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Due to climatic and lithologic factors groundwater in 

Saskatchewan is often of poor quality.. Comnon problens include 

high levels of iron, manganese, hardness, sulfates, nitrates, and 

total dissolved solids. These water quality problens may inpose 

economic health and aesthetic costs on Saskatchewan farmers. 

Gcoundwater quality data from Saskatchewan Research Council was 

conbined with data gathered by mailed questionnaires to define 

four groups of farners based on the water quality analyses and 

the farners• assessment of his water quality. 

Discriminant analysis was used to determine whether those 

variables found to be important in explaining variations in 

perception in previous research were useful in explaining 

variations in perception of groundwater quality as illustrated by 

these groups. 

Respondents considered water quality to be less inportant than 

problens relating to production and economic issues.. They have a 

high awareness of the presence of general water quality problens, 

however when asked to identify specific water quality problems, 

variations begin to arise in perception. The analysis indicates 

that the severity of the problem and the value of water to the 

farrrang operation are positively related to perception of poor 

quality groundwater. Age and experience with the resource are 

negatively associated with perception. 
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1. INTROIXJCriOO 

The objective of this research is to deter~ne whether farmers 

perceive they have a water quality problem when they are defined 

as having a problem by the Canadian Water Quality Standards. 

Also of interest is to what extent perceivers, those who 

accurately assess their water quality, and non-perceivers, those 

who do not feel they have a water quality problem can be 

described by factors found to be inportant in previous perception 

research. 'Ihe area of study is defined by the farmers who 

respc>nded to the survey. These respc>ndents are all located in 

southern Saskatchewan, south of tovmship 62, as shewn in figure 

1.1 

Water quality is an inportant aspect of water use in 

Saskatchewan. As a result of both clinatic and lithologic 

conditions, the natural quality of ground water is often pcx:>r. 

Common problems include high levels of total dissolved solids, 

iron, sulfates , nanganese, nitrates, and hardness. 

These problellS iRpOSe health economic, and aesthetic costs on 

the user. Major economic costs can be attributed to reduced 

service life of appliances and water systems, water treatment 

costs, and higher energy costs. As a group, farmers rray have 

higher economic costs than the average consurrer as they ITIJSt 

naintain large water systems and nay have higher overall water 

use. 
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Figure 1-1 ~ Location of Respondents to the survey 

• One Respondent 
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1.1 Water Quality 

According to the Thornthwaite (1946) classification, most of 

the settled portion of Saskatchewan can be classed as send-arid, 

with potential evapotranspiration exceeding precipitation 

(Rutherford, 1967; Richards, 1981). Where the rate of 

evaporation exceeds precipitation as in Saskatchewan, water 

percolating dONn to the groundwater zone is often highly 

ndneralized due to the concentration of ndnerals (Rutherford, 

1967). 

The najor influence on groundwater quality are the leachable 

salts of precipitate and evaporite sediments. These are calcium 

carbonate (CaC03), ne.gnesium carbonate (MgC03) calcium sulfate 

(CaS04), sodium bicarbonate (NaH003), sodium sulfate (Na2S04), 

ne.gnesium sulfate (MgS04), and sodium chloride (NaCl) 

(Rutherford, 1967). These ndnerals are derived from glacial 

deposits which include carbonates and gypsiferrous rrdnerals from 

the parent bedrock and from granite and limestones to the 

northeast (Rutherford, 1967). 

Aquifers yielding water of sufficient quality for domestic use 

are located in the glacial drift and in the underlying tertiary 

and cretaceous sediments of alternating narine and non-narine 

origin. 

For the purposes of this research, poor quality water is 

defined as water having a rrdneral concentration greater than the 

naxirrum allowable limi. ts under the Canadian Guidelines (McNeely, 
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1979). 'Ihe Saskatchewan guidelines are based on the Canadian 

guidelines with higher allowable levels for sodium, sulfate, 

total dissolved solids, and hardness. as "sorre values had to t:e 

nodified in line with the actual situation in Saskatchewan" 

(Environnent Saskatchewan, 1977). The Canadian limits are shewn 

in table 1.1 along with the proportions of respondents with water 

quality constituents over thc:se limits. 

Table 1-1: canadian Maxilt'tUll Allcwable Limits 

Sanple Percent 
Constituent Limit Range Over Limit 

Total Dissolved 
Solids SOOrrg/1 445 - 8740 96.9% 

Hardness 120119/l 25 - 2150 93.0% 

Chloride 250ng/l 1 - 2560 9.4% 

So:iium 270ttg/l 14 - 1060 43.8% 

Nitrate 10rcg/l 0 - 450 21.9% 

Iron 0.3ng/l 0.8 - 39.1 87.5% 

Manganese O.OSng/1 0.1 - 8.23 91.4% 

Alkalinity 30 - SOOng/1 0 - 1090 64.8% 

Sulfates SOOng/l 0 - 3080 60.9% 

Taole 1.1 indicates the scope of water quality problens in 

Saskatchewan. OVer 90% of the respondents have problens with 

mmganese, hardness and total dissolved solids. Between 50% and 

90% have levels of sulfates and iron above the maxim..nn allowable 

limits as defined by the Canadian guidelines. '!his table 
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suggests that groundwater quality problems are widespread in 

Saskatchewan. 

Appendix A displays the sources and effects of the common 

minerals in Saskatchewan water supplies. 

1.2 Economic Costs 

The use of poor quality water irrposes economic. health, and 

aesthetic costs on the user. Even though a farner does not 

consider that he has a problem, he will te subjected to economic 

costs arising from reduced service life of appliances and 

plurrbing, and higher energy costs. '!he existence of these costs, 

which could be thought of as costs of misperception, illustrates 

the value of identifying those who are non-perceivers • 

In areas with poor quality water, household plurrbing and 

appliances are subject to corrosion and abrasion from the mineral 

constituents in water, thus reducing the service life of the 

item. The presence of hardness in water necessitates the use of 

larger anounts of soap and detergent for cleaning. High 

concentrations of calcium, nagnesium, sulfates, iron, potassium, 

carbonate and bicarbonate increase the operating and energy costs 

of appliance usage by the fornation of heat retarding and flav 

restricting scales on pipes and heating equipment. 

Patterson and Banker (1968) found the service life of water 

piping, toilet flushing nechanisns. garbage grinders, and washing 

equipment significantly affected by rrdnerals. They also found 

the total mineral concentration to be nore significant than the 
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individual constituents themselves. The following table shows 

the difference in average life of these items for 250 ppm total 

dissolved solids and 1700 ppm total dissolved solids. 

Table 1-2: Average Life of Household Items Under 
Va:cying Water Quality 

Service Life in Years 

250rcg/l 1750rcg/l 
tds tds 

Water piping 35 20 
Wastewater piping 45 25 
Water heaters 13 6 
Faucets 11 7 
Toilet flushing 
nechanisms 10 3 
Garbage grinders 8 5 
Washing equipnent 10 7 

Tihansky (1974) studied the effects of total dissolved solids 

and hardness in order to arrive a:t · an estinate of danage by 

mineral constituents in water. He found a reduced service life 

for utensils, appliances and plurrbing, operation and naintenance 

costs, costs for soaps and detergents and costs of water 

treatnent. Per capita damages for well water range from $1.04 in 

South Carolina to $36.09 in Colorado (in 1970 dollars). Danages 

for Saskatchewan nay approach those for Colorado because of the 

high mineralization of groundwater in both locations. 

These costs represent the minimum cost a farmer would face. 

Farners using groundwater m..JSt install and rraintain large water 

systems. In sone operations higher water use will accelerate the 
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depreciation of equiprrent. These figures include ccsts only for 

total dissolved solids and hardness, additional costs could be 

expected if high levels of iron, rranganese, or iron bacteria were 

present. 

1.3 Health Ccsts 

Water with high levels of dissolved rrdnerals can affect humans 

in a nunter of ways. Sulfates, rragnesium, and potassium in large 

quantities can lead to gastrointestinal irritation and laxative 

effects especially for new users. A toleranc:e is developed over 

tine and constant consuners are not usually bothered (McNeely, 

1979; Lehr et al 1980). 

Water containing high levels of sodium may aggravate cardiac, 

renal, and circulatory problerrs. High levels of nitrates may be 

toxic to infants, causing nethaencglobinaemia, a reduction of the 

oxygen carrying capacity of the bl~. High levels of flouride 

xray result in dental flourosis, a pitting or dark brcwn 

discoloration of the teeth, and concentrations greater than 4 

ng/1 nay affect !:one structure (McNeely. 1979; I.ehr et al, 1980). 

Conversely high levels of hardness have teen associated with 

lcwer death rates from heart disease, although the significance 

of this is still the subject of nuch discussion (Joyce, 1980; 

Brenninan, 1980). 

1.4 Aesthetic Costs 

An ircportant but difficult to rreasure aspect of water quality 
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are the aesthetic costs of poor quality water. Most of the 

dissolved ~nerals have a taste when present in large quantities, 

however a tolerance is developed over tine and users nay find 

other water tastes poor to them. 

The staining of clothing and household itens associated with 

iron and nanganese, as well as the scale caused by hardness could 

be considered aesthetic costs, serving as a constant re~nder of 

the problem and thus be an inportant noti vat ion for action to 

reduce the problem. 

The above discussion illustrates the water quality problerrs 

faced by Saskatchewan farrrers. Due to clinetic and lithologic 

conditions, the nost cannon problerrs are high levels of total 

dissolved solids, iron, sulfates, rranganese, and hardness. '!he 

presence of these minerals in a farm water supply nay inpose 

substantial costs on the farner through deterioration of water 

supply systens and appliances and the provision of treatrrent to 

improve water quality. Additional health and aesthetic costs are 

also present, but due to neasurenent problems for both health and 

aesthetic costs and a lack of knowledge of the long term 

physiological effects of these minerals, these costs are 

difficult to quantify. Nevertheless, a definite problem exists 

which inposes large costs on the farners of Saskatchewan. 
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2. PERCEPTIOO STUDIES 

The perception approach to the study of water quality problems 

is valuable in that the behavior of farners with respect to 

coping with these problems will be based on their perception of 

the problem and their perception of the options available for 

dealing with the problem. Lack of awareness of a problem or of a 

solution effectively prevents adoption of measures to rrQnirrdze 

that problem. Even though a problem is not perceived# it nay 

still pose a cost on the affected individual or group. 

For the purpose of geographic research, perception or social 

perception is defined as " hunan awareness and understanding of 

the envirorurent in a general sense" (Burton, Kates, and White, 

1978) • Awareness is one aspect of perception and is necessary 

for perception to occur. The study of perception grew out of the 

need to explain the actions of man in his environment, an 

explanation that was not achieved by looking soley at the 

physical nature of the environment (Kates, 1962). Perception 

studies arise from the theory that "environmental decisions and 

tehavior are based on individual or group images of the real 

world (Saarinen, 1976). 

The environment provides information that is perceived in 

different ways by different people. 'Ihese perceptions or ineges 

in turn lead to decisions and behavior in the environment which 

then generates new information and the process continues. 

The area of study within geography that has contributed most to 
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-perception research is natural hazard research. Natural hazard 

research has followed the philosophy of Harlan H. BarrON's ( 1923) 

who defined geography as the "study of hunan ecology 11
• From this 

basis, natural hazard research has sought to explain the 

relationships between the distribution and activities of man and 

these aspects of the physical environnent that are harmful to 

him. These relationships are viewed from the perspective of 

nan's adjustnent to his environnent in that ''hazards can only be 

defined in terns of their inpact on hunan society, therefore, 

they rrust be seen as the· joint product of the events occuring in 

nature and the existing hunan adjustnent to those events" 

(Russell, 1969) • In this sense, a natural hazard exists wholly 

neither in the physical realm nor in the hunan realm. Based on 

this concept, hazard research has traditionally concerned itself 

with human behavior which is characterized by the adoption of 

hazard adjustnents. 

2.1 Early Natural Hazard Studies 

BarrON's' ecological approach was applied by Gilbert White in 

his nonograph, Ht.man Adjustnent to Floods. White identified the 

range of adjustnents to floods practised in the United States at 

that tine. The predominant adjustnents to the flood hazard were 

flood protection and Covernnent relief. Action to cope with the 

flood hazard was essentially of a crisis response nature, rarely 

occuring until after a flood disaster (White, 1945). 

Subsequent publications under the direction of White at the 
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University of Chicago focused on specific adjustments to flooding 

(Murphy, 1958; Sheaffer, 1960), assessment of the extent and 

change of flood plain occupance, (White et al; Burton, 1962) and 

a collection of papers exploring specific aspects of the 

adjustnent process (White et al, 1961). 

2.2 Attitude and Perception Studies 

The studies of flood plain occupance conducted by White and 

others ( 1958) and Burton ( 1962) narked a change in the focus of 

research from a "somewhat deterndnistic geography of the physical 

rrdlieu of flood plains to an inquiry into man's choice in the 

conplex social, economic, and physical world that surrounds him 

(Kates, 1962) . 

These studies showed that factors other than the physical 

aspect of flooding influenced people's decisions to live and work 

on the flood plain. Site conditions, urban gro.vth, econondc 

factors, and the relationship of the hazard to local resource use 

were found to be irrportant in rran 's decision to use the flood 

plain (White et al, 1958; Burton, 1962). 

Burton ( 1961) and Rcrler ( 1961) investigated the relationship 

between attitudes toward flooding, socioeconorrdc class, levels of 

flood hazard, and protection infornation. They found no direct 

relationship between knowledge of protective structures or 

socioeconorrdc class and residents' expectation of future floods. 

However attitudes tONard flooding were found to be related to 

past experience and flood plain residents were not very concerned 
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with the flood hazard as it was only one of nany problens 

affecting their lives (Burton, 1961; Roder, 1961). 

White( 1961) descrit:ed choices in resource use as shewn in 

figure 2.1. 

Figure 2-1: Choices in Resource Use 

Theoretical Range 
of Adjustnents 

Practical Range 
of Adjustnents 
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environnental 
social 

A 
1 

A 
2 

Although in theory, a decision in resource nanagenent involves 

a choice anong a large nunber of alternatives, "no manager has 

open to him in practise the full theoretical range of choice" 

(White, 1961}. The nodel illustrates that sone choices are 

blocked by social constraints, awareness, and the status quo, 

resulting in a practical range of choice that is usually rruch 
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narrower than the theoretical range of choice. The practical 

range of choice is further reduced as the resource nanager takes 

into consideration economic, technological, environmental, and 

social factors. The actual choice is thus equivalent to the 

decision nade (White, 1961) . 

Jackson ( 1980) found this rrodel useful to descrite decisions 

and choices for coping with energy problems and rising energy 

costs. 

These ideas were developed further by Kates (1962) and White 

(1964) in a pair of studies that carried on the examination of 

attitude¥) kna-~ledge, and experience tegun in the Burton ( 1961) 

and Roder ( 1961) studies. Kates studied the perception of choice 

of adjustment, the perception of the flood hazard and the 

relationships tetween them. 

He found that awareness of the -hazard increased with frequency 

of floodir~, and that a wide variety of perceptions of the flood 

hazard existed. 'Ihis suggested that infornation and experience 

were not the only determinants of hazard perception, rather that 

information was interpreted by the observer and fitted into 

deterministic, indeterministic, or probabilistic views of flood 

events .. 

A conpanion study by White ( 1964) sought to determine "the 

circumstances in which private and public nanagers choose among 

several possible adjustments to floods and the extent to which 
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any concious choice is rrade ". White continued the use of his 

model (figure 2.1, page 12}} to describe the decision processes 

of flood plain managers. Six factors were seen as useful to 

describe these decision processes 4 'Ihese were: 

1. economic efficiency 

2 . the perception rranagers have of the theoretical range 
of choice open to them in naking adjustnents to the 
flood hazard. 

3. 'lhe perception nanagers have of the flood hazard 

4. the technology perceived by the managers 

5 4 the managers recognition of the spatial linkages 
between action in the flood plain and resource use in 
other areas 

6. The conplex of social restraint that affects the other 
elenents. 

In 1968 the Natural Hazard Research Project was initiated by 

the University of Chicago, the University of Toronto, and Clark 

University. A series of papers· resulted from this project, 

exploring such topics as adjustrrents to hazards, nethodologies, 

responses to natural hazards in different cultural settings, and 

theoretical aspects of natural hazard research. 

The findings of this research project were suntre.rized by Kates 

(1970) as he described the process of human adjustment to natural 

hazards. '!hat model was further refined and published by Burton, 

Kates, and White (1978}. 

The model shewn in figure 2.2 states that both the human use 

system and the natural events system together produce a natural 
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Figure 2-2: Hunan Adjustrrent to Natural Hazards 

CANVASS OF ~v------------------------------~ 'l1iE RANGE OF ~' 
ALTERNATIVE 
ADJUS'IMEN'IS 

HUMAN USE 
SYSTEM - EVALUATICN 

OF THE 
--7 C!mEQUFNCES ~CHOICE OF 

NATURAL M.Nl'S - ~~ I AllJUSTMENl'S 

SYSTEM /' 

APPRAISAL OF r--------~ 
THE EXTREME 
E.VENlS 

hazard. When a hazard occurs, effects such as costs and losses 

and intangibles are realized and above sone threshold, people 

~gin to perceive a problem exists. If the costs are perceived 

to te severe enough, the hazard event will result in the adoption 

of adjustrrents.. Whether or not a rranager considers adjustrrents 

to a hazard depends on his event perception, personal experience, 

and personali~ traits. Ha.vever a rranager is not able to 

consider the full theoretical range of adjustrrents due to social 

constraints, level of awareness. and the status quo. He 

evaluates a known set of adjustments as to environmental fit. 
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technological feasibility, economic gain, and social conformity .. 

Other variables which influence the adjustment process are 

managerial attributes such as role responsibility and 

communication access (Kates, 1970). The resulting adjustment 

decision feeds back to affect both the human use and natural 

event systens. 

A nurrber of personality variables have been used to explain 

perception and adjustment to natural hazards. The thenatic 

apperception test (Saarinen, 1966; Sins and BallltBnn, 1974), locus 

of control (Sins and Baunann. 1972; Sircpson-Hausley, 1978: 

Schiff, 1977), and cognitive dissonance (Adans, 1974; Shippee et 

al, 1980) have all been utilized with contradictory results. 

Adverse hazard experience has been the nost pc:werful variable in 

explaining perception of hazardous events and the propensity to 

adopt adjustments .. 

2 • 3 Studies of Agriculturalists' Perceptions 

One of the early hazard studies by Burton (1962} found farrrers 

were rrore knowledgeable about the flood hazard than their urban 

counterparts. Burton also connents that the farner "responds to 

a variety of conditions among which the flood hazard is not often 

of prinary significance... in appraising the resource potential 

of his farm. the operator places weight not only on external 

factors such as rrarkets and transportation, but also on the whole 

resource conplex over which he exercises control and not sinply 

on the individual parts of it" (Burton, 1962). 
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Saarinen ( 1966) studied the perception of the drought hazard on 

the Great Plains. Perception of the drought hazard was found to 

vary with degree of aridity, anount of drought experience, 

personality variables and the type of farming operation. Farners 

were generally optimistic with respect to drought frequency and 

tended to overestimate the number of drought free years. Boyer 

( 1977) studied perception of the frost hazard anong orchardists 

in British Columbia. A high level of awareness of the frost 

hazard was found. 'Ihere was no apparent relationship tetween 

age, education, or experience and perception of the frost hazard. 

Respondents had a tendency to deny the severity of the problem 

and to look at the hazard in a cyclical and therefore knowable 

fashion. Ward ( 1974) also found the farners ne.de inaccurate 

appraisals of the frost hazard. 

These studies all found a high level of hazard awareness by 

those involved in agricultural activities. HONever a study by 

Jackson (1977) into perception of environmental damage associated 

with irrigation shaYed a lCM level of awareness by both farners 

and non farners. 'Ihe author concluded that the respondents 

either denied the damage in keeping with the view that irrigation 

was a teneficial practise, or that the benefits outweigh the 

costs enough that people accept the negative consequences. 

2. 4 Studies into the perception of Water Quality 

Studies by Elizabeth David (1971) in Wisconsin and Mary Barker 

( 1971) in Ontario found that nost comnon rreans to determine 
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pollution of water bodies was visual. In the study by David, 40% 

nentioned algae and green scum and 35% nentioned IlUrky dark 

water. More than half of the respondents in the Barker ( 1971} 

study based their evaluation of water quality on appearance as 

did 90% in a study by Nicholson and Mace ( 1975) An interesting 

finding in the Barker study was that although people based their 

evaluation of water quality on physical appearance, the majority 

felt that pollution was caused by bacteria and chemicals which 

may not result in conditions that are readily apparent visually4 

A study by Kooyoomj ian and Cleseri ( 1974) of the perception of 

water quality at four lakes, two of which were oligotrophic and 

the other two eutrophic shewed that a nutrient rich condition can 

be readily recognised by an untrained observer. Parkes ( 1973) 

also found a high and generally accurate awareness of change in 

water quality at recreation sites. 

The use dependent aspect of water quality was supported by 

Kooyoomj ian and Cleseri ( 1974) • They found fisherman were nost 

sensitive to water contact features such as temperature, clarity 

and bottom conditions, and that cottage aNners and hone C11mers 

were critical of shoreline problens, odours, colour, and taste. 

In addition, recreationists were least critical of overall 

quality while the cottage and hone ONners were the nost critical. 

This factor may be a result of the prolonged contact the owners 

have with the lake, whereas the recreationists would have only 

intermittant contact. 
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Experience was found to be inportant by Hines and Willeke 

( 1974) as those who had learned about water quality problerrs by 

personal contact thought water quality problems were more 

critical. Socioeconomic variables such as age and sex seem to 

have little consistant bearing on the perception of water quality 

and Hines and Willeke (1974) conclude that perceptual variables 

are more inportant than any denographic variables in peoples ' 

assessnent of water quality. In studies by Parkes ( 1973) , and 

McEvoy, ( 1973) education shewed a slight positive association 

with awareness of water quality problems. 

Barker's ( 1971) study of Toronto Beach ·users found that 

attitudes and values toward the environnent were important. 

'!hose who cons ide red nan was dominant over nature were nore 

critical of the action being taken to conbat water pollution. 

The effects of perceived water quality on behavior was found by 

Parkes ( 1973) and Coughlin ( 1972) to be significant. Both 

studies found a positive relationship between reduction in 

recreational water use and diminishing water quality. This was 

also found by Barker in the case of swirrming, h011ever sone users 

continued to go to low quality sites because of convenience. 

This is possibly a result of restricted mobility caused by 

reduced leisure tine and other socioeconomic variables. People 

were observed swimni.ng even when signs were posted warning of the 

danger of doing so. There was a tendency arrong frequent users of 

the sane beach to discount the pollution levels at the place they 
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frequented and to express the view that the pollution was worse 

or nore widespread elsewhere (Barker, 1971). 

2. 5 Perception of Air Quality 

Studies into the perception of air quality have shown a 

positive relationship between observer appraisals and physical 

neasures of air quality. Most people evaluate air quality on the 

basis of visual and olfactory clues, and people are generally 

unaware of gaseous pollutants unless concentrations are high 

enough to cause physical discomfort. Social status was also 

found to be positively related to awareness and concern with air 

quality. However, rrost respondents assign a low inportance to 

air pollution problems {Barker, 1976). 

2.6 SU111lBI'Y 

On the basis of the research into perception of natural hazards 

and water and air quality, a nunber of factors have been shown to 

influence perception. These are experience, the severity of the 

hazard or problem, the need for the resource, age, education, and 

whether the problem can be easily sensed. 

2. 7 Purpa;e and Hypotheses 

'Ihe purpose of this research is to determine the usefulness of 

variables found inportant in previous perception research to 

differentiate among groups of farrrers with varying perceptions of 

their groundwater quality. 
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Four major hypotheses have been formulated: 

1. '!be nunber of farners who perceive they have water 
quality problems will be less than the nunber whose 
water is evaluated as being poor by the suggested 
guidelines. 

2. Increased perception of water quality problems will be 
positively related to the severity of those problems 
as defined by the stated Canadian governnent 
guidelines. 

3. Increased perception of water quality problems are a 
positive function of past experience. 

4. Increased perception of water quality problems is a 
positive function of the value of water to the farndng 
operation. 

These hypotheses will be tested using the statistical 

technique, discriminant analysis. which provides a neans of 

differentiating between these groups of farmers on the basis of a 

group of independent variables found to influence perception in 

earlier research. 
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3. ME'IHOOOLOGl 

3 .1 Data Sources 

Two sources of data provide the bas is for this Thesis. The 

Saskatchewan Research Council has accumulated a file of 

approxinately 5000 water quality analyses since 1962. These 

sanples are collected and analysed for the rrajor chemical 

constituents according to specific guidelines (Meneley and Hagen, 

1975). FollCMing the analysis, copies are distributed to the 

cwners of record, Water Rights Branch, and Family Farm 

Irrproverrent Branch of the Provincial Cbvernnent. 

From these records, a random sarrple of 600 water quality 

analyses were selected. Of the 600, 326 analyses were for farm 

wells.. Questionnaires were sent to the CMners of these wells, 

providing the second source of data. A copy of this 

questionnaire may be found in Appendix B. 

The questionnaire design was based on the type generally used 

in natural hazard research (White, 1974) and fornatted follCMing 

suggestions from Dillnan (1980). Many of the questions were 

similar to those in other studies of perception of natural 

hazards in order to allow comparisons with previous work in this 

area. In addition, the rrajority of questions were open ended to 

minimize leading the respondents .. 

The questionnaire consisted of 4 sections. The first section 

deals with general questions about farming in the area. and 

provides sene neasure of the irrportance of water quality problens 
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with respect to other issues. '!he second section refers to water 

quality problems. then focuses more specifically on the 

individual problens and adjustnents to these problems. The third 

section explores the respondents sources of information and 

experience with governnent assistance. '!he fourth section is 

intended to provide socioeconomic data about the respondents. An 

additional question regarding the respondents willingness to 

participate in research conducted by the Departnent of 

Agricultural Engineering was included to aid one of their 

research programs. The questionnaire included a nurrber of 

questions designed to ensure the respondents were referring to 

the sane well as the water quality data represented. 

The questionnaire was pretested by a group including farners, 

geographers, and engineers familiar with the area of water 

quality. 'Ibis pretest resulted in sone changes ~ing made to the 

questionnaire. '!he revised questionnaires were nailed to the 326 

farners from the random sanple of water quality analysis. The 

package included a cover letter to introduce the study and 

solicit the respondents assistance, the questionnaire, and a 

stamped self addressed envelope. 

A reminder was sent to those who had not responded 5 weeks 

after the initial rrailing, tined so that harvesting would t:e 

complete. This appeal brought in a substantial number of 

completed questionnaires. 

Of the 326 questionnaires rrailed, 29 did not reach their 
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destination, 128 usable questionnaires were received, a 43% 

response rate. The sanple size was further narrowed down to 88, 

by choosing those who could re matched with the water quality 

analysis with certainty and those who were using their water for 

drinking and household use. 

The water quality analyses provided the physical measure 

against which the respondent's estimation of his water quality 

and his adoption of adjustments were analysed. '!his resulted in 

the formation of a nunber of distinct groups: 

1. those who had no water quality problens 

2 . those who had a water quality problem, but did not 
indicate they did. 

3. those who had a water quality problem and were aware 
of their problem. 

4. those who had a water quality problem, were aware of 
the problem, and were taking steps to alleviate that 
problem 

3.2 Statistical Analysis 

· 'Ihe statistical technique used to test the hypotheses was 

discrinanant analysis. On the basis of the questionnaire, four 

distinct groups could be defined. Discrindnant analysis is 

useful in the study of the differences between groups on the 

basis of a number of variables. The discrinanating variables 

used for this analysis were: 

1. tONnship 

2. range 
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3. age 

4. education 

5. value of the farming operation 

6. the nurrber of years the family had farned in that 
location 

7. the nurrber of years the respondent had been farming 

8. the nurrber of head of cattle 

9. the nurrber of acres in grain 

10. the nunber of years since the well was constructed 

11. the nunber of years since the well water was analysed 

12. amount of alkalinity 

13. amount of total dissolved solids 

14. amount of sulfates 

15. anount of iron 

16. amount of hardness 

17. anount of nitrates 

The majority of assumptions necessary for discriminant analysis 

were net as the respondents were nenbers of at least two rrutually 

exclusive groups, there were at least two cases per group, the 

nunber of cases was nore than three tines the nunber of 

discriminating variables, and the covariance natrices for each 

group were tested and found to be equal (Klecka, 1980; 

Lachenbruch and G::>ldste in, 1979) • 

Three of the discriminating variables were neasured at the 

ordinal level rather than the interval level. To cope with this, 

the discriminant analyses were run with dumnv variables but these 
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analyses did not offer nuch inprovenent in the neasures of 

association, and introduced the problem of dealing with 

interaction effects which was not possible with the size of data 

set available. 'Ihe one analysis in which the use of dtJim¥ 

variables gave a significant inprovement had a sample size of 

only 50, precluding the introduction of interaction effects into 

the rcodel. 

The second problem was the lack of a normal distribution on 

sone of the discriminating variables. The water quali~ 

constituents, total dissolved solids, alkalinity, nitrates, and 

iron were not normally distributed. When the variables were log 

transforned 1 the analysis was inproved marginally in sone cases, 

not at all in others. On the basis of Klecka, (1975) who states " 

that the technique is very robust and these assumptions need not 

be strongly adhered to" 1 and considering the problems of 

interpretation introduced by log-transformation, the variables 

were not transforned. 

Discriminant analysis has two purposes, explanation and 

class:iJ fi.cation. The first purpose, explanation is achieved 

through the computation of discriminant functions which are a 

linear conbination of the discriminating variables , such that the 

group means are as different as possible. 

discriminant function is shaNn below. 

D =d Z +d Z + ••• 
i il 1 i2 2 

+ d z 
ip p 
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where: D is the score on the discriminant function 
i 

d is the discriminant coefficient of the p th 
ip variable used in the analysis. 

Z is the standardized value of the p th 
p discriminating variable used in the analysis. 

Discriminant function coefficients are determined considering 

the group neans, standard deviations, and the interrelationships 

(covariance and correlation) ~tween variables. If the groups 

are distinct, the anount of dispersion within the groups will b3 

less than the anount of dispersion of the total data set. 

The values of the discriminant functions indicate the relative 

contribution of the independent variables to the group functions 

( I.ehrrann, 1979) • 

Measures of the usefulness of the discriminant functions in 

differentiating ~tween groups are: 

1. The canonical correlation which rreasures the strength 
of the relation ~tween the groups and the 
discriminant function. 

2. Wilks 'lanbda which is a lTllltivariate neasure of group 
differences over the discriminating variables. Lalrbda 
varies ~tween 0 and 1 with values near 0 indicating 
high discrimination and values near 1, no 
discrimination. 

3 .. lhe chi square test of significance conputed with 
Wilks' lantxia. 

4. lhe percent of cases correctly classified by the 
discriminant function. 

Once a group of variables that differentiate between the groups 

are determined, classification functions can be derived for each 
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group. The classification coeficients are deterndned from the 

:pooled within groups covariance rratrix and the centroids for the 

discrindnating variables and are used as follows: 

C =CV+CV+ 
i il 1 i2 2 

+ c v +C 
ip p iO 

where: C is the classification score for group i 
i 

C is the classification coefficient for the p th 
ip discrindnating variable for group i. 

C is a constant for group i 
iO 

V is the raw score on the p th discrinanating variable 
p 

Each case will be assigned as nany scores as there are groups 

and will then be classified into the group for which that case 

has the highest score (Klecka, 1975). 

The most useful discrindnating variables were selected using a 

stepwise procedure that selects the variable that provides the 

greatest univariate discrindnation then combines this variable 

with others to get the best possible combination for 

discriminating between the groups. The Wilks' criterion was used 

in this analysis. '!his nethod 11naxindzes the overall 

multivariate F ratio for the test of differences among group 

centroids and considers differences between all the centroids and 

the honogeneity within the groups" when determining the 

discrindnant functions (Klecka, 1975). 

Thus, on the basis of the water quality analyses and the 
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questionnaire. three groups of farmers with water quality 

problems can be defined for four common ~nerals. These groups 

include those who do not perceive they have a water quality 

problem (non-perceivers) , those who do perceive they have a water 

quality problem (perceivers), and those who both perceive a 

problem and take steps to reduce the problem (adjusters). 

Discrindnant analysis provides a means of differentiating 

between these groups on the basis of a nunber of variables found 

to t:e inportant in previous perception research.. 'Ihese include 

adverse hazard experience, the severity of the problem, the value 

of water to the farndng operation, and socio-economic variables. 

'!he stepwise discrindnant analysis selects the optirral set of 

variables for describing these group differences and the 

statistical measures associated with the analysis provide an 

indication of the significance and the_rragnitude of these group 

differences. 
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4. PERCEPTION OF WATER QUALITY 

To assess the relative irrportance of groundwater quality 

problerrs, the respondents were asked to list the principal 

advantages and disadvantages of farming in their location. The 

following tables show the percentages of farrrers citing each 

advantage and disadvantage. To the na jeri ty of these farners, 

water quality is much less important than factors directly 

related to production such as clinate,. land condition, and 

closeness to markets. 

Table 4-l: Advantages of Farming in 'fueir Area 

Favorable land conditions 59 
Close to urban areas and services 29 
Favorable clinatic conditions 24 
Water availability 12 
Close to :rrarkets 7 
G:x:xJ transportation access 7 
Other 22 
Everything 7 
Nothing 6 
No response 23 

Table 4-2: Disadvantages of Farming in '!heir Area 

Unfavorable climatic conditions 
Unfavorable land conditions 
Transportation 
Weeds and Pests 
Too far from cities 
High Land Costs 
Poor water quality 
Poor water supply 
None 
No response 

45 
38 
10 

6 
6 
5 
5 
5 

11 
33 

Table 4.3 indicates that the major problems facing farrrers were 
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economic , and these far outshadCMed other concerns. 

Table 4-3: Major Problems Facing Farners Today 

Poor return on goods 
High costs of production 
High interest rates 
Inflation 
Government regulation 
Poor water quality or supply 
Weather 
Other 

92 
109 

44 
5 
4 
3 
3 
8 

The responses to these questions show that water quality 

problems are not the nost inportant concerns farners have. 

Problems relating to economic issues and thus directly to their 

li vlihood take precedence. Like other problems of this type , for 

exanple air quality, water quality problems have low salience. 

In general, the farners have a very high awareness of the 

incidence of water quality problems. The majority, 71.9% 

indicated that farners in their area had problens with the 

quality of their water. A further 10% indicated sone farners had 

problems while 17.2% thought there were no water quality problens 

in their area. 

When asked if they had problems thenselves, 71% indicated they 

did, 4% had problems sorretines, and 23% felt they had no water 

quality problems. This finding is consistent with hazard 

research as a nunber of studies of agriculturalists perceptions 

of flooding, (Burton, 1962) drought, (Saarinen, 1966), and 

frost, (Ward, 1976; Boyer, 1977) have found farners have a 
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generally high awareness of hazards or problems that may affect 

their lives or livlihoods. 

Ha.vever when the respondents were asked to oo specific about 

the type of problem, variation arises in the awareness. The 

follONing table sha.vs the percentage . of farners indicating 

problems with individual water constituents 

Table 4-4: Perception of Individual Water Quality Constituents 

No Non-
Problem Perceivers Perceivers Adjusters 

Iron 13(14.8%) 23(26.1%) 19(21.6%) 33(37.5%) 

Iron Bacteria 13(14.8%) 41(46.6%) 09(10.2%) 25(28.4%) 

Sulfates 38(43.2%) 39(44.3%) 09(10.2%) 02(02.3%) 

Total 
Dissolved 
Solids 

3( 3.4%) 68(77.3%) 10( 11.4%) 7 ( 8- 0%) 

Iron was the nost readily perceived problem with 69.4% of those 

with a defined problem aware of their problem. Iron is a highly 

visible problem and the high awareness is consistent_with studies 

of water quality problems where respondents based their 

appraisals of quality on visual cues (David, 1971; Barker, 1971). 

Sulfates and total dissolved solids are much less readily 

perceived. Of these with high levels of sulfates, 22% were aware 

of their preble~ Although the presence of sulfates often causes 

gastrointestinal irritation, a tolerance is developed over tine, 

and thus ceases to annoy the user. 
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Those aware of high levels of total dissolved solids include 

20% of those with problens. In this instance, the lack of 

perception may result from unfaniliarity with the term total 

dissolved solids. An indication of this was that the rrajority of 

those who clairred to te adjusting to total dissolved solids were 

using water softeners, which do not reduce total dissolved 

solids. 

To dete~ne whether there where significant differences 

between non-perceivers ~ :perceivers and adjusters, a discriminant 

analysis was perforned. The discriminating variables used in the 

analysis were taken from previous research into the perception of 

natural hazards. air quality, and water quality • A nunt::er of 

factors have been reported by authors as influencing perception. 

Anong these are: 

1. '!he severity of the problem - neasured by the levels 
of the water quality constituents, hardness, sulfates, 
iron, total dissolved solids, nitrates, and 
alkalinity. 

2 . Adverse hazard experience - rreasured by the age of the 
well. The older the well, the nore experience the 
farner nay have had with the problens associated with 
that well. 

3. '!he tine elapsed since the last hazard event -
neasured by the nunber of years since the last water 
quality analysis, which should serve as a definite 
reminder of the water quality problens the farner has. 

4. Age 

5. Education 

6. The value of the farming operation. 

7. The ty:pe of farming operation - neasured by the 
numbers of cattle and acres of grain. Water quality 
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rray b3 a nore inportant factor in a cattle operation 
than in a grain farming operation. 

4 .1 Perception of ~neral Water Quality 

The first discrirranant analysis used two groups differentiated 

by a yes or no response to the question ' Do you have problens 

with the quality of your water?'. The presence of a water 

quality problem was defined as having any of the water quality 

paraneters above the reconnended Canadian limits. Only three of 

the 88 respondents who rrade up the final sanple did not have a 

water quality problem under this definition. 

Table 4-5: Canonical Discrirranant Functions for Water 
Quality Problems 

Canonical Correlation .51 
Wilks' Larrbda • 74 
Significance 00 

Standardized Canonical Discrirranant Function Coefficients 

Cat Number of head of cattle 
Yrsfar Number of years farrrang 
velyrx Number of years since well was constructed 
Hard Hardness of the water 

0 .. 41 
0.67 
0.54 

-0.34 

Canonical Discriminant Functions Evaluated at Gt'oup Means 

Gcoup 

1 
2 

Function 1 

-0.29 
1.13 

Percent of Cases Correctly Classified - 71.95% 

As shONn in Table 4.2, the discriminant analysis was 
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significant at 0.00. The statistical measure, Wilks' lambda 

varies between 0 and 1, with a value of one indicating no 

difference between the groups. '!be value of Wilks' Lanbda for 

the discriminant function is . 74, indicating the analysis has 

significant although not excellent discriminating capability. 

The canonical correlation coefficients indicate the function is 

correlated with the variables in the analysis at . 51. On the 

basis of the discriminanting variables, 71.95% of the cases can 

be classified into the correct groups. 

The discrinQnant function coefficients indicate the relative 

importance of the discriminating variables in differentiating 

between groups of perceivers and non- perceivers. The variable 

with the largest coefficient and thus the nost inportant is the 

nunber of years farming, with a coefficient of • 67. This 

variable is highly correlated with age (.78). Consideration of 

the group means for this variable and the value of the 

coefficients suggest that the non-perceivers are those farners 

with a higher nunber of years farming than the perceivers. The 

other variables inportant in differentiating between these groups 

are the nurrber of years since the well was constructed 1 the 

nunber of head of cattle, and the level of hardness measured in 

the water quality analysis. 

The group who do not consider they have a water quality problem 

are older farmers 1 with a larger nunber of years farming, and a 

well that is rruch older than those of the group who recognize 
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their problem. This suggests that farrrers who have been in 

contact with a particular water supply for a long period of time, 

tecone tolerant of the water quality and do not perceive it as a 

problem. 

The perceivers have a higher nean level of hardness in their 

water supply, thus as the severity of the water quality problem 

increases, perception increases .. 

'Ihe group of farrrers who do not perceive they have a water 

quality problem are typified by older farrrers who have nore 

farrrdng experience, older wells, more head of cattle and a less 

severe water quality problem than the group of farrrers who 

perceive a problem. 

The remaining discrirrdnant analyses consider three subgroups, 

non-perceivers, perceivers, and adjusters. The analyses were 

performed for four water quality problems; iron, iron bacteria, 

sulfates, and total dissolved solids. 

Iron and iron bacteria problens are both defined by iron levels 

greater than 0.3 rrg/1. At this level, iron is a problem and the 

potential for iron bacteria to exist is high. Both of these 

problems are visible and may be a source of constant annoyance to 

the user. 

High levels of sulfates may cause gastrointestinal irritation 

in the new user, but a tolerance is developed over tine , thus 

its stinulus would be at test intermittent. The threshold of 
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perception would increase over tine if the problem rerrained 

constant. 

Total dissolved solids is a term which refers to the total of 

all dissolved minerals in the water supply, and as such has no 

specific stimuli as its effects are a function of the individual 

constituents in the water supply. In terns of this research the 

respondent nay have been in contact with the term only once if 

he read the water quality analysis every respondent receives from 

Saskatchewan Research Council. 'nlus the term nay not t:e 

recognised or nay t:e misinterpreted as indicated by the rra jori ty 

of those adjusting to total dissolved solids using water 

softeners to do so, which is incorrect. 

4.2 Perception of High Levels of Iron 

High levels of iron were one of the nost cormon problens, as 

well as the nost readily detected by. the respondents. 

Table 4. 6 sh~s the statistics, functions and discriminating 

variables for the iron problem. The discriminant analysis is 

significant at .01 and the Wilks • lanbda of . 51 offers good 

discrimination t:etween the groups. 'Ihe correct classification of 

56.25% is lCM, but offers inproved classification over both 

random assignnent and assigning all respondents to the largest 

group. 

The most irrportant discriminating variables are two location 

variables, range and tCMnship. Those who have the least accurate 
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Table 4-6: Canonical Discriminant Functions for Iron Problem 

Function 1 

Canonical Correlation .56 
Wilks' lambda .51 
Significance 0.01 

Standardized Canonical Discriminant Function Coefficients 
Function 1 

h:Je 
Valu 
Cond 
Nitrat 
Tns.p 
Gr:ain 
Welyrx 
Yearx 
Range 
Hard 

Value of the farming operation 
Conductivity 
Level of Nitrates in water analysis 
Tc:Mnship 
Number of acres in grain production 
Number of years since well construction 
Number of years since water analysis 

Level of hardness in water analysis 

0.23 
-0 .. 08 

0.00078 
0.0056 

-0.64 
-0.38 

0.43 
0.19 
1.07 

-0.017 

Canonical Discriminant Functions Ev.aluated at Group Means 

Group 
1 
2 
3 

Function 1 
-0.22 
-0.66 

1..03 

Percent of Cases Correctly Classified - 56.25% 

perception of their water quality live in the northwest portions 

of the study area whereas these with the nost accurate perception 

tend to live in the south central areas. Range has a snell 

negative correlation with the water quality variables , iron and 

nitrates. Thus those living in the northwest portion of the 

study area have less severe water quality problerrs than those in 

the southeast. 

Those who do not perceive a problem exists are the older, 

farrrers with older wells and a longer elapsed tine since the well 
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had been tested. These farmers may be acclimatized to the 

problem or may have forgotten the problem exists. 

Those who were aware of their water quality problerrs had high 

levels of other water quality constituents notably nitrates, 

hardness, and total dissolved solids. 

This group also tended to have a larger acreage in grain which 

was correlated with the value of the farndng operation as those 

aware had a higher rrean value of their farming operation. 

The group of adjusters were not significantly different at the 

0 .. 05 level than those who were aware but not adjusting, hONever 

they did have higher levels of hardness and nitrates than the 

other two groups. 

4. 3 Perception of Iron Bacteria 

As table 4. 7 indicates, two significant discriminant functions 

were found for differentiating groups in this analysis. Function 

1 explains 60.55% of variance and is correlated with the 

variables at • 54. A Wilks • lanbda of • 55 indicates goOO 

discrimination between the groups. The second function explains 

39.45% of variance, has a canonical correlation of .46, and has 

less discriminating power than function 1 with a Wilks' lambda of 

.. 79. 

The variable offering the largest value to the discriminant 

functions is years farnnng. A higher number of years farming 

describes the group of respondents who are aware of the problem 
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Table 4-7: Canonical Discrinanant Functions for Iron Bacteria 
Problem 

Percent of variance 
Canonical Correlation 
Wilks ' larrbda 
Significance 

Function 
60.55 

.54 

.55 
o.oo 

1 Function 2 
39.45 

.46 

.78 
0.04 

Standardized Canonical Discrirranant Function Coefficients 

Age 
Ir 
Nitrat 
Tnsp 
Yrsfar 
Range 
Alka 

Level of iron in water analysis 
Level of nitrate in water analysis 
Ta.vnship 
Nurrber of years farming 

Level of alkalinity in water analysis 

Func 1 
1.24 
0.54 

-0.70 
0.32 

-1.82 
0.08 
0.49 

Func 2 
-0.87 

0.74 
0.51 

- 0.43 
0.71 
0.86 

- 0.13 

Canonical Discrinanant Functions Evaluated at Gtoup Means 

<£cup Function 1 

1 0.38 
2 -1.62 
3 0.16 

Function 2 

0.67 
0.21 

-0.44 

Percent of Gbouped Cases COrrectly Classified- 64.79% 

but do not nake any adjustnent. Age is highly correlated with 

years farming ( .825) but is assigned an opposite sign on the 

function coefficient. The differentiation here exists between 

the adjusters and the other two groups. The group of adjusters 

are younger farners, whereas the other groups have higher nean 

ages. HaNever those with no perception have less farming 

experience than those who are aware of the problem. 

The adjusters are differentiated from the other groups by 
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higher levels of iron. The iron is a highly visible problem 

which contributes to this group being aware and adjusting to the 

problem. The adjusters and perceivers have higher levels of 

nitrates but lower levels of alkalinity than the non-perceivers. 

As before, there is a negative correlation between the 

locational variables and the water quality variables, iron and 

nitrates. Thus, those with rrore severe groundwater quality 

problens live in the nore southwesterly portion of the study area 

and their increased perception my be related to the severity of 

their problens. 

4.4 Perception of High Levels of Total Dissolved Solids 

As shorn in table 4.8, the discriminant analysis for total 

dissolved solids has one significant function. '!his function 

explains 72. 53% of the variance. is correlated with the variables 

at .57 and offers geed discrimination anong the groups with a 

Wilks' larct:xla of .57. The analysi~ correctly classifies 67.12% 

of the respondents, a substantial irrprovenent over ~'1e 33.3% 

classification using random assignnent. 

The majority of those who have high levels of total dissolved 

solids do not perceive they have a problem. 'Ihose who are aware 

are those farrcers '"i th farming operations of higher value, whose 

fandlies have resided on the farm for the least nunber of years. 

Both groups who are aware of a total dissolved solids problem 

tend to have higher concentrations of iron. 

The group who are adjusting to high levels of total dissolved 
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Table 4-8: Canonical Discrindnant Functions for Total 
Dissolved Solids Problem 

Function 1 

Canonical Correlation .57 
Wilks' lambda .57 
Significance 0.00 

Standardized Canonical Discriminant Function Coefficients 
Function 1 

Aga 
Valu 
Ir 
Fanyrs 

Yearx 
Range 
Hard 

Value of the farming operation 
Level of Iron in the water analysis 
Nunber of years fandly has farned 
in that location 
Number of years since water analysis 

Level of hardness in water analysis 

-0.44 
0.73 
0.34 

-0.44 
0.41 

-0.51 
-0.16 

Canonical Discriminant Functions Evaluated at Gtoup Means 

Gtoup 
1 
2 
3 

Function 1 
-0.12 

1.66 
-0.29 

Percent of Cases Correctly Classified - 67.12% 

solids are not significantly different from the non-perceivers. 

'!his result is plausible as the najority of the adjusting group 

appear to interpreting hardness as total dissolved solids. 'Ihis 

is also the youngest group, while the non-perceivers are the 

oldest. The lack of perception of total dissolved solids is 

related to a lack of knONledge or mis-perception of the 

terminology .. 

The location variable, range is again significant in this 

analysis and is negatively correlated with the water quality 

42 



indicators. 

4.5 Perception of High Levels of Sulfates 

Table 4-9: Canonical Discriminant Functions for Sulfate 
Problem 

Function 1 

Canonical Correlation .72 
Wilks' Lantrla • 38 
Significance .00 

Standardized Canonical Discriminant Function Coefficients 

Ir 
So 
Tnsp 
Fanyrs 

Cat 
Yrsfar 
Alka 

Level of Iron in water analysis 
Level of Sulfates in water analysis 
TONnship 
Nurrber of years the family has been 
farming in that location 
Number of head of cattle 
Number of years farming 
Level of Alkalinity in water analysis 

-0.90 
-0.32 

0.44 

-0.76 
0.52 
0.65 
0.50 

Canonical Discriminant Functions Evaluated at G:oup Means 

Group 
1 
2 
3 

Function 1 
-3.13 
-1.29 

0.49 

Percent of Gtouped Cases Correctly Classified- 84.78% 

The discriminant analysis of those who perceived, did not 

perceive and were adjusting to sulfates was the nost successful 

analysis. The first and only significant function explains 

80.18% of the variance. The canonical correlation of the 

function with the variables was . 72 and a Wilks • lanbda of . 39 

indicates a large separation of groups. 

The groups, perceivers and adjusters were not significantly 
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different in this analysis, a result of there teing only two 

adjusters in this group. Although these adjusters were aware of 

the problem, they are misperceiving their adjustnents. 

The most important variable in this analysis was iron with the 

perceivers having much higher levels of iron than the 

non-perceivers. Perceivers also have higher levels of sulfates 

but lower levels of alkalinity than the non-perceivers. 'Ihe 

non-perceivers have famed longer, and their families have farned 

in their present location for a longer period of tine than those 

who perceive a sulfate problem. 

Those who have the largest rrean number of cattle are the group 

with the nore accurate perception. ~vels of sulfates greater 

than 100 ng/1 nay have an effect on cattle causing loss of weight 

and decreased food and water consunption (National Acaderry of 

Sciences, 1974) . 

The two individuals who are adjusting to the sulfate problem 

have considerably higher rrean levels of sulfates than the nean 

levels of the other two groups. 

The renaining discriminating variable, township, indicates the 

group of perceivers are located in nore southerly areas than 

non-perceivers. again negative correlations with water quali~ 

indicators may explain this. 

4 • 6 Sl..lllllBiy 

A number of consistent relationships appear in the five 
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discriminant analyses. In all five 1 age or years farming, two 

variables that are highly correlated are positively associated 

with the group of non-perceivers. 'Ihe nunber of years the family 

has famed in that location is also associated with the group who 

do not perceive they have a water quality problem. '!he finding 

that the older, nore experienced farners do not perceive these 

problems suggests that continued use of poor quality water nay 

result in an habituation effect. Older far:rrers nay also have 

lCMer expectations than those who are younger, nore nobile, and 

who nay have been in nore frequent contact with better quality 

water. 

'Ihe severity of the hazard or problem, as :rreasured by the 

levels of minerals in the water supply is positively associated 

with perception.. Those groups who recognize they have a water 

quality problem tended to have higher concentrations of all the 

constituents except alkalinity.· · Alkalinity is negatively 

correlated with iron, sulfates, and hardness and this nay account 

for its contradictory presence. 

At least one of the location variables, toHnship and range 

appear in all the analyses of the individual water quality 

problems. The groups who accurately perceive their water quality 

live in the nore southeasterly portion of the study area. 'Ihese 

variables appear to be linked to the severity of the problem as 

the within group correlations indicate a negative relationship 

between range and tcwnship and the water quality neasures 1 iron, 
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nitrates and alkalinity. 

Those farners living in the southeast portion of the study area 

have higher levels of nitrates, iron and alkalinity than the less 

perceptive farners living in the northwest I;X>rtion of the study 

area. The higher levels of nitrates nay te linked with the 

increased nun:bers of cattle in the southeast, as the source of 

nitrates in a water supply is often agricultural waste. High 

levels of iron and alkalinity may be associated with the 

surficial geology in this area being of marine origin rather than 

the non-ne.rine deposits of the northwest. In addition, this 

portion of the study area is closer to sources of calcium 

carbonate which may be reflected in the glacial till (Rutherford, 

1967). 

Another group of variables having small within group 

correlations with the location variables are the age of the well, 

age, and the nunber of years the family has farned in that 

location. These variables are associated with the less 

perceptive farners in the analyses, and it was suggested that 

through tine these farmers have become accustomed to their 

particular situation. 

Thus, spatial variations in perception are reflecting spatial 

variations in both the severity of the problem and the longevity 

of the farndng operation. 

A nun:ber of other variables were irrportant in specific 

analyses. In the analysis of perception of high levels of 
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sulfates, the nunber of cattle was positively asscx::iated with 

perception. High levels of sulfates can te detrimental to cattle 

and this nay influence the farner with large nunbers of cattle to 

te nore aware of sulfates in the water supply. 

The age of the well was important in the analysis of iron 

problems. This variable was intended to measure the farmers' 

experience with the well but contrary to previous research which 

indicates increased perception with increased adverse hazard 

experience, this variable was negatively asscx::iated with 

perception. Again this may indicate the acclimatization of the 

user through tine. 

The value of the farming operation was associated with the nore 

perceptive groups of farmers in the analysis of iron and total 

dissolved solids. The nunber of acres in grain also appears with 

value in the analysis of iron problems and is correlated with 

value. These variables may reflect higher expectations of 

quality of life. and increased nobility, leading to contact with 

tetter quality water, l:oth of which nay te associated with higher 

income. 
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5. SUMMARY AND CONCLUSIONS 

5.1 Sunnary 

Groundwater in Saskatchewan is often of poor quality. High 

levels of iron, nanganese, sulfates, total dissolved solids, and 

hardness inpose economic, health, and aesthetic costs on 

groundwater users. 

Water quality problems are not onsidered to be the most 

inportant problems confronting farrrers. Economic issues and 

problems relating more directly to production are more pressing. 

HC1tlever, farners shew a high awareness of water quality probletts 

with the najority (77 .8%) recognising they have water quality 

problems when their water contains dissolved mineral 

concentrations higher than the Canadian Limits. 

When the farners were asked to be more specific as to the 

nature of their water quality problem, their assessments were 

less accurate. Iron and iron bacteria were the nost readily 

identified, recause they are highly visible, and thus a constant 

reminder or stinulus to the perceiver. As the frequency of 

stinulation decreases, the awareness of the constituent also 

decreases. Sulfates are less readily perceived. Although high 

levels of sulfates may cause gastrointestinal irritation, a 

tolerance is established over tine and the user would not be 

reminded of the high levels unless these were to increase or 

soneone with less tolerance was to use the water. High levels of 

total dissolved solids are the least perceived. Here the 

48 



50 

stirrulus would be even less coimOn, as for nany of the 

respondents, the only contact they nay have had with the term 

would have been when the water was tested. 

'Ihese findings are consistent with water and air quality 

research where findings have indicated people evaluate air and 

water quality on the basis of their senses (Barker, 1976; David, 

1971) even though they are aware rrany of the constituents are not 

visible. 

The discriminant analyses have shown that significant 

differences exist between the groups of perceivers and 

non-perceivers. 'Ihe variables on which these groups can be 

differentiated have been found to be irrportant in previous 

perception research with one notable exception. 

'Ihe ItOSt consistent relationships are: 

1. As age or the highly correlated variable nunber of 
years farming (Yrsfar) increases, the perception of 
the problem decreases. Through tine, these 
respondents have becone accustoned to the high levels 
of minerals in their water supplies. Another possible 
explanation is that younger farners nay have higher 
expectations, having had nore contact with better 
quality water as a result of nore nobility. 

2. As the severity of the problem increased, neasured by 
the increase in levels of the minerals, iron, 
sulfates, total dissolved solids, nitrates, and 
hardness, perception increases. This illustrates the 
concept of thresholds referred to in the Burton, 
Kates, and White ( 1980) ncdel in which a threshold had 
to be crossed before the hazard was perceived, and 
again before adjustment would take place. In all 
cases, perceivers had higher levels of mineralization 
and in those analyses where adjusters could be 
considered significantly different than perceivers, 
their levels of mineralization were higher than both 
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perceivers and non-perceivers. 

3. Another consistent relationship over all the analyses 
was location as neasured by tCMnship and range. The 
variation in perception described by these variables 
is possibly related to the negative correlation of the 
location variables to water quality. As well, 
location is positively correlated with variables such 
as age, age of the well, and the length of tine the 
family had famed in that location which suggests that 
increased experience with the water source leads to 
accli rratization with the problem. Thus , perception is 
varying in response to water quality and experience 
with the water source, which in turn vacy over space. 

4 . !hose respondents who had less accurate perception of 
their water quality were those who had not recently 
had their water analysed. This finding is also 
consistent with hazard research as perception was 
found to lessen as tine passed after the hazard event. 

5. One of the major factors found to explain variations 
in perception has l::een experience. In this analysis, 
experience does not appear to be pcsitively associated 
with perception. Experience, neasured by the nUITber 
of years since the well was constructed, is negatively 
associated with perception, possibly due to the 
insidious nature of pcor quality water, which results 
in a problem that is constantly present rather than a 
rare event such as an earthquake or flood , that 
creates a nenorable inpression when it occurs. 

Of the four hypotheses proposed for this research, only one can 

be rejected on the basis of these findings. 

The first hypothesis stated that the nunber of farners who 

perceive they have water quality problerrs will be less than the 

nun'ber whose water is evaluated as being poor by the suggested 

guidelines. The data presented in Table 4.4, page 32 indicates 

that this hypothesis should not be rejected. Not only do the 

farrrers not have perfect perception of their water quality , but 

that perception varies from problem to problem depending on the 
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ease with which it is sensed. 

The second hypothesis states t.l'lat increased awareness of water 

quality problems will be positively related to the severity of 

those problens as defined by the stated Canadian governnent 

guidelines. 

Increased perception was significantly associated with higher 

levels of the water quality variables in all of the analyses. 

The only variable that was not increasing with increased 

perception was alkalinity, which was negatively correlated with 

sone of the nore easily sensed variables such as iron and 

hardness. 

'Die third hypotheses states that increased awareness of water 

quality problems is a pc>Sitive function of past experience. '!his 

hypothesis ITUSt be rejected, as the opposite relationship appears 

to be true. Those farners with the oldest wells, and thus with 

the longest experience with that particular water quality belong 

to the least perceptive group. Other neasures that could be 

thought of as experience such as age, years farmingf and the 

nUit'ber of years the family had farned in the location were also 

associated with the least perceptive group. Thus as tine passes, 

the farner becomes more acclimatized to the quality of water 

available to him. 

The fourth hypothesis states that increased awareness of water 

quality is a positive function of the value of water to the 
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farndng operation. This appears to be so, as farners with a 

higher average nurrber of cattle are nore aware of the presence of 

sulfates in their water supply. As high levels of sulfates are 

detrimental to cattle and thus to the farndng operations, this 

hypothesis should not be rejected. 

5.2 Value and Inplications of This Research 

Although farners have a generally high awareness of their water 

quality problens. when they are asked to indicate specifically 

what their problens are, their perception becones nore variable. 

Even though a problem is not perceived, it nay still inpose costs 

on the user. Inforrration regarding these costs and the neth005 

of treatment available to the consumer would be beneficial to 

farmers. 

The classification capability of discrindnant analysis would be 

useful to identify those groups wh~ would nost benefit from 

increased education and information regarding water quality and 

the neans of inproving that quality. 

From a research point of view, those studies which attenpt to 

measure specific water quality problens by simply asking the 

respondents which problems are present may be underestimating the 

incidence of that problem, especially if it is not easily sensed 

tJy the respondent. 
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I. Appendix A - Sources and Effects of CollllOn Minerals 

Iron Sources - Iron is a very cormon mineral in the 
earth's crust. Sources include igneous rocks. 
and nost sedimentary rocks. 
-iron may also be corroded off 
the metal in pipes and 
punps. 

Effects - at concentrations as low as O.lmg/1, 
iron oxidizes to form a reddish precipitate 
that stains clothing.porcelain and enamel, 
plumbing fixtures and cooking utensils. 
- causes scaling which encrusts pipes 
- irrparts an objectionable taste to food and 
drink. 

Iron Bacteria Sources - the bacteria Crenothrix and Gallionella 
use iron as a source of energy. 

Sulfates 

Hardness 

Effects •at iron concentrations of 
greater than 0 .lmg/1, these bacteria nay 
cause rusty water or slime to build up in the 
water system, making water inpalatable and 
clogging pipes 

Sources - the oxidation of reduced sulfur 
coupounds 
- nost sedimentary rocks, notably shales, 
gypsum, and anhydrite. 

Effects - concentrations greater than 200mg/l 
may taste objectionable 
-greater than SOOmg/1 may result in 
gastrointestinal irritation and catharsis 
- in conbination with calcium, sulfates form a 
heat retarding scale 

Sources- sum of calcium and magnesium in the 
water, and nay be contributed to by iron, and 
rranganese 
- sedimentary rocks such as limestone, dolomite, 
gypsum, nagnes i te, 
-igneous rocks such as the ferromagnesium 
minerals, pyroxines, and arrpiboles. 
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Manganese 

Nitrates 

Total 
dissolved 
solids 

Effects- formation of residues on washed items. 
inefficient cleaning, formation of flow 
reducing, heat retarding scale on pipes and 
water heaters. 

Sources- si~lar and often found in association 
with iron. 
-netanorphic and sedinentary rocks, and 
ferromagnesiam metals such as biotite rraca, 
amd ampibole hornblende. 

Effects- concentrations greater than 0.2mg/l may 
be distasteful to drink and leave brown or black 
stains on fabric or porcelain 
-may precipitate on food during cooking 
-concentrations greater than 0 .lng/1 nay 
nurture the growth of bacteria sirralar to iron 
bacteria. 

Sources-oxidation of nitrogen compounds 
-percolation of surface water containing human, 
animal or other agricultural 
waste into aquifers and wells. 
-greater than 4mg/l may reflect unsanitary 
conditions. 

Effects - concentrations greater than 45mg/l may 
cause nethaim:::x.Jlobinae~a in infants. 
- high levels may also affect infant cattle. 

Sources - All the dissolved ~nerals in the 
water, including carbonates, bicarbonates 
chlorides sulfates, and nitrates, of calcium, 
magnesium, sodi urn, and potass i urn, with traces 
of iron and nanganese. 

Effects - depend on the anounts of 
the individual ndnerals in the water 
- in general, concentrations greater than SOOrrg/1 
nay have an objectionable taste, and atx:>ve 
2000 ng/1 nay have a cathartic effect. 

(Hem, 1970, McNeely, 1979, Everett, 1980, 
lehr et. al., 1980) 
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II. Appendix B - Questionnaire and Cover Letter 

{§'J UNIVERSITY OF SASKATCHEWAN 

~RTMENT Of GEOGRAPHY SASKATOON, CANADA 

S7N OWO 

August 15,1982 

Water suitable for consumption by people and livestock is 
essential. However, many farms in Saskatchewan have problems 
obtaining a sufficient amount of water. Many farms also experience 
water quality problems such as high levels of dissolved solids, 
iron, nitrates, and others. 

Your farm is one of a small number in which people are being 
asked to report their water quality and water supply problems as 
well as their opinions as to the usefulness of government programs 
to aid in reducing these problems. Your farm was chosen from a 
random sample of the farms in Saskatchewan. In order that the results 
wi 11 represent the farmers of Saskatchewan, it is important that 
every questionnaire be completed and returned. 

You are assured of complete confidentiality. The identifi­
cation number on the questionnaire is only to account for those that 
have been returned. When your questionnaire is returned, your name 
will be crossed off the mailing list. Your name will never be placed 
on the questionnaire or used in the research results. 

The results of this research will be made available to officials 
and representatives of the provincial government. If you wish to 
receive a summary of the results, write your name and address on the 
back of the return envelope. To ensure confidentiality, please do 
not put this information on the questionnaire itself. 

If you have any questions about this research, please write to 
me at the Department of Geography, University of Saskatchewan, 
Saskatoon, Saskatchewan, S7N OWO. 

Thank you for your time and assistance. 

Yours truly, 

Diane J. F. Martz 
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UNIVERSITY OF SASKATCHEWAN 

•RTMENT OF GEOGRAPHY 

September 22, 1982 

Dear Sir or Madame: 

A few weeks ago, you were sent a ques ti onnai re for a 
farm water supply study. The results of this questionnaire 
wi 11 be used as part of my Master's Thesis. 

If you could fill out the questionnaire and send it 
to me, when you have time, it would be very much appreciated. 

SASKATOON, CANAOA 

S7N OWO 

If you have already mailed back the questionnaire, or intend to 
mail it.back, thank you very much. 

Your assistance is very important to this research. 

Yours truly, 

Diane J. F. Martz 
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In tt.h flnt section. t would 1He to a~k iome general questtons 
dbOut fanntng in this area. 

l. ttow long has your family fanned in tilts 1ocation? ----- yrs. 

2. ~hat type of fanmtng operation do you have? 

grain 

cattle 

poultry 

!aheep 

hog'i 

other (please specify) 

-----acres 

____ head 

----(she of flock) 

____ head 

____ head 

l. \/hat are the principal advantages of fanning In thh location? 

----------------------------------------------------------

4. What are the principal disadvantages of farming tn this location? 

5. What do you think are the major problems facing farmers today? 
.qt 
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lh~s next section ts devoted to finding out what kinds of water 
prob lcms are faced by fanners in your area. 

6. Oo fanners tn this area have problems obtaining a sufftdent 
supply of water? 

Yes Ho 

1. Oo farn•ers in this area have problems with the quality of their 
water? 

8. 

•). 

10. 

Yes Ho 

What is the source of your water supply? 

for household drinking water 

for other household uses 

for stock watering 

For trrigatton 

t f your water supply is a well, what h the Municipal land location 
of the well? 

f)uarter___ Section __ Townshtp __ Range __ 

How deep ts the well? -----feet 

lL Uow was the well constructed? 

dri 11 ed __ jetted __ bored __ dug __ other __ 

12. Oo you have problems with the quality of your water? 

u. 

Yes Uo 

If yes, check the kind of problem(s) you have Gr have had. 

dhsohed soltds -----

taste ----------

smell 

iron bac tert a 

nitrates---------

tron ---------------------

sulphates --------

al1Jae _ __,.... ______ _ 

other (please soectfy) -------------

14. What steps have you taken to reduce the effect of these problems? 

dhsolved soltds -----------------

taste ----------------------

sq11 ------------------------------------------
Iron bacterh 

~----------------------------------

nitrates ---------------------

tron ------------------------------------------------

sulohates ----------------------------------------------

a1gae ------------------------------------------
other (please specify) 

t() 
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lS. 

16. 

Have these me~sures been successful? 

Yes Ito 

tlow long h.Jve you been taking these steps to ;mprove the quality 
of your water supply? 

_____ _years 

17. llow mtJCh llo you estimate these measures have cost you? 

____________ dollars 

t1me (days per year) 

18. lid ve you chdngcd the source of your water supp \ y t n the past? 

Yes rio 

19. If ;es, how many times have you changed? 

20. ~hat were the prevtous sources of water? 

21. \./hat uas the reason for changinq? 

22. Do you think you will have water quality oroblems fn the future? 

23. 

24. 

25. 

Yes Ho 

If yes, what k fnd of problems do you anticipate? 

Wf11 you do anythtng different than you have done tn the past to 
tmprove your water quality? 

Yes no 

If yes, what will you do differently? 

1.0 
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26. Oa you think you wtll have water ~upply problems In the future? 

Yes tto 

27. Ytll you do anything different than you have done In the past to 
fmprove your water supply? 

Yes !to 

28. If yes, what wfll you do differently? 

29. If you want advice on an important farm water problem, who do you 
ta H: to? 

30. What government agencies wftl asstst you to find and maintain 
a satisfactory source of water? 

31. •rhat government programs have been helpful to you tn ftndtng and 
maintatntng a satisfactory source of water? 

32. What other asshtance do you think could be provided? 

f' 
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Ftnally, I would lH:e to ask a few questions about you for statistical 
reasons. 

JJ. What age group are you tn? 

34. 

15. 

__ younger than 24 

25-34 

35-50 

50-65 

over 65 

now many years have you been farm1ng? _____ years 

What was the htghest level of education you attained? 

__ elementary school 

__ high school 

techn1cal/vocattona1 school 

__ untversHy 

36. What do you estimate the dollar value of your farming operation to 
be? (include land, buildings, machinery, livestock, and production). 

less than stoo.ooo 

$100,000 - $500,000 

ssoo.ooo- Sl,OOO,OOO 

n.ooo.ooo - s2,ooo,ooo 
__ greater than S2,000,000 

One method of impt·oving the quality and maintaining the quantity 
of groundwater supplies is to inject treated surface water tnto 
suitable underground water bearing formations through e:dsting 
wells (artifictal recharge). 

If you have a well supplying your water and the water quality is 
poor or the water supply is inadequate, would you be Interested 
fn parttcipating in a research program being conducted by the 
Department of Agricultural Engineering, University of Saskatchewan 
to develop techniques for tnjecttng and storing treated surface 
water In underground water bearing fonmattons? 

Yes No 

If yes, write your name and address in the space be low and it 
w111 be forwarded to the Department of Agricultural Engineering. 00 
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Tnank you very much for your time and consideration. If you have ~ny other 
comments you would like to make, please do so in the following space. 
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