Skaha Lake

Skaha Lake, situated to the south of the city of
Penticton, receives the main outflow from Ckanagan Lake vi a
t he Ckanagan River. Chief sources of nutrients are fromthe
Penticton S.T.P. and the Alymer Cannery, that discharge
their nutrients into the Ckanagan River approximately 1 km
upstreamfromthe | ake. The | ake has annual |y produced
heavy bl ue-green al gal bl oons over the past 5 years.

In 1970, two NEB experinents were run, one in the
spring, the other in the fall. The water sanple was
obtai ned just off the mouth of the Okanagan River in the
north end (Fig. 2). NO(N) additions alone increased growh
to about tw ce that observed in the control, while PQO(P)
additions alone had no stinulatory effect. Addition of a
smal | amount of PQO,(P) and a range of NO(N) concentrations
fromO0.21 -2.1 ng/l yielded an even greater production of
al gae, proportional to the anount of NO(N) added up to a
concentration of 2.1 ng/liter (Fig. 10). Conversely, when
NO,(N) additions were held constant but PO(P) varied, no
increase in gromh was noted. Wen bicarbinate was added
with a small anmount of NO(N) and PO(P), results were
simlar to those obtained in Gsoyoos - nanely additions of
4.4 and 13.2 ng/l were stinmulatory, while greater anmounts
wer e inhibiting.

In 1971, two stations were selected for the NEB
experinments, one in the north off the nmouth of the Okanagan
Ri ver, the other in the south near the Village of Okanagan
Falls (Fig. 2).



Fi gure 10. NUTRI ENT ENRI CHVENT Bl OASSAY RESULTS.

SKAHA LAKE 1970
400+
300
zi
£ 200-
100-
0 S S I~

70

No, ()



Chlorophyll @ (ug/1)

Figure 11. NUTRI ENT ENRI CHMVENT BI OASSAY RESULTS.

100~

A

0

118
St. No. | SKAHA LAKE 97
¢\\\
\P
A [ | A
CONTROL NITROGEN PHOS-  NITROGEN and
PHORUS PHOSPHORUS
189
St. No. 2
\§\
S
A 2 N
CONTROL NITROGEN PHOSPHORUS NITROGEN and

0

PHOSPHORUS



Station 3: (mouth of kanagan River). Additions of
NO,(N) at three concentrations, 0.2, 0.7, 2.1 ng/liter, were
stimulatory while a single PO(P) addition was not (Fig. 11).
Addi tions of NO(N) and PQ(P) together at |ow concentrations
had little effect, but at higher concentrations stinmulated
growm h to about three tinmes greater than the control (Fig.
11).

Station 2: (Ckanagan Falls). Addition of NO(N)
at both concentrations, pronoted growth to approximtely
three or four times that of the controls (Fig. 11). Wth
the addition of PO(P) at both concentrations, growth of
al gae did not surpass that of the control flasks (Fig. 11).

Ckanagan Lake

kanagan Lake is the largest in the basin and
receives nost of its nutrients from sewage di scharge fromthe

cities of Arnstrong, Vernon and Kelowna. It is in these

| ocations that nost algal problenms presently occur. The main
body of the lake itself is still in a pristine, Aigotrophic
st at e.

Two nutrient enrichnent bioassays were perfornmed in
1970, on water sanples taken fromone station, md-|ake off
the Summrerland Trout Hatchery (Fig. 3). Results of both
bi oassays in 1970 showed simlar trends and are therefore
di scussed as a single experinent.

Addi tions of NO(N) and PQ(P) al one had no
stinmulatory effect on the growmh of algae in the test sanples.
FI asks, giver constant amounts of PQO/(P) but varying anmounts
of NO(N), showed an increase of alga



gromh with an increase in the anount of nitrogen added.
When concentrations of NO(N) were held constant and the
amounts of PQ(P) varied, growth remai ned constant throughout
the series. Bicarbonate additions produced results simlar
to those di scussed for Osoyoos Lake with the greatest yield
at 44 ng/l CO (Fig. 12).

Six stations were selected for the spring run of the
nutrient enrichnment bioassay 1971, and only one for the fall
run. The spring NEB will be discussed here while results
fromthe fall experinment will be discussed |ater as part of
the trace netal experinents.

Station 1: (Vernon Arm). Additions of NO(N) and
PO,(P), alone, at two concentrations had little effect on the
growt h of al gae from Ckanagan | ake at this station. Nutrient
addi tions of NO(N) and PQ(P), together, in |owest
concentrations pronoted growh to three tinmes that of the
controls, whereas NO(N) and PQO,(P) together, at the highest
concentrations stinulated growh to approximately fifteen
times that of the controls (Fig. 13).

Station 2: (Arnmstrong Arm). Addition of NO(N) in
the | owest concentration had no effect on the growh of test
sanpl es whereas the addition of NO(N) at the highest
concentration, stinulated growh beyond that of the highest
concentration of NO(N) and PQO(P) together. The growmh with
NO,(N) al one was equivalent to ten times that of the controls
(Fig. 13). Addition of PQ(P) alone and NO(N) and PQ(P)
toget her, at both concentrations, stinulated growh to only
two tines that of the controls (Fig. 13).
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Station 3: (Of the Kelowna Bridge). Wth NO(N)
and PQ,(P) additions by thenselves, growmh of algae was in
nost cases below that of the controls. NO(N and PQ(P)
addi tions together, at the | owest concentrations, stimulated
growh to about twice that of the controls, while with
additions at the highest concentrations, growh was greater
than five times the controls (Fig. 13).

Station 4: (Of Peachland). Flasks with NO(N) and
PO,(P) additions alone, at both concentrations, showed |ess
growth than seen in the controls. Flasks with NO(N) and
PO,(P) additions together, at both concentrations,
stimulated growh to two and fromten to fifteen tines that
of the control flasks.(Fig. 13).

Station 5: (Of Summerland). G owth inhibition was
observed with additions of NO(N) at both concentrations
whereas stinulation of growh to a little beyond that of the
control was evident wth PQ(P) additions alone. Additions
of nitrogen and phosphorus together at both concentrations
pronoted growh of algae to three and ten tines that of the
control flasks (Fig. 13).

Station 6: (Of Penticton). Only a little growmh
beyond that observed in the controls was evinced when NO(N)
and PQ,(P) were added al one. Additions of NO(N) and PQ(P)
together, in the | owest and hi ghest concentrations, showed
simlar trends to the other stations tested; nanely
stinmulation to two and ten tines, respectively, the growth
of the control flasks (Fig. 13).




Kal anal ka Lake

Kal amal ka Lake i s unquestionably the nost O i gotrophic
| ake in the Ckanagan Basin. Sone nutrients reach the |ake via
t he channel from Wod Lake, but these appear insignificant.

Two NEB experinents were perfornmed on one md-| ake
station, off Crystal Waters Resort, in 1970 (Fig. 4). Both
sets of experinents showed simlar trends and are treated as
one in the discussion. Addition of NO(N and PQ(P) al one, as
well as with the addition of a constant anmount of NO(N) and
varyi ng amounts of PQO,(P) together, showed essentially

the same growth as seen in the controls, Wen PQO(P)
addi ti ons were kept constant but NO(N) varied, growh was up
to three tinmes greater than the control.

Two stations were selected for the NEB in 1971.
Station one, |ocated in the southern region, showed inhibition
when NO,(N) was added al one, and only slight growth with PO(P)
alone (Fig. 14). Simlarly, when NO(N) and PQO(P) were added
together, at the | owest concentration, growmh was only
slightly nore than that of the controls, whereas NO(N)

and PO,(P) added together, at the highest concentration,
pronoted growth to twelve tines that of the control (Fig. 14).

The other station, located in the northern region,
showed a growth of algae three tinmes higher than the
controls when NO(N) was added al one, while the addition
of PQ(P) at both concentrations had little effect on
growh (Fig. 14). At the |owest concentration of
NO,(N)and PO,(P) together, growth was pronoted to six tines
that of the controls, but at the highest concentration it
was stinulated to twenty-five tinmes the controls (Fig.

14) .



Fi gure 14. NUTRI ENT ENRI CHVENT Bl OASSAY RESULTS

100-

0

100+

Chlorophyll a (ug/1)

80
60-

20

271
St. No. | KALAMALKA LAKE
4\
T\L
.— [ 1. - -
CONTROL NITROGEN PHOSPHORUS NITROGEN and
PHOSPHQORUS
335
St. No. 2

J
w§\
CONTROL- NITROGEN - PHOSPHORUS NITROGEN and

0

PHOSPHORUS



Wod Lake

Wod Lake, |located to the south of Kal amal ka Lake,
receives nutrients fromVernon Creek that drains into its
sout hern end, and from septic tank sepage and | and drai nage
fromaround the shoreline. Wod Lake is one of the nost
eutrophic | akes in the Ckanagan Basi n.

Results of the NEB in 1970 showed stinul ation of al gal
growth at all concentrations of NO(N), whereas PQ(P) al one
pronoted no growh. The yield of algae in those fl asks
recei ving NO(N) additions was proportional to the
concentrations added. NO(N) and PO(P) added together
pronoted the greatest growth. The response of the
phyt opl ankton to CO, additions was simlar to that noted in
ot her | akes (Fig. 12).

Two stations we're selected in Wod Lake in 1971 (Fig.
5). Station 1, located in the northern region, showed a growh
of algae twice that of the controls wth NO(N) additions
(Fig.15). At the |owest concentration of PO(P), no growth was
observed beyond that of the controls,

whereas growth doubl ed at the higher concentration of PO/(P)
(Fig. 15).

In both cases, with addition of nitrogen and phosphorus
together, growh was only twice the controls, a phenonenon
quite different fromthat observed in the other Ckanagan | akes
(Fig. 15).

Station 2, located in the southern region of the |ake,
showed stinulation of growh twice that of the controls with
addi ti ons of both concentrations of NO(N), whereas additions
of PQ(P) only stinulated growth slightly above the controls
(Fig. 15). Addition of NO(N and PQO(P) together, at the
| owest concentration, showed stinulation of growth
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simlar to the addition of PQ(P) al one, whereas at the
hi ghest concentration of NO(N) and PQO(P) growth was
pronoted to three tinmes that of the controls (Fig. 15).

SUVMVARY AND CONCLUSI ONS

NUTRI ENT ENRI CHVENT Bl OASSAY PROGRAM

The greatest growh of algae in nost all |akes was
observed in those flasks receiving noderate concentrations of
NO,(N) and PQ(P) together. There were some exceptions,
however, where NO(N) or PQO(P) when added al one were nore
stimulatory. NO(N) alone was inportant in Wod Lake, Skaha
Lake, in Armstrong Arm of Ckanagan Lake, and to a |esser
degree at Station 1 in Osoyoos Lake. The only significant

stimul ation by PO(P) alone occurred in Vaseux Lake and at
two stations in Ckanagan | ake. Low concentrations of NO(N)
and PO,(P) together, though stinulatory in all |akes,
appeared to be bel ow opti num |l evel to produce maxi mum
growt h of al gae, whereas NO(N) and PQ(P) together in

hi ghest concentrati ons seenmed to be at an optinum | evel and
at an optimum NP ratio (8.1:1) for the production of algae
in all |akes.

Sone | akes in the Ckanagan Basin, notably Wod and
Skaha, currently exhibit characteristics of a nutrient-rich
or eutrophic state, Certain areas of other Ckanagan | akes
al so show signs of over-enrichnment -e.g. Vernon and Arnstrong
Arms of Okanagan Lake, short stretches of shoreline near
Kel owna and Sumrer| and i n kanagan Lake, and the northern
sector of Osoyoos Lake. Results of the NEB to a | arge extent
substanti ate these observations, not only in the absolute
yield of algae in flasks, but



also in which ions were stinmulatory. For exanple NO(N)
stimulated growth in nost all of these | akes and stations,
while PO,(P) additions did not. Prelimnary conclusions
woul d be that in these eutrophic situations, PQ(P)
concentrations are sufficient but NO(N) |evels are sub-
optimal and therefore limting phytopl ankton grow h.

In | akes that exhibit nutrient poor characteristics,
nei ther NO(N) or PQO,(P) al one would pronote nuch grow h,
whereas additions of both together would illicit a
significant growth response. Exanples of this type of
response were repeated in nunmerous experinments in Kal amal ka
Lake, nost stations of Okanagan Lake, Vaseux Lake, and to a
| esser degree in Osoyoos Lake. The response noted in Vaseux
Lake is somewhat unexpected, hut it is no doubt due to the
prolific growth of periphyton and rooted aquatic vegetation
which trap nost available nutrients entering the | ake (see
Task Report 122). (Osoyoos Lake too exhibits some nutrient-
rich characteristics, notably in the devel opnent of an
oxygen deficit in Septenber, but the |ake appears to utilize
its nutrient load efficiently, thereby preventing the
devel opment of nuisance conditions. This may be related to
t he presence of planktivorous sockeye sockeye sal non snolt
during the summer nonths (W I I cocks, personal
conmmuni cation). Results of the 1971 NEB did not indicate
PO(P) limtation for Gsoyoos Lake.

The main water mass of Ckanagan Lake and Kal anal ka
Lake gave simlar results from NEB experinents. The yield
was |low in nost all cases and only NO(N) and PQ,(P)
additions together illicited any



significant growth response by the phytoplankton. This
may be due to their low density at tinme of sanpling and to
the paucity of stored nutrients within their cells.
Irregardl ess, the noted response to nutrient additions was
different than that observed in other |akes and were
simlar to responses seen in other digotrophic |akes
(Sakampto 1971), where both ions were in critical supply.



B. PURE CULTURE BI OASSAY ( PCB)

Three test organisnms were used in the experinent:
Sel enastrum capri cornutum Anabaena fl os-aquae, and
M crocystis aerugi nosa. These species were reconmended
because they represented a good cross-section of the various
types of algae likely to be found in | akes of different
nutritional status. Selenastrumis a unicellular or |oosely
aggregat ed col onial green alga (Chl orophyceae), and the two
remai ni ng speci es are bl ue-green al gae (Cyanophyceae).
Anabaena is a filanmentous species that is capable of fixing
nitrogen. Mcrocystis is either unicellular or |oosely-
aggregated col onial and cannot fix nitrogen. As far as is
known, only Anabaena occurs conmonly in | akes of the
Okanagan Basin. Sone M crocystis has been noted but its
specific identity is uncertain. To our know edge,
Sel enastrum does not occur in the main-stem | akes.

Intra and interl ake | ake conpari sons are nade on
the basis of yield or maxi mum grow h as nmeasured by total
radi oactive counts per mnute (TCPM. Chlorophyll a
determ nations were also made in 1971, but the sanple size
was small (35 m) and results so variable they could not be
used.

Osoyoos Lake

Results of a single PCB conducted in 1970 on m d-
| ake water near the city of Osoyoos (Fig. 1), produced the
hi ghest yield of Anabaena of any of the five | akes tested
(Table 5). Gowh of Mcrocystis and Sel enastrum was
relatively | ow when conpared with results fromthe other
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Figure 17. PURE CULTURE Bl OASSAY RESULTS
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| akes (Table 5). Available nutrients at the tine of the test
run were 0.01 ng/l for both NO(N) and PO(P), respectively.
The excel l ent response of Anabaena in Osoyoos at this tine
may be related to its ability to fix nitrogen in the
presence of an insufficient external supply.

In 1971 the PCB was repeated using three stations
(Fig. 16). G owth of Anabaena and M crocystis was high at
Station 2, but relatively low at Stations 1 and 3 (Table 6).
Sel enastrum showed noderate growh at all stations, with
little variability in growth anong stations. Wen yields
were ranked with results obtained in other |akes, Osoyoos
ranked second in the growh of Anabaena and M crocystis and
fourth in the growth of Selenastrum It can be tentatively
concl uded that sone available nutrients were present at the
time of sanpling and this is partially confirnmed by chem cal
results obtained in the 1971 "Mnitor Progrant (see Task
Report 118).

Vaseux Lake

No PCB experinent was run on Vaseux water in 1970. A
singl e experinent was perfornmed in 1971 using surface water
obtained froma md-|ake station (Fig. 17). Sel enastrum
yield was the sixth highest observed anong all | ake stations
tested (Table 6). Gowth of Mcrocystis was negligible. Sonme
avai l abl e nutrients were present at tine of sanpling, but to
a |l esser extent than in Skaha and Osoyoos (see Task Report
118).




Skaha Lake

In 1970, two runs of the PCB were perforned at each
of two stations (Fig. 2). The greatest yield of
Sel enastrum was obtained in the first test at the station
just off the nouth of the Ckanagan River (Table 5). Gowth
of the other test algae was |ow at both stations. Chem cal
anal ysis of the water showed nutrient concentrations of 0.01
NO,(N) and 0.01 PO(P) no/l, which substantiates, to sone
degree, the results obtained in the bioassay. Despite the
apparent | ow nutrient concentrations, there was obviously
sufficient nutrients to support the observed heavy grow h of
Sel enastrum noted at this station. |In the second test, the
greatest yield of all three al gae was observed at Station 1,
just off the nmouth of the Ckanagan River (Table 5). Gowth
of the test algae at Station 2, off GCkanagan Falls, was
good, but nothing exceptional (Table 5). Available
nutrients at Station 1 were very high at the tine of this
test, 0.11 NO(N) and 0.16 PO(P) no/liter, while at Station
2 concentrations of NO(N) and PO(P) were 0.01 and 0.01
ng/l, respectively. The observed algal yield at each of the
stations is in good agreenent with the noted nutrient
| evel s.

In the 1971 PCB, water from four stations was
tested. On both a | ake-to-1ake and stations within | ake
basis, the greatest yield of all three test al gae was again
observed in Skaha Lake (Table 6). Station 1, 2, and 3 were
simlar in yield, with Anabaena grow ng best at Station 3,
and Selenastrumat Station 2 (Fig. 18). Station 2 at the
mout h of the Okanagan River tended to pronote the greatest
al gal growt h,
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further substantiating results obtained in the 1970 PCB
and indicating considerable nutrient availability at this
station located in the plunme of the Ckanagan River.

Ckanagan Lake

In 1970 two PCB experinents were conducted on water
obtained fromthree stations; Vernon Arm Kelowna Bridge,
and off Summerland Trout Hatchery (Fig. 3). |In the first
experinment, water fromthe Vernon Armand of f Sunmmerl| and
Hat chery pronoted good growh of all three test algae (Table
5). Results of chem cal analyses of water fromthese
stations showed |l ow nutrient |evels at all stations, 0.01
nmg/ I NO,(N) and PQO,(P), with the one exception of 0.08
ng/liter NO(N) at the Kel owna Bridge station. The high
ranki ngs of algal growth at these Ckanagan Lake stations does
not correlate well with the chem cal analyses, but this is
not surprising when one considers the sensitivity |levels of
t hese nutrient determ nations.

Results of the second experinent conducted in August
were very simlar to results of the first test, with water in
t he Vernon Arm and off Summerl| and Hat chery exhi biting higher
yields than water off the Kel owna Bridge (Table 5).

Nutrients were again at |ow | evels, 0.01 ng/ liter, but
Total P values were high in the Vernon Arm 0.07 ng/liter.

In 1971 one PCB experinment was perforned on water
sanples at 10 stations (Fig. 19). There was little
variability in gromh anong stations and a very | ow growth of
all test algae was noted at all stations (Table 6). Anobng
the six lakes tested in 1971, Ckanagan ranked | owest
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Figure 19b ~27b-
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inyield (Table 6), and it can be concluded that at the
time of sanpling, Okanagan Lake possessed few avail able
nutrients.

Kal anal ka Lake

A surface water sanple frommd-|ake was sanpled in
each of two PCB experinents conducted in 1970 (Fig. 4). In
the first run, Anabaena and M crocystis exhibited noderate
grow h, ranking second and third, respectively, while the
growt h of Sel enastrum was anong the | owest recorded in any
| ake (Table 5). 1In the second test, results were simlar to
those just described (Table 5). Available nutrients were
| ow at both periods, 0.03 ng/liter in NO(N) and 0.01
PO(P) in the first experinent, and 0.01 ng/liter for both
nutrients in the second experinent.

In 1971 five stations in Kal amal ka Lake were tested
(Fig. 20). There was little difference in yield anong
stations for the alga Sel enastrum and next to Ckanagan Lake
its yield was one of the |owest recorded (Table 6). Gowth
of Anabaena and M crocystis was noderate, ranking fourth
anong six | akes tested in 1971.

Wod Lake

In 1970, only one PCB experinent was perfornmed on a
surface sanple frommd-lake (Fig. 5). Yield of Mcrocystis
was the highest recorded in any of the five | akes tested,
and very simlar to the algal yield obtained off Sunmerl and
hat chery (Table 5). G owth of Anabaena was high, ranking
second anong | akes tested (Table 5). G owth of
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Sel enastrum was the | owest observed in any |ake. Chem cal
anal ysis showed | ow nutrient availability, 0.01 ng/l for both
NO,(N) and PQO(P).

In 1971 water fromthree stations was tested (Fig.
21), and the yield of Selenastrumwas second only to Skaha
(Table 6). Gowh of the other species was noderate, but
not hi ng exceptional (Table 6). There was little difference in
yield among the three stations tested (Fig. 21). At the tine
of sanpling for the 1971 PCB, Wod Lake was between bl oons
and avail able nutrients were | ow (see Task Report 118).

GENERAL CONCLUSI ONS, PCB EXPERI MENTS 1970-71

There were many shortcom ngs that could not be
overcome within the time and budgetary constraints inposed by
the study. Despite these limtations sonme neani ngful
i nformati on about each | ake was gathered fromthe PCB
experinments. Based on yield of the three test alga, the six
| akes of the Okanagan System could be arbitrarily ranked in
decreasing order of fertility: 1. Skaha Lake, 2. Wod Lake,
3. Osoyoos Lake, 4. Vaseux |ake, 5. Kalanal ka Lake, 6.
Okanagan Lake. 1In nost |akes the problens are |ocalized and
results fromthese experinents should not be extrapolated to
the | ake as a whole. In Wod Lake the eutrophic condition is
| ake-wi de and not restricted to |localized areas. On a
station-to-station basis, currently the nost fertile water
mass occurs in the plunme of the Ckanagan R ver upon entry
into Skaha Lake. QO her stations exhibiting high fertility
were: plume of Ckanagan River in Osoyoos Lake (Station 1);
Vernon Arm of (Okanagan Lake; Sumrerl and, off
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Hat chery in Ckanagan Lake; and Wod Lake, all stations. It
can be concluded that at these stations at the tinme of
sanpling there were sufficient available nutrients to pronote
t he observed high yield of algae. This is not surprising in
that each of these stations is located in close proximty to
known sources of effluent discharge. The exception is Wod
Lake that nust receive nutrients via septic tank |eaching or
by internal |loading. The results of these bioassays show
quite clearly that Wod Lake currently possesses "excess"
nutrients, and can be considered nutrient-rich (eutrophic)

t hroughout nmuch of the growi ng season. Certain areas of other
| akes al so exhibit nutrient-rich (eutrophic) characteristics
t hroughout the growi ng season. Such data as these should be
given priority consideration when planning future water
quality conditions in these | akes.



C. SEWAGE ENRI CHMENT EXPERI MENTS ( SEE)

The chief source of nutrients for the Okanagan | akes
is nmunicipal sewage. Algal nuisance conditions occur within
the imediate vicinity of each nunicipal effluent discharge
and these have |l ed to considerable public concern over the
past few years. The sewage enrichnent experinents were
designed to denonstrate the fertilizing capacity of both raw
and treated sewage when added to uncontam nated | ake water
It was of further interest to note the short-termgrowh
response of the phytoplankton to the nutrients contained in
sewage, and to observe the shift of dom nant species in the
al gal assenbl age. The approxi mate concentrati ons of PQ,(P)
and NO,(N) added from each type of sewage effluent are
presented in Table 3. Results fromthe five |lakes tested in
1971 were simlar in respect to growh related to the type
and anmount of sewage added, but differed in absolute yield
and in final species succession. These differences are not
surprising since the standing stock of phytoplankton in each
| ake differed at the tinme of sanpling. Sonme of the nore
common observations noted in all |ake SEE experinents are
listed bel ow.

1. The lowest yield of algae in all |akes occurred
in the series of flasks receiving 3" treated sewage. The
next | owest was noted in flasks receiving 2' chlorinated
ef fl uent.

2. A general pattern of direct proportionality
bet ween growth (TCPM and anount of sewage added was noted
in flasks receiving raw, primary, and 2' non-chlorinated
effluent. H gher concentrations of m xed



[iquor were inhibitory.

3. In nost all lakes the addition of 2' non-
chlorinated effluent pronoted the greatest algal growth
(TCPM. The next highest growth occurred in those flasks
receiving the | ower concentrations of mxed |iquor, 5 and 10
m respectively.

4. Al 'control' flasks exhibited the | owest growth
(TCPM, and species succession after nine days showed little
change in dom nant speci es.

5. The addition of chlorine to 2' and 3" effluent
mar kedly affected algal growth, notably in flasks receiving
the two hi ghest concentrations of effluent, 15 and 20 nml,
respectively.

6. By increasing the concentration of effluent
added to fl asks, the observed species succession shifted
gradually to a green and bl ue-green al gal dom nated
assenbl age. Diatons dimnished in inportance at the higher
sewage concentrati ons.

7. On the basis of the observed growmh (TCPM in
each set of experinments in each | ake, the | akes could be
arbitrarily ranked in order of decreasing response to sewage
addition: (l) OCkanagan |ake; (2) Wod Lake; (3) Skaha Lake;
(4) OGsoyoos Lake; (5) Kal anal ka Lake.

The brief discussion that follows for each | ake w ||
note sone exceptions to the above observations and introduce
in greater detail the observed species succession in each set
of experiments.



OCsoyoos Lake (Fig. 22)

The control flasks after nine days incubation,
contained a m xture of the blue-green alga Lyngbya sp. and the
diatom Fragilaria crotonensis. Wth the addition of raw
sewage, the succession changed to green al gal dom nance;
Chlorella spp., with the remai nder being several genera of
diatons. Wth 1' treated sewage addition, the succession
changed to di atom dom nance, chiefly Navicula sp., N tzschia
sp., and Fragilaria spp. The addition of mxed |iquor to
fl asks produced results simlar to that of 1' treated sewage
except the production of algae was nmuch greater. Addition of
2' non-chlorinated sewage showed simlar trends and species
conposition to the above, but al gal production was reduced.
The addition of final chlorinated effluent led to a m xture
dom nated by the diatom Fragilaria crotonensis, and the green
al ga Scenedesnus sp. 3' treated sewage additions gave way to
a final succession of al nost exclusively, Scenedesnus sp.

Skaha Lake (Fig. 23)

The controls after nine days were nmade up al nost
exclusively of the diatons, Fragilaria crotonensis,
Asterionella fornosa and Tabellaria fenestrata. and the bl ue-
green, Anabaena sp. The flasks receiving raw sewage after
ni ne days contai ned consi derably nore Anabaena sp., 40 per
cent with Fragilaria crotonensis and Synedra sp. being the
dom nant diatons. Additions of 1' treated sewage showed
simlar results to that of the flasks with raw sewage
addi ti ons except that Anabaena sp. was nore abundant, 60 per
cent, Mxed |iquor additions decreased the




FI GURES 22 - 26

Results of sewage enrichment experinents after nine
days grow h.

Raw sewage

Primary sewage effl uent

A
B
C. Mxed |iquor
D. Secondary non-chlorinated effl uent
E. Secondary chlorinated effl uent
F. Tertiary chlorinated effluent
The third histogramin each series is the percentage
conposition of the major alga groups: D atons ,

-

G een al ga and Bl ue-Geen alga .
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amount of Anabaena sp., 45%and Fragilaria crotonensis, but
stinmul ated the growth of Navicula sp. 30% Flasks receiving
2' non-chlorinated and final chlorinated sewage, had an

i ncreased growt h of Anabaena sp., 50 per cent and 75 per
cent, respectively. Flasks with 3' treated sewage additions
cont ai ned a heavy growth of Anabaena sp. with sone
Fragilarja crotonensis still present.

Ckanagan Lake (Fig. 24.)

The control flasks after nine days growh,
contained nostly diatons; chiefly Asterionella fornpsa and
Synedra sp. Wth the addition of raw sewage, species
conposi tion changed fromdiatons to that of green al ga
dom nance, Chlorella sp. and Scenedesnus sp. Wth the
addition of 1' treated sewage, Scenedesnmus sp. becane the
dom nant alga, but with some Navicula sp. present. Wth the
addition of mxed |iquor, Navicula sp. becane dom nant,
90% 2', non-chlorinated sewage additions pronoted the
dom nance of Navicula sp. again, but to a | esser degree than
that of m xed liquor additions. A slight increase in the
yield of the green alga, Scenedesnus sp. was also noted in
flasks wth 2' non-chlorinated sewage additions. Enrichnent
of flasks with final chlorinated and 3' treated sewage |ed
to a green algal dom nance, mainly Scenedesnus sp. and
Chlorella sp., wth some Navicula sp. present.

Kal amal ka Lake (Fig. 25)

The controls after nine days contai ned al nost
exclusively diatonms, chiefly Synedra spp. and Navicul a
spp. Flasks receiving raw
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sewage pronoted a conplete species shift to that of green

al gal dom nance, mainly Scenedesnus sp. and Chlorella sp. ]
treated sewage additions gave simlar results to that of raw
sewage additions, but with | ess algal grow h. Wth the
addition of mxed |iquor and 2' non-chlorinated sewage, the
di atons remai ned dom nant, chiefly Navicula spp. but with sone
Scenedesmus sp. present. Flasks with final chlorinated and 3
treated sewage showed a di at om dom nance again, but this tine
consi sting of Synedra sp. in final chlorinated sewage, and
Synedra sp. again, along with Fragilaria crotonensis, in
flasks wwth 3' treated sewage.

Wod Lake (Fig. 26)

The controls after nine days were made up chiefly of
Cyanophyta species, mainly Lyngbya sp. and Oscillatoria spp.
Fl asks inocul ated with raw sewage, showed a succession of
green al gal dom nance, chiefly Scenedesnus sp., and Chlorella
sp. Flasks receiving 1' treated sewage, again showed
Cyanophyta dom nance, nostly Gscillatoria spp. M xed |iquor
addi tions pronoted nore growh of diatonms, chiefly Navicula
spp., but still had a high dom nance of Gscillatoria spp.

Fl asks enriched with 2' non-chlorinated sewage agai n pronoted
total dom nance of diatons, mainly Navicula spp., whereas the
addition of final chlorinated and 3' treated sewage

per petuated a Cyanophyta dom nance, chiefly Oscillatoria spp.
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SUMVARY AND CONCLUSI ONS
SEVWAGE ENRI CHMVENT EXPERI MENTS

The observed grow h and successi on of phytopl ankton
stimul ated by sewage additions should be interpreted with
caution. This is because 'flask' responses may differ from
"in situ" responses, due to differing environnental
paraneters operative in each | ake. Al so, the inocul um of
al gae and hence the final species succession is strongly
dependent upon the particul ar species present when sanpl ed
and upon their nutritional state. Nonethel ess, sone
interesting and useful information regarding the behavi our of
nat ural phytopl ankton popul ations in the Ckanagan | akes was
obtained fromthese experinents.

Results in all l|akes clearly show that 3' treatnent
as well as 2' chlorinated treatnment reduces the reproductive
potential of both nuisance and non-nui sance algae. It is
difficult to distinguish whether the reduced growth was a
response to |l ower nutrient concentrations or to the presence
of chlorine or to both factors. It was interesting to note
that the greatest growh (TCPM was observed in those flasks
receiving 2' effluent, despite the greater nutrient
concentrations in raw sewage and m xed |iquor additions. This
is likely due to a greater concentration of "avail abl e"
nutrients in sewage after it has passed through the various
stages of biological treatnment. Irregardl ess, the best
treatnment is that which renoves the nost nutrients fromthe
final effluent, namely PO(P) and NO(N). Present evidence
i ndi cates that renmoval of PQ(P) will in nost all |akes |ead
to an anelioration of nuisance conditions and hasten the
| ake's recovery (Ednmondson 1970). Nutrient renoval can be



acconplished by diversion, 3 treatnent, or by |and
irrigation. Since current information indicates donestic
waste to be largely responsible for water quality problens in
the Valley it would be prudent to upgrade present 2' treatnent
facilities in the Valley. Also, 3 treatnent facilities
shoul d be installed where land irrigation nmethods do not

known appear feasible. Since the greatest/source of plant
nutrients to nost all lakes in the Okanagan systemis donestic
sewage, every effort should be nmade to either renove the
effluent fromthe lake or to 'polish' the final effluent
before di scharge to the | ake.

Most al gal nui sance conditions in |akes are caused by
t he overproduction of blue-green algae. Blue-greens produce
gas vacuol es which enable themto remain at or near the
surface of the water where they can be concentrated by
currents or wi nd, thereby producing nui sance scunms or
"bloons'. Sewage is rich, not only in nutrients, but other
vital elenments essential to algal growh (Vallentyne 1957).
It is well docunented that in those | akes receiving sewage
di scharge, blue-green algal bloons are comon (Ednondson 1968,
Thomas 1957, Mackent hum 1969). In our experinments it was shown
t hat increasing concentrations of sewage led to increased
bl ue-green and green al gal dom nance, notably Gscillatoria sp.
and Anabaena sp. Therefore it should be clear to those
concerned with maintaining good water quality in the Ckanagan
Val | ey, that sewage discharge in areas of high population
density is inconsistent with good water use planning,
especially in the Okanagan Vall ey where water-orientated
recreational activities play such a key role. The key to
mai ntai ning better water quality in the Ckanagan lies in nore
stricter control of high nutrient effluent discharge to the
Val | ey | akes.




D. TRACE METAL EXPERI MENTS ( TME)

The fall run of the NEB was incorporated into the
trace netal experinments. The first seven flasks of each
series received nutrient additions equivalent to those in
the spring NEB, 1971, The remaining flasks received
conbi nations of nutrients (NO(N) PO(P)); trace netals;
boron, iron and nol ybdenum and the chel ator, EDTA (Table
A). The results obtained fromthe trace netal experinents
wi |l be discussed on the basis of uptake of radioactive
carbon as sanples allotted for chlorophyll analysis were too
small to yield accurate growh trends. Results wll be
di scussed on a conparative basis, that is, the effect of the
addition of a nutrient and trace nmetal, or chelator, wll be
conpared to that of the nutrient addition al one.

Gsoyoos Lake The fall run of the NEB shoved simlar
growth trends to that seen in the spring run. NO(N)
additions of 0.7 ng/l showed growth equal to that of the
control, whereas at the higher concentration, 1.2 ng/l
growt h was observed to be less than that of the control
(Tabl e 7). Phosphorus addition at the | owest concentration,
0.03 ng/l, showed growth inhibition whereas at the higher
concentration, .09 ng/l, growmh was stinul ated beyond that
of the controls. Addition of NO(N) and PQ(P) together, at
both concentrations, showed the greatest growth (Table 7).

Boron. Stinulation of algal growmh was evident with
boron additions at the | owest concentration, whereas at the
hi gher concentrati on,



growh was inhibited (Table 7). An increase in algal growh
was noted when boron and NO(N) were added to test sanples.
Additions of PQO(P) at the |ower concentration, 0.03 ng/l,

wi th boron at both concentrations, 10 and 100 ug/1,

stimul ated growt h beyond that of phosphorus additions al one,
but to a | esser degree than with nitrogen and boron

addi ti ons. Phosphorus additions at the highest

concentration, and nitrogen and phosphorus additions

toget her at both concentrations, together with boron at both
concentrations all showed algal growh |less than that of the
controls (Table 7).

EDTA. Addition of EDTA at the | owest concentration
showed growth | ess than the control, whereas at the highest
concentration, algal growmh was nuch higher than the control
(Table 7). Nitrate additions at both concentrations al ong
with both | evels of EDTA, showed stinulation of algal growth
when conpared with flasks with NO(N) additions al one.

Fl asks receiving PO(P) at the |over concentration, along

wi th EDTA at both concentrations, showed growth stinmulation,
but to a | esser degree than that of NO(N) and boron

addi tions. Phosphate additions at the highest concentration
along with both concentrations of EDTA proved to be
inhibitory to algal growth (Table 7). Addition of NO(N) and
PO,(P) together at the |owest concentration and with EDTA at
t he | owest concentrati on showed no increase in algal growh,
wher eas the highest concentration of NO(N) and PO,(P)

t oget her and EDTA showed marked increases in growh (Table
7).



EDTA and Iron. Additions of EDTA and iron,
stinmulated growth in all flasks, with the greatest response
noted with the addition of higher concentrations of EDTA and
iron and NO(N) and PQ(P) together (Table 7).

Mol ybdenum Growt h was again stinulated in nost
flasks with the addition of nolybdenum The greatest response
occurred with the addition of the highest concentration of
nol ybdenum al ong with the addition of the higher concentration
of NO(N) and PO,(P) together (Table 7).

Skaha Lake

The fall run of the NEB on one m d-|ake station in
Skaha Lake, showed simlar results to that of the spring
run, except that the addition of nitrogen at the highest
concentration, 2.1 ng/l, showed the greatest production of
al gae (Table 8).

Boron. Wth the addition of boron at the | owest
concentration, algal growmh was stinulated beyond that of
the control, whereas with the higher addition of boron,
growh was inhibited (Table 8). N trate additions at the
| onest concentration with boron at both concentrations, and
NO,(N) and PQ(P) together at higher concentration of boron
were all stimulatory to algal growth. All other nutrient
additions wth boron additions were inhibitory to al gal
grow h (Table 8).

EDTA. Wth the addition of EDTA at the | owest
concentration, growh was |ess than the control, whereas at
t he hi ghest concentration, growth was stinul ated beyond t hat
of the control (Table 8). Ntrate



addition at both concentrations, wth EDTA additions were
inhibitory to algal growth, whereas growth was stinulated with
all other NO(N) and EDTA additions. Phosphate and EDTA
additions together in the | ower concentrati ons showed growth

| ess than that of PQO,(P) additions al one.

Addition of the | owest concentrations of phosphate along with
t he higher concentration of EDTA pronoted growth, slightly
above that of PO,(P) addition alone. The opposite trend
occurred for the highest addition of phosphorus, with slight
growh stinulation and inhibition with the |ower and the

hi gher concentrations of EDTA respectively. Additions of
NO,(N) and PQ(P) together at the highest concentrations al ong
wi th EDTA at the higher concentration produced the greatest
production of algae as conpared to all other nutrient
additions with boron (Table 8).

EDTA and Iron. The controls and flasks receiving
addi tions of PQO(P) at the | owest concentration, and EDTA and
iron higher concentration, together with flasks inocul at ed
with PO(P) highest concentration and EDTA and iron at both
concentrations, all produced algal growh | ess than the flasks
wi t hout EDTA and Iron. In all other flasks growmh was greater
than the controls, with the greatest response being with the
addi tions of the highest concentration of NO(N) and both
concentrations of NO(N)and PO(P) together, along with EDTA
and iron at both concentrations(Table 8).

Mol ybdenum In all cases the addition of nol ybdenum was

inhibitory to algal growth, except for the addition of NO(N)
and PO,(P) together at the highest concentration, along with
t he | owest concentration



of nol ybdenum In this instance growh was stinulated a little
beyond the flask with NO(N) and PO(P) alone (Table 8).

Ckanagan Lake

The fall run of the NEB, 1971 showed stinul ati on of
growmh with all nutrient additions. N trate additions at the
hi ghest concentrati on showed the greatest production of
al gae. Flask inoculated with PQ(P) at the | owest
concentration, showed the next highest production of algae.
Nitrate additions at the | owest concentration produced good
growh, but to a | esser degree than PO(P) additions at the
| onest concentration (Table 9). Addition in PQ(P) at the
hi ghest concentration and additions of NO(N) and PQO,(P)
toget her at both concentrations, all showed equal growth
pronotion to slightly above that of the controls (Table 9).

Boron. Some stinulatory effect on algal growth was
evident with boron additions alone, at both concentrations
(Table 9). Gowh inhibition was observed with the additions
of NO(N) and boron in all conbinations. PQO(P) additions in
t he | owest concentration and the highest concentration al ong
wi th additions of boron in the | owest and hi ghest
concentrations were stinulatory to growth, whereas all other
PO,(P) and boron additions were inhibitory to algal growth.
Addi tions of NO(N) and PO(P) together at both concentrations,
along with both concentrations of boron, all pronoted the
greatest algal growh (Table 9).

EDTA. Addition of EDTA in nost all cases showed
greater growth than that of the controls. EDTA additions
al one, shoved increased growth



with the increased concentration of EDTA. NO(N) additions
along with both concentrations of EDTA showed grow h
stimulation, with the greatest response with the addition of
t he | owest concentration of NO(N) along with the highest
concentration of EDTA. Al PO(P) additions along with EDTA
addi ti on showed approxi mately the sane anmobunt of growth
stimul ati on except for the addition of PQO(P) at the highest
concentration along with EDTA at hi ghest concentration, which
was only slightly above the others. Flasks receiving

addi tions of NO(N) and PO(P) together, showed a simlar
trend to other flasks with additions of EDTA (Table 9).

EDTA and lron. Additions of EDTA and iron, alone,
showed growth stinulation with the greatest response being
the addition at the highest concentration. In all cases NO(N)
additions alone, with EDTA and iron were inhibitory to al gal
production, except for the addition of NO(N) at the highest
concentration along with the | owest concentration

of EDTA and iron (Table 9). PQ(P) additions along with
EDTA and iron

showed growt h inhibition whereas additions of NO(N) and
PO,(P) together, along with EDTA in all conbinations, showed
the greatest growh stinulation. (Table 9).

Mol ybdenum In all flasks, except for the addition of
nol ybdenum al one at the | owest concentration, growh was |ess
than that of the controls (Table 9).

Kal anmal ka | ake

The effects of trace netals on algal growmh could not be
observed on the sanple taken from Kal amal ka | ake, as initial
phyt opl ankt on



popul ations were too low to yield distinguishable effects.
These results I end support to the statenent that Kal amalka is
the nost A igotrophic |ake in the Ckanagan Basin.

Wod Lake

The fall run of the NEB, 1971 showed growth
stimulation with all nutrient additions, with the greatest
algal growth in flasks wth NO(N) at hi ghest concentrations,
and NO,(N) and PQ(P) together at highest concentrations
(Tabl e 10).

Boron. All additions of boron, alone or in
conmbi nation wth nutrients, showed growh equal to or |ess
than that of the controls (Table 10).

EDTA. Gowh patterns with EDTA and nutrients
followed different trends fromthose observed with boron
additions. In this case growth increased with all EDTA
addi tions except for PQ(P) at the | owest concentration and
EDTA bot h concentrations, and PO(P) at the highest
concentration and EDTA at the | owest concentration.

Addi tions of NO(N and PQ(P), together at the highest
concentration, along with EDTA both concentrations, showed
the greatest algal growth (Table 10).

EDTA and Iron. Simlar gromh patterns were observed
with the addition of EDTA and iron to that of additions of
EDTA, except that there was greater production of algae in
this series. Every flask was stinulated beyond that of a
nutrient addition alone, except for the addition of PQO(P) at
the | owest concentration along with EDTA at the | owest
concentration, and PQO(P) at the highest concentration al ong
wi th EDTA at the highest concentration, which were slightly
bel ow t he control (Table 10).




Mol ybdenum The hi ghest yeild of al gae was produced
with the addition of nutrients and nol ybdenum as conpared to
all other trace netal and chelator additions in Wod Lake
(Tabl e 10). The greatest grow h response was observed in
flasks with additions of NO(N) highest concentration, and
NO,(N) and PQ(P) together at the highest concentration al ong
wi th both concentrations of nolybdenum

SUMVARY AND CONCLUSI ONS
TRACE METAL EXPERI MENTS

The observed trends noted in the TME are froma
singl e set of experinments run on sanples obtained froma
single md-lake station in each | ake. Extrapol ation to ot her
areas within each | ake cannot validly be done fromthis
single set of experinents. However, conparison anong | akes
drawn from al gal responses within each | ake supplies further
information on the relative fertility of the lakes in the
Okanagan chai n.

In all |akes the greatest stinulatory response was
noted with the addition of EDTA and Iron. Increased al gal
growt h was observed nore often in flasks with EDTA and iron
than with the addition of any other trace netal or chel ator.
This observation is simlar to observations noted by Schel ske
(1962), Shelske .et al. (1962) and Sakanmpto (1971) who noted
mar ked i ncreases i n phytopl ankton production with the
addition of iron and EDTA al one and in conbination with other
essential nutrients. Anong flasks receiving EDTA and iron,
the greatest growmh occurred with additions of NO(N) and
PO,(P) .



EDTA additions alone and in conbination with nutrients
ranked second in stinulating algal growth. Geater
stinmulati on was noted when iron was added w th EDTA,
especially in Osoyoos Lake, which may indicate an iron
deficiency in this lake. Iron plays a key role in the
synt hesis of chlorophyll and in sone enzymatic reactions, and
thus if present in insufficient quantities would Iimt algal
gr ow h.

Mol ybdenum ranked third in stinmulating phytopl ankton
growmh in the flasks. One unusual response was noted in that
it was either an all or none response, i.e. either all algal
grom h was stinmulated or all was inhibited. It is interesting
to note that total stinmulatory responses were observed in
sanpl es from Gsoyoos and Wod Lakes, and total inhibition in
Skaha and Ckanagan Lakes. This is unusual since Wod,
Csoyoos, and Skaha Lakes are highly productive while Ckanagan
is not, and thus one woul d expect simlar responses in the
three productive | akes. A possible explanation nmay be that
the dom nant alga in Skaha Lake at the tinme of sanpling was
t he bl ue-green Anabaena. a nitrogen fixer, and it is known
t hat nol ybdenumis required for nitrogen fixation (Hutchinson

1967, Round 1965). It is possible, therefore, that nol ybdenum
concentrations were at optimal levels in Skaha at tine of
sanpling, and further additions were inhibitory. In those

| akes with total stinulatory responses, it is |likely that
concentrations of the netal were sub-optinmal.

Boron stinulated little algal growh in any of the
| akes, and no distinct patterns could be discerned with the
addition of this elenent. Mre experinments with this el ement
shoul d be conduct ed.



In addition to general observations on the effect
of each trace netal and chelator on algal growth, these
experinments provided further evidence as to which of the
| akes are currently productive or unproductive. On the
basis of algal response to the fall 1971 NEB, and TME the
| akes could be ranked fromthe nost productive to the
least; 1. Whod; 2. Skaha 5 3. Osoyoos; 4. Ckanagan; and 5.
Kal amal ka.
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1970

Experiment Station

NEB
FCB

NEB

FCB

NEB

FCB

NEB

PCB

NEB
FCB

Bi oassay Program Type,
duration of experinents 1970 -

WA R b b PN S R —

bt

N

Lake & Location

Osoyoos
midlake
midlake

sSkaha
Okanagan River
n

1"
L]

Ckanagan Falls
]

Okanagan
midlake off Summerland
trout hatchery

n

1]

Kelowna Bridge
Kelowna Bridge
Vernor Arm - midlake

Kalamalka

midlake off Crystal Waters Resort
i

n
n

Wood
midlake § mile from
north shore

station,

1971.

| ocati on and

Duration

May 26 - June 10

July

21 - 30

May 20 - June 4

dug.
July
Aug.,
July
Aug.

24 - Sept, 8
21 - 30
13 - 21
21 - 30
13 - 21

May 22 - June 5

Aug.
July
fug.
July
Aug.
July
Aug.

June
Aug.
July
Aug.

June
June

24 - Sept., 8
21 - 30

13 - 21

21 - 30

13 - 21

21 ~ 30
13~ 21

8 - 22

17 - Sept. 1
21 - 30

13 - 21

9 -23

21 - 30



APPENDI X | (cont'd)

1971
Experiment Station lLake & lLocation Duration
Osoyoos
NEB 1 Northern region June 7 - 16
2 Southern region June 7 - 16
PCB 1 Mouth of Okanagan River Aug. 1C - 16
2 midlake Aug. 10 - 16
3 Southern region Aug, 10 - 16
SEE 1 midlake July 20 - 29
TME 1 midlake Aug. 19 - 28
Vaseux
NEB 1 midlake June 10 - 19
FCB 1 Aug. 10 - 16
Skaha
NEB 1 Okanagan River May 19 - 28
2 Okanagsn Fails May 19 - 28
FCB 1 Okanagan River (north of
Yenticton STP.) fug. 10 - 16
2 Okanagan River - mouth Aug. 1C - 16
3 midlake Aug. 10 - 16
4 Okanagan Falls Aug., 10 - 16
SEE 1 midlake July 7 - 16
T™ME 1 midlake Aug. 25 - Sept. 3
Okanagan
NEB 1 Vernon Arm May 22 = 31
2 Armstrong Arm May 22 - 31
3 Kelowna Bridge June 10 - 19
4 Peachland (just off) June 11 - 20
5 Summerland (just off) June 23 - July 2
6 Penticton June 14 = 23
FCB 1 Armstrong Arm Aug, 17 - 23
2 Vernon Arm " "
3 Northern region - midlake " "
4 Kelowna Bridge " "
5 Mill Creek " "
6 Trepanier Creek n n
7 Peachland " n
8 Midlake =- between Peachland &
Summerland " "
9 Trout Creek " "
10 Penticton " "
SEE 1 midlake July 7 - 16
TME 1 midlake fug. 21 - 30



APPENDI X |

(cont'd)

Experiment Statlon

NEB

FCB

SEE

TME

NEB

PCB

SEE
TME

He WD N

S AV SRS S

lake & Location

Kalamalka
Southern region
Northern region
Western Arm
Cosens Bay
midlake
Southern region
Channel
midlake
midlake

Wood
Northern region
Southern region
Northern region
midlake
Southern region
midlake
midlake

Duration

May 31 - June 9
f n

Aug. 1C - 16
" i
n n
i n
1" 1t
Aug. 9 - 18

Sept. 14 - 23

June 1 - 10
4] "

Aug. 10 - 16
" "

f #

July 23 - fug, 1
Sept. 15 = 24
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TABLES 1 to 10

LABORATORY PROCEDURES AND RESULTS
Bl OASSAY PROGRAM
1970, 1971



TABLE 1. Concentration of NON),

NO5(N) mg/1

0.7

PO,(P) and CO, added to
culture flasks in 1970, NEB. 0 = fl ask nunber.

7.C

F0,(F) mg/1 0
. | ©
.C3 (o)
.09 @
.31 (26)
.93 (21)
co, me/1

had

®

PN

i 23)

N

10

ONONCRON®

o

L4

N03(N)+l.4 mg/1 @
PO, (P) .C9 mg/2



TABLE 2. Concentration of NO(N) and PQ(P) added to
culture flasks in 1971, NEB. 0 = fl ask nunber.

NO3(N) mg/1

$0,(F) mg/1 0 0 0.2 .2 C.7 0.7 2.1 2.1

|@ @ ONNOBIONIO

e S e

ol@ @ @ @




TABLE 3. Approxinmate concentration of PO(P) and NO(N)
added to flasks in the sewage nutrient
enri chment experinents.’

PO, (F) NO3(N)

Stage/fmount Added mg/liter mg/liter
Flask No. Raw 14.00 13.c0
1 0 ml 0,00 0.CO
2 5 ml 0.07 0.07
3 10 ml 0.14 0.13
4 15 ml 0.21 0.21
5 20 ml 0.28 0.28
Prirary 16,00 10.00
6 0 0.00 c.co
7 5 c.cg C.05
8 1C 0.16 0.10
9 15 0.24 0.15
10 2C 0.32 0.20
Mixed liquor 76.C0 21.00
11 0 0.c0 0.00
12 5 0,38 0.11
13 10 0.76 0.21
14 15 1.14 G.32
15 20 1.52 C.42

C

C NC Secondary NC 9.C0 18.00
16 21 0 0.C0 0.C0
17 22 5 0.C4 0.C9
18 23 10 C.C9 c.18
19 24 15 0.13 0.27
20 25 20 0.18 0.36
Tertiarg2 4.00 18,00
26 0 0.00 0.C0
27 5 0.C2 0.C9
28 10 C.C4 c.18
1. 29 15 0.C6 C.27
3C 20 0.08 0.36

Va

| ues of Raw and Secondary from Penticton S.T.P.

| aboratory, other fromM. Archie Pick, Wnnipeg Metro
Sewage work. Al NO,(N) values from Metro W nni peg
STP.

2. Assunes 45%reduction at Penticton plant which was
the case at tinme of sanpling.



TABLE 4. Trace Metal, Chelator and Nutrient Additions,
TME 1971. 0 = Fl ask nunber

Nutrient Addition (mg/1)
Control Nitrogen Phosphorus Nitrogen & Phosphorus
Ion (mg/1) 0 0.7 2.1 .03 .09 0.7+ .032.1+ .09

© ®© 0 ® 6 0 0
Boren (12) @

0

/"\‘! \"\ .,, T, {/“- \\‘ {i_p}‘\ 19
o G @ ovw B W @
- P a Eoty s
ST .Cl 220 24 28‘) (g& 30 32 34
. P P K e~ -~ /—-\»‘
.08 73)BCT) BNC) BT S P )

EDTA + Iron

0l .0 Go () @ @
&

8 .1 EONRE YNy B B ®

® ®

® ®

O,



TABLE 5.

1.

6.

(maxi mum gr owt h) ,

Skaha Lake
(mouth of Okanagan R.)

Okanagan Lake
(off trout hatchery,
Summerland)

Okanagan lake
(Vernon Arm)

Osoycos (midlake)
Skaha (Okanagan Falls)
Okenagan (Kelowna
Bridge)

Kalamalka (midlake)

Woods (midlake)

Skaha Lake (mouth of
Okanagan River)
Skaha lake (Okanagan
Falls)
Okanagan Iake (off
hatchery, Summerland)
Okanagan lake
(Vernon Arm)

Kalamalka Lake
(midlake)

Okanagan Lake
(Kelowna Bridge)

PCB No. 1, July 21 - 30, 1970

dnshaens
1. Osoyoos Lake (midlake)

2. Okanagan lake
(Vernon arm)
Woods Lake (midlake)
Kalamalka (midlake)
3, Skaha lake
(Okenagan Falls)
Okanagan Lake (off
trout hatchery,
Summerland)
4. Okanagan Lake
(Kelowna Bridge)

5, Skaha Lake (mouth of
Okanagan River)

P.C.E. No. 2%, August 13 - 21, 1970

1. Skaha Lake (mouth of
Okanagan River)
2. Okanagan lake (Vernon
Arm)
Okanagan lake (off
hatchery, Summerland)
3. Kalamalka (midlake)

4. Skaha Lake (Okanagan
Falls)
Okanagan 1ake
(Kelowna Bridge)

Only Okanagan, Skaha and Kalamalka tested.

TCPM

Ranki ng of Okanagan Lakes on the basis of yield
P. C. B. Experinents,

1970.

Microcystis

1.

3.

Woods leke (midlake)
Okanagan Lake (off
trout hatehery,
Surmerland)

Okanagan Lake
(Kelewna Bridge)

Kalamalka (midlake)

Okanagan Lake
(Vernon arm)

Skaha Lake (off
Okanagan River)

Skaha Lake (Okapagan
Falls)

Osoyoos Lake (midlake)

Skaha Lake (mouth of
Oksnagan River) .

Okanagan Lake (off
hatchery, Summerland)

Skaha Lake (Okanagan
Falls)

Kalamalka Lake
(midlake)

Okanagan Lake
(Vernon Arm)
Okanagan lake
(Kelewna Bridge)



TABLE 6.

Ranki ng of

Ckanagan

(maxi mum gr owt h),

P.C.B. No. 1
Selenastrum
Skaha Lake
Wood Lake
Vaseux Lake
Osoyoos Lake

khalamalka lake

Okanagan Lake

Skaha lake
(St. No. 2)

Skaha lake

(St. Nos. 1 & 3)

Skaha Lake
(St. No. 4)

Wood Lake
(St. No. 3)

Wood Lake
(st. No. 2)

Vaseux Lake
(St. No, 1)

1.

s

6,

| akes on

t he

P. C. B. Experinents,

Anabaena

Skaha Lake

Osoyoos Lake

Vaseux Iake

Kalamalka I ake

Wood ILake

Okanagan Lake

August 106 - 23, 1971 Ranking by lake:

basi s of

TCPM

yield

1971.

(station average)
Microcystis

l-

2.

Ranking by Station

Skaha Lake
(St. No. 3)

Osoyocos lake
(St. No. 2)

Skaha lake
(st. No. 4)

Osoyoos Lake
(St. No. 3)

Vaseux lake
(st, No. 1)

Kalamalka I ake
(st, No. 2)

1.

2.

Skaha Lake

Osoyoos Lake

Wood Iake

Kalamalka Lake

Vaseux Lake

Okznagan Lake

Skaha Lake
(5t. No, 3)

Skaha Lake
(st. No. 2)

Osoyocos Lake
(St. No. 2)

Kalamalka Lake
(St. No. 2)

Skahs Lake
(st. No. 1)

Skaha Lake
(5t. No. 4)



TABLE 7. Results of the Trace Metal Experinents, 1971. Osoyoos Lake.
+ (>1.0) growth greater than controls.
-(<1.C) growth less than controls.
e (= 1.0) gromh equal to controls.

Nutrient Addition (mg/1)

Control Nitrogen Phosphorus Nitrogen & Phosphorus
Trace Metal 0 0.7 2.1 .03 L9 L,07+ .03 2.1+ ,09
+ Chelator
mg/1.
Boron
.01 + e + + - - -
1.3 1.C 1.5 1.3 0.9 .8 0.7
.11 - + + + - - -
0.5 1.3 1.6 1.5 0.9 G.9 0.5
EDT A
.C1 - + + + - - +
¢.8 1.4 1.6 1.5 0.9 0.5
.02 + + + + - + +
1.3 1.3 1.7 0.9 1.2 1.2
EDTA + Iron
.01 .01 + + + + + + +
1.3 1.2 1.4 1.7 1.3 1.1 1.2
.08 .1 + + + + + + +
1.3 1.3 1.2 1.5 1.3 1.2 1.4
Molybdenum
Cl + + + + e + e
1.4 1.2 1.4 1.5 1.0 1.2 1.0
.11 + + + + e e +

1.1 1.3 1.7 1.2 1.0 1.0 1.2



TABLE 8. Results of Truce Metal

1.0) growth greater than controls.

Experi ment s,

+ (>
- (<1.0) gromh | ess than controls.
e (=1.0) growth equa

Control
Trace Metal 0
+ Chelator
mg/1.
Boron
.C1 +
1.4
.11 -
0.9
EDTA
.0l -
(/‘09
.08 +
1.3
EDTA + Iron
.01 .01 -
0.8
.08 11 -
0.9
Molybdenum
.01 +
1.4
.11 +
1.1

Nitrogen
.7 2.1
+ -
1.1 .8
+ -
1.1 0.2
- +
C.7 1.1
+ e
1,2 1.0
+ +
1.1 1.2
+ +
1.2 1.1
+ +
1.2 1.4
+ +

1.3

1.7

to controls.

Nutrient Addition (mg/1)

Phosphorus

.03

.8

003

(.'09

1.1

1.1

0.8

1.5

1.2

1.0

1.0

1.1

0.9

(«;09

O.9 .

1.C

1.0

Nitrogen & Fhosphorus
.09 0.7+ .C3 2.1+ .09

1.0

0.7

1.0

1.0

1971. Skaha | ake.

1.0

1.1

1.2

1.3



TABLE 9.

+
e

Trace Metal
+ Chelator

mg/1.
Boron

01

.11

EDTA + Iron
.01 01

008 011

Molybdenum
.01

.11

Trace Met al

(>1.0) growth greater than controls.

Experi nment s,

1971.

Okanagan Lake.

(<1.0) growth less than controls.
(=1.0) growm h equa

Control

0

1.2

l.l

1.2

1.4

1.2

1.3

2,2

1.0

to controls.

Nutrient Addition (mg/1)
Phosphorus

Nltrogen
C.7 2.1
e
1.0

e -
1.0 C.7
+ e
1.1 1.0
+ +
1.3 1.1
- +
.9 1.2
8 e
1.¢C 0.9
0.3 0.7
O.A/p 005

.03

1.1

0.8

1.1

1.1

1.0

1.3

1.1

1.2

0.7

1.0

0.5

0'5

Nitrogen + Phosphorus
.09 0.7+ .,C3 2,1+ .09

1.3

1.3

0.7

1.3

1.2

1.2

1.3

1.1

0.8

1.5

1.1

1.2

0.3

0.4



TABLE 10. Results of Trace Metal Experinents, 1971. Wod Lake.
+ (>1.0) growth greater than controls.
- (<1.0) growth less than controls.
e (=1.0) growth equal to controls.

Nutrient Additions

Control Nitrogen Phosphorus Nitrogen + FPhosphorus
Trace Metal 0 0.7 2.1 .03 09 €7+ .03 2,1+ .09
+ Chelator
ng/1.
Boraon
.01 e e - e e e -
1.0 1.0 0.9 1.0 1.0 1.0 0.9
.11 e e - - - e e
1.0 1,0 (.9 G.9 0.9 1.0 1,0
EDTA
.01 + + e e - + +
1.3 1.2 1.0 1.0 0.9 1.1 1.1
.08 + + + e + + +
1.2 1.1 1.1 1.0 1.3 1.2 1.3
EDTA + Iron
.01 .01 + + + - + + +
1.2 1.3 1.} 0.9 1.3 1.3 1.3
1.2 1.3 1.1 1.0 0.9 1.3 1.6
Molybdenum
.01 + + + + + + +
1.4 1.3 1.4 1.2 1.3 1.5
W11 + + + + e + +

1.3 1.2 1.2 1.1 1.0 1.3 1.4
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