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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, Oat., on June 19th, 20th, 2lst,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 

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 into public sewers. In 

other places the responsibility for treatnicnt is placed upon the 

municipalities. In either case it is essential that there be full 

information available on how these wastes can be dealt with most 

effectively. Industrialization in Ontario 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 complex4 

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 significcnt 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 

For further information write to The Water and Pollution 

Advisory Committee of the Ontario Water Resouxces Commission, 

Parliament Buildings, Toronto, the new name for the Pollution Control 

Board. 

P4< 
. . . ;'4. hi. . . . 

U.S. Caverly, Dr. A.E. Berry, 
J 

Secretary. Chairman. 
S 
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WAIST! DISPOSAL AT SUN OIL COMPANY, Lit. 

SABNIA, ONTARIO WINZRY 

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 and instal-. 
ling pollution abatement facilities. 

When Sun Oil 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 or crude oil, contains coin— 

pletely integrated föoilities for coàtrol arid 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, drainage systems were installed fOr 
the process waste waters, áontaniinated storm drainage, 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 stUds before discharge to the effluent sewer4 
The total flow of the combined waters in the final effluent 
sewer averages 14 million gallonsper day. 

Of particular interest: from a water pollution stand- 
point is the process sewer system. Although the process 
waste flow averages only 250 GPM, or 359,000 gallons per day, 
it carries ovpr 901. of the phenols, sulfides, mercaptan8, 
emulsified oils, and other water..soluble contaminants. 
These wastes come from with oil in the plant inolu- 
ding process condensate drains from vessels and towers, pump 
gland leakage and desalting water, It was anticipated that 
these process waters would require secondary treatment to 
reduce their aygen-consuming properties before discharge, 
and their segregation was considered a practical intial 
atop. 
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Prior to the initial processing operations at the 
Sarnia Refinery, Sun Oil developQd plans for a biological 
oxidation unit for reduction of phenolic compounds in the 
refinery waste waters. Helpful information wEts made 
available by the Imperial Oil Com- 
pany, Ltd., who had plant and pilot—sante experience with 
this typo or treatment. Construction of the bio—oxidntion 
unit was expedited by use of the above-mentioned process sewer 
end separator system in which tho phonolic wastes had already 
been and by utilizing other existing equipment and 
lines already in place, After removal of floating oil in the 
process sept rf.tor, the 250 GPM flow is transferred by Et so if— 
priming centrifugal pump rated at 500 GPM arid 35 psig. to en 
earth—wall oxidation basin, with top dimensionS 90' long, 
65' wide and 101 deep. The bottom half of the side—walls of 
the aeration basin ext surfaced with a 2" layer of cement grout 

to minimize erosion.. The fresh food water cnd recycle enter 
the bottom of the basin through a nest of 40 mixing eductors. 
A rotary blower, rated 500 at 7 psig., supplies 
air to the eductors to supply oxygen and provide intimate 
mixing. The overflow from the aeration basin flows through 
a peripheral slit-pipe flume to a lrrge concrete .L.P.I. 
gravity separator originally designed for oil removal service. 
This soprrntor is equipped with continuous flight scrappers 
md serves as a seeonthry settling tank for bacterial sludge. 
A positive displacement sludge pump, rated at 125 GPM at 
43 psig., returns thu sottled bacterial floc to the oxidation 
basin and the trotted water flows from the secondary separator 
to the St. Clair River. Piping has been provided to rcoir— 
dulato all or a portion of the oxidation basin effluent during 
periods of low volume feed nd when the .rofinery is shut down. 

I 
Those modified activated sludge facilities were placed 

in operation rt the middle of November, 1953, in time to 
treat the first wuste waters from the refinery. Two tank 
truck loads of bacterial sludge from the Dow ChemicalCompany 
waste treatment plant at Midland, Michigan, were obtained for 
initial seeding. Bactorir.l oxidation of phenol began within 
the first few hours. 

Exporienco through the .first year of operation indicates 
an initial phenol content in the pro cess waste reed of 
150 pounds per day. Numerous refinery start-up, mechanical 
difficulties and .variations in feed water quality have 
interfered with continuous efficient performance of the bio— 
oxidation unit, although good removal of phenol and sulfide has 
been effected when operation conditions are normal and feed 
water characteristics are satisfactory. Recent high alkal- 
inity and sulfide concentrations in the process waste water 
has interfered with satistnctoryoporation. Efficient oper- 
ating conditions include bacterial sludge volumo index of 

a .tempenture range of 700-85°F., end a pH range of 
6.5—8.0. Experience indicates that the process will operate 
with a temperature as low as 600r. Dissoivod and emulsified 
oil conoontrations as bights 15& to 200 ppm, phenol 
concentrations upto 200 ppm and sulfide concentrations as 
high as 50 ppm have had no pronounced harmful offect on bio- 
logical activity, although higher values can seriously injure 
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the bacterial sludge. In the case of all those factors, 
it is important to avoid sudden or shock loadings 
whenever possible. It hts boon observed that organisms 
can remain inactive for several days under adverse con- 
ditions, and then regain thoirformcr activity with tho 
return of normal temperature and food supply. Each jot 
aerator or eductor in the Oxidation Basin supplies 50 lbs. 
of oxygen or a total of 2,000lbs. of oxygen per day from the 
air into the waste wator to oxidize the 150 lbs. of phenol, 
considerably in excess of the theoretical required amount. 
The aeration tank loading is equivalent to 5 lbs. of phenol 
par 1,000 cubic feat of tank volume, and the applied air 
rate is equivalent to 0.1 cubic foot per minute per square 
foot of contion surface. Total power reqüirenEnts amount 

to approximately 6o HP. 

Among the difficulties encountered in operation, 
low temperature below the 55QF. minimum, high 
€.nd sulfides in excess of 75 ppm have been the most trouble- 
some, Steam, when from the refinery, is introduced 
through 1"! steel pipe coils with submerged exhausts into 
thc; Oxidation Basin. A direct—contact 2,500,000 3W/hr. 
water heater has been installed above the surface of the 
basin as an auxiliary source of heat, A flue gas stripping 
tower, 5'-6" dia. by 30', is currently being installed to 
remove sulfides and lower hydroxide alkalinity prior to thc 
treatment in the Bio—Oxidction• Basin. The stripping tower 
will utilize up to 150,000 SCFHfluo grtsfrom the 
ator of the Catalytic Crccking Unit in thb refinery to lower 
alkalinity end sulfides to: a safe level • It is anticipated 
the stripper will be epercting by 

High oil content In the. feedwater, although appar- 
ently not toxic to organisms, is nbsorbed on the 
biological floc floabs the! latter to the surface of the 
basin, theroby removing organisms from the process. It is 
believed that some oil Upartielly Oxidized. Change in 

food water characteristics, including variçtions in pH and 
typo and concentratiop. of bent with 
ccclimntizctiori.of the to the.wnsto water. The 
secondary settling tmlkwas originr:lly as an oil— 
water separator. and is, arid not of'.conventiopal 
design for biological. sludge Mocht'nical difficul- 
ties with thO ppmps and: the usuRl stnrt—Up pxobloms assoc- 
iated with a new refinory::prosonted difficult operating con- 
ditions, There have been periods, for example, when the 
refinery units were not and therewr.s no contin- 
uous flow of waste procels water. Duflng such periods, it 

has been necessary to! in the biological 
treatment unit, and chemical-grade phenOl Was used to continue 
the food supply. 

Additional experience, continuous operation 
of the rcfinofl, and. current installthtion of the flue! gas 
sulfide stripper column will poinit more effective operation 
of the treatmbnt facilities. Eventually, additional equip- 
ment will be installed to maintain continuity or operation. 
Much has been learned in the initial operation of these 
facilities, and it is contemplated that further experience 
will permit additional improvement of effluent quality. 
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THE MATHEMATICS OF THE BIoLoGIcAL OXIOATICV 
OF INDUSTRL%L YASTES 

I 

By 

11. WESLEY EcIcaFaDER, Jr. 

Asst. Prof. of Civil &tgineering 

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

Biological oxidation finds application for the economic 

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 growth 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 hayc been successfully treated in 

the aforementioned processes are cannery (1) (2) (3) (4) (5), 

pharmaceutical (6) (7), dairy (8) (9) (10) (U) chemical (12) 

(13), refinery (14) (15) and pulp and paper (165 (17). 

The microbial sludge or biological floc employed in these 

processes is a miscellaneous collection of microorganisms such 

as bacterial, yeasts, r..olds, protozoa, rotifers, worms and insect 

larvae in a gelatinous mass. Algae wifl also be present in those 

areas exposed to sunlight. The bacterial growths consist of a 

partially water soluble nolysaceharide slime layer of law structual 

strength, a cell wall, a lipo—protein cytoplasmic membrane, and 
cytoplasm as shown on Fig. 1. These componants play various roles 

in the 801) removal and bacterial growth cycles (18) (19). 

Kinetic Theory of 801) Removal 

In the biological oxidation process organic matter is 
removed front solution by reaction with enzymes associated with 

biologically active slintes 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) t 02-f NH3 sludget-C02 4-H20 (1) 
The sludge produced by equation (1) undergoes continuous auto— 

o:zidation (endogenous respiration). 

tJiudge •1. 02 t002 + (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 SOD removed, the 
portion oxidized and the portion synthesized. This ratio 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, naaely, storage, the log growth phase, the 
decreasing log growth phase and the endogenous phase. The lag 
phase is largely eliminated in activated sludge and trickling 
filters due to the large innocculum employed. Lag phases nay 
be induced, however, if the sludge is not acclimated to the 
particular waste being treated. Ln enixple 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 treatmeizt. This effect tj!as been interpre— 
tated in terms of sludge age (defined on p. 13). 

Storage may be defined as BUD 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 (23). To illustrate, let us 

consider the bacterial cell in the endogenous phase to have 
the 

general composition C5}LNO2 Iugnediately after aeration contact 

with organic waste the sluage enters the active respiration— 

storage phase and its general composition can be defined 

chemically as 'CçH7NO2 CrHyOz. aeration continues and the 
soluble BUD in the waste Is removed, by the sludge mass, the 
microorganisms consume the stored material for metabolism and 

growth. ;Iter sufficient aeration for complete oxidation and 
synthesis of the BUD removed from the waste, the sludge is 
reduced to the endogenous form 95}I?N02 This is schematically 
illustrated on Fig. 4t Using previously derived equations for 
oxidation and synthesis, Forges, et a)., 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 treatmcnt data employing a fonn of plot as shown 

on Fig. 5 
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There is evidence that is also related to the 
efficiency of contact during mixing and to the BOO available 
to be removed. Katz (25) has shwon that the initial removal 
of BOB per unit mass of activated sludge decreases as the 
sludge concentration increases. Further study is essential to 
establish initial removal ratios for various oxidation systems. 

The log growth phase nay be defined as that period during 
which regular and maximum 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, rrhis results ir. a geometric progression of bacterial 
growth. 

The rate of growth of organisms may be expressed by the 
formula 

kS (3) 

dt 

The generation time of the organisms nay be related to k. 

0.693 (4) 
k 

Since S after any time t is equal tO S and the amount of 
cell material produced is proportional to the amount of organic 
matter removed 

(5) 
1, 

1.42 is the theoretical factor for converting ultimate BOO to 

cell material. The Turin of eq. (3) mar be expressed 

log (l'aLr ) (6) 
1. 425o 

In the mixed microbial systems generally considered Ic is a 
function of the mean generation time of the culture. Since Ic 

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- 
igators (29) (30) that the mean generation time, g, and hence Ic 

is BOB concentration dependent below a limiting substrate level. 
A mean Ic, representative of overall process performance, may be 
related to microbial food supply as shown on Fig. 6. 

I 
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In the endogenous phase of the process there is little 
or no BUD ranoval and the sludge concentration is heinc decreased 
through endogenous respiration at a greater rate than growth 
through syntheses. 

It may be generalized that the efficiency of BUD removal 
in the activated sludge process is a function of the aeration 

time, the active sludge solids concentration and the 1301) loading. 

It is therefore convenient to relate efficiency to a loading 

factor involving the aforeleritionSlvariables (31) (32) (33). 
This loading factor expressed as lbs BUD per day per lb aeration 
sludge may be computed froia the equation 

ft24fa (7) 
5at (lt-r) 

From studies with glucose and peptone, Sawyer and Garrett 
(30) established reiaoval rates of 3.6 // 300 per day # 
solids at l0C, 11.6 II 130D per day per #solids at 20't and 20.8 
# BOD per day per # solids at 30't, Lower removal rates 

have been observed in the treatment of pharmaceutical 
cannery wastes. This loading factor employs mixed liquor 

suspended solids for convenience. Since only a portion (variable 

with different wastes) is acLive microbial sludge maximum removals 

for particular systens are only representative for that particular 

waste. 

The loading factor for process design should 

consider the total Lime the sludge mass has been undergoing 
aeration to encompass all four zones of activity previously 
described1 3oILIe process iodifications such as contact sta;jlliz 
ation employ a short aeration contact period of the waste with 
sludge for rapid rehaoval of 1300 (principally as storage) 

followed by a relatively 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 fact.or based on the entire sludge 
sass s4ould consider Lfl process Table 1 shows dat a from 

various waste oxidation systeus. In conventional sewage 

treatment practice 1301) removal efficiency has been attained 

with a loading of 0.5 # BUD per day per sludge. Increasing 
this loading to 4.0 BUD per day per d sludge reduced the 

removal efficiency to 54'. SO — 9Ott efficiency has been attained 
on cannery and pharnaceutical waste oxidation with loadings of 
1—2 # BOO per day per sludge. 

Loading—efficiency for any particular waste must be 

obtained by experiraental investigations on that waste using well 
acclimated 



- 1Y-. 

Loading applied to the sludge is related to various 
secondary factorO which influence the overall process 
performance. investigators have interpreted these 
effects in ten;s of sludge age which is related to the 
length of time the sludge has been undergoing aeration. 
5ludge age may generally be considered as the reciprocal of 
the factor. Gould (34) has defined sludge age as the 
mixqd liquor suspended solids per suspended solids per day in 
the raw sewage, a more fundamental interpretation of sludge 
age was advanced by Ileuicelekian and Geliman (35) as the mixed 
liquor suspended solids per lbs BOD per day removed in the system. 

(36) and Gould (37) showed the process 
to have a sludge age of 3 — 4 days (endogenous phase) And the 
mod,ified 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 tiollman 
sludge index and sludge loading factor previously defined. 

i-{aseltlne (33) has sunmarized these findings; when oxidation 
lags adsorption, sludge settleability deteriorates; a further lag 
results in good settling qualities but poor removals. Uxcessive 
aeration into the zone results in pin—point floe and 
poor removals. 

Interesting studies by (39) indicated that at 
high loading factors sludge 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 sludge is therefore 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 sone doubt as to interpretation of the 
effects of high loadings on the overall process performance it 
is generally conceded that and compaction of sludge 
is impaired when high loading factors are employed. 

When the 1300 loading per unit tine is plotted against the 
DOD removal per unit tine, a curve is obtained in which the removal 
approximates a linear function of the loadi%. high loadings 
the removal approaches a li:idting 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 factor may be employed for the design of 
trickling filters. bince exact bleasurements of the quantity of 
active sludge solids are L'practical, the factor is usually 
expressed as # 8013 per day per cu.yd. of media. siaximum observed 
removals in filter operation are 3.1 — 3.3 # BOD per iay per cu.yd. 
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resultins in an overall process efficiency of 25 — 354 (41) 
(42) (43). Since the quantity of available sludge in a filter 
has been shown to vary from 8 - 12 5 per yd3 for low rate 
filters and 5.5. — 11 per cu.yd. for high rate filters (44), 

the equivalent maxLmuxn are 0.2-0.4 # BOA) per day per 
# sludge. 3ince the tine of contact of BOO through a high rate 
trickling filter is 15—25 minutes, it is probable that the 
initial reactive cajacity of the filter slitues exerts a major 
influence on filter performance. 

Qen Utilization 
has been shotin in eq. (1) and (2) oxygen plays an 

essential role in biological treutnent. For optimum 
efficiency must be supplied at a rate &:ual 0 or greater 
than its rate of ut,ilization, In the activated sludge process 
this is usually accomplished by diffusion from air bubbles inject- 

ed into the liquid—sludge iass under turbulant conditions. In 
trickling filters oxygen is derived front 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. 

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

linear relationship will exist between the sludge con— 
cent.ration and the oxygen utilized (45) (46) over the range of 
sludge concentrations usually employed. 

rr kr3 (6) 

In very high sludge 10,000 ppn) the unit rate 
of oxygen 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 
:espiration 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 002 and H20. This shown by 
the general equation (1). 

In addition to the above oxidation the sludge produced by 

the assimilation of organic nEtter is continually oxidized by 
iLs own mass. Hoover (48) has defined this as endogenous respir- 
ation. This oxidation is defined by aq. (2) and illustrated in 
fig. 3 

The rate of oxidation of organic matter as shown in 
thq. (1) is 10-20 tines the rate of auto-oxidation as shown in 

(2). i&ndogenous 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. 
the o:zidution rate decreases with tine due to the - 

fact that the cefl consbituents differ in ca:;e o2 
Ilutchens has that this rate of decline for many micro— 
orgaaisms is logarithmic in nature. 

The oxygen utilization rate characteristics for several 
systens is skiotrn in Table 1, 

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

02 t (1—a)Lr# bS (9) 

The constants for this relationship must oe e:TperiJ'flentally 
evaluated for any particular waste. Caution must be exercised 
in the interpretation of £q.9 when organic matter (BOD) is 

stored in the sludge system since this relationship is based 
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 nethod for the significant interpre a— 
tion of these data. The data is expressed in ter.ns of a range 
of values encompassed by a sbipulated 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 (usualbr9O—954) of oxygen transfer 
and blower design. The equipaent is then elected such that at 
this value oxygen will be supplied to meet the demand rate 

90—95S of the time. The probability of occurrence of 130D 
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 jn 
the mixed liqtmr is greatar than 0.2 - 0.5 pjn 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 801) renvval is 
decreased. 

Warbu.rg (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 clurap 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 disperse the sludge clumps and increase the transfer rate 

to the cells for metabolism. By decreasing its raean floc radius, 
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a greater surface is exposed for transfer and the 
degree of penetration is increased. This has the 
net result of increasing the unit rate of utilization. 
The raaxiimna turbulence desired in L sys tern 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. 

Production 

its iflustrated in Eq. (1) the quantity of bacterial 

sludge produced will be proportional to the DOD 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 assumed to be composed of microbial protoplasm, non-oxid- 
izable organic matter, stored organisms and inorganic solids. 

The quantity of microbial sludge produced by a system 
can be estimated by a balance around the system 

eruploying Eq. Cl) and (2) and illustrated on Fig. 11. 

Excess biological sludge bS (10) 

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

Sawyer (52) has shown that the expected growth of r.ew 
sludge is of the dry weight of organic food. The data 
of a yield of 0.5 # of 
volatile solids per // DOD5 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 — bS (ll) 

The theoretical quantity of sludge produced is directly pro- 
portional to the 301) removed. The portion of the sludge which 
will be consumed in the process by oxidation (endogenous 
respiraticn) 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 slud&e synthesized 

is oxidized. 

Nutritional lie4uiremente 

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 ouantity to satisfy the require- 
ments for bacterial metabolism. and phosphorus, 
however, are frequently deficient in waste substrates and must 
be fed as a nutrient supplement to the system to attain optiirium 
efficiency. 

The nitrogen cycle in biological wcste treatment is shown 
below 

Organic 
Nitrogen 
4 

BOD + NH3 + Bacteria]. Cells r 002 r H20 
(Organic Nitrogen) 

402 

'4' NH34- CO2tH2O 

t°2 
NO2 

02 
NO3 

as may be observed, some nitrogen will be recoysred and reused 
in the system due to the endogenous respiration and od.dation of 
cell tissue with a resultant release of aimrnia 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 6 - 15% and phos- 
phorus from 2 - on a dry weight basis for most microorganisms 
of importance in waste treatment. practice. Studies of Fielmers 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 by Porges, et aL, (23) revealed that while 
the cell nitrogen was 12 - 14$ in the endogenous phase storage in 
the active growth phase reduced the nitrogen content to 7%. 

Nitrogen in the form of anunonia, 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 • a nutritional 
supplement is required for a biological process, ammoniacal 
nitrogen and soluble phosphorus salts are generally used since 
they are ziEst 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 maybe 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 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 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 lbs of N or P per 100 # BOl) 

removed in the process or as a or a ratio. 
N P 

Nitrogen and phosphorus requirements may be iAore 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 
aurnonia) as aquous aimnonia or as a dry feed of an asmnonium 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). 
£3oth 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 previpusly described. 

For example, an activated sludge from a food processing 
waste could not be maintained in a final tank for -loLpg periods 
due to its high activity and gas production. As a result, the 
maximum sludge concentration attainable was 0.4 to By 

comparison, an activated sludge from a pulp and paper waste 
could be maintained for extended periods in' 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 gravity of thp sludge mass entering the unit 
and the clarified liquor in tft& 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. studies on activated sludges treating 
various wastes revealed that mixed liquor solids can be 
concentrated to 2 - 3A solids by weight employing pressure 
flotation, 

The Character of Activated 

The synthesis of activated sludge is shown by Eq. (1) 
employing annonia as a source of nitrogen. - the cellular 
material can be represented by the ertpiricál. formula 
C3H7N02 developed by Hoover (20). This formula represent- 
ative of the ratio of the primary element constituents of 
activated sludge. It is representative of the statistical 
avenge composition of the complex organic compounds constitut- 
ing cell material. 

Studies by Helmers, et al, (53) on various industrial 
wastes produced a sludge of l.02Z phosphorus content and 8% nitrogen 
content with the general formula Ignoring the 
phosphorus content, this sludge Ijas the .tOrrdu.La 

In accordance with iq. (2) the ultimate oxygen demand of 
cell material is 1.42 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 
DOD and the COD of aicrobial sludge should be 1.42 erams per gram. 

Hoover (57) found an ómpiricàl factor of 1.25 02 per gin 
of dry weight solids. This is ecjiâvalent to 1.36 g 02 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 8Th per lb. of 
volatile solids (22), This compares for the value of 10,000 
• BTU per lb. of volatile solids reported by Fair (62), for 
domestic sewage activated sludge. The heat of forraation of 
activated sludge volatile solids can be estimated as 27.3 k 
cal. per entperical mole (0314huo2) or 435 DT%J, 

The volatile solids of activatecf sludges will vary 
depending on the nature of the waste be%ng tpeated. A pure 

microbial sludge will generafly vary from 90—94% volatile (63). 
The volatile content.of dairy waste sludge was shown to be 
92% by Hoover (62). Studies on cotton KiS ring, rag rope and 
brewery wastes by Sawyer (64) showed a volatile solids content 
of 72-89 percent, As the sludge solids are in a 
system, the volatile content will decrease due to the increased 
endogeneus. respir3tion and the increase of inorganic matter in 
the sludge mass as shown in Fig. 3. 
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Various ptjsical and chemical factors must be considered 

in the design of oxidation systems. The more important 

variables are temperature, pH, and toxic ions. The rate of 

bacterial growth (generation time) and the respiration rates of 
are greatly influenced by temperature (65) (66) 

(67). 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, nickel and as 

well as some other non-metalic substances will seriously impair 

the efficiency of the process (69). 

Prqcess Design 

In order to illustrate the application of the aiorementioned 

concepts to process design a specific emznple is presented. 

An organic waste has the following average characteristics. 
(For simplicity no consideration will be given in this emap].s for 
variability in waste flow or strength) 

SOD, ppn - 980 
Flow, mgd — 0.94 

available nitrogen, ppn as N 5.0 

It is req$red that the SOD removal efficiency 'be 90% 

Design 

Return sludge - 8000 ppn Sr (based on sludge compaction vs 

decomposition studies) 

Mixed Liquor Suspended Solids 2500 ppn 

Mijud Liquor Volatile Suspended Solids 2100 pjn 

Average endogenous respiration rate fer day (based on 

volatile solids) 

Calculational 

ROD5 loading 0.94 x 980 x 8.34 7650 lbs per day 

reaxnred&?650 lbs per day 

hecycle ratio.! 2500 0.45 r 
5a 

80002590 

Recycle Flow r045 x 0.94 :0.42 mgd 

(The computed recycle ratio assumes no solids 
in the raw 

The build—up of active solids 'thx'oi.lgh the aeration system is 
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neglected in the calculation) 

Aeration tanks: 

From an experimental of BUD loading vs efficiency 
(Fig U) the aflowable loading factor is 1.0 lbs BOA) per day 
per lb sludge. 

Lbs B0Dperdayperlb sludge ZLa s 
S5TU r) 

P is •:he detention time in hours based on (Q. it) 
therefore T 24 L a 24x980 

1.0 r) 3. x 2500(lt 0.45) 

volume of aeration tanks (0.94÷ 6.5 0.37 tag 

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 volwte of the aeration tank and the total aeration 
volume required for the process. 

Air Requirements: 

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

lbs 02 per day 0.48 lbs 80D5 remoted per day 0.03 x 
1.42 x lbs isLYS (1) 

- 0.48 x 69CVt 0.08. x 1.42 xO37 xB.34 x 2100 
4050 

oxygen utilization rate lbs day r 4050 55 pjn pr hr 

Vx8,34x24 O,371834x24 

Sludge Production: 

From theoretical considerations that the ultimate DOD 

of a waste equals the sum of the oxygen utilized and the 
sludge produced by microbial growth, the following equation 
can be developed: 

DOD ultinate removed utilized .- sludge produced (2) 
Subtracting (1) from (2), converting to 5—day DOD units 
and introducing suitable conversion factors yields 
lbs VS per day t. 0.70 lbs DOD5 removed per day — 0.08 lbs MLVS 

0.70 x 6900 — 520 
- 4300 lbs per day 

total solids produced 5050 lbs per day 
0.85 
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kut4tioDa3. Recwiremeitts 

From experiraental studies critical nitrogen cont.wtt 
7% of the net biological solids 

Thtal nitrogen required rO.O7 x 4300: 300 lbs per day. 

Nitrogen available in waste a 5 40 lbs per day.. 

Required nitrogen 260 lbs per day. 

The phosphorus requirement may be similarly computed. 

Symbol $ 

S — biological sludge solids 

t — detention time, hrs 

a. - fraction of DOD removed which i3 synthesized 

La — applied DOD, ppn 

Lr - DOD reitved, ppn 

k — velocity coefficient of bacterial growth 

g - generation tiiae, hrs. 

r - sludge recirculation ratio, R 

rr - oxygen uptake rate ppn per hr 

kr — unit oxygen uptake rate, mg per' hr per gin sludge 

b — endogenous respiration, percent per day 

C — inert suspended solids 

Q - raw waste flow, mgd 

R - recirculated sludge flow, mgd 

f — BOI) loading factor, lbs DOD per day per lb aeration sludge 

0 
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thddation of 

dafle Process BUD BOD t1LSS aeration BOD Ref. 
Loading raw ppm Det's Sludge iteduc. 

ppm hr's 4 

Sewage Conventional 153 2050 6.34 35 90 33 

bewaEe high rate 2.08 132 530 2q92 20 67..5 33 

till) faper 0.30 183 2910 33 91.2 16 

1,60 1556 3292 3.75 100 89.0 6 

Cannery t.onventional 2.56 630 2500 4.8 — 81.6 1 

Contact Stabiiz. 1.28 600 3220 3.0 100 84.0 2 

The buJ loading to the aerator alone is 12.4. lbs BUD per day per lb sludge composed 
of celluL..r stori.geQ 



TABLE 11 

Observed Respiration Rates in Biological 

'Jaste Respiration Rate Ref 

mg 02/hr/ofl sJ.udge 

Sewage Active IL — 20 (58) (59) (60) 

Sewage endogenous 1.0 - 94 (58) 

Dairy active 4.0 — 4.5 
(7) 

Dairy endogenotis 
— 10 (57) 

Carnery 
active 35 (1) 

Pharmaceutical active 
71(ave. max. recorded) (6) 

Pulp and paper active 10 - 15 (16) 
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TREACtth2JT OF WASCL 

SLaUGkERHOUSKS AtND EOULT4Y 

By 

R. RUPjSI' KOUNTZ 

Professor of Sanitary Engineering 
The Pennsylvania State University 

UUIVEUSITY PARK, Pennsylvania 

When stream pollution musty be abated and 
simply the treatment of waste water from small slaughterhouses 
and poultry dressing plants operating regularly or intermitt- 
ently poses a special problem in contrast to the large complete 
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 operata 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 wastepfoblem from small slaughterhouses. The 
State DepartmentS of Wealth Sndered assistance to this by 

providing one of their staff Sanit.ary Engineers and a mobile 
field A pilot plAnt installation was erected for 
the purpose of this study. The problem of waste water treat- 
ment from the poultty dressing plants was investigated at the 
University under the of the United States Department 
of Agriculture, Agricultural Marketing Service, Deta for the 
poultry study were gathered from operating in 

Pennsylvania. 

L• Slaughterhouse Waste 

Biological Oxi.dation 

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- 

oznicall.y as a batch—process te4tnique. 

With waste strengths of 1500-2600 ppn (700—1200 ppm BOD 

with blodd excluded) DOD the usujkl rtyle of trickling filter will 
not provide satisfactory treatment, without two or more stages, 
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or else a high recycling . Intermittent slaughtering 
schedules permit the conventional filter to dry out between 

uses and thus damage the flora in the filter. 
Tests in this study yielded lees than lO,t reduction in DOD 
using a conventional six—toot deep filter. The two to three 
inch stone originally tried was removed and replaced with 
tlflcell and "buckwheat" anthracite coal to a depth of six feet. 
During five nonths 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 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 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. daste 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 in the summertime and 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 reconinended 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. ktotary distributors were 

tried but found to cause ponding at the above dosing rate, 
and also required much greater maintenance than the filter— 
flooding application raethod. 

Recycling was investigated but is not recommended 
because of the hig)ier maintenance and operating costs. 
Filter maintenance is quite simple • Aside from an occasibnal 
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 colgr. 

Tapic 

Septic tanks have been used in many instances as a 
receptor of slaughterhouse waste before disposal by means of 
a tile field. In an effort to assess the degree of reduction 
offered by anaerobic action a limited laboratory study was 

made using samples of waste from normal slaughtering operations. 
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Three 16—liter carbc) a were used as septic tanks and seeded 
with sewage plant digester sludge. of waste were 
added at seven—day intervals so as to displace 10, 25 and 50% 
of the volwne of carboy, and this system of waste addition 
was perfonned for eight ncnths. During this time the $1 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 DOD is given in Table 1. 

lADLE 1 

BOD REOIICXION IN SEPSIC AANKS 

Displacement 

One thy Three Days Seven Days 

10% 29% 64% 93% 
25% 22% 51A 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 
laborstory control. 

The hypochlorite_alum process developed in this work is 
based on the fundamental work deVeloped and published by 
1-lalvorsen. It will be recalled that his application of chlorine 
at the Hormel plant (in t1inriesota) was made without adjusting 
the p1-I of the waste to the protein iso—electric point (p11:4.3) 
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 DOD reductions, but the addition first of hypochlorite does 
yield a isore 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 hypo chlorite_alum t reatrient of slaughterhouse waste 
will produce 95% or better reduction in DOD values of 1000— 
3000 ppm, but the reduction drops off rapidly to 60 to 70% as 
the aiw,unt 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 U0D reduction correspondingly decreases. 
The protein coagulation and precipitation is immediate and the 

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. 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 (9R4 water) was dewatered and dried 
on under-drained sand beds and under favorable weather conditions 
could be removed in five to seven days. 

rr.nere is no odor to 

the material and eventually it oxidizes to a hard black inert 

plastic—like substance. One advantage of this sludge is that 

rain cannot it after an air exposure of two to three 

days. it variation in the effluent system involves constructing 
the sludge beds of sand underlaid with graded gravel and under— 

drain tiles. The tanic contents (supernatant first) are drained 

to the bed with a two f00t head of applied liqu.i'I, and finally 

the sludge. This set_up can be operated at a two gaflon per 

minute per square f00t 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. 

U Dressing Waste 

Poultry dressing waste is very similar to the slaughter- 

house waste except for the matter of feathers. For this study 
jt 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 
SOD will be approximately 500-600 ppm, but when both are 
included it ca.n easily be 3000—3500 ppm. 

For t1115 investigation chickens were assumuito have a 

live weight of 3.5 lbs. and a dress weight of 2.5 lbs. hater 
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 SOD was found to be 25 lbs. 
per 1000 chickens. 
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In, preparing these cost estimates of both the initial 
construction coat and the annual operating expenses, it was 
necessary, in order to simplify the calculations, 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 
design and coat values. 

In general the estimates show that the cheapest system 
to install and operate is spray irrigation. The nest 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. ilunicipal sewage disposal is 
comparable to the tile field and recycling trickling .filter 

and is to 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 equipnent 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. 
Basicalj.y the principle of application involved 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 to 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. rhe laterals supplying 
the spray nozzels are sloped so as to drain back to the pump 
sump when ceases and this 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 wanner weather without objectionable run off, 

For the tile field installation, a soil having a percolation 
rate of five minutes per inch oP 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 tile field laterals had a maxLznum length of 
100 ft. and were located on 10 f00t The pipes were 
located in 12 inches of gravel in a 36 inch wide trench. 
tile field was desi&ned to be dosed four times per day with an 
autcclatic siphon. The cost of the sewer front the plant to the 
siphon chamber was not included in this estimate. 
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The available in the literature on the calculation 
of municipal sewer service charges for the amount to be charged 
to industries is confusing and conflicting since not only 
involves the strength of tile waste and its volume but also 
the accessed valua.tion of the industry itself, was decided 

to assume a to be applied to tile domestic sewage volume 
rate to yield the annual charge for poultry dressing plants. 

'1he trickling filter installation was divided into two 

types: no recirculation and a recirculation rate of 4:1, 
In both cases was assumed that a filter depth of 6 to 8 feet 
would be employed. metthod of arriviniz at the total 
construction was to develop first the cost of the filter itself 
and ttjen to add to — for tile cost of sedimentation 
tanks, pumps, and piping. The acre_foot of stone media required 
for these units was based upon tile formula provided in the 
report of the üesearch Council of tay, 1946. Commonly 

prevailing engineering costs estii,ates 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: 

CC C t 6/r 
n 

where CC is the capitalization cost, C is the construction cost, 
o is the operating r is the interest rate, n is the number 

of years of useful life or tax_write_off period. In this case 

r was 0.03 and n was 15 (years). £he annual costi shown in this 
estimate was obtained by dividing the capitalization by the 
number of useful years (15). 

For this comparison of costs a waste volume of 25,000 
gallons per day with a strength of ppm BOO is assumed. 
Spray irrigation, sub—surface tile trickling filters and 
municipal sewer system were evaluated. 1he cost 
of the first three was, respectively, 46000, and 
$52,000. With recirculation, the trickling filter installation 
iculd cost Computed annual costs were respectively: 
$3,300, p5,400, ,el3,000 and p9,000. The estimated annual sewer 

service charge was p4,900. 

If land was available the low cost, and simplicity of 
pperation and maintenance would favor the spray irrigation 

system. 

1he spray aid the tile field system would each require 

approximately three 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 attendant problems. 

In general the method used would be evaluated by 
these five criteria: 

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

3. The process sflUS 1. be si. iple. 

4. riechanical equipnent should be held to a ininimwu 
to prevent shutdown due to mechanical failures 
and to cut uaintenance costs. 

5. Operational duties should be siuple and not 
require much time, careful control or unpleasant 
task8. 

wuch of this information was taken from a complete formal 
report, "Department of Engineering Research Bulletin No. 62" 
which terminated and fulfilled the terms of the research 
contract between tne University and the Sanitary Board. 
The other two authors of iiulletin 62 were ilobert E. Stiemke, 
formerly Professor of Sanitary the Pennsylvania 
State University, and now Uirector of the Gchool of Civil 
Engineering, Geort4a Institute of Technology; and Thomas lezzi, 
3enior Sanitary Engineer, 3ureau of ungineering Pennsylvania 
Department of Health. As is always the case, numerous other 
University staff members aided in completing this project, as 
did a number of graduate students in Sanitary Engineering, and 
space does not permit listing all of them. 
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By 

L. E. LANCY, Ph. D. 
Consulting Engineer in iatal Finishing 

CITY, Pa. 

SYNOPSIS 

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. 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 sped. rio examples 
of this treatment method are discussed. 

IN 

Anong the industries discharging 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 siuall plants dispersed everywhere 
where metal working industry is established. The economical. 
burden of waste treatment is naturally iauch heavier for the 
smaller establishments both insofar as investments for 

treatment facilities are concerned and also because it requires 
the time of the scarce technitally skilled help. 

Evaluation of from Electroplating processes. 

The pofluting 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 a high build up lit either: 

1. metallic salts; 

2. organic materials, such as oils; 
3. broken down and expended chemical compounds. 



The regeneration of these process solutions usually 
is economically unjustified. 

U. Dilute wastes are the diverse rinse waste effluents 
coming from the electroplating process. Some of the 

process solutions employed contain such highly 
compounds, that eve trace quantities carried by the rinse 
water have to be considered toxic. 

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 local sewer works which has to 
be avoided, possibly only the concentrated wastes will have 
to be treated. On the other hand, if the receivcr of the 
waste effluent is a stream, both the concentrated and 
dilute wastes iiill require treatment. Complete treatment 
of the dilute wastes is required also when the potential 
hazard to the sewerage treatment plant is considered. 

The treatment of the concentrated wastes is a relatively 
simple proc-dure. The dumping of process solutions occurs 

only after reasonauly long periods of use; the total quanti- 
ties are not too large; some of the wasted solutions 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 to the operating 

One finishing plant will usually employ a number of 
different process solutions; the rinse waters thus are 
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contaminated by different chenical compounds, which will 
require different but specific chemical treatments. It 
beco:ies necessary then to the waste waters 
according to the subsequent chanical treatauent cycle they 

wiU be subjected to, and collect them for treatment. 

Continuous treatment lines are not accepted by 
of the Sanitary 1tuthorities mainly becauso: 1. large 

in flow rates and chemical loads; 2. the 

extremely high toxicity of the waste, even in trace con- 
centrations; 3. the toxLc 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 someti.aes 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; 
4. settling; 
5. blending and discharge. 

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

Thea tment Sjvis tern 

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 by a relatively low concentration of toxic 
chemical compounds. 

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

From these considerations it follows, that if we 

could eliminate the toxic compounds before they are washed 
off we could meet the re1uireinents, for profuse rinsing 
without causing pollution. It is necessary then to in- 
tegrate the wasle elimination steps into the processing 
sequence and establish the treatment as an organic part of 
the whole process. 
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The objectionable be 

from the acork çrocess before they could reach the sewer 
by either recirculating the rinse waters through ion—ex- 
changers or by chaical treatment preceeding the rinsing 
steps. 

The integrated vJaste Treatment System is based on 
chemical treatnient aethods and the general conception may be 
described as: chemical. treatment of the objectionabl3 toxic 
compounds and their removal from the work in process-preceed- 
ing the rinsing with running water. 

The chemical treabaent 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 replanished and the precipitated salts removed through 
settling or filtration. The treataient solution contains consider— 
aule excess of the cheulcals used for the treatment. This 
feature avoids the necessity of close control, a more 
even level of available chemicals regardless of In 
the drag—in rate and in sortie cases accelerates the anticipeted 
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 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, it should not harm the functional 
qualities of the finish such as: 
corrosion resistance, activity 
for receiving subsequent electro— 
deposits, paintability and paint 
adhesion, etc.; 

3. it should give an instantaneous 
reaction with the toxic compounds 
since tte chances for harmful 
dragout into the subsequent run- 
ning water rinse will depend on 
the concentration level in the 
treatment solution; 
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4. it should lead to a precipitate or 
gaseous breakdown product to n- 
ate undue chemical build up and the 
need for fre4uent cLuAwing. 

Jependent on the chemistry of the particular treatment 
to be used and also to extent on the receiver of the 
final effluent, the systen consist of one or 
two steps with as many different treatment, solutions. AS 

an example we could raention high and low pH cycles, reduction 
and subsequent precipitation steps, etc. 

Evaluation 

The advantages of the Integrated Waste System 

are numerous and probably decisive for the electroplating 
trade. 

1. The capital outlay for treatment is 
but a fraction of the productive 

ecjuipnent cost. 

2. The waste treatment is integrated into the 

finishing line, thus no separate treatment 

plant is required. 

3. The floor occupied is Ec22land be 

further minimized by occupying space over- 

head or below floor level. 

4. Lone reduction in chemical consumption is 
achieved especially when in a conventional 

batch plant large quantities of wastes have 

to be subjected to low pH treatment and 

subsequent neutralization. 

5. The need for close chemical control is 

eliminated due to the wide limits allowed 

when working with a constant excess of 

treatment chebd cals. 

6. No separate personnel is required for the 

operation of the system. Simple 

test methods the concentrations 

of chemiculs is sufficient. and allow the 

integration of the waste t,reat:ient plant 

into the rebulcr duties of the supervisory 

and operating labor usually employed. 

7, quantities of rinsing water may be 

employed due to the better rinsability of 
the work after treatment and the reduction 

contaminants. 
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8. The rinse waters are free of bight concentration 
of dissolved and suspended solids, the color 
and clarity are excellent in comparison to the 
effluent from a conventional treatment plant. 

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

exaxqples of 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 simplest, cheapest and fastest 
chemical methods and may be employed in the 
integrated system very advantageously. h free chlorine 
excess of 30—80 ppn is used at a pH of 9—10.5. Chlorine gas 
or a hypochiorite 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 NaOIJ+Cl2 H NaCNO+2NaC]J-H20. 

This first step is a very rapid reaction converting 
the cyanides into cyanates, compounds of considerably lesser 

toxicity. 11ith 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 NaQ'J0f-4 C12—2 co2i- 6 NaClfN2+2 1120. 

The relatively high chlorine excess accelerates the 
breakdown of the cyanates and allows the quantitative precip— 
i of the toxic heavy metal salts. In the event that the 
treatment follows copper plating from a 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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iinproveiaent in rinsahiity is achieved if comparing rinsing 
after the treatment with washing after plating is an install- 
ation without the incorporated treatiaent step. 

iL typical integrated treatment line followirg plating 
from a cyanide type electrolyte consists of a treataent 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. The provision of the reservoir allows a larger 
quantity of treatment solution in constant use, reducing the 
fluctuation in chemical composition and nrovides 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 
and caustic soda or a hypochlorite solution to replenish 

the chemicals consumed. 

salts such as sodium chloride, sodium carbonate, 
etc., alowly accumulate in the treatmenL solution. mvery 2—4 

ijonths depending on the particular installation, the treattient 
solution shculd be discarded and a new treatment solution made 

up. holdinj tank is usually provided ror 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 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 

arid depending on the redox potential 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. 

ill. Treatment after chromium plating, chromic acid 

anodizing. dic passivating cjjps 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, There are a number of important 
considerations making sulphur dioxide the preferred reducing 
agent ii 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 toned as the gas is 

absorbed in the solution regulates the 
pH effectively elintinating the need for 
separate additions; 

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

The second treatatent step used for the elimii%ation of 
chromium waste consists of a slightly alkaline wash solution 
containins traces of reducing agent, such as sodium hydro— 
sulphite (Na2 3204), to maintain a reducing potential and 
eliminate the possible traces of hexavalent not 
reached in the first treatment. sodium carbonate, lime 
solution at a pH of 6-8 nay be employed. 

The probable chemical reduction of the hexavalent 
chromium with SO2 gas is expressed as follows: 

1. (a) 

2. (b) 2112Cro44 3112303 —--* (304)3+ 51120 

Cr2 21120+3302'4 Cr2 (011)2 (304)2tNa2304.Ø—H20. 

It will depend on the particular process on hand at what 
pH the reduction reaction should take place. While a p11 of 2—3 

is harmless for a treatment after chromium plating, a pH near 
neutral is required after chromic acid anodizing, or dichronate 
passivation of brass, zinc, cadmium, etc. 

The speed of the reaction depends on the p14 and excess 

reducer available while an increase in temperature also acceler'- 
atee 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 excess of the stoichionietric 
equivalent. 

In a typical treatment layout, the first treatment wash 
follows the chromium plating, possibly after a drain station 
which serves to reduce the chemical dragout. The second treatment 
is 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 treatntent solution reservoir and are constantly 
recirculated. The purpose of the treatment reservoir here is 
simply to expand the usually small holding capacity (100-200 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 snail. Only the 
chromic salts dragged in from the first treatment step are 
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precipitated here. )4anual replenishment of the chemicals 
once daily is usuali.y snf?ieient. The in3erbion of a filter 
in the line s;ill constantly the srall 
amounts of precipitaLe and perpettate the usefulness 
of the second treataient solution1 

The first treatment solution is allowed to build up 

to a concentration of 1—2 lb,/gaL. chromic acid equivalent 

in chrornic s then pumped to a neutralization tank. 
The neutralization and precipitation of H no ehroniic salts is 
affected by the additions of thy lime and resultant slurry 
is pumped to a sludge bed for drying. by-proauct dry 
sludge is of corwuercial value. 

The rate of sulphur diodde flo.i ph 4oay be easily 
controliBct automatically by the use of instrumenLa Lion based 
on the redox potential of f-Are solution. ±,anuai conUrol is 
also easy; it is sufficient to use a L'tst to approx±mate 

the reducer present. Simple pJI p.j cc test may take 
care of the second treatment wash solution. 

Sill 

sira treatL.enb of rlatin' waste is made pos&iile 

for even the siwilest plart without incurring great 
expenses. 

Neither ftc phyalcal plant, nor the are 

of sufficient. magnitude to affect the economy of 
All metal flnishing plants could be designed in thc future to 

eliminate all i-iaste, regardless of the lower 
rtandards allowed by the local conditions; tire cost. of 
treatment i3 s.nall and worth the benefits derived i n 

process. dett or rtnoing can be allowing a reduction 
in water consumption rate, Cle3ner, stain—free finishes 

be had oven with shapes nctorious for trapped chemicals0 
The rDst outudaudinv; difftronce is noticed after chromium 

the usual acid dryir.g sbains are all elirnin- 
atad and the recl:s inoy he an "as new" 

appearance. The chances for contamination of the process 
solutions is The need for housei'eeping 
teaches betLur working improves and reduces 
chemical waste. 



- 50— 

Water Quality Criteria for Aquatic Life 
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The laker and rivers of North played a very itu- 

portant role in the cnd of the conttncnt. In our 

Great Lakes have a fresh water resour:e faa any other 
in the world4 Our rivers and h'ndceda of of inland lakes 
are outstacdirs in their many uses supnort a diversty of the 
cost val'nble fishes to be found it is because of 
this g:ceat wealth in aquatic resources, which many consid!red to be 
inexwustlble, that we have been so reniss In their protection and 

conservation. Their inportance is oniy flow to be 

The great increasec in since 1900 and the 
manIfold the and variety of vi3ter uses have 
shown that itt soue the of water is definItely 
As with other resources we find varies directly with demand 
and inversely with In the w4stcrn areas which racently 
suffered from a seven it was found that when loatl drinkIng 
'iater suppl:es dry up witcr will be purchased at any necessary 1.?rice, 
however high It r&ty be. 

What is true for wfler it; also true in sotne 

for aquatic life resources. We have already found that as the demand 

for desIrable 2 increases r.r±d the supply the ctnotmt 

paid for such recreation beconas The of the 

country hss drastically reduced or elirnr.ated fishing waters in ex- 

tensive areas. Defn:e2ta;ior, fire, and agri- 
cultural prcctice.s :strreased surface runoff and decreased sce- 

page causIng floods, 2 Ic;;, the imp of 

erosion, slltthg and the fillitg of strenc beds. P.e?ioval of stream- 
side vegetation has promoted bank the T1!&micmg of 
and waniitg of the In'-trsi and ether pol]uton has blccled 
fish and has randered y areas for fish. Thrsa 

which a3ter or destroy the açiA9tIC Lahltat are the chief 
cause of the decltne of aqutic life The surest way to 
eliminate a species or of st'ecies is to their habItat 
or prcuitcc utCavourcble for them. The or.ly 
way to a specLes fs to çrote:t ar1d environmental 
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conditions essential for and conducive to its growth, reproductJon 
and well being. 

Protection and conservation ef aquatl.c life is not a simple 
task. Some have questioned its value and 

Our fisheries are now an important resource. The cozrzier- 
cial fisherIes of the UnIted States and Alaska have an annual 
produation of five billion pounds (I) mitt crop renres?nts 
a -dsh protein resource which can be expected to increase in 
While coimiercial utillce a deal of equipnet:t and 

large it.inbers of people, their economic worth is only a 
frr.ction of that of sport fishIng. In 1955 were ncre than 
17 llcer..seci ffniermen in the Unite-! States, There arc 
several million adiitlonal fishermen who fich in the Great Lakes 
and in where a license iv net requIred. A000rrii.n9 
to of and £nr:i:ig ':2), sport fishtng 
in tao States an annual value ot aannst two 
doLIcrcL Wirr.-i.n titi next 160 years the n.i:'ber o2 fisherm.2n and 
tlie of will it:creasa scvnal fold if the n- 
LOLFOCS preaerved, 

In the beneficial uses of a stream, there has 
ottc:-i 3eca a to u the wildLife and recreation- al &nd to tak'± a rather than a long When 

resources we should consider the returac 
jusc for cne ye&r but-. over the centurIes because these 
are lhe iecreatlcr1al, and health valuea of 
our waters are difficult to neasure, but they are The 
recreatLorLal is a large one and is expanding every 
In a iew it the first ranking industry snd in v:er.y 
others it is of irnoo:tance. In the industrial st.atc 
of it is to rank neccr.d, As our popttiE'ticn in- 
creasa3 tJTO wIll be an evcr for and use of ott forests, parks. prcsccvcc, areLa, a:;d 
pecne can eag3ge in sports aid "get hack" to nature and relax, It is believed ti:at our aquatic lIfe Lesources the cesthetic value of ldkes end are largely ifl- are weli wc:cth oar earnest and sincere effcrts to pre- 
serva tnern, 

Tha of water run lity cr1 tcria for Cn nrorect- ion 
Itfe is to preserve or environtnental covriitlcns tot its , and s;ali beings If these 

are :nc;m and undnrstcoa, criter.c can be set up which 
will this objective, if habitat. are not fully 
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known, criteria can only be based on the best information available 
and changed whenever the need is ted by new information. 

Under our present state of knowledge a suitable water 
cannot be defined th 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 

dissolved 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 components. Further, we do not know 

minimal lethal levels for many materials or their mixtures, nor 

do we know the most favourable concentrations of materIals essential. 

for the organisms. Perhaps the best definition that be given 

of suitable fish habItat is--"A suitable fish habitat is one which 

produces a satisfactory fish crop." The adequacy of a fish crop 

is judged by its quality and the pounds produced per unit of sur- 

face area. Commonly, productivity and suitab'Uity are judged by 

catch per unIt effort, growth rate, condition factor, quality cf 

the flesh, and the size and species compositIon of the catch. 

In fisheries management an effort IS made to manipulate the en- 

vironment so that conditions ere made more favorable for the 

desired species and less favourable for those not wanted. 

While our knowledge of the habitat requIrements of fishes 

is far from complete, enough information is now available so that 
some criteria and procedures can be set up whIch will be of value 

in the maintenance of a satisfactory environment and production 

of a suItable crop. However, much research is stIll needed to 

obtain all the informatIon essential for the solution of thIs 

problem, 

The environmental requirements of fishes may be roughly 

grouped under four main headings, (I) a favorable water supply; 

(2) suitable spawning facIlIties; (3) an adequate food supply for 

all age groups; and (4) pools and sheltera In the abatement 

and of pollution we are chiefly concerned with the first 
a favorabletater supply. Natural waters have widely 

v3rying physical and chemIcal properties. The suItability of arty 

water frr fish lIfe depetds on its quantIty, permanency, and 
quality; that is, its te!çaerature, the concentration of dIssolved 

atmospneric gcses, salts and other minerals, and suspended solids. 
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As here used water pollution is 
a water th such that with, 

lensens, or dcstro;s a Ueqefict.i. Li thb' rerard f.ct:?-;cps the 
defLiltion of peilution is "too For eXcnmie, if 

"tco is a-Lkd, discharge to a strean of otgnic nctter 
such as hits a eflect which is to 
fish nrcductica4 Ewever, the cr;utcity of the stream to 
utilizo organic is so that unfavorable envfrcn- 
mentr.l cocc:it tons proditoed and a baneficial use is 
such a discharge beco s noliution, It is evidert, theteCorL, 
that watcr criteria for protection of 

so:ie measSreinentsQ Before criteria 
be sot op we murc know or rLave sonie of how much Is 

fcc thois to protect at all stages tn 
life listory and tu of diffcrent q';cJ±ty. These 
riust incure er. rna2zt'J. favorable to a.i lifo 
m\d to wail boi:tg --w:ra &urvi"al is not enough. These 
e:ivircnmantal factors will te discuned tn snie 

Factcm 

rature 

As a group, arj'vatic anitais of the :one are 
to in betw'?en and 900 F. Not all can 
withstand tbls renge and can withstand and sone lower 

fc,r The of te'r'erattiro wHcit can bc 

tolerated by diffcrcct vpecieS varies considerable ac dcDs their 
to su±ien charges or to acclimate themselves to 

Each spec leG has; a range of 
it does b:.;t a zone above and be.low 

this in it can ourvivo for pe:iodc. Proper acclimat±- 
zation ctw51e3 c3rtain cpecies to at tetrperatures which 
t'OuLd bc' of sudien CXpO3UTC. 

a r;te of adaptatton to high 
to proceeds at a rcuch .; 

rate. to fish C('? 

stand muth highec te-t;.'c:.:turea in than in winter- As the 
nlnji:cr ceston in upp:.r lethal temperatures roflect 
tw2 ;:a;or chbrges in tp rtsing wIth 

a-.c3 cs the wtter cods In fall. Th:et.t (3) 
ch:t t±.: bullhead 

C. on Nay 12 to 3'. 3° C. by J';v a. Brett (IL) also for,d 
tnat there a ¶derabio in the t±-ie for 
cortletion o2 with rcsp_ct to heat tnlerance at 
icvcl it bean thc.t sune species e:'hib±t 
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geographic differences in their to high temperatures 
while others do not (5). The writer noted a bass kill in a 
southern Michige.n in June 1936 when the reached 940 F. 
during &n unusually hot period. a tempnature of 960 F. 
ifl Wheeler Reservoir in 1.933 appeared to have no lethal effects. 
The difference r.ay have been due to a different acclimation 
history. It w.'as observed that a temperature of 1080 F. killed 
all the fish in a pond near Savannah, Geotgia, 1945. 

peAk brought about by some unnatural cause may, 
therefore, be somewhat different ifl different nortions of the 
country, increasing from north to south., 

Members of the facil;' Sa1.wonidae are cot.d water 
Brook trout seem to do best in streats, the sutu.mer 

of which range 52 and SC° F. While trout can 
survive higher for short periods, streams 
having such te!rparatures are not first class trout streans. The 
writer found brewn atd rainbow trout survtving a pe..ak temperature 
of 830 F. in the South Branch of the Pare Marquette River of 
Michigan. in 193D. Brook trout temperatures of 810 

and in the Branch of the Black River on successive 
&tys in July 3.931. Fry (8) reported the upper lethal. temperature 
for young brook trout (12 to 14 hours exposure) to be about 
7750 F. Such high are more favorable for minnows and 
suckers which increase greatly in numbers and compete for fo 1 

ar.d with the trout (9). The reEult is that trout comprise a 
very smrll porttnn of the total fIsh population of the stream and 
supply little fishing even though the overall productIvity of the 
stream may be great. 

Four fish populetion studieu in the East Branch of 
the Black River of indicated that trout made tip only 
9.6 percent of the total Legal sized trout comprised 
only 0.9 percent of the total of fish taken in the study 
e.reaz, In the neighboring River, another stream havIng 

above 750 F., trout 15 percent of the 
total fish population in the areas cou2ted (9). In a nearby cold 
stream, the West Brcnch of the Sturgeon River, trout represented 
96 percar.t of the tote I ppulation. In trout havIng high 

sucLers and minnows comprise the bulk 
of rhe fIsh population. Th-ic, whila hIgher than the 

and hi.3h temperature.; of short duratIon (750 to 820 F ) 
Lot kIll trout1 they environitental conditIons more 

favorable for the coarse fishes, which increase at the expense 
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of the flout popui.ation. This fact n!tst be taken into consider- 
ation in the of criteria for the cold 

w?.tet Such criteria mtist be baied on optimum conditions 

and not on tcle:a.ted by trout. It is belived that 

for trout productton in straaras subJect to fnvaston by coarse 

species, tenperaturcs should 680 F. 

Since deforestation, ovargrazing, unwise land use, retnoval 
of shade, and erosion have already caused the of 

strears to such an cztent that tha of trout water has been 
ser±ously reduced, and since trout fishIng in highest denand, 

it Is bellved that no wcstes of heat content shctzld 

be discharged thto a trout st:e&m if the stream to be naintained 

for trout. 

Favorable at 

t±ne for both cold arid warm sister specien. It is we..l krio'dn 

snawn is the spring whet the water temperature exceeds 60°F. 
If &e water is warm2a to thIs teiperature foe c pecic4 

may be induced too early in the ScR2Ofl. Then if 'zaste 
discharges are ovar a weekend, water temperatures 
itay drop intO the SO's the result that gnardit'g vales leave 

the eggs are wIth fungi, and TzO ycuug are 
produced. of water temperature above and below 500 F, 
dur±rg the spring ace dDtrimsrttal to baos production. 

A change in wate. tenperature csy affect the acuat:c fauna 
dfrectiy or indirectly. the change may be wIthin the 

tolerance of the fish, it nay so alter environmental con- 
ditlons that they becaiie. unfavorable for food organisms 
and certain 1ff a histt::y stases of the fIsh, or the 

make them note. for com?etitnrs or predators. Temperature 
changes will directly affect the metabolIc growth, re- 
prodtct;Lvc processes- The'7 may rEsflt in or decreared 
food prod ictfon, interfere with sj;vwnicg, or change an 
pctrt of the fauna, thereby alte:it.g the qu?ntitative makeup of 
the 

Although high tenperctures have been considend of 
because of their possible lethal effects, 

ft Is oellc:ved that unn;itiscafly high winter teraperaturea may ba 
equally In temperate zone the aquatic blota 
have evolved under cot4ltloas of qu!:e wide differences in seasottl 
temp?ratures- For example, the eggs of some &phnla have to be 
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chilled or frozen before they hatch. Many other organisms go 
through resting stages or specific stages of development at certain 
seasons. Some of the diatoms, for examnie, are abundant only at 
temperatures below F. Other forms appear only at certain times 
of the year and there is a succession of forms with the seasonal 
changes. At present we have little conception of the wh±ch 
might be brought about by permar.entiy elevating stream temperatures. 
A lrrge portion of the blota night be changed and the whole food 
chain For thIs reason consIderation should he given 
to upper temperature limits during the wInter season. This con- 
sideretion may requite increasing as the atocic energy 
industry develops. Teaipcraturcs should not he r2iscd to levels 
that induce spawning at unr.r.tur.a]. if there etc periodic drops 
in temperature, and they should not be such that they interfere 
with the of inpar!rt organisms in the fish food chain. 
Considerable study needed before this problem can be approached 
jute ly. 

Waters of heat content should not he discharged 
into a etreata in such a that they a block 
across the stream. Further, an abrupt change of more than 90 

may affect fishes adversely even if of short duration. 

For a well rounded warm water fish populatIon in the Ohio 
valley it is that peck summer should not 
exceed 93 F. at any time or place In the south such peak te;rlDcr- 
ature probably should not above 96CF. This means that ir. genenl 
temperatures will be conslderably below these levels. WhIle several 
species can withstand higher tgmpcratures (1000 to 1030 F3) for 
very short periods, 930 and 96 F. represent critical levels for 
most scectes ±n the further, whIle fish iay, 

throuzh certain survive abnonnall.y hIgh temperatures 
f or short periodt, they cannot conplete their life history at such 
tesiperatures. For good production, therefore, tewpcattires wIth- 
in a favorable rang? are required. 

and 

Studies carried out in connection with trout ctream 
ir.ve3tf.gations in Nichiaan indicated that: sand bottoms 

era oliucst bnrren of benthic ptrl that the ad'iitlon of 
sand or silt to rubble or gr€cricl botzccn streams decrease 
srrcam productivIty (9) (10) (1.1). Th fact, sbiftthg sand in 
quantIties so snaIl as to be by casual observation can 

the productIon of by drifting into the 
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spaces between the gravel and thereby decrees ing the areas for 
attachment and cover. it is belIeved that no inert inorganic, 
sandy, or other similar wastes should be added to a rubble, gravel 
bottom stream as such deposition nay not only decrease the supply 
of desirable stream bcttow insects but also seriously ltmit 
spawning of most nest-building fishes. Studies of the effects of 
mining wastes in California 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 CalIfornia showed that the average 
nurnber of food organisms was always less in mined areas when inert 
inorganic materIals were discharged to the stream than in noxincd 
areas (13L On the Scott River, samples from the silted area 
averaged 36 organisms per sçuare foot, whereas those from the clean 
stream bottom above the mine averaged 249 per square foot, or 7 

times as many. Similar studies (14) have shciwn that hydraulic 
mining wastes are detrImental to salmon and trout 
These and wastes from olacer mining and from stamp mills and 
washing operations may completely choke a stream causi2g It to 
flow in a shallow sheet over the accumulated deposits. Further, 
debris dams created by such operati3ns can elIminate the s2inon 
by blocking 

From results of studIes parts of the country, it 
is that erosIon silt is a flGjOt stream pcllutant and that 
it produces environmental conditions unfavorable for the reproduc- 
tion and of fishesa Since the character of the stream end 
its bottom are of prime importance in determining the harmful 
effects of erosion silt, is not possIble to establish numerical 
criterIa for settleahie solids which are universally applIcable. 
In some streams consid3rable aDounts do very little additIonal harm, 
whIle in gravel rubble bottom streams even •;nall amounts, as has 
been noted, reduce food prodwticn and limIt spawning. It is 

that criteria on settleable solids should be established 
to protect envlronmend. conditions in the stream, though they wIll 
vary from stream to stream, depending on local conditions. 

Turbidity is uriually due to solids whIch settle out 
or to coll3idal netrriols which may in suspension over long 
perIods. The studIes of IrwIn (15), Wallen (15A), arid otners at 

A and 14 heva shown that turbidity must be vary high 
before it exerts a directly harmful effect on fishes. In some 
tests (ID) dIrect rea7tlc'ns to turbidity dId not appear until it 
reached 20,000 and for one species not until it reached 
100,000 host individuals of all species endured exposure 
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to more than 100,000 p.p0it, for a week or longer but finally 

dIed at turbidlties cf 175,000 to 225,000 p.p.m. Fishes which 

succumbed to these turbldities had the opercular cavities and gill 

fllam2nts 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 gnwing 
seasons the average tctal weight of fish in clear ponds was about 

1.7 tImes that of those in pond3 of intermediate turbidities and 
approximately 5.5 times greater than those in muddy ponds. Of the 
three species used, large mouth bass were most affected by 
turbIdity. The effect on plankton production was even more 
since the average volume of net plankton in clear ponds during 
the 1954 growing season was 8 times greater than in ponds having 
ir.terucdiate turbidity and 12.8 times greater than the yield in 
most turbid ponds. Rotcever, catfish survived better in muddy ponds. 
Game fish feed by sight and in turbid waters, they are at a dis- 
advantage when competIng with such fish as carp, buffalo, and 
carp suckers which a vacuum cleaner type of feeding. 
TurbIdity can, therefore, bting about a quantitative and qualitatise 
change ifl the fish fauna, in addition, metallic or sharp particles 
may kill fIshes by causing abrasive injuries to the gills or by 
clogging the gills and respirctory passages. 

Suspended solids and turbidIty prevent light penetration, 
decrease photosynthesis, and thus limit algal production. Since 
algae are the basic material in the food pyramid, turbidity ad- 
versely affects fish production in an indirect manner. In most 
streams settleable solids and turbIdity are largely due to soil 
erosion, UntIl erosion is brought under control, little can be done 
toviard clearing up the streams. Reduction of tu*bidity is a diff I- 
cult and long time problem which must be carried out in cooperation 
with soil conservation, agricultursl, tnd forestry interests. In 
the mearitine, however, efforts should be made to control or 
other sources of settleable solids and turbidity. Lagooning can be 
effectively used to remove settleable solids and turbidity from 
many wastea. Such procedures are essentIal on all clear streams 
and they should be InItiated In conjunction with efforts to reduce 
turbidity and settleable solids tbrough control of soil erosion. 

Turbidity standards must be soraewhat local in their 
applIcation as they '411.1 depend on the area and type of stream. 
I: is possible to set up relatively sLnpie turbIdity standards which 
can be readIly checked for by field tests. Turbidity 
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standards ziight state thai: a certain of the 
the rvh stated det,th bctwem 11:00 A4'!. 

atd 1:00 The selected wotJu depend on the depta to 
which the rogulatoty felt the nt\otocynthetic zone should 

Different types of water diff2r iii their capacities to 

absorb light. Water transparetcy affected by the suspended 
nctter, the plankton, and by stain or color. In 
cf the of us'ni sctplies, 9.5 percent of the 
solar energy &t tbs stirface reauhes a dcpth of 6 feet0 
Born (39) statea that the limit Lot growth for 1:ne higher 
pi;tts l±e' az'd percent of the total eurface 
energy at but that $.t rapidly declines below 4 percent 

severe etioletion occurs in seed There is 
some that certain algae can st levels of 1 percent of 
the but it not defth5tely knoun how much light 

required for them to nore oxygen by photosyflthesis than 
they in the±.r respiration. While crtteria utli vary with the 
sna they can bo relatLvely For example, £ criterion 
for a &rea sight state -- under conditions of brtillant 
sttrdtght or near noon 4 percant of sucfice tncident Light shall 
reath a &pth of 6 feet, trcldant and light at given 
depth cais be reed±ly resd b7 means of a photometer fitted for 

use. 

The pH of a wzter riny exert a dIrect ef5ect on iL it 

is very btgh or very tow due to strong bases or minertl acLds. It 

may have an litliract effect through its influence on the toxicity 
of cercein uaterialssuchas EcN, H,S, heavy metals, etc. 

and ?enteicw (17) found tha toxicity NaS solutions 
to brown tz out was influenced markedly by in pH, the 
toxicIty increasing as the pH lower. The heat are 
cor.aideT:ably moze Lotte at lower levels probably because thcy 
arc :m:c souhle. krsicnia becomes more toxic as the p1t 
1.3 rgiar:d above 82. The toxicity of a of weak inorgAnIc 
and acids, inciudir.g h','dtocyanic, hycro- 
sulf::ic, carbcrLic, end canuic, is increased by lowering the p'I. 

pd val.uss of 4 and 10 or slichtly above have been 
by fIshes is'i Some 1CrJOIS et 

fith kille J are: trout, 9, 2; 

cnrp, and 10,/-. 10.8. Fish 
he:s obsErved sCchin a few hours at pH levels of' 

3.4 to 4. cctath fish been to live for 
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considerable periods at pH levels as low as 4.5 to 4.2. 

Studies of acid bog lekas (18) have shown that yellow perch, 

brewn bullhead, biucgill, and pike can live at a pH of 44. Ellis 

(19) states the p11 of streams generally ranges between L4 
and. 8.5 with an cvcr-all range of 6.6 to 9.0, while bog 

and 1a'.es vary from to 6.0. He states that in most uncontami- 

mtted freshwater pH values range from 6.5 to 8.5. 

Sudden or wide fluctuations in pH are undesirable. While 
fish c&'n withstand pH icvcls as high 9.5, ft is undesirable to 
have the p{ continually bztwean 9 and 9.5 when this level 
is due to the eddirjcn of cauctic wastes, Such p1-1 ccnditicns are 
entirely from and tore infiul thr.n thu naturally occur- 
ring but brief hIgher ]e,els may be as high as 10 or 10.5. 
Those natural high pH levels are producod by p..otosynthesis due to 

the recioval of CO., and they are always cccD?panied by high 0.0. 
High p11 tutereferes with oxygen uptake of some and 

fishz's may limit, their to survive at low 

oxygen tension (20). Atwlucs below 5 and above 9, the p1! seriously 
the ability of ffthas to extract oxygen from the 

waters This ability varies with the species; with bass and crappie 
tbe pH can be lowered to alwost 4 before their ability is affected 

(21) (22). In general, fish are able to extract oxygen best at 

pH levcls to U.5, but such fish as perch, bass, crappie, 

goldfIsh, trout, and green sunfish have a wide range of tolerance. 

The bitmt nose mtnnow and one of the shiners, Notropis 

found to be vcry sensitive as they can extract oxygen beLt at 
to (20). fishes can survive rapid changes in pM. 

Laboratory studies have indicated that goldfish withstood 

changes fro1-a 7.2 to 9.6, black bass from 6.6 to 9.3, and 

from 7.2 to The amount of dissolved oxygen is a determining 

factor as to whether or not these changes can be tolerated (21). 

In the range frot 5 to 9,5, pd as not been shown to 
be dctrirecntal to changes In this ran;e can 
drastically affect the toxicity of certain materjals, ar1d they also 

the of fish to absorb oxygen frotn the 
Ftit;-;cr, it has beer. roted that In the -note productive streams pH 

fails :n tr!e from to d,o. At pH levels e.bo'ie 
and below tht'-;e vilues so:ne of the essential minerfls becoma un- 

Thus, while p11 i'u the SM to 0.5 is not in 
chrectly hanaful to fishes and tI:is range tray he used in 
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settIng uo water quality crIteria, from the ste.ndpoint of 
ii: is eicvy effort be mada to keep 

pU wiues in the range of 6,5 to 3,5. 

There are a host of and other conditions 
which imfluence or the solubtlity of oxygen in water, 
the amount cf dissolved oxygen favorable to fLsh 11± and the' 

aioutt needed for iii fresh waters, 
is the most factor affecting the soluhillty of oxygen. 
Dissolved scuds are rarely presett. in suffictent amounts to have 
an appreciable influence • Sevoral environmcntai. conditions 
influeDcs the optImum nount of cxygcn reouired by fish or inter- 

with the of oxygen by the fish or may change or in- 
their mininrn need for oxygen. these are temperature, 

pH, C02, dis3olved solIds. 

Tenperature increeses vi.thin the rnge to fish 
arc a progressIvely higher netaboflc ra':e a 
ccz!Linuotis increase in the oxygen uptake. Wiebe and Fuller (23) 

that at C. tha czvgen ccnsuzcpclon of largetnouth 

basa was 282 percent of that at 15° tt 200 C. ft WCt3 177 
pertent of the at j50 C1 This is in accord with the 

van't Hoff law states that for ar.y chemical change the rate 

of reacticu is increaBed between 2- a;kd 3-foLd for every 100 C. 

increase In Teteperr.ture is of outstandIng inportance 
in the of envi.roiwental requirements since the 

consttrrntion Increases as temperature rIses whereas solu- 
billcy of oxygen decreaces. Beenise the annual range in tenper- 

ature of of the may be as uuch as 280 C., 
orgen at psak may be severe.i fold what 

it is at ml rt peak sti'cam or lake 

tezaperatures the water will hold about half as much oxygen 

as it at minirnni tamoetatures. Craht:n (24) found that f or 

trout the rate of ongen UptZkC increased With increasing 
up to the upper tcnperature, if 

suffIcient c>tygcn were ciallable. Wetcr contalnthg less thet 75 
percent of the sir satunt.ion Lwei o2 oxygen reduced the activity 
of speckl.cd trout at all temperatures. end above 20° C. (530 F.) 

sat--irated seater is the full score of 
Seve':.tl ot5ir invsstiry.tors have also found that the 

cf fishes became greater with inLreases in 
(25) (26) (27). 
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Temperature also markedly affects dIssolved oxygen 
concentrations are lethal to various species of fIsh. 
Furdlck (28) found that smallmouth bass died in S to 9 hours 
at oxygen concentratIons of 03 to 1.1? p.p.m. at 
of 52° F. to 720 F. There was also variation in the turnover 
time for dIfferent species of fishes, At 55°L and oxygen con- 
centrations of I to 2 p.pum. the tu-nover tImes were as follows: 
brook trout, 1-3/4 hours; brown trout, 2-1/2 hours; and rainbow 
trout, 3 hours. At F. to 710 F. these fiehes turned over in 
approximately the same time at oxygen concentrations of 2.3 to 
3.4 p.p.m. 

Several other environriental factors also inter with 
oxygen uptake or increase the oxygen requirements of fiches. High 
and low pH levels interfere with the ability of fishes to absorb 
oxygen from the water, HIgh CO2 concentrations Interfere wIth 
the utilization of dislclv3d oxygen. Fry and Black (29) found that 
the sucker, wIth Its CO9 sensitive blocd, was unable to 
remove oxygen from water containing 002 tensIons which did not 
hinder the respiration of latter possessing blood 
with a very Low sensItivity to CO2. Under pollutiortal conditIons 
flit generally requite mere oxygen (45) (46) (20). At low 
dissolved oxygen levels fish to concentrations of tox.c 
materIals they can tolerate at high dissolved oxygen levals, 

Many studIes have made in attempts to determine the 
leveLs tolereted by dIfferent species of fich. 

Gutsell (30) reported that some brook trout could endure, for a 
short period, an oxygen concentratIon as low as 1.2 p.pm.; 
however, some asphyxiatIon occurred at a D.O. content of 2.5 p.p.m. 
Smalimouth black bass lIved for a time at 0,4 p.pni. 0.0, Wiebe 
(22) found that some fIsh can withstaad sudden wide changes in the 
concentration of oxygen and that they can live in water super- 
saturated with ozygcn. The increase in 0.0. was followed by a 
slcwing doci of the respiratory movements. Fry (31) states that 
at 490 F. the ultimate tolerance of brook trout for 
dIssolved oxygen is 0.9 p.p.m. and King (32) reported 
the csphyxlal of trout to be 1.1 D.O. at 6.5° C. and 
3.4 at 25° C. Thocnpson (33) onthe basIs of field studies, 
reported that carp and buffalo lIved in water having 0.0. 
however, he fo;nd a variety of fishes only when there over 
4 of ox;gen ar..J the variety of fishes were present 
when the D,0. was 9 He found that fish died overnight in 
water contalx;ir.g less than 2 p.p.n. Ellis reported (19) that 
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goldfish. perch other 570c1es of fre3hwater 
fishes when maintaIned in water of consttnt flow, composition, 
and (20D to 25° C.) shnwed coi'rensation in both volure and rate when the dissolved oxygen was reduced to slightly below 5 p,p.m. 

In addicicn to these conditions which ifl- fluence the oxygen requirement, there are several physical, chemi- cal, and jmystological condittons wltir;h infltenee the ability ot fish to extract from the water, its need for oxygen , and its aLility to resIst low oxygen levels, Firat, it must he realized that aLility to oxygen the water and to resist low 
D.O. levels varies with the species, it is well known that dog- ftsh, carp, an-I gar can at much lower 0.0. levels 
tr•a't: and other Sane fishes are more efficient in the extraction of oxjger. or the!r blood iS not as sensitIve to the nros•:nce of 4 A 

The ca'ount of oxygen reruired by fishes is in part by a mm In bed cbes rot brenthe as denDly or require as much oxygen as 
a dItch. It been rcocrted that two to four as much oxygen is by a fish when it is active as when it is (24) (26) (34), Under actual stream conditions a fish mtnt maintain its position against the current, find, pursue, and catch its avoid its enemies, and reproduce, All thes.2 activities require in auth amounts that D10, levels at which the fIsh can jt.st sunive are unsatisfactory. Age, size, and season are also of In general, fry and fish have a higher and loruire tiore oxygen thrin adults (35) (i3L Bacauso of ir;crcased activIty and theIr physiological 

condItion fish require more oxygen at the spawning season. StudIes ctnri&.d out in our laboratories indicate that D,fl, rcquirrnents are at other ti:aas of the year and futnher, the physical condition of the fish is of outstanding frportance in determIning 
a::d the level An actively feeding, rapidly gro.qi:ig reçuires co:isidarab?.e more wcygen than one which fc!eds very Since gcowch is rapid in the fry to s*ige 4t is t-a'- D 0 renuiro- wcrtts be rr!;ner et this period, Eggs deposited in bottom nvterjr' 3.. 0, dons than do adt,lt fish. Since the the botbn materials is slow, the arnotnit 

oC by the eggs per unit ef time is small and thus it must contaIn DIG. to jrovide needed requirements. 
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Through acclimation, resistance to low levels may be 

Fry (31) reports that through acclimation the lethal 
dissolvcd oxygen level can be reduced to about one-half the 

value for trout accustomad to air-saturated water. 
Lower dissolved oxygen levels can be tolerated for considerable 
periods thtough an Thcrease in respiration rate and volume of 
water pumped, reduced activity and food and an increase 
in blood (37) By means of such adaptation 
fishes may ijVC for considerable periods at reduced c2t::ec- 
trations withott apparent hcrm. ThIs does not mean, however, tha.t 
they can complete their life cycle at such levels, Further, 
ability to live niore or less indefinitely at low oxygen levels 
does not mean that some of their physiological processes have not 
beer. altered so that the!z well being and growth are adversely 
affected. It has beer reported (4) that the bullhead is unable 
to become acelitoated to increased te:npsrature whcn D.O. levels 

low whereas ft becomes rapidly at ncrtnl D.O. levels, 

Diszo!.ved ox,'gcn levels adequate f or growth, reproduction, normal 

activities, and well being are considerably hi1her than levels 
wtich crm be tolerated for extended perirds through acclLntion 
and compensation1 

Studies of the oxygen of fishes fall into two 
l&:.oratory ir1vcstigationc, where as many as 

of the variables are controlled, the factor u:tJer study is varIed, 
and the effects on fishes directly observed for a relatively short 
period; and field studies, where the varIable in question is 
measured in different sections of the stream and is related to the 
fish population in various areas. both types of study have certain 

advantages and disadvantages. It is difficult to relate 
laboratory results to fIeld conditions, whIle in the fi sttdles, 
factors other the variable in question (dissolved oxygen 

might have a bearing upon results. It is 
that the approach is to carry on both laboratory and ficli 
st.udiec that they each other. In the 
of laboratory findings, it must be reccgnized that fish are 

usually held under favorable conditions and it is necessary to 
realize that all findings are not applicable to conditions. 

The Lytle Creek studies (40) and other field studies have 
indicated dissolved oxygen at which fish and the5r 
food supply can Twenty-fottr hour studies were 
made on Lytle at all seasoms the year at selected stations 
to D10., C32, pH. and Such studies or a 

record of oxygen are for thvesti- 

gacians of D,O.requlremcnts there are great ciurr1al and seasonal 
variations In oxygcn Fish populations and growth 
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studies t.yere o'?rr (41) (A2) 
order to relate theta end their 
variations in diffcrcr1t of the Unrz rolled 
variables encountered in streem studec make it difficult 
to be certain. tnat in ti.stt are by 
oxygen conccr1tratnrc. asonc. nowever, it is belteved that 
var tat ior.s in oxyget ccwceittrat ton were the variable 
ir1 Lytlc Creek since fish appeared first in tae riff.tes ot the 
up'er zone of recover'; and were fcttnd first in the poois 
ferther Since fish were not in the pool 

Lelow the ritfics or I;ei;A'aen thcm, it is belicvnd 
this is chic to DO. us cther lht.Ltir:g factors probably 
would not change so rapidly. In streatto La-iitg a considerable 

oxygen dcc4and there are marked differences in D.,0. in 
the pools and riffles. In studying a section of the Scioto River, 
it tou!Id that the D.C. at the tail o2 a large poot was 0,1 

wh±le about 200 yards water which had pavsed 
over a wide shallow rift le on one side of the stream cojtt'ined 
5.6 cxygcn. 20 fee: fron the in the main 
flaw of rbe river there was 2.5 of oxygen. 

In streams polluted with organic wastes, toxic 

such as R2E, acd 0154 may be formed by anaerobic 
The nay escape or be fairly rcpid!.y used by certain bacteria 
such as T"icthrix, an! (43). Usually 
niuch of the to both of these materials 
are ranidty by the dense g:o:;ths of algae in the recevery 
zone (44). Most cf the which iS not vary toxic, 
a Thus? while toxic materials may be formed, it is possible 

that they do not exert a effect on the fish. 

DeterminatIon of the oxygen of fishes and 
establishment of suitable oxygcu criteria are eopecially 
diff!ct'it A great many studies have made of the 

oxygen reciifremrnts of fishes, Investigai:cvs have not always used 
a Li there bren great diversity in the 
species studied, the under were 
tac metlwds used, the of tJ:e study, the 
c;'1.iher of i-he ±n-ie and the mt ecpretation of 
Consequently, obi.:ctived ha';e varied and hdve altiays 

bc'cn stuilies out in aqurria cc 
St.j:lt t i;os t:i;h arc not Lcd inJic: 

an tir4t trin I ccn riU.. v:va low cQflC.flitraL 
d'oel';J .Y .ftcJ . IL should be rc :'g:J z J 



that were survival is not enough and that the minimum 
oxjgen level should be suitable for the continuous maintecance 
of a satisfactory fish crop. Minncxn D.O. levals at whIch seine 
species of fish can, through adaptation, resist death bj 

a time ne not for coinpietion of the 
normal life cycle. Oxygen levels itust be coraticuously adequate 
for Lte general well being of the fish and the maintenince of fIsh 

organtsnis. Bcf ore adequate criterIa c&m be establirhed it 

is es3entl.al, therefore, to know the environmental requIrements 
of the fishes since the objective Is to provide auttable 
condItIons for 

ConcentratIon of oxygen is often as 
weekly, nonthly, or som2timss daily, averages. Such values are 
not as they do not environrnental variations 
and nay actually be misleadir'g fron the standpoint of the 
corxin-ued exl2tence of the fish. It is the extreme variatIons 
whtch nay becotn2 unItIng and which are the most inportant for in- 
dicat ing unfavorable habitats. 

Sotne D.O. criteria have boon set up as percentages of 
saturation. This procedure is deerred undesirable because eve: 
the range of tenperature observed in our natural waters, 50 per- 
cent of saturation may teL.n 7.3 p.p1m. oxygen or 3.5 p.p.m. As 
temperature increases the of oxygen whIch can be held by 
the water decreases, whereas the amount required by the fish 
creases. It is believed that crIteria for dissolved oxygen should 
be expressed in parts per million by weight. 

Findings in Lytle Creek Indicated that in a stream 
section in which the oxygen concentntion is usually above 5 p.p.m., 
the occurrence of concentrations below 5 p,ptra., but not below 
3 for a few hours, does not have an a±'erse upon a 
well rounded wani-water fish Minnctc and other coarse 
fishes were found in the section where lrjvels dropped 
to 2 p,p.m. or slIghtly below. On the ba3is of these studIes and 
other pertlnctt data is believed that for a well rounded warm- 
water fish population, dissolved o:cygen mur not be 
below 5 p.p.m. for more thou 8 hours of any 2'i-hour perIod and at 
no time snould tacy be 3 pvp.m. For the maintenance of a corce fish pcpuThtion cor.centrations should not 
he 5 p1n.m. for mcrc th:'.n 8 hours of any 24-hour period, end 
at no time should thcy be below 2 
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The salsttonoid fishes are not found in strearvs 
where dissolved oxygen are lower than 
4 to 5 p,p.rn. For noruial feedIng amid adequate growth at 

S dissolved oxygen arc required. Successful deveiopnicnt of 

eggs and fry reçliite a nKnimum of 5 p0p.n., whtle for the full 
range of activity for brook trout and perhaps for other members 
of the family, 7.6 p.p.m. are reiuired at 15° and full air 
saturation at 200 C. and above (31). It is believed, therefore, 
that for good salmonoid production dissolved oxygen concentrations 
should not be tess than 6 p.p.m. 

Carbon Dioxidç_ 

Carbon dioxIde may influence the toxicity of other nataials 
or it may in Itself be harmful if in sufliclent quatitl- 
tics. Alabaster and Herbert (48) found that CC., was not tOXiC 
to raInbow trout wtthin a 12-hour expositre at up 
to 30 p.p.m. but was toxic at €0 p.p.m., and that period of sur- 
vival decreased as the concentr.tion The presence 
of In concentrations from 15 to 60 p.p.m. was foufld to reduce 
the tSxiclty of }!4gher concentrations are toxIc; 100 to 
200 p.p.m. can be rapIdly fatal to iodarately susceptible fresh 
water fishes in well oxygenated water. Fifty to 100 p.p.rn. can 
ccuze distress nnd may be lethal. Both rcariae and fresh water 

vary greatly in their resistance to CO2. Wells (49) report 
that resistance of fIshes to hanful conditions varies with the 
species, wIth or size end weight, wIth the conditicn or 
physiological state of the individual, and with the season. fle 
fctmd that all the fIshes with whIch he worked were 
leant resistant juat after the breeding season-- June, July, 
and August-- and most resIstant before it-- March, AprIl, May(5O). 
Ebowers (51) hat showa that the abilIty of marIne fishes to extract 
oxygen at low concentrations was a±>ersely affected by moderate 
amounts of CC2 whIch lowered the pH• The Irwestigatiun of glack, 
Fry, and (52) demonstrated the influence of on the 
utIlizatIon of oxygen by 16 species of fresh water ftshcs, It 

was that ox;gen in the respired water at the tine of death 
was higher when the tension of CC2 was The abil.tty to 
take up oxygen ii the presence of CO2 varied wIth the 5pecies. 

and co-workers four,d (53) that fk&h are able to absorb 
ezygen tt a low a wIder range of CO2 tans.ton 
than is found in the natural waters In which they live. Ho3t 
workers have that naturally occurring levels of C02 are not 
detrimentel to fIshes. It is believed that concentrations under 
30 in the absence of other adverse factors will have no 
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harmful effects on most species. The majority of investigations 

thdicate that 002 becomes rapidly harmful at concentrations of 

100 to 200 p4p.rn, Surber (54) found that concentrationt beticea 
55 and 78.5 p.p.m. in hard water at pH 6.9 to 7.0 caused 

a decided increase in the loss of eyed cggo and the number of 

deformed trout fry. Concentrations up to 43 p.p.m. apparently 

hand no harmful effect. 

Dissolved SolIds 

Natural, unpolluted waters of lakes and streams have in 

solutIon small amounts of the anions Cl , smaller 
quantities of N03j POi( 7 , and NOf, and traces of many 
others • The metallic cations are Ca4t Nat, Fet4t 
and tracea of several others. These materials exert a physiological 

and osmotlc. effect to which organisms have become adpatcd. In fact, 

these dissolvsd materIals are required by the organisws. Rawson 

(55) found a positive correlation between the total solids in 

fresh waters and the average standIng crop of plankton and bottom 
fauna. The type of rock fortnaticn and soil largely determines the 
concentr&tion of dissolved solids in a water but erosion may be of 
cons5.derable Inportar.ce. Pollution may also be a factor. During 
the period from to 1934-43, the average ataount of dissolved 
solIds in Lake ErIe increased from 133 to 165 p.p.m. whereas those 

in Lake SuperIor renathed unchanged (56) (57). 

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

It is apparent that salts of Mg, Cu, Ag, Zn, Pb, and Cd will have 
a much different effect on fishes than will equal concentrations 
of salts of Ca, Na, Mg, and K. ifl general when total dissolved 
solids are referred to in relaticn to water qualIty criteria, it 

is the salts of these nontoxlc earth metals which are 
bellevad to be consideration. Unnatural concentrations of 

these salts nay effect aquatic life in two ways. If the solution 
of salts is physIologIcally one of them may exert a 
direct toxic effect0 If they are physioirflcally balanced, that is, 

is present in quantIties sufficient to atitcgonize any toxIc 
effects of one or mere of the others, they may occur in such con- 
certttttlons that they exert an ocmoric effect. W5ebe (58) points 
out that the os-iiotic pr2scure that fish can tolerate depends to 
a large extent on Fish acclimated to the extremely 
soft waters of East survive subjected to salint- 
ties to whIch the fish of the Pecos River are continually exposed. 
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Te:c23 rivers (53) range in total solids from 45 to 
4,810 Wiebe found as much as 2C;030 p.p.m. of chloride in 
a stream where fresh water fIsh were supposed to live, However, 
?o'mg(59) Indicates that when dissolved solids reach 11,000 
only certaIn fish can tolerate them indefinitely. The ability to 
resist hIgh concentrations of dIssolved solIds varies with the 

While some fishes move from marIne to fresh wctcr or 
frem fresh to sea water, some species have been reported as being 

to reAlst concentrations above 3)000 p.p.m, Yo'ng reported 
th3t Nt2C33 in concentrations about 800 p.p.m. was unfavorable 
for catftsh. Huntrmen (60) reports that in the Quill lakes of 
Saskatchewan, which have a total solids content of 16,550 
there is a resicie:w f5wI; popui.ation of somawhat lImited exter.t. 
it iS belIeved that total dlssclvad solIds in ';p 

to 3,000 pLp.m3 can be tolerated by most fishes, if the mat:c.nals 
in soiuticn are the relatIvely non-toxic earth metals and are 

balanced. 

Cnlcr Idas 

The amount of chlcrides is often considered as a measure 
of sa1dnJ.ty or of total dissolved solLd3. t4ncn deaiirg wtth sea 
water, which is fairly unifon and the composition of which is 
kr:nwn, chlorides can be taken as a measure of salInity or dis- 
solved solids. Thic does not hold, hewnv:r, for oil f.€IJ brines 
and other wastes. Oil field brines differ drastIcally from one 

and fro2l sea water and contain large quantitIes 
of salts other than chlorides. 

The chloride ion as such does not have much significance 
from the standpoint of toxftity to aq'iatic life. The cation is 
so mu&t more that the cM.oride anion Is not generally 

This is especially true with chlorides of the heavy 
as copper, zinc, etc. Even with salts of the 

ncnt:4:ic ccth the ccxicny of their cnlor:des 
is cvi.deniiy to the toz.!.city of ions 
prese.1t and not to toxicity of the chloride Since the 

inns wiry greatly in toxicity to fish arid are 
in thn of toxicity, it :.s ouvious that 
ion of a of salts is not a reliable index 
to tic ity. 
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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 toxicity of any particular ions present. Provided 

that the salts and other substances dissolved in water are balanc& 
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 2000 to 6000 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 affectn the life processes of other freshwater 
organisms. It is, therefore, impossible at present the 

maximal safe osmotic pressure of a freslr,,ater 
Presumably, the tolerable osmotic pressure entails a salt con- 

centrat ion far higher titan the limits by industrial and 

municipal requirements. When we are dealing only with different 
concentrations of a particular salt mü:ture such as sea salt, 
the composition of which is known and uniform, the chloride content 
of the solutions (which is easily determined) can be a useful 
index of csmotic strength1 However, when we are dealing with 
mixed salt solutions of unknown and varyin3 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 believed, therefore, that chloride ion criteria 
have no practical significance as far life is concerned. 

F lucr ides 

Studies at our laboratory in Cincinnati have indicated that 
fluoride ions do hav2 toxic properties in their own right. Further, 
they appear to have a cumulative effect. In 10-day tests it was 
found that the vaLue for potassium fluoride was 64 p.p.m. It 

is believed thtt fur good fish production the fluoride content 
should not exceed 5 p0p.m. 
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ToxIc Mnterials 

There is a great deal of literature dealing with the 
toxicity of various pure chemicals to fishes. The great majority 
of investigators have used apDroachec and have carried out 
their studies with a variety of fishes, using different types of 
waters for dilution. Several compilations, reviews, or biblio- 
graphies of these studies have becn made (3d), (61),(€2), (63), 
(64;, (67). examination of these papers clearly indicates that 
there is great varictinn in toxic levels reported by various 
investigatcrs for selected pure chemicals. This variation is 

in the CalIfornia report (61). 

The of the receiving or dilutIon water, whIch 1.s 

oftnr riot reported by sor.ie of those investigating toxicity, Ic 
outstanding importance In determining toxicity of a particular 

or waste. Several factors may 
toxicity, such as: tenpereture, CU2, p1-I, alkalinity, hardness, 

and disuolved T-nterials. Certain dissolved meterlals significantly affect tbe texiclty of a waste through their 
synergistic or antagnnistic action or through compiexatiun, 
petcipitation, or other action. !n the case of ferro- tmd fern- 
cyanide solutions, sunl!ght is of 1tr'nrt3nce a.s photo decomposition 
of these matorials occurs with the production of toxic F1CU 
The heavy are considerably more coxic at lot,; pH since they 
are morc soluble in acidic soluti.onse In hard waters at higher pH 
they are precipitated or cr4anged in ether tiays to become much less to:i.c. It has been found that beryllIum and uranium are 60 to 
80 times more texic in soft waters than th hard water (66). Ellis 
(23) and ether investigttors have fcund that bacemes 

more toxic at. p1-I values 8-0, Calcium antagonizes the 
toxicity cf many of the heavy metats some of them are 
synerg.Lnic with each other anti become considerably more toxic 
when t!Ixaci; exc:nples are Cu and Zn, Cu and Cd, arid Zn and Ni (67). 

The toxicity of many of the metal-cyanide is 
greet 17 lruLxenced by pH. tiouderoff (56) reported that fish 
can with&;tand 1,000 timis as much nickel cyar.ide ccnnlex at rH 8 as 

6.5. the metaboliteg, in;:luding weak aciis bases, it the molecule a'd noc the ion which appears to be toxic. Thus 
we�1c acids c.uch ac and H2S become more toxic as the pH 14 
lowered and dooressed, whereas weak bases stich as 

he.ccce mOre toxic the pit 
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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. Coniplexation, 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, oxidation, precipitation, coinplexation, 

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 woukl 

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 waste is determined in 
thIs way allowable concentrations for thEt particular sItuation 
can be expressed as p.p.m. or as dilution ratios. Such an 
anproach also evaluatIon and comparison of the toxicity 
of wastes from dIfferent industries along the stream, 

and Conclusions 

The establishment of water qualIty criteria for the 
protection of our valuable aquatic resources is a co7'plicattd 
and difficult problem. SInce the basic objective of water 
quality criteria for the protection of aquatic lIfe is to provide or prcserve ccnd5tions essential for the survival, rowtS, reprodtntjon, and wsll being of aquatic 
a knowladge of the reqw.rernnts of these is for of such criteria. of the acti.',ities of nan have modified the aqtatic Among tiwce era deforestatIon, t.nWisc agricultuzal practices, overgrazing acd Our aquatIc resouLces whIch produce biilicns of 
doliers yearly In revenues from sport arid conmercial fishing iire a renewable resource worthy of our best efforts for preservation. 

SIltation due to erosion has been and is a major pollutant. The solut±.on of this problem by means of erosion control must be a coopcttivc effort among those acancies dealing with water, 
soil, other resources, 

WhIle all the envIronmental. requireme:ins for aquatic lIfe are net now kr,own, a.p-licction of the data presently available can be used in the setting up of some criteria, As more data available existing criterIa can be modified arid others 
set up in order to meet the problem more adequately. 

The quality of the receiving is particularly 
the effeots of many wastes. Among the facton; influeiiciztg the toxicity of pollutants in a 2articuiar lecciving water are C02, DO., pH, alkalinIty, hardness, and dIssolved mztc-rlajs, Other factors which may modify the toxicity of a waste are com:inntion, precipitatlcri, oxidation, 9ynergy, and antagonism. 
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In vIew of the many ftctors which mey influence the 
effects of pollutants in dIfferent ctrearcs, It is believed that 
in tnost situatIons r which are to apply to 
extensive areas can be set only Icr teüiperature, D.O., and pH. 
With a few €xceptiOflS, such as the insecticides and certain othar 
materials, it is belIeved a taIlor-made approach should be used 
in setting criteria for toxic wastes. ThIs approach would consist 

of bio-assays of the waste in question, using for dilution, water 

from the receiving stream taken from the area into which the 

waste is to be discharged. Such bio-assays would take into 

consideration the verlables which influence toxicity of that 

particular waste and can be used with applIcation 

factors to indicate safe or the aaount of 

dilution required. 

Criteria for settleable solIds and turbidity will depend 

largely on local conditions and will vary with the stream and 

the area. 

When large areas pH values should not fall 

bethw S or exceed 9.5, but for good fish production it is declrable 

that they be maintained between 6.5 and 8.5. 

For a well rounded warm water fish population dIssolved 

oxygen levels should nct be below 5 p.p.m. for more than 8 hours 

any 24 hour period and at no time should they be below 3 p1p.ul. 

If a coarse fish peculation only is desired minimum levels nay 
fill to 2 For good production of Salmonoid fIshes a 

mInimum of 6 appears to be required. Uowever, trout can 

live and reproduce ifl waters where the ThO, content way drop 

to 4 or 5 p.p,m. but the survival of ezss and fry and the 

procuctivity is not so high. 

It is suggested that in the northern por' Ion of the 

country peak temperatures for wana water fishes should not exceed 
930 ifl the southern portion of tkc f±sh are better 

acclittated to higher temueratures and can withstand peak temper- 

atures of 9€0 F. or higher. trout starAd temper- 

at'r:es of F. to 830 F. for short periods, best production 

attained im streans summer teitperatures of 600 F. to 
—I 

. 

Allowable concentrations of toxic cotiplex wastes for each 
stream or situatfcn be determined by means of bio-asscys ar.d 

safe dilutions ectinved by the use of appli:ation factors or by 

other uieans. 
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By 

IL. OPHLL 

Division of Biology; Atomic 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 atomic power plants spr!nging 
up o'nr the continent and spreading their mysterious radioactive 
wastes into the environment. This view overlooks the fact that 
the atomic energy industry is already a very large one - in fact 
in the U,S.n., it is the largest single industry, with a capital 
investment exceeding five billion dollars. This hu..e industry 
is handling its wastes at the present time in a safe and effective 
manner. is true that a widespread development of' nuclear power 

will create further waste disposal problems, but they are problems 

that can be solved by application of knowledge already gained. 

The mysterious nature of radioactivity is duo to its newness 

and novelty rather than any inherent properties. is 

surprisin'iy easy to detect — using a high suppsy, a 

gas—fillod Geiger tube and an electronic ncording device, it is 

possible to measure millionths of a grain of iitost radioactive 

isotopes with amazing accuracy. It is true that radioisotopes 
can be tolerated only in snail amounts in the environment, but 
since the production of waste radioactive materials, even from 

installations, can be measured in groans per day, the disposal 
problem remains in proportion. 

Because of the time availrhle 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 ourselves to liquids many aspects of 
their treatment and disposal can only be mentioned briefly. 

Types of Found in the tttomic 

im atomic energy project like any ot,her industry produces 
many different kinds of waste. Tlitse can be classified and sub- 

divided in many ways. Fig. 1 shows one classification of the 

main types and tha major sources of waste, 

Treatment and Disnosal of JaStOS 

(1) Inactive 

These aro ni/Cul conventioi'taJ. treatment (e.g. Imhcff 
tanks) followed by an.! disposal to ri.vor. 
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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 radioactivity. 
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 
di. sposal. 

(3) Active 

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

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 characteristics make this type 
of waste particularly amenable to treatment by delay — several 
days delay causes a considerable reduction in radioactivity due 
to decay. 

Under sone circumstances, it is possible for normally 
cool wastes such as the active laundry effluent, the decontam- 
ination wastes and the reactor coolant to become more radioactive. 
An emple would be the development of a leak in a reactor, such 
as occurred in the Chalk River NRX reactor in Deveniber 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 froan 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 raost 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 be 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 radioactive 
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 compound8. A second method involves incorporating 
the wastes into special non-leachable concrete blocks which 
tan to buried in the ground or disposed into deep ocean water. 
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wastes which are highly radioactive and of small 

volume are kept as long as possible in special delay tanks to 
take advantage of radioactive decay0 They can be best disposed 
of by incorporation into a fused ceramic or glass-like product 
in which the radioactive ions are tenaciously held by ion-exchanze 
mechanisms and the fused nature of the material reduces leaching 
of radioactivity to a minimum. These blocks can be stored in 

disposal areas to await the decay of the radioactivity. 

Effects of Streams and 

The Chalk River Project like many other atomic energy 
installations has taken the view that a minimum amount of 
radioactivity 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-time consumption. i4o radioactivity has ever been 
detected in the water supply of Pembroke which is about 20 miles 
downstream from the 

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 mid.ng 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 radioactivity 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 immadiately 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 ltwered 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 surey 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 rnateria':i (i.e. radioactive 

decay and usually caticntc fona) and by following an 
intensive 

and continuous sampling prograimne, it is possible to dispose of 

radioactive wastes safely arid effectively. 
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USLS OF 

By 

C,S. Boruff 
Technical Director 

J. H. Van Lanen 
Asst. Research Director 

Hiram & Sons, Inc. and Affiliates, 

PEORIA, Illinois, 
and 

C. T. Carson 
Vice President, Production 

Hiram ialker Sons, Ltd., 

Ontario, Canada. 

Introduction 

Grain stillage reco'ery and utilization is undergoing 
continuous research both in individual distilling companies 
and through collaborative programs with others. 
investigations have led, over the years, to an indusLry—wide 
increase in recovery efficienciet and a corresponding 
reduction in the a,qount of wasteri. These 

are in the present paper, with particular emphasis 
upon the commercial anplications of grain distillers 
in industry and agriculture. 

Pa t.ential 

The unit processes involved in the conversion of grain 
to beverage alcohol and whiskey are briefly outlined in 
Figure 1 and hive been discussed in detail elsewhere (3,4,5, 
9)15). Detailed studies on Lhe sou:c's and potency of potential 
wastes from a rnouern distillery practicing complete 
recovery also have published recently (3,5). 

wastes have pollution load of about 
50 population equivalents per busnel mashed. hence a 5,000 
bushel ant. practici'ig no to feed" recovery would 

a pollution of about 250,000 equiialents, The 
;nain potential waste i'ron a grain distillery is the stilla'o, 
CU.hur SOUrCOS of pollution load in a pram distillcry, such as 
clean up waLc.rb, blow-dol'Trls evanorator waters, etc., 
are minor in co:arnrison to the potential loau 
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Complete stillage recovery reduces the pollution load to 
1 to 3.5 population equivalenbs per bushel mashed 
A few U.S. Distillers practicing coiaplete stilage recovery 
but located on anall to dry-nm streams also treat their 
final plant effluent (3,5,9,15). 

would like to direct your attention to the grain 
distillery waste protlem as it existed in Canada and U.S. in 
the early 19301s. In those days the couunon practice was to 

discharge 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 nashed. This practice of feeding 

whole stilage was purely a waste disposal method and 
possessed its own pollution, stench, fly and waste problens. 

A few distillers screened their stillage. Some sold the 

wet screenings while others dried the recovered screenable 

solids and fed or wasted the screened effluent. Those that 

investigated cr tried evaporating screen stil.lage and drying 

the syrup with the screenings, that is, complete stillage 

recoveq (as, for example, in the distillery in Corbyville 
in 1924), found costs in excess o" the price of the 
recovered feed. 

i)efining the 

,vieiz oL the above situation, the advent rqpeal 
.in and dt:sires in both our counL'i.os eliminate thes 
\!iastos surface streams, a number of distillers in Canada 
and the U.S., and ire are clad to say Hiram was a 
pioneer in this field, gave this project priority. 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 
soon discarded. The problem as visualized in the early 
1930's resolved itself into the following four related but 
distinct segments: 

1. Develop cheaper meth&sof complete stillage 
recovery. 

2. Determine the proper roles of distillers dried 
grains, and variations of this product, in 
nutrition through laboratory and feeding expari- 
ments and practical feeding dentnstrations. 

3. Promote the results of research findings on the 
proper 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. 

4. Justify the carital investment for recovery facil- 
ities ani services which in the 1930' s 

a 5,000 bushel Today, 

this inve stnent would be considerably more. 
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nctivatiqgjbe 

Activating the above pmgram re4uired extensive 
laboratory, pilot plant and engineering studies, ntirket 
surveys and evaluations, and extensive fecdin3 trials by 

distillers, experimental stations and feed 
mixers. In the United Ltates, these studies were accel- 
erated by the formation in 1945 of a Distillers Feed 
i(esearch 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 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. 

Dried GraiM 

Distillers Dried 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. This 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 toal digestible 
nutrient ('I'Ll;) 

content which exceeds that of competitive 

feeds, such as soybean oil, corn gluten, cottonseed, linseed, 
meat and fish meals and brewers 

Figure 3 illustrates the value of distillers grains as 

a supplement in steer feeding. The 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 476 pounds. The steers 
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represented by the animal on the were fed buthels 
of corn, in the sane j'iaincr as he group 
and the feedu recoverad fvia the 
rataining 20 bushels of corn through the distillery. dven 
though this second group was fed a lower total poundage of 
feed, the gain was 537 pounds, or 61 pounds over 
the group receiving corn anu hay (1,16). other feeding 
trials show that distalleru foods as a supplement to 
grain—hay feeding back to the lana a higher nutrient 
value than would be obtainable from the original grain. 

The above is e'tplainable on the basis of 
feeding. In an average livestoch and poultry ration there 
should he about 1 pound of protein for each 6 pounds of 
energy foods. In raw cereal grains there is less than 
1 pound of protein to each 6 oounds of energy foods. 
When cereal grains such aq corn are fed without supplements, 
part of the energy product:Lng food —— the starch and fat —— 

is wasted in order that the animal may get the necessary 
quantity of protein, vLaznines, etc. Supply of these 
protein feeds is limited. The distilling 5ndustry helps 
alleviate this shcrtago by making high protein—fat—vitamin 
concentrates from grain. Grain die till€rs, therefore, are 
truly grain processors and not grain wastel's. In Canada 
and in the U,3., since with the exception of two short, 
heavy production periods, the price of distillers grains 
exceeded the price of corn cr a per ton basis, and rightly so 
from a nitrition point of view. 

Distillers Dried Sol.ubles 

Hiram Walker, through its research, was the first to 
produce and ma:'ket Distillers Dried 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 
portion of stillage irhich is a concentrate of the solubles 

tha grain and yeast, finds its main use in poultry, 
turkey, swine, calf starter and grower mi;:ed feeds and concen— 
tratns. In addition to its semi—predigested nutrients from the 
fermented grains, it contains noteworthy quantities of the 

vitamins from the grain and from the yeast used. 
It is low (24) in crude fiber content. Distillers Dried 

Solubles are also being used in pet, furbearing animal, fish 

and bea foods. 

Distillrs Dried as a protein-vitamin supple- 

ment, stretch materlais in short supply and / or more enensive 
ingredients, such as dried milk, dried whey, meat, fish and 

yeast. It has been foizr:n esoecis.lly useful in modern high 
ve;etable protein (low animal protein) rations which basically 

are low in certain rutr.ttlcnal fact ys. 

Figure 4 illustrates one of nany feeding experinents on 
the use of Distillers iniubles in swine ratirnis. 
Increased gai us sechred by incofporating d;ied oolubles in 
fends for sows and pigs from weaning to market weight, with 

resultant lower unit feed consumption, has been proved many 



nEDn:G 0? DI3TILLERS DRIED TO 

Gestation-Lactation; Dry Lot 

Distillers Dried Replacing Scrap 

Basal Rat 
Basal Ration + lOT. Meat Scrap Distillers Dried Solubles 

9.2 $ Avenge flgs per Sow 11.4 

Pigs per Sow 5.3. 7.4 

Percnt weaned 60 63 

Avc. 56 Day Litter Lbs 178 224 

Daily Lbo.fleu, Lactation 
periol, Sj'.2 + Litter 13.2 12.4 

DRID SOLUBLES GIVE 

1. More pigs rarrowed per sot. 

2. More pigs raised per sow. 

3. Greater gains. 

4. Less total feed. 

x Basal ration corn,soybean meal, vitamins and minerals. 
a Krider, U. of Ill., 4th.Conf.DiStillerS Feeds, DFRG, p.2!4, 1949 
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times in the feed—lot under general farm conditions. 

Distil len Dried Solubles has been shown to contain 
demonstrable (by feeding tests) but as yet chemically 
unidentified growth, re;roduction and lactation factors 
(1,3,8,10,12,13,14,17). Since its introduction, Distillers 

Dried Solubles, with a few exceptions, has sold over the 

price of üistillers Dried Grains and corn but well under 
competitive supplements, such as dried milk products, meat- 
scrap, fish prcducta, yeast, etc. 

Other Studies 

Studies have been reported on the effect of using 
various grains and manufacturing processes on the physical 
properties and chemical and vitamin content of distillers 
feeds (4,5,6,7), The role of these products in producing 
balanced poaltry and livestock rations has been covered ifl a 
number of publications of the Distillers Feed Research Council, 
Inc., of 1232 Enquirer Bldg., Cincinnati, Ohio, and elsewhere 
(1,2:5 8;i0,12,13,l6). 

Production 

The production of distillers feeds in Canada and the 
11.5. in recent years is summarized in Thble 1. No annual 

data are available on the production of wet distillers feeds 
in the !J05• but a survey in 1949 showed that of all grain 
stillage 85% was recovered as dried feeds, 14% was 
fed wet and only lZ wasted (4,5). by 1953, however, the 11.5. 
data on grains used and dried distillers feeds recovered show 
an average of 16 oounds of dried feeds per 56 pound bushel of 
grain processacL 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 stillage wasted. In 1954 the gross 
income from dried distillers feeds in Canada totaled $2,174,869 
for 37,297 tons for an average of per ton. Sales of 

tons of wet feeds totaled for only 4.22 per 
ton wet weight, or per ton at the moisture content of 
Distillers Dried Grains x 88/6 ' Sl'?.88)3 In other 
words, it has definitely become profitable to dry distillers 
grain It is estimated that the 244,900 tons of 
total dried distillers feeds produced in the U.S. in 1954, 
a low production year, brought a gross income of about 
.13,000,000 for an average of about .i74.00 per ton, f.o.b. 
distillery. 

Adds tional Uses for 

For years grain distillers have used stillage as a 
growth stimulant. This, along with the fact that may micro- 
organisms grow well in directed &tention to the use 
of and/cr Distillers Dried Solubles as a medium for 
the biological prodaction of' certain chemicals. Today, 
Distillers Dried Solubies is a comnon constituent in media for 
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the production of ccrtcin antibiotics and biologicals. itS a 

result of a number of years of study in the Hiram balker Central. 
si.iU!lgv wts first reprocessed or, as we 

call it in Peoria, refenaented to new products in a small plant 
built in 1950. The first products to reach the commercial stage 
were a seriea of riboflavin teed Figure 5 briefly 
outlinea the process by which riboflavin concentrate is produced 
in submerged, aerobic equipnznt in Hiram Walker' s 

new, larger Vitamin Plant placed in operation in January 1954. 
Laboratory and ccamvn'cial studi's also have been conducted on 
the production ot fungal ainylase as a replacement 
for barley malts. This process appears to be feasible, 

2 sunrlarizes the commercialization of products from 
stillage at our Peoria plant as they have been developed over the 
past 16 ysars. 

The processes for manufacturing the various disttllers feeds 

Mire now become satisfactorily efficient and the market has been 
sufficiently developed to make their production a profitable opera- 
tion1 Use as supplements in feeds has kept. pace with produc— 

tint-, except during exceptionally high alcohol production 
During low production periods there is a great demand for distillers 
feeds, because replacements are usually in short supply and mare 
costly. The modern distiller is cons bantly striving to get the 

best alcohol and feed yields possible from the amount of grain 
processeth There e]dsts, therefore, a definite profit incontive 
for pollution abatement throuGh tctal stillage and waste reclamation. 

In conclusion, durIng the past 25 years we have seen, through 

the application of the various sciences and marketing procedures, 
the main distillers waste, namely, stillage, converted from an 
unpopular and unprotitable waste to a series of demand feed supple— 

the recovery and marketing of which is profitable to the 
distiller. This change, along other intra-plant chanses, 
also means that this pollution load has been taken out of our 
surface water resources. Distiflers are, vat! we think rightly 
so, vary proud of their contribution to cleaner streams and to tha 
feed and food economy of our two nations. 
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TaBLE I 

OF DISTILLERS FE:D3 IN CANADA US. 

Can3da vest 
Dried Grathis -______________________ 
Driad Value of Dried Dried Grains Dried 

with Salubles, Grains, Dried Feeds, Grains, with 1olubles, Solubles, 
Tons 4 Tons - Tons 

1934 1 38,469 M 0 
1935 it 2 44,546 it it 0 
1936 1 it 76,667 it it 240,400 0 
1C3? v it 162,932 2 it 230,400 0 

1938 it 166,242 it it 1L9,400 0 

1939 it it 174, !s91 it 3! 600 500 
1940 it 276,662 it it 163,100 500 
1941 it 231,709 Itt 205)900 600 
1942 it it 460,987 a it 3)700 

1943 a 2 524,649 a 339,300 1(,600 
1944 2t,058 2 703,661 285,400 131,200 27303 
1945 26,ô27 195,400 85,500 

1946 20,331 3,245 133,400 83,630 105,900 

1947 4,301 7Lr31616 157,400 143,700 135,200 
1948 24,225 4,480 1,163.095 130,100 147,800 73,200 
1949 23.,2'3S 5;295 1,207,616 86,900 3.88,200 57,800 

1950 6,597 91,300 183,600 85,200 

1951 21,349 1,3)0,024 159,700 288,6CC 145,600 

1952 24,6:5 20,327 1,657)587 65,000 1e4,630 82:600 

1953 29,424k 21,408 1,9r1972 40,000 29,500 

1954(1) 37,297 24,491 2,174,869 69,100 12J,900 53,900 

it Quantity dita not availablek 

a it Until tonnage included with Dried Grai:Ls with Solubles. 
a a it Includes some Dried Solublss production starting in 

(1) Ter'tati"e data0 

C. S. BORUFF 1955- 
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TABLLJ 2 

WALKER Fit)M TILLkGE 

tAR 01' ,Lcilt. ;..NT 

Corn Distillers' Dried Grains 
with Sulubles 19)4 

Walker's Stirnuflav 

Walker's Ribo—8000 1950 

Walker's Ribo—15,000 1952 

Walker's U.S,P.Riboflavth 1954 

C. S. BORIUF — 1955 
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DIFFUSION CHPnCTFfftISTICS OF ST. LLWRT!NCE 

LT !v1AITLLND 

by 

F. /. Reid 

Ott Pont of Canada Limited 

Introduction 

Between 1951 and 1953, flu Pont Company of CrLnedri 

Limited purchased a large site fronting on the St. Lawrence 
River, near Wiitlrnd Ontario, constructcd a plant for 
the manufacture or the two basic ingredients from which 
nylon yarn rind staple fibre are made, Selection and 
ccquisiticn of this site recognized that the flu Pont Company 
of Canada would likely manufacture other items at that 
location, and one stop has already boon taken in this dir— 
action by the current construction of a plant to manufacture 
"Freon". 

Time and a considerable amount of money wore spent 
to assure that neither pollution of the river nor of the 
atmosphere would result from our manufacture. To this end, 

Dr. Ruth Patrick of the Philadelphia Acridcmy of Nrturtl 
Sciences carried out a survey of the m:rinu life in the 

river at this point, and the Ontrrio R€sonrch Foundation 
under Dr. k. F. R. Wcstman was engaged to perform test 
work on existing air pollution. Dr. Morric Katz, our 

C.- nrdi-'n air pollution consultant, guided the test program 
rind activitsos. surveys nrc intended for the future 
to ensure no adverse effect results from plant location. 

Most chemical plants have waste streams which cannot 
be employed, initially at least, in the manufacture of by- 
products. At Maitland Works, small amounts of certain wastes, 
suitably treated at considerable expense, havo been routed 
through an eight-inch, one thousand foot stainless steel 
line laid at the bottom of the river, to bc released for 
dispersion in deep, rapidly moving water, 

During the summer of 1954, a program was initiated 
to establish the chsrncteristics of the dilution of this 
particular affluent throughout the water in the St. Lawrence. 
The object was not only to confine that conditions in the 
river were satisfactory to health authorities, but to gain 
general knowledge of the diffusion which exists at that point. 
Such information was important to the design of future man- 
ufacturing facilities at this site. This test work proceeded 
through June end July and at the end of July, little infer- 
nation had been obtained except that it had been established 
beyond any doubt that the running of tests in a river such 
as thu St. was en extremely difficult task. 
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Typical of the difficultios encountered was a 
mischance which occurred when an aircraft and two 
occupants were engaged to observe and photograph disper- 
sion of highly visible fluoroscein dye released under 
certain conditions at the outfall. Ground parties were 
equipped with portable radio and tests had previously been 
run to verify that communication with the sot installed 
in the plane was possiblo. In the interval between this chock 
and the test day, made necessary by inappropriate weather, 
the radio set in the piano was removed end another substituted 
which could not be tuned to the same wave length. As a result, 
the piano arrived half an hour early, and followed and photo- 
graphed a compietoly valueless preliminary release of dye. 

After several such tests had failod to yield desired 
results, and with fall approaching, it was decided to 
much more elaborate test than any yet attempted, and make 
every possible provision to ensure successful results. 

If the exporionco gained in the proliminary work 
and during the test itself could be summarized in a single 
theme, this theme would be: "Detailed Planning is required". 
Because this ontiro test was conceived and oarried out in 
less than one month, certain initial work was necessarily 
abbreviated, but no effort was spared to ensure that the test 
itself would not be jeopardized through lack of preparedness. 

Initial Planning 

In the basic planning for this test, it was recognized 
at an early date that the location of the stainless steel 
outfall was not accurately known end this would have to be 
determined and a record kept for any future test. Consider- 
ation of several alternatives indicated that the only fool- 
proof method of locating this outfall was to do so through 
the use of a diver. 

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

Because the assembly of test personnel was expensive 
end difficult, it was hoped to completo the work in a max- 
imum of two days end if possible, in one day. 

The first step in organizing the test was to consult, 
as far as practical in the limited timo available, as many 
specialists on the subjects of river flow and prevention of 
stream and lake pollution as possible. Advantage was taken 
of the Company's essociution with ELI. du Pont de Nemours & 
Co. Inc., and preliminary and reasonably complete discussion 
of the major test techniques was held with Dr. Barry, /.. V. 
DeLaporte and 0.. V. Ball of the Ontario Department of 
and with Dr. Patrick in Philadelphia. At this time also, 
tentative arrangunonts were m:'dc for attendance at the test 
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by a representative of Dr. Barry's Department, One of tho 
main targets in those discussions was to learn or existing 
techniques which could be used and to dotormino what 
additional information beyond the irmadiato nnswors required 
could to obtained at the sane time With IL minimum of addit- 
ional cost arid effort. 

At the conclusion of this preliminary work, it was 
considered that the major structure or the test would corn— 
priso the following items:— 

(a) Location of outfall by the diver end 
description of the appearance and path 
taken by the effluent (dyed so as to be 
visible) after its emergence, 

(b). Triangulation or the outfall position 
for any thture work. 

Cc) Determination of dilution at varIous 
distances from the outfall 
by a total of 3 techniques:— 

(1) Direct measurement by conduc- 
tivity motor probe hold by diver 
in the trace (affluent was an 
eloctrolyto). 

(2) Chemical measurement performed 
on samples taken at same 
location and time as the conduc- 
tivity reading (sucked up through 
garden hose) 

(3) Calculation based on effluent and 
river flow rates and 
of dimensions of trace by the diver. 

Final Planning and Test Preparations 
Following initial contacts end discussions, a pre- 

liminary test plan was laid out. This was discussed with the 
Mt-itlnnd personnel who had carried out previous tests in the 
river with Mr. W. Vinor, the engin€cr±ng roprosentativo of 
the diving firm (A.F.. Simpson, of Erockvillo, Ontario) 

The importance of this step cannot be ovorstrcssed, 
Mr. Vinar appreciated most fully the problems involved end 
thu noed for comprehensive planning md he contributed in a 
great dogroc to selection of final test techniques. He was 
in a. position to specify floating plant requirements, and 
to problems which would be encountered in anchoring 
a barge close to the traffic lane in the the degree of visibility to be experienced at the bottom of the ri1cr, 
end the need for devices to guide the diver in the area of the test 



-104.. 

Following major revisIon of the originr.l outline, 
the proposod program was discussod with all test personnel, 
drawn mainly from our Company's Engineering Department 
in Montreal. 

A secondary discussion was than hold with tho 
personnel nnd Mr. Vinor. At this point, drawings of ril 
pieces of equipment, together with n schedule for their prop— 
Fration and testing, wore released. 

Groat importance was attached to the provision of 
spores for certain essential test equipment. Typical of the 
results achieved wore two sources of power for a. conductivity 
meter which was employed end the ultimate provision of four 
portable generators on the barge to supply power to tape re- 
cording equipment, underwater light and P.R. system. 

Sketches wore made of the barge showing allocation 
of space to the diving crew and to the test crew end the 
position of all test equipment was established. On completion 
or this work, a description of the entire test was issued, 
covering the duties of all porsonnol, sequence of events, 
and scheduled times for significant stops. 

An additional preliminary technique was emplo"ed when 
the group lender of each test call was required to submit an 

outline of his phase of the work, together with his shoots 
for recording of data and graph paper prepared to allow 
plotting of results as they would be obtained during the test. 

It was nocossary to arrange contacts with all key 
porsonnel to allow postponement of the test which was scheduled 
for Monday August 30, in Case of bad weather, and all personnel 
were instructed to report to the Hotol Manitonna in Brockville 
at 8:oo P.M. on Sunday evening prior to the test. 

On the Saturday prior to the tost, heavy equipment was 
loaded on the test barge west of Brockvillo and it was moved 
over the week—end to the Company dock at .Maitland • Final 
chocks of the construction nnd adequacy of all test equipment, 
calibration of the conductivity motor and check-running of the 
sample suction pump wore carried out at this time. 

On Sunday night, all personnel wore present including 
the diver (Mr. Arthur Simpson) and Mr. Viner, to be coordinator 
of the diving effort, together with C. E. Simpson, representative 
of the Ontario Department of Health. Test procedures woro 
again reviewed in detail and final revisions wore made and racer- 
dod on individuc.l copies in writing. Some shifts in the 
assignment of personnel to the boats were found necessary at 
this point in order to assure that all members of these crows 
wore experienced in handling small creft. 
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Sketch No. 1 shows the general rirea of the test and 

Sketch No. 2 is a more detailed prosontation of the test 
area rind the immediate shore line1 showing proposed barge 
rind test positions. The following sections will clarify 
the points which arise upon inspection of these sketches. 

Pest Organization 

The organization of the test group was as follows: 
Test coordinator was myself, located on the barge. A main 
log recordor was riso located on the bargo. His entire 
function was to see that all watches wore synchronised and 
that all significant happenings were recorded. This technique 
became extremely valuable in tho aftornoon of the test when 
it was necessary to estimate diving time on the second dive. 

A shore party coordinator was located at the shore 
"walkie—talkie" at the lest manhole on the effluent line. 
Two instrument men were assigned to instruments located on 
the permanent monuments at the shore line. 

One man was assigned to measure the flow of effluent 
to the line rind to ensure as far as possible that the compos- 
ition and quantity of this effluent did not vary too greatly 
throughout the test period, Prior arrangenants had been made 
with the Production Department of the plant that such con- 
ditions would likely be maintained during the test day. One 
men was assigned to control rind measure the addition of fiucr— 
oscoin dye at procalculatod rates into the effluent through a 
manhole several hundred foot up-stream of the last manhole. 
He also measured temperature of the effluent at the lest man- 
hole and took samples at this point at twenty minute intervals. 

Two boat crows comprising two men each were used and 
these men wore employed on the barge in intorvals between boat 
work rind to provide transportation between barge and shore. 
One man was assigned to the "walkie—talkie'1 on the barge and 
to aid in conductivity meter operation6 One was assigned to 
operation of the sample pump on the barge and one to conduc- 
tIvity meter operation. 

All personnel carrying out repetitive functions 
synchronised watches with of the main log recorder rind 

logged all signi.ficnnt occurrences. Throughout the test, 
P. A, Conunication was maintained botwoon W. Viner end the 
divur and both conversations wore recorded on a tape recorder. 
In addition, tho main log recorder periodically onlly reported 
the time on the recorder. 

Total test personnel, including five from the diving 
firm, amounted to twonty people, of whom approximately fifteen 
were groduate engineers. 
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Test Pro ceduros 

Prior to test day, survey parties established the 
absolute location of thu newly constructed permanent 
monuments and from drawings covering the design of the 
effluent line, calculated instrument readings to be used 
in triangulating thu estimated position of tho outfall. 
A dry run involving a single boat crow, which would on 
test dry position a mooring buoy, Was made to determine 
difficulties to be encountered and to establish a rough 
schedule on this phaso of the test, as it was considered 
to be one of the most significant and difficult tasks. 

The test party assembled at the main gate of tho 
plant at 5:30 LX. The weather was overcast end a light 

east wind was raising light waves on tho river. The shore 
and boat parties immediately commenced work necessary to 
position a marker buoy at tho estimated location of the 
outfall. The remainder of the personnel obtained test 
equipment and set it up on shore or located it suitably en 
the barge. 

The marker buoy was successfully positioned at 
approximately 7:30 and the barge was anchored about 40 ft. 
inshore of the m'-rker and approximately 25 ft. upstream at 
9:00 o'clock. The diver inunodiately started to dress and 

at 9:55 entered the water. The addition of dye, some 
unexpected difficulties, was started at 9:50. It had boon 
estimated from the effluent flow, line diameter and length 
that this dye would reach the outfall about fiftuon min- 
utes later. 

The diver reported on reaching the bottom that it 

was hard, smooth and sandy with little plant life, but with 
several fish1 Very great difficulty was experienced by 
him in locating the line. The strength of the current at 
this point in the river was most unexpected. Due to its 
effect on the diver's lines, he found it necessary to 
crawl on hrnds and knoas at any time when ho wished to 
move upstream. Thu depth had previously been measured at 
46 ft., the barge was close to edge of the traffic 
lane in the river. The large wakes of passing freighters 
gave considerable trouble, with the diver being tossed on 
his back en one occasion as a result of the violent pitching 
of the barge. 

After guidance from above by means of one or the buoy 
linos used later in the test, the diver finally found the 
line 35 minutes nftcr renching the bottom. His first 
wr.s te clamp the outfall buoy line to the stdnless line 
the outfall, and the No. 1 boat then tightened the line en 
the buoy as much as possible. 

He then deseribcd the conaitions at the outfall, 
particularly the appearance and path taken by the fluor- 
escein-dyed effluent. 
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I. transcription of the r-etucl conversation with 

the diver is included at this po!nt, as follows:— 

"I think, Arthur, about tho very first thing you should 

do now you are thorc is to try rn'i clamp thtt clamp onto 

her. How about that? .... Good show." 

"Now first of all, what sort of condition is the end of the 

lino in, Art?" 

"Just as it was when I laid it," 

"Good. Now, the next quostion. Has the pipe been lying 

in a silted-in trench or what?" 

"No, in the clear on top of the bbttom." 

"Is the whole pipe clear of tho bottom Arthur?" 

"Good. O.K. now Arthur, whet's the story -about tbp dye 

es you see it, and where nre you. looking r.t it from?" 

"I am on the upstream side of tho pipe, almost at the end of 

the pipe. The eye is coming out ....,. approximately, oh 

it's on a curve, curving downstream, ..... end fanning out 
about 5 ft. from the ond of the pipe and it's starting to 
funnel out and at the 10 ft. mark it has fttnnolled out to an 
area of about 3 ft. in diameter and the atream is rather 
elliptical, or round sort of, more or loss" 

"Hello Art. This is Frank Reid here. Is it fanning out 
fairly steadily?" 

"Yes, it is fanning out vary steadily nnd oven in two or 
three feet, I can see a big In the dilution or 

the dye as it is coming out of the pipe." 

"Is it tending to hold its position or does it appear to be 

going up into the water or is it strying horizontal?" 

"No, it is rising slowly and the anglo of rise...., is about 

2 ft. in 15" 

"That is, the engle of rise is about 2 ft. in 15?" 

"That's right." 

"And it is about, cen you toll us again what dimonsion 
is it at 10 ft. approximately downstcoum?" 

"Will you say that again?" 

"What is tho diameter of the trace 10 ft. downstror.m from 
the outfall?" 



- 110 — 

".........,. abiut 2 or 2b ft. in dinmotor, nenrly 5 ft." 
"O.K. then. 1.5 far as I em concerned, you cart attach the 
outfall buoy line," 

"O.K. Say, the fish nra swimming right up to tho mouth of 

that thing." 

good Information. Go ohoad." 

"........ I em shooing thorn off." 
"Havo you got her nil secured, Art? 

"Yap, she's all sucurod." 

"Good showt " 

Time record— 10:51 

"Lrthur, listen- era you going to be able to see that trnco, 
that dye trace SOLLO 50 ft. downstream or will It be necessary 
to add more dyo so that it will still be visible oven with 
tha dilution that is taking place down there?" 

"Yeah, you might add inure dye, thatTs right. O.K.....? 
"Is that a level bottom thero or sloping bottom, or any rocks?" 

"No, nothing. Perfectly level bottom ........." 
"....... I CCII see fish, I cart seo plonty of fish...... 1..s 

far as I can tell, these nra ideal conditions for mixing 
down hare. I will sketch it when I coins up." 

"The gentlemen horo cro dancing end scroaming with joyt 
We would liko to hoer more of stuff." 

Light reaching the bottom, oven on the dull drAy, gave 
better vicwing conditions, in his estimation, than that 
obtained from rn under-water light which had been supplied, 

this equipuont was raruoved front further use. 

I. enlibrrt d thermometer which had been attached to 
his equipment was then used to reunsurc the ttmpcrnture of 
the water one yard upstream of thu outfall and of 
1IU inside the line. This thermometer was then passed up to 
the No. 1 beat. 

m under—water cirera was dropped to him by 
it slide along th buoy line id p1 tures 
ware tnkrL of effluent. 
pictures were so completely underexpased as to be vdtb.;at 
value whatever. 
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tLt or a thousand foot nylon sash cord liac callod the "Iicnc line" wets then druppod to him and 
clomped to the Lt this point, 

the hia 1 .;t,:rr. to the barge. 

The No. 1 boat "nllnd-up base line then 
mrnoeuv.cnd out of position. Thn No. 2 boat in close 
to the buoy and pn1pcred to release a vunod float 
device so that its very large plywood wçul4 
hang in the river 6 ft. above river 

The float on j.:,in r,nntrinnd a flag to allow 
trnc!dng from shore • It was reloasod niorting the 
shore parties and on release, moved down the river 
;"i.th the flag duplicating the flow pattern in the river 
iticely to bq I'ollowod by the affluent. Cerotuliy Eynchron— 
isc'I triengulations were made by both instrument parties at 

in the river 
and speed to be plotted as shown in Sketch No. 3. 

Upon release of the vened device, the No. 1 boat 
noved in behind it and pneecdod do'tai—rlver in its wako, 
vying out the line as nerossary. Ga the 
tbLxnand foot point4 the No. 1 boat dropped the 
base line anchor to vhici-" the downstream buoy line huü I 

attached and the No. 2 recovered the varied dtivice1 
L permanent base of ruference, r'].nsoly approximating the 
probable path,L'd thun been ur.tnhlished for the 
diver's use. 

Following lunch, thr' barge repositionod at a 
point 70 ft. downstream end 50 ft. inshore of the outfall 
buoy, fluorezecin dye addition was resuriorJ at triple the 

rate used in the morning, and the diver wont over the sido 
at 2:15 one end of the 1200 ft. "fanning line". 
i.t the end of line was a stainless steel clalAn fellowod 
with 10 ft. of stainless steel wire, and it carried aluminum 
markers suitably euleurod and marked with test station ttii.;Ic -. 

These had been spaaed rr-ughly at distances 
of 4G. 100, 175, 300, 450. 700 ft. from the outfall end. 
The rolled-up portion of ttiis line required t,zinding by the 
No. 1 boat during its use by the diver, He booted the out- 

fall with no difficulty and aftE'r atuehing the "fanning line" 
clamp, prapered to recctve the combined conductivity and 
sunpling lIne probe. h 'vary great deal of difficulty was 
then experienced in obtaining a. prime on the 
part of the strnpiing pump. }erty-five minutes elapncd before 
this difficulty was overcome and the sample probe wets 
by the diver. 

He was then directed to movo downstream to the first 
test point at 40 and holding the fanning line at the 

No. 1 marker, ho instructed to pace off the full width 
of the traLe end conum.nt. whLn he passed over the base line. 
Ho was nJso eskod to location of the contra point 
and the vertical 1:njaht of 
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He thon assumed position at the centre line of the 

trace end held the sample probe upstream of his person 
progressively 1 ft., 2 ft. etc. from the bottom, commenting 

at whet point on his person the pitbo was being hold. At 

arch test position, the conductivity meter operator bal- 

anced his bridgo and recorded conductivity of the sample, 

allowing intorprctatthn and plotting. The liquid sample crew 

drew of 1' the estimated hose purge volume liquid and then 

filled a srmple bottle. The probe could then bo moved to a 

now test position. 

On completion of the vertical traverse of the centre 

line, a traverse was made on the horizontal centre line 

working from the vertical centre line inshore with test 

points one pace pcrt. The diver's pace and height wore 

measured leter, 

On completion of work at this station and inspection 

of conductivity meter results, it was apparent that dilution 

was very much greeter than had been expected and, in fact, 

concentrations at this point tipproached the threshold of 

sensitivity of the meter (150:1). As a result, rescheduling 

of further work iiiunediatoly became necessary and it was 

decided to run a test 10 ft. from tho outfall and a third 

test one yard from the outfall. This was completed as 

rapidly as possible because a vary heny was falling 

accompanied by winds up to 18 m.p.h,, and because the diver 

was showing signs of fatigue, He returned to the barge at 

4:15 and it was then moved back to the Company dock, 

Final triangulation was made on the outfall buoy, 

the outfall buoy line was attached to the fanning line as 

the buoy was removed and the No. 1 boat proceeded to shore 

paying out the fanning line. This fanning line was left in 

position and it has been established that test crews can pick 

it up inshore, proceed to the outfall end, using it as an 

anchor line, can blind—sample the effluent trace at will so 

long as wind direction is substantially down-river, 

General Results 

Monitoring samples taken at the last manhole were 

measured using the conductivity meter to determine the 
strength of the effluent compared with that selected for 
instrument calibration. in time of this relation- 

ship allowed corrections to be made to the apparent strengths 

of crffluont trace obtained during the test by the conduc- 

tivity meter, 

Plotting of vanoci device triangulations indicated 
that river speed at the 40 ft. level was 2400 ft. per hour 

in a direction roughly parallel to the north shoreline. 
Velocity in the effluent line was calculated at 4,280ft. per 
hour and tho starting temperature differontial between the 

effluent and the river was 4,20C. This differential at 

emergence had dropped to 1.100. 
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No appreciable temperature gradient was found to exist 
in the river. Surfaco temperature was 21.900 and all other 
readings, taken ot 10 ft. intervals, were 21.700. 

It was established that fluoroscoin dye in concen- 
trations of 1 in 93,000 is completely visible with and with- 
out artificial light on thc bottorti of this river on a dull 
dry, It was adequately visible in concentrtions of one part 
in 5 million in the morning end was invisible diluted 1 in 
5.4million. In the afternoon, using a 1,000 watt light, it 
was completely visible diluted one part in 51 million. 

Diffusion Results 

It was intended to chemically cnuiyse all liquid 
samples taken on the barge as a chock against conductivity 
motor determination. Unavoidable delays wore experienced 
in arranging a sctisfe.ctcry test end results obtained wore 
conplotely unrolioblo. Conductivity motor readings at each 
station wore plotted and dilution at the centre line of the 
troco at each of the three test points was calculated. 
(See Sketch No. 4) 

Knowing the rota of flow in the river and in the 
effluent lino— assuraing the effluent trrce was at all timos 
elliptical in cross-soction md using the dimensions of 
this trace as taken from the diver's description on tha tape 
recorder — it wr.s possible to calculate dilution at each of 
the tost points. 

Sketch No. 5 attempts to portray the path takon by 
the effluent, and is based on the recorded descritpticns 
rrcl rnSWor5 to questions posed him when he returned to the 
surface. 

The results of those two rlothc'ds of determining 
diffusion ore as follows: 

Distanco Below Diffusion— Minimum cit Diffusion— Average 
Outfall Foot Centre of Trace by by calculation of 

Conductivity Motor areas and flows 

3 2,2:1 
11 20.5:1 27,5:1 
40 145:1 145:1 

These points arc plotted on Sketch No. 6 and the 
remarkably good agrccment between the two is 
evid cat, 
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ExtraDolation to the 100 ft. point (500;l) 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 downstream buoy, observed a 

dye slick in the water at 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 point was in 

the order of 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 and 5-:1. 

It was quite evident from the diver's comments that 
conditions for rapid mixing uere optimum this location 

in the river. It is thought that the high dilution rate 

can be linked with the absence of any temperature differential 

in the river as it is believed 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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ttWO ThediS OF PoauTIoN suitVa IN SMNL& 

By 

B. C. Nfl'1BURY, B. Sc, A.fl.I.C. 

Research Fellow 
Department of Chemistry 

Ontario 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 Sarnia 
basin and to compare these findings with data published for 
other cities. It 15 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 saitipling stations to 
which we shall refer from time to time during the discussion 
of our findings. 

Lus tfali 

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 falling dust, and no at standardiza- 
tion or correlation of the results has been made. The data 
collected are thus only of value in coMparing areas where 
similar and similar techniques have been used. 

of the data have been published, details of 
collection are usually omitted and inter—city comparisons 

are meaningless. The collectors used at Sarnia are copies 
of a collector develoned for the Detroit—aindsor Survey as 

a result of wind tunnel experiments and the 3arnia results 
are comparable wi tn those 1)ublis ied for and Detroit. 
Li order to e4,.te1id time usefulness of the data, 
exposures of the Detroit Can and the Toronto Funnel 
are being ntsde at a sample can has 

been sent to where it will be e:posed alongside the 
&xglish Collector. If it should prove possible to obtain 
reliable correlation factors, many more comparisons will 
becomae possible. present, a limited nuiiber of results 
indicate that the Toronto Collector gives values which are 
less than of the values obtained '4th the Detroit Can. 

Figure 3 shows the distribution of dustfall over the 
Sarnia area for thetwy—year period. Flotting the two years 
senarately, we rind that the averages in the industrial area 
were 90 and 114 tons/square mile! month for 1953 and 1954 
respectively, while the comue rc ial area average 
were 56 and 52 tons/square mile/month. It is assumed that 
differences in meteorological conditions must be resoonsible 
for the increase in the industrial area with a si:aultaneous 
decrease in the rcsid,.mtial area. 

The 6lsopleths in Figure 3 are drawn at 25—ton intervals 
but no significance snould ue attached to the choice of these 
intervals which are ?urely arbiLrary. The industrial area is 
seen to vary froii heavy to moderately heavy pollution, and the 

dustfall decreases steadily out towards Lake Huron and the 

London areas where dustfalls of less than 50 tons/square 

mile )rnorith 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 
comparison, 1indsor is reported to have dustfalls of 69 tohs 
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 ri2ure 4. im. feature of this curve is the 
spring peak which appears to be a common phenomenon for Ontario. 
iiormal).y, there is a winter madnujn due to the heating load in 
cold weather and a summer miniimn, although the difference is 
less marked in areas using natural gas or oil heating than in 
areas using predominantly coal heating. iiividing the year into 
four 3-month seasons, we find the quarterly dustfall rates, 
starting t1rith the L)ecenber—F'ehruary period, to be 30, 45, 34 

and 32 tons respectively. The fintt period is the neatiimg 

period, the second 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 nbservatjons although tie 
same pattern has been observed at IJindsor, Detroit and ¶lbronto. 

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 silica (9-la tons! 
square mile)month). Amongst the metals found were iron (14Z), 
aluminium copper (2t) and lead 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 orosol 
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 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 
between 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 volume stain 
readings (which are nEst 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 

The first high volume sample runs were made with the 
object of determining the effect, if any, of the start—up of 
a catalytic crackina unit. Runs before and after the start—up 
were found to have no significant difference, nor has any 
significant change been in 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 ilindsor, table 1 gives the 
published data for the above cities and for Sarnia, 

1 

Aerosol Concentrations in Grams/Million 
Cubic Metres 

Down 'Town Residential City Limits 
(Business Area) 

Sal tirr.vre 0.87 

Cincinnati 9,28 

ContTd 
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Down Town besidential City Limits 
(Business 

Dcnora 0.74 

Windsor 0.21 0.15 006 

Sarnja 0.15 006 0,05 

It is of interest to note that during the lethal London 
Simg of 1952, averages of the order of 2.5 gra'as were recorded 
and that the peak concentration reach 4.4. grains/million cubic 
metres, 

While these avera:es 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 can give values up to 0.29. 

Obviously only long—tern averages can reflect the truoconditions. 

The objection to aerosols stems mainly (ron' two properties. 
One is the soiling power - what the paint technician 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 while the high volume sampler is of value 
in detennining the atunt of raatter in the air, another metlx.1, 
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 Ilemeon Sampler which draws a 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 001!, is an 

unfamiliar unit to most people. It is the optical density of 

the stain produced by 1000 linear feet of air. The COH 

measurement is very sensitive to particles of the order of 0.1 
micron, and hence iaeasures the concentration of those narticles 
which cause soiling of clothing, drapes and decorations, 
reduce visibility and may play a hitherto unsuspected part in 
the incidence of many lung diseases. Beaver (3), in his report 
to the t3ritish Parliament, gives statistical data showing that 
the 1952 death rate per 100,000 for England and nales for 
bronchitis and pneumonia 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 

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 the trend of 
the aerosol pollution is being watched with interest. 
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CON v4ues for aerosols are only available at 
present for senneylvania (3.1) and Columbus, 
Ohio Sarnia's values, from 1.55 in the 
residential area to 0.56 at the city limits, confir m 
the cleanliness of the area. 

Since the Ilemeon Sawpler gives a reading every two 
hours compared 4th every 24 hour3 for bbs High Voitne 
Sampler, it is possible to evaluate the effect of uieteor- 
ological variables on the aerosols, 

Diurnal Variation 

Under certain meteorological conditions, pollution 
tends to build up durin3 the evening and study of the daily 
cycle of pollution will indicate whether high concentrations 
of sntg are likely. 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 mini nnnn value, the build-up of pollution is 
not serious and extensive periods of are not to be 
expected. 

2 

Diurnal Variation of Aerosols (CON Units) 

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

lime 1800/ 2000/ 2200/ 
2000 2200 2400 

CON Units 1.66 1.58 149 1,78 1.54 1,24 1.18 1.27 l-4$ 
1.5? 1.74 1.73 

Effect of md Direction 

Ltnds from the southern quadrant are usually warm winds 
passing over relatively cool ground (4). Under these condi- 
tions, the lower strata of air become cooler than ithe higher 
levels so that convection and vertical miidng are retarded, 
Conversely, winds are normally passing over relatively 
wait land whereby the lower layers 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 raechanisms of stability and convection can 
influence the pollution levels over a city. For this 
purpose we have selected two stations RI. and '12 which are 
approximately equal distances from the centre of the high 
pollution area, one to the south and the other to the 
northeast. Thicing avenge over a period to elirni nate the 
influence of daily fluctuations, we find that a north wind 
comes in over (at 'ia) with an average aerosol content 
of 0.43 CON units. Passing over the sources of pollution 
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(includint the area), it reaches T2 with a 

pollution content of 0.63 CUE units. This is tne highest 
reading obtained for any wind direction at T2 except for a 
value of 0.95 COil units obtained during calm periods. The 
southwest wind anjroaches Sarnia with an initial reading of 
0,53 WE units and, by the time it reaches RI., 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 
planning. 

Sulphur Dioxide 

1ulphur dioxide is commonest of the gaseous 
pollutants since it is produced by almost every combustion 
process, It can also he released in larce quantities from 
chemical plants such as smelters and oil refineries. ?urther— 
more, it is probably by far the commone;t cause of vegetation 
damage. Flants of all kinds are damaged by 502 and some of the 
1tleafy'1 plants such as lettuce, spinach and alfalfa can be 
damaged by a few hours exposure to concentrations well below 

1 part per million. For this continuous monitors of 
the sulphur dioxide in the atmosphere have been kept running 
during the past two years. The records show that the average 
concentration iii the residential area is 0.03 parts per million 
which is between one—half to one-third of the comparable figures 
for Cincinnati and i3altiuore. However, gratifying 
though these results may be, the objection to sulphur dioxide 
lies ruore in the concentration—time relationship during the 
periods of fumigation. rrhe limits of plant damage are not 
known precisely since investigations of plant response are 
affected by such variables as amount of sunlight, rate of 
plant growth and differences in plant feeding. The lowest 
concentration claimed to affect vegetation is 0.15 p.p.m. 

for an eAposure of S hours. This,then, we have taken as our 

yard—stick, but on no occasion the past two years has 
this point been exceeded in the residential area. 
Concentrations as high as 1.0 p.p.m. have been recorded 
momentarily and concentrations above 0.25 p.p.rn. 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 amounts of 
sulphur and make a complete recovery4. 

El was chosen because it. seemed the logical 

place to expect the pollution, it is useless for the 

purpose of estimating the contributions of individual sources 

of pollution. For this reason, site T2 was chosen for the 

trailer unit and polar diagrails have been constructed to show 
the average concentration of SO2 uit,h wind direction for both 
locations Figure 5 indicates that at itt most of the 302 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 Hound House to the east is 
brought out very clearly. This figure, incidentally, is 
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 
made by the industries. 

Hydrogen Lul_phide 

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 atznostphere 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 equipnent 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 pp,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 number of sources spread 
over the industrial area, and even if it is decided to attempt 
to reduce the suiphide 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. iiven to the 

casual observers, the si&ke produced by these vessels seems 

worthy of atteiition, so, during last surmuer, observations were 

made of all the ships passing Sarnia during two 2-hour periods 
daily. The 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 iilngelxnann Number of the smoke and the name of the vessel, 
and from the data the following conclusions were drawn. 

1, Taking llingelmann Number 2 as the maximum pollution 
desirable, the smoke was logged as idnseLnann No. 2 or less for 
444 of all transits. a bre&rhwn according to firing methods 
shows that for oil—fired vessels 89$ of the transits were 
satisfactory, for stoker—fired vessel and for hand—fired 
vessels only 2O,v were satisfactory. 

2, It is agreed that continuous operation at ftingelmann 
No. 2 is impossible and that hand—fired boilers will make more 

smoke than other types. On this basis, the International Joint 
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Conmission has laid down objectives for the three classes 

of firing and we find that 45A of all the ships on the St. 

Clair river fail to meet these objectives, the worst 

offenders being the hand—fired vessels 
(564, followed by 

stoker—fired t42?O, and the best behaved, 
the oil—fired 

vessels (26,0. 

3. Although the current under the Blue dater iirtdge is 
6 knots, and it had been clathed that ships trould be sailing 

under full steam against the current, there is no evidence 

that ships proceeding upstream make more smoke than ships 

sailing wiLh 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 ti'te therefore, is 
that resulbing from inproved control by the firemen. Windsor 

and Detroit have shown that the percentage of transits giving 
cc.ingelinann ho. 3 or over can be reduced from 55,t to 35'4 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 nay 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 fluorides, lead and cadmium. These are all 
potentially dangerous pollutants. 4hile the amounts 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. ie are also preparing to assesS 

the nature and amount of hydrocarbons in the atmosphere in 
Sarnia. Air pollution damage to vegetation is spreading 
rapidly around the large cities of the world and there is 
evidence pointing to the use of oil and gasoline fuels as 

being the cause. 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. work remains to be done on this subject. 

Car-ic lusiort 

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 ?ittsburg, Columbus, t-lindsor 

and Baltimore • me 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 extsting conditions, Only by 
this means can the Chemical Valley continue to expand and 
prosper spoiling the living conditions of those 
who work in the factories, Pollution is an insidious 
disease and needs constant attention, It grows impercept- 
ibly until one day comes disaster — a disaster such as 

London in December 1952 and prompted Guy Hurchie (5) 
to rcite: 

"..... By the third day, old people with asthna 
or bronchitis began to get frightened, and 
oxygen tents were in great der1iand. Blondes 
were turning into brunettes. An idrplane 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 
eng±nes, 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.tI 
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cQNlt'INUOUS OF FRAGILI3 

By 

STEIN S. HEOBOk 

Ontario Research Foundation, 
Toronto, Ontario 

A prob].en which has been of interest to the dairy 
industry tot a long time is the possibility of a more effective 
utilization of cheese Although it is of rather low 
nutritional value both to human beings and animals, the producer 
usually takes back most of it for a low value livestock feed. 
During the peak season, however, the famera no; require 
quite all the whey for aniw.l feed and so other means of 
disposal must be found. 

The Departnent of Public Health objects strenuously 
to the practice of dumping whey in streams and in some 
cases, the whey has caused an increase in disposal coats 
due to increased sewage capacities. 

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 developnent of 
economic processes the products 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, imnediately suggests microbial trans— 
fonnation 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, arid vitamin-content. 
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The kinetied 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 batch 
culture and its kinetics will be briefly dicussed. 

Fig, 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 seeded. Then 
growth slowly comawnces, The rate of growth changes rapidly, 
until all the cells are in a state of constant division. 
itt 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 

batch—wise, and so experiments that elucidate 
yeast levels and rates of growth are of major izuportance. 

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. 

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

Thus: K growth constant 

1cm m mass/litre (dry wt.) 
dt 

t time 

Integrating: in m kt lnm0 

i.e : m: m0ekt Ci) 

In this state of binary fission the m.ultiplication 
can also be represented by the equation: 

m : 15o (ii) 
uhere 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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Lquating (1) and (ii): k —(iii) 
S 

If we have a of effective volume V litres, 
then, under conditions of continuous flow at a rate of H. 

litres/hour, the rate of change of population at any time 
may be represented as: 

(iv) 
T 

If flow is adjusted to the raaximal theoretical 
rate, there is no resultant change of in the fennentor. 

i.e.: dffit 0 
dt 

Then: k - R (v) -v 
Using equation (iii): ft = 1n2 V (vi) 

g 

The factor 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: 

In this work equation (vi) has been used most 

frequently, not only because it comprises both the interrelated 
qnantities ft 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. Another advantage of 
this approach is that the 4nanmal yeast-level, which niust be 
attained for maü;aal efficiency of the fermenter, can be 
obtained tcLthoub much difficulty. 

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

in m0e (kV — R)t 
V 

(kv — R)t or: in = e (vii) 
Lu0 

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

It is readily seen that If k 
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Then eIic!-R)t =41 
V 

and so m 4 ZI*o 

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

Ontheotherhand,ifKYf then 

e(kV - LOt =y 1 

•and so m m0 

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

- uould be thcideal state of affairs, 
the rate of be adjusted faitly tic séi$ to tit 

this condition, experimental errors are appreciable and so; iii 
order to obtain a stable equilibrium in the fermenter, the 
general view is that R should be somewhat lower than the 
theoretical majd.nal value. 

For a connercial 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 organistia utilize 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 time. 

For continuous propagation of Saccharomyces fr'agi].is 
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 cannot all be ina,d.mal at the same time. 

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 reed—whey is, the stronger 



is the tendency for frothing, and so the effective volwue 
of the fermenter decreases. aso, it in found that at a 
high concentration of cells the rate of growth of the 
organism is lower than at a low yeast—level. 

Cons:i.dering each toint separately: 

(1) hilk whey contaIning 4% lactose nay support the growth of 
up to 24 gras. of yeast (dry wt.)/litre. however, aeration 

of this concentrated solution produces very heavy frothing. 
In fact, (Jerian workers found the foam-pad so 

heavy that they could maintain 1/3 useful volume only, even 
though anti foam agenbs were added. 

however, on diluting the whey, i.e. when working at 
lower ycast levels, the frothing decreases rapidly. In our 
experi;tenus the whey has been diluted to 5—6 times its 

original VoluidC with water. In sone of these we 

have had a working capacity of 4/5 of the of the 
ferrdenter, with only small, periodic additions of lard oil as 
aritifoam. This value would probably be too high for a large 
scale fermenter, but a value of 3/5 - 3/4 appears very reason- 
able. 

T'!us the effective volthne in doubled relative to the 
case where the undiluted Wiley is used, the advantage of which 

is obvious. 

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

Temperature, of course, has a great effect in this 
respect. for a Saccharo'nyces the optimum temperature is 
nonnally ca. 30°C. with . Pragilis it is found 

that an increase in teniperature of 7—8°C. is very beneficial. 

This fact is well illustrated by Fig. 11 which shows 

that cucn a raise in temperature decreases the regeneration 
time by 1/2 hour. At the same tine it is seen that a varia- 
tion of p1-I over as wide a range as 2 pH—units has no effect 
on the rate of growth. Also as regards other environmental 
iactors the growth rate of this yeast is remarkably independent. 

The second factor involved in determining the rate 
of growth is the actual condition and anoint of the seed 

yeast. 

This fact is illustrated by Fig. 111 which shows the 
interrelation oetween rate of growth and rate of seeding in 
such a way that the rate of growth is decreased as the rate 
of seeding is increased, also, the seed—yeast must be in a 

healthy contlition, otherwise the rate of growth is slowed 

down. 

The exact nature of the third factor is unknown. All 
we know is that it is some growth factor found in CSL. 



¼) 
U 

0 
0 

I.e 

.5 

I-. 

$2 
cI,( 
w 
>- 

U:' 
C) 

d I 

— 

INFLUEKYJE 
PR 

CE TE1iiIPERATURE 
3M 

I I I 

0 I 2 3 4 5 7 8 9 ii 
I 

3 

H t) U R S 

/ 
'II 
I, 

// 

/ 

// 

II 

/ / 

// 

I, 
/ 

// 

I, 
// 
/ 

/ 

—. a 3Q0 

93 HOUIZ5 
4.0 &lci '3.0 

-- TEMPERATURE= 37°C. 
9= HOURS 

pH-VALUEs 4.0 and 6.0 

/ 

EIC.d'ZE 2 



-140- 

IAI r•2ATE OF CRC 'A' TN 

WITi-' CE 

i. N 114r2 
çJ.33 hours 

2. r 
L7O ulOL!15 

5r 
9 

I I 
I 

g 

j LII i. 
I 3 'I D 7 

3 

t.u 

I? . 

0f 

.05 —— 



-141- 

2kB indicated on Fig.1V, addition of 1/2% of CSL to 

the dilute whey decreases the time nearly by 

another 15 minutes. 

a dilution of the whey of a temperature of 
370 

— 38°C. and with the addition of CSL, the regener- 
ation time is 1.1 hours when the rate of seeding is .3 gins. 

of yeast (dry weight)/litre. This of growth is extremely 

high, ali.ost 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 fermented. 

(3) Under conditions of maximal rate of growth and flow 
the 

yeast level to be expected is 3 gins, of dry yeast/litre of 

medium. In addition to this cones ca. 4—5 gins, of lactalbulflin/ 

litre of undiluted whey, which be heat precipitated and 

separated before the fermentation stage. 

It may be possible -- at least theoretically —— to 

maintain a sonewhat higher level in the 
fermenter by decreas- 

ing the rate of flow, but there is some 
indication that this 

is not so, and that we rim into the phenomenon of 
cycling, 

which is a steady fluctuation between an upper 
and a lower 

yeast—level. If so, the average yeast output will be lower 

than at rates of flow. ;aso, the protein content 

of the yeast, norually decreases to SC 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 gins, dry yeast/litre. 

(4) The efficiency on the nutrients should be as high as 

possible and is in fact very good. The factors under consid- 

eration are lactose (i.e. whey), phosphates, nitrogen, 

magnesium and CSL. 

Lactose, both a source of energy 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 correspondi"g to an efficiency of 33A 

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 (dry yeast wt./wt, lactose) have been recorded and 

even higher %-age values can probably be obtained. 

acids such as lactic acid, which are 
present, do not 

seem to be of much as it appears that the yeast 

preferentially assimilates the lactose completely. Only 

then does it utilize the acids. The rate at whiGh it does 

so seeifls to he lower than for lactose, and so they 
are of 

little interest as nutrients. 
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Nitrogen will be supplied either as )230k or 
as urea. itt the yeast level chosen the fonner èourc'ë of 
nitrogen does not result in a decrease in pH that necess— 
it.at.es a regulation of gil, a fact that simplifies operation 
considerably. In fact, under continuous conditions the 
pH-value romaine at or near 4.7 which is an idea]. 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 (NH4)2504 is utilized inuediately 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 lbs. of 
(NH4)23o4 must be added/lb. of yeast (dr3rwt.) produced to 
give a protein content of 53—55k 

itt the low yeast—level used the medium contains 
enough Hg 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 experir*nts 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 a feed deficient 
either in phosphorus or in nitrogen. The cells are definitely 
morphological variants and no infection. Their appearance is 
that of elongated pseudo mycelia]. 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 
(NH4)2so4, 03L and antifroth agent in email 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 aiaount available at each of them is 
sraall. Thus, aurina the flush season only 10—30,000 lbs. of 
whey, averaging ca. 20,000 lbs., are produced at each factory. 
This aaunt is low for an economically satisfactory method. 

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

Some data are tvailable for comparison with the 
expected results for this method: C.0. Iteiser suggests a 
method for continuous production of Torula yeast from starch 
wastes. A 46,000 gal. fermenter, at a hold—up time of 
4 hours, would produce 9,100 lbs. of dry yeast/day. 

J. Demmier and co-workers tried to produce 1.dder— 
yeast from whey by a continuous method, using different 
yeasts, S. ft&gilis 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 nadnal 
results to fit a 46,000 gal, fermenter, their daily output 
would be ca. 9,200 lbs. 

Our daily output from the sante fermenter would be 
14,500 lbs. based on 3/4 useful volume of fermenter, 3 gins. 
dry yeast/litre in overflow, and a hold-up tine of 1 3/4 hours. 
This gives a 604 itre efficient utilization of the fermenter. 

up, the advantages of this method are as 
follows: 

1. Relatively small fermenter space required. 
2. High A-age yield of yeast. at high on the 

nutrients. 
3. Cheap raw-materials. 
4. Simple opera bion. 
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 

(a) Agr. & Food Chem. Vol. 2, 2, Jan. 20, 1954. 

(b) Die hilchwissenschaff, Heft 1, Jan. 1950. 



— 145 -. 

PRCOLEMS IN THE UTILIZATION OF PUNICIPAL WASTE 

* BY * 

L. A. CAMPBELL 

RESEARCH FOUNDATION 

TORONTO, ONTARIO. 

SoME TIME AGO MR. HAROLD D. BRADLEY, THE STREET 

COMMISSIONER FOR THE CITY OF TORONTO, RETAINED THE SERVICES OF THE ONTARIO 
RE- 

SEARCH FOUNDATION, TO A LIMITED EXTENT, TO EXAMINE THE POSSIBILITIES OF UTILIZ— 

INE OR UPGRADING THE VAST AMOUNT OF WASTE MATERIAL WHICH THE DEPARTMENT or 

STREET CLEANING COLLECTS DAY BY DAY. 

I DO NOT WISH TO INFER BY THIS THAT GOOD USE HAS 

NOT BEEN MADE or MUNICIPAL WASTE IN THE PAST. ON THE CONTRARY1 THE PRACTICE 

or 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 

1N 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 TO 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 HOLLOSEAND 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 TME COST OF DISPOSAL SOARS. 

IT WAS WITH THIS THOUGHT IN MIND THAT MR. BRADLEY 

FIRST PLACED THE PROBLEM BErORE US. ALTHOUGH IT WAS WELL RECOGNIZED THAT IN- 

CINERATION OF MUNICIPAL REFUSE WH1CH IS THE PRESENT PRACTICE IS AN EFFECTIVE 

AND INEXPENSiVE METHOD OF REDUCING THE BULK OF THE REFUSE AND MITIGATING ITS 

OBNOXIOUS 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 TIlE 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 C1TIZENS WHO PURSUE GARDENING AS A HOBBY. IF SUCH 

WERE THE CASE THEN IT WAS PROBABLE THAT THE COST OF DISPOSAL OF LEAVES COULD BE 

CUT CONSIDERABLY. 

AT THE OUTSET IT SEEMED SINCE THE PRODUCTION 

tF LEAF MOULD HAS BEEN A COMMON ART FOR MANY HUNDREDS OF YEARS1 OUR EFFORTS 

SHOULO BC DIRECTED TOWARDS AN ATTEMPT TO SPEED UP THE PROCESS OR TO ENHANCE THE 

PRODUCT PROM A PLANT NUTRITIONAL POINT OF VIEW. IT WAS CLEAR AT THE 

THAT THE POTENTIAL PRODUCTION FOR THE AREA ADMINISTERED WAS FIXED1 THAT COLLEC 
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TION OF RAW MATERIALS 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 REQUIREHENT 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 WE 

SOON FOUND THAT DESPITE ANYTHING WE COULD DO, (AND THIS INCLUDED ADDING SUCH 

MATERIALS AS AMMONIUM SALTS, PHOSPHOROUS COMPOUNDS, LIME, SO-CALLED BACTERiAL 

ACTIVATORS), THE HEAT OF THE SUMMER FOLLOWING THE HARVEST WAS NEEDED, AND IT 

WAS NECESSARY TO OPERATE ON A TRACT OF LAND BIG ENOUGH TO HOLD AT LEAST TWO 

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. 

SI. IDE 

ADDED JUNE 9 JULY 2 AUGUST 12 

N C/N N C/N N C/N 

NONE 1.0 38.8 1 1 
314.7 1.2 22.3 

NH14NO2 (A) i.8 19.9 i.6 i6.5 i.14 1 

SUPFRF1HOSPHATE (B) 0.9 39.8 1.2 26.5 1.0 2 

ASH RESIDUE (C) 0.9 37.8 0.9 32.4 1.1 20. 

A 4 B i.8 17.5 1.5 21.1 i.14 i8. 
A ' C i.4 22 2 1.5 20.9 0.9 21.5 

B 4 C 1.1 31.0 0.9 30.8 1.0 23.6 

A 4 B 4 C 1.3 26.8 1.14 i8.8 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 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 N1TROGEN OF THE CONTROL IN- 

CREASED OVER THE PERIOD. IT WAS CONCLUDED FROM THIS THAT THE ADDITION OF 

INORGANIC NITROGEN WAS ECONOMiCALLY UNJU5TIFIED. 

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 IS SHREDDED AND SCREENED TO REMOVE STONES, STICKS, GLASS, 

ETC. AND IT IS READY FOR BAGGING AND SALE. 

SLIDES OF PRODUCTION OF LEAF MOULD. 

TILE LEAF MOULD IS OF VALUE NOT SO MUCH AS A FERTI- 

LIZER SINCE ITS NITROGEN CONTENT IS ONLY ABOUT 1% BUT AS A SOURCE OF HUMUS AND 
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AS A SOIL CONDiTIONER. IT IS or PARTICULAR VALUE AS A MULCH OVER CLAY OR 

SANDY SOIL. Ir USED AS A MULCH IT NOT ONLY PROTECTS THE SOIL FROM INTENSE AND 

RAPID DRYING OUT DURING DRY SPELLS, AND AGAINST EROSION AND PUDDLING DURING 

INTENSE RAINS, BUT AIDS IN KEEPING THE EARTHWORM POPULATION ON THE MOVE IN THE 

VERTICAL PLANE. THIS IS 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 IS 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 IS 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 IS 

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 PRO8LEM 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 or HOUSEHOLD GARBAGE 

THIS SURVEY SHOWED THAT iN 100 LBS. OF HOUSEHOLD 

GARBAGE WE COULD TO FIND ON THE AVERAGE 25.2 LBS. TABLE REFUSE, 17)1 LES. 

PAPER WRAPPED AROUND TABLE REFUSEAt LBS. OF OTHER PAPER, 7.3 LBS. OF TIN 

CANS, 5.9 LBS. OF BOTTLES AND 12.tS LBS. OF UNCLASSIFIABLE MATERIAL. FURTHER 

ANALYSIS SHOWED THAT ONLY 23)4% OR 5.9 LBS OF THE TABLE WASTE PORTION IS SOLID 

MATTER SO THAT THE CONCLUSION IS UNMISTAKABLE THAT WHEN WE SPEAK OF UTILIZING 

HOUSEHOLD GARBAGE WE ARE REALLY FACING THE PROBLEM OF UTILIZING A VERY LOW GRAEZ 

OF WASTE PAPER. 

OUR SURVEY ALSO GAVE US INFORMATION ABOUT THE 

AMOUNT WE COULD EXPECT PER PERSON. WE FOUNLi cHAT THE AVERAGE OUTPUT OF 

REFUSE IS 3.18 LBS. PER PERSON PER COLLECTION. Or THIS 1.55 LBS. ARE PAPER. 

THERE ARE 1014 COLLECTIONS PER YEPR. FROM THESE DATA WE NAY CALCULATE THAT 

FROM THE METROPOLITAN AREA OF TORONTO, WHICH IS A LOGICAL 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 

t4,350 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 FROI.I INOUS- 

TRIES OR RETAIL ESTABLISHMENTS. IF 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 TIHE 

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 :nio THE GARBAGE WILL BECOME LESS AND LESS. 

PROPORTIONATELY PAPER WILL BECOME MORE AND MORE. 

(3) THEY DO NOT TAKE 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 FIINDS ITS WAY TO THE GAR8ABE. 

THE FIRST QUESTION WHICH NATURALLY COMES TO MIND 

IS: "WHY NOT USE IT TO MAKE MORE PAPER?" ACCORDING TO MY COLLEAGUES IN THOS 

INDUSTRIES WHICH USE WASTE PAPER, THE ESTABLISHED COMMERCIAL MECHANISMS FOR COL- 

LECTING WASTE PAPER IS DOING ALL THAT IS 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 HOWEVER, FEASIBLE AT TINES TO PICK OUT AND BALE THE 

KRAFT CARTONS, AND THIS IS DONE WHEN IT IS WARRANTED. THIS SALVAGEABLE PORT- 

ION OF THE PAPER, HOWEVER, REPRESENTS BUT A VERY SMALL PORTION OF THE AMOUNT 

AVAI LABLE. 

NOW SINCE PAPER IS WOOD IN ANOTHER GUISE, IT 

FOLLOWS THAT THE PROBLEM OF UTILIZING THE PAPER 15 THE SAME AS THE PROBLEM OF 

UTIL1ZING WASTE WOOD. THIS PROBLEM HAS RECEIVED A GREAT DEAL OF TIIDUGHT 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 IF ANY OF THESE MIGHT POSSIBLY HAVE MERIT WHEN 

APPLIED TO PAPER UNDER THE ECONOM1C CDND1TIONS PECULIAR TO GARBAGE DISPOSAL. 

IN GENERAL, TWO MODES OF ATTACK ARE POSSIBLE: 

CHEMICAL AND BIOLOGICAL. WE FIRST CONSIDERED THE POSSIBILITY OF CHEM1CALLY 

SACCHARIFYING THE CELLULOSE OF THE PAPER. IT IS WELL KNOWN THAT 'ELLULOSE CAN 

BE HYDROLYSED EITHER BY STRONG ACIDS Ii4 THE COLD, OR BY DILUTE ACIDS AT ELEVAT- 

ED TEMPERATURES AND PRESSURES. IN MADISON, WISCONSIN, A MOD1FICATION OF THE 

ORIGINAL GERMAN SCHOLLER PROCESS OF SACCHARIFICATION HAS BEEN DEVELOPED. THIS 

CONSISTS ESSENTIALLY OF PERCOLATING DILUTE SULPHURIC ACID THROUGH WOOD CHIPS 

AT ABOUT kOocr. THE ACID, AT THIS HIGH TEMPERATURE HYDROLYSES THE CELLULOSE 

TO GLUCOSE WHICH IS RECOVERED IN THE EFFLUENT AFTER NEUTRALIZATION AND EVAPOR- 
ATION. I 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 FOR TARS TO FORM AND PLUG UP THE EQUIP- 

MENT WHEN PARTICLES OF WOOD SMAlLER THAN DISCREET CHIPS WERE USED1 IT WOULD NOT 

WORK W1TH PAPER. IN VIEW or THIS, WE DECIDED NOT TO EXPERIMENT WITH THIS 

METHOD, BUT INSTEAD TO LOOK INTO THE POSSIDILITIES WHICH THE GERGIUS PROCESS OF 

SACCHARFICATION MIGHT HAVE. 

SLIDE 

IN THIS PROCESS HYDROCHLORIC ACID CONCENTRATED TO 

A STRENGH 141% IS USED TO EXTRACT THE WOOD IN A COUNTER CURRENT FASHION. THE 

LIGNIN IF FILTERED OFF AND THE BULK or THE ACID IS RECOVERED BY ION AND 

CONDENSATION AND IS RE-USED. THE EVAPORATION OF THE LAST 20% TO IS 

DONE BY A SPRAY DRIER. THE RESULTANT IS GIVEN A MILD HYDROLYSIS AND 

THE SUGAR IS CRYSTALLIZED OUT OF THE SYRUP IN TME ORTHODOX MANNER. 

WHEN WE CAME TO SIMULATE THIS PROCESS IN THE LAB- 

ORATORY WE QUICKLY FOUND THAT WHEN 11% HYDROCHLORIC WAS PASSED OVER PAPER, THE 

SURFACE or THE PAPER GELATINIZED AND SEEMED TO BECOME RATHER IMPERVIOUS TO THE 

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 
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141%, SOLUTION or THE CELLULOSE IS VERY RAPID AND THE LIGNIN SEPARATES AND PRE— 

CIP ITATES. 

THE LITERATURE INDICATED THAT AFTER SOLUTION or 

THE CELLULOSE IN THE ACID, THE PRODUCTION OF SUGARS WAS A FuNCTION OF THE TIME 

or STANDING, AND THAT THE AHOUNT At ANY TIME WAS THE RESULT OF TWO REACTIONS, 

ONE BY WHICH CELLULOSE WAS BROKEN DOWN TO SMALLER AND SMALLER UNITS, THE END 

BEING AND THE OTHER, 8? 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 IF 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 i6 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 koOc. 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 ARC THAT HYDROCHLORIC ACID IS VERY CLOSELY ASSOCIATED WITH THIS 

PRODUCT, PERHAPS EVEN CHEMICALLY COMBINED. WHEN THIS MATERIAL WAS REDISSOLVED 

IN WATER AND HYDROLYSED FOR 1/2 HOUR AT 15 LBS. PRESSURE, CELLOBIOSE WAS NOT 

LONGER PRESENT. WHEN THIS 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 IS 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 HAY 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 OBJECT1ON CAN PROBABLY SE BY STUDY, AND TH 

UTILIZATION OF LIGNIN IS SOMETHING WHICH IS CONSTANTLY BEING THOUGHT ABOUT, 

SOMEDAY NO DOUBT WE WILL HAVE MANY USES TO CHOOSE FROM. WE HAVE NOT WORKED 

THIS ASPECT OF THE PROBLEM BUT UNTIL A USEFUL OUTLET FOR THE LIGNIN IS 

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- 

IF? PAPER IN GARBAGE AS A STEP IN ITS UTILIZATIONS, IS THAT THE RESULTANT 

IS UTILIZCO 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 2OQCZXY 

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 ARE 

BOTH DIRECTLY SUSCCPTA8LE TO MICROBIOLOGICAL DEGRADATION, AND THE QUESTION NAT- 

URALLY ARISES "WHAT USEFUL PRODUCTS CAN BE PRODUCED HICROBIOLOGICALLY 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 IT, THEN USE THE COMPOSTED MATER- 

IAl. As FERTILIZER." THERE ARC 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 IS DOUBTFUL IF HAULAGE CHARGES COULD BE RECOVERED BE- 

YOND THE CITY LIMITS AND CERTAINLY THE MARKET WITHIN THE C1TY LIMITS WOULD NOT 

BEGIN TO ABSORB THE POTENTIAL SUPPLY. MOREOVER, ALTHOUGH FOOD REFUSE MAY BE 

COMPOSTED WITH RELATIVE EASE, PAPER MAY NOT BE. THIS IS DUE TO AT LEAST TWO 

FACTORS: PART OF THE CELLULOSE IN PAPER IS REFRACTORY TO MICROBIAL 

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 GARBAGE WHERE THE RATIO OF PAPER TO TABLE REFUSE IS NOT TOt) 

HIGH) COMPOSTING TO A SAFE CARBON—NITROGEN RATIO MAY PROBABLY BE ACHIEVED WITH- 

OUT THE ADDITION OF NUTRIENTS BUT, AS II&NTIONEO EAPLIER, SINCE THE LIKLEI-(000 

IS, IN THE FUTURE, THAT THE RATIO or PAPER TO TABLE REFUSE WILL GET HIGHER NOT 

LOWER, CONDITIONS FOR EASIER COMPOSTING ARE NOT READILY FORSEEN. 

INDEED, IT IS NOT UNREASONABLE TO TAKE THEPOINT 
OF VIEW THAT IF, IN THE FUTURE TABLE REFUSE IS TO FIND APPLICATION ON THE SOIL 

AS AN ORGANIC FERTILIZER, IT WILL DO SO VIA THE ROUTE OF ACTIVATD 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 IS NOT LIKELY TO BE COMMERCIALLY SUCCESSFUL ON A LARGE SCALE, 

THE POSSIBILITIES OF AN FERMENTATION USING PURE CULTUPES OF ORGAN- 

ISMS TO PRODUCE USEFUL CHEMICALS FROM THE CELLULOSE AND ALSO LEAVING A COMPOST 

LIKE MATERIAL OF LIGNIN AND NITROGENOUS MICROBIOLOGICAL REMAINS MIIST NOT BE 

OVERLOOKED. WE KNOW FOR EXAMPLE, THAT IN THE RUMEN OF A COW THE INDICENOUS 

FLOR CAN BREAK DOWN CELLULOSE TO SUGARS AND ACIDS WHiCH MAY BE USED BY THE 

ANIMAL AS FOOD. WHAT IS THE POSSIBILITY or PRODUCING SUCH A FERMENTATION IN 

A TANK? 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 THERHOPHILIC TEMPERATURES. AT THE FOUNDATION 

WE HAVE MADE SOME PRELIMINARY EXPERIMENTS TD SEE WHAT SOME OF THE CONDITIONS 

FOR THE PRODUCTION OF VOLATILE ACIDS MIGHT BC. THE NEXT SL1OE 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, JITH TEMPERATURE HELD AT 55°C. 

EFFECT OF AMiNO N ADDITION ON VOLATILE ACID 
PRODUCTION 

EXPRESSED AT OF ACETIC_ON PAPER 

DAYS PEPTONE % C.S.L. 
0 0.2 o.6 0.5 

3 3.7 io.8 11.0 5.2 

2.7 9.14 15.0 

6 5.3 6.1 10.0 6.6 

THESE DATA SHOW TWO THINGS: THAT SOME SORT OF 

ORGANIC NITROGEN IS 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- 

ISM IN PURE CULTURE BUT THIS ATTEMPT WAS UNSUCCESSFUL. 

THE HOPE THAT DIRECT FERMENTATION OF PAPER TO USE 

fliL PRODUCTS CAN BE BROUGHT ABOUT IS WELL FOUNDED, BUT BEFORE ANY WELL-CONTROL- 

LED PROCESS CAN BE WORKED OUT, THE ANSWERS TO THE FOLLoWING QUESTIONS MUST BE 

FOUND: WHAT ORGANISMS ARC SUITABLE? CAN THEY WORK ALONE IN PURE CULTURE? 

WHAT ARE THEIR NUTRITIONAL AND ENVIRONMENTAL REQUIREMENTS? 
WHAT IS THE MINIMUM 

CHEMICAL OR PHYSICAL TREATMENT WHICH IS REQUIRED TO MAKE ALL THE CELLULOSE IN 

THE LIGNINCELLULOSE COMPLEX READILY AVAILABLE? 
To ANSWER THESE QUESTIONS WILL 

TAKE A GREAT DEAL OF RESEARCH. WE MIGHT ALSO ASK OURSELVES THIS QUESTION - 

"WOULD IT NOT BE BETTER TO SEEK A WAY or TREATING THE PAPER SO THAT THE 
ENERGY 

OF THE CELLULOSE WOULD BE ACCEPTABLE TO CATTLE, AND LET THESE ANIMALS FUNCTION 

AS PROTEIN FACTORIES IN THEIR TIME-HONOURED FASHION? 

IT MUST BE APPARENT FROM WHAT I 
HAVE!SAID THAT I 

AM NOT ABLE TO SUGGEST ANY PROCESS FOR TURNING GARBAGE INTO GOLD. 

IT MAY POSSIBLY BE THAT INCINERATION IS THE FINAL SOLUTION, BUT I 
DOUBT 

BECAUSE INCINERATION IS DESTRUCTiON AND THE GOAL OF AND THE CHALLENGE TO 

TECHNOLOGY IS NOT DESTRUCTION BUT CREATION. 

* 

* 
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OBJECTIIT!S FDR QUALITY COI4TItOL IN ONT/UtlO 

* 

* 
Adopted By The Pollution Control Board, May 5, 1953 

UI 

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. 

OBJECTIVIS 

All wastes, including sanitary sewage, storm water, and 
industrial effluents, shall be in such condition when discharged into any 
receiving waters that they will not create conditions which will adversely 
affect the use of waters for the following purposes; cource of 
domestic water supp]y, navigation, fish and wild life, bathing, recreation, 
agriculture and other riparian activities, 
In general, adverse conditions are caused by: 

(a) Excessive bacterial, physical or chemical 

(b) Unnatural depositd in the stream, interfering with nivigation, fish 
and %'ild life, buthin', recreation, or destruction of aesthetic values. 

(c) Toxic substances and materials imparting objection2ble tastes and 
odours to waters used for domestic or industrial purposes. 

Cd) Floating materials, including oils, grease, garbage, sewage solids, 
or other refuse. 

Ce) Discharges causing atnonnal temperature, colour or other changes. 

SPECIFIC 

In more specific terms, adequate controls of pollution will 
necessitate the following objectives 

(a) water, and Wastes From Water Craft 
stiff iclent treath!ent for adequate removal or reduction of solids, 
bacterial, and chemical constituents which may interfere 
with the use of these waters for the purposes afore—mentioned. 

Adequate protection for these waters, except in certain 
specific instances influenced by local conditions, should be provided 
if the coliform U.P.N. Ledlan va].ue does riot exred 2,400 per 100 ml. 
at any point in the waters following initial dilution. 
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(b) Industrial 1aetes 

(1) Chemical 'astes — Phenolic Type 
Industrial waste effluents from nolic hydro—carbon 

and other chemical plants will cause objectionable 
tastes or odours in drinking or industrial water supplies 
and may taint the flesh of 

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 noint in these waters following initial 
dilution. This quality in the receiving waters will 
probably be attained if plant effluents are limited to 

20 of phenol or phenolic 

Some of the producinn phenolic wastes are: 
Coke, syntl-ut..i; resin, oil refining, petroleum cracking, 
tar, road oil, creosoting, wood distillation, and dye 
manufacturing plants. 

(2) Chemical Other Than Phenolic 

Adequate protection should be provided if: 
(a) 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 io,6 

(b) The iron content of thcse 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. 

(c) The odour—producing substances in the effluent are reduced 
to a point that following initial dilution with these waters 
the mixture does not have a threshold odour number in excess 
of 4 due to such added materiaL 

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

(e) Oil and floating solids are reduced to a point such that they 
wi1 not create fire hazards, coat hulls of water craft, 
injure fish or wild life or their habitat, or will adversely 
affect public or private recreational developuent or other 
legitimate shore line develognents 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: Oil wells and petroleum refineries, gasoline 
filling stations and bulk stations, styr*nY co—polymer, 



- 154 — 

synthetic pharmaceutical, synthetic fibre, iron and steel, 
alkali chemical, rubber facricating, dye manufacturing, 
and acid manufacturing plants. 

(3) Highly Toxic 

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

Some of the industries producing highly toxic wastes are: 

metal and finishing plants discharging cyatildes, chrnmiurn 

or other toxic wastes; chemical and pharmaceutical plants and 

coke ovens, hastes containing toxic concentrations of free 

halogens and wastes contai&ng resin and fatty acid soaps are 
included in this category. 

(4) Deoxygenating tJastes 

Adequate protection of these waters should result if 

sufficient treatment is provided for the substantial removal of 

solids, bacteria, chemical constituents, and other substances 
capable of reducing tiie content of those waters 

unreasonably1 In addition to some of the industries 

producing these wastes are: Tannei'ies, glue arid pelatlne plants, 

alcohol, including breweries and distilleries, wool scouring, 
tertile, pulp and paper, focI processing plants such as meat 
pecking and &iry plants, corn products, beet sugar, fish 

processing and dehydration plants. 
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4ATIB IJJAIJTrY IN 

By 

L. A. KAY 

Director, Bureau of Public Health 
Engineering, Province of 

Manitoba, 
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 
Coisnission 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 

tint certain texts 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 atthnt$on, 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 viCsities 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 textus of reference of this 
paper and look briefly at conditions in the liest. 

The Manitoba Scene 

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

(a) There are no International Boundary waters, as such. 

(t4 There are no major streams originating in Manitoba. 
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(c) The general topography for'es the drainage in an 
then Northerly direLtton in the 
sectior where surface waters flow more or 

less directly North). 
Looking at the picture another way, find1 then, in 
we are dependent on the neighboring provInces atd states for 
the continuing initial good quality of our waterways. 

For example, the Red rises far to the South and 
enters the province via North Dakota. In this regard, both 
North and Soubh Dakota and the State of fitinesota have co—operated 
in fonulatiaig a comprehensive pollution ruaht ol p' ogram for vhat they 
refer to as the "Red River of the North". The Assjnibojne 
River has its source in Saskatchewan, and after crossing into 
Nanitoba, 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 Saskitchevan, 
supplies water for the town of ,inot, Worth Dakota, and re- 
enters Canada by way of the kanitoba sccbion of the Border. 

The water source for h'innipeg and encirons is 
from the Shoal Lake area cf the Lake of thc Woods. The huge 
watershed of this latter body is eventually drained to 
flanitoba via the Vinnipeg River and Lake 1iinnlpeg, Pnother. 
interesting example is the North Sankatchewan River which rises 
in Alberta, supplies water one of the IIattThfords, Prince 
Albert, and the town of The Pas (in and then joins 
the genera]. conflua of drairtage which eventually terminates in 
the northern muskegs and the Hudson Bay. 

On a population basis, possibly people (o. of a 
total of iecs than SOO,000 in the province) are supnlled from the 
Greater Winnipeg Water District; another are dependent on 
the and its tributaries; one small conmnnity now uses 
the Red River as a source, and a fed towns, of course, utilize 
underground supplies. 

About one.-half of the total population is served through 
n'rdcipal or corporation systems from surface water sources, and 
another substantial percentage of rural cNellers presumably draw 
water from local streams. lakes and artifficlal dugouts. It nay 
be seen, therefore, that the potability of thq surface waterways 
is very important as far as the health and well—being of the 
majority of the Ianitoba population is concerned. 

The weather is an important environmental factor. It 
mi.zht be said that we have three seasons — winter, summer, and a 
short Uar-s—or—dusi: type or zone in between each of the extremes. 
For field work purposes, we can divide the survey 
year into a nominal seaaon, (say, December to April 
inclusive); a high flow pc:iod — extending from the end of June 
or July; and a more or less suwmer—fa'J. ecr'sion when 
the flow of water may be expected 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 reaches of the province or the salt 
water of Hudson bay, 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 abuost 

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 through 

and past the Province of Saskatchewan; rivers and streams which 
rise everywhere but in liartitoba, and eventually drain into the 

Northern muskeg, and an extreme of temperature which is popular 

only with the natives. 

TH2 POSITION OF %;AT QUALIfl 

Broadly speaking, if empirical standards of water quality 

were to be utilized in there would be created an unfair 

and non—uniform financial burden on half the sewered rnunic±peli— 

ties, including industrial townsites, in the province. hanitoba 

is economically young, very spara'1y 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 of a great natural resource. 
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 end 

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 Control Conmissi3n; Part ill 
comprIses the framework for enabling the creatIon of sewage 
disposal district3 The Greater Winnipeg Sanitary District), 
and another section deals with the resultant powers of sewage 
districts once they may be orgcnizsct. 
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By this system of dual legislation and administration, the supervision oi the instaUatiem of mullicipa] wacerworks 
and sewerage projects still remain9 w th Denartaent of 
Health; the onus of dividing the natur&l canacity of the 
surface water couraes in an equitable manner is placed in the 
hands of an impartial Commission, which, in turn, is empowered 
to hire such engineering and other skills as are deem3d 
nec9saary for the effective working of thc Commission. 

Uith the humble that laws in themselves are 
not always and that tea uiany rules and reguiations 
may defeat the primary purpose of any legielation, it was decided to formulate a policy which might serve as an interim guide to 
the adninisti-atiori of program; which could be used 
to e7aluate the cidims of' user—agencies; and ivhich would event- 
ually result in the uniforra and reasonable use of our surface 

courses to the economic limit boithout abuse, with 
minimum of 

of the streams. 

This policy was first published late in 1953, and may 
be re—examined and modified or enla:ged at any time. Meanwhile, !t serves; 

Ci) To 
— the need for diversified control 
— the importance of conservation of this non—wasting 

asset 
— the vsrious types of claims for usage of the water 

potential 

(ii) To propn'nd, 
— a gereral basis for adaLlnistering stctut's and 

regula Lions 
— the nerd for tangible of pollution 
— importance of continuing river surveys 
— a list of certain principles basic to the 

reasonable application of' the prograz 
— a scheme for the uemporary or permanent down— 

grading or zoning of a "graded" water ccurse 
standards for both effluents and diluting waters 

(iii) To prop:Dae. 
— the of maflor user—agencies 
— the grading of aJ.l larger water courses 
— the preparation cf detailed pollutioa indices 
— the esmirica! do iinlt!ort of certain categories 

of municipal sewage treatment processes 

AND (iv) To outline future plannirg, 
— in regerd to the Greater WinnIpeg San±tery District 

ard other tgOneies Of 
— possible re- ezamination of relative 

statutes 
— of surveys and grading of all pertInent provincial 
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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 ani of water quality standards without 
prejudice or discrimination one way or another. These methods 

are tanned 'expedients' advisedly, since there is a danger that 

the t?o arbitrary enforcement of either of these control critorla 

may defeat the ultimate purpose of the entire program; and their 
use must be leavened by judicious interpretation in view of 
local conditions of economics, topography, population, etc. 

It is granted, however, that the listing of objectives 

for water quality control is the essential base for the planning 

of an effective programr Further, we should be prepared to 

re—examine and alter these desirable standards from time to 

time along the lines dictated by the motivation of adequate 

protection of ptiblic health and welL-being, the retention of 

desirable aesthetic conditiona, the conservation of a grcat 

natural heritage, and the industrial econon.y of the pro7incee 

As the control program develops, the value of river 

surreys and subsequent classification or grading assumes 

increasing stature (although ther3 may be some argument on 

this point)0 It is a fact that probably in every province and 

in every state there are streams and lakes which are hopelcssly 

defiled and can never be recovered to their original state. 

The Control recogrizes this condition, and is prepared, 

failing any other practical solution, to &.wn-grade such water 

couraca 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 

intention of the authorities to preserve the usefulness and 

attractive properties of that stream; and that while some abuse 
may have been allowed in the and notwithstanding the fact 

that some use 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. 

TECHNIC&L ENTS FOR VIJSR CONTROL 

There would appear to be a especially 
among engineers arid other skilled professionals, to become too 
enthusiastic over the technical intricacies of the solution of 
pollution problems, with the result that sooner or 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 soretimes overshadow the prime 
purpose of the invcstigation and survey in the object 
of maintaining good water quality. 
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In order to avoid these obvious difficulties, the 
Manitoba plan has been; 

(1) to license major polluting agencies 
(n) in conjunction with induatry, to formulate certain 

1tracerst (such as phenol in the refinery business) 
the incidence and quantity of which can be readily 
examined by the use of procedures outlined in rtandard 
Methods. 

(iii) To nquire the particular industry to provide its atm 
technical staff and facilities for routine effluent and 
recetving water tests. 

In this way, the tnchnical staff of Commission nny 
be Icept at a industry is protected by having a 
to do certain thirgs and discitarge wa3tes of certain types into 
the stream, self—policing is carrind out by the concerned 
company, and by the use of a readily identifiable tracer;.the 
periodic required from industry may be checked by in- 
frequent concurrent dual sampling and analyses. 

Ths water of a subject to ccntamination by raw 
municipal sewage nay be re—conditioned and purified 
for domestIc consumption without any complex 
ntanoeuvres. The ability of the water ecurse to .'4shilize 
itself is quite marked — particularly if there are any rapids 
or other in the channel to create turbCtence 
and assist in the aeration of the suspended matersals. 

On other hand, the consideration of an industrial 
effluent is usually a much more comprehensive matter, In the 
first the user—agaricy is a private or corporate body rather 
than a public one; each individual p).ant teems to be 
able to produce a different and non' complex waste than its 
predecessor or contemporary. In addiLion, some of the more 

ous cc!Tkrjclnds in th industrial seem to be 
ab'e to persist without d:Lsirtgration, and, in 
effect, without losing the power of disrupting nonal potable 
water treatment procadaces 

The cc:'iplexity of the industrial problem emphasizes the 
fact that pollutIon control authority should be prepared to 
provide tucFaical information arid possibly consultative ansist- 
ance to pal as, but should ask industry to 
work out its oft sot' 'ions whilst affording the latter some 
protection in the form of a licence to waste, and 
definite guklanco inrnrorating in that licence the &eneral 

ani s;ociftc roqufreicrlt3 in regard to effluent and uUlutina triter 
qu&ity, 

a 
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Local 
¶ 

Some of the conditions peculiar to tianitoba 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 
"sanitary customers It 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 accomnodate the oft—season discharge of otherwise 

too 

concentrated high—B.00. 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 otheniine be the source of warm weather 
offence and possibly health hazard. Unfortunately, another 

by-product of these high flow rates is the possibility of 

flooding which seems to have been a consistent menace in the 

last few years. 

SU!flRY 

In concluding this short talk on objectives for water 

quality control in Manitoba, I would like to refer to a state- 
ment contained in a publication of the Health Service en- 

titled A COMPREHENSIVE PiZOGWth FOIl hATER POLLUTION COWTRDL FOR 

THE REI) RIVER OF THE NORTH BASIN. The statement follows; 

"The controlling water quali ty 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 Manitoba, 
augmented by a policy of licensing major user—agencies and 

grading the more important water courses in the hopeful expect1— 

atlon that industry, the municipality and the private citizen 
are being given a reasonably fair share of the inherent value 
of this natural resource. 

The subject of drouth and consequent low stream flows 

has purposely becn omitted from this discussion. huch of 

persuasive planning for and others is based on 
long--term implementation — usually of three to five year& 

duration. In the meantIme, severely curtailed river flows 
coul'— be very awkward, if not troublesome. The terms of the 
Control Comm.issicn licences include a reference to this 
possibility and the fact that existing requirements might have to 
be drastlcal].y altered under such circumstances. 
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A CODE FOR MUNICIPALITIdS 

FOit rUE; 

[ J1L)USTJL IhL nt STE 

TO 

by HE. ii. P. SCOTT, 
Deputy Commissioner 
of s (Drainage 
Division5, Municipaflty 
of hntropolitan Toronto. 

(a) Domestic (b) Storm (c) Industrial 

In years rapid growth ol our urban and 
industrial centres demands that adequabe sewage treatment 
facilities be Ins tailed to preclude the pollution of our 
rivers rind lrtk s itich are the source of our water 
and are valuable recreation at assets. With the growth 
in importance or treatment has c'rre research into 
nethor.i s to that treat:nent and reduce its cost. 
Cue of the major treatment problems proven to be water— 
borne inciu sb rial irastes . Stud i as of this problem are 
being curried out across the eonttrreiib, anti several codes 
to control 'ii s have been recommend— 
ed, adopted and rucrifLen by various centres the past 
few months, Pro josed codes have been discussed at many 
technical conferences such as this with increased concern 
and appreciation of the problem. Inlustrial waste then, 
and its control, is a matter of prime interest, not only 
to the body which must provide the treatment factlities, 
hut also to industry itself wiii eh uses the municipal 
sewers and t r'-' Linen t plants. 

It is the purpose of Lhis paper to review the factors 
which should be ccn,:iderei in the establi shment of 
effectivr regulations for controll ing the di schar[e 
ef industrial into municipal seizer sy stems. A 
review of existing for municipaJities on 
Lhis continent and tht probicms associated theretiith 
makes it apparenb that a single regulation which will 
apply to all bra' iii and situri tions cannot be drawn 
lip because each j rd may differ so:nev:hiat, 

depending on the of che municipality, the design 
of tue sever syst em, the number arid type of industries 
and nature of Lhc t reatrient plant or plants 

It is, perhaps, th? duty of a municipality or 
sewerage district to accept and txeat all liquid wasbes 
originating withiu the tribntar;r 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 acceptabiuty 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 achieved in one combined plant, rather than in a number of separate 
smaller plants1 

2. 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 treating 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 size increases. In addition, it is sometimes beneficial to treat industrial wastes in alsociation with domestic sewage because of dilution, flow equalization, blending and other factors. 
Large treatment plants such as our Main Plant at Ashbridge's warrant the employment of better qualified men than smaller plants; as a resclt, better operation and control is achieved. In 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 coat 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 municiap]. system, Three alternatives which may be considered arc as follows: 

1. No restrictions whatsoever, and the 
indiscriminate discharge of all wastes 



— 164 — 

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 detail 
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 same time permits 
such control as is to gain the maximum efficiency 
in the operation of these works. 

xxx 
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 arid would exercise its 
authority on the basis of factual inCormation and sound 
judgment. 

xxx 
Experience dictates that restrictions on waste 

discharged to municipal systens should include a number, 
if not all, of the following: 

1. No surface drainage to the sanitary system 
without special permission. 

2. No solid materials which will to 
damage struclures or settle 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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4. 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 conditions that may 
cause the public any 

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, arid certain requirements 
satisfied. An inventory of all industries arid businesses, 
completely outlining the plant operation and the type and 
quantity of waste to he discharged is desirable, as well as 
right of entry for the purpose of inspection, sampling and 
flow mcasuroment. 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, 
pretreatment or flow equalization may be required, or the 
right to prohibit disrharge 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. lihere 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 piecc 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 



— 166 — 

fate and greases, which in many cases represents a direct 
loss to the industry discharging the material, When the 
accumulation or grease is coupled with collection.of hair, 
wooletc. 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 serving t.henu Occasionally, whole 
hides of cattle and sheep have reached the screens of a 

sewage station1 One station had its screen blocked 
regularly by a gummy mass of vegetable oils, which was traced 
to the discharging firm who were not aquainted with their 

until they were notified of them. Intercepting equip- 
ment installed shortly thereafter. 

One company, due to loss of foundry sand from 
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 wns in 
excess of S1500, was charged to the offender by the City of 
Toronto, as is the custom in such canes. 

DISRUPTION OF TREhTMENT 

Formation of scum blankets, composed of crease, fats, 
cattle hair, paunch manure etc. in digestion tanks can result 
if indiscriminate discharge of such material is not controlled 
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 01' our small plants of 0.75 rn.g.d.. 
capacity, wa3 at one time seriously handicapped by the dis- 
charge of calcium lignosulphonate. At another plant of 3.0 

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 U.O.D. rose to 2100 p.p.m. During the 
canning season, sludge pumping was t.ripled 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 works In this class 
are cyanide wastes, solvents, suiphides, gasoline, etc. 



Gasoline, fortunately, does not frequently' occur as a 
wiete, but it does find its way into sewers by leakage or 
spillage and infiltration, One case of infiltration was 
caused by a leaking underground tank at a rervice 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 giving 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 another 01' 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 repetiLion 
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 
a stream, and anlysis of the water disclosed cyanides in 
lethal quantities in the stream, 

SUhMARY 

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 sewers in this area. Since 
storm sewers discharge 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 bi analyzed and its effect 
on the system as a whole taken into account. 

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

IL 
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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, perh&ps under special permit, dis- 
charges in excess of the limits, if maximum use of the 
sewer systert and treatment facilities are to be made, thus 
reducing to a minimum treatment installations operated 
independently of those under the control o1 the municipality. 

From the determinations made to date, it would appear that 
the flows tabulated below might he accepted without question; 
flows beyond these limits require special consideration in 
each case, based on all 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:— 

1. Range of pH, 5.5 to 9.0 Temperature below 
150 F. 

2, Effluents to Storm Sewers: 
5 day B.0.D. 
Suspended solids 
Cyanides, metallic salts, 

sulp}iides 5 
Mineral oils, tar, grease 10 
Phenols 5 

3I 
5 day B.0.1J. .00 p.p.m. 
Suspended solids p.p.m. 

mesh) 
Total fats by weirht p.p.m. 
Cyanides, metallic salts, 

suiphides 5 p.p.m. 
Mineral oils, tar, grease 10 p.p.ni. 
Phenols 5 p.p. billion 

4. Provision by industry of facilities for sampling 
of waste waters, facilities to be accessible 
to munielpal 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 Metropolitan Area. 

At present, our program is one of acquainting industry 
with the problem involv'id, and of the savings and benefits 
that may he derived through a sound approach to the entire 
matter of industrial waste discharges Much 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 
expenditure by either industry or the public at large. 

10—20 p.p.m. 
350 pp.rn. 

p • p.m. 
p .p.m. 
p,p. billion 

350 
(all pas9ing 

100 
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AN EXAhPLE I SEARCH APPLIED TOAN 

PROBLEM 

— THE SULPHITE PULP MANUFACTURERS' RESEARCH 
LEAGUE, INC. — 

- BY — 

DR. AVERILL J. WILEY 

TECHN IC AL D RECTOR 

THE SULPH1TE Pulp MANUFACTURERS' 

RESEARCH LEAGUE INC. 

APPLETON, WISCI 

RESEARCH AND DEVELOPMENT OF PROCESSES FOR TREATING 
INDUSTRIAL WASTES CAN USUALLY BE EXPECTED TO PRESENT 
DLrnCULT PROOLEflS AND THEIR SOLUTION ;s APT TO BE 

EXPENSIVE, SINCE THESE EFFLUENTS ARE THE FINAL RESIDUES FROM 
MANUFACTURING OPERATIONS FOR WHICH NO PRACTICAL VALUE IS 

NNOWN, 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 PATHW.YS 

t. FINDING NEW AND GREATER BY—PRODUCT VALUES FROM 
THE RESIDUE, OR 

2. REDUCING THE COST OF RECOVERING VALUES THEREFROM, 
OR 

3. DEVELOP1NG 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 INOUSTRY 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 GRDUP RESEARCH EFFORT 
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HAS 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 
pJLP1NG INDUSTRY HAS BIEN A CRITICAL PROBLEM SINCE 1874 
WHEN THE ACID METHOD OF PULPING WAS FIRST PUT INTO 
COMMERCIAL PRACTICE sv 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 D:SPOSAL 
AND UTILIZATION PROBLEM PRESENTED BY THAT HALF OF THE 
PULP WOOD BEING o:SSOLvEO AND WASTED TO THE NEAREST STREAMS, 

BOTH MEN PATENTED VARIOUS SCHEMES FOR UTILIZING SPENT 
LIQUOR, IN ALL THE YEARS OF THE MORE THAN 80—YEAR HISTORY 
OF THIS IMPORTANT SEGMENT OF THE PULP AND PAPER INDUSTRY, 
LITERALLY THOUSANDS flF IDEAS HAVE BEEN PROPOSED, 
AND HAVE UNDERGONE VARIOUS OF DEVELOPMENT AND OF 

COMMERCIAL PRACTICE. YET WE STILL DO NOT HAVE FEASIBLE 
PROCESSES AVAILABLE FOR PROCESSING MORE THAN A FRACTION OF 

THE SPENT LIQUOR PRODUCED EACH DAY. TRUE, THERE ARE A 

NUMBER OF SULPHITE MILLS WH ICH HAVE FOUND USE FOR A PART 
OR EVEN ALL OF THE LIQUOR INDIVIDUALLY PRODUCE AND A GDOO 
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 APPLICA6LE ON AN INDUSTRY-WIDE 
BASIS. 

THE SULPHITE PULP MANUFACTURERS' RESEARCH LEAGUE 
WAS ESTABLISHED IN '939 BY A GROUP OE 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 GROWNC TRCND TOWARD FORMATION OF DUS1NESS LEAGUES 
OR TRADE 

A SCALE WHICH WOULD NOT OTHERWISE BE POSSIIILE FOR INDIVID- 
UAL UNTS. THE SUP.M, RESEARCH LEAC&JE CAN POINT TO THE 

ACHIEVEMENT OF A MODEST DEGREE OF SUCCESS IN FINDING ANSWERS 
WHICH HAVE BEEN USABLE BY ITS MEMBER MILLS AND NOW iN 

PROGRESS PROMISES TO YIELD NEW PROCESSES AND ALSO FURTHER 
IMPROVEMENT AND ECONOMIES IN OLDER IDEAS WHICH CAN BC PUT 

TO BY THE MEMPERSHIP. 

ORGANIZATION FEATURES AND ADVANTAGES OF 

GROUP__ATTACK 

IT IS OUR PURPOSE TO DESCRIBE THOSE ORGANIZATIONAL 
FEATURES AND WORKING METHOOS OF THE RESEARCH LEAGUE WHICH 
MAY PROVE USEFUL TO OTHERS INTERESTED IN ESTABL1SHING SiMILAR 
PROGRAMS OF ASSOCIATION RESEARCH. 

FROM THE LEGAL STANDPOINT, THIS ORGANIZATION CAN 

SE DEFINED AS A BUSINESS LEAGUE NONPROFIT RESEARCH. 
iT WAS ORIGINALLY ESTA3LISHED BY. TWELVE CORPORATIONS 
OPERAT1NG FOURTEEN PULP MILLS 1N THE STATES OF W!SCONS1N 
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, ALTHOUGV EVIDENT IN THE BACK— 

GROUND 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 MINIMIZING OR ELIMINATING 

COMPETITIVE CONFLICTS. THE HEAVY PRESSURE FROM FEDERAL, 

STATE AND LOCAL STREAM POLLUTION AUTHORITIES AND FROM OTHER 

SOURCES HAS HELPED TO ESTABLISH A DEGI1EE OF FAMILY RELAT:o'J— 

Swlo. THIS HAS PROMOTED GROUP EFFORTS REAL E!PRIT DECORPS 

PREVAILS. POSSIBLY THIS COULD RESULT IN PART FROM OPPORTUN 

JTIES TO GET TOGETHER FOR A GOOD CRY UPON OTHER SHOULDERS 

ALSO BURDENED WITH EFFLUENT DISPOSAL PRODLEMS, BUT PRINCI 

PALLY IT RESULTS FROM A GENUINE, CONTINUING INTEREST IN: 

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 

SULPH1TE 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 

COMOINED EXPERIENCE, CRITICISM, SUGGESTIONS OF INDUSTRY 

REPRESENTATIVES. THE LEAGUE'S TECHnICAL COMMITTEE, WTH 
MEMBERSHIP DRAWN FROM THE RESEARCH STAFF OF EACH MEMBER MILL, 

MEETS QUARTERLY FOR INTENSIVE OF PROGRESS AND FOR 

PLANNING OF TECHNICAL 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 114 EACH MEMBER CORPORATiON, MEET SEMI- 

ANNUALLY. THESE RECULARLY SCHEDULED HZCTINGS ARE OF GREAT 

HELP IN PROViDING TNE CHANNELS FOR CLOSE COMMUNICATION 

BETWEEN MEMBER MILLS AND LEAGUE RESEARCH STAFF WHICH ARE 

VITAL TO THE CONTINUED SUCCESS OF GROUP EFFORT. 

THE ORGANIZATIONAL CHART (F;G.1) OUTLINES THE 

COMMUNICATIONS FUNCTION AND INTERMEDIATE RELATIONSHIP OF THE 

LEAGUE'S TECHNICAL COMMITTEE BETWEEN THE RESEARCH STAFF AND 

THOSE AOMINISTRATIVE OFFICERS OF MEMBER MILLS SERVING ON THE 

LEAGUE BOARD OF TRUSTEES. FEW ARE THE 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 TECHNICAL REPRESENTATIVE AVAILABLE FROM ITS 

OWN STAFF WHO CAN PROVIDE INFORMATION ON ANY QUESTION OF 

LEAGUE RESEASCH RESULTS THAT MAY ARISE DURING THE COURSE OF 

MILL ORGANIZATION'S REGULAR CUS:NESS DAY CONTACTS WITH THE 

WASTE PROBLEM. THE SAME DIHECT LINE OF KEEPS 

THE LEAGUE STAFF UP TO DATE AND FULLY AWARE OF NEW ADMINISTRA- 

TIVE OR TECHNICAL PROBLEMS ANO NEEDS OF EACH MEMBER MILL. 
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THE STAFF 0$ THE. RESEARCH LEAGUE 

CLOSELY INTECRATED RESEARCH ON INDUSTRIAL WASTES 

CAN BENEFIT GREATLY FROM WELL COORDINATED ACTIVITIES OF 

A RESEARCH AND DEVELOPMENT STAFF WORKING DIRECTLY FOR THE 

ORGANIZATION. 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 IS DISCUSSED IN GREATER DETAIL ELSEWHERE. HOWEVER. 

OUR EXPERIENCE INDICATES THAT RESEARCH CONDUCTED BY THE 

GROUPTS 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 TO 17 INDIVIDUALS IN 

ITS OWN LABORATORIES, PILOT PLANTS, AND OFFICES UNDER A 

TECHNICAL DIRECTOR. THIS GROUP INCLUDES FIVE PROJECT 

LEADERS AT THE Pu.O. ANO PROFESSIONAL ENGINEER LEVEL. 

TECHNICAL FIELDS COVERED BY THESE MEN ANO BY OTHERS HAVING 

SPECIALTIES AT THE GRADUATE LEVEL WITHIN THE STAFF INCLUDE 

PHYSICAL, CARBOHYDRATE, ANALYTICAL, AND SANITARY CHEMISTRY, 

BIOCHEMICAL ENGINEERING, CHEMICAL ENGINEERING AND BIO- 

CHEMISTRY. SPECIAL EFFORTS ARE MADE TO MAINTAIN CONDITIONS 

FAVORABLE FOR THE STAFF TO WORK AS A CLOSELY INTEGRATED 

TEAM. THE TEAM SPIRIT CONTRIBUTES MUCH TDWARD ADAPTING 

THE RESEARCH EFFORT TO CHANGES IN PACE AND IN DIRECTIDN 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 RESEARCH ORGANIZA1IONS 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 7ULLY 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 

PROFESSONAL SOCIETIES BY STAFF MEMBERS IS ENCOURAGED 

WHENEVER THE TECHNICAL PROGRAM PROMISES TO RE OF VALUE. 

THE ACCUMULATED KNOWLEDGE 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, 

LIBRARY: 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 TIlE BEGiNNING OF THE LEAGUE 
PROGRAM PROVIDED FOR A LiTERATURE SEARCH BY THE LATE 
DR. CLARENCE tJEST WHO COMPILED THE BIBLIOGRAPHY OF 

SPENT SULPHITE LiquoR. THE FIRST VOLUME OF THAT BIB- 
LIOGRAPHY COVERED THE LITERATURE OF 940 WITH 
EXCELLENT ABSTRACTS OF SEVERAL THOUSAND ARTICLES AND 
PATENTS. ANNUAL SUPPLEMENTS s:NCE THEN HAVE BEEN 
COMPOSITED AT 5—YEAR INTERVALS. UNTIL RECENTLY THIS 
BIBLIOGRAPHY WAS MAINTAINED FOR THE LEAGUE 
ONLY, BUT THE DEMAND HAS REACHED THE POINT WHERE A 

MICROCARD EDITION HAS BEEN PREPARED FOR GENERAL DIS- 
TRIBUTION AT NOMINAL COST. IN ADDIT?ON TO TIE GENERAL 
LIBRARY AT THE INST!TUTE OF PAPER CHEMiSTRY, THE LEAGUE 
ALSO MA!NTA?NS ITS OWN HIGHLY SPECIALIZED L!SRARY OF 

SELECTED TEXTS AND JOURNALS FREQUENTLY USED BY THE STAFF. 
STArF MEMBERS CONTRiBUTE TO THE MAINTENANCE AND 
OF A CAREFULLY CROSS—INDEXEO REPRINT COLLECTION NOW 
NUMBERING MORE THAN 5,000 ITEMS. TECHNICAL MEN FROM THE 
MEMBER MILLS FIND THIS LIBRARY OF SPECIAL UTiLITY WHEN 
IP4ITATING LITERATURE REVIUWS FOR COMPANY PROJECTS AND 
k.'HEN WRITING PAPERS FOR TECHNICAL MEETINGS AND PUBLIcATIONS, 

LABORATORIES: INITIALLY, THE INSTITUTE OF PAPER CHEMISTRY 
PROVIDED L$BORATORY SPACE AND EQUIPMENT FOR SETTING UP 
THE LEAQUE PaOGRAM. But WiTH THE GROWTI! OF THE STAFF AND 
PROGRAM IT SOON BECAME DESIRABLE TO ACQUIRE SPECIAL TOOLS 
AND EQUIPMENT PARTICULARLY ADAPTED TO THE LEAGUE REQUIRE- 
MENTS. THE LEAGUE NOW ALL OF ITS OWN LABORATORY 
EQflPMENT FOR WHICH THE INVESTMENT EXCEEDS 
THIS IS EXCLUSIVE OF AN EVEN LARGER AMOUNT INVESTED IN 
THE PiLOT PLANTS. THIS EQUIPMENT HAS BEEN ACQUIRED OVER 
A PERIOD OF SOME 16 YEARS ANO EVERY EFFORT IS MADE TO SEE 
THAT MAJOR ITEMS WHICH CAN BE PURCHASED AT RELATIVELY 
HIGH COST ARE OF SUCH TYPE AS TO BE ADAPTABLE FOR USE BY 
THE GROUP AS A WHOLE. INCL!jDED IN THIS CATEGORY ARE SUCH 
ITEMS AS THE RECORDING MOLECULAR STILL, 
AND COLUMN EQUIPMENT WITH FRACTIONATION 
COLLECTORS. HOWEVER, CAPITAL CHARGES FOR SPECIALIZED 
LABORATORY EQUIPMENT COULD EASILY GET OUT OF HAND WERE IT 
NOT FOR A LONG CONTINUED POLICY OF ALSO UTILIZING TIlE MORE 
HIGHLY SPECIALIZED TYPES OF EXPENSIVE EQUIPMENT AT UNIVERS- 
ITIES AND OTHER ORGANIZATIONS AVAILABILITY PERMITS. 
AS AN EXAMPLE OF SUCH COOPERATION, THE LEAGUE RECENTLY 
WAS ABLE TO COOPERATE WITH ONE OF THE LARGER MANUFACTURErS 
OF ELECTRON!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 EXGEPTIONAL PILOT PLANT 
FACILITIES FOR AN ORGANIZATION OF ITS SIZE DUE TO THE 

FACT THAT FIVE SEPARATE PROCESSES HAVE BY THiS 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 L1QUOR FROM ONE OR MORE TOWS OF DAILY PULP 
PRODUCTION, AND TIlE 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 TIlE 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 EQUIOMENT OF ACCEPTED 
COMMERCIAL DESIGN AND MANUFACTURE AR'i AVAILABLE FOR WORK 

ON UNIT OPERATIONS IN THE FIELDS OF ADSORPTION AND STRIPP 
CONTR1FUGATION OF SEVERAL lYPES, o;STILLATION, DRYING, 

EVAPORATION, LIQUID EXTOACT ION, FILTRATION, MIXING, ION 

EXCHANC.E AND FERMENTATION. MOST OF THS EQUIPMENT 15 OF 

LONG—LIVED 316 STAINLESS STEEL CONSTRUCTION AND TOGETHER 
WITH NECESSARY SUPPORTING EQUIPMENT SUCH AS TANKS, PUMPS, 

VALVES, GAUGES, CONTROLLING INSTRUMENTS, AND PIPING ACCOUNT 
FOR AN ADDITIONAL CAPITAL INVESTMENT OF SOME $t75,000, 

POSSESSION OF THIS PiLOT PLANT EQUIPMENT 
WITH ITS OWN SMALL CONTROL LABORATORY IS LARGELY RESPONSIBLE 
FOR M1'CH OF THE QUICK SERVICE WHICH CAN BE CHARACTERISTIC 
OF INTEGRATED RESEARCH ORGANIZATIONS O? TillS KIND. 

THE PILOT PLANTS ARE STAFFED TO PERMIT AROUNO—THE—CLOCK 
OPERATION OF CONTINUOUSLY OPERATED EXPERIMENTS WHEREVER 
REQUIRED IN THE DEVELOPrENT OF CONTINUOUS PROCSSSES ON A 

LABORATORY OR PILOT SCALE. ANY RESEARCH WHO 

HAS EXPERIENCED THE RED TAPE INCIDENT TO SETTING UP SMALL 
OR LARGE EXPERIMENTS FOR QUICX EVALUATION OF AN IDEA IN 

LARGE DEPARTMENTALIZED ORGANIZATIONS OR ALTERNATIVELY, THE 

DIFFICULTIES OF GATHERING 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 or THE PILOT PLANT IS 

CONCERNED WITH THE PREPARATION OF SAMPLE MATERIAL TO BE 

SENT OUT FOR EVALUATION OF VARIOUS SPENT SULPHITE LIQUOR 
PRODUCTS PRODUCED IN THE PROGRAM OF UTILIZATION RESEARCH. 
SEVERAL HUNDRED SUCH SAMPLES MAY BE OUT EACH YEAR TO 

OUTSIDE ORGANIZATIONS INTERESTED IN THEIR EVALUATION AND 

POSSIBLE USE. THE DISTRIBUTION AND EVALUATION OF SUCH 
SAMPLES CONSTITUTE FIRST STEP TOWARD EVENTUAL MARKET 
EVALUATIONS. Or COURSE, MANY OF THE SAMPLES SENT OUT DRAW 
A BLANK, BUT THOSE WHICH DO FIND INTEREST MORE THAN JUSTIFY 
THE EFFORT. THIS ISA LEGITIMATE GROUP RESEARCH FUNCTION 
THAT BRIDGES THE GAP BETWEEN FUNDAMENTAL ANO APPLIED RESEARCH. 
IN OUR EXPERIENCE IT IIAS PROVED AN ItiPORTAMT ACTIVITY OF 

THE LEAGUE THROUGH HELPING GREATLY TO FIND APPLICATIONS FOR 
THE BASIC WORK WHICH BRINGS NEW iDEAS. 
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EVEN THOUGH THE IMPORTANCE OF CONDUCTING FUNDA- 
MENTAL RESEARCH IS FULLY RECOGNIZED BY THE STAFF —— 

STILL IT REMAINS A DIFFICULT ITEM TO FINANCE, PERSONS 
RESPONSIOLE FOR UNDERWRITING THE EXPENSE OF BASIC 
RESEARCH CANNOT BE BLAMED FOR FINDING FUNDAMENTAL RESEARCH 

REPORTS DULL, UNIN1ERLSTING 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 TIlE OVER—ALL RESEARCH PROGRAM 
FUNCTIONING SMOOTHLY. 

SPECIALiZED FACILiTIES AVAILABLE THROUGH COOPERATION 
WITH MEMBER_MILLS 

ANOTHER ADVANTAGE ACCRUING FROM GROUP RESEARCH 
DERIVES FROM INTEREST OF MEMBER MILLS IN FURTHERING THE 
OVER—ALL RESEARCH PROGRAM BY USING AMY SPECIALIZED 
FACILITIES OR MANPOWER THAT MAY :3E AVAILABLE AT THE 
MEMBER MILL AND WHICH WOULD HELP DEVELOP A 

A FIELD PROBLEM MAY REQUIRE MEN AND 
MATERIAL BEYOND THE IMMEDIATE CAPACITY OF THE LEAGUE 
STAFF AND THE LACK MAY BE PROVIDED FROM FACILITIES or 
ONE OF THE MEMBER ORGANIZATIONS. PRACTICAL MILL—SCALE 
TESTS ON (!URNING CONCENTRATED LIQUOR WERE CARRIED OUT AT 
SEVERAL MEMBER MILLS IN THEIR BOILER PLANTS USING CON- 
CENTRATED LIQUOR PRODUCED IN THE LEAGUE PLANT. 
A HiGHLY TECHNICAL PROBLEM IN HEAT TRANSFER MAY BE 
DEVELOPED IN COOPERATION WITH ENGU4EERIPSG SPECIALISTS FROM 
A MEMBER MILL. SUCH ACTIVITIEC CONDUCTED COOPERATIVELY 
BETWEEN LEAGUE AND MEMBER MILL ARE CARRIED OUT AND REPORTED 
TO THU MEMBERSHIP AS A WHOLE. THE ADVANTAGES FROM SUCH 
COOPERATION ARE OBVIOUS AND HAVE RESULTED IN THE ACQUISITION 
or DATA MORE RAP 1DLY AND AT MUCH LOWER COST THAN WOULD 

BE POSSiBLE. 

THE FACILITIES THAT CAN BE MADE AVAILABLE FOR 
GPOUP r'CSEARCH CAN BEST BE SUMMARIZED AS AN EXCEPTIONAL 
ADVANTAGE SELDOM ATTAINABLE UNDER ANY OTHER SYSTEM OF 
CONDUCTING INDUSTRIAL WASTE RESEARCH. THE GROUP RESEARCH 
STAIF CAN INITIATE A PROJECT AND CARRY IT THROUGH TEST TUBE, 
FLASK, AND SMALL LABORATORY UNIT STAGES ON INTO PILOT PLANT 
AND EVEN INTO SEMI—COMMERCiAL TESTS WITH A MINIMUM OF COST, 
RED TAPE1 AND DELAY. 

GrANTS TO OUTS 

ALTHOUGH tT IS DESIRABLE TO EMPHASIZE THE VAL(JE 

OF STAFF—CONDUCTED WORK AS ESSENTIAL TO AN EFFECTIVE GROUP 
RESEARCH PROGRAM, SUCH EMPHASIS IS NOT MEANT TO MIN1MIZE 
THE IMPORTANCE OF RESEARCH GRANTS TO 1.'NVERSITIES, 
INSTITUTES AND OTHER OUTSIDE ORGANIZATIONS HAViNG SPECIAL- 
IZED KNOWLEDGE AND EQUIPMENT AVAiLABLE. THE SULPIIITE PULP 
MANUFACTURiRS' RESEARCH LEAG1.JE HAS CONSISTENTLY SUPPORTED A 

PROGRAM GRANTS AND HAS ALLOTTED FUND5 EACH YEAR 
TO THE EXTENT OF FROM 20% TO 40% OF THE OVER—ALL ANNUAL 
BUDGET. 
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THE LARGEST SINGLE GRANT HAS BEEN TO ORGANIC 
CHEMISTRY GROUP OF THE INSTIIUTE or PAPER CHEMISTRY 
FOR SPONSORSHIP OF A CONTINUING PROGRAM OF FUNDAMENTAL 
AND APPLIED LICPHN 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 MINNESOTA, 
NEW HAMPSHIRE, WYOMING, AND IOWA 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 VALUE IS TO BE REALIZED IN A 

REASONABLE PERIOD OF OVER—ALL RESEARCH EFFORT. 

THE NATURE AND SCOPE OF THE LEAGUE 
RESEARCH PROGRAM 

ORIGINALLY THE MEMRER MILLS CONCEIVED OF THIS 
INDUSTRIAL WASTE RESEARCH PROGRAM AS A QUICK MEANS or 

FINDNG DISPOSAL METHODS FOR THE SPENT LIQUOR AND THE 
GROUP WAS AT FIRST NAMED THE SULPHITE PULP MANUFACTURERSt 
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 OF 
BY—PRODUCT VALUES TO BALANCE THE HANDLING AND PROCESSING 
CHARGES. THE LEAGUE WHICH WAS INCORPORATED IN 1946 UNDER 
ITS PRESENT NAME STILL SEARCHING FOR ECONOMICAL METHODS 
OF DISPOSAL BUT DEVOTES A LARGE PROPORTION OF ITS EFFORT 
TOWARD UTILI ZAT ION. 

IN FIGURE II WE HAVE LISTED THE MAJOR PROJECTS 
CURRENTLY UNDER ACTIVE RESEARCH BY THE LEAGUE AND ITS 

COOPERATORS. OF THESE PROJECTS, THAT FOR PROCESS AND 
PRODUCT DEVELOPMENT ON TORULA YEAST PRODUCTION AND OF 

L1GN1N RESEARCH OUTSTANDINC 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 to 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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IT is IMPROBABLE 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 IS MADE. 
FIGURE III OJTLINES THE SCOPE OF THE RESEARCH PROGRAM 
ACCORDING TO THIS OIVISION OF STAFF EFFORT. FUNDAMENTAL 
RESEARCH HAS BEEN GIVEN INCREASING EMPHASIS IN THE SEARCH 
1N THE FUNDAMENTLL OF CARBOHYDRATE, LIGNIN AND PHYSICAL 
CHEMISTRY HAVE PROVED ESPECIALLY IMPORTANT. BUT, HERE 
ACAIN, WE RCCOGNIZE THA7 BASIC OR UNDAMENIAL TYPES OF 

RESEARCH MUST BE ACCOMPANIED BY A GOOD BALANCE OF CLOSELY 
ASSOCIATED APPLiED EFFORT. 

SPENT SULPHITE LIQUOR IS A MIXTURE OF MANY 
AND. COMPOUNDS OR• AS 4 ND! RECT 
REACTION PRODUCTS FROM THE SOLUTION OF THE NONCELLULOS1C 
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 AND SALTS 
DERIVED FROM THE COOKING CHEMICALS. THE CQMPtEZIT'YYOF 
THIS MIXTURE OF ORGANICS AND INORGANICS IS REFLECTED IN 

THE MANY POTENTIALLY USEFUL PROPERTIES SUCH AS DISPERSION, 
ADHESION, FLOCCULATION, AND FOAMING, WHICH HAVE BEEN 
RECOGNIZED TO BE PRESENT IN SPENT SULPHITC LIQUOR. THE 
RESEARCH AND DEVELOPMENT PROGRAM OF THE LEAGUE WAS FIRST 
DIRECTED TOWARD FINDING 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 PRACTIGAL METHODS OF ISLATINC 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 iS REQUIRED TO CARRY OUT THIS PROGRAM. MUCH HAS 
BEEN ACCOMPLISHED IN THIS DIRECTION IN AND OUT OF THE 
LEAGUE LABORATORIES, BUT THE FUTURE RESEARCH PROGRAM OF 
THE LEAGUE IS EXPECTED TO BE INCREASiNGLY CONCERNED WITH 
FRACTIONATION AND DEVELOPMENT OF NEW PRODUCTS THEREFROM. 
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MANY INOIVICUALS CONCERNED WITH ESTABLISHMENT 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 OB- 
SERVATIONS MUST OF COURSE BE CONPITIONED Y THE SCALE OF 

THE RESEARCH PROGRAM, BUT THE SULPHITE MANUFACTURERS1 
RESEARCH LEAGUE PROGRAM HAS AN RECORD WHICH 
HAS BEEN TABULATED IN FIGURE IV. 

THE PROGRESSION FROM LABORATORY THROUGH PILOT TO 

COMMERCIAL REQUIRED ABOUT FIVE YEARS FOR THE YEAST 
PROCESS AND OTHER PROCESSES HAVE A SIMILAR RECORD. 
THE ROADBINOER AND EVAPORATION PROGRAM STARTED W1TH 
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 :s DEVELOPING IN LABORATORY 
AND PLOT STAGES FOR BOTH PROCESSES. MUCH FUNDAMENTAL 
RESEARCH MAY BE REQUIRED TO FORM A FIRM FOINDATION FOR 
PRODUCT DEVELOPMENT AND THIS IS 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. 

CONCLUS I ON 

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 
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BURNING ADHESIVES 

CHEMICAL RECOVERY 

YEAST 

VAN I LLATES 

1949— 1954 PONDING AND SOIL EVAPORATION 
COMMERCIAL FILTRATION 

STREAM STUDIES YEAST 

BURNING MARKETING OF 
CONCENTRATE 

ERACT I ONAT ION 
STUD 1 ES 

FUNDAMENTAL 
RESEARCH 
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TODAY WE FIND OUR INDUSTRIAL ECONOMY BECOMing 
INCREASINGLY CONSCIOUS OF NEED FOR RECOVERY OF ALL 

POSSIBLE VALUES FROM 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 EY PRACTICAL MEANS. 

THE CRITICAL NATURE OF STREAM AND AIR POLLUT1ON 
PROBLEMS CONTRIBUTES GREATLY TO NECESSITY FOR AN EX 

PANDIFIG 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 WDRK TOGETHER SUCCESSFULLY AND 

EfFICIENTLY ON BOTH FUNDAMENTAL AND APPLIED RESEARCH 

FOR PROBLEMS COMMON TO THE ENTIRE 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 fllD PROFIT 

* 5y * 

J. RICHTER SALVESEN 

DIRECTOR OF CENTRAL RESEARCH 

MARATHON CORPORAT ION 

ROTHSCHILD, WiSCONSiN. 

THE TREE IS A THING or BEAUTY TO THE ARTIST AND A 
SOURCE OF LYRICS TO THE POET. BUT THE ENGINEER AND THE CHEMIST SEE IN THE 
FOREST AN EVER GROWING SOURCE OF RAW MATERIAL FOR CELLULOSE —— NATURE'S BUILD- 
ING MATERIAL. 

WOOD IS THE HOST IMPORTANT RENEWABLE RAW MATERIAL 
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- 
I.IECTED TO PROCESSING STEPS TO SUIT IT TO THE ULTIMATE USE. CHANGING ITS PHYS- 
ICAL SIZE AND SHAPE GENERALLY RENDERS IT SATISFACTORY FOR USE IN CONSTRUCTION; 
HOWEVER, ITS USE IN PAPERMAKING REQUIRES THAT IT BE BROKEN DOWN CHEMiCALLY INTO 
ITS COMPONENTS. WOOD IS A COMPLEX tTRUCIURE OF CELLULOSE FIBERS BOUND TO- 
GETHER BY LIGNIN AND HEIIICELLULOSES. 

ABOUT EIGHTY YEARS AGO TWO CHEMICAL PROCESSES WERE 
DEVELOPED FOR OBTAINING THE CELLULOSE FIBERS DESIREI) 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 ALKALINE 
LIQUOR AS A DIGEST1NG MEDIUM WHICH, AFTER DISSOLVING THE NON—CELLULOSIC MATER- 
IALS, IS DRAINED FROM THE CELLULOSE FIBERS. THE HIGH COST OF THESE ALKALINE 
COOKiNG CHEMICALS MAOE IT NECESSARY TO RECOVER THEM FOR REUSE. THIS IS 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-OAY THIS RECOVERY PROCESS IS DEVELOPED TO 
A HIGH OEGREE OF EFFICIENCY RETURNING NOT ONLY THE COOKING CHEMICALS BUT STEAH 
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 502 AS A COOKING LIQUOR. ALTHOUGH THE LOW 
COST OF THESE COOKING CHEMICALS HAS MADE IT ECONOMICALLY PERMISSIBLE TO OISCARD 
THE SPENT PULPING LIQUOR, THIS PRACTICE REPRESENTS AN ENORMOUS WASTE OF A POTEN- 
TIALLY VALUABLE ORGANIC MATERIAL. IN THE UNITED STATES THREE MILLION TONS OF 
WOOD COMPONENTS HAVE GONE TO WASTE EACH YEAR IN THE FORM OF DISCARDED SPENT 
SULFITE LIQUOR. 



THE SULFiTE LIQuOR, AS IT DRAINS FROM THE COOKED 

CEILULOE FIBERS, IS ACIDIC FROM 302 AND ORGANIC ACIDS AND HAS FROM 10 TO 12 

PER CENT COL 11)5. EVEN WILl TO—DAY'S HIGHLY DEVELOPED ANALYTICAL METHODS IT IS 

POSSIBLE TO DEFINE AND ANALYZE ONLY A PART OF THE ORGANIC COMPONENTS. ROUGHLY 

ABOUT 2/3 or THE SOLIDS CONSIST OF CALCIUM L1CNOSULFONATE 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 DY THE DIRECT REACTiON WITH THE 

BUT MAINLY BY THE BIOCHEMICAL OXYGEN DEMAND PRODUCED DY TIlE STIMULATING EFFECr 

WHICH THE ORGANIC COMPONENTS (PRIMARILY THE SUGARS) EXERT ON THE BIOLOGICAL 

PROCESSES IN THE DILUTION WATER. SUCH OXYGEN DEMAND UNDER UNFAVORABLE 

CONDITIONS AS REGARDS DILUTION, TEMPERATURE, AND NATURAL RE—AERATION, REDUCE 

THE DISSOLVED OXYGEN IN THE RECEIVING WATERWAYS BELOW THE LEVEL NECESSARY FOR 

NOPMAL AQUATIC LIFE. THIS IS THE POTENTIAL STREAM—POLLUTING EFFECT FROM 

SPENT SULFITE LIQUOR. 

EFFORTS TOWARDS POLLUTION ABATEMENT, AND UTILIZ- 

ATION OF THE SPENT SULFITE LIQUOR COMMENCED SHORTLY AFTER THE SULFITE PULPING 

PROCESS CAME INTO USE. THE ]HOUSANOS OF PUBLICATIONS AND PATENTS DEALING WITH 

THIS PROBLEM ILLUSTRATE CLLARLY ITS COMPLEXITY. THE FACT THAT EVEN TO—DAY 

ONLY A SMALL PERCENTAGE or TIlE SPENT LIQUOR FOR SULFITE PULPING THROUHOUT THL 

WORLD IS UTILIZED MEANS THAT A GENERALLY ACCEPTABLE PROCESSING METHOD FOR THIS 

6Y-PROC'JCT HAS STILL NOT BEEN FOUND. 

STRAIGHT EVAPORATION WITH SUBSEQUENT COMBUSTION Oi' 

THE CONCENTRATE —- AS 1N THE ALKALINE PULPING PROCESS —- MIGHT SEEM A SUITABLE 

SOLUTI'CN. BUT SEVERAL OBSTACLES PRESENTED THEMSELVES. FIRST, THE ACIDITY QF 

THE LIQUOR REQUIRED PROCESSING EQUIPMENT FABRICATED FROM STAINLESS STEELS NOT 

INDUSTRIALLY AVAILABLE UNTIL THE EARLY 30's. SECOND, CALCIUM SALTS IN THE 

LIQUOR PRODUCED SCALIhG OF THE HEATING SURFACES, THEREBY REDUCING HEAT TRANSFER 

AND CAUSING PLUGG1NG OF TUBES AND OPENINGS. IT WAS NOT UNTIL IN THE EARLY 

THAT ENGINEERING DESIGN AND EVAPORATION TECHNIQUES OFFERED ADEQUATE SOL- 

UTIONS TO THE SCALINb EVEN WITH THESE DEVELOPMENTS, REMOVAL OF 8- 

10 POUNOS OF WATER PER POUND SOLIDS PRESENTS AN UNATTRACTIVE HEAT BALANCE UN- 

LESS THE REGULAR FUEL COST IS HIGH. 

WITH PROPER PRETREATMENT OF THE SPENT LIQUOR IT IS 

POSSIBLE TO PRODUCE ETHYL ALCOHOL FROM THE NEXOSE SUGARS. AGAIN THE SCALING 

TEIIL'ENCY AND THE LOW SUGAR CONCENTRATION ARE FORMIDABLE OBSTACLES TO EFFICIENT 

OPERATION. BUT UNDER SPECIAL ECONOMIC CONDITIONS PRODUCTiON OF ALCOHOL FROM 

SPENT SULFITE LIQUOR IS COMMERCIALLY ATTRACTIVE. IN SWEDEN THE ECONOMY IS 

FAVORABLE FOR SUCH PRODUCTION AND THE SULFITE PULP MILLS THERE ARE PRESENTLY 

PRODUCING A TOTAL OF 20 MILLION GALLONS F'ER YEAR 95 PER CENT ETHANOL FROM THE 

SPENT LIQUOR. ONE MILL IN CANADA AND ONE IN THE UNITED STATES STARTED PRODU— 

C 40 ETHANOL BY FERMENTATION OF THEIR SPENT LIQUOR DURING THE SECOND WORLD WAR- 

STIMULArED BY THE THEN EXISTING CONDITIONS —- AND ARE STILL OPERATING SUCH PRO- 

CESS. A SECOND MILL IS NOW ALSO PRODUCING ETHANOL FROM THEIR SPENT 

LIQUOR. By CONSUMING THE I-IEXOSE SUGARS, THE ALCOHOL FERMENTATION PROCESS 

REDUCES TI-It BIOCHEMICAL OXYGEN DEMAND OF THE SPENT LIQUOR BY SOME 30 PER CENT. 

WITHIN THE LAST 15 YEARS A METHOD HAS BEEN DEVEL- 

OPED FOR UTILIZING ALL THE CARBOHYDRATES IN SPENT SULFITE LIQUOR BY BIOCHEMICAL 

CONVERSION INTO YEAST, WHICH CAN BE SEPARATED BY CENTRIFUGING AND DRYING TO IC 

MARKETED AS A POWDERY PROTEIN AND VITAMIN—RICH PRODUCT SUITABLE AS ANIMAL FEED 

C ON EN T 
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IN GERMANY IN THE LATE IT WAS DISCOVERED THAT 
A SPECIAL TYPE OF YEAST —— TORULA UTILIS -— MILL 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 EXTENSIVE RESEARCH BASED ON THIS DISCOVERY, TO ESTABLISH PRACI- 
ICAL AND EFFECT1VE 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 

SCALE DY TWO WISCONSIN SULFITE MILLS. THESE PLANTS HAVE A COMBINED CAPACITY 
or 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-p 

MAINS FOR THE IMMEDIATE FUTURE TO ESTABLISH WHAT THE MARKET CAPACITY 15 FOR 

THIS YEAST PRODUCT AT THE SELLING PRICE REQUIRED BY THE PROCESSING COSTS. 
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 REDUC'T- 

ION OF THEIR OWN SPENT SULFITE LIQUOR. 

MARATHON CORPORATION HAS, SINCE 1909, OPERATED A 

SULFITE MILL IN ROTHSCHILDJ WISCONSIN THIS MILL PRESENTLY PRODUCES ABOUT 
50,000 TONS CELLULOSE FIBERS PER YEAR. EVEN IN THE EARLY YEARS OF THIS PLANT'S 

OPERATIONS, MARATHON'S MANAGEMENT WAS SERIOUSLY CONCERNED ABOUT TIlE DISCHARGL 
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 SUL- 

FITE LIQUOR PROBLEM. THIS WAS BASED ON AN ENTIRELY DIFFERENT APPROACH -— 
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 MOST FAVORABLE CONDITIONS. THIS PROVED SO EN- 

COURAGING THAT THE NEXT STEP —— TO PILOT PLANT OPERATION —— APPEARED WARRANTED. 
STILL IN SMALL SCALES BUT LARGE SCALE EQUIPMENT SUCH AS FEEDERS) PUMPS, 
SETTLING TANKS AND FILTERS, THE LIQUOR FRACTIONATION WAS CARRIED OUT AS A COt.- 

TIN'JOUS PROCESS TO LEARN THE LARGE PLANT PROBLEMS AND TO FIND PRACTICAL 
IONS TO TECHNICAL DIFFICULTIES. THE PILOT PLANT ALSO PRODUCED AMPLE QUANTIT1ES 
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 PREC1PITATE OF CALCIUM SULFITE BY ADDING 
LIME SLURRY TO THE SPENT SULFITE LIQUOR TO A CERTAIN STR1CTLY CONTROLLED rFl 

LEVEL. THE PRECIPITATE IS CONVEYED TO THE PULP MILL ACID PLANT WHERE IT IS 

USED IN THE CALCIUM COOKING LIQUOR MAKE—UP SYSTEM. THUS THE 

IN THE SPENT LIQUOR IS KEPT FROM CONTAMINATING THE RIVER, BY BEING RETURNED TJ 

THE PULPING PROCESS. 

Iu THE SECOND STEP THE CLEAR OVERFLOW AND FILTRATE 
FROM THE FIRST STEP ARE TREATED WITH FURTHER AMOUNTS OF LIME SLURRY UNDER 
STRICTLY CONTROLLED COND1TIONS, TO PRODUCE A YELLOW FLOCCULATED PRECIPITATE 
CONSISTING MAINLY OF BASIC CALCIUM LIGNOSULFONATE. THIS PRECIPITATE IS CON- 

TINUOUSLY SEPARATED AS A FILTER CAKE ON A ROTARY VACUUM FILTER. THE FILTRATE 
IS FINALLY STRIPPED OF ALL PRECI'ITATABLE ORGANIC MATTER BY ONE MORE ADDITION 
OF LIME SLURRY, AND IS THEN DISCHARGED INTO THE RIVER. ANALYSES HAVE CONSIST- 
ENTLY SHOWN THAT THIS PRQCESS AFFORDS A 60—65 PER CENT REDUCTION IN BIOCHEMICAL 
OXYGEN DEMAND AS COMPARED WITH THE UNTREATED LIQUOR. PRESENTLY ABOUT 
CENT OF THE SPENT SULFITE LIQUOR SOLIDS PASSES INTO THE PRECIPITATION PROCEZS 
AND THE REST IS SO DILUTED 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. 



— 1S6 — 

BAsic CAlCIUM LIGNOSULFONATE, THE MATERIAL RESULT- 

ING AS A FILTER CAKE AFTER THE SECOND PRECIPITATION STEP2 IS THE PlAIN PRODuCT 

OF THE PROCESS. As IT REPIESENTS AROUND 50 PER CENT OF THE SPENT SULFI1E 

LIQUOR SOLIDS, ABOUT 1000 POUNDS IS OBTAINED FROM THE SPENT SULFITE LIQUOR 

EQUIVALENT OF ONE TON or PULP PRODUCED. OBViOUSLY THE ALL—1MPORTANT QUESTION 

FOR THE PRACTICAL USEFULNESS OF THE PROCESS WAS "How CAN THESE LARGE OUAI4T— 

ITIES or THIS HITHERTO UNKNOWN LIGNIN PRODUCTBE UTILIZED?" EARLY IN TIlE 

DEVELOPMENT IT WAS EXPECTED THAT TH1S ORGANIC MATERIAL COULD BC USED ADVANTAG- 

EOUSLY AS FUEL TO REPLACE SOME OF THE MILL'S COAL REQUIREMENT. 

SCALE TESTS UNDER ACTUAL BOILER FIRING CONDITIONS PROVED THIS PRODUCT TO BE 

TECHNICALLY AND ECONOMICALLY UNSUITABLE AS FUEL. 

THIS SITUATION CALLED FOR A BROAD AND 

RESEARCH ATTACK TO DEVELOfr NEW USES AND PNOFITADLE MARKETS FOR THE PRECIPITATED 

LIGNOSULFONATES —- ACTUALLY A NEW ORGANIC RAW MAtERIAL. SUCH TYPICAL "APPLIC- 

ATION RESEARCH" CONSISTED PMTIALLY IN ESTABLISHING THE PROPERTIES or THE 

PRODUCT AND PRACTICAL MODIFICATIONS OF PARTIALLY IN STUDYING THEIR APPLIC- 

ATIONS TO ESTABLISHED INDUS1RIAL PRODUCTS AND PROCESSES. 

THE FIRST OFFERED TO INDUSTRY WAS A TANN- 

ING AGENT. THE FIRST TANK EAR SHIF'MENT OF "MARATAN" WAS MADE IN 1932 FRCM U-IC 

PILOT PLANT PRODUCTION. THERE FOLLOWED OTHER PRODUCTS ADAPTED FOR 

INDUSTRiAL USES BY MODIFYING THE STRUCTURE OF THE LIGNOSULFONATES VARYING 

CONDITIONS OF TEMPERATURE, rF-l, PRESSURE, DEGREE OF SULEONATION1 ANN u4<IOATION. 

A PROCESS WAS DEVELOPED FOR THE ALKALINE 

SIS OF LIGNOSULFONATE, WHEPE'U VANILLIN WAS OBTAINED AS A CLEAVAGE PRODUCI OF 

THE LIGNIN, AND THE RESULTING EFFLUENT BECAME A SOURCE OF PARTIALLY DESULFOM— 

ATED LIGNOSULFONATES. THESE DESULFONATED LIGNOSULFONATES EXHIBITED SURFACE 

ACTIVITY OF SUCH A AS TO INDICATE THEIR POTENTIAL VALUE AS 

AGENTS. AFTER EXTENSIVE LABORATORY AND PILOT STUDIES. PROCESSES FOR THE MAN- 

UFACTURE OF LIGNOSULFONATE PRODUCTS AND VANILLIN SHOWED SUCH PROMISING 

CIAL POSSIBILITIES THAT IN 1935 A FULL SCALE PLANT WAS ERECTED TO TREAT THE 

EFFLUENT FROM THE ROTHSCHILD PULP MILL.. THIS ASSURED A SUPPLY OF LIGNIN 

ADEQUATE TO FEED A COMMERCIAL PLANT FOR MAKING VANILLIN. THIS LATIER FLANT 

WAS CONSTRUCTED IN 1937 UNDER AN ArRANGEMENT WHEREBY MARATHON SUPPLiED THE 

PROCESS AND THE LIGNIN2 WITH THE MANUFACTURE AND SALE OF THE VANILLIN TO BE 

CARRIED OUT BY THE SALVO CHEMICAL CORPORATION, NOW A SUBSIDIARY OF THE STERL IrS 

DRiB COMPANY. THE ROTHSCHILD PLANT A VANILLIN PRODUCTION WHICH 

SUPPLIES NEARLY 2/3 OF THE UNITED STATES MARKET 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 NEEDS OF 

THE CHEMICAL PROCESS INDUSTRIES. ANOTHER IMPORTANT FACTOR WAS THE DETERMIN- 

OF ITS TECHNICAL SALES DEPARTMENT TO FERRET OUT NEW MARKETS AND TO OEI-40N 

STRATE THE TRUE UTILITY OF THE LIGNOSULFONATE PRODUCTS TO THOSE CHEMICAL PROC- 

ESS INDUSTRIES REQUIRING DISPERSING AGENTS AND EMULSION STABILIZERS IN THEIR 

PRODUCTS AND PROCESSES. 

SUCCESS D1D NOT COME OVERNIGHT. THE STRUCTURE CF 

MARATHON'S PURIFIED LIGNOSULFOF4ATES IS SUCH THAT TICY PERFORM UNU3L'ALLY WELL AS 

DISPERSING AGENTS) PREVENTINS FLOCCULATION OF INSOLUBLE SOLIDS OR iY. CwiLESC- 

ENCE OF IMMISCIBLE LIQUID GLOBULES IN WATER2 BUT IT WAS NOT UNTIL AFTER 

WAR Ii THAT SURFACE ACTIVE AGENTS SUCH AS THESE FOUND SIZEA3LE MARKETS. by 

THE TIME MARATHON'S CHEMICAL DIVISION SHOWED ITS FIRST PROFITS —— IN —- 

THE COMPANY HAD SPENT SEVERAL MILLIONS OF DOLLARS FOR RESEARCH AND MANUFACTUR 
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1MG INSTALLATIONS. TODAY'S CHEMICAL PLANT HAS THE CAPACITY TO PRODUCE A 

SEVENTY—FIVE MILLiON POUNDt OF LIGNIN HATERIALS PER YEAR. 

CHEMICAL RESEARCH IS CONDUCTED BY THE CENTRAL 

RESEARCH DEPARTMENT, WhOSE MEMBERS FORM PART OF MARATHON'S STAFF or 250 ENG1NL 

CR5, SCIENTISTS, AND TECHNICIANS. THIS DEPARTMENT IS HOUSED IN A MODERN, 

STREAMLINED LABORATORY BUILDING HAVING EXCELLENT PiLOT PLANT FACILITIES, AS 

WELL AS ANALYTICAL, ORGANIC, I3HYSICAL, AND BACTERIOLOGICAL LABORATORiES 

THE STUDY OF SPENT SULFITE LIQUOR AND ITS DERIVATIVES. 

OUR LIGNOSULFONATES HAVE FINALLY GAINED ACCEPT- 

ANCE IN A WIDE RANGE OF INDUSTRIAL WHERE THEIR SURFACE ACTIVITY 

IS OF PARTICULAR VALUE. THEIR USE IS 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, PESTICIOLS IN FORMOSA, ORE ILOTATION IN SOUTH 

AFRICA, INSECTICIDES IN ICELAND AND IRELAND, OIL WELL CEMENTING IN GERMANY, 

AND BOILER WATER TREATMENT IN MEXICO. 

THE COMPANY'S CHEMICAL DIV IS1ON 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 ESTABLISHED. 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 IS PARTICULARLY CHARACTERISTIC FOR THE CHEMICAL INDUST- 

RIES TODAY. THEREFORE, THE COMMERCIAL ADVANTAGES FROM RESEARCH CAN ONLY BE 

PROTECTED WITH MORE RESEARCH. IN LINE WITH THIS IS 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 IS UNREALISTIC UNLESS IT CONVEYS THE UNDERSTANDING THAT TUL 

COSTS OF SUCH VENTURES ARE GREAT AND THE TIME REQUIRED TO REACH SATISFACTORY 

SOLUTIONS ARE VERY CONSiDERABLE. WE KNOW OF NO NO SHORT-CUTS TO 

SUBSTITUTE FOR THE EXPENSIVE AND HARO JOB OF TURNING "WASTE AND NUISANCE INTO 

USE AND PROFIT." 

* 

** * 

* * *** * * 

*** 
* 
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LEGAL AND MUN!CIPAL ASPECTS OF WATER POLLUTION 

BY * 

MERTON SEYMOUR. Q.C. 

SOL IC I bR 

ST. CATHARINES, ONTARIO 

GENERAL REMARKS 

THE REQUEST FOR THIS PAPER APPEARS TO HAVE BEEN 

INSPIRED BY A QUESTION, AT THE POLLUTION CONTROL BOARD MEETINa HELD IN THE 

CITY OF ST. CAT!IARINES ON JANUARY 25Th, 1955, ADDRESSED DY A MEMBER TO THE 

CHAIRMAN, DR. A. E. WH1CH WAS AS 

"Mt CHAIRMAN, THESE WILL NOT BE WORDS OF WISDOM, BUT COMING FPCM 

A ARE THERE NOT CEnTAIN LAWS THAT GOVERN WHAT THEY 

A rACTORY) MAY RUN IN STREAMS OR RIVERS? I DON'T KNOW WHETHER THAT 

IS TOUCH( OR NOT BUT WHY I ASX THAT IS, I HAVE A DAUGHTER WHO LIVES 

IN TENNESSEE. SHE SENDS ME THE OUTDOORS BULLETIN FROM THE NASHVILLE 

PAPEU ONE EACTORY STARTED UP I COULD GET THE NAME — IT IS EItHER 

RAYON OR CHEMICAL - AND WHAT THEY RAN ThROUGH SEWERS IMMEDIATELY 

KILLED TIlE FISH. THE AUTHORITIES NOTIFIED THEM AND IN TWELVE MONTHS 

FROM THAT DAY 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 HAS V1CF2C A LAW? CAN WE DO IT HERE? Do WE HAVE 

SUCH A LAW HERE? I WOULD JUST LIKE TO KNOW." 

IN fl'PLY, IIENTIONED THAI THERE WAS 

PLENTY OF LEGISLATION IN THE PROVINCE DEAL 14G WITH DISPOSAL OF SEWAGE AND 

I WOULD LIKE TO ON COMMENTS, AND 

GIVZ YOU A RCSUME OF THE LAW, iN ONTPRIO. BOTH COHI4uN LAW AND 

OR SIATUTORY LAW, WHICH APPLIES TO THE PROBLEM OF UATR POLLUTION. 

BUT WHAT IS LAW; HOW DID IT DERIVE; WHAT ARE 

ITS SANCTIONS; HOW IS IT CHANtED. 

kAN HAS BEEN DESCRIBED PS A SOCIAL ANIMAL, BUT 

IN THE 3EGINNINGS OF LIFE H WAS NO MORE SOCIAL THAN SOCIABLE AND IN 

THE HE WAS ANYTHING BUT SOCIAOLE. Mc LIVED BY HIMSELF AND FOR 

HIMSELF, GOVERNED, OR PERHAPS ORIVEN, BY THE TWO INSTINCTS OF 

SELF- PROPOCATION. NATURE M;N WERE HIS NATURAL ENEMIES FROM 

WHOM HE WRESTED A PRECARIOUS LIVING. 

T:IERE WAS NO SUCH THING AS LAW AS WE KNOt IT 

TODAY, THAT IS LAW GOVERN1NC THE RELATIONSHIP OF MAt! AND MAN, ALTHOUGH. OF 

COURSE1 THERE WERE THE NATURAL MAN KNEW NO SUCH THING FSI-'. 

INSTANCE, LEGAL OWNERSHIP OF ANY KIND OF PROPERTY, LAND DR THINGS, AND 

POSSESSION OF A THINGS LAND BEING UNIMPORTANT; WAS THEN TRULY "NINE POINTS 

or THE LAW", THE ONLY LAW THEH RECOGNIZED AS BETWEEN MAN AND MAN NAMELY; 

THAT or MIGHT. Hc KNEW NO OTHER LAWS OR CUSTOMS OR CONVENTIONS FOR THE 
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VERY GOOD REASON THAT THERE WERE NON. WHAT lIE WANTED, INCLUDING A MATE, HE 

TOOK -. IF HE WERE STRONG ENOUGH. rROM 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. Ii WAS INEVITABLE, HOWEVER, THAT CERTAIN 

RULES OF CONDUCT BEGAN TO BE ENFORCEO BY TRIBAL HEADS IN ORDER TO PRESERVE THE 

STRENGTH AND RESOURCES OF TIlE TRIBE FOR THE PURPOSES OF DEFENCE AND OFFENCE 

AGAINS1 OTHER TRIBES- IT WOULD NEVER HAVE DONE TO HAVE HAD THE 

WARRIORS KILLED OFF BY TRIBAL FIGHTS OVER POSSESSION OF THINGS, WIVES oa 

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 IS TO SAY, OF RULES 

OF CONDUCT) GREW IN NUMBER. NEW RULES WERE SLOWLY DEVELOPED TO MEET NEW 

COND I TI ONS. 

TRIBES DEVELOPED AND BECAME RACES AND RACES 

BECAME NATIONALITIES, EACH WITH ITS OWN SET OF CUSTOMS AND CONVENTIONS, BOTH 

SIMILAR AND DISSIMILAR) SUITED TO THE PECULIARITIES OF LIFE AS AFFECTED BY 

GEOGRAPHICAL AND ATMOSPHERIC CONDITIONS, RACIAL CHARACTERISTICS AND SO FORTH. 

THEN) (i AM TAKING YOU SWIFILY OVER THE CENTURIES) WRITING WAS DEVELOPED AND 

BROUGHT A TREMENDOUS CHANGE. THE EXISTING RULES OF CONDUCT, OR CUSTOMS AND 

CONVENTIONS, 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 PROGRESSED 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 ONES. THEN, OF COURSE, 

COURTS BEGAN TO BE SET UP TO DEAL WITH DISPUTES AND INTERPflET THE COMMON 

LAW AND STATUTE LAW, AND THUS CAME INTO EXISTENCE ANOTHER BODY OF LAW, THE 

LEGAL PRECEDENTS or JUDICIAL DECISIONS. AND SO TODAY WE HAVE THREE KINDS 

OF LAW, SO TO SPEAK, THE COHMON LAW, STATUTE LAW AND JUDICIAL pRECEDENTS. 

THE COMMON LAW IS STILL A LIVING FORCE AND IS 

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 DEFINE MERCANTILE CONTRACTS, BUT WE FIND THAT THE COMMON 

LAW IS CONSTANTLY BEING CALLED INTO CONSIDERATION OF THE COURTS. 

PRIMARILY LAW; THEREFORE, IS THE DIST- 

INCTION BETWEEN UNWRITTEN AND WRITTEN LAW. IT RECEIVES ITS SANCTION AND 

BINDING POWERS NOT FROM ACTS or PARLIAMENT BUT FROM LONG AND IMMEMORIAL 

USAGE AND UNIVERSAL RECEPTION AND ACCEPTANCE BY THE PEOPLE. THE AUTHENT- 

ICITY or THESE CUSTUrIS, RULES AND MAXiMS RESTS ENTIRELY UPON THAT RECEPTION 

AND USAGE AS ESTABLISHED AND AS DECLARED AND PROTECTED BY TI4E COURTS, THAT 

IS 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 GOVERNI'!ENT WITH ITS FUNCTION OF LAW 

MA:UNG, AS DISTINCT FROM THE NAIURAL GROWTH OR EVOLUTION or 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, NEW EVILS. 

IT WAS ALSO INEVITABLE THAT IN THE COURSE OF TIME NEW POWERS, NEW AUTHORITIES 

NEW FORMS OF HUMAN ACTIVITY, CREATED PURELY BY THIS MACHINERY, WOULD 

BE EVOLVED. 

STATUTE LAW NEEDS NO EXILANATION. IT IS THE 

LAWS BOTH CRIMINAL AND CIVIL, WHICh HAS BEEN ENACTED BY PARLIAMENT BEING 

EITHER A CODIF1CATION, THAT IS A PUTTING IN WRITING, OR EXISTING CDMMON LAW, 

THAT IS TO SAY OF EXISTING CUSTOMS) RULES OR MAXIMS, OR THE ENACTMENT OF 
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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 50, IN THE LONG RUN, DO STATUTES. ANY STATUTE THAI PEOPLE GENERALLY 

WILL NOT ACCEPT, OR STAND FOR, SO TO SPEAK, WILL ULTIMATELY BE REPEALED OR 
AT 

LEAST MODIFIED. AN EXAMPLE IS THAT SHEEP STEALING, JN ENGLAND, ONCE WAS 

PUNISHED BY H*NGING. A MORE RECENT AND LOCAL ILLUSTRATION IS PROHIBITION 

WHICH WAS ENACTED IN 1917 DID 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 ITS APPLICATION AS ILLUSTRATED BY SOME ESTABLISHED CASES. 

IN O'rHCR WORDS, WHAT ARE THE RIGHTS or INDIVIDUALS AT COMMON LAW WHEN WATER 

IS POLLUTED? 

POLLUTION, AS NOTED IN THE ENGLISH TEXT BY 

SALMOND ON THE LAW CF TORT "INCLUDES ANY ALTERATION OF THE NATURAL QUALITY 

OF WATER WHEREBY IT IS RENDERED LESS FIT FOR ANY PURPOSE FOR WHICH IN ITS 

WATURAL STATE IT IS CAPABLE OF BEING USED." EVERY OWNER OF LAND ON THC 

BANKS OF A NATURAL STREAM IS ENTITLED TO A CONTINUED FLOW OF THAT STRE.\M IN 

ITS NATURAL CONDITION) 50TH AS TO QUANTITY AND QUALITY. HE IS CALLED A 

RIPARIAN OWNER AND HE IS THE OWNER OR OCCUPIER OF RIPARIAN LANO WHICH IS 

THE LAND ABUTTING. OR IS WASHED THE WATER OF THE STREAM. THE OWNERSHIP 

OF THE LAND FORMING THE OR SOLU, OF THE STREAM IS IMMATERIAL WITH 

RESPECT TO RIPARIAN RIGHTS. THE OWNERSHIP OF THE BED MAY GIVE ADDITIONAL 

RIGHTS. IF THE STREAM IS POLLUTED, THE RIPARIAN OWNER HAS SUFFERED 
AN 

ACTIONABLE WRONG, EVEN WITHOUT PROOF OF ACTUAL OAMAGt THAT CAN BE MEASURED 

IN TERMS OF MONEY. 

POLLUTION HAS DISI'JRI3CD THE MANUFACTURERS OF 

SCOTCH WHISKEY iN SCOTLAND. THE CASE OF DISTILLERY COMPANY VS. 

JOHN YOUNG & COMPANY, REPORTED IN 1'393, APPEAL AT PAGE 691, CONCERNED 

A COLLIERY PUMPING WATER FROM 
ITS ESTABLISHHENr INTO TIlE DOUPS BURN WHICH 

WAS THE ONLY NATURAL OUTLET FOR CARRYING OFF THrt THE BURN IN 

QUESTION NATURALLY CONTAINED SOFT 
WATER WHICH WAS APPARENTLY EMINENTLY SUIT- 

ABLE FOR THE DISTILLATION OF WHISKEY. THE DISCHARGED WATER UP- 

STREAM WHICH THE NATURAL WATER TO SUCH '.XIENT AS TO RENDER IT 

UNFIT FOR USE IN THE DISTILLATION OF WHISKEY. 
THE SITUATION WAS 

ONE OF NAT IF NOT INTERNATIONAL, IMPORTANCE. AT THE TRIAL, THE COL- 

LIERY WAS REQUIRED TO PAY DAMAGES AND AN INJUNCTION WAS GRANTED RESTRAINING 

IT FROM POURING THE POLLUTED WATER 
1NTO THE BURN. THE COLLIERY APPARENTLY 

FELT COAL WAS OF EQUAL IMPORTANCE TO WHISKEY AND APPEALEO TO THE HOuSE 
OF 

LORDS. LORD WATSON STATED THAT THE FACTS. OF THE CASE "GIVE RISE TO A 

QUESTION OF GF.NZRAL IMPORTANCE". THE QUESTION FOR APPEAL WAS WHETHER AN 

UPPER STREAM PHOPRICTOR MAY DEPRIVE 
WATER OF CERTAIN QUALITIES, PROVIDED lIE 

RESTORE IT FIT FOR ORDINARY PRIMARY USE. Lo!zo WATSON STATED2 "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? TcIE DISTILLERY OWNER "IS UNDER NO OBLIGATIOI TO 

RECEIVE FOREIGN WATER BROUGHT TO THE SURFACE OF HIS PROPERTY BY 

ARTIFICIAL MEANS, AND I CAN SEE NO DISTINCTION, IN PRINCIPLE, BETWEEN WATER 

RAISED FROM A MINE BELOW THE LEVEL OF THE SURFACE OF EITHER PROPERTY. WHICH 

IS THE CASE HERE, AND WATER ARTIFICIALLY CONVEYED 
FROM A DISTANT STREAT."' 

THEIRLORDSHIPS CONCURRED WITS THE VIEW OF THE 

LOWER COURT WITHOUT ANY SUGGESTION 
THAT WI.ISKEY, AS A CONSUMER PRODUCT 



— 191 — 

SHOULD BE GIVEN A PREFERENCE OVER COAL. THIS CASE SERVES TO ILLUSTRATE THAT 
A RIPARIAN OWNER HAS A VERY DECIDED REMEDY IN COURT AND THAT THE COURTS WILL 
ASSIST HIM IMMEASURABLY BY EXERCISING THEIR JUDICIAL DISCRETION IN FAVOUR OF 
AN INJUNCTION. 

POLLUTION SEWAGE WAS OEALT WITH BY THE COURTS 
AS EARLY AS 181-r9, IN THE CASE OF WooD AND ANOTHER vs. WAUD AND OTHERS, REPORTED 
IN iBti8 3 EXCHEQUER COURT REPORTS AT PAGE 19& THE PLAINTIFFS WERE THE OWNERS 
or CERTAIN MILLS IN YORKSHIRE, ENGLAND, AND BY REASON THEREOF, THE CASE NOTED. 
"OUGHT TO ENJOY THE ADVANTAGE OF A WATER COURSE CALLED THE BOWLING BECK, WHICH 
OUGHT TO HAVE RUN AND FLOWED IN GREASUNDANCE AND PURITY AND WITHOUT THE DIS- 
TIJRBANCE, POLLUTION AND HEATING THEREINAFTER MENTIONED) TO THE SAID MILLS". 
THE DEFENDANTS WRONGFUL,Y DISCHARGED THE FOLLOWING INTO THE WATER:- "Q'JANTIT— 
IES OF rOUL, IMPURE AND OFFENSIVE MATERIALS; TO WITS LESS or 5')AP 
AND THE WASHINGS, FILTH AND REFUSE OF WOOL,; TO WIT WOOL WHICH THE 
HAD WASHED NEAR AND ABOVE THE SAID MILLS, AND OTHER DIRTJ FILTH AND IMPURITY, 
AND ALSO DISCHARGED AND POURED INTO AND MIXED WITH THE WATER or THE SAID WATEF- 
COURSE, QUANTITIES OF HOT WATER, BY MEANS WHZREOF THE WATER OF THE SAID WATER- 
COURSE WAS RENDERED FOUL, DIRTY, HEATED, SPOiLED AND UNFIT TO BE USED FOR 
WORKING THE SAIO HILLS". THE PLAINTIFFS PLEADING CONTINUED ON AT GREAT 
LENGTH AND FROM THIS EXAMPLE, YOU WILL SEE THAT A RIPAR IAN OWNER CAN EXPRESS 
HIMSELF VERY FORCEFULLY. THE FACTS OF THE CASE SUGGEST THAT HE HAD BEEN 
SADLY ABUSED AS WAS STATED, "GREATLY DAMNIFIED". THE JUDGMENT OF THE 
COURT WAS DELIVERED DY CHIEF BARON POLLOCK ONE OF THE GREATEST JURISTS OF THE 
DAY. THE JURY FOUND AS A FACT THAT TUE POLLUT1DN OF A NATURAL STREAM DID NO 
ACTUAL DAMAGE TO THE PLAINTIFFS, CECAUSE IT WAS ALREADY POLLUTED BY ACTS OF 
SIMILAR MILL OWNERS ABOVE THE DEFENDANTS' MILLS. HIS LORDSHIP THOUGHT, 
HOWEVER THAT THE PLAINTIFFS HAD RECEIVED DAMA3E IN POINT OF LAW. THERE 
WOULD APPEAR TO BE NO RIGHT OF REASONABLE POLLUTION, AS IF THE OTHER SOURCES 
OF POLLUTION SHOULD BE D1SCONTINUED THE PLAINtIFFS WHO WOULD OTHERWISE HAVE 
HAD, IN THAT CASE, PURE WATER) WDULO BE COMPELLED TO SUBMIT TO THE POLLUTION 
OF THE DEFENDANT. THIS, INDEED, IS VERY RULE OF LAW WHICH HAS 
RECENTLY BEEN SUPPORTED IN CANADA. 

THE RIGHTS OF A RIPAR IAN OWNER INSOFAR AS 
CANADIAN LAW GOES, HAVE BEEN DROUGHT TO THE FORE IN THE WELL KNOWN AND 
IHFORTANT CASE OF MCKIE El AL VS. THE KALAMAZOON VEGETABLE PARCHMENT COMPANY 
LIMITED, REPORTED IN ONTARIO REPORTS AT PAGE 398. HERE THE COMMON LAW 
WAS APPLIED BUT 1TS 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. TIlE FACTS MAY BE BRIEFLY STATED AS FOLLOWS: THE PLAINTIFFS 
WERE RIPARIAN OWNERS ON THE SPANISH RIVER, ALL OPERATING TOURIST CAM?S OF 
VARYING ACCOMMODATION. K.V.P.CDMPANY OPERATED ITS PLANT FOR THE PURPOSE OF 
MANUFACTURING KRAFT PAPER BY THE SULPHATE PROCESS AND DISCHARGED INTO TE 
RIVER LARGE QUANTITIES OF FOREIGN MATTER UP STREAM FROM THE PROPERTY OF THE 
PLAINTIFFS. THE PLAINTIFFS CLAIMED DAMAGES AND ASKED FOR AN INJUNCTION ON 
THE FOLLOWING GROUNDS:— 

1. THEIR COMFORTAND THE ENJDYMENT OF THEIR LAND IS INTERFERED WITH BY 
REASON OF FDUL DDDRS GIVEN OFF FROM THE WATER. 

2. THE WATER HAS BEEN RENDERED UNFIT FOR HUMAN CONSUMPTION EITHER 1N 
ITS RAW STATE OR AFTER IT HAS BEEN BOILED. 

3. THE ICE TAKEN FROM THE RIVER FOR DOMESTIC USE IS UNFIT FOR THE 
PURPOSES FOR WHICH IT 1S USED. 
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14. TIlE WATER IS REPULSIVE TO FARM ANIMALS AND MILKING COWS WILL NOT CR INK 

IT IN SUFFICIENT QIPANT'ITIES TO MAINTAIN NORMAL MILK SUPPLY. 

5. THE WATER IS UNFIT TO BATHE IN. 

6. Who RICE, WHICH HAS FORMERLY GROWN IN ABUNDANCE iN THE WATERS OF THE 

RIVER1 FORMING A FEEDING GROUND FOR WILD HAS BEEN DESTROYED. 

AFTER CONSIDERING THE EVIDENCE, G1VEN AT GREAT 

LENGTH BY FACTI'AL AND EXPERT W1TNESSES, CHIEF JUSTICE MCRUER, FOUND THAT THE 

WATERS OF THE SPANISH RIVER CELOW THE DEFENDANT'S PLANT HAD BEEN POLLUTED IN 

SUCH A MANlIER AS TO CHAUGE THE CHARACTER AND SUtISTANTIALLY AFFECT THE USE TO 

WHICH THE PLAINTIFFS WERE ENTITLED TO PUT THEM AND TO INTERFERE WITH THE EN" 

IJOYMENT OF THE PLAINTIFFS AS OCCUPIERS or P.IPARIAN LANDS. POLLUTION OF THE 

WATER WAS FOUND TO HAVE AFFECTED THE FISHING AND THERZ WAS SOME EVIDENCE THAT 

THE RICE BEDS HAD DISAPPEARED. CHIEF I'IthLJER STATED THAT THE ORIGIN 

OF THE COMMON LAW GOES BACK TO AN CEVOND THE RDMAN AND WE REV I EWED THE 

AUTHORITIES WHICH EMPH.%SIZE THE STRICTNESS or THE LAW. LIE ABSOLUTE 

RIGHT OF THE RIPARIAN OWNER IS MOTEL) BY THE CHIEF JUSTICE IN A QUOTATION FROM 

THE CASE OF PEIItIIUGTOtI VS. Fill INSCE' COAL. COMPANY, REPORTED IN 5 CHANCERY 

DIVISION AT PAGE 769? WHERE MR. JUSTICE FRY STATED "THAI TIlE CASE OF A STREAM 

AFFORDS A VERY CLEAR ILLUSTRATIOM OF THE DIFFERENCE BETWEEN INJURY DAMAGE; 

FOR THE POLLUTION OF A CLEAR STRE.%?I IS TO A RU'AR IAN PROPRIETOR BELOW BOTH 

INJURY AND DAMAGE, WHILST THE POLLUTION OF A STREAM ALREADY MADE FOUL AND USE- 

LESS BY OTHER POLLUTIOMS IS AN INJURY WITHOUT DAMAGEJ WHICH WOULD HOWEVER, AT 

ONCE BECOME BOTH INJURY AND DAMAGE ON THE CESSATION or TIlE OTHER POLLUTIONS". 

CHIEF JUST ICE MCRUER THEN STATED THAT IT IS NOT A DErENCE TO THIS ACTION TO 

SHOW THAT THE WATERS OF TUE RIVER WERE IN SOME HEASUP.C POLLUTED BY THE HUNIC- 

IPALITY OF ESPANOLA, HIGHER UPSTREAMJ OR OTHERS RESPONSIBLE FOR THE PRESENCE 

OF COLON BACILLI THREIN. 

PERHAPS THE CASE IS OF GREATER SIGNIFICA!C... WHERE 

IT DEALS WITH THE QUESTION OF EVIDENCE WAS ADDUCED AS TO THE IN 

PORTANCE OF THE BUSINESS UI THE COMMUNITY AND THAT IT WAS CARR'IED ON IN PROPER 

MANNER. CHIEf JUSTICE M2uER WAS OF THE OPINION THAT NEITHER OF THESE ELEM 

ENTS SHOULD BE CONSIDERED IN A CASE OF THIS CHARACTER, NOR ARC THE ECONOMIC 

NECESSITIES OF THE DEFENDANT RELEVANT TO BE CONSDCRED. INDEED CHIEF JJSTICE 

MCRUER FELT THAT IF HE TO CONSIDER SUCH AN ARGUMENT HE WOULD IN EFFErT 

GIVING THE DE.ENDANT A DOWER OF EXPRDPRIATION OF THE COMMON LAW 

RIGHTS or RIPARIAN OWNERS, AND WITHOUT COMPENSI.TIDN. TIlE COURT EXERCISCD ITS 

DISCRETION IN FAVOUR OF AN RESTRAINING TUE DZFENDANT FROM DEPOSITING 

FOREIGN SUBSTANCE IN THE SPANISH RIVER, BUT ITS OPERATION WAS STAYED FOR SIX 

MONTHS "IN ORDER TO GIVE THE DEFEiIDAMT AN OPPERTUNITY TO PROViDE OTHER MEANS OF 

DISPOSAL OF ITS NOXIOUS FLUID". 

ON APPEAL TO THE SUPREME COURT OF CI.NADA, REPORTED 

IN SUPREME COURT REPORTS, PAGE 698, ON THE ISSUE AS TO WHETHZR AN 1N- 

JUNCTION SHOULD OF. GRANTED) Z!LST ICE KERWIN, NOW CHIEF JUST ICE? IN DEL IVER- 

ING JUDGMENT AGAIN REVERRED TO RHSOU2S OF THE COMMON LAW STATING THAT THE 

RiGHTS CF RIPARIAN OWNERS HAVE ALWAYS BEEN ZEALOUSLY GUARDED BY THE COURT. 

THE LAW CLEARLY IND1CATED TrI.\T AN INJUNCTION WAS THE PROPER REMEDY AND MR. 

JUSTICE KERWIN WAS CF ThE OP!NIOI Tr1.AT THE COURT'S ION SHOULO NOT BE 

EXERCISED AGAINST "A CURRENT OF AUTHORITY WHICH IS OF MANY YEARS STANDIIIG". 

HIS LORDSHIP CONCLUDED BY STATING THE INJUNCTION SHOULD BE STAYED FOR A PERIOD 

OF SIX MONTMS. 

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, AMERICAN 

REPORTS AT PAGE 89 AND DECIDED IN i866. THERE LORD SHANO NOTED THAT THE EN- 

ORMOUS VALUE or THE MINING INDUSTRY IN THE DISTRICT OF PENNSYLVANIA MISHT 

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 CIRCUMSTANCES2 TO 

THE GREAT RELATIVE VALUE or COAL MINING TO THE COMMUNITY. HE ALSO FELT 

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 STP.EAII. THE CASE DOES, HOWEVER, 

RECOGNIZE THAT A DIFFICULT AND PERPLEXING SITUAT1ON 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 HAVE HAD THE RESULT OF PUTTING THE 

COMPANY OUT OF ACTION AND OF THREATENING THE COMMUNITY WITH ECONOMIC DISASTER. 

THE RELEVANT STATUTE IS FOUND IN THE ONTARIO 

STATUES, 1950, CHAPTER 33 AND IS ENTITLED "AN ACT RESPECTING THE K.V.P. 

COMPANY LIM1TED". THE ACT WAS ASSENTED TO ON APRIL 31ST, 1950, AND IT NOTES 

INPART IN SECTION 1(1) THAT "WHETHER OR NOT 1TS 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 15 DISSOLVED". 

IT IS ALSO NOTED IN THE STATUE THAT ALL RIGHTS 

TO DAMAGES ARE PRESERVEC 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 

RIVER. 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. IT DOES, HOWEVER, SET DOWN A VERY IMPORTANT PRECEDCNT 

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.COMPANY 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 TMIIS 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 CONSEQUENTiAL, 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' 

QIJENCE or THE THROWING, DEPOSiTING OR DISCHARGING, OR PER- 

MITTING THE DEPOSITING OR DISCHARGING OF ANY 

REFUSE, SAWDUST, CHEMICAL) SUSSTANCE OR MATTER FROM THE MILL 

OR FROM 1T AND 0111CR MILLS INTO ANY LAKE OR OR LIV 

REASON OR IN CONSEQUENCE OF ANY ODOUR ARISING FROM ANY SUCH 

REFUSE, SAWDUST, CFIEMICAL, SUBSTANCE OR MATTER SO THROWN? 
DEPOSITED OR DISCHARGLD OR SO PERMITTED TO BE THROWN, 

DEPOSITED OR DISCHARGED, THE COURT OR JUDGE MAY)- 

(A) REFUSE TO GRANT AN INJUNCTION IF IT IS PROVED TIIAT HAVING 

REGARD TO ALL THE CIRCUtISTANCLS AND TAKING INTO CONSIDERATION 

THE IMPORTANCE OF TIlE OPERATIDN OF THE MILL TO ThE LOCALITY 

iN WHICH IT OPERATES ANC 1IIE eCNEFIT AND AOVANTAGI, DIRECT 

AND CONSEGIJENTIAL, tIHICIi TIlE PI'ERATION or THE MILL CONELRS 

ON THAT LOCALITY AND ON TIlE INHAbIT.?eITS or THE LOCALITY. 

AND WEIGHING TIlE SAME AGAINST 7flL PRIVATE INJURY, DAMGE OR 

INTERFERENCE COMPLAINED OF1 IT IS ON THE WHOLE PROPER AND 

EXPEDIENT NOT TO GRANT 11-IE INJUNCTION; OR 

(B) GRANT AN INJUNCTION TO TAKE EFFECT AFTER SUCH '.APSE OF TIME 

OR UPON SUCH TERMS AND CONDITIONS OR SUBJECT TO SUCH LIMIT- 

ATIONS OR RESTRICTIONS AS MAY BE DEEMED PROPER; OR 

IN LIEU OF GRANTING AN INJUNCTION, DIRECT THAT THE OWNER OR 

OCCUPANT OF THE MILL TAKE SUCH MEASURES OR PERFORM SUCH 
ACTS TO AVOID, LESSEN OR DIMIIflSH THE INJURY, 

DAMAGE OR INTERFERENCE COMPLAINED OF AS MAY BE DEEMED PROPER. 

(3) NOTHING IN SUBSECT ION 2 SHALL AFrECT ANY RIGHT OF THE PERSON CLAIM'- 

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 SAME CAUSE CONTINUES THE PERSON ENTITLrO 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 DY SUBSEQUENT EVENTS HE MAY FROM TIME TO 

TIMc BECOME ENTITLED. 

(5) THIS SECTION SHALL APPLY WHETHER THE INJURY) DAMAGE OR INTERFERENCE 
IS OR IS NOT A CONT1NIJING ONE2 AND WHETHER THE PERSON CLAIMING THE 

INJUNCTiON IN THE ACTION OR PROCEEDING IS A PLAINTIFF OR IS A 

DEFENDANT PROCEEDING DY WAY CF COUNTER-CLAIM. 

(2) SECTION 30 THE THE LAKES AND RIVERS IMPROVEMENT ACT, AS RE-ENACTED BY 
SUBSECTION 1 OF THIS SECTION, SHALL APP.,? TO EVERY ACTION OR PROCEEDING 
IN WHICH AN INJUNCTION IS CLAIMED IN RESPECT OF ANY OF THE MATTERS 
MENTIONED It! SUCH SECTION1 INCLUDING EVERY PENDING ACTION AND PROCEEDING 
AND INCLUDING EVERY ACTION OR PROCEEDING iN WHICH AN INJUIICTION HAS BEEN 
GRANTED AND IN WHICH APPEAL IS PENDING. 

THIS SECTION APPLIES TO A MILL SUCH AS THE MILL OF 
TUE K.V.P.COMPANY. THE DEFINITION OF A LAKE IN THE LAKES AND RIVERS IMPROVE- 
MENT ACT INCLUDES A POND1 AND THE DEFINITION OF A RIVER INCLUDES A CREEK AND 1• 

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 

WIIOLE. YOU WILL NOTE, HOWEVER, THAT THE SECTION STATES THAT THE COURT OR 
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JUDGE MA! REFUSE TO GRANT AN INJUNCTION IF It IS PROVED THAT ITS RESULT WOULD 
HAVE A HARMFUL EFFECT. 4ND ALSO TUE COURT or JUDGE HAY GRANT AN INJUHCTION TO 

TAKE EFFECT AFTER A hPULATED TIME AND ON rflAIN TERMS AND CONDITIONS. IT 

MIGHT ALSO BE ADDED THAT THIS SECTION HAS, 10 A CONSIDERABLE EXTENT, CHANGED 
THE COURSE OF THE COMMCN LAW A RIPARIAN OWNER 
AGAINST A PULP AND PAPER MILL ARE CONCERNED. 

I NOW WISH TO MENTiON SOME OF THE STATUTORY 
ISIONS DEALING WITH POLLUTION or WATERCOURSES WITHIN A MUNICIPALITY. 

1. PROVIS1UNS IN THE MUN:CIPAL ACT: 

A MUNICIPALITY MAY PASS A BY-LAW PURSUANT TO 

SECTION 388(1) 119(A) or THE MUNICIPAL ACT "FOR PROHIBITING AND REGULATING 
THE DISCHARGE or ANY GASEOUS, LIQUID OR SOLID MATTER INTO LAND DRAINAGE WORKS, 
PIIIVATE BRANCH DRAINS AND CONNECTIONS TO ANY SEWER, SEWER SYSTEM OR SEWAGF 
WORKS FOR 1HE CARRYING AWAY OF DOMESTIC SEWAGE OR INDUSTRIAL WASTES or BOTH, 
WHETHER CONNECTED TO A TREATMENT WORKS OR NOT". Tills SECTION WAS IN 

1953; AND, AS YOU SEt, COULD BE INVOKED TO RESTRAIN INDIVIDUALS OR INDUSTRY 
FRO11 OVERLOADING A SEWER IN THE MUNICIPALITY OR PROHIBITING ITS USE FOR 
CERTAIN PURPOSES. 

THERE IS ALSO THE POWER TO PASS A BY-LAW TO PRO- 
HIBIT AND ABATE A PUBLIC NUISANCE, WHICH COULD INCLUDE POLLUTION, PURSUANT 
TO SECTION 383(1) 113, AND ALSO DY 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 PASSED UNDER THE AUTHORITY OF THIS ACT. ThERE IS, 
HOLIEVER, NO DUTY UPON A MUNICIPALITY TO ENFORCE A BY—LAW WHICH IT HAS EN- 
ACTED IN THE EXERCISE OF A OISCVTIONARY POWER. THE COURTS HAVE HELD THAT 
A MUNICIPALITY IS FREE TO ENACT OR NOT TO ENACT, AND HAVING ENACTED, 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 1497 OF THE MUNICIPAL ACT, PROVIDING THAT 
ANY SUCK CONTRAVENTION MAY BE RESTRAINED DY ACTION AT THE INSTANCE OF THE 
CORPORATION OR A RATEPAYER. YOU WILL NOTE THIS PCWER IS PERMISS1VE. 

THE CASE OF THE CITY OF TORONTO VS RUDD & R'JDD 
REPORTED IN 1952, ON ARID REPORTS AT PAGE 814, CONCERMED THE OPERATICN or A 

PRIVATE HOSPITAL ON CASTLE FRANK ROAD IN ROSEDALE, TORONTO, CONTRARY TO A 

BY-LAW. THIS WAS NOT A POLLUTION CASE BUT IT NOTED THAT THE GRANTING OF AN 
INJUNCTION UNDER SECTION 1497, IS OISCRETIONARY AND IS NOT GRANTEO 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 
OPERATIION FOR EIGHTEEN MONTHS TO GIVE TilE DEFENDANT AN OPPORTUNITY TO MAKE 
OTHER ARRANGEMENTS. 

THUS, THE COURTS ARE VERY CHARY WHEN CONFRONTED 
BY A REQUEST FOR AN INJUNCTION AT OF A MUNICIPALITY. HOWEVER, THE 
REMEDY IS THERE AND, AS NOTED IN rIlE OVE CASE, HAS RECEIVED THE SUPPORT OF 
THE COURTS. PRESUMABLY, THEREF(PE, A COULD INVOKE THIS POWER, 
UNDER SECTION 1497, TO RESTRAIN DEPOSITING INDUSTRIAL WASTES WITHIN 
1TS SEWER SYSTEM. 



— — 

II. PROVISiONS tWIlL PUBLIC HEALTH ACT: 

SEcTIoN 102(1) or lIst PUBLIC HEALTH ACT, ILS.O. 
CHAPTER 306, DEALS WITH THE PUBLIC WATER SUPPLY AND GIVES THE DEPARTMZNT 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 IF ANY1 POLLUTION EXISTS 

AND THE CAUSES THEREOF. 

SUBSECTION (2) GIVES THE DEPARTMENT A R1GHT OF 

INQUIRY INTO ANO TO HEAR AND DETERMINE ANY COMPLAINT MADE BY OR ON BEHALF or 

ANY RIPARIAN PROPRIETOR WHO COMPLAINS OF POLLUTED WATERS. 

SUBSECTION (3) GIVES THE DEPARTMENT THE RIGHT 

TO MAKE A REPORT AS TO WHAT REMEDIAL 1tIEASURES ARE REQUIRED IN RESPECT OF THE 

INVASION OF ANY RIGHTS SUCH AS THOSE OF A RIPARIAFI OWNER. 

SUDSECTION (14) PROVIDES THAT IF THE DEPARTMENT 
RECOMMENDS THE REMOVAL OF ANY POLLUTING MATERIAL ANY RIPARIAN PROPRIETOR MAY 
APPLY TO A SUPREME COURT OR A COUNTY COURT JUDGE FOR AN ORDER REQUIRING THE 
RMOVAL OR ABATEMENT OF THE INJURY IN TERMS OF THE REPORI AND TO RES1RAIN THE 

PROPRIETORS OF THE INDUSTRY FROM CARRYING ON THE OR THE OFFENDING PARTY 
OR PARTIES FROM CONTINUING THE ACTS COMPLAINED OF1 UNTIL TFIE INVASION OF THE 

RIGHT HAS BEEN ABATED TO THE SATISFACTION OF THE DEPARTMENT. THIS DOES NOT 

NECESSARILY MEAN TO THE SATISFACTION OF THE RIPARIAN OWNER OR THE COURT, 

SHOU..O HE SEEK REDRESS THERE. 

THESE SECTIONS MAY BE INVOKED BY THE DEPARTMENT 

TO PROTECT THE HEALIH OF THE COMMUNITY AND FOR AGRICULTURAL, DOMESTIC OR 

INDUSTRIAL PURPOSES AND TICREOY ARE BROAD ENOUGH IN SCOPE TO INCLUDE CLAIMS 
ARISIiIG OUT OF POLLUTION. THE PROVISION ALLOWING A SUPREME COURT OR COUNTY 

COURT JUDGE TO MAKE All ORDER, IS PERMISSIVE, AND IS IN ADDITION TO, At.D 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 RIQMT TO BRING 
AN ACTION AS A RIPAR IAN OWNER. 

SECTION 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, I QUOTE 1T 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 ONTARIOOR 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 

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 RIVER, STREAM OR OTHER WATER SHALL SO 

DISPOSE OF THE GARBAGE, EXCRETA, MANURE1 VEGETABLE OR ANIMAL 

HATTER OR FILTH UPON SUCH BOATS OR VESSELS AS NOT CREATE 

A NUISANCE OR ENTER OR POLLUTE SUCH LAKE, RIVER, STREAM OR 
OTHER WATER. 
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(3) RESIDENTS OF A HEALTH RESORT OR SL'MMER RESORT SHALL SO 

DISPOSE OF GARBAGE, EXCRETA, MAnURE, VEGETABLE OR ANIMAL 

MATTER OR FiLTH AS NOT TO A NUISANCE OR PERMIT or 

iTS GAINING ENTRAN'5 TO OR POLLUTING AllY SUCH LAKE, RIVER2 

STREAW OR OTHER WATER. 

(1k) ANY PERSON WHO or THE PROViSIONS OF THIS 

SECTION SHALL CE ''J L.'t' 07 AN AND LI M3LE TO A 

PENALTY OF NOT Ls.0. 1937, c.299, 

SE'TION 105(1) DEALS WITHE THE POLLUT'ON OF ANY 

SOURCE OF PU9LIC WATER SUPPLY USE IN THE MUNICIPALITY 

HIBITS THE DEPOSITING OF SEWACE, CO DR r&CTO9Y REFUSE IN SU.2! 

SUC!I A PR'ThIBITION EVEN TIlE SLF'ROIJNDItIG 1i4 CASE THrnE IS 

sr:PAGE THROUGH THE GROUND ADJACENT TO AHY WATER SUUOCE. A PENALTY IS 

IHPOSED or NOT LESS THAN $50.63 AND NOT MORE TI4AN TOGETHER A 

FUflTHER PENALTY FOR EACH WEEK'S CONTINUANCE or THE OFFENCE. 

I NOW WISH TO DISCUSS THE LIABILITY OF A HUNIC- 

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 HUNICIPAL1TY TO RESTRAIN THE INDUSTRY FROM CONTINUING 

TO 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 lIE WAS ABLE TO CURB THE 

ACTIVITIES DF THE COMPANY. iT IS 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 IS A MUNICIPALITY CAUSING AN INDUSTRY 

TO CEASE ACTIVITY, WOULD HAVE AN IHJURIOUS AND HARMFUL ECONOMIC EFFECT ON THE 

MUNICIPALITY2 AS WELL AS THE INDUSTRY. 

To DATE iT WOULD APPEAR THAT SOME MUNICIPALITIES 

HAVE BEEN TOO BUSY WORRYING OVER THE TREATMENT AND DISPOSAL OF THEIR DOMESTIC 

SEWAGE, AND THEY APPEAR TO FEEL THAT AN INDUSTRY. WITHIN ITS 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 LIABLE FOR POLLUTION OF STREAMS OR RIVERS WITHIN ITS CONFINES 

CAUSED BY AN INDUSTRY THAT IS NOT EXCLUSIVELY UNDER ITS CONTROL AND THAT IS 

NOT DISCHARGING iNTO THE MUNICIPALITY'S SEWERS. THE PRODLEM OF INDUStRIAL 

WASTE IS ALSO A PROBLEM OF THE MUNICIPALITIES BUT THE MUNICIPALITY'S 

IN LAW IS 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 IN A 

NUISANCE OR IN AN UNSANITARY CONDITION. SUCH LIABILITY IS RESTRICTED TO THE 

SEWERS OF THE MUNICIPALITY, INSTALLED AND MAINTAINED PURSUANT TO PERMISSIVE 

STATUTORY AUTHORITY AND SUBJECT •TO THE APPROVAL OF THE DEPARTMENT OF }-!:A'TH 

AS SET OUT IN SECTION 106 or THE PUBLIC HEALTH ACT. SUCH MUNICiPAL LIABILITY 

IS BASED ON THE GROUND, EXPRESS OR IM LIED, THAT THE MUNICIPALITY IN CONSTRUCT- 

ING THE SEWER HAS THE INDEPENDENT RIGHT TO DETERMINE THE CAPACiTY2 LOCATION 

AND OTHER 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 ron PROPERTY WITHIN ITS LIMITS2 BUT IF Ii DOES 50 AND 

NEGLIGENTLY CONS IRUC1S TilE GRAINS OR SEWERS IT WILL BE HELD RESPONS IDLE FOR 

SUCH DANAGLS AS MAY ENSUE. 

I PROPOSE TO MENTION ONLY ONE CASE WITH REGARD 

TO MUNICIPAL LIABILIT? TilE DISCHARGE OF INDUSTRIAL EFFLUENT IN1O lIE 

MUNICIPALITY'S OT1AINAGE SYSTEM. TilE CASE OF GRAY VS. THE CUHPJRATIO!4 OF 

THE TOWN OF DUNDAS REPORTED IN i886 11 ONTARIO REPORTS AT PAGE 317. HERE 

THE DEFENDANT MAINTAINED 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 WtS GRANTED. HOWEVER. COMPLAINTS 

AROSE ALLEGING THAT THE WATER WAS FOULED BY NAUSEOUS MATTER FROM THE 

WHEREUPON THE MUNICIPALITY WITHDREW ITS PERMISSION AND THE FACTORY THEN 

UTILIZED AN OLD CELLAR AS A RESERVOIR. THE WATER IN THE RESERVOIR WAS 

ALLEGEDJ HOWEVER TO HAVE FILTERED THROUGH THE SOIL TO THE DRAIN. THE DRAIN 

t1ITHOUT THE INFILTRATION INTO IT FROM THE RESERVOiR FROM WHICH IT WAS DISTANT 

AT LEAST 26 FEET, WOULD NOT HAVE CCNVEYED ANYTHING INJURIOUS INTO THE CREEK. 

THE CASE WAS DISTINGUISHED FROM VAN EGMUND VS. TOWN OF SLAFORTH 6 O.R., 
PAGE 599, WHERE THE DEFENDANT MUNICIPALITY CUT ITS DRAINS THROUGH SOIL 

TAINING NJURICUS MAsTER AND CARRIED IT TO A CREEK, THUS BEING THE DIRECT 

AND ACTIVE AGENT IN IHE MISCHIEF. HERE THE MUNICIPALITY HAD NOT CONNECTED 

TIlE RESERVOIR AND THE DRAIN, AND WAS NOT, THEREFORE, IN A POSITION TO 

PH?IICALLY PREVENT THE DISCIIARGE OF WAS1E DY STOPPING UP THE CONNECTION. IT 

WAS HELD THAT THE MUNICIPALITY WAS NOT LIA3LE FOR DAMAGE TO A RIPARIAN OWNEL 

THE COURT OF APPEAL FOR QI.IIARIO AFFIRMED THIS JUDGMENT AND IT WOULD STILL 

APPEAR TO BE GOOD LAW. 

ii HOWEVER, IMPORTANT TO NOTE THAT IF A 

MUNICIPALITY ALLOWS AN INDUSTRY TO DUMP POLLUTING MATERIAL INTO ITS 

SEWERS IT HAY BE HELD LIA3LE TO DAMAGE5 AND AN INJUNCTION AND BE REQUIRED TO 

ABATE ANY NUISANCE CAUSED. THE PROBLEM BECOMES SOMEWHAT VExING WHERE BOTH 

THE MUNiCIPALITY AND THE INDUSTRY ARE DISCHARGING POLLUTING MATERIAL INTO A 

MUNICIPAL SEWER RESULTING IN A NUISANCE OR INJURY, OR BOTH, TO A DOWN-STREAM 

RIPARIAN OWNER. PRLSUMABLY, THE MUNICIPALITY WOULD BE FOUND LIABLE AND BE 

REQUIRED TO ABATE THE NUISANCE IF THE MUNICIPALITY PERMITTED THE INDUSTRY 

SO TO DO. IF, HOWEVER, THE INDUSTRY WERE SO DISCHARGING POLLUTiNG MATERIAL 

WITHOUT THE PZRMISSION OF THE MUNICIPALI rY, OR IN CONTRAVENTIONOFA PROHIBITORY 

IT WOULD APPEAR THAT THE MUNICIPALITY, IF SUED, COULD JOIN THE 

INDUSTRY IN THE ACTION AFID 00TH COULD BE HELD LIABLE AND BE REQUIRED TO 

A3ATE THE NUISANCE. 

WE MAY, TIIEREFORE, SAY- 
(1) THERE IS NO LIADILITY ON THE PART OF A 

MUNICIPALITY FOR TIlE DISEI'ARGE BY INDUSTRIES OF INDUSTRIAL WASTE INTO STREAMS, 

RIVERS AND WATERS WITHIN ITS CONFINES. 

(2) THE MUNIC1PALITY COULD BE LIABLE WHERE THE 

MUNICIPALITY. BY AGREEMENT, ALLOWS AN INDUSTRY TO EMPTY POLLUTING MATERIAL 

INTO ITS MUNICIPAL SEWERS AND THEREBY POLLUTES WHAT OTHERWiSE WOULD NOT HAVE 

CAUSED ANY NUISANCE OR INJURY. 

(3) WHERE THE MUNICIP'LITY EMPTIES ITS SEWAGE 

INTO A SEWER AND AN INDUSTRY EMPTIES INTO IT ALSO, BUT WITHOIJT PERMISSION, 

IT WOULD APPEAR THAT BOTH COULD BE HELD LIABLE AT SUIT OF RIPARIAN 

OWNER WHO HAS A RIGHT OF ACTION. 
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(II) 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 I WISH TO REFER YOU TO WHAT HAS BEEN SAID 

EARLIER IN THIS DISCUSSION ON THE COMMON LAW RIGHT or THE RIPARIAN OWNER, 
AND SUGGEST THAT ANY REMEDY HERE1 BY WAY or INJUNCTION TO RESTRAIN BOTH THE 

MUNICIPALITY AND THE INDUSTRY COULD HAVE DRASTIC EFFECTS ON THE COMMUNITY. 

It IS SUGGESTED THAT THE SITUATION SHOULD BE APPROACHED DY A FURTHER STUDY 
OF WASTE DISPOSAL EITHER BY THE MUNICIPALITY AND THE INDUSTRY TOGETHER OR 

WITH THE ASSISTANCE AND AID or THE GOVERNMENT. 

ANOTHER SOMEWHAT VEXING PROBLEM THAT OCCASIONALLY 
FACES A MUNICIPALITY IS WHERE IT EXERCISES ITS PERMISSIVE POWER IN THE CON- 

STRUCTION OF A SEWER AND SEWAGE DISPOSAL SYSTEM AND CONFORMS TO ALL THE RE— 

QUIREMENTS OF THE PUBLIC 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 IS 

BOTHERED BY A FOUL, NOXIOUS STENCH IN HIS STREAM) CAN NO LONGER USE THE WATER, 
HIS UNDERGROUND WELL HAS BECOME AND THE VALUE OF HIS PROPERTY 
LESSENED. 

WHAT CAN A MUNICIPALITY Do? IT MUST DEPOSIT 
ITS SEWAGE, OR THE EFFLUENT OF ITS DISPOSAL PLANT SOMEWHERE AND IT RECEIVES 
THE SANCTION OF THE DEPARTMENT OF HEALTH TO DO IT IN A CERTAIN WAY. WHAT 
DEFENCE HAS AND IF 1T HAS NO DEFENCE, WHERE CAN IT TURN FOR HELP OR WHERE 
SHOULD IT GE ABLE 10 TURN? A LONG DISCUSSION OF THE LAW SURROUNDING TIllS 

PROBLEM WOULD CONSUME A CONSIDERABLE LENGTH OF TIME, AND I PROPOSE TO DEAL 
ONLY WITH A FEW SAL1ENT FEATURES ILLUSTRATED BY SOME CASES WHICH CONCERN THE 

LIABILITYOFMUNICIPALITIE5. 

SECTION 386(12) OF THE MUNICIPAL ACT GIVES THE 
MUNICIPALITY THE POWER TO PASS A BY—LAW; "FOR CONSTRUCTING, MAINTAINING) 
IMPROVING, REPAIRING, WIDENING, ALTERING) DIVERTING AND STOPPING UP DRAINS1 
SEWERS OR WATERCOURSES; FOR PROVIDING AN OUTLET FOR A SEWER; FOR ESTABLISH— 
ING WORKS OR BASINS FOR THE INTERCEPTION OR PURIFICATION OF SEWAGE; FOR HAK- 

ING ALL NECESSARY CONNECTIONS THEREWIT!-I 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) (thA) OF THE MUNICIPAL ACt FOR ESTABLISHING, OPER- 
ATING AND MAINTAINING SEWAGE WORKS, INCLUDING SEWERS, PUMPING PLANTS7 TREATMENT 
WORKS AND OTHER LIKE WORKS NECESSARY FOR A SEWER SYSTEM, AND FOR REGULATING 
THE OPERATIONS AND MAINTENANCE IHEREOF. THESE TWO SUBSECTIONS APPEAR ALMOST 
A DUPLICATION BUT THE FIRST IS UNDER A SUB--HEADING OF "DRAINAGE AND FLOODS" 
WHEREAS THE SECOND IS UNDER A SUB-HEADING OF "HEALTH, SANITATION AND SAFETY". 
SUCH POWERS ARE PERMISS1VE, THAT IS TO SAY7 ENABLING LEGISLATION, TO PERMIT 
THE MUNICIPALITY TO DO WHATEVER IS COIITEHPLATED IN A MANNER WHICH IT MAY 
DETERMINE, SUBJECT, OF COURSE, TO APPROVAL UNDER THE PUBLIC HEALTH ACT. 

TNESE ENABLING POWERS ARC TO BE CONTRASTED TO 
LEGISLATION COMPELLING A CERTAIN THING TO BE DONE WHERE THE LEGISLATURE THEN 
INDICATES HOW AND WHERE IT SHOULD BE DONE. 

WILL SUCH ENABLING LEGISLATION PROVIDE A DEFENCE 
TO AN ACTION IN NUISANCE WHERE, FOR INSTANCE, A MUNICIPALITY HAS ERECTED A 

SEWAGE DISPOSAL PLANT, APPROVED BY THE DEPARTMENT OF HEALTH NOT NEGLIGENTLY 
OPERATED, THAT; TO THE ANNOYANCE OF THE NEIGHBOURHOOD4 DOES NOT EFFECTIVELY 
COPE WITH THE SEWAGE. 
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THE CASE or GUELPH WORSTED SPiNNING COMPANY AND 
GuELPH CARPET MILLS COMPANY VS THE CITY or GUELPH, REPORTED IN 30 ONTARIO LAW 
REPORTS AT PAGE GIVES AN ILLUSTRATION OF HOW THIS MATTER MAY BE DEALT 
WITH, ALTHOUGH IT IS NOT A POLLUTION CASE. 

a 

THE ACTION AROSE OUT OF THE FLOODING or 1141 WORKS 
OF THE PLAINT IFFS IN THE SPRING or 1912, WHICH FLOODING WAS CAUSED BY THE 
ERECTIONS BY THE DEFENDANTS1 OF A BRIDGE ACROSS THE SPEED RIVER1 WHICH BRIDGE 
PROVED INADEQUATE TO PERMIT THE PASSAGE OF THE WATER DURING SPRING FLOODS. 
THE VOLUME OF WATER IN THE YEAR 1913 EXCEEDED ALL OTHER RECORDED YEARS, 
EXCEPT THAT OF THE SPRING OF 1869. THE DEFENCE RESTED ON THE PRINCIrLE 
ESTABLISHED IN THE CASE OF THE CANADIAN PACIFIC RAILWAY Co., vs ROY, 1902 
APPEAL CASES AT PAGE WHICH NOTED IN PART THAT "THE LEGiSLATURE SUPREME, 
AND IF IT HAS ENACTED THAT A THING IS LAWFUL, SUCH A THING CANNOT 6E 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 CASEJ QUOTES 
THE JUDGMENT OF LORD WATSON IN THE CASE OF THE MErROPOLITAN ASYLUM DISTRICT 
MANAGER VS HILL, REPORTED IN iS8i, 6 APPEAL CASES) PAGE 193w AS FOLLCtI5: 

"dHERE THE TERMS OF THE STATUTE ARE NOT IMPERATIVE BUT PERMISSIVE, WHEN IT IS 

LEFT TO THE DISCRETION or THE PERSON EMPOWERED TO DETERMINE WHLTI-IER THE GENERAL 
POWERS COMMITTED TO THEM SHALL BE PUT INTO EXECUTION OR I 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 TO COMMIT 
NUISANCES IN MNY PLACE WHICH NIGHT BE SELECtED FOR THE PURPOSES", AND, Al PAGE 
I#714 "!T HAS DEEN LAID DOWN THAT WHERE THE LEGISLATURE HAS CONFERRED AUTHORIi'( 

BY AN ACT WHICH IS PERMISSIVE IN ITS TERMS; 1HEtE IS NO AUTHORITY TO IGNORE TUE 

COMMON LAW RIGHT OFOIIIERS". 

Iu HIS REASONS FOR JUDGMENT, MR. JUSTICE MPDOLETEN 
STATED: "THERE IT SEEMS TO ME, LIABILITY QUITE APART FROM ANY FINDING OF 

WHAT I MAY CALL ACTUAL NEGLIGENCE: BECAUSE THE VERY THING DONE WAS NOT AUTHOR 
IZED BY THE LEGISLATURE, BUT THE CONSTRUCTION AND MODE OF CONSTRUCTION WERE 
LEFT EIITIRELY TO THE MUNICI?ALITY; SECONCLY, BECAUSE THE LEGISLATION WAS PER- 
MISSIVE ONLY; AND THIRDLY, BECAUSE THE CONSTRUCTION OF THE BRIDGE ONLY WAS 
AUTHORiZED, AND NOT THE OBSTRUCTION OF THE FLOW OF THE RIVER". 

LIABILITY WAS ESTABLISHED, NOT FOR 

DAMAGE RESULTING FROM A SPECIFICALLY AUTHORIZED WORKS BUT FROM THE METHOD OF 

CARRYING IT OUT WHICH WAS IN THE DISCRETION OF THOSE DOING THE WORK. 

THE HATTER OF HOW THE WORK IS DONE 15 FURTHER 
DISCUSSED IN A RECENT CASE DEALING WITH THE DEFENCE OF STATUTORY 
THIS IS THE CASE OF J. P. PORTER COMPANY LTD. VS. BELL, REPORTED IN 1955. I. 
DOMINION LAW REPORTS AT PAGE 62. AT TRIAL, JUDGMENT WAS FOUND FOR THE PLAIN- 
TIFF FOR DAMAGES BY REASON OF BLASTING OPERATIONS CARRIED ON BY THE 
AT THE SEAWARD DEFENCE PROJECT ON THE WEST SIDE OF HALIFAX HARBOUR. THE CASE 
WAS APPEALED TO THE NOVA SCOTIA SUPREME COURT. MR. JUSTICE MACDONALD IN 

DELIVERING JUDGMENT QUOTES VISCOUNT DUNEDEN IN THE CASE OF MANCHESTER VS FARN 
WORTH, REPORTED IN APPEAç CASES AT PAGE 171: tIWHEN PARLIAMENT HAS AU1I- 
ORIZED A CERTAIN THING TO BE MADE OR DONE IN A CERTtIN PLACE; THERE CAN BE NO 
ACT ION FOR NUISANCE CAUSED BY THE MAKING OR DOING OF THAT THING IF THE NLI1SANCE 

IS THE INEVITABLE RESULT OF THE MAKING OR DOING SO AUTHORIZED. THE ONUS OF 

PROVING THAT THE RESULT IS INEVITABLE IS ON THOSE WHO WISH TO ESCAPE L1ABILI1Y 
FOR NUISANCE, BUT THE CRITERION OF INEVITABILiTY IS NOT WHAT IS THEOREIICALLY 
POSSIBLE BUT WHAT IS POSSIBLE ACCORDING TO TIlE STATE OF SCIENTIFIC KNOWLEDGE PT 

THE TIME, HAVING ALSO IN VIEW A CERTAIN COMMON SENSE APPRECIATION, WHICH 
BE RIGIDLY DEFINED, OF PRACTICAL FEASIBILITY IN VIEW OF SITUATION AND OF 
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MR. JUSTICE MACDONALD ALSO NOTES THAT THE PROTECT- 

ION OF THE STATUTE EXTENDS NOT ONLY TO THE DOING OF THE THING SPECIFICALLY AUTH- 

ORIZED BUT OF ALL ACTS NECESSARILY INCIDENTAL THERETO. 

THERE ARISES OUT OF THIS STATUTORY AUTHORITY A 

CORRELATiVE DUTY WHICH IS TO EMPLOY ALL PROPER MEANS AND TO SEE THAT IN THE 

EXERCISE OF ITS POWERS 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 71, SUMMARIZES THE 

AUTHORITIES AS FOLLOWS: "ACCORDINGLY, WHEN DAMAGE HAS RESULTED FROM THE EXER- 

CISE or PERMISSIVE POWERS, THE ONUS IS ON THE DEFENDANT TO SHOW THAT HE ACTED 

REASONABLY IN THE SENSE THAT HE EMPLOYED ALL PROPER AND TOOK ALL PROPER 

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 1HC 

DAMAGE WAS THE 'INEVITABLE RESULT' OF THE THING AUTHORIZED MORE SHORTLY, Th. 

ONUS IS ON THE DEFENDANT TO SHOW "THAT IN PRACTICAL FEASIBILITY THE OBL1GATICN 

COULD BE PERFORMED IN NO OTHER WAY SAVE ONE WHICH INVOLVES DAMAGE TO OTHERS" 

IT WAS HELD IN THAT CASE THAT THE DEFENDANT FAILED 

TO PROVE THAT THE DAMAGE WAS THE INEVITABLE RESULT OF OPERATIONS PROPE-?LY CAR-- 

R1ED ON iN THE EXECUTION OF STATUTORY AUTHORITY. THAT iS, IT FAILED TO PROVE 

THAT OTHER METHODS COULD NOT HAVE BEEN USED WHICH WOULD NOT HAVE INCURRED 

DAMAGE. 

To 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 IT HAS ACTED 

WITH DUE DILIGENCE AND REASONABLENESS IN THE SENSE OF BEING COGNIZANT or THE 

MANY ASPECTS OF THE WORK AND ITS RLIIFICATIONS INSOFAR AS AFFECTING 1HE 

OF INDIVIDUALS. COUPLED WITH THIS PROPOSITION is THE FACT THAT WHERE THE Lrc- 

ISLATION IS PERMISSIVE IN ITS 1ERMS, THERE IS NO AUTHORITY TO IGNORE THE COMNOl 

LAW RIGHTS OF OTHERS. 

THE ABOVE CASES AND THE LINE OF AUTHORITY OF 

ENGLISH LAW, HAVE NOT HAD TO CONS IDER THE SITUATION WHERE, IN ADDITION TO THE 

PERMISSIVE POWERS GIVEN DY THE LEGISLATURE, THERE IS ALSO THE OBLIGATION TO 

HAVE THE PROPOSED WORK APPROVED BY SOME GOVERNMENTAL AUTHORITY, SUCH AS IS THE 

SITUATION WHERE A MUNICIPALITY CONSTRUCTS A SEWAGE DISPOSAL PLANT. THE PUBLIC 

HEALTH ACT REQUIRES BY SECTION 1OQ 1N SUBSECTION 2, THAT "A CONSTRUCTION OF A 

SEWAGE PROJECT BY THE COUNCIL OF THE MUNICIPALITY OR BY ANY BOARD OF 

CREATED OR ESTABLISIIED BY A MUNICIPAL CORPORATION PURSUANT TO STATUTORY AUTHOR- 

1TY, 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 

REPORTS UPON THE WORK TO BE UNDERTAKEN, AS TO WHETHER IT IS ADEQUATE FOR iHE 

REQUIREMENTS OF rHE INHABITANTS AFFECTED AND WHETHER SUCH WORKS ARE LIKELY TO 

PROVE PREJUDICIAL TO THE HEALTH OF THE INHABITANTS AND THAT THE CONSTRUCTION h'S 

BEEN APPROVED OF IN ACCORDANCE WITH SECTION 101 OF THE PUBLIC HEALTH /.cr. 

A IIUNICIPALITY POINT TO THE APPROVAL OF THE DEPARTMENT OF HEALTH AS ADJITIONAL 

SANCTION OR AUTHORITY FOR ITS UNDERTAKING? 

UNFORTUNATELY FOR THIS DISCUSSION, TIlE CASE THAT 

WOULD BE THE MOST HELPFUL AND ILLUH1NATING, INSOFAR AS THIS ENTIRE QUESTION OF 

LIABILITY OF A MUNICIPALITY IS CONCERNED, HAS NOT BEEN DECIDED. 
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THE CASE 15 THAT or ANNIE I. STEPHENS VS THE 

CORPORAT ION OF THE VILLAGE CF RIChMOND FuLL, WHICH WAS HEARD BEFORE HR. 
JUSTICE 

STEWART IN TORONTO, EARLY LAS1 MONTH. THE PLAINTIFF OWNS PROPERTY THROUGH 

WHICH FLOWS A BRANCH OF THE DON RIvER, AND THE PLAINTIFF ALLEGED THAT SHE WAS 

AND IS, ENTITLED TO THE FLOW OF TIlE SAID STREAM IN AN THROUGH THE SAID LANDS. 
£ 

SINCE DECEMBER, 1952, iKE DEFENDANT MUNICIPALITY HAS OPERATED A SEWAGE DISPOSAL 

PLANT FROM WHICH THE EFFLUENT 5 TURNED INTO THE STREAM. SHE ALLEGED THAT TNT 

WATER BECAME POLLUTED, SEEPAGE FROM THE STREAM PENETRATED THE WELLS ON HER LAN) 

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 FOR APPROVAL OF A HOUSING SUDUIVISION ON HLR LANDS, WHICH APPLICATION UPS 

REFUSED, ONE OF THE t.ROUNDS FOR REFUSAL BEING THAT 1HE CREEK RUNNING THROUGH 

THE LAND OF IHE PROPOSED SUBDIVIS1ON CARRIES OPEN EFFLUENT FROM THE DISPOSAl. 

PLANT or THE VILLAGE OF RICIItI0NO HILL. OiIE OF THE CLAIMS or THE IS 

FOR AN INJUNCTION RESTRAINING THE DLFENDAHT, FROM CONSTRUCTING OR RE 

ANY or THE WRONGFUL ACTS COMPLAINED or AND FROM POLLUTING THE SAID WI4IFRS IN 

ANY MANNER SO AS TO INTERFERE WITH THE PLAiNTIFF'S RIGHTX. THE Dr.FLNCE ;F 

CORPORATION ALLEGED THAT THE SEWERAGE SYSTEM WAS LAWFULLY CON:?IRUCIED WI IH 

APPROVAL OF THE DEPARTMENT OF F'U3LIC HEALTH, PLEADED TIlE PROVISIONS OF J;;E 

PUBLIC HEALTH ACT, PARTICULARLY SECTION 106, AND ALLEGED THAT Ii HAS A DUTY 0 

OPOATE THE SEWAGE PROJECT IN THL MANNER IN WHICH IT HAS OEEU OPERATED. 

DEFZ4DANT ALSO DENIED THAT THERE WAS M:Y POLLUTION OF THE WATER. TH MAIN 

DEFENCE WAS THAT OF STATUTORY APPROVAL GIVING AN IMPLIED AUTHORITY 10 I'OtLUTL 

THE STRZAM. A GREAT MANY CASES WERE CITED SETTING OUT THE PRINCIPLES OF 

NOTED ABOVE, AND STRESSING iHE FACT THAT THE UNDERTAKING WAS CONSTRUCTED WITH 

THE FULL APPROVAL OF THE DEPARTMENT OF HEALTH, AND ENTIRELY IN A REASONABLE 

EXERCISE or ITS PERMISSIVE POWER TO CONSTRUC' :A SEWAGE DISPOSAL PLANT AS LS1AO 

LISED BY THE MUNIC1PAL ACT. IN ErFECT THE MUNICIPALITY ARGUED THAT IT DID 

EVERYTHING IT COULD CONCI.IVADLY HAVE DONE AND THAT IF, WHICH WAS Nor ADMITTED 

ANY INJURY WAS CAUSED OR WILL BE CAUSED, SUCH IIIJURY COULD NOT HAVE BEEN AVOID- 

ED BY THE EXERCISE or REASONABLE CARL ON THE PART OF THE DEFENDANT. 

THE DEFENDANT ALSO PLEADED THE PROVISIONS OF SUC 

SECT ION 15 or SECTION io6 or THE PUBLIC HEALTH ACT, WHICH PURPORTS TO GIVE TUE 

ONTARIO MUNICIPAL BOARD, EXCLUSIVE JURISDICTION TO DETERMINE THE PLAINTIFF'S 

CLAIM1 AND THAT AS A RESULT; THE ACTION WAS NOT PROPERLY CONSTITUTED AS BEING 

BROUGHT BEFORE THE COURT. 

THE PLAINTIFF IN THE CASE RELIED MAINLY ON HER 

COMMON LAW RIGHT TO HAVE AND USE TIlE WATER FREE FROM POLLUTION. HER ANSWER 

TO THE DEFENCE OF STAIUJOP.Y AUTHORITY WAS A SIMPLE ONE. How COULD THERE P05- 

SIBLY BE ANY IMPLIED AUTHORITY IN THE STATUTORY APPROVAL OF A SEWAGE PROJECT 

IN IHE FACE OF THE EXPRESS PROHIBITION OF SECTION 103 or THE PUBLIC ILALTH (CT 

WHICH I HAVE ALREADY QUOTED VERBATIH. 

WE HAVE ALSO SEEN A3OVE, THAT STATUTORY AUTHORIZ- 

ATION GIVEN BY THE MUNICIPAL ACT TO A MUNICIPALITY TO CONSTRUCT A SEWER AS 

DISTINCT FROM DEPARTMENTAL APPROVAL OBTAINED PURSUANT TO THE PUBLIC HEALTH 
ACT1 

IS A PERI1ISSIVE POWER AND AS SUCH1 THERE IS NO AUTHORITY TO 1GNORE TIlE COIMO;i 

LAW RIGHTS OF OTHERS. 

THE PLAINTIFF'S ANSWER TO THE DEFENCE THAI TIlE 

ONTARIO MUNICIPAL BOARD HAD EXCLUSIVE JURISDICTION TO DEAL WITH T1-IZ PROBLEM 

UNDER SUBSECTION 15 OF SECTION 106 or TIlE PUBLIC HEALTH ACT, WAS SIMPLY HAT 

THIS SUBSECTION WAS ULTRA VIRES, THAT IS, BEYOND THE POWER of' THE PROVINCIAL 

LEGISLATURE TO ENACT. AUTHORITY ron THIS IS FOUND IN THE CASE OF T0RONT 

CORPORATION VS YORK CORPORATION) APPEALED '10 THZ PRIVY COUNCIL 1938 i.C. AT 

PAGE 1415? WHERE IT WAS HELD THAT THE ONTARIO MUNICIPAL BOARD IS PR;MAEII V AN 
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ADMINISTRATIVE BODY AND IS NOT VALIDLY CONSTITUTED UNDER THE BRITISH NORTH 
AMERICA ACT TO RECEIVE JUDICIAL AUTHORITY. THE BOARD IS, VALIDLY 
CONSTITUTED FOR PERFORMANCE OF ADMINISTRATIVE JURISDICTION, BUT ANY DELIBER- 
ATIONS INVOLV1NG JUDICIAL POWERS, IT WAS CLAIMED, WOULD BE INVALID. IT WAS 
STRONGLY ARGUED, ON BEHALF OF TIlE PLAINTiFF, IN THE STEPHENS AND RICHMOND HILL 
.CASE THAT THE LIABILITY OF THE MUNICIPALITY WAS A HATTER OF LAW TO BE DETER 
MINED DY A COURT VALIDLY CONSTITUTED TO RECEIVE JUOICIAL 

AS STATED ABOVE, THERE HAS BEEN NO DECISION HANDED 
DOWN IN THIS CASE AS YET. iT IS INTERESTING TO NOTE,.HOWEVER1 THAT HR. JUST- 
ICE STEWART, IND1CATED THAT THE COURT WAS DEALING WITH A PROBLEM or LAW AND NOT 
A SOCIOLOGICAL PROBLEM OF %IHERE A MUNICIPALITY CAN DISPOSE OF iTS SEWAGE. WE 
MAY ASSUME THEREFORE TIIAT IF THE PLAINTIFF PROVES HER COMMON LAW RIGHT TO THE 
UN:NTERRUPTED FLOW OF WATER FREE FROM POLLUTION, AN INJUNCTION WILL SE GRANTED 
AQAINSI THE VILLAGE OF r.ICIIMOND HILL RESTRAINING IT FROM POLLUTING TIlE STREAM 
IN QUESTION. IT WOULD THEN REMAIN FOR THE MUN1CIPALITY TO SO IMPROVE ITS 
OPERATIONS IN THE DISPOSAL PLANT IHAT POLLUTION IS ELIMINATED. THIS, IT MAY 
NUT BE ABLE TO DO AN APPEAL TO THE APPEAL COURTS MIGHT SERVE ONLY TO CONFiR" 
THE PLAINTIFF'S RIGHT TO AN INJUNCTION. ONE COULD NOT EVEN HAZARD A GULSS 
WHETHER A HIGHER COURT WOULD MENTION THE SOCIOLOGICAL ASPECTS OF WATER POLLU- 
TION1 CHIEF JUSTICE HCRUER REFUSED TO 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 19b9 AMENDMENT TO THE LAKES AND 
RIVERS IMPROVEMENT ACT TO WHICH I HAVE EARLIER REFERRED. 
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