Comme,r\’ro\r\;

EFfecks of
cduvchions on @XVQ@”

ln La}/\e %\YY’ICOC

@\/




COMMENTARY ON THE POSSIBLE EFFECTS OF
PHOSPHORUS LOADIRG REDUCTIORS OR OXYGER
DEPLETIOR IN LAKE SIMCOE

by
M.N. Charlton and L.L. Janus
National Water Research Institute
867 Lakeshore Road
‘Burlington, Ontario, Canada L7R 4A6

July 11, 1986

ZL-1329

/_——-



LAKE SIMCOE OXYGEN o 2

INTRODUCTION

As in many other lakes, eutrophication has been a concern in Lake
Simcoe for some time. Due to the diversity of nutrient sources,
control of large portions of total phosphorus loadings is difficult.
Nevertheless, significant loading reductions have occurred and further
reductions are proposed.

The fishery in Lake Simcoe 1is apparently impacted by
eutrophication through the oxygen depletion process which occurs in
the cold bottow water during summer., Under current cond:.t:.ons, the
cold water fish are restricted to a narrow band of water which is the
only suitable habitat exlstmg by the end of summer. Thus, although
surface water quality is important, there is interest in whether
further phosphorus controls will ameliorate oxygen depletion and
thereby allow greater utilization of the aquatic habitat by the fish.

COMMENTS ON MOE RESULTS

I. Phosphorus Loadivni -~ Lake Concenfration,Rhelati,otnsj;_i,g

The following section is based on figures in Tables 1 and 2. The
observed average lake concentration for Lake Simcoe during the late
1970s is reported at approximately 19 mg.m’ -3, The average inflow
concentration [Pj], as estimated from the total phos é:hor s load
(103 tons.y~™") “and annual hydraulic load (7.7x10°m is
133.7 mg.w~". The ratio (PyP;)=0.142 indicating that Slmcoe has a
high assimilation capacity for phosphorus. Assuming that these lake
and inflow concentrations are reasonably close to steady-state (which
appears to be justified since 1974 and 1980 data are not much
different), then a sedimentation coefficient (g) of 0.381 y~! can be
estimated. This is somewhat higher than the gl_obal_' stat:.stical
observation that ¢ ~ 1//ty (i.e. 0.250 for Simcoe with 1,~16 y).

Table 1. Morphometric and Hydrological Data of Lake Simcoe

A8 = 725 km? .

z = 17 m - Zpgx = 44 m

v = 12.3 x 107 m3 :

T =" 16 y therefore p = .063 y‘l

[ 7.7 x 108 m3,y72 |

?,] = 21 mg.n~? (1974) = 167.17x103 kg.y~! outlet loss

19 mg. m-3 (1974)
103 x. 103 kgPyl

(- sr-ul.
>
d

{1

. 103x10° ng.y~
[PO = e ———— - ) = 133.7 mg.m93
1’ 7.7x10° m3.y~!
(R /Pj)= 0.142 = p/p+g, therefore g = 0.381 y -1

g ~ l//'r = 0,250
therefore OECD model will overestimate Py
slightly).

i
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Table 2. Lake Simcoe Rutfieﬁ;i,and,;?bphic Indicators as Reported by
the MOE, 1980, _ o

1980

min DQ P Jpop - TRW NH3 NO; CHl a 'SD
mg.L”
Sta Sta i
z max (range) (range) (range)
K39 35 0.3 21 390 25 25 2.6 4.9
| | (15-43) 356-420 » 1.4-4.5 3.5-7.6
k42 40 0.8t 22 410 25 17 2.1 4.6
(14=38) 330-460 1.5-3.7 3.5-6.3
K45 35 2.gept- 17 360 2 11 1.7 5.1
L (11=28)  70-430 10=2.8 3.2-7.0
E50 10 7.{ul 17 370 16 6 2.0 2.8
pug,  (13-26)  350-390 1.1-3.1 1.5-4.5
E51 13 3.04u8- 16 380 17 6 2.0 4.4
‘ sar.  (12-29) 320-450 1.1-3.0 1.8-7.5
N3l 11 5,374t 16 370 19 6 2.0 4.5
(12-20) 340-=400 , 0.2-3.4 2.7-6.1
c9 19 36 410 32 8 3.1 3.9
(14-119) 370-490 1,2-5.9 3,1-5.8
c6 12 3, 5ept. 40 450 37 6 4.5 3.0
(28-119) 350-520 - 1.2-7.2 1.8-5.0
c1 3 29 460 23 8 3.8 1.9
(16-53)  370-450 1.6-2.6
1.0-2.9 HRI 195 | 136 101

(111-423)

Projections:

The observed mean outflow concentration of 21 mg.n’:"3 is not much
different from the average lake .'concentration of 19 mg.m™3 and. it is
therefore reasonable to assume that P,=Py for model projections.
However, Vollenweider's flushing corrected inflow standard would
slightly overestimate lake concentrations expected for given loadings
since 0 would be underestimated at 0.25 y~°. Instead, using the
observed 0=0.381, p=0.063, and the relationship:

the lake concentrations resulting from different loadings may be
estimated. These estimated lake concentrations (Table 3) show that the

. loading decrease from 138 tons.y~! to 103 tons.y~! in 1976 should have

resulted in a concentration decrease of approximatley S'mg.m’a. If the
proposed loading reduction to 87 tons.y~' is reached, one would expect
the resultant lake concentration to be approximitely 16 mg.m'a. These

projections are made assuming ¢ is constant, however, data on other
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lakes indicates that ¢ decreases over long periods of increasing
loading. This means that lakes tend to lose their resilience and
therefore a future projection of 23 mg.m™ -3 for a loading of 125 tons.y -1
may be too optimistic. Nutrient budgets should be maintained in order
to follow changes in ¢. At the present, Simcoe is still a strong sink
for phosphorus. -

Table 3. Projected [P] and [dEl] Values for Lake Simcoe

Year - ”P Load * [P ] m=3 [Px]expected mg,m‘a* [Chl]***
' 103 kg».y‘1 Assume qs=
: 7.7x108 n3 5 -1
1972 138 179.22 “25;£5 6.45
1976 103 - 133.7 18.97 487
2000 125 162,3 23.03 5.87
‘Propoﬁea-A )
. Reduction: o .
87 112.99 16.0 4,13

*[p, ]expected = [Pj] (p/p+a); assumes g does not change
o = 0.381 in 1974 :
p=0.063 if 1, =16y

**OECD standard relationship [Chl] = 0.287 [P,].962

I1. Phosphorus Concentration - Chlorophyll Relationship

Chlorophyll concentrations reported for the 9 stations in Simcoe
were plotted against the mean phosphorus concentrations for the same
stations (cf. Fig. 1). All chlorophyll values were substantially lower
than would be expected on the basis of the OECD relat1onsh1p (for
approxlmately 90 temperate lakes). Figure 2 depicting the position of

many lakes throughout Canada is included for compar1son.~ Low
Chlorophyll values are even more exaggerated when maximum values are
plotted against total P (cf. Fig. 3). There are two possible

explanations for this; either 1) Chl is limited by a factor other than
phosphorus or 2) Chl values have been underestimated. Some judgement of
which is more probable may be made by using the Secchi disk
information. The Secchi depth (SD) plotted against Chl (Fig. 4) shows
that the SD readings are consistently more shallow than one would expect
on the basis of the Chl levels. However, SD values are very close to
- the OECD expectation on the basis of average phosphorus é¢oncentrations

(c£. Fig. 5). Therefore it appears that Chl values have been

.underestimated.
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Some expected Chl values for given phosphorus 1oads are listed in
Table 3. If the loading reductidn to 87 tons.y~! is reached, an
average Chl concentration of approxlmately 4 mg.m~3 or maximum of 12
mg.m~" is expected. This average Chl would equate to a Secchi depth
of 7 to 8 m. If loading in the year 2000 were 125 tons.y~l, Chl and
SD would be projected at approximately 6 mg.m’3 and 6 m, respectively.

TII. Nitrogen - Chlorophyll Relationship

Despite the fact that Chl values may be underestimates, they
appear to be independent of mean nitrogen concentrations (cf. Fig.
6). Con31der1ng the trend of the Chl vs P plot and high N/P ratios
(~20), it appears that the lake is phosphorus controlled, rather
than nitrogen controlled.

1v. Expected nggen C anges

The eéquation describing the relationship between oxygen
depletion, hypolimnion thickness, temperature and chlorophyll was
solved for various conditions applicable to Lake Simcoe (Charlton
1980). The predicted oxygen depletion in Table 4 is lower than
expected given the observed chlorophyll concentration of 2ug/L, lower
thermocline depth of 20M, and a temperatute of 10°C. OME and MNR
reports show that a normal oxygen depletion rate for recent years is
about 0.06 mg/L/day and this is twice the depletion predicted in
Table 4.

Predictions from Charlton's (1980) equation are more consistent
with a productivity/chlorophyll effect equivalent  to chlorophyll
concentrations closer to &ug/L. As was shown in an earlier section,
higher than reported chlorophyll levels are expected from the nutrient
concentrations. Also, the funnel shape of Lake Simcoe's basin may
exaggerate the effect of lake productivity on oxygen depletion.

A graph:l.cal presentation of Charlton's (1980) equation is shown
in Fig. 7. Assumlng that receat chlorophyll levels have béen 4ug/L, a
25Z reduction in chlorophyll and phosphorus would result in an
improvement of about 1 mg/L if the lake responds according to the
equation. A 37% difference (138 to 87 tonnes P) would represent a
change in 0, of 1.5 mg/L after 100 days of stratification.

Using the chlorophyll concentrations expected from loadings in
Table 1, the following oxygen depletions are predicted after 100 days:

P Load (tonnes) : 0, Depleted (mg/L)
138 7.7
103 6.7
87 6.1
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Table 4. Lake Simcoe

Depth (M) % Area Volume m>x10°2 Area of Hygo
20-25 15 271.875 275.5 Km
25-30 17 - 924,375 - Area of Lake
30-35 5 453.125 ' 725 Rm?2
35-40 . 1 126.875 Mean Thickness Hypo

6.45 M
L 4
Oxygen depleted after 100 days
CHLA - - o e e
6 8 10 ' 12 T°C

0.5 1.49 1.55 1.62 1.70

1 2.03 2.17 2,33 2.52
1.5 2.58 2.80 3.06 3.35

2 3.11 3.41 3.76 4.15
2.5 3.60 3.97 . 4,40 4.89

3 4.04 4,48 4,99 5.57

3.5 4,44 4.94 5.52 6.17
4 4.80 5.36 5.99 6.72

4.5 5.13 5.73 6.42 7.21
5 5.42 6.06 6.80 7.66

5.5 5.68 6.37 7.15 8.05
) 5.92 6.64 7.46 8.41

6.5 6.13 6.88 7.75 8.74

7 6.33 7.11 8.00 9.03

7.5 6.50 7.31 8.23 9.30

8 6.66 7.49 8.44 9.54

| ¢
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Thus, the degree of change likely in the late summer oxygen
. concentrations would be about 1-1.6 mg/L assuming that the global
equation of Charlton (1980) applies and the lake productivity would
vary according to the global phosphorus - chlorophyll relationship.
Similar results are obtained by applylng the relative loading changes
(2 change) to the chlorophyll axis regardless of the original pesition
on the axis.

If the oxygen response to P loading changes lags behind the water
quality response, then an improvement in 0 of 1 mg/L may remain to be
seen due to the’ initial reduction in loadlng. Further reductions to
87 tonnes annually may result in an eventual improvement of a further
0.6 mg/L. While the total improvement of 1.6 mg/L may seem small it
may have some significance to fish populatioms.

The reasons for the relatively small improvements in 0, are the
basin depth, temperature, and original background -oxygen depletion.
In 1928, a concentration of 4.]1 mg/L was found (Evans, 1978). In
1980, concentrations were 0-2 mg/L. = Although the early data are
insufficient to establish a trend, for the sake of argiment we could
assume that the eutrophication effect, since 1928, on O, has been
minus 2-4 mg/L. This means that the maximum improvement to be
obtained by eliminating all the eutrophication increases since 1928
would be 2-4 mg/L. Reducing the eutrophication effect by about 40%
would then result in an improvement of about 0.8-1.6 mg/L which is
similar' to the solution of Charlton's equationm. Of course, this
depends on the original nutrlent loadings and the rate at which the
loadings increased.

- The global relationship approach to predlctlng oxygen depletlon
is able to roughly estimate conditions in lakes ,6although not all
morphometric or other physical effects are accounted for. Predicting
the response of lakes is .even more uncertain for a secondary effect of
nutrients such as oxygen since there is little knowledge of response
delays. When the expected changes in oxygen are small, there seems to
be an uncertainty of plus or minus 100%Z. Therefore, only the scale of
change is indicated not the exact amount. In the case of Lake Simcoe,
the small improvements predicted in 02 seem reasonable and are likely
to improve fish habitat. The question of whether these improvements
might be significant is best left to fisheries biologists.
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