE ADVANTAGE OF A WATER COURSE CALLED THE BOWLING Bec¥, WHICH
OUGHT TO HAVE RUN AND FLOWED IN GREASUNDANCE AND PURITY AND WITHOUT THE DIS-
TURBANCE, POLLUTION AND HEATING THEREINAFTER MENTIONED, TO THE SAID MiLLS".
THE DEFENDANTS WRONGFULLY DISCHARGED THE FOLLOWING INTO THE WATER:- "QUANTIT-
IES OF FOUL, NOXIOUS, IMPURE AND OFFENSIVE MATERIALS, TO WIT, LESS OF SOAP
AND THE WASHINGS, FILTH AND REFUSE OF WOOL, TO WIT WOOL WHICH THE DEFENDANTS
HAD WASHED NEAR AND ABOVE THE SAID MILLS, AND OTHER DIRT, FILTH AND IMPURITY,
AND ALSO DISCHARGED AND PQURED INTO AND MIXED WITH THE WATER OF THE SAID WATER-
COURSE, QUANTITIES OF HOT WATER, BY MEANS WHZIREOF THE WATER OF THE SAID WATER-
COURSE WAS RENDERED FOUL, DIRTY, HEATCD, SPOILED AND UNFIT TO BE USED FOR
WORKING THE SAID HMiLLS". THE PLAINTIFFS PLEADING CONTINUED ON AT GREAT
LENGTH AND FROM THIS EXAMPLE, YOU WILL SEE THAT A RIPARIAN OWNER CAN EXPRESS
HIMSELF VERY FORCEFULLY. THE FACTS OF THE CASE SUGGEST THAT HZ HAD BEEN
SACLY ABUSED AND, AS WAS STATED, "GREATLY DAMNIFIED". THE JUDGMENT OF THE
COURT wAS DELIVERED BY CHIEF BARON POLLOCK ONE OF THE GREATEST JURISTS OF THE
DAY. THE JURY FOUND AS A FACT THAT THE POLLUTION OF A NATURAL STREAM DID NO
ACTUAL DAMAGE TO THE PLAINTIFFS, EECAUSE IT WAS ALREADY POLLUTED BY ACTS OF
SIMILAR MILL OWNERS ABOVE THE DEFENDANTS' MILLS. His LORDSHIP THOUGHT,
HOWEVER, THAT THE PLAINTIFFS HAD RECZIVED DAMAGE IN POINT OF LAW. THERE
WOULD APPEAR TC BE NO RIGHT OF REASONABLE POLLUTION, AS IF THE OTHER SOURCES
OF POLLUTION SHOULD BE DISCONTINUED THE PLAINTIFFS WHO WOULD OTHERWISE HAVE
HAD, IN THAT CASE, PURE WATER, WOULD BE COMPELLED TO SUBMIT TO THE POLLUTION
OF THE DEFEMDANT.  THIS, INDEED, IS VERY STRICT RULE OF LAW WHICH HAS
RECENTLY BEEN SUPPORTED IN CANADA.

THE RIGHTS OF A RIPARIAN OWNER INSOFAR AS
CANADIAN LAW GOES, HAVE BEEN BROUGHT TO THE FORE IN THE WELL KNOWN AND
IMFORTANT CASE OF MCKIE ET AL vS. THE KALAMAZOON VEGETABLE PARCHMENT COMPANY
LimiTeD, REPORTED IN 1948 ONTARIO RzPORTS AT pPAGE 398.  HERE THE CoMMon LAw
WAS APPLIED BUT ITS RIGOURS AS FAR AS THIS CASE IS CONCERNED, AS WE SHALL
SEE LATER, WERE SUBSEQUENTLY MITIGATED BY AN ACT OF THE LEGISLATIVE ASSEMBLY
OF ONTARIO. THE FACTS MAY BE BRIEFLY STATED AS FOLLOWS: THE PLAINTIFFS
WERE RIPARIAN OWNERS ON THE SPANISH RIVER, ALL OPERATING TOURIST CAMPS OF
VARYING ACCOMMODATION. K.V.P.COMPANY OPERATED ITS PLANT FOR THE PURPOSE OF
MANUFACTURING KRAFT PAPER BY THE SULPHATE PROCESS AND DISCHARGED INTO T.F
RIVER LARGE QUANTITIES OF FOREIGN MATTER UP STREAM FROM THE PROPERTY OF THE
PLAINTIFFS. THE PLAINTIFFS CLAIMED DAMAGES AND ASKED FOR AN INJUNCTIGH ON
THE FOLLOWING GROUNDS:~-

)P THEIR COMFORT AND THE ENJOYMENT OF THEIR LAND IS INTERFERED WITH BY
REASON OF FOUL ODORS GIVEN OFF FROM THE WATER.

2. THE WATER HAS BEEN RENDERED UNFIT FOR HUMAN CONSUMPTION EITHER IN
ITS RAW STATE OR AFTER 1T HAS BEEN BOILED.

3 THE ICE TAKEN FROM THE RIVER FOR DOMESTIC USE IS UMFIT FOR THE
PURPOSES FOR WHICH (T IS USED.
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h. THE WATER 1S REPULSIVE TO FARM ANIMALS AND MILKING COWS WILL NOT CRINK
IT IN SUFFICIENT QUANTITIES TO MAINTAIN NORMAL MILK SUPPLY.

5. THE WATER 1S UNFIT TO BATHE IN.

WIiLD RICE, VWHICH HAS FORMERLY GROWN IN ABUNDANCE IN THE WATERS OF THE
RIVER, FORMING A FEEDING GROUND FGR WILD DUCKS; HAS BELEN DESTROYED.

AFTER CONSIDERING THE EVIDCNCE, GIVEN AT GREAT
LENGTH BY FACTUAL AND EXPERT WITNESSES, CHIEF JUSTICE MCRUER, FOUND THAT THE
WATERS OF THE SPANISH RIVER EELOW THE DEFCWDANT'S PLANT HAD BEEN POLLUTED IN
SUCH A MANHER A3 TO CHANGE THE CHARACTER AND SUSSTANTIALLY AFFECT THE USE TO
WHICH THE PLAINTIFFS WERE ENTITLED TO PUT THEM AND TO INTERFERE WITH THE EN-
JOYMENT OF THE PLAINTIFFS AS CCCUFIER3 OF RIFARIAN LANDS. POLLUTION OF THE
WATER WAS FOUND TO HAVE AFFECTED THE FISHING AND THERZ WAS SOME EVIDENCE THAT
THE RICE BEDS HAD DISAPPEARED. CHIEF JusTiICE MCIiUER STATED THAT THE ORIGIN
OF THE COMMON [.AW GOLS BAZK TO AM EEYOND THE ROMAN LAY, AND WE REVIEWED THC
AUTHORITIES WHICH EMPHASIZE THE STRICTNESS Or TWE Common LAw. THE ABSOLUTE
RIGHT OF THE RIPARIAN CWNER 1S MOTED BY THE CHIEF JUSTICE IN A QUOTATION FROM
THE CASE OF Pennington vs. bBrimsor Coar COMPANY, REPORTED IN 1877 5 CHANCERY
DIVISION AT PAGE (69, WHERE MR. JUSTICE FRY STATED "THAT THE CASE GF A STREAM
AFFORDS A VERY CLEAR ILLUSTRATION OF THE DIFFERENCE BETWEEM INJURY AND DAMAGE;
FOR THE POLLUTION OF A CLEAR STREAM 1S TO A RiPARIAN PROPRIETOR BELOW BOTH
INJURY AND DAMAGE, WH!ILST THE POLLUTION OF A STREAM ALRCADY MADE FOUL AND USE-
LESS BY OTHER POLLUTIONS 1S AN INJURY WITHOUT DAMAGE; WHICH WOULD HOWEVER, AT
ONCE BECOME BOTH INJURY AND DAMAGE ON THE CCSSATION OF TIE OTHER POLLUTIONS".
CHIEF JUSTICE MCRUER THEN STATED THAT IT IS NOT A DEFENCE TO THIS ACTICN TO
SHOW THAT THE WATERS OF T#E RIVER WERE IN SOME MEASURL POLLUTED BY THE MUNIC-
{PALITY OF ESPANOLA, HIGHER UPSTREAM, OR OTHERS RESPONSIBLE FOR THE PRESENCE
OF COLOM BAGILLI THEREIN.

PERHAPS THE CASE 1S OF GREATER SIGNIFICANCL WHERE
IT DEALS WITH THE QUESTION OF RiLMEDIES. EVIDENCE WAS ADDUCED AS TO THL IM-
PORTANCE OF THE BUSINESS IN THE CCMMUNITY AND THAT IT WAS CARRI1ED ON IN PROPER
MANNCR. CHIEF JUSTICE MURUER WAS OF THE OPINION THAT NEITHER OF THESE ELEM-
ENTS SHOULD BE COMSIUEZRED IN A CASE OF THIS CHARACTER, NOR ARE THE ECOHNOMIC
NECESSITIES OF THE DEFENDANT RCLEVANT TO BE CONS:!DERED. INDEED CHIEF JUSTICE
MCRUER FELT THAT IF HE WERZ TO SONSIDER SUCH AN ARGUMENT HE WOULD IN EFFE"T BE
GIVING THE DEFENDANT A VERITABLE POWER OF EXPROPRIATION OF THE COMMON LAw
RIGHTS OF RIPARIAN OWNERS, AND WITHOUT COMPENSATION. Tne COURT EXERCISED ITS
DISCRETIGN IN FAVOUR OF AN INJUNCTICN REZSTRAINING THE DIFENDANT FROM DEPOSITING
FOREIGN SUBSTANCE IN THE SPANISH RIVER, BUT ITS OPERATION WAS STAYED FOR sSiIX
MONTHS "IN ORDER TO GIVE THE DEFENDANT AN OPFCRTUNITY TO PROVIDE OTHER MEANS OF
DISPOSAL OF ITS NOX10U3 FLUID".

ON APPEAL TO THE SupREME COURT OF (C NADA; REPORTED
1N 1949, SupREME COURT REPORTS, PAGE 698, ON THE ISSUE AS TO WHETHIR AN IN-
JUNCTION SHOULD BS GRANTED, MR. U!USTICE KERWIM, NOW CHIEF JUSTICE, IN DELIVER-
ING JUDGMENT AGAIN REFERRED 710 TEE RIGOURS OF THE COMMON LAW STATING THAT THE
RIGHTS CF RIPARIAN OWNERS HAVE ALWAYS BEEN ZEALOUSLY GUARDED BY THE COURT.

THE LAW CLEARLY INDICATED THAT AN INJUNCTICN WAS THE PRCPER REMERY AND MR.
JUSTICE KERWIN WAS CF THE OP!MIOI THAT THL COURT'3 CIZLRETION SHOULD NOT BE
EXERCISED AGAIMST "A CURREHT OF AUTHORITY WHICH 1S OF MAHY YEARS STANDING".
His LORDSHIP CGMCLUDED BY STATING THE INJUNCTION SHOULD BE STAYED FOR A PERIOD
OF SIX MONTHS.

You WiLL NOTE THAT THE COURTS FELT BOUND TO THE
STRINGENCIES OF THE COMMON LAW TO THE EXTENT OF IGNORING THE EXIGENCIES OF THE
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DEFENDANT COMPANY AND THE COMMUNITY WHICH DERIVED ITS LIVING THEREBY.

THE SAME QUESTION AROSE IN THE WHISKEY DISTIL-
LERY CASE MENTIONED ABOVE WHERE COUNSEL INVITED THE COURT TO APPLY AN AMERICAN
CAsE, PENNSYLVANIA CoAL COMPANY VS. SANDERSON, REPORTED IN 56, AMER ICAN
REPORTS AT PAGE 89 AND DCCIDED IN 1866. THERE LORD SHAND NOTED THAT THE EN-
ORMOUS VALUE OF THE MINING INDUSTRY IN THE DISTRICT OF PENNSYLVANIA MIZHT
HAVE GIVEN SOME REASON TO APPEAL TO THE LEGISLATURE TO PASS A SPECIAL ACT TO
RESTRAIN ANY PROCEEDING BY INJUNCTION, BUT FELT THE CASE HAD NO APPLICATION
TO THE PRESENT ONE AS THE DECISION WAS BASED ON SPECIAL CIRCUMSTANCEZ, AS TO
THE GREAT RELATIVE VALUE OF COAL MINING TO THE COMMUNITY.  HE ALSO FELT THAT,
IN ANY VIEW, SUCH A CASE MADE LAW RATHER THAN INTERPRETED IT SO AS TO GIVE
EFFECT TO THE WELL RECOGNIZED PRINCIPLES OF COMMON INTERESTS OF UPPER AND

LOWER PROPRIETORS IN THE RUNNING WATER OF A STREAHM. THE CASE DOES, HOWEVER ,
RECOGNIZE THAT A DIFFICULT AND PERPLEXING SITUATION COULD WELL EXIST WHERE IT
BECOMES MORE A MATTER OF A BALANCE OF INTERESTS THAN A MATTER OF LAW. THAT

THIS CAN BE SO IS ILLUSTRATED BY THE END RESULT OF THE K.V,P. COMPANY CASE
WHERE A SPECIAL ACT OF THE LEGISLATURE WAS ENACTED THAT HAD THE EFFECT OF
NULLIFYING THE JUDGMENTS OF THE COURTS. As SOME OF YOU MAY RECALL, THE
INJUNCTION OF THE K,V.P. CASE WOULD HAYE HAD THE RESULT OF PUTTING THE
COMPANY OUT OF ACTION AND OF THREATENING THE COMMUNITY WITH ECONOMIC DISASTER.

THE RELEVANT STATUTE 1S FOUND IN THE ONTARIO
STATUES, 1950, CHAPTER 33 AND IS ENTITLED "AN ACT RESPECTING THE K.V.P,
CoMpANY LIMITED".  THE ACT WAS ASSENTED TO ON ApRiL 31s1, 1950, AND 1T NOTES
INPART IN SECTION I{1) THAT "WHETHER OR NOT ITS OPERATION IS NOW STAYED
EVERY INJUNCTION HERETOFOR GRANTED AGAINST THE K.,V.P.COMPANY LIMITED, HEREIN
CALLED "THE COMPANY" RESTRAINING THE COMPANY FROM POLLUTING THE WATERS OF
THE SPANISH RIVER IS DISSOLVED".

IT 1S ALSO NOTED IN THE STATUE THAT ALL RIGHTS
TO DAMAGES ARE PRESERVED AND THAT THE ACT SHALL NOT PREJUDICE THE RIGHT OF
ANY PERSON TO BRING ANY ACTION , THAT IS FOR DAMAGES OR INJUNCTION OR BOTH,
AGAINST THE COMPANY ARISING FROM THE POLLUTION FROM THE WATERS OF THE SPANISH
R1VER. THE ACT PROVIDES THAT IN LIEU OF BRINGING AN ACTION, ANY PERSON
SUFFERING DAMAGE MAY REQUIRE THE COMPANY TO SUBMIT THE MATTER FOR ARBITRATION.

You WiLL SEE THE ACT SPECIFICALLY DEALS WITH THE
K.V.P.COMPANY AND THE SPANISH RIVER AND DOES NOT PURPORT TO LAY DOWN ANY
BROADER PRINCIPLE. |T DOES, HOWEVER, SET DOWN A VERY IMPORTANT PRECEDECNT
WHICH RECOGNIZES THAT THE COMMON LAW HAS GOT ITSELF INTO A VERY TIGHT CORNER,
AND THAT IN THIS PARTICULAR FIELD, IS SEEMINGLY INCAPABLE, MAY BE PROPERLY. SO,
OF ADAPTING ITSELF TO PRESENT DAY SITUATIONS.

PRIOR TO THE ENACTMENT OF THE K.V.P.CompPANY ACT,
BUT WHILE THE CASE WAS STILL ON APPEAL, THE LEGISLATURE REFEALED SECTION 30
OF THE LAKES AND RIVERS IMPROVEMENT ACT AND SUBSTITUTED THE FOLLOWING SECTION:-

30.-(1) IN THIS SECTION "MILL" MEANS A PLANT OR WORKS IN WHICH LOGS OR
WOOD-BOLTS ARE PROCESSED AND INCLUDES A SAW MILL, A PULP MILL,
AND A PULP AND PAPER MILL.

(2) WHERE IN AN ACTION OR PROCEEDING A PERSON CLAIMS, AND BUT FOR
THIS SECTION WOULD BE ENTITLED TO, AND INJUNCTION AGAINST THE
OWNER OR OCCUPIER OF A MILL FOR AN INJURY OR DAM AGE, DIRECT
OR CONSEQUEMTIAL, SUSTAINED BY SUCH PERSON, OR FOR ANY INTER-
FERENCE DIRECTLY OR INDIRECTLY WITH ANY RIGHTS OF SUCH PERSON
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AS RIPARIAN PROPRIETOR OR OThERWISE, BY REASON OR IN CONSE-
WUENCE OF THE THROWING, DEPOSITING OR DISCHARGING, OR PER-
MITTING THE THROWING, DEPOSITING OR DISCHARGING OF ANY
REFUSE, SAWDUST, CHEMICAL, SUBSTANCE OR MATTER FROM THE MILL
OR FROM IT AND OTHER MILLS INTO ANY LAKE OR RIVER; OR BY
REASON OR IN CONSEQUENCE OF ANY ODOUR ARISING FROM ANY SUCH
REFUSE, SAWDUST, CHEMICAL, SUBSTANCE OR MATTER SO THROWN,
DEPOSITED OR DISCHARGED OR SO PERMITTED TO BE THROWN,
DEPOSITED OR DISCHARGED, THE COURT OR JUDGE MAY,-

(A) REFUSE YO GRANT AN INJUNCTION IF IT IS PROVED THAT HAVING

PCCARD TO ALL THE CIRCUMSTANCLS AND TAKING INTO CONSIDLERATION
THE V1MPORTANCE OF THE OPERATION OF THE MILL TO THT LCCALITY
IN WHICH IT OPERAYES AND THE BCNEFIT AND ACVANTAGK , DIRCTT
AND CONSEGUENTIAL, VHICH THE CPECRATION OF THE MILL CONFERS
ON THAT LOCALITY AND ON THE INHABITXNTS OF THE LOCALITY,

AND WEIGHING THE SAME AGAINST 7iL PRIVATE INJURY, DAMGE OR
INTERFERENCE COMPLAINZID OF, IT 1S ON THE WHOLE PROPER AND
EXPEDIENT NOT TO GRANT THE INJUNCTION; OR

(B) GRANT AN INJUNCTION TO TAKE EFFECT AFTER SUCH L.APSE OF TIME
OR UPON SUCH TERMS AND GONDITICNS OR SUBJLZCT TO SUSH LIMIT-
ATIONS OR RESTRICTIONS AS MAY BE DSEMED PROFER; OR

(c) 1N LIEU OF GRANTING AN INJUNCTION, DIRECT THAT THE OWNER OR
GCCUPANT OF THE MILL TAKE SUCH MEASURES OR PLRFORM SUCH
ACTS TO PREVENT, AVOID, LESSEN OR DIMINiSH THE INJURY,
DAMAGE OR INTERFERENCE COMPLAINED OF AS MAY BE DEEMED PROPCR.

(3) NOTHING IN SUBSECTION 2 SHALL AFFECT ANY RIGHT OF THE PERSON CLAIk-
ING THE INJUNCTION TO DAMAGES AGAINST THE OWNER OR OCCUPIER OF THE
MILL FOR ANY SUCH INJURY, DAMAGE OR INTERFERENCE.

(4) WHERE DAMAGE FROM THE SAMC CAUSE CONTINUES THE PERSON ENTITLEO TO
THE DAMAGES MAY APPLY FROM TIME TO TIME IN THE SAME ACTION OR
PROCEEDING FOR THE ASSESSMENT OF SUBSEQUENT DAMAGES OR FOR ANY
OTHER RELIEF TO WHICH BY SUBSEQUENT EVENTS HE MAY FROM TIME TO
TIME BECOME ENTITLED.

(5) THIS SECTION SHALL APPLY WHETHER THE INJURY, DAMAGE OR INTERFERENCE
1S OR IS NOT A CONTINUING ONE, AND WHETHER THE PERSON CLAIMING THE
INJUNCTI ON IN THE ACTION OR PROCEEDING IS A PLAINTIFF OR 1S A
DEFENDANT PROCEEDING BY WAY CF COUNTER-CLAIM,

(2) Scction 30 THE THE LAKES AND RIVERS IMPROVEMENT ACT, AS RE-ENACTED BY
SUBSECTION 1 OF THIS SECTION, SHALL APP_Y TO EVERY ACTION OR PROCEEDING
IN WHICH AN INJUHNCTIOM 1S CLAIMED IN RESPECT OF ANY OF THE MATTERS
MENTIONED INM SUCH SECTION, INCLUDING EVERY PENDING ACTION AND PROCEEDING
AND INCLUDING EVERY ACTION OR PROCCEDING IN WHICH AN INJUNCTION HAS BEEN
GRANTED AND IN WHICH AMY APPEAL 1S PENDING.

TH1S SECTICN APPLIES TO & MILL SUCH AS THE MILL OF
THE K.V.P.CoMPANY. THE DEFINITION OF A LAKE IN THE LAKES AND RIVERS |IMPROVE-
MENT ACT INCLUGES A POND, AND THE DEFINITION OF A RIVER INCLUDES A CREEK AND /
STREAM. IN EFFECT, THE SECTION GIVES THE COURT A WIDE DISCRETION AS TO THE
GRANTING OF AN INJUNCTION WHERE IT MAY PROVE PREJUDICIAL TO THE COMMUNITY AS A
WHOLE. You wWiLL NOTE, HOWEVER, THAT THE SECTION STATES THAT THE COURT OR
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JUDGE MAY REFUSE TO GRANT AN INJUNCTION IF IT IS PROVED THAT ITS RESULT WOULD
HAVE A HARMFUL EFFECT, AND ALSO THE COURT OF JUDGE MAY GRANT AN INJUHCTION T0O
TAKE EFFECT AFTER A 51 PULATED TIME AND CON LTRTAIN TERMS AND CONDITIONS. IT
MIGHT ALSO DE ADDED THAT THIS SECTION HAS, 10 A CONSIDERABLE EXTENT, CHANGED
THE COURSE OF THE COMMCN LAW INLOFAR AS THE REMEDIES OF A RIPARIAN OWNER
AGAINST A PULP AND PAPER MILL ARE CONCECRNED.

| NOW WISH TO MENTION SOME OF THE STATUTORY PROV~
ISIONS DEALING WITH POLLUTION OF WATCRCOURSLCS WITHIN A MUNICIPALITY.

1. PROVISIONS IN THE MUNICIPAL ACT:

A MUNICIPALITY MAY PASS A BY-LAW PURSUANT TO
section 388(1) 119(A) oF THE MuNiICIPAL ACT "FOR PROHIBITING AND REGULAT ING
THE DISCHARGL OF ANY GASEOUS, LIQUID OR SOLID MATTER INTO LAND DRAINAGE WORKS,
P IVATE BRANCH DRAINS AND CONNECTIONS TO ANY SCWER, SEWCR SYSTEM OR SEWAGE
WORKS FOR THE CARRYING AWAY OF DCOMESTIC SEWAGE OR INDUSTRIAL WASTES OF BOTH,
WHETHER CONNECTED TO A TREATMENT WORKS OR NOT". THIS SECTION WAS ENACTCZD IN
1953, AMD, AS YOU SEEL, COULD BE INVOKED TO RESTRAIN INDIVIDUALS OR INDUSTRY
FROIl OVERLOADING A SEWER IN THE MUNICIPALITY OR PROHIBITING ITS USE FOR
CIZRTAIN PURPOSES.

THERE 1S ALSO THE POWER TO PASS A BY-LAW TO PRO-
MIBIT AND ABATE A PUBLIC NUISANCE, WHICH COULD INCLUDE POLLUTION, PURSUANT
to Section 388(1) 113, ano aLso By Section 388(1)8, to MAKE REGULATIONS FOR
SEWERAGE OR DRAINAGE THAT MAY BE DEEMED NECESSARY FOR SANITARY PURPOSES.

A MUNICIPALITY MAY PASS A BY-LAW FOR IMPOSING
PENALTIES OF NOT MORE THAN $50.00 EXCLUSIVE OF COSTS UPON EVERY PERSON WHO

CONTRAVENES ANY EY--LAW PASSED UNDER THE AUTHORITY OF THIS ACT. THERE 15,
HOWVEVER, NO DUTY UPON A MUNICIPALITY TO ENFORCE A BY-LAW WHICH 1T HAS EN-
ACTED IN THE EXERCISE OF A DISCI TIONARY POWER. THE COURTS HAVE HELD THAT

A MUNICIPALITY 1S FREE TO EMACT OR NOT TO ENACT, AND HAVING ENACTED,6K MAY
REPEAL WITHOUT ANY RESPONSIBILITY WHICH CAN BE EXAMINED BY THE COURTS.

IN ADDITION TO THIS PENALTY, IS THE MORE SIGNIF-
ICANT SANCTION SET FORTH IN SECTION 497 oF THE MuniciPAL ACT, PROVIDING THAT
ANY SUCH CONTRAVENTION MAY BE RESTRAINED BY ACTION AT THE INSTANCE OF THE
CORPORATION OR A RATEPAYER.  YOU WILL NOTE THIS PCWER 1S PERMISSIVE.

THE cAse OF THE CITY oF ToRONTO vs RupD & RuDD
REPORTED IN 1952, ON ARIO REPORTS AT PAGE BM; CONCERMED THE OPERATIGN OF A
PRIVATE HOSPITAL ON CASTLE FRANK ROAD IN ROSEDALE, TCRONTO, CONTRARY TO A
BY-LAW. THIS WAS NOT A POLLUTION CASE BUT IT NOTCD THAT THE GRANTING OF AN
INJUNCTION UNDER SECTION h97, IS DISCRETIONARY AND 1S NOT GRANTED UNLESS A
CLEAR CASE HAS BEEN MADE ouT TO THE COURT. CONSIDERABLE WEIGHT WAS GIVEN TO
THE ARGUMENT THAT THE CITY WAS DILATORY IN PURSUING THE ACTION. THE COURT,
HOWEVER, EXERCISED ITS DISCRETION IN FAVOUR OF THE INJUNCTION, BUT STAYED ITS
OPERATION FOR EIGHTEEN MONTHS TO GIVE THE DEFENDANT AN OPPORTUNITY TO MAKE
OTHER ARRANGEMENTS.

THus, THE COURTS ARE VERY CHARY WHEN CONFRONTED
BY A REQUEST FOR AN INJUNCTION AT 1H~ _SUIT OF A MUNICIPALITY. HOWEVER, THE
REMEDY IS THERE AND, AS NOTED IN YHE  30VE CASE, HAS RECEIVED THE SUPPORT OF
THE COURTS. PRESUMABLY, THEREF(RE, » MUNICIPALITY COULD INVOKE THIS POWER,
UNDER SECTION h97, TO RESTRAIN INL.31lY DEPOSITING INDUSTRIAL WASTES WITHIN
ITS SEWER SYSTEM.
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Il. PROVISIONS IN THE PUBLIC HEALTH ACT:

SectioN 102(1) oF THE PuBLic HEALTH AcT, R.S.O0.
CHAPTER 306, DEALS WITH THE PUBLIC WATER SUPPLY AND GIVES THE DEPARTMINT OF
HEALTH THE RIGHT TO SUPERVISE SPRINGS, WELLS, PONDS, LAKES, STREAMS OR RIVERS
USED AS A SOURCE FOR PUBLIC WATER SUPPLY, AND ALSO GIVES THE DEPARTMENT THE
RIGHT TO EXAMINE FROM TIME TO TIME AND INQUIRE WHAT, IF ANY, POLLUTION EXISTS
AND THE CAUSES THEREOF.

SuBsecTION (2) GIVES THE DEPARTMENT A RIGHT OF
INQUIRY INTO AND TO HEAR AND DETERMINE ANY COMPLAINT MADE BY OR ON BEHALF OF
ANY RIPARIAN PROPRIETOR WHO COMPLAINS OF POLLUTED WATERS.

SuBsecTION (3) GIVES THE DEPARTMENT THE RIGHT
TO MAKE A REPORT AS TO WHAT REMEDIAL MEASURES ARE REQUIRED IN RESPECT OF THE
INVASION OF ANY RIGHTS SUCH AS THOSE OF A RIPARI AN OWNER.

Sunsection (4) PROVIDES THAT IF THE DEPARTMENT
RECOMMENDS THE REMOVAL OF ANY POLLUTING MATERIAL ANY RIPARIAN PROPRIETOR MAY
APPLY TO A SuPRCME COURT OR A CounTy COURT JUDGE FOR AN ORDER REQUIRING THE
RIMOVAL OR ABATEMENT OF THE INJURY IN TERMS OF THE REPORT AMD TO RESTRAIN THE
PROPRIETORS OF 7HE INDUSTRY FROM CARRYING OM THE SAME, OR THE OFFENDING PARTY
OR PARTIES FROM CONTINUING THE ACTS COMPLAINED OF, UNTIL THE INVASION OF THE
RIGHT HAS BEEN ABATED TO THE SATISFACTION OF THE DEZPARTMENT. THIS DOES NOT
NECESSARILY MEAN TO THE SATISFACTION OF THE RIPARIAN OWNER OR THE COURT,
SHOULD HE SEEK REDRESS THERE.

THESE SECTIONS MAY BE INVOKED BY THE DEPARTMENT
TO PROTECT THE HEALTH OF THE COMMUNITY AND FOR AGRICULTURAL, DOMESTIC OR
INDUSTRIAL PURPOSES AND T!IEREBY ARE BROAD ENOUGH IN SCOPE TO INCLUDE CLAIMS
ARIS1H{G OUT OF POLLUTION. THE PROVISION ALLOWING A SUPREME COURT OR COUNTY
COURT JUDGE TO MAKE AN ORDER, 1S PERMISSIVE, AND IS IN ADDITION TO, AND AN
ALTERNATIVE RIGHT, TO THAT GIVEN BY THE COMMON LAW, AND SHOULD NOT BE DEEMED
TO DEROGATE FROM THE COMMON LAW DOCTRINE OF AN INDIVIDUAL'S RIGHT TO BRING
AN ACTION AS A RIPARIAN OWNER.

SECTION 103 oF THE PuBLIC HEALTH ACT PROHIBITS
THE DEPOSITING OF FOREIGN MATTER IN WATERS AND BECAUSE OF ITS IMPORTANCE IN
A CASE LATER TO BE DISCUSSED, | QUOTE IT VERBATIM.

103-(1) No GARBAGE, EXCRETA, MANURE, VEGETABLE OR ANIMAL MATTER OR
FILTH SHALL BE DISCHARGED INTO OR BE DEPOSITED IN ANY OF THE
LAKES, RIVERS, STREAMS OR OTHER WATERS IN ONTARIO OR ON THE
SHORES OR BANKS THEREOF, AND NO INDUSTRIAL OR OTHER WASTES
DANGEROUS OR LIABLE TO BECOME DANGEROUS TO HEALTH OR TO BECOME
A NUISANCE OR TO IMPAIR THE SAFETY, PALATABILITY OR POTABILITY
OF THE WATER SUPPLY OF ANY MUNICIPALITY OR RIPARIAN OWNER,
SHALL BE DISCHARGED INTO OR BE DEPOSITED IN ANY OF THE LAKES,
RIVERS, STREAMS OR OTHER WATERS OF ONTARIO, OR ON THE SHORES
OR BANKS THEREOF.

(2) THE OWNERS AND OFFICERS OF BOATS AND OTHER VESSELS PLYING
UPON ANY SUCH LAXE, RIVER, STREAM OR OTHER WATER SHALL SO
DISPOSE OF THE GARBAGE, EXCRETA, MANURE; VEGETABLE OR ANIMAL
MATTER OR FILTH UPON SUCH BOATS OR VESSELS AS NOT 10 CREATE
A NUISANCE OR ENTER OR POLLUTE SUCH LAKE, RIVER; STREAM OR
OTHER WATER.



(3) RESIDENTS OF A HEALTH RESORT OR SUMMER RESORT SHALL SO
DiSPOSE OF GARPBAGE, EXCRETA, MANURE, VEGETABLE OR ANIMAL
MATTER OR FILTH AS NOT TO CREATE A NUISANCE OR PERMIT OF
ITS GAINING ENTRANCE TO OR POLLUTING AHY SUCH LAKE, RIVER,
STREAM OR OTHER WATER.

(h) ANY PERSON WHO CAOMTRAVENES AMY OF THE PROVISIONS OF THIS
SECTION SHALL EE 2UILTY F AN OF¥ENCT AMD LIABLE TO A
SENALTY SF NOT M3RE THER $195.00 B.5.9. 1957, ©.299, 5.9

SEZTION 105{1) DEALS WITHE THE POLLUT'ON OF ANY
SOURCE OF PUBLIC WATER SUPPLY FOR OAMISTIC USE IN THE MUMICIPALITY ART PRO-
HIBITS THE DEPOSITING OF SEWAGEZ, COMMIRZIAL OR FACTORY REFUSE IN SUSH WATERS
SUCH A PROHIBITION EVEN COVERS THE SUPROUNDING AREA 1id CASE THTRE 1S ANY
SCCPAGE THROUGH THE GROUND ADJACENT TO AHMY WATER SOUPCE. A PENALTY IS
|MFOSED OF NOT LESS THAN $50.00 AND NOT WORE THAN $1C0.00, TOGETHIR WITH A
FURTHER PENALTY FOR EACH WEEK'S CONTINUANCE OF THE OFFENCE.

| NOW WISH TO DISCUSS THE LIABILITY OF A MUNIC-
IPALITY. SUPPOSE AN INDUSTRY IN A MUNICIPALITY IS DISCHARGING WASTE INTO A
STREAM TO THE ANNOYANCE OF A DOWN-STREAM RIPARIAN OWNER. CAN THIS RIPARIAN
OWNER CLAIM ANY DAMAGES FROM THE MUNICIPALITY FOR ALLOWING THE INDUSTRY TO
DISCHARGE ITS WASTE WITHOUT DUE REGARD TO THE RIGHTS OF OTHERS, AND CAN THE
INDIVIDUAL COMPEL THE MUNICIPALITY TO RESTRAIN THE INDUSTRY FROM CONTINUING
70 POLLUTE THE WATERS OF A STREAM OR RIVER?

WE HAVE SEEN WHAT COMMON LAW RIGHTS THE INDIVID~
UAL POSSESSES, AND HOW IN THE K.V.P. COMPANY CASE HE WAS ABLE TO CURB THE
ACTIVITIES OF THE COMPANY. 1T 1S CONCEIVABLE THAT THE EFFORTS OF A MUNICIP=
ALITY TO RESTRAIN THE POLLUTION OF INDUSTRIAL WASTE ON ITS OWN INITIATIVE
COULD RESULT IN THE SAME SITUATION, THAT 1S A MUNICIPALITY CAUSING AN INDUSTRY
TO CEASE ACTIVITY, WOULD HAVE AN INJURIOUS AND HARMFUL ECONOMIC EFFECT ON THE
MUNICIPALITY, AS WELL AS THE INDUSTRY.

To DATE 1T MOULD AFPPEAR THAT SOME MUNICIPALITIES
HAVE BEEN TOO BUSY WORRYING OVER THE TREATMENT AMD DISPOSAL OF THEIR DOMESTIC
SEWAGE, AND THEY APPEAR TO FEEL THAT AN INDUSTRY, WITHIN |1TS CONFINES, IS A
SECONDARY CONSIDERATION INVOLVING VAST EXPENSE, WHICH PERHAPS SHOULD BE BORNE
IN PART BY GOVERNMENT. SOME MUNICIPALITIES ARE ALLOWING INDUSTRY ACCESS TO
THEIR SEWERS WHERE THEY HAVE SUFFICIENT SEWER CAPACITY, WHICH MAY MAKE THE
MUNICIPALITY LIABLE AS WE WILL SEE LATER ON.

THERE APPEARS TO BE NO PRINCIPLE OF LAW MAKING A
MUNICIPALITY LI1ABLE FOR POLLUTION OF STREAMS OR RIVERS WITHIN 1TS CONFINES
CAUSED BY AN INDUSTRY THAT 15 NOT EXCLUSIVELY UNDER ITS CONTROL AND THAT IS5
NOT DISCHARGING INTO THE MUNICIPALITY'S SEWERS. THE PROBLEM OF INCUSTRIAL
WASTE IS ALSO A PROBLEM OF THE MUNICIPALITIES BUT THE MUNICIPALITY'S LIABILITY
IN LAW 1S AN ENTIRELY DIFFERENT QUESTION. A MUNICIPALITY IS LIABLE TO AN
INDIVIDUAL IF THE MUNICIPALITY KNOWINGLY PERMITS THE ENTRY OF DELETERIOUS
SUBSTANCES INTO ITS OWN SEWERS OR DRAINS, WHICH SUBSTANCES RESULT !N A
NUISANCE OR IN AN UNSANITARY CONDITION., SUCH LIABILITY 15 RESTRICTED TO THE
SEWERS OF THE MUNICIPALITY, INSTALLED AND MAINTAINED PURSUANT TO PERMISSIVE
STATUTORY AUTHORITY AND SUBJECT TO THE APPROVAL OF THE DEPARTMENT OF FzA“TH
AS SET OUT IN SECTION 106 or THE PuBLiC HEALTH AcCT. SUCH MUNICIPAL LIABILITY
'S BASED ON THE GROUND, EXPRESS OR IM LIED, THAT THE MUNICIPALITY IN CONSTRUCT*
NG THE SEWER HAS THE INDEPENDENT RIGHT TO DETERMINE THE CAPACITY, LOCATION
AND OTHCR ENGINEERING REQUIREMENTS OF THE PARTICULAR SEWER. IT IS ALSO
CLEARLY ESTABLISHED, AS A MATTER OF LAW, THAT A MUNICIPALITY IS NOT BOUND TO
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PROVIDE DRAINAGE FOR PROPERTY WITHIM ITS LIMITS, BUT IF 11 DOES SO AND
NEGLIGENTLY CONSTRUCTS THE CRAINS OR SEWERS IT WILL BL HELD RESPONSIBLE FOR
SUCH DAMAGLS AL MAY LCNSUE.
|

| PROPOSE TO MCNTION ONLY ONC CASLC WITH REGARD
TO MUNIGIPAL LIABILITY FOR THE DISCHARGE OF INDUSTRIAL LCFFLUENT IN1O HE
MUNICIPALITY'S DRAINAGLE SYSTEM. THE cASC OF GRAY vs. THE CORPORATION OF
THE Town of Dunoas rerorTeo 1N 1886 11 ONTARIO REPORTS AT PAGE 317. HERE
THE DEFENDANT MAINTAINCD A DRAIN ON THE MAIN STREET FOR THE PURPOSE OF
CARRYING OFF SURFACE WATER TO A CREEK. A FACTORY REQUESTED PERMISSION TO
CONNECT WITH THE SEWER, WHICH PERMISSION WAS GRANTID. HOWEVER, COMPLAINTS
FROSE ALLEGING THAT THE WATER WAS FOULED BY NAUSEOUS MATTER FROM THE FACTORY,
WHEREUPON THE MUNICIPALITY WITHOREW ITS PERMISSICN AND THE FACTORY THEN
UTILIZED AN OLD CELLAR AS A RESERVOIR. THE WATER IN THE RESCRVOIR WAS
ALLEGED, HOWEVER, TO HAVE FJLTERED THROUGH THE SQIL TO THC ORAIN. THE DRAIN,
W1 THOUT THE INFILTRATION INTO IT FROM THE RESERVOIR FROM WHICH T WAS DISTANT
AT LEAST 26 FECT, WOULD NOT HAVE CCWVCYED ANYTHING INJURIOUS INTO THE CREEK.
THE CASE WAS DISTINGUISHED FROM VAN EGHMOND vs. Town oF StarortH 1834 6 O.R.,
PAaGE 599, WHERE THE DEFENDANT MUNICIPALITY CUT ITS DRAINS THROUGH SOIL CON-
TAINING INJURICUS MAITER AND CARRIED IT TO A CREEK, THUS BEING THE DIRECT

AND ACTIVE AGENT IN iHE MILCHIEF. HERE THE MUNICIPALITY HAD NOT CONNCCTCD
THE RESERVOIR AND THE DRAIN, AND WAS NOT, THEREFORE, IN A POSITION TO
PHY3ICALLY PREVENT THC DISCHARGL OF WASTE BY STOPPING UP THE COMNECTICN. IT

WAS HELD THAT THE MUNICIPALITY WAS NOT LIABLE FOR DAMAGE TO A RIPARIAN OVNEXR.
THE COURT OF APPEAL FOR CONTARIO AFFIRMED THIS JUCGMENT AND IT WOULD S7ILL
APPEAR TO BZ GOOD LAW.

IT 'S, HOWEVER, IMPORTANT TO NOTE THAT IF A

MUNICIPALITY ALLOWS AN INDUSTRY TO DUMP POLLUTING MATERIAL INTO ITS MUtiiCIPAL
SSWERS IT MAY BE HELD LIABLE TO DAMAGES AND AN INJUNCTICN AND BE REQUIREC TO
ABATE ANY NUISANCE CAUSED. THE PROBLEM BECOMES SOMEWHAT VEXING WHERE BOTH

THE MUNICIPALITY ANO THE INDUSTRY ARE DISCHARGING POLLUTING MATERIAL INTO A
MUNICIPAL SEWER RESULTING IN A NUISANCE OR INJURY, OR BOTH, TO A DOWN-STREAM
RIPARI AN OWNECR. PRESUMABLY, THE MUNICIPALITY WOULD BE FOUND LIABLE AND BE
REQ'JIRED TO ABATE THE NUISANCE IF THC MUNICIPALITY PERMITTED THE INDUSTRY

S50 TO DO. |F, HOWEVER, THE INDUSTRY WERE SO DISCHARGING POLLUTING MATERIAL
WITHOUT THE PZRMIS5SION OF THE MUNICIPALITY, OR IN CONTRAVENT!ION OFA PROHIBITORY
3Y-LAW, |IT WOULD APPEAR THAT THE MUNICIPALITY, IF SUED, COULD JOIN THE
INDUSTRY IN THE ACTION AMND BOTH COULD BE HELD L!1ABLE AND BE REQUIRED TO

AQATE THE NUISANCE.

WE MAY, THEREFORE, SAY:-
(1) THERE 1S NO LIAZILITY ON THE PART OF A
MUNICIPALITY FOR THE DISCHARGE BY !NDUSTRICS OF INDUSTRIAL WASTE INTO STREAMS,
RIVERS AND WATERS WITHIN 1TS CONFINES.

(2) THE MUNICIPALITY COULD BE LIABLE WHERE THE
MUNICIFALITY BY AGREEMENT, ALLOWS AN INDUSTRY TO EMPTY POLLUTING MATERIAL
INTO ITS MUNICIPAL SEWERS AND THEREBY POLLUTES WHAT OTHERWISE WOULD NOT HAVE
CAUSED ANY MUISANCE OR INJIRY,

(3) WHERE THE MUNICIPALITY EMPTIES ITS SEWAGE
INTO A SEWER AND AN INDUSTRY EMPTIES INTO IT ALSO, BUT WITHOUT PERM!SSION,
'T WOULD APPEAR THAT BOTH COULD BE HELD LIABLE AT THE SUIT OF » RIPARIAN
OWNER WHO HAS A RIGHT OF ACTION.
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(4) A MUNICIPALITY MAY BE LIABLE TO A DOWN-
STREAM RIPARIAN OWNER NO MATTER WHAT TREATMENT IT GIVES ITS SEWAGE OR WHAT
PRECAUTIONS IT TAKES IF IT STILL POLLUTES THE WATER.

AGAIN | WISH TO REFER YOU TO WHAT HAS BEEN SAID
EARLIER IN THIS DISCUSSION ON THE COMMON LAW RIGHT OF THE RIPARIAN OWNER,
AND SUGGEST THAT ANY REMEDY HERE, BY WAY OF INJUNCTION TO RESTRAIN BOTH THE
MUNICIPALITY AND THE INDUSTRY COULD HAVE DRASTIC EFFECTS ON THE COMMUNITY.
IT 1S SUGGESTED THAT THE SITUATION SHOULD BE APPROACHED BY A FURTHER STUDY
OF WASTE DISPOSAL EITHER BY THE MUNICIPALITY AND THE INDUSTRY TOGETHER OR
WITH THE ASSISTANCE AND AID OF THE GOVERNMENT.

ANOTHER SOMEWHAT VEXING PROBLEM THAT OCCASIONALLY
FACES A MUNICIPALITY 1S WHERE IT EXERCISES ITS PERMISSIVE POWER IN THE CON-
STRUCTION OF A SEWER AND SEWAGE DISPOSAL SYSTEM AND CONFORMS TO ALL THE RE-
QU IREMENTS OF THE PuBLiIC HEALTH ACT ONLY TO BE REWARDED BY A HIGHLY ANNOYED
RIPARIAN OWNER COMMENCING AN ACTION AGAINST IT ALLEGING THAT THE SEWAGE
DISPOSAL. PLANT IS. IN EFFECT, NOT DOING WHAT IT IS SUPPOSED TO DO AND HE 15
BOTHERED BY A FOUL, NOXIOUS STENCH IN HIS STREAM, CAN NO LONGER USE THE WATER,
HIS UNDERGROUND WELL HAS BECOME POLLUTED, AND THE VALUE OF HIS PROPERTY
LESSENED.

WHAT CAN A MUNICIPALITY DO? IT MUST DEPOSIT
ITS SEVAGE, OR THE EFFLUENT OF ITS DISPOSAL PLANT SOMEWHERE AND 1T RECEIVES
THE SANCTION OF THE DEPARTMENT OF HEALTH TO DO IT IN A CERTAIN WAY. WHAT
DEFENCE HAS IT, AND IF 1T HAS NO DEFENCE, WHERE CAN IT TURN FOR HELP OR WHERE
SHOULD IT BE ABLE 10 TURN?T A LONG DISCUSSION OF THE LAV SURROUNDING THIS
PROBLEM WOULD CONSUME A CONSIDERABLE LENGTH OF TIME, AND | PROPOSE TO DEAL
ONLY WITH A FEW SALIENT FEATURES ILLUSTRATED BY SOME CASES WHICH CONCERN THE
LIABILITY OF MUNICIPALITIES.

SECTIGN 386(12) OF THE MUNICIPAL ACT GIVES THE
MUNICIPALITY THE POVWER TO PASS A BY-LAW; "FOR CONSTRUCTING, MAINTAINING,
IMPROVING, REPAIRING, WIDENING, ALTERING, DIVERTING AND STOPPING UP DRAINS,
SEWERS OR WATERCOURSES; FOR PROVIDING AN OUTLET FOR A SEWER; FOR ESTABLISH-
ING WORKS OR BASINS FOR THE INTERCEPTION OR PURIFICATION OF SEWAGE; FOR MAK-
ING ALL NECESSARY CONNECTIONS THEREWITH AND FOR ACQUIRING LAND IN OR ADJACENT
TO THE MUNICIPALITY FOR ANY SUCH PURPOSES". ALSO A BY-LAW MAY BE PASSED AS
set out IN SecTion 388(1) (81a) oF THE MuniCIPAL ACr FOR ESTABLISHING, OPER-
ATING AND MAINTAINING SEWAGE WORKS, INCLUDING SEWERS, PUMPING PLANTS, TREATMENT
WORKS AND OTHER LIKE WORKS NECESSARY FOR A SEWER SYSTEM, AND FOR REGULATING
THE OPERATIONS AND MAINTENANCE VHEREOF. THESE TWO SUBSECTIONS APPEAR ALMOST
A DUPLICATION BUT THE FIRST IS UNDER A SUB-HEADING OF "DRAINAGE AND FLoODS".
VHEREAS THE SECOND IS UNDER A SUB-HEADING OF "HEALTH, SANITATION AND SAFETY".
SUCH POWERS ARE PERMISSIVE, THAT IS TO SAY, ENABLING LEGISLATION, TO PERMIT
THE MUNICIPALITY TO DO WHATEVER 1S CONTEMPLATED IN A MANNER WHICH |T MAY
DETERMINE, SUBJECT; OF COURSE, TO APPROVAL UNDER THE PuBLIC HEALTH ACT.

THESE ENABLING POWERS ARE TO BE CONTRASTED TO
LEGISLATION COMPELLING A CERTAIN THING TO BE DONE WHERE THE LEGISLATURE THEN
INDICATES HOW AND WHERE 17 SHOULD BE DONE.

WiLL SUCH ENABLING LEGISLATION PROVIDE A DEFENCE
TO AN ACTION IN NUISANCE WHERE, FOR INSTANCZ, A MUNICIPALITY HAS ERECTED A
SEWAGE DISPOSAL PLANT, APPROVED BY THE DEPARTMENT OF HEALTH MND NOT NEGLIGENTLY
OPERATED, THAT, TO THE ANNOYANCE OF THE NE!GHBOURHOOD, DOES NOT EFFECTIVELY
COPE WITH THE SEWAGE.
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THE CASE OF GUELPH WORSTED SPINNING COMPANY AND
GUELPH CARPET MiLLs COMPANY vs THE CITY OF GUELPH, REPORTED IN 30 ONTARIO LAW
REPORTS AT PAGE U466, GIVES AN ILLUSTRATION OF HOW THIS MATTER MAY BE DEALT
WITH, ALTHOUGH IT 15 NOT A POLLUTION CASE.

THE ACTION AROSE OUT OF THE FLOODING OF THE WORKS
OF THE PLAINTIFFS IN THE SPRING OF 1912, WHICH FLOODING WAS CAUSED BY THE
ERECTION, BY THE DEFENDANTS, OF A BRIDGE ACROSS THE SPEED RIVER, WHICH BRIDGE
PROVED INADEQUATE TO PERMIT THE PASSAGE OF THE WATER DURING SFRING FLOODS.
THE VOLUME OF WATER IN THE YEAR 1913 EXCEEDCO ALL OTHER RECORDED YEARS,
EXGEPT THAT OF THE SPRING OF 1869. THE DEFENCE RESTED ON THE PRINCIPLE
ESTABLISHED IN THE CASE OF THE CANADIAN PACIFIC RAILWAY CO., vs Roy, 1902
AppeaL CASES AT PAGE 220, WHICH NOTED IN PART THAT "THE LEGISLATURE IS SUPRLME,
AND IF 1T HAS ENACTED THAT A THING IS LAWFUL, SUCH A THING CANNOT BE AT FAULI
OR AN ACTIONABLE WRONG. THE THING TO BE DONE IS A PRIVILEGE AS WELL AS A
RIGHT AND A DUTY".

MR. JuSTICE MIDDLETON IN THE GUELPH CASE, QUOTES
THE JUDGMENT OF LORD WATSON IN THE CASE OF THE METROPOLITAN AsyLum DISTRICT
MANAGER VS HiLL, REPORTED IN 1881, 6 ApPEAL CA3ES, PAGE 193. As FoLLOWS:
"WHERE THE TERMS OF THE STATUTE ARE NOT IMPERATIVE BUT PERMISSIVE, WHEN IT IS
LEFT TO THE DISCRETION OF THE PERSON EMPOWERED TO DETERMINE WHETHER THZ GENFRAL
POWERS COMMITTED TO THEM SHALL BE PUT INTO EXECUTION OR NOT, | THINK THE FAIR
INFERENCE IS THAT THE LEGISLATURE INTENDED THE DISCRETION TO BE EXERCISED IN
STRICT CONFORMITY WITH PRIVATE RIGHTS, AND DID NOT CONFER LICENCE 7O COMNIT
NUISANCES IN ANY PLACE WHICH MIGHT BE SELECTED FOR THE PURPOSES", AND, Al PAGE
B74, "IT HAS DEEN LAID DOWN THAT WHERE THE LEGISLATURE HAS CONFERRED AUTHORI Y
BY AN ACT WHICH 15 PERMISSIVE IN ITS TERMS, THERE 15 NO AUTHORITY TO 1GMORE THE
COMMON LAW RIGHT OF OTHERS'".

IN HIS REASONS FOR JURGMENT, MR. JUSTICE MIDDLETCN
STATED: "THERE IS, 1T SEEMS TO ME, LIABILITY QUITE APART FROM ANY FINDING OF
WHAT | MAY CALL ACTUAL NEGLIGENCE. BECAUSE THE VERY THING DONE WAS NOT AUTHOR-
1ZED BY THE LEGISLATURE, BUT THE CONSTRUCTION AND MODE OF CONSTRUCTION WERE
LEFT ENTIRELY TO THE MUNICIPALITY; SECONCLY, BEZCAUSE THE LEGISLATION WA3 PER-
MISSIVE ONLY, AND THIRDLY, BECAUSE THE CONSTRUCTION OF THE BRIDGE ONLY WAS
AUTHORI1ZED, AND NOT THE OBSTRUCTION OF THE FLOW OF THE RIVER".

LiABILITY WAS ESTABLISHED, THEREFORE, NOT FOR
DAMAGE RESULTING FROM A SPECIFICALLY AUTHORIZED WGRKS BUT FROM THE METHOD OF
CARRYING IT OUT WHICH WAS IN THE OISCRETION OF THOSE DOING THE WORK.

THE MATTER OF HOW THE WORK 15 DONE IS FURTHER
DISCUSSED IN A RECENT CASE DEALING WITH THE DEFENCE OF STATUTORY AUTHGRIZATION.
THiIS 1s THE CASE OF J, P. PoORTER CoMPANY LTD. vs. BELL, REPORTED IN 1955. |I.
DoMINION LAw REPORTS AT PAGE 62. AT TRIAL, JUDGMENT WAS FOUND FCR THE PLA!'N-
TIFF FOR DAMAGES BY REASON OF BLASTING OPERATIONS CARRIED ON BY THE DZFEMNDANT
AT THE SEAWARD DEFENCE PROJECT ON THE WEST SIDE OF HALIFAX HARBOUR. THE cAsC
WAS APPEALED TO THE NOvA ScoTiaA SuPREME COURT. MR. JusTICE MACDONALD IN
DELIVERING JUDGMENT QUOTES VISCounNT DUNEDEN IN THE CASE OF MANCHESTER VS FARN
WORTH, REPORTED IN 1930, ApreAl CASEs AT PAGE 171: "WHEN PARLIAMENT HAS AUTH-
ORIZED A CERTAIN THING TO BE MADE OR DONE IN A CERTAIN PLACE. THERE CAN BE NO
ACTION FOR NUISANCE CAUSED BY THE MAKING OR DOING OF THAT THING IF THE NUISANCE
IS THE INEVITABLE RESULT OF THE MAKING OR DOING SO AUTHORIZED. THE ONus OF
PROVING THAT THE RESULT IS INEVITABLE IS CN THOSE WHO WISH TO ESCAPE LIABILITY
FOR NUISANCE, BUT THE CRITERION OF INEVITABILITY IS NOT WHAT (5 THEORETICALLY
POSSIBLE BUT WHAT IS POSSIBLE ACCORDING TO THE STATE OF SCIENTIFIC KNOWLEDGE #7
THE TIME, HAVING ALSO IN VIEW A CERTAIN COMMON SENSE APPRECIATION, WHICH CAMNCT
BE RIGIDLY DEFINED, OF PRACTICAL FEASIBILITY IN VIEW OF SITUATION AND OF EXPENGL
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MR. JUSTICE MACDONALD ALSO NOTES THAT THE PROTECT-
JON OF THE STATUTE EXTENDS NOT ONLY TO THE DOING OF THE THING SPECIFICALLY AUTH
ORI1ZED BUT OF ALL ACTS NECESSARILY INCIDENTAL THERETO.

THERE ARISES OUT OF THIS STATUTORY AUTHORITY A
CORRELATIVE DUTY WHICH 1S TO EMPLOY ALL PROPER MEANS AND TO SEE THAT IN THE
EXERCISE OF 1TS POWER, IT DOES NO UNNECESSARY HARM TO PROPERTY OF SOME THIRD
PERSON; IN OTHER WORDS, IF IT CAN BE SHOWN THAT THE WORK HAS BEEN DONE IN A
REASONABLE WAY AND NOT NEGLIGENTLY, THERE WILL BE NO LIASILITY.

MR. JUSTICE MACDONALD AT PAGE [1, SUMMARIZES THE
AUTHORITIES AS FOLLOWS: "ACCORDINGLY, WHEN DAMAGE HAS RESULTED FROM THE EXER-
CISE OF PERMISSIVE POWERS, THE ONUS 1S ON THE DEFENDANT TO SHOW THAT HE ACTED
REASONABLY IN THE SENSE THAT HE EMPLOYED ALL PROPER MEANS. AND TOOK ALL PROFER
CARE TO SEE THAT NO UNNECESSARY HARM WAS OCCASIONED; OR THAT THE MANNER OF
EXECUTION OF HIS POWER WAS THE ONLY WAY IN WHICH IT COULD BE DONE; OR THAT 1hHC
DAMAGE WAS THE 'INEVITABLE RESULT' OF THE THING AUTHORIZED MORE SHORTLY, THI
ONUS IS ON THE DEFENDANT 70 SHOW "THAT IN PRACTICAL FEASIBILITY THE OBLIGATICN
COULD BE PERFORMED IN NO OTHER WAY SAVE ONE WHICH INVOLVES DAMAGE TO OTHERS"

IT WAS HELD IN THAT CASE THAT THE CEFENDANT FAILED
TO PROVE THAT THE DAMAGE WAS THE INEVITABLE RESULT OF OPERATIONS PROPERLY CAR-
RIED ON IN THE EXECUTION OF STATUTORY AUTHORITY. THAT 5, IT FAILED TO PROVL
THAT OTHER METHODS COULD NOT HAVE BEEN USED WHICH WOULD NOT HAVE INCURRED
DAMAGE .

7O SUMMARIZE, IF THE MUNICIPALITY RELIES ON A
STATUTORY DEFENCE., SUCH AS THE SANCTION GIVEN BY THE MUNICIPAL ACT FOR THE CON-
STRUCTION OF WORK, THE DEFENDANT MUNICIPALITY MUST ESTABLISH THAT 1T HAS ACTED
WITH DUE DILIGENCE AND REASONABLENESS IN THE SENSE OF BEING COGNIZANT OF THE
MANY ASPECTS OF THE WORK AND ITS RBMIFICATIONS INSOFAR AS AFFECTING THE RIGHTS
OF INDIVIDUALS. COUPLED WITH THIS PROPOSITION IS THE FACT THAT WHERE THE Lrc-
ISLATION 1S PERMISSIVE IN ITS TERMS, THERE 1S NO AUTHORITY TO IGNORE THE COMMON
LAW RIGHTS OF OTHERS. - -

THE ABOVE CASES AND THE LINE OF AUTHORITY OF
ENCLISH Law, HAVE NOT HAD TO CONSIDER THE SITUATION WHERE; IN ADDITION TO THE
PERMISS | VE POWERS GIVEN BY THE LEGISLATURE, THERE (S ALSO THE OBLIGATION TO
HAVE THE PROPOSED WORK APPROVED BY 3OME GOVERNMENTAL AUTHORITY, SUCH AS S THE
SITUATION WHERE A MUNICIPALITY CONSTRUCTS A SEWAGE DISPOSAL PLANT. THE PuBLIC
HEALTH ACT REQUIRES BY SECTION 100, IN SUBSECTION 2, THAT "A CONSTRUCTION OF A
SEWAGE PROJECT BY THE COUNCIL OF THE MUNICIPALITY OR BY ANY BOARD OF COMMISSIOX
CREATED OR ESTABLISHED BY A MUNICIPAL CORPORATION PURSUANT TO STATUTORY AUTHOR-
ITY, OR BY ANY COMPANY OR PERSON, SHALL NOT BE COMMENCED UNTIL THE APPROVAL OF
THE DEPARTMENT HAS BEEN OBTAINED". THE DEPARTMENT OF HEALTH THEN INQUIRES AND
REPORTS UPON THE WORK TO BE UNDERTAKEN, AS TO WHETHER 1T IS ADEQUATE FOR 1HE
REQUIREMENTS OF THE INHABITANTS AFFECTED AND VHETHER SUCH WORKS ARE LIKELY TO
PROVE PREJUDICIAL TO THE HEALTH OF THE INHABITANTS AND THAT THE CONSTRUCTION h’3
BEEN APPROVED OF IN ACCORDANCE WiTH SECTION 101 oF THE PuBLIC HEALTH ACT. Chun
A MUNICIPALITY POINT TO THE APPROVAL OF THE DEPARTMENT OF HEALTH AS ADDITIONAL
SANCTION OR AUTHORITY FOR ITS UNDERTAKING?

UNFORTUNATELY FOR THIS DISCUSSION; THE CASE THAT
WOULD BE THE MOST HELPFUL AND ILLUMINATING, INSOFAR AS THIS ENTIRE QUESTION OF
LIABILITY OF A MUNICIPALITY 1S CONCERNED, HAS NOT BEEN DECIDED.



THE CASE 1S THAT OF ANNIE |. STEPHENS VS THE
CORPORATION OF THE VILLAGE OF RICHMOND HiLL, WHICH WAS HEARD BEFORE MR. JusTICC
STEWART IN TORONTO, EARLY LAST MUNTH. THE PLAINTIFF OWNS PROPERTY THROUCH
WHICH FLOWS A BRANCH OF THE DON RIVER, AND THE PLAINTIFF ALLEGED THAT SHC WAS
AND 1S, ENTITLED TO THE FLOW OF THE SAID STREAM IN AN THROUGH THE SAID LANDS.
SiNCE DECEMBER, 1952, THE DEFENDANT MUNICIPALITY HAS OPERATED A SCWAGE DISPOSAL
PLANT FROM WHICH THE EFFLUENT 1S TURMED INTO THE STREAM. SHE ALLEGED THAT THZ
WATER BECAME POLLUTED, SEEPAGE FROM THE STREAM PENETRATED THE VELLS ON HER LAND
WHICH BECAME POLLUTED, AND THE ATMOSPHERE WAS POLLUTED BY A NAUSEATING STENCH.
IN ADDITION, THE PLAINTIFF HAD ALSO MADE APPLICATION TO THE ONTARIO MUNICIPAL
BOARD FUR APPROVAL OF A HOUSING SUBLIVISION GN HER LANDS, WH:CH APFLICATION \es
_REFUSED, ONE OF THE GROUNDS FOR REFUSAL BEING THAT 1HE CREEK RULNING THROUGH
THE LAND OF THE PROPOSED SUBDIVISION CARRILS OPEN EFFLUENT FROM THE DISPOSAL
PLANT OF THC VILLAGE OF RICHMOND HiLL. OHE OF THE CLAIMS OF THE PLA'WTIFF 15
ZOR AN INJUNCTION RESTRAINING THE DEFENDANT, FROM CONSTRUCTING OR RIFLATING
ANY OF THE WRONGFUL ACTS COMPLAINED OF AND FROM POLLUTING THL SAID WhIRRS IN
ANY MANNER SO AS TO INTERFCRE WITH THE PLAINTIFF'S RIGHTE. THE DFEFLNCE uF THI
(.ORPORATION ALLEGED THAT THE SEVERAGE SYSTEM WAS LAWFULLY CONS{RUCTED WITH THT
APPROVAL OF THE DEPARTMENT OF Pu3L1iC HEALTH, PLEADED THE PROVISIONS OF THE
FUBLIC HEALTH AGT, PARTICULARLY SECTION 106, AND ALLEGED THAT 11 HAS A DUTY °C
OPEIATE THE SEWAGE PROJECT IN THE MANNER IN WHICH 1T HAS BECH OFERATED. TEE
DEFCJDANT ALSO DENIED THAT THERE WAS ANY POLLUTION OF THE WATCR. THZ MAIN
CEFENSE YAS THAT OF STATUTORY APPROVAL GIVING AN IMPLIED AUTHORITY ¢ POLLUTL
THE STRZAM, A GRLAT MANY CASES WERE CITED SETTIMC OUT THE PRINSIPLES OF LAW,
NOTED ABOVE, AND STRESSING I1HE FACT THAT THE UNDERTAKING WAS CONSTRUCTED W! iH
TME FULL APPROVAL OF THE DEPARTMENT OF HEALTH, AND ENTIRELY IN A REASONARLE
EXERCI3E OF ITS PERMISSIVE POWER TO CON3TRUG! A SEWAGE DISPOSAL PLAKRT AS LSTAG
LI5C0 BY THE MuNiCiPAL ACT. IN EFFCCT  THE MUNICIPALITY ARGUED THAT IT DO
EVCRYTHING 17 COULD CONCEIVABLY HAVE DONE AND THAT IF, WHICH WAS NOT ADMITTED
ANY INJURY WAS CAUSED OR WILL BE CAUSED, SUTH INJURY COULD NOT HAVE BLEN AVO 1D~
ED BY THE EXERCISE OF REASONABLE CARE ON THE PART OF THE DEFENDANT.

THE DEFENDANT ALSO PLEADED THE PROVISIONS OF SUB-
sectioN 15 ofF SECTION 106 oF THE PuBL It HEALTH ACT, WHICH PURPORTS TO GIVE TIE
ONTARIO MUNICIPAL BOARD, EXCLUSIVE JURISDICTION T0O DETERMINE THE PLAINTIFF'S
GCLAIM, AND THAT AS A RESULT, THE ACTION WAS NOT PROPERLY CONSTITUTED AS BEING
BROUSHT BEFORE THE COURT.

THE PLAINTIFF IN THE CASE RELIED MAINLY ON I!ER
COMMON LAW RIGHT TO HAVE AHD USE THC WATZR FRCE FROM POLLUTION.  HER ANSUER
70 1hE DEFENCE OF STATUTORY AUTHORITY WAS A SIMPLE ONE.  HOW COULD THERE POS=
S1BLY BE ANY IMPLIED AUTHORITY IN THE STATUTORY APPROVAL OF A SEWAGE PROVECT
N THE FACE OF THE EXPRESS PROMIBI7ION OF SECTION 103 OF THE PUBLIC FCALTH /CT
WHICH | HAVE ALREADY QUOTED VERBATIM.

WE HAVE ALSO SEEN A3OVE, THAT STATUTORY AUTHOR I Z~-
ATION GIVEN BY THE MUNICIPAL ACT TO A MUNICIPALITY TO CONSTRUCT A SEVER AS
DISTINCT FROM DCEPARTMENTAL APPROVAL OBTAINED PURSUANT TO THE FuBLIC HEALTH heT,
IS A PERiIISSIVE POWER AND, AS SUCH, THERE 15 NO AUTHORITY TO IGNORL THE CONMOMN
LAWY RIGHTS OF OTHERS.

THE PLAINTIFF'S ANSWER TO THE DEFENCE THAT THE
ONTARIO MUNICIFAL BOARD HAD EXCLULIVE JURISDICTION TO DEAL WITH THI PROBLLM
UNDER SussecricN 15 oF SECTION 106 0F THE PuBLIC HEALTH ACT, WAS SIMIOLY 1liAT
THIS SUBSECTION WAS ULTRA VIRES, THAT 1S, BEYOND THE POWER CUF THE PROVINCIAL
LEGISLATURE TO ENACT. AUTHORITY FOR THIS IS FOUND IN THE CASE OF TORONTD
CORPORATION VS YonRK CORPORATION, APPEALED 70 THE PR1vY COUNCIL 1938V £.C. AT
F AGE Hlj; WHERE 1T WAS HCLD THAT THE ONTAR10 MuUNICIPAL BUARD 1S PRIMARILY AN
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ADMINISTRATIVE BODY AND IS NOT VALIDLY CONSTITUTED UNDER THE BRITISH NORTH
AMERICA ACT TO RECEIVE JUDICIAL AUTHORITY. THE BOARD 1S, THEREFORE, VALIDLY
CONSTITUTED FOR PERFORMANCE OF ADMINISTRATIVE JURISDICTION, BUT ANY DELIBER-
ATIONS INVOLVING JUDICIAL POWERS, IT WAS CLAIMED, WOULD BE INVALID. IT wAs
STRONGLY ARGUED, ON BEHALF OF THE PLAINTIFF, IN THE STEPHENS AND RICHMOND HiLL
LASE THAT THE LIABILITY OF THE MUNICIPALITY WAS A MATTER OF LAW TO BE DETER-
MINED BY A COURT VALIDLY CONSTITUTED TO RECEIVE JUDICIAL AUTHORITY-

AS STATED ABOVE, THERE HAS BEEN NO DECISION HANDED

DOWN IN THIS CASE AS YET. IT IS INTERESTING TO NOTE, HOWEVER, THAT MR. JusT-
ICE STEWART, INDICATED THAT THE COURT WAS DEALING WITH A PROBLEM OF LAW AND NOT
A SOCIOLOGICAL PROBLEM OF WHERE A MUNICIPALITY CAN DISPOSE OF ITS SEWAGE. WE

MAY ASSUME THEREFORE THAT IF THE PLAINTIFF PROVES HER COMMON LAW RIGHT TO THE
UN:/NTERRUPTED FLOW OF WATER FREE FROM POLLUTION, AN INJUNCTION WILL BE GRANTED
AGAINST THE VILLAGE OF [{1CHMOND HJLL RESTRAINING IT FROM POLLUTING THE STREAM
IN QUESTION. IT WOULD THEN REMAIN FOR THE MUNICIPALITY TO SO IMPROVE ITS
OPERATIONS IN THE DISPOSAL PLANT THAT POLLUTION 1S ELIMINATED. THIS, 1T MAY
NOT BE ABLE TO DO. AN APPEAL TO THE APFPEAL COURTS MIGHT SERVE ONLY TO CONF IRW
THE PLAINTIFF'S RIGHT TO AN INJUNCTION. ONE COULD NOT EVEN HAZARD A GUESS
WHETHER A HIGHER COURT WOULD MENTION THE SOCIOLOGICAL ASPECTS OF WATER POLLU-
TION, CHIEF JuSTICE MCRUER REFUSED TC CONSIDER IT IN THE K.V.P, CASE, BUT ONE
COULD STATE WITH REASONABLE CERTAINTY THAT THE COMMON LAW WOULD GOVERN THE
COURT AND ANY CHANGE WOULD HAVE TO BE EFFECTED BY THE LEGISLATURE, WHICH MIGHT
ENACT LEGISLATION SIMILAR IN SCOPE TO THE 19”9 AMENDMENT TO THE LAKES AND
RIVERS IMPROVEMENT ACT TO WHICH | HAVE EARLIER REFERRED.
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