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ABSTRACT

In the Okanagan River Basin, British Columbia, remedial actions
had been undertaken to reduce -phosphorus loads from municipal waste
treatment plants with the aim of reducing biological productivity in the
main valley lakes. In 1976, under the Canada-British Columbia Okanagan
Basin Implementation Agreement, a monitoring program of nutrient loading
was initiated in the southern part of the basin. The program was carried
out by Water Quality Branch, IWD, for and funded by the Okanagan Basin
~Implementation Board. The present report deals with the results obtained

during the three year study of nutrient tranSport into and out of Skaha
Lake. -
' The major objective of this study was to design a method for
improving the precision. of nutrient load estimation in order to provide
water management with a reliable measure of nutrient flux to Skaha Lake.

Concentrations of total phosphorus, dissolved phosphorus, nitrate
plus nitrite, ammonia, total nitrogen and dissolved silica were measured
below Okanagan Lake, near the Penticton airport and below Skaha Lake
using two sampling methods, hereafter described as simultaneous and
sequential. Data derived from these two methods were used to calculate
nutrient loads by employing the partial load method with simultaneous
sampling data and the flow interval method with sequential sampling data.

The simultaneous sampling method revealed very pronounced short
‘range spatial heterogeneities of point concentration measurements of -
nutrients at all three channel cross-sections. Implication of this
finding is that the determination of nutrient loads based on .a single
grab sampling procedure will not vreflect heterogeneities of water
composition and, therefore, cannot provide a reliable estimate of the
amounts of nutrients passing through a channel cross-section. Seasonal
changes: of concentration measurements, obtained by the sequential
sampling method, indicate that below Okanagan and Skaha Lakes
concentrations of total phosphorus are significantly higher during the
fall-winter per1ods than during the spring-summer periods. This seasonal
pattern, however, is disturbed at stations located below the outfall from
the waste treatment plant and tributary creeks.

A statistically significant correlation was found. between the load
data obtained by the partial load method and by the flow interval
method. The overall mean load of phosphorus determined on lumped data
from these two methods during the three year sampling period indicates a
reduced input of total phosphorus to Skaha Lake, by comparison with load
data reported in the previous study, conducted under the Canada-British
Columbia Okanagan Basin Agreenment, 1974. HMevertheless, since the earlier
data are not reported with confidence limits, the conclusion of a change
cannot be statistically validated. Furthermore, 1loads of total
phosphorus and total dissolved phosphorus increased markedly in the
. downstream direction at each of the three investigated channel
cross-sections. The major contribution of phosphorus loads came from -
non-point sources such as Okanagan Lake and via Sh1ng1e and Ellis Creeks,
but also from Skaha Lake :

N
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Loads of armonia also showed marked increases at each
cross-section in the downstream direction. The major portion of the
ammonia load, on an annual basis, comes from the waste treatment plant,
but during the spring-summer seasons, sources of armonia pollution in the
near shore areas of Okanagan Lake are also very significant. Loads of
nitrate plus nitrite increased below Shingle Creek, particularly during
the fall-winter seasons. Large increase in the load of total nitrogen
were observed not only near the airport but also below Skaha Lake
indicating that this lake is a significant source of total nitrogen.

Loads of silica showed interesting seasonal variations above the
inlet and below the outlet from Skaha Lake. During spring freshets,
loads of silica significantly increased at the station located below the
tributaries Shingle and El11is Creeks, on .the other hand, there was a
gronounced decrease of silica load in the discharge from Skaha Lake.

his seasonal change in silica output from this lake suggests that silica -

Timitation may be significant in controlling peak levels of diatoms 1in
Skaha Lake during the spring.
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RESUME

Dans le bassin de 1'Okanagane, . en Co]ombie-Britannique, on a
entrepr1s de, réduire les apports de phosphore des usines municipales
d'épuration en vue de diminuer 1a productivité des principaux lacs de la
va11ee.4 En 1976, en vertu de 1'Accord Canada - Colombie- -Britannique sur
1'aménagement 'du bassin de 1'Okanagane, la Direction de la qualité des
eaux de la D.G.E.I. réalisait un programme de surveillance des apports
d'éléments nutritifs dans la partie sud du bassin, pour le compte du
Comité d'aménagement du bassin de 1'Okanagane, qui le finangait. Le
présent rapport fait état des résultats obtenus au cours de trois années
. d'étude sur les e1enents nutr1t1fs qui entrent dans le lac Skaha et qui
en sortent.

Le principal obJect1f de 1'étude était de trouver une méthode pour
mieux estimer 1'apport des éléments nutritifs afin de procurer aux
gestionnaires des ressources en eaux une mesure fiable de la quantiteé
d'éléments nutritifs qui entre dans le lac Skaha. -

" On a mesuré les concentrations du phosphore total, du phosphore
dissous, des nitrates + nitrites, de 1'ammoniaque, de 1'azote total et de
la silice dissoute en aval du lac Okanagane, prés de 1'aéroport de
Penticton et en aval du lac Skaha. Pour ce faire, on a utilisé deux
méthodes d'échantillonnage dites simu]tanée et séquentielle. Les données -
obtenues ont servi d calculer 1'apport des éléments nutritifs, par la
methode des apports partiels, dans le cas des données de
1'échantillonnage simultané et par la méthode des intervalles de débit,
dans le cas des données séquentielles.

' L'échantillonnage simultané a mis en évidence, dans les trois
sections mouillées, des écarts trés prononces, i courte distance, entre
les concentrations ponctuelles, «ce qui signifierait que les
déterminations fondées sur un seul echant111onnage au hasard ne
refléteraient pas la composition hétérogéne de 1'eau et, par consequent
ne pourraient pas fournir une estimation siire de 1la quant1te élénents
nutritifs transportée au travers de la section nou111ee Les variations
saisonniéres des concentrations, observées grace da 1'échantillonnage
séquentiel, signifient qu'en aval des Tlacs Okanagane et Skaha, les
concentrat1ons du phosphore total sont beaucoup'p1us élevées & 1'automne
et & 1'hiver qu'au printemps et a 1'été. Cependant, cette variation
‘saisonniére est perturbée aux stations en aval des stations d' épuration
et des ruisseaux tributaires. :

On a trouvé une corrélation statistiquement 51gn1f1cat1ve entre
1'apport calculé par la méthode des apports partiels et 1'apport calculé
par celle des 1nterva11es de débit. L'apport moyen de phosphore durant
les trois années de 1'étude, calculé au moyen de 1' agregat1on des
résultats de ces deux methodes rmontre une diminution depuis 1'étude
précédente, nenee en vertu de 1'Accord Canada - Colombie-Britannique sur
le bassin de 1'Okanagane, en 1974. Toutefois, comme les résultats de
cette derniére étude sont dépourvus de limites de fiabilité, 1la
diminution ne peut pas étre confirmée statistiquement. De plus, Tles
concentrations de phosphore total et de phosphore total dissous
augnentaient sensiblement vers 1'aval, a chacune des trois sections
mouillées étudiées. Les plus importants apports de phosphore provenaient
de sources non ponctuelles comme le lac Okanagane et les ruisseaux
Shingle et El1is, mais i1 en provenait aussi du lac Skaha.
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L'augmentation des concentrations d'ammoniaque était également
prononcée vers 1'aval de chaque section mouillée. La majeure partie des
apports d'armoniaque, pour toute 1'année, provient de 1'usine d'épuration
mais, au printemps et 4 1'été, les sources de pollution ammoniacale des
rives du lac Okanagane sont aussi trés importantes. Le transport des
nitrates + nitrites augmentait en aval du ruisseau Shingle, surtout en
automne et en hiver. On a observé une importante augmentation de 1la
concentration d'azote total, non seulement prés de 1'aéroport, mais aussi
en aval du lac Skaha, ce qui indique que ce lac est une source importante
d'azote total. A

Les concentrations de silice ont montré d'intéressantes variations
saisonniéres en amont et en aval immédiats du lac Skaha. Au cours des
crues printanniéres, les apports de silice ont sensiblement augmenté a la

station en aval des ruisseaux Shingle et Ellis; par contre, ils ont

considérablement diminué dans 1'émissaire du lac Skaha. Cette variation
saisonniére du transport de silice provenant du lac Skaha semble indiquer
que la silice est peut-étre un facteur qui 1limite notablement 1la
prolifération printanieére de diatomées dans le lac.

«
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SUMMARY

General 4

In the Okanagan River-Skaha Lake sub-system, concentrations of
total phosphorus, total dissolved phosphorus, nitrate plus nitrite,
amnonia, total nitrogen and dissolved silica were neasured at three
sanpling stations, during the period from July 1976 to March 1979.

The first station selected below Okanagan Lake dam, is in close
proximity to the recording stream gauging station 08NM050, maintained by
- Water Survey of Canada. The second station is located near the Penticton
airport, approximately 1.7 kn. downstream from the outfall of the waste
treatment plant. The third station is located at Okanagan Falls, below

Skaha Lake, and close to the Water Survey of Canada recording stream " 7

gauging station O8MMOO2.

Two sampling methods are used for collection of water sanmples:
(a) simultaneous and (b) sequential methods. The simultaneous sampling
method is a manual method employing a replicate sampler. This sampler is
used to collect three sample replicates ‘at, approximately, one mneter
below the water surface. This sanpling procedure is used at monthly
intervals and provides information on the short range spatial
heterogeneities of concentrations observed through measurenents taken at
a number of sampling points in the investigated channel cross-sections.
The sequential sampling method, on the other hand, is used to obtain time
series records of concentration measurements taken at a single point,
approximately, 0.6 of the depth of the stream water. Water samples are
drawn at quarter-day intervals, at 0300, 0900,. 1500 and 2100 hours,
during two consecutive days, randomly chosen within a week. This
procedure provides information on the long term temporal variation of
nutrient concentrations along the river reach caused by the effect of
variable nutrient sources and changes of discharge regulated by dams
located below Okanagan and Skaha Lakes. ,

Two methods are used for the determination of nutrient 1loads
passing through each of the three channel cross-sections, the partial
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load method and the flow interval method. (The partial Tload method.
utilizes data obtained from the combined simultaneous chemical sampling
and the hydrometric measurements in a channel cross-section.

The Toads estimated by the flow interval methods are based on the
- concentration 'data derived from sequential sampling and discharge
determined for four daily intervals. The time period for the first
interval extends from 0000 to 0600 hours. According to this procedure
the discharge for a flow interval is calculated from the original hourly

discharge data (m3s']),

converted into hourly discharge and cunulated
over the six-hour interval whiéh enconpasses the time of chemical
sampling. The cumulated discharge and concentration data are used to
calculate the nutrient loads for the daily flow intervals. The 'sum of
the load intervals provides, then, the daily nutrient Toads passing
through the channel cross-section.

The major goal of the present study is the determination of the
precision and consistency of nutrient loads derived from simultaneous and
sequential sampling methods. The sinultaneous method pernits the
calculation of confidence limits  around the total load passing through
each channel cross-section. This precision 1is based on concentration
meqsurements achieved' by _ the sanple rep]icates taken at a number of
points in the channel cross-section. The statistica]]y derived errors in
this procedure are superimposed on the cross-sectional variations of
concentration measurenments, laboratory analytical error and an assumed
discharge error. The sequential sampling method, on the other hand, is
based on single point concentration measurements and does not pernit the
calculation of the confidence linits for the daily loads. However, the
precision. of these load data derived fron sequential sampling can be
periodically cdmpared with the results obtained by the simul taneous
methods and their consistency can be assessed.

Consistency of 1load data 1is determined by the ~compakison of
results obtained by'simu1taneous'and sequential sampling methods at the
sane time. This study indicates that in most cases the load data derived
from sequential measurements are systematicaly higher than those data
" obtained by simultaneous method. The statistical tests employed indicate
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that there is a high correlation between results obtained by the two

methods. It is, therefore, legitimate to Tump -the load data obtained

from the simultaneous and the sequential sampling. :
The following discussion is based on the lumped concentrat1on and

load data for the entire saripling period. .Sub-periods from April to

Séptemher and from October to March are analysed separately because rost

of the nutrient concentration data show significant bi-seasonal

variation. Mutrient loads, on the other hand, do not show pronounced

seasonal changes but they are character1zed by highly s1gn1f1cant annual

variation.

TOTAL PHOSPHORUS

Below Okanagan Lake dam

At the station 1located below Okanagan Lake dam, seasonal and
annual variation of total phosphorus concentrations, which are determined -
on the 1lumped data derived from the simultaneous and sequential
measurements, are characterized by higher arithmetic means during'hthe
three fall-winter periods than during the three spring-surmer periods of
1976 to 1979. The three-year mean concentration of total phosphorus, and
its 95 percent confidence intervals, determined from 656 observations are
0.009 + 0.0001 mg 17'.

Loads of total phosphorus below Okanagan Lake show prondunced

year-to-year variations. . These variations are a result of different
hydro]ogita] events occurring during the three year period.  The
arithmetic mean loads and their 95 percent confidence intervé1s, based on
lumped data ffom 12, 69 and 79 measurements—in each of the three years
are 23.18 + 4.064, 5.25 + 0.522° and 13.84 +2.945 kg day'T in 1976,
1977 and 1978, respectively. The overall arthmetic mean of total
phosphorus loads, with its 95 percent confidence -intervals, determined

'l




from 160 data for the three year period‘are 10.84 + 1.704 kg day']%

Near the Penticton Airport

At the station located near the Penticton airport, in contrast
with the station below the Okanagan Lake dam, seasonal variation of total
- phosphorus concentration is not significant. The overall arithmetic nean
concentration of total phosphorus, and its 95 percent confidence
interva]s, derived from 1356 observations during the three-year period
are 0.017 + 0.001 mg 171,

The arithmetic means of total phosphorus 1dads, and their 95
percent confidence intervals, determined from 10, 89 and 83 observations
are 28.33 + 4.946, 13.15 +1.436 and 29.31 + 4.984 kg day -1 in 1976,
1977 and 1978, respectively. From these data it can be noticed that the
confidence intervals for 1976 and 1978 are of a similar magnitude,
although the numbers of bbservations differ significantly during these
two years. First, information on loads for 1976 is based on a limited
set of data which do not represent the entire year. Second, the loads of
total phosphofus in 1978 are characterized by extreme values, reaching a
-1, Nevertheless, the overall mean of total

naximumn of 130.00 kg day
phosphorus 1loads for the three-year sampling per1od ~deternined on all
182 measurements, are-21.36 + 2.64 kg day 1

- At Okanagan Falls

TAt ;he station located below Skaha Lake, at Okanagan Falls, the
bi-seasonal variation of total phosphorus concentration is again
significaht; following a similar pattern to that observed below Okanagan
Lake. The arithmetic means, and their 95 percent confidence intervals, .
determined from 370 spring-summer and 248 ‘fall-winter mneasurements of
total phosphorus concentrat1on are 0.015 + 0.001, 0.03 +0.002 mg 1 ]
respectively. The ;hree-year ae1thmet1c mean of total pnosphorus'

concentration determined on all 618 samples for the six distinct periods
.are  0.021 + 0. 001 ng 1'1 During this entire period, a slight
year-to-year increase in total phosphorus concentration can be observed
but this pattern is not followed by its 1oad measurements.



Loads of total phosphorus below Skaha Lake 1in terms of the
arithmetic means, with their 95 percent confidence intervals, determined
from 3, 84 and 76 measurements are 31.67 * 6.723, 12.15 + 0.938 and
41.55 + 6.51 kg day'] in 1976, 1977 and 1978, respectively. Again, the
similarity of the confidence intervals, observed in 1976 and 1978, and
the large differences between number of observations from which loads are
determined can be explained, as previously mentioned, by considerable
variation of total phosphorus loads in 1978. A maximum Tload of this
nutrient observed in 1978 is 111.00 kg day']. The three-year

arithr:iet_ic mean, and its 95 percent confidence interval, of total

phosphorus loads calculated from all 163 measurments are 26.22 + 3.785

kg day'1 .

TOTAL DISSOLVED PHOSPHORUS -

Below Okanagan Lake danm
At the station located below Okanagan Lake dam the bi-seasonal

variation of total dissolved phosphorus concentration is statistically

not significant. The arithmetic mean concentration of dissolved
phosphorus, and its - 95 percent confidence interval, determined for all
551 measurements during the three-year period are 0.004 + 0.0002
ng 1']. Also, the ratio of the means of total dissolved phosphorus to
totai phosphorus concentrations, an indicator of compositional content,
does not show any significant seasonal variation. The overall mean of
this ratio and its precision'detérmined from all the 551 paired
observations during the three-year period are 0.51 + 0.015.

The mean loads, and their 95 percent confidence intervals,
determined on 4, 61 and 79 data are 15.00 + 7.458, 2.46 + 0.262 and
5.50 + 0.878 kg day'1 in 1976, 1977 and 1978, respectively. The
three-year mean “of total dissolved phosphorus and its precision

determined from all 144 measurements are 4.48 + 0.631 kg day'1.
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Near the Penticton Airport

At the station located near the Penticton airport the bi-seasonal
variation of total dissolved phpsphorus concentration is characterized by
slight increase in the fall-winter periods. Thé'three-year arithmetic
mean of total dissolved bhosphorus and its 95 percent confidence
intervals determined from -a]T 1161 measurements are 0.005 1 0.0001
mg 11. The ratio of the means of total dissolved phosphorus and total
phosphorus, with its precision, calculated for 1111 data are 0.35 + 0.011
for thelthree-year period. This ratio indicates that at this station, by
contrast to the station below Okanagan Lake, there is a significant
decrease in the percentage content of total dissolved phosphorus.

Loads of total dissolved phosphorus show pronounced year-to-year
variation which is associated with variation in discharge. The very high
variation of loads in 1976, illustrated by the cqnfi&ence interVé], is
based on a limited’ set' of 'data and; therefore, do not ‘fepkesent the
changes occurring during the entire year. The nean 1oad$, and their 95
percent confidence intervals, of total dissolved phosphorus deternined
for 2, 87 and 83 data are 17.00 + 5.082, 3.51 + 0.362 and 6.70 + 0.831
kg day'1. | The overall mean of total disso]ved phosphorus,‘and its
percision calculated from all 172 data are 5.21 + 0.534 kg'day'T.

At Okanagan Falls ,
At the station 1located below Skaha Lake, at Okanagan Falls,
concentration of total dissolved 'bhosphorus shows statistically

significant bi-seasonal ,variation during the 1977 and 1978 sampling
period. This seasonal variation is illustrated by the arithmetic means
and their precision, determined from 347 spring-surmer and 239
fall-winter mneasurements of total dissolved phosphorus concentration
ranging from 0.006 + 0.0001 to 0.014 + 0.001 mg 17'. The two-year
arithmetic meén of total dissolved phosphorus concentration, and'its 95
percent confidence interval, calculated from all 586 measurements are
0.009 + 0.001 mg 17", |

The ratios of means of total dissolved phosphorus to total
phosphorus, and their precision; determined from 323 Epriﬁg-summer and
238 fall-winter measurements ar 0.40 + 0.018 and 0.46 + 0.029, and the



two-year mean with its 95 percent confidence intervals deternined for all
561 measurements are 0.42 + 0.016.

The arithmetic mean of total dissolved phosphorus Toads from Skaha
Lake and their 95 percent confidence intervals, determined from 79 and 76
observations are 5.71 1_0.654 and 13.88 i_3.219, kg day'] in 1977 and
1978, respectively. The two-year arithmetic mean of total dissolved

phosphorus and 1its precision calculated from all 155 data are
9.71 +1.722 kg day™.

COHCLUSIONS

Concentration data of total ‘phosphorus and total dissolved
phosphorus, lumped from simultaneous and sequential measurements taken at
the three sampling stations in the uOkanagan River show significant
bi-seasonal variation. ' '

At the stations located below Okanagan and Skaha Lakes
significantly higher concentfations' of total phosphorus are observed
during the fall-winter period than during the spring-surmer period.: This
pattern of seasonal changes in total phosphorus concentration established
below the two lakes is disturbed at the station near the airport. This
disturbance is ascribed to the effect of total phosphorus inputs from the
municipa1\outfa11 and tributaries, Shingle and E11is Creeks.

Bi-seasonal differences of total dissolved = phosphorus
concentration are statistically significant at the station near the
,airport'and below Skaha Lake. At these stations concentration of total
dissolved phosphorus 1is higher during fall-winter periods than during
spring-sunner periods.

The overall ratio, and its confidence intervals, of total
dissolved phosphorus to total phosphorus, an indicator of compositional
content, varies in the range of 0.51 (+0.015), 0.347 (+0.011) and
0.423 (10.016) at the stations below Okanagan Lake, near the airport and
below Skaha Lake, respectively.

The downstream increase, between the statfon below Okanagan Lake
and that near the airport, of the overall means of total phosphorus and

Ll



total dissolved phosphorus concentrations is, approximately, 89 and 25
percent, respectively. Further downstream, the concentration increase
between the station near the airport and that below Skaha Lake is, for
" total phosphdrus'and total dissolved phosphorus, approximately 24 and 80
percent, respectively.

The most pronounced changes occurring in the river reach are the
year-to-year changes in loads of total phosphorus and total dissolved -
phosphorus' caused by variation in the discharge. The downstream
increase, between the station located below Okanagan Lake and that near
the airport, in terms of means of total phosphorus and total dissolved
phosphorus is, approximately, 97 and 16 percent, respectively. The
increase, between the stations near the airport and that below Skaha Lake
ié, for total phosphorus and total dissolved phosphours, approximately,
22 and 87 percent, respectively. The contrasting increases of loads of
‘these phosphorus forms . evidently underline the differing behaviour of
river reach conpared with lake system. Sources of the two phosphorus
forms' analysed include effluent from the waste treatment plant, and a
number of non-point sources, such as Okanagan Lake, Shingle and Ellis
- Creeks watersheds and Skaha Lake. The major increase in total phosphorus
Toading is. associated with point source waste treatement plant and the
non-point source Shingle and E]]is‘Creék watersheds. The nonpoint source
Skaha Lake contributes the majorvincrease in total dissolved phosphorus.

MITRATE PLUS MITRITE

Below Okanagan Lake dam
At the station located below Okanagan Lake dam, the arithmetic

nieans, and their 95 percent confidence intervals, of nitrate plus nitrite
concentrations, determined from 542 spring-summer and 242 fall-winter
measurements, taken during the period from 1976 to 1979, are
0.006 + 0.001 and 0.036 +0.001 mg 1'1, respectively. The three-year
arithmetic mean and its 95 confidence interval, determined from all 784
measurements are 0.016 + 0.001 mg 171,



The three-year mean ratio, and its precision, determined from 784
paired observations of nitrate plus nitriter to total nitrogen
concentrations are 0.079 + 0.006. The bi-seasonal variation of this
ratio is statistically significant, showing considerably higher content
of nitrate plus nitrite during the fall-winter than 1in spring-surmer
periods. ‘ ‘

Loads of nitrate plus nitrite below Okanagan Lake dam show very
pronounced year-to-year variation. The arithmetic means, and their 95
percent confidence intervals, of nitrate plus nitrite determined fron 14,
69 and 79 observations are 69.55 + 27.91, 4.49 +1.038 and 23.34 + 7.12
kg d’ay'.I in 1976, 1977 and 1978, respectively. The three-year nean of
nitrate p1ds nitrite load and 1its precision, derived from all 162

observations are 19.31 + 4.924 kg day™'. -

Okanagan River near the Penticton Airport

At the station located near the Penticton airport, the arithmetic
means, and their precision, of nitrate plus nitrite concentrations
derived from 1078 spring-surmer and 574 fall-winter measurements, taken
druing the period from 1976 to 1979, are 0.024 + 0.002 and 0.060 + 0.007
rng 1'1, respectively. The three year mnean, and its 95 percent
precision, of nitrate plus nitrite concentration based on all 1652
observations are 0.036 + 0.003 ng 171, 4

The three-year mean ratio, and its precision, determined from 1652
' paired neasurenents of nitrate plus nitrite concentration are
0.088 + 0.004. The bi-seasonal variation of this ratio is significant
showing sighificant]y higher content of nitrate plus nitrite during the
fall-winter than during the spring-summer periods.

Loads of nitrate plus nitrite, at the station located near the
Penticton airport, show significant variation during the period from 1976
~ to 1978. The arithmetic mean and 9ts precision, of nitrate plus nitkite,
determined from 18, 97 and 83 observations are 64.89 + 25.345,
26.152 + 4,935 and 50.65 + 7.38 kg day'1 .in - 1976, 1977 and” 1978,
respectively. The three-year mean of these loads and its precision,

determined from all 198 observations are 39.94 + 4.837 kg day'1.

I
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Okanagan Falls
At Okanagan Falls, below Skaha Lake, the arithmetic means, and

their 95 'perceht ~confidence intervals, of nitrate plus  nitrite
concentrations, determined from 417 spring-summer and 260 fall-winter
measurements during the period from 1976 to 1979 are 0.005 + 0.002 and
0.041 + 0.005 mng1 ] The three-year arithmetic mean, and its
 precision, of nitrate plus n1tr1te concentrat1on determined from 677
measurenents are 0.019 +0. 003 mg 1 ] ' '
' The three-year mean concentration ratio, and its 95 percent
~ confidence intervals, determined from 677 paired measurements of nitrate
plus nitrite and total nitrogen are 0.051 + 0.007. A]so,zat thiS'station'
the bi-seasonal differences 'in content of nitrate plus nitrite are
statistically significant. Hitrate plus nitrite content is higher during
the fall-winter than during the sprmg-sunner periods.

Loads of nitrate plus nitrite at the station located below Skaha _
Lake show statistically significant differences during the per1od from
1976 to 1978. The arithmetic means, and 95 percent confidence intervals,
of nitrate plus nitrite loads determined from 3, 89 and 76 observations
“are 37.17 +71.033, 8.13 + 2.845 and 36.80 + 13. 615 kg day~ -1 in 1976,
1977 and 1978, respectively. The three-/ear mean of nitrate p1us nitrite
load, deternmined from all 168 observations are 21.617 + 6.651 kg day".

AMMOMIA

Below Okanagan Lake dan
At the station located below Okanagan Lake, ammonia concentration
is characterized by statistically significant differences between the

spring-sumner "and the fall-wintér periods, from 1976 to 1979. The
arithmetic means, and their 95 .confidence intervals, of armonia
gonéentration determined from 542 spring-summer and 242 fall-winter
measurements are  0.039 + 0.004 and 0.009 + 0.002 mg 171, The
three-year'nean,'énd its précision, of ammonia concentration determined
from all 784 measurenents are 0.03 +003mg 1° -1,



-1 -

There is a very pronounced bi-seasonal variation of the ratio of
ammonia to nitrate plus nitrite concentration. The mean ratios, and
~ their precision, determined from 542 paired spring-surmmer and 242 paired
fall-winter - mneasurements are 15.51 +1.920 and  0.330 + 0.073,
respectively. A similar ratio, and its precision, on the three-year
basis, determined from all 784 paried measurements of ammonia and nitrate .
plus nitrite, are 10.825 + 1.415,

Also, a ratio indicating the ammonia content of total nitrogen
shows statistically significant bi-seasonal variation. The mean ratios,
and their 95 percent confidence “intervals, determined from 542 paired
spring-surmer and 242 fall-winter measurements are 0.166 +0.012 and
0.045 + 0.007, respectively. Similarly, in terms of all 784 paired
measurements of ammonia and total nitrogen concentrations the ratio, and
its precisioh, are 0.128 + 0.010. - » ‘

Loads of ammonia, at the station below Okanagan Lake dam, are
characterized by pronounced annual changes during the period, 1976 to
1978. The arithmetic means and their 95 percent confidence interva]s;
determined from 14, 69 and 79 observations are 39.28 + 23.132,
23.39 + 6.826 and 64.79 +17.333 Kkg day"in 1976, 1977 and 1978,
respectively. The three-year arithmetic mean, and its precision,

determined from all 162 armonia load data are 44.95 + 9.523 kg day'1.

Near the Penticton Airport
At the station Tlocated near the Penticton airport, armonia

concentration shows a barely significant bi-seasonal variation. The
arithmetic means, and their 95 percent confidence intervals, of ammonia
concentration derived from 1078 spriné-summer and 574 fall-winter
measurenents during the perid from 1976 to 1979 are 0.145 + 0.007 and
0.205 + 0.016 ng '1, respectively. The three-year. mean, and its 95
percent confidence interval, calculated from all 1652 nesurements are
0.166 + 0.007 mg ~'. |

The ratio, and 1its precision, determined on 1078 paired
spring-sunner and 574 paired fa]]-ﬁinter rneasurements of ammonia and
nitrate plus nitrite concentrations are 8.015 + 0.325 and 4.921 + 0.290,
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respectively. The three;year rati.o, and its  precision, of all 1652
paired measurements of armmonia and nitrate plus nitrite are 6.721 + 0.250.

On the other hand, content of ammonia in total m‘trogen does not
show bi-seasonal variation. The three-year mean ratio, and its
precision, determined from all 1652 paired measurements of ammonia and
total nitrogen are 0.366 + 0.009. _

l.oads of ammonia, near the airport, expressed as the arithmetic
means, and fheir.-95 confidence interva]s, determin'ed from 18, 97 and 83
observations are 234.67 + 45.250, 152.110 +12.385 and 113.370 + 12.825
kg day”) in 1976, 1977 and 1978, respectively. The three-year
arithnetic mean 1oad, and .its precision; of amrionia derived from all 198

observations are 143.33 + 10.075 kg da\y'1 .

| -Okanagan Falls _ o ,
At the station Tocated below Skaha Lake, at Okanagan Falls, the
bi-seasonal changes of ammonia concentration are illustrated by the

following data. The arithmetic meahs, ahd their precision, determined
from' 417 spring-surmer and 260 fall-winter measurements are 0.039 + 0.007
and- 0.129 + 0.041 mg 1'], respectively. The three-year arithmetic mean
~and its 95 percent confidence interval, calculated from all 677
measurements, are 0.073 + 0.017 mg 177,

The mean ratios of ammonia to nitrate plus nitrite and their
precision, determined from 417 paired spring-surmmer and 260 fall-winter
measurements are 12.61 + 2.037 and 14;83i5.479, respectively, and on
the three-year basié this ratio, and its preci‘sion, determined from all
677 paired neasurements are 13.46 + 2.44. |

The three-year mean ratio, and its precision, of armonia and
nitrate plus nitrite concentrations, determined on all 677 paired
measurenents, are 0.105 + 0.011. v

Loads of ammonia, below Skaha Lake, in terms of the arithmetic
means and their 95 percent confidence intervals, determined from 3, 84
and 76 observations are 28.53 + 41,277, 14.13 + 6.092 and 350.24 + 220.92
kg day'1 in 1976, 1977 and 1978, ‘respectively. The three-year
arithmetic mean of armonia load, and its precision, determined on all 163

observations are 166.43 + 101.982 kg day .
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ORGAMNIC NITROGEHN

Below Okanagan Lake dam

At the station located below Okanagan Lake dam, organic nitrogen
does not show significant bi-seasonal variation during the period 1976 to
1979. . The arithmetic mean, and its 95 percent confidence interval,
determined from all 784 observations are 0.15 + 0.003 ng 171,

Content of organic nitrogen, expressed as the mean ratio, and its

precision, of organic nitrogen and total nitrogen concentrations,

determined on 784 pair observations are 0.792 + 0.009.

Loads of organic nitrogen, below Okanagan Lake dam, is
characterized by pronounced changes duringAthe period 1976 to 1978. The
three-year arithmetic mean, and 1its precision, determined on 162

observations are 186.83 + 22.25 kg day'].,

Near the Penticton Airport _
. At the station located near the Penticton airport, the three-year

mean of organic nitrogen concentration and its precision, determined from
1652 measurenents are 0.193 + 0.006 ng 17,

The three-year mean ratio, and its 95 percent confidence interval,
determined on 1652 paired observatons, are 0.545 + 0.009.

Loads of organic nitrogen, at the station near -the Penticton
airport, in terms of the three-year arithmetic mean, and its 95 percent
confidence interval, determined from 198 observations are 227.61 + 22.605

kg day'1.

Okanagan Falls

At the station located below Skaha Lake, at Okanagan Falls the
three-year arithmetic mean, and its 95 percent confidence interval, of
organic nitrogen concentration calculated from 677 observations are
0.489 + 0.088 mg 17"«

The three-year arithmetic mean ratio of organic nitrogen and total
nitrogen concentrations, and its precision; determined from 677

»
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measurements are 0.844 + 0.012.
The three-year mean, and its 95 percent confidence interval, of
organic nitrogen load determined from 168 observations are

779.44 + 249.84 kg day” .

TOTAL NITROGEN
Below Okanagan Lake dam

At the station located be]‘dw Okanagan Lake dam concentration of
totaJ nitrogen is characterized by statistically significant bi-seasonal

variation during the period from 1976 to 1979. The arithmetic means, and
their 95 percent confidence interval s’, determined from 542 spring-surmer
and 242 fall-winter measur\eménts of total nitrogen concentrations are
0.205 + 0.004 and 0.195 + 0.010 mgl'], respectively. The three-year
arithmetic meén, and its precisioh, determ‘nedﬁ from all 784 neasurements
of total nitrogen concentrations are 0.202 + 0.004 mg 1-1.

- Loads of total 'nitrogen at the station ‘below Okanagan Lake, in
terns of the arithmetic means and their 95 percent confidence limits,
determined from 14 spring-surmer and 69 fall-winter measurements are
527.20 + 47.23 and  137.12 +15.34 kg day”|, respectively.  The
three-year mean, and its precision, of tota1_ nitrogen load calculated

from 162 observations are 251.11 + 29.79 kg day™'.

Near the Penticton Airport

At the station located near the Penticton airport, the arithmetic
means, and their 95 precent confidence intervals, determined from 1078
spring-surmer and 574 fall-winter measurements of total nitrogen
concentrations are 0.358 + 0.009 and 0.465 + 0.026 g 177, The
three-year arithmetic mean and its 95 percent confidence interval, of
total nitrogen concentration calculated from all 1652 observations
obtained during the period from 1976 to 1979 are 0.395 + 0.011 ng L

Load of total nitrogen, expressed as the three-year arithmetic
mean and its precision, calculated from 198 observations are
£10.88 + 26.715 kg day” .
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Okanagan Falls

At the station located below Skaha Lake, at Okanagan Falls,
concentration of total nitrogen shows statistically significant
bi-seasonal variation during the sampling period from 1976 to 1979. The
arithmetic means, and their 95 percent confidence intervals, determined
from 417 spring-summer and 260 fall-winter measurements are 0.498 + 0.137
and 0.716 + 0.094 ng 1'1, respéctive]y. The three-year arithmetic
mean, and its pregiéion, of total nitrogen concentration, determined from
all 677 observations are 0.582 + 0.002 mg 1,

Loads of total nitrogen from Skaha Lake aré characterized by very
pronounced annual variation druing the period from 1976 to 1978. The
arithmetic means, and their 95 percent confidence intervals, of total
nitrogen loads determined from 3, -89 and 76 observations are
585.67 + 53.125, 224.10 +39.120 and 1853.90 + 581.9 kg day'] in 1976,
1977 and 1978, respectively. However, load data for the first year are,
as previously stated, based on very limited number of observations and,
therefore, are not representative for the entire year of 1976.

- SILICA

Below Okanagan Lake dam ‘

At the station located below Okanaéan Lake, concentration of
dissolved silica does not show any significant temporal changes during
the period from 1976 to 1978. The three-year arithmetic mean and its 95
percent 'confidence interval, determined from 771 measurenents are
4.65 + 0.022 mg 171, |

The three-year arithmetic mean, and its precision, of dissolved
silica : load calculated from 158 observations are 5697.6 + 752.4
kg day .

Near the Penticton Airport
At the station located near the airport, the three-yeaf arithmetic
mean, and its 95 percent confidence interval, determined from 1274
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measurehents are 5.56 + 0.055 mg 1'15

‘The three-year arithmetic mean, and its precision, of dissolved
silica load, calculated from 182 observations during the period from 1976
to 1978, are 6277.7 + 376.7 kg day™".

Okénagan Falls"

At the station located below Skaha Lake, concentration of
dissolved silica is characterized by a very pronounced bi-seasonal
variation observed‘during the period from 1976 to 1979. The arithnetic
means, and their 95 percent confidence intervals, detekmined from 390
spring-surmer and 2636 fall-winter meaéurements are 1.08 + 0.076 and
2.13 +0.162 mg 171.  The overall mean, and its precision, of dissolved
silica concentration, derived from all 626 measurements are 1.475 + 0.087
ng 1'1. | '

‘Loqu of dissolved silica from Skaha ‘Lake determined for the
period from 1977 to. 1978 in terms of the arithmetic means, and their
precision, calculated from 88 and 76 Observétions‘are 1121.5 + 235.02 and -
2117.9 + 376.7 kg day'1 in 1977 and 1973, respectively. The two-year
arithmetic mean and ‘its precision, of dissolved silica load, determined
from all 164 observations are 1583.2 + 226.35 kg day'].

-

CONCLUSTIONS

Hitrogen ,
~Mitrogen in the investigated Okanagan River reach, is
characterized by different behaviour of nitrate plus nitrite loads in
comparison with ammonia loads. | |
Load of nitrate plus nitrite shows, in terms of the overall mean
load for the three year period, a statistically significant increase
along the river reach between stations located below Okanagan Lake and
near the airport, but, there is .a significant decrease of the nitrate
plus nitrite load bglow Skaha Lake. 'A]so, during the nutrient dispersion
study, conducted in the Okanagan River at Penticton, the major increase



-17 -

of nitrate plus nitrite was found below Shingle Creek. fhis creek drains
a watershed characterized by 1light soils and, in its 1lower part, by
agricultural activities. In light soils, nitrate ions are weakly
adsorbed and are readily leached by flow after prolonged and persistent
. rain. Consequently, in the Okanagan River,'higher loads of nitrate plus
nitrite are observed during the fall-winter rather- than during
spring-sunmer seasons. '

Loads of ammonia, by contrast to nitrate plus nitrite, show a steep
gradient along the river reach. The highest levels of ammonia load are
observed at the station near the‘airport. According to results from the
nutrient-dispersion—-study, the-major source of ammonia is the Penticton
waste treatment plant. Howéver, durihg the summer season, Okanagan Lake
contributes a significant portion of the ammonia load to the Okanagan
River. Below Skaha Lake, on the other hand, the highest ammonia 1loads
are observed during winter seasons. ' .

Loads of total nitrogen show a steep gradient along the river
reach and a statistically significant seasonal variation during the three
year period. A very high -increase in total nitrogen load is observed
near the airport but also below Skaha Lake, particularly in the
fall-winter seasons, indicating that this lake is a significant source of
total nitrogen.

Silica

Concentration of silica shows a significant increase in the river
reach between the stations below Okanagan Lake and near the airport but
there is a highly significant decrease of silica concentration below
Skaha Lake. '

At the station near the airport; a maximum silica concentration
occurs in the spring seasons,'during the périods of a peak discharge fronm
Shingle and E11is Creeks. On the other hand, below Skéha'Lake during the
early sprihg and summer seasons, silica shows a minimum concentration
reaching the detection limit of the analytical method.

The occurrence of mininmum concentration of silica during the
spring-surmer seasons observed in discharge from Skaha Lake indicates
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that silica limitation may be significant in controlling’ peak levels of
diatoms in spring. The seasonal changes of silica concentration observed
in this discharge can provide important  information on diatom growth in
the Take. Diatoms have a special requirement for silica that most other
algal groups do not share. Silica, in the form available to algae
(measured as soluble, reactive silica) is required by diatoms to form
siliceous cell walls. If available silicon levels fall too Tow, (0.1-0.2
ng 1-1 5102) the diatoms can no longer meet this requirement, and they are
replaced by other forms, usually green and blue-green algae, which do not
require silica. The problem associated with silica depletion is the
reverse of that of phosphorus, thus, 1increasing—concentrations of
phosphorus allow increased algal growth and produce shifts to 1less
desirable types. On the other hand, décreasing,qpncentrations of silica
cause shifts away from desirable  types. The .implication for water
managenent is that there is no necessity to limit silicon input. But,
the proposed phosphorus objectives should reduce algal growth and thus
e}iminéte silica deficiencies. . . ,.‘

Loads of silica are characterized by a statistically significant
increase near the airport, particularly during the spring season. The
tributary creeks are a significant source of silica loads to the Okanagan
River in the Penticton area. There is a sighificant decrease of silica
Toad below Skaha Lake as a result of the very low concentration of silica
in the discharge from this lake. !
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1 INTRODUCTION
1.1 Problem

In the Okanagan Basin, water management faces water quantity
problems (Marr, 1976) and water quality problems indicated in the
Okanagan Basin Study (Canada - British Columbia Okanagan Basin Agreenment,
1974).

Water quantity problems are associated with low net inflow to the
Okanagan Basin lakes. Despite large capacity of the lakes, a water
shortage in the valley has about ten percent chance of occurrence in any
year'because of irrigation requirements for approximately 25,000 ha of
land (Marr, 1970). Flooding which has occurred once every fifteen and
ten years in the areas around Okanagan and Osoyoos Lake has led to
construction of control dams at the mouths of Okanagan and Skaha lakes.

. In the past decade,' prevention of undesirable water quality
conditions in the Okanagan valley lakes and some tributary streams has
assumed great importance to water management because of intensified
socio-economic activity adjacent to thé.]akes. The water quality study
in the basin (the Study,- op. EiE) indicated that in certain tributary
streams the observed high coliform counts, oxygen deficiencies, turbidity
and .concentration levels of iron, manganese and phosphorus can adversely
affect'quality of water supplies for drinking, fish propagation and other
uses. 'Significant1y high nutrient loads were detected in the inputs to
main valley lakes. In these loads, phosphorus was identified as one of
the major nutrients promoting eutrophication of lakes. Also, control of
this nutrient may be the most successful means'to-prevent deterioration
in water quality resulting from undesirable growth of aquatic plants and
algae. . '
’ The origin of nutrients and other water pollutants stems primarily
from agricultural run-off, industrial and municiB&] waste effluents,
septic tank sources, concentrations of 1livestock, and natural and
accelerated erosion. The prevention of pollution- from these sources
through appropriate pollution control programs was the essential part of
the recommendations for water management measures to be undertaken in the
basin (Summary Report of the Okanagan Basin Study, 1974). Consequently,

1
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in the remedial actions which were undertaken in the basin the - reduction

of phosphorus became the major objective in water management measures.

~ In the scientific literature, various alternatives are suggested
for prevention of water quality deterioration and eutrophicatidn of lakes
(Likehs, 1972). It is often emphasized that there are many‘uncertainties
in the development of water'managemént alternatives. - As a contribution
to the study of water quality condition in Skaha Lake, Hershman and
Russe11, (1976) defined probable future trends in water quality of the
lake under a variety of management alternatives assuming ‘a direct
relationship bétween-phosphorus loading and’tkophic state of the lake.
Williams, (1973) in the geological study of the Okanagan mainstem lakes
stated that there is an uncertainty as to whethér nitrogen rather than
phosphorus may be the nutrient 1imiting factor in the lakes.

Generally the water management problems in the Okanagan Basin can
be grossly categorized as: o |
(a) Planning, administration and 'institutiona1‘ design appropriate for

multi-purpose use of the basin (Canada-British Columbia Okanagan

Basin Agreement, 1974). ‘ :

(b) Physical, chemical and biological process manipulation to mitigate
lake eutrophication trends. (Marr, 1970; Patalas and Salki, 1973;
Fleming and Stockner, 1975; Hershman and Russell, 1976).

In February 1976, the Canada-British Columbia 'Okanagan Basin
Imp1ementation Agreement was signed after remedial actions had been
undertaken to reduce phosphorus loads from munfcipal treatment plants in
the Okanagan Basin. In summer 1976, a five-year water quality monitoring
progran was initiated. :

1.2 Objectives _

Two categories of objectives ‘are out1ihed within the five-year
progfam: (a) specific objectives of the. nutrient 1loading progran
addressed in this report and (b) overall objectives of the five-year
water quality monitoring proram, within which framework this study was
conducted. | A o
(a) The objectives of the nutrient 1odding program, carried out by Water
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Quality Branch,'InIand Waters Directorate were:

i) determination of changes in concentrations of primary
nutrients measured in the Okanagan River reaches below major
point sources, ‘

ii) quantification of nutrient loads, with known precision, to
Takes located downstream of treatment plants,
iii) assessment of year-to-year trends in nutrient loads.
The nutrient Toading pfogram was carried out from July 1976 to March
1979 in. the southern Okanégan Basin, in the Penticton and Oliver
areas. This report deals only with the Penticton area.
(b) The overall objectives of the water qua]ity rionitoring program are:

i) to provide watér management with information on the
effectiveness of reducing nutrient loads to the mainstrean
lakes, and

ii) To evaluate the adequacy of the water quality data base for

water resources planning.

The components of the water quality program were:

a) waste treatment project undertaken by Waste Management Branch,
B. C. Ministry of Environnent |

b) nutrient loading study as described in this report

c) lake response measurements performed by the Environmental
Protection Service of Environment Canada

2. BACKGROUND
2.1 Eutrophication -

Eutrophication describes the process whereby a water body beconiing
better nourished either naturally by maturation or artificially by
ferti]ization. The process, broadly defined as nutrient or organic
matter enrichment, can then result in high biological productivity in an

aquatic ecosystem (Rodhe, 1969).

The 1limnological 1literature supports a concept of trophic
equilibrium such as that introduced by Hutchinson (1969). According to
this concept the progressive changes that occur as a lake ages constitute

L]
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an ecological succession effected in 'part by the change in the shape of
the lake brought about by its fil1ing.' As the lakes fills and the volume
decreases, the resulting shallowness increases the cycling of available
nutrients and this usually increases primary. pkoduction. Artificial or
cultural éutrophication of -water, particularly Tlakes, results . from
increased nutrient supplies through human activities. The time scale of
natural and cultural eutrophicétion is the main contrast.

Lakes have been classified in accordance ‘with their trophic level
or bathymetry as eutrophic, oligotrophic, mesotrophic, or dystrophic
(National Academy of Sciences, 1969). A typical eutrophic lake has a
high surface-to-volurme ratio, and an abundance of nutrients producing
heavy gkowth of aquatic plants and other vegetation; it contains‘high1y
organic sediments, -~ and may have seasonal or continuous low
di§§o1yed-OXygen concentrations in its hypolimnion. The drainage basin
which affects the composition of water can influence sediment of lakes,
thus some hardwater eutrophic lakes have calcareous sediments. A typical
oligotrophic lake has a Tow Surface-t05VO1Ume ratio, a nutrient content
that supports only a -1owk‘1eve1'_df aquatié productivity, a high
dissolved-oxygen concentration extending to the deep waters, and
sediments largely inorganic in composition. The characteristics of
mesotrophic lakes 1ie between those of eutrophic and oligotrophic lakes.
A dystrophic lake has brownish water from humic materials, a relatively
low pH, a reduced rate of bacterial decomposition, bottom sediments
‘usually composed of partially decomposed vegetation; and low aquatic
biomass productivity. » ' '

In deep lakes with no najor surface Or'subsurface drainage or with
nutrient-poor drainage water, it could be expected that eutrophication
would proceed very slowly. MNutrients and organic matter would bg
deposited as sediments with little recycling because of reduced ion
exchange on the predominant oxidized surfaces. Overload and acce]erated
eutrophication could occur with excessive nutrient and organic matter
inputs. ' . ,

Classically, 1lakes are assumed to show a succession from
oligotrophic to eutrophic status. However, Margalef (1968) poinfs out
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that oligotrophic lakes are more mature than eutrophic lakes if the
definition of maturity is related to time of equilibration of nutrients
continuously being added by runoff.

The eutrophication process in lakes can be reversed by natural
(Hutchison, 1969) or management (Edmondéon, 1969; Oglesby, 1969) controls
of the inputs from the terrestrial ecosystem.

2.1.1 Cultural eutrophication

Causes of cultural eutrophication are. discharge of municipal and
industrial waste waters, agricultural practices, land development, and
construction.  Most -lake restoration programs, however, are concerned
with advance treatment of waste water by removing nutrients, particularly

phosphorus from effluent discharge into receiving water. Other sources,
primarily non-point sources, also have to be considered in order to
evaluate the relative effect of the nutrient loads coming from natural
sources and man's activities. Likens (1972) emphasizes the ecosystem
study approach which, coupled with. an understanding of nutrient and
energy fluxes, provides a theoretical basis for the management of
freshwater resources. o

The role of scientific information in formulation of government
policies in controlling cultural eutrophication is stressed by Prince and
Bruce (1972). Various methods have been suggested to mninimize the
process of lake eutrophication. According to Lee (1970), for example,
this process can be minimized by reducing the nutrient input to the Tlake,

by 1increasing the nutrient output from the 1lake, by immobilizing .

nutrients within the lake and by controlling excessive grthhs of algae
within the lake. Goltermann (1967) stressed that although various local
reniedial actions are possible, the efficient means for control of lake
eutrophication is the decrease of nutrient input, especially input of
phosphorus. In this connection, diversion of sewage has been applied
elsewhere but with variable success, because of problems associated with
internal nutrient cycling in lakes. The role of internal phosphorus
cycling, after the diversion of sewage, has been studied in Sweden. The
diversion of sewage from Lake. Trummen in Sweden (Bjork et al., 1972) did

4
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not lead to an improvement in water quality until restoration measures
such as suction dredging of the sediment and macrophyte elimination were
applied. On the other hand, a contrasting example is the Lake Washington
case, where diversion of sewage from the 1lake resulted in a prompt
reversal of the eutrophication pattern (Edmondson, 1979). The artificial
destratification of lakes also turned out to be an effective means of
controlling blue-green algae (Fogg, 1969; Ridley, 1969).

In the assessment of nutrient loads originating from various
sources the relative importance of human input must be known so that the
usefulness of any program dealing with land use control can be determined
and any success achieved evaluated. Studies of nutrient budgets indicate
that input of nutrients nearly always exceeds output. The only _
considerable losses are outflow, evaporétion (i.e. ammonia), or harvest.
The following contributing input-output items are considered by Brezonik
(1972) in deteémination of nutrient budgets for Takes (Table 1). '

Golterman (op. SiE') concludes that if the nutrient budget shows a
positive balance the concentration of nutrients in the lake will rise,
and algal growth will increase. This situation will lead to increased
sedimentation and increased nutrient outflow.

2.1.2 Mutrients

Chemical nutrients, necessary to the growth and reproduction of
rooted or floating flowering plants, ferns, algae, fungi or bacteria, are
classified as macronutrients, trace elements or mnicronutrients, and
organic nutrients. The macronutrients are nitrogen, phosphorus, calcium,
potassium, magnesium, sodium, sulfur, carbon and carbohates (Deevey,
1972). The micronutrients are silica, manganese, iron, zinc, copper,
molybdenum, boron, chromium, cobalt, and perhaps vanadium (Chu, 1942,
Arnon and Wessell, 1953, Hansen et al., 1954). Examples of organic
nutrients are biotin, B,,, thiamine, and glycylglycine (Droop, 1962).
correlates closely with that available to the algae. However, Shapiro
(op. cit.) notes that the problem of determining available iron seems to
be insoluble unless an analytical method is elaborated separately for .
each algae. Goldman (1972) stated that in general deficiencigs in trace
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Table 1 Sources and Sinks for the Nitrogen Budget of a lake
(after Brezonik, 1972)

Sources ' Sinks
Airborne Effluent loss
Rainwater
Aerosols and dust Groundwater recharge

Leaves and miscellaneous debris
Fish harvest

Surface
Agricultural (cropland) and _ Weed harvest
drainage
Animal waste runoff Insect emergence
Marsh drainage
Runoff from uncultivated Volatilization (of MH3)
and forest land :
~Urban storm water runoff Evaporation (aerosol
Domestic waste effluents " formation from surface
Industrial waste effluent foam) '
Wastes from boating activities
Denitrification
Underground
Hatural groundwater Sediment deposition of
Subsurface agricultural and detritus
urban drainage
Subsurface drainage from ' Sorption of ammonia onto
septic tanks near lake shore sediments
In situ

Hitrogen fixation
Sediment leaching

)
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elements are more 1ikely to occur in oligotrophic than in eutrophic Some
of the amino acids and simple sugars have also been shown to be nutrients
for heterotrophs or partial heterotrophs. Carbon (C) is required by all
photosynthetic plants. It may be in. the form of’ CO2 in solution,
HCO5, or C0,. Carbamine carboxylate, which may be formed by the
complexing of calcium or other carbonates and amino compounds in alkaline
water, is an efficient source of C02 (Hutchinson, 1967). Usually carbon
is not a 1imiting factor in water (Goldman et al., 1971). '
Cations such as calcium, magnesium, sodium, and potassium are
required by algae and higher aquatic plants for growth, but the optimum
amounts and ratios vary. Furthermore, few situations exist in which
these would be in such Tow supply as to be liniting to p]ants, Trace
elements either single or in combination are ihbortant for the growth of
algae. For example, molybdenum has been demonstrated to be a Timiting
nutrient in Castle Lake;'Ca1ifornia (Goldman, 1964, 1972). Various forms
of iron have been studied in lake waters to find a biologically available
form of this trace,element<aﬁa its effect on the growth of algae. In
‘culture experiments with iron-starved Microcystis aeruginosa, in waters
taken from six lakes in Minnesota, Shapiro (1967) found that the iron in
1ake»waters; which is .capable of reacting with thiocyanate at pH 1.5,

waters. Under natural conditions it is difficult to determine the effect
~of change 1in concentrations of a single chemnical on the groﬂth of
organisms. The principal reasons are  that growthl results from the
interaction of many chemical, physical, énd biological factors on the:
functioning of an organism; and that nutrients arise from a mixture of
chemicals from diversity of sources. However,. the increase in amounts
and types of nutrients can be traced by shifts in species forming aquatic
communities (Beeton, 1969)., \ ’

In the process of evaluation of eutrophication, it has been
recognized that all macro- and micro-nutrients as well as dissolved
organic matter are very significant factors (Goldman, 1972; Likens,
1972). However, phosphorus and nitrogen are considered to be the two
elements most responsible for eutrophication, and either one may be
Timiting productivity within a particular aquatic system'(V011enweider,
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1970). The environmental significance of phosphorus and nitrogen is the
major concern of this study.

2.2 Phosphorus in Aquatic Ecosystem
2.2.1 Forms

' v )
Phosphorus occurs in natural water and in waste water in various

forms, commonly classified into orthophosphate, 1inorganic condensed
phosphate and organic phosphate (S;umm and Morgan, 1970). In nutrient
. loading studies, phosphorus is often differentiated into dissolved and
particulate forms. '

‘Total phosphorus includes soluble phosphorus plus that liberated
following treatment with a strong oxidant such as potassium persulfate or
perchloric acid. No matter which mnethod of ~ana1y§is is used, total
phosphorus. is made up of some or all of the following fractions:
crystalline, occluded, absorbed, particu]até organic, soluble organic,
and soluble inorganic. Cormon analytical methods are not available to
measufe all these fractions but do, when considered as a group, give
reasonably close approximations of the more important ones (Schaffner and
Oglesby, 1978). The operational and analytical methods used (Murphy and
Riley (1962); Rigler (1964); and Burton (1973), differentiate phosphorus
in water samples as total phosphorus and total dissolved phosphorus.
Some investigétors distinguish phosphorus fractions according to their
hydrolyzability. Golterman (1975), for example, classified phosphorus in
lake water into the following components:

I. Inorganic orthophosphate:
PO, - P = (HPO, + HPO, + PO,
II. Tota1 dissolved phosphate: T°t‘Pdiss
III. . =11 - I, Hydrolysable phosphate: Poly-P + Org-Pdiss .
IV. Particulate phosphate: Part-P (in algae, bacteria, other
organisms; absorbed on clay or humic compounds or as pebbles and
rock fragments)
V. Sum of II + IV = Tot-P (Part-P + Tot-Py;cc)-

Van Wazer (1958/61) divides the inorganic phosphates into the

following groups: (a) orthophosphates, (b) polyphosphates (chain

.
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phosphates), (c) metaphosphates (ring phosphates), and (d) ultraphosphates
(branched ring structures). The ultraphosphates are extremely unstable
in aqueous solutions and, fherefore, without consequence for the water
analyst. The metaphosphates have been found in some biological materials
(Van Wazer, 1968). The orthophosphates and the polyphosphates have a
particular significance in the studies of the aquatic environment.
Sources of these two phosphate forms are: (a) breakdown of rocks,
yielding the natural orthophosphates; (b) biological  phosphate

metabolism and formation of decomposition products, including
orthophosphates and polyphosphates, and (c) introduction by man of
various formé of phosphate compounds (ferti]iZers, material from water
treatment, domestic and industrial waste water). The polyphosphates
originating from détergents ake Cohsidered a significant component of
waste water.
_ In the- laboratory analysis, ‘the reaction between orthophosphate
and acidified molybdate, the widely used reaction in biological phosphate
analysis, is specific .for the soluble reactivé phosphorus forn -(SRP).
This explains why analyses can only be performed directly in the case of
- orthophosphates. - Polyphosphate deteétibn in water. requires a1tera£ion of
the‘ analytical method. The 'polyphosphates‘ must be converted by
hydrolysis or by the more drastic wet digestion, or by dry combustion.
Because - polyphosphates do not react directly with molybdates (unless
hydrolysis ~ has taken place) ' an unspecified quantity of such
polyphosphates 1is invariably broken down during treatment with acid
(Vollenweider, 1970). Ohle (1938) made a detaileg differentiation of the
phosphate fractions by making a sharp division between the dissolved and
- suspended matter, and by stressing the inportance of the adsokptfon
processes. This system has had a great influence on thought about these
brob]ems right up tb the present time. This differentiation also cited
by Vollenweider (1978) is illustrated in Table 2. o

Since the vast majority of total phosphorus is in the forn of

orthophosphate and organic phosphorus, these are the two phosphorus forms
considered to be important in nutrient cycling.
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2.2.2 The Phosphorus Cycle

Phosphorus 1is a constituent of igneous rocks, soil, waters and
living organisms. It cycles readily between 1inorganic and organic
systens. The gross phosphorus cycle encompasses many interwoven cycles,
the most prominent of which are 1ithosphere, hydrosphere and biosphere.

In the 1lithosphere, the original phosphorus source 1is igneous
rocks containing phosphorus principally as apatite Cag [(F, C1, OH)
(PO4)3], fluorapatite [Cag(PO,)sF] being the most abundant form
in nature (Williams et al., 1976, Deer et al., 1966). Although apatite
contains between 18.0 to 18.7 per cent of phosphorus, it is a minor
source of phosphorus for biological growth because its solubility in
water is low. '

The phosphorus in rocks 1is slowly solubilized by weathering
process. Carbon dioxide, when united'with water forms a weak acid which
enhances the solubility of phoSphorus rocks. The micro-organisms in the
soil have been found to solubilize inorganic phosphorus or rock
fragments. The soluble- phosphorus is partially: absorbed by the
biological processes occurring in. the pedosphere and hydrosphere, and
partially reprecipitated as secondary phosphate minerals. The common
secondary minerals in the soil are calcium, iron, and aluminum phosphates
and clay mineral phosphates.

In the soil phosphorus content ranges from 0.002 to 0.83 per cent
‘(Van Wazer, 1961). Only a small fraction of this content is available
for plants and microbial use. Calcium, iron, aluminum and certain clay
minerals of the soil readily unite with soluble phosphorus to render it
insoluble. ' ,

Phosphorus is not present in the atmosphere, except as it appears
there in dust particles and nicrobial debris. In the hydrosphere, the
phosphorus cycle is cohp]icated. Waters contain both undissolved
(sestonic) and dissolved phosphorus. In rivers phosphorus is depleted
from upper reaches of the streams to Tower concentration levels by strean
flow of soluble forms and colloidal and debris suspension before it
accumulates finally on lake bottoms. The natural range of total
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~ Table 2. - Forms of Phosphorus Present in Surface and Waste Waters

Total P
Dissolved P > P in suspension
Orthophosphate As organic As nmineral  Organisms Absorbed
(PO,) colloids and pafticles on detritus

or combined

with an
absorptive

colloid

‘(e.g. apatite)

&/or absorbed

on inorganic -

- complexes such

Fe(OH;)

and or present
in organic

compounds

Dissolved inorganic P

| "Tdtal'P in filtrate

Total P content of unfiltered water

Source: VYollenweider (1978)
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phosphorus in river waters is from a trace to as much as one part per

- million (Hutchinson, 1957). Accelerated- erosion of soil alters the

phosphorus quantity and the ratio of its soluble to insoluble forms in
rivers and lakes. ) ’
Biological processes in the Tithosphere and hydrosphere are
essential parts of the overall cycle of phosphorus. Biologically
available phosphorus, which includes both water and diluted-acid soluble
phosphorus as well as certain organic phosphorus compounds, is taken up
from the environment by living organisms. Part of the phosphorus uptake
is transformed into a diversity of organic compounds and part is retained
as mobile, inorganic phosphorus in -the- cell--fluids+—-The species- of
soluble phosphorus compounds and mechanisms by which they are produced in
lake water is a subject of various studies. Lean (1973) states that an
exchange mechanism exists in lake water between phosphate and plankton,
but the excretion of an organic phosphorus compound by the plankton is
also a significant process. It results in the extracellular formation of
a colloidal substance, and rost of the nonparticulate phosphorus in lake

»water is-in this fornm.

2.2.3 Sediment - Phosphbrus Interaction

There are significant factors which have a bearing on management
strategies of nonpoint source of phosphorus, particularly in terms of
association of phosphorus transport with sediment and biological
availability of phosphorus. The availability of tributary phosphorus
loads, direct point source Tloads and atmospheric loads needs to be
considered to provide coét-effective'management strategies. For example,
in the Great Lakes, studies sediment-associated loads (important for
assessing the biologically available portions of total phosphorus) have
been investigated (International Referral Group on Great Lakes Pollution
from Land Activities, 1978).

The magnitude of sediment-associated tributary loads to the lakes
and partitioning of sediment phosphorus among particle size fractions
warrants greater emphasis to provide useful information in the development

of management strategies. In-lake resuspension and diffusion/convection

L
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of soluble phosphorus from sediments (i.e. .internal loading) needs to be
better understood, especially with respect to the impact on shallow lakes
wherein nutrient-rich sediment may greatly delay water quality
improvements expected from reduced external loadings. '
Meteorological and climatological factors have to be considered.
Natural meteorological fluctuations can directly affect overland delivery
to a stream, transmission within the stream and volume of the stream, and
consequently are responsible for large temporal variations in tributary

. loads to the lakes. Specifically, wet, dry and normal years, and

individual but very severe storms can affect nonpoint source 1loads.

‘Atmospheric phosphorus loads also vary cohsiderab1y from year to year and

season.to season (Acres Consulting Services Ltd. 1977).
_ Identification of potential contributing areas, particularly
hydrologically active areas, located close to rivers and lakes, is an

“integral part of phosphorus load assessment. Soil type morphology, land

use intensity and materials usage are important factors in determining
nonpoint source loads. The most critical problem areas are rowcrops of
fine textured‘soils, some concentrated 1livestock dperations, developing
urban areas, and highly impervious portions of major urban centers.
Phosphorus in urban stormwater and'combined sewage originatés fron
numerous sources, many of which are difficult to isolate and quantify in
terms of actual Toads. Many of the sources contribute phosphorus

collectively to the runoff from various land uses and land activities.,

Studies have indicated that the correlation of total phosphorus to
total suépended solids in urban runoff from several urban land uses is
the highest compared with the correlations for total nitrogeh, BODg,
and chemical oxygen demand (COD).  Thus, phosphorus 1is probably
associated with suspended splidsAor held in complex with eroding soils.

Leachate from leaves on streets, in gutters, and on impervious surfaces

can also contribute substantial phosphorus loads in urban runoff.
Laboratory simulation of the rain leaching process ‘on oak and poplar
Teaves yielded total soluble phosphorus loads of 54 and 140 ug/g of
lTeaves, respectively. Sdaking of the leaves for extended periods, up to

- about one day, yielded about 270 ug/g of leaves (Cowen and Lee, 1973).
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Phosphorus concentrations 1in runoff from streets, parking lots, bare
areas, corporation yards and construction sites can range from about 0.5
to over 3 mng/1. Over 56% of the phosphorus found on streets is
associated with very fine silt-like particulates ( 43 u), and over 85%
is associated with particle sizes less that 104 u (Manning et al., 1977).
In basinwide studies, Grizzard et al. (1978) report their findings
in terms of runoff volume correlation of phosphorus load and runoff
volume for two watersheds in northern Virginia. This might be a spurious
correlation, nevertheless, the relationships found indicate a 1og-1iqear

increase in phosphorus load with dincreasing runoff volume for a

118,400-ac mixed urban-rural watershed and a 219,400-ac watershed with
predominantly agricultural land use. The correlation coefficients for
these two regression lines are 0.94 and 0.93, respectively. Although the
difference in phosphorus yields between the two basins is about fivefold,
the rate of increase in yields is roughly parallel.

| The preponderance of forested lands in the Okanagan basin and
targe proportion of agricultural Tland provide for the ‘importance of
nonpoint source loads of phosphorus. Sources of phosphorus from shore
bluff erosion, although potentially high, are not considered to be
important because the biological availability of phosphorus derived from
this source is small (Schindler, 1977). Chemical analyses of water and
sediment of Kamloops Lake (St. dJohn et al., 1976) indicate that 70% of
the total phosphorus entering the lake is in the form of apatite and that
apatite may occur in all size fractions of the lake sediment. This
latter suggestion is significant, for if apatite is present in the lake
as particles smaller than 0.45 um, apatite particles could pass through
the membrane filters used to separate "dissolved" from  "particulate"
materials and be included in the "dissolved" phosphorus poo].' Therefore,
estimates of productivity could be erroneous even if dissolved rather
than total phosphorus values. are used for the estimation, as suggested by
Dillon and Kirchner (1975);. Study of apatite concentration in sediment
of Kamloops lake (Reid, 1979) indicatel that apatite smaller than 0.45 um
may be abundant in Kamloops Lake, comprising as much as 20% of the
"dissolved" phosphorus load. |

L4
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Another phosphorus source, pertinént to Skaha Lake, is the
recycling of phosphorus within the lake, including the regeneration of
pnosphorus from bottom sediment. Core samples taken from the sediment of
Skaha Lake indicate that typical deep muds consist of 58.5 percent silt,
41 percent clay and 0.5 percent sand (St. John 1973). According to
Williams (1973), apatite mainly in the form of Ca]O(PO4)6(OH)2,
constitutes a-large part of the lake sediment. o
- In more recent years, there has been a growing awareness of the
role sediments play in the dynamics of Tlake systems. Recycling of '
mineralized organic matter, esbecial]y the nutrients, in sediments by
organic4‘décay‘ and pore fluid transfer protesses are now recognized as
essential components of models that attempt to decribe the nutrient
dynamics of lake and reservoir systems (Allen and Kraner, ]972).
One of the prime goals of studying the quéntitative nineralogy and
chemistry of sediments is the evaluation of the sources of sediment
phases and the relative importance‘ of each source. It is useful to
distinguish: ’ ' _ B
1) the minerals brought into the lake by surface water (streams and
' overland flow), shore erosion, g]acié1 transport, and aeolean
processes (allogenic fraction);

'2)"the minerals originating from processes occurring within tne water
column (endogenic fraction); S ,

3) the minerals résulting from processes that occur within the sediments
once depOsifed (authigenic fraction).

Such imposition of order on nature inevitably leads to cases where -
distinction of origin is almost impossible, but it points out the
important types of interactions between lakes and sediments.

Some of the most important authigenic processes in lake sediments
involve phosphorus. According to various literature sources, phosphate

'concentration values in lake sediment vary from 0.25 to 0.75 percent (by
weight).
‘ Williams et al. (1971, 1976) subdivided the phosphorus of Take
sedinent into three catégories:
1) surface sorbed<and‘coprec1pitated or minor component of an amorphous



- 35 -

phase,
2) constituent of an organic ester, or
3) component of a discrete mineral, such as apatite or vivianite.

Studies of surficial sediments from 14 Wisconsin lakes indicated
that most of the phosphorus was covalently bonded to an amorphous or
short-range order complex related in composition to some form of hydrated
iron oxide (Williams et al., 1976). Organic phosphorus exists as an
integral part of sediment organic matter associated with clay minerals
‘and ferric oxide. Williams et al., (1971) suggested that organic
phosphorus 1is tied up in humic and fulvic fractions with the clay
minerals and showed no' obvious relationship to lake trophic levels
(Sommers et al., 1972). Williams and Mayer (1972) emphasized that
apatite "in its many varieties is the most common phosphate mineral in
sedimentary "environments. Williams et al. (1976), in their study of the
forms of phosphorus in the phosphorus distribution in a sediment profile
from Lake Erie, demonstrated the diagenesis of mineral phosphate from
‘amorphous to crystalline form. According to these investigators, the
processes of mineralization of organic phosphorus and release of sorbed
phosphorus under reducing conditions in the lake sediment can provide
regenerated solute phosphate through diffusion from pbre fluids, but this
will be counterbalanced by apatite formation. They concluded that
regeneration of solute phosphorus from sediment is an important control
on the rate at which sedimentation and mineralization remove phosphorus
from the lake waters. Livingstone and Boykin (1962) estimated that
sedinent regeneration has contributed about 45 percent of the phosphorus
loading to Linsley Pond, Connecticut, based on the assumption that
variation of total phosphorus content of sediment bands were the result
of a constant rate of phosphorus deposition with a variable rate of
subsequent regeneration.

2.2.4 Ecology

- Most investigators feel that phosphorus is the limiting nutrient
to phytoplankton growth in most fresh water aquatic systems. In many
cases an increase in phosphorus loading to a stream or lake results in a

v
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direct increase in algal growth. Often increased pﬁosphorus loadings can
be attributed to man's activities. Excessive concentrations of instream
phosphorus can result from point loads of sewage effluent and diffuse
loads of fertilizer. Phosphorus is introduced into a river reach by
loads from point and nonpoint sources. Sinking, benthal releases, and
decomposition and death of both free-floating and benthic algae are
additional sources of phosphorus. Sinks of phosphorus are uptake
requirenents for algal growth, and sediments. Biological processes which
occur in water (Figure 1) are of importance in determining the quantity
of phosphorus in a particular river reach or the amount available for a
downstream reach.

Generally of the various forms of phosphorus present in the aquatic
environment such as orthophosphates, polyphosphates and organic
phosphorus, only orthophosphate is immediately available for algal
uptake. The other phosphorus forms require varying degrees of
transformation before they may be utilized. The impact of detergent, for
example, as a source of polyphosphate is significant in particular with
respect to its ability to produce orthophosphate by hydrolysis in natural
waters (Clesceri and Lee, 1965).

Some phosphorus-deficient algae uti]ize' organic  phosphorus
compounds for metabolic functions and growth (Chu 1946; Fogg and Miller,
1958) and this is of paramount importancé>in controlling the influx of
phosphorus to natural waters (Kramer et al., 1972).° The removal of the
totai 'phosphorus, as high as ninety-five percent, 1is theoretically
possible by precipitation with alum or lime (Buzzell and Sayer, 1967).
This removal efficiency, however, is far greater for orthophosphate than
for the organic phosphorus fraction (Bennett, 1970).

In most lakes there appears to be a net movernent of phosphorus
into the sediment. Mechanisms responsible for sedimentation of inorganic
phosphorus are: (a) chemical precipitation of phosphorus minerals and
(b) adsorption of phosphate on sediment under aerobic and anaerobic
conditions. Three basic phosphorus mineral groups may be involved in
organic precipitation{ the calcium phosphates, the iron phosphates, and
the aluminum phosphates (Kramer et al., 1972). The phosphorus compounds
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containing calcium (Vollenweider, 1971), in increasing order of solubility
are: fluor-apatite, carbonate-apatite, hydroxy-apatite, oxy-apatite,
tricalcium phosphate, dicalcium phosphate, and monocalcium phosphate. In
the surficial sediments of Skaha Lake, according to Williams (1973), the
majority of - phosphorus (seventy percent) is in the form of
hydroxy-apatite.' The source of the apatite in this lake is soil and rock
weathering occurring in the basin rather than chenical precipitation
within the lake system. Evidence for the presence of ‘this mineral in
stream inputs to the Okanagan Valley lakes is not available even though
the adjacent Tertiary volcanics are rich in apatite phosphorus (Hall,
personal communication).

: Adsorption reactions play an important role in controlling the
exchange of phosphorus between sediments and overlying water (Hayes,

" 1964; Williams and Mayer, 1972). Iron and aluminum hydroxides and

oxides, as well as silicates of these elements adsorb phosphorus (Stumm
and Morgan,.1970). In Skaha Lake, for instanée, eighteen percent of the
phosphorus in the surficial sediments are cbmposed of adsbrbed phosphorus
which is the most abundant form after the apatite .in the lake (Williams,
1973). It is assumed that adsorption of orthophosphate by sediment is
the dominant mechanism in phosphorus sedimentation during the mixing
period from November to March (Fleming, 1974).

‘ Inorganic phosphate is used by growing algae which are extrenely
efficient in removing phosphate from solution. Following the death of
the algae'most of the phosphate is released back into the water. In
respect to organic phosphorus, sinking in lakes acts as either a source,
from overlying lake layers, or a sink, sétt]ing out of a layer. This
phosphorus form is of major importance in lakes or reservoirs.
Sedimentation of organic phosphorus is subjected to seasonal variation.
Much Vphosphorus‘ accompanies the sedimentation of dead algae cells 1in
sinking from the epilimnion to the hypolinmion and to benthic sediments.
Survey of littoral areas of Skaha Lake (Stockner et al., 1972) indicated
that about seventeen percent of organic phosphorus from the epilimnion
ended up in littoral sediments and about eighty-three percent in the
hypolimnion.
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Inorganic orthophophosphate and organic phosphorus are the two
phosphorus forms which are considered to be important in nutrient cycling
in lake waters. Golterman (1967) suggests that a distinction can be made
between two phosphate cycles in lakes: (a) internal (metabolic), and (b)
external. The first cycle surmarizes biological aspects and is expressed _
by Golterman (op. cit.) as follows:

primary production mineralisation (P04-P) + Org-P
(P04~P)yater . cell-P0g water water

Processes in the first (biological) cycle are usually of short
duration (up to a few days), though animals may use a small fraction of
the phosphate for longer periods.

The second cycle is geochemical and can be symbolized as follows:

The second cycle 1is geochemical, characterised by slow process,
especially with respect to the solution of sediment.

Because a very large fraction of the phosphorus in a given
system may be inside 1living organisms at any given time, a special
consideration by some investigators is given to residence time of
dissolved phosphorus. According to Pomeroy (1960), residence time of
dissolved phosphate, that is the average time.phosphorus atoms remain in
solution, varies from 0.05 to 200 hr. A system having a short residence
tine may be low in dissolved phosphate, as in the sea, or it méy be very
active biologically, as in algal blooms. When both conditions occur
together, as in small lakes, the residence time becomes very short.
Consequently, the concentration of dissolved phosphate in lake waters
gives little indication of phosphate availability or turnover (Lean,
1973). Pomeroy (op. cit.) has suggested that the flux of phosphate is
more important than the concentration of dissolved phosphate in
maintaining high rates of production.
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2.3 Nitrogen in Aquatic Ecosystem
2.3.1 - Forms

Nitrogen 1is present in water in inorganic, organic and
short-term dissolved gaseous forns, NZ’ ”20’ NO, as intermediates
~during the process of denitrification. Inorganic nitrogen is present
primarily as highly oxidized forms, nitrite and nitrate, as a reduced

forms ammonia, and as molecular nitrogen. A variety of intermediate
gaseous oxides of nitrogen are important in atmospheric chemistry but
less important in natural waters. Natura11y occurring organic nitrogen
consists. primarily of amino and amide (proteinaceous) nitrogen, .along
with some heterocyclic compounds such as purineé and pyrimidfnes
(Brezonik, 1972). Nitrogen compounds are présent as cellular
constituents, as nonliving particulate matter, -as soluble organic
compounds, and as. inorganic ions in solution.

Total Kjeldahl nitrogen is a product of a particular analytical
method by which both ammonia and organic nitrogen are measured. Both of
these forms of nitrogenjare present in nitrodenous-organic detritus fron
natural biological activities. Total Kjeldahl nitrogen may contribute to
the overall abundance of nutrients in water and thus eutrophication.
Classification of nitrogen forms in water, proposed by Ohle (1937). and
used by Vollenweider (1970) is shown in Table 3. All nitrogen forms are
interrelated by a series of reactions known collectively as the nitrogen
cycle, which portrays the flow of nitrogenAfrom‘inorganic forms in. soil,
air, and water into 1iving systems and then back again into organic forms.

2.3.2 ‘The MNitrogen Cycle

The element nitrogen occurs naturally in the Tlithosphere,
atmosphere, hydrosphere and biosphere. Hutchinson (1954), and Mason
(1958) indicate that the bulk of the ~nitrogen (about ninety-eight
percent) exists in the lithosphere. Most of the remainder is found in
the atmosphere. The amounts that occur in the hydrosphere and the
biosphere are relatively smaller than they are in the other spheres.

In the 1ithosphere,' nitrogen is distributed extensively
throughout the silicates. It is found in soils, sediments, minerals,
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Table 3. Forms of Nitrogen Present in Water

Gaseous N - Dissolved N » _ N in suspension
Mo, Inorganic Organic compounds Organisms Organic detritus
HZO’ conmpounds such as amino acids and/or inorganic
NO , and organic com-
ces peptides and poly- pounds adsorbed
peptides on particles
ces - Dissolved albumin

& other organic
cormpounds

Nitrosyl salts
Organic salts

: Total N in filtrate ;

/ Total N content of unfiltered water
S ,

Vo

Forms detectable by chemical analysis

Source: Vollenweider (1978)

"

@
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fossils, and rocks of all types. Many natural products, such as coal and
petroleum, contain nitrogen. Except for small quantities of elemental
nitrogen that may be occluded in the tubular channels of some minerals,
the nitrogen contained in the 1lithosphere is in a combined state,
‘armonia, nitrate, nitrite and organic nitrogeh. | Investigation
(Stevenson, 1962) indicates that most of the nitrogen contained in
primary (igneous) rocks may exist as ammonium ions held within the
structures of such minerals as the micas and -feldspars.:

In sediments, the nitrogen occurs largely in the form of organic
matter. A distinguishing feature of soils, sediments, and sedimentary
rocks is the constancy of the C/M ratio. For marine and lake sediments,
and for the surface layer of terrestrial soils, the ratio generally falls
within well-defined 1imits, usually from about 10 to 20. Deep marine and
lake sediments and subsurface soils often have substantially ~ lower
ratios. The C/N ratio in sedimentary rocks varies widely, both high

( 40) and Tow ( 5) values having been reported.
' In the atmosphere, nitrogen comprises seventy-eight percent~by
~ volume (seventy-five percent by weight) of ‘the gases present; Except for
minute amounts of  nitrous oxide, armonia, nitrite, nitrate, and
organically bound nitrogen (associated with cosmic dust), this nitrogen
exists as diatomic MZ' The geochemical cycling of nitrogen in. the
earth is concerned mainly with the passage of molecular nitrogen into and
out of the atmosphere. The processes involved are largely .biological.
The accession of combined nitrogen in rain and snow, consisting of
armonia, nitrite, nitrate and organic nitrogen associated with cosmic
dust, supplements that which is fixed by biochemical agents (Hutchinson,
1944). Some of the nitrogen in precipitation (ammonia and the organic
forms) orginates from soil dust.

In the hydrosphere, hitrogen occurs as molecular nitrogen,
armonium, nitrite, nitrate, and dissolved and paticulate organic matter.
Molecular nitrogen occurs as a dissolved gas. Nitrogen fixation and
denitrification takes p1ace,”evgn though their effect on the total
dissolved nitrogén may be small.

The importance of nitrogen in the biosphere is emphasized by the
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fact that all of the biochemical processes carried out by 1living
organisms are catalyzed by nitrogen-containing compounds called enzymes.
The cycling of carbon, oxygen, phoéphorus, and sulfur in the earth is
intimately associated with biochemical nitrogen transformations. |
A feature of particular interest is biochemical nitrogen

fixation. The process of nitrogen fixation is important in the
geochemical cycle to maintain a nitrogen balance in the biosphere as well
as fertility of the soil. In natural waters, nitrogen fixation acts as a
source of nitrogen and permits continuéd organic production when the
supply of fixed nitrogen becomes depleted.

A variety of organisms are capable of nitrogen fixation, including
a number of blue-green algae, apparently all photosynthetic bacteria,
various aerobic bacteria (e.g. Azotobacter), anaerobic bacteria (e.g.,
Clostridium), many facultative bacteria but only under anoxic conditions
(Wilson, 1969), legume root nodules, and nonleguminous root-nodulated
plants such as Podocarpus and the alder tree (Alnus sp.) Most studies of
nitrogen fixation in natural waters have emphasized the role of
filamentous, heterocystous blue-green algae such as Anabaena,
Gleoetrichia, and Nostoc. The agents and occurrence of nitrogen fixation
in the biosphere have been extensively reviewed by Stewart (1966; 1970).

Mitrogen-fixing algae usually bloom in lakes only after nutrients

have been depleted by blooms of other algae (i.e., late summer in

temperate Tlakes). However, contrary to earlier opinion, small to
moderate -concentrations of ammonia do not necessarily inhibit fixation,
although 'synthesis of the enzyme nitrogenasé is repressed at high
levels. Aquatic organisms would utilize the available ammonia and

nitrate before fixing nitrogen because this process requires additional

energy.

Stewart (1968) suggests that the levels of combined nitrogen in
most natural ecosystems are insufficient to inhibit fixation irmediately
or even to persist long enough for existing nitrogenase to be diluted
out. Low levels of combined nitrogen may actually be advantageous to
nitrogen-fixing plants by enabling more efficient and healthy growth than
could be achieved on N2 alone.

n




" The possibi]ity of elemental nitrogen being fixed by Cyanophyéeae

seems to merit greater attention (Vollenweider, 1970). A review of
studies dealing with the capability of blue-green algae to. fix elemental
nitrogen was done by_Fogg‘(1956).' Results obtained in'measuring the
nitrogen-fixing capacity of algae are not always convincing (Sawyer and -
Derulio, 1961; Goering and Ness 1961). Lund (1956) evaluated the
nitrogen fixing capab111ty of various blue- -green algae. Based on this
evaluation and comments of Vo]1enwe1der (1970), it should be noted that
the three blue-green algae that most frequently cause the formation of
water blooms, i.e. Microcystis aeruginosa, Oscillatoria rubescens and

Aphanizomenon flos aquae, do not belong to nitrogen fixing species; the

capacity of Anabaena flos aquae to do so is doubtful.

In the overall process of biochenica1 nitrogeh transformation,
mineralization 1s the conversion of organic n1trogen to inorganic forms.
The initial reduct1on to armonia is referred to as ammonification; the
oxidation of this compound to nitrate is termed nitrification. The
utilization of . anmonia and nitrate by plants and nicroorganisms
constitutes assimilation. Combined nitrogen is u1t1mate1y- returned to
the atmosphere through bio1ogica1 denitrification; thereby completing the
‘cycle. '

2.3.3 Ecology

Mitrogen is not only a major nutr1ent for aquatic plants, but.the
nitrification process (oxidation of reduced nitrogen. fornms by nitrifying
bacteria) may exert a cons1derab1e oxygen demand on a water body.
Consequently, nitrogen dynamics can have a 1arge 1npact on the dissolved
oxygen balance within an aquat1c systen.

Various physico-chemical and biological pkocesses are involved in
nitrogen dynamics in water body. HMNitrogen can enter a river reach as a
load from point - and nonpoint sources. Benthal releases and death and
respiration of benthic algae are other nitrogen sources. The
nitrification process acts to transform nitrogen forms within a reach
from reduced to oxidized chemical species. Thus, while nitrification
does not affect the total amount of nitrogen within the system, it can
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act as a source of nitrate, and a sink of nitrite and armonia. The
removal of nitrogen from the system can result from- advection, uptake by
benthic algae, sinking, and under anaerobic conditions, denitrification.
Several biological reactions control nitrogen cycling (Figure 2).
Mitrification and denitrification are mentiohed here. MNitrification is
the oxidation of ammonia and nitrite by chemoautotrophic bacteria. This
oxidation provides enérgy for bacteria in much the same way that sunlight
provides energy to photosynthetic algae. The oxidation reaction of
armonia to nitrite 1is completed only by the bacteria Nitrosorionas.
Nitrite is then further oxidized to nitrate by the bacteria Nitrobacter.

These reactions may be expressed by the following equations: e —

MHy + 3/2 0p Mitrosomomas  NOp + 2H* + Hy0

NO2 + 1/2 02  Nitrobacter NO3~

Denitrification, the reduction of nitrate, is accomplished by certain <
facultative anaerobic bacteria. These bacteria use NO3 as an electron
acceptor in the same manner that oxygen 1is used under aerobic
conditions. They use oxygen until the environment becomes nearly or
totally anaerobic. Then under anaerobic conditions, these bacteria have
the capacity to utilize MO3 as an electron acceptor. The primary
reaction involved in denitrification is:

hacteria .
H* + 103 T 1/2 Np + 5/4 05 + 1/2 Hy0
| Coupled with this reaqtion is the oxfdation of organic matter as an
energy source. Examples of denitrifying bacteria are Pseudoronas and
Micrococcus. The qualitative significance of the denitrification process
in the nitrogen budget of stratified eutrophic lakes has been described
by Brezonik and Lee (1968).

With respect to the utilization of nitrogen in the aquatic
ecosysten the various nitrogen forms cannot be used to the same extent by
the different organisms. Mitrate i5s normally the predominant inorganic
nitrogen form in surface wéter. Organisms using nitrate as their source
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of nitrogen must reduce it to the level of ammonia before incorporating
it into organic form (Eppley et al, 1969). Nitrate can be used by rost
higher plants, bacteria and some algae (Strickland, 1965) but ammonia is
the preferred nitrogen for planktonic assimilation. The use of organic
nitrogen compounds by some algae has been reported by Allen (1952). In
the process of nitrification, ammonia is oxidized to nitrite and nitrate
by a selected group of aerobic autotrophic bacteria and at much slower
rates, by a variety of heterotrophic bacteria, actinomycetes and fungi
(Delwiche, 1965). In the absence of oxygen nitrate is utilized by
facultative and anaerobic bacteria. This process is Kknown as
denitrification. MNitrite is formed as the first intermediate in this
process, nitrous oxides can sometimes be formed along with molecular
nitrogen. The principal end product is Mo, a form of nitrogen which
can be utilized only by some organisms (Delwiche, op. cit.)

In the discussion of the nitrogen and phosphorus cycles one of the
major differences between these two cycles should be pointed out. In the
nitrogen cycle, there is a change to different oxidation states while in
the phosphorus cycle the oxidation state of phosphorus never changes,
just the forms, such as soluble, particulate, organic or inorganic forms.
2.4 Implication for Management

Eutrophication has a significant relationship to the use of water
for recreational and aesthetic enjoyment as well as the other water
uses. This relationship may be desirable or undesirable, depending upon

the type of recreational and aesthetic enjoyment sought. The possible
disadvantages or advantages of eutrophicaton may be viewed subjectively

as they relate to a particular water use.

2.4.1 Eutrophication Aspects

A desirable aspect of eutrophication, for example, is the ability
of mesotrophic or slightly eutrophic lakes typically to produce greater
crops of .-fish than their oligotrophic or nutrient poor counterparts. As
long as nuisance blooms of algae and extensive aquatic weed beds do not
hinder the growth of desirable fish species or obstruct the mechanics and

(4




- 48 -

aesthetics of fishing or other beneficial uses, some enrichment may be
desirable. Fertilization is a tool in commercial and sport fishery
management used to produce greater crops of fish (LeBrasseur et al.,
1978). ‘ \

As a result of nutrient over-enrichment, aquatic growths can
develop to nuisance proportions in streams and lakes. This developnent
can lead to incipient and undesirable eutrophication (Vollenweider, 1970)‘
‘which can be characterized by the following indicators:

(1) A quantitative increase in the biomass, -as observed either in the
macrophytes and periphytic algae near the shore, or in the planktonic
algae of thevpekagic4regions:*—Such"an'incfease—is usually accompanied at
the outset by a decrease in the number of species typical of blfgotrophic
waters and, sinultaneously or -subsequently, by the appearance of
indicator organisms in the plant communities. '

(2) Qualitative and quantitative changes in the littoral, benthic, and
planktonic fauna; and in the fish population. While the members of the
latter may be bigger at the outset, the changes are rore pronounced at a
more advanced stage of eutrophication, with a thinnihg out of the higher
species and a corresponding increase in the lower ones. In some lake
'waters, for example, these changes are reflected in the average ratio of
the number of Salmonidae and Coregenae. to the number of Cyprinidae.

(3) From the physical and chemical 'standpoints, the decreasing
transparency and changing colour of the waters, the developrment of oxygeh
maxima or minima within the metalimnic. layers, and the overall decline in
the oxygen content of the hypolimnic layers during the summer ronths,
i.e. during the period of thermal stratification, and a buildup of the
average nutrient level, particu]ar]y'phosphorus and nitrogen.

2.4.2 Estimation of Eutrophication

Conceptually, various approachés have been undertaken in
| estimating the degree ~ of eutrophication 1in an aquatic ecosysten
(Vollenweider, 1968): '
(1) The eutrophic state may be estimated by devising a scale for lakes
in comparable climatic zones and measuring the symptoms. The weak point
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of this approach is that wide regional variety'of lakes naturally exists
making it difficult, if not impossible, to set up a universal scale of
eutrophication symptoms. |

(2) Another approach is to measure the rate of changes of eutrophication
symptonis. ‘

(3} The third approach, proposed by Vollenweider (op. cit.) is based on
neasurements of the causal factors responsible._for the eutrophication.
In their simplest form these factors are estimates of nutrient areal
loading rates. In tHe concept of areal nutrient loading Vollenweider
3 and 20
to be the transition range between oligotrophy and eutrophy.
However, prediction of the trophic status of a water body from phosphorus
loading is only possible if phosphorus is in assimilable form and is also
the factor limiting biological productivity (Vollenweider, 1971).

Process of nitrogen fixation received much attention in studies
-dealing with nutrient balance in aquatic ecosystems (Keirn and Brezonik,
1971). According to Dugdale and Mees (1961) the factors which influence
the N2 fixation are calcium, boron and molybdenum as well as sufficient

(1976) considered total phosphorus concentrations of 10 mg m~

ng n3

quantities of phosphorus (Sawyer and Ferullo, 1961: Vollenweider 1971).
Schindler (1977) has, however, hypothesised that, on the basis of data
from several studies of the carbon, nitrogen, and phosphorus cycle,
schenes for controlling nitrogen input to lakes may actually affect water
quality adversely by causing low N/P ratios, which favour the vacuolate
nitrogen-fixing blue-green algae that are most objectionable from a water
quality standpoint. Conversely, when phosphorus control causes an
increase in N/P ratio, the resulting shift from "water bloom" blue-green
algae to forms that are less objectionable may be as ,iﬁportant as
quantitative decreases 1in algal standing crop. The nutrient limiting
concept and approprfste nutrient ratios have been studied extensively
elsevhere, including the effect of renewal of water and nutrient supplies
and the fixation of gaseous nitrogen (Fogg and Horne, 1967). Phosphorus
and nitrogen piay a major part in  production, periodicity and
determination of the type of community present in water (Goldman, 1964).
In most inland waters, phosphorus is the 1imiting nutrient (Schindler,

3]
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1974). In studies of algal productivity in lakes, a typical ratio gf
carbon, nitrogen and phdsphorus is considered to be 100:15:1. According
to Golterman (1975) and Dillon and Rigler (1974) the ratio of nitrogen to
phosphorus required by algae in fresh water is in the range from 10:1 to
12:1. Because of the complex functional interactions of many
envfronmenta] factors in Tlake ecosystems, the nitrogen to phosphorus
ratio needs to be applied with caution. For example, the growth rate of
phytoplankton in Lake Washington and Lake Sarmamish is found by Welch
et al., (1978) to be a function of phosphate and to be‘ relatively
unaffected by nitrate even as the nitrogen to phosphorus ratio épproaches
unity. Some investigators have observed ﬁ shift from.blue-green algae,
at Tow ﬁitrogen to phosphorus ratio, to less objectionable algae forms in
environments with high ratio (Shapiro, 1973). This observation is
probab'ly the nwost signif'ican't implication of the nutrient limiting
concept because the growth rate and biomass production may be unaffected
by the nitrogen to phosphorus ratio.

2.4.3 Mater Quality Guidelines

There are no generally accepted guidelines for judging whether a
state of eutrophy exists or by what criteria it may be measured, such as
producfion of biomass, rate of productivity, appearance, or change 1in
water quality. Ranges in primary productivity and oxygen deficit have

been suggested as indicative of eutrophy, mesotrophy, and oligotrophy by
Mortimer (1941); Sacamoto (1966); Vollenweider (1970) and Edmondson
(1970), but these kanges'have had no official recognition. Generally,
for temperaté lakes, a significant change in indicatok communities or a
significant increase in any of the following indices, such as primary
productivity, biomass, oxygen deficit and nutrient input, detecpab1e over
a five-year period or less, is considered sufficient evidénce that

* accelerated eutrophication is occurring. An undetectable change over a

shorter period would not necessarily indicate a lack of accelerated
eutrophication. A change detectable only after five years may still
indicate .unnaturally accelerated eurtophication, but five years is
suggested as a realistic maximum for the-average monitoring endeavour.
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(The United States Environment Protection Agency, 1972).

Ranges 1in photosynthetic rate for determination of primary
productivity in aquatic environment, measured by radioactive carbon
assimilation as indicative of trophic conditions, were suggested by Rodhe
(1969), and are shown in Table 4.

Chlorophyll ‘'a' 1is used as a versatile measure of algal biomass.
The ranges presented for mean summer chlorophyll ‘'a' concentration
determined in epilimnetic water supplies collected at least biweekly, are
indices of the trophic -stage of a lake: oligotrophic 0-4 mg chlorophyll
a/m3; eutrophic, 10-100 hg chlorophyll 'a'/m3.

Criteria for rate of depletion of hypolimnetic oxygen in relation
to trophic state were reported by Mortimer (1941) as follows:
oligotrophic eutrophic
250 mg Oz/mz/day R 550 ng Oz/mz/day
This is the rate of depletion of hypolimnetic oxygen determined by
the change in mean concentration of hypolimnetic oxygen per unit time
nultiplied by the mean depth of the hypolimnion. The observed time

interval should be at least a nonth, preferably longer, during summer

stratification. _

The representation of certain species in a community grouping in
fresh water environments is often a sensitive indicator of the trophic
state. MNutrient enrichment in streams causes changes in the size of
faunal and floral populations, kinds of species, and number of species
(E11is, 1937; Tarzwell and Gaufin, 1953). For example, in a strean
typical of the temperate zone in the eastern United States, degraded by
organic pollution, the following shifts in aquatic communities are often
found: in the zone of rapid decomposition below a pollution source,
bacteria counts are increased; sludgeworns (Tubificadae), rattail maggots
- (Eristalis tenax) and bloodworms (Chironomidae) dominate the benthic
fauna; and blue-green algae and the sewage fungus (Sphaerotilus) become
common (Patrick et al., 1967).  Various blue-green algae such as

Schizothrix calciola, Micro-coleus vaginatus, Microcystis aeruginosa, and
Anabaena sp. are commonly found in nutrient-rich waters, and blooms of

.l

o

[
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TABLE 4. Rénges in Photosynthetic Rate for Primary Productivity Determinations

Period : 01igotrophic Eutrophic
Mass daily rates in a growing season, 30 - 100 300 - 3000
(mgC/n?/day) |
Total annual rates | 7. 75 75 - 100
(gC/mz/year)

Source: Rodhe (1969), Hational Acadeny of Sciencé; Mational Acadeny

of Engineering (1972).
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these and other algae frequently detract from the aesthetic and
recreational value of lakes. Diatoms such as Nitzschia palea, Gomphonema

parvulum, Mavicula cryptocephala, Cyclotella memeghiniana, and Melosira

varians are also often abundant in nutrient-rich water (Patrick and
Peimer, 1966). Midges, 1leeches, blackfly larvae, Physa snails, and
fingernail clams are frequently abundant in'the recovery zone.

Sawyer (1947) determined critical levels of inorganic nitrogen
(300 ug/1 N) and inorganic phosphorus (10 ug/1 P) at the time of spring
overturn in_Wisconéin lakes. If exceeded, these levels would probably
produce nuisance blooms of algae during the sumner. Nutrient
concentrations should be maximum when measured at the spring overturn and
at the start of the growing season. Hutrient concentrations during
active growth periods may only indicate the difference between armounts
absorbed in biomass (suspended and settled) and the initial amount
biologically available. The values, therefore, would not be indicative
of potential algal production. Mutrient content should be determined at
least monthly (including the time of spring overturn) from the surface,
mid-depth, and bottom. These values can be related to water volume in
each stratum and nutrient concentrations based on total lake volume can
he derived.

A significant relationship has been demonstrated by Edmondson
(1970) between maximum phosphate content at the time of lake overturn and
eutrophication as indicated by algal biomass. During the years when
algal densities progressed to nuisance levels, mnean winter P04-P
increases from 10-20 ug/1 to 57 ug/1. Following diversion of the sewage
mean P04-P decreased once again to the pre-enrichment level.
Correlated with the P04-P reduction was mean surmer chlorophyll a
content, which decreased from a mean of 27 ug/1 at peak enrichment to
less than 10 ug/1, six years after diversion was initiated.

Vollenweider (1970) proposed as a general rule, that waters with
total phosphorus and inorganic nitrogen concentrations in excess of 20
mg/m3 and 300 mg/m3, respectively, méy be regarded to be 1in critical
stage of becoming eutrophic. This rule should not be regarded as a rigid
guideline and each case of study must be considered on its own merit.

"
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Apart from all suggested guidelines in terms of nutrient concentrations,
Vollenweider (op. cit.) concluded -that in practice, the key to the
eutrophication problem lies not in. the nutrient concentrations but in
subsequent nutrient loading. '

Although difficult to assess, the rate of nutrient inflow more

closely represents nutrient availability than does nutrient concentration
because of the dynamic character' of these nonconservative materials.
Loeding rates are usually determined on the basis of periodic monitoring
of water f]dw, nutrient concentration in natural surface and groundwater,
“and wastewater inflows. - ‘

Vo11ehweider (1968,v 1971) related permissible and eritica1

nutrient loading- to mean depths for various well-known 1akes (Table 5)
and identified trophic states associated with induced eutrophication.
'These findings showed shallow lakes to be clearly more sensitive to
nutrient income.per unit area than deep lakes, because nutrient reuse to
perpetuate nuisance growth of algae increased as depth decreased From
0.3 g/n /yr P and 4 g/m /yr M for a lake with a mean depth of 20
rnetres, and about 0.8 g/m /yr P and 11 g/mz/yr N for a lake with a
rnean depth of 100 metres.

These suggested criteria apply only 1f other requ1renents of a]ga]
growth are met, such as available 1ight and water retention time. If
these factors’ 1imit growth rate and the increase of biomass, large
amounts of nutrients may move through the system unused, and nuisance
conditions may not this standpoint nutrient loading which produced
" nuisance conditions were about occur (Melch, 1969). |

Even though all the nutrients necessary for plant growth are
present, growth will not take place unless -evironmental factors such as
light, temperature, and substrate are suitable. Man's use of the
watershed also influences the sediment load and nutrient Tevels in
surface waters (Leopold et al., 1964; Bornmann and Likens, 1967).

2.4.4 Manageﬁent Priorities
The identification of sources, 1loads and management practices
relative to phosphorus and other pollutants from other than point sources
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is being documented in the literature from various basinwide studies
(e.g. ‘Northern Virginia Planning District Cormission and Virginia
Polutechnic Institute and State Unijversity, 1977). Thus, the first step
in setting priorities on land areas for management purposes is the
identification of areas contributing large proportions of pollutants
directly to surface waters. -These areas are normally located close to
rivers, streams, lakes and impoundments and have been termed
hydrologically active areas. Other nonpoint sources, such as land uses
including the nonsewered waste disposal of septic systems, sanitary
landfills, streambank erosion, groundwater inputs, land disposal of mine
tailings, sludge disposal on land and recreational activities have also
been considered.

3. STUDY AREA
3.1 Geomorphology -

_ The Okanagan Valley . is a structural trench overlying a system of

sub-parallel, linked faults that separates the late Paleozoic or early
Mesozoic Monashee group of metamorphic rocks of differing 1ithology on
either side of the trench. This trench is partially filled by several
hundred meters of unconsolidated materials. During and after the
Pleistocene, the valley was the site of deposition, resulting from
glacial ” outwash, direct glaciation, and lacustrine and fluvial
sedimentation (Hasmith, 1962; St. John et. al., 1973).

3.2 Landscape

Three biogeoclimatological zones are represented in the Okanagan
Basin (Krajina, 1969; Valentine et al., 1978): (1) Englemann Spruce -
Subalpine Fir, (2) Interior Douglas and (3) Ponderosa Pine - Bunchgrass
zone. Zone 1 lies above 1200-1350 m altitude and trees in this zone rwust
be able to tolerate relatively severe winters with frozen ground. Zone 2
lies between 300-1350 m altitude and includes open and closed forest of
both Ponderosa pine and Douglas fir. Zone 3 lies in the semi-arid valley
bottoms and on south-facing slopes to a maximum of 750 m altitude.

(A3
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TABLE 5. Preliminary Permissible and Critical Loading Rates in Lakes of

Different Mean Depth For Total Nitrogen and Total Phosphorus

Permissible Loading,

(up to)

Critical Loading
(in excessAof)

Mean Depth

Mitrogen-

Phosphorus
g/mz.year‘ g/m-.year

Mi%rogen ,Phothorus

-g/m~.year g/nc.year

5m

10 m

15 m

100 m

| | 150
200 n

1.0
1.5
4.0

6'0‘

7.5
9.0

0.07
0.10

0.25

0.40
0.50
0.60

2.0 0.13
3.0 | 0.20
8.0 0.50

S 12.0 . 0.80
15.0 ~ 100
18.0 1.20

*After Vollenweider (1968, 1971)
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Seven major soils (Valentine et al., op. cit.) are represented in
the basin: (1) humo-ferric podzols and dystric brunisols characterise
the highest biogeoclimatic zone, (2) eutric and dystric brunisols and
gray luvisols occur in the intermediate zone and (3) brown, and black
chernozems characterise the lowest zone.

The main Okanagan Valley 1is the result of intensive glacial
erosion during the Pleistocene. The valley formed a channel through
which ice escaped from the major mountainous centres of accumulation to
Tower elevations (Tipper, 1971). A variety of ‘sediments has been
deposited in this glacial trough during the late - and post - glacial
period, but very little evidence from earlier glacial episodes or even
from earlier parts of the last glacial episode remains. These sediments
are important to the hydrology and water quality of the Okanagan Basin
because they constitute aquifers and aquicludes with totally different
hydrologic residence times than the underlying bedrock. In the case of
the fluvial terraces, kettled outwash, outwash terraces, and alluvial
fans the saturated hydraulic conductivities are very high by contrast
with moraine ridges (of which there are not many) and the extensively
exposed glacial Take sediments.

The work of the ice sheet and the distributing agencies of
deglaciation and post-glacial erosion are responsible for the final
arrangenent of the materials from which the Okanagan soils are derived
(Kelley, and Spilsbury, 1949). The parent glacial till is a general
rnixture, whose mnineral characters have been inherited by all of the
soi]s,vbutAwater-sorting has affected the degree of inheritance in regard
to some constituents. Water-sorting has endowed the loamy sands with a
high content of silica by removing iron, aluminium and magnesium.

The content of organic matter and nitrogen in the soil profile
varies in response to climatic distinctions, the black soils being most
favoured for accurulation and fixation under well-drained conditions.
From the dark brown to the brown soil zones, the amount of organic matter
and nitrogen stored in the soil is progressively smaller, owing to rore
limited rainfall and more scanty vegetation. In the intermountain podsol
there is an organic mat on the surface, but the soil itself contains less

3
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organic matter and nitrogen than the grassland types. Phosphorus is the
least mobile of the important soil minerals, and 1its greatest
concentration in the soil profile is usually at or near the surface.
This is due to the action of plants which draw a part of their supply
from the subsoil. As vegetation decays, the phosphorus is held in
combination with organic matter. Apparently the return of this substance

“to the 'subsoil by leaching is at a slower rate than its accurmulation in

the topsoil under natural conditions. Wheré crops are grown and shipped
away, however, this cycle is interrupted and sooner or later the actual
loss of phosphorus from the soil must be replaced by the use of
fertilizer.

Soluble salts move in the groundwater from uplands to lowlands in
every climatic region and some of them are retained in the profiles of
the soils that 1ie'in the valley bottom. This accumulation is related to
humidity and solubility, the greatest number and amount of salts being

‘leached into the streams and rivers in the humid climate. The nost hunid

Okanagan climate prevails in the intermountain podsoT region. In this
zone, the bases have greatest liberation and the topsoil is rendered
slightly acid by the sinking .of soluble salts. Available sodium,
potassium, and magnesium are riore or ]ess leached from the profile.
Excess irrigation water, which leaches considerable quantities of salts
into the Valley lakes, gives terrace soils a reaction over pH 8.0.

3.3  Limnology

_ General 1imno1ogica1 studies of Okanagan, Wood and Kalamalka Lakes
were conducted by Rawson (1935) and Clemens gﬁ_gl:, (1939). Limnological
studies conducted by Stein and Coulthard (1971) and Coulthard and Stein
(1969) preceded the joint study of Federal-Provincial Okanagan Basin
Agreement, (Canada-British Colurmbia Okanagaqb Basin Agreement, 1974).
Some features of the morphometry and hydrology of the Okanagan Lakes are
shown in Tables 6 and 7. Trophic conditions of some Okanagan Basin

4

lakes, using criteria proposed by Vollenweider (1968, 1971) are shown in
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3.4 Climate

The Okanagan River drainage extends from latitude N 50° 50' and
flows in a southerly direction, about 204 km in Canada and 117 km in the
United States, .where it Jjoins the Columbia PRiver. Most of the
precipitation is.brought to the area by prevailing westerlies. Strong
orographic effects complicate the precipitation pattern. The Cascade
Mountains exhibit a "spillover" onto the leeward (eastern) slope of
orographic enhancement of précipitation, whereas the areas to the east
are in a strong precipitation shadow.. Descending air on the lee side of
the western mountains is relatively dry and, as a result of being warned,
becomes strongly evaporative. In the eastern mountains, orographic
enhancement of precipitation occurs.

3.5 ‘Hydrology

As a function of the geomorphology and the climate there are three
distinct hydrologic regions in the Okanagan River basin: (a) the upland
rim, (b) the northern Okanagan and (c) the Southern Okanagan Region.
(a) Uplands: East and west of Okanagan Lake there is a sharp rise in
precipitation to 500 nmm yr'] on the uplands. Temperatures are lower
(5°C), hence runoff 1is_enhanced (175 mm yr‘-1 or greater) by comparison
with the Okanagan Valley. Seasonal snow storage and nelt are important
in this area.
(b) Northern Okénagan Valley: Mean annual temperature is 5-6°C here,
whilst precipitation is in the region of 375-500 mm. The precipitation
is reasonably well distributed and snow storage is notably less important
here. As a result, actual évaporation is fairly high ( 250 nrm) and
runoff is low. However, during spring freshet, the importance of snow
melt fed tributaries, for example, El11is and Shingle Creeks, is
emphasized. Their contribution to water budget in the Okanagan River
should not be underestimated. :
(c) Southern Okanagan Valley: This area, including the southern-most
Similkameen River Valley, is the warmest (8-9°C) and driest (300-375 rm
yr']) region. Snow storage is relatively unimportant and runoff is as
Tittle as 75 mm yr']. Runoff is highly seasonal and variable, most

o}

»
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watercourses being dry in late summer.
The net effect of these hydrologic regions has been summarized
by McNeill (1976). The Okanagan basin, on average, receives 300 rm of

~ precipitation annually along the populated valley bottom. Orographic

effects increase the total to an overall average figure of 550 mm per
year over the Okanagan Lake watershed. Only about 120 rm precipitation
reaches the valley bottom and of this amount, about 50 mm evaporates fron

the surface of the lake so that, on average, only:about thirteen per cent

of the incoming precipitation or about 70 mm over the watershed is
available for use. - |

At present, (1976) there are twenty-five active snow courses (one
per 120 square miles), seventy-five streamgauging and lake level stations
(one per forty square miles), and about twenty-five neteorological
stations (one per 120 square mi1es)‘fn the basin. The meteorological
stations include about ten class "A" evaporation pans.

3.6 Okanagan River - Skaha Lake Subsystenm

Detailed study of Skaha Lake has been carried out by Fleming
(1974), and Fleming and Stockner (1975). This work led to the
development of a model of the phosphorus cycle and phytoplankton. growth

.1n‘\Skaha Lake (Fleming, op. cit.). At the same time, data for the

Okanagan PRiver between Okanagan and Skaha Lake were published
(Canada-British Columbia Okanagan Basin Agreement, 1974) and Hershman and
Russell (1976) have considered alternative future trends in the trophic
condition of the Okanagan Rfver-Skaha Lake sub-system. .

The salient points from the above research concern the relative
trophic condition for. Skaha Lake. The contrast between phosphorus
external and internal loading rates in Skaha Lake (Figure 4), as-
estimated by Fleming (op. cit.), indicate comparative contributions of
allochthonous and autochthonous sources. Table 8 shows the estimates of
sources of nitrogen- and phosphorus entering the lake and the importaﬁt
conclusions onthe effects of Changing hydrologic conditions.

It is significant that 1large changes in trophic status may
theoretically occur 1in only one year as a result of variations in
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TABLE 6. Morphometry of the Okanagan Basin Lakes

Depths (m)

Surface

Vol ume _ : . area
Lake (106m3) (106m2) rnean maximum
Wood 200 9.3 22 34
Kalamalka : 1,520 25.9 59 142
Okanagan 26,200 348.0 76 242
Skaha 588 20.1 26 57
Vaseux 17.7 2.75 6.5 27
Osoyoos (M) 204.0 9.91 . 21 63
Osoyoos (S) 51.5 5.14 10- 29
Osoyoos _
(Total) 397.0 23.0 14 63
Note: Osoyoos (M) 1is the basin north of the highway bridge.

Osoyoos (S) is the basin between the highway bridge and

the U.S. border.

Sources: Canadian Mational Topographic System,

126,720.

1960. Sca]ekl

Fish and Wildlife vBranch, Departmnent of Recreation and

Conservation, B. C.

Canada-British Columbia Okanagan Basin Agreement (1974).

Stockner and Horthcote (1974).

o
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ay

~ Table 7. Mean Annuai Discharge and Residence Time of the Okanagan Basin Lakes

Mean annual outflow "A Residence tine

Lake (x106m3) (x103acre ft) (yr)
Wood . 10.1 8.2 19.8
Kalamalka - 21.3 17.3 71.3
Okanagan 439.0 336.0 59.7
Skaha 474.7 385.0 1.2
Vaseux - 528.8 428.9 0.03

0.7

Osoyoos (total 590.3 478.6
‘lake Canadian _
and U.S. parts)

Source: Canada-British Columbia Okanagan Basin Agreement
Technical Supplement V. (1974).
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Figure 3. Trophic conditions in some Okanagan Basin lakes using criteria
proposed by Vollenweider (1968, 1971)

Source: (1) Patalas and Salki (1973), (2) indicates 1990
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hydrology and phosphorus 1oading. The hydrologic and 1oadihg conditions
occurring from March 1972 to March 1973 resulted in a decrease in spring
phosphorus concentration in the lake of 26 ug/1 (from 42 to 16). The
lower phosphorus concentration resulted 1in significantly Tower
phytoplanton production during the surmer of 1973, and no serious algal
blooms. Similar chénges are documented in the body of this report for
1976 to 1978.°

4, - METHODOLOGY
4.1 Field Measurements

Chemical water quality measurements, employing simultaneous and
sequential sampling methods were conducted at fhree stations Tocated in
Okanagan River.

4.2  Sampling Stations

In - the Okanagan River - Skaha Lake sub-system chemical water
quality sampling stations were selected in the Okanagan river reach
between Penticton and Okanagan Falls. '

In surmer 1976, two sampling stations were established in Okanagan
River at Penticton. One station was located inpediately below Okanagan

" Lake and instrumented with a portable discrete sampler (Manning model

S-4040). This station was situated in close proxinity to the recording
stream gauging station, O8MMO50, maintained by Water Survey of Canada.

The second sampling station was located near the Penticton
airport, approximately 1.7 kn. downstream from the Penticton municipal

outfall. This station was equipped with two portable discrete samp]ers.

One sampler was located on the west and the other on the east bank. This
station was not instrumented with water level recorder but with a manual
strean gauge. * '

In 1977, auxiliary water quality stations were established at the
two tributaries, Shingle and Ellis Creeks. At the mouth of Shingle
Creek, the sampling station was not equipped with a portable collector
and was used for collection of sinultaneous samples only. In order to
provide Shingle Creek discharge data, the station O8NM150 was reactivated

N
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External 1loading (upper curve) and simulated internal
loading (lower curve) of phosphorus to the epilimnion in
Skaha Lake (from Fleming, 1974).

These data are approximately one order of magnitude higher
than those reported in Canada - British Columbia Okanagan
Basin Agreement (1974).

]
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TABLE 8. Annual Input (percent) 6f Total Mitrogen

and Total Phosphorus to Skaha Lake (1969-71)

‘ Total
Hitrogen Phosphorus
Okanagan Lake , 45.6 -21.9
Tributary Streams 0.9 , 7.6
Waste Treatment Plants  28.7 o 60.2
Tributary Slopes 4.6 A 1.1
Groundwater 14.5 - 5.7

Precipitation 5.7 . : 3.5

1 1

100.0 = 24.23 ton yr~

100.0 = 199 ton yr~
- Source: Canada-British Columbia Okanagén Basin Agreement (1974)
N.B. These data include a11-sources.of nutrients and, therefore, are

not directly comparable with Table 12.7 of the Canada - British
Columbia Okanagan Basin Agreement Report (1974).
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by Water Survey of Canada and instrumented with a manual gauge. The
water sampling station which was located at the mouth of Ellis Creek,
08NM135, was equipped with a portable discrete sampler. For the purpose
of discharge measuremnents the station was instrumented with a water level
recorder and maintained by Water Survey of Canada.

At Okanagan Falls, the water quality sampling station was located
below Skaha Lake dam and equipped with a portable discrete sampler. This
station was situated close to the Water Survey of Canada station,
08MM002, instrumented with a water level recorder.

The portéb1e samplers located at all stations were housed in steel
manholes, approximately 1.5 m below the ground. A permanent plastic
pipe, 3 cm. in diameter, connected the housing with the sampling point in
the strean.

4.3 Sampling Method
Two sampling methods were used for collection of water samples,

(a) simultaneous, and (b) sequential method.

4.3.1 Sinultaneous sampling method

The simultaneous sampling method was a manda] method employing a
replicate sampler developed by MWater Quality Branch, Inland Waters
Directorate, Vancouver, B. C. This method was designed with the aim of
establishing heterogeneity of point concentration mneasurements of
nutrients in the investigated channel cross-section.  Hydrometric
measurements were taken concurrently with simultaneous sampling. During
these combined measurements each channel cross-section was divided into a
minimum of twenty hydrometric subsections and four chemical slices. A
standard, two-point hydrometric method (0zga, 1971) was used for
determination of discharges through each subsection. In order to obtain
chemical data a channel cross-section was divided into four slices and
three sample replicates were collected in the upper stratum of each
slice, at approximately 0.6 of the depth below the water surface. The
sets of simultaneous samples for analysis of total phosphorus and total
dissolved phosphorus were collected in 50 and 100 ml glass-pyrex

#
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bottles. Samples for analysis of nitrogen forms were collected in 100 ml

.polyethylene bottles.

v

4.3.2 Sequentia1 sampIing nethod

» The . sequential sampling ‘method, employing portable discrete
samplers, was used to obtain time- series records of single point
measurements of nutrient concentrations in the' stream channel, at
approximately 0.6 of the depth below the water surface. These records
prov1ded information on concentration changes caused by var1ab1e effect
of discrete nutrient sources and rates of. flow, regu]ated by dams located
below Okanagan and Skaha Lakes.

~

4.4 Frequency of sampling

Sinmul taneous sampling method was app11ed in nonth]y 1ntervals At
samp]ing stations, three-repljcate water samples were collected at each
of the four slices of the particular channel cross-section.

Sequential sampTing method was used in week]y intervals during two
cpnsecutive, randomly éhosen'days within the week. In order to determine

‘diurnal variation in nutrient concentrations four sequential samples were

collected during each sampling ‘day. Time of sampling was at 03:00,

: ‘09:00, 15:00 and 21:00 hours. The daily sampling intervals were based on

the results of short-term time series analysis of nutrient concentrations

‘measurements on samples collected at station near-thefPentictOn-airpbrt,

in 1926. Concentration maxima occurred at times close to 09:00 and 21:00
hours;?respective1y, while concéntration minima were observed at night
and afternoon. ' K
4.5 Sample Pretreatment

In situ water samples collected for the dissolved phosphorus

analyses were irmédiately filtered through pre-soaked and préwashed‘0.45

microh-ce]]u]ose acetate membrane filter of 47 mm diameter. Samples for
nitrogen determination were kept in. coolers (Coleman Coolers Model

'5243-720). Al samples were shipped to the laboratory in Analytical

Service Division, Pacific Region, Water Quality Branch Vancouver, B. C.
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4.6 Chemical Analyses
4.6.1 Total phosphorus (P).and total dissolved phosphorus (P)

The concentrations of total phosphorus and total dissolved
phosphorus were measured after digestion with persulfuric acid by the
automated colorimetric phosbhbmo]ybdate method utilizing ascorbic acid as

the reducing agent (Murphy and Riley, 1962). Results were repdrted as
total phosphorus (P) and total dissolved phosphorus (P) in mg 1'1.

| The precision and accuracy of the analyses were estimated by Hah
(1976). Samples of stream water used for this test were collected at
four "different locations and from these samples seven subsamples were
poured from a well mixed sample bottle and analyzed.

4.6.2 MNitrate plus nitrite (M)

The concentrations of nitrate plus nitrite were measured by the
automated cadmium reduction method developed by Technicon Instruments
Corporation (1972). Mitrate plus nitrite concentrations (M) were

reported in mg 171,

4.6.3 Ammonia (N)

Armonia was measured by the automated. indophenol blue method
(Technicon Instruments Corporation, 1971). Ammonia concentrations were
reported as ammonia (M) in ng 171,

4.6.4 Total dissolved nitrogen (M)

- The automated ultra-violet digestion method was used to measure
the soluble nitrogen forms in water samples (Afghan et al., 1970;
Environment Canada, 1974). DResults were' reported as total dissolved

nitrogen (N) in mg 171

4.7 Nutrient sampling
Generally, there is a variety of factors which can affect ‘the
study of various sources of phosphorus and other pollutant loads in a

basin. These include factors previously discussed and other
considerations emphasizéd in the literature (e.g. International Reference

L4
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Group on Great Lakes Pollution from Land Use Activities, 1978). The
following considerationican be included in the development of pollutant
sampling programs: _ ,

(a) one of the great concerns with the po]]utant ‘load data>is the
possibility of not sampling major storm or spr1ng melt events which
can contribute a very large proport1on of the total tr1butahy load
but to improve sampling procedure following a study into the event
response nature of each tributary. : |

(b) Although there is a tendency toward standardization of 1oad1ng

' methodologies there has been little attempt “to assess the accuracy

of any method in various types of streams under various sampling
strategies..

(c) ?Samp]1ng frequency isA critical to the accuracy of any 1oad1ng

calcutations and the:inaccuracies,resulting from.a 1imited data -base
Tikely exceed inacchaCies resulting from any loading calculation
methodology. ‘
Some of these considerations are addressed in the present study of
nutrient loads. '

4.8  Precision, consistency and accuracy

Precision, consistency and accuracy were considered in relation to’

" the thkee phases of the study:- field measurenments, chemicd} ana]ysis and
- data 1nterpretat1on

Generally, the term prec1s1on refers to the reproduc1b111ty of a
resu]trwhen operations in laboratory analysis are performed repeatedly on
a sampTe'under contro]]ed:conditions. In the field, precision refers to
the variability “observed, amdng nunerous measurements of chenical
concentkation or other quantity (Fritschen and Gay, 1979). The observed
values can be widely displaced from true mean value as a result of
systematic errors present through measurements. Precision, according to
Eisenhart (1952), as an expression of the clustering of the data, is
related to factors inherent to the measuring process. . _

Cohsistency of data can be determined when two or more rneasuring
processes or methods are used over a finite time period and the resulting
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data are compared. If the results of one method are either always higher
or Tower than those of another method, a systematic bias can be assumed.
However, it is not known which of the methods is rmore accurate but if the
behaviour of data compared show a consistent pattern then their real
temporal trends can be detected.

Accuracy refers to the relation between the measured and "true"
value or the closeness to an accepted standard such as those maintained
by the HMational Bureau of Standards (American Society for Testing
Materials, 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 and unbiased in the sense that it yields measurements that
are closely clustered and centered on the true value. Laboratory
standards are normally considered accurate. In field studies, on the
other hand, the true field standards cannot be determined and indication
of bias and defining levels of precision are, therefore, fundamentally
important considerations 1in designing procedures of sampling and
analytical interpretation.

The simultaneous sampling method, employing collection of three
replicates of water samples for chemical analysis, allows precision of
nutrient concentration mneasurements in the channel cross-section to be
determined. Concurrently, instantaneous discharge data were obtained by
the use of two-point hydrometric measurements at twenty-four subsections
across the channel.

Precision and accuracy of laboratory methods used to analyse water
sanples for nutrient concentration, summarized by Mah (1976), were
tabulated in the reports on nutrient dispersal (Zeman et al., 1977).

Consistency of  nutrient concentration measurements in the river
was determined by the use of two sampling methods, the simultaneous and
sequential method. Discharge data were calculated by standard
cross-sectional velocity measurements. These mneasurements are plotted
graphically and interpreted by fitting a stage-discharge curve which is
the basis for discharge precision estimate of + five percent (Water
Survey of Canada, personél communication).

P

[
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Determination of the precision of nutrient concentration
neasurements and load estimates was one of the major goals of the present
study. Concentration and load data were reduced to arithmetic and
geometric means on daily, seasonal and annual basis. Standard deviations
were calculated to characterize dispersion of individual measurements of.
nutrient concentrations and 1loads about ~the calculated means, and
standard errors indicated the. variation among observation means.
Confidence 1limits were established around the calculated means of
nutrient concentrations and loads.

Consistency of nutrient concentration and load data was assessed
by comparison of results obtained by simultaneous and sequential sampling
nethods. Tables of results were prepared to indicate seasonal and annual

-arithmetic means of nutrient concentrations and loads for data determined

by both sampling methods. Daily geometric means of concentration and
loads were used for graphical representation. Confidence limits were
determined for daily mean nutrient concentrations 'obtafned 'by both
sampling methods. In terms of daily Tload determination simul taneous
sanpling method, involving replicate samples, provided the possibility of
establishing confidence limits around the daily nutrient loads. Daily
Toads determined by sequential method were represented by one number, the
sum of Toads calculated for six-hour intervals.

5 DATA INTERPRETATION

The procedure of data interpretation involves simple statistical
and graphical techniques to illustrate spatial and temporal changes of
variables measured during the'vthree-year period. These variables are

discharge, concentration of nutrients and their loads determined at the .

three sampling stations located: (1) below Okanagan Lake dam, (2) near
the Penticton airport just upstream of Skaha Lake and (3) at Okanagan
Falls, below the Lake.

5.1 Discharge
The acquisition of discharge data for determination of nutrient
loads requires a specific approach, depending on the method used for
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collection of samples for chemical analysis.

Discharge for the calculation of 1loads from concentration
measurements obtained by simultaneous sampling was determined in situ,
during combined hydrometric and chemical measurements. On the other
hand, for the calculation of load based on concentration measurements
from sequential samples discharge data were obtained from the records of
Water Survey of Canada. These records were available for all stations
with the exception of the station near the Penticton airport. Discharge
at this station, not instrumented with a water level recorder was
estimated. In 1976 and 1977, because of the absence of data from
tributary streams, discharge for this station was taken from station
O08MMO50.  After instrumentation of tributary creeks, in October 1977,
discharge for this station was calculated as the sum of discharges from
the station below Okanagan Lake dam, municipal outfall, Shingle and Ellis
Creeks. Annual hydrographs are used to illustrate temporal changes of
discharge measured and/or estinated at the three sampling stations.

5.2 Concentration
The precision of nutrient concentrations measured by simultaneous
and sequential sampling methods are illustrated by plots showing

three-year time series records of the daily geometric means and their 95
percent confidence limits. Digital interpretation of concentration data
is shown in two sets of tables. The first set of tables shows
statistical characteristics of all individual concentration neasurenents
taken in the particular months of sampling during the three-year period.
The second set of tables shows statistical characteristics of all
individual concentration measurements within the particular years. of
sanpling. '

5.3 Load
Two procedures are used in the determination of nutrient 1loads
passing through each of the three sampling stations of Okanagan River.

The first procedure utilizes discharge and concentration neasurements
obtained by simultaneous sampling methods. The second procedure is based

o«
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on data obtained by sequential sampling method.

5.3.1 Sinultaneous éamp]ing method
In the procedure which is based on simultaneous sampling method
the partial load method is used to calculate nutrient loads passing

through a channel cross-section. This. method was developed during'the

nutrient dispersion study in the Okanagan River at Penticton (Zeman et
al., 1977). An algorithm for the  determination of nutrient loads, and
their-precision, by the partial load method is described by Zeman and
Slaymaker (1980a; 1981). In an abbreviated form, this method utilizes
instantaneous data on discharge and chemical measurenents taken
simu1taneous]y in the hydrometric subsections and chemica1 domains of the
investigated channel cross-sections. ' '

On the basis of the three sample replicates and discharge
determined in a slice-element (sarpling point) the nutrient load is
calculated for -this smallest sampling unit. Then, the sums of the .

element loads in each of the four slices give the partial loads of the

partiéu]ar.s1ice. The sum of the partial loads of slices represents the
total load in the channel cross-section. In order to determine precision
of the load data a number of statistical tests are employed. Variances

‘of the partial loads are ‘calculated and their homogeneity is examined by
statistical tests (Welch, 1951; Browr ahd-Forsythe,v1974;.Levene; 1960).

The 'procedure proposed by Satterthwaite (1946) 1is employed for the
calculation of degrees of freedom which are used to estimate confidence
limits of the partial loads and cross-sectional loads of nutrients.

- 5.3.2 Sequential sampling method

In the procedure of nutrient load determination, which is based on
sequential sampling method, the flow interval method (Zeman and
Slaymaker, 1980b) is used for calculation of the daily total loads. 1In
this procedure, the continuous hourly discharge recorded during a day of
samb]ing is divided into the four flow intervals. The time period'of the
first flow interval is from 0000 to 0600 hours. The hour1y discharge
during the flow interval is cumulated to produce a volume of discharge
for the six-hour perioéd. This' discharge, nultiplied by nutrient
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concentratioﬁ measured at one point in the channel cross section and in
~ the middle of each flow interval (0300, 0900, 1500 and 2100 hours,
respectively) gives nutrient Tload per six-hour interval. From these four

measurements, daily geometric concentration means and -their 95 percent-

confidence 1imits are calculated and used for graphical representation of
a short range temporal heterogeneity of nutrient concentration observed
during a particular day of sampling. The sum of the loads determined for
each flow interval represents the daily total load of nutrients (kg
day ).  In this proceduré, nutrient concentration measured in the
middle of a flow interval is assumed to ‘be representative for the

particular interval. Missing. concentration measurements are replaced by

the observations obtained during the nearest sampling-period.

6 RESULTS AND DISCUSSION
6.1 General

Data characterizing nutrient transport in the Okanagan River-Skaha
Lake system are interpreted in terms of spatial and temporal variation of
nutrient concentrations and loads during the period from 1976 to 1978.

Spatial variation of concentrations and loads of total phosphorus
(P), total dissolved phosphorus (P), nitrate plus nitrite (N), ammonia
(M), organic nitrogen (M) and total nitrogen (N), as well as, dissolved
silica are interpreted from measurements taken at stations located below
Okanagan Lake dam, near the Penticton airport and at Okanagan Falls.

Temporal variation of nutrient concentration and load during the
three-year period is illustrated graphically. Variation of nutrient
concentration, measured by simultaneous and sequential sampling methods
is shown in the sets of common plots in terms of the daily geometric
means and their 95 percent confidence limits. .Another set of plots
indicates the temporal variation of nutrient Tloads. Variation of
nutrient loads, derived from simultaneous sampling method combined with
hydrometric measurements, 1is indicated by the plots of the
cross-sectional loads. The simultaneous sampling method, employing
sample replicates, permits the ca]culation of confidence limits based on

concentration error and an assumed discharge error plotted around the:

o
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total cross-sectional loads. Data obtained by this method represent
instantaneous nutrient loads and are plotted, on the same time scale, as
the data derived from sequential sampling method which represent the

total daily loads. The total daily loads are calculated as the sum of

the loads determined for each of the four flow intervals during the day
of sampling and confidence limits of the daily nutrient loads cannot be,

therefore, established. ,
The graphical representation of results, apart from the information

on seasonal and year-to-year changes in nutrient behaviour, indicates the
degree of precision of nutrient concentration measurements and their -
consistency in determination of nutrient® loads during the three-year
period. ’

I1lustration of nutrient concentration and load data in digital

form is provided in two sets of tables (Abpendices B, C and E). The

first set of these tables indicates statistical characteristics of
nutrient concentration and load data determined for all observations
obtained dUring individual months of the three-year period. Further
reduction of data s shown in ‘the second set of tables, indicating
statistical characteristics, .nutrient concenfrations and loads which are |
determined - for all data obtained during the individual years of
sampling. Both tables show the arithmetic. means of nutrient
concentration and loads for the specified sampling perﬁods_and number of
samples. The number of samples -is a significant criterion in the
assessment of precision and representativeness of the results obtained by
the two sampling methods. ‘

In the discussion of" resu1ts, 3-year .neans of nutrient
concentration ratios are used. These 3-year means are determined for two

~distinct periods in each year of the three-year sanpling program. Thus,

the first period (spring and sumher) includes observations obtained fronm
the beginning of April to the end of September and the second period
(fall and winter) includes data obtained from the beginning of October to
the end of March. Then, for all the individual observations obtained
within the particular period, 3-year concentration means are calculated.
Therefore, there are two values of the long-term concentration mean for
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each nutrient. The number of observations used for the determination of
these long-term means and their 95 percent confidence intervals are used
to describe the changes of the individual nutrient forms occiurring during
these two distinct periods. ‘

In the assessment of nutrient load variation, discharge is the

most significant factor. The annual hydrographs are, therefore, provided ‘

to illustrate levels and variation of discharge observed at each sampling
station during the three-year period.

6.2 Okanagan River below Okanagan Lake Dam

6.2.1 Discharge

At station below Okanagan Lake dam (Water Survey of Canada strean
flow recording station 08MM50), the levels and significant changes of
discharge maintained by the contro]fdanl are illustrated by hydrographs
(Appendix A).  The flow regulation is obvious from the stepwise
characteristics of the hydrographs, from the absence of peaks and the
maintenance of the same pattern of flow for an extended period of time.
Consequently, the concentration-discharge relationship is not significant
but the magnitude of discharge and its changes affect the amount of
nutrient loads. Maximum and minimum discharges observed at this station
during the three-year period are 76.86 (May 1978) and ‘0.85 (May 1977)

m3 5'1, respectively. The annual discharge means (calculated fron

the daily means) and their 95 percent confidence intervals vary in the

range of 21.63 + 1.07, 7.19 + 0.36 and 18.5 + 1.08 m°s"

1977 and 1978, respectively.

v in 1976,

6.2.2 Phosphorus _

Temporal variation of phosphorus in the Okanagan Rfver below
Okanagan Lake dam during the period from 1976'to_1978 is discussed in
terms of concentration and load of total phosphorus (P) and total
dissolved phosphorus (P).

Seasonal variations of total phosphorus concentration measured by
simultaneous and sequential sampling methods is illustrated by the plots
of the daily geometric means and their 95 .percent confidence limits
(Appendix B1). The wide scatter of confidence .limits around the

@




)

-78 -

concentration means determined from simultaneous sampling (three sample
replicates taken at each of the four slices in the channel cross section)
indicate the existence of heterogeneity of crosS-séctionq] means of total
phosphorus. Concentration of total phosphorus measured by the -sequential

method, and illustrated in terms of the daily geometric means, is

characterized by very wide spread of the 95 percent. confidence linits,
because these means were determined on a small number (usually four)
sanp]es The daily means of total phosphorus do not showy any 1ong tern
trend but they indicate the ex1stence of a seasonal variation over the

' three-year period. This seasona] ‘'variation is characterized by h1gher

concentrat1on ‘of "total phosphorus during tne three fa11-w1nter seasons

_than during the three spring-surmer seasons.

The seasonal variation of total phosphorus is further illustrated

“by tho arithmetic ‘concentration means and their 95 percent - confidence

intervals ca1cu1atéd‘ from individual ‘concentration measurements during-
any given monph of sampling (Appendix B2). The seasonal pattérn of total
phosphorus concentration at station below Okanagan Lake dam is consistent.
However, a maximum concentration of' total phosphorus, measured by
sequential method in August 1978, is 0.1 ng 1']‘ and a wininun
concentration of 0.004 mng 1'1 (sequential measurements) occurs in
August'1977; July, August and September 1978. (See the note régarding
the results of the concentration data generated from simultaneous and

sequential measurenents in February 1978, Appendix B).

" There is a limited number of observations for determination of
annual concentration means, but the arithmetic concentration means and

their statistical characteristics, are determined from all individual

observations during each year of sampling (Appendix B3). These reduced
data indiqate that the year-to-year differences of mean annual total
phosphorus concentrations determined in Okanagan River below Okanagan
Lake dan are not significant. , ' '

Loads of totaT phosphorus, during the three year period, are
characterized by different behaviour pattern than concentrations of this
phosphorus forn. 'There are pronounced year-to-year differences'of total
phosphorus loads observed below Okanagan Lake dam. These changes are
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associated with hydrological events. The annual hydrographs (Appendix A).
show the change from high discharge in 1976 to the significantly lower
discharges in the following two years. Also, plots of the daily loads of
total phosphorus (Appendix Bl and note in Appendix B) indicate decrease in
Toads of this phosphorus form during the three-year period, particularly
in 1977. However, the plots of daily loads of total phosphorus appear to
indicate a return in December, 1978 to the January, 1976 level.

Statistical characteristics of load data are shown 1in Appendix
B2. This :appehdix shows .the arithmetic means and their confidence
intervals, of total phosphorus calculated for all individual loads
obtained during any given months of 'sampling. A maximum and a minimum of
the monthly means of daily loads of total phosphorus observed during the
three-year period are 36.73 + 14.75 (May 1978, sequential sampling
method) and 2.76 + 0.85 (May 1977, sequential sampling method) kg
day'1, ‘respectively. The 95 percent confidence intervals around the
load means indicate a pronounced variation of total phosphorus daily
loads determined at the station below Okanagan Lake dan.

Statistical characteristics of daily 1load means of total
. phosphorus are also determined for all individual load data obtained
during any particular year of sampling. These means are determined for
‘the number of observations which is different from year to year. In the
first year of sampling, for example, the available nutr}ent data are
based on simultaneous sampling in February, then in July, August,
September'and December 1976. According to the results shown in Appendix
B3, the total phosphorus load means and their 95 percent confidence
intervals are 23.17 + 4.07 (simultaneous method), 5.29 + 0.56 and 14.83 *
3.14 (sequential method) kg day'], in 1976, 1977 and 1978, respectively.
The information on the load means shown for 1977 and 1978 is based on
larger number of observations, which are obtained by sequential sémp]ing
method and 1is, therefore, considered more "reliable than information
obtained by a linmited set of simultaneous samples.

Variation of total dissolved phosphorus, observed at the station
below Okanagan Lake dam, 1is 1illustrated by the plots of its daily
geometric concentration means and their 95 percent confidence 1limits

&
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(Appendix B4). Similarly, as in the case of total phosphorus, the
dissolved form is characterized by a pronounced heterogeneity of the
daily concentration measurements and also by seasonal changes during the
sarmpling period. Generally, concentration of total dissolved. phosphorus
is slightly higher during the fall-winter seasons in comparisoh to the
spring-surner seasons. These seasonal changes are further indicated by
the Arithmetic means, 'and their statistical characteristics, determined
for -all individual concentrations of total dissolved phosphorus measured
during any given month of sampling (Appendix BS5). A maxinun
concentration . of total phosphorus is . 0.02 ng 1'1 (measured = by

> sequential method in January 1978) and a minimum is 0.002 mg 1']

(detection 1imit of the analytical method), measured by both sampling
methods in August 1977 and by sequential method in December 1977, and in
the spring and summer months 1978). o
Genera11y, at the station below. Okanagan Lake dam, the occurrence
of the higher 1eve15 of total dissolved phosphorus concentrations during
winter and early in spr1ng corresponds to the period characterized by the
lake's 1ow'phytop1ankton growth, while the low concentrations observed in

- surmer can be caused by phytop]ankfon uptake. In fall, the observed

higher concentrations of this nutrient can be ascribed to both, the lower
phytoplankton uptaken and phosphorus regeneration in lake water.

Seasonal changes and the year-to-year variation of concentration
of total dissolved phosphorus are not significant. Appendix B6 shows the
statistical characteristics of all concentration neans of total dissolved
phosphorus determined for all concentrations measured during the
individual years of sanp11ng These means are of 0.005 + 0.0003
(simultaneous method) and 0.004 + 0.0002 (sequential method) ng 1 -1 in.
1976 to 1978, respect1ve1y.

Variation of. the daily loads of total dissolved phosphorus derived
from the two sampling methods at the station below Okanagan Lake dam is
illustrated by plots (Appendix B4).- Variation of these loads during the -
three-year period is associated with changes of the discharge regulated
by the dam. The load means of total dissolved phosphorus, calculated for
all individual measurements during~any given month of the three-year

!
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sampling are shown in Appendix BS5.

Total dissolved phosphorus in terms of load means determined for
all measurements during individual years (Appendix B6) is 14.98 + 7.44
(simultaneous sampling) through 2.46 + 0.28 to 5.87 + 0.92 (sequential
sampling) kg day'1 in 1976, 1977 and 1978, respectively.
6.2.3 MNitrogen

Variation of nitrogen in the Okanagan River below Okanagan Lake
dam is described in terms of concentrations aﬁd loads of nitrate plus
nitrite, ammonia, organic nitrogen and total nitrogen. '

Variation of nitrate plus nitrite is illustrated by the plots of
the daily geometric means and their 95 percent confidence 1imits during
the three-year period (Appendix B7). The significant seasonal variation
of nitrate plus._nitrite, shown by these plots, is characterized by the
higher concentration measurements in the fall-winter seasons in
comparison to the spring-surmer seasons of the sampling period. Data in
Appendix B8, showfng variation of nitrate plus nitrite by months, confirm
this pattern. A maximum concentration of nitrate plus nitrite is 0.22
ng 1-], (simultaneous measurements, July 1976) and a wininun
concentration of less than 0.002 ng 1-1 (representing detection 1limit
of the analytical methods) occurs during several months throughout the
three-year period. On the annual basis, the arithmetic means and their
95 percent confidence intervals (Appendix B3) are in the range of 0.02 +
0.0032 (simultaneous measurements), . 0.011 + 0.0019 (sequential
measurenments) and 0.013 + 0.0021 (sequential measurements) mg 171 in
1976, 1977 and 1978, rspectively. These reduced data indicate no
significant year-to-year variation of nitrate plus nitrite concentrations
measured at station below Okanagan Lake dan.
i Seasonal variation of the daily loads of nitrate plus nitrite is
illustrated by plots (Appendix B7) and by statistical characteristics of
the load means determined for any given month during the three-year
sanmpling period (Appendix B8). A maximum and a miminun load of this
nitrogen form are 130.25 (sirul taneous measurenents, July 1976) and 0.77

(sequential measurements,  June 1977) kg day'1, respectively. These
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extreme load data are observed during the month characterized by very
high and very low discharge measurements. The nitrate plus nitrite load
means and their 95 percent confidence intervals determined for all
individual measurements during the three years of sampling (Appendix B9)
are 65.54 + 32.61 (simultaneous measurements), 4.54 + 1.08 (sequential
measurements) and 23.90 + 7.8 (sequential méasurements) kg day", in
1976, 1977 and 1978, respectively. The low nitrate plus nitrite nmean
Toad for 1977 is strongly influenced by low annual. discharge. .

“ Ammonia, 1in the Okanagan River below Okanagan Lake dam, is
characterized by a wide range of the 95 percent confidence limits around
the daily geometric concentration reans (Appendix B10). The pattern of
seasonal variation of ammmonia concentration is different than that of
nitrate plus nitrite. Ammonia concentration, by contrast with nitrate
plds ntrite, is higher during the spring-summer seasons than during the
fall-winter seasons. Statistical characteristics of concentration means
of armonia calculated for the individual month of sampling (Appendix B11)
confirm the pattern of seasonal changes of ammonia concentration. A
maximum and a minimum ammonia - concentration are 0.35 (sequential
measurenents, July 1978) and 0.002 (the detection limit of the analytical
method) which was observed during several months of the sampling period
mg’l'1, respectively. On the annual basis, the ammonia concentration
means calculated from all measurements obtained during the individual
years (Appendix B12) vary in the range of 0.012 + 0.002 (simultaneous
measurements), 0.035 + 0.005 (sequential measurements) and 0.054 + 0.008
(sequential measurements) mg 1'1, in 1976, 1977 -and 1978, respectively.

Loads of ammonia exhibit significant daily and seasonal variation
during the three-year period. A wide scatter of confidence limits around

the daily loads, iltustrated in plots (Appendix B10), .are derived from

simul taneous sampling method, and reflect the effect of heterogeneity of
point concentration measurements. The surmer months are characterizeq by
higher loads of armonia than the winter months (Appendix B11). A maximum
and'aiminimum load, observed during the three-year period, are 358.83
(sequential measurements, May 1978) and 0.35 (simuitanéous measurements,
March 1978) kg day'1. The nean loads of ammonia calculated for the
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individual- ye&rs (Appendix B12) vary in the range of 30.91 + 15.00
simultaneous measurements), 24.78 + 7.26 (sequential measurements) and
70.74 + 18.47 (sequential measurements) kg day'1 in 1976, 1977 and
1978, respectively. These changes of ammonia loads are associated with
changes of discharge during the three-year period.

Organic nitrogen in the Okanagan River below Okanagan Lake dam is
characterized by a wide scatter of confidence Timits around its geometric
concentration means (Appendix B13). The pattern of seasonal variation of
'this nitrogen form is simi1ar’-as that of armmonia. Concentration of
organic nitrogen is slightly higher in the spring-surmer seasons than in
the fall-winter seasons but these changes are not statistically
significant. A maximum and a minimum concentration of organic nitrogen
(Appendix B14) are 0.278 (simul taneous measurenents, September 1976) and
0.069 (sequentia]l measurements, April 1978) mg 1'1, respectively. On
the annual basis, the arithmetic concentration means, determined for all
measurements of organic nitrogen for individual years (Appendix B15),
vary in the range of 0.166 + 0.004 (simultaneous measurements), 0.170 +
0.012 (sequential measurements) and 0.138 + 0.003 (sequential
measurements) mg 1'1 in 1976, 1977 and 1978, respectively.

Variation of loads of organic nitrogen during the three-year
period is illustrated by the-plots of its daily loads (Appendix B13). A
maximum and minimum of these loads are 560.33 (simultaneous measurements,
July 1976) and 23.81 (simultaneous measurements, March 1978) kg day']
(Appendix B14). The magnitude of the organic nitrogen loads is
associated with variations of discharge during the sampling period. The
loads of organic nitrogen reduced to the annual basis, in terms of the
arithmetic means, vary in the range of 431.6 + 44.9 (sinultaneous
measurements), 109.9 +_11.9 (sequential measurements) and 229.26 + 36.01
(sequential measurements) kg dayTL, in 1976, 1977 and 1978, respectively
(Appendix B15). g |

Total nitrogen in the Okanagan River below Okanagan Lake dam
exhibits .a significant variation, illustrated by its geometric

concentration means and their wide 95 percent confidence limits (Appendix

B16). Seasonal variation of total nitrogen concentration during the

]
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three-year period 1is not significant. A maximum and a minimum
concentrations of total nitrogen observed during the sampling period are
1.3 (sequential measurements, December 1977) and 0.095 - (simultaneous
measurements, May 1977) ng 1_1, respectiveTy (Appendix B17). The
arithﬁetic means, calculated for all concentration measurements of total
nitrogen during the individual years of sampling (Appendix B18) vary in
the range of 0.198 + 0.005 (sirmultaneous measurements), 0.216 + 0.013
(sequential measurements) and 0.205 + 0.008 (sequential measurements)
1 in 1976, 1977 and 1978, respectively. o |
Variation of the daily Toads of total nitrogen during the
three-year period is 111ustrated in Appendix B16. A maximum and a
minimum of total nitrogen loads (Appendix B17) are 1245.3 (sequential
measurements, May 1978) and 30.64 (simultaneous measurenents, March 1978

Aa‘nd anomalous discharge) kg day'_], respectively. On the annual basis

ng1°

the total nitrogen load means calculated for the individual years of
‘sampling (Appendix B18) vary in the range 528.04 + 51.82 (sinultaneous
measurements), 139.24 + 16.29 (sequential measurements) “and 323.89 +

48.22 (sequential measurenents) kg day'1 in 1976, 1977 and 1978,

respectively. ] _ v _

Variation of silica in the Okanagan River below Okanagan Lake dan
- during the sampling period is illustrated by the plots of the geometric
~~ concentration means and their 95 percent confidence intervals (Appendix

-B19). - Although concentration of silica is slightly higher during the
fall-winter seasons (approximately by 6 percent)'than in the spring-surmer
seasons, this variation of silica is not statistically significant.
Also, -the year-to-year variation of si]ica concentrations (Appendix B21)
measured below Okanagan Lake dam is not significant.

Seasonal varijation of silica loads, illustrated by the graphs of
~ its daily loads (Appendix B19) is very significant during the sampling
period._ A maximum silica Toad of 29,218 (sequential measurements, May
1978) and a minimum of 866.19 (simultaneous measurement, March 1978)
kg day'1, respectively, coincide with the 'high. and Tow discharges
observed during- these particular months (Appendix B20). In terns of
arithmetic means, calculated for all  individual data during the
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three-year period (Appendix B21), the silica loads vary in the range of
12.948 + 1852 (simultaneous measurements), 2,986 + 297.07 (sequential
- measurements) and 7,661.4 + 1260.2 (sequential measurements) kg day'],

in 1976, 1977 and 1978, respectively.

6.2.4 Concentration ratio
The pattern of seasonal changes of -nutrient concentrations,
measured in water samples collected in Okanagan River below Okanagan Lake

Adam, is 1illustrated by variation of nutrient concentration ratios
calculated for Tumped data obtained during two distinct seasons of the
three-year sampling period. The division of data into two periods is
based on the examination of scatter-grams of the original observations.
 The lTong-term concentration mean ratio of total dissolved
-phosphorus to total phosphorus, determined on 378 and 173 observations,
varies in the range of 0.53 + 0.018 and 0.46 + 0.02 during the first
(spring and summer) and the second (fall and winter) period, respectively.

Each of the following Tlong-term concentration mean ratios,
describing the seasonal changes of nitrogen forms, is determined on 542
and 242 observations obtained during the two distinctive periods. The
long-term mean ratios of nitrate plus nitrite to total nitrogen; ammonia
to total nitrogen and organic nitrogen to total nitrogen are 0.03 + 0.005
and 0.19 + 0.007; 0.17 + 0.0012 ‘and 0.05 + 0.007 and 0.80 + 0.012 and
0.77 + 0.009 during the first and the second period, respectively. These
concentration ratios indicate significant differences in the composition
of total nitrogen observed between the two seasonal periods.

Nitrate plus nitrite content, in total nitrogen, increases very
significantly (by 533 percent), in the fall-winter seasons. Ammonia
content, on the other hand, is higher (by 240 percent) in the
spring-surmer than in fall-winter seasons. Further examination of the
seasonal changes of these two nitrogen forms is illustrated by the
long-term concentration mean ratios of ammonia to nitrate plus nitrite.
These ratios, determined on 542 and 242 observations, are 15.5 + 1.92 to
0.33 + 0.073 during .the spring - summer seasons and the fall - winter
seasons, respectively. During the three year period, particularly, June,
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July and -August show'consistentIy high ratio of ammonia to nitrate plus
~ nitrite ratio. This ratio has an important implication in the assessment
of the ammonia pollution loading sources. In water containing oxygen,

armonia is slowly oxidized to nitrite ‘(Noé) and nitrate ‘(Noé). ‘Thus
a high ratio of armonia to nitrate plus nitrite indicates a recent source
~of 'ammoniav'p011ufion.' "On the other hand, - if this ratio is '1dw, it
indicates an older input of ammonia that has subsequently been oxidized
or the reduction of the source of ammonia or the me?hanism promoting it.
The occurrence of the high ammonia to nitrate plus nitrite ratio in water
‘ sanples taken immediaté]y ‘betow the exit of Okanagan -Lake  during the
surmer periods implies that a significant source -of armonia pollution
" exists in the.nearshore areas of the Okanagan Lake. '

In order to evaluate seasonal Changes of both phosphorus "and
nitrbgen in the Okanagaﬁ‘River.be1ow Okanagan Lake dah, the concentration
ratigs of total nitrogen to the individual phosphorus forms are
determined.. The long-term concentration mean ‘ratios (and their 95
' percent. confidence limits) of total nitrogen to total phosphorus; and
total nitrogén fo toal dissolved phospﬁdrUS‘(determined on 464 and 192;'
378~and‘173'observations, respectively) are 29.9ii_1;29 and 21:99 + 1.05;
61.63 + 2.72 and 50.727i;2.74 during the first period (spring and surmer)
and thé %econd.period (fall and winter), resbective]y. Because phosphorus
is utilized by plankton roughly in an atomic ratio of 1 to 15 with respect
to nitrogen, the above data suggest that‘avai1ability of phosphorus is the
1imiting factor for aquatic biota in Okanagan Lake water.

6.3 Okahagan'River'near the Penticton Airport
6.3.1 Discharge ' ' .

In 1976, data for 'discharge at the station near - the Penticton
airport were obtained from the records for station below Okanagan Lake
. dam (Water Survey of Canada station "08HMO50). In the following two
years, after the reactivation of the stream gauging stations at the
‘tributary streams, discharge for ' the station near the airport was
Ca]cu1ated as - the sum of discharges determined at station .08HMO50,
08HMI50 (Shingle Creek at the mouth), 08NM135 (E11is Creek at the mouth)

I3
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and the Penticton nmunicipal outfall. A maximum and a mininum discharge
observed during the three-yéar sampling period are 81.85 (May 1978) and
0.92 (May 1977). The énnualA discharge means and their 95 percent
confidence intervals vary in the range of 21.63 + 1.07 (data from station
08NMO50), 7.32 + 0.36 and 19.49 + 1.16 m3 sf] in 1976, 1977 ‘and 1978,
respectively. The annual ﬁydrographs, illustrating variation of the
discharge at this station during the three-year period are shown in

Appendix A.

6.3.2 Phosphorus
Concentrations and Toads of total phosphorus and total dissolved
phosphorus forms analysed in the Okanagan River near the Penticton

airport exhibit different behaviour than that observed below Okanagan

Lake dam.

‘Variation of total phosphorus concentration during the three-year
period is illustrated by plots of its geometric means and their‘ 95
percent confidence 1imits (Appendix C1 and Note Appendix B). The wide
scatter of these confidence 1imits indicates local heterogeneity of point
concentration measurements of total phosphorus at this station. High
levels of total phosphorus concentration, observed at this station, occur
during the year of 1977 which is characterized, in comparison to the
other two years, by lower discharge. A maximum concentration measured
during the three-year period (Appendix C2) is 0.325 mg 17! (sequential
measurements, MNovember 1977) and a minimum is 0.005 ng 1]
(simultaneous measurements, July 1976 and sequential measurenents, May
1977 and April 1978). However, the seasonal variation of total
phosphorus concentration at this station, by contrast to station below
Okanagan Lake dam, is not significant. '

The arithmetic concentration means; and their 95 percent
confidence intervals, determined for all observations during the

individual years (Appendix 'C3) are in the range of 0.011 + 0.0005

(sinultaneous measurements) 0.021 + 0.002 (sequential measurements) and
0.017 + 0.0009 (sequential measurements) mg 17 in 1976, 1977 and 1978,
respectively.
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The time series of total phosphorus concentration, as well as, the

_arithmetic means calculated for the individual years indicate that there

is noth'any obvious 3 year trend in concentration of this phosphorus
form. However, the range in the concentration data for any given rmonth
over the sémp]ing period is substantia].' This is particularly
significant when it is recognized that changes of only several nicrograns
of total phosphorus concentration can influence the downstream 1lake

" behaviour. . In order to find} a concentration value which would be

representative for the three-year sampling period a long-term
concentration mean and its 95 percent confidence intervals of total
phosphorus are determined. "This long-term mean, calculated for 1356
observations which includes all simultaneous and - sequential méasufements
from July 1976 to the end March 1979, is 0.017 + 0.001 ng 1'1.

Plots of daily loads of total phosphorus, determined at station

near the Penticton airport (Appéndix Cl) indicate that there is a
‘considerable variation of 1loads of this phosphorus form during the

three-year period. A maxinum of déi]y total phosphorus load (Appendix C2)
of 129.77 (sequential measurements, May 1978) and a minimum of 3.15
(sequential measurements, May 1977) coincide with the 'high ‘and low
discharges observed during these particular months (Appendix A).

_ The range of means of total phosphorus loads and their 95 percent
confidence intervals, determined for all- data during the individual years
(Appendix C3) is 28.31 + 4.94 (simultaneous reasurements), 13.29 + 1.55
(sequential measurements) and 29.74 + 5.07 (sequential measurements)
kg day']
on a limited number of sampling days and nonths during the three-year
period. Thus, in 1976, the sampling period includes data obtained in
July, August, September and December. In 1977 the sampling period
includes data obtained during nine rionths, beginning March and in 1978,
the load data are determined -for all twelve months.

in 1976, 1977 and 1978, respectively. These results are based

Variation -of the 'daily geometric concentration mneans of total.
dissolved phosphorus observed at station near the Penticton airport
illustrated by plots (Appendix C4 and Note Appendix B) is characterized
by a wide .scatter of the 95 percent confidence 1limits during the
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three-year period. These plots indicate that seasonal variation of
concentration means of this phosphorus form observed at this station, by
contrast to station below Okanagan Lake dam, 1is not sfgnificant. Also,
visual examination of these plots suggests that there is a decreasing
trend indicated by the geometric concentration means over the data record.

A maximum concentration of total dissolved phosphorus is 0.048
ng 1'] (sequential measurements, May 1978) and minimum concentration is
0.002 mg 1! (sequéntia] measurements). This minimum concentration of

total dissolved phosphorus, representing the detection limit of the

analytical methods, occurs during several months of three-year period
(Appendix C5). The arithmetic concentration means, and their 95 percent
confidence intervals, calculated for all measurements obtained in the
individual year of sampling (Appendix C6) are 0.007 + 0.0004 (simultaneous
measurements), 0.006 + 0.003 (sequential measurements) and 0.004 + 0.0002
(sequential neasurements) ng 1'1 in 1976, 1977 and 1978, respectively.

In order to characterize concentration of the dissolved phosphorus
forms 'by one value which can represent the entire sampling period a
long-term concentration mean is determined. This long-term arithnetic
concentration mean and its 95 percent confidence intervals, determined on
1,161 observations obtained during the period drom July 1976 to the end
of March 1979, is 0.005 + 0.0002 mg 171.

Variation of loads of total dissolved phosphorus, during the
three-year period, is illustrated by the plots of the daily total loads
and shown in Appendix C4. A maximum and a mininum of the daily load of
this phosphorus form (Appendix C5) is 19.28 (sequential measurements, May
1978) and 1.05 (sequential neasurements, December 1977) Kg day'],
respectively. The occurrence of these extreme values of total dissolved
phosphorus loads coincide with the period of high and low discharge,
indicated by annual hydrographs (Appendix A).

The arithmefic Toad neans and their 95 percent confidence intervals
of total dissolved phosphorusvdetermined for all individual data obtained
during any given year (Appendix C6) are in the range of 16.98 + 4.81
(simultaneous measurements), 3.28 + 0.38 - (sequential measurements) and
6.72 + 0.85 (sequential measurements) kg daly'1 in 1976, 1977 and 1978,

[
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respectively. These results, as previously mentioned, are based on the
limited number of sampiing days, particularly in-1976. The year-to-year
changes of total dissolved phosphorus loads are associated with annual
variation of discharge.

6.3.3 Mitrogen

Variation of nitrogen, in the Okanagan River near the Penticton
airport, is interpreted in terms of concentration and loads of nitrate

plus nitrite, ammonia, organic nitrogen and total nitrogen observed

during the three-year period. ,

Concentration of nitrate plus nitrite, shown by the plots of the
daily geometric means and their 95 percent confidence limits (Appendix C7)
is characterized by a significant seasonal variation. This variation is
illustrated by a 1ohg-tekm ‘concentration mneans and their 95 percent
confidence intervals, calculated on ldmped concentration data obtained
during the two distinct seasons of the sampling period. These long-term
concehtrafion heans, determined on 1,078 and 574 observations vary .in the
range of 0.024 + 0.002 and 0.06 + 0.014 mg 17 “during the three
spring-SUmmer and the three fall-winter seasons, réspecfive]y.

A maximum concentration of nitrate plus nitrite, measured in
December 1977 (sequential meaéurements),vis 0.8 ng 171 - (Appendix C8).
A - minimum ‘concentration of  0.002 mg 1'], ‘neasured  in-  August
(simultaneous measurements), October 1977, June and September 1978
(sequentia] measurements), is at the detection 1imit of the analytical
method. ' '

The arithmetic concentration means and their 95 percent confidence
intervé]s,'determined for all data obtained during the individual years
(Appendix C9), are 0.021 + 0.002 (simultaneous measurements), 0.054 +
0.009 (sequential measurements) and 0.034 'Ii. 0.003 (sequential
measurements) mg 1'1, in 1976, 1977 and 1978,4respéctive1y.

~ Variation of the ‘daily loads of nitrate plus nitrite determined_at

‘station near the Penticton airport is illustrated by plots in Appendix C7.

A maximum and a minimum of the daily loads of this nitrogen form observed
during the three-year period is 159.95 (simultaneous meastrements, July
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1977) and 3.49 (sequential measurements, June 1978) kg day-],

respectively (Appendix C8). These extreme values of nitrate plus nitrite
Toads coincide with the periods of high and low discharge. The load
means and their 95 percent' confidence intervals of this nitrogen form
calculated for all individual data of any given year (Appendix C9) are
75.41 + 42 (simultaneous measurements), 26.69 + 5.41 (sequential
measurements) and 50.96 + 7.54 (sequential measurements) kg day'] in
1976, 1977 and 1978, respectively. )

'. Variation of ammonia concentration, measured at station near the

Penticton airport, is illustrated by the plots of the daily geometric.

--— —-means and-their 95 percent confidence 1imits (Appendix C10). Significant
seasonal variation of ammonia, observed at this station (by contrast to
stations below Okanagan Lake dam) 1is -<characterized by higher
concentrations in the fall-winter seasons vrather than in the
spring-surmer seasons. The long-term ammonia -concentration means and
their 95 percent confidence .limits, determined on 1,078 and 574
observations (simultaneous and sequential) vary from 0.145 + 0.007 to
0.205 + 0.015 mg 1] during the three spring-surmer and the three
fall-winter seasons, respectively. A maximum armonia concentration is
0.97 mg 1'] (sequential measurements, December 1977) and a minimum of
0.002 ng 17! (sequential neasurements), representing the detection
1imit of the analytical method, occurs during several months of the fall
seasons (Appendix C11). The arithmetic concentration means and their 95
percent confidence intervals calculated for all measurements obtained
during the individual year of sampling (Appendix C12) are 0.086 + 0.004
(simultaneous measurements), 0.277 + 0.016 (sequéntial measurenents) and
0.096 + 0.008 (sequential- measurenents) ng 1'1 in 1976, 1977 and 1978,
respectively.

Variation of ammonia loads observed at station near the Penticton
airport is illustrated by plots of its daily total loads (Appendix C10).
These plots indicate decreasing year-to-year trend 1in anrmonia loads
during the three-year period. A maximum and a minimum load of ammonia is
413.46 (simultaneous measurements, July 1976) and 3.49 (sequential
measurements, June 1976) kg day'1. These extreme loads of ammonia

&)
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coincide with the high and low discharge illustrated 'by the annual
hydrographs. The armonia load means and ‘their 95 percent confidence
intervals determined for all data obtained during the individual years of
samp1in§ (Appendix .C12) are 253.73 + 68.89 (simultaneous measurenents),
149.1 + 12.76 (sequential measurements) and 111.59 + 12.9 (sequential
measurements) kg day".l in 1976, 1977 and 1978, respectively. / ‘

Variation of concentration data ‘(obtained by calculation) on
orgénic nitrogen is illustrated by plots of the daily geometric means and
their 95 percent. confidence Timits (Appendix C13). The 1long-term
concentration ~means, and * their ‘95' percent confidence intervals, of
organic . nitrogen determined“”dh“f;078‘*and*‘574 ‘observation (simultaneous
and sequential measurenments) vary from 0.189 + 0.003 to 0.199 + 0.015
ng 1'1 during the three spring-summer' and fall-winter seasons,
respectively. A maximum and a minimum concentration of this nitrogen
form is 2.166 (sequential measurements, December 1977) and 0.012
(sequential measurements, June 1977) ng 1'1, respectively (Appendix .
C14). The arithmetic means, and their 95 percent confidence intervéls,
calculated for all concentration data of organic nitrogen obtained in any
~given year of sampling are in the range of 0.174 + 0.004 (sirultaneous
measurements), 0.245 + 0.017 (sequential measurements) and 0.167 + 0.005
(seqdentia] measurerents) mg 171 in 1976, 1977 and 1973, respectively
(Appendix C15).

Variation of organic nitrogen loads during the three-year period
is illustrated By plots of its daily total 7loads (Appendix C13). A
maximum load of this nitrogen form is 1437.5 kg day'] (sequential
measurements, May 1978) and a minimum concentration is 30.92 kg day']
(sequential method, March 1977) (Appendix C14). The arithmetic load
means, and their 95 percent confidence intevals, determined for all data
of orgénic nitrogen obtained during the individual years of sampling
(Appendix C15) are 447.25 + 47.67 (simultaneous measurements), 146.98 +
13.58 (sequential measurements) and 285.96 + 43.31 - (sequential
measurenents) kg day'.I in 1976, 1977 and 1978, respectively. -

Total nitrogen is characterized by a wide scatter of 95 percent
confidence 1imits around the daily geometric concentration means and by a-
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significant seasonal variation (Appendix C16). The Tlong-term
concentration means, and their 95 percent confidence intervals, of total
nitrogen determined on 1,078 and 574 observations (simultaneous and
sequential measurements) vary in the range of 0.358 + 0.009 and 0.464 +
0.026 mg 'I'1 during the three spring-summer and fall-winter seasons,
respectively. A maximum of total nitrogen concentration, observed during
the sampling period is 2.4 ng 1_] ’(sequehtia] measurements, December
1977) and minimum is 0.1 mg 1! (sequential measurements, August 1978)
(Appendix C17). The arithmetic concentration means and their precision
calculated for all concentration measurements of total nitrogen during
the individual years (Appendix C18) are in the range of 0.282 + 0.007
(sinultaneous measurements), 0.576 + 0.027 (sequential measurements) and
0.297 + 0.012 (sequential measurements) mg 1'] in 1976, 1977 and 1978,
respectively.

Variation of total nitkogen loads during the three-year period is
illustrated by the plots of its daily total Tloads (Appendix C16). A
maximum and a minimum of total nitrogen load (Appendix C17) is 1,534
(sequential measurements, May 1978) and 134.83 (simultaneous measurements,
December 1977) kg day'], respectively. The arithmetic neans and their
95 percent confidence intervals determined for all data of total nitrogen
Toads during the three-year period (Appendix C18) vary in the range of
776.39 .+ 144.2 (simultaneous neasurements), 322.77 + 21.18 (sequential
measurements) and 448.51 + 43.84 (sequential neasurements) kg day'1 in
1976, 1977 and 1978, respectively. ,' _

Variation of silica concentration observed at station near the
Penticton airport 1is illustrated by the plots of its geometric
concentration means and their 95 percent confidence 1imits (Appendix C19).
The wide scatter of confidence intervals around the concentration means
derived from sequential measuééments indicate significant heterogeneity
of the daily mean concentration measurements of silica at this station.
Seasonal variation of silica concentration is significant. The peak of
silica concentration observed in spring 1978 coincides with peak
discharge from the tributaries Shingle and Ellis Creeks. The long-term
concentration means and their 95 percent confidence interval determined
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on 706 and 568 observations (simultaneous and sequential) vary in the
range of 5.715 + 0.09 and 5.372 + 0.047 mg 1 -1 dur1ng the three
spring-surmer and fall-winter seasons, respectively. A maximum silica
concentration is 9.4 mg 1 -1 (sequential measurements, May 1977) and a
minimun is 1.7 mg 1 -1 (sequential measurenents, July 1977), (Appendix
C20). This maximum concentration of silica is associated with the very
Tow discharge measured in May 1977, while minimum occurs during the nonth
~July 1977 which 1is characterized, approximately, by an average
discharge. The arithmetic concentration  means, and their 95 percent
confidence intervals, of silica determined for all ‘measurements taken
during the individual years of sampling (Appendix C21) are in the range
of 5.031 + 0.009° (simultaneous measurements), 5.807 + 0.104 (sequential
" neasurements) and 5.328 + 0.071 (sequential measurements) ng 17" in
1976, 1977 and 1978, respectively. . | |

Variation of the daily total loads of silica during the three-year
period are shown by plots in Appendix C19. A maximum load of silica
- (Appendix €20) of 39,271 kg day'1 (seqUentia1 " neasurenents),  is
observed during very high discharge in May 1978 and a minimum load of
1,684 kg day'] (sequential measurements) =~ is associated with Tow
discharge in December _1977. The arithmetic means and their 95 percent
~confidence linits, determined for all load data of silica obtained at any
given year (Appendix C21) are 12,404 + 213.31 (simultaneous
measurements), 3,473.7 + 211.76J-(sequghtia]  measurenents) and 9,478 +
1,423.6 .(sequential measurenents) kg‘day-j in 1976, 1977 and 1978,
respectively. '

' 6.3.4- Concentration Ratio 7 _

The pattern of temporal variation of nutrient “concentration;
observed in Okanagan River near the Penticton airport is further
illustrated on variation of the 1onq-temn concentration mean. ratios of
individual nutrients. " These ratios are calculated from qoncentration -
data lumped for the three spring-summer. (April - September) and three
fall-winter seasons {(October - March) of the study period. '

The - Tong-term concentration mean ratio of tbta1 dissolved ~
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phosphorus to total phosphorus, is determined on 645 and 466 observations
and varies in the range of 0.33 + 0.013 and 0.37 + 0.017 during the
spring-éummer and fall-winter seasons, respectively. Therefore, from the
calculation of this ratio it is evident that the dissolved phosphorus
form, at this 'station accounts fbr approximately 33 percent of total
phosphorus in the spring-surmer seasons and about 37 percent in the
fall-winter seasons. This pattern of seasonal differences is in opposite
to that observed at station below Okanagan Lake ‘dam. Also, this
long-term mean ratio:indicates that there is a significant downstrean
decrease of fhe dissolved phosphorus content in total phosphorus, by
 approximately 37 and 20 bercent,l in ‘the spring-summer and fall-winter
seasons, respectively.

The long-ternm concentration mean ratios describing the pattern of
seasonal changes of each of the three fo]Towing nitrogen forms are
determined on 1,078 and 574 observation obtained during the two distinct
seasons. Thus, the mean ratios of nitrate plus nitrite to total
‘nitrogen; armonia to totoé] nitrogen; and  organic nftrogen ‘to total
nitrogen vary from 0.064 + 0.004 (spring-sunmer seasons) to 0.134 + 0.007
(fall-winter seasons); from 0.353 + 0.01 (spring-surmer seasons) to 0.389
+ 0.017 (fall-winter seasons); ‘and from 0.583 + 0.01 (spring-surmer
seasons) to 0.476 + 0.015 (fall-winter seasons).

~These data indicate that composition of total nitrogen, at this
station by contrast. to station below Okanagan Lake dam, is characterized
by higher content of inorganic and by lower content of organic nitrogen
forms. . At this station, the content of armonia in total nitrogen is
‘higher during both distinct seasons, during the spring-sunner,
approximately by 106 percent, and during the fall-winter seasons by
approximately 786 percent. The content of nitrate plus nitrite is nigher
here during the spring-surmer (by approximately 110 percent) but lower,
approximately by 30 percent, during the fall-winter seasons. The content
of organic nitrogen in total nitrogen decreases, by approximately 28 and
38 percent, during the spring-summer and the fall-winter seasons,
respectively. |

The Tong-term reans of armonia to nitrate plus nitrite ratios, and

Ll

L
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their 95 percent confidence intervals, determined on 1,078 and 574

observationsd are 8.02 + 0.33 (spring-surmer seasons) and 4.29 + 0.29

(fall-winter seasons). The magnitude of these ratios = indicates a

signifitant effect of armionia pol]ution sources along the investigated

Okanagan River reach such as effluent from the Penticton waste treatment

plant, run-off from urban area via Ellis Creek and from agricu1tura1'1and-

via Shingle Creek. _ v

Seasonal changes of phosphorus and'nitrogen occurring at station

near the Penticton airpdrt are shown by the means of the concentration

ratios, and their 95 percent confidence ihterva]s, of total nitrogen to

total dissolved phbsphorus‘ahd by the ratio of total nitrogen to total
phosphorus. - The- Tong-term concentration mean ratios of total nitrdgen to

‘total dissolved phosphorus, determined on 694 and 467 observations are
80.7 + 2.8 (spring-surmer seasons) and 97.9 + 5.5 (fall-winter seasons).
The Tong-tern mean ‘ratios of total nitrogen to total phosphorus are 25.6

* 0.96 (spring-summer seasons) and 31.51 + 1.69 (fall-winter seasons).
These results. indicate different seasonal pattern 6f¥ the: nitrogen to

phosphorus ratios at this station in comparison to station below Okanagan

. Lake dam. At station near the airport the ratios of total nitrogen to
tota1‘disso1ved phosphorus show consistent increase, by‘dpproximate1y-81
and 98 percent during the.spring-summer and fall-winter seasons. On the
other. hand, the ratio of ‘pota] -nitrogen- to 'tqta1 phosphorus decreases -
“here, (by approximately 14 percent) during the spring-summér "and
increases (by approximately 44 percent) during the fall-winter seasons.

6.4  Okanagan River at Okanagan Falls
"6.4.1 Discharge ' : _ _ ,

- Variation of discharge, measured in Okanagan River at Okanagan
Falls (Water Survey of Canada station O08HM0O02) during‘]976 to 1978, is.
illustrated by the annual hydrographs (Appendix D). A maximum daily mean

discharge, observed during the three-year period, is 51.45 m3 s'1

(May 1978) and a minimum is 3.99 m3 s'] (December 1977). The annual -
dishcarge means and their 95 percent confidence intervals are 23.05 +
1.0, 7.99 + 0.25 and 19.53 + 1.01 m3 s-] in 1976, 1977 and 1978,

{



- 97 -

respectively.

6.4.2 Phosphorus
Total phosphorus, 1in Okanagan River at Okanagan Falls, is

characterized by a wide scatter of the 95 percent confidence limits
;round the geometric concentration means (Appendix El1) and very
significant seasonal variation during the sampling period. This
variation is illustrated by the Tong-term concentration means, and their
associated confidence intervals. These means, determined on 370 and 248
simu]taneousv and  sequential measurements of  total phosphorus
concentration are 0.015 + 0.001 and -0.031 + 0.002 ng 17! during the
three spring-summer and fall-winter seasons, respectively. On the
monthly basis, the statistical characteristics of total phosphorus
concentrations are shown in Appendix E2. A maximum concentration of

1

total phosphorus is 0.019 mg 1~ (simultaneous measurements, July 1976)

1 (sequential measurements, May 1977). On
the annual basis (Appendix E3) the arithmetic concentration means and

their 95 percent confidence intervals are in the range of 0.01 + 0.001

and a minimum is 0.004 mg 1~

(simultaneous measurements in 1976, data were obtained in July only),
-0.02 + 0.01 (sequential measurements) and 0.023 + 0.002 (sequential
nmeasurements) mg 1'] in 1976, 1977 and . 1978, respectively.

‘ Variation of the daily loads of total phosphorus, during the
three-year period, is illustrated by graphs in Appendix El. A maxinun
load of total phosphorus is 111.14 (sequential measurements, Hovember
1977) and a minimum is 2.32 (sequential measurements, May 1977)
kg day'] (Appendix E2). Tne 1load mneans, and their 95 percent
confidence intervals, determined for all load data of. total phosphorus
‘and any given year (Appendix E3) are 31.64 + 6.77 (sinultaneous
measurements in 1976, data in July only), 28.34 + 0.98 (sequential
measurements) and 41.96 + 6.73 (sequential measurements) kg day'] in
1976, 1977 and 1978, respectively.

The pattern of the concentration data of total phosphorus,
observed at ‘this station, is disturbed in terms of low load data in 1977,
because of a very low discharge during that particular year.




- 98 -

Total dissolved phosphorus is characterized by a pronounced
variation of concentration measurements, illustrated by the plots of the
geometric concentration means and a wide spread of 95 percent confidence
linits (Appendix E4). ~ Seasonal variation of this phosphorus form is

'highly' significant.  The' long-term ;concentration"means and ' their 95
percent confidence intervals determined on 347 and 239 sinultaneous and
sequential measurements vary in the range of 0.006 + 0.0002 and 0.014 +

©0.001 mg1 -1 during the - three-year spring- sunmer  and . fall-winter

seasons. A .maximum cbncentration'of<tota1:dissolved,phosphorus is 0.038
(sequential measurements, . February 1978) -and minimum.is 0.002 (sequential
measurements, October - 1977) 'mg‘1’] (Appendix E5). The arithmetic
concentration means and their 95 percent confidence intervals determined
for concentration measurements of total dissolved phosphorus during the
individual years (Append1x E6) are in the range. of 0.028 + 0.0009

'(sequent1a1 measurements ) and" 0.038 + 0.0007 (sequent1a1 ‘measurements)

: mg 1 -1 in 1977 and 1978, respect1ve1y. Thesé daté indicate during

these two .years, that there is a slight increase in concentrat1on of
total dissolved phosphorus in discharge from Skaha Lake.

Variation of the da11y loads of total dissolved .phosphorus during
the two-year period is p1otted in Appendlx E4. A maximum load of this
phosphorus form is 85.23 (sequential measurements) and winimum is 2.05
(sequentié] measurements, May 1977) kg day'1 (Appendix E5). The load
means and their 95 bercent confidence intervals determined for all load
data during anyrgiven year‘(Appendix E6) are in the range of 5.33 1:0.69
(sequential measurements) and 13.69  + 3.25 (sequehtia] neasurenents)
kg day;l in 1977 and 1978, respect1ve1y These 2 year data indicate an
1ncreas1ng output of tota1 d1sso1ved phosphorus fron Skaha Lake.

6.4.3 N1trogen
Variation of nitrate plus n1tr1te, in terms of the daily geonetr1c

concentration means and their 95 percent confidence limits, during the
three-year period is illustrated in Appendix E7. At this station,
. nitrate plus nitrite is characterized by pronounced short range tenporal
heterogeneity of point . cohéentratjon measurements and by . highly
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significant -seasonal variation. The long-term arithmetic concentration
means and their 95 percent confidence intervals, determined on 417 and
260 sirultaneous and sequéntia] measurements, are in the range of 0.005 +
0.002:and 0.041 + 0.005 mg 1'1 during the three-year spring-surmer and
fall-winter seasons, respectively. Although, the long-term concentration
means of nitrate plus nitrite is high during the fall and winter

! of this nitrogen form

seasons. A maximum concentration of 0.37 mg 1~
occurs in August 1978 (sequential measurements). But, during the spring
and surmer seasons most of mininum concentrations .{0.002 mg 1-]) are at
the detection 1imitﬂ9f'the analytic'method (Appendix'E8). The -arithmetic
concentration means and their 95 peréént confidence intervals determined
for all .concentration measurements - of nit}ate pTus nitrite during any
given year are 0.013 + 0.014 (simu1taneous measurenents ‘based on
measurements in July 1976 6n1y), 0.016 + 0.004 (sequential measurements)
and 0.018 + 0.005 (sequential measurements) mg'1'1 in 1976, 1977 and
1978, respectively (Appendix E9). These data indicate that there is a
slight yeaf—to—year increase in concentration of nitrate plus nitrite.
(Hote that the 1976 data are for a very short period).

Also, the daily Toads of nitrate plus nitrite are characterized by
a pronounced variation during the three-year period (Appendix E7). A
maximum -daily Toad - of nitrate plus nitrite is 220.02 kg day']
(sequential measurements, MNovember 1978) and a minimum is 0.95 kg day']
(sequential and simultaneous measurements in March and May 1977,
respectively), (Appendix E8). The 1load means: and their 95 percent
confidence intervals determined for all observations obtained during the
individual years of sampling are 37.16 + 71.07 (simultaneous measurenents)

8.53 + 3.0 (sequential measurements) and 35.97 + 13.74 (sequential

measurenents) kg day'1 in 1976, 1977 and 1978. The extreme variation

of loads of nitrate plus nitrite determined for July 1976 is caused by
sudden discharge changes, shown by the hydrograph, during period of
sanmpling (Appendix E9).: ' -

Armonia, in Okanagan-RiVér at Okanagan Falls, is charaterized by a
very pronounced short range temporal héterogeheity of point concentration
measurenents, shown by the plots of the.daily geonetric means -and their

»
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95 percent confidence 1limits (Appendix E10). Seasonal variation of
ammonia concentration is very siginficant. The long-term concentration
neans, and their 95 percent confidence interva]s, determined for 417 and
260 s1nu1taneous and sequent1a1 neasurenents, vary in the range of 0.039

* 0. 007 and 0.129° + 0.041 mg 1 -1 during the three-year spr1ng surmer
'and fall-winter seasons, respect1ve1y

A maximum concentration of ammonia observed at this station is 4.1
ng 1'] (sequential mneasurements, Februdry 1977). A nininum of 0.002
mg 17! (a detection -1imit of the analytical method) occurs during
several months of the three-year period (Appendix E11). Data shown in
this Appendix indicate that, in winter 1977-1978, there are more
measurenments of ammonia concentrations exceeding a pernmissible. 1imit of
0.5 mg 1 1, established for drinking water (EPA, 1972).

On the annual basis, the arithmetic concentrat1on means .and their
95 percentg confidence - intervals, determ1ned‘ from all concentration

‘nmeasurements of ammonia are in the‘range 6f 0.009 + 0.0039 (simu]taneous

measurements in July 1976, only), .0.02 + 0.0073 (séquéhtia] measurenents)
and 0.177 + 0.044 (sequential measurements) mg 1_] in 1976, 1977 and
1978 (Appendix E12) The data indicate an. increase 1in ammonia
concentration during the sampling period. ’ ’

Variation of the daily loads of armonia is illustrated in Append1x
E10. A maximum armonia load is 7,889 (sequential measurements, February
1978) and a mninimum is 0.76 ;(sequentia1v neasurements, March 1977)
kg day'1 (Appendix E11). This maximum load is caused by the occurrence
of an éxtreme,ammonid concentration measured in‘Februdny 1978 while a
mininum load obaserved in March 1977 is associated with the low discharge
in this particular nonth. _ : .

The ammonia load means, and their 95 percent confidence intervals,
determined for all data obtained during the individual- years of.sampling
(Appendix E12) are. 28.54 + 41.27 (sinultaneous measurements in July,
only) 14.44 + 6.45 (sequential ‘measurements) and 364.03 + 229.56
(sequential  measurements) kg day”] in 1976, ~ 1977 and 1978,
respectively. The‘very high variation of ammonia load for 1976-is caused

by the high variability of discharge in summer of this particular year.



-101 -

High levels of ammonia concentration,' also 'high discharge resulted in
very high armonia load in 1978.

‘Variation of organic nitrogen, in terms of the daily geometric
concentration neans and‘their 95 percent confidence limits are illustrated
by thé plots in Appendix E13." The high concentration values of organic
nitrogen occur particularly during the fall-winter seasons in 1977 to
1978. Thus, the Tong-term concentration means and their 95 percent
confidence intervals, determined on 417 and 260 data, derived from
simul taneous and sequehtia] measurerents, vary from 0.454 + 0.135 to
0.546 ‘i' -0.077 mg,l'l during the three-year spring-sumner and
fall-winter seasons, respectively. A maximum concentration of .organic
nitrogen is 17.95 (sequential measurements, April 1978), (Appendix E14)
and a mininum. is 0.086 (sequentia]'meESurements) ng 1'1. '

The arithnetic concentrations means and their 95 percent confidence
intervals, determined for all data on organic nitrogen during .any given
year (Appendix E15) are in the range of 0.165 + 0.008 (sirultaneous
measurements), 0.396 + 0.067 (sequential measurements) and 0.824 + 0.234

(sequential measurements) mng ]'1 in 1976, 1977 and 1978, respectively.:

These arithmetic means indicate an increase in concentration of organic
nitrogen observed during this sampling period at this. station located
- below Skaha ‘Lake. _

_Variation of organic nitrogen 10ads, observed during the three-year
period, is illustrated by plots in- Appendix E13. A maxirmum daily load of
organic nitrogen.is 10,824.1 (sequential method, April 1978) and nininum

! (Appendix

is 81.8 (sequential measurements, Novewmber 1977) kg day”
E14).: This maximum load of organic nitrogen is associated with the high
concentration data obtained for ‘April- 1978, rather than with high
discharge, but a mininum Toad in November 1977, occurs during a period of
very low discharge. The organic nitrogen- 1oad means and their 95 percent
confidence intervals, determined for all- data obtained during the

individual years (Appendix. E]S) are 519.88 .+ 73.35 (sinultaneous

neasurenents), 206.34 * 38.69 (sequential measurements) and 1,516.1 +

533.61 (sequential measurements) kg day'1 in 1976, 1977 and 1978,
respectively. Because of the low discharge in 1977, there is no obvious

o
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year-to-year trend in-organic nitrogen load at this sampling station.

Total nitrogen, 1in Okanagan River at 'Okanagan Fal]s; is
characterized by a pronounced short range temporal heterogeneity of
concentration measurements (Appendix. E16) and by a significant seasonal
variation . during the three-year period. The 1long-term concentration
means and their 95 percent confidence limits, derived from 417 and 260
simul taneous and sequential measurements of total nitrogen are ranging
from 0.498 + 0.139 to 0.716 + 0.094 mg 1! during the three-year
spring-suMmek and fall-winter seasons, respectively. A maxinun
" concentration of  total nitrogen is 18,0 mg 1'1 (sequential
measurements, April 1978) and a nminimum is 0.15 ng 17! (sinul taneous
measurements, July - 1976) (Appendix E17). The arithmetic concentration
means and ‘their 95 percent confidence interva]s, determined for all
measurenments of  total nitrogen during the ‘individual years of sampling
(Appendix E18) are 0.187 + 0.017 (simultaneous measurements),. 0.432 +
0.07 (sequential measurements) and. 1.02 + 0.24 (sequential measurenments)
kg»day'1 in 1976, 1977 and 1978, respectively. These means indicate an
increase in concentratibn of total nitrogen at this station.

Time series of the daily geometric concentration mean, and their
95 percent confidence limits, of silica observed in. Okanagan River at
Okanagan Falls is plotted in Appendix EI9. Seasonal variation of silica
concentration is very significant at this statioh,'by contrast to station
below Okanagan Lake dam. The Tlong-term means and their 95 percent
confidence intervals, derived from 390 and 236 simultaneous and sequential
measurements of silica concentration vary from 1.08 + 0.076 to 2.13 *
0.162 mng 1'1 during the three-year spring-summer and fall-winter
seasons,. respecfive]y. Maxima of silica concentration of 5.0 ng 1'],
(sequential measurenents), (Appendix E20) occur in October and January in
1977 and 1978, respectively; while minima of 0.2 mg 1'1, reaching the
detection limit of the analytical method, are observed during the early
spring seasons (sequential measurements, March and April 1977 and 1978).

The occurrence of minimum concentration of silica during the
spring-surmer seasons observed in discharge from Skaha Lake indicates
. that silica limitation may be significant in controlling peak levels of
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diatoms in spring. The seasonal changes of silica concentration observed
in discharge at this station can provide important information on diatom
growth in the lake. Diatoms have a special requirement for silicon that
most other algal groups do not share. Silica, in the form available to

‘algae (measured as soluble, reactive silica) is required by diatoms so

that they can form siliceous cell walls. If available silicon Tlevels
fall too low, 0.1-0.2 mg SiO2 (Schelske and Stoermer 1972) the diatoms
can no longer meet this requirement, and they are replaced by other
forms, usua]iy green and blue-green algae, that do not require silicon.
According to Schelske and Stoermer (op. cit.) the problem associated with

'silica depletion is the reverse of that of phosphorus. Thus, increasing

concentrations of phosphorus allow .increased. algal growth and shifts to
less desirable types. On the other hand, decreasing concentrations of
silica cause shifts away from desirable types. The implication for water
management is that there is no necessity to limit silicon input. But,
the proposed phosphorus objectives should reduce algal growth and thus
eliminate silicon deficiencies.

On the annual basis, the arithmetic means and their 95 percent
confidence intervals .determined for all concentration measurements of
silica during the individual years of sampling are 1.53 + 0.149 and 1.23
+ 0.115 mg'l'] in 1977 and 1978, respectively (Appendix E21).

Variation of the daily loads of silica, observed in Okanagan River
at Okanagan Falls during 1977 and 1978, is illustrated by plots in
Appendix E19. a maxinum of silica load is 7,711.9 kg day'] (sequential
measurenents, MNovember 1978), (Appendix E20), and a wininum is 93.66
kg day'] (sequential measurements, April 1977). The arithmetic load
means and their 95 percent confidence intervals (Appendix E21) determined
for- al1 load data obtained during the individual year of sampling are
1,137.3_+ 244.8 (sequential method) and 2,061 + 380.4 (sequential method)
kg day'1 in 1977 and 1978, respectively.

6.4.4 Concentration Ratio
The pattern of 'seasonal changes of nutrient concentration,
measured by simultaneous and sequential methods in Okanagan River at
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Okanagan -Fé11s, is further shown on variation of the 1long-term
concentration mean ratios determined for the individual nutrient forms.
A11 concentration data obtained in 1976 through March 1979 are lumped for
the two distinct seasons, the spring-surmer (April - September) and the
fall-winter (October - March) seasons. o ' !

The 1long-term ~ concentration mean ratios of total dissolved
phosphorus to total phosphorus detérhfned on 323 and 238 observations are
0.399 + 0.018 and 0.455 + 0.029 during the three-year spring-summer and
fall-winter seasons, respectively. These ratios indicate that the .
pattern of the seasonal changes of the two phosphorus forms, observed at
this station, is similar to that at station near the Penticton ariport.
However, there is a substantial increase in the percentage content of the
dissolved phosphorus form in total phosphorus. )

The Tong-term concentration mean ratios, indicating the pattern of
seasonal changes of each of the three following nitrogen forms, are
derived from 417 and 260 observations obtained during the two .periods.
Thus, the mean ratios, and their. 95 percent confidence intervals, of
nitrate plus nitrite to total nitrogen; ammonia to total nitrogen; and
organic nitrogen to total nitrogen vary from 0.017 1.0.004'(spring—summer
seasons) to 0.106 + 0.02 (fall-winter seasons); 0.098 "+ 0.01
(spring-sunmer seasons) to 0.116 + 0.02 (fall-winter seasons); and 0.886
‘i 0.012 (sbring-summer seasons) to 0.778 + 0.02 (fall-winter seasons).
These data indicate  that there is a substantial decrease in the
percentage content of iﬁorganic nitrogen forms and increase in the
content of organic forms in total nitrogen at this sampling station, in
conparison to station near the Penticton aifport;

The Tong-term concentration mean ratios of ammonia tovnitrate plus
‘nitrite and their 95 percent confidence intervals, determined on 417 and
260 observations are 12.611 + 2.08 and 14.83 + 5.479 during the
spring-surmer and fall-winter seasons, respectively. These ratios
observed at this station, by:contrast to that near the Penticton airport,
are Significantly higher indicating an intreasing effect of the ammonia’
pollution in discharge from Skaha Lake. A

The long-tern concentration rmeans ratio, and their 95 percent'
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confidence intervals, of total nitrogen to total dissolved phosphorus,
determined on 346 and 239 observations, are 93.58 + 22.85 (spring-summer
seasons) and 79.45 + 11.30 (fall-winter seasons). The ratios of total
nitrogen to total phosphorus, determined on 369 and 247 observations are
31.9 + 7.29 (spring-summer .seasons) and 25.35 + 2.99 (fall-winter
seasons). These ratios, observed at this station, by contrast to station
“near the Penticton airport, .show Jdncrease during the spring-summer and
decrease during fall-winter seasons.

»
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APPENDIX A
Annual hydrographics illustrating hourly discharge (m3 5'1)
determined during the period from 1976 to 1978 at: '

1. Okanagan River below Okanagan Lake dam (Water Survey of Canada
station O8MM050).

2. Penticton municipal outfall |

3. Shingle Creek at the mouth (Water Survey of Canada station 08NM150).

4. E11is Creek at the,mouth'(Water'Sufvey of Canada station 08NM135), and

5. Okanagan River near the Penticton airport}
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APPENDIX B

Okanagan River below Okanagan Lake dam, 1976 to 1978

Concentrations and 1loads derived from simultaneous and sequential
measurerents are shown in (1) graphs and (2) tables.
1.. Graphs '
'Graphs illustrate time series of _
{a) the daily geometric concentrat1on means (ng 17 ) and their 95
percent confidence 11n1ts, and
" (b) the daily total 1loads (kg day’') _of nutrients during—the
three-year périod with confidence limits for data generated

using concentration from simultaneous samples.
2. Tables

Tables show statistical characteristics of nutrient concentrations

and loads, reduced to the (a) monthly and (b) annual basis, in terms

of | '

(a;)  the arithmetic concentration means (mg 1']), and their 95
percent confidence intervals, calculated for all individual
concentrat1on measurements during any given month of sanpling,

1

(a;;

11) the arithmetic load means (kg day~ ) and their 95 percent

confidence intervals, calculated for all individual load data
determined during any given month of sampling.

(by) the arithemetic concentration means (mg 1'1) and their 95
percent confidence intervals, calculated for all individual
éoncentration measurenents during any given year of sanpling,

11) the arithmetic load means (kg day-1) and their 95 percent
confidence intervals, calculated for all individual load data
determined during any inen year of sampling.

(b

NOTE

Note regardihg the concentration and Tload data generated fron
sirmultaneous and sequential measurements in February 1978.

According to the sampling procedure designed for this study
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simul taneous samples should be collected in four- slices across the
channel. In February 1978, however, samples employing this method were

collected in one slice only, close to the sampling point where, on the

same day, sequential samples were taken. As a result in February 1978

* the nutrient concentration data obtained by these two sampling methods
are identical (see lines 1978 02 in Tables B2, B5, B3, B11, Bl14, B17 and

B20).

Nutrient loads for February, 1978, based on sinultaneous measurenents,
were calculated for one slice and do not, therefore, represent the
cross-sectional load. On the other'hand, Toads derived from sequential
measurenents represent the load passing through the channel cross-section.
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B16
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Time series of total phosphorus (P) concentration and loads, 1976 to
1978 '

Statistical characteristics of concentration and load data of total
phosphorus (P) determined for the individual months of sampling
Statistical characteristics of concentration and load data. of total
phosphorus (P) determined for the individual year of sampling

Time series of total dissolved phosphorus (P) concentration and
loads, 1976 to 1978 " ‘

Statistical chafacteristics of concentration and load data of total
dissolved phosphorus (P) determined for the individual months of
sampling ‘ ‘
Statistical characteristics of concentration and load data of total
dissolved phosphorus I(P)' determined for the individual year of
sampling '

Time series of nitrate plus nitrite (N) concentration and loads,
1976 to 1978 , _
Statistical characteristics of concentration and load data of

‘nitrate plus nitrite (N) determined for the individual months of
 sampling
Statistical characteristics of concentration and load .data of

nitrate plus nitrite (N) determined for the individual year of
sampling '

Time series of ammonia (M) concentration and loads, 1976 to 1978
Statistical characteristics of concentration and load data of
ammonia (N) determined for the individual months of sampling
Statistical characteristics of concentration and ‘load data of
ammonia_(N) determined for the individual year of sampling .
Time series of organic nitrogen (N) concentration and loads, 1976 to
1978 '

Statistical characteristics of concentration and load data of
organic nitrogen (N) determined for the individual months of sampling
Statistical characteristics of concentration and load data of
organic nitrogen (M) determined for the individual year of sampling
Time series of total nitrogen (N) concentration and loads, 1976 to
1978



B17

B18

B19
B20

B21
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Statistical characteristics of concentration and load data of total
nitrogen (N) determined for the individual months of sampling
Statistical characteristics of concentration and load data of total
nitrogen (N) determined for the individual year of sampling

Time series of dissolved silica concentration and loads, 1976 to 1978
Statistical characteristics of concentration and 1load data of
dissolved silica determined for the individual months of sampling
Statistical characteristics of concentration and 1load data of
dissolved silica determined for the individual year of sampling

[t

»




ol

N

200 400 800

0 70

—<

TCo
o

(KG/
68 .
Ll

HD
4

Cjﬂﬁ

N

0.20.40.8

0.0006

[

N

[
|

1)

{AY

Ll

L

1376 )
RFi My AKANAGAN | AKE JRAM

. ) 1977
TOTRL PHOSPHORUS (P}

1978
OSTMULTANEDUS METHODIN=2281  ASEQUENTIAL METHOD(N=417)

3 3
3 '3
3 g
A -
- iy
I 2 T
I:F [é A
. 0 @@“ A
JF M A Ty TS s N Ty F M TaTM Ty Ty A ls oo WD )T M TR M T ) RS 3 WD

{

Lopdul

1976
BELOW OKANACAN LAKE DAM

1977
TBTAL PHOSPHORUS (P)

Bl

A
Ja's)
A A 4 A A
0 A o A
m - A A
@ A A@Z@ ° s N A8
A
a8 5 An ?
ég . A E] @&g
P o08A
[g oAl A A%
A T .
ég A
_Néﬁ A
A
] IF |M IR IM IJ IJ 19 IS 60 lN ID '_J IF IM lg IM !J ’J IR ‘S IO IN ‘fD IJ IF IM lﬁ rM 'J IJ ]Q IS IO !N !D

— 1978
TOSIMULTANECUS METHOD (N=24)  ASEQUENTIAL METHOD (N=136)




- 122 -

. ¥8° ZE v8 ce v ze b . L 8L6)
AL $6°C 60§ Sv°0T 12" 92 S5 94 [ ‘ . L 8LB}
vT 9CF Lo'¢ T6'C ov " 94 LY 81 yE“ b} 4 O} 8L6}
00 ¥ L8°0 09°2Z z0'8 €z° T} 9Tt 6 60 BL6}
LV TVF €LY "BS 12O} G8'EE 88tV 9 80 BL6E}
‘o OF 810 19°0 b9 65°L 85°G bb LO 8L6E}
$5°'ZF [N SL'T 8t O} TE'SI 08°L L 90 8L6I
SL VT zs°9 19°0T €L°9¢€ 66°¢8 20" 01 (o] SO 8LEI
91 "EF [0 ¥s'T 06° L €} 0} 9L E [ vO 8L6}
09 'EF 95"} 89 ¢ E}"E} 658} LL'E [ 6l "6F TL'O TO'} eL'T Sy e 00°¢C T. €0 8L6}
8L OVF 88°€ 89°8 zs'0T Sy GE 08° €} 5 80°C% GL'0 89"} (a4 86°9 08¢ -] TO 8L6}
96 ' VIF oL’y ov'6 86°8 TL T 9t v 1O 8L6}
v6° OF 6E°0 Z0' 4 66°¢ 6c v 6"} L ZV LLB)
60t 60" ¥ 60" ¢ b bt LLE}

6T €57+ ot €V 6" 96° 0} 16° L 14 O} LLB}
95°'0F 520 L8°0 80°G 9€°9 BE'€ 4} -1 EL'S €1°6G ' 80 LL6}
eV T 59°0 ve T S0°L 60° €} vZ'S 43 8l 8t'g 84°G ) LO LL6}
VECVF €5°0 912 [ }"] 09°6 G8°¢C Li 89t g9 v 89° ¢ b 90 LL6}
68°O0F LE'O 69°0 L'z 68°'€ 81T ] G9° ¥ [-1- 8 [-1- M4 ' SO LL6E}
TOVF LE'O T80 (WA 6T'8 $0°9 [ YO LLB}
€8°ZF 99°0 (A TLY £0°9 10 b € ] €TV €T P €TV A €0 LL6)
b 41E 88°0 12 €98} 1561 oL’ Lt 4 TL 9LB)

9T VI ¥ 8y v 96°'8 SKeee Oov ' G€ 8L G} v 60 9L6}

) E6 4T €6° 1T £6°4C [ 80 9L6}

z) 8% §5°¢C [ 1S LT OE 1€ €T 0T v LO 9L6}

8€°0C 8€ 0T 8€°0C } TO 9L6}

' (Ava/ox) aveol

$620°0OF 0T00'0 82000 vZO'O 9z0°'0 Teo 0 (4 ] ) T+ 8L6}
¥100°0F 9000°0 LIO0'O  H10°0. ¥10°0 600°0 8 L} 8.6}
vE00 " OF ¥100°0 LEOCO'O ZTIO'O 810°0 LOO'O L O} 8.6}
LO0OO " OF E0O00°0 L1000 LOO'O 110°0 $00°0 ST - 60 BL6}
z800° 0% oro0'0 v610°0  600°0 0010 v00° 0 ve ) ’ 80 8.6}
£000° 0% 1000°0 6000°0 900°'0 600°0 00" 0 oy LO 8L6I
0400 OF S000°0 €TO0'O  600°0 G10°0 ° 900°0. VT . 90 8L6}
8000 0% v000°'0 €TO0'0 600°0 €10°0 500°0 o€ : S0 8L6}
8000°0OF yO000'0 8100°0 LOO'O zio0°0 S00°0 oz : Y0 8L6}
LOO0 OF - $¥0O00°0 1ZTOO'O0 800°0O €00 900°0 ve 2TO0 OF 6000°0 1T00°0  kIO'O €L0°0 800 0 9 €0 8L6}
0z00 " 0% 6000°'0 9€E00°0 010°0 L10'0 900°0 S} 0z00 " OF 6000°0 9€00°0 0100 L1400 900 0 Si TO 8LE}
65107 0% 6¥00°0 L6000 TIO'O LTO' 0 900°0 4 10 8L6}
9100°OF 8000°0 SEOO'O 6000 810°0 500°0 144 Th LLB}
0900 OF 6L00°0 8E00°0 110°0 S10°0 8000 v bl LLB)
6200 OF 6000°0 81000 100  E10°O 600°0 v Ol LLBI
€000 0F 1000°0 8000°0 S00°0 800°0 ¥00°0 = ' TE €100°0F 9000°'0 0Z00°0  900°0 TI0'0 s00°0 4} 80 LLG}
6000 OF §000°0 8TO0°O 8000 810°0 g00°'0 9€ LO00 " OF €000°0  TIO0'O0 900°0 600°0 . S00'0 (4} LO LL6
8000° OF Y0000 LZTOO'O 600°0 pz0'0 900°0 -1 8000 OF €000°0 TIOO0'O LOO'O 600°0 G00°0 A} 90 LL6}
6000 OF ¥000°'0 SI00°0  LOO'O 010" 0 500°0 v LLOO OF GEOD'O 1ZIO'O0 TIO'O 080°0 S00°0 (4} GO LL6}
zH00 OF S000°0 0200°0 TI0'O 810°0 010°0 14} o . PO LLG}
6+00°0F 12000 E900°0 E10°0 620°0 LOO 0 6 1 #00° OF 6L00°0 S900°0 +10°0 CTEO'O 8000 Ch . €0 LLG}
1100 OF 9000°0 TEOCO'O - 800'0 610°0 200°0 €€ L 9L6)

S100° 0% L0000 ¥S00°0 600°0 oro'0 S00°0 4] 60 9.6}

G200 OF ZIO0O'0O  1S00°0 600°0 8200 200°0 84 80 9.6}

L0000 0F pO00°'0  ITOO'O0 8000 LIOO 900°0 9t LO 9L6}

Z100° 0% S000°0 THO0O'O 8000 010" 0 LOO 0 9 TO 9L6}

" (1/9W) NOILV¥INIONOD

"ﬂ"““““ﬂ“"“"““""H"““".Ic“""""""""“""““““"""H""”""“"H"“ﬂ“““""““"“ﬂ“"“ﬂ“""""““"ﬂ““HH""""“""""“ﬂ"“"""“""“"""""""Hﬂ"""""“ﬂ“““"““““"""“""““
IVANIANI HOMU3 NOILVIAIQ NVIW  WNWIXVW WNWINIW SITdWVYS  TVAAIILNI d0¥UI NOILVIAIO NVIW  WNWIXVW WOWINIW S31dwvS QoId3d
*ANOD %S6 QYVANVLS QUVANVLS "HLIAV 40 "ON *ANDD %S6 QGUVANVLIS QHVONVLIS "HLIY¥Y 40 "ON DNITdWVS

QOHL3IW ONITIWVS IVIiININD3S QOHL3W SNITJWYS SNOINVLIINWIS
- : (d)SNIOHISOHd TviOoL
WVa 3XV1 NVOVNVYIO M0139 dIATA NVOVNVYAHO

S3ITdWVS 40 JIGWNN ONV QOId3d ONITJIWVS QII41D3dS ¥034 QVO ONV NOILVHLINIONGD INIIYLAN 40 SITLSIHILOVAVHO IVOILSILVIS

B2



” ] - »
!
" .
o~
—~
t
vIEF LS} 9€ "€} £8° v} 66°C8 [4- 21 L O IF 09°0 85} TL'E 86°9 00°¢ L 8L6
95" 0F 820 sTt’'¢c 6C°'S 60°€ElL v6° 1 1 4] 8y 0% LL'O - 6€°0 LL' Y 81°'g§ ET' ¥ S LLB}
LO " ¢F S8° 1 ov'9 Ll €T oy se 8L St 43 oL6}

(Ava/oM) avol

6000 ° 0% Y000 0 8900°0 800°0 o040 v00°0 EET §100° 0% L0000 £€00°0 01070 L10°0 900°0 (X4 8LE}
S000° OF ECQO O SEOCO'O 600°0 6T0°0 00" 0 14:11 L1100 OF 6000°0 9900°0 800°0 0580°0 s00°0 09 LLE}
LOOO OF E000°0 +¥00°0 800°0 ov0°0 S00°0 Lyl oL6l

(1/9W) NOILVYINIDONOD

AVA¥ILINI YoyU3 NOILVIAIAQ NVIW  WNWIXVW WNWINIW SITdWVS  IVANTINI YOUYI NOILVIAIA NVIW  WAWIXVW WNWINIW S37dWvS QOId3d
*ANOD %S6 QUVANVLS QHVANVIS “HLIdv 40 "ON *4NOD %56 QMVANVLIS QUVANVLS "HIIYVY 40 "ON SNITdWVS
QOHLIW ONITdWYS TVIIN3IND3S , QOHL3IW SNITdWVS SNO3INVLINWIS
(d)SNAOHASOHd V101
WVG 3NV NVOVYNVX0 M0138 d33IAIY NVDVNVYAOD
S3ITINVS 40 JIGWNN ONV A0IY¥3d ONITIWVS QI14103dS 8034 aV0) ONV NOILVUINIONOD LNIIYANN 40 SOILSIdILOVHVHI TVOILSILVIS

B3



0]

200

(KG/DHY)
23468 20 40 70

LORD
40.8

Ll

0.030.07 0.20.

0.0002 0.0005

1Rl
i
R

- 124 -

~
L .484E-05 U S3BE+0}

L :186E=03
L .1S1E-03

i

[ ENE!

Lt aid

L

T F W " W™ ' 1J R 5 3 N 9§ ¥
1976
BELOW OKANRGRN LRAKE DOAM

. 1877
DISSOLVED PHOSPHORUS (P)

!M 'R IM '_J IJ Tn iS ID IN ID 'J F iM lg IM I_J IJ IQ IS IO TN ID

1978
[OSIMULTANEOUS METHBB(N=141)  ASEQUENTIAL METHOD(N=334)

[
-

| L ll

Ll

AL S
Ai A A A
A A%@VA % ééAﬁ
s oM, B BginE
A A4
A ‘
] A
A ' ~

7T F M IFERY] IJ I TS }0 IN ID U =) IR U NG ICHR) Wl JOF ™ Tg M Ty 1 15} !S ID N 'D )

1976

1977
BELOW OKANAGAN LAKE DAM DISSOLVED PHOS

: 1978
PHORUS (P) MSIMULTANEQUS METHOD(N=16} . ASEQUENTIAL METHOD (N=128)

B4




-125 -

-

660} 6604 €66°0 } Th 8L6}

SS° V¥ 20" €8} 68'8 - T6'01 9€° L £ . Lb 8L6}
00°9ZF . SO'C 68°C 0E"8 vE " O} gZ°9 (4 Ot 8L6}
[T REE 8y 0 EV €8V 6" L -T2 > 6 . 60 BL6}
TL OF 8C°0 89°0 vS € OE' Vb 65°C 9 N i 80 8L6}.
ov'OF 80 09°0 9T € (1 4 6T°C b LO 8LE}
6L OF TE'O .98°0 66t © GS'S Lz'e L 90 8L6}
Y9 €T 1974 oi'gs [4-Ro] sz 8} 12°€ (o] SO, 8L6}
6E 4T 05°0 TH 66°¢C 8z v €E"} [ . . . 0O 8L6L
MY L9°0 00°¢C zo'§ 8L L 5" 4 6 6V 97 1§°0 TL O Y L9}, §9°'0 z €0 BL6}
EV ST 96"} LE'V 8L°6 ab L} z9°'9 ‘S O I¥. . or 0 88°0 - tv6°} 6V € ZE'} [ O 8L61
PSOLLT €9°€E ST'L 9€°§ 60° 91 18°0 v ’ ) 10 8L61
ey OF 810 oy 0 (AN Lo'e LLO L. Th LLB}
ov- ) TN ov "} (. b LLE

68 LIF (WA 66"t €8 v €29 Tv'e z } OF LLB}
'TEOF vi°O 0s°0 €6°C 96°€ lE'C 41 6L°C 6L°CT 6L°C ! 80 LL6}
12 0% 04°0 €E'0 €0°E 8G°'€ 14: 384 4} 66°C 66°¢ 66°C } LO LL6}
€S 0F sz°'0 0 6Z°C 86° ¥ 8z} Ly " 88°C 88°C 88°C b 90 LL6}
oz 0OF . LO°0 91 0 oLt €6 -0 5 L8} L84 L8 ¥ ! SO LLB}
. - TS TS [A-R i, EO LL6}
8G° b} 851 85 i I Th 9L6}

69°Ct 69°CH 69°CH b 60 9L6}

TEISF Yo' v (WA} T8 L} 98 12 8L E} z LO 9L6}

(Ava/oi) avol

0°0% 00 0°0 8000 800°0 800 0 z . - T+ BL6I
000" 0F ZOO0°0 S000'0  GOO'O 500 0 +00°0 8 : . . 1l 8L6}
€00 OF ¥100°0 9€00°0  800°0 E40°0 €00°0 L . - Ol BL6}
6000 OF TOOO'0 TIOO'O $00°'0 LOO O TO0'0 14 : 60 8L6}
000" OF TOO0'0 6000°0 EOCO'O 900°0 TO0'0 vT : 80 BLE}
TO00 " OF 1000°0 © LOOO'O €00°O 500°0 €000 ov : " LO BL6}
€000 0F 20000 L0000  ¥00°0 900°0° €00°0 ve N o . - 90 8L6}
€000°0F TOOO'0 80000 €000 .G800°O z00°0 o€ : : - . o SO 8L6}
000" 0F 1000°0 S000°0 TOO'O €00°0 zT00'0 [+14 N . vO B8LEI
000" OF TOOO'0O OI00°0 €000 LOO 0 TO0 0 ve v4+00° OF 9000°0 ¥I00°0 $00°'0 L00 0 €00°0 9 EO BL6}
0100 0OF S000°0 6100°0 SO00'O 800 0 €00°0 st . OL00 OF G000°0 6L00°0 S00°O 800°0 £00°0 <1} TO 9L6t
€ELO OF TYO00'0  €8B00°O0  800°'0 0200 €00°0 14 . . 1O 8L6}
9000 OF £000°0 $100°0 €E00'O 600°0 zoo'o  TT : . i . Tt LLG}
ZEOO OF 0100°0 02000  v00°0 L00°0 €00°0 ¥ : ) : - b OLLEY
0E00 " OF 6000°0 6100°0 SO00°O 800°0 00" 0 i ] . O} LLB}
TO00 0F 1000°0 9000°0 EOO'O 500°0 z00 0 ze . £€000°0F ~ 1000°0 S000°0 €000 $00°'0 z00°0 4} 80 LLG}
TO00 OF 1000°0  S000°0 €00°0 S00°0 €000, 9€ 9000 0F €E000°0 0100°0 $00°'0 900°0 €£00°0 (4} LO LLB6}
000 OF TOOO'0 SI00°0 $00°0 ZI0°0 £00°0 14 6000 0F $000°0, ¢100°0 S00°'0 L0O'0 €00°0 4} 90 LL6}
Y000 " OF zOO0'0  LOOO'O  +00°0 S00°'0 €00°0 2 LO00 " OF €000°0° +10070 " S00°0 LOO"O €00°0 Th S0 LL6}
007 00 00 OO0 00" 0 ¥00°0 (4} €0 LL6}

000 OF TO00°'0 6000°0 G000 LOO 0O ¥00°0 ve . T+ 9L6t

- LONO " OF €000°0 v400°0 GOO'O 600°0 000 8l 60 9L6}

G000°0F * . TO00'0. 6000°0 900°0 LOO 0 $00° 0 8 LO 9LG}

(1/9K) NOILVHLINIONOD

IVAYILNI Jou¥3 NOILVIAIAQ NVIW WNWIXVW WNAWINIW S3T7dWVS TVA43INI Jouy¥3l NOILVIAIAQ NvIw WNWIXYW WNWINIW S3TdWVS aoId3d
*dNOD %S6 QUVANVIS OQUVANVLS "HLIYY ) 40 "ON *4ANOD %S6 QUVANVLIS QUVANVLS "HiIdv . . ‘40 "ON SNITdWYS
- aoHL3IW SNITIWVS IVIININOIS QOH13W ODNITdWVS SNO3NVLINWIS -
o (d)SNYOHISOHd Q3A10SSIA viol
. WYQ IV NYOVYNYIN0 MOT138 Y3IATY NVOVNYIO0 :
wan2<muommeDZQZ<Dommmm02m4a2<mow~uuowammomo<DJDZ<Zlo<thwuzooh2mehDZuomonhmnmwho<m<10 4«0~hm—h<hw,

BS




- 126 -

9v°'0 06°€ L8'S ST 84 180 . TL 08 0¥

6v’'¢
66°C
98° 1T

§9°0
(433
86714

[{ele e}
2000
v00°0

L 8L6I
S LLB}
v 9L61

1z 8LE}
09 LLB}
09 9L6}

WNWIXVAW WNWINIW S37dWVS aoId3d

26 0F €E°0 L8°0 cL'}

8z 0% v 0 j-{o I} -1 4 €9 LL’ 0 94 €8 0¥ (o1 ¢) L9°0 [ A
: ' vy L¥ vE'CT L9V 86 v

(AvVa/9%) avol

¢000° 0% 1000°0 8100°0 y00° 0 0T0'0 200" 0 €ET 8000 0¥ v000°0 L1000 r00°0
2000 07 1000°0 TI00' 0 y00°0 zi0°0 200’0 (313 €000 0% 1000°0 . 11000 v00°0
€000° 0% 1000°0 LLOO O G00°0

(1/9W) NOILV¥LNIONOD

AVAYIINI H0H¥Y3I NOILVIA3Q NVIW WNWIXYW WNWINIW S37dWVS 1VAY3ILNI Y0d¥3 NOILVIAIA NVINW

*4ANOD %S6 QUYGNVLIS QaVANVLS "HL1IYv 40 "ON *4NOD Xmm QYVONVLIS CJHVAONVLS "HLIY¥V

QOHL3IW ONITdWVS TVILININO3IS
(d)SNYOHdSOHd G3IAT0SS
Wva 3XV1 NVOVNVI0 MO39 ¥

QOHLIW ONITdWYS SNDINVLIINWIS

10 w101
JATY NVOVNVIO -

40 "ON ONITdWVS

SITdWVS 40 AIASWNN OGNV QOI¥3Id ONIIMWYS G314103dS 3064 AvOl ONY Zo~h<mh2mozoo INITHINN 40 SOTLSIYILOVAVHI vDILSILVILS

B6



MG/L)
0.0

—

0.00004 0.0

200 400 800

710 20 40 70

LORD _(KG/DAY]
23 5

0.070.20.40.8

90,307 23

- 127 -

{R|

L .21E-08 U . 199€+05

3
H
_ T
E A _
1 ™ @§ @S Tx T 1
7 , - % : i &t 8
= / T- zgr
_ - zfﬂ]:
= . | 114
] = T g%_A » T T
] ? - : 18 a71 4l
- %ﬂ A & L L oa
_J T M R ™M 'J J " 5 @3 N © 9 FT ™M | ™M 1J =" B B ND J F M @A ™) ’"m s B NTD
1976 ) 1877 1978 :
BELOW OKANAGAN LAKE DAM CNITRATE PLUS NITRITE (N) MSIMULTANEOUS METHOD (N=3S1)  ASEQUENTIAL METHOD (M=422)
4 U E 7 B YA A
- - LA
I - s &
4 \ A
— A AAX
0 B 4 A T 54l a% o
E BN & a. RAE o .
= & 2 O A
- ) Pal
_ A A A '
; e Sl
i A A
P A :
D
J ‘F |M IR IM IJ 'J I13) IS IO IN ID |J IF IM [[3) IM IJ 'J lﬂ ‘S ID !N ID IJ' IF IM IR IM |J IJ lg IS IO 'N ID
1976

BELOW OKANAGAN LAKE DAM

1977
NITRARTE PLUS NITRITE (N}

B7

. 1978
MSIMULTANEOUS METHOD(N=241 ASEQUENTIAL METHOD(N=138)




- 128 -

sL'e . SL'C SL'C 3 ch 8L64
LE VPF 19°6 S9°94 GE' 9t vO" 8y 8T L1 € I+ BLG}
66 1SF 60° v 8L'S [4 3818 16l [0 2 X T O} BL6I
69°S¥ Lyt ov'L ve'o SL'IT 0oL} 6 . 60 8.6}
91 0% 90°0 910 ve'¢ 6E'T S6° 4 9 80 BL6I
1S LF 89°0 ST'T €8°C 19°6 €0°C b , LO 8L6}
L8 O% 9€°0 v6°0 LL'T [4- 204 S6°} L ! 90 8L6}4
Iy 6LF 85°8 v LT 1 2 :1 61" v6 12°€ ot : © 60 8L6}
TO'EF 60 vv'c 06°6 oe"¢i 10°L S ’ ' . vO 8L61
99"+ 2¥ 6E£°6 81 "8C €8°29 c0'96 86°8 6 EL 0S¥ - 66°€E 69°§ LY O} LY vl 8’9 [4 EQO 8.6}
95" S¥ 00°¢ 8y v 8L 10} L8 v0l LE V6 ] (A (o] X e] 06°0 9€°0T 1o B ¥ L8’ 8} ] ¢O 8L6}
ET ESTF €L 9} GV EE 96 LE co'PvL 06’8 v ; 10 8L61)
6E°CF 86°0 85°¢C LO O} 4343 9t°9 L T LL6}
bLbE T VLY |71 ‘ Vb LLEY
90 0% 10°0 t0°0 (XA cL VL T : T O} LL6})
60° 0% v0°0 v+°0 €8°} vo°¢T " 894 43 v6° 1 v6-© 4 ve' 3 80 LL6}
60°0% v0 0 vi 0 14: 3 1o°¢ €971} (4] €971 E9°} €974 3 LO LL6}
S IL¥ 89°0 [4: A 9L'C €0°6 LLO L} 1421 vS vS' 4 3 90 LL6}Y
LT v¥ vs 4, ryE [4: 384 16°6 or'c S 6T 14 6T 6T} ' SO LL6}
TT S+ 88| zTy CE'OL  I8'E} 9t '€ ‘8. : ‘ v0 LL6}
TEYPE €0} 8L’} €9°CH Ot v ¥9° 0} € . - 'L9°T) SL9TTH | L9°TH b €0 LL6)
€8°G9% 84S EE"L L9 €6 58786 6V 88 4 84 "6TF oe'¢ GT'E 28°68 S1°¢C6 957 L8 C CI 9L6t
o ) TH'CF L9°0 EE’ (3 vro'8 09°'g v 60 9.6}
o . . . . : z8° Gt [4: 13 [4: 281 3 80 9.6}
: LL'TCF 9L L [ 41 TLTVLL GT OEt 9t " 96 v LO 9L6}
. 197Gt 197G} 19°Gh ] ¢O 916}t
(Ava/9%) avov
(o3 o0 (o3} T00'0 ¢00°0 ¢00° 0 T ci 8.6}
ELOO OF +€00°0 L8000 610°0 2€0°0 G000 8 . : b 8L6}
9€00 ' OF §100°0 6€00°0 o100 L10°0 s00°'0 L . O} 8L61
8100 0F 60000 €v00°0 ¥00°0 L10°0 ¢00°0 14 ' 60 8L6}
1000 OF 00 ¢000°'0 ¢00°0 €00°0 200’0 144 80 B8L6!¢
8000°0F 000 °0 9Z00°0 €00°0 v10°0 ¢00°0 or . : ’ - LO 8LE}
LOOO " OF €£000°0 9100°0 TO0'0 010°0 c00'0 144 90 8L6}
$1200°0F 0L00°0 §600°0 $00° 0 8c0°'0 ¢00°0 [¢1 . . SO 8Ll61
8€E00°OF 8100°0 ¢800°0 o10°0 s¢0°0 ¢o0°0 (614 i y0 L6}
200" OF ¢100°0 OLOO' O SE0°O yv0°' 0 910°0 ve 6E00 OF G000 LEOCO'O ovo° 0 y¥0°0 9€0°0 £ . €0 8L6}
0100°0F Y0000 L100°0 LYO O 6¥0°0 yv0 0 -1} 0100 0% 000" 0 L1000 LYO O 6v¥0°0 ve0°0 St 20 8L6}
9Ev0O " OF LEIO'O vL20° 0 ¢s0°0 ¢60°0 EEO'O v . 10 8L61
1200 OF 0100°0 9v00°'0 SEO O ovo'0 0zo'0 (44 o Tk LLG}
8010 0F v€00°0 8900°0 [4{¢¢] 6€£0°0 §¢0°0 4 . . ’ b LLE)
0 0¥ 0°0 0°'0 - 200°0 z00'0 ¢00°0 4 ’ Ot LL6}
0" 0¥ 00 0’0 ¢00°0 TOO'O ¢00'0 (4> 000" OF ¢000°0 9000°0 zoo0'0 00 0. ¢00°'0 [ 80 LL6}
0°0F 00 0°0- ¢00°0 T00'0 ¢00°0 9€ 0 0% 00 00 z00°0 ¢00 0 ¢00°0 ct LO LLB}
ET00"OF ¢100°0 1800°0, LOO0 0E0°'0 200’0 514 ¢000 0% 1000 °0 9000°0 ¢00°0 v00°0 ¢00°'0 ve 90 Li6}
rS00°OF §200°0 €£600°0 [ATe M e} 0E0’'0 T00'0 vi £000°0F $000° 0 L0000 . £00°0 ¥00°0 ¢00°0 ve SO LL6}
6200 0¥ v100°0 1S00°0 610°0 [Z4g¢] ¢00°0 vi ) . vO LL6}
€v00° ' OF 6100°0 9600°0 E£€0°0 tv0°0 §20°0 (] 8000 O 000 0 6400°0 EEO"O 9€0°0 LTO'O ve €0 LLG}
LYO0 OF L100°0 8€00°0 6E0°O 9v0°0 LEO O ] €000 O 1000°0 ¢100°0 6€0°0 Lv0°0 9€E0" O 99 c} 9.6}
: . €000 0OF 000" 0 €100°0 €00°0 800°0 ¢o0 0 804 60 9.6}
6L00°0 LECO'O 6G10°0 800°0 - T90°0 ¢00°0 8} 80 9.6}
LY10°OF €L00°0 SEVO'O 9€0°0 [eZA 0] [4elolie] 9g LO 9.6}
vE00 O €100°0 €E00°0 9v0°'0 160°0 Ev0°0O S ¢O 9L64
A
(1/9W) NOILVYLINIONOD
"“““nn""“““"“““““"""“"“""“"“““"""""“"““"“""“"“"“““"“"“""""“"““""""""""""““"""“""“"“"“"“""""""""“""u““""“""“"""”ﬂ“""“"""“"""““"""""""
AVAYILNI AOU¥3 NOILVIAIQ NV3IW WNWIXYW WNWINIW S3NdWVS TVAYILNI d0¥¥3 NOILVIA3A NvIW . WNNIXVW WNWINIW S37dWVS GO1d3d
“4NOD %56 QUVANVLS QYVANVLS "HLIYV - 40 "ON *4NOD %S6 QYVONVLS GYVANVLS "HLI¥V . 30 "ON DNITdWVS
GOHL3W ONITIWVS 1VILININO3S QOHL13W SNITdWVS SNOINVLIINWIS

(N)ILIYLIN SNId IAVALIN
WYa 3V NVOVNVY0 M0OT138 33ATHA NVOVNYIO
S31dWYS 40 ¥IGWNN ONY QOI¥3d ONITdWYS QIT4103dS ¥04 AVOT ONV NOILVAINIONOD LNIIULNN 40 SOILSIVILOVEVHI IVOILSILVIS

B8




I s ,
o
o~
~—t
, !
| 08" L¥ 16°€ 61 "€E 06°tT L8 YOI oL} L 66" v¥ vo'¢ ov's vS'LL  SO'IT "B¥°9 L ‘8L6}
80°I1¥ vs°0 CLEY vs b 438 4* LL'O vo S} 9% ge’e 96" ¥ [3: 8 -L9°C) 6T 1 S LLE}
€8 G9F 81§ €E"L L9 €6 $8°'86 . 6v’'88 [4 19°CEF [4: 28 43 EE" IS |4 )) ST OE} 09°S Tt 9L6}
(Ava/o%) avon
1200 OF 1100°0 €E910°0 €10°0 260°0 TO0'0 EET 8100 0% 6000°0 6€00°0 St0°0 ‘6¥0°0 9€0°0 X4 8L61
6400 0% 0100°0 TELO'O 11070 L¥0°0 ¢00'0 vel LTOO OF vi00°0 vELIO"O 010°0 9e0°0 ¢00°0 96 . LLB}
LYOO " OF L1000 8ECO'O 6€E0°O 9v0°0 LEO'O S CEOO " OF 9100°0 LYTO' O 020°0 ozz o ¢00°0 vee 9L6}
(71/9W) NOILVHLINIONOOD
L R R R R R R RS A A i i i b 22 2 2 R i R A - i i R R R R R R R S R R R AR R R R R R AR R R R R S AR R R SR R A R R R R
IVAYIINIT d0¥Y3 NOILVIAIG NVIW WNWIXVW WNRWINIW S3TdWVYS TVAYILNI JOdY¥3 NOILVIAIA NV3IW WNWIXVA WNWINIW S37dWVS aoId3ad
“3dNOD %56 QHVANVLS GUVONVLS "HLIIY¥V 40 'ON “dNOD %S6 QUVANVLIS QUVANVLIS "HLIYV 40 "ON ONITdWVS

QOHL3W ONITJWVS TVILININO3IS QOHLIW ONITIWVS SND3ANVLIINWIS
(N)3LIYLIN .SN1d ILVHLIN
WVO 3XVT NVOVNVYO0 MDT38 HIATH NVOUNVIO '
S31dWVS 40 HIGWNN ONV QOId3d ONITdWYS G31JI03dS ¥04 GVOT ANV NOILVYLINIONOD INIFI¥LNN 40 SOTLSIHILOVAVHO IVOILSILVLS

B9



20

.0

2000

200 500

AD_ (KG/DRY)
358 20 40 80

LO
2

0.2 0.5

0.03

[INWNET

0.00002 0

- 13p -

)
Al

[N FETT N B R a1 0T

Il

L Lriun

L

R BT Lo badn Lo bl L b |

‘T T i 8
= a2 8 8
1 T 1
) 4
0 'S iy
- & _ 1 &
il a1 iy T
. - Ai
0 H A A A
—_— | Z& —
B A ‘f A
JF M " ™M ') 'y g s g N m JF oM ‘9 ™ 'y am’s g N D U FM &R ™M TGRS ND
1576 1977 1978
SELOW OKANAGAN LAKE DAM SMMON TR (N (IS IMULTANEQUS METHOD(N=3511  ASEQUENTIAL METHIDIN=422)
_ T:_
A
SN
T & 2 AéA Bad
A
1 q] 2 4 AA&%AA
- A o . oA, MR A
E§ % A A@ 8 N BT AL
i S ) Bly o QéﬁaAA
i T
EE 0 :gg @ A A AT AA 5
R A N R A
A Cd A s A
a @ A U] A A
A TaY A
A A A _ﬁ
A
N

J
1876
BELOW OKANAGAN LAKE DA

M AMMON 1A

1
(N)

IM lR .M .lJ ‘J Ig IS |0 IN |D IJ IF !M Ig ‘M TJ ‘J lR IS 10 IN IU '_j IF IM lg ‘M '_J IJ lg IS IO IN ID
977

1978
DSIMULTANEOUS METHOD (N=24) - ASEQUENTIAL METHOO(N=138)

B1O.




-131 -

sL°T sL'T SL'T ' Z} 8L6
ve 17 Ev-0 vL°0 €0°8 vL'8 9z L € Fi 8L6)
50" v8T¥ 9g T2 T9'iE Oy 9T oL’ 8¥ Vo' v (] 0} BL6}
8L°LTF 50° 2t v 9€E 89 E£9 bE'BLL  LB'S 6 60 8L61
62 1047 Or " 6E 1596 - LL'VTh BZEVE TP 86 9 80 8L61
88" 1vF 088l vE'Z9  GL'LIY 98 I¥Z  90°¥S b LO 8L6}
16 VEF ol vl TE'LE €5°LE ST 10L 192 L 90 8L6}
86° 587 10°8E lz'0Z+ SO'TSH €8°BSE . vS 8T  Of 50 8L6|
59" LSF LL'OT - EV 9P €S°19 kT VTL  OE"Ot S 4 vO 8LB}
6T 0)F oy v 6E°E} . TL'GI ST EV LL'} 6 oL'z¥ +2°0 ot 0 LS50 8L°0 SE'O c €0 8L6}
v8" 9EF LT EL 8962 ve ve 18764 Tr'y S - 6TLF €9°¢ L8°g Lo's €4Sl 88°0 S - TO BLE}
L8 91 ¥ 0E"S 0904 6L°0} SL°ST z9' ) v 10 8L6}
69 € X-] 66°E . 6€°€ 84Tt (T L TV LLBY
o4 o4 or 1 ! . bhoLLEY
Ty 8TF vTT 9l°¢ 96°E 6179 TL ) z L - : : Ol LLB}
85° LZF €s°2TH 1vEY T6°19 veE'SPL 187 HI 4} : , 61°C 6L°¢ 61°¢ b 80 LL6}
9L OVF 68 €6° 91 00'EE  Or'89 ze'9 T PLUVL LT pLIVL b LO LL6} -
94 €7 61 si°9 S8 1 60°TT vy E L L L aL L oL L 1 90 LLB}
T ETF! zH'l iS¢ €20} LO" b} z1'8 S €0° b £0° v €0" v ' S0 LL6L
S6°1CF . I6°L 89°'Lk  LB'6T 9L°05 €8} s vO LL6}
86°I¥ 90 080 16°€ z8'v 9€°€ > Lr'e Ly'z L'z ' €0 LL6}
8E°SvBF €599 60°¥6  6E°68 T6°'SSk  §8°ZZ T 187957 L'y ZE'9 LE P} ve gl 06°6 z zh 9L6}
: eV THF 16°E 187 L z8°st L} EE 08 vi v 60 9.6}
_ TO'10F  TOLOL  TO'LOF ) 80 9L6!
S5 GIF 68 v LL's €0°82 L9°6E 8.8l v LO 9LB}
8L°GT 8L ST 8L°'S¢ b To 9L6}Y
(Ava/od) avol
0°0F 0°0 0’0 TO0O'O  TO0'0 zoo'o ¢ Tt 8L6H
T200 0% 6000°0 LZOO'O +t00'0 6000  ZOO'O 8 1L 8L6Y
LS10°0F ¥900°C OLIO'O 0TO'0  6E0°0  ZO0'O L -0} 8L6}
SELO OF §900°0 LZEO'O €90°0  OSk'0O  LOO'O &2 : 60 8.6}
LEEO OF €9L0°0 .66L0°0 OIL'O  OEE'O  &ZO'O  vE - 80 8.6l
v120° 0% 90L0°0 6990°0 8LL'O  OSE'0O  EE0'0  OF . LO 8L6}
6£10°0F . L900°0 OEEO0'O 8E0°0  O1L'0O  200°0  #Z . " 90 8L6l
TTIO'OF  0900°0 BZEO'0O  8EO'O  OLL'O 110°0  OE . : SO 8.6
0z10°'0F LS00'0 96Z0°0 S¥O'C  O0L'O  900°0 O : : v0 BLE}
6500 OF 6200°0 OLIO'O 110°0  280°0 T00'0 ' vE +000" OF TOO0'0  ¥O00 O  Z00°0 €00°0  TOO O 9 €0 8.6}
TL00° OF ¥€00°0 OENO'O TIO'O  SEO'O £o0'0 sl TLOO0" OF YEOO'O OEIO'O TIO'O  SEO'O zo0'0 sl ZO 8L6}
8810°0%F 6500°0 81I0°0 LI0O°O  ZEO'O  900°0 ¢ , . 10 8.6}
£L00" OF SGE00°0 §910°0 O010°0 900 ° 2000  TT . . T LLE}
¥500° OF L1000 $EOO'O 00O  600°0 00’0 ¢ , . bb LL6L
9500°0F L100°0  GEOO'O $OO'0  BO0°O 2000 ¢ oL LLE}
8S10°OF 8L00°0 6EYO'0 0LO'O  091°0 2000  ZE 9000 OF £000°0 6000°0 TOO'O  SOO'O, TOO'O Tl 80 LL6}
SL00°OF LEOO'O  0TZO'O  8EO'O ¥60°0  2O0'O  9E 6€00°OF 8100°0 1900°0 ¥I0'0  6Z0°0 - LOO'O T} L0 LL6}
¥+00° OF zZOO'O ESI0'0 STO'O  0%0°0  TOOO  6¥ 8200 0OF #100°0  £900°0 ZTLO°O 820°0  TO0"-0 vT 90 LL6}
9500° OF 9Z00'0 L600'0 9200  9¥0'O  OLO'O vk . ELOO'OF  9000°0 IEOO'O 600°0  LIO'O  SO0°O vT S0 LL6}
S610°OF 1600°0 6EE0'0O 8S0°0  60L°0  TOO'O  bI O
5100 0% 9000°0 61000 0100  ¥I0'0 Loo'0 & 5100 0% LOOO'O  SEO0'O  900°0 810°0C  TO0'0 vT €0 LL6}
990" OF 6£20°0 GESO'O IEO'0  LZI'O  SO0°0 ¢ 9100 0F 8000°0 $900°0 LOO'O  TFO'O  TOO'O 99 T 9L6}
TLOO OF 9000°0 . §900°C 110°0 IEO'O  TOO'O 80} 60 9L6}
8910°0F © 0800°0 6EE0°O G+0'O TEL'O z10°0 8l 80 9.6
I¥00°OF  OTOO'0 TTIO'O  600°0  9L0°0 T00°0 o€ LO 9L6}
9E00° OF ¥100°'0  PEOO'O  OLO'O v10°0 900°0 9 zo 9.6}
(1/9W) NOILV¥INIONOD
ceaessasssssssssssssssssssSssssosss=sssssssshssscssssssSssssssssssssasssSssssssssssssssssssss=ssssssssssssssssssssssssssss=ssessssssze
IVAYIINT YOI NOILVIAZOQ NV3W  WOWIXVW WNWINIW S3TdWVS  TVANIINI 40883 NOILVIAIG NVIW  WNWIXVW  WNWINIW S37dWVS QOI¥3d
“4NOD %G6 QHVONVLS QUVANVLS “HLIAV 40 "ON  "4NDD %G6 QNVONVLIS GUVANVLS "HLINV 40 "ON ONITdWYVS

QOH13IW SNIVDWVS TVILININD3S GOH13W SNITdWVYS SND3INVLINWIS
(N)VINORWY
WYQ 3V NVOVNVY0 M0DT138 YIATE NVOVNVIO0

S37dWVS 40 Y3EWNN ONY 401d3d DNITdWYS Q3141D3dS ¥04 QY01 ONV NOILVHINIONOD INIIHANN 40 SOTLSIYILIVYVHO IVOILSILVLS

Bl1



- 132 -

LY Bl ¥ 9c’'6 6S 8L vL 0oL . €8 8g€E co’} cL 88 b¥ 661 8C°G 8L°¢E [ >4 -1 GE'0 L 8L61
9T L¥ E9°E S0 °62 8L 've vE St (X" vo S0 6% [4: % Lo’y ¥9°8 YL 61°C S LLB)
8E°Sv8F £5°99 60°'tv6 6E°68 ¢6'SS) G8°CT [4 00°GH¥ T8'9 T9'ET 16°0¢€ [{elmYe]] 06°6 (43 9L61

(Ava/ox) avol

9L00 ' OF 6€00°0 T6S0°0 vS0°0 [o1=1>0¢] ¢00°'0 €EC $S00 " OF 9T00°'0 8110°0 600°0 GEO'O [0 o

o (¥ 8L61
LY00’ OF ¥Z00'0 ETEO'O SEO'O 0910 TO0'0  ¢8) THOO OF 9000°0 8S00°0 600°0  .620°0 2000 26 LLB}
¥990° 0% 6ETO'0 SESO'O €00 »w,.J §00°0 S 0200 07 0I00°0 TGIO0'O  Zi0'0 ZEL'O z00' 0 vET 9L64

_ (1/9W) NOILVHLINIONGD
|
SsSsS=SSa=S=SsSSsSE=SSa=ss  EEEEES TS rEAC NS S ECE S SRS ECS S S E A S E S S SRS E N S O o eSS E S S S CS S S S - CoSE S S SN T D O CRrES RSO SNEoDSoSSSRESSE=SER=S===SS
IVAYILNI do¥¥3 NOILVIA3IQ Nv3 WAWIXVW WOWINIW S3TdWVS IVA¥ILNI d40d¥3 NOILVIAIG NVIW  WAWIXVYW WNWINIW S3TdWVS Q0Id3d
*4NOD %G6 QUVANVLS QUVANVLIS "HLIdV _ 40 "ON " dNOD %G6 OUVANVLS GQIVANVLS “HLINV © 40 "ON DNITdWYS
QOHLIW SNITIWVS VILININO3IS AOH13W ONITdWVS SNOINVLINWIS

WVO 3V NVOVNVYIO0 MO39 d3ATY NVOVNVAO

‘ (N)VINOWWY
SITdWYS 40 YIBWNN ANV a0Id3d 0z~4a£<m.omau~0m&m 404 GVO1 OGNV NOILVILN3ONOD INIIHLINN 40 SOILSIYILOVAVHO TVOILSILVILS

R T e,

B12




A
(G}

- 133 -

L .174E-06 U .913E+06

L .SBIE-02 U .ST9E+0)

|

)
1

(MG/L)
3 050

0

2

0
|
E
E:E

.08
L

0

CONCENTRHAT TON

0.03 0.05

TF W g W T T R 5 8 W G F W R W 37 85 5 WD F WA Wy R 5 o N D
. 1976 1977 1978 :
: BELOW OKANAGAN LAKE DAM ORGANTC NITROGEN CISIMULTANEOUS METHODIN=351)  ASEQUENTIAL METHOD(N=422)

Ll

200 400 800 2000 5S000
Ll L

3
>
Pte-

g

(KG/DAY)

LOARD
40 70
Ll

20
Lo Lol |

34 68

] IF ™ lg IM 'J IJ Ig !S IU !N ID IJ I3 IM n IM IJ 'J n IS IO N D T TF ™ ig M. IJ 'J Ig IS ID N ID
+ 1976 : 1977 : 1978 .
BELOW OKANARGAN LAKE DAM ORGANIC NITROGEN (JSIMULTANEQUS METHOD(N=24) ASEQUENTIAL METHOOD (N=138)

B13



- 134 -

86°LTC 86 LTT B6 LCZ 1} Th BLE)

GE 9T v0' LT £€8°'9v- 06°69C LV VIE 60°12T € 11 BLEF
£0°8STT 102 zTL 8T 6Z°'8ICT 65°BEZ 86 LBF T O} 8L6}
0T " VEF €8 Vi (-1 28 44 EL'69L. E0'LZT 96766 6 60 8L6}
96" 0S¥ L9 6} L} 8Y €8 991 88 I¥T BI'GIE 9 80 8L6}
TS OLF LY L9° G} 880G} vv 691 6E- 9T} 9t LO 8L6}
SL PTF 1O} 9L' 9T v8° LS} Ev 061 v ETH L 20 8L6}
06°1S+F S1° L9 9c'ZIT 6BV'GES 9L'LT6 GL'00Z O} SO 8L6}
£9° 65T €0°02 08 v oz 9tt 69°€8} zL' 19 g - 0 8LEI
68° 69F 1€ 0E z6°06 19°2€C BV 60E LT TY 6 SLOVIF 80" b1 L9 G} 88 € 96° G 18 €2 1 €0 8.6}
L 6PT 16° L} [-{e3e14 BE'€6CZ 69 PYE EEEVT § oL 8% €}°E 10°L L8 8S €T L9 (W14 5 Z0 8L6}
09 ' ViLF z0"9¢ E0"ZL 91 °86 TE €91 vE"GE ¥ : 10 8L6}
08 6LF 19°¢€ 8¢ 98 €G°GL 09°0LZ E€S°LE L Th LLB)
8" 05 8V 06 8y 0§ } LY LLB)

[1AR-1% % 60°'6 G8°Z} T6'LE} 10" LY €8'8C+ T Ol LLBI
89°9I¥ 85° L Gz 9T {41} 8L'60CT 90°6lL14 4! €V 15} €V G EV LG) 1 80 LLG}
0SS EVF €179 148 ¥4 €L 8V 157102~ +9°0Z+  TH SLTLME SL LMY SL Lb} b LO LLB}
€9° IIF 6v°'S o ce 0T 06 08 €T} T8 LS Ly 10" 904 10904 10" 90} ) 90 LLE}
19°GSF To'T (43R4 167 L9 ‘T EL 80 v9 ] v6° 69 v6°69 v6° 69 ' GO LLB}
69 TTF 948 sz 8} 1820} €T 811 6L VL [ O LLE}
v vE 96°0 L9} v9°09 [-1-3x 4] LY B6S £ 89°8G 898G 898G b €0 LL6}
EL OVIF [-I-R Y £€° 9} ¥G'BEE 60°0GE 66 9ZE T 09°GPIF o b LT 91 60 '8BYE GG 6SE €9°9EE T L 9L6}
St ZEF [YARo]t ov 0T 90°GSYy VE'SLY LO'VEYP ¥ 60 9.6}

6L'ETY 6L ETY 6L'ETY 80 9L6}

Gl "9ZIF 59°6€ 6T 6L 06°v8p €£°095 G8'GLE V¥ LO 916}

GE'6EE GE 6EE  GE'6BEE I TO 9L6}

(Ava/oM) avol

. 0'0F 00 0°0 990 99} ' 0 991°0 . T Zh 8LB}
6200 OF TIOO'O ¢vEOO'O 6¥I°0° TS O vl 0 8 ' . . L 8L6E
6ELO OF LG00°0 1640°0 G¥1L°O 891 °0 6240 L 01 8L6}
6900 OF $Z00°0 0OZI0'0  9¥L'0 L9t°0 [ZA) [*14 C . 60 8L6}
P10 0% 0L00°0 IPED'O OS1'O €ET'0 oL O vT : . 80 8L6}
0LOO OF PECO'O 8ITO'O GVI°O P20 -BHL'O ov LO 8LB}
1 LOO OF YEOO'O  L9IOO  6ZF'O 9810 L0} 0 vT ) : 20 8L6}
S¥00° OF TTOO'O 0OTIO'O TEL'O S51°0 804 "0 oe o SO 8L6}
1010 0% 8¥00°0 91200 60L°O Ly 0 690°0 oz * O 8L6}
EEO0 OF 9400°0 G600°0 - LEL'O L91°0 [44 0] ve 800 OF ZEOO'O 0BOO'O 9€EtL O -1} sTH'O ] €0 8L6}
ELIO OF €600°0 tOZO'O  9EL'O ZLL O 901 °0 S ' ELLO'OF £S00°0 $0ZO'O0O  9€4 'O zLL'O 901 "0 -1 O 8L6}
p8Y0°OF TSL0'0  VOEO'O  1S1°0 9610 LEL'O ¥ . 10 8L6I
€901 'OF 11G0°0 LBET'O " 161°0 E9C "+ oLk 0 144 T LLB)
¥Z10° OF 6€600°0 8L00°0 6EL'O 0S40 EEL'O , ¥ L LLB)
5840°0F 8500°0 9410°0  6SL°0 YA 6v1°0 ' v Ol LL6}
6900 0F YECO'O 16100 G91°0 90z "0 LEL'O 4 5910 0% GL00°0 6G5Z0°0  L9L'O ELT0 9ZL 0 zi 80 LL6}
. 8900°0F ‘$E00°0  L0TO'O  2941°0 6ET’0 ovt "0 9€ 9800 OF 6E00°0 SEKO'O  PVL'O 691 °0 6ZH°0 zh LO LLB}
0900°0F 0E00°0 0ITO°0 TLL'O 1ETTO ovt 0 6v 6400 OF p200'0 . SHKO'O  Pv9L°O €81°0 6EL O ve 90 LL6}
2800 °0F 8E00'0 TYIO'O 891°0 L81°0 EVI O v 0600 0F EYO0'0O EIZO'0O 89470 1020 980°0 ve SO LLG}
0600°0F ZPOO0'0  LGIO'O  BLL'O L64L°0 6E} 0 12! . YO LLE}
¥800°OF 9000 6010°0 290 184°0 [4-T9¢] 6 £500° 0% 6Z00'0 HTIO'O GSL'O ¢81 0 LEL'O ve €0 LL6}
0LOO OF GTOO'0 9S00°0 Stl O €64+°0 8EL°0 [+ 8€£00°' OF 6100°0 tS1I0°0  6%L°O 061 °0. PO 99 T4 9L6}
EYOO'OF  TLOO'0 &6TTO'O S840 8LZ°0 LY O 80} 60 9L6}

P G1:0°OF $500°0 LEZO'O  8LL'O €T O avi 0 8} 80 9L6}

£G00° OF 9200°0 - 9G+0°0 TP 'O ¥81°0 Sk O 9€ LO 916}

oro0 " OF 9400°0 B8E00'0 9E4°O A4} LEL O 9 TO 9L6}

(1/9W) NOILVHLINIONOD

MSLssmmoEEmosESSSSmeSEESSCooS—ssEmESESESSSSSSSSScSSEESSSSESSESESSTIsSESSSASCSSIS=SSSESSSESSSSSaSSSSSSSSSSSSESSSSS@ssssssss=ssss=sssSS=
IVAYILNI HOHY3 NOILVIA3A NVIN  WAWIXVW WNWINIW SITdWVS IVAYIINI dO¥U3 NOILVIA3IA NVIWN  WNWIXVW WNWINIW S37dWVS Qold3d
*ANOD %56 Q¥VANVLS QHVONVLS "HLINV 40 "ON *INOD %S6 QUVONVIS QAVONVLS "HLI¥V 40 °ON DNITdWVS

QOHL3IW HSNINAWVS TVIIN3ND3S : QOHLIW SNITdWVYS SNO3INVLIINKWIS
NIDOALIN DJINVOAO : :
WYQ 3NV NVOVNYXO MO139 d3ATA NVOVNVIO .
SITdWYS 40 ¥ISWNN OGNV A0Id3d SNITdWYS 0314103dS 304 OQVOT GNV NOILVAIINIONOD INIFIHALNN 40 SOILSIYILOVHVHO IVOILSILVILS

<

Bl4




- 135 -

N
tO 9EF 908t [ 3+1) S 62T 9L°LT6 vE'SE cL TV ELF (11 1S°p1L co¢s €T LY 18°€C L 8LE}
V6 HEF 96°§ L9 LY ¢6°601 09°0LT ES°LE 1 4] Ly 9t+ vi 9t €V LE 9L° 00t EV ISH 89°8S§ ] LLBY
EL OVIF GG €€ "9} G’ BEE 60° 0S¢ 66°9¢¢t [4 [1-2R 423 (S A4 oL 0L 09 LEY €€°098 £9°9EE ci 9L6}
(AvVG/94) avol
8T00° 0% ¥100°0 6120°0 . B8E4+O vz 0 690°0 [5]>44 0800 0% 8€00°0 SLIO'O 9€EL ‘0 cLL'O 901 "0 (¥4 ¢ BL6I
¢TI0 OF Z900°0 9€80°0 oLy 0 €921 [e 1 ] vel 8EOCO " OF 6100°0 9810°0 091 °0 [ XA e] 980°0 96 LL6B}
0L0O0 0% G200 0 9600°0 Svi°0 €S0 8EL O S 9€00 0% 8100°0 9L20°'0 991 °0 8LC°0 vt o vET 9L6}

(71/9K) NOILV3INIONOD

IVAYIINI H0dd3 NOILVIA3O NVIWN WNWIXYW WNWINIW S3TdWNVS TVAYILINI H0d¥3 NOILVIAIA NVIW WNWIXYW WNWINIW S3ITdWVS QOoIy3d
"4ANOD %S6 QAVANVIS QUVANVLS "HLIYVY : 40 "ON "3INOD %S6 OQUVONVLIS (UVANVLS "HLIYV 40 "ON ONITdWVS
GQOHLIW ONITdWVS IVYILININO3S GOHLIW ONITJIWVS SNOINVLINWIS
NIOOULIN DINVDYO
. WVYG 3V NVOVNVYO A0T38 JIATY NVOVNVMO
S3TdWVS J0 H3IBWNN ANV QOTd3Id ONITAWVYS Q314103dS HOJ QGVO'1 ONV NOILVIINIONOD INIIHLAN 40 SOILSIYILOVHVHD TVIILSILVLS

B15




L Y

-

- 136 -

{R)

L .757E-06 U .275E+06

G}
L1

L .209E-01 U .224€+01
L 98E-0) U (267401

CONCENTRHAH
:

0.04 0.06 0.09

'._

H=H
(823
e
e

BELOW

T F M A ™M R

1976
OKANRGAN LAKE DAM

T H N G ) F ™M R W O U RSN ' F M s W™ /" s 9 W .
1977 ’ )
TOTAL NITROGEN

1978
MSIMULTANEOUS METHOD(N=351) ASEQUENTIARL METHOD (N=422)

Lo b

2000 5000

800
il

==
N
(Do
!N

(

LORO
40 70

Lt i

20

Lot b

34 68

1976
BELOW OKANARGAN LAKE 0AM

1877

9
TOTAL NITROG

EN

Bl16

1
[MSIMULTANEDOUS METHOD(

_J =] ™ IJ ’J [ IS TO N ID Ty TF ™M 5§ ™ IJ INECE] ) Io N |D IV ™
978

N=241}

5] [M '_J IJ lg !S IU— IN ID
ASEQUENTIAL METHOD(N=138)




- 137 -

PL 9SHF
L6 LLF
6€ " TS¥
VLT F
T PVF
18°1TF
14 R 1 X 23
[4: A R
99 ' v6¥F
T9 W LF
v6° 08I ¥
oL 8LF

i LBF
68 9EF
68 9 ¥
BE'IIF
6" v¥

9T 8v+¥
99°€F
06° LSOVF

0 0F
vL00 OF
€L00°0F
LT1O OF
68€E0°OF
6120 0%
8EL0°OF
TELO'OF
TCTLO OF
vL00 OF
TG0 OF
6LO} "OF
§50} O
6540°0F
6510°0F
L6110 OF
+600°0F
€600 0%
010 07
t9T0 0%
TLOO OF
L9LO OF

TYAYILNID

Ev°9¢E
v 9
L't
8b 6V
08" 6}
16°'8
06°' 66
8T OV
SO v
08°'6¢
298°9§
91 °C¢E

98°9
9L 91
Lo’ L
LE'S
LL}
6E° LI
S8°0
9C €8

00
LECO'0
0£00°0
1900°0
8810°0
8010°0
9900°0
¥900°0
8800°0
9€E00°0
1,000
6EEQ0°O
LOSO"0
0800°0
0S00°0
L6000
Sv00°0
9v00°0
6G00°0
1210°0
1EOO'O
9L20°0

-10t-1. E]

S3TdWYS 40 ¥3ISWNN OGNV Q01¥3d ONITGWYS Q3I4103dS 304 AVO1 GNV NOILVYLINIONOD INIIYLNN 40 SOILSI¥ILOVAVHI TVOILSILVIS

60°£9
89°8

Si 89
61 121
89°69
6G €T
GZ €0E
LO 06
Gt ETH
69°LS’
EL'ELY
60°68 -

oL'6
G0°8S
85:92
El°TT
96°€
88°8€
LY}
SL LKL

00
6800°0
6L00°0
LOEO" O
1260°0
$890°0
9Z£0° 0
£5€0°0
0920°'0
1120°0
§LZ0°0
8L90°0
08€C°0
0010°0
0010°0
LYSO' 0
0Lz0°0
ETEO" O
LO0Z0" 0
€500
£600°0
841900

8y €CC
9z pie
08652
S9°6ET
v8 E6Z
v LT
vi 864
66°G89
€9° L6}
9" IIE
o 81 b
1S OpY
66°88

L9°€9

65 EVI
60912
96 €84
18° 0}
L9°¢8

10 EVL
81" LL

09°425

oL 0
ELL'O
9LL "0
TiTc'o
€92°0
g9z 0
oLy’ 0

ELL O~

v91L 0
€81 °0
61 "0
[e14A0)
9€T0
SLL'O
G910
LET O
[4 e A0]
€0T°0
90T 0
SSC°0
s0T 0
9iTc'0

NOILVIAIG NVIW
*ANDD %S6 QUVANVLS QAVANVIS "HLIYY

GOHL13W SNITdWVYS TVILININO3S

8r ECT
ST ILE
v6° 592
8E'O}E
oV 9is
50" Z6E
v6°LE€T
o€ Syt
0z "0zE
b9°12P
6L°10G
ov" LGT
€9°082
L9 E9

St 06t

6G°9¢€€
TS O€ET
96°8E}

z8' L8

vE'GL}

ze 8L

98" v09

oLt 0
064°0
0840
O1E£°0
06v°0
oLy'o
0920
oze' 0
0ez'0,
0820’
0€Z'0
oze'0
00E " |
08I0
0810
03¢0
- 08Z°0
082°0
0EZ'0
SZE'O
0zz 0
9zE' 0

WNRIXVW -WNWINIW S3TdWVS
40 "ON

8v EEC
Ly 9vT
L9 EST
o6 vyl
[A-3A4: 1
9€ " 981
66 094

'GP 09T

v6' 18
ze's8
€9 OLE
98° G
8€°8Y
L9°€9
vL 9€E}
op " ¥S4
08 b1
9z L9
60°8L
6L 9L
86°GL
£€" 8EY

oLL 0
0910
0910
oLL 0
0S1°0
0910
ovt 0
0S40
L60°0
091 °0
0910
oLL "0
0910
0910
0910
oLl O
oL1'0
GSH°0
9510
oL 0
z64°0
584 "0

N TODODO~"OOND
-

:14
144

ze
9€
¥
v
vl
6

g

81 'P6IF
8l EIT

}9°6G6%
VEOTF

9l "86%

(Ava/ox) avotl

€010 OF
¢G10°0F

6910°0F
0Z10° 0%
8900 OF
G600 OF

¥900°0F
S¥00° 0%
0S00° OF
8LC0 O¥
L8100 0%
TTO0 0%

8¢ G}
SL'Y

69°'v
8€°’9

580t

Oov00°0
LLOO' O

LLOO O
¥S00°0
€E00'O

9v00°0

LE00 'O

¢To0° 0
G200 0
CEIO'O
T600°0
8000°0

(1/9W) NOILVHLIN3IOINOD

IVAYILNI
"4NOD %S6 QUVANVLS

d0yA3

(N)N3IDO¥LIN TVIOL
WVa 3IXVI NVOVNVXO M0138 JIATY NVDVNVIO0

19°4¢ Z6°SsY
t9'0¢ [o]50 4]

95" GG}
T HEL
LE G
ST GL

¢8'EL
E9°9 cE"TSY
oL T 86 LLY
€9 0VS
oL'19 §9°¥Z9
. SL°08Y

8600°0 8L O
GLTO°0 v61 "0

9920°0 cLL' 0
8810°0 651 °0
091070 8L’ 0
+v2T0°0 081 "0

TS10°0 v61 "0
1810°0 G610
€920°0 000
0960°0 leTc0
€£660°0 L84°0
12000 E64 "0

NOILVIAIQ NV3IW.
OQYVANYLS "HLIYWVY

QOHL3IW ONITdWYS SNO3INVLIINWIS

‘219
GE " 00t

96’ G661
CL IE}
LEGHE
G¢-'SL

c8'EL

10" LSY
VL S6v
€9°0vS
CE"S89
SL 08p

061 °0
0EZ 0

(o4}
00T 0
voc o
S0

OET 'O
LST O
S0E°O
OGE O
STV 0
5640

v9°0¢€
T6'GL

956614
ClL IEL
LE'SHIE
GT'SL

¢8'EL

€9° LYY
€6 G9¢
€9°0¢S
GG BES
GL° 08y

OLL O
091°0

- —— -

TN

(43
(4
ve
ve

ve
801

8}
o€

(4
ti
ot
60
80
LO
20
SO
14¢]
€0
zo
10
(4
23
ot
80
LO
20
S0
[4¢]
€0
(43
60
80
Lo
[4s]

8.6}
8L61

8.6}
8L61
8.6t
8L61
8L6}
8L61
8L61|
8LEI
8.6}
8LE}
LLE}
LLE}
LLG}
LLE}
LLE}
LLE}Y
LLBL
LL6}
LLBI
9L6}
oL6}
L6t
9.6}
9L6}

8L6}
8L6|
B8L6|
8L6}
BL6}
8L61
8.6}
8L61
8L6}
8L61
8L6}
8L6I
LLEL
LLB}
LLEY
LLB}
LLBY
LL6)
LLE}
LLE}
LLB
9L6}
9.61
oL6}
2L61
9.6}

WANIXYW WNWINIW S3IVdWVS d0oI1d3d
40 “ON ONITdWVS

B17




- 138 -

[448:1 23 8} "vT 61 'S0T 68 °ETE 0g"SbTlL 98°SP L 9L 0c¥ 8v°8 vyt PE'EL SE 00} v9°0¢ L 8L6}
6T 9I¥ S1°'8 [428°1-] vZ 6t} 6G°9EE 8e "8y vo (-1 443 ¢6°Gl} 6S°GE tT°04 96 'G5} [4: 287 S LLEB}
06 LGOL¥ a9z'es8 SL LY 097125 98 09 €E " BEY 4 [4: AN -t3 vS'ET 95° 48 y0°8TS TE G89 E9 LYY . T} 9L61

(Ava/o3) avol

6L00°0F or00°0 [43: e ¢} s0Z'0 06¥°0 L8600 €ET CHIOOF ¥S00°0 9v20° 0 681 °0 0ez’'0 0910 X4 8L6}
0EL0°OF 9900°0 9680°0 91¢°0 00E " SG1 0 vel yv00° OF TTto0'0 810" 0 08} 0 Qec'0 S60°0 96 LLG}

L9L0°OF 9LT0'0 8190°0 91T'O 9zZE" O G840 [ Sv00 " 0OF EZO0'0 LVEO'O 86170 5ZTY 0 8EL O vee 9.6}
(1/9W) NOILV3IN3IONOD

IVAYILNI YOUHI NOILVIAIA NVIW  WONIXVW WNWINIW SITAWVS IVA¥ILNI Yo¥Y3d NOILVIAIQ NVIW  WNWIXVN WOAWINIW S37dWVS Qoldad
*4dNOD %S6 QUVANVLS QAVANVLS "HLIdV ° 40 "ON *4NDD %S6 QUVANVLS QUVANVLS “HiIdv 30 “ON ONITdWVS
QOHL3IW SNITdWVYS TVIININO3S QOH13W ONITdWYS SNOINVLINWIS
(N)NIDOYLIN IvIOL
WVQ XV NVOVUNVIO MODT39 ¥3ATY NVODVYNVIO
SITANVS 40 YITWNN ONV A0I1d3d DONITIWVS Q3I134103dS U0J AVOT ONV NOILVHUENIONOD INIIYLNN 40 SOILSINILOVHVHO VIOILSILVIS

B18



G/L
6
|

M
5

4

3

CONEEQTRHTION

070.9

20000 50000 200000

G/DAY)

200 400 700

90

- 139 -

(A

L .170E+00 U .195E<02

|

|

|

Ll Lo b

m 8 0
A iy
JF M @A™ RS ND JF M RN TR S g ND JF MR MU T ®R TS B NTD
1876 1977 1978 . ! - .
BELOW OKANAGAN LAKE DAM stLica (S [MULTANEQUS METHODIN=327)  ASEQUENTIAL METHOD IN=427)
T . s ‘
A
M| 28
— A
U @ [ LEA, &
A
s & A
A - Ap A ABST 4
S Y
: o A A A
4 2 &
. A A
m° G a HHA
a L
(0

Loy bty

~

|

1877

1976
BELOW OKANAGAN LAKE DAM SILICA

B19

] IF M T8 ™M IJ IJ Ia 75 Tg ] ID T IF ™M 1a ™M IJ IJ 'q ‘S IO N ID U F M lg IM l_j a lJ —IQ IS IO N ID

1878
(SIMULTANEOUS METHOD(N=22) ASEQUENTIAL METHOD(N=136)




- 140 -

OE° G6L9 O0E'S6L9 O0E G6L9 | Zl 8L6}
0S " 006v¥ 06°'8E4) 0G°TLBL OV TBZ6 OO LELLL OE"OIZL € L 8L6}
98 VEF vL'eT 88°E 0T'8899 O06°0699 OF'G899 T O} 8.6}
€€ °968%F 69 88¢E 019941 0B LBBY 05°0665 OV VOEE 6 60 8L6}
6€ " 6LVF ov 98t YL O9GP. OP P99y OT VIS O€ ¢8OV 9 80 8L6I
06 E9F 9G°€EL - B6 EVT 0oL 08vy OE SLEY OL 69TV I LO 8L6I
v8 SvoF €6°€£9C O€ " 869 0£°8Z9S OI'I6E9 00°609y L 90 8L6}
0G " 9T8v¥ OL'€EVT OF LYL9 00 OvLLL 00°84TEC OT E€40L Of GO 8L6}
06 "608C+ 0z 'TIOL OV E9CZ O0S°GZ6Y OF "€6LL OL 180T § Co .+ - VO 8L6L
0L 69S8CF Ov'viil OQO'EPEE Ol 'TEY8 OO PEELL Ol "CTLOC 6 oL 688v¥ £8°v8E ve vvs 00 1621 06 SE9F 617998 [4 €0 BL6}
6L S6EF LS Th) I8°8BIE 00° 94804 00 8EOLL 00 ¥STOI S Ol "6LF 0s°8¢ cL'EY OL "E91T 0S°LOTZ OL 0SOT 'S TO 8L6}
O€ "TO9EF Ol "TEIY 0T 'voCZZ O00'TIST OE LOBS O6'ICEL Vv 1O 8L61
GO BLIF 10°€EL L} E6t 05-'€8r4 OL PTBF OE'TEEL L Tt LLG}

00°6194 00°649F O00°619+ | b LLBI
6L vSI¥ 81Tl ET LL OE"vIIy 0G°9TI¥ OF'2OlY T O} LL6}
(43 S: 153 oe'ze O} "68C 08 TOEY 09 LOLY OV vTeE Tl : 00 L9EY OO0 L9EY OO0 L9EY | 80 LL6}
ST LICHF OL" 86 T6 I VE oz Oviy OE'OL9Y 007199 ¢TI OGS LEBE OGS LEBE OG LEBE | LO LiGE
9€ 'GTEF LY ESI 8L CE9 06 I0OYZ OV 'GISE O0G'S69F LI 00°¢06C 00°'TOo6T 00°C06C | 90 Li6}
8L’ 69F |4 2814 1T°9S 06°168F OV 6161 O0'96LI § OL ps64 OL ¥S6F OL ¥S6F 1 SO0 LLi6}
LO 68YF 81 9L} S6° E6E 09°I¥8Z O06°GOTE 06 E6IT § vO LL6}
Ot " 9EF vv'e 19° vt Ol "69LF 08°08BLI OL'ZSLL € 09°0z8F 09°0c8L 09°0T8} | €0 LLB}

: 4 4-1%3 LE L) E6 91 OO OELLL OO CVLLL OO°8BLEIY T ¢k 9L6%
v ISb¥F 88 IvI 9L°€8C oo0-"zveit 00 8C94 00°6COL V¢ 60 9.6}
O} "S6VEF Ob 860F 08°961C OO0 €9G654 OO0 VEL9L 00°69CCt ¢ LO 9L6}

(Ava/ox) avol
ESEQ OF 00S0°0 LOLO'O [ol=1-00 4 000°S 006" v 4 - zh 8L6}
6660 0OF ETYO 0 G611 °0 080° 8 00T’ S [elo]: 2 4 8 ) . L 8L6I
1SY0°OF »810°0 88¥0°0 6CS° vV 009" v 00s " v L - Ol 8L6}
€920°0F 8CcI10°0 8€90°0 [ 4:10 4 005" v o010 4 j:14 : . 60 8L6}
6TEO OF 6510°0 6LLO°0 2147 4 oov v (e o] T 4 ve ) 80 8L6}
6520 OF 8Z10°0 o180°0 [o]-TAm 4 [oo]- 20 4 00T v ov ’ ' LO 8LE}
90" 0OF O1€0°0 LIS O tL9°Y 000°S oov v v 90 8L6}
€9T4 'O 8190°0 EBEE'O Leco'y 00s°S 00T v o] - GO 8L6}
808Y " OF L62T 0 TLTO'} =1-{e R 4 ooL v 00T 0 ot vO 8L6I
SIv0°"0OF $0T0 0 0610 168"V [0 o] Ny -3 009 v vE 0" 0F 00 00 006"t 006" v 006" ¢ 9 €0 8.6}
Ey80° OF €6£0°0 tesL 0 086" ¥ oor's ooL'y -1 EYBO OF E6EQ’'O [XA-T¢] [o1:1-00 4 001" S ooL" by St ¢O 8.6}
S9LS TF L6080 v6L9° 4 -T2 4 004§ 008" 14 +O 8L6I
OGEO " OF 8910°0 06L0°0 v96 ¢ [o/0] -1 008" v 144 ¢ LL6}
GIEV ¥ 00sy "0 0006°0 osv v 006" v 00t '€ 4 b LLBI
0°'0% (ol o] o0 [ol0]: 2 4 008" v 008"t 14 Ot Li6}
§620° 0% Sv10°0 8180°0 169° v 006" v 009" v [44 0 0oF 00 (e} o088’ v [oe]: Rt 4 [o,07: 08 4 T 80 LL6I
§8T0°OF IP10°0 EY80°0 [44° 104 009 v ooT ' v 21 0' 0% (e e} [e 2] ooL v ooL ¥ ooL ¥ (43 LO LL6}
160" 0% §520°0 14°1:1 3 ¢] S8S° v 00S° S ooV ¢ 8°1 EVIO OF 6900°0 8€E0 0 ¢S’y . 009V 00S "¢ ve 90 LL6}
OL¥0° OF 9610°0 GL80°0 SE9' V¥ 008" v ‘005" v 074 €01 "OF EESO'O [AX-148¢] 269° ¢ 006°S 009 ¢ v S0 LL6}
8vil OF TESO'O 6861 "0 EVE' T ooz's ooL v ri ' v¥0 LLBI
SOv0 " OF 9L10°0 LTs0°0 96L° Vb [o/0}: B 4 ooL' v 6 0" 0% 00 00 008" v [ol0}: 2 4 o088’ v 144 €0 LL6I

9600 0¥ 8v00° 0 68E0°0 :1%: 204 006" ¢ [o/01: B 4 99 Zh 9L6}
+L20°OF LEVO'O XA ¢] ooL' v 000° S 009" ¢ 801} 60 9.6}
6v10° 0% €L00°0 6EYO O GTS' Y 009 v [ol01-8 4 o€ LO 9L6}

(1/9W) NOILVHINIONOD

IVAYILNI HO¥Y3 NOILVIA3IAQ NV3IW WNWIXVIH WAWINIWN S3TdWVS TVAY3ILINI do¥d3 NOILVIA3G NV3W WNWIXYW WNWINIW S374WVS QOId3d
*4NDD %S6 GUVANVLS Q¥VANVLS "HLIYV 40 "ON “4dNOD %S6 QAVANVLS QIVONVLS "HLIYV 40 "ON SNITdWVS
QOHLIW ONITIWVYS TVILN3INO3S QOHLIW SNITIWYS SNO3INVLINWIS
vOI1IS Q3AT0SSIa
WYa 3%V NVOVNVIO M0T138 d3IATY NVOVNVIO
S37dWVS 40 ¥IGWNN ONV AQ0I¥3d ONITIWVS Q313410345 304 V0T OGNV NOILVHINIONOD INIIALNN JO SIILSIUILIVAVHO IVOILSILVLS

B20




- 141 -

0T 09¢Ct¥ 10'ZE9~ O0B'TOES 0¥ 199L 00 8BITETC 06 ICEF CTL 95 Tor¥ €0 68} €} "00S 0G6°TO6F 0S°LOCZ 61998 L 8L6}
LO" LBTF 89°EVI oV '6vit 08°986C O09°I0LY OE'TEEL P9 OV ' 96EIL+F 10" €085 08°'vZIL Or'9L6C OO0 L9EY 09°0Z84 S LLE}
00°2S81 ¥ oL 818 Ol "68GZ 00 8¥6CI 00 vELDY 00 62044 O} a9L6l

(Ava/ox) avol

L190°0F €IEQO'O o8Ly 0 6TS°'V 00s°S 00T 0 €ET €090 07 6820°0 9CEL 0 LGE 'V 00l 'S QoL v X4 8L6}
81£0° 0% 1910°0 1428 Y 8L9" ¥V 00s°S 00t "€ v6l LYEQ OF SLIO°0 viLr- o 069V 006°S 00s ' v 96 LLEB}
9610°0% 6600°0 (R 44 3¢ LoL' v 000 S Q0S¢ ole 9L6}

(1/9W) NOILVYLINIONOD

Y SCSSESSSCSSSCSSSICSSSSNSSSSSSSICOOCOSCSCSSSSCCSSSSSCSCCSSCCRSSSSSoICCOSSSENCASSSSSLSSSSSSSSSOSSSosssssrcsooScESISSSss=SsEsSsSESsSs=zoas

AVAYILINI d0¥YI NOILVIAIO NV3IW WNWIXVIW  WAWINIW S3TdWVS TVAJ3IUNI d0Y¥A3 NOILVIAIG NVIW WNWIXVW  WNWINIW S37dWVYS QO0Id3d

“4NOD %56 QUVONVLS QHVANVLS "HLildv 40 "ON “dNOD %S6 QYVANVLIS QIVANVIS "HIIYV 40 "ON ONINdWVS
QOHLIW ONITIWVS TVILIN3INO3IS QOHL3W ONITdWVS SNOINVLIINWIS

v2ITIS J3IAT0SSIa
WVQ 3XVT NVOVNVYO MDT138 d3IAIY NVOVNVAO
S3ITJWVS 40 YIBWNN OGNV dOI¥3d ONITIWVS 0314103dS 04 AVOTl ANV NOILVALNIONOD LINIIYINN 40 SOILSIHILOVHVHO TVOILSILVIS

B21



- 142 -

APPENDIX C

Okanagan River near the Penticton airport, 1976 to 1978

.Concentrations and Toads derived from simultaneous and sequential
measurements are shown in (1) graphs and (2) tables.
1.. Graphs
Graphs illustrate time series of
(a) the daily geometric concentration means (mg 1'1)‘and their 95
. percent confidence Timits, and
"(b) the daily total Tloads (kg day
. three-year period.
2. Tables ' , R
Tables show statistical characteristics of nutrient concentrations
and loads, reduced to the (a) monthly and (b) annual basis, in terms
of

(ai) the arithmetic concentration means (mg 1'1), and their 95

1) of nutrients during the

percent confidence intervals, calculated for all individual
concentration neasurements during any given month of
sampling, - ‘ - :
(aj;) the arithmetic Toad means (kg day'1) and their 95 percent
confidence intervals, calculated for all individual Tload
~data determined during any given nonth of sampling.
(b;) the arithemetic concentration means (mg 1']) and their 95
percent confidence intervals, calculated for all individual
concentration measurements during any given year of sampling,
the arithmetic load means (kg day'1) and their 95 percent
confidence intervals, .calculated for all individual Tload
data determined during any given year of sampling.
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Time series of total phosphorus (P) concentration and loads, 1976 to
1978

Statistical characteristics of concentration and load data of total
phosphorus (P) determined for the individual months of sampling
Statistical characteristics of concentration and load data of total
phosphorus (P) determined for the individual year of sampling

Time series of total dissolved phosphorus (P) concentration and
loads, 1976 to 1978

Statistical characteristics of concentration and load data of total
dissolved phosphorus (P) determined for the individual months of
sampling

Statistical characteristics of concentration and load data of total
dissolved phosphorus (P) determined for the individual year of
sampling '

Time series of nitrate ‘plus nitrite (N) concentration and loads,
1976 to 1978

Statistical characteristics of concentration and 1load data of
nitrate plus nitrite (N) determined for the individual months of
sampling ,

Statistical characteristics of concentration and 1load data of
nitrate plus nitrite (N) determined for the individual year of
sampling -

Time series of ammonia (N) concentration and loads, 1976 to 1978
Statistical characteristics of concentration and load data of
anmonia (M) determined for the individual months of sampling
Statistical characteristics of concentration and 1load data of
armonia (N) determined for the individual year of sampling

o

o

[



c13

c14

C15

C16

c17

c18

C19
c20

e
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Time series of organic nitrogen (N) concentration and loads, 1976 to
1978

Statistical characteristics of concentration and 1load data of
organic nitrogen (N) determined for the individual months of sampling
Statistical characteristics of concentration and 1load data of
organic nitrogen (N) determined for the individual year of sampling
Time series of total hitrogen (N) concentration and loads, 1976 to
1978 »

Statistical characteristics of conéentration and load data of total
nitrogen (N) determined for the individual months of samp1in§ *
Statistical characteristics of concentration and load data of total "
nitrogen (M) determined for the individual year of sampling

Time series of dissolved silica concentration and loads, 1976 to 1978
Statistical charaéteristics of concentration and load data of
dissolved silica determined for the individual months of sampling
Statistical characteristics of concentration and load data of
dissolved silica determined for the individual year of sampling
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APPENDIX D

Annual hydrographs illustrating hourly discharge (m3 5'1) determined
during the period from 1976 to 1978 in Okanagan River at Okanagan Falls

(Water Survey of Canada station 08MM0OO2).
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APPENDIX E

Okanagan River at Okanagan Falls, 1976 to 1978

Concentrations and loads derived from simultaneous and sequential
measurements are shown in (1) graphs and (2) tables.

1.

Graphs

Graphs illustrate time series of
(a) the daily geometric concentration means (mg 1'1) and their 95
percent confidence limits, and , v |
(b) the daily total 1loads (kg day'1) of nutrients during the

three-year period. '

Tables '

Tables show statistical characteristics of nutrient concentrations

and loads, reduced to the (a) monthly and (b) annual basis, in terms

of : :

(a;) the arithmetic concentration means (mg 1'1), and their 95
percent confidence intervals, calculated for all individual
concentration measurements during any 'given month of
sampling, S .

) the arithmetic load means (kg day") and theik 95 percent
confidence intervals, calculated for all individual 1load

ii

data determined during any given month of sampling.
(b.) the arithemetic concentration means (mg 1‘1) 'éndlvtﬁeir 95
percent confidence intervals, calculated for all individual
concentration measurements during any given year of sampling,
the arithmetic load means (kg day']) and their 95 percent
confidence intervals, calculated for all individual 1load
data determined during any given year of samp]ipg.

(by;)
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Time series of total phosphorus (P) concentration and loads, 1976 to
1978 '

Statistical characteristics of concentration and load data of total
phosphorus (P) determined for the individual months of sampling
Statistical characteristics of concentration and load data of total
phosphorus (P) determined for the individual year of sampling

Time series of total dissolved phosphorus (P) concentration and
loads, 1976 to 1978 ' )

Statistical characteristics of cohcentration and 1oad data of total
dissolved phosphorus (P) ‘determined for the individual months of

~sampling—

Statistical characteristics of concentration and load data of total
dissolved phosphorus (P) determined for the individual year of
sampling

Tine series of nitrate plus nitrite (M) concentration and Toads,
1976 to 1978

Statistical characteristics of concentration and 1load data of
nitrate plus nitrite (N) determined for the individual months of
sampling

Statistical characteristics of concentration and load data of

‘nitrate plus nitrite (N) determined for the individual year of

sampling

Time series of ammonia (M) concentration and loads, 1976 to 1978
Statistical characteristics of concentration and load data of
armmonia (M) determined for the individual months of sampling
Statistical characteristics of concentration and load data of
armonia (M) determined for the individual year of sampling

Time series of organic nitrogen (N) concentration and loads, 1976 to
1978

Statistical characteristics of concentration and 1load data of
organic nitrogen (N} determined for the individual months of sanpling
Statistical characteristics of concentration and 1load data of
organic nitrogen (N) determined for the individual year of sampling
Time series of total nitrogen (M) concentration and loads, 1976 to
1978

#
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Statistical characteristics of concentration and load data of total

.. nitrogen (N) determined for the individua1 months of sampling

Statistical characteristics of concentration and load data of total
nitrogen (N) determined for the individual year of sampling |

Time series of dissolved silica concentration and loads, 1976 to 1978
Statistical characteristics of concentration and 1load data of
dissolved silica determined for the individual months of sampling
Statjstica1> characteristics of concentration and load data of
dissolved silica determined for the individual year of sémp1ing
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