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The present study was carried out to evaluate the water quality of the Biodiversity Heritage Site i.e., Ameenpur Lake
(Telangana, India) using Water Quality Index (WQI) and spatial distribution technique. The water samples were collected
during Pre-Monsoon, Monsoon and Post-Monsoon seasons of the year 2019-20 and analysed for physico-chemical parameters
as per the American Public Health Association (APHA) standard methods for water and wastewater treatment. The WQI were
calculated by using the standard method of Weighted Arithmetic Water Quality Index (WAWQI) and National Sanitation
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Foundation Water Quality Index (NSFWQI). The WAWQI and NSFWQI methods indicated that overall water quality of the

lake was found to be poor in all the seasons. According to the WAWQI map, majority of the samples were found be in the poor
water quality in all the three seasons and according to the NSFWQI map, all the samples were found to be bad in condition
in all the seasons. The same is represented in the spatial distribution maps. The decline in the quality of lake water is due to
various anthropogenic activities like enrichment through surface and agricultural runoff and also due to discharge of untreated

sewage and industrial effluents.

Keywords: Ameenpur Lake, Biodiversity Heritage Site, Water Quality Index, Geo-spatial tools, Spatial Distribution.

INTRODUCTION

Surface waters play a crucial role both in social and
economic development, especially when it comes to
Freshwater lakes and rivers. They are the most beneficial
resources to the society in many ways such as agriculture;
fishing, as a drinking water source, for industrialization
and most importantly support rich biodiversity. A lake is
a watershed area in which its quality depends upon every
component of that ecosystem (Indra 2006). Its quality
depends on the Topography of the surrounding area, soil
type, geology and vegetation as it determines the kind
of materials entering into lake (Dong et al., 2010). In
the last few decades, the haphazard population increase,
urbanization and industrial development are the major
reasons for deteriorating both the rural and urban water
quality and ultimately affecting the aquatic ecosystem.
Under this pressure with worldwide environmental
concerns most of the urban and rural lakes have vanished
(Iscen et al., 2008; Prasanna et al., 2010). Once the
groundwater and surface water quality is contaminated,
its quality can’t be restored by stopping the pollutants
from the source (Ouyang, Y et al., 2006). According to the
WHO, CPCB, BIS and ICMR about 70% of the India’s
water quality is polluted due to discharge of industrial
effluents and sewage wastewater making the natural stream
unfit for consumption (Nida Rizvi 2016). Evaluating the
water quality is crucial before its use for various purposes
such as drinking, agricultural, fishing, recreational and
industrial use. Hence monitoring of surface water quality

has become indispensable (Sashikkumar M.C. 2013). It
therefore becomes imperative to regularly monitor quality
of surface water resources and to device ways and mean
to protect it.

Water quality index (WQI) is considered one of the best
tools to provide information on the quality of water to
the concerned citizens and policy makers. This method
also gives an idea about the overall quality of water to
the concern policy makers (Asadi et al, 2007). For
both assessment and management of surface water it
thus becomes an important tool as assessment of water
quality helps in knowing the water suitability for various
purposes. In 1970’s the WQI was developed to monitor
water quality changes which was proposed by Horton
(1965) and Brown et al., (1970). Later Bhargava (1983
a,b,c) introduced the water quality index concept in India
and gave an index scale ranging from 0 to 100 for highly
polluted to unpolluted water.

The prime objective of the index is to turn the different
water quality parameters into information, which is
comprehensible and usable by the layman (Brown et al.,
1970 and Boyacioglu H. 2007). Using the biological,
chemical and physical properties, the WQI is usually
illustrated and based on these properties; the quality of
water can be expressed via a numerical index (i.e. Water
Quality Index, WQI) by combining measurements of
selected water quality variables (Horton 1965). The index
is important in evaluating the water quality of different
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sources and in observing the changes in the water quality
as a function of time and other influencing factors (Sarkar
and Abbasi 2006). Numerous water quality index
guideline are used worldwide viz., National Sanitation
Foundation Water Quality Index (NSFWQI), Canadian
Council of Ministers of the Environment Water Quality
Index (CCMEWQI), British Columbia Water Quality
Index (BCWQI), Oregon Water Quality Index (OWQI),
Weighted Arithmetic Water Quality index (WAWQI) for
the assessment of Water Quality Index (Brown et al.,
1970; BCMOELP, 1965; CCME, 2001, Cude, 2001).

The present study was aimed to assess the water quality
using the water quality index and spatial distribution
zone maps of the water quality index were created to
understand the water quality better. Water Quality Index
was assessed by using physico-chemical parameters
such as pH (units), Turbidity (NTU), Total Dissolved
Solid (mg L), Alkalinity (mg L), Total Hardness (mg
L), Calcium (mg L), Magnesium (mg L), Nitrate (mg
L), Sulphate (mg L), Nitrate (mg L), Phosphate (mg
L"), Fluorides (mg L), Chloride (mg L), Dissolved
Oxygen, and Biological Oxygen Demand (mg L'),. The
water quality index and the spatial distribution map were
analyzed for 10 different locations of the study area. The
approaches utilized for calculating the WQI was Weighted
Arithmetic Water Quality Index (WAWQI) and National
Sanitization Foundation Water Quality Index (NSFWQI).
Using the IDW interpolation spatial distribution map of
the Ameenpur Lake, Telangana were created for both the
indexes.

MATERIALS AND METHODS
Background and Study Area

Ameenpur Lake is on the north western fringes of
Hyderabad (17° 31.198’N, 78° 19.524°E) situated in
Patancheru Mandal, Sangareddy District, Telangana
State, India, covering an area of 93.15 Acres (0.38 Sq.
km) (Sy.No-231- Shikam Land) and is a man-made lake
that was declared as the Biodiversity Heritage Site in
2016 by the National Biodiversity Authority. It is the only
urban lake to be declared as a Biodiversity Heritage Site.
Even though with small size (93.15 Acres/0.38 Sq. km)
and unpredictable nature, this Ameenpur Lake is known
to harbour novel, rare and/or threatened fauna and their
resting stages, thus acting as “local nature reserve” or
“hotspot”. G.Sailu et al (2017) has reported a total of 364
faunal components. The key species recorded by them are
namely Oriental Darter (Anhinga melanogaster), Pallid
Harrier (Circus macrourus), Black-tailed Godwit (Limosa
limosa), Painted Stork (Mycteria leucocephala), River
Tern (Sterna aurantia) and Black-headed Ibis (Threskiornis
melanocephalus), Greater Spotted Eagle (Clanga clanga),
Egyptian Vulture (Neophron percnopterus), Greater
Flamingo (Phoenicopterus roseus), Northern Pintail (Anas
acuta), Garganey (Anas querquedula), Indian Black Turtle
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(Melanochelys trijuga), Treutleri’s Gecko Hemidactylus
treutleri Painted Kaloula (Uperdon taprobanicus) and
Marbled Narrow-Mouthed Frog (Uperdon variegates).

On one side the rich biodiversity that has brought it the
status of a Biodiversity Heritage Site and on the other
side there has been deterioration in the water quality of
Ameenpur Lake. Both natural and man-made alterations
are affecting the quality and quantity of the lake. Major
factors like urbanization, domestic sewage discharge,
untreated industrial effluents, religious and cultural
activities due to the presences of temples on all sides
of the lake, fishing and improper agricultural practices
can disturb or disrupt aquatic ecosystems leading to
eutrophication of lake, which in turn interferes with most
of its beneficial uses like effecting the natural ecosystem,
biodiversity and even the portability of water (Dr. Durai
Arulneyam and Dr. R. Premsudha, 2018). It is now facing
a renewed threat from revellers and encroachers. The end
of COVID-19 lockdown in 2020 has brought new threats
to the lake like loud noise due to vehicles parking and
partying around the lake thereby bringing lots of waste to
the lake impacting the bird population of the lake.

Sampling and Analysis

Collection, Stabilization, Storage of Samples and
transportation to laboratory were conducted according to
the recommendations of Central Pollution Control Board
(CPCB, 2008). All the water samples were taken at a
depth below 0.5 m from the surface. They were collected
from 10 different locations during pre-monsoon (May),
monsoon (September) season in the year 2019, and for
post monsoon (January) season in the year 2020 (S1 to
S10) (Table 1). The assessment of fifteen physicochemical
parameter like as pH (units), Nitrate (mg L"), Dissolved
Oxygen, Phosphate (mg L"), Biological Oxygen Demand
(mg L), Turbidity (NTU), Total Dissolved Solid (mg L),
Alkalinity (mg L), Total Hardness (mg L'), Calcium (mg
L"), Magnesium (mg L), Sulphate (mg L'), Nitrate (mg
L"), Fluorides (mg L") and Chloride (mg L) was carried
out as per the APHA standard methods.

Calculation of Water Quality Index

In various literatures (Horton, 1965; Landwehr and
Deininger, 1976; Brown et al., 1972; Steinhart et al., 1982;
Zandbergen and Hall, 1988; Cude, 2001a, b; Canadian
Council of Ministers of the Environment (CCME), 2005;
Bhargava, 1983 a, b, c) different methods has been used
for the calculation of WQI by comparing the physico-
chemical and biological parameters. Among the different
methods Weighted Arithmetic Water Quality Index
(WAWQI) and National Sanitation Foundation Water
Quality Index (NSFWQI) were adopted for calculation of
WQI.
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Tablel: Sampling Locations Points of Ameenpur Lake,
Telangana

S.no fgmple Location Name | Latitude | Longitude

1 S1 Sai Baba Temple | 17.5243 | 78.3253

2 |s2 Kattamaisamma | 5 5555 | 7¢ 3758

Temple

3 S3 Rock Area 17.52 78.3285

4 |s4 Fisherman’s 1,5 5703 | 783319
Point

5 |ss Mid Lake 17.5218 | 78.3316

6 |s6 Bird Watching |15 511 | 783344
Point

7 S7 Renuka Temple | 17.5243 | 78.3368

8 |s8 Opp to Fisher- |, 545 | 783308

man’s Point

9 |s9 Transformer | 7 5753 | 78 3301
Line

10 |s10 Agricultural 17.525 | 78.3272
Field

Weighted Arithmetic WQI

For the Weighted Arithmetic WQI, a set of eleven most
commonly used water quality parameters namely pH
(units), Total Dissolved Solid (mg L"), Alkalinity
(mg L"), Total Hardness (mg L"), Calcium (mg L),
Magnesium (mg L"), Sulphate (mg L"), Nitrate (mg L),
Fluorides (mg L) and Chloride (mg L!) were used for the
calculation of WAWQI. The formula used for calculating
WAWQI was

=7 - -
WAWQI =222
Where, Hp

The WQI was considered to assess if the water is fit for
the human consumption or any other uses, and a score of
100 was taken for the maximum permissible WQI for the
drinking water. Rating scale proposed was in the range of
0 — 100 and grading were proposed as a below (Table 2)
(Horton, 1965).

National Sanitation Foundation Water Quality Index:

The National Sanitation Foundation WQI used seven
different parameters namely Nitrate (mg L), pH (units),
Dissolved Oxygen (% saturation), Phosphate (mg L),
Biological Oxygen Demand (mg L"), Turbidity (NTU)
and Total Dissolved Solid (mg L) for the calculation of
WQL. If less than 9 tests are performed, the overall WQI
can be estimated by adding the results and then adjusting
for the number of tests ¥l In case concentrations of
some parameters are not available, first we can calculate
the g- values of those parameters, the concentration of
which is available and then those q- values are multiplied
with their respective weighting factors. The summation
of these values, divided by the summation of weighting
factors of available parameters can give WQI (BASIN,
2001). The weight score (W,) was multiplied by the Sub
index value of each parameter. Sub index value for each
parameter was obtained by NSF-WQI Online calculator
(www.waterresearch.net) (Mirzaei et al, 2015). Finally
the WQI was calculated by using following equation:

NSFWQI = XY wiQi
Where,

N = number of water quality parameters;

Q, = sub-index for i water quality parameter;

W. = weight (in terms of importance) associated with i"
water quality parameter.

Table 3: NSFWQI method Water Quality Classification
(Mirzaei et al., 2015)

W. = Unit weight for each water quality parameter;
' .g . 4 yPp NSFWQI | Water Quali- | Classification based on type
Q. = The quality rating scale for each parameter
i £ Value ty Status of water resource usage
n = No. of water quality parameters. -
Not appropriate for any use,
. . . 0-25 Very Bad tt rt f ti
Table 2: WAWQI Method Water Quality Classification ey Ba exeep O(Tng;:l(;sm:W aquatie
Horton, 1 More, 201 -
(Horton, 1965 and More, 2019) 26-50 Bad Irrigation
Fishery, Animal C -
WQI Water Quality Purpose IS, L Ama” T ONSUInP
. tion, Can be used for Human
Value | Status 51-70 Medium . .
consumption only if advance
0-25 Excellent Water Drinking, Irrigation and treatment is done.
Quality Industry Fishing, Recreational (Swim-
26-50 Good Water Quality | Drinking, Irrigation and ming).
Industry 71-90 Good Can be used for Human con-
51-75 Poor Water Quality Irrigation and Industry sumption only if conventional
76-100 | Very Poor Water Irrigation treatment is done.
Quality 91-100 Excellent Drinking and Fishery
>100 Unsuitable for drink- | Proper treatment required
ing and fish culture | before use The spatial distribution modelling for both WAWQI and
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Fig 2: Google Earth Image of Study Area
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Season-wise Comparison of WAWQI
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Fig 3: Graphical representation of the season-wise
WAWQI
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Fig 4: Season-wise Spatial Distribution Maps of WAWQI

NSFWQI water quality index has been done by using
Inverse distance weighted (IDW) interpolation technique.

RESULTS AND DISCUSSION
Water Quality Index

The values for Weighted Arithmetic Water Quality index
(WAWQI) map shows two classes of water quality viz.
Poor: Tourmaline Green colour, Very Poor: Orange colour
and Unsuitable for drinking and fish culture: Red colour.

The overall WAWQI percentage values from study area
shows excellent: 0%, good: 16.6%, poor: 40%, very
poor: 26.6%, and unsuitable for drinking and fish culture:
16.6%. The major part of the study area falls in the poor
category during all seasons. Pre-Monsoon Samples i.e.,
Sites S1, S2, S3, S9 and S10 were very poor in condition;
Samples S4, S5 and S8 were poor whereas sites S6 and
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Fig 5: Graphical representation of the season-wise
NSFWQI
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Fig 6: Season-wise Spatial Distribution Maps of WAWQI

S7 were in good category. Monsoon Samples i.e., Sites S5
was very poor in condition, Samples S4 was poor whereas
others were in good category. Post-Monsoon Samples i.e.,
Sites S2, S5 and S7 were very poor in condition; Samples
S3, S4 and S9 were poor whereas others were in good
category as shown in Table 4. Whereas in Table 5 all the
percentage wise WAWQI are tabulated.

The values for National Sanitation Foundation Water
Quality index (NSFWQI) map also shows two classes of
water quality viz. medium: Tourmaline Green colour and
bad: Orange colour The Overall NSFWQI percentage
values from study area shows excellent: 0%, good: 0%,
medium: 30%, bad: 70%, and very bad: 0%. The major
part of the study area falls in the bad category during all



N.S.Srinidhi, P. Madhusudhana Reddy, and M. Anji Reddy

seasons. All the summer and monsoon Samples were bad
whereas sites S1, S3 and S10 of winter samples were in
medium category and remaining all were in bad category

Table 7: Percent Distribution of NSFWQI

as shown in Table 6. Whereas in Table 7 all the percentage Percentage of Samples
wise NSFWQI are tabulated. NSFWOQI Water
Value Quality Pre-Mon- Post-Mon-
Table 4: WAWQI of the three seasons Status soon Monsoon soon
0-25 Very Bad 0 0 0
S wal 26-50 Bad 100 100 70
am-
ple ID | Pre-Mon- Monsoon Post-Monsoon 51-70 Medium 0 0 30
soon 71-90 Good 0 0 0
S1 96.35 46.61 43.19 91-100 | Excellent 0 0 0
S2 93.19 45.52 83.92
S3 93.8 46.78 74.41 CONCLUSION
sS4 67.98 57.7 64.54
S5 6933 96.82 79.97 The present study carried out at the ten sample sites of the
36 37 45 3712 322 A.me'enppr Lake, Telangapa was to understand the spatial
distribution of water quality index of all the three seasons.
57 46.15 3545 7631 Using the WAQQI and NSFWQI were very useful and
S8 72.06 47.89 4178 effective tool to know the present status of surface water
S9 76.77 45.51 58.96 quality as this would give an opportunity to the people
S10 91.95 4721 44.48 for better use of water in the future. In the study area the
Avg 74.5 50.6 55.5 WAWQI and NSFWQI values indicated that the lake is in

Table 5: Percent Distribution of WAWQ

WQI Percentage of Samples
Val- | Water Quality Status Pre- Mon- | Post-
ue Monsoon | soon | Monsoon
0-25 Excellent Water Qual- 0 0 0

ity
26-50 [ Good Water Quality 10 20 20
51-75| Poor Water Quality 10 70 40
76- Very Poor Water
100 Quality 40 0 40
>100 | Unsuitable for drinking 40 10 0

Table 6: NSFWQI of the three seasons

NSFWQI
Sample ID
Pre-Monsoon | Monsoon | Post-Monsoon
Sl 27.39 44.68 56.54
S2 29.30 41.72 43.31
S3 27.76 42.27 50.34
S4 28.45 42.28 39.22
S5 30.61 32.11 46.39
S6 28.39 28.89 32.78
S7 33.15 32.65 43.36
S8 30.08 42.76 36.39
S9 32.64 43.78 42.45
S10 28.31 43.65 54.34
Avg 29.60 39.47 44,51

1922

poor condition during all the three seasons indicating the
deteriorated water quality.

REFERENCES

Arulneyam, Durai & Sudha, Prem. (2018). Assessment of
Hussainsagar Lake Water Quality and Treatment
Process of Triveni Groups in Hyderabad, Telangana,
India.

Asadi, S.S., Vuppala, P., Anji, R.M., 2007. Remote sensing and
GIS techniques for evaluation of groundwater quality
in municipal corporation of Hyderabad (Zone-V),
India. Int. J. Environ. Res. Public Health 4 (1), 45-52

Bhargava, D.S. 1983a. A light penetration model for the Rivers
Ganga and Yamuna. /nt. J. Dev. Technol. (England),
1(3), pp-199-205.

Bhargava, D.S. 1983b. Most rapid BOD assimilation in Ganga
and Yamuna Rivers. J. Environ. Eng. Am. Soc. Civ.
Eng., 109(1), pp.174-188.

Bhargava, D.S. 1983c. Use of water quality index for river
classification and zoning of Ganga River. Environ.
Pollut. Ser. B (England), 6(1), pp.51-67

BIS. 2012. Indian Standards Specification for Drinking Water,
B.S. 10500. Government of India, New Delhi.

Boyacioglu, H. 2007. Development of a Water Quality Index
Based on a European Classification Scheme. Water
SA, 33(1), 101-106. Brown, R.M., McClelland, N.I.,
Deininger, R.A., Tozer, R.G. 1970. A water quality
index - Do we dare? Water Sew Works, 117(10), 339—
343

Brown, R.M., McClelland, N.I., Deininger, R.A., Tozer, R.G.
1970. A water quality index-Do we dare? Water Sew



Evaluation of water quality status of ameenpur lake, Hyderabad, Telangana, India using water quality index (WQI) and Geo-spatial technology

Works, 117(10), 339-343.

Brown, R.M. and McClelland, N.I. 1972. A water quality index-
crashing the psychological barrier. In Indicators of
Environmental Quality, pp.173-182.

Canadian Council of Minister of the Environment (CCME).
2001. Canadian water quality guidelines for the
protection of aquatic life: CCME Water Quality Index
1.0, Technical report, Winnipeg MB, Canada.

CCMC (Canadian Council of Ministers of the Environment),
2005. Canadian Environmental  Sustainability
Indicators. Freshwater Quality Indicator: Data Sources
and Methods. Catalogue No. 16-256-XIE.

CPCB. 2008. Guideline for water quality management. Central
Pollution Control Board, Parivesh Bhawan.

Cude, C.G. 2001. Oregon water quality index: A tool for
evaluating water quality management effectiveness.
Journal of the American Water Resources Association,
37(1), pp.125-137.

Dong J D., Zhang Y Y., Zhang S., Wang Y.S., Yang Z.H., Wu
M.L., (2010), “Identification of temporal and spatial
iations of water quality in Sanya Bay, China by three
way principalcomponent analysis.” Environ EarthSci
60: 1673— 1682

Horton, R.K. 1965. An index number system for rating water
quality. J. Water Pollut. Control Fed., 37(3), pp.300-
306

Indra, V., and S. Sivaji. 2006. “Metals and organic compounds
of sewage and sludges.” J. Environ. Biol. 27: 37-44,
723-725.

Iscen CF, Emiroglu O, Ilhan S, Arslan N, Yilmaz V, Ahiska
S (2008) Application of multivariate statistical
techniques in the assessment of surface water quality
in Uluabat Lake, Turkey. Environ Monit Assess
144:269-276. doi:10.1007/s10661-007-9989-3

Jindal, R. and Sharma, C. 2011. Studies on water quality
of Sutlej River around Ludhiana with reference
to physicochemical parameters. In Environmental
Monitoring and Assessment, 174, pp.417- 425

Landwehr, J.M., Deininger, R.A., 1976. A comparison of
several water quality indexes. J. Water Pollut. Control
Fed. 48 (5), 954

Mirzaei, Mojgan & Mabhini, & Solgi, Eisa. (2016). Evaluation
of surface water quality using NSFWQI index and
pollution risk assessment using WRASTIC index in
2015. Arch Hyg Sci. 5. 264-277 - 13

More, Ganpat B.; Dandge, Kailas P.; Thorat, Sanjaykumar R.
Spatial Distribution Analysis of Surface Water Quality
Index Using Remote Sensing and GIS: A Case Study
of Erandol (Maharashtra, India). International Journal
of Advanced Remote Sensing and GIS, [S.1.], v. 8,n. 1,
p. pp- 3030-3046, July 2019. ISSN 2320-0243.

1923

Nida Rizvi, Dr. Deeksha Katyal and Dr. Varun Joshi (2016)
Seasonal and Spatial Variation in the Water Quality of
River Hindon at NCR, India, International Journal of
Current Research, 8, (05), 31282-31289. -14

Nidhi Gupta, Pankaj Pandey & Jakir Hussain (2017) Effect
of physicochemical and biological parameters on the
quality of river water of Narmada, Madhya Pradesh,
India, Water Science, 31:1, 11-23, DOI: 10.1016/j.
wsj.2017.03.002 -15

Ouyang, Y., Nkedi-Kizza, P., Wu, Q.T., Shinde, D. and Huang,
C.H. 2006. Assessment of seasonal variations in
surface water quality. Water Research, 40 (20), 3800-
3810. 16

P. J. Puri et al, Surface Water (Lakes) Quality Assessment in
Nagpur City (India) based on Water Quality Index
(WQI), Rasayan J. Chem. Vol.4, No.1 (2011), 43-48
-17

Prasanna MV, Chidambaram S, Gireesh TV, Ali TVJ (2010)
A study on hydrochemical characteristics of surface
and sub-surface water in and around Perumal Lake,
Cuddalore district, Tamil Nadu, South India. Environ
Earth Sci. doi:10.1007/s12665-010-0664-6

Ramakrishnaiah, C.R. and Sadashivaiah, C. 2009. Assessment
of water quality index for the groundwater in Tumkur
taluk, Karnataka state, India. Journal of Chemistry,
6(2), pp.523-530.

S, Krishnakumar & Sashikkumar, M. (2013). Surface water
quality monitoring for Thamirabarani River basin,
Tamil Nadu using gis. Journal of Remote Sensing. 2.
22.

Sailu, G. & Narayana, Buddi & Naresh, Baja & Vaidyula,
Vasudeva Rao & Ramaiyan, Deepak & Adepu,
Harikrishna & Khandelwal, Rajeev & Devulapalli,
Pariksheet & Krishna, Phani. (2017). Faunal diversity
of Ameenpur Lake, Telangana state, India: A
biodiversity heritage site. Journal of entomology and
zoology studies. 5. 512-526. 10.22271/j.ent0.2017.

Sarkar, C. Abbasi, S.A. 2006. QUALIDEX — A New Software
for Generating Water Quality Indice. Environmental
Monitoring and Assessment, 119 (1-3), 201-231.
BCMOELP. 1965. The British Columbia Water
Quality Index, Water Quality Branch, Environmental
Protection Department, British Columbia Ministry of
Environment, Lands Parks, Victoria.

Steinhart, C.E. and Schierow, L.J. 1982. Environmental quality
index for the great lakes. Water Resour. Bull., 18 (6),

pp.1025-1031.

Zandbergen, P.A., Hall, K.I., 1988. Analysis of the British
Colombia water quality Index for watershed managers:
a case study of two small watersheds. Water Qual. Res.
Canada 33 (a), 510-525



