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Abstract

Surface water quality is continuously changing due to anthropogenic activities and natural causes.
The drinking water treatment technology can be expensive and ineffective if implemented without
identifying the patterns of parameter exceedances. The objectives of this paper were to: (i) develop
a mean exceedance model; (ii) apply the model for identification of the exceeded parameters; (iii) obtain
the exceedance patterns of parameters; and (iv) obtain decision making on the treatment of parameters.
The mean exceedance model was developed by utilizing cluster database of 12 major Canadian rivers.
The clusters were developed on the basis of normalization model, principal component analysis, total
exceedance model and Canadian Water Quality Index. On application of mean exceedance model, the
parameters were identified, which exceeded the water quality guidelines. The output of mean exceedance
model was utilized for making decision on treatment of parameters. The normalized water quality data
of 17 parameters was used to develop a mean exceedance model to obtain exceedance level for water
quality parameters. The mean exceedance for the parameters increased as the cluster number increased
from low to high for all the rivers. Overall, the mean exceedance was higher for fecal coliforms, turbidity,
total phosphorus, total nitrogen, true colour, dissolved oxygen, iron and manganese. The exceedance
in fecal coliforms, turbidity, total phosphorus, total nitrogen, true colour, dissolved oxygen could
be related to anthropogenic activities of landuse/landcover (LULC). The exceedance in iron and
manganese could be associated to natural mineralization. The mean exceedance model was found useful

for obtaining the specific parameters with their exceedance levels. The parameter exceedance patterns
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could be utilized for the development of economical, efficient and targeted treatment technology for the

source waters.

Keywords: Alberta Rivers, water quality modelling, parameter exceedance, drinking water treatment,

water treatment technologies

Introduction

Surface water pollution is a prime threat to the
sustainability of surface waters in various parts of
the world including Canada [1]. The main source of
drinking water is surface water of Albertans in Canada
[2]. Approximately 97.5 % of consumptive use of water,
which serves small and large communities in Alberta,
comes from surface water. The origins of Alberta’s
major rivers are glaciers and snow packs of Rocky
Mountains. The surface water quality of rivers changes
as water flows through different types of Landuse/
Landcover (LULC) [3, 4]. The water deterioration
occurs due to anthropogenic activities (e.g., agriculture,
forests, industrial, residential etc.) and natural factors
(i.e., geology, soil, climate, precipitation etc.). The
climatic changes can degrade the water quality [5-7].
The temperature variations due to seasonal changes
also affect the surface water quality in Alberta.

In order to monitor the water quality, the water
quality indices are used. The water quality index
is a mechanism built on numerical expression for
describing the quality level of water [8]. A study was
conducted in which the water quality index was created
using ten parameters, which were dissolved oxygen,
pH, coliforms, specific conductance, alkalinity, and
chloride. The index score was attained with a linear
sum aggregation [9]. In another study, a multiplicative
water quality index was developed by assigning weights
to every parameter subjectively. The weight-based
index was found useful and had significant impact
on the indices [10]. Some other studies also included
weight-based patterns in their indices [11]. In another
study, an index was developed based on empirical
data for recreation water and sensitivity functions
were used to allot a numerical value between 0 and 1.
The sensitivity functions were represented using the
negative exponential curves. Sub-indices were defined
and combined to obtain the geometric mean [12].

For monitoring the quality of major rivers of
Alberta, Long-Term River Network (LTRN) program
and the Canadian Water Quality Index (CWQI)
are used. In LTRN program, the water samples are
collected from fixed sampling sites and are tested
for several parameters every month. To check the
suitability of water for explicit uses, the water quality is
assessed using Canadian water quality guidelines. The
quality is considered acceptable when these values are
found within the limits [2]. However, it was important
to create a model that could classify the surface
water quality of Alberta’s major rivers to identify the
particular parameters deteriorating the water quality

and guide in “treatment decision making” based on the
outputs of the model. For this purpose, 12 major rivers
of Alberta were classified and analyzed using principal
component analysis (PCA) and clustering techniques
by Akbar et al. [13]. The normalization models were
developed on the basis of Canadian drinking water
quality guidelines. The measured parameters were
compared with the Canadian drinking water quality
guidelines to develop a normalization model. The model
was used to normalize the data of all 17 parameters.
The normalized data of 17 parameters for 23 sampling
sites during 2004-2008 were used for PCA to identify
Principal Components (PCs) and obtain the dominant
parameters. The dominant parameters obtained from
PCs were dissolved solids, true color, pH, iron, fecal
coliform, dissolved oxygen, and turbidity. The data
for dominant parameters was used to develop the total
exceedance model. The model was applied to generate
five clusters. In evaluation, the clusters showed strong
relationship with the classes of Canadian Water Quality
Index (CWQI). Higher cluster numbers (i.e., 4, and 5)
were observed in growing season whereas lower cluster
numbers (i.e., 1, 2, 3) were found during winter. The
agriculture could be responsible for deteriorating water
quality in growing season [13].

The clusters of Alberta surface waters could be used
to develop economical, efficient and targeted treatment
technologies. Normally the water treatment technology
is implemented with all built-in treatment processes. It
makes the treatment costly, ineffective and untargeted.
It is quite possible that in some places, advanced level
of treatment might not be necessary as the water quality
is intrinsically good. Different treatment technologies
target different pollutants. For example in-line
filtration is useful for water having low turbidity, direct
filtration is beneficial for low to moderate turbidity and
conventional treatment is good for high turbidity [14].
Different membrane filtration technologies can be used
for treating different pollutants e.g., (i) nano filtration
can be used for removal of calcium and magnesium
ions; (ii) ultrafiltration can be used for removal of
calcium and magnesium ions; and (iii) microfiltration
can be used for removing pathogens [15,16]. Different
types of disinfectants (e.g., chlorine, chloramine,
UV light, ozone, and chlorine dioxide) are used for
controlling bacteria, virus and other organisms [17, 18].
It is quite possible that the source waters change with
the time of the year. There may be periods when they
have high turbidity and consequently require treatment
for it while at other times of the year the turbidity is
low enough that a high level of coagulant dosage is not
warranted.



Development and Application of Exceedance...

1499

Elbow Rive
(120 Kn

BC: British Columbia
AB: Alberta

SK: Saskatchewan
MB: Manitoba

ON: Ontario

QUE: Quebec

NB: New Brunswick
NS: Nova Scotia

PEIL Prince Edward Island

NFLD: Newfoundland and Labrador

Oldman Rive

r (OR)
362 Km)

r (ER)
m)

bl 1)
OR-2
BOR \mk.)
« .
 CC
220

I
b) Alberta Rivers :
*)  River sampling sites |
I
|
I
I
Peace River (PR) |
(1923 Km) |
I
I
> Athabasca River (AR) :
(1231 Km)
Wapiti River (WR) |
(155 Km) |
2 A " I
Smoky River (SR) NS |
492 .
ERERN) f North Saskatchewan |
River (NSR) (1287 Km) |
1> Battle River (BR) !
(570 Km) !
I
I
Bow River (BOR) Red Deer River (RDR) |
(587 Km) (724 Km) |
I
|
I
I
|
I
I

Fig. 1. a) Location of Alberta in Canada and b) Location of 23 sampling sites across the twelve major rivers in Alberta as published in

Akbar et al. 2013 [13].

It is important to target the pollutants that are
endemic to a particular area and accordingly devise a
suitable treatment technology. The objectives of this
paper were to: (i) develop the mean exceedance model
using all 17 parameters; (ii) identify the parameters
which exceeded the Canadian drinking water quality
guidelines; (iii) obtain the exceedance patterns of
parameters in clusters of 12 major rivers of Alberta
during the period of five years (i.e., 2004-2008); and
(iv) obtain decision on treatment of parameters.

Materials and Methods
Study Area and Data Requirements

The study area has 12 major rivers of Alberta as
shown in Fig. 1. The lengths of rivers range from
120 km to 1923 km as presented in Fig. 1. Alberta
is a western province of Canada where the average
annual temperature in winter ranges from —25.1°C to
—9.6°C and in summer it varies from 8.7°C to 18.5°C
[19]. The major LULC types are needle leaf forests
(57.57%), grasses/cereal crops (30.11%) and broad
leaf forests (5.25%) [20]. The information on surface
water quality data is given on this website (https:/
www.alberta.ca/surface-water-quality-data.aspx).  The
surface water quality of all major rivers is monitored
for the different parameters on the monthly basis as
part of Alberta Environment and Parks’ Long Term
River Network (LTRN) project. This data is accessible
to public and can be downloaded using this website

(http://environment.alberta.ca/apps/EdwReportViewer/
LongTermRiverNetwork.aspx).

There are 23 sampling sites of the rivers. For each
sampling site, we obtained the monthly values of the
17 water quality parameters for the period 2004-2008
from Alberta Environment. These parameters included:
chloride (Cl), dissolved organic carbon (DOC), dissolved
oxygen (DO), fecal coliforms (FC), fluoride (F), iron
(Fe), manganese (Mn), pH, sodium (Na), sulfate (SO,)
total dissolved solids (TDS), total hardness (TH), total
nitrogen (TN), total phosphorus (TP), true color (TC),
turbidity (TUR) and water temperature (WT). The
guideline values for each of these parameters are given
in Table 1 [21-23].

Methods

The method consisted of two major parts, such as:
(1) utilization of cluster database; and (ii) development
and application of mean exceedance model.

Utilization of Cluster Database

We used the data of monthly clusters for all the
twelve rivers of Alberta during 2004-2008 developed
by Akbar et al. [13]. In that study, the clusters were
developed based on steps, which are described briefly
here. First step includes development of normalization
model as given in Eq. (1) and Eq. (2).

(Parameter)measured

]0.25

(Parameter)normalization = —
(Parameter)guideline

ey
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(Parameter)guideline
(Parameter)measured

0.25
(Parameter)normalization = [ ]

@

The guideline for Canadian drinking water quality
was 0 for FC as shown in Table 1, so the power of
constant number 0.25 was used in the equations 1 and
2. Exponent 0.25 was used in order to reduce the spread
(because of the large variations in their measured
values) between the 17 parameters given in the
Table 1. These normalized models were applied on the
15 parameters (WT, TUR, TC, DOC, TP, TN, TDS,
TH, Cl, SO,, pH>8.5, Na, F, Mn and Fe using Eq. (1),
and 2 parameters (DO and pH<6) using equation (2)
for obtaining normalized water quality data during
2004-2008.

Step 2 included the application of principal
component analysis to identify principal components
and to obtain the dominant parameters using the
normalized data. On the basis of highest loading values
dominant parameter was selected from each PC.

Step 3 included the development of total exceedance
model i.e., Eq. (3) using normalized data of dominant
parameters obtained using Eq. (1) & Eq. (2) during the
period 2004 to 2008.

(Exceedance)total = };[(Dominant parameter)normalized — 1)]

©)

In step 4, the exceedance values obtained, were
used to identify the patterns to develop clusters for
the classification of surface water quality of the rivers.
Step 5 included the evaluation of clusters on the basis
of CWQI using Eq. @) [13]. CWQI is a tool
implemented by Canadian Council of Ministers of
the Environment (CCME) to provide reports on
water quality in Canada. For evaluation the percent
cumulative agreements between the clusters and CWQI
classes were calculated for all rivers during the period
2004 to 2008.

VF12+F22+F32 |
CWQI =100 — [T @

..where F, F,, and F, are scope, frequency and amplitude
which could be calculated using equations as given in
Table 2 [13].

Development and Application of Mean
Exceedance Model

In this sub-section, the steps consisted of the: (i)
normalization of measured water quality data during
the period 2004-2008 for WT, TUR, TC, DOC, TP,
TN, TDS, TH, Cl, SO,, pH>8.5, Na, F, Mn and Fe
using Eq. (1), and DO and pH<6.5 using Eq. (2) as
explained in "Utilization of Cluster Database"; (ii) The
normalized parameter dataset was used to develop a
mean exceedance model as given in Eq. (5).

(Mean Exceedance)parameter = Mean[(parameter)normalized — 1]

Table 1. Guidelines for Canadian drinking water quality [21-23]. ®)
Parameter Non-compliance if guideline value:
WT >15°C
Table 2. Equations used for calculation of CWQI and identifying
bo <6.5 mg/LL classes using the data of 23 sampling sites for 12 rivers during
TUR >1 NTU the period 2004-2008 [13].
TC >15 Pt Co units Number of failed variables
F1(Scope) = A x 100
DOC >5mg/LL Total number of variables
TDS >500 mg/Lmg/L Number of failed tests
F2 (Frequency ) =
TP >0.05 mg/Lmg/L Total number of tests
TN >1 mg/Lmg/L Objective j
excursioni=| —~ |-1
pH <6.5 or >8.5 Failed test valuei
TH >500 mg/L .
me .. (Failed test value i |
excursioni=|"__ . |-
Cl >250 mg/L Objective j
SO, >500 mg/L ]
Z;’_l excursion i
Na >200 mg/L nse=| =t
number of tests
F >1.5 mg/L
nse
FC 0 F3 (amplitude) = (—J
Mn >0.05 mg/L 0.01nse+0.01
Fe >0.3 mg/L Note: nse: normalized sum of excursion




Development and Application of Exceedance...

1501

Table 3. Table showing sampled values and normalized values of the dominant parameters for different sampling sites of 12 rivers.
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For total exceedance dominant parameters were
used whereas in mean exceedance all the parameters
were used.

(iii) This model was applied to obtain the mean
exceedance level for water quality parameters of the
clusters in all the rivers of study area.

(iv) Charts were developed to present parameter
exceedance patterns in clusters.

Results and Discussions

In these subsequent paragraphs, we discussed
about the (i) development of normalization models; (ii)
Principal Component Analysis; (iii) cluster development
for water quality classification; (iv) clusters comparison
with CWQI classes; (v) mean exceedance of parameters
for rivers; (vi) treatment decision making using
outputs of mean exceedance model; and (vii) treatment
technologies for exceeded parameters.

Development of Normalization Model

In first step, the normalization model was developed
using Eq. 1 and Eq. 2 [13]. Both these equations were
applied for all 17 parameters on each site of all 12
rivers. The results of selected river sampling sites for
the selected dominant parameters are shown in Table
3. Formulae were applied on the original values of
parameters to get the normalized values.

Principal Component Analysis

The results of Principal Component Analysis led
to seven major principal components with variability
of about 89%. From these identified PCs, it was found
that PC-1 was the indicator of watershed geology,
PC-2, PC-3, and PC-4 were the indicators of
mineralization (natural and anthropogenic) and PC-3,
PC-5, and PC-7 were the indicators of LULC activities.
The dominant parameters which were discovered from
seven PCs were TUR, TDS, pH, DO, FC, Fe and TC
[13].

Cluster Development for Water Quality
Classification

The developed model given in Eq. 3 was
used to calculate the total exceedence values for the
normalized data of dominant parameters. Five clusters
for water quality classification were developed and
evaluated using these exceedence values. Clusters
shown in Fig. 2 are presenting the maximum, minimum
and the mean exceedence values of the dominant
parameters.

From Fig. 2, it is clear that minimum, maximum
and mean exceedence increases with increase in cluster
number. It means that the water quality deteriorates
from cluster 1 to cluster 5 respectively [13].
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parameters [13].

Clusters Comparison with CWQI Classes

As discussed, the clusters obtained, were
compared with CWQI classes as shown in Fig. 3. The
quantitative evaluation showed very close match of
clusters with CWQI classes. The results revealed that
for clusters 1, 2, 3 ,4 and 5 cumulative agreement for
0 deviation were 85.71%, 83.54%, 90.22 %, 80.74%
and 83.40% respectively. For +1 deviation the
agreement percentages were 14.29%, 16.46%, 8.83%,
19.26% and 16.60% respectively. For +2 deviation, the
percentage of agreement was 1.40 % in cluster 3. The
percentages of agreement showed very strong match
between clusters and CWQI classes which indicates
the suitability and worth of cluster based classification
system for the surface water quality of Alberta Rivers
[13].

which were not exceeded in each cluster of river. The
numerical values also indicated the levels of exceedance
for each exceeded parameter. The mean exceedence
of fecal coliforms and turbidity is higher in almost all
the rivers which indicates that water quality in Alberta
river is deteriorated mostly due to their precence. The
increase in FC is related to increasing anthropogenic
activities [13]. The turbidity in water quality could be
related to snow melting and precipitation. The run off
from different types of LULC increase the sediment
levels in the surface waters, which increase TUR.
Although all the parmeters listed are responsible for
degrading the water quality but greater values of TP and
Mn in Battle River and involvement of higher values of
Mn and Fe in Milk river indicate their major roles in
detoriating the water quality of these rivers. It shows
increase in natural mineralization also affected the
water quality. The details about the mean exceedance of
parameters of the twelve rivers in Alberta are given in
subsequent paragraphs..

Athabasca River

For Athabasca River, the mean exceedance for the
parameters is given in Table 4. The mean exceedance
for FC was above: (i) 1 for cluster 3 and cluster 4; (ii)
2 for cluster 5. The mean exceedance for TUR was
above: (i) 0.40 for cluster 3; (ii) 1 for cluster 4, (iii) 2 for
cluster 5. For cluster 5, the mean exceedance for (i) TP
was above 0.30; (ii) TC and DOC was above 0.20; (iii)
Fe was above 0.10. For cluster 4, the mean exceedance
for: (i) Fe was above 0.20; (ii) TP, TC and DOC was
above 0.10. For cluster 3, the mean exceedance for: TP,

mw+ O E-----A | Mee--- A + 100
R
z 80 1 180 &
Q o
é 1 =6 Cluster-1 | é
2 60 -8~ Cluster-2 60 =
9 (a) Development of clusters --4- Cluster-3 (b) Evaluation of clusters 9
’;“; 40 T wipger Cluster-4 T 40 %
,5 —o— Cluster-5 ’S
o o
X207 20 2
0 t t t + : 0

0 1 2

0
Deviation

Fig. 3. Percentage cumulative agreement between clusters and CWQI classes based on deviations for (a) development of clusters and (b)
evaluation of clusters [13].
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TC, and DOC was above 0.10. Overall the parameters
with the higher mean exceedance values were FC and
TUR. The snow melting and precipitation from the
different types of land LULC increase the sediment
levels in the surface waters, which increase TUR. The
sources of deterioration in Athabasca River are also the
surface runoff from the different LULC types including
broad leaf forests, needle leaf forests and cereal crops/
grasses [13]. A study accomplished for Athabasca
River, found that the contamination could be related to
LULC related runoff from the forestry and agricultural
activities [24]. The lowest to highest exceedance were
observed from cluster 3 towards cluster 5.

Battle River

The mean exceedance for the parameters of Battle
River is given in Table 4. The mean exceedance for FC
was above: (i) 1 for cluster 3; (ii) 2 for cluster 4 and
cluster 5. The mean exceedance for TUR was above:
(1) 0.50 for cluster 3; (ii) 0.80 for cluster 4 and (iii) 1
for cluster 5. The mean exceedance for Mn was above:
(1) 0.10 for cluster 3; (ii) 0.40 for cluster 4; (iii) 1 for
cluster 5. The mean exceedance for DO was above: (i)
0.20 for cluster 4; and (ii) 0.60 for cluster 5. The mean
exceedance for TP was above: (i) 0.20 for cluster 3; (ii)
0.30 for cluster 4; and (iii) 0.50 for cluster 5. The mean
exceedance for DOC was above: (i) 0.20 for cluster 3;
(i1) 0.30 for cluster 4; and (iii) 0.40 for cluster 5. The
mean exceedance for TC was above: (i) 0.20 for cluster
3; (i1) 0.10 for cluster 4; and (iii) 0.20 for cluster 5. The
mean exceedance for TN was above: (i) 0.20 for cluster
4 and cluster 5. We also observed mean exceedance
over 0.10 for TDS and Fe in cluster 5. The parameters,
which showed higher mean exceedance as compared to
others parameters, were FC, TUR, Mn, DO, and TP.
The range of mean exceedance for these parameters
was from: (i) 0.28 to 1.77 in cluster 3; (ii) 0.38 to 2 in
cluster 4; and (iii) 0.58 to 2.97 in cluster 5. Battle river
is dominated by cereal crops and grasses. The corrosion
in water might be related to the agriculture activities.
The natural and anthropogenic activities are also
responsible for deteriorating its condition [25].

Bow River

For Bow River, the mean exceedance for the
parameters is given in Table 4. The lowest to highest
exceedance for the parameters were observed from
cluster 1 towards cluster 5. The mean exceedance for
FC was above: (i) 1 for cluster 1, cluster 2 and cluster
3; (ii) 2 for cluster 4; and (iii) 3 for cluster 5. The mean
exceedance for TUR was above: (i) 0.2 for cluster 2; (ii)
0.4 for cluster 3; (iii) 0.5 for cluster 4; and (iv) 1 for
cluster 5. The mean exceedance for TP was above: (i)
0.1 for cluster 3 and cluster 4; and (ii) 0.3 for cluster
5. Fe also showed exceedance of about 0.30 in cluster
4. FC and TN showed exceedance in all five clusters.
FC, TUR and TP showed higher exceedance in

cluster 3, cluster 4 and cluster 5. The cluster results
showed that water quality of Bow River in BOR-2,
BOR-3 and BOR-4 weakened as compared to BOR-
1 during the growing season. This could be related to
the agricultural activities of cereal crops as these three
sites are located near agricultural areas whereas BOR-1
is located near needle leaf forest. The increase in TUR
in Bow River could also be the result of snow melting
period [25].

Elbow River

For Elbow River, the lowest to highest exceedance
for the parameters were observed from cluster 2
towards cluster 5 (See Table 4). The mean exceedance
for FC was above: (i) 1 for cluster 2; (ii) 2 for cluster
3 and cluster 4; and (iii) 4 for cluster 5. The mean
exceedance for TUR was above: (i) 0.05 for cluster
2; (ii) 0.10 for cluster 3; (iii) 0.3 for cluster 4; and (iv)
0.5 for cluster 5. TP, TC and TN showed exceedance
above 0.10 for cluster 5. The most prominent parameters
in terms of exceedance were FC and TUR. Cluster 5
showed exceedance in six parameters (i.e., FC, TUR,
TP, TC, TN and DOC). Cluster 4 had exceedance in
three parameters (i.e., FC, TUR and TN). Cluster 2
and cluster 3 showed exceedance only in FC and TUR.
Water quality of Elbow River might be deteriorated
mostly because of runoff from agriculture and
residential development [26].

Milk River

The mean exceedance of parameters for the clusters
of Milk River is given in Table 4. The exceedance values
for the exceeded parameters are higher for cluster 5 as
compared to cluster 4. The mean exceedance for: (i) FC
and Fe was above 2; (ii)) Mn and TUR was above 1. TP,
DOC, TC, TN, and TDS had mean exceedance above
0.10 in cluster 5. The parameters in the order from
the highest to lowest mean exceedance were Mn, FC,
Fe, TUR, TDS and DO respectively in cluster 4. The
mean exceedance for Mn, FC and Fe were above 1. The
parameters of Cluster 5 for Milk River from the highest
to lowest values were: FC, Fe, Mn, TUR, TP, DOC,
TC, TN, TDS, pH and DO. Milk River is surrounded
by the cereal crops/grasses and the snow melting period
around this river was before 5-April-08. Agricultural
activities and surface runoff due to snow melting could
be the reason of the deteriorated water quality of Milk
River during growing season. The mineralization in
Milk River due to Mn and Fe could be a major factor
for the deteriorated water quality throughout the year
[27].

North Saskatchewan River
The mean exceedance of parameters for the clusters

of North Saskatchewan River is given in Table 4. The
lowest to highest exceedance for the parameters were
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observed from cluster 3 towards cluster 5. The mean
exceedance for FC was above: (i) 1 for cluster 1; (ii)
2 for cluster 4; and (iii) 3 for cluster 5. The mean
exceedance for TUR was above: (i) 2 for cluster 5; (ii)
0.5 for cluster 4; and (iii) 0.3 for cluster 3. The mean
exceedance was above 0.1 for TP, TC, DOC and TN
for cluster 5. TP and TC had the exceedance above 0.1.
TP in cluster 1 showed exceedance above 0.50 and TN
had exceedance above 0.1. The mean exceedance was
higher for FC, TUR, TP and TC as compared to other
parameters for North Saskatchewan River. A major
portion of North Saskatchewan River is surrounded by
cereal crops/grasses on downstream side of the river and
by needle leaf and broad leaf forests at upstream side.
Worsened water quality of North Saskatchewan River
in growing season could be due to agriculture activities.
The variation of clusters in different months during
the period 2004-2008 was associated with the snow
melting. The probable sources of contamination for
the North Saskatchewan River could be the pollutants
which are carried by snowmelt from the activities
related to agriculture and forestry [28].

Oldman River

The mean exceedance of parameters for the clusters
of Oldman River is given in Table 4. The lowest to
highest exceedance for the parameters were observed
from cluster 1 towards cluster 5. The mean exceedance
for FC was above: (i) 1 for cluster 1, cluster 2 and cluster
3; (ii) 2 for cluster 4; and (iii) 4 for cluster 5. The mean
exceedance for TUR was above: (i) 0.30 for cluster 2;
(i1) 0.50 for cluster 3; (iii) 0.70 for cluster 4; and (iv) 2
for cluster 5. The mean exceedance was above: (i) 0.40
for TP; and (ii) 0.10 for TN. The exceedance was above
0.10 for FE in cluster 4. The parameters with higher
exceedance in: (i) cluster 5 was FC, TUR, TP, and TN;
(i1) cluster 4 was FC, TUR and Fe; (iii) cluster 2 and
cluster 3 were FC and TUR; and (iv) cluster 1 was FC.
The Oldman river water quality is flagging becaue of
the anthropogenic activities like recreation, forestry,
agriculture activities and oil and gas development [29].
The naturally happening process of sulfide oxidation in
Oldman River Basin was detected because of the wide
network of drainage and irrigation canals [30].

Peace River

The mean exceedance of parameters for the clusters
of Peace River is given in Table 4. The mean exceedance
from the lowest to highest range was observed from
cluster 3 towards cluster 5. The mean exceedance for
TUR was above: (i) 0.50 for cluster 3; (ii) 1 for cluster
4; and (iii) 3 for cluster 5. The mean exceedance for FC
was above: (i) 1 for cluster 3, cluster 4 and (ii) 2 for
cluster 5. For cluster 5, the exceedance for: (i) TP was
above 0.50; (ii) TC was above 0.20; (iii)) DOC was above
0.10. The mean exceedance for TP was above 0.40 for
cluster 4 and it was above 0.10 for TN. The parameters

with the higher mean exceedance were TUR, FC, and
TP in all three clusters. As river is surrounded by crops,
broad leaves and needle leaves forest and most of Peace
River is in the snow melting period of 6-Apr-08 to
15-May-08, therefore agriculture activities and increase
in contamination due to snow melting could be the
reason for detoriation in water quality [13].

Red Deer River

The mean exceedance of parameters for the clusters
of Red Deer River is given in Table 4. The mean
exceedance from the lowest to the highest range was
observed from cluster 1 towards cluster 5. The mean
exceedance for FC was above: (i) 1 for cluster 1, cluster
2 and cluster 3; and (ii) 4 for cluster 4. The mean
exceedance for TUR was above: (i) 0.20 for cluster
2, cluster 3; (i1) 0.50 for cluster 4; (iii) 1 for cluster 5.
For cluster 5: (i) TP was above 0.30; (ii) TC was
above 0.20; (iii) DOC and TN was above 0.10. TP
was above 0.10 for cluster 4. The parameters with the
highest mean exceedance were: (i) FC, TUR, and TP
in cluster 4 and cluster 5; (ii) FC, TUR, and TC in
cluster 2 and cluster 3. FC was the only exceeded
parameter in cluster 1. In growing season contaminaion
in water quality of red deer River could be associated
with the agriculture activities as river is surrounded
by cereal crops and grasses and run off due to snow
melting [25].

Smoky River

The mean exceedances of parameters for the
clusters of Smoky River are shown in Table 4. The
mean exceedance from the lowest to highest range was
observed from cluster 3 towards cluster 5. The mean
exceedance for TUR was above: (i) 0.50 for cluster
3; (i1) 1 for cluster 4; (iii) 2 for cluster 5. The mean
exceedance for FC was above: (i) 1 for cluster 3; (ii) 2
for cluster 4 and cluster 5. For cluster 5, the exceedance
was above: (i) 0.40 for TP; (i) 0.20 for TC; and (iii)
0.10 for DOC. TC and DOC had exceedance above 0.10
in cluster 4. TP was above 0.40 in cluster 3 and TC
was above 0.10 for cluster 3. The parameters with the
highest mean exceedance were: (i) FC, TUR, and TP in
cluster 3 and cluster 5; (ii) FC, TUR, and TC in cluster
2 and cluster 3. FC was the only parameter in cluster
1. The parameters with the highest mean exceedance
were: (i) FC, TUR, and TP in cluster 3 and cluster 5; (ii)
FC and TUR in cluster 2 and cluster 3. The weakening
in the water quality of Smoky River could be related to
of discharges from oil sands refinery and runoff from
the forest and agricultural activities [25].

South Saskatchewan River
The mean exceedance of parameters for the clusters

of South Saskatchewan River is shown in Table 4.
The mean exceedance from the lowest to highest
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range was observed from cluster 2 towards cluster 5.
The mean exceedance for FC was above: (i) 1 for cluster
2, cluster 3, and cluster 4; (ii) 3 for cluster 5. The mean
exceedance for TUR was above: (i) 0.30 for cluster 2;
(i1) 0.70 for cluster 3; (iii) 1 for cluster 4 and cluster
5. The exceedance was above 0.30 for TP and it was
more than 0.10 for DO and TN. For cluster 4, the mean
exceedance for Fe was above 0.20 and it was above
0.10 for TN and TP. TN was also found above 0.10
for both cluster 2 and cluster 3. The parameters with
the highest mean exceedance were: (i) FC, TUR, and TN
in cluster 2 and cluster 3; (ii) FC, TUR and Fe in cluster
4; and (iii) FC, TUR and TP in cluster 5. The intense
agricultural activities found in South Saskatchewan
River Basin could be responsible for contamination
and inclusion of sediments and nutrients in the water
thus deteriorating its quality [25].

Wapiti River

The mean exceedance of parameters for the
clusters of Wapiti River is given in Table 4. The mean
exceedance from the lowest to highest range was
observed from cluster 1 towards cluster 5. The mean
exceedance for FC was above: (i) 1 for cluster 3; (ii)
2 for cluster 4 and cluster 5. The mean exceedance
for TUR was above: (i) 0.10 for cluster 1; (ii) 0.30 for
cluster 3; (iii) 1 for cluster 4; and (iv) 2 for cluster 5.
For cluster 5, the mean exceedance for: (i) TP was
above 0.30; (ii) Mn was above 0.20; (iii) TC, TN, Fe
and DOC was above 0.10. The mean exceedance for
TP, TC and DOC was above 0.10 in cluster 4. The
exceedance for TC and DOC was above 0.10 for cluster
3. The parameters with the highest mean exceedance
were: (i) TUR in cluster 1; (i1) FC and TUR in cluster
2; (iii) FC, TUR and TC in cluster 4; and (iv) FC,
TUR, and TC in cluster 5. The anthropogenic
sources might be responsible for deteriorating the
water quality of Wapiti River which include discharge
of sewage effluent from pulp mill and municipalities
[31].

Treatment Decision Making Using Outputs
of Mean Exceedance Model

Clusters of Alberta River water and outputs of the
mean exceedance model might guide us in making the
decisions regarding the targeted treatment technologies
required for certain parameters by the rivers. The
parameters with exceedance, specifies that the water
quality is deteriorated thus needs treatment technology
for those parameters. The parameters whose mean
exceedance values are not exceeded, represents that
water is not contaminated because of these parameters
and therefore advance level of expensive and ineffective
treatment technologies are not needed in such places.
Table 5 is showing the decision of treatment that was
made using the outputs of mean exceedance model. It

shows that based on the outputs of mean exceedance
model, different clusters of all major rivers need
different treatment technologies. Thus the treatment
technologies for the parameters which are not exceeded,
are not needed to be implemented. We can see that
cluster 3, 4 and 5 of Athabasca River needs treatment
for 8 out of 17 parameters only. Similarly cluster 3, 4
and 5 of Battle River needs treatment for 10, 11 and
13 parameters. We can also deduce that cluster 5 of
Battle river is contaminated with highest number of
parameters thus needs treatment for all 13 parameters.
In Elbow River, cluster 2 and 3 needs treatment for FC
and TUR only whereas cluster 4 needs treatment for FC,
TUR and Fe. Cluster 1 of Red Deer River only needs to
be treated for a single parameter i.e FC. The details of
the rest of the clusters for all the rivers and treatment
required or not required for different parameters, are
enlisted in Table 5.

The economic development in many developed
countries including Canada, exponential growth in
human population, climate change, caused serious
threats to natural ecosystems [15]. The industrial zones
release many water pollutants in fresh water bodies.
These pollutants have very long-lasting effects on the
sustainability of local ecosystems [7]. The industrial
wastewaters contain many toxic inorganic and organic
compounds like PCB, PAH, VOCs, etc. which can cause
damage to delicate aquatic ecosystems [7]. The water
pollution of rivers not only affects the environmental
sustainability but also caused economic burden through
its impacts on human health due to the dependency of
potable water on rivers in many parts of the world [32].
It was reported [11] that lakes are more prone to be
disturbed by water pollutants. To address various water
pollutants, water quality assessment or its modelling
is highly desirable. After knowing water quality, the
suitable treatment of water or wastewater is necessary
[33].

The present study reported the use of exceedance
model to identify the parameters which exceeded
the Canadian drinking water quality guidelines and
obtained the exceedance patterns of water quality
parameters in clusters of 12 major rivers of Alberta
during the period of five years. The results suggested
that the pattern of exceedance paramters varied
according to spatial patterns of water bodies. The use
of such exceedance models are very handy to
decide what treatment strategy should be adopted at
a particular place. The current study suggested the
specific water quality parameters along their patterns
of exceedance level which needed treatment. The
source of water pollution was also identified where a
specific treatment was needed. The use of probability
to illustrate water quality is applied in studies [34-38].
The various exceedance models were used for finding
exceedance water quality parameters to decide some
useful water management strategies around the world
[35-38].
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Conclusions

In this study, a mean exceedance model was
developed for surface water quality parameters. The
model was applied to identify the parameters which
were exceeded the guidelines and contributed towards
the deterioration of surface water quality in different
clusters of 12 major rivers in Alberta. It provided
information on the parameters which were not exceeded
in these clusters. It indicated the exceedance patterns
of parameters in clusters. The outputs of model was
utilized for decision making on treatment of parameters
in each cluster.The parameters with higher mean
exceedance were: (i) FC and TUR for Athabasca River;
(i) FC, TUR, Mn, DO and TP for Battle River; (iii)
FC, TUR and TP for Bow River; (iv) FC and TUR for
Elbow River; (v) FC, Fe, Mn and TUR for Milk River;
(vi) FC, TUR, TP and TC for North Saskatchewan
River; (vii) FC, TUR, TP, TN, and Fe for Oldman
River; (viii) TUR, FC, and TP for Peace River; (ix) FC,
TUR, TP and TC for Red Deer River; (x) FC, TUR,
and TP for Smoky River; (xi) FC, TUR, TN and TP
for South Saskatchewan River; and (xii) FC, TUR and
TC for Wapiti River. The mean exceedance was highest
for FC and TUR in all the rivers and these were also
dominant parameters. From the results of treatment
decision making, it was found that the higher numbers
of parameters required treatment in cluster 4 and cluster
5 for six rivers which include: (i) Athabasca; (ii) Battle;
(ii1) Milk; (iv) Peace; (v) South Saskatchewan; and (vi)
Wapiti. The exceedance modelling was useful in: (i)
identifying the parameters exceeded above the water
quality guidelines in each cluster; (ii) obtaining the
patterns of exceedance for the exceeded parameters;
(iii1) obtaining the exceedance level for each parameter
of a cluster; (iv) targeting the parameters for the
specific treatment on the basis of exceedance level;
(v) identifying the source of water pollution; and (vi)
deciding the targeted treatment technology.
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