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CH~PTER 1 

INTRODUCTION 

The North Saskatchewan River is an important natural 

resource of the Province of Saskatchewan. Therefore, the 

many municipal, industrial, and recreational uses must not 

be impaired by any one user to the extent that the water can 

no longer satisfy other demands which are made upon it. 

The main objective of this thesis is to determine if the 

river has been polluted by the Prince Albert Pulp Company 

Limited. If this has occurred, it is also necessary to 

evaluate the nature and impact of the change. 

For the present study, the term pollution is defined 

according to the Water Resources Commission Act, 1965, of 

the Province of Saskatchewan. ttin this act, 'pollution' 

means any alteration of the physical, chemical, biological, 

or aesthetic properties of any of the waters of Saskatchewan, 

and includes any change in the temperature, taste or odour 

of the waters, or the addition of any liquid, solid, radio

active, gaseous or other substance to any of the waters, or 

the removal of any such substance from the waters, that will 

render or is likely to render the waters harmful to the 

public health, safety or welfare or harmful or less useful 

for domestic, municipal, industrial, agricultural, recreational 

or other lawful uses, or harmful to or less useful for wild 

animals or birds or aquatic life." This definition embodies 

the generally accepted compromise (Douderoff and Warren 1957) 

which allows waste disposal to be a legitimate use of waters 
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as long as this does not adversely affect other demands made 

upon the same body of water. Another view was expressed 

by Patrick (1953) who stated that "pollution is anything 

which brings about a reduction in the diversity of aquatic 

life and eventually destroys the balance of life in the 

stream". 

This study occurred at an ideal time in that the pulp 

mill began operating part way through the testing period. 

Thus, the natural condition of the river prior to possible 

pollution was ascertained, and changes in quality were 

easily detected as they occurred. ~ broad spectrum of 

chemical and microbiological tests was planned which 

monitored as many aspects of the river as possible. The 

greatest emphasis was placed on oxygen determinations since 

kraft pulp mills place a high oxygen demand on the receiving 

waters (Tomlinson 1954). Macrobenthic organisms were 

collected in the late spring before the mill operations 

commenced in July and were collected in the same area one 

year later. 

The toxicity of the effluent to fish. was also investigated 

using a bioassay. 

These chemical, physical, qnd biological studies provided 

a basis for an evaluation of the presence and seriousness 

of the pollution. 
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CHAPTER 2 

DESCRIPTION OF THE RIVER 

2.1 General physical description 

The North Saskatchewan River flows approximately 1,200 

miles from the Rocky Mountains through Alberta and Saskatchewan 

where it joins the South Saskatchewan River and continues 

into Manitoba. The river drains 36,050 square miles in 

Alberta and 22,650 square miles in Saskatchewan (Thomas 1956) 

while flowing over land underlain by Palaeozoic and Mesozoic 

strata. Since many areas, especially in Saskatchewan, have 

very low rainfall and poor quality ground waters containing 

high salt concentrations this source of water is extremely 

important. 

Great variations in both daily and seasonal flow rates 

are characteristic of this river. Low flow values are 

general throughout the fall and winter months. A slight 

peak usually occurs in April due to the runoff of melting 

snow on the foothills and prairies but flood waters arrive 

in June or July when the snow melt from the Rocky Mountains 

reaches Saskatchewan (Richards a~ Fung 1969). 

Figures 1 and 2 were prepared from daily river flow 

rates taken at Prince Albert for 1968 and 1966-67 respectively. 

This information was supplied by the Inland Waters Branch of 

the Department of Energy, Mines and Resources of Canada, 

Calgary. During 1968, low flow periods occurred throughout 

the winter months. A peak due to prairie runoff occurred in 

mid April which then subsided until the major flood period 
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during June and July. According to the Meteorological 

Branch, Department of Transport (1968), the average monthly 

rainfall for the North Saskatchewan River watershed from 

May to October 1968 was 2.23 inches which was 123% of normal. 

This unusually heavy summer rainfall maintained high flows 

during the main start-up period of the Prince Albert Company 

pulp mill. The river afforded a large dilution potential 

during this time compared to low flow periods. The maximum 

value was 20,800 c.f.s. on 16 August and the minimum flow 

was 1,370 c.f.s. on 4 January. 

Figure 2 gives values for two other years demonstrating 

that a winter minimum followed by a smaller and then a 

larger peak occurs annually. This graph also shows the wide 

daily fluctuations in flow and the horizontal shifting of 

the peaks from year to year. The spring of 1969 showed a 

similar trend to that just described. 

2. 2 Previous p/ollution 

The North Saskatchewan River is severely polluted before 

it reaches the site of the present survey. The main 

contributors are the City of Edmonton and the industries 

located in that area. This alarming condition was documented 

(.A.tton, 1954) when dissolved oxygen levels became virtually 

zero as the river entered Saskatchewan. Despite the 

attention given to the situation at that time, Reed (1962) 

stated that the river still suffered gross pollution by 

complex toxic industrial as well as putrescible wastes. Foul 

smelling odours, large numbers of tubificid worms, red 
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chironomids, and Sphaerotilus all characterized the river 

during the summer months. Dissolved oxygen values as low 

as 1.1 cc/1 at Prince Albert and 1.2 cc/1 at Borden occurred 

during the winter of 1957. Cold weather, ice cover, and 

low flows during the winter months combined to extend the 

effects of pollution from Edmonton into Saskatchewan and 

to greatly reduce the natural purification of the river. 

Reed (1962) cited the absence of fish species such as 

the emerald shiner, river shiner, and flathead chub which 

were normally present in the South Saskatchewan and Saskatchewan 

rivers as evidence that these conditions made winter survival 

impossible. He suggested that other species still found in 

the North Saskatchewan were also unable to survive the winter 

conditions but migrated extensively each summer. Action has 

been taken by the Province of Alberta since these reports 

were published increasing the waste treatment facilities 

and limiting the quantity of waste entering the river during 

low flow periods. The situation has improved considerably 

but oxygen levels determined through the sampling period 

show that unsatisfactory conditions still exist. 

The cities of North Battleford and Prince Albert dis

charge untreated sewage and light industrial wastes into the 

river. There is little visible evidence of pollution by 

Prince Albert as the river reaches the pulp mill, but coliform 

bacteria are definitely more abundant. Due to efforts by 

the Saskatchewan Water Resources Commission, preparations 

for treatment facilities in Prince Albert have now commenced. 
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The river is generally very turbid, especially during 

the spring and summer months when it carries heavy loads 

of inert inorganic material. 

2.3 Immediate sampling area 

The sampling was done at five stations along the North 

Saskatchewan River starting at a point just above Prince 

Albert and continuing approximately 26 km downstream to 

the Cecil Ferry crossing. 

Except during flood conditions, the river is very 

shallow varying from 3 meters to several centimeters in 

depth with many sand bars and small islands also located in 

this area. Most of the river bottom is composed of hard 

sand which is continuously shifting. Large boulders and 

areas of small rounded stones are interspersed along the 

route. Isolated pockets of.mud occur in quiet regions but 

these are rare. Plankton and bottom populations are generally 

low (Reed 1959). Complete vertical mixing occurs because 

the turbulence and shallowness of the water prevent temperature 

stratification but horizontal mixing occurs slowly. Reed (1962) 

showed that the North and South Saskatchewan Rivers continue 

side by side as discrete streams for at least 8 miles(l2.9 km) 

below their confluence. 
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CHAPTER 3 

FIELD PROCEDURES 

3.1 Sampling stations 

All sampling stations are shown on Figure 3 which also 

indicates the position of the Prince Albert Pulp Company 

Limited effluent ditch and pumphouse. 

Station 1 was located on the north side of the river 

about 1 km upstream from the Diefenbaker Bridge in Prince 

~lbert. This position was chosen so that sampling would 

indicate the quality of the river prior to any pollution by 

the city of Prince ~lbert. Station 2 was 16 km downstream 

from station 1 near the site of the pulp mill pumphouse. 

Bottom samples were taken on the north side while chemical 

tests were completed on water taken from the main channel. 

This station indicated the condition of the river immediately 

before it reached the pulp mill and data included the effect 

of wastes discharged from Prince Albert. Station 3 was 

located directly at the mouth of the effluent ditch where 

the pulp mill wastes emptied into the river. Since the 

formation of sand and fibre beds in this area made bottom 

sampling impossible, stations 4a and 4b were placed approximately 

2 km downstream from the effluent outfall. Station 4a was 

on the north side and 4b was on the south side of the river 

but water for chemical tests was taken from the main channel. 
\ 

The 5th and last station was positioned on the north side 

0.5 km upstream from the Cecil Ferry crossing. Station 5 is 

approximately 8 km downstream from the outfall. Transects 

9 



I-' 
0 

I 
I 
I 
I 
I 
I 
I 
I 

PRINCE 

L ____ _ 

ALBERT 

,--'-r-- - ---- _.J 
,-

HIGHWAY 2 
TO SASKATOON 

HIGHWAY 302 

SCALE IN MILES : 

0 I 2 3 , . . 
I 2 3 4 

SCALE IN KILOMETERS : 

FIGURE 3 • MAP OF PART OF THE NORTH SASKATCHEWAN RIVER SHOWING THE LOCATION OF 

SAMPLING STATIONS. 

CECIL FERFi 
/CROSSING 



were run across the river at stations 4 and 5 to determine 

the extent of horizontal mixing of the effluent. 

3.2 Sampling methods 

The river was studied from February 1968 to June 1969. 

Samples were taken at approximately 2-week intervals with 

the exception of the winter months when sampling was reduced. 

Since the main start-up period was scheduled for July 1968, 

a field laboratory was maintained at the Cecil Ferry during 

June, July and August so that the river conditions could be 

constantly observed. All stations were sampled on the same 

day and samples were taken in the early afternoon. 

Samples used for chemical and microbiological analyses 

were collected from a boat anchored at the center of the 

main channel at each station except during the winter when 

holes were drilled through the ice. Oxygen was determined 

in water collected by a Kemmerer Sampler lowered to the 

river bottom but all other determinations were made of surface 

water. 

Alkalinity, pH, temperature, and oxygen (Miller method) 

readings were taken immediately in the boat. Completely 

filled,· tightly capped sample bottles were returned to the 

laboratory for the remaining chemical analyses. Bottles 

used to obtain samples for coliform tests were previously 

sterilized. Both coliform and biochemical oxygen demand 

(BOD) determinations were begun in the laboratory within 

12 hours after the ~ampling was carried out. 

Biological sampling was restricted to collections of 
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benthic macroinvertebrates which were preserved in 70% 

alcohol and returned to the laboratory for identification. 

A discussion of the sampling technique follows on page 15. 
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CHAPTER 4 

BENTHIC MACROINVERTEBRATES 

4.1 General 

Wurtz (1960) suggested that a survey of the 

macroinvertebrates is the best method if a general stream 

survey is required. It is the easiest, fastest, and 

cheapest method of detecting stream changes especially in 

mildly polluted areas (Hynes 1965). A biological survey 

has several advantages over a chemical program. 

Firstly, benthic macroinvertebrates remain fairly 

stationary. The species composition in any one area is 

dependent on the conditions that existed during the de

velopmental period. If lethal conditions occurred for even 

a brief length of time, susceptible species would be 

eliminated (Gaufin 1957). A severe reduction in numbers 

would similarly indicate unfavourable conditions (De Witt 

1963). Thus, a record would remain for the biologist where 

a chemist could not achieve the same results without con

tinuous monitoring of all potentially lethal factors. The 

possibility of toxic "slugs" of chemicals being released into 

the North Saskatchewan River by the pulp mill warranted this 

survey. Fish or plankton studies would not have been 

adequate since such organisms could escape or would be able 

to rapidly re-enter the area after the extreme conditions 

had passed. 

Secondly, macroinvertebrates reflect organic pollution 

by the alteration of the predominant species. The presence of 
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mayfly, caddisfly, and stonefly larvae generally indicate 

that high oxygen "clean water" conditions were present 

during their development (Gaufin 1957). A shift towards 

low oxygen tolerant organisms such as several species of 

chironomids and tubificids would suggest organic pollution. 

Thus, changes in water quality can be observed before marked 

chemical or visible signs are evident. Although no one 

species can be used to definitely indicate pollution, a 

general pattern created by the presence or absence of 

different organisms is reliable (Beck 1957). In general, a 

broad range of different species indicates an unpolluted 

environment and a severe reduction in the number of species 

indicates gross pollution. Often, the absence of clean 

water forms is of greater importance than the presence of 

polluted water forms which usually occur in all areas but 

in reduced numbers (Keup, Ingram and Mackenthun 1966). 

Because many different species of benthic macroinvertebrates 

can be easily collected these animals offer a broad pattern 

from which reliable conclusions can be drawn. 

Mayfly larvae constituted 90% of the stomach contents 

of goldeye according to Reed (1959). Caddisfly and chironomid 

larvae were of lesser importance. Mayfly and caddisfly 

larvae generally require high oxygen levels and an un

polluted environment. Therefore, as well as acting as in

dicators, the benthic organisms are an important food source 

for fish. 

In summary, a survey of the benthic macroinvertebrates 

was selected for this study because: 
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(1) it provides a method of continuous monitoring of 
the river. 

(2) "slugs" of toxic chemicals released by the pulp 
mill can be detected. 

(3) low dissolved oxygen conditions can be detected. 

(4) mild pollution which may remain undetected by 
chemical means becomes evident. 

(5) alterations in the river bottom such as silting 
or fibre bed formation can be noted during sampling 
trips. 

(6) some macroinvertebrates represent an important 
source of fish food. 

4.2 Methods 

Since the river bottom was mainly composed of shifting 

sand, macroscopic animal life was scarce. Preliminary 

attempts to use an Ekman dredge in a random sampling 

pattern (Welch 1948) usually yielded nothing but sand. 

Reed (1959) and Landine (1962) reported similar sampling 

problems. However, these preliminary surveys did indicate 

the presence of larger populations in stony areas and mud 

pockets near the shore. Due to the scarcity and unequal 

distribution of benthic organisms, a specific sampling site 

was selected at each station (except station 3) which would 

contain a hard sand area, a stony area, and a mud pocket 

under approximately 1 meter of water. Ten scoops of equal 

length were made with a long handled, rectangular bottom net 

(Turtox catalogue No. 105A33) at each sampling site so that 

all three types of habitats were uniformly sampled by a 

standardized routine. Since the nature of the river bottom 

15 



made truly quantitative determinations of the organisms 

impossible, this method was selected to include the great-

est possible diversity of species and to estimate the relative 

quantities from station to station and from year to year. 

In this way, shifts in the size of populations and the number 

of species could be observed. The ideas on which this system 

was based were suggested by Hynes (1965) . 

The river was sampled during May and June 1968 and 

1969 at approximately two week intervals. In 1968, samples 

were taken on May 16, June 6 and June 17 and in 1969, 

samples were taken on May, May 22 and June 10. Earlier 

samples were used the second year to compensate for the 

earlier ice break-up that year. 

In preparing Table 1 the collections of the three 

successive sampling trips were added together to provide 

as wide a range as possible for comparison. Since insect 

larvae were the most prominent macroinvertebrates in both 

numbers and diversity, they were listed by genera. 

Table 1 shows the changes in bottom fauna from 1968 

to 1969 as well as the difference between the populations 

above (stations 1 and 2) and below (stations 4a and 5) the 

pulp mill in 1969. 
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4.3 Results 

Table 1. Variations in benthic macroinvertebrate populations 
collected in the North Saskatchewan River. 

TOTAL NUMBER OF ORGANISMS 

1968 1969 
STATION STATION 

1 2 4b 5 1 2 4a 4b s 
E PHE MERO PTER A. 

Stenonema 3 6 6 7 2 4 0 0 0 
Si:Qhlo:Qlecton 3 15 36 0 22 10 0 10 0 
He:Qtagenia 5 44 9 11 4 0 0 6 2 
Baetis 1 1 126 61 8 4 0 0 0 
Parale:QtO:Qhlebia 2 0 1 9 0 0 14 12 8 
Hexagenia 0 0 0 0 10 16 0 6 12 
E:Qhemera 0 1 0 0 16 4 4 4 2 

PLECOPTERA 

Iso2er1a 24 44 63 30 57 145 21 183 30 
Pteronarcys 0 0 0 0 0 0 0 2 0 

ODONATA 

Gom2hus 0 0 0 0 0 2 4 2 6 

TRICHOPTERA 

Hydro2syche 41 42 9 41 167 164 2 32 2 
Oecetis 2 0 0 1 0 0 0 0 0 

HEMIPTERA 

Gra2tocorixa 0 4 2 0 6 7 3 8 3 

DIPTERA 

Cry:Qtochironomus 0 0 1 0 4 2 2 6 0 
Paratendi:QeS 0 0 0 0 0 0 3 0 4 
Orthoc1adius 0 0 0 0 0 4 0 0 1 
Stictochironomus 1 2 0 0 6 15 0 10 8 
Larsia 2 4 3 4 6 19 7 2 3 
Poly:Qedilum 2 3 0 1 22 47 25 40 5 
Chironomus 25 85 273 26 40 191 0 0 107 
Parac1ado:Qe1ma 5 2 2 0 2 1 0 3 17 
Proc1adius 1 0 0 0 0 4 0 0 14 
Rhe ot anl:t ars us 0 5 0 3 0 0 0 2 0 
Phaeno2sectra 0 0 0 0 0 0 0 0 10 
Pal:Qomyia 2 1 0 0 6 0 11 10 14 

OTHERS 

Gastropoda 0 1 1 8 19 2 0 0 7 
Amphipoda 0 2 1 0 0 13 0 2 0 
Oligochaeta 0 1 16 1 10 106 5 240 40 
Hirudinea 0 0 1 0 0 0 0 0 0 
Nematomorpha 0 0 1 0 0 0 0 0 0 
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4.4 Discussion 

Patrick (1953) stated that a reduction in the diversity 

of life in a river is characteristic of pollution. According 

to this view, if the mill is polluting the river, the number 

of genera present at the sampling stations below the outfall 

would be expected to decrease from 1968 to 1969. 

In 1969, stations 1, 2, 4b, and 5 yielded 18, 20 

19, and 20 different macroinvertebrate groups respectively. 

Station 4a, yielded only 12 different groups which is a 38% 

reduction. Using diversity as an index of pollution the 

region on the north side of the river 2 km below the pulp 

mill outfall was polluted. However, the number of different 

groups returned to normal 8 km below the outfall. General 

conditions in the river improved from 1968 to 1969 with 

collections at each station including more genera in 1969. 

Unfortunately, station 4a was not sampled in 1968 since an 

underwater diffuser installed by the pulp mill was expected 

to distribute the effluent uniformaly across the river. Due 

to operational difficulties, it was abandoned and the effluent 

flowed directly into the river remaining concentrated on the 

north side (see Figure 10). 

If the population size of each genus is taken into consid

eration, the number of different macroinvertebrate groups has 

been seriously reduced below the pulp mill for the total length 

of river investigated. For example, larvae of the "clean 

water" orders such as Ephemeroptera, Plecoptera and Trichoptera 

show reductions of 100 to 42, 202 to 51, and 331 to 4 respectively 
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if data above (stations 1 and 2) and below (stations 4a 

and 5) the outfall are compared. As previously mentioned 

(page 16) the survey cannot be considered quantitative but 

trends as marked as these are reliable. 

The data were analyzed statistically by the Wilcoxan 

matched - pairs, signed - ranks test as outlined by Siegel 

(1956). ~non-parametric test was used because the data 

were not completely quantitative and, therefore, did not 

meet all of the requirements of a parametric test. Since 

the analysis yielded a level of significance(~) of 0.02, 

it can be concluded that the populations of benthic 

macroinvertebrates below the effluent discharge point 

have been reduced. 

The continued presence of bottom fauna throughout the 

survey indicates that a lethal "slug" of chemical was never 

dumped into the river. This was verified by the ferry 

operators at the Cecil Ferry who reported no evidence of 

a fish kill (personal communication). 

The river bottom changed markedly from station 3 to 

4 due to the presence of fibre and, also, large quantities 

of sand carried by the effluent. Fibre was also present in 

all 1969 collections made at station 5. However, it must 

be pointed out that fibre deposits did not approach the 

magnitude often reported downstream from other pulp mills 

(Conroy and McGrath 1967, and German 1967, 1968). 

A summary of the benthic macroinvertebrate information 

indicates moderate pollution on the north side of the river 
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from the effluent discharge point to the Cecil Ferry. 

Bottom faunal populations were severely restricted in both 

quantity and diversity 2 km downstream. -~ definite im

provement in quality was observed 8 km downstream but the 

populations had not recovered to their original magnitudes. 

This reduction in the population is statistically significant 

for the length of river studied. 
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5.1 General 

CHAPTER 5 

FISH BIOASSAY 

The bioassay is superior to chemical analysis of the 

effluent in determining its effects upon fish. Pulp mill 

wastes are very complex including mercaptans, dimethyl 

sulfide, turpentine, methyl alcohol, ammonia, lignin, fatty 

and resinous acids, formic acid, acetic acid, lactonic 

acid and sodium salts of organic and inorganic acids. 

McKee and Wolf (1963) have summarized most of the available 

information on the minimum concentrations of each con

stituent which are lethal to fish. The toxicity of the 

effluent varies and is never completely predictable. 

Analysis of separate components is difficult and of 

questionable value due to synergism. The main advantage, 

therefore, of the bioassay is that it measures the total 

effect of the waste on the fish as it enters the river. 

A second advantage is the speed and ease with which this 

test may be conducted compared to a more thorough biological 

investigation. 

The major limitation of a fish bioassay is that it 

determines only the immediate toxic effect of the chemicals. 

Since oxygen levels are raised for the test, the effect of 

reduced oxygen on fish already under stress is not included. 

This test also fails to assess cumulative effects of poisons 

and chronic effects which may make the fish susceptible to 

parasites, disease, or predators. Cole (1935) showed that 

21 



undiluted kraft waste liquor is definitely irritating to 

fish in concentrations as low as 1:500. As long as its 

limitations are recognized, the fish bioassay gives us a 

good indication of the immediate total effect of the 

effluent on fish. 

5.2 Method 

The Routine Bioassay Method as outlined by the 

American Public Health Association et al (1965) was 

followed. Glass aquaria containing 5 litres each (Figure 4) 

and a cylindrical holding tank 26 em in diameter by 34 em 

in height were used. These were kept in a cold room at 

15°C. The effluent was obtained immediately prior to the 

experiments from the effluent ditch which leads into the 

river. River water obtained at station 2 was the diluent. 

Dissolved oxygen and pH were measured periodically and values 

were maintained above the recommended minimal levels by 

aerating the dilution water prior to the experiment. As 

a further check, one aquarium was continuously aerated by 

a bubbler. The test fish were brook stickleback, Culaea 

inconstans Kirtland, and rainbow trout parr, Salmo gairdneri 

Richardson. The first bioassay was run on brook sticklebacks 

because they were small, available in sufficient numbers, 

and reported by Reed (1959) in the Little Red River, a 

tributary of the North Saskatchewan River entering into 

the sampling area. These fish are, unfortunately, extremely 

tolerant to many unfavourable conditions. Therefore, the 

bioassay was repeated using the more sensitive rainbow trout 

parr. 
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5.3 Results 

In the first bioassay, no brook stickleback died 

during the 72 hour test period. They had been subjected 

to the following concentrations of effluent: 10%, 20%, 

50%, 50% (aerated). Fish in the 50% effluent dilutions 

were more sluggish than those in the control aquaria which 

contained only river water (diluent). The dark brown 

colour of the effluent made the fish in the 50% dilution 

difficult to see without the aid of a flashlight. The 

results of the second bioassay using rainbow trout parr 

are shown graphically on Figure 5. All fish in the 50% 

and 50% (aerated) dilutions were dead within 2 hours. 

Three fish in the 20% dilution died within 12 hours and 

the remaining two fish were upside down gulping air at the 

surface. All fish in the 10% dilution and in the control 

aquarium lived. Table 2 shows the amount of tannin and 

lignin present in the dilutions. 

Table 2. Concentrations of tannin and lignin determined 
in fish bioassay experiment. 

Control 
10% effluent 
20% effluent 
50% effluent 
18% effluent (Calculated TL ) m 

Tannin and Lignin 

(expressed as mg/1 tannic acid) 

0.6 
5.4 

12.0 
38.0 
11.0 
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5.4 Discussion 

The median tolerance limit (TL ) as estimated by the 
m 

straight line graphical interpolation method (American 

Public Health Association et al 1965) was 18% effluent by 

volume. Therefore, a dilution ratio of approximately 1:5 

would produce a condition that would kill half of the test 

fish. This is an intolerable situation and Henderson (1957) 

suggests an application factor of 10 which would increase 

the dilution factor to 1:50. 'Ihe Prince Albert Pulp Company 

mill discharges approximately 55 cfs of effluent although 

actual daily flows vary. Since the completion of the 

Brazeau Dam which partially controls the North Saskatchewan 

River, the minimum reported by the Inland Waters Branch of 

the Department of Energy, Mines and Resources of Canada was 

980 cfs which occurred in November 1963. 'Ihus, the minimum 

dilution factor would be approximately 1:20 which is far 

below the suggested minimum of 1:50. The Department of 

Fisheries of Canada et al (1961) suggested that a dilution 

ratio of 1:50 may be inadequate to protect the fishery in 

the Fraser River and that dilution ratios of several times 

that amount may be necessary for salmon. 

Calculations of dilution quantities have very little 

practical significance since most of the effluent flows 

down the north side of the river and does not mix freely. 

The tannin and lignin test was used as an indicator of the 

actual dilution occurring in the river. Since this test 

was also carried out on the experimental dilutions, they can 

be related to the natural conditions. According to Table 2, 
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18% TL dilution would contain approximately 11 mg/1 m 

expressed as tannic acid. Using Henderson's application 

factor, a safe level of dilution would contain not more than 

1.1 mg/1 tannic acid. The tannic acid is used here only 

as a measure of dilution since toxicity is generally 

attributed to the sodium salts of resin acids, hydrogen 

sulphide and methyl mercaptan (Van Horne 1958). Values 

in the range of 8 mg/1 tannic acid were often recorded as 

far as station 5 on the north side but all values on the 

middle or south sides of the river were well below 1.1 mg/1 

(Figure 12). Thus, the bioassay indicates that the north 

side of the river is unsuitable for sensitive fish at least 

as far as the Cecil Ferry. 

Because the Fisheries Branch of the Saskatchewan 

Department of Natural Resources is conducting routine 

bioassays of the effluent, the work presented here is of 

an exploratory nature only. Several factors must be kept in 

mind concerning the preceding discussion. Firstly, toxicity 

is not necessarily directly related to dilution since it 

also depends on the volatility and chemical stability of 

the toxic agent. Secondly, sensitive game fish such as 

trout are not present in the river (Reed, 1959). Although 

Kennedy and Sprules (1967) have summarized the information 

that is available on goldeye, Hiodon alosoides, the tolerance 

of these fish to kraft wastes is unknown. The Prince Albert 

mill appears to follow the pattern of other kraft pulp mills 

(Tomlinson 1954) in that the diluted effluent is not toxic to 
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fish when the mill is functioning smoothly. The danger arises 

from spills within the plant which are allowed to enter the 

effluent system or wastes which are dumped carelessly. 
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6.1 General 

CHAPTER 6 

COLIFORM BACTERIA 

A test for coliform bacteria indicates the presence 

or absence of conditions potentially hazardous to human and 

animal health. Many bacteria and viruses causing disease 

can be spread by contaminated water supplies which are there

fore unfit for recreational, many agricultural, and domestic 

uses without extensive treatment. Since testing for in

dividual pathogens is difficult and since they are usually 

transmitted to the water through human and animal excrement, 

the coliform test must be used. The bacteria of the coliform 

group are not dangerous in themselves but come from the same 

source and survive under approximately the same conditions 

as many of the pathogens. Thus, the presence of large 

numbers of coliform bacteria indicates a potential health 

hazard because the more dangerous organisms could also be 

present. This test was included in the survey because the 

North Saskatchewan River receives untreated sewage from two 

sources in the study area, the city of Prince Albert and the 

pulp mill. Aerobacter aerogenes and other members of the 

coliform group occur normally in soils, plants, jute, 

leather and other materials. Therefore, additional tests 

were completed to discover if the bacteria were fecal or 

non-fecal in origin. 

6.2 Method 

The membrane filter technique outlined in American 
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Public Health Association et al (1965) was selected. The 

medium used was M-endo broth without enrichment. 

Three samples were mailed to the Department of Public 

Health Laboratory, Regina which used brilliant green bile 

broth for the total coliform confirmed test. Fecal coliforms 

were determined at the same laboratory by inoculating E.C. 

media tubes from positive lactose tubes and incubating at 

0 44.5 C for 24 hours. 

6.3 Results 

A complete tabulation of data is contained in Appendix 

Table 1 but the dramatic increase in coliform bacteria is 

evident in Table 3. Table 4 which contains the data re-

ceived from the Public Health Laboratory, Regina, shows 

that all of the coliform bacteria in the effluent are of 

fecal origin. The actual number of bacteria must be con-

sidered unreliable due to the delay and uncontrolled 

conditions which occurred during transport. Although the 

mill began production gradually throughout the summer of 

1968, a noticeable change in river conditions did not occur 

until the underwater diffuser was abandoned in September 

1968. For this reason, the second column in Table 3 contains 

the average results up to the end of August 1968. 
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Table 3. Average concentrations of coliform bacteria in 
the North Saskatchewan River (bacteria/100 ml) 

Stations Coliform Bacteria 

1 
2 
3 
4 
5 

Note: 

Feb/68 to Aug/68 Sep/68 to Jun/69 

N = north 

S south 

71 
5,570 

978 
17,125 

989 

M midstream 

125 
8,356 

85,800,000 
12,900,000 (N) 

4 , 5 20 , 0 0 0 ( N ) 
8,600(S) 

20,000 (S) 
40,000(M) 

Table 4. Coliform bacteria as determined by the Department 

Station 

2 
3 
5 

of Public Health Laboratory, Regina on June 11, 1969 
(Bacteria/100 ml) 

Coliform Bacteria 

9,300 
712,400,000 

150,000 

Fecal Coliform 

230 
712,400,000 

2,300 

6.4 Discussion 

The Water Pollution Control Branch of the Saskatchewan 

Water Resources Commission has published a summary of 

water quality criteria for Saskatchewan (1968). The 

maximum coliform bacteria concentrations are listed accord-

ing to water use. The summary suggests that domestic water 

supplies without treatment other than chlorination must 

contain less than 100 coliform bacteria/100 ml but may 

contain up to 20,000 coliform bacteria/100 ml if complete 
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treatment is available. A maximum of 5,000 coliform 

bacteria/100 ml is set for outdoor recreation. The surface 

water quality criteria for the Environmental Health Services 

Division of the Alberta Department of Health (1968) lists 

a maximum of 10,000 coliform bacteria/100 ml and a maximum 

of 2,000 fecal coliform bacteria/100 ml. The criteria just 

outlined are very similar to those of most state and 

provincial authorities in the United States and Canada 

(McKee and Wolf 1963). 

According to the method of assessing pollution suggested 

by the Water Pollution Control Branch (1968), the river is 

in a clean state when it reaches Prince Albert. Data at 

station 2 suggests a doubtful condition probably due to 

the lack of sewage treatment facilities at Prince Albert. 

The river improved to a clean condition at the Cecil Ferry 

before the pulp mill began operations. The unusually high 

value at station 4 was due to the presence of cattle near 

the sampling point since investigations showed the condition 

to be restricted to a small area. After the pulp mill began 

operations the river condition deteriorated. Since all 

values on the north side of the river are in excess of 

1 million coliform bacteria/100 ml, this region must be 

considered extremely polluted. The south side of the river 

at the Cecil Ferry is also badly polluted. 

Sportsmen were often observed fishing from both banks 

of the river at the Cecil Ferry during the summer months. 

A definite health hazard exists since these people were not 
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aware that the river was unfit for recreational uses. 

'The high coliform counts are surprising since they 

are of the same magnitude as those described by Steel (1960) 

in sanitary sewers carrying domestic waste. At the Prince 

Albert mill, domestic sewage would only be a small fraction 

of the total effluent. Although coliform bacteria do not 

normally multiply in sewage, both Nieminen (1970) and 

McGrath (1967) found a pronounced increase in coliform 

growth in anaerobic lagoon models. This increase occurred 

at 4°C but a similar phenomenon may have occurred in the 

Prince Albert mill effluent even though the temperature and 

nutrient conditions were different. This growth at elevated 

temperatures may have also altered the fecal determinations. 
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7.1 General 

CHAPTER 7 

DISSOLVED OXYGEN 

Dissolved oxygen is required by all higher aquatic organisms 

in varying amounts. A general minimum of 5 mg/1 for fine 

game fish and 3 mg/1 for coarse fish (Ellis 1937, Huet 1965) 

is often quoted but actual concentrations depend on many 

factors such as age, temperature, acclimatization, and 

species. Oxygen is also necessary for bacterial stabili-

zation of organic material and therefore natural stream 

purification. Since the North Saskatchewan River is already 

under stress from previous pollution the dissolved oxygen 

is often at a critical level before the pulp mill effluent 

is added. Thus, any change, no matter how slight, could be 

of great importance to the maintenance of life in that area. 

7.2 Method 

Dissolved oxygen was measured by two methods, neither 

of which was entirely satisfactory. The azide modification 

of the iodometric method (Winkler method) according to 

American Public Health Association et al (1965) was normally 

used. Samples tested by this method were treated in the field 

but returned to the laboratory for final titration with 

thiosulphate solution. However, this method suffered from 

interference when high concentrations of pulp mill waste 

were being tested. The iodine was reduced by the effluent 

if allowed to stand prior to titration. The modified Miller 

method as described in Thomas (1953) was substituted in this 

case. 
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7.3 Results 

Appendix Table 2 contains the complete data. An 

illustration of the dissolved oxygen levels in the river 

before and after the pulp mill commenced production is 

presented in Figure 6. The cyclic fluctuations of dissolved 

oxygen in the river during 1968 and part of 1969 are shown 

in Figure 7. Since the river was not sampled from December 

1968 to February 1969, data from the Fisheries Laboratory 

of the Saskatchewan Department of Natural Resources 

(unpublished) was used. This is represented by a dotted 

line in Figure 7. 

7.4 Discussion 

Figure 6 illustrates the marked oxygen consumption as 

the effluent enters the river. Normal dissolved oxygen 

levels occur on the south side of the river while the 

north side is 2.4 mg/1 lower at station 4. The dissolved 

oxygen level is restored to normal when the water reaches 

station 5. 

Because cold water can dissolve more oxygen than warm 

water, high dissolved oxygen levels occur in the fall 

(Figure 7). The presence of ice cover prevents atmospheric 

oxygen from reaching the water and the dissolved oxygen 

values decrease gradually during the winter as a result of 

the biochemical oxygen demand. Thus, a minimum oxygen level 

is reached in February or March. Once the ice cover is gone, 

the cold water dissolves atmospheric oxygen rapidly and the 

oxygen values rise to a second peak in the spring. Increasing 
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temperatures lower the dissolved oxygen levels as the 

summer progresses. These values remain close to the 

saturation level due to the shallow and turbulent nature 

of the river. The greatest danger to fish, therefore, 

occurs in late winter. The graph for station 2 in Figure 7 

shows a minimum of 4.6 mg/1 in 1968 and a minimum of 2.8 

mg/1 in 1969. Fortunately, the minimum oxygen conditions 

occur when the oxygen consumption by fish is also minimal. 

Doudoroff and Shumway (1967) point out that oxygen 

concentrations below 3 mg/1 can be tolerated for long 

periods of time depending on environmental factors par

ticularly temperature. However, Doudoroff and Warren (1965) 

state that such low values ttare not deemed satisfactory or 

acceptable by anyone charged with water pollution prevention 

and control n. 

Moore (1942) gave 3.1 mg/1 as the lowest observed con

centrationsof dissolved oxygen at whick pike, Esox lucius, 

survived for 48 hours during the winter (0°C - 4°C) conditions. 

Reed (1959) found pike to be well distributed throughout the 

Saskatchewan River system but goldeye, Hiodon alosoides, was 

the predominant species. 

Using the method suggested by Fry (1960) and the un

published data of J.S. Hart presented in Fry (1957), the 

incipient lethal level for goldeye was 1.5 mg/1 at 5°C and 

2.5 mg/1 at 15°C. However, the incipient lethal level is not 

even an estimate of the mere support of life because it does 

not include such an essential function as digestion. Since fish 
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must swim against a current, forage for food, and reproduce 

the actual minimum necessary for survival is much higher. 

Again using the data of J.S. Hart as presented in Fry (1957), 

the activity of goldeye at 15°C increases as the dissolved 

oxygen increases up to 11 mg/1 which is greater than 100% 

saturation. Thus, any reduction in oxygen reduces the 

activity of the fish. 0 At 5 C, full activity is achieved 

at 5 mg/1. The term "scope" refers to the difference 

between the oxygen consumption of the fish in full activity 

and the oxygen consumption at rest. Basu (1959) has 

suggested that half scope be adopted as the standard. For 

goldeye at 15°C this would be half the scope at air sat-

uration. Using this standard, the half scope for goldeye 

would be approximately 3.3 mg/1 at 5°C and 6.3 mg/1 at 

15°C. As a comparison, the half scope for speckled trout 

is just under 6 mg/1 at 10°C (Jones 1964). 

Dissolved oxygen conditions have definitely improved 

in the 10 years since Reed's report (1959). A comparison 

of the oxygen now available and the oxygen requirements of 

goldeye is very encouraging. 
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CHA.PTER 8 

BIOCHEMICAL OXYGEN DEMA.ND 

8.1 General 

Biochemical oxygen demand (BOD) is a measure of the 

amount of oxygen required by bacteria while stabilizing 

decomposable organic matter under standardized aerobic 

conditions. This bioassay method is one of the best 

measures of the organic load carried by a body of water. 

Kraft mill wastes contain large amounts of hexose and 

pentose sugars and lignin. The sugars are rapidly decomposed 

by aerobic bacteria which, in so doing, consume large 

quantites of dissolved oxygen. The effluent therefore, 

reduces the dissolved oxygen content of the water. Lignin 

decomposes at a much slower rate so that less than 50% of 

the lignin is decomposed in 100 days (Raabe 1968). 

Chemical oxygen demand (COD) determinations were in-

eluded as a supplement to the regular biochemical oxygen 

demand tests. Chemical oxygen demand measures the oxygen 

equivalent of the organic matter that can be oxidized by 

strong chemical methods. These determinations should in-

dicate interference in the regular biochemical oxygen 

demand tests by toxic materials. They also give an estimate 

of the long term oxygen demand which may occur in the bottom 

deposits and which would not be indicated by a regular 5 

day BOD. 

8.2 Method 

0 The standard 5 day BOD procedure at 20 C was used as 
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outlined in American Public Health Association et al (1965). 

Standard 300 ml BOD bottles were used. Seeding was not 

necessary but samples containing high concentrations of 

effluent were diluted. Chemical oxygen demand determinations 

were made according to the procedure outlined in American 

Public Health Association et al (1965). 

8.3 Results 

Appendix Table 3 lists the complete data. Figure 8 

illustrates the effect of the pulp mill effluent on the 

biochemical oxygen demand of the river. The numbers used 

to plot the graph were averages of biochemical oxygen demand 

results from February 1968 to August 1968 (before the mill 

altered river conditions) and from September 1968 to June 

1969 (after mill operations commenced). 

Table 5 contains the average chemical oxygen demand 

data. 

Table 5. Average chemical oxygen demand results from 
October 1968 to March 1969 (mg/1). 

Stations 
1 2 3 4 5 

COD 7.5 20 793 138(N) 24(8) 
(mg/1) 98 (N) 

Note: N north side of river 

s south side of river 

8.4 Discussion 

Assuming an average flow of 55 cfs (refer to page 26) 

of effluent, 161 mg/1 of BOD is equivalent to approximately 
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48 thousand lbs/day which is within the limit of 50 

thousand lbs/day set by the Saskatchewan Water Resources 

Commission (written communication). The limit was later 

reduced to 40 thousand lbs/day on September 1, 1969. 

The pulp mill effluent system proposed by the Prince 

Albert Pulp Company Limited (written communication) was 

expected to produce an effluent which contained 170 mg/1 of 

BOD leaving the settling-ponds. This was expected to place 

a biochemical oxygen demand of 6.3 mg/1 on the North 

Saskatchewan River and 1.87 mg/1 on the Saskatchewan River. 

The average result of 161 mg/1 was slightly less than 

expected. The Head of the Water Quality Division of the 

Saskatchewan Water Resources Commission (written communication) 

expected minimum dissolved oxygen to occur downstream at 

the confluence of the North and South Saskatchewan Rivers 

during winter and in Tobin Reservoir during summer. 

I find it questionable that a river with minimum oxygen 

levels of 2.8 mg/1 and 4.8 mg/1 (or less at the confluence) 

should be expected to assimilate a waste with a demand of 

6.3 mg/1. I also think that the limit of 40 thousand lbs/day 

is too generous. As a comparison the City of Saskatoon 

which treats both industrial and domestic wastes is allowed 

only 30 thousand pounds a day and expects this limit to be 

reduced to 20 thousand (personal communication). 
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CHAPTER 9 

TEMPERATURE 

9.1 General 

Since pulp mill effluents are usually warm, the 

possibility of thermal pollution must be considered. As 

temperature increases the solubility of dissolved oxygen 

decreases so that saturated water at 30°C contains only 

7.5 mg/1. This amount of oxygen would normally be adequate 

but increasing temperatures simultaneously increase plant 

respiration and bacterial decomposition, which lowers the 

available oxygen supply. This effect would be greatest 

during the hours of darkness when photosynthesis is absent. 

Toxicity is often enhanced by increased temperatures and 

decreased oxygen. 

The lethal limit for fish is reported as the mean 

tolerance limit (TL ). Upper lethal limits for some fish 
m 

which were reported in the Saskatchewan River system 

(Reed 1959) are 31.2°C for the common white sucker Catostomus 

commersonni, 30.6°C for the brook stickleback Eucalia 

inconstans, and 33.8°C for the fathead minnow, Pimephales 

~romelas (Brett 1956). As a comparison, the upper limit for 

the lake trout, Salvelinus namaycush, is 23.5°C (Gibson 

and Fry 1954). Lethal limits vary as acclimation temperatures 

vary. Hart (1947) showed that the fathead minnow had a 

mean tolerance limit of 28.2°C at an acclimation temperature 

of 10°C which increased to 31.7°C at 20°C and 33.2°C at 

30°C. Thus, the upper limit of 33.8°C occurs at the maximum 
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acclimation temperature. As well, according to the Aquatic 

Life Water Quality Criteria, Second Progress ~eport (Anon 

1956) many fish cannot complete their life cycles unless the 

temperature during spawning and hatching is 10°C to 15°C 

below their TLm. The same report states that a sudden 

0 change of 5 C or greater is likely to be harmful but this 

also varies with the acclimation temperature. The sub-

lethal effects of temperature are also very important since 

temperature acts through the metabolic activity of poikilotherms. 

Brett et al (1958) concluded that, although the maximum 

sustained swimming speeds for young sockeye salmon were 

approximately equal at 10°C and 19°C, the increased metabolic 

demand at the higher temperature caused the energy reserves 

to be used up I! to 2 times as fast. 

Brett (1960) states that an acceptable temperature 

range "must provide for a level of activity commensurate 

with maintaining the species at a population level which is 

more than just a token sample". Since this temperature 

range varies with age, size, season, diet, species, and the 

other factors already discussed there cannot be a universal 

thermal standard. Although allowable temperature ranges 

must be well within the lethal limits, a specific decision 

based on all available information must be made for each 

situation. 

9.2 Method 

Temperature was measured by a rod thermometer at 

the water's surface since no significant thermal stratifi-

cation occurs in large rivers (Jones 1964). 



9.3 Results 

Figure 9 shows the general temperature cycle which 

occurred in the river during 1968-69. Appendix Table 4 

contains the complete tabulated results. Station 2 on 

Figure 9 illustrates the natural river condition while 

station 3 demonstrates the impact of the heated effluent. 

The average increase in temperature caused by the pulp mill 

effluent (from October 1968 to June 1969) was 10°C. A 

photograph taken on March 15, 1969 (Figure 10) shows the 

absence of ice cover along the north side of the river from 

station 3 to 5 and beyond. 

9.4 Discussion 

The natural aeration resulting from the absence of ice 

cover along the north side must certainly have a beneficial 

effect on the dissolved oxygen level and partially offset 

the oxygen demand placed on the river by the effluent. 

Several of the points made on page 43 do not apply to 

this survey. The effect of temperature on the solubility of 

oxygen is not important since the critical oxygen levels 

occur in winter when even the effluent is relatively cool. 

During the summer oxygen removed by the biochemical oxygen 

demand of the wastes would be rapidly replaced by atmospheric 

oxygen. Sludge deposits or increased plant growth has not 

become a problem. 

Although the pulp mill commenced production in July, an 

underwater distribution pipe was in operation until September 

1968. After this date, the effluent poured directly into the 
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river from an open ditch on the north side. Due to the 

excellent dilution obtained by the distribution pipe, no 

temperature changes could be detected during the summer of 

1968 although results obtained the following June in-

dicated that temperature could become a problem in the 

future. Stream quality data compiled by the Water Pollution 

Control Branch of the Saskatchewan Water Resources Commission 

(unpublished) for the summer of 1969 recorded effluent 

temperatures as high as 35°C. This high temperature region 

would be limited to a relatively small area where the 

effluent enters the river. No temperature change was de-

tectable at the Cecil Ferry where the temperature coincided 

0 with that above the pulp mill pump house at 21 C. 

The localization of the temperature effect allows fish 

to avoid the heated area by remaining on the south side 

of the river. However, fish that swim into the area would 

encounter a severe temperature rise as well as temperature 

in excess of the mean tolerance limits for most fish. 

Avoidance reactions may also alter the up-stream movement 

of fish. 
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10.1 Turbidity 

CHAPTER 10 

MISCELLANEOUS WATER ANALYSES 

Turbidity affects the aesthetic value of water and 

may hinder the feeding habits of fish and other wildlife. 

High turbidity would generally necessitate pretreatment of 

water by municipal and industrial users. 

Turbidity was measured in the laboratory on a Bausch 

and Lomb Spectronic 20 colorimeter according to Hach 

Chemical Company procedures (Water and Sewage Analysis 

Methods Manual). This method measures the extent to which 

the intensity of light is reduced as it passes through the 

water sample. Thus the readings are affected by colour as 

well as suspended and colloidal particles. 

The North Saskatchewan River carries a heavy load of 

coarse inorganic materials especially during flood conditions 

(Reed 1962) as shown by the graph for Station 1 on Figure 11. 

These particles settle rapidly in quiet water in contrast 

to the mill effluent which does not change appreciably on 

standing. Figure 11 demonstrates the dramatic effect the 

pulp mill effluent had on turbidity as it entered the river 

at station 3. The values for station 5 approach normal. 

Complete results are tabulated in Appendix Table 5. 

10.2 Tannin and lignin 

Lignin is one of the major constituents of wood and 

is largely wasted in pulp production. Thus, considerable 

quantities of lignin would be present in the effluent whiie 
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tannin would be present in smaller quantities. Since both 

materials contain aromatic hydroxyl groups which give 

identical colour responses, the results are given as tannin 

and lignin even though they are largely due to lignin. As 

a general indicator of kraft wastes, this test provides a 

good estimate of the dilution which is actually occurring 

in the river (refer to page 26) and can be used to estimate 

the horizontal distribution of the effluent across the river. 

The Bausch and Lomb Spectronic 20 colorimeter was used 

to measure tannin and lignin as outlined in the Hach 

Chemical Company procedures (Water and Sewage Analysis 

Methods Manual). Figure 12 demonstrates the addition of 

lignin to the river water after the pulp mill went into 

operation and clearly shows the concentrations of the 

effluent along the north shore. Appendix Table 6 contains 

tabulated data. 

10.3 pH 

Ellis (1937) stated that "if the water of flowing 

streams were more acid than pH 6.7 or more alkaline than 

pH 8.6 as a result of the addition of municipal or industrial 

effluents the buffer and carbonate systems were usually 

so disturbed that conditions harmful to fish were generally 

found". The Water Pollution Control Branch of the 

Saskatchewan Water Resources Commission suggested a pH range 

of 6.5 to 8.5 in its water quality criteria (1968). The 

same criteria exist in Alberta (The Environmental Health 

Services Division of the Department of Public Health 1968). 
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The pH of the surface water was measured in the field 

with a Hellige Comparator which was periodically checked 

with a Beckman model N pH meter. Appendix Table 7 contains 

complete tabulation of data. The river fluctuated from a 

low of 7.4 in early March 1968 to a high of 8.7 in late 

~pril of the same year. Generally, pH values decreased 

under ice cover but rose approximately 1 pH unit after the 

ice broke up in the spring. A slight dip also occurred in 

August. The pH of the effluent as it entered the river was 

erratic varying from less than 6.8 to 10.0. Of the last 

eight samples collected, four show the water to be more 

alkaline than the suggested limit. Again, the effect is 

restricted to station 3. 

10.4 Alkalinity 

Since alkalinity measures the ability of water to 

neutralize hydrogen ions, a moderate level of alkalinity 

is desirable. McKee and Wolf (1963) suggested that 100 to 

120 mg/1 or more was best for a diversified aquatic fauna. 

~lkalinity was determined according to the method out-

lined in American Public Health ~ssociation et al (1965). 

The intense colour of the effluent made alkalinity deter-

ruinations impossible at station 3. 

No significant changes from natural river conditions 

could be detected at any station. The alkalinity of the 
! 

North Saskatchewan River (averaged from February 1968 to 

May 1969) was 130 mg/1 of bicarbonate alkalinity and 

12 mg/1 of carbonate alkalinity. Hydroxide alkalinity was 
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always absent and carbonate alkalinity was absent during the 

winter months. ~ tabulation of data may be found in 

~ppendix Table 8. 

10.5 ~esthetic properties 

The Water Pollution Control Branch of the Saskatchewan 

Water Resources Commission (1968) stated that "no water shall 

be discharged which has not been treated or otherwise 

modified so as to maintain freedom from floating debris, 

oil, scum and other floating materials in amounts sufficient 

to be unsightly or deleterious" and "freedom from materials 

producing colour, turbidity or odour in such degree so as 

to create a nuisance n. 

At no time during the survey was there any odour at 

stations 1 and 2. Odour could be detected during the 

summer of 1968 at station 3 and it became intense and un

pleasant after September 1968. The same odour was present 

at stations 4 and 5 but it was of reduced intensity. 

The appearance of the river at stations 1 and 2 varied 

from clear and colourless to opaque due to the presence of 

large quantities of sand and silt. When turbid, the water 

was a light beige colour but would clear rapidly on stand

ing. After September 1968, the water at station 3 was 

always a dark brown colour. As a general indication of 

the intensity of the colour, brook stickleback could not 

be located in six inches of this water without the use of a 

flashlight in addition to the normal room lighting during the 

fish bioassay. Foam covered from 25% to 75% (estimated) of 

the water's surface at station 3 (Figure 13). Further down-
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stream, small patches of foam usually dotted the water's 

surface. Bottom materials appeared to have taken on the 

dark brown colour. Figure 14 illustrates the effects of the 

pulp mill effluent on the appearance of the river water. 
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CHAPTER 11 

POLLUTION ABATEMENT 

11.1 Pulp and paper industry 

In 1957, Winget and Blosser of the National Council for 

Stream Improvement Inc. (a research and service corporation 

organized by the pulp, paper and paperboard industry) 

stated that "no economically feasible and universally 

applicable device to effect significant reduction in the 

BOD (Biochemical Oxygen Demand) of certain pulp mill 

wastes has as yet been developed". However, they did point 

out that "a great deal of progress has been made by industry 

in effluent disposal practices to minimize the effect of 

oxygen demand of the effluent on the receiving waters. 

Lagooning ..... is being successfully practiced". According 

to the Canada Department of Fisheries and Forestry (B.W. 

Hamer, letter), experience with aerated stabilization pond 

treatment facilities had demonstrated that BOD and toxicity 

in the effluent could be reduced beyond that recommended in 

1964 (to protect salmon in the Fraser River system). Smith 

and Berger (1968) went even further in saying that "con

tinuing pressures on industry toward ever higher effluent 

quality are resulting in almost universal specifications 

by the regulatory agencies for secondary or equivalent 

wastewater treatment". In general, pollution abatement 

methods have now improved so that a very high quality 

effluent is feasible. 

Pollution control can be arbitrarily subdivided into 
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modifications within the plant and external treatment 

facilities. The modifications within the plant include 

bark recovery, reuse of contaminated water within the process, 

and a "spill'' recovery system. This recovery system 

generally includes pumps and a storage tank so that the 

concentrated waste can be collected and later reused rather 

than wasted into the disposal system. 

Adequate instrumentation is also necessary to warn 

operators when unacceptable conditions occur. Barton et al 

(1968) described a continuous monitoring system consisting 

of pH meter, a suspended solids monitor, a total carbon 

analyzer, river flow measurement, and dissolved oxygen 

meters. This instrumentation was connected to recording 

and alarm systems. The total carbon analyzer indicated BOD 

using a BOD - total carbon calibration curve. Dissolved 

oxygen was measured at the water intake to indicate oxygen 

consumption from other sources such as algal blooms, and 

downstream at the oxygen sag point. 

External treatment facilities are numerous and can be 

very effective. A partial list is included. 

(1) Biological oxidation. Trickling filters, activated 

sludge, spraying on land, stabilization ponds, and aerated 

stabilization ponds ("stabilization pond" and "lagoon" are 

equivalent). Of these methods aerated stabilization ponds 

are preferable for reasons of economics and dependability. 

The aerated stabilization pond with a five day capacity can 

be expected to substantially reduce hydrogen sulfide and 
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methyl mercaptan levels, remove at least 70% of BOD and 

50% of COD, and level out· fluctuations in pH (Department of 

Fisheries of Canada et al 1961). Although the efficiency 

is temperature dependant, stabilization ponds can be 

successfully operated under ice cover {Towne et al 1957). 

(2) pH control. The pH is generally raised by automatic 

addition of milk of lime. 

(3) Settling ponds. These are very similar to stabilization 

ponds except that the retention period is much shorter. A 

removal of 90% of suspended solids can be achieved with a 

20 hour settling pond as well as a slight reduction in 

BOD. However, Coughlan (1968) has pointed out that stab

ilization ponds release soluble BOD by degradation of 

cellulose if sludge is not continuously removed. Data 

collected on a dual settling basin installation (cleaned 

twice a year) serving a bleached kraft mill showed that the 

BOD increased 36% from 134 mg/1 to 185 mg/1. The degradation 

products of cellulose were released to the waste water 

which resulted in an increase in BOD. 

(4) Massive lime process. The method developed and 

patented by the National Council for Stream Improvement 

(Smith and Berger 1968) removes 90% of colour and 55% of 

BOD. This method in combination with other procedures could 

be used instead of biological treatment. 

( 5) Activated carbon. 1his method may be used after the 

massive lime treatment to yield almost complete colour 

removal. 

(6) Submerged diffuser. To protect salmon fisheries, the 
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Department of Fisheries of Canada et al (1961) stated that 

it was "considered essential that the effluent to be dis

charged to the Fraser River should be diffused into the 

entire cross section of the river in order to avoid possible 

localized toxic conditions in the river". 

11. 2 Prince Albert Pulp Company Limited 

The external treatment facilities of the Prince Albert 

pulp mill consist of 2 12-hour settling ponds (Figure 15) 

with the intention that the ponds can operate alternately 

to allow for cleaning two or three times a year. A sub

merged diffuser to distribute wastes across the width of 

the river was in operation until September 1968. 

The following pollution abatement procedures are carried 

out in the mill (written communication). 

(1) Evaporation, combustion, and recausticising of 

waste liquor. 

lime. 

(2) Electrostatic precipitation of boiler gases. 

(3) Wet scrubbing of kiln gases. 

(4) Burning of waste carbonate mud to produce quick 

(5) 

(6) 

Land fill of green liquor dregs, slaker grits~ 

Land fill of unburnable bark. 

(7) Reuse of waste waters. 

The wastes are mixed prior to reaching the settling 

basins and pH is corrected by the addition of carbonate. 

Instrumentation that will prove reliable under continuous 

mill service is difficult to obtain. The Prince Albert Pulp 
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Figure 15. Prince Albert Pulp Company Limited settling 
ponds and effluent ditch. 



Company Limited has developed weirs for flow measurement 

and automatic samplers. Commercially available conductivity 

meters were tried unsuccessfully but one is being developed 

by the mill. 

11.3 Regulations 

The Water Pollution Control Branch of the Saskatchewan 

Water Resources Commission (1968) examines each case from 

a broad water quality management viewpoint and does not 

set provincial standards for industrial wastes. The Canada 

Department of Fisheries and Forestry (B.W. Hamer, letter) 

also has no fixed standards. The economic benefits of 

each pulp mill compared to local fisheries are of prime 

consideration when pollution control requirements are set. 

However, an Interim Report (The Department of Fisheries of 

Canada et al 1961) updated in 1964, was prepared to regulate 

kraft pulp mills on the Fraser River. These requirements 

were never meant for wider application but, pertinent in

formation is included below as a guide. 

(1) Sludge from raw water treatment is to be disposed of 

on land or by continuous low rate bleeding from the water 

treatment equipment. 

(2) Control practices within the mill are to include pro-

vision for handling emergency discharges such as dumps and spills. 

(3) Mill effluent is to have a pH averaging between 7.0 

and 8.0 and never greater than 8.5 or less than 6.7 before 

it enters an aerated retention basin. 

(4) Aerated retention basin is to be provided capable of 



retaining waste for not less than 5 days and producing an 

effluent containing not more than 80 mg/1 BOD. When diluted 

to 65% concentration in river water, effluent shall not 

cause any mortality to yearling salmon for 96 hours. 

(5) Effluent is to be discharged through a submerged 

diffuser. 

(6) A monitoring system within the mill shall be provided. 
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CHAPTER 12 

SUMMARY 

1. A study of the North Saskatchewan River was completed 

to determine if the Prince Albert Pulp Company Limited 

mill was polluting the river and, if so, to evaluate 

the type and severity of the pollution. 

2. The study, conducted from February 1968 to June 1969, 

determined the quality of the river before and after 

the pulp mill began production in the summer of 1968. 

3. Five sampling stations monitored river conditions 

above, at, and below the pulp mill effluent outfall. 

4. Chemical, biological and microbiological analyses 

covered as many aspects of pollution as possible. 

5. Although the pulp mill began operations gradually 

throughout the summer of 1968 no pollution could be 

detected before September 1968. After this date wastes 

poured into the river from an open ditch and remained 

concentrated on the north side for the ~ength of river 

studied. 

6. The quantity and diversity of benthic macroinvertebrates 

were severely reduced 2 km downstream. This reduction 

was statistically significant for the length of the 

river studied although the number of genera returned 

to normal within 8 km. Results refer to the north side 

of the river since the organisms on the south side 

remained unaltered. 

7. The north side of the river was unsuitable for sensitive 

fish throughout the length studied. The effluent was 



not toxic to more tolerant fish during a 72 hour 

bioassay. The theoretical dilution ratio available 

under minimum conditions would be inadequate. 

8. Based on coliform bacteria criteria, the river was 

clean above Prince ~lbert, doubtful just above the 

pulp mill, badly polluted on the south side and 

extremely polluted on the north side for the length 

of river studied below the pulp mill effluent outfall. 

9. Water samples taken at the pulp mill effluent outfall 

averaged 85.8 million coliform bacteria/100 ml. A 

definite hazard to public health exists in the river 

due to the Prince Albert Pulp Company Limited mill. 

10. A pronounced immediate consumption of dissolved oxygen 

occurred at the effluent outfall. Dissolved oxygen 

levels were still reduced 2 km downstream but re

turned to normal within 8 km. 

11. Minimum dissolved oxygen conditions occurred in late 

winter. Minimum levels of 4.6 mg/1 in 1968 and 

2.8 mg/1 in 1969 represented considerable improvement 

over river conditions 10 years earlier. The river may 

have improved sufficiently to support fish life through

out the winter. 

12. The average 5-day biochemical oxygen demand of the 

effluent as it entered the river was 48 thousand lbs/day 

which was within the limit set by the Saskatchewan Water 

Resources Commission. 

13. The north side of the river below the outfall is ice 
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free during the winter which is probably beneficial. 

Elevated temperatures may make a localized area near 

the effluent outfall unsuitable for fish. 

14. Turbidity, tannin and lignin increased below the outfall 

while alkalinity remained essentially unchanged. 

15. In a restricted area below the outfall, the pH was 

erratic and often in excess of the suggested limits. 

16. The aesthetic value of the river was reduced after 

September 1968. 

17. Pollution abatement knowledge including inplant procedures 

and external treatment facilities such as settling and 

stabilization ponds has improved to the point that a 

high quality effluent is possible. 

18. The Prince Albert Pulp Company Limited pollution control 

mainly consists of extensive inplant control procedures 

and two settling ponds. 

19. No fixed standards for kraft pulp mills have been set 

by either federal or provincial regulatory agencies. 
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CHAPTER 13 

RECOMMEND AT IONS 

1. That the source of fecal coliform con

tamination of the effluent be determined 

and necessary corrective action taken. 

The Water Pollution Control Branch (1968) stated that 

"There are requirements that may be specified as universally 

applicable without any need for studies or surveys. 

These minimum conditions will demand the equivalent of 

primary treatment of sewage". In view of the hazard to 

public health and the intention of the City of Prince Albert 

to provide primary treatment, the pulp mill should separate 

sewage from industrial waste and provide primary treatment. 

2. That regulations for pollution control be 

based on the river's ability to assimilate 

the waste. 

At the time of this survey, 50,000 lbs of BOD/day were 

permitted to enter the river even where the dissolved oxygen 

and flow were minimal (refer to page 43) which is, in 

reality, allowing the river.to act as a sewer. The river 

is able to stabilize large amounts of BOD during much of 

the year but not during late winter. The practice of re

stricting BOD when the dissolved oxygen levels fall below 

a minimum standard is already in effect elsewhere (Barton 

et al 1968). 
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3. That consideration be given to Coughlan's 

(1968) observation that settling ponds of 

the type used by the Prince Albert mill 

increase the BOD of the effluent passing 

through them and that more frequent cleaning 

may be necessary. 

4. That additional treatment facilities in

cluding 5-day stabilization ponds be re

quired. 

A major reason for not including some control facilities 

with the original construction was that the mill needed time 

to stabilize production and determine the nature and location 

of pollutional problems. Sufficient time has elapsed for 

evaluation of the problem and a date for the second stage 

of treatment facilities should be set. If a city such as 

Saskatoon which will treat both domestic and industrial 

waste is allowed only 30,000 lbs/BOD/day with a fore-

seeable reduction to 20,000 lbs/day, then one industry 

could likewise be expected to reduce its demand on the 

Saskatchewan River system below 40,000 lbs/day. Although 

conditions differ in these two cases, a policy of water 

quality improvement practiced by all major water users 

throughout the province is reasonable and fair. Smith and 

Berger (1968) described "almost universal specifications 

by the regulatory agencies for 'secondary or equivalent' 

wastewater treatment". Certainly, Saskatchewan's natural 

resources are equally valuable. 
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A.PPEND IX 



~ppendix Table 1. Coliform bacteria (bacteria per 100 ml) 

Station 1 2 3 4(N) 4(S) 5(N) 5(S) 

Date 

May 2/68 , 0 500 3' 200 3, 200 
May 16/68 0 500 700 8,700 400 
June 6/68 0 500 500 40,000 0 
June 17/68 0 3,600 0 19,000 100 
July 6/68 100 100 1,500 5,300 1,300 

.......... July 12/68 -- 8,000 200 21,300 1,500 

.......... July 27/68 200 3,600 200 20,500 400 
~ug 7/68 200 7,500 1,200 11,500 700 
~ug 29/68 -- 24,400 1,300 10,700 1,300 
Sept 10/68 800 30,600 1,500,000 20,100 2,800 
Sept 26/68 100 13,000 3,300,000 11,300 2,800 
Oct 10/68 0 18,000 11,000,000 4,400,000 -- 265,000 
Oct 31/68 0 6,500 187,000,000 30,000,000 -- 4,520,000 
Dec 4/68 0 500 127,000,000 -- 23, 200' 000 
Mar 1/69 0 500 -- -- 3,800,000 17,000 
Mar 15/69 -- 800 -- -- 8,700,000 23,000 
May 8/69 100 5,200 270,000,000 16,000,000 3,000 90,000 
June 10/69 0 100 1,050,000 120' 000 0 150,000 



Appendix Table 2. Dissolved oxygen (mg/1) 

Station 1 2 3 4(N) 4 (S) 5(N) 5 (s) 

Date 

Feb 11/68 -- 5.0 
Feb 24/68 -- 4.6 
Mar 17/68 -- 10.1 
Mar 31/68 -- 10.2 
Apr 26/68 -- 15.0 
May 2/68 10.9 10.9 10.3 10.9 10.7 
May 16/68 10.5 10.8 10.5 10.3 10.4 

'-.) June 6/68 11.9 11.7 12.0 12.0 12.9 
00 June 17/68 9.7 9.4 9.8 9.6 10.1 

July 6/68 7.9 7.9 8.0 8.0 7.8 
July 12/68 7.8 7.6 8.0 7.6 8.0 
July 24/68 8.2 8.3 8.0 8.3 8.2 
Aug 7/68 8.9 8.8 8.8 8.8 9.0 
Aug 29/68 9.3 9.3 9.0 9.3 9.2 
Sept 10/68 9.6 9.6 0.8 9.4 9.7 
Sept 26/68 10.5 10.2 o.o 10.4 10.4 
Oct 10/68 13.6 11.9 0 .o 8.7 12.5 
Oct 31/68 12.9 12.0 o.o 8.9 8.9 
Mar 1/69 3.5 3.5 -- -- 3.1 2.8 
Mar 15/69 2.8 2.8 -- -- 2.8 2.8 
May 8/69 14.0 12.5 1.1 10.6 12.5 12.8 
May 22/69 9.7 10.0 0.0 6.2 9.2 7.5 
June 10/69 11.9 10.2 0.6 8.5 10.3 9.2 



Appendix Table 3. Biochemical oxygen demand (mg/1) 

Station 1 2 3 4(N) 4 (S) 5(N) 5 (S) 

Date 

Feb 24/68 -- 1.3 
Mar 17/68 -- 3.6 
Mar 31/68 -- 3.3 
Apr 26/68 -- 4.6 
May 2/68 5.2 5.3 4.9 -- 5.6 
June 6/68 3.2 4.4 4.9 4.4 4.5 

-.....) 
June 17/68 2.9 2.6 2.6 2.9 2.3 

"' July 6/68 3.9 3.9+ 4.4 3.8 + 3.5+ 
July 12/68 -- 7.6 2.4 8.0 9.0 
A.ug 9/68 3.3 2.8 1.9+ 2.4 2.5 
A.ug 29/68 3.7 3.3 5.0 + 3.4 3.5 
Oct 10/68 4.8 5.0 133 9.7 -- 5 .9+ 
Oct 31/68 2.7 2.0 107 28 -- 9.6 
Dec 4/68 3.8 3.9 270 34 
Mar 15/69 -- 0.6 -- -- 18 2.2 
May 8/69 3.3 4.8 210 18 1.2 2.4 
May 22/69 3.5 4.2 180 18 5.4 16.8 
June 10/69 4.0 4.6 66 16 4.0 7.0 



Appendix Table 4. Temperature ( °C) 

Station 1 2 3 4(N) 4 (S) 5(N) 

Date 

Feb 11/68 - 0 
Feb 24/68 - 0 
Mar 17/68 - 0 
Mar 31/68 - 0 
Apr 26/68 - 8 
May 2/68 10 10 10 10 10 
May 16/68 12 12 12 12 12 

00 May 30/68 15 15 15 15 15 
0 Jun 6/68 18 18 18 18 18 

Jun 17/68 17 17 17 17 17 
Ju1 6/68 24 24 24 24 24 
Ju1 12/68 22 22 22 22 22 
Ju1 24/68 18 18 18 18 18 
Aug 9/68 16 16 16 16 16 
Sep 26/68 10 10 18 10 10 
Oct 10/68 6 6 18 9 - 8 
Oct 31/68 3 3 17 6 ..... 6 
Dec 4/68 0 0 12 - - 0 
Mar 1/69 0 0 12 - - 0 
May 8/69 13 11 20 14 12 13 
May 22/69 14 13 21 14 13 13 
Jun 10/69 16 16 22 18 16 18 



Appendix Table 5. Turbidity (Jackson units) 

Station 1 2 3 4(N) 4 (S) 5(N) 5 (S) 

Date 

May 16/68 42 47 44 39 47 
Jul 27/68 123 134 144 140 140 
Aug 7/68 137 140 147 144 150 
Aug 29/68 51 61 86 56 47 
Sep 10/68 20 20 1000 20 32 
Sep 26/68 32 32 1600 32 32 
Oct 10/68 42 44 1290 140 - 54 
Oct 31/68 49 36 1000 188 - 128 

(XJ 

Mar 1/69 22 22 65 12 f-1 - - -
Mar 15/69 4 4 - - - 92 8 
May 8/69 123 137 600 17 2 134 134 
May 22/69 86 86 7 20 128 86 104 
Jun 10/69 84 106 350 123 106 109 



Appendix Table 6. Tannin and lignin (mg/1 as tannic acid) 

Station 1 2 3 4(N) 4 (s) 5(N) 5 (s) 

Date 

Jul 27/68 1.0 0.6 1.9 1.5 0.6 
Aug 7/68 0.7 0.9 1.0 1.3 1.3 
Aug 29/68 0.7 0.4 2.2 0.5 0.2 
Sep 10/68 o.o 0.1 21.0 0.3 0.1 
Sep 26/68 0.5 0.5 38.0 0.5 0.4 
Oct 10/68 0.5 0.5 88.0 9.3 - 1.5 

(XJ 

Oct 31/68 0.2 0.2 90.0 14.5 8.3 N -
Mar 1/69 0.2 0.2 - - - 4.0 0.3 
Mar 15/69 0.4 0.4 - - - 8.5 0.4 
May 8/69 1.3 1.3 44.0 4.3 1.2 1.3 
May 22/69 1.0 0.9 108.0 9.9 0.9 6.8 
Jun 10/69 0.8 1.3 39.0 5.1 1.1 2.4 



Appendix Table 7. pH 

Station 1 2 3 4(N) 4 (s) S(N) 5 (s) 

Date 

Feb 11/68 - 7.6 
Feb 24/68 - 7.4 
Mar 17/68 - 7.4 
Mar 31/68 - 7.7 
Apr 26/68 - 8.7 
May 2/68 8.6 8.6 8.5 8.5 8.6 
May 16/68 8.6 8.6 8.6 8.6 8.6 
Jun 6/68 8.6 8.7 8.7 8.7 8.7 

00 
Jun 17/68 8.4 8.5 8.5 8.5 8.4 w 
Jul 6/68 8.4 8.4 8.4 8.4 8.4 
Jul 12/68 8.2 8.2 8.2 8.2 8.2 
jul 24/68 8.0 8.0 8.1 8.0 8.0 
Aug 9/68 8.3 8.3 8.3 8.3 8.3 
Sep 10/68 8.5 8.6 9.1 8.6 8.6 
Sep 26/68 8.6 8.6 7.2 8.6 8.6 
Oct 10/68 8.6 8.6 6.8 8.6 - 8.6 
Oct 31/68 8.3 8.2 7.0 7.9 - 8.0 
Dec 4/68 8.2 8.2 10.0 - - 8.2 
Mar 1/69 7.4 7.4 - - - 7.6 7.4 
Mar 15/69 7.4 7.4 - - - 7.4 7.4 
May 8/69 8.4 8.4 7.8 8.4 8.4 8.4 
May 22/69 8.5 8.5 9.6 8.7 8.5 8.6 
Jun 10/69 8.7 8.6 9.4 8.8 8.7 8.7 



Appendix Table 8. Alkalinity (mg/1 carbonate/mg/1 bicarbonate expressed as mg/1 Caco
3

) 

Station 1 2 3 4(N) 4 (S) 5(N) 5 (S) 

Date 

Feb 11/68 - 0/182 
Feb 24/68 - 0/181 
Mar 17/68 - 0/124 
Mar 31/68 - 0/124 
Apr 26/68 - 34/85 -
May 2/68 26/95 26/95 26/97 - 34/82 

00 
May 16/68 28/84 34/80 34/80 22/88 30/88 

~ Jun 6/68 22/112 32/98 36/96 30/95 26/103 
Jun 17/68 12/13 2 30/112 30/105 30/105 22/120 
Jul 6/68 12/68 12/68 12/7 5 12/7 5 8/78 
Jul 12/68 0/122 0/122 0/120 0/120 0/122 
Jul 24/68 0/114 0/114 0/110 0/118 0/116 
Aug 9/68 12/104 8/108 8/104 8/106 12/104 
Sep 10/68 23/91 19/95 50/159 27/89 23/91 
Sep 26/68 8/111 8/14 - 2/110 8/112 
Oct 10/68 27/13 5 46/94 - 31/119 - 30/113 
Oct 31/68 0/160 0/154 - 0/158 - 0/158 
Dec 4/68 0/250 0/250 - - - 0/260 
Mar 1/69 0/184 0/184 - - - 0/175 0/169 
Mar 15/69 0/180 0/180 - - - 0/184 0/175 
May 22/69 20/147 0/161 - 16/146 26/160 26/153 
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