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ABSTRACT

Detail ed | aboratory studies were carried out in 1970 and
1971 to test the effects of the nutrient el enents phosphorus,
nitrogen, and carbon, in regulating algal growh, and to
identify if possible the specific nutrients or trace el enents

[imting phytoplankton popul ations in the Ckanagan mai nstem
| akes.

The results of this study will be used along with other
i mol ogy task findings to provide an overall assessnent of
the current ecology and trophic state of these | akes. They
will also be used as a basis for estimating al gae grow h given
certain projected concentrations of nutrients in the [akes to
t he year 2020.
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SUMVARY - BI OASSAY PROGRAM

Results fromfour different experinments conducted on
the six main | akes in the Ckanagan Basin permtted an
eval uation of the role of nutrients in regulating al gal
growm h. Further information was gained on the causes of
eutrophi cation of localized areas within | akes that are
currently exhibiting nuisance conditions.

Kal amal ka Lake and the main wat ermass of Okanagan Lake
are currently in a nutrient deficient state. This was indicated
by results fromboth the nutrient enrichment (NEB) and pure
cul ture bioassay (PCB)experinents. In these | akes NO(N) and
PO,(P) when added together stinulated the greatest algal grow h.
When each nutrient was added alone, little algal growth
occurred. Results fromthe PCB experinents indicated a paucity
of available nutrients, for little growh of the test al gae was
noted when added to filtered water.

Certain localities of Okanagan Lake exhibited nutrient-
rich characteristics, namely in the Vernon Arm the Arnstrong
Arm and the near-shore water mass in the vicinity of Kel owna
and Summerland. At these localities, NO(N) when added al one was
in nost instances stinulatory to algal growth, while PO(P)
additions were not. These results indicate a sufficient supply
of PO(P) and a deficiency of NO(N). The growth of test al gal
in the PCB experinments was noderate to high at all these
localities, again indicating a 'residual’' nutrient supply.

Skaha | ake appeared to be Iimted nore by NO(N)
than PQ(P), for nost additions of NO(N) were stinulatory
whi l e PO,(P) additions



were not. Currently, the nost productive region of Skaha
lake is in the north end off the nouth of the Gkanagan

Ri ver, where yields of the test al gae (PCB experinments)
were the highest recorded anong | akes tested. Miuch of the
mai n wat er mass of Skaha Lake exhibited nutrient-rich
characteristics with no apparent PO(P) limtation.

Vaseux and Osoyoos Lakes appeared to be limted by
both NO,(N) and PO,(P), for the addition of both nutrients
t oget her produced the greatest algal yield. The noted
yi el d was consi derably hi gher than that observed in
Kal amal ka and Okanagan Lakes, largely attributable to a
much hi gher standi ng stock of phytopl ankton in Vaseux and
OGsoyoos Lakes. The station |ocated off the nouth of the
Okanagan Ri ver in Osoyoos was nore productive than the
station located in the central portion of the |ake, show ng
a greater response to NO(N) than to PO(P) additions.
Results of the PCB experinments also indicated that the nost
productive regi on of Osoyoos Lake was off the nmouth of the
Okanagan Ri ver, where noderate to high yields of the test
al gae were obtained. Vaseux Lake showed noderate yields of
al gae, indicating sone nutrient availability at the time of
t he experi nents.

Results from experinents conducted on Wod Lake wat er
substanti ated present evidence indicating it to be one of
t he nost productive (eutrophic) |akes in the Valley.

Addi tions of PQO(P) had no effect whatsoever, while NO(N)
addi tions pronoted an excellent algal growth. response.
Results fromthe PCB experinents showed that an anple
supply of available nutrients are present in Wod Lake

t hroughout nmuch of the growi ng season



Results fromthe sewage enrichnent experinments
(SEE) strikingly illustrated the fertilizing capacity of
donmesti c wastes when di scharged to | akes in the Ckanagan
Valley. Prelimnary results indicated that biologica
treatment of wastes sinply increases the availability of
plant nutrients, and hence does very little to aneliorate an
al gal nui sance problem Increasing the anbunt of sewage
added to | ake water sinply changed the direction of algal
succession toward a bl ue-green al gae dom nance.

The trace netal experinents (TME) gave sone cl ues
as to the possible role of trace netals and a chelator in
regul ati ng phytopl ankton growth, but no definitive
concl usions can be drawn at this time fromthese prelimnary
experinments. Further experiments should be conducted to
determ ne the inportance of iron and nol ybdenumin the
Okanagan | akes, for some stinmulation of algal growth was
noted with the addition of these netals. Boron appeared to
have little effect on al gal grow h.
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I NTRCDUCTI ON

An adequat e understanding of the role of nutrients in
regul ating algal growmh in the Okanagan Basin | akes is an
essential part of the Iimology program of the Joint Federal-
Provi nci al Okanagan Basin Study Agreenent. Wth increasing
deterioration of water quality evident in sonme |akes it was
essential that causitive factors be identified and control
measures recommended. One neans of acconplishing these ob-
jectives was through detailed | aboratory studies designed to
test the effects of the algal nutrients PQO(P), NO(N and CO
known to be of inportance in regulating algal growth.
Furthernore, it was inportant to determne, if possible, the
present trophic state of the Okanagan | akes, or the ability
of each |l ake to produce algae. It was also informative to
conpare the fertility of water masses within | akes.

It must be borne in mnd that extrapol ati on from changes
observed in flasks kept at constant tenperature and |i ght
conditions to processes actually occurring within |lakes is
difficult and often subject to a wide range of errors. None-
t hel ess, such an approach does enable an investigator to
gat her an appreciation of the influence of various chem cals
bot h al one and in conbination, in regulating natural phyto-
pl ankt on production. Wth suitable caution in
interpretation, this technique does offer the only neans of
obt ai ning val uabl e information that could not be gathered by
any ot her neans.

Thus, the overall object of this two-year |aboratory
study was to provide answers to nany of the aforenentioned
probl ens associated with the growi ng eutrophication of the
Okanagan Lakes. These studies were carried out at the South



Okanagan Health Unit and Ckanagan Basin Study office
in Penticton during 5 nonth periods, comenci ng My,
1970 and 1971, respectively.



MATERI ALS AND NETHODS"

Nutri ent enrichnent experinments,

Field procedure, 1970, Surface water sanples were taken
fromm dl ake stations on five Ckanagan Basin | akes: Skaha,
kanagan, Osoyoos, Wod, and Kal amal ka (Figs. 1-5). The sanples
i ncluded 500 M for the identification of phytoplankton (Lugol's
solution added i medi ately for preservation), 1 liter for
chem cal analysis (alkalinity, conductivity,

nutrients, pH, T.O0.C and turbidity)*, and 6 liters for
| aboratory bi oassay and nutrient enrichnment studies.

Field procedure, 1971. The field procedure was
conducted in a manner conparable to the previous year except
that chem cal anal yses of water sanples was elimnated, since
these data were available fromthe 1971 "Mnitor Cruises". A
study of Vaseux Lake was incorporated into the programin 1971

(Fig. 6).

Laboratory procedure, 1970. The pH of the water was
recorded with an Oion portable pH neter (nodel 401). A 500
sanple was taken fromthe 6 liter carboy, filtered through an
87u nmesh net to renove Zoopl ankton, and filtered again through a
What man, 4.25 cm GF/ C glass fiber paper for chlorophyll-a
anal yses. The filters were dried in a dessicator overnight,
stored in the dark, and at biweekly intervals sent to FRB
Freshwater Institute, Wnnipeg, for analysis.

1. In Appendix | pp 48, each experinment is |listed, together
with the experinental tine period.

2. Canada Departnent of Energy, Mnes and Natural Resources,
Water Quality Control Lab, Calgary, Alberta,
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Figure 1. LOCATI ON OF SURFACE WATER SAMPLES
FOR Bl OASSAY EXPERI MENTS.
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Figure 2. LOCATION OF SURFACE WATER SAMPLES FOR
BIOASSAY EXPERIMENTS.
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Fi gure 3.
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Figure 4. LOCATION OF SURFACE WATER SAMPLES
FOR BIOASSAY EXPERIMENTS.
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Figure 5. LOCATION OF SURFACE WATER
SAMPLES FOR Bl OASSAY EXPERI MENTS.
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Figure 6. LOCATI ON OF SURFACE WATER SAMPLES
FOR Bl OASSAY EXPERI MENTS.
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The 6 liter water sanple was subdivided into 100
m aliquots after filtering out the Zoopl ankton, and pl aced
in sterile 250 m Erlenneyer flasks. Nutrient additions
were made with sterile mcropipettes in concentrations
outlined in Table 1.' A one uci of Na™C0, was added to
each flask to determne the relative photo synthetic carbon
upt ake. The cultures were placed on a |ight bank (CGeneral
Electric, Cool Wite, Minlighter, FAOCW at 1,750 foot
candles, (18,830 lux), and illum nated from bel ow for 15
days. The culture tenperature in the first experinents
(May-June) was not kept constant and varied between 25-
33°C.

The cultures were gently swirled twice daily and
subsanpl ed every 5 days. At each sanpling interval the pH of
the cultures was recorded and 10 ml renoved and filtered
through a 45u MIlipore filter and washed once with distilled
water. The filters were then placed in scintillation vials
containing 20 m of scintillation fluid - 1 liter 1, 4-

di oxane, 80 g. napthalene, 4 g. PPO, 0.4 g. dinmethyl POPOP
(Schi ndl er and Hol ngren, 1971). Photosynthetic carbon uptake
for each culture was recorded as counts per mnute (cpn by
means of the Packard Tricarb Scintillation counter at FRB

| abor at ori es, Vancouver, B.C. The relative growth rates
nonitored in this way provided a neasure of activity for
conpari son anong cultures in each experinent.

After 15 days growth the experinents were
term nated and the remaining portion of the cultures were
sanpled as follows: 10 ml for neasurenent of carbon uptake
as cpm 20 m filtered through a glass filter for
chl orophyll-a, 20 Ml placed in a vial with Lugol's solution

1. Tables 1 to 10 on Laboratory Procedures and Results
are included as Appendix Il pp 52.



for algal identification, and the remaining 30 m filtered
through a 4.5u MIlipore filter and dried between Parafilm
sheets. These filters were | ater photographed for a
pictorial representation of the relative effects of the
various nutrient additions on algal grow h.

Resul ts of *C measurenments were cal cul ated using the
following formula: cpmx (10-x) + cunulative cpm As the
subsanple was 10 ml the cpmwas nmultiplied by 10 to give the
total cpmof the culture (TCPM. However, after the first
subsanmpl e (10-x) was used, x being the total nunmber of 10 n
sanpl es renoved. The cumul ative cpmwas the total of al
radi oactivity renoved fromthe culture in earlier sanples.

Commenci ng August 12, the nutrient enrichnent
experinments were repeated under nore strictly controlled
conditions. All field and | ab procedures were identical to
t hose previously described with the foll owi ng exceptions:
Only Okanagan, Skaha, and Kal amal ka Lakes were sanpl ed and
tested the light bank was illum nated from bel ow at an
intensity of 400 foot candles (4,304 lux); and the culture
tenperature was kept at a constant 24 £ 1°C by neans of a
roomair conditioner. Flask Nos. 2, 6, 7, 8, 9, 10, 12, 17,
and 22 (Table |I) were elimnated fromthis second run so as
to accommodate all flasks fromthe three | akes on one |ight
bank.

Laboratory procedure, 1971

The | aboratory work followed a simlar procedure to that

outlined above, but with sone nodifications. The 6 liter
wat er sanple was subdivided into 150 ml aliquots, and to
better appreciate the variability anong fl asks,



duplicate series were run. Concentrations of nutrients were
simlar to the 1970 runs but did differ in some respects
(Table 2). Slightly nmore "C was added (1.5 uci) to
conpensate for the increased volune of water added to each
flask, and the duration of the experinment was shortened to 9
days because results from 1970 experinents reached opti mum

| evel s after approximately 7-9 days. Sanples were w t hdrawn
at two-day intervals and the pH was not nonitored since 1970
results showed little variability in readings after nine
days. Fifteen ms were filtered through a 0.45u MIlipore
filter and placed in vials containing 15 m of Aquasol
scintillation flor. On the ninth day experinents were
termnated in the followng manner: 90 m for Chlorophyll-a
determnation, 20 ml wth Lugol addition for algal counts,
and the remaining 70 m filtered for photographic
interpretation. Counts of “C were again done at the FRB

| abor at ori es, Vancouver.

Two runs of the nutrient enrichnment experinments were
conducted one in the spring, the other in the fall. The
fall ran was on a slightly reduced scale, involving only 5
stations in 5 | akes (Figs. 1-5), and included the addition
of a chelator and sone trace netals (discussed |later).



Pure cul ture bi oassay

Production of inocula (Paap. 1969). The foll ow ng
organi snms were used as inocul a:

1. Sel enastrum capri cornutuni (Chl or ophyt a).
2. Anabaena fl os-aquae (N trogen fixing Cyanophyta).
3. Mcrocystis aerugi nosa (non-nitrogen-fixing Cyanophyta),

The al gae were transferred every 7 days to defined
al gal nutrient nedia (Paap, 1969 p. 10), 1 m of inocula in
30 m of nedia. These cultures were then placed on a |ight
bank at 400 foot candles and were swirled at |east four
times a day for 7 days and kept at a constant tenperature of
24 + 1°C. Gowth was nonitored daily with absorbance
measur enents using a Bausch & Lonb, Spectronic 70,
spect r ophot onet er.

The pure culture bioassay in 1971 went into nore
depth than the experinentation of the year before. It
foll owed the sane basic procedure, except the |ight
intensity and tenperature were decreased to 300 ft. candles
and 21.1°C, respectively. No spectrophotonetric readi ngs
were taken, as the uptake of “C was thought to be a
sufficient nmonitor of rotative growh anong cul tures.

Field procedure_(Paap tests) 1970. Water sanples
were collected fromvarious |ocations in each of the five
Okanagan Basin | akes (Figs. 1-5). One liter was obtained
for chem cal anal yses and another for testing the |atent
fertilizing capacity of each | ake station i.e. Paap test.

3. Obtained fromthe National Eutrophication Research
Program Pacific Northwest |aboratory, 200 South 35th
Street, Corvallis, Oregon, 97330, U S A



Field procedure, 1971. Surface water sanples were
collected from26 stations in the six Okanagan Basin | akes
tested (Figs. 1-6). No chem cal anal yses were perforned on
t hese sanpl es.

Laboratory procedure (Paap tests), 1970. The water
sanples were filtered through O 45)u MIlipore filters, and
100 M of the filtered water was then placed in a 250 i
sterilized Erlennmyer flask. To this, 2 m of synchronous 7
day-ol d culture inocula of each al gal species was added pl us
1.0 uci of Na™CQ. The experinent was set up in duplicate
and the pH nonitored in selected fl asks.

Duplicate flasks of each test organismin defined
al gal nutrient nedia were Included as controls for algal
growt h conpari son. These flasks contained 50 m of algal
nutrient nedia, 1.0 m of culture inocula, and 1.0 uci of
Na™'CQ,

Al cultures were placed on a |Iight bank (400 foot
candles) for 9 days at 24° + 1°C and swirled at |east four
times daily. Every second day the absorbance and
transm ttance at 600 nu was neasured, and every third day
phot osynt heti ¢ carbon uptake was nonitored using “C
t echni ques previously descri bed.

The pure culture bioassay experinent was repeated
one nonth later, with sonme nodifications: Fewer stations in
only Ckanagan, Skaha, and Kal amal ka Lakes; only one fl ask
per test organi smper station; and the cultures were
continuously shaken at 80 oscillations/mnute with overhead
illumnation at 400 foot candl es.



Laboratory procedure (Paap test), 1971. The
procedures were identical to those outlined above, except
that the incubation period was only 6 days and
spectrophotonetri c nmeasurenents were excl uded.

Subsanpling was at two-day intervals with term nation
procedures including an analysis for Chlorophyll-a (35 m)
and photography (35 nl). “C was used to nonitor the relative
al gal growth anmong fl asks.

Sewage effluent experinents.

In 1971 a sewage effluent experinment was conducted
to determine the effects of sewage enrichnent on natura
phyt opl ankt on popul ations of five |akes in the Ckanagan Basin
(Vaseux Lake was excluded). It was designed to test the
effectiveness of tertiary treatnment facilities, currently in
operation at the Penticton sewage treatnent plant. Since
sewage addition to the lakes in the past has led to nany of
the current water quality problens, such experinents were
nore than justified.

Field procedure, 1971. Surface | ake water from
each | ake was obtained fromareas free of the direct
i nfluence of effluent discharge (Figs. 1-5). Sewage was
collected fromeach of six different stages of treatnent at
the Penticton plant: 1) raw sewage; 2) after primary
treatnment; 3) mxed liquor; 4) final after 2' treatnent
(non-chlorinated); 5) final after 2' treatnent
(chlorinated); 6) final after 3' treatnent (chlorinated).
Renoval of PQO(P) at tine of sanpling the 3' effluent was
estimated to be between 40 - 50%




Laboratory procedure, 1971. The procedure was
identical to that of the nutrient enrichnment experinent,
1971, except that varying concentrations of sewage were
added to each flask in place of defined concentration of
nutrients (Table 3). One uci of “C was added, and different
vol umes of sample were filtered for Chlorophyll-a analysis
(50 mM), algal counts (10 m ), and photography (35 nl).

Trace netal experinents, 1971.

These experinments were designed to test the effects
of the nutrients NO(N) and PQ(P), in conbination with some
trace netals and the chel ator EDTA on the growth of natura
phyt opl ankt on popul ations in five of the Ckanagan Basin
| akes.

Field procedure. Sanples were obtained fromthe
surface waters of the five mpjor |akes, Vaseux Lake excl uded
(Figs. 1-5).

Laboratory procedure. Sixty-three flasks, which
i ncluded seven for the fall run of the nutrient bioassay,
were set up for each | ake. The procedure was identical to
that of the spring nutrient enrichment experinent, except
that nutrients and trace nmetals were added in slightly
di fferent concentrations and conbi nations (Table 4.).

Fl asks were placed on the light bank at a |ight
intensity of 300 ft. candles. Gowh was term nated after 9
days, with 4 subsanples taken within that period. Sanples
at termnation included: 35 m for Chlorophyll-a, 10 m for
al gal counts, and 45 m for photography.



RESULTS AND DI SCUSSI ON

| nt r oducti on.

The format selected for this report is that of a
general summary, presenting broad interpretations of
experinmental results. Detailed findings in graphical form
with all supplinentary data are presented in an appendi x to
this report. This type of presentation will allow the
general non-scientific reader to better appreciate the
general concl usions drawn fromthe bioassay program w thout
t he encunbrance of mnute detail and masses of data. For the
reader seeking a nore in-depth appreciation of the study,

t he appendix will serve his purposes well.

The initial study objective was to determ ne what
nutrients were limting phytopl ankton growh in the Okanagan
Lakes. The results of the nutrient enrichment experinments
provided tentative answers to this question. Pure culture
bi oassay experinments provided informati on about what regions or
specific water masses in each | ake contai ned "residual"”
nutrients, stinulatory to the test algae. In 1971, a few
sel ected trace netals and one chel ator were added to natural
phyt opl ankt on popul ations to determine their role in regulating
al gal growth. Since sewage discharge to the Okanagan | akes is
one of the primary sources of nutrients, additional experinents
were run to determne the fertilising potential of various
types of raw and treated sewage on natural phytopl ankton
popul ati ons.



In each of the aforenenti oned experinents ye used
several techniques to nonitor growh response, i.e.
Chl orophyl| a, *C activity, species succession. Each nethod
had i nherent limtations, but in union a better appreciation
of mechani sns involved in regulating algal growth in each | ake
were obtained. It nust be borne in mnd that extrapol ation
from changes observed in flasks kept at constant tenperature
and light conditions to processes actually occurring within
| akes is difficult and often subject to a w de range of
errors. Nonethel ess, such an approach does enabl e an
i nvestigator to gather an appreciation of the influence of
various chem cals, both alone and in conbination, in
regul ati ng natural phytopl ankton production. Wth suitable
caution in interpretation, this technique does offer the only
nmeans of obtaining valuable information that could not be
gat hered by any other neans.

The tinme limtations inposed by the study presented
anot her problem that of studying in enough detail six |akes
with four types of experinmental procedure. ldeally, it would
have been better to concentrate efforts on one or two | akes,
noti ng seasonal variability in nutrient concentration and
relating these data to observed phytopl ankton successi on, then
correlating these data with results fromflask experinents.
Wthin the tinme and budgetary constraints of this study this
could not be achieved.



A. NUTRI ENT ENRI CHMENT BI CASSAY ( NEB)

Results of each experinent will be discussed on a
| ake-to-1ake basis followed by a discussion of salient
findings fromeach | ake for that particul ar experinent.
| medi ately follow ng the discussion for the | ast
experinment, a sunmary is presented. Any reader wi shing to
elimnate the discussion of each experinment may go directly
to this summary.

Osoyoos Lake

Based on a nunber of biological and chem cal
observations, Gsoyoos, the nost southern |lake in the
Okanagan chain, appears to currently exhibit
characteristics of a neso-eutrophic |ake. [Its nobst obvious
nutrient source appears to be the sewage effluent of the
Aiver S.T.P. which discharges into the Ckanagan River, a
few kil oneters above the | ake. Agricultural runoff also
provi des a noderate supply of nutrients to the | ake.

Results of the 1970 NEB showed phyt opl ankton grow h
in OGsoyoos could be stinmulated by adding a small anount of
phosphorus (0.03 ng/l as PQ(P)) and increasing the nitrogen
concentration fromO0.21 to 7.0 ng/l No(N. Gowth in nost
experinments was directly proportional to the anmount of
ni trogen added. However wi th increasing concentrations of
phosphorus alone or with | ow No, al one, there was no
stinmulation. The highest algal yield (greatest growh)
occurred in flasks enriched with small anpbunts of NO(N) and
PO(P), 0.07 and 0.03 ng/l, respectively,



and increasing concentrations of CO. At the higher
concentrations of CO growth was inhibited due to a very high
pH

In repeat experinments of the NEB in 1971,
I ncreasi ng concentrations of NO(N) alone or PQO(P) al one did
not stinulate growh nuch beyond that observed in controls
(Fig. 8). However, NO(N and PO(P)when added together at
t he hi ghest concentrations, 0.7 and 0.09 ng/l, pronoted
grow h about ten tinmes greater than the control (Fig. 8).
In every NEB experinment in both years, NO(N) and PQO/(P)
added together was nost stinulatory to algal growth

Vaseux Lake

Vaseux is a small |ake | ocated between Osoyoos and
Skaha. From cursory observation, it appears that this |ake
acts as a nutrient sink, effectively utilizing nutrients
that enter it via the Ckanagan River and from various
di ffuse sources around the |ake. The |lake is very shall ow,
and supports a very dense grow h of rooted macrophytes and
peri phyton in its broad littoral zone. No evidence of
nui sance al gal "bl oons"” have been observed. Vaseux was
tested with the NEB in 1971 only.

Additions of NO(N) alone at both concentrations
produced algal growth slightly greater than observed in the
control (Fig. 9). PQ(P) when added al one pronoted nore
growth than NO(N) alone, with a yield about tw ce that noted
in the control (Fig. 9). NO(N and PQO(P) added together at
the | owest concentration had little stinmulatory effect (Fig.
9), but at the highest concentrations, growh was about ten
times that of the control (Fig. 9).
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Figure 9. NUTRIENT ENRICHMENT BIOASSAY RESULTS
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