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Abstre~t

Statistical Evaluation ofWater Quality Measurements

A statistical analysis of water quality data collected on paired agricultural

watersheds was undertaken. The objective of the study was to evaluate trends in

water quality. The data sets that were used to determine the changes in water quality

were taken from the project "Gestion de r eau dans le bassin versant de la partie

superieure du ruisseau St. Esprit". For the period from 1994 to 1996, the analysed

waler quality parameter were nitrate, phosphate, ammonium, potassium, total

Kjeldahl nitrogen, total phosphorus and suspended sediment.

The data sets were analysed using descriptive statistics, graphical techniques

and non-parametric methods to detect trends in the measured water quality

parameters. The statistical analyses were undertaken to determine the etfects of soil

conservation practices and fertiliser management and to compare ditferent sampling

strategies.

The analyses showed that there \Vere no detectable changes in water quality

over the 3-year period related to the conservation practices. The lack of improvement

in water quality might he due to the slow rate of adoption of conservation practices

and to c1imatic variations.

For the non-parametric methods applied, it was possible to show lhat c1imatic

variations on small watershed affect the results over a short time period

« 5years). The phosphate concentration on the control showed a significant upward

trend. The nitrate concentration on St. Esprit showed an upward trend over the 3­

year period and then downward trend after a 4-year period of waler quality data. This

was likely due to the implementation ofbest management practices.

The statistical analyses showed that weekly sampling on fixed schedule

produce the same results as automated sampling based uPOn flow rate related to a

defined discharge. This shows that the more complex and expensive flow weighted

sampling scheme is not required to detect trends in water quality.
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Résumé

Évaluation statistique des mesures de qualité de l'eal!

une analyse statistique des données de qualité de l'eau recueillies sur deux bassins­

versants agricoles a été entreprise. L'objectif de l'étude était d'évaluer des tendances

de qualité de l'eau. Les banques de données qui ont été utilisés pour déterminer les

changements de la qualité de l'eau ont été dévelopés dans le cadre du projet ';'Gestion

de )~eau dans le bassin versant de ta partie supérieure du ruisseau St. Esprif". Pour la

période de 1994 à 1996~ les paramètres de qualité de l'eau analysés étaient: nitrates~

phosphates, ammonium, potassium, azote total Kjeldahl, phosphore total et

particules en suspension.

Les banques de données ont été analysées en utilisant des statistiques descriptives,

techniques graphiques et des méthodes non paramétriques pour détecter des.

tendances dans les paramètres de quai ité de l'eau mesurés.

Les analyses statistiques ont été entreprises (X>ur déterminer les effets des pratiques

en matière de conservation des sols et de gestion d'engrais sur la qualité de l'eau et

pour comparer différentes stratégies de prélèvement.

Les analyses ont montré qu'il n'y avait eu aucun changement detectable de la qualité

de l'eau au cours de la période de trois ans. L'absence d'amélioration de qualité de

l'eau pourrait être dû à la leteur d~adaptation des pratiques de conservation et au.x

variations cl imatiques.

Grâce aux méthodes non paramétriques appliquées, il a été possible de montrer que

les variations climatiques dans les bassins versants affectent les résultats sur une

courte période de temps « 5 ans). La concentration en phosphates sur la bassin

témoin a montré une tendance à la hausse significative. La concentration en nitrates

sur le bassin St. Esprit a montré une tendance à la hausse au cours de la période de

trois ans et puis l'évolution à la baisse après une période de quatre ans mesenes de

qualité de l'eau. Cela est probablement dû à la mise en place des meilleures

méthodes de gestion. Les analyses statistiques ont montré que le prélèvement

hebdomadaire selon un hozaire donne les mêmes résultats que l'échantillonnage

automatique basé sur du débit. Ceci montré qu ~ il n'est pas nécessaire defaire des

prélérements eu funtcion du debit pour détecter les tendances de la qualité de l'eau.
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statistical hypothesis test significance level (alpha)

best management practice
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1. Introduction

The conversion of land, over many decades, from its natural state to more

intensive uses such as agricultural and urban development has been a major factor

in the degradation of aquatic and other ecosystems.

The main reason for this degradation is the pollution from man's activities

caused by population growth and changing technology. Examples of this trend are

the change to intensive agriculture and the increased discharge of effluent from

urban and industrial areas. The results of these anthropoid impacts are the

eutrophication of lakes and rivers with the results of acidification and excessive

growlh of aquatic plants due to high nulrient concentrations (such as nitrate,

phosphate).

As result of this water pollution, many countries have started programs to

improve and protect the quality and quantity of existing water resources. The first

major step in this direction \Vas the International Drinking Water Supply and

Sanitation Decade in the 1980~s. This program was initiated by the General

Assembly of the United Nations (Hipel, 1988).

Therefore., it \Vas important to establish procedures to evaluate and control

water quality in rivers and lakes. Agricultural practices and their environmental

impact became a major research topic. One aspect of such research is to improve

the water quality of rivers in intensive agricultural areas. A widely used method to

reduce the impact of non-point source pollution to the environment is the

application ofbest management practices.

The problem of non-point source pollution has been recognised in several

agricultural regions in North America and Europe in the last twenty years. One­

half of ail water pollution is derived from non-point sources in the United States,

with agricultural sources being mast pervasive and important (Chester and

Schierow, 1985). It is estimated that approximately 80 % of the N and P loads
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derived from agricultural sources ln Quebec come from non-point sources

(MENVIQ, 1988).

With an increasing awareness of the problems related to agricultural

pollution, a significant amount of money has been spent to develop and promote

best management practices. The most common way to achieve this infonnation is

to monitor water quality and evaluate trends. This however takes a long lime,

typically lOto 25 years. An altemate technique is to utilise paired watershed

studies. Using this method of paired watersheds, it might be possible to detect

trends over a much shoner period, because bolh watersheds experience the same

short-term climatic variation.

This dissertation evaluates the trends in water quality on paired

agricultural watersheds in Quebec, and evaluates the suitability of different

sampling protocols for collected water quality data for trend analyses. The

watersheds are located about 50-km nonh-east of the city Montreal. The

watersheds are part of the L'Assomption River basin. The \vater quality data \Vere

collected as part of the project --Gestion de l'eau dans le bassin versant de la

partie superieure du ruisseau St. EspriC (Enright et al., 1998). The water quality

data were collected bet\veen 1994 and 1996. On the St. Esprit watershe<L an

agrologist was hired in 1993 to assist the producers in selecting and applying best

management practises. However, very fe\v conservation practises were adopted

prior to the faU of 1994, and as such, both watersheds were managed in a similar

fashion in that year.

1.1 Objectives

The objectives of this thesis were to:

1. Assess the overall annual trends in the waler quality parameters ammonium

(NHt), potassium (K), Nitrate-Nitrogen (N03), phosphate-phosphorus (PO~),

suspended sediment and total phosphorus (TP) on each of the paired

watersheds for the period of 1994-1996

2
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2. Relate the observed water quality trends to observed precipitation~ hydrology

and adoption of best management practises

3. Compare the suitability of different sampling strategies, based on statistical

evaluations.

1.2 Scope

This study evaluates the changes in \vater quality at the small watershed

scale using statistical methods and identifying which statistical methods are

suitable for trend evaluation in short-term water quality data sets. Another aspect

is to examine the impact of different sampling strategies with respect to the

applied statistical methods.

The water quality observations are derived from samples taken from two

gauging stations at the outlet of the watersheds. On one watershed best

management practises were appl ied" and the second watershed was used as

control. The study was undertaken during the period from January 1994 to

December 1996 inclusive. Ali results recommendations are only applicable to the

conditions present in these two watersheds.

3
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2. Literature Review

An important element of environmental deterioration of inland waters is

the progressive enrichment of lakes and rivers with nutrients and pesticides

resulting in the mass production of algae~ and other desirable biotic changes

(Tyagi~ 1996).

To assess the degree to which environmental degradation has taken place,

and if remedial actions have had the desired impac~ trend analysis of water

quality sets has received considerable attention in the last twenty years

(Lettenmaier 1977~ Berryman 1988~ Hipel 1988~ Hirsch 1988). The interest of

trend analysis in water quality arises for two reasons. The tirst is the increase of

environmental awareness, with the result of larger sums from public and private

funds being spent for the purpose of water quality improvement. The second

reason is that there has to be a substantial amount of water quality data collected

that is amenable to such analysis_

One major goal of such surface water quality monitoring is the estimation

of the magnitude ofchanges in concentration of various constituents benveen two

periods.

2.1 Non-point Source pollution studies in Quebec

In the last ten years, non-point source pollution has been weil documented

at the field scale level in Quebec. With an increasing awareness of the problems

caused by non-point source pollution the govemment of Quebec has undertaken a

number of projects, on both large and smail watersheds~ to evaluate the impacts of

non-point and point source pollution (Simoneau and Grimard 1989; Boukchina

1992; Asselin et al. 1992; Simoneau 1996; Labarge 1996). Theses projects were

undertaken to develop mechanisms to reduce those impacts, known as best

management practises.

4
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To evaluate the impact of use of best management practises, two paired

watershed studies are established in Quebec (Enright, 1998; Aubin et al. 1995)

and in the United States (EPA., 1993).

The EPA (1993) used data from a study undertaken in Vennont to

illustrate a method of analysis for paired watershed data. The purpose of the study

was to determine the impact of conventional and conservation tillage on l'wo

watersheds with a size of approximately one-hectare. The advantage of this study

was the size of the examined watersheds., which allowed a complete control of the

applied practises. For studies on small and medium size watersheds, with more

than one fanner involved, control over the applied practices is much more

difficult to attain. As such., it is much more difficult to identify clearly the point at

which practices are adopted. The methodology developed by the EPA compares

"totar~ sediment load., per event, between the l'wo watersheds. [t was not a

suitable method for the St. Esprit and Desrochers data because of the size of the

watershed and the significant basetlow.

As indicated above, a limited amount of research has been conducted.,

which documents the water quality and quantity on smalt and medium size

watersheds in Quebec, compared to the area of the province Quebec. Enright et

al. (1997) stated that the lack of data on small and medium size agrjcultural

watersheds Iimils the adoption of hydrologie and water quality models for

targeting high priority poil ution problems.

Another problem related to this lack of data is the difficulty to apply

statistical methods to deterrnine the changes in water quality on a short-tenn base.

In addition, one should he aware of the fact that most studies of trend

detection in water quality that were undertaken so far rely on large rivers basin.

Further, the recommended statistical methods to evaluate changes are usually

applied to time series longer than ten yeaTS. In this study, an attempt to adapt

these for small sized watersheds has been undertaken.

5



•

•

•

An overview of existing methods for evaluating such water quality

changes 1S given in the next sections.

2.2 Overview of Trend Analysis Methods

Nature rarely evolves in a straightforward pattern. When change occurs~ it

is invariably the result of one or more casual intluences, none of which is itself

likely to behave in a linear fashion nor produce a pure Iinear trend in the affected

water quality variable.

Therefore~ researchers developed difTerent approaches to detect trends in

water quaI ity over the last twenty years. These approaches are based on existing

mathematical theorems and algorithms that include descriptive, graphical,

parametric and nonparametric points of departure. Hence, we have to make an

internai differentiation ofthose methods.

Most researchers in the field distinguish between exploratory and

confirmatory data analysis. These concepts were first introduced by Tukey (1997).

As Aroner (1997) stated~ an understanding of these concepts is fundamentally

important to selecting the appropriate method ofdata analysis.

The exploratory data analysis techniques can be divided ln graphical

representation and descriptive statistics. The main goal of these techniques is to

summarise the sampling dat~ derive an understanding of the behaviour of the

explored population and describe the features of that sampied population.

The exploratory analysis should be robust, so that the infonnation gained

is not too sensitive. Tentative or unavoidable assumptions are made about the

underlying population (Aroner, 1997). The exploratory analysis should not be

used to reach confinned conclusions~ for instance about a tested hypothesis of the

sampied population.

6
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The second category of techniques to analyse water quality data is the

confinnatory technique. The main aspect of this technique is to test hypotheses

advanced regarding populations. This could he the test for the hypothesis of a step

trend or a linear trend. It should he emphasised at this point~ that these hypotheses

should not be made based on the results of an exploratory analysis. The

exploratory analysis does not provide us with a significance level at which we can

accept or reject the observed trend.

In general, the perfonnance of a confinnatory procedure is higher than for

an exploratory procedure. Typically, there are more assumptions associated with a

confinnatory procedure.

It should be pointed out that certain assumptions have to he made before

statisticaI procedures and hypothesis tests can be perfonned. These are:

• random sampling

• independence between observations within a sarnple (paired sample)

• independence between observations within a sample and between sample sets

(unpaired samples)

• stationary of the mean and variance

• a population unit is measured without error

Unfortunately, the reality is that environrnental data commonly exhibit the

follo\ving characteristics

• Outliers

• Seasonality (the mean changes over time)

• Small sample sizes from extremely variable populations with low signais to

noise ratios

• Limit ofdetection values (LOD)

• Variability changes over time

7
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• Missing observations (from a time series)

• Greater variability at higher concentrations

• Asymmetrical, skewed~ non nonnal distributions

• Measurement uncertainty

The above characteristics tend to be the rule, rather than the exception.

ln order to provide engineers with a useful algorithm to solve problems in

the field of trend analysis in water quality, Aroner (1997) suggested the following

protocol:

1. SpecifY an appropriate hypothesis to be tested; this will usually constitute the

alternate hypothesis (Ha); the null hypothesis (Ho) is usually that there is no

trend or no change over time.

2. IdentifY the type of trend analysis (step or monotone trend) and the associated

time periods appropriate for that hypothesis.

3. Select analysis techniques (data aggregation, the specifie trend test(s) to be

applied, exogenous factors if any suitable for the hypothesis and the sample

data distribution, seasonality, missing observations, seriai correlation).

4. Select a decision making mie - what level of risk of false conclusion is

acceptable.

The following sections \vill provide a short description of the more

recently used exploratory and confinnatory methods of trend analysis.

2.3 Graphical Methods

Graphical methods for analysing trends in waler quality are cJassified as

exploratory methods.

The graphical presentation of data sets is one of the most important tools

to describe the behaviour between two or more environmental variables in time,

8
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frequency and spatial domains. Graphical presentation allows us to interpret

statistical results, for example a time series plot with an estimated trend. In

addition, it helps to ensure that statistical assumptions are satisfied by revealing

distribution, seasonality and constant mean behaviour and variability. Sorne of the

mostly common used graphical displays are

• Q-Q Plot

• Time series line or scatter plot

• Seasonal, annual and longitudinal Box - plots

• Probability plots

• Bar graphs

• Spatial displays

One of the most important and applicable graphical methods are described below.

2.3.1 Box - Whisker Plot

Box plots have become a standardised and popular method to graphically

present data. They \Vere first introduced by McGili et al. ( 1978). Box-and-whisker

plots can he employed as an important exploratory data analysis tao1 in

intervention studies (Hipe!. 1988). If the date of intervention~which will improve

or degrade wateT quality, is known~ the box-and-whisker graph can he constructed

for each season before and after the time of intervention and a graphical

comparison can be made.

Box-and-whisker graphs are based upon the five number summary (Tukey,

1977). For a given data set, the five number summary consists the minimum and

maximum value, the median and the two extreme quartiles. These quartiles are

also called ··hinges··(Hipel ~t. al, 1988) and can be determined by using the 25Ut

and 75Ut percentiles of the data set. The most convenient manner to display this

infonnation is on a seasonal or rnonthly basis.

9
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2.3.2 Q - Q Plot

Another tool to visually detect trends in water quality time series is the Q­

Q plot method. Banlett et al. (1978) stated that this method is useful when two

sets of data are compared. Q-Q plots are based on the percentiles of two given

seasons. These percentiles are plotted against each other. If the distributions are

nearly the same, the points of the two data sets being compared will lie together

nearly along the straight line Y = X. Q-Q plots are usefuI to get an overview of the

behaviour ofa water quality data lime series.

2.4 Nonparametric tests for trends

In order to lessen the number of underlying assumptions required for

testing a hypothesis, such as a specifie kind of trend in a data set, researchers

developed nonparametric tests (Hipel, 1988).

A nonparametric test can be considered as method for testing a hypothesis

whereby the test does not depend upon the form of underlying distribution of the

null hypothesis. [n the literature, the nonparametric tests are also referred to as

distribution free methods.

Hipel (1988) pointed out that, the term nonparametric should be confined

to describing distribution free tests for which there are no parameters. In practice,

it has been interpreted as standing for the set ofail distribution free methods.

In order to give engineers guidance to choose the proper nonparametric

method for testing water quality data for trends, Berryman et al. (1988) provided a

summary of applicable methods. An extract of this summary can be found in

Table 2.1. He also c1assified the statistical methods and verified their power to

detect trends. The results are shown in Table 2.2

10
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Table 2.1 Nonparametric tests for trend detection in water quality series

Trend tvoe Test No. of Stations N Minimum*
Monotone Spearman 1 20

Kendall 1 9
Intrablock for

1
120 ( ten years,

oersistent data 12 month)
Step Mann -W ithney 1 201

Intrablock 1 12
Homogeneity

120 ( ten years,
ofmonthly Chi-square 1
trends

12 month)

• l...-n obst.T\<1Lions are nt.·ah:d 10 conduel a tcst wlth cr. = 0.05 and li\c arc n:quircd with cr. = 0 1

Table 2.2 Power of nonparametric tests for trend

Tvoe of trend Test Power
Monotone Intrablock test 0.955

Kendall 0.96

S~I.lan 0.98
Step Wilcoxson - Mann - Whitney 0.955

Van der Waerden 1

The four most common nonparametric tests used to detected trends in

water quality are described in the following sections. Il will also include the

description of a relatively new test, the van der Waerden' s X - test, which is a

powerful test to detect trends.

2.4.1 Seasonal Kendall Test

The seasonal Kendall test is a panicular application for Kendall's test for

correlation (Kendall and Gibbons, 1990) and Mann' s nonparametric test for

randomness. It was tirst introduced by Hirsch et al. (1982) and since this time, it
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became a standard application in water quality analysis. One advantage ofthis test

is the possibility to evaluate water quality measurements over a period of2 years.

The seasonal Kendall test for trend detection is an adaptation of the

seasonal Mann - Kendall test that is described in the next section. The seasonal

Kendall test is divided in two types.

The first one is the seasonal Kendall test \vithout correction for

correlation. This modification of the test should he used on data pairs \vithin the

same season. This season could he a one-month or a three-month period. To

perfonn this seasonal Kendall test \vithout correlation~ the intermediate statistics,

SI' are calculated for each season and then summed across ail seasons, to give the

global statistic, 5' .

Hirsch et al. (1982) used equation 2.1 to calculate the variance of the

global statistic~ 5'

where h = the number of seasons

n = the number ofdata in the i th season

t = the extent of any given tie (Aroner, (997)

For n greater 10. the large sample statistic should be computed (Hirsch et

al., 1982). Z is defined as the standard nonnal variate N (0,1).

S'-l
ifS'

[Var(S')]' 2
> 0

z= 0 ifS' = 0 (2.2)

S'+l
ifS' < 0

[Var(S')

Thus in a two sided test for trend, the nuH hypothesis Ho should be

accepted if Izr:s =a 2 where 1·~\·(=a2)::= a /2, FN being the standard normal

12
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cumulative distribution function and a being the size of significance level for the

test. Hence~ a positive Value of S indicates an ~upward trend~ (increasing values

with lime)~ and a negative value of S indicates a ~do\\'nward trend~ (Hirsch et al.,

1982). The value of 1 which is used in equation 2.2 is a ....continuity correction.... to

improve the approximation ofZ.

The second method of computing the seasonal Kendall test is \vith

correction for correlation. Hirsch and Slack (1984) presented this modification of

seasonal Kendall test without correction for correlation introduced in 1984 and

made the attempt to account for seriai correlation between adjacent seasons. This

means that the independence is still assumed bet\veen the subsequent years \\'ithin

the same season. For instance a June observation for one year is assumed to be an

independent observation from a June observation another year. The test is known

as the covariance sum method (Aroner, 1997). Hirsch (1984) recommends using

this type of test only for data sets longer than ten years.

The modified equation is given below

Ir " "

Var (S') = LVar (S,) + L L('ov~\"(u,v) (2.3)
,=1 u=1 ,"=1

ft should also be mentioned that Aroner (1997) suggested that this test

should be applied only to a time series, where a significant seriai correlation has

been identified. The term seriai correlation means the correlation bet\veen

ditTerent observations with trend and seasonality removed. A more detailed

description of the seasonal Kendall test with correlation cao he found at Hirsch

and Slack ( 1984).

2.4.2 Mann-Kendall Test

Although it is not mentioned in the previous section, that Kendall

developed the Kendalr s test for correlation in 1938 and Mann 1945 described a

13



• nonparametric method for randomness against time that constitutes to be a

particular application ofKendall~ s test.

The null hypothesis Ho is that for each of the m seasons the n observations

are independent and identically distributed while the alternative hypothesis Ha is

there is a monotone trend (Hipel, 1988). The test for S can be formally given by

Hipel (1988)

(2.4)

•

•

",,'here g= 1,2.....~m

Under Ho as stated above the distribution of S is normal n ~ 00, and the variance~

Var (S) can be given by

where t J = the number of observations in a given tie. If no ties are present the

summation term drops out (Aroner~ 1997). As for the seasonal Kendall test~ the

large sample statistic Z should be computed as shown in equation 2.5.

Hipel (J 988) proposed this test to evaluate the changes in water quality in the

Lake Erie study. He applied the test to detect monthly changes in chloride

concentrations over a period of 10 years. He concluded that the Mann - Kendall

test is an appropriate method to detect trends in water quality series.

2.4.3 Spearman's Rbo

The Spearman~s Rho test is a non-seasonal test and can he considered as

an adaptation of the non-parametric Spearman rank correlation test. ft determines

the randomness against a monotone trend. Marasculio and McSwenny (1977)

generated the computational equation 2.6,

14
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where n = number of data

d i = the paired ditTerence in ranks~ ri ( - ril between two points in the lime
senes

T = (lII2)~j(t/ - t Û and t j = the number of tied observations in a given
tie.

As Van Belle and Hughes (1984) detennined the relative power of

nonparametric tests and concluded that., the Spearman test is more powerful than

the Mann - Kendall test. Aroner ( 1997) reponed that the non-seasonal Spearman's

test is not as flexible as the Seasonal Kendall test with increasing sample sizes. It

should be mentioned that the test does not acknowledge missing observations.

Ail three of the tests described above are considered as tests for monotone

trend detection~ but as stated above~ water quality data does not change in a

straight line. Therefore~ it was necessary to find methods that use a ditTerent

approach. Therefore~ Hirsch (1984~ 1991) tested methods for step trend analysis to

evaluate water quality measurements. Two of the most prominent tests are

described below.

2.4.4 Wilcoxson - Mann - Whitney Test

Hirsch (1991) suggested step trend procedures should only be used in two

cases. The first case is when the record(s) being analysed are naturally broken into

two distinct periods with a relatively long time gap between them. The other is

when there is a known event that occurred at a specifie time during the record and

is likely to have resulted in a change in water quality. The record should be

divided in a "before" and "afier" period.

15
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The Wilcoxson - Mann - Whitney test., also known as the U - test., can he

considered as the non-parametric alternative to the parametric ""t-test for the

difference of two means4
". This test is preferred for any data exhibiting

seasonality. Aroner (1997) computed the test as described below.

The first step is to combine the two samples and jointly ranked the

observations from the smallest to the largest value. Under the nuit hypothesis Ho

ofno difference in central tendency., one can expect the average combined rank of

each sample to he identical. To compute this statistic one can use the equation

2.7.

(2.7)

•
where ni = the number ofdata in the first sample

Ri = ranks ofsample 1 within the combined sampie.

For large sample (n > 9) W should he approximately normal, so one computes the

approximation for Z as

W±05- E(W)
z= 1

[Var(W)j2
(2.8)

where the 0.5 improves the normal approximation. The variance of W, can he

computed as

(2.9)

•

where nz = the number ofdata in the second (independent) sample

N = n( - n2

t s = the number of ties in any lied group
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Siegel (1956) estimated the power of the Wilcoxson - Mann - Whitney test with

Û.'J55. Therefore, it can he assumed that the test is less powerfu1 than the

monotone trend analysis methods (Table 2.2).

2.4.5 Van der Waerden Test (X-Test)

Van der Waerden' s test for trend detection in time series may be

considered as one of the most powerful test for trend detection (see Table 2.2). It

was originalJy introduced by van der Waerden in 1971. ft is like the U-test a rank

test and can be used to detennine trends between two samples.

Van der Waerden' s normal scores test is one of three fonns of tests for

independent sampies. Crawford (1983) recommended this test for trend detection

in water quality data. Unfortunately, the properties of the test have not been

rigorously evaluated yet, but Aroner (1997) considered its performance as

excellent. The test can be computed as:

(2.10)

where ni = the number ofdata in the first sample

n~ = the number ofdata in the second (independent) sample

Rg (Xi) = the rank from Xi by i = l, ,n

'fi =: the quanti le q = y

Marasculio and McSwenny (1977) reported the nonnal scores test after van der

Waerden is best for distributions with thin tails.

The use of this method for trend detection of water quality data is not

completely proved yet, therefore it will not he used in this study.
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2.5Summary

For detennination of environmental trends in water quality data sets,

distribution-free melhods are widely used. An independent observation ofwhether

environmental conditions are improving or deteriorating should be at least as

important as evaluating current conditions.

Trend analysis should not he undertaken without a clear understanding of

how the results can he used and interpreted. Hence, the appropriate hypothesis~

analysis method{s) and time periods should he carefully selected, to provide

adequate tools to determine the etTectiveness of environmental management

activities.

Il should he pointed out that water quality for example does not increase in

the same time as it deteriorates. Therefore~ it is quite important to measure the

impact ofenvironmental management activities over a longer period.

Another factor is an understanding of the capabilities of existing trend

analysis methods and their relative power as compared to each other. Hence, it is

quite important not to rely only on one method. One can choose from at least two

different approaches, the parametric and the nonparametric.

If the nonparametric approach is chosen~ one should he aware of the fact

that not all-environmental time series exhibit seasonality. If there is no

seasonality, a seasonal test like the seasonal Kendall will sufTer a loss of power

against its non-seasonal counterparts_

It is important to choose between monotone or step trend analysis. As

shown in Table 22~ the monotone trend analysis methods are more powerful than

their step trend counterparts. Therefore, the monotone trend analysis methods are

the standard tools for detecting trends. The step trend methods should only be

used if a distinct before and after period can he identified. The limit between

those two periods could he the implementation of soif conservation practices or

fertiliser managemen~ as weil as a reduced output from agricultural industries.
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Taking ail the facts described above into account it is necessary to follow

certain steps to detect trends in water quality times series. They might he

summarised as:

1. Decide if a parametric or a nonparametric approach should he used..

depending of the distribution of the data.

1. For non-normal distributed data.. select appropriate nonparametric

tests.. based on the amount ofdata available.

3. State a null hypothesis and an alternative hypothesis to determine

trends (upward.. downward.. no trend).

4. Compare the results of the used methods with another (overall trend

versus trend between specified seasons).

5. Relate the detected trends to possible impacts of environmental

changes.
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3. Materials and Methods

3.1 Site Description

3.1.1 St. Esprit \Vatershed

The St Esprit watershed is situated approximately 50-km north-east of

Montreal in the north-west of the village of St. Alexis de Montcalm~ and \Vas

selected as the intervention watershed, on which conservation practices would be

applied.

An adjacent watershed, the Desrochers, was selected as a control. The

principal watercourse. the Ruisseau St. Esprit drains an area of 26.1 km2
•

Approximately 64 % of this area are in agricultural production. Approximately

50 % of th~ agricultural area are tile drained (Enright et al., 1995). In the study

area, there are approximately 28 fanns, and 19 of these fanns are involved wholly

or partially in Iivestock production~ \\ith an average animal density of 0.8 animal

units per hectare (Enright et al., 1997).

The agricultural land use is listed In Table 3.1. Ali data presented in

section 3.1 1 and 3.12 were taketl from Enright et al. (1998). The non-cropped

arca is covered by forest (25.2 0/0). The remaining land coverage is residential area

(4.97%) and 6.1 % of unused area. The population in this area is approximately

800 people (Enright et al, 1997).

With respect to the soil texture, most of the soils on the study watershed

can be characterised either as very light or heavy soils. The textures of the

dominant soil classes are listed in Table 3.2.

The main channel has a length of 9 km to the \\'atershed outlet. The average

annual precipitation in the area is 998 mm and average annual potential

evapotranspiration is 489 mm (MEF, 1995).
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Table 3.1 Agriculturalland use - St. Esprit watenbed

! Croo Areal%)
z

1Area (km")
1

ijCorn 23.9 6.26
!CereaJ 13.3 3.47

11Soya
., .,

0.86.J . .J
i

1Vegetable 3.1 0.82 i
1Hay 11.2 2.94 i

Table 3.2 Soil classes in the St. Esprit watersbed

f Soil class Area (O,{, \
z

fArea (km")

1Sand 8.2 2.14 1
i Loamy sand 5.6 1.46 i
1Fine loarnv sand to sand O. J 0.03 1

i
1Sandy loam 33.4 8.7J 1
i Fine sandy loam ., .., 0.84 l.J._

ÎLoam 3.4 0.88 i
1 i!Loam to sandy loam 2.1 0.54 1

1iSandy clay 1 0.26 1

1
1Silty clay loam .., '" 0.6 i_ . .J

i ]4. ] 3.67 1,Clav]oam

tCfa;' to clay loam 9.1 2.37 1
1

!Clav 17.5 4.57 i1 -
1Light soils 50 i3.05 1

1

1Medium Soils 6 1.82

1Heavvsoils 43 Il.22

The annual average temperature is 5.2 oC (MEF~ 1995). Hence~ the climate

is temperate. The topography can be characterised as flat to rolling, \\'ith an

average slope of 0 % to 3 0/0.

3.1.2 Desrochers Watenhed

This watershed covers an area of approximately 17.9 km2
. Of this area~

approximately 79 % or 14.14 km:! is in crop production. The non-cropped area

covers approxirnately 6 % (1.07 km2
) and approximately 14 % (2.6 km2

) of the

watershed is forested. The land use is shown in Table 3.3. Approximately 60 % of

the cropped area is tile drained (Papinea~ 1997).
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The soils in the Desrochers watershed vary from light to heavy \vith the

majority of the crop production taking place on medium soils.

Table J.J :\griculturallaod use 00 the Desrochers watenbed

1 Croo Area (%\
2 !i Arca (km")

~ 36 6.44 iICom
1Cereals 9 1.61 1

!Sova 4 0.71 i
1 - f
: Vegetables 9 1.61

t
1 ...

~Hav 18 ., .,.,
.:J.__

Table J.4 Soil classes in tbe Desrocbers watershed

Soil class Area 1%\ Area (km 2
)

1

: Sand
., ., 0.4 1_ •.:J

. Sandy surface 1 0.18 1

:

, Fine loamv sand to sand 3.6 0.64

: Sandy loam 4.5 0.79
;

; Fine sandy loam 7.5 1.32
Sandy clay loam ... ., 0.56.:J._

. Loam 8.5 1.5
i

Loam to sandy loam 28.8 5.07
Loam to clay 14.7 2.59

, S ilty clay loam 5.5 0.97
j Clay loam 2.9 0.51 J

l:1 Clay to clay loam 2.2 O.3\)

JClay 14.5 2.55 J
,Liglll soi/s 21 3.87 J

1 J\{edium Soils 53 9.33
:

: Heavy soils 15 4.4
: Total 100 17.6

A summary of the ditferent soil classes found on the watershed is sho\vo in

Table 3.4.

The main channel in the Desrochers watershed is approximately 5 km

long. The landscape topography is similar to St. Esprit and can be described as

flat to rolling, \Vith a slope oro % to 3 %.
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3.2 Data Collection

3.2. t Instrumentation

At the end of 1993 and the beginning of 1994, gauging stations at the

outlets of the St. Esprit and Desrochers watersheds \vere established by the

Department of Agricultural and Biosystems Engineering of McGill University

(Figure 3.1).

A meteorological station was established in the St. Esprit watershed in

March 1994. The MEF also maintains a meteorological station in St. Jacques de

Montcalm, locatedjust south orthe two watersheds.

The instrumentation for the gauging stations is housed in a smail sampling

shelter (1.8m x 2.4-m). The construction of the gauging stations is similar.

Therefore, only the St. Esprit station is described. The gauging station of the St.

Esprit watershed is located at the upstream side of a bridge and adjacent to the

control section. To keep the station running, the building was supplied with AC

power and heat.

The water level in the stream is measured using a Druck 950 pressure

transducer water level sensor. This was a submersible pressure transducer, which

was installed on the streambed. In addition, an ultrasonic water level sensor

(UDGO 1) was mounted over the control section. To collect the information from

both sensors, a Campbell CR 10 datalogger ,vas used. It \Vas possible to remoteJy

monitor the datalogger via modem.

An independent FLOW-LOG datalogger was installed as a backup water

level recording system. This FLOW-LOG sensor was mounted on a small cement

slab on the streambed. This system measured the water level and velocity. The

measurements were uploaded to the Campbell CR 10 datalogger.

A rating curve \Vas developed for the river at the control section. To

develop this rating curve it was necessary to measure the stream velocity al

di fTerent water levels at the control section. A propeller meter (OSS-PC 1) \Vas
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used to measure the velocity. After these measurements were taken~ the results

were used to create the rating curve. This curve was then programmed into the

logger. The water lever in the stream was measured every 10 seconds and used to

calculate the average discharge over 15-minute intervals.

An American Sigma 800 SL automated water sampler was also installed at

the gauging station. The intake line for the sampler \Vas placed over the control

section. The automated sampler was refrigerated and contained a 24 bottle

carousel.

A flow weighted sampling strateb'Y was designed to obtain an adequate

representation of the parameter concentrations during surface runoff events. A

predetermined value of accumulated flow had to be reached before the sampler

was activated. This threshold value was variable and depended on the seasons

(ditTerent tlow regimes in spring~ summer and fall). In addition~ individual

samples on a weekly basis \\'ere taken manually to verify the automated samples

for quality control pUfPOses. An extensive discussion on the rating curve

development and sampling strategy can he found in Enright et al. (1995). In

general, the majority of auto-samples were obtained during events~ when

di~c~~rge ~ates were changing rapidly. The majority of the manual samples were

taken during periods where discharge was constant or varying slowly.

The meteorological station at St. Esprit~ located near the centre of the

\\'atershed~ was equipped with sensors for air and soil temperature, wind speed

and direction~ solar radiation, rain fall and snow accumulation. A Campbell CR

10 datalogger was used to record the data.

3.2.2 Sampling anal~'sis

The water samples were analysed for two different classes of pollutants.

1. suspended sediment
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• .., nutrients nitrate (N03). phosphate (PO.d. potassium (K), ammonium

(N~),. total phosphorus (TP). total Kjeldahl nitrogen (TKN)

•

•

The nitrate concentration was detected using the cadmium reduction

method (method 4500 - N03 ). This method is described by the American Public

Health Association (1992). The phosphate concentration was determined using

the Mehlich III method as outlined by CPVQ (Agdex 533).

Ali tests were perfonned in laboratories at McGili University. The amount

of suspended sediment in strea.m riisch~rge was measured using a pre-weighed

water sampie. This sample was then passed through a pre-weighed micro-fibre

tilter paper (0.5 J..l) \vith the aid of vacuum filtration equipment The nexl step was

10 dry the filter paper with the entrapped sediment for 24 hours and re-weigh il.

To confinn the accuracy of ail water quality samples an external

laboratory was used to verify the results of the internai laboratories.

With respect to the detection Iimits of the laboratories, the results for

NO~ -N and K were excellent. Almost ail samples (>99~'O) had a measured

concentration above the detection limit Good correlation between the internai

and externat laboratories on paired samples \Vas determined. The detennined RZ
_

values \Vere above 0.9. The results for PO~-P and NH.-N could be qualified as

good, \Vith 73 % of PO.; concentrations above the detection limit and 42 % of the

samples \Vere greater than the detection limit for NH4 . Aiso there was a bYfeater

variation bet\veen the internai and externat laboratories for paired samples. The

results for TP could only be qualified as fair. Because the values for the detection

limit were very high. Only 37 0../0 of the measured TP values had concentrations

greater than the calculated detection limit (Enright. 1998).

3.2.3 Water quality data sets

The data used in this project were collected between January 1994 and December

)996 inclusive. They include the following parameters:
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- Total Kjeldahl nitrogen (TKN)

Total phosphorus (TP)

Suspended sediment

•

•

•

- Nitrates (N03-N)

- Ammonium (NH.d

- ortho-Phosphate (0- PO.d

- Potassi um (K)

For each watershed., t\vo data sets were used to conduct the statistical

analysis. The tirst data set inc!udes ail of the water samples ("aIl'), i.e. both auto­

samples and manual samples. The second data set is a subset of the tirst, and it

includes only those samples taken manually ("grab').

Manual samples collected on a tixed time interval, is the norm in most

water sampling strategies. Because of the size of the watersheds, and the rapid

hydrologie response, the use of an auto-sampler was deemed necessary, during

runoff events. Ho\vever, for evaluating water quality trends, it is not kno\\n if

additional efforts required for conducting a flow weighted sampling program are

necessary. One of the objectives of this study was to evaluate if the manually

collected samples, on a tixed time interval gave the same results as a flo\v

weighted sampling program.

Because, the sampling program on the watersheds was flow weighted, the number

of samples collected each year varied. The total number ofsamples collected each

year (including auto-samples and manual samples) on each watershed is shown in

Tables 3.5 and 3.6.

In general, the greater the number of surface runofT events within a given

year, the greater the number ofsamples. Given that 1995 \vas relatively a dry year,

almast ail samples were taken manually. Most of the samples collected in 1994

and 1996 were collected using the automated sampler.

Table 3.5 Water Sampling for tbe St. Esprit watersbed

t Total
# grab

1
t Year sample Number orsamples tnted for

,
number

samples 1
NOj NH4 P04 K TKN TP Sediment!

1

1994 20] 39 188 180 188 188 192 184 195
11995 93 52 93 93 93 93 92 82 92

1996 153 48 153 ]36 152 153 104 81 153 1
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Table 3.6 Water Sampling summary for Desroehers watershed
1 Total Î1 #grabi Year sampie Sumber of sampla tated for 1
1 Bumber

sampies

J SOJ NB.. po.. K TKN TP Sediment
1 1994 176 39 17J 158 170 J71 174 167 168
l i1 1995 89 54 89 89 89 89 88 82 87

Î 1996 129 47 128 115 128 129 86 72 128 1

3.3 Data Analysis Methods

This study \Vas undenaken to detennine the effects of best management

practices (BMP's) applied to the St. Esprit watershed in Quebec. The most \Videly

adopted practises were soit conservation practices and fertiliser management. The

expected results of these techniques might be an improved \Vater quality in the

study area., panicularly sediment~ nitrogen and phosphorus. With respect to

environmental impacts, such as climatic variation or application of the BMP's it

\Vas necessary to use a control watershed, Desrochers. This was necessary to

detennine if an explored trend is a result of the BMP's or of short-terro climatic

variations. To detennine trends and uncover the statistical properties in the St.

Esprit and Desrochers watersheds water quality time series, appropriate test must

be employed. In order to have the highest probability of detecting expected

statistical characteristics~ which may be present in the time series~ we must select

a set of tests that possess the best capabilities to detect the statistical properties of

the data sets. As described in section 2.1 one must distinguish bet\veen

exploratory and confirmatory data analysis tools to detect the specifie behaviours

of the \Vater quality time series. Hence~ one applies the exploratory data analysis

tools first and than applies the confinnatory tools. To perform the analysis of the

existing data sets it \\'as necessary to choose between parametric or distribution

free methods. Because of the nature of water quality data~ which tends to be

highly skewed, non-normally distributed and atfected by c1imatic variations,

distribution free approaches \Vere chosen.
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Table 3.7

•
Statistical l1ll'thods IIsed in the St. [sllrit and Dfsrochrl's wl,tershrd study

•
Type of analysis General Purpose Purpose in the study Method

Exploratory For eaeh series and population want 1Same as under general purpose
to know exact values, observation
spacing, 8rllOunt of samples taken

Oata listing

Exploratory Determine the eommon behaviour Determine the central tendeney of cvery
parameter

Descriptive statistics
- mean
- median
- geomctrical mean
- 1and 3 quantile
- maximum and minimum
- standard dcviation

Taking seasonality in accollnt

N
\0

Elploratory

Exploratory

Confirmatory

graphieal display of important 1scc a plot of tive nurnbers tOI' caeh month
parameters for caeh season in a ycar in a series

detccting a trend by comparing to 1 sec a plot for one year against another
years with eaeh other

test tOI' monotone trends for eaeh 1Same as under gcncral purposc
parametcr

Box - Whisker - plot
using the maximum, median, tirst and thint qllantile,
minimum
Q - Q plot for 1994 and 1995, 1994 and 1996;
lIsing the paramcters computcd in the descriptive statistics

Seasonal Kendall test tor 1994 to 1996

Confirma.ory

Confirma.ory

Confirmatory

test for monotone trends tOI' each 1non scasonal test to detect trends tOI' each 1Mann - Kendall test 1994 to 1996
paramctcr measured paramctcr

determine monotone trends for each 1Verity the rcsults of the seasonal Kendall] Spearman'srho 1994 to 1996
parameter and the Mann Kendall test

determine step trends tOI' eaeh year 1Tcsting tOI' improvel11ent of water qllality 1Wilcoxson-Mann-Whitney test for the years of 1994 10
of the series aner applying BMP 1995, 199510 1996, and 1994 and 1996
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The selected tests have the proof of relatively high power (see Table 2.2)

and are widely used for trend detection in \Vater quality time series.

Ali methods used in the study are listed in Table 3.7. A detailed description of the

applied methods will be given belo\\'. The methods described are applied to ail

measured parameter.

3.3.1 [xplorato~' trend analysis methods

The first step in analysing the measured water quality data was to tabulate

each parameter by value, time, site and types of sample. The differentiation

between the sampie type was made because one aim of this study was to analyse

and compare the manually collected samples (hereafter referred to as -Grab') and

ail of the collected data (hereafter referred to as ~Air). This sample type includes

grab and auto samples. These data listings are also used to deterrnine the value of

missing data and data below the limit of detection. This is necessary, because if

10 to 30 °IÔ of a data set is constituted by missing or non-detectable, the results of

the method for detecting trend are questionable.

The next step in the exploratory part of the 5tudy was a descriptive

statistical analysis to measure the central tendencies of the data sets. This includes

the maximum, minimum, arithmetic mean, geometric mean, median, the 25 and

75 percentile, and the standard deviation. This analysis \Vas performed on the data

sets of ail samples. These parameters were used to develop the Box - Whisker

plots for the first t\vo years and Q - Q plots for 1994 to 1996. A description of

both methods is given in section 2.2.

The Box - Whisker plots in this study include the median, the percentiles,

the maximum and the minimum for each month. This method is used to describe

how the water quality data are distributed each month.

For the Q - Q plots one use ail the parameters computed as descriptive statistics.

This method is applied to detect trends between the yeaTS on an annual basis.
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3.3.2 Confirmatory trend analysis methods

The second tool to detect trends in water quality time series data sets is the

confirmatory data analysis. In the St. Esprit and Desrochers watersheds, study

non-parametric methods were chosen to perform this second part. The following

tests \Vere ail computed using the WQHYDRO-Program (Aroner, 1997) and a

spreadsheet software (EXCEL95, Microsoft 1996). Ali tests described below \Vere

performed to ail measured parameters, described under section 3.2.3, for both

watersheds.

To apply ail methods to the data sets it was necessary to agbJ'fegate the

multiple observations for one month to a single observation per period. To do 50,

a point nearest to the midpoint of the observation was chosen. It is also possible to

use the mean of the observation. In addition, we assumed ail observations \Vere

independent for each season and ail statistical analyses do not rely on the

distribution of the samples.

The first step in analysis of the data sets for trends was to define the non­

parametric hypotheses that \\';11 he tested.

Non-parametric hypotheses are more generalised than parametric

hypotheses and make no assumption about the type of F. Two types of hypotheses

exists. The first one is the null hypothesis which cao be generally he defined as

Ho: F=Fo. This means that Fo is the distribution function of the population.

Sometimes it is necessary to test a population for another hypothesis as Ha: F <Fu.

This type of hypothesis is called an alternative hypothesis.

ln this study, a nuit hypothesis (Ho) is assumed, that no trend exists in the

tested population and the sample trend is the result of random sampling

variability.
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The altemate hypothesis (Ha) is that a trend, up\vard or downward, exists

in the population.

H <1 : F =té 1-~

The acceptance of the alternate hypothesis of trend (Ha) depends on the

chance that we are willing to accept of falsely concluding that a population trend

exists. A tool to estimate the likelihood that a trend in an observed data set exists

is the two - sided P value (2*P), the probability of a type one error. For example, a

2*P result (Type [ error estimate) of 0.031 ~ indicates that there is a 3.1 0/0

probability that the trend evident in the sample does not exist in the population.

Namely, that the observed trend is a result ofrandom sampling variability.

The determined 2*P value is then compared to a pre-determined error

level which represents the chance that we are \villing to accept an incorrect

concl usion. This parameter is kno\vn as the signi ficance level.

To detennine the significance level in this study, we had to decide if the

consequences of failing to detect a true trend are minimal and the consequence of

a false cone! usion is severe. Considering the length of the time series, the amount

of data and the environmental condition at the time of measurement we are

\\·illing to conclude lhat a trend exists (Ha) al a 2*P value> 0.10. This means the

hypothesis wil1 be rejected at significance level (a) < 0.10 or a confidence level <

90(%.

The first test applied was the seasonal Kendall test without correction of

correlation. The test is relatively powerful for time series of less than ten years.

To perform the test one uses equations 2.1 and 2.2.

This test relies on monotone trend estimation~ therefore, it was necessary

to test the given populations for homogeneity of trend between the seasons.

Because it is possible that the global seasonal Kendall test wil1 be offset by

different trends in two seasons and this will lead to a false conclusion of absence

of a global trend. A commonly used method to determine the homogeneity is the

..,.,
~-



• Chi - square test. [f a non-homogenous trend is detected., an examination of each

season will be performed.

The Chi - square test for an overall trend will he computed \vith equation

3.1 and the test for seasonal homogeneity \vith equation 3.2:

where

Il

~~ = A1LZ;' - Hi'vfZ:
',=1

H = number of seasons

M = number of stations

(3.1 )

(3.2)

•

•

Z =the grand mean over al JH seasons and M stations

For equation 3.1 the degree of freedom is 1 and for equation 3.2 the degree of

freedom is H-l .

In arder ta visualise a monotone trend slope we apply a nonparametric estimator

for slope. This estimator developed by Sen (1968) \vill be computed for the

seasonal slope using equation 3.3:

for ail paired observations X'j, XIk (j>k) \vithin season i for i= 1,2,... ,h, for h

seasons where j and k are years. To determine the seasonal slope we take the

median of ail the d j1k "s from aIl seasons.

ft should be mentioned that the slope is computationally related to the

Mann-Kendall based test. Hence, the nonparametric hypothesis tests for trend are

not a test ofsignificance for the estimated slope magnitude.

As indicated before the next step in the confirmatory trend analysis is the

Mann - Kendall test, which is, described in equations 2.4 and 2.5. To visualise the

trend sl0Pe non-seasonal slope \vill be computed by determining the median of ail

n(n-I)/2 slopes.

... ...
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To veritY the result ofboth adaptations of the seasonal Kendall test and the

Mann-Kendall test we also performed the Spearman ~s rho test., which can be

computed from equation 2.6.

As a last step in the confirmatory trend analysis. we applied the

distribution free seasonal Wilcoxsons - Mann - Whitney test to ail data sets. The

appl ication of this test is made considering the fact that we know the point of

intervention at the St. Esprit watershed. This means that best management

practises such as soil conservation and fertiliser management were applied at the

end of 1994. Hence~ we can c1early distinguishing bet\veen a before and after

period. To veritY that the determined trends are not a result of variation of the

cIimate, we applied the test also to the Desrochers watershed~ to compare both

results.

As shown for the monotone trend analysis there is also an estimator of

trend magnitude for step trend analysis. The estimator was introduced by Hodges

and Lehmann (Hirsch, 1988). This Hodges - Lehmann estimator is the difference

bet\veen the n[*n2 differences. or the Median 'X1- YI> for i= 1 to n[ and j = 1 to

n~). In this study, we use the Seasonal Hodges-Lehmann estimator who 15

identical to his non-seasonal approach except that only ditTerences between data

from the same seasons are computed.

Finallya graphical visualisation for the applied methods will be developed

and a comparison between the behaviour of the St. Esprit and Desrochers

watershed wi Il be made
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4. Result and Discussions

4.1. Precipitation vs. sampling frequency

The long tenn average monthly precipitation for the study area was taken

from the MEF weather station at St. Jacques de Montcalm~ which is situated juS!

outside of the studied basin. The monthJy precipitation for the period 1994 - 1996

is sho\\ln in Table 4.1 and a graphical display of the precipitation for the same

period is shown in Figure 4.1.

Table 4.1 ~Ionthly and long term average Precipitation for 1994 - 1996

Long Long Long

1Month
monthly tenn

Month
monthly term

Month
monthly tenn

R(mm)l average R (1010)1 average R(mm)l avenlge
R(mm) R(mm) R(mm)

1994.0 1 1 1995 1 1 1996

January 89.0 59.9 ~anuary 104.0 59.9 lJanuary 95.7 59.9

1
February 45.0 46.3 Febmary [8.[ 46.3 February 102.0 46.3
March 36.5 61.2 Man:h 36.5 61.2 Man:h 24.2 61.2
April 70.1 72.1 April 84.6 72.[ April 173.8 72. [

1May 109.1 93 May 77.6 93 May 73.5 93

June 216.9 113.6 JUDe 38.1 113.6 JUDe 86.2 1[3.6

July 1[4.2 85.8 July 124. [ 85.8 July 132.2 85.8

August [ 13.6 102 AugU5t 877 102 August 84.0 102

1September 44.8 100.4 September 58.8 100.4 September 143.1 [00.4

October 19.1 96.7 ~tober [66.9 96,7 Cktober 146.1 96.7 1
t November 96.5 87.2 November 114.8 87.2 November [ [8.2 87.2

IOecember 53.0 79.5 Dec:ember 29.8 79.5 Dec:ember 104.4 79.5

Total 1008 941 1283

\- -a\'LTJgC' of Ii.lf stations, SI.-Esprit. SI. Liguori. SI. t\lc:xis \\c;J.Ult:r station anu the SI. Jal:qucs \\c;J.tht.T stallOn_

As shown in Table 4. 1 there was an appreciable variation in the monthly

precipitation over the study period. The year 1994 can be described as a\'erage~

year if one looks at the annual precipitation. If we look more closely through the

year, we can see that for most of the time the monthly precipitation was less than

the long-tenn average precipitation. The exception was the period from May to

August.
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Figure 4.1 l\'lonthly precipitation at the St..Jacques weather station for 1994 - 1996
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These four months provided 54 °AJ of the annual precipitation in 1994.

The year 1995 can be characterised as .dry~. The annual precipitation was

approximately 6 % lower than the annual average. Most of the precipitation

occurred in January, July and from Oetober to November. Almost aH of the

precipitation that fell in November and December 1995 occurred as snow. As

such, it only appeared as surface runotT in 1996.

The year 1996 cao be characterised as an exceptionally wet year, with an

annual precipitation of 1283 mm that is approximately 28 %) above the long-term

average. ln particular, precipitation was weil above average in the month of April,

and Oetober to DecembeL Ali of the observed precipitation in November 1996

occurred during one rainfall event.

Because of the variations in rainfall and runotT patterns, the amount of

samples that were taken each year varied. In addition, the ratio between grab

samples and total number of samples taken during eaeh year ditTered, due to the

c1imatic variations for the St. Esprit and Desrochers watershed.

45
01994

40
.1995

"'l 35 01996...
-::: ~O
ë J

=:
25llO)-~t. 2040t

1 15=z
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0
'- .., :: > :: '- - > r.IJ 0 :2 '=• fil

~ ; = = fil "':l = fil= =- • 2: • ~ lJQ ~ ;- ~ "':l

2 ;:J ~ fil - fil:; = fil fil
:r :. :1 =- :1 :1

~
» fil

~ =- .. =- ~Month fil ..... .. ..
Figu re 4. 1 Water sample frequency at the St. Esprit watershed
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Because of the intensity of the \Valer quality monitoring program on the

two \\iatersheds, there is an excellent database available for conducting the

statistical analysis.

The frequency with which the samples \vere taken on the watersheds \vill

provide the trend analysis \vith a good database. The number ofsamples collected

for each month on the St. Esprit \vatershed is sho\Vfl in Figure 4.2. The water

sampling strategy and frequency at the Desrochers watershed was similaL

Figure 4.2 shows that the amount of samples collected from January to

March is relatively low. This is a result of the climate. During January to March,

the area is mostly covered by snow, \vhich results in reduced sampling. The

exception \Vas January 1995 that \Vas characterised by partial sno\\'melt events,

which led to higher discharge activities at the watersheds. For further information

on the relation bet\veen precipitation and discharge at the St. Esprit \vatershed,

see Lapp (1996).

250

Ctotal .~~~s.

200

50

o
1994 1995

Year
1996

•
Figure 4.3a Number ofsamples at the St. Esprit watershed
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Figure 4.2b Number ofsamples at the Desrochers watershed

As sho\vn in Figures 4.3a and 4.3b the amount of grab samples taken in 1995

represented more than 50 o/<. of the total number of samples, \vhereas in 1994,

one-third and 1996 one-fourth of ail samples were grab samples. lt should also be

mentioned that the general reduction of samples over the years \vas a result of an

adjusted sampling strategy.

4.2 Descriptive Statistics

As stated before~ an important step to get a ·feeling' for the observed time

series is to perfonn standard statistical analyses. The tests were performed with

the complete ~AII' data sets taken for each watershed (Tables 3.5 and 3.6).

This section presents the annual summaries on the \vater quality results for

nitrate (NO}), ammonium (NH~), phosphate (PO~) and suspended sediment. A

detailed listing of monthly descriptive statistics perfonned at the St. Esprit and

Desrochers watershed is given in Appendix A. An extended description of ail

parameters computed would go beyond the scope of this dissenation. Ail

computed parameters listed in Appendix A are used to perfonn the graphical

trend assessments in the following section.
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The results of the annual numerical summaries for the St. Esprit watershed

are given in Table 4.2 and for the Desrochers watershed in Table 4.3.

Table 4.2 Numerical summaries for the St. Esprit watershed

! Year Parameter Nitrate Ammonium Phosphate Sediment i

~ Minimum 0.40 0.01 0.01 0.00 !
1 j

i 1994 Aritmetic mean 2.82 0.26 0.05 0.05 i
i Maximum 8.60 1.67 0.28 0.70 i
i Coefficient of •r
i 1.07 .., ~~ 2.09 4.26 iSkewness

-.~~

1 Minimum 0.34 0.01 0.02 0.00 i
i Ariunetic mean ., ~ ~ 0.33 0.05 0.04

,
_.~~ !

i 1995 Maximum 4.47 1.00 0.14 0.48 i
1

1
Coefficient of

i
1 ~

i Ske\\'ness -0.01 0.44 1.31 4.71 i
i Minimum 0.79 0.01 0.01 0.00
1 1996 Aritmetic mean 2.83 0.24 0.09 0.09
i Maximum 8.94 1.62 0.35 0.56
l
i Coefficient of
i Ske\\'lless 2.41 2.97 1.97 1.97 •1

After examinin~ the numerical annual summaries. one can detennine that

the observed climatic variation has an impact on the changes in concentration for

selected parameters. The computed arithmetic mean for the parameters on both

watersheds shows that the concentrations of the measured parameters in 1995 fell

to halfthe values as in 1994 and 1996. This might he due to the climatic variation

and should be considered bv evaluatinl! results of the confinnatorv analvsis. Most
~..... -' ..

parameters on both watersheds are positively skewed. This means that the

samples have a long tail to the right. This might he due to the sampling strategy.

which is related to the discharge. This depends on the precipitation in the basin.

The exception is the nitrate concentration al the St. Esprit watershed. which is

negalively skewed.

Overall. the summaries In Tables 4.2 and 4.3 indicate that the two

watersheds are quite similar.
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Table 4.3 Numerical summaries for the Desrocbers watershed

i Year Parameter Nitrate Ammonium Phosphate Sediment 1.
~ Minimum 0.09 0.01 0.01 0.00 1

i j
1 1994 Aritmetic mean 2.92 0.25 0.07 0.03 i
i Maximum 11.29 1.52 0.20 0.44 j
i Coefficient of 1
1 Skewness

1.38 2.18 0.65 4.08 j
i i

i Minimum 0.23 0.04 0.02 0.00 1

i Aritmetic mean 2.50 0.31 0.06 0.02 i•.
ii 1995 Maximum 5.86 1.01 0.24 0.27

i i
Coefficient of

1

j i
i Skewness 0.26 0.58 2.13 - .., ...

i,._-'
i Minimum 0.30 0.01 0.02 0.00 i
j

1996 Aritmetic mean ......... 0.20 0.10 0.06 1,
-'.-'-' ii

Maximum 10.37 1.81 0.62 0.49
i i
1 Coefficient of i
, Skewness 0.99 4.03 ...... .., ., -., i, -'.-'- _.,-

The observed variability in concentrations over the years as shown in

Tables 4.2 and 4.3 does not provide infonnation for trends in the water quality.

Therefore, the next exploratory step was undertaken, i.e. the box plot analysis.

4.3 Box and Whisker Plots

Box and whisker plots can be employed as an important exploratory tool for

intervention studies. Since the time of intervention for this study can be

deterrnined at the end of 1994, we could expect that trends in the water quality

occur at this point of time. The box and whisker technique was applied to ail

parameters on both watersheds. The intervention in this paired watershed study

was the application of soil conservation practices and fertiliser management at the

St. Esprit watershed. The graphical results of ail the analyses can be found in

Appendix B.
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The numerical summaries from the monthly descriptive statistics for ail

samples in Appendix A were used to develop the box and whisker plots.

If one looks al the figures in Appendix B one will see the upper and lower

ends of the rectangle for a given month \vill present the hinges and the line dra\\lll

horizontally \vithin each rectangle is the value for the median. The maximum and

minimum values in a chosen month are the end points of the lines, and are called

"whiskers". The total number of observations for each month is listed above the

plots in brackets.

As mentioned before an extended discussion of ail parameters would go

beyond the scope ofthis study. However~ t\VO parameters do provide sorne insight

into how waler quality parameters evolved on the watersheds. They are nitrate

and phosphorus. 80th parameters provide us \vith the general behaviour of ail

measured parameters. Nitrate and phosphate are chosen considering their

different transport paths. Nitrate is lost through the subsurface drainage system

whereas phosphate reaches the watercourse mostly via surface runoff. In addition~

these nutrients are the parameters, which are likely influenced by the applied

fertiliser management practises.

The box and whisker plots for the nitrate concentrations for the paired

\vatershed are ShO\"ll in Figures 4.4 to 4.9. When the two graphs Figures 4.4 and

4.5 are compared~ it appears that there is a slight drop in the median after the

intervention in the St. Esprit watershed. 1f \\le compare the graphs for the same

periods at the control watershed (Figures 4.7 and 4.8) one can see that it follows

the same pattern as the St. Esprit watershed. Hence, we can assume that the

detected changes are due to the changing climatic condition for the observed

periods.

To veritY these observations we also compared the graphs in Figures 4.4

and 4.6 for the St. Esprit watershed and in Figures 4.7 and 4.9 of the control

watershed.
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St. Esprit watershed 1996
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When the comparison is made~ it should prove our hypothesis from the first

observation that the concentrations will increase again due to the wet climate in

1996.

As expected the medians increase slightly bet\veen 1994 and 1996 on the

two watersheds. It shows also that the changes in nitrate concentrations were

corresponding \Vith the precipitation and the resulting runotT, i.e. the nitrate

concentrations were high when rainfall and runoff were increasing.

After we examine the box and whisker plots for the phosphate

concentrations on the paired watershed~ one can see that the phosphate

concentrations also vary \vith climate. The examination of the box and whisker

plots for K, TKN~ TP and suspended sediment produced the same results

(Appendix B). These parameters also follow the precipitation pattern quite

closely.

The box and whisker plots would seem to indicate there is no consistent

upward or dO\\'TIward trend in the St. Esprit and Desrochers watershed. To verity

this exploration we will use a last exploratory tool~ the Q-Q plots.

4.4 Q-Q Plots

To develop the Q - Q plot it was necessary to compute the annual

arithmetic mean, the maximum and minimum, the 25 and 75 percentile and the

geometric mean lor ail measured parameters. These parameters were than plotted

against each other for the years 1994 and 1995, and 1994 and 1996. Ifthere are no

changes in the water quality, the matched points should lie on a straight line with

the general behaviour X=Y. The "Ali' sample data set \vas used to perfonn the

test.

The graphical results of the analyses are shown in Appendix C. and Table

4.4 shows a summary of the analyses using a sign system.
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• Table 4.4 Results of the Q-Q plots

St. Esprit watershed

oo
o

o

1Parameter Nitrate Ammonium PhMphate Potassium TI04 TP Sediment 1
11994 and 1995 - ~ 0 0 ~ - 0 !
i 1994 and 1996 ~ 0 -:- ~ 0 0 - 1

1

1 De5rochen walenhed 1

11994 and 1995 1
, 1994 and 1996

(0) - No changes
(- ) - lncreasing
(-) - Decreasing

As shown in Table 4.4 the pattern we detected using the box and whisker

plots are not shown using the Q.Q technique. After analysing ail parameters, we

can observe that there are difTerent changes when we use annual numerical

summaries instead of monthly summaries.

•
One can see that for the St. Esprit and Desrochers watersheds the

phosphate concentrations showed no trend for 1994 and 1995, \....hereas we

concluded in the previous section that there is a slight drop in concentrations.

However, \vhen 1994 and 1996 aïe compared using the Q-Q plot technique. The

observed upward trend assessed with the box and whisker plot technique can be

confirmed.

1f \ve look at the nitrate concentrations one can determine a downward

trend bet\\'een 1994 and 1995 and an upward trend between 1994 and 1996. This

confirms the observation made in the previous section using the box and whisker

plots.

•

After examining the Q-Q plots for K, TP and sediment, their behaviour

confirms the observations made \\'ith the box and whisker plots. An exception has

to be made for Nf-4 and TKN, which sho\v an upward trend for the years 1994

and 1995 on the paired watershed, that continues for TKN at the Desrochers

watershed for 1996 whereas for NHt no changes could he observed.
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Considering the results of the exploratory analyses~ the next step in our

trend analyses is to determine if the observed trends are statistically significant or

only the result ofgraphical evaluation of the data sets.

After perfonning the exploratory analyscs~ it \Vas necessary to confirm the

explored trends. This part is aiso known as confirmatory analysis.

4.5 Nonparametric Trend Assessments

Two approaches are chosen to perform these analyses. The first approach

will give an overview of an overaJ] monotone trend over the 3 years for each

parameter. The second approach~ the detection of step trends~ is more distinctive

and will take the point of intervention into account~ which allows us to

ditTerentiate between a distinctive before and aller period. The nonparametric

tests were perfonned on two different types of data sets. The first data set

includes .Ali" samples for each parameter at the paired watersheds. The second

one includes only the manually taken samples. This differentiation \Vas made

because one scope of the study is to determine the impact of ditTerent sampling

strategies the statistical analyses. The results of this comparison will be discussed

later in section 4,6.

Since one has more than one sample per month~ it \Vas necessary to thin

the data sets to one observation per month. With respect to fonner studies and

recommendations by Aroner (1997) the point nearest to the midpoint for each

month was chosen to determine the value used for the calculations. It also took

sorne noise out of the ail sample data sets~ which \vas due to the sampling

strategy',

This noise \Vas due to the flow weighted sampling strategy for the "Air

sarnple data sets, which relies on changes in discharge that \Vas significant during

the storm events.
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4.5.1 Monotone trend assessments

To perform the monotone trend assessments three different methods were

used. These methods incl ude one seasonal test~ the seasonal Kendall test for trend

\vithout correction for correlation~ and two non-seasonal tests, namely the Mann­

Kendall test for trend and Speannan~s rho. Application of the non-seasonal tests

was necessary because sorne data sets were "flunked". This means in the observed

data sets trends in different direction between the seasons were found. To

detennine if the data were "flunked", the Chi2-square test was performed w'ith the

seasonal Kendall test.

The results for the overall trend analyses for the paired watersheds are

sho\\in in Tables 4.5 to 4.16. The graphical display for the trends for each

pararneter can be found in Appendices D to J.

In this chapter, only the statistical significant trends \vill be discussed. The

exception will be suspended sediment~ because soil conservation practises were

widely applied and as such, sorne influences on sediment concentrations rnight be

expected. In general, one can say that the most changes detected \vith the

exploratory trend detection tools could not be confirmed as statistically significant

trends. This would indicate that the explored trends \vere due to ·"normar' short­

tenn c1imatic variations, and not to the adoption of conservation practices. The

signi ficance level for this paired watershed study was selected as a < O. 10. This

means trends which are statistically significant have a 2*P level of less than 0.10.

In Tables 4.5 to 4.20, values of2·P that are less than 0.10 are sho\W in bold.

The examination of overall trends for the two watersheds shows that for

sorne parameters~ the trends on the two watersheds are not the same. With respect

to the pre-determined significance level of a < 0.10, a statistically significant

trend using ail tests could only he computed for phosphate concentration at the St.

Espri t watershed.
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Table 4.5 Results orthe Seasonal Kendall test (or trend for the St.
Esprit watershed (ail samples)

Parameter 1 NOl 1 NO.. 1 po.. 1 K 1TKN 1 TP ISedimen~
2*P level 0.050 0.760 0.045 0.880 0.451 1.000 0.328
(Z) statistic 1.960 0.305 2.006 -0.151 0.754 0.000 -0.978
tau 0.389 0.083 0.389 -0.055 0.167 -0.091 -0.194

Chi2 sample stat 11.91 9.39 9.55 5.36 13.36 14.55 9.89

Chi! critical stat 13.70 13.70 13.70 13.70 13.70 13.70 13.70
Siope 0.283 0.033 0.010 -0.060 0.683 -0.003 -0.002

•

Table 4.6 Resulu of the Seasonal Kendall test for trend for the St. Esprit
watershed (grab samples)

Parameter 1 NO,} 1 NU.. 1 PO.. 1 K 1TKN 1 TP 1Sedimen~
2*P level 0.050 0.760 0.045 0.880 0.451 1.000 0.328
(Z) statistic 1.960 0.305 2.006 -0.151 0.754 0.000 -0.978
tau 0.389 0.083 0.389 -0.055 0.167 -0.091 -0.194

Chi2 sampie stal 11.91 9.39 9.55 5.36 13.36 14.55 9.89

Chi2 entieal stat 13.70 13.70 13.70 13.70 13.70 13.70 13.70
Siope 0.283 0.033 0.010 -0.060 0.683 -0.003 -0.002•
2*P level 0.438 0.913 0.038 0.643 0.334 0.721 0.218
(Z) statistic 0.776 -0.190 2.074 0.463 0.967 -0.357 -1.232
Siope 0.126 -0.002 0.009 0.093 0.289 -0.014 -0.004

Table 4.7 Results of the ~Iann-Kendalltest for trend for the St. Esprit

watershed (ail samples)

Parameter 1 NO,} 1 NU.. 1 PO.. 1 K 1TKN 1 TP 1SediDleD~

Table 4.8 Results of the Mann-Kendall test for trend for the St. Esprit
watershed (grab samples)

Parameter NO] NU" PO" K Tk..L~ TP Cor. TP Sediment

2*P level 0.614 0.653 0.009 0.817 0.558 0.693 0.477 0.413
(Z) statistic 0.504 -0.450 2.596 0.232 0.586 0.395 -0.712 -0.819
Siope 0.115 -0.016 0.011 0.051 0.272 0.018 -0.026 -0.002

•
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2*P level 0.355 0.856 0.038 0.534 0.248 0.594 0.212
(Z) statistic 0.926 -0.181 2.078 0.622 1.154 -0.533 -1.248
Rho 0.156 -0.031 0.351 0.105 0.195 -0.094 -0.217
Siope 0.126 -0.002 0.009 0.093 0.289 -0.014 -0.004

Table 4.9 Results of the Spearman's Rbo test for trend for tbe St. Esprit
watershed (ail samples)

Parameter l-N-O-J-"'I NH~ 1 PO~ 1 K I~T-KN-Ir---T-P-ISedimen~

•

2*P le"el 0.479 0.719 0.008 0.671 0.381 0.454 0.348
(Z) statistic 0.710 -0.360 2.632 0.425 0.876 -0.749 -0.939
Rho 0.119 -0.061 0.448 0.072 0.148 -0.130 -0.159
Siope 0.115 -0.016 0.011 0.051 0.272 -0.026 -0.002

Table 4.10 Results of the Spearman's Rho test for trend for the St. Esprit
watenhed (grab sampln)

Parameter 1 NOJ 1 NH~ 1 PO~ 1 K 1TKN 1 TP 1SedimeD~

2*P level 0.097 0.345 1.000 0.651 0.880 0.876 0.440
(Z) statistic 1.658 -0.945 0.000 0.452 0.151 0.156 0.772
tau 0.333 -0.250 0.028 O. 111 0.056 0.111 0.166

Chi2 sample stat 10.91 4.49 7.34 13.82 11.91 12.53 13.82

Chi2 critical stat 13.70 13.70 13.70 13.70 13.70 13.70 13.70
Siope 0.508 -0.031 0.004 0.188 0.295 0.001 0.003

Table 4.11 Results of the Seasonal Kendall test for trend for the Desrochers
watershed (ail samples)

Parameter 1 NOJ 1 NU.. 1 PO.. 1 K 1TKN 1 TP ISedimen~•

2·P lever 0.020 0.421 0.747 1.000 0.876 0.872 1.000
(Z) statistic 2.333 -0.804 0.323 0.000 0.156 -0.161 0.000
tau 0.500 -0.278 0.139 0.055 0.000 0.056 -0.056

Chi! sampJe stat 10.59 7.70 10.06 JO.53 10.52 13.45 0.93

Chi2 entieal stat 13.70 13.70 13.70 13.70 13.70 13.70 13.70
Siope 0.540 -0.025 0.005 -0.092 0.110 -0.032 0.000

Table 4.12 Results of the Seasonal Kendall test for trend for the Desrochers
watershed (grab samples)

Parameter 1 NOJ 1 NH~ 1 PO~ 1 K 1TKi~ 1 TP 1Sedimen~

•
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2*P level 0.241 0.088 0.419 0.633 0.693 0.854 0.935
(Z) statistic 0.172 -1.705 0.808 0.477 0.395 0.185 -0.082
Siope 0.345 -0.058 0.006 0.106 0.131 0.007 0.000

Table 4.13 Results of the ~Iann-Kendalltest for trend for the Desroehers
watershed (ail samples)

Parameter 1 NOl 1 NU.. 1 PO.. 1 K 1TKN 1 TP ISedimen~

•

2*P level 0.156 0.048 0.398 0.966 0.887 0.976 0.875
(Z) statistic 1.420 -1.974 0.846 0.043 -0.142 -0.030 0.157
Siope 0.414 -0.067 0.006 0.007 -0.089 -0.003 0.000

Table 4.14 Results orthe ~Iaoo-Kendalltest for trend for the Desrochers
watershed (grab samples)

Parameter 1 NO] 1 ~H.. I PO., 1 K 1T~ 1 TP ISedimen~

2*P level 0.191 0.123 0.358 0.563 0.587 0.827 0.858
(Z) statistic 1.307 -1.549 0.919 0.578 0.544 0.212 -0.183
Rho 0.221 -0.264 0.155 0.098 0.092 0.037 -0.031
Siope 0.346 -0.058 0.006 0.106 0.131 0.007 0.000

Table 4.15 Results of the Spearmao9s Rho test for trend for the Desrochers
watershed (ail samples)

Parameter 1 NO] 1 NU.. 1 po.. 1 K 1 TKN 1 TP ISedimen~•

2*P level 0.1 JO 0.09/ 0.320 0.958 1.000 0.941 0.970
(Z) statistic 1.597 -1.689 0.994 0.052 0.000 0.075 0.038
Rho 0.274 -0.294 0.170 0.009 0.000 0.013 0.065
Siope 0.414 -0.067 0.006 0.007 -0.089 -0.003 0.000

Table 4.16 Results orthe Spearman's Rho test for trend for the Desrochers
watershed (grab samples)

Parameter 1 ~OJ 1 Nu., 1 PO., 1 K 1TKi' 1 TP 1Sedimen~

•

The 2*P levels for phosphate vary between 0.008 and 0.045. The detected

trend shows that there is an increase in phosphate concentration over the three

years. As the trend was observed in both the ~Alr and the "Grab~ data set, one can

assume that it is not due to the concentration measured at stonn events which

rnight increase the phosphate concentrations in the channel. After computing the

tests for the control watershecL it could be seen that the detected trend does not

evolve in the same \Vay as it does at the St. Esprit watershed. The 2*P level at the
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Desrochers watershed for phosphate varies from 0.32 to 1 which lies above the

pre-detennined significance level and lead to a rejection of the hypotheses.

This indicates that the phosphate concentrations on the St. Esprit

watershed are trending upward in a fashion which is statistically significant.

However, on the control watershed, an upward trend could be observed, but the

trend \vas not statistica]]y significant.

lt is known that sediment and phosphate correspond in the same manner.

Hence, one should examine the results for the suspended sediment to see if

sediment changes in the same pattern as the phosphate concentration.

After performing the test for trend detection in the suspended sediment

data, it \Vas detennined that no significant changes on either watershed had

occurred. This might lead to the conclusion that certain undetectable

antrophogenus factors influenced the phosphorus concentrations at the St. Esprit

\vatershed.

An alternate explanation is that the two watersheds did not respond

equally to the variable precipitation pattern over the three years.

Another parameter that sho\ved a trend on hoth watersheds was nitrate.

The trend could be only detecled only using the seasonal Kendall test. After using

the Mann-Kendall test and Spearman~s rho the trend could not he confirrned at

the pre-determined significance leveL

One might assume that the detected trend using the seasonal Kendall test

\Vas due to the fluctuations in the climate. This means that taking the transport

path of nitrate into account and kno\ving that in January 1995 a snow melt period

occurred, it is possible that the impact from this event effects the seasonal test

results. Hence, the results of the seasonal Kendall test may have been influenced

by the \vinter snowmelt events.

The last parameter that illustrated a statistically signiticant trend was the

ammonium concentration at the control watershed, which showed a downward

56



• trend. This trend could not be detected at the St. Esprit watershed. This might due

to the fact those ditTerent crops were cultivated at the St. Esprit watershed. For the

other observed parameters on the paired watershe<L no significant trend could be

detennined.

4.5.2 Step trend 3ssessments

The last tool that is applied to the existing data sets is the Wilcoxson­

Mann-Whitney test., also kno\\'ll as U-Test. This test was applied to the data set

because distinctive before and after period existed. One can define 1994 as a

before period.

•
The years J995 and 1996 are defined as after periods. Because at the end

of 1994., the application of soil conservation practices and fertiliser management

\Vere undertaken by a large number of fanners on the St. Esprit watershed and

continued in the following year. The results of the step trend analyses are shown

in Tables 4.17 to 4.20. The graphical displays of these results are showl1 in

Appendices 0 to J_

2-P level 0.728 0.149 O.IUJ 0.773 0.149 1.000 1.000
1994-1995 (2) statutie 0.289 1.444 2.021 -0.289 1.443 0.000 0.000

Seasonal Hodges-
0.125 0.165 0.020 -0.325 2.918 -0.033 0.006

Lehmann
2*P level 0.149 0.386 0.752 1.000 0.386 1.000 0.114

1995-1996 (2) statistic 1.443 -0.866 -0.316 0.000 -0.866 0.000 -1.581
Seasonal Hodges-

0.430 -0.103 -0.002 0.054 -0.876 0.017 -0007
Lehmann

2*P level 0.148 1.000 O.IUJ 1.000 0.386 1.000 1.000
1994 and 1996 (2) statistic 1.489 0.000 2.021 0.000 0.866 0.000 0.000

Se350nal Hodges-
0.643 0.022 0.020 -0.030 1.114 -0.007 -0.003

uhm.ann

Table 4.17 Results of the Wilcoxson-Mann-Whitney test for trend for the
St. Esprit watershed (ail samples)

Years Parameter 1 NOl 1 NU.. i PO" i K J TK.~ 1 TP 1 Sediment J

•
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Table 4. 18 Results of the Wilcoxson-Mann-Whitney test for trend for the
St. Esprit watershed (grab samples)

Yean Parameter 1 NO.J 1 Nu.. 1 po.. 1 K 1TKN 1 TP 1Sediment 1
2*P 'n'eI 0.773 0.228 0.149 0.773 0.386 0.546 0.546

1994-1995 (Z) statistie: -0.289 1.206 1.440 -0.289 0.866 -0.603 -0.603
~asonaJ Bodges-

-0530 0.190 0.010 -0.470 2.944 -0.021 -0.003
Lehmann

2*P 'evel 0.937 0.773 1.000 0.773 0.149 1.000 1.000
1995-1996 (Z) statistie: 2598 -0.289 0.000 -0.289 1.443 0.000 0.000

Seasonal Hodges-
0505 -O.UO 0.055 -0.314 0.092 -0.008 -0.001

Lehmann
2*P Iffel 0.149 o.m 0.149 1.000 0.n3 1000 1000

1994 and 1996 (Z) stalistie: 1.440 0.289 1A43 0.000 0.288 0000 0.000
Seasonal Hodges-

0.643 0.031 0.020 -0.125 1.758 -0.007 -0.002
Lehmann

•

Table 4.19 Results of the 'Vilcoxson-~Iann-'Vhitneytest for trend for the
Desrochers watershed <ail samples)

Yean Parameter 1 NO.J 1 NU.. 1 PO.. J K 1TK.~ 1 TP 1Sediment 1
2*P leveJ 0.773 0.070 0.386 1.000 0.149 0.386 1.000

1994-1995 (Z) s.atistie: 0.288 1.809 0.866 0.000 1.440 -0.866 0.000
Seasonal Hodges-

0.458 0.090 0.025 -0.055 2.702 -0.053 0.001
Lehmann

2*P lever 0.386 0.009 0.386 0.772 0.149 0.227 0.752
1995-1996 (Z) stalistie 0.866 -2.598 -0.866 0.289 -1.440 1.206 0.316

Seasonal Hodges-
0.573 -0.231 -0.020 0.218 -0.390 0.096 0.002

Lehmann
2*P level 0.149 0.343 1.000 0773 0.773 i.OOO 0.386

1994 and 1996 (Z) statistic 1.443 -0949 0.000 0.288 0.289 0.000 0.866
SeasonaJ Hodges-

0.958 -0.020 0.010 0.375 1.013 0.070 0.009
Lehmann

•

Table 4.20 Resulb of the Wilcoxson-Mann-Whitney test for trend for the
Desrochers watershed (grab samples)

Years Parameter 1 NO.} 1 NH.. 1 po.. 1 K 1TKJ.~ 1 TP 1Sediment f
2*P ln'eI 0.546 0.114 0.070 0.546 0.227 0.228 1.000

1994-1995 (Z) stadstie: 0.603 1.581 1.809 -0.603 1.206 -1.206 0.000
Seasonal Hodges- 0.160 0.110 0.030 -0.810 2.214 -0.070 0.004

Lehmann
2*P lever 0.149 0.043 0.343 0.773 0.386 0.546 0.546

1995-1996 (Z) statistie: 1.443 -2.020 -0.949 0.289 -0.866 0.603 -0.603
Seasonal Hodges-

0.640 -0.356 -0.013 0.405 -0.393 0.134 -0.003
Lehmann

2*P level 0.070 0.343 1.000 1.000 1.000 1.000 0.752
1994 and 1996 (Z) st.aistie: 1.809 -0.949 0.000 0.000 0.000 0.000 0.316

Season•• Hodge-
1.030 -0.040 0.000 0.330 0.514 -0.043 0.0031 ••
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These analyses show that only two of the seven analysed parameters

resulted in a statistically significant result at a 90 % confidence level for sorne

seasons on the paired watersheds.

For phosphate concentrations at the St. Esprit watershe<L significant

increasing step trends could be detennined for the seasons 1994 - 1995 and 1994

and 1996. These results support the investigated overall monotone trend detected

in the previous section. Unlike the monotone trend analysis~ this step trend could

only he detected for the ail sample data sets. The grab sample data showed no

significant trend at ail. Since one can consider that the impact of stonn events in

the'Air sample data sets is quite high, due to the sample strategy, it illustrates

the fact that the phosphate transport is related to the surface runotT.

The phosphate concentrations at the control watershed did not show any

trend for the' Ali' sample data set, which continns the results from the monotone

trend analyses.

The second parameter that shows a sihJIlificant trend is ammonium at the

control \vatershed. The ammonium concentration evolves a significant upward

trend for the seasons 1994 - 1995 with a 2*P level of 0.070 and a significant

dO\\'l1ward trend for the seasons 1995 - 1996. Another dO\\'l1\Vard movement is

detected bet\veen 1994 and 1996 but the 2*P level is 0.343, hence it is not

considered as a trend.

The other parameter for both watersheds does not show any significant

trend. Hence, the result of the Q.Q plot analyses for an increase over the years

could not be confinned.

4.6 Auto sampling vs. manual sampling

Another objective in this study was to investigate ho\v different sampling

strategies influenced the statistical results.
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The main conclusion that could be drawn is that the manually taken

sampies provide us \vith the same information \vith respect to nonparametric trend

analysis methods~ as the more complex flow weighted sampling program.

After investigating~ the results for the monotone trend assessment (Figures

4-5 to 4. 16) one can observe that the computed results do not di (fer for the

different types of data sets. For instance, the resu1ts of the seasonal Kendall test

for the St. Esprit (Figures 4.5 and 4.6) for the "Air sample and grab sample data

sets are identical. Whereas the same test at the control watershed produced

ditTerent results at the 2*P level~ but the overall direction and the significance of

the trend is the same.

As we take a closer look at the results of the analyses of the "Grab~ sample

data sets, one can see that the 2*P level is always smaller than the 2*P level for

"Ail" samples. This might be because the grab sample data set is not influenced by

noise produced through the samples taken during storm events for the ail sample

strateg)·.

A manuaJ sampling strategy is easler to conduct. ft does not reqUire

automated sampling equipment, which results in a smaller number of samples per

year. This reduces the cost of the analyses. However~ since the analyses for trend

\Vith "Grab~ sample data set leads to the same conclusions as with an "Air sample

data set, we can cone! ude that for trend analyses on small watersheds the manual

sampling strategy is the preferred.

4.7 Observation periods vs. overall trends

Monitoring of the two watersheds was continued in 1997. However not ail

parameters analysed in 1994 - 1996 were measured in 1997. The collected data

set for 1997 is almost entirely 4Grab' samples. In addition, the data were not

available until very recently. As such the analyses conducted in section 4.1 to 4.6,

\Vere only based upon the 1994 - 1996 data sets.
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Because of the fact that during the three years of this study, the climate

seems to have an imponant impact on the monotone trend results, it \Vas

interesting to investigate. If the results for trend detection for a four-year period

confirm the results for the monotone trend assessments.

Since only nitrate and phosphate in the St. Esprit watershed showed

significant trends in the years 1994 - 1996, the monotone trend analysis for nitrate

and phosphate were computed.

The results of the analyses of the nitrate concentrations for the St. Esprit

watershed evolved a slight down\vard trend over the four-year period, instead of

an upward trend for the three-year period. Unfonunately, the trend was not

sibTJlificant at a 90 % confidence level. However, it showed a do\\ttlward trend that

might due to the imposition ofgood feniliser management practices.

A drastic change in the behaviour of phosphate concentrations could be

observed in the control watershed. In the trend assessment for the period of 1994

- 1996, phosphate does not show any significant trend al ail. After running the

analyses for 1994-1997, a quite difTerent picture can be dra\vo.

The phosphate concentration of this period showed a significant upward

trend with 2*P level from 0.010 to 0.015. Hence, it shows the same behaviour as

the phosphate concentrations in the St. Esprit watershed and one can assume that

phosphate concentrations are a product of the climatic variations in the basin.

The results of this investigation supponed the conclusions that the results

on the monotone trend assessments on small watersheds are highly influenced by

the c1imatic variations and more years of observations are needed to get bctter

conclusions.

After computing the test for the other parameters, no significant changes

could be conducted.
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5. Summary and Conclusions

5.t Summary

A research project to evaluate water quality measurements on two small

agricultural watersheds in Quebec was undertaken from January 1994 to

December 1996. Water samples were taken at the outlet of each watershed. The

water samples \vere taken using t\Vo ditTerent strategies. One strategy \Vas based

on an intensive event-based sampling program using an auto-sampler al the

outlets of the watersheds. The second was based on manually taken samples on a

weekly basis. The two data sets \Vere available for statistical analyses. The

complete data sets consisted of both auto-samples and "Grab ~ samples. A data set

that consisted only of -Grab~ samples was also analysed.

The measured parameters for each data set \Vere nitrate, ammonium,

phosphate, potassium, TKN, total phosphorus and suspended sediment.

The water quality data were analysed to assess trends in the pollutant

concentrations over a three-year period and between each year. Considering the

properties of water quality data sets, non-parametric (distribution free) methods

\",.ere used to detect trends, namely the seasonal Kendall test for trend \vithout

correction for correlation, the Mann-Kendall test, Speannan's Rho and the

seasonal Wilcoxson-Mann-Whitney test.

The observed trends in water quality \Vere then related to c1imatic

parameters for the basins and to applied BMP's.

5.2 Conclusions

Exploratory trend analysis methods were applied to the complete data sets

to detect trends for each parameter. These exploratory analyses led to the

conclusion that the measured parameters were highly intluenced by the c1imatic

variation during the study period. The St. Esprit watershed and the control
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watershed responded in the same \Vay. The exploratory analyses indicated that

both watersheds exhibited similar trends.

Hence~ it \Vas necessary to employ confinnatory trend analysis methods to

confirm the detected trends~ because the graphically detected trends in the

exploratory analyses did not provided a statistical significance. To detennine the

sibTJlificance of the detected trends~ four ditTerent methods \Vere used to confinn

the results of the exploratory analyses.

The four trends used were the seasonal Kendall test~ the Mann-Kendall

test~ Spearman's rho and the seasonal Wilcoxson-Mann-Whitney test. These tests

indicated a significant upward trend for phosphate at the St. Esprit watershed for

the 1994 - 1996 period, which confinned the results of the exploratory analysis.

Comparing the results \Vith the control watershed~ the trend could be not

contïnned. Hence~ it might be due to undetectable anthropogenus impacts. After

applying the tests for monotone trend on the data set from 1994 - 1997 the results

at the control watershed changed significantly. They showed the same behaviour

as the phosphate concentrations on the intervention watershed.

Analysing the other measured parameter~ only the nitrate concentrations at

the St. Esprit watershed showed an upward trend using the seasonal Kendall test~

but the result could not be confirmed by the non-seasonal tests. Hence~ one can

conclude that it is due to the climatic variations over the years~ specifically

di fferences bet\veen the precipitation pattern in the winter months.

The other investigated parameters did not show any statistically significant

trends. Hence~ the behaviour of the parameters detected using graphical methods

\Vas not confirmed.

Therefore~ one can conclude that graphical trend assessment methods do

not provide a good understanding of significant changes in water quality. Hence~

one should always confinn these results~ using statistical hypothesis testing

methods. The usage ofcon fi rmatory methods is essential.
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For the two different sampling strategies which were used to detect the

changes in water quality we can say that manually taken samples on a weekly

basis produce the same results as the more complex sampling strategy which

utilised both ~Grab' and automated samples.

[n addition~ taking the cost for an automatic sampling station into account

(maintenance, changing sample equipment after a storm event) the manual

sampling strategy should be the preferred for developing data sets for trend

analysis on smail \vatersheds.

The results for this study show that on small watersheds the effects of

climatic variations over a shon period « 5 years) have a great impact on results

of nonparametric trend assessment on small watersheds.

&. Recommendations for Future Research

Il would be unreasonable to expect improvements in water quality within 3

years. The effects of more than 20 years of intensive agriculture on water quality

cannot be easily reversed. Therefore, the main objective for the future studies

should be to continue the application ofconservation practices and to monitor the

changes in water quality, on the paired watersheds. The questions which should

be answered \vith those studies are: does the water quality improve and for how

long? [n addition, it might he usefuI to install monitoring stations on ditTerent

watersheds to investigate the impact of different agricultural practices, soil and

land use patterns on water quality.

Furthennore~ approaches other than statistical methods should be found to

detect trends in water quality data on a short-tenn base. Such as, combination of

GIS and neural networks, which \vould allow us to adjust the initial conservation

practices.

One should improve the existing statistical methods for trend detection

and test new statistical methods for their application on water quality data, such

as the van der Waerden normal score test.
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fi. Sample§ 1 1 1 1 1 1 1
January lligh 2.02 0.25 0.01 3.33 2.31 0.32 0.06

fi. Samples 2 2 2 2 2 2 1
Low 1.77 0.11 0.01 3.99 1.16 0.16 n.d.
25 % Perrentile 1. 78 0.13 0.01 416 1.27 0.21 n.d.
Median 1. 78 0.14 0.01 4.32 1.37 0.27 n.d.

~'ebruary 75 % Perl'elltile 1. 79 0.16 0.01 4.49 1.48 0.32 n.d.
Mean 1.78 0.14 0.01 4.32 1.37 0.27 n.d.
lligh 1. 79 0.17 0.01 4.65 1.59 0.38 0.02
SO 0.01 0.04 0.00 0.47 030 0.15 n.d.
Grometrir mean 1.78 0.14 0.01 4.31 1.36 0.25 n.d.
fi. Samples 4 4 4 4 4 4 4
Low 1.50 0.34 0.01 4.10 1.20 0.07 0.02
25 % Perrenme 1.64 0.42 0.01 4.40 1.23 0.15 0.02
Median 1.74 0.60 0.01 5.32 1.58 0.19 0.04

1994 Marrh 75 0/. PerceRtile 1.80 0.87 0.03 6.51 2.13 0.24 0.07
Mean 1.70 0.69 0.03 5.59 1.78 0.20 0.05
lIigh 1.81 1.24 0.10 7.63 2.77 0.34 0,09
SO 0.14 0.40 D,OS 1.62 0.74 0.11 0.03
Geometrie mean 1.69 0.61 0.02 5.42 1.68 0.17 0.04
Il Samples 38 37 38 38 38 38 37
Low 0.40 0,03 0.01 0.53 0.36 0.03 0.01
25 % Perrentilr 1.21 0.09 D,DI 2.62 0.91 0.16 0.02
Median I.4S 0.13 0.02 2.73 1.30 0.24 0.06

April 75 % Prrrrntile 2.07 0.18 0,06 2.99 1.84 0.33 0.09
Mean 1.57 0.15 0.04 2.84 1.56 0.25 0.07
lligh 2.45 0.46 0.12 4.37 5.18 0.53 0.22
SO 0.52 0.09 0.03 0.62 1.05 0.12 0.06
Geometric meall 1.48 0.13 0.03 2.74 1.31 0.22 0.05

! Ven 1 Monlh 1 Parameter 1 NO) 1 NH4 1 IJ04 1 K 1 l'liN 1 TP 1 Sediment 1

'fable A 1



• • •
## Samples 2S 22 25 25 32 26 32
Low 1.32 0.01 0.01 2.62 0.59 0.08 0.00
25 % Percenaile 1.82 0.10 0.01 108 0.97 0.17 0.00
Mtdian 2.58 0.17 0.01 3.33 1.19 0.23 0.01

May 75 % Ptretntilt 3.02 0.24 0.04 3.74 1. 71 0.34 0.01
Mean 2.66 0.21 0.03 3.77 1.62 0.28 0.02
lligh 5.16 0.80 0.12 7.44 5.54 0.69 0.16
sn 0.98 0.21 0.03 1.15 1.25 0.16 0.03
Geometrie mean 2,S0 0.12 0.02 3.64 1.35 0.25 0.01
fi Samplt'l ]9 35 39 39 J6 34 43
Low 1.19 0.01 0.01 1.84 0.24 0.00 0.00
25 -/0 Pereentile 3.30 0.13 0.02 3.45 0,51 0,29 0.02
Median 5,21 0.55 0.04 186 0.94 0.40 0.03

1994 June 75 % Pereentile 6.31 1.03 0.11 5.39 1.92 0.56 0.14
Mun 4.88 0.59 0.08 4.55 1.80 0.45 0.11
lligh 8.60 1.67 0.28 9.91 13.68 0.98 0.70
sn 1.91 0.53 0.07 1.75 2.59 0,23 0.17
Geometrie mean 4.41 0.27 0.05 4.28 1.05 0.37 0.05
## Sampi" 19 19 19 19 19 19 18
Low 1.92 0.05 0.03 2,62 0.22 0.05 0.00
25 % Pereentile 2.59 0,06 0.04 2.92 0.94 0.28 0.01
Median 3.32 0.10 0.05 118 1.13 0.38 0,01

Jilly 75 % Perrentile 4.40 0,19 0,05 3.50 1.99 0.47 0.03
Mean 3.43 0.16 0,05 3.26 159 0.38 0.03
lIigh SU 0.55 0.12 4.84 6.49 0.62 0.15
sn 1.00 0.14 0.02 0.56 1.34 0.14 0.04
Geometrie mean 3.28 0.12 0.05 3.22 1.27 0.34 0.01

! l'far! MOllah 1 ParHmearr 1 NOJ 1 NII4 1 P04 1 1\ 1 TKN 1 TP 1 Sediment 1

'fable A 2
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li Sample!l 20 20 -~

20 20 20 20 13
tow 1.07 0.02 0.03 103 0.98 0.09 0.00
25 ·Vo Percentile 2.00 0.06 0.04 122 1.33 0.16 0.00
Median 2.97 0.\5 0.06 3.45 1.65 0.20 0.00

August 75 % Pereentile 4.03 0.25 0.07 4.50 3,42 0.25 0.01
Mean 2.93 0.17 0.07 4.24 2.82 0.23 0.01
lIigh 4.84 0.59 0.20 9.19 10.99 0.72 0.02
SO 1.22 0.14 0.05 1.65 2.55 0.13 0.01
Geometrie mean 2.64 0.12 0.06 4.02 2.16 0.21 0.00
li Samples 8 8 8 8 8 8 8
Low 0.78 0.04 0.03 4.14 0.50 0.13 0.00
25 % Perctntile 1.06 0.05 0.03 4.72 0.70 0.22 0.01
Median 1.25 0.05 0.03 4.64 0.67 0.22 0.01

1994 Sep.embu 75 % Percentilf IJI 0.14 0.03 6.08 0.80 0.23 0.01
Mean 1.19 0.15 0.03 5.30 0.76 0.22 0.01
lIigh 1.46 0.58 0.05 7.53 1.49 0.34 0.01
SO 0.22 0.19 0.01 1.34 0.32 0.06 0.00
Geometrie mean Ll7 0.09 0.03 5.17 0.71 0.21 0.01
Il Samples 9 9 9 9 9 9 9
Low O,SI 0.04 0.03 4.30 2.14 0.13 0.00
25 % Pert:entile 0.79 0.05 0.03 4.65 4.50 0.16 0.01
Median 0.83 0.05 0.03 4.75 5.01 0.27 0.02

October 75 % Penfutilt 0.92 005 0.03 4.89 6.55 0.43 0.03
Mean 0.86 0.05 0.03 5.32 5.96 0.29 0,03
lIigh 1.13 0.06 0.04 10.21 Il.47 0.47 0,13
SO 0.17 0,01 0.00 1.85 2,84 0.14 0.04
Geometrie mean 0.84 O.OS 0.03 5.12 5.38 0,26 0.02

! Veal'! MOllth! Parametrr 1 NO) 1 Nil" 1 1)04 1 K 1 l'KN 1 l'P 1 Stdimenl 1

Table A J
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1 l'faf 1 Monlh 1 Parameler 1 NOl 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

" SamlJles 14 14 14 14 14 14 13
tow 1.45 0.01 0.04 3.37 0.84 0.04 0.00

25 % Perfen1ile 1.95 005 0.04 3.71 1.16 0.20 0.01

Mtdian 2.52 O. 10 0.05 4.08 2.17 0.24 0.02

Novembu 75 % Percentile 2.87 0.16 0.05 5.54 Il.31 0.27 0.05

Mean 2.45 0.10 0.06 4.90 10,37 0.24 0.04
lIigh 3.34 0.24 0.12 10.25 46.98 0.42 0.19

SO 0.56 0.07 0.02 1.87 14.99 0.09 O.OS

1994 Geometrie mean 2.39 0,08 0.05 4.65 3.75 0,21 0.02

Il Sampln 9 9 9 9 9 9 0
Low 1.66 0.16 0.03 2.21 2.55 0,17 n,d,
25 % Perctntile 2.23 0.20 O.OS 111 lOS 0.19 n,do
Median 2.86 0.25 0.06 4.20 3.94 0.25 n,do

Oecembu 7~ % Perctntil, lJI 0.32 0.09 4.86 5.51 0.29 tul.
Mean 2.85 0.28 0.07 4.25 4.83 0.26 n.d.
lligh 3,89 0.50 0.15 7.60 10.26 0.46 n.d.
SI) 0,80 0.11 0.04 1.56 2.39 0.09 n.d.
Grometrir mean 2.75 0,27 0.07 4.01 4.41 0.25 n.d.

'fable A 4
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Il Samples 6 6 6 6 5 5 5
Low 2.74 0.20 0.04 3.50 1.96 0.19 0.01
25 % Pt'rcenti't' 4.24 0,27 0.05 3.53 4.98 0.20 0.02
Median 4.38 0.50 0.07 3.59 4.98 0.27 0.02

Janllary 75 % Perceontilt' 4.66 0.62 0.07 3.88 5.62 0.30 0.03
Mean 4.39 0.45 0.08 3.80 5.13 0.28 0.03
lIigh 5.86 0.62 0.17 4.62 8.11 0.44 0.06
SD 1.00 0.20 0.05 0.44 2.19 0.10 0.02
GeoDletrir Dlean 4.28 0.40 0.07 3.78 4.67 0.27 0.02
Il Sampi" 2 2 2 2 2 2 2
Low 2,08 0.53 0.03 3,37 4.61 0.38 0.00
25 % Perrentile 2.43 0.57 0.03 3.38 4.65 0.38 0.00
Median 2,78 0.61 0.04 3.39 4,70 0.38 0.00

1995 Frbruary 75 % Perrrntile 3.12 0.65 0.04 3.39 4.75 0.38 0.01
Mean 2.78 0.61 0.04 3..19 4.70 0.38 0.00
High 3.47 0.69 0.04 3.40 4.80 0.38 0.01
SD 0.98 0.1 J 0.01 0,02 0.14 0.00 0.00
GeoDletrir mean 2.69 0.60 0.03 3.38 4.70 0.38 0.00
NSampi" 9 9 9 <) <) <) <)

Low 1.27 0.44 0.02 0.68 J,30 0.15 0.01
25 % Percentile 1.66 0.47 0.04 2.01 3.53 0.20 0.01
Median 1.91 0.51 0.06 2.44 4.56 0.24 0.01

Marrh 75 % Percen.Ue 2.55 0.55 0.09 .1.19 7.28 045 0.03
Mean 2.19 0.57 0.07 248 5.5.1 0.39 0.02
lIigh 3.39 1.01 0.14 4.59 9.97 0.89 0.06
SD 0.75 0.19 0.04 1.13 2.41 0.27 0.02
Geometrie mean 2,09 0.55 0.06 2.21 5.10 0.32 0.02

! l'ear! Month! Parame1er 1 NOl 1 NII4 1 P04 1 K 1 11\N 1 TP L Sediment 1

'fahle A 5
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#. Samples Il Il Il Il Il 9 Il
Low 1 79 0,42 0,02 1.29 3.48 0,03 0.01
25 % PerrtntUt 1.91 0.47 0.02 1.68 5.09 0.08 0.01
Median 2.04 0.49 0.03 1.84 6.04 0,35 0.02

April 75 % Percentile 2.34 0.55 0.03 2.18 6.80 0.59 0.02
Mean 2.13 0.51 0.03 1.97 5.94 0.33 0.02
lligh 2.55 0.62 0.05 114 8.64 0.72 0.08
SO 0.28 0.06 0.01 0.48 1.52 0.28 0.02
Geometrie mean 2.11 0.51 0.03 1.92 5.76 0.20 0.02
# Samples 12 12 12 12 12 12 12
low 1.29 0,19 0.02 1.97 4.11 0,12 0.00
25 % Perrrntile 1.62 0.47 0.02 2.09 5.66 0.22 0.01
Median 1. 71 0.49 0.03 2.29 7.45 0.28 0.01

1995 May 75 % Percentile 2.15 0.56 0.04 100 12.64 0.39 0.02
Mean 1.8.1 0.53 0.04 .1.26 10.91 0,42 0.02
lIilh 2.64 1.00 0.14 12.70 27.31 1.30 0.06
SD 0.41 0.18 0.03 100 7.84 0.38 0.02
Geometrie mean 1. 79 0.50 0.03 2.72 8.93 0.32 0.01
NSamples 5 5 5 5 5 5 5
low 1.40 0.02 0.05 2.43 3.06 0.07 0.01
25 % Peferntile 1.45 0.10 0.05 2.85 3.77 0.12 0.01
Median 1.46 0.13 0.05 111 5.74 0.28 0.02

June 75 % Prferntile 1.58 0.31 0.06 3.19 18.42 0.28 0.03
Mein 1.53 0.18 0.06 3.08 11.65 0.21 0.02
lIigh 1.77 0.35 0.07 3,83 27.26 0.32 0.04
SO 0.15 0.14 0.01 0.51 10.72 0.11 0.01
Geometrie mean 1.53 0.12 0.06 105 8.02 0.18 0.02

! Year! Month 1 Parameter 1 NO) 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

l'able A 6
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Il Samplr~ 4 4 4 4 4 4 4
Low 1.10 0.01 003 2.23 3.98 0.05 0.01
25 °Â, Prrrentiit 1.21 0.08 0.05 l07 4.38 0.10 0.01
Median 1.40 0.17 0.07 3,81 4.57 0.13 0.02

July 75 % PentntUe 1.80 0.24 O.OS 4.S3 4.91 0.16 0.03
Mean 1.61 0.15 0.07 4.09 4.73 0.14 0.02
lIigh 2.53 027 0.09 6.50 5.79 0.23 0.05
SO 0.64 0.12 0.03 1.81 0.76 0.07 0.02
Geometrie meRn 1.52 0.09 0.06 3.79 468 0.12 0.02
Il Sampl.s 5 5 5 5 5 5 5
Low 0.74 0.02 0.04 3.48 4.15 0.11 0.01
2~ % Pert'tnlile 0.80 0.14 0.06 3.83 4.70 0.16 0.01
Median 0.82 0.15 0.07 4.10 5.01 0.23 0.02

1995 August 75 % Perrtntile 0.85 0.16 0,07 4.66 5.24 0,2S 0,02
Mtan 0.83 0.14 0,06 4.27 5.15 0,25 0,02
lligh 0.92 0,23 D,OS 5.28 6.65 0,47 0,03
SD 0.07 0.08 0,02 0.71 0.93 0.14 0.01
Gtometric melln 0.82 0, Il 0,06 4.22 5,08 0.22 0,01
Il Samplt! 4 4 4 4 4 4 4
Low 0.61 0,20 0.05 4.13 2,64 0.24 0.02
25 % Ptrctn.ile 0.69 0,25 0.05 5.29 4.59 0.24 0.03
Median 0.73 0.30 0.05 5,74 5.31 0.26 0.03

Stp'tmber 75 % Perrrnlile 0,74 0.34 0.05 5.91 5.92 0.31 0.04
Mean 0,70 0.29 0.05 5.46 5.20 O.JO 0.03
lligh 0.74 0.37 0,05 6.24 7.55 0.42 0.04
SD 0.06 O.OS 0.00 0.92 2,01 O.OS 0,01
Gtometric mea.. 0.70 0.28 0.05 5.40 4,87 0,29 0,03

! l'tar! Monl"! Paramttrr 1 NO) 1 NII4 1 P04 1 K 1 TKN 1 TP! Stdiment 1

Table A 7
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;1 Sanll)les 15 15 15 15 15 15 15
I...ow 0.34 0.08 0.04 4.18 2.33 0,05 0.00
25 % Pucrntilr 2.35 0,13 0.05 4,79 2,80 0,10 0,02
Mrdian ],09 018 0,05 5.93 3.25 0,13 0.03

October 75 % Pucrntilr 3.38 0.24 0.06 S.OS 4,68 0,17 0,11
M,an 2.76 0,21 0,06 6,82 .1.96 0.14 0,08
High J. 79 0,48 0,13 11.91 9.81 0.28 0.48
SI) 0,95 0,11 0.02 2.69 1.93 0.07 0,12
('fOmelric mean 2.47 0,)8 0.06 6.40 3,65 0.13 0.04
;1 Sample! 17 17 17 17 17 12 17
I..ow 2,61 0.05 0,02 2.82 0.60 0.04 0.01
15 % Pueentile 106 0.10 O.OS 3.21 0.84 0.08 0.02
Median 3.34 0,14 O.OS 3.43 1.28 0.11 0.05

1995 Nonmbtr 75 % Ptrftntilt 3.51 0.21 0.07 4.44 3.62 0.16 0.09
Mean 3.36 0.18 0.06 3,98 2.23 0,13 0.06
lligh 4,05 0,41 0.14 7,29 4.70 0.30 0.21
SI) 0.40 0.11 0.03 1,26 1.57 0,08 0.06
Geometrie mtan 3.34 0.15 0,05 183 1. 71 0,11 0,04
1# Samples 3 3 3 3 3 n.d. 3
Low 2.50 0,09 0.03 3,10 0.61 n.d. 0.01
25 % Ptretnlile 2.51 0.18 0.03 3.25 1.00 n.d. 0.01
Mfdi.n 2,52 0.26 0.03 3.40 1.39 n.d. 0.01

Dtetlllbtr 75 % Puerntile 2,66 0.28 0.04 3.44 1.45 n.d. 0.01
Mtan 2.60 0.22 0.03 3.33 1,17 n.d, 0.01
lligh 2.79 0.30 0.04 3.48 l,50 n.d. 0.02
SI) 0.16 0, Il 0.01 0,20 0,49 n.d, 0,00
Geomttrie mtan 2.60 0.19 0.03 3.32 1,08 n,d, 0,01

! \'ral'! Month J ParalIIeter 1 NOl 1 NII4 1 P04 1 K 1 TKN 1 TP. 1 St'liiment 1

Table A 8
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1
Parameler 1 N03 1 NII4 1 P04 1 K 1 TKN 1 IP 1 Stdiment 1

fi Sampit! 3 3 3 3 J n.d 3
Low 2,70 0,06 0.04 2,60 1.06 n,do 0.01
25 % Percentile 2,92 0.11 0.05 2.71 1.10 n.d. 0.02
Median 3,15 0.15 0.05 2.82 1.13 n.d. 0.03

January 75 % PereentUe 3,41 0.17 0.05 3.75 17.97 n.d. 0.06
Mean ll8 0,13 0.05 3.36 12.33 n.d. 0.04
lIigh 3.68 0.19 0.05 4.67 34.80 n.d. 0.08
SO 0.49 0.07 0.01 1.14 19.46 n.d. 0.04
Geome'rit mean 3.15 0.12 0.05 3.25 3.47 n.d. 0.02
# Simple. 4 4 4 4 4 4 4
l.ow 2.79 0.04 0.03 1.70 1.79 0.00 0.01
25 % Percentile 2.80 0.12 0.04 2.00 1.95 0.0) 0.01
Median 3.36 0.18 0.06 2.43 3.04 0.03 0.01

1996 Februlry 75 Dio PuerntUe 3.92 0.21 0.07 2.79 4.55 0.06 0.02
Mun 3.36 0.16 0.06 2.36 3.46 0.04 0.02
lligh 3.95 0.24 0.08 2.88 5.96 0.10 0,03
SO 065 0.09 0.02 0,56 1.96 0.04 0.01
Geometrie mean 3.32 0.13 0.05 2.31 3.06 0.02 0.01
# Simples 21 21 21 21 13 13 21
Low 113 0.02 0.03 2.21 1.63 0.17 0.01
2~ % Pereenlile J.88 0.07 0.05 2.96 1.93 0.34 0.02
Mediln 3.98 0.10 0.07 3.47 3.4.1 0.40 0.05

April 7~ % Pentnlilr 4.53 0.15 0.09 3.91 4.88 0.69 0.28
Mea.. 4.26 0.11 0.07 3.54 3.73 0.52 0.15
lligh 7.22 0..14 0.12 5.72 6.68 1.12 0.49
SO 0.97 0.08 0.03 0.91 1.69 0.27 0,16
Geometrie mran 4.17 0.09 0.07 3.43 3.36 0.46 0.06

Table A 9



• • •
#1 Samples 35 35 --3-5 35 18 18 35
Low 2.00 0.02 0.03 1.99 1.51 0.14 0.01
25 % Percfntile 2.50 0.11 0.04 2.35 1.94 0.42 0.03
Median 2.74 0.14 0.05 2.63 116 0.55 0.07

April 7~ % Ptrftntile 2.99 0.19 0.08 3.29 4.15 0.59 0.11
Mtan 2.78 0.16 0.07 2.82 3,36 0.50 0.10
lligh 3.49 0.44 0.27 4.38 7.00 0.76 0.45
SD 0.37 0.08 0.05 0.63 1.60 0.16 0.11
Grometric meRn 2.75 0.14 0.06 2.76 104 0.46 0.06
NSamples 16 16 15 16 Il 7 16
Low 1.80 0.02 0.04 2.12 1.90 0.06 0.00
25 % Ptrrt'ntile 2.02 0.15 0,04 2.55 2.27 0,16 0.01
Median 2.26 0.21 0.05 2.71 2.52 0,43 0,01

1996 May 75 °/. Percentilt' 2.73 0.25 0.07 3.25 2,67 0.57 0.04
Mean 2.48 0.25 0.06 3.00 2.51 0.36 0.04
lIigh 3.99 0.88 0.10 5.70 3.30 0.57 0.25
SO 0.65 0.22 0.02 0,91 0.37 0.22 0.06
Grometric mean 2.41 0.17 0.06 2.90 2.49 0.27 0.02
NSamples 8 8 8 8 7 6 8
lMW 1.01 0.12 0.04 1.93 0.59 0.02 0.00
25 % Pt'rft'ntile 1.45 0.16 0.05 2"1 O.HO 0,08 0.01
Median 1.57 0.20 0.05 2.82 2.51 0.17 0.01

June 75 % Ptn'entile 1.60 0.24 0,06 2.98 2.81 0.23 0.02
Mean 1.48 0.22 0.05 2.86 1.91 0.17 0.02
lligh 1.66 0.46 0.06 4.27 3.07 0.34 0.04
SI) 0.21 0.11 0.01 0.68 1.12 0.12 0.01
Gt'ometric mean 1.47 0,20 0.05 2.79 1.57 0.12 0.01

! "far! Month 1 Paramfter 1 NO) 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

l'able A 10
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! l'far! Month 1 Pararnetn L N03 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sedimenl 1

1# Samples 14 14 14 14 14 14 14
tow 1,07 0,01 0,01 2,76 0.42 0,17 0.01
25 % PercenlUr 2.27 0.07 0,04 123 1.58 0.32 0.01
Median 3.77 0.11 0.06 3.89 5.04 0.40 0.03

Ju'y 75 % Perrtn.ile 6,97 0.33 0.09 5.39 6,71 0.48 0.05
Mtan 4.55 0,21 0.07 4.88 4.31 0.52 0,06
lligh 8,94 0,64 0,18 10.59 8.59 1.60 0,23
SO 2,77 0,21 0,05 2.50 2.86 0.39 0,07
Geometrie Ratan 373 0.10 0,06 4.43 .1. Il 0.44 0.03
1# Samples 6 5 6 6 ~ 5 6
I..ow 1.00 0,04 0.03 3.49 2.55 0.02 0,00
25 % Percenlne 1.31 0.11 0,05 185 3.34 0,26 D,AD
Median 1.37 0.12 0,06 4,04 169 0.36 0.01

1996 Augusi 75 % PenenlUe 1.51 0,12 0.08 4.59 4.03 0.41 0,01
Mean 1.88 0,10 0,06 4.34 3,70 0.31 0,01
lligh 4.68 013 0,09 5.90 4,90 0.49 0,04
SD 1.38 0,04 0,02 0.87 0,87 0.18 0,02
Geome.rir nltRn 1.61 D,ID 0,06 4,27 3.62 0.20 0.01
1# Samples 12 7 12 12 6 3 12
Low 0,79 0.01 0,04 4,76 2,63 0,06 0,00
25 % Pereentile 1,89 0,03 0,07 5.42 lOO 0,13 0,01
Median 116 0.08 0,09 5.62 3.07 0.20 0,02

Sep.embtr 75 % Prrrtn1Ut 3.32 0,15 0,13 S.06 3.12 0,28 0.07
Mean 2.55 D,ID 0,13 8,03 107 0,21 0.05
lligh 173 OJO 0.35 20,00 3.~5 0.37 0,20
SO 1.07 0,11 0.10 4,84 0,29 0.15 0,06
Geome1rie mean 2,26 0.06 0.11 7, IJ .1.06 0,17 0,03

l'able A Il



• • •
l "ear 1 Mon.h C Parame'er 1 NOl 1 NH4 1 P04 1 K 1 TKN 1 Tf 1 Sediment 1

# Samples 23 14 23 23 13 9 23
Low 1.66 0.12 0.04 194 1.20 0.02 0.00
25 % Percen.Ue 2.53 0.14 0.06 4.49 1.58 0.04 0.01
Mfdhm 2.84 0.24 0.14 5.82 1.85 0.14 0.08

Odobfr 75 % PeruneUt 3.23 0.29 0.19 7.61 2,91 0.18 0.20
Mfa.. 2.85 0.23 0,13 6.59 2,40 0,14 0.14
lligh 4.35 0.36 0.32 14.60 5.28 0.28 0.56
SI) 0.62 0,09 0.08 2,67 1.37 0.09 0.17
Gtometrir melln 2.78 0,22 0.11 6.16 2.13 0.10 0.05
NSamples 20 18 20 20 15 Il 20
Low 1.70 0.02 0.02 2.57 0.65 0.01 0.01
25 % Ptrcentile 2.43 0.18 0.04 3.55 1.47 0.04 0,02
Mfdian 2.:\7 0.32 0.11 6.26 1.65 0.11 0.14

1996 November 75 % PercentUe 3.18 0.56 0.19 7.50 2.08 0.32 0.24
Mean 2.78 0.44 0.13 5.67 1. 79 0,18 0.15
lIilh 4.40 1.62 0.34 8.69 3.26 0.45 0.46
SD 0.65 0.39 0,10 2.14 0,65 0,16 0.14
Geometrie mean 2.71 0.29 0,09 5.24 1.67 0.10 0.08
#; Sampltll 9 8 9 9 6 4 9
Low 1.67 0.18 0,03 2.52 1. 70 0.09 0.01
25 % Perrtntile 3.10 0.21 0,03 3.38 1.91 0.14 0.02
Median 3.40 0.31 0.04 4.06 2.17 OJO 0,09

Decembrr 75 % Purtn1ilt 3.49 0.36 0.06 4.63 2.22 0.53 0.15
Mean 3.19 0.30 0.05 ],85 2.13 0.37 0, IJ
lIigh 184 0.50 0.09 4.75 2.66 0.78 0.49
SO 0.64 0.11 0.02 0.82 0.34 0.31 0.15
Geometrie meao 3.11 0.29 0.04 177 2.10 0.26 0.07

'fable A 12



• • •
## Sam,)les 1 0 1 1 1 1 1

January High 2.39 0.00 0.01 4.34 1,61 0.20 0,06
## Samples 2 1 2 2 2 2 2
tow 1.92 n.d, n,do 5,23 1.27 0.32 0.01
25 % PuerntUe 1.97 n.d, n.d, 5.40 IJI 0.34 0,02
Median 2,01 n.d. n,do 5.58 1.35 0.37 0,04

February 75 % Puerntile 1,97 n,do n.d, 5.40 1.31 0.34 0.02
Mtan 2,01 (l,d. n,d, 5.58 1.35 0.37 0.04
lligh 2,10 0,44 0.01 5.92 1.42 0,42 0.06
SD 0, IJ rut. n.d, 0.49 0.10 0,07 0.03
Geometrie meaR 2,01 n,do n.d, 5.56 1.35 0.37 0.03
Il Samples 4 3 4 4 4 4 4
Low 1.63 0,06 0.01 4,10 1.27 0.18 0.01
25 °/. Pererntile 1.70 0.\9 0.01 4.54 1.32 0.25 0.01
Median 1.76 0.31 0.01 4,70 1.42 0.27 0.02

1994 Mareh 75 % Pentntile 1.89 0,32 0,01 4,92 2.18 0.29 0.04
Mean 1.83 0.23 0,01 4,76 2.07 0.27 0,03
lIigh 2.18 0.33 0.02 5.55 4.18 0,34 0,05
SD 0.24 0.15 0,01 0.60 1.41 0.06 0,02
Geometrie meaR 1.82 0,18 D,DI 4.73 1.81 0.26 0,02
## Samples 33 31 33 33 34 34 34
low 0,60 0,02 0.01 1.43 0.42 0.03 0,01
25 % Pereen.ilr 1.48 0.07 0.01 2.69 0.81 0,19 0,02
Median 1,96 0,08 0.03 3.24 1.09 0,27 0.05

April 75 % Pereentile 109 0.12 0.07 3.53 1.88 0.37 0.07
Mran 2,20 0, la 0.04 3.11 1. 74 0,27 O.OS
lIigh 183 0.29 0.12 4,53 9,58 0.50 0.15
SO 0.94 0.06 0.03 0,62 1.79 0.\1 0.04
Gromrtric lOran 1.99 0,09 0.03 3.04 I.JO 0.24 0.04

! l't'ar L MOllth 1 Paramettr f NOJ 1 NII4 1 P04 1 K 1 TKN l '1'1) 1 Sediment 1
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1 Yrar 1 MOllah 1 Parftllleter 1 NO] 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

1# Samples 27 21 27 27 29 23 26
Low 1.07 0.01 0.01 2.28 0.59 0.05 0.00
25 % Percentile 1.73 0.07 0,01 3.55 0.87 0.23 0.01
Median 2.44 0.12 0.03 3.68 1.79 0.29 0.01

May 75 % l'rrcrntilr 4.17 0.15 0.06 4.49 234 0.34 0.01
MeIn 2.98 0.11 0,04 3.98 242 0.30 0,02
Iligh 6.04 0,24 0.12 6.13 19.12 0.55 0.10
SO 1.48 0.06 0.03 0.89 3.37 0.13 0.02
Grometric mea.. 2.65 0.09 0.03 3.89 1.69 0.27 0.01
Il Sampln 31 31 30 31 31 30 32
Low 0.78 0.01 0.01 1.84 0.26 0.03 0.00
25 % PerceRtile 2.23 0,33 0.08 4.48 1.03 0.25 0.01
Mrdian 4.17 0,80 0.10 4.96 1.77 0.44 0.02

1994 June 75 % Percentilr 7.34 1.11 0.12 5.15 107 0.61 0.08
Mflln 5.01 0.75 0.10 4.74 2.45 0.47 0.06
High Il.29 1.52 0.20 6.18 9.07 1.59 0.44
SO 3.21 0.45 0.05 0.93 2.26 0.30 0.10
Geometrie mtln 187 0.50 0.08 4.62 1.66 0.38 0.02
Il SImples 17 17 17 17 17 17 17
Low 0.94 0.04 0.06 2.82 0.61 0.09 0.00
25 % Percentile 1.47 0.08 0.08 3.75 0.88 0.28 0.01
Mrdian 2.96 0.12 0,10 4,16 1.16 0.40 0.02

July 75 % Percentile 4.86 0.18 0.14 4.32 200 0.50 0.03
Mfln 3.31 0.20 0.11 4.13 151 0.41 0.04
High 5.99 1,32 0.20 5.57 174 0.75 0.21
SO 1.79 OJO 0.04 0.64 0.92 0.17 0.05
Geometrie mesn 2.79 0.13 0.\1 4.08 IJO 0.37 0.02

l'able A 14
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1 l'far 1 Month:J Parameler 1 NOl 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

# Samples 14 14 14 14 14 14 14
Lo", 0.53 0.02 0.06 3.10 0.82 0.17 0.00
25 % Percentile 0.76 0.(>4 0.08 4.27 0.92 0.23 0.00
Median 0.86 0.14 0.09 4.81 1.25 0.26 0.01

August 75 % Pereentilr 2.75 0.19 0.12 6.38 1.52 0.29 0.01
Mean 1.81 0.13 0.10 5.26 1.38 0.29 0.01
lIigh 5.28 0.28 0.13 8.01 2.87 0.68 0.08
SO 1.60 0,()9 0.02 1.46 0.59 0.12 0.02
Geometrie mean 1.32 0.09 0.09 5.08 1.29 0.27 0.01
# Samplet 8 8 8 8 8 8 6
Low 0.32 0.04 0.03 3.85 0.55 0.11 0,00
25 0/. Pereentile 0.52 0.06 0.05 7.06 0.59 0.23 0.00
Mtdian 0.73 0.12 0.05 7.27 0.63 0.27 0.00

1994 Sep.ember 75 % Pereentile 1.13 0.17 0.06 9.95 0.91 0.29 0.00
Mean 0.82 0.12 0.06 8.03 0.84 0.26 0.00
lligh 1.52 0,21 0.09 Il.84 1.56 0.38 0.00
SO 0.41 0.07 0.02 2.47 0.42 0.08 0.00
Geometrie mean 0.73 O. JO 0.05 7.66 0.77 0.25 0.00
# Samples 9 9 9 9 9 9 9
Low 0.09 0.04 0.04 9.14 1.87 0.05 0.00
Z5 % Pereen.ile 0.35 0.05 0.05 10.26 4.55 0.18 0.00
Median 0.48 0.05 0.05 Il.75 8.42 0.34 0.00

Oc:tobrr 75 % Pererntilr 0,56 0.11 0,06 1118 24.82 0.52 0,00
Mfan 0.45 0,07 0.06 Il.95 12.91 0.32 0.00
lligh 0.76 0.11 0.07 15.08 29.56 0.53 0.02
SD 0.20 0.03 0.01 1.92 Il,38 0.20 0.01
Geometrie mran 0.39 0.06 0.05 11.81 8.46 0.24 0.00

'fable A 15
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1 Vl'ar 1 MOIuh 1 Parameter 1 NO) 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

Il Samplr5 14 12 14 14 14 14 12
Low 2.15 0.05 0.05 4.87 0.87 0.22 0,00
25 % Pueentilr 2.77 0.05 0,05 5.34 1.01 0.26 0.01
Median 3J9 0.08 0.07 5.75 1.59 0.28 0.01

November 75 % Prrcrntilr 4.09 O. JO 0.07 6.97 5.07 0.34 0.02
Mean 3.41 0,08 0.08 6.87 4.99 0.30 0.01
lIigh 4.63 0.17 0.20 14.40 24.71 0.41 0.03
SO 0.80 0.04 0.04 2.69 7.40 0.06 0.01

1994 Geometric mran 3.32 0.08 0.07 6.51 2.39 0.29 0.01
fi Simples Il Il Il Il Il Il Il
Low 0.92 0.12 0.05 1.08 1.94 0.04 0.00
25 % PefCentilr 2.30 0.14 0.06 3.29 2.62 0.18 0.00
Mfdian 0.28 0,25 0.27 0.34 0.27 0.04 0.02

Decrmber 75 0,10 Prrctntilr 4.45 0.27 0.11 4.78 5.68 0.27 0.03

Mt.n 3.41 0.21 0.09 4.00 4.60 0.23 0.02
lIigh 534 0.39 0.17 6.51 10.43 0.47 0.05

SD 1.45 0.10 0.04 1.54 2.96 0.12 0.02
GflImrtric mtan 3.06 0.19 0.08 3.62 3.91 0.19 0.01

'l'able A 16
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#1 Samples 6 6

-- r-- ..
5 56 6 5

tow 2.74 0.20 0.04 150 1.96 0.19 0.01
25 % Pentutilt 4.24 0.27 0.05 3.53 4.98 0.20 0.02
Median 4.38 0.50 0.07 .1.59 4.98 0.27 0.02

Jannary 75 % Pucentile 4.66 0.62 0.07 3.88 5.62 0.30 003
Mfan 4.39 0.45 0.08 3.80 5.13 0.28 0.03
11ilh 5.86 0.62 0.17 4.62 8.11 0.44 0.06
SD 1.00 0.20 0.05 0.44 2.19 0.10 0.02
Geometric mfan 4.28 0.40 0.07 3.78 4.67 0.27 0.02
NSampln 2 2 2 2 2 2 2
low 2.08 0.5.1 0.03 3.37 4.61 0.38 0.00
25 % Ptrffntile 2.43 0.57 0.03 3.38 4,65 0.38 0.00
Mfdian 2.78 0.61 0.04 .1.39 4.70 0.38 0.00

1995 Frbruary 75°/a Pfrctnlilt .1.12 0.65 0.04 3.39 4.75 0.38 0.01
Mfan 2.78 0.61 0.04 3.39 4.70 0.38 0.00
lligh 3.47 0.69 0.04 140 4.80 0.38 0,01
SO 0.98 0.11 0.01 0.02 0.14 0.00 0.00
Gfomftrie mtan 2.69 0.60 0.03 .1.38 4.70 0.38 0.00
## Samples 9 <) 9 9 l} 9 9
low 1.27 0.44 0.02 0.68 3.30 0.15 0.01
2~ % Pertt.Uilt 1.66 0.47 0.04 2.01 l5J 0.20 0.01
Mtdian 1.91 0.51 0.06 2.44 4056 0.24 0.01

March 75 % Pfrrtntile 2.55 0.55 0.09 ll9 7.28 0.45 0.03
Mfan 2.19 0.S7 0.07 2.48 5.53 0.39 0.02
lIigh 3.39 1.01 0.14 4.59 9.97 0.89 0.06
SI) 0.75 0,19 0.04 1.13 2.41 0.27 0.02
Geomftric mtan 2.09 0.55 0.06 2.21 5.10 0.32 0.02

! Year! Mont" 1 Parnmett'r 1 NO) 1 Nlt4 1 P04 1 K 1 TKN 1 l'P 1 Sedimtnt 1
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---- -# Samplf!! 12 12 12 12 12 12 12

Low 0,97 0.41 0.02 0.12 118 0.02 0.01
25 % Percentile 2.33 0.47 0.03 1.08 4.52 0,06 0.01
Mfdiall 2,75 0,50 0.03 2.61 4,89 0,16 0,01

April 75 % Prrerlltile 3.16 0,51 0.04 2,79 6.63 0,29 0.01
Mean 2.58 0.50 0.04 2,15 SJ7 0.24 0,02
lligh ],61 0,67 0,06 420 8,41 0.88 0.06
SD 0.84 0.06 0.01 1.29 1.50 0.26 0.02
Grometric mran 2.41 0.50 0,03 1.47 5,19 0.14 0.01
Il Samples 4 4 4 4 4 4 4
Law 1.87 0.24 0.03 2.68 12.96 0,20 0,00
2~ % Perern.ile 2, JJ 0.39 0.03 3.02 19.65 0,23 0,00
Mrdian 2,22 0.45 0.05 3.17 22.26 0.24 0.01

199~ May 7~ % PefCfn.ile 2.36 0.47 0,06 3.55 23.20 0.26 0.01
Mean 2.27 0.41 0.05 3.40 20.59 0.25 0.01
lligh 2.76 0,48 0,07 4.58 24.87 0.32 0.02
SD 0.37 0.11 0,02 0,82 5.24 0,05 0,01
Grumetric mran 2.25 0.39 0.04 3.33 19,99 0,25 0.01
Il Samplell 4 4 4 4 4 4 4
Low 0.40 0.07 0.03 2.70 4.09 0.13 0,01
25 % Pefefn.ilt 0.72 0.09 0.08 3.77 4.36 0,13 0,01
Median 1.12 0,14 0,13 4.89 5_64 0.18 0.02

June 7~ % PUftntiie 1.52 0,25 0.17 5.76 8.15 0,25 0.02
Mean 1.12 0,20 0.12 4,65 6,86 0.20 0.02
lIigh 1.83 0.44 0.20 6.11 12.08 0.31 0.04
SD 0.63 0.17 0.08 1.55 3.69 0,09 0,02
(;eometrit mran 0,96 0.15 0.10 4.43 6.22 0,18 0.02

l "ear 1 MOIl'h 1 Parame.cr 1 NO) 1 NII4 1 P04 1 K _1 TKN 1 TP 1 Sedimellt 1
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# Samples 4 4 4 4 4 4 4
tow 0.36 0.04 0.05 129 4.26 0,14 0.01
25 % PueentUe 0.37 006 0.06 4.88 4.44 0.15 0.03
Median 1.17 0.09 0.11 5.60 4.60 0.18 0.05

July 75 % Prreentilr 1.98 0.19 0.18 6.16 4.87 0.20 0.06
Mrln 1.18 0.17 0,13 5.44 4.70 0.18 0.04
Uigh 2.02 0.46 0.24 7.27 5.35 0.21 0.07
SO 0.94 0.20 0.09 1.64 0.47 0,03 0.02
GeoOletrif: mean 0.85 0.11 0.10 5.23 4.69 0.J7 0.04
# Sample5 5 5 5 5 5 5 5
Low 0.34 0.05 0.07 7,09 3.19 0.14 0.01
25 % Peret'nmr 0.35 0.15 0.15 7,10 4.40 0.27 0.01
Median 0.39 018 0.15 7,J0 4.45 0.28 0.01

1995 Augu5t 75 % Percrntilr 0,49 0.19 0.16 7.49 5.28 0.29 0.01
Mrl•• 0.43 0.16 0.12 7JO 4.81 0.29 0.01
lligh Oj8 0,26 0.16 7.90 6.44 OJO 0.01
SO 0.10 0.08 0.04 0.34 1.20 0.07 0.00
Geometrie mean 0.42 0.15 0.13 7.37 4.63 0.24 0.01
fi Sample5 4 4 4 4 4 4 4
Low 0.23 0.20 0.03 5.92 3.67 0.22 0.00
25 % Perrentile 0.27 0.20 0.04 6,39 3.84 0.24 0.00
Mrdian 0.30 0,23 0.05 6.69 3.96 0.25 0.01

Septrmber 75 % PrrreneUe 0.32 0,27 0.05 7.21 4.50 0,28 0.01
Mrln 0.30 0.24 0.04 6.91 4.38 0.27 0.01
Uigh 0.36 0.31 0.05 8.35 5.94 0.37 0.01
SI) 0.05 0.05 0.01 1.03 1.05 0.07 0.00
Gl'Ometric mean 0.29 0.24 0.04 6.86 4,30 0.27 0.01

! Vear! Month 1 Parametcr 1 N03 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1
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1/ Samples 13 13 13 13 Ll 13 13
Low 0.33 0.08 0.04 2.64 2.10 0.11 0.00
25 % Perl'enfile 1.59 0.12 0.05 5.71 2.79 0,14 0,01
Median 2.12 0.15 0,05 9,56 3.68 0,16 0,01

Ol'tober 75 % Pul'entile 3,65 0.18 0,05 12.46 4,52 0,18 0.02
Mean 2.54 0.16 0,05 9.16 3.93 0.16 0.04
lIigh 4.72 0.31 0.07 15.34 7.54 0.23 0.27
SO 1.40 0.07 0.01 4.13 1.52 0.04 0.07
Geometril' mean 2.07 0.15 0.05 8.16 3.69 0.16 0.01
Il Samples 15 15 15 15 15 Il 15
Low 2.40 0.06 0.02 1.67 0,52 0,01 0,00
25 % Pfreen.ile 3.59 0,10 0,05 3.61 0.75 0,03 0,01
Median 4.04 0,12 0.05 4.03 0,97 0,07 0,02

1995 November 75 % Perrrntile 4.78 0.15 0.06 4.55 2,97 0.10 0.05
Mean 4.14 0, IJ 0,05 4.05 1.83 0.07 0.03
lIigh 5.84 0.23 0.08 5.40 5.51 0.18 0,10
SO 0.93 0,05 0,01 0,90 1.47 0.06 0,03
Geometrie mean 4,04 0.12 0.05 3.93 1,37 0.05 0.02
Il Samples 3 3 3 3 3 1 3
Lo", 1.13 0,05 0,03 0,98 0,57 0.03 0.00
25 % Pertrntile 2.18 0.05 0,04 1,85 0,96 0.03 0.00
Median 3.23 0.05 0.04 2.71 1..15 0.03 0,00

D'l'embu 75 % Pue,ntUe 3.33 0.08 0,04 3.22 1,39 0,03 0.02
Mran 2.59 0.07 0,04 2.47 1.12 0.03 0.01
lligh 3.42 0,10 0,04 3,72 1.43 0.03 0,03
SO 1.27 0,03 0.01 1.39 0.47 n.d. 0.02
Geometrie mean 2.32 0.06 0,04 2.15 1.03 0,03 0,01

! Vear 1 Mon.h 1 Parame.t'r 1 NO) 1 NII4 1 P04 1 K 1 TKN 1 l'P 1 Sediment 1

l'able A 20



• • •
fi Sample5 3 3 J 3 3 n.d. )

tow 2.70 0.06 0.04 2.60 1.06 n.d. 0.01
25 % PereelltÎle 2.92 a Il 0.05 2.71 1.10 n.d. 0.02
Median ll5 015 0.05 2.82 1.13 n.d. 0.03

Janllary 75 % Pernoll.ile 3.41 0.17 0.05 3, 75 17.97 n.d. 0.06
Mean 118 0.13 0,05 3.36 12.33 n,d, 0,04
lligh 3,68 0.19 0,05 4,67 34,80 n.d, 0.08
sn 0.49 0,07 0.01 1.14 19.46 n.d, 0,04
Geome.rie meall 3. 15 0,12 0.05 3.25 3,47 n.d. 0.02
NSample! 4 4 4 4 4 4 4
Low 2.79 0,04 0.03 1.70 1.79 0.00 0.01
2~ % Pt'frendle 2.80 0.12 0.04 2.00 1.95 0.01 0.01
Median 3.36 0.18 0.06 2.43 3.04 0.03 0.01

1996 February 7~ % Puttn.ile 3.92 0,21 0.07 2.79 4.55 0.06 0.02
Mean 3.36 0.16 0,06 2.36 3.46 0.04 0.02
High J,95 0.24 0.08 2,88 5.96 0.10 0.03
sn 0,65 0.09 0.02 0,56 1.96 0.04 0.01
Geome.rie mean 3.32 0.13 0.05 2.31 106 0.02 0.01
NSamples 21 21 21 21 13 13 21
Lo,," 3.13 0.02 0.03 2.21 1.63 0.17 0.01
2~ % Perten.ile 3.88 007 0,05 2.96 1.93 0.34 0.02
Median 3.98 0.10 0,07 3.47 3.43 0.40 0.05

April 7~ % Perl'entile 4.53 0.15 0.09 3.91 4.88 0.69 0.28
Mean 4,26 0.11 0.07 3.54 3.73 0.52 0.15
lIigh 7.22 OJ4 0.12 5.72 6.68 1.12 0.49
SI) 0.97 0,08 0.03 0.91 1.69 0.27 0.16
(;eome'ric mean 4.17 0.09 0.07 3,43 JJ6 0.46 0.06

! Vear 1 Month 1 Parame'l'r 1 NO) 1 NII4 1 P04 1 K 1 TKN 1 IP 1 Sediment 1
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! "far! MOllth 1 Paramt'ttr 1 NOl 1 NII4 1 P04 1 K 1 TKN 1 TP 1 Sediment 1

Il Samples 14 14 J.l 14 9 6 14
Low 2.12 0.02 0.04 2.52 1.76 0.14 0.01
25 % PercentUe 2.54 0.12 0.05 3.21 1.91 0.28 0.01
Median 3,26 0.16 0.05 3.28 1.98 0.38 0.01

May 75 % Pt'rcelltilt' 381 0.20 0.08 3,52 2.44 0.41 0.02
Mnn 3.30 0.16 0.06 3.34 2.92 0.34 0.02
lIigh 4.81 0.33 0.12 4.23 9.01 0.44 0.06
SD 0.86 0.09 0.03 0.46 2.32 0.12 0.01
Gt'ometrie mt'all 3.19 0.13 0.06 3.31 2.49 0.31 0.01
fi Samplt's 8 8 8 8 7 7 8
Low 081 0.07 0.08 4.44 0.49 0.03 0.00
2~ G/" Pfrft'ntile 1.25 0.15 0.09 4.62 0.65 0.15 0.0\
Median IJO 0.20 0.10 5.01 1.52 0.28 0.01

1996 June 7~ % Percelltile 1.42 0.24 0.11 5..12 2.52 0.38 0.02
Mfan 1.28 0.19 0.10 5.1 () 1.61 0.26 0.02
lIigh 1.49 0.30 0.12 6.55 2.91 0.43 0.05
SO 0.22 0.08 0.01 0.68 1.04 0.16 0.02
Grometrie mt'sn 1.27 0.17 0.10 5.06 1.28 0.18 0.01
fi Samplf! 13 13 13 13 13 12 13
Low 1.43 0.01 0.02 3.18 1.40 0.03 0.00
25 % Pererlltilr 2.06 0.05 0.07 4.80 1.96 0.27 0.01
Mfdian 2.52 0.08 0.09 5.05 5.33 0.36 0.03

July 75 Of" Pfrl'fn.ilr 3,67 0.11 0.10 5.69 7.36 0.49 0.06
Mfall l6S 0.10 0.08 5.04 4.87 0.45 0.04
lIigh 10.37 0.26 0.12 6.45 9.19 1.59 0.08
SD 2.90 0.07 0.03 0.90 3.02 0.41 0.03
Geomt'trie mean 2.98 0.07 0.08 4.96 3.91 0.30 0.02
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1

\'ear
1 Month 1 Pararneter []QI] Nil" 1 P04 1 K 1 'rKN 1 TP 1 Sl'dimtnt 1

;1 Samplts 6 6 6 6 5 5 6
Low 0,76 0.01 0.07 5.33 2.76 0.10 0.00
25 % Perfentile 1.18 005 0.12 5.95 3.06 0.43 0.01
Median 1.27 0.09 0.14 6.84 3.32 0.49 0.01

August 75 % Ptrcrntile 1.68 0.13 0.16 8.89 3.50 0.52 0.03
Mean 2.28 0.10 0.18 9.12 3.54 0.42 0.02
lIigh 7.41 0,24 0.47 20.48 5.05 0.54 0.06
SO 2.54 0.08 0.15 5.75 0.89 0.18 0.02
Geometrie mean 1.63 0.06 0.15 8.0S 3.46 0.36 0.01
;1 Sample~ 13 6 13 13 7 6 13
Low 0.30 0.04 0.08 6.38 2.77 0.10 0.00
25 % Prrrentile 0.53 0.08 0.13 8.12 2.90 0.13 0.01
Median 1.81 0.12 0.15 8054 ll7 0.15 0.01

1996 Srptembrr 75 % Percrntilr 3.74 0.17 0.17 9.75 3.26 0.16 0.03
Mean 2,22 0,15 0,14 9.47 ll5 0.17 0.02
lligh 4.88 0.35 0.19 17.20 3.78 0.32 0.08
SO 1.70 0.11 0.03 2.79 0.35 0.08 0.02
Geometrie nlfan 1.52 0.12 0.14 9.17 3.13 0.16 0.01
fi Sample~ 13 7 13 13 8 6 12
tow 1.59 0.04 0,04 180 1.15 0.02 0.01
2~ % Percentile 2,24 0.06 0.06 5.09 1.75 0.16 0.01
Median 3.34 0.12 0.08 5.29 2.84 0.16 0.01

October 7~ % Prrcentile 3.67 0.23 0.10 6.30 4.10 0.26 0.02
Mean 3.13 0.15 0.10 6.17 4.36 0.19 0.03
lIigh 5.18 0.30 0.38 14.35 16.32 OJ2 0.17
SD 1.14 0.11 0.09 2.70 4.99 0.11 0.05
Grometric mean 2.93 0.1\ 0.09 5.80 2.98 0.15 0.02
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1 Vear 1 MOII.h 1 Para.lle'tr 1 NOl 1 Ntl4 1 P04 1 K 1 l'KN 1 TP ( Sediment 1

#1 Samples 19 19 19 )9 8 7 19

Low 1.85 0.03 0.02 3.44 0.73 D.D4 0.01

25 % Peret'lltUe 2.81 0.15 0.07 4.44 0.84 0.20 0.02

Median 141 0.37 0.15 6.68 1.11 D.31 0.13
November 75 % Pereentile 4.32 0.59 0.22 8.14 1.47 0.42 0.22

Mean 3.49 0.41 0.14 6.34 1.27 0.29 0.14

lIigh 4.98 0.93 0.29 9.00 2.34 0.43 0.46

SD 0.99 0.29 0.09 1.95 0.59 0.16 0.14

1996 Geometrie mean 3.34 0.30 0.11 6.03 1.17 0.23 0.07

## Sample! 8 6 8 8 5 2 8

I..ow 2.34 0.20 0.02 3.80 1.55 0.47 0.00

25 % Percenlile 3.83 0.22 0.03 4.1 C) 1.61 0.47 0.01

Median 4.74 0.24 0.07 4.33 1.75 0.48 0.03

Del'embu 75 % Perl'enlile 5.33 0.28 0.09 4.69 1.87 0.49 0.06

Me.n 4.53 0.25 0.06 4.43 1.90 0.48 0.04

lligh 6.14 0.31 0,12 5.20 2.73 0.50 0.09
SI) 1.20 0.05 0.03 0.45 0.48 0.02 0.03
Geometrie mean 4.36 0.25 0.06 4.41 1.86 0.48 0.02
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Appendix B

Box and whisker plots for ail parameters al

St. Esprit and Desrochers
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Appendix C
Q - Q plots for ail samples at

St. Esprit and Desrochers
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• Q-Q plot of nitrate concentration al SL E5prit
watenhed
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• Q-Q plot of ammoniulD ~on~entrationat St. Esprit
watenhed
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• Q-Q plot of phosphate .:oncentration at SL Esprit
walenhed

0..&00.300.200.10

0.00

0.00

~ 0.30
5
= 0.25.g
-;
~ 0.20 f

ij
W=Cl 0.15w •~

-;
i. 0.10 0-

...
Cl-= 0.05~

~ 0.35
C"I-

0.40 1

•
Phosphate .:on.:enlration mg/l 1994

Figure CS

Q-Q plot of phosphate .:on.:entralion at St. Esprit
watenhed

Phosphate .:oncentration mg/l 1994

•

0.40 -

:. 0.35
='"-
~ 0.30
e
=.g 0.25

ë=0.20 0

~

~

ë 0.15 .
~

;:-a 0.10...
Cl

f 0.05 ~

0.00

0.00

Figuree 6

0.10 0.20

•

0.30 0.40

131



• Q-Q plot of potassium concentration at St. Esprit
watenhed
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• Q-Q plot of TKN concentration at St. Esprit watershed
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Q-Q plot of colTeCted total phosphore at St. Esprit
watenhed
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Q-Q plot or sediment at St. Esprit watenbed
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Q-Q plot of nitrate concentration at Desrochers
ft"atershed
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Q-Q plot or nitrate concentration at Desrochers
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Q-Q plot of ammonium concentration at Desrochers
watershed
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Q-Q plot of phosphate concentration at Desroc:hen
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Appendix D

Graphical Display of the non-parametric test for trend for nitrate

concentrations at St. Esprit and Desrochers
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Graphical Display of the non-parametric test for trend for ammonium

concentrations St. Esprit and Desrochers
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Appendix F

Graphical Display of the non-parametric test for trend for phosphate

concentrations at St. Esprit and Desrochers
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Graphical Display of the non-parametric test for trend for potassium

concentrations at St. Esprit and Desrochers
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Graphieal Display of the non-parametric test for trend for TKN
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