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ABSTRACT

Thé CDR model is successfully applied to data for Whiteburn
Brook, a small stream draining a headwater lake near Kejimkujik
National Park, Nova Scotia.

Dissolved organic carbon (DOC) concentrations are low, and the
data indicate that the organic matter is not Very reactive, perhaps

due to in-lake processes.



RESUME

Le modéle du TAC est appliqué avec succés aux données du ruisseau
Whiteburn, un petit cours d'eau qui draine les eaux d'un lac d'amont
prés du Parc national Kejimkujik, Nouvelle-Ecosse. |

Les vconcentrat1ons de carbone organique dissous (COD) sont
faibles et les données indiquent que les matiéres organiques ne sont
pas trés réactives, probablement & cause de processus inhérents au

lac.



MANAGEMENT PERSPECTIVE

This 1s a contribution to the LRTAP Project. It is another
successful application of the CDR model, this time to a small stréam

draining a headwater lake near Kejimkujik National Pérk, Nova Scotia.



PERSPECTIVE ~ GESTION

Le présent document constitue une contribution au projet TADPA.
I1 décrit une autre application réussie du modéle du TAC au ruisseau
Rogers, un cours d'eau d& trés forte teneur en matiéres organiques au

Parc national Kejimkujik, Nouvelle-Ecosse.




INTRODUCTION

Whiteburn Brook, which carries the outflow from Pollock Lake, a
headwater lake in the watersheds of the Medway River, Nova Scotia, is
a small stream with a drainage area of 9.49 km®. The sampling station
(NAQUADAT code OONSO1EE0015) is at 44-21-07 N and 65-05-48 W. the
Hater'Survey of Canada guage is at 44-21-10 N and 65-05-48 W (WSC code
01EE007). The/basin 1s apparently underlain by slates and schists of
the Halifax Formation, highly metamorphosed strata of Cambrian-
Ordovician age. |

The first year for which daily di;charge data are ava11ab1é is
1984. Interestingly, the 1984 discharge data were not published in
the annual compilation of dischargé data for the Atlantic Provinces
7 1984 (Water Survey of Canada, 1985), but are present on a tape of '
discharge data for the Atlantic Provinces supplied by Water Survey of
Canada. Runoff of Whiteburn Brook was 0.903 m yr=' for 1984,

whiteburn Brook is a moderately soffwater brook with moderate
levels of DOC (range 2.7 to 12.0, diScharge-weighted annual mean 5.2
mg L='). The watershed receives a moderateé amount of seasalt; C1-
concentrations in 1984 ranged from 4.8 to 8.9 mg L-*. The data are
corrected for seasalt, using C1- as the seawater indicator species,
and assuming the same major fon ratios to C1= in the marine aerosol as
in open seawater (Thompson, 1982). |

The anpual cycle qf events in this stream is similar to that
obsefved in other streams in the same area. . Flow and seasalt levels

are higher in the ‘winter, as are excess sulfate concentrations.
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During summer and fall, flow is typically low, buf cation and DOC
concentrations rise. vSulfate concentrations are low in the summer, on
occasion so low that the seasalt correction produces negative values.
This phenomenon has been described by Kerekes et al. (1986).

CDRs and excess sulfate yields aré calculated by summing the
products of mean monthly seasalt-corrected discharge-weighted
concentrations and mean monthly runoff.‘ Data fqr pH arel not
discharge-weighted because it is felt that discharge-weighting biases
the results toWard lTow vaiuas; instead for pH and alkalinity, monthly
arithmetic mean values are multiplied by the number of days in that
month. The products are summed and divided by the number of days in
the year. | |

The mean annual discharge-weighted sum of cations is obtained by
dividing CDR by annual runoff. Mean discharge-weighted excess sulfate
concentrations are obtained s1milar1y; The alkalinity estimate is
taken as the difference between the mean discharge-weighted sum of
cations and the mean discharge-weighted excess sulfate concentration.
MTB sulfate concentrations are generally higher than IC sulfate
concentrations because of the presence of organic anions that affect
the MTB sulfate measurement and must be considered in calculating
charge balance. Because the CDR model requires charge balance, MTB
sulfate data are used.

From the estimated alkalinity, pH is calculated from

PH = 7.8 + p Pcp, - p HCO,~
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in which p Pco, 1s commonly taken to be 2.5, for which the

expression reduces to
pH = 10.3 - p HCO’_

where p is used to denote the negative logarithms of the concentration

of a species.
DISCUSSION

The data used for the CDR model are given in Table 1, and the
resuts are plotted bn-Figure 1. | Day-weighted arithmetic mean pH,
calculated by weighting the arithmetic mean'pH for each month by the
number of days‘in that month, summing the results and dividing by 366,
is used because that result best fits the model. Discharge;weighting
of pH or of the antilogs of pH give lower mean PH results by about 0.2
PH units. However, the model estimate of aika11n1ty, 34.5 peq L, is
similar to the day-weighted arithmetic mean alkalinity, 32.7 peq L-?.
Here again, discharge-weighting the alkalinity produces a lower mean, -
21.0 peq L~', and a lower estimate of mean pH by about 0.2 pH units.

Because 1t gives charge balance, MTB sulfate, which incorporates
some organic anions, is used for the model. This stream, however, fis
not especially influenced by organic anions. The difference between
the mean MTB sulfate and the mean IC sulfate, referred to as delta

sulfate by Howell and Pollock (1982), and as SRA- (for soluble



-4 -

reactive A-) by Thompson (1986), is only 11-3 peq L='. The term SRA-
is preferred to delta sulfate because, although it {s obtained by
subtracting IC sulfate frOm_MTB sulfate, the species we are evaluating
is not sulfate but rather an organic anion. |

The mean annual DOC concentration is 5.2 mg L='. The organic
‘anion, AT, calculated by the method of Oliver et al. (1983), from the
mean DOC and the mean pH (5.84) is 47 peq L-?, considerably larger
than SRA=. As Oliver et al. worked with purified organic matter, the
difference between A~ and SRA~, which is always positive, has been
attributed to complexation in nature of some of the A~ with Fe and Al
(Thompson, 1986). On a mean annual basis, however, there is not
enough Fe (9.6 peq L~') or Al (8.2 ueq L=') to account for the
difference between A~ and SRA-, 35.5 peq L-. It may be that, because
Whitburn Creek drains Pollock Lake, some in-lake process has 1ndurated
the organic matter, making it less reactive. Fe and Al do correlate
with DOC, however, Fe over the year, and Al from January to July, and

the correlations are highly significant:

n = 12 R* = 0.83
(Fe) = -0.299 + 0.093 (DOC)
F = 48.3 P 0.0000

n = 7 Rt = 0094
(A1) = 0.027 + 0.009 (DOC)
F = 82.6 P < 0.001
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Figure 2 shows the monthly mean values of DOC, Fe and Al. The
figure shows that Fe and DOC follow a similar annual pattern, but that
Al which follows DOC to July, abruptly deviates in August. Again, the
Eausat1ve reason 1s not known, but is presumed to :b.e due to some

altered property of the Organic matter.
SUMMARY AND CONCLUSIONS

The CDR model has been applied to data for Whiteburn- Brook, a
small stream that drains Pollock Lake, a headwater 1lake 1in the
. watershed of the Medway River, a few kilometers east of Kejimkujik
National Park, Nova Scotia. The model predicts the day-weighted
arithmetic mean pH exactly.

Using mean annual data, A~ calculated from DOC and pH by the
method of Oliver et al. (1983) is greater than SRA~, the difference
between MTB and IC sulfates, and the difference betwéen A~ ‘and SRA™ is
greater than the sum of Fe and Al. It is presumed fhat in-1ake

processes may have rendered the organic matter less reactive.
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Table 1. Summary of data used to apply the CDR model to Whiteburn
Creek, 1984.

Discharge-weighted sum of cations 83.3 yeq L-?
Discharge-weighted excess MTB sglfaté 48.8 peq L-?

Alkalinity estimate , 34.5 yeq L-?
Model pH 5.84

Arithmetic mean pH 5.84

Runoff 0.903 myr -}

CDR CDR '75.2 meq m™2 yr-!

Excess MTB sulfate yield 44.1 meq m~? yr-?!



PCOz 10- 25

MODEL pH 604 684 574 515

75 50 75
EXCESS MTB SULFATE YIELD
“meq m-2yr-!

Figure 1. The CDR model drawing for data from Whiteburn Brook,

Nova Scotia, 1984,
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