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CHAPTER 6

Chem cal Characteristics of the Main

Val | ey Lakes.

PREVI QUS WORK

In 1936, Rawson col |l ected surface water sanples of Ckanagan Lake for
chem cal anal yses (denens et al 1939). Measurenment of oxygen concentrations
and pH in Ckanagan, Kal anal ka and Wod Lakes were taken in July and August
1935 as part of Rawson's survey. Coulthard and Stein (1968, 1969), Stein and
Coul thard (1971) and Booth col |l ected nunerous sanples for chenm cal anal yses
fromall major |akes, including one of the first neasurements of phosphorus
concentrations. darke and Al cock (1968) neasured nutrient input to sone
Ckanagan Valley |lakes to construct a prelimnary nutrient budget based
chiefly on sewage plant effluent.

RESULTS

D ssol ved Oxygen

Hut chi nson (1957) indicated probably nore can be determ ned about the
nature of a lake froma series of oxygen determ nations than fromany ot her
ki nd of chem cal data. These inportant data for spring, sumrer and fall are
presented in Table 6.1. Epilimetic oxygen concentrations renai ned near
saturation levels in all |akes throughout the sumer nonths. D ssolved
oxygen in the hypolimia of Gsoyoos, Wod and Skaha Lakes was wel | bel ow
saturation for rmuch of the sumrer. The hypolimia of Kal amal ka and Ckanagan
| akes remai ned well oxygenat ed.

Cal cul ation of the rate of oxygen depletion of hypolimetic water during
the summer stratification provided an estimate of annual biol ogi ca
production. These data (Table 6.2) indicate Skaha Lake had the mpbst rapid
depletion rate, followed by Wod and Gsoyoos Lakes. No attenpt was nade for
conputing areal depletion rates for Ckanagan and Kal amal ka Lakes since they
are subject to limtations for such cal cul ati ons i nposed by Hut chi nson
(1957); i.e., maximumdepths greater than 75 neters. Based on the trophic
i ndex of Dobson (1972) where nesotrophy equals 1.0, both Skaha and Wod Lakes
are on the eutrophic side of the scale froma consideration of oxygen
depletion rate. There has been little change in hypolimetic dissolved
oxygen concentration of Ckanagan Lake since Rawson's neasurenents taken in
1935; however, Skaha Lake has exhibited an increase in it's hypolimetic
oxygen deficit over the past 25 years. Ferguson (1949) in July 1948, noted
val ues of 10.35 ng/l or 85%saturation, while the current survey noted 8.55
nmg/l or 70% saturation. The oxygen content of the hypolimetic water of Wod
Lake has not changed appreciably fromthe val ues noted by Rawson in 1936.




TABLE 6.1

CONCENTRATI ONS OF DI SSOLVED OXYGEN I N THE OKANAGAN NMAI N VALLEY LAKES

EXPRESSED | N PARTS PER M LLI ON

( PERCENT SATURATI ON | N BRACKETS)

SPRING EARLY SUMMER LATE SUMMER FALL
(April) (May-June) (July-August) (October)
LAKE SURFACE|BOTTOM | EPILIMNION{HYPOLIMNION | EPILIMNION|HYPOLIMNION | EPILIMNION|HYPOLIMNION
0s0Y00s
: 12.4 12.4 9.8 9.4 8.0 5. 10.1 3.3
Station 1} (yo1) | (103) (93) (79) (90) (46) (100) (28)
North basin
R 9.7 9.4 9.7 9.3 8.5 5. 9.8 10.1
Station 3 (97) (75) (96) (77) (96) (51) (98) (89)*
. 8.8 8.0 9.8 9.3 9.0 4 10.7 9.5
Cent. basin | (73) (66) (96) (88) (105) (40) (106) (97)
: 11.6 11.7 9.3 7.3 9.5 2 10.5 9.0
South basin (99) (99) (96) (67) (105) (27) (107) (90)
12.8 12.3 10.6 171.1 8.8 8. 11.2 6.7
SKAHA (103) | (97)™]  (104) (92) (106) (70) (105) (56)
W0OD 11.4 11.4 11.4 7.5 9.8 2. 9.8 0.8
=== (93) (88) (112) (56) (109) (18) L98) (6)
12.0 12.0 10.3 11.6 8.8 11 10.8 12.2
KALAMALKA (98) (95) (105) (97) (100) (89 (106) (97)
OKANAGAN
South 14.8 14.8 11.3 12.4 9.6 10. 10.7 11.5
ou (117) (117) (102) (100 (103) (87 (104) (93)
North 13.0 12.6 10.8 11.6 9.6 10. 10.4 10.9
(106) (98) (104) (93) (107) (72 (106) (79)

*
Mixing had occurred on

basins.

* %
Data based on one station only.

*kk
No data for July

Station 3 and overturn had occurred in Central and South




TABLE 6.2

DAl LY OXYGEN DEPLETI ON RATES, AREAL DEPLETI ON RATES AND TROPHI C | NDI CES

FOR THE OKANAGAN MAI N VALLEY LAKES

MEAN ORDINARY | o oRERL
MAXIMUM|HYPOLIMNION|NO. OF DAYS|DEPLETION RATE TROPHIC INDEX
DEPTH THICKNESS |[FROM SPRING RATE 2 MESOTROPHY =
LAKE (m) (m) OVERTURN {mg/1/day)|(mg/cm“/day) 1.0
WOOoD 34 10.6 165 0.061 0.065 1.5
0S0YO0O0S 60 10.7 123 0.035 0.038 0.9
SKAHA 56 43.7 161 0.034 0.148 3.6
OKANAGAN 230 -- 128 0.015 -- -
KALAMALKA 140 -~ 121 0.009 -- -
TABLE 6.3

AVERAGE CONCENTRATI ONS OF NI TROGEN. PHOSPHORUS AND CHLOROPYLL-

a IN THE OKANAGAN MAI N VALLEY LAKES*
(EXPRESSED | N M CROGRAMS PER LI TER)

NITRATE NITROGEN|TOTAL NITROGEN [PHOSPHATE PHOSPHORUS|TOGTAL PHOSPHORUS
LAKE [N03(N)] (TN) [P04(P)] (TP) CHLOROPHYLL-aD
A B C A B C A B C A B C
OKANAGAN 126 20 20 232[ 189 | 120 12 2 -- 29 31 30 5.0 (15.0)E
KALAMALKA 114 23 10 264 199 80 12 4 -- 14 7 20 2.5
WooD 102 26 40 427 539 200 125 83 -- 213 293 | 150 50.0
SKAHA 327 10 40 323 208 180 32 15 -- 97 64 70 31.0 (48.0)F
0S0Y00S 196 16 40 309 235|170 10 15 -- 91 62 65 23.0
*
Values of nitrogen and phosphorus at spring overturn, Chlorophyll-a mean summer
value, 1971.
A B.C. Research Laboratory; spring overturn, 1970
B Water Quality Laboratory, Calgary; monitor program 1971, spring overturn
C

Coulthard and Stein (71969-70); average values summer season, 1969

DSeasona] average Chlorophyll-a content in epilimnion, Williams (1972).

ECh]orophyﬂ—a average concentration in Vernon-Armstrong Arms.

FAverage for lake, including peak value of 214 micrograms per liter measured in Octrhar,




On the basis of oxygen data, the | akes of the nmain valley system
can be ranked as foll ows:

1. Skaha Eut r ophi c

2. Wod Eut r ophi c

3. Gsoyoos Mesot rophi c

4, Ckanagan A i gotrophic

5. Kal amal ka Extrenely digotrophic

6.2.2 Nutrients

(a)

(b)

The main vall ey | akes exhi bited consi derabl e seasonal and val |l ey-w de
variation in nutrient content. A representation of these data froma
variety of sources are presented in Table 6.3. These data indicated
general conditions. The data collected during the study is presented in
Appendi x C. These data were not presented in a concentrated formin the
text since any condensation would result in |losing sone of the trends
within | akes and/or tinme periods. The follow ng discussions then refer to
data in Appendi x C.

Wod Lake

Wod Lake had the highest observed concentrations of NO(N) and PQ(P)
of the five nmain valley | akes sanpled during spring turnover - 20 ug/1 and
80 ug/1 respectively. Epilimetic concentrations decreased throughout the
summer, reaching the |lower range of sensitivity of the anal ytical nethod
used, by mdsummer. The large NO(N) and PO,(P) decrease with tinme, relates
i nversely to chlorophyll-a concentrations which increased from9 to 100
ug/ 1 between April and June. Decrease in surface silica concentrations is
likely linked to diatom periphyton dom nance, (Gonophonema ventricosumns
and Synedra sp.), which accounted for 60 to 80% of the total nunbers.
(Chapter 7.3).

Depl etion of epilimetic nutrients was acconpani ed by increased PO,(P)
and NO(N) in the hypolimion. PO, content of the sedinents of Wod Lake
was al so conparatively high.

The depletion of NO(N) in the hypolimion toward the end of sunmer
stratification was likely due to its reduction to NH, or N,. The
consi derably | ower concentrations of NO(N) as conpared to PQ(P) woul d
indicate that NO(N) is probably presently the limting nutrient in
phyt opl ankton growth in this |ake.

Skaha Lake

Mean concentrations of NO(N) and PO(P) at spring turnover were 10
ug/1 and 16 ug/ 1 respectively. Low epilimetic NQ(N) concentrations
t hr oughout the sunmer tend to indicate this is the factor limting
phyt opl ankt on producti on. The extrenely high PQ(P) values in surface
waters in June are attributed to surface runoff.



(c)

(d)

Horizontal PO(P) distribution showed a general north-to-south decrease
in concentration throughout the sanpling period, indicating that the main
nutrient source was the Ckanagan River. Station 1 on the east side of the
| ake (not directly influenced by the river plune - Section 5.2), showed the
| owest phosphate concentration of the entire | ake surface.

The rapi d decrease of epilimetic PQ(P) from51 to 0.005 ug/l between
August and Cctober correlates well with an increase in chlorophyll-a
concentrations from20 to 214 ug/l and a bl oom of anabaena fl os-aquae. The
depl etion of epilimetic PQ(P) and NO(N) also correlates with their
i ncrease in the hypolimion during the August to Cctober period.

Gsoyoos Lake

In the north basin, epilimetic PO(P) |evels were about 13 ug/1 from
April to June, but had increased to 213 ug/1 by August. The general north-
to-south decrease in concentration indicates the Ckanagan River as the
probabl e maj or source. The sharp decrease by Cctober was probably due to an
al gal bl oom although no chlorophyll-a. data is available for Cctober to
corroborate this.

The central and sout hern basins devel oped only weak thermal
stratification throughout the sumer, thus nutrient concentrations were
generally sinmilar throughout the entire water colum. These two basins
showed similar nutrient concentrations and seasonal patterns to those of the
north basin epilimion, except that no peak PO(P) concentration was observed
in the south basin in August.

The weak thernmal stability observed has two inportant effects: First,

t he absence of a thernocline neans that any organic nmatter produced on the
surface falls freely to the bottomof the |ake. Second, no thernocline nmeans
greater warmng of the bottomwaters, which results in an increased rate of
oxi dation of organic naterial.

Gkanagan and Kal amal ka Lakes
The fact that the nutrient val ues over nost of the |akes' surface were

so low PQ(P) values in the epilimion and hypolimion of both |akes falling
bel ow the detection | evel of the analytical method enployed), attests to the
Aigotrophic nature of both these bodies of water. Both |akes exhibited well
defi ned orthograde oxygen curves with relatively poorer oxygen conditions
bei ng observed only in the Arnstrong arm of Ckanagan Lake. |n Kal amal ka, the
anal ysis for chlorophyll-a. content showed a seasonal average of only 2.5
ug/l and only in the Arnstrong and Vernon arns of Ckanagan Lake did the
val ues get above 15 ug/l with the main body of this |ake averaging 5.0 ug/|

Bot h | akes exhi bited peak concentrations of PO(P) in June with the 1m
val ues in Kal amal ka Lake averaging 90 ug/l and the 1mvalues in Ckanagan
Lake averagi ng




(e)

6.2.3

260 g/l in the north and 70 g/l in the south. It is interesting to note
that during this period, the Vernon Armof Ckanagan Lake had a surface
concentration of PO(P) of 10 ug/l (the |owest on the |ake's surface). Wile
there was a three-fold increase in surface chlorophyll-a from6 to 18 ug/l,
this alone could not account for such a low value. It is quite probable that
the nain portion of the nutrient input fromVernon Creek (which is noted as a
maj or source of PO(P) input into the |ake), was taken up by the aquatic

macr ophytic vegetation that showed a trenendous increase at this tine. The
hi gh PO(P) concentrations off Lanbly (Bear) Creek (690 ug/l) indicate this
as a rich source of nutrient input into the | ake during spring runoff.

NO(N) concentrations in the epilimia of both | akes decreased froma nean of
22 ug/l in the spring to below detection level. Concentrations in the

hypoli mia increased to a nmean value of 30 ug/l.

D scussi on
On the basis of nutrient availability, the |akes woul d have to be ranked in
order of decreasing fertility:

Wod
Skaha
Gsoyoos
Ckanagan
Kal anal ka.

The point of interest fromthe present study which shoul d be enphasized, is
that all the |lakes (with the exception of Wod Lake) received "spike" inputs
of PQ(P) which have been attributed to runoff, at sone tine during the
seasonal cycle. This puts increasing inportance on the value of NQ(N) or
sone other factor such as trace netals in having a limting influence on
algal growth. This (1971) was an atypical year for neteorol ogical conditions
and time and anount of surface spring runoff, so that it mght prove
difficult to extrapolate the findings of the present study with any
concl usi veness to those of previous or subsequent years.

ahwNE

Maj or | ons
The rel ati ve abundance of major ions is a reflection of natural aquatic

chem cal processes nodified by regional geochem stry. The distribution
within a given |l ake or anong |l akes is a result of biological activity,
surface runoff, groundwater, precipitation and nost inportantly, the interna
factor of sedi ment-water interaction.

Concentrations of nmajor ions in the main valley |akes varied froml ake
to lake, but showed little seasonal variation (Table 6.4). An anion-cation
bal ance sheet for all |akes appears in Table 6.4. The relative abundance of
major ions within a particular |ake was simlar to the curve for the average

of the world s freshwater, with HCQ >Ca >Na >My >SO, >F, on a nolar basis.



When conpared with other major |ake districts, the concentration of
major ions in the | akes of the Ckanagan drai nage basin are quite high, an
order of magnitude higher than | akes on the Canadi an Shield (Arnmstrong
and Schindl er, 1971), and higher than the world average for freshwater
(Li vingstone, 1963). These high concentrations are the result of an array
of soluble geological materials in the watershed, including |inestones,
glacial drift, clay-silt terraces, and conglonerate rock or basaltic
ar eas.

TABLE 6.4
AVERAGE SEASONAL CONCENTRATI ON AND LAKE AVERAGE OF MAJOR
ANl ONS/ CATI ONS | N OKANAGAN MAI N VALLEY LAKES

ION
NG.OF CATIONS ANIONS
LAKE SAMPLES| Ca Mg Na K HCO3 504 C1 F

0S0YQ00s

April 17 37.3] 9.2110.3] 2.3 |149.0 §32.1 1.5 0.21

June 22 32.2| 7.5 9.1| 2.3 |132.7 |26.5 1.8 0.19
August 20 33.4| 8.7(10.3| 2.3 |132.2 |27.3 1.5 0.20
October 17 33.7} 9.3(10.0} 2.3 |1138.5 }28.3 1.5 0.23
Lake Average 34.2] 8.7] 9.9] 2.3 ]138.1 |28.5 1.6 0.21
SKAHA

Aprii 18 33.21 9.1]10.0| 2.3 {134.3 {28.4 1.4 0.18
June 24 32.1) 8.3 9.4 2.1 |131.6 {26.5 1.2 0.17
August 18 32.91 7.9] 8.941 2.0 [126.1 [27.6 1.3 0.20
October 18 33.0( 8.3] 9.5 2.1 [127.6 |27.7 1.5 0.19
Lake Average 32.8( 8.4] 9.5 2.11129.9 |27.6 1.4 0.18
WoO0D

April 13 32.8|15.6(18.2 3.9 {189.2 |30.2 2.6 0.33
June 16 29.0(18.1(18.7 | 4.3 ;181.2 (31.2 2.3 0.30
August 16 26.6(17.2120.0 4.3 {162.5 |{30.2 2.6 0.33
October 14 26.8118.2119.0] 4.3 |176.8 {29.9 2.6 0.32
Lake Average 28.8(17.3|19.0| 4.2 |177.4 |30.4 2.5 0.32
KALAMALKA

April 11 37.6(17.9}{15.6| 4.5 [179.9 [56.0 1.4 0.29
June 12 38.1|17.3115.9 4.7 1180.25(55.7 1.1 0.27
August 12 39.0(16.5|16.1} 4.6 {174.7 {55.3 1.3 0.33

October 11 36.9/16.915.8| 4.6 {174.5 |55.6 1.3 0.31
Lake Average 37.9{17.1115.91 4.6 [177.3 [55.7 1.3 0.30
OKANAGAN (North)

April 20 32.5( 8.7 9.1 2.1 |133.2 |27.1 1.0 0.17
June 20 32.8; 8.3] 9.1 2.1 [132.3 |27.] 1.1 0.17
August 20 33.7) 7.9) 9.2 2.2 {131.7 |26.2 1.1 0.16

Octobear 19 32.8} 8.4 9.2 2.2 |131.6 |27.5 1.1 0.17
OKANAGAN (Central)

April 8 33.0f 8.9{ 9.2 2.2 |134.3 |28.7 1.1 0.16
June 8 32.71 8.4( 9.1 2.2 |132.1 |27.6 1.1 0.17
August 8 33.1| 8.4| 8.4 2.0 {129.5 [26.6 1.0 0.16
October 8 32.9] 8.3 9.7 2.4 |128.9 |27.7 1.1 0.17
OKANAGAN (South)

April 18 33.0| 8.6 9.3| 2.2 |133.8 [27.6 1.1 0.17
June 19 32.7) 8.21 9.0 2.1 |132.5 {26.6 1.1 0.18

August 19 33.01 8.0 9.1 2.2 1130.7 }26.3 1.1 0.16
October 19 32,6 8.4 9.3] 2.2 |131.5 |27.0 1.1 0.16
Lake Average 32.9] 8.4 9.11 2.2 |131.8 |27.2 1.1 0.17






