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ABSTRACT

Since 1976, a monitoring program of nutrient loading has been carried out

- by the Water Quality Branch, Pacific and Yukon Region as an integral part -

of the Canada-British Columbia Okanagan Basin Implementation Agreement{l‘l

tThe.primary goal of the program was to design a method for impraving the

precrsion of nutrient load estimation in order to provide water management :
with a reliable measure on nutrient transport by the Ukanagan River to

the valley lakes located downstream from the waste treatment plants.

Two sampling :methods were usedbifor measurements ~ of concentration of
primary nutrients, simultaneousband sequentiallmethods.‘ The simultaneous
method, based on collection of sample replicates, permits the calculation
of confidence limits‘of.the‘concentration means and the total‘loads ot.

nutrlents passing through the channel cross-section. The sequential

sampling method, used to obtain time series records of 31ngle p01nt '

concentration'measurements does not permit the calculation of confidence

‘limits. Precision 'of the load data derived from sequential sampling

method is, therefore, periodically compared with the Tesults obtained by
simultaneous methods C0n51stency of load data is determined by the
comparison of results obtained by these two sampling methods and'“'

statistically proved by correlation analysis.
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INTRODUCTION

The goal of a water quality surveillance program is obtaining water

samples that are representative of the original aquatic environment and

" that maintain the 1ntegr1ty of all chemical substances measured in each'

: sample._ However, the sample can be cons1dered to be only an

infinitestimal part of the total volume of water and is, therefore,

representative of the total mass Only to the degree that uniformity of

chemical 'composition ‘exists within the total mass (Ralnwater and .
Thatcher, 1960). Because of local condltlons, most water bodies do not

have a uniform composition, and any sampling methodology should be

‘related to the heterogeneity of the water body sampled and to temporal

changes of varlables measured.

in statlstlcal dlscu551ons deallng w1th water quallty sampllng methods,

. the term representatlve sample. refers to ‘a single sample drawn from a

populatlon ’ for example in a channel cross seciton, that cankbe expected

 to eXhlblt average properties of that populatlon. R considerable effort

is requ1red to. ascertain the validity of the sample as a representatrve

from such a variable medium as river water.

The heterogenelty of the chemical comp051tlon of . surface water is the

result of the geologlc, hydrologlc, blOloglC and cultural env1ronments
which undergo changes with the passage of time. Any procedure for
collectlon of samples for chemical analysis should ultlmately be related

to the heterogeneity of the water body and variation of concentration
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with time. The anticipated heterogeneity in: chemical . composition of
river wéter, depending on the type of investigation, effects to a large

- degree the location of samling site, method and frequency of sampling.

' The present report‘describes'the approach'undertakeh in the détermihatioﬁ
of nutriént loads in the compléx pollutant mixing systém,of tHe.Okénagan'.
'River at Penticton. The study which has been carried out by tﬁe Water
..Quality Branch, Pacific and Yukon Region since'l976, is'an intégral'part
~of the | Canada - British Columbia Okanaganv ‘Basin - Implementation
- Agreement. This agreement was signed after_remedial actions had:beenv
“undertaken to reduce phosphorus loads from the effluents of'fhe_municipal :»

treatment plénts built in the Okanégan River Basing" '

Objective
The major objectivé of the preseﬁt study is td}p;OVide water'quaiity> 
‘management with a reliable measure_of nutrientvflux oécurringvdownsfream
from tﬁe ?entiétoh_rwaste treatment_ plant zand thus, tov assesé fhé
effectiveness of rémedial actions undertaken to feduce:nutrient flux into
Skaha Lake. In ofder'to meet this'quéctive,‘field'sampling methods were

designed for determination of precision and consistancy of nutrient loads

.estihates in the Okahagan River.

Scope

The nutrient loading study program was subdivided into the two following :
components: (a) station selection study and (b) long-term nutrient

monitoring project.
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The aims of the station selection study are to: (a) determine nutrient
mixing patterns in the Okanagan River below the municipal outfall and two
tributaries to the river, (b) select a suitable station for a long-term

monitoring program of nutrient loads to Skaha Lake.

The aims of the long-term nutrient monitoring program are to: (a)

'determlnate temporal changes in concentratlons of nutrients measured in

the Okanagan Rlver reaches below major p01nt ‘and non—p01nt sources, (b)
quantlfy,A,w1th knawn pre0151on, the nutrient loads to lakes locaued

dowhstfeam ef treatment plants.

Two field sampling methods used to measUre nutrieht concentrations are
described, the 51multaneous and sequential methods ~ The. prec151on of
nutrient load estlmates and their consistency are illustrated by the,
comparlson of data derived by these two sampllng methodsf,i.

BACKGROUND

Data Need Categories

Basically, ﬁhe approach ' to water quality sampling debends'.on the

character of the river system examined and the needs for obtainihg
specific types of data. The data needs can be divided into two:general

categories, base level and surveillance data.

" In evaluating sampling techniques for obtaining base level data the main
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consideration will be the ability of the system to provide representative

information of long term water quality levels. These levels and their

changes can be statistically characterized by ‘median .and/or by mean 3
' 'concentration, standard deviation, confidence limits and other statistics
_ident'ifying trends. In order to enhance the probability of obtaining

’representative data on concentration of chemical.substances, selected for

suchva‘ study, primary consideration is given to the .design of sampling‘ ‘

} _technlques, location " of 'sampling sites, frequency of ‘sampling,_

" ' varlablllty, and prec151on and - con31stency of obtained data.- Prior to

the design of‘ a major river quallty monltorlng program, some knowledge of

- _varlablllty of the physmal and chemical character;stlcs of the stream is
’req_uired. f'i’his informaton should be obtained by conducting a short-term

-survey in selected reaches of the river under investigation.

" In order to evaluate sampling techniques for obtaining surveillance data

B the major concern will be the assessment of the ablllty of the river

monitoring system to detect short term chem1ca1 quality variations that
are indicatlve of pollutlon events and violation of permissible limits or
water quallty requ1rements. In such a case, extreme concentration‘v’alues :
and their per51stency are of greater importance than the mean and 1tsv

variability.

The number of chemical variables used in the 'water quality monitoring .

program depends on the purpose of the study, beneficial water uses and

the environmental characteristics of a river basm. For example, the

.. purpose can be to support the following activities: (a) planning and
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management program (b) water quality baseline and trend evaluation, and

(c) water quality objectives compliance and revision.

From .the’ environmental point of view, data needs depend on the

characteristics of the drainage basin, length of water cburse, slope, .

land use, and pollution problems. When waste treatment facilities are
installed in order to ‘maintain acceptable water quality levels in a

stream, the basic water quallty data requ1rements ‘are related to the

.nature QF the receiving stream and the. appllcable water quallty
Acrlterla. However, the stream data requirements will vary greatly with

- water usage and the stream characterlstlcs and processes pronotlng m1x1ng

of water pollutants.' These factors have to be considered also.in the

process of the selection of sampling,sitesl .

Sampling Location _

River water is subject to changes caused byb'natural' forces 'prompting

“mixing and'homogeneity of concentration of chemical substances in the‘

channel cross§section. However, incomplete mixing and heterpgeneities'of_'
water"CCmposition-.exist .in many ,streams,~_ Heterdgeneous, quality
throughout .the ‘cross-sections results from upstream inflows from.
tributaries and grodndwater, industrial, domestic andtfagriCUlture
effluents, and upstream scouring of biank and bed associated mith changes .
in water veloc1ty sectors. Immediately below these 1ntru31ons a dlstlnct
phy51cal separatlon of these inflows from the stream water exlsts and can
remain dlscernlble for a considerable distance downstream. The extent of

m1x1ng of chemical substances in the stream 1s governed by factors such
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as the proximity of inflows and the degree of turbulence associated with

the water movement in the channel. . Lateral and 'vertical stream

velocities generated by irregularities in the channel further promote'théA

‘mixing process. This mixing process has to be examined systematically in

a number of .cross-sections along a river reach in order to select a
suitable samplihg site.  Then, each sample or sets_'ofv sample§ ?
simultaneously collected in é number qf points across the channel must be1
representativé- of the whole volume of water passing through the

cross-section.

In a sampling programiin‘which adequéte discharge data are required fdr

the determination of loads of disSolVed ~and suspendéd materiéls;ﬁ the
water duality'sampling site should be located close to a:Stream gaugihg
station.dr the.hydrométric.data obtained by direct meésufemeﬁts at the
watef | dﬁality _station. Hydrqmetric .measurehenté - combined with _"

simultaneous sampling (Zeman and Slaymaker, 198la) at a number of points

of a channel cross-section are required for the calculation of the

partial loads of solutes and suspended particulates,‘and their sum which :
representé'the total cross-sectional loads. The method of simultaneocus
concentration and discharge measurements allows thev calculation  0? a

confidence intervals of the 1oad déta, determinéd in the channel E |

 cross-section, if the simultaneous partial loads or “the transformediu‘

values approximate a normal distribution and are homoscedastic.. Also,
thi's method assumes that there is no temporal change during the period of

collection across the channel.
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- Sampling Methods

The sampling methods involve either a manual method of samples collection

or a mechanical method employing automatic devices.

Grab Sampling

- A grab sample is defined as a single sample taken at a point in time and

space.

Simultaneous Sampling

"For the purpose of determination of the precision of :single point

concentraion measurements a number of grab samples can be collected

simultaneously.' This procedure ‘is apﬁrobriaté_ when it 'is desired to

measure heterogeneity of water composition in the channel cross-section

‘at a particuar point and time. Simultaneous samples are -usUally

collected by means of two devices, 'replicate sampler and portable

sampling pump '(Zeman et al., 1977). A  replicate sampler is 'used for

 collection of .sets of samples jfrom: upper .sfratum of vthe; stream, at
..approximateiy one meter below_tﬁé,wéter surface. vAvportable.samplihg
. pumb'is used for colleétion of samples from the lower stratum of the
streém in rapid sequence over a one-minute peridd_to closely approximaté -
. trUé simulténeoQS'sampling. In most situations in rivers, samples taken ’
‘more than one hour apart_would-notlbe‘considered simultanéous. Those

taken within a few minutes could be. considered to exhibit short range

spatial variation rather than temporal variation.

94

o ———



, ¥ 5N N N h R EE O s .es
! . N . L4

~ Sequential Sampling

Automatic devices are ‘used to collect sequential samples which are
definedras a series of grab'samples taken by a phme over a shorf period
.of time. Sequgntial,sampling_method'can be used for the.determination‘of_~A
temporal_variation'ofieoncentratiens'atsthe point -of Sahpling, and;ih’.’
time intervals in which a signlficant temporal ehange of coﬁcentratiohiis'v

flikely to or does occur.

Sampllng De51gn

The follow1ng sampling de51gn mlght be used in order to obtain a

- - representative sample: (a) comp031te sample (b) random sample,vand (c)

—

Lo

sampling at evenly spaced 1ntervals.v

P
~ . o

 (a) Theoretically, if the water in the cross-section'is"not'uniform a
'sample representing the average comp051t10n mlght. be obta1ned by
- compositing depth - 1ntegrated samples of equal volume taken at-

several points across the channel

(b)) 1In the Tandom sampllng de31gn, the simultaneous sampllng method is
used. Water samples should not be collected haphazardly. _The_:'
channel cross-section is first divided into subsections, horlzontally_

‘and vertically, ‘and each subsection assignedv a number. | Random‘

selection of those subsectlons from whlch samples are taken is made' B

| by following a sequence selected from a random number table'~

(Kratochvil and Taylor, l981). The results _obta1ned from random

f95
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samples can be then statistically analyzed to determine» whether

~apparent correlations exist because of systematic trends in the-

measurements.

(c) 5ampling at- evenly spaoed vertical slices of the channei.-i
cross—section, both in the.upper and lower stratum, can be used in j-
place of random sampling.  This sampling design is aoplied,;
particularly,' in the combination}'of hydrometfic measurements and ni
slmultaneous sampllng in determlnlng the partlal loads of materials

"and thelr cross-sectlonal totals The results from this type of f.Ab»

sampling must be statistically analySed for homogeneity of" variancee
 before valld calculatlons of materlal loads w1th confldence llm1+s

can be made .

“Spatial and Tenporal Variabilify

Earlier work on Thompson, Gkanagan .and 1Sqoamish. RiVers_ (Dgussl anon
‘Erlebach, 1976; Kleiber andu Erlebaoh, 1976)' has demonstrated tﬁé»e'
inadequacy of single water samples, taken from a-river,'in representing’;
nutiient-conoentratione in time and over space. Erleoacn (1975) stresses
~the need to establisn‘confidence limits on nutrient loadings‘and the need
for simultaneous sampling to determine ehorf'fange spatiél Variationiin
notfient concentration; Tnis ‘has  been expiicitly recognized in tne"'
lifefature previously (Taylor, et al., 1971- Cburek et et al., 1974; Gale.:'
) and Demayo, 1974), but there has been little ev1denua of attempts tOSL

modify sampling methodology until the work of Erlebach (1978) and his

co-workers. The present study is a further extentlon of this initial

effort.
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Precision, Consistency and Accuracy

In the 1iterature; various load methodologies are suggested but with a

little attempt to determine precision'and consistency of the calculated h

_loads.

.'The term precision refers to the reprodu01b111ty of a result when)
" operatlons, for example ‘chemical analyses, are performed repeatedly on a -

sample under controlled condltlons.' In the field, prec151on.refers to

the variability observed among numeTous measurementsf of - chemlcal

concentratlon (Frltschen and Gay,  1979). - The observed values can be\
_w1dely displaced from a true mean value as a result of systematlc errors .

'present through the measurements. The precision, accordlng to Eisenhart -

(1952) as an expression of the clustering of the data;lis related to

‘factors inherent to the measuring process.

Con51stency of - data can be determlned when two or more measuring

.processes Or methods are used over a finite time period and the resultlng;

data are compared. If the results of one method are either always hlgher i

or lower than those of another method a systematlc blas can be assumed.

' However, it is not’ known whlch of the methods is more accurate._ -

Nevertheless, if the b1as shows a con31stent pattern then the exlstance

of temporalvtrends can be established.

Accuracy refers to the relatlon between the measured and “true" value or
the closeness to an accepted standard such as those maintained by the

National Bureau of Standards (American Society for Testing Materials,
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1972). Accuracy expresses a relation to a value external to the measured

process. An accurate method (Eisenhart, op. cit.) is a method that is

- both precise and4unbiased in the sense that it yields measurements that -

are clbsely clustered and centered on the true value.

o Laboratory standérds are normally considered accurate. 1In fiéld studies;

on the other.hand, the trug-fieid stahdards cannot be determined and-

indication of bias - and defining 1evél$ of preciéion- are, therefore,
fundamentally impbrtant' considerations in designing procedures of
sampling and analytiéal»interbretation.,‘ | o |

STUDY AREA

Okanagan River Basin»

The topographic map (Figure 1) show the locatiohlof‘the Okanagéh'Basin.

The Canadién portidn of the basin has lehgth‘of_176.9 km, with é maximumn

2

width of 96.5 km and chers an area of 8,197.35 km“. The central

drainagelsyStem consists of a chain ofvlakes Etretchihg‘frpm,Wood_Lake;;' "
through Kalamalka,: Okénégan, Skéha, Vaseux and‘ Osoyoos 'Lakes to the -

international border. The theoretical water_:esidence timés"based 0n“ S

average total volume divided by the méén annuél'outflow,'arevéo;'l.z and

0.7 years for Okanagan, Skaha and Osoyoos Lakes, respectively.

Nutrient Sources

The investigated reach of the Okanagan River ‘at Penticton, B.C. is a man
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Figure 1. Okanagan Basin, British Columbia
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.- made, 6. 6 km channel connecting Okanagan and Skaha Lakes (Figure 2). The

channel 1ntegrates the nutrient 1nputs from. the waste treatment plant
(Flgure 3), agrlcultural and urban run-off via Shlngle and Ellls Creeks,
and seepage of groundwater and riparian water from backswamp areas

dralned by the meanders of the old stream whlch ex1sted before the :‘

’ channel regulatlon. -

The-:waste treatment plant at Penticton,' B C. commenced process»_'
modlflcatlons to remove 80 percent of the phosphorus removal from the

effluent in 1972. However, the beneflts of fUrther phosphorus removal-
w1ll depend on the relatlve contrlbutlon of all allochthonous sources of

nutrlent loads to Skaha Lake.

The Okanagan River between Okanagan and Skaha Lakes'can‘be'related-to“the-

. following sources, pathways and sinks: Lif"'

(a) Allochthonous nutrlent 1nputs from, -Okanaganr Lake; -Ellis Creek
' Shlngle Creek Penticton waste treatment plant dlffuse sources and

dlrect bulk fallout from the atmosphere._-‘ |

"(b) Autochthonous nutrient exchanges in the form of° turbulent’mixing"

- in vertical, lateral and downstream dlrectlons, bed and bank |

sediment and nutrient entrainment, chemlcal precipitation and - -

adsorption of nutrients and organic sedimentation.

(c) Storage in bed sediments.
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Two fleld sampllng procedures, the simultaneous 'andd'thefvsequentié;'
‘sampllng methods are used to estlmate nutrlent flux. Data'on total and :i’

_dlssolved phosphorus were selected from the 51x nutrlent varlables,

 Simultaneous Sampling

' (d) Net nutrient outputs measured at the lowest cross-section of the

~ Okanagan River before it enters Skaha Lake and above major backwater - o |

effects.

* - METHODOLOGY -

measured to 1llustrate the fleld sampllng and 1nterpretatlon methods.T

V' The simultaneous sampling method, employing a manual samplerhﬁFigure 4),
' enables colleCtion of sample replicates at a number of points across-the‘“
_-channel '(Figure 5) Each set' of replicates- provides a measure of

short-range heterogenelty of nutrient concentratlons. The 'repiicate:'

, p0531b111ty to determlne the magnltude and precision of lateral andvtn. B

measurements, 1n comblnatlon w1th hydrometrrc measurements, prov1de the

vertical varlatlon of the partlal and total nutrient loads in the channelfht}tt :f~i{

cross-sectlons.

During December 9 and 10, 1976, hydrometric and‘chemicai measurements B

- were taken at the follow1ng five channel cross—sectlons (Flgure 6); .5ff; ) l

Statlon 1 (below Okanagan Lake dam) Statlon 2 (below the Pentlcton . :' {',f
municipal _outfall); Statlon 3 (below Shingle Creek); - Station 4 (below

102 S p'l B f['_- o _,7t1n7 {
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Ellis Creek) and Station 5 (near the Penticton Airport). ,Each channel ,

cross-section was divided into a minimum of twenty hydrometric

subsections and'fourAchemical slices A'standard two point hydrometric

: method of veloc1ty determlnatlon at 0.2 and 0.8 of the water depth (Ozga, o
'»1971) was used for cross-sectlon dlscharge calculatlon. Sllces and
: strata in the cross-sectlon were used to represent chemical domalns. ln

- these domaihs,'slice-elements were the smallest sampllng units.defined by -

. the stratum and slice boundaries,'water,surface and wetted perimeter of

the'cross-section."At one point of'eaCh element, approximately at the

same depth as the hydrometr1c measurements, sets‘ of threezfsample' )
"_repllcatesv were - collected -for chemlcal analy51s of nutrlents. A

“replicate sampler was used to collect three 31mu1taneous samples in the

upper stratum. In the lower stratum, a sampllng pump was applled

Sequential Sampling

,The_sequential sampling method,_employing'a Fbrtable'discretedsampling

device (Figure 7 'and -8) was used to obtain. time‘.serles”'records 'of
nutrient concentratlon measurements taken at ”ah' Single . p01nt

approx1mately at 0. 6 of the depth of water and at a flxed dlstance from

' the river bank approx1mately one fourth of the channel W1dth Results'
obtalned by thls sampling method are perlodlcally compared w1th results |

.‘obtalned by 51multaneous sampllng

Frequency of Sampling‘

Simultaneous measurements of nutrient concentration consisted of

collection of three replicates’ at each ‘sampling point 'across? the.

104
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channel. This method was used once a day during the two-day nutrient

dispersion study. -During the long-term mdnitoring program, the

simultanecus sampllng method was applled once a month Wlth the aim of
comparing results of concentration ~measurements and nutrlent load

determinations with those based on sequential sampling.

Sequential sampling was carried out on two consecutive, randomly choseng

. days w1th1n each week. The t1me of sampllng durlng the day was selected

in order to observe concentratlon minima occurrlng at, approxrmately,

0300 . and 1500 hours ‘and max1ma at, approx1mately, 0900 and 2100 hours. -
- This sampllng scheme 1s based an the dlurnal varlatlon, determlned from a
prellmlnary set of phosphorus concentratlon measurements taken before the -

'monltorlng program was started.

Sample Pretreatment and Chemical Analys1s

Water samples collected for the dlssolved phosphorus analyses arev
-1mmed1ate1y filtered after thelr collectlon through the pre-soaked and

prewashed 0. 45 micran cellulose acetate membrane filter of 47 mm diameter.

The concentrationhofttotal;phosphorus'(P) and total dissolved phosphorus

(P) were measured, after digestion in'persulfuric acid'vby the'automated o

colorimetric phosphomolybdate method UtlllZlng ascorblc acid as the

reduc1ng agent (Murphy and Rlley, 1962). Results are reported as total f

phosphorus (P) and total dissolved phasphorus (P) in mg'lnl, and the
detection limit of this method is 0.002 mg 171,
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. Data Registration |

A registratlon form was desioned and used for 'ecording field
- measurements by 51mu1taneous and sequential methods} and for coding ”

‘laboratory analy51s data.. Figure 9 shows an example of the reglstration'
. of measurements obtained by the use of the repllcate sampler. - On the;
.‘left' hand srde of the form there are columns, desrgnated for

v.1dentificatlon of sampllng SLation and the period of sampling. The other.

columns contain - information on week-day, year-day and the chemical

'domains in the . channel Cross sctlon, such as slice,, stratum and the
- number of replicates. A1l these control numbers are useful during the -

'-process of data 1nterpretation by the applicatlon of various statistical

subroutlnes.

Also, the data reglster is very useful for the preparatlon of the field

trlp, by labelling sample hottles and enterlng their numbers 1nto the

- register form.. During the field measurements, the reading of the gauge'
| heights is registered. The major advantage of this data reglster is that
.laboratory results are entered‘directly into thispform and thus'avoiding :

 additional coding of the results of the chemical analysis. .

Data Reception

~ Data reception is an intermediate step between registration of laboratory:

| results and their 1nterpretation The diagram (Figure 10) shows the

procedure which is used for comparison “of the results of chemicald‘

- analysis of total dlssolved phosphorus with the results obtained for‘

total phosphorus. An error message is prlnted when the results of.
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Figure 10. Diagram of data reception comparing concentrations of

I [ _ o " Figure 9. OData Register
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dissolved phosphorus are greater than the results of total phosphorus.
Sinilarly-the results of chemical analysis of nitrogen forms are. checked

to ensure that the sum of 1norgan1c forms of nltrogen are not hlgher than ’

.the results obtalned for total nltrogen Thls type of the raw data ;_‘_

» control has been found to be essentlal for thelr acceptance for fUrther.

statlstlcal analy51s.

DATA INTERPRETATION

:'The technlques used to 1nterpret data obtalned from the short—term

_station selectlon study and from the long-term nutrlent monltorlng

program are shortly dlSCUSSEd.An‘

Station Selection Studx'

- During the statlon ~selection study, conducted in the Okanagan Rlver at

'Pentlcton on December 9 and 10 1976 the 51multaneous measurements of-

nutrient concentration were performed in combination with hydrometric -
‘measurements. Samples for chemical analysis were ‘collected at five
channel cross-sections, located  above and below the outfall from the

waste treatment plant and below two tributaries; Shingle and Ellis Creeks -

: (Figure 2). The ’results were ,interpreted in terms of nutrlent

concentratlons and loads. Nutrlent concentratlon data were used for the
selectlon of a representatlve statlon and to illustrate spatlal changes-

oceurring along the river reach. The graphs of discharge and velocitles

 plotted versus distance from left ‘bank of the river were used to
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illustrate the flow patterns at each cross-section. The symmetrical

patterns of flow and velocities were applied as a further criterium for .

the selection of representative Station (Zeman et al., 1977).

Concentratlon of nutrlents were subject to analys1s of varlance in order
to determlne statlstlcally 51gn1f1cant dlfferences between the mean
concentratlon, of nutrients determined in ~each slice-element of the

imvestigated,channel cross-sections (Zeman et al., op. oit.); Some of

_these mean concentrations were significantly'cﬁfferent therefore,,the ’
: multlple range test (Mlller, 1966) was applled to sort the sllces into

.groups whose means were not 51gn1flcantly_d1fferent and thus indicate the

. degree of mixing.'

_Resolts in terms of total .pmosphorus concentration (Table i) .indicateJ‘

Athat almost complete vertical and lateral mixing is achieved at"Station:S;
‘Also, the flow and velooities.(Zeman et al., 1977) were symmetricalAat
this station.'. Thus,_ this' station, -located approx1mately 1.7 km‘
: downstream from the outfall has been selected as representatlve statlon.

for the lonq-term monitoring of nutrlent loads to Skaha Lake.

-Spatial changes, in terms of lateral, Vertical and longitudinal variation _1

of concentrations of total phosphorus and total dissolved phosphoros

, observed at the five channel cross-sections are shown in Flgure 11. The

mean total phosphorus concentratlon measured at Statlon 1 1ncreased from :

-1 -1

to 0.014 mg 1 = below the outfall on December 9 and 10,

-1

respectively, and slightly declined downstream to 0.011 mg l , at -

Station 5. on the other hand, concentration' of total dissolved
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‘phosphorus, ranging from 06.005, 0.006 and 0.007 mg 1™

1 at station 1.

‘Station 2, and Station 5, respectively, showed a 'steadily increasing.

- downstream gradient.

Nutrient loads are calculated by .the partial load method (Zeman and _:"‘-

Slaymaker; l981a b5 ’using combined | hydrometric = and 51multaneou3~'~

concentration . measurements in the channel cross-sectlons ' The method :

icon51sts of the calculatlon of loads 1n sllce-elements and the sums for-

each palr, whlch g1ve the partlal loads 1n sllces.. Then, the sum of the

part1a1 loads glves the ‘total nutrient load passing through the channel.

' cross-sectlons.

Graphlcal and statlstlcal methods are used to examlne the dlStrlbuthﬂ of

B _the load data (Zeman and Slaymaker op. c1t ). The Levene test (Levene, X

1960) conflrmed the existence of 51gn1flcant heterogeneltles of the'

part1a1 load varlances. - The Brown-Forsythe test (Brown and Forsythe,'

: 1974), which does not assume the homogeneltles of varlances, 1nd1cates

that there are,31gn1f1cant dlfferences between the partlal loads in the

channel cross-sections. In such a case variances of the partial loads

and the cross—seotional loads have to be determined. Further, the method

'proposed by Satterthwaite (1946), Wthh is 1mp1emented in some of the

Unlver51ty of B C._statlstlcal programs (BJerrlng and Seagraves, 1972),-
is applled to the calculatlon of degrees of freedom in the process of

estlmatlng confldence limits ~ for - the ‘ partlal -loads :"nd the

cross-sectlonal loads of nutrients (Zeman and Slaymaker 11981 a, b).

Figure 12 shows lateral variation of the partial loads of ‘total
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"1ntervals + 0.017) g s

phosphorusv and total dissolved phosphorus;’ with their 95 percent

confldence intervals, along the investigated river reach. The downstream__
~ gradients of these load data are 'statistically. significant. .Further 4
results are shown in Table 2. This table shoys the cross-sectional loads o
: of the two phosphorus forms, number of samples and the calculated degrees
- of _freedom used to estimate prec1slon of the loads in the channel -
Cross-sections. On December 9. 1976 ‘the cross-sectional load of total'l

dlssolved phosphorus determined at Statlon 1 is 0.134 (95% confldence

intervals + O. 016) g s -1

-1

and 1ncreases to 0.168 (95%. confldence

th1s phosphorus Form 1ncreases further downstream,, partlcularly below_:'

Ellls Creek, and at Statlon 5, near the a1rport the load 1s . 201 (95% :_H':

1

confldence 1ntervals + 0. 024) g s . These data 1nd1cate that the o

:contrlbutlon of the trlbutarles to the load of dlssolved phosphorus can

be as great as that from the treatment plant

‘In'contrast to dissolved phosphorus, the longitudinal changes of total

phosphorus are smaller.v Durlng the two' day study, at Station 1, the

cross-sectlonal load of total phosphorus levels were from 0. 206 on the

first day, and 0.226 on the second (95% confldence 1ntervals + 0. 046 and '_

+ 0.061) g s -1 and 1ncreased to the levels of 0.340 and 0.373 (95% o

1 .

confidence intervals + 0 074 and + 0.019) g s, at Statlon 2 below'
' the outfall. Below trlbutary creeks, total phosphorus loads showed no p,

B statlstlcally 51gn1f1cant further change in terms of the cross-sectlonal»

means. Although, the longltudlnal increase of total' phasphorus load

during this study varies from 35 to 44 percent, the major source of total

114
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Table 2

Longnudlnal Variation and Precision of Phosphorus Loads, Okanagan River, Penticton,
. Dacombor 8 and 10, 1978.
Cross-
Sactional

. . Discharge Degreee Load 95%

. Sampiing 3 . Number ol Number of of . Confidence

Stallon Date m s Observations Ropli Freed gs Interval

_ Total Dissolved Phosphorus (P)

. Below Okanagan . )
Lake Dam 10-12-78 28.75 - 24 5.484 0.134 = 0016
Below the Penticton . ‘ X
Municipat Qutfall. 10-12-78 26.75 (est) 24 5338 0.168 = 0.017

" Below Shingle Creek . 10-12.78 2826° 24 .. 5487 1T 0.189 = 0019
Below Ellis Creek 01278 2834 24 8082 - 0203 = 0017
Near the Penticton’ o . ;
Airport 10-12.76 867 24 6.565 0201 = 0024 -

‘ _ Total Phosphorus (P) SR NN

Below Okanagan 91276 - 675 9 2509 0208 = 0.048
Lake Dam .

: T 101278 2675 24 ;3353 - 0226 = 0.06)
Below the F'enﬁcton -912-76 26.75 (est) 24 . 3.560 0340 = 0.074
Municipal Outfail ’ : . : .

. i 10-12-76 26.75(est.) 24 10434 - 0373 +£0019

Below Shingle Creek 9-12-78 ) 28.26 - 24 ‘61478 ' 0.253 = 0.013

o 101278 26.75(est) - 24 8518 ~ 0354 = 0047
"Below Eilis Creek Te1276 - 2834 24 4615 0283 = 0030 -
10-12.76 283 24 6413 0399 £ 0111

. Near the Penticton 9-12-76 28.67 2 3.0'/6 ‘ "0..279 + 0.031
" Alrport : ' | . C .
. 10-12-76 28.67 24 8704 0328 = 0019
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a major part of its output to the Okanagan River. . .

phosphorus load is from Okanagan Lake. The'implication is that nonpoint -
vsources, 1nclud1ng Okanagan Lake, make a greater contrlbutlon than polnt
sources as far as total phosphorus loadings to Skaha Lake are concerned. _

.However, 1t should be reallzed that point sources to Okanagan Lake can be

The results illustrated here indicate ‘that the_ simultaneous sampling :

method, employing sample replicates permits the determination of precision

"in terms ofeconfidonce limits around fhe load means of_phosphorus_based
- on conoentratlon measured across the channel. Errorsiassociated7mlth the

—~_load mean can be expressed as follows- mean ¥ (a) short range spatlal

error + (b) cross-sectlonal error o+ (c) analytloal error 'and + (d)

diseharge error. Errors (c) and (d) are estlmated to be one flfth to one

_ tenth of errors (a) + (b)

Monltorlng,Program

Slnce 1976, a monltorlng program of nutrlent loadlng has been carrled out

in the southern part of the Okanaganb Basin. Examples of results

discussed here“are drawn from the stations'located below Ukanagan Lake,“

above and below Skaha Lake. As 1nd1cated in Ehe sectlon on methodology,

two sampllng methods are used for collectlon of samples for chemlcal

- analysis, the 31multaneous and sequentlal methods. Consequently, 'two- -

_methods j arev' used to _determine nutrient : loads in the channel A

cross-sections, the partial load method and the ‘flow interval method

(Zeman and Slaymaker 1981 a,b)
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The partial load method utilizes data obtained from the combined

simultanecus ’chemical sampling and the hydrometric measurements in a '

_channel cross-section. Results obtained by this method are compared with’

results obtained by the flow interval method (Zeman and Slaymaker 1981 a)}

The loads estimated by the flow interval methods are based on the

_concentration data derived from .sequential. sampling and: discharge
fldetermined'foc'each'of fourlquarter-day interVals.v The tihe oeriod_for
’:1the first interval extends from 0000 to 0600 hours. According to'this‘s_
'{:procedure the dlscharge for a flow 1nterval 1s calculated from the d-'
-h"orlglnal : hourly dlscharge _ data ( ) t converted 1nto hourly'
d‘dlscharge and cumulated over the 51x-hour 1nterval Wthh encompasses the
i time of chemical sampllng The cumulated dlscharge and concentratlon

’ data are used - to calculate the nutrlent loads for the dally flow~

1ntervals. The sum of the load intervals prov;des, then, the dallye

* nutrient loads passing through the.channel'cfossfSECtionQ

‘ Results obtained durlng the sampllng perlod from 1976 to 1979 are'.'
.dlscussed in’ detail by Zeman and Slaymaker 1981 c. In the present '
'report the con51stency and prec151on achleved in terms of total -

'phosphorus loads, is further emphas1zed

Consistency and Precision

Data obtained from the measurements of  phosphorus concentrations are used

‘nz



‘to demonstrate con51stency and prec151on of the calculated loads. The

con51stency of nutrlent load data is determlned by comparlng results. :

obtained by the 51multaneous and sequential sampllng methods. A t1me

cserles record of the dally loads of total phosphorus, obtained by the two

sampllng methods at the station located in Okanagan River at Pent1ctonf

"near the alrport, is illustrated in Figure 13. Each poxnt represented by~?”5&3 -

”triangle'indicates the daily load of phosphorus based on concentratm1

measurements taken at quarter-day intervals on each sampllng day at. onel-

: 51ngle pornt in the river channel Each square symbol on the other
"’iihand, is the arlthmetlc mean of the total phosphorus load derlved from
:call simultaneous samples collected in the channel cross;section;wcThe bar -
‘represents thev95”percent confidence‘lnterral about the mean., CIf the bar -
- is absent this 1nd1cates that it would be smaller than the square used to'

’*_tflndlcate the magnltude of the load.,

vThere are some dlfferences in the load data derived from the 51multaneous
and »sequentlal methods. These dlfferences were examlned on sets of._."'”

o nutrient loadfdata obtalned at all sampllng stations at the same_tlme.':-

This examination was performed graphitally'and by the use'of statistical'

’ tests.' Figure 14 shows the graphlcal comparlson of loads of total_

phosphorus derived from simultaneous ~and sequentlal methods at fouri |

sampllng statlons of the 1nvestlgated r1ver reach In the’ case of

g perfect correlation the data points would be allgned on ‘the . 450 llne._

But the scatter of data p01nts shows that load data - obtalned by

_ sequentlal sampling are hlgher in more cases than data derived from

‘__srmultaneous_sampllng, This graph shows that data obtalned by any of the -

7
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sampling methods may ‘be subject to random and systematic errors of

measdrements.  Nevertheless, the consistency of the higher load data

derived from sequential method are indicative of the prevailance df_a

'systematic error between repeated measurements.

A correlation test (Table 3) indicates that there is agreement between =

_ the results obtained by the simultaneous and sequential methods. Highly

significant correlation coefficients are obtained for the load data of

A

all nutrients analysed. Also, -results obtained by‘thé t-test confirms

_ that there are no significént'differences between means of nutrient- loads

derived from simultaneous and sequential measurements. Because of the

significént correlation that is achieved bétween the results obtained by

“the simultaneous and sequential sampling methods. | it _is,'~therefofe,

legitimate to lump all information derived from these two 'sampling

'methdds.

Combined data. on concentrations and loads of total ‘phdspﬁorUS- and
~ dissolved phosphofus,: are taken from the 'monitoring progfam' conducted
during 1976 to 1979. - Concentrations of . these 'nutrienfs. exhibited

pronounced seasonal variations while the load daté'afe charééterized by :

sighificaht annual changes. Table 4'.shows ‘the variations of these
concentfations during two distinct sub-periods,.ffbm April to September

(spring - summer) and from October to March (fall - winter), and for the

entire period, 1976 to the end of March 1979. Data in this table

indicate that at the stations located below Okanagan'énd Skaha Lakes

- significantly "higher Concentrationé of total phosphorhs are observed
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Table 3 Correlation of Nutrient Loads Derlved from Sequential

and Simultaneous Sampling Methods

Akt

U

PO

PO,

121

) Number ' ) . Degraes
Sampling of Obser- Over-all Standard Standard (Ditterence) Standard Standard Corr. 2.7all T of 2Tail
Methods vations  Mean Devistion Error Maan Daviation Error Coeft. Prob. Value Freedom Prob.

_ Total Phosphorus (P) ' '
Sequential 144870  10.323 1.799 :
33 . 1.4121 4.875 0.849 . 0.832  0.000 188 32 0.106
Simultansous 13.0743 9.381 1.833 :
Total Dissolved Phosphorus (P) .
© Sequential . 5.8887  7.369 1345 : ' . o
A 30 . -0.7743 2.184 0.39% 0.955 0.C00 ~194 29 0062
. Simuitanecus 6.8810 7177 1.310 . : :
‘ " Nitrata plus Nitrite (N)
Sequential 408859  39.571 6.171 = ' o
a1 . _ "4.6798 12.888 1.878 0.948  0.000 237 40 0023 .
Simultaneous 38.2063 33.878 6.040 " . : . :
' ' ' Ammonia (N)
Sequential 857085 95738 14852 . - o : ’ .
41 25005  89.058 10.785 - . 0.751 ~ 0.000 023 40 0313
Simultanecus - 83.2080 99.781 15.583 . R . . :
Organic Nitrogen (N)
Sequential 208.3148 113914  17.790 SR . S : ,
.4 8.15681 41.581 8.494 0.933 0.600 0.85 40 0.349
Simultansous 2021585 114.092 17.818 . . : :
' ' ' o C Total Nitrogen (N) -
Sequantial 3348073 190.252 . 29.712 ) - o R oo S Co
: 41 13.2634 . 88.940 13.890 0.881  0.000 . 085 40 0.345
Simultaneous 321.5439  150.457 - 23.744 o . : .
- Silica
Soequential 4274.0933 3298.362 582720 . . ) o
. : 32 245.1563  1016.861 179,757 © 0973  0.000 138 31 0182
Simultaneocus 4028.9375 2530.411  447.318 )
Table 4 Seasonal Varlation of Nutrient Concentration Measured by
Simultaneous and Saquential Sampling Methods
) Number Arithmetic 95% Number Arithmetic  95% Number Arthmstic  95%
Sampling of Mean  Confidence of Mean  Confidence of Mean  Contidence
Period Samples mg/) Interval Samples mg/l Interval Samples mgl. Interval
- Ratio of v
. : i . . Total Dissolved Phosphorus (PY
Total Phosphorus (P) - Total Dissolved Phosphorus (P) Total Phosphorus (P)
Okanagan River Below Okanagan Lake Dam .
1976-78 Apr.-Sept. 44 - 0.008 +0.001 ars 0.004  %0.0002 378 0527 20018
1878-79 Oct.-Mar. 192 0.010 *0.001 173 0.004 ©  +0.0002 173 0481 - 20023
1878-79 Apr.-Mar. 858 0.009 +0.0001 §51  0.004 +0.0002 551 0.508 £0.015
. Okanagan River Near Penticton Airport
1976-78 Apr.-Sept. 857 0.017 +0.00% 695 0.005 ~ +0.0001 . 645 0331 20.013
1976-79 Oct-Mar. 499 0.017 +0.002 - 487 0.008 +0.0001 468 0.389 +0.017
197879 Apr.-Mar. 1358 0.017 %0.00t 1161 0.005 +0.0001 1M1 0.347 £0.011
" Okanagan River at Okanagan Falls
. 1978-78 Apr.-Sept. 370 0015  20.001 347 0.008 +0.0001 323 0.399 +0.018
1977-79 Oct.-Mar. - 248 0.03t +0.002 239 0.014 +0.001 238 0.455 +0.029
1978-79 Apr.-Mar. 818 0.021 "£0.001 586 0.009  £0.00t 581 0.423 +0.018
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during the fall-winter period than during the spring-summer period. ‘This

pattern of seasonal changes in total ‘phosphorus concentration,‘

'establlshed below the two lakes, is dlsturbed at the statlon near the’

a1rport.' Thls dlsturbance is ascrlbed to the effect of ‘total phosphorus

~inputs from the municipal outfall and the tributaries, Shlngle and Ellis vt.;;

Creeks. On the" other hand the bi-seasonal differences of 'totall';

dissolved phosphorus concentratlon are statlstlcally 51gn1flcant at the

station near: the ‘alrport and below Skaha Lake. At - these statlons_

concentration of total dissolved phosphorus is higher durlng fall-winter

periods than during spring-summer periods. 'Thef downstream increases,

between the statlon below Okanagan Lake and that near the alrport of the

overall means of total phosphorus and total dlssolved phosphorus_

concentratlons are,‘ approx1mately,' 89 and 25 percent respectlvely

-.Further downstream, the concentratlon increases between the station near

the airport and that‘below,Skaha Lake are, for total phosphorus and total -

‘dissolved- phosphorus, approximately 24 and 80 percent respectively.

Further, thls table shovs variation of the comp051t10na1 content of total

phosphorus; The overall ratio, and 1ts confldence 1ntervals, of total

dlssolved phosphorus . to total phosphorus, varies in the range of

| 0.506 (+0.015), 0.347 (:0.011) and 0.423 (+0.016) at the stations below

Okanagan Lake, near the alrport and below Skaha Lake, respectlvely,_

. Load data are interpreted on the annual basis. Table 5 shows annual .

variation of loads of total phosphorus and total dissolved phosphorus

observed at the three sampling stations for the calendar yars;vl976 to .

1 1978. This table indicates that the most»pronoUnced changes occurring in
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Table 5  Annual Varlation in Nulrient Loads Dsrived From
Simuitanecus and Sequentlal Sampling Methods

M venratl -

: : Number ) : o
. : Number Arithmetic -~ 95% . : of Arithmetic 95% .
Yoar © Month of Mean  Conlidence Month Obsorva- Mesn  Conlidence
Observations  kgiday interval tions kg/day intorval
4

Total Phosphorus (P) o Total Dissolved Phosphorus (P)

Okanagan River Below»Okanaéan Lake Darﬁ

1978 Feb. Apr. Jul . 12 23.175 +£4.084  Jul. Sept. Dac. 4 » 15.000 . £7.452
Aug. Sept. Dec ‘ Ll o :

1977 Mar. Apr. May 69 5.256 +0.522 . Mar. May Jun. 81 2460 ‘,:0.282
Jun. Jul. Aug. © Jul. Aug. Oet. - . . o
v . Sept. Oct. Nov. Nov. Dec.
Dec. . . o . : . . I A.
1978 Jan. Feb. Mar,” 78 13.843 *2.945 Jan. Feb. Mar. = 79 5.499 " +0878
N Apr. May Jun. ’ <0 Apr. May Jun. - : . .
’ Jul. Aug. Sept. .. Jul. Aug. Sepl. . ) P
. . Oct. Nov. Dsc, : : - - .Oct. Nov. Dec. ’ R
1976 to 1978 ) 160 . 10.837 +1.704 ‘ o 148 4.476 +0.831

Okanagan River Near Penticton Airport '

; 1976 Jul. Auvg. Sep. 10 28330 - %4986  Sepl. Dec. ' 2 - 17.000 . 5082
Dec. L - : . .
1977 Mar. Apr. May - 89 13.153 #1438 . Mar. May Jun. . 87 . 3509 - +0382
Jun. Jul. Auvg. - Jul. Aug. Oct. . ' :
Sept. Oct. Nov. o .. Now. Dee. -
1878 Jan. Fob. Mar. 83 290.314 #4984  Jan. Feb. Mar. 83 - 6702 £0.831
Apr. May Jun. : Apr. May Jun, - .
Jul. Aug. Sept. .+ Jul. Aug. Sept. . - .
) Oct. Nov. Dec. ’ . : . Oct. Nov. Desc. - ] . _
; 197810 1978 - 182 21.357 £2.640 I 172 8207 - £0.534

Okanagan River at Okanagan Falls -

: 1978 Jul. 3 31667 26723 ,
: 1577 Mar. Apr. May B4 12452 . £0838  Mar. May Jun. 79 | 5708  +0.854
Jun. Jul. Aug. : - Jul. Aug. Oct. L .
Oct. Nov. Dec. : Nov._Dec.
H 1978 Jan. Feb. Mor. 78 41.547 +8.511 Jan. Feb. Mar. 78 13875 23219
B Apr. May Jun. ] Apr. May Jun.
Jul. Aug. Sept. . Jul., Aug. Sepl
Oct. Nov. Dec. : _ - Oet. Nov. Dec. ’ .
1576 to 1978 163 28217  £3785 - - 188 9712 | xtI22
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the river reach are the year-to-year changes in loads of total phosphorus
and total¢ dissolved phosphorus. These~.changes- are largely .caused.'by
variation in the discharge; The downstream lncrease, between the station
located below Okanagan Lake ‘and that near the alrport in terms of means

of total phosphorus and total dlssolved phosphorus is, approx1mately, 97

and 16 percent respectlvely The 1ncrease, between the statlons near* e

the alrport ‘and that below" Skaha Lake 1s, for. total phosphorus and total

dlSSOlV&d phosphours,. approx1mately, 22 and 87 percent respectlvely

~ The contrastlng increases of loads of these phosphorus forms evrdently
-.underllne the dlfferlng behav1our of. river reach compared with lake:
lsystem. Sources of the two phosphorus forms analysed 1nclude effluent"

from the Pentlcton waste treatment plant and a number of non-p01nt
‘sources, such as Okanagan Lake, Shlngle and Ellis Creeks watersheds-and.
- Skaha Lake. The major increase in total phosphorUS loading lS’associated B
~with the p01nt source from the waste- treatment plant and the non-p01nt

'sources, Shingle and Ellis Creek watersheds. The non—p01nt source Skaha

Lake contributes the major increase in total dissolved phosphorus;‘

Relevance to Earlier Studies

 Further use of the load data of total phosphorus. obtained during 1the |

- monitoring program is illustrated in Figure 15. This figure shows the

Vollenweider relationship between phosphorus.surface_loading and relative -
eutrophication-related water quality .conditions of a lake.‘-'This.d

relationship,is used to compare results of nutrient loading to Skaha_Lake
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 obtained from the previous Okanagan Basin water ‘quality study

(Canada-British Columbia Okanagan Basin Agreement. 1974) with the results

obtained durlng the current water quallty mom.torlng program.  The

.surface | 1oads of‘ total phosphorus reported in 1974 are plotted in thedl. S
-upper part of the figure indicating eutrophic condition. ‘The results.‘
.from the present study, shown a_s ‘the OVerall mean and its 95 percent

- conf‘idence intervals of total phosphorus load derived f'for'm | 182'

observations durmg the perlod 1976 to 1978, indicate the trophlc status

__of the lake to be p051tloned between mesotrophlc and ollgotrophlc portlon R

‘of the graph However,' from the statlstlcal pomt of v1ew smce the

earller surface loadlng data are not reported with confldence llmrts, the’ B

conclusion of a change cannot be statistically valldated_ .

~ SUMMARY

Two_sampling methods are used for the collection of water samples':for
chemical analysis' (a) simultaneous and (b) sequential methods. - :These
methods were applied durlng the nutrient loadlng study program in the .

Southern part of the Okanagan Basin, B. C.

The simultaneous sampling “method engages a replicate "grab‘ sampler or a .
pump for the collection of sample ‘replicates, three in-this 'study._

Concentratlon measurements are taken usually at . f‘our sampllng ‘points

" across the channel: cross-section, approximately one meter below the water

A' surf‘ace at monthly intervals. This procedure is designed to provrde
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| information on the short range heterogeneities of point concentration

measurements of nutrients and in combination with hydrometric

measurements provides a basis for calculation of their partial loads. -

fThe sum of these partial loads glves the total nutrlent loads p3551ng

through the channel cross-sectlon. .

The'sequential sampling method employs a portable diserefe_sampler:fbr vj

collection of single pumped samples. Concentration 'measurements are

'.’taken at a -sampling point, approximately 0.6 of the'depth below the;water

_.4surface;: Water samples are drawn at quarter-day' intervals, 'at 0300,

0900, 1500 and 2100 hours, durlng two consecutlve days randomly chosenAV

w1th1n a week. These concentratlon measurements comblned with dlscharge,.

' determined for four daily 1ntervals, provide a basrs ‘for calculathn of -

" loads by the flow interval method. The time period for the first flow

intervai ektends of. 0000 to 0600 hours. .According to this procedure fhé7

‘discharge for a flew interval is eaiculated from the driginai hourly

dlscharge data cumulated over the six—hour interval whlch encompasses thef

time of‘ chemlcal sampllng. The cumulated dlscharge and concentratlon )

data are used to calculate the nutrient loadskfbr the_flow intervals. N

The sum of these loads gives the daily nutrient 1oad‘passing througn:the_f'

channel cross-section.

Data on concentratien measurements of total -phosphorus (P), total

~ dissolved phosphorus (P) nitrate plus nitrite (N), ammonia (N), tofal :

' nltrogen (N) and dissolved silica were obtained dur1ng the two types of

studies (a) a short—term evaluation study and (b) a long-term monltorlng
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" channel cross-sectlons.

program. = In this report concentration data of total phosphorus and
dissolved phosphorus are used to illustrate the methodology applied to -

evaluate concentration measurements and to calculate loads of these

- . nutrients.

The purpose‘ of the evaluation Wstudy was to obtain information on the

_ pattern of the lateral -and vertical mixing of nutrients'halong the., a
‘ Okanagan Rlver channel linking Ukanagan “and Skaha Lakes and ‘select a.

:su1table sampllng cross—sectlon for the long-term monltorlng of nutrient

loads to Skaha Lake. The 51mu1taneoos sampllng ‘method was used to |

" determlne the precision, in terms':"« of confidence intervals, of

'concentratlon measurements of nutrlents and their loads determlned at the '

e

'Durlng the long term monltorlng program both s1multaneous and sequentlal o

: sampllng methods were applled The use of these two sampllng methods

facilitated the _determlnatlon of con51stency and prec151onA in the

: calculatiori nutrient loads. fGraphicaltcomparisons-and}the_correiation{t_:
-~ test indicated a precise agreement between the load data derived from'the
L vsimultaneoos and sequential'sampling methods. 'Becaose of this,agreement
it was legitimate to lump all data obtained from these two samplino' o

methods.e

Examples, in terms of phosphorus concentration measurements, illustrate

. the pattern"of the statistically‘ significant seasonal variation of

concentration'observed at sampling stations located below Okanagan and
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- Skaha Lake. .HoweVer, this pattern of seasonal changes is disturbed ét

station located downstream from the _Pentictb_n waste treatment plant.

Loads of phosphorus are characterized by statistically significant_' fa.nnual :

\}ariations ihtroduéed by changes: of the discharge regulated by control. -

-~ dams below Okanagan and Skaha Lakes.

~“Information brovided by ‘the results from the rﬁonitoring study are used in
- the evaluation of the trophic status of Skaha Lake and . thus in the
.iassessment of the effectlveness of . remedlal actlons 1n1t1ated in l97l to": o

;..reduce nutrlent loadlngs from pomt source to this lake.‘

-CONCLUSIONS

Location of sampling stations must bé representati\}e_ of the water body ': |

being sampled and indicative of the changes occurring in the. variable

_being monitored.

‘The simultaneous sampling method revealed very pr@nouhced _shor't,:rénge |

- spatial heterogeneities of point concentration measurements of nutrients

at investigated channel cross-sections.

~ The determination of nutrient loads based on a single grab_- sampling/
'procedure, therefore, cénnot' provide a reliable estimate of the amounﬁs

_of nutrients passing through a channel cross-section.
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Concentration measurements, obtained by the sequential sampling method,

. show significant long range seasonal changes of nutrient concentration at
. stations located below Okanagan and Skaha Lakes. However,ithis pattern,

of seasonal changes is disturbed at stations located below. the outfall

from waste treatment plant and tributary creeks.

-.Calculation of nutrient loads'during widely varying discharges indicate

'that'major changes in flow can‘produce large changes in nutrient flux

w1thout substantial change 1n nutrlent concentratlon. "In this river

.system a concentratlon - discharge relatlonshlp approach to nutrlent

loadinovdetermination on a temporal basis is, therefore, not fea51ble.

e The overall mean load of" phosphorus determined on lumped data from these
‘two methods during the three year sampling perlod 1nd1cates a reduced
“input of total phosphorus to Skaha Lake,'by comparlson w1th load data

reoorted in the previous study, conducted ‘under the Canada-Brltlsh .Jd

Columbia Okanagan'Basin Agreement, 1974. Nevertheless, 51nce the earllerl”‘
data are not reported with confidence limits, the conclus1on of a change

cannot be statistically validated.

According to.the orevious study, phosphorus loads came mainly from point o

sources' But the present study 1nd1cated that the maJor contrlbutlon of

'phosphorus loads came from non-p01nt sources such as Okanagan Lake, via |

Shlngle and Ellis Creeks, and from Skaha Lake itself.
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